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Pa6oTa Bblnom1e11a o Jla6opaTopun .Rl\ep111,1x 11po611cM 

06"Le/umcunoro IIHCTHTyTa .RACPUhlX 11cc11enona1111ii 

1 
- llay•1m,1ii PYKO!lOl\liTeJlb: • 

p;OKTop 4ilronJCo-MaTeMaT11•1ecK11x uayK, 11po<11cccop C.I\I. .I<opell'tenxo 

01Ii111(l1Mblll,IC OIIIIOIICIITi,,: 
/J;OKTOp cf>tro11Ko-MaTeMaTH'ICCKIIX uayK 
AOKTOp «Jnm111Co-MaTeMaTll'ICCKIIX uay~ 

. Bep;ymee 11ar1110-nccne1\onaTem,cKoe' y•1pelKnc1i11e: 
. _ HHCTHTYT Jt}l;epHblX HCC1le/(0Da11~1ii. ( r. ·'l)iolniK) . 

/,._; 

8.A: lhtKIITIIII 
B.11. )Knrynon 

3all(HTa p;uccepTal(HH cocT011TCJ1 " __ ._·_· _•: ______ 1993 roµ;a n __ ·. _--_ '!a-

eon Ha oacep;a111111 Cnen11a.J111a11pomm11oro coneTa ,U-047.01.03 np11 Jla6op1nop1m »nep­
llhlX npo6neM 061>ep;uueuuoro 11ucT11TyTa H}\ep111,1x 11ccneµ;ona1111ii, r. ,Uy611a MocKo-
BcKoii o6JiaCTH. C 11.uccepTau11eii MOlKHO oonaKOMHTLCB n 6116n110TeKe OIUlll. ' 

AnTopelf,epaT panocnan " _____ 1993 r. 

Y'le11hl1i ceKpeTapb Cne;(na1111a11pona1111oro coBcTa 
)\OKTOp <1>11:JHKO-MaTeMaTH'leCKIIX HayK . 10.A. J,arycon 
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Oo~aJI. xapaKTepHCTHKa paOOTbl . 
'. ,. ','i . AxTyaJILHOCTL TeMbI_. ' ·' ·,·:··_ '" _-·:·; ' 

01(HHM H3 BaJKHblX 11anpanneHHii B q>H3HKe BblCOKHX imeprnii .RBruieT,CH OOHCK II 
1my'leHHe peµ;KHX pacnaµ;on MIOOHOB _H IlHOHOB. ThKHe 0KcnepnMeHThl, Hapaµ;y _c APY~ 
rHMH llCCJieµ;onamrnMll, Il03BOJIHIOT, rny6oKO npOHHKaTb B IlOHHM.aHne oaKOHOB npu­
poµ;bl, nony'laTb HHq>OpMal(HIO O TOHKHX 0q>q>eKTax noauMoµ;eiiCTBIIH, cnoco6cTBYIOT 
cooµ;aHUIO eµ;HHOH q>ll3H'leCKOll KapTHHbl Mnpa. K 'IHCJIY nponeccon·; BblOblBaIOll(HX no­
CTOHHHblH llHTepec q>nonKOB, OTHOCHTCH pep;Kne II oanpell(eHHble pacnap;bl µ+-:-+ e+,, 
µ+:e+_e-e+,µ+-+e+e-e+_11e'ilµ,1r+-+e+e,e+v •.. . ,, · ... :·., ·. · ' · 

,Una noncKa u'i:tccneµ;onaHHH peµ;KHX npol(CCCOB n Jla6opaTOpHll .Rµ;epHbIX npo6neM 
OIUIH cooµ;aH MarHJITHhlii cneKTpOMeTp APEC. ' CneK'l'pOMeTp npep;C'ranruieT co-
6oii. CllCTeMy KOaKClla.JlbHblX l(llJIIIHµ;puqecKHX MHOronpOBOJIO'IHblX, nponopl(J!OHaJlb­
H_blX KaMep H_ Cl(HHTll1111.Rl(IIOHHOro roµ;ocKona, IlOMell(eHHblX B MarHHTHOe none, a 
TaK)Ke KOMonexca 0ireK.TpoH11K11,· pa60Ta10meii Ha _nHHHII c 8BM •. Ero TpeKonaa· µ;e­
TeKTHpy10w,aa .ciicTeMa nooBonHei-' '1my'laTb K11HeMaT11Ky· nponeccon n 6oJihlllOM Te-
necHoM,yrne' n npU

0

BblCOKOii
0 

oarpy:1i<:e. ' . ' -
. Ba)KHbJM aneMeHTOM n IIOJ'leHHll peµ;KHX Ii oanpell(eHHblX npol(eCCOB HBJIHeTCH 6bl­

CTpoe ll BblCOK00q>q>eKTllBHOe nporpaMMHOe o6e'cne'leHHe; Y'IHTblBaIOll(ee xapaKTep 
peµ;KHX pacnaµ;on II oco6eHHOCTll <PYHKl(IIOHllponaHH.8 0KCnepuMeHTaJibHOH ycTaHo-
BKll . ' ' ' . ·. ' '.: . ' ,,: . ' ' 1 ·' • ' ' 

· - ,. , · · ·. . , tienL H oa~a"IH HCCJie~oiaHH'.ii:: : , 

11;eJiblO HaCTOHll(ell pa6oTbl .RBnHeTCH paopa6oTKa HOBblX MeToµ;oB u o6p'a6oTKa 
µ;aHHblX cneKTpoMeTpa APEC, nony'leHHblX B 0KCnepnMeHTax' no i uoy'leHHIO peµ;­
KllX npol(eCCOB. B OCHOBY µ;uccepTal(IIH IlOJIO)KeHbl paopa.6oTaHHble aBTOpOM MeTO}l;bl 
u c11cTeMbl o6pa6oTKn Koopµ;11HaTHoii uiiq>opMal(HH, nonyqaeMoii iia cneKTpoMeTpe 
APEC. 8TH MeTOll;bl MoryT 6blTb llCllOJlbOOBaHbl u Ha APYrHX aHaJIOrH~IHblX ycTaHO-
BKaX. . 

B nponecce o6pa6oTKH 0KcnepliMeHTaJibHhlX
0

.p;aHHhlX co ·cneKTpoMeTpa APEC 
BOOHHirna Heo6xoµ;H_MOCTb pelllHTb cnep;yIOll(lle oaµ;aqu: . . 

• Y'leT nepoHTHOCTHoii npupoµ;bl µ;ucKpeTHOro µ;eTeKTOpa. 
-''""~ : 

. • Y'leT µ;onoJIUHTeJibHOli IIHq>OpMa.1(1111 06 yrne nponeTa 'laCTlll(bl. 
• . • . ,. ,, :;,·. ,J,. •. 

• Coaµ;aune 6blCTpMX a.nropHTMOB IlOllCKa n BOCCTaHOBJieHH~ TpeKOB. 

• Cooµ;a~11e 6blcTporo,~~opuTM,a noucKa nepUIHHblco6bl~HH. ·; · 
: 1, "i, ; ~ Y l,: _; . .' ' ; , . l 

',; •. OTceB cirr1aiiHblX,C06blTHii Ha BOOMO)KHO 6orree paHHeii- CTaµ;un o6pa60TKH 
p;aHHhlX, ,,, , . 1 " , . •. • :,)_''•,·., 

Hay'lHall HOBHoua H npaKTH'leCKall qeHHOCTL p~60TbI . 

1. Coaµ;aua Moµ;enh <PYHKl(llOHHponaHH.8 nponopl(HOHaJlbHOii KaMepbl, IlOOBOJl.810-
ll(aH llCilOJibOOBaTb µ;ononHHTeJibHYIO imq>opMal(HIO 06 yrne npoxo:iKµ;eHH.8 TpeKa 

.. • ,·n KaMepe, 'ITO He 6blno B<>OMO,KHO paHee. IloKaoaHo, 'ITO MeTop;bl noccTaHOBJie­
HHH napaMeTpOB TpeK~B,,IlOCTpoeHHble Ha 6\1'3,e OTOH MOp;eJIH C HCnOJibOOBaHHeM 
qe6blllleBCKOli MeTpHKn,)~IOT yny'IUieHH~ TO'IHOCTll npUMepHO ·n 1.5 paoa no 
cpanHeHHIO C Tpaµ;Hl(HOHH~M MeToµ;oM uanMe8;hlll~ KBaµ;paTOB. 

2. 'coop;a.H 6hlCTphlii aJiropHTM IlOHCKa nepUIIIHbl co6blTIIH n XY IlJIOCKOCTH, 'ITO 
aKTYaJibH_O npu o6pa6<>TKe 0Kcnep11MeHTaJibHblX µ;aHHblX peµ;KHX nponeccon, KO­
rp;a B OCH<?BHOM co6blTH.8 .RB/1.RIOTCJI CJiy'laiiHhlMll H He HMeIOT 061l(eii neplllHHbl. 
8TOT anropHTM _ llpHMeH.IIeTCH TaK)Ke 11;/IH nony'leHHH xopoUiero Ha'laJibHOro 
npu6nH,KeHH.8 ripH nOHCKC BepUIIIHbl B 6oJibUIOii MHUieHH MeTOll;OM HaHMeHblllHX 
KBaµ;paTOB. 
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3. Ha 6a:Je'pilnp~6JTa~Hoii ~o~emI IPYHKll,IIOHllpC>BaHHH nponopll,HOHailbHOll Ka­
Mepbl nocTpOeH KJieTO'IHhln aBTOMaT )l;JIH q>11ni,Tpau,1111 TpeKoBon 11Hq>opMau,m1. 
ThairnhiM'~ocTon11cTBOM KJieTO'IHoro ailToMaTaHBJIHeTCH ero napanrrenn::iM, 'ITO 

. no:JBQJIJleT ncnoJiblJOBaTb ero B p'e:lKI!Me on-line. CKopOCTb o6pa6oTKII B :JTOM 
CJ1r1ae MO:lKeT )l;OCTUraTb 1500 TpexTpeKOBbIX co6blTllll B, ceKyHp;y npu"70% 
0'111,CTKe myMa, 

4. llcnoJib:JOBaHne Mop;enn q>yHKu,noH11poBaHHH nponopu,noHanbuon KaMepbl II nH­
q>opMall,HII O reoMeTpH'ICCKOll q>opMe Tpexa, IlO:JBOJJllJIO MO)l;Hq>IIll,IIpoBaTb po­

' TOpHyIO MO)J;Cllb Henpoimon ceTH. PeaJiu:Jall,HH :JTOll MO)l;CJIH o6Jiap;aeT BblCOKOll 
CKOpOCTbIO (3,q IITepall,HH) nOIICK8. TpeKOB C O)J;HOBpeMCHHbJM BOCCTl\HOBJICH

0

HCM 
IIX napaMeTpOB npII 98%·aq,q>eKTIIBHOCTH pacnooHaBaHHH. 

5. ·Ha 6a1Je r,IO)l;CJIH q>YHKll,~OHIIpoaamrn nponopll,HOHanbHOll ~aMepbl pa:3pa6oTaH 
,BepoHTHOCTHblll nop;xo)(, 11cnoJih::iyio1I1,IIn miq,opMall,IIIO 06 yrne HaKJIOHa TpeKa 
KOCH z, noJiy'leHHYIO HIJ noirnoro HaBep;eHHOro ::iapHp;a. :::ho'cylll,eCTBeHHO no­
BblWaeT Hap;e:lKHOCTb BoccTaHOBJieHHH Z-Koopp;11HaT co6h1-:r11n a' ycnoBirnx ue-
op;HOIJHa;HocTn IIp;eHTHq>HKau,11n. · · '. '· · · · · •· · ·' 

;,., _, ' f .. , ,.f'-. ', •'." ' '_. '.' 1' ,,_: ;, ·, 

6. 06pa6oTaHbl 3KcnepnMeirraJibHble p;aHHbie, noJiyqeHHble a :JKcnepl!MeHTe no no­
IICKY ::ianpelll,eHHoro pacnap;a,µ+ --> e+e+e- II II:Jy'leHIIIO pep;Koro pacnap;a 

,, ir;,,--> e+v.e+,e-. : Cp;eJiaHa 'ou,eHKa Bep;<Hell rpaHllll,bl OTHOCIITCJlbHOll Bepo­
HTHOCTH pacnap;a µ+,__. e+e+e- Ha ypOBHe Rµ-eee '< 13.6 · lQ:- 11 .•IloJiy'leHa 

~u,eHxa nap~Hanb~oii B~p<>HTHOCTH pacnaAa ,r+ ....:. e+ v0 e+ e- oa c'leT HaITll'IHH 
CTPYKTYPhl nnoiia Rsv, ~· (4.6± 1.6 ± 0. 7) · 10-10 . Pe::iynhTaTbI cooTBeTCTBYIOT 
ypoBHIO MllpOBhlX,)l;OCTH:lKeimn. . . 

