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Cpe.n11 annpoKcRMarnmHHhIX rrpm102KeHR:il: B q>ITTRKe o.nHRMR R3 Han:6onee 

aKTJaJ"IhHhIX 5.IBJ1filOTC5.I 3a,Qa"IR reoMeTpli"IeCKOli KanR6pOBKR neTeKTHpyrommc 

ycTpOHCTB Ha OCHOBe peanhHO CHRMaeMhIX B 3KCnepRMeHTe .QaHHbIX R ycTaHO­

BJieHHH CB5.13li MelKnY pa3J1Il"IHhlMU CIICTeMaMII KOopnHHaT, B KOTOpbIX Be.QyTCH 

Il3MepeHil5.I. IIo cy:rueCTBY Bee 3TH 3a,Qa"IR COCTOHT B onpe.neneHHR KOppeKTHhIX 

rrpeo6pa3oBaHu:il: KoopnHHaT rrpI1 nepexone Il3 onHo:il: CIICTeMhI B npyryio. Ilpo­

uenypa Kanu6poBKII Il3MepnTeJihHOli CilCTeMhI JIBJ1HeTCJI O<JeHb BalKHhIM 3TanOM 

npenBapI1TeJ1bHOli o6pa60TKII .QaHHbIX. CoBpeMeHHhle neTeKTIIPJIOIIIl'Ie ycTpo:u:­

CTBa II03BOJ1JIIOT onpenenHTh KOOp.QIIHaTy TO'IKR B3aHMone:il:cTBil5.1 C O<JeHh Bhl­

COKOH TO"IHOCThlO (nopJinKa 10 - 25µm), IIpII 3TOM MO:lKHO o6ecne"IRTb TOJ1bKO 

,QOCTaTO'IHO orpaHil<JeHHJIO TO'IHOCTb CaMOH c6opKR neTeKTilpyromero ycTpoil:­

CTBa (no l00µm) II eme MeHhIIIYIO TO'IHOCTh (nopH.QKa HeCKOJ1hKHX MilJ1J1RMe­

TpoB) IIpII OTHOCIITeJ"IhHOM II03IIIIIlOHI1pOBaHIIII pa3J1Il<J:HbIX neTeKTOpOB MHOI'OKOM­

IIOHeHTHbIX 3KCIIepnMeHTaJ"IhHbIX ycTaHOBOK, IlCIIOJ1b3YeMbIX B HaCTOj{Illee BpeMJI 

nmr nccnenoBaHilil: B pa3J1H<J:HhIX o6rracTJIX q>Il3HKII aneMeHTapm,tx <JaCTilll. lla­

:iKe Ha CaMbIX COBpeMeHHbIX 3KCIIepnMeHTaJ"IhHbIX YCTaHOBK8X HenocTaTO<IHOe Ka­

<JeCTBO reoMeTpil<IeCKOH KanI16poBKR (I1J1II ee OTCJTCTBne) MO:lKeT npnBeCTII K 

HenonyCTUMhIM OIIIl'I6KaM y:iKe Ha 3Tane npe.nBapIITeJihHOH o6pa6oTKR .QaHHbIX 

IIPII npeo6pa30BaHIIIl' IIHq>OpMaIIIIII, CHIIMaeMoil: HenocpencTBeHHO C 'neTeKTopoB, 

B Ha6ophl Koop.QI1HaT, nonne:iKamne nam,Heil:rneil: o6pa6oTKe B uenJIX IIOJ1Y<Ie­

HI111 IIHq>OpMaIIIIII O napaMeTpax TpeKOB <raCTIIII, RX IIMIIJJ1bCax, paCII03HaBaHRJI 

IICpBil"IHOH BepIIIIIHhI II T. II. B HaCTOj{IllCC BpeMH YBCJ1Il'ICHRC IIOTOKa .QaHHhIX, 

Tpe6yIOIIIHX o6pa6oTKII B on-line pC:lKIIMC, IIpIIBO.QilT K Heo6xo.QIIMOCTil C2KaTil5I 

naHHhIX, HCCMOTpH Ha yBenn<ICHIIC 6blcTponeil:cTBIIJI 3BM. IIoaToMy xpaHeHile 

KOopnnHa T T0'ICK B3anMoneil:CTBIIJI <JaCTIIII C .QCTeKTOpaMil 'B . yno6Hoil: _QJ"Ij{ IIO­

cncnyiomeil: o6pa6oTKII YHHCPIIIIIlpOBaHHOH CilCTeMe KOOp.QIIHaT, BMeCTO pa3HO­

ponHhIX C.QilHIIII OTC•IeTa pa3J1Il<J:HbIX .QCTCKTOpoB, Tpe6yeT BbICOKOH TO"IHOCTII B 

onpeneneHIIH napaMeTpoB KanI16poBo<rHhIX npeo6pa30BaHilil:. PerneHile Kann6po­

B0<J:HhIX 3a,Qa<r Tpe6yeT MHOrO<IIICJ1CHHbIX nepeonpe.neneHRil: napaMeTpOB TpaeKTO­

pI1il: II K00p.QI1HaT TO'ICK B3allMO.QCHCTBil5I. llrrJI Toro, "IT06hl IlMCTb B03MO:lKH0CTb 

nepI10.QI1<IecKoro nepeonpeneneHnJI Kann6poBo<IHhIX napaMeTpoB (KoTOphle MoryT 

cy:rueCTBCHH0 Il3MCH5ITbC5I B xone 3KCIICpllMCHTa, 'ITO CB5I3aHO C B03,QCHCTBilCM 

MarHIITHbIX norrea, BbICOKHX TCMIIepaTyp II np.), Heo6xonnMO MaKCIIMaJ"IhH0 co­

KpaTIITb MaIIIl'IHHOC Bper-rn, 3aTpa<IHBaCMOC Ha perneHne Kann6poBO'IHOH 3a,Qa"IR. 

IIoaToMy BMCCTe c· 3a,Qa<JaMII Kann6pOBKil BCerna BhICTJIIaIO 3a,Qa<III 6bICTporo 

peK0HCTpyI1ponaHilj{ co6bITilll, IIpII 3TOM anropHTMhI peK0HCTpyHpoBaHil5I ,QOJI:lK­

HhI 6bITh po6aCTHhIMII (noMexoycTOll<JUBbIMII). Pa3pa60TaHHhle B naHHOH pa6oTe 

anropIITMhI OTBC"IaIOT BCCM 3TilM Tpe6oBaHil5IM. 
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l{em, pafiOTbl. 
OCHOBHM uem, )la.HHOH pa60Thl - p83pa60TKa npIIH.IUllIOB II anropIITMOB reoMe­

TpII'!eCKOH KanII6pomrn CoBpeMeHHbIX MHOroKOMnOHeHTHbIX )leTeKTOplll,lX ycra­

HOBOK, Ir, B qacTHOCTH, anropHTMOB, n03BOIDilOIImX npoBO.llHTh 1IOKaID,HJIO Ir 

rno6am,HJIO reoMeTpli'leCicyIO KanII6pOBKJ (KaK B MarHHTHOM none TaK II 6e3 

Hero) KpeMHHeBoro Bepmmmoro )leTeKTopa (SVT - Silicon Vertex Tracker) 3KC­

nepHMeHTa STAR (Solenoid Tracker At RJITC) Ha ycKopnTene RHIC (Rela­

tivistic Heavy Ion Collider), B EpyKXe:iiBeHcKo:ii HamroHam,Ho:ii Jia6opaTOpHH 

(CTIIA). STAR - JHHBepcam,Hh!H )leTeKTOp .llIDI nccne.noBaHHsr SI.llpO-SI.lleplll,lX 

B3aHMO)leHCTBIIH Ir B3aHMO)leHCTBIIH noIDipH30BaHIU,IX npOTOHOB npn J1IhTpape­

IDITHBHCTCKHX 3HeprIISIX. 3KcnepIIMeHT nnaHIIpyeTCSI CqJOKJCIIpoBaTh Ha HCC1Ie­

)l0BaHHII MSirKIIX npoueccoB, npIIBO.llSIIllIDC K po)K)leHHIO a)lpOHOB C ueHTpaID,Hhl­

MII 6hlCTpoTaMH Ir nonepe'lHh!MII HMnJ1IhCaMII MeHee 2 r3B / c, Ir, KpOMe Toro, 

nnaHIIpyeTCSI H3J'laTh pO)K,lleHIIe CTpy:ii, MHHIICTpy:ii Ir )KeCTKIDC qJOTOHOB. Cxe­
MaTH'leCKIIH BII)l BepmIIHHoro )leTeKTopa noK83aH Ha PIIC.l. Ha pIICJHKe BII)lHO, 

'ITO )leTeKTOp IIMeeT CJIO)KHJIO "qepenH'IHJIO" CTPJKTYPY ('ITO He06XO)lHMO )lnSI 
.llOCTH)KeHIISI Tpe6yeMOro aKcenTaHca): OH COCTOIIT II3 216 KpeMHIIeBhlX .zipe:ii­

<pOBhlX KaMep, Ka)K)lM II3 KOTOphlX SIBIDieTCSI CaMOCTOSITe1IhHhlM )leTeKTOpoM, 

onpe.neIDIIOmIIM Koop.riHHaThl TO'leK B3aIIMO,lleHCTBHSI qacTIIU B CBOIDC co6cTBeH­

HhlX e,llIIHIInax. 

3aaa.,,a .11011:a.t1,b11,ou 11:Mu6poa'll:U .rieTeKTopa SVT 3aKnroqanaci, B onpe.zieneHIIII 

OTHOCIITeID,HhlX no1IO)KeHIIH .llpe:iiqioBh!X KaMep BHYTPII BepIIIIIHHOI'O )leTeKTOpa II 

nonyqeHIIII KoppeKTlll,lX KOOp)lIIHaTHhlX npeo6pa30BaHIIll OTC'leTOB ,lleTeKTOpoB B 

e,llIIHJIO rno6am,Hyro CIICTeMy KOOp.llIIHaT. PeIIIeHIIe 3TOH 3a.ziaqII )lnSI HyneBoro 

MarHIITHOro nonsr. BK1IIO'l8.1IO B ce6sr pa3pa60TKY 6hlcTphlX II TO'!Hh!X anropIIT­

MOB pacno3HaBaHHSI TpaeKTOpIIH qacTIIU II onpe.nen:eHIISI KOOp.llIIHaT nepBII'IHOll 

BepIIIIIlil,I B3aIIMO.lleHCTBIISI. 

3aaa.,,a uo6a.t1,b11,ou 2eo.Mempu.,,ec11:ou 1,,a.t1,u6poa,.,i cocTosrna B onpe.nen:e­

HHH OTHOCIITenhHOI'O nono)KeHIISI BCero BepIIIIIHHoro )leTeKTOpa II BpeMSI­

npoeKUIIOHHOll KaMephl (Time Projective Chamber - TPC)- 683oBoro .lleTeKTopa 

3KCnepIIMeHTa. 

