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OBI._UASI XAPAKTEPI1CTI1KA PABOTbl 

AKTYaJihHOCTb IIccne,n;oBamrn 

B 1964 r rpyrrrroit KpoHIIHa, KpttcTeHcena, <PIIT'Ia II TIOpJie5! 

(BNL) 6bIJIH o6napy)KeHbI pe,n;KIIe pacrra,n;b1 ,n;onro)KHBYill,HX 

KaOHOB B KOHe'fHbie COCT05!HII5I C IIOJIO)KlIT8JibH0it CP-YeTHOCTbJO 

KL --+ 1r+1r-, t.JT0 ,n;oKa3hIBaJio napywe1rne CP-cIIMMeTpIIH, rrocKOJibKY 

cpe,n;II OCHOBHbIX MO)]; pacrra,n;a 3TOro Kaona eCTb TpexIIH0HHbie 

pacrra,LJ,bI KL --+ 31r0 II KL --+ 1r+1r-1r0 c CP-net.JeTHbIMII KOHeYHbIMII 

COCT05IHII5!MII. O6napy)KeHHblll 3TOR rpyrrrroit 3cpcpeKT 6bIJI CB5!3all 

co cMeWHBaHIIeM cocT05IHIIi1 c pa3Hoi1 CP-t.JeTHOCTbIO, K0Topoe 

rrpIIBO,D;HT K rrepexo,n;aM Me)K,n;y 3THMII COCT05IHII5!MH B npou;ecce 

OTHOCHTeJibH0 M8,l],JI8HHOit 3B0JIIOIJ;IIH BOJIH0Bb!X cpyHKIJ,IIIT. TaKOH 

MexaHII3M He Mor II0BJIII5ITb Ha 6bJCTpb18 rrpou;ecChl IIat.JaJibH0I'0 3Tana 

o6pa3oBaHII5I Bcenennoit. Ilo3TOMY ,LJ,JI5I o6ocnoBaHII5! rrpe,n;JJO)Kennoro 

A.,[I;. CaxapOBhIM B 1967 r. ofrh5ICHeHII5! na6mo,n;aeMoro rrpeo6na,n;aHII5! 

B Heit B8IlJ,8CTBa Ha,LJ, aHTIIBelll,eCTB0M IICKJIIOt.JHT8JibH0 Ba)KHbIM 6bIJIO 

6hI IIOJIY'IIITb ,ll,0Ka3aT8JibCTBO cylll,eCTBOBaHII5I B IlpIIpo,n;e ,n;pyroro 

MexaHII3Ma CP-napyweHII5! - TaK na3bmaeMoro np.ff,.Mo20 napymeHH5! 

Herrocpe,n;C'rBeHHO B rrpou;eccax cna6b1x pacrra,n;oB. 

IJ;eJib ,D;HCCepTau;IIOHHOit pa60Tbl - CTaTHCTIIt.JeCKII ,D;0CTOBepnoe 

o6napy)KeHHe np.ff,.M0W napywenH5! CP-cIIMMeTpIIII, a TaK)Ke II3MepenHe 

c BhICOKofi T0t.JH0CThIO rrapaMeTpa Re( E1 
/ E), xapaKTepH3YIOIIJ,ero 

B8JIIIt.JIIHY 3TOro napyweHII5I B ,D;BYXIIH0HHbIX pacrra,n;ax J-IettTpaJJbllblX 

Ka0HOB. 

Hayqna5I H0BH3Ha IIccne,n;oBaHII5I. 

• BrrepBhie H3Mepen rrapaMeTp rrp5!Moro CP-napyweHH5I Re(E'/E) 
c a6cOJIIOTHOit TOt.JH0CTbIO, ,LJ,OCTaTOt.JHOit ,l],JI5I ,ll,0CT0Bepnoro 

yTnep)K,ll,8HII5! o cylll,eCTB0BaHHH B IlpIIpo,n;e np.ff,.M020 napyweHH5! 

CP-cttMMeTp1rn. 

• BrrepBbie peaJIII30Bana MeT0,l],IIKa npeu;H3H0HH0I'0 H3Mepenm1 

aCHMM8TpIIH BepQ}J;r'iQffi~riBfC,~"~8B~i;Jr~cTMU:, ocnonanna}I Ha 
I 

__ ;)l_X lICcne,r~oEa.III1il! 
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COKpall.l,emrn MHOrlIX ClICTeMaTnqecKlIX 3cpcpeKTOB B AB0HII0M 

OTHomeHttlI rroT0KOB 3aperttcTpttponaHHhrx pacrra,1~on KL M Ks Ha 

7r+ 7!"- lI 27!"0 ' lI3Mep.HeMbIX ClIHXpOHHO lI B II09Tll connaiia!Oll.J,lIX 

pacrraAHhIX o6'beMax. 

IT paKTnqecKa.H 1.1,eHH0CTb pa6oTbI 

• I13MepeHtte napaMeTpa Re( f.1 
/ E) B ClICTeMe Hei1TpaJibHb!X Ka0H0B 

lI ycTaH0BJieHHe <paKTa ero 0TJiliqlI.H OT HYJI.H rrpeACTaBJI.HIOT 

co6oii nepnoe CTaTHCTHqecKH A0CTOBepHoe o6Hapy)KeHtte rrp.HM0ro 

HapymeHtt.H CP-cttMMeTpirn uerrocpeACTBeuuo B pacrraAax qacTttl.J,. 

TeM caMbIM A0Ka3ana npttHI.1,lIIIHaJibHa.H B03M0)KH0CTb o6'b.HCHeHH.H 

A0MlIHHpOBaHH.H 6aplIOHOB HaA aHTtt6apttoHaMH n Ha6JIIOAaeMOH 

BceJieHHOi1 3a cqeT Hapymetttt.H CP-cttMMeTptttt. 9To tt3Mepettne 

BMecTe c ITOATBepAHBlIIHM ero pe3yJibTaToM 3KcnepttMeHTa KTeV 

npnneJio K IIPOAOJI)KaIOll.l,eMyc.H AO cttx nop 6bICTpoMy pa3BHTHI0 

TeopeTnqecKttx IT0AX0A0B K onttcattttIO rrp.HMoro CP-Hapymetttt.H B 

KaOHHblX pacrraAaX. 

• Pa3pa6oTaHHa.H H peaJitt30BaHHa.H B Aamroii pa6oTe MCTOAHKa 

aHaJIH3a lI 01.1,CHKlI BJilI.HHlI.H CJiyqaii:HOll aKTlIBHOCTlI B AeTeKTopax 

OBep;rei1HbIM MCTOAOM MonTe-KapJIO M0)KCT 6hITb lICIIOJib30BaHa 

B Apyrttx 3KcrrepttMCHTax. AKTyaJihHOCTb npo6JieMbI yqeTa 

cJiyqaii:HOM aKTlIBHOCTlI Il0CTO.HHHO B03pacTaeT B CB.H3lI C 

yneJinqeHtteM 

3KCrrepHMCHTax. 

lIHTCHClIBHOCTlI nyqKOB B ycKOplITCJibHblX 

• Pa3pa6oTaHHhie nporpaMMHbre cpeACTBa AJI.H orrepaTHBHoro 

MOHHTopttttra <ptt3nqecKttx AaHIIhIX 3KcnepnMeHTa 

NA48 nocJiy)KttJIH npoToTnrroM AJI.H cooTBeTCTBYIOll.J,HX rrporpaMM, 

pa3pa6oTaHHbIX nrrocJieACTBHH B 3KcnepnMeHTax NA48/1 H 

NA48/2. 9TH rrporpaMMHbie cpeACTBa Il0CJie AOpa60TKlI MoryT 

6hITb lICilOJib30BaHbl lI B APYrlIX 3KcnepttMenTax. 
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Anpo6a1.1,tt.H pa6oTbI. 

OcHOBHbie pe3yJihTaTbl AHCCepTaI.J,lilI 6bIJilI rrpeACTaBJICHbl aBTOp0M 

• Ha MC)KAyttap0AHOii KoucpepeHI.J,HH 'QCD at work' (Martina Franca, 

Bari, Italy, June 2001); 

• Ha MC)KAYHapOAHOtt KOHcpepeH,1.1,HH 'Beauty 2002' (Santiago de 

Compostela, Spain, June 2002); 

• Ha 06'heAttHeHnh1x ceM.HHapax JIB9-JI<D"ll (OI15II1, 2002, 2007); 

• Ha ceMHHape no (plI3lIKe qaCTlII.1, (OI15II1, 2006); 

• Ha o6ll.l,eJia6opaTOpHoM ceMttHape Jicpq (OI15II1, 2006); 

• MHOrOKpaTHO A0KJiaAbIBaJIHCb Ha C0Bell.J,aHH.HX MC)KAyHapOAH0H 

KOJIJia6opa1.1,nn NA48(IJ;EPH). 

OcHOB!Ibie pe3yJibTaTbI TaK)KC orry6JIHKOBaHbI n pa6oTax [1] - [13]. 

CTpyKTypa Attccepm1.1,ntt. 

,II,nccepTaI.J,lI.H COCT0lIT lI3 BBCACHH.H, meCTlI rJiaB, 3aKJIIoqeHH.H, 

AOITOJIHCHlIM lI CIIlICKa l.J,lITHpyeMOll JllITepaTypbI, C0Aep)Kall.J,el'O 

111 HalIMCHOBaHHii. ,Il,ttccepTaI.J,lI.H COACP)KlIT 220 CTpaHlII~, 

77 lIJIJIIOCTpa1.1,ni1, 18 Ta6JIHI.J,. 
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CO,ll;EP:>KAHI1E PABOTbl 

Bo 66eae1-tuu o6ocHOBaHa aKTyaJibHOCTb IICCJie,n,omiHIIH, 

c¢opMJJIIIPOBaHa qeJib pa60TbI, nOK33aHa ee HayqHa5I HOBII3Ha I1 

onIIcaHa CTPYKTypa ,l.l,IICcepTaIJ;IIH. 

IlepBaJl uiaBa co,l],ep)KIIT KpaTKIIH ofoop TeopeTIIqecKIIX rrOH5ITHH, 

CBH3aHHhIX c npHMbIM CP-HapyrneHIIeM, aKcrrepIIMeHTaJibHbIX MeTO,l.l,OB, 

npIIMeHHeMbIX B 3TOH o6JiaCTII, a TaK)Ke onIICaHIIe 3KcnepIIMeHTaJibHOH 

CIITyaqIIII K MoMeHTY Haqa;ra c6opa ,l],aHHhIX NA48. 

,ll;o 1964 r. Bee 3KCnepIIMeHTaJibHbie ,LJ,aHHbie CBII,l],eTeJibCTBOBaJIH 0 

CP-cIIMMeTpIIII Harnero MIIpa. QqIITaJioch, qTo Ks, rrpeIIMYII~eCTBCHHO 

pacna,n,aJO~IIiicH Ha 21r, IIMeeT orrpe,L1,eJieHtty10 rroJIO)KIITeJibHYJO 

qeTHOCTb, a KL, C ero 3HaqIITeJibHOM BepoHTHOCTbJO TpexnIIOHHbIX 

pacrra,n,oB - oTpIIu;aTeJibHJJO. O,n,HaKo, JieToM 1964 r. B aKcrrepIIMeHTe 

Ha ycKopIITeJie AGS B BNL 6bIJIII o6Hapy)KeHbI pe,n,KIIe pacna,l],br KL --► 
1r+ 1r-. 9To 03HaqaeT HapyrneHIIe CP-cIIMMeTpIIII, TaK KaK oKa3aJIOCh, 

qTo KL-Me30HbI npII pacrra,n,e MOryT rrepeXO,l],IITb B COCTOHHH5I C pa3HOH 

CP-qeTHOCThJO. 

CTaH,n;apTHa5I Mo,l.l,eJib rrpe,n;cKa3brnaeT ,l.l,Ba B03MO)KHbIX TIIrra 

HapyrneHIIH CP-cIIMMeTpIIII. IIepBbIH II3 HIIX rrpoHBJIHeTCH B 

CMeIIIIIBaHIIII II ocqIIJIJIHqIIHX COCTOHHIIH HeiiTpaJibHbIX KaOHOB c, 

p33HOH CP-qeTHOCTbIO. Hapywe1rne CP-cIIMMeTpIIII, BbI3BattHoe TaKHM 

CMeIIIIIBaHIIeM, II 6bIJIO 3KCIIepIIMCHTaJibHO o6napy)KeHO B 1964 ro,n,y. 

,ll;pyroii TIIn (rrpHMOe CP-HapyrneHIIe) rrp05IBJI5ICTC5I Hanp5IMJIO B 

aMIIJIIITy,l.l,ax pacrra,n,on Ks II KL. IIpHMoe napyrneHIIe CP-c11MMeTpIIH 

HBJIHeTCH 0,1],HIIM H3 ycJIOBHM o6'b5ICHeHH5I na6JIIO,LJ,aeMoro npeo6Jia,LJ,aHH5I 

Be~eCTBa Ha,n, aHTHBe~eCTBOM BO BceJieHHOH B paMKaX conpeMCIIIlblX ' 

KOCMOJIOrHqecKHX MO,D,eJieti. 

HenpHMOe HapyrneHne CP-cttMMeTpttH BhI3BaHo HCKJI10qwrem,uo 

cMernnBaHtteM cocTOHHttti c onpe,n;eJieHHoti CP-qeTnocThro n, 

CJie,n,oBaTeJihHO, 3TOT MexaHH3M He pa3JIHqaeT HHKaKHX HHbIX CB0HCTB 

KOHeqHoro 

nenpRMoe 

aMIIJIHTJ)];: 

cocTOHHH5I pacna,L1,a, KpOMe CP-qeTHOCTH. Hanp11Mep, 

Hapyrnenne coxpaHHeT paBeHCTBO ,n,nyx OTHOIIICHHH 
+- (1r+1r-1HIKL) 00 (1r01r0 IHIKL) JI 6 

T/ = (1r+1r-/H/Ks) II 'f/ = (1ro1ro/H/Ks). IO oe napymeHHe 
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paBeHCTBa T/+- II T/00 , B qacTHOCTII, OTJIHqIIe OT e,l],IIHIIIJ;bI ,!],BOHHOro 

OTHOIIIeHIIH 

R __ ITJ_0_
01_2 

__ r_( K_L_--►_1r_0_1r0_) r( Ks --► 1r+ 1r-) 
- ITJ+-1 2 - r(Ks - 1r01r0) r(KL - 7r+7r-) 

(1) 

roBopttT o cy~eCTBOBaHHII BKJia,l],a· B MexaHtt3M CP-napyrneHII5I, 

He CBH3aHHOro co CMeillttBaHtteM COCTOHHHH. 9TOT BKJia,n, MO)KeT 

ocy~eCTBJIHTbC5I JIHillh Henocpe,l.l,CTBeHHO B npou;ecce pacrra,n,a, noaToMy 

OH no;ryqn;r Ha3BaHtte npJlM020 CP-HapyrneHII5I. 

C yqeTOM H30TOnnqecKOH CHMMeTpHH ,l.l,ByxnIIOHHb!X KOHeqHb!X 

COCTOHHHH, p33Httey OTHOllieHHH aMnJIHTY,IJ, pacna,LJ,OB Ha )],Ba 

3apH)KeHHb!X H ,n,Ba HeiiTpaJibHb!X IIHOHa y,n;o6Ho Bblp33IITb tiepe3 

TaKOH napaMeTp E', qTO: 

TJ+- ';:::, E + f'; 'f/OO,;:::;:, E - 2f', (2) 

r,L1,e E - napaMeTp nerrpHMoro napyrneHHH CP-qeTHOCTH B pacrra,L1,ax 

HeHTpaJibHbIX KaOHOB. Tor,n,a JierKO no;ryqHTb: 

1 - 2(c'* + f.) 1 - 4Re(f.) 1 

R,;:::;:, ~· ,c = ~ ~ 1 - 6Re(~) (3) 
1 + (~. + ~) 1 + 2Re(~) E 

TaKHM o6p33oM, tt3Mepenne OTKJIOHeHttH R OT e,n;ttHIIIJ;hI rro3BOJrneT 

oqeHHTb 3HaqeHtte Re(~) c a6coJIIOTHOii rrorpernHOCTbIO, paBnoi1: o,n;noi1: 

rnecToti rrorpernHOCTH II3MepeHHH R. 
IIpHMoe HapyrneHtte CP - CHMMeTptttt B paMKax CTan,n,apTHOH 

MO,IJ,eJIH OnHCbIBaeTCH TaK H33bIBaeMb!MH IIHIIrBHHHb!MH ,n;narpaMMaMH, 

H306pa)KeHHbIMH Ha pttc. 1. IIpn 3TOM 3JICKTpOMarHHTHbie H 

CHJibHbie ,n,narpaMMbI ,l],aIOT BKJia,l],bl o,n,Horo nopH,D,Ka. BeJIHqHHbI, 

npOTHBOn0JI0)KHbie no 3HaKy. 1-IaCTHqHoe COKpa~eHtte 3THX BKJJa,!],OB 

npHBO,l],HT K MaJIOCTH E
1

• 

P33pa6oTKa 3KCnepHMeHTOB no II3yqeunIO npHMoro CP-HapyrneHH5I 

6bIJia HarrpaBJieHa Ha TO, qTo6bI c,n,eJiaTb BCe Hett36e)KHbie 

CHCTeMaTnqeCKHe CMe~eHHH B no,n,cqeTe co6b!THH CHMMCTpHqHbIMH 

Me)K,n,y XOTH 6bI ,IJ,BJMH H3 qeTbipex COCTaBJIHIO~HX ,!],BOHHOrO 

OTHOilleHHH ( 1). K Haqa;ry c6opa ,n,aHHb!X 3KCIIepIIMeHTOM 

NA48 c1£Tyau;IIH c o6Hapy)KeHIIeM rrpHMoro CP-HapyrneHII5I B 
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a) 
w 

b) 
w 

q q q q 

Puc. 1: Eh1e'lf:mpoc.t1a6'bte (a) u cw1ti1t'ble {b) nu112au111-t'bte aua2pa.MM'bt, omaemcmae111t'bte 

3a npJ1.Moe CP-ttapywe11ue a pacnaaax 11eumpaJ1ti1t'blx 'lf:aoi-toa 

Ilpttpo,n;e 6hIJia ,n;ocTaTO'-IHO Heonpe,n;eneHHOii. K 3TOMY BpeMem-1 ew,e 

He 6hIJIO nonyqeHO pesyJibTaTOB B 3KCnepttMeHTax, IlOCB5IW,eHHbIX 

nottcKy CP-HapyllleHttH B pacna,n;ax Heil:TpaJibHhIX B-MesoHoB. 

