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Bacana.Q3e c.r .• JloXOHSIII Jl. 13 - 11651 

0 B03MOlKHOCTSIX yaacjlaxauaa aaanoro-uucppoBbiX npeo6paaoaarenell 
roaocxonuqecxMX perucrpapyJOmax cacreM 

PaccMaTpHBSIOTCSI B03MOlKHOCTil cxeMHoll yaacpMKSUHK npeo6paaoaa
renell aapsraa, aMnnKTyllbl 11 apeMeHHhiX uarepaanoa B uKcppoaoll xoa, 
nocrpoeHHNX Ha ocaoae npoMe>KyTo'IHoro npeo6paaoaaaasr aaanor - ape
Meaaoll KHTepaan. TeopeTH'IeCKK oueHeHN aenK'IKHhl KCKa>KeHMSI B crpyx
rypax, rae He60n&Woe KOnK'I9CTBO KOIIHpOBWHKOB o6cnylKHB88T 3H8'1HTenbHoe 
'!Keno AST'IHKOB caraanoa, Ha ocaoae aaanaaa BN6paHhl aaa6onee pauao
HSIIbHNe aapaaHThl npeo6paaoaarenell ansr paanH'IHhiX aarpyaox roaocxona
qecxolt CHCTeMbl, noxaaaao, 'ITO aaHHbl& crpyxrypb! o6ecne'IHB810T C'IHTb!Ba
HHe TOIIbKO 3H8'18Welt HHtjlopM8UHR, '18M IIOCTHraeTCSI 3H8'1HT8nhHoe CHH
lK8BHe BpeMeaa aaxonneaa• aa&Hb!X. 

Pa6ora Bblnonaeaa 11 Jlat5oparopaa Bblcoxax saepralt OIHUI, 

Opeapaar Ot5t.e.aueaaoro aacraryra uepHb!X accneaoaaaal, .Qy6'!a 1978 

C) 1978 OtfHJW .. HHIJI. BBCf'Bf7f' IIJI8pHNJC HCCn&JlOIJIJD. /ly(J .. 

B uacTox~ee apeMH nonyqunu wupoKoe pacnpocTpaue
HHe ro.n;ocKonuqecKue cucTeMbi perucTpan;uu x.n;epHbiX qac
THU., cocTox~ue I puc. la/ HJ cpaBHHTenbHO 6onbworo 
KOnuqecTBa ,n;eTeKTOpOB. B CHCTeMaX T .H. nepaoro TH
na/1/ Ka>K.n;biH .n;eTeKTop, HMeH onpe.n;eneHHbie reoMeTpu
qecKne paJMepbi B,!I;Oilb O,!I;HOH KOOp,!I;HHaTbl HllH B nnOCKO
CTH, HBnHeTCH Henocpe,!I;CTBeHHbiM ,!l;aTqHKOM HHiiJOpMaU.HH 
/KonuqecTBOM 1 6HT/ 0 KOOp,!I;HHaTe npOXO>K,!I;eHHH qaCTH
U.bi qepe3 noaepxuocTb, o6paJyeMyiD .n;eTeKTopaMH ro.n;o
cKona. B .n;auuoii pa6oTe Mbi paccMoTpHM 3neKTpOHHKY 
ro,n;OCKOnuqeCKHX CHCTeM BTOporo TUna. B 3THX CHCTeMaX 
,n;eTeKTOpbl HBllHIDTCH ,n;aTqHKaMH aHanorOBOH HHiiJopMaUHH 
/KonuqeCTBO KOTOpOH 8 -:-10 6HT/ 0 KaKOM-nH60 napaMeT
pe JaperHCTpHpOBaHHOH qacTHIJ.bl. 3THM napaMeTpOM Mo
>KeT 6biTb: 
1/ apeMH nocTynneuux qacTHU.bl, 
2/ Japx.n; /nnoin;a.n;h/HMnynbca c ,n;eTeKTopa, 
3/ aMnnuTy.n;a HMnynbca. 

IlepBbiH cnyqaa xapaKTepeH ,!l;llH BpeMH-KOOp,!I;HHaTHbiX 
,n;eTeKTOpOB, HCnOnbJyeMbiX npH H3MepeHHH KOOp,!I;HHaTbl, 
HO C paJpeweHHeM, cy~eCTBeHHO npeBbiWaiDin;HM npo
CTpaHCTBeHHOe paJpeweuue, onpe.n;enxeMoe reoMeTpuqec
KHMH paJMepaMH ,n;eTeKTOpa. K 3THM ,n;eTeKTOpaM OTHO
CHTCH: 
a/ CU.HHTHllllHU.HOHHbie ,n;eTeKTOpbl no BpeMeHH nponeTa /Tpe-
6yeMoe apeMeuuoe paJpeweuue 3neKTPOHHKH - L'1 t = 
= 0,1-:-0,2 HC/, 
6/ ro.n;ocKonuqecKue li>3Y 121 I~ t = 2 -:-4 He/, 

. a/ .n;peii4Joable KaMe phi I L'1 t = 1 -:-2 He/. 
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Puc. 1. 06o614eHHa.11 cxeMa zooocKonu'lecKozo Ha6opa oe
meKmopoe - a/ u pa36ueHU.11 KaHa/loe pezucmpa11uu Ha zpyn
n&l - 6/. 

113MepeHHe JapHAa npOH3BOAHTCR B: 

a/ CUHHTHnnRUHOHHhlX roAOCKonax dE I dx I ARHTenLHOCTb 

HMnynbCOB - t
11 

= 5 710 HC/, 
6/ MHoroKaHanbHhlX qepeHKOBCKHX cneKTpoMeTpax It 11 = 
= 50-:-150 HC/. 