Propa6oTaHHoe peIIIeHIIe 3a.zia'III reoMeTpII•recKon KanII6poBKII BepIIIIIHHoro 

)leTeKTOpa peanII3JeTCSI B TpII CTa,llIIII: 

-1IOKa1IhHaSI reoMeTpII'IeCKaSI KaJIII6pOBKa B OTCJTCTBIIII MarHIITHOro nonsr; 
-rno6anhHM reoMeTpII'leCKM KaJIII6poBKa B MarHIITHOM none; 
-1IOKaID,HaSI KanII6pOBKa B MarHIITHOM none. 

IloMIIMO OCHOBHOll Bhl)le1IIIM eme C1Ie.llJIOIIIIIe UCJIII )lIICCCpTaUIIII. 

IIporpaMMHaSI peanII3amur p83pa6oTaHHhlX anropIITM0B B C00TBeTCTBIIII C 

Tpe6oBaHIISIMII, npe.nbSIB1ISieMhlMII K MaTeMaTII'ICCK0MY o6ecrre'!eHIIIO 3KCIIepIIMeH­

Ta. 

Y'laCTIIe B p83pa6oTKe 6brCTporo po6acTHOI'O aJiropIITMa peKOHCTPYKUIIII 

TO'IKII B3aHMO,llellCTBHSI B MIIIIIeHII .zinsr BepIIIIIHHOro Ten:ecKorra 3KCnepHMeHTa 

CERES/NA45 , II3J'laIOlllero pmK.lleHIIe nap e+e~ B CTonKH0BCHIISIX TSI)KeJihlX 
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PIIc. 1: CxeMaTII<recKoe mo6pa)KeHIIe BepIIIIIHHOro )leTeKTopa STAR 

IIOH0B Ha yni,TpapeJISITIIBIICTCKIIX 3HeprIIIDC Ha ycKopIITeJie SPS (Super Proton 

Synchrotron) B UepH (II!Beii:uapIIsr). 
Pa3pa6oTKa KanII6poB0'IHhlX nporpaMM .zinsr BepIIIIIHHOI'O TeJieCKOIIa 3KCrrepII-

MCHTa CERES/NA45 (cM. pIIc. 2) II IICcne)loBaHIIe TO<rHOCTHhlX B03MO)KHOCTeii: 

peanII30BaHHhIX anropIITM0B Ha peanhHhlX 3KCIIepIIMeHT8JihHhIX )laHHhlX. 

Mccne.noBaHIIe pa3pa60TaHHOii: MeTO.llIIKII rno6anhH0ll reoMeTpII'ICCKOll KMII--

6poBKII Ha 3a)la'!e orrpe.nen:eHIISI OTHOCIITCJihHOI'O rrono)KeHIISI BepIIIIIHHOI'O Tene­

CK0IIa II _Pad-KaMephl B 3KcrrepIIMCHTe CERES/NA45. 

Hay'lHrul HOBH3Ha pa6oTbl. 
HayqHM HOBII3Ha pa6oThl 3aKnIO'laCTCSI B ycrrelllHOll propa6oTKe 3<p(pCKTIIB-

HOll rrpoue.ziyphl MHOro3TanH0ll KanII6poBKII BCpIIIIIHHhIX .llCTCKTOpOB, J'IIIThlBaIO­

me:n cnO)KHOCTh CTpyKTYPhl )leTeKTOpHoii: CIICTeMhl, CBSI3aHHJIO C ee MIJOI'OKOM­

IIOHCHTHOCTl,IO. IlpII 3TOM C03.llaH rraKeT K8JIII6poBO'IHhIX rrporpaMM )lnSI KpeM­

HIICB0I'O BepIIIIIHHOI'O )lCTCKTopa, rrpII'leM peanII3YCTCSI rrpoue.llypa MIIHHMII3auIIII 

cnO)KHOI'O qiyHKUHOHana no 6onee 'ICM ThlCSI'IC rrapaMeTpOB O)lHOBpCMCHHO. B XO-. 

)le rrpoBe.nemrn OIITIIMH3aUIIII MIIHIIMII3auIIoHHOll rrpoue.nyphl .)lOCTIIrHyTa O'lCHl, 
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Puc. 2: CxeMaTll'IeCKoe ll3o6pa:lKeHlle BepllIBHHOro TenecKorra 3KCIIepllMeHTa 
CERES/NA45 

BhICOK8JI CKOpoCTh o6pa60TKll .llaHHhIX, KaK MllHllMYM' Ha II0p.sI.ll0K rrpeBhIIIIa­

romaJI CKOpOCTh pa60Thl CTaH.napTHhIX MllHllMll3fillll0HHhIX IIaKeTOB. BMeCTe C 

3TllM pa3pa6oTaHhl 6bICTphle po6acTHhle 8JII'OpllTMhl peK0HCTpynpoBaHll.sI Tpe­

KOB ll BepllIBH co6hITIIB .llIDI 3KcrrepllMeHTa STAR, BKJIIO<JeHHhle KaK cocTaBHhle 

<JacTn B rrpouecc reoMeTpn'IeCKo:ii Kann6poBKll. Bee npe.rmaraeMhle anropnTMhl 

rrporpaMMHO peaJm30BaHbl C llCII0Jih30BaHlleM o6beKTHO-OplleHTllpOBaHHOro IIO.ll­

xo.na n BKJIIO'!eHhl B 6n6nnoTeKy CTaH.napTHhIX rrporpaMM Konna6opaunu STAR, 

.llIDI 'Iero K rrporpaMMHOMJ K0.llY C03.llaH C0OTBeTCTByromn:ii llHTepqie:iic. Kpo­

Me TOro, IIpllIDITO J'laCTne B pa3pa60TKe nporpaMMhl peKOHCTpJKUllll nepBll'I­

HOH BeplillIHhl B3anMo.ne:iiCTBll.sI .llIDI 3KcrrepllMeHTa CERES/NA45. Iln.sI 3Toro 

:lKe 3KCIIepnMeHTa peaJill30BaHhl B rrporpaMMHOM KO.lie pa3pa6oTaHHhle anropnT­

Mhl JIOKaJihHOH (LIIDI onpe.neneHll.st 0THOCllTCJihHhIX IIOJIO:lKeHm'i K0MIIOHeHT BHJTpll 

caMoro .lleTeKTOpa) ll rJio6aJI:&HOH (.nn.st orrpe.rxeJieHll.st IIpOCTpaHCTBeHHoro II0JIO­
)Keffll.sI Bcero .neTCKTopa) reoMeTpll'leCKO:ii KaJill6poBKll. 

Bee pa3pa6oTaHHhle 8JII'OpnTMhl npoumn ycneIIIHhle llCIIhITaHn.st no Mero.rxy 

MoHTe-Kapno Ha MO.lleJibHhIX .rxaHHhIX, a .llIDI 3KcnepnMeHTa CERES/NA45 n Ha 
peaJihHOH 3KCIIepllMeHTaJihHO:ii llHqJOpMaunn. 

HayqHo-rrprucTHqecKM 3HaqHM0CTh. 

3KcrrepnMeHT STAR IIJiaHllpyeT ll3J'laT:& TOH'Ia:iiIIIne HIOaHchl CTpJKTypHo­

ro CTpoeHll.sI BemeCTBa Ha KBapKOBOM YPOBHe. IkrroJI:&30BaHlle KpeMHlleBoro Bep­

IillIHHOro .rxeTCKTopa C O'!eHh BhIC0KllM II03HUHOHHhIM pa3peIIIeHHeM Il03BOJlllT pe­

aJlll30Ba Th P.sI.ll YlillKaJihHhIX B03M0)KH0CTCH, TaKHX KaK o6Hapy:lKCHlle 6apHOHOB 
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C BhICOKOH CTpaHHOCThIO (2- ll n-), ll3J'leHHe CBOHCTB 0'!apoBaHHhIX <JaCTllU 

(HarrpllMep, D-Me3oHon). SVT o6ecrre'!HT CYIIICCTBeHHoe YJIY'IIIIeHHe 3qiqJeKTllB­

HOCTH peK0HCTpJKUllll K0pOTKO)KllBymnx HeHTpaJihHhIX <JaCTn:u ( TaKllX KaK K';' 
</>, A n: A), YJIJ'IlillIT BOCCTaHoBrreHHe TpeKoB n: ll.lleHTHqJHKaUHIO M.strKllX 3ap.sI­

:lKeHHhIX <JaCTHU ( 7r± 1 K±, p, p, d n: d), II03BOJ1llT JIY'Illle onpe.neIDITh rrepnll'!Hy!O 

neplillIHJ B3aHMO.lleHCTBll.sI ll IIOM0:lKeT pa3l1H'!aTh <JaCTHUhl OT BTOpll'IHhIX pac­

rra.rxon. O.rxHaKo, 6e3 KoppeKTHhIX KoopnHHaTHhIX rrpeo6pa3oBattm'i, nee npeHMJ­

mecTna, rrorry<JaeMhle 3a C'IeT Berrn:Korrernio:ii pa3peIIIarome:ii crroco6HocTH Bep­

IillIHHoro .neTeKTOpa, MoryT 6hITh IIOJ'IHOCThIO JTpa'!eHhl, na:lKe B CITJ'lae pa3pa-

6oTKH COBepIIIeHHhIX arrropn:TMOB peKOHCTpJKUllll co6bITllH. IIpo6rreMa oco6eHHO 

OCJ10:lKH.sieTC.sI MHOf'OKOMII0HeHTH0CThIO .neTCKTOpa. Il03TOMY pa3pa6oTKa MeTO.llOB 

MHOronapaMeTpll'ICCKOH reoMCTpH'IeCKOH KaJin:6poBKII caMoro BCpIIIHHHOro neTeK­

Topa, a TaK:lKC orrpe.neneHHe ero OTH0CllTCJihHOf'O np0CTpaHCTBeHHOro IIOJ'IO)KeHll.sI 

BHYTPll neTeKTHpyrome:ii CllCTeMhl .sIBJI.sIIOTC.sI 0.llHOH ll3 CaMhIX aKTyaJihHhIX 3a­

na'I MaTeMaTH'!eCKOro o6ecrre'IeHH.sI 3KCIIepn:MeHTa. Pa3pa60TaHHhlll ll BKJ'IIO'!eH­

HhIH B oqin:un:aJihHOe MaTeMaTll'IeCKOC o6ecrre<JeHHe 3KCIIepn:MeHTa nporpaMMHhIH 

KO.ll Il03BOJ1llT C BhICOKOll TO'IH0CThIO onpe.nenn:Th napaMeTphl C0OTBeTCTByromn:x 

rrepe,llaTO'IHhIX ypanHeHHH .llJ1.sI OCY1IIeCTBJ1eHH.sI KOppeKTHhIX KOopnHHaTHhIX npe­

o6pa30BaHHH, 'ITO II03BOJ1llT MaKCHMaJ'IhHO llCIIOJih30BaTh pa3peIIIaromyro cnoco6-

HOCTh SVT. 

