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06 06lllHX xapaKTepHCTHK!IX aneKTpOHHb!X CHCTeM OT6opa COOblTHll 

8 pa6oTe onpe11eneu K03$1>HUH0HT OT6opa, xapaKTepH3ylOWHR CHCT0Mbl 

3BDYCK8 3fl0KTpOHHblX 3KCnepHM0HT8flbffblX yCTBHOBJK. KonH'l0CTB0HHO 

npoauanH3Hp0B8Hbl ljlaKTOpbl, CHHlKBIOWHe ero Ber.tt'IHffY B peanbHblX CHCTe

MaX, npHBOIIIITCII o6o6weHHbl8 xapaKTepHCTHKI\ MHOrOKpaTHblX ycTpoRCTB 

coena11eHHR, o6ecne'IHB8IOWHX nepeOH8'18flbff:,1R OT6op co6blTHli, 8b1B01!0HLI 

COOTHOW0HHII, CBll3blB8IOWH8 6blCTpo11ei!cT1rne H KOflH'l0CTBO HHTerpanbHblX 

cxeM e npeo6paaoeaTen11x Ko11oe 6b1CTpo11ellcTey10wHx npoueccopoa 0 

BTOpH'IHoro or6opa C06b!THA. 

Pa60Ta Bbrnonueua e /la6opaTopHH BblCOKHX aneprHil OHSU1. 
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- 3JieKTPOHHble MeTO,t\bl a OTJIIl'IHe OT .npyrnx cnoco6oa 

perncTpannn .11.nepHbIX .I13JIY'leHHH Il03BOJI.IIIOT IICCJie.noaaTb 

O'leHb pe.nKne nponeccbl. Il~H IIHTeHCIIBHOCTII IICXO,t\HOrO 

ny11Ka qacTHU .no 106 + 10 c-1- :meKTpOHHa.11 ycTaHOBKa 

cnoco6Ha Bhl.nen.11Th co6b1TH.11, nponcxo.n.111nne pa3 a HecKOJI&

KO MIIHYT II pe:>Ke. Ko34>cpnnneHT- OT6opa, CJI~,t\OBaTeJibHO, 

MO:>KeT -.nocTnraTb BeJIH'IIIH 108 + 10 10 • . . 

ECJIH. Ka:>K,nblH .naT'IIIK .neTeKTopoa* _ycTaHOBKH pa6o-

TaeT no npHHIJ;HilY ".na-HeT". /MHHHMaJibHOe KOJIH'leCTBO 

HH4>0pMaIJ;HH/ H o6utee 'IIICJIO .naT'IHKOB paBHO m, TO K0nH

'leCTBO HH<i>opMaIJ;HH O co6hITHH paBHO m. 6um. 3TOT Ha6op 

06ecne11naaeT. 2 m B03MO:>KHhIX KOM6HHan;Hii cHrHanoa. Cne
.noaaTeJI&Ho, )'.\JI.II IlOJiy'leHH.11 K034>4>HUHeHTa OT6opa KoT6 
Heo6XO,t\HMO ., 

m = fog2KoT6 /1/ 

.naT'IHKOB, B TOM cny11ae KOr.na Ka:>K.na.11 KOM6HHaIJ;H.11 CHr

HaJIOB .IIBJI.lleTC.11 .3Ha11auteii. ,lJ;JI.11 yKa3aHHOrO BblWe KO34><i>H

·IJ;HeHTa OT6opa Tpe6yeTC.II, KaK BH,t\HM, 30+40 .na_T'IHKOB. 

TaKoe KOJIH'leCTBO Heo6xo.nHMO JIIIWb B cny11ae _paBHOMep-

Horo pacnpe.neneHH.11 HHTeHCHBHOCTeii pa3JIH'IHblX KOM6n-

'Han;Hii BXO,t\HblX . CHrHaJIOB. PeaJibHO acer.na HCCJie.ny10T 

co6blTH.II .6onee pe.nKne, 11eM conpoao:>K,naIOutHe ux 4>oHoB_ble 

nponeccbl 60JibWHX HHTeHCHBHOCTeii •. ECJIH- HHTeH(?HBHOC
0

Tb 

4>oHOBblX .· co6hITHH .-npeBOCXO,t\HT HCKOMYIO,- HanpHMep, a 

1000 /2 10 / pa3, TO Heo6xo.nHM<> JIHWh ~O +30 .naT'IHKoa 

* ,lJ;aT'IHKOM C'IHTaeTc.11 HCTO'IHHK cHrHanoa, HanpuMep, 
npOBOJIO'IKa nponopD;HOHa.llbHOH icaMepbl HJIH · aHo.n <1>3Y. 
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Ami nony-i-ieHHJI Toro )Ke K03qlqJHUHeHTa OT6opa. B peanbHblX 
)Ke ycTaHOBKax KOnuqecTBO AaTqHKOB, ocymecTBnJIIOIUHX 
OT6op co6blTHH H 3anycK CHCTeM H3MepeHHJI HX napaMeTpOB, 
cymecTBeHHO 6onbllle H MO)KeT AOCTHraTb COTeH H Aa)Ke 
TbICJiq. ,D.nJI BbIJICHeHHJI npHpOAbl ,l\aHHoro npoTHBopeqm1 
paccMOTPHM pa6oTy 3neKTPOHHblX CHCTeM OT6opa 6onee 
noAp06Ho. 

