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B nocne,D.HHe ro,D.hi B 3neKTPOHHOH MeTO.D.HKe B <iJHJHKe BhiCOKHX 

3HeprHH OTMeqaeTC.!I 6ypHhiH nporpeCC. IlO.!IBIT.!IIOTC.!I HOBbie ycTaHOBKH 

H3 CUHHTHITIT.!IUHOHHhiX Cl.JeTl.JHKOB H nponopi.J;HOHaiThHhiX H HCKpOBhiX Ka

Mep. AnnapaTypa CTaHOBHTC.!I 6onee CITO*HOH, HO O,D.HOBpeMeHHO ee 

B03MO*HOCTH pacTyT, l.JTO TI03BOIT.!IeT BWTIOITH.!ITh HO~We <iJH3Hl.JeCKHe 

Ja,D.al.JH. 
IlepBhie ycTaHOBKH CO,D.ep*anH B OCHOBHOM nH60 CUHHTHITIT.!IUHOH-

Hhre ro,D.OCKOTihi I 1/ , nu6o HCKPOBhre KaMephr h.JI ; JaTeM no.!IBHnoch 

cTpeMneHHe K o6'he,D.HHeHHIO caoiicTB Tex H ,D.pyrux ,D.eTeKTopoa. MHo

rHMH aaTopaMH 6Lrno noKaJaHo I 4· 51 , '-ITO ycTaHoBKa, co,D.ep*aW:aH 

HCKpOBhie KaMephi H CUHHTHITIT.!IUHOHHhie rO,D.OCKOTihi, OTITHMaiThHa - xo

pornee npOCTpaHCTBeHHOe pa3perneHHe HCKpOBWX KaMep COl.JeTaeTC.!I 

C Ol.JeHh BhiCOKHM apeMeHHhiM pa3perneHHeM CUHHTHITIT.!IUHOHHhiX rO,D.O

CKOTIOB. JICTIOITh3Y.!I CI.J;HHTHITIT.!IUHOHHhie rO,D.OCKOTihi ,D.IT.!I JanycKa HCKpo

BhlX KaMep, MO*HO perHCTpHpOBaTh TOIThKO Te C06hiTH.!I, KOTOphie HH

TepecyiOT 3KCTiepHMeHTaTopa. C TIO.!IBITeHHeM TipOTIOpUHOHaiThHWX Ka

Mep /6. 7·BJ , KOTOphie xapaKTepH3YIOTC.!I BhiCOKHM KaK BpeMeHHhiM, 

TaK H npOCTpaHCTBeHHhlM pa3perneHHeM, CTano Ol.JeBH)J.HhiM, l.JTO TipH-

60phi 3TH MOryT JaMeHHTh H CUHHTHITIT.!II.J;HOHHhie rO,D.OCKOTihi H HCKpO

Bhie KaMepw. OrpaHHl.JHBaeT rnupoKoe ucnonhJOBaHHe nponopu;HoHanh

HhiX KaMep ,D.OBOIThHO BhiCOKa.!l /10t20 $ Ha O)J.HH KaHan/ CTOHMOCTh 

3neKTPOHHKH, o6ecnequaaromeii 3<P<PeKTHBHhiH c'heM HH<iJopMaUHH. B na

CTO.!Illiee apeM.!I pa3pa6aTwaaeTc.!l cneuuanLHa.!l HHTerpanhHa.!l cxe

Ma I 91 , co,D.ep*ar.u;a.!l ace 3neKTPOHHhre cxeMhi .JJ.IT.!I o,D.HOH unu HecKonh

KHX npOBOITOK nponopi.J;HOHaiThHOH KaMepW. IlpH CHH*eHHH CTOHMOCTH 

3neKTpOHHKH nponopu;HoHanbHa.!l KaMepa cTaHeT caMWM yHHBepcanh

HhiM rO,D.OCKOTIHl.JeCKHM ,D.eTeKTOpOM, TaK KaK ee KOHCTPYKUH.!I Ol.JeHh 

npocTa. 
Ha OCHOBe pa6oT, BbiTIOITHeHHhiX BO MHOrHX na6opa TOpH.!IX, 

COCTaaneHa Ta6nHu;a J, KOTOpa.!l CO,D.ep*HT OCHOBHbie napaMeTpbi CUHH

THITIT.!II.J;HOHHhiX rO,D.OCKOTIOB, HCKpOBhiX H TipOTIOpll;HOHaiTbHbiX KaMep. 
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B coapeMeHHLIX ycTaHOBKaX HCKpOBbie KaMepbi 

.[(JUI perHCTpai.(HH KOOp.[(HHaT npOXO.[(.ftii.(HX qaCTHU; CI.(H 

ro.nocKonLI H nponopu;HoHanLHwe KaMepLI cny)l(aT .nn 

BLI6opoqHoro JanycKa, BLI6opoqHo:H perHCTpau;HH, a Ta 

KOOp.[(HHaT, HOHH3ai.(HH, BpeMeHH nponeTa. KaMepa B n 

HOM pe)I(HMe HCDODL3yeTC.ft DOKa pe.[(KO. Ponb rO.[(OCKODl 

I MO)I(HO CBeCTH .[(0: 
,.q 

a/ 0T6opa C06biTHH, 6biCTpbiMH 

cl 
ocyll.(eCTBn.ReMoro 

==~ ~ / cu;HHTHDD.RUHOHHLie ro.nocKon~I, nponopu;HoHanLHLie Ka] 

OPt ~ (.) ~ .[(D.ft JanycKa 6onee Me.nneHHbiX ,[(eTeKTOpOB /HCKp,OBbie 
:siG> Q) ' ~ 

Q) 
a~ 0 C\1 H ~ (.) MepHLie KaMepLI/. 

0~ 
~ 0 =- .:T Q) 1-1 ::= 6/ 0T6opa none3HLIX co6LITHH, nepe.naaaeMLIX B 3BM. 
(.) C\1 ... .:T (.) ... '* r:: 0 ... C\1~ 0 1:1:: ll' 8 0'\ IlpH npoae.neHHH 3KCnepHMeHTOB "on -line" npHMe OQ) Pt 0 ... 0 .. 0'\ 

~m r:: H H 0 C"' 0 H 1\ 
Man Lie 3BM C He60DbWHM 06'beMOM naMHTH /14.15/, 

llpHH.ftTb 3a I.(HKD YCKOPHTeD.R orpaHHqeHHoe KODHqe 

~ J ,npyrHM ljlaJ<TOpOM I 16.17/ npHMeHeHH.R oT6opa nocTyna 

Q) Q) '~ C\1 Q) I.(HH .RBD.ReTC.ft .[(OBODbHO 60DbWOe DO cpaBHeHHIO C Mep'I 

=- (.) ~ 
:2! 0 (.) M Q) nponopUHOHaDbHOH I<aMepbl BpeM.R nepe.naqH .[(aHHbiX Ha : ...... IXI::l! ~ C\1 ' ::It I (.) 

ro OPt (.) H J \00 H H ~ '* B/ MHHHMaDH3ai.(HH BpeMeHH nepe.naqH .[(aHHbiX Ha 3B 
Pta> 0 ... C\1 ... 5 0'\ 11s.I9.2o.I6.Ii 

SJ ~~ Pt C\1 QJ H 0 C\1 C"' 0'\ HOH ynai<oBI<H HHijlopMaUHOHHoro MaccHBa 
r:: • .. ... .. 0 1\ I=: lSI~ 0 0 0 0 ll' 

Cneu;HanLHLie ro.noci<onHqeci<He cHcTeMLI, npe.nHa 
'0 ro Bbi6opoqHOrO 3anyci<a, MO)I(HO pa3.[(eDHTb Ha Te, B I<OT 

E-1 Bbi.[(aqH peweHH.R .ftBD.ReTC.ft HanHqHe onpe.neneHHoro 

a> ::a "i!h 

' 
H Te, B I<OTOpbiX .[(ODODHHTeDbHO Tpe6yeTC.ft BblllODHeHHe 

l::l!r:: 
~ 

I<HHeMaTHqeci<HX H yrDOBbiX 3aBHCHMOCTeH. 
-=:::=o Q) 0 0.[(HOH H3 nepBbiH ycTaHOBOI<, B I<OTOpbiX CI.(HHTHJI 
:sl::t:~ 0 0 (.) M ~ 
~0(.) 1:1:: C\1 ' Q) 

~ Q) .[(OCI<Ollbl nH6o .[(D.ft perHCTpai.(HH I<OOp.[(l 
:Z:ISIO N +N H (.) (.) * 

npHMeH.RDHCb 

:sn::r 1=1: 0 0 ::s 00 H ::= ll' 11:1 0'\ • Janyci<a HCI<pOBbiX I<aMep, .ftBD.ReTC.ft yCTaHOBI<a B!\ 
;::rtJ:o -=: 0 H 0 .... 0 .. 0 0'\ c:.>I=:H (.) H H 0 H H H 1\ 

CHcTeMa 3Ta B03HHI<na Ha 6a3e cyll.(eCTBYIOII.(eH ro.noc1 

TaHOBI<H, I<OTOpOH 6LIDH npH.[(aHbl HCI<pOBbie I<aMepbi. .. 
I 

Q) 

ro :sl 
lXI lXI 1:1:: I 0 ~ Q) Om6op co6btmuii no KOAU'lecmey cpa6ambteaHuii 

0 @ (.) El Q) 
MU Q) Q) 0 
0 ::= S' Pt ::= B pa3HhlX ljlHJHqeCKHX 3I<CnepHMeHTaX Tpe6yeTC 
IJ::Q) ro Q) (f) = b;: 

Q) ~~~ ~ lXI cd Q) :::il • MeH.ReMLie rO.[(OCI<Ollbl O.[(HOBpeMeHHO perHCTpHpOBaD~ 
:s: 0(.)0 Pt lXI Q) Pt 
1:1:: CDM 0 0 ~Q) Pt ~ I<ODHqecTBO qacTHU. Co6wTH.R, B I<OTOpbiX perHCTpH 
Q) ,.q)l:s: lXI ~ Q) c:.>:sl lXI (.) 
I=: ~IXIIl:l ~ ~ 0 IJ::IJ:: :s: HDH MeHLWe npOXO)I(.[(eHHH, OT6paCbiBalOTC.ft. 
lXI (.)«SO i! (.) (.) 1:1:: cdQ) Q) M cpa6aTLI 
0 0 Pt Q) Q) ::= PtE! 0 Q) CaM LIM npOCTbiM ycnoaHeM .RBD.ReTC.ft 

~ ~~:;; Q) ::r ::r Q) ~Q) lXI Pt B 6onLWHHCTBe coapeMeHHhlX cxeM .n;n.R r 
0 ::s :s: lSI ::s c:.>Pt ~ • ro.noci<ona. 

