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AKtyan1aHocT1a TeMbl 

,lJ,eTeKTOpbt nepeXOAHOro H3ny<jeHMR (,D,nli1) y>Ke MHoro neT WHpOKO 

Hcnonb3YIOTCJl B 3KCnepHMeHranbHblX ycTaHOBKax cj>H3HKM 3neMeHTapHblX 'laCTML\ 

AnR HAeHTHcPl1Ka411H 3ap.R>KeHHblX penRTMBMCTCK11X 'laCTHL\ c JlopeHL\ cPaKTOpaMM 

r ~ 1000 (1-4). npaKTl1'leCKMe ,D.nlil o6ecne'lHBatoT Pa3AeJleHMe n110HOB OT 

3/leKTpOHOB B o6naCTM 11MnyllbCOB 0.5 r38/c - 100 f38/c. 8 nocneAHHe rOAbl 

.n.n1i1 np11MeHRIOTC.R All.A M3MepeHM.A 3HeprHM RAep c 6onbWl1Ml1 3Ha'leHl1.AMH 

3apRAOBoro YHcna Z e nepB11'lHbtX KOCMM'lecKMX nyYax. Y>t<e pa6orat0T H 

HaKon11Te1111 peMT11e11crcK11x 110Hoe (Hanp11Mep RHIC). 

npHHMMaR B paoleT, 'lTO peHTreHOBCKHe cpaTOHbl B o6naCTH 3HeprHH OT 2 

AO 20 K38 H3nyYatOTCR c eepoRTHOCTblO npl1MepHO 0.2%, HCno11b3yt0T 

PBAMaTOpbt, COCTO.AL411e 113 HeCKOnbK11X COTeH 11HTepcl>eMCOB, HanPHMep, CTOnKl1 

113 COTeH nneHOK 113 Marep11anoe c MMblMM 3apR,D,OBblMl1 'll1cnaM11 z 
(no1111npon11neH, nMTMH If T. A.). KnaccM'leCKHH ,D.n"1 COCT011T 113 HeCKOJ1bKl1X 

MOAylleH, Ka>KAblH 113 KOTOpbtX, B CBOIO O'lepeAb, COCTOMT lf3 PBA11aTopa 11 

AeTeKropa peHrreHOBCKMX Q:ioTOHOB. B Kal.leCTee nocneAHero, KaK npae11110, 

11cnOJ1b3yeTCR MHoronpoBOJlO'lHaR KaMepa, Hano11HeHHa.A ra30BOH CMeCblO, 

COAep>Ka1.1.1eH KCeHOH An.A 3cPcPeKTl1BHOro norllOll.\eHMR peHTreHOBCKl1X cPoTOHOB. 

<l>oTOHHblH AeTeKTop o6bt'lHO 113MepReT, Hap.RAY c nepeXOAHblM 

M3nyYeHMeM, TatOKe 11 HOHH3aL\110HHbte n0Tep11H 3apR>KeHHOH 'laCTl1L\bl, 

noCKOJlbKy nepeXOAHOe lf3nyYeH11e 11cnycKaeTCR nOA O'leHb MMblMM yrnaMH no 

OTHOWeHl1IO K HanpaeneHMIO ABM>KeHHR 'l8CTl1L\bl. AnR Al1CKPl1Ml1H81..11111 Me>KAY 

3ap.A>KeHHblMl1 'laCTML.18Ml1 MOryT 6btTb MCOOJ1b30BaHbl 3ap.AAbl, 113MepeHHbte 

BCeMl1 MOAYllRMH AeTeKTOpa 111111 K0/1111.lecTBO 3HepreTl1'leCKl1X KJlacTepoe, 

npeBblWat0111ee HeKHH nopor (o6bl'lHO B paHOHe OT 5 AO 7 K38) 11nH cnO>KHbte 

MeTOAbl aHanH3a cPoPMbl l1Mny11bCa KaK cPYHKL\1111 OT epeMeHH. AnR pacw11peHl1.R 

B03MO>KHOCTeH ,D.n"1, B 'l8CTHOCTH, An.A H3MepeHl1.A 3Hepr11H HOHOB, Heo6XOAMMO 

C03AaTb ,D.nl1, pa6oTatOL4He Ha OCHOBe HOBblX npHHl..IHOOB. 

C APYroH CTopoHbl npoBOARTCR pa6orbt no npHMeHeHHIO PBAHOH3nyYeHM.A 

Wl1POKl1X aTMOCcpepHblX JlHBHeH AnR M3MepeHl1R 3HeprHM 'laCTML\ nepBH'lHoro 

KOCMM'leCKOro H3nyYeHHl'I [5]. 0AH8KO, noCKOnbKY HeT npRMblX H3MepeHMH 
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3ap11AOBOH acHMMeTpHH B 3J1eKpOMarHHTHblX J1HBHllX, TO npeACTaan11eT 6oJ1bWOH 

HHTepec H3MepHTb ee Ha YCKOpHTenllX 3apll>t<eHHblX 1.facTH4. 

Bb1HOCHTCR Ha uiqHry: 

1. npoBeAeHO l.fHCJleHHOe MOAeJlHpoBaHHe npo4ecca n!il 3ap11>t<eHHOH 

YaCT"'Llbl e peryn11pHOH CTOnKe nneHOK. C03AaH anrop"'TM "' Han"'caHa 

KOMnlOTepHal'I nporpaMMa Ha o6beKTHO-OpHeHT"'POBaHHOM R3b1Ke 

nporpaMM"'POBaH"'ll c++. PaccMorpeHo KaK OnT"'l.fecKoe nepexOAHOe 

"'3/lyYeHHe, TaK "' peHTreHOBCKOe nepeXOAHOe "'3/lYl.feH"'e noA ManblM"' yrnaMl1 

OTHOCHTenbHO HanpaalleH"'ll AB"'>KeHHll H311yl.fa10U1elf l.faCT"'Llbl. n!il B 

peHTreHOBCKOH o6nacTH 3HeprHH "'ccneAOBaHO 6011ee AeTanbHO, TaK KaK 

OCHOBHaR l.faCTb 3HeprH"' H3J1Y1.feHHll COCpeAOTOl.feHa "'MeHHO B peHTreHOBCKOH 

0611acr"'. 

