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AlmOTanBJ( 

Pa6oTa, H3JIOJKeHH3JI B HaCTOJIIIICH ,llHCCCpTatnm, COCTOHT H3 ,nuyx OOJILIIIHX 'IaCTeH, B Ko

TOphiX OTpaJKeH rnaBHUM 00pa30M nu'Im.rii: BKna,ll aBTopa B nonyqeHHe 3KCnCpHMCHTaJILHhiX" 

peJynLTaToB Kpynuoii: MeJK.Izyuapo.nuoii: Ko~nal5opa.nuu. XpouonorH'IeCKH ouu COOTBeTCTBYJOT 

pa6ore no coJ.naHHro u ycTauouKe uouoii: .nereKTupyrome:ii: cucreMLI 3KcnepHMeHTa NA50, a 

JaTeM no nonyqeuuro u auanu3y .nauHhiX 3Toro 3KCnepuMeuTa, B qacruoCTH, H3Mepeuuro auo

ManLuoro nQllaBneHHJl pOJK,nCHHJl J /'1/J-MeJOHOB B CTOIDrnOBCHHH CBHHrta CO CuHHIIOM npH 3Hep
ruu 158 F:JBju.y'K:.IIOH. 

Ha'Ia.JILHLI:ii: 3Tan paooTLI ocuemeu BO BTOpoii: 'IaCTu .nuccepTanuu. KpeMHHCB3JI.lleTeKTHpy

JOm3JI CHCTCMa NA5Q llBnlleTC.sr BO MHOrHX OTuOIIICHHi!X npHHIIHHHMLHO HOBOH H nporpeCCHB

HOH. B CBoeM HLIHCIIIHCM HCnonHCHHH OHa nerna B OCHOBJ nOJI)"'HBIIIHX BetLMa BLICOKYJO OIICHKJ 

KpeMuueuhiX .nereKTupyromux cucTeM 3KcnepnMeHTOB ATLAS u CMS ua coJ.nauaeMOM LHC. 

TaK, BnepBLie CHCTCMa KpCMHHCBhiX ,lleTCKTOpOB ,llOIDKHa pa6oTaTL B pa,llHartHOHHO:ii: oOcTaHOB

KC, r.ne H3Jlyqeuue npeBLIIIIaeT 1 Mpad. KpoMe TOro, BLICOK3JI npouJoo,nuTenLHOCTL onepa.nuii, 

KOT0p3.ll ,llHKTJCTCJl MMUMH BenH'IHHaMH nonepe'IHhiX CC'ICHHH pOJK,nCHHJl qapMOHHll H 'InCHOB 

ero CCMCHCTBa, TpeoyeT 3KCTpCMMLHO OLICTporo C'IHTLIBaHHJl C MCpTBLIM BpeMCHCM MCHLIDe, 

'IeM 40 u.au.oce'K:. CucTeMa H314000 Kauanon noTpeoouana, cn~mouarem,uo, nonuocTLIO uoooii: 

cucreMLI VLSI C'IHTLIBauu.sr, KOTOp3.ll 6Lina pa3BHTa nuquo .nuccepTauToM BMecre c · Texuu- • 

KOii: COOpKH, YCTaHOBKH H TeCTHPYJOmHM ooopy.nouauHeM. lleTeKTOp npo,neMOHCTpupoBan al5co

n!OTHJIO CITOCOOHOCTL paOOTaTL nJJH napaMeTpax, 3MOlKCHHhiX.rrpH COJ,naHHH, H ,ll0Ka3an1 'ITO 

.srun.sreTc.sr cymecTueuuLIM HHCTpyMeHTOM nonyqeuu.sr u auanliJa .nauuhiX 3KcnepuMeHTa NA50. 

PeJynLTaTLI HJMepeuu.sr ceqeuuii: po:)K.lleHH.sr qapMouu.sr u qneuou ero ceMeii:crna n CTOnKuo

ueuu.srx CBHHrta CO CBHHIIOM npHBenH K J,llHBHTenLHOMJ 3KCnepHMCHTMLHOMJ peJynLTaTy. Jlo 

CHX nop, BITnOTL ,llO H3J'ICHHJl CTOnKHOBCHHH cepLI C BOnL<!lpaMOM1 BCC ,naHHLie XOpOIIIO OITH

CLIBMHCL npOCTOH MQllenLJO, B KOTOpoii: BHOBL pOJK,nCHHOe COCTOJlHHe O'IapOBaHHLIX KBapKa H 

aHTHKBapKa nornomaeTC.sr, uaxo.n.srcL eme B rrp~mproouaucuoM cocro.sruuu a.npouuo:ii: cp~mLI. Pe

JynLTaTLI ITO BJaHMQIICHCTBHIO CBHHrta CO CBHHIIOM OOHapylKHBaJOT BMetTO 3TOro ,nononHHTenL

HLI:ii: no.naun.srromuii: <PaKTop (uaJLIBaeMLI:ii: auoManLHLIM Jf'f/J no.nanneHHeM) c oqeuL BLICOKoii 

craTHCTHKO:ii:. llauuLie, coopaimLie NA50 B Te'Ieuuu ceaucon 1996 rQI~a, onaro.nap.sr 6onLruoii: 

CTaTHCTHKC n03BOnHnH npOBQIIHTL BHJTpeHHIOIO npOBepKy I!OB!mCHHJl CC'ICHHH pOJK,nCHHJl Jj'f/J 
B 3aBHCHMOCTH OT 00pa3rta Pb-Pb-CTOnKHOBCHHH1 Kna.ccu<PHrtHpOBaHHhiX no IICHTpMLHOCTH 

o; caMLIX nepuq,epu'IecKHX .no CaMLIX neuTpanLnLIX. B 3THX H3Mepeuu.srx, KOTOpLie CBOOQIIHLI 

OT MHOrHX HOO.llH03Ha'IHOCTeH, CJmCCTBYJOmHX npu CpaBHCHHH CO CTOnKHOBeHHllMH pa3nH'IHhiX 

uouon, ua15nro.naeTc.sr O'IeHL pe3Koe H3Meueuue 3aBHCHMOCTJ! OT npunenLuoro napaMeTpa s6nu3u 

JHa'IeHH.II 8.5 <!J. B TO BpCMll1 KaK oonee nepuq,epH'IeCKHe B3aHMQIICHCTBHJl COBMetTHLI C KpH

BOH1 ocuonauuoii: ua KapTuue nornomeuu.sr, KOTOp3.ll xopomo onucLIBaeT .nauuLie, nonyqeuuLie 

c oonee nerKHMH .II.llpaMu-cuap.II,llaMu, neuTpanLHLie cooi.ITu.sr noKa3LIBaJOT .nononHHTenLuoe 
CHnLHoe aHOMMLHOe ITQllaBneHHe. 
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Q()IUaJI xapa.KTepHCTHKa pafiOTbl 

AxTYaJILHOCTb npo6neMLI. HcCJieJIOBa.HBJl penllTBBBCTCKBX CTOJIKHOBenn:ii: JIJJ:ep Ha'laTI>~e B 

fiepKJIB B lly6He, a 33.TeM npO.JtOJilKeHHLie )tJIJl TJllKeJibiX BOHOB IIpB 6onee BLICOKBX :meprBJIX 

B fipyKXe:ii:BeHe B :UEPfle OTKpLIJIB HOBYJO o6mnpHYJO o6naCTb BCCJieJIOBaJIBH B ¢ln3BKe MBK

poMBPa, JielKa.IIzylO Ha CTLIKe Tpa.nBnBOH!lbiX OOJiatTeH - ¢lB3BKB :meMeHTapHbiX 'laCTBU B 

Jl.ltepno:ii: ¢B3=· Cero.nHll :~Ta o6naCTh, nanpannennaJl na n3y'lenne cnn~>no B3aBMo.ne:ii:CTByro

meii MaTepBB B 3KCTpeMaJibHbiX yCJIOBBJIJC BLICOKOH IIJIOTIIOCTB 3HeprBB B 6apnOHHOro 3apll.lta, 

JlBJIJleTCJl enna JIB ue nan6onee 6ypHO pa3BBBa.I0WeHCJl B :lKCnepnMeHTaJibHOH ¢lB3BKe BLICOKBX 

:~neprn:ii:. Ee3yCJIOBHO :ITO BLI3Bano B nepnyro o'lepen~> TeM, 'ITO ylKe 6onee 'leTBepTn Bexa o6-

cylK.ItaeTCi B.nell C03)ta.HBJI B na6opaTOpHLIX yCJIOBBJIX HOBOro COCTOJlHBJl MaTepnn, B KOTOpOM 

nama BceneHHaJl uaxcuumach B CaMLie nepBLie :Mnxpocexyn.nLI nocne Eon~>moro B3pLIBa, n 

KOTOpae MOlKeT 6LITb )tOCTBrHyTO, eCJIH y.nacTCJl npeO.ItOJieTb KOpOTKO.ne:ii:CTBYIOWHe OTTaJIKB

BaTeJibHLie CBJILl MelK.JtY HyKJIOHaMB, 'ITO MOrJIO 6LI npnBecTH, B CBOIO O'lepeJib, K BX CJIBJlHHIO. 

CywecTB)'IOWHe B HaCTOJIWee npeMll TeopeTH'lecxue u.neu o6ecne'lBBa.JOT .nocraTO'lHO TO'lHYIO 

xapTBHY )tJIJl :lTOro HOBOro COCTOJlHHll MaTepHB, Ha3Ba.HHOro KBapx-rJIIOOHHOH IIJia3MOH, B Ko

TOpOM KBapKB BTJilOOHLI- ¢lyn.naMeHTaJibHLie COCTaBJilliOWHe MaTepHH- MOryT .ltBBraTbCJl 

. cpanHHTeJibHO cno6o.nHO na pacCTOllHHll, cywecTBenHo npeBLimaiOWHe pa3MepLI Hyxmma. Ewe 

O)tHHM npHHUHIIHaJibHO BalKHLIM CBOHCTBOM TaKOro COCTOJlHHJl MaTepHB JlBJIJleTCJl HaJIH'lHe B 

HeM KBpaJibHOH CBMMeTpBH. 0Ha, KaK B3BecTHO, CIIOHTaHHO HapymeHa B HOpMaJibHOH JIJl:epHOH 

MaTepnn, 'ITO BeJieT K HaJill'llllO y KBapKOB 3¢l¢leKTHB!lbiX Mace, 3Ha'lBTeJibHO npeBOCXO)tll

WHX me: .neiiCTBHTeJibHLie (Toxonhie) MacCLI. TeopeTB'lecxuii a.HaJill3 xBaHTOBOH xpoMo.nuHaMll

KJI (KXll) Ha pemeTKe )tOCTaTO'lHO y6eJIHTeJibHO liOKa3LIBaeT, 'ITO HOBOe COCTOJlHHe MaTepllB 

u ero xupan~>HO cuMMeTpH'lHaJl ¢a3a o6pa3YJOTCJI B pe3yJibTaTe ¢a3oBoro nepexo.na npn TeM

nepaTypax nOpJI.ItKa 140- 180 M 3B B liJIOTHOCTJIX 3Heprnn nopll.nKa 1 r 3B I iP3
' 'ITO liO'lTll B 

ceMb pa3 BLime HOpMaJibHOH Jl)tepHOH liJIOTHOCTH. 
Cero.nHll MOlKHO roBopuTb, 'ITO TaKHe TeMnepaTypLill nnoTHOCTH :~Heprnu ylKe .nocTnruyTLI 

B ueHTpan~>HLIX CTOJIKHOBeHHJIX cnnHua co CBHHUOM np:H :~ueprullX SPS B CERN, xor.na polK

.JtaiOTCll 6onee 2000 a,.npOHOB B 06"beMe, li03B0JllliOWeM OneHHTb B03HHKaiOWHe liJIOTHOCTH 3Hep

rnH, KaK npeBLiillaiOWHe HOpMaJibH)'IO JIJl:epHYIO 6onee, '!eM B 20 pa3. Q'leBB.nHO, 'ITO npH TaKBX 

TIJIOTHOCTJIX 3HeprHH CHCTeMa ylKe 6y.neT COCTOJITb H3 OT)teJibHLIX KBapKOB H rJIIOOHOB (a He a.n

pOHOB) npu TeMnepaTypax nopll.ltxa 200 M3B He3aBHCHMO oT Toro, uMeeT nu oHa .nocTaTO'lHO 

npeMeHH na liOJIHYIO TepMaJIH3aUHI0. BMecTe c TeM liOJIHaJl u.neHTB¢lHKanHll KBapx-rJIIOOHHOH 

TIJia3MLI B CTOJIKHOBeHHJIX TJllKeJibiX HOHOB OKa3LIBaeTCJl 3a,.na'leH HCKJI,lO'lHTeJibHOH CJIOlKHOCTH, 

npelK.Ite BCero liOTOMy, 'ITO :ITO COCTOJlHHe MaTepuH JlBJilleTCJl npoMelKyTO'lHLlM H cyWeCTBY

eT HeJIOJiro. H3-3a KOH¢la:ii:HMeHTa OT)teJibHLie KBapKH H rJIIOOIILl HC nona,.na.JOT B )teTCKTOpLI 

IICIIOCpeJICTBCHHO KaK pe3YJibTaT CTOJIKHOBCHHH, Ollll 06Jl3aTeJibHO )tOJilKHLl 6LITb CKOM6HHH: 

pOBaJILl B a,.npOHLI. PeJyJibTaTOM JII060ro CTOJIKIIOBeHHJl B KOHC'lHOM HTOre JlBJIJleTCJl CllCTeMa 

a.npOIIOB, He3aBUCllMO OT TOro o6pa3yCTCJl KBapK-rJIIOOHIIaJl IIJia3Ma UJill HCT, IIO:ITOMY .ltOKa3a

TeJibCTBa ee cyweCTBOBaHHJl 6y.nyT HCIIpl!MLIMll B JII060M CJIY'lae, a OIIHpaiOTCJl Ha li3MCpCHHJl 

BCJIH'lHH, B KOTOpLIX COXpa.HlleTCJl IIaMl!Tb 06 HCXQllHOM KBapK-rJIIOOHHOM COCTOJlHHH, eCJIH OliO 

06pa30BaJIOCb, HanpnMep, B 3JICKTpOMarHHTHOM H3JIY'lCHllll liJill pOlK.ItCHHH )tllJICIITOHHLIX nap 

nenocpencrneHno CBll3a.HHLIX c xnapxonLIMn B3anMo.neiicTBllJlMH. B TaKO:ii: CJ.ITyaunu .noxa3a

TCJibCTBa cyweCTBOBaHJ.IJl HOBOro COCTOJlHIIll MaTepHH )tOJilKHLl 6LITb pe3yJibTaTOM MHOlKecTBa 

pa3liH'lHLIX :~xcnepHMCHTaJibHLIX Ha6JIIO.neHn:ii:. KoM6uHnpoBannLiii aHanHJ pe3yJI~>TaTOB nJMe

peHn:ii: ceMB xonna6opaunii, pa6oTaBIIIBX B noCJiennee npeMll na SPS CERN u H3MCpl!BIIIBX 

CaMLIC pa3HOOOpa3HLie xapaKTepuCTHKH, II03BOJilleT yTBCplK.ItaTb, 'ITO .ltaBHLlC CBli.IteTeJibCT

BYJOT 0 C03.1taJIHll B na6opaTOpHbiX yCJIOBHJIX HOBOro COCTOllHHll MaTepHH, MHOrue li3 CBOHCTB 

xoToporo conna.na.JOT c TeopeTu'lecKB npencxa3a.HHLIMB .nnll xnapx-rniOOHHO:ii: IIJia3MLI. HJ:Mepe

~=, nLIIIonneHnLie :~TnMB xonna6opannl!MH B CERN, xoHueHTpnponanuCb B ocuonnoM noxpyr 
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Tpex rpynn curnanoa (ycuneHue polK)teHHll cTpaHnocru, no.naBJieHue pOlK.IteHBJl 'lapMOHHll, cne

uu¢nxa .ltHJICIITOHHLIX CIICKTpOB B 06JiaCTH MaCe OT 250 M 3B .no 700 M 3B), KOTOpLie, 6y.nyqu 

.nononueHHLIMH B 6nnlKa:ii:mne ro.nLI peJyJibTaTaMH npu 6onee BLicoxmc: :lHeprullX Ha RHIC u 

ALICE LHC, no3BOJIJIT .neTanbnO H3Y'lHTb cao:ii:cTBa xnapx-rniOOHnoii IIJia3MLI n 3Ha'lnTeJib

no IIpO.ItBHHYTb KOJIH'lCCTBCHHoe IIOHHMaBHe KBaHTOBOH xpOMO.ItHHaMHKB H CJIOlKIIOH npnpO.ItLI 

¢n3n'lec:Koro naxyyMa. 

Uen~> .nnccepTaunn. ComaHue :~xcnepuMeHTaJibHoii ycranonxn .nnll H3MepeHHJl npl!MLIX .nu-. 

JICIITOHOB, ·pa3BHTHe MCTO.ItHKB BLI.nCJieHHJl ¢loHa H npOBE'J{CHHJl HCCJleJIOBaHHJl pOlK.ItCHHJl 'lap

MOHHJl B UCHTpaJibHLIX CTOJIKHOBCHHJIX CBH:Hua co CBHHUOM npn 3HeprHJIX SPS CERN c neJiblO 

npoaepxu o.nHoro H3 npencxa3aHHLIX TeopeTn'lecxn curHaJIOB o6pa3oaimnll aonoro coCTOJIHHll 

CHJibHQ-B3aBMO.ItCHCTBYIOWCH MaTepnn. 

HaY'!HaJl HOBH3Ha u npaKTH'lecKaJl ueHHOCTb. Pe3yJibTaTLI, nony'leHHLie xonna6opanHeii 

NA50, npHHJITLI MnpoBLIM coo6wecTBOM cneunanncToB xax o.nHn H3 HaB6onee ¢YB.naMeHTanh

HLIX H Ha,.nelKHLIX, Ha KOTOpbiX OCHOBLIBaeTCJl YTBCplK.ItCHHC 00 OTKpLITHH HOBOro COCTOJIHHJI 

MaTepHH B CTOJIKHOBCHHJIX YJibTpapeJillTHBHCTCKHX TJl~eJILIX HOHOB H COJ.naHHH B Jia6opaTo

pHH yCJioan:ii:, a xo:ropLIX BceneHHaJl cywecTaoaana nepaLie MnxpocexynnLI nocne Eon~>moro 
B3pLiaa . 

llpaKTH'lCCKaJl lKC UCHHOCTb pa60TLI COCTOHT He TOJibKO B TOM, 'ITO MHOrne IIpeJIJIOlKCHHLIC 

u.nen n npnHunnLI pa6oTLI npn6opoa ylKe Hamnn mnpoxoe npnMeHeHne B :~xcnepnMeHTanbHLIX 
HCCJieJIOBaHHJIXHO ¢lyH.naMeHTaJibllOH lPH3HKe, HO .ltOCTaTO'lHO aKTHBHO BHeJiplliOTCJl B IIpHKJia,.n

HLIX pa60Tax. 3TO IIpelK)te Bcero KataeTCJl MeJIHUHHCKOH .nnarHOCTHKH H KOCMH'lecKHX HCCJie

.ltOBaJinH Ha CIIJTHHKax H B03BpawaeMLIX annapaTax. TaK, UCIIb C'lHTLIBa.IOWCH :lJICKTpoHHKH 

.nnll .neTeKTopa MHOlKecTBeHnocru, npennoxeHHaJl u peann30Ba.HHaJl aaTopoM B NA50, 6Lina 

3¢l¢leKTliBHO HCIIOJib30BaHa B MeJIHUHHCKBX HCCJieJIOBa.HHJIX llx. IllapnaKOM B 1995-96 ro.nax. 

llpennoxeHnLie npHHunnLI u Texunxa c6opxn .neTexTnpyrownx cncTeM BMecTec KOHCTpynpoaa

HHeM HCCywHX :IJICMCHTOB BX no.n.nepXKH JielKaT cero.nHJl B OCHOBC CCpbC3HLIX H3MCpHTeJibHLIX 

KOMnJICKCOB ll npH60pOB TCCTHpOBa.HliJl, )>a60TaiOWHX B yCJIOBHJIX BecbMa XeCTKOro H3JIY'lCHHJl. 

Ha 3aWHTY BLI.nBHra.JOTCJl cnenyiOWHe pe3ynl>TaTLI: 

1. Ka'lecTBO npouenypLI B.ltCHTlllPHKaUHH MHIIICHH JlBJIJleTCJl ¢lyH.naMCHTaJibHO Ba:lKHLIM npH 

H3y'leHHll IIO.ItaBJieHHJl. 'lapMOHHJl B CTOJIKHOBCHHJIX peJillTHBHCTCKBX Jl)tep, IIOCKOJibKy nepn

¢lepH'ICCKliC CTOJIKHOBeHHJl 3arpll3HJllOTCJl B3aHMO.ItCHCTBHJIMB C B03.JtYXOM B 06JiaCTll MHIIICHH. 

ELina npenno:lKeHa n pa3BHTa HOBaJl npouE!.nypa u.nenTntlinxaunn MHIIIeHn, B KOTopoii licnon~>-
3yeTCll xoppenllUHll MelK.ItY y.napaMn B .nayx nnocxoCTJIX xpeMHueaoro .neTexiopa; HoBaJl npo

uenypa npHHllTa ceiiqac B NA50 B Ka'lecrae cTan.napTHoii .nnll axxypaTHOro n3y'leHnll ~6nacTH. 
HH3KBX Er B co6LITHJIX, r.ne eCTb no.naBJieHne. PacnpocTpaHeHne :uoii xpnaoii B o6nacTi. MaK

cnManbHOii UCHTpaJibHOCTH, H K HH3KHM UCHTpaJibHOCTJlM JlBJIJleTCJl HCKJIIO'lHTCJibHO BalKHLIM 
~· .. 

.ltllll cpaBHCHHJl .lta.HHLIX C MO)teJIJlMll, KOTOpLie .ltOJilKHLI BOCIIpOH3BCCTH ee IIOJIH)'IO 3BOJIIOUHIO. 

2. Pa3pa6oTa.H H C03.1ta.H KpeMHHeBLi:ii: .lteTCKTOp MHOlKCCTBCHHOCTH .ltllll o6ecne'leHHll Ha.nex

HOH OUeHKB UCHTpaJibHOCTH CTOJIKHOBCHHJl J{ OIIpeJieJICHHlf" IIJIOCKOCTH peaKnHH. 

3. Comana uen~> C'IHTLIBa.IOWeii :~nexTpoHnKB .nnll .neTexTOp~· MHoxecraeHHocTn. llnll npo

aeneHull :lKCIIepii:MCHTaJibHLIX Cea.HCOB IIpH MaKCHMMbHOH CBeTHMOCTll HeOOXO.ItHMO. co6paTb 

.ltOCTaTO'IHYJO CTaTHCTHKY MaJibiX Ce'leHHH pOlK.ItCHHJl J /t/J H npouecCOB llpenna-5J:Ha, 'ITO 03Ha

'laeT, 'ITO C'IHTLlBa.IOWaJl CHCTeMa .nonlKIIa 6LITb O'leHb 6LicTpoii (cncTeMa 50 Mz14 cnoco6ua 

pa3liH'IHTb C06LITHll B HHTepBane 40 HaHOCe~). llalKe Cero.ltHJl :ITa CliCTeMa npHHl!Ta 3a liC

XO.ItHYIO npn pa3pa6oTxe C'lHTWlaiOWBX ycrpoiicTB .nnx :~xcnepnMeHTOB Ha LHC. 

4. BLIIIOJIHeHLI HCCJIE'J{OBaHHJl BJIHJIHHJI H3Jiy'leHHll Ha pa60Ty xpeMHHCBLIX .neTeKTOpOB H 

:~nexTpounxn .nnx .noxa3aTeJibCTBa Ha,.nelKIIOCTB .neTeKTOpa NA50. C neJibiO MHHHMHJauun ¢o

Ha OT pacna.noa 11'- ll K-Me30HOB B MIOOHLI 6LIJIO nptmJIO:lKeiiO paciiOJIO:lKHTb IIOrJIOTHTCJib H 

MliiiiCIIb Ha pacCTO.IIHHH He IIpeBLIIIIaiOWCM OJIHOH )tJIHIILI B3aHMO.ItCHCTBHJl B MaTepnane no

rJIOTHTeJIJl (xoTopoe l!DJilleTCJl ero HeoT"belltneMoii xapaxTepncTnxoii). Cne,nonaTeJibHO, 'IHCJIO 
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BTOpB'IHL!X '!acTliU na O,nBH XBMpaTUhlH MBJUIBMeTp ,neTeKTOpa MBOlKeCTBeUHOCTB O'leHb Be
JIBKO :a :~¢ct>eKThl pMBaJtBOHHL!X noBpe)KJI;eHB:ii O'leHh Ba.JKHLI.lieTeKTOp NA50 CKOHCTpy:apoBaH 
na OCHOBe 3TBX JI,ne:ii. 

5. BnepBble 6h1JIB COOpaHhl B ony6JIBKOBaHhl ,naHHhle no HCCJleJJ;OBaHBIO BHBepCBH TBna 
npoBo.nBMOCTB KpeMHBJl BH.nYIIBPOBannbiM B3nY'Jen:aeM. Ha BX oCHoBe BnepBbie 6h1Jla noKaJa
naae3aBBCBMOCTb nOBeJl;eHHJl HHBepTHpOBaHHOI'O KpeMHBJl OT BCXO.!UIOH CTOHKOCTB MaTep:aana 
B nonY'JeHhl ,naHHbie no o6paTHOMY OOlKBI'OBOMY noBen;enBIO BHBepTBpOBaHHOI'O xpeMBHJl. 3TH 
pe3YJihTaTLI nelKaT B oCHoBe onepau:aonno:ii MO.nu xpeMHBeBLZX .neTeKTOpoB NA50, KOTOpbie co
.nep}KMBCb np:a HB3KOH TeMnepaType ( -18°C} MeJK.nY ceancaMH. H.n~ll nony'l:ana pacnpocTpa
ne~e n 6y.ner, B 'lacTHocTB, :acnonh30BaHa B xonna6opan:a= ATLAS :a CMS, xpeMHHeBbie 
,neTeKTOpbi KOTOpbiX 6y,nyT pa6oTaTb npB HH3KOH TeMnepaType. 

6. BnepBLie 6h1Jlo npo.neMOHC'J,'pBpOBano, 'ITO B30JlJliiBJl ,neTeKTBPYIOille:ii CBCTeMLI coxpaHll
er~ UOCJie HHBepCBB THna KpeMHBJl1 "'TO rapaHTHpyeT cpyHKIIBOHMbHOCTb ,neTeKTBpyiOIIIHX 
:meMeHTOB no 3TOMY napaMeTpY. 

7. B sKcnepHMeHTe NA50 BnepBbie 6hlna :acnonh30BaHa xax pa..n:aau:aoHHO CTOHKaJI, TaK :a 
pa.it:aaUBOHHO HeCTOHKaJI 3JleKTpOHBKa. 3TO n03BOJlBJlO He TOJlbKO cpaBHHTb BX pa60TY, HO B 
BnepBbie Ha6mo.naTb B BbiCOKQ-3HepreTH"'eCKOM 3KCnepHMeHTe scpcpeKTbi JlOKMbHOH 6om.mo:ii 
BOHB3auHB B ,necpeKTbl, BH.nyUHpOBaHHbie B3JIY"'eHBeM B IIBcl>pOBOH 3JleKTPOHBKe. 3TH pe3yJlb
TaTbi BCKJllO'lHTenbHO BalKHbl npH nJlaJIBpOBaHHB 3KCnepBMeHTOB, KOTOpbie 6y,nyT pa60TaTb B 
yciiOBHJlX lKeCTKOI'O. B3JlY'JeHBJl. 0HB 6h1JIB IICnOJlb30BaHbi npB pa3pa60TKe TpeKepa B KOJJJla-
6opanBB CMS. 

8. Ha OCHOBe onbiTa,. iip:ao6peTeHHOro B NA50 xax c TO'lKH 3peHBJl sxcnep:aMeHTaJihHoft 
TeXHBKBj TaK B C TO'lKB 3peHBJl cl>B3B'leCKBX pe3yJlbTaTOB1 6h1Jla npen;JlOlKeHa H.neJl B pa3BBTa 
KOIIIIenu:all .neTexropa sxcnep:aMeHTa ALICE na cTpoJlll1eMCJl LHC. B "'acTIIOCTn, 6blno Bnep
Bble npen;JJOlKeHO BCnOJib30BaHHe TpeKHHra B 60JibmOM 06'beMe, HaKO,nJlll1eMCJl B O"'eHb CJJa60M 
MaJ"HHTHOM none, KaK HaH6onee scpcpeKTBBllbiH nyTb pa60Tbi B cnyqae O'leHb 60nbmOI'O "'HCJla 
"'acT:au, nollBJllliOIIIHXCll B :~ToM o6'heMe. EhlJla pa3BBTa xoucTpyxunll BHyTpenHe:ii TpeKoBo:ii 
c:acTeMbi ,neTeKTopa ALICE nonHOCTbiO OCHOBanHaJI ua KpeMHBeBhiX ,neTexTopax :a Jlcnonb3Y
IOlllaJI TpB pa3JlB'lHL!X TexHOJIOTBB C uenbiO ManTanBH K YCJIOBHJlM MeHJliOllleHCJl nnOTHOCTB 
TpeKOB Ha paJJIB'lHbiX paccToJli!Hl!x OT BepmBHbl. Ebina npoBen;eHa pa3pa6oTKa xpeMH:aeBbiX 
·,neTeKTOpOB eneuBaJJbHO ,nJlJl CJIY"'aJI paOOThl B .YCJIOBBJlX O'leHb BbiCOKOH nnOTHOCTB TpeKOB. 

9. Pa3pa6oTaHa xoncTpyKIIBJl YHBBepcanbHOro xpeMJIBeBoro .npe:iicpoBoro .neTeKropa, on:apa
IOlllaJICJl Ha HOBe:iimne BCCJleJJ;OBaHBJl Ka"'ecTBa MaTepBMOB1 cneiiBMbHYIO KOHCTPYKIIBIO 3JleK
Tpo,nOB B OpHrHHMbHble anropBTMbi1 n03BOJIJliOlllBe B3BneKaTb npaKTB"'ecKB · MaKCBMaJJbHYIO 
HHcl>OpManBID B3 ,neTeKTOpOB. Pa3BBTa HOBaJI scpcpeKTBBHaJI KOHIIenUBJl C60pKB ,neTeKTOpHbiX 
Mo,nyne:ii, OCHOBaHHaJI na m:apOKOM BCnOJJb30BaHHB nerKBX• (aniOMl!HBH-KanTOH) r:a6KBX Ml!K- · 
poKa6ene:ii. Ona :acnoJib3YeTCJl ylKe B sxcnep:aMeHTe STAR na RHIC B BNL. · ... 

10. Ha ocHoBe onbiTa pa6oTbi B NA34 (HELlOS), xapaxTepno:ii "'epro:ii KOToporo 6h1Jlnan-
6onee TlllaTeJlbHbi:ii aHaJIB3 COObiTB:ii B BceCTOpOHUee B3MepeHBe BX xapaKTepBCTBK, 6biJJ npe.I{
JlOlKeH no.nxo.n K :a3y'len:aiO 3arpll3neu:a:ii, CBJl3annbiX c nepepacceJlHBJlMB. B "'aCTHOCTB, anan:a3 
,naHUbiX1 nOJlY'JeHHbiX IIa 3KCTpeMaJJbHO TOHKBX MBmeHHX (200 MK), H CpaBHeiiHe C a.H_ano- . 
TB'!HbiMB ,naHHbiMB Ha . 6onee TOJICThlx Ml!meHHX, npBBenB K 6onee rnyOOKOMY nOHl!MaHBIQ 
pe3yJlbTaTOB H3Mepenn:ii B n03BomJJlB npeziJIO}Kl!Tb HOBYIQ BHTepnpeTMBIO -CJlO}KUOI'O IIOBe.I{e
HHJl (na6niO.naiOmerocll no.naBnennll) ce"'eHBJl polK,neHBJl -"'apMOHBll·np:a BbiCOKBX nnoTHocT.six 
siiepr:a:a. EhlJlo noKa::~ano, 'ITO B nepBbiX B3MepeiiBHX 3arpll3nen:ae cpparMenTa.MB nepepacceJl
HHJl npBBO.Il:BJIO K Y'JeTY C06biTn:ii, B KOTOpL!X nonepe'!HaJI 3HeprBJl 0Ka3LIBanacb 6om.me, 'leM 
6h1Jla Ha Ca.MOM .nene. lianHLie, nonY'JeHHbie BO BpeWI ceaHCOB 1998 ro.na c TOHKBMl! M:ameHJlMn, 

. no,nTBep,nBnB npanBJlbHOCTb no.nxo.na B TeM Ca.MbiM cl>YH.naMeHTaJibHYIO BruKHOCTb ,nByxCTynen
/ qaro:ii crpyKTypbi B3Mepen:aii :~¢cpexTa no.naBneHl!Jl. . . 

