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1. 3agava onTUMaIBLHOTO OOHAPYKEHUSI CUTHAJIOB.
2. KoppensinonHo-GpuiabTpoBoil  00HAPYKUTENb  PaTUOIOKAIIMOHHBIX
CUTHAJIOB.

1. 3agada onTUMaIBHOTO OOHAPYKEHUSI CUTHAJIOB

B OonpmMHCTBE MNPAaKTHUECKUX CHUTYallMil KOOPAMHATHI U TapaMeTphbl
JIBMKEHUS 1EJIU ampUOPHO HEU3BECTHBL. IJTO BbI3BIBAET HEOOXOJIUMOCTH
OCYIIECTBIIAITh €€ 0OHApYKEHHUE B KaKJIOM M3 n (n >> 1) paspemnraeMbix 00beMOB
PaANOIOKAIIMOHHOTO HAOIIOICHNS.

Pemenue o Hanuuuu 1enu B pasperiaeMoM O0bEME MOXKET MPUHUMATHCS
aubo omepaTopoM, 1O HHQOpMAIUU, OTOOpakaeMOW Ha HWHIUKATOpaX, JIHMOO
aBTOMATHUYECKU. ABTOMAaTHYECKOE MPHUHATUE PEIICHUS OCYUIECTBISETCS B
COOTBETCTBUM C peuarowum npasuiom, TO €CTh pPeaJTu30BaHHBIM aJTOPUTMOM
paboThl OOHAPYKUTETIS.

CdopmynupoBaTh pelamolnee MPaBUIO TO3BOJISIET Kpumepuil Kaiecmed
0OHapydcenus, KOTOPBIA, MO CYTH, SIBISETCS MEPOU MpeanouTeHus Mpu BhIOOpE
TOTO WJIM UHOTO PEIIaoIIero NpaBuia.

JIJisi TpOU3BOJIBHOTO pa3peliaeMoro oobeMa BCEerja UMEeT MECTO OJHO U3
JBYX CIy4alHbIX COOBITUA:

A0 — 1ienu B pazperiaeMoM 00beMe HET;

Al — uenb B pa3pemraeMoM 00beMe eCTb.

HOCKOJIBKy CcOOBITHS AJIbTCPHATUBHBI, CyMMa HX BepOHTHOCTCﬁ HacT

eqununy P(AO) + P(A1) = 1.
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Pemenue o Hanuuuu win oTcytcTBuM 1enu npuHumaetcs B PJIC Ha ocHoBe
aHainM3a  HaOmomaeMoil  peanu3anuu CJIy4aifHOTO nporecca y(t),
MPEICTaBIAIONIETO cO00M CyMMYy cUrHana (eciu 1esb ecTh) U nomexu. Kaxmnomy
u3 coObituit A0 1 Al MOryT COOTBETCTBOBATH JiBa B OOLIEM cilyyae CIy4dailHbIX
pELICHHUS:

A0 — «uernu Her;

Al — «uens ecTby.

CoctaB  pelleHudd  ompenensieT  JBYXaJbTEPHATUBHBIA  XapakTep
OoOHapy’KeHHUs, TP KOTOPOM BO3MO>KHBI YEThIPE BapUaHTa COBMEIICHUS COOBITHI
Ak ¢ pemennsamu Ai (k,i = 0;1):

cutyarms AlA1 — npaBubHOE OGHAPYKEHHE LEIH;

cutyarms AOA1 — npomyck renu;

cutyarms AlAOQ — 10KHas TpeBora;

cutyarms AlA1 — npaBubHOE HEOGHAPYKEHHE.

DT cuTyalu o0pa3yroT MOJHYIO FPYIITY COOBITHIA

P(A1Al) + P(A1A0) + P(AOAL) + P(AOAO) = 1.

Haubonee  BaXXHBIM W YHUBEpPCAJIbHBIM  KPHUTEpUEM  KauecTBa
aBTOMATHUYECKOr0 OOHAPYKEHUS MIPUHATO CUUTATH KPUTEPUN MUHUMYMA CpeOHe2O
pucka

ro]P(AOA1) + 110P(A1A0) = min. (1)

OTOT KpuTepuil TpeOyeT MHHMMH3AaLHUU BECOBOM CYMMBI BEpOSITHOCTEH
omnbouHbIX curyauuid. HeoTpuuatenbHble KO3()PUUIUEHTHI ro; U Tjp B OOLIEM
cllydyae HE paBHbl Jpyr Jpyry U TMPeACTaBIsAl0T coOoi  «miaty» 3a
COOTBETCTBYIOIIME OMMOOYHBIE CUTYAIIMH TPOIMYCKa HEIN U JI0)KHOU TPEBOTH.

N3BecTHO, 4TO BEpOSTHOCTH COBMEILEHHUS ABYX CIy4YalHBIX COOBITUN paBHA
MPOU3BEACHUIO BEPOSITHOCTH OAHOTO U3 HUX Ha YCIOBHYIO BEPOSTHOCTh IPYTOrO

P(AiAk) = P(Ak)P(Ai|Ak), ik=0;1, 2)
rme  P(Ai|Ak) — BepOATHOCTh NPUHATHS pelIeHHs Ai IpH YCIOBHH, YTO MMeeT

MecTo cobOnitue Ak;

P(Ak) — anpropHas (1oonbITHAs1) BEpOSITHOCTh coObITUs Ak.
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CrnemyeT OTMETHTh, 4TO YCIOBHbIe BeposiTHocTH P(AilAK) MoryT GbITh
OTpeJIeNIeHbl KCIEPUMEHTANIBHO, HApUMep Mpu HaTypHbIX ucnbiTaHusx PJIC, a
anpuopHsle BeposiTHocTH P(Ak) kak mpaBuiio, HEM3BECTHBI, YTO MPUBOAUT K
CYIIECTBEHHbIM 3aTPyAHEHHSIM B HaxoxaeHnn P(AiAk).