M o:X:CD (f) -=: -=: Q) O(f) Pt i (f) t-4cdt::: «S ~ ~ IE! Ptcd :CD 
:sl 0 ~ C') P-i ~Pt ~ 

• • • • • • • • • H C\1 C"' .:T ll' \0 t- CX) 0'\ I 5 
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B coapeMeHHhlX ycTaHoBKax HCKpoawe KaMepw Hcnonb3YIDTCH 

~nH perHCTpaUHH KOOp~HHaT npOXO~H~HX qacTHU; CUHHTHITITHUHOHHbie 

ro~ocKonbi H nponopuHoHanbHbie KaMepbi cny)l(a T ~nH o6ecneqeHHH 

Bbi60pOlJHOrO 3anycKa, Bbi60p0lJHOH perHCTpaUHH, a TaK)I(e H3MepeHHH 

KOOp~HHaT, HOHH3aUHH, BpeMeHH nponeTa. KaMepa B nponopUHOHanb

HOM pe)I(HMe HCllOITb3yeTCH llOKa pe~KO. Ponb ro~OCKOllHlJeCKHX CHCTeM 

MO)I(HO CBeCTH ~0: 

a/ 0T6opa C06biTHH, OCy~eCTBnHeMOrO 6biCTpbiMH ycTpOHCTBaMH 

I CUHHTHnnHUHOHHbie ro~ocKOllbi, nponopuHoHanbHbie KaMepbi/ I kJ • n 12. 131 
~nH 3anycKa 6onee Me~neHHbiX ~eTeKTOpOB /HCKp,OBbie KaMepbl, CTpH

MepHbie KaMepbi/. 

6/ 0T6opa none3HbiX co6biTHii, nepe~aaaeMbiX B 3BM. 
IJpH npoBe~eHHH 3KCnepHMeHTOB "on-line" npHMeHHIDTCH 06bilJHO 

Manbie 3BM C He60ITbWHM 06'beMOM naMHTH ) 14, 15/, KOTOphle MOryT 

npHHHTb 3a UHKIT yCKOpHTenH orpaHHlJeHHOe KOITHlJeCTBO C06biTHH. 

,ApyrHM <PaKTopoM I 16.171 npHMeHeHHH oT6opa nocTynaro~eil: HH<i>opMa

UHH HBITHeTCH ~OBOITbHO 60ITbWOe no cpaBHeHHID C MepTBbiM BpeMeHeM 

nponopUHOHaiTbHOH KaMepbl BpeMH nepe~alJH ~aHHbiX Ha 3BM. 
B/ MHHHManH3aUHH BpeMeHH nepe~alJH ~aHHbiX Ha 3BM nyTeM nnoT

HOH ynaKOBKH HH<i>opMaUHOHHoro MaccHBa I 18. 19. 20. 16. 17/_ 

CneuHanbHbie ro~ocKonHqecKHe cHcTeMbi, npe~Ha3HalJeHHbie ~nH 

Bbi6opOlJHOrO 3anycKa, MQ)I(HQ pa3~enHTb Ha Te, B KOTOpbiX yCITOBHeM 

Bbi~aqH peweHHH HBnHeTcH HanHlJHe onpe~eneHHoro lJHcna qacTHU, 

H Te, B KOTOpbiX ~OllOITHHTenbHO Tpe6yeTCH BblllOITHeHHe onpe~eneHHbiX 

KHHeMaTHlJeCKHX H yrnOBbiX 3aBHCHMOCTeH. 

0~HOH H3 nepBbiH ycTaHOBOK, B KOTOpbiX CUHHTHITITHUHOHHbie ro

~OCKOllbl npHMeHHITHCb ITH60 ~ITH perHCTpaUHH KOOp~HHaT, nH60 ~nH 
3anycKa HCKpoBbiX KaMep, HBnHeTcH ycTaHOBKa BNLhiijpHc. 1/. 
CHcTeMa 3Ta B03HHKna Ha 6a3e cy~ecTayro~eil: ro~ocKonHqecKoii yc

TaHOBKH, KOTOpOH 6binH npH~aHbl HCKpOBbie KaMepbi. 

Om6op co6btmuu no KOAU~ecmay cpa6ambt6aHuii 

B pa3HbiX <PH3HlJeCKHX 3KcnepHMeHTax Tpe6yeTcH, lJT06bi npH

MeHHeMbie rO~OCKOllbl O~HOBpeMeHHO perHCTpHpOBanH onpe~eneHHOe 

KonHlJeCTBO qacTHU. Co6wTHH, B KoTopwx perHcTpHpyeTcH 6onbwe 

HITH MeHbWe npOXO)I(~eHHH, OT6paCbiBaroTCH. 

CaMbiM npoCTbiM ycnoaHeM HBnHeTCH cpa6aTbiBaHHe ~aHHoro 
ro~ocKona. B 6onbWHHCTBe coapeMeHHhlX cxeM ~nH nponopuHoHanb-
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HhiX I<aMep ,nenaeTCH cneu;uanhHhiH 6biCTpbiH (FAST-OR) unu Me,nneHHhl 
(Mf},f}RY-OR) BhiXO.U: "HJIH". Puc. 2a noi<a3hiBaeT opraHuJau;uiO .Tiorui< 
O,U:HOrO KaHana nponopiJ;UOHaiTbHOH I<aMephi; puc. 26 - O,U:HO U3 B03MO~ 
HhiX peweHUH nocTpoeHuH 6blcTporo Bbixo.na /22/ . BhiXO.U: 3TOT cTpc 
UTCH nyTeM ,nu«<J«<JepeHIJ;HpOBaHHH 16 HCei<I CUrHana U3 ,U:UCI<pUMUHaTC 
pa - ycunuTenH nponopu;uoHanhHOH I<aMephi. IIonyt.IeHHbie curHanhi cpa 
3Y Ha nnaTax o6'he,nuHHIOT no "HJIH" B rpynnax o6hit.IHO no 4. 06'he,U:I! 
HeHHbie UMnynhCbl H3 BCeX nponopiJ;UOHaiTbHbiX I<aMep C COOTBeTCTBeHf 
no,no6paHHbiMH Ja,nep~I<aMu cny~aT curHanoM Janyci<a ycTaHOBI<U 
Ot.IeHb qaCTO 3aMeHHIOT CUrHan , llOCTynaiO~UH OT Teneci<ona U3 CIJ;Hf 
TunnHu;uoHHhiX cqeTt.IUI<OB I 12.1 i· 23.241 . 

Ha puc. 2B noi<a3aH Me,nneHHbiH BhiXO.U: "HJIH", c«iJopMupoaaHHh 
H3 JanoMHeHHbiX noTeHu;uanoB naMHTU. CurHan 3TOT ucnonhJyeTCH .U:J 
o6Hapy~eHuH qacTUIJ;hi, JaperucTpupoaaHHOH Ha ,naHHOH nnaTe. Ha p1 
cyHI<e noi<a3aHbi Tai<~e .nononHuTenhHble cxeMhi ,nnH o,u:Horo I<aHaJ 

nponopu;uoHanhHOH I<aMepbi. 
0T60p C06biTHH no onpe,neneHHOMY I<OITUt.IeCTBY cpa6aTbiBaHI 

ocymecTBnHIOT u;u«<JpoBhiM unu aHanorOBhiM cnoco6oM. I..J,u«<Jpoaoe pew~ 
HHe npuMeHHeTCH B orpaHUt.IeHHOM MaCWTa6e ,U:ITH CUCTeM C He60ITbWU 
I<OITUt.IeCTBOM I<aHanOB, Tal< I<ai< OHO Tpe6yeT 60ITbWOrO I<OITUt.IeCTI 
I<OM6uHaiJ;HOHHhiX cxeM. B 3I<CnepuMeHTe K-p , npoae,neHHOM B SLACI 
HCnOITb30BanOCb u;u«<Jpoaoe Bbi60p0t.IHOe ycTpOHCTBO ,U:ITH Janyci<a CTp 
MepHoH I<aMepbi. 3anyci< npouJao,nuncH B cnyqae npoxo~,neHUH qep~ 
cu;uHTunnHu;uoHHbie ro,noci<onhi 6onbwee t.IeM N qacTuu; IMai<cuMam 
Hoe N = 81. 11H4JopMau;uH u3 ro.noci<onoB nocTynana Ha 16-I<aHanhHh 
6noi< "CAMAC". Ka~,nhiH 6noi< /puc. 31 onpe,nenHn I<onuqecTBO cp~ 
6aThiBaHUH CBOero MaC CUBa, CYMMUpoaan ero C COCTOHHUHMU npe,U:hi.D:J 
mux 6noi<OB u nochman B cne,nyiOmuii. 

B ycTaHOBI<e CERN h5Jpuc. 41 ,nnH uccne.noaaHUH pacna; 
K 0 - Me JOHOB ro.noci<onhi npuMeHHIOTCH ,nnH oT6opa ,nayxqacTHt.IHh .. 
co6hiTHH, nput.IeM .nononHuTenhHhiM I<puTepueM HBnHeTCH napannem 
HOCTh Tpei<OB BToput.IHhiX qacTuu; I c TOt.IHOCThlO .no 1 o I. B ocHOBHa 
norui<a OT6opa CTpOUTCH npu nOMOli.(U 6yneBhiX 3neMeHTOB, HO UHOr) 
npuMeHHeTCH u noporoBaH norui<a I 26.271 • 

}J;nH CUCTeM C 60ITbWUM I<OITUt.IeCTBOM ·I<aHaiTOB O,U:HOrO rO,U:OCI<OI 
npUMeHHlOT 06hlt.IHO aHanorOBbiH MeTO,U: OT6opa I<OITUt.IeCTBa cpa6a Tb 
BaHUH /1 O. 12. 2 2 • 28/ B I<OTOpOM O,U:HOMY cpa6a TbiBaHUlO COOTBe· 
cTayeT onpe,neneHHhiH TOI<, co6upaeMhiH Ha o6meii wuHe. Bhl,neneHJ 
UHTepeCHbiX C06biTUH npOU3BO,U:UTCH C nOMOll.(blO noporOBOrO 3ITeMeJ 
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HhiX KaMep ,D;enaeTCH cneuuanhHhiH 6hiCTPhiH (FAST -OR) unu Me,D;neHHhiH 
(MOORY-OR) BhiXO,D; "HllH" o Puc o 2a noKa3hiBaeT opraHU3aUUIO norUKU 
o,D;Horo KaHana nponopuuoHanhHOH KaMe phi; puc 0 26 - O,D;HO u3 B03MO)I(
HhiX perneHUH nocTpoeHuH 6hiCTporo BhiXO,D;a h2! 0 BhiXO,D; 3TOT cTpo
UTC.II nyTeM ,D;UibibepeHUUPOBaHU.II /6 HCeK/ CUrHana U3 ,D;UCKpUMUHaTo
pa - ycunuTenH nponopuuoHanhHOH KaMe phi. IIony'ieHHhie curHanhi cpa-
3Y Ha nnaTax o6'Le,D;UHHIOT no "HllH" a rpynnax o6hl'IHO no 4o 06'Le,D;u
HeHHhie UMnynhChl U3 BCeX nponopUUOHanhHhiX KaMep C COOTBeTCTBeHHO 
nO,D;06paHHhiMU 3a,D;ep)I(KaMU cny)l(aT CUrHanoM 3anycKa ycTaHOBKU U 
O'ieHh 'iaCTO 3aMeH.IIIOT CUrHan , flOCTynaiOLQUH OT TeneCKOna U3 CUUH
TUnnHUUOHHhlX cqeT'IUKOB I u. 18. 23.24/ 0 