KaK U3BeCTHO, H3MepeHHJI H OT6op co6bITHH npoH3BO
AJIT 06b1qHo no apeMeHH, KOOPAHHaTe /yrny/ H 3HeprHH. 
Ka)KAblH H3 3THX napaMeTpOB qlH3HqecKH eCTb HenpepbIBHaJI 
aenuquua /a o6meM BHAe o603HaqHM ee A I, HHTepecy10-

ma,i: 3KcnepHMeHTaTopa B HeKOTOpbIX npeAenax: OT AMltH 
AO AMaKc. B 3aAaqax H3MepeHHH AaHHbIH AHana3011 KBaH
TyeTcJI, c yqeTOM Tpe6oBaHHH no TOqHOCTH, Ha yqaCTKH 
AA, 06pa3y,i: Ha6op 'AHCKpeTHbIX 3HaqeHHH napaMeTpa c 

. qucnoM rpaAaUHH DA= (A MaKc-'AMltH ·· )//iA. CneAoBaTenbHO, 
HHqJOpMaUHJI, nonyqaeMaJI C AaTqHKOB, npeACTaBnJieTCJI B 
nHHeHHOM no3HUHOHHOM KOAe, npHqeM aenHqHHanapaMeTpa 
3aAaeTCJI HOMepoM COOTBeTCTBYIOIUeii JiqeiiKH KBaHTOBaHHJI. 
Ilpu TaKoM ·cnoco6e c1.eMa KonuqecTBo pa3pJIAOB An.II xpa
HeHHJI qucna paBHO D A , An.11 Hero xapaKTepHa 6onbwa.11 
H36blToqHOCTb no cpaBHeHHIO C npeACTaBneHHeM B ABOHq

HOM KOAe: 

Klt36bIT. = DA/ fog 2 (1 + DA) . /2/ 

· B CBJl3H C 3THM npeAnPHHHMalOTCJI nonblTKH /l / nepe -
BOAa HHqJOpMaUHH' B ABOHqHblH KOA B caMOM AeTeKTope. 
OAHaKo TaKoe KOAHPOBaHHe He npHMeHHMO a cnyqae MHOro
KpaTHblX cpa6aTblBaHHH * B 0AHOM aKTe' H3_MepeHHH /a Ko
OPAHHaTHblX H BpeMeHHblX AeTeKTopax/. K HaCTOJIIUeMy 
apeMeHH He C03A8.HO 6blCTPOAeHCTBYIOIUHX cxeM, pa6oTaIO
IUHX C KOAaMH, KOTOpble n03BOnJIIOT qJHKCHpOBaTb MHoro.: 
KpaTHble cpa6aTbIBaHHJI 'npH Manoii CTeneHH H36bITOqHOCTH. 

Il03TOMY nepeBOA H3 nHHeiiHoro K0Aa B ABOHqHblH BeAeTCJI 
no oqepeAH AnJI Ka)KAOH cpa6oTaaweii .11qeiiKH. Ha npeo6-

*PerHCTpauHH HeCKOnbKHX qacTHU. 
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pa30BaHHe KOAOB Heo6XOAHMO 3aTpaTHTb KaKoe-TO apeMJI, 

UHOrAa AOBOnbHO 3HaqHTenbHOe. 
B 3aAaqax OT6opa npHMeHJIIOT aapHaHTbl pa36HeHHJI 

napaMeTpoa Ha pa3nHqHoe qucno HHTepaanoa. Uenecoo6-
pa3HO paCCMO'{peTb CHaqana npocTeHWHH cnyqaii, KOrAa 
napaMeTpbl pa36HBaIOTCJI Ha MHHHManbHOe qucno HHTepaa
noB, T.e. Ha ABa. OAHH HHTepaan 38.KnroqaeT a ce6e HCKO
Moe co6bITHe <D=l>, a OCTaBWHHCJI - TOnbKO qJOHOBbie npo
uecCbl. TaKHM o6pa30M, B MHOroMepHOM npocTpaHCTBe 
napaMeTpOB BblAenJieTCJI 06'beM, COAep)KaJ:UHH B ce6e HCKO
MOe co6bITHe. KaK nerKO BHAeTb H3 /2/, B 3TOM cnyqae 
KOA nocTynaroIUeH HHqJOpMaUHH He COAep)KHT H36bITOqHo
CTH * u Tpe6yeMble noruqecKHe onepauHH AnJI BbIAeneHHJI 

HCKOMoro co6bITHJI MHHHManbHbl: 

Bb16op = A 1 • A 2 • , ••• , • Am ' /3/ 

T .e. Heo6xoAliMa TOnbKO onepauu,i: "li" /BbIAeneHHe c'oa
naAeHHJI/. B Bblpa)KeHHe /3/ MO)KeT BXOAHTb npu.ioe nu6o 
HHBepcHoe 3HaqeHHe napaMeTpa /aHTUCOBnaAeHHJI/. 