2. npeAJlO>KeHa HAell C03AaH"'ll KOJ1b4eaoro AeTeKTOpa nepeXOAHOro 

"'3nyl.feHHll. Xor11 n1i1 3apR>t<eHHOH l.faCT"'L\bl, B OTJ1"'1.f"'e OT 1.!epeHKOBCKOro 

"'311yYeH"'ll, "'cnycKaerc11 He noA CTporo onpe.qeneHHblM yrnoM, a 11Meer yrnoeoe 

pacnpeAeneHHe c rnaBHblM MaKCHMYMOM B o6naCTH yrnoa - 1 / r ' reM He 

MeHee, HCnOJ1b3YR cj:loTOHHble ,qeTeKTOpbl c BblCOKHM npocrpaHCTBeHHblM 

pa3peweHHeM AJ1$1 perHCTpa4HH WHPOKHX KOJ1e4 H, HCXOA$1 113 HX napaMerpoe, 

a raK>t<e npHHHMal'I B paCYeT ,qononH"'TenbHYIO 3KcnepHMeHTanbHYIO 

HHcpopMal.\HIO, MO>KHO npoH3BeCTH HAeHTHcj>HKal.\HIO H3nyYa10U1eH 'laCTHL\bl. 

3. PaccMoTpeHbl MeTOAbl o6pa6oTKH 3KcnepHMeHTanbHOH MHcpopMBl.IMH, 

nonyYeHHOH oT K,D.nlil. Mo>t<Ho 11cno11b3oaarb TPaAHLIHOHHble MeTOAbl noACYeTa 

'IHC/la HcnycKaeMblX cpoTOHOB, l.fHCJla 3HepreTHl.feCKHX Knacrepoe M yYeT 

Bb1AeneHHOH 3HeprMH. HapRAY c 3THM"' npoaepeHHblMH Mero,qaMM o6pa6orKH 

HHcpopMal.\MH OT AeTeKTOpOB n!il, B K,IJ,n!il OpeAJ!araeTCll MCnOJ1b30BaTb 

napaMeTpbl yrnoaoro pacnpe.qe11eHMll cpoTOHOB m1. Paapa6oraH 

COOTBeTCTBYIOUIHH anropHTM, npM nOMOli.\M l.fMC/leHHOro 3KcnepHMeHTa 

npoAeMOHCTpHpoaaHa ero 3cpcj>eKTMBHOCTb. 

4. MeTOAOM MoHre-Kap110-MOAenHpoaaHHll HCC/leAOBaHa 3ap11A0Bai:i 

acH'!~eTpH~ B 3/leKTpoMarHHTHblX J1MBHRX, Bbl3blBaeMblX penRTHBHCTCKIAMH 

4.: 

, 

l.faCTHL\aMH c 3HeprHRMH AO 0611acTH 1 T3B. VlcCJleAOBaHa 3aBl1CHMOCTb 

napaMeTpoB 3aPRAOBOH acHMMeTpHH OT 3HeprHH Hal.fanbHOH '!aCTHL\bl. 

npeAJ!araeTC$1 MeTOA 113MepeHl11'1 3apl'IAOBOH acl1MMeTp11H. 

Ll,enb H 3aAallH 

l...lenblO pa6oTbl llBlllleTC$1 o6oCHOBaHHe HAe11 C03AaHHR HOBOro THna 

AeTeKropoa nepexoAHoro H311Y1.feHHR, K,D,nlil. Vlccne.qyerci:i raK>Ke aapllAOBaR 

aCHMMeTpHll B .. BblCOK03HepreTHL!eCKHX 3/leKTpoMarHHTHblX JlHBHl'IX H 

npeAJ1araeTc11 11aMep11Tb aenH'IHHY aapJIAOBOH acHMMerpHM, Pa3AeJ1l'IR 

3/leKTpOHbl H n0311Tp0Hbl B MarHl1THOM none. 

c nOMOli.\blO '111C/leHHOro 3KCnepl1MeHra o6ocHOBblBaeTCl'I npeAJlaraeMM 

KOHCTPYKL\MA K,D.nVI H Hn111ocrp11pyeTcA anropMTM o6pa6orKH 

3KCnepl1MeHTanbHOH MHcpopMal.IMl1, 00/lyYeHHOM OT K,IJ,n!il. noKa3aHo, 'ITO B 

AOOOl1HeHl1e K Tpll,llHLIMOHHblM MeTQAaM nonyYeHHl'I 3Kcnep11MeHTaJ1bHOH 

HHcpopMal.ll1H OT AeTeKTOPOB nepeXOAHOro 113/lY'leHMA, K,D.nlil 00380/ll'leT 

nonyYaTb ceeAeHl1A o ¢opMe yr11oaoro pacnpe.qeneH11l'I nvi, YTO AaeT 

B03MO>KHOCTb onpeAelll'ITb JlopeHl.I cj>aKTOp H311Y1.fa10U1eH 'laCTML!bl 

(pemmtBl1CTCKOro HOHa c 60llbWMM aapl!AOM z ) "' npHMeHl'ITb 3TY 

HHcpopMal.IMIO Alll'I H3MepeHHR 3HeprHM 110Ha. MoHTe-Kap110 MOAe1111poaattMe 

npo1.1ecca 06PC13oeaHHR 3/leKpoMarHHTHOro JlHBHR 003BOJ1Hl10 onpeAen11Tb 

napaMeTpbl 3apRAOBOH acHMMeTpHM. 