Anpo6annll pa6oTbl. OcHoBnbie pe3ynhTaTbi pa6oTbi ony6nliKOBaHbi B B~ 3apyGelK-
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BbiX lKypHanax B .noKJia..nLIBanBCb na M~apo.nnhiX KoncpepenuBJDC. llpl!Be~teHHhl:ii HlllKe 

cn:acox BKniO'laeT .noKJia.nhl, c.nenannble n:aqno aBTopoli c uenhiO B3JIOlK!!Hl!Jl Ha:a6onee npBH
UllliBanhHbiX MOMeHTOB ero JIB"'HOI'O BKJia.,na B pa6oTy KOJinaOOpaJtBB: 

1) "Silicon detectors in a high multiplicity environment", Advanced Technology and Particle 
Physics Conference, Villa Olmo, Como, 1988. 

2) "A Glimpse at Heavy Ion Collisions from CERN and HELlOS", invited talk at the 
Vanderbilt Collider Physics conference, O~tober 8-10 1987. · · · 

3) "Results from VENUS 3.11 at LHC energies", ECFA Large Hadron Collider Workshop, 
Aachen, Germany, October 4-9 1990. 

4) "Study of the effects of neutron irradiation on silicon strip detectors", 5th Pisa Meeting on 
advanced detectors, Elba 26-31 May 1991. 

5) "Effects of neutron irradiation on silicon detectors" "Workshop on Large-scale application 
of semiconductor detectors in High Energy Physics", Minsk, Byelorussia, 30 Sept- 4 Oct 
1991. 

6) "The ALICE detecor at LHC", Fifth Topical Seminar on Experimental Apparatus for High 
Energy Particle Physics and Astrophysics, S. Miniato, Italy, April 26-30, 1993. 

7) "The ALICE experiment at LHC", Plenary talk at the Vllth Rencontres de Blois, The 
Heart of Matter, Chateau de Blois, June 2Q-25 1994. 

B) "A fast, high-granularity silico~ detector for the NA50 experiment at CERN", 6th Pisa 
Meeting on advanced detectors, Elba 22-28 May 1994. · 

9) "The ALICE Inner Tracking System: Design, Physics performance a.tid R&D issues", QM95 
Workshop on Physics with the Collider detectors at RHIC and LHC, Monterey, California, 
Jan 8th 1995. 

10) "The Inner Tracking System for the ALICE experiment", International Symposium on 
LHC Physics and Detectors, Dubna, 19-21 July 1995. 

11) "Physics of Ultrarelativistic Heavy Ions", Workshop on Particles and Fields and 
Phenomenology of Fundamental Interactions, Puebla Mexico, Oct 30- Nov 3 1995. 

12} "Physics with the ALICE experiment at LHC", XXXIV International Winter Meeting on 
Nuclear Physics, Bormio, Jan 23-271996. 

13) "J/1/J suppression", XXVII International Symposium on Multiparticle Dynamics, Frascati, 
8-12 September 1997. · · . 

14) "Development of a fast readout system for the detection of. low energy X rays", invited 
talk al IV Mexican Symposium of Medical Physics, Merida :Yuc., March 1-4 2000. 

15) "Silicon detectors and signal processing", corso alia 7th ICFA School on Instrumentation 
in Elementary Particle Physics, Leon, Guanajuato, Mexico, 7-19 Jul1997. 

16) "I rivelatori dell'esperimento ALICE a LHC" Lezioni tenute aile IX Giornate di Studio 
sui rivelatori, Villa Gualino, Torino, 2-5 March 1999. 

17) "Silicon detectors", corso alta 8th ICFA School on Instrumentation in Elementary Particle 
Physics, lstambul, 28 June - 10 July 1999. 

5 

-~--------------.......... 



18) "The ALICE experiment at. the LHC", Int. Seminar at Max-Pla.ilck-Institut, Heidelberg, 

6 December 1993; · · · · · · 

19) :'The Inner Tracking Syste~ for the ALICE experiment", Int. Seminar at GSI Darmstadt, 

· 25 October 1994. ' · · 

1 BBe.n;eHHe. 

JiCCJieAOBaJIHJ! yJILTpa-penliTHBHCTCKHX CTOJIKHOBeHHH TJ!lKeJli>IX HOHOB B na6opaTOpHl!X Berkeley 

, 1Iy6na,' CERN n'Brookhaven [1], [2] '~xpwn!!!OBYJO o6nacTL.nccni'Jlouanu:ii., JielKallzyJO na 

CTbiKe Tpa,nHIUIOBBbiX Bayx - cpn3HKH :meMeBTapBbiX '!acTHU H cpn:mKH l!,l1pa - nanpaBJieB

BYJO aa H3Y'!eHHe CHJlbBG-B3aHMO.D;eii:CTBYJOIUeH MaTepHH .B :IKCTpeMaJibBbiX yCJIOBHJ!X BbiCG

KHX imOTBOCTel11 :~neprnn 11 6apnoHBoro 3apl!,l1a. B cpn3nKe BLICOKHX :~nepru:ii. B _uame upeMll 

MaTepHl! paCCMaTpHBaeTCJ! COCTaBJieHHOH H3 OT.D;eJILBbiX :IJieMeHTapHbiX '!aCTHU, B3aHMO.D;eil:

CTByiOIUBX nocpe,n;CTBOM KaJIH6pOBO'IBbiX. none:ii.. C .npyro:ii. croponi.J, B l!,l1epaoii: cpH3HKe Mpa 

HCCJieAYJOTCJl Ha 6a3e :l¢<f>eKTHBHLIX, cpeliOMeBOJIOrH'IeCKHX MO.D;eneil: ll npe,nnonaraeTCJ!; 'ITO Ma

Tepllll nocrpoena 113 anpOHOB, KOTOpble npe,n;CTaBJiliiOT COOOH CJIOlKHble CHCTeMLI, npOl!BJlliiOIUHe 

KOJIJieKTHBBble CB,Oiic't"Ba. B cpH3HKe lKe peJIJ!THBHCTCKHX J!,11epHbiX CTOJIKBOBeBHH HCCII~YeTCJ! 
rinoTHall MaTepmi:; cocTannennall H3 6onLmoro 'IHCna cHJILBO B3aHMo.neil:cT~YJOIUHX 'laCTHn; H 
n :~TOM cMLicne TeopHID,· onHcLIBaJOmyJO 3To cocTOJ!HHe • MaTepriu, MOlKHO paccM:aTpHBaTL xax 

TepMO.D;HBaMHKY KXil, uJIH lK~ xax cpH3HKY KOB.D;eHCHpOBaJIHoro COCTOJ!HHJ! :~neMeHTapHLIX '!ac

THU: Ha6nJO.D;all MaTep~JO, ClKaTYJO .no nnoTHOCTeil:, 3Ha'IHTenLHO npenLIIDaJOIUHX nnoTBOCTL B 

ayKJionax, :o~Ta aouax o6nacTL Hccne,n;ouanHil: no3BOJilleT H3Y'!aTL H npouepliTL KXil ua ee ec

TecrueHBOM :o~aepreTH'IeCKOM MacmTa6e· (Axx,a), 3aTparHBall TeM CaMbiM cpyB.D;aMeHTaJibHble 

uonpOCLI xoncpail:HMeHTa, uapymeHHJ! KHpaJii.no:ii. HHBapHa.HTHOCTHH npo6neMy CTPYKTYPLI cpH-

3H'IecKoro· BaKyYMa· KpoMe TOro, 3Haane ypaBHeHHJ! COCTOJ!HliJ! l!,l1epHOH MaTepHU npH :IKCTpe

MallhHbiX nno.rnocTilx cymec-rueuno 11 . .nnll acTpocpn3HKH, il;nll noanMaJIHJ! AHHaMnxn BJpLiaa 

CBepXBOBbiX II CTa6HJibliOCTll He:ii.TpOHHhlx 3Be3J:I. 
06menpnHJ!Tal!Ha cero.n:HJ! Teopnl! cnJILHLIX B3aHMo.ne:ii.cTBnii- KXil (aea6eneua Teopnl! 

UBeTHbiX KBapKOB ll rJIIOOBOB) - npe,n;CKaJLIBaeT a6COJIIOTH0 pa311H'IHble cneaapHH·.D;HHaMHKll 

·nponecCOB B BbiCOKG-3HepreTH'IecKOMp~HMe (nnn B o6nacTHMaJILIXpaCCTOJ!HliH} H B pelKUMe 

HIDKHX 3Heprnii (B o6nacTU 60JILmHX paCCTOJ!HUH), r.ne UBeTHble KBapKH H rJIIOOHbl KalKYTCll 

CBl!3aHHbU.m B 6ecnBeTHLie a.D;pOHbl CHJlaMH, paCTYIUHMH C paCCTOJ!HHeM. JiCX0.115l H3 CBOHCTBa 

acnMnTOTH'IecKOH CB060.D;LI, HHTYHTIIBHO MOlKHO 6LIJIO 6bl OlKH.D;aTL, 'ITO B cpe,n;e ·c .D;OCTaTO'IHO 

BbiCOKOH nJIOTHOCTbiO KBapKOB H rJIJOOHOB,.IIOCJie,II;HHe CMOryT .D;Bl!raTLCJ! CB060.D;HO Ha ':6onL
mne" 'paccTOJ!HHJ! nopMKa aecxoJILKHX cpep~n. lleiicTnnTenLHO, paC'IeTLI pemeTo'laoil: KXll 

noxaJa.'lll, 'ITO npn .D;OCTaTO'IHO BbiCOKHX nJIOT~OCTJ!X 3Heprnn .D;OJI:lKeH' nponCXO.D;l!Tb TaK ua-

3LIBaeMLiii cpaJoBLiii nepexo.n .nexoncpail:nMenTa. llo.n :o~TnM nepexo.noM no.npMYMeBaeTCJ! o6pa-

3oBimne xuapx-rmoou:Hoii nnaJMLI (KriT), To ecTh cocTomnll co "cno6o.nui.wu" KBapxaMn n 
fJIIOOHaMll, pa3MepLI II upeMJ! lKU3Hll KOTOporo .D;OCTaTO'IHLI, 'ITOObl onncLIBaTL ero C. nOMOIULIO 

. TepMo.nnaaMH'IecKHX napaMeTpoB. B Krll xonneKTIIBHLie :~cpcpeKTLI npnBO.D;J!T K :o~xpaanponxe 
.D;aJibHO.D;eHCTDYJOIUHX UBeTHbiX CHJI, B pe3yJILTaTe '!ero cpe,n;a CTaHODHTCJ! UBeTHbiM UpOBO.D;-

Hl!KOM D npOTHDOnOJIOlKHOCTb 06bl'IHOMY BaKyyMy, KOTOpblii: J!BJllleTCJ! CODepmeHBbiM UBeTHLIM 
1130Jll!TOpOM, CBJ!3biBall UBeTHLie KBapKII H rJIJOOilbl B a.npouHLiii "Memox" • Ha CTa.D;Hll CBOero 

cpopMHpoua.Hnll Bceneuaall .nonlKlla · 6biJla npoiiTII TO'IKY cpa.'3oBoro nepexo.na oT Krn x. rMy 

a.nponoB npnMepHo'lepeJ 10-5 cex: nOCJie EonLIDoro B3p:bma. llpan.na caM nepexo.n ocymecT

BJiliJICJ! Ha JHa'll!TeJILHO OOJibmHX upeMeHHhlx MaCmTa6ax, '!eM ToT, KOTOJll.iii: .D;oCTlllKUM B 

na6opaTOpHbiX YCJIOBIIJ!X, nOCKOJILKY rpaBI!TaUHOHHble CHJibl laMe,II;JIJ!Jlll pacmnpeHHe CllCTe-

Mbl. 
B 1965 ro.ny, ua.ocuoBe anann3a cnexTpa ua6nJO.naeMLIX a.npoaaLIX COCTOJ!Hnil:,· Xare,n;opa 
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[3] BLIBeJI CJle,IJ;yiOIUee BblpalKeHHe .D;Jlll nJIOTHOCTII ypOBHeii B036ylK.D;eHHOH a.D;poHHOJi: MaTepHH, 
pacrymeii :IKCnOHeHUl!aJibHO 

n(E) ~ E 0 +2 
exp (:J . 

Tor.na, CTaTHCTII'IecKall CYMMa 

Z(E) ~ ea+2 exp (-__£_ + .!.__) 
ks T mo 

r.ne ks nocTOJ!HHall EonLnMana, HHTerpHpyeMa ronLxo B o6nacTH 3Ha'leHHii 1/(ks T) ·6onL

mnx, 'leM 1/mo. To ecrL npH TeMnepaType 6onLme xpHTu'lecxoii Tc = m0 /ks, a.npoHLI ylKe 

ae cymeCTBYJOT. H3 :~xcnepHMeHTaJILHLIX .nannLIX 6biJlo non}"ieao 3Ha'leHHe mo ~ 200 M:JB, 
xOTopoe onpe,n;enlleT Tax aa3LIBaeMYJO TeMnepaTypy Xare,n;opaa Tc ~ 200 M:JB. llpocreiimHe 

MO.D;eJIH a.npoaon, TaKHe :Kax MIT Mo.n;enL "Memxon" [4], IIHTepnpeTHPYJOT :ITO cuoiicTBO xax 

CJle,IJ;CTBl!e KOHcpaHHMeHTa KBapKOB. B UeJIOM, TaKl!e cpeHOMeHOJIOfl!'leCKl!e MO.D;eJil! 'cornacyJOTCJ! 

C DbiBO.D;OM, 'ITO a.D;pOHHble CliCTeMbl "BLIMl!paJOT" npn TeMnepaTypax BbiiDe Kpl!TH'!eCKOH- B 

nnTepnane OT 150 .no 200 M :J B. IT pn6JilllKaliCL K TO'!Ke cpa3o~oro riepexo.na H3 xuapx - rnJOOuuoii 

cpa3LI, MOlKHO nOCTpOHTb rn.D;pO.D;HHaMH'IeCKYIO KapTHHY nJia3Mbl I! oneHHTb, npn KaKOH MHHH

MaJibHOH TeMnepaType nJIMMa CTaHOBHTCJ! HeCTa6HJibHOH no OTHOIDeHHIO K cpopMHpOBaHHIO 

6ecnBeTHLIX cnHrJieTHLIX cocTOl!Hnii - a.npoaon (xou.neucnponannLIX xanenL). <l>enoMenono

rn'!ecxne Mo.nenn npe,n;cxaJLIBaJOT TeMnepaTypy nepexo.na oxono 200 M :JB, KOTopall aa li3LIKe 

nnOTHOCTeii :~aeprHn CTecpaaa-DOJlbUMaHa COOTBeTCTBYeT "" 2 + 3 r 3 B I f/J3. 

B Krfl KBapKH .D;OJllKHbl noTepl!Tb CBOIO :!cpcpeKTHDHYIO Macey, KOTOpOH OHH 06Jia.D;aJOT B 

a.npouax B cocTOl!Hnn xoucpaiinMeHTa, npeupamal!CL B TOKOBLie KBapxn c cooTBeTCTBYJOmeii 

"3aTpaBO'Inoii" Maccoii. Tor.na, npH MaJILIX n npaxTn'lecKH paBHLIX uyn10 Maccax xnapxon, 

Krn 6Lina 6LI xnpanLno cnMMeTpH'!Hoii. KManocL 6LI neT a'nxaxoii npHnnnnnanLnoii npn

'IHHLI, nO ICOTOpOH nepexO.D;bl .D;eKOHcpaiiHMeHTa I! DOCCTaHOBJieHHJ! KHpaJILHOH l!HBapHaHTHOCTH 

nponcxo.nnnn 6LI npn o.nnuaxoBLIX TeMnepaTypax. O.naaxo, BLI'Incnennll B pemeTo'!'aoii K:xn 

CDH.D;eTeJibCTBYIOT B nOllb3Y TOro, 'ITO B .n;eHCTBHTellhHOCTH, no-BH.D;l!MOMY, 3TH nepexO.D;bl COB
na.D;a!OT l!JIH O'IE!Hb 6JIH3KH. 

TaxnM oGpa30M MOlKHO OlKII.D;aTb, 'ITO xapTnHa cpa30BOro nepex:QIIa, conpOBOlK.D;aJOmall YllbT

papeJIJ!THBHCTCKl!e CTOJIKHOBeHHJ! J!.D;ep, 6y.D;eT COOTBeTCTBOBaTb JIOKaJILHOMy B03MyiUeHHIO cpn-

3H'!eCKOro naxy;YMa, npn xoTopoM npoH30ii.n;eT nepexo.n oT nneTHoro n30JI.HTOpa c uapymeuuoii 

KHpaJILHOH CHMMeTjmeii . B UBeTo-npOBQn.HIUHH KHpaJILHG-CHMMeTpH'IHbiH BaKyyM. DbiJIO 6LI 

'1pe3Bbl'laHHO BalKHLIM, eCJIH 6bl Y.D:aJIOCb OOHapylKHTb BOCCTaHOBJienne Kl!paJibHOH HHBapnaHT

HOCTH. 3TO nponnnano 6LI CBeT aa nponecc cnoaTannoro uapymennll xnpanLaoii cnMMeTpnn 

H npOHCxOlK.D;eHH.H COCTaBHbiX Mace, 'ITO .HHJI.HeTC.H O.D;HOH '113 cpya.D;aMeHTaJibHbiX 3ara.D;OK COBpe

MeHHOH cpH3HKH. Cne.nyeT oTMeTnTL IgJOMe Toro, 'ITO.:ITO e,n;nHcTBeaaLiii cpMOBLiii nepexQII B 

cncreMe :~neMeaTapHLIX noneii, y KOTOporo ecTL ma.Hc 6LITL o6aapylKeHHLIM B na6opaTopai:.Ix 

YCJIOB'IIJ!X, UOCKOJILKY .D;Jl.H CJie,II;YJOIUero, CB.HlaJIHOro C H~pymeii'IIeM 3JieKTpOCJia6oii C'IIMMeT

p'll'll, Tpe6yJOTC.H TeMnepaTypLI ylKe aa nopMOK 6onLmne, 'ITO BLirJIJ!J1HT cero.D;HJ! a6conJOTHO . ' 
He,IJ;OCTlllKUMbiM :IKCnepnMeHTaJibHO . 

qaCTh I. <})u3HK~ 3KcnepHMeHTOB NA50 H cHrHanhl o6-

pa3oBaHH.B: Krn H 4Ja3oBoro nepexo,na. 

2 TepMo,nHHa.MHKa .a:,nepHhiX CTOJIKHOBeHHii. 

f Pen.HT'IIBHCTCKHe CTOJIKHOBeH'II.H T.HlKeJILIX HOHOB . .HBJI.HIOTC.H 6eJyCJIOBHO ny'IID'IIM 'IIHCTpyMeHTOM 

C03,!taHB.H C'IIJlbHG-B3aHMO.D;eiiCTBYIOIUei CHCTI!ldbl, KOTOpa.H MOlKeT H3y'laTbC.H C npnBJie'leHBeM. 
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-repMo.nnna.MH'lecKHX nonliTHii. Kax H3BecTBo, _cncTeMa ,nonJKHa cocTOliTb H3 6onhUIOro xonn
'lecTBa qaCTHII, 'ITOObi fihinH npHMeHHMbi MaKpOCKOnH'leCKHe nepeMeHBbie; HMeTb' pa3Mepbi 
MHOI'O 6onhUIHe ,nnunhi cso6onnoro npo6era, cocTaBnliiOWeii nnll xsapxos ~ 0.5 <P, npn nnoT
noCTllX nopli11Ka ~ 2 r:JBI<P3 , 'ITOObi xa.iK.AM tiacTnna npeTepnena necxonhKO cTon~osennii, 
n naxonen, nMeTb 6onhUIYJO nnoTHOCTb :meprnn. <l>enoMenonorntiecKHe onenxn noKa3biBaiOT, 
'ITO npH CTOnKHOBeHHH mep C ynbTpapenliTHBHCTCKHMH :meprHJIMH 3TH YCJIOBHJI neiiCTBH
TenhHO y,noBneTBOplllOTCll. 06pa3yiOWaliCll npn CTOnKHonennn Pb-Pb na SPS cnCTeMa nMeeT 
ofu,eM nopJ111Ka 1000 <P3, coCTOHT H3 ~ 2000 qacrnn, naeT liBHbie cnu,neTenhCTBa nepepacce
JIHHll (6onee onnoro cron_KHosennll na 'I3fT~ny) no6na.,naeT nnoTBOCTbiO 3neprnn B ~ 20 pa3 
npesblillaiOUIYIO nnOTHOCTb B Jl11pe .H B.";' _ 4, pa3a. npeBbiiDaiDllzyiO nnOTBOCTb B an pone. Ilo-
3TOMY TiiJKenhie nc;>nhi, no-BH.nHMOMY, ,neiicTimTen~!!o liBnliiOTCll_ riiiasnnhHbiM nncTpyMeHTOM 

H3yqeHHJI TepMO,AHHa.MHKH ~Xfl .. 
CxeMaTn'lecKH xapTHHa CTOnKHOBeHHll MeJK.nY nsyMJI penllTHBHCTCKHMH J111paMH c pa3nH'l

HbiMH aTOMHbiMH.'IHCJia.MH A noxa3ana na pnc. 1. ilopennescxoe coxpawenne npnsonnT naneTa-

spe~rdclpoints · Er, dN/dy 

r- ~ \ b a 

--- • spectators 
I y=O 

-yCM +I 
central YCM 
region, 

Pnc. 1: KapTnna cronxnoseHHll MeJK.nY ,nsyMll penllTHBHCTCKHMH ll11Pa.MH. 

IOWJie ll.itpa :K cJKaTHIO no ,nsyx "6mmos" c nonepe'IHhiMH pa3Mepa.Mn, paBHbiMH ceqenniO J111ep, 
H npononbHbiMH pa3MepaMH nOpJI11Ka ~ 1 <P. IIapaMeTp CTOnKBOBeHHJI b pal,nenlleT nyxnOHbi na 
y'taCffl11U,_OB, KOTOpbie· BOBne'leHhl B nepBH'IHbie nyxnon-HyKnOHHbie CTOnKHOB~HHll, H cne~a
mopoB, xoropbJ:e nponomKawT nsmKenne B;n;Onh nx nepsona'lanbnoro nanpasnennll, npeTepne
Ball TOnbKO ne3Ba'lnTenhnbie B03MYWeHnll. CronKHoBennK, nMewlun:e b ~ 0, onpenenlliOTCJl xax 
neHTpanbnbie. H3Mepenne 3nepnm cnexTaTopoB Ezero-degree qacTO ncnonb3yeTCll ,nnll onpe;n;e
neBHll reOMeTpHH CTOnKHOBeHHH, TOr,na KaK nOTOK qaCTHH H nonepe'IHall 3HeprHH HCnOnb3yeTCH 
.nmr onenxn 3neprnn, ocso6oJK,nennoii n cronxnosennn nyxnonaMH-yqacTnnxa.Mn. Ilpn onnca
HBH KOHe'IHOI'O COCTOJIHHJI 'lacTO HCnOnb3yeTCH 6biCTpOTa y = 0.5 }og{(E + Pz)I(E- p.)}, 
nnu ee npn6nnJKenne (cnpase;n;nnnoe npn penliTHBHCTCKHX nMnynbcax) :-:-- ncenno6hiCTpoTa 
., = -log(l112). ObiCTpOTbi ¢parllleHTOB nyqxa H MHUieHH 6ynyT cocpe;n;oro'leHbi n6nH3H Col)T
BeTCTBYJOWHX nepnona'laJibllblX 6hicTpOT. Bh1neTaiOWlle lKe non 6onhUIHMH yrna.Mn 'laCTHlihi 
6ynyT nacenHTb nenTpanbHYIO o6naCTh 6hiCTpOT [5]-[8]. , 

IlpOCTpaHCTBeHHo-BpeMeHHall 3BOniOuHH J111epiiOI'O CTOnKIIOBeHHJI llpll BbiCOKHX 3Heprn
JIX noxa3ana na pncynxe 2. Cnaqana nyxnon-uyxnonnhie B3anMoneiicrnnll nepepacnpenenli
IOT 'laCTb nepnonatianhnoii: 3neprnn MeJKllY ,npyrnMH c-renenHMH cso6o.ltbi,. xoropall B urore 
BKnMbiBaeTCJI B KHapKOBbie H rniOOIIHbie COCTaBnJIIOWJ{e CHCTeMbi 3a xapaKTepnoe BpeMJI ¢op
MHp0BaHHJI To ~ 1 <Pic. IlapTOH-napTOHHbie B3aHMQI(eiiCTBHJI npn 3TOM MOrnn 6bi HpHBeCTn 
x «tJopMnponanniO Krii. Ilocne;n;yrowee pacmnpenne n ncnapenne npnnenn 6bi x 6biCTPOMY 
OCT_biBaHHIO Krii, xoropall 6hi npomna qepe3 "CMemannyiO «lJMy", xorna a..nponbi n "O'larn" 
n~a3Mbi cocyweCTBYJOT nMecre, 3aTeM cxonnencnposanach 6bi B o6bi'lnbie a.nponbi, nonaqany 
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'· 

B3anMoneiicTn}'IOWlle, an xoilne nponecca- cnofionilhie (nhiMopoJKennhie). Koneqnoe cocTo
llnne OTpiDKaeT BCID cnoitrnyro 3Bonrounro CHCTe:Mhi, H pii:mH'IHbie Ji'a6mo,naeMhi:e necyr HH
«tJopMaUHIO 0 ee pa3ml'.un.ix acnexTax H CTMHJIX. Kai :YnoM.sluyro Bmne, H3Mepfi 3HeprHIO 

+ 1--1 
______ _... 

Space 

Puc .. 2: IlpocTpancTnenno-speMeHHall 3Bonwnnx xnepnoro cronxnonennx npu BbiCOKHX 3nep
rnllX. 

cnexTaropon Ezero-d~gree MOlKHO npocne;n;nTb reoMeTpniO·cTonxnosenux H onennTb 'lncno nyx
nonoB- yqaCTHHKOB. 3Hall JKe pacnpenenenne fiapHOHOB nO fihiCTpOTe MOlKHO H3Bne'lb COOTBeT
CTBYIOWlle c.nnnrn 6hicTpOT; nnn ,npyrnMn cnona.Mn -· no-repn 3neprnn, a Ta.KJKe 6apnonnblii: 
cocTan nenTpanbnoii o6nacTn [9]. Haxonen, anann3npyll nnoTHOCTb pacnpe;n;enennx poJK,nen
HblX tiacTnn no 6hiCTpOTa.M n no nonepe'Inoii 3neprnn, MOJKHO onpenennTh nnoTiiOCTb 3Heprnn, 
nocrnrnyTyiO npn coy,napennn. Pa3yMeeTCJI 3TO onpenenenne JIBnlleTcx MO,nenbno-3anncnMhiM 
[10]-[13]. 06hi'IHO npnMenxeTCH nnOTHOCTb 3Heprnn, nnenennall obepxenoM [14] ;~tnx cny'IM, 
xor,na nonepe'IHbiM pacmnpenneM cncTeMbi MOlKHO npene6pe'Ih 

" Energy. dFh-ld11 1T1TdNid11 
E:BJ- --- - -----

-Volume- 1rmA2I3 - 1rmA2I3cr0 ' 

rne 11' mA213 nonepeqnblii: pa3Mep MeHhmero J111pa, ;JtaiOWJ{H ceqenne nepeKpbiTHJI ,~tnll nen
TpanbHOro CTOnKHonennll, To npeMll ¢opMHpOBaHHll n dFh-I d71 = fflTdN I d71 - cpe;n;nxx 3neprnx 

(nonepe'IHall Macca 1TiT = Jn_. + m2) qacTnuhi, yMHoJKeHHall na ~ncno qacrnn B ennnnqnoM 
HHTepnane fihiCTpOT. 

<f>a30Ball .~tnarpaMMa ropli'Ieii a,nponnoii Marepnn MOJKeT 6h1Th nonyqena na ocnone H3Me
pennll nnOTnocrn 3Heprnn n TeMHepaTypbi. <f>a3onblii: nepexon c 6onbUIHM cxph1TbiM TennoM 
npoliBnwcx 6bi Tor,na B xapaxTepnoii: ¢opMe T-E: 3aBHCHMOCTH. BMeCTe c poCToM E: TeMHepa
Typa nnaqane ynennqnnanacb 6bi, 3a-reM, B nexOTopoM nllrepnane ocrananach 6hi noCTollnnoii 
(nocxonhxy nononnnTenhHall :meprnll yxo,nnT na pa3pymenne, CBJ13eii), n, naxonen, ee poeT 
npononJKHnCH 6hi. TeMHepaTypa MOJKeT 6biTb onpenenena n3 anann3a cnexTpon ¢parMenron 
no nonepe'IHbiM HMHynhcaM, KOTOpbie B HHTepnane 0.2 r:JBic < PT < 1 r:JBic COBnMaiOT C 
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-c •. :_ .. ·:~:c.:.;·-..~,t~·'" ._:,,, .. ':-.,···.";.'"-,_. !'!'· '.'·. ·: -. , __ ,·~::·, ---~:.-. , _. . .• _ _ ,_: 

TmiH'lBLIM TepMMbRLIM pacnpe,neneJmeM: f (PT) oc. exp( -:'TnT fT) ( o6naCTb 'PI,' Menbme HH)Klleii 
rp3JJII1Ibl "3arpnneHR': pacna.nRMH·Pe3onancoB, 60nbme Bepxneii .:_ paccel!HHRMH nacpparMen~' 
TRX l!,llep) (15). PeMbHble HJIH BHpT)'MbHble nenTOHHbte napbl (l+l:-) (16)-(20), cpOTOHU (21), 

xOTopue Bbl~ll«:l§_o~~_"ECJI na panneii CTMRH, npenCTa.BJIJIIOT co6oii H3JIY'JeH'I_ie a6comoTHO 

-qepnoro Tejla, KOTOpoe: CBJOaHO C TeMnepaTypOH CHCTeMbl: By,ny'lH Ha,HflOJiee np.l!MO CBJI3aH
HbiMH c TeMl:repaTypoii;· 3TH cneKTpbi JIBJIJIIOTCll, o,nnaxo; H .jpe3nhl'laiina· i'py.nm> H3Mep11MbiMH 

cnrnanRMH o6pR30BaHHJI KI'TI. TipocipancTBenno-Bpe:MenHRll 3Boruoiulil. cntTeMbl n, B 'lacT

noCTH, o6t.eM, na xowpoM npOHCXO,ItHT BLIM0pa.JKHB3.iiHe, MOryT. 6b1Tb H3MepeHhl c DOMOIUblO 

nHTepcpepOJ-!:eTPHH i'olKfx~~~iiHbiX "'aCTHn (HBT): 'Haxonen, cpnyxTyanH11_.MHO:lKeCTBeHHOCTH 

MOryT cnyDTb CHrHanOM:ipUT~_'leCK~ JIBJieHHH, CB~ianHbiXC cpMOBLIM n~pexo,noM (22). 
.·.· . .• . .. •. "' "' . ,.;J . . . BoccranoBnenne KHpanbnoii CHMMeTJ>HH npo.l!BJIJieTCll B H3Menettn11 npoH3BO,nCTBa crpan-

HOCTH, xoropoe ~ii '??~nhli:ycno:B:Ii:ilx n().na~e.no.in-3a 6onbmoii Macchi s-KliapKa [23]-[25], a 

TRK:lKe B H3MeHeHHH ¥ace a,npOHOB.~MacCbi,)nnpHHbl Jl'pacna,nbl "'RCTllll, TaxHX KRK p, W H cP 
MOryT npeTepneBaTb pe3KHe 113MeJleHHJI. B "'RCTHOCTH, ~Me30H1 HMeiOUl11H O"'eHb Mance cpa3o

B00 npoCTpaHCTBO ,ItJIJI pacnana. !Ia ,nila K Me30Ha, -qpe3Bbl"'aHH0 "'YBCTBHTeJie~ K H3MeHeHH10 
MRCCbl S-KBapKa. .;:·· >· . ,,._::·. . '· . . ·.:;;:. ' c 

Pa6oTa NA50 nenocpe,nCT~eiiiio nocB;uiena 113Y'Jel!Hl0 o.nnoro 113 cnr'itanoB o6pR30BaHHJI 

KrTI [26], H,Itell xoToporo cocToHT ~ • ioM, 'ITO nepexo.n ,nexoncpaiinMenTa ~3MeHlleT npnpo.ny 

cpe,nbl, B 'lRCTnO<;Tli,.JtJ:lllHY 3KpaHHpOBKll.· 3TO np11BO,It11T K "nJiaBJiel!HIO"cftl£:lKeJibiX pe30HaH

COB, xoTopue p~:lK.Itar<>:rCll TOJibKO na panneii CTMH11 B31i.HMo.neftcTB11ll-:'' If:.X.b:M cny'lae xor.na 

,ItJil!Ha 3KpaHHp0~~-~i~OBHTCJI·MeHblle pa,nHyCa pe30HaHCa, ,ItBa KBapKa 6~Jiblle He B3a11MQ

,neHCTByiOT H pe3onanc pacna.n'aeTCll, xoTJI cyiuecTBYIOT H xoiixyp11pyiollllle 3cpcpeKTbl no,naB

neHHJI pe3onancoB, nanpnMep, a6cop6nnll. llnll Tore, iiTo6bl oT.nen11T~oliii:H 3cpcpe~Tbl ,npyr oT 

,npyra Tpe6yeTCJI -qpe3Bbl"'aiino ,neTMbHblii aHM113, BR)KHYIO ponb B KOTopoM Mo:iKeT cblrpaTb 

;a3yqeH11e.3nepreT11"1CCKl!X ~oTepb_ 6ucTpbiX KBapKOB (no,naBJieH11e nap :lKeCTK11X cTpyii). Ono 

~ll~~ ~~bM~ ~y~cT;JiTeJibllblM K HM~"111ID cpP.ztu H no cyuieCTBY MO:iKeT paccMaTp11BaTbCll 

B xa-qecTBe mne o.nnoro c11rnana o6pMoBaH11ll KrTI. 