HattJIY'-llllaH TO'-IHOCTh B ttsMepeHHH napaMeTpa CP-HapyrneHHH B 

CHCTeMe Heil:TpaJibHbIX KaOHOB K · TOMY BpeMeirn 6hIJia ,Il,OCTHrHyTa B 

3KcrrepttMeHTaX NA31 (CERN): Re(~) = (23 ± 3, 6 ± 5, 4) x 10-4 tt 

E731(FNAL): Re(~)= (7, 4 ± 5, 2 ± 2, 9) x 10-4
_ 06a 3KcrrepttMeHTa 

OCHOBaHbI Ha tt,n;ee perttcTpau;tttt B MaKCHMaJibHO 6JIH3KHX ycJIOBHHX 

,n;ByxrrttOHHhIX pacrra,n;oB Ks (CP-pasperneHHhix) H KL (CP

sanpew,eHHhrx). 

Oco6eHHOCTh aKcrrepttMeHTa E731 saKJIIO'-lanach B HCIIOJih30BaHHH 

O,Il,HOBpeMeHHO ,Il,BYX · IIO'-ITH rrapanJieJibHhIX rry'-IKOB KL, O,Il,HH H3 

KOTOphIX nepe,n; pacrra,Il,HbIM o6'beMOM IIPOXO,Il,HJI CJIOM BeW,eCTBa, 

B KOTOpOM, 6naro,n;apH pa3JIH'-IHIO aMnJIHTY,Il, pacceHHHH Ko H 

K0 Ha a,n;pax, npottcxo,n;ttna KorepeHTHaH pereHepau;tta KOMilOHeHThI 

Ks. Cnoil: pereHepaTopa rrepeMew,anca rrocne Ka*,n;oro c6poca 

ycKOpHTeJIH TaK, '-IT06bI CMeHHTb rrepeKpbrnaeMbIM HM IIY'-IOK, 

'-ITO II03BOJIHJIO KOMIIeHCHpOBaTh B03MO)f{Hhie He60JiblllHe pa3JIW-IHH 

aKcerrTaHca ycTaHOBKH ,Il,JIH ,Il,BYX IIY'-IKOB, He IIOJIHOCTbIO COBIIa,Il,aIOW,HX 

B IIpOCTpaHCTBe. 

11,n;ea 3KcrrepttMeHTa NA31 cocTOHJia B o,n;HoBpeMeH1100 pemcTpau;tttt • 

HeHTpaJibHhIX (na 2n°) tt sapH)f{eHHhIX (na 7r+7r-) pacrra,n;oB KaOHOB, 
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pO)f{,Il,eHHhIX IIY'-IKOM IIpOTOHOB Ha nooqepe,Il,HO HCIIOJib3YeMhIX MHUICHHX, 

pasMew,eHHbIX B6Jitt3H (MttUieHh Ks) H B,Il,aJIH (MttUieHh KL) OT 

ttsyqaeMoro pacrra,n;Horo o6'beMa. MttrnCHh Ks pasMe1u;a.irac1, Ha 

IIO,Il,BH)f{HOM IIJiaT<pOpMe H Morna 6hITh II03MD;HOHHpOBaHa B JII060M 

MecTe B,Il,OJih HarrpaBJieHHH IlY'-IKa nepBH'-IHbIX IIpOTOHOB HJIH y6pana c 

rryTtt rry'-IKa KL. KpaTKOBpeMeHHhI~ ceaHc c ny'-IKOM Ks rrpoBO,Il,HJICH 

Ka)f{,Il,hIM ,n;enb, OCTaJihHYIO qaCTb ,Il,HH IIIJia perHCTpau;ttH pacrra,n;oB H3 

rryqKa KL. 
B o6ottx 3KCIIepttMeHTax He 6bIJIO 0,Il,HOBpeMeHHOrO c6opa ,n;aHHhIX 

0 pacna,n;ax BO Bcex '-leTbipex Mo,n;ax, BepOHTHOCTH KOTOphIX BXO)~HT 

B H3MepaeMoe ,Il,BOMHOe OTHOUieHHe. B TO BpeMH, KaK pesyJibTaT 

NA31 ronopttn o cyw,ecTBOBaHttH rrpHMoro CP HapyrneHHH nopa,n;Ka 

10-3, E731 npaKTH'-leC~<H He Ha6JIIO,Il,aJI ero Ha CKOJibKO-Irn6y,n;h 

,Il,OCTOBepHOM ypOBHe. '.:ho IIpOTHBopeqne He fl03BOJIHJIO C,Il,CJiaTh BbIBO,Il, 

o Ha6mo,n;eHHH rrpaMoro CP-napyrneHHH H npttBO,Il,HJIO K Heo6xo,IJ,HMOCTH 

H3MepeHHM C HOBbIM ypOBHeM TO'-IHOCTH. 

Bo 6mopou 2.IW6e OUHCaHa MeTO,Il,HKa H3MepeHHH BeJIH'-IHHhI ,Il,BOMHOI'O 

OTHOllleHttH R B 3KcrrepttMeHTe NA48, a TaK*e npttMeHeHHhie B IJeM 

CHCTeMa IIY'-IKOB Heil:TpaJihHbIX KaOHOB H ,n;eTeKTOpHaH ycTaHOBKa. 

lfro6bI MaKCHMaJibHO HCIIOJih30BaTb COKpaw,eHHe CHCTeMaTtt'-leCKHX 

acpcpeKTOB B ,Il,BOMHOM OTHOrneHHH R, c6op ,n;aHHhIX 060 Bcex qeThipex 

MO,n;ax pacrra,n;oB rrpOHCXO,Il,HJI B O,Il,HO M TO )f{e BpeMH H IIO'ITH H3 O,Il,HOI'O 

H TOro *e pacrra,n;Horo o6'beMa (pttc. 2). ,II;na 3Toro ny'-IKH KL H Ks 
O,Il,HOBpeMeHHO rropO)f{,Il,aJIHCh B pA-B3attMO,Il,eil:CTBHHX Ha ,Il,BYX MHllleHHX, 

pacrrOJIO)f{eHHbIX, COOTBeTCTBeHHO, Ha 60JihlllOM H MaJIOM paccTOHHHH OT 

pacrra,n;noro o6'beMa. 

9KcrrepHMeHT paspa6aTbIBaJICH TaKHM o6pasoM, '-IT06bI npO,Il,yKTbl 

pacrra,n;oB H3 ,Il,BYX rry'-IKOB o6Jiy'-laJIH ,n;eTeKTOpbI npH6Jm3H'reJibHO 

O,Il,HHaKoBo. 9To cxo,n;CTBO ew,e 6onee ycttJittBanoch c noMOW,hIO 

rrpou;e,n;ypbl B3BelllMBaHMH Ka)f{,Il,OrO co6hITHH pacrra,n;a KL TaKOM 

<pynKu;tteM ero M3MepeHHOro BpeMeHM )f{H3HM, '-ITO pacrrpe,n;eJieHHH KL 
IIO 3TOM rrepeMeHHOM CTaHOBHJIHCb rrpaKTH'-leCKH H,Il,eHTH'IHbIMM TaKHM 

*e pacrrpe,n;enemrnM ,n;na Ks. HesHa'-lttTeJihHaH ocTaTO'rnaa pasHttu;a 

B paCXO,Il,MMOCTM rry'-IKOB H B MX rrpocTpaHCTBeHHOM paCIIOJIO)f{eIIHH 
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Pttc. 2: Cxe.Ma ctmxpo1-t1tbtX ny'l,'IWB KL u Ks B .n:cnepu.Mettme NA48 (.Macwma6 tte 

co6111oaaemcJ1). 1 - .MUWEH'b KL; 2 - UC'K:pUBJIEHHbl'U .MOHO'K:pucma.l!.fl; 3 - cma'H~UJI .ME'l,EHUJI 

ny'l,'K:a Ks; 4 - onpeae11J110w,uu 'K:O.l!.flU.Mamop; 5 - 'K:O.l!.flU.Mamop o''i,ucm'K:u; 6 - .Muwe1-t1, Ks; 
7 - noc11ea1-tuu 'K:0.l!./IU.Mamop; 8 - aemo paHHUX pacnaaoa 6 ny'l,'K:E Ks {AKS); g - pacnaa1-tbt'U 

06-r,E.M; 10 - aeme'K:mop1taJ1.ycma1wa'K:a NA48. 

Y'HIThIBaJiaCh rryTeM Mo,n;em1p0Bamrn: MeTo,n;oM MoHTe-KapJio. 

BJiaro,n;ap5I 0,D;H0BpeMeHH0CTM c6opa ,n;aHHhIX 060 Bcex Mo,n;ax ' 

pacrra,n;oB II0TepM, CB513aHHbie C He3cpcpeKTMBHOCTbIO ,n;eTeKTopa, 

TpMrrepa M peK0HCTPYKIJ;MM, a TaKm:e .CO CJiyqafiHhIM C0Brra,n;eHI1eM 

co6bITMH BO BpeMeHM - B 3Ha'IMTeJibH0H Mepe C0Kpaiu;aJIMCb B 

0THOilleHM5IX MmK,n;y M3MepeHHhIMM Bep05ITH0CT5IMM pacrra,n;oB KL M 

Ks. A B 0THOiueHMHX Me)K,n;y M3MepeHHhIMM K0JIM'IeCTBaMM pacrra,n;oB 

K 0 -+ 1r+1r- M K 0 -+ 1r01r
0 

M3 o,n;Horo rryqKa coKpaiu;anoch a6comoTHoe ' 

3Ha'IeHMe MHTeHCMBH0CTM 3T0r0 rryqKa. 

Pacrra,n;bI Ks 0TJIM'IaJIMCh OT pacrra,n;oB KL ( M,D;eHTMQ)Mii;ttpoBaJI11Cb) 

C II0M0IIJ;hIO Me'IeHM5I rrp0T0H0B, rrop0)K,ll;aIOIIJ;MX C00TBeTCTBymui;ttti 

Ka0HHhIH rryqoK. ITpoTOHhI, HarrpaBJrneMhie Ha MttrneHh Ks, npoxo,n;ttJIH 

qepe3 CTaHI.J;MIO Me'IeHMH IIY'IKa, paCC'IMTaHHyIO Ha 6om,moti 

rr0T0K 3apH)KeHHhix qacTttu;. Co6bITM5I Ks tt,n;eHTttcpttu;wponaJrnch 

nyTeM cpaBHeHMH 3aperMCTpttp0BaHH0ro 3T0H CTaHu;tteii BpeMeHM 
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rrpoJieTa npoToHa co npeMeHeM, 3aperttcTpttponaHHhIM ,n;eTeKTopaMtt, 

MCIT0Jih3yeMhIMM ,D;JIH peK0HCTPYKIJ;lflf npo,n;yKT0B pacna,n;a KaoHa. 

· ITocJie npttMeHeHM5I ncex KpttTeptteB oT6opa, co6bITtt5I 'I€Tb1pex 

M0,ll; pacna.,n;0B K -+ 7r7r tt3yqaJIHCh 0T,D;eJihH0 B ,n;na,ri;u;aTH lfHTepBaJiaX 

3Heprttti Ka0H0B B o6JiaCTlf OT 70 ,n;o 170 f3B. qlfCJIO co6h!Tlfii B 

Ka)K,D;0M MHTepBaJie K0ppeKTMp0BaJI0Cb Ha rrpeu;tt3lf0HH0 M3MepeHHYIO 

Bep05ITH0CTh HenpaBHJihHOH tt,n;eHTlfQ)lfKau;tttt co6b!Tlf5I KL KaK pacna,n;a 

Ks lf3-3a 6oJiblliOrO IT0T0Ka np0T0H0B qepe3 cTaHIJ;lfIO Me'IeHH5I 

nyqKa. ITocJie npttMeHeHttH B Ka)K,ll;0M 3HepreTtt'IeCK0M MHTepBaJie 

BCex K0ppeKu;Mii Bhl'IMCJI5IJIC5I OKOH'IaTeJihHh!H pe3yJihTaT 3KCITCpMMCHTa 

rryTeM ycpe,n;neHMH ,n;Ba,n;u;aTM ,ll;BOiiHh!X OTH0illeHMH. OcTaTO'IHh!C 

norrpaBKM M ueonpe,n;eJieHH0CTM, BhI3BaHHhie, rJiaBHI,IM o6pa30M, 

ueT0'IHhIM 3HaHM€M KaJitt6pOBOK M reoMeTpMM ,n;eTeKT0p0B, TIIJ;aTCJihH0 

MCCJie,n;0BaJIMCb M Y'IMThIBaJIMCh. 

I1y'IKM KL M Ks rrop0)K,ll;aJIMCh Ha ,n;Byx pa3HhIX MMrneHHX 

npoTOnaMM M3 o,n;Horo nyqKa ycKopMTeJIH CERN SPS. ITepBtttIHhIH 

ny'I0K np0T0H0B C 3Heprweti 400 MJIM•450 f3B (B 3aBHCMM0CTM OT 

ceaHca) coy,n;ap5IJIC5I C MMilleHbIO ,ll;JIH reHepau;MM nyqKa KL (MMilleHh!O 

KL), 3ap5I)KeHHbie qaCTMIJ;hI, p0)K,ll;€HHhie Ha MMilleHM, "Bb!MCTaJIMCh" 

,ll;MIT0JibHhIM MarHMT0M. 3aTeM HeiiTpaJibHhIH nyqoK rrpoxo,n;ttJI TPH 

CTa,D;MM K0JIJIMMaIJ;MM. Pacrra,n;Hhlii o6'heM Ha'IMHaJIC5I ua BhIX0,D;e M3 

"nocJie,n;Hero" K0JIJIMMaTopa, pa3Meiu;eHuoro rrpttMepno B 126 MeTpax OT 

MMrnenM KL, Ha TaKoM paccT0HHMM HeiiTpaJihHhIH rryqoK B 0CH0BH0M 

C0CT05IJI M3 ,ll;0Jir0)KMBYIIJ;MX Ka0H0B, HetiTp0H0B M Q)OTOHOB, He .cqwra51 

H€HTpMHO. 

,ll;JIH C03,n;aHM5I nyqKa Ks 6bIJI MCIT0Jih30BaH 3cpcpeKT KaHaJ111poBaI1M5I 

qacTMIJ; B MCKpMBJieHHh!X KpMCTaJIJiax. ITpoTOHhl, He. lfCIIb!TaBrnMe 

B3aMMo,n;etiCTBM5I B MMilleHM KL, HanpaBJIHJIMCh Ha MexaHM'IeCKM 

MCKpMBJieHH~IH M0H0KpMCTaJIJI KpeMHM5I. ManaH ,D;0JIH ( 8::! 3 X 10-5) 

rrp0T0H0B y,n;0BJieTB0pHJia YCJI0BM5IM KaHaJIMp0BaHM5I B KpMCTaJIJIC M 

0TKJI0HHJiacb BBepx. 

3aTeM 3T0T 0TKJIOHeHHbiii rry'l0K HanpaBJI5IJIC5I M cpoKycttpOBaJJC}I 

TaK, 'IT06h1 B6JIM3M pacrra,n;Horo o6'beMa o6ecrre'IMTh, ero cT0JIKH0BeHMe 

c MttrneHbIO Ks, aHaJI0rM'IH0ii KL-MMrneHM; ITpoTOHhI rrpoxo,n;ttJitt 
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CKB03b onpe,n;eJUIIOIIJ;HH M O'IHIIJ;aIOIIJ;HH KOJIJittMaTOpbl, a 3aTeM 

cpoKycttpOBaJIMCb B TO'IKY, pac□OJIO)KeHHYIO B 109 MeTpax llOCJie 

KpIICTaJIJia. ITptt 3TOM OHII OTBO;J;HJIMCb ,il;IIITOJlbHhIMH MarHIITaMII Ha 

72 MM BbIIIIe rry'IKa KL, II no;.i; yrnoM 3,6 Mp BBepx coy;.i;ap5IJIMCb 

c MttllleHbIO Ks. Bb1MeTaIOIIJ;ttii MarHttT O'IHII~aJI □y'IOK pmK,n;eHHbIX 

Ha MttllleHII Ks qaCTMD, OT 3ap5I)KeHHOM KOMITOHeHTbI, a IIOCJie,D;HIIii 

KOJIJlttMaTop BbI,D;eJI5IJI neiiTpaJibHb!H rry'IOK, nanpaBJieHHhlii no;.i; yrJIOM 

4,2 Mp BHH3 no OTHOUieHHIO K rra,n;aIOIIJ;eMy rrpOTOHHOMY IIY'IKy. 

,ll;ByxrrIIOHHbie pacrra,D;bl H3 3TOro rry'IKa 6b!JIH ITO'ITH IICKJIIO'IttTeJibHO 

pacrra,n;aMH Ks 6naro;.i;ap5I, BO-rrepBbIX, 6oJibllIOii pa3Irnu,e BO BpeMeI-IaX 

)Kll3HH ;J;OJirO)KHBYIIJ;MX M KOpOTKO)KHBYIIJ;IIX KaOHOB, a BO-BTOpb!X -

6naro;.i;ap5I MaJio:ti nepo5ITHOCTH ,n;ByxrrnoHHbIX pacrra,n;oB ;J;JI5I KL. 
CTaHD,tt5I Me'IeHtt5I rry'!Ka pa3MeIIJ;anacb Ha rryTII rrpoTOHOB, 

c03,n;aBamunx rry'IOK Ks, rrocne ttcKpttBJieHnoro MonoKpIICTaJIJm. Otta 

C Bb!COKOii TO'IHOCTbIO H3Mep5IJia BpeM5I rrpOXO)K,D;eIIII}l npOTOHa, 

M COCT05IJia H3 ;J;BYX na6opoB no 12 ITOJIOC CI~MHTIIJIJI5ITOpa, 

rrepeKphmaBIIIHX rry'IOK roptt30HTaJibHO II BepTttKaJibHO. 

Ha'!aJio pacrra,n;Horo o6'heMa ;J;JI5I ny'IKa Ks 3a,n;aBanocb c rroMOIIJ;bIO 

neTo pacrra,n;oB, rrpott30llle;J;lllttX ;.i;o Ha'!aJia HOMttnaJibHOro pacrra;.i;noro 

o6'beMa. 9Ta CHCTeMa pa3MeIIJ;aJiaCb Ha Bb!XO,n;e II3 IIOCJie,n;ttero 

KOJIJIHMaTopa. Ona COCT05IJia H3 cpoTOHHOrO KOHBepTepa II CJie,D;yIOID,HX 

3a HMM CD,HHTHJIJI5ID,HOHHb!X C'IeT'IHKOB. 