'' ' 06'LeM pa60TLI 
,UIIccepTau,irn COCTOHT HU BBep;eHirn, 8 rJiaB n :JaKJIIO<ieHHHj ll:JJIO)KCHa Ha 85 CTpa­

HHll,aX MaWIIHOilllCHOro TeKCTa, cop;ep:lKIIT 55 'pncyHKOB II 7 Ta6m1u,. 

Anpo6an;H.ll 
0CHOBHble 'pe::iyJibTaTbl p;nccepTall,IIII )l;OKJiap;bIBaJIIICb 'Ha Me:lKp;yHapop;Hon· KOH­

q>epeHll,IIll no np11MeHeHIIIO KOMilbIOTepoB B q>ll:JIIKe BbICOKllX :JHeprnn CHEP-92 (AH­
HCCH, cf>paHll,IIH, 1992 r.), Me:lKp;yuapop;HOM CllMilO:JIIyMe "<l>II:JI!Ka II p;eTeKTOpbI Ha 
SSC'' (,Uy6Ha,•1993 r.); Me:lKp;yHapop;HOM coBelll,aHIIH no nporpaMMIIpoBaHI!IO JI Ma­
TeMaTII'leCKIIM. MCTO)l;aM pemeHIIH q>ll:JH'leCKIIX ::iap;aq (,I1;y6Ha, 1993 r. ), ceMJIHape 
rpyrrnhI SINDRUM (PSI, BIInmireH, Illaenu,apIIH), ceMI1Hapax Jia6opaTopIIn 11p;ep­
HhIX upo6neM, Jia6opaTOpllll Bb!COKIIX :JHeprIIll II Jia6opaTOpllll Bbl'lllCJIIITeJibHOll Te­
XHIIKII JI aBTOMaTH::iau,m1 OIIJIII (J:i:y6Ha, Pocc1rn). 

!.:::•.•. 

' Coµ;ep)KaHHe paQOTbl 
B nepnoi rnane p;aeTCH TeopeTuqecxoe o6ocHoBaHIIe ueo6xop;I1MOCTH aKcnepH­

. MCHTaJibHOro no11cxa, II H:JyqeHIIH: pep;KIIX npou,eccoB. ,UaeTCH 06::iop :JKCnep11MeHTOB 
no II:Jyqem110 npou,eccoB µ .:... er, µ --> err,"µ--> eee/ 1r -'+ evee. 

CTaHp;apTHaH MOp;ellb B:Jal!MOp;encTBllll :JJieMe11TapHbIX qacTIIll, HBJIHC'rCH MaT,e­
MaTH'leCKll COCTOHTeJibHOll Teopllell B:Jal!MOp;enCTBllll. :JJieMeHTapHblX 'laCTIIll,, KOTO­
paH cornacyeTCH co BCeMH ll:JBeCTHblMII :JKCnepI!MeHTaJihiihIMll p;aHHblMH.'Op;naKO Olla 
ocTaBJIHeT cnrimKoM MHoro HepemeHHhIX BonpocoB, 'IT06bl C'IHTaTbCH OKOH'laTeJih­
Hon TeopHen. Ilo:JTOMY nepep; 0KcnepHMeHTaTopaMll CTOIIT ::iajviqa UC TOJibKO npo­
BepHTb llllll OTBeprHyTh OCHOBHble Hp;eH CTaHp;apTHOll MO)l;CITII, HO 11 cp;eJiaTb Bbl6op 
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l\lPiK/IY pa,rnl!'!llb!Mll aJihTepnaTIIBIIbIMII eii l\lO)l;eJIHl\111. Op;lll!M ll::l nyTen HBJIHeTCH no­
JICK 11apy111ennii :JaKOHa coxpanemrn JieIITOHHbJX 'IIICeJI ceMei'ICTB, IIbITaHCb p;eTCKTll­
poBaTh 6e:_i11eiiTplUIHI,Je l\10/J;hl pacna11;a l\lIOOHa, B qacTHOCTII, ::ianpelll,CHHblll pacnap; 

,,+ --> e+ e+ e-. 

TaK B Ha'Ialie 70-x fOAOB Ha CIIHXpOll,IIKJIOTpOHe Jia6opaTOplll! Hp;epHbIX npo6JieM 
OllHll 61,rnn npeAnp1111.11TbI noucKn pacnap;oB µ __. e1 11 µ --> 3e c noMOIIl,bIO ll,HJIHH~· 
mm•wcKoro ncKponoro Marmnnoro cneKTpoMeTpa. llonyqeuuaH B To BpeMH ou,enKa 
1wpx11eii rpaJIIIIJbl OTIIOCIITeJibllOIJ BepOHTIIOCTIJ pacna11;a µ --> 3e Rµ-3e $ 1.9 . 10-9 

6bwa 11p11i.1epno D 70 pa:;i HnlKe cp;enanHhIX panee n ocTaBanac1, ua11nyqmeii 6onee 10 
:reT. Tor~a "lKC. 6blna npep;11oiKe11a nporpaMMa 11cCJie11;0BaH1111 pe11;K11X pacna,n;oB,MI00-
11011 11 nno110B c noMOlllb!O Mar111IT11oro 41r-cneKTpoMeTpa APEC c u,umrnp;pnqecKUl\111 
11ponopu,11ona.11,111,1M11 KaMepal\111. .. ., . ,,, 

13 11ei10M UOIICK 6emiei1Tp11HllblX l\10)1; pacna11;a MIOOHa Bep;eTCH 110:ITII .40' JieT, ( CM: 

puc. l). IJ01miKem1e Bepxnei1 rpaHIIIJbI oTpaJKaeT nocTOHHHoe c01iepmeHCTBOBam1e 

,oo 

10·3f • 

·"· ■ 
10 6 1" 'i • 
10·9t 

oci ■ 
.g~ 

• µ, ➔ er 

10·
12t · o µ, ➔ e e e 0 

■ µ, ➔ err 

-1sl 1 '· 1 1 1 
10 19~0 1950 1960 ,' 1970 1980 1990 2000 

P,nc 1: 8KcnepnMeHTaJibHbJe Bep­
XIUIC rpaHHL\bl napu,llaJibllbIX Bepo­

':ri.THOCTeii 6e::i11e11Tp1IHllblX MO}]; pac­
na~a 13 fOAhi nponep;emrn ::JKCnep11-
Mel1TO!l. 

TCXlll!Kll II MCTO)J;HKH 0KCnepuMeHTa. 

Puc. 2: 061I1,1111 1111,11 cneKTpoMeTpa 
APEC: l - MIIWCHbj 2 - ll,ll­

mrn11;p11qecKHe nponopu,11011aJibHhle • 
KaMepblj ·3 - Cll,HHTIIJIJIHll,llOHHble 
C'leT'IIIKII; 4 - CBeTOBOAbI;, 5 ,­
<l>8Y; · 6 - o6MOTKII MarmITa; 7 
- HpMO MarHIITa; 8 - IlOJIIOCa Ma-, 
fHIITaj 9 - 0JICKTpOHHKa KaMep. 

.·'i' 

·· Iluiepec K pacna,n;y 
,r+--> e+v

0
e+e-

cyme~TByeT p;amm. II::iyqemte CTPYKTyptto-:JaBIICllMblX pacria,n;cm nnoHa (TaK· )Ke KaK 
II ananorll'lllb!X pacnap;OD Kaoua), o6ycJIOBJieHHbIX COBMCCTHbIM npoHBJICHIICl\l' 0neK­
Tpocna6oro B:Jalll\l.O)J;ellCTBllH, ,n;aeT 6onee 6oraTyIO UHq>OpMall,HIO O CTpyKType' ap;po­
llOB, •{eM 11:JY'ICIIIJe., .'iiicio CJia6ux IIJIII 3/ICKTpOMarmITHhIX npou,ecCOB; 'B :JTIIX no­
nynt,ITOHllbIX pacriap;ax He B:Jal!MO/J;CllCTBYIOIIl,lle CIIJibHO /ICilTOHbl npOHBflHIOT ce6H 
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xax· ''nµ;eanhHble 3oHµ;hl''. aµ;poHHOH cTpyxTyphl, nol3BOJI.H.II nonyHaTh nmpopMa111110 B 
Han6onee 'IHCTOM anµ;e. • :· · .. . .•. 

· Bo BTopoii rJiane µ;aeTc.H noµ;po6Hoe onncaHne cneKTpoMeTpa APEC, .a TaK)Ke 

xpaTKO onncblBaJOTC.H 0xcnepnMeHTaJibHble ycTaHOBKH SINDRUM, Time Projection 
Chamber n Crystal Box. 

CneKTpOMeTpn'leCKall ycTaHoBKa APEC (aHaJIH3aTop peµ;Knx•co6blTHH) p~pa-
6oTami: n: collµ;aHa µ;n.H npoBeµ;eHn.H umpoKon nporpaMMbl nccneµ;oBaHni1 B o6nac:rn 
q>llllllKll 0JieMeHTapHbIX 'laCTlll.l ll .Hµ;epHOH q>m:rnKH Ha llHTCHCHBHbIX Me30HHbIX ny'l­
xax. CneKTpoMeTp APEC (pnc. 2) npeµ;cTaBJI.HeT co6oi1 cncTeMy xoaKCHaJihHbIX l.lII­
JIIIHAPil'lecxilx MHoronpoBOJIO'IHbIX nponopl.lIIOHaJibHblX KaMep II Cl.lIIHTIIJIJI.Hl.lHOHHOro 
roµ;ocxona, noMell.\eHHblX B MarHIITHoe none, a TaK)Ke KOMnnexca 0nexTpoHI1KI1, pa6o­
TaJOII.\eH Ha JIIIHIIII c 8BM. · B Ta6n. 1 npIIBeµ;eHbl ocHOBHbie xapaxTepncTIIKII ycTaHo­
BKn. CnexTpOMeTp APEC MO)KeT pa6oTaTh Ha BhIcoKoI1HTeHCIIBHblX ny'IKax 'laCTIII.I, 
06ecne'Il1BalOII.\llX'µ;o 107 CeK: 1 OCTaHOBOK B MI1llleHI1.·YcTaHOBKa C Bb!COKOH 0qJq>eKTII­
BHOCTblO·ll TO'IHOCTblO µ;eTeKTnpyeT II IlO:JBOJI.HeT Il:JMepHTb 0HeprIIJO oµ;HoBpeMeHHO 
HeCKOJibKllX 'laCTill.l,•Oilpeµ;eJI.HTb :JHaK 0JieKTPil'lecxoro :JapHµ;a 'laCTHI.1-

Ta6n~11a/l:' OcHoBHble xapaKTepncT'iiKn cneKTpoMeTpa APEC. . . . 
,,,..,.: 

)];eTeKTIIPYJOII.\HH. ~6~e~ • 
' • ~ - ' - • , ' I 

Kon~~:CTB6 ~~'qi~pMal.lllOHHblX KaHaJIOB KaMep 
Konn'leCTBO ciiHHTllJIJI.HTOpOB B roµ;ocxone 
Hanp.H)KeH~OCTb' MarHHTHOro, IlOJI-i! 

TenecHblH Y.r~n·•\' . •.'>-. · 
IlpocTpaHCTBeHHoe pa:JperneHHe 
BpeMeHHoe paoperneHHe 
TO'IHOCTb onpeµ;eneHll.H 0Heprnll 'j'-KBaHTOB 
To'IHOCTb onpeµ;enemrn 0HeprHI1 e (70 M0B) 
CxopoCTb Ha6opa CTaTHCTl!Kll .. 

µ;naMeTp - .1060 
µ;mrna - .. 600 

.. ~ 15 
36 

µ;o 1.8 
~0.7•471' 

1+2 
1 

1+5 
2 

µ;o 100 

MM 
MM' 
TblC 
lllT! 

Th 
cTepaµ; 
MM 
HC 
% 
% 
co6/,cex 

B. TP~TLeH ~Jia~e Oill!CblBaeTC.H, Moµ;eJib pa60Tbl nponop11rioHaJ1bHOll KaMepbl, 

µ;aeTC.H ·reoMeTpm1ecKHH II cTaTHCTH'leCKHiI aHMH:J pa60Tbl KaMepbl,· ~ TaK,Ke µpnBo­
AHTC.H anropIITM, :Il03BOJI.HIOII.\llll Y'lllThlBaTb µ;onoJIHIITeJihHYJO IIHq>op,Mal.llllO 06 yrne 
npoxo,Kµ;eHII.H Tpexa. ·, : . · c , • 

B 0611\eM cny'lae MHoronpoBOJIO'IHall nponopl.lHOHaJibHall KaMepa (pIIC. 3) COCTOIIT 
ll:J IlJIOCKOH. ceTKH 0KBIIAHCTaHTHO pacnoJIO)KeHHblX aHOAHblX npOBOJIO'leK, KOTOpall 
Jie)KlIT Me)Kµ;y ,µ;ByM.H, napanneJibHblMll IlJIOCKOCT.HMll :Ja:JeMJieHHblX KaToµ;oB. Korp;a 
:Jap.H)KeHHall 'laCTHl.la npoxoµ;HT CKB03b ceTKY, B ra:Je, :JailOJIH.HJOII.\eM KaMepy, B03HH­
KaeT 0JleKTpOHHall JiaBHHa, npHBOA.Hll.\all K OTpHl.laTeJibHOMY llMil)'JlbCY Ha 6JII1,Kallrneii: 
npOBOJIO'IKe. . . . . 