,;_-

··-~~ 

BH Hadro..,bscrber . Rl f1 R1 ToroidaJ.,.gnd · RJ R#z 
:22"' J 1 L j 1 -~ 6 ; s ~ I~ ll I; I; k 11 16 I; lk ~ 

Pnc. 3: YCTanOBK~NA50. lleTM11 yCTanonKH B paiioue MHmen11 noxManu na Pnc. 4 

3 3KcnepHMeHTaJibHWI ycTaHOBKa NA50. 

lleTeKTOP NA50 (p11c: 3 H 4 ), no cyTH- 3TO ycoBepmeHCTBOBaHHal! Bepcni ycTanOBKH NA38. 

On 6un cnen11anbHO cnpoeKT11pOBRH c pac'leTOM na BbiCOKHH ypoBeHb o6nY'JeHHJI, orpoM

. Hble MHO:lKeCTBeHHOCTH 11 cpOH, 11li,Ityn11pyeMblii naneTaiOIIll!Mll HOHID>m Pb. lleTeKTOp COCTOUT 
/ H3 MlOOHHOrD cneKTpOMeTpa C yny"'meHHLIM, no cpaBHeHHlO C ,ltOCT11rHYTbiM B 3KCnep11MeHTe 
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ti 
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Multiplicity 
Detector Preabsorf>er 

(BeO) 
Electromagnetic 
calorimeter 

0 so 

Si02flberS to.fragment 
detector•s PM 1 . .,., .• ·, ., .. ··~-~~--· ----. 

Carbon 

Absorber 

100 ISO 200 em 

P11c. 4: Pacnono:lKeH11e 3JieMeHTOB 3Kcnep11MenTa NA50 B pruioHe M11WeH11. 

NA38, pa3pemen11eM no MaccaM MIOOHHbiX nap. B HeM 11Cnonh3yeTCll cerMeHT11pOBaHHRll Pb

M11meHb c · H,IteHT11cp11Kan11eii Bepm11Hbl ,nnll TO"'HOro · onpeneneH11l! o6nacTn nepBonaqanbHoro 

B3aHMO,IteHCTB11JI H OT,IteJieH11l! nOBTOpllbiX B3a11MO,IteHCTB11H cpparMeHTOB · cneKTaTOpOB, KOTQ

pble MoryT np11BeCT11 K nenpaBHJiLHOMY onpeneneH11IO neHTpMbHOCT11. OueHKa neHTpanbHoc

T11 MO:lKeT 6b1Tb npone,nena Ha OCIIOBe RHM113a nocne,noBaTeJihHbiX C06biT11H, 11CnOJIL3Yll. Tpll 

He3aB11C11MbiX ,neTeKTOpa, a .11MeHHO: 3JieKTpOMRrH11TllblH KMOp11MeTp (Ee), KOTOpbiH Mepll

eT 3Hepr1110 YflOC11MYIO HeihpMbllbiM11 qacT11naM11 B nonepeqHOM HanpaBJiell11ll B 11HTepBane 

nceB,It06blCTpOT 1.1 ::::; Tf ::::; 2.3, KpeMH11eBblH M11KpOCTp11nOBblH ,neTeKTOp MIIO:lKeCTBeHHOCT11 

(MD), KOTOpbiH nOKpbiBaeT 11HTepBM nceB,It06blCTpOT 1.5 ::::; rj ::::; 3.9, 11 7 C06CTBeiiHO; npli

MOH a.npoHHblii xanop11MeTp ("xanop11MeTp HyneBoro yrna", 11n11 zoe), KOTOpblii MeplleT 3nep

rHIO, )'liOC11MYIO B Pb-Pb B3aHMO,neikTB1111 cneKTaTopaM11 nyqxa. Kax Bli.ItHO 113 p11cyHKa 4, 
r,ne nOKR3aHa 06JiaCTb Ml!IDeH11, ZOe noMemeH Ha Tpae.KT0p1111 ny"'Ka BIIYTPll a,npOHHOro no

rJIOTHTeJil!. llJill M:HH11M113an1111 cpol!a OT "'aCT11U, pO:lK,Itel!HbiX B CTOnKHOBeH1111, ero yrnOBOH 

axcenTRHC (TJ 2: 6.3) onpe,nenl!eTCl! Me,nHblM KOJIJI11MaTopoM c KOI!Hqecxoii anepTypoii. B ycTa

HOBKe NA50 .no6aBJien HOBbiH ,neTeKTOp ,nnll nonyqeH11ll 11ncpopMan1111 o 3apme cneKTaTopHbiX 

cpparMeHTOB 11cnycxaeMbiX B pacna.ne Pb-cnapma nocne ero B3aHMo.neiicTB11l! c MliWeHbiO. 3To 

113Mepenne BblliOnHl!JIOCb napannenbHO co CTan.napTHOii NA50 npouenypoii c6opa .nannbiX, .To 

CCTb B 3KCnep11MeHTMbHbiX YCJIOB11JIX7 KOTOpble OnT11M11311pyiOTCll CKOpee ,nnll ,neTeKT11pOBa

Hllll "'apMOHHll, "'eM ,ltliJI _113y"'eH11JI cpparMeHTRnll11. 3TO paCCMOTpeH11e onpe,nen11n0 Bbl60p 11 

KOHCTpyxn1110 cpparMeHTan11onnoro ,neTeKTOpa (FD), KOTOpblii ,non:lKeH HMeTb Manblii pa3Mep, 

noCKOJlbKY e,n11HCTBeHHOe MCCTO ,ltJil! ero pR3MemeH11l! 11MeeTCJI BIIYTP11 a,npOHHOro norJIOT11Te

Jill, KRK pR3 nepe,n ZOe, KRK nOKR3aHO na p11C. 4 .. DOJiee TOro, ,neTeKTOp ,non:lKel! pa6oTaTb 

np11 Bblcolmx 11HTeHC11BHOCTJIX nY'JKR, ncnonb3yeMbiX B NA50 (107 Pb-11oHoB/cex.) 11 o6na,naTb 

BblCOKOH pa,n11an110HHOH CTOHKOCTblO (neCKOJibKO Tpao). 
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MJOOBHhlii: cnexTpOMeTp. MIOOHHblii: CneKTpOMeTp HCnonL3YeT Te :lKe OCHOBHble KOM
noHeHTbl, 'ITO II cneKTpoMeTp B :ucnepHMeHTe NA38 [27]. CneKTpoMeTp oi.neneH OT pa.iioHa 
MI!IIIeHH a,npOHHb!M. nornOTHTeneM )lnHHOH 4.8 .w, BhlnOnHeHHblM H3 rpa4JHTa C BOn:b<lJpaM

ypaHOBOH neHTpanLHOH BCTaBKOH )lnJI nornomeHHJI 'l&CTHn ny'lK&, KOTOpble He B3aHMO.IleHCT

BYJOT C MHmeH:biO. reKC&rOHBJILHblii: CHMMeTpH'lHblii: M&rHHT C03)l&eT TOpOH.IIBJILHoe none, KQ
TOpoe npHBO)liiT K H3rHOaHHlO TpaeKTOpiiH, H3MeplleMLIX .IIBYMll H&OopaMH npOBOnO'lHblX npo

nopniiOHMLHblX xaMep, cocrolii!lHX H3 4-x KaMep K&lK.Ilblii: (Ha puc. 3-PC1-PC4 H PC5-PC8) 

II pacnonOlKeHHblX COOTBeTCTBeHHO CO CTOpOHbl BXO)llii!lero H BblXO.Illii!lero 113 MarHHTa nOTOKOB 

'laCTHU. l.!eTLipe nn~t;!JJ'H~I;>I?f. C1lJ!HT~J!ll_~oHHhlX ro.nocxona {R1-R4) o6ecne'lHBaiOT Tpn.rrH
pOBaHIIe MIOOHHblX nap. M100H jpHKCIIpyettJt-·no 'leTb!pexKpaTHOMY conna,neHHIO ua C'leT'lHJ(ax 

R1 H R2, 'oT{iiipaiOmHX 'lBCTHnhl C TpaeKTOpHliMH 113 MHmeHH, a TaK:lKe Ha C'leT'lHKax R3 H 

R4, no':mollil:IOmHX 6Licrpo oix'penennT:b nonepeti~blii: HMnynbC 'la.CTllnLI. llmr cpaoaTLIBaHHll 

Tpnrrepa_TpefiyeTCli.IIBa TaKHX COBna,neHHll B pa3nH'lHblX CeKTOpax. 3¢¢eKTHBHOCTL TpHrre

pa H3MeplleTCll uonoii: cncreMoii: .nnyx ro.nocxonon {P1 H P2), cnenHan:bHO CKOHCTpyHpOBaHHhlX 

.nnli:;3TOH_'~enii,'_()_cHOBHhle•oTnn'lHll MIOOHHOro cnexTpOMeTpa NA50 no cpanHeHHIO co cneKT-

poMtiTpoi•.i'NA38'cnci&IOunie: -
'. ',' 

• oui?•:B:axp~aeT" HHTepnan no ricen.no6LICTpore 2.8 < T/ < 4.0; 

• 3Ha'leHHe TOKa n MarHHTe - 7000 A, 'ITO o6ecne'lnnaeT none TOPOH.IlanLuoii: KoH¢Hrypa

niiH B~ = 0.51 T""' co cpertHHM pa.nuycoM r = 75 c.w u J B dl = 2.1 T .4..14; 

e a,npOHHblii: nornOTHTenL CO CTOpOHbl BLineTaiOI!lero H3 MHmeHH nOTOKa qacTHn BblnOnHeH 

, _, H3 cnoll BeQ TOnmHHOH 60 c.w, CJiertYJOmero 3& HHM CJIOll C TOnmHHOH 400 c.w, H CJIOll Fe 

TOnmHHOH 80 C.W. 

B pe3ynLTa±eo6ecnequnaeM<)e pa3pemeilue no Macce Jftf;- u.p = 3.1 %, a axcenTauc .nnll 

MIOOHHhlX nap nopli.IIKa 15% .nnll HHBapuaHTHhlX Mace, 6on:~,mux 3 F:JBfc. 
· CerMeHTHPOBaHBrur MHWeBh. MumeH:b COCTOHT H3 ceMu pa3.1IenLHhlX no.nMHmeueii: Pb, 

KOTOpble pacnonoxeHLI Ha pacCTOliHHH 25 .W.W OT)len:bHO .npyr OT ,npyra B)lOn:b OCH nyqxa. To~
mHHa K&lK)lOro )lHCKa:nO)lMHmeHH paBHa 1 .W.W, COCTaBnllli·B CYMMe 17.5.% OT.IlnHHbl B3aHMQ

)leHCTBHll. Hx .IIHaMeTp {2.5 .W.W, 3a HCKniO'leHHeM CaMOH nepnoii:, .IIHaMeTp KOTOpOH 4 .W.W) no.no

opaH TaKHM o6pa3oM, 'lTOOhl nepexphlnaT:b 100 % nnoma.nH ce'leHHll na.naiOmero nyqxa Pb. 3a 

K&lK.IIOH Il3 no.nMHmeueii: pacnonoxeubl nocnenonaTen:bHO .nne KBapnenLie nnacTHHLI, uecxon:bKO 

CMellleHHLie OTHOCHTenLHO·OCH ny'lKa. IlopO)K)laeMoe B HHX 'lepeHKOBCKOe H3Jiy'leHHe cnylKHT 

)lnll onpeneneHHll BepmHH KaK nepBH'lHOro B3aHMO)leHCTBHll, TaK H nOBTOpHOro B3aHMO)leHCTBHH 

¢parMeHTa cneKTaTOpa {ecnH TaKOBLie HMeiOT Mecro). B xoucrpyxnuH MHmeuu,npenycMoTpe

Ha '!3amHTa"- OT BnHliHHll B3auMO)leHCTBHH B'HBJieTaiOmeM ny'lKe. llnll 3TOro nepert MHmeHLlO 
YCTaHOBneHbl.IIB& "aHTH-rano"·KB&pneBblX C'leT'lHKa, paCnOnO:lKeHHblX COOTBeTCTBeHHO Ha pac

CTOliHHliX 512 H 187 .W.W OT neHTpBJI:bHOH MHmeHH. 0HH nOKpb!BalOT nnorna,nL 40 X 40 .W.W2, 

K&lK)lall H3 HHX HMeeT B neHTpe OTBepCTHe )liiaMeTpOM 3 .W.W, Bb!OpaHHOe HecKOnLKO 6ona: 
mHM, 'leM .IIIIaMeTp MeHLmeii nO.IIMHilleHH, ooecne'lHBall TeM CaMblM nonHyiO npOXO)lHMOCTL 

nepnoua'lBJI:bHOro nyqxa Pb. IlnacTHHLI 3a,neplKHBaiOT MHOro3apli.IIHhle ¢parMeHTLI, liBJiliiO

mHeCll pe3ynLTaTOM napa3HTHblX B3aHMO)leHCTBHii B HBJieTaiOI!leM nOTOKe. 34J¢eKTHBHOCTL 

CTaH,napTHOro anropHTMa, n03BOnliiOI!lero H)leHTH4JllnnpOBaTL nO)lMHilleHL, r.ne liMeeT MeCTO 

B3aHMO)leHCTBHe (po)K)laeTCJI MlOOHHall napa), 3aBRCliT TOnLKO OT MHOlKeCTBeHHOCTH CTOnK

HOBeHHll. B ·'laCTHOCTH, .llnll )laHHOH MHO:lKecTBeHHOCTH nnn, 'ITO 3KBHBBJieHTHO, nonepe'lHOH 

3HeprHH Fq, 3Ta 34J¢eKTRBHOCTL ·liBnJieTCll O)lHOH H TOH lKe, He3&BRCRMO OT TOro npOR3BQ

)lHT B3aHMO.IleiiCTBRe J f t/J nnn .npenn-liHoncxyiO MIOOHHYJO napy, R coxpamaeTCll B OTHomeHHH 

3THX .nnyx ce'leHHii. TeM He MeHee, nocxonLKY pacnpe,neneHnll no nonepe'llioii 3HeprRn acco

nHHpyeMLie C Jjtf; li ,npenn-liHOBCKHMR CoOblTHliMH liBnliiOTCJI pa3nH'lHb!MH, 3¢4JeKTliBHOCTH 
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.neTexTuponauHll, ycpertHlleMLie no BCeMy nuTepnany nonepe'lHOH 3HeprRn, OKa3hlBaiOTCll Tax
xe pa3JIR'lHhlMH. 0HR onpenemrroTCll n npnMeHmTCll pa3.1IenLHo npn Bhl'lncneHnn nonepe'lHblX · 
ce'leHnii, npORHTerpRpOBaHHhlX no Eq. CJiEI!zyeT 3aMeTIITh, O)lHaxo, 'ITO n3-33. OTHOCHTen:bHO 

Manoro 'IRena BTOpR'lHhlX 'laCTHn B nepn;p~pnii:Hoii: o6nacrn 34J¢eximniocTh Meio.na noccra

HonneHnll MnmeHR CTaHOBHTCll .nononLHO HH3KOii: {10 - 20 %). : Ilo3TOMY .1IJIJ1 :BoccTaironneHHll 
no.nMHmeuu no nepn¢epnii:Hh!M CoOhlTHliM npnMeHlleTCJI nponenypa (n TOJILKO B 3TOM cnyqae) 

C MeHee lKecTKHMH orpaHH'leHHliMH, a HMeHHO: .llnll H)leHTH<lJHKanHH MmneHn TpeoyeTCll Cpa6a- . 

Tb!BaHHe TOn:bKO o.zi:HOH H3 KBapneBhlX nJIBCTHH. 3TO ll03BOnlleT ynenH'lHTh CTaTHCTHKY 3THX ' 
cnenn¢n'leCKHX co6LITnii:, · · 

BeO np~nor.noTHTen&. 3a cnCTeMoii: MHmeHeii: cnenye-r KOHH'lecKoii 4JopMLI npennorno

THTeJJ:b .nnnHOH 60 c.w, BhlnOnHeHHblii: H3 OKHCH 6epnnnnll (BeQ). 0CHOBaHHe KOayca pacnono
lKeHO 3& BTopoii: nnocKOCTLIO .ne-reKTOpa MHOlKeCTBeHHocTH, TO eCTL Ha pacCTOliHHH 25 c.w OT 

neHTpa MRmeun. KoHyc HaKpb!BaeT o6nacTL nceB.IloOLICTpoT 2.65 ~ T/ ~ 6.20, n n03TOMY pac

nonaraeTCll KaK pa3 B.IIOnL MIOOHHhlX TpaeKTOpn:ii OT MnmeHn K cneKTPOMeTpy. UeHTpa.Jri.uoe 
OTBepCTHe B.IIOnL OCR ny'lKa n03BOnlleT HOHaM, KOTOphle He B3aHMO)leHCTBOBBJIH C MnmeH:blO, 

CBOOO.IIHO npOXO)lHT:b K KBJIOpHMeTpy Hynenoro yrna {ZDC) H .nanee K ypaHOBOMY nornOTHTeJIIO 
nyqxa. 

3.nexTpoMarHHTBhlii xanopHMeTp. BeO npennornoTnTen:b oxpyxen 3JieKTpoMarHnT
HhlM KBJIOpHMeTpOM (EC), KOTOpblii: CJiylKHT )lnll H3MepeHHll nonepe'IHOH 3Heprnn Heii:Tpam.

Hb!X 'laCTRn, POlK.IlaiOmHXCll no B3anMo.neii:crnnn. EC pacnonoxeu ua pacCTclliHnn 32 c.w OT 
neHTpa MHilleHH H OTBe'laeT HHTepBany llCeB)loOblCTpOT 1.1 ~ TJ ~ 2.3, TO eCT:b 3a npertenaMH 

axcenTauca cnexTpOMeTpa. KanopRMeTp BhlnOnHeH H3 cnnuTnnnnpYJOmHX nnre:ii .IIHaMeTpoM 

2 .W.W, "BillHTblX" B CBHHnOBblii: npeo6pa30B&Ten:b TOnmHHOH 14 C.W B OO'heMHOM OTHOmeHHH 

1: 2 (Lrad = 0.93 c.w). Ero pa60'l!IJI nonepxuocTL pa3.neneHa Ha mecT:b cexTopoB,K&lK)lblii: H3 
KOTOpb!X B CBOIO O'lepert:b pa3)leneH Ha 'leTLipe CeKTOpa, 'ITO no3.BOnlleT npOBO)lRTL H3MepeHHll 

n npn6nR3nrenLHO paunh!X nceB.IIOOhlCTpOTHhlX. nopnnliX, Pa3pemeHne xanopnMeTpa cocTau

nlleT 5 % .nnll neHTpan:bHhlX Pb-Pb cronxnoneHnii:. 3arpli3HeHne 3a C'leT 3apll:lKeHHblX 'lacTnn 

.llaeT 40 o/o-blii: nxna,n B H3MeplleMYIO c noMOillbiO EC nonepe'lHYJO :~neprn10. Taxall oneHKa 3a
rpli3HeHnll nonyqeHa Ha ocuone CRMYJillllH:ii naxeTa GEANT n Bbl'lHTaeTCll H3 pe3yJI:bT&TOB 

H3MepeHRii, 'lTOOLI o6ecne'lHT:b Heii:TpanLnblii: cneKTp nonepe'lnoii: :~neprnn, KOTOphlit ncnoJIL-
3yeTCll n pa6ore. 

CllpoBTaJihBhlii: xanopnMeTp. «l>poHTBJI:bHblii: xanopnMeTp {nnn ZDC). [28]. pacnonoxen 
B)lOJI:b OCH ny'lKa 3a MHilleHLIO, C OCHOB&HHeM H&XO.Illii!leMCll B 165 C.W OT neHTpa MHilleHH. Kano

pHMeTp BJIOlKeH B OCHOBHOH rpa4mTOBhlit MlOOHHblii: ¢HJILTp, HenocpertCTBeHHO nepert ll,nPOM a,n

pOHHOro nornoTHTeJill.l!Jill Toro, 'lTOOLI Bbl.lleplKHB&T:b orpOMHLie .II03LI o6nyqennll on nocTpoen 
Ha OCHOBe KBapneBblX HHTeii. Ilo.no6HO Kmi.CCH'leCKHM "CllareTTH" -KMOpHMeTpaM CHJIHKOHOBLie 

OllTH'leCKHe HHTH (.IIHaMeTpOM 365 1£..14) "BinRTl.r" B TaHTBJIOBblii: KOHBepTOp B oO'heMHOM OT

HOmeHHH 1 : 17. 3TOT KOHBepTOp HMeEIT )lJIHHy 65 c.w; a ero nonepe'lHOe Ce'leHHe 5 X 5 c.w2• 

KanopnMeTp MeplleT 'lepeuxoncxoe H3nyqenne, nopo)K)lae)4oe cnexTaTOpaMH ny'lxa, o6pa3yiO

mHMH JIHBHH B Ta.HTBJIOBOM norJIOTHTene. C neJILIO MHHHMH3&llHII 3arpll3HeHHll, B03HHKaiOI!lero 

OT 'laCTnn, polK.IleHHhlX n CTOJIKHonennn, ero yrnonoii: axcenTauc. onpe.zteJIJreTCll pacnonoxen

Hh!M nnepenn :lKene3nhlM xonnnMaTOpOM .nnmroii: 60 c.w, HMeiOmHM OTBepcTne n ¢opMe xouyca 
c pa3BO.IIOM, HeCKOJI:bKO OOJihillHM, 'leM pacxo.nHMOCT:b nyqxa. Pa3pemeHHe xanopHMeTpa panHo 
7% .n= 208Pb (32.7 T:JB). 

I'o.o:ocxoo Dy"'Ka. ro.nocxon nyqxa (BH) ncnOJib3YeTCll .IIJill n.neHTH¢nxannn H llO)lC'leTa 

lla)laiOmux HOHOB. 0H TaJOKe HCllOJI:b3YeTCll .IIJlll OTCeHBaHHll CoOLITn:ii, Kor.na .liB& HJIH 6onee 

HBJieTaiDmHX HOHa H&XO.IlliTCll HBCTOJILKO OJIH3KO BO BpeMeHH (Menee 'leM 20 HQHOCeK), 'ITO 
B03M0lKHOe "HarpOMO)K)leHHe" B3aHMcme:iiCTBHH MOlKeT npHBecTH K 3aMeTHb!M OillH6KaM B H3-

MepeHHliX, npon3BO.IIHMLIX .lleTeKTOpaMH n o6nacTn MmrreHH. Haxouen, cnrHanhl BH T&KlKe 

ncnonh3YJOTCll n cnTyannn, xor.na cnexTpoMeTp 3a¢nxcnponan xau.nn.naTa ua MIOOHHYIO napy, 
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,ll1IJI OTKpLITHll BCelC ,lleTeKTOpOB B 3KCnepHMeHTe C ~aKCH~allhHO:ii_ Ja.zteplKKOH.B 1 HaHOCel> TIO 
OTHOIDeHHlO KO BpeMeHR npHfiLITHJl BORa Pb. ll11J1 TOI'O, 'ITOfihi cnpaBHThCJl C O'leHb BhiCOKOH 

HHTeHCHBHOCTblO naneTaromero nyqxa, nnoCKOCTb_ BH pa.:menena na mecTnanuaTb OT,llellbHhiX 
KBapueBhiX C'leT'IHKOB, Ta.K 'ITO HHTeHcHBHOCTb na KalK,llOM H3 _ nHX npHfiliH3HTellbnO· na nopll

,llOK UIDKe, '!eM nonnall. TaKHM o6paaoM, BH npencTaimlleT co6oii nnocxocTh, cocTOJIIUYlO H3 

16-TH KBapueahiX C'leT'IHKOB TOnmHHOH 0.7 """" KalK,llLIH. On pacnonolKen B 22-x M:eTpax OT 
MHIDelm, B paHOHe, r.ne finaro.napll OnTHKe liHnHH nyqKa ceqenHe. ny'IKa ,llOCTaTO'IHO BeliHKO, 

'ITOOhi naxph1BaTb 6onhiDYlO nnoma,llb .neTeKTOpa. 3To noJBOlllleT yMenhiDHTb npHXO.IlJIIUYlOCll 
na xalK,llhiH H3 C'leT'IHKOB liHTenCHBnOCTb C MaKCliMallbHOH 3!lJ!lJeKTHBHOCTblO. IIIeCTb BCnOM()

rarellbnhiX ,lleTeKTOpOB (BHI), BhiHOllneHHhiX H3 CUHnTHllliJlUHOnnhiX C'leT'IHKOB,. p'acnOliOlKe

Hhi nenocpencTBenno Ja ro.nocxonoM H · necxonhKO-~emenhi no oTHomenHlO K ocH ny'lxa. OnH 

!lJHKCHPYlOT co6hiTHll, xor.na na.naromHii HOH Pb npoBJaHMo.neiiCTBOBan co6cTaenno c BH, 'ITO 

n03B0liJleT B ,llallbHeiimeM npH 06pafiOTKe ,llaHHhiX HX OTCellTb. 

4 Y CJIOBlUI Hafiopa ,ll;aHHhiX. 

B 3KCnepnM:eHTe HCnOllb30BaliCSI ny'IOK CO CpeJI.HBM BhifipOCOM 3 107 
BOnOB, 'ITO ,llaeT npH

filiB3HTellbHO 4.8 106 B3iLJIMO,lleHCTBHH B 4.5 CeKyMHOM BHTepaane. TpHrrep MlOOHHhiX nap, 

o6ecne'lnaaeMhlil ro.nocxonaMn cneKTpoMeTpa, cpa6aThiBM 900 paa na Bhi6poc. B Te'lenHe 

apeMeHH Bhi6poca .nannhie H3 xalK,lloro na6opa .neTeKTopoa (MWPC, ZDC, ••. ) coxpanSilOTCll 

B 6y4Jepnoii naMllTH CeTH H3 24-x TpancnblOTepoB THna T800, o6ecne'IHBaiDmHX napannenHJM, 
,llOCTaTO'IHhiH ,llliSI 6y4JepHpOBaHHSI HH!lJOpMaUHH CO BCerO Bhifipoca, TO eCTb BnliOTb ,llO 5QQQ 

co6hiTHii ('ITO 3KBHBanenTno 17 Mera6aiiTaM). EonhmHHCTBO H3 TpancnhlOTepoa paaMemenhi 

B Mo.nynllX VME THna B016 (nponJBO.IlHMhiX lnmos), KOTOphie ocnamenhi naMJlTblO c .nyanh

HhiM nOPTOM. flo HCTe'leHHH BpeMeHH Bhifipoca CeTb KOHTpOliHpyeT KOppeKTHOCTb ,llaHHhiX, H 

peayllbTaThi KOHTpOliSI ,llllll KalK,llOI'O H3 C06hiTHH JanBChiBalOTCSI B perHCTp COCTOS!HliJl. 3aTeM 

.nannhie co acero Bhi6poca H HX cocTOJlHHe napannenhHO nepenalOTCJl no TpancnhlOTepHhiM 

CBSI3llM (co cxopoCTblO 20M e2a6umjce1>) na xaPThi B016 B llmHK npBeMa .nannhiX. TaxHM 
o6paaoM, .nannhie roTOBhi K o6pa6oTxe ylKe cnycTJl 10 cexyM nocne oxon'laHHll Bhifipoca. TelKe 

,llaHHhie O,llnOBpeMeHHO nOChillalOTCSI na KapThi BQ16 B Ta.K na3h1BaeMhiH "mnHOHCKHH" SimHK, 

KOTOphiH CO,lleplKHT 6 MHKpOnpouecCOpOB, npenHa3Ha'leHHhiX ,llllll rB6KOH on-llaHHOBOH o6pa

OOTKH, 6e3 KaKOI'O fihi TO HH 6hiliO BliHJlHHSI na pafioTy .!!mHKa npHeMa ,llaHnhiX. B BHTepaane 
MeJK.nY BhifipocaMH uenTpanhnhiii MHKponpoueccop annapaTyphi npHeMa .nannhiX C'IHTLIBaeT , 

nopUHH C06hiTHH, pa3MemeHHhiX B 6y4Jepax ,llaHHhiX Bhifipoca, ,llll.ll BOCC03,llaHH.Il nOllnhiX C06hi
THH. On TaKlKe xonTponHpyeT uenocTHOCTb .nannhiX, 3anHch1BaeT xopomHe co6hiTHJI: nhi6poca 

Ha KapTpH,lllK H nepenaeT TY lKe Bn!lJopMalllilO lla VAX KOMHblOTep, KOTOphiH ClleJI.HT Ja no
CTyHalOmHMH ,llaHHhiMH H ynpaBliHeT CHCTeMOH npHeMa (nH,llhi nyCKOB, HIIHUBMH3alllill). B 

Te'lenHe ceanca 1995 ro.na B uenoM 6hillo 3arrBcano 6onee 60 MHllnHonon co6hiTHH. 
0T6op co6hiTHH. Ha axo.n on-naii.nonoii nporpaMMe nocco3,llanB.Il MlOOHOB Tpe6yeTCJl no 

Kpaifneii Mepe ,llBa Tpexa B B03.IlYIDIIhiX CeKTOpax TOpOH,llallbnoro MarHBTa, BOCCTaHOBlle!IHhie 

no TO'IKaM npOXOlK,llenH.Il B MnoronpOBOliO'lnhiX nponopUHOnanbnhiX KaMepax, C , O,llnOnpeMell
HhiM cpafiaThiBaHHeM COOTBeTCTBYJOmHX TpHrrepnhiX C'leT'IHKOB. KpoMe TOI'O, TpeKH ,llOlllKHhi 

UMeTb o6mee na'IaliO na O,llHOH H3 MHIDeneii. 3TUM KpHTepHllM BOCC03,llaHH.Il y.D;OBlleTBOp.!!lOT 

45 % C06hiTHH, o6pa60TaHHhiX B pelKHMe Ot\>-naiin. llllll TOI'O, 'ITOfihi fiLITb OTOfipaHHhiMH B 
'Incno co6hiTHii .n;nll oxon'!aTenhnoro anann3a co6hiTB.Il .n;onlKHhi npoiiTn "o6myro'~ npoue.nypy 

OTfiopa B COOTBeTCTBUU C onncannhiMU HUlKe KpHTepHllMH: 

• O.n;Hn e.nnnCTnennhiil na,naiDmHH non 3a!lJnKCHponan ro.nocxonoM ny'!Ka B 20 nanoce~> 
OKne, OTKphiBaeMOM TpHrrepOM. 3TO lKecTKOO ycnOBHe OT6HpaeT B3aHMO,lleHCTBHll, CB()-

60,llnhie oT nepenonnenBll, uenoii 20 o/o-x noTepb co6LITHii. 3TOT xpnrepBii MOlKeT 6hiTb 
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onymen 6e3 cymeCTBeHHOI'O BliHJlHHJl na peayllbTaThi, nOCKOllbKY B OOllbWHnCTBe cny
'Iaen (84 %) ,llByx "o.n;nOBpeMeHHhiX" naualOmHX HOHOB liHllb O.n;Hn B3aHMO,lleHCTByeT C 
MHIDeHblO, a B OCTaBWHXCJl 3.2 % BCei'O Hafiopa .D;aHnhiX, eme nOliOBHHa OTCeHBaeTCJI 
alii'OpHTMOM MHIDeHH. 

