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1 06mru1 xapaKTepHCTHKa pa60TbI 

AKTJaJihHOCTb npo6neMbl. IloncK pacnanon IlII0H0B ll MIO0H0B, 3anpemeu

HhlX 3aKouoM coxpa11enm1 nerrTonuoro '-IIIC!la_, a TaK)Ke ucc11enona11ue penKux 

pacnanon 3Tl!X '-!acn1u rrpuo6peno B uanrn nun no~hilllennhiii JIHTepec. c,:penu. 

'JKCIIepnMCHTaTopon. 

C onuoii: CT0p0Hbl OH Bbl3BaH pa3pa60TKOII H0BblX TeopeTJI'-leCKJIX Mone

!ICH, UhlX0~llllllIX 3a paMKU CTaunapTHOH Teopun 311CKTpoc11a6oro B3aUMoneii

CTBUll, B K0T0pbIX C pa3HOII nepollTH0CThlO norrycTIIMhl TaK11e. pacna)lbl, KaK 

µ+ ...:_.e+")', µ+-,e+e+e- II Jip., a TaK)Ke He06XO)lllMOCTbIO UMeTb 3Ha'-IUTe!lbH0 

6011ee 11011uy10 llllqJOpMaUUIO 0 CBOIICTBax IIJI0Ha, conep)Kamy10cll, CKa)KeM,,B 
pacrrane 7r+-;.e+e-e+v,. · 

C npyroii CT0p0Hhl 3T0T lIHTepec 06yc11on11eu nporpeCC0M B YCK0{)llTe!lb

HOll Texmn.:e II MeT0JIIIKe 3KcnepnMeHTa. ConpeMeHHhle YCK0pUTC!lll )laIOT rry'-1-

KJI MIO0H0B n HJI0H0B llHTCHCJIBH0CTbIO ~ 108 ,'-laCTllU/ceK, a JICTCKTllIJYIOllIJie 

CllCTCMhl uonoro Il0K0!ICHilll npII 6011bll10M TC!ICCHOM yrne IIMeIOT BhlC0K0C rrpo

CTpaHCTBCHH0e, npeMeunoe II 3HepreTU'-ICCK0e pa3pell1eH11e. 

II 0Hll)KCHlle. Bepxneii. rpaHllllhl OTHOCIITC!lhHOII nep0llTH0CTil pacnana 

,,+ --e+ e+ e- no3Bon~eT nenaTh 6011ee onpene11e1111bie ouenKII napaMeTpon yKa-

3aHIIhIX TeopeTJI'-leCKUX MO)leneii. 

Hcc11en9nann:e peJIKoro pacnana 1r+ :-+e+ e- e+ v0 1!03B0!lll:eT 113MepnTh 

q>Opt-Ht,aKTOphl lllIOHa, 1 II ~, onpene!lll:IOlllilC, ero CTpj'KTypy, 0UCHIITh rrap

UJianhHJIO. nep0ll:TH0CTh pacnana 3a C'-ICT, HaJIJI'-lllll: CTpj'KTJphl y nuona, npo

BepUTh TaKne K0HCTaHThl nnona, KaK ero 311CKTIJOMarnnTHhllI pannyc Il BpeMll 

)Klf3HJI. 

linK. 3Kcnep11MCHTaJihH0ro Il3Y'-ICHJlll: 3TJIX Il npyrIIX npoueccon Ha Bbl· 

coKoM yponne B JI5III OH5IH 6h111 co3na11 MarHIITHhiii cneKTpoMeTp APEC. 

· ( Aiia11113aTop · PEnKnx Co6hlTIIii ), llB!lll:IOlllilIICll: ycTaHOBKoii yHnBepca.nhH0-

ro TIIIIa, JIMeIOlllilH 6o!lhlllOII TeJieCHhllI yron (~ 271" CTepan), JICTCKTIIpy10-

lllillI o6oeM JIUaMeTp0M 1040 MM n: Jl!IHOII 600 · MM, BhICOKO~ npeMeHH0e (1. 
uceK),' npocTpaHCTBCHH0e (1-2 MM) u :mepreTH'-ICCK0e (1-5%) pa3pellICHJie, 

cnoco6HhlH nepepa6aTblBaTh HHq>OpMauIIIO 0 ,KUHeMaTJIKC MHOl'0'-laCTil'-IHhlX 

npoueccon npu 3arpy3Kax no 106 cofihlTIIii/ceK. 3TH cnoil:CTna crreKTpoMe

Tpa JlOCTHTHJThl 6naronapll: np11Meneuu10 llll!IIIHJipII'-ICCKIIX MH0ronp0B0JI0'-lc 

HhlX rrporropUH0Ha!lhHhlX . KaMep, JlCTCKTIIPYIOlllilX 3apll:)KCJIHhle '-laCTilllhl, Il 

ueCK0llhKIIX. {)llJI0B Ull!IHHJipH'-ICCKJIX CUIIHTH1111ll:UJI0HHhlX. C'-ICT'-IUK0B, C Il0M0-

JilhIO K0T0phlX ocymecTBnll:eTCJI 3arrycK ycTaH0BKil 110 onpeneneHHhlM JI0l'll'-IC

CKHM. KpllTCpllllM. 

Ue111,.pa60TbI. Pa3pa6oTKa n c03nanne unnnnnpn'-IecKoii ronocKonJI'-le• 

CKOII CJICTeMbl nnacTHK0BhlX CUHHTil!l!lll:Ull0HHhlX CtJ:eT'-IJIK0B cneKTp0MeTpa 

,,~,,.,,G,M-.,,._-,:....,.._.--. __ .,.._A•.,.I'"'\""",._.,. ,,fl 
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APEC, npe.UHaJHatJennoiI .um1 c03.UaHm1 Tpnrrepa:, ·cyntecTBeHHo c0Kpama10-

mero KOJIII'!eCTBO 3anycKOB cneKTpOMeTpa .UJUI C'IIITbIBaHJrn umpopMaumr B 

yrno:s1rnx qpe3Bhl'Iattno BhICoKux :'iarpy3oK (.uo 106 co6/ceK). 

Pa3pa60TKa 1( ~03.uamre nporpaMMHbIX cpenciB, KOTOpbie yiiUTbIBaJill 

6b1 oco6eHHocT11 recJMeTpirn cneKTpoMeTpa u uccne.uyeMhIX npoueccon; II .ua

nanu B03MO)KHOCTh .u~nhneiirnero c0Kpamemu1 ucxo.unoiI 1impopMaum1. ' 

Ilpone.nemre Ha cneKTpoMeTpe APEC IIOlICKa pe.uKciro pacna.ua 

µ+ -;e+e+e- C ueJib!O ycTaHOBJieHUH' nepxneiI rpaHIIUbI OTHOCIITeJII,HOtt ne

poxTHOCTII pacna.ua Rµ+~e+e-e- ~. 10-11 a TaK)Ke nccire.rionauue pacna.ua 

1r+ .:....e+ Ce+ Ve c ueJibIO nonytJeHIIH umpopMaunn o <popM<paKTopax I n ( n 

113Mepemrn napUllaJibHOH nepOHTHOCTII 3a C'leT HaJilltJllj[ CTpyKTYPbI y .mrona. 

Hay'!naH noBII3Ha. Co3.uannaH ro.uocKonll'IeCKaH cIIcTeMa crurnTIIJIJIHUJI· 

OHHbIX' C'IeT'IIIKOB II03BOJIHeT B CO'IeTaHIIII C IIH<pOpMaunett C nponopunoHam~

HhIX KaMep ocymecTBJIHTh 3anycK 'cneKTpmrnTpa TOJibKO Tor.na; Kor.na B co-

6bITIIII MMeeTCH 3a,UaHHOe KOJIII'!eCTBO Tp.eimB ':iapH)KeH!lblX 'I:tCTIIU. BpeMH 

pa3pernettnH cocTaBJIHeT npn :noM ~ 10 uc. ' 

c,63.u_aHHbie nporpaMMHhle cpe.UCTBa, pa6of aromne B peaJibHOM BpeMe

HII, npe.ucTaBJIHIOT, ·no cyTn, o.nnH n3 nepBbIX B Mnpe npnMepon Tpnrrepa 

BTOporo ypoBJIH, IIpIIMeHHIOIUerocH cero.UHH IIpaKTlltJecK'u· BO BCCX KpyIIHbIX 

3KcnepnMeIITaJibHhIX ycTaimnKax. lknoJib3onaaHne TaKoro TpIIrrepa cne;ia

Jio B03MO)KHbIM ua6op CTaTIICTIIKII 6Jiaro.uapH OT<plIJih'.rpOBbIBaHHIO .60llblll0· 

ro o6'beMa IIH<pOpMaUIIII II riponycKaHIIIO TOJibKO TeX co6UTIIH, KOTOpbie co

nep)KaT 'onpe.neJieHHOe KOJIIl'IeCTBO TpeKOB 3apH)KeHHbIX 'I~CTHU II3 3a,U'aHHOrO 

,UIIaITa30Ha IIMIIYJibCOB; 

Ha C03.UaHHOM cneKTpoMeTpe APEC npone.ueH noncK pacna.ua 

µ+.~e+ e+ e- Il',n:ocTirrHyTa nepxHHH rpamrua oTnocnTenhuoiI nepoHTiiocTu ua 

ypoBHe Rt+~'e+e-,+'::; 3,6 ·-10- 11
• 

· Ilpone.ueuo nccne.uonanne pacna.na 1r+ -;e+_e-e+v,, uaiI.ueno 8 co6bITIIH 

:no to· pacna.ua, c.uenaHa oueHKa napu11am,HoiI nepoHTHOCTII ·pacrra.Lla 3a ctJeT 

namI,'l!IK:,CTPYKTYPbI IIIIOHaR,.. ... ,+,-,+v, ~ 4.6. lQ.:. 10 ,:' 

JIJpaKTII'IeCKaH ueHHOCTb. Unmrnnpu'!eCKaH ro.uocKoUIItJecKaH cncTeMa 

CUll~T!IJIJ1HUirnHHhIX ctJe'TtJIIKOB HBJIHeTrn HeoT'heMJieMott. qacThIO cneKTpo

Meipa APEC, 'onpe.ueJIHIOIUett ero pa60Tocnoco6HOCTb B ycJIOBIIHX BbICOKIIX 

3arpy3oK: ,Ilono6Hble CUCTeMI,I BnOCJie.UCTBilll 6bIJ,[II llCIIOJih30BaI~bl Ha .npyrnx 

ycTaHOBKax C UIIJIIIHJlpH'IeCKOH reoMeTpneii: .neTeKTOpa.'. 