8KBl!IlOTeHl.lllaJibHble Jll!HIIH B nponopl.lllOHaJlbHOH KaMepe. Il03BOJIHJOT. npoBeCTII 
Me)Kµ;y IlpOBOJIO'IKaMH B006pa,KaeMble 0KBHAIICTaHTHbie IlJIOCKOCTll, nepneHµ;HKyruip­
Hble IlJIOCKOCTll npoBOJIO'leK. 

KpoMe Toro BCJieµ;CT
0

Bile 0JieJ(',i,poo'Tplll.laTeJibHhix A06~BOK B ta:Je KaMep, q>yHKI.IH.H 
pacnpeµ;eJieHH.H c6opa'3JieKTpOHOB .HBJI.HeTC.H CTyneH'lll.TOH, T,e.'110 o6e CTopom,i OT 
IIJIOCKOCTII npOBOJIO'leK' MO)KHO npoBeCTll ell.\e µ;Be BOo6pa,KaeMbie' IlJIOCKOCTll Taxue, 
'ITO iice 0neKTpOHhl, o6paaoBaBllllleC.H BHyTpiI, 6yµ;yT co6paHbl 1rn_ npoBOJIO'IKe. Ho 
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' l'nr. :1:. Cxe~taTll'll'CKOP ll)l<';1rTan­

!ll'lllll' pa6oThl nponop1111011a111,11oii 

Ka~te)lhl. 

y 
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/~s 

/ 

P11r. •1: l\lo;i,t>nh 11eTCKT11py10mt>ii 

ycral!OUKII. 

·x 

;}J]('KTpo111,1, n1wii,J,yK)ll(IIC ll!Jl\1H' 06.1acTII, orpaHll'll'llllOii 0TIIMII iJ:llYMH rrnocKOCT.HMII, 

6y/\YT IJOl'J!Ollll'llhl ra,.lOM. . 
06e nTII oco6e11HOCTII [IQ;JBOJl!IK)T ll<IM paccMaTpllBaTb KaMPpy KaK 1.1,e110•1Ky llO­

o6paiKal'MhlX IIJ)JIMOyrom,IIIIKOll, Ki\)K/\hlii m.1 KOTOphlX ·oKpyiKal'T c11r11am,11y10 npo­

BO/IO'IKY (puc. •t). ~~Bl' 11apaJIJl('Jll,llhll' CTQ\)()IILI KaiKp;oro 11p.HMoyronblll1Ka onpe)l,t'­

HIIIOTCH' "nKBIIltOTt'Hl.lllam,lll,1M1i"' m1ocKocTJ1~11i;, /\Bl' 1w:frne q101iMiipy10Trn' nnocKo­

cTHMn MaKCl!Ma.1bHOf0 c.6opa :JJl<'KTJ)OIIO!l. TaKaSI npocTall MOACJIL JIBJI.HCTC.H )l,OCTa­

T0'-!110 X<,Jpo11111~, 11p1161111iKcmwM gJ.rn 01111ca1m11 ,lC}HiicKTon lI1ynK111101111pona1111H npo-

nopmwnan1,11oii Ka.Ml'(H,I. . • , , . · 

Ha Ga:w Tarnii MOACJIII co,iwrn 11nhpeT111>1ii MeT0/1 (,1J,l\l)'i';~ncKit II no'ccra1i'ouJ1PIIII.H 

.TJl<'KoB II npon1'J\c'IIO cpa1111c1m<' ero TO'lllO<"TII c To•1110,Tb10 l\lll K (11a 1rncy11Ke LSF 
Least Squan••Fit.) na IIJl . .H~IOJIIIIICiim,1x ~10AC,111pOBal!HhlX TpeKaX C IICilOJlb<JOBalllleM 

napa.McTpoB ycra11onK11 AP EC. II a pnc. fi 110Ka:1;111a c1a1111c11:-.1ocTh 0111116K11 l\111 K 11 

)\IICKJlC'l'l!Ol'O Ml'TO)\.t OT KO/lll'll'CT!la. llKCIICPll!\lt'WfaJlhllLIX TO'WK (•111r1ia BK.1K)'ll'llllhlX' 

KaMep). Onm6Ka /\IICKpeTnoro M('TO/lil OKa,1anan, Mt'lll,IIIC. Ila OCIIOl!l' llTIIX Aallllb!X 

·:-.1mKIIO TaKlKC nponepllTh CTl'IICHIIYIO 3illlllCIIMOCTb OIUll60~ l\lHK II /1:IICKJWTIIOl"O MC­

TO/\il OT 'IIICJJa. ;JKCJWJ)IIM!'IITaJJl,111,IX TO'l('K. B1111110, 'ITO ll_)IIICK(l('.TIIO~I MCTO/\C IIO'ITII 

/\O<"Tl11'ae·1,i-n·MaKC.ll~taJl1,lla.11 TO'IIIOCTh ~ s/N, a n·MHK 0111116Ka OKaaal!aCJ, ~sf#. 
ll/1,CII, panpa60Talll[h[(' II 11a1111oii rJlilB<', IICIIOJ!bay10TCSI B .nam,11cii111PM npn 110-

<"TPO<'llllll Tpe1wnoro <Im11hTpa 11a 6a:w KJteTo•moro anToMaTa, l\toll:mlmKai11111 poTop­

noii l\lOi\PJIII l1l'iipm111oii Cl'TII, IIOCTJ)Ol'llllll 61,rrTporo a.1roJJ11TMil IIOIICKa 11<'p1111111hl 

11 IIHOCKOC.TII II ll OCIIOIW B<'JH>IITIIOCTIIOl"O IIO/\XO;\a IIJlll penwmm 11eo;111oa11a•111o<"T<'ii 

Z-lli\l'IITll<l•11 K allllll. 

II •mTnq>To11 rm,nt! r 11r.11m11,:1011a111w~1110110;11111Tcm,11h1x <·1w11e11111i 06 ~T;w npo­

xmh/1(~-;-;;·-:;;-l;;;Ka CTJlOffl"rH KJl\'TO'l llhlii a11Tol\1aT i\Jl!l <Imm,Tpa111111 TJl<'Konoii nmiiop-

!) 
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Puc. 5: 3aBHCHMOCTb ourn6oK MHK 
II AHCKpeTHOro MeTOAa OT KO­
nn'leCTBa 3KCnepHMeHTMbHbIX TO­

. 'l~K- <l>i1T11pyI01J..1He JIHHIIH npose-
AeHbl' B npeAnono,KeHHII CMHK ~ 
s/No.s,:cJlM ~ s/No.ss_ 

KneTO'lHble aBTOMaTbl .HBfl.HIOTC.H AHCKpeTHbIMH AIIHaMH'leCKHMH CHCTeMaMH, no­
BeAeHHe KOTOpbIX nonHOCTblO onpeAen.HeTC.H B TepM1max noKanbHblX B:JaJIMO:JaBHCH­
MOCTeii: COCTO.HHHH TaKJIX ·CHCTeM.· .IIpocTpaHCTBO npeACTaBneHO paBHOMepHoi'i CeT­
KOH, Ka,KAa.H .H'leii:Ka KOTopoii:, nnn 1C.iem1rn, coAep,KHT HecKonbKO 6nToB AaHH.blx; 
BpeM.H HAeT AHCKpeTHblMH waraMH, a :JaKOHbl pa3BHTH.H Bblpa,KaIOTC.H eAHHCTBeH­
HblM Ha6opoM npaBun, cKa,KeM, He6onbwoii: cnpaBO'lHOH Ta6nm:~eii:, no KOTopoii: mo-
6a.11 KneTKa Ha Ka)KAOM ware Bbl'lHcn.HeT CBOe HOBOe COCTO.HHHe no COCTO.HHH.HM ee 
6nH3KHX COCeAeii:. 

MO,KHO c<J>opMynnpoBaTb o6mne npaBHna nocTpoeHH.H KneTO'lHbJX aBTOMaTOB: 

1. .CocTO.HHHe KneTOK AHCKpeTHO (o6bJ'lHO On 1, XOT.H MoryT 6b1Tb aB~OMaTbl u c 
6onbWHM. 'lHCflOM ,coCTO.HHHH), 

;, '" ;. ; I .\~ ' ,), ,, •; ; 

2. CoceA.HMH .11an.11IOT~11 orpaHH'lemroe 'lHcno KneToK, 'lacTo, :JTo 6nH,Kaii:wne xne­
TKH. 

' 3. IlpaBHna, :JaAaIOIJ..IHe AHHaMHKY pa3BHTH . .H KneTO'lHOrO aBTOMaTa, o6bl'!HO HMe­
lOT npocTyIO <l>YHK~HOHanbHYIO <J>opMy u :JaBHC.HT OT pewaeMOH npo6neMbl. 
•' • ' . ..;,'«•,;ii,. ', ' '• ' . ' ··, 

4. KneTO'fHbIH ainoMaT .11sn.11eTC.H TaKTnpyeMoii: cucTeMoii:, T,.e. cMeHa cocTo.HHHH 
KneToK· npoHCXOAHT 0AHOBpeMeml'o:' • 

. ' , ''. ,/r · l 

Ha OCHOBaHHH npaBHn nocTpoeHH.8 KneTO'lHOro aBTOMaTa c<J>opMynnpy~M crre~n­
<l>H'lecKHe' oco6eHHOCTH K0H<:TpynpyeMoro HaMHaBTOMaTa. 

Bo-nepBb1x; onpeAennM ,KHBYIO KneTKY KaK KnacTep, T.e. HenpepbIBHYIO rpynny 
cpa6o-raBurnx npoBono'IeK,. a MepTBOH KneTKOH Ha:JOBeM nycTyIO .H'leHKY, He, COAep­
,KalJ..lyIO 0TC'IeTa. ):I;n.11 nOAAep,KaHll.H )Klf3Hecnoco6HocTH pa3pb!.Bl!b1X,{H3-3a Hecpa-
6aTbIBaHH.H KaMep) TpeKOB Heo6X0AHMO TaK,Ke BBeAeHne irneTOK~<l>aHTOMOB, KOTOpble 
COOTBeTCTBOBMH 6bl KnacTepaM'B Clly'lae npaBHflbHoro cpa6aTblBaHH.H KaMep. TaKHM 
o6pa30M, B HaweM cny'lae KneTKa HMeeT 4 COCTO.HHH.H. .. . . ·. 

Bo-BTopblx, mi.AaAHM npaBnno · onpeAenemrn coceAeii:, onnpa.Hcb Ha xapaKTepHble 
,OC06eHHOCTH TpeKa B AHCKpeTHOM AeTeKTOpe; COCeA.HMH MoryT 6bITb TaKHe KneTKH, 
ne)Kamue Ha cMe)KHblX KaMepax, 'lepen KOTOpble · MO,KHO npoBeCTH <J>unu'lecxn pa­
:JYMHblH (AonycTHMbIH) TpeK. OnpeAemiM TaK,Ke o6nacTb 

0

BO:JMO,KHblX coceAeii:, KaK 
o6nacTb, KOTopyro :JaMeTaIOT Ha CMe,KHblX KaMepax TaKue AOnycTHMble TpeKH. 
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8-TpeTbHX, onpeAenu~ npaBuna 3BOnIO~HH aBTOMaTa, 'lT06bl OTCe.HTb wyM H 
OCTaBHTb TpeKII. B nepByIO O'lepeAb Mbl AOfl,KHbl BOCCTaHOBIITb Hecpa6oTaBwHe KJia­
CTepbl B KaMepax. IlpeAnOJIO,KHM, 'ITO eCJIH Ha AaHHOH KaMepe B MecTe nepece'leHH.H 
o6JiacTeH B03MO)KHblX COCeAeH CMe,KHblX KaMep coceAeH HeT, TO nponnowen c6oii: 
B pa6c>Te KaMepbl HJIH 3JieKTpOHHKH: B 3TOM cny'lae 11eo6xoAHMO.pOAHTb KJieTKY~ 
<J>aHTOM, .HBJI.HIOIJ..IYIOC.H ·coceAOM KJieTKaM, yKa:JhlBaIOIJ..IHM na Hee. 3aTeM ·Heo6XOAHMO 
yHH'lTO)KHTb wyMoBble TO'lKH; T.e. TO'lKH.Y icoTopblx unn CJIHWKOM Mano coceAeii:,' 
IIJIH CJIHWKOM MHOro. ,Un.11 CJIY'la.H TpexTpeKOBblX co6blTHH 6yAeM YHH'lTO,KaTb KJieTKH, 
nMeromne MeHbuie ABYX HJIH 6onbwe 'leTblpex coceAeii:. q,j,o6bl lie A<>nycTHTb BhlMHpa­
HHe TpeKOB c KOHUOB, BBeAeM YCJJOBHble O n ( N f 1) KaMepbI; cianOJIHeHHble cciceA.HMH, 
nOAAep,KHBaIOIJ..IIIMiI BCe KJleTKH KpaHHHX KaMep: .· ' , . . . . . 