Pa3pa6oTaHH8JI MllHllMll3aullOHH8JI npoue.nypa II03BOJI.sICT 6hICTp0 orrpe.nerr.sITh 

rrro6aJibHhIH MllHllMyM Henn:HeHHhIX 4JYHKUHOHarroB ,lla:lKe .llJ1.sI MHOrorrapaMeTpll­

'IeCKHX 3a,lla'!. CaMOCTO.sITeJihH8JI Hay<JHO-IIpaKTH'!eCKaJI 3Ha'!IIMOCTh nporpaMMhl 

MHoronapaMeTpH'IeCKOH MllHllMH3aUHll IIO,llTBep:lK.oaeTC.sI ee ycneIIIHhIM llCIIOJih-

30BaHlleM npyrHMll aBT0paMll .llJ1.sI peIIIeHll.sI 3a,lla'! pa3HOro pona (He TOJihK0 

Kam16poBO'!HhIX). 

Pa3pa6oTaHHhle coOTBCTCTnyromn:e rrpo6neMe a6cTpaKTHhle THIIhl .llaHHhIX 

J'lllThIBaIOT crreunqinKy 3a,lla'!ll n' rrpe.llCTaBJ1.sIIOT CaMOCTO.sITeJ'IhHhIH Hay'!HhIH 

llHTepec, IIOCKOJ'IhKY 6e3 ll3MCHCHllH MoryT llCIIOJ1b30BaTbC.sI KaK .llIDI peIIIeHll.sI 

npyrnx 3a,lla'! TOf'O )Ke 3KCIICpllMCHTa, TaK ll .llIDI .npyrnx (cxo:lKero Tm:ra) 3KC­

rrepllMCHTaJ1hHhIX ycTaHOBOK. 

Arrpo6aJ.lH.ll pa60Thl H rryfiJIHKaI.lHH. 

IIorry'ICHHhIC PC3YJihTaThl .llOKJia,llbIBaJ'IllCh Ha Hay'!HhIX ceMllHapax Kaqie.nphl 

TeopeTll'ICCKOH qJll3llKll ll MaTeMaTll'ICCK0ro M0.lleJillp0BaHll.sI liBaHOBCKOro rocy­

napCTBCHHOro JHllBCpCllTCTa ll B Jia6opaTOpllll BhIC0KIIX 3Heprn:ii O6bezlllHeH­

Horo llHCTllTyTa .stnepHhIX, llCCJienonaHHH, Ha COBCIIIaHllll 1997 rona KOJ1J1a6opa­

llllll NA45 n Be:iiu;MaHCKOM HHCTllTJTC (PexonoT, li3panrrh), conCIIIaHH.sIX 1997 
n 1998 ronon Korrrra6opaunn STAR B EpyKXe:iiBeHCKo:ii HaunoHaJI:&Ho:ii na6opa­

TOpnn (CIIIA), ceMnHapax Be:iiH yttirnepcnTCTa (IleTpO:iiT, CIIIA) B 1997 n 

1998 rony, TeJ'ICKOHqJCpeHUllll pa3pa60T'IllKOB MaTCMaTll'ICCKOf'O o6ecrre<JeHH.sI .llJl.sI 

STAR/SVT B 1998 ro.ny, pa6o'IIIX conemaHn.sIX CERES/NA45 1998 ro.na B re:ii­

nenh6epre (<I>Pr) n UepH (IIIBe:iiuapn.s1). Ilo MaTepnarraM .rxnccepTaun:n orry6J1H­

KoBaHo 7 IIC'!aTHhIX'pa6oT. 
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00'heM H CT}>YKTYpa pa60ThJ. 

.IInccepTaoIDI cocronT H3 BBe.z:teHiut, IIIecTn rnaB, 38.KJIIO'IeHIDI, .llByx npnno­

:lKeHHH lI CIIlICI(a lICIIOJlh3JeMOH nHTepaTyphl. O6'!,eM .llllCCepTamm 145 CTpaHJm, 

pa6oTa co,nep:lKlIT 47 pn:cymcoB n: 7 Ta6mnr. Bn:6nnorpaq>IDI co.nep:lKlIT 62 Ha­
HMeHOBaHIDI. 

Ha 3ail.lHTY BhIHoc.siTc.si cne.n;yrom11e pe3yJihTaTh1: 

• .ll0Ka3aTem.CTBO TeopeMhl O 'Ilicne He38BllCllMhIX CTeneHeH CBOOO,llhl Tpllnne­

Ta nnOCKIDC .lleTeKTOpOB npn: llCIIOnh30BaHn:n: llH<pOpMaun:n: 0 KOOP.llllHaTax 

TO'IeK B3an:MO.lleHCTBIDI C 3TIDC .lleTeKTopoB ll orpaHn:'lllB8.K>llleM YPBBHeHllll, 

nonyqaeMOM lI3 ycnoBmr CYI!leCTBOBaHn:sr o6meH nepBll'IHOH BeplIIliHhl; 

• peann:38UIDI 6hlcTporo anropllTMa BOCCTaHoBneHllSI TpeKoB .unsr BeplIIliHHOro 
.neTeKTopa 3KcneplIMeHTa STAR; 

• pa3pa60TKa 6hlCTpOH po6aCTHOH npoue.nyphl peKOHCTpyn:poBaHn:sr 

HOH BeplIIliHhl, II03BonsrromeH onpe.nensrTb KOOp,llllHaThl BeplIIliHhl 
KOH TO'IHOCThIO; 

nepBll'I­

c BhlCOC 

• pa3pa6oTKa 

3BOnSIIOllleH 

reoMeTpn:eH 

TOB; 

MHoronapaMeTplI'IeCKOH MllHllMll3aun:oHHOH npoue.uyphl, rro­

IIpOBO.llHTb reoMeTplI'!eCKyIO Kann:6poBKY .lleTeKTopoB c 41r­
Ha IIOpSI,llOK 6bICTpee CTaH,llapTHhIX MHHllMH3aun:oHHhIX IlaKe-

• nporpaMMHasr peann:Jaunsr npoue.nyp noKanhHo:ii reoMeTpnqecKoH Kann6poB­

Kn 6e3 MarHHTHOro nonsr, noKanbHOH n rno6MbHOH Kann6pOBKli B Mar­

HlITHOM none, pa3pa6oTKa COOTBeTCTByro:runx 3a,llaqe a6cTpaKTHhIX THilOB 

.naHHhIX .unsr ynporueHn:sr 'ITeHHsr, OTna,uKn, Mo,unqm:Kaunn: Ko,ua; Harrnca­

Hne HHTepcpeHca KO BCeM nporpaMMaM C03.llaHHoro naKeTa, II03Bonsrromero 

BHe.llpHTb KO,ll B pa6oqyro rrporpaMMHYIO cpe,uy 3KCrrepnMeHTa; 

• yqacTne B pa3pa60TKe 6hlCTpon po6aCTHOH rrpoue.uyphl peKOHCTpyn:poB8HHSI 

nepBH'IHOH Bep1IIHHhl C06hlTHSI .unsr BeplIIliHHoro TenecKona 3KCnepnMeHTa 
CERES/NA45; 

• C03,llfl.IlHe C npnMeHeHneM pa3pa6oTaHHOH MHHHMH3aun:oHHOil npoue.uyphl 

Kanli6pOBO'!HhIX nporpaMM .unsr 3a,uaq nOKMbHOH reoMeTpll'IeCKOH K8.JIH-

6poBKli BeplIIliHHoro TenecKorra n orrpe.ueneHn:sr OTHocnTenhHhIX rrono:iKeHHH 
TenecKona n Pad-KaMephl .unsr 3Toro 3Kcrrepn:MeHTa. 
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Co.uep:>KaHHe paooThI. 

B nepBOll rnaBe c,uenaH o63op MeTO,llOB reoMeTpll'IeCKOH Kann:6pOBKli paJnnq­

HhIX ,lleTeKTOpHhIX ycTpOHCTB, Ha'IHHM OT aKTHBHO ncnom.3yeMhIX B npoumoM 

n ,llO H8XO,llfilUHXCSI B HaCTOSII!lee BpeMSI Ha CTa,llHH pa3pa6oTKH .llnSI ncrrom.-

30BaHHSI Ha HOBhIX 3KCIIepnMeHTMbHhIX ycTaHOBKax. B rnBBe paccMaTpHB8.K>T­

CSI rrpocTeHIIIlie Mo,uenn rrocTpoeHHsr Kann6poBO'IHhIX npeo6pa3oBaHnH, cnoco6hl 

reoMeTpn<IeCKOH Kann6pOBKH cnnpanbHhIX ·n3MepnTeneH, CHCTeMhl O,llHOKOOp,lln­

HaTHhIX ,ueTeKropoB, BepmnHHoro .neTeKropa cxo,uHoH c SVT CTPJKTypo:ii, a 

TaK:iKe B o6meM BH.lle qacTo ynoTpe6nsreMbIH .nnsr peIIIeHnsr Kann6poBO'IHhIX 3a­

,uaq MeTO.ll JlarpaH:iKeBhIX MHO:lKHTeneH. Jiby'IeHHe y:iKe CYllleCTBYIOlllliX MeTO,unK 

IIOMorno B pa3pa60TKe anropnTMa MHoronapaMeTpH'IeCKOH MHHlIMH3amIH .unsr 
Kann6pOBO'IHhIX 3a,uaq Ha OCHOBe ll3BeCTHOro MeTO,lla rpa.nneHTHOro cnycKa, HO, 

BMeCTe C 3THM, H BhlSIBHTb psr.u He,llOCTaTKOB CYI!leCTBYIOlllliX MeTO,llOB: H3BeCT­

Hhle MeTO.llllKH KMH6pOBKH OIITH'leCKIDC ,lleTeKTOpOB He IIpnMeHHMhl K COBpe­

MeHHhlM ycTaHOBKaM, IIOCKOnbKY OCHOBaHhl Ha li3MepeHnn 3TanOHHOro Kann6po­

BO'IHOro 06pa3ua. IIonhlTKa yqeCTh Bee B03MO:lKHhle napaMeTphl reoMeTpn<IeCKOll 

pa3'bIOCTHpOBKH (cMemeHHSI n: IlOBOpOThl) rrpHBO,llllT K Heo6XO,llllMOCTll peIIIaTh 

CHCTeMhl · HennHeHHhIX ypaBHeHn:ii, ll cnO:lKHOCTb 3TOH 3a,uaqn 3KCilOHeHUllanh­

HO B03pacTaeT C . pOCTOM . qncna napaMeTpoB, II03TOMY TaKHe MeTO.llllKH MOrJT 

6bITb Ii:crronh30BaHhl TOnbKO .nnsr cpaBHHTeJihHO npoCThIX CHCTeM, nn6o II03Bonsr­

IOT y<IeCTh TOnbKO qaCTb napaMeTpOB. IIorrhlTKli pa36HTb ,lleTeKTOpHyro CllCTeMy 

Ha He6oJihlIIlie MO.llynn, IIOJIOJKeHne qacTe:ii KOTOphIX OIIllChlBaeTCSI cpaBHHTenbHO 

He60JihIIIllM 'IllCJIOM napaMeTpOB IIpllBO,llllT K psr,uy OCT8BIIIIDCCSI Heonpe,ueneH­

HhlMll napaMeTpOB B cnny HaJIH'lllSI 60JibIIIOro 'IllCJia He3aBHCHMhIX CTeireHe:ii 

CB060.llhl, n, KpoMe Toro, Tpe6yeT BIIOCJie,llCTBllll ,llOIIOJIHHTeJihHOH Kann6pOBKH 

0T,lleJihHhIX Mo,uyneH. 