PacnpeAeneHHe HHTeHCHBHOCTeii no Ka)KAOMY H3 napa
MeTpOB 3aAaeTCJI KOHKpeTHbIMH ycnoBHJIMH 3KCnepHMeHTa. 
PaccMOTPHM AnJI npuMepa ycnOBHYIO cxeMy 3KCnepHMeHTa, 
noKa3aHHYIO Ha• puc. la. Ha nepaoM 3Tane "oAHOypoaHeao-

" ro" OT6opa co6blTHe cqHTaeTCJI HCKOMbIM, ecnH qacTHUa 
nyqKa, nonaa Ha MliweHb (S =1>, OTKnoHHnacb (A=O) B 3a

AaHHbIH AHana30H yrnoB W=l) H BbIAenuna B cneKTpoMeTpe 
JHeprHro a HHTepecy10meM Hae AHana3oHe (E=l). 3KcnepH
MeHT npOBOAHTCJI B ycnoBHJIX HeKOToporo qJOHa qacTHU 
B Ka)KAOM H3 AeTeKTopoa /noKa3aH cTpenKaMH/. 

IlpeACTaBHM B03MO)KHbie KOM6HHaUHH cpa6aTbIBaHHH 
Aa TqHKOB B BHAe nHHeHHOH pa3BepTKH / puc. 16/, r Ae Ho
Mep ,i:qeiiKH paaeH aenHqHHe qHcna SAOE /a ABOHqHoM KOAe/. 
PacnpeAeneHHe HHTeHCHBHocTeii (Nj )1 38.AaaaeMoe ycnoaH,i:
MH 3KCnepHMeHTa, nocTpoeHO HaA COOTBeTCTBYIOIUHMH Jiqeii
KaMH B BHAe 3awTpHXOBaHHbIX npJIMoyronbHHKOB. ,D.nJI 

HAeanbHOH cxeMbl OT6opa 

* IlpH D=l nHHeHHblii KOA coanaAaeT c ABOHqHbIM. 
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2m-l 
}: N. 

K 11;~ • = j = I 1 

()T6. NC 
/4/ 

T.e. K03$$HUHeHT oT6opa •rncneHHO paBeH OTHOllleHHIO non- . 
Horo KOnH'-leCTBa K~M6HHaUHH CHrHanOB, nocTynHBllIHX C 

JJ.CTeKTOPOB ycTaHOBKH /B e)J.HHHUY BpeMeHH/' K •rncny 
co.u.ep:acautHXCH a HHX HCKOMbIX co6bITHH N c . PeanbHbie 

CHCTeMbl OT6opa HMeIOT orpaHH'-leHHYIO BenH'-IHHY 6hICTpo

JJ.CHCTBHH /MepTBOe BpeMH • tM / H pa3peI1Ia1outero 1:;lPe -

MeHH - T ' B CHny '-lero npaKTH'-leCKH JJ.OCTH)KHMblH KOJ<P· 

<PHUHCHT 0T60pa MCHbllle, '-leM cne.u.yc1 H3 .u.aaaeMoro /4/. 
McpTBoc apeM» /6y.u.eM c'-IHTaTb ero Henpo.u.neaa.10-

lltHMCH/ Be.u.eT K no»BneHHIO npOC'-leTOB 'a Ka)KJ).OM HJ Ka

HanoB BbIJ).eneHHH. 8 peJynbTaTe HCTHIIHbie KOM6HHaUHH 

B Ka:ac.u.oM HJ KaHanoa nona.u.a10T B KaHani.1 cneaa, oTcTOH -
utHe OT HCTHHHOro Ha 2(j-l) H'-leeK, r.u.e i - HOMep 

.u.aT'-IHKa, JneKTPOHHKa KoToporo .u.onycTHna npoc'-leT. TaK 

HanpHMep, npoc'-leThl OJ).HHO'-IHhIX cpa6aThIBa~HH .u.eTeKTo

pOB Ha puc. 16 npHBe.u.yT K CJJ.BHraM . S - Ha ·1, A - Ha 2, 
0 - Ha 4, E - Ha 8 »'-leeK aneao, T.e. nona.u.yT a Hyne

ay10 H'-leiiKy. TaKHM o6pa3oM, pacnpe.u.eneHHe cpa6aTi.rna

HHii peanbHOH JneKTpOHHKH 6y.u.eT OTnH'-laTbCH OT HCXOJJ.· 

HOro pacnpe.u.en~HHH CHrHanoB. ·c TO'-IKH JpeHHH KOJ<P<PH

UHeHTa oT6opa Hae HHTepecyeT He nonHo~ nepepacnpe.u.e

neHHe HHTeHCHBHOCTeii, a nHlllb npoc'-leThl B ceneKTHpye

MOM KaHane, BblJBaHHbie HeJcpcpeKTHBHOCTblO JneKTPOHHKH 

.u.aT'-IHKOB, BKnIO'-leHHblX Ha coana.u.eHHH ,H npHC'-leTbl B JTOM 

)Ke KaHane, BbIJBaHHbie HeJcpcpeKTHBHOC_TblO JneKTPOHHKH 

.u.aT'-IHKOB, BKnIO'-leHHblX Ha aHTHCOBna.u.eHH.11. IlpHC'-leTbl 6y

.U.YT BOJHHKaTb B KaHanax, pacnono:aceHHbIX cnpaaa OT Bb1-

.u.en.11eMoro H OTCTO.III.J..tHX OT Hero Ha 2 (a-ll.11'-leeK, r.u.e a -

HOMepa .u.aT'IHKOB, BKnIO'-leHHblX Ha aHTHCOBna.u.eHH.11. 