Ha puc o 2B noKa3aH Me,D;neHHhiH BhiXO,D; "lflllf", cibopMUpoaaHHhiH 
u3 JanoMHeHHhiX noTeHuuanoa naMHTUo CurHan 3TOT ucnonhJyeTCH ,D;nH 

o6Hapy)l(eHUH qacTUUhi, JaperucTpupoaaHHOH Ha ,D;aHHOH nnaTeo Ha pu
cyHKe noKa3aHhi TaK*e ,D;ononHuTenhHhle cxeMhl )J.nH o,D;Horo KaHana 

nponopuuoHanhHOH KaMephi. 
0T6op C06hiTUH no onpe)J.eneHHOMY KOnU'ieCTBY cpa6aTh!BaHUH 

ocyiUeCTBnHIOT uulbpoahiM unu aHanoroBhiM cnoco6oM. U:u<lJpoaoe perne
HUe npUMeH.IIeTC.II B orpaHU'ieHHOM MaClllTa6e )J.n.ll CUCTeM C He6onhlllUM 
KOnU'ieCTBOM KaHanOB, TaK KaK OHO Tpe6yeT 6onhlllOrO KOnU'ieCTBa 
KOM6uHauuoHHhiX cxeM. B 3KcnepuMeHTe K-p , npoae.IJ.eHHOM a SLAChi{ 
ucnonh30BanoCh uu<lJpoaoe Bhi60pO'iHOe ycTpOHCTBO )J.n.ll JanycKa CTpu
MepHOH KaMephi. 3anycK npOU3BO)J.UnC.II B cnyqae npOXO)I()J.eHU.II qepe3 
cuuHTunnHUUOHHhie ro)J.OCKonhi 6onhrnee 'ieM N qacTuu /MaKcuManh
Hoe N = 8/. HH<l>opMauuH u3 ro)J.OCKonoa nocTynana Ha 16- KaHanhHhiH 
6noK "CAMAC". Ka)I()J.hiH 6noK /puc. 3/ onpe)J.enHn KonuqecTao cpa-
6aThiBaHuH caoero Maccuaa, cyMMUpoaan ero c cocTOHHUHMU npe.IJ.hi.D.y

IUUX 6noKOB U nOChman B cne)J.yiOIUUH. 
B ycTaHOBKe CERN h5'lpuc. 4/ )J.nH uccne)J.OBaHUH pacna)J.a 

K o- Me 30HOB ro)J.OCKOIThi npuMeHHIOTCH )J.nH oT6opa .IJ.BYX'iaCTU'iHhiX 
C06hiTUH, npu'ieM )J.OITOnHUTenhHhlM ~pUTepueM .IIBn.lleTC.II napannenh
HOCTh TpeKOB BTOpU'IHhlX 'iaCTUU /c TO'iHOCThiO )1.0 1 ° /. B OCHOBHOM 
noruKa OT6opa CTpOUTC.II npu nOMOIUU 6yneBhiX 3neMeHTOB, HO UHOr)J.a 
npuMeHHeTCH u noporoaa.11 noruKa I 26.27/ . 

)];nH CUCTeM C 6onhlllUM KOnU'ieCTBOM ·KaHanOB O)J.HOrO rO)J.OCKOna 
npUMeH.IIlOT 06hi'iHO aHanorOBhiH MeTO)J. OT6opa KOnU'ieCTBa cpa6aThi
BaHUH I I o. 12. 2 2 • 28 I a KoTopoM O.D.HOMY cpa6a ThiBaHuiO cooTaeT
cTayeT onpe)J.eneHHhiH TOK, co6upaeMhiH Ha o6IUeH rnuHe. Bhi.D.eneHue 
UHTepeCHhiX C06hiTUH ITpOU3BO)J.UTC.II C nOMOIUhlO noporOBOrO 3neMeH-
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Pac. 2. a/ Jloraxa :meKTPOHHKH .AJIJI O.AHoro KaHana nponopuaoHaJI&HoA 
K&Mepw, 6/ O.AHH· H3 cnoco6oa nocTpoeHHll 6wcTporo awxo.Aa "HJIH", 
B/ O,AHH H3 Cfi0C060B fiOCTpOeHHll Me,AJieHHOrO BWXO.A& "HJIH". 
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Pac. 3. U:aclJpoaoA oT6op KOJIH'IeCTBa 'I&CTHU a 3KcnepaMeHTe K- p I Jl< 
npoae.AeHHOM a SL'AC . 
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c. 2. a/ JloruKa :meKTPOHRKR .AJill O.AHOro KaHana nponopuuouan&uoA 
eplal, 6/ O.ARH R3 cnoco6oB DOCTpOeHRll 6laiCTporo BlaiXO,Aa "HJIH", 

O,ARH R3 CDOC060B DOCTpOeURll Me,AJieHHOro BlaiXO,Aa "HJIH". 
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e,AeuuoM a SLAG . 
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Ta. IlpH 06bi'IHO HCnOJih3yeMOM KOJIH'IeCTBe l.laCTHU /1 ~8/ Tpe6oBaHHH 
K aHanorosoH: cxeMe He ol.leHh BhiCOKHe. CaMoe npocToe peweHue pea
nuJauuu aHanorosoH: cyMMhi MO:>KHO ocymecTBHTh c noMOIUhiO conpo
THBneHHH, no.n;BeWeHHhiX K Ka:>K,D;OMy JanOMHHaiOIUeMy JJieMeHTY CHCTe
Mhl hoi /puc. Sa/. 

IlpH .D;OBOJibHO 60JibWOM pa36poce noTeHUHaJIOB JIOrHl.J:eCKOH e.n;H· 
HHUhi .n;nH MHKpocxeM cepuu TTL cnoco6 JTOT He O'leHh Ha,ne:>KeH, noJ
TOMY uenecoo6pa3HO npuMeHeHHe .nononHHTenhHhiX TpaHJHCTOPHhiX 
KJIIO'IeH /puc. 56/. IloTeHuuan "1" Tor.na 6y.n;eT paseH HanpH:>KeHHIO 
nHTaHHH. 01.J:eHh XOpOWHe pe3yJibTaTbl .n;aeT npHMeHeHHe TOKOBOrO KJIIO• 
qa I 29/ /puc. Sa/. CTa6unhHOCTh senH'IHHhi TOKa, csu.n;eTeJibCTBYIOIUero 
0 .D;aHHOM Cpa6aTbiBaHHH, JaBHCHT TOJibKO OT nose,neHHH HanpH:>KeHHH 
nepexo,na 3MHTTep-6a3a H OT CTa6HJibHOCTH nHTaiOIUHX HanpH:>KeHHH. 
lionee cno:>KHaH aHanorosaH cxeMa Tpe6yeTCH npu npHMeHeHHH MHKpo
cxeM cepuu ECL .Tpy.n;HOCTH B03HHKaiOT Ja C'leT Toro, 'ITO .D;JIH MHKpo
cxeM JToro Tuna nepena.n noTeHuuana Me:>K.n;y noruqecKHM HyneM H 
e,D;HHHUeH BCero "' 0,8 B, H noTeHUHaJihl 3TH He npHBH3aHbl HH K O.D;HO· 
MY H3 BHeWHHX HanpH:>KeHHH. O.n;HH H3 sapuaHTOB peanuJauuu aHanoro
BOH cxeMhi I 17. 29) noKa3aH Ha puc. Sr. 

,!l;JIH onpe.n;eneHHH KOJIH'IeCTBa cpa6aTbiBaHHH TOKH H3 BCeX KaHa
JIOB co6upa10T nu6o Ha He6onhWOM pe3HCTope /50:.200 OM/, nu6o Ha 
MaJieHhKOM COnpOTHBJieHHH nepexo,na 3MHTTep-6a3a TpaH3HCTOpa, 
BKJIIO'IeHHoro no cxeMe c o6meH: 6aJoH. Tpe6osaHHe, 'IT06hi KonuqecT
so JaperucTpuposaHHhiX qacTHU Haxo.nunocb B npe.n;enax m < N < n , 
MO:>KHO BhlllOJIHHTh C nOMOIUhiO O.D;HOKaHaJibHOrO aHaJIH3a TOpa-/Jo ~~CO
CTaBJieHHOrO H3 .D;BYX .D;HCKpHMHHaTOpOB nOCTOHHHOrO TOKa /pHC. 5.n;/. 
qaCTO B Kal.J:eCTBe noporOBOrO JJieMeHTa npHMeHHIOT TYHHeJibHhiH 
.nuo.n h o( Hy:>KHoe KonuqecTso cpa6a ThiBaHHH cooTseTcTsyeT onpe.ne
neHHOH BeJIH'IHHe TOKa, KOTOpbiH nepe6paCbiBaeT pa6o'lyl0 TO'IKY .D;HO.D;a 
Ha .nuliJiiJYJHOHHYIO qacTh xapaKTepHCTHKH. B JKcnepuMeHTe .n;nH Hly'le
HHH pacna.na K" II 2/ .n;nH Bhi.n;eneHHH IHY:>KHoro KOJIH'IeCTBa cpa6aTLI
saHHH npHMeHHJIHCh .D;Ba 6biCTpbiX .D;HO,D;a C ropH'IHM nepexo.n;OM /HP 
2900/, BKJIIO'IeHHhiX B o6paTHhiX HanpasneHHHx/puc. 5:>K/. CxeMa pa-
6oTana no cne.n;yiOIUeMy npuHuuny. Ka:>K.n;oMy cpa6aThiBaHHIO KaHana 
ro.nocKona cooTBeTCTByeT TOK I . BenH'IHHa 3a.n;aromero TOKa 1

5 

liJuKcupyeTCH a JaBHCHMOCTH oT KOJIH'IeCTBa cpa6oTaswux KaHanos N, 
KOTOpoe ,nacT BbiXO.D;HOH HMnyJihC. EcnH Beca BXO.D;OB O.D;HHaKOBhl , 
TOK I BhiCTaBnHeTCH .no [ (2 N- 1) I 2 J ·I .D;JIH :>KenaeMoro Janaca 
npOTHB noMex H pa36poca napaMeTpos ~oMnoHeHTOB. AHanorosyiO 
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Puc. 5. AuanoroBbie MeTO,IJ;bl orrpe,IJ;eneHuH KonuqecT 
ro,IJ;ocKorra: a/ rrpocToH crroco6 peanu3auuu auanorc 
MOUibiO pe3UCTOpOB, 6/ auanoroBaH CYMMa C <lJuKCUpOI 
IIOTeHUUaJIOM, B/ TOKOBbiH KJIIO'I KaK 3a,IJ;aiOUIUH JJI~ 
cyMMbi, r/ cxeMa auanoroao8 cyMMbi ,IJ;JIH MuxpocH 
HU3aUUH O,II;HOKaHaJibHOrO aHaJIU3aTopa, ej TYHHeJibHL 
IIOpOrOBOrO 3JieMeHTa, >K/ UCIIOJib30BaHUe ,IJ;BYX ,II;UO,II;I 
3JieMeHTa, 3/ auanoroaan cyMMa peanu3oaaua c rro1 
UUaJibHOrO YCUJIUTeJIH. 

, .. .... , .. 
• 

a/ 6/ 

Puc. 6. a/ MeTo,IJ; rro,IJ;aaneuun coce,IJ;uux cpa6aTJ 
6/ Bbi60pO'IHaH 30HOBaH perUCTpaUUH 'laCTUU. 