Pacrra,n;HbI:ti o6'beM Ha'IttnaJIC5I rrpttMepHo B 6 MeTpax OT MIIllleHII Ks. 
3;.i;ecb rry'IKH Ks n KL BbIXO;J;HJIH tt3 arrepTyp rrocne;.i;nero KOJIJIIIMaTopa 

B o6ID,yIO o6nacTb pacrra,n;oB. MttllleHh Ks n CIICTeMa KOJIJittMaTopoB 

6bIJIH optteHTttpoBaHbl TaKHM o6pa30M, 'IT06bI HanpaBHTb ny'IOK Ks 
B YCJIOBHhlH u,eHTp ,n;eTeKTOpa, paCITOJIO)KCHHb!M nptt6Jitt3IITeJiblIO ~ 

120 MeTpax OT 3TOH Mttlllentt. TaKMM o6pa30M, ,n;Ba ny'!Ka nepeceKaJIIICb 

B 3TOH TO'!Ke rro;.i; yrJIOM OKOJIO 0,6 Mp. 

CxeMa ycTaHOBKH f!OKa3aHa Ha pnc. 3. 3ap5I)KeHHbie rrpo,n;yKTbl 

pacrra,n;oB H3Mep5IJIHCb MarnttTHblM crreKTpOMeTpOM, KOTOpb!H 

pa3MeIIJ;aJIC5I B eMKOCTH, 3aITOJIHennoti: reJIIIeM nptt aTMOCcpepHOM 

,n;aBJieHttH. fiy'IKOBa5I Tpy6a ;.i;ttaMeTpOM 16 CM, B KOTOpoti: 6bIJI 

o6ecrreqen BaKyyM, nporrycKana rry'IoK CKB03b ,n;eTeKTOpb!. ,ll;Be 
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P11c. 3: Cxe.Ma ycma1toei.u NA48. KW - i.eeAapoeoe 01rno; BP - aai.yy.Mnax 

ny'li.oeax mpy6a; 1,2,3,4 - apeurjioB'bte i.a.Mep'bt cne11:mp0Mempa; HT - o61'Je.M deme11:mopa, 

aanomte'H'H'blU 2Mue.M; V6, V7 - nocAea1tue ua c'tem'l'U'll:OB eemo; M - Ma21tum 

cne11:mpo.Mempa; AW - aA10.M'U1tueeoe oi.1to; HOD - 2oaoci.on aapx:J1Ce1t'H'b1X 'lacmu'4; NHOD 
- 20aoc11:on 11eumpaA'b1tou 11:o.Mno1te1tm'bl; LKr - :J1Cua11:oi.punmo1t1t'b1u i.aJwpu.Memp; HAG -
aapo'H'H'btU i.aAopu.Memp; MV - .M'IOO'H'HOe eemo; BM - .Mo'Humop ny"l.i.a. 

;.i;peti:cpOBbie KaMepbI (DCHl n DCH2) 6hmn pa3MeIIJ;eHhI ;.i;o 

u,enTpaJibl-IOro ;.i;ttnOJibHoro MarnttTa, eIIJ;e ,n;Be (DCH3 tt DCH4) -

ITOCJie Hero. 9TH KaMepbI II ny'IKOBa5I Tpy6a, coe,n;ttH}IBllla5I IIX, 6hIJIII 

OptteHTHpOBaHbl B;J;OJlb 6IICCeKTpIICbl yrJia Me)K,D;Y CXO;J;5IIIJ;HMIIC}l OC}IMII 

rry'IKOB Ks n KL, MarHIITnoe none tt3Mennno rrorrepe'IHbIH IIMIIYJihC 

3ap5I)KeHHb!X '!aCTIID, Me)K;.i;y BTOpOti: II TpeTbeti: KaMepaMH npIIMCpHO 

Ha 265 MsB/c B roptt30HTaJibHOH IIJIOCKOCTH. ,LJ;peti:cpoBbie KaMepbl 

IIMeJIII cpopMy BOCbMIIyrOJibHIIKOB C f!JIOIIJ;a,n;bIO 4,5 M
2 

II nonepe,rnoti 

llIIIpHHOM 2,9 M. Ka)K,D;a5I KaMepa COCTOnJia II3 '!eTb!pex KOMf!JieKTOB 

no ,n;Be ITJIOCKOCTII 'IYBCTBIITeJibHh!X npOBOJIO'IeK, optteHTIIpoBaHIIh!X B 

'IeThipex HanpaBJieHII5IX rro;.i; yrJIOM 45° ;.i;pyr K ;.i;pyry. 9To no3BOJrnJro 

peKOHCTpyIIpOBaTh 3ap5I)KeHHhie TpeKtt 6e3 tteo,n;H03Ha'IHOCTII, a TaK)KC 

MIIHHMII3IIpOBaJIO BJIII5IHIIe 'HescpcpeKTIIBHOCTII rrpoBOJIO'IeK 6naro,1~apn 

HaJIH'IIIIO tt36b!TO'IHOH nmpopMaD,IIII. Pa3pellleHIIC crreKTpoMeTpa !IO 
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IIMilYJihCY 3apmKeHHbIX qacTIIIl, COCTaBmrno1 

a-(p)/p = (0, 48 EB 0, 009 x p)%, '· ( 4) 

r,n;e IIMilYJibC p Bbipa)l<a€TC51 B rsB/c. 

l1o3a,l],II cneKTpOMeTpa pa3M€Ill,aJIC51 Cil,IIHTIIJIJI51Il,IIOHHblH rO,JJ,OCKOIT, 

IICilOJib30BaBUIII:HC51 ,l],JI51 Bbipa6oTKII TpIIrrepHoro peUieHII51, a TaK)Ke 

,ll,JI51 II3MepeHII51 TO'IHOro BpeMeHII npOXO)K,l],€HII51 3ap51)K€HHbIX '-IaCTIIIl,. 

)KII,ll,KOKpIIIlTOHHbIM KaJIOpIIMeTp (LKr) IICilOJib30BaJIC51 KaK ,l],Jrn 

3anycKa TpIIrrepa, TaK II ,l],JI51 peKOHCTpyKil,IIII pacrra,n;oB KaOHOB Ha 

Heti:TpaJihHbre IIIIOHbI. LKr rrpe,n;cTaBJI51JI co6oti: KBa3IIroMoreHHhiti: 

,l],€T€KTOp 3JI€KTpOH-q>OTOHHbIX KaCKa,l],OB (9<DK) C aKTIIBHh!M 

ofrbeMOM IIpIIMeptto B 10 M
3 

)KlI,ll,KOro KpIIIITOHa. Ou 6bIJI pa3,l],€JI€H 

MeTaJIJIII'I€CKIIMII 3JI€KTpo,n;aMII, IIM€IOill,IIMII q>OpMy JI€HT, Ha 13212 
51'I€€K - yce'IeHHbIX IIIIpaMII,l],, BepIIIIIHbI KOTOpbIX CXO,l],IIJIIICb IIpIIMepHO 

B cepe,n;IItte pacrra,n;ttoro o6'beMa. ITorrepe'IHoe ceqettIIe KanopIIMeTpa 

IIM€JIO IIJIOill,a,l],b ~ 5, 5 M
2 

II BIIIICbIBaJIOCb B paBHOCTOpOHHIIti: 

BOCbMIIyroJibHIIK C pa,ll,IIYCOM BIIIICaHHOM OKpy)KHOCTII 1,2 M. rny6m-m 

KaJIOpIIMe'rpa COCTaBJI51Jia 27 KaCKa,l],HbIX e,n;IIHIIIl, (1,27 M )KII,ll,KO!'O 

KpIIIITOHa), II03TOMY OH rrpaKTII'I€CKII IIOJIHOCTbIO IIOrJIOill,aJI 9<DK 

C 3HeprII51MII ,ll,O 100 rsB. Pa3peUieHIIe KaJIOPIIMeTpa no 3HepmII 

raMMa-KBaHTOB COCTaBIIJIO 

a-~) = (3, 
2 

-:;.;, 
2
)% EB (9 ~ l)% EB (0, 42 ± 0, 05)%, (5) 

(sHeprII51 E Bbipa)KeHa B rsB), a ero pa3peIIIeHIIe no nonepeqHbIM 

KOOp,l],IIHaTaM q>OTOHa Bbipa)Ka€TC51 <pOpMyJioti:: 

0,4 CM 
a-(x) = a-(y) = yE EE) 0, 05 CM. (6) 

B KOHil,€ IIY'IKOBOM JIIIHIIII CT051Jia IIOCJI€,l],OBaTeJibHOCTb MJOO!Illh!X 

cqeT'IIIKOB, IICIIOJib3yeMa51 ,l],JI51 II,ll,€HTII<pIIKail,IIII pacna,n;oB KL -+ 1rµv 
(Kµ3). 

)];Ba IIY'IKOBbIX C'I€T'IIIKa IICIIOJib30BaJIIICb ,l],JI51 II3Mepel!II51 

IIHT€HCIIBHOCTII IIY'IKOB. 0,n;IIH II3 HIIX 6bIJI pacnoJIO)K€H B CaMOM 

13,n;ecb H ,n;anee x El) y OJHa'laeT J x2 + y2 
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KOHil,€ JIIIHIIII rryqKa KL (MOHIITOP KL), a ,n;pyrofi (MOHIITOp Ks) 
HaXO,l],IITC51 B CTaHil,IIII MIIIII€HII KS. 

TpIIrrep ,ll,JI51 pacrra,n;oB K -+ 1r
0

1r0 ( NUT21ro) pa6omn Ha OCHOBe 

aHaJioroBoro cyMMIIpOBaHII51 CIIrnaJIOB OT IIp51MOyrOJibHbIX rpynn (2 X 

8) 51'I€€K )Klf,l],KOKpIIIITOHHOro KaJIOpIIMeTpa, opIIeHTIIpOBaH!lbIX KaK 

ropII30HTaJibHO, TaK II BepTIIKaJibH(_). Ha OCHOBe 3TOH IIH<pOpMaU,IIH 

BbJqlfCJI51JIIICb IIOJIHbie 3HeprIIII, a TaK)Ke nepBbJe II BTOpbie MOM€HTbl 

pacnpe,n;eJieHIIH 3HeprIIII B Ka)K,l],OM npoeKU,IIH. 9TH MOM€HThl C 

IICIIOJib30BaHII€M 3apanee paccqIITaHHbIX Ta6JIIIU, rrepec•rnTbJBaJIIICb 

B paCCT051HIIe OT 3HeprOB3B€III€HHOro Il,€HTpa T51)K€CTII npo,11,yKTOB 

pacna,n;a Ha rrepe,n;nefi rrnocKOCTII LKr ,n;o ocII rryqKa II - B paccTo51n11e OT 

TOqKII pacrrn,11,a ,ll,O 3TOH IIJIOCKOCTII. 9TH ,l],Be BeJIWIIIHbl IICIIOJib30BaJIHCh 

,ll,Jl51 npIIH51TII51 peIIIeHII51 TpIIrrepa. 

TpIIrrep ,ll,JI51 pacna,n;oB K 0 -+ 7r+7r- npe,11,cTaBJI51JI co6otr 

,ll,ByxypOBHeByio TpIIrrepHyIO CIICTeMy. Ha nepBOM ypoBHe IIOTOK 

C06bITIIM CHII)KaJIC51 ,l],O 100 Kril, 3a C'I€T Tpe6oBaHII51 COBIIa,l],eHH51 

cpa6aTbIBaHIIH cqeT'IIIKOB B npOTIIBOIIOJIO)KHbIX KBa,n;paHTax 

Cil,IIHTIIJIJI51Il,IIOHHOro rO,l],OCKOIIa, HaJIWIII51 KaK MIIHIIMYM 3 nona,n;a1-rnti B 

npOBOJIOqKaX KaK MIIHIIMYM Tpex npoeKil,IIH nepBOH ,11,peti<pOBOH KaMepbl 

II npeBbIUieHII51 cyMMbl 3HeprOBbI,ll,€JI€HII0 B )Klf,ll,KOKpIIIITOIIHOM 11 

a,n;pOHHOM KaJIOpIIMeTpax BeJIII'IIIHbl B 35 rsB. BTopoti ypoBeHb 

TpIIrrepa ,l],JI51 3TIIX pacna,n;oB COCT051JI II3 annapaTHbIX BbJqifCJIIITeJieti 

KOOp,ll,IIHaT II <pepMbI acrrnxpOHIIbIX MIIKponpou;eccopOB, KOTOpa51 

peKOHCTpyIIpOBaJia TpeKII 3ap51)KeHHbIX qacTIIIl, na OCHOBe IIH<pOpMail,IIII 

C ,n;peti:<pOBbIX KaMep, a 3aTeM peKOHCTpyIIpOBaJia 3<p<peKTIIBHYIO 

Macey pacnaBIIIeroc5I KaoHa. 1.ho6b1 II36e)KaTb 3anIICII co6b1T11ti c 

BbICOKOti MHO)KCCTBCHHOCTbIO nona,n;aHIIti:, ,l],JI51 Ka)K,l],00 IIJIOCKOCTII 

KaMep perIICTpIIpOBaJIOCb nepenOJIHCHIIe B cnyqae ,l],CTeKTIIpOBaHII51 

6onee ceMII nona,n;anIIti B npe,n;enax 100 nc. 

PeIIIeHII51 TpIIrrepHbIX IIO,l],CIICTCM no Ka)K,l],OMY co6bJTIIIO co6IIpaJIHCb 

B CIICTeMe rnaBHOro TpIIrrepa, KOTopa51 3aIIIICbIBaJia Bp€M51 npIIH51TOro 

,l],JI51 3aIIHCII co6bJTII51 no OTHOUI€HIIIO K CIIrHaJiy cneu,IIaJII,HblX '!aCOB, 

IIM€IOill,IIX 'IaCTOTY OTC'ICTOB B 40 Mru,. PeUICHIIC rJiaBHOro TpHrrepa 

HanpaBJI51JIOCb o6paTHO BCCM 3JieMeHTaM cqIITbIBaHII51 ,n;aHHbIX B cpopMe 
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"uITaMna BpeMem1". IilTaMn BpeMem1 npeo6pa30BhIBaJIC5I B a,n,pec 

pa3Meru;eHII5I co6bITII5I B 6ycpepHOH naM5ITII, II ,n,aHHhie C'IIITh!BaJIIICh 

B IIHTepBane naM5ITII BOKpyr 3TOro a,n;peca, KOTOpblll COOTBeTCTBOBaJI 

IIHTepBaJIY BpeMeHII B 100-250 HC (n 3aBIICIIMOCTII OT ,n;eTeKTOpa), IIOCJie 

qero OHII 3aIIIICbIBaJIIICh Ha ,Il,IICK, a 3aTeM - Ha JieHTy. 

MoHIITOpIIHr KaqecTBa nonyqaeMhIX <pII3IIqeCKIIX ,n;aHHbIX B xo,n;e 

ceaHca 3KCII03IID;IIII II03BOJI5IJI 6bICTpO OTpearIIpOBaTb Ha B03HIIKaroru;IIe 

npo6JieMbI II TeM caMbIM IIOBbICIITb CTaTIICTIIKY co6bITIIit, npIIrO,Il,HbIX 

,Il,JI5I OKOH'IaTeJihHoro <pII3IIqecKoro aHaJIII3a. Perne1rne STOit 3a,n;aYII B 

sKcnepIIMeHTe NA48 6bmo B03JIO)KeHo Ha rpynny coTpy,n;HIIKOB OI15II1 
(,LJ;y6Ha), n pa6oTe KOTOpoit aBTOp npIIHIIMaJI aKTHBHOe yqacTHe c 

Ha•mna pa3pa6oTKH II OTBeqan 3a ee 3aneprneHIIe, a TaK)Ke - 3a 

conpOBO)K,Il,eHHe CHCTeMbl B npou;ecce 3KCIIJiyaTau;IIII. 

Tpem'b.f/, Uta6a co,n;ep)KIIT OllIICaHIIe HCIIOJib30BaHHbIX B aHaJIII3e 

,n;aHHbIX, a TaK)Ke - npou;e,n;yp peKOHCTPYKD;IIII, OT6opa II no,n;cqeTa 

co6hITIIH ,ll;Jl5I BhJqIICJieHII5I ,Il,BOHHOrO OTHOllICHII5I R. TaK)Ke 3,ll;CCb 

Il3JIO)KCHbI IICIIOJih30BaHHbie MeTO,Il,bI ,ll;Jl5I yqeTa BJIII5IHII5I OWII60YHOI'O 

MeYeHII5I co6bITIIH pacna,n;on KaOHOB II3 nyqKa Ks II pe3yJihTaTbI IIX 

npIIMeneHH5I. 

B sKcnepnMeHTe NA48 Ha6op ,n;aHHhIX ,Il,JI5I II3MepeHII5I Re(f) 
npono,n;nnca BO npeMa ceaHCOB Ha ycKopIITene SPS n neTnIIit nepIIo,n; 

1997, 1998, 1999 II 2001 ro,n;a. 

OT6op co6bITIIit, pacqeT ,Il,BOHHOro OTHOilleHII5I II ncex nonpaBOK 

Ha 3aKnroqnTeJihHOM 3Tane sKcnepnMenTa NA48 BhIIIOJIH5IJIC5I wecThIO 

He3aBIICIIMhIMH rpynnaMII aHaJIII3a, o,n;Ha II3 KOT0phIX pa6oTaJia B 

OI15II1 (,LJ;y6Ha) Il B03rJiaBJI5IJiaCb aBTOpOM ,Il,IICCepTaD;IIII. 

,Il;JI5I Toro, qT06bI MaKCIIMaJihHO c6JIII3IITh aKcenTaHChl pacna,IJ,OB 

Ks II KL, ny)KHO 6hrJio yqecTb pacnpe,n;eneHII5I 3TIIX pacna,n;oB 

B npocTpctHCTBe. TaKoe pacnpe,n;eneHIIe ,n;nyxnIIOHHhIX pacna,n;oB Ko 
onIIChrnaeTca cpynKu;neit, cocTo5Iru;eit II3 Tpex KOMnoHenT - Ks, KL II 

IIHTepcpepeHu;nommro qnena: 

I flM" 
I(cT) = e-cr/crs + 17712 e-cr/crL +2177IDpe-2cr(l/crL+l/crs)cos(cT~ -¢). 

(7) 
3,n;ech IICIIOJih3YCTC5I nepeMeHHa5I C pa3MepHOCTblO ,ll;JIIIHbI, panna5I 
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BpeMeHII C MOMeHTa p0)K,lJ;eHII5I KaOHa Ha MIIWeHII, YMHO)KeHHOMY Ha 

cKopocTb cneTa: CT= ZmK/PK (mK - Macca HeitTpaJibHOro KaoHa, PK 
- ero IIMIIYJihC, C - CKOpOCTh CBeTa, a Z - pacCT05IHIIe OT MIIllICHII ,n;o 

TOqKII pacna,n;a). 