0CHOBHOe HX Ha3Ha'leHHe - H3MepeHHe JHepreTH'Iec

KHX noTepb, OAHaKO HCnORb3yeTCR TaK)Ke 4JHKCaUHR KOop

AHHaTbl nonaAaHHR qacTHUw 131. HaKoHeu, HJMepeHHe aMnnH

TYA npoHJBOAHTCR c BhlXOAOB JapHAO'IYBCTBHTenLHhlX npe

AYCHnHTeneii rOAOCKOnH'IeCKHX CHCTeM nonynpOBOAHHKOBbiX 

AeTeKTopoa / t
11 

= 1 -:-2 MKc/. 1inH3KH no CTpyKType K 

rOAOCKOnH'IeCKHM TaK)Ke JneKTpOHHble CHCTeMbl H3MepeHHR 

aMnnHTYA HMnynbCOB C 60RblliOrO 'IHCna AaT'IHKOB JneKTpo-

4JH3H'IeCKHX ycTaHOBOK /yCKOpHTeneii, KaHaROB 'laCTHU, 

MarHHTOB/. 

Mbl Ha'IHeM paCCMOTpeHHe, HCXOAR H3 cneAYIOIUHX npeA

nono)KeHHii. Ha roAOCKOnH'IeCKYIO cHcTeMy AeTeKTO

pOB /puc. 1a/, COCTORIUYIO H3 M-RqeeK /AaT'IHKOB aHa

norOBOH HH4JopMaUHH/, B H36paHHhlH CHCTeMOH JanycKa 

ycTaHOBKH MOMeHT apeMeHH cny'laHHbiM o6pa30M naAaeT 

HeKOTOpoe 'IHCRO 'laCTHU, KORH'IeCTBO KOTOpbiX pacnpe

AeneHo no JaKoHy llyaccoHa co cpeAHeii aenH'IHHOii n c • 
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BenH'IHHa cHrHanoa c BhlXOAOB AeTeKTopoB HMeeT paBHo

aepORTHoe pacnpeAeneHHe B HeKoTopwx npeAenax - ll A 
/B CHCTeMaX JapRA-aMnRHTYAa/. fiOCKORbK~ 'IHCRO AaT

'IHKOB BenHKO, npaKTH'IeCKH HeB03MO)KH0 peanH30BaTb 

JneKTpOHHKY rOAOCKOna B OAHOM 6noKe, nOJTOMY npOH3-

BOAHTCR pa36HeHHe AaT'IHKOB Ha rpynnbi, COAep)KaJUHe 

a Ka)KAOii no K AeTeKTopoa I puc. 16/. 06'beAHHeHHe 

B rpynnhl MO)KHO npOH3BOAHTb cornaCHO nopRAKOBbiM HO

MepaM; 6onee uenecoo6pa3HO /a cnyqae HepaaHoMepHoii 

Jarpy3KH roAOCKona no nnoi.QaAH/ o6'beAHHRTb AeTeKTOpbi 

TaKHM o6pa30M, 'IT06bi cpeAHee KORH'IeCTBO 'laCTHU, pe

rHCTpHpyeMOe B Ka)KAOH rpynne, 6wno OAHHaKOBhlM H paa

HbiM n 0 = n c KIM . B cHny Toro, 'ITO HMnynLchl c AeTeKTO

pOB HMelOT KOHe'IHYIO ARHTeRbHOCTb H JReKTpOHHKa perHCT

paUHH HeHAeanLHa, qacTb cHrHanoa 6yAeT JaperHcTpHpoaa

Ha C HCKa)KeHHRMH. Mepoii BHOCHMhlX HCKa)KeHHH RBnReTCR 

J4J4JeKTHBHOCTb perHcTpauHH, KOTopyJO MO)KHO onpeAenHTb 

TpeMR paJnH'IHhlMH cnoco6aMH: 

1/ JIP4JeKTHBHOCTb eCTb OTHOCHTeRbHOe 'IHCRO 'laCTHU, Ja

perHCTpHpOBaHHhlX 6e3 HCKa)KeHHH, 

2/ JIP4JeKTHBHOCTb eCTb OTHOCHTeRbHOe 'IHCRO 'laCTHU, Ja

perHCTpHpOBaHHhlX TORbKO B TeX JanycKaX ycTaHOBKH, B 

KOTOpbiX He 6binO HH OAHOrO HCKa)KeHHR, 

3/ JIP4JeKTHBHOCTb eCTb OTHOCHTenbHOe 'IHCRO C06hlTHH /Ja

nyCKOB ycTaHOBKH/, B KOTOphlX perHCTpaUHR npOHCXOAHRa 

6e3 HCKa)KeHHH /4/. 

B AaHHoii pa6oTe,TaK )Ke KaK H a pa6oTe
15< Mhl 6yAeM 

nonb30Ba TbCR nepBhlM onpeAeneHHeM J4J4JeKTHBHOCTH (€ ') • 
B JTOM cnyqae, KaK noKa3aHo a IlpulloJICeHuu 1, J4J4JeKTHB

HOCTb rOAOCKOna, perHCTpHpylOIUero n c 'laCTHU, H JIP4JeK

THBHOCTb ero yqaCTKa H3 KAeTeKTOPOB CO cpeAHeii 3arpy3-

KOH n o=n c. KIM qacTHU a JanycKe - paBHhl Me)KAY co6oii. 

Heo6XOAHMble 4JopMynhl ARR pac'leTOB no BTOpOMY onpeAe

neHHIO npHBeAeHbl B JipUIIOJICeHUU 2. 
HanH'IHe onepaUHH aHanoro-uH4Jpoaoro npeo6pa3oBaHHR 

KaK BO BpeMeHHhlX, TaK H B 3apRAOBhlX H B aMnRHTYAHhlX 

H3MepHTeRRX ecTeCTBeHHhlM o6pa30M HaBOAHT Ha MbiCRb 
161 

o6 YHHIPHKaUHH yJnoa npeo6pa3oBaHHR a UH4Jpoaoii KOA. 