8-'leTBepTbIX,,panHeCeM pO,KAeHHe n CMepTb KJleTOK Ha pa3Hble TaKTbl: Ha nep­
BOM TaKTe 6yAeM 'ocymecTBJI.HTb pmKAeHHe KneTOK, a Ha BTOpOM ·__: BblMnpamie. II 
TaK Ha Ka)KAOM ware. 8Ta Mepa o6ecne'lHBaeT Bbl,KHBaHne pa3pbIBHblX TpeKOB. 

qTo6bI ynoBHTb BblXOA aBT0MaTa Ha cTa6HJJbHoe coCTO.HHHe miu ~HKJIH'lecKyro 
noBTOp.HeMOCTb, All.ff Ka)KA0ro noKOJieHII.H C'lHTaeTC.H K0HTp0JibHa.H cyMMa .CRC H .B 
cny'lae C0BnaAeHH.H K0HTp0JibHblX cyMM HTepa~HH npeKpalJ..laIOTC.H. 

B ocTanbHbIX AeTan.11x TpeKoBblH <J>unbTp coBrraAaei w CTaHAapTHhlM xneT0'lHbIM 
aBT0MaTOM. . . 

KneTO'lHblH aBT0MaT peanu:JoBaH B BHAe nporpaMMbl na .H:JblKe UacKanb ii:a nep­
conanhH0M KOMIIhIOTepe Turra IBM-PC. IlporpaMMa 6blna orrpo6oBaHa na TpexTpe­
K0BbIX AaHHbIX, nony'leHHblX B :JKcrrepuMeHTe IIO IlOHCKY pacrraAa µ+ :...:. e+e+e- H 
HCCJieA0BaHHIO pacnaAa 7r+ ---> e+v,e+e-. B 3T0M 3KCilepnMeiITe ,6blJIO BKJIIO'leH:o 
10 KaMep, T.e. na 0AHH TpeK B cpeAHCM IIpHXOAHTC.H 10 3KcnepHMeHTMbHblX TO'leK 
( KJiaCTep OB). 

Puc. 6: IlpuMep pa6oTbl KJJeT0'l­
Horo aBT0MaTa. 

1100.----------~-----, 
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' Number :of cl\lsters 

Pnc. 7: · PacrrpeAeJieHue 'lHcna, co-· 
6blTHH rro KOJIH'leCTBY xnacTepoB 
B co6blTlIH AO pa60Tbl KJleT0'lHOro 
aBTOl\faTa 11 rrocne. (6onee TOHKa.H 
JIHHII.H). . 

IlpnMep pa60Tbl C0:JAaHHOro KJieT0'lHoro aBT0MaTa iIOKa:JaH Ha pnc. 6. Ha 3T0M 
pncyHKe KpeCTUKaMH o60:JHa'leHbl KJiaCTepbl, OT6poWeHHble aBTOMaTOI\I icaK WYMO­
Bble. B BepxHeH 'lacni KaMep 2 u 3 (Ha'lllHa.H OT ~eHTpa)' BHAHbl ABa OT6pouieHHblX 
WYMOBblX KJIRCTepa. 'IpeK B Hlf)KHeii: 'laCTH pncyHKa B03BpaTUJIC.H B AeTeKT0p nocne 
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CTOlIKHOBemrn C BHeWHeii CTeHKoi1, II, :na 'laCTb 6bIJJa TaKlKe OT6poweHa aBTOMa­
TOM. B KaMepaX 9, 11 II 12 6Jil!3KO.K TpeKy eCTb KllaCTepbl OT p;ellbTa-:meKTpOHOB. 
KnacTepHall }J;lll!Ha He IIOKa3aHa Ha pIICYHKe, _HO }J;BOe 113 3THX KJiacTepoB 6blllll OT6po­
weHhl l!MeHHO Ha OCHOBe aHaJill3a KllaCTepHoii }J;lll!Hbl. Op;HaKo p;ellhTa-3JieKTpO_HHhlil 
KllaCTep B KaMepe 11 OKa3aJIC11 TOll )Ke }J;lll!Hhl, '!To· II KllaCTep, JielKall_\11i1 Ha TpeKe. 
Ilo3TOMY _aBTOMaT OCTaBim o6a 3TII _KrracTepa KaK_ IIOA_XO}J;llll_\lle. 0TMeTIIM OTCYT­
CTBl!e cpa6aThrnainrn KaMepbl 10 Ha aToM'TpeKe. B 3Toii KaMepe KlleTO'lHbiii aBTO­
MaT rrpo1mBeJI KJieTKy-q>aHTOM, 'ITO crracno 0TOT pa3pbIBHblll TpeK OT YHll'lTOlKemrn. 
(:ha KJieTKa-q>aHTOM He rroKanaHa Ha ·p11cyHKe, TaK KaK ncrrollh30Barracb BpeMe1rno 
TOJihKO Ha CT3.All11 3BOJIIOIJ;HOHHoro rrpou;ecca KJieTo'lHoro aBToMaTa:;:KaMephl 7 n 8 
He HCI!Ollb30Balll!Cb BO BpeMll 3KCrrep11MeHTa. 

Ha pnc. ,7 IIpHBep;etto 'pacrrpe~erreiine 'll!CJia co6bITllll no KOilll'leCTBY KllaCTepoB 
B co6b!Tllll (6orree TOHKall Jll!Hllll 

0

-'- pacrrpep;enem1e nocrre pa60Tbl
0 

aBTOMaTa). Ha 
rrepBoHa'lallbHOM pacrrpep;emmnn BHp;Ho, 'ITO B pe3yJihTaTepa6ciTbI. rrporpaMM rrpep;­
BapnTellbHOro OT6opa (on-line o6pa60TKa) IIO'!Tll HeT C06bITl!ll C 'll!ClIOM KJiacTepoB 
MeHhWe 30,· a TaKlKe Bnp;eH p;rrnHHhill WYMOBOll xBocT, rrpocT11pa10ll_\11nrn p;o 100 KJia­
CTepoB Ha C06b!Tlle. Ha pacnpep;erreH.1111, IIOJiy'leHHOM B pe3yllhTaTe pa60Tbl aBTO­
MaTa, 'JeTKO o6mma'leHbl IIIIKII B o6rraCTll Op;HOTpeKOBblX H }J;BYXTpeKOBbIX co6bln11i, 
OCTaBWllXCfl B pe3yllhTaTe JIOlKHOll llHTeprrpeTau;nn na npep;bl}J;Yll\eM 3Tarre 06pa-
60TKll, 'll TpexipeicoBhIX co6b!Tllll (10, 20 n 30 KrracTepoB cooTBeTcTBenno). Bnp;no, 
'ITO KlleTO'lHhill aBTOMaT xopowo OTce11BaeT wyM (B cpep;neM 65-70%), rrocne·qero 
Mb! MO,KeM rrpoBO}J;HTh ecTeCTBennoe orrpep;errenne qncrra TpeKoB no q11cny KnacTepoB. 

JJ:ocTOllHCTBaMll aBTOMaTa llBJlllIOTCll ero rrpOCTOTa ll 6bICTpOTa pa60Tbl. Pea­
llll3au;n11 KJieTO'lHOro aBTOMaTa na rrepcoHaJibHOM KOMIIhIOTepe o6pa6aThIBaeT rrpu­
Mepno 25 co6hITllll B ceKynp;y. IlocTanoBKa B KOMIIhIOTep cneu;11arr11m1p0Bannoi1 mrn­
ThI, crroco6non BblI!OlIHllTb napa.11.11e.t1b1ty10 pa6oTy, yBelIH'lliBaeT CKOpOCTb o6pa60TKll 
p;o 1500 co6b!TUII B ceKynp;y ll Bblllle. TaKall CKOpOCTb Il03BOlllleT llCIIOllh30BaTb Klle­
TO'lllblll aBTOM:aT B_lll!HlllO C 3KcrrepuMeHTOM (on-line pelKHM). 

Ho nan6onee BalKHblM }J;Jlll p;aJibHeiiwero pe3yllhTaTOM pa60Thl KlleTO'lHOro aB­
TOMaTa llBlllleTCfl rpyrrrr11pOBKa KJieTOK no npunu;uny B03MOlKHOll npHnap;rrelKHOCTH 
TpeKy: Qqem1p;no, 'ITO JIOKallbHOCTb pa60Tbl KlleTO'lHOro aBTOMaTa (y'IeT TOllbKO 
6JIHlKalllllllX cocep;eii) ne p;aeT eMy B03MOlKHOCTII pa3p;elll!Tb 6JI1!3Kl!e llllll nepeceKa­
IOll_\lleCfl TpeKII. 8Ta 3ap;aqa p;olllKHa 6b!Th BhmorrneHa na cnep;y10ll_\eM 3Tane o6pa-
6oTKII. . 

8qiq>eKTIIBHOCTb pa60Tbl KJieTO'lHOfO aBTOMaTa ou;eH11Barracb npoCMOTpOM no ne­
CKOllbKIIM Bbl6opKaM n. COCTaBJrneT 98%. 

B D.HTOH rmi»e np11iop;11Tc11 Mop;11qi11u;11poBanHa11 p0Topna11 Mop;enh nenpon1101i 
ceTll /J;Jlll BOCCTaHOBlleHllll TpeKOB. 

B nocrreiniie n:ecKoJihKO rreT B q>ll31!Ke BhICOKIIX aHepr11ii na6n10p;aeTc11 pe3KIIII 
BCnJieC.K IIHTepeca K HellpOHHblM CeTllM. 0cHOBHOe npllJIOlKe!!He HettpOHHblX CeTeII 
-' rrpo6neMa pacrro3HaBamrn o6pa3oB u npo6rreMa OITTIIM113au;1111. 

HeiipoHHbie ceTn, KaK II KJieTo'lHbie aBToMaThI, rrp11wm1 U3 6norroruu. lb.1e11 MHoro 
o6ll_\ero, onn cyll_\ecTBenno pa3rruqa10Tc11 (cp. co cip. 6): 

1. 8rre111enTaM11 nei1p0Hnon ceTu llBJillIOTCfl 11eiipo11b1. CocT011n11e nenpoua (unn 
Bb!XO}J; neiipona) o6bl'IHO xapaKTep1myeTCll nerrpepb!Bl!Oll BeITll'lllHOM. 

2. Henpon B npnnu;1me MOlKeT 6b1Tb coep;nnen C nI06blM KOITll'leCTBOM nenpOHOB 
ceTn. 

3. 8BOITIOIJ;llll Hettpomioii ceTII OCHOBbIBaeTCfl Ha TOM, 'ITO l\alK}J;blll HellpOH l!MeeT 
Bi:oabl (B COOTBeTCTBIIII co CBll3l!Mll ne1i:p01ia), KOTOpbte q>opMnpyIOT ero 6bl­

xoa. <l>yHKIJ;llll, onpep;eJil!lOll\all BhlXO}J; neiipo11a B 3aBl!CllMOCTIJ OT nxop;oB, l!MeeT 
HelIIJHettHyIO q>opMy. . • 
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4. HettpOIIHall ceTb l!BlllleTCll aCl!HXpOHHOIJ. BbIXO}J; Hettpona MeHJleTCll lIOCTOllHHO 
B 3aB!ICHMOCTII OT COCTOllllllll 11e1ipouo_B, C KOTOpb!MIJ OH coep;1rneH, T.e. Bellll­
'll!Hbl Ha BXop;e Heiip ona. 

EcTeCTBeHHblM Clle}J;CTBIJeM U3ITOlKeHHOll Bblllle Mop;em1 <l>YHKIJ;HOHllpOBaHIJll npo­
nopu;noHaJibHOII KaMepbl l!BITl!eTCll MO}J;llq>Hu;npoBaHHall pOTOpHall MO}J;ellh HeHpOHHOll 
ceTu, B KOTopoii Heiipou ·5; xapaKTep1myeTcll 3HaqeuneM, Koopp;nnaToii 11 uanpaBne­
HlleM. 

B Ka'lecTBe ncxop;uon npep;nocunKn ·npnMeM, 'ITO c11rHaJibl OT 'laCTllllhl /i;ocTa­
TO'lHO xopowo lIOlKaTCfl Ha HeKOTOpyIO OKPYlKHOCTb. A ueupOHHall CeTb B npou;ecce 
pa6oTbl p;om1rna pacrronolKIITb BeKTOpbl v(= (si}T no KacaTellbHOII K 3TOH OKPYlKHO­
CTII II CllllbHO yMeHhlllllTb Vj }];ITH Tex j, KOTOpble ue nelKaT ua KaKoi1-m160 llCTllHHOH 
TpaeKTOpllll 'laCTIIIJ;bl. 