B HaCT05IJD;lIX pacqeTax II npII MO,n;eJIIIp0BaHIIII MeTO,IJ,0M MoHTC

Kapno 6b!JIII IICIIOJih30BaHhI MIIpOBhie cpe,n;HIIe 3Ha•ICHII5l napaMeTpOB 

pacna,n;a Kaommit CIICTeMhI c, Ts, TL, flM, 77 II ¢ . Benwrnna 
O - O ( Nk -NK ) 

cpaKTOpa acIIMMeTpIIII pO)K,Il,CHII5I K II K Dp = N- 0 +N ° = 0, 35 
Ko Ko 

6hIJia npIIH5ITa Ha OCHOBaHIIII pe3yJibTaTOB II3MepeHII5I B 3KCnepIIMewre 

NA31. ITorpernHOCTh pe3yJihTaTa R, CB5!3aHHa5I c 30%-it HeTo•rnocTbJO 

acIIMMeTpIIII Dp, oKa3aJia~h < 10-4
_ 

Ecnn co6HpaTh co6hrTII5I Ks II KL 6e3 yqeTa pa3HIID;bI cpe,n;uero 

npeMeHII )KII3HII ,Il,BYX HeitTpaJibHbIX KaOHOB, nonpaBKa Ha pa3JIWme 

rIOJIHhIX aKcenTaHCOB ,Il,JI5I ,Il,BOHHOrO OTH0llICHII5I R COCTaBIIJia 6hr 

BeJIIIqIIHY nop5I,n;Ka 10%, qTo c,n;enano 6hr pe3yJihTaT HenpIIeMneMo 

qyBCTBIITeJihHbIM K pacqeTy sToit nonpaBKII MeTo,n;oM MoHTe-Kapno. 

l.fro6bI COKpaTIITh BJIII5IIIIIe pa3JIIIqIIit BO BpeMeuax )KII311II ,n;nyx KaOIIOB, 

Ka)K,n;oe co6hITIIe pacna,n;a KL npII 3anoJrneHIIII mo6bIX pacnpc,n;eJ1em1ti 

npIIHIIMaJJOCb C BeCOBbIM cpaKTOpOM W, 3aBIIC5IJD;IIM OT npo;~OJil,IIOH 

KOOp,Il,IIHaTbl TOqKII pacna,n;a z II IIMIIYJibCa Kaona PK: 

W(z) = I((z - z~arg)mK/PK) 
I((z - ztarg)mK/PK)' 

(8) 

~ targ 
r,n;e mK - Macca HeIITpanhHOro KaoHa, a zs,L - npo,n;oJJbHa5I Koop,n;IIHaTa 

MttrneHII Ks IIJIII KL. 
PeKOHCTPYKl~II5I co6hITIIit K 0 ---+ 21r0 6hrna noJIHOCTbI0 ocHonana Ha 

,II;aHHh!X )KlI,Il,KOKpIIIITOHHOrO KaJIOpIIMeTpa LKr. OT6IIpaJIIICb TOJihKO 

KJiaCTephl (o6nacTII BOKpyr npocTpaHCTBeHHO-BpeMeJ-IHhIX MaKCIIMYMOB 

3I-IeprOBbI,Il,CJI€HII5I B KaJIOpIIMCTpe) C 3HeprIIeit Me)K,Il,y 3 II lQQ fsB, 

pacnoJIO)KCHHhIC na ,IJ,OCTaToqHoM y,Il,aJieHIIII OT rpaHIII~ 'lYBCTBIITCJ!bHOH 

o6JiaCTII II OT HeIIcnpaBHh!X 51qeeK. 

Ka)K,Il,a5I KOM6IIHall;H5I qeTbrpex KJiaCTepOB co npeMeJiaMII, 

OTKJIOH5II0ID;IIMIIC5I OT IIX cpe,II;uero 3HaqeHII5I He 6onee, 'ICM Ha 5 IIC, 

cqIITanacb KaH,Il,II,Il,aTOM B pacna,Il,hI K 0 ---+ 1r
0

1r
0 . Ha TaKyro KoM6IIHau;IIIO 
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HaKJia)];bIBaJIOCb Tpe6oBaHIIe MHHHMaJibHOrO pacC'rmrnmr n 10 CM ~em:;iy 

mo6bIMH )];BYM51 JIHBH51MH, l.JT06br yMeHbIIIHTb OIIIH6Ky nporr~.n;ypr,r 

p83,n;eJieHH51 9HeprOBbI)];eJieHH51 Mem:.n;y HHMH. 9ueprOB3BemeHHbIH 

rrenTp T51m:eCTH KOM6HIIaIIHH H3 <JeTbipex KJiaCTepoB ue )];OJim:eu 6bIJI 

OTKJIOH51TbC51 OT HOMHHaJibHOH OCH rry<JKa KL 6oJiee, <JeM Ha 10 CM. 

P51,n; )];OIIOJIHHTeJibHbIX YCJIOBHH OT6opa rrpHMeH51JIC51 )];JI51 CHHm:emrn 

<JYBCTBHTeJibHOCTH pe3yJihTaTa H3Mepeumr K CJryqafiHOH aKTHBHOCTl1 

B ycTaHOBKe ( BbI3BaIIHOH cJiyqafiHbIM COBna,n;ermeM BO npeMCIIH 

H3y<JaeMhIX pacrra,n;oB H .n;pyrHx nporreccon, HHHI\11Hponam1brx pA

CTOJIKHOBeHH51MH), a TaKm:e )];JI51 CHMMeTpH3aIIHH BJIH51HH51 9TOH 

aKTIIBHOCTII. 

PaccT051HIIe d Mem:.n;y BepmHHOii pacna.n;a H nepe,n;neii IIJIOCKOCTbIO 

KaJiopIIMeTpa LKr BbI<JHCJI51JIOCb II3 9HeprHii Ei H Koop.n;mraT (xi, Yi) 
'feTbrpex JIIIBHeii KOMfornaIIHII, B rrpe.n;rroJiom:eHHH, 'ITO OHH 51BJI5110TC5I 

rrpo,n;yKTaMII pacna.n;a qacTIIIIhI c Maccoii HeiiTpam,Horo Kaaua m K, 

npoJieTanmeii no ocII rry<JKa: 

JI',; LJJ>i EiEj((xi - Xj)
2 + (Yi - Yi)2) 

d=~---------------
mK 

(9) 

3aTeM BbI'fIICJI5!JiaCb 9cpcpeKTIIBHa51 Macca Kam:.n;oii rrapbl (pOTOHOB 

m,,: 
✓Ei E2 ((x1 - x2)

2 
- (Y1 - y2)2) 

m" = d (10) 

IIOCJie qero II3 9TIIX nap KOM6HHHpOBaJIHCb KaH,n;H,n;aTbI B pacrra,n;bI 

KaOHOB Ha ,n;Ba ueiiTpaJibHbIX nIIona C II3MepeHHbIMII MaccaMH m1 II m2. 

Ifa Bcex B03M0)K:HbIX BbI6HpaJiaCb KOM6HJiaIIH51 (pOTOHOB C 

MIIHHMaJibHbIM 3Ha<JeHIIeM BeJIII'fHHbI x2, rrpe,n;C'raBJI5IIOIIIeii co6oii 

cyMMY HeCKOppeJIIIpOBaHHbIX CJiaraeMbIX: 

m1+m2 - m o m1 - m2)2 
2 _ ( 2 1r )2 + (--- , 

X - CT+ 2CT_ (11) 

r.n;e CT+ H CT_ - COOTBeTCTBYIOIIIIIe p83pemeHH51, rrapaMeTpH30Bam11,1e KaK 

cpyHKIIHH 9HeprHII HaHMeHee 9HeprII<JHOrO <pOTOHa KOM611uarrH11. 

Co6bITII51 7r+7r- peKOHCTpyIIpOBaJIIICb C HCIIOJib30BaHHeM TpeKOB, 

IIOCTpoeHIIbIX ua OCHOBe ,n;aHHbIX O rrorra,n;aHII51X 3ap51m:eHIIbIX 'IaCTHI~ 
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B ,n;peiicpOBbie KaMepbI crreKTPOMeTpa. ,Il,JI51 Kam:.n;oii rrapbl TpeKOB 

C rrpOTIIBOIIOJIO)K:HbIMII 3HaKaMH 3ap51,n;a BbI'fIICJI51JIOCb IIOJIOm:euHe 

BepIIIHHbI pacrra,n;a. ,Il,JI51 anaJIH3a HCIIOJib30BaJIIICb TOJibKO TpeKH qacTHI~ 

C HMIIYJibCOM BbIIIIe 10 r9B/c, npoxo,n:51IIIHe He 6JIIIm:e 12 CM OT 

rreHTpOB BCCX KaMep. MIIHHMaJibHOe paCCT051HHe Mem:,n;y OT06paHHb!MH 

TpeKaMH n pacrra.n;noM o6'beMe 6b!JIO Mettee 3 CM. 9KCTpanOJIHpOBaHHb!e 

TpeKH )];OJI)K:Hbl 6hIJIII OK83aTbC51 B rrpe,n;eJiax aKcerrTaHCOB KaJIOpHMeTpa 

H MIOOHHOrO BeTO, ' l.JT06b! II03BOJI51Tb 11,n;eHTH(pIIKaIIHIO 9JI8KTpOHOB 

H MIOOHOB. 9ueprH51 Kaoua BbI'.JHCJI51JiaCb H3 yrna Mem:,n;y )];BYM51 

TpeKaMH .n;o rrpoxom:,n;eHH51 HMM MarHHTa crreKTPOMeTpa, a · TaKm:e 113 

OTHOIIIeHirn Mem:,n;y HX HMIIYJibCaMH, B npe,n;rroJiom:e1m11 0 npHMCHHMOCTl1 

KHHeMaTHKII pacrra.n;a K -c-t 1r+ 1r-. 

,Il,JI51 Toro, <JT06br IICKJIIO<JHTb cpou OT pacna,n;on A -+ p1r- B 

cHrnaJie Ks.-+ 1r+ 1r-, 6hIJIO uaJiom:euo ycJioBHe oT6opa ua acHMMeTpHIO 

HMIIYJibCOB TpeKOB C pa3HbIMH peKOHCTpyIIpOBaHHbIMII 3ap51,n;aMH P+ H 

p_: 

IP+ - P-1 < min(0, 62; 1, 08 - 0, 0052 EK), 
P+ +p_· . . . • 

(12) 

r.n;e EK - 9HeprII51 Kamm B r9B. 

,Il,JI51 pacna,n;oB KL -+ 1r+1r- ocuonnoii BKJia,IJ. B cpou BHOC5:IT 

noJiyJieIITOHHbie pacrra,n;hr Ke3 H Kµ3· BK.ira.n; Ke3 rro.n;an.n5:IJIC5:I 

nyTeM HaJiom:eHII51 ua Kam:,n;bIH TpeK H acCOIIHIIponaHHb!H C HHM 

KJiacTep LKr ycJioBirn OT6opa PELKr < 0, 8, r.n;e ELKr - H3Mepeuua5:I 
DCH 

c rroMOIIIbIO LKr 9HeprII51 9Toro KJiacTepa, a PDcH - H3Mepeuuhrii 

C IIOMOIIIblO MarHHTHOro crreKTpOMeTpa HMnyJibC 9TOro TpeKa. 

BKJra,n; Kµ 3 rro,n;aBJI51JIC51 c rroMOIIIbIO Mroouuoro neTo. ,Il,aJihtteiimee 

no,n;aBJiettHe BKJia,n;on rroJiyJierrTOHHbIX pacrra.n;on .n;ocTIIraJIOCb 

Tpe6oBanIIeM, <JT06hr IIHBapHaHTHa5:I Macca mn uaxo,n;HJiacb B 

npe,n;eJiax yTpoeuuoro pa3pemeHH51, 3aBIIC51IIIero OT 9ueprII11 Kaaua. 

TaKm:e )];JI51 01.JHCTKII OT IIOJiyJieIITOHHbIX pacrra,n;oB rrpIIMeH51JIC51 OT6op 

no KOMnouenTe HMIIYJibCa Kaaua P~, opTorouaJibHOH uarrpaBJienmo 

JIIIHIIH, coe,n;IIH51IOIIIeii MHIIIeHb H HMIIYJibCHO-B3BemenHh!H rre11Tp 

T51m:eCTII rrpo,n;yKTOB pacna.n;a B IIJIOCKOCTH rrepBOH .n;peiicpOBOH KaMepb!. 

Tpe6onanHe (p~ )2 < 200 M9B
2 

/ c
2 

oT6pachrnaJio ocHonuyro qacTh 

cpoua, ocTaIOIIIerocH nocJif, 9FR8:I:1!B:eH!JSI uaMaccy m1r1r· 

J~J Lc;.~a11c11H1ILI EaCTirI1\/}1 i 
., i 

,,:x n,1cne1ioEe11lI1.itf 
n; u; · f{,,\ I 



AHanorwmo TOMY, KaK 9TO ,n;enanocb nptt oT6ope co6bITHH K -----, 21r0 , 

,1],JI5I pacna,n;oB Ha 7r+7r- Tpe6oBaJIOCb, 'lT06bI lIMTTYJibCHO-B3BemeIJHb!H 

~eHTp T5I)KeCTM co6bITM5I Ha nepe,n;Heii nnocKOCTM LKr He OTKJIOHaJica 

,n;anee 10 CM OT HOMMHaJibHOil: OCH ny'lKa KL. 
,l(na Toro, 'lT06bJ onpe,n;eJIMTb, B KaKOM H3 ,D;BYX ny'IKOB npOH30llleJI 

3aper11cTpttpoBaHHbiil: pacna,n; Kaona, 11cnoJib30Banacb 11mpopMa~tta co 

cne~MaJibHOH cma'H:u,uu Me"ie'H,UJ/, ny•t'/W. 9Ta CTaH~lI5I C ,1],0CTaTO'l!IOH 

CTeneHblO ,1],0CTOBepHOCTH perMCTpHpOBaJia npOTOHbI, pO)K,1],aIOJl\lIC 

'laCTM~bI ny'lKa Ks B CTOJIKHOBeHM5IX C COOTBeTCTBYIOI~eii MMilleHblO. 

Pacna,n; OTMe'laJica KaK "pacna,n; B nyqKe Ks no ,n;aHHbIM cTaH~MM 

Me'leirna", ecJIM o6Hapy)KHBaJIOCb COBna,n;en11e C TO'lHOCTblO ±2 HC 

Me)K,n;y BpeMeHeM perMCTpal\MM npO,D;yKTOB pacna,n;a 11 BpeMeHeM 

npoJieTa npOTOHa qepe3 CTaH~MIO Me'leHM5I ny'lKa. 

,l(na ~eneii ocHOBHoro aHaJIM3a oT6op co6bITMii Ks 11 KL npoBO,D;HJICa 

nyTeM Me•1eH11a ny'lKa KaK ,n;na pacna,n;oB na 1r+1r-, TaK 11 ,n;na pacna,n;oB 

na 1r01r0
' 'ITO B nepBOM np116JIJ1)KeHI1lI npMB0,1],MJIO K COKpa~eHmO 

BJIM5IHH5I om1160K Me'leHtta Ha pe3yJibTaT M3MepeH11a R. TeM He Menee, 

B xo,n;e aHaJIM3a Y'lMTbIBaJIHCb B03MO)KHbJe omtt6KM 11,n;eHTmpHKa~HlI 

ny'lKa ,D;BYX TMTTOB: 

• Pacna,n; B ny'lKe Ks npttn11cbma;1ca ny'IKY KL. TaKaa 

om116Ka MO)KeT 6bITb Bbl3BaHa He9cp<peKTMBHOCTblO M€'1€HH5I, 

COOTBeTCTBYIO~eil: XBOCTaM pacnpe,n;eJieHM5I no lI3MepeHHOMY 

BpeMeHM npoJieTa npOTOHa ,1],JI5I co6bJTMil: Ks. 9Ta Bep05ITHOCTb 

6bma ,1],0CTaTO'lHO MaJia ( ~ 10-4
). Pa3IIM~a Bep05ITHOCTH 

0I11116o•moro Me'len11a ny'ma Ks Me)K,n;y neiiTpaJibHoii 11 

3ap5I)K€HHOH MO,D;aMM pacna,n;oB JIMHeiino BJIM5IeT Ha pe3yJihTaT 

M3MepeH11a ,n;Boil:noro OTHOI1Ien11a R, o,n;naKo M3MepeHM5I 9TOti 

pa3HM~bI HeCKOJibKMMM cnoco6aMM ,n;aJIM COBM€CTI1Mb!H C 

nyneM pe3yJibTaT. Ero 0I11116Ka 6h1Jia Y'lTena np11 pac'leTe 

Heonpe,n;eneHHOCTM M3MepeHtta R. 