Venosuble  BeposiTHocTH  P(Ai|AK) mpuHATO 0603HayaTh — CIETYIONIMM
obOpazom:

P(A1|A1) = D — yclioBHas BEpOATHOCTh IIPABHIIEHOTO OGHAPYKEHHMS,

P(A1]|A0) = F — ycnoBHasi BEpOSTHOCTb JIOXKHOMN TPEBOTH,

P(AO|A1) =1 - D — ycioBHast BEpOSTHOCTb HPOITYCKa LIEJH,

P(A0|A0) = 1 - F — yclioBHAs BEPOATHOCTH PABHIIBHOTO HEOOHAPYKEHHS.

[Ipu 3TOM, YuuTHIBasi BEIpakeHue (2) KpUTEpUil MUHUMYMa CPEHETr0 PUCKa
(1) MmoxeT OBITH 3aMCaH B BUJIC

101P(A1)(1-D) + r10P(AO)F = 1o/ P(A1)(1 — D + IoF) = min. 3)

_ Ty P(AO)

- BecoBoW KOIP(DUIIMEHT, HE 3aBUCAIIUA OT
1,0P(Al)

I'ne 1,

MPUHUMAEMOTO PaJNOJI0OKaTOpOM Tiporecca y(t) u, ciae10BaTeIbHO, HE BIHUSIIONIUN
Ha CTPYKTYPY OOHAPYKUTEIIS.
YuuteiBass, 4To MHOXUTENb T101P(Al) monoxuteneH, BeipaxkeHue (3)
npeodpaszyeTcst K BUILY
1 -D + IpF = min
WK
D — IyF = max. 4)
Bripaxenue (4) Ha3bIBaCTCS 8eco8biM Kpumepuem Kavecmea oOOHAPYKEHUS.
OToT KpHTepuil TpeOyeT OMHOBPEMEHHOW MaKCHMHMH3allMM BEIWYUHBI D U
MUHAMH3AIMHU F, ogHako 3TH TpeOOBaHUS MPOTHBOPEYUBHI. Tak, HalpuMep, eciiu
noTpeboBaTh 4YTOOBI BEpOSITHOCTHL D Oblma MakcuMmanbHoM (D=1), TO B 3TOM
ciydae JUIsi KaKJIOTO pa3peiaeMoro oobeMa OOHApyKUTENb JOJIKEH BbIJIaBATh
pemenre Al o Hammumu nemu. OYEBUAHO, YTO YCIOBHAS BEPOSTHOCTD JIOXKHOM

TPEBOTHU MIPU 3TOM TOKe OyzeT paBHa 1 U MakcuMuzaluu (4) He IPOU3OMIET.
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Ecnu sxe motpedoBaTh, 4uT00kI BeposiTHOCTH F Obuta MunumansHoit (F=0), TO
ATO TOXE MPUBOAMUT K aOCYpAHBIM pe3yibTaTaM, TaK KaK BEPOSTHOCTH MPOIMYycKa
LI MPU 3TOM BO3PACTAET 10 €AMHMUIIBI.

OO6wruno 3Hauenus D nexat B mpenenax 0,5 + 0,99, a F — B unTepBane
10%+10"°, 10 ecth Benmnumna F 1 0fHOTO dI€MEHTa pa3pelleHus 3HAYUTENHHO
Menbmie D. D10 cBs3aHO € TEM, YTO MPOCTPAHCTBO PATUOIOKALMOHHOTO
HAOJNIOACHUS COAEPKUT OOJIBIIOE KOJUYECTBO JJIEMEHTOB pa3pelieHus n u
yCIIOBHAsI BEPOSATHOCTH XOTs Obl OJHOM JIO)KHOM TPEBOTH 3a 0030p J1OJKHA OBITh
MaJIOU

F,=1-(1-F)" »nF<<I.

[TycTe, Hanpumep, B TeueHue nepuojia o63opa Tess = 10 ¢ mpocMarpuBaeTcs
n = 10° pa3smenbHO pa3pelaeMbIX JIEMEHTOB IpocTpaHcTBa. Torma, 3agaBasch
JONyCTUMBIM 3HadeHueM F, = 107107 (me Gomee omHOM 10XKHOI TpeBOrM 3a
0030p), UMeeM JOMYCTUMOE 3HAUeHHE YCIOBHOW BEPOSITHOCTU JIOKHOM TPEBOTH B
KaXI0M paspemaemMoM o0beme F= Fy/n = 10%+108. Takum oOpazom, manas
BenuunHa F  HeoOxoamma nnsi  oOecrieueHuss JOBEepUs K pe3yibTaTam
OOHapy>KEHUS.