O'leBHAHO, 'ITO HaH6onLmas cTeneHb YHHIPHKaUHH AOCTHra

eTcR, ecnH HCXOAHTb H3 CTPYKTYP HHAHBHAyanbHhlX H3MepH

TenbHbiX KaHanoB, OCHOBaHHbiX Ha npoMe)KyTO'IHOM npeo6-
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pa3oBaHHH aHanor-speMH I puc. 2a,61. Y3nLI Tai<oro npo
Me*yToqHoro npeo6pa3oBaHHJI neri<o cTpOJITCJI anH scex 
nepequcneHHLIX BhiWe roaoci<onuqeci<Hx cucTeM BToporo 
THna, npHqeM o6ecnequsaeTCJI BbiCOI<aJI nHHeHHOCTb IB TOM 
qucne au~epeHuuanLHaBI; a npu Heo6xoaHMOCTH u Henu
HeiiHaJI lc 3aaaHHhiM 3ai<oHoMI wi<ana npeo6pa3oBaHHJI, a 
uenBx ysenuqeHHJI auHaMuqeci<oro auana3oHa H3MepuTenH. 

06IUHM CBOHCTBOM roaoci<OflHqeci<HX CHCTeM JIBnJieTCJI 
TO, qTo I<OnHqeCTBO aaTqHI<OB 3HaqHTenLHO npeBOCXOaHT 
qucno qacTHU, perHcTpHpyeMLIX npu I<a*aOM 3anyci<e, 
T .e. n c << M. CneaosaTenLHo, uenecoo6pa3Ho HaiiTH Tai<He 
CTPYI<TYPHLie cxeMLI perHCTPHPYIOIUeii :wei<TpOHHI<H, B I<o
TOphlx He6onLWOe I<OnHqeCTBO H3MepHTenhHbiX I<aHanoB B 
6noi<e (N) o6cny*HBano 6bl 3HaquTenLHoe qucno aaTqHI<OB 
IT.e. caenaTL N «K 1. 0TMeTHM, qTo noao6Hoe o6o6IQeHue 
H3MepuTeneii Tpe6yeT liJui<cauuu HoMepa cpa6oTaswero aaT
qui<a. 

-=1
~ 

=~ . 
~ Od TMai<.C ~ 

t 

CTOn 

l~.t 
~ O TMOKC. 

a) 

6) 

Puc. 2. Cmpy~emypH&Je cxeM&J: a/ - KaHaAa OAJI U3MepeHuJI 
3apJI006 U aMnAumyO UMnyAbCOe; 6/ - KQHQAQ OAJI U3Mepe
HUJI epeMeHHbJX UHmepeaAoe. 
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Hai<oHeu, TpeTLeii npo6neMoii pauuoHanLHoro npoei<TH
posaHHJI 3nei<TPOHHI<H perHcTpauuu anH roaoci<onuqeci<HX 
CHCTeM JIBnHeTCJI C03aaHHe Tai<HX CXeM cqHTbiBaHHJI aaH
HbiX B Hai<OllHTenh IB 3BMI, I<OTOpble ll03BOnJinH 6hl qu
TaTb Y*e 3ai<oauposaHHYIO B asouqHhlii I<oa aHanorosyro 
HHiiJOpMaQHIO H HOM epa TOnhi<O n c cpa6oTaBWHX aa TqHI<OB, 
a HyneBhle cnosa C OCTaBWHXCJI (M-nc) aaTqHI<OB OTiiJHnLT
pOBblBaTb ao qTeHHJI. 

PaccMoTpHM CHaqana npo6neMy o6o6IQeHHJI H3MepuTenL
HhiX I<aHanos B roaoci<onuqeci<HX cucTeMax c perucTpauueii 
3apBaa H aMnnHTyahl. llpOCMOTpHM pHa BapHaHTOB, Haqu
HaJI c Tex, I<OTOphle o6ecnequsaroT HaH6onLWHii annapaTyp
Hhlii BhiHrphiW. llepBbiM JIBnJieTCJI BapHaHT o6o6IQeHHJI 3nei<T
pOHHI<H cpa3y nocne HHausuayanLHhiX ycunuTeneii aaTqHI<OB. 
Ero. oqesuaHhiM HeaocTaTI<OM HBnHeTCH noH~eHHe aony
CTHMhiX 3arpy30I< roaOCI<Olla BO CTOnhi<O pa3, BO CI<Onhi<O 
coi<pamaeTCJI I<onuqecTBO H3MepHTenLHOii annapaTyphl l3a 
cqeT Hano*eHHJI curHanoB B nHHeiiHOM cyMMaTopel. Bse
aeHHe HHausuayanLHLIX nuHeiiHhiX sopoT I puc. 3al nepea 
cxeMoii nHHeiiHoro cyMMHposaHHJI lopraHH3aUHJI aHanoro
soro I<OMMyTa To pal, - wupoi<o npHMeHHeMoe npu nocne
aosaTenLHhiX H3MepeHHBX lnocneaosaTenLHO uayiUHX HH
ausuayanLHhiX cTpo6- curHanaxl, He coo6IQaeT HHI<ai<HX 
nono*HTenLHhiX I<aqecTB, no cpasHeHHIO c npeaMayiUeii 
CTPYI<Typoii, B cnyqae o6IQero cTpo6-curHana, xapai<Tep
Horo anH roaoci<onuqeci<Hx cucTeM. 