II porpa.MMHI,IH KOMIIJieKC · "AmopIITM. 6~I~TpoiI · <pllJibTpaUIIII"; _ pa6oTa-

. IOIUIIH Bon-line pe)KIIMe, II03BOm!eT pe3KO COKpamaTh KOJIU~~C'.fB~;13an11cbIBa

eMbIX C06bITIIH ( B cpe.UHeM O.UHO II3 20 JiocrynaIOIUIIX), 'IT~ :,nae•r.Bo3MOMHOCTh 

npoBO.UHTh ,UJIIITeJibHl,Ie ceauchl ·no ua6opy CTaTIICTIIKII'II. rionytJaTh _pa3yM· 

Hbie o6neMbI nuqiopMauIIn .UJIH nocne.uy10myiI o6pa6oTKII. Ha o6pa6oTKY o.u

noro C06bITIIH TpaTHTCH BpeMH ~ 35 MCeK. Ilo.uo6Hhle aHaJIOrll Taio,Ke16bIJIJI 
' "'.,· ;• ••.•·. 
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11CITOJih30BaHbl B .upyrnx no.uQ6HbIX ycTaHOBKax. 

Bech KOMIIJieKC arrnapaTHbIX II rrporpaMMHhIX cpe.UCTB IIOKa3aJI BbICOKYIO 

')<pq>eKTIIBHOCTh II ua.ue)KHOCTb rrpII npone.ueHIIII 3KcnepIIMeHTa no IIOIICKY pac

nana ii+ ~e+ e+ e- n IIccne.uonau1110 pacrra.na 1r+ -;e+ e- e+ v,. <l>yHKUIIOHaJihHaH 

rn6KOCTb II ymrnepCaJibHOCTh IIpllHUIIIIOB, .IIOJIO)KeJIHhIX B OCHOBY IIX pa60Thl, 

Mo)[(eT 6h!Tb 11crroJib3onaua npn rrpone.uemrn IllIIpoKott nporpaMMhl .:mcnepn

>.reHTcrn B 06JiaCTII <pII3IIKII IIpOMe)KyTO'IHbIX 3HeprIIH C ytJaCTIIeM mIOHOB II 

MIOOHOB. 

AnTop 3amnmaeT: 

1. Pa3pa60TKY II C03.Uaune UIIJIIIH.UPII'IeCKOH CIICTeMbl CUIIHTIIJIJIHUIIOHH~X 

C'!eT'IllKOB ,llJij[ 6bICTpOH JIOrIIKII 3anycKa cneKTpOMeTpa APEC. 
.' . . . 

2. Pa3pa60TKY II c03nam1e nporpaMMHoro KOMIIJieKca "AnropIITM 6hicTpoii: 

<pIIJihTpau1rn", pa60Ta10mero B peaJihHOM npeMeHII KaK TpIIrrep BToporo 

ypoBHH II ocymecTJIHIUero oT6op co6hrTIIH no rrpII3HaKy np1rna.uJie)KHO

cTw nx pacna.uaM µ+ ..... e+e+e- II 1r+-;e+-e-e+v., 11a ocuone cMo.nemipo

BaHHhIX TpeKOB,;._I11a6JIOHOB. · 

3. Pe3YJihTaT 3KCIIepIIMeHT)1JlhHOro IIOIICKa pacrra.na µ+ -;e+ e+e-. 

4. Pe3yJibTaT· 3KcrrepII_MeHTaJihHoro IIccne.uonaHIIH pacna.na 1r+ -;e+ e- e+ v,. 

Arrpo6aUIIH pa60Thl II ny6JIIIKaUIIII. ll11ccepTaUIIH HaIIIICaHa Ha OCHOBe 

uaytJHhIX pa6oT, BhrnoJ:iHe~HhIX c y'!aCTIIeM anTopa B JI.5III Oll.5III B nepII

o.rr. c 1978 ITO 1993 rr. OcHOBHhle pe3yJihTaThl .UIIccepTaUIIII .UOKJia.UhIBaJIIICh 

Ha XII Me)K.nyuapo.uHoM _CIIMn03IIyMe ITO H.UepHoiI 3JieKTpo~1me {.Ily6ua, 1985 

_ r.), III Me:a<.nyHapo.uuoiI KOH<pepeHUIIII ITO HII3KIIM aKTIIBHOC'I'.HM (BpaTIICJiaBa, 

1990 r.), Ha pa6otJIIX conemaHIIHX II ceM1rn:apax II oITy6JIIIKonau1,1 B 9 pa6oTax: 

c6opHIIKY TPY.UOB Me)K,nyHapo.uuoro CIIMII03IIyMa no H.uepuoiI 3JieKTpOHIIKe, B 

)Kypuanax IIT3, NIM, Jornal of Physics, .5I<I> II coo6meHIIHX Oll.5III[l-9]. 

CTpyKTypa II 06'beM .UIICCepTaumt lIIIccepTaUIIH COCTOIIT ll3 BBe.neHIIH, 

'IeTbipeX rJiaB, 3aKJIIO'IeHIIH II CO.Uep)KIIT 108 CTpaHIIU TeKCTa, BKJIIO'IaX 14 Ta-

6JIIIU, 33 pIICYHKOB II CITIICOK UIITIIpyeMOH JIIITepaTyphl II3 110 naIIMeHOBaHIIH. 

2 · ·- Co,n;ep)KaHHe pa6oTbI 
.· ·. 

' ' . I 

Bo BBe.ueHIIII o6oCHoBaHa aKTYaJihHOCTh TeMhI IICCJie.uonaHIIH, C<pOpMy-

JIIIpoBaHhI ueJIII pa60Thl II onpe.neJieHa ee npaKTII'IeCKaH. 3HatJIIMOCTh, OIIIICbI

BaeTCH cTpyKTypa .UIIccepTaUIIII. 

B ITepBoiI rnane .uenaeTcH ofoop.TeopeTII'!eCKIIX Mo.ueneiI, .uoITycKaIOIUIIX 

pacna,Uhl MIOOHOB II IIIIOHOB c HapyIIIeHIIeM 3aKOHa coxpaHe~IIj[ MIOOHHOro 
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. (3JieKTpOHHoro) 'UICJia. Ilp1rnomrrc.11 JlHarpa:MMbI <PeiiHMaHa JlJI.11 pa3JIIl'IHbIX 

MeXaHH3M0B pacrra.ua µ+ '-4e+ e+ e-, 'cOOTBeTCTBJIOIUllX TpeM TJUiaM TeopeT11-

'IeCKHX M0JleJieii: pacurnpeHHoii cTaHJlapTHoii MOJlemr 3JieKTpocrra6oro B3au

MOJleiicTBH.II BilJIOTh JlO cynepCHMMeTpU'IHOii, 'Mo11.emr, BKJIIO'IaIOIIleii HOBhie ' 

B3aHMOJlellCTBH.II; If CMelliaHH0ll MOD,eJin.··IlpHBOJll!TC.11 Ta6mrua, COJlepiKama.11 

TeopeTJI'IeCKHe OUeHKH BepXHeii rpaHl!Ubl OTHOCHTeJibHOll BepO.IITHOCTJf pac

Jia}la• µ+ .:.....e+ e+ e-. OcHOBHOM HeJlOCTaT0K npnBOJllfMbIX TaM oueHOK CB.113au 

C HeHa}le)KHOCTbIO npeJllIOJIO)KeHnii OTHOCUTeJibHO Mace CKaJI.llpHbIX rrpoMe

)1:(JTO'IHbIX 'IaCTlfU, MaCCbl neil:Tpnno, rrapaMeTpOB CMern1rnann.11, IIOCTO.IIHHOll 

CB.113lf JieJITOHOB (KBapKOB) ~ HOBbIMH qa~TlfUaMn. , 

. K pa TKO paCCMOTpeH pacnaJl 11",+ ->e+ e- e+ v,. BHa'IaJie OH 6bm IIH~epeceu 

KaK TeCT na rrpeJleJibl npHMeHUMOC~J{ KBaHTOBOM 3JieKTpOD.HHaMUKlf If B03MO)KC 

Hoe, cymecTBOJ:laHne anoMaJibHoro 'IeThlpexrrenTonnoro n Jla)Ke rnecTJrnenTon

noro B3aUMO,UeMCTBlf.ll · 

' O,n:HaKO IIOMJfMO 3K30TJf'IeCKJfX B3aUMO,UeiicTBlfM p~cna11. 7r+-;e+e-e+v, 
MO)KeT lf,UTH 3a C'IeT. COBMeCTHOrO npo.llBJiemrn lf3BeCTHbIX B3aUMO,UeMCTBlfll -

crra6oro n 3JieKTpoMarHnTnoro, KaK rrpouecc BHJTpenneii KOHBepcuu B panu

aunoHHOM pacnaJle nnona 7r+-,e+v,1 . .IlnarpaMMhI rrpouecca 7r+_.e+e.-e+v, 
npe11.cTaBJieHbI na pnc. 1 

·.~ 

n+. ·,~ 

~ ' , :, . 

(a) '(6) 

Puc. 1: .IlnarpaMMhr pacna11.a 1r+_.e+e.-e+v,: a - qacTh, CB.113anna.11 c TopM03-

HhlM ll3JIJ'IenneMj 6 - CTPYKTJpHo-3aBUCUMa.ll '!aCTb. 

OnmrueHJfe BepOKTHOCTlf pacnana 7r+:_.:,e+e-e+v~· K BepO.IITHOCTU pac

na,n:a 7r+ ->µ+ Vµ MO)KHO 3aIIUCaTb B CJie,UJIOIUeM BUD,e: 
' ' ' ' . ' ' 

R 
· W,,.+-e+e-e+v. 

11"+-+e+e-e+ve = W 
1f+-+µvµ 

=IB +SD+ ,SD"/+ f,SD{ +,f,SD"IE + 1 2SD"/,+ f,2SDe + 
+IBSD + ,IBSD"/ + f,IBSD{· (1) 
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JB - . BK.flan BHJTp('HHero TopMo·rnoro 1nrry'Ien11.11, SD -BKrran BeKTopno11 '!a0 

. rT11 aMm1i1Tynbl; 5' D1 - BKnan HHTepqiepemum BeKTopnoii '!acn1 c BKJia,n:oM, 

11po11op1moHaJibllblM 'j' U T. n. 