CyMMapua.11 JarpyJKa Ka)K.u.oro .u.aT'-IHKa paaHa: 

2m- I I 
N- = }: N., 

I j = I J 
/5/ 

r.u.e HHJ).eKC "1" OJHa'-laeT, 'ITO CYMMHpOBaHHe HJ).eT no Ka

HanaM, B KOTOpbIX .u.aHHhl,ii .u.aT'IHK cpa6aTbIBaeT /HanpuMep, 

6 

A a) 

----¥--.. 
- ~IY 

N· j I r/A /IF ') o) 
Ne 
l 

91 10 l 11 I 12 1 15 

E 0 0 0 0 0 0 0 I 1 1 f 1 1 1 

9 0 0 0 I 1 1 1 0 0 0 0 1 I 1 

A 0 1 1 0 0 I f 0 0 I 1 0 0 1 

L lJ_ 1 0 1 0 1 0 I 0 I 0 1 0 1 0 

{ 

N· J' 

&) 

R 

CxeMa yc/loa11020 31<cnepuMe11ma no ucc/leooaa11wopac
ceJ1HUJ1 t.tacmuir /a/.,· pacnpeoe/le11ue u11me11cua11ocmeii pa3· 
/lU'-IHblX KOM6UHaijUU ,CU21l0/l08 (J /lUHeii11oii pa3aepm1<e 
/6/ u a pa3aepmKe 11a n/loc1<ocmu /a/. 
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,I:{JUI ,neTeKTopa S - He'leTHLie KaHanLI, puc. 16/. IlpoC1IeTbl, 

Bbl3BaHHLie He J<t><t>eKTHBHOCTblO JneKTPOHHKH ,naT'IHKOB, 6y

,nyT paBHbl CYMMe rrona,naHHH ceneKTHpyeMoii KOM6HHall;HH 

CHrHanoB Ha pe3ynLTHPY10IUee MepTBOe BpeMJI, o6pa30BaH· 

Hoe MepTBbIMH BpeMeHaMH 3neKTpOHHKH Ka'.lK,noro H3 ,naT1IH· 

KOB. ,lJ;pyrHMH cnoBaMH, COC'IHTaHHOe KOnH'leCTBO HCKOMbIX 

KOM6HHaUHU 6y,neT nporropuuoHanLHO "'.lKHBOMY BpeMeHH" 

CHCTeMbl OT6opa •. ,lJ;onJI MepTBoro BpeMeHH JneKTPOHHKH 

O,nHoro H3 .IJ;aTtlHKOB B e,nHHH'IHOM BpeMeHHOM HHTepBa· 

ne 121 COCTaBUT: 

t = Mi 

N .• t M. 
. I I 

/6/ 
1 + Ni • t Mi 

Cpe,nHee ":lKHBoe BpeMJI" CHCTeMbl OT6opa 6y.neT paBHO 

m -c 
tOT6 =i!ll <1- tMi ), /7/ 

3,necb HH,neKC "c,, Y tMi O3Ha'laeT, lfTO B npOH3Be.IJ;eHHe 

BXO,I:{JIT TOnbKO y,nenLHLie MepTBbie BpeMeHa ,naTlfHKOB COB· 

na.neHHii / cpa6a TLIBaIOIUHX B ceneKTHpyeMoii KOM6uaauuu/. 

"IIpHClfeTLI, Bbl3BaHHble MepTBbIM. BpeMeHeM ,naTlfHKa 

"a", COCTaBnJIIOT: tMa,Nfc+2 (a-l)J , OTKy,na o6ll{ee KOnH· 

qeCTBO npHC'leTOB B ceneKTHpyeMOM KaHane 

m -a 
~N~ =. I t Mi • N [c +2Ci-O] . 

I = ] 
/8/ 

-3,necb HH,neKC "a,, 03HalfaeT' lfTO cyMMHPOBaHue npoH3BO· 

,nHTCJI TOnLKO no ,naTlfHKaM, ,naroll{HM "HynH" B HCKOMYIO 

. KOM6HHaUHIO CHrHanoB. 

KoHe'IHOCTb BenHlfHHbl pa3pewaroll{ero BpeMeHH Be,neT 

K nOJIBneHHIO cnyqaiiHLIX COBna,neHHH /oHH BMeCTe C npo

ClfeTaMH, Bbl3BaHHbIMH t M , noKa3aHLI He3aWTpHXOBaHHblMH 

ylfaCTKaMH Ha ,nuarpaMMe puc. 16/. C TOlfKH 3peHHJI 

BenH'IHHbl K03<t>4iHUHeHTa OT6opa . ry6uTenLHblM JIBnJieTCJI 

IIOHBneHHe npHClfeTOB B ceneKTHpyeMOM KaHane, Bbl3BaH· 

HblX cny11aiiHLIMH H HCTHHHo·cnyqaiiHLIMH COBna.neHHJIMH, 

HMHTHPYIOIUHMH HCKOMOe co6bITHe: 