B /IpUAOJIC€HUU 2 BbiBeaeHa liJopMyna lll2.2l MH Ha
XO*aeHHJI OTHOCHTenLHoro I<onuqecTBa qacTHU, nocTynaro
IUHX B MOMeHT 3anyci<a CO cpeaHeH HHTeHCHBHOCTblO n0 H 
He npeBblWaiOmux B cyMMe 3aaaHHoro qucna N. 3Ta 4JopMyna 
cnpaseanusa npu N "'1 anH Haxo*aeHHJI 3~ei<THBHOCTH 
paccMoTpeHHhiX BhiWe CTPYI<Typ, noci<onLI<Y noHBneHHe asyx 
qacTHU Bbl3biBaeT H3- 3a Hano:>KeHHJI HMnynLCOB BCKWKeHHe 
HHiiJopMaUHH o6 ux senuqBHax. ,D;n.11 N =1 4JopMyna /ll2.2l 
npeo6pa3yeTCJI I< suay: 

( 

D 
= e -no 111 

oTI<yaa cneayeT, qTo anH o6ecneqeHHH 3~ei<THBHOCTH 
-99798t1o Heo6xoauMo, qTo6hl n0 = 0,0170,02. 
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llo~0,02. 
Cl) 

no/K~0,02. 

0) 

Puc. 3. C111PYK111YPHble cxeMbl 3.A - pezuc111pa111opoe npu 
pa3AU'IHbiX 30ZPY3KOX ZOOOCKOnU'IeCKOU CUC1/IeMbl. 

CuTyanu.R 3HaquTen&Ho ynyqwaeTc.R, ecnu o6he,IJ.HHeHHe 
npoH3BO.D.HTL 3a y3JiaMH 3, A ... A ... T /puc. 36/. KonuqecTBo 
qacTHU, npuxo,IJ..R~xc.R Ha HH.D.BBH.D.YaJILHLie KaHaJILI, B K-pa3 
MeHbWe no, COOTBeTCTBeHHO BO CTOJILKO )l(e pa3 MeHLWe 
BepO.RTHOCTL HaJIO)I(eHHB H, CJie,IJ.OBaTeJILHO, COrJiaCHO /1/, 
,IJ.onycTBMa.R senaqaHa n 0 == 0,02 K .....0,3 *. 

HaJIO)I(eHBe CBrHaJIOB Ha BLIXO,IJ.aX ,IJ.aTqBKOB eCTL BC· 
TOqHBK BCI<a)l(eHBi, He 3aBBC.R~BH OT CTPYI<TYPLI 3JieKTpO· 
HBKB. 06o6~eHBe B3MepBTeJieB npBBO,IJ.BT I< llO.RBJieHBIO 
,IJ.OllOJIHBTeJILHLIX BCTQqHBKOB BCKa)l(eHBH 3a cqeT: 
a/ HaJIO)I(eHB.R BMnynLCOB /.D.nBTeJibHOCTLIO t wfo COOTBeT· 
CTBYIO~BX OKQHqaHBIO BpeMeHHLIX BHTepBaJIOB npeo6pa30· 
BaHB.R B y3nax 3, A ... A ... T B cxeMe HJIH B B wa<t>paTope 

*IIpe,IJ.nonaraeM, qTo cospeMeHHa.R 3JieMeHTHa.R 6a3a 
no3Bon.ReT pacnono)I(BTb .D.O 16 gqeex 3,. A-+ T Ha O,IJ.Hoii 
nnaTe KAMAK 17-91. 
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HoMepa cpa6oTaBwero KaHana B ,IJ.BOHqHbiii KO.D. I puc. 36/, 
6/ orpaHHqeHHOrO 6biCTpO,IJ.eHCTBH.R KOMMyTaTopa /MepT· 
soe speM.R - t K I, nepeKmoqaiO~ero HMnynLcbl co cxeMhl 
HJUI nooqepe,IJ.HO Ha npeo6pa3oBaTenu T-+ IJ., 
a/ orpauuqeHHoro qucna (N) npeo6pa3oBaTeneii T -+ IJ., 
r/ orpaHuqeHHoro pa3pewa10~ero apeMeHH cxeMhl naM.R
TH - T n . B peanbHbiX CXeMaX BblllOnH.ReTC.R COOTHOWeHHe 
t K =2tH .:::- 4 rn :: 10 HC, ll03TOMY 3BeHOM, onpe,IJ.en.RIO~M 
llOTepH, .RBn.ReTC.R KOMMyTaTop. CqHTa.R KOMMyTaTOp cqeT
HOH CHCTeMOH C npo,IJ.neBaiO~HMC.R MepTBbiM BpeMeHeM

1101
, 

B CHny TOro, qTO ,IJ.nHTenbHOCTb CHrHanoB cpaBHHMa C tK, 

nonyqHM (t M =t K ) : 

, -n ~ 
fK=e OLlT' 

/2/ 

r,IJ.e Ll T- pa36poc MOMeHTOB llO.RBneHH.R HMnynhCOB C Bbl· 
XO,IJ.a CXeMbl HJIH, Bb13BaHHbiH pa36pOCOM BenHqHH BXO,IJ.HbiX 
CHrHanoB - LlA. IlocKOnbKY o6hlqHo LlA/A = LlT /T 

10..;.20tfo H cquTa.R, qTo A?_0,3AMaKc , HMeeM LlT~ 
~0,03..;.0,06/TMaKc B peanbHbiX cxeMax HaH6onLwee 
BpeM.R npeo6pa30BaHH.R TMaKC :: 10 MKC, a tK :: 10 HC, 
oTKy,IJ.a LlT/t K ~ 30. Ecnu 3a,IJ.aTbC.R 3«W>eKTHBHOCThiO 
KOMMyTaTopa -990/o, TO H3 rpa<i>HKa pUC. 4 MO)I(HO BH,IJ.eTb, 
qTo ,IJ.onycTHMa.R aenuquHa n0 ~ 0,3 . B pa6oTe 

151 
BbiBe,IJ.e

Ha <l>opMyna ,IJ.n.R HaXO*AeHH.R npocqeToB I puc. 5/, Bbi3BaH
HhiX orpaHuqeHHOCTbiO qucna npeo6pa3oBaTeneii T -+ U.: 

