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Hpe,I[CTaBHeHLI peE3yJbTaTbl CUHTE3a JABYXKAHAJIBHOI'O HU3MCPUTCIIA YIJIOBBIX KOOPAWMHAT LEJIU U
OIIMCAaHUC aJIrOpUTMa €ro pa6OTBI B CJIy4dac MCHOJIb30BaHUA JIMHEHHOTO CKaHUPOBaHUsS AUArpaMMbl
HalIpaBJICHHOCTHU  aHTCHHBI. ﬂaHHBIfI MCTOA  IO3BOJIACT CHHU3UTH BJIUAHHC (I)HyKTyaLlI/Iﬁ
OTPa’KCHHOI'0 CHUT'HaJla Ha OIIHOKU HU3MEPCHUA YIJIOBBIX KOOPAWHAT, YTO IIO0O TOYHOCTHBIM
XapaKTEepUuCTUKaM npu6n1/1>1<aeT €ro K M€roJilaM MIrHoB€HHOT'O CpaBHCHMUS.

Kniouesvie crosa: neJICHranus, JINHENHOE CKaHUPOBAaHUC, ONITUMAJIbHAA 06pa60T1<a, Koppeaus.

BBenenue

OCHOBHBIM HEIOCTATKOM METOJa JIMHEHHOIO CKAaHWPOBAaHMS [HArpaMMbl HallpaBJICHHOCTH
AHTCHHBI SBIISICTCS BIUSIHUE (IIYKTyallH MAa4yK{ CUTHalIa HAa TOYHOCTb M3MEPEHUs YITIOBOH KOOPAMHATEI,
YTO OCOOCHHO XapaKTepHO JUIs KpyHHorabaputHoH Iiend. Hambosee pacnpocTpaHEHHBIM M, MOXKaTyH,
CIMHCTBEHHO HCIIOJB3YEMbIM B HACTOAIIEE BpEMs, CIIOCOOOM OOpHOBI C (QIIYKTyalMsMH SIBISETCS
HCIIONB30BAaHNE METOJJOB MTHOBEHHOTO CPaBHEHUsI, KOTOPBIE TPEOYIOT AJIsl CBOSH pealn3aliiy /1Ba KaHaja C
pa3HECEHHBIMH TIO YIJIOBBIM KOOpJAWMHATAM JHarpaMMaMH HAaIlpaBJICHHOCTH JUISI METOJa aMILIUTYIHOTO
MTHOBEHHOT'O CPAaBHEHHMS WITH C pPa3HECEHHBIMH (Pa30BBIMH IIEHTpaMH ISl MeTo/ia ()a30BOr0 MIHOBEHHOTO
cpaBHeHUs. B HacTosielt cTaTbe mpemaracTcss MEeTO/, UCIIONB3YIOMNH sl CHYDKEHUS! (IIyKTyallnOHHON
OIIMOKKM BTOPOW KaHAll ¢ HECKAHUPYIOIIEH WM ClTabOHaINpaBlIeHHOW aHTeHHO#. KaHam mpuema c Takoi
AQHTEHHOW TIPHCYTCTBYET B DPSAZC PaIHOJOKAIMOHHBIX CTAHIMK, a 3HAYUT JIAHHBIA METOJ JOCTaTOYHO
aKTyaJIeH U JIETKopean3yeM 0e3 IOTIOHATEIbHBIX MOJICPHU3AII 000pYyI0BaHUS.

OnTumanbHast 00padoTKa MAYKH HMITYJIbCOB

N3BectHa o0mmias npoieaypa o0paboTKu QIIyKTYUPYIOIIEH MOCIeA0BaTEIbHOCTA UMITYJIBCOB C
KCIOJIb30BaHUEM OTHOIICHHUS npaBaononaoous [1 ¢. 166-168, 2, 3-5, 6 c. 258].
Beipaskenue 1y1st QyHKIIUH TIPaBIONOA00US HMEET BU/T

Det(R?)

2(0,,6,) =" @) Q" -Q°*(0,) [5(0,)+1n pwectr|

M)

T
rIe g(eu) = {E,O,..., EjrerEN } — OTCYEThI MPUHATOrO curHana, N — KOJIMYECTBO OTCYESTOB 33 OJIUH IIUKII
obpaborku; Det(A) — onpenmemurens wmarpuibl A, R?- KOppEJIALIMOHHAs ~ MaTpula
pannoNoKauoHHOro (GoHa (CMech MOMEXH W IIyMa); RO KOPpEISIIMOHHAsT MaTpHIla MPUHSATOTO
curHaia (CMech OTpPaXEHHOTO CHTHama, IIOMEXH U IIyMma); Qﬂ),n* k,n-it 4nen oOpaTHO#

KOPPEISIIIMOHHON MaTpuIel (hoHa Q‘b :(R(b)_l; Qﬁr(]b — k,n-ii ugen o6GpaTHON KOPPENAIHOHHON
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+ hy— :
MaTpHIBl HpUHATOr0 curHama Q° (1) =(R° (1)) ¥ ()i — DPMHTOBO COMNpsbKeHue; O, — HCTUHHOE

A

YTJIOBOC MOJIOKCHHUE 1IN, 9]_[ — OIICHUBACMOC YTJIOBOC IOJIOKCHUC LICJIN.

C yuerom samen Q%(0,)=Q%-Q“"*@,) u 3, =In LR% seIpaxenne (1)
" " " DetRE(B,)) )
YIPOCTHUTCS JIO CICTYIONIETO BUJIA!
Z(0,,0,) =27 (0,)Q% (6,)(6,,) + ao. )

rae QCO — Marpula oOpabOTKH MPUHATOrO CUTHANA; 8,p— CMELEHHE.
MakcumasHO TIPaBIONoI00HAs OIICHKA YTIIOBOM KOOPMHATHI IS COOTBETCTBYET YPAaBHCHHIO

Z(eu,eu)\9 _; =max. 3)
Takum 00pazoM, onTuManbHast 00pabOTKa MAYKH UMITYJIBCOB COCTOUT U3 ABYX OCHOBHBIX ATallOB:
1) Beraucienne Gynkiuu npasgononodus Z(0,,0,) B coorsercTBUH C (2);

2) HaXO)KJICHHE  MaKCHMyMa  (DYHKIHH  [PaBIAOIOI00Ms Z(éu,eu)‘e % =max u,

COOTBETCTBEHHO, ONIPEACIICHNUE YITIOBOI'O ITOJIOXKCHUA LECIN.

Cunre3 CTPYKTYPHbI IBYXKAHAJBHOI'0 UBMEPHUTE/IA YIVIOBBIX KOOPpAUHAT

OnwucaHHas BBIIIE METOJMKA SIBISCTCS OOIIEH I ONpeneNeHus] YIIIOBO KOOPAWHATHI IIETIH.
Jus  crmydas WCHONB30BaHWSA JBYX KaHajloOB TNipueMa (CKaHUPYIOIIETO W HECKaHHPYIOIIETO)
mpenjiaraeTcsi HWCIONb30BaTh OTCUETHI, NPUHATHIE OOOWMH KaHAJlaMH, TOTJa BEKTOpP OTCUETOB
MPUHSATOTO CUTHANA 33 OJMH 0030p UMEET CICAYIOMINH B

T 1c,0 1c,0 mc,0 1c,l mc,1 mc, 13T
&(eu) ={§0,...,§n,...,§2N_1} :{SO ,...,sn ,...,SN_l,SO ,...,Sn ,...,SN_l} ’ (4)
rie Sgc’o — OTCYeT NPUHATOrO CHUrHaia, mnpoMoayiupoBaHHOro JIHA ckaHupyromieil aHTEHHBI
(Bepxumit wHAexkc 0) B N-om mepuoie 0030pa; Sgc’l — OTCYUET TPUHATOTO CHUTHAJA,

npomoaynupoBanHoro JIHA HeckaHupytoleit aHTeHHBI (BepXHUN UHAEKC 1) B N-oM mepuoze 063opa.

KoppensunonHsie MaTpHIbl, UCTIONB3yeMble Uil 00pa0OTKM MPHUHATOrO cUrHana (4), oyayt
umeTh pasmep 2N x2N. Dto siBiiseTcs TJIaBHBIM HEIOCTATKOM M ILIATON 3a TOBBIIICHHUE TOYHOCTH
M3MEpEeHHs] KOOPAWHATH LeMH. Tak ¢ pocTOM pa3sMEepHOCTH MAaTpHIbl 3HAYUTEIHHO YBEIMYHUBACTCS
KOJIMUECTBO BBITMOJHIEMBIX OIepaluii mpu o0paboTke.

st onpeneneHust MaTpuilbl 00pabOTKH QCO(GH) HEOOXOMMO 3HAaHUE KOPPEJAIUOHHOM

. -+
MaTHuLBl (oHa R® u KOPPEJIALMOHHON MaTpUIIbIl CMECH OTpakeHHOro curhama u Qoma RC b

+
KoppessiMorHas MaTpuia cMecH curHana m pona R ¢ Mosker GbiTh IpeICTaBIeHa CIIeIyIOIUM
oOpa3zom:

R =R°(0,) +R? =R°(6,) + R™ + R™ +R", (5)
rie RC(GH) — KOppeJALUOHHAs MaTpHIa OTPAKEHHOro OT Leiu curHana; R™ — koppensiuoHHas

MaTpula BHYTPEHHETO HIyMa Ha BBIXOAC NPHUEMHUKA, Ram — KOppeIyMOHHas MaTpula aKTUBHOU

IIYMOBOM MOMEXHM Ha BBIXOJE NpueMHHMKa; R — KOppensuuoHHas MaTpuua MacCHBHOM MOMEXH Ha
BBIXOjIe TTpreMHnKa. CTPyKTypHasi cxemMa U3MepHUTeIls PeCTaBlIeHa Ha PUCYHKE.

Cuutaercs, YTO KOPPENAIMOHHBIE MATPHUIBI, HEOOXonuMbIe i 0OpabOTKM CHTHaua,
n3BeCTHBL. [IpH 3TOM BBIUUCIIAIOTCA OHM IO BBIPAXKEHUAM, IPECTABICHHBIM HIKE.
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&6 &' (0,07 (8,)3(0,) Z(0y.8y) Buox 0y
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X > + H3MEpPEHHA >
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B0k | BNOKXpAHCHHA STATOHOB —
y — X —
(bopMupoBaHHA RE(6,) B0k
MATPHIEL (hopMHpPOBAHHA
06PaGOTKH — Biok XpaHCHHA 3TaIOHOB M
? — RY=R"4RT4R" [ ag

CTpyKTypHas cxema U3MEepUTeNs

KoppensuonHas MaTpuIia CUTHaJIA ONPEAeNAeTCs CleayonmM oopasom [7]:

RE(©0) = {RE o nn | {205 0% S o @V o OFF 15 . (6)

rae leo ko, OEMEHT KOPPEIANMOHHON MAaTpHUIBl OTPAKEHHOTO OT IIEeNH CHTHalla, PaBHBIN
’ 01

KO3 PULHEHTY KOPPEIALUN MEXIY Ny U M BPEMEHHBIMH OTCYETAMU CUTHAIIA B KaHanax Ko 1 kg ;

ko=01k =01 — momepa xamanos: 0 — KaHal CKaHMpYIOUIWH, | — KaHaJl HeCKAHHDYIOUITHIA;

Np=0,N-1,m =0N-1 — HOMepa oTCYeTOB cCHrHana B Hpejesax OJHOro KaHanaa oOpaGoTku (s

CKaHMPYIOLIEr0 KaHATA WM HECKaHUpylomero kanama); of , — CKO n-ro orcuera curnama B K-m

KkaHane obpaborkn 6e3 ydera Bmmsams JHA; Uy 1 (0,0, ) — MHOXHTENs A1 N-ro mepuoja
noBTopenwus, onpenensieMbiii JTHA K-ro kanana (CKaHUPYIOLIETO | HeCKaHpr}omero) B 3aBUCUMOCTH

ot Tekymero nonoxenus JAHA 0, , u yriaosoro nonoxenus uemn 9, ; k1 = h eXp(IA(pk0 kl) -

HOPMHUPOBaHHBIA KOA((GUIIMCHT KOPPESAIMH MEXKAYy CHUTHAJIaMH B COCEJIHHMX KaHalax o0paOdOoTKH,

OTHOCSAIIMMUCS K OJHOMY M TOMY K€ BPEMEHHOMY MHTEpPBalLy Ny =TIy ; hﬁo K~ Moayib koddurmenrta

KOPPEISIIH hlgo K APk - dasza xodduIIeHTa KOPpENIIuH hkO K r‘c n n exp(iAyy n) —
HOPMHUPOBAHHBIH KO(hOHUIMEHT KOPPEALMH MEXTy CUTHATAMU B OlHOM KaHase 06padoTku (Ky =k ),

OTHOCAIIUMHUCS K pa3HbIM BPEMCHHBIM OTCUCTAM; r

nc n, ~ MOZyMb koaddunmenrta koppensiuuu I
s

c .
N,

A‘Vno,nl — (haza ko3 dunmeHTa KOppemsSIuu [Ipu 3TOM HOMEp CTPOKH W HOMEp CTOJOIA, B

reo
Ny,n,

KOTOPBIX PACIIOJIOKCHBI 9JICMEHTBI MATPHUIBIL, OIIPEACIAOTCA COOTBETCTBCHHO

Nerp =Ko - N +Ng, Nerg =k - N +1y. (7)

KoppensiionHasi MaTpiia BHYTPEHHHX I[IYMOB Ha BBIXOJE MPHEMHHKA IIPEICTABISET COOOM
nuaroHanbHyro Matpuiry pazmepom 2N x2N u umeet BUI

RY ={REk | = {20k ok kB ®

rae lels (Gg'i) — CKO BHyTpeHHETO IIymMa B CKaHHPYIOIIeM (HECKaHUPYIOIEM) KaHale, HE3aBHCHMOCTh

JUCTICpCUU IIyMa OT HOMEpa IICproda IMOBTOPCHHUA YKa3bIBACT HA CTAIMOHAPHOCTH BHYTPEHHEIO IITyMa,
8n0 ;n, — cnmBon KpoHekepa, KOTOpbIii yKasbiBaeT HA HEKOPPEIMPOBAHHOCTE MEKJIYTICPHOIHBIX OTCYETOB LIIyMa;

Sko k, — cumBOs KpoHekepa, KOTOpIii yKa3biBaeT Ha HeKOPPEHPOBAHHOCTh MEKKAHATLHBIX OTCYCTOB IIyMa.

KOppeHHHI/IOHHaH Martpuia AKTUBHOU HIYMOBOI>'I IMOMEXH Ha BBIXOAC€ NPUEMHUKA UMECT BU/L

R (Opan) = R 1 | = {208 02 UE @) Ui, ) B |, ©)
rae kakl n,n — YIEMEHT KOPPEISIIMOHHON MaTpPHUIhl aKTUBHOM mrymoBoit momexu (ALII); Gko,n

CKO n-ro orcuera nmomexu B K-M kanane o0paboTku 0e3 yuera BiusiHus JJHA, 3aBUCHMOCTD TIOMEXH
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OT HHJEKCa «N» YKa3blBaeT HAa 3aBUCUMOCTh AMCIEPCHUU MOMEXHU OT BPEMEHH, 3TO O3HAYAET, YTO
aKTHUBHAs MTOMeXa HecTallMoHapHa. HecTarmoHapHOCTh TaKoW MOMEXH MOXET MPOSIBIATHCS, HAIIPUMED,
MIPH TIOCTAHOBKE YBOIAIIEH 110 YTIIOBOW KOOPIWHATE IIOMEXHU yTIIOMEPaM C JTMHEWHBIM CKAaHHPOBAHUEM

JHA; ﬁ"ﬁ (OHaH,OHHa’n) — MHOXXHUTEIb I N-TO mepuoja moBTopeHws, ompexaensemsrii THA K-ro
KaHasa (CKaHUPYIOLIETO MM HECKaHUPYIOLIET0) B 3aBUCUMOCTH OT TeKywuero nonoxenus JHA 0,

U yraoBoro mojoxkeHus ucrounuka AIIIT O (mpu W3MEPEeHUH YIJIOBBIX KOOPAMHAT ILETH 3TOT

rarn

napamerp sABJIAeTCS MaJlOMH()OPMATHBHBIM, a TP M3MEPEHHH YIIOBBIX KOOPAMHAT IOCTAHOBIIMKOB
aktuBHBIX nomex (ITAIT) — wuH(OPMATUBHEIM); Izmkl = I?mkl exp(iApy ) — HOpMHpOBaHHbI
1 0! !

KOZ—)(b(bI/IIH/IeHT Koppeaouu MCEXKAYy CUrHajlaMu B COCCAHUX KaHalaxX O6pa6OTKI/I, OTHOCAIIUMHCA K

OZIHOMY M TOMY K€ BPEMEHHOMY MHTEpBalIy Ng =1y ; hlilomkl — MOIynb KO3 HUIFIEHTa KOPPEIAIIUI

hlz(lsnkl ) n,n ~ CHMBOJI KpOHeKepa, KOTOpBIﬁ YKa3bIBA€T Ha HEKOPPCIUPOBAHHOCTE MCKAYIICPHUOAHBIX

OTCYETOB IIOMEXHU, IIpU TOM, 4YTO, B OTIUYHUC OT BHYTPEHHEIO IMIyMa, CYIIECTBYCT CHJIbHAA
MCKKaHaJIbHas KOPPCIAuAa MOMEXH.
KOppCH}IL{I/IOHHaH MaTtpuia MaCCHBHOM MOMEXH Ha BBIXOAC IMPUCMHHKA UMECT BU

o_ )pl _ i i i
R —{Rko,kl,no,ry}—{Zﬁko,no%nlrko,kl.no,m%ki}’ (10)
T/Ie 4IeHBI, BXoJsmre B BeipakeHue (10), IMEIOT TOT K€ CMBICI, YTO U B BeIpakeHUU (6). B oTimume

ot (6) B (10) mpeamonaraercs, 4To Uﬁn 6,,0 ) =1, Takoe pelIcHUE MPUHATO B CBSI3H C TEM, YTO

Ha,N
TOYHO HEW3BECTHO YTJIOBOE IMOJIOKEHHE COCPeAOTOUYeHHOW maccuBHO#M momexu (MII), kpome Toro
pabora CHP MoxeT OCyIIecTBISATHCS MpH HAIWYAHA PACHPEEIICHHOW IO YIJIOBOW KOOpIWHATE

naccuBHOU momexu (MO); kodpPuIMEeHT MeKKaHATPHON KOPPENSAIUH paBeH HYIIO hﬁf) K, =8k0,kl;

KO3 PHUIMEHT MEKIYNIEPUOTHON KOPPEIALUH 3aBUCUT HE TOJBKO OT HOMEpa Meproa MOBTOPEHUs, HO
U OT HOMEpa KaHala, MOCKOJIBKY MEXAYNEpHOIHAs KOPpENsIMs MAacCCHBHOM pPACIpeNeNeHHON Io
YIJIOBOW KOOpJAWHATE TIOMEXM HWKE, 4YeM COOTBETCTBYIOIIUN KOI(PQPHUIMEHT KOPPENsSIHd B

i i R i _
HECKaHUPYIOIIEM KaHale MpuemMa, T.€. fijn n #Vjjn n,»ampul#] fijn o =0.
M3mepenue yrioBoro noJIoKeHHs eI

Kax 6b110 CKa3aHO paHee, I ONpe/IeieHHs YTIIOBOW KOOPIMHATHI [IETH HEOOXOMMO BBITTOITHCHUE
paBenctBa (3). Ilpu mmppoBoii peanmsanyu anropur™Ma OOpaOOTKYM CHUTHAJIA HENPEPHIBHOC H3MEHECHHUE

mapamerpa 0 3amMeHs0T HaGOPOM €ro JMCKpeTHbIX 3HaueHui O =0 + A0 l, 1= O,N-1 .
Toraa unens! BeIpakenust (2) mpeoOpasyroTces CiaeayonmM o0pa3om:

Q(0,) > QO] =Qf";

8.0 (0,) = a0 (6) = ag;

Reo(0) = Reo (0) = Reoy

Z(0,) >Z(@O=2",
a camo Boipaenue (2) npunmvaer Bun Z' =& Q¢ +al,.

|
Jns onpeneneHus MakcuMyma Z' HEOOXOIMMO B CEKTOPE CKAHUPOBAHUSI OMPEICIHTh TaKoe

| =lihax> TIPH KOTOpOM 7' = max. Matemaruueckn 510 COOTBETCTBYET 3a/1a4ye PEUIeHHUsS YPaBHEHUS

dz,
doyt

=0, wuro oka3piBacTCA KpailHe CIOXKHOW 3amadeil. I[losToMy 1enecooOpasHo
6, =0"
o max
BOCIIOJIb30BATHCSI KBA3HOMTUMAIbHBIM airopuTMoM. ClrelyeT 3aMeTHTh, YTO MPUBEICHHBIA HIKE
QITOPUTM CTPEMUTCS K onTuMmanbHoMy, korma AO; —0 wum xorma A0, wmenbme CKO
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(GIIyKTYallMOHHOM OIIMOKH U3MEpPEHHS YIJia, 00YCIOBICHHON IIIyMOM ITPUEMHHKA U (JOHOM.
Ilonarasi, 4Tto YyIJIOBOE IOJIOKEHHE MakcuMyma riaBHoro jenectka JIH ckanupyromeit

AHTCHHBI OH ONMU3KO K HUCTUHHOMY 3HAYCHUIO KOOPpAMHATHI LECJIN Ou, HCO6XOI[I/IMO 3HaTh JIMIIb

A

GmmKaiilie HeCKoNbKo 3Hauenmii Z! BOMM3H oT Oy. Ilpu sToMm, yunteBas, uro O, sBageTCA

I
HETNPEPHIBHON BETMYUHOM, a éil JUCKPETHOM, TO HEOOXOIUM HEKOTOPBIN aJITOPUTM MHTEPHOISIIUH JUIS
0oJiee TOYHOTO OIPEICTICHNS] HCTUHHOTO 3HAYCHUS] KOOPANHATEI.

IIpunumaercs pemenue A =l — HOMep oTcyeTa mapamerpa o1, Opy KOTOPOM BEIHYHHA
Z sBsercs MakcHMabHOH. 3aTeM 10 OTCYETY ZM u JIByM COCEIHHUM OTCYETaM zA1 g zAM
MIPOU3BOUTCS UHTEPIIOJAIMS (OIICHKa) UCKOMOTO yriia, O003HaAYHM:

yo =24 Xg =0 + A0, (A -1);
y =20, o % =605 +A0 A;
y, =zt Xp =0 + A0, (A+1).

ITo tpem muckperam (Yo, Y1, Y2, Xg, X1, X2) TIPOBOIHUTCS aNIPOKCUMAIHS BEPXYIIKH QYHKIUH
MIPaBAONO00MS TIOJTMHOMOM BTOPOTO TOPSIKA (AIIPOKCHUMAIHS 0I00HA MHTEPIIOISIIHA MTPH TOMOIIH

:0,5X§(Y1—Y2)+X12(Y2 ~Y0) + X5 (Yo — Y1) |
Xo(Y1—Y2) + X (Y2 = Yo) + X2 (Yo — Y1)

3akiIouyeHne

nommnoma Hetotona): 0

[TogpoOHO ommcaH anropuT™M pabOTHI  JIBYXKaHAIBHOTO —yrjioMmepa JUId JIMHEHHOTO
CKaHMUPOBAaHUs JWArpaMMbl HAlpaBJIeHHOCTH. B MaHHOM anroputMe HpPOW3BOJHUTCS ONTHMAJbHAS
00paboTKa MayKy UMITYJIBCOB [0 MAKCUMYMY (GYHKIUH mpaBaononoous. [Tpu atoM as1st moucka caMmoro
MaKCHMyMa IpeJJlaraeTcsi KBa3HONTHMAIBHBIN alrOpUTM, KOTOPBIH NMpH MPaBHIBHOM BBIOOpE yria
muckperuzamun A, ctpemurcs K ontuManbHOMY. [lepBble MOTOXKHUTENBHBIE PE3yJIbTaThl TaHHOIO

METO/a IO CPABHEHUIO C KJIACCHYECKUM OJTHOKAaHAIHHBIM YTIIOMEPOM TIPEICTABICHBI B [8].

SYNTHESIS OF THE OPTIMUM TWO-CHANNEL DIRECTION FINDER WITH
LINEAR SCANNING OF THE ANTENNA PATTERN

M.M. BULASH, S.VV. SHALIAPIN

Abstract

Target angular coordinates two-channel measurer synthesis and the description of operational
algorithm in case of use of the antenna pattern linear scanning are described. This algorithm allows to
decrease fluctuations of a reflected signal pack that approximates it to instantaneous comparison
methods by its accuracy characteristics.

Keywords: direction finding, linear scanning, optimum processing, correlation.
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