2 m - 1 2m - 1 c- I 

~N~=[_ Il (N.•r. )1 •. I . ~+.~ N.•Nc_.•r .• /9/ 
l = 1,2,4 ... l l 1= 1,2,4,: .. l 1=1 l l l 

8 

( 

\) 

i\ 
r 
' 

+ (i\ ... , 
I 
II 
I 

I 

I 

3.necL nepBoe cnaraeMoe ecTL HHTeHCHBHOCTL cnyqaiiHLIX 

COBna,neHHH OT O.D;HHO'IHbIX cpa6aTLIBaHHH ,naTlfHKOB, a BTO· 

poe • HHTeHCHBHOCTb HCTHHHO • cny11aiiHLIX COBIIa,IJ;eHuii / N j 
nu6o Nc-j ,I:{On'.lKHbl 6LITb HCTHHHblMH COBna,neHHJIMH/. BenH· 

lfHHa r j paBHa: a/ Hymo, ecnu B '!Hcnax "j" HnH "(c - j)" 
HMeIOTCJI o6ll{He ,nBOH'IHble pa3pJ1,nLI, co,nep:lKall{He "l" /no

HJITHe coBrra.neauii He HMeeT cMLicna, CM. puc. 16/; 
6/ r MHH - MHHHManbHOMy H3 pa3pewaIOIUHX BpeMeH 

3neKTPOHHKH ,naT'IHKOB, BKnIO'leHHblX B Kaaane "j,, Ha COB· 

na,neHHJI, ecnH COBna,neHHJI B 3TOM KaHane HCTHHHbie; 

m 1 -1 
B/ [i ;

1 
<7)] , ecnu coBna,neHHJI B KaHane "j" cny11aii-

1 

Hble; r/ tBblX • ecnH B KaHane "j,, BKnlOlfeHa npoMe'.lKyTOlf• 

HaJI cxeMa COBna,neHHH, <t>opMHPYIOIUaH BblXO.IJ;HOH CHrHan no 

,IJ;nHTenLHOCTH. 

KoJ<i><i>HUHeHT OT6opa CHH'.lKalOT TaK'.lKe npoc11eTbl B ce

neKTHpyeMOM KaHane, Bbl3BaHHble KOHelfHOCTblO pa3pewaro

ll{ero BpeMeHH JneKTPOHHKH ,naT'IHKOB, BKnlO'leHHblX Ha aH· 

THCOBna.neHHJI. KaK nerKO BH,neTb H3 puc. 16, 3TH rrpoclfe· 

TLI nona.naroT B KaHanLI, ne'.lKaIUHe cnpaBa OT BLI,nenJieMoro, 

T.e. 
m 

2 -I 
~N "' = - I N • N 

c j:c+u c j-c 
(r +r ), 

C j- C 
/10/ 

3,IJ;eCb (re +r. -c) = 0, ecnH B lfHCne ''j- c" HMelOTCJI HYRH 
J ,, ,, 

B Tex pa3p.11,nax, r.ne B 11ucne c co,nep:lKaTCJI e,nHHHULI. 

C y11eTOM /7 /.:,. /10/ nonylfHM: 

KOT6 

tt.[\ 

KOT6 

- m -c 
1 n n - tMi >I 

i = I 

1 "!. -a 
11 + - I tM. • N[ 2Ci-I)] I N i= I i c+ 

C 

2m-l 

11..:. .I N: c•(rc+r. c)I 
j=C+l 1- 1-

X 

X , 
. 2 m-l 2 m-1 c-1 

/ll/ 

1 1 11+ -[ Il (N.,r.) · I (-)+I N.•Nc .•T. ]I 
N . J l . . .r-· ·-l J -1 J C J=l,2,4,... 1=1,2,4,, •• l l-
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<l>opMyna /11/ Y'lHTbIBaeT KaK BflHHHHe npoc'leTOB, TaK H 

BflHHHHe npHC'leTOB. Me:>K.IJ.Y, npocqeiaMH H npHC'leTaMH 

HMeeTCH, O,IJ.HaKo, npHHU,HnHanbHaH pa3HHU,a B TOM OTHO

rneHHH, 'ITO BO MHOrHX ycTaHOBKax npoc'leTbl ,IJ.onycTHMbI, 

T .K. Be,IJ.yT nHlllb K OTHOCHTenbHOMY JaMe,IJ.neHHJO CKOpOCTH 

Ha6opa "cTaTHCTHKH", npHC'leTbl :>Ke Tpe6yIOT ,IJ.OnonHHTenb

HblX Mep ,IJ.nH HX nocne,IJ.yromero OT,IJ.eneHHH OT HCKOMbIX 

co6LITHH. JIHKBH,IJ.aU,HH npHC'leTOB Ha annapaTypHOM ypoBHe 

Tpe6yeT BKflIO'leHHH ,IJ.OnonHHTenhHbIX ,IJ.aT'lHKOB. 