• TonbKO o.nHn na,nalOUiliH non !lJHxcnpyeTCll ZDC. 3TOT OT6op ocnonan na anann3e 4JopMhl 
ZDC cHrnana. 3roT KpHrepnii H311Bmen npn nann'!HH npenhi,llymero, ecnH npene6pe'Ib. 
nea!lJ!lJeKTHBHOCTblO. 

e AnropHTM MHWeHB B.D;eHTHlPHUHpyeT O,llHy H TOllbKO O.IlHY nO,llMHIDenb Ka.K Ha'laliO B3a
HMO,lleHCTBHJl. 3TO ycnOBBe OTCeHBaeT COOhiTHJl, KOr.n;a .D;Ba na,nalOmHX HOHa npOB3aH

MO,lleHCTBOBaliH B ,llByx pa3liH'!HhiX nO.IlMHWeHllX, a TaxlKe COfihiTHJl, KOr.na BhilleTeBWHH 

cneKTaTOp CHapll,lla CHOBa B3aHMO,lleiicTBYeT C O,llHOH H3 nOClleJI.YlOmHX nO,llMHIDeHeii. 

• Hon Pb, acconHHpyeMhlil c cofihiTHeM, ne nponJaBMo.neiiCTBOBan co6cTnenno c BH HliH 

r.ne-TO nepe.n MHWeHblO. 3TOT OTOOp OCHOBaH Ha HH!lJOpMallHH, nOCTynaiDmeii C BHI H 
anTH-rano C'!eT'!HKOB, Ka.K OnHCaHO BhiiDe. 

e ,Una H TOllbKO ,llBa Tpexa Y.IlOBlleTBOplllOT TpefioBaHHJlM BOCCTaHOBlleHBJl. 

KHHeMaTH'!eCKHe napaMeTphi MlOOHOB nocne TaKOI'O OTfiopa Bhi'IHClllllOTCJl B npennOliOlKe

HHH, 'ITO Tpexn HMelOT o6mee na'Iano :B uenTpe naH.nennoii no.nMHmeHH. Haxoneu, c uenhlO 

OTCeHBaBHJl 4Jona nanaraeTCJl Tpe6onanHe o6pe3aHHJl n .nonepHTellhHOM BHTepnane, rapanTH
pyromee, 'ITO axcenTanc cneKTpOMeTpa ne 3anHCHT OT anexTpB'Iecxoro 3apll,lla o6napylKennhiX 
MlOOHOB. 3TO ,llOCTHraeTCJl OTCeHllaHneM MlOOHHhiX nap, KOr,lla XOTJl fihi O,llHH H3 MlOOHOB fihill 

6hi noTep.IIH H3 Ha60pa OT06paHHhiX COfihiTHH, ecnH OH HMeeT .npOTHBOnOliOlKHhiH. 3apll,ll npH 
BXO,lle B MarHHT. llepe'IBClleHHhie Bhiille KpHTepHH OTfiopa npBBO,llJlT K OKOH'laTellbHOMy nafio

py C06hiTHH, KOTOphiH BKlllO'laeT OKOliO 50 _QQQ Jjl/J H 630 COfihiTHH THna .n;pellll-.IIHOBCKHX C 
nnnapHaHTHOH MacCOH Bhiille 4.2 r 3 B I c2 
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H311olKeHHhiii BhiWe anropHTM OT6opa co6hiTHH 6hin cymecTnenno yny'Imen npn anan:H3e 
pe3yllhTaTOB ceanca 1996-ro.na, rnannhiM o6paaoM c nenblO H36elKaTb 3Ha'IHTenbHhiX 'n'oTepb 

npH OT6ope nepH!lJepB'!eCKHX COOhiTHH. HoBhiH MeTO.n; OCHOBaH na KOppelllliiHH MelK.D:Y Er H 

Ezvc, H3MeplleMoii B nocne.nonarenbHhiX cofihiTH.IIX .n;nyMll NA50 xanopHMeTpaMB. KoppellliiiHH 

o6pe3aHhi no KOHTypy, OrpaHH'IeHHOMy paCCTOJIHHeM 2 (1 OT Cpe.n;nero 3Ha'leHHll KOppen.III{HH. 

3TO a!lJ!lJeKTHBHO OTCeHBaeT 'cofiLITHll BMelOmHe MeCTO BO BXO,llSJ:meM HliH BhiXO,ll.IIIneM nOTOKe 

'IaCTHU OT o6nacTH MliWeHB B, Clle.D;OBaTellbHO, 3KBBBalleHTHO OJ'fiOpy Pb-Pb C06hiTHH, Ka.K 
noxaaano ananH30M ceancon 6e3 MHmenH: 

PHcynox 5 noKa3h1BaeT Er-Ezvc xoppenllUBlO .n;n.11 .n;HMlOOHon 6onhmol1 Macchi, B.nenTH

lPHUHpyeMhiX HOBhiM MeTO,llOM C (b) H lie3 (a) BCnOllb30BaHH.II MI'OpHTMa MHWeHH; KaK MOlKHO 
BH,lleTb HOBLIH MeTO,ll BOCCTaHaHliHBaeT nepB!lJepB'IecKHe ..COfihiTBJl, OTCeHBaeMhie anropHTMOM 

M:HWeHB. 0TCeHBaHBe C HOMQinblO KOHTypnoro o6pe3aHH.II npHMeH.IIeTCJl KO. BCeM COfihiTHliM. 

B3aHMO.D;eHCTBYlOina.ll MllilleHh, ecnB ona HMeeT MeCTO, onpe.n;enlleTC.II C nOMOinblO cpafiaThiBa

HH.II anropHTMa MBIDeHH li rrpOH3BOllbHO C'IHTaeTCJl, 'ITO 3TO fiy.n;eT I{eHTpallbHa.ll' ( 'IeTBepTa.ll) 

no.n;M:Hmenh, ecnH cpa6aTh1Banne OTCYTCTByeT. B 3TOM nocne.n;neM cny'Iae peJynhTHpyiDmee 
nepmHnnoe crnalKHBanBe npBBO.IlHT x necxonhKO xy.n;meMy paapemeHHlO n nonepeqnoii anep

rHH li Bhi'IHClleHHJlX .D;HMlOOHHOH HHBapBaHTHOH MacChi, HOCKOllhKy o6a 3aBHCliT OT TO'IHOH 

nepmnnhi B3aHMo.n;eiicTBB.II. Paapemenne no Macce B Jf'f/J-nHxe, cne.n;onaT~bno nnanno pacreT 

oT 97 .n;o 105M :JB (3.1% :no 3.4 %) MelK.D:Y nenTpanbHhiMH nnu no'ITH nenTpanbHhiMH H nan6o

nee nepn!lJepnt~ecxnMn cronxnoaennllMll. 3TO H3MenenHe nMeeT MecTO 6naro.nap.11 pacTymeMy 

crl1alKHBaHHlO no Macce H XOpOIDO BOCrrpOH3BO,llHTCJl MOHTe-KapliOBCKHMH CHMYllllUH.IIMH. PH

CYHOK 6 HOICa3hmaeT OTHOWenne '!Hcna COOhiTHH OTOfipaHHhiX MeTO,llOM KOHTypHOI'O o6pe3aHHJI 

H anropHTMOM MliWenn. CofihiTH.II c Er OOllbWe '!eM 55 r:JB. He y'!HThiBalOTCJI, HOCKOllbKY B 
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PBc. 5: Koppen~BJl MeJKJJ:Y norrepeqnoii. :meprBeii. neii.TpanLHLIX 'laCTBU B rrpo.nonLnoii. :mep

rBeii.1 nJMepJleMoii. ZDC1 .nng Jf'ljJ-co6uTnii.1 c·BcrronLJOBan:HeM nonoii. npone.nypu oT6opa 6eJ 

TpeOOBaHBJl (a) B C Tpe6oBaHBCM (6) B.z:teHTB(fJBK~BB BepiiiBHU anropBTl.fOM MBIIIeiiB. 

3TOM BHTepnane :l!ptPeKTBBHOCTL. anropHTMa MBIIIeHB 6n:H3Ka K e.z:tBHBUe, B TO BpeMJl KaK .z:tnJl 

6onee HB3KBX 3Ha'!eHBH E/r 'IBCno COOUTBH, Y'IBTbJ.BaeMLIX MeTQJJ;OM KOHTypHOro o6pe3aHBJl 

IInaBHO paCTeT, KO~.z:ta CTOnKHOBeHBJl CTaHOBJlTCJl 6onee rrepBti>epB'IeCKHMB. llnJl TOro, 'IT06U 

OTceJlTL .ltHMIOOHHUe COOUTHJl1 pO)K.z:teHHUe BXO.z:tl!IIlHM H BLIXO.z:tl!IIlHM :1!3 MBIIIeHH IIOTOKaMH B 

Pb-nomyx B3ai!MQJJ;eHCTBHJIX1 BCIIOnLJYeTCJl JKeCTKHe o6pe3aHHJl paCCTOJlHHJl MeJK.z:tY MIOOHHU

MB TpeKaMB H OCLIO IIYlJKa. ~IJyqeHHe pacrrpe.neneHBJl 1/J' .z:tBMIOOHHOH BepiiiHHU B.z:tOnL OCH rryq

Ka, H3MepJleMOro H3 3KCTparrOnHpOBaHHLIX MIOOHHLIX TpeKOB, .z:teTeKTHpyeMLIX B CIIeKTpOMeTpe, 

IIOKaJbJ.BaeT1 'ITO 3TH .z:tHMIOOHHUe "BepiiiBHHUe o6pe3aHHJl11 JMeHLIIIaiOT BKna.z:t c06UTHH C pac

CeJlHBJlMH nne MBIIIeHH B TPH paJa. Co6bJ.THJl, u.nenTHtPBnBpyeMbJ.e anropBTMOM MBIIIeHH KaK 

nOBTOpHbJ.e B3aBMQJJ;eHCTBBJl y.z:tanJliOTCJl H3 aHan:HJa .z:taHHLIX. 0HH COCTaBnl[IQT 3 % B OKOH'la

TenLHOM ananHJe .ltaHHLIX 1996 ro.z:ta (COOTBeTCTBJIOT 5.4% Ha ypOBHe H3MepJleMLIX .ltaHHLIX). 

· llnJl cpanneHHJl 3Ta nenH'IHHa cocTannJleT-2% B .z:taHHLIX 1995 ro.na. KaK OO"LJlCHeno BbJ.llie ypo

nenL H.z:teHTHtPHKanBH IIOBTOpHLIX B3a:HMQJJ;eHCTBBH HHJKe '!eM OJKH.z:tanOCL. HanpHMep, TOniiiHHa 

MBIIIeHH, COOTBeTCTBJIOI.llaJl 30 % OT .z:tnHHU B3ai!MQJJ;eHCTBHJl .z:tOnJKHa 6bJ.na 6u IIpHBO.z:tBTL K 

3arpnHeHBIO nOBTOpHbJ.MB B3aBMQJJ;eHCTBHJlMB IIOpJl.ltKa 10-15% (Ha ypoBHe H3MepJleMLIX .z:taH

HLIX). He3ti>tPeKTBBHOCTL OTceHBaHBJl IIOBTOpHLIX B3ai!MO.lteHCTBBH MOrna 6u HH.z:tYllHpOBaTb 

CMCI.lleH:He B aHanH3e .ltaHHLIX, KOTOpOe MOrna 6u 6bJ.TL 3Ha'!HTenLHUM .z:tnJl 3Ha'leHHH E/r BbJ.Ille 

90 F:JB, KaK 3TO cne.nyeT H3 Er pacnpe.neneHBJl cooTneTCTBYIOI.llBX co6bJ.THH. 
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P:Hc. 6: 0THOIIIeH:He 'IHCna COOUTHH OTOOpaHHLIX MeTO.z:tOM KOHTypuoro o6pe3aHBJl H anrop:HT
MOM MBineHB. 

5 AHaJIH3 aKcrrepu:MeHTaJILHhlx .Z:UlHHhiX. 

Il;enLIO ananB3a .nanuLIX, nonyqeBBLIX B ,3KCnepHMeBTe, JlBnJleTCJl orrpe.neneuue BLIXO.z:tOB Jf'f/J 
B co6uTBH Tuna llpenna-.Hua B Pb-Pb B3anMo.neii.cTBHJIX. J/1/J-Mroonu peruCTpBpyiOTCJl no

cpe.ncTBOM BX pacna.na na MIOOBHbJ.e napu. 3na'lliTenLHLrli BKnM n rrapu MIOOHOB rrpoTHnO

rronmrrnoro 3BaKa (n TOM JKe HBTepnane :li:nnapuanTHLIX Mace) .naeTCJl TiLKJKe .npenn-JlHOBC~M· 
MexaHB3MOM. llnJl uunapuanTBLIX Mace CBbJ.Ille 2 F:JB/r? rrapu MIOonon rrpoTHBononoJKHoro 

3BaKa nopo)K.z:taiOTCJl TaKJKe B proynLTaTe pacrra.na DD nap MeJonmi u !/I-Me30BOB. TeM ne M:e- · 
nee, OCHOBHOH BKna.z:t B MIOOBHbJ.e napLi B 3ToH o6nacTH HBBap:HaHTBLIX Mace BlioCBTCB 3a C'leT 

MBOJKeCTneuuoro po)K.z:teBBJl u pacna.non 71' B K-Mroonon, 'ITO n .nan:bneii.meM H 6y.neT BaJLmaTb

cg <t>onoM. Pacna.nu·71' ·H K-Mroonon TaKJKe rropo)K.z:taiOT rrapu inoonon o.nnoro 3uaKa, KOTopue 

BCIIOnb3JIOTCJl .nng oneuKH. 3TOro <t>oua B na6ope .z:taHBLIX c napaMH MIOOBOB 'rrpoTBBOrronoJK

uoro 3HaKa. HcnonL3YJl CTan.z:tapTByiO rrponezzypy, KOTOpaJI, TeM BeMeuee, Tpe6yer, 'ITOOhl 

BepOJlTHOCTL o6uapy:lKHTL MIOOB 6bJ.na He3aBBCBMa OT ero 3HaKa H OT 3BaKa BTOporo MIOOHa 

rrapu (o6ecrrequnaeMoe o6proauueM B .nonepHTenLHOM BHTeppane); 'IBcno "CHrBanLnLIX" co6u

T:I!H nonyqaeTCJl H3 H3MepJleMoro N+- '!Bcm1 MIOOBHLIX nap rrpOTHBononoJKHoro 3BaKa nJTeM 
BU'IHTaHHJl tPOBa B COOTBeTCTBBH C COOTBOIIIeBHeM: . " 

Signal+-= N+-- 2 X vN++ X N-- ' 

r.ne N++, N-- '!Bcno nap, cocTanneBHLIX H3 .nnyx nonOJKHTenLHO H oTpHUaTenLHO 3apl[)KeBHLIX 
MIOOBOB1 COOTBeTCTBeHBO. 

ABanu3 OXBaTbJ.BaeT MIOOBHbJ.e napu n KHBeMaTH'leCKoii. o6naCTB, r.ne a.KcenTanc CIIeKTpo

MeTpa 6nH30K K MaKCHManLHOMJ1 TO ecTL BbJ.llie 10 %-OB ero MaKCHMJMa. II03TOMJ KpHTep:HeM 

.ltnJl OKOH'laTenLBOro OT6opa COObJ.TBH JlBnJleTCJl ycnoBBe, 'ITOOhl 6MCTpOTa .ltHMIOOHa B na6o
paTOpBOH CBCTeMe KOOp.z:tHBaT Baxo.z:tHnacL B HBTepBane 2.92 :5 Ylab :5 3.92 (B CBCTeMe neBTpa 

Mace COOTBeTCTBeBHO 0 :5 Ylab :5 1), B 'ITOOhl nongpHLtii yron pacna.na Ba MIOOHbJ. B CHCTeMe. 

- ·~·""""'..,.."'=---;;'CJ'. 
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KonlliDI3a-Conepa Y.AOBJieTBopw ycnomno: J cos Ocsl < 0.5. Ha pHe. 7 nOK33a.H eneKTP HH

BapHa.HTHhiX Mace nap MIOOHOB npOTHBOnOJIO:lKHOrD 3HaKa, ¢oHa H CHrHaJibHLIX MIOOHHLIX nap 

OKOH'laTeJibHOrD HaOOpa C06biTHH, He CKOppeKTHpOBa.HHLIX Ha aKeenTa.He. KaK BH.AHO B3 pneyn-
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Pnc. 7: CneKTp HHBapnaHTHLIX Mace MJOOHHLIX nap ,AJIJI Pb-Pb eTOJIKHOBeHnii npH nMnynLcax 

nanaromux 'laeTnn 158 F3B I c. 

Ka cneKTp nQ.ArDHJieTCJI CYMMOH nJITH BKJIMOB, a HMeHHO: KOM6HHaTOpHb!M ¢0HOM, OTKpbiTblM 

'IapMOM, Jlt/J, tf;', H .,ApenJI-JIHOBCKHMH napaMH. <l>opMbi BKJIMOB OTKpbiTOrD 'lapMa, Jlt/J, tf;', ~ 
,Apenn~JIHOBCKHX nap OnpenenJieTCJI MOHTe-KapJIOBeKHMH euMyJIJIIlHJIMH. JlJIJI OTKpbiTOrO 'lapMa 

u poxmeuuJI .llpenn-JIHOBeKux nap B cuMynJinUJIX npuMeHJieTeJI PYTHIA-Ko.A, ucrron~3YJOI11Hii 
MRSA ua6op napTOHHLIX ¢ynKnu:ii pacrrpeneneHuJI. llpoBepKa, Q.AHaKo, IIOK33ana, 'l~O pe3ynL

TaTbl He'lyBeTBUTeJibHbl K KOHKpeTHOMY Bbl6opy rrapTOHHLIX «lJynKnHH paenpeneneHHJI. 

OTHomeuue cuz-na.n.l rfi o-n B nuKe J lt/J 6onee 10. B nenoM no.11 J 1'1/J-nuKOM nopJI.liKa 5% co6hl- · 

THH peaJihl!O He eOOTBeTCTBY!Oll1HX pacnany Jlt/J, rnaBHb!M o6p330M 3a e'leT ,Apenn-JIHOBeKHX 

rrponeecoB, rroeKOJILKY BKnan OT pacna.~~a D D, KaK O:lKH].(aeTcJI, npu Maeeax rropll.liKa 3 T3 B I c? 
Ha nopll,liOK BeJIH'lllllbl l!H:lKe. Jlnll TOrD, 'IT06bl onpenenHTb 'IHCJIO C06blTHH, nponeXQ.AJII11HX OT 

Jltf; pacna,~~a, a TaKJKe COOhiTHii ,llpenn-JIHOBeKoro nponCKO:lK,lleHIIll, npoBO.AHJICJI enenyrorriu:ii 

3.HaJIU3. CneKTP Mace CBblille 3.05 r 3 B I c? ¢nTupyeTCJI Bblpa:lKeHHeM, JIBJIJI!Oll1HMCJI cynepnmu- . 

nue:ii HenpepbiBnoro eneKTpa li.AByx "nceB,llorayecoBeKHX" ¢YHKnu:ii c xopome:ii TO'IHOCTLJO BOC

rrpon3BO.AJII11HX p33pemeuue ,AeTeKTOpa, KOTOpOe nony'laeTCJI B pe3yJILTaTe MOHTe-KapnOBeKHX 

CHMYJIJinHH. HUJKHjljl rpaHHna IIO,llrDHJieMOro cneKTpa 6b1Jla Bb16pa.Ha TaK; 'IT06hl HCKJIIO'lHTb 

-----U3 paCCMOTpeHHJI Hel!3BeCTHhle BKJla,llbl (29]11 MHHHMli3HpOBaTb IIOTepll, CBJI33.HHbl!J C Bbl1JUTa

HUeM ¢oua. 
llOMl!MO ¢ona .AOMlll!Hpy!Oll1HH BKJIM B HerrpepbiBHhlii cneKTp BHOCJIT .Apenn-JIHOBCKHe CQ-

6biTHJI, KOTOpble 6blJIH napaMeTpH30BaHbl B BH.Ae cynepn03l'IIlHli AByx 3KenoHeHnHaJibHLIX «lJYHK-
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nn:ii 
dN -· 
dM ex: exp(-PtM)- P2 x exp(-P3M). 

llapaMeTpbi KOTOpLIX P;, i = 1, 2, 3 llaxQ,AJITCJI H3 «lJHT:IIpOBa.HUJl MOHTe-KapnOBeKHX CHMYJIJinHH 

,AeTeKTHpDBaHHJI, BOCCTa.HOBJieHHJI H OTOOpa ,ApeJIJI-JIBOBCKHX COObiTHH. AnanorU'lHb!M o6pa-

30M, OCHOBbiBaJICb Ha MOHTe-KapnOBCKHX CHMYJIJ!llHJIX, 6b1Jla rrapaMeTpH30BaHa ¢opMa "XBOCTa" 
BKnMa oT D D co6blTH:ii 

dN 
dM ex: exp(-CtM)- c2 X exp(-CaM). 

Ee uopMl!pOBKa nony'laeTCJI U3 rr<mroHKH K rrpOMe:lKJTo'lHO:ii o6nacrH Mace 2.2 :5 M :5 
2.9 F3Bic? c .Apenn-JIHOBCKo:ii aMrrnuTy.Ao:ii, onpenenenHo:ii H3 pacnpeneneHHJI B o6nacTn 6onL-
mux Mace. • 

0THOII!enue 'lncna co6blTH:ii, OTBe'la!Oll1HX pacrra,~~y DD H co6b1Tu:ii Tuna llpenna-5Iua, ¢nK

cupyeTCJI B3 n:Jy'leHuJI .liHMJOouuoro MaccoBoro crreKTpa B p-W -cronKHOBeHuliX npH 200 r 3 B I c 
(30]. <l>opMa cneKTpa Mace ,AJIJI BOCCTaHOBJieHHLIX C06blTHH, OTBe'laJOI11HX Jlt/J-pe:JOHa.HCy, XD

pOIIIO orruchiBaeTcJI cnenyrome:ii rrapaMeTpn3anue:ii 

dN [(M -~)2 ] 
dM ex: exp 2u3 I ( M) 

B KOTopo:ii ¢YHKnHll I(M) orrpenenJieTCJI H3 CHMYJIJ!llHii. Cx<mnaJI ¢opMa napaMeTpn:Januu 6b1Jla 

IIpHHJI:Ta H ,AJIJI t/J'-pe30lla.HCa. 0KOH'laTeJibllaJI napaMeTpH3anHJI pacrrpeneneHHJI CHrHaJibHLIX 

co6b1Tn:ii 6hina nonyqeHa·c ucnOJIL30Ba.HHeM MeTana HaHMeHLm_ux KBMpaTOB npn onpenenenuu 

KOJIH'leCTBa co6biTH:ii oT pa3nB'lHLIX BKJIMOB, TO ecTL-NDy, NJN u N.p•· 0Ha BhlrronHllnacL 

.AJIJI M ~ 2.9F3Bic?. llnll nyqli!e:ii . .n<mronKn .Aa.HHLIX Jltf; napaMeTpbi ~ u u 0 C'lnTanncL 

CBOOO,AHblMll. llO.llrDliO'lHOe 3Ha'leHne MacChi Jlt/J OK33biBaeTeJI CHCTeMaTH'lecKH Ha 0.3% Bblille, 

'!eM 3Ha'lenne rrpnBenennoe B Ta6nnnax PDG. CoOTBeTCTByromue rrapaMeTphl.AJIJI tf;', TO ecTL 

~~ H 17~, CBJI33.Hbl C ~ H O'o B COOTBeTCTBHH C HOMUllaJibl!OH p33HOCTb!O MaCe H CHMYJIHpOBa.HHblM 
OTHOII!enueM. II!upun pacrra,~~a. Hauny'llllaJI rrapaMeTpnlannll naHHLIX .AaeT x_2 I do I = 1.03. 

A6coniOTHhle ce'leHJU[. A6conJOTHhle ceqeuuJI 6hlnn Bbl1Jncnenhl c y'leTOM unTe~cuBnoc
TU na,~~aromero IIOTOKa Pb-uonoB, nanaeMo:ii rD.liOCKOIIOM BH. llorrepe'!Hhle pa3Mepbl rry'lKa no

CTaTO'lHO MaJibl, 1JT06bl IIOCJie TO'll!OH IIO,ArDHKH OTHOCHTeJibHO neHTpa MHIIIeHH, ynpaBJIJieMOH 

C06CTBeHHO CKOpOCTb!O cpa6aTbiBal!HJI TpHrrepa, 100 % IIY'lKa 2 IIOIIa,llaJIO B rrepByJO (6onb
IIIYJO) Mliii!eHb. 3¢¢eKTHBHOCTb IIOna,lla.HHJI Ha nocnenyJOll1HX (M.anLIX) Mliii!eHJIX IIOJiy'laeTCJI 
H3 OTHOII!eHHJI co6blTH:ii ua .AaHHo:ii MHII!eHn K 'lncny co6blTH:ii na rrepBo:ii [31]. 

A6conroTnoe 'lncno co6b1Tu:ii, CKOppeKTnpoBannoe Ha ne:~¢¢eKTHBHOCTL .AeTeKropa, IIOTepn 

na oT6op H aKcenTaHCbl (eM. Ta6n. 1), npnoonnT, B KHHe¥aTn'lecKOM HHTepBane D, orrpenenJI
eMOM 

0:5 Ycm• :51, u JcosOcsl < 0.5, 

K CJI!mYIOI11HM 3Ha'leHHJIM ·nnll Ce'lel!HH 

B,.,. I7JN = 21.9 ± 0.2 ± 1.6 M6 

H 

C1Dy :=-1:49 ± 0.02 ± 0.11 J.i6 ,-- . -····. 

B nnrepBane Mace [2.9- 8.0] F3B lc?. Hu:lKHH:ii npenen 3Toro nnTepBana Bhi6HpancJI nnll cpan
neHHJl e npyrHMll CYll1ecTBy!Oll1HMH peJyJibTaTaMH. 

2
B. 3aBHCHMocTir OT llByx pa3Jilt'tlll.IX OIITIIX, HCDOJIL3ye><LIX ;.., BpeMll ceaacOB ropH30HTMLH"'e H BePTH

kanLU..e pa3Mep"' ll}"lxa liwm COOTBeTCTBeHHo CTs = 0.5 MM, cr, = 0.5 MM H CTs = 0.35 ·MM, "• = 0.45 MM. B 
nepnoii OliTHke Ha MMYJO DQAMHmeHL DPIIXQitiiTCll 75 % DY'Ika. 
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CncreMaTH'IOCKall omn6Ka (7 %) liBJilleTCll cnencTBHeM neonpenenennocreii nonpaBoK, co-
6paHHhiX B Ta6nnne 1. Ona COJlep:lKHT TaKJKe BKna,n ±1.5. %, B03HHKaJOIUHH- H:r3a H3MeneHHll 

nonepeqnoro ceqeHHll KOr.Zia OTHOmeime COObi:THH; COOTBeTCTBYlOxUux pacna,ny COCTOJIHHH OT
Kpbi:TOro qapMa K cofihiTHJIM llpenna-51na HJMeHlleTCll OT Jnaqennll :IKCTpanonnpoBannoro H3 

.liaHHhiX p - W .ZIO JHa'leHHll, nonyqaeMoro H3 CaMHX .ZiaHHhiX no Pb. 
Ta6nnna 1. 34JI!JeKTHBHOCTH .ZieTeKTopoB, noTepn na o6pe3aHHll npn OT6ope co6biTHii: H 

aKCenTaHCbi .Zillli.ZiaHHhiX Pb-Pb (Bee qncna .ZiaHbi B %) 
lf.ZienTHI!JHKanHll MHilleHH, COOTBeTCTBYlOWeii: JftjJ (DY) 85(86) ± 3 
Tpnrrep MlOOHHhiX nap 92±5 
BoccranoBnenne TpeKa 95±2 
IlpnnenbHOCTb .J 75±2 

HllH 100+0- 2 
BpeMJI :lKH3HH 96± 1 
I!OTepH npn o6pe3aHHH na nepenonnenne 20± 1 
IlOTepn npn o6pe3aHHH na nepepaccellnne 2±1 
IloTepn npn o6pe3annn na BHI 2±0.5 
I!OTepn npn o6pe3aHHH na anTn-rano 3±1 
AKcenTanc .llllll cofihiTHH llpenna-51na 

(2.9 r3Biil < M"" < 8.0 r3Biil) 15.4 
(2.9 r3Biil < M"" < 4.5 r3Biil) 15.2 
AKcenTanc .Zinll J I t/J 13.5 

linK TOro, 'ITOfihiyMeHbliiHTb ncioiJimKH CHCTeMaTH~eCKHX omnfioK, :ITO lie ceqenne 6binO Bbi

'IHCneno HCII01lb3Yll MlOOHHbie napbi, pOJ.lHBillHeCJI TOllbKO Ha nepBOH MHilleHH. 3TH pe3ynLTaTbi 

B npenenax OillHfiOK HaxOJlJITCJI B COOTBeTCTBHH C BenH'IHHaMH, nonyqeHHbiMH ,lillll BCero MaC

CHBa COfibiTHii:.llaHHbie fibillH TaKlKe npOaHaJIH3Hp0BaHbi B ofinacTH MaCe Ml'l' > 2.7 r:JBICJ. 
XOTJI pe3yllbTaTbi H fionee qyBCTBHTenbHbi K BllHJIHHlO CHCTeMaTH'IOCKHX :!<lJI!JeKTOB, B npe.zienax 

1.5 % CHCTeMaTH'IOCKOH OillHfiKH OHH HaxO,liJITCJI B llOllHOM COrnaCHH C BellH'IHHaMH, npHBO,liH

MbiMH B .ZIOKna,ne. YnoMliHYTall omn6Ka liBJllleTCll cnencTBHeM neonpenenennocT:Ii: B onncannn 

MacCOBOro KOHTHHyyMa HHlKe Jlt/J-IIHKa. . 

0TBOmeBJ!!C CC'ICBJ!!H J lt/J J!! .lipenna-51Ba KaK clJyuKnJ!!JI neBTpaJibBOCTJ!!. llnli.Zianb
Heii:mero HCClle,liOBaHHJI ceqeHHJI pOlK,lieHHJI Jlt/J B Pb-Pb CTOllKHOBeHHJIX llOBe,lieHHe BKna,na 

Jl'f/J nJyqanocL KaK I!JyHKIIHll nenTpanbHOCTH cronKHOBennll (32],[33]. IIpnnenLnbtii: napaMeTp 

peaKnnn MOlKHO onennTL sKcnepnMeHTanLno, H3Y'Jall OT co6hiTH.ll K · co6biTHlO neii:TpanLHYlO 

nonepe'IHYlO 3HeprHlO He3ap.lllKeHHhiX '!aCTHII HllH H3 3HeprHH yHOCHMOii: CneKTaTOpaMH na

neTalOmero .ll.llpa. 3Tn Benn'IRHbi n3Mep.lllOTCll :meKTpoMarnnTHhiM n ZDC KanopnMeTpa.Mn, 

COOTBeTCTBeHHO. 