Yi 

0 

S­
I 

P11c.· 8: B3a11Mop;ei'1cTBIIe HettpoHoB 
/J;ll.H p;yrOBhlX TpeKOB. 
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Pnc. 9: 'l11cno aKcnepuMeHTaJihHhlX 
TO'leK B co6bITIUI µ;o O'IIJCTKH (nyH­
KTHp) II nocne pa60Tbl Hei'ipOHHOII 
ceTn. 

BHa'laJie HannweM /J;BYX'laCTll'lHYIO 3Hepr1110 B3al!MO}J;eJICTBllll. IlycTb 'lepe3 }];Be 
TO'IKII i,j npoxop;IIT OKPYlKHOCTb (cM. pnc. 8), Torp;a KacaTellbHble BeKTOpa B IIIIX 
CB.HOal!bl COOTHOWenneM 

/3; = -/3;' (1) 

rp;e /3;' /3; - Yrllbl MelKp;y IIIIMII H xopp;m'i R;j. TaKIIM o6pa30M, "~Cllll Mbl BOIJhMeM 
3HepreTH"leCKYIO q>;y_HKIJ;HIO Bllp;_a . 

E S-·s'· . ij = .- ' J' (2) 

-rp;e s'; :- BeKTop s"j, .oTpalKettHhlii 0T11oc11Ten!>110 X<?PAhI: R;;, To oua 6yAeT !U.~eTb 
MH_HIIMYM }J;ll.H TO'leK, llelKall_\JIX ua 0/J;HOM TpeKe._ 0TMeTHM, 'ITO ui:nonhOOBanue CKa­
JI.HpHoro npou:rnep;e1111.H p;enaeT l!Oll.H OT pa3Hb1X neiiponoB ap;p;i!TIIBHb!MJI. 

· Il~K;op s'; npoll_\e Beer~ BhI'lHCllllTh 113 cn~p;yIOll\11; · reoMeTpnqecKnx coo6palKe­
uuii: }J;ll.H Toro 'IT06bi 0Tpa3l!Tb Sj OTJIOCIITeJibJIO R;;, /J;OCTaTO'lHO IIOBep'uyTb~ R;; 

9 



Ha yron -<p;;' 'IT06bi OH coanan C OCb!O ox i naTeM npom:JBeCTII OTpaJKeune OTHOCII­
TenbHO OX, a noTOM noaepHyTh o6p_aTHO ua yrorr +'Pij. B MaTpll'IHOll cpopMe ;)TO 
npeo6panoaauue nanmueTcJI KaK: 

( 
cos(2cp;;) 

T;; = si~(2cp;;) 
sin(2cp;;) ) .. 

- cos(2cp;;) • • . 

0KOH'laTenhuo :mepreTH'!ecKaJI cpyHKI.IHJI npnunMaeT anµ;: 

E 1 ~ -r. - . = --~ s; ;;s; --+mm. 
. 2 .. 

. l,J 

(3) 

(4) 

J];iui µ;anbueiirnero paccMOTpemrn yµ;o6uo BBecTH none h{, conµ;aHHoe B TO'IKe 
ue1ip0Ha i ueiipoHOM j. Qqeauµ;uo, none, conµ;auHoe aceMn tteiiponai.m B 3TOII TO'!Ke, 
paauJieTcll cyMMe norreii oT KaJKµ;oro neiipona: ' 

- "-· " H; = ~h: = ~ T;;Sj• (5) 
j j 

IIepeiiµ;eM K cpopMym1poBKe ypaaue1111ii µ;uuaMHKII. B nepay10 oqepeµ;h 01rn111e.M 
3Borr101.11110 y2aa ua,caoua ueiipoua. Ona oKanhIBaeTCH TaKoii JKe, KaK II B poTopuoii 
Moµ;errn: 

:-:-(m+l) _ Hf' Ji(IHf'I/T) 
v. - --- - . 
' IHf'I Io(IHf'I/T) · 

(6) 

Ilp11qeM npn onpeµ;eneHHH norrll nµ;ecb yq11TbIBa10Tcll TOJibKo µ;onycTHMbie c TO'IKII 
npen11ll ii;ttcKi'>eTHOH CTPYKTyphI CBll:311 Me)Kµ;y HeiipoHaM!I. 

KpoMe 11nMeue111rn yrrra HaKrroua ueiipoua µ;11cKpeTHaJI cTpyKTypa µ;eTeKTopa no-
3BOJilleT naM µ;miraTb noao:»eenue ueiipoua B npeµ;errax 11111pHHhI ll'!eHKII' 0Tuoc11-
TenhHO 1.1eHTpa KnacTepa. B HarneM cnyqae µ;nuaMIIKY noJio)KeHHll ue11poua, MO)KIIO 
npo1mBO)l;HTb np11 uyneBOH :reMnepaType, T.e. CKaqKOM nepeMell\aTb, nOJIO)Ke!ll!e Heii­
poHa B TO'IKY MaKCl!ManbHOro IlOJlll IIJIH B Kpaii.HIOIO µ;onycTHMYIO TO'IKY, eCJIII MaK­
CIIMYM IlOJill Jie)KIIT Bue µ;onyCTIIMOro _IIHTepBana nOJIO)Ke!IHH neii.poHa. 

IlporpaMMa, pean11ny10111,aJI Heiip01rny10 ceTb, nanncaHa Ha ll3b!Ke IIacKaJib Ha nep­
coHanhHOM KOMHbIOTepe IBM-PC 11 6hIJia npoTeCTI!poBaHa Ha peanbHhlX TpexTpeKo­
Bb!X co6hITllllX, norryqeHHbIX ua cneKTpoMeTpe APEC BO BpeMll 3KcnepnMeHTOB no 
11011cKy narrpell\eHuor.o pacnaµ;a µ+ --+ e+e+e- 11 11ccneµ;oBaH1110 peµ;Koro pacnaµ;a 
11"+ :_.. e+v,e+e-:-,. ,. . . , 

· Ha p11cy11Ke -10 npnaeµ;enhl Ha'laJibHOe cocTOllHile ueii.poHuoii. ceT11 11. penynbTaT 
ee pa60Tbl. 0TMeTIIM, '!TO IIOCTpoeu11e yµ;aquoro Ha'!aJibHOro COCTOllllllll 6b!JIO B03-
1\!0)KHO 6naroµ;apll 11p11Me11euu10 Ha 11peµ;Bap11TeJibHOM 3Tane o6pa6oTKII KJieTo'luoro 
aBTOMaTa, KOTOpb!H OTCelln lllYMOBhle TO'IKH (ua p11cyuKe IIOMe'leHbl KpeCTl!Kal\1'11) 
II 11po11nBeJI rpyn1111poBKY 3KcrrepnMeHTanhHb!X TO'leK no 11p1iiii\11rry i1:X B031\10)KH0ll 
rrp11uaµ;Jie)KHOCTH pa3Hbll\l TpeKal\l. PenyJibTaT pa60Tbl ue1ipoHHOII ceTH nOKa3bIBaeT 
TaK;Ke ee xopo111y10 pa6oTy B cnyqae· 6m13Ko ne;Ka111,11x TpeKoB: 

Ila p11cynKe 9 ( cp. _c p11c .. 7) rroKanatto rrepBouaqanbuoe q11cno To'!eK B co6b!TIIII 
(rryHKTHp) 11 q11cno TO'leK IIOCJie o6pa60TKII ueiipouiioii. ceTb!O. HanOMHIIM, '!TO Ha 
oµ;Hoii'TpeKe Jie)Kl!T He 66nee ,10 _Tc:i'leK .. Bnµ;Ho, '!TO HellpOHHaJI ceTb rrocne OTcen­
BaHl!ll rnyMa uarnna oµ;uoi-peiwable (o6naCTb µ;o 10), µ;ByXTpeKOBble (10-20 TO'IeK), 
TpexTpeKOBbie (rrp11Mepno 20:-30 TO'leK) Ji 'ieTi,1pexTpeKOBbie(60Jibllle 30 TO'!eK) co-
6b!Tllll.. . . ,, . ,.·-';, 
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Puc. 10: IlpHMep pa60Tbl ueiiponHoii ceTu: Ha'!anbHOe ll KOHe'!HOe COCTOllHllll. 

B cpeµ;ueM ueiiponuaJI ceTb pernaeT naµ;aqy na 3-4 11Tepa1.11111. TaKaJI BhICOKaJI 
cTerreHb cxoµ;11MOCTII cTarra B03MO;KHa 6naroµ;apll npeµ;aap11TeJibHOMY np11Meueu1110 
KJieTO'IHOro aBTOMaTa, KaK y)Ke OTMe'!aJIOCb J!b!llle, 11 yqeTy )l;IICKpeTHblX oco6euuo-
CTeii µ;eTeKTopa. . · · · . · 

8cpq>eKTIIBHOCTb. pa60Tbl ueiiponuoii ceTII 01.1eu11Banacb IIpOCMOTpOM no uecKOJib-
KIIM BbI6opKaM u COCTaBJilleT 98%. . ... 

B wecTOH rrrane Ha 6aae IICIIOJlb;)OBaHI!ll 1le6blllleBCKOll MeTpllKII Ill)IIBO)l;IITCH 
6bICTpbIH anropHTM no11cKa Bep11111ub1 co6bITHH B 11poeKu;1111, 11eprreuµ;11KynHpnoii. Ma­
rnnTHOMY noJIIO. 

BoccTaHOBJieune BepllllIHbl co6b!Tllll npn IICIIOJlb;)OBaHIIII TpeKOBb!X µ;eTeKTOpOB 
llBJilleTcll Ba)KHOii II pacnpocTpaueuttoii 11po1.1eµ;ypoii rrp11 o6pa6oTKe 0Kcnep11MeH­
TanbHhIX µ;aHHb!X B q>11n11Ke BbICOKHX 0uepr11ii. 8Ta naµ;aqa ycJIO)KHlleTCll B TOM cnyqae, 
Korµ;a o6JiaCTb pacnOJIO)KeHl!ll Bep11111Hbl uaxoµ;HTCH Ha HeKoTopoM paccTOllHIIII OT µ;e­
TeKTopa, uanp11Mep, B MllllleH11. J];aHHbie O HaJill'IIIII Bepllll!Hbl MoryT CJIY)KIITb Kp11Te­
p11eM /l;Jill OT6pacbIBaHllll cnyqai!Hb!X co6b!TIIH. B 3TOM crryqae o6bl'!HO ienaTeJibHO 
11MeTb 6b1cTphli1 anropHTM. IIepBbIM Ha116orree 6blcTpo nonyqaeMb!M np116n11;KeH11eM 
llBJilleTCH IIOIICK BeplllHHbl B ,TIJIOCKOCTII (rrpoeK1.11111, 11eprrenµ;11KyJlllpHoii MarHIITHOMY 
IlOJIIO). . . . . ~: . ; 

3aµ;aqa IIOIICKa·_Bep11111ub1 naKJIIO'!aeTCH B naxo)Kµ;eu1111 MIIHIIMYMa HeKOTOporo 
q>yHKI.IHOHana., B cny~ae µ;eTeKTopoB, HMeIO_ll\IIX µ;11cKpeTuy10 cTpyKTYPY, rroµ;xoµ;H­
ll\HM llBJilleTcll cpyuK1.111ouan, KOTOpb!H paBeH MaKCl!ManhHOMY 113 pacCTOllHIIH OT TO'IKII 
µ;o OKPY*HOcTeii: · · · 

.C(x,y) = mµIJ(x ~ a;)2 + (y- b;)2 -R.1-- min, 
. • . . . • ·. . , ('!',!I) 

... ' (7) 

rµ;e (a;, b;) - KOopµ;HHa.Ti;i 1.1eHTpa' TpeKa, R; ~ paµ;11yc TpeKa. <t>ym,µnomin .c 
6onee aµ;eKBaTHO _oTpa)KaeT µ;11cKpeTHhlll.xapaKTep µ;e-reKTopa 11 y:ntTb!BaeT 0g,q>eKT 
MHOroKpaTHOro paccellHllll. . . . . . . . .. 

B penynhTaTe TaKoro Bhl6opa cpyHKI.IIIOmi.n:a uaxmicµ;en11e Bep11111ubl co6~Tllll cTa­
uoBnTcll npocToii II uarnHµ;uoii reoMeTp11<iecKoii naµ;a<ieii. BonbMeM Ha rrnocKoCTH 
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(pnc. 11) TpH oKpylKHOCTH rrpoU3BOllbHoro paAIIyca u HeK0Topy10 TO'IKY A c Koop­
AUHaTaMu (x, y). O6ouHa'IHM: 01, 0 2, 0 3 - u;eHTpbl 3THX oKpylKHocTeii, l1, l2, la -
paCCTO.IIHH.11 OT TO'IKH A AO'COOTBeTCTBYlOU\HX OKPYlKHOCTeii. B AaIThHeiiumx pac-

Puc. 11: O611\a.ll IIOCTaHOBKa 3a­
__ Aa'IU IIOUCKa BeplllUHbl. 