II 



o6hi'IHO HCIIOnhJyeMOM KOnH'IeCTBe qacTHU /1 ~8/ Tpe6oBaHHH 

aoH: cxeMe He o'leHh BhiCOKHe. CaMoe llpocToe perneHHe pea

HanoroaoH: cyMMhl MO)KHO OCyi.UeCTBHTh C IIOMOII.(hlO COIIpo

' IIO,n;BellleHHhiX K Ka)K,ll;OMY JaiiOMHHalOII.(eMy JneMeHTY CHCTe

pHc. Sa/. 
,ll;OBOnhHO 6onhlli0M pa36poce IIOTeHUHanOB norH'IeCKOH e,n;H-

MHKpOCXeM cepHH TTL c11oco6 3TOT He oqeHh Ha,n;e)KeH, II03-

ecoo6pa3HO llpHMeHeHHe ,ll;OIIOnHHTenhHhiX TpaH3HCTOpHhiX 

pHC. 56/. iloTeHI.(Han "1" TOr,n;a 6y,n;eT paBeH HallpH)KeHHlO 

OqeHh xopornHe peJynLTaThi .n;aeT llpHMeHeHHe TOKoaoro KnJO

HC. Sa/. CTa6HnhHOCTh aenH'IHHhi TOKa, CBH,n;eTenhCTBYJOI.Uero 

cpa6aThiBaHHH, JaBHCHT TOnhKO OT IIOBe,n;eHHH HallpH)KeHHH 

3MHTTep-6a3a H OT CTa6HnhHOCTH IIHTalOII.(HX HallpH)KeHHH. 

O)I(HaH aHanoroBaH CXeMa Tpe6yeTCH llpH llpHMeHeHHH MHKpo

HH ECL .Tpy,n;HocTH BOJHHKalOT Ja cqeT Toro, 'ITO ,n;nH MHKpo

ro THIIa 11epe11a,n; IIOTeHuHana Me)K,n;y norH'IeCKHM HyneM H 

BCero "' 0,8 B, H IIOTeHI.(Hanhi 3TH He 11pHBH3aHhl HH K O,ll;HO" 

rnHHX HallpH)KeHHH. O,n;HH H3 aapHaHTOB peanHJaUHH aHanoro-

hi 117.29/lloKaJaH Ha pHc. Sr. 

Ollpe,n;eneHHH KOnH'IeCTBa cpa6aThiBaHHH TOKH H3 BCeX KaHa· 

palOT nH60 Ha He6onhlliOM pe3HCTOpe /50;200 OM/, nH60 Ha 

M collpOTHBneHHH 11epexo,n;a 3MHTTep-6aJa TpaHJHCTopa, 

oro 110 cxeMe c o6meH: 6aJoii. Tpe6oaaHHe, 'IT06hi KOnH'IeCT

HCTpHpoBaHHhiX qacTHU Haxo,n;HnOCh B 11pe.n;enax m < N < n , 
monHHTh c IIOMOIUhlO o,n;HoKaHanLHoro aHanHJa Topa-I Io 1-, co

oro H3 .Il:BYX ,ll;HCKpHMHHaTOpOB IIOCTOHHHOrO TOKa /pHC. 5,n;/. 

KaqecTBe 11oporoaoro JneMeHTa llpHMeHHlOT TYHHenhHhl~ 
~ Hy)KHOe KOnH'IeCTBO cpa6a ThiBaHHH COOTBeTCTByeT 011pe,n;e

'enH'IHHe TOKa, KOTOphiH llepe6paChiBaeT pa6o'lyl0 TO'IKY ,ll;HO,ll;a 

3HOHHYlO qacTh xapaKTepHCTHKH. B 3KCIIepHMeHTe ,n;nH HJyqe

a,n;a K" h 2/ ,n;nH Bhi.n;eneHHH HY)KHOro KOnH'IeCT:f¥1. cpa6aThi" 

HMeHHnHCh ,ll;Ba 6hiCTphiX ,ll;HO,n;a C ropH'IHM llepeXO,ll;OM /HP 

KnlO'IeHHhix B o6paTHhiX HallpaaneHHHx/pHc. 5)1(/. CxeMa pa

o cne,n;yJOmeMy llpHHUHIIY. Ka)K,n;OMY cpa6aThiBaHHlO KaHana 

a cooTBeTCTByeT TOK I . BenH'IHHa Ja,n;a10mero TOKa Is 
TCH B 3aBHCHMOCTH OT KOnH'IeCTBa cpa6oTaBlliHX KaHanoB N, 
.n:acT Bhixo.n;Hoii HMIIY1IhC. EcnH aec a axo.n;oa o,n;HHaKOBhi , 

BhiCTaBnHeTCH ,n;o [ (2 N- 1) 12 J ·I ,n;nH )KenaeMoro 3a11aca 

OMex H pa36poca llapaMeTpoB ~OMIIOHeHTOB. AHanoroaylO 
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PHc. 5. AHanoroBbie MeTO,IJ;bi orrpe,neneHHH KOJIH'IeCTBa cpa6aTbiBaHHif 
ro,nocKorra: a/ rrpocToii: cnoco6 peanHJaUHH aHanoroaoii: cyMMbi c no
MOIUbiO pe3HCTOpOB, 6/ aHaJioroBaH CYMMa C $HKCHpOBaHHbiM 3a,naiOIUHM 
IIOTeHUHaJIOM, B/ TOKOBbiH KJIIO'I KaK 3a,IJ;aiOIUHH 3JieMeHT aHaJIOrOBOH 
cyMMbi, r / cxeMa aHanorosoii: cyMMbi ,nJIH MHKpocxeM E C L. .n/ opra
HH3aUHH O,IJ;HOKaHaJibHOrO aHaJIH3aTopa, e/ TYHHeJibHl.IH ,IJ;HO,IJ; B Ka'leCTBe 
noporosoro 3JieMeHTa, )1(/ HCIIOJib30BaHHe ,nsyx ,nHo,noB KaK noporosoro 
3JieMeHTa, 3/ aHaJIOrOBaH CYMMa peaJIH30BaHa C IIOMOIUbiO ,nH4J4JepeH
UHaJibHOrO yCHJIHTeJIH. 

c.lll c.•• 

G 

i 

a/ 6/ 

PHc. 6. a/ MeTo.n no,nasneHHH coce,nHHX cpa6aTbiBaHHH ro,nocKona 
6/ Bbi60pO'IHaH 30HOBaH perHCTpaUHH 'laCTHU. 
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II CYMMY TaK>Ke MO>KHO OCyi.QeCTBHTb, HCDOITb3YH ~H$$epeHu;HaiTbHbiH 
yCHITHTenb ful /pHC. 53/ C rny60KOH o6paTHOH CBH3bl0. 

Cyi.QecTBeHHbiM MOMeHTOM, orpaHH'IHBaiOII.lHM 3$$eKTHBHOCTb oT-

6opa, HBnHeTCH CBOHCTBO rO~OCKOTIOB, 3aKITIO'IaiOI.QeeCH B cpa6aTbiBaHHH 

B KaKOM-TO npou;eHTe cnyqaea HeCKOITbKHX COCe~HHX KaHanOB npH 

npoxo>K~eHHH o~HOH qacTHU:bi. ,lJ;nH nponopu;HoHanbHOH KaMepbi nonyqa

eTCH B cpe~HeM 4,5o/o ~BOHHbiX cpa6aTbiBaHHHH0,5o/o- TpOHHbiX fJ1.32( 
Co6biTHH 3TH MO>KHO npocTo oT6pacbiBaTb. llpHMeHeHHe B cHcTeMe 

y>Ke 10 KaMep CHH>KaeT 06I.Qy10 3$$eKTHBHOCTb OT6opa ~0 "" 60o/o. 

llpOCTbiM pemeHHeM 3TOH np~6neMbl }IBITHeTCH BKITIO'IeHHe COCe~HHX 

KaHanoB Ha aHTHCOBDa~eHHH 10 ' 28• 29 1 /pHC. 6a/, O~HaKO npH 3TOM 

TepHeTCH TO'IHOCTb perHCTpai.J;HH. 

B ycTaHOBKax c HCKPOBbiMH KaMepaMH a HHTeHCHBHbiX ny'IKax 

nH60 B DpHCYTCTBHH CHITbHOrO $oHa Cyi.QeCTByeT npo6neMa perHCTpai.J;HH 

$OHOBbiX HCKp, 'ITO 'laCTO npHBO~HT K 3Ha'IHTenbHOMY yaenH'IeHHIO 

o6beMa perHcTpHpyiOI.QeH: annapaTypbi. 

,lJ;nH perHCTpai.J;HH TOITbKO none3HbiX TpeKOB MO>KHO HCDOITb30BaTb 

rH6pH~HYIO CHCTeMy, COCTOHI.QYIO H3 HCKpOBbiX KaMep H 6biCTpbiX 

ro~ocKonoa I 3 3/. 3neKTPOHHaH norHKa MO>KeT 6biTb nocTpoeHa TaKHM 

o6pa30M, 'IT06bl perHCTpHpOBanHCb KOOp~HHaTbl TpeKOB TOITbKO H3 

pailoHoB, H36paHHbiX cooTBeTCTBYIOI.QHMH 30HaMH ro~ocKonoa I 241 • 

Ha pHc. 6r BH~Ho, 'ITO, HanpHMep, TpaeKTOPHH onpe~enHeTCH 

coana~eHHHMH 30H z • x· u . 

Om6op pacceJIHHblX co6btmuu 

ropa3~o cno>KHee BbirnH~HT npo6neMa oT6opa pacceHHHbiX co6bi

THH, TaK KaK B 3TOM cnyqae Heo6xo~HMO Bbi'IHCnHTb yrnbi pacceHHHH. 

PemeHHe MO>KeT 6b1Tb Bbipa6oTaHO C DOMOII.lbiO MaTpHI.J; CXeM COBDa~e

HHH 127.341 , aHanoroaoH: CHCTeMbi I 10~341 HnH u;H$poaoro npou;ec

copa 114.15>351 Cno>KHaH cHcTeMa JanycKa HCKPOBbiX KaMep npH

MeHHnacb a 3KcnepHMeHTe CERN no Hccne~oaaHHIO pacceHHHH nHOHOB 

Ha nonHpH3oaaHHOH MHmeHH I 131 /pHc. 7 I. 3anycK npoHcxo~HT TonbKO 

a cnyqae ynpyroro pacceHHHH Ha cao6o~HOM npoToHe, KOTOpbiH 

xapaKTepH3yeTCH KHHeMaTH'IeCKOH 3aBHCHMOCTbiO yrnOB ()I> H 0 
H TeM, 'ITO TPH qacTHU:bl ne>KaT a o~Hoil nnocKocTH. ro~ocKon H: 
/24 cu;HHTHnnHTopa/ onpe~enHeT HanpaaneHHe na~aiOI.Qero nHoHa, 

H 2, H 3 , H 4 I cooTBeTCTBeHHO 8, 9, 14 CU:HHTHnnHTopoa/ onpe~enHIOT 
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K>Ke MO>KHO OCyll.leCTBHTb, HCTI0Jib3YH ,IJ;HdJdJepeHI.J;HaJibHbiH 

I 11/ jpHC. 53/ c rny6oKoii o6paruoii CBH3bl0. 