'f.o. R,,+-,+,-e+v ITpencTaBJI.lleT co6oii. Mno1wwen BTopoii cieITen11 ITO"'/ 

II f,r Ktn<1;<imu11enTaM11, 
0

IT,penrTaB~·.IIIOIUIIMJI BKJiaD,J,I B Bepo~TJIOCTb TOpM03HO

ro. 1nny'lemr.11. crpyKTypnoil: 'IacTn u 1rx IIHTepqiepenunn. Ecrru 3Tn Benn'IIfHhl 

, ,Vllae'ff.11 H3M!.'J)IITb B 3KCITCpHMCHTe, TO MO,KHO Bbl'Il!CJII!Th qJOpM<paKTOpbI "'f U 

f,,·OllpeneJJ.IIIOIUlle rna603JieKTpOManrn·TH,YIO CTp,YKTYPY mwna. , 

IJ pl!BO)l.llTC.11 3KCITepnMeHTaJibHbie pe3,YJibTaTLJ, JIOJI,Y'IeHHbJe 3a .ITOCJie,U

Hlle ro11.1,1 no llOIICK,Y 3aIIpemeHHbIX pacnanoB MIOOHOB, a TaK:iKe naHHble ITO 

11cc;1e.uona.nu10 pacITa,UOB 1r+ ---.e+ V,'l u 1r+ -->e+ e~ e+ v,. ' 
. , J,b-3a Kpaii:ne Hl13KUX nepO.IITHOCTell (~03MO)KJlbIX II cymerTBJIOllillX) II0-

)l06111,1x npoueccoB, 3KCITepHMeHTbl no HX o6napy:iKeHJIIO Bb!JIOJIH.IIIOTC.11 Ha 

,VCKOIHIT<>Jrnx c BhICoKoii 1rnTeHCHBH0CThIO TI,Y,'IKa .(.uo 107 co,:- 1 ), u IT0:no

~1y ')KcnepuMewraJibHa.11 an"rrapaTypa nom1rna 06ecne'I1rnaTb BhIC<>Koe apeMens 

uoe pa3p<'menue npu MaKCHMaJihHo B03Mo~noM TenecnoM yrne perncTpauuu. 

Ha1160JIPe llOJIII0 TaKHM Tpe6oBaHU.IIM YJl0BJieTB0J).IIIOT ycTaH0BKU, UMeIOIUHe 

UIIJIUHJlJ)II'I<'CK,YIO reoMeTpl!IO ,UeTeKTllpyromeil: 'IaCTJJ C np0B0JIO'IHbll\11{ KOOp

JUIHa.'rHhlMII 11.PTCKTOpaMn. PacCMOTJ)CHbl ycTaHOBKII, Ha KOTOJ)blX IlOJI}''IeHbl 

llOl'Jl<'JUme pe.KOJ)JlHble pe3yJihTaThl: SINDRUM, PSI (Rµ+-,+e-e+,,, < 10- 12), 

Crystal Box, LAM PF ( Rµ+-,+"I < 4, 9 · 10-11 ) u TPC. TRIUMF 

(Rµ-c ~o,rnepcuR < 4,6 · 10- 12 ). 

B KOHUC J'JiaBbI TIJ)UB0,UUTC.11 Ta6m1ua co cpaBHHTeJibllbIMll xapaKTepn

CTUKal\rn MJIOI'Ollp0B0JI0'IHhIX npqrropnuonoaJibHbIX KaMep, l!CIIOJib3,YeMbJX B 

Ka'{('(''J'Be UCHTpa!IbllblX ,UeTeKT0J)OB B p.11.ue ycTaHOB0K. '.' 

B~ wropoil: rJiaBe .uaeTC.11 o6mee onncanne CJI~KTl)OM{'..~pa APEC JG/' 
rrpe.uc:raBJI.IIIOlllCfO co6oii Cl!CJ'CM,Y KOaKCllaJihHO parnoJIO)KeH'Iihtxi IUIJIUHJlpll'Ie

CKHX ~noronposoJI~'IHhIX nponopuuonaJibHhIX KaMep (I~MIIK), noM~IUeHHhlX 

B Marnun10e ;roii~. ,OnucbIBaeTC.11 pa3pa60TKa II C03)lanue CUUHTHJIJigU,JIOHHO

ro ro.uocKona Cll~KTpol\leTpa / 4
,
5
/, paCCMaTpHBaeTC.11 CUCTeMa 3anycKa II CbeMa 

nHq>oJJMaumr / 1/. · • · 

UnmrnJlJ)ll'!ecKa.11: reoMeTpltK· cneKTpoMeTpa 06ecneq1rnaeT: 

1. :.1t>qleKT1rnuoe ucnoJib30Baanne pa6oqero o6b!.'Ma Ma.rmrrnoro noJI.11; 

2. 11'.lOTpomno CBOllCTB crreKTpoMeTpa B JIJIOCK0CTII, ncpneHJll!KJJI.11:pHOII 0CII 

C0JleHoii.ua, 'ITO 'B CBOIO O'Iepe)lb II03BOJICT: 

( ct) ymiqmuupoBaTh.JIOrUK,Y 3aJiyCKa ycTaHOBKll, 

( 6) C03)laBaTb 6bICTJ)ble CIICTeMI,I rrporpa.MMHOll 4ll!JlbTpa:u1rn lll!<pop

• Maunn; 
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3. rrpocToTy peamnauuu rroporoBbIX ycnom1if, TaK KaK orrpeneneHHOMY pa

m1ycy ,TpaeKTOpl!U COOTBeTCTByeT orrpeneneHHhlll 1u.mynhc_ 'l'.1:CTl!UhI. 

Ta6mrua 1: OcHoBHhle xapaKTepncTHKH cneKTpoMeTpa APEC 

L lieTeKTupyroruuif o6oeM: 

2. KomPJeCTBO uuqiopMaUHOHHhIX KaHanoB KaMep 

·3_ KonutJeCTBO cunuTnnm1TopoB B ronocKone 

)llJaMeTp - 1060 MM, 

· nnuua c 600 MM; 

~ 15 Thie; 

36 IIJT; 

4. HanpX)KeHHOCT
0

h MarHllTIIOro rroml 

,5. T enecHhIH yron 

6.· ITpo.CTpaHCTBeHnoe pa3peUiem1e 

7. BpeMeuuoe pa3peU.1e1rne 

.no 1.8 Tn; 
~ 0, 7 · 47r CTepan; 

l--;-2 MM; 

1 ttc-
. ' 

8. To'lHOCTb onpe.rieneum1 '3Heprnu 7-KBaHTOB l--;-5%; 
'9. TotJHOCTh orrpenenemrn: :meprnu ·e± (70 M3B)' 

·10. CKopoCTb ua6opa CTaTHCTl!Kll 

2%; 

,no ·100 c66/ cei: 

06ruee ycTpoifcTBO MarnuTHoro cneKTpoMeTpa APEC noKa3aHo Ha puc; 

2, a ia6nuue 1 npuBeneHhl ocHOBHbie xapaKTepncTnKH' ycTaHOBKU. 

Puc. 2: 06ruiiif Bun· cneKTpoMe

Tpa APEC. ' 

1 ~ 1foineHh; 2 - ,neTeKTupyKifua.sr · 

tJaCTh {UMITK); 3 - cunHTHnn·.sr

unoHHhie ctJeTtJIIKn; 4 - cneTono
JlhI; · 5 - i:1>3 Y; · 6 · -~ · o6MoTKU 11:ar

HnTa; 7 ~ .srpMO MarHUTa; 8 ~ JIO- . 

moca MarHUTa; 9 - '.'lReKTpOHUKa 

UMITK. 

TpeKOBhIMU neTeKTopaMu crreKTpoMeTpa APEC .srBn.srIOTCll 18 KOaKcn

anhHO pacrronolKeHHhIX UMITK c MaJihIM KonutJeCTBOM neruecTBa B pa6otJeM · 

06'he1ie. KaMepbl nen.sITCll Ha )lBa Tuna: perncTpnpyIOIUUe TOnbKO a3UMYTaJih

HYJO KoopnuuaTy u nnyxKoopnuuaTHble - perucTpnpyIOrune aJuMyTaJihHYJO u 

ocenyJO (Z) KoopnuHaTbI (KaMepbI I,IV,IX u.XIII). 
KpoMe nporropuuoHaJihHhIX KaMep B neTeKTnpy10ruyif ,tJacn1 o6nacTH 

crreKTpoMeTpa pa3MeruaeTCll ronocKOIT ll3 CIIllHTUnn.sruuoHHhIX C'!eT.'IHKOB. 
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;·. • : • ., • ' , < ':t·1-: '. ,·- -.· , -- • ; !•·· • · i 
C11r11aJihl co C'!eT'IIIKOB IIOC'rynaIOT Ha 6bJCTphie non111ecK11e cxeMhl, Bhrpa-

6aTb1BaIOiu110 11Mrry.rii;c JanycKa Bce1i 'fC'ranonK11 11 ua· rnc1·e11y BpeMeuuoro 

auamna . 

· K cu1111Tm1irnmwHHLi1i" ciieT
0

•in\.;aM ronoCKona npeJl'hl!B.~xJOTCl! c·nenyJOc 

1nii0 TJ>P6onamill: 

I. ~UIIIHMa!lhHa.sr · TO!lllllllla ClIUHTIIJIJlllTOpa. TaK KaK TO'IHOCTh orrpene

JH'flll}I 3HPpr1111 )JieKTpOHOB cneKTpoMeTpOM onpe.neJI.sreTr.sr B OCHOBHOM 

""JHepreTII'!eCKl!Mll ITOTepl!MII I[ imoroKpaTHbIM pacce.sruneM B BeruecTBe 

. rIUUITIIJIJll!TOpa; 

2. n.or:raTO'IHO llh~COKOe 6bJCTplleHCTBHe; 

:J. Jl.'Il!lfa CBeTOBOllOB He MeHee 1,3 M, T. K. CUUHTIUJJI.sITOpbl C'!eT'IIIKOB pac: · 

TIOJJO)KeHbl B irnrHJ!THOM hoJie uanpll)KeHHOCTl,IO 1,8 Tn 1(,"cJienoBaTenb-' 

110 neo6xon,11Mo BhIHcicnih cp'.)y Ja rrpe,neJJhI 11arm1THoro norrll; 

4.· HaJITl'IJfe B O.UHOM MecTe KOHTaKTa nnyx '!aCTei'i C'leT'IIIKOB 6e3 npuMe0 

Jl('Jlllll KaKllx-m160 KJie~B JIJJU 1aMa30K ll!lll o6ecnetJeHIIll pa360pHOCTll" 

cneKTpoMe1·pa; , 

5. c:6()p cµeTa TOJJhKo. c ommro KOHI(a cu1rnTIWJJllH>pa·. 