,D,nH Harnero npHMepa, ecnu N1 = N 2 = N 4 = N 8 = 10 
3 
c-

1, 
N 3 = 10 7 c-1 N s = 10 4 c-1 N 13 = 1 c-1 r = 5 10-9 c g' ' ' . , 
t = 20 • 1 o- c, nony'lHM K oT6 / K ~~6 = 0, 75 , npHY.eM 

17U/o-Hoe nOHH:>KeHHe KOJ(pq>Hu,HeHTa OT6opa ,IJ.a,IJ.yT npocY.eTbl 

B KaHanax coana,IJ.e
0

HHH Ja cY.eT MepTBoro apeMeHH, a 

1 OU/o- Hoe nOHH:>KeHHe - npHCY.eTbl HJ - 3a cnyY.aHHbIX coB

na,IJ.eHHH. 

113 paccMOTpeHHOro BLirne BhITeKaeT cne.IJ.yromee: 

1. B Ka:>K.IJ.OM KOHKpeTHOM cnyqae Y.Hcno JHaY.amux 

KOM6HHaU,HH CHrHanoB HeBenHKO no cpaBHeHHIO co BCeMH 

B03MO:>KHbIMH, nocKOflbKY nonHhlH Ha6op KOM6HHaU,HH oxaa

TbIBaeT ace B03MO:>KHOCTH nocTaHOBOK JKCnepHMeHTOB C 

,IJ.aHHbIM lJ.HCflOM ,IJ.aTY.HKOB. 

2. IlpH H,IJ.eanLHoii JneKTPOHHKe OT6opa cymecTBYIOT 

i:onLKO JHaY.amue KoM6HHaU.HH cHrHanoa, nocTynaromue 

C (pH3HlJ.eCKOH ycTaHOBKH. B peanbHOH JneKTpOHHKe OT6opa 

nOHBflHIOTCH no:>KHble KOM6HHaU,HH CHrHanoB npaKTHY.eCKH 

BO Bcex KaHanax, B JTOM CMblcne peanbHaH JneKTpOHHKa 

"oTpa6aTLIBaeT" acer,IJ.a nonHLIH Ha6op KOM6HHau,Hii cHrHa

noB. 

3. ,D,nH o6ecneY.eHHH MaKCHManbH0H npoH3B0.IJ.HTenb

HOCTH CHCTeMbl H noBhillleHHH KOJqJ(pHU,HeHTa OT6opa MepTBOe 

BpeMH JneKTPOHHKH Ka:>K,IJ.oro ,IJ.aTY.HKa .IJ.Ofl)KHO BhI6HpaTbCH 

B JaBHCHMOCTH OT HHTeHCHBHOCTH ero cpa6aTbIBaHHH H 6bITb 

MHHHManbHbIM ,IJ.nH ,IJ.a TlJ.HKa c HaH6onbrneii HHTeHCHBHOCTblO. 

CHCTeMbl OT6opa C npe,IJ.BapHTenbHblM 3anoMHHaHHeM HCXO,IJ.

HOH HHcpopMau,HH H nocne,IJ.yromeii norHY.ecKoii o6pa6oTKoii 

C06bITHH / 3/ MeHee 3cpcpeKTHBHbl ,IJ.nH OT6opa 1- ro YPOBHH, 

T.K. B HHX MepTBOe BpeMH ,IJ.nH Bcex' ,IJ.aTY.HKOB O.IJ.HHaKOBO 

H paBHO MaKCHManbHOMY. 
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4. YY.HTbIBaH ,IJ.onyCTHMOCTb CHH:>KeHHH Tpe6oBaHHii K 

6blCTpo,IJ.eiicTBHIO H BpeMeHHOMY pa3pemeHHIO JneKTPOHHKH 

.IJ.aTY.HKOB, pa6oTaIOIUHX c ManbIMH JarpyJKaMH, u.enecoo6-

pa3HO HcnonbJOBaTb .IJ.flH HHX cpaBHHTenbHO Me,IJ.neHHYIO 

JneKTPOHHKY, 'ITO n03B0flHT .IJ.OCTHlJ.b cymeCTBeHHOH 3KO-

' HOMHH MOIUHOCTH, noTpe6nHeMoii JneKTpOHHKOH OT6opa. 

B COBpeMeHHbIX CHCTeMax OT6opa, KaK Y:>Ke roaopunocb, 

npHMeHHIOT YCTPOHCTBa C pa36HeHHeM napaMeTpOB He Ha 

.IJ.Ba HHTepaana, a Ha 6onbmee HX KOflHlJ.eCTBO. IlpocTCHllIHM 

npHMCPOM TaKHX YCTpOHCTB HBflHIOTCH Ma)KOPHTapHbIC cxe -

Mbl COBna,IJ.eHHH, a 6onee CflO)KHbIC nonyY.HnH Ha3BaHHe 

6L1cTpL1x IJpou,eccopoa I 4/_ PeanLHo pacnpe.IJ.eneHne HCKo

MLIX co6bITHH He JaHHMaCT HHKOr,IJ.a nonHOCTblO "npHMoy

ronbHOro" o6'beMa B MHoroMepHOM npocTpaucTBe napaMeT

poa. 4ame Bcero OHO pacnonaraeicH Ha HCKOTopoii "no

aepxHOCTH" HnH "nuHHH", T.e. PH.IJ. napaMeTpOB HCKOMoro 

C06b1THH <PYHKU,UOHanbHO CBH3aH ypaBHCHHCM JTOH IlOBepx

HOCTH unu flHHHH. HanpHMCp, B HallICM ycnoBHOM 3KCnepu

MCHTC MO)KCT 6b1Tb o6paTHaH 3aBHCHMOCTb MC)K.IJ.Y yrno~ 

OTKflOHCHHH H JHeprueii Y.aCTHU, / puc. la/. Ha puc. 1 e 
pacnpe,IJ.eneHHH HHTCHCHBHOCTCH no KaHanaM BhI.IJ.eneHHH npu