CTBeHHbiM MOMeHTOM, OrpaHH'IHBaiOIUHM 3$$eKTHBHOCTb OT

eTC.R CBOHCTBO rO,IJ;OCKOTIOB, 3aKJIIO'IaiOll.leeCH B cpa6aTbiBaHHH 

0 npou;eure cnyqaea uecKOJibKHX coce,IJ;HHX Kauanoa npH 

HH O,II;HOH qaCTHI.J;bl. ,!J,JIH nponopi.J;HOHaJibHOH KaMepbi TIOJiy'la.

,IJ;He M 4, 50/o ,IJ;BOHHbiX cpa6a TbiBaHHH H 0, 50/o - TpOHHbiX IJ 1.3 2( 

3TH MO>KHO npOCTO OT6paCbiBaTb. fipHMeHeHHe B CHCTeMe 

aMep CHH>KaeT 06IUYIO 3$$eKTHBHOCTb OT6opa ,IJ;O "" 600/o. 

peweHHeM 3TOH np~6JieMbl ,.RBJIHeTCH BKJIIO'IeHHe COCe,IJ;HHX 

a aHTHCOBTia,IJ;eHHH 10 ' 28' 29 / /pHC. 6a/, O,IJ;HaKO npH 3TOM 

O'IHOCTb perHCTpau;HH. 

TaHOBKaX C HCKpOBbiMH KaMepaMH B HHTeHCHBHbiX TIY'IKaX 

cyTCTBHH CHJibHOrO dJoua Cyll.leCTByeT npo6JieMa perHCTpai.J;HH 

CKp, 'ITO 'laCTO TipHBO,IJ;HT K 3Ha'IHTeJibHOMY yBeJIH'IeHHIO 

rHcTpHpyiOmeii annapa TYPbl. 

perHCTpau;HH TOJibKO TIOJie3HbiX TpeKOB MO>KHO HCTIOJib30BaTb 

CHCTeMy, COCTOHIUYIO H3 HCKpOBbiX KaMep H 6biCTpbiX 

a I 3 3/. 3neKTpouua.R norHKa MO>KeT 6biTb nocTpoeua TaKHM 

'IT06bi perHCTpHpOBaJIHCb KOOp,II;HHaTbl TpeKOB TOJibKO H3 

H36paHHbiX cooraeTCTBYIOIUHMH 30HaMH ro,IJ;OCKonoa I 241 . 

6r BH,IJ;HO, 'ITO, uanpHMep, TpaeKTOpHH onpe,IJ;eJIHeTC.R 

HMH 30H z• x• u. 

'P pacce.RHHblX co6&l11lUU 

3,IJ;O cno>Kuee BbirJIH,IJ;HT npo6neMa or6opa pacceHHHbiX co6bi

KaK B 3TOM CJiyqae He06XO,IJ;HMO Bbi'IHCJIHTb yrJibl pacce.RHHH. 

MO>KeT 6biTb Bblpa6oTauo c noMOIUbiO MaTpHu; ex eM coana,IJ;e-

41 , auanoroaoii cHcreMbi I 10.J41 HJIH UH$poaoro npou;ec

ol5.J51 CJIO>KHaH CHCTeMa 3anycKa HCKPOBbiX KaMep npH

B 3KcnepHMeure CERNno HCCJie,IJ;oBaHHIO pacceHHHH nHouoa 

3oaauuoii MHWeHH I 131 /pHc. 7 I. 3anycK npoHcxo,IJ;HT TOJibKO 

ynpyroro pacceHHHH Ha CB060,IJ;HOM npOTOHe, KOTOpbiH 

3yeTCH KHHeMa TH'IeCKOH 3aBHCHMOCTbiO yrJIOB () p H () 
11 

0 TPH 'laCTHUbl Jie>KaT B O,IJ;HOH llJIOCKOCTH. ro,IJ;OCKOTI H 1 

THJIJIHTopa/ onpe,IJ;enHeT uanpaaneuHe na,IJ;aiOll.lero nHoua, 

II 4 I cooTaeTcraeuuo 8, 9, 14 CUHHTHJIJIHTopoa/ onpe,IJ;eJIHIOT 
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HanpaaneHHe npoToHa oT,IJ.a"'H, H5 , H 6 /no 16 c"'eT"'HKOB/ ,IJ.aroT Hanpaa
neHHe pacceHHHoro nHoHa. 3a,IJ.a"'eil 6blcTpoH: norHKH /MaTpHUbi coana

,IJ.eHHH/ HBnHeTCH OT6op Cpe,IJ.H 6onee 6 MHnnHOHOB KOM6HHaUHH Tex, 

KOTOpble COOTBeTCTByiOT ynpyrOMy pacceHHHIO. TpH MaTpHUbl onpe,IJ.enx

lOT yrnbl (}p , (} 
17 

H HX KoppenHUHH, ,IJ.Be cne,IJ.yiOIUHe - nnoCKOCTb 

B3aHMO,IJ.eHCTBHH. BpeMH perneHHH cocTaanxeT "' 80 HCeK. CHcTeMa 

6hlna nocTpoeHa Ha HHTerpanbHbiX cxeMax MECL II /oKono 1500 lliT./. 

llpoaepKa Ha ny"'Ke .D.ana pe3ynbTaT: TpH none3HbiX co6biTHH Ha l.feTbipe 

3anycKa /6e3 Bbi60p01.J:HOH CHCTeMbl 6bin0 3:20/. 
B IJ61npe,IJ.naranocb ,IJ.nH 3KcnepHMeHTOB no pacceHHHIO l.faCTHU 

Ha Manhle yrnbl HCnOnb30BaTb "KO,ll.HpOBaHHbiH" rO,IJ.OCKOn C 6biCTpOH 

norHKOH. llpHMeHeHHe "KO,ll.HpOBaHHbiX" ro,IJ.OCKOnOB ,IJ.aeT 3Ha1.J:HTenbHbiH 

BbiHrpbllll B KOflH\feCTBe clJOTOYMHO)I(HTeneH H o6opy,IJ.OBaHHH, O,IJ.HaKo, 

HMeeT H CBOH He,IJ.OCTaTKH, CBH3aHHbie, B OCHOBHOM, C nOHH)I(eHHeM 

34JclJeKTHBHOCTH H yBenH"'eHHeM "'HCna cnyl.faHHbiX OTC\feTOB ,!J.flH Ka)I(,IJ.OrO 

OT ,IJ.enbHOrO KaHana. Pernaromax CHCTeMa OCHOBaHa Ha UHclJpoBOH norHKe, 

pa6oTaroll\eH Ha qacToTe 50 Mru. BpeMx perneHHH - 200 HCeK. 

B Hci>B3 npHMeHxnocb apHclJMeTHl.fecKoe ycTpoilcTBO ,IJ.nx Bbi,IJ.ene

HHH napannenbHbiX TpaeKTOpHH. 

,lJ;aHHbie H3 ,IJ.BYX rO,IJ.OCKOnOB 3aHOCHflHCb B ,IJ.Ba perHCTpa C,!J.BHra 

/pHc. 8/. reHepaTopoM qacoa JaHeceHHbie 6HTbi cMemanHcb aneao, 

H B MOMeHT nOHBfleHHH e,IJ.HHHUbl Ha BbiXO,IJ.e perHCTpa nepecTaBanH 

pa6oTaTb 6HHapHbie Cl.feT"'HKH. 3arnH4JpoBaHHaH TaKHM o6pa30M HHclJop-" 

MaUHH 0 MecTe npOXO)I(,IJ.eHHH l.faCTHUbl cpaBHHBanaCb KOMnapaTOpOM 

H B cnyqae BbmonHeHHH ycnoBHH Ha napannenbHOCTb oT6pacblaanacb 

C E03clJclJHUHeHTOM no,IJ.aBneHHH 3."5. 
EcnH Tpe6yeTcH Bbi,IJ.enHTb onpe,IJ.eneHHbiH yron pacceHHHH qacTHUbi 

Ha MHllleHH, TO HY)I(Hbl no KpaHHeH Mepe no TpH ro,IJ.OCKOna ,IJ.flH nno

CKOCTeH X H Y. Onpe,IJ.enxeTCH yron axo,IJ.a qacTHUbi B MHllleHb H yron 

ee BbiXO,IJ.a /pHC. 9/. 
3a,IJ.a1.fa CBO,!J.HTCH K pellleHHIO ypaB\{eHHH: 

[(X 4 -X 3 )- (X 2 - X1 Jl > (}, 

KOTopoe npH o6'be,IJ.HHeHHH clJYHKUHH ro,IJ.ocKonoa H 
cne,IJ.yiOIUHH BH,IJ.: 

,JC2 

Ax - Bx + Cx - DJ > 0 
1 2 4 - ' 

14 

/1/ 

H H npHHHMaeT 
"3 

/2/ 

:r 

AaNNOir. ro1 

PHc. 8. ApHij!MeTH1.fecKoe ycTpoilcTBO .nn.R Bbi.neneHI! 
Tpae.KTOpHH. 

T 

b«<m I e \ -I (:1•---- ---4----· 
Hflt,Hw HAII•H•r H~11,H:~r 

ex 

PHC. 9. ro,ll;OCKOnH1.feCKa.R CHCTeMa ,ll;fl.R perHCTpaUHH 
HHJI. 

15 



HHe npoToHa OT,IJ,a'IH, H5 , H 6 /no 16 C'leT'IHKOB/ .naroT Hanpas
ce.RHHoro nHoHa. 3a.naqeif 6hiCTpoii norHKH /MaTpHI.J;bi cosna

sn.ReTC.R OT60p cpe,U,H 6onee 6 MHnnHOHOB KOM6HHai.J;HH Tex, 
cooTBeTcTsyroT ynpyroMy pacce.RHHIO. TpH MaTpHu;hi onpe.nen.R-

e 0 H HX I<Oppen.RI.J;HH, ,IJ,Be cne,IJ,ylOI.I.J;He - nnOCKOCTb 
p ' 1T 

ifcTBH.R. BpeM.R peweHH.R cocTasn.ReT "' 80 Hcex. CHcTeMa 
TpoeHa Ha HHTerpanbHbiX cxeMax MECL II /oxono 1500 WT./. 
Ha nyqxe .nana pe3ynbTaT: TPH none3HbiX co6hlTH.R Ha 'leTbipe 
6e3 Bbi60pO'IHOH CHCTeMbl 6binO 3:20/. 
36/npe.nnaranoch .nn.R JKcnepHMeHTOB no pacce.RHHIO qacTHU 

yrnhl Hcnonh30BaTb "xo.nHposaHHbiH" ro.nocxon c 6biCTpoii 
llpHMeHeHHe "KO,IJ,HpOBaHHbiX" rO,IJ,OCKOnOB ,IJ,aeT 3Ha'IHTenbHbiH 

B KOnH'IeCTBe $OTOYMHO*HTeneif H o6opy,IJ,OBaHH.R, O,IJ,HaKO, 
CBOH He,IJ,OCTaTKH, CB.R3aHHbie, B OCHOBHOM, C nOHH*eHHeM 
OCTH H ysenH'IeHHeM 'IHCna cny'laHHbiX OTC'IeTOB ,IJ,n.R Ka*,IJ,OrO 

ro KaHana. Pewaroi.I.J;a.R CHCTeMa OCHOBaHa Ha UH$pOBOH norHKe, 
eii Ha qacToTe 50 Mru;. BpeM.R peweHH.R - 200 Hcex. 