• Hao6opoT, pacna,n; B ny'lKe KL np11n11cbmanca ny'IKY Ks. 
9Ta om116Ka Morna npo11cxo,n;11Tb H3-3a cnyqaifHoro coBna,n;eHH5I 

Me)K/W BpeMeHeM per11cTpa~1111 co6hITH5I 11 BpeMeHeM nponeTa 

npoToHa H3 ny'lKa Ks B npe,n;enax np11HaToro B npo~e,n;ype 
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Me'leHM5I BpeMennoro OKHa .. Ee Bep05ITHOCTb 3aBMCMT TOJibKO OT 

IIOTOKa npOTOHOB qepe3 CTaH~MIO Me'leHM5I ,1],JI5I ,n;annoro ancaM6m1 

co6bITMil:, JI09TOMY B nepBOM np116JIJ1)KeHI1lI ona 0,1],MIIaKOBO BJIM5IeT 

na IIo,n;cqeT pacna,n;oB 1r+1r- 11 1r01r0 . Ee Ben11q11na ~ 10% 
,1],JI5I OKHa COBna,n;eHM5I ±2 HC, o,n;naKO BJIH5IHHe 9TOro BH,D;a 

oum6KM Me'leHM5I na 113Mepen11e ,1],BOHHOro OTHOllleHH5I TaK)Ke 

JIMHeiino CB5I3ano JIHlllb C pa3HH~eii 9TOH Bep05ITHOCTM Me)K,D;y 

neil:Tpanhnoil: 11 3apa)Kenuoii Mo,n;aMM pacna,n;oB. 9Ta pa311111~a 

113Mepanacb C MCIIOJib30BaHMeM ,n;aHHb!X O CJiy'laHHbIX COBna,n;enmIX 

113MepeHHbIX BpeMeH pacna,n;oB C BpeMeHaMM npoJieTa npOTOHOB 

B CMe~eHHbIX BpeMeHHbIX OKHax ,1],JI5I co6bITHH KL -----, 7r+ 7r-, 

KL -----, 21r0 H KL -----,. 31r0. IT p11q11na 9Toro pa3J111q11a cBa3ana c 

pa3HbIM CMe~enMeM 9cp<peKTMBHOil: MHTeHCMBHOCTM ny'IKOB ,1],JI5I 

3ap5I)KeHHbIX 11 HeiiTpaJibHbIX co6bITHH 113-3a 6onee 3Ha'lMTeJibHb!X 

IIOTepb 3ap5I)KeHHbIX pacna,n;oB BCJie,l],CTBHe cnyqaifnoii aKTMBIIOCTl1 

B ycTaHOBKe. 

gem6epmaJ1, 2JW6a co,n;ep)KMT on11can11e OCHOB!Ib!X HCTO'!Hl1KOB 

Cl1CTeMaT!1'leCKMX 9cpcpeKTOB, a TaK)Ke MeT0,1],0B Bbl'll1CJieH!1}1 

COOTBeTCTBYIO~lIX nonpaBOK K 9KCnep11MeHTaJibHO lI3Mep5IeMOMY 

3naqen1110 ,D;BOil:Horo OTno111eu11a R. 

llonpa6'/W Ha pa3JlU"iUe ax;cenmaHC06 aj/,J/, ny11,1w6 Ks U KL 

3,n;ecb on11caHbI nporpaMMHbie cpe,n;cTBa ,n;na Mo,1.1,en11p0Ban1151 

MeTo,n;oM MonTe-Kapno, np11Menennb1e ,n;na pac'leTa nonpaBKH na MaJJOe 

OCTaTO'lHOe pa3Jil1'1Me aKcenTaHCOB ,1],JI5I pacna,n;oB, npOl130ille,D;Illl1X 

B ny'lKax Ks 11 KL. Ha,1.1,e)KHOCTb Mo,n;en11p0Ban11a o6ocnoBbJBaeTc5I 

pe3yJibTaTaMl1 113MepeHl15I <pl13!1'leCKMX BeJIM'lMH, 'lYBCTBHTCJibHb!X K 

Ka'leCTBY Mo,n;en11 (tt3Mepentte BpeMen11 )Kl13Hl1 Ks tt napaMeTpa 

,1.1,11arpaMMbI ,l(an11~a ,n;na pacna,n;a KL -----, 31r0). 

IlporpaMMbI Mo,1.1,en11p0Ban1151 9KcnepttMenTa M~T0,1.1,0M Mowre-KapJJo 

C BbICOKOH TO'lHOCTblO BOCnpOH3B0,1],5IT cpopMbl IIY'IKOB HCHTpaJJbllb!X 

KaOHOB 11 anepTypbI ,n;eTeKTOpOB. lfaMepeHHbJe He9cpcpeKTHBHOCTH 

npOBOJIO'leK KaMep MarHMTHOro cneKTpOMeTpa 6bIJIH lICIJOJlb30BaHbl 

npH MO,D;eJJHpOBaHMH ero OTKJIMKa. ,l(JJa ycKopeHl15I MO,D;eJI!1pOBaHH51 
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ITpttMeH.HJIHCh cITeI.I,Ha.JihHhie 6n6mmTeKH mrntteii, co,n;ep~an~ne 

pe3yJihTaT Mo,n;emi:pciBamrn KacKa,Il,OB B LKr c ITpttMettetttteM ITaKeTa 

GEANT3. ITptt Mo,n;eJittpOBaHHH ITpoI.I,ecca H3MepeHH.H 9Heprtttt cpOTOHa 

yqHTbIBa.JIHCb 9cpcpeKTbI HerayccOBCKHX XBOCTOB, IIIYMOB 9JieKTpOHHKH, 

a TaK)Ke l13BeCTHbIX BKJia,Il,OB B HeO,Il,HOpO,Il,HOCTb OTKJIHKa Ka.JIOpHMeTpa. 

Pa3Jiwrne B aKceITTattcax pacITa,n;oB Ks H KL 3HaqnTeJibHO 

yMeHbIIIeHO 6Jiaro,n;ap.H ITpHMeHeHHIO TeXHHKH B3BeIIIHBaHH.H 

co6hrTHii pacITa,n;oB KL. OcTaToqttaa acttMMeTptta 9THX aKcerITancoB 

yqttThIBaJiaCh ITyTeM BhrqncJieHH.H ITOITpaBKH MeTO,Il,OM MonTe-KapJio 

OT,Il,eJibHO B Ka)K,Il,OM HHTepBa.rre ITO 9Heprtttt, B KOTOpOM BblqHCJI.HJIOCb 

,n;Boiinoe OTHorneHtte R. 
Han6oJihIIIHii BKJia,n; B 9TY ITOITpaBKY BHOCHT pa3Jittqwe reoMeTptttt 

ITyqKoB B6JIH3H CITeKTpOMeTpa, BJIH.HIOlI.l,ee Ha aKceITTaHc pacITa,n;oB Ha 

7r+7r-. IToITpaBKa Ha aKCeITTaHc ,Il,Jl.H 1r01r0 OKa3aJiaCb 3HaqHTeJibHO 

MeHhIIIe H3-3a 6oJiee IIIHPOKOro pacITpe,n;eJieHH.H ITpO,Il,YKTOB 9TOrO 

pacITa,Il,a ITO ITOITepeqHOM ITJIOCKOCTH COOTBeTCTBYIOlI.l,ero ,n;eTeKTOpa. 

llonpa6'x:a tta pa3JtU"tUe 3<f)(fie-x:muBttocmu mpu22epo6 

9cpcpeKTHBHOCTH OCHOBHbIX TpttrrepoB OI.J,eHHBaJIHCb Ha OCHOBe 

HHcpOpMaI.J,HH O co6bITH.HX, 3aITHCaHHbIX C ITOMOlI.J.bIO CITeI.J,HaJibHbIX 

TpttrrepoB, MHHHMa.JlbHO CMelI.l,aIOlI.l,HX CTaTHCTHqecKHM aHCaM6Jib. 

9cpcpeKTHBHOCTb Tpttrrepa HeiiTpa.JibHbIX co6bITHM OKa3a.rracb paBHa 

(99,920 ±0, 009)% B ceaHcax 1998 H 1999 ro,n;a, H - (99,901 ±0, 01-5)% 

B 2001 ro,n;y 6e3 3HaqnMoro pa3Jittqna Me)K,n;y pacITa,n;aMH KL H Ks. 
I1o9TOMY 0bIJIO ITpHH.HTO perneHHe He BHOCHTb ITOITpaBKH HJIH BKJia,n;a B 

CHCTeMaTnqecKyIO OIIIH6Ky ,Il,JI.H Re( E1 IE)' CB.H3aHHbIX C TpttrrepoM ,Il,JI.H 

pacITa,n;oB K 0 -+ 1r01r0. 

OI.I,enKa 9cpcpeKTa B03MO)KHOii acttMMeTpHH pa6oTbI Tpttrrepa 

pacITa,Il,a K 0 -+ 7r+7r- BbIIIOJIH.HJiaCb OT,Il,eJibHO ,Il,JI.H ITepBoro H BT0poro 

ypoBH.H. He9cpcpeKTHBHOCTb KOMITOHeHTbI Tpttrrepa ITepBoro ypomrn 

Qx (MHHHMYM ,Il,Ba ITOITa,n;aHH.H B ITpOTHBOITOJIO)KHbIX KBa,n,paHTax 

ro,n;OCKOITa) OKa3a.JiaCb O,Il,HHaKOBa ,Il,JI.H pacITa,Il,OB KL tt Ks (~ 0, 05%). 

He9cpcpeKTHBHOCTh Tpttrrepnoii KOMITOHeHThI 2T RK ( MHIIHMYM 

3 TIOTia,n;aHH.H KaK MHHHMYM B Tpex TipoeKI.J,H.HX TiepBOM ,n;peiicpOBOM 
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l 

1 
l. 

KaMepbI) OKa3aJiaCb Mettee 10-4
. 9cpcpeKTHBHOCTb Etot ( cyMMa 

9neproBbI,i.J,eJienttii B LKr H a,n;poHHOM KaJiopttMeTpax > 35 r9B) 

,Il,JI.H co6bITHM pacTia,n;a KL, B3BeIIIeHHbIX B C0OTBeTCTBHH C HX 

BpeMeHaMH )KH3HH, ,Il,JI.H ceaHCOB 1998 H 1999 ro,n;a OKa3aJiaCb paBna 

(99,542 ± 0, 018)%, a ,Il,JI.H pacTia,n;oB Ks - (99,535 ± 0, 011)%. BhrJia 

TipHMenena TIOTipaBKa Ha pa3HHI.J.Y B 3cpcpeKTHBHOCTH 9TOr0 Tpttrrepa. 

9cpcpeKTHBHOCTh Tpttrrepa BToporo ypoBH.H M BX (aTIITapanIO 

peKOHCTpyttpoBaHHbIM pacTia,Il, 7r+7r- C 3cpcpeKTHBHOM Maccoti 

BbIIIIe 0, 95 mK) B ceaHcax 1998 H 1999 ro,n;a 0Ka3aJJaCh pamra 

(98,353 ± 0, 022)% ,Il,JI.H pacTia,n.oB Ks H (98,319 ± 0, 038)% ,n;Jrn 

B3BeIIIeHHhIX co6brTttti KL- I1oTipaBKa K ,Il,BOMHOMY OTHOIIIeHHIO R 
TipHMeH.HJiaCb B Ka)K,Il,OM HHTepBa.rre TIO 9HeprHH OT,Il,eJibHO. 

noaa6Jte'Hue u y"tem ocmam0"t'H,020 rjjo'Ha ajl,Jl pacnaao6 Ko -+ 21r0 

E,n;ttHCTBeHHbIM HCTOqHHKOM cpona ,Il,JI.H CHrHa.rra 21r0 6bIJIH pacrra,Il,bl 

KL -+ 31r0 . I1x BKJia,n; Tio,n.aBJI.HJIC.H c TIOMOlI.J.hIO ycJIOBH.H oT6opa, 

HCKJIIOqaIOlI.l,ero ,n;oTIOJIHHTeJihHhre JIHBHH B LKr c 9Heprtteti s1,nne 

1,5 r9B B HHTepBa.Jie ±3 HC BOKpyr BpeMeHH C06bITH.H. ,II:aJibHetiIIIee 

ITO,Il,aBJientte cpona 6bIJIO ,Il,OCTHrHyTO 3a cqeT Tpe6oBaHH.H, 'IT06bl 

seJinqwna x2 (cM. (11)) 6brJia Menee 13,5, qTo ITptt6Jitt3ttTeJrr,uo 

COOTBeTCTByeT 3,7 pa3peIIIeHH.H TIO Macce m'Y'Y" IToTepH H3-3a 9T0I'O 

ycJIOBH.H OT6opa CB.H3aHbI B OCHOBH0M C KOHBepctteti cpOTOHOB H 

COCTaBJI.HIOT rrpttMepHO 7%. BKJia,Il, OCTaToqnoro cpotta BblqHCJI.HJIC.H 

TiyTeM cpaBHeHH.H CBOMCTB 9KCTiepttMeHTaJibHbIX ,n;aHHbIX B KOHTpOJibHOM 

o6JiaCTH 36 < x2 < 135 pacTia,Il,OB KL tt Ks c yqeTOM cpopMbI 

COOTBeTCTBYIOlI.J.HX pacITpe,n;eJieHHM, TI0JiyqeHHbIX MeTO,Il,OM MonTe

KapJIO. 

noaa6Jte'Hue U y"tem ocmam0"t'H,020 rjjo'Ha ajl,Jl pacnaao6 Ko -+ 7r+7r-

,II:JI.H Toro, qT06br BbJqecTb OCTaTOqHbIM {pOH OT pacITa,n;os 

Ke3 H Kµ3 , 6hIJIH BbI6pattbI ,Il,Be KOHTpOJihHbre 06Jiacn1 B 

ITpOCTpaHCTBe ,Il,BYX rrepeMeHHhIX ( mn, (p~ )2), OTIHCaHHhie s Ta6JIHI.J,e 1. 
ITepBaa KOHTpOJibttaa o6JiaCTh ( o6JiaCTh E) TipettMylI.l,eCTBettno 3aH.HTa 
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Ta6Jrn:u;a 1: Ko1-tmpoJ1'b1t'bte 06J1acmu E u M aJIJ! o~e1-t1m ocmamo,mo20 ¢01-ta e pacnaaa.T 
KL-> 7r+7r-

06JiaCTh (m"" - mK) (M3B/c2
) (p~ )2 (M3B• / c2

) 

E 9,5 7 19,0 300 7 2000 
M -17,0 7 -12,0 300 7 500 

co6brT1rnM1I Ke3, B TO BpeM51 KaK BTopa51 ( o6JiaCTb M) co,IJ,ep)KlIT 

rrpHMeptto paBttoe KOJI1IqeCTBO co6bIT1Ii1 Ke3 lI K 113. 

,.0:JI51 Toro, qTo6br 1IM1IT1IpoBaTb pacrrpe,IJ,eJieHlI51 cpotta B 

KOHTpOJibHbIX lI ClirHaJibHOM o6JiaCT,HX, co6bITlI51 cpotta OT61IpaJIIICb 

B COOTBeTCTBlilI C TeMlI )Ke ycJIOBlI51MII OT6opa, qTo rrpIIMeH51JIIICb K 

co6bITII51M CHrHaJia, 3a HCKJIIoqenlieM ,Il,BYX KpwrepHeB, crreu;tt<pW-IHbIX 

,IJ,JI51 Ka)K,IJ,Oro BH,IJ,a cpona. Co6bITH51 Ke3 6brJIII oTo6panhr c ycJIOBHeM 

E / p > 0, 95, a pacrra,IJ,bI K µ3 rrpournn qepe3 oT6op, B KOTopoM 

Tpe6oBaJIOCb cpa6aTbIBaH1Ie MIOOHHOrO B€TO. <DopMa Clir!IaJia KL 

IIMlITHpOBaJiaCb C IIOMOill,bIO pacrra,IJ,OB Ks -+ 7r+7r-. 

Pacrrpe,IJ,eJieHHC TIO (m1T1T, (p~)2) KaH,IJ,H,IJ,aTOB B co6bITII51 KL-+ 7r+7r

cpaBHHBaJIOCb B Tpex BbIIIIeyKa3aHHbIX o6JiaCT51X (,IJ,Be KOHTp0Jib!Ib!X II 

cnrnaJibHa51 o6JiaCTb) c JIHHei1~oi1 KOM61Ittarwei1 Tpcx pacrrpe,IJ,eJieHIIH, 

1I3 KOTOpbIX nepBoe HMHTHpyeT cpopMy ClirI-IaJia, a )],Ba ,IJ,pyr.lIX 

IIMeI0T cpopMy BKJia,IJ,OB ,Il,Byx paccMaTpHBaeMbIX HCTOqHHKOB <pOHa. Ha 

OCHOBe pe3yJibTaTOB TaKoro cpaBHeHlI51 3aTeM Bb[ql!CJI51JIC51 BKJia,Il, o6oIIX 

KOMIIOH€HT cpona B o6JiaCTH CHrHaJia. Bc51 npou;e,IJ,ypa Bb[qlITaHH51 cpotta 

B 3ap51)K€fIIIOi1 MO,IJ,e IIp1IMeH51JiaCb B Ka)K,I],OM HHTepBaJie no 3HeprHII 

KaOHOB OT,I],€JlbHO. 

Ilonpa6'1W ua pacceJ1,uue "lacmuu, ua 'IWJlJlU.Mamopax 

B OTJI1Iq1Ie OT rryqKa Ks, B nyqKe KL orpauw-1euIIe ua (p~) 2 

IIpIIBO,Il,lIT K OT6paCbIBaHHIO 60JibIIIero qlICJia pacrra,IJ,OB KaOIIOB, 

HCIIbrTaBIIIHX pacce51Hl!e ua KOJIJIHMaTopax, qeM orpauw-1euIIe na pa,IJ,IIyc 

u;erITpa TJI)KeCTH co6bITlI51 B nepe,IJ,nei1 IIJIOCKOCTlI LKr. I1p1I 3TOM 

orpanw1eu1Ie ua (p~ )2 IIpHM€H51JIOCb TOJibKO K co6b!TH51M 7r+ 7f-. B 

pacna,IJ,ax ua 1r01r0 co6bITH51 c pacce51HHeM Kaona ua KOJIJilIMaTopax 
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OT6paCbIBaJilICb TOJibKO orpan1IqenHeM na pa,IJ,lIYC 11,enTpa T51)K€CT1I. 

ITorrpaBKa K lI3Mep51eMoMy ,IJ,BOHHOMy OTHOIIIeHHIO R na sTy 

aCHMMeTpHIO ycJIOBHH OT6opa BblqHCJI51JiaCb C IIOMOill,bIO co6b!THH 

c 6oJibIIIHM rrorrepeqnbIM HMIIYJibCOM - KaH,IJ,H,IJ,aToB B KL -+ 1r+1r-, 

OTo6paHHbIX C orpaunqeHHeM Ha (p~ )2
' IIpOTHBOIIOJI0)KHbIM TOMY, qTO 

IIpHMeH51JIOCb ,Il,JI51 OT6opa co6bITHi1 CHrHaJia. 

Pacna,IJ,bl C paccemIHbIM KaOHOM IIO,Il,CqHTbIBaJIHCb cpe,IJ,lI HlIX 1I3 

pacrrpe,IJ,eJieIIHM IIO 3<p<peKTHBHOi1 Macce mrr+rr-, IIplI 3TOM rJia,IJ,KlIM <pOH 

BbJqHTaJIC51. ITocKOJibKY TaKHe co6bITH51 ne OT6paCbIBaJI1ICb nplI OT6ope 

co6b!THi1 KL-+ 1r
0

1r
0 , 6bIJia neo6XO,IJ,HMa COOTBeTCTByIOII\a51 norrpaBKa 

K H3Mep51eMOMy ,I],BOMHOMY OTHOIIIeHHIO Bep051THOCTei1 pacna,IJ,OB. cha 

norrpaBKa npHMeH51JiaCb OT,IJ,eJibHO B Ka)K,IJ,OM HHTepBaJie IIO 3HeprHH 

KaOH0B. 