Puc. 12: IIpuMep B03MOlKHhlX TO­
qeK MHHHMyMa q>yHKllHOHana £. 

cylKAeHu.11x Mb!, ucXOA.11 nu BHAa q>yHKllU0Hana, 6yAeM ClleAUTb ua Hau6ollblllHM pac­
CTO.IIHUeM. IIycTb All.II orrpeAelleHHOCTU 13 > l2 n la > l1. TorAa, CABnra.11 TO'IKY A 
Biollb rrp.11Moii (AOa) K TO'IKe'Oa, MOlKHO yMeHblllaTb la, rroKa 13 ue CTaneT paBHblM 
paccTo.11un10 AO KaKoii un6yAh APYroii oKpy:a<:HOCTU, mirrpnMep, l2, 

Benn /3 :::;: l2 > l1, TO ABUral!Cb BAOllb KpUBoii, 3aAaHHOR ypaBHeHUeM '3 = '2, 
MOlKHO yMeHi.lllaTb £. MuHHMYM AOCTuraeTC.11: 

1. llU6o B cnyqae 

2. llH6o 

{ , 
la = l2 = min, 
la,'2 > l1, 

l1 = l2 = la, 

Ha puc. 12 'rroKa3aH rrpnMep B03MOlKHhlX TO'leK MHHHMyMa q>yHKllHOHana £. 

(8) 

(9) 

MeTOA peanuuoBaH B BUAe rrporpaMMbl Ha .113b1Ke IIacKanb Ha rrepcoHallbHOM KOM­
IIblOTepe Tuna IBM-PC: ,Ull.11 arrpo6au;11u rrporpaMMbl 6blcTporo noucKa BeplllHHhI 
HCIIOllb30BaITHCb AaHHble, nolly'leHHble B 3KcnejniMeHTe no' IlOHCKY' peµ;Koro pacnaAa 
µ -+ 3e Ha ycTaHOBKe APEC. B 3TOM 3KcnepuMeHTe paAuyc MullleHn Rt = 5 cM, 
paAHYCbI TpeKOB llelKaT B npeAellaX OT 15 CM AO 70 cM, cpeAHHii paAUYC ~ 20 CM. 
TpeKH npu6llHlKanHCb OKpylKHOCT.IIMH, npeHe6pera.11 3HepreTn'leCKUMH IlOTep.llMH B 
MHllleHH. 

Ha pHC. 13 npeACTaBJieHO pacnpeµ;elleHHe OIIJH6KH BOCCTaHOBlleHU.11 BeplllHHbl µ;n.11 
Moµ;eirnpoBaHHblX µ -+ 3e co6bITHH. lfo Hero BHl];HO, 'ITO orpaHn'leHue u = 5 MM 
coxpaH.lleT npaKTH'leCKH Bee HCTHHHble co6b!TH.II. 

Ha pHC. 14 npeµ;cTaBlleHO pacnpeµ;elleHHe 011JH6KH
0 

BOCCTaH_oBlleHH.11 BeplllHHbl )i;ll.11 
J)eaITbllblX co6b!THR, nolly'leHHblX npn IlOHCKe pacnaµ;a µ -+ 3e n npolllel);IIJHX HeKo­

_.TOphlii OT6op. IIoµ;aBll.lllOU\ee 60llblllHHCTBO 3TUX co6hITHH .IIBll.lllOTC.11 cny'laHHbIMU. 
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Puc. 13: O11J116Ka Beplllil!lbl AJI.11 MO­
µ;ell11poBaHHblX co6hITIIII. 
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Puc. 14: Oimi6Ka BeplllUHbl All.II pe­
aITbHhIX co6b1T1111. 

J'iKe Ha 3TOH CTaµ;nn Mb! M0iKeM OT6poc11Tb npnMepHO TpeTb co6blTIIII C OIIJJl6KOI! 
neplllllHbl u > 5 MM. 

Onpeµ;elleune Beplllllllbl KaK TO'IKII, MIIIIIIMil311py1011\eii MaKCIIMaITbHOe 113 pacCTO­
.IIHUII µ;o TpeKOB, µ;enaeT npou;eµ;ypy IIOIICKa IIJ)OCTOii, yµ;o6Hoii n 6b!CTpoii. 3TH CBOll­
CTBa 'Ipe3Bbl'laiiuo BalKHbl npn o6pa6oTKe µ;an11i1x, rrolly'leHHblX B 3KcrrepnMeHTax no 
rrb11cKy peµ;Knx II uarrpell\eHHbIX pacnaµ;oB, ·Korµ;a uaperucTp11ponam1b1e co6blTH.II, B 
OCHOBHOM, .IIBll.lllOTC.11 CllY,!allHblMIL IIpn Heo6xoµ;nMOCTII neplllHHa, Haiiµ;eHHa.11 npeµ;­
llOlKeHHbIM MeToµ;oi1, MOlKeT TaKlKe IICIIOllb30BaTbC.II B KaqecTBe Hynenoro rrpu6n11lKe­
llll.ll AJI.11 MHK, 'ITO oco6eirno' BalKHO B cnyqae 60J1b11Ji1x Mlllllenei1. 

B ceµ;bMOH rnane om1chrna10Tc.11 oco6emwcT11 noccTaHonneHn.11 Z-Koopµ;miaT co-

6bIT11i1 B crreKTpoMeTpe APEC. 
3TH oco6e11nocT11 ycTaHoBKII APEC, a TaKlKe 60Jib11JOe KOllH'leCTBO lllYMOBblX 

cpa6aTb1Bam1i1 II 11e 0'!ellb BblCOKa.11 3q>q>eKTUBIIOCTb KaMep µ;enalOT uaµ;aqy BOCCTaHO­
BJieml.11 Z-KoopAH!IaTbl B cneKTpOMeTpe APEC µ;ocTaTO'IHO CJIOlKH011 u rpoM03p;Koii. 
OCJIOBHbie Tpyµ;11ocT11 B03HIIKaIOT Ha 3Tane ofrheµ;1me1111.11 Z-To'leK c XY-TpeKaM11 
( np o 6lleMa Z-11µ;e11Tnq>11Ka111111). 

B µ;amwii rnaBe OIIIICbIBaeTC.11 3q><peKTIIBHblll allropl!TM BOCCTaHOBlleHll.11 Z-KOOp­
µ;m1aTbI, OCIIOBaHHblll Ha orrpeµ;elleHJIII CTplIIIOBblX Koopµ;1maT namm C rrocneµ;yIOU\IIM 
paupellleHlleM B03MOlKHOJI neoµ;H03Ha'IHOCTJI Z-nµ;eHTl!q>HKa111111 MeTOJi;OM MaKCHMyMa 
nepo.11THOCTII. AnropnTM peammonau n nuµ;e uporpaMMbI Ha .11:JbIKe <PopTpau Ha KOM­
IIblOTepe VAX-8350 JI onpo6onan Ha TpexTpeKOBblX µ;aHHbIX, rronyqeHHblX B 3Kcrrepn­
MeHTe 116 iioncKy pacrraµ;a µ+ --t e+ e+ e- '11 1iccneAOBaH1110 pacrraAa ir+ --t e+ v,e+ e-. 

Hau6on·ee i!pOCTO 11aneµ;eH1Iblll 11a' KaTOAllblX CTpIIIIa.'i: :fap.11µ; l\10lKHO OIIl!CaTb D 

paMKax 3/JeKTpocTaTll'leCKOII Moµ;enn. 
HaMn_ rrpeµ;naraeTc.11 y'IIITbIBaTb npn anamme u11<pop11,rn111110 o no/JHOM HaBeieu­

HOM 3ap.11µ;e, 'ITO He HCIIO/Jb30BaJIOCb pauee. ,Un.11 3TOrO paCCl\l0TpllM 6onee rroµ;po6110 
pa6oTy rrponop1111011anbHOII cTpnnono11 KaMepbI. Ha pnc. 15 m:io6palKeH TpeK, rrepe­
ceKaIOU\1111 KaMepy noµ; yrnoM (l' K anoµ;noii IIJ)OB0/JO'IKC. 3neKTpOHbl, 06pa::ionaBlllll­
ec.11 nne ycnonnoii :JO!lbl c6opa, B npo11ecce µ;peiiqia 6yµ;yT aaxna'ICHbI 3/JCKTpooTpn­
I\aTe/JbHbIMII µ;o6anKaMI! B ra:JOBoii Cl\1ec11, a o6paaoBaBWHCC.II 'BHYTPII 30Hbl c6opa 
- Ji;OIIp;yT µ;o anop;HOll IIJ)OBO/JO'IKII. IlO/Jllblll IlaBPJi;Cllllblii :Jap.11µ; OKa3bIBaeTC.II npo­
lIOJ)I\IIOHa/Jbllbnl IIYTII TJ)CKa B o6naCTII c6opa ,lJleKTpOIIOB. Iloµ;TBeplKJl,eHIICM 3TOII 
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Puc. 15: IlpoxoJKp;enue TpeKa qepe:J 
rrporropuuoHaJibHYIO KaMepy. 

Puc. 16: 3aBUCUMOCTb HaBep;emmro 
:Jap.ap;a OT rryTu 'laCTHUbl. 

MOp;eJIU .HBJI.HeTC.H. puc. 16, Ha KOTOpOM IIOCTp'oeHa 0KCIIep1IMeHTaJibHfill :JaBHCHMOCTh 
0TUX BeJIU<lUH. Cry1UeHUe B o6JiaCTU 0.4 CM o6ycJIOBJJeHO TeM, 'ITO B OCHOBHOM TpeKH 
rrpoxop;UJIH rro" HOpMaJIU K anop;noii rrpoBO/IO'lKe. Pa36poc· OTHOCUTeJibHO JIUHeHHOll 
:JaBUCUMOCTH o6'b.HCH.HeTC.H CTaTHCTU'leCKOH rrpnpop;oii o6pa:JOBaHH.H 0/leKTpOHOB uo­
HII:JaUHH B}1;0/lb TpeKa. TaKIIM o6pa:JOM, IIH<t>opMaUH.H O nOJIHOM HaBep;eHHOM :Jap.ap;e 
p;aeT BO:JMOJKHOCTb pernuTb 06paTny10 :Jap;aqy, a IIM.eirno, :JHa.H noJJHbIH Hasep;eHHbIH 
::mp.Hp;, MOJKHO ouelUITb yroJI HaKJIOHa TpeKa KOCH z. .. 

Ilpouep;ypa BOCCTaHOBJJeHII.H Z-KOOpp;HHaT MHOfOTpeKoaor_o co6blTU.H a CTpnno­
BblX KaMepax COCTOIIT B crrep;yI01UeM: 

1. II1UyTC.H nHKII CTpHnOBOH aMnm1Typ;bl Ha KaJKp;oii noaepxHOCTII II onpep;eJI.HIOTC.H 
CTpunoable KOOpp;IIHaTbl JiaBHHbl. 

2. 06'bep;IIH.H.H norry'leHHble CTpIInOBble Koopp;HHaTbl JiaBIIHbl c yrJIOM cpa6oTaBrneii 
aHop;Hoii npoBOJIO'lKH, orrpep;en.aeTc.H Z-TO'lKa. 

. . · 
3. Cy1UeCTBYI01UIIe XY-TpeKII o6'bep;IIH.HIOTC.H c Z-TO'lKaMU p;rr.H noJiy'leHIIH npo­

CTpaHCTBeHHblX SZ-JinH11ii (Z-np;eHTn<I>11Kaunii TpeKOB). 

4. Ecmf noJiy'lIIJIOCb HeCKOJlbKO patiJIH'l~blX :IIp;eHTH<l>IIKa~nii co6b!TII.H, TO npoua-· 
Bop;11Tc.H Bbl6op Han6oJiee aepo.HTHOII 11p;eHTII<l>IIKau11n. · 

Han6oJiee cy1UeCTBeHHble Tpyp;HOCTII B03HlIKaIOT Ha 0Tanax 3 u 4. 
Ha 0Tami 3 BoccTaHoBrremrn Z-Koopp;1rnaTbl co6bITIIH npep;JiaraeTC.H oT6pacblBaTb 

:JaBep;OMO IIOJKHble SZ-JIIIHIIII IICX0,11;.H U:J Kp11Tep11.a: . 