cl>B3 npHMeH.RnOCb apH$MeTH'IeCKOe ycTpOHCTBO ,IJ,n.R Bbi,IJ,ene • 

nenbHblX TpaeKTOpHH. 
Hble H3 ,IJ,BYX rO,IJ,OCKOnOB 3aHOCHnHCb B ,IJ,Ba perHCTpa C,!J,BHra 
. reHepaTopoM qacos 3aHeceHHbie 6HTbi cMell.lanHcb aneao, 
eHT nO.RBneHH.R e,IJ,HHHI.J;bl Ha BbiXO,IJ,e perHCTpa nepecTaBanH 
6HHapHbie C'leT'IHKH. 3awH$poBaHHa.R TaKHM o6pa30M HH$op·" 
MeCTe npOXO*,lJ,eHH.R 'laCTHI.J;bl cpaBHHBanaCb KOMnapaTOpOM 

ae BbmonHeHH.R ycnoBH.R Ha napannenbHOCTb oT6pacbiBanacb 
HeHTOM no.nasneHH.R 3 ... 5. 
Tpe6yeTc.R Bhi.nenHTb onpe.neneHHbiH yron pacce.RHH.R qacTHUbi 

H, TO HY*Hbi no xpaiiHeii Mepe no TPH ro.nocxona .nn.R nno
X H Y. Onpe.nen.ReTC.R yron sxo.na qacTHI.J;bi B MHWeHh H yron 
a /pHC. 9/. 
aqa CBO,!J,HTC.R K peweHHIO ypaBHeHH.R: 

4 -x 3 J - r x 2 - X1 J I > e , 

npH o6'be,IJ,HHeHHH $yHKUHH ro.nocxonos H 
H BH,IJ,: ·"2 

Ax
1

- Bx
2 + Cx4 - Di ~ 0, 

14 

/1/ 

H H npHHHMaeT 
"3 

/2/ 

~ 

JLaHNOie ro1 

PHc. 8. ApHcl>MeTH'Iecxoe ycTpoiicTBO .niiJI Bhi.neneHHJI napannenbHbiX 
Tpae.I<TOpHH. 

beam I 
H111,Hw H•11•H•r H~11 • H:Jy Hc,,H4y 

ex 

PHC. 9. ro,lJ,OCI<ODH'IeCJ<aJI CHCTeMa ,lJ,nJI perHCTpaUHH C06b1THH pacceJI· 
HHJI. 

15 



II r.u.e A , B , C , D - K03!}l!}luu;ueHTLI, 3aBUC.RII.J;ue OT 6a3 ycTaHOBKU 

u maroa ro.u.ocKonoa hal. 
B 3KcnepuMeHTaJILHLIX ycnoau.Rx KaK 6a3LI ycTaHOBKU, TaK u waru 

.IJ.eTeKTOpOB MOryT npUHUMaTL pa3JIU':IHLie 3Ha':leHU.R U MOryT MeH.RTbC.R 

DO XO.IJ.Y ODLITa. AHaJioroBa.R CUCTeMa ho/ /puc. 10/ npUMeHUMa .IJ.JI.R 

JIJ06LIX reoMeTpU':IeCKUX napaMeTpOB YCTaHOBKU, DOCKOJILKY BCe KOH· 

CTaHTbl DO.IJ.6Upa10TC.R C DOMOII.J;biO reJIUDOTOB. ,!J;JI.R KOJIU':IeCTBa KaHaJIOB 

DpODOpi.J;UOHaJILHOH KaMepbl COOTBeTCTBeHHO /16, 16, 40/ TO':IHOCTb 

peweHu.R nonyqanacL ±1 npoaonoKa npu ycnoauu, ':ITO qepe3 KaMepLI 

B .IJ.aHHLIH MOMeHT npOXO.IJ.UJia O.IJ.Ha U TOJILKO O.IJ.Ha ':laCTUI.J;a. PeweHue 

BLipa6aTLIBanocL 3a 300 HCeK. B 3TOM MeTo.u.e TO':IHOCTL aHanoroBLix 

CXeM orpaHU':IUBaeT B03MO)KHOe pa3peweHUe CUCTeMLI .IJ.O ±1 0/o OT 06II.J;ero 

KOJIU':IeCTBa KaHaJIOB, DpUTOM BeCLMa Cyii.J;eCTBeHHbiM .RBJI.ReTC.R BpeMeH

HOH U TeMnepaTypHLIH .IJ.peii!}J napaMeTpOB CUCTeMLI. 

L(u!}JpOBOe YCTpOHCTBO He UMeeT 3TUX He.IJ.OCTaKOB, HO ero JierKO 

DOCTpOUTb TOJILKO .IJ.JI.R OpOCTLIX ':IUCeJI K03!}l!}luu;ueHTOB OT6opa. llpu 

O.IJ.UHaKOBbiX 6a3aX ]CTaHOBKU U O.IJ.UHaKOBbiX Warax .IJ.eTeKTOpOB DOJiy

qaeTC.R npocToe ypaaHeHue: 

1 x - 2x + x - Dr > e , 
1 2 4 - /3/ 

KOTopoe .u.oaoJILHO npocTo pewuTL u;u!}lpoBLIM npoueccopoM 
1 35fpuc. 11/. 

B 3KCnepuMeHTe IJ91 .IJ.JI.R uccne.u.oaaHU.R ynpyroro pacce.RHU.R 

':laCTUII BLICOKUX 3HeprUH B .IJ.UaOa30He 40-60 r 3B DpUMeH.RJIC.R apu!}JMe

TU':IecKuii npoueccop I 141 c uenLIO no.u.aaneHU.R np.RMLIX npoxO)K.IJ.eHuii. 

ro.IJ.OCKODU':IeCKa.R YCTaHOBKa COCTO.RJia U3 Tpex CIIUHTUJIJI.RI.J;UOHHLIX 

rO.IJ.OCKODOB B Ka)K.IJ.OH DJIOCKOCTU C KOJIU':IeCTBOM KaHaJIOB COOTBeTCTBeH

HO /16, 16, 36/ U waraMU .IJ.eTeKTOpOB /3, 3,5 MM/. PewaJIOCb ypaBHe

HUe: 

[2x 1 -3x 2 +2x
4

-Dj<O. /4/ 

Ha puc. 12 noKa3aHa 6noK-cxeMa npoueccopa, aHa puc. 13 - BHewuuH: 

au.u. ycTpoiicTBa. Apu!}!MeTU':IecKue onepau;uu BLIDOJIH.RJIUCL napan

JieJILHo-acuuxpoHHLIM MeTO.IJ.OM /MuKpocxeMLI 1'TL/. BpeM.R peweuu.R 

16 

'I 
,I' 
tl 

--{· 

Puc. 10. linoK·cxeMa aHanoroaou pewaJOJ.Qeu _:meKT 

X2 X3 

(><, ·•a>/.1 liS 

COMPARAlOR 

(><,•lfa)A•Ka 11 
(..,•x•VL•K~ !1 

PARTICLE WAS DEFLECTED 

Puc. 11. OpraHuJauuH uu<i>poaoro npoueccop• 

17 



, c , D - xo3d>d>uuueHThi, 3aBHCHIUHe OT 6a3 ycTaHOBKH 

OCKOOOB I 381. 
nepHMeHTaJibHbiX yCJIOBHHX KaK 6a3bl YCTaHOBKH, TaK H warH 

MOryT npHHHMaTb pa3JIH':IHbie 3Ha':leHH11 H MOryT MeH11TbC11 

biTa. AHanorosaH cucTeMa hoi /puc. 10/ npuMeHHMa .n;n11 

eTpH':IeCKHX napaMeTpOB YCTaHOBKH, OOCKOJibKy BCe KOH-

6upaiOTC11 C OOMOIUbiO reJIHOOTOB. ~JI11 KOJIH':IeCTBa KaHaJIOB 

aJihHOH KaMepbl COOTBeTCTBeHHO /16, 16, 40/ TO':IHOCTb 

nyqanach ±1 npoaonoxa npu ycnoBHH, ':ITO qepe3 xaMepbi 

OMeHT npOXO.D;HJia O.D;Ha H TOJibKO O.D;Ha ':laCTHUa. PeweHHe 

noch 3a 300 Hcex. B 3TOM MeTo.n;e TO':IHOCTb aminorOBhiX 

H':IHBaeT B03MO:>KHOe pa3peWeHHe CHCTeMbi.D;O ±1 o/o OT 06ll(ero 

KaHaJIOB, npHTOM BeCbMa Cyll(eCTBeHHbiM 1IBJI1IeTC11 BpeMeH

paTypHbiH .n;peiicP napaMeTpOB CHCTeMbl. 

BOe ycTpOHCTBO He HMeeT 3THX He.D;OCTaKOB, HO ero nerKO 

TOJibKO .D;JI11 npOCTbiX ':IHCeJI K03cPcPHUHeHTOB OT60pa. flpH 

6a3aX _ycTaHOBKH H O.D;HHaKOBbiX warax .D;eTeKTOpOB OOJiy

TOe ypaBHeHHe: 

2x + x - Dr > e , 
2 4 - /3/ 

OJibHO npOCTO peWHTb UHcPPOBbiM npoueccopoM IJ 5fpuc. 11/. 
cnepuMeHTe I 391 .n;n11 uccne.noaaHHH ynpyroro pacceHHHH 

OKHX 3HeprHH B .D;HaOa30He 40-60 r 3B npHMeH1IJIC11 apHcPMe

poueccop l14l c uenbro no.n;aaneHHH npHMhiX npoxo:>K.n;eHHii. 

ecxa11 YCTaHOBKa COCTOHJia H3 Tpex CUHHTHJIJIHUHOHHbiX 

B Ka:>K.D;OH OJIOCKOCTH C KOJIH':IeCTBOM KaHaJIOB COOTBeTCTBeH-

36/ H waraMH .n;eTexTopoa /3, 3,5 MM/. Pewanocb ypaBHe-

-3x 2 +2x4 -DJ<e. /4/ 

oxa3aHa 6nox-cxeMa npoueccopa, aHa puc. 13 - BHeWHHii 

TBa. Apucl>MeTH':Iecxue onepauuu BhiDOJIHHJIHCb napan

xpoHHhiM MeTo.n;oM /MHKpocxeMbi TTL I. BpeMH peweHHH 

16 

i\ 

',I, 

'II. 

lzo/ 
PHc. 10. 6nox-cxeMa aHanoroaoii pewawmeii 3nexTpoHHKH. 

X2 X3 

<"•·•a>.4 111 

COMPARAlOR 

(,., .... ,lA•Kal1 
(x.,•••VL·K~ !1 

PARTICLE WAS DEFLECTED 

1351 
PHc. 11. OpraHHJaUHR UH<l!posoro npoueccopa. 

17 



\•' 

XZI )(22 X23 X24 

DICIIIOII 

Ml X42 X43 X44 X45 X46 

TRANSLATORS 
AND 

STORAGE 

K 
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cocTaBn.llno 0,8 MKcex. llpHMeHeHHe ycTpoiicTaa 11 
aa6op cTaTHCTHKH B 3KcnepHMeHTe B 16 pa3. Ha 
cTpHpOBaHO npocrpaHCTBeHHOe pacnpe,IJ;eneHHe TIO,IJ;, 
pHil npH yrne o6pe3aHH.II 0,5 Mpa.ZJ:. 

no XO.ZJ:Y 3TOro 3KCnepHMeHTa ,IJ;n.ll YMeHI:.WeH 
MHIIIeHbiO BTOpOH CUHHTHnn.IIUHOHHbiH rO,IJ;OCKOTI 6I:.J 
UHOHanLHOH KaMepoB: C warOM HaMOTKH 2 MM /u: 
npHHHn BH,IJ;: 

r 2 x - 2x + 2 x - v 1 < o 
1 2 4 

H ueo6xo,IJ;HMO 6blno ycTpaHHTL a npoueccope CX4 
TpH. 