II02pewuocmu U3.Mepeuuu :mep2uu u paccmo.ff,uuu 

A6coJIIOTHa51 IIIKaJia 3ttepmi1 1Kr 6bIJia ttacTpoetta c 

ncnoJib30BaHHeM pacna,IJ,OB Ks-+ 1r01r0 . Otta 6b1Jia np1IH51Ta 

TaKofi, qTo6bI cpe,IJ,nee 3naqeHHe peKOHCTpynpoBaHHOH IIpO,IJ,OJibHOH 

KOOp,IJ,HHaTbI 3THX pacrra,IJ,OB B o6JiacTH AKS coBna,1.1,aJio c pe3yJibTaToM 

MO,IJ,eJittpoBaHH51 MeTO,IJ,OM MottTe-KapJio. 9To H3Mepettne IIIKaJibI 6b1J10 

rrpoBepeuo npH aHaJIH3e ,IJ,aHHbIX, 3an1ICaHHbIX B X0,IJ,e crrel\liaJibHbIX 

ceaHCOB (na3BaHHbIX 17-ceattcaMH), B KOTOpbIX nyqoK 7f- IIOIIa,IJ,aJI B )],Be 

TOHKHe MHIII€HH, pa3MeI1J,eHHbie B naqaJie H B6JIH3H Konu;a pacrra,IJ,HOrO 

ofrbeMa, renepttpy51 na HHX 1r
0 

H 17 C H3BeCTHbIM cpe,IJ,HHM IIOJIO)KeHlieM 

TOqKH p0)K,IJ,eHH51. 

HeJIHHefiHOCTb OTKJIHKa npH H3MepeHlIH 3HeprHH KaJIOplIMCTpOM 

LKr 6brJia HCCJie,IJ,OBana c HCIIOJib30BaHHeM pacna,IJ,OB Ke3. B 3TlIX 

pacna,1.1,ax 3Heprmo 3JieKTpona, H3Mepennym B KaJiop1IMeTpe, MO)KHO 

cpaBHHTb C pe3yJibTaTOM H3MepeHH51 HMIIYJibCa Toro )Ke 3JieKTpOHa B 

cneKTpOMeTpe. O,IJ,HOpO,IJ,HOCTb OTKJIHKa KaJiopHMeTpa B 3aBlIClIMOCTlI OT 

IIOJIO)KeHH51 <pOTOHa na ero nepe,IJ,Heti: IIJIOCKOCTH 6brna OIITHMH3HpOBaua 

nyTeM KaJI1I6pOBKH c npHMeueutteM pacna,1.1,oB Ke3 lI nponepeua ua 

pacna,IJ,ax ueti:TpaJibHbIX IIHOH0B H3 17 -ceaHCOB. l13MepeHHC noriepe•moI'0 

IIOJIO)KeHH51 <pOTOHa Ha KaJIOpHMeTpe H HaCTpOti:Ka rronepeqnoti: lIIKaJII,I 
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pacCT05IHlIH 6bIJilI BbITIOJIHeHbI TaK)Ke C lICIIOJib30BaHHeM pacrra,IJ,OB 

Ke3 rryTeM cpaBHenli5I peKOHCTpyMpoBannoro rroJIO)KeHH5I KJiaCTepa c 

TOqKoi1 rrepeceqeHlI5I 9KCTparrOJilipOBaHHOrO TpeKa COOTBeTCTBy!Or~ero 

eMy 9JieKTpOHa C IIJIOCKOCTbIO KaJIOpttMeTpa. 

,l];JI5I pacrra,Il,OB KaOHOB na 7r+7r- IIOJIO)KeHHe BepllllIHbI lI3Mep5IJIOCb 

Ha OCHOBe ,n;aHHbIX O peKOHCTpyttpoBaHHbIX TpeKaX lI IIOJIHOCTbIO 

orrpe,n;eJI5IJIOCb reoMeTpHeii ,n;eTeKTopa. O~eHKa cooTBeTCTByIOu~ero 

BKJia,n;a B Heorrpe,IJ,eJieHHOCTb pe3yJibTaTa 9KCnepttMenTa 6bIJIO 

Bb1rionne1ia rryTeM H3Mepemrn noJIO)KeHlI5I AKS na ocHoBe ,IJ,a!IIIbIX 

o peKOHCTpyttpoBaHHbIX pacrra,n;ax Ks ---+ 7r+7r-. 

I!.flma.fl 2JiaBa co,IJ,ep)KHT orrncaHtte MeTo,n;a II pe3yJibTaTOB yqeTa 

BJIH5IHH5I Ha H3MepeHtte R cnyqail:HbIX comrn,n;eHHii tt3y<rneMoro 

co6bITlI5I c ,n;pyrttMlI pacrra,IJ,aMlI lIJilI lIHOH aKTlIBHOCTbIO B 

,n;eTeKTope. AHaJIH3 TaKHX rrpo~eccoB ocHoBaH Ha pa3pa60Ta1rnoii 

aBTopoM MeTO,IJ,lIKe reHepa~HlI co6hrTITii, rrpe,IJ,cTannmo~Hx co6oti 

pe3yJibTaT O,Il,HOBpeMeHHOH perlICTpa~ITlI ,n;eTeKTOpaMIT ycTaHOBKlI 

9KCrrepttMeHTaJiblfbIX co6bITITH, 3aperITCTpITpOBaHHbIX ITO CJIY'IaHHOMY 

Tpttrrepy, lI co6bITITH IT3yqaeMbIX pacrra,IJ,OB, CMO,Il,eJilipOBaHHblX 

MeTO,Il,OM MoHTe-Kapno. 

CoBrra,n;eHtte BO BpeMeHIT cnyqail:Hoti aKTITBHOCTIT IT "xopoI1Iero" 

co6bITIT5I MO)KeT BhI3BaTb nomep10 9TOrO co6bITlI5I IT3-3a 

necpa6aTbIBaHIT5I Tpttrrepa, lI3-3a ney,IJ,aqIT peKOHCTPYK~lilI co6hITlI5I, 

ITJIIT IT3-3a TOrO, 'ITO xapaKTeplICTITKIT co6bITIT5I BbillIJilI 3a rrpe,IJ,eJibl 

ycJIOBlIH oT6opa ,n;aHHbIX. Pe)Ke TaKOe naJIO)KeHITe MO)KeT BbI3BaTb, 

narrpoTITB, npuo6peme'H,ue co6bITH5I. KpoMe Toro, H3-3a rrpITMenenIT5I K 

co6bITlI5IM KL rrpo~e,n;ypbl B3BellIHBaHIT5I, ITX Bee MO)KeT IT3MeH5ITbC5I 

KaK CJie,Il,CTBlie lI3MeneHIT5I peKOHCTpyttpOBaHHOrO BpeMeHlI )KlI3HlI 

Kaona. OcnoBna5I qaCTb cnyqai1noti aKTlIBHOCTH ycTanoBKH NA48 6b1.na 

Bbl3Bana pacrra,IJ,aMIT B rryqKe KL, KOTOpblH lIMeJI na I151Tb rrop51/\KOB 

6onee BbICOKyro lIHTencITBHOCTb, qeM rryqoK Ks. BJIITmrne cJiy,rntl:11otl: 

aKTlIBHOCTIT Ha TpITrrep lI MeqeHITe rryqKa IIOJIHOCTblO yqITTbIBaJIOCb IIPIT 

pacqeTe orrITcaHHbIX Bbillle rrorrpaBOK, no ee rrpo5IBJieHH5I rrpIT oT6ope 

co6bITITi1 IT BJilI5IHHe na pacqeT pe3yJibTaTa ITOTpe6oBaJIIT crre~ITaJibHOro 

IT3yqeHlI5I. 
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B o6~eM BIT,Il,e BJilI5IHITe ITOTepb, rrptto6peTeHlIH lI lI3Meue1rntl: BeCOB 

co6bITITM MO)KeT 6bITb rrpe,n;cTaBJieno KaK ne6oJibllIOe yMeHbI1Ie1rne 

9cpcpeKTITBHOCTlI perttCTpa~lIIT ,Il,Jl5I Ka)K,Il,OH IT3 MO,Il, pacrra,n,a, 

rrporrop~lIOHaJibnoe mnencHBHOCTH rryqKa KL. Tor,n;a IT3Mep5IeMoc 

,Il,BOHHOe OTHOllleHHe MO)KHO Bblpa3lITb CJie,IJ,yIOI~lIM o6pa30M: 

f iLAi(l - Ai iL)dt f isAi(l - AiiL)dt ( ) 
R = Ro f isAi(l - Ai iL)dt f iLAz(l - AziL)dt 

13 

3,n;ech Ro - ITCTITHHoe ,n;notl:noe OTHOlllenITe Bepo5ITHOCTei1: pacna,n;on, iL -
3aBlIC5I~a5I OT BpeMeHIT lIHTeHClIBHOCTb rryqKa KL, is - lIHTeHCITBHOCTb 

rryqKa Ks. Ai 03HaqaeT 9cp<peKTITBHOCTb perttcTpar~HIT pacna,r\a KL ---+ 

271"0 B OTCYTCTBHe cnyqatittoii aKTlIBHOCTlI (B rrpe,n;ene oqenh HIT3KOti 

ITHTeHCHBHOCTH nyqKa KL)- Ai, Ai, Az- ananornqnbre 9<p<peKTlIBHOCTH 

,Il,JI5I ,n;pyrttx MO,Il, (HH)KHHe HH,Il,eKCbI L, S 03uaqa10T rry'IOK, BepxnHe 

lIH,Il,eKCbI O lI ± 03HaqaIOT pacrra,Il,bl na 271"0 
H 7r+ 71"-, COOTBeTCTBeHHO). 

A1, Ai, Ai, Az rrpe,n;cTaBJI5IIOT co6oi1 qyBCTBHTeJibHOCTH ITOTepb B 

pa3HbIX MO,n;ax K HHTeHCHBH0CTH nyqKa KL· 
EcnlI rrpeHe6peqb B03MO)KHOCTbIO rrp5IMOH 3aBHCHMOCTH A{ OT 

BpeMeHH, lIX MO)KHO BbIHeCTH 3a HHTerpa.rrbI, lI Tor,n;a lIX ,IJ,BOHHOC 

OTHOllleHHe rrpe,n;cTaBJI5IeT co6oti 9cpcpeKT OCTaT0'IHOro pa3JilI'lll5I 

9<p<peKTHBHOCTH perHCTpa~HH, H3Mep5IeMbii1 C ITOM0~b!0 o6bl'IH01'0 

pacqeTa MeTo,n;oM MoHTe-Kapno. OcTaBI1Ieec51 OTH0I1Ie1me ITHTerpanoB 

F H rrpe,n;cTaBJI5IeT co6oti 9<p<peKT CJiyqatiuoi1 aKTHBHOCTlI ycTaH0BKlI, 

3aBHC5I~HM OT HHTeHCHBHOCTeti rryqKoB: 

Ai AiF 
R = Ro Ai Az 

(14) 

EcnH coxpanlITb B MHO)KlITeJie F TOJibKO Jittnei1nbre no nceM A qJ1enh1, 

OH MO)KeT 6bITb npe,n;cTaBJieH KaK: 

F = l -A±f isiLdt -Ao f if dt A±f if dt Ao f isiLdt (lS) 
s J isdt L J iLdt + L J iLdt + s J isdt 

M I JisiLdt v 

O)KHO 3aMeTHTb, qTo S = f isdt 5IBJI5IeTC5I cpe,n;HeH lIHTeHClIBHOCThlO 

nyqKa KL ,Il,JI5I aucaM6JI5I JII06bIX co6bITHH, lIHTeHCHBH0CTb KOTOpbIX 
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nponop1.1,11ottaJibtta mITeHCHBHOCTH nyr1Ka Ks. Mm1rno cKa:mTb, '!TO 

3TO - cpe,IJ,115151 HHTCHCHBIIOCTb ny9Ka KL, "tta6mo,n,aeMOI'O" co6bl'.I'l151Ml1 
f ·2 dt 

pacna,n,oB Ks. AttaJIOI'H9HO IL = /iLLdt - 3T0 cpemrn5! mITettc11B11ocTb 

ny9Ka KL, "tta6mo,n,aeMoro" pacna,n,aMH 113 Toro )Ke ny<1Ka KL. 
MO)KHO C9HTaTb MaJibIMH KaK pa3JII19He cpe,IJ,HHX HHTeHCHBHOCTCti, 

"tta6mo,n,aeMb!X" pa3Hb!Ml1 MO,IJ,aMH, TaK H pa3JIII'rne 'IYBCTBHTeJII,HOCTH 

ycTaHOBKH K HHTeHCHBHOCTH ny9Ka KL ,IJ,JI5! pacna,n,oB B O,IJ:HO KO!Ie'IHOC 

cocT051HHe B pa3HbIX ny9Kax. Tor,n,a, npette6pera51 ueJI11netiI1bIMH no 

MaJib!M napaMCTpaM 'IJienaMH, 113 cpaKTOpa CJiy,ratinoti aKTI-IBHOCTH 

MO)KHO BbI,IJ,eJIIITb ,IJ,B8 KOMTIOH8HTbI [10]: 

6R1 = (IA0 
- IA±)

81
· 

I' 

F = 1 - 6R1 - 6RA, 

6RA = (HA0 
- HA±), 

(16) 

(17) 

r,1..1,e 11cnoJib30BaHhI onpe,n,eJieHH51 Ai = AO 
- 5A 

O 
/2, 

A1 = A0 + 5A0 /2, A~= A± - 5A± /2, Az =A±+ fJA± /2, a TaK)Ke 

h =I+ 81 /2 II Is= I - 81 /2. 
5R

1 
npe,n,cTaBJI51eT co6oti 3cpcpeKT pa3JIII'rn5! B BapIIa1vrnx 

IIHTeHCIIBHOCTII ,1..1,BYX ny'!KOB - on IIC9e3aeT B CJiy9ae 

nponopu;IIottaJihHbIX II3MeneHHti 11nTencHBHOCTH KL II Ks. BTopaH 

KOMTIOHeHTa 5RA oTpa)KaeT ",n,BotiHyIO pa3um.1,y'' B 9yBcTBIITCJib!IOCTI1 

3cpcpeKTI1BHOCTI1 per11cTpau;1111 pacna,1..1,0B Bcex M0,1..1, K HHTCHCHBHOCTI-I 

ny'IKa KL. 
C u;eJihIO H3MepeHH51 noTepb 6hIJIII 3anIIcanhI JJ,Ba attcaM6m1 

CJIY'IaHHb!X co6hITI1H C IIHTeHCIIBHOCT51Ml1, nponopu;11onaJibHb!Ml1 

9aCTOTaM cpa6aTbIBaHII51 MOIIHTOpOB Ka)K,l],OI'O II3 ,IJ,BYX ny'IKOB. 

,l],JI5I 113y9enm1 pe3yJibTaTa COBIIa,1],eHH51 CJiy<ratinoti aKTI1BHOCTI1 C 

xopOilIIIM co6bITIIeM BbIIIOJIH51JiaCb npou;e,n,ypa pac9eTa OTKJIHKa BC8X 

,1..1,eTeKTOpOB na TaKoe KOM6HHIIpOBannoe co6bITIIC, 'IT06b! ITOJIY'II-ITh 

TaK tta3brnaeMbiti oBepJieti - 11 ttaJIO)Ke1rne" co6hrT11ti. TaKHM o6pa30M, 

IIMl1TIIpOBaJIC51 3(p(pCKT y,1.l,BOeHII51 CJ1y9atinoti aKTHBHOCTH ycTaHOBKH. 

O,n,naKo, np11 3T0M y,1..1,BaIIBaJIHCb l1 3cp<peKTbI myM0B B ,1],CTCKTOpax, 

ne CB513amn,re C pacna,n,aMH B ny9Kax. '-lTo6bI 3TOI'0 1136e)KaTb, 6bIJIO 

Bb!IIOJIHeno HCCJie,IJ,0Ba1rne OBepJieeB CJiy9ati!Ib!X co6bITHH C co6bITII51MI-I, 

cMo,1..1,eJI11poBannhrM11 MeT0,1..1,0M MonTe-KapJio (OMK). ITporpaMMHOC 
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06ecne9en11e ,IJ,JI51 BbITIOJineH1151 3TOfi 3a,1..1,a911 6brJio pa3pa6oTano 

aBTopoM np11 y9acT1111 Ha na'laJibHOM 3Tane A. fanonenKo 11 IT. 

Xp11cT0Ba. B pe3yJihTaTe 6brJI ccpopMIIpoBan naKeT nporpaMM ,IJ,JI51 

MO,IJ,eJI11poBaHII51 TaK na3brnaeMbIM oBepJietiHbIM MeTo,1..1,oM Mo1ITe-KapJIO. 

MaccoBoe MO,IJ,eJI11poBaH11e co6bITI1H 3Tl1M M8T0,1],0M ,1],JI51 3KCnepHMCHTa 

NA48 BbITIOJIH51JIOCh na KOMIIbIOTepnofi ¢epMe JI<I>'-1 OI15II1 B ,II,y6ne 

[2]. 
ITporpaMMa 9TeHl151 "cbipbIX" ,n,aHHbIX C911TbIBaJia cJiyqatinoe 

co6bITHe, ,n,eKO,IJ,HpOBaJia ero l1 BbITIOJIH51Jia CTaH,n,apTHYIO 

npe,n,BapIITCJibHYIO o6pa6oTKY, 3aKJII09aBIIIYI0C51 B Bbl911TaHHI1 

Tib8,IJ,8CTaJIOB l1 nepeBO,IJ,8 I1H<pOpMau;1111 ,1.l,8TCKTOpOB B BeJil19111-lbl, 

anaJIOI'II9HbI8 TeM, 9TO · pa3bII'pbIBaIOTC51 MeTO,IJ,OM MonTe-

KapJIO. I1oJiyqenHa51 IIH(pOpMaIJ;l151 0 co6hITIIII nepe,n,aBaJiaCb 

MO,Il,II(pHIJ;IIpOBaHHOti nporpaMMe MO,Il,8JIIIpOBaHirn ycTaHOBKH MCTO)~0M 

MoHTe-KapJio. ITocJie,IJ,H5151 pa3birpbIBaJia 4 co6hITH51 pacua,1..1,a 

HetiTpaJihHhrx KaonoB: Ks--+ 1r01r0 , ·KL--+ 1r
0

1r
0

, Ks--+ 1r+1r-

II KL--+ 1r+1r- 11 MO,IJ,eJIHpOBaJia IIX ou;IIcppoBKy. HaKo.Her~, 

paCC9IITbIBaJIHCh OB8pJiel1 Ka)K,l],OI'O II3 3TIIX 98Tbipex CMO,IJ,8JIIIpOBaHHhIX 

co6b!TIIfi C O,IJ,HIIM II T8M )K8 cJiyqatiHhIM co6bITII8M - OBepJieII MorITe

KapJIO (OMK). 