0TJlf'JlbHhlll C'-!eT'lli'K COCTOIIT. li'.l Il!laC'flI'l<;'CKOl'O CUUHTllnn.srTop·a·' Ha' 

OCH()f:W IIOJIIICTl!pona C n.06aBKaM1r 2%' TeptpeHJIJia II 0,02% POPOP' n.nn-· 
HOH :'160, 500 irnn 600 MM, TOJillllIHOH 5 MM II lilllplHIOH 87 MM, U:i.teIOIUero 

q>OpMy qaC:Tll l(llJIIIHJlpa, nepexo,nuoro II OCHOBHOro CBeTOBOllOB; H3l'OTOBJieH-' 

HhIX 10 IIOJIHMeTUJIMeTaaKpIIHa (ITMMA), <1>3Y XP2020 (pIIc. 3). ITepexon.11oif 

rneTollOJl n:ffoTaBJIHBaJic.sr 10 fIMMA, 11MeJ01uero 1t1opMy Tpanemm Tommmo11 

(j MM I[ Bbl COTO II 120 MM. Oc11onaHHIO Tpant-Hllll II pnnaBaJiaCb 1popMa 'laCTll 

llllJBIJIJlPa/cooTBeTCTBYJOIUa.sr Topuy CUl!HTll!IJI.srTopa, a nepumna CK!la.UbIBa- . 

nan, n.uBoe JlO pa3Mepa •Topua ocuonttoro cneToBona. ITp11MeHe1111e. rrepexon

uoro ·cneToBolla TaKoif qiopMhI 06ecrretJ1rno B 3 pa3a 6onbwee rrpo11ycKam1e 

cneTa uo cpaBHeHl!IO c o6bI'!Ho np11Meu.sreMh1~m rnnep6om1tJern'nM11 Cph1611if 

xnoci") CBeTOBO)laMll TaKoro )Ke pa3Mepa. OcHOBHOH cneTOBOll l!MeeT pa3Mep 

1250X-t0.X20 MM3
• M~)KllY nepeXOllHhIM ll OCHOBHhIM CBe~OBoJJ,aMU KO;!TaKT, . 

. H3°.1a KOHCTPPYKTllBHhIX oco6e11uocTeH c6opK11 ocy1uecTBn.srnc.sr 6e3 KaKOll

n1160 CMa3KU. lIJI.sr OIJTU'!eCKOro KOHTaKTa Me)l(JlY OCHOBHhIM cneTOBO)lOM II 

<D3Y 11cnoJib'.lOBaJ1c.sr na'.le!IHH KB-3. Topeu cuuwrnmr.srTopa 1i nepexo.nHhIH 

CBeTOBOJl COE.'Jl,llllllnllrh KJl~eM Ha OCHOBP '.')Il~KCUllHOII CMO!lbl 31I-20. linll ITOllc 

.uep)Ka.Hllll KOHTaKTa na ncex ytJaCTKaX Ka)K)lOI'O C'ICT'll!Ka ocyruecTD!llleTCll 

ITOCTOllHHOe rtOJ(lKaTne <1>3Y K OCHOBHOMY cneTOBOJlY u OCIIOBHOro cneTOBO)la 

K nepexoJIHOMY. 
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.1lm1 yny•n11em1.11 .ycnoBuii rneToc6opa · 11 CBeT0113on.11iu111 CIUIHTJW:IKTOp 

II nepexonH~IH ciWTOB0.11 o6epHyThl 6enoii 6yMaroii II IT0T0M qepHoii Kon,1po~ 

BaJibHOH 6y1iaroi1. ITpnMeHCHI!e KoimpoBanbIIOll 6yMaru nn.11 CBeT0ll30JI.IIUIIU 

I!0]B0JI.IICT 1p6P;+;:aTh 3acBeq1rnam1.11 CUUHTIIJIJI.IIT0p0B. T. K. 06nana.11 K0HC.'UlblM 

m.rnqerKIIM rouponrnneHueM, oHa npenoBpa1uaeT. no1m1K11onem1e ':lne.KTPil'Ie~ 

CKIIX pa3p.111l0B. Morymux B03HllKHYTh ll3-3a 60JihllJOH pa3H0CTll II0TCHUIIaJI0B 

Ha'KaT0JUlb!X II0BepXH0CT.IIX nByx cocemmx KaMep; MCiKllY K0T0pblMJI pacuo

.riara10·rc.11 ronocK0IIhr ·cqeTqnKoB. 

Cm111Tl!JIJI.IITOpb!, coenHH.11.IICb B l'Oll0CK0II, o6pa3yIOT '.3aMKHyTyro IUIJIIIH

np11qecKy10 IJ0BepXH0CTb. B CB.113JI C 3Tl!M Ka;K}lblll CUllHTllJIJI.IIT0p nomKeH 

UMCTh qiopMy 1rncn1 uummnpa, 'ITO ocy1uecTn.11JIOCh nyTeM TepMoo6pa6o-r

Kn CUUHTIWJI.IIT0pa non naBJICHI!eM B cneuuaJibHOll yCTaHOBKe JlJI.11 tpop~o~Kll 

CUHHTUJI.fJ~TOPa .. 
foJlOCKOTI, C0CT0UT ll3 36. C'leTqllK0B, CKOMIIOHOBaHHbIX B, Tpll K0JlhUa 

( puc.3 ). ITepBO~ K0JlhU0 o6pa30BaHO 'IfThlphM.11 cqeT•rnKaMn, pacnonmKCHHhI

MH BHYTIHI nepnoi1 KaMepbI (0 = 907100 MM, h = 3,50 MM), BT0poe K0nhU0 - 8 

cqeT'll!KaMH, paCII0JI0)KeHHh!Mll MC)KJlY III wIV KaMepaMH (0 = 2407250 MM, 

h=-400 MM), TpeThe'KOJihU0 - 24 cqeT'lllKaMII, pa,cnonmKeHHhIMII Me)K,11y XII II 

XIII KaMepaMH ( 0 = 663 7 673 MM, h=600 MM). CBeTOBhre IIMTIYJihChI OT HIIX 

pernCTpupy10Tc.11 <I>3Y XP2020. <I>3Y noMemeHhI n MarHIITHYIO 3alllIITY .II3 

nepM0JI0.11 II CTaJIII II MOHTIIpyIOT~.11 B CBeTcnalllIITHOM. 0TCeKe, 3aKpeimeHHOM 

Ha II0JIIOCe Marmna. BenH'lllH,a· Hanp.ll)KCHH0CTII MarHIITHOl'O TI0JI.11_ B MeCTe 

pa3MClllCHJI.II <I>3Y ,110 30 3, rrpIIMCH.IICM0e Mar_:.HIITH0e 3KpaHIIp0BaHIIe qJOTO

YMHO;KHTeneii yMeHhlllaeT ee B 20 pa3, ,110 BeJIII'IHH, rrpII KOTOpbIX cl!3Y MoryT, 

pa6oTaTh HQpMaJihHO. 
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Pm:. ·3: KoHCTPYKllll.11 CUIIHTII.f1:

n.11un0Huoro· ronocKona: 1 - Mn-

. rrieHh, 2 - CUHHTIIJIJl.llTOl)hI BT0-

poro p.11,11a, 3 ~ CUIIHTHJIJI.IITOphI , 

'rpeThero p.11,11a; 4 - nepexo,11Hhlii 

cneiono,11, 5 - OCH0BH0ll'CBe'l'0B6J;L, 

6 - <I>'.3'Y. 

\ ' 

I 
\ 

f' 
l 
I 
I 

1, 
i 

TI poBe,zl,eHHbIC· llCCJie,UOBaHJI.11 CBOHCTB C'leT'IHK0B TI0Ka3aJIH, 'ITO ,llJIIIHa 

rrdrn01iI.eHI1.II cse.fa' B ~UllHTJIJIJl.llTOpe COCTaBJI.lleT L = 66, ± 7 CM. CKnemia-

" Hl!C CIUIHTIIJIJI.IITOpa ii'. rrepeX0,llH0l'O CBeTOBO;a yMellblllaeT 'cneToc6~~ · Bcero 

ua ~·1 %. ITcnepu B rrepeXO)lHOM c~eTcmone COCTaBHJlll ,:v20%, a B 0CH0BH0M 

rneTonone - -11 % cneTa,, nocTynaromero Ha ux Topuhl. llnnua nornomeumr 

CBeTa B CBeTOB0)le L = 249 CM. B MeCTe cyxoro B03,UYlllH0l'0 K0HTaKTa no
Tepi1 cBeTa cocTaB1mu ,__;26 %. CneTOc6op rncnnn.11eT 30%. CKopocTh pac

npocipaueHn~ CBeTa B CUHHTIIJIJl.llTOpj:l 12,1 cM/uceK. BpeMeHHOe pa3pernemre 

· ·cqeT'IUKOB (urnpuira Ha ypoBHe 80% cnyqaeB) npu noM ~2 He. · · 

CnCTeMa 3arrycKa ·ycTaHOBKH BKJIIO'!aeT 6hICTphle norH'lecKue cxeMhI, 

nrnonhJ)'IOilllle rnrHaJihI OT cuuHTIIJIJI.11n:noHHhIX' C'l~T'll!KOB n. nmpopMaUHIO c 

rrponopu°irnHaJihHhix KaMep'. Ilpn 3T0M JlJI.ll oT6opa KOM611Hauuii cpa6oTaBrnirx 

c;;~T'l~IKOB BTOporo p.11na ncnOJih30BaJIJICh cxeMhI 6hICTp'oii nporpaMMnpyeMoii 

naM.IITU K500PE149, II03BOmIBllIJie yqn~hIBaTh MHOl'006pa3i1:e napJiaHT0B cpa-

6aTblBaHH.II C'4eT'IUKOB n JHa'l_nTeJihHO coKpaTHTh 3a,11ep)KKY Tpnrrepa. Ilpo-

. B0JIO'IKH rrponopunoHaJihHhIX KaMep 061>e)ll!H.l!Jll!Ch no cxeMe lIJUI B rpynnhl 

n umpopMaun.11 c Hnx nonaBanach ua Ma)KopnTapHhie cxeMhI connaneHu:ii:. · 

B TpeTheii rnaBe 0IIJIChIBaeTC.11 pa3pa60TKa II C03)laHne K0MnJieKca npo'

rpaMM, npenHa3Ha'!enHoro nn.11 npoBe,11eHmr 6hICTpoii <pllJihTpauIIu co6hITH:ii: 

B crreKTpoMeTpe APEC 12
,
3/ no. npH3HaKy · nx npnHanne)KHOCTll K pacnanaM 

µ+ -+e+ e+ e'- u 7r+ -+e+ e-e+ v,. : , 

' ' Eb~CTpa.11 <pl!Jlh;pau~.sr,npoH3B_OJll!TC.II Ha OCH0Be TpeKOB-rna6noHoB, CM0-

nenupoBaHHhIX' C JICTIO,Jlh30BaHJleM llH<pOpMaUJlll TOJlhK0 O H0Mepax npoB0JI0'leK 
• ' , ': '' • ' I 

UHJIIIHJlpnqecKHX nponopUH0HaJihllhlX KaMep, 'r.e. paccMaTpHB_aeTC.11 npoeKUJIH 

~06bITJl.11 ua. IIJIOCKOC;h, nepn~H,llHKYJI.IIPHYIO 0CII Ul!JlllHJlp0B JI HarrpanneunIO 

Mal'HIITH0l'0 TI0JI.11 . 