X
2 

$ X~ut· (10) 

IIn<t>opMaUII.H O noJIHOM HaBep;eHHOM. nap.ap;e nO:JB0/1.HeT n6c'lIITaTb x2 p;aJKe B CJIY­
'lae,_ KOrp;a l!MeioTC.H JllIIIlb p;Be Z-TO'IKII,_a TaK)Ke ouemITb HaKJIOH SZ-JIIIHlllI,·Kcirp;a 
IIMeeTC.H JIIIIIlb op;na TO'lKa. 
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IlocJie npncaoemrn TpeKaM SZ-mrnnii, MOJKeT. OKa:JaTi,C.H, 'ITO y HeKOTOpbIX Tpe­
KOB · cy1UeCTByeT necKoJibKo np;enTn<I>nxaunii. Ilpn 0TOM BO:JMOJKHO, 'ITO HeKoTophle 
pa:3Hble TpeKH panp;eJI.HIOT op;Hy 061UYIO Z-TO'IKY, JIII60. Hao6opc>T' HeKOTOpble 'Z­
TO'IKII OCTaJIUCb B0061Ue 6en.TpeKOB. XoT.H .TaKoe B npHHD;IIne'.B03MO?JCHO (cJIHBVIIllI­
eC.H nIIKII JIII60 IIlYMOBOe cpa6aTblBaHIIe), nop;o6Hble 11p;eHTu<t>11KaIJ,UII,,Ha npaKTIIKe 
UMeIOT MaJiyIO BepO.HTHOCTb .. TeM He MeHee nporpaMMa }l;OJIJKHa. npep;ycMaTpn~aTb 
o6pa6oTKY TaKHX cJiy'!aeB. EoJJblilllHCTBO TaKUX cJiy'laeB pa:3pernaeTC.H npII nOMOll.\II 
KpHTepU.H X2

• 0cTaBrnIIeC.H CJiy'lall OIJ,eHUBaIOTC.H no MeTop;y MaKCIIMyMa Bepo.HT­
HOCTH, ncnoJJb:JY.H IIH<l>OpMall,IIIO 06 yrrre HaKJIOHa TpeKa K OCH z' norry'leHHYIO II:J 
nonnoro HaBep;ennoro nap.ap;a. .. 

Ta6rrnua 2: To'lHOCTb BOCCTaHOBJleHIUl B CTpIInOBblX KaMepax. . '· 
N, '. qr/> ·, uq Uz 

KaMepbl (pap;.) ; (KaHaJI) (MM.) 

1 1:16 · 10-• 17.5 2.1 

4 1.18 -10 ., 32.6 2.1 

9 0.78 · 10-~ 101.0 2.1 

PenyJibTaTbl npnMeHeHII.H pa:3pa6oTaHH~ro ·arrropIITMa npnaep;enbl B_ Ta6Jiuue 2. 
Bnp;Ho, 'ITO IIOJJy'leHHa.H TO'lHOCTb BOCCTaHOBJJeHU.H Z-KOOpl);IIHaTbl cpaBHIITeJibHO He­
BblCOKa. 8To o6'b.HCH.HeTC.H TeXHII'leKIIMII npH'IIIHaMn, a TaKJKe He caMblM onTIIMaJJb­
HblM nop;6opoM napaMeTpoB KaMep, nanpnMep·, oTHornenneM rnnpnm,1 cTpnna K pac­
CTOHHIIIO anoµ;-KaTop;. 

Hcnciiib:JOBaHIIe nn<t>opMall,IIII b noJJHOM HaBeµ;eHHOM napHµ;e npIIBO}l;lIT K Hap;eJK­
HOMY onpep;eJienmo Z-np;eHTII<l>IIKaunii co6blTIIH. Ona TaKJKe nonBOJI.HeT cy1UeCTBeHHo 
nOBblCIITb CKOpOCTb Bbl'llICJJeHIIH na C'leT OT6pacblBaHII.H :JaBep;oMO JIOJKHblX Z-TO'leK. 
Pa:Jpa6oTaHHblH MeT0,11; BOCCTaHOBJieHII.H Z-Koopp;IIHaTbl TpeKOB no:JBOJI.HeT pa6oTaTb 
B p;ocTaTO'lHO CJIOJKHblX ycJIOBII.HX ycTaHOBKII APEC. 

B BOChMOH rrrane npnBep;eHbl penyJibTaTbl 0KcnepnMeHTa no no11cKy nanpe1UeH-· 
Horo pacnap;a µ+ -> e+ e+ e- II nnyqenn10 pep;Koro pacnaµ;a 1r+ -> e+ v.e+ e- c no­
MOll.\bIO crreKTpoMeTpa APEC. 

B 1987 r. Ha ny'lKe nnoHOB <t>a:JoTpoHa OIIJIII c noMOll.\bIO cneKTpOMeTpa APEC 
6bIJI rrpoBe~eH 3KcnepIIMeHT0 IIO no"ncKy nanpe1UeHHOro•pacnaµ;a1µ+ -+ e+e+e- II nny-
'ieHHIO pep;KIIX pacnaµ;oB ~+ .;__.c e+v.e+c u· 7r+-+ µ"'"e+e+t,_h . 

. 06pa6oTKa p;aHHblX 6!:,ma npoBeµ;ena B neCK01IbKO 0TanoB Ha GBM EC-1040, EC­
.1060, EC~1061, VAX-8350 n nepcoHarrbHblx GBM Tuna IBM-PC. KaK Bnp;no, B npo­
uecce o6pa60TKII µ;aHHblX npIIIIlJIOCb HeCKOJlbKO pati MeH.HTb KOMnbIOTCpbl, KOTOpble 
He 'ii-BJIHIOTC.H nporpaMMHO COBMeCTIIMblMII. 8To 6blJIO Bbl:JBaHo J)a:JJIII'IHblMII npII'III­
iiaMII, B TOM 'lIICJie TCXHH'leCKIIMII. KaK. CJIC}l;CTBHe, TaKIIe nepexop;bl C oµ;noro KOM­
IlbIOTepa Ha p;pyroii IIOTpe60BaJIII 6oJibllilIX :JaTpaT MaUIIIHHOfO II 'ieJIOBC'ieCKOro Bpe­
MeHII,: cy~eCTBeHHOH MOp;II<l>IIKa'unn nporpaMM o6pa6ciTKII, a Ha nocJiep;neM 0Tane 
aHMII:Ja p;aHHblX ria nepCOHaJlbllblX 8BM c:._ naniicaHH.H nporpaMM naHOBO. Ilepe­
xop; Ha .nepcoHaJJbHble GBM _Tiiiia IBM-PC/o6Jiap;aroll\IIC rpa<l>II'leCKIIMII BO:JMOJK­
HOCT.HMII, 6blJI npop;IIKTOBaH TaK:lKe Heo6xop;IIMOCTblO npOCMOTpa:'oKOJI0'4000 co6bl­
TIIH,Ha IlOCJiep;HeM 0Tane o6pa6oTKII, 'T.K. cy1Ue'cTBC>BaB1IlIIe nporpaMMbl'o6pa6oTKII 
Ha 0TOM 0Tane OKa:JaJJIICb HCHap;eJKHblMH. npH pa6oTe B. ycJIOBIIHX rnyMa II npn pe­
lilCHIIII. HCOAHO:JHa'IHOCTeii Z-nµ;eHTII<l>IIKall,IIII. B l);aJJbHeiirneM ~JI.H O'IUCTKII 0KCile­
pIIMeHTa.JlhHblX p;aHHblX OT rnyMa, Bbl:JBaHHOro c6oHMII · i 'pa6oTe paCTHJKKll IIY'IKa 
ycKOpIITCJIH, 'cJiy'laHHblMII: 0JICKTpH'leCKIIMII HaBop;KaMU II p;pyruMII "Tpyp;Ho KOHTpOJIII-

15 



pyeMbIMII rrpII'll!HaMn, 6bIJI cooµ;a11 TpeKOBhlll qlllllbTp ua 6a::ie KJICT0'III0fO aBT0MaTa, 
a µ;.iui soccTaHoanemrn TpeKoB 6b1rra nam1cana·,rrporpaMMa, peammy10111asi 11eiipo11-
Hy10 ceTh; Ilpo6neMa neoµ;itoo11a'lnocTeii Z-11µ;eHTmJmKa111111 61,rna pcmena •1cpea nc­
po.!!THOCTHhlii"rrop;xoµ;, IICilOJibOYIOlllllll 1111q>opMau1110 06 yrne naKJI0l!a TpeKa K 0CII 
Z, rronyqeiuiy10 no nonnoro naseµ;ennoro oap.11µ;a. 8tptpeKTnnnocTb aTnx nporpaMM 
cpaBHI!Ma C ::lq>q>eKTIIBHOCThlO np0CM0Tpa. EbIJIII nponeµ;enbl TaK;Ke Bpe~tCIIlla.SI J,:,1-

, 'nn6pOBK'a· Cll,IIHTllJIJIJlll,IIOHllblX C'leT'IIIK0B II anamm co6bITIIII 11a 0µ;11onpeMCHH()CT!,. 
4 h', ·;. ·J: ~ 

40 

.. 
0 . :•; '-30 

i:o .. •.: 
"' ::;: 

:120 

~ 
10 

0 
60 80, 100 120, 

E t,,t, M::iB 

Puc. 17: .. Pacrrpeµ;enenne;· co6h1-
Tm1, ,yµ;onneTB0p.!!IOlllllX Kl!HCMa­
TUKe pacnaµ;a·µ --+ 3e2v, rro.cyM­
Mapnoii. ::IHeprnn Etot lI HMnynhcy 

lv101I-

,!'-., 

40 

u 
'-30 
i:o 

"' ::;: 

120 

~ 
10 

0 
60 80 100 120 

E l.l, M:,B 

Puc. 18: Pacnpeµ;ene1111e,Moµennpo­
aaHHbIX MeToµoM MonTe-Kapno co-
61,nuii µ -- 3e no cyMMap11oii :m•ip­
rnu Etot II m.my111,cy IPtot r Kon­
TypoM 060011aqe11a o6nacTh, n K0-
Topy10 11011aµa10T 90% Moµ;emtpo­
naHHLIX co6b1Tllll. 

Ha oaKJIIO'lllT~JihH0M,aT~ne. co6blTIIJI q>IIJ1hTpona~11c1, no x2 Kp1nep1110 na _cooT­
neTcTnne rIIIIOTeoaM pacnaµa JI -+ 3e II µ _, 3e2v. Pac11pcµ;enc1111c CO0LITIIII 110 
;rneprnn II' l!MilYllbCY'. 0CTaBLUIIXCJI D. peoyJibTaTe. 06pa60-r1d1, noKa3a.H0 1i'a p11c. 17. 
Ananor11q11oe pacnpeµ;enenne · µ;nJI Moµ;en11pona11111,1x co6h1Tm1 /1::..... 3e _110Ka,3a110, na 
pnc. 18. l<0HTypoM 060011a'1eHa 06J1aCTb, D KOTopyio 11om1µ;cT 90% co61,1T11ii fl -+ 3e 
u KoTopa.S! npmrnTa, KaK o6nacTh µ;eTeKTnponamrn :noro pacnaµ;a. 

Ho pnc. 17 cneµ;yeT, 'ITO _1111 0µ;110· oaperucTp11pooa1111oe co6bITIIC IIC M0;KCT 61,JTJ, 

mITepnpeTnposano KaK pacnaµ; JL ->::le. · , ·. 
Pacnaµ;aMu, K0Topue M0ryT .a.eTeKTIIJ>ODaTJ,c.SI npn Il0UCKC pa.Cll.-tAOB JI _, _3e, .llll­

JIJIIOTCJI pacnaµ;u µ.,-c-+ 3c21-'. nnn µ - evv-y c nocneJ\YIOIIICii Ko1111epcneii ral\iMa"Kna.nTa 
D l\llllUCHII u _B 1~~ 'p.iiµ;y Cll,llHTII/IJIJITOpOB. Cny'iau paCIJa./\0B µ - evv, l)tI><Jicn·i111110 

. rroµ;annJIIOTCJl npi1.0T6pac1,maium co61,1Tm1 c. c+e--napoiL T.-iK11M o6panoM, cJ1y•1a.11, 
npeµ;cTaBJICHllbIC 11a pnc. J 7, c!T0 pacnaAhl /I -+ 3_e2,;, II <lion cnyqaiim,IX COB1Ja;1e1i'nii. 

O6111ee qncno pacna.a.os, oapcri1cTp11pona11111,1x B aKc11e1mMc11Te npn perncTJHH\1111 
BO npeMCIIIIblX HIITepnanax 3 IIC II 6 nc, C0CTaBIIJI0 65 11· 86, COOTBeTCTBellltO. :JTo 
Il00B0JIJICT cµ;enaTh DblBOA, ;,To KO.rn;1ecTDO par.na11011 ,,. _·3~2,/ ~OCTa11J1itcT -,'.•M n 
cornacni1 C pac•1eT11oii 0ll,CHKOii npn oua•iemm 1J1oua ~ 21 na lll!Tepn,rn :1 HC. 

rn 

.# 

OueHKa BC!)XHCII rpamU\bl OTHOCIITeJibHOH Bepo.!!TH0CTH pacnaµ;a µ -:- 3e Ha ypo-
BHC p;0CT0BCpH0CTII ~0% Il011y'laeTCJl: , . 