Bo BTOpon rnaBe paccKa3bIBaeTCSI O <pll3ll'leCKIDC ll TO'IHOCTHhIX B03MO,KHO­

CTSIX STAR. Oco6eHHhlH ameHT c.nenaH Ha pacKphlTHH YffHKMhHhIX B03MOJKHO­

CTen, IlOJIJ'IaCMhIX rrpn BBe.z:teHHll B 6aJoByIO KOH<pnrypaunro 3KCIIepnMeHTaJibHOll 

ycTaHOBKll KpeMHlleBoro BepIIIHHHOro ,llCTeKT0pa. MaTepnan, ll3nOJKeHHhlH B 3T0ll 

rnaBe IIOMOraeT pacKphlTb aKTyaJihHOCTb IIOCTaBJieHHOH 3a,lla'!ll. 

YHnKaJihHhle B03MOJKHOCTH SVT BKJIIO'!aIOT o6HapyJKeHne 6apnoHOB c BhlCO­

Kon CTpaHHOCThIO c:::- ll n-) ll ll3MepeHHSI npn Hll3KIDC (40 :S Pt :S 200 M3B/c) 

rronepe'IHhIX llMIIYJibCax. JibyqeHne pe.llKIDC 'laCTHU ( TaKIDC KaK D-Me30Hhl ll 

CTpaHHhlC MYJibTllKBapKOBhle COCTOSIHHSI), KOTOphle HeB03MOJKHO Ha6nro,uaTb C 

rroMOIII.bIO onHo:ii TPC, MoryT CTaTb ,uocTynHhlMH c SVT. SVT o6ecne'IliT cy­

mecTBeHHoe yny<IrireHne B onpe,neJieHHll HMnyJihCOB '!aCTllU C OOJiblIIliMH none­

pe•IHhlMll llMIIYJihCaMH, B 3<p<peKTllBHOCTll peKOHCTPYKUHH ,llnSI KOpOTKOJKllBYlllIDC 

He:iiTpanbHhIX qacTnu, TaKIDC KaK K2, </>, A n A, 'n B pa3,ueneHnn TpeKoB, 6na­

ro,uapsr OTJlll'IHOll pa3peIII8.K>lllCH crroco6HOCTH, ,llOCTHraeMOH c IlOMOIII.bIO TCXHO­

nornn KpeMHHCBhIX .npencpoBhIX KaMep. SVT TaKJKe yny'IIIIllT BOCCTaHOBJieHHe 

TpCKOB ll ll.llCHTll(pHKaunro MSirKIDC 3apsrJKeHHhIX '!aCTHU, TaKIDC KaK 7r±, K±, P, 
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p, d II d, no3BOJIIIT JlY'!IIIe onpe.nerurTb nepBlI'IHYIO BepmIIHy II noMo)KeT p8.3-

JIII'IaTb '!aCTmn,x OT BTopII'lllhlX pacna.noB. SVT-,neTeKrop ycIIJIIIT B03MO)KHOCTII 

STAR no II.neHTIIcpIIKarum 'IacTIIll II onpe.neneHIIIO IIMIIYJII,COB II yny'IIIIIIT aK­

cenTaHC .lleTeKTopa .llIDI .lIBJieHIIn: C HII3KIIMII nonepe'UlhlMII IIMnyJII,CaMII. KpoMe 

Toro, SVT c ero BhlCOKon: p8.3pema10men: cnoco6HocT1,10 B6JIII3II OT BepIIIIIHhl 

po)K,lleHII.ll no3BOIDieT IICKJIIO'IIITI, 6oJibIIIYIO '!aCTl, KOM6IIHaTopHoro <pOHa ll 3Ha­

'IlITeJII,HO yny-cnnaeT a<p<peKTIIBHOCTl, ,lleTeKTIIpOBaHII.si: CTpaHHhlX '!aCTll[l. 

KpoMe nepe'IIIcJieHHoro Bl,IIIle BBe,neHIIe SVT B .neTeKTOPHYIO cncTeMy STAR 

OTKphlBaeT eme [leJII,Ill PH.n ,npyrmc B03MO)KHOCTell. O.llHaKO, Bl,ICOKOe Il03II[lIIOH­

HOe p8.3pemeHIIe CaMOI'O ,lleTeKTllPYIOIIlero ycTpOllCTBa .lIBJI.lleTC.ll Heo6XO,llllMl,IM, 

HO OTHIO,lll, He ,llOCTaTO'IHhlM yCJIOBIIeM O'IeHI, TO'IHhlX ll3MepeHnn:, ecnn Ha6JIIO­

,llaTeJIIO Hell3BeCTHO OTHOCllTeJII,Hoe ITOJIO)KeHIIe .llaHHOro ycTpOllCTBa cpe.nn ,npy­

rmc '!aCTell .neTeKTOpHOll CllCTeMhl. TaKllM o6p8.3oM, Ba)KHOCTI, 3a.z:(a'III reoMe­

TPII'IeCKOll KaJIII6poBKll ,neTeKTopa SVT o'IeBII.llHa. 

B TpeTben:, KJIIO'IeBon:, rJiaBe ll3JIO)KeHhl IlpllH[lIIIll,I pa3pa6oTaHHOI'O no,nxo,na 

K pemeHnIO KanII6poBO'IHhlX 3a,na'I 3KcnepIIMeHTa STAR. B nepBon: '!acTn rnaBhl 

IIpOBO.llIITC.ll llCCJie,llOBaHllC npOCTpaHCTBa Kann6poBO'IHhlX napaMeTpOB II .llOKa3hl­

BaeTC.ll TeOpeMa O 'IIICJie He3aBIICIIMl,IX CTeneHell CB060,lll,I OT,lleJibHOI'O TpllnJieTa 

KpeMHIIeBhlX .npell<pOBl,IX KaMep. Pe3yJihTaTOM 3TOI'O .llOK8.3aTeJibCTBa .lIBmieTC.ll, 

Bo-nepBhlX, BhlBO.ll O H006XO,llIIMOCTII llCilOJII,30BaTI, orpaHII'IIIBaIOlllee ypaBHeHne, 

COCTaBJieHHoe C llCITOJII,30BaHlleM <paKTa HaJill'III.ll 06:uten: nepBII'IHOll BepIIIllHl,I 

y 60JII,IIIllHCTBa peKOHCTpynpyeMhlX TpeKOB co6hlTll.ll; a BO-BTOphlX, BhlBO.ll 0 

H006XO,llIIMOCTll 0.llHOBpeMeHHOI'O onpe.neneHII.ll BCex KaJIII6poBO'IHhlX rrapaMeTpOB 

BepIIIIIHHOI'O .neTeKropa. 

Bo BTOpon: '!aCTll OITIIChlBaeTC.ll rrpoue,nypa JIOKaJihHOll reoMeTpll'leCKOll KaJill-

6poBKll B HyJieBOM MarHIITHOM none II pa3pa60TaHHhle cneuIIaJibHO .llJI.ll Hee po-

6aCTHhle anropnTMl,I peKOHCTPYKUIIII co6hlTIIll. O6cy)K,llaCTC.ll Bhl6op OITTIIMaJII,­

HOll napaMeTpII3a[lIIII TpeKOB '!aCTIIU. Ilpe.nnaraeTC.ll IICITOJII,30BaTI, nna BCKTopa 

,llJI.ll orrpe,neJieHII.ll rrpoCTpaHCTBeHHOll TpaeKTOpIIII: 

P; =ii+ A;b, (1) 

r.ne P; - i-a.si: TO'!Ka TpeKa, b - BeKTop, onpe,nen.si:101IlIIll opneHTa!lllIO TpeKa 

B rrpocTpaHCTBe, ii - BeKTop, orrpe,lleJI.lIIOIIlllll MIIHIIMaJibHOe paCCTO.lIHllC Me)K­

.llY oc1,10 nY'IKa n TpeKOM B ITJIOCKOCTll, rreprreH.llIIKynapHoll ocII IlY'IKa ( T.e. 

no orrpe.neneHIIIO (b · ii)lxy = 0), n A - rrapaMeTp, 3ana10mIIn: ITOJIO)KCHIIe TO'IKII 

B,llOJII, TpeKOBQ~ JlllHIIII. Bhl6paHHM TaKIIM o6pa30M napaMeTpll3a[lll.ll Il03BOJI.ll­

eT rrpoBO.llllTb 6hlcTpoe 6e3hlTepaTIIBHoe onpeneneHne TpeKOBhlX napaMeTpon II 

KOOp.llIIHaT IICXO,llHOI'O B3aIIMO,llellCTBll.ll (T.e. BCpIIIllHI,I C06hlTll.ll). 

OrrTllMaJihl{Oe nOJIO)KeHIIe BepIIIIIHl,I onpe,neJI.lICTC.ll IIpII ITOMOlllII MllHIIMII3a­

IllIII <i>YHKilIIOHana K, orrpe.neneHHoro KaK CYMMa KBanpaTon KpaT'Ian:mmc pac-
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CTO.lIHIIll .llIDI ncex TpeKOB. 

N, 2 

K = I: Wj ( iij + xJfi; - v) . (2) 
j=l 

3,neci, V - rroKa eme HeII3BeCTHoe noJio)KeHIIe BepIIIIIHhl. Bee w; IICITOJII,3yeTCa 

.llIDI Ka)K,llOI'O TpeKa .llIDI TOI'O, 'IT06hl npenpaTIITI, BCIO npo!le.nypy B po6aCTHYIO, 

T.e. YMeHI,IIIIITl, BKJia,ll IIIYMOBhlX TpeKOB llJIII TpeKOB, BOCCTaHOBJieHHhlX K0p­

peKTHO, HO He rrponCXO.ll.llllllIJC ll3 nepBII'IHOll nepIIIIIHhl B3aIIMO,llellCTBII.ll. EhlJia 

IICITOJII,30BaHa BeCOBM <pyHKUII.ll TbIOKII, .lIBJI.lIIOIIlMC.ll onTIIMaJII,HOll .llIDI B3Be­

IIIeHHOro MeTO,lla HallMeHI,IIImc KBa,npaTOB: 

w(t) = { (1- (t/cr)
2
/, npn !ti< er, 

· 0, B OCTaJibHhlX CJIY'!MX, 
(3) 

r,ne 'Iepe3 Cr o6o3Ha'IeHa KOHCTaHTa TbIOKII, KOTOpa.si: Bhl6IIpaeTC.ll no orrpe.ne­

JieHHhlM npaBIIJiaM B COOTBeTCTBIIll c OTHOIIIeHIIeM CIIrHan/myM. 3,neci, )Ke npn­

BO,ll.lITC.ll pe3yJibTaThl IICCJie.llOBaHll.ll TO'IHOCTII rrpe,nJIO)KeHHhlX MeTO,llllK peKOH­

CTPYKUIIII TpCKOB II orrpe,neJieHII.ll KOOp,llIIHaT nepBII'IHOll BepIIIllHl,I B3alIMO,llell­

CTBII.ll. BneneHIIe BCCOBOll <pyHKUIIII TbIOKII Il03BOJIIIJIO cymecTBeHHO YBeJIII'IlITl, 

TO'IHOCTI, BOCCTaHOBJieHII.ll KOOp,llIIHaT BepIIIllHl,I ( CM. Ta6JIIIIlY ) . 