CyliecTBEeHHbIM HEJIOCTATKOM JIBYX PACCMOTPEHHBIX KPUTEPHUEB SIBISETCS
HEOOXOIUMOCTh JIOOTIBITHOTO YCTAaHOBJIEHHUS BECOBBIX (YHKIMI OMHOOYHBIX
pEelIeHU To; W Tjp U 3HAYEHUW ampuOpHBIX BeposTHocTed Hamuuusd P(Al) u
orcytcTBusi P(AQ) curnana nenu B npuHsaToil cmecu y(t). Ilostomy Ha mpakTuke
O0OBIYHO WCTIONB3YIOT kpumeputi Hetimana-Ilupcona, xotopbiii HEe TpeOyeT 3HAHUS
MEPEUNCICHHBIX (QYHKIMHA M OCHOBAaH Ha >ECTKOM (UKcAauU BEPOSATHOCTH
noxuoil tpeBorn F < Fy m MakcuMuzanuu B OSTUX YCIOBHUSX BEPOATHOCTHU
MpaBUWIBLHOTO OOHapyxkeHus D

D = max, nipu F < F,. (%)

Ha ocHoBanuu kputepusi oOHapy>K€HHsI BbIOMpAETCS MPABUIO MPUHITHS
pewenuii «enb ectb» Al mmm «uemu Het» AO. TToCKONBKY BCe paccCMOTPEHHbIE
KPUTEPUU TIPUBOJAT K OJHOTHUITHBIM PEHIAOIIMM IpPaBUIaM, PACCMOTPUM BBIOOD

TAKOI'o IIpaBUJjida Ha OCHOBAHHUUA HauoOoJiee HarisiAIHOTO BECOBOT'O KPUTCPHUA.
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Hampsokenue Ha BXOJe PaJHOIOKAIMOHHOTO TPUEMHHUKA MOJXKET OBITh
00yCTIOBIIEHO TOJBKO MOMEXOBBIM HampsiyKeHHEM U(t) (€CT UMEET MECTO COOBITHE
A0) mubo cymmoit curnania s(t) u momexu u(t) (korga umeeT Mecto codbite Al)

y(t) = A s(t) + u(v),
WM B BEKTOPHOM BH/JIC
y=As+u,
rie A = 1; 0 — MHOXUTENIb, YYUTHIBAIOIINNA HAJIUYUE WU OTCYTCTBHC

CUTHAaJlIa,

y = {y(t)),..y(ty)}

Hamnpsoxenue y(t) sBasSeTCS CIy4aliHBIM IIPOIECCOM U XapakTepusyercs N-
MEPHBIMH TUIOTHOCTSIMH BEPOSITHOCTU P, (¥) =p, (¥ —S) pu Hanuuuu curHanma u
p,(¥) =p(u) npu ero oTcyTCTBUMU.

JUIs TPUHATHS PpEHICHHS O HAJIWYMU WIM OTCYTCTBHM LEIH CIEAYyeT
pas3eiiuTh BCE MHOXKECTBO Y BO3MOJKHBIX peajH3alliii CIIy4aiHOro BEKTOpa y Ha

nge obnactu Y1 u YO mocpeacTBoM HEKOTOPOro 3HAYCHUS Y ., - [IpH nomafanuu

peanuzanuu y B obOnacth Y1 npunumaetcs pemeHue Al o Hamuyuu Lenu, Npu

nonaaanuu B 061acth Y0 — pemenue AQ o ee OTCYTCTBUH.
Takum o6pa3om, 3ajaya CHHTE3a ONTUMAJIBHOTO JBYXaJIbTEPHATUBHOIO

OOHapy>KUTEJSI COCTOUT B HAXOXKAEHUH MpaBuia A(Y) B COOTBETCTBUM C KOTOPBIM
YCTaHABJIMBAECTCS MPUHAJICKHOCTh MPUHATON peanu3anuu mpouecca y o0Jsiactu

Y1 unu Y0. 310 u Oyner pemiaroiiee npaBuio.

Ipu N=1 OT BEKTOPHBIX BEIMYHH Y, Yo, MEPEXOIUM K CKAISAPHBIM Y, Yiop

" IMPaBUJIO IIPUHATHUA PCIICHUA B 9TOM CIIYHaC MOIKCT 6BITB MMPOUJUIFOCTPHUPOBAHO
puc.l.
BepOHTHOCTI/I IMpaBUJIBHOTO O6H3py>KeHI/ISI U JIO)KHOU TPCBOTHU MOT'YT 6BITB
D= [pe(Y)AF)dy,
(Y)

F= [p,(9)AF)dy.
(Y)

3allMCaHbl BUJC
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Puc.1. Pemaromiee mpaBuiio AByXajdbTepPHATUBHOTO OOHAPYKUTEIIA.

[loncraBiss ux B BeIpakeHue (4) nmoiayyaem

[[Pen ) —Lopa DAY = [py DIF) 1o JA(T)dY = max,
(Y) (Y)

Py, (9)
P.(9)

YtoOBl BBINOIHHUTH YCJIOBHC MAKCUMyMa HWHTCIpdAJla B IOCIICAHCM

rae 1(y) =

BBIPQ)KEHUHU, HYKHO, C YYETOM IIOJIOKUTENBHON OMNPENEIEHHOCTH BXOISIIUX B
HEro COCTaBJISIIOLIUX, MOTPeOOBaTh MaKCUMyMa MOJBIHTETPAIbHOTO BBIPAKEHUS.
[locnenuuit nocTUraeTcs TOJNBKO B TOM Ciyyae, Korja pemiaromas ¢yHKIus

oOpamiaercss B HOJb TPU OTPHLATETBHOM 3HaueHuwn paszHoctu 1(y)-l,, u

NPpUHUMACT CAUMHUYIHOC 3HAYCHHUC B OCTAJIbHBIX CIIyYasaX:

