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BBEJEHHUE

PajpnosokanHOHHAsi TeXHHKA, HCOOJAB3yiolas HOBel-
IIHe JOCTHXKEHHS 3JeKTPOHHKH, PaJHOTEXHUKH H BHIYHCJIH-
TeJbHOH TeXHHKH, IIHPOKO NPHMEHsIeTCS B BOGHHOM Jene H
HapOIHOM XO035HCTBE.

HenpepbiBHOe  COBepIIEHCTBOBAHHE  aBTOMaTHYeCKHX
CHCTEM H 3JIEKTPOHHEIX LHM(PPOBHIX BBIUHCIHTENbHBIX Ma-
IIHH, BHeJDEHHe HOBeHIIHX NOCTHXKEHHH HAayKH H TeXHHKH
NO3BOJAIOT 3HAYHTENbHO YIYUIIHTb XapaKTepHCTHKH PamHo-
JoxaunoHHbix cranuuit (PJIC). [TosBasiioTcss BO3MOXHOCTH
yBeIHYEHHUS JaJbHOCTH NEHCTBUS U NPOMYCKHOH cnocoBHO-
CTH, TOBBIINEHHS TOYHOCTH OIEHKH [apaMeTpoB Lellel,
yJAyullleHHs paspeamnoniel cnocoGHOCTH, NOMEXO0yCTOHYH-
Boctd PJIC u 1. 1.

Papunosokaunonnble cHcTeMbl, cocrosimide u3 PJIC ¢
BHU3ya/JbHbIM OOHapyxeHHeM, B YCJOBHAX 3HAYHTEJbHOIO
yBEJHYEHHs] KOJHYeCTBA LeJell W CKOPOCTH HMX JBHKEHHS
He Bcerpa ofecrnednBaioT o6paboTKy HeoGXOAUMOro 00b-
eMa uHopManuH B 3adaHHoe BpeMs. [loatomy 3a pyoGe-
x)om [1, 3, 10] paspaGorann TpexkoopauHatHble PJIC
C aBTOMaTHYeCKo# (mosyaBTOMaTHYecKoi) o06paboTkoi
CHrHaNoB W HH(opMaunuH 6OJBIIOTO YHCIa Lesel, KOTophle
B JasibHeluieM GyaeM HasbiBaTh MHorouenessiMH (MPJIC).
Otn PJIC o6ecneunBaior o6HAapyXKeHHe U ONpejejeHHe
napaMeTpoB ABHXKeHHs O6OJbIIOrO 4HCIa Meself, Haxoms-
IMXCs B ceKTope o63opa.

MPJIC ¢ apromaTtnueckoit (moJyaBTOMaTHYeCKOkH) 06-
pabBoTKOH CHTHaNOB M HHGOpPMAIHK CO3AAIOTCS B HHTEpPECcax
nporuBopaketHol (IIPO) wu mnporusososaymmmoit (IIBO)
060poHH], Tae TpeGOBaHHs K KOJHYECTBY, KauyeCTBy H CKO-
pPOCTH mnoJyyeHusi HHbOpManuu ocobGenHo BeaHku. MPJIC
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MOTYT HCHOJb30BATbCA TaKXe H AJS pellleHHs IpYTrdx 3a-
nau.

B G6powiope u3snaramoTcs OCHOBHblE MPHHIMOB pPabGOTH
MPJIC, npu aToM ocoboe BHHMaHHe YAeJseTcss BOIPOCAM
NepBHYHOH ¥ BTOPHYHOH 00paGOTKH pPaaHONOKaIMOHHEIX
curHaqoB u wuHbopmauuu. IlpuBomsiTcss TumoTeTHUECKHE
CTPYKTYPHBIE CXeMbl, 8 TaKXKe OMHCHIBAIOTCS HECKOJIbKO TH-
OB 3apy6exHBIX MHOTOHENEBHX PaJMOJOKALUOHHBIX CTaH-
LMl ¢ aBTOMaTHYeCKO#l M IOJyaBTOMaTHuecKoi o6pabort-
KOH.

IMonpasn. 4.3, 4.4, 4.5, 4.7 Hanucausl YabsHosuiMm I'. H.
OcranpHOll MaTepuasl KHMIM HamwucajJ W TIpOH3Bes ofulee
penaktuposanue Bernunckuin B. H.



1. TPUHUHUNBI PABOTbl MHOTOUEJIEBBIX PJIC

1.1. O6mue cBeneHns

PJIC mupoko npuMeHAOTC A oOHapyKeHHs, Onpe-
JeNeHHs] KOOpAHHAT M NapaMeTpoB ABHXKEHHsS BO3LYLIHBIX,
KOCMHYECKHX, Ha3eMHBIX HJIH HaJBOAHBLIX LieseH.

ITonyuennbie or PJIC nmaHHble MOTYT HCHIONB30BATBHCA:

— 7Sl pellleHHsl 3ajay IPOTHBOBO3AYINHOH OGOPOHHI,

— 715 pelleHus 3a/ay NPOTHBOPAKETHOM OOOPOHHI;

— JIJIs1 KOHTPOJISL U YNPaBJeHUsI ABHXEHHEM Pa3HYHBIX
0O'BEKTOB;

— JIJIS yIpaBJleHHs] OTHEM apTHJJIEPHH;

— JJis1 TonorpaduuecKHX, reofe3H4ecKHX H acTpodH3H-
YECKHX H3MepeHHH;

— IJs1 OnpefejieHHs]  MeTeOpOJNOTHYeCKHX  JaHHBIX
H T I '

B 3aBHCHMOCTH OT BBINOJHSEMBIX (QYHKUHE DPasjiHdaioT
PJIC o6rapyxeHus (nesneykasaHHs), TOYHOTO H3MepeHHs
KOODJAHHAT M NapaMeTPOB J[BHXKEHHS, DaJHOBHICOTOMEpHI,
pPaZMOB3pHIBATENH U T. I.

PJIC o6Hapy:KeHHSA 1103BOJAIOT 06HApyXKHBaTh U Ipy6o
OLIEHHUBATb KOOPJAHHATH BCeX LieJefl, HAXOASIUXCS B CEKTO-
pe o63opa.

PJIC Tounoro uamepeHuss KOOPAHHAT YAaCTO SABJSIOTCA
CTAaHHHSAMH CONpPOBOXIEHHSI OXHON (HECKOJBbKHX) ueJel.
PJIC, paccunraHHble Ha COTPOBOXKJEHHE OAHON NejH, 1O
gasHbiM PJIC neneyxkasaHHs NPOH3BOAST NMOHMCK B HeGOJb-
IIOM CEeKTOpe M nocjae OOHAPYXKEeHHs LeNH MePeXoisT B pe-
XHM CONPOBOXJEHHS, NIPH 3TOM OCb AHAarpaMMbl Hampas-
jJegHoctd ([AH) aHTeHHB HenmpeprHIBHO COBMeMIaeTcs ¢ Ha-
NpaBJeHHEM Ha Leb.

5



JnarpaMmbl HanpasjeHHocTd PJIC conpoBoXIeHHsT He-
CKOJIbKHX Lesiell CKaHHPYIOT B ONpeIEeJCHHOM CeKTOpe, MpH
9TOM KOOpDAHMHATHl IeJNu onpefeistorcs Ha npoxone. s
H3MepeHUsl a3HMyTa H yIyla MeCTa HCHOJb3YIOT CKaHHPO-
BaHHe AByx [H Bo B3aHMHO nepneHIMKYJASPHHIX IJIOCKO-
cTax, napuuanbuble JJH # apyrue merombl. B nocnennue
rogel [1] 3a pybexom paspaborausl PJIC, yacto HasbiBa-
eMble MHOTO(QYHKUMOHAaJbHBIMH, KOTOpble 00ecneynBaloT 06-
HapyXXeHHe ¥ TOYHOE ONpejesieHHe KOOPAMHAT M MapaMeT-
POB ABHMKE€HHS GOJIBLIOTO KOJHYECTBA LieseH.

Hns u3MepeHHs] ¥ CUMTHIBAHHS (C'beMa) KOODIAHMHAT B
PJIC HCHOAB3YIOT 3J€KTPOHHO-Jy4YeBble HHIUKATODH, Cie-
IsIHe CHCTEMBl, YCTPOHCTBA aBTOMAaTHYECKOH MM NOJYaB-
TOMaTH4YeCKOH 06pabOTKH CHIHAJIOB.

I1pn MCrONb30BaHHK 3JEKTPOHHO-JIYUEBHIX HHIMKATOPOB
onepaTop MOXKeT H3MepATb KOOpDAMHATH Liededl Henocpen-
CTBEHHO Ha 3KpaHax HHAMKartopoB. Ilpuw Haamamn 60/b-
IHOrO0 KOJIMYECTBA CKOPOCTHHIX lLieJiell olepaTop He B CO-
CTOSIHHM JOCTATOYHO TOYHO H3MepSITb KOOPAHMHATH KaXKIOH
IeJTH H NPOH3BOJIMTb aHaJH3 Bcell Heo6xomuMoH HHGOp-
manun. brictpas yroMisieMocTh onmepaTtopa, BO3MOXKHOCTb
rpy6ObiX OmHOOK IesaloT NOAOOHHH MeTOx Malo3(ddeKTHB-
HBIM M HelepchneKTHBHBIM. OIHAaKO BCJEACTBHE NPOCTOTH
ob6opynoBaHuss oH npumeduM B PJIC ofuapyxeHust ma-
JIOCKOPOCTHBIX LeJsef.

Js noBblleHHs] TOYHOCTH H3MepeHHs KOOpAHHAT HC-
NOJIb3YIOT CHCTEMBl CONPOBOXKIEHHA. B 3THX ciydyadx Ko
OpPAMHATBl CHHMAIOT C CHCTEMBl CONPOBOXIEHHS B aHAaJoO-
TOBOM HJH UH(DpPOBOM BHAe. 3HaUeHHS BHIXOJHOH BeJHUYHHLI
NOCTYNalOT Ha H3MEPHTENbHOE YCTPOACTBO M CYHTHIBAIOTCH
ONEepaToOpPOM HJIH MOTYT HENOCPEACTBEHHO BBOJHUTHCS B BHI-
YHCJAUTEJIBHYIO CHCTEMY, ofecneuuBarwiInyo o6paboTKy HuH-
tdopMauun ¥ nonyueHue HeOGXOAMMBIX JaHHBIX. BO3MOXKHO
pydHOe WM aBTOMATHYECKOE cONpoBoXKAeHHe Henau. [lpm
PYYHOM CONpPOBOXKJEHHH ONEpPaTop cOBMeNlaeT Ha HHIHKa-
TOp€ 3JeKTPOHHYIO WJIH MeXaHUYeCKyI0 MeTKy (BH3Hp) C OT-
MeTKOH OT HeJH, 4TO 06ecneuHBaeT HECKOJNbKO OOJBIHYIO.
TOYHOCTb H3MepeHHs KOODJHHAT, YeM INpPH HENOCPEelCTBEH-
HOM cyuThiBaHuM. OJZHAKO yuacTHe omepatopa B mpoliecce
00HapyXKeHHs M H3MepeHHs KOOPAMHAT NPUBOAMUT K MaJoi
53¢ eKTHBHOCTH AaHHOTO METOHA.

3HayuTeNbHOE NOBBHIIEHHe TOYHOCTH H3MEPEHHs KOOp-
JHUHAT JOCTHraeTcsi NPH aBTOMATHYECKOM CONPOBOXKIEHUH
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¢ noMouibio CAeddIIUX CHCTEM, IMHPOKO HCHOJIB3yeMOM B
PJIC conpoBOXJAEHHST OLMHOUHBIX (HECKOJbKHX) NeJeil.
Uucno cucrem comnposoxienus B PJIC, onpenenasiomux
KOOpJHHATHI IeJsleH, JONXKHO OHITh

k=nm,

ITfle . — YHCJIO M3MePsieMblX KOODAHHAT;

m — 4HCJIO LeJed.

Jas conpoBOXEHHs Lead MO AANbHOCTH NPHMEHSIOT
3JleKTpOMeXaHHYeCKHe MJH 3JeKTPOHHble aBTORAJbHOMe-
prl. B PJIC conpoBoXeHHsT OAMHOYHOH LeJH OOGBLIYHO HC-
HOJB3YIOT 3JeKTpoMexannueckne, a B PJIC, onpenensioniux
KOODJAHHATHl Ha MpPOXOAe, 3JIEKTPOHHbIE CJelsllue CHCTe-
MBI 10 HanpasiaeHHo. KoopaHHATH ¢ BHIXOAA CAEASIIIHX CH-
CTeM B aHAJOTOBOM HJH LH(PpPOBOM BHAe MOCTYNalOT Ha
BXOJ BbIYHCJAHTENBHOrO YCTPOHCTBA.

H3mepenne W AHCKPeTHBIH CbeM KOOPAHHAT IPH IMOJY-
aBTOMaTH4eckoll 00paboTKe NMPOU3BOAAT MOCJAe cOBMellle-
HHsI ONEpPaTOpPOM 3JEKTPOHHOH METKH ¢ OTMETKOH LeNH Ha
uapukartope. [TonyaBromaTnueckass cucrema obpaborku [9]
NPHMEHHUTEeNIBHO K AByxkoopaunatHolt PJIC, usmepsiomer
AajbHocTb JL M yroa o, mokaszaHa Ha pHc. 1. B cocras cu-
CTeMBl BXOAAT HHAMKATOp, cXeMa GOpPMHpPOBAHHS H 3a-
IepKKH 3JeKTPOHHBIX METOK (CTpOGOB), YCTPOICTBO COBMA-
IeHHs, yCTPOUCTBO H3MePEHHUA H LHCKPETHOTO cheMa KOoop-
nuHat (YUOCK) u BEunciuTenbHoe yCTPOHCTBO.

C nomombio mTypBasoB JI H o onepatop coBMelLlaeT
Ha 5KpaHe MHAHMKATOpa 3JeKTPOHHBIA CTPo6 ¢ OTMeTKOMH
nean. Ilocme saMbikanusg kiatoua K aaexTpoHHBIH  cTPOG
nocrynaerT Ha YCTPOHCTBO COBNajeHHsl, ofecneyuBast Ipo-
xoxpeHve Ha YHU]JICK umnysnbcoB BeiOpanHOB mHenu. [Ipm
3TOM MNpOH3BOAHTCH CcheM HuUDpoBHIX KomoB [ M yria a,
IOCTYNAIOIHUX B BHYHCAHTENbHOE ycTpoiictBo (ILIBM),
KOTOpoe obecneunBaer o6paboTky mojaydeHHOH HHpopMa-
OMH (BTOpHYHYIO 06paboTKy).

[Togo6uas cucrema, cocTosas U3 HECKOMIbKHX KaHaJO0B,
CollepKaIMX cXxeMH (GOPMHPOBaHHA H 3aJepPXKKH METKH, a
TaKxKe YCTPOHCTBa COBNAJeHMS, I03BOJISIET ONHOBPEMEHHO
NPOH3BOAMTbL H3MepeHHe, CheM U 00paboTKy KOOpIHHAT He-
CKOJbKHX Lesell. B mosyaBTOMaTHYeCKHX CHCTEMax B
OTJIHYHE OT CHCTEM C BHM3YaJbHBHIM CUYHTHIBAHHEM KOOPIH-
HaT TOo4YHOCTb HM3MepeHHs onpepenasercs YUICK u ne 3a-
BHCHT OT OIIMGOK omepaTopa, KOTOPHH obecrneyuBaer JHIb
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rpy6oe cosMeleHye crpoba ¢ ormetkoi uenu. Ias obaer-
yeHHs] paGOThl OnepaTopa BBHIYHC/IHMTENbHOE YCTPOHCTBO MO-
}KeT BhipabaThIBaTh YNPaBJSIONINE HANPSKEHHs NaJbHOCTH
H yria, ofecneuyuBalollne NepeMelleHHe METKH B COOTBET-
CTBHH C BBIYHCJEHHBIMH NapaMeTpaMH ABHXKEHHs HEJH.

Bo Bcex pacCMOTpeHHBIX Bhlle CJaydassx oOHapy:KeHHe
1ean OGbIYHO NPOMU3BOAMTCS ONEpPaTopoM * BH3yaJbHO NO
5KpaHy HHamkatopa. s obecnedeHuss paboTel no 60Jb-
IIOMY KOJIMYeCTBY ILieJiell NPHUXOLUTCH YBEJHUHBATHL UYHCIIO
HHINKATOPOB K ONEpaToOpOB, UTO He Bceraa NpHeMJeMo.

B cBs3H ¢ TeMm, 4TO Ha BXOJ YCTPOHCTBA IOJAYaBTOMA-
THUECKOH 06paboTKu NOCTYNAEIOT CHTHAJBl B OrpaHHYEHHBIE
HHTepBaJbl BpeMeHH, yMeHbINAeTCs YHCI0 JIOXKHBIX Ie-
Jell M, ClelOoBaTe/bHO, CHHXAIOTCS TpeGoBaHHA K 00BEMY
NaMATH ¥ OBICTPOAEHCTBHIO LHUGPPOBBIX BBIYHCIHTEJNbHBIX
ycrpoicTB. [TosToMy nosyaBTOMaTHUeCKHe CHCTEMBI NpHMe-
HSIOTCA B TeX cJydasix, Koria Mo BeCOBbIM, ra6apHTHHM
HJIH 5KOHOMHYECKHM COOOpaKeHHsIM Helleaecoo6pasHO HC-
N0Jb30BaTh aBTOMAaTHUeCKHe CHCTeMBl HJIH KOTAa OXHiae-
MO€ KOJIHUeCTBO Ilesell orpanHdeHo. [losyaBroMaTHdecKHe
CHCTEMB! MOTYT OBbITb TaKXKe HCNOJb30BaHH H Kak AyO.am-
pYIOLlHe IpPH BHXOLE H3 CTPOSl HJIH HapylleHHH pa6oTH
aBTOMAaTHYECKHX CHCTeM H3-32 HaJH4YMs HHTEHCHBHHIX IIO-
MexX.
B PJIC c¢ aBtromatnueckoit o6pa6oTkoit curHasop [9]
BCe ONepally NpPOH3BOAATCS COOTBETCTBYIOIUMMH BBIYHCIIH-
TeJbHBIMH ycrpofictBaMH. B atux PJIC pasnuyaor nep-
BHYHYI0O W BTOpHUHYyI0 o6paborky. Ilpu mepsuunoit o6pa-
60TKe NpOM3BOAATCSH OOHApYyXeHHe CHTHAJOB Lejefl H On-
penenesHe  (oleHKa) WX  MTHOBEHHBIX  KOOpJMHAT.
B xorepentnhix PJIC Kpome Tpex KOOpPLMHAT MOXET Olle-
HUBAaThCS W YETBEPTHIH NapaMeTp — pajHajbHAasg COCTaB-
JAOnas CKOPOCTH ABHXKeHHs unend V.. B nanvHeilimewm
TEPMHH «IlapaMeTpbl» OGYZeT NMPHMEHATbCS M K KOOpJAHHA-
TaM.

MrHoBeHHble mapaMeTphl H3MEPSIOTCA 3a MaJblii HHTED-
BaJl BPEMEHH, B Te4eHHe KOTOPOTO MOJIOXKEHHEe LeJH Npak-
THYECKH He H3MeHseTcs. B KauecTBe MIHOBEHHBIX mNapa-
merpoB B PJIC, onpepensiomux KOOPAHHATH LeJH Ha

* Ina ynydiieHusa ycaoBuit paGoThl omepaTopa Ha  HHAMKATOP
MOIYT HOCTYNaTh CHrHajbl, NpOWIeAlIHe KaHan oGHApYXKeHHA, B KOTO-
POM NPOUCXOIUT OTCEHBAHHE JIOKHBIX BHIGPOCOB.
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Npoxosie, 06BLIYHO HCIOAB3YIOT KOOPAMHATHI LEHTPA MaukH,
BBIUHC/ICHHbIC Ha OCHOBAHMY H3MepeHHH mo BceM (MM uac-
TH) HMnysnbcaMm nadkd. Ilpu GosbimiMx 3HaveHUsIX mepHoAa
MOBTOPEHHS! UMNYJbCOB Ty, cKopocTH cKanupoBanus JIH B
KadeCcTBe MTHOBEHHBIX NTapaMeTPOB MOTYT HCHOJb30BATbCS
napaMeTprl, H3MepeHHBle IO OJHOMY HMOYJbCY.

COBOKYNHOCTL MTHOBEHHBIX mapamerpoB (B oflueM cJIy-
yae naJbHOCTH [y, asHuMyTa Oy, yria Mecta 8py H pajH-
aJpHONl cKOopoctH V,y) OyxeM HasbiBaTb OTMeETKOH *.
B nByxkoopnunaTtHbix PJIC oTMeTka XxapaKTepH3yeTcs
XHIHb JaAbHOCTBIO W asuMyToM. OTMeTKa MoxKeT OHITH HC-
THHHOH HJH JIOXHOH (OT JIOXKHOH LenH).

YerpoiictBo nepBuuHodt o6paborku (YIIO), HaswiBae-
MO€ HHOrJa YCTPOHCTBOM IpeABapuTeqbHOH 06paboTKH,
OOBIYHO COCTOHMT H3 oOHapyxurens (puc. 2), ycTpoiicTBa

_____________ yoo . ______
6 ? 06 i s
@ 1,100 HApYKU- LL
wuxa " men YHAC o yBMn o YBO
L J J

Puc. 2. Apromartuueckas cHcTeMa 06paGoTKH

naMepeHust U AucKperHoro chema (YUIC) um ycrpoiicTBa
BbIUHMC/JAEHHST MTHOBeHHBIX napametrpoB (YBMII). Ilpu us-
MepeHHH MTHOBEHHBIX NapaMeTpPOB 110 ORHOMY HMIYJbCY
YBMIT otcyrcTByerT.

C VYIIO ormerku Henu depe3 mepuon ob3opa nocryna-
I0T Ha BXOJ yCTPOHCTBa BTOpHYHOH of6paGoTku (YBO).
YacTte omepanuii NepBHYHOH M BTOPHYHOH 0OpabOTKH MoO-
MEeT OCYILECTBJAAThCA ¢ nomolubio oxgHolt LIBM, nostomy
nenenne cucreMbl obpabotku Ha YIIO u YBO ycaoBHO 1
BBOJHUTCS C METOAOJOTHUeCKUMH LensiMH. [IpH BTOpHYHOH
o6paboTke paAuoNOKanuMOHHOfi HHGOpMaluy NPOU3BOZSAT-
csl oGHapy:XeHHe (aBTO3aXBaT) TPAEKTOPHI nesell, BBIYHC-
JIEHHe TapaMeTpoB TPaeKTOpHi (CKOPOCTH, Kypca), HaxoX-
JIEHHe CrJIa)XE€HHBIX H YNPEXIEHHHBIX (3KCTPanoJHpOBaH-
HbIX) Ha HEKOTOpHH OTpPe30K BpeMeHH KOOpIHHAT,
pacrno3HaBaHHe THNA LeJH H T. 1.

* Bo3mOxHO co3ganue d n-mepHbix PJIC, uamepsiomux Goabluee
YHCNO MapaMeTpOB: YrJOBbie CKOPOCTH, paluajbHbie YCKOPEHHS, NoJA-
PH3alHIO CHTHAJOB H T. .
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OnHoBpeMenHOe oBHapyXeHUe H ompefeneHHe napamet-
poB Gosblioro umucjaa uejgeil HaubGogee 3¢dekTHBHO pe-
HlaeTcs NpH aBTOMaTHYeckod o06paboTKe CHTHAJIOB M HH-
¢dopmauuu. B nanpHefieM paccMaTpHBAIOTCA TPEXKOOPAH-
HaTtHbie MPJIC ¢ aBToMaTHYecKofl M NOJyaBTOMAaTHYECKOH
0o6paboTkofi, B ToM uHcaIe H MHOrodyHxkiuoHasbHble PJIC.

1.2. MeTtoabl 0630pa npocrpaHcTBa

IIpu ncnonwszopaunu y3xkux OH B MPJIC pocturamorcs
TOYHOe H3MepeHHe YIVIOBBIX KOOPAMHAT, BBICOKHE YTJIOBas
paspeuramoulas CrIoCOOHOCTh H NOMEXO03aIlHUIeHHOCTb. [IpH
3TOM BCJEJCTBHE KOHLEHTPAUHH HM3/yYaeMOH MOILMHOCTH B
ONpeJeJeHHOM HampaBJeHHH YBEJIHYHBAETCS JAaJbHOCTb
nedcteuss PJIC. Oxnako npu mpumeHenuu yskux HOH nas
OOHapyKeHHs H OmpejeseHHs KOOPAHHAT BCeX Lejed, pac-
NOJNOXKEeHHBIX B 30He gelicteus PJIC, cmexyer ocyurect-
BJIAATb 0630p NPOCTPAHCTBA.

Pasnnuaior mocsenoBaTesibHBIl, MapaJsenbHbiil (OZHO-
BPEMEHHBIH) H CMELIaHHHH MeTOAB 00630pa IpOCTPAHCT-
Ba [1]. .

ITpn mocsenoBatenbHOM 0630pe opHoiydesas IH mo-
ClIefOBaTeNbHO NPOCMATPHBAET BCEe HampaBJEeHHs B Mpefe-
Jax 3ajaHdoro cektopa o63opa. Mcrnosnp3oBanne takoin JH
ofecreunBaeT  yMeHblleHHe  TaGapHTOB  anmapaTyphl
PJIC.

[Tpu napannenpHoM MeTofe o630opa co3paercss GoJbIoe
YHCIO JydeH, NPEeKpHBAIOUINX BeChb CeKTOp 0630opa. ITOT
MeToJ ofecreunBaerT BBICOKYIO HAJEXHOCTb OOGHapPYXEHHS
H GOJBIIYIO CKOPOCTh NONYYeHHs MHGOPMAnHUH 0 OOJbIIOM
KOJIHYeCTBE IeNed, HO IPH 3TOM 3HauUHTEJIbHO BO3PAacTaioT
rabapuTtel u cjoxHocte annapatypsl PJIC. Tlostomy mna-
panneNbHBil 0030p B faJbHelillleM He PaccMaTPHBAETCH.

Ilpu cmewannom Meroxe o63opa HH coctrour us He-
CKOJIBKHX JIyuell, MmepeKpLIBaIOIMHX CPaBHHTENBHO Y3KYIO
4acTh ceKTopa 0030pa, YTO NO3BOJISET HMEThb MEHbLIHME Ta-
6apHTHl annmapaTyphl, HO IPUBOJHUT K Gojiee HH3KOMY TEMIY
nojyyeHuss HHQOPMALHH, 4eM [pH Napajse/]bHOM METOxe
o63opa. [Ipu cMemanHoM MeTtofe 0630pa YacTO MPUMEHSET-
¢l MHorosyueBas mnapuuanbHas JIH, mepekpriBatomas 3a-
JaHHBIH CEKTOP B OJHOH IJIOCKOCTH M CKaHHpyouas B Apy-
ro#. IlmockocTs, B KOTOPOH TNPOH3BOAMTCH TapajeibHBIil
0630p, Ha3BIBAIOT IJIOCKOCTbIO OJHOBPEMEHHOrO (MIHOBEH-
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Horo) 0630pa, B APYrofl NJOCKOCTH MPH 3TOM NPOHU3BOAMT-
Cf TIOC/ENOBaTeNbHBIH 0630D.

IMocaemoBaTeNbHEA 0630p MOXKET BECTHCh:

— 1o XecTkoi nporpamme, koraa IH nepememaercs
[0 ONpeAeNeHHOMY 3aKOHY B NPOCTPAHCTBE H BPEMEHH;

— mo THOKOH mporpamMme, KOrga 3aKOH IepeMelleHHd
JH 3aBucut ot oxpyxamoueil 06CTaHOBKH.

IIpn xectkoit nporpamme JH o6buHO mHepeMemiaioT
B NpPOCTPAaHCTBE IO KPYIrOBOMY, CEKTOPHOMY, BHHTOBOMY
HJIH CIHPA/JbHOMY 3aKOHY C MOCTOSIHHOH HJIM II€PEeMeHHOH
CKOpOCThIO. Kpyromoe, ceKTopHOoe NepeMelleHHe MHOroJje-
nectkoBoit JH B TtpexkoopamuatHeix PJIC ucnoapsywor
IpH CMelaHHOM 0030pe, BHHTOBOE, KaZpOBOe MJIH CIHpaJb-
Hoe mepememieHHe urospdatod JH — npu mociemoBaresb-
HoM 0630pe B ABYX miockocTax. JH moxer nepemematbes
NyTeM MEXaHHYECKOTO NMOBOPOTA aHTEHHHI, H3MeHeHHeM ¢a-
30BOH CTPYKTYPH 3JIeKTPOMAarHMTHOTO NOJsL B pacKpbiBe
AHTEHHB, NPOHM3BOAHMMOrO JHOO 3a CUET 3JEKTPHUYECKOTO
yInpaB/eHHs 3JAeMEeHTaMH aHTEeHHbl, H3MEHSIOWHMH (¢asy
(37ieKTpHUECKOe CKaHHpPOBaHHE), JuGO 3a cueT MexaHHYe-
CKOTO CMEUIEHHs] OTHEJbHBIX 3/JE€MEHTOB CHCTEMH (3JeKT-
pOMexaHHYeCcKoe CKaHHPOBaHHE).

DJeKTpoMexaHHUecKHe H 0COGEHHO 3JeKTPHUECKHe Me-
TOAB CKaHHpOBaHHuA obecneynBaioT 6OJBIIYIO CKOPOCThL I€-
pememenuss JH. OaHako c yBenndeHHeM ceKTopa CKaHH-
poOBaHHA Ha Kpasgx CeKTopa MpoMCXOoAuT pacmupenue JIH,
NpHBOAAlLee K YXYIIIEHHIO TOYHOCTH M pasperiarmlleli Cruo-
CcOGHOCTH 10 YIVIOBOH KOOpJHHATE.

Bo3MoXHO npHMeHeHHe KOMOHHHMPOBAHHBIX METOLOB
CKaHHPOBaHHA, KOTZa B OJHOH NJOCKOCTH CKaHHPOBaHHE
NPOU3BOAUTCA MEXaHHUYECKHM (3JeKTPOMEXaHHUYeCKHM) ITy-
TeM, a B Jpyrod — ajexrpuueckum. HMcmoap3dyor Takxke
CHCTEMBI, B KOTOPHIX 0030p MO a3uUMYTy OCYILUECTBJAETCA
3a cyeT NMOBOPOTA BceH aHTeHHH (HAH obGJaydartens), a IO
YyrJy MecTa — 3a CYeT H3MeHeHHS (a30BOH CTPYKTYpBI
noJis.

Ilpu 0630pe mo ruGkoH mporpaMme BO3MOXHO 06HApy-
JKeHHe BCex ilesied B 3aJaHHOM CEKTOpe NpPH HHU3KOM TeM-
e BHJaYd M rpyOOH OLieHKe NapaMeTpoB, a TakxKe COMpo-
BOX/EHHe OTpaHHUYEHHOTO UYHCJa LeJedl HPH BBHICOKOM TEM-
e BBIZaUX M TOYHOH OIlEHKE NMapaMeTPOB.

I'ubkyo mporpamMmy 00630pa peanusyioT OPH HCIONB3O-
BaHnH (a3MpoBaHHBIX aHTeHHBIX pemerok (DAP), obec-
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neunBalomiux OGe3bIHEPLHOHHOE CKAHHMPOBaHME Jydya, H CHe-
unaanduposadusix DUUBM, obecneunBaromux nepemelleHne
Jy4ya HCXOAsl M3 JAHHBIX, IOJYYEHHBIX Kak HpH 0O6Hapy-
JKEHHHM, TaK M IpPH CONPOBOXAcHHM uesneli. [Ipu ru6xoi
nporpaMme 0630pa NpuMeHHMa Npoueaypa MOCJAEAOBA-
TENBHOTO OOHApyXKeHHs (aHaau3a), KOTZa YHCJIO OTpaxeH-
HBIX HMINYJbCOB B Kax oM nomoxenuun JH ne dukcupyer-
csl 3apaHee, a ONpeJessieTci B Ipouecce HAGMIOLEHHS.
Kaxpoe Hanpas/jieHHe o6JydyaeTcss B TedeHHe BPEMEHH, He-
06XOJUMOTO [Jifl BbIHECEHHS peLIeHHA O HAaJHYHH HJH OT-
CYTCTBHH LeJH C 3aLaHHOH BEPOATHOCTBIO, KOTOPOE NPHHH-
MaeTcsl Ha OCHOBaHHH CPaBHEHHS HAKONJIEHHOTO CHTHAJA C
IByMs noporam, nocqae dero JH cmemaercs B caenymomiee
yrJ0BOe MOJIOXKEeHHe. Ec/H HaKOMJIEHHBIH CHTHAJ OKaXerT-
cs MeXIy IOopOoraMi, NpPOAOJkKaercs 30HAMPOBaHHe MPO-
cTpaHcTBa npu toMm Xe nosnoxenuun IIH. Ilomo6uas mpo-
gerypa oOBIUHO DPHBOAHT K COKPAIlEHHI0 BpPEMEHH
Ha6JIOLEHHS 10 CPaBHEHHWIO C JPYTrHMH NpouegypaMu o0-
HapyXeHHsl CHTHaJa. '

Ilpu rubxoil nmporpamme 0630pa nepememernne JH mpo-
HCXOJHT CO CPeIHeH CKOPOCThIO, ABJAAOMIEHCS (yHKLHEH
yrcjaa OOHAapyXeHHbIX HeJeH, YPOBHSl TMOMeX, BepOsTHOCTEH
NPaBHJABHOTO H JOXHOro ofHapyxeuus uenu. Ilpu atom
teMn nepememenus JH noBoabHO HH3KHHA, MO3TOMY A7
IOBBILIEHHS TeMIA INOJy4eHHs HHPOpMAaLH¥ O CONPOBOXK-
naembix uensax JIH nepuoauuecku mnepeGpackiBaeTcs B
HalpaBJeHus,, pacCUHTAHHbIE IIYTeM 3KCTPAMNOJSIHU Tpaek-
topuil ABuxenusa ueseht. ITocse nosydenns mapopmauuu o
napaMerpax CHrHasJa IPOZoJXKaercd 00630p MPOCTPAHCTBA
uan JIH nepe6pacbiBaercsi B 9KCTpanoJHPOBAHHOE HaNpas-
JeHHe APYroil conpoBoxaaemoi ueiu. OuepeaHOCTh BHIOOpa
COMPOBOXKJAaeMbIX LeJell onpefensercss ClenHaJH3MPOBAH-
Hoil OLIBM 1 3aBHCHT OT THIA LeJaH, ee KOOPAHHAT H CKO-
pOCTH, BO3MOXKHOCTE!l cpeJcTB mopaxeHud u T. 4. Iasa no-
BHIUCHHS TeMIa BbAaud HHOOPMALHH HCHOMb3YIOT TaKXKe
MHOTOJIyyeBble aHTEHHBIE PeLIeTKH, TAe CO3JaeTcs HeCKOJb-
KO HEe3aBHCHMBIX JIyYed.

1.3. Asresast MPJIC

[Ipu BbiGOpe aHTeHHOH CHCTEMBI HCXOAAT H3 MeTOla
o630pa, TpebyeMoir pa3pemiaiomlell CNoCOOHOCTH, a TaKkKe
HeoOXOAMMOH TOUHOCTH H3MEPEHHsA YIJIOBBIX KOOPAHHAT,
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AONyCTHMbIX Ta6GapHTOB, Beca ¥ CTOHMOCTH. PaccMoTpHM
BO3MOXKHEIE THIIBI AHTEHHBIX CHCTeM, 06eCledHBAIOIIHX CMe-
ma”HHH 0630p ¢ momowmblo napuuaabHoi JH. IlomoGubie
aHTEHHH C NaplLHaJbHOH B BEPTHKANbHON H CKaHHpYIOIEH
B ropusoHTasnbHoll miockoctax JHH wucnoapsylor B Tpex-
koopauHaTHelx MPJIC obHapyxeHHa M lejeyKa3aHHs.
Hdas cosmanus mapumanbioi JH [2] npumensiior omHo-
3epKa/JbHble HJH MHOro3epKasbHbBe aHTEHHB, a TaKke
aHTEHHble pelmeTKH. B O0HO3epKaJbHOH CHCTEME TaKyIo
IIH moxHO co3fath, o6ayyas 3epKajo cuctemoil (puc. 3, a)
u3nyuareneil (obsayuarenei). B kadecTBe 3epKajia HCHOJb-

3epxano
Bonvuoe
3eprasg

Manoe
3epKano

06ayyamenu

oot
7 Bonna, npowed- g, AHa, npuwed-

wan ouaemp  wag ¥ puaLmpy
. om Manozo 3ep-
kana

Bosna, ompa-~
JKEHHQA om
puasmpa

Cymmapras eoana,

OMpAXenHasl om

6os6uiozo sepxana
u gusempa

ENE LN

Bosna, ompa -
JKEHHAA om
6o/vWw020 3epranda
¥ @uasmpa

(¢4 e

Puc. 3. Cxemarnueckoe u3obpakeHHe 3epPKaJbHBIX aHTEHH:

a — onHO3epKaNbHAA aHTEHHAa ¢ JuHEHOM pelleTKOA o6aywaresneit;

6 — NBYX3epKaJbHas aHTEeHHAa; 6 — ABYX3€pKalbHasl aHTEHHa C Io-

BOPOTOM [JIOCKOCTH TOJISIPH3Al(HH; 2 — BEKTOPHAsi AHArpaMMa ma-
naoumefl u oTpaxKeHHOH BOJH OT (HJILTpPa
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3yloT mapaGosHYecKHH LHJIMHAP, CerMeHTHO-nmapabosnye-
CKYI0 aHTeHHY, HEeCHMMETPHYHO-yCeUeHHBIH mapabosIou,
BpalleHuss H T. A., B KauecTBe oOgaydaresell — JHHEHHbIE
peLIeTKH, COCTOSILINE M3 BHOPATOPOB, IUeJell HAH PYNOPOB.
B03MOXKHO CO3iaHHe CMEUIaHHBIX pelleTOK, COCTOAIUHMX H3
5JEMEHTOB Pa3jMYHBIX THMNOB. KaXKABH 3/JeMeHT peleTKH
BMECTE C OTpaxKarejeM CO3JaeT cBow mnapuuasasHyio JH.
Ilyrem mombopa KOJHYeCTBA, MONOXKEHHS 3I/JEMEHTOB, a
TakXKe aMmiautyi u ¢as nmoselr dopmupyerca IH, cocros-
Iasi U3 HYXKHOTO KOJIHUECTBA Jydued 3amaHHo# dopmbl. Ko-
JINIECTBO HCNO/b3YEMBIX TNPHEMHHMKOB ONpEAesieTcsi Tpe-
6yeMBbIM YHCJOM JydeH, YTo NpH OOJBIIOM YHCJIE Jyuel
NPHUBOAHT K YCJAOXKHEHHIO KoHcTpykuun PJIC.

CkanupoBanne napumanbHoi JH MoxeT mIpoHCXOAHTBL
MeXaHMYeCKH, IyTeM NOBOPOTA BCeil aHTeHHOH CHCTeMHl (B
npegenax 360°), WM 3JeKTPOMexaHHUECKH, MyTeM MOBOPO-
tTa (cMeumleHusi) cucTeMbl oGaydareneit (B mnpeaesax Ao
20—30°).

C noMombio 04HO3epKaJbHBIX aHTeHH TPyAHO obecre-
YUTh BBICOKHH ypOBeHb nepecedeHust ornespHeix [H mpu
XOpolIeM HCIOJb30BaHMH NMOBEPXHOCTH 3epKaJja; B N0J00-
HBEIX aHTeHHAaX HYKHBl AJIHHHBIE BOJHOBOZBI, COCAMHSIOUINE
U3JyyaTeJH C NIPHEMHHKAMH, YTO VYCJIOXHSET KOHCTPYK-
LHIO, BEHI3BIBAET AOMNOJHHTENbHBlE mWyMbl u T. A. [lostomy
B MPJIC npuMeHSIIOT TaKXe MHOro3epKajbHbie aHTeHHH [2],
I03BOJIAIOIIME TOUHO peanu3oBaTe HyxHyro H; ob6ayda-
TEJIH B NOLOGHBIX aHTEHHAX PACMOJOKEHB! Y BEPIIHHBI 60Jb-
IIOro 3epKaJja, 4To COKpalllaeT AJMHY BOJHOBOAOB. OCHOB-
HBIMH 3JIeMEHTaMH JBYX3epKaJbHOil aHTeHHH (puc. 3, 6)
ABJNAIOTCA OOJIBIIOE 3epKajo, Majoe 3epKajo H CHCTEMa
o6ayuarteseil. SHeprus OT obJyuaTteneil mpu Neperauye Ha-
NpaBJfeTCsl B CTOPOHY MaJjoro 3epkaJna, KOTOpOe OoTpaxKaeT
ee B CTOPOHY 60JbIUOTO 3epKaJja, GopMHPYIOUEro HyXHYIO
AH. I'lpn npueme Hampap/ieHHe IBHXKEHHSA 3JEKTPOMAarCHHT-
Horo noJiss o6paTHo. B KauecTBe OOJBINOTO 3epKaja 4acTo
HCIOJB3YIOT napaboJHueckoe 3epKano, a B KadecTBE Ma-
Jgoro — runep6osuueckoe (cucrema Kaccerpena). DiekT-
poMexaHnyeckoe ckanupoBanue H MoxeT ocymecTBasiTh-
cs 3a cueT moBopoTa objaydaTenedl HJIHM MaJoro 3epkaJa,
obecrneuynBasi ckaHupopaHne 6e3 HckaxeHusa ¢Gopmel JH B
npejenax yria, B 2—2,5 pasa NpeBHIIIAIOUIEr0 YIJb OBO-
poTa B OJHO3epKaabHOH aHTeHHe. MaJsoe 3epKaso BHI3HI-
Baer MpoBaJ B aMIIHTYAHOM paclpefesieHHy NoJs Mo pac-
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KpHIBY, YTO NPHUBOAUT K YMeHbIUEHHIO Ko3(HiuHeHTa yCH-
JIeHHsl TI0 CPABHEHHIO C 5KBHBAJIEHTHOH 3€PKa/IbHOH aHTeH-
Holt Ha 15—20% H NOBLIIEHHIO YPOBHS GOKOBHIX JIEMECT-
KOB.

Iast ycTpaHeHHst 3TOTO HEAOCTAaTKa HCIOJB3YIOT ABYX-
3epKaJbHble aHTEHHBH C NOBOPOTOM IIIOCKOCTH MOJsipH3a-
uun Ha GosiblIOM 3epkase. Masoe 3epkano B 3TOM ciydae
COCTOHT H3 TNPOBOAOB (MJIaCTHH), HNPONYCKAMOIMHX BOJHEI
OLHO¥M MOJSPH3allMM H OTPaXKalOUWHUX BOJIHBE IEPNEHAHKY-
JsipHO# moJssipu3anuu (pHuc. 3, 8).

Bosnel, u3nygaeMble 06JydaresieM, HMEIOT TAKYI0 MOJIS-
pH3anMio, YTO OTPaAXKalOTCa OT MaJjoro 3epkajna. Ilpu oT-
paxeHHH OT OOJIBIIOTO 3€pKaJja MOJsAPH3aNUsi BOJHBI H3-
mensiercad Ha 90° (a/s1 5TOH Heswm Ha PacCTOSIHHM YeTBEPTH

JJIHHBI BOJIHDBI -4— 0T 60JbLIOTO 3€pKaga pacnonaaraercs

NPOBOJIOUHBIA (HUABTP, OPHEHTHPOBAHHLIN NOX YrioM 45°
K HanpasJ/IeHHIO NPOBOJOB Ha MaJ/loM 3epKaJe).
TTagamomyo Ha 60Jbluce 3epKajo BOJHY MOXKHO pas-
JOXKHTb Ha ABE B3aHMHO NEpHEHAMKYJSPHBIE COCTABJSAIO-
mHe, O4HA H3 KOTOPBIX NPOXOAHT 4epe3 QHIABTD, Apyras
oTpaxaercst oT Hero (pHuc. 3,2). OTpaxeHHas oT GOJBIIOTO
3epKasia BOJIHA y NOBEPXHOCTH pelieTyaToro QGuabTpa NpH-
o6peraeT NOMOJHHUTEJNbHBIH caBUr Ha 180° 3a cuer mpoxox-

A o
JE€HHdA pPaCCTOAAHHA B 7 U CKJAAQAbIBAETCA C COCTABJAIOIICH,

oTpaxkeHHOM OoT ¢unbTpa. Pe3dynpTHpylomas BOJHa HMeeT
NONAPHU3ALHIO, CABHHYTYI0O Ha 90° OTHOCHTENBHO NOJAPH3a-
UMK najarolneil BoaHbl. BonHa 3Tol MoNdpH3alHH OPOXOIHT
uepe3 Masoe 3epkaso. IIpH nmpaBuIbHOM BEIGOpE Napamer-
poB ¢HuABTPa H Majoro 3epkaja CyMMapHbe NOJApH3a-
LIHOHHbIE MOTEPH He NMPEBOCXOAAT 5%.

Hna obecnieyeHus mocsefoBaTeNbHOro 0630pa Mo xKect-
KOl mporpaMMe MOT'YT HCIIOJIb30BaThCs KK OJHO3EPKAJbHbIE,
TaKk M JIByX3epKa/bHble aHTEHHbl C OAHHM o6JydaTeseM
HJIH CHCTeMOH HX, a Takke ®AP. Cxanuposanue [1H B 3ep-
KaJbHBIX aHTEHHAX MOXET OCYILECTBAATBCS MEXaHHUECKHM,
JEKTPOMEXaHHYECKHM HJIH 3JeKTPOHHBIM myTeM. Ilpu mpu-
menenun ®AP ycnmonbayioT snekTpoHHoe ckauupoBanue JAH.
B mexoropeix PJIC ckaHmpoBaHHe 10 ORHOH KOOpAMHA-
Te NPOM3BOAUTCS MEXaHHYECKHM (3J€KTPOMEXaHHUECKHM)
METOIOM, a IO APYroil — 3JeKTPOHHHIM. B nmomoOHEIX ci1y-
yasgx MPUMEHSIOT OJHO- HJH [BYX3€pKa/bHbBE aHTEHHBDI
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¢ oOJyuaresieM, BHINOJHEHHEIM B BHIE JHHEHHOH peIIETKH,
paccTosHHe MeXIy 3JieMeHTaMHM KOTOpPOH BriOHpaeTcs H3
ycioBus GopmupoBanus opHosydesol JIH. Ilpunumaemas
9HEPIHs NOCTYyNaeT Ha BXOL OLHOIO NPHEMHHKA.

®AP MOXHO NpPHMEHATb NpPH CKAHHPOBAHMH Kak MO
KECTKOH, TaK H IO THOKOH mporpaMme, IPH CMeLIdHHOM H
[oc/e0BaTe/bHOM 0630pe, CaMOCTOSITENBHO HJH Kak 00Jy-
4aTe M 3epKasnbHbBIX aHTeHH. (OCHOBHBIMH JOCTOHMHCTBaMH
®AP sapasirores:

— BO3MOXXHOCTb NTPAaKTHUYECKH Ge3BIHEPIMOHHOTO 3JIEKT-
POHHOTO CKaHHPOBAaHHS B IIMPOKOM CeKTOpe YIJIOB C TO-
CTOSIHHOH HJIM IEPEeMEHHOH CKOPOCTBIO;

— BO3MOXHOCTb (POPpMHPOBAHHSI HECKOJBKHX Jydeh, u3-
MeHeHHs Qopmel, mupuHel JH u KonudecTBa Jyueit, 4TO
nosposfer PJIC BHNOMHSATE HECKONBKO (QYHKUHHE — IO-
HCK, CONPOBOXJEHHe, pacno3HaBaHHue;

— pacnpeleneHde H3nydaeMol MOLIHOCTH Ha O(OJIbLIOE
YHC/I0 H3JydaTtesed, 6sarofaps yeMy KaKIbBlii U3 HHX MO-
XeT UMeTb HeGOJIbIIYIO 3JeKTPHUECKYI0 NPOYHOCTD;

— BO3MOXKHOCTb 3amUTBHIBAHUSI KaXAoro ofJydarens
(um TPynmBI) OT OTAENBHOTO TeHepaTopa, 4To MO3BOJSET
HCHO/B30BaTh MAaJIOMOILHBIE TBEPAOTEJbHBIE TeHepaTophl;

— BBIXOJ, H3 CTPOS OTJeJbHBIX 06Jyyaresell Maao BAHSA-
eT Ha paGoTy BCeH aHTEHHH, UYTO IOBBILIAeT HAAEXK-
HOCTb;

— BO3MOXKHOCTb pasMelleHHs ofJaydartenell Ha MOBepx-
HocTH J1060 GOpPMH, 4YTo o6Jeryaer pasMellleHHe aHTeH-
Hbl Ha 00BEKTaX; NPH paCHONOXKEHHH o6aydaTenell Ha KPHU-
BOJIMHEHHEBIX TOBEPXHOCTAX HMEIOTCS BO3MOXKHOCTH YBEJH-
YeHHA CeKTopa o030pa NpH Heu3dMeHHoH mupuue JH;

— BO3MOXKHOCTb COBMECTHOH paGotw ¢ JLIBM, obec-
neyuBamllell onTuManbHoe ynpasjieHne H, wucxoms wu3s
KOJIMYECTBA, CKOPOCTEH M pacloNoXKeHus Ieseh.

®AP o6nagaioT cAefyOIUMH HEXOCTATKAMH, OrpaHH-
YHBAIOILMMH BO3MOMXHOCTH HX MPUMEHEHHUS:

— KOHCTDYKTHBHAsl CJOXHOCTb H BBICOKAast CTOHMOCTb;

— HeOOXOAMMOCTb MMEThb YHPABJAIOUIYIO CHCTEMY;

— TPYAHOCTH PaCUIMpeHHs MOJOCH NMPONMyCKAHHSA,

— pacmuperre JH npu Goupminx yriaax OTKJIOHEHHS
OT HOPMaJIH K pelleTKe, YTO OrpaHHYUBAET CEKTOP CKaHHMPO-
BaHHS.

ITpuMeHsIIOT JiMHeHHBlE M JABYXKOOPAHHATHHE pelIeT-
KH, KOTOpble mo cBoell ¢opme MOTyT ObITH IIIOCKHMH, KOJIb-
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IleBBIMH, KOHHYECKHMH, UHJIHHAPHYECKHMH HJH chepuye-
ckumH. [IpUMeHSAIOT TakKe pelleTKH H GoJiee CJIOXKHOM
dopmHL.

PemeTkn MOryT GbiTh 5KBHAMCTAHTHBIMH, C OXHHAKOBBIM
paccTossHHEM MeXIy COCEeIHHMH H3Jy4aTeJsaMH, H HE3KBH-
JHMCTAHTHBIMH, KOT[la paccTosiHie MeXJy COCeIHHMH H3JYy-
yaTeJsiMH B Pa3HBIX MeCTax pelleTKH Pas3/jHyHO.

Puc. 4. Cxemartuueckoe u3o0paxeHHe MNJIOCKOH 3KBH-
JUCTAHTHON aHTEeHHOH pelleTKH

IMupuua OH umsiayuarteneii, uxX Yuc/I0 H PACIOJOXKEHHE
onpexensiores Heobxoaumoil mupunoit JIH ®AP, cexro-
pOM CKaHHPOBAHHs, YCJIOBUAMH pa3MelleHUs M IKCIJIyaTa-
i, PellleTKH MOTYT HCNOJb30BATHCS B OTAEJNBHBIX TPUEM-
HOM, nepefamplledl Win B obLiell npHeMHO-Iepefalomel aH-
TEeHHaX.

dnexkTpoHHoe ckaHupoBanue JIH ocymecrBasiercs us-
MEHEHHEM OTHOCHMTEJBHBIX (Da3 mosell, H3jJyuaeMbiX pa3s-
JHYHBIMH 3JeMeHTaMH penieTkH. HampapjseHHe MakCHMyMa
JAH nepneHIuKyJApHO K NJOCKOCTH paBHBIX (a3 mos.
Ecny 3Ta NJIOCKOCTb COBIAJaeT C MOBEPXHOCTBHIO PEHIETKH,
Jyd HanpasJieH NepneHAHKYJIAPHO K pewierTke. as cmemre-
HH Jyya HeoOXOAHMO HAaK/JOHHTb IIOBEDXHOCTb PAaBHBIX
¢da3 otHocuTeNbHO noBepxHocTH OAP, uro mocturaercs H3-
MeHeHHeM (asbl nosis BJAOJb B3aHMHO NEPIEHIHKYJISAPHBIX
oceii X, Y (puc. 4) mnsockoil pemeTku. YTod CMeNleHHs
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HOH 6, y OTHOCHTENIBHO HOPMAJH K NJIOCKOH pelIeTKe B MAGC-
kocth XOZ uan YOZ onpepensiercs U3 ypaBHEHHS

c
sin by, y= X, v ,
X, y“’
rae o — HHUKJIHYeCcKass 4yacTtoTa, CBf3aHHasaA C IUIHHOﬁ
2rc
BOJIHbI COOTHOIIIEHHEM ® = » M

Yy, y — H3MEHeHHe ¢a3bl MexXJy COCeJHHMH H3aydaTe-
JISMH peleTKH BAOJAb ocH X uiu Y;
ly ;, — paccTosiHHe MeXAY COCeJIHHMH H3JyyaTe/sMH,

A
BoiOMpaeMoe OOBIYHO B Mmpejejax OT A 10 — ;
¢ — CKOpOCTb CBeTa.

Yunreipas, uto wHpHHa JH 6 x, 4y 10 MONOBHHHON MOMUI-
HOCTH CBfi3aHa C pa3sMepPoOM AaHTeHHH L , COOTHOILIEHHEM

0o 4= , mosayduM TpefyemMoe H3MeHeHHe ¢a3bl Kpai-
Xy N "
HHX H3jayuaTtejell 3KBHAMCTAHTHOH aHTEHHB! OTHOCHTEJBHO

¢daspl cpenHero

- T .
W, =~ sinfy, 4.
0x,y

Uem yxke INH u mupe cextop cCKaHHPOBaHHUsS, TeM GOJiblie
TpebyeTcsi H3MeHHTH ¢Ga3y. JH Kaxaoro oTnenbHOTO H3-
Jydyatesia BeIGHpaeTcsi HNPHMepPHO DPaBHON CEKTOPY CKaHH-
pOBaHMd, NO3TOMY MHHHMaJbHOE KOJHYECTBO H3JydaTteel
B IJIOCKOH pellleTKe

— Box, ricx. a
ST
400 X 00 y
rae fcx. r — WIHPHHA CEeXTOpPa CKAHHPOBAHHSL B TOPH30H-
TaJIbHOH TIJIOCKOCTH,
Ock. 5 — IUMPHHA CEKTOpA CKAHUPOBAHUS B BEPTHKAJb-
HO# NJIOCKOCTH.
B nuHelHOH pelieTke

N’\" eGK
-~ 200 .

Ilpn OTK/JIOHEHMH /ydYa OT HOpPMa/JH yMEHbIIAETC SKBHBA-
JIEHTHBIEl (BHIOMMBIH) pacKpblB aHTeHHBI L,xs=L cos 6, 4TO
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npusoaut K pactuupenuio [IH. Tak, nanpumep,. npu cmeme-
wun JH or Hopmanau Ha yroa 45° mupuna JH

A Yo 1,48,

Lcosb  cosf,
Pacuinpenne JJH npHBOAMT K OrpaHHYEHHIO CEKTOPA CKaHH-
pOBaHMs B NJOCKHX pemeTkax yraamu po 100—120°.

VisMeHeHne (a3l MOXKET MNPOH3BOIHTBCA YaCTOTHBIM
unu ¢asoBeiM MeToAoM. Hanbojiee mpocThiM METOLOM CKa-
HupopaHusi [IH sBssercs 4acTOTHBIA, NPH KOTOPOM YIpaB-
JIeHHe TOJIOXKEeHHeM Jiyuya NPOHU3BOAMTCS NyTeM H3MeHeHHs
yacToThl reHeparopa. OueHKa YIVIOBBIX KOOpDIHHAT IeJH
CBOJANTCA K HM3MeDEHHSIM YacCTOTHl H3/y4aeMBIX KosebaHHil
B MOMEHT IIPHXOJa OTPa)KeHHOro curiamna. OGBIYHO 4acToT-
HBIH METOJ MCHOJIb3yeTcs A/ 3JeKTPOHHOTO CKaHMPOBaHHS
B OJHOI miockocTdH. Hanpumep, aHTeHHas cucTeMa, HCIOJb-
3yeMmas B kopabesnbubix Tpexkoopaunatusix PJIC AN/SPS-52,
npeAcrasisieT co0OH LMJIMHADHUYECKOe 3epkano, o06.ayda-
€MOe BEPTHKAJbHO DAaclOJOXEeHHOH JHHEHHOH peller-
KOH H3jyuaTenei. IIBHxKeHHe Jyya MO YIJIy MecCTa NPOHC-
XOIOHT 3a CyeT M3MeHeHHMS 4YacTOTH, a IO a3uMyTy — 3a
CYeT NOBOPOTA BCEH aHTEHHBL

UaCTOTHBIH METOJ MOMKET HCNOoNb30BaThest U AJs [ABY-
MEPHOTO CKaHHPOBaHHs, KOTAA H3JyuaTesH, PaclosoxkeH-
Hble BAOJIb OJHOH OCH, COeHMHeHbl duaepaMd ¢ HeGOJbIION
YrJo4yacTOTHOH 3aBHCHMOCTbIO, UTO obecneynBaeT MelJeH-
HOe JBHXEHHe Jyua B JaHHOH MJockocTH. UWamyuarteny,
pacnoJjioXeHHble BAOJAb IPYrofl oCH, BO3OyXKAaloTca OT (H-
JepoB ¢ GOJBILIOH YIJIOYacTOTHOHM 3aBHCHUMOCTBIO, OGecredH-
Basi ObICTpoOe [BH:KEHHE Jyya BO BTOPOH maockoctd. [Ipu
H3MeHeHHH 49acTOThl NIPOHCXOAMT KajapoBoe nBuxeHHe JIH B
npocTpaHcTBe. Bo3moxkeH KOMGHHHDOBaHHBIM MeTOMN, KOTAa
nepeMemense JIH B oaHOK NIOCKOCTH NPOU3BOAMUTCA Ha-
CTOTHHIM METOZOM, B ApYroil — ¢a30BBIM.

B panbHefilmem [ns ynpomeHHS H3JI0XKEHHA pacCMar-
puBaeTcsl JHHeHHas pelleTka H3ayuatenell. B aHTeHHax ¢
YacTOTHBHIM CKaHHPOBAHHEM HCIOMB3YIOT IIOCAEA0BATEb-
HOe HJH MapaJjjefbHOe NMHUTaHHMe usayuaresnell. ITpu mocre-
J0BaTeNbHOM TNHTaHHHM (PHC. 5,a) B BOJHOBOZE BO3GYK-
Jaercsi Oerymias BOJIHA, CB3b MEXAY YIVIOM CMeEIIEHHS
JOH wu pauHo#i BosMHBL BhIpaxaetcs GopMyJion

sinf= l—"*{ —n i,
{ l

60 cu —
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Ite y — 3aMelleHHe (a30Boi CKOPOCTH Geryuieli BOMHbI
B KaHaJH3UPYIOWIEH CHCTEME;
n — nw06oe nenoe uucao (HoMep Jyua);
lg — pasHOCTb IJIHH KaHaJH3HPYOILIMX CHCTEM JABYX
COCEHHX H3JayuaTesen.
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Puc. 5. Tluranue wuanyuaTesell B aHTEHHaX C YaCTOTHHIM CKaHUDPOBA-
HHEM:

a — NOCKeNOBaTENbHOE THTaHHe; 6 — NMapaffedbHOE NHUTaHHe; 8 — PeGPHCTHIR BOA-
HOBOJ; 2 — CHHPaJIbHBIA BOJHOBOL; O — 3MEHKOBBIt BOMHOBOA; €, M — BOJHOBOIBI
CO LIEJNEBBIMH U3AydaTeSsiMH

Jnd nonyueHus WHPOKOTO ceKTopa 0630pa HEOGXOZHMO
NpPHMeHeHHe 3aMeJIfIlOHINX CHCTeM. B KauecTBe 3amepJisio-
HIMX CHCTEM HCIONB3YIOT peGpHCThle (pHC. 5, 8), CMHpaJb-
HBle (puc. 5,2) wau 3MmefikoBble (pHC. 5,d) BOJIHOBOAHL,
obecrnieunBaiouine npu 4—5% H3MeHeHHH 4acTOThl CKaHH-
poBanue B cekrope no 90°. Hexpocrarkamu nocsnenoBarenb-
HOTO TIHTaHHA SABISIOTCA: GOJBIIOE 3aTyXaHHe, OrpaHHYeH-
Hasl MpomyckaeMas MOHIHOCTh, JOCTOMHCTBOM — IIPOCTOTA.

[Ipn mapansenbHO# CXeMe THTaHHEe OTHEJNbHBIX H3MY-
yaresefi NMPOU3BOAMTCH dYepe3 ¢HAepPH C JHHEHHO YBeJH-
ynupalolleiics AnuHo#t (pHc. 5, 6). apannenvHas cxema nu-
TaHHS CJAOXKHeH, ueM focnefoBaTelibHas, U TpefyeT AHana-
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30HHBIX JesnidTesied MOIU{HOCTH, HO TO3BOJIsieT MpPOMycKaTh
GONBLIYIO MOIHOCTD, YeM TOCAefL0BaTEJIbHAS.

AHTeHHB C YaCTOTHBIM CKAaHHPOBaHHeM 4Yalje BCero BHI-
DOJIHSIIOT B BHJE BOJHOBOJOB CO IleJeBbIMH H3/1yYaTeJdsiMH
(puc. 5, e, ), 06pa3ylOMIHMH CAMOCTOATENIbHYIO peLIeTKY
HIH ABJSIOUIAMHCA OOJNyYaTe sIMH OJHO- HJIH JBYX3epKalb-
HBIX aHTeHH. EciM aHTeHHa HCMOJB3yeTCs B KayecTBe TOJb-
KO NpHeMHOH, To KojeOaHHs, NPHHHMAaeMble OT[EeNbHBIMH
3JIeMEHTAMH pelIeTKH, MOTYT YCHJIHBAaTbCH pasfeNbHO H
00beJHHATLCS Ha NPOMEeXKYTOYHOH YacToTe yepe3 3JIeMeHTH
sagepxkKH, CKaHHPOBaHHe Jyya IIPH 3TOM OCYIIECTBJSETCS
nyTeM H3MEHEHHS 4acToThl retrepomiHHa. Hemocrarkamu cH-
CTeM C YAaCTOTHBIM CKaHHPOBAHHEM SIBJASIIOTCSH:

— orpaHHueHHasi BO3MOXKHOCTb HCIOJb30BaHHSI ILIHPO-
KOMOJIOCHBIX CHTHAJOB H3-32 Y3KOMOJIOCHOCTH aHTEHH;

— yBeJHYeHHe OUIHGOK COMPOBOXKIEHHS LeJell H3-3a
H3MEeHEeHHS OTPa)kalolUX CBOHCTB OOBeKTa NPH H3MEeHEHHH
9aCTOTBHl CHTHAaJa B HIHPOKOM IIpefiede.

Ilpu ¢asoBom MmeToxe CKaHHpPOBaHHA (Da30BHIH CHBHUT
MeXAy H3JIyJyaTedsaMH MOXKeT ObiTh OGecleyeH ¢ MOMOLIBIO
(asoBpamiaresel, BKIIOYEHHbIX B LM NIUTAHUSA HJH COBMe-
LIEHHBIX C Haaygyareasimu. IlutaHue uasnydartenedl U BKJIIOYe-
Hue (azoBpamiartesaeil MOTYT IPOU3BOJUTLCS IOCHEL0BATE]b-
HBIM, TapajJe/bHBIM WIH CMellaHHBIM METOXaMH.

Ilpu nocnenoBaTeslbHOM MeTOHe BKJIIOYeHHs (a3oBpa-
marenau (puc. 6,6) ynpaBaAOTCA MO OJAHHAKOBOMY 3aKOHY
H obecleuynBalOT H3MeHeHHe (asbl ¢ 4acCTOTOH, paBHOH yac-
ToTe CcKaHupoBaHHA. Hepocrarkamu MocC/egoBaTesbHOTO
METOJla BKJIIOUeHHS SBJALIOTCA GoJbliiHe noTepH B (aloBpa-
miatejsXx ¥ OorpaHHYeHHe TPONMycKaeMOH MOIHOCTH.

Ilpu mapannenpbHoM MeTOZe BKJIOYeHHST Kaxjblil dazo-
Bpauaresb (puc. 6, a,8) HOMKeH YNpaBAATbCS MO CBOEMY
3aKOHY, YTO NPHUBOJHUT K YCJHOXKHEHHIO YIPaBJSIOIEro ycT-
poiictBa. Tax kak ¢asa 360°+¢ sxBuBazeHTHa (ase
¢, UCroNb3yloTCcs (pasoBpamiaressd ¢ NOBOPOTOM (asbl [0
360°.

CMmemaHHHIH MeTOX BKJIOYeHHS (puc. 6,2) MO3BOJSET
YMEHBIIUTb YHCJAO TOCTIeOBATENbHO BKJOUYEHHBIX (azo-
Bpamareseii M KOJHYECTBO YMPAaBASIIOUHX CHCHAJOB, UYTO
obecrieyHBaeT MeHbllee 3aTyXaHHe H GOJIBIIYIO NPONyCKae-
MYI0 MOINHOCTb, YeM TIpH TOC/AeL0BaTENbHOM METO/E BKIIO-
4eHHsl, a TaKXe IO3BOJFET MMeTh 6oJiee MpocToe, YeM MpH
napajiejJbHOM MeToJe, yipaBJisolulee ycrpoicrBo. Mour-
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HOCTb PacnpefesieTcs MO H3/yyaTesisiM ¢ TOMOIIBIO Hanpas-
JIEHHBIX OTBETBHTENeH, PE30HAHCHBIX llesell, KOaKCHalbHBIX
TPOMHHKOB, BOJIHOBOAHO-BHODATOPHBEIX 3JME€MEHTOB H T. I.

IOas ynpaBieHHs (as3oBpaiare/ssiMid HCHONb3YIOT He-
NpepbIBHBIM WM JHCKPeTHHIH croco6. HenpephBHbI cro-
co6 obecneuuBaeT IJaBHoe H3MeHeHHe (asbl H, CjejoBa-
TesbHO, cMenleHne JIH, HO OH CJIOXKEH.

e LL
i (G

|

2

Puc. 6. Ilutanue uanyuateneft B aHTeHHaXx ¢ ¢a30BHIM
CKaHUPOBaHHEM:

a — nocaenoBaTtesibHOe INUTaHHe H TapaljelbHoe BKJOUYEHHE cbaso-

Bpautarenell; 6 — nmocienoBaTeNbHble NMUTaHHE M BKJIOUEeHHe ¢(aso-

Bpaliarenefl; 8 — napaJjjenbHble NUTaHHe H BKJAOYeHHe ¢a3oBpa-
uiatenef; 2 — CMEUIaHHOE BKJIOYEeHHe

Ilpu puckpetHoM crocobe (pasa u MOJOKEHHe Jiyda H3-
MeHSI0TCSl cKauKaMH. Ilpn mpakTuueckd npHeMJeMBIX 3Ha-
JeHHAX Koa(hduLHeHTa YCHJeHHs, YPOBHSL GOKOBBIX JerecT-
KOB, HafleXXHOCTH 0630pa M TOYHOCTH H3MepeHHst KOOpAHHAT
BEJHUHHA CKayKa He MOXKeT ObiTh OOJBLIOH, UYTO OrpPaHHYH-
BaeT NONYCTHMOEe yMeHbllleHHe uucna ¢as. B ciyuae puck-
PETHOrO CKaHMUPOBAHHS YaCTO OTKA3bIBAIOTCA OT MPOXOXHBIX
thasoBpamaresneii ¥ HCIOJNL3YIOT KOMMYTAaTOPH HJIM KOMMY-
TalHOHHBIE (ha3oBpalaTeNy, KaxAbli U3 KOTOPHIX BKJOYAET
HJH BBIKJIOYAeT ONpejesieHHble BeTBH (UAEPHOH CHCTEMBI.
B atoM ciyuae cmeineHHe Jy4a MPOM3BOLHTCA MyTeM BKJIO-
yeHHs (asoBpamarensd, oOeCrnedyHBaIOero MPOXOXACHHe
3HePTHH uYepe3 BeTBb (HAEPHOH CHCTEMEl C ONpejie/ieHHBIM
3HayeHHeM (hba3zoBoro caBura. IlpeumymecrsoM JaHHOTO
Meroja, 4acTo Ha3blBaeMOr0 KOMMYTAuMOHHBIM, SIBJSeTCS
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BBICOKas CTabuIbHOCTb, OOYCJHOBJEHHAA TeM, UTO 3JeMeH-
THl, YApaBasiiomKe (asol, paboTaloT B peXHMe, NIPH KOTO-
POM HCHOJB3YIOTCA TOJBKO JABe KpailiHHe 0o6JacTH HX Xa-
pakrepucTHkd. Tak Kak nonoxeHne [IH onpenensiercss He
BeJMYMHON YNpaBASIONero CHTHAJNa, a HalH4YHeM ero Ha
ONpeJeseHHBIX KOMMYTAaTOpax, YINpoIlaeTcs CXeMa Yynpas-
JISIOLLEero yCTPOACTBA.

Tlpumensitorcs o6blYHO (eppUTOBBIE HJH TOJYIIPOBOLHH-
KoBbe (azoBpamarend. B ¢eppuroBeix (pasoBpamiatensix
Ans noBopoTa (pasbl HCNONb3YETCS H3MeHeHHe MAarHUTHOH
NIPOHHIIaeMOCTH (eppHUTa NOJ BO3AeHCTBHEM YINPaBJSIOLIEro
MArHHTHOTO TOJf, YTO NO3BOJISET MOJNYYHTb KakK MJIaBHOE,
TaK W AHCKpeTHOoe H3MeHeHHe (a3ml B npexenax 360°. Ilo-
CTOSIHHASI BPeMeHH (eppuTOBHIX (a3oBpainarteneii HMeeT
nopsinok 10—6—10-7 c¢. Hepocrarkamun Takux ¢asospaiare-
Jefl ABJNAITCA: HeOOXOAHMOCTh O0JBIICH YHpabJsloHiel
MOIIHOCTH, 3HAYHTEJbHAsl 3aBHCHMOCTb XapaKTePDHCTHK OT
TeMInepaTypel H 4aCTOTHl, a TaKXe 6Goabuine rabapHThl, HO-
CTHTalollHe HECKOJbKHX JJIHH BOJH.

IMonynpoBonHuKkoBele (a3oBpalaTenu HCHOML3YIOT AJS
NJ1aBHOTO HJIH JTHCKPETHOTO H3MeHeHHsl (assl.

OHK TONYyUHAH LIMPOKOEe NpPHUMEHEeHHEe NPH KOMMYTAalH-
OHHOM crocobe ckaHHpoBaHuA. KoMMyTanus ocyuecTBiseT-
€Sl C MOMOUIBIO TOJYTIPOBOAHHKOBEIX JHOMOB, POBOXHMOCTb
KOTOPBIX H3MeHSieTCst TNPH H3MeHeHHH IOABOJAMMOro Hamps-
)keHusi. McnonbayeMele nHOAB 00/Mafa0T GHICTPOLEACTBHEM
no 10-'° ¢, Ho MO3BOMAT KOMMYTHPOBATh OrpaHHYEHHYIO
MomHoCcTb. JIns noBbimenusi ponyctHMoill MomuoctH CBUY
KOMMYTHPYIOIUX JHOJOB MCIOMB3YIOT pPin-KHOMBI, COIEp-
Xalllue TPOMeXYTouHB! HelTpanbHet (i) caofi. Paso-
Bpaiatesd, OCHOBAHHble Ha INPHMeHEHHH pin-RHOAOB, 06-
JafaloT MalblMH pd3MepaMH, Majoil NMOCTOAHHOK BpeMeHH
(mo 10— c), mpomycKaioT CpPefHIOK MOIMHOCThL Xo 103 BT
TIIPH TaKMX e, Kak 'y ¢eppHuroBeix dasoBpauiaresneit, nore-
pax (mo 1 n1b B 3-cM nmanasoHe BoOJIH).

B paccMorpeHHBIX Bbhimie cxemax nutanus PAP Bce
H3JydaTe/ll pelleTKH IHTAIOTCH OT OMHOTO MOINHOTO reHe-
partopa, NO3TOMY IOBRIIAIOTCA TpPeGOBaHHS K TeHepaTopy
1 BOJIHOBOJHOH cHCTeMe. Uallle HCTIONB3YIOT HECKOJIBKO Te-
HepaToOpOB, 3HEPTHS OT KaXAOTO H3 HHUX 10 BOJHOBOZAM
nocrynaer B rpynny uaiyyaresneil. Hanpumep, B MPJIC
JalbHero noucka Gaanuctuueckux uHeteit PAR [3] ucnods-
3yeTcsl efiMHas INpHeMoNepenamulas pellleTKa C NHTaHHEM
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OT HeCKONbKHX COTeH FEHepaToOpoB, 3Heprus OT KOTO-
PbIX TOCTyNaeT B HECKOAbKO ThICAY H3Jyuareleil pe-
IIeTKH.

[IpuMeHsOT TaKXe NPOCTPAHCTBEHHO BO30OYyKIaeMble
pelieTkH, OOjayyaeMble MePBHYHBIM HCTOYHHKOM. OJeMeH-
TaMH{ pelIeTKH MOFYT OBITb BOJHOBOABI C OTKDHITBIMH KOH-
namu, BUGpatophl, cnupanu. Mojeab NpOCTPAHCTBEHHO BO3-
GyxJ1aeMOH DelIeTKH, HCIOJb3yIoled BOMHOBOJbI, NMOKa3sa-
Ha Ha puc. 7,6. B auHHIO nepejayd KaxJoro H3jydarens
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Puc. 7. TlpoctpaHcTBeHHO Bo36yxkaaeMas aH-
TeHHa:

a — cxeMaTHuecKoe H3o6paKenue; 6 — BHEIIHUH BUI

BKJIOUeHH ¢a3oBpaiaTesd H MOTYT BKJAKOUYaThcs (TIpH He-
06XOZMMOCTH) aTTeHI0aTOPbl. DHeprus, UaayuaeMasi nepBUy-
HbIM OGJayuaTeseM H BO3OY:KAAIOIlas H31y4aTelNd peLIeTKH,
nonajgaer B JuHuH (puc. 7,a), NPoXogUT uepe3 (asoBpa-
LIaTeJH M aTTeHI0ATOPHl, OTPAXKAETCH OT KOPOTKO3aMblKaTe-
Jeft ¥, BHOBb NpPOHAS Yepe3 JIMHHIO mepelayH, M3/1y4aercCs
B npocrpaHctBo. [ad u3MeHeHuss ¢as3wl LWIHPOKO HCIOJb-
3YIOT KOMMYTAUHOHHLIE MeTOX, IPH KOTOPOM BOJIHOBOJHI 3a-
KOpayMBaIOTCH NPH Nojaye HANPSDKEHHS CMelleHHsl Ha OJHH
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#3 NONYNpPOBOAHMKOBBIX IHOMOB, Pa3MelleHHHIX uepe3 OIl-
pelieJleHHbBle HHTepBaJbl B JHHHH Tlepegayd. Popma ¢aso-
BOro ()poHTa IOJIS M3JYUYEeHHS PElIeTKH 3aBHCHT OT 3JEeKTPH-
4eCKHX JAJIMH JIHHHH, KOTOpHle Dperynupymorca ¢asoppatia-
TeJNSAMH. AMIUIHTYIHOe  pacrnpefie/ieHHe TOJST  MOXKET
H3MeHATbCA aTTeHoaropaMu. Mcnosb3yloT amMmiHTYRHOE
pacnpelenedne nojsi, obecrneyHBamilee MPH 3aJaHHOH MIH-
pHHe Jyya MHHHMAaJbHbIH yPOBeHb GOKOBBHIX JIENECTKOB HJIH
HaWMeHbUIYI0 IIHPHHY Jyua NPH 3afaHHOM YpPOBHe OOKO-
BHIX JienecTkoB, [logo6Hoe pacnpeneneHune mossi NpHMeHs-
eTCsl U B JPYTUX THIAX aHTeHH.

B npocTpaHCTBeHHO BO30YyKIaeMHX pellleTKax BO3MOX-
HO TIpHMeHeHHe OTAeJbHBIX B030yXKIaeMOH H H3Jyyarolel
anTeHd. Kaxpabili s7eMeHT, BO3OyKAaeMblil NMEPBHYHLIM HC-
TOYHHKOM peIIeTKH C NOMOLIbIO JIHHHH Nepefayd, B KOTO-
po#i pacmoJsaraloTcs ynpabJasieMble (pasoBpailartesid, CoepH-
HeTC C COOTBeTCTBYIOIIHM 3JeMeHTOM H3nyyalouleh
pewerkH. PaspaGoTaHpl TakXKe aHTeHHH C KOMMYyTauueh
Jlyua 3a CyeT TOCJe0BaTesbHOTO BKJIOUEHHS] H3JyuaTened,
pacrosoXeHHbIX MO 3KBaTOPY ceprl ¥ 00My4arOmHX O6UIHIH
pedaekrop. ®AP ¢ nepeunCleHHBIMH MeTOLAaMH MHTaHHS
9aCTO Ha3bIBAlOT MACCHBHBIMH.

INpumensitorca Takxke 1 axktuBHble ®OAP, rie Kaxabii
H3JyyaTeab (MM TPyNna) CONEPKHT leHepaTop C He3aBH-
CHMBIM BO36YKJeHHeM, yNIpaBfIONINe U YCHIUTENhHEIE 3le-
MEHTBI, BBINOJHSEMble B BHJIE TBEPJIOTEJNBHOIO MOAYJS.
IlpuMepom MoxeT cnyxuth Monyir MERA [4], Briawualo-
M NpHeMHHK, IlepefaTydK, cxemy cjsura ¢ase, CBY
OuIIONApHble TPAaH3HCTOPH!, pift-JUONBI, GapbepHble THOMLMI,
CBUY u ITY ycunutenn. [JaHHBIH MOAYJAb HMeeT pasMephl
63X25X7 MM, wmaccy 14 r u paboraer Ha wyacroTe
9000 MTI'u.

B axrtuBHbix ®AP ynpomaercs BOJHOBOLHAS CHUCTEMa,
HO AJf JOCTHXEHHS OOJIblIOH 06ilell MOIMHOCTH MPH NPH-
MeHeHHMH TPaH3HCTOPHBIX TeHepaTOpPoB TpebGyercsl GOJMbINOE
YHCJIO M3/yYaloIuX 3JEeMEHTOB, YTO NPHUBOJHUT K yBeJanye-
HHIO anepTypbl H YCJIOXHEHHIO ynpasiaeHus. Ilpu ucmosb-
30BaHWH aKTHBHbIX PAP 3HauyHTeNbHO paclIUpAIOTCS BO3-
MOXKHOCTH 10 06paboTKe MocTynanuel HHPOPMaHHH, MOXK-
HO co3jgaTh aJanTHPYIOLIHECS (CaMOHACTpauBaOIIHecs)
aHTeHHBl M O6GeCIeYHTh KayeCTBEHHOe COMPSIKEHHe 3JleMeH-
T0B aHTeHHH ¢ JLIBM, ynpasnsiomeit ®AP u o6pabaThi-
Bawlnel HHPOpMaIHIO.
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B MPJIC ¢ akruBubiMH @DAP HekoTOpble OCHOBHbIE
omepanHu no o6paBoTKe CHTHAJOB MOTYT NPOH3BOLUTLCA B
37leMeHTax pelleTKH, IIOSTOMY aHTeHHa TpeBpallaeTca B
CJIOXKHOE YCTPOHCTBO.

1.4. CrpykrypHnble cxempt MPJIC

PaccMorpers Bce MHoroobpasume CTPYKTYPHBIX CXeM
MPJIC B naHHO# KHHIPe He MpPENCTaBJfAETCS BO3MOXKHBIM.
Huxe npHBOAHTCH OMNHCaHHe CTPYKTYPHOH CXeMBl H HpPHH-
guna paGotet MPJIC ¢ nmapuuansHoit JIH u cMemaHHBIM
metogoM o630opa u MPJIC ¢ ruGkum Meromom o0G3opa.
OnuH H3 BO3MOXKHBIX BAPHAHTOB YIPOIIEHHONH CTPYKTYPHOM
cxeMbl HekorepeHTHol MPJIC ofHapyXeHus u meJeykasa-
HHf C napUHaJbHOH B BEPTHKAJbHOH H CKaHHpYIOLIEH B ro-
pHu3oHTaNbHOHN miockoctd [1H npusenen Ha puc. 8.

DHeprHs TepejgaTuHKa  uyepe3  pacnpefesHTeNbHOE
yCTPORCTBO mNOCTynaeT B M BepPTHKAJIbHO PacloNOXKeHHBIX
PYNOpOB [BYX3epKaJbHOH aHTeHHH. KoauyecTBO pYNopos,
HX PAacnosioXeHHe, a TaKXKe BeJHYHHA MOLIHOCTH Nepejar-
YHKa, NOJBOAMMOMN K KaXKAOMY pYIOpPY, OnNpelensiioT Gopmy
cymMmapHoil [IH, o6pasywomefica npu wusaydeHuu. Otpa-
XeHHble OT LeJH CHIHaNbl W3 aHTEeHHBl Yepe3 pachpelenu-
TeJbHOe YCTPOHCTBO H aHTEHHBIH NepekJiouaTesb TMOCTymNa-
I0T B K NPHEMHHKOB. B 3aBHCHMOCTH OT HalpaBJeHUs Ha
UeJb B BePTHKANbHOA MJOCKOCTH OTpaKeHHBI CHTHAaJ NO-
CTyIlaeT B COOTBETCTBYIOILYIO [PYMMNY NPHEMHHKOB,

I'py6oe 3HaueHHe yrjia MecTa LeAH ONPENSISAIOT MO
NpUeMHHKAaM, Ha BBIXOJe KOTODBIX TIOSIBHJINCh CHTHAJIHL,
YrTouHenue yra MecTa TIPOM3BOAST MOHOMMAYJLCHBIM
merogoM. Ha puc. 8 npuBefeHa aMIUIHTyAHAd MOHOUM-
NyJbCHas CHCTeMa. YIJIOMeCTHble BBIXOAHBlE Kackanbl ¥YIITU
IPHEMHHKOB CTPOOHPYIOTCS HMIYJAbCaMH, BbipabarbiBae-
MBIMH cxeMoll BpIGopa KaHana. CurHajbl 06GHApYKEHHOH
HeNW C BBIXOAOB CTPOGHPYEMBIX KAcKaaoB ABYX COCEIHHX
NPHeMHHKOB TMOCTYMalOT Ha BHIYHTAalOHlee YCTpoHcTBO (—),
aMIIUTya HanpsiKeHHs Ha BbIXOJe KOTOPOTO XapakTepH-
3yeT yros 0gz;, a MOJSPHOCTL HAaNpsKeHHS — HaNpaBJecHHe
CMeIeHHsT LeJH OTHOCHTEbHO TMeJIeHraUOHHOTO Hanpas-
jgenns (ITH) xByx cocennux nydeit npuemuoit JH. Hanps-
KeHHe C BBIXOJAa BBIYHTAIOIIEr0 YCTPOKCTBA MOCTYMaeT B
YCTPOHCTBO H3MeDeHHs H JHCKPETHOrO CheMa YIia MecTa
(YUOCYM), BuipabarpiBatoulee KXo yria 6 Kaxmoro
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HMNYyJbCa TA4YKM B OTHOCHTEJBHOI CHCTeMe KOOPAHHAT H
KojJ rpyboro 3HaueHHsi yria Mecra (HOMepa KaHauja).

BHIeOMMIyAbCH € BBIXOAOB COCeJHHX NMPHEMHHKOB IIO-
CTYynamwTtT B OOHapyXHTeJb, COCTOSAINHH M3 K—1 KaHaJ0B.
Kax bl KaHaja colepkHT ontuManbHuil (O®) HIH KBa-
snontuManpdbiil (KO®) (uABTPH M moporosoe ycTpoHCTBO
(ITY). C Brixona I1Y cHrHanel nocrynaior B cxeMy BelGopa
KaHaJa, o06ecreuHBalomylo BLIGOD KaHaja ¢ CHrHAJ0M Mak-
CUMaJbHOHM aMIMHTYLB. B cxeme BblpaGaThiBalOTCS CTPOO-
HMIYJbCH, OTHHPAIOUIHE COOTBETCTBYIOIIHE YIJIOMECTHble
KaHaJbl.

CurHanpl U3 OOHApYXKHTeNsl TMOCTYNAlOT B YCTPOHCTBO
H3MepeHHs W AHCKpeTHOro cbeMma panisHocta (YUICH), a
TaKXe B YCTPOHCTBO H3MePEHHS H THCKPETHOTO CheMa a3H-
myta (YHUICA), ¢ BbiXOJa KOTOPBIX CHHMAIOTCH KOJHI
JanpHOCTH M a3uMyTa, M3MepeHHble N0 HMIYJbCaM MNayKH
(Bcell HJIH YacTH).

YCTPOACTBO BBIUHCIEHHSI MIHOBEHHBIX  I1apaMeTpoB
(YBMII) oGecneunBaer BBIYHCIEeHHEe YCPeIHEHHBIX 1O May-
Ke (MrHOBeHHBIX) KOOpAHHAT, KOTOphle moctynawt B YBO,
ofecreynBaioniee BTOPHYHYIO 00paGoTKy H BLIYHCIEHHE
BCeX HeOGXOAMMBIX sl NOTpeOHTeNell GaHHBIX. DTH HaH-
Hble C TOMOIIBIO cHCTeMbl Nepepauyd paHHbix (CIII) mepe-
LaloTcs NOTpeGUTENAM, a TaKKe MOTYT NMOCTyNaTh Ha YyCT-
poiicTBo orobpaxenns obGcranopku PJIC. YBMII u YBO
OGBIYHO TIPEACTABJAAIOT COGOH eqMHYIO CHerHajJH3HpOBaH-
Hyio DLIBM, Ha KOTOpPYI0 MOrYT TaKxe BO3jararbCs Jo-
MOJHHUTEebHBle (DYHKIHH: aBTOMATH3UPOBaHHOe OTHICKaHHUE
HeHCIIpaBHOCTel, TononpuBs3Ka U T. A. IIpumepom craHuuu
¢ napuuanpHoit JIH 1 mnoayaBroMarudeckoft o6paboTkoit
ABJNFeTC  TaKTHYecKuB  papuogokatop BBC  CIIA
AN|TPS-43, obecrieunBalomuil 06HApYXKEHHE W Olpejee-
HHe KOOPJAHHAT CaMOJIETOB Ha JaJbHOCTAX 10 280 KM H BHI-
cotax mo 23 kM. Jlyy mupueoit 1,1° B ropusoHTanbHOMH
IJIOCKOCTH H MepeKpbiBalOIMH CeKTOp B BepTHKAJbHON
miockoctd oT 0,5 go 20° cospaerca napaGonuuecKum ped-
JeKTopoM, o6ayyaemum 15 pynmopamu. Ilpuemuas JIH co-
CTOHT M3 IECTH IepeKphIBAIOLINXCH JIENEeCTKOB, YTOYHEHHe
yraa MeCTa B KOTOPBIX NPOH3BOMMTCS CYMMapHO-pPasHOCT-
HBIM MOHOHMIYJbCHBIM MeTogoM. Bokosble nenectkn [IH
NONABASIOTCS C TIOMOIIBIO JMOMOJHHTENLHON AHTEHHHL.

BoabwuncrBo 6Giokos PJIC AN/TPS-43 BRINOJHEHO Ha
MOHOJIMTHBIX H THOPHAHBIX HHTErpalibHBIX CxeMmax, ooiuee
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gpeso  Kotopwx paBuo 3000. B stoit PJIC ucmoabsyior
1 poBrie MeTOAbl OOHApYyXeHHsA, 00pabOTKH H CEJNEKUHH.
CurHajbl ¢ BHIXOAA YCTPOHCTBA OGHApPYXKEHHS TOCTYNAIOT
Ha HMHAMKATOPHI IIyAbTa yNpaBJeHHs, PacloJOXKEHHOro OT-
neapdo ot PJIC. JlanpHOCTb, a3HMYT M BBHICOTA Ilenell H3-
MepsIOTCs TOCJe COBMeIleHHsi Ha HHJIHKaTtope cTrpoba ¢ OT-
MEeTKOH OT LeJH.

BoaMoxHas ynpoiueHHas CTPyKTypHas cxema MPJIC ¢
NOC/aAel0BATENbHEIM 00630pOM 1O T[HGKOH nporpamMme IpH-
BefeHa Ha puc. 9. Ilpu ob6HapyXeHHH LeJH aHTeHHas pe-
weTka ¢opmupyer onsHoayuesyro IIH, mepeMmemenxe KoTo-
POl TPOH3BOAUTCS C IOMOINBIO YIPABAAKIIHX CHTHAJOB,
BhipabaTteiBaeMbix DLUBM. s o6HapyXeHHsT OOGBIYHO HC-
NIOJIb3YIOT NPOLEAYPY YCEUEHHOro NOCJAef0BaTe/JbHOTO aHa-
Au3a, NPH KOTOPOH BpeMsA NPHHSATHS pellieHHS OTrpaHHYeHo,
T. €. eCJAH HAaKOIUVIeHHB CHrHaJ HaXOofHTCA MeXZAy Mopo-
ramu, To KoMaHia Ha nosopotr H BrlpaGarbiBaercsl uepes
onpejeseHHbl BpeMeHHO# HHTepBan. [lpu npepbiilleHnH Ha-
KOIJIEHHBIM CHTHaJOM BepXHero mnopora (HUKCHpYeTCs
HaJHYHe CHTHaJa [eJH, NPOHU3BOAATCA H3MepeHHe, CheM
napaMeTpoOB CHCHana M BblpaGaTbiBaeTcsi KOMaHIa Ha
cmemenne JH. Ecau curran MeHbille HMXKHEro nopora, BbI-
paGaThiBaeTcsl KoMaHna Ha cMmemeHHe J[IH. B mnpomecce
conpoBoxaedusa [IH nepHopHyeCcKH HampaeJsieTCsl B 3KCT-
panoJupoBaHHbIE TOYKH TpaeKTopuil uesneil. Ilpu stoM ans
NOBBLILIEHHS TOYHOCTH H3MepeHHsI YIVIOBBIX KOOpJIHHAT MO-
KeT GopmupoBaThcs dethipexaydeBasi JH u ncnonb3oBath-
cs1 MoHouMnybcHBIH Meton. C Beixona YUIACY cHumalorcs
KOJbl, NPONOPUHOHAJIbHbIE BeJHUYHHE CMeLleHHs HeaH IIo
a3uMyTy u yray mecra (A6, Af8g) otHocutennno ITH, xa-
paKTepH3yeMOro BeJHUHHAMHM YNPAaBJAIOMIHX HanpsKeHHN
(KOB, rp> KOp. rp)-

IIpn HCNOJB30BAHMM CJAOXKHBIX HMIYJbCHEIX CHIHAJOB,
obecrieynBaIOIIMX OOJIBIIHE JaJIbHOCTH JeHCTBHS, BBLICOKHE
TOYHOCTh U Pa3pelarouryio Cnoco6HOCTb MO AANbHOCTH, TO-
ABASieTC BO3MOXHOCTb H3MepeHHsl pajHanbHON coCTaBlsi-
Io1el CKOPOCTH V, IO ONHOMY HWJIH IpYyNIle HMIYJAbCOB, UTO
~ obecriednBaeT NOBLILIEHHE TOYHOCTH OLEHKH IapaMeTpoB
Tpaekrtopuu. YnpasaeHue JH, Bropuunas, nepsuuHasa (moJ-
HOCTBIO HJIH 4acTHYHO) o6pa6oTka, GOpMHpOBaHHe CHIHANa
OCYHIeCTBJSIOTCS cliennannsupoBanioil SIBM.

IIpumepom nogo6ubix PJIC [3, 10] Moryr ciny:KHTb cTaH-
nun PAR v MSR cucremsr [1PQO CIIA «Cefiprapmy.
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Cranuusi panbHero OGHAPYXKEHHSt H COMPOBOXKIAEHHS
PAR c necyule# uacroroit fo=442 MT'u umeer ®AP nua-
meTpoM 35,4 M, cocrosmyio 3 6600 moaysosHoBEX BHOpa-
TOPOB.

'nbroe cKaHHPOBaHHe OCYLIECTB/IsIETCA C MOMOIIBIO
quonHeIX (pasoppamiateneit B npenenax +60° no asumyry
1 1—90° mo yray mecra. PJIC uanyyaeT HMIOYJAbCHl C BHYT-
PHUMIOYJIbCHON JMHeHHOH 4YacTOTHON MomyJasudel, aJu-
TEeJBHOCTb KOTOPBIX MOXKET H3MeHATbcsi oT 5 Ao 250 mkc.
Cxarblii HMIyJIbC HMeeT HauTedbHOCcTh 1 Mkc. UYacrora
craeposanus umnyascoB 10—40 I'u. Ulupuna JH B pexume
obHapyxenus 3°, IpHeM BeleTcss Ha IaplHa/jbHbIE JHa-
rpaMMsl ¢ 8o=1,2°. B pexxnMe CONpPOBOXKJAEHHS HCIOJb3YeT-
csi MoHouMnyabcHBIE Metox, PJIC paGoraer 85% Bpemenn
B pexuMe oOHapyxeHnus H 15% B pexyuMe CONPOBOXKAEHHSI.
MakcumanbHas JaJbHOCTh JeHCTBUA IO Ueau ¢ 3ddexrus-
HOU oOTpa)kammell NoBepXHOCTBI0 Sz=1 M2 pocrHraer
4300 kM, Cranuusa PAR oGHapyxuBaeT, ONO3HAET M CO-
IIPOBOXKIAeT ILieJIM, PACCUHTHIBAET TPAEKTOPHH BCeX OOBEK-
TOB, NPOH3BOAUT HX IKCTPANOJSALHUIO H pacnpeneneﬂne ne-
aeit mexny PJIC MSR.

PJIC MSR o6ecneunBaer CONPOBOXKIEeHHe Ilesell B
OMMKHeH 30He W ympapJjeHHe paKeTaMH-TlepeXBATUMKAMH,
craHnus pa6oraeT Ha yactore fo=3000 MI'n ¥ HcHoNb3yeT
IPOCTPAHCTBEHHO Bo36yxkaaemyio PAP nuamerpom 4,1 M.
Ynpapaenne JH npomsBogurcss ¢ NOMOINBI0 AMOZHBEIX da-
soppamarenein. PJIC usnywaer ¢asoMaHunyJIHpOBaHHEE
HMIYabcH ¢ Ty=100 mMkc. Cxarde NPUHATOrO CHrHajga Ipo-
H3BOAHTCA HaGopoM (HIBTPOB, pacCUMTAHHHIX HAa pa3/Hy-
Hble JOMNIJIepOBCKHE YaCTOTHI.



2. CATHAJABI U METOAbI UX OBHAPY)XEHMUA

2.1. CurnaJnl, HcnoJb3yembie B MPJIC

Curnanel, uznayyaemsle MPJIC, nomxkupl o0ecneuynBaTh
HeOGXONHMYI0 JanbHOCTh IeHCTBUS, BHICOKHE TOYHOCTh H
paspellamIlyld CIOCOGHOCTh, a TaKKe OZHO3HAYHOCTbL H3-
MepeHHs nmapaMeTpoB. PafnosokaluoHHbIe CHTHAABI Xapak-
TePU3YIOTCH:

— Hecyue# yactoro# fo;

— >5Heprueil cursHaja E; pjgs OZHHOYHOTO HMMIYJbca
npamoyrojbHolii ¢opmbl E = Uylyty=Pyty, e COOTBETCT-
BeHHo Uy -— HanpsiKeHHe, I, -— cuia ToKa, Py -— MOIIHOCTD,
Ty — JUIMTEJbHOCTh MMIYJIbCA, JJIS [OCIeJOBATENBHOCTH H3
N ¥MOyJabcOB ONHHAKOBOH aMIIHTYAB E = Pyt,N;

— ¢opMo#i curHaJja, ONHCHIBAeMOM 3aKOHAMH H3MeHe-
HHA orubaromei u 4acrorhl (haswl) Hecymieil;

— JJIMTEJBHOCTBIO CHI'Hala T; BO3MOXKHO ONpe/e/eHHe
JJIMTEJTbHOCTH Ha pa3iiHYHOM YPOBHE CHPHANa, HampHMep
0,1 Umake, 0,64 Umake, 0,707 Unaxe ¥ T. 4.; AN OJHHOYHOTO
HMmnynabca T=1,, JJ8 10CTEA0BATENBHOCTH HMI‘IyJIbCOB
T= (N—I)Tn+'c,,,,

— IIHPHHOH cHeKTpa cHrHana Af, onpegensieMoH, Kak H
IJUTENBHOCTh CHTHAJA, Ha DAa3IHYHBIX YPOBHAX; BBOJHUTCS
nouaTHe 06 3¢ dheKTHBHON WHPHHe creKTpa Af,, 3aBHCsIIEN
OT UIHPHHHE H HOPMBI CEKTpa.

Ilpu ob6paGoTke ¢popMa cHTHa/la H ero CIEKTP HCKaXKa-
IOTCSi, KpOMe OCHOBHOI'0 HMMIYyJbca MOTYT BO3HHKHYTb J0-
NOJIHUTENbHBIE, YAaCTO Ha3blBaeMble GOKOBEIMH JIETeCTKaMH.

B umnynabcebix MPJIC moryT 6BITH MCHONB30BAHBI CHT-
HaJbl KaK NIpocToil, Tak M caoxkuolt dopme. Mupoko uc-
MOJIb3YIOT MMIMYJIbCHBIE CHTHAJBl MNpOCTOH (QOPMBI ¢ HOCTO-
AHHOM Hecyllleli yacTOTOH M He HMMelolllue CKauyKoB ¢pasHl.

3 3ak. 962 . 33



Cxemn QopMupoBanusi u 06paGoTKH MOJOGHBIX CHIHAJIOB
NPOCTH], CHTHAJBI MMeEIOT MaJ/blii ypOoBeHb GOKOBHIX JIENEeCT-
KOB. B 3Tux curHanax npouspefieHue Af;tx~1, mo3TOMy OHH
HAa3BIBAIOTCA Y3KONOJOCHBIMH. K HeJocTaTKaM y3KOIOJOC-
HBIX CHTHA/IOB CJeNyeT OTHeCTH YXYAIleHHe pa3pellaionlei
CTIIOCOGHOCTH MO LalbHOCTY HPH YBeJHYEHWH Ty, BLISHIBAE-
MOH HeOOXOIHMOCTbIO IOBBINIEHHS I aJbHOCTH JeHCTBHUS
PJIC 3a cyer yBennueHHsl SHEPTHHM HMIyJbca IIPH OTPaHHu-
YeHHON UMIYJAbLCHOH MOUIHOCTH.

PJIC wuanyuaer nocienoBaTeJbHOCTb HMIYJbcoB. Pas-
JHUYAIOT KOTEPEHTHYI0O W HeKOlePeHTHYIO MOC/e[J0BaTeNbHO-
CTH pagHOMMIYJAbcoB. llocenoBaTesIbHOCTL HMIIYJIbCOB C
3aKOHOMepHOH (pa30BOH CTPYKTYpOH Ha3bIBAIOT KOlepeHT-
Hoil. Ecim HayanbHas ¢a3a MMNOYJAbCOB H3MeHsleTcsl IO
CTydaHHOMY 3aKOHY, MNOCJef0BaTeNbHOCTb HMIIY/IBCOB He-
KorepeHTHasi. MarueTpoHHBe reHepaTtopbl (GQOpPMHPYIOT He-
KOTepeHTHYIO I0C/IeJ0BaTeqbHOCT HMMIY/AbCOB. [IpH reHe-
PHPOBAHHH HMITYJIbCOB C NOMOIUBIO 3aJaI0MIero reHepaTopa,
paboramoniero B HeNmpepblBHOM peXHMe, R MOAYJAATOPa
o6pa3yercsl KOrepeHTHasl IOC/JeA0BaTeJbHOCTb HMITY/bCOB.
[TocienoBareIbHOCTD HMIYJbCOB, H3Jy4aeMBIX MarHerpo-
HOM H OTpPaXeHHBIX OT He(JYKTYHDYIOUIEH LeJH, MOXKHO
npeo6pa3oBaTh B KOrepPeHTHYIO, HCNOJB3Ys HMIYJbCHO-KO-
repeHTHYI0 TeXHHKy. J[lasi HCKAlOYeHHS HeOIHO3HAYHOCTH
OTCUeTa [AJbHOCTH M CKOPOCTH NapaMeTphl HMIYJAbCHHIX
CHTHAJOB BLHIOMPAIOT HCXOAA U3 CJeAylOIHX  Tpebo-
BaHui:

T > 2emep g 2

4V}' MaKO

YaoBaerBopHTb 06a TpebGoBaHHA OGBIYHO He YHaercs,
nosromy B PJIC crpeMsTcs ycTpaHUTh HEOXAHO3HAYHOCTH 110
IaJbHOCTH, NPUMEHSIA AJSl U3MeDeHHs CKOPOCTH KOCBEHHBIE
MeTOJbl, OJHHOUYHble MMIYJAbCHl HJAU [Be IOCTAeJ0BATENBHO-
CTH HMIYJbCOB C OTHMYAKIEHCHA 4YacTOTOH TOBTOPEHHS.

B MPJIC ncnoab3yioT Takke CIOKHBEE (IIHPOKOIOJOC-
Hble) CUrHaJH [8], 4151 KOTOPHIX 3a CUeT BHYTPHHMMY/AbCHOM
MORyJASUMM (MaHHUNYASIUUH) npousBeneHue Afyty > 1. [pu
NpHMeHeHHH IMHPOKONOJIOCHEIX CHTHA/O0B BO3MOXHO 3HaAYH-
Te/IbHOe YyBe/JMYeHHe [JIUTeJbHOCTH H3JydaeMBIX HMITYJ/ib-
COB, T. e. CpeAHel MOLIHOCTH, 6e3 YXyHIIeHHS pa3pellaro-
mei crnoco6HoctH mno aanbHOCTH. IIpH Hcmoab30BaHHH
CNOXKHBIX NJHHHOMMIYAbLCHBIX CHTHA/JOB MOMXHO H3MepATh
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pazHanbHyl0 CKODOCTb ABHXKEHHS UeaH N0 OZHOMY (He-
CKOJIbKHM) uMnyabcy. CiioxHBle curHaabl 06GecCleqyHBaioT
TaKXe IOBHIIeHHe NMoMexo3aluuiienHoctn PJIC, HO ux Hc-
NOo/Mb30BaHUE TPUBOLUT K YCJAOMHEHHIO NMepefaTyuka, yCT-
pOACTB 06paGOTKHM M 4acTO K yBeJHUYeHHIO YPOBHA GOKOBHIX
JenectkoB. [IpUMeHSIOT [Ba THIIA CJIOXHBIX CHTHAJOB:

— MMIYJABCH C BHYTPHHUMIY/AbCHOK YacTOTHOH MOZAYJS-
uueir (UM);

— ¢asoMaHuNyJHpOBaHHble UMIYAbCH (PM).

B UM umnysnbcax BO3MOKHO HHCKpeTHOe WJM IIJIaBHOe
uameHenne yacrotsl.  Ulupe  ucmoaw3yloT  JiHHefiHOe
(puc. 10, a) unamenenme yacrotel (JIUM curnan), Korza

Ao
0=wp+ pl,t, rpe p=-—— -— AeBHAlHA 4YacCTOThl, OTHECECHHAA
(33
K IOJHUTECJbHOCTH HMIIYyJbCa.
an/l 3TOM, €CJH OI‘H6alOI.llaH ABJAAECTCA Hpi{MOYI‘OJIbHO}tI

¢ynkuve#t (puc. 10, 6), cHrHaja OMUCHIBAETCS BhIPaXKeHHEM

. .
u(t)=cos(w0t-|—‘%) npn—% <t<%".

UM umnyapc MOXHO cpOpMHPOBATH NyTeM H3MeHEHHS
4acTOThl TeHepaTopa (aKTHBHBLIA MeTON) WM IyTeM HCIOJb-
30BaHus (Qopmupymomero ¢uabrpa (DacCHBHBIN MeETOR).
B xavectBe dopmupyrooumero ¢unbrpa (duabrpa pacrsaxke-
HHSI) MOXeT HCIO/Ib30BAThCA JHHHUSL 3azepxkku (JI3) ¢
HepaBHOMEpPHO paclpele/feHHBIMH OTBOLAMH H CYMMATO-
pom (puc. 10,8). Ha Bxox JI3 ¢ o6umuM BpeMeHeM 3a-
JNEepXKH, PaBHBIM Ty, OJAETCH KOPOTKUI HMIYJbC AJUTE/]b-
HoCcThIO Tp. C BhIXOZAa CYMMaropa CHHUMAaeTCs HMIIYJbC
JJINTENBHOCTBIO Ty M H3MeHs0OUekcs yactoTol. Ilpu ucnons-
soBanun UM wumnynbca [14] MoxHO o6ecneduTh 4acTOTHOE
cKaHHpoBaHue [IH B TeyeHnne Kaxkao0ro HMIyJabCa.

®M uMnysnbc COCTOMT M3 OMNpPefeJeHHOTO YHCAa KOpPOT-
KHX pajVOMMIIy/JIbCOB C pa3HBIMM HauyanbHBIMH (asami.
[Tpu MHOrodasoBoit Manunynsiuuu ¢Hasopble CABHTH KPAaTHHI

2
—:—, rae p> 2. Yacrto npuMeHnsercs AByx¢da3oBas MaHu-

NyAsiusl, Korna p=2 W BO3MOMXKHBI [Ba 3HaueHHUs HayaJb-
HBIX (a3 umnyasca (0 uau ). Ha puc. 11, a, 6 npencras-
JeHBl ¢opMa ($a3oMaHHUNYAHPOBAHHOTO HMMIyJbca U €ro
ycaoBHoe o6o3HaueHHe, TAe 3HAK «—>» 0603Hauaer ¢=rm,
a 3HakK «+» p=0.
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Has mosyyeHHsi Majoro ypoBHs OOKOBHIX JIENECTKOB
dasoBasi MaHHMYJSLHUA NPOH3BOAMTCS IO ONpe/lesleHHOMY
npaBuay, oGecleynBalONieMy BBICOKYIO XaOTHYHOCTH C/elo-
Banusi pas. C 3TOMH Le/bI0 NPHMEHSIOT PeKyppeHTHble UH(-

+l+ |+ ]|+ |-
0
Boixod 5t,
> Nunus 3adepaku

Beod' :
Hayanab Hoid 27, To_| To
naocaedosa-
menbnocmuﬂ

Cymmamop no modyaio 2

8

Puc. 11. ®asomaHunyMpOBaHHEI HMIYJIbC:

a— ¢dopma; 6 — ycaoBHoe o6oanadenne; 8 — cxeMa (GOPMHPOBAHHR
ABOHYHOR PeKypPeHTHOR MOCNeROBaTeNbHOCTH

pOBBEIe TOC/IENOBATENbHOCTH, B KOTOPHIX 110 JIIOGHIM 3ajaH-
HBIM M TOCJEN0BATEJbHBIM 3JIeMeHTaM MOXHO HaHTH Cle-
aylomuit m-+1 aneMeHT, NoOJb3ysch OAHHM M TEM XKe Ipa-
Busiom. Ha puec. 11,8 npuBeneHa cxema (OopMuPOBaHHUs
IBOMYHOM PeKyppeHTHOH NOC/IeA0BaTeNbHOCTH. MaKCHMa/b-
Has JJIMHA NochdepoBareabHoctH (M-kox) obecrneunBaeTcs
JMIIb TIPH ONpefleIeHHOM TNOpsiiKe YepeloBaHHs ¢as, 4To
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O3HayaeT oNpeje/eHHBIN MOPANOK MOAK/IIOUEHHSI OTBOLOB K
CyMMaropy.

Hnsa ¢opMupoBanuss M-Koja NpUMeEHAWT TakXke UUG-
pPOBBIe YCTPOUCTBA, WCIOJBL3YIOMIYE PErHCTPHl CcIABHra. ¥Ypo-
BeHb GOKOBHIX JlenecTKOBl MaHHUIyJAUpOBaHHOrO M-KozoM

CUTrHala He IpeBbIIAeT 1—/%, TIe 1 — YHCJO 1eMeHTapHBIX
HMIy/AbCOB B Hocaegopartenbiocty. IlonaBasi M-kox na ¢a-
30BBIi MaHunyasaTop, ocymectsasior PM cursana. Kpome
M-xoma wMoryr ucnosbsoBarbcsi J-kombl, Koabnl bapkepa
HT I

MPJIC wmoryt paboraTb B pexuMe HelpepHIBHOTO H3JY-
yenust npu UM nau @M. Boamoxuo cosganne MPJIC ¢ u3-
MEHSIOUMMHCA B 3aBHCHMOCTH OT OKpyXKaiouleli 06CTaHOB-
Ku GopMoii u mapaMerpaMM CHTHaJa.

2.2. CHrHaaol, OTpa:KeHHbie OT LeJH

Ha Bxox umnyascHolt PJIC, paloraiomeii B pexume
0630pa C IOCTOSHHOH CKOPOCTBIO CKAHHDOBAHUS, NOCTYNAIOT
na4yku (MakeThl) OTpaXeHHBIX OT LeJH HMIY/AbCOB. Ecim
OH onuceiBaerca xpuBoi ['aycca, To ¢opma orubaroueis
Mayky AJsl OTPa)KeHHOTO OT HeNOABUKHON Ledd (ZeTepMH-
HHPOBAHHOI'O) CHrHaja 3allichiBaeTcsi B BHIE

EPYYAAY
U®)=e 28(‘“). 2.1)

Uncno uMIy/aecoB B Npepedax wupuds JIH nmo nonaosuH-
HOH MOLIHOCTH

—_ b

Y

rae Q@ — yacrora ckaHupoBanusi [IH.

HnrepBan Mexay naykaMH paBeH IHepuoay o63opa
(puc. 12). Benencrsue ABHMeHHS, KoueGaHUH Illein H3Me-
HfeTCsA BeJHUHHA 3¢ (deKTHBHOH oTpaxaimimell MOBepPXHOCTH
Ss, UTO NPHUBOAUT K M3MeHeHUsaM (QIYKTyalHsiM) aMIUIHTYR
OTpaXKeHHBIX curHajos. Daykryauuu S, a cienoBaTeNbHO,
H aMILINTYABl CUIHA/a XapakTepM3ylOTcsi KOppessilHOHHOH
bynkuved p(tr) (puc. 12, 8). ITo KoppenfunoHHOH GyHKLUHH
onpenensieTcss BpeMs KOpPpeNsiuMH Ty, XapaKTepH3ylohlee
CKOPOCTb (QAYKTyauHu. B 3aBHCHMOCTH OT COOTHOLIEHHS
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BEJIHYMH Ty, Im, fosn=NTy pasIuuaioT cJaelyiONiHe BHAbI
$ayKTyauHi:

1. HpyxHble (MeAseHHbie) (JAYKTyaluuH, [PH 3TOM
tosz € Tx. 3a BpeMs OGJyueHHs LeJNH BeJIH4YHHA S, Npak-
THYeCKH He H3MeHseTcs, p(foon)~1. Orubamomas nmayxu
onuchiBaercs BbipamenueM (2.1). OGwvUHO To65.> fogn H
Tops>Tx, IPH ITOM aMIUIMTYAbl COCEJHHUX Nayek He Koppe-

v Tn to6a

|| ||

To63a t

| || Illl

p() |

1 e T
Kv S~
-]

Puc. 12. ®opma oTpaxeHHHIX CHTHAJOB:

a — apyxHuble ¢GAYKTyaunu; 6 — He3aBHCHMble GIAYKTYAUH; B8 «— KOPPEASUHOKHAS
dbyukunsa baykryauus

JUPOBAHBI M  HM3MEHAIOTCA MO  CIy4afiHOMY 3aKOHY
(puc. 12, a).

2. HesaBucumble (6bicTphlie) (QAYKTyauud Ha6GJaI0La0TCA
MPH OTCYTCTBHH KOPpPeNfUUM MeXKAY COCEHHMH HMIIYJb-
camu (puc. 12, 6), npu satoM Tp> 4.

Kak mpyxHble, Tak ¥ He3aBHCHMBble (IYKTyalHH SBJSI-
I0TC HMjeanH3aluMed peastbHOro Ipouecca, YynoOHO# mpH
MaTeMaTHYeCKOM OIHCAHHH OTpaXeHHHX CHrHasoB. Yacro
Ha NPaKTHKe BCTPEYalOTCSA NPOMEXYTOUHBEe (IYKTyaiuuH,
Korza Tp<ty M fogx COM3MEPHMO C Tk.
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Benencrsue mBukenisi mesay yactdTd OTPAXKeHHBIX CHI-
HaJ0B T0Jy4aeT HONIIJIEePOBCKOe CMelleHne

2V
=+L.
Frp=1 A

Beaencreue GaykTyaunii H3MeHSAIOTCS He TOJIbKO aMIIH-
TYAbl, HO M HavaabHble (a3sl uMMyJabcoB. Ilostomy 1pu
ObICTPBIX (QUIYKTyaUHsix HaxKe B caydae OOGJIyYeHHs IeJH
KOrepeHTHBIMH KOJeGaHHsIMH OTpaXaeTcs HeKOorepeHTHas
IIOC/IeI0BATENBHOCTh HMIYJIBCOB. B NpOMeXYTOYHBIX CIY-
yasx B auyKe MMeeTCs YaCTHYHAS KOrepeHTHOCTD.

IIpu npouenype noc/ien0BaTeNbHOTO OOHAPYXKEHHS B
(OMKCHpOBAHHOM HAaNpaBJeHNH H3Jy4aeTcsi HeCKOJbKO HM-
NyJAbCOB, HX YHCIO N 3aBHCHT OT OTHOIIEHHS MOIXHOCTEH
curHaja ¥ myma. Ha Bxoj npyveMHHKa MOCTynaeT madka,
xapakrep ¢aAyKTyauu# B KOTOpPOH 3aBHCHT OT COOTHOILE-
HHSl BEJIHYHMH Tx, lm lo6x. D JeTEPMHHHPOBAHHOM cJyyae
oru6apmas NaykKu #MeeT NPSIMOYTOJABHYIO QOpPMY.

[Ipu uCmONB30BAHHH JJTHHHOHMIIYJABCHBIX CJIOXHBIX CHI-
HaJIOB BO3MOMHBI CJy4aH, KOTAa Ty >Tk, NPH 3TOM KoOre-
PEHTHOCTb OTPa)KEHHOTO CHrHajJa COoXpaHseTcs JHIIb B
npefenax YacTH JJIUTEJbHOCTH HMITYJbCA.

2.3. O6napyxenHre pajHOJOKANHOHHBIX CHTHAJIOB

KpoMme oTpaxkeHHOro oT ueJH INOJE3HOrO CHrHajla Ha
BBHIXOJle TpHEMHHKa HMelOTcA HIYMBl (IIOMeXH): BHellIlHHe
(kocmuyeckue, arMocepHble, WHAYCTpPHAJbHBIE), BHYTpEH-
Hue (IIyMBl IPHEeMHHUKA), HCKYCCTBEHHO Co3paBaeMble (ak-
THBHBIE U NACCHBHEIE).

B CBUY nuanasoHe M3 eCTECTBEHHBIX NOMeX OCHOBHBIMH
SIBJISIOTCA BHYTPEHHMe IIyMBI IPHEeMHHMKA, CIeKTpP KOTOPBIX
ppoctupaercs ot eauuun go 1019—10%2 T'u, HureHcHBHOCTD
BHYTPEHHHMX IIYyMOB B paAMOAHMANA30HE H3MeHSETCS IaB-
HO, MO3TOMY B Ipejesax IOJOCH MPONYCKaHus NpUeMHHKA
ypoBeHb IIYMOB NocTosiHeH. CBOMCTBA BHYTPEHHHX IIyMOB
NpueMHHKa GJM3KH K CBOACTBAM HIealH3UPOBAHHOTO «Ge-
JIOTO» IIyMa, T. €. IIyMa ¢ NMOCTOAHHONH HHTEHCHBHOCTBIO HA
BCeX yacTorax. «Desblil» WyM ABASETCS CTALMOHAPHBIM CaY-
YafHBIM IIPOLECCOM, CPelHHEe CTATHCTHYECKHE XapaKTepH-
CTHKH KOTOPOTrO He H3MEHAIOTCS BO BPeMeHH.

[Ipn npueme Hew3BeCTHO, HMeeTcsl ¥ B NPHHUMAEMOM
KoAeGaHHH OTPa)KeHHbI OT LesH cHrHaj. 3azadyeil o6Hapy-
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JKeHHS ABJASETCSA NPUHSITHe DelleHHs O MpPHeMe TOJbKO INY-
Ma HJM CHrHajJa M LIyMa. DTa 3ajaya HOCHUT BepPOSITHOCT-
HBIl XapaKTep M TOJNBLKO NPH 3HAYHTENbHOM INpeBBILEHHH
CHTHa/Ja HaJl CpPeAHHM YPOBHeM 1IyMa MOXHO CUHTaTh pe-
3yabTaT oOHapyXeHus pocToBepHBIM. [IpH oOHapyXeHHH
BO3MOXHB! OIUHOOUHBIE DelleHHs:

— IIyMOBOH BHIGpPOC NpPHHHUMAaeTcs 3a CHrHan (JToXHas
TpeBOra);

— CMrHaJl H IIyM HPHHHMAIOTCS 3a IWyM (mpomycK
Leau).

BBoasTcs MOHATHUSI O BEpOSITHOCTH JIOXKHOR TpeBorH F
(BepOSITHOCTH HpPHHATHA pelleHHs O NpHeMe CHCHajla IIpH
€ro OTCYTCTBHH) M BePOSITHOCTH IPaBHJIBHOrO OOHapyXe-
Hus D (BepOSITHOCTH NPHHSATHS pellleHHsT O IIpHeMe CHrHaJjaa
IPH ero HaJHUHH).

Ha puc. 13 gns ogHoMepHOro cayuasi H3oGpaxeHBl 3a-
BUcUMOCTH Py (U), P¢w(U) — 3aKoHBI pacnpejenNeHus co-
OTBETCTBEHHO LIYMOBBIX BBIOPOCOB H BHIGDOCOB CMeCH CHI-
Haja co cpexHelt amnautynoit Uy u myma. ITromanu, orce-
KaeMble ocblo U, BepTHKaJbHOM JuHMeH, NpoXonsiel yepes
Uy (noporoBmifi ypoBenb), u KpuBbMH Py (U), P.w (U),
SBJISIOTCA COOTBETCTBEHHO 3HaueHHsMH F u D.

N puw

- U
Puc. 13. B BhiGopy nopora o6HapyxeHus

KauectBo o6HapyxeHHsi TeM Bbllie, yeM Goabmie D H
MeHblle F. : .

Has Toro uro6bl HauAy4IIMM 0Gpa30oM BBIJENHUTH NOJE3-
HBIH CHrHaJ Ha (oHe «Gesoro» myma, Heo6XOIUMO HUCIOJb-
30BaTb Koppenasitop (ONTHMAadbHBI (UIBTP) H [OPOroBOe
YCTPOHCTBO, COCTABJAAIOINHe OGHAPYKHUTENb (IIpecesekTop).

B MPJIC ¢ aBromaTnueckoit o6paGOTKO# CHTHANOB MO-
IyT ObITb HCIOJNB30BAHBI CJelylOIHe KpHTepuu (Ipoleny-
pel) obHapyXeHHs:

— Hefimana — IlupcoHa;
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— Tocae0BaTeNbHOTO HabmaiofaTtensi (npUMeHseMblli B
PJIC ¢ ru6ko# nporpammoii o6HapykKeHHA U OIUCAHHBIH B
noppasn. 1.2);

— TapaMeTPHYeCKHe NpOLeAYPH.

B PJIC c moayaBromaruueckoit o6paGOTKOH CHrHa/IoB
o6Hapy’KeHHe IPOM3BOAHTCA OlePaTOPOM IO BH3YaNbHOMY
UHINKATOPY.

ITpu xpurepun Helimana — [lupcona mnoporoswiii ypo-
BeHb Uy BHIGHpaeTCcss HCXOAS H3 IOJYYeHHs 3aJaHHOK BeChb-
Ma Masoll BeJqHuHHH F. Bemnwunna F(Uy) BhiGupaeTcs Ta-
KOii, 4TOGBl YHCJIO JIOXKHBIX OTMETOK, NOCTYNAIOIUX HA BTO-
puuHyI0 06pa6oTKy, He BhI3BBaJOo neperpyska DL BM. Ilpu
yBeJHUeHHH OHICTpOmeHCTBHA M oObeMa mnamstH ILBM
MOXKHO yBeJuuuTb F (cHu3UTb Uy), 4TO NpH 3afaHHOM 3Ha-
yeHHH D N03BOJISET YMEHBIUHTb TPeOyeMyl0 BeJHUYHHY INPH-
HAMaeMoOro cHraasna. Takum o6pasoM, NIPH HCIOJb30OBaHHH
Jaydmiux no napaMerpam J1IBM o6paGoTku U QUKCHPOBaH-
Helx mapaMmerpax PJIC yBennunBaercss manbpHOCTE OOHApYy-
XKeHH.

CpexHee UuHCIO JIOXKHBIX OTMETOK 3a IepHox 0630pa
CBSI3aHO C BePOATHOCTHIO JIOXKHOH TPEBOTH CJAeXYIOIIHM
NpHOIHKEHHbBIM COOTHOLIEHHEM:

r=F Toss (2.2)

T . op

TO€ Tn. cp — CPEAHAA AJMHTEJBHOCTb LIYMOBOTO BbI6pOC3, Oll-

peAenasieMas Npu MaJiblX 3HAYECHHUAX F us YpaBHEHUA
0,660

AF (Un — Usz. op)

Tm op =

rae

Om # U cp — COOTBETCTBEHHO CpefHee KBaJgpaTHYeCKOe
U cpellHee 3HAUYeHHsl IyMa;

AF — mojioca npoNlycKaHHs NpHeMHHKa H duiabTpa 006-
pabOTKH.

C yMeHbIeHHEM [aJbHOCTH RO neau [ suauvenus U, B
CPefHEM PacTyT, YTO NPHUBOAMT K yBeauuenutio D; npakruue-
CKH Ha aamapHoctsiX, MeHbWHX (0,5 —0,6) Hyaxe, TpH GuKCH-
poBanHoM 3Hauenud Up 3HaueHue D=1,

Jis CHUXKeHHs YHC/Ia JIOKHBIX OTMETOK HCIOJNB3YIOT IIe-
peMeHHHII Tnopor. HauMeHbllee 3HaueHHe mnopora BHIGH-
paetcst Ha [yaxe UCXOIs1 M3 IOJTYYeHHS HYXHOTO 3HAUCHHS
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D no onpenenennoro tuna uend. C ymenbenuem [ nopor
yBeJIHYUBAETCS, [IPH 3TOM CHHXKaercs 3HadeHHe F.

Ecau 3amatbcsi Tpe6oBaHHeM D=const Ha Bcex manab-
HOCTSIX (IO OMNpefesNieHHOro THIA LedH), TO IJAsd caydad
APYXHBIX (VIYKTyauui

poe 182 100)

k4

Uo

Tae po= Ha MaKCUMaJbHOH XaJbHOCTH.

Om
[IpuMeHeHHe nepeMeHHOro Inopora mo3sodsieT B 10—
100 pas yMeHBIUHTD 7.
Jns oleHKH KadecTBa OOHApyXKeHHs HCIOJAL3YIOT Xa-
PaKTepHCTHKH OGHapyxeHHs [l], mpeacrasasiiomue co6oi

U
3aBUCHMOCTb D=f (——") IPH pAa3luYHBIX 3HaueHHsAX F H
Om

BHAAX QayKryamui.

B onucaHHBIX BHIIlE KpPHTEPHAX MOPOTH BBHIOHPAIOT
3apaHee W OHH He 3aBHCAT OT BXOAHHIX WyMoB. [Ipu peass-
HBIX ycaoBusx paborel PJIC, pagHonpoTnBOmeHCTBHH HpO-
THBHHKA YPOBEHb H XapaKTep BXOAHBIX IUYMOB H3MeHSIOTCS,
BBI3bIBasi H3MeHeHHe BeJHYHHE F, YTO B CBOIO OYepeib IPH-
BOAHT K neperpy3ke DLIBM o6pa6orku. [Ipu mepemeHHoM
yPOBHe BXOAHBIX LIYMOB Ilenecoo6pasHo HMeTb (GHKCHPO-
BaHHOe, He 3aBHCsilllee OT 3TOrO YpOBHs, 3HayeHue F, misi
Yero HCIONb3YIOT aBTOMATHYECKYIO DeryJHpOBKY YCHIEHHS
(APY) npueMHHKa MJH TOPOrOBOro ypoBHs. B aToM ciy-
yae Ko3(pPHUHEHT YCHIEHHsA MM MOPOT H3MEeHSIOTCS B 3a-
BHCHMOCTH OT CPellHero ypoBHSI IIYMOB Ha BHIXone IIpHeM-
HHKa.

Jns nomyuenus 3HaueHus F, He 3aBUCHAIIero oT 3akKo-
Ha paclpefeseHdsi BXOAHBIX LIYMOB, HCIIOJAB3YIOT Hellapa-
MeTpHyecKHe Ipollefypbl OOHApyXKeHHs, [IPH 3TOM INPOH3-
BOJAATCA ONTHUMajbHasg Aas1i «bGenoro» myma (uIbTpauus,
IEeTeKTHpPOBaHHe M NMCKPeTH3alMsl CHTrHajJa [0 AAJbHOCTH.
JlMcKpeTHble Yy4acTKH BHIGHPAIOT HCXOAS M3 IOJyYeHHS
YCJIOBUsSI HEKOPDPeJHpPOBAHHOCTH OTCUeTOB. B KaxaoM
yd4acTKe RaJbHOCTH OTCYEThl BHAEOCHTHAaJla CpPaBHHUBAIOTCSA
C COBOKYIIHOCTHIO OTCUETOB B COCEZHHX Y4YacTKax HaJbHO-
ctd. PesynbraTe cpaBHeHHss B M Iepuolax IOBTOpeHHs
CYMMHDYIOTCS.

Ecnn 0603HaunTh pe3yJbTaT CPaBHEHHS OTCUYETOB B CO-
CelHNX yuacTKax AaJbHOCTH B j-M IlepHOJe IOBTOPeHHs
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yepes M;j, TO KPUTepHeM TIPHCYTCTBHA HJIH OTCYTCTBHS LesH
B [-M y4acTKe sIBJSAIOTCS YCJIOBHSA:

M
2 ;> My — Ledb €CTb;
=1

M
121 7y < Mo — LJIH HET.

ITopor 1o BLIGHpaeTCsl HCXOAS H3 HYKHOro 3HayeHHs Be-
JUYHHB F.

B03MOXHO TaKXe IpHMeHeHHe HelapaMeTPHYeCKHX Me-
TOAOB OGHApYyXKeHHUs, HCIONb3YIOLIUX sIBIE€HHe H3MeHeHHs
aMIVINTYAB HMIYJbCOB leJdH OT [MepHOZa K IePHOAY
(Tpenn). IlogoGHEIe mMpoleAypbl HA3BIBAIOTCS PAaHTOBLIMH.
XapakTepUCTHKH OOHapyxeHHss B «OedblXx» IyMax IIpH
HenapaMeTPHUYeCKHX MeTOJax XyXe, UYeM IPH KPHTepPHH
Hefimana — ITupcona. OgHako ¢ yBeqawyeHneM M 3To pas-
JUYHe yMeHbllaercs. [Is peajn3auydu HellapaMeTPHYECKHX
MeTOO0B OOHApYKeHHs HCIONb3YIOT HH(PpPOBHE YCTPOHCTBA.

2.4. Meroabi GHIALTPALMH HMOYJLCHBIX CHTHAJAOB

3agaveli ontumanabHOM 06paboOTKH sABAsieTCS IOBHIIIe-
HHe OTHOWIeHHs cHrHajd/myMm. [Ipu Bu3yanbHOM o6GHapyxe-
HHH CHTHaJOB MOJaBJeHHe IIYMOB (IOBBIIIEHHe OTHOILe-
HHSA 629-) IIPOMCXOANT 32 CYeT HMHTEerpPUPYIOIHX CBOHCTB

piiy

3KPaHOB WHIHKATOPOB H (HHU3HOJOrHMYECKHX KadecTB olepa-
topa. B PJIC ¢ aBTOMaTHyecKHM CheMOM 3Ty (PYHKUHIO BbI-
noJHser GUALTP, BXOAAWHNHA B coctaB YIIO.

AMnHTYIHO-4acTOTHasl Xxapakrtepuctuka K(w) onTu-
ManbHoro ¢uaprpa (OQP), obecneunBaloniero MakCHMAaJjb-
HO BO3MOXHOE OTHOIUEHHE g"— = %—, rie G — cnekTpanb-

x

Hasi IJIOTHOCTb «Geqoro» wWyMa (MOIMHOCTb IIYMOB B €[H-
HUYHOH TIOJIoce TPONYCKAaHMA), HOJNKHA COBHafaTh IO
dopme co cnektpom curiana K(w) =S(v0). ®asouacrorHas
xapakrepuctika O® paBHa @(®) =—6 (0) —oTyk, rae 0 (0) —
($a30BBIll CIIEKTD CHTHANAa, Tx — MOMEHT OKOHYAHHA CHrHa-
aa. B O® ¢opma curHana 3aHKCHPOBaHa B ero xapakTe-
PHCTHKaX, BCJeICTBHe Yero OH HHBADHAHTeH NJisi CHTHa-
JIOB, OTJIHYAIOIUXCSA 110 BpeMeHH 3ala3/iblBaHHUS.
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Onepauueti, sxsiBanentHoil OO, sBaseTCsd BHIUKHCIEHHS
KOpDeJISiIAOHHOTO HHTerpana Z oT BxojaHoro curiana. Kop-
PeJSIHOHHBIN NpHEMHHK, ONpeleNsIOmHi Z, NOoJXKeH Xpar
HuTb (BbHIpa0aThiBaTh) KOIHIO H3JyYyaeMOro CHrHaJa,
6bIT> MHOTOKAHAJbHBIM 110 BpEMeHH 3ama3[biBaHHs H
YacToTe OTPaXKeHHOro CHrHana, 4YTo IPHBOAHMT K ero yc-
JIOK HEHHUIO,

Ectu O® oxasbiBaeTcss IPOMO3JKHM, NPHMEHSIOT KBa-
auontuMmanbible ¢uabTpel (KO®), orauuarounecs 6Gosee
NPOCTBIM YCTPOMCTBOM, Pe3y/abTaThl (QHUALTPALMH IIPH 3TOM
YXydIalTCs.

Ilpu npueme curHanoB Ha ¢oHe «HeGemoro» myMma (Ha-
IpHMep, NaCCHBHOH INOMeXH) HCIOJb3YIOT I0CTel0BaTeNb-
HOe BK/TIOYeHHe ABYX ¢uIbTpoB [l], mepBmit uabtp (pe-
KeKTODHBIN) TNpeob6pa3yer «HeOedbllis IWyM B <«Oelblil»,
Bropolt siBasercss O® gnas «Geqoro» myma.

B nanpHefiniem paccMaTpHBaercss ¢guabTpauusi Ha ¢o-
He «0esoro» myma.

Mertoasl ¢uABTPpallMH MOXHO pa3fdelHTh Ha KOrepeHT-
Hble U HekorepeHTHble, KorepeHTHble MeTonbi, ofecnedHBa-
IOIlHe H3BJedYeHHe HHPOpMAlUUH He TOJBKO H3 aMILIHTY/,
HO W 43 (a3 NPUHATBHIX CHCHAJOB; [O3BOJSIOT MOJYYUTD
JydlllHe KaueCTBeHHble MOKa3aTelu NpueMa (MeHbLUHE MO-
pOroBHI cHrian, GOJbHIYIO TOYHOCTH H3MEPEeHHs IlapaMer-
poB), H3MepaATb V,. OnHaKo KOorepeHTHHIfI IpHeM BO3MOXKeH
JHULIb NIPH HaJHYHH KOTEPEHTHOCTH B NPUHHMaeMOM CHMrHa-
Je ¥ Tpe6yeT MHOrOKaHaJbHOTrO IO YacTOTe YCTPoiicTBa 06-
paboTKH.

DuABTPOBON NpPHEM KOTeDEeHTHOTO CHIrHAMa 3aKJIlyaer-
CSl B COBMeCTHOH pabore n cxeM (UABTPAUHUM, Kaxjaas H3
KoTopbix obecrneunBaeT 006pabOTKY CHTHAJNOB C OIpefeseH-
HBIMH JONIJIEPOBCKHMH YacTOTaMH.

IMpumeHsiorcst Takxke [7] KOPpPeaSUHOHHO-OUIBTPOBbLIE
cxeMH 06paboTKH, Tle IOCJAef0BaTeNbHO HCIONb3YIOTCH
KOppeJsiIHMOHHBIY H (uabTpoBoit MeTopmbl. Ilpu stoM co-
31aeTcsl m BPeMeHHBIX KaHAaJIOB, B KaXJOM H3 KOTOPbIX
pacnosaraeTcsi n y3KOIOJOCHBIX (HJIBTPOB, HACTPOEHHBIX
Ha pa3jHYHble YaCTOTHI

Ilpn HekorepeHTHOM IIpHeMe, eIHHCTBEHHO BO3MOXXHOM
IIPH HeKOTeDEeHTHOM CHrHaJje, JOCTAaTOYeH OJUH KaHal 00-
paboTKH, HaXO#AIIMACA 3a aMIVIUTYAHBIM AeTekropom. He-
KOTepeHTHBI}l IIpHeM MOXeT NPHMEHATHCA H NIPH KOTepeHT-
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HOM CHrHajge, KOrga IO 3KOHOMHYECKUM HJIH SKCIIydTadlH-
OHHBIM cOOGpaxeHusiM Heuenecoo6pasHo ycnoxHenre PJIC.
IIpu 3TOM, OIHAKO, TepseTCcss HHPOpMaHHs O CKOPOCTH JBH-
JKeHHs LeJH H yXyAllaloTCs IOKa3aTesd IpHeMa.

Ecnu t4x<fogz, TO BO3MOXHO COYeTaHHe KOTePeHTHOIOo
¥ HEeKOrepeHTHOro NpHeMoB. 3a BpeMsl KOppeJslHMH MpO-
U3BOAMTCSl KorepeHTHass o0paboTKa, a 3areM B TedeHHe
BCell IJUTEJBLHOCTH CHrHaJa — HeKOrepeHTHas.

Ilpy ¢unbrpoBOM H KOppeNsIUHOHHO-QHABTPOBOM MeTO-
dax o6paGOTKH CUTHAJOB HCNOAb3YIOT (QHJIBTPH, KOTODbiE
MOTYT GbITh BHINOJIHEHH B aHanorosoM (AH) wmam uudpo-
BOM BHOe. PaccMOTpPUM MeTOAB 06paboTKH MOC/ae0BaTeNb-
HOCTH HMIYJBCOB NpocToil HOpMBL.

PuabTPOBOA aHANOTOBLIZ MeToJ, 00padorkH. Korepenrt-
Hble aHa/joroBble (UILTPH AJAS KOrepeHTHOI IocC/JenoBa-
TeJLHOCTH HMIYJbCOB C HeH3BeCTHOH HavyaabHoi ¢asod
MOTYT ObiThb BBIIOJHEHBI Ha NPOMEXKYTOUHOH 4acToTe fmp
uny Bugeovacrore. CTPYKTypHasi cxeMa KaHana o6paGoTKH
¢ ¢unpTpaure Ha fyp MoKaszaHa Ha pHc. 14, a. Bmecto O®
ISl OJHHOYHOrO PagHOMMIyJbca Hcnoabsylor YIIU ¢ mo-
JIOCO}i TIPONYCKaHHsi, COIVIaCOBAHHOH C IJHTEJBHOCTLIO HM-
nyasca. Ilorepn mo cpaBHeHHo ¢ OD yBeJHUYHBAKOTCA Ha
17%. O® (KO®) ans KorepeHTHOH IOC/TeZOBaTeTbHOCTH
PagHOMMIYNBLCOB HOJ:KeH o06jsafaTh rpefeHuarodl aMILIH-
TYAHO-YaCTOTHOH XapakTepucTHKol (puc. 14,6) u MoOXKeT
O6bITh CO3XAaH C TMOMOLIBI0 KoJjeGaTeJbHBIX (anepHoxHye-
CKHX) Uenell uau JauHHiE 3amepxku (JI3). Ouaptph, co-
cTosIlHE M3 KojebaredbHbIX IeNell, B 3aBUCHMOCTH OT
HCTIONb3YeMbIX B HHX OCHOBHEIX 3JeMeHTOB [12] HocaT co-
orBercTByIomHe HasBaHus: LC, RC-QuabTphl, 3/MeKTPOMe-
XaHHYeCKHe, Nbe30KepaMHuecKHe, KBaplieBble H ap. Uuciao
TaKux QUABTPOB B OJHOM JONIIEpOBCKOM KaHaje ollipelie-
JISIETCS U3 COOTHOIUEHHS

o 14—19Ts
34

ITonoca nponyckanus ¢puapTpos (puc. 14, 6) BHGHpaeT-

Csl M3 yCIOBHA Afy~———"—
y fo~—=3—
YhcaA0 UMIyaAbcoB B nauke (N,~0,7N). ®unbtpe ycraHas-
auBaioT nocne YITU u HacTpauBaloT Ha onpefiesneHHble 4aCcTo-
Tel. HanpuMep, B TNepBOM XONIIEPOBCKOM KaHasje [upo;
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1 2
fupoiT; fup o-*_:T H T. A, TpeGoBaHHsS K TOYHOCTH H CTa-
' g o

OUJIBHOCTH HaCTPOMKH BeCbMa BBICOKHE.
OtmernM, uto LC, RC-OUAbTPH Jerko INepecTpawuBalor-

Af _
csl, Ho 0611a/LaI0T Maioit CTAGHABHOCTLIO (% ~10-%). Tep-
P

Af

MocTaGHIH3alHs TI03BOJSIeT NOBeCTH 3HaueHHe —— 0 Be-
op
auyuHbl 104,
KBapueBble ¢HuABTPH 06Jafal0T BBICOKOH CTaGHMIb-

A
HOCTBIO (-—f— nocruraer 10-%), Ho TpymHO NepecTpaHBaloOT-
up
Csl H UMeIOT BBICOKYIO CTOMMOCTB [12].
[Tbe3okepaMuyeckue M 3JeKTPpOMeXaHHUeCKHe (UABLTPHI
BeCbMa KOMIIAKTHHI, JelleBje KBapUEBHX, HO TaKXe TPYIA-

Af

HO TNepeCTpaWBalOTCs, 3HaueHHe —— He MpeBbinlaeT 104

p
ITpy BBICOKHX 3HAUYEHHUSIX YaCTOTH [up, BHIGHPaEMOK U3 yCJIO-
1 o
BHS fmp > (15—20)—, A5 NoJyyeHHs: KadeCTBEHHOH QHJABT-
Tm

paluy NpH KOPOTKHX HMIIYJAbCaX CJAeIyeT HCIOJIb30BaTh
GuAbTPH, WMeIOUINe BBICOKYIO YaCTOTHYIO CTaGHIBHOCTE.
[TpuMeHeHHe omHcaHHOrO MeToda O6paGOTKH MpPH GOJb-
MIMX CKBaXHOCTAX (%"— BeJIUKO) OrpaHHuYeHO H3-3a HeoOXO-
p: ¢
JHMOCTH YBEJIHYHBATH YHCAO (PHIBTPOB.
O ans nocnenoBaTelbHOCTH B cxeMe (pHc. 14, a) Mox-
HO TaKXe CO3ZaTh C INOMOIIBIO MHOrooTBoAHol JI3 U Be-
coBoro cymmaropa. Tak Kak BpeMfl 3aJiepXKH MeXAy OT-
BogaMd f;=Ty, TO DNPUXOOUTCA  HCHOAb30Bath N—I
yabTpa3BykoBux JI3 (¥Y3JI3) (puc. 14, 8). Kosdduuuentsl
yCHJIeHHS] BHIOMPAIOT HCXOJs U3 OTHOCHTENBHOrO Beca HM-

nyabcoB B mnauke. Heo6xoaumocTb HMeTh 6OJbINOE YHCIO
¥Y3JI3 ¢ BecbMa XeCTKUMH TpeOGOBAHHAMH K fq (?3%
b 4
~1077—10-9) s3arpynHser NpHMeHeHHe MOZOGHOTO (GHIMbL-
Tpa.
B xauvectBe KBasuonrumanbHoro ¢uiastpa (KO®) wmo-
ryT OBITb HCIOJNBb30BAHBI CHHXPOHHBIE HAKOMHTENH, KOTOPHIe
Ha3HBAlOT PeUUPKYJAATOpaMH (peKYpCHBHHIMH (HALTpa-
MH). 3HaueHHe Koa((duuHeHTa yCHIeHHs B Lenu oGpaTHoi
cBsA3u cuHxpoHHoro Hakonureas (CH) B (puc. 14, 2) BHOU-
paeTcsi HCXOAsl H3 YCJOBHSl IIOJNyYeHHs] HaHGOJbIIEro
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BBIATPBIIUA B OTHOLIeHHH CHFHaJI/lHyM, 3aBUCAIEr0 OT
4ucaa UMIYJAbCOB B I1aUKe N:

(=)

Pl!I BBRLX

(52)
PI]I BX

[Tpu Goabmom N 3HaueHue f§ 6AM3KO K €AMHHIE, YTO
NPUBOZUT K BO3MOXHOCTH caMoB030yxieHHs. B peanbHbix
ammntyaHbix CH BeqnunHa f orpaHHueHa 3HauYeHHSIMH
0,95—0,96 [7].

Ins yBenwuenusi Boivrphima npu N>30—40 BO3MOXKHO
noc/eOBaTebHOE BKJIIOYeHHe JBYX oauHakoBmix CH
(IByKpaTHBIi HaKONMHTeNb), MOCAENOBATENBHOE BKIIOYe-
Hue CH ¢ pasHbIMH 3HaueHHSIMH BpeMeHH 3afepPXKKH (ABYX-
STalHblfi HAaKONHTeNb), HCNONL30BaHHE YAaCTOTHOH HIH
(a3oBOl MOAYJALHH.

Oas nomnep:xkauusi cTaGHJABHOCTH BpeMEHH 3aJepXKKH
¥3JI3 wucnoap3yloT TepMOCTAaGHAH3AUMIO, COCTaBHBe JI3

I-i donnnepoackuil kawan

g§= =f (N, f).

Kozepenmnbill ' 0P(KOP) | P
demexmop ’,',‘,’g":gggu’z%”y;’m eadpaimop
¥ cos w,t
lsin w,t Ugeixs
Kozepermuuiil | 0P (KOP)
>  demexmop _'k'ﬁffa’ﬁg‘éﬁ%"ny Keadpamop

L
—ipp—y

n-i donnaepoeckull kaxan

Koeepenmuoni 0P(KOP,
™ demexmop _‘li%m%”bfm Keadpamop

' cos Wyt
lsin Wyt Useux.x
L Koeepenmueiii ‘ 0P (K0P)
| acnedosament Keadpamo
demexmop U 8UEUMMTYALEOd P

Puc. 15. VerpolictBo 06paGoTKi ¢ KBafpaTypHO#H cxeMmoli ¢uabTpauuu
KOFePeHTHON MOCJeA0BATENBHOCTH HMNYJILCOB

4 3ax. 962 49



U T. K. Boicokne Tpe6oBaHHs K CTaOHABHOCTH (QHUALTPOB M
BpeMeHH 3alepxku JI3, paboTalouux Ha fyp, MPUBOAAT K
CMIOXKHOCTH HX H3TOTOBJEHHS W 3KCINIyaTallud, 4TO Orpa-
HUYHBAeT BO3MOXHOCTH IIpHMeHeHHsI 3THX cXxeM. [Tostomy
yalle NepeXOAsiT K HCHOJb30BAHHIO KBAJPaTyPHHIX CXEM
Hakonsenust (puc. 15), comepxkamux O® (KO®) pas no-
Ce/JOBaTeJLHOCTH BHAEOUMNYAbcOB. B  KauectBe OO
(KO®) npumeHsI0T KoJeOaTelbHble HWJIH alepHOAHYECKHe
IenH, a TakxKe ycTpoiicTBa Ha ¥Y3JI3 HJIH NOTEHHHATOCKO-
nax. [Ins xavecrBeHHoro Hakomjenus B CH mocrarouHo,
HanpuMep, obeCleyHTb CTAOHIBHOCTb BpeMeHH 3alepkKH
Atz=~ (0,05—0,1) 14, uro Ha 1—2 nopsiika MeHbllle, 4eM B
cxeMax, pafoTalomux Ha yactoTe fup [7].

IToTeHuMaNOCKONE], NpPeACTaBAAIIMIHe co6o Crenuasnb-
Hble 3JEeKTPOHHO-JyueBble TPYOKH C HAKOIJIeHHeM 3apsioB
Ha MHIEHH, KOMIIaKTHB, HO 06/1afaloT HeCKOJIbKO XYALIH-
mMH xapakrepuctukaMu, 4eM CH. Hepocratkom kBagpa-
TYPHBIX CXeM $BJseTCs HeoOXOZHMOCTb YBeJdHYeHHs raba-
pPHTOB 060pYIAOBaHHS.

Heo6xonuMoe uucja0 HONMIEpPOBCKHX KaHalOoB B CXe-
max (puc. 14 u 15) Moxer OBITH onpelesteHO H3 NpHGIH-
*eHHBIX COOTHOILEHHHA:

1
n=4FJxMaxoTnNa npy F,:umxo < T;

n==4N, npu F;u;uu:o>_—‘-

ITpn HexorepeHTHOM GHABTPOBOM MeTone 06paGoOTKH
NOCNEeI0BATeNbLHOCTH HMIYJbCOB AOCTATOYEH OAHH KaHaj
HaKoOIlJIeHHd, COCTOSALIMI U3 cordaacoBaHHoro YIIY, ammnau-
tTyaHoro gerekropa 1 O® (KO®) mas nocnenoBaTteabHOCTH
BUIEOUMIYJBCOB,

Koppeasusonuo-huabTpoBoili aHaforoBbiii MeTon obGpa-
6orku. CTpyKTypHasi cxeMa YCTPOHCTBA C KOPPeIsiLiHOHHO-
¢duapTpoBOl 06pabOTKON MMNYJBCHOM KOTePEHTHOH IoCie-
LOBaTeJIbHOCTH HAa 4acCToTe frp NpHBefieHa Ha puc. 16. Kaxk-
OBl U3 m BpeMeHHHIX KaHa/JOB (AHMCKDPETHBIX YYAaCTKOB IO
JNanbHOCTH) CTPOGHpYeTCs BO BpeMeHH HMIYJbCaMH, I1O-
CTYMAIOU[HMH Ha YMHOXHTeNb COBMECTHO ¢ KoJeGaHHIMH
9acToTH fpp. Bo BpeMeHHOM KaHalle MMeeTCsi f Y3KOIOJOC-
HBIX (UIbTPOB, HACTPOEHHBIX Ha pas/uYHble JOMNIJIEPOB-
CKHe yactoThl. Kaxpabli (GHIBTD HakamiuBaeT 3HePTHIO
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MOC/NEI0BATE/ILHOCTH HMMIYJAbCOB OT LM, HaXOAsLleHCs
Ha (MKCHPOBaHHON HAJbHOCTH H IBHXKYILEHCS ¢ oOmpefe-
JeHHOH cKopocTelo. [lo HoMepaM (uIbTPOB, Ha BHIXOJe
KOTOPHIX MMeeTCf CHrHaj, ompefensercs yacrora Fp ¥Yc-
pelHeHHbBle HO YaCTOTe CHTHAJbl B KaXIOM BpeMeHHOM
KaHaje IOCTYyNalOT COBMECTHO CO CTPOO-HMIYJbCaMH Ha
crpobupyemble ycusnutenan (C¥Y), obecneunBasi BbIpaGOTKY
uMnyasca paabHoctd. IloporoBuie ycrpoiicta (I1Y) B cxe-
Me HaxONATCS B KaXKAOM BpeMeHHOM KaHaje. Moxer Hc-
nosab3osatbesi ofHo ITY, Haxomsimeecss 3a cxemMoH 0GbenH-
Henus kaHanoB. Curnannl ¢ Beixofa IIY nocrynaror Ha u3-
mepuTeab [, a TakKe 00eCHeyHBAIOT CTPOGHPOBaHUe KaHa-
JIOB u3meputens V..

Tak kak Ha BbIXOAe (HJIbTPa NMPaKTHUYECKH BBHIIENsIETCSA
HeMpepuIBHEIH CHIHaJM, TO NyTeM Npeo6pasoBaHHsA 4acTo-
Thl MOXHO 3HQUMTEJNbHO CHU3HTL 3HAYeHHe YACTOTHl fpp H
HCIOJb30BaTrb 06oJsiee NPOCTble (QHABTPH, YeM B CXeMme
puc. 14,a. Tlpu KoppensiiuoHHO-QUABTPOBOM METOHEe, OX-
HaKO, yBeJHUHBAeTCA AJHTENbHOCTb MAa4yKH, YTO NPHBOAHT
K YXYAUEHHIO pa3pellaloilell CNOCOGHOCTH M TOYHOCTH H3-
MEepeHHs yria B IJIOCKOCTH cKaHupoBaHusi. CJIOKHOCTD
ycrpoiictBa (pHc. 16) 3aBucHT OT yucsa AMCKPETHBIX Y4acT-
KOB IO ZaJbHOCTH M JONNJAEPOBCKUX KaHaJoB. s ymeHb-
IIEeHHs YMC/id KaHAJOB MOXHO HUCXOAS M3 TaKTHYECKOro Ha-
sHayedus PJIC u ¢dopmb JH B BepTHKaJNbHOH HJIOCKOCTH
HCKJII0uaTh U3 06paGoTKH YYacTKH ¢ MaJjibIMH LaJbHOCTSMH.

K oCHOBHBIM HeZOCTaTKaM aHAJOTOBHIX cxeM 06pa6orT-
KH OTHOCSAT:

— CJIOXHOCTb TNEPeCcTPOUKM MPH H3MEeHeHHM IapaMer-
poB PJIC (Tg, tu);

— HeOoO6XOJHMOCTh TIIaTeJlbHOH HACTPOHKH, TPYAHOCTh
NOJAepK aHUsA 3aLaHHBIX PEXUMOB;

— HCIONb30BaHHE CJOKHBIX AOPOTOCTOSIIUX 3JEMEH-
TOB.

Hudpossie Meronbl 06paboTKH. YKasaHHBIX BHILE He-
JIOCTaTKOB JiMILIeHbl LHGpoBEle cXeMbl ofpaGoTku. Bceaen-
CTBHe OTCYTCTBHS WHBaDHAHTHOCTH MO OTHOIIEHHIO K Jdajib-
HOCTH yCTpOHCTBa UH(DPOBOH 06paboOTKH JOMKHBL OBITH
MHOTOKaHaJIbHBIMH N0 [aJdbHOCTH, YTO NPUBOAUT K YBeJaH-
YeHHIO KOJIHYeCTBa HCMOJb3yeMoHl ammapartypbl. OmHako
Gaaromapsa Tomy, uTo Lu(posble ¢uabtpe (LLP) cocrosT
U3 OJHOTHNHBLIX 3/1eMeATOB, OHY JIEIKO BBIMOJHHMBI B BHJE
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GoNbIIMX HMHTErpaNbHBIX CXeM, TMpPHUMeHeHHe  KOTOPHIX
yMeHblaeT ra6apuTel U CTOMMOCTh amnaparypsl. L1® ser-
KO MepecTpamBaloOTCs NpH M3MeHeHHH mnapamerpos PJIC,
uro obecreynBaeT ONTHMH3ALMIO CTPYKTYPbl HAKOMHUTENd B
npouecce pabornl. Hemocratkom L1 sBasiioTcs HECKONBKO
Xy[llide, YeM Yy aHaJOTOBBIX HaKONHTenaelH, pe3y/ibTaThl Ha-
KOTLJIEHHU .

Llndposrie ycTpoiicTBa 06pabOTKH TaK XKe, Kak U aHa-
JIOTOBble, MOTYT OBITb KOFePeHTHBIMH H HEKOTePeHTHBIMH.
Ilpumensilorcss ~ KOrepeHTHBIE ycTpoiicTBa  06paboTKH
(puc. 15) ¢ n yactoTHeIMH KaHastamy, rae OD nas nocue-
JIOBaTeJbHOCTH HMIYJbCOB BhiNogaHsAercss B Buae L1®. Ilpu
HeKorepeHTHOl oGpaBotke O® (KO®) nas nocienosaredb-
HOCTH BHEOMMIYJ/ILCOB, PaclnoJNOXeHHBIH MOCAe aMIIHTYyH-
HOro feTekropa, 3ameHsercsa LIO.

B LI® npousBomsiTcsi AUCKPETH3auUus CHrHaJjJa Mo Jatb-
HOCTM M KBaHTOBaHHe N0 ypOBHIO. B kaxpmom yuacTke
JanbHOCTH BblpabaThiBaeTcs KOJ| aMILTHTYABI CHrHaJja,

C yMmeHblIEHHEM YHC/IZ YPOBHell KBaHTOBaHHS CHHXa-
10TCs TpeGoBaHusi K 00beMy NaMiaTH H OBICTPONEHCTBHIO
L®. Haunbosee pacnpocTpaHeHbl CXeMbl C KBaHTOBaHHEM
cHUrHaja Ha fABa ypoBHsa (OGuHapHble cxembl). Ilepexonm k
OHHapHBIM cXeMaM OPHBOAMT K moTepsM ~2 nb mo cpas-
HEeHHIO ¢ aHaJoroBoil 06paboTKoO.

B GuHapHBIX HaKOMUTeNAX NPOHU3BOXUTCH MOACUYET YHC-
Jla HMINYJIbCOB, NPEBBICHBIIKUX Mopor. s 3TOro HCmouan3y-
I0T yCTpoiicTBo, paboraiouiee no Jgoruke [ u3 k. Lleap cum-
TaeTcss oGHapYXKeHHOH, ecny B k NOC/AeAOBAaTebHBIX TepHO-
Jllax TNOBTOPeHHsI Ha ONpefieleHHOM JHCKPETHOM Y4acTKe
JNanbHOCTH OyReT He MeHee [ MMIYJbCOB, NPEBBICHBIIHX MO-
POrOBHIH YpOBeHbL KBaHTOBATEN .

IMopcuer umcsa MMNYABCOB B KaXAOM JHCKPETHOM
yuactke (puc. 17) TNpPOM3BOAMTCS CUETYHKAMM HMIYJbCOB
c oGbeMOM NaMATH He MeHee k. [l KaxJAoro 3HaueHHs R

HMeeTCsi ONTHMaJyibHOe 3HaueHHe [~1,5) K, oGecneunBaro-
llee MHHHMAJBHBIA noporoBolit curHan. Hawunyumee Ha-
KOIJIEHHe nosyyaeTcss npu k=N,

C nmoMolibio perdctpa CABHra CHHXPOHU3HPYIOIHE HM-
NyJbCH NOCAEXOBATENbHO NOCTYNAIOT HA Pa3jiMYHbLIE BEHTH-
Jau cosnanenus (BC), ornupaemble 0OpH ONHOBpEMEHHOM
OpUXo/le 3THX MMIYJbCOB M KBaHTOBaHHOTO curdanaa. C BC
CHTHAJB TIOCTYMAIOT Ha CUYETYHKH, COeIHHEHHLIE ¢ JOTHYe-
CKOil cxeMoil o6HapyxeHus. Kaxabli CYeTUHK NOLCUHTHIBA-
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€T 4YHCA0 HUMIYAbCOB, MPOLUEANINX KBAaHTOBATeJb, HA OMNpe-
IeJIeHHOM yvacTKe AaJbHOCTH.

YupoueHie JHCKPETHOIO HAKOMHMTENsi MOJAydaeTcs IpH
HCIOJB30BAHHHN 4aCTH MMIyJabcoB nauku k<N. IlogoGHble
cxeMbl [9] mpUMeHSIIOTCS TaKXKe AJs BbIeJEHHS HMIYJbCOB
Hauajga ¥ Kosua nauku. Hauwajgom mauku (daxktom obHa-

t

Jlozuyeckas cxema o6HapyseHus

x X
=3
>
S

Cyemyux
Cyemyux

BC BC H - BC

CuzHaa \Kteanmo 1 Il
8ament | . lj]
U a
O om p—o?{ Pescmp cdsuz

Hu3amopa

Puc. 17. BunapHbili HakomuTedb C NapailelbHBIM BKJIOYEHHEM
CUETYHKOB

PYXKEeHHs LeaH) CUMTAETCS BLINOJHEHHE KPHUTEpHSs, COCTOA-
mero B Qukcaiuu [ UMNYJbCOB HAa B CMEXHBIX MO3HUHAX.
KpuTepreM KOHIla Taukyl SIBASETCSi MOSIBJeHHe CepHH H3
Heckoapkux (0, 00, 000) Hynelt, ciaenylomux MOAPSXR Iocae
BBHINOJIHEHHS] KPUTePHs o6HapyxeHus. Ha puc. 18 npusene-
Ha cxemMa ORHOro Kasana ¢ Jjorukoil 2/3-00. dra cxeMma
obecneynBaetT OOGHApyXKeHHe MpPH HaJHUYHM [BYX HMIYJb-
COB, NPeBEICHBLIMX I[IOPOr, HA TPeX COCeAHUX MO3HIHAX, 4
TaKKe (UKCALHI0 KOHIA MauyKu OPU HAJMUMM JBYX HYJeH
noapsn. Tpurrep ynpasienus (TpY) ormupaer cxemy K4
JIMIIb [OC/Ie ero ONPOKUIbIBAHHA UMIYJABLCOM Hauaja NaukKH.
Mmnyabc KoHIla mauku Bo3Bpamiaer TpY B HCXOAHOe CoO-
CTOsIHUE,

OntumanbHas (QuAbTPAlNMA CHAOXKHBIX HMIYJbCOB 3a-
KJIo4aeTcss B 06pabOTKe OAMHOUHOI'O HMIYJAbCca H, €CaH
€CTh BO3MOXKHOCTb, HAKOMJEHUH HECKOJBbKHX HMIIYJAbCOB.
Paccmorpum 06paGoTKy OMMHOYHBIX CJOMXKHBIX HMIOYJBCOB.
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duabTpauHs  YaCTOTHO-MOAYJAHUPOBRHHOTO  HMMIyJbCa.
Has ounbtpaunu (cxkatua) UM uMmnynbca MOryT HCIOJb-

30BaTbCA:
—— 3JIEKTpHYECKHe JINHHH 3aJepXKKH C HepaBHOMEPHO

pacnpefiejseHHbIMH OTBOAaMH (pHC. 10, 8);

Cdsue
CuzHan
Tp! Tp2 o3
7] 1 o | 0
U1 e
- H2 H3
-
Koney
1 """f 4 nayku
1 Tpy 0
Hayano
nayxu

Puc. 18. Jloruueckaa cxema 2/3-00

— ¥Y3JI3, paborawoiiue B [UCNEPCHOHHOM peXHUME
(AYJ13);

~— YCTpOHCTBA ONTHYECKOH 0OpabOTKH CHUTHAJIOB.

Jlns mosyueHHss NUCNepCHOHHBIX CBOACTB (BpeMsl 3a-
IepXKKH 3aBHCHT oT uactothl) ¥Y3JI3 [l] marotoBasior u3z
JEHT WJIH LUAHHAPHYECKHX INPOBONOB, TOMMIMHA KOTOPBIX
paBHa [JHMHe YJbTPa3BYKOBOH BOJIHBI B Marepuale 3BYKO-
npoBoja IJs CpelHed 4acTOTHI clleKTpa o6pabaTbiBaeMOro
curHajna. B KadecTBe marepuasa NPHUMEHSIOT aJIOMHUHHI,
XKene3o-urTpueBsli rpadat (JKMI) u t. 1.

Hcnoaw3yior pemrerdyatble JAYJI3 (puc. 19,a) nosepx-
HOCTHBLIX BOJIH, B KOTOPBLIX JHCIEPCHSi CO3[aeTcsi ¢ I0-
MOIIbIO CJIOXKHBIX Nepeflaloulero U NpueMHOro npeo6pasosa-
tened, a TakxKe Y3JI3 ¢ KAHHOBBIM 3BYKONPOBOAOM H He-
pPaBHOMEPHO pacnpefeneHHBIMH OoTBofamu (puc. 19, 6).
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Ilponyckasi npuHATBIH CHIHA/N uepe3 CMeCHTe]b, B KO-
TOPOM BLIXOJHas lLieNb HAaCTPOeHA HA Pa3HOCTHYIO GOKOBYIO
HOJIOCY, MOXKHO 00eCnedyHTb HHBEPCHIO MOAYJAALUHH H HC-
NOJb30BaTh OAMH (UABTP IJIf PacCTSDKEHHS U CXKaTHA HM-
nyabca. Ha Boixome ¢uabTpa MOMYyYaeTcs CKaThli HMIYJbC

Boixod

Bxad | {2?%2?2?; 4/7—'/3)(06 ]
‘ .f /

Bsixod

flpeobpasosamenu

NN
=

3eyxonposad

Puc. 19. ®uaprpe aaa UM uMnyabca:

a — penteryatsie JIYJI3 noBepxXHOCTHEIX BOAH; 6 — ¥Y3JI3 ¢ KAHHOBHIM
3BYKONIDOBOJOM M HEPaBHOMEPHO paclpejleleHHBIMH OTBORAMH

. sinx
¢ orubawouiell Bua ~——-. YpoBeHb HaHGOMBHIUX GOKOBLIX
X
JenecTKOB Takoro umnyasca 22%. Has ux yMeHblIeHHS
HCIIOJIb3YIOT JIONOJHUTENbHBINH ¢UABTP, 0OeCNedHBAIOUIH
BecOBY10 06pafoTKy (TpaHCBepcanbHBlH QUIBTP), HeJH-
HeiHylo UM; mpu 3TOM, OIHAKO, NPOHCXOMHUT pacTsKeHHe
I ,

HMNY/JIbCA U yMeHblleHHe OTHOLIEHUS P ¢ HOMOIIbIO
juig

BeCOBOH 06paboTKH yhaeTcsl AOCTHYbL YPOBHA OOKOBBLIX Jie-

necTkoB ao — (26—27) nb [22].

OunpTpe cxkatus UM vMOy/abCoB NpHU OGBIYHBIX 3HaUe-
HHAX AfsTy MHBapHAHTHBI K JOMNIMJIEPOBCKOH YacTOTe NMpPHHHU-
MaeMoOro curHaja. JomniepoBCKHH COBHUF BHI3BIBAeT JHIIb
H3MEHeHHe BpPEMEHHOro IIOJNIOKeHHst  uMnyabca. Ilpu
Afsty>104+10% u Goabwiux 3HadeHHUsX V, B3HAUHTEJNLHO
HU3MeHsIeTCs M JJHTEJSbHOCTh HMIYJIbCA.

Hns o6pa6otkn HenpepbiBHoro YM konebGanus B
MPJIC npumeHsieTcd KOpPpPeJNALHOHHO-(PUIBTPOBOH METOX
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(puc. 20). B x4uecrBe reTepOXHHHOrO HAMPSKEHHS UCMOMb
3yIOT 30HAMpYIollee KoneGaHue, IPH 3TOM MO HOMePY QHIb-
Tpa, Ha BXOJle KOTOPOTO HMEETCH CHIHal, OIpeleasieTcst
rpy6as NaJbHOCTb IO LesH. JlaJbHOCTb MOXKET YTOUHATHCH
MyTeM M3MepeHHsi 4acTOTHl CHrHaJja.

F
Fem ptz"a‘um’oe
Hanpaienue  —wl Qugemp Aemexmop —l §
A §
g
yBY  |—={Cmecumens— g
j—= Pusemp Jlemexmop ———= ‘§
G}
re— =
I — o
________ }5 :
28
Punsmp HAemexmop

Puc. 20. Koppensuuongo-duibtpoBass cxema o6pa6otkn UM He-
npepuiBHOrO KoJeGaHus

duaptpanua  Gas’o-MaHMUNYJAHPOBAHHBIX  HMMYJbCOB
(®M). Oasa duabrpaniy ®M uMOyabcoB HCIOAB3YIOT CXe-
MBI, OCHOBaHHBle Ha NPUMeHeHUH MHOTOOTBOLHHIX JI3 HiH
uu¢poBbix ycrpoictB. Ilpu p=2 wkaxawii orBox JI3 co-
efMHSIeTCS ¢ cyMMaTtopoM. B Hekortophlie otBoabl JI3 Bkii0-
YeHbl UHBepTOpH (puc. 21, @), obecneunBatouine ¢a3oBLIH
cueur Ha 180°. B kauecTBe MHBEpPTOPOB HCHOJB3YIOT HO-
Huycunle JI3, ¢asoppamarenun. B momeHt 1, ¢aspl 3je-
MEHTAPHBIX UMIYJbCOB Ha BXOJe CyMMaropa OKa3bIBaIOTCH
ONMHAKOBBIMH M TNIPH CYMMHDOBAHHH 00pasyeTcss CXKaThli

T
HMIYJIbC AJHTENBHOCTbIO — , TAe A -— KO3(Q@UIMeHT cxa-
n

tus. s obecneyeHHuss MHOTOKAHAJABHOCTH IO AONMJIEPOB-
CKOM 4acTOTe MOXeT HCIOoJAb30BaThess Habop JI3  wuau
onHa JI3 ¢ orBojaMu, MOACOEIHHEHHBIMH K HECKOJBbKHM
cymMMaTtopaM uepe3 pasiuuHble (pasoBpaiiaTesd UAM HOHHU-
yenbie JI3. Ha puc. 21, 6 nokasaHa cxeMa, uMelolasi TpH
HONIIEPOBCKUX KaHajda AJS CeMU3TEeMEHTHOI'O CHrHaJa.
O® npu GoJblioM yHC/Ie 3MeMeHTOB M-Koma KOHCTPYK-
THBHO BecbMa CJoxeH. Bonee mpoctble ¢uabtpel [1] moay-
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‘Puc. 21. duabtpanus ®M curnagnos:
a — anajorophii  GHABTP; 6 — MHOTOKanalbHBIN 1O  JONNJNEPOBCKOA dacToTe

¢uapTp

YalTC NpPH HCNOJAb30BAHHUH BHAOH3MeHEHHBIX ICEeBAOCTY-
yafiHbIX KomoB (I1-KOmoB).

J-kombl o6JafaloT MeHbileH XaoTHYHOCTbIO, YeM M-Ko-
Ibl, YTO NPHBOLHT K YBEJHUEHHIO GOKOBBIX JENECTKOB.

BMmecro ¢uabTpanuy Ha yacToTe fpp BO3MOXKHO HCHOJb-
30BaHHe KBaJpaTypHbIX cXeM H (PUABLTPOB, paboTaloIUX Ha
BujeoYacToTe. AHa/JOrHYHble METOAB HCHOMB3YIOT U MpH
npumeBeHHr @M HenpepnIBHOTO KoseGaHus.
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3. UKBMEPEHHUE NAPAMETPOB CHUT'HAJIOB

3.1. Uamepenre, ZUCKPETHBIH CheM AaJdbHOCTH
H pPajMaJbHONA CKOPOCTH

Onpenenenye panpHoctd I no uenu B PJIC npoussoasar
nyTeM H3MePeHHs BpeMeHH 3ana3fblBaHHs f;-OTPaKeHHOTO

ct
OT UeJH CHIHaJa OTHOCHUTEJbHO 30HAHPYIOIIEro (,H:: 73)

Bpemsa 3ana3pbiBaHHA H3MepsieTcsi MO0 MaKCHMaJbHOMY
3HAYEHHIO CHrHana, KOTOPLIA MOXKeT MOCTymaTb Ha H3MepH-
TeJb BPeMEHH 3ana3fibiBaHHs € BBIXOXA OGHApPYXKHUTENs HIH
HermocpeAcTBeHHO ¢ Bhixoga O® (KO®). B mnocnenHem
caydae KaHaa (OpMHPOBaHHUSI MMIYJALCOB NAJbHOCTH CTPO-
6HpyeTcs CHTHalaMM c Bbixofia ob6Hapyxutens. Ilpu mHo-
rOKaHa bHOH MO 4acToTe cxeMe 06pabGoOTKH CHUTHAJbl BCEX
IOTMIIEPOBCKHX KaHaJoB oGbenuusiioresi (puc. 14, a) v no-
CTYnalT Ha HM3MepHTe/Nb BPeMeHU 3amnasfsiBanus f *. Mak-
CHMYM CHTHaja Ha Bbixofle O® BO3HUMKaeT B MOMEHT OKOH-
4aHHs BXOJHOTO CHTHajla, NO3TOMY B H3MepeHHOe 3HaueHUe
BpEMEHH I, BHOCHTCH MONDPABKA Ty H TOTHA f3 = {m—Tyu, THE
t;m — 3anasfiblBaHMe MaKCHMaJbHOIO 3HAUeHHUsI CHrHazla Ha
Buixofe O® oTHOCHTENBHO 30HAMPYIOIIETO HMIYJAbCA.

Hanst BeIpaGOTKH HMIyJAbca LalbHOCTH, MO KOTOPOMY
NPOH3BONUTCA H3MepeHHe [, MOTYT HCMOJNb30BAThCA CXe-
MBI, NpUBeleHHBle Ha puc. 22. CurHan c BbIXoZa OoOHapy-
KHuTenas (puc. 22,a) nuddepeHUHpYeTCs U TORAaeTCsl Ha
CXeMy CpaBHeHHUs C Hy/neBbIM ypoBHeM. Ha Bhixoje cxeMmbl
cpaBHeHHs1 Bblpa6GaTblBaeTCs HUMIYJAbC B MOMEHT HYJEBOTrO
3HaueHHs: AH¢PepeHUHPOBAHHOIO CHIHAaNa, COBNAAAIONIEro
C MakcUMyMoM curHania. B cxeme (puc. 22, 6) nuddepen-

* JIag TOBBILIEHHS paspemiaionell CMocOGHOCTH BHIZENCHHE MaK-
CHMyMa U oGHApy:KeHHue CHrHaja MOryT POM3BOAKTBCS B KaXJOM Hac-
TOTHOM KaHaJjie, ¢ BHIX0/@ KOTODHIX CHIHAaJ MOCTYNAeT Ha HaMepHUTeNb

ta H Vr.
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uupyercs curdan ¢ Buxoga O® (KO®). Ha usamepurenn
BPEMEHHOT0 MHTepBaJ/ja MOCTYHAaeT HMIYJAbC JHULIb NMPH MO-
CTynJIeHHH Ha BC curnana c kauana oéuapymmenﬁ.

3 3
6ua-[ Jupg. Cxema |Haus- Co6- Ilopoaaaoe yCunumem Rupp. Ha us-
py)ku ycmpaucmsa CPaBHeHuR|mepu-  napy-lycmpoicmen nuvumem| — \yempaucmeo| mepu-
meniy  Mumens mens

tm ty,t
: u}——»t ! LL%——t )
2 pc"’_,t 2 LE:'S__)_t

th 5

a T, ,E.K t
! C o6Hapyxumens é
0% [ fupp. Cxema BC Ha uamepu-
YCmpoicmen|  \cpasrenus mens ty
]

Puc. 22. CxeMsl BHpPaGOTKH HMIYJbCa AAaNbHOCTH

B cxeme (puc. 22,8) cursan mocTynaetr Ha IOPOroBOe
YCTPOHCTBO, YCHJIHTENb-OTPaHHUHTENb KM HH(¢epeHIUpYIO-
wmylo uenb. MMnyabcel ¢ Beixopa AuddepeHuupyomei ue-
M, COOTBETCTBYIOU[He Haualdy fy H KOHIY fx CHUrHaja, mo-
CTYNaloT Ha H3MepHTe/]b BpeMeHU 3ana3jibiBaHusl. Bbruncie-
Hue fm mpousBoauTcs YBMIT:

t e tntte
" 2

Jnsi ymeHbIIeHHsi KOJIMYeCTBa BBIUHCJEHHI MHOTIZA Npo-
HU3BOJAT H3MepeHHe TOJbKO Iy H CUHTAT [n=Ilg+AT.
B srom cnyuae maxe npu kavecrBeHHolt APY Bcnencrsue
M3MeHeHHSI aMIIUTY/bl BXOJHOTO CHTHaJa BO3HHKaeT OMHUG-

T
Ka H3MepeHHd f,,, cou3MepuMas ¢ ?“

Ecayn ucnonssyworca JITUM uMmnyabchl, BpeMeHHOe MOJIO-
JKeHHe CXKaTOTo UMINYJbCa 3aBHCUT HE TOJAbKO OT AaJbHO-
CTH, HO ¥ OT CKOPOCTH JBHXKEHMS LeJH, OPH 3TOM BO3HH-
KaeT CKOPOCTHasl OIIHOGKa U3MepeHHS fy:

At = Iz F
Af®
rite Af = _1: — JleBHallHsl YacTOTHI.
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CKOMIEHCHPOBATb  CKOPOCTHYIO  OUIMOKY MOXKHO
H3MepeHHeM CKODOCTH IieJIH KOCBEHHBIM MeTOAOM (Mo NpH-
pallieHHIO JaJbHOCTH 3a OlpeleNeHHbIH BPeMEHHOH HHTEp-
BaJ) H BBeJlleHHeM COOTBETCTBYIOLEH MONpaBKH B H3MepeH-
HYI0 JaJbHOCTb, a TaKXe HCIOJb30BAHHEM HECHMMeTpHYU-
HOTO, IBYHallpaBJEeHHOTO 3aKOHa MOIYJ/SIKH.

ITpu ucnonpzoBasnu UM HenpepbiBHOro KoaeGanus [1]
yactora KoseGaHHH Ha BbIXOJe (QHIBTPOB KOPpPEIAUHOHHO-
¢unpTpoBoil cxeMmbl o6paborkn (puc. 20) 3aBucur ot I H
V. nenu. Ilpy HecUMMeTPHYHOM NHIO0GPA3HOM 3aKOHE MO-
OyASiUU onpeleseHHe V., NPOH3BOOUTCSH KOCBEHHBIM MeETO-
IOM, a B H3MepeHHoe 3HaueHHe [ BHOCHTCS COOTBETCTBYIO-
uiast monpaBKa.

ITpr cuMMeTpuuHOM NHIOC0GPA3HOM 3aKOHE MOLYJSIHH
yacToThl OMeHuli Fgy U Fop M3MepHAOTCH NPH INOJOXKHTENb-
HOM H OTpHIATeJIbHOM 3aKOHAaX M3MeHeHHS YacToThl, TOrAa

J=CWortFo) Tu. y _}(For—Foy)
8Af T 4 ’

rae Af, Ty — COOTBETCTBEHHO AeBHAUHsl M MEPUOA MOAYIS-
und UM koneGanusi. Jasa usMepenus Feg; 1 Fgp HCTIONB3YIOT
CUETYHMKH YHCJIa HMIYJAbCOB 3a MOJIEepPHOAA MOLYJNALUH.

B MPJIC HaxomuT mnpuMeHeHHe CUETHHIl MeTOH H3Me-
peHHst BpeMeHH f; [6], mpn Koropom BeauuuHa [l Henocpen-
CTBeHHO IpeoGpasyercs B UM(poBoit Koa. Vmmyanc cuH-~
XpoHH3auHH (pHuc. 23) 3amyckaer reHepatrop crpo6a, Ko-
TOPHIA BhIpaBaThIBaeT HUMIIYJbC, AJHTENBHOCTHIO HeCKOJBKO
MeHbuielt Ty DtoT HMNyasc ornupaer BCI, yepe3 kotophi
Ha CYETYHK NPOXOAAT MMINyabchl cyera ot [CHU.

Curranbl OT Leslell NMOCTYMAOT HA reHepaTop HMNYJab-
COB CUMTBIBaHUS, (OPMHUPYIOIIME HMMIYJALC CTaHLApPTHOH
IJIHTEJBHOCTH H aMILIUTYABl. STOT UMNYJILC OTIHDAaeT BeH-
tTaau cuuthiBanus (BC), uepes Koropble Ha paclpeflenH-
Telb-CABHTaTeNb NMOCTYNAIOT MOTEHUHANb KAacKaloB CYETYH-
Ka, XapakTepHaylonue naabHocTh X0 Uenu. JlaHHbIe ¢ pac-
npeflenutenss mnocrynalot B 6ok namard JUBM  pas
IDanbHellell o6pa6oTKH. AHANOTMYHO NPOM3BOIHTCSH CheM
Kopa gmanbHoctH [ M gas apyrux uenefl. ITo okoHuaHuu
crpoGa BeIpaGaThbiBaeTC HMIYJAbC cOpoca, BO3BpAIlAOUHE
BCe KacKaJbl CYeTYHKA B HCXOIHOe COCTOSIHHE.

Jns mnonayueHusi BLICOKOH TOYHOCTH H paspelalonieit
CHOCOGHOCTH MO AanbHOCTH Heo6XOAMMO HMeTb BHICOKYIO
YacTOTy HMINYJAbCOB cdeTa U OBICTPOAEHCTBYIOIUE CUETUHK.
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Puc. 23. YcrpoiicTBOo u3MepeHHs M [LUCKPETHOr0 cbeMa AaJbHOCTH

t
t
- £

YacroTa HMNYAbLCOB cueTa W OLICTPOAEHACTBHe NePBOro Kac-
KajJa CueTyYdKa 3aBHCAT OT HHTepBaja AMCKpeTHOocTH ALl
cleLyIOUUM 06pasoM:
c

oAl

Yucso KacKaJOB CUeTUHKa 1 onpeneasieTCa Kak 6/11-

, . P
XKafllllee Ies0e YHCIO H3 HepaBeHCTBA 27> —Z—Z‘ﬁ

I

CuuThiBaHHE HMIYJAbCOB JOKHO [POH3BOAMTHCS 110
OKOHYAHHM MePeXOAHBIX IIPOLecco8 B KacKajax CUeTYHKa,
LA STOH UedW MNepBble KacKaJbl CueTunka AyGJAMpYIOT, a
TakXe NPUMEHSIOT JOMNOJHHTeJbHBIE CUETUHKH HJAM YCIOK-
HSIIOT CXeMy TeHepaTopa HMMIYJbCOB CUHTHIBaHusA. [ad mo-
BHILIEHHST TOYHOCTH CBEMA MHCIONB3YIOT METOJ <«HOHHMyca»
WIH ABYX3TalliOoe H3MepeHHe HanbHOCTH. [IpH cpaBHHTEND-
HO NPOCTHIX CXeMHBbIX pelleHHAX JOCTHraercsl OBICTPOMEHCT-
BHe CcueTuHKa A0 BelnuuuHe b—10 MIl1, uro obecneunBaer
omubBKY U3MepeHHs NalbHOCTH 3a cUeT AUCKpeTHOCTH 4—8 M
H paspeliatpouyio crnocobiocts 15—30 m [6].
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Mpu ucnonbzosauuu L1® u MantoM yucae AUCKpeT Aalb-
HOCTH C'b€M MOXKEeT IIPOU3BOAMTBHCS C IIOMOIIBI0 MaTPHUHBIX
cxem. Kaxpapfi KaHana HaJbHOCTH CBsSi3aH C ONpeleseHHOH
MarpuUyHOU CcxeMoH, BblpabarbiBaoOliell INPH MOABJIEHHH
CHTHaJ/a HeJH KO AaJdbHOCTH AAHHOro KaHaJja.

B MPJIC ¢ MHOrOKaHa/lbHOR MO 4acToTe cXeMOH (H/Ib-
Tpauuu rpy6as OUeHKa BeJHYHMHBl V, MPOHSBOAMTCH IO
HOMepY HOIIVIEPOBCKOTO KaHaja C MaKCHMaJbHBIM 3Haue-
HMeM aMIUIUTYAbl  CcHrHaja. DBoixogel Bcex KaHasoB
(puc. 14, a) coenuHAIOTCA C YCTPOHCTBOM H3MepeHHS V.,
oTOHpaloMM KaHal ¢ MaKCHMaJbHOH aMINIUTYAOH TMIpH
BBIMOJIHEHHH KpHTepusi obHapyxkeuus. Ilpu Hanwuwu BoI-
xonHoro >¢@dekTa B HECKOJbKHX COCEJHHX KaHajaax ToY-
HOCTb OIIEHKM YacCTOTHl CHrHajga V, MoxXeT OBLITb IOBHI-
weHa. [as 3TOro HCNOJNb3YIOT IHCKPHMHHATOP, 0OecCleyH-
BalOUIUA OIEHKY OTKJIOHEHHA YacTOThl OT (HKCHPOBAHHOIO
cpenHero 3HaueHust K-ro xaHana. lHCKpUMHHATOp H3Me-
pPfieT BeJHYHHbl CHTHAJOB B ABYX KaHalax C MakKCHMalb-
HeIME 3HaueHUAMH aMIVIMTYA Upaxe B Uyanc—1 (Kananwo K;
Ki=K=1). ¥rouHeHHOe 3HaueHHe V. BEIYHCASIOT MO COOT-
HOLIEHHIO

' U
V =V _+_ AV _'-_(K—"K ) : MAKO ,
’ THEE ’ ' l Umaxc | + I Umaxc —1 |

rie AV, — nuana3oH cKOpocTel, COOTBETCTBYIOIIMX YacTo-
TaM, IpoNyckaeMblM OJHHM KaHaJoM.

AHanornuHo B MHOTOKAaHAJBHBIX 110 AAaJLHOCTH aHaJIo-
rOBHIX (PHJALTPAX MOXET YTOYHATHCA LaJbHOCTb.

3naueduss du(Vyx) 0OpPH HaIHUMH TNOCMEROBATENBLHOCTH
HMIIYJIbCOB MOTYT H3MepaTbc JUOO MO BCeM HMIyJabcaM
nauxky, Au60 MO HAYaJdbHOMY H KOHEYHOMY HMIIyJbCaM

(N=2). BrluucnenHe MTHOBEHHOTO 3HauYeHHS NMPOHU3BOAHTCS
B YBMII no dopmyne

N
El I, (V)
Hac (V i) = ————

Ecnu n3MepeHHe NPOM3BOAMTCS MO HeHAKONJEHHBIM HM-
NyJabCaM, TO ycpeaHeHHe obecneyHBaeT MOBBILIEHHE TOYHO-
cr B} N pas. BesefictBHe KOPPeJHPOBAHHOCTH MMIYIbCOB
Ha Boixofe O® (KO®) ycpennenue 3naueHuii mapamerpa
0 BceM (HJIM YacTH) HMIYyJbCaM HAKOIUIEHHOH MAYKH IPHU-
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BOAUT K MeHbiltemy, ueM B VN pas, NOBbIlleHUIO TOUHOCTH
OLlGHKH MTHOBEHHOI'O 3Hauye€HHsd napamerpa.

3.2. U3mepeHue H AUCKPETHBbIA CbeM yraa
B MJIOCKOCTH CKaHMPOBAHHUSA

Ha Brixoge O® pns nocneloBaTeNbHOCTH HMITYJbCOB
ofpa3yercs mauka ¢ MakCHMyMOM, COBNEjaloU[UM C MO-
MeHTOM OKOHYaHWS BXOJAHON nauku. Ilpu Haauyuu Henps-
MOyronnbHo# oruGatomeil naukd Ha Buixoge KO® makcu-
MyM CMellleH OTHOCHTEJbHO MOMEHTA OKOHYAHHS ITauKH.
Jnsi onpeneneHUs HeHTpa BXOLHOH NadykH, COBNAJaloilero
¢ HanpaB/jeHHEM Ha Iiesb, HaXOAAT MakKCHMYM orubamoulei
Ha4YKH Ha BHIXOJE (PUAbTPA H BHOCAT MONPAaBKH.

Yros uenn paseH

8= Bsamo — A9,

ann O® w AG<ZEL aan KOO,

Has onpeleneHusi yriia UedH Oyaxe MOTYT HCHONB3O-
BaTbcA CXeMbl, IpHBeJeHHble Ha puc. 22. Ilpumensercs
TakXe MeTox JHejeHusi orubawomeid mnauku (puc. 22, 8),
Korja Bblpa0aTbIBAIOTCA MMITYJbChl Hauala W KOHIA NaykKH,
obecrneyuBaoide CbeM 3HadeHHH yraoB Oy M Oy, O KOTO-
peiv B YBMII npousBonvTcsi BbIUHCIeHHe 3Ha4YeHHH

[i] [en + O
2

QTN

rae Ab =

MBKO —— —%
rle y-— NONpaBKa Ha acHMMeTPHIO Orubalomei Nayky.

ITpu ontumanvHOi ¢uabTpamuu y=0, IpH KBa3HONTH-
MaJjbHOH (HAbTPAUHH BeJHYHHA Yy 3aBHCHUT OT aMIIHTYAH
BXOJHOTO curHaja. BoaMoxxHas cxema BHIpaGOTKH HMIYJb-
coB 0y u Oy npu ucnoabzoBanun Jorudeckux I1H npuBegena
Ha puc. 18.

B PJIC ¢ mexaHHYecKHM (3JIeKTpOMeXaHHUYECKHUM) CKa-
HHPOBAaHHEM HMIYJbCH By, By NDOCTYHmAWOT HAa YCTPOHCTBO
npeobpa3oBaHHus, ofecrleunBaloliee BEIpaGOTKY KoLa yria.
B kauectBe momoGHBIX TpeoOpa3oBatesiefl IPHMEHSIOT
npeo6pa3oBaTent NOCAE0BATETBHOIO cUeTa C NPOMeXKyToU-
HBIM TpeoGpa3oBaHHEM YIjla BO BpeMeHHOH HHTepBal H
npeo6pa3oBaTeny CUMTHIBAHHA Ha KOAMPYIOUIMX IHUCKAX.
[Ipeo6GpasoBaTeny CUMTHIBAHHMS Ha KOMHUPYIOU{HX JHCKaX
COCTOSIT M3 JIHCKA, CBSI3AHHOTO C BXOLHBIM BajIOM, UyBCTBH-
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TeJbHBIX 3JeMEHTOB M YCTPOHCTB, ofecneuHBalOIUX CbeM
KOLa NPH NPHXOAe CHIHaAJA.

IIpumenstor tpaHcopMaTopHEle B (OTOIEKTPHUECKHE
npeo6pa3oBaTesNin CUMTHIBaHUA. B TpaHcdopMaTOpHBIX Mpe-
obpasoBarensix (puc. 24, a) KOAMPYIOUIMH AMCK NpEACTaB-
JaseT coGol NIacTHHY ¢ HaHeCceHHBIM KOIOM; KOIOBOMY
yuacTKy | COOTBETCTBYeT OTBepcTHe, a KOLOBOMY yyacT-

Kodoewii duck

Kodupyrowul S
duck Bedywui| |Pomoase
eas MeHmb!

R S— D/::E 31BM
58—

Qe
O
O
O

Jlunelineill UCMOYHUK ceema

6

e

K¢

a

Puc. 24. Tlpeo6pasoBaTenu Ha KOAHPYIOLUIUX AUCKaX:
a — ¢ TpaHcOpPMaTOPHBIM ChEeMOM; 6 — ¢ GOTO3NEeMEeHTaMH

Ky 0-— Marepuan nnacTuHbl. YyBCTBUTENBHBIMH 3JeMeH-
TaMHu SIBJASIIOTCA cepleuHMKM ¢ kKartymkamu. Cbem npaH-
HBIX NPOU3BOAHTCH ¢ NoMolibio KaTyumku onpoca (KO).
[Mpu momaue curHana Ha KO B Karymkax cYMTHBaHHSA
(KC) naBomurca DJAC, ecnn MeXay KaTyllKaMH HaXOLHUTCA
OKHO, 4TO COOTBETCTBYET ChEeMYy eIHMHHIHI COOTBETCTBYIOLIE-
ro paspsina. TpaHcpopmaropHble npeo6GpasoBaTeny Hauex-
Hbl M o0ecneyuBaloT BLICOKOE OBICTpOAeHCTBHe, IHCKpeT-
HocTh gocTturaer 8 paspsagoB. Ilpu npuMeHeHUH HABYXKa-
HaJbHBIX CHCTEM YZAAeTcsi JOBECTH IHCKpeTHOCTh Ao 13—
14 paspanos.

dorosaekTpHUecKHe npeobGpaszoBarenn (puc. 24,6) oc-
HOBaHbl Ha HCIIONBb30BAHHH TOKOB, BO3HHKAWOHIMX B (oTto-
3JeMeHTaX NpH HX ocBemleHWH. CBeT OT HCTOYHHKA Yepe3
lIeJeBYI0 AHadparMy NPOXOAHT CKBO3b [IpO3payHble yyacT-
KH KOIHPYIOIero AHCKa H MOMNafaeT Ha COOTBETCTBYIOIiHe
¢orosaeMentsl. [Togo6Hble Mpeo6Gpa3oBaTe/iy axe B OIHO-
KaHa/lbHOM HCHOOJMHEHHH 0O6ecleydBAOT JAHCKPeTHOCTH [0
18 paspsioB, ONHAKO OHH CJHOXKHHE H 06/1afal0T HU3KHMH
9KCIJIyaTAUHMOHHBIMH XapaKTepPUCTHKAMH.
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Has  ycrpanenusi OLWIHMGOK, BBI3BAHHHIX HEOLHO3HAY-
HOCTBIO, MPH CYUTHIBAHHH HCIOJAB3YIOT ClelHajbHble KOABI:
HUKJAHUecKuil Kon (kKox I'pes), V-Kon, kotopoie B nmanbHef-
meM npeoGpasyoTcs B JBOHYHBIN KOJ.

B PJIC ¢ yacTOTHBIM MeTOAOM CKAaHHPOBAHUA Il
H3MepeHHs yria OGLIYHO MCIOJAb3yeTcsl HampsikeHue, obec-
MeyuBalolllee H3MeHeHHe 4YacTOTHl reHepaTtopa. B 371X
clyyasix MOTYT IDHMeHATbCA [peoOpa3oBaTeld BpeMs —
KON WM HamnpsixKeHHe — KOJ. YTIJIOBOe IONOXKEHHe Uean
IpY YaCTOTHOM CKAHHPOBAHWH U HENpPEepPBIBHOM H3JYUYeHUH
MOXeT OIpeAeJsTbCt U N0 CpeJHel YacToTe OTPaXeHHOTro
curdasna. Ecau npHmeHsieTcss KOppeasifHOHHO-GHALTPOBAs
obpaGotka (puc. 20), rie B KauecTBe TeTEPOJHHHOTO Ha-
NpSXEeHHUs MCIOJAB3YeTCs 30HIHPYIONIMH CHTHAJ, TO HOMep
¢dunbpTpa Aaetr HHPOPMALHMIO O HANBHOCTH N0 IeJdH. YTIJo-
Bafg KOOpAMHATa onpejensieTcsi 0 BpeMEeHHW 3ala3[biBaHus
OTpaXKeHHOTO CHTHa/la OTHOCHTEJBbHO Hauajla OYepPemHOro
IHKJIa CKaHHPOBAHHA.

Ecnn nmpumensiercss KoppeJsuHoHHO-uiasTpoBas o6pa-
60TKa ¢ (PMKCHPOBAaHHOM 4aCTOTOH reTepojHHa, yIaIoBag KO-
OpAHHATa oupejenasieTcs NO HOMepy GUAbTpa, Ha BHIXOZLE
KOTOpPOTO HMeeTCsl CHTHas, a HaJdbHOCTb — N0 BpeMeHH 3a-
Na3abiBaHUSL OTPaKEeHHOTO CHrHajla OTHOCHTETBHO MOMeHTa
nogBJeHHA B JaHHOM ¢(uabTpe 30HAHMPYIOUIET0 CcHrHaja,
AHanoruynble MeTObl M3MEPEHHH HCIOJb3YIOT IPH H3JY-
YeHHH MJAMHHBIX UM HMMIyAbCOB M 4acCTOTHOM CKaHHPOBa-
HHH,

ITpy npumenHennun OAP, ynpaBasieMofl ¢ NOMOLIbIO
D1IBM, B MOMeHT NpPHXO4a OTPAXKEHHOIO CHTHAala MOXKeT
NOoflaBaTbCA KOMAaHIA Ha 3allHCh B COOTBETCTBYIOUHE siyeil-
KM NaMfATH IUGp, XapaKTepH3YIOUIHNX YIJIOBOE MOJOXKEHHEe
JAH; npu ckaukoobpasHom mnepememtenun JAH ana yroune-
HHS YTJIOBOTO TOJIOKEHHS LieJiH B pexXuMe 0630pa MOTYT H3-
MepATbCA U CPABHUBATHCHA AMILIHTYIBl OTPaXKeHHBIX CHTHA-
JIOB B cocelHHX noaoxeHuax JIH.

3.3. H3mepeHHe U QHCKPETHbIA CheM YIia B MJIOCKOCTH
MTHOBEHHOTO 0630pa

Jlnsi ¥3MepeHHs yIia B INIOCKOCTH MTHOBEHHOTO 0630pd
NpHeMJieMbl MOHOMMITYJbCHble MeToAbl. Ecaum npumensiior
CMelIaHHBIH MeToA 0630pa, rpy6oe 3HaueHHe yria B ILIOC-
KOCTH MTHOBEHHOro 0630pa ONnpefensiioT HOMEpOM Jenect-
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Ka. YTOuHeHHe yIia B npefenax otaeasHsix JH npousso-
AAT IyTeM CpaBHEHHS CHUTHAJOB, ONHOBDEMEHHO IPHHSTHIX
IByMsi ofayuatensMH (aHTeHHaMu). Ecan Hcnoass3yloT
rubKkuit Meron o63opa, TO B Ipolecce O6HapyXKeHHs C IO-
moubio opHoayuesot JIH mnpoussomurcsi rpyGas oueHka
yrioBeIX KoopAuHaT. Il CONpOBOXKIAEHHS Uendell Jyd INe-
pHOZuYecKH nepebpachiBaeTcsi B 3KCTPaNOJHPOBAHHBIE TOU-
Ku TpaekTtopuu. Ilpu stoM coszpnaercs yerwipexiyuenas JH,
obecrnieyuBaloIlas H3MepeHHe Yriia CMellleHHs] Uean B 06eux
HJIOCKOCTSIX OTHOCHTEJBHO INeJeHrallHOHHOTO HaIlpaBJeHHS,
XapaKTepu3yeMOro BeJHYHHAMH YIPaBJAIOLHX NOJOXKEHH-
eM Jyya CHTHaJoB (kKoMaHgl), BpjpaGathiBaeMblx JLBM
Ipu 3KcTpanossiuuu tpaekropuit uneau. Yerbipe ayusa JH
CO3J1a10T IIyTeM COOTBETCTBYIOILEro COeNHHEHHS OTAeJbHBIX
3/MeMeHTOB pellleTKH. [/l H3MepeHHs yria B IWIOCKOCTH
MTHOBeHHOT0o 0630pa MOTYT NpPHMEHAThCS (pa30Bble, aMILIH-
TYAHblE ¥ CYMMapHO-pa3sHOCTHble MOHOHMIYJ/bCHBIE CHCTE-
MH [B].

Ilpn ¢asosoii nenenranun (PIT) nHanpasneHne Ha ueab
onpefensieTcsi IO pasHOCTH (a3 HanpsKeHHH, NPHHATHIX
pa3sHeCeHHBIMH B IIPOCTPaHCTBe aHTeHHaMH. B panbHei-
meM JJ5 YIPOLieHHA. pPacCMaTpPHBAETCS NeJeHralHs TONBbKO
B OJHOH IMIOCKOCTH.

Ecau paccrosiHne MeXAy aHTeHHaMH paBHO d, TO pas-
HOCTb (a3 curHasioB, OTPaXKeHHBIX OT LM, CMELieHHOH OT-
HOCHTEJNIBHO NeneHrauHoHHoro Hanpaeaenus (ITH) Ha
yroa 0, paBHa .

d .
p=2r : sin

Crpo6upyss NpHEMHHKH HMIYJbCAMH JANbHOCTH OOGHa-
PYXeHHBIX LeJiel, o6eceyHBalOT BblJadyy Ha (a3oBLIH ne-
tektop (®Jl) cHurHanoB ot onpefeneHHO# nenu. TouHoCTh
u3Mepenusl yrina B o63opHuix PJIC B 3HauuTenbHOM Mepe
3aBHCHT OT JHHeHHOCTH M CTaOUABLHOCTH NesleHrallHOHHON
xapaxrepucrukd (IIX), npeacraBasitomieli CoGOH 3aBUCH-
MOCTb BBIXOJHOIO HANpPSXKeHHsI CHCTEMBl OT yIja CMellleHHs
nesnH. M3meHenue dassl B ofHOM H3 KaHasnoB Ha 90° nosso-
JseT NOJAY4HTh yrobuyio ITX:

Usnx=k sin g,

NpH 3TOM INOJAPHOCTb BLIXOAHOIO HAINPSXKEHHA Xapakre-
pu3yeT HalnpasJcHHe, a BEJUYHHA — YTroJ CMelleHUsda LeaH
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orHocutenbHo [TH. Hanpsikenue ¢ Buixoga ®©J1 ¢ nomMomibio
npeoGpa3oBatensi aMIMIMTyLa — Koj Mpeo6Gpasyercs B KOJ
yria cMelleHHs HesH.

TouHocTh TeneHrauuMu TeM Bbille, YeM GOJblie OTHO-

d d
ieHHe _7\_’ OJJHAKO C YBEJHYCHHEM T BO3HHKAe€T MHOTIO-

JIENIeCTKOBOCTb, NPHBOASNIAA K HEONHO3HAYHOCTH Olpele-
JeHHusi yraa. [Ing NonydeHHs BBICOKOH TOYHOCTH H OJHO-
3HAYHOCTH HCMOAB3YIOT TPH aHTeHHbI. AHTEHHBHI, CMEIUEHHBIE
Ha d;<d,, obecneunBalOT OJHO3HAYHOCTH OTCYeTa. TpeThs
aHTeHHA, CMelieHHash OTHOCHTeNbLHO NepBoil Ha dp, obeclhe-
YHBAET BHICOKYIO TOUHOCTD,

Cra6uabHocts ITH u IIX B 3HauuTe/BHO!N CcTelieHH 3a-
BHCHT OT HIEHTHYHOCTH M CTabHJIBbHOCTH (PAa30OBLIX XapakTe-
PHCTHK U KO3((UIHEHTOB YCHJIEHHS NpHeMHHKOB. [as mo-
JydeHHus He3aBHCHMOCTH I1X oT aMIIUTYIBl NPHHHMAaeMOro
curtana ucnoab3yior APY, orpaHuyeHHe CHUTHaJIOB, NOja-
BaeMbix Ha @JI. Hepocratkom PIT sBasierca yBeaudeHHe
rabapyuToB aHTEHHOH CHCTEMBI.

Ilpu ammautynHoi nenenrauuu (AIl) HanpaBneHHe Ha
Iesb ONpPENeNsiloT MO0 COOTHOUIEHHIO aMIVIMTYL CHTHAJO0B,
IPHHATHIX CMellleHHBIMHE o6GayyatensaMu aHteHHbl, CHPHAMH,
NpHHATHIe o6nyyarenamu (puc. 8), YCUIHBAIOTCA B JOra-
pudMHUIECKHX TPHEMHHMKAX U MOJAIOTCH Ha CXeMy BBHIUMTA-

U
Husl, THe oBpasyerca HanpsikeHue Zp,=Ig -, He 3aBHCH-

2
MOe OT aMILIUTYAH NpHUXOAsiHmiero curHana., Hanpskenue
npeobpasyerca B Koi yraa. IIpu rayccoeoli anmpokcuma-
uuu JH

9
7 — 5.6y ,

m
6%
rae y — yroa cMmemennsa JH.

Hnst nonyuyedus 11X, He 3aBUCSLIeN OT YCHJEHHSA TIPH-
€MHHKOB, HCIIOJIL3YIOT OJMH NPHEMHHK NpPH BPpeMEeHHOM HJH
YACTOTHOM pa3fieJleHuH cHrHanoB., JloCTOMHCTBOM aMILIu-
TYIHON CHCTeMHBl fBJAseTca JHHelHOCTh I1X, 4rTo moBBINIaer
TOYHOCTb M3MepeHHs yrJa.

[Mpu cymmapuo-pasHoctHoit mneneHraunu (CPIT) mas
onpeJleleHUst YIa LeJd HCIONb3YeTCH OTHOlIEHHe pa3HO-
CTH H CYMMBI CUTHAJI0B, IPHHATHIX o6ayuarensmu. PasHocrs
Up B cymma U, curxanaos, o6pa3syionuxcs B BOJTHOBOAHOM
MOCTY, YCHIUBAIOTCA OTAeNbHBIMU NMPHEMHHKAMH.
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U
Jna monyyeHus OTHOLIeHHS 172 nanpsxenne APY c
(]

BHIXOZa CTPOGMPOBAHHOrO NPHEMHHKA CyMMapHOro CHrHasa
noctynaer B Pa3HOCTHBIA NpueMHHK. Curaan yacroToit
fup € pa3sHOCTHOTO NpHEMHHKa nocrynaer Ha @I, rie B Ka-
gyecTBe OINOPHOTO HaNpSKEHHA HCHOJNb3yeTcs HanpsikeHHe
cymmapHoro kaHana. Ha Boixoge @1 o6pasyercsi orHolle-
HHEe CHTHAJOB

Up )

T Us ()

. 2,88
ITpu rayccosoil annpokcumauuu IH Z,=th —:

0
B sTom cinyyae mneseHragHOHHAs XapaKTepPHUCTHKA MOMAY-
yaeTCA HeJHHe#HOHN, ee KpyTH3Ha MakcuMannHa B IIH (HO
BIBOE MeHblile, YeM B aMIJIUTYIHOH CHCTEMe) H YMeHb-
maeTcs ¢ yBeJHueHHeM 0.

Ecnn ei <0,3, neannefinocrs I1X npu 50— <0,5 He mpe-
0 [}

soiiaer 5%. Ecan EY— >0,4, T0 ¢ yBelHuYeHHeM yria | He-
[}

nauHeiHocty [1X 6ricTpo pacret, nocruras 40% mnpu el =1,

]

IIpu ucnonnzoBanuu napnuanbieix JIH B dokyce aHTeH-
Hbl pacrosaraercsi JHUb OAHH 06Jaydartenb, YTO IPHUBOIHMT
K IIOXOMY HCNOJB30BAaHHIO IUIONAAH pedeKTopa U H3Me-
HeHUIO ¢opMbl npuemubix JIH pasanuHbix xaHanos. [Tytem
peryaupoBaHHs pacnonoxeHHs obayuyareneil M H3MeHeHHS
BeJHUYUHE H3JAy4aeMOR (NpHHHMAaeMoii) MOLIHOCTH TIIpH
CyMMapHO-pa3HOCTHOM MeTOJe MejeHTallMd MOXHO NOJay-
uyuthb nuHelnyio I1X. Hocrouncreamn CPII sBasiorcs yno6-
CTBO MepeKJIoueHHs ¢ NpHeMa Ha nepenauy, 3¢gdeKTHBHOe
HCNOJIb30BaHHe aHTeHH, cTabunbHocTh TTH.

Jas AuMcKpeTHOro cheMa yrila HCNONBL3YIOT NpeoGpaso-
BaTeJqH HalpsikeHHe — KOJ ¢ NMPOMEXKYTOYHHIM IIpeoGpaso-
BaHHeM BO BpeMeHHO!H HHTepBaJ, npeofpasoBaTeNy CUHTHI-
BAHUSl Ha CIelLHaJbHEIX 3JeKTPOHHO-Iy4YeBBIX TpyGKax, a
TaKXe Nnpeobpa3oBaTeNd BbIYHTAHHS U CPaBHEHHS.

IMpocrefimas cxema npeoGpas3oBaTesist HampsiKeHHe —
KOl C IPOMeXYTOUHBIM INpeoGpa3oBaHHEM BO BpeMeHHOMH
HHTepBaJ InpuBeldeHa Ha puc. 25. Ilpumenmnit ummnynnc
nepeaHuM ¢pontom sanyckaer I'TIH u tpurrep. Hamps-
XeHHe ¢ BbiIXo#a H3MepHTeNst Ugyx COBMECTHO ¢ MHI00GpaA3-
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HuM HanpsokeHneM Uy ¢ TTIH nocrynaer Ha cxeMy cpaBHe-
HHsl, BhipaBaThIBAIONLYI0O HMIYJbC B MOMEHT paBeHCTBA
Ugux ¥ Up. DTOT HMIYJAbC ONPOKHALIBAeT TpHITep, HOpMH-
PYIOIIUMA MMIYJIBC IJIHTeNbHOCTBIO, NIPOHOPUHOHANBLHON Be-
JWYHHe U3MepSeMOro HanpsikeHHs. B maabHefinmieM BpeMeH-
HOll WHTepBasa mpeobpasyercs B kojd. ITogoGHble mpeoGpa-

,’1 A A ;
Uﬂ

Useix
’ -
t

Ugsix usm Cxema | 2 m !
JBHEHU. H Cuznan
om yeau

Puc. 25. Tlpeo6pasoBarenbr HanpsiKeHHEe—KOI C NPOMEXY-
TOYHBIM Npeo6pa3oBaHUeM BO BpeMeHHOH HHTepBas

30BaTesin oGecneyuBalOT AHCKpetrHocTh Ao 10—12 pa3sps-
JI0B, HO o6nafalT OrpaHHYeHHBIM GLICTPOAeHCTBHEM.

[Ipn usMepeHHH yraa N0 KaxXIOMY HMNYJAbCY NadKH
cXeMa H3MepeHHA W IHMCKPEeTHOrO cbeMa JOJMKHa obecne-
YHTh CheM LAaHHBIX 3a BpeMsl, He HaMHOTO IpeBbilIaoliee
Ty. CHUXKeHHe TpeGOBaHMH K OBICTPOAEHCTBHIO BO3MOXKHO
Opu pa3jieleHUH KaHaJIOB OTHENbHBIX Ieledl ¢ TOMOIbIO
CTPOOGHpYEeMBIX KacCKaJIOB M HCHOOJAb30BAHUH MHOTOKaHaJb-
HBIX YCTPOHACTB CheMa.

Ilpu xoppensinuoHHON o06paboTKe CHLHAMOB IIPOUCXO-
IUT pasfelieHHe LelNed MO NaAbHOCTH M yYacToTe. AHanusa-
TOpP NPOHU3BOJLHT NOCJAeL0OBATENbHOE NOAK/IIOUeHHE K CXeMaM
chbeMa KaHaJoB, B KOTOPbIX OGHAPYKEeHEl CHTHAJBI OT LeJH.
Bo3MOXHO HemocpeJCTBeHHOe H3MepeHHe M mnpeoOpasoBa-
HHe B KOJ aMIINTYJ CHTHAJIOB C BHIXOJOB NPHEMHMKOB. BhI-
uHcJaeHHe 3HaueHuN Z,(Z,,) npoussoantca SIBM. YBMII
NPOH3BOIHT BLHIUMC/IEHHE YCPeIHEHHOro 3HAueHHs yria, Hu3-
MEPEeHHOro MO BCEM HJH 10 YacTH HMINYJAbCOB MauKH.
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3.4. TounocTh H3MepeHUs NapamMeTPOB

Pasnnuyaior caepyomue omnGKH H3MePEHHS TapaMeTpOB
CHTHasa:

— IIYMOBHIe, BbI3BaHHBle BO3JefiCTBHEM eCTECTBEHHBIX
HJIH HCKYCCTBEHHBIX NOMeX, (JIYKTyaUHsIMH CHTHAJa;

— HHCTPYMeHTajbHble, BbLI3BaHHEE HeCTAGUJIBbHOCTBIO,
HETOYHON HACTPOHKOM HMJH JHCKPETHOCTBIO YCTPOHCTB
PJIC;

-— BHelllHHe, BbI3BaHHble BO3JeHCTBHEM OKpYyXaloilel
cpelbl.

BBoauTcs NOHSITHE O NOTEHUHANBHOH TOYHOCTH H3Mepe-
HHUSl apaMeTpa ox?(a), XapakTepu3yeMoe MHUHHUMAJbLHO [0-
CTHXXHMOH JHCIlepCHel OIIMOKM H3MepeHHs NapaMmeTpa do.
Ilon MuHHMANBbHO [JOCTHXXKHMMOH JAMCHepCHeHd MOHHMAOT
AHCIIEPCHIO IIYMOBOH COCTABJAIOWEH OIIHOKH INPH OMNTH-
MajbHOi oOpaborke cHrHazna, Eciam o6paGoTka He ONTH-
MajbHa, WIYMOBas COCTaB/AIONlAas OLIMOKH BO3pacTaer:

o (a) = ka2 (3),

rae k>1. Uem xyxe obpaborka, TeM Gonblle K.
Ilpu m3MepeHHH BpeMeHM 3ana3fblBaHHsi KOTEPEHTHOrO
CHTHa/la co cJay4yaiHo#l HauaJbHOH (a30if H HeKOTepeHT-

P
HOr'o CurHaJjia ipu 60/IbIIMNX 3HAYEHHSX OTHOINEHHS —>
m

1
A (te) =—— .
G s

IIpu npueMe HeKOrepeHTHOro CHrHAajta M MaJbiX 3Haue-
P
Hnﬂx-l—)‘l o2 (f3) ysenuuuBaercs. [l OJMHOYHOrO KOJO-
piig

KOJIBHOT'O HMIYJbCa

Tle Ty — AJHTENBHOCTb CHIHasa, OTCYUHThIBaeMasi Ha YPOB-
He 0,46.
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Jlnsa nmocnenoBaTeqbHOCTH H3 N HMIYJbCOB OAHHAKOBOM
aMILJIUTY bi
2
T
o (ta)=ﬁn—-
— Nﬂ
G

Ilpy u3MepeHHH NONMNJIEPOBCKOH YacCTOTBI H H3BECTHOM
JaJbHOCTH [0 LeJIH

o (Fp)= ',

2E ,
G Ts

rge T, — 3¢ dexTHBHAS NJIHTEJbHOCTh CHTHAJA.
I8 OXMHOYHOIO INPSIMOYTOJNBHOTO DaZHOHMIIYJIbCa

[Tpu u3MepeHHMH YIVIOBOH KOOPAHHATHl H AETEPMHHHPO-
BaHHOM CHTHaJse

2
a2 (0) = % .
n 2E,
T
G
rie 6, — mupuua JH na ypoBHe 0,46 Mo MOILHOCTH;
E; — >Heprus BceX MMIYJbCOB ITauKH.

B ciayyae He3aBHCHMBIX (JyKTyauuii B OJHOKaHa/b-
2 - -
HBIX CHCTeMaX 02(0) yBeJMYHBAETCS, C POCTOM G ouaue

mHe on2(0) CTpeMHTCS K OINpeJieIeHHOMY YPOBHIO, 3aBHCH-
meMy OT xapakrepa (aykryauuil. B MOHOMMIYJbCHBIX
¢ducreMax omubKa 3a cueT (QAYKTyallHil OTPaXKeHHOTO CHI-

E
Hana NMPaKTHYECKH OTCYTCTBYeT H 04(0) — 0 mpu i

VucTpyMenTanbible OMHOKH NPH aBTOMATHYECKOM H3-
MEpeHHH MNaJbHOCTH BO3HHKAIOT 10 CJHAEAYIOIHM IPHYH-
HaM:

— JHCKPETHOCTH OTCYETa;

— HeCTaBHJABHOCTH PaGOTHl OTHEJbHBIX 3JeMeHTOB (Ha-
npumep, I'CHl, nepenarunka); '

— HW3MeHeHHMsl BPeMeHH 3aJepKKH B IIpHeMHHKe M JIp.
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[Tpu paGore PJIC Ha GosbliiMe RaNbHOCTH HA TOYHOCTD
H3MepeHHS] BeJHYHHBl [| BJIHSIeT HENOCTOSHCTBO CKOPOCTH
pacnpocTpaHeHHsI PaJHOBOJH.

Own6KH H3MePeHHs YIVIOBOH KOODAHHATH B IIJIOCKOCTH
CKaHHPOBAHHsl BO3HHKAIOT BCJeEJCTBHe BO3AEHCTBHA IIYMOB,
a TaKXe H3-3a CJAEAYIOIHX IPHYHH:

— TepeMellleHHs LieJH U aHTeHHB 332 BpeMs O0JyYeHHS;

— JMCKPETHOCTH IPH HMIIYJIBbCHOM OOJYyUeHHH;

— HCKaXeHHs1 (opMbl orubarwinell Npu KBa3HONTHMaJb-
Holt o6paboTke;

— JMCKPETHOCTH IIPH C’beMe KOOPLHHAT;

— HeCTaOHJIbHOCTH PabOTHl OTJAEJbHHIX 3J€MeHTOB;

— Hellapa/JieIbHOCTH 3JeKTPHUYECKOH H MeXaHHYeCKOH
OCeH aHTeHHBI;

~— HEeTOYHOT'O OPHEHTHPOBaHHsS (FOPH3OHTHPOBAHHS);

~— HeOJHOPOJHOCTH CpeJibl, IIepeOTPaKeHHH OT 3eMHOH
NOBEPXHOCTH;

— (ayxTyauui yria npuxofa cursajna u3-za Hecepuy-
HoCcTH ¢pas3oBoro ¢poHTa OTpaKeHHOH BOJHBI (YIVIOBOH
IIyM) M Ap.

IIpn u3MepeHHH yrja B IJIOCKOCTH MTHOBeHHOro o63opa
OTCYTCTBYIOT OJHa — TPH M3 [E€PEYHCJIEHHbIX BBIle OLIH-
00K, HO BO3HHKAIOT OLIMGKH H3-3a HEJHHeHHOCTH H HecTa-
ounpHoctH I1X.

Jucnepcus cymmapHofi OmHOKH onpellenseTcs Kak
CyMMa JHMCIIepPCHH BCeX COCTaBJSIOUHX OIIHGOK.
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4, BTOPUYHASl OBPABOTKA HH®OPMAUHH
B MPJIC

4.1. O6mue cpegeHus

B PJIC pasnuuaior aABa BHjaa o6pabGoTku HHbOpPMALUU:

— nepBHUYHYI0 06paboOTKy, CBSI3aHHYIO C pelieHHeEM 3a-
pau¥ OGHAPYKEHHSl W OLEeHKH NapameTpPOB CHTHaJa;

— BTOPHYHYI0 006paboTKy, CBfI3aHHYK ¢ 006pabOTKOH
uHpoOpManuy, INoJyd4aeMOH H3 IpPHHATHIX CHTHaJ0B IIpH
nepBHuHO¥ 06paboTke.

Ecau npu nepBuuHo#i o6paborke [9] ucnonb3yloT craTH-
CTHYeCKHe OTJHUKA NOJe3HbIX CHTHAJOB OT TOMeX, TO IpH
BTOpHYHOH 06paboTKe B OCHOBHOM HCNOJb3YIOT CTATHCTH-
yeCKHe XapaKTePHCTHKH TPaeKTOPHil uesei, BblpabaThbiBae-
Mble Ha OCHOBe uHpopmauuy, nonydenHoit us YI1O B Teue-
HHe HEKOTOPOTO HHTepBajia BPeMeHH.

B oaHouenerpix PJIC pnsa BTOopHYHON 00paGOTKH MOTYT
HCIOJb30BATLCS KaK aHajoroBble, TaK M LUH(POBEE yCTpOi-
crea, B MPJIC paa 3toit ueau ucnoansyior IIBM. B panb-
HefilileM CYHTaeTcsi, YTO BTOPHYHAs oO6paGoTKa MpPOH3BO-
IUTCS ¢ NOMOMIBIO cHeuyanusupoBannoit DLIBM, na Bxoa
koropoil ¢ ¥IIO nocrymator B uudpoBOM BHAE OTMETKH
MTHOBEHHOTO IMOJIOMEHHS KaK HCTHHHBIX, TaK H JIOXKHBIX
ueneH.

Bropuunasi o6pa6GoTKa NpPOBOJAHTCS C [eJbl0 H3BJeye-
HUSL U3 COBOKYMHOCTH OTMeTOK HeoOXOZMMOH HHbOpMauuH
M BHpaGOTKH Ha ee OCHOBe OMNpefeNeHHBIX pelleHHH
(xoMaH1), collepKaHHe KOTOPBIX 3aBHCHT OT Ha3HaueHUs
PJIC. OcHoBHoll nHdopMmalHelt, H3BIE€KAeMOH PH BTOPHY-
Hoit 06paboTKe, ABJAAIOTCS NMapaMeTpbl TPAaeKTOPHil JABHKe-
HHUS LeJH (HamnpaBJjeHHe, CKOPOCTb, YCKOpeHHe U T. I.), a°
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TaKXe CrJla)KeHHble H yIpeX/leHHble Ha HEKOTOPHIH oTpe-
30K BPeMeHH KOOPJAHHATLI TPaeKTOPHH.

Ha ocHoBe nosyuenHofi uudopmauuu o nafamerpax
TPAeKTOPHH MOXKET NMPOU3BOANTLCS OIpelesieHHe THIA LenH
(nemindpupoBaHue), pasieseHre HCTHHHBIX H JIOXKHBIX Le-
gefi. dasa nemn$pupoBaHHs WMCHOJb3YIOT TaKk¥e IONOJHHU-
TeNbHYK) HH(POPMaUHUIO: CNeKTPbl, MOJNAPH3ALHOHHBIE Xa-
PaKTEPHCTHKH OTPaX<eHHLIX CHCHAJOB, MOCTyHawllHe C CO-
OTBETCTBYIOUHX  H3MEDHUTEe/NbHbIX  YCTPOHCTB Ha BXOZX
YBO

BropuuHas o6pa6orka HHPOPMAIHH BKJIIOYEET:

— o6HapyxeHHe- (aBTO3aXBaT) TPAaeKTOPHH (NPHHATHE
N0 HECKOJBKHM OTMeTKaM pelleHHS O Ha/JHYMH HJIH OTCYyT-
CTBHH LeJH);

— CONpOBOXJIeHHe, CIVIaXKMBaHHe IapaMeTpPOB TpaekK-
TOPHH (OLEHKa KOOPJHHAT ¥ NapaMeTPOB [IBHXKEHHS LEJH);

— Jewx(ppuUpOBaHHe; JaHHble, [TONyYEHHblE B pPe3yabTa-
Te AeWH(PHPOBaHHA (pacnO3HaBaHHS), NO3BOJSAIOT U3BATDH
U3 JajdbHelillert 06pabOTKH HEHYXKHble U JOXHbIE IleJIH;

— 3KCTPanoJfAUHIO TPaeKTOPHH (BbIYHC/JEHHe MapaMeT-
POB TPaeKTOPHH Ha HeHabJlOgaeMOM YydacTKe), cjaejyeT
OTMETHTb, 4TO NIPH OOHapyXeHHH M CONPOBOXKAEHHH Tpa-
eKTOpPHH B HEKOTOPBIX CAyuyasiX SKCTPamoJupyeTcss (YHpexK-
 llaeTcst) TPaeKTOPHST Ha  OfMH (HECKONIbKO)  UHKJIOB
o630pa; Takasi 3KCTpalonsilius fABJASETCS 3TAlOM Npollecca
CONpPOBOX/JIEHHUS 1leJ1d W paccMaTpuBaercs B Nmoapasf. 4.4.

Ha ocHOBe mnosyueHHBIX JaHHbIX MOryT BbIpaGaTHiBaTh-
‘cq KOMaHIbl Ha yhOpaBJeHWe oO0BbeKramMu (Hanpumep, B
PJIC uaBepenus), uenepacnpeneneiue (B PJIC ueneyxa-
3aHud), ynpasiaeHue popmolt v nepemeitenneM JH (8 PJIC
¢ ®AP) u 1. 1. Oas ynpaBnenusi nepememieduem [IH npu
NoCJAeJOBATEJNbHOR Npolelype OOHAPYXKEHHS HCIONAB3YIOTCH
TakXe NaHHble, NOJAyYeHHble B pe3yabraTe MepBHUHON obpa-
OOTKH.

B cayuasx korgma umeercs cucrema PJIC (Hanpumep,
B IIBO), naHHble 0 mapamMeTpax TPaeKTOPHH, THUIle LeJH,
noJiydeHHble TIPH BTOPHUYHON oGpaboTke MHGOPMALMH, MO-
FyT MOCTYNaTh B YCTPOMCTBO TPeTHYHOH 0GPaGOTKH, mpo-
H3BOJfllee BHIPaGOTKY pelieHHi, KOMaHA Ha OCHOBaHHH
HHbopMauud, nonyyaemoi or Heckonbkux PJIC. Ilpu tpe-
THYHOH 00paboTke BLIPAaGATHIBAIOTCS DelIEeHUs O BKIIOYe-
HuM Tex uau uHbBIX PJIC, 06 H3MeHeHHH HX PeXHMOB pabo-
Tbl, HCIIOMb30BAHMH pAa3/JHUHBEIX CDEICTB YHHUTOXKEHHS
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u T. 1. Ha 31IBM rperyuunoii 06pa6oTky, yCTaHaBJIHBaeMON
Ha NyHKTe ynpabienus cucremoii PJIC, Moryr BosnaraTs-
csl HekOTOpble (MM Bce) (YHKIHH BTOPUUHOK 0GpabOTKH.

Bropuunass o6paboTKa MOXKeT NPOH3BOAHThCH JHOO C
nomouipio JIIBM, ycranaBauBaemon B PJIC, nubo c mo-
mouiplo DIIBM nyskra ynpasaeHusi. Ha DIIBM Bropuu-
HOH (TpeTHYHO#) 006paboTKH HHGPODMALHH MOTyT BO3Ja-
raTbCsl ¥ ONepalH NepBHUHOHA 06PabOTKH.

B ¥YBO MPJIC c aBromatnueckoil o6paboTKO# moCTy-
naetr OOJBLIOE YHCIO JIOXKHBIX U HCTHHHBIX OTMETOK, 4TO
BBI3bIBaeT HeOOXOAUMOCTb HCNOAb30BaHus IIBM c Gomb-
WIKUMH O00bEMOM NMaMSATH W ObICTPOAEHCTBHEM, MO3BOJSIOUIH-
MM HapaJjyieJbHO WM NOCJe]0BAaTeJbHO NPOU3BOAUTH OOpa-
60TKy NaHHBIX B peasjbHOM MacluiTabe BpeMeHH.

4.2, OGHapyxeHHe TPaeKTOPHH

[lepBbiM 3TanoM BTOpHYHOH 06paGoTKH HH(POpMAaUHH
ABJSETCS aBTOMaTHUeCcKoe obHapyXeHHe (aBTo3axBaT) Tpa-
€KTOPHIL.

Ilpu nocrymiaenun B YBO MPJIC ouepennoél oTMeTKH
OT IleJIH NPOM3BOAHTCS HIeHTH(HKALHs, 3aKIIOYaI0OUascs B
onpefieieHHH INPHHAJJIEKHOCTH OTMETKH JHOG0 K Haxons-
HIMMCSl Ha CONPOBOX/JEHUH TPaeKTOpUsM, JAuGO K OTMeT-
KaM, 10 KOTOPbIM INIPOM3BOAMTCH IIPOBEPKA BHINOJHEHHUS
aaroputMma (Kpurepus) obHapyxeHus Tpaekropud. Eciau B
pe3ysnbTate HAeHTH(GHKALMH OKaXETCs, YTO IOCTYIHBIIAS
OTMeTKa He OTHOCHTCA K CONPOBOXIaeMOH WJIH HpoBepse-
MOH Ha BBHIMOJNHeHHe KpHTepHSI OGHapYXeHHS TPAaeKTOPHH,
OTMEeTKa CUHTaeTcsd NpHHaAJexanlefi K HOBOH TPAEKTOPHH.

Ilpouecc oGHapyXeHHsi HOBOH TPAaeKTODHH HAUHHAETCS
¢ 06pa3oBaHHs BOKDYT OJHHOUHOH OTMETKM 30HBI NepBHY-
HOrO 3axBarTa, NpelAcTaBasiollell co6ol OOBIYHO MaTeMaTH-
yeCKH# CTpPo6 B BHAe HEKOTOPOH COBOKYIHOCTH 4Hcesa (Trpa-
HuIl cTpoba). lo mepe moayueHHs ouepeNHBIX OTMETOK BHi-
YHCJSIIOTCS HallpaBjeHHe M CKOPOCTb ABHXKEHHs LEJH, YTO
H03BOMAET (OPMHUPOBATL CTPOO OOHAPYXKEHHT B yIpekKJeH-
HBIX TOUKaXx.

Anroputmbl 0GHApPYXKEeHHS TPAeKTOPHH MOTyT OBITh OC-
HOBaHBl Ha HCIOJb30BaHMH BCeX BO3MOXHBIX OTMETOK Tpa-
eKTOPHM HJH yacTH HX. Mcrnonb3oBaHHue BCeX OTMETOK IPH-
BOAHMT K 3HAUHTEJbHOMY YBeJHUeHHIO TpebyeMoro obbeMma
naMarty H 6eicrpofeiicteusa YBO. Ha npakrtuke ucmnoab3yor
6oJ/iee IPOCTHie aJTOPUTMEI, KOTOPHIe XOTH M 06/1a1aI0T XVI-
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IIMMH KauyeCTBEHHBIMH IOKa3aTesjsiMH, HO TeXHHIeCKH BHI-
NoJHHMBE Tpoule. B kKauyecTBe MOAOGHBIX alITOPHTMOB 0OHa-
PYXKeHHS HCIIONB3YIOT JOTHKH k/k unm Ifk, npu stoM no
KaXaoi H3 oOHapyXHBaeMbX TPAeKTOPHH HCIIOJNb3yeTCsl
Bcero k([) orMeTok.

KauecrBeHHble nokasatesH anaropurMmoB [9] xapakrepH-
3YIOTCS:

— HaAeXHOCTbIO OOHAPYXEHHS TPAeKTOPHH, KOJHUECT-
BEeHYO H3MepsieMOH BePOSTHOCTbIO OOHAPYXKEHHs TpaeKTo-
PHH Ha Pa3JHYHBIX JaJbHOCTSX;

— CpellHHM YHCJIOM JIOXKHBIX TDaeKTOpHH, INepelnaBae-
MBIX Ha CONpPOBOX/eHHe 3a Nepuoj o63opa.

BeposTHOCTh OGHApYKEeHHsS] TPAEKTOPHH Pogy. rp 3aBHCHT
OT MHOTHX (PaKTOPOB: KDHTepHsl 00HapyKeHHs TPaeKTODHH,
BEePOATHOCTH OGHApyXKeHHs CHTrHasa, 3aBHCslled OT YHCJa
HMIIyJIbCOB B Nauke, THna (paykryauui, Meroga o6paGoTKH
curfanoB B YI10; BeposiTHOCTH JIOXKHON TpeBoru F; Ha-
NpaBJeHHsT M CKOPDOCTH ABMXKEHHs LeJH; Nepuoja ob3opa

PJIC. Ha puc. 26 npuBesena 3aBucuMocTb Dogy. rp=F (

lIM aRo

D 00H.Tp
1

08
06
04

0,2¢

A i 1

[ i "

03 04 0O 06 07 08 09 1 _A

I
Puc. 26. 3aBucumocts Doon. 1p = f( )

ILM&RO

151 HeQIYKTYHpYIOUlero CHUTHasna npH Jorukax 3/3 u 2/2

“ 0
ISl DasHBIX 3HaueHHH —— N=14, F=10%u — =1 Ha
. MAKC Crm
MaKCHMaJbHOH NaJIbHOCTH.
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BeposTHOCTb BO3HMKHOBEHHS B CTPOGE OLHOH JOXKHON
OTMeTKH M GoJiee ONpelesisieTcsi U3 BBIPaKeHHs
—a
Po= 1—e ’
flle @ -— CPejHee YHCJO JIOXKHBIX OTMETOK, NONajalomux B
3JIeMeHTapHbI y4acTOK 3a OAMH NepHOA o63opa:

v
Q== N
N,

rae r-—— CpelHee YHCJIO JIOXHBIX OTMETOK 34 IlepHon 00630-
pa, onpejeasieMoe U3 CooTHoieHus (2.2); N, — uucao 3Jje-
MeHTapHBIX y4acTKOB B 30He 0630pa PJIC, paBHBIX 1m0 pas-
Mepy cTpoly OOHapyKeHus:

N. = Haaxe Afr ABs
» = . .
Aerp ABr, crp  Abg crp

rue A6;, AG; — COOTBETCTBEHHO IIHPHH& CEKTO-
pa o6s3opa [0 asUMyTy K YIJIy
MecCTa;

AHcrp, Abr, crp, ABg. crp — pa3Mepnl cTpoba MO AAJBHOCTH,
a3uMyTy, yIJIy MecTa.

BepoaTHOCTh GODMHPOBAHMS ONHOH JIOXKHOH Tpaekro-
pun 3a mepuonx o063opa Py gp BbIUHCASETCS Kak Beposr-
HOCTh BBINIOJHEHHS JIOTHKH OOHApYXEeHHS N0 JOXHHIM OT-
MeTkaM H npu a < 1 onpenensieTcsi U3 BhIpaXKeHHH:

npH Jjoruke 2/2 Py rp=pa%

npu goruke 3/3 Py rp=pa%

npu Jgoruke 2/3 Py p=2p%

npH jaoruke 3/4 Py p=4 p3—3 pt

3Hasd BenM4HUHY P rp MOXKHO BBIYHCAHTH CPelHee YHC-
JIO JIOXHBIX TPAeKTOPHH, BO3HHUKAWUIHX B OJHOM IMepHOIe
o63opa:

Ncp. a1 Tp=— NaPn. P

B ycTpoiicTRe aBTOCONPOBOX/JAEHHA YCTaHABJAHWBAETCH
KPHTEPHH OKOHUaHWs TpaeKTopHH (c6poca TpaekTOpHH C
conposoxlienus). CO6poc  TpaeKTOPHH C  CONPOBOXK-
IeHHA TPOHM3BOLMTCA NPH INOSIBJEHHH OHpelelleHHOH CepHH
2 NPONYCKOB OTMETOK B CTpobax CONpPOBOXAeHHSA, QODPMH-
pyeMbIX aHa/JoruyHo cTpobaM OGHapyXeHHS. YBeJHUEHHe
YHC/a NMPONYCKOB 2 B KPHTepHH c6poca MPHBOJAUT K yBeJH-
YEHHIO JVIHHBl H KOJHYeCTBA JIOXKHBIX TPaeKTOPHH, a yMeHb-

78



ieHHé — K OpexXxAeBpeMeHHOMY COpOCYy HCTHHHOH Tpaex-
TOPHH, NTO9TOMY YacCTO HCIOAB3YIOT 2 = 2; 3.

Ilpn Masoil NIOTHOCTH JIOKHBIX OTMETOK a CpefiHee HHC-
JIO HaXOAAUMXCS Ha CONPOBOXJAEHHH JOXHBIX TPaeKTOPHH
paBHO

Nep. a. 1p. comp = ZNcp. a. 1p.

Bei6op 3Hauenuit N, u r=f(F) caeayer NPOH3BOAHTH
Hcxonsi M3 Bo3MoxHocTeli SLUBM mo o06pa6oTke J0XHBIX
OTMETOK H TPAaeKTOPHH.

4.3. Mpouenypa naeHTnduKanuu OTMETOK

B ycnoBusix 60/blI0ii HHTEHCHBHOCTH NOMEXOBLIX H CHT-
HaJbHBIX NOTOKOB 3HauHTeJbHAasl [0Js MAaIIHHHOIO BpeMe-
HH, 3aTpaydBaeMOTO Ha pellleHHe 3ajay BTOPHYHOH o6pa-
0OTKH HH(OpOpMauuH, pacxoiayercs Ha HAeHTUDHKALHUIO OT-
MeTOK, nocrynatomux u3 YI1O.

Jas KaXJ0A Uean, HaxoAslleHCs Ha CONPOBOXJIEHHH
nin o6HapyXeHHH B YBO, HMeloTcs naHHble O KOOpAHHa-
Tax (rpaHHLax) HeHTPOB CTPOGOB CONPOBOXKIeHNS (o6Hapy-
XKeHus). B xavecTBe KOoOpAKHHAT LEHTPOB CTPOGOB 1 JaHHOM
nepuoje 0630pa MOTYT HCIOJAB30BATHCS KOOPAHHATH LEJH,
noJydeHHble B NpeAbIAYUIEM UHKJIe 0030pa, UJIH KOOPAUHA-
Thl, 9KCTPANQJIHPOBAHHBIE TIO PE3yJbTAaTaM HECKOJbKHX Mpe-
IOBbIAYIIHX IHKJAOB 0630pa, Ha AAHHBIN NMepHoj 0630pa.

Ecau 0603HauYUTL KOOPAHHATBI OTMETKH OT IleJH, NOCTY-
nuBwell B YBO B Tekymem mnepuoge 0630pa, B NpsaMoO-
YTOJNBbHOH CHCTEME KOOpPAHMHAT Yepe3 Xg, Y, 2y, @ KOOPIAHHA-
Tl LeHTpa CTpoba I-H LEeJNH Yepe3 Xpi, Yoi, <oi, TO HIEH-
THOUKAHA OTMETKH CBOAMTCHA K ONpejlesleHHIO NPHHALMeK-
HOCTH KOODAMHAT Xr, Yr, 2 K COOTBETCTBYIOIIHM KOODIMHA-
TaM  Xai, Yei, Zbi 10 HEKOTOPOMY KDHTepHIO. Hanpumep, B
KaueCTBe KPHTepHsl NPHHAJJEXKHOCTH A; MOXeT OBITb HC-
HOJb30BaHa CyMMa KBaApaTOB OTKJOHEHHH OIXHOMMEHHbIX
koopauHar [9]:

By = (Xsi — %2)% + (Y1 — Yx)? + (2o — Za)*.

Ecnau nns HeKOTODOH LenM BHIYHCIEHHOE 3HAaueHHe A;
Oyzer MeHblle HJH DABHO BeJMHYHHe Agrp, NIPDHHHMAETCS,
9TO OTMETKA ¢ KOOPAMHATAMH X, Yr, 2o NPHHALJNENKHUT JaH-
HOH HEeJH.



B xauectBe xpuTepHsi NpHHALIEKHOCTH HPUMEHSIOTCS
TaKXe HePaBeHCTBA:

| X2 — %oi | < AXoups
|yr‘“ysi[ < Ayorp;
IZ'J.‘— Zsil < Azompq

OTMeTKH, YAOBJETBOPSIOUIHE ITOMY HepaBeHCTBY, MOTYT
SIBJSATBCS HPOAOJKEHHEM TPaeKTOPHH.

PasmMephl cTpoba, T. €. BeHUHHB Agrp HAH AXcrp, AYerps
AZ;.p, BIOHPAIOTCS H3 YCJOBHs ofecledeHHs 3ajaHHOH Be-
POSITHOCTH NPHHAIJIEXXHOCTH OTMETKH K HCTHHHOH LEJAH H
3aBHCAT OT BHAA MaHeBpa LeJH H OMHOOK H3MepPeHHs KO-
OpIHHAT.

Moxer ciayuurbcs, 4TO B CTPOG . KpOMe OTMETKH OT
uesM NOMajfaeT Y JIOXKHAsh OTMeTKa, KOTopas CO3/laeT B HeM
HEONpeNeNeHHYI0O CHTyalHio, TpeOyIOIYyI0 JAajbHellero
‘ananu3a, IlosToMy Jns cesleKIMH OTMeTOK BHYTPH cTpo6a
HCIIOJIB3YETCH CTATHCTHYECKOe pa3iuyHe OTKJIOHeHHH HCTHH-
HBIX H JIOXKHBIX OTMETOK, COCTOsilllee B TOM, YTO 3aKOH pac-
npeJiesieHUsi BEPOSITHOCTEH OTKJIOHEHHS] HCTHHHBIX OTMETOK
OT meHTpa cTpobGa fABAseTCS HOPDMAaJbHBIM, a 3aKOH pac-
HOpelleJieHUs] BEPOATHOCTEH OTK/JIOHEHHS JIOXHBIX OTMETOK —
paBHOMeDHBIM.

U3 ormerok, monaBluiuX B cTpoO, BhIGHpaeTcs OfHA, Be-
POATHOCTb NPHHAJJEXKHOCTH KOTODOH K COIIPOBOX/JaeMOU
TPaeKTODHH HauOOJbLIAS, OCTAJbHble OTMETKH INIPH 3TOM
oTOpacelBalOTCH KakK JOXKHBIE,

W3 BhilIeH3/10XKEeHHOIO CJAefyeT, YTO pelleHHe 3ajauH
N0 HAeHTHHKAIMH OTMETOK CBA3aHO C HaKOIJeHHeM, Xpa-
HeHHeM H 00paboTKON MaccuBoB B namatd DIIBM. Cuuxe-
HHe BpDeMeHH HJeHTH(OHUKALUH JOCTUraeTcsi BBIGOpPOM pa-
IHOHAJAbHBIX MeTOJOB HH(POPMALHOHHOTO TIOHCKA.

B namarn 3UBM xpaHATCA KOODAUHATHL Xai, Yoi,
Zpi, ONpe/lesdIolIYe MacCHBbl OGHAPYXKEHHST HJIH COINPOBOXK-
ngenus. Ilpu3HakoM NPHBA3KH MOJYYEHHOH OTMETKH K ONHOM
U3 lesnel (K OZHOMY M3 MAcCHBOB OGHADYKEHHS HWJIH COMpO-
BOXJEHHA) SABJSIOTCA KOODAMHATH Xq, Y, 2r. B HaibHei-
lieM MHOXEeCTBO NOC/IEJ0BATENbHOCTER Xaiy Yoi, 2oi, HPH-
Hajsexallux LejsM, HaXoAAUMMCS B HeKOTOPOH 4YacTH
OpocTpaHCcTBa, npocmarpuBaemoro MPJIC, 6yner Hash-
BaThCcsl (pasoil. 3amauy HaxoXKAeHHs (pasbl M0 3amaHHO-
My NPH3HAKY HasbiBalOT MHDOPMALMOHHBIM MOUCKOM, CYII-
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HOCTh KOTOPOTO COCTOUT B YNOPSIAOYEHHOM HPOCMOTpE HH-
(opManMOHHOIO MaccuBa H CpaBHEHHH INPOCMAaTpHBaeMbIX
¢pa3 ¢ KoopauHataMu Lesel. JlorHyeckne BO3MOXKHOCTH
coBpemeHHbIXx DLIBM n03BOJSAIOT CTPOHTH pa3sHooOpasHble
MeTOAB! HHPOPMAaIKMOHHOTO TIOHCKA.

W3BecTHH chaelyomye MeTOAbl KHHPOPMALHOHHOTO INO-
HCKa:

— MeTOJ, IPH KOTOPOM YHCJIOBBEIE 3HAUCHHs IPH3HAKOB
UCIIONL3YIOTCS B KaueCTBe aJPecoB;

— MeToJ npocToro nepebopa ¢pas;

— MeTOJ ABOWYHOIO IIOHCKa B YIOPSALOYEHHOM Mac-
CHBE;

— MEeTOH, MCTOJNb3YIOUIHH [OKHCK [0 HalpaBJeHHOMY
rpady.

Ilon- HanpasiaeHHbIM rpad)oM NMOHHMaeTcsl ceTb, B KOTO-
pofi ecTb Haya/JbHHIH Yy3€J W OT Hero HMeeTCl eIHMHCTBEH-
HBII IYTh K N1060MY Ipyromy yany (pHc. 27).

a

Puc. 27. T'pad noucka maccHBa 0GHapyXKeHHS HJIH CONpO-
BOXJEeHUA

Meron, ucmonb3yiolmuil NOMCK IO HamlpaBJeHHOMY rpa-
¢y, oTauuaercss IPOCTOTOH peanu3auuH H TpebyeT MeHb-
Hlero KoJaudectBa onepanuil. Ilpu atom Merole B omepaTtHB-
HOM 3aNoMHHAWUeM YcTpoficTBe GOPMHPYIOTCS MacCuB
HaHHbIX U pabouuil MaccuB. B MaccuBe NaHHEIX 3amHCaHbI
(dhpa3bl o6HapPYXHBaecMbIX H CONPOBOXKAAeMHIX ILeJel.

B paGouem MaccuBe KaxaoMy yany rpada oTBOLUTCA
rpylIa siueek, B KOTOPHIX 3anMcaHbl KO, HeKOTOpOro 3Ha-
YeHHMs OJHOrO H3 IIPU3HAKOB M [Ba ajipeca, SBJSIOMHECH
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HayaJbHBIMH aJpecaMy TPYNIN sueeK, COOTBETCTBYIOLIMUX Y3-
JaM, IPUMbIKAIOWUM K AaHHOMY. Hanpumep, ysny by cooT-
BeTCTBYIOT TPH fl4efiKH: B NEePBOW 3anMCaHbl KOX NpH3HaKa
K,,T , @ BO BTOPOH M TpeTbeH — ajpeca NepPBLIX STUCEK Y3JI0B

¢4 U Gy

1 Bo BTOpO#l M TpeTbell siuefikax mocaenHero ysna rpada

3aMUCHIBAIOTCA HayaJbHble ajgpeca MaCCUBOB JaHHBIX.
[Mpoueaypa MOHCKA MAacCHBa AAHHBIX HJIIOCTPHPYETCH

cxeMofl, IpuBeneHHON Ha pHc. 28. IlepBblll NpH3HAK, MOCTY-

Kx AB ABZ

T !

3

Kz, |Ad s|Ads Kz |Adg|Ads Kz;|Ad,|Adg

/ £ e e

Puc. 28. CrpykrypHas cxema cBfA3eil paGoyero MaccHBa TNpH IOHCKe
HayaJbHOTO ajpeca MacCHBa JAHHBIX

nusmieit u3 Y110 oTMerkn x;, cpaBHUBaeTcs ¢ NpPH3HAKOM
K, , ampec KOTOpOro sapaHee H3BeCTeH.

B 3aBucumocTH OT pe3y/bTaTa CpaBHeHHSI BHIGHpaeTcs
anapec Ay, uaH A,, , 1anee cpaBHHBAEeTCs BTOPOH MPH3HAK
Yo ¢ ero xogoM K, W B 3aBHCHMOCTH OT pe3y/bTaTa Cpas-

T

HeHHsl HaXO[UTCH OnMH H3 aapecos A, A,, A,, A,. IBn-
’KeHHMe N0 rpady IPOHCXOOUT 10 Tex mop, moka He Gyaer
HaljleH ONMH U3 HayaJbHBIX aJpecOB MacCHBa JaHHBIX.

Takoe nocnenoBatenbHOe CpaBHEHHME NDH3HAKOB X, Yr,
2r ¢ konamu K, , K, , KZT MIO3BOJISIET OTHECTH IOJNYUEHHYIO
T T

OTMETKY K onpefleJleHHOH ofsnactu npoctpaHcrBa. Koopan-
HaThl Uenel, HAXOASANMUXCA B KaxXA0H K3 3THX oOJacTel, 3a-
NUCaHbl B COOTBETCTBYIOUIHE MAaCCHBBl NaHHBIX C Haualb-
HeiMH anpecamu Ay (y=1, 2,.., 8).

BuyTpy yKkasaHHBIX MaCCHBOB MNOUCK NPHHALJIEKHOCTH
NPU3HAKOB Xr, Yr, 2y K ONHOM H3 Lesedl IPOU3BOAUTCH Me-
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TOAOM NepeGopd ¢ HCIOJIL3OBAHHEM TOTO HJH HHOMO KpH-
Tepus HAeHTH(PHKALUN M cejeKuHH B crpobe. Ilpu Gosee
ca0XXHOM rpade MHPOpMAaLHOHHBIA MOHUCK MOXKeT OBITb Op-
raHu30BaH 10 YPOBHS 3jJeMeHTapHoro crtpo6a. B pesyabra-
Te UAeHTH(MKAUHN OTMeTKa C KOODAHHATAMH X1, Yr, 2r OY-
IeT OTHeCeHa K CONPOBOXAAeMOH HJIH OGHapy:KHBaeMOMH
TPaeKTOpPUHY HJH SIBUTCS HayaJbHOH OTMETKOH mJsi nocle-
AyIOLero o6HapyXeHus.

4.4. OueHka napaMeTpoB TPaeKTOPHi

Tpaexkropusl uenH, 3aBUCAIlAs OT THMOA LEJH, XapakTe-
pU3yeTCsl KOODAWHATAMH U COCTABJSIOHIMMH CKOPOCTH, YC-
KopeHus. Ha TpaekTopuIO LlelM OKa3bIBAIOT BJAHSHHE (aKTO-
pbl, OGYCJAOBJAeHHble CAY4allHBIMH H3MEHeHHSIMH IJIOTHOCTH
armocdeprl, BeTpa, HETOUHOCTBIO YHPABJCHHUSA H T. I

YeTpolcTBO  BTOpHUYHO#M 06paboTKM HHEPOpPMAUHH MO
MUCKPeTHBIM OTMeTKaM, IOJYYeHHHIM C OWIMGKaMH 3a He-
CKOJIbKO TIepHOLOB 00630pOB, AOJIKHO BBIOJAHATbL CJaedYIO-
iee: .

— onpelenfitb NapaMeTpbl [ABHXKEHHS LeJH (OLEHKH
KOOpJIMHAT, CKODOCTH, YCKOpeHHs);

— S3KCTpPanonupoBaTh NapaMeTphl [ABHXKeHHs LeJH Ha
OIMH UJHU HeCKOJBbKO MepHOAOB 0630pa.

HOana onpeneneHns napaMeTpoB [BHXKeHHMA LeJH BHOH-
paloT craaxusawoulylo ¢QYHKUMIO u(b, {), ONHUCHIBAIOMIYIO
H3MeHeHHe OJHOH M3 KOOpPAHHAT BO BpeMeHH, a 3aTeM Ha-
XOSIT OLleHKH I1apaMeTpoB 3TOH QYyHKUUH.

Bribop criaaxkuakomiell GYHKIUY 3aBUCUT OT THIA Liesu.
Hanpumep, niasa o6paboTkd TpaeKTOpUiNl 6GaniUCTHUECKUX
pakeT M HCKYCCTBEHHBIX CIIyTHHKOB 3eMJIH B KaueCcTBe MO-
Hnesell ¥X ABHXKEHHS MOTYT GLITh BhiGpaHbl KpHBble BTOPOTO
nopaaka (sanunc, napabona). [Iada oueHKH napameTpos
TPaeKTOPUI aspOAMHAMHUECKUX U OaJJIMCTHUYECKUX (CHaps-
Ibl, MHHBI) 1leJe#i MOXeT OHBITb B3fiTa [OJHHOMHAJbHadA
MOJenb IBUXKEHHS:

u(b,t) =2 b= byt® - byt 4 byt> + ... bt

rae b; — ko3 unyeHT, onpeneﬂmoumu napaMeTp Tpaek-
TOPHH.
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[MonuHoMuanbHasT MOJENb ABH)XXEHHMS OCHOBAHA Ha Npel-
CTaBJeHHH H3MeHEeHMs] KOOPIHHAT lieJI Ha OTpaHHUYEHHOM
yuyactke HabMa1O0fleHUs B BUIe MOJHHOMA CTENIEHH § OTHOCH-
TeJAbHO BpeMeHH. [/ NPaBHJABHOLO BHIGOpa CTEeNEHH IIO-
JHUHOMa HCXOLAT H3 NpaBAONOfoOHBIX (H3HUecKHX coobpa-
JKeHUl 0 XapakTepe [BHXeHHS LeJNH, a TakKe H3 MaHeB-
pPEeHHbIX BO3MOXKHOCTEH M TAKTHKH HEHCTBHUS LEJH.

Bech Mapuipyt nosera aspoAHHaMHUeCKHX LeJell MOXK-
HO pasje/dTh Ha YUAaCTKH C KaueCTBEHHO pa3jHUHBIMH pe-
JKUMaMH ToJleTa: YYacTKH NPSIMOJHHEHHOro nosera 4 yda-
CTKH MaHeBpa.

Ha yuyacTkax NpsIMOJHHEHHOrO moJjieTa H3MeHeHHe KO-
ODJNUHAT LeJd BO BpeMeHH (B JaJbHEHHIEM pacCcMaTpH-
BaeTCs OfiHa KOODJAHHATAa #) ONHCHIBAeTCS IOJHHOMOM Iep-
BOH CTeNeHH:

u (b, t)= by + bt.

Ha yuacTkax MaHeBpa CaMOJETOB H OrpaHHYeHHBIX
yuacTkax GaslJIHCTHUECKHX Leslell M3MeHeHHe KOOPAHHAT BO
BpPeMEHH MOXHO ONHCaTh NMOJHHOMAaMH CTeNeHH BhIIIEe Nep-
BOH (BTOpOH, TpeTbedl U T. 1.).

Mi3BecTHO, uYTO MO/ aspONHHAMHYECKHX LeJell INpen-
CTaBl€HHe KOOPAMHAT IOJHHOMOM CTeleHH Bblille BTOPOMH
CYIIECTBEHHBIX NPEHMYIIECTB B TOYHOCTH ONpeleNeHus Ia-
paMeTpoB He maet [9]. B nanbueiimeM 6yaeM ONHCHIBATH
TPAeKTOPHH NOJHHOMOM BTOPOW CTEINEHH:

u (b, t)== by + byt + b,t*. (4.1)

3anaua o6paboOTKH pe3yJbTATOB TPAEKTOPHBIX H3Mepe-
HUH CBOLHUTCH K CJeayIoliel: NpH 3afaHHON pealH3aluy Cay-
qafinoit dynkuuu U (b, t) =u(b, t) +N(¢), npeacrapasiourei
CyMMY TOJIE3HOTO CHrHana U nomexu N (f), B IUCKpPETHOM
pAlle TOUeK Iy, Iy, ..., tn TpeOyeTcss HaHTU HAHIYUINYIO OIEH-
Ky napameTpoB by, by, bs. ’

Omnpenenenne napaMetrpoB bo, by, by npu Hcnonb30Ba-
HHY MeTOJda HaHMEHbIIUX KBaJpaTOB OCHOBBIBAETCH HA
CAeAYIOUUX AONYLUIEHHSAX:

— peajusauus npejacraBiasger cofoil MOCAeIOBaTeNb-
HOCTb HEKOpPeJHPOBAHHBIX Pe3yJbTaTOB H3MEpeHHHl uj;

— pe3ynbTaThl HaGJIOZeHHH NOCTYNAIOT Yepe3 paBHBbIR
NPOMEXYTKH BpeMeHH, COBIafaloLlye ¢ NepHOIOM CKaHHPO-
BaHusa auteHHs PJIC T,
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— cayualinas ¢yuxkuus U(b, t) pacnpemenera Hop-
MajlbHO M Kaxnas BHIGOpKAa M3 3TOH CayyalHOH (DYHKUHH
NpeACTaBAseT CAYYalHYI0 BeJHYHHY, HOXYMHEHHYIO HOp-
MaJIbHOMY 3aKOHY paclpejesieHus.

CucreMa ypaBHeHHH JJjis ONpefeNeHuss NapaMeTpoB by,
by, by UMeer BHI

n

nbo“l—'bl Z a‘iT0+ b2 2 a?T(%: 2 U,,

m)an+m2ww+m2ww—2un%(w)

mZﬁw+mLﬁw+mme ZuTa
B cucreMe auHefiHBIX HOpMaabHBIX ypaBHeHHE Ko3¢du-
IMEeHT @; 3aBHCHT OT IIOPAIKOBOTO HOMEpa TOYKH HabJIIo-
IeHMsA, AJ5 KOTODOH HaxOHSTCS OLEHKH mapaMeTpoB IBH-
XKeHHS LeJH.
HefcTBuTENBHO, CKOPOCTD Vu yCKopeHHe VT Lesu omnpe-
HeJsIIOTCS U3 BbIp aKeHHi:

Vi=b, 4 2bst;
V'i == 2b2

W3 BuipakeHus A5 CKOpPOCTH H 3aBHcUMocTH (4.1)
BHIHO, YTO OLEHKH KOODJAUHAT, CKOPOCTH npu f=0 coBnana-
I0T ¢ napaMerpamHu by, by, OueBugHo, uyto {=0 MOXKeT
6LITh NPUHHATO ANAA JIOOOr0 W3 MOMEHTOB HaOMIOJIEHHS

ti=a;To=(i—r)T,,

rae r — NOPSKOBLIEL HOMep TOUKH HaO/MIONeHHS, B KOTOPOH
OIlpeleISIIOTCS OLEHKH KOODIAMHAT, CKOPOCTH H YCKOpDEHHS.

Tax, ecniu r=n, To napamerpnl by, by, bs, HallleHHBE B
pesyabTaTe pelleHHs] CHCTeMbl ypaBHeHu# (4.2), coBnamaroT
C OllEHKaMHM KOOPAMHAT, CKOPOCTH H YCKOpPEHHsS B LOCJen-
He#t Touxke Habmoaenus. [Ipu r=1 koadduunents by, by, by
COBNAJAIOT C OLIEHKAMH KOODAHHAT, CKOPOCTH H YCKOpeHHS
B IIepBO# TOYKe HaGJII0IeHHs.

PaccmoTpeHHOMY MeTOHy olpelesieHHss NapaMeTpoB
IBHXKEHHS LeJH NPUCYILH CleAyOliHe HeJOCTaTKH:

— HeOGXOMUMOCTL 3alOMHHAHUSA BCeX 3HAYeHHH KOOp-
IHHAT, UTO NPH GOJIBIIOM 7 MOXKET NPHBECTH K «Ieperpys-
Ke» namary D11BM;
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— orpaHHueHHOCThL pa3spsanHoit cetku ILIBM npuso-
JAT K TOMY, YTo NpHu GoabwioM ob6beme NOJYydeHHBIX H3Me-
peHHl BO3HMKAIOT 3HAYUTE/bHblE OMHOKH BHIYHC/IEHHI Ia-
paMeTpOB BHKEHUS LleJIH,;

-~ BO3MOXKHOCTbL BbIUHCIeHUS] KO3(QQHUHEHTOB @; Ipe-
IOCTaBJIsleTCA TOJLKO IIOCJe MOJYYeHHst BblOOPKH Ompeje-
JIeHHOTO 00beMa;

— HeoGXOAHMOCTb 60J/1bIIOr0 00beMa BbIYHCAEHHUR MPH
3KCTPANONIALMA TIOCJe KaXKAOro nepuoga CKaHHPOBAaHHA.

[losToMy Ha NpakTHKe YacTQ HCMOJAB3VIOT BHIOHU3ME-
HeHHble ypaBHeHusl (4.2), 6ojiee yaoGHble ¢ TOYKH 3peHUs
ux peanusaunu Ha IIIBM [9], a Takke peKyppeHTHbIE Me-
TOAb! craaupanus [18].

HOnst BbluHcAeHUs napametpoB by, by, by Moryt ObiTh
HCIIO/NIb30BaHb! BbIpaXKEHUS, TIOJIYUEeHHbBIE B pe3yJibTaTe
NpelBAapHTEJbHOIO YIPOIEHUSI CHCTeMbl ypaBHeHH# (4.2)
H sBjasiionivecst OGosiee TNPOCTbIMH /Sl peaju3allud  Ha
SLBM:

1

by == i ,lyul—{—hzzua +L3ZUL[lt

i=1 =1 =1

E Zu —I—;Zz‘ua —i—,gZan

i=t =1

b1=

1 R n . n ., n
by, = "‘,,—"“"{/-1 D) U + 7o YV U0, 4 73y Uia,?l,
Ty M = =1 =1 I
rae i, &, % — Ko3dPuUHeHTH, onpellensieMbie BHAOM d;.
[Ipy HaxoXOeHHH OlleHOK KOOPAHHAT, CKOPOCTH M YCKO-
peHHUsi B TOCHe[HeH TOYKe HAOJIOJEHHA, T. €. NpHU a;=

= ({—n):

4 =12 n—-2@3r—n-+2

]

- 720

- ntn—12Mn41)@2n% —~5n42)

2T 120 "
Zgznz(n—l)z(nz—n —2);
i 72

£ = nth—10)2Q2n—1)n*—n—2 ;

120
6 — rn ) @r—1) @i —3n—11) .

: 180
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n?(n — )2 (n—}—l)

L 12
. A 2in—1N2{n2—n—2
) [1:n (n )2 (n n );
72
s ntn—12@w+1)
-2 19 ’
g M =) (k)
3 12 ’
Sn—1% (2n- D@ ~4n-"1)
M| — n*(n {
| 72 5 +
n -1y (-7n% = 3n2-+6n-+4 2
+ - J.

BeJIH'-II’IHa omu6KH I1pH HaXO0XJIE€HHH OUEHOK napamMet-
POB TpPaeKTOpPHH 3aBHCHUT OT Nepuoma o030pa U KOJHUECTBA
HM3MepeHHH, OmHOKY H3MepeHHs KOODAUHATHI U NOPSIKOBO-
ro HoMepa TOUKH, B KOTOpOHi OnpeesislTCA OleHKH napa-
MeTpOB OTHOCHTeJ'IbHOE 3HayeHHe cpe/:LHeu KBajapaTtuye-
CKOH OuIHNOKH CrJlaXKeHHoM KOOpAHHATEI O'u B Cjiyuae no-
JHUHOM A B’I‘OpOI/I creneHn npu r=n OI'lpelle"IﬂeTCH BbIpaxKe-
HHUEM

2n —1)
=V wery

Cpennsis xBagpatuueckast omuOKa OUEHKH CKOPOCTH
onpesensiercs no popmyJe

&T0=2‘/ o 2n—1) Bn—11)
oy n(n*—1) (n* — 4)

Cpennsis xBajfpatHyeckasi OWINOKa OUEGHKH YCKODEHHS
uesiu onpegeasiercss no Gpopmye

% T 6Vs
% 2 VY aim—nm—4

Ha puc. 29 npusesenbn rpaduku 3aBUCHMOCTH OTHOCH-
TeJIbHbIX 3HAYeHHH CpeJHHUX KBajipaTHUeCKHX OUWHGOK ole-
HOK IapaMeTpPOB TPAEKTODHH OT KOJHYECTBA TOYEK H3Me-
peHHH.

Ananus stHx rpadHKOB NOKAa3biBaeT, UTO A MOJYYeHHS
BBICOKOH TOYHOCTH OLEHKH NapaMeTPOB M KOOPXHHAT He-
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06X0HM ONHOBDEMEHHBIH Yy4YeT 3HAUMTEJbHOr0 4YHC/IA
Ha6II0eHU .

Ha puc. 30 npuBeneHs rpaduky 3aBHCHMOCTH OTHOCH-
TeJbHbIX 3HAYEHHH CpeJHUX KBaJpaTHYeCKUX OLIMOOK OLEH-
KH CKOPOCTH OT r IPH pas3JuyHBIX oObemax Bol6opku. M3
rpaduKoB BHIHO, YTO MHHHMaJbHOE 3HAYeHHe OIIHOKH B
onpeleJieHHN CKODOCTH COOTBETCTBYeT CepelHHe HHTepBa-
Ja HabJIofeHH .

PekyppentHble MeTonbl CrIaXHBaHHs (QHIbTDALIMH)
HO3BOJISIIOT II0C/e U3MepeHHs 3HAUeHHS KOODAMHATHl HaWTH
ee OLIEHKY W OUEHKH NPOU3BOAHLIX, IPH 3TOM HeT Heo6Xo-
IUMOCTH 3aNOMHHATh pe3yJbTaThl H3MePeHHI B IpeIbiay-
KX TOYKaX.

CTpykTypHasi cXeMa OJHOIO H3 pPEKYPPeHTHBIX aJIro-
PUTMOB IIpH GHJIBTPAIHH I1apaMeTPOB NOJMHHOMa BTODPOH
CTENeHH npuBeneHa Ha pHc. 31.

OunpTp HauMHaeT paboTy MNpH INOJYYeHHH Tpex Koop-
JIUHAT, TaK KaK IJ51 OLEHKH YCKOpDeHHs HeoOXOTHMO He
MeHblle ueM Tpu 3aMepa. Ilo pesayanbraram Tpex H3Mepe-

o 3 3
HUA onpefensloOTCsl BeJHYHHBI M(IS), M(2), M uux KCTpa-

HOJTHPOBAHHbIE 3HAUEHUS P MY, MY (1eBas BeTBb CTPY-
KTYDHOH CXeMBbl aJropuTMa).

ITo xaxao#t 0TMeTKe, MOPSAAKOBLI HOMEDP KOTOPOH Ipe-
BhilaeT 3 (mpaBas BeTBb CTPYKTYPHOH CXeMBI ajJropuT™Ma),

NEPBOHAYANAbHO MNPOU3BOAMUTCA BbIUHC/JICHHE BEJIHUYHH ‘X({ll),

»{9 *{ HasbiBaeMbix KO3(bOHUMEHTAMH YCH/IEHUS IO 3a-
BHCHMOCTSM, NPeCTaBJeHHLIM Ha CTPYKTYpHOU cxeme. [Tpu
GOJBLUINX 7 MOXKHO IOJb30BAaThCst 3aBHCHMOCTSIMH:

36 |
=,

9
(n) o~ 2+ ~~
i~ o wp ~

B nanbHefilieM ¢ yyeToM 3aBHCHMOCTeH, YKa3aHHBIX Ha
CTPYKTYDHO!l CXeMe, IOJYYEHHOTO 3HAYeHHs KOOPAHHATHI
Un, K03(DPUIUEHTOB YCHICHHS H 3KCTPANONHPOBAHHBIX 3Ha-
YeHHH MO pe3yabraTaM n—l H3MepeHHi HAXOAATCH OLEHKH
pennunn M{?, M, M gortopbie cy)aT HCXOLHBIMH IS
ONpeJeJieHUsI SKCTPANIOJHPOBAHHLIX 3HAUCHHH 110 Pe3yibTa-
TaM 1 HaMepenuil Beanunn M{", MY My”, koTopble HCIOMB-
3ywores B n+1 o63ope.

[Ipu monyyeHHn AOCTATOUHOrO KOJHYECTBA OTMETOK BBI-
YHCASIOTCS OUEHKH KOOPAMHATH, CKOPOCTH H YCKOpPEHHS JJIs
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f yuc/sa OMMEMOK (1)
k]

CyemyuK

M= 0,50,-2041,5U;

i

M§3)=U1_2U2+U3

¥

ﬁ§37=M‘,3’+ M{,”«*% M(ss)

ﬁ(:)= M(z-?)_,, Mg3)

¥

ﬁg3)= Mg3)

n>3
xM_3 3n%2-3n+2
v " n(n+N)(n+2
]

x (M 7@(.2"_—12_
12 - n(n+i)(n+2)

t

xm 60
13 =AM+ (n+2)

|

WP~ Do B0 )

® ¥

=20,

i

g0 e,

|

M =m{Me -+ 4 MM

gz(n) =Mgﬂ)+ Mgn)

]

To
ex ()]
U = .
—{n)
b(n) f U(n)— '
—(n) To
20 M3
Uem =
! m= 72
Puc. 31.

poli creneHu

ﬁg")=M§")

CTpyxTypHas cxeMa (UALTPAUMK NapaMeTpoB NOJWHOMA BTO-



noc/ieHell TOUKH HaOIIONeHHS W OUEHKH HX 3KCTPaNOJIH-
POBAHHBIX 3HAYeHHH:

;

. Min) B Mim

u* (n)=M{; u*(n)=—-; u*(n)=—>—;
To T2
0
— e

— . M
wn)=MP"; v’(n)===, v’(n)=
To (2)

B Hacrosillee BpeMsf [J5 CIJa)XKHBAHUA TapaMeTpoB
TPaeKTOPHH Lieslell, CONIPOBOXKAAeMbIX B PeaJbHOM MacluTa-
Oe BpemeHH, npuMeHsOTca ¢QHAbTP KanMmsHa u ero monH-
duKanu.

STH QUABLTPbI MOTYT OBITh OAHOMEPHBIMH ¥ MHOrOMep-
HeiMu. B ciydae MHOroMepHoro QuiabTpa CIrIaXKHBalOTCH
ONHOBPEMEHHO BCe H3MepsieMble KOOPAHHATH C y4eTOM KOp-
pesISIMOHHBIX CBsI3ell MeXIy HHUMHU.

OnHako peaJsusanus MHoromepHoro ¢uibtpa Kanmana
Ha JIIBM cBszana ¢ GoJblIMMH 3aTpaTaMH MAamHHHOTO
BpemMeHH. KpoMe TOro, m3-3a OrpaHHYeHHOCTH pa3psigHOM
cetk DLIBM BO3HHMKAIOT 3HaYHTe/bHBIE OWHGKH B Onpeje-
JIeHHH TapaMeTpPOB TPaeKTOpHH.

OnHa n3 Mopuduxkauuil ogHoMepHoro ¢uabtpa Kamms-
Ha AJ5 CrJaxKHMBaHHUS KOOPAHHAThI (1) MMeeT BHUA

u* (n)==us (n) +[1 —a(n)][u(n) —us (n)],

rae u* (n) — crnaxeHHast KOOpAUHATA [0 Pe3yJbTaATaAM
n U3MepeHHH,;
U,(n) — 3KCTpamnoJUpOBaHHAs KOOpPAWHATA Ha n-i
MOMEHT HabJlofeHus;
a(n) — napamerp CryIaXXK UBaHHA, a(n) =
2(2n — 1) |
e
[u(n)—u,(n)] — paccornacoBanue Mexay H3MEPEHHBIM H
3KCTPANO/JHPOBAHHBIM 3HAYEHHAMH, paB-
Hoe &g(n).
Hnst Momenn ABH)KEHHsi, COOTBETCTBYIOLIEH MOJHHOMY
MePBOY CTeneHH:

us(ny=u*(n—1)+V*(n—1)T,,

rae V *(n—1) — criaxeHndnoe 3uavedde CKOPOCTH MO pe-
3yJabTataM n—!1 u3MepeHui.
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Cmam%}{)ﬂaﬂ cKopocTb paBHa V *(n) =V *(n—1) +[1—
eln
.__b(fl)] —TTO—, rae b(f’l) = 1— n_(n—:l-—l_)‘!

Bri6op MeTona OLEeHKH NapaMeTPOB TPaeKTOPHH 3aBH-
CHT OT XapakTepa /[ABHXKeHHs LeJH, TpebyeMofl TOYHOCTH
ollpejeJieHHsl NapaMeTpoB H OT BO3MoXHocred IDIIBM no
6ricTponeficTBHIO M oOBbeMy naMmsith. B DLIBM Bropuunoi
06paboOTKH MOXeT ObITb 3a70XKeHO H HeCKOJbKO a/IrOpHT-
MOB CIrylaKHBaHHsl, BbIOHpaeMbiX B 3aBHCHMOCTH OT Xapak-
Tepa JBHKEHHS LeJH.

4.5, dkcTpanonsuus TpaeKTOPHi

Hnas onpenesiennsi Touek najenusi (Bbliera) OaIHCTH-
4eCKHX nesiell (pakKeT, CHapsiAOB, MHH) W JJI IPOTHO3HPO-
BAHHUf TOJNOXKEHHS a3DOAHHAMMYECKUX ULeJell HCIONb3YIOT
METOJbl 3KCTPAMNOASLHH TPAaeKTOPHi.

CylHOCTL METONOB IKCTPANOJSIIHH TpPaeKTOPHH a3po-
NHHAMHYECKHX LeJiedl 3aK/1104aeTcss B TOM, UTO NO HafijeH-
HBIM OlleHKaM IlapaMeTPOB TPAaeKTODHH H 3agaHHOMY Bpe-
MeHH NPOrHO3HPOBAHHA Iyp ONpejensieTcsi 3HayeHHE KOOp-
JMHATHl LedH Us Ha BPeMs tnp. Hampumep, ecnu B kauecTBe
MOJieJIH JABMXKeHHS BHIGpaH NOJHHOM BTOPOH CTeleHH, TO

* ] .k 11*
uz = u'(n) + 4'(n) twy + 1 By

CyIHOCTh 3KCTPAanoJsLui TPAeKTOPHH GaJTHCTHUECKHX
Iesedl 3aKa0UaeTCs B NOCTPOEHUH HELOCTAIIlero ydacrka
TPaeKTOPHH 10 3HAYeHHAM ee IapaMeTpPOB, HaHIeHHBIM B
pesyantate criaaxuBaHus. Ilo c¢Boell mocraHoBKe 3agaua
3KCTPANOJIANHN TPaeKTOpHHl 6anNHCTHUECKHX Ieseil COBIa-
Jaet C 3ajadell pacyeTa KOHEYHOro (HA4aJbHOrO) ydyacTKa
TPaeKTOPHH.

Henocralomuit yuacrok tpaekrtopuu [16, 20] cTpourcs
peltleHHeM cucTeMbl pAH(pdepeHIHANbHEIX YPaBHEHHH HJH
MeTOAOM, OCHOBAHHHIM Ha HCIOJAB30BAHHH 3JJIHITHYECKOH
HJIH napaboJiiyecKoll TEOPHH MOJeTa cHapsa.

TIpu conpoBoxeHHH OajlIMCTHYECKHX LeJell B KayecrT-
Be MOIENU HX IBHXKeHHs MOTYT OBITb HCIOJIb30BAaHBI ypaB-
HEHHSI HX TPaeKTODHH.
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JlBnKeHHe OGaslIUCTHYECKOTO CHapsjia B TPAMOYIoJib-
HOH cucreme xkoopauHat X, Y, Z ¢ HadajloM B LeHTpe TH-
JKecTH 3eMJIM MOXKHO ONpefeJHTb Ha OCHOBE 3aKOHa
Heiotona. Ecau He yunThiBaTh BpalleHHe 3eMJIH, TO Ma-
TEMATHYEeCKH 3TOT 3aKOH MOXKeET ObITh BhIpaXKeH C NOMOIIbIO
TpeX He3aBHCUMBIX AH(pPepeHLHAJbHBIX ypaBHeHHH BTOpO-
ro HNOpsiKa:

ma,=F.(X,Y,Z,V,V,,V,t),
ma,=F (X,Y,Z,V,,V,V,0);
ma,=F,(X,Y,Z2,V,V,V,t),

rae m — macca cHapsana,

Qx, Qy, O, — COCTABJISIIOLINE YCKOPEHHsT BHOMb ocedt X,
Y, Z,

Vi, Vy, V, — cocTaBnsilolline CKOPOCTH CHapsiza MO OCAM
X, 7Y, Z

! — TeKylllee BpeMs;
F,, F,, F, — OyHKUHH, XapakKTepH3YIOlIHe CHJbI, AefCTBY-
IOllHe Ha CHapsal H 3aBHCSIHE OT THN&, HO-
JIOXKEeHHsI, CKODOCTH [BHXKEHHsl cHapsiia H
IVIOTHOCTH aTMOC(epHI.

Hnsa peurenns cucreMbl auddepeHnHaNbHBIX YPaBHEHHIT
(myIst KCTPANOJNSIUMU TPAEKTOPHH K TOUKe NaJeHus WIH BhI-
JETa) AOXKHBl OBITh 3a1aHbl HadasbHble YCAOBHS HHTErpDH-
POBaHHUA: Xo, Yo, Zo, Viy, Vy,, Vz,,KOTODHE oOIpenens-
I0TCS B pe3yJbTaTe CraxKHBaHHA. 3HaueHHs] MacChHl CHaps-
Aa 4 Bun Gyukuui F., F,, F, onpepessior B pesy/bTaTe
pacrno3HaBaHUs THIA LIEJH.

Ilpu ucnonb3oBaHMH Mapa6oHYeCKOH TEOPHH HCXOAAT
H3 NPEeANOCHIIKH, YTO CHApsJ ABHXKeTCs B TOYCTOTe H 1O-
CTOSIHHOM TPaBHTALUOHHOM MOJIE.

KoopayHata TOuKH mageHHsi X, B IJIOCKOCTH CTPeabObI
onpejeJsisieTcsl U3 BbIpaXKeHHs

X = 2ya
" gttt

roe ) — yron HakJOHa BeKTOpa CKOPOCTH B Touke A
(puc. 32), masi KoTOpoii HaHIeHbl CriaXKeHHble
napaMerpel TpaekTopuu (Ya, Vi, Vy), yroa on-

Y

penessieTcss M3 BhIpaxeHus tg 6= 7o
X
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fc — yron HakJOHa BEKTOpa CKOPOCTH B TOYKe nafe-
HHsI, ollpelensieMblii U3 BbipaxeHHss tg20.=

= tg?6,+ %ﬁ— Ya, The g=9,81 M/c2— yckopeHHe

3eMHOI0 TATIOTEHHUS.

Yo

Puc. 32. [IpuHUMN 3KCTPamOJsAilMM TPAeKTOPUH OasIUCTH-
YeCKOH LeJIH

V3 npuBeneHHBIX Bhillle 3aBHCHMOCTeHl BHAHO, 4TO IS
OnpefeNeHus X, HEOOXONHMMO NpPeABApPUTENbHO BBIYHC/IHTDH
MOJIOKEeHHe IJIOCKOCTH CTPesabOBl M COCTaBJSAKIIHE CKOPO-
¢tH Vi, Vy B 3TOH IJIOCKOCTH.

MP/JIC ¢ toukoit crosuus O, onpenesisieT NOJAspHbIE KO-
OpAHHATH UeJH (HAKIOHHYIO AaabHOCTb [l asumyT 6pi H
yroa Mecta 0z;), KoTopble npeoGpasylorcst B NPAMOYTOJb-
Hble KOOPIHMHATHI X¢i, Yei, Zci MO 3ABUCHMOCTSM:

Yei=— I, sin Bi3
xei=J1; cos By cos b;;
Zei = J1; cos Og; sin By,
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Ciiei IIOCKOCTH CTpenb6bl HAXOAUTCH TMOC/Te CTJIaXKHBa-
HHUSI KOOPAMHAT X¢i, Z¢i U ABJASETCS, HANpUMep, TaKO# Ips-
Mol OX, mist KOTOpPO¥Y CyMMa KBaApaTOB OTKJIOHEHHI 0;
OyleT MHUHHMAaJbHOH BEJHYHHOM.

3areM TOYKH C KOOPAHHATAMH X¢i, Z¢; IPOEKTHPYIOTCS
Ha CJel IJIOCKOCTH CTpeJdbObl M NOJy4eHHAass MOCJenoBa-
TeJNbHOCTL HCHOJb3yeTcs s Haxoxpaeuus V. V, omnpene-
JseTcsl B pe3yJbTaTe CIVIaXHBaHUS NOC/AedOBaTesbHO-
CTH Yei.

Ecnn conporuBieHne Bo3qyXa He YYHTHIBAeTCH, KOOPIH-
HaTa TOYKH MaJeHHs X, onpefesnsercs Cc OWHOKOH Ax, 3a-
BUCslIell OT (POpPMBI CHapsia, COCTaBJASIOUIUX CKOPOCTH,
BBICOTBI Y W (YHKIMH INIOTHOCTH atMocthepnl Ha.

YueT CONPOTHBMEHHUS BO3AyXa MOXeT IMPOHU3BOAUTBCS MO
(opmyne

Ax= %y
V21tg%,,

i ]
rae Bcp= ._‘_—%_"_. :

Y w id?
¢ — faJasucTHYeCKUA Ko3(pduLHeHT, paBHHI

- 103,
pi

rie { — kosbduuuent dopmul; d — fHaMerp HauGOJBIIErO
ceuenusi cHapsaaa; Qx — Bec cHapsna.

Jns NOBBILIEHHS TOYHOCTH 3KCTPANOJSLHH YUYHTHIBAIOT
TakXe HallpaBJeHHe W BeJIHYHHY BeTpa, BpallleHue H ¢op-
My 3eMJIH, OTKJIOHEHHe NeHCTBHTEJbHBIX NapaMeTPOB aTMO-
chepsl OT HOPMAJNBHBEIX (TaBJHYHBIX).

4.6. Pacno3naBaHMe THNA HEJNH

Hns cenexuun nedefl, a TakkKe AJs MNOJAYUYeHUs] AAHHBIX
IJs1 SKCTPANOJSIMY TPAEKTOPHIl NPOH3BOMST A HPPUPO-
BaHHe (pacno3HaBaHHe) THma Lejd. PacnosnaBanue THIa
Lesn CBsi3aHo ¢ OOJAbLIMM OOBEMOM BBIUHCIEHUH ¥ MO3TO-
My npou3BoAuTcs ¢ nomoupio DIIBM BrTopuuHO# (TpeTHU-

HOI) 06paGoTKH.
IIpy panmHoONOKALMOHHOM paclo3HABAHHH MOFYT HCIOJb-

30BaThCA CjaeayrliHe nNpH3Haku 00'bEKTOB: )
— AaMINVINTYAHbIE H (ba3OBbIe CIEKTPhl OTPaKeHHbIX OT
neJqi CHIrHaJioB;
— MNOJIspHU3allHOHHLIE CBOHCTBA OTpaxXeHHbIX CHIHaJOB,
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— BeJIMYHHB 3(P(eKTHBHOH OTpaxKawuleil MOBepPXHOCTH
06BEKTOB Sy;

— OGaJJuCTHYeCKHe H TaKTHYeCKHe CBOUCTBa OOBLEKTOB.

C yBesnvueHweM 4YHCJIA HCHOJb3yeMbIX NPH pacno3HaBa-
HUM NPH3HAKOB yBeJHUHBaeTCH AOCTOBEPHOCTb pPaclO3HaBa-
HUSl, HO TaK¥Xe YBeJHYHUBAETCS ¥ 00beM BLIYHCJEHHH.

PacnosHaBaHHe JeJIHTCS Ha JAeTepMHHHPOBaHHOe, HC-
HOJIb3YIOllee aGCOJIIOTHO Pa3jiHYHMBE NPH3HaKH, T. €. NPH-
3HaKH, NPHHUMAIOUIHe JIs PAa3JHUHBIX K/J1acCOB LieJeH 3Ha-
UeHHs1 Ha MOJHOCTBIO Pa3/IHYHLIX HHTepBaJjaX, H BepOAT-
HOcTHOe, /leTepMHHHDOBaHHOe paclio3HaBaHHe HaaexHeH,
ero ajroputmsl npomie. OfHaKO NOpPH PaJHOJOKAlHOHHOM
pacrnosHaBaHHH [eTePMHHHPOBaHHLIE CJAydaH BCTPedYaloTCs
BecbMa peAko. OGBIYHO 3HAYEHHS NPH3HAKOB INepeKphIBa-
I0TCH, TIPH 3TOM NPHXOAHMTCS HCNOJBb30BaTh BePOSITHOCTHOE
pacro3HaBaHHe.

Hnast pa3paboTku ajJropHTMOB pAaclO3HaBaHHA IPHXO-
JIMTCA NOPOBOAUTH 6OMbIIYI0 paloTy MO CHATHSIM pacnpene-
JIeHHH NPH3HAKOB Das3yHuHbIX lesell. [IpusHaky pasiauuHBIX
peJsie#i 3aHocsitcst B namsitb SLUBM. B nponecce pacnosha-
BaHHs H3MepeHHble NPH3HAKH CPAaBHUBAIOTCH C 3anHCaH-
HBIMH Y NPHHHMaeTCsl pellleHHe B NOJb3Y HaHOOJee BEpPOSAT-
HOH THNOTE3BL.

Becbma crnoxHO# 3agadell siBAsieTCS M3MepeHHe NpH3HA-
KoB Hestell. Ecau GannuctHueckHe CBOHCTBA OGDBEKTOB
(cocTaBadIOIHe CKOPOCTH, YCKOpEHHSs, HallpaB/ieHHe [BHKe-
HHs, 6aJNHCTHUECKHH KO3(p¢hHUHeHT) MOryT OHITh MoJayde-
Hbl IPH CTJIQXKHBAHHUU TPAeKTOPHH, TO AJS TOJyYeHHUs] CIeKT-
pOB, MOJIAPH3ANHOHHBIX XapaKTepPHCTHK HJAH 3HaueHHH S,
NPHUXOAHTCH HCIIOJb30BATh CclelHaibHble NaTyHKH, CleKTphl
CHTHaJIOB MOTYT OBbITb MOJYUeHBI € NMOMOIIBIO CHeKTPOMET-
pPOB, KODPEJOMETPOB, KOTOPHle BHIIOJNHSIOTCS Kak B aHa-
JIOTOBOM, Tak ¥ B HHdpoBoMm Buge. B nepsoM cayuae npo-
H3BOJHTCA NpeoOpa3oBaHHe MNOJYYEHHLIX 3HAUEHHIl CNEKT-
pasnbHOM TIOTHOCTH S(®w) HJIM KOPPeNsLHOHHOH (YHKIHH
p(T) mpHHSATOrO CHrHaja B LUHGPOBOi BUI H BBejeHHE €ro
B JLIBM. Bo BrOpoM cjlydae BXOHO! CHrHaJ mnpeoGpa-
3yeTcsl B INOCJAe0BaTeJbHOCTh UH(PPOBHIX KOAOB, XapakKTe-
PH3YIOIIHMX aMIIMTYAbl ((a3bl) cHUrHaia B JHCKpeTHBIE MO-
MeHTHl BpeMeHH. Briuncnenue S(w) uau p(t) upH stom Mo-
KeT mnpousBoguthesi IDLIBM. [ns u3MepeHHs mOJsipH3a-
IIMOHHBIX XapaKTePUCTHK OTPaXKEHHBIX CHTHAJOB HCHOJb-
3yIOT aHTeHHBl C PasJIMYHON MoJsipH3anue.
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4.7. CtpykTypHble CxeMbl YCTPOHCTB BTOPHUHOH 06padOTKH

L1 BTOpHYHO# 06pabOTKH HHGOpMAalUHH HCIONb3YIOTCS
crenMann3upopaHHble DLIBM, Ha KoTopble MOXeT TaKxke
BO3J1araThCsl pellileHHe YacTH 3ajay NepBHUYHOH o0pabOoTKH.

Crpykrypa DLIBM BropuuHoil 06paGoTKn MoxeT ofec-
neuuTh JHUGO MOC/IeNOBaTeNbHYIO, JHG0 NapaljenbHyl0 06-
pabotky uHbopmauuu. Ilpu mocienoBatenbHOl 06paGoTke
nocJieIOBaTe/IbHO pelllaeTCsl BeChb KOMIUIEKC 3a1ay Mo Kax-
no# us neneii. Ilocne nonHo#t 06paboTKH HHPOpMaLHH NO
JaHHOM NHeJH NMePeXOAST K pellleHHIO 3ajad o APYrod Le-
au. IIpn napannenoHoit 06paboTKe HCHOJAL3YIOT HECKOJBKO
OJHOBpeMeHHO paboTalIuux [poleccopoB, IpHYeM KaxK-
bl mponeccop ofecleynBaeT pelleHHe OTACJBHLIX 3anad
06paboTKH WJH pellaeT Becb KOMIIEKC 3ajay /s KaxIo#
LeJIH.

Ha puc. 33 nokasaHa yNpollleHHasl CTPYKTypHas cxema
DUBM upx nocienoBatesbHoll 06paboTke HHQOpMAIHU.
B omeparuBHOM 3amoMHHaloueM ycrpoiictBe (O3VY) 3amu-
CaHpl IIpOrpaMMbl HAeHTH(HKALUH, CIVaXHBaHHUSA, JKCTpa-
nonsuuu M AewrHgpupoBanusa. C HayaJoM KaKAOro LHKIA
o63opa H3 OydepHoro 3anoMHHamouero ycrpoiicta B O3Y

Cuznaner ynpasneHun
pexumom pabomoi P

Yempoticmeo

ynpaeseHua

OnepamueHoe bygeproe |gm yno
Npoyeccop sanomunaroujee sancMunaioujes|

ycmpoucmso ycmpoicmeo

Yempoiicmeo
avie00a JaHHbIX

K nompebumento

Puc. 33. CrpykrypHaa cxema OJLIBM mnocnepoBartenbhoit o6pa6oTky
uHdopmanuu

97



MepenuchLiBalOTC AaHHBle O uessix, nocrynusmue or YI10
B NpeapaylieM o630pe.

YerpoicTBO ynpaBJeHHs ofecClieunBaeT B3aUMOIEHCTBHE
BCeX yacTell MALIMHB H BHIIIOJHEHHe OnepauHi 1o nporpam-
maM, 3anucaHubim B O3Y. Ilporpamma mnpeiacraBssier €o-
6ol TocJaeg0BaTebHOCTh KOMaH[, KaX/aasi U3 KOTOPHIX CO-
JIEepKHUT KON OmepaunHu H aapec (MJIH HEeCKOJbKO aipecoB).
YcTpolcTBO ynpaBJeHHst NOJAaeT CHrHAJ Ha NPOUECCcop, BhI-
NOJHAKIINA apu(PMeTHUECKYI HJHU JIOTHYECKYIO ONepaluio
Hal 4uclaMH, ajgpec KOTOPhIX yKasaH. Bup onepauum om-
penesieH ee KOJOM.

Ha ycrpoficTBo ynpaBjaeHHst Bo3jaraetcsi Takxke (yHK-
UHsa BbIPAaOOTKH CHTHAJIOB YINpaBJeHHsT PeXUMOM paloThl
MPJIC.

Ilo okoHuaHHH pelleHHs 3ajaudl pe3yAbTATHl 4Yepes
YCTPOHCTBO BLHIBOAA A&HHBIX HOCTYNAIT K NOTPeGHTENIO.

Inst Toro yTo6H He Gbiio neperpy3ku O3Y, ALIBM noa-
KHa paboraTb B peaJbHOM Mmaciitae BpeMmeHH,.T. €. obpa-
0OTKa NaHHBIX O BCeX IeJAX AO0J/IKHA NPOU3BOAUTBHCS 3a
BpeM#f, paBHOe mepuony o63opa. Ilpun Tako#i cTpykrype H
BosbwioM uucie neneir AIIBM pomkHa obmagarh GOJbIIHM
OBICTPOAEHCTBHEM,

ITpu napa/nsienbHOM pelleHHH OTHAEJNbHBIX 3a4ad MOXKET
ACTIONIb30BATbCA CXeMa, NpuBeneHHass Ha puc. 34. Ilpu sTomM
OLIBM COCTOHT H3 COOTBeTCTBYIOILErO MNpoueccopa, ofle-
PaTHBHOrO 3aNOMHMHAIOLIETO YCTpoficTBa, GydepHoro 3V,
YCTPOHICTBA yNpaBJeHHS MW YCTPOHUCTBA BHIBOLA JaHHBIX.
Kax b nmpoueccop COLepKHT MeCTHOe YCTPOHCTBO YIpaB-
Jgenus u O3Y.

Yerpoiicteo ynpasnenus SLIBM ocymecrBasier ynpas-
JeHne pabotoii DLIBM. Ilo okoHYaHMH TOro HJIH HHOTO
3Tana o6pabGOTKH B Ipoumeccopax BeipaGaTbiBaeTcss CHTHAJI,
MOJA  BO3JEefICTBHEM KOTOPOro YCTPOHCTBO  YIpaBJeHHs
OLBM 3anucbiBaer nosydewHoiii peaynbtat B O3Y U BH-
Oupaer W3 O3Y HCXOnHble NaHHBle IJIsi OYePeqHOH IeJH,
LIS 3TOTO Xe Tpoueccopa. 3afayy pelIaloTCst MO NPorpam-
mMaM, 3anHcaHHbeM B O3Y npoueccopa.

Ins conpoBoXIeHHs] PalHOJOKALLHOHHBIX LeJelt B pe-
aJlbHOM MacliTabe BpPeMeHH TakxKe Hcnodb3yior JLIBM c
napanjejbHo o6paboTKoii MHPOpMAalUHH OT BCeX NeJell.

[IpumMepom  mopoGuoii ILIBM  sapasercs WJIJIMAK-2
(puc. 35).
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aiy—- 3anoMuRaIOLlee 5 lipoyeccop
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|| Yempoicmeo
661800a JanHuIX

Puc. 34. CrpykrypHas cxeMma

K nompeGumenio

SIBM npu mnapaiielbHOM

pelleHsH 3afau BTOPHYHOH 06paGoTKH

Yempoiicmeo Baox namsmu
V"”‘;&”ﬁ""" npoepamm.
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ene My o6meHa
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K nompe6umenio  Om YNO
Puc. 35. CTpyxkrypHast cxemMa MuoronpoueccopHoii JLIBM

| Custan_ynpaenenusn
pexxumom MP/IC
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Cucrema WJIJIMAK-4 comepxur 64 mpoueccopa, Kax-
OBl U3 KOTOPHIX COCTOHUT M3 HOJIYNPOBOIHHKOBOTO 3aNOMH-
Hatomero ycrpoiictBa (II3¥Y) u MecTHoro ycrpoiicTBa yI-
paBJeHUs, © MOXeT OJHOBPeMeHHO 06pabaThiBaTb HHGOP-
Manuo ot 64 penei.

B pesysbrare HoeHTUOHKALHH HaHHble IJs i-f HeJH Ha-
NpaBJsIOTCA B COOTBETCTBYIOWIMA npoueccop. Ecau uuciao
nejefi 6osblue 64, mpeaycMaTpHBaeTcsi MHOTOKpaTHas pe-
aqu3auys aarOPHTMOB.

IIporpaMMbl BTOPHYHOH 06paGOTKH XpaHATCS B OJIOKe
namsATH nporpamM. [ewndpupoBaHue W NMOATOTOBKA BCEX
KOMaHJ NIPOM3BOASATCS B YCTpoMcTBe ympasieHdus IDLIBM.,
Korna xomaHna NMOAroToBJeHa, H3 YCTPOHCTBa yNpaBJieHHS
SLIBM Bo BCe npoueccophl NOCHIAKTCS COOTBETCTBYIOLIHE
CHHXDOHH3HDYIOIIHe HMINYJbCh, ofecNedyHBalOllHe Napad-
JleJlbHOe pellleHHe 3ajad BCeMH mponeccopamu. Jlornka
paboTH KaXIOro npoleccopa MpeIycMaTPHBaeT BO3MOX-
HOCTh €r0o OTK/IOUeHHsi, 3anpellleHHss HCIONHEHHUS omnpeje-
JIEeHHBIX KOMaH[.

Jasa obmeHa ¢ BHeIIHMMH ycrpodActBamu DIIBM Hc-
HOJIb3YIOT Npoleccop o6MeHa € BHEIIHUMH YCTPOHCTBAMH
u nmpoueccop o6mena ¢ PJIC.

[Tponeccop o6mMeHa ¢ BHeIUHMMH yCTpoificTBaMH obecre-
YHBAeT NepechlKy NaHHBIX B DLIBM, Benyuiyo TperHunyio
obpabortky. Ilponeccop ob6mena ¢ PJIC BHmNoJNHSeT [Be
QYHKUHMH: cayKHUT OydPepHBIM ycTpoiicTBoM Mexnay SLIBM
u PJIC u sBasiercd CHelHaJH3HPOBAHHBIM IIPOLECCOPOM,
BHITIOJIHSIOIUM ONepaluyu no ynpasnaenuio PJIC.

Uncno neselt, CONpoBOXKIaeMbIX B pealbHOM MacliTabe
BpeMeHH, 3aBHCHT OT OBLICTPOAeHCTBHS M eMKoctH SLIBM
obpaborku. IIpu HcHONB30BAaHHU HUHTErPajbHBIX CXeM B CH-
cTeMax ¢ napaniellbHOH 06paboTKOH MOMKeT OBITH peaJiH-
30BaHo OnbicTpozelicTBMe mopsifka 10° onmepauuit B ceKyHRY.
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