Cnnbnall KOppen.llliR.II MelK.IIY H3MepeHHbiM 3naqenneM ~ n npnnenLHbiM napaMeTpoM 

CTOllKHOBeHHll llO,liTBeplK.lleHa :IKCnepRMeHTaJibHO HafilllO,liaJOWeHCll KOppell.llliHeii: . Me:lK.IIY. ~ 

n sneprneii, n3Mepennoii B ZDC, KOTOpall nMeeT 6onee npliMJlO JanncnMOCTb oT npnnen~>noro 

napaMeTpa b (eM. pnc. 8 ). 
Ha pnc. 9 nOKa3aHO pacnpenenenne H3Mepennoii nonepe'lnoii: sneprnn Ph-, CBliJannoii: c 

.Zipenn-liHOBCKHMH MlOOHllbiMH napaMH c HHBapHaHTHOH Maccoii Bbtille 4.0 r 3 B I Cl. Cna,nanne 

cneKTPa npn MaJihiX ET, KOTOpbie COOTBeTCTByJOT HaBfionee nepn<lJepHHHbiM CT01IKHOBeHRliM7 

o6ycnoBneno TpnrrepoM MlOOHHhiX nap n nponenypoii: H.ZieHTH<lJnKannn Mnmenn, .Zinll KOTOphiX 

neHTpanbHhie cTonKHOBennll npenno'ITRTenbHbi. Pacnpenenenne ~ nocne nonpaBKH na Bbiille

ynoMliHyTbtii: :l<lJI!JeKT TaKlKe H306palKeno 11a pnc. 9. 
Bee oro6pannhte cofibiTHll .ZiaHHOro sKcnepnMenTa B ceance 1995 rQlla 6hiJIH pa3.Zienenbi 

na nliTb no.ZIHa6opoB B COOTBeTCTBHH c nonepeqnoii sneprneii: B3aBMO.Zieii:CTBHll. K KalK.IIOMY 

H3 llliTH COOTBeTCTByJOWHX cneKTpOB Mace npnMeHWaCb nponenypa o6pe3aHHll IIOnHOCTblO 

coBna,naJOWall c Toii:, 'ITO 6billa npoBenena npn o6pa60TKe nonnoro na6opa co6biTnil:. TaKHM 
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Pnc. 8: Ha6nJO.ZiaeMall KoppenllliHll Me:lK.ZIY neiiTpanbnoii nonepe'lnoii sneprneii, H3Mepel!noii: 
sneKTpoMarnnTnbiM KanopnMeTpoM. n sneprneii:, H3Mepennoii: ZDC KanopnMeTpoM. llannbie 

COOTBeTCTBYlOT ,liHMlOOHHbiM COObiTHliM c M"" > 2.0 r3Biil'ne IIOJlllpaMeHHbiM na :!I!JI!JeK
TI'IBHOCTb H,lieHTH<lJHK3.IUIH nO,liM~eHH, 

o6pa30M npHXO,linM K qncnaM co6biTnii:, npnnenennbiM B Ta6nnne 2. 
Ta6nnna 2. qncno cofibiTRii KaK ilJYHKIIRll nenTpanbHOCTn, nonyqennoe R3 no.ZiroHKH cneKT

pa Mace 

HnrepBan ET (r:JB) Ph- (F:JB) b (tP) JN DY 
5-45 34 9.2 6083 268 

45-70 58 7.7 10273 620 
70-105 88 5.9 16561 1035 

105-135 120 3.9 12278 984 
135-175 147 2.0 8201 726 
Bee~ 

. 
53396 3633 94 

~cna ,liJill ,lipenJI-liHOBCKHX COObiTHH COOTBeTCTBYlOT MaeCOBOMY HHTepBany 2.9- 4.5 r 38 I Cl. 
3na'!eHHll Ezo H b COOTBeTCTByJOT Cpe,liHHM ~ H b ,liJill COfibiTHH, HafiJII()JlaeMbiX B KalK,liOM H3 
HHTepBanOB . 

0CHOBbiBallCb na :ITHX 'IRCllax MOlKHO IIOJI)"lHTb COOTBeTCTBYlOIUHe ce'!eHHll
7 

a TaKlKe OT

HOilleHHe O'J/t/1/UDY KaK ilJJmmmo Fho. 0CHOBHOO ero ,liOCTOHHCTBO npn :IKCIIepnMeHTaJibHOM 
HCClle,liOBaHHH COCTOHT B TOM, 'ITO OHO CBOOO,liHO OT 60JlbmHHCTBa CHCTeMaTR'IeCKHX OillHOOK, B 

'lacTHOCTH7 OT He:!I!JI!JeKTHBHOCTH .lieTeKTOpa H HeonpeneneHHOCTeH IIOTOB:a. 3TH CHCTeMaTH'IOC

KHe :l<lJ<lJeKTbi H.ZieHTH'IHbi ,liJill OOOHX HafiopOB co6bJ:Tuii: H nOOTOMJ COKpawaJOTC.ll B OTHOmeHHH. 

3TO OTHOilleHHe KaK <lJynKJUI.ll Ph- {UeHTPaJibHOCTH) npi'IBe,lieHO Ha pHC. 10: 
llpenn-liBOBCKHe nonepe'IHbte ce'!eHHll 6epJTC.B B HHTepBaJie Mace [2.9- 4.5] F3Bfdl. K 

npHBe,lleHHOH CRCTeMaTH'!eCKOH OmH6Ke OTHOmeHHll O'J/'/1/0'DY CJie,nyeT ~06a.BHTb TaKlKe rno-

6anbHyJO ~CTeMaTH'!eCKyJO neonpeneneHHOCTb (1.5 %), B03HHKaJOroyiO 6narQl1apll Tpy.ZIHOCTliM 
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P~c~ 9: nbnepe'IHLm cneKTp neiiTpaJihHLIX 'lacTHn, COOTBeTCTBYJOmHx .n:peim-5IHOBCKHM MIOOH- . 
HhiM napaM' c mi:BapHaHTHOH MacCdH BLillle' 4.0 r 3 B/ c, . .n:o (nycTLie KpyrH) H nocne KOppeKUHH 
na 3¢¢eKTHJiHOCTb H,n:eHTH«lJHKaUH~ MHmenH. - . . . 

B onHCaHHH KOHTHHYYMa .n:annLIX no Pb npH 6onee HH3KHX Maccax, KaK TpHBHaJihHOii cynep
no3HUHH Apenn-5IHOBCKOro BKnaAa H BKna.l(a OTKpLITOrD ·'lapMa. llng q)aBHeHH51 na :!TOM :lKe 
pHcynKe noiMaHLI ·pe3ynhTaTLI, nonY'Jennh'ie H3 'ceancoB 1996 roila. CornacHe Me:lK.n;y ,n:ByMg 
pa3nH'lHhiMH na6opaMH .l(aHHLIX 51Bn5IeTC51 ,li;OCTaTO'lHO XOpOillHM 3a HCKniO'leJIHeM HHTepBaJia 
C CaMhiMH BLICOKHMH Er. HMeiOIDHecg 3,1(eCh pa3nH'lHe MO:lKeT 6LITh OO'h5ICHeHO CMemenHeM, 
B03HHKaiOIDHM oT cooLITHii THna no:BTopnoro' B3aHMo,n:eiicTBH51. Hx HeAOCTaTO'lHM HAeHTH¢H
K3JlH51 Hll,li;YUHpyeT nnaBHYIO MHrpaUHIO COGLITHH OT cpeAHliX K BLICOKHM 3Ha'leHH51M Er. 3TO 
npl!BO.I(l!T K 3aBLillleHliiO OTHOilleHH51 nonepe'IHLIX ce'leHliH Ang Bepxnero KPM ErHHTepBana. 
3TO npe.l(nono:lKeHHe nOAAep:lKHBaeTC51 TeM «lJaKTOM1 'ITO nOBTOpHLie B3al!MQAeHCT~H51, O:lKH.n;a
IOTCll HrpaiOIDHMH oonee Ba:lKHyro p~nh A~ll .ziannLIX 1996 ro.l(a 6naroAapll 3Ha'lnTenhno oonee 
TOnCTOH CBliHUOBOH MHilleHH. IJpOBMliMOe .l(aJlhHeiflmee H3y'leHHe /I.nll Er > 100 r3B n03BOnHT 
npoxCHHTh pe3ynhTaTLi: '" - .. ' ' . - • 

" Haoop'iialilihtiC 1996 I-o.na .l(enaeT BOJMO:lKHhiM 6onee ,l(eTMLHhill aHaJJH3 no ueliTpaJJbHOCTH B 
15-TH pa3nli'IHLIX ErHHTepBaJIOB. CooTBeTCTByroiDHe pe3ynhTaTLI Ang OTHomenHii npHBeAeHLI • 
B Ta63mue 3 BMOCTe x2 / do,. ,n;nll KalK.n;oii no.n:roniar. II p11Be.l(eHHLie OillHOKll llBnlliOTCll 'IHCTO 
craTJICTll'lecKBM:il::' · ,.: · - ·' ·• '· 
'' • Ta6Jiiiua· 3. 0Tnomeilne iionepe'IHLii'ce'leHHii po:lK.n;eHllll Jf'rP H npouecca llpenna-5Ina KaK 

¢yiiimuii 'tieilipaiD:noti-1f.zirill·itanin.lx Pl:rPb teanca 1996 rO.n:a: • ·-~ 
~:~,: .. :_.#,, .·_._,.! ... :1"·-''';~~~-.::v.·l·.,~ -";·~·- "-,, .......... ;. 

:,-_'h'i. i· i : ~ .• : -l:t ~~< > ••• -.. _ :•_-··;·t~ <_,-"j. 

·\·c,;_ .. _-·\ .. ·: ..... _,' ~ ·:..· :· -· :c.. ~ t ~ _,:.:.;; :"';- ; --~. • . ) •. i.,' ... :,.-:. i. . ~ ' 

, • ~ -;;"':< ,!\.. ": .. !"~~- .:. . : ~ ~ .. ' ; ": ·i ~ . , ~·---·.:.::~'-·~: ;{ j !.'ki'tf. -~ J ·}.-

• , •••• ...,_ ~; ·~,_ -... T ·r 
• ',.. J. • J ,;"•; ~; ~ ;_· :. ,;..: • 1•. ~- -:•. ' , I ~ < , ~ ,n < :;· .. •'• "''T:"1 < .... ~~.,::1.>-, ··='-··· 
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PHc. 10:. 0TnomenHe ce'leHHii po:lK,ll;eHHll Jf'I/J H npouecca llpenna-5Ina ,n;nll ceancoB 1995-96 
ro,n:OB KaK «lJYHKUH51 ~. 

HnTepBan (Er) {b) Bp.p. UJN/uny X:/dof 
(r:!B) (<I>} 

14 10.8 35.8±2.6 1.08 
24 9.6 28.2±2.2 1.20 
32 ' 8.9 26.0±1.7 0.84 
41 8.1 24.2±1.4 0.85 
49 7.3 18.6±1.0 1.22 
56 6.6 18.0±1.0 1.02 
63 5.9 16.7±1.0 1.24 
70 5.3 18.0±1.0 1.32 
77 4.7 16.7±1.0 0.83 
83 4.2 13.5±1.1 0.90 
90 3.6 14.4±0.9 0.94 
97 2.9 16.1±1.1 1.20 
103 2.2 16.6;!:1.3 0.98 . 
110 1.7 14.1±1.1 0.88 
119 1.3 13.7±1:3 : 0.52 

3Ha'leHHJI (~) H (b) COOTBeTCTBYIOT CpeAHHM ~ H b Anll COOLIT.Hft; HaOnl(),ll;aeMLIX B Ka:lK,li;OM 
H3 HHTepBanoB. 

Ha pHCYHKe 11 npHBe.l(eHLI. OTHOilleHH51 nonepe'IHLIX Ce'leHHH ,n;nll 15-TH HHTepBMOB. no ~ 
npe,I(CTaBnenHLIX B Tafin11ue 3 (TeMHLie TO'IKH). C uenhiO npoBepKH cTa6HnhHOCTH pe3ynhTa
TOB OTHOilleHJIJI nonepe'lHLIX Ce'leHHH BLI'IHCnllnHCh ,n:ng HHTepBaJIOB C.I(BHHYTLIX Ha nonOBHHY 
HHTepBana, COOTBeTCTBYJOIDHe pe3ynhTaTLI TaK:lKe npHBe,l(eHLI Ha :!TOM :lKe pHCYHKe ( CBeTnLie 
TO'IKll}. KpHBM na p11cynKe npeAcTanngeT noAroHKY pe3ynhTaToB NA51 H NA38, nonyqennLIX 
nnll 6onee nerKl!X g,n:ep, npoBo.n:HMYIO no CTan.n:apTHoii g,n:epnoii aficopouHonnoii MOAenH. Boofi
me rDBOpll, aHOMaJihHOe llQAaBneHHe BnepBLie o6napy:lKHBaeTCll

1 
B onpe.l(eneHHOM CMLICne, y:lKe H 

.n;nll ::ITHX .n:aHHLIX. ¥13 pHCYHKa 51CHO, 'ITO J/1/J-nMaBneHlle ,n;nll Er< 40 r:JB Bnonne cornacy
eTCll C li3MepeHllllMH ,ll;nll 6onee nerxHX g,n:ep, a ,n:nll ~>50 r:JB y:lKe HMeeTCJI 3Ha'lHTenhHoe 
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~K1IOHenne OT 3TOro none.neunll. Ilollnneune anoMannn MOlKHO n~eTL Ka.K naneune BhiXOJta n 
orpaHH'IeHHOM mnpHHOH 10 F3B HHTepBane Er, KOTOpoe COOTBeTCTByeT npnnenLHOMY napa
MeTPY b ~ 8 qJ, OTHomeune ce-qeunii po)J():teHHll Jft/J n nponecca llpenna-51ua 6hlno H3Mepeuo 
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Pnc. 11: 0Tuomeune ce-qeunii po)J():teHnll Jft/J n nponecca llpeiina-51ua ,nnll ceaucon 1995-96 
ro.non xax lflyuKnnll Er B Pb-Pb-cTOnKIIOBeunJIX npn'158 F3Bfc. Kpnnax cooTBeTCTByeT no.n
rouKe K cny'laJO B3aHMQiteiicTBHll 6onee nerxmc ll.llep. Oua OO'hl!CHl!eTCll o6hl'luoii l!,nepuoii a6-
cop6nnouuoii MQitenLIO c CTalJ, = 6.4 .M.6. 

c ncnonL30BauneM nonuoro ua6opa co6blTHii npn ncex neuTpaJILHOCTJIX. B pe3ynLTaTe 6blno' 
nony-qeuo: 

Bl-'t-<.CTJN/lTDY = 17.0 ± 0.2 ' . .. 
n To npeMll xaK n ceauce 1995 ro.na 6hlno nony-qeuo 3Ha'leune 

B~-'~-' CTJN/uvy = 16.1 ± 0.4 ± 0.2 .. 

Ce"'euue uponecca ,llpenna-S:Iua. CpanunnanocL none.neune ce'lennii: nponecca llpenna-
51ua B Pb-Pb CTOnKHOBeHHJIX H B p-p, p-d, p-W H 8-U B3aHMQiteHCTBHJIX1 non)"ieHHhiX npn 
IIOMOIIn! O,llHOI'O H TOI'O lKe OCHOBHOI'O cneKTpOMeTpa. C O.llHOH CTOpOHhl, KHHeMaTH'leCKHe HH
TepBMbl paJnH'IHhiX peaxnnii:, cTporo ronopll, uen.nenTH'IHhl. C .npyroii - pa3nn'laeTcl! Ta.KlKe 
Ha'laJihHblii: HMnynLC (y'S) HaJieTaJOIDHX 'latTnn: 450 F3Bjc ,nnll p-p H p-d B3aHMQZJ;eii:CTBHH H 
200 F3Bfc .llnll p-W n S-U. Ilo::~TOMY npn cpanueunn ce'lennll ncnonL30BaJICll Tax HaJhiBaeMblii: 
K-lflaxrop, KOTOpblii: no3nOnlleT Y'lHThiBaTL nonpauKH Bhlcmero nopll.llKa K TeopeTB'leCKOMY ce-· 
'lenniO nponecca llpenna-51ua, nhl'lncneunoMY n un3meM npll.llKe. TaxnM o6pa3oM; .nnll KaJK.noii:' 
n3 peaxnnii: Bhl'IJICIIlleTCll 

CTDY 

Kvy = DYezp ' 
CTGRV-LO 

r.ne CT~ - H3Mepennoe 3Ha'leune ce'lenHll, a uflkv-w - ce'leHn~ llpenna-51ua npn cooT
DeTCTDYJOrneM ..,fS, B TOM lKe IrnHeMaTH'leCKOM HHTepnane, .Bl,PIHCIIeHHOC B HH3WeM. nopll,llKe 
Teopnn B03Myrneunii: c 'ncnonL30BauneM napTOHHhiX lflyuxnnii. pacnpe.neneunl! GRV (rniOKa
Pell->l>OrTa) (34]. IIony'leHHhle peJynLTaThl KaK ifJYHKnBll nPOH3Be.ztenHll ,AB (aTOMHhle 'lncna 
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Pnc. 12: K-lflaxrop .nnll nponecca llpenna-51ua KaK iflYHKllllll npon3ne.zteHnll aTOMHhiX ~ncen 
ny'IKa n MHmeun AB. IIynKTnpuax nnunll noKa3hiBaeT cpe.nuee 3Ha'leune JJ;aHHhiX. · 

MHmeun n HY'JKa) npnne.neuhl B Ta6nnne 4 n ua pnc. 13. PeJynLTa'fhl ,neMOHCTpnpyiOT xopo
mee cornacne xaK ,npyr c .npyroM, Ta.K u c xopomo H3BetTHhiMH TeopeTB'IeCKHMH pac'leTaMH 
nponecca llpenna-51ua. B 'latTHOCTn, ::ITO ce'leune ,nnll peaxnnH Pb-Pb, Bbl'lncneuuoe Ka.K oro
nopeuo Bhlille, nonuoCTLIO cornacyeTCll c OlKH,llaeMhiM none.neuneM ::~roro ce'leHHll B .npyrnx 
3KcnepnMeuTax. 

Ta6nnna 4. K-¢axTop nponecca llpemxa-51ua. 

PeaKnHll AB K-lflaKTop 
p-p 1 2.27 ± 0.06 ± 0.16 
p-d ·2 2.7 ± 0.07 ± 0.19 
p-W 184 2.42 ± 0.16 ± 0.24. 
S-U . 76l6 2.24 ± Q.03 ± 0.30 

Pb-Pb 43100 2.56 ± 0.04 ± 0.18 

M3MepeuBll 6wnn:·npone.zteHLI npn: 450 F3B/c )l;nll p-p B p-d ·cTOnKHoneun:ii: (sKcnepn:MeHT 
NA51), 200 F3B/c ,nnll p-W B S-U CTOnKHoneunii: (sxcnepnMeHT.NA38) n 158 •F3B/c .llnll 
Pb-Pb (::~Kcnepn:MeHT NA50). · 

· Ce"'eBBe po~eBIDI Jft/J. IIonY'Jeuuue .n= nponecca llpeJina-51ua PeJYnLTaTLI noKa.Jhl
BaJOT OTCYTCTBHe CKOnhKQ-HH6y,llh 3Ha'lnTenhHCli'O B3MeHeHBll D HamHX B3MepeHBJIX a6cOniO~ 
uoro ce'leunll. Tenepb' Mo:lKHO cpaHHBTh ce'leHHe po)J():teHnll Jft/J B Pb-Pb roaHMo.neii:cTBBJIX 
CO 3Ha'leHBl!MB1 nOnY'JeHHbiMH 'pauee ,llrut pa3nn'IHLIX KOM6HHannH · nyq:Ka B MHilleHB,. HO C 
BCIIOJih30BrumeM QltHOI'O n' Toi'O :lKe cneKTpOMeTpa: llnll 3TOI'O Bbl'IHCIIlleTCll ·" Ce'leHBe BYK1IOH
nyKnOHHOI'O CTOnKHOneunll'' ;. TO eCTL ce'leun:e .nenenuoe ua nporone.neune aTOMHhiX MacconhiX 
'IBCen aTOMOB Mnmeun n nyq:Ka. IIonyqenuble .nmr pa3nB'1HhiX sKcnepHMenTanLHhiX ycnonnii , 
3Ha'leHHl! 6wnn Ta.KlKe npnne.zteHLI K mane. COoTBeTCTDYJOllleH HMnynLCy IIMaiOIDHX 'latTlill 
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200 F:JBic H npn neo6x<mHMOCTH nepeC'lHTaHLI .nnll KHHeMaTn'lecxoro HHTepsana D (eM. Bhl

me). Bee BenH'lHHLI, nonyqennLie .nnll HMnynhca na.na10mmc qacrnn 450 F:JBic (p-p, p-d, 
p-C, p-Al, p-Cu H p-W), fiLinH HOpMHpOBaHhl C HCnOnb30BaHHeM O.llHHaKOBOI'O cpaKTOpa co

rnacHO cneJIY!OmeH npont>,nype. Cnaqana .niwnLie, cooTBeTCTBYJOIIlHe na'lanbHLIM HMnynhcaM 
450 H 200 F:JBic, n<mroHllnHCb He3aBHCHMO. Ilpn :rroM npe.nnonaranocb, 'ITO ce'leHne po:lK
.neHHll JI'I/J nponopiiHOHMbHO (AB)a. CooTBeTcTBYJOIIlHe no.nroHKH .naJOT a = 0.92 ± 0.02 n 

a= 0.91 ± 0.03. Xopomee corn acne pe3ynhTaTOB onpas.nLIBaeT o.nnospeMeHHYJO no.nronxy .nan

HhiX c 450 H 200 F:JBic, nonaraJI <mHO H TO :lKe 3Ha'lenne a .nnll o6oHX na6opos, 'ITO .naeT 

a = 0.92 ± 0.015, KOTOpOe Haxo.llHTCJI B XOpomeM COrnaCHH C paHHHMH pe3ynbT3TaMH no p-A. 

IIonyqaeMhlii: H3 :~TO:ii no.nronxn o61IlH:ii cpaxTop nopMHpOBKH pasen 0.406±0.038, To ecTb corna
cyeTCll CO 3H3'leHHeM 0.418 ± 0.083, KOTOpOe fiLinO Ha:ii,neHO H3 aHBJIH33 3aBHCHMOCTH Ce'JeHHJI 

JI'I/J OT XF H .jS, .llaBaeMOI'O napaMeTpH33IIHe:ii-{35].1lanHLie, npHBe,neHHhle K HOBOH illKBJie, CQ
OTBeTCTBYJOIIlHe H3'lBJibHhiM HMnynhCaM 450 H 200 F:JBic, H3o6pa:lKeHLI Ha pHC. 13, r.ne TaK:lKe 

HaHeCeH pe3ynbT3T OllHCaHHOH Bhlille D.nHOBpeMeHHOH llQ,ni'OHKH .llaHHhiX CTeneHHOH cpJHKIIHe:ii. 
Ceqenne po:lK.neHHJI J I 1/J B Pb-Pb cronxnoseHHliX, nepec'lHTaHHoe na "N- N", H3Bne'leHHoe H3 
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Pnc. 13: IIonepe'lHOe ce'lenne po:lK.neHHJI J I 1/J "na N- N cTOnKHOBenne" KaK cpynxnnll npoH3Be

.nennll aTOMHLIX qncen nyqxa n MnmeHH AB. Pe3ynbTaTLI nony'leHLI npn 450 F:Jalc, ceqenne 
Pb-Pb CTOnKHOBeHHH npHBe,neHHO K HOBOH mxane. 

.llaHHLIX :~xcnepnMeHTa NA50 pasno 0.51±0.04 H6. Kax n B KHHeMaTn'leCKOM HHTepsane D :rro 

'lHcno neo6xo.nnMo nepec'lnTaTb c Y'leTOM .jS-xoppexnnn, Bhl'lRcnl!eMo:ii na ocHoBe napaMeT

PH33IIHR (35]. Jipn STOM B03HHK3eT KOppeKTHPYJOIIlHH !lJaxTOp 1.32 ± 0.04, H TaKHM o6p330M 
OKOH'laTenhHoe 3Ha'lenne ce'leHHll 6y.neT 0.67 ± 0.05 H6. PeJynhT3Thl npnse.nenLI B Ta6n. 5 

n H3o6pa:lKeHLI na pnc. 13 xax 4Jynxnnll AB. Pe3ynhTaT .nnll Pb-Pb cronxnosenn:ii ne:lKHT na 

pacCTOJIHHH llJITH CTaH.n3PTHhiX OTKnOHeHHH HH:lKe no,nroHO'lHOH cpyHKIIHH C cpaKTOpOM 

R';ou-•ection = 0.74 ± 0.06 • 
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Ilo cymecrsy :~TO nepshl:ii HaMeK naTO, 'ITO po:lK.neHne JI'I/J B Pb-Pb B3anMo.ne:iiCTBHJIX ano
MBJibHO no,nasneHO H, no-BH,nHMOMJ, TOnbKO HOBaJI cpH3HK3 CnOC06Ha Oti'bJICHHTb 3«1JcpeKT. 

Cnt>,nyll npHHJITOMY npe.ncraBJieHHJO, "nopMMbHoe" nose.nenne po:lK.neHHll JI'I/J, KOTopoe co
OTBeTCTBYeT 3H3'leHHIO nOKa33Tenll a 6nH3KOMJ K 0.91, MO:lKHO HHTepnpeTHpOB3Tb KaK pe-

3ynbT3T p33pymeHHJI npenpeJonascnoro cocrol!HRJI. B :rro:ii M<menn ceqenne pO:lK.neHHJI J 11/J B 
nepBOM npnfinH:lKeHHH MO:lKeT fihiTb 3anHCaHO KaK 

a(AB --t Jf'ljJ) ex: (AB) exp(-po O'oJJ, L), 

r.ne (AB) oTBe'laeT sepol!THOCTH po:lK.neHHll B A- B cronxHoBeHHJIX ce-napLI, a cna.n310maJI 
3KcnoHeHTa - sepol!THOCTH pa3pymeHHJI (c ceqenneM a) B J~.nepHo:ii cpe.ne. IIapaMeTp Po = 
0.17 tP3 - :rro CTan.napTHal! cpenHJIJI nnoTHOCTb ll,nepHo:ii MaTepnn.llnll n106o:ii peaxnnn Tnna 

p-A nnn A-B, L cny:lKnT .nnll o6o3Ha'leHnll cpe.nHe:ii .nnnH~ npo6era (ce)-napLI B J~.nepno:ii cpe.ne 

co cpe.nne:ii nnOTHOCTbiO Po 
L = (L(b)). 

Ilpn .naHHOM npnnenhHOM napaMeTpe b, L(b) MO:lKeT 6LITb BLI'lHCnena KaK 

- 1 I L(b) = - ( p dz) . 
Po 

llnll Ka:lK,nOH TO'lKH po:lK,neHHJI (cc)-naphl BHyTpH CTBJIKHB310ll.IHXCJI ll,nep HHTerpan 6epeTCJI 
s.nonh nepoliTHoro nyTn (cc)-cncTeMLI CKB03b :ITO ll,npo. Ilpn :!TOM ycpe.nneHne yttnTLIBaeT see 

B03MO:lKHhle nonO:lKeHHJI STOH TO'IKH pO:lK,neHHJI npR .llaHHOM b H 6epeTCll -C BeCOM BepOliTHOCTH 

pO:lK,neHHJI naphl B 3TOH TO'lKe. 
Ta6nnna 5. llanHLie :~xcnepnMeHTOB NA38, NA51 n NA50 no "cetteHHIO po:lK.neHHJI JI'I/J Ha 

N -N CTOnKHOBeHHe", npHBeneHHOe K H3'lBJlbHOMY HMnynbCY ~00 F3Bic H B KHHeMaTH'leCKOM 

HHTensaneD 

Peaxnnll P,ab <c H!/~~OH) AB L(b) (tP) B,;j. ~(H6) 
p-p 450 1 0.00 2.10 ±0.15 

p-d : 450 2 0.13 ; 2.19 ±0.16 
. 

, . '.< < 

p-C 450 12 1.22 1.79 ±0.14 

p-Al : 450 27 1.89 1.60± 0.14 ' 

p-Cu 450 63 2.62 1.62 ± 0.13 

p-Cu 200 63 2.62 1.69 ± 0.41 

p-W 450 184 3.94 1.44 ±0;11 

p-W· 200 184 3.94 1.43 ± 0.15. 

p-U 200 238 4.57 1.40±0.35 

0-Cu 200 1008 3.98 1.28 ±0.17 

0-U 200 3S08 5.92 1.19± 0.16 
· · ·s-u 200 7616 6.49 l~Q2 ± 0.11 

'Pb-:Pb·' 158 . -· "·_ '· <.:: . 43100 ·8.57 0.67 ± 0.05 ' · __ 

B npe.nsapnTenbHLIX OT'leTax :~xcnepnMeHTa NA50 L Bhl'lHcnllnach B npe.nnono:lKeHn~''cTy
neHttaToii !lJYHKIIHH p(r) 3• llnll p(r) BLI6Hpanacb cian.napTHal! TpexnapaMeTpnttecKaJI cpopMa 
By.nca-CaxcoHa.- Heo6xo.nnMo OTMeTHTb <mHaxo, 'ITO xonxpeTHLI:ii BLI6op Mo.nenn .nnll nnoT

HOCTH ll,nepHOH Cpe.nhl He BJIHlleT. cymeCTBeHHO Ha pe3ynbT3T; Ha pHC. 14 llOK333HO "cetteHHe 

po:lK,neHHJI J 11/J Ha N - N cronKHonenne", xax IPYHKIIHJI L. O.nHoBpeMeHHaJI no.nroHKa ( c noMo-- . 

lllbiO a6cop6nnoHHO:ii MQ,nenn) .llaHHhiX, OTBe'l310I.UHX H3'lBJlbHhiM HMnynbCaM 450 H 200 r 3 B I c 
npHBD.nHT K O'abf = 6.2 ± 1.1 M6 (Pb-Pb CTOnKHOBeHHJI He ·BKnJO'leHLI); [36],[37].- 3Ha'lHTenb

Hoe OTK,noneune 3Ba'leBnll cetteHHJI .nn.11 Pb oT no.nronottuo:ii nox33aTen&uo:ii 4Jyuxnuu JIBnlleTCll 

. 3B .ita.mroM cn)"lae JlM il'.!lep nfinca H wiineBH ~ a~w~H seciu..H Ap H A, ~~~HHO, np~ HH~ 
·. · '".- ·-- .. - ., '· "" '3 A-1. 1/3'-- ,,_.·.' ·-- - ·--

PHJ!OnrutH11 no npJIIlem.HOMY napa>.<eTIJy, L = Lp + L, rJXe Lp,t = 'I r0 ~ Ap,t H r0 = 1.1 <JJ. 
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P1Ic. 14: "Ce'IeHIIe polK.Zl;eHIIl! Jltf; na N- N B3aiiMO.lleHcTBIIe" Ka.K ¢lYHKiliill L. Pe3yJILTa

TLI 6Linii nony'leHLI npii na'lanLHOM IIMnynLce 450 F3B lc, a npiiBe,nennLie ce'leHIIl! B Ph-Ph 
B3aHMQ!teHCTBIIJ!X 6LIJIII HOpM1IpOBaHLI Ka.K OniiCaHO B TeKCTe. 

l!BHLIM CBH.lleTenLCTBOM Toro, 'ITO no.nanneniie polK.Zl;emu J I tf;, na6n10.11aeMoe B Pb-Ph B3aiiMo

.z~el1cTBIIl!X, l!Hnl!eTCJ! XOpOIDIIM OCHOBaHIIeM )IJIJ! TOro, 'ITOOLI COMHeBaTLCJ! B cnpaBe.ztJIIIBOCTII 
Mo.nenn l!.llepnoH a6cop6~1III. 

Ce'leHae poJK,neHB.I[ J lt/1 Kax cJlyH~a.s QeHTpan&HOCTB CTOnKHOBeHa.s. B 3TOM pa3-
.z~ene 6y.z~eT IIcnonL30BaHO CBOHCTBO CKeHJIIIHra ce'lennl! npo~ecca .Upenna-.Hna c yuenn'lenneM 

'IIICUa HJKnOH-HJKnOHHLIX CTOJIKHOBeHHH, KOTOpOe 6LinO eille pal nO)ITBeplK.Zl;eHO pe3yJILTaTa

MH .z~annoro 3KcnepnMenTa. Ilpn 3TOM no.z~pMJMeBaeTcll, 'ITO H3MepennLie ce'leHIIl! nonpanne

HLI Ha OTHOCIITeJILHOe 'IHCUO B3aHMQ!teHCTBJIOIQHX npOTOHOB II HeHTpOHOB, Ta.K KaK MexaHII3M 

.llpenna-.Hna 3aBHCIIT OT H3ocnnna nyKnona [38] . .UannLie 6LinH nonpaunenLI na 3TOT "II30Cnii

nouLIH 3¢l¢leKT", a H3Mepennoe ce'lenne npo~ecca .Upenna-.Hna paccMaTpnuanocL B BH.lle 

u::,;,_ = (u~,)ABI(u8Xv-w)AB x (u8Xv-w)w X AB , 

couna.z~aJOIItHM c ceqeniieM npo~ecca .Upenna-.Hna, KOTopoe nony'IIIJIOCL 6LI .IIJill Tex JKe ll.llep, 

COCTaBJieHHLIX TOJILKO H3 npOTOHOB. ::ha npo~e,nypa npnBO)IHT K CUe,nyJOI.QeMJ nonpaBO'IHOMJ 
¢la.KTopy 

u::,;,.lu~, = 1.3 . 

Ilonpannennoe na 3TOT ¢laxrop ce'lenne npo~ecca .llpenna-.Hna .z~onJKHo 6LIT& nponop~no
nanLno npon3ue,nenHJO AB. Ilo3TOMY oTHomeniie ce'leHIIH (polK.Zl;eHHl! Jltf; n npo~ecca .Upenna

.Hna) 3.llec& CTporo nponop~nonan&no "ce'leHnJO polK.Zl;eHIIl! J lt/1 na N - N cronKHouenne". 