HayqHaR HOBH3Ha pe3ynbTaTOB 

Peay11brarb1 Y11c11eHHoro MOAenMpoBaHHA n0Kaab1aaior B03MO>KHOCTb 

C03AaHl1l'I HOBOro TMna AeTeKTOpos 3/leMeHTapHblX 'laCTHL\ - KOllbl.leBblX 

AeTeKTOpoB nepeXOAHOro 113/lyYeHHll, KOTOpbie np11MeHHMbl AJll'I 11AeHTl1cj>l1Kal.\Hl1 

pe11l'IT11e11crcKHX aapl'l>t<eHHblX a11eMeHrapHb1x 'laCTHL\. B K,D,nH, KaK B RICH 

AeTeKropax, npeAJ1araerc11 Hcno11baoaarb yrnoeoe pacnpeAeneHMe M311y'laeMblX 

cpOTOHOB. K,D.nlil nepcneKTHBHbl npM HAeHTMcj>MKaLIHH SblCOK03Heprern'leCKHX 

3/leMeHTapHblX 'lacTHLI B 00/laCTH JlopeHL\ cj>aKTOpOB r ;?: } 03 
• 

c noMOUlblO l.fi-tC/leHHoro MOAellHpoBaHHR 11CC/leAOBaHbl napaMeTpbl 

ABH>t<yU1erocA H36blTOLIHOro 3ap11Aa B 3J1eKpoMarHHTHblX JlHBHl'IX B Wl1poKOH 

5 

1 



0611acnt 3HepntH 11HBHSI OT 1 AO 256 reB H npeAl1araeTCSI MeTOA npSIMOH 

perHcTpa4HH aapSIAOBOH aCCHMeTpHH. 

,[),HccepTaUHSI COCTOHT H3 BBeAeHHSI, 4eTblpex rnae, 3aKl1I04eHHSI H cnHCKa 

f.IHTHpyeMOH 11HTeparypb1. 

fnaaa 1 OOCBSIU,\eHa BOnpocy MOAeJ1HpoBaHHSI nli1 3apS1>KeHHOH 4aCTHf.lbl B 

pery11sipHOH CTOnKe n11eHoK. Pac4eTbl H MOAel1HpoBaHHe OCHOBblBalOTCSI Ha 

KJ1aCCH4eCKOH TeOpHH rn1. 4r06bl HaHTH 00/lSI M3/1yeHHSI H Bblpa>KeHHSI A11SI 

HHTeHCHBHOCTM nepeXOAHOrO H311}/'leHHSI npH nepexoAe aapsi>KeHHOH 4aCTHf.lbl 

rpaHMf.lbl ABYX CPeA, Heo6xoP,MMO peWHTb ypaBHBHHSI MaKcee1111a 11 CWMBaTb MX 

peweH11S1 Ha rpaHHf.le AByx cpeA. 

li1MeSI noA pyKoi1 no11}1'leHHbte 3THM MeTOAOM cpopMyl1bt MO>KHO Bb16parb 

onTHMa/lbHblH PaAl1arop c 4e.nb10 no11}1'leHHR MaKc11ManbHoro Bb1xop,a cporoHOB 

M311}/'leHHSI B HHTepecylOU,\eM Hae 3Hepreflot4BCKOM AManaaoHe OT 2 AO 30 K3B. c 
4e11bl0 yMeHbWeHHSI K03cpcj:>HL1HeHTa nornOU,\eHHSI A/lSI n11acTHH Bbl6Hpa10T 

MarepHallbl c HM3KHM aTOMHblM HOMepoM z , o6bi4HO /lHTHH, rHAPMA /lHTMSI, 

no11H3THl1eH, no11HnponH11eH, Mai111ap, anlOMHHMi1. CronKa n11acr11H noMeU,\aeTCSI 

B BaKyyMe 111111 B B03AYWHOH cpep,e. ,ll,nR nOl1Y4eHl1SI MaKC11Ma/1bHOH 

11HTeHC11BHOCTH 11311y4eHl1SI Ha rpaHH4e ABYX CPeA B Ka4eCTBe aropoi1 CpeAbl 

11y'!We no,!IXOA11T saKyyM Hl111 ra3 c HM3KHM z , TaK KaK c poCTOM z BblXOA 

11a11y'leHHS1 yMeHbwaercR (TaK HaableaeMblH "acpcpeKT HSCblll.\eHHSI"). WHp11Hbl 

n11aCTHHOK /I 11 npoMe>KyYKOB /2 AOll>KHbl 6b1Tb 60/lbWe A/IHH cj:>opM11pOBaHl1R B 

cooreercreyioll.\HX MarepHanax ( / 1 ~ Z1, 12 ~ Z2 ). BenH'lHHbl 11 11 12 

Bbl6HpalOT TaKHM o6paaoM, '!To6bl no/1}/'lHTb KOHCTpyKTMBHYIO MHTepcj:>epeHLIHIO 

Me>KAY M311}/'leHMSIMM, HAYlllHMH H3 nepeAHBH 11 3aAHeH rpaH11LI nnacTMHbl M 

Me>KAY H311YL!eHHSIMH H3 pa3Hb1X nnaCTHH. 

B yrnoeoM M cneKrpanbHOM pacnpeAeneHMM H311y'leH11R Ha BblXOAe 

pery11sipHoro PaAHaTopa 'leTKO Ha611iop,aeTCSI HHTepcpepeHLIHOHHM crpyKTypa M 

MMeeTCSI KoppeliRf.IHSI Me)l<Ay no11S1pHblM yrnoM 11 3HeprHeH HcnycKaeMblX 

tj:>OTOHOB. c 1.1e11bl0 OnTHMH3af.IMl1 Bbln011HeHbl 'lMClleHHble pac4eTbl A11SI rpex 

TMnoa PaAMaTopoe: 11HTHi1-aaKyyM, no11H3T1111eH-B03AYX M Mai111ap-eo3Ayx. 
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rnaaa 2 noCBSILl.leHa aonpocy MAeHTMcj:>MKaL1Hl1 M H3MepeHHR 3HeprHH 110HOB 

c Hcnonb30BaHHeM yrnoaoro panpeAe11eH11S1 peHrreHoacKoro nepeXOAHoro 

M311Y"IBHHSI TR>KellblX pel1SITl1BMCTCKHX HOHOB. 411c110 cj:>oTOHOB, McnycKaeMblX 