He,IJ;ocTaTKH UH$poaoro npoueccopa, CB.II3aHHI 
ycTpOHCTBa TOnbKO K O,IJ;HOMY onpe,IJ;eneHHO'My a 
ycrpauHeT pa3pa6aTLIBaeMLIH a OMJIM YHHBepcani:. 
ueccop, B KOTOpOM n1060H K03$$HUHeHT B ypaBHeH 
npHMeH.IITb ueni:.Ie 3HaqeHH.II OT 1 ,IJ;O 6 fJB/TaKHM O• 
pa3HI:.Ie KOM6HHaUHH K03$4JHUHeHTOB anropHTMa, 
npaKTHqecKH nro6oB: ero BH.IJ:. 

Om6op noAe3Hoii UHfPOpMafluU npu nepeoa~e Ha 

B HaCTO.III.Qee BpeM.II KOnHqecTBO KaHanOB B ro,II 
eT. 0,IJ;HOBpeMeHHO npo6neMa MHHHManH3aUHH ape Mel 
Ha 3BM OCTaeTC.II cyi.QeCTBeHHOH, TaK KaK MepTBOe B] 
rO,IJ;OCKOflHqecK~ YCTaHOBOK ropa3,IIO MeHI:.We opel 
qHcnHTenbHOH MaWHHOH. B CHCTeMaX C He6onb 
xauanoo H o cnyqae perHcTpaUHH ue6oni:.woro KO 
3a.naqa nepe.z:~aqH uecno)I(Ha, nocxonLKY He Tpe6yeT 
H o6'beMa naM.IITH. B 3BM MO)KHO nepe,IJ;aaaTL sec 
MaCCHB, ,IIenH ero Ha rpyTITibl, COOTBeTCTBYIOI.QHe 
cnoaa 141JI. 

B CHCTeMaX C HeCKOnbKHMH TbiCHqaMH Kal 
TipOH3BO,IJ;HTb OT6op nepe,IJ;aaaeMOH HH$OpMaUHH Teh 
qecxoe co6LITHe co,IJ;ep)KHT ocero uecKonLKO 3a 
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'· 

cocTaBJI.JIJio 0,8 MKCeK. IIpHMeHeHHe ycTpoiicTaa no3BOJIHJio ycKopHTL 

Ha6op cTaTHCTHKH B 3KcnepHMeHTe B 16 pa3. Ha pHc. 14 npo,neMoH

cTpHpoaaHo npocTpaHCTBeHHoe pacnpe,neJieHHe no.naaJieHHblX TpaeKTo

pHii npH yrne o6pe3aHH.JI 0,5 Mpa,n. 

Ilo xo,ny 3Toro 3KcnepHMeHTa .IJ;JI.JI yMeHLWeHH.JI ae~ecTaa nepe.n 

MHWeHbiO BTOpOH CUHHTHJIJI.JIUHOHHbiH rO.IJ;OCKOll 6LIJI 3aMeHeH nponop • 

uHoHaJILHoii KaMepoii c waroM HaMOTKH 2 MM I 15/ AnropHTM oT6opa 

npHH.JIJI BH.IJ;: 

r 2 x - 2x + 2 x - v 1 < () 
1 2 4 /5/ 

H He06XO.IJ;HMO 6blJIO ycTpaHHTb B npoueccope CXeMy YMHO*eHH.JI Ha 

TpH. 

He.nocTaTKH UH4Jpoaoro npoueccopa, CB.JI3aHHble c npHro,nHOCTLIO 

ycTpOHCTBa TOJibKO K O.IJ;HOMY onpe,IJ;eJieHHOMY aJiropHTMY OT6opa, 

ycTpaH.JieT pa3pa6a TLIBaeMLiii a OHJUf YHHBepcaJILHblii UH4Jpoaoii npo

ueccop, B KOTOpOM JII060H K034J4JHUHeHT B ypaBHeHHH Ha OT60p MO*eT 

npHMeH.JITb UeJILie 3Ha1.feHH.JI OT 1 .IJ;O 6 IJa/TaKHM o6pa30M, HCllOJib3Y.JI 

pa3HLie KOM6HHaUHH K034J4JHUHeHTOB aJirOpHTMa, MO*HO no,no6paTb 

npaKTH1.feCKH JII060H ero BH.IJ;. 

Om6op noAe3HOii uH,PopMat~uu npu nepeoa~e Ha 3BM 

B HaCTO.JI~ee BpeM.JI KOJIH1.feCTBO KaHaJIOB B rO.IJ;OCKOnax B03pacTa· 

eT. 0.IJ;HOBpeMeHHOllp06JieMaMHHHMaJIH3aUHHBpeMeHHnepe,na1.fH.IJ;aHHblX 

Ha 3BM OCTaeTC.JI cy~eCTBeHHOH, TaK KaK MepTBOe BpeM.JI COBpeMeHHbiX 

rO.IJ;OCKOllH1.feCKHX YCTaHOBOK ropa3~0 MeHbWe BpeMeHH CB.JI3H C Bbi· 

1.fHCJIHTeJibHOH MaWHHOH. B CHCTeMaX C He60JibWHM KOJIH1.feCTBOM 

KaHaJIOB H B CJiyqae perHCTpaUHH He60JibWOrO KOJIH1.feCTBa C06biTHH 

3a,naqa nepe,IJ;a1.fH HeCJIO*Ha, llOCKOJibKY He Tpe6yeT 60JibWOrO BpeMeHH 

H 06'beMa naM.JITH. B 3BM MO*HO nepe.D;aBaTb BeCb HH4JopMaUHOHHbiH 

MaCCHB, .IJ;eJI.JI ero Ha rpynnLI, COOTBeTCTByiO~He .IJ;JIHHe MaWHHHOrO 

CJIOBa /40/. 
B CHCTeMaX C HeCKOJibKHMH TblC.JI1.faMH KaHaJIOB He06XO.IJ;HMO 

npOH3BO.IJ;HTb OT6op nepe,naaaeMOH HH4JopMaUHH TeM 6oJiee,.1.fTO 4JH3H· 

1.feCKOe C06LITHe CO,nep*HT BCero HeCKOJibKO 3aperHCTpHpOBaHHbiX 
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qacTHU. B 6onLWHHCTBe ycTauoaoK HMeeTcB o.n;uu ueuTpanLHLIH cqu
TLiaaromuii 6noK /puc. 15/, a KOTopoM Bbipa6aTLIBaiDTCB onpawuaaromue 
curuanLI H KOTOpLIH npoaepBeT co.n;ep)Kauue nocTynaromux .n;auuLix, 
ynaKOBLiaaeT ux u nocLinaeT a 3BMI 17• 18 • 19 • 22 • 41 I. JioruKa 
Cl.fHTLIBaHHB oprauu3oaaua cne.n;yrontHM o6pa30M. Ka)K,n;aB nponopuuo
uanLHaB KaMepa pa36uaaeTCB ua onTHManbHLie rpynnbi. rpynnLI 3TH 
CKaHHPYIOTCB no Ol.fepe,n;H H HX co.n;ep)KaHHe nepe.n;aeTCB B n;euTpanLHLIH 
npoueccop. KauanLI a rpynnax o6'Le,n;HHBIDTCB no "HJIH". B cnyqae 
uaxo)K.n;euuB cpa6a TLIBaHHB a .n;auuoii rpynne ee co.n;ep)Kauue 3auocuTcB 
B cnen;H~nLHLIH perHCTp, a 3aTeM nocne .n;ononHHTenbHOH o6pa60TKH 
nocLinaeTCB a 3BM. CymecTBYIOT pa3HLie MeTo.n;LI Ko.n;upoBKH .n;auuLix 
.n;nB ux nepe.n;al.fH ua 3BM. 3anonueuuaB rpynna .n;enHTCB ua no.n;rpynnbi 
/pHC. 16a/, KOTOpLie BMeCTe C a.n;pecaMH B n;enOM nepe,n;aiOTCB B 
3BM I 41/. ,UpyrHM Gonee pacnpocTpaueuubiM MeTo.n;oM BBJIBeTCB npu
Meueuue perucTpa c.n;aura. C noMOD.tbiO reuepaTopa qacoa 3anoMueuuaB 
uu<lJopMan;uB cMemaeTcB u o.n;uoapeMeuuo 3anycKaeTCB 6uuapHbiH cl.feT
"'HK /puc. 166/. B cnyqae noBaneuuB ua BLixo.n;e perHcTpa 3anoMueuuoii 
e,n;HHHULI COCTOBHHe 6uuapuoro Cl.feT"'HKa 3aHOCHTCB npBMO B 3BM IJ6< 
nu6o - .n;nB y6LicTpeuuB npouecca - a 6y<lJepuyro naMBTb I 18 ·421. 

HuTepecuoe peweuue uu<lJopMan;uu o .n;auuLix HMeeTCB a I 17! Mu<lJop
MaUHB H3 ,n;aHHOH rpynnLI HnH KaMepbi noMemaeTCB B naMBTH, 
o6pa3oaauuoii H3 R-S TpHrrepoa /puc. 17/. CaMaB Mna.n;waB e.n;uuuua 
MaCCHBd nOBBnBeTCB ua BLIXO,ll;e. 0cTanLHLie, ecnH OHH CyiUeCTBYIOT, 
3a6nOKHpOBaHLI. TaK KaK Ha BbiXO,ll;e nOBBHnaCL HH<iJOpMai.J;HB TOnLKO 
H3 o.n;uoro Kauana, MO)KeT 6LITL oua 3awu<1Jpoaaua a .n;aoHl.fHbiH <lJopMaT. 
Ilocne npueMa .n;auuLix 3BM Bbi,n;aeT HMnynLc OTBeTa, KOTOpLiii o6uynBeT 
wu<lJpoaauuLiii Kanan; ua BLixo.n;ax noBBnBeTCB cne.n;yromaB e.n;uuun;a. 
Ilpu 6onLwHx paccTOBHHBX KaMep oT ueuTpanLuoii norHKH 3Ha1.fHTenLuyro 
ponb urpaeT apeMB nepe.n;aqu .n;auubiX no Ka6enBM. ,UnB Toro "'T06LI 
He nepe.n;aaaTL "nyCTLIX" CnOB, npe.n;aapHTenLHbiH OT60p ,n;aHHbiX 
.n;enaeTCB ua caMHX KaMepax. OcymectanBeTcB 3TO npu noMomu cxeM 
"HJIH" (MEMORY -0 R), noMemeuuLix ua nna Te ycunuTeneii u 3anoMuua
HHB /puc. 26/. 