Rµ-3e ~$ 3.6: 10- 11 • 

Ilonyqennoe miaqem1e Rµ-:ie a ~ 50 pao ·ynyqmaeT oueHKy, cµ;enaHHyio paHee 
a ,Uy6He. IlonCKH pacnaµ;a µ - 3e Heµ;anno np0B0p;H1IHCb Ha MC00HHhlX q>a6pHKax 
SIN II LAMPF. Jlyqwee orpaHn'leHne Rµ~3e ($ 1.0 • 10-12) nonyqeHo Ha ycTaHoBKe 
SINDRUM ii SIN, rµ;e ycnos1rn µ;n.11 nponeµ;emrn TaK11x ncciieµ;osainn"i HecpasHenHo 
nyqwe, 'leM B ,Uy6He. B Jloc-Anal\10ce Ha ycTaH0BKe Crystal Box 6bln6 rronyqeno 
orpaHH'ICHHe Rµ-3e $ 3.5. 10- 11 , T.e. npnMepH0 Ha TOM )Ke ypoBHe, 'ITO H B µ;aHH0M 
3KcnepuMeHTe. 

Kp1ITepn.11M11 µ;11.11 oT6opa KaHµ;11µ;aT0B Ha co6h!TIIJI ,r+ _. e+v,e+e- 6un11: Ha-
1111q11e npeµ;wecTBy10111e11 pacnaµ;y ocTaH0BKH nH0Ha .B Mnwemt; Macca pacnaameiiCJl, . \ . ' 
'laCTIIIJ,bl; op;H0BpeMCHH0CTb npoX0)Kµ;emrn nee Tpex oap.!!)KeHHhlX qacTHIJ,. 

Bunn OTo6paHbl C06bITHJl, K0T0pb!e nponaownn B IIHTepaane BpeMem1 OT 175 HC . 
ao II 75 HC noc.ite npoxo)Kµ;emrn IIIIOHa qepeo Cll,IIHT1111JIJlIIIIOHHhlH C'leT'IIIK nyqKa. ,Un­
anaooH np1mnMaCMhlX Mace pacnasmeiic.11 qacT!lll,hl B npeµ;nono)Kemm, 'ITO aTo 6un 
pacnaµ; ,r+ _, e+v,e+e-, cocTa!JnHn 140± 30 M;:,B. Tpe6onanoc1,, 'IT061,1 B co6uTJm 
HMenocb no Kpaiineii Mepe Tpn TaKHX Cll,IIHTIIJIJIJlll,II0HHblX C'ICT'IHKa, qepeo K0T0phle 
rrpownn pa0HhlC TpeKn, II D K0T0pbIX BpeMJl B00HIIKH0Bemrn cnrIJana 0TJIH'laJI0Cb He 
6onee qeM Iia 6 nc. Ilpuii.11-r1,1e aHepreTH'ICCKile II speMeHHhle IIHTepiianu 61,rnn u.mpe 
Tex, KOTOphle. onpeµ;en'JIIOTCJl paope'meHIICM ycTaH0BKII. Cµ;enaHo ;)TO 6blJIO C uenbIO 
onpep;eJICIIIIJI q>011a OT CJI)''laHHhIX C06h!TIIH. · . 

• 5 

.'1 

50 .100 ·150• 
t, nc 

P11c. -19: 'Pacnpeµ;eneIJne oµ;nonpe­
MCHHhIX co6h!Tllll C Maccoi'1 140 
'± 16 MaB 0TH0CHTenbH0 BpeMeHH 

,. ' I 
np11xoµ;a 11110H~- I 

I 

Oµ;nonpeMCHHhIX 'C06hITIIH C oaµ;ep)KKOii Me)Kµ;y C'leT'IIIKaMII OT' 0 'µ;o 3 HC 0Ka­
oaJI0Ch 27~ '~lncno cnyqa11111,1x co61,1Tnii n HHTepnane npeMenn 3-6 nc cocTannno 9. 
lfo 27 oµ;nospeMeHHbIX co61,1T1111 12 no Macce pacnasmeiic.11 qacTl!Il,hI.140 ± 16 l\faB 
yµ;onneTDO!)JllOT r11'i10Teae 0 TOM, 'ITO c!T0 6blJI Ill!0H. ·Pacnpeµ;ene1111e c!TIIX 12 co-
6bITIIH no npeMenu noKaoano na pnc. 19. Ifo aToro qncna-9 co6blTHII nonaµ;aIOT 
no npeMe1rnoii IIHTepnan 45 He nocne pacnaµ;a n11011a. lfo pacnpeµ;enemrn co6bITIIll no 
B!)CMemi l\i6)KIIO TaK)KC cµ;enaTb 0aKJIIO'ICHiie o T0M,"'IT0 O)Kilµ;aeMbIH q>on cnyqaiiHhlX 
COBnai\eHl!H B Il!)Ii°HJlT0M IIHTepaane 45 HC C0CTaBJIJlCT ~ 1 C06bITIIC, 

lfo 9 cny,1aii111,1x C06b!Tllll B TOT )Ke IIHTCpnan 45 IIC nonaµ;aeT 1 co6b1TI1e. 8To 
TaK)Ke noaBon.lieT cµ;enaTh oai-n10'lem1e, 'ITO m1mµ;aeMoe qncno cny•1airn1,1x co6b1Tuii 
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B 11a11;rellllblX !) 'c;iy•taRx 'pacrrai(a' ;r+ - e+ v,e+ e- COCTan:rneT ~ 1 CO0hlTIIC.' 
O;i,:11;rae:-.1oe '!nc.10 pacna;ron ::ia C'!eT Bll)"rpe1111cro Top~10:111oro 11ai1y•1c111111 co­

CTaB.'IRCT B 11amei1 CTaTUCTl!Ke ~ l. 8To ::111a•111T, 'ITO ll0il,Y'ICl!ll,UI 11a~111 CTaTJI­
CTUKa npaKTU'leCKJI He 11eceT unqiopMaUIIII O BKJiai(C T0()M03110f0 113/l)''ICIIIIR, X0TH 
OHO onpe;\CllReT B OCIIOBII0:\! nom1y10 nepollTII0CTh pacua;ra ;r+ - e+ v,c+ e-. Ta KUM 
o6pa30M, cpqu 11a6.'1K)):\Cllllh1X pacna;ron OCIIOBHyto' 'IaCTh, npm1ep110 7 co6hJTJiii, 
C0CTaB,1.RIOT pacnai(bl, q6yc,1on.1e11nb!C 11am1•111cM CTf)j'KTY[lbl 'i:111011~- . . , • 

OTc10µa no,,y'!ae~., _CJU~HKY napuua.'lbnoil 11epo.11T11ocT11 j1arna;ra ;r+ ---+ t + v~i+ c­
aa C'leT 11a.111'1Ull CTPYKTY()bl nuoua . 

R . _ I'(rr-eveesv)~(46±lf'±0~)-10-to 
SD - f( . ~ · > · l - , I , 

rr-11v) . .· 
( 11) 

r,n:e BTopaR o~i'16Ka -~ .'>TO Olllli6Ka '3a C'ICT 11eo1~pc;rcm~HIIOCT'i1 n<J)<J>CKTIIBIIOCTJI pe-
1 • •'" 

rncTpau1111. 

, BbIBO):J;bl 

1. Pa,3pa60Tana Moi(en1, 1pynK1~11onupona1111.11 nponoi>1111onan1,11oii Kail1epu, no:JBo­
n.11101UaR 11cIIon1,30BaTb 1rnqiopMa111110 06 yr.1c npoxo;i,:ileimH TpeKa. Ilpoi1ei(c11 • 
reOMe'Ipi1•ieCKIIi1 11 CTaTIICTll'JeCKUii a11a)1113 ::noi'r M0i(e/111. floKa::JaHo, 'ITO MC­
T0i(bl 'BOCCTaHOBJJellll.!1 napaMCTpOB T()CK0B, rI0CTpOellllhle 11a' 6a3e 3TOfr l\10-
;J:C.rIU c IICII0.flb:J0BaHUeM ~1e6bJWeBCKOII' MeTpllKJI, ):\aJOT yny'IUICIIIIC T0'III0CTII 
npm,1epno ll 1.5 pa3a no cpaBIIeHIIIO C Tpai(lll~II0HllhJM l\lCT0i(0l\l 11a11Me11I,WIIX 
KBa,n:paT0B. 

2 .. IlocTpoen II peammonau amopUTl\l 61,1cTporo IJOUCKa BCJlWlllll,J B X y· TIH0CK0-
CTII. On cno):\HTC.11 K cpanueu1110 311a'le1111il ~1e61,1mcncKoro qiynKunouana ncero B 
HeCK0.11,KHX T0'IKaX. TaKaR llblC0KaH CK0{)0CTh na;i,:11a 111)11 o6pa60TKC ::JKC1Jcp11-
MeHTan1,111,1x ):\aHHhlX pei(KHX 11{.l0ileCC0B, KOri(a ll 0CII0BII0M C06b!Tll.R .!IB.1.11,IOTCH 
cny'lail111,1M11 II He IIMelOT 06u1cil nepulllHbl. 8TOT anropl!TM Jl,IO;KeT ·npIIMC­
IIHThC.11 TaK;i,:e ):\Hll nony•iellll.11 xopomero Ha'la/11,II0f0 npn6m1;i,:e1111.11 llpll II0IICKC 
BepWIIJlbl B 60.11,woii MIIWCl!ll MeTO)I0M HanMelU,lllllX Kna11paT0B. 

3. Ha 6a..3e Mo;rem, qiyi'1KuHou11pona1111.11 nponopu11011an1,11011 KaMepu nocTpoe11 11 
p~an'll!JOBaH K~CTO'lllhlll aBTOMaT i(.1.11 qJIUlbTpaUHII TpeKOBOfl llllqJOpMal~IIH. Jna­
Bllb!M J:I0CTOIIHCTB0M KHeT0'-IH0ro aBTOMaTa .!IBHHeTC.11 ero napanne:111aM, '!TO 
1!0380.1.ReT HCTI0.flh30llaTb ero B pe;i,:m.1e on-line. CKopoCTh o6pa60TKn B 3TOM 
cny'lae MOlKeT )l:0CTllraTb 1500 TpexTpeK0llblX co6bJTllil n' ceKynµ;y nim 70% 
0'IIICTKe wyMa. 

4. Hp11Me11e1111e Moµ:em, qiy11K1~11011np0Bam1.11 npo11opuno11an1,11oi'1KaMepu111111qiop­
Mau1rn o reoMeTp11•1ecKoii 1popMe TpeKa no311oi111110 Mop;mpn1.1upo11aTb p0Topny10 
Moµ:en1, neilpouuoii ceTn. Peammau11.11 nToI'i Mo;remr npunena K yMe111,1.11em110 '111-
rna l!Tepaunii i(0 3-4 (nMeCTO 40-50 B CTanµ:apTHOlf poiop11011 MOi(emi) C 0J:IH0-
BpeMeHHblM B0CCTaHonne1111eM napaMeTp0B T{)CK0B npn 98% oqiqieKTIIBIIOCTII 
paCTI0:JHanamrn TJ)CK0B. 

5. Ha 6a3c 11pn1v1ei1ein1.11 M0i(en11 qiynKI\l!OHl!poBamrn nponopuirnuan1,11oil KaMep1,1 
C03i(aH II pea..1U:JOBaH nepOHTHOCTHhlif TI0i(X0/1, IICII0.1b3YJOIUllif llll<J.lOpMal.11!10 06 
yr ne HaKnona TpeKa K ocn Z, nony'le1111y10 ua nomwro nanei(eHiioro oapR;ra. 8io 
II03B0mlIJ0 cy111ecTBeI1110 II0llblCl!Th Hai(C;KH0CTb B0CCTaH0Bnemrn Z-KOOJli(llllaT 
co6bITllH ll ycJJOBIIHX HeOi(H0:JHa•rnocTI! 11;re11TH<fJ11Ka1111ii. 
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6. Ilpone11eua MOJ:1H¢11Ka1.1u.11 nporpaMM o6pa6oTKII i(aHHblX ll ll0CTaH0BKa IIX Ha 
K0MTihJOTep VAX-8350. Han11cau1,1 nporpaMMbI a11an1ma 11annwx n rpa¢n'-le­
~Koro nwno11a p;mi mmyanhuoro.KoHTpomi na nepcoHaIIhHbIX .8BM Tuna IBM­
PC. O6pa6oTaHbl DKcnepHMeHTaIIbHble 11aiin1,1e, nony'-!eHHble B 3KCnepnMeHTe 
no TIOIICKY :ianpeIUeHHoro_'pacn·aAa'.µ+ -+ e+e+e- II m:iy'-!eHIIIO pe)IKoro pac­
nap;a ;r+ -+ e+ v,e+ e-. Cp;enana 01.1eHKa aepxHeii rpa11n1.1w OTHocuTeIIbHOii Be­
po.RTHocTn pacna;ra µ+-+ e+e+e- Ha ypoane R,,_.,, < 3.6 • 10-11 • Ilony'leHa 
oue11Ka nap1.1nanbuoil aepo.11TH0CT11 pacnaµ;a ir+ -+ e+ v,e+ e- oa c'-!eT HaIIll'-111.11 
CTJ)YKTYJ)bl Illl0Ha Rsv ~ ( 4.6± 1.6 ± 0. 7) -10- 10• PeoyIIbTaTbI C00TBeTCTBYIOT 
ypoBHIO Mllp0BbIX J:IOCTHJKeunil. ' .... , 
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