BC.IJ.CHhl B BU.IJ.C paJBCpTKH B nnocKOCTH /no auanorHH C 

KapToii BeiiTY.a/' napannenenune,IJ.aMH IlOKaJaHbl HHTCHCHB

HOCTH HCXO.IJ.Hhrx KOM6HHau,uii CHrHa.rio~. llcnonb3YH IlPHMb)C 

" MCTO.IJ.b) OT6opa, Mb), B COCTOHHHH Bhl.IJ.CnHTb nHWb 06'beM, 

~ O -=- U E -=-E II orpaHHY.eHHbIH Jl,11111 · !'>taKc , , Milli · MaK(; • PHMCHHH 
MHoroypoa11eaoe KBaHTOBaHue, MO)KHO Bbl.IJ.CnHTb C06b1THH 

TOnhKO Ha IlOBCpXHOCTH, o6pa30BaHHOH runep6onoii () - 1/E, 
u TCM CaMhlM cymecTBeHJIO IlOAHHTb KOJqJqJHU,HCHT OT6opa. 

Ilpe,IJ.nono)KHM, lJ.T0 HCKOM0C pacnpe,IJ.eneHHC co6blTHH 
3a,IJ.aeTCH ciiYHKU,Heii 

r,; ,, ,1, (A l , ••• , ,\ 
rn /12/ 

a peanbHOe pacnpe,IJ.eneHue B KOHKpCTHblX 'ycnoBHHX OnhITa 
HMeeT BH.IJ. 

N = F (A 1 , ••• , A ) . p m /13/ 
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Tor,IJ.a K03qJqJHUHeHT OT6opa onpe,IJ.enHTCH cne,IJ.yH:iIUHM o6-
pa30M: 

I.F(A
1

, ... ,Am) 
K - ) 

OT6 - I<l>(Al , ... ,Am 
/14/ 

a <PYHKUHH CBH3H Me)K,IJ.y napaMeTpaMH HeHBHO 6y,IJ.eT 3a,IJ.a
earLcH cne,IJ.yIOIUHM HepaBeHCTBOM: 

cl>(A 1 , ... ,A m)> 0. /15/ 

:6L1cTpLie npoueccopL1, KaK npaeuno, 3anycKaIOTCH OT 
CHCTeM OT6opa nepeoro ypOBHH. C TOqKH 3peHHH noBLJUie
HHH K03qJ4lHUHeHTa OT6opa K HX. pa3pemaromeMy epeMeHH 
npe,IJ.'bHBnHIOTCH BblCOKHe Tpe6oeaHHH, onpe,IJ.enHeMLie /9/ 
H /10/. IlpH BblBO,IJ.e 3aBHCHMOCTH KoT6 OT eenuqHHbl 
t M Monqanueo npe,IJ.nonaranocL, qTo BLJ,IJ.eneHHe HCKOML1x 
co6LITHH no noruqecKoii onepauuu /3/ npoeo,IJ.HTCH nu6o 
O,!J.HOH MHOrOBXO,IJ.OBOH cxeMoii coena,IJ.eHHH, nu6o HeCKOnL
KHMH nocne,IJ.oBaTenLHO BKnroqeHHbIMH cxeMaMH qacTHbIX 
coana,IJ.eH:uii, MepTBoe epeMH KOTOpbIX no BbIXO.D.Y npeHe6-
pe)KHMO Mano. bblCTpbie npoueccopbl OTnHqaroTCH TeM, 
qTo B HHX epeMH Ha BLipa6oTKY peUieHHH / tM no BLIXO.D.Y / 
MO)KeT 6bITb ,!J.OBOnbHO 3Ha·quTenbHbIM. MepTeoe BpeMH 
npoueccopa CKna,IJ.bJBaeTCH H3 BpeMeHH npeo6pa30BaHHH 
nHHeiinoro no3HUHOHHOro KO,IJ.a B ,!J.BOHqHbIH./cuenbIOnHKBH
,IJ.aUHH H36blTOqHOCTH B npe,IJ.cTaeneHHH HHqJOpMaUHH /2// 
H co6cTeeHHO epeMenu peanu3aUHH anropHTMa oT6opa. 

l1peo6pa30BaHHe KO,IJ.0B MO)KHO npOH3B0°,IJ.HTb pa3nHqHLI
MH cnoco6aMH. IlonHpHblMH ·eapHaHTaMH HBnHIOTCH nocne -
,IJ.OBaTenbHOe npeo6pa3oBaHHe /c noMOIUbIO perHCTpa C,IJ.BH
ra H cqeTquKa/ H napannenLHOe npeo6pa3oeaHHe c noMOIULIO 
CXeM npHOpHTeTHOH UIH«ppauHH /s/. IlpH nocne,IJ.OBaTenLHOM 
cnoco6e epeMH npeo6pa3oeaHHH paeHo: · 

ts = ktS · D. ' l 

a Tpe6yeMoe KOnHqecTBO HHTerpanbHblX cxeM 

NS = kN S • eog 2 (1 + D i ) • 
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/16a/ 