KaK y)Ke 6LinO CKa3aHO, KaKOH- TO npon;eHT C06biTHH COCTaBnBIOT 
cpa6aTLIBaHHB coce.n;uux Kauanoa ro.n;ocKona. IIpHMeHBeMbiH MeTo.n; 
auTucoana.n;euuii ua no.n;aaneuue 3THX cpa6aTbiaauuii /puc. 6a/ ue 
yxy,n;waeT cymeCTBeHHO 3<lJ<lleKTHBHOCTH OT6opa pacceBHHLIX C06LITHH, 
HO BBnBeTCB ue.n;onyCTHMLIM npH perHCTpan;HH TpaeKTOpHH l.faCTHI.J;, 
nOCKOnbKY TO"'HOCTb perHCTpai.J;HH na.n;aeT npHMepuo B .n;aa pa3a. CaMLIM 
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B 6onLIIIHHCTBe ycTauoaoK HMeeTc.H o.n;uu ueuTpanbHbiH Cl.JH
H 6noK /pHC. 15/, B KOTOpOM Bblpa6a TbiBaiOTC.H OrrpaiiiHBaiOlli;He 
H KOTOpbiH npoaep.HeT co.n;ep)l(aHHe IIOCTYIIaiOlltHX .n;aHHbiX, 
aeT HX H IIOCbiJiaeT B 3BM 117' 18

'
19

' 22 ' 41 I. JloruKa 
HH oprauu3oaaua cne.n;yromuM o6pa3oM. Ka)l(,n;a.H nponopuuo
KaMepa pa36HaaeTC.H Ha OIITHManbHbie rpyiiiibl. rpyrrrrbl 3TH 
TCH no oqepe.n;u u ux co.n;ep)l(auue nepe.n;aeTc.H a ueuTpanbHbiH 
p. Kauanhl a rpynnax o6'be.D;HH.HIOTC.H no "HJIH". B cnyqae 
HH cpa6a TbiBaHH.H a .n;auuoii rpynne ee co.n;ep)l(auue 3auocuTC.H 
nhHbiH perHCTp, a 3aTeM nocne ,D;OnonHHTenbHOH o6pa60TKH 
, CH B 3BM. CymeCTBYIOT pa3Hble MeTO,ll;hl KO,ll;HpOBKH .n;aHHbiX 
pe,n;aqu ua 3BM. 3anonueuuaH rpynna .n;enuTC.H ua no.n;rpynnhi 
a/, KOTOPbie aMecTe c a.n;pecaMu a uenoM nepe.n;aroTc.H a 
~ .LJ:pyruM 6onee pacnpocTpaueHHbiM MeTo.n;oM .HBJI.HeTCH npu
perucTpa c.n;aura. C noMOlli;LIO reuepaTopa qacoa 3arroMueuua.H 
HH CMelll;aeTC.H H O,ll;HOBpeMeHHO 3anyCKaeTC.H 6uHapHbiH Cl.JeT • 

. 166/. B cnyqae nOHBneHH.H Ha BbiXO,D;e perHCTpa 3anOMHeHHOH 
COCTOHHHe 6uuapuoro Cl.JeTl.JHKa 3aHOCHTC.H np.HMO B 3BM IJ6< 
H y6hlcTpeuu.H npouecca - B 6y4Jepuyro naM.HTL I 18 .42/. 

epecuoe peiiieuue uuclJopMauuu o .n;aHHbiX HMeeTCH B 11 7! HuclJop-
3 ,D;aHHOH rpynnbl HnH KaMepLI noMelll;aeTC.H B rraMHTH, 

uuoii H3 R-S Tpurrepos /puc. 17/. CaMa.H Mna.n;IIIa.H e.n;uuuua 
noHBnHeTC.H Ha BbiXO,D;e. 0cTanLHLie, ecnu OHH cymeCTBYIOT, 
OBaHLI. TaK KaK Ha BbiXO,D;e nO.HBHnaCL HHclJopMaUH.H TOnLKO 

Kauana, MO)I(eT 6biTL oua 3aiiiu4Jposaua B .D;BOHl.JHbiH clJopMaT. 
BeMa ,D;aHHbiX 3BM BLI,D;aeT HMnynLC OTBeTa, KOTOpbiH 06Hyn.HeT 
HbiH Kanan; ua Bblxo.n;ax no.HBn.HeTc.H cne.n;yroma.H e.n;uuuua. 
IIIHX paCCTOHHH.HXKaMepOTUeHTpanLHOHnOrHKH3Hal.JHTenLHYIO 
aeT apeM.H nepe.n;aqu .n;aHHLIX no Ka6enHM • .LJ:n.H Toro l.JT06bl 
aaa Tb "nyCTLIX" cnoB, rrpe.n;BapuTenLHbiH OT6op ,D;aHHbiX 
ua caMux KaMepax. OcymecTBn.HeTc.H 3TO npu n~MOlli;H cxeM 
EMORY -OR), noMelll;eHHbiX ua nnaTe ycunuTeneB: u 3anoMuua

.. 26/. 
Y*e 6LIJIO CKa3aHO, KaKOH ·TO IIPOUeHT C06LITHH COCTaBn.HIOT 

auuH coce.n;uux Kauanos ro.n;ocKona. llpuMeH.HeMbiH MeTo.n; 
a.n;euuii ua no.n;asneuue 3THX cpa6aTLIBaHHH /puc. 6a/ ue 

Cylll;eCTBeHHO 34JclJeKTHBHOCTH OT6opa pacce.HHHbiX C06biTHH, 
TC.H He,n;onyCTHMLIM npH perHCTpaUHH TpaeKTOpHH l.JaCTHU, 

TOl.JHOCTL perucTpauuu na.n;aeT npuMepuo B .n;sa pa3a. CaMbiM 
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PHc. 16. a/ MeTo,n; KO,n;HpoBKH c .n;eneHHeM Ha no.n;rpynmd. 6/ MeTo,n; 
KO,D;HpOBKH C npHMeHeHHeM perHCTpa C,II;BHra. 
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PHc. 1 7. Ko,n;HpOBKa c no.n;asneHHeM cne.n;yro~H 
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. a/ MeTo,IJ; KOAHPOBKH c ,IJ;eneHHeM Ha no.IJ;rpynnbl. 6/ MeTo,IJ; 
KH C DpHMeHeHHeM perHCTpa C,IJ;BHra. 
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PHc. 17. Ko.IJ;HpOBKa c no,IJ;aaneHHeM cne,IJ;yro~Hx 6HTOB . 
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I 

npOCTbiM peWeHHeM :HOB npo6neMbl HBmieTCH nepe,D;aqa COCTOHHHH 

BCeX KaHanoB, HO npH 3TOM yBenHqHBaeTCH BpeMH TpaHCMHCCHH ,D;aHHbiX. 

,!J;pyrHM peweHHeM HBnHeTCH npHMeHeHHe MeTO,D;a aHTHCOBna,D;eHHH 

C ,D;ByKpaTHOH npOBepKOH KOnHqeCTBa cpa6aTb1BaHHH /nepe,D; H nocne 

no,D;aBneHHH/, ,D;nH qero BLI,D;enHeTCH cneu:HanLHLIH 6HT B dJopMaTe cnoBa. 

B I 11! npe,D;no:>KeH opHrHHanLHLIH MeTo,D; KO,D;HpoBaHHH B ,D;BoHqHLIH 

dJopMaT co6biTHH, B KOTOpblx cpa6oTanH ,D;Be HnH 6onLwe coce,D;HHe 

npoBonoKH nponopu:HoHanLHOH KaMepbi. PHc. 186 ,D;eMOHCTpHpyeT norHKY 

3TOH CHCTeMLI. Bee KaHanLI no,D;eneHLI Ha N 12 rpynn no ,D;Ba. Ha BLIXO

,D;ax M i noHBnHIOTCH cHrHanbl B cnyqae no KpaiiHeii Mepe qeTLipex 

pa3HbiX KOH$HrypaU:HH cpa6aTLIBaHHH BXO,D;HOrO perHCTpa /pHC. 18B/. 

CocTOHHHH Mi nocne npoBepKH Ha O,D;HOKpaTHOCTL KO,D;HPYIOTCH B 

,IJ;BOHqHbiH dJopMaT,O,D;HOBpeMeHHO ,D;OnOnHHTenbHaH norHKa, OnHCaHHaH 

Ta6nHU:eH HCTHHHOCTH /pHC. 18r/, nepe,D;aeT HH$OpMaU:HlO 0 TOM, 

KOTOpaH H3 ,D;aHHbiX KOH$HrypaU:HH npOH30Wna, qTO n03BOnHeT BBeCTH 

nonpaBKY Ha KOOp,D;HHaTy 3aperHCTpHpOBaHHOH qaCTHU:bi. 

1j " " " . . . ..... ....... ',4 ',1. ..... . . . . . . 
Ti·t 0 

. 0 • 0 . . 0 . • 0 . . 0 • 0 . 
b. 

Ti " .. .. " a• 2' >2 '•1.1 ,1,4 .a .•• 
0 'I' . • • 0 • . ' • 0 • ' 0 • ' • I 0 ' • ' ' • 0 I I 
0 I 0 0 0 0 0 
0 • 0 • 0 0 0 
0 0 ' ' ' ' 0 • 0 ' ' • I 0 
0 0 ' • • 0 0 

, .... 
I 0 ' • • 0 0 

I. 

PHc. 18. MeTO,D; perHcTpaU:HH MHoroKpaTHLIX coce,D;HHX cpa6aTLIBaHHH: 
B/ Ta6enH MHOrOKpaTHOCTH, r/ Ta6nHU:a HCTHHHOCTH ,D;OnOnHHTenLHOH 

norHKH. 
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peweuueM 3TOH npo6neMbi JIBnJleTCJI nepe,IJ,aqa cocTOJIHuii 
OB, HO npu 3TOM yaenuquaaeTCJI BpeMJI TpaHCMUCCUU ,IJ,aHHblX. 

peweuueM JIBnJleTCJI npuMeueuue MeTo,IJ,a auTucoana,IJ,euuii 
oil: npoaepKoii KonuqecTaa cpa6aThlBauuii /nepe,IJ, u nocne 

H/, ,IJ,nJI qero Bbi,IJ,enJleTCJI cne:uuanbHbiH 6uT B <lJopMaTe cnoaa. 
,IJ,no:>KeH opuruuanbHbiH MeTO,IJ, KO,IJ,UpOBaHUJI B ,IJ,BouqHblH 
o6hlTUH, B KOTOPhlX cpa6oTanu ,IJ,Be unu 6onbwe coce,IJ,uue 

nponop:uuouanbnoii KaMe phi. Puc. 186 ,IJ,eMoncTpupyeT noruKy 
TeMbi. Bee Kananhi no,IJ,enenhl ua N 12 rpynn no ,IJ,Ba. Ha Bbixo

JIBllJIJOTCJI curuanbi B cnyqae no Kpaiiueii Mepe qeThlpex 
cpa6aThlBanuii axo,IJ.uoro perucTpa /puc. 18a/. 

M; nocne npoaepKu ua O.IJ.HOKpaTuocTb KO,IJ.upyroTCJI B 
<lJopMaT,O,IJ.HOBpeMeHHO ,IJ.OnOnHUTenbHaJI noruKa, onucaHHaJI 
UCTUHHOCTU /puC. 18r/, nepe,D.aeT UH<lJOpMa:UUJO 0 TOM, 

U3 ,IJ.aHHbiX KOH<lJurypa:UUH npOU30Wna, qTo n03BOnJleT BBeCTU 
ua KOOp,D.UHaTy 3aperucTpupoBaHHOH qaCTU:Ubl. 
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