OBepJieII ,n,aHHbIX ( O,II,)' npe,IJ,CTaBJI.H!Ol.IJ,II8 co6oti pe3yJih'l'a'r 

"naJIO)K8HII51" CJiyqatiHbIX co6bITI1H Ha 3KCnepIIMeHTaJibHbl8 OTo6paHHb!e 

co6hITI151, MO,Il,8JIIIPYIOT s¢¢eKT Y,IJ,B08Hl151 CJiy9atiHoti aKTIIBHOCTII 

ycTaHOBKII C H8II368)KHbIM Y,IJ,BOeHIIeM scp<peKTa lIIYMOB B ,Il,8T8KTOpax, 

9TO orpaHl19IIBaeT IIX npHI'0,1],HOCTb ,IJ,JI51 ou;enKH nonpaBOK K pe3yJibTaTy 

II3Mepenmi. O,n,naKo O,II, npIIro,1..1,nhr ,IJ,JI51 Toro, 'IT06b1 npoBep51Tb 

Ka9ecTBO MO,IJ,eJIIIpoBaHII51 oBepJietinbIM MeTO,Il,OM MonTe-KapJio. ,II,m, 

cpaBnenII51 c O,II, npoII3BO,IJ,IIJIIICh ,IJ,BOHHbie oBepJieII MonTe-KapJio 

(,II,OMK) - CMO,IJ,eJIIIpoBaHHhre co6hITII51, na KOTOpbre nocJie,n,0BaTeJ1hno 

"naJIO)K8HO" ,IJ,Ba cJiyqatiHbIX co6bITII51. B 3TOM cJiy•rae nporpaMMa 

MonTe-KapJio noJiy•raJia OT nporpaMMhI 9TeHII51 ChipbIX ,n,an!lbIX ;wa 

npe,n,BapIITeJibHO o6pa6oTaHHh!X CJiyqatiHb!X co6bITII51 fI0,1..I,p51,1.l,, II :mTeM 

paCC9IIThll3aJia ,IJ,JI51 Ka)K,l],OI'O II3 '18Tb!pex CMO,IJ,8JIIIpOBaH.Hb!X co6bIT!-Iti 

no ,n,Ba oBepJiefiHhIX co6hITH51 - cua'laJia pe3yJihTaT "naJIO)KCnm1" 
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CMO,Ll,eJIIIp0BaHHbro co6bITIUI Ha nepBoe II3 CJiycrati.HbIX co6bITIIH, 

a noT0M - noJiy'IeiiHoro onepJie.H Ha BT0poe cJiyqati.Hoe co6bITIIe. 

BJIII.HHIIe "HaJIO)KeHII.H" BT0poro cJiy•rati.Horo co6bITII.H Ha CBOHCTBa 

0,Ll,H0KpaTHoro oBepJie.H MoHTe-KapJio cooTBeTCTByeT a<pqJeKTY 

"HaJio)KeHII.H" cJiyqati.Horo co6hrTII.H Ha oTo6pairnoe aKcnepIIMel!'raJ11,1we 

co6brTIIe (O,lJ} 

CpaBHeHIIe pe3yJibTaT0B aHaJIII3a co6bITIIti. 0,1], II ,l],OMK noKa3aJio, 

'ITO ,Ll,Jl.H 6oJiblllllHCTBa ycJI0BilH OT6opa CTaTHCTH'IeCKil 3Ha'IHMbJe 

pacXO)K,Ll,eHH.H HTOrOBbIX noTepb Me)K,Ll,y .n,aHHbIMH H OMK HaXO,Ll,.HTC5I 

B npe,L1,eJiax (5-15)%. O,Ll,HaKO ,Ll,JI.H CMO,Ll,eJ!IlpOBaHHbIX pacna,n,oB 

K 0 - 7r+7r- HMeeTC.H cyrn;ecTBeHHa.H He,Ll,OOIJ,eIIKa nepO.HTIIOCTII 

,Ll,OMIIHHpyIOlll;IlX noTepb, BbI3BaHHbIX oT6paCb!BaHHeM co6bITIIH C 

nepenOJIHeHII.HMII B ,n;peti.<pOBbIX KaMepax Il3-3a reHepaIJ,Illl B MO,Ll,eJIIl 

ne,n;ocTaTO'IHOrO KOJIH'IeCTBa cpa6aTbIBaHIIH s HilX ( npHMepHO Ha 30% 
I-ttt)Ke B ,l], 0 MK no cpaBHeHHIO c aKcnepIIMeIITaJibHbIMII oBepJie.HMII). 

ITpII 3T0M cIIMMeTpH.H Me)K,n;y noTep.HMII Ha nepenoJIHCHII.H DCH ,n;mr 

pacna,n;oB Ks II KL coxpan.HeTC.H c y,n;oBJieTBOpIITeJibHOti. TO'IHOCTbIO. 

,l],JI.H pacna,n;os K 0 ---t 1r01r0 noTepII Ha nepenomreHII.H B ,n;peti.cpos1,1x 

KaMepax BOCnpOII3BO,Ll,.HTC.H 3Ha'IIITeJibH0 JIY'Illle, qeM ,Ll,JI.H pacna,n;a Ha 

3ap.H)KeHHbie nIIOHhI, HO ,Ll,OMIIHIIpyIOrn;eti. npII'IIIHOH noTepb .HBJI.H!OTC.H 

y)Ke ycJIOBH.H oT6opa no x2 II no speMeHII )KII3HII KaoHa ,n;mr 

pacna,n;oB KL, B oKOH'IaTeJihHOM 6aJiaHce noTepII OT ycJIOBIIti. oT6opa 

no BpeMeJIII )KII3HII CT ,Ll,JI.H KL B 3Ha'IIITeJibHOH Mepe KOMneHCIIpyIOTC.H 

CO0TBeTCTBYIOlll;IlMII nptto6peTeHH.HMII, nocKOJibKY OHII B OCHOBHOM 

BbI3BaHhI ycJIOBIIeM OT6opa, HaJIO)KeH!-IbIM B nO'ITII nJIOCKOH o6JiaCTII 

pacnpe,n;eJieHH.H no 3TOti. seJIII'IIIHe ( CT = 0 ) . OcTaTO'IHOe pa3Jiwrne erIJ,e 

6oJiee COKparn;aeTC.H 3a C'IeT II3MeHeHil.H BeCOB co6hITIIH KL. 
,l],JI.H OIJ,CHKil ciR1 Heo6xo,n;IIMO II3MepIITb pa3HIIIJ,Y OTIIOCIITCJ!bllbix 

noTepb ,Ll,JI.H pacna,n;OB Ha 3ap.H)KeHHbie II Heti.TpaJibHbie nIIOl!bl, a 

TaK)Ke OTIIOCIITeJibHYIO pa3HIIIJ,y cpe,n;HIIX IIHTeHCIIBHOCTeti. nJTIKa KL, 
"Ha6JIIO,n;aeMyIO" co61,rTII.HMII KL II Ks. 

l13MepeHII.H pa3JIIl'IHbIX IIH,Ll,IIKaTopoB IIHTeHCIIBHOCTII ny•1Ka KL 
[9, 10, 11], TaKHX, KaK BepO.HTHOCTb o6Hapy)KeHII.H neCKOppeJIIIpOilallllbIX 

no BpeMeHH C OCHOBHbIM co6hIT1IeM KJiacTepoB B 3JieKTpoMarHIITl!OM 
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Pnc. 4: Pa31-1,ocm'b nomep'b JA± - IA0. Ceem.111,ie -x:py:J1C-x:u - KL, me,,w1-1,1,1e - Ks. 

KaJiopIIMeTpe H necKoppeJIHpOBaHHbIX TpeKOB B cneKTpOMeTpe, npIIBeJIII 

K 3aKJIIO'IeHHIO, 'ITO OTHOCHTeJibHa.H pa3HIIqa cpe,Ll,HIIX HHTeHCilBHOCTeti. 

ny'IKa KL, "na6JIIO,L1,aeMhix" pacna,L1,aMH KL H Ks, ne npes1,rmaeT 1 %. 
B CB0IO oqepe,Ll,b, H3MepenHa.H c noM0lll;hIO OMK pa3HHIJ,a n0Tep1, 

I A± - I AO, npIIBe,Ll,eHHa.H ,Ll,JI.H Ka)K,Ll,0ro aHepreTH'IecKoro HHTepsaJia na 

pIIc. 4, He npeBhr!llaeT 0, 5%. Y'IIITbIBa.H He,n;ooIJ,enKy B OMK n0Tep1, 

Ha nepenoJIHeHH.H B ,L1,peti.cpos1,rx KaMepax ,Ll,JI.H pacna,Ll,OB na 1r+1r-, 

H3MepennyIO Ha ocHoBe cpasneHH.H osepJieeB ,LJ;OMK H 0,1],, K aToti. 

pa3HHIJ,e CJie,L1,yeT ,n;o6aBHTb ern;e 0, 5%. 
cha pa3HHIJ,a TaK)Ke 6bIJia OIJ,eHeHa Il3 3KCnepHMeHTaJibHbIX ,Ll,aHHbIX, 

nyTeM cpaBHeHil.H OTHOIUeHH.H K0JIII'IeCTBa co6bITIIti. 7r+7r- II 1r
0

1r
0 , 

Il0JiyqeHHbIX B o6bI'IHbIX ceancax c CIIHXpOHHbIMII ny'IKaMil KL II 

Ks, II TaKoro )Ke OTHo!lleHII.H ,Ll,JI.H ceanca c 'IHCThIM rry'IKOM Ks, 
B K0T0p0M 3<pcpeKTbI CJiyqati.Hoti. aKTIIBH0CTII 6hIJIIl Ha HeCKOJibKO 

nop.H,Ll,KOB MeHb!lle. Pe3yJibTaTOM 3T0ro IICCJie,Ll,OBaHII.H, BbIIIOJIHeHHOro 

B 3KcnepttMeHTe NA48 [10, 11] 6bma cJie,L1,yIOrn;a.H oIJ,eHKa II3Mep.HeMoti. 

pa3HHIJ,bI: (0, 9 ± 0, 6)%. ITo3TOMY ,Ll,JI.H oIJ,eHKH acpcpeKTa pa3JIII'III.H 

BapIIaIJ,HH IIHTeHCIIBHOCTil rry'IKOB ,Ll,JI.H ,L1,aHHbIX ceanca 2001 ro,L1,a 6bIJIO 
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Pnc. 5: J(aoii1taJ1 paaHocmi, nomept> UiA± - IoA0. 

nprrn.HTO KottcepBaTHBHoe 3Ha'Iemrn I A± - I AO = (1, 0 ± 0, 5)%, 
a BKJia,n; B Heonpe,n;eneHHOCTh pe3yJihTaTa 3KCnepHMeHTa, CB5I3aHHh!H C 

pa3JIII'IIIeM BapIIaI~IIII IIHTeHCIIBHOCTeH nyqKOB, COCTaBHJI (±1, 1) X 10-4
. 

Ha p11c. 5 npIIBe,n;en pe3yJihTaT Bhl'IIICJieHII5I BToporo ( CB5I3aHHOro C 

pa3JIII'IIIeM reoMeTpIIII ny'IKOB) 3epepeKTa cnyqaJi:Hoti: aKTIIBHOCTII oRA 
B IIHTepBanax no 3HeprII.HM. IlonpaBKa o6~ero pe3yJihTaTa ,Il;JI5I ,n;aHHhIX 

ceauca 2001 ro,n;a cocTaB11na oRA = (1, 29 ± 2, 84) · 10-4 _ IlocKOJihKY 

BeJIII'IIIHa nonpaBKII COBMeCTIIMa c HyJieM, 6bIJIO npIIH5ITO pemeHIIC B 

OKOH'IaTeJihHOM pe3yJihTaTe Y'IIITh!BaTh TOJihKO ee Oll!II6Ky ±3 . 10-4 B 

cocTaBe Cl!CTeMaTII'ICCKOH omII6KII pe3yJihTaTa 3KCnepIIMeHTa NA48 11,mr 

ceaHca 2001 ro,n;a. 

PacqeT 3epepeKTOB cnyqaJi:HOH aKTHBHOCTII ,Il;JI5I ceaHCOB 1998 II 

1999 ro,n;a npOBO,Il;IIJIIICh aHaJIOrII'IHh!M MeTO,Il;OM. ,II;na ,n;amih!X 

1997 ro,n;a npOBO,Il;IIJiaCh ynpo~eHHa.H o~eHKa 3THX 3epepeKTOB Ha OCHOBe 

TOJihKO pacqeTa OBepneeB 3KCnepIIMeHTaJihHh!X co6hITIIH, '-ITO 6b!JIO 

y,n;oBJieTBOpHTeJibHO npII ,n;ocTaTO'IHO 6oJibll!OH CTaTIICTII'IeCKOH onrn6Ke 

pe3yJibTaTa aHaJIH3a 3TIIX ,n;aHHh!X. 

IIIecmaJl ·21iaBa nocB5III~eHa II3JIO.JKCHIIIO OKOH'IaTeJihHb!X 
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pe3yJihTaTOB II3MepeHII5I Re( E1 
/ E) Ha OCHOBe ,n;aHHh!X 'IeTbipex ceaHCOB 

NA48 (1997, 1998, 1999 II 2001 r.), IIX COTTOCTaBJieHIIIO c pe3yJihTaTaMII 

3KCrrepIIMeHTa KTeV, a TaK.JKe coBpeMeHHOMY cocT05IHIIIO npo6neMhI 

II3MepeHIIti CP-HapymeHII.H. 

OKOH'IaTeJihHb!H pe3yJihTaT Bhl'IIICJI5IJIC5I OT,Il;eJihHO B 20 HHTepBanax 

no 3HeprIIII Kaotta OT 70 ,n;o 170 I'3B. B Ka.JK,n;oM II3 HHX BhI'IIICJI5IJIOCh 

,n;B0tiHoe OTHomeHIIe R c 11cnOJih30BaHIIeM B3Bem11BaHII.H co6hITIIti KL 
B COOTBe'fCTBIIII co BpeMeHeM .JKII3HII KaOHa. OcHOBHhie norrpaBKII 

npIIMeH.HJIHCh OT,Il;eJihHO B Ka.JK,Il;OM 3HepreTII'IeCKOM IIHTepBaJie, 

OKOH'IaTeJihHh!H pe3yJihTaT noJiy'IaJIC.H rryTeM Bhl'IHCJieHH5I cpe,n;Hero 

norapIIepMa R no BCeM IIHTepBanaM. IlonHhiti 3ep<peKT OT Ka.JK,n;oti 113 

nonpaBOK ,Il;JI.H ,n;aHHhIX, Ha6paHHh!X B ceaHcax 1998, 1999 II 2001, 
noKa3aH B Ta6nII~e 2. 

CTa6IIJihHOCTh pe3yJihTaTa npII BapbIIpOBaHIIII pa3JIII'IHb!X 

napaMeTpOB attaJIII3a 6bIJia no,n;BeprttyTa o6mIIpHOMY IICCJie,n;oBaHIIIO. 

lfaMepenttoe ,n;Botittoe OTHOllleHIIe R nOKa3aHo ,n;na Bcex ceattcoB Ha 

pIICYHKe 6 B 3aBIICIIMOCTII OT 3HeprIIII KaOHOB. IlpaBHJihHOCTb o~eHKH 

CIICTeMaTH'IeCKOH Ol!lII6KII 6hIJia npoBepetta BaphIIpOBaHIIeM HaII6onee 

Ba.JKHhIX ycnoBIIti oT6opa. 

Ilocne npIIMeHeHII.H BCex nonpaBOK K ,Il;BOHHOMY OTHOll!eHIIIO, 

pe3ynhTaT ,n;mr ceaHca 1997 ro,n;a OKa3aJIC.H paBHbIM: 

R = 0, 9889 ± 0, 0027 CTaT. ± 0, 0035cucT.· (18) 

OKOH'IaTeJihHhIH pe3yJihTaT ,Il;JI.H ofrhe,Il;IIHeHHh!X ,n;aHHhIX ceaHCOB 

1998 II 1999 rr. COCTaBIIJI: 

R = 0, 99098 ± 0, 00lOlcTaT. ± 0, 00126cucT., 

a ,n;na ceattca 2001 ro,n;a: 

R = 0, 99181 ± 0, 00147cTaT. ± 0, 00ll0cucT., 

(19) 

(20) 

Bee 3TH II3MepeHII.H xopol!lo cornacyIOTC.H Me.JK,n,y co6oti. 

CIIcTeMaTII'IeCKIIe OlllII6KH 3TIIX pe3yJihTaTOB co,n,cp.JKaT 

CKoppe.'lIIpoBaHHYIO KOMnoHeHTy, o~eHKa KOTopoti ,n;ana BeJrnlrnuy 

±0, 00084. C yqeTOM 3TOro, 0K0H'IaTeJihHhIH pe3yJihTaT 3KCnepIIMeHTa 
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Ta6Jurn;a 2: Ilonpaa1eu 1e aaoii.1-toMy om1-towe1-tmo R a11,J1 aa1-1,1-1,1,1x, 1-ta6pa1-1,1-1,1,1x a cemicax 

1998, 1999 u 2001 ee. (a eau1-tu~ax 10-4). 

98/99 2001 
He3cpcpeKTllBHOCTb Tpllrrepa 7r+7r- -3,6 ±5,2 +5,2 ±3,6 
He3cpcpcKTllBHOCTh AKS +1,1 ±0,4 +1,2 ±0,3 
PeKOHCTpyK~llH 1r01r0 - ±5,8 - ±5,3 
PeKoHcTpyK~llH 1r+1r- +2,0 ±2,8 - ±2,8 
<l>oH K 1r01r0 -5,9 ±2,0 -5,6 ±2,0 
<POH K 7r+ 7r- +16,9 ±3,0 +14,2 ±3,0 
PacceHHll€ Ha KOJIJillMaTope -9,6 ±2,0 -8,8 ±2,0 
CJiy'lail:Hoe Me'!eHrre rry'!Ka +8,3 ±3,4 +6,9 ±2,8 
He3cpcpeKTllBHOCTb Me'!eHirn IIY'!Ka - ±3,0 - ±3,0 
AKcerrnnc ( H CTaT. orrm6Ka) +26,7 ±4, 1 +21,9 ±3,5 
AKcerrTaHc - crrcT. orrrn6Ka - ±4,0 - ±4,0 
CJiy'lail:HaH aKTllBHOCTb (reoMeTp1rn) - ±4,4 - ±3,0 
CJiy'!ail:HaH aKTllBHOCTb ( llHT€HCHBHOCTb) - ±0,6 - ±1, 1 
CrrHxpoHHaH aKTIIIIHOCTh Ks - ±1,0 - ±1,0 
I1Toro +36,9 ±12,6 +35,0 ±11,0 

NA48, rro.rry'-!eHHhiit Ha ocHoBe aHamrna 3KcrrepttMeHTaJihHhIX )..l,aHHhrx, 

co6paHHhIX B ceaHcax 1997,1998,1999 H 2001 rr, rrocJie rrepec'-!eTa 

B BeJIH'-IHHY rrapaMeTpa IIp5:IMOro CP-HapyrneHH5:I c IIOMOU~hIO (3) 

COCTaBHJI 

Re(c'/E) = (14, 7 ± 2, 2) x 10-4
_ (21) 

cho H3Mepeutte NA48 0(;TaeTC5:I 0)..1,HHM H3 Hatt6oJiee TO'-!HhIX, H, 

COBMecTHo c pe3yJihTaToM KTeV (E832 BO FNAL) orrpe)..l,eJI5:leT 

coBpeMeHHoe 3HaHtte o cTerreHH rrp5:1Moro uapyrneHH5:I CP-

CHMMeTptttt B ,l.l,BYXIIH0HHhlX pacrra)..l,ax HeitTpaJihHhIX KaOHOB. 