Ta6JIII[la 1: To'IHOCTl, BOCCTaHOBJieHII.ll BepIIIIIHl,I 

MeTO.ll ax C1y (1z 

IlpOCTOll 23.43 10.35 10.91 

Po6acTHhlll 7.15 4.92 5.36 

µm 

OnIICI,IBaeTC.ll COCTaBJICHHhlll KaJIII6poBO'IHhlll <pyHKUIIOHaJI, Y'IIIThlBaIOIIllill 

BJIII.lIHIIe BCex rrapaMeTpOB pa3'bIOCTIIpOBKII. <l>ynKUIIOHaJI COCTaBJieH TaKIIM o6pa-

30M, 'ITO ero 60JII,lIIIIC 3Ha'ICHII.ll COOTBeTCTBYIQT HaJIII'IIIIO pa3'bIOCTIIp0BKII, a 

MIIHIIMaJII,Hl,IC - II,lleaJII,HOll reoMeTpII'IeCKOll KaJIII6pOBKe, II, cne,noBaTeJII,HO, KOp­

peKTHl,IM KOOp.llIIHaTHl,IM rrpeo6p8.30BaHll.lIM: 

Neventa (Nt.ev ) 

G = e~l ~ L;,ev + Kev • (4) 

IIepBM '!aCTl, <pyHKUIIOHaJia Y'IIIThlBaeT OCTaTKlI (II3Mep.si:eMhle OTKJIOHeHII.ll TO­

'ICK) K~.llOI'O TpeKa, onpe,neJieHHM KaK: 
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L _ (~(( (P;, b)lxyb p, )2 
j,ev - ~ a.Xj + (b b)I .Xj - ;.X + 

i=l , xy 

(( (A, b)lxyb p, )2 
a.yi + (b, b)lxy ·Yi - i·Y + 

(( (A, b)lxyb p, )2))/N. 
a.zi + (b, b)lxy .zi - ;.Z t,ev, 

A· - TO"!KII B3aIIMo.lle:U:CTBIDI <J:aCTHIUu c .lleTeKTopHJ,IMH rmaCTHHaMH, OTHeceHHhle 

K OJlHOMY TpeKJ. Bropoe crraraeMoe J'IHTh!BaeT rrrnpHHy BeprrrnHh!: 

.._.N,,••cc 1 ') (a'-,a'.)2 
K L.,1=1 ai, ai - ~) 

ev = (b,b) 

Nt,ev ' 

r,lle aj OIIpe,lleJieH KaK: 

aj = V - Cl_i, 

r.lle "j" yKa3h!BaeT Ha j-h!ll TpeK co6hlTirn "ev" . .Ilrnr KaJK,lloro co6hITirn BepIInr­

Ha V ev ( rrpe,llBapHTeJihHO orrpe,llerreHHasr MHHIIMII3auIIe:u: BhIIIIeorrIIcaHHOro <pJHK­

UIIOHarra K) xapaKTepH3JeTcsr <pJHKflHOHaJioM Kev• 

B TpeThell <J:aCTH rJiaBhI OIIHCh!BaeTCSI reJIHKOH,llHasI MO,lleJih rrapa1rnTpH3aIIHII 

TpeKOB B HeHyJieBOM MarHIITHOM rrorre, IICIIOJih3JeMasr B 3a,lla'lax JIOKaJihHOH II 

rrro6arr1,Ho:u: reoMeTpH<IecKo:u: KaJIH6poBKH SVT rrpH B > 0. Bhl6op rrapaMeTpH-

3aUIIH OCHOBaH Ha .llByx rrpe.llIIOJIO)KeHHSIX: MarHHTHOe rrorre BHYTPH .llCTeKTOpHOH 

CHCTeMh! 0,llHOpO,llHO H IlOTepII :meprIIH '!aCTIIII H3-3a 3<p<peKTa MHOroKpaTHOro 

pacceSIHHSI rrpeHe6pe:lKHMO MaJihI. B 3TOM CJIJ'IaC MO)KHO HCIIOJih30BaTh IIpOCTJIO 

reJIHKOH,llHJIO MO,lleJih: 

RJ[; = (x - Xc;)
2 + (y - Yei)2, 

z = Zo; + L tg('l/J;). 
(5) 
(6) 

.IlBH:lKeHIIe <J:aCTHIIhI B H,lleaJihHO O,llHOpO.llHOM MarHHTHOM IIOJIC OIIIICh!BaeTCSI 

OKPY:lKHOCThIO l3 rrorrepe'IHOH IIJIOCKOCTH II rrpSIMOH JIIIHIIell B IIpOCKIIIIII Z'lp;. 
3.lleCh RHi - pa.lleyC rrpoeKTIIBHOH OKpy:lKHOCTH, COOTBCTCTBYIOIIIell i-My Tpe­

KY (<ITO 3KBHBaJieHTHO pa.llHycy rerrHKOII.llhI B Ta6rrHrrax TPTRACK); (xei, Ye;) -
ee rreHTP, Zo; - Z-KoOp.llIIHaTa 6JIH)KaHIIIeH K OCII rry<J:Ka TO'IKII rcJIIIKOII.llhI, L -
.llJIHHHa .llyrH TpaeKTOPHH <J:aCTHIIhI Me:lK.llY TO<J:KaMII Zo; II (x, y, z), 'l/J; - yrorr, 
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i) 

OTpaJKaIOIUIIll ,llBIDKeHHe <J:aCTHIU,I B rrorrepe'IHOll IIJIOCKOCTH, orrpe,lleJUieMhlll TaK­

:lKe OT 6roDKafurre:u: K OCH IIJ'IKa TO"IKII reJIHKOH,llhI. IIo IIOCTpoemno: 

P; · z 
tg('l/J;) = ✓cfti. x)2+ (P;. y)2 

(7) 

BrrorrHe o<J:eBH,llHO, <ITO TaKasr MO.lleJih BeP.Ha B crry<Iae, Kor.Ila MarHHTHoe rrorre 

COBIIa,llaeT rro HarrpaBrreHHIO c OChIO "z" rrro6aJihHOll KOOp,llHHaTHOH CHCTeMhI. 

Il03TOMJ IIpH HeIIpaBHJihHO IIpOBe,lleHHOll KaJIH6pOBKe O:lKH,llaeTCSI IIJIOXOe Corrra­

CHe !IO KpHTepHIO x2 ,llJISI TpeKOB. }fa 3TIIX coo6paJKeHHll H 6hIJI COCTaBJieH 

<pYHKrlIIOHarr, HCIIOJih3JIOIUIIllCSI ,llJISI o6eIIX reoMeTpH<IeCKIIX KaJIII6poBOK .lleTeK­

TOpa B MarHHTHOM rrorre: 

Neoenta LNt L~ (A?.+ B2 .) 
G = L •=l J=l 1,J 1,J > 

<>=l · Nt 
(8) 

r.lle Nt - 'IHCJIO TpeKOB B co6h!TIIII c IIH.lleKCOM ev, 

A;,i = ✓(xi - Xc;) 2 + (Yi -yci)2 - Rlli 

- cooTBeTCTByeT paccrosrHHIO Me:lK.llY H3MepsreMo:u: SVT-To<J:Ko.rr H reJIHKOH,llo:u: B 

IIJIOCKOCTII, rreprreH,llIIKyrrsrpHOll OCH IIY<J:Ka. 

/ B;,i = zi - Zo; - tg('l/J;)L 

- COOTBeTCTByeT paCCTOSIHIIIO Me:lK.llY TO'IKOH B3aIIMO,lleHCTBIDI <J:aCTHIIhl C .lleTeK­

TOpHOH rrrracTIIHo:u: H rerrIIKOH.llOll B zL rrpoeKr(HII. .IlrrHHa .llyrH TpaeKTopIIH L 
orrpe,llCJISICTCSI rrocpe,llCTBOM TeopeMhI KOCHHycoB. . 

B IIOCJie,llHe:u: 'IaCTII rJiaBhl OIIHCaIIa pa3pa60TaHH8SI rrporre.llypa MHOrorrapa­

MCTPH'ICCKOH MHHHMII3aIIIIII, IICIIOJih3JeMasr ,llJISI o6oIIX <pJHKr(IIOHaJIOB, a TaK:lKe 

HeKOTOphlC acrreKThI OIITIIMII3aIIHH pa6oTh! MHHIIMII3aIIHOHHoro· arrropIITMa H Me­

TO.llhl Ka'ICCTBeHHOll orreHKII arrropHTMa. MIIHIIMH3aIIHSI <pJHKIIIIOHaJIOB G (4, 8) 
rrpOBO,llIIJiaCh IIpH IIOMOIUII MeTO,lla 6hlCTporo (HJIII rpa,llHeHTHoro) crrycKa. 3TOT 

MeTO,ll xopOIIIO H3BeCTeH II ycrreIIIHO rrpIIMeHSieTCSI ,llJISI peIIIeHIISI MIIHHMH3aUII­

OHHhlX 3a,lla'!. Ba:lKHellIIIHMII - MOMeHTaMH ero peaJIII3aIIIIH SIBJISIIOTCSI Bhl'IHCJieHIIe 

<J:aCTHhlX rrpoII3BO.llHhlX, orrpe,llerreHHe Ha<J:aJihHoro rrpH6JIH:lKeHIISI H BeCOB pa3JIH'l­

HhlX rrapaMeTpOB • .Ilrrsr paccMaTpIIBaeMhlX KaJIII6pOBO'!HhlX 3a,lla<J: aHaJIIITH<J:eCKOe 

Bhl'IIICJieHIIe rrpOII3BO.llHhlX HeB03MO)KHO, IIOCKOJihKY Bhlpa3IITh aHaJIIITH<J:eCKII 3a­

BIICIIMOCTI, G = G(.6.X,.6.Y,.6.Z,a,,6, 1 ) OT Bcex KaJIII6poBO'IHhlX rrapaMeTpoB 

(.llJISI C.ITJ'IasI JIOKaJihHOll reoMeTpH'IeCKOll K8JIH6poBKII 6e3 MarHHTHoro IIOJISI Ta­

KIIX rrapaMeTpOB 1296) He rrpe,llCTaBJISieTCSI B03MO)KHhIM (Bo Bce:u: pa6oTe B Ka-
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'IeCTBe KaTeropIIB Kamr6poBO'IHhIX napa1ieTp0B IICIIOJih30BamrCh nonpaBKII, C00T­