3apsi>1<eHHOH L1acr11uei1 npH nepeXOAHOM H3Jl}"'leHHH nponop4HOHallbHO KBaApary 

3apS1Aa. C11eAOBare11bHO, ecrb B03MO>KHOCTb OAHOBpeMeHHOH per11crpa4HH 

COTeH H TblCSll.f cj:>oTOHOB, MAYll\HX OT OAHOH 'laCTl1f.lbl - MHoro3apSIAHOrO 

pe11S1THBl1CTCKoro HOHa. TaK11e HOHbl npHcyTCTBYIOT B cocraae nepBH4Horo 

KOCMH'leCKoro H311}/'lBHHR, a TaK>Ke MOryr YCKOpRTbCR Ha coapeMeHHblX 

ycKopHrensix aapsi>KeHHblX 1.1acr114 (Hanp11Mep Ha ycKop11re.ne LHC B CERN). 

CoepeMeHHble cporoHHbie p,ereKropbl 0611aAa10r AOCTaTo'lHO Bb1COK11M 

npocrpaHCTBeHHblM paapeweH11eM, no3eo11S110ll\HM H3MepATb yrnoeoe 

pacnpep,eneH11e cj:>oroHoB nepexoAHoro H3Jl}l'leHH$1. HaM11 npeA11araerCS1 

AeTeKrop nepeXOAHoro 11311}/'leHHA A/IA HAeHTHtj:>HKaf.IHH TSl>Kel1b1X 

pel1SITMBHCTCKMX HOHOB (TPVI) nyreM onpeAeneHHSI pel1$1THBHCTCKOro tj:>aKropa 

4aCTHLlbl c noMOll\blO H3MepeHHoro yrnoeoro pacnPeAeneHHSI nepeXOAHoro 

M311Y\leHH$1. CxeMaTH'leCKM KOHCTPYKLIH$1 AeTeKropa np11BeAeHa Ha P11c. 1. 

B cocraee KOllbf.leBOro AereKTopa nepeXQAHoro H311}1'leHHA B Kal.fecree 

cj:>oTOHHoro AereKropa npeA11araerCS1 Hcnonb3oBaTb anbrepHaTMSHO 

MHoronpoBOJIO'lHYIO nponopL1HOHaJ1bHYIO KaMepy, HanonHeHHYIO KCeHOHOM 11J1H 

Marp1-1ey npM6opoe c 3ap$1AOBoi1 cBSl3blO (n3C) (raK Ha3b1aaeMyio CCD Array) 

co CJleAYll\HMM peanbHblMM napaMeTpaMH: nl10IJ.\aAb 'lyBCTHTel1bHOH noeepXHOCTl1 

- 5 CM x 5 CM, Pa3Mep nHKCena - 12 MMKpOH, 'lHCllO nMKCel10B - 800x800, 

npocrpaHCTBeHHOe paapeweHMe - 50 MHKpoH. 
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P11c. 1. CxeMaTH"lecKl1H Bl1A KOJibU.eeoro AeTeKTopa peHTreHoecKoro 

nepeXOAHOrO 113/1}'4eHH.R. no/IHa.R W11pMHa pap,11aropa, COCTORW,ero H3 

HeCKO/lbKHX AeCaTKOB (MJ111 COTeH) nOll113Tl1/leHOBblX n11eHOK TOJIUl11Hbl nop.RAKa 

10 MHKpoH, paaHa npMMepHo 1-5 cM. Ma11b1H pa3Mep pap,11aTopa no3ao11.ReT 

C'lHTaTb, 4TO cpoTOHbl nepeXOAHOro H3/1}'4eHl1.R McnycKalOTCR T04e4HblM 

MCTO'lHMKOM. Cl>oTOHHblM AeTeKTop (MaTpHu.a npH6opoa c 3ap.RAOBOH CBR3bl0) 

noMeU1aeTC.R Ha paccTOAHMH 6011ee 2 M OT pap,11aropa. Me>KAY pap,11aTopoM M 

cj:>oToHHblM AeTeKTopoM u.e11eco6pa3Ho noMecntTb eMKoCTb, Hano11HeHHY10 

re11HeM A/IA yMeHbWeHHR no1epb peHTreHOBCKoro H3/1}'4eHM$1. 

CoepeMeHHble n3C-AeTeKTOpbl cnoco6Hbl OTllH'laTb OTAellbHble ct>oTOHbl. 

nJC-AeTeKTOpbl KOMMepL!eCK11 ,qocrynHbl, HX napaMeTpbl OOCTO.RHHO 

YJ1}'4WalOTC.R H OHM y>t<e HaW/1H npMMeHeH11e B cj:>H3HKe 3/leMeHTapHblX 'laCTMU.. 

no11}'4eHHble "H3MepeHHbte" yrnOBble pacnpe,qeneHM.R AJ1$1 ct>oTOHOB, MAYUIHX OT 

,qayx pa3HblX MOHOB C pa3HblMH 3Ha"leHl1.RMM pe11$1Tl1BHCTCKOrO cpaKTOpa r 
OT/1111.laiorcR APYr OT ,qpyra, eo nepabtX, MeCTOM r11aeHoro MaKCHMyMa a 

pacnpe,qe11eHMH, ao BTOpbtX, 061.1.\eH cpopMOH pacnpe,qeneH11R. Cne,qoaaTellbHO, 

MMe.R a ceoeM pacnop.R>KeHHM 3KcnepHMeHTartbHOe yrnoeoe pacnpeAe11eH11e 

ct>oTOHOB nepeXO,[\Horo 113/1Y"leHM$1 M TeopeT11'leCKl1e cpopMyllbl, onHCblBalOLl.\He 

3TO pacnpe,qe11eH11e, MO>KHO onpeAe/IHTb JlopeH4 ct>aKTOP 113/1}'4alOLL\eH 'laCT11U.bl 