N N·1 nj -n N nN-1 -n 
£ '- (1- -) I ::lL_e 0 +- - ll e 0 /3/ 

N no jzO j l n 0 (N-1) l 

KaK BH.D.HO H3 puc. 5, npH n 0 ::0,3 ,IJ.n.R o6ecneqeHH.R 

£ 'N -99'1o Heo6xo,IJ.HMO sbi6Hpa Tb N = 2 . 
HTaK, ,IJ.n.R 3arpy3oK n 0 ~ 0,3 6noK, HMeiO~ii 16 KaHa

noa npeo6pa3oBaHH.R 3, A -+ A -+ T H 2 cxeMbl T -+ IJ., 
o6ecnequT 3«W>eKTHBHOCTb £' = £0 . £ K. • £ ~ ~ 96% , npuqeM 
nonOBHHY cnyqaeB HCKa)l(eHHH ,IJ.aCT HanO)I(eHHe HMnynhCOB 

Ha sxo,IJ.ax KaHanoB. 
Ilepeii,IJ.eM Tenepb K ro,IJ.OCKOllHqeCKHM CHCTeMaM C H3-

MepHTen.RMH BpeMeHH. Hx rnaBHOe OTnHqHe COCTOHT B TOM, 
qTO HMnynhCbl Ha BXO,IJ.bl llOCTynaiOT He O,IJ.HOBpeMeHHO, a 
s TeqeHHe HeKoToporo HHTepsana speMeHH /.IJ.peii<l>a, npo-
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Puc. 4. 3aeucuMOC111b 3f/xPeKmueHocmu KOMMymamopa cuzHaAoe 
/puc. 36/ 0111 3azpy3KU zoc)ocKonu~ecKoil cucmeMbl npu 
pa3AU~HbJX eeAu~uHax ~TIt K 

JICTa/, 3Ha'IHTCJibHO 60JibWero, 'ICM ~JIHTCJibHOCTb BXO~HbiX 
HMnyJibCOB, 'ITO CHJibHO CHH~aeT BepOBTHOCTb HaJIO~CHHB 
HMnyJibCOB Ha BXO~ax. Jipaa~a, B CUHHTHJIJIBUHOHHbiX ~e
TCKTOpax no apeMeHH nponeTa 3TOT 4>axTop eme He npoBa
JIBeTCB, T.K. HHTCpBaJI nocTynJieHHB HMnyJibCOB ~T='> -:-10 HC, 
a t M = 5 Hc. O~Haxo a ro~ocxonuqecxux «1>3Y ~ T !tM = 
= 8 712, a B ~peii:4JOBbiX KaMepax 3TO OTHOWeHHe eme BbiWe -
1T/ t M= 10 -:-20. 1Io3ToMy, cornacHo /2/,*' C'IHTaB trJ"tM 
H 3a~aBWHCb f 'n = 990/o, ITOJIY'IHM ~onyCTHMYIO BeJIH'IHHyn0 /K 
~B ~eTeKTopoa no apeMeHH nponeTa - 0,02, ~JIB ro~ocxo
nuqecxux «1>3Y - 0,1, H ~JIB ~pe:H4Joablx KaMep- 0,1-:-0,2. 

PaccMoTpHM cHa'laJia cny'laH MaJibiX 3arpy3oK: n 0/K~ 
~0,02 /He3aBHCHMO OT THna ~CTCKTOpa/, T.e. KOr~a Be
pOBTHOCTb nOCTYITJieHHB BTOpOH 'laCTHUbl B OT~eJibHbiH ~eTeK-

* HcnoJII>3oBaHa 4JopMyna /2/, a He I 1/, nocxoJILKY ~a~e 
B CJiyqae HaJIO~CHHB nepBbiH H3 HMITYJibCOB perHCTpHpyeT
CB. 
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99,8 

99,5 

99 

98 

95 t 
1 

I 

l 
90 l- t- --r 
BOf 1- t 
~u--

0,01 0.02 0,05 O,f 0.2 0.5 I 2 5 - io n.o 
Puc. 5. lladeHue 3f/xPeKmueHOC111U pezucmpa~uu c yeeAu~e
HUeM 3azpy3KU ZOdOCKOnU~eCKOU CUCI/IeMbl, C6JI3QHHOe C oz
paHU~eHHbiM ~UCAOM (N) U3MepU111eAeU 6 zpynne. )1aHHble, 
maK JKe KaK u Ha puc.4, • dA.R nepeozo onpedeAeHUJI 3t/xPeK
mueHocmu. 

Top npeHe6pe~HMO Mana. .HcHo, no aHanoruu c puc. 36, 
'ITO a 3TOM cnyqae uau6onee pauuoHaJI&Ho CTPYKTYPY 
H3MepHTeJIB Bb16paTb TaKOH, KaK noKa3aHO Ha puc. 6a. 
MeHBB K034>4>HUHeHT TpaHc4JopMaUHH apeMeHHbiX 3KcnaH~e
poa, nerxo o6ecne'IHTb pa6oTy H3MepuTeJIB xax c ~eTex
TopaMH no BpeMeHH npoJieTa, TaK H C rO~OCKOnH'ICCKHMH 
«1>3Y H ~peii:4JOBbiMH KaMepaMH.IiOJiee TOrO,'IaCTb 6JIOKa 
3a 3KCITaH~epaMH nOJIHOCTbiO COBna~aeT C 3,A H3MCpHTe
JICM Ha puc. 36, T .e. o6ecne'IHBaeTcB yHu4JuxauuB. 0TMe
THM, 'ITO KOMMyTaTOp B CXeMe puc. 6a BHOCHT CyiUeCTBeHHO 
MeHbWe llpOC'ICTOB, 'leM B CXeMe Ha puc. 36, T .K. HMITYJibCbl 
C BbiXO~a CXCMbl HJIH paBHOMepHO pacnpe~eJieHbl BO BCeM 
HHTepaane 0-:- TMaKc • a He a 10-:-200/o ero qacTH /eM. 
puc. 2/. IIo3ToMy 34>4lexTHBHocT& perucTpaTopa ( '=fo •(N>-...98%. 