TpeK 3ap.11)Kel1HOH qacTJIUht B noii nJIOCKOCTII 6e3 yqeTa ll0HH3auli:oH

HhIX II0Teph, MHOl'OKpaTHOl'O pacce.llHll.ll, HeO)lHOp0JlH0CTJI MarHIITHoro noJI.ll 

n T.Jl., · npencTaBJI.lleT ,co6oii oKpy~uocTh (nnn nyry oKpy)KHOCTn), iornpa.11 

orrpenen.11eTc.11 cpa6oTaBIIIHMll npoBOJIO'!KaMn B.Tpex "onopHhIX" KaMepax (no 

3 T0'!KaM 3anaeTc.11 oKpy)KHOCTh) II nonTnep)Kna;eTc.11 He .llBJI.lleTc.11 JIII .riaHHa.11 

TpoiiKa .rrpoB0JIO'leK lllYMOBhIM cpa6aThIBaHlleM. rrpono,JI0'!KaMll B oc,TaBIIIIIX

C.11 "ueorropHhIX" KaMepax'. llncKpeTHOCTh crreKTp0MeTpa IIpHB0JlHT K TOMY' 

'ITO napaMeTphI OKpy)KHOCTJI BOCCTaHaBJIIIBaIOTC.ll C TO'IHOCThIO, orrpenen.lle

MOH paccTO.IIHlleM Me)KJlY cocennHMll npoB0JIO'!KaMH B "onopHhIX" Ka~epax, n: 
Mhl y)Ke nMeeM He OJlHY nyry, a uenhlii "Kopnnop", cocTo.11mnii H3 HeupephIBHO

ro KOHTnHyy~a nyr, 6JIIl3KIIX rro, CB0IIM napaMe-rpaM. TaKo:ii: KOHTIIHYYM MhI 

HaJbIBaeM 111a6noHoM. IIIHpnHa rna6noHa onpenen.lleTc.sr orpaHn'lnBaIOillJIMH 

nyraMn,, nponeneHHhIMH '!'epe3 rpaHll'IHhle TO'!KH o6nacTH '!YBCTBIITeJihHOCTH 

Ka)KJlOH J):~ .Tpex "onopHhlx" KaMep1' Uia!5noHy M.0)KH0 ·conocTaBHTh TO~hKO on

.HY nyry OKPY)KH0CTII, np<;>Be)leH~YIO '1epe3 onopHhle npoBOJIO'!Kll, a rrpoeKUHll 
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TpeKa 3apX)KeHHOH 'laCTIIUbI, "nona.ualomei1:'.' 'B I.lla6m:>H npnnncaTb 3Ha'leHirn 
napaMe~pOB. 3TOH .uyrII. . . . , - . . ' 

IIcnOJib30BaHire ma6JIOHa .uaeT B031IO)KHOCTb 11axo.Ul!Tb peaJihH_hie Tpe

KII 'laCTIIU, TpaeKTOp:irn: KOTOpbIX y)Ke He .uyrn 0Kpy)KHOCTil. 113'..'.3a noTe'pb 

3Hepr:irn II paccexm1x, HO Bce-)Ke "yKJia,llbIBaIOTOI" B ma6JIOH.' IIMCHHO TaKaH 

CIITyauIIx m.reeT· Mecio B cneKTpoMeTpe APEC, r.ue B .ueTeKTnpy10meM o6beMe 

MaJIO BemecTBa. U_eJiecoo6pa3HO llCIIOJib30BaTb ma6JIOHhI ,UJIX 6bICTporo no11c

Ka TpeKOB 3apx,i<eHHhIX 'laCTIIU II npe.uBapnTeJibHOH oueHKI( JIX napa.MeTpOB. 

EcJIJI noCTpOIITh noJIHhIH Ha6op ma6JioHoB (Koue'!H.hIH Ii.3-"3a KOHetIHocni KoM-

6Iiua:iu1i1: Tpex "onopHbIX" npoBOJIOlJeK) C y'leT0M KIIHeMaTIIKll K0HKpeTHOfO 

npouecca 11 ycnoBHH ero perncTpaun11 .unx 'laCTIIU b.uHoro 3HaKa (ii.,Boo6me 

roBopx, no.uo6Ublll Iia6op J];JIX 'laCTIIU npOTIIBOn0JIO)KHOfO 3Haka, 'ecm1 ORJI 

JJ:OJl)KHbI'6hITb B C06bITlllI), TO MQ)KHO 6bICTJ)0 onpe,UeJIJITh eCTh Jlll B C06bI

Tllll TpeK. 8TO ,UeJiaeTCX "HaJIO)KeHIIeM" npeilIIOJiaraeMOfQ TpeK,ci Ha 06JiaC:Th, 

co.uep,Kamyio noJIHhIH ua6op iua6JIOHOB. l.J:To6hi ocymecTBttTh Ta:i..:oe "HaJio

)KeHIIe", ero HY)KHO cii:a'laJia "3aBeCTII" B 3TY o6JiaCTb·; lr:e. noBepnyTh ua 

onpe.ueneHHhIH yroJI. 

O6JiaCTb I.lla6JIOHOB ,UOJI)KHa o6Jia,UaTh onpe,n:eJieIUlhIMII. CBOHCTBaMH, 

'lT06hI Ka)K,llhlH ma6JIOH B· Heft lIMe_JI cn011 OTJill'IllT~JihHbie npn3HaKll, JI npII· 

3HaKJI 3TJI 6bIJIJI nerno JI 6b1cTpo onpe.uenxeMhI. TaK.llMJI cnoii:cTBa.Mv. o6na.uaeT 

o6JiaCTh, orpaHlI'leHHaH .llB.YMK .uyraMlI, OXBaTbIBa.IOmJIMJI MJIIIIeHh, o6pa3JIO

irui:Mll Beep~ cxo.uKmH:ii:cK B onpe.ri.eJieHirci:ii: TO'lKe perIIcTpHpy10mero o6beMa JI 

pacxo.uKmJIHCK ·.uaJihllie .uo rpaHlIU 3TOfO O0beMa: Bee ma6no-irn onpe.ueni10T

CK BHYTPlI 3TOH o6JiaCTlI lI nee OHlI lIMeIOT O.UHY 06ruy10'TO'lKY' OK'py)K~OCTh 

(11:m1 .uyra' OKPY)KHOCTlI) 33.,llaeTCK no TpeM TO'IKaM. IIocKOJihKY °KaMepbI 'I, 
IV lI IX B crreKTpoMeTpe APEC cTpHnOBhie (T.e. c 11x n0Mom1,10 onpenenxeT

CK Z-imop,UlIHaTa) II IIX cpa6an,rnaHlie - o6K3aTeJibHOe JCJIOBlle, npOB0JIO'lKJI 

3TlIX KaMep BHYTPlI o6nacTlI M0)KH0 BhI6paTb B Ka'leCTBe '" OIIOf>HbIX" T0'leK 

.um1 onpe.ueneHlIX ni:a6JIOHOB. IIpoBOJIO'lKa IX KaMephI (HyJieBax no 'J;IOMepy) ,

o6maK ,UJIK Bcex rna6JIOHOB. Tor.ua OTJilI'llITeJihHhIMll ·nplI3HaKaMll Ka)K,U0fO 

ma6Jiona 6y.uyT' npOBOJIO'lKll I n IV KaMep, no KOT0pbIM ma6JIOH nocTpoeH 

( plIC. 4), a KOJIR'leCTBO · ma.6JIOHOB onpe.uenxeTCX ·, KOJill'leCTB0M TaKRX KOM6lI

Haunii JI3 .UByx· npoBOJIO'leK B 3TlIX KaMepax. 

Enaro.uapK R30TpOnHOCTll CBOHCTB cneKTpOMeTpa B nJI0CK0CTlI, nepneH

,llllKJJIKpHOH HanpaBJieHRIO MarHIITHOf0 nOJIK, JII06oi1: TpeK, BbIJieTeBIIIllH' 113 

MIIIIIeHII II nepeceKIIIHH IX KaMepy, IIJIII nome,UIIIIIH .uo nee, npII noBopoTe' Ha 

yron, onpe.uenKeMhIII HOMepoM cpa6oTaBmeii: npoB0JIO'lKU IX KaMephI comra.ueT 

C O,UHIIM Jl3 ma6JIOHOB. 

TaKIIM o6pa3oM, rrocrre rroBopoTa r'Io HoMepaM npoBOJIO'leK I If IV KaMep 

onpenenxeTCX. rna6JIOH, a IIOCJie rrponepxeTCK COBMCCTKTCK JIJI cpa.6oTaBIIIIIe B 

"HeorropHhrx" KaMepax rrpoB0JIO'lKII rrpenrronaraeMoro TpeKa 11 ma6JioHa. llIIa0 
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Puc. -1: O6nacTh rna6nonoB, rro

CTpoenttax n~x Hyne~m1. HUTII IX 
K~Mephl 

C Y'ICT0M Tpe6oBairnll perurTpllpOBaTh TOJibKO TpeKH, noxonxmne ,no 

ll0I'JI0TJ1TeJrn, paCTI0JJO)KeHH0fO '.~~- XU KaMepoil, 6hIJHI IIOJI.Y'leHhI BCe ~a6JIO

HbI. IlporpaM~!a, 06pa:3y10ntax ua6op rna6JIOHOB, 11a1mcaua ua. X3hIKP<PopTpaH. 