ABYM$1 cnoco6aMM: a) no MeCTY MaKC11MyMa B yrJIOBOM pacnpe,[lelleHl111 B 

3aBHCHMOCTl1 OT r, 6) no,[\rOH$1$1 yr/IOBOe pacnpe,[le/leHMe cj:>OTOHOB no,D, 

TeopeTHeCKHe cpopMy/lbl, MCno11b3YA Y KaK ceo60AHblH no,D,rOHO'lHblH 

·napaMeTp. 
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MeTOAbl o6pa60TKH AaHHblX K,IJ,nl-1 pacCMOTpeHbl B rnaee 3. no 

cpaeHeHMIO c Tpap,MU.MOHHbtMH AeTeKTopaMH nepexoAHOro H311}'4eHM.R KAnVI 

o6ecne'lHBalOT 6011ee aKKypaTHble H3MepeH11.R 3HeprHH pe!l.RTHBHCTCKMX HOHOB, 

TaK KaK OHM MCnO/lb3YIOT KaK YrllOBble, TaK M MHTeHCHBHOCTHbte xapaKTepMCTMKM 

nepeXOAHOro H311}'4eHH.R. Mbl CMOAe11HpOBa/1H pa6oTy K,IJ,nl-1 COCTO.RW,ero H3 

pap,MaTopa, COAep>Kau.iero 1000 no/1M3THJleHOBblX nneHOK TOllW,MHOH 22.5 

MMKpoH, pa3AelleHHblX B03AYWHblMH npoMe>KYfKaMM no 500 MMKpOH M 

cpOTOHHOro AeTeKTopa, npeACTaBll.RIOLl.\ero M3 ce6.R Hano11HeHylO KCeHOHOM 

MHOronpOBO/IO'lHYIO nponopLI.HOHa/lbHYIO KaMepy TOllLl.\11Hbl 2 CM c 50-

• n '£" 26 
MMKpOHHblM MaHJ1apOBblM OKHOM. poXOA.RLL\Me Yepe3 pap,MaTop .RApa I' e 11 

Pbs2 11cnycKa10T peHTreHOBCKOe nepeXOAHOe M3/IY"leHMe, KOTOpoe 

perncrp11pyeTC.R cpOTOHHblM AeTeKTOpoM B 3HepreTH'leCKOM 11HTepeane OT 2 AO 

30 K38. 

A) MeTOA yr11oaoro pacnpe,qeJieHM.R. J].nR cpoTOHOB, M3/1}'4aeMblX oAHOH 

3ap.R>KeHHOH Yac111u.ei1, Heo6XOAHMO nocrpoHTb r11crorpaMMY pacnpeAe/leHM.R no 

nOllRpHOMY yrny. no11}'4eHHa.R rHCTOrpaMMa cPMTMpyeTC.R C nOMOUlblO 

nporpaMMbl MINUIT M3 naKeTa nporpaMM CERNLIB. l!lcnonb3Y.R aHa/IHTM'leCKMe 

cPOPMYllbl KaK no,qroH04Hble cPYHKU.HM 11 C'll1Ta.R pe11.RTHBl1CTCK11H cPaKTOp r 
ceo6o,qHblM noArOHO"IHblM napaMeTpOM, Haxo,qMTC.R JlopeHU. cPaKTOp 

Y Ha4aJ1bHOH YaCTMU.bl (PMC. 2). 
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PHc. 2. a) CMop,enHposaHbJH 

Nu;o· 
140 

l20 

100 

80 

~ 

yflt = 1999.9±0.7 

' x~ =0.93 

~ I 
:zo l ' or: 

b) 

0 2 3 " 5 

9(mrad) 

( (J.t - ()Y) rpaQ>HK pacnpep,eneHH.A 

p,eTeKTHpyeMblX Q>oTOHOB nepexop,Horo H3ny<leHH.A H b) rHCTOrpaMMa 

cooTseTCTBYJOW.ero yrnosoro pacnpep,eneHH.A: Q>HTHposaHHoe yrnosoe 

pacnpep,eneHHe p,eTeKTHpOsaHHbJX <PoTOHOB (cnnowHa.A KPHBa.A), a TaK>t<e 

Q>HTHpOBaHHOe 3HaLJeHHe JlopeHL\ cj:laKTOpa r fir T.A>t<enoro pen.ATHBHCTCKOrO 

HOH a Fe26 
c r =2000, npOXO,ll,.AW,ero LJepe3 K,IJ.nlil. 3HeprHH <PoTOHOB 

HaxO,ll,.ATC.A B HHTepaane 2 - 30 K3B. Pap,HaTopoM .Aan.AeTC.A peryn.ApHa.A CTOnKa 

Hp,eHTHLJHbJX nonH3THneHOBbJX nnaCTHH. T~nW.HHa nnacTHHbJ / 1 =22.5 MHKPOH, 

WHPHHa B03AYWHOrO npoMe>KyTKa f 2 = 500 MHKpoH. 

5) Merop, yrna MaKcHManbHoi1 HHTeHCHBHOCTH nepexop,Horo H3ny<1eHH.A. 

EcnH / 1 >> Z1 H 12 >> Z2 (310 cooTHoweHHe cnpaeep,nHBO AJ1.A Hawero 

pap,HaTopa), rp,e 11 H 12 - TOnW.HHbl nneHOK H npoMe>KyTKa Me>KAY HMMM a Z1 

M Z
2 

- p,nMHbJ aoH Q>opMHposaHM.A a cooTBeTCTBYIJ.IHX cpep,ax, TO yrnosoe 

pacnpep,eneHHe nil!, B03HHKalOJJ.!ero B· TaKOM pap,HaTOpe, HMeeT pe3KO 

Bbl,ll,eneHHbJH MaKCHMYM npH (}max = .J3 Ir . Ha PHc. 3 noKa3aHa 

10 

~-

'I' 

.. 