11, HaKoHeu, ~JIB cJiy'laB n0 = 0,1 K = 1,5 3KcnaH~epbl 
HC06XO~HMO CTaBHTb He Ha BXO~ax, a 3a KOMMyTaTOpOM -
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I puc. 661. IlocKOJibKY ~TIt K = 60 IB )l.peil!l>oBbiX KaMepaxl, 

COrJiaCHO 121 34>!l>eKTHBHOCTb KOMMyTaTopa COCTaBHT 98lfo. 
113 pUC. 5 CJie)l.yeT, 'ITO )l.JIJI U 0'".:..1,5 )l.OCTaTO'IHO B3J1Tb 

N .. 4 . Tor )l.a c ''"' c' • c ' > 96% . 
K N -

n0 /K$0,0'2. Q) 

n.ojK~D,i 5) 

Puc. 6. CmpyKmypH&Ie cxeM&I T- pezucmpamopoe npu pa3AU<~
H&IX 3azpy3KQX zoc)ocKOnU'IeCKOU CUCIIIeM&I. 

3AKJIIO tJEHHE 

B pa6oTe noKa3aHo, 'ITO: 

1. ro,!J.OCKOllH'IeCKHe CHCTeMbl )l.eTeKTOpOB o6ecne'IH" 

BaiOT J!l>!l>eKTHBHYIO perHCTpa~HIO npH 3arpy3KaX )l.O 1 'lac· 

TH~bl Ha 50 ,!J.eTeKTHPYIO~HX Jl'leeK. IlpH 3TOM B03MO:lKHa 

YHH!l>HKa~HJI 3JieKTpoHHKH. PerHCTPHPYIO~HB 6noK MO)KeT 

COCTOJITb H3 CMeHHbiX y3JIOB, BKJIIO'IaiO~HX B ce6JI 16 npe • 

12 

o6pa30BaTeJieB 3apJI)l.a, aMnJIHTY.!J.bi HJIH BpeMeHH BO Bpe· 

MeHHOB HHTepBaJI H O)l.HOrO YHH!l>H~HpOBaHHOrO Y3Jia, co

,!J.ep)Ka~ero 2 npeo6pa3oBaTeJIJI BpeMJI-~H!l>pa H cxeMy Ja· 

llOMHHaHHJI HOMepOB cpa6oTaBWHX KaHaJIOB. 

2. ,lJ.JIJI )l.peB!l>OBbiX KaMep 3JieKTpOHHKa perHCTpa~HH 
o6ecne'IHBaeT BbiCOKYIO 34>1i>eKTHBHOCTb llpH 3arpy3Kax )l.O 

5 qacTH~ Ha 50 npoBOJIO'IeK. CTpyKTypa 6noKa perHcTpa

~H B 3TOM CJiy'lae: 16 BXO)l.OB H 4 npeo6pa30BaTeJIJI B 

~!l>pOBOB KO)l. C 3KCllaH)l.epaMH • OTBe'laeT Tpa,!J.H~HOHHO 
npHHJITOB. IloBLIWeHHe Jarpy3oK I- B.D.Boel B03MO)KHO npH 

COOTBeTCTBYIO~eM CHH)KeHHH MepTBOrO BpeMeHH KOMMyTa· 

Topa lcne~HaJibHbiMH CXeMHbiMH peWeHHJIMHI H BLI60pOM 

CTPYKTYPHOB cxeMbl: 16 BXO.D.OB H 8 npeo6pa3oBaTeneil. 

3. ,lJ.BOH'IHble 'IHCJia B OllHCaHHbiX perHCTpaTopax pac· 

nonaraJOTCJI B perHcTpax yJJIOB T .-. U H B naMJITH B ynopJI· 

)l.O'IeHHOM BH)l.e, ll03TOMY JierKO opraHH30BbiBaeTCJI 'ITeHHe 

TOJibKo 3Ha'la~eil HH!l>opMa~HH I .D.O nepBoro HyneBoro cnoBal. 

IIPHJIO)J(EHHE 1 

IlyCTb M,!J.aT'IHKOB rO)l.OCKOllH'IeCKOB CHCTeMbl pa36HTbl 

Ha rpynnw, CO,!J.ep)Ka~He B Ka)K)l.OB no K ,!J.eTeKTOpOB IBce· 

ro M IK rpynnl. BBe.D.eM cne.D.yiO~He o6o3Ha'leHHJI: p
1 
(j) -

pacnpe,!J.eJieHHe KOJIH'IeCTBa perHCTpHpyeMbiX B i ·TOR rpyn· 

ne 'laCTH~ I i = 1,2, ... , M/K I; n 1 - cpe)l.Hee KOJIH'IecT

Bo 'laCTH~ B i -TOR rpynne; n "" ~ j. p (j); f i (j) - )l.OJIJI 
i j•O i 

3aperHCTpHpOBaHHbiX 6e3 HCKa)KeHHJI 'laCTH~ B i ·TOR 

rpynne KaK li>YHK~HJI oT o6~ero KOJIH'IeCTBa j, nona.D.aiOmHX 

B 3TY rpynny; g i (j) - BepOJITHOCTL perHCTpa:QHH 6e3 HC

Ka)KeHHJI ~cex j qacTH~, nona,!J.aiO~Hx B i -TyiO rpynny. 

,lJ.JIJI llOJICHeHHJI pa3JIH'IHJI Me)K)l.y f 1(j) H g i ( j ) 
)l.OllYCTHM, 'ITO i ·TaJI rpynna llO)l.KJIIO'IaeTCJI K CHCTeMe, 

cnoco6Hoi: perHcTpHpoBaTb N qacTH~. ,lJ.nJI TaKoro cny'laJI 

~ 
1 npH j ~ N . 

f. (j) -
1 

N/j npH j > N, •,<J)- ~: npH j ~ N, 

npH j > N . 

III1.1I 
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Cpe,ll,Hee qacno 3aperacTpapoaaHHbiX 6e3 acKa:>KeHH.H qac

THU B i ·TOH rpynne Bbi'IHCJI.HeTC.H cyMMHpOBaHHeM BCeX 

j .r
1 
(j) c aecoBbiMH KoJ!W>auaeHTaMH p1 (j ), 3a)l,aiOII.(HMH 

aepo.HTHOCTb no.HBJieHH.H poBHO j qacTHU. OTHoweHHe JToii 

CYMMbl K cpe,ll,HeMy 'IHCJIY nocTynHBWHX 'laCTHI.( H )l,aeT 

J!W>eKTHBHOCTb perHCTpai.(HH B i·TOH rpynne no nepBOMY 

onpe,ll,eJieHJIIO: 

.I
0
j.f. (j).p. (j) 

, J- 1 1 
£.- -. /111.1 ,a/ 

1 
ni 

110)l.06HbiM o6pa30M MO:>KHO noJiy'IHTb J~~eKTHBHOCTb BCeH 

CHCTeMbl 

( -c 

M/K oo M/K 
. I . I j. fi (j) Pt (j) . I t: i . n i 
1·1 J -o 1'"'1 . =- -------

M/K 
In. 
jz1 l 

MIK 
I n. 
i• 1 

1 

/111.1,6/ 

Ecna cpe)l.Hee 'IHCJIO peracTpapyeMbiX carHaJioB ao acex 

rpynnax O.D.HHaKoao, T .e. n 1 - n 2 ..... -n1 - ... -n0 , TO J~
~eKTHBHOCTb CHCTeMbi: 

( 

c 

M/K 
I t:' • n 

i -1 i 0 

M/K 
I n 

jz1 0 

M/K 
I ( .' 

.. i:J._l_ 
M/K 

/111.1 ,B/ 

npe,ll,cTaBJI.HeT co6oii cpe,ll,Hee apH~MeTH'IecKoe OT J!W>eK

THBHOCTeii OT)l,eJibHbiX rpynn. QqeBH)l,HO, 'ITO npH paBHbiX 

yCJIOBH.HX, T.e. KOr)l.a BCe p 1(j) .. p(j) H BCe f 1(j)-f(j), TO 

J~~eKTHBHOCTH BCeX rpynn paBHbl Me:>K)l,y C060H H paBHbl 

TaK:>Ke J~~eKTHBHOCTH BCeH CHCTeMbi. 

0611.(a.H ~OpMyJia )l,Jl.H Bbi'IHCJieHH.H J!W>eKTHBHOCTH pe

rHCTpai.(HH B i ·TOH rpynne no BTOpOMY onpe,ll,eJieHHIO 3a· 

nHCbiBaeTC.H B BH)l,e 

( 

14 

00 

· I j. g 1· (j) pl. (j) 
]'"' 0 

n. 
1 

/111.2/ 

0Ha OTJIH'IaeTC.H OT ~OPMYJibi )l,JI.H f l 3aMeHOH fi (j) Ha 

g. (j). B CB.H3H c JTHM y'IHTbiBaroTc.H TOJibKO Te 'laCTHUbi, 1 
KOTOpbie 6biJIH 3aperHCTpHpOBaHbl B 3anycKaX C nOJIHblM 

OTCYTCTBHeM HCKa:>KeHHH B i ·TOH rpynne. 

IlpH BblBO)l,e 06ll.(eH ~OPMYJibi J~~eKTHBHOCTH perHCT

pai.(HH BCeH CHCTeMbl no BTOpOMY onpe,ll,eJieHHIO HY:>KHO 

HMeTb B BH)l.y, 'ITO C TO'IKH 3peHH.H CHCTeMbl He BCe 'laC

THI.(bl f ;' • lli OT)l.eJibHbiX rpynn )l,OJDKHbl 6b1Tb Y'ITeHbl, a 

TOJlbKO Te, npH perHCTpai.(HH KOTOpbiX H BO ·BCeX OCTaJibHbiX 

rpynnax peracTpaua.H npoacxo.D.HT 6e3 acKa:>KeHH.H. Bepo.HT

HOCTb nOCJie)l.Hero eCTb npOH3Be)l,eHHe BepO.HTHOCTeH He

HCKa)f(eHHOH perHCTpai.(HH BO BCeX rpynnax, 3a HCKJIIO'fe· 

HHeM paccMaTpaaaeMoH:. HTaK, BKJia.D. i -Too rpynnbl Bbi

pa)f(aeTc.H ~opMyJioH:: 

M/K"" 
"" II I g,(j)pi(j) 

[ "<' · (') (')] i•1jzQ l .:.. J·g. J P. J -----
j~O I I oo 

I g. (j)p. (j) 
jzQ I I 

/Ill.3/ 

a OTHOWeHHe CYMMbl BKJia)l,OB OT)l,eJibHbiX rpynn K cpe)l,HeMy 

'IHCJIY nOCTynHBWHX Ha CHCTeMy 'laCTHI.( H )l,aeT J~~eKTHB

HOCTb perHCTpai.(HH BCeH CHCTeMbl no BTOpOMY onpe)l,eJie-

HHIO: 
00 

M 'K 'I j • gi (j)p i (j) j 
_1 __ • [ I J:O --

fc=wK i·-t 2 g,(j)p
1

(j) 
I ni jz 0 I i .. t 

MIK oo 

[ n Ig.(j)p (j)]. 
i•1 jzO 1 i 

/111.4/ 

ECJIH CHCTeMa pa36HTa Ha H)l,eHTH'IHble rpynnbl, T.e. 

ace pi (j) -p(j) H ace g
1
(j).g(j), TO nocJie.D.H.H.H ~opMyna 

OpHMeT BH)l,: M 

00 --1 
t , .. [ I g (j ) p (j ) ] K 

c j•O 
. ( 

i /111.5/ 

BBH)l.y TOrO, 'ITO Bblpa:>KeHHe B KBa,ll,paTHbiX CIC06KaX 

MeHbWe e)l,HHHI.(bl /OHO paBHO e)l,HHHI.(e TOJlbKO npH g(j) ,. 1 
.D.JI.H acex j I, J!W>eKTHBHOCTb cacTeMbi MeHbWe J!W>eK

THBHOCTH y'laCTKa npH nOJib30BaHHH BTOpbiM onpe)l,eJie
HHeM. 
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HaKoHe:u;, npHBO,IJ,HM $opMynbi 3$$eKTHBHOCTH perucT
pa:u;uu no TpeTbeMy onpe,IJ,eneHHIO 

00 

f:, ""~ g .0)P.0). 
1 j-0 1 1 

/II1.6,a/ 

MIK oo 

f "' "' II ~ g. (j) p. (j). 
C iz1 jzO 1 1 

/II1.6,6/ 

Ecnu Bee p.(j)"" p(j) 
1 

u Bee g. (j) • g(j), TO 
1 

[ ,, ]M/K 
f - ( . c 1 /Ill.6,B/ 

IIPHJIO)J(EHHE 2 

II2.1. 34>4>eKTHBHOCTb perucTpa:u;uu N-KaHanbHoro H3-
MepHTenx /no BTopoMy onpe,IJ,eneHHJO/. 

Ha H3MepuTenb nocTynaeT noTOK qacTu:u;, pacnpe,IJ,ene
j 

n 0 -n 
HHe KOnHqeCTBa KOTOpbiX no,IJ,qHHHeTCH 3aKOHY p(j),.,- e 

0 
. 1 J . 

BepoxTHOCTb perucTpa:u;uu Bcex nocTynuBrnHx qacTH:u; 6e3 

HCKa)l{eHHH eCTb 

1 ,!VIH 

g (j)"' l 0 ,IJ,nH 
j::; N' 

j > N. 
/II2.1/ 

34>!l>eKTHBHOCTb TOr,IJ,a Bblpa)l{aeTCH $opMynoii 

( ,, == 
N 

"" 
. ~0 j • g (j)p (j) 

~--
no 

j 
N no -no 
~ j. -. ,-e 

j•l ,LJ_. ---
ll0 

N -1 j 
"" ~ no -n .:. -e o 

jzO j! 
/II2.2/ 

II2.2. 34>4>eKTHBHOCTb perucTpa:u;uu KOMMyTaTopa /no 
BTOpOMY onpe,IJ,eneHHJO/. 

Ha KOMMyTaTop, HMelOID;HH MepTBOe BpeMH tK , nOCTy
naJOT HMnynbCbl, pacnpe,IJ,eneHHble paBHOMepHO B HHTepBa
ne BpeMeHH tlT. KonuqecTBO ux MeHxeTcx cornacHo pac
npe,IJ,eneHHJO IlyaccoHa co cpe,IJ,HHM n 0 . 
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EcnH B HeKOTOpOM 3anycKe XOTb O,IJ,HH CHrHan nocTy
naeT Ha BXO)J, KOMMyTaTopa B TeqeHHe MepTBOrO BpeMeHH, 
TO Bee curHanbl 3Toro 3anycKa cne,IJ,yeT cquTaTb He,IJ,eii
CTBHTenbHblMH C TOqKH 3peHHH BTOpOrO onpe,IJ,eneHHH 3$
$eKTHBHOCTH. BepoxTHOCTb perucTpa:u;uu 6e3 ucKa)l{eHHH 
BCeX nOCTynHBlliHX 3a BpeMH tlT CHrHanoB: 

I 
[ 1-(j-1) ..!.K.. ]j 

g(j)"' L'lT 
0 

,IJ,nx 

,IJ,nx 

tlT 
J'<--+1, 

- t 
K 

. tlT 
1 J>- +. 

tK 

/II2.3/ 

Bbipa)l{eHHe {j -1) t K I L\ T npe,IJ,cTaBnxeT co6oii OTHOCH
TenbHoe MepTBoe BpeMx, C03,IJ,aBaeMoe (j-1) HMnynbcaMu; 
n03TOMy [1-(j-1)tK/tlT] eCTb BepOHTHOCTb j -TOMY HM
nynbcy He nonaCTb B MepTBOe BpeMH OCTaflbHbiX. BBH,IJ,y 
He3aBHCHMOCTH MOMeHTOB nOCTynneHHH OT,IJ,enbHblX HMnynb
COB nonHaH BepOHTHOCTb BbiqucnxeTCH nyTeM B03Be,IJ,eHHH 
B CTeneHb j. 

Ilo,IJ,cTaBnxx g(j) B o6111;ee Bbipa)l{eHue /II1.2/ ,IJ,nx 
3$$eKTHBHOCTH no BTopoMy onpe,IJ,eneHHIO, HMeeM: 

i'lT 
-+1 

oo t K 
, 1 ~ . ( ') ( ') 1 ~ 

f "'- ,:, J·g J p J "'- ,:, 
k no JaO nO jzO 

j 
. no -no 
J-e x ., 

J. 

X ( 1- (j-1)l]j 
tlT 

. t j-1 L'lTI~ nJ -no (
1
-j L-) 

~ __Q_e tlT ,:, . ' JzO J' 

/II2.4/ 

Ha puc. 7 H 8 npe,IJ,cTaBneHbi rpa$HKH 3aBHCHMOCTeii 
£,~(no. i'lT/tK) H £N (n0 ,N), unniOCTPHPYIOID;He KonuqecT-

BeHHOe pa3nuque BenuqHH 3$$eKTHBHOCTeii no nepBOMY 
H BTOpOMY onpe,IJ,eneHHHM /cp. C puc. 4 H 5/. 
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Puc. 8. 3aeucuMocm& ( '~ om eeAU'lUHbl 
N. " 

nO npu pa3AU'lHbiX 
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