. . Pe3JJibTaTOM pa6on,i nporpa.MMhl KBJIHl:'TCK f03,UaHlle na llllCKe .UBY,X 

1pai1:mm B 1pop-~aTe, npnron;HOM ;JI.SI Tpa.HCJI&llHII ;WMIIUJIJIKTOJ>OM K3h!Ka Ma~ 

l\poac~'.eM6nep nnx ~1BM .CM-4. Omrn q>ai1:JI ronep)l(UT pacnono)KeHH.YIO 
0

.B 

ynopMllOqe1iJJOM BHLie J.1Hq1opMa.iu110 0 Mt'CTl' paCIIOJIO)KeJIJIH ma.6JIOJia B na

~rnn1 '.)B,M, nTopoft _: Bee nap~MeTphl, ~a.pa.Kwpu3y1011ine 1iia6J10H (4>o,Po'.r), 
a. TaK)K(' IIOMepa np~BOJIO'leK B "tteorropHbIX;, Ka.Mepax, ueo6xom1~1-h!C rrpi1 pa.-

60T(' nporpaMMhI u.ue~TmpnKall~~ ~peKoB. Hon Ka)Kny10 Bem1,rny', xapad~: 

pinyiuy10 rna6JIOH, B naMHTH 8BM OTBO,ll
0

UTCSI o;uu' 6aiIT. 06iuall rpyKTYP~ 

ma6~ona npenCTanneH<!; B Ta6nnue 2 · · 

Ta6m111.a 2: CTpyKTypa. ma6no11a B na.MSITU ,:::)mvl 

n2 I n3 I ns I' n6 I n1 I ns I n10 I 1111 I 1112 I </>o I Po I r 

!)rimee Konn'leCTBO _ma.6nonoB npn nauuoM µarrM0Tpe11irn cocTaB1mo 

52:3. :.>-ro o:111a,raeT' 'ITO M.aCCUB ~ua..6JIOHOB B na~l}!Tll' 3aini1rneT 6286 6a:f1~: 

Pa'.lMepHOCTb Ma.CCI!Ba anpeCOB ma6JIOHOB pamra 2n;na.r · n~iar = 5456 6ail:T. 
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CV:'>1Map111,IH 06beM naM.KTW COCTaBJI.KeT 11742 6aiiTa. 8Ta BeJI11q1rna JlOCTa

T~1{H~ Km.maKTHa B cpa~HeH;l·II C MaKCJIM~JI~~lb!M o6beMOM 'naM~Tl1, OTBOJlll-, 

111,n1 OJ{Hoii Ja,naqe B 8:BM CM-4, paBHhIM 6_5.536 6aiiraM, '!To noJBOJI.KJio ne 

COJJlaBaTb Janaqu co CTpyKTypoii nepeKp_I>ITHII, OTIIUMaIOIUeii O'le!Ib 6oJibll!Oe 

BpeM.K npu Jarpy3Ke nepeKphITllii. c m1cKa ·B 11aM.KTh 8BM. 

DhICTpa.K q>llJihTpau11H np0Bon11nacb Bon-line pe.tKHMe no Mepe nocTyn

.'lem1.K co6hITll.K B onepaTUBHYIO naM.KTh 8BM CM-4. TlpoBommoch neKonn

ponanue unq;opMauun o cpa6oTamuux npoBOJJO'!Kax B Ka:iKnoii. KaMepe, onpe

neJI.KJIOCh Hamt'llle necpa6oTaBIUIIX KaMep, HaXOJlllJIHCb TpeKl! 3JieKTpOHOB ll 

110:inTponoB cp~rnnenneM c rna6nona1,rn. llnH uneHTllq>llKUIUI,TpeKoB 'laCTIIU 

o6oux 3HaKOB l!CIIOJib30BaJIC.lf TOJibKO OJlllH na6op rna6JIOHOB ,"- "3JieKTp011- 1-
Hhltt", a erci npuMenenue .UJI.lf nOIICKa no3HTpOHIIh!X T·peKrill. nbcTl!raJIOCh 3a . 

ctJeT' naii.nennoro 11pocToro n 6hICTporo npeo6pa3oBanu.K.HOMepoB cpa6_oTaB-· · 

rnnx npoBonotJeK. Ono BhirJI.KJlHT cnenyIOIUl!M o6pa3oM: ,., 

M'(I) = 'K · N(I) + 2M0 (I) - M(I), (2/ 

rne M(I) 11 M'(I) - noMepa npoBonoqeK B i-TOJI KaMepe cooTBeTcBenno no n 

IIOCJIC npeo6pa30BaHH.K, 

N (I) - qucno 11pononoqeK B i-Toil: KaMepe, 

lvfo( I)- CJlBllr naqana OTC'leTa HOMepoB llpOBOJIO'leK i-TOH KaMephI, 011pe

neJI.KeM~Iii Hll:iKHeii rpannueii o6nac'Tn rna6noimB, 

· K=l, ernu M(I) > M 0 (I), B 11poTHBHOM rnyqae K=0. ---· 
llanee nenan:acb npoBepKa Ha COOTB€TCTBl!e· HaifoeHllb!X TpeKOB pacna

JI~M µ+_:,e+e+e- ll 1r+-+e+e-e+11,. DJIOK-CXeMa anropHTMa 11pencTaBJieHa Ha 
p~c.5 · · · · 

IlporpaMMa Ha11ncana Ha iJuKe MaKpoacceM6n:ep JlJI.K MHHn-8BM KJiac

ca:' CM-4 c ncnoni.JoBaHueM Bcex BOJMO:iKHocTeii cii.cTeMhl KoMaHJI nnx. ue

noq11cnenm>ii apHq>MeTI!Kll, l!MeIOIUHX MaKCHMaJihHYIO · cKopoCTh BhIIIOJIHeHHH. 

)KecTKl!e BpeMeHiih!e Tpe6oBaHHH, KOTOphi~ll PYKOBOJlCTBOBaiICH aBTOp, no-

3BOJ1l!JIII C03JlaTh_ JlOCTaTO'lHO 6blCTpyIO 11p'orpaMMY c' He06XOJlllMhlMH q>yHK

llllOHaJI~HhH,Bi xapaKTepndnKaMH. BpeMH o6pa6oTKH onuoro co6bIT'lrn, ycpe,ll

Hemrne !IO 1000 OTo6paHHhlX JlJIH OTJia]lKll MHoroTpeKOBbIX co6bITHil:, COCTa

BllJIO ~30 _MCeK.· 3qJq>eKTHBHOCTb anropHTMa, T.e. ero cnoco6HOCTb uaxon~Tb 

Bee llMCIOUJHeCH B C06b!Tllll TpeKll, 6JIH3Ka K 100% .. 
B qeTBepTOH rJiaBe OIIHChIBaeTCH 11p0Beneune 3KC11epnMeuTa ll o6pa-

60TKa nam11,1x _no ·11ottcKy pac11.ana µ+ -+e+ e+e- H nccnei:i:aBHHIO pac11ana 

1r+ -.e+ e- e+v, /7,8,9I. Ha6op cTaTHCTHKH JlJIH o6onx pacnanoB ocymecTBJIHJICH 

B onnoii. .3KCII03llllHH. Ha pnc. 6 11pencTaBJieHa cxeMa nonyqeuux H TpaHc11op

.rnp;Ba1;a.K 11yq~a 11aouoB, H pacrron:o)KeHH.lf' ua HeM c11eKTpOMeTpa APEC. .. , . . .. ' . ' . .· ' ; ' 

:1,2 

Pttc. 5: DJIOK-CXeMa anropl!TMa 6blCTpoii q>HJibTpauutt: a-'- pacm1KOBKa HOBoro 

co6h1TJ1.K, o6pa30BaHne MHO)KeCTB M;; b - MHO)KeCTBa Mi, M4 , ·M9 11yCTu?·; c 
- HUJYTCH"3JieKTpOHHhie"·TpeKH?j d :....•npeo6pa30BaHHe HOMepOB'BCeX IIpOBO

iio'IeK JlJIH IIOHCKa "1103HTpOHHhlX" TpeKoB; e ..: ITOBOpOT Ha yron,' 011penenxe- . 

MblH HOMepOM 11pOBOJIO'!Kll ll3 Mg, o6pa30BaHHe MaCCHBOB W;- ll3 IlpOBOJIO'IeKi 

IIOIIaBillllX :s o6JiaCTb' ni:a6JIOHOB; f- Wi, w~ IIYCThl?; g - eCTb rna6JIOH JlJIH 

nap.hi u3 W1 u W4 ?; h - ecTh KaK MllHHYM Tpu IIpei:i;cKa3aHHhie 11poimnoq

KH H3 ,MaccuBoB W2 , W3 , W5 - W8?; i - eCTh :xc>Tx 6:w: o:UHa 11peJicKa3aHHa.K 

11poBoJiotJia 'll3 MaccnBoB W10 - W12?;'j - orrpene.rieime rromi:pHhIX :iwopnn~ 

HaT TpeKa; k - npocMoTpeHhI "3JieKTpoHHhJe" n "rtoJJiTpoHHhle" TpeKu?; I -
"3neKTPOl1HhlX" TpeKOB :2: 1?; Ill - "no3HTpolrnkx" 'TpeKOB ·:2: 2?; n - yrro

pH,UO'Ieuire MaCCHBa "3ReKT{>OHHhlX" Tpe,KOB 110 11pH3HaKy· o6IUHOCTH 'Po l! · Po; 
. o'· - ynop'H,UO'ICHlle MaCCHBa "no3llTpOHHhIX" TpeKOB 110 rtpH3HaKy 06UJHOCTll 

'Po ll Po; p - onpeneneHne llCTHHHblX 3JICKTpOHHhlX ll II(>3HTpOHHhlX Tp'eKoB; 

q _, RpHTepnil: KOJIH'leCTBa 3JieKTpOHHhlX TpeKOB YllOBJieTBopeH?; r _, KpHTe

puil: KCIJl'H"!eCTBa Il03HTpOH1lhlX TpeKOB ynonneTBOpeH?j s _:,33,llllCb C06b1THH Ha 

BHeIIIHHii uocnTeni,; cl, c4, c9 - UllKJI1>1 rio rrpoBono'I:KaM H3 MaccHBOB W1 W4 

Mg' cooT'BeTCTBeHHO.' 
·~ t 
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Pnc. 6: CxeMa rrocTaH0BKH 3KcrrepIIMeHTa. ., .. 

<I> - <pa3oTpOHj err - IIOBOpOTHhlll MarIIIITj MJI ~ Mari11frHa mrn3a; M· - Me30-

Hoo6pa3y101uasi MIIIIIeHbj n - IIOfJIOTHTeJih-JIOBJIIIKa; BT - BaKyyMHhIH TpaKT. 