3aBHCHMOCTb (}max OT JlopeHL\ Q>aKTOpa H3JlyLJatow,ei1 LJaCTHL\bl (3HeprHH 

<PoTOHOB HaxO,ll,.ATC.A B HHTepsane OT 2 ,ll,O 30 K38). no 3HaLJeHHIO yrna 

MaKCHMaJlbHOH HHTeHCHBHOCTH MO>t<HO HaHTH 3HaLJeHHe r HaLJaJlbHOH LJaCTHL\bl. 
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PHc. 3. 3asHCHMOCTb yrna MaKCHManbHOH HHTeHCHBHOCTH nepexop,Horo 

H3nyLJeHH.A (}max OT JlopeH4 Q>aKTopa r HaLJaJlbHOH LJaCTH4bl. 3HeprHH 

Q>OTOHOB HaxO,ll,.ATC.A B HHTepsane OT 2 AO 30 K38. Pap,HaTop COCTOHT H3 1000 

nonimponHneHOBblX nneHOK TOnll.IHHOH 22.5 MHKpOH, pa3p,eneHHblX 

803,ll,YWHblMH npoMe>KyTKaMH B 500 MHKpOH. 

B) MeTOA nop,c1.1eTa nonHoro LJHcna <PoToHoa HJlH KnacTepoa Bblp,eneHHOH 

3HeprHH. PacLJeTHa.A KPHBa.A 3aBHCHMOCTH OT r nonHoro 'IHcna Q>oTOHOB 

H3JlyLJeHH.A MHOroaap.A,ll,HOro pen.ATHBHCTCKoro HOHa B HHTepaane 3HeprHH H 

yrnoa, nonap,alOU\HX B OKHO Q>oTOHHOro p,eTeKTOpa, npHBe,ll,eHa Ha PHc. 4. 

4HCJ10 cPoTOHOB paCTeT, HaLJHHa.A C HeKOTOporo noporOBOrO 3HaLJeHH.A r H 

HaCblW,aeTC.A npH r =3000 - 5000. nonyLJeHHa.A KpHBa.A OTJlHLJaeTC.A OT KpHBblX, 

nonyLJaeMbJX c noMOW.bto ,D,nlll MeTOAaMH 3Heproab1,t1,eneHH.A HllH nop,cLJeTa 

11 
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2 
K11acrepo8 4aCTML! c e,!IMHH'-IHblM 3apRAOM MHO>KHTeJleM z (rAe z - 3apRA 

Ha4allbHOH 4aCTMl.lbl B eAHHHL!aX 3apRAa 3JleKTpOHa). np6L!e,E1ypa onpeAeneHHR 

pelll'ITMBHCTCKOrO cj:>aKTOpa r Ka>K,!IOrO ,!leTeKTHpOBaHOrO MOHa C 

HCnOJ1b308aHHeM r -3a8HCHMOCTH nOJlHOrO '-IHCJ1a cj:>oTOHOB AOBOJlbHO npocTaR. 

4HCJ10 AeTeKTHpoaaHHblX cj:>oTOHOB N onpe,11e1111eT 3Ha'-leHHe r cjlaKTOpa HOHa, 

a JN IN - oTHOCMTeJlbHaio owi.t6Ky M3MepeHHR y(Ta6in11.1a 1.). 

N.-2.51-N .. 

c 
.Q 2 t···· ....... . 

en 
c 
.9 
0 
.c: 
a.. 

1 

0.5 ... 

Mylar, M=1000 

L1 = 5 µm, L2 = 140 µm 

0 EJ, I I I I I I I I I I'.' I I I I I I I I I I I I I I I I I I I I,, I I I I I I I I I I I,,, 
10000 

y 
8000 0 2000 4000 6000 

PHc. 4. 4HCl10 Pnl-1 cj:>oTOHOB B 3aBHCMMOCTH OT JlopeHL! cj:>aKTOpa r 
Ha4allbHOH 4aCTHL!bl B 3Heprent'-leCKOM MHTepaane 2 + 30 K3B H B HHTepaane 

nonRpHblX yrnoe OT 0 AO 5 I r Ha BblXOAe pery1111pHoro Mai111apoeoro 

pa,o,HaTopa H3 1000 Mai111apOBblX nneHOK TOllu.\HHOH 5 MHKpoH c npoMe>K}'TKaMM 

Me>l<AY HHMH paBHblMH 140 MHKpOH. 

r) MeTOA cneKrpanbHoro pacnpe,11e11eHHR. EcnH cj:>oroHHblH AeTeKTop 

H8PRAY c xopoWHM npocrpaHCTBeHHblM pa3peWeHHeM HMeeT e1.1.1e H 

AOCTaT04HOe pa3peweHHe no 3HeprHH, TO H3MepRR cneKTpallbHOe 
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pcnpe,11eneHHe cj:>oTOHOB, H311y4aeMblX OAHHM HOHOM, MO>KHO, nyreM 

cj:>HntpOBaHHR, HaHTH pellRTHBHCTCKHH cpaKTOp r Ha4a/1bHOH 48CTHl.lbl. 

Ta611H1.1a 1. Pe3y11bTaTbl MoHre-Kapno MOAellHposaHMR. O>t<HAaeMM 

11y 
norpeWHOCTb (B npoL!eHTax) onpeAeneHHR JlopeHl.I ct:>aKTOpa -(%) 

r 
l:;' +26 

pellRTHBHCTCKHX HOHOB L' e C pa311H4HblMM r: MeTOAaMH pacnpeAelleHHR 

no yrnaM ( ~~). no 'IMCJ1Y ct:>oToHOB N(y), no yr11y MaKCHMallbHOH 

HHTeHCHBHOCTH ,9.max (y). PaCL1eTb1 BbmonHeHbl AJIR KJJ,nlll c Mai111apoeb1M 

pa,o,HaTopoM H MHoronpOB01104HOH nponopL!HOHa/lbHOH KaMepoi1, HanonHeHHOH 

KCeHOHOM. 