Orry6JittKOBaHHhrit B rre'-!aTH pe3yJihTaT KTeV, ocHoBaHHbIH ua 

)..l,aHHhIX, co6paHHhIX 3THM 3KCIIepttMeHTOM B 1996 H 1997 rr 

(Re(E'/E) = (20, 7 ± 1, 48cmT. ± 2, 39cncT.) X 10-4) HMeeT rrpHMCpuo 

TOT )Ke ypoBeHh corJiaCH5:I c OKOH'-!aTeJihHhIM pe3yJihTaTOM NA48, KaKofi 

6bm Me:w.,l.l,Y tt3MepeHH5:IMH NA31 H E731. O)..1,HaKo B 2008 ro;-1,y 

Ha ceMttHape UEPH 6bIJI )..l,OJIO)KeH OK0H'-IaTeJihHhrit pe3yJihTaT 

3KcrrepttMeHTa KTeV, ocuoBaHHhiit Ha o6'be)..l,ttHeHnhrx ,n:aHHbIX 1996, 

1997 tt 1999 rr tt IIOJiy'-IeHHhIH c rrpttMeHeHtteM ycoBepweHCTBOBaIJH0I'0 
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Pttc. 6: ){aoii.1-toe om11owe1-tue R 1ea1e ifiy1-1,1e~uJ1 :mepeuu 1eao1-toa, no11,y<te1-t1we tta 
octtoae a11a11,uaa aa11111,1x, aapeeucmpupoaa1-1,111,1x B paa111,1x ceattcax 31ecnepuMettma 

NA48. llimpuxoaatt1-t'b1Mu 1epecmaMu 06oatta<te11i,1 peay11,1,mam1,1 a1-1,a11,uaa aa11111,1x ceattca 

1997 waa, caem11,1,1Mu 1epy;JfC1eaMu - ceattcoa 1998 u 1999 waa, meMtt'btMu 1epy;JfC1eaMu -

ceattca 2001 waa. 

MO)..l,eJittpoBaHH5:I MeTO~OM MoHTe-KapJio: 

Re(c' /E) = (19, 2 ± 1, lcmT. ± 1, 8cncT.) X 10-4 = (19, 2 ± 2, 1) X 10-4_ 
(22) 

9ToT pe3yJihTaT YJIY'-IWHJI corJiactte Me)K,l.l,Y 3KcrrepttMeHTaMH KTeV H 

NA48, • IIO'-ITH He H3MeHHB u;eHTpaJibHoit BeJIH'-IHHhI cpe)..l,HeMttpoBoro 

3Ha'-IeHH5:I, KOT0poe Terrepb COCTaBJI5:leT (16, 8 ± 1, 4) X 10-4
. 

OTJIH'-!He rro,n:xo,n:a NA48 cocT05:IJIO B rroJiy'-!eHHH KaK MO)KH0 6oJiee 

T0'-IHOrO "Cbiporo" 3Ha'-IeHH5:I ,l.l,BOHHOrO OTH0llieHH5:I, C TeM, '-IT06bI 

Bee rrorrpaBKH K HeMy 6bIJIH TaK MaJihI, 'ITO HX MO)KH0 6bIJIO 6hr 

H3y'-!aTb H ou;eHHBaTb no OT,l.l,eJihH0CTH. B Kouu;erru;m1 3KCIIepttMeHTa 

KTeV rrpHopttTeT 0T)..l,aeTc5:I rroJIHOMY Mo,n:eJittpoBaHHIO c tt3y'-!emieM ero 

'-IYBCTBHTeJibHOCTH K Bapttau;tt5IM rrapaMeTpOB MO)..l,eJIH. 

l-focTOTa rry'-!Ka Ks B 3KcrrepttMeHTe NA48 cyru;ecTBeHHO yrrpocTHJia 

attaJitt3. B KTeV KOMIIOHenTa KOpOTKO)KttByru;ux Ka0HOB co3)..l,aBaJiacb 
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c rroMo~bIO KorepeHTtto:ii perettepar.v,m rry'!Ka KL B rniacnIKe, np11 

3TOM rrpo11cxo,1J,MJia JIHIIIb MMa5I ,1J,06aBKa cocT05IHH5I Ks. ITo3TOMY 

pe3yJihTaT rrpHXO,II.11JIOCb 113BJieKaTb rryTeM (J)l1THpOBaHJ15I -- '!11CJia 

pacrra).J,OB B pa3HbIX MO).J,aX C IIOMO~bIO cpyHK~HH, 'IYBCTBHTeJibHOH 

He TOJihKO K np5IMOMY CP-HapyIIIeHHIO, HO u K rrapaMeTpaM 

Henp5IMoro HapyIIIeHH5I CP-cHMMeTpuu, a TaK)Ke K napaMeTpaM 

rrpo~ecca pereHepa~uu. OcHOBHhie ,II.eTeKTOpbI KTeV o6ecne'!uBaJrn 

HeCKOJibKO JIY'IIIIee pa3peIIIeHue ITO 3HeprHH perHCTpnpyeMb!X 'IaCTHl~, 

HO xy)Ke o6ecrre'!HBaJIH TO'IHOCTb H3MepeHH5I rrorrepe'!HbIX KOOp,Il.HHaT 

cpOTOHOB. ITorrepe'IHbie KOOp,Il.HHaTbI 3ap5I)KeHHhIX qaCTH~ H3Mep5IJIHCb 

B ,Il.BYX 3KCnepHMeHTax C rrpH6JIH3HTeJibHO 0,1],HHaKOBOH TO'IHOCTbIO. 

3Ha'!HTeJibHO xy)Ke B ycTaHOBKe KTeV 06ecrreqeHa rrorrepeqna5I 

o,n;Hopo,n;HocTb KanopnMeTpa. YpOBeHh cpoHa B 3KcrrepnMeHTa KTeV 

,Il.JI5I pacrra,n;oB K 0 
-t 1r01r0 OKa3aJIC5I rrop5I,Il.Ka rrpo~eHTa, rrp11 

,Il.OMHHHpyIO~eM BKJia,n;e pacce5IHH5I Ha Be~eCTBe, TOr,n;a KaK y 

NA48 cpoH ,Il.JI5I 3TO:ii MO,Il.bI 6bIJI Ha rrop5I,Il.OK HH)Ke, u cocT05IJI 

H3 H3BeCTHbIX pacrra,n;oB KaoHOB. Pa3yMHbIH ypoBeHh cpoHa B KTeV 

,Il.OCTHraJIC5I 6naro,1],ap5I rrpHMeHeHHIO BeTO B Tpnrrepe, 'ITO MOrJIO 

YCJIO)KHHTb TO'IHOe MO,n;enupoBaHue 3KCrrepHMeHTa. 

I13MepeHH5I Re(~), BbIIIOJIHeHHbie B '!eTbipex 3KCIICp11MCHTax: 

NA31 u NA48 B UEPH, u E731 u E832 (KTeV) B <I>cpM11Jia6, no3B0Jil1JIH 

O,Il.H03Ha'!HO ycTaHOBHTh cy~eCTBOBaHue rrpHMOI'O CP-napyIIIett115I B 

pacrra,n;ax HeHTpaJibHhIX KaOHOB ,Il.O Toro, KaK 3TO 5IBJieH11e 6bIJIO 

o6Hapy)KeHo B KaKux-nu6o ,n;pymx rrpo~eccax. Ha116onee TO'!HbIH 

pe3yJihTaT K 2002 r. 6bIJI rrony'IeH B 3KCrrepnMeHTe NA48, o,n;HaKo BKJia,n; 

,n;pyrttx -3KCrrepttMeHTOB HCKJIIO'IHTeJihHO Ba)KeH ,Il.JI5I y6e,n;ttTeJibHOro 

,Il.OKa3aTeJibCTBa cy~eCTB0BaHH5I 3T0ro 5IBJieHH5I. 

Pe3yJihTaTbI TeopeTH'!ecKMX o~eHoK Re( E' / E), BhIII0JIHeHHbIX 

B nocne,11,Hue ro,n;hI Ha ocHOBe CTaH,n;apTHo:ii Mo,n;enu, Jie)KaT 

HeCKOJihKO HM)Ke nony'!eHHOro 3KcnepHMeHTaJibHOrO 3Ha'IeHH5I, HO 

Heorrpe,1],eJieHHOCTH pac'IeTOB He Il03BOJI5IIOT rOBOPHTb O npOTHBOpe'IHl1 

Me)K,n;y 3KcnepttMeHTOM M CM. ITpu 3TOM H3MepeHH5I Re(E'/E) 
ycTaHOBHJIH HOBbie orpaHH'!eHH5I Ha napaMeTpbI Teoputt, OilHCbIBaIO~eti 

MacIIITa6 CP-napyIIIeHH5I B paMKax CM, 'ITO rrpnBeno K orpanuqeHH5IM 
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ua pacc'IHTbIBaeMb1e B Teoputt BeJIH'IMHbI ,n;n5l TaKnx 3cp<peKTOB CP

uapyIIIeHH5I, KaK 3ap5I,Il.0Bb!e acttMMeTpHH pacrra,n;oB 3ap5I)KeHHbIX 

KaOHOB, pacna,n; KL - 1r0vD, a TaK)Ke ,Il.Jl5I aCHMMeTpMH B pacrra,n;ax 

Me3onoB B 0 u 13°. 
TaK, B pac'!eTe E.IT. 1Ila6annHa M3MepeHHOe 3Ha'Ienue Re( E1 

/ E) 
6hIJio ucnOJih30BaHo ,Il.JI5I npe,n;cKa3attH5I BeJIH'IHHbI CP-HapyIIIaI01~eti 

3ap5I,Il.OBOH aCHMMeTpHH JIHHeMHbIX HaKJIOHOB g± pacrrpe,n;eneHHH 

pacrra,n;oB K± - 1r±1r+1r- no Benuqune u = (s3 - so)/m;. 
3,n;ech Si = (PK - P1ri)2, 3so = s1 + s2 + S3, a 1r3 - He'!eTHhI:ii 

ITHOH. 9TOT pacqeT npe,1],CKa3aJI o6naCTb - 3HatieHHH 3ap5I,Il.OBOH 

aCMMMeTpHH A= ~:~~= = (-9 ± 5) X 10-5
_ 9KcnepHMeHT 

NA48/2 Brrocne,n;cTBMH M3Mepttn 3TY acHMMeTpHIO u rronyqun 31-Ia'!enue 

A= (-15 ± 22) x 10-5, cornacy10~eec51 c pac'!eTOM. 

B 2004 r. 3KcnepttMeHT E949 (BNL) rronyqun rrepByIO 

3KcnepuMeHTaJibHYIO HHcpOpMa~HIO O Bep05ITHOCTH pe,n;KHX pacna,n;oB 

K+ -t 1r+vD, KOTopa5I B paMKax CTan,n;apTno:ii Mo,n;enu npttBO,Il.HT K 

npe).J,CKa3aHH5IM o CP-napyrnaIO~eM pacna,n;e KL -t 1r0vD. 

K nacTOH~eMy BpeMenu naKorrnen 3Ha'!HTeJihHbI:ii o6'beM 

MHcpOpMa~uu o CP-napyIIIaIO~ttx rrpo~eccax B pacrra,n;ax B-Me30HOB 

B 3KcrrepuMeHTax BaBar (SLAC) u Belle (KEK). Hau6onee nonHo 

u3y'!eHbI rrpo~ecchI, u,n;y~tte qepe3 cMeI.IIttBaHne cocT05IHl1H B0 - 13°, 
KOTOpbie rro3BOJIHJIM M3MepttTh cpa3y MaTpH~bI KKM (rrapaMeTp CP

napyrneHM5I B cpopMaJIH3Me CM). ITonyqeubI TaK)Ke nepBb1e ,n;anHhie o 

npHMOM CP-:-HapyrneHMH B pacna,n;ax B -t K1r u B B0 
-t 1r+1r-. 

Cne,n;yeT OTMeTHTh, 'ITO H3y'IeHHhIX npo~eccoB np5IMoro CP

ttapyIIIeHM5I, orrnchrnaeMhIX B paMKax CTan,n;apTHo:ii Mo,n;enu, 0Ka3aJIOCb 

He).J,OCTaT0'IHO ,Il.JI5I Toro, 'IT06bI o6'b5ICHMTb ,Il.OMHHHpOBanue Be~eCTBa 

na,n; aHTHBe~eCTBOM BO Bcenenno:ii B paMKax cy~eCTBYI0~MX 

KOCMOJioruqecKHX MO,n;ene:ii. ,Il;JI5I 3TOro Tpe6yIOTC5I HOBbie, 6onee 

HHTencttBHbie HCTO'IHMKH np5IMoro CP-napyIIIenuH, npm1~un11anbnoe 

cy~eCTBOBaHHC KOTOporo B ITpupo,n;e Terrepb ,Il.OKa3aHO. 

B ,l(onoJ1,11,e11,uRx ,n;an noJIHbI:ii cnucoK ycnoBH:ii oT6opa co6LITIIti, a 

TaK)Ke orrucana reoMeTpH5I ocnoBHbIX 3JieMeHTOB ycTaHOBKII NA48. 
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B 3a-x:Jt10"1,e'/tUU CQ)OPMYJIIIpOBaHbI OCHOBHbie pe3yJibTaTbI pa60ThI II 

BbIBO,D,bI ,D,IICcepTaIJ,IIM: 

1. BbIIIOJIHeHo II3MepeHIIe Re( E' / E) C TOqHOCTbIO, ,D,OCTaToqttoti ,D,JI.H 

yBepeHHOro 3aKJIIOqeHII.H O cym;eCTBOBaHIIII Ilp.HMOrO ttapyrneHII.H 

CP-cIIMMeTpIIII B 11pIIpo,n;e: Re(E'/E) = (14, 7 ± 2,2) x 10-4. 

8TOT pe3yJibTaT - O,D,IIH II3 HaII60Jiee TOqHbIX ,D,O HaC'fO.HIIJ,ero 

BpeMeHII. CoBMecTHO c II3MepettIIeM 3KcnepIIMettTa KTeV ott 

onpe,n;eJI.HeT coBpeMettttoe 3HaHIIe o cTeneHII npaMoro HapyrneHII.H 

CP-cIIMMeTpIIII B pacna,n;ax HetiTpaJibHbIX KaOHOB. 8To II3MepeHne 

CTIIMyJIIIpOBaJIO 6hICTpoe pa3BIITIIe TeopeTIIqeCKIIX IIO,D,XO,D,0B K 

pacqeTaM CP-HapyrneHII.H B paMKax CTaH,n;apTHoti Mo,n;eJIII II 

ycTaHOBIIJIO HOBbie orpaHIIqeHII.H Ha napaMeTpbl 3TIIX pacqeTOB. 

2. PeaJIII30BaHa HOBa.H MeTO,D,IIKa II3MepeifII.H napaMeTpa np.HMOro 

HapyrneHII.H CP-cIIMMeTpHH Re(E'/E), OCHOBaHHaa Ha crrnxpoHHOM 

no,n;cqeTe pacna,D,OB KOpOTKO)KHBYIIJ,HX H. ,D,OJirO)KHBYIIJ,HX 

HetiTpaJibHbIX KaOHOB Ha 27!"0 H 7r+7r- B noqnr COBMem;eHHbIX 

pacna,D,HbIX o6'beMax, C IIOJIHbIM aHaJIH30M OCTaToqHbIX 

CHCTeMaTnqecKHX 3<p<peKTOB .H Heonpe,n;eJieHHOCTeti. 

3. Pa3pa6oTaHa H peaJIH30BaHa MeTO,D,HKa aHaJIII3a H ou,eHKH BJIII.HHII.H 

CJiyqafittoti aKTHBHOCTH B ,n;eTeKTOpax Ha H3MepeHIIe ,D,BOtiHoro 

OTHorneHH.H R oBepJietittbIM MeTo,n;oM MoHTe-KapJio. Pa3pa6oTaHO 

nporpaMMnoe o6ecneqeHne ,D,JI.H reHepau,IIII co6bITIIti OBepJietiHbIM 

MeTO,D,OM MoHTe-KapJio B 3KcnepIIMeHTe NA48. 8To II03BOJIHJIO 

ycTaHOBHTb npe,n;eJihI neonpe,n;eJieHHOCTII II3MepenIIa,' CB.H3annoti 

co CJiyqafiHoti aKTIIBHOCTbIO·. TeM CaMbIM 6hIJia perneHa Ba)KHa.H 

3a,n;aqa, 3aBeprnaIOm;aa aHaJIH3 ,n;aHHhIX 3KcnepIIMeuTa NA48. 

4. BbIIIOJIHeHa pa3pa6oTKa nporpaMMnoro o6ecneqeHII.H ,LJ,JI.H 

onepaTHBHOro MOHIITOpIIHra <pII3IIqecKIIX ,n;aHHbIX 3KCIIepIIMeHTa 

NA48. Ero npnMeHenIIe B xo,n;e ceaHCOB c6opa ,n;amrbrx 

HeO,D,HOKpaTHO II03B0JI.HJIO onepaTIIBHO o6napy)KIIBaTb annapaTHbie 

npo6JieMbI n cnoco6cTBOBaJIO IIX 6bICTpOMY ycTpaneHIIIO, qTO 

3aMeTHO IIOBbICHJIO CTaTIICTIIKY H KaqecTBO 3KCIIepIIMeHTaJil,HbIX 

,D,aHHbIX. 
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