Il.ri:si 3KcrrepIIMeHTa co6IIpancsi BapIIaHT crreKTpoMeTpa APEC, B K0T0-

poM IICIIOJih30BaJIIICh l - XII rrporropuIIOHaJihHhie KaMepbl C COOTBeTCTBYIOIUeii 

3JieKTpOHIIKOH ua ~ 8 ThIC. K:tHaJIOB, a BMeCTO .neTeKTopa ,-KBaHTOB BCTa

BJISIJICSI IIOfJIOTIITeJih ,llJISI yMeHhIIIeHIISI He)KeJiaTeJihHOro qioua (pHC. 7). 

lfaMepeHIISI IIpOBO,llIIJIIICh ua IIY'!Ke IIIIOHOB. IIHTeHCIIBHOCThIO ~ ·3 
l06 ce11:- 1 II BeJin:'IIIHoii IIMIIJJihca 170 M3B/c. Bcero 6hmo rrpo:i3e.neuo 9.ceau

coB o6uieii .nm£TeJihHOCThIO 6onee 800 qacoB. B MHIIIeHII crreKTpOMeTpa OCTa-

Ha:BJIIIBaJIOCh ~ 20% IIIIOHOB IIJ'!Ka, KOT0phre c IIO,llaBJISIIOIU~ii BepOS!THOCThIO 

pacrra,llaJIIICh ITO MO.Ile 7r+_,.µ+vµ, .TaK 'ITO o6mee KOJIII'!eCTB0 0CTaH0BJieHHhIX 

n pacrraBmn:iccsi ITIIOHOB cocTaBJISIJio BeJIII'IIIHy 1.15 • 1012 . 

3arrycK ycTaH0BKH ua C'IHThIBaHIIe rrpOII3~0,llIIJICSI uaHOCeKyH.llHhIMU:' 

6JIOKaMH 6bICTpoii JIOfllKU:, J'IU:ThIBaIOIUeii xapaKTep pacrra,ll0B, C K03<p<pll~ 

uHenToM . rro.naBneuHsi 2 · 104 ( Tpnrrep !2°. ypoBHSI ). IIocJie noro co6bITHe 

o6pa6aThIBaJIIICh anropU:TMOM (rrporpaMMoii) 6bICTpoii <pllJihTpauu:H ( Tpu:r-. 

rep IF 0 ypoBusi) ua HaJIH'!He' B .ueM, KaK MHHHMYM, o.nnoro ::1neKTpouuoro 

Ii. .llBYX II03IITpOHHhIX TpeK0B. ( <paKTOp no.naBJieHHSI 20)' IIOCJie qero. rrp01n

B0,lllIJiaCh 3aIIHCh ero ua MarHHTHYIO JieHTy. CKopOCTh ua6opa cTaTIICTIIKll 

cocTaBmma 1-2 co6/ceK. Bcero 6h!JIO 3anHcauo ua 184 MaruuTHhie JieHThI 

2~ 5 . 106 MH0roTpeK0BhlX co6hITIIH. -

O6pa60TKa IIOJIJ'!eHHOH HH<popMaUHH npoB0,llllJiaCh ua 3BM B '!eTblpe 

3Tarra. IIepBhIH 3Tan - rrpoBepKa cpa6aThrnari:Hsi ueo6xo.nHMOro qu:cna .neTeKTO

poB ,llJISI_ 3aITHCaHHhIX C06hITHH. Ha BTOpOM 3Tarr~ oripe,lleJISIJIU:Ch rrapaMeTphl

TpeK0B B IlJI0CKOCTH R-<p ( rreprreH,llIIKyJisipnoil: MarHHTHOMY ITOJIIO) na OCH0-

Be BCeil: u:MeIOmeil:csi HH<pOpMauuu: 0 KOOp,llHHaTaX. TpeTIIH 3Tan - npoBepKa 

14 

PHc. 7: CeqenHe .neTeKT_Hpy10meii qacn1 cneKTP0MeTpa APEC :.llJIS[ 3Kcnepu:

MenTa ,no .rrou:Ky pacrra.noB µ+-+e+~+e-u 1r+-+e+e-e+v.,. 
I - BXO.llH?H CUHHTHJIJISIUIIOHHhIH c'!eT'IIIKj 2 ~ 3aMe.llJIIITeJihj 3 - MHIIIeHhj 4,5,6 
- nepBhlH, BTOpOH II TpeTHH pSl,llhl CUHHTU:JIJISIUHOHHhIX C'!eT'!IIKOB fO,llOCKOITaj, 

7 - caMOIT0,ll,llep,KHBaIOIU~XCJI KaMepa; 8 - pacnrIIBaeMaSI C,llBOeHHSI KaMepa; 9 

- HH<pOpMaunounhre K~6e,;rn; 10 - IOCT~pOBO'!HhIH y3eJI pacnrHB~e~oii KaM~~ 

pblj 11 - onopHhlll uu:'n:irn.np C~Morro.ri.nep)KHBaIOIUeiicsi KaMepblj 12 _' Ka;O,llhl 

co CTpnnaMII ,llJISI li3Mepeiiu:x ~oop.nn:HaThl 11.rioJih om KaMephlj :13 ~ ~H0,llHble 

- rrpOB0JI0'!Klij 14 - rrpOBOJIO'!Hir~ ~aTO,llblj 15 ~ 3aIUHTHhle orpaHH'IllTeJibHhl~ 

o6ono'!KHj 16 -norJioTn:TeJihj 17 - o6mn:il: 6oKc .neTeKTn:py10meii qacTH. 

nepece'!eHIISI B IIJIOCKOCTll R-<p Tpex n: 6oJiee TpeKOB c y'!eTOM norn'IeCKllX Tpe-

6oBannil:, rroJio)Kennmc B oCHoBy Tpnrrepa. 9eTBepThlii 3-rarr·- ilo'ccTaHoBJie~ne 

co6h1Tnsi B rrpocTpaHCTBe (R-<p-Z), HaJintJ:ne o6meil: BepIIIHHhI B rrpocTpauciBe 

H oT6op co6hITnil: no KHHeMaTirne. B pe3JJihTaTe ocTaJIOCh ~ 104 co61,1THH, 

cpe,llH K0TOphIX 60JihIIIe IIOJIOBHHhl rrpe.D;CTaBJISIJill C060H 6a6a:_pacce}i:Hne IlO- . 
3nTpoHa Ha 3JieKTpoHe c · coBrra.n:eHneM BhIJieTa rro~·nTpoHa · OT o6hl'IIioro' pac- ' 

rr_a.na M
0

IOlrna. BMecTe c TaKOro 'copTit. co6bITHXMll 6bIJill OT6pomenhl' II Te, B 

KOTOphIX 6bIJIO 6onee Tpex TpeKOB, nmi: IIOMHMO rrpOB0JIOlJ:eK, rrpnnanJie)Kamnx 

TpeM TpeKaM, llMeJIOCh ?OJiee 12 cJiytJa.HHO paCIIOJIO)Ke!IHhIX cpa6oTaBIIIIIX rrpo~ 

BOJI0'IeK. 

: B OCTaBIIIHXCX C06hlTHXX MOfJill co.nepx<aThCX KaK pacrra,llbl 
µ+_;e+v,v~e+e- II µ+-+e+•e+c, TaK ll pacrran 7r+..c.+e+e-e+v,. 

KpIITepnsiM, orrpe.neJIHIOIUHM' rrplina.nJie)KHOCTh co6hITHX rrepBhlM .llBYM 

pacna.naM, COOTBeTCTBOBaJill 65 co6bITHH. Hx pacrrpe.neJienne no 3Heprmi: Ii: 
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IIMnynhcy noKa3aHO Ha pnc .. 8 .. _KoHTypo14 o6o3Ha'IeHa o6nacTh, rrpI1m1TaH 

·••.----------~ 
0 

~ ·: .. 
::S 30 . ... .. ·.: ·: Vire. 8: Pacnpe.neneHI1e co6bIT~ii, . 

. . Y.UOBJieTBOpH10IUIIX KIIHe.M_aTIIKe 1 
~ 21) 

pacna.na . 
10 µ+:.:_.e+v,v'"i,e+e- II µ+--+e+e+e-
o'-----...._.....,._....u 
60 80 

l t:.t, ll.3H 

no cyM~apHott 3HepiI1II E1~1 II 

cyMMapHoMy JIMnynhcy I P,011-

KaK o6JiaCTb .neTeKTHpoBaHJrn pacna.na µ+ --+e+ e+ e- (ypoBeHb .UOCTOBepHOCTll 

90%). KaK BII.UHo Il3 picyHKa HII o.nHo n3 3aperncTpnpoBaHHhIX co6b1Tnil: He 

MO)KeT 6bITh llHTepnpeTnpoBaHo KaK pacna.n µ+ --+e+ e+ e-, cne.noBaTeJil,HO cpe- · · 

.Ulf3THx·co6bITllH MoryT 6bITb TOJibKO pacna.nhl µ+--+e+v,iiµe+e-. Pac1IeTHC)e
0 

3Ha'IeHne q>oHa cocTaBmreT ~ 21 co6hlTHe, 'ITO 01ii:a1IaeT, 'ITO 6bi:no 3aperil

cTpnpoBairo 44 cny'IaH pacna.na µ,+--+·e+ v,iiµ e+ e- .3To KOJIH'IecTBO pacrra.noB 

COOTBeTCTBJeT 3Ha'IeHHIO Rµ+ --+e+v,,J e+e- = (3, 1 =f 0, 5) · 10-5
, 'ITO xopo-

•. .. µ . .. . •. 
IIIO cornacyeTCH c HMeIOIUllMHCH Ha cero.nmr TeOpHTH'IeCKOH (3, 54 · 10-5) n 

3KCIIepn~eHTaJibHOH (3, 3 . 10-5
) OifeHKaMH .naHHOro pacrra.na: 

bueuKa B·epxueil: rpaHHUhI · OTHOCIITeJihHOH BepoHTHOCTH pac~a.na 

µ+ ~~+ e+ e- Ha ypo:ime 90%~ HOH JIOCTOBepHOCTII HMeeT BeJIH'IHHy: 
,-· . ·' ; . . . 

f(µ· +--+e+e+e-) lnlO ~ 3 6. 10-11 
. = - ~ •N ' Rµ+--+e+e+e- f(µ+--+e+v,vµ) €µ+--+e+e+e- µ 

,• 
. IIo_ny'IeHHhIH ,pe3JJibTa_T _B ~50 pa3 yny'IrnaeT oueuKy, c.nenaHHYIO paHee 

B lly6ne, n HaxO,UllTCH Ha ypoBHe COBpeMeHHhIX MHpOBbFX .UOCTil)KeHHH. 