BeTCTByronm:e meCTII CTeIIeIDIM CBOOO,llhI TBep.uoro Tena: TPII CMemeHIDI B,ll0Jih 

KOOp,llIIHaTHh!X oce:tl: II TPII II0BOp0Ta B0Kpyr HIIX). B npe.unaraeM0M anropIITMe 

,llIDI onpe,neneHIDI C0OTBeTCTByrom;rrx 3Ha'leHIIM, npOII3BO,llHhie 3aMeWI!OTCH pa3-

HOCTHhIMII cxeMaMII II Bhl'IIICJIH!QTCH 'IIICJieHHo. B KaqeCTBe Ha'laJihHOro npII-

6JIIDKeHirH IICIIOJih3yroTCH ,llaHHhie Kamr6poBO'IHhIX II3MepeHIIli (na3ep, MIIKpOCKOII 

II T • .z:t.), 'ITO HBIDieTCH ,llOCTaTO'IHO y.uo6HhIM. Onpe.ueneHIIe KaKoro-JIII6o .upyro­

ro 6onee TO'!Horo Ha'laJihHoro npII6JIII)KeHIIH He Tpe6yeTCH, TaK KaK npoBe.z:teH­

Hhle IICCJie,llOBaHiiH IIOKa3aJIII, 'ITO B paccMaTpIIBaeMh!X npe,neJiax B03M0)KHh!X 

3Ha'!eHilli napaMeTpOB (onpe.neJIHeMh!X II3 <pII3II'leCKIIX coo6pa,KeHIIH) anropIITM 

pa6oTaeT 0'leHh YCTOM'IIIBO II II3MeHeHIIe (B 3TIIX npe.uenax) Ha'laJihHOro IIplI-

6JIII)KeHIIH He npIIB0,llIIT K II3MeHeHII!O Pe3YJihTaTOB. 

Tpa.nmm:oHHhili BhI6op BeCoB, Heo6xo.z:tIIMhIX ,llJIH onpe.ueneHIIH HOBhIX 3Ha'le­

HIIM napaMeTpOB B COOTBeTCTBIIII co 3Ha'!eHIIHMII IIX '!aCTHhIX npolI3B0.UHhIX, 

npIIBO,llIIT K Heo6XO.UIIMOCTII pemaTh CIICTeMy HeJIIIHeMHhIX ypaBHeHlIM, 'ITO npII­

BO,llIIT K 60JihIIlIIM Bhl'IIICJIIITeJihHhIM cnO)KHOCTHM B CBH3II C MHOronapaMeTpII•I­

H0CTh!O 3a,lla'III. B pa6oTe npe.nno)KeHa cne.uyIOlllM cxeMa. CHa'lana npOBO.UIInoch 

onpe.ueneHIIe 'IIICJieHHhIX 3Ha'leHIIli npoII3BO,llHhIX <pYHKUIIOHaJia no napaMeTpaM 

KaJIII6poBKII µ; (npocTpaHCTBa napaMeTpOB .UJIH BCex Tpex CTa,lllIM KaJilI6poBKII 

pa3ffii'IHhI) : 

fJG 
fJµ; 

G(µ; + tSµ;) - G(/t; - tSµ;) 
2t5µ; 

(9) 

r.ue µ; - 0.UIIH ll3 IICKOMhIX napaMeTp0B (no3lIUIIM lI oplleHTaUII:tl:), tSµ; - pa3-

Mep mara .UIDI .uaHHoro napaMeTpa, IIcnoJih3yeMhIM Ha i-o:tl: IITepauIIII. Pa3Mep 

mara no.u6IIpaJICH II BhI'IIICJIHnCH IIH,lllIBII.UYaJihHO .z:tnH Ka)K,llOM KaTeroplllI na­

paMeTpoB (x, Y, z, a, /3, -y) . .IlnH 3TOro npOBO,llllnoch CKaHIIpOBaHIIe npO<pII­

IDI <pYHKUIIOHaJia no COOTBeTCTBYIOllllIM napaMeTpaM lI lICCJie.UOBanoCh BJIIIHHIIe 

Ka)K,llOli OT.lleJihHOli KaTeropIIII Ha nOBe.z:teHIIe <pYHKUIIOHaJia. IlocJie BhI'IlICJieHmI 

BCex npoII3BO,llHhIX, onpe,ueJIH!OTCH HOBhie 3Ha'leHlIH napaMCTp0B C y<ICTOM 3Ha­

'leHIIM COOTBeTCTByrolilIIX npOII3BO,llHhIX. .IlnH YBCJill'ICHIIH CKopoCTII cnycKa lI BO 

II36e,KaHIIe onpe.neneHIIH noKaJihHhIX MIIHIIMYMOB, II3MeHeHlIH napaMeTp0B H0pMa­

nII30BaJIIICh Ha MaKCIIMaJihHOe 3Ha'leHIIC onpe.ueneHHOC .z:tnH BCCX np0lI3BO.llHhIX. 

.IlnH Ka)K,llOli IITepauIIII j B nporpaMMHOli peanII3aUIIII anropIITMa BhI'IIICnHeTCH: 

i _ i-I fJG tSµ; 6. 
µ; - µ; - fJµ- MAX(aa) i• 

'& 8µ, 

r.ue 6.j - o6e3pa3MepeHHhili war, 06lllllli ,llnH BCex napaMeTp0B. IIpe.uno)KeH­

Hhlli cnoco6 BhI6opa no.uxo.uHlllIIX K03<p<pIIUIIeHTOB n03BOJIHeT pellllITh npo6JieMy, 

CBH3aHHyro C Heo6XO.UIIMOCTh!O pemaTh CIICTeMy HeJIIIHeMHhIX ypaBHeHlIM, II nplI­

BO,llIIT K 6hICTpoMy nonyqeHIIIO perneHIIM C BhICOKOM T0'IHOCTh!O. KpoMe 3Toro, 
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B rJiaBe II3JiaraIOTCH HeKOTOphie acneKThI onTIIMII3aUIIII MIIHIIMII3aUIIOHHOM npo­

ue.uyphI. 

B K0HUe rJiaBhI OIIIIChIBaIOTCH IICII0Jih3yeMhie MeTO,llhI Ka'!eCTBeHHOli ouemar 

anropIITMa. Bee Ka'leCTBeHHhle IICCJie,ll0BaHIDI anropIITMa reoMeTpII'leCKOM Ka­

mr6poBKII 6hlmr rrpOBe.z:teHhI c noM0lllhIO MeTo,ua MoHTe-Kapno. Mo.uemrpoBamre 

co6hITIIB .z:tIDI rrpouecca reoMeTpII'IecKo:tl: Kamr6poBKII BKJIIO'laeT B ce6H cne.uyro­

nm:e warII: 

- Mo.uemrpoBaHIIe K0He'IHhIX COCTOHHIIM qaCTIIU C IICII0Jih30BaHireM TaKlIM M0,lle­

nett KaK HIJING IIJIII FRJTIOF .z:tIDI IIMIITaUIIII ueHTPaJihHhIX Au+Au croJIKHo­

BeHIIB npII 3HeprIIHX vs= 200 r3B. 

- IIpoBe.z:teHIIe TpeKoB '!aCTIIU q~pe3 peanIICTII'IHYIO M0.lleJih .ueTeKTopa STAR (c 

II.ueaJihHO:tl: reoMeTpIIe:tl:) II, B qacTH0CTII, SVT .ueTeKTop .UIDI onpe.uenemm Tpe­

KOBhIX nepece'leHIIM B .z:teTeKT0pax, T.e. rrono)KeHIDI coy.uapeHIIM. 

- Mo.ueJIIIpoBaHIIe pa3'h!OCTIIp0BKII .ueTeKT0pa. 

- IIepeorrpe,ueJieHIIe IIOJIO)KeHIIli T0'leK B3aIIMO,lleMCTBlIH, noJiy'leHHhIX C II,ueaJih-

HOli reoMeTplle:tl:, ,llJIH yqeTa CMO.lleJillpOBaHHOli pa3'h!OCTllp0BKII. 

Pa3'h!OCTlIPOBKa IIJiaCTlIH .unH IICCJie,ll0BaHIIH Ka'leCTBa JIOKaJihHOli reoMeTplI­

qeCKOli KanII6pOBKlI B HyneB0M MarHlITHOM none rrp0B0,llIInach c II0M0lllh!O He-

3aBlICIIMOli rrpoue.uyphI, K0T0pM IICII0Jih3yeT H0MlIHaJihHhie ( lI,lleaJihHhle) II0JIO­

)KCHlIH II oplleHTaUIIlI KpeMHlleBhIX .upe:tl:<pOBhIX KaMep B Ka'leCTBe BX0,llHhIX rra­

paMeTpOB. IIono)KeHlIH II yrnhI Ka,K,U0ro KpeMHlleBoro .ueTeKTopa CJIY'laMHhIM 

o6pa30M MO,lllI<pIIUlIPYIOTCH C IICII0nh30BaHlleM paBH0MepHo pacrrpe.ueneHHhIX CJiy­

'laliHhIX BeJilI'IIIH. .IlnH lICCJie,ll0BaHlIH T0'IHOCTHhIX B03MO)KHOCTe:tl: rrpe,nJiaraeMhIX 

arrroplITM0B 6hIJilI lICII0Jlh30BaHhI TPlI MeTo,ua oueHKII Ka'leCTBa reoMeTplI'Ie­

CKOli KaJilI6poBKII: Herrocpe.uCTBeHH0e CpaBHeHlle BOCCTaH0BneHHhIX IIOJIO)KeHllli II 

yrnoB C lI.UeaJihHhIMII ,uaHHhIMlI, cpaBHeHlle llllIPIIHhI BepllllIH, CpaBHeHIIe x2-

pacnpe,nerreHllli TpeK0B. 

B 'leTBCpTOli rJiaBe IIplIBe,lleHhI pe3yJihTaThI IICCne.z:toBaHIIH BCex Tpex CTa­

.lllIM reoMeTplI'IeCKOM KaJIH6poBKlI BepmlIHHoro .ueTeKTopa 3KcrreplIMeHTa STAR 

: noKaJihHOM reOMCTplI'leCKOM KanlI6pOBKlI 6e3 MarHlITH0ro II0nH, JIOKaJihHOM lI 

rno6anhHOli KaJilI6pOBOK B MarHIITH0M none. IlplIBe,llCHhI .uaHHhie 06 OllIII6Kax 

onpe.uerreHlIH rrapaMeTpoB .z:tnH Ka)K,lloli CTa,nlllI, pe3ynhTaThI cpaBHlITeJihH0ro IIC­

cne.uoBaHlIH pacrrpe,lleJieHllli x2 TpeKoB, HBJIH!OIUIIXCH II0Ka3aTeJieM Ka'leCTBa rrpo­

ue.nyphI KanlI6poBKlI. .IlnH CJIJ'IM noKanhHOli reoMeTpll'leCKOli Kamr6pOBKII . B 

MarHIITH0M none nplIBe,lleHhI pe3yJihTaThI lICCJie,ll0BaHlIH K0ppenHUII0HHhIX B3a­

lIMOCBH3e:tl: Me)K.llY rrapaMeTpaMlI II crroco6hI pellleHlIH npo6neM, B03HIIKaIOlllIIX 

II3-3a IIX CYIUeCTB0BaHlIH. 