Benn'IHBLI OTnomeniiH CTJJ.pluvy npHBe,nennoe K mKane 200 F3Bic c .z~penn-l!HOBCKHM ce'le

HHeM, B3l!TLIM npii 2.9-4.5 F3B lil II nonpaunennLIM na "II30CUIIHOBLtii 3¢l¢leKT", npiiue,nenLI B 

Ta6n. 6 KaK ¢lYHKllHl! cp~ero L(b) B KalK.nOM II3 Er HHTepuanon. Benn'IHBa L B KalK.Zl;OM Er 
- HHTepnane BLI'IHCJIJ!eTCl! na ocnone L-Er xoppenl!llHH, npe,ncraunennoii: na p1Ic. 15, KOTOpal! B 
cool? O'lepe,n& BLI'liiCJIJ!eTCl! n3 L(b) 3aBHCIIMOCTII II KoppeJIJ!llHH b-Er. 
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Ta6nn~a 6. OTHomenne ce'lennii J I tf; n npo~ecca .Upenna-.Hna xax IPYHKilHll ~enTpan&noc-

TH 
HoMep Er nnTepuana L ( <1>) Bpp CTJNiuvy RK 
1 6.94±0.49 19.7± 1.6 0.95±0.09 

2 7.98±0.36 14.4±0.7 0.77±0.05 

3 8.86±0.30 13.8±0.3 0.81±0.03 

4 9.43±0.17 10.9±0.3 0.68±0.03 

5 9.71±0.15 9.7±0.4 0.62±0.04 

Bee Er 8.57 12.4±0.2 0.71±0.03 
Benn'IIIHLI L cooTBeTCTBYIOT cpe,nneMJ OT L(b) JIJil! co6LITIIH B KalK.nOM HBTepnane no Er. Tax
JKe npiiBe.ztenLI mnpnnLI pacnpe,nenennii: L. B nocne,nnei crpoKe, npe,ncTaBnl!IOI.QeH ycpe,nnen

nLie no Er 3Ha'leHllll, BCe BeJIII'IHHLI CKOppeKTHpOJ:!aHLI Ha ne3¢J!lJeKTHBHOCTh H.I~eHTH!fJIIK~mi 
nO)IMHlleHH. 

~'' E 
13-10 ,,,_ 

8 

t 
.... _. 4 .... . 

3 .. 

2 om~ w w tootmt~twtwmo 
. E,(GeV) 

P1Ic. 15: Koppenl!~lll! MelK.nY Ern L, BLI'lHCnenHali.IIJil! Ph-Ph cmnKHOBeHHH npn 158 F3Bic 
.IIJIJ! co6LITHH .Upenna-.Hna. i' 

Ha pnc. 16 npnue,neno oTnomenne" ce'lennH CTJNI~vY xax ¢lYHKllHll L, H3MepeHBoe B 3Kc

nepnMenTax NA38, NA51 II NA50. Ecnn ncKJIJO'IIITh T6'IKH no Ph, nee oCTanLHLie .z~annLie 
XOpOillO no.z~roHl!IOTCJ! 3KCUOHeH~HanbHO Cna)laJOI.QeH lf:JJHK~HeH H npHBO.IIJ!T K Ce'leHIIIO a6cop6-
~mi 6.2 ± 0.7 M6, 'ITO HaxQ!tiiTCl! B OTJIH'IHOM COrJiaCmi CO 3Ha'leHIIeM, KOTOpoe YJKe 6LinO 

nony'leHO H3 )laHHLIX, nOKa3aHHLIX na pnc. 16. 3TO xapaKTepnoe )IJIJ! ll.llepHOH a6cop6llHH no

Be,ZJ;eHHe nOATBeplK.Zl;aeTCl! )IJil! CTOJIKHOBennii:, na'IHHall C p-p H .110 nan6onee ~enTpanLHLIX 8-U, 
HO napymaeTCl! )IJIJ! OOJibillHX £. 0TKJIOHenne nOBe)leHHl! )laHHLIX no Ph OT nOBe,ZJ;eHlll! B MO)IeJIH 

J!.llepHOH a6copfi~IIII 1 'ITO HafiJIJO.llaeTCl! B pe3.KllHl!X C npOTOHaMII H nerKHMH HOHaMH, MOJKHO 

BLipa3HTb lJHCUeHBo, HCU01Ib3Jl! OTHOmenne 

R:f#DY (£) = (CTJf.piCTvy )me41 ' 

(CTJf.pluvy )ab•orb 

KOTopoe JIJil! KalK.Zl;Oro HBTepuana no Er Ta.KJKe npnue,neno B Ta6n. 6. Omn6KH x uenn'IHBa.'.! RK 
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Pnc. 16: 0Tnomenne ce'lenn:ii: po:amenn.a Jf,P n nponecca 1Ipenna-5Ina xax tPJHKIIRli L. 

BKJIIO'lalOT CHCTeMaTH'lecKyro Heoiip~eJieHHOCTb1 CBli3aHHYJ01 KaK y:lKe YIIOMHHaJIOCJ,1 C KOppeK

IIHe:ii: Ha BKJia.zt OTKphiTOrQ 'lapMa. 3aMeTHM1 'ITO BeJIH'lHHa, IIOJiy'leHHaJI B IIepBOM HHTepnane 

(.nn:JI nan6onee nepn$epn'lecKHX peaxnn:ii:) 

R"J/"'fDY(5 F:JBfc< Er < 45 F:1Bjc) = 0.95±0.09, 

IIOJIHOCTLIO COOTBeTCTByeT IIp~CKa3aHHIO a6cop6THBHOH MO.IleJIR. 0THOUleHHe Ce'leHHH po:ame

HH.H Jf,P n nponecca llpenna-5Ina fihiJIO TaK:lKe H3Mepeno .n:n.a nonnoro na6opa co6hiTH:ii: n npn 

ncex nenTpaJILHOCTJIX. Pe3yJILTaT, nonpaBJieHHhl:ii: na H3ocnnnonhl:ii: 3$$eKT: 

B,.,. t:TJN/uvy = 12.4 ± 0.2 ± 0.2 . 

3TO OTHOUleHHe IIpRBO.IlRT K 

R"J/.PfDY (AllEr) =0.71 ± 0.03' 

KOTOpoe IIOKa3hiBaeT, 'ITO BhiXO.Il J /'1/J B Pb-Pb B3aHMO.IleHCTBHJIX HaxO.IlHTC.H Ha pacCTOliHHH .n;e

BliTH CTaH.IlapTHLIX OTKJIOHeHHH OT OrreHKH, OCHOBaHHOH Ha MQAeJIH li.IlepHOH a6cop6rrHH. eTo

HT TaK:lKe IIO.Il'lepKHJTh 3aMe'laTeJILHOe COOTBeTCTBHe nanmx HaH60Jiee TO'IHLIX OrreHOK RK 1 

nony'leHHLIX Jt3 OTHomeHHli ce'lenn:ii: po:ameBHJI J /'1/J n nponecca llpenna-5Ina, c BeJIH'lHHOii:, 

nony'lenno:ii: npn H3Mepennn a6conroTnoro ce'leHH.H po:amennli J / '1/J 

R'l(""-•ection = 0.74± 0.06. 

OxoH'larenLHhle pe3yJILTaThl NA38 (p-W, p-Un S-U) n NA51 (p-p n p-d) 3KcnepnMenron, 

nony'leHHhle COOTBeTCTnenno npn 200 F:1Bjc n 450 F:1Bjc npnn~enhl K mxane 158 F:JB/c. 
· n TO:lKe noxa3aHhl na 3TOM pncynxe 17 c Pb-Pb-.n:anHhiMH. ennomnaJI nnnn.a cooTneTCTBYeT 
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Pnc. 17: 0Tnomenne ce'lenn:ii: po:amennli Jf,P n nponecca 1Ipenna-51na KaK tPYHKIIHli L, .llJili 

NA38, NA50, NA51. 

npocTo:ii: 3KCnonennnanLno:ii: ncmronxe exp (-p0 u ab• L) .n:anHLIX oT npoTona .no cephl. Ona onn

ChlnaeT 06hl'IHYJO li.IlepHyiO a6cop6nnro 'lapMOHHli. Y MeCTHO 'OTMeTHTh 3.1leCL1 'ITO 3Ha'leHne, 

IIOJiy'leHHOe .llJili Uah .llJIJI 3TOH IIpOCTOH 3KCIIOHeHIIHaJILHO:ii: IIO.IlrOHKH, liBJIJieTCli XOpOUIHM nep

BhiM npn6JIHJKeHneM K ce'lennro nornomeHHJI 'lapMOHHJI n ll.llepno:ii: MaTepnu, Kor.n:a t:Tab• MaJIO. 

eTpOI'O l'OBOpll, QAHaK01 IIOJIHOe Ce'leHHe a6cop6IIHH D fiOJILUIHHCTBe Bhl'lHCJieHHH CHCTeMaTH

'leCKH .n;aeT 6onee BhiCOKOe 3Ha'lenne. llcmronxa, npnn~ennaJI na pncynKe 17, .n:aeT .n:nJI ce'leHHli 

a6cop6nnn 3Ha'lenne 5.8 ± 0.7 Mil (nnn 6.4 ± 0.8 .M6 n .n:pyrnx Bhl'lHCJiennJix). 0TnoUienne no

nepe'IHLIX ce'lenn:ii:, nony11ennoe .llJIJI nepnLIX 'leThlpex P~Pb-nnTepnanon, cooTneTCTnyromnx 

nan6onee nepmpepn'leCKHM .CTOJIKHOBeHHliM (£ ~ 8 <!J) MOJKeT 6h1Th TaK:lKe OIIHCaHa 3TOH 3KC

IIOHeHTOii:. tierxoe .n:ononnnTenLnoe no.n:annenne nn.n:no na pncynKe .n:nJI 6onee nenTpanLnLIX 

Pb-Pb-cTonKHonennii:. 
Minimmum bias aaanH3. Bnaro.n:apl! MaJIOMy 'IHCJIY .n:pejm-Jinoncxnx co6hiTH:ii: n oTno

UieBHH U Ji.Pf f7DY CTaTHCTH'leCKHe tPJIYKTYanHH necLMa cymeCTBeHHhl. tiTOOhl npecmoneTL 3TOT 

3KCIIepHMeHTaJILHhlll H~OCTaTOK 6LlJI pa3BHT aJILTepHaTHBHhlll He3aBHCHMhiH aHaJIH3 TOJILKO 

.n;nli Maccnna co6h1Tn:ii: J f'I/J. Maccnn .n:penn-liBOBCKHX co6hiTHii: 3aMenJieTCJI npn 3TOM orpoM

HhiM MaCCHBOM MB-co6hiTHH H CTpOHTCli HOBaJI OrreHKa OTHOUie.HHli t:TJf.p/Uvy ITO OIIHCaHHOH 

nH:lKe npon~ype [39]-(41]. 
0Tfiop ,naaoltiX. B Ka'lecTne MB-co6hiTHii: n .n:annoM :~xcnepnMenTe BhiCTYIIalOT co6hiTHJI, 

B KOTOphiX na_naromn:ii: HOB Ph IIpOCTO B3aHMQAeii:CTByeT CO CBHHIIOM MHUieHH. 0HH OT6Hpa

IOTCJI cnerrUaJILHhiM IIY'lKOBhiM TpnrrepOM1 KOTOphl:ii: liBJIJieTCli COBepUieHHO He3aBHCHMhiM OT 

Ofihl'IHOI'O MIOOHHOro TpHrrepa, HCIIOJIL3yeMOro ,!(Jill OT60pa .I(HMIOOHHLIX COOhiTHH. lly'IKOBhlll 

Tpnrrep cpa6aThiHaeT Kor.na a.npoHHaJI 3HeprHli MeplieTCli B zoe. MnHHMaJILHaJI .n:!ITeKTHpye

MaJI 3Heprnli ncm nynenhiM yrnoM ne nn.n:ynnpyeT xaxoro nn6o cMemenn~ n Er pacnp~enennn, 
IIOCKOJILKY ,l(alKe .llJili JIOOOBLIX CTOJIKHOBeHHH HeCKOJILKO IIHOHOB po:amaeTCJI B aKCeiiTaHCe ZOe. 

XOTll MB-co6hiTHli oT6npaiOTCJI o.nnonpeMeHHO c .llHMIOOHHhiMH co6hiTHliMii, onnnpnno.n:JITCJI K 

HOBOH UlKaJie, B KOTOpOH HX ypOBeHL JMeHLUiaeTCJI .ItO 10 % OT o6mero 'lHCJia 3atPHKCHp0BaHHLIX 
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cOOLlTHii. B <$-na.iin anannJe Tpe6yeTCJI .nanLneiimee o6pe3aHHe Er > 5 F:JB. 
KmoqeBoii qePToii anannJa, ocnoBannoro na MB-co6LlTHJIX JIBnJieTCJI To, qTo 6naro.napJI 

6onLIIIOMy paJMepy MacCHBa BKnJoqeHHLIX ,D;aHHLIX anropHTM MHIIIeHH MOJKCT 6LITL HCnOnLJQ

BaH HecMOTpJI Ha noTepH. PeJynLTaTOM 3TOro JIMJICTCJI nOCTOJIHHOe pa3pemenne no Macce BO 
BCeM HHTepBane cTomrnoBeHnii, OT nepnl}lepnqecxnx .no rteHTpanLHLIX. Bonee Toro, ne Hcnom.
JyeTCJI npone.nypa no.nronKH. tiHcno co6LITHii onp~menJieTCJI HJ npoCToii: TexHHKH no.ncqeTa. 
()ni:TaeTCJI, qTQ B KaJK,IJ;OM Er HHTepBane HeJaBHCHMO, qHcnO MHHHMMLHLIX MB-co6LlTHH H 
qHcnO MIOOHHLIX nap B HHTepBane Mace 2.9-3.3 F:JBjc? (nocne BI.IqHTaHHJI KOM6HHaTOpHOro 
.pona), no.nnpasnennoe na BKna.n KOHTHHYJMa, onp~menJIIOT qHcno Jf'I/J-co6LITHii. 

ABanu3. AHanHJ OCHOBaH na ncnonLJOBaHHH Toro l}laxTa, qTo pacnp~meneHHJI no nonepeq-

~ w 
(5' 

1000 

""" 

.J 

a.l;ff'll ,,, 
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w 80 100 120 140 

E, (GeV) 

Pnc. 18: 0Tnomenne 8(ET) .npenn-JIHOBcxoro Er-pacnp~meneHHJI K MB-TeopcrHqecxoMy Er
pacnp~menenHio (CBCTnLie TOqKH). TaxJKe nOKaJaHLI COOTBeTCTBYIOIUHe OTHOIIIeHHll Anll ,D;aH

HLIX {TeMHLie Toqxn) H BI.IqHcnennoe qucno 3neMeHTapHLIX nyxnon-nyxnOHHLIX cTOnKHOBeHHii 
(mTpHXOBaHHall nHHHll). 

noii 3Heprnn .nnll MB- H DY-co6LITHH B CTOnKHOBeHHJIX AB-ll,D;ep llBnJIIOTCll oqenL noxoJKHMH 

(
dN)u. 
dEr MB ex: I P(ET,b) b db 

( 
dN)th 
dEr DY ex: I NAB(b)P(Er,b) b db 

r.ne P(Er, b)-nepOllTHOCTL TOro, qTO .nannoe Er. HJMepeno Anll CTOmrnoBeHHJI c npn~:~em.
HLIM napaMeTpoM b. AnannTHqecxoe BLipaJKenne .nnJI P(Er,b) JaBHCHT OT ,D;BJK napaMcrpoB, 
Cpe,D;Hero qucna a,ll;pOHOB, npOH3Be.l{eHHLIX B CTOnKHOBeHHH O,IJ;HHM paHeHHLIM nyxnOHOM {h) 
H cp~mneii nonepeqnoii 3HeprHeii: KaJK,D;oro HJ 3THX a.nponon {ft}· IlapaMCTpu onp~menJIIOTCll 
HJ no.nronirn HJMeplleMoro 3KcnepHMeHTanLHO Er pacnp~meneHHll. NAB(b) np~mcTasnlleT co-
6oii qucno 6HHapHLIX HYKnOH-HYKnOHHLIX CTOnKHOBeHHii, BLiquCnJieMLIX no MO,D;enH rnay6epa C . 
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ll,D;epnoii nnoTHOCTLIO, onncLIBaeMoii TpexnapaMeTpHqecKHM pacnp~menenueM By.nca-Caxcona. 
OcnoBLIBallCL na 3THX cooTnomenHllX, .npenn-moncxoe pacnpe.nenenHe (o6oJnaqaeMoe .l(anee 
DY*) MOJKHO TOr.l(a nonyqHTL nenocpe.ncTBeHHo HJ MB 3KcnepnMenTanLnoro pacnpe.nenenHJI 
COrnacHO COOTHOIIIeHHIO 

(
dN) (dN)'rp 
dEr DY• = dEr MB 8(Er) 

c 

(
dN)th (dN)th 

S(Er) CX: dEr DY dEr MB • 

OTHomenHe TeopeTuqecirnx Er-pacnpe.nenennii DY-'u MB-co6~uii, OOOJnaqennoe KaK e.E,-. 
npe.l(CTaBneno KaK f}lj'HKI:IHll Er na pHCj'HKe 18. nnJI CpaBHeHHJI TOT JKe CaMUH pHCj'HOK nOKaJLI
BaeT OTHOIIIeHHe 3KCnepHMeHTMLHLIX.pacnpe,neneHHH H qncna HYKnOH-nyKnOHHLIX CTOnJrnOBe
HHH, BI.IqHCneHHLIX no MO,IJ;enH rnay6epa C HCnOnL30BaHHeM pacnpe,neneHHJill,D;epHOH nnOTHOCTH 
no By.l(cy-Caxcony. Cornacne OTHOIIIeHHll eET c qucnOM nyxnon-nyxnOHHLIX CTOnKHOBeHHii-
3aMeqaTenLHOe no nceM HHTepnane Er HHJKe nnaTO. 0Tnomenue ceqenun UJf.pfunyo nonyqen
noe nyTeM npllMoro no.ncqcra J /1/1- u MB-co6LITnii, MOJKHO cpannHTL c OOI.IqHLIM OTnomeHH

eM UJN/uny, nonyqennLIM no.nronxoii oTHomenHll Jf'ljJ- H DY-co6uTnii, nocne onpe.neneHHJI 
CBOOO.l(HOH KOHCTaHTLI HOpMHpOBKH. MCTO,D; HMeeT .l(BR npeHMJli:IeCTBa. 0THOIIIeHIIe nonepeq

HLIX ceqennii UJN/uny• npaxTuqecKH cno6o.nno OT CTaTucruqecKHX l}lnyxTyal:lnii. Ono TaKJKe 
CB060.l(HO OT 6onLIIIl!HCTBa He,D;OCTaTKOB, KOTOpUe HCqeJaiOT npH BI.IqHCneBHH OTHOIIIemm 3Kc
nepHMeBTMLHLIX qncen. He,nocraTKH ucnonLJOBaHHll MB-co6LITHii CBJI3aHLI c noTenrtHanLHO 
HOBLIMH CHCTeMaTHqeCKHMH 3f}lf}leKTaMll, HH.l(ynHpyeM:LIM'H KaK HX cnei:IJiii}JHqecKHM TpHrrepOM 
(ne Tpe6ycrcir perHcTpai:IHll MIOonon), Tax H HX npanunaMH.OT6opa (neT reoMeTpH'iecm .l(H

MIOonnLIX o6peJanllii), KOTOpLie oTnllqaroTCll OT llcnonLJyeMLIX .l(nll J / 1/J-co6LITH:ii. 
PeJynLTRTLI. 0Tnomenue ceqennii UJN/uny• npnBe,neno'n Ta6nnne 7 .nnll paJnl!qnLIX 

Er-HHTepnanon 11 noKaJaHO na pnc::YHxe ,19 BMecTe c Jna'leBHllMH, nonyqennLIMH CTaH.l(aPTHLIM 
MCTO,IJ;OM. 

Ta6nHrta 7. OTnomenH.li ceqenHii .l(nll Pb-Pb-.l(aHHLIX 1996 ro.na KaK lflyHKrtHJI cpe,nne:ii no

nepe'lno:ii :meprmi (Er}. OTHomenHJI nonyqeHLI HJ MB-co6uTnii. 

(Er) B~" UJN/uny• (Er) B 1111 UJN/uny• I 

(r3B) (r3B) 

28.1 28.1 ± 1.3 76.8 16.0 ±0.3 
31.8' 27.2±0.9 80.6 15.2±0.3 
35.6 24.9±0.6 84.3 15.2±0.3 
39.3 23.6±0.5 88.1 14,7±0.3 
43.1 21.7±0.4 91.8 14.3±0.3 
46.8 20.0±0.3 95.6 ·13.9±0.2 
50.6 19.1±0.3 99.3 13.8±0.3 
54.3 18.8±0.3 103.1 13.0± 0.3 
58.1 18.2±0.3 106.8 13.3±0.3 
61.8 17.5±0.3 110.6 13.4±0.3 
65.6 16.7±0.3 114.3 13.6± 0.4 
69.3 17.0±0.3 118.1 13.6±0.5 
73.1 16.1 ±0.3 121.8 13.3±0.7 

A6comOTHaJl HOpMapOBKa .l(nKUJN/uny• i'iLina BI.IqHcnena no Er-llHTepBany 55-75 Fa B. Ana
nro orpaHH'len JHa'leHHJIMH Bl.lllie Er = 26 FaB H3 Ja 3arpJI3neHHii rolil!Mo.l(eiicTBn.liMH nne 

MHmenH, KoTopoe, B 'laCTHOCTH, BnHJICT na 6onee nepHI}lepll'ieCKHe MB-co6LITHJI. CTaTHCTH
'lecKHe oiiiH6KH JnaquTenLno JMeHLIIIaiOTCJI, a l}lopMU, nonyqaeMUe B o6onx anannJax, nnon
ne COBMeCTHI.l. B qacTHOCTH, na6niO.l(aeTCJI OTnll'IHOe COrnacne B 3HepreTH'leCKOM HHTepBane 

30 < Er <55 FaB, r.ne ylKe JaMeTHo 'leTKoe na.nenne nhrxo.na Jf'ljJ. TaKHM o6paJOM, .l(anilJ;!e 
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Puc. 19: Cprumenue oTnomenn.ii: UJN/avyo u UJN/avy. KpunaJI noKa:JhiBaeT TO:lKe ca~me oT

nomenue Anli KapTUHhl HOpMaJihHOH HAepno.ii: a6cop6nuu KaK DOKa3aHO Ha puc. 12. 

1996 ro.zta no3BOJIUJIU CAeJiaTL pemruolllH.ii: mar nnepeA, nocKOJILKY onu 6hiJIH nonyqenhl na 

OCHOBe HOBOro He3aBUCliMOro aHaJIU3a, UCDOJih3yromero MB-cofihiTHH H DpHBeJIH TeM He Menee 

K pe3yJILTaTaM COBMeCTHhiM C DpeAh!AYlllHMli H3MepeHHHMli1 npHqeM C 3HaquTeJILHO MeHhillH

Mli cTaTuCTHqecKHMli neoAH03naqnoCTHMli. Onu KOJIHqecTnenno DOATBepAHJIH co 3naqHTeJILHO 

6onLme.ii: axxypaTHOCTLID nanHqHe anoManLnoro Jf'lj;-nQAaBJieHHH H nOKa3aJIH Ae.ii:CTBHTeJII.

no "nopMaJILnoe" (y:lKe U3Mepennoe AJIH 6onee nerKHX HAep) noneAeHHe AJIH nepHllJepHqecKHx 

Pb-Pb B3aHMOAe.ii:cTnu.ii:. Eonee Toro OHH noKa:JhiBaiDT 20% nanenue nonepeqnoro ceqenHx po:lK

AeHHH Jf'lj; B Y3KOM HHTepnane 3naqenH.ii: npHneJILHhiX napaMeTpon 7.3-8.3 cf>. K co:lKanenHro 

AJIH HaHfiOJiee nenTpaJILHhiX CTOJIKHOBeHHH O:lKUAaeTCH1 qTo 3TH AaHHhle HMelOT CHCTeMaTuqec

KOe OTKJIOHeHHe 113 3a DOBTOpHbiX B3aHMOAeHCTBHH B CJiyqae fionee TOJICTOH MliilleHH (AJIHHO.ii: 

12 .MoM), KOTOpaJIUCDOJih30BaJiach AJIH yneJIHqeHHH quCJia OTfiHpaeMhiX COfihiTHH. 

liJIH AaJlhHe.ii:mero DpOHCHeHUH TeaAeHnHH 34JllJeKTa DOAaBJieHHH DpH CaMhiX MaJieHLKHX 

DpHneJILHhiX napaMeTpax fihiJIH npOB(!AeHhl H3MepeHHH B 1998 roAy C CaMOH TOHKOH Mliille

HhlO (AJIHHO.ii: 3 .MoM), COBMeCTHOH C HOOfiXOAHMOH CTaTHCTHqeCKO.ii: TOqHOCThlO. llpeABapHTeJII.

Hhle pe3yJILTaThl1 DOJiyqeHHhle H3 3THX DOCJI(!AHHX COfihiTHH DOATBep)KAaJOT O:lKUAaeMOe CHC

TeMaTHqecKoe OTKJIOIIeHHe. KpOMe TOro OHH DOKa3hiBaJOT eme fiOJiee ApaMaTHqecKOe OTKJIQ

HeHHe OT ODHCaHHH Ha OCHOBe MQAeJIH mepHOH aficopfinHH AJIH HaHfiOJiee nenTpaJILHhiX Pb

Pb-B3aHMOAe.ii:CTBUH. 3TO xopomo BUAHO na pHCYHKe 20. C Apyro.ii: CTOpOHhl HafiJilOAaeMoe 

DOB(!AeHHe MO:lKeT fihiTh ODHCaHO Ha OCHOBe MOAeJIH "pacDJiaBJieHHH11 qapMOHHH1 HHAynHpyeMo

ro YCJIOBHXMli TeMnepaTyphl H DJIOTHOCTH1 KOTOphle C03AaJOTCH B Pb-Pb-B3aHMQAe.ii:CTBHHX DpH 

158 T:JB. Cnaqana nQAaBJixeTcx Xc-pe3onanc npu Menee 3KCTpeMaJILHhiX ycnonHxx, 6naro.ztapx 

ero coOTneTcrnyrome.ii: 3Hepruu CBH3H H panHycy (nenQAaBJiennhl.ii: Xc-pe3onanc, po)KAennhl.ii: n 

HOpMaJihHOM B3aHMQAe.ii:CTBHH1 pacnanaeTCH B Jj'lj;, KOTOphl.ii: HeB03MO:lKHO 3KCnepHMeHTaJihHO 

OTJinqnTL n AeTeKTOpe oT nenocpeACTnenno po)KAennoro). B AaJILne.ii:meM, TO ecTL KOrAa Ao

crnrruoTCx fionee 3KCTpeMaJihHhle yCJIOBHX, Jj'lj;, nenOCpeACTBeHHO pO)KAeHHhl.ii:, DOAaBJIJieTCJI B 

, AeKOHllJa.ii:nnpOBaHHO.ii: CpeAe. liJIJI Ofi'hJICHeHHJI 3KCnepHMeHTaJihHO HafiJilOAaeMoro DQAaBJieHHJI 
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PHc. 20: 0TnomenHe ceqenH.ii: UJf~ K avy AJIJI Pb-Pb CTOJIKHonenn.ii:. KpHBaJI noKa:JhlnaeT "nop

MaJILnoe" nOAannenHe onHChiBaeMoe MOAeJILID mepno.ii: a6cop6nnn, KaK ona nonyqeiia H3 noA

ronKn AaHHhiX AJIJI 6onee nerKHX mep MHmenH u cnapJIAa. 

J f 'lj; 6hiJIO nocrpoeno necKOJILKO ofihlqnhiX anponiihiX, nenKJIID';!aromux 4Ja:~onoro nepexoAa K 

AeKonllJa.ii:HHpOBaHHO.ii: MaTepHH1 MQAeJie.ii:. Cero.ztHJI MO:lKHO CKa3aTh1 qTO HH QAHa 113 HHX necno-' 

C06Ha ODHCaTh OAHOBpeMeHHO'AeTaJibHOO' DOB(!AeHHe aHOMaJihHOro DOAaBJieliHJI, ua6JI10AaeMOro 

n Pb-Pb n."uopManLuoe" noAannemie, ua6JllOAaeMoe AJIJI 6onee nerKHX cuapmon. 

Ha~~6onee AeTaJILuyro xapTnuy aHOMaJILnoro nQAaBJieunJI AeMOHCTpnpyeT pncyuox 21, na 

KOTOpOM noxa:~ano oTuomeune ceqeun.ii: Jf'lj;- n DY-ceqenn.ii:, 'uopMHponannoe na 3Kcnouennu

aJihliO y6h1Baromyro llJynxnnro, nonyqennyro ua ocuone Mo,nennmepuo.ii: a6cop6nnn. 

qacTh II. KpeMHHeBhle ,neTeKTOpbi B cflH3HKe yJihTpape

JIJITHBHCTCKHX TJI)KeJlbiX HOHOB. 

3KCDepHMeHThl C YJILTpapeJIJITHBHCTCKHMli nyqKaMH TJI:lKeJihiX HOHOB BbiABHraJOT Ua nepBhiH 

DJiaH npofineMy onepHpOBaHHJl C orpOMllhiM KOJIHqecTBOM 3apJI:lKeHHbiX qacTHn, ofipa3y10mHXCll 

B KOBeqBOM COCTOJIHHH B pe3yJILTaTe peaxnn.ii:. lloBJITH01 qTQ AJill 3THX 3KCDepHMeHTOB :lKeJia

TeJibHO H3MepHTh
1 

DO Kpa.ii:ne.ii: Mepe, quCJIO ncnymeliBbiX B Ka:lKAOM C06LITHH qacrnn, KOTOpoe 
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Puc. 21: 0THOIIIeHUe lTJ{t/1/Uny, IIpUBe,IJ;eHHOe K onucamno IIO.ll;aBJieHUJI Ha OCHOBe HOpMaJILHO.ii: 
ll.l.lepno.ii: a6cop6uuu, KaK onu U3MepeHLI B NA38 u NASI. 