Bhi.neneH~e pacna.na 1r+ --+e+ e- e+v, nponcxo.nnno no ecTeCTBeHHhIM . '. . . ' .... ' ' 

KpUTepnHM .UJIH OT6opa KaH.nn.naTOB .UJIH 3Toro .C06bITllH:_ HaJIU'IUe rrpe.n-

rne~-rBoB~BIII~~ pacrr~.ny OCTaHOBKU IIMOHa B MIIIIIeHn, _Macca pacrraBrneil:ci_ 

'IaCTllUbl ~ O.UHOBpeMe~HOCTb .npoXO)K,UeHHH Bee~ Tpex 3apH)KeHHhIX 'Iacnru. _ 

B COOTB_eTCTBUU C BpeMeHH~M pa3pernenneM, .naBaeMbIM yCTa_HOBKOH, C'IUTa

JIOCh, 'I-ro TpeKII !3 co6bITlllI B03HllKJIII O.UHOBpeMeHHO, ecmI no Kpail:He~_Mepe B 

. 3 CUUHTIIJIJIHTOpax, 1Iepe3 KOTOpbie npoIIIJIU pa3Hble TpeKn, BpeMii IIOHBJieHJrn 

cnrHaJIOB OTJIII'IaJIOCb He 6onee 'IeM Ha 3 HC. TaKIIX O.UHOBpeMeHHhlX co6hITIIH 

C 3a,nep)KKOH Me)K,UJ C'IeT'I~KaMII OT () .UO 3 HC ~Ka3aJIOCb 27 ., 9:IICJIO CJI}'~~HHhIX 

cofihITJIH B llHTepBane BpeMenn 3. - 6 ~c C~CTaBIIJIO 9. Jfa 2.7 O.UHOBpeMeH~hlX 

co6b1Tuil: 12 no Macce pacrraBrneil:cH qacrn1lbl 140±16 M3B y.noBne-r~opHIOT 
' ' ' . ' . ·. . . . -··' . 
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rllflOTew o TOM, 'ITO ·fro 6bIJI. IIHOH. PacrrpeneJieHJie 'HUX 12 C06b!TIIH no Bpe

Mellll nm;a•3a110 Ha. pnc. 9. neBHTh co6b!THll ll3 ·noro: 'IllCJia rrorra.naIOT BO 

Puc. 9: Pa.crrpenenemre O!ll!O· 

BpeMeHHblX co6bITIIII c Maccoil: 

149±16 M3B oTIIOCIITeJibHO Bpe

MeH11 .rrpuxona nrro11a.. 

BpeMenuoil: 1rnTepBan 45 _He rrorne pa,cnana mwua. lfa pacrrpeneneHJUI co6hl

Tlllt 110 BpeMeHU MO)KHO TaK)Ke cnenaTh 3aKJIIO'Ie!IUe O TOM, 'ITO O;f(HJlaeMblll 

<)>011 cJ~~,1~iin~1x coBna.neHnil: B ~puHHTOM 1~1nepBane 45 nc coCTa.BJIHeT ~ 1 
C06h!Tl!e. 

lb 9 CJIJ'Ialll{b!X co6bITIUI. B TOT )Ke mnepnan 45 HC nonanaeT 1 CO· 

6b!TI!e. ~ho. T~K~~ II03BOJUieT ~neJiaTb 3a.KJI~'IeH11e'. 'ITO o;i.;unae~me 'IJICJIO 

cJiy'Iaii'iiux ~o6birnii ~ naftnenHhIX 9 rny'Ia.Hx pa.cna~a 7r+-,e+e-e+ve TaK)Ke 
•' •i i ' '. •• 

COCTa.BJJHeT ~ 1 co6b!THe. 

· l.lurn~ 3apeni:cTprrp~BaHHhIXHaMu co6b;Tuii He nponrnope'InT TeM 3Ha.-

1IeH11HM ./ ll ~' KOTOpbie 6bIJilI .rrony'IeHhl B·npyrux 3KcnepnMeHTa.X. TaK IIPJI 

')'=0,4 JI ~=2,1 m1rnnaeMoe .. 'Incno pacnanoB 7r+-,e+e-e+v, cocTaBJIHeT 8,4; a 

npu ,=0,.1 n ~=2,4 :- 10 c11y1IaeB. IIonoiKnTeJihHOe 3Ha'IeHue, 6onee nepoRTHo.' 

. O)KnnaeMoe ~rncno. pacrranoB 3a. c1IeT BHJTpe1rnero TOpMo:rnoro II3JIJ'Ie

HJIH, pacC'IH'raunoe Ha. OCHOBe MaTpU'IHOro 3JieM.eHTa COCTa.BJIHeT B )Iarne:li 

' CTaTJICT!iKe ~ 1. Ka.K JI3BeCTHO, B Ta.KOM cnyqae BepOHTHOCTII na6mo.naTb 

0 HJill l Olll!HaKOBbl JI B CJM.Me COC.TiiBJIHIOT BemPnrny. 73,6%. 3To 3Ha'IIIT, 

'ITO, nony'IennaH naMH cTaTIICTJIKa npaKTH'IecKn He Hece'r 11mpopM.aUJ1ll o 

BK~rane, TOJ)M03HOro' ll3JIJ'IeHIIH, · XOTH OHO onpenenHeT, B OCHOBHOM, IIOJIHJIO 

BepoHTHCTCTh pacnana 7r+ ->e+ e- e+ v,. TaKnM. o6pa3oM., cpe.un Ha61110.nenHhIX 

pa.crra.noB OCHOBHJIO 'IaCTh, npJ1M.epHO 7 cp6bITUH, coCTaBJIHIOT pacrranhI, o6y

CJIOBJieiiHJ,Ie HaJilPineM· c-rpyKTYPhl IIHOHa. 3Ha'IeHl!HMll 'Y ll ( onpe.rienHeTCH He 

TOJlbKO. BepOHTHOCTh 3T.OH crpyKTJpH0•3aBl!CUMOli 1Ia.CT1I pacrrana, HO JI 3!p· 

1peKT11nuocn, ee pernCTpauuJ1. llnH 3Ha'Ienuil: ,=0,5±0,i5 u (=2,3±0,25 ona 

COCTa.BIUJa 

fsD = (1,4 ± 0,2) • 10-2
• 
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_ 0TCJOJla rrony'!aeM oueHKY rrapUI!aJibllOll BepOHTHOCTM pacrrana 
1r+ ---->f.+ e-e+v, 3~ c'!eT HaJIM'lllX c-rp:yK,:yp1,r rrnoH~ · 

I'(1r+ e+e-e+v ) N • 
RsD= -+ + eSD = SD ~(4,6±1,6±0,7)•10-10, 

I'(1r -µ 11µ) Nocm • lsD 

rne NsD = 7 - 'll!CJIO pacrranoa, o6ycno:sJieHHbIX HaJIU'll!eM CTpyKTYPbl IllfOHa; 
BTopall ourn6Ka - 3TO ourn6Ka 3a C'!eT neorrpe.ueneHHOCTlt 3<pqieKTIIBHOCTU 
perncTpauuu. 

B 3aKJIJO'leHI!U OpOpMynnpoBaHbl OCHOBHbie pe3yJibTaT.bl pa60TbI: 

1. Pa3pa6oTana n: Co'3JlaHa B coaBTOpCTne un:mrnnpn:'leCK.aJl _ronocKorrn:'le
cKaJl cncTeMa CUMHTMJIJIJlUMOHHblX C'leT'!IIKOB, 06ecrre'l:HBa'10maH Tpnr
rep JauyCKa ManiII'i'Hori::i c'rreKTpoMeTpa APEC, co3na11ttoro nrrepa1,1e B 
MIIpe llJIJl nccnenoBaHHJl pellKIIX pacuanoB IllfOHOB ll MJOOHOB Ha Me30H
Hb!X qia6pIIKax. 

2. Pa3pa6oTaH ll C03JlaH rrporpaMMHhill K0MII.ITeKc, JlBJIJl!OW:IIHCJl OllHUM 
ll3 nepBbIX 'B MIIpe pa3pa60TOK TpIIrrepa 2~ yponiui:, ocymecTBJHIJO
mIIii: B on-line p~)l(HMe rrpe.n:BapIITeJiblIYIO HJieH'I'llq>HKaUHJO ~06bITllJl a. 
crreKTpoMeTpe APEC rro HaJIII'lllJO B neM TpeKOB '!aCTHU llBYX ~HaKoB 
- jneKTJ)OHHbI~ if rro·3nTponn1,1x, 'ITO yBeJIII'lHBaeT ilane)Kn:ocTb II1leH
TIIq>:i1KaUIIH co6b1TnH, y)l(ecTO'liteT iprrTepun rrpenBapnTeJibHor6 oT6opa 
6e3 rroTepn ncKOMbIX co6hiinii: n cymeciBeHHo ( ~· 20 pa3) yMeHbIIIaeT ' 
rro}oK IIHq>OpMaunn llJIJl 3arrncn Ha MarHIITHble JieHTbI. IloIICK TpeK0B 

· rrpoBonnncH Ha ociroBe cMonenirpoBaHHbIX TpeKoB-ma611onoB. · 

'.3. CoJ}laHHble arrrrapaTHble ll rrporpaMMHbie KOMIIJieKCbl llCIIOJib30BaHbl B 
3KcrrepIIMeHTe no rroncKy pacrrana µ+ -'--->e+e+ e- n 1r+ ----,e+ e- e+i,, 'n o6ec

.. IIe'lHJill B03MO:iKHOCTb Ha6opa He06XOlllIMOH CTaTil~TllKH, o6pa6o'I'Ka K~
Topoii: _II03BOJIIIJia: 

4. 3~crrepnMeHTaJibHO ll3MepHTb BepOllTHOCTb pacrrana µ+----,e+v,vµe+e- . 
. 3aperncTpnpoBaHHoe KoJin'!ecTBO pacrranoB µ+-+e+v,vµe+e.- cooTBeT
CTByeT OTHOCHTeJibHOH BepOHTHOCTll R =.(3.1 ± 0.5) · 10-5

, 'l!O corna-
cyeTCH c TeopeTn'lecKoii: oueHKoii: R = 3.54 • 10-5

• · ' 

5. CnenaTb oueHKY BepxHeii: {paHID.{bl OTHOCHTeJibHOH BepOllTHOCTnpacn~- ' 
na µ+ ----,e+ e+ ~- na ypo~il~ R < 3.6 · 10_:11, 'ITO cooTBeTCTByeT ypoBHIO 

. ' . ,.,.; . 
MHpOBbIX JlOCTll)l(eHnii. 

6. 06napy:iKIITb 8 pacrranoB 7r+-+e+ e-e+v, n Bbl'lllCJillTb rrapUHaJibHYIO 
aepollTHOCTb 3Toro pacrrana Ja c'!eT HaJIH'lllH CTPYKTYPbI rrnoHa R = 
(4.6 ± 1.6 ± 0.7). 10-10

• 
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