IIony'leHHhie oueHKlI napaMeTp0B ,llJIH BCCX Tpex CTa,Ullli reoMeTplI'leCKOli Ka-. 

nH6pOBKII 0Ka3anlICh HeCMemeHHhIMlI II xopowo onlIChIBaJilICh rayccIIaHaMlI, 'ITO 

CBlI.lleTeJihCTByeT O H0pMaJihH0M pacrrpe.uerreHlIII CTaTlICTlI'leCKIIX OllllI60K orrpe­

.uerremrn rrapaMeTp0B. B cnyqae JIOKanhHOli reoMeTplI'IeCKOM KanII6poBKII B Hy­

neBOM MarHlITHOM none ,ua)Ke rrpll o6pa60TKe Bcero .z:teCHTII co6hITIIli rrpll II0M0-

nm: pa3pa6oTaHHhIX anroplITM0B y.uaeTCH ,ll0CTllrHYTh 0'leHh xoporne:tl: T0'IH0CTlI: 
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,.OJ6 l"J1 ,.,.,, 
30 F- OJ ax 11 I'.'·- l.:00 60 

11.16 

20 40 

JO 20 

0 0 
-40 -20 0 20 40 -4 -2 0 2 4 

micron mrad 

40 
~ 

34.21 
.(J_jJ(J.f 

30 1.028 

30 

20 
20 

JO JO 

0 0 
-40 -20 0 20 40 -4 -2 0 2 4 

micron mrrJd 

30 30 

20 20 

JO JO 

0 0 
-40 -20 0 20 40 -4 -2 0 2 4 

micron mrod 

P:rrc. 3: Oum6KH onpe.ueneHmI napaMeTpoB npII npoBei:teHIIH noKanhHOii reoMe­
Tp:rrqecKoii Kan:rr6pOBKH 

Mettee 15µm nmr BenIIq:rrH ocTaToqHhIX cMeIUeHIIii II Mettee l.5m.rad nmr Bpama­
TeJihHhIX · napaMeTpoB (cM. p:rrc. 3). AttanorII'IHhle noKa3aTen:rr nmr npouenyphl 

noKanhHOll reoMeTp:rrqecKOll KMII6poBKH B HeHyneBOM MarHHTHOM none - 9µm. II 

0.7mrad {cM. pIIc. 4), nmr npoue.uyphl rno6anbttoii reoMeTp:rrqecKoii KanII6poBKH 
- 2.5µm H 0.lmrad (cM. pIIc. 5). IIonyqeHHaJI ToqHoCTh reoMeTpIIqecKoii Ka­

n:rr6poBKH BbIIIIe pa3pernaiomeii cnoco6HOCTH CaMIIX .upeii<pOBbIX KaMep :rr BCero 
BepIIIHHHOro .ueTeKTOpa, :rr IlOTOMY KaKIIX-n:rr6o .uononHIITenbHbIX KanII6ponoqHhIX 

npoue.uyp, :rrcnonh3YIOIUIIX .upyr:rre orpatt:rrq:rrTenhHhle ypaBHeHmr, He Tpe6yeTc.sr. 

IIonyqeHHhle nocne KMH6pOBKH 3HaqeHII.sI <pyttKUIIOHMOB (nonHhle x2 Tpe­

KOB), qyBCTBIITenhHbIX K pa3'bIOCTIIpOBKaM .ueTeKTopa, OTnII'IaIOTC.sI OT :rr.ueanb­

HhIX (:rr, COOTBeTCTBeHHO, MHHHManhHbIX) 3HaqeHIIll Bcero Ha 11% Ha 3Tane no­
KanbHOll Kan:rr6poBKH np:rr Hanp.sr,KeHHOCTII MarHIITHOro non.sr B = O; MeHee, 'IeM 
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400 /"~ 10.U I 1 800 

~ d) 

-~-1-1 c- 126.:Z 
9Jtll .,_ 

.0.641' 
a 4J.4j64&-f)J 300 :Z.420 600 0./17$.JE..Ol 

200 400 

100 200 

0 0 -40 -20 0 20 40 -4 -2 0 2 4 µm mrad 

800 400 x/ndf :Z0.40 I .J 

~ e) 

~/ndf 0.0<XJOE+O<Y 0 c-.. ..... , .J41.6 

~ c-- 7.J:Z.7 .,_ .J.$2I 

(3 "·~ ..0./04.J 300 ,, " 2.UP 600 ,, " O.l0.J2 

200 400 

JOO 200 

0 0 -40 -20 0 20 40 -4 -2 0 2 4 µm mrad 

800 · 400 )( ndf JJ.J2 I .J 

~ d) ~ 
~------,;:,1ii1··1 c ............ 181.6 Ctnu,,,,., , ... c) dz 

., __ 
-1.660 

')' "'""" -0.U-,()E.(JJ 300 .J/,,,,, 1.919 600 ,, " 0.1009 

200 400 

JOO 200 

0 0 -40 -20 0 20 40 -4 -2 0 2 4 µm 
mrad 

P:rrc. 4: Orn:rr6KH onpe.uenett:rr.sr Kan:rr6poBoqHhIX napaMeTpoB np:rr onpe.ueneHHH 
OTH0CIITenhHhIX nono,KeHIIll SVT :rr TPC 

Ha 1 % npII npoBe.ueHIIH noKanhHon IOCTHpOBKH np:rr B > O; II Mettee, qeM Ha 

0.6% nocne npoBe.UeH:rr.sr onpe.uenett:rr.sr OTHOCHTenhHoro pacnono,KeHH.sr KpeMHHe­

Boro BepIIIHHHoro .ueTeKTopa :rr BpeM.sr-npoeKUIIOHHOll KaMepbI. 3TII .uaHHble TO­
,Ke CBH,lleTenhCTBYIOT O cnoco6aocTJI MHHHMII3auHOHHOll npoue.uyphl KaqeCTBeH­
HO onpe.uen.srTh nono,KeH:rre MIIHIIMYMa <pyttKUHoaana. CpaBHHTenbHhlii aaan:rr3 

IImpIIHhl BepIIIHH .uo II nocne reoMeTp:rrqecKOll Kan:rr6pOBKH, :rrcnonh3yeMhlll .un.sr 
oueHKII KaqecTBa nOKMbHOll reoMeTp:rrqecKOll KMII6pOBKH 6C3 MarHHTHOro no­

n.sr, Il0Ka3an, qTo pa3'bIOCTHpOBKa .UeTeKTopa .ua,Ke B HC3HaqnTenhHOll CTeneHH 

{nop.sr.uKa lOOµm, T.e. B npe.uenax, rapaHTIIpyeMbIX B03MO,KHOCT.sIMII c6opKH) 

npIIBO,lllIT K CYIUeCTBeHHOMY CHH,KeHHIO pa3pernaromen cnoco6HOCTJI no napa­
MeTpy coy.uapeHII.sr. Ha p:rrc. 6 BH,llHo, qTo nocne npoBe,uea:rr.sr reoMeTpIIqecKoii 
Kan:rr6pOBKII, IIIHpIIHa BepIIIHHhl CTaHOBHTC.sI npaKT:rrqecKH TaKOll ,Ke, KaK .un.sr 
II.ueanbHoii reoMeTp:rrqecKoii KOHcp:rrrypauIIII. 
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Pnc. 5: Pacnpe.uenemur ornn6oK onpe.uenemrn: reoMeTpn•iecKmc nonpaBoK npn 

npoBe,ueHIIn noKanhHOR Kann6poBKn B MarHnTHOM none 

'8Tn pe3ynhTaThl no3BOmH0T c.uenaTh BhIBO.U, 'ITO pa3pa6oTaHHhlll 6hICTphlll 

anropnTM . reoMeTpn'!eCKOll Kann6poBKII KpeMmreBoro BepIIrnHHOro .UCTeKTOpa 
3KcnepnMeHTa STAR, no3BomreT c BhICOKoft T0'IHOCThIO npoBO.UliTh .onpe.uenemre 

KaK oTHOCliTenhHhIX nono:iKeHnft KpeMHneBhIX .upeftqiol3hIX KaMep 13HyTpn SVT, 
TaK n 0TH0CnTenhHOe nono:iKeHne SVT n BpeMS!-npoeKIInoHHoft KaMephl, KaK 13 

MarHIITHOM none, TaK n 6e3 Hero. 
B IIS!Toft rnaBe rrpe.UCTaBneHhl pe3ynhTaThl nccne,uoBamrn rrpe.unaraeMoro an­

ropnTMa Ha Kann6poBO'IHhIX 3a,ua'!ax 3KcrrepnMeHTa CERES/NA45. OrrncaH pa3-
pa6oTaHHhIR COBMeCTHO c rpynrroft nporpaMMliCTOl3 O6'he,UnHeHHOro l1HCTliTyTa 
51.uepHhIX l1ccne,uoBaHlill po6aCTHhlll anropnTM BOCCTaHoBneHli,Sl nepBli'!HOll Bep­

lIIIffihl co6hITn:rr, n npnBe,ueHhl pe3ynhTaThl nccne,uol3aHli,Sl 3Toro anropnTMa Ha 
peanhHhIX 3KCrrepnMeHTMhHhIX ,uaHHhIX. Ha pnc. 7 Bli,UHO, TITO Ha , pacnpe.uene­
Hlili Z-Koop.unHaT BepmnH, rrony'leHHOM rrpn o6pa6oTKC 06pa3ua, cocT0S!IIlero n3 
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Pnc. 6: illnpnHa peKOHCTpynpoBaHHOll BeplllliHhl. (a) - rrpn CMo.uennpoBaHHOll 
pa3'hlOCTiipOBKe .ueTCKTOpa, ( b) - rrocne rrpoBe.UeHli,Sl reoMeTpli'ICCKOH Kann6pOBKII. 

IlyHKTnpHoft nnHne:rr noKa3aHo pacrrpe.ueneHne ,unS! n,ueanhHo:rr reoMeTpn'IeCKoft 

KOHqJiirypaunn. 