.. |1 mpu I(y)=1,
A(Y)_{o mpr 1) <1,. ©)

_ pcn(y) _ pn(y_g)

Bennunna 1(y) = —
P.(¥)  Pu(y)

Ha3bIBaCTCA OMHOuieHuem

npasdonododus (OIl) wu mnpencrabiseT coOOW OTHOIIEHHE MHOTOMEPHOMU

IUNIOTHOCTU BCPOATHOCTHU aHHHTHBHOﬁ CMCCH IIOMCXH H IIOJIC3HOI'O CHI'HAJIa K
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MHOTOMEPHOM IJIOTHOCTU BepodATHOcTH mnomex. Hapsagy ¢ OII  moxHO
UCIIOJIb30BaTh JIIOOYI0 MOHOTOHHYIO (DYHKIMIO OT Hero, Hampumep In 1, dro
yIOOHO B Ciyyae OHKCIIOHEHIMAJbHOTO CEMEWCTBAa IUIOTHOCTEH BEPOATHOCTHU
OMeX.

[IpaBusio mnpuHsATHUA pemieHuss o0 oOHapyxeHuu 1enu (6) sBIsIeTCS
ONTUMAJILHBIM IO BECOBOMY KpUTEpHUIO KauecTBa oOHapykeHusa. B cooTBeTcTBUM

C OTHM NPABUIOM OOHAPYKUTEIb IO MPUHATOW peanusanuu mporecca y(t)= {y}
noibkeH BeiuuciuTh ee OIl 1(y) (wmm In I(y)) u 3aTemM cpaBHUTH 3TO 3HAUEHUE C

noporom obHapykenus lp. Ecau B pesynbTrate cpaBHEHHs pernaromas QyHKIUs

MPUHUMAET €IUHUYHOE 3HaueHue A(Yy) = 1, BBIHOCUTCS pEIICHUE «IIEJb €CThY,
eciau A(Y) = 0, BBIHOCUTCS PEIICHUE «IETTU HETY.

Boruncnenue OIl ocymecTBisiercss B ycTpoiictBe o0pabotku (YO), a

CpaBHEHHE €T0 C OPOroM — B noporosom ycrporictse (I1Y) puc. 2.

lo

y(t) I [y(t)] A Ty(1)]
- Iy

Puc. 2. CtpykTypa OnTUMaIbHOTrO OOHAPYKUTEIIS.
Ecnu 06paboTka curuana ocylecTBISIETCS B aHAJIOTOBOM YCTPOMCTBE, TO B
poarn YO BbICTYHaeT paguONPUEMHOE YCTPOICTBO, €ciM 00pabdoTka cUrHaia
BeJIeTCsl B LU(PPOBOMl popMe — BBIUNCTUTEND.

Oteickanne GyHkud 1(y) 1 cuHTE3a pealbHBIX OOHapyXuTEeIeh

CUTHAJIOB MPOU3BOJMUTCS HA OCHOBAHMM MOJIENIEH MOJIE3HBIX CUTHAJIOB U IoMmex. B
3aBUCUMOCTH OT NPHUHATBIX MOJENEH OMpelesieTcss CTPYKTypa OOHapyKUTEs,
MPEAHA3HAYEHHOr0 JUIsl pElIeHHUs KOHKpeTHOM 3amaun. Tak, cTpykrypa
OOHapy>XuTesl JEeTEPMUHUPOBAHHBIX CUTHAJIOB CYHIECTBEHHO OTJIMYAETCS OT

CTPYKTYpbl OOHApYKHUTENS CIy4alHBIX CHTHAJIOB, a CTPYKTypa OOHAapyKUTENsS
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CHUTHAJIOB Ha (1)OHC HCKOPPCIUPOBAHHBIX IIOMCX OT CTPYKTYPhI O6Hapy}KI/ITCJ'I$[
CHUT'HAJIOB Ha (1)OHC IMMOMEX KOPPCINPOBAHHBIX.

Haxoxnenue ¢ynkimonanoB OII In 1(y) npencrapnsier co6oil AOBOJIBHO

CIOKHYIO MAaTeMaTHUYEeCKYyl 3ajady, KOTOpas TMpHU MPOU3BOJBHOM 3aJlaHUU
MHOTOMEPHOM (YHKIIUU paclpe/iefieHus] ToOMeX MOXKET U He UMETh PEIICHUs B
obmem Bume. OmgHako B psAae€ TMPAKTUYECKH BAXKHBIX CIIy4yaeB MOXHO
BOCIIOJIb30BAaThCS ~ ACUMIITOTHYECKUM  mpejnctaBieHueM  jorapudma  OIl,
YUHUTHIBAIOIIUM, YTO TIPU OOHAPYKEHUU, TMPEKJE BCETO, MPEACTABISIOT UHTEpPEC
MaJible 3HaUYCHHS CUTHAJIOB (MX MPUHATO HA3bIBATh MIOPOTOBBIMH).
ACUMNOTOTHYECKOE  TPEACTaBICHHWE  HCMOJB3yeTCS HAa  OCHOBAaHUU
CJIEIYIOIIETO Ba)XHOTO COOOPaKEHHUA: €clid OOHapyKeHHE OoOecrneyuBaeTcs s
citydasi cJiadbIX CUTHAJIOB, TO JIJIsi 00Jiee MOILHBIX OHO O0ecreYrBaeTcs TeM OoJee.
Jist mpocTeiiero ciyuas, Korja BCE€ MapaMeTpbl CUTHAJla CUUTAIOTCS
M3BECTHBIMHU, a TIOMEeXa MPEACTaBIsAeT COO0M «Oenblil» IIyM, ¢ HOpMadbHbBIM N-

MCPHBIM 3dKOHOM pPACIIpCACICHUA
L N
- _ = 2y N 1 2
Py(¥=1)=(2nc") Nexp|——5 D vi |
267 5

r1e 6~ - AUCICPCHs TOMEXH,
QIropuT™M  OOHApyXEHUs  JETePMHUHMPOBAHHOIO  CUrHaima  Ha  (QoHe

«0eoLUIyMOBBIX)» MIOMEX IPUMET BU:

z > Zy (7)

A

Tac Z= S(t)y(t)dt — KOppCJISII_II/IOHHBIﬁ HUHTCTpA, XapaKTepI/I?)y}OH_[I/Iﬁ CTCIICHDb

(=}

B3aMMHOM CBSI3U MPUHATOTO Y(t) U 03KKUaEMOT0 S(t) CUTHAJIOB.

Boipaskenue (7) o3HayaeT, yTO JUIsl NMPUHATHUS PEIICHHS O HAIMYUU WIH
OTCYTCTBUU JETEPMHUHUPOBAHHOTO CUTHAJIIOB KaXKJOM M3 OOBEMOB pPa3pelICHUS
PJIC wnHeoOxomumMo 1O TpUHATOM peanu3auuud y(t) BBIYUCIUTH 3HAYCHUE

KOPPpC/LINUOHHOI'O UHTCTpaJia Z U CPABHUTH €TI0 C ITIOPOTOM O6Hap}7)KeHI/ISI Zy. Ecau
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IMOpoT HIPECBLIIICH, IPUHUMACTCA PCIICHUC O HAJINYWUU LCJIN, B IIPOTUBHOM CJIy4dac

0 ee OTCYTCTBUH. ANTOpUTM (7) WILTIOCTpUpYETCs Ha puc. 3.

Z(

y(t) z Aj
Brruncnurenn
Iy

—— KOppEJSILIHOHHOTO
UHTErpajga

Y

Puc. 3. CtpykTypa onTuMaabHOro 0OOHapyXUTeENs Ha (hOHE
HOPMaJILHOTO 0€JI0r0 IIyma.
Brrancnenre KOppesIMOHHOTO HHTErpajia MOXKET OCYIIECTBISTHCS OJHUM
U3 TpPEeX M3BECTHBIX CHOCOOOB: KOPPEISAIMOHHBIM, (DUIBTPOBBIM WU

KOPPENISLUOHHO-(PUIBTPOBBIM.

2. KoppensainoHHo-QmibTpOBOM 00HAPYKUTETh PAIHOTOKAIIMOHHBIX CUTHATIOB

O6napyxenue curHana s(t) ¢ M3BECTHBIMU MapaMeTpaMu Tpedyer
BBIUMCIICHHS KOPPETSIIMOHHOTO MHTETpaja

C

7 =

s(t)y(t)dt

o'-"—]

Jis  peanuzanuM  KOPPEJSIIUOHHOTO  OOHApY>KUTENs  HEOOXOAMMO
BBITIOJITHUTH OIEpalMi0 YMHOXKEHHUS BXOJHOIro Tporecca y(t) Ha OXujgaeMbli
curHan so(t), dopmupyemsiii B reHepatope oxkumaemoro curHaiza (I'OC) u B
o0mieM ciayyae OTJIMYAIOLIErocs OT IMOJIE3HOTO curHana s(t), MpOMHTErpupoOBaTh
MPOU3BEICHUE HAa BPEMEHU JEUCTBUS CUTHaIa Tc W CPaBHUTH IOJTYyUYECHHOE
3HA4YCHHUE KOPPEISAIIMOHHOTO HHTETpasa Z C HOporoM oOHapykeHus zo (puc. 4).

[TapameTpbl 0’kHMAEMOT0O CUTHAJIA So (YAaCTOTa, aMILIUTY/a, HadalibHasl (aza,
BpeMsl 3ama3/IbIBaHMs ) TOJDKHBI TOUHO COOTBETCTBOBATH MapaMeTpaM OXKHIaeMOTO

CUTHaJA y.
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s(t)

yH=st) s

-1

Ye(bisit)|

Zc(t) 140

10

Iy

\ 4

\ 4

y(®) J- z

— X

So(t)

I'oC

Puc. 4. KoppensiiinoHHbIit 0OHapYKUTEIh CUTHANIA C U3BECTHBIMU ITapaMeTpaMu.

Du3NUEeCKUN CMBICT KOPPETSIMOHHON 00pabOTKH pacCMOTPUM Ha TIpUMeEpe

OOHapy>KeHHUs MPSAMOYTOJIBLHOTO0 UMITYJIbCA AMHUYHON aMILTUTY/IbI

cosQTf, + @), t € (0,7,)

SO = ) t<0:t> T,

, y H=ut)

Wt ’ t i

Q U Q Q D U g g B ij U U ) 1W "
1 t 0 g t o

ut) > ut) ’

-2 -2

A Yo H=stru)

Yen(tlst)y °

ybs) 2
, t » t .

-2

ch(t) 140

/ Rl
z &

(=]

AR

/,_/f

a) I cUrHajia 6e3 momex 0) s moMexu B) JUISl CMECH TIOMEXU U

CUTrHaJIa

Puc. 5. ®opmupoBanue KOppEISIHUOHHOIO UHTErpaja Z.
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[Tpu Bo3MEHCTBUY HA BXOJ OOHAPYXKUTENS MOJIE3HOTO cUrHajia (puc. 5 a), B
TOYHOCTH COOTBETCTBYIOIIETO OXHUJAAEMOMY, CHUTHal Ha BBIXOJE YMHOXHUTEIS
paBeH KBaApaTy I[IOJIE3HOTO CHUTHAlla W HMMEET TOJBKO TOJOKUTEIBHYIO
MOJISIPHOCTE. IHTETpaTop HaKarIuBaeT MOJIOKHUTEIbHBIC MYJIbCALUU 32 BpEeMS Ty U
dbopMupyeT Ha BBIXOJE HANpPsHKCHHE, OMpenessieMoe SHeprued curHana. Takum
o0pa3oM, TpW BO3ICHCTBUU TOJIBKO TIOJE3HOTO CHUTHAlJa KOPPEISIIUOHHBIH
OOHaApYXHUTEIh BBIIEISIET Ha CBOEM BBIXOJE MAKCUMYM BO3MOYKHOTO — TIOJHYIO
DHEPTHI0 CHTHAJA.

B cnydae Bo3zeiicTBusi Ha OOHapyxuTenb myma (puc. 5 0) Ha BBIXOJE
YMHOXHTENS  (QopMupyeTcs  IIyMOBOe  KojeOaHWe, MPOMOAYIUPOBAHHOE
HaIpspDKEHUEM OKMaeMOTO CUTHalla M UMEIolee HyJieBoe cpelHee 3HaueHue. Ha
BBIXOJIC HMHTErpaTopa 00paszyeTcsl MPOIECC, HE MOBTOPSIOMIMICA B Pa3TMYHBIX
peanm3anusax, HO UMEIONIMA B KadecTBe Hamboyiee BEPOSTHOrO (4acTo
MOBTOPSIIOIIETOCS) HYJIEBOE 3HAYCHHE, MOITOMY MPEBBLIIMICHHWE 3TUM IMPOIECCOM
nopora oOHapyXeHUsI MaJOBEPOSITHO.

Ecnmn Ha BXOom oOHapyxXwuTens NEHCTBYeT aqAWTHBHAas CMECh CHUTHaja C
mrymoM (puc. 5 0), TO pe3yinbTaT Ha BBIXOAEC KOPPEISIMOHHOTO HHTErpaTopa
NpeCcTaBIsieT co00i CyMMy pe3ylbTaTOB WX pa3felibHOTO BO3aeWcTBUA. Tak
BEPOSATHOCTh TOTO, YTO BBIXOJIHOE HAIMpPSKEHHE HMHTErpaTopa MPEBBICUT MOPOT
OyleT CyHIECTBEHHO BBINIE, YEM B CIydyae OJHOTO IIymMa, HO BEPOATHOCTH TOTO,
4TO 3TO HaNpsHDKCHHE OyIeT HIDKE Topora TakkKe CyIEecTByeT. UYeM BbIle
BEJIMYMHA OTHOIICHUS CUTHAII/IIYM Ha BXOJE OOHApPYXKUTENs, TeM OoibIie Oyaer
BEPOSATHOCTh MPEBBIIIECHUS TIOPOTa.

HemoctaTkoM  pacCMOTpPEHHOTO  OOHapyXuTells  CJleIyeT MpHU3HATh
HEOOXOAMMOCTh 3HAaTh MapaMeTphbl 0XKHUIAeMOT0 CHTHAJIa ¢ TOYHOCTHIO 10 (ha3wl,
YTO B peabHBIX YCIOBUAX HEIOCTHIKUMO.

Jlpyroii cmoco® HaxOXACHHUS BEIUYUHBI KOPPEISIMOHHOTO HWHTETpalia B

pUeMHUKE — QUIBTPOBOM.
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VYuutsiBasi, UTO CUTHAJl OrPaHUYEH BO BPEMEHH, TO €CTh PABEH HYJIO BHE
BpeMEHHOTO WHTepBana [0,74] | a Takke HEOOXOIUMOCThH CJIBHIa OKHJIAEMOTO
CUTHaJa Ha BpPeMs 3ama3/bIBaHus t3, KOPPEISIUOHHBIA UHTETpal MOXKET OBITh

3alluCaH B BUJC

+o0

zZ= f s(t—t,)y(t)dt.

D

3a11aqa (1)I/IJIBTpaI_II/II/I COCTOUT B pCalin3alilii 3TOT0 aJIrOpuTMa C IIOMOUIIBIO

(buIbTpa, BEIXOJHOM CUTHATI KOTOPOTO , OMKCHIBAETCS MHTErpajgoM Jroamens

“+00

w(t) = f v(T — t)y(t)dt,

— o0

rae V (Tl . HUMITYJIbCHAsI XapaKTepUCTUKA PUIbTpa

NMmynbcHast XapaKTepHCTHKAa JOJDKHA OBITh COTJIacOBaHa C IOJIE3HBIM
curHajoMm (puc. 6)

v(t) = Cs(ty — t).

DTO yCJIOBHUE YKa3bIBAET, YTO UMITYJILCHAS XapaKTEPUCTHUKA COTJIACOBAHHOTO
¢unprpa (CD) mnpomopruoHaIbHA W 3€PKAJbHO CHMMETPUYHA TIOJIC3HOMY
curHany. Koadduruent C yuutbiBaeT kKod3QpHUIMEHT YCUICHUS WIH OCIa0JICHUS
MPUEMHOI0 TpakTa. tp BEJIMYMHA 3aJCPXKKU CUTHaAjIa Ha BpeMs 00paboTKH B
bunbTpe, HE MOXKET OBITh MEHBIIE JUIUTCIBHOCTH HMIYJbca (U3 YCIOBUS

(buznyeCKON pean3yeMoCTH).

s(t) v(t)

Puc. 6. Hmnynbcuble xapaktepuctukn CO gus npocroro u JIUM

PaIuOUMIYJILCOB.
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YactotHas xapaktepuctuka CO K(f) cBs3zana ¢ ummnynbcHO#M v(t) IpsSsMbIM
npeoOpa3zoBanueM @Dypbe, W MNPOMOPLHOHATIBEHA IPOU3BEIACHUIO KOMILIEKCHO-
COMPSDKEHHOTO CIEKTpa CUTHAJa W MHOXHUTENS 3ama3/iblBaHus CUTHaNA, TPHU

poXoXkaeHuu ero uepe3 CO

K(f) = ys*(f)e /e

X
rac: s\l - KOMINJICKCHO-COIIPSKCHHBIN CIICKTPA CUTHAJIA,

¥ - xosdduImenT nponopuHoOHaNTbEHOCTH;
e J27lty
- MHOYKUTEJTh 3ala3/IbIBAHUS CUTHAJIA.
Ceoticmea coenacogannozo gunvmpa.

Ceoticmeo uacmomuoul cenexyuu — CD nponyckaem Ha 6blX00 MOALKO
CHneKmpanbHvle coOCmasiaujue nojlesHo20 CUSHaIA U ociadiiem 6ce OCmabHbvle
yacmommubwle COCMasIAujue 6X00H020 8030€liCMBUSL.

Cesoticmeo demooynayuu ¢azosozo cnekmpa cuenana — CP ocywecmansem
KOMREeHCcayuro (hazo8020 cnekmpa 6xo0Ho2o cueHana. Eciau éxoonoti cuenan umeem
P azo8yr0 MoOyIAYUIo (M.e. A8IAemMCs CA0OHCHLIM N> 1), mo Ha evixode Kaxkas aubo
Gazosas Mooyrayus omcymcmeyem u cueHal npeobpaszyemcs 6 npocmou (n=1),

m.e. Oemooynupyemcs. Ilpu smom wupuna cnekmpa 6bIX0OOHO20 CUeSHANA

NPUOTIUNCEHHO PABHA WUPUHE CNEeKMPA 6XO00H020 Afewx ~ Afx, a OIUMENbHOCTb

I}i EBX

Typpx =

BbLIXOOHO20 UMNYIbCA YMEHbUUMCS 8 0a3) CUSHANA paA3 n .

Csoticmgo KocepeHmH020 HAKONeHUs cueHala — Ha 8vixooe CD @ momenm
gpemenu t0+t3 hazel 6cex UACMOMHBIX COCMABAANWUX COBNAOYM, M.e
NpoU30L0em Ux Ko2epeHmuoe Cymmuposanue. B pesynomame smoeo 8 ykazanmwiil
MOMEHm 8peMeHU Ha 8vixode @uibmpa o00pazyemcs aMHIUMYOHbBL NUK
Hanpsajcenust, NPONOPYUOHATbHBI IHepUU CUSHAIA.

Cesoticmeo uneapuanmuocmu C® om epemeHu 3anazovl@aHusi — HU
8pemeHHble, HU yacmomuvie xapaxmepucmuku C® He 3as8ucam om epemeHu

3anaz0bl6aHUs. CUSHAIA. Hpu UsMeHeHUuu 13 aMngumyOHblﬁ NUK 8bIXOOHO20 CUSHANLA
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cmewaemcs Ha 6p€M€HHO?j OCU Ha my oice 6ClUHYUHY, UMO NO360Jislent USMepPAmb

PasauyHvle 0anbHOCMU Yeeld 0OHUM DUIbMPOBbIM KAHALOM.

[>
o AT Y

-

Puc. 7. ®unbTpoBoii 00HAPYKUTENH CUTHAJIOB

Cxema oOHapyxuTens (puc. 7) UCNONb3yeTCs, KaK MPaBUiIo, B UMITYJIbCHBIX
PJIC He wu3MepsSIOMHUX OMJIEPOBCKYIO YacTOTY, €CIM IIHpUHA aMIUTUTYIHO-
qacTOTHOH Xapakrepuctukn C@® MHOro OoJble guana3oHa BO3MOYKHBIX
JOIJICPOBCKUX YacTOT. B ATOM cilydae MOIUIEPOBCKUM CMEIICHHEM JOIyCTHMO
npeHeOpeys M MCII0JIh30BATh OJTHOKAHATIBHBIN M0 YaCTOTE OOHAPYKUTETb.

B ocrtanpHBIX ciaydasx HE3HAHUE OIUICPOBCKOW HYAaCTOTHI, TaK K€ KakK B
KOPPENSAIIMOHHOM OOHapyKuTelle, PUBOAUT K HEOOXOIUMOCTH (hopMHpOBaHUS
MHOTOKaHAJIbHBIX IO YaCTOTE YCTPONCTB.

Coueranue JOCTOMHCTB KOPPEISAIIMOHHOTO U (GUIBTPOBOTO OOHAPYKHUTETCH
M YacTUYHAs JIMKBHUIAIMS WX HEJOCTAaTKOB TPHCYIIH KOPPEISIHOHHO-
GUIBTPOBOMY OOHAPYKHUTETIO PATUOTOKAIIMOHHBIX CUTHAJIOB.

KoppensiimmonHbIii WHTETpall, BBIUHCITSICMBIT ONITUMATHHBIM
OoOHapyKHTEJIeM, MOXKET OBITh TIPEJICTABIICH B BHJIE

TE TC TC
2= | y@®s@dt = | yOs;(Ds,®)dt = | y(D)sy()de
0 C 0

rae Y1 () = y(U)sy (1)

Boi6op ¢ynknumii sl(t) m s2(t) mpousBOAUTCS TakuUM O00pa3oM, YTOOBI
00eCneunTh TPOCTOTY TEXHUYECKOW peann3alid UMIYJIbCHOW XapaKTePUCTHKU

¢unbtpa V(1) =52(to — ), ¢ TOMOMIBIO KOTOPOI BEMUCIIAETCS HHTETPAJ CBEPTKH
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—+o0

z(t) = J vy (t)v(r — tldt.
— oD

Koppensimonno-gunbTpoBoit  MeTOon 00OpaOOTKM CBOAUTCS K  JABYM
oneparusM (puc. 8):

1) mepeMHOXEHHWE NPUHUMAEMOTO BBICOKOYACTOTHOTO cHTHama y(t) ¢
dbynkuen si(t), 3Ta omepamus — OJJEMEHT KOPPEJSIIIMOHHON 00paboTkw,
BBITIOJTHSACTCS B CMECHUTEIIC;

2) BBIYMCIICHHE MHTETpaJia CBEPTKH BBIXOJIHOTO CHUTHAJIa MIEPEMHOKHUTEIS C
UMITYJIbCHOW XapaKTEPUCTHKON (UIbTpa, KOTOpas BbhIOpaHa KaK 3epKabHOE
otoOpaxkeHue (yHKIUU $y(t), 9Ta omeparus — 3JIeMEeHT (UILTPOBOM 00pabOTKH,

BBITIOJTHSETCS B (DUIIBTPE.

¥ty yi{8

£ . L z
b [P € CETIEKTOP CM dOITY
' s,0)
f,
TeTepoaImH

Puc. 8. CtpykTypHas cxeMa KOppelsaiHOHHO-PUIbTPOBON 00pabOTKU

Koppensiunonno-gunbrpoBas o6padotka npumensiercss B PJIC ¢ 3C Buna
KIIITPU. Oxunaemslii curHan s(t) mpeacraBisieTcs B BUAE MpousBeaeHus si(t) —
OTPaHWYEHHOW Ha BPEMEHH T MOCIENOBATENBHOCTH PAaIUOUMITYJIBCOB C HECYIIEH
yacToToil fi 1 s»(t) — HEMOAYIMPOBAHHOTO O AMIUIUTYAE KOJeOaHHusI Ha 4acTOTe
fi. B ponmu C® mnpumensieTcss y3KOMOJOCHBIM (UIBTP, TOJ0CA MPOIYCKaHUS
KOTOPOTO oOpaTHO MIPONOPLUHUOHAIIBHA IUTUTENBHOCTH MMITYJIbCHOU

MOCJIEA0BATEILHOCTH Te.

y(®) A
—* mpeceneKkTop CM — VII® A —™ IIV —

8 f(i'} opor I

Puc.9. OnHokaHaNbHBIN KOPPEITIUOHHO-(DHUIIBTPOBOM OOHAPYKUTEIb
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OnnokananpHblii KO oOHapyxkutenb (puc. 9) crnocobeH OoOHApPYXKHUTh
CUTHaJ Ha OJTHOM KOHKPETHOM NAJIBHOCTH U Ha OJTHOM KOHKPETHOM CKOpOCTH. JlJist
MPOCMOTpa JWana3oHa JadbHOCTEH W CKOpocTeld HeoO0xoaumo (GopMHUPOBaTh

MHOT'OKaHaJIbHBIN 110 JAJTBHOCTH U TI0 CKOPOCTH OOHApYXHUTeNb (puc. 10)

] vio Aaql L ™ A,
L l-n l-n l-n
—i *‘ - - o  Toper ¥
CMh ] VI Al ITV }"1
1-2 1-2 1-2 3~
| Vi | Al m|,
1-1 1-1 1% 1
Hnopar
_ [ vhe AL L IV A,
b 2-n 2-n 2-n
vit) 4 . ) o vt
e [P ECEMEKTOP ChM2 VI ] ATl _‘{ v A,
3.7 5= I T e
L - = == i A
st | | Yo AL LS v,
2.1 2-1 2-1
noper ¥
; ° ° °
E
3
_Jvne AL | v,
1:‘ M-n M-n M-n
: ® - * mgxm‘?
CM M VIID Al I A,
M-2 | M-2 [ M-2 Y
5t | VII Al v,
M-1 M-1 M-1
noper ?

Puc.10. MHOTOKaHaNIBbHBIN KOPPEISIIUOHHO-(PUIBTPOBOM OOHAPYKUTEND