dN N(y) .9max (y) 
-
d8 

11y (%) ~(%) 
11y (%) r r r 
r 

300 ... 5.37 22.6 

500 3.7 5.84 20.4 

1000 2.1 4.28 18.6 

2000 0.5 3.56 13.2 

3000 2.0 5.16 12.9 

5000 2.4 7.07 11.9 

rnaaa 4 noCBRLl.leHa '-IHCJleHHOMY MOAellHposaHHIO 3/leKTpOMarHHTHb!X 

J1HBHei1, Bbl3blBaeMblX '-1aCTH4aMH c 3HeprHRMH AO 1 T3B, c 4e11b10 H3Y4eHHR 

3apRAOBOH acHMMeTpHM B JlHBHRX H eonpoca H3MepeHHR ABH>t<yu.ierocR 
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HeK0MneHc11poeaHHoro 3apRAa. Bee 3JJeMeHTapHb1e 3neKrpoMarHHTHb1e 

npoL1eCCbl, npOHCXOARIJ.IHe np11 npoxo>K,qeHHH BblCOK03HepreTl1'-leCKHX 

3/leKTPOHOB H tj:>oTOHOB 4epe3 CpeAy, xopowo H3BeCTHbl H, B npHHL1Hne, 

MOAellHpoBaHHe BblCOK03HepreTH4eCKHX 3JJeKTpoMarHHTHblX /lHBHeH (3Mll) 

eno11He B03MO)f(HO. "13-3a MaTeMaTH4eCKHX TPYAHocrei1 ece reopHH 3MJI 

peaJJ1113oeaHbl c np11MeHeHHeM pa311H4HblX annpoKCHMal\HH H no4TH ece 

coepeMeHHble HCCJJe,[\oeaHHR 3MJI ocy111ecTBJJeHbl c noMOIJ.lblO KOMntoTepHblX 

nporpaMM M0Hre-Kap110 MOAeJJHpoaaHHR EGS, FUMILI, GEANT 11 APYrHX, 

pa3pa6oraHHb1x e CERN 11 APYrHX Be.QYLJ.IHX ¢H3H4eCKHX 11a6oparopHRX MHpa. 

Pe3yJJbTaTbt 4HCJJeHHoro MOAenHpoBaHHR 3MJ1 xopowo cornacyiorcR c 

3KCnepHMeHTaJJbHblMH ,qaHHblMH. "1MeHHO n03TOMY HaMH B Ka4eCTBe MeTO,[\a 

11cC11e.QoaaHHS1 Bbt6paHa CHMYJJRL\H.R 3MJ1 c noMOLJ.lbto naKera nporpaMM GEANT. 

OrnpaBHOH T04KOM ,[\11$1 Hawero HCCJJe,[\OBaHHR noCJJ}')KH/la nHoHepCKM 

pa6ora r. AcKapbS!Ha 1961 ro.Qa [5], a Koropoi1 asrop npe.QCKa3an 

npeeamtposaHHe 4HCJJa 3JJeKTpOH08 no cpaeHeHHIO c 4HCJJOM no3HTpoHOB B 

BblCOK03HepreTH4eCKHX 3MJ1 B pe3yllbTaTe TaKHX npoL1eccos, KaK aHHHrH/111.l'IL\HSI 

no3HTpoHos Ha neTy, KOMnTOHOBCKHM H 8 -3/leKrpoHaM. B nocne.QHHe ro,t1b1 

}')Ke no.ReH/lHCb npS1Mb1e 3KcnepHMeHTaJJbHbte pe3yJlbTaTbl no AeTeKTHposaHHIO 

4aCT114 csepxsb1coKHX 3Heprni1 no H3JlyYeHHIO 11x JlHBHeM [6]. TaK KaK MeTOA 

perncTpal\HH KOrepeHTHOro 4epeHKOBCKOro H nepexo,[\Horo pa,QHOBOJJHOBOro 

H311YLfeHH.R ABH>t<yLJ.1eroc$1 H36blT04HOro 3ap.R,Qa B 3MJI npe,QCT8BJllleTC$1 

AOBOJJbHO npHBJJeKaTeJJbHblM, oco6eHHO ,[\JI$! acrpocj:>H3HKH HeHTpHHO 

ceepXBblCOKHX 3HeprHi1 H 3a,[\a4 HeHTPHHHblX OCl.IHJJJl.Rl.IHM, ,[\OBO/lbHO MHoro 

TeopeTH4eCKHX H 3KCnepHMeHTaJJbHblX pa6oT 6bl/1H noCB$1LJ.leHbl 3TOH npo6neMe. 

noiiBHJJHCb TatOKe 3KCnepHMeHTaJJbHble pe3yJJbTaTbl 113MepeHHl'I 4epeHKOBCKOrO 

11311y4eHMl'I JlHSHeM C 3HeprHl'IMH B HeCKOJJbKO ,!\eC$1TKOB r.:iB, npoBe,QeHHOro Ha 

SLAC-e [6]. 0AHaKo npl'1Mb1e H3MepeHHSI acHMMeTpHH 3apl'IAOB e111e He 

npose,QeHbl. no3TOMy B HaWeH pa6ore Bbl4HCJJeHbl aCHMMeTpHH 3apS!,[\OB 3MJ1 C 

3HeprHRMH E < 1000 reB H npe,Qllo>KeH MeTOA npl'IMOfO H3MepeHH$1 H36blTKa 

3/leKTpOHOB. 
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Ha PHc.5. noKa3aHbl xapaKrepHb1e 3aBHCHMOCTH 3ap.11p,oeoi1 acHMMeTpHH 

J1HBHei1, o6pa30BaHHblX a cpep,e BGO-c1.1HHTH111111ropa .• 3HeprHll Ha"la/lbHOH 

"laCTHL\bl Er =128 r3B, "laCTHL\bl npotJle>KHBalOTC.R AO 3Hepnn-i Ecut =0.4 M3B; 

(a) "IHCJ10 "laCTHLI B 3MJ1 B 3aBHCHMOCTH OT rny6HHbl pacnpocrpaHeHHll JlHBHll 

AJ111 3J1eKTpoHOB (HenpepblBHall rHCTorpaMMa) H no3HTpoHOB (nyHKTHp); (b) 

3aBHCHMOCTb H36blTO"IHOro 3ap.RAa v=N -N e- e+ OT rny6HHbl 

pacnpoCTpaHeHH.R JlHBHll (e ep,HHHl.lax pap,Hal\HOHOH Al1HHb1); c) 3aBHCHMOCTb 

3ap.RAOBOH aCHMMeTpHH A = (N _ - N.) l(N _ + N.) or rny6HHbl 
e e e e 

pacnpocrpaHeHH.R JlHBH.R (B eAHHHL\8X pap,Hal\HOHOH AJlHHbl), d) 3HepreTH"leCKHH 

cneKrp 311eKrpoHOB Ha MaKCHMyMe H36b1TO"IHoro 3ap11Aa. Bcero 6b1110 

CMOAenHpoBaHO 100 co6blTHH (11HBHei1). 