CBll3ano c nnoTHocTLIO :mepruu .l.IOCTurnyTo.ii: B peaxuuu. Eonee roro, 'lacTo neo6xQZJ;uMo 3HaTL 

He TOJILKO IIOJIHOO 'lUCJIO 'lacTUn, HO TaKlKe OIIpe,D;eJIUTL yrJIOBOe pacnpe,n;enenue BTOpU'lHLIX 

'lacTuu, polK.ll;eHHLIX npu B3aHMO.ll;e.ii:cTBuu. Y'lUTLIBal!, 'ITO na e.ll;HHuuy 6LICTpOTLI npuxo.ll;UTCJI 

HeCKOJILKO COTeH 'laCTUn, O'leBU.ll;HO, 'ITO ra30BLie .ll;eTeKTOpLI MOrYT UCIIOJIL30BaTLCJI
1 

paCIIOJia

raJICL TOJILKO Ha 3Ha'lUTeJILHOM pacCTOJIHUU OT TO'lKH B3aHMO.ll;e.ii:CTBUJI
1 

TaM, r,ll;e paCCTOJIHUe 

Me)f(,ll;y TpeKaMU CTaHOBUTCJI CpaBHUMLIM C pa3pemeHUeM ..n;eTeKTOpa. TUIIU'lHLie npOMelKYTKH 

Me)f(,ll;y TpeKaMH - HecKOJILKO MUJIJIUMeTpOB, 'ITO .l.IHKTyeT pacCTOJIHUe OT 30HLI B3aHMO.ll;e.ii:

CTBUJI nOpJI.l.IKa MeTpa UJIU .ll;alKe HeCKOJILKHX MeTpOB, B 3aBUCUMOCTU OT paCCMaTpUBaeMOro 

UHTepBana no 6LicTpoTe 'Tl· Taxoe nonoEenue 'lacTO OKa3LIBaeTCJI neocymecTBUMLIM u .l.lalKe 

npoTHBope'lamuM neo6XQZJ;UMLIM ycnoBUJIM U3Mepenu.ii:. HanpHMep, B NA50 MaKCUMaJILHO B03-

MOlKHLIM UHTepBaJIOM JIBJilleTCJI, paCCTOJIHUe MelK.ll;y MUilleHLIO U MIOOHHLIM norJIOTUTeJieM,. CQ

CTaBJIJIIOmee Bcero numb uecxonLKO .ll;eCJITKOB CaHTHMeTpoB. B :~xcnepuMeHTax Hyperon, cxa

lKeM, TaKux KaK NA57, pacCTOl!Hue onpe.n;eJIJ!eTCJI .ll;Jiuno.ii:, na KOTopo.ii: upoucxo.ll;UT pacnM 

U3Y'laeMo.ii: 'laCTunLI, a no BHOBL caHTHMeTpoBLI.ii: .!.1Uaiia30H. 3na'luT, no'lTU Bee HacTOJ~IUHe u 

6y.l.IYilllle 3KCUepuMeHTLI C YJILTpapeJIJITUBUCTCKHMH IIY'lKaMU TJilKeJILIX UOHOB UpUMeHJIIOT UJIU 

fiy,ll;YT IIpUMeHJITL KpeMHUeBLie .ll;eTeKTOpLI .ll;JIJI U3MepeHHJI TpaeKTOpU.ii: 'laCTUU B HeiiOCpe,II;CT

BeH~O.ii: 6nu3ocTu OT sepmuHLI B3aHMQZJ;e.ii:cTBUll. B 6y.1.1ymux 3KcnepuMenTax STAR na RHIC 

/· 
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u ALICE na LHC neCKOJILKO cnoeB xpeMHHeBLIX .ll;eTeKTopoB.6Y.l.IYT ocnooo.ii: ux BnyTpennux 

TpeKOBhrX cncreli [ 41 J!' AliaJiorlmlmf o6pii.30M; upaB.ll;a: B MeULmei cteneHB',',6y.neT''06opy.nQ' 

iaiia'y<:Tilioii:Ka'PHENIX'Iia RHic,··a BOT 3xcriepuMeHT· PHOBOS ~aM lJi:e 6y.l.leT cpaiTWiecni: 

nOJIHOCTLIO 6a3UpOBaTLCJI TOJILKO Ha: KpeMtili:eBLIX .ll;eTeKTOpai/OcymeCTBJIJIIO~ Becri ·cn:eKTp' 

Hl~ep'eaHii: 'llaneei6yir,yT; ocliell:iein.i:· npn-iJHHLI·ycfrexa ''l'a.Jrnx ,neTeKT0pOll"1 :a TaxlK~UpuJirluuLI 
uX:' Jieil:c"TBiik 'BM:e&re·c · n3noli:eiiH'eM' 'iteimropLIX .ne:rane.ii: pa3pa6oi-orc; BLinormeHJILIX: nu'lno.'ll.B

-riipbM:: ·KpoMe' 'ioro/np~craBJ:uiiia · xoncrpYxnrui cucTeMLr· xpeM1meBLIX{,neTexTopoacNA50 ~u; 
yKa3auo ~ KaKOe 'pMBHTHe 'oka ric:lnyiriiJia' ylKe' s' furiLlliHX Macurra6ax· na. unanupyeMOM 3KCIIe-

~ID,:teaij,~LIC~: :.:·.:.·: . .' .. ;··,,·:·,:· ._ '~ ... · •· .. ,, :' ... ,_ ..• ·~:~ .. ,~--~:: "·:,:·:/' .. · .:;;;;·:c., 
~-;... .-. :,_ ·, -~. f ' ·'_~ 

KpeMHHeBhiH .D;eTeKTop MHO)KeCTBeHHOCTH~. ( ;· _.:.. 

. ·: i. ~ ~ 

Ha npOTJilKeHUU nocJie.ll;HHX nliTHa.ll;UaTU JleT KpeMHHeBLie .ll;eTeKTOpLI ~CIIO~YJOTCll; nOBte-: 

MeCTHO npu npoBe,n;enuu :~xcnepuMeHTOB no ¢lu3uKe BLICOKHX 3Hepru.ii: u ll.ll;epito.ii: · ¢lu3uK'e, KaK 
Ha 60JILillHX KOJIJia.ii:.ll;epax, ,TaK U B,3KCIIepHMeHTax C ¢luxcupoBaHHOH.MHlleH~l01 B'~n~q8JI' U 

cneUHaJIU3HpOBaHHLie.ll;eTeKTOpLI, HaiipUMep, cneKTpOMeTpLI .ll;JIJI KOCMH~eCKuX.~ccnci.ztOBaH~.ii: 
u MenununcKo.ii: .ll;uarnocTuxu [42]-[46]. 3TOT npouecc pa3BuBancllno Mepe ul>orpecca B ':I'rorno
noruu MUKp03JieKTpOHUKH U MelKCOe,IJ;UHeHUH (47]. Ee3yCJIOBHO ()H Henocpe,n;CTBeHH<;J CKa3aJI~ 
Ha Ka'leCTBe TexHOJIOrHH npOU3BO.ll;CTBa-.ll;eTeKTOpOB U ,nan MOIUHLI.ii: .TOJI'lOK pa3BUTUIO C'lHTLI

BaiOIUHX ,neTeKTOpOB, · II03BOJillll CaMLIM 3¢l¢leKTUBHLIM o6pa30M ,nenaTL HX BCe funee IIpOH3BQ-
.ll;HTeJILHLIMH U CJIOlKHLnm (48],(49]. . . 

·Yen ex CUJIUKOHO.BLIX .ll;eTeKTOpOB, OCHOBLIBaeTCJI Ha HeKOTOpLIX xapaKTepUCTUKax, KOTOpLie 

.ll;eJiaiOT HX UCKJIIO'lUTeJILHLIMH npu6opaMU KaK no 3HepreTU'leCKOMY TaK U UpOCTpaHCTBeHHOMY 

pa3pemenuiO: , 

e llpOU3BO.ll;UTeJILHOCTL UOpll.l.IKa 10 HUHOCe!C 

• npOCTpaHCTBeHHOe pa3pem'enue UOpll.l.IKa lQ MU!CpOH 

e cerMeHTUpOBaHUe JIIOOOH nOBepXHOCTU, C xapaKTepHLIM pa3MepOM UOpll.l.IKa 10 MU!CpOH . . ' . 

• ne6onLmoe KOJIH'leCTBO MaTepuana (0.003 X 0) 

• npe:Bocxo.zinLie Mexanu'l~:irne cBo.ii:cTBa 

e JIUHeHHaJI ¢lYHKUUJI OTKJIUKa Ha BJIOlKeHHYJO 3HeprUIO .. 
• xopomee pa3pemenue BJIOEeHHO.ii: 3Hepruu (Bcero numL 3.6 aB neo6XQZJ;HMO .ll;JIJI polK,ll;eHnll 

3aplllKeHHO.ii: uapLI, B CpaBHeHUU ~ 3~10 aB_ B ra3()BLIX .ll;eTeKTOpax) , . . . ·. 

• CTOHKOCTL no OTHOilleHUIO K BLICOKOH pa.ll;UauHU 

e ru6KOCTL no OTHOilleHUIO K H3MeHeHHIO KOHCTp)'KUUU 
i 

lleTeKTOp MHOlKecTBeHHOCTU (MD) (50],(51] upe.n;'CTaBJIJieT co!>oii KpeMHHeBLI.ii: CTpHIIOJiLI.ii: 

.ll;eTeKTOp, UCnOJib3yeMLI.ii: .ll;JIJI U3MepeHUJI yrJIOBOro pacnpe,n;eneUUJI U MHOlKeCTBeHHOCTH 3a

plllKeHHLIX BTOpu'lHLIX 'lacTHU, polK.ll;aeMLIX B BLICOKOOHepreTu'lec~mc Ph-Pb-cronxiioBeH·HliX, 

npu 3TOM yrJIOBOe HaKpLITUe .ll;eTeKTOpa MHOlKeCTBeHHOCTH BKJIIO'laeT B ce6JI yrJIOBOe HaKpLITUe 

NA50 MIOonnoro cnexTpoMeTpa. On ucnonb3yeTcll B :~xcuepuMeHTe NA50 ,nnll xapaxTepucTu

KH co6LITu.ii: B 3aBucuMoCTu oT ux ueuTpanLHOCTH. PacuonoEeHHe MD B yCTanoBKe NA50 B 

pa.ii:one MHmenu MOlKHO BH.l.leTh na puc. 4. CucreMa Mumeneii ,noJilKHa. pacnonaraTLCJI xax MOJK

no 6JIHlKe K-UOrJIOTUTeJII01 'lTo6LI OrpaHU'lUTL ¢loH B CUeKTpe .ll;HMIOOHOB1 CYlKal! TeM CaMLIM 

UpoCTpaHCTBO, B KOTOpOM ,ltOJllKHLI pacnonaraTLCJI ,neTeKTOpLI MHOlKeCTBeHHOCTll .ll;O 10 . CM. B 
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IIJ>O.ItOJlb~O~ :uanp~eH~J:f· !J<?.~t06H8Jl ~O;'J,c'.l'J>?'KU~~ }"i~'.l'h,m,Ma Bee~ n03J:Il'~~J:'~~ f?nhll'1 HaJ(On
neliHblli B pa60l'e c xpeMHHeBhiMH .neTexropaMH, KOTOphle 6hlnH comaubl ,ttnll :~xcnepHMeHTa 
~:ELiqs, .ri!;Jep~po~;~a~~~ro~a·sf>s i: ~~ix:a~ ~R~l! [52J-[55J. · · · · ·· -·· ·· 

MP cocroul' H3 ,ttByx H,neHTH'IHhiX .neTe,KTOJlOB, :ua:~hiBaeMhiX MDl H MP2. J{a:amhlii H3 .ne-

Temp.~~ ~~eel' ~el'hlp~ ~y~cl'~~l'~bu~e o6pa_Ci:a: :it~~ ~~YTP.eHB,~ ~ .n~~ ~!le~l:'l!;;· ~ci'nLna. 
Iloc~onbKY .ne-rex~OPI>:l MHOlKCCl'B~U,~~·p~ ~QZl!J,Cpr~UOl'CJI BhiC~~~ ~ JJ,eo.nuOJ>O.ItH},IM YPO!l!i/1}.{ 
o6nY1JeHJ!ll1 ,ltOCTJ!T!ll01UlU.4 3Ha1JeHH~ CB~e 2}.{ p(la H 6onee ;e~ ~014 ~(lC'fTI)-11.1/ C.M2 ~a )lHYl'
peHHHX pa.nHycax, Ka:>K.nhlii ,nel'eKl'OJl nOCTpOeH. B BH,ne M03aHKH CHJIHKOHOBhiX ,ltel'eKTOpOB1 

KOTOphle B ~ae cepLrouoro noBpe:ameu~ll ner~o MoryT 6hl~b JaMeueilhl. l..JyBcTBH~nLH~ 
o6nacrb nepBoro BHyTpeHHero KOllblla (FOOl) pacnonoxeua )J HHT,CpBane OT Tmin = 0.44 coM 

.no rm= = 3.44 coM (r-pacCTOliHHe oT oc~ny'Ixa z). KpeMHHeBbl:ii: ,neTexrop npHxneeu x 

MHOrocnOHHO:ii: ne'IaTHO:ii: nnaTe (BKJIIO'IaiOme:ii: BCIO HeOOXQZIHMYIO 3JieKl'pOHHKY) Ha3hiBaeMo:il 

BOARDl, KOTOJlM HrpaeT TaKlKe ponL MexauH'Iecxo:ii: onophl. FOOl pa:~.neneua Ha 36 aJH

MYTMbHhiX CeKl'OJlOB: 18 'IYBCTBHTeJibHhiX H 18 HCnOJib3yeMhiX B Ka'IecTBe JIHHHH. pa3BQZIKH. 
CeKTOphl npOHYMeJlOBaHbl B nopll,ltKe B03pacTa.HHll ( OT 1 ,ItO 36) OT ropH30HT8.1lbHO:il OCH. l.J:yBCT

BHTeJibHble (S) H He'IyBCTBHTenbHhle (F) cexTOphl pacnonoxeHhl B cne.nYIQme:il nocne,noBaTenL

uocTH lF, 25 , 35 , 4F, 5F, 6s, 7 s, 8F, • • • KaJK,Ithl:ii'IyBCTBHTenLHhl:il cexTop pa:~.neneu ua 128 
CTpHnOB. KaJK.n;hiH .CTpHn H,neHTH!pHllHJlYel'Cll HOMepOM CeKTOpa H HOMepOM KOJlblla ( l'O eCTb ero 

nonOJKeHHeM, OTC'IHThiBaeMhiM Jla,ltH8.1lbHO OT OCH). IlepBOe BHeiDHee KOJlbllO Ha3blBaeTCll F002. 

Ouo HMeeT 'IYBCTBHTeJibHYIO o6nacTb1 pacnonoxeHHYIO OT Tmin = 3.44 coM .no Tmax = 8.64 CoM. 
B 3TOM cny'Iae CHJIHKOHOBhlii .neTeKTOp xneeTCll x onope BOARD2. A3HMYTMLHM cerMeH

TallHll H nocne,nOBaTellbHOCTb 'IYBCTBHTeJibHhiX H He'IyBCTBHTeJibHhiX CeK'.l'OpOB TaKM JKe KaK 

npHHliTO .nnll FOOl. Ka:amhlii H3 'IYBCTBHTenbHhiX cexTopon pa:~.neneH .nononHHTenLHO Ha 64 
CTpHna. JIBa KOJlblla, OnHCaHHhle Bblllle, nonropeHhl Ha .D;Byx CTOpOHaJC MD1/MD2 CM. pHC. 22. 

E.D;HHCTBeHHoe OTJIH'IHe Me:amy .nByMll cTopOHaMH MDl 3aKJIIO'IaeTCll n nocne.nonaTenbHOCTH 

'IYBCTBHTenbHhiX cexTopon: ls, 2F, 3F, 4s, 5s, 6F, 7F, 8s, • • • .nnll nropo:ii: CTopouhl MDL 
06a THna BOARD pa3pa6aThiBanHCb n TypHHe H H3roTaBnHBMHCb B CERI~e. 

TaxHM o6pa30M aHcaM6nL F001/2+F003/4 o6ecne'IHBaeT nonHoe a3liMYTMbHOe noxphl

THe H npaKTH'IeCKll noCTOliHHYIO 3aHliTOCTb KaJK.n;OrD 'IYBCTBHTellbHOTO 3JieMeHTa (~17 ~ 
0.02, ~¢> ~ 10°)_. IlonHoe 'IHCno He3aBHCl!MhiX xaHanon n ,neTeKTope - 13824, 'ITO o6ecne

'IJmaeT J10K8.1lbHYIO 3al!JITOCTb Meiiee 30 % npH MaKCUM8.1lbHhiX MHOJKeCTBel!HOCTlllC JieTeK

TOp o6ecne'IHBaeT TO'Ie'IIIOe l!3MepeuHe yrnon 'IaCTUll l!Cnonb3Yll nu<!JopMallliiO o nonOlKCHnn 
nepiDUHbl1 KOT0pall 1 B CBOIO O'Iepe,nb, cne,nyeT 113 BblliBJieHUll Ml!IlleHl!j npll 3TOM pa3Mep ma

ra no ncen.no6hlcTpoTe TOro xe nopll,ltxa, 'ITO 11 IIeonpe.neneHHOCTb no yrny UJ-Ja xoiie'IHhiX 

pa:~Mepon ny'Ixa n nepepacceliHH:il. Mo.nen11ponaune c HCnOJib30Ba.HHeM naxeTa GEANT .naeT 
O:lKll.!l;aeMOe pa:~pemeHHe nO MHO:lKeCTBeHHOCTll 3apll:lKeHHbiX 'IacTl!ll Meuee 10 % .!l;Jlll !1eHTp8.1lb

HhiX C06blTHH1 B OCHOBHOM 3a C'Iel' BTOpli'IHhiX B3aHMO.D;e:fiCTBliH ll npenpameun:fi B Ml!IlleHH. 

Y 'IHThiBall npe,nnonaraeMhle ypOBHll o6nY1JeHHll ll 'Ipe3Bbl1JaHHO KOMnaKTIIYIO KOHCTPYKllHIO, 

.!l;Jlll BHyTpeHHHX KOJiell HCnOJib3YIQTCll eMKOCTHble coe,nnueHllll (AC COUpling) C :OlJ!eKTpOHo

KO:il npe,nnapl!TeJibHOH o6pa60TKll .!l;a.HHhiX1 o6ecne'IHBaeMble BCTpOeHHblMll KOH.!l;eHCaTopaMH ll 

KpeMIIHeBbiMH pe3HCTOpaMH, a .!l;Jlll .n;eTeKTOpOB BHeiDHHX KOJieU - npliMble COe,nliiieHHll (DC 

coupling). KonLlla 3aKpennenhl Ha 6a:~ono:ii: nnocxoCTll c noMOIUbiO npe!1H3HOHHhiX nnnron. Ha

xouell, nJIOCKOCTb BMeCTe C BHemne:il MHOrocno:ii:no:ii: 11enbiO (EXTCARD), o6ecne'IHBaiOIUe:ii: 

CBll3b C BHeiDHHM MHpOM1 yCTa.HOBneHhl Ha MexaHH'IecKOM yCTpOHCTBe. Bell CHCTeMa npl!Bo

.!l;l!TCll B ,ltBHJKeHHe B BepTHK8.1lbHOM IIanpaBlleHHll C nOMOIUblO IDarOBOro .!l;Bl!TaTellll C .!l;l!CTa.H

llliOHHblM ynpauneHneM. OcnonHhle Tpe6oBaHnll npe,n'bliBlllleMble x xpeMnl!eBoMy CTpHnono

MY .neTexTopy .non:lKHhl 6hiTb cne.nyiOIUHMll: (i) BXQZIHall eMKOCTb npe,nyCl!JIHTenll (BKJIIO'Iall 

CTpnnhl n Jil!Hllll pa3BQZIKH), He .non:lKHa npenocxo.nnTb 5 n q,, ,ttllll Toro, 'IT06bl o6ecne'Il!Tb 

xopomee OTHomeHne cnrHan/mYM (> 20); (ii) .nnll orpann'Iennll myMa, B03HnKaiOmero nocne 

o6Jiy.JeHUll1 l'OKU YTe'IKH He .!l;OJI:lKHhl npeBhllllaTb 5 .M!i:A/cTpnn; (iii) eMKOCTb CBli3H (MOS KOH-' 
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PHc. 22: CxeMa .neTexropa MHOJKeCTneHHOCTH. 

.n;encaTOp, o6pa30Ba.HHhiH MeTanlljOKCH,ItOM.H HHTpH.njp- .ZJ;H¢tPY3He:ii:) He .!l;OJI:lKHa npeBhllllaTb 
100 nq>fcrpnn (20 nq, nnonHe npHeMneMhl .nnll BHyTpeHnHx cTpunon), 'IT06hl rapanTnponaTL 

npaBHJihHhiH C'heM CHTHana npe,nycH;gHTeJieMj -(iv) COnpOTliBJieHne CMemeHllll;_ (npOU=lBQZlliMOe 

nonnc.HJIHKOHOM) >200 KO.M; (v) MeJKC'.l'pHnoBoe conpoTHBnenHe .nonxHo 6b1Tb .nocTaTO'IHO 
BhiCOKHM1 'JT06hl o6ecne1JHTb MeJKCTpnnOBYIO .H30Jllllllll0. ~b 3a npHHliTOH· KOHllellllliH MeXa

HH'leCKOH paMhl Tpe6yeTcll. ,nBa Tnna .neTeKTopoB: DETl ,nnll nHyTpeHnero KOllblla>n DET2 
.!l;Jlll BHeiDHerD. 0HH npe.ttCTaBnlllOT ce6oft O.ZJ;HOCTOpOHHHe KpeMHHeBhle CTpHITOBble .ne:reKTOpb11 

npH'IeM CTpHrrhl C.D;ella.Hhl H3 p+ HMTirra.HTa.HTOB Ha n llQZlJIOJKKe. 0MH'IeCKliH KOHTaKT c.nenau 
ua ocHonaue n+ .n;H¢tPY3liH n ua3hiBaeTCll backplane. K .neTexropy npnxna,nhiBaeTcll o6paT

Hoe nanpllxeHHe cMemeHHll; nopll.ltKa 100 B Me:>K.nY backplane H CMemaiOme:ii: IDHHo:ii:, xoTopax 
OKpy:lKaeT 'IYBCTBHTenbHYIO o6JiaCTb ll CBll3aHa C KaJK.!l;hiM CTpnnOM nocpe,nCTBOM BCTpOeHHOro 

llOJ1l!CUJ1HKOHOBOro pe3HCTOpa. l.J::epeJ 3TH COnpOTUBJieHHll1 KaJICIJ;hiH nopll,ltKa 200 !i:0.M 1 npo

TeKaeT o6paTHhiH TOK, liBnlllOIUllHCll QZIHOH ll3 KOMnOHeHT l'OKOB yTe'IKll. Jipyrax KOMnoneHTa, 
a HMeHHO noBepXHOCTHhlii l'OK, C06HpaeTCll OXpa.HllhiM KOllbllOM -p+ HMnrraHTa!1He:ii:, KOTOpall 

Orpa.HH'IHBaeT 'IYBCTBHTellbHYIO 06JiacTb1 onpe,nenllll npO<lJHllb 3JieKTpH'IeCKOro llOJill B6Jlli3H 

¢H3H'Iecxoro xpax ,neTeKTopa. AC CBll3b ocymecrnnlleTCll MOS xoH.neHcaropoM, uaHeceHHhiM 

Herrocpe,nCTBeHHO Ha llOBepXHOCT,b .D;el'eKTOpa, nocpe,nC'.l'BOM .nen03HllllH 250 HaHO.M .!l;HOKCH.ZJ;a 
xpeMHHll nn10c cno:ii: aniOMnHHll Tonmn:Ho:ii: 1 .Mii:. MOS KOHTaKT npe.noxpaillleT TOKn yTe'lKH OT 

npoHHKHOBeHHll 3a nepBbiH KOHTyp npe,nyCHJ1Hl'eJ1ll1 KOTOphl:ii: CBll3aH nocpe,nCTBOM CTeKJilll!HOH 
pa3BQZIKH npHnaJIHHOH K ~IOMHHUIO 'Iepro cne!1H8.1lbHhiH KOHTa~T1 Ha3hiBaeMhiH 60H.!l;HllrDBhiMH 

nJIOIUa,ltKaMH • 

Jinll- roro, 1Jl'06hl HMeTb O,ltHHaKOBOe llOKpblTl!e no nceB.n;06hiCTpOTe BO BCeM .n;eTeKTOpe 

CTpHrrOBall o6naCTb npOCTHpaeTCll OT OCH nYlJKa JI.O BHeiDHe:ii: 'IacTH MD. Ilo 3l'OH npn'lHHe 

'IHcno cTpunon H3MenlleTCll B .nnyx DET xoMTioHeHTax, a nMeHno Ha KaJK.nOM cexTope DETl 

nMeeTCll 128 cTpHnon, B TO BpeMll xax Ha DET2 HMeeTCll JIHIIlb 64, H DET2 ropa:~.no. 6onL

me, 'IeM DETl. K coxaneHHIO uu.nycTpHanbHM TexHono~nll HaueceHHli Si02 Ha xpeMm!enhle 

nnaCTHHbi 6onblllOro pa3Mepa He rapauTHpyeT CT8.HJI.apTon no ronmnHe .n;HOKCH.Ita. Ilo3TOMY · 
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~JIJI DET2 HCnOJib3YeTCJ! DC co~mHHeHHe. 

CxeMa nnaThl BHyTpennero KOJihna, na xoropoii B~Hhl ~eTeiTop, pa:iBo~xa H 'leThlpe naphl 
C'IHTh!Bawumx 'IHnoa, o6cny:amBawmHX 256 xalianoJi, noxaJaHa Iia plic. 23. 

_., 
~----- .-

~~ nn 

-~~ 

micro Hex 
connectors 

PHc. 23: CxeMa nnaThl ~eTexTopa. 

VLSI 3JJeKTjlOHHKa npe.nnapHTeJJhHOii: o6pa6oTKH ~aHHhiX. IlocKOJibKY OT KaJK.llOro 
CTpHna nOCTynaeT JIHIIIb HH«lJOpManHJ! 0 nOIIanaBHH/HJIH HenonanaBHH, fihiJia Bhl6paaa 6HHap
Hal! CxeMa C'IHTh!BaBHJ!, B KOTOpoii CHrHaJI HeMEmJieHHO ~HCKpHMHHHpyeTCJ! H · ,D;JIJ! nOCJI!mY
JOIIIeH nep~ma'IH naxanJIHBaeTCJ! yJKe TOJibKO UH¢poBal! HH¢opMaUHJ!. EnoK-~HarpaMMa nenH 

C'IHTh!BaHHJ! MD noxa3aHa na pHc. 24. Ilepahlii VLSl-'IHn a nenH, Ha3h!BaeMhlii FABRIC, 

CLOCK 

J COP Conunands .......... n 

4 

64 
10 

AS,DS, Adr[4], Data[4] 

amplifier COP output recording 

PHc. 24: Enox-~HarpaMMa nenH C'IHThiBaHHJ! MD. 

npHnal!H Hanpl!MYJO K pa3BQZtKe KaHaJIOB ~eTeKTOpa, CJIY:lKHT ,D;Jll! np~myCHJieHHJ!, «lJOpMHpOBa
HIIJ! H ~HCKpHMHHHpOBaHHJ! CHrnanoB. On npnnaKn xo BTOPOMY 'lHny - CDP, KOTophlii, no 
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cymecTBY, l!Bill!eTCJ! CHHXpOHH3HpyeMLIM nH¢poBh!M 6y¢epoM. CDP · CHIIXJlOHH3HpyeTCl! qac
roroii 50 M r 'q ll o6ecrte'lHBMT xpa.Heime 'nH¢QpManHH Ha npOTJOKemm:' naTeHUHH Tpm:-repa 
(npHMepuo 1 """ce,.) • .Uaanhle 3aTeM uaxannuBawTcx,B nawi.ruml. MOJiymixBUSIF_.no 4JopMH~ 
poaaanl! nonHoro naxeTa (~o 5000 co6hiTHii), a 3aTeM nep~maJOTCJ! .nJIJI c6opa B xo:i.maTY ynpaa
neHHl! no onTH'IecKHM CBJ!3l!M. Mo.nym~VME (c'CTD) _B JJO.KMLHO~ 6noxe naMl!T~ cny:lKRT itllil 
reHepanHH TaKTOBhiX HMnYJJLCOB H CHrHMOB xaJill6poBKH, a TaKJKe. 06e~e'lHBaeT npaBHJibHYJO 
cniiXJlOHH3anHw cHruan~B TpHrrepa. 06a VLSI-'lHna,.no.lioii HMeTL: .noa'onLiio reclioo' pac
nonoJKeuHe KaBaJIOB, 'lT06hl orpaBH'lHTb,l{~HHY pa.:lBOJU(II (6hln Bhl6paH mar,50'.w~.w), Manoe' 
noTpe6nenHe 3HeprHH (2.5 .wBm ua Kaaan), q;roohl H36ffiKaTL ueo6xo,D;HMocTH o6ecne'mnaTI. 
oxnaJK.lleHHe, H o6nanaTL .nocraroquoii panHanHonnoii ycroii'lHBocTI.ro. 0HH 6bum: peanHJO.. 
aaahl xax cneimanH3HpoaanHhle .64-x xauanhHhle 'mnhl: FABRic' c06p~a c Hcnonh30nrurne~ 
6nnonl!pHoii (Tektronix) Texaonor~H, a CDP :,._c. ~cnoJIL30naaneM pa,D;HaJ:moHHO-ycroii'mBOii

CMOS Texaononm Honeywell. 06a.'lHna MO~YT pa6oTaTL B PelKl'JMe TeCTHpOBaHHJ!, <iro o6ec
ne'lHBaeT B03MO:lKHOCTb liOJJHOro TeCTllpOBaBIIJ! H KaJIH6pOBKII CHCTeMhi. MaKCHMaJihHO npe.ny

CMOTpeHHhle noroxn -107 "acmu-q/ce,. H 2 x 106 63au~oaetlcm6utl/ce,. B coaoK:ynHoCTH 
c np~mnonaraeMoii 3arpy3KOH Ha xaaan, npn6nH:lKaJOIIIeiiCJ! K · 30 % ,nnl! neuTpaJibHhiX Pb-Ph 
CTOJIKHOBeHHH, 03Ha'laJOT, 'ITO HaH60JJee Ba:lKHhiMII napaMeTpaMH ,nnl! 3JJeKTpOHHKII np!mBa
pHTeJJbHOH o6paOOTKII ,D;aBHhiX CTaHOBJ!TCJ! MepTBDe BpeMl! H pa3pemCHHe no BpeMeHH. IlpH 
pa3paOOTKe 6hiJIH npliHJ!Thi 3Ha'lCHIIJ!: 50 KaKOCe,_ ,l{JJJ! MepTBOro npeMeHH 4 II 5 KaKOCe,_ ,l{JIJ! 

oTxnoHeunii, rapaaTHPYJOmee OT nOTepL n nH¢poBoM 6y¢epe. 3roT Bhi6op,· BKJIJO'IaJOliii!H B 
ce6J! HeKOTOphiH 3anaC ,l{JIJ! 6C30nacHOCTH, OKa3aJJCJ! Ha CaMOM ,nene :lKII3HeHHO BroKnhiM, TaK 
xax nocne ceaaca 1996 ro,na 6hlno npnHJ!TO pemeuHe. npoaecrn 3KCnepuMeHT c 6onee TOHKOii 
MHliieHb!O H, CJI!mOBaTeJJbHO, npH 6oni.mHX 'laCTOTax B3aHMo,neiiCTBHH (HHTCHCHBHOCTh ll~
Ka K TOMY BpeMeHH YJKC 6h!na MaKCHMaJibHOH), H n03TOMY 6oJJee ocna6JJeHHhle Tp~fiOBaHHJ! K 
napaMeTpaM npH npoeKTHponaaHH Mornn o6epuyTCl! cGOl!MH n pa6oTe. KpoMe Toro, xiocKom,

xy cncTeMa ne no3BOJIJ!eT Y'lHTh!BaTL ueo.nuopo.nuocTH, npn npoeKTHpOBaHliH naKnanhiBanocL 
Tpe6oaaaHe, 'lT06hl B03MO:lKHhle napHanHH cHrHana H noporonh!X 3Ha'lenHii He yxy,nmanu 6hi 
3Ha'lH~JlhHO npOH3BQ!tHTeJJbHOCTh CliCTeMhi no CpaBHeiiHIO C npOH3BO,D;HTeJJbHOCThiO OT,D;eJJb-

HOro Kanana. . 
Mo.nynh FABRIC. IlocKOJJbKY NA50- 3KcnepHMeHT na BhiCOKD-HBTeHCHBHhiX ny'lKax c 

¢liKCHpOBaBHOH MHliieHLIO, JJJ060ii 3aliii!THhiH 3aTBOp npOTHB. nepeiiOJIHeHHJ! IIpHB!meT K nOTe
pe COfihiTHH, H, CJI!mOBaTeJJhHO, ,D;OJI:lKCH fiMTb HacTOJibKO KOpOTKHM, HacKOJihKO 3TO B03MO:lKHO. 
HanpnMep, IIpH cp~mneii HHTeHCHBHOCTH IIYtJKa 107 'lacmu-q/ ce,_ H TOJlliii!He MameHH, COCTaB
JJJ!IOIIIeH 18 % OT ,D;JII!Hhi B3aHMcmCHCTBHJ!, nepenonnenHe B3aHMo.:ieiiCTBllH COCTaBJIJieT 8 % 3a 

20 KaKOCe,_. IlpH Bh!COKOR 3arpy3Ke ,D;eTeKTOpa 3«lJ¢eKTHBHO 3!0ro MO:lKHO ,D;OCTU'lh TOJihKO 
IIpH ,D;OCTaTO'lllO KOpOTKOM MepTBOM BpeMeHH, B 'lacTHOCTH, CTpC..'IIHJIHCb K 3IIa'leHHIO HIDKe 

50 KaKoce,., KpoMe roro, ,nnl! TOro~ 'lT~6hl rapanT~ponaTL oT noTepL B nn¢ponoM 6y¢epe, 
KOTOphJii 6y,neT CJI!mOBaTb 3a aHaJIOrQBhiM 'lllHOM npe,nnapHTenhHOH o6pa60TKll ,l{aBHhiX, KOTD

phlii, KaK np~mnonaraCTCJ!,. 6y.ne-r pa6oTaTh Ha 'lacTOTe, 1IpeBhxmaJOIIIeii 50 M r ~. OTKJJOHen:ne 
npeMenH na .nncxpnMHnarope .non:lKHo 6h!Th MCHLiiie 8 KaKoc·e,.:. 06a 3THX Tpe6o~aanl! cKo
pee OTHOCJ!TCJ! K TeM, KOTOphie HeOOXQZtHMhi, 'leM K TeM, KOTOphle COOTBeTCTBYIOT napaMeTpaM 
3nexTpOIIHKH np~maapHTeJJLHOii o6pa6oTKH ,nauHh!X ,nJIJI p- p 3KCnepHMCHTOB na LHC [56]. 