4000 Pb+Au 3KcnepnMeHTanhHhIX co6hITnft, Bee rrnKII, cooTBeTCTBy10mue BOCh­
Mn .UliCKaM MliIIICHli xopomo pa3,ueneHhl n liMCCT qiopMy rayccnaHOB. To'!HOCTh 
pa3pa6oTaHHOro po6aCTHOro rro.uxo.ua OKa3anacb HeMHOro BhIIIIe TO'!HOCTli MeTO­

.ua CYMMapHhIX rayccoBhIX Beco:Ei, ncrronh3yeMoro paHee .UnS! o6pa6oTKII .UaHHhIX 

CERES/NA45, rrpn 3TOM 6hlcTpo.ueftcTBne rrpe.uno:iKeHHoro 6hlcTpo~ anropnTMa 
Ha .UBa rropS!.UKa BhIIIIe. , 

IIpe.unaraeMhle anropnTMhl reoMeTpn'!eCKoft Kann6poBKn 6hlnn peanu3oBa­
Hhl B rrporpaMMHOM KO.UC ,unS! rroncKa IOCTiipOBO'!HhIX napaMe:rpoB KpeMHlieBhIX 

.upeftqioBhIX KaMep, COCTaBn,SIIQIUUX BepmnHHhlll TeJieCKOII, n orrpe.ueneHli,Sl OT­
H0CliTeJihHOro rrono:iKeHnS! Pad-KaMephl n Bcero BepunmHoro . TenecKona. IIocne 

li3Y'ICHli,Sl Kann6poBO'!HhIX npoue.uyp Ha COOTBeTCTBYIOillIDC MO.UeJihHhIX .uaHHhIX, 
Kann6pOBO'!Hhlll anropnTM nccrie.uoBancS! Ha peanbHhIX 3KcnepnMeHTanhHhIX, .UaH­
HhIX, rronyTieHHhIX B 1995 u 1996 ro.uax. Pa3pa6oTaHHhlll ,anropnTM. rroKa3an 

xopomyIO TO'IHOCTh orrpe.ueneHli,Sl napaMeTpOB, yCTOll'lliBOCTh K 3amyMneHHOCTli 

(Hen36C:lKHOll B 3KCnepnMCHTMhHhIX ,UaHHhIX), HC'IYBCTBliTenhHOCTh K Bhl6opy 
Ha'!MhHhIX 3Ha'leHuft napaMeTpoB (B nccne.uyeMhIX rrpe.uenax). Orrpe.ueneHHhle B 

xo.ue nccne,uoBaHn:rr omn6KII MeTo,ua B orrpe.ueneHIIn napaMeTpa cocTaBnS!IOT Me­
Hee 3µm n 1.2mrad ,unS! cMemeHnft n rroBoporoB cooTBCTCTBeHHO. B Ta6mm:e 

rrpnBe,UeHhl 3Ha'IeHli,S! Kann6poBO'!HhIX napaMeTpOB .UnS! BepmnHHoro TeJieCKO­

rra, rrony•IeHHhle pa3nU'!HhIMli MCTO,!laMli (B TOM 'IUCne u C noMOillhIO :ircrronh-
30BaBIIIeroc,SI paHee 13 3KcrrepnMeHTe CERES/NA45 MnHnMn3aunoHHoro rraKeTa 
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Pnc. 7: Pacnpenerremie z-Koop.zurnaT BoCcTaHoBJieHHhIX Bepnnrn co6hlTnii, oTqm­
TnpoBaHHoe BOCeMhlO rayccnaHaMn ( COOTBeTCTBeHHO BOCbMil nncKaM MilIIIeHn) 

nmr po6acTHoro nonxona 

MINUIT). 
lfa npnBeneHHhIX naHHhIX · BnnHo, 'ITO JHa'!emrn norry'IeHHhIX paJrrn•rnbIMn 

MeTonaMH nonpaBoK coBII~.llaIOT B npenerrax onrn6oK, Ho TO'IHOCTh. onpenerre­

Hil.sI napaMeTpOB npenrraraeMhIM arrropnTMOM C IlCIIOJlbJOBaHileM onHoBpeMeHHOH 
o6pa6oTKH aHCaM6JUI co6b1Tnii cy:ruecTBeHHO BbIIIIe ( oIIIn6KH onpenerreHnH napa­
MeTpoB nrrH MINUIT He npnBeneHhl, II0CKOJihKY nrrH ::iToii Jana•rn naKeToM He 

OIIpeJleJIHIOTCH). 
PaJpa6oTaHHblli nonxon Il0JBOJIHeT 0IIpeJleJIHTb Karrn6poBO'!HbIC mmpaBKU 6cJ 

npnBJie'!eHilH nonoJIHilTeJibHhIX MilHilMilJailll0HHhIX IlaKCT0B, 'ITO caMO no ce6e 
II0JBOJUICT cy:rueCTBeHH0 BblnrpaTb BO BpeMeHn. KpoMC 3Toro, 6bICTpbIH po6acT­

Hblli arrropnTM peKOHCTpymnn rJiaBHOii BepIIIIlHbl co6bITilli, y)Ke BKJIIO'IeHHblli 

B MaTeMaTil'ICCKoe o6ecne'!eHne 3KcnepnMeHTa CERES/NA45 u ncnoJihJYCMhlii 
npn npOBeJleHilll npouenypbl KaJin6poBKH, KpOMe nonoJIHilTeJibHOli 3KOHOMilll Ma­
IIIIlHHOro BpeMeHn,· Il0JB0JIIlJl Ja C'!eT YBeJin'IeHHH pa3peIIIeHilH no BCCM Koopnn­

HaTaM onpenerrHeMOli BepIIIIlHbl YT0'IHilTb JHa'!eHnH npnHHThIX B 3KCil{)pllMCHTC 

reoMeTpn'IeCKnX nonpaBoK. B Hacro.snuee BpeMH PAD-KaMepa B 3TOM 3Kcnepn­

MeHTe JaMCHeHa H8. BpeMH-npoeKUilOHHYIO, Kp0MC T0ro, nponJBeJleHbl IlJMeHCHilH 
KOHcpnrypaunn BepIIIIlHHOro TeJieCK0IIa, n, crrenoBaTCJlbH0, peIIIeHne KaJin6poBO'I­
HhIX Jana'! CTaHOBilTCH HeOTJIO)KHOH Jana'!eii. Cefprac npoBonnTCH Karrn6poBKa 

neTeKTOpHOli CilCTCMbl npn IIOMOUJ;ll npenrraraeMhIX arrropnTMOB. 
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Ta6JlllUa 2: HaiineHHbie npn IIOMOIUll pa3mf'IHhIX nonxonoB 3Ha'!eHnH nonpaBoK 

(n8.HHble 1995 rona) 

IIapaMCTpbI Ilpen. arrropnTM Ilpen. arrropIITM I MINUIT 

IloCJieJlOBaTeJibHM o6pa6oTKa 

.6.x(µm) 33.4 ± 2.3 . 38.1 ± 17.7 38.0 

.6.y(µm) -25.7±2.6 -7.3±18.4 -11.1 

.6.z(µm) -30.7± 1.7 -22.6 ±29.2 -20.05 

o:(mrad) -0.2±0.3 -0.8± 2.0 1.4 

/3(mrad) -10.5 ± 0.99 -6.5 ±4.7 -7.7 

-y(mrad) 0.7.± 1.01 1.1 ±5.1 4.6 

YcneIIIHOe npnMeHemie paJpa6oTaHHhIX arrropnTMOB K o6pa6oTKe peaJibHhIX 

naHHhIX 3KcnepIIMCHTa CERES/NA45 nonTBep)K,llaeT Hane,KH0CTh ncnoJlbJyeMbIX 
noKa Ha nceBnopearrhHhIX naHHhIX 3KcnepnMeHTa STAR nonxonoB ( cMoneJIIIpo­
BaHHhIX npn noMOI.Ull nporpaMMbl GEANT). 

B IIIecroii rrraBe npnBeneHo onncaHne CTPYKTYP, ncnoJlbJyeMbIX B coJnaHHoM 
nrrx peIIIeHUH KaJIII6poBO'!HhIX Jana'! nporpaMMHOM naKeTe. Ilrrx npnMeHeHnH 
pa3pa6oTaHHhIX arrropnTM0B II IIX BKJIIO'IeHIIX B MaTeMaTn'!eCKoe o6ecne'IeHne 

3KcnepnMeHTa STAR 6bIJI Bb16paH HJbIK nporpaMMUpOBaHilX c++ C IICII0Jib­
JOBaHileM npenMy:rueCTB 061,eKTHO-OpIIeHTnpoBaHHoro nonxona, 'ITO corrracyeTCX · 

c OOIIlHMil TeHnCHUHXMil pa3BilTIIH MaTeMaTn'IeCKoro o6ecne'!eHnH COBpeMeHHhIX 
KpynHhIX 3KCilCpllMCHTOB qJilJilKU 3JieMeHTapHhIX '!aCTilU. CoJn8.HHble a6cTpaKT­

Hble Tililbl naHHhIX, OITIICbIBaCMble B 3TOli rrraBe, CB.sI3aHbl, C onHoii CTOpoHbI, co 
CJIO)KHOii reoMeTpll'!CCKOii KOHcpnrypauneii 3KCnepllMeHTaJlbHOii ycTaHOBKH, a C 
npyroii, c cpnJn'IecKoii npnponoii npo6rreMbl. IlrrH 6orree rrerKoro 'ITeHnH, na­
KeT COCTOilT Il3 rrorn'!eCKH 3aKOH'IeHHhIX, cpaBHilTeJibHO He60JlblIIIIX cpaftrroB, 

OO'beJlIIHXIOIIIIIXCH '!Cpe3 IlHTepcpeiic, onpenerreHHbIM B TaK Ha3bIBaeMhIX B c++ 
3arorroBo'!HhIX cpaiirrax. OpraHn30BaHHblft TaKilM o6paJoM Kon o6rrer'IaeT npo­

uecc OTJia,llKil nporpaMMbl, YBeJIII'!nBaeT Ha,lle)KHOCTb ee pa60Tbl Il npeJlOCTaBJIX­
eT B03MO)KHOCTb rrerKO MonncpnunpoBaTb nporpaMMbl IIO Mepe Heo6XO,llllMOCTII. 

Pa3pa6oTaHHOC MaTeMaTil'!eCKoe o6ecne'!eHne nMeeT CaMOCTOXTeJlbHYIO HaY"l'.J:HYIO 
3Ha'!IlMOCTb Il MO)KeT IICIIOJlb30BaTbCX pa3HbIMil nporpaMMilCTaMII nrrx peIIIeHnH 

pa3JIH'IHhIX 3a,lla'I, npaKTil'IeCKU He Tpe6yH BpeMeHU Ha Il3Y"l'.J:eHne CTPYKTYP, 
B 3aKJIIO'IeHnn K pa6oTe IIO,llbITO)KeHbl OCHOBHble ee Pe3YJlbTaTbl, a B npII­

Jl0)KCHilX A Il B BbIHeCeHbl Il3o6pa)KeHUH neTeKTOpHhIX CilCTeM 3KCIICpIIMeHTOB 
ALEPH n STAR, Heo6xonIIMhle nrrx HarJIXnHOCTn. 

Pa6oTa BbIIIOJIHeHa B 1996 - 1999 ronax B fuaHOBCKOM rocynapCTBeHHOM 
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ymmepc11TeTe H Jia6opaTop1rn: BhIC0KilX 3Heprnft O6'he,!lllHeHHOro llHCTHTyTa 

SI,llepHhIX HCCne,!lOBaHHH. 
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