"1cno/1b3Yll pe3yJ1bTaTbl HCCJleAOBaHHH 3MJ1-MOAeJ1HpoeaHHll c noMOW.blO 

GEANT [7], 6b111 npeAJ10>KeH MeTOA H noKa3aHa ao3MO>KHOCTb 

3KcnepHMeHTallbHoro Ha611toAeHH11 a Ep<Dl-1, SPS, CERN H FERMILAB 

npo4eccoa, CB.R3aHHblX c H36blTO"IHblM 3aP.RAOM B 3MJ1. 

BWBOAbl 

1. Ha OCHOBe xopowo pa3pa6oTaHHOH TeopHH peHTreHOBCKOro 

nepeXOAHOro H3/1Y"'eHH.R npoBeAeHbl KOMnlOTepHble paC"leTbl napaMeTpOB 

peHTreHOBCKoro nepeXOAHoro H311Y"'eHHll 3ap11>t<eHHOH "18CTHl.lbl B pery1111pHOH 

CTOnKe HAeHTH"IHblX nneHOK. nony...eHbl cneKTpallbHble H yrllOBble 

pacnpeAeneHHll HHTeHCHBHOCTH H311Y"'eHHll H "IHCJ1a cporoHoB. Pa3pa6oTaHbl 

anropHTMbl paC"leTOB H C03AaHbl KoMnlOTepHble nporpaMMbl, KOTOpble MOryT 

6b1Tb HCn0/1b30B8Hbl AJlll HCCJleAOBaHHH, CBSl38HHblX c pa3pa60TKOH AeTeKTOpOB 

nepeXOAHOro H311Y"'eHHll. 

2. lllccne,qoaaHa HAe.R C03AaHHff HOBOro THna ,nn1-1 - KOllbL\eBblX 

AeTeKTOpoB nepexOAHOrO H311Y"leHHll (K,LJ,m1), B KOTOpblX, HCn0/1b3Yll 

napaMeTpbl yrnoeoro pacnpep,e.neHHll c:j:loTOHOB nepexop,Horo H311Y"'eHHll, 

HcnycKaeMblX Tll>KeJlblM pe1111THBHCTCKHM RAPOM, onpeAem1eTCll JlopeHL\ ¢aKTOp 

Ha"lanbHOH "laCTHL\bl. npeAJ1araeTCll KOHCTPYKLIHll K,D,nl-1. "1cc11ep,oeaHHll 

16 

noKa3blBator, "ITO pap,Harop L1e11ecoo6pa3HO co611parb H3 nneHoK, 

H3rOTOB/1eHHblX H3 yr11epop,HblX MarepHallOB rnna no11Hnpon1111eHa H/1H 

Mai111apa. "13y"leH eonpoc HcnOJ1b30BaHHSI B Ka"leCTBe cj:>OTOHHoro AeTeKTOpa 

HanonHeHHYIO KCeHOHOM nponopL1HOHa/1bHYIO KaMepy HJ1H MaTpHL\Y npH6opoe c 

3ap.RP,OBOH CBSl3bl0. 

no cpaeHeHHIO c TPaAHL1HOii1H1tlMH ,nnl-1, K,D,nl-1 MOryT o6ecne"IHTb 6onee 

TO"IHOe onpep,eneHHe 3HeprnH 3ap11>KeHHOH "laCTHLlbl H OHH MOryT HaHTH 

npHMeHeHHe B 3KCnepMMeHTax no perHCTpal.IMH Tll>KeJlblX pelll!THBMCTCKMX 

HOHOB. K,LJ,nH MO>KHO npMMeHSITb AJlll H3MepeHHll cneKTpa SlP,ep B nepBH"IHblX 

KOCMH"leCKHX lly"lax. 

3. HHreHCHBHble pa6oTbl no MoHre-Kapno Mop,en11poeaHHIO 

3/1eKTpoMarHHTHblX JlMBHeH no3BOJ10l!IOT yYO"IHHTb 3HaHHll 0 napaMerpax 

ABH>KYW.eroCll H36blTO"IHoro 3ap11p,a e JlHBHllX. B "laCTHOCTH, AJ1ll KOMnoHeHTbl 

JlHBHSl HH>Ke 10 M3B, npM 3HeprHllX Ha"laJlbHOH "laCTHl.lbl JlMBHSl 1 - 256 r3B 

H8WH paC"leTbl npeACKa3blBalOT cyw.ecTBOBaHHe 3Ha"IMTe/1bHOro H36blTO"IHOro 

38p.Rp,a. Pe3y11t>TaTbl HCCJleAOBaHMH nOKa3blBalOT HaJlH"IMe AOBOJlbHO 6011bWOH 

3ap.R,£10BOH aCHMMeTpHH He TOJlbKO B JlMBHl!X O"leHb BblCOKMX 3HeprHM (100 r38 

H BblWe), HOH B 11HBH.RX cpaBHHTeJlbHO HeBblCOKHX 3HeprHH (nOpl!AKa 1 r38). 

npeAJ1araeTCll MeTOA np.RMOrO H3MepeHHll 3ap.R,!IOBOM aCHMMeTpHH B 

JlHBHl!X B 0611aCTH 100 reB nyreM pa3Ae/1eHH.ll 3J1eKTpOHOB H no3HTpoHOB C 

noMOIJ.lblO MarHHTHoro no11.11. 
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