KouCTpyxnnl! xpeMRnenhiX AeTeKTopon 3KcnepHMeHTa NA50, n ocnony KOTOpoii nono:areuo 

TpeOOBaHHe O,D;HOpO,D;HOH 3arpYJK11 KaJK.nOrO KaHana, ,D;OCTaTO'IllO OpHrHHanhHa H npHBQZtHT K 
eMKOCTJ!M KaBaJJOB H pa3BQZtKH OT 0.5 n cp ,1{0 5 n cp ,l{JJJ! Q,nl'!OrQ 'lHIIa ,D;eTeKTOpa, a CBJ!3h!Ba!Oliii!C 
eMKOCTH, KOTDphie HaKanJIUBaJOTCJ! B KaJK.llOM KaHane, MeHJ!IOTCJ! B !IpMeJJax npHMCpHO O,D;HD

ro nopmxa. Tax KaK He cymecTBYeT cnoco6a c.nenaTL liiyMh! npe.nyc:nJJHTeJIJI He3aBIICHMhiMH 

4Biil6pamroe aa OCHOBe npneuneMLDC B 3KCIIepnMeure MaJ<CIW3JlbllhiX norep~> COOYTmi npn ~ OT cnTy
~. KOr.<~a B npe.z~enax speuem< ~ ,lleTeKTOpa npon== 6onee QltHOro cOOLITIDl, yxyAmaa reM caMHM 
paapeme>me, Trut Ha3hiBaeMoe nepenonaeane. 
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OT BXO,llHOB eMKOCTH, :meKTpOHHKa npe.nnapHTenLHOB o6pa60TKH ,llaHHLIX ,llOJJ)KHa pa3pa6aTLI

BaTLCJI c y'leTOM B03MO)KHLIX myMon npu :MaxcHManLuoi mro.n:uo:H eM:xocTH. B To :lKe npeM.ll 

,llpyrHe napaMeTpLI llpe.l(yCHJJHTeJJ.ll (cHrHaJJ, llHKOBOe BpeM.ll) He ,llCIJDKHLI npH 3TOM 6LITL 'IYB

CTBHTeJJLHLIMH K B:x<mliOH eMKOCTH B npe.nenax YKa3aHHOro .n:HWa30Ha. 

flpQnOJJ:lKHTeJJLHOCTL TOKOBOro CHrHaJJa, HH,ll~HpOBaHHOro B KaHane p-CTOpOHHero KpeM

HHeBOro ,lleTeKTOpa panna BpeMeHH COOpa .llLipO'IHLIX HOCHTeJJei. lln.ll .lteTeKTOpa TOJilllHHOH 

300 M!CM C npHJJO:lKeHHLIM Hanp.ll:lKeHHeM, B 1.5 pa3a npeBLimaiOIDHM HaJJp.ll:lKeHHe HCTOmeHH.ll, 

BpeM.ll c6opa .ltL!pO'IHLIX HOCHTeJJei npH6JJH3HTeJJLHO 25 HaHOCe!C, HO nOJJOBHHa 3ap.ll,lla COOH

paeTCJI B nepBLie 5 HaHOCe!C. lln.ll TOro, 'IT06LI o6ecne'IHTL MePTBoe BpeM.ll B 50 HaHOCe!C, 

ueOOXO,llHMO o6ecne'IHTL cpOpMy HMnYJJLCOB C 3cpcpeKTHBHOH illHpHHOH llHKa OKOJ'IO 25 HaHOCe!C, 

'ITOOLI COxpaHHTL .n:eiCTBHTeJJLHyiO cpOpMy )3?'imuoro TOKOBOro CHrHaJJa. 

Hamei neJJLIO 6LIJJO ,llOCTH:lKeHHe OTHOmeHH.ll CHruanjmyM 20 ,llJJ.ll 'lacTHn C HaHMeHLmeft 

HOHH3YJOilleB Cll0C06HOCTLIO, npH BXO,llHOH eMKOCTH 5 nt!J. 3TO 3Ha'leHHe rapaHTHpye-rxopo

myro 3cpcpeKTHBHOCTL ,lleTeKTHpOBaHH.ll Ha HH3illeM npe.nene pacnpe.~teJJeHH.ll nau,llay .ltJl.ll3ap.ll,lla, 

.n:en03Hp0BaHHOrQ B 3QQ M!CM KpeMHHH, 'laCTHneft C HaHMeHLilleH HOHH3YIOilleH CllOCOOHOCTLIO, 

TO eCTL 2 /C, ,lla:lKe npH HaJJH'IHH 3cpcpeKTa nepepacnpe.neneHH.ll 3ap.ll,lla Me:lK.llY COCeJ(HHMH 

CTpHnaMH, KBX 3TO HMeeT MeCTO .ltJl.ll y.n:aJJeHHLIX CTpHIIOB. 0.n:HOB H3 H.n:eft B Ha'laJJe pa3pa6o

TOK 6LIJJO :lKenaHHe H36e:lKaTL BBeJ(eHH.ll JJOKaJJLHOB OXJJa:lK,llarome:ii CHCTeMLI, KOTopyro 6LIJJO 6LI 

'1pe3BLI'IaBHO TPY.llHO peanH30BaTL H3 3a xoMrraKTHOCTH ,lleTeKTopa. OTCro.n:a BLITexano Tpe6o

BaHHe, 'ITO IIHTaHHe ,llOJJ:lKHO cocTaBJJ.liTL 100 MBm ua 'IHII, ·To ecTL 1.5 MBm/xauan. llpHHH

MM BO BHHMaHHe paOO'IYJO 06JJaCTL eMKOCTeB, Tpe6yeMyro 1IpOH3BO,llHTeJJLHOCTL H YKa3aHHOe 

orpaHH'IeHHe IIO IIHTaHHIO, MO)KHO 3BXJJIO'IHTL1 'ITO HaHJJY'IIIleH .ltJl.ll nerrH 6y.lleT 6HIIOJJ.llpHM 

TeXHonorH.ll: ELin BLI6pau o6LI'IHLIH 6Hrron.llpuLI:ii rrponecc SHPi, pa3BHTLIB Tetronix. 

llpyroil: rrpH'IHHOB BLI6opa 6HIIOJJ.KpHOH TexHOJJOrHH IIOCJJY:lKHJJa ueo6xQnHMOCTL XOpOIIleB 

pMHanHOHHOH CTOHKOCTH. 0:lKH.n:aeMLie ypOBHH H3JJY'IeHH.ll ,llJJ.ll HCIIOJJL3yeMLIX ,lleTeKTOpOB H 

3JJeKTpOHHKH IIpeJ(BapHTeJJLHOB o6paOOTKH .n:aHHLIX B Te'leHHH 70-TH CYTO'IHOro Ceauca CQ

CTaBJJJllOT CBLime 2 M paiJ ,llJJ.SI HOHH3Hpyromero H3JJ.y'leHH.ll H IIOTOKH CBLim~ 1013 nj CM2 ,llJJ.ll 

3KnHBaneuTuoro ueil:Tpouuoro noToxa. B ,lleftcTBHTeJJLHOCTH, B ceaucax 1996 ro.lla .ll03LI npe

nocxo.n:HnH O:lKH.ltaeMLie. 

BLIXO,llHOB CHrHaJJ C ,llHCKpHMHHaTOpa nepeJ(aeTC.SI 3aTeM B BH.lte TOKa, a nenL 3aKaH'IHBaeT

C.SI OTpa:lKaTeJJeM TOKa C BLICOKHM BLIXO,llHLIM HMneJ(aHCOM. 3TO pemeHHe 6LIJJO. npHH.liTO C TeM, 

'ITOOLI YMeHLIIIHTL B03MO:lK1ILie noMexH OT nRcpponoro CMOS 6ycpepa H YMeHLIIIHTL'yponeuL 

TOKOBOro CHrHaJJa, HaBO,llHMOro BLIXO,llHLIM KOHTypOM ,llHCKpHMHHaTOpa. BLICOKHH BLIXO,llHOH 

HMIIeJ(aHC ,llHCKpHMHHaTOpa .SIBJJ.lleTC.SI KpHTH'IeCKHM MOMeHTOM .ltJl.ll 1IpOH3BO,llHTeJJLHOCTH BCei 

nerm H .SIBJJ.KeTC.SI npHeMJJeMLIM TOJJLKO B cny11ae, xor.lla BLIXO.llLI auanoronoro 'IHna rrpe.nna

pnTeJJLHOH o6pa6oTKH .llaBHLIX uanp.H:Myro npHiiMHLI K nxo.naM nncpponoro CMOS 6ycpepuoro 

'IHIIa. B ,lleHCTBHTeJJLHOCTH, BLIXO,llHoe TOKOBoe 3epKaJJO 6LIJJO pa3pa60TaHO HMe.SI BBH.ltY cne-

nncpH'IeCKHH CMOS TOKonpneMHHK. · 

lleTann xoucTpyxnHH CDP-'Inna, nnaT BOARDs H HX CBJI3e:H, EXTCARD, MO.llYJJ.SI CCTD, 

pa3pa6oTauuoro B TypHue, BUSIF H HX cpyuxnHH n o6meM .llH3aftue H3JJO:lKeHLI B pa6oTax 

[24],[50]. 

Pa.o:uanuoHHble nonpe~.D;eHHJI. 

lhy'lenHe ponH panHanHouuLIX 3cpcpexToB npn co3,llaunH xpeMHnenLIX AeTeKTHpyroillHX cHc

TeM 6LIJJO B 1Ipe)KJ{He rO,llLI H OCTaeTC.K Cero,llHll np06JJeMOH cpyH,llaMeHTaJJLHOH Ba)KHOCTH ir.nJI 
3KcnepHMeHTaTOpOB, IIOCKOJJLKy OXOTa 3a Bee 6onee H 6onee pe.~tKHMH CHrHaJJaMH uLiuy:lK.llaeT 

IIO,llBepraTh ,lleTeKTOpLI eCTecTBeHHO BCe 60JJLIIIHM ,ll03aM 06JJy'leHH.SI. 06II1HpHLie HCCJleJ(OBa

HHll 3TOH npo6neMLI 6LUm npennpHH.KTLI u·pa6oTBX (57]-(61], 'ITO :lKe KacaeTC.K, B 'laCTHOCTH, • 

3KcnepHMenTa NA50 B pa6oTax [62];[63]. lln.ll y»eJJH'IeHHJI OO"LeMa oro6pauuLIX co6LITHH ,llJJn-
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Ha MHIIleHH B 3KCnepHMeHTe; 1996 ro.n:a 6LIJJa BLI6paua fioni.riJe:H no. cpa.n'ueHHIO • C ~poe.KTHOH; 
llo3TOMy, norolm IIMaiOmHX'ua.n:eTeKTOp 'laCTHn npeBLIIIIMH .np6zycMOTpeHHLie B rrpoexTe'• 

3Ha'lenHll, :nocTnrM · o11eui. ooi:ILlliri · lienH'IHH :B :lKH3ueuuo Ba:lKHLIX .n:n.SI aopMa.Ji:biioft pa60TLI 
.lteTeKTOpa 30HBX. · ' . . . • . 

BnnllliHe o6ny'leHHJI ua xpeMHHeBLie npn6opLI .n:n.ll y.n:o6CTna pa3.lteJJ.lllOT ua o6"LeMHLie H 

IIOBepXHOCTHLie IIOBpe:lK,lleHH.ll. flonepxuOCTHOe IIOBpe:lK,lleHHe llBJllleTCll rJJaBHLIM 00pa30M pe-

3YJJLTaTOM B03.lteHCTBH.SI HOHH3HpYJOillHX 'lacTHn H BJJHJieT Ha rpauHny pa3.lteJJa OKCH.n:-KpeMHHB, 

IIpHBO.lt.K · K H36LITO'IIILIM IIOBepXHOCTHLIM TOKaM YTe'IKH, YMeHLIIleHHOB IIO.ltBH)KHOCTH HOCHTI!

ne:ii, BapnanHJIM COIIpOTHBJleHHll Me:lK.llY 3neMeHTaMH. 06'LeMHoe IIOBpe:lK,lleHHe .liBJJ.lleTCll CJleJ(

CTBHeM BJJHllliH.ll 3ap.SI:lKeHHLIX 'laCTHn H HeiiTpOHOB H 3aTparHBaeT .ltHCJJOKanHH aTOMOB KpeM

HHll n npnMece:H. OcuoBHLIMH nocne.ncTBH.SIMH .n:nJI .lleTeKTopa JIBJJ.SIIOTC.ll npn 3TOM ynenn'leH

uLie TOKH YTe'IKH (6naro.n:apll o6pa30BaHHIO 3HepreTH'IecKHX ypOBHeH B 3HepreTH'IecKOH me

JJH) H H3Meueune xouneuTpanHn uocHTene:H (nocTeneuuo npenpamM n-MaTepnan B ueiiTpaJJL

uLI:ii, a 3aTeM H B p-MaTepHaJJ). liJJ.ll .n:eTeKTOpOB BO BHyTpeHHeM KOJJLne TO'IKa KOHBepCHH 

n-npono,llnMocTn B p-npoBO.lli'IMOCTi. 6LIJia · iie • TOJJLKO .llOCTnruyTa, uo n Muoroxparuo npenLI

IIleua, 'ITO npRneno x ynenn'leunro uanpJI:lKeHHJI. :HcTomeun.SI .llJJJI 3THX . .n:eTeKTopoB .n:o 200 B. 
Pe3yJJLTaTOM 3TOro JIBJJJieTCli CHH:lKeHHe 3cpcpeKTHBHOCTH .n:eTeKTOpa H3-3a HeiiOJJHOrQ HCTOme

HHll o6'LeMa npH cTau,llapTHOM uanpx:lKeunn. B nponecce ua6opa .llaBHLIX 3TO uanp.SI:lKeHHe 6Lino 

yBeJJH'IeHO, 'lacTH'IHO CKOMIIeHCHpOBaB 3cpcpeKT. 

MLI .n:eTeKTOp B 3KcnepnMeuTe NA50 .SIBJJJieTcJI QnHHM H3 uecxonLKHX ,lleTeKTOpon, pa6oTa

romHX B peaJJLHOM 3KCnepRMeHTe, r.n:e KpeMHHeBLie .lteTeKTOpLI·rrO,llBepraiOTCli .lt~HCTBHlo pMH

aJJHOHHLIX IIOTOKOB H .lt03 CpaBHHMLIX C TeMH, KOTOpLie O:lKH.n:aiOTCll DO BHyTpeHHHX TpeKOBLIX 

CHCTeMax .n:n.ll .n:eTeKropoB 6y.llymero LHC. Peinaromeft xapaKTepnCTHKOii: Taxoro ,lleTeKTopa 

JIBJJ.KeTC.K TOr,lla, 6e3yCJJOBHOj ero PMHaJJHOHHM CTOHKOCTL: _ 

· KoucTpyxnRJI ,neTeKTOpa npe.nnonaraeT ero nocTo~uyro 3aHxTOCTL H; ene.nomi.TeJJhHo, 

CHJJLHO HeO,llHOpO,llHLie ypOBHH OOJJy'leHHli. OneHKH IIOTOKOB H ',!103 .llllll CaMOH BHyTpeuueft 'lac-· . 

TH ,neTeKTOpa B Te'leHne CeaHCOB 1996 ro.na 6LIJJH, COOTBeTCTBeHHO, BIIJJOTL .ItO 1014 eq.nj CM2 H 

10 MpaiJ HOHH3npyromero H3JJY'IeHnJI: B pe3yJJLTaTe .llaJKe caMLie BHeiilune'cTpnnLI, KOTOpLie 

IIOJJY'IHJJH BCero JJHIIIL1013 eq.njcM2, 6LIJJH HHBepTHpOBaHHLI IIOCJJe 3Tl!X CeaHCOB. 

BecL MaTepHan 3TOii: rna»LI pa3.n:eneu ua .n:ne 'laCTH. B nepno:H H3 HHX o6cy:lK,llaroTcJI MeTo.n:LI 

H3MepeHHll pMHaJ1HOHHLIX IIOBpe:lK,lleHHH. BO BpeMJI C'LeMa ,llaHHLIX B ceauce '1996 ro.n:a. Bo 

BTOpOH :lKe 'lacTH 1Ipe.ltCTaBJJeHLI pe3yJJLTaTLI H3Mepeunii:, BLIIIOJJHeHHLIX IIOCJJe ceaHCOB C neJJblO 

nponepKH .nauHLIX, nony'leHHLIX npH pa6oTaromeM HY'IKe, n nounMaHHli nolie.neHHJI .neTeKTopoB 

IIOCJJe HHBepCHH THIIa HpOBO.llHMOCTH. 

Pa.nuanuoHHhle sclJ«lJ~KThl B ceaHce 96. ro,na. 

PMllaJJHOHHLie IIOBpe:lK,lleHHll BO BpeMJI CeaHCOB npOXBJJlllOTCll rJJaBHLIM o6pa30M B pOCTe TOKOB. 

yTe'IKH n uanpJI:lKellllll o6e.nueuHJI. llepnoe H3MepxeTCJI l{enocpe.ncTBeuuo, 'ITO :lKe xacaeTCJI BTo

poro, TO HeT np.H:Moro cnoco6a H3MepHTL ero no npeM.ll c'LeMa·.nanuLIX. Ha6nro.n:aeMoii; KOTOpM 

cxoppenuponaua c H3MeHeuneM.uanpx:lKeHHll o6e.nueunJI, l!BJJJI~orC·JI 3aceneuuocTL·'IacTnnaMH, 

H3MepeHHa.ll B .neTeKTOpe. · ' 

ToKH yTe'IKH. ToxH yTe'IKH ua e.I(Itunny o6'LeM:a J. nponopnnouanLHLI noToxy 'laCTnn: 

J = a<l>. B Te'leune ncero nepno.na ua6opa .llaBHLIX uenpepLIBHO OTCJJe:lKHBaiOTCJI TOKH yTe'I

KH H MoJirno, TaKHM 00pa30M1 oneHl!TL llOTOKH na,lla!OillHX Ha .neTeKTOp 'lacTRn, KOTOpLie B 

nepBoMnpRfiJJH:lKeHnH JtOCTRraroT BeJJH'II'IH IIOp.ll.llKa 4 x 1014• · Y neJJR'IeHHLie TOKH cymecrneu

uo llOBJJHJIJJH Ha np01'13BO,llHTeJJLHOCTL BHeillHHX .neTeKTOpOB, CBll3aHHLIX, KBX y:lKe ynOMHHa

JJOCL, no llOCTOJIHHOMY TOKy. CHH:lKeHHe npoH3BO,llHTeJJLHOCTH CBll3aHO C 1'13MeuenneM pa6o'leii: 

TO'IKH, a noroMy.H 3cpcpeKTHBHOCTH cHruanoB ua nxo.n:e MRKpocxeMLI FABRIC. 3TOT 3«P«t>eKT 

'lacTI'I'IHO KOMneHCHpOBaJJCJl H3MeHeHHeM HOMHHaJJLHOro 3Ha'leHHJl HaJJpli:lKeHI'Ill, KOHTpOJJHpyll , 
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QnHOBpeMeHHO TOK Ha BXO.D;e, KOTOpLrii: MOlKeT yCTaHaBJIHBaTLCJI H3BHe He3aBHCHMO OT OCTaJJL

HLIX nacTpoeK '<IHna, TaKHM o6paJoM, nepsona'<laJJLHaJI npOHJBO.D;HTenLHocTL MHKpocxeMLI a 

6onLmeii: creneHH6LIJia BOCCTaHOBnena. ToKH yTe'<IKH .D;eTeKTOpOB KilHTponupy!OTCll BO BpeMJI 

ceaHCOB UOCTOnlHO. Ha pHCJHKe 25 UOKaJaHLI TOKH. yTe'<IKH .D;Jlll .D;eTeKTOpOB, o6ny'<laBillHXCJI 
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Puc. 25: TunH'<IHLie TOKH YTe'<IKH oT.o;enLHLIX .nereKTopos ·a ceance 96 ro.na. 

BO BpeMll ceaHCOB 96 ro.na H CeaHCOB 95 H 96 I"O,IlOB. HeKOTOpLie pe3KHe H3MeHeHHJI TOKa CB.a-

3aHLI C H3MeHeHHJIMH B CHCTeMe OxnalK)leHHJI, C UpOOOJIMH B UHTaHHH1 OTCYTCTBHeM ny'<!Ka H 

HJMenenHliMH nanplllKeHHll CMellleHHll. Bu.nno, 'ITO B nonnoM cornacim c ¢eHoMenonorueil: TOKH 

JlHHeHHO CKaJJHpyiOT B 3aBHCHMOCTH OT UOTOKa npH peaJJHCTH'<IeCKOM npenUOJlOlKeHHH 0 llO'<ITH 

llOCTOJIHHOH cpenHeil: HHTeHCHBHOCTH llJ'<IKa. TOK Ha 3TOM pHCynKe JIBJllleTCJI UOJlHLIM TOKOM .o;e

TeKTOpa, ,COCTOJilllero 1!3 CTpHllOB1 o6ny'<leHHLIX BllJlOTL .ItO llOTOKOB, H3MeHJIIOlllHXCJI.OOJlee 'leM 

Ha QnHH llOpli.D;OK BeJlH'IHHLI npH nepexo.o;e OT CaMLIX BHyTpeHHHX CTpHllOB .D;O CaMLIX BHemHHX. 

CnenOBaTenLHO, KOHCTaHTa ll0BpelK.D;eHHJI1 llOJlY'laJOlllaJICJI H3 3THX H3MepeHHH OTJlH'laeTCJI OT 

H3MepeHHH, llOJly'<le~HLIX B .o;pyrHX pa.D;HaJ:IHOHHLIX TecTax (63). 

HanpJOKesae npoooll. Ilpn KOHCTpynposannu KpeMHHesoro Mll He ncnonL30BaJJHCh nu

KaKue CnenHaJJbHLie ycnOBHJI, rapaHTHPYIOlllHe pa6oTy npH BLICOKOM HanplllKeHHH, TeM He 

MeHee, npo6oii: .o;eTeKTOpOB so speM.a ceancos He na6n10,naJJCJ1. llalKe B Konne ceanca 96 ro.zta, 

KOr,na BCe .D;eTeKTOpLI ylKe 6LIJIH HHBepTHpOBaHLI, HHKaKHX llpH3HaKOB npOOOJI He Ha6JII0,113JJOCL. 

Eonee Toro, .o;aJKe B HJMepeHnliX nocne ceaHca, Kor.na npnKna.o;LIBaJJOCb HanplllKeHHe CMellleHHll 

B 4QQ V KO MHOrHM .D;eTeKTOpaM, Be Ha6niO.D;3JJOCb BH O.D;HOI"O npo60JI. Bee H3 36 HecmBOpQnHO 

o6ny'lennLIX .o;eTeKTOpa ycnemHo pa6oTaJJH. IlonJ'<IeHnLie pe:Jyn~>TaTLI: no.o;TsepQaJOT 3¢flleKT 

ysenn'leHHll nanplllKeHHll npo6oll p - on - n .o;eTeKTOpOB nocne nnsepcnn Tnna npOBQnHMOCTH, 

KOTOpLrii: Ha6J110.1J;3JJCJI H B .o;pyrHX 3KCUepHMeHTax (63). 

· illYM DO BpeMll ceasca. Jinll yMeHbilleHHJI '<IYBCTBHTenbHOCTH CHCTeMLI K TOKaM YTe'IKH 

.o;eTeKTopos n B03HHKaJOlllero H3-3a 3TOro myMa 6LIJin ncnonL30BaHLI AC-cBll3aHBLie CTpHnLI 

BMecTe C O'<leHb 6LICTpOii: C'IHTLIBaiOllleH 3JleKTpOBHKOH (Tpeak = 15 HaHOCe~).Jieii:CTBHe CHCTe

MLI KOBTponnpOBaJJOCb Pll.ltOM TaK HaJLIBaeMLIX illYMOBLIX KaHaJJOB B 3aBHCHMOCTH OT BpeMeHH 

B Te'IeHHH Ceanca. ffiyMOBOH KaHaJJ 6LI:n BLI6paH Ha OCHOBe aH3JJH3a pe3yJlhTaTOB BCeB03MOlK

HLIX o6peJannii:. KanaJJLI: c 3aceneHBOCTbiO sLime 72 % nnu BLime 4-x KpaTHoro cpennero H3 16 

COCenHHX CTpHllOB C'IHTaJJHCb myMOBLI:MH. TaKOH BLICOKHH nopor o6pe3aHHJI UO 3aceneHBOCTH 

cnenyeT H3 O'IeHb BLICOKOH (20 %- 30 %) flJH3H'leCKOH 3aceneHHOCTH B .D;eTexTope. B 3KCnepn

MeBTe He Ha6JliO.D;3JJOCb H3MeHeHHe 'IHcna illYMOBLIX KaHaJJOB, KOTOpoe XOTb KaK TO 6LIJIO 6LI: 

CKOppennpOBaHO C YBeJlH'IeHHeM .D;eTeKTOpHLIX TOKOB YTe'IKH. 
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3acenessocTL xax 'ctiYBKDBJr sanpJrxeBBJr cMemesag; B Konne ceanca 96 ro.na 6LI

no BLIJIOJlHeHO CKaHHpOBaHHe .D;eTeKTOpHLIX HanpJilKeBHH CMellleimll npH pa60TaJOllleM UJ'<IKe 

uoHos cBJmna c nen~>JO BLI.IICBHTh nnnliHHe o6nJ'<IeHnll na .nererropLI:. ELmo naii:.neno, '<ITo _3ace

nermocT~> .D;Jlll CaMLIX BByTpeHHHX CTpHUOB 3THX .D;eTeKTOpOB He HachllllaeTCK .D;alKe .D;Jlll caMLIX 

BLICOKHX nanpJilKenuii:. llnll TOro, 'IT06LI: cxoppenuponaTb nanp.lllKenue o6ennenHll c H3Mepen

Hoii: :JaceneHHOCTbiO B nepBOM npH6nHlKeHHH 6LIJIO HCUOJlb30BaHO, 'ITO OHa nponopnHOHanbHa 

Qcolle'aed "' W depleted "' ~- C HCUOJlb30BaHHeM npOCTOt'O aJJI"OpHTMa, KOTOpLrii: Baxo.o;HT 

ToqKy nepeceqennll .nsyx nnHeii:nLIX no.nronoK, 6LIJio oneneno nanpJilKenue o6enneHHll CTpnn 3a 

CTpHllOM Ha OCBOBe 3HaHHK 3aceneiiHOCTeH, llOJlJ'<IeHHLIX BO BpeM.a CKaHHpOBaHHJI. lh UOJlYlJeH

HLIX ,llaHHLIX MOlKHO 3aKJ110'IHTb, qTO nanpJilKeHHe OOenBeHHll HaH6onee BByTpeHHHX CTpHUOB 

,neTeKTOpOB H3 CeaHCOB 95 H 96 ro.ztOB npeBLIIllaJOT npenen HCTO'IHHKa UHTaHHJI, KOTOpLrii: 6LIJI 

200 V B TeqeHHH ceaHCa 96 ro.zta. IIOCKOJILKY 3TH JJ:eTeKTOpLI: MelK.D;y ceancaMH Coxpa.HJlJIHCb 

npH KOMHaTHOH TeMnepaType MOlKHO OlKH.D;aTh, 'ITO HMen MeCTO 3Ha'IHTenbHLIH o6paTHLIH OT

lKHr. B CaMOM .o;ene, XOTJI UOJlHLIH UOTOK .B ceance 95 ro.zta COCTaBJlJIJl BCero JlHillb OKOJlO 1/4· 

OT ceanca 96 ro.na, HanpJilKenue o6enneHHll .o;nll 3THX .o;eTeKTOpos 6LIJio 6onee 'IeM BJJ:BOO BLIIlle 

HanpJilKeHHJI .D;Jl.ll ,neTeKTOpOB, HCUOJ1L30BaHHLIX TOJlbKO B CeaHCe 96 ro.zta. Jinll ceaHCOB 98 ro,na 

ocnoBHaJI MaccayJKe o6ny'IeHHLIX .o;eTeKTOpos 6LIJia 3aMenena. · 

:3$flleKTBBBOCTb .D;eTeKTOpOB. Jinll BLI'<IHcneHHJI 3fllflleKTHBHOCTH 06JlJ'<IeHHLIX .D;eTeKTo

pOB CpaBHHBaJlOCb 3Ha'IeHHe HaCLillleHHJI 3aCeneHHOCTH CTpHna C flJH3H'IeCKOH 3aceneHHOCTbiO 

qacTHnaMH, nonJ'<IeHHO:ii: H3 oiJ;enoK B na'laJJe ceanca, Kor.na .o;eTeKTOpLI ellle ne ·o6nJ'<IeHLI. liJlll 

CTpHUOB, KOTOpLie 6LIJIH UOJlHOCTbiO o6ennenLI, He Ha6J110.D;3Jl0Cb YMeHhilleHHJI 3fllflleKTliBHOCTH 

C TO'IHOCTLIO )tO 10 %. QqeBH,nHO, .D;Jlll CTpHllOB, KOTOpLie He 6LIJ1H UOJlHOCTbiO o6enBeHLI1 naii:

.neno :Jnaqnrenbnoe na.nenHe 3¢¢eKTHBHOCTH. Mo=o, o.nnaxo, 3aKJIIO'IHTh, 'ITO cran.napTnLie 

p- on·- n .D;eTeKTOpLI ycnemnO pa60TaiDT UpH UOTOKax .BUJlOTb .D;O 1014 eq.nf CM2
_ H He 06Ha

PY:lKHBaeT 3aMeTHOH UOTepH 3fllflleKTHBHOCTH, ecnn OHH CMemeHLI K BLI:COKHM nanpJilKeHHJIM1 

.D;OCTaTO'IHLI:M, 'ITOOLI 6LITb UOJlHOCTbiO OOel(HeHHLI:MH. 

B .nnccepTannn npHBenenLI: TaK:lKe peJyn~>TaTLI: TlllaTenhHLIX nocneceancoBLIX HJMepeHHH 

(63], KOTOpLie U03BOJ1JIIOT 3axJ110'IHTb, 'ITO KpeMHHeBLie CTpHUOBLI:e .D;eTeKTOpLI, HCUOJlb30BaH

HLie n 3KcnepnMeHTe NA50, o6ecne'IHBaJOT y6enuTen~>noe 3KcnepuMeHT3JlhHOe ,noKaJaTenbCTBO 

TOI"O, 'ITO CTaH.D;apTHLie p-on-n .D;eTeKTOpLI Ha.D;elKHO pa60Ta!OT nocne HHBepCHH THUa npOBo

.D;HMOCTH. CYllleCTBYIOT TpH rnasn~ ¢aKTOpa, · nQnTBeplK.ItaJOlllHX 3TO 3aKmo'Ienne, nMenno: 

1) COXpan.aeTCK BLICOKaJI 3fllflleKTliBHOCTb ,nciTexTOpOBj 2) He Ha6JliO.D;aeTCll pa3pylneHHe .o;eTeK

TOpOBj 3) coxpanlleTCll xopomM H30nllnnll MelK.ItY p+ cTpnnaMH .. qTO KacaeTCJI ¢n3n'IecKo

ro UOBeneHHJI HH.D;HBH.D;YaJibHOI"O .D;eTeKTOpa, 6LIJIO naii:,neno, 'ITO .D;Jlll·y.o;aJJeHHJI 3JleKTpOHHOro 

llOBepxOCTHOI"O cnOll H3 Me:lKCTpHUOBOH 06JlaCTH H, cnenOBaTenbHO, .BOCCTaHOBJleHHJI 'IHCTO reo
MeTpH'IecKHX 3Ha'leHHH .o;eTeKTOpHLIX eMKOCTeH HeOOXO.D;HMO CMecTHTb .D;eTeKTOp, npHKna.D;LIBaJI 

nanpJilKenne HaMHOro 6onee BLICOKoe, '!eM 'iJ:anpJilKenne o6ennennll. O,nnaKo, nony'IeHnLie pe-

3yn~>TaTLI CBH.D;eTenhCTBYIOT 0 neo6xo.zinMOCTU npQnOJilKeHHJI HCCJle/<OBaHHH, C nenb!O. UOliJITb 

flJH3H'IeCKYIO UpHpQny pli.D;a Ha6JliO.D;aeMLIX 3aBHCHMOCTeH B pa.D;Ha.IIHOHHLIX 3¢fllexTax. 

JinccepTanHJI CQnep:lKHT TaKlKe 3aKJ110'IeliHe, B KOTOpOM npnneneHLI oCHOBIILie ee Jie3yJlh-

TaTLI(CM. pa3.D;en "Ha 33lllHTY BLI:.D;BHraJOTCJI cnenyiOlllHe pe3yJlhTaTLI''). . 
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