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PaauoaoKanHOHHOE€ MHOINo4aCTOTHOE H3MEepEeHHe
yIVIOB MeCTa MAaOBbICOTHBIX LiE€/IeH Had MOpeM
C HCIOAb30BaHHEM MeToda root-MUSIC

IIpeomem u yenwv pavomur. Cmamus noceésaujeHa npobreme 6biCOKOMOYHbIX PAOUOIOKAYUOHHBIX UMEPEHULl KOOPOUHam yenet,
PACHONONHCEHHBIX HA MANOU 8bICOME 8ONU3YU B360THOBAHHOU NOBEPXHOCTU MOPSL. B MaKux ycio8usx mouHbiM UsMepeHusim, Hapsi-
0y ¢ Menno8biMuU WyMaMU npuemMHuxa paouonroxkayuonnoi cmanyuu (PJIC), npenamcemeayrom nomexu, cozoagaemvie OMpatceHu-
AMU PAOUOBONH Om MOpsi, npuHumaemvle anmennoti PJIC napasne ¢ nonesnvimu cuenaramu om yenu. Ocobenno ocmpo cmoum
npobiema usmepeHull yenos mecma yeiet.

Memoowt u memoodonozua pabomel. Hzeecmen pso memooos, NO380NAOUUX CYUECMEEHHO NOBLICUMb MOYHOCMb UMepe-
Huil, 6 mom uucie memoo root-MUSIC. B nacmoswei pabome 8blnOIHEHO UCCLE008AHUE BO3MOMCHOCU NOBbILUEHUS D PeK-
MUBHOCIMU IMO20 MEMOOd 3d CHEN MHO204ACMONMHbIX usmeperuti. OHO POBOOUNOCH NYNEeM KOMNBIOMEPHO20 MOOETUPOBAHUS C
ucnonvsosaruem mpexuacmomuoi PIIC X-ouanasona. Ipu Moderuposanuu ucCnoab308anuch mMunuytble YCiosus: OMuHa mpac-
col — 2000 m, gbicoma anmenHol peutemku Ha yposHem mopa — 12 m, yenosas evicoma yenu —om 0,2 00 0,5°. Dghgpexmusnocmo
MHO20YACMOMHBIX USMEPEHULL ONPeOeNANACy NYMeM CPABHEHUs UX C Pe3YIbMamamu 0OHOUACTOMHbIX USMEPEHUTl 8 UOEeHMUY-
HBIX YCIOBUAX, 8 MOM YUCTIe NPU PATUYHBIX YPOBHAX NOMEX 0N MOPS U MENI08bIX WyMO8 6 npuemtblx kanaiax PIIC.

Peszynvmamut pabomut. [IpedsapumenvHo 6bINOIHEH AHAIU3 PACHPEOeTeHUll OWUDOK USMEPEHUS, NOYYEHHBIX NPU 0ObIYHbIX
OOHOUACHOMHYIX USMEPEHUAX, 8 PASTUYHBIX (ha3ax UHMePPePeHYUOHHOU CIPYKNYPbL NOJIA NPUHUMAEMBIX CUSHAN08. E20 8b160-
Obl NOCTYHCUNU ODOCHOBAHUEM MHO2OUACHIOMHO20 PEXCUMA PAbOMblL KAK CPEOCMBA YMEHbULEHU OWUDOK USMEPEHUs Y2lid MeC-
ma yenu. Hcciedoansl 3a6Ucumocmu oumuboK usMeperus om yeia Mecma yenu npu pasiuiHblX peaibHblX pasHOCAX Yacmom.
IIpeonoocen u ucnviman aneopumm Gopmuposanust 0000UeHHOU OYeHKU Yela MeCad Ha OCHO8e MPeX YACMHBIX OYeHOK, NOJLy-
YeHHbIX HA KadcOou u3 pabouux wacmom. ObocHosana eenuyuna pasHoca pabouux Yacmom, npu KOmopom ouuoKu usmepeHus
00Ccmu2aiom MUHUMATLHBIX 3HAYEHUI.

3axnrwuenue. Ilokasano, ymo 0OHOBPEMEHHOE UCNONb308AHUE MPeX PADOYUX HACHIOM NO3BONAEN YMEHLULUMb OUUOKU U3Me-
penus ne menee yem na 20...40 % no cpasuenuio ¢ pabomoti na oonoii wacmome. Mn. 8. Tabn. 2. Bubnuozp.: 8 nass.

Knroueswie cnosa: root-MUSIC, mnoeouacmomuas PJ/IC, manogvicomnas yenv, yeon mecma, MHO20y4e80e pacnpocmpaHenue,
Meniogotl Wym, MOOEIUPOBAHIUe, OUUOKU U3MEDEHUS.

N3BecTHO, UTO paguoIOKAIMOHHOE COMPOBOXK/IE-
HUE MAaJOBBICOTHBIX II€JIe MPOUCXOIUT B yCIIO-
BUSIX MHOTOJYYEBOTO PacHpOCTpaHEHUS, CBS3aH-
HOTO C OTPaX€HHUEM PAJUOBOJIH OT NOBEPXHOCTH
CylId WIA MOps. MHOroiay4yeBble CUTHAJBI, IO-
CTyTIasi Ha BXOJ IPHUEMHOTO YCTPOHCTBA PaInoIIO-
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
YMEHBIIUTH 3TH OIIMOKH, SIBISETCSI METOX BBICO-
KOro criekTpanbHoro paspemenus MUSIC [2]. Ba-
puant 3toro merona root-MUSIC [3] 61t ycrment-
HO UCITIBITAaH HAMM PaHee IIyTeM KOMIIbIOTEPHOTO
MOJICJIMPOBAHUS, @ PE3yJabTaThl HCIBITAHUN OITy-
OJMKOBaHBI B psijie pabot [4-7].

[Ipy uX BBINOJIHEHUH B YHCIE IPOYETO OCY-
LIECTBISICS aHAJU3 PaclpeesIeHHi Om00K H3-
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Mepenns. OH BBISIBIII HANWYHE OIMHUOOK, HAXOMIS-
IIUXCS BAAJTH OT MaKCHMyMa WX pacupeieleHus,
T. €. OIIUOOK, BEJIMYMHA KOTOPBIX B HECKOJIBKO pa3
MPEBOCXOMIIA X CPEIHEKBAAPATHICCKOE OTKIIO-
Herne (CKO). Ilpu 3TOM BEpoOSTHOCTH BBIOpO-
cOB OIIMOOK BO3pacTaia C yBeIuueHHEM Kodpdu-
nueHTa nuhGy3HOTO OTPaKEHHS] W YMEHBIICHH-
eM otHomenus curHan/mrym (OCI). B xauectse
ITyMa pacCMaTPUBAIUCH TEIUIOBBIC IITYMBI B IPH-
emubix kaHaitax PJIC. HecmoTpsi Ha HEBBICOKYIO
BEPOSATHOCTh 3TUX BBIOPOCOB, OHU 3aMETHO YXy/I-
[IaJIA CTATUCTHYECKUE TIOKA3aTeNI OITHOOK H3Me-
penms. OTMEUEHO Tak)Ke BO3pACTaHHE OIIMOOK B
MHUHUMYMaxX ¥ MakCHMyMax IIOJis, CO3/1aBaeMOTO
UHTepHEPUPYIOIIMMHU CUTHAJIAMH OT LU U €e
3epKAIBHOTO OTPaXKCHHUS.

Ha ocHOBaHWU H3IIOKEHHOTO CTAaHOBUTCS IIO-
HSTHBIM, YTO UCKITFOUUTH WX XOTSI OBl yMEHBIIIUTh
BBIOPOCHI OMIMOOK MOXKHO ITyTeM HCIOJIh30BAHUS
M3MEPEeHHUH ITPH HECKOJIBKO OTINYAIOIINXCS yCIO-
BHSIX — TIOJ[pa3yMeBaeTCs, YTO U3MepsieMast yIjio-
Basi BBICOTA IEJIH IIPH ATOM OCTACTCS MPAKTUYCCKH
Her3MeHHOU. Eciiu u3MepeHus: pazHecTy 1o Bpe-
MEHU, TO TpaHC(HOPMAINUS yCIOBHUHA MPOUCXOIUT
3a cyer cMeHbl Mu(dy3HBIX OTpa)karenel u pea-
JIA3auK TerToBoro mymMa. OMHAKO TaKOH MOIXO0.
BO3MOXXCH JIMIIb TIPH HAJUYHH BPEMEHH, JTOCTa-
TOYHOTO JUIS TaKOH CMEHbI, YTO B peajbHOU 00-
CTAaHOBKE HE BCErna BO3MOXKHO. B cBs3u ¢ 3TUM
MPEeIMETOM M3y4YeHUs B JaHHOH padoTe SBISIOT-
Csl I3MEPEHMSI, BHITIOIHAEMBIE C UCIIOIb30BAHHEM
CHUTHAJIOB, MPUHSATHIX aHTEHHOW PEIIETKOW OJHO-
MOMEHTHO. B 3To# cuTyanuu peanusanusi OTJIH-
YaIOIIUXCS YCIOBHHA MOXKET OBbITh BBINOJIHEHA 32
CYET MHOTOYaCTOTHOM pabOoTHI B Mpe/Ieiax OHOTO
YaCTOTHOro Auana3oHa. MccnenoBaHU0 BO3MOXK-
HOCTH TIOBBIIIEHUS! TOYHOCTH W3MEPEHHU YIJIOB
MeCTa MaJIOBBICOTHBIX IEJIeH C HMCITOIB30BaHUEM
metona root-MUSIC 3a caeT MHOTO9aCTOTHOTO pe-
JKUMa pabOoThI MOCBAIICHA JaHHAS CTaThs.

1. MeToanka mcciaenoBanmii. MccienoBanus
MPOBOAWINUCH ITyTEM YUCICHHOTO MOACIUPOBAHUS
Ha OBM 1o meToauke, aHAJIOTMYHON NPUMEHSB-
meicsl B yIOMSHYTBIX BBIIIE padoTax [4—7].

T'eomeTpust Tpacchl, HCIOIH30BABIIASNCS IIPH
MOJIECTTUPOBAHNH, TIPE/ICTAaBICHA Ha puC. 1.

Ha Hem ncrnonb3oBaHbI clenyromme o0o3Have-
HUS: A — BepTUKaJbHAS NpUEMHAsl aHTCHHAs pe-
meTtka, 7' — umurarop uemu, D, , D = «onecramas
TTOBEPXHOCTEY», U3 KOTOPOH MocTymaroT muddys-
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HBIE OTPAKEHMS, S — TOUKA 3€PKAJILHOTO OTpaxe-
Husl. [ uccnenoBanus ObIIM BBIOpAHbBI THIINY-
HbIE UCXOAHBIE YCIOBHS: D = 2 KM — pacCcTOsIHHE
MEX/ly MICTOYHUKOM M3JTydeHus u antenHou PJIC,
h, =12 m — Beicota nentpa antenHsl PJIC Han
MOBEPXHOCTBIO MOPs, B« = 0,05 — Makcumanb-
HBI 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-
pUHaA IuarpaMMbl HaNpaBIEHHOCTH IO YPOBHIO
MOJIOBUHHOIM MOIIHOCTH, KOTOPYIO MOXHO cop-
MHUPOBATh C MOMOIIBIO PACKPHIBA HCIIONB3yEeMON
AHTECHHOW PEIICTKH ).

Jn1Ha BOJIHBI HA LIEHTPAJIBHON 4acTOTE paBHsI-
nach Ay = 3,2 CM, paCCTOSIHHE MEK/Ty SIEMEHTAMU
pereTku — A,/ 2, KOTUYECTBO IEMEHTOB PEIIeT-
k1 N = 156. B pesynbprare BepTUKaIbHBIN pa3Mmep
PELIETKH COCTABIISUII OKOJIO 2,5 M, a IIUpPUHA Iua-
rpaMMbl HanpasJeHHOCTH © (s = 1°. Ilpn nane-
HEHIIeM W3JI0KEHWH BEIIMYMHBI YIIOB MecTa U
OMMOKK U3MEPEHUs yIyIa MECTa MPECTABICHBI 10
OTHOLIEHUIO K © 5 . [lapaMeTpbI IEpOXOBATOCTH,
HCTIOJIb30BABIIMECS AJISl OmpenesieHus Koapdu-
LUEHTOB 3€PKaJbHOTO U O} QPy3HOro oTpakeHus
(Tabm. 1), BEIYUCITSUTHCH B BHJIE

q=0y Sin(l//s /Z’O)a

1€ O, — CPEAHEKBAIPATUYECKASI BBICOTA MOPCKUX
BOJTH; W/, — yTOJ CKOJIBKEHUS PaJMOBOIHEI B TOUKE
3epKajJbHOTO OTPAXKEHUS S.

HccnenoBanus BBIOMHSIUCEH B TPU dTarla.

Ha nmepBoMm »3Tame BBIUUCISUIMCH pPEaATU3ALUU
JNEKTPOMArHUTHBIX MOJIEW Ha 3JIEMEHTax MpH-
eMHOi pemetku. [lons co3jmaBanvMch MMUTATO-
pOM TIENH, TPEACTABISIONIUM COOOW TOYCUHBIN
HU30TPOIHBIA MHOTOYACTOTHBIM UCTOYHUK U3ITyde-
Hug. [ BBIYUCICHUA UCIONIB30BajaCh METOIU-
Ka, onmucanHas B padote [8]. lns kaxkaoro couera-
HHUS UCXOAHBIX MApaMETPOB, B TOM YHCIIE JJIMHBI

Tabnuya 1. IlapamMeTpsl mepoxoBaTocTH (q)
U COOTBETCTBYIOIIME UM K03 PHIMEHThI
nugdysHoro (p,) M 3epKanbHOro (O,) 0TPaKeHUM

q il 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. 'eomeTpus Tpaccsl

Tpacchl, BBICOTHI IIEHTpa MPHEMHOW aHTEHHBI,
YIJIOBOH BBICOTHI MIMUTATOPA e, KO3QHIIneH-
TOB 3€PKAJILHOTO U TU(PHY3HOTO OTPAKCHHS, pa-
00UYNX YaCTOT, BBIYUCISIOCH JOCTATOYHO 0OJIbIIOE
KOJIMYECTBO peaM3alri 1Mol CUTHAJIOB, HEO0X0-
JTUMOE JITIs1 00ecIIeueH sl TOCTOBEPHOCTH BBHIBOJIOB
00 ommOKax M3MEpEeHHsI yIjla MecTa. DTH peal-
3alli{ OTIIMYAJIUCH APYT OT APYra TOIBKO UCIIOIb-
3yeMBIM JJIsl UX BBIYUCIICHUSI NCXOIHBIM HA0OpOM
MHOXKECTBa JIEMEHTapHBIX IU(PQPY3HBIX OTpaxke-
HUH, ONHCHIBAEMBIX CIIYYalHBIMHA HapaMeTpaMu:
aMIUTATYOH, ($a30il OTpaKEHHS] U TMOJIOKECHHUEM
Ha «OJNeCTsIeH TOBEPXHOCTHY.

[Ipu BBIMKCICHHUAX HCIIONB30BANICA DS AOIY-
mienuit. Tak, ¢a3za ¥ aMIUIUTy[a SIIEMEHTAPHBIX
I Qy3HBIX OTPaKEHUH, a TaKKe MOJIOKEHUE (a-
30BBIX LIEHTPOB IUIOMIAJIOK, CO3JAIOIINX 3TH OT-
pakeHUs, OTHOCAIIHNECS K TEKyIleH pear3alliu
TOJIS1, TOJIarajich OAMHAKOBBIMHU Ha BCEX PA0OUIX
4acToTax. JTO OBLJIO BRI3BAHO TEM, YTO B paMKax
HCIIONIb3YeMOM Mofienu Tofist [8] 3TH BEIHMYMUHBI
HE UMEIOT NpsMOH (DYHKLIMOHANBHOW 3aBHCHMO-
CTH OT 4acTOThl curHaia. CIeaCTBHEM SIBISETCS
TOT (haKT, YTO CTEMIEHb YACTOTHON IEKOPPEISAIIHH
CUTHAJIOB Ha 3JIEMEHTaX MPUEMHON aHTEeHHOU pe-
HIETKU TIPU MOJIEIUPOBAHUU OyleT MEHBIIE, YeM
B peaJIbHBIX yCIOBHSX. B CBS3M ¢ 3TUM OXHjae-
Moe yny4iieHue 3QHEeKTUBHOCTH MHOTOYACTOTHO-
ro Metoza root-MUSIC 1o cpaBHEHHIO C OIHOYAC-
TOTHBIM IO PE3YIIBTAaTaM MOJIEIIMPOBAHUS CIIEAYeT
paccMarpuBaTh B KaueCcTBE HIDKHETO IIpejiena Ta-
KOTO YITyYIIEHHS.

Pacuer peanuzamuii monas MpUHUMAaEMbIX CHUT-
HaJIOB MPOBOAMJICS B AMANa3oHe pasHocTed (a3
MEXKIY IPSMBIM H 3€pPKaJIbHBIM CUTHAJIAMH B LICH-
Tpe pemetrku A ¢ = 0, 20, 40...360°, oTHOCAIINX-
¢ K IEHTpaIbHOM padoueit yactore. [Ipun Monemnu-
pPOBaHUU 3aJlaHHBIEC 3HAYEHHUS Pa3HOCTH (a3 MpH
HEU3MEHHBIX OCTaJIbHBIX NTapaMeTpax 3aJaBajliCh

30

IIyTE€M UCKYCCTBEHHOI'O U3MEHEHUS (pa3bl OTpaxe-
HUS 3€pKabHOTO CHTHANa OT IOBEPXHOCTH pPa3-
nena (B IeHCTBUTENBFHOCTH (Daza OTpakeHUs Mpu
CKOJIB3AIINX YINIaX PaclpOCTPaHEHUs] paJnOBOIH
ommska k 180°). TpeGyemoro pesynbrara MOXHO
JOCTUYb WM JAPYT'MMH cnoco0amu, Hampumep, 3a
cueT u3MeHeHus BbIcOThl aHTeHHbI PJIC. Onna-
KO BBIOpaHHBIN MyTh CIIOCOOCTBOBAN YIPOIIEHUIO
MpoIecca MOACTUPOBAHNS U MHTEPIPETALNH I10-
JY4EHHBIX PE3YJIBTaTOB.

B pesynbrare BbINONIHEHHS MEPBOTO 3Tama CO3-
JaBajach 0a3a JaHHBIX, COAEpIKAIIas pealn3alu
KOMILJIEKCHBIX CUTHAJIOB Ha 3JIEMEHTAX BEPTUKAJIb-
HOM aHTEHHOW PEIEeTKN A in (j — mIOPSIKOBBII HO-
Mep paboueii uactotel PJIC; n=1, 2, ... N—HOMED
SNEMEHTa peIleTKH, HaulHas ¢ HkHero). Komu-
YeCTBO peau3alui 1151 KKJIO0ro COueTaHus napa-
METPOB TPACChl COCTABISIIO B PA3HBIX OIBITaX OT 2
1o 10 TeICSY my1st Kaknou u3 pabounx gactoT. Ko-
JUYECTBO pabOYNX 4aCTOT 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-
aJIM30BHIBAIACH BBICOKAs] TOYHOCTh M3MEPEHUH B
HIMPOKOM JInara3oHe ypoBHel anddys3Horo orpa-
JKEHUS: pa3MEPHOCTh TIOANPOCTPAHCTBA CUTHAJIOB
M =5, xonu4ecTBO NPOCTPAHCTBEHHBIX BHIOOPOK
curHana K = 26, nopsal0oK aBTOKOPPEISLIMOHHON
MaTPHIIBI IPUHATHIX CUTHAIOB p = 9. OCHOBO Ta-
KOTO BBIOOpA MOCTYKHJIH BBIBOABI padoTwl [7], B
KOTOpOM M3y4anoch BIUSHUE allPHOPHBIX Tapame-
TpoB MeToa root-MUSIC Ha TOUHOCTB U3MEpPEHUN
IpU y4eTe IMOMeX, CO3aBaeMbIX KaKk MHOTOJyde-
BBIMU CUT'HAJIAMH, TaK U TEIUIOBBIMH LIyMaMHu.

UYroOBl MOTYYHUThH 33JaHHOE KOJIMYECTBO IIPO-
CTPAaHCTBEHHBIX BBIOOPOK, OCHOBHAs pEIIETKa,
cocrosiBiiass u3 N 3JIeMEHTOB, paz0uBajach Ha
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K = 26 cMeXHBIX TOJPEIICTOK, BKIIOYAOIINX TI0
1= 6 snemenToB kaxnas. Ha 6a3e kaxmoii u3 mom-
pELIETOK CUHTE3UpOoBajiach NMpUEMHAsl aHTEHHA U
paccuuThIBANICS IPUHUMAEMBbIH €10 CUTHAJL.

BecoBble k03()hUIIEHTH! A1 3IEMEHTOB HOA-
PELIETOK PAacCUUTBHIBAINCH C HCIIOIb30BAHUEM
(¢yHKIMKH 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-¥ onpeteTky, BEIYHUCIISIACE TT0 (hopmyrre:

1
Uy = dy; G+
i=1

3nech ay; = Al-+,(k_1) — CHUTHAJ Ha i-M DJICMCHTE
k-1 monpemerkn; G; — 3HaYEHHE BECOBOTO KOA(]-
¢dunMeHTa Ha i-M IEMEHTE MOAPEIIETKU; W, —
TEIUIOBOM IIYM B k-M IPUEMHOM KaHaJIe, PUIeM

I
W= (% +jyk)adirzGi’

i=1
TIE d g;, — AMIUTATY/IA TPSMOH BOJIHBI Ha Ka)KJIOM U3
N snementoB anTeHHoll pemerku, OCII — B Ha-
LIeM CIy4ae MPEACTABIACT OTHOLICHUE aMILIUTY-
IbI IPSIMOTO CUT'HAJIA OT LIENH, IPUHATOTO KXKION
13 JIEMEHTapHBIX aHTEHH, K CpPEeJHEKBaJgpaTuie-
CKOM aMIUIUTYJle TEIUIOBBIX IIYMOB TOIKIIOYCH-
HOTO K Heil MPUEMHOTO KaHaa; X, ¥, — HE3aBUCH-
MBbI€ CITy4JaiiHbIe YUCIia C HYJEBBIMH CPEAHUMH U
nuctiepcusivu 0,5, pacnpenesieHHbIe 0 HOpMalb-
HOMY 3aKkoHy. OTHOIICHHE CUTHAJI/IIYM B KaXKIOM
13 NPHUEMHBIX KaHAJIOB 33[aBajlOCh PaBHBIM O,
40, 30 u 20 nb.

Ha BTOpOoM 3Tamne MopenupoBaioch U3MEpPEHNE
yIiIoB MecTa. s KaXmoro He3aBUCHMOTO COYe-
TaHusl TUQPQY3HBIX OTpa)karenei ObLTO Todyde-
HO I10 TPH YaCTHBIX OLIEHKH yIJIa MECTa UCTOYHH-
Ka U3JIy4eHUs], KaKAas U3 KOTOPBIX OTHOCHIIACh K
COOTBETCTBYIOIICH pabodeld dacTtore. DTH YacCT-
HBIC OLIEHKH HCIIOJB30BAINCEH ISl ONpPEACTICHUS
000O0IICHHOH OIEHKH, KOTOpasi U TIPUHUMAIIACH 32
HU3MEpEeHHbIH yron mecra nenu. s momydeHus
0000IIIeHHOH OIIeHKH OBLI MPEIOKEH W MUCTIONb-
30BaH CJIEAYIOIINI alrOpUTM:

1. Eciu Bce TpHM 4acTHBIX OICHKH HAXOMASATCS
B JManas’oHe yrioBbix BbICOT 0...0 (s (LUAD
Ha puc. 1), To 32 0000LIEHHYIO OLIEHKY NpPUHH-
MaeTcsl cpeaHeapru(MeTHIecKoe 3Haue€HHE TONb-
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KO JIByX HaUMEHEee OTJIMYAIOMIMXCS APYT OT Apyra
YaCTHBIX OLICHOK.

2. Eciu B yka3aHHbIN JMaria3oH MOMalatoT TOJb-
KO JIB€ YaCTHBIX OIICHKH, TO 00OOIIEHHOE 3Haue-
HHE BBIUUCIISETCS KaK cpeaHeapruMeTHIecKoe
9THX YaCTHBIX OLIEHOK.

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

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

OneHka, OTHOCAIASACS K LIGHTPAJIbHOM 4acToTe,
IIPUHUMAJIACh 32 U3MEPEHHBIN YT0JI MECTa IIPH OA1-
HOYaCTOTHOM PEKHUME PabOTHL.

Ha tperpem sTame mpoBOaMIach CTaTHCTHYE-
ckast 00pa0OTKa MOMyYeHHBIX pe3ynbTaTtoB. beun
HalileHbl paclpeneNeHns OMMOOK H3MEpEeHUs
yria MecTa LeJu JUIsl KOHKPETHBIX pa3sHOCTel
(a3 MexIy NPSMBIM U 3€pKaJbHBIM CUTHAJIAMH B
nentpe pemeTka (A @ = 0°, 100° u 180°), a Tak-
e pacupeziesieHus], YCpeJHEHHbIE 10 JUara3oHy
pasHocTeit (a3, pacroNoKeHHBIX PaBHOBEPOSTHO
Ha uHTepBaiue oT 0 mo 360°. Jlns Tex ke ycnoBUH
ObUIM TIONy4YEeHbl CPEAHEKBAIpaTUYEeCKHE 3Hade-
HUS OIIMOOK U3MEpeHus yria MecTa. Takxe Oblia
orieHeHa 3G (HEKTUBHOCTh MHOTOYACTOTHBIX H3Me-
PEeHUI1 110 CPAaBHEHHIO C OJHOYACTOTHBIMH.

2. Pesyabrarel MogeaupoBanus. Paccmot-
pHUM IIpe/cTaBIEHHