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PaaHoaoKanHOHHOE€ MHOINo4aCTOTHOE H3MEepEeHHe
yIVIOB MeCTa MadOBbICOTHBIX LiE€/IeH Had MOpeM
C HCIIOAb30BaHHEM MeToda root-MUSIC

IIpeomem u yenwv pavomur. Cmamus noceéswena npooneme 8biCOKOMOYHbIX PAOUOTIOKAYUOHHBIX UMEPeHULl KOOpOUHam yerell,
PACHONONMCEHHBIX HA MANOU 8bICOME 8ONU3U B360THOBAHHOU NOBEPXHOCTU MOPSL. B MaKux ycio8usx mouHblM UsMepeHusim, Hapsi-
0y ¢ mennosbimu wymamu npuemtuka paouonrokayuonnot cmanyuu (PJIC), npenssmemeyiom nomexu, cozdagaemvle Ompadicet-
AMU PAOUOBONH Om MOpsi, hpuHumaemvle anmennoll PJIC napasne ¢ nonesnvimu cuenaramu om yenu. Ocobenno ocmpo cmoum
npobiema usmepenutl yenos mecma yeinet.

Memoowr u memoodonozus pabomol. Hzeecmer pso memooos, NO380NAIOUUX CYUECMEEHHO NOBLICUMb MOYHOCMb UMepe-
Hutl, ¢ mom uyucie memood root-MUSIC. B nacmosiwyeil pabome binoineHo Ucciedo8anue 803MONCHOCHIU NO8bLUeHUsL I ek-
MUBHOCMU IMO20 MEMOOd 3d CHEeN MHO204ACMONHbIX usmeperuti. OHO POBOOULOCH NYNEM KOMNLIOMEPHO20 MOOETUPOBAHUS C
ucnonvsosanuem mpexuacmomuoi PIIC X-ouanasona. Ilpu Moderuposanuu ucnonb306anuch munuytble YCious. OuHa mpac-
cbt — 2000 M, 6bicoma anmennotl pewiemku Ha yposHem mopsi — 12 m, yenosas geicoma yeau —om 0,2 0o 0,5°. Dghpexmusnocmo
MHO2OYACMOMHBIX USMEPEHULl ONPeOeNANACy NYMeM CPABHEHUs UX C Pe3YIbMamamu 0OHOYACTOMHbBIX USMEPEHUTL 8 UOEeHMUY-
HBIX YCIOBUSAX, 8 MOM YUCTIe NPU PASTUYHBIX YPOBHAX NHOMEX 0Nl MOPA U MENN08bIX WyMOos 6 npuemtblx kananax PIIC.

Peszynvmamut padomut. [IpedsapumenvHo 6bINOIHEH AHAIU3 PACHPEOeTeHUll OWUDOK USMEPEHUS, NOTYYEHHbBIX NPU 0ObIYHbIX
OOHOUACHOMHYIX USMEPEHUAX, 8 PASTUYHBIX (ha3aX UHMeEPDePEHYUOHHOU CIPYKNYPbL NOJIA NPUHUMAEMBIX CUSHAN08. E20 8b160-
Obl NOCTYHCUNU ODOCHOBAHUEM MHO2OUACHIOMHO20 PEXCUMA PabOMbl KAK CPEOCMBA YMEHbULEHU OWUDOK USMEPEHUs Y2lid MeC-
ma yenu. Hccnedo8ansl 3a6Ucumocmu oumuboK usmMeperus om yeia Mecma yenu npu pasiuiHblX peaibHblX pa3sHOCAX Yacmom.
IIpeonoocen u ucnviman aneopumm Gopmuposanust 0000UeHHOU OYeHKU Yela MeCad Ha OCHO8e MPeX YACMHBIX OYeHOK, NOJLy-
ueHHbIX Ha Kadcoou u3 pabouux wacmom. Obocnosana eenuyuna pasHoca pabouux ¥acmom, npu KOmopom ouwuoKu usmepeHus
00Ccmu2aiom MUHUMANLHBIX 3HAUEHUI.

3axnrwuenue. Ilokasato, ymo 0OHOBPEMEHHOE UCNONb308AHUE MPeX PADOYUX HACHIOM NO3BONAEN YMEHbULUMb OUUOKU U3Me-
penus ne menee yem Ha 20...40 % no cpasnenuio ¢ pabomotui na oonoi uacmome. Hn. 8. Tabn. 2. Bubnuoep.: 8 nass.

Knrouesvie cnosa: root-MUSIC, mnocouacmomnuas PJIC, manosvicomnas yenv, y2on mecma, MHO20Ly4e80e pacnpocmpaneHue,
Meniogoli wym, MOOeIUposaHue, OUUOKU U3MepeHus.

U3BecTHO, UTO paguoIOKAIMOHHOE COMPOBOXK/IE-
HUE MAaJOBBICOTHBIX IIE€JIe MPOUCXOIUT B yCIIO-
BUSIX MHOTOJYYEBOTO PacHpOCTpaHEHUS, CBS3aH-
HOTO C OTPaX€HHUEM PaJUOBOJIH OT HOBEPXHOCTH
CylId WIA MOps. MHOroiy4yeBble CUTHAJBI, IO-
CTyTIasi Ha BXOJ IPHUEMHOTO YCTPOHCTBA PaIUOIIO-
KallMOHHOM CTaHIIUU OJHOBPEMEHHO C MOJIE3HBIM
MPSIMBIM CUTHAJIOM OT II€JTH, IPUBOJIAT K OIIHOKaM
U3MEpPEHUsT KOOPAMHAT LEIH, B YACTHOCTH, yIjia
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Mecta [1]. OmHMUM H3 METOAOB, IO3BOJISIOIINX
YMEHBIINUTh 3TH OIIMOKH, SIBISETCSI METOX BBICO-
Koro criektpanpHoro paspemennst MUSIC [2]. Ba-
puant 3toro merona root-MUSIC [3] 6but yememni-
HO HCIIBITAH HAMH paHee ITyTeM KOMITBIOTEPHOTO
MOJICTIMPOBAHMUSI, & PE3yJbTaThl UCIBLITAHUIA OITy-
OJIMKOBaHBI B psijie pabot [4-7].

[Ipr uX BBHIIOTHEHWH B YHCIE NPOYETO OCY-
IIECTBIUICS aHAIN3 PAcIpeaeIeHHi OMmnOOK 13-
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Meperns. OH BBISSBIIJI HAIWYHE OIMHUOOK, HAXOMS-
IIUXCS BAAJTH OT MaKCHMyMa WX pacupeneleHus,
T. €. OIIMOOK, BEJTMYMHA KOTOPBIX B HECKOJIBKO pa3
MIPEBOCXOJIMIIA UX CPEeTHEKBAAPAaTUUECKOE OTKIIO-
Heane (CKO). Ilpu 3TOM BEpoOSTHOCTH BBIOpO-
coOB OoIIMOOK BO3pacTaia ¢ yBeIuueHHEeM Koapdu-
nueHTa nudGy3HOTO OTPaKEHHS] W YMEHBIICHH-
eM otHomenus curHan/mrym (OCI). B xagectse
[IyMa pacCMaTPUBAJIUCh TEIUIOBBIC IIIYMbI B IIPH-
emubix kaHaitax PJIC. HecmoTpsi Ha HEBBICOKYIO
BEPOSATHOCTh 3TUX BBIOPOCOB, OHU 3aMETHO YXy/I-
[IaJIA CTATUCTHYECKUE TIOKA3aTeNIN OUTHOOK H3Me-
penus. OTMEUEHO Tak)Ke BO3pACTaHHE OIIMOOK B
MUHUMYMaxX ¥ MakCHMyMax IIOJis, CO3/1aBaeMOTO
UHTEpOEPUPYIOIMMHU CUTHAJIAMH OT LU U €e
3epKajIbHOTO OTPaXKEHUS.

Ha ocHOBaHWM M3JI0)KEHHOTO CTAaHOBUTCS IIO-
HSATHBIM, YTO UCKJIFOUUTH WX XOTSI OBl yMEHBIIIUTh
BBIOPOCHI OMIMOOK MOXKHO ITyTeM HCIOJIh30BAHUS
M3MEPEeHHUH MTPH HECKOJIBKO OTINYAIOIINXCS yCIIO-
BHAX — TOAPa3yMeBaeTCs, YTO U3MepsieMas yIio-
Basi BBICOTA IEJIH IIPH 3TOM OCTACTCS MPAKTUYCCKH
Hen3MeHHOU. Eciiu u3MepeHus: pazHecTy 1o Bpe-
MEHH, TO TpaHC(HOPMAIUS yCIOBHUHA MPOUCXOIUT
3a cyer cMeHbl MU dy3HBIX OTpa)kareneld u pea-
JIA3auK TeTToBoro myma. OIHAKO TaKOH MOIXO0.
BO3MOXXCH JIMIIb TIPW HAJUYHH BPEMEHH, JTOCTa-
TOYHOTO JUIsSi TAKOH CMEHBI, YTO B peaibHOU 00-
CTAaHOBKE HE BCErNa BO3MOXKHO. B CBs3u ¢ 3TUM
MPEeIMETOM M3y4YeHUs B JaHHOH padoTe SBISIOT-
Csl I3MEPEHMSI, BHITIOIHAEMBIE C UCIIOIb30BAaHHEM
CHUTHAJIOB, MPUHATHIX aHTEHHOW PEIIETKOW OJHO-
MOMEHTHO. B 3To#l cuTyanuu peanuzauusi OTJIH-
YaIOIIUXCS YCJIOBHHA MOXKET OBbITh BBINOJIHEHA 32
CYET MHOTOYaCTOTHOM pabOoTHI B Mpe/Ieiax OHOTO
YaCTOTHOro Auana3oHa. MccnenoBaHUI0 BO3MOXK-
HOCTH TIOBBIIIEHUS! TOYHOCTH W3MEPEHHU YIJIOB
MeCTa MaJIOBBICOTHBIX IIEJIEH C HMCITOIB30BaHHEM
Metozaa root-MUSIC 3a cueT MHOIO4acTOTHOTO pe-
JKUMa pabOoThI MOCBAIICHA JaHHAS CTaThs.

1. MeToanka mcciaenoBanmii. MccienoBanus
MIPOBOJIMIIUCH ITYTEM YUCIEHHOTO MOJICITHPOBAHUS
Ha OBM 1o meToauke, aHAJIOTMYHON IMPUMEHSB-
meics B yIIOMSHYTBIX BBIIIE padoTax [4—7].

T'eomeTpust Tpacchl, HCIOIH30BABIIASNCS IIPH
MOJICIMPOBAaHNH, NIPEJICTaBIEHa Ha pHC. 1.

Ha Hem ncnonb3oBasbl cieayromuye o0o3Have-
HUS: A — BepTUKaJIbHAS NpUEMHAsl aHTCHHAs pe-
mertka, T — umutarop nenu, D, Dy — «OnmecTsmas
TTOBEPXHOCTEY», U3 KOTOPOH MmocTymaroT auddys-
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HBIE OTPKEHMSA, S — TOUKA 3€PKAJILHOTO OTpaxe-
Husl. [ uccnenoBanus ObLIM BBIOpAHbI THIINY-
HbIe UcXomHble ycnoBus: D = 2 kM — paccrosiame
MEX/ly MICTOYHUKOM M3JTydeHus u antenHou PJIC,
h, = 12 M — Beicora uenrpa anteHusl PJIC Han
MOBEPXHOCTBIO MOPs, B« = 0,05 — Makcumanb-
HBIl HAKJIOH HEPOBHOCTEH MOPCKOM MOBEPXHO-
CTH IIPY PABHOMEPHOM PACIIPEAEICHUN HAKJIOHOB,;
€=0,2...0,50 s — OTHOCHUTENbHAS YIVIOBAs BBICO-
Ta LEJIM HaJl MOBEPXHOCThIO pasziena (O s — mu-
pUHa IuarpaMMbl HalpaBIEHHOCTH IO YPOBHIO
MOJIOBUHHOIM MOIIHOCTH, KOTOPYIO MOXHO cop-
MHUPOBATh C MOMOIIBIO PACKPbIBA HCIIONB3yEeMON
AHTCHHOW PEIIeTKH ).

Jn1Ha BOJIHBI HA LIEHTPAJIBHON 4acTOTE paBHsI-
nach Ay = 3,2 CM, paCCTOSIHHE MEK/Ty SIEMEHTAMU
peretku — A,/ 2, KOTUYECTBO IEMEHTOB PEIIeT-
ku N = 156. B pesynbrare BepTHKaJIbHBIA pazmep
PELIETKH COCTABIISUII OKOJIO 2,5 M, a IIMpPUHA Iua-
rpaMMbl HanpasjeHHOCTH © (5 = 1°. Ilpn nane-
HEHIIeM W3JI0KEHWU BEIIMYMHBI YIIOB MecTa U
OmMOKK U3MEPEHUs yIyIa MECTa MPECTABICHBI 10
OTHOLIEHUIO K © 5 . [lapaMeTpBbI IEpOXOBATOCTH,
HCTIOJIB30BABIIMECS AJISl OmpenesieHus Kodpdu-
LMEHTOB 3€PKaJbHOTO U O] QPy3HOro OTpakeHus
(Tabm. 1), BEIYUCITSUTHCH B BUJIE

q=0psin (s / 4),

1€ O}, — CPEAHEKBAIPATUYECKASI BBICOTA MOPCKUX
BOJTH; W, — yTOJ CKOJIBKEHUS PaOBOIHEI B TOUKE
3epPKaJIbHOTO OTPasKeHHUs S.

HccnenoBanus BBITONHSIUCEH B TPU dTarla.

Ha nmepBoMm »3Tame BBIUUCISUIMCH pPEATU3ALUU
JNEKTPOMArHUTHBIX MOJIEW HAa 3JIEMEHTax MpH-
eMHOoi pemetku. [lons co3maBanvch MMUTATO-
pOM TIENH, TPEACTABISIONIUM COOOW TOYCUHBIN
HU30TPOIHBIA MHOTOYACTOTHBIM UCTOYHUK U3ITyde-
Hug. [ BRIYUCICHUA UCIONIB30BaJaCh METOIU-
Ka, onmucanHas B pabote [8]. ns kaxkaoro couera-
HHUS UCXOAHBIX MApaMETPOB, B TOM YMCIIE JJIMHbI

Tab6auya 1. IlapameTpsbl mepoxoBaTtocTH (()
U COOTBETCTBYIOIIME UM K03 PHIMEeHThI
nugdys3Horo (py) M 3epKaIbHOrO (Og) OTPaKeHUM

q Pa/ ps XapakTepUCTHKA OTPAXKEHUS
0,031 | 0,10/0,93 CuITbHOE 3epKaJIbHOE OTpaXKeHUE
0,052 | 0,20/0,81 -

0,074 | 0,30/0,65 -
0,093 | 0,36/0,50 | CunbHoe nuddy3HOe oTpaxeHHne
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Puc. 1. Teomerpus Tpacce

Tpacchl, BBICOTHI IIEHTpa MPHEMHOW aHTEHHBI,
YIJIOBOH BBICOTHI MIMUTATOpA 1ENH, KO3QHIIneH-
TOB 3€PKaJILHOTO U TU(PHY3HOTO OTPAKCHHS, pa-
00UYNX YaCTOT, BBIYUCISIOCH JOCTATOYHO 0OJIbIIOE
KOJIMYECTBO peaM3alri 1Mol CUTHAIIOB, HEO0XO-
JTIUMOE JITIs1 00ecCIIeueH sl TOCTOBEPHOCTH BBHIBOJIOB
00 ommOKax M3MEpEeHHsI yIjla MecTa. DTH peali-
3al[U¥ OTIIMYAIINCH JPYT OT JPyTra TOJIBKO HCIONb-
3yeMBIM JJIsl UX BBIYUCIICHUSI HCXOIHBIM HA0OpOM
MHOXKECTBa JIEMEHTapHBIX IU(PQY3HBIX OTpaxke-
HUH, ONHCHIBAEMBIX CIIYYalHBIMHA HapaMeTpaMu:
aMIUTATYOH, ($a30il OTpaKEHHS] U TMOJIOKECHHUEM
Ha «OJNeCTsIe TOBEPXHOCTHY.

[Tpy BBIYMCIIEHUSIX HMCIOIB30BANICS P JOMY-
menuit. Tak, ¢a3za ¥ aMIUIUTy[a SIIEMEHTAPHBIX
I Qy3HBIX OTPaKeHUH, a TaKKe MOIOKEeHUE (a-
30BBIX LIEHTPOB IUIOMIAJIOK, CO3JAIOIINX 3TH OT-
pakeHUs, OTHOCAIINECS K TeKyIleH pear3aliu
TOJIS1, TOJIarajIich OAMHAKOBBIMH Ha BCEX PA0OUIX
4acToTax. JDTO OBLJIO BRI3BAHO TEM, YTO B paMKax
HCIIONIb3YeMOM Moy Tofist [8] 3TH BEIHMYMHBI
HE UMEIOT NpsMOH (DYHKLIMOHANBHOW 3aBHCHMO-
CTH OT 4acTOThl curHana. ClefCcTBHEM SBISETCS
TOT (haKT, YTO CTEMEHb YACTOTHON IEKOPPEISAIIHH
CHUTHAJIOB Ha 3JIEMEHTaX MPUEMHON aHTEeHHOU pe-
HIETKU TP MOJICIUPOBAHUN OyleT MEHBIIE, YeM
B peaJbHBIX YCIOBHUSX. B CBsI3M ¢ 3TMM OXHjac-
Moe yny4iieHue 3 HEeKTUBHOCTH MHOTOYACTOTHO-
ro meroza root-MUSIC o cpaBHeHHIO ¢ OHOYAC-
TOTHBIM TIO PE3YIIBTaTaM MOJIEIINPOBAHUS CIIEAYeT
paccMarpuBaTh B KadeCcTBE HIDKHETO IIpejena Ta-
KOTO YIyYIIeHHSI.

Pacuer peanm3zanmii mons MpUHUMAEMBIX CHT-
HAJIOB MPOBOAMJICS B AMANa3oHe pasHocTed (a3
MEX]Ty TPSIMBIM U 3€pKaJIbHBIM CUTHAJIAMH B I[CH-
Tpe pemetrku A ¢ = 0, 20, 40...360°, oTHOCAIINX-
¢ K IEHTpaIbHOM padoueit yactore. [Ipn Monemnu-
pPOBaHMHM 3aJlaHHbIC 3HAYEHUs pa3HOCTH (a3 npu
HEM3MEHHBIX OCTAJILHBIX MapaMeTpax 3a/1aBajich

30

Vs

IIyTE€M UCKYCCTBEHHOI'O U3MEHEHUS (pa3bl OTpaxe-
HUS 3€PKAIbHOTO CUTHAJIA OT TOBEPXHOCTH pPa3-
nena (B IEHCTBUTENBFHOCTH (Daza OTpakeHUs Mpu
CKOJIB3AIINX YINIaX PaclpOCTPaHEHUs] paJnOBOIH
ommska k 180°). TpeGyemoro pesynbrara MOXHO
JOCTUYb M JAPYT'MMH cnoco0amu, Hampumep, 3a
cueT u3MeHeHus BbIcOThl aHTeHHBbI PJIC. Onna-
KO BBIOpAHHBIN MyTh CIOCOOCTBOBAN YIPOIIEHHUIO
npoliecca MOJIEIUPOBAHNS M WHTEPIPETALUH T10-
JY4EHHBIX PE3YJIBTaTOB.

B pesynbrare BbINONTHEHHUS IEPBOTO 3Tama CO3-
JaBajach 0a3a JaHHBIX, COAEpIKAIas pealn3alu
KOMILJIEKCHBIX CUTHAJIOB Ha 3JIEMEHTAX BEPTUKAJIb-
HOM aHTEHHOW PeIEeTKN A jn ( ] — TIOPSIIKOBBIi HO-
Mep paboueii uactotel PJIC; n=1, 2, ... N —HOMED
dNEMEHTa peIleTKH, HaulHas ¢ HkHero). Komu-
YeCTBO peasiu3alui 17151 KKI0ro COueTaHus napa-
METPOB TPACcChl COCTABISIIO B PA3HBIX OIBITaX OT 2
1o 10 TeICSY myist Kakaou u3 pabounx gactoT. Ko-
JUYECTBO pabOINX YACTOT J B UCCIICIOBAHUH OBLIO
BBIOPaHO PaBHBIM 3, a pa3HOCHI MEXK Iy HUMH — 2, 4
u 8 % OT LEeHTPAIbHON YacTOTHI, YTO MOXHO 0e3
3aTpyIHEHUH pean30BaTh Ha IPaKTHKE.

B nacrosimem uccienoBaHNM HCIOIb30BAINCH
aTnpUOpPHBIE TapaMeTPbl METOAA, IIPU KOTOPBIX pe-
aJTM30BBIBANIACH BHICOKAs TOYHOCTh M3MEPCHUU B
HIMPOKOM JIMara3oHe ypoBHel anddys3Horo orpa-
JKEHUSI: pa3MEPHOCTh TIOANPOCTPAHCTBA CUTHAJTIOB
M = 5, xonn4ecTBO NPOCTPAHCTBEHHBIX BEIOOPOK
curHana K = 26, mopsaoK aBTOKOPPEISIIMOHHON
MaTpPHIIBI IPUHATHIX CUTHAIOB P = 9. OcHOBO Ta-
KOTO BBIOOpA MOCTYKHJIH BBIBOJABI paboTel [7], B
KOTOPO# N3y4asoch BIUSHHUE allPHOPHBIX MTapame-
TpoB MeToa root-MUSIC Ha TouHOCTh H3MEpeHMi
IpU y4eTe IMOMeX, CO3aBaeMbIX Kak MHOTOJyd4e-
BBIMU CUT'HAJIAMH, TaK U TEIUIOBBIMH LIyMaMHu.

UYroObl MOTYYHUThH 33aHHOE KOJIMYECTBO IIPO-
CTPaHCTBEHHBIX BBIOOPOK, OCHOBHAsl pEIIETKa,
cocrosiBirass u3 N aJeMeHTOB, paz0uBajach Ha
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K = 26 cMeXHBIX TOIPEIICTOK, BKIIOYAOIIHNX TI0
| = 6 snemenTOB Kaxknas. Ha 6a3e kaxaoi u3 moj-
pElIeTOK CHUHTE3UpOBajiach NMpUEMHAsl aHTEHHA U
paccuuTHIBANICS IPUHUMAEMBIH €10 CUTHAJL.

Becoble k03()huIIEeHTH! A7 3IEMEHTOB HOA-
PELIETOK PAacCUUTBHIBAINCH C HCIIOIb30BAHHEM
(yHKIMH X5MMUHTA, 9TO 00ECTIEYMBAJIO YPOBEHb
OOKOBBIX JICTIECTKOB CHHTE3UPOBAHHBIX aHTCHH HE
6onee —40 nb. [IpocTpaHcTBeHHAas BHIOOpPKA MIpH-
HUMAaeMBbIX CHTHAJIOB, KOTOpas (HOpMHpOBaIach
MIPHEMHOI aHTEHHOW, CHHTE3WPOBaHHOW Ha 0aze
k-# moapeneTky, BEIMUCIsIach no Gopmyie:

|
Uk :zaki Gi +Wk.

i=1
3[{60]) aki = Ai+|(k—1) — CHTHAJ Ha i-M dJeMeHTe
K-it MMOAPCIICTKH, Gi — 3HAYCHHUC BCCOBOI'O Koaq)—
(bI/IIlI/IeHTa Ha i-M 3JIeMeHTe IMOAPCHICTKH, Wk -
TEIJIOBOH 1IyMm B k-m IIPUEMHOM KaHaJI€, TPpUICM

|
W= %+ Yi)ag X, Gi.
i=1

7€ a4;, — AMIUTATY/IA TPSMOU BOJHBI Ha KaXKJIOM U3
N anementoB antenHoi pemerku, OCLI — B Ha-
IIeM CJIyYae MPEeCTaBISACT OTHOIICHUE aMITIUTY-
JIbI IPSIMOTO CHT'HAJIA OT LIEJTH, TPUHATOTO KaXKI0H
W3 DJIEMEHTApHBIX aHTEHH, K CpPEeJHEKBajpaTuye-
CKOM aMIUIUTYJle TEIUIOBBIX IIYMOB TOIKIIOYCH-
HOTO K Heil MPUEMHOTO0 KaHana; Xy , Y, — He3aBUCH-
MBbI€ CITy4JaiHbIE YUCIa C HYJEBBIMH CPEAHUMH U
nucriepcusivu 0,5, pacnpeneieHHbIe 0 HOPMalb-
HOMY 3aKoHY. OTHOIIICHHE CUTHAJI/IIIYM B KaXKIOM
U3 MPHUEMHBIX KaHAJOB 33]]aBajioCh PAaBHBIM OO,
40, 30 u 20 nb.

Ha BTOpOM 3Tamne MopenupoBaioch U3MEpPEHUE
yIiIoB MecTa. s KaXmoro He3aBUCHMOTO COYe-
TaHus TUQGQPY3HBIX OTpa)karenei ObLIO Todyde-
HO IO TPH YaCTHBIX OICHKH yTJIa MECTa UCTOYHH-
Ka U3IYYCHUs], KOKAas U3 KOTOPBIX OTHOCHIIACh K
COOTBETCTBYIOIICH pabodeld dacTtore. JTH YacCT-
HBIC OLIEHKH HCIIOJB30BAINCEH JJISI ONpPEAETICHUS
000O0IICHHOH OIEHKH, KOTOpasi U IPUHUMAIIACH 32
M3MEpPEHHBIH yron mecta rend. Jns momydeHus
0000IIIeHHOH OIICHKH OBLI MPEIOKEH W HUCTIONb-
30BaH CJIEAYIOIINHI alrOpUTM:

1. Eciu Bce TpH 4acTHBIX OICHKH HAXOJSATCS
B JManasoHe ymoBbix BbiCOT 0...0(5 (LUAD
Ha puc. 1), To 32 000OLICHHYIO OLIEHKY HPUHH-
MaeTcsl CpeaHeapu(METHISCKOEe 3HAUCHHE TONb-
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KO JIByX HaUMEHEee OTJIMYAIOMIKXCS APYT OT Apyra
YaCTHBIX OLICHOK.

2. Eciu B yka3aHHbBIN {MaIia3oH MOMajiatoT TOJb-
KO JIB€ YaCTHBIX OIICHKHU, TO 00OOIIEHHOE 3Haue-
HHE BBIUUCIIETCS KaK cpeaHeapru(MeTHIecKoe
9THX YaCTHBIX OLIEHOK.

3. Ecnu B yka3aHHBIH AMana3oH NOMaaaeT TOJb-
KO OJlHAa YacTHAs OLIEHKA, TO OHa MPHUHUMAETCS 32
0000IIICHHYIO OTICHKY.

4. Ecnm Bce yaCTHBIE OIIEHKH TOTAAA0T 3a Ipe-
nenbl nuanazona 0...0,s5, To 32 0000UIEHHYIO
OLIEHKY npuHUMaeTcst 3Hauenue 0,50 s.

OneHka, OTHOCALIASACS K LIEHTPAJIbHOM 4acToTe,
MIPUHUMAJIACh 32 U3MEPEHHBIN YT0JI MECTa IIPH OA1-
HOYaCTOTHOM PEKHUME PabOTHL.

Ha tperpem sTame mpoBoaMiach CTaTHCTHYE-
ckast 00pa0oOTKa MOMyYeHHBIX pe3ynbTaTtoB. beun
HalileHbl pachpeneNeHns OMMOOK H3MEpPEeHUs
yria MecTa LeJu JUIsi KOHKPETHBIX pa3sHOCTeH
(a3 MexIy IPSIMBIM U 3€pKaJbHBIM CUTHAJIAMH B
nenTpe pemeTka (A @ = 0°, 100° u 180°), a Tak-
K€ pacupeziesieHus], YCpeJHEHHbIE 10 JHara3oHy
pasHocrelt (a3, pacroNoKeHHBIX PaBHOBEPOSTHO
Ha uHTepBaiue oT 0 go 360°. lns Tex ke ycnoBUH
ObUIM TIONy4YEeHbl CPEAHEKBAIpPaTUYECKHE 3Hade-
HUS OIIMOOK U3MEpeHHUs yriia MecTa. Takxe Oblia
orieHeHa 3G (HEKTUBHOCTh MHOTOYACTOTHBIX H3Me-
pPEeHHII IT0 CPAaBHEHHIO C OJHOYACTOTHBIMH.

2. Pesyabrarel MogeaupoBanus. Paccmot-
pHUM IIpe/ICTaBIEHHbIE HAa pUC. 2 U 3 pacmpesene-
HUSl OIMOOK, MOJyYEHHBIE NMPH OXHOYACTOTHBIX
HU3MEPEHMSX, A1 HECKOJIbKUX TUIHMYHBIX CIyda-
€B MHTep(EPEeHINU NPSIMOTO U 3ePKAJILHOIO CUT-
HaJoB: B Makcumyme nois (A ¢ = 0°), B MUHUMY-
Me nonst (A ¢ = 180°) u B MPOMEKYTOUHOM CITy-
yae (A ¢ = 100°). I'paduku Ha puc. 2 TOTy4EHBI
IpPU OTCYTCTBUH LIYMOB B IPUEMHBIX KaHalax,
T. €. npu OCHI = o, a Ha puc. 3 — Opu UX BBICO-
koM ypoBae, OCII = 20 nb. Bepxnaue rpadguku Ha
9THX PUCYHKaX MOIYYEHBI IPU CHIBHOM 3epKaib-
HOM oTpaxkeHuu (py = 0,1; ps=0,93), a HIOKHUE —
pU CUIIBHOM UG dy3HOM oTpaxkeHun (py = 0,36;
Ps=0,50).

OTMeTnM crenymome OCoOCHHOCTH pacmlpe-
JEJICHUI:

* llupuHa neHTpaIbHOM 00IaCcTH pacmpernerie-
HUH B TPOMEXYTOUHOM CIIydae yXe, YeM B JKC-
TpeMyMax TOJS.

* [luku pacnpenencHuii B NPOMEKYTOYHOM
cilyyae MHTep(EepeHIINN PACIONOXKEHbI B 0071aCTH
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Puc. 2. PactipeniencHre onMOOK U3MEPEHHS yTIia MeCTa IpU
onHo4acToTHRIX u3MepeHusx, OCII = o: g — cunbHOE 3ep-
KaJbHOE OTpakKeHHE; 6 — CHIIbHOE Tu(dy3HOE OTpaKCHUE;
----- — MakCUMYM T0J15; — IIPOMEXYTOYHAsI CUTYaIHs,;
ssesses — MUHUMYM IOJIS
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Puc. 3. Pactipenenenue omubOK U3MEPEHUs yIiia MecTa Mpu
onHouyacToTHBIX M3Mepenusax, OCIL = 20 nb: a — cunbHOE
3epKaJbHOE OTpaKkeHUe; 6 — cuiubHOe nuddy3HOe oTpaxe-
HHE; -==-~- — MakCHUMyM I10JIs; — IPOMEXKYTOUHAS CU-
TYALHs; ++e+e++ — MUHUMYM IOJIS
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MHUHHMMAJIBHBIX OMIMOOK HM3MEPEHHs] HE3aBHCHUMO
0T ypOBHS HoMeX. B To e BpeMs IHUKH pacrpe-
JIEJIEHUs] B OKCTPEMyMax IO CMEIICHHI (B MaK-
CUMYME MOJii — B CTOPOHY MOBEPXHOCTH MO,
B MUHUMYME€ — B IPOTHBOIIOJIOXKHYIO CTOPOHY).
BennunHa cMelieHus HOBBIIIAETCSl KAK C POCTOM
IuQQy3HOro OTpaXEHUs, TaK U C POCTOM IIYMOB B
IPUEMHBIX KaHaJax.

* «XBOCTBI» pacCIpeneIeHuil B IPOMEXYTOY-
HBIX Cly4asx UHTepdepeHIun TUO0 OTCYTCTBY-
10T (puc. 2), 1100 X YPOBEHb 3HAYUTEILHO HUXKE,
YeM B 3KCTpeMyMax 1o (puc. 3).

AHanu3 3TuX 0COOEHHOCTEH NPUBOAMT K BBI-
BOJY, UTO JJIA CHIDKEHHUS OIMHMOOK cliemayeT n30e-
rarb W3MEPEHWH BOMM3U SKCTpEeMyMOB mois. U,
XOTSl TIPEIUIOKCHHBIH B JaHHOW paboTe crmocod
YMEHBIIEHHUsI OIIMOOK, B OCHOBY KOTOPOTO IIO-
JIO)keHa MHOTrOYacToTHasi paboTa, HE HCKIOYaeT
MOJTHOCTBIO TaKOW CHUTyallMH, BCE K€ B AOCTATOY-
HO BBICOKOH CTETEHHU MO3BOJSIET YMEHBIIUTH €€
BEPOSTHOCTb.

Paccmorpum  pacmipeneneHuss OmMOOK  TpU
MHOT04YacToTHOH padoTe. OHM MpeacTaBIeHBl HA
puc. 4 u 5. YpoBHH NOMEX, IPU KOTOPBIX OHU I10-
JIy4€HBI, T€ K€, YTO Ha PUC. 2 U 3 COOTBETCTBEH-
HO. Ha puc. 4 m 5 ns cpaBHEHHS TTOKa3aHbBI TaK-
e paclpeneieHns, OTHOCSIIUECS K OTHOYACTOT-
HoW pabore. Pacmpenernenusi, mpuBeqeHHbIE Ha
HUX, MTOJyYeHBl NPH PABHOBEPOSTHOM pacIpere-
JICHUH pa3HoCTeH (a3 MeKAY MPSIMBIM U 3€pKajb-
HBIM cUTHaJIOM A ¢ Ha nHTepBaie 0...360° (B ciry-
yae MHOI'OYaCTOTHOM pabOThbl 3TH Pa3HOCTH OTHO-
CATCA K IIEHTPaIbHON pabodeit yacTore).

AHanu3 pacrnpeseneHuil, MpencTaBIeHHbIX Ha
puc. 4 1 5, MOKa3bIBaET, YTO MPH IEPEXOIE OT OHO-
YaCTOTHOTO K MHOTOYaCTOTHOMY PEXHMY PaOOTHI
MPOHUCXOIAT CIICAYIOIINE N3MEHEHUS:

* CyXaeTcsi LIMPHHA LEHTPAJIbHOH o00nacTu
pacrpeeeHu;

* CHIDKAaeTCsl 10 HYJIs JUOO CTaHOBHUTCS HHY-
TOXKHO MaJbIM YPOBEHb «XBOCTOB» paclpesese-
HUH.

bnaronaps 3TUM HM3MEHEHHSM IPOHUCXOAMT 3a-
METHOE YMEHBIICHUE CPEIHEKBAPAaTUIECKIX OIIH-
00k m3Mepenus yria mecta. O6 3TOM MOXHO Cy-
JITH 110 JaHHBIM Ha puc. 6. Ha xaxxaom rpaduke
MPEACTABICHO MO YeThIpe 3aBUCHMOCTH OIIHUOOK
n3MepeHus B QyHKUUHU ACHCTBUTENBHON YIIIOBOM
BBICOTHI UMHUTaTopa Lenud. OgHa U3 HUX MOyde-
Ha [IpU OJHOYACTOTHBIX, @ OCTaJIbHbIE TPU — IPHU
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MHOTOYAaCTOTHBIX U3MEPEHUAX C HCITOIB30BAaHHEM
pasIUYHbIX pa3HocoB yacToT Af. JlaHHbBIE OXBaTHI-
BalOT IIMPOKUN JMana3oH ypoBHew auddysHoro
1 3epKaIBHOTO OTPaKEHHS M TEIJIOBBIX IIYMOB B
MIPUEMHBIX KaHaJIax.

I'paduxu oprann30BaHbI B BUJIE TAOIHIIEI pa3Me-
pom 3 X 4. Kaxxnas ee cTpoka nojixy4yeHa Ipu cooT-
BerctBytomeM OCII (yka3aHo ¢ mpaBoii CTOPOHEI
Ka)JIOW CTPOKH TpauKOB), a KaXIbIi CTOJIOET CO-
OTBETCTBYET OJJHOMY M3 COUYETaHHI YpOBHEH aud-
(y3HOTO W 3epKaJbHOrO OTpaKeHus (yKa3zaH HaJ
KaXIpIM cTONOLOM). [TaBHBIM BbIBOX, Cledylo-
M U3 aHaTTu3a prC. 6, COCTOUT B TOM, 9TO MHOTO-
YaCTOTHBIA peXuM pabOThI, HECOMHEHHO, MTO3BO-
JISIeT TOBBICHTH TOYHOCTH WM3MEPEHHH, TaK Kak
KpHUBBIE OIIMOOK B 3TOM PEKMME BO Bcex 0e3 Hc-
KITFOUYCHUS YCIOBUSX JICKAT HUKE KPUBBIX, OTHO-
CSILMXCS K OMHOYACTOTHBIM U3MEPEHHUSIM.

Taxoke BUAHO, YTO YBEITMYECHHE Pa3HOCA YaCTOT
MPUBOJUT B TOW WJIM MHOM CTENEHU K YMEHbIIIe-
HUO OMmuOOK u3MepeHus. CTeneHb 3TOr0 YMEHb-
LICHUS 3aBHCUT KaK OT YIJIOBOM BBICOTHI HCTOYHH-
Ka M3JIy4YCHUS, TAK M OT BEJTMYUHBI U TUIIA [TOMEXH.

Crnenyer OTMETUTh, YTO HPH OTHOYACTOTHBIX
M3MEPEHHAX TEIUIOBbIE IIYMBbI CYIIECTBEHHO yBe-
JITIUBAIOT OMMOKY m3MepeHus. OcoOeHHO CHITb-
HO WX BIUSIHHE TPOSBISIETCS] MIPU CHIBHOM 3ep-
KaJIbHOM OTPa)KCHHH, KOT/Ia YPOBEHb auddy3Horo
OTPaXCHHUS 10 CPABHEHHUIO C YPOBHEM TEILJIOBBIX
LIYMOB CTaHOBHTCSI MEHBIIIE, @ UHTeP(EPEHIINOH-
HbI€ MHHUMYMBI 1 MAaKCUMYMBI TIOJISI BBIPQIKEHBI
Oomnee mryooko. OgHAKO UMEHHO B ITOM ClIydae
MHOTOYacTOTHasE pabora ocobeHHO 3(deKTHuBHA.
Jleno B ToM, 4TO B OTJIMYKE OT IIOMEX, CO3/JaBae-
MBIX TU((Y3HBIM OTPAKCHUEM, TEIIOBBIC IITYMbI
B Pa3JIMYHBIX YaCTOTHBIX KaHAJAX, OTHOCSIIUXCS
K OTHOMY ¥ TOMY K€ JJIEMEHTY PEUIeTKH, He3aBH-
CUMBI JIpYT OT ApPyTa MPH JFOOBIX Pa3HOCAX YaCTOT.
3TO CcroOcOOCTBYET Pe3KOMY YMEHBIICHHUIO OIIH-
OOK M3MEpeHHUs PH Iepexoe K MHOr04acTOTHOH
pabote, eciii TOMEXH MPEACTABICHBl B OCHOBHOM
TETJIOBBIMU IIyMaMH. DTO XOPOLIO BUAHO BO BTO-
poii u TpeThelt cTpoke rpadukoB Ha puc. 6, 0co-
OCHHO TIpHW BO3PACTaHWHM YPOBHSA 3€PKaIBLHOTO
OTpakKeHUSI.

[l onieHKH 3G (GEKTUBHOCTA MHOTOYaCTOTHBIX
W3MEPEHUI BOCIOIb3yeMCs MapaMeTpoM O, TPe-
CTaBJISIIOIIMM OTHOILEHHE PAa3HOCTU CPEIHEKBa-
parnyeckux OMHOOK W3MEPEeHHs IPH OJXHOYAC-
TOTHBIX M MHOTOYAaCTOTHBIX HM3MEPEHHSIX K Iep-
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Puc. 4. Pactipenienenue omuO0OK U3MEPEHHUS yIila MecTa Ipu
MHOrouacToTHbIX uzmMepenusax, OCII = o«: g — cunpHOE 3ep-
KalbHOEe OTpakeHWe; 6 — cuibHOe auddy3Hoe oTpaxeHue;
----- — M3MEpeHHs Ha O{HOI 9acToTe, — MHOT0YaCTOT-
HBIC N3MEPEHHs
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Puc. 5. PactipenieneHre ommOOK U3MEPEHHS yIila MeCcTa IpU

MHorodacToTHEIX m3MepeHmsx, OCLI = 20 nb: a — cunpHOE

3epKallbHOE OTpakeHHe; 6 — cmibHOE AH((Y3HOE OTpaxe-

HHE; ===== — M3MEpEHHS Ha OHOW YacToTe, — MHOTO-

YaCTOTHBIC U3MEPECHUS

0,1 0,2 0,3
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pa=0,36; ps= 0,50 pa=0,30; ps=0,65
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Puc. 6. OmmbKy M3MepeHus yria MecTa:
Af=8%

BOH U3 HUX. PaccMOTpuM cuTyanuto, npyu KOTOpoil
MMOMEXH TPECTABICHBl HCKIIOYUTEIEHO MHOTO-
JTydeBbIMU cUTHamaMu. OmuOKu U3MEpeHus st
Hee MpeCTaBIeHBI B IEPBOH CTPOKE TpaduKOB Ha
puc. 6 mpu OCII = o, a onenka 3¢pPeKTUBHOCTH
MHOTOYaCTOTHBIX H3MEPEHHUH O, MpeICTaBIeHa Ha
puc. 7 ny1s 3-xX pazHOocoB 4acToT. Ha Hem npuBee-
HbI 3aBUCHMOCTH IapameTpa O OT yIJIOBOM BBICO-
THI UCTOYHHKA U3TydeHus. JIeBwIil rpaduk momy-
yeH rpu pasHoce gactot Af=2 %, cpeaunii —4 %,
npasbiid — 8 %. Ha kaxxaom rpaduke conepxarcs
0 YEThIpe 3aBUCUMOCTH, OTHOCSIIHECS K Pa3Ind-
HBIM codeTaHusIM ko3 dunnenToB auddysHoro n
3epKaJbHOTO OTPAKCHHUS.

O6parum BHUMaHue Ha rpaduk (puc. 7, a),
MOJTY4YEeHHBI TPHW HAaUMEHBIIEM W3 HCIOIb30-
BaBImxcsi pazHocoB A f =2 %. Ha nem nHaOmo-
JTaeTCsl HEeBBICOKas 3(P(PEKTUBHOCTD MPH MAaJbIX
3HAYEHUSAX YTIOBOM BBICOTHI LENH & a 3aTeM —
YBEPEHHBI POCT C YBEJIUYEHUEM €€ YIIIOBOM BbI-
cotel. Tak, ecliM NMpU MHUHUMAJIBbHOM 3HAYCHUU
£=0,20(56=06...9 %, TO IpH MAKCHMAJILHOM 3Ha-
uenuu €= 0,50 s 53pPEKTUBHOCTH OCTUTrAET 3HA-

34

— OJIHOYACTOTHBIC U3MepeHHs; ——— — Af = 2 %;----- — Af =4 % eeeeeee —

uyennit 0= 22...25 %. U3 3toro ciemyer, 4To npu
MaJibIX YIJIOBBIX BbICOTaX pa3Hoc 4actotr Af=2 %
He 00eCIeYrBaeT CyIIECTBEHHOE OTIMYHE YCIIO-
BUI HHTEP(PEPECHIIMN Ha Pa3HbIX YaCTOTAaX.

JleficTBUTENBHO, Pa3HOCTH (Da3 MEXIy MPSIMBIM
U 3€pKaJIbHBIM CUTHAJIaMU A ¢ Ha HEKOTOPOU vac-
tote f cocramser

2t 2h,h +
=" b
rie C — CKOpOCTh CBETa; (0 — (ha3a OTpaKeHUs
3epKaJbHON BOJHBI OT MOBEPXHOCTH Mopsi. Jler-
KO MOKa3aTh, YTO U3MEHEHHE Pa3HOCTH (a3 Mex-
NIy TIPSMBIM U 3€pPKaJbHBIM CHTHAJIOM IIPHU IIepe-
xozie ot yactotsl f k wacrore f + Af npu ycnoBun
@, = const u h;/D = € cocraBnser

AAg = 47Z'~Af

h e

Ortcroma cieayeT, 9To M3MEHEHHEe pa3HOCTH ¢a3
MIPOTIOPIIMOHAIIEHO PAa3HOCY YaCTOT, BHICOTE IMPH-
E€MHOM aHTEHHBI W YIJIOBOW BBICOTE IIENU. 3Ha-
YEHUSI 3TOTO U3MEHEHHUS IJI1 TPEX HCIOJIb30BaB-
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Puc. 7. [1oBbIlIeHHE TOYHOCTH U3MEPCHUS yIlla MECTa MPU YUYETE NNOMEX HCKIIFOUUTEIIbHO MHOI'OJIy4€BOTO pac-

npocrpanenus: a —Af=2%; 6 - Af=4%;6—- Af=8 %,;
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Puc. 8. TloBbllieHHEe TOYHOCTH U3MCEPCHUS yITIa MECTA MPU YUCTE IMOMEX MHOI'OJIYYEBOTO paCpOCTpPAaHCHUS U

TerutoBbIX 1rymoB neserraropa (OCII = 20 ab): a — Af=2 %;6 — Af=4 %; ¢ — Af=8 %;

—— == P4 = 0,303 ===== — Py = 0,20; +++++++ — py = 0,10

IIMXCS TPU pacdeTax pa3HOCcaX 4acTOT U YEThIpeX
YIJIOBBIX BBICOT IICJIM TIPUBEICHKI B Ta0. 2.

ConocraBuB gaHHbIe TaOm. 2 ¢ TpadukaMu Ha
puc. 7, a, BumuM, 4To HamOomnbimas >(PQEeKTHB-
HOCTb JIOCTUTAETCS NpU 3HAYCHHUIX AA@ HE Me-
Hee 50°. Takol ke BBIBOA MOKHO CAEJIaTh U Ha
OCHOBaHWM TpaMKOB Ha PHC. 8, TMOIYUCHHBIX
IIPH y4YeTe HE TOJIbKO MHOTOJYYEBBIX MOMEX, HO
U TEIJIOBBIX IIYMOB MPUEMHOIO YCTPONCTBA MPH
OCIII =20 ab.

Tabnuya 2. N3menenne paznoctu ¢a3 AA ¢, rpagycsl

€/
Af, % -
0,2 0,3 0,4 0,5
2 19 28 38 47
4 38 57 75 94
8 75 113 151 188
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— pg = 0,36;

Ha puc. 7 u 8§ MOXXHO BHJIETh Ha HEKOTOPBIX
y4acTKax rpaduKoB yMeHbIIeHHE 3PPEKTUBHOC-
TH MHOTOYAacTOTHOH pabotel pu AA¢@ > 50°. Ta-
Kol ekt HabIromaeTCs, Korna 3HaueHue AAQ
HaXOMUTCS B OKPECTHOCTH BEIUYHH KpPaTHBIX
90°. 3mech MOBHIMIAETCS BEPOSITHOCTh HKCTPEMY-
MOB TIOJISI OMHOBPEMEHHO Ha JIBYX KpaiHUX, a TO U
Ha BCeX Tpex paboumx dactorax. OmucaHHOHN CH-
Tyallid COOTBETCTBYIOT IMOHMKCHHBIC 3HAYCHUS
3G PEKTUBHOCTH MHOTOYACTOTHOW paboThl HpH
ymI0BOi#i BbicoTe 1emu 0,50 s Ha puc. 7, 0 u 8, 0,
e AA@ = 94°, a takke Ha puc. 7,6 U 8, 8, TIe
AA o= 188° (cm. Tabm. 2).

Bb1Bo/bI. BHINOTHEHO KOMITBIOTEPHOE MOJIETH-
pOBaHKE PaJNOIOKAIOHHOTO M3MEPEHUsS! YIIIOB
MecCTa MaJIOBBICOTHBIX IeNieil Hag MOpeM C Hc-
none3oBanueM merona root-MUSIC npu onmHo-
BpEMEHHON paboTe Ha TpeX YacToTax. YUTEHBI
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MIOMEXH, CO3[aBAEMbIE MHOTOIYYEBBIM OTpaKe-
HUEM OT MOpPS M TEIUIOBBIMHU IIIyMamMHu B MPUEM-
geix kKaHanax PJIC. VMcciaenoBanne BBIITOIHSIOCH
KaK MPU CUIILHOM, TaK U Ipu ciiabom auddysaom
OTpaKCHUHU.

[IpennoxkeH U UCHIBITaH MPOCTOM aAJITOPUTM IIO-
Jy4EHHUs OLIEHKU yIiia MecTa LN NMPU OJHOBpE-
MEHHO# paboTe Ha TPEeX YacTOTax.

O6ocHOBaH BEIOOP pa3HOCA YaCTOT MPU MHOTO-
JacTOTHOM paboTe, 00eCIeYnBaroNIero CymecT-
BEHHOE IMOBBIIIICHUE TOYHOCTH U3MEPEHUH.

[TokazaHo, 4TO WCHOIB30BAHUE MeToma FOOt-
MUSIC npu paboTe Ha Tpex yacToTax MO3BOJISET
MOBBICUTH TOYHOCTh U3MEPEHUH YIJIa MECTa MaJIo-
BbICOTHBIX 1leniel Ha 20...40 % no cpaBHEHHIO CO
CITy9aeM OJJHOYaCTOTHOW pabOTHI.
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RADAR MULTIFREQUENCY MEASUREMENT OF ELEVATION ANGLES
OF LOW-ALTITUDE TARGETS ABOVE THE SEA USING THE ROOT-MUSIC METHOD

Subject and Purpose. The article is devoted to the problem of precision radar measurements of target position data when a low-
altitude target is above a rough sea. In these circumstances, the thermal noise of the radar receiver and the sea clutter are picked
up by the radar antenna in parallel with the target useful signal and are factors affecting measurement accuracy. A particular
challenge is the target elevation measurement.
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Methods and Methodology. A number of methods are known to significantly improve the measurement accuracy. The root-
MUSIC method is among them, and the present paper examines a possibility to improve its performance due to multi-frequency
measurements. The study is conducted by means of computer simulation using three-frequency X-band radar at the typical
conditions: the path length is 2000 m, the antenna array height above the sea level is 12 m, the target angle of altitude is 0.2 to
0.5°. The multi-frequency measurement performance is evaluated by comparison with the single-frequency results obtained in
the identical conditions with various sea clutter levels and different thermal noise figures in radar reception channels.

Results. A preliminary analysis has been given to the measurement error distribution during conventional single-frequency
measurements through different phases of the interference field structure of the received signal. It has proved the multi-frequency
mode of operation as a means for the error reduction in target elevation measurements. The measurement error dependences on
target elevation angles were studied with various real-valued frequency separations. Based on three particular estimates at each
of the operating frequencies, an algorithm of the generalized estimation of the elevation angle has been developed and tested. An
operating frequency separation to keep measuring errors to a minimum has been justified.

Conclusion. It has been shown that a simultaneous use of three operating frequencies can reduce measurement errors by no
less than 20...40% compared with the operation at a single frequency.

Key words: root-MUSIC, multifrequency radar, low-altitude target, elevation angle, multipath, thermal noise, simulation,
measurement errors.

10.A. Ieoenxo

TactutyT pagiodizuku ta enekrponiku iM. O.5. Yeukosa HAH Ykpainu
12, Byn. Akaz. [Ipockypu, Xapkis, 61085, Ykpaina

PAJIOJIOKALIIMHE BATATOYACTOTHE BMMIPIOBAHHS KYTIB MICLIS
MAJIOBUCOTHHUX LIJIEM HAJI MOPEM 3 BUKOPUCTAHHSIM METOY ROOT-MUSIC

IIpenmer i MeTa po6oTu. CTarTIO NPHUCBSYCHO MPOOIEMi BUCOKOTOYHUX PaJIioOKalliiHIX BUMIPIOBaHb KOOPAHMHAT LiJIeH, PO3-
TaNIOBAHMX HA MaJiil BUCOTI MOGIN3Y CXBHIIBOBAHOI MOBEPXHI MOPS. 33 TAKMX YMOB TOYHHM BHMIpIOBAHHSM, OPSIT 3 TEILIO-
BHMH LIyMaMu IpuiiMada paaionokarniiiHoi cranuii (PJIC), neperikomkaioTs 3aBa/ii, CTBOPIOBaHI BiAOMTKaMU PaliOXBUIIb Bij
Mops, 110 npuiitMarotees aHTeHor PJIC HapiBHI 3 KOpUCHUMH cHrHaaMu Bif wini. Oco6auBO rocTpo mocrae npobieMa BHUMi-
PIOBaHHS KyTiB MiCISI I{iJICH.

Mertoau i MeTogoJorisi po6oTn. Binoma Hu3ka METOAIB, 110 JO3BOJISIOTH iCTOTHO MiJABUILUTH 1X TOYHICTH, B TOMY YHCII
metox root-MUSIC. V wiii po6oTi 10ciipKeHo MOXKIIUBOCTI MiABUIIEHHS e€(eKTHBHOCTI LHOr0 METOAY 3a paxyHOK Oararodac-
TOTHHX BUMIpPIOBaHb. JI0CITiIKEHHS IPOBOJMIIOCS LIISIXOM KOMIT FOTEPHOTO MOZACIIOBAHHS 3 BUKOPHCTaHHIM TprdacToTHOI PJIC
X-pianazony. [Ipu Mo/esr0BaHHI BUKOPUCTOBYBAJIHCS TUIIOBI yMOBH: ToBkuHA Tpack — 2000 M, BUCOTa aHTEHHOI PELIITKU HaJ
piBaeM Mopst — 12 M, kyToBa Bucota uiii — Bix 0,2 1o 0,5°. EdpexTruBHicTh 6araro4acTOTHUX BUMIPIOBaHb BU3HAYANIACS IIUIIXOM
MOPIBHSHHS 1X 3 pe3yJbTaTaMi OJHOYACTOTHUX BUMIPIOBAaHb B ICHTUYHHUX YMOBaxX, y TOMY YHCII JUIsl pi3HUX PiBHIB 3aBaj Bij
MOps 1 TEIUIOBHX IIYMIB y npuitManbHuX kaHanax PJIC.

PesyabTaTn po6oTn. BukoHaHo nonepeaHbo aHai3 po3nogiiiB MOXHOOK BUMIPIOBAHHS, 10 OTPUMaHi P 3BUYaHHUX OIHO-
YACTOTHHX BHMIPIOBAHHAX Y Pi3HHX (azax iHTepdepeHLiitHoi CTpyKTypH 10N CHrHamiB. MOro BHCHOBKH CIYTyIOTh OGTPYH-
TyBaHH;IM 0araTtoyacTOTHOIO PEeXHUMY POOOTH sIK 3aco0y 3MEHIICHHS MOXMOOK BHMIpIOBaHHs KyTa micis wimi. Jocmimkeno
3aJIXKHOCTI MOXNOOK BUMIPIOBAHHS BiJl KyTa MICLsI LTI AJIsI Pi3HUX PeallbHUX PO3HOCAX YaCTOT. 3allPOIIOHOBAHO Ta BUIPOOY-
BaHO JIITOPUTM (OpMyBaHHs y3arajJbHEHOI OL[IHKM KyTa MiCLisl HA OCHOBI TPhOX OKPEMHUX OLIIHOK, I10 OTPHMaHi Ha KOXKHI 3
po6ounx gactor. OOIPYHTOBAHO BEIHYMUHY PO3HOCY POOOUHX YACTOT, IIPH SIKOMY ITOMHJIKH BUMIPIOBAHHS TOCATAIOTh MiHiMaIIb-
HHX 3HAYCHb.

BucHoBok. [Toka3aHo, 110 OXHOYACHE BUKOPUCTAHHS TPHOX POOOUNX YACTOT JO3BOIISE 3MCHIUHTH IIOXHOKN BUMIPIOBAaHHS HE
Mmenie Hixk Ha 20...40 % nopiBHAHO 3 poOOTOIO Ha OZIHIH YaCTOTI.

Knrwuosi crosa: root-MUSIC, 6aeamouacmomna PJIC, manosucomua yine, Kym micys, 6aecamonpomenese ROWUPeHHs, menio-
BULL WYM, MOOETIOBANHS, NOXUOKU GUMIDIOBAHHSL.
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