/166/ 

\ 1, 

A 

CooTBeTCTBeHHO npH napannenLHOM cnoco6e npeo6paJo
aaHHH: 

tp = ktP ,fog2(1 +Di), 

Np= kNP. Di ' 

/17a/ 

/176/ 

3,IJ.eCb kt H kN - COOTBeTCTBYIOIUHe K03qJqJHUHeHTbl npo
nopuHoHanLHOCTH. CquTaH kts::: k tP , kNs =kNP , nony
quM: 

t p • Np = ts • N s .. /18/ 

Mo:>1rno npe,IJ.nono:>KHTL, qTo npoMe)l(yToqHLie nocne,IJ.oea
TenLHo - napannenLHLie cnoco6LI npe 06pa3 oBaHHH KO,IJ.OB ,IJ.aIOT 
eenHqHHy npoH3Be,IJ.eHHH, 6nH3KYIO K /18/' OTKy,IJ.a 

t · NS s . 
t =- -~ 
np Nnp 

tp. NP 

N np 

~ 

/19/ 

Ecnu KaKoii-TO HJ napaMeTpOB pa36HT Ha HaH6onLUI~e 
qucno HHTepeanoB - DMaKC. TO ,IJ.nH ,!J.OCTH)KeHHH HaHBblc
Uieii CKOpOCTH npeo6pa30BaHHH KO,IJ.OB ero Ha,IJ.O BeCTH 
napannenLHLIM cnoco6oM. ,D;nx ocTanLHLIX napaMeTpoa ·,IJ.o
CTaToqnLI nocne,IJ.oBaTenLuo-napannenLHLie cnoco6L1, ne
pexo,IJ.HIUHe K nocne,IJ.oaaTenLHOMY no Mepe yMeHLUieHHH 
qucna. HHTepaanoB. B 3TOM cnyqae npH o6ecneqeHHH MHHH
ManLHOro epeMeHH npeo6pa3oBaHHH pacxo,IJ. o6opy,IJ.oBaHHH 
/H noTpe6nxeMoii MOIUHOCTH/ 6y,IJ.eT MHHHManLHbIM. EcnH 
DMaKC . cnHUIKOM BenHKO, TO KonuqecTBO Tpe6yeMLIX HH
TerpanLHblX cxeM ,IJ.nH napannenLHoro npeo6pa3oBaHHH Ko
.D.OB MO)KeT 6bITb cnHUIKOM 6onbUIHM, no3TOMY Heo6XO,!J.HMO 
HaqHHaTb c npHeMneMoro no KonuqeCTBY o6opy,IJ.OBaHHH 
<Norp> nocne,IJ.oBaTenLHo-napannenLHoro cnoco6a KO,IJ.Hpo
BaHHH, TOr,IJ.a epeMH npeo6pa30BaHHH KO,!J.OB H o6mee KOnH
qecTBO HHTerpanbHblX cxeM 6y,IJ.yT paBHbl: 
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I 
t = k 
np 

•k 
N 

I Norp 
Nnp~--

DMaKc 

D MaKC • fog 2 (1 + DMa KC ) 
/2Oa/ 

Norp 

m 

· I D. 
i = } l /206/ 

,D;m1 BHTerpaJILHblX cxeM cepuu MECL 10.000 / 6/ MO)K• 
HO oneHHTL BeJiuqHHbl 

t tS ::: 2t 3 ".' 5 HC, 

kNs= 0,5 Kopnyca H.C./6um. 

/2la/ 

/2161 

3a,naawucL Norp = 20, DMaKc = 100, ,nonyquM tnp = 83 nc 
/.nna cpaaHeHua ts = 500 nc, N 8 = 3,3 1<opnyi:a H.C./. 

BpeMa peaJIH3a.UBB anropHTMa OT6opa B CBJILHOH CTene.7 
HB 3aBBCBT OT KOHKpeTHOH 3a_naqu, B npaKTuqeCKBX cxeMax 
OHO COB3MepBMO C BpeMeHeM npeo6pa30BaHBJI Ko,noB /7 ,8 / • 

B HaweM npnMepe • MepTaoe apeMa nponeccopa Ha 
·ypOBHe 200 HC He npnBe~eT cornacHO /6/ K 3aMeTHOMY 
CHB)KeHBIO K034i4>BnueHTa OT6opa,. IlOCKOJILKY MaJia ,.BH· 
TeHCBBHOCTL co6hITBH (N 13 ), nocTynaromux Ha nponeccop 
c CBCTeMbl OT6opa nepaoro· ypoBHJI. O,nHaKo, ecirn 6hl Bbl· 
,neneHue cooTHOWeHua SA0.E /puc. 16/ npou3BOAHJIQCL 
TaK:>Ke caMBM nponeccopoM /cM. n.3. BblBo,noa nepaoe: qa
CTB/, TO ero K034>4>B.nBeHT OT6opa CHB3BJICJI 6bl, B 2,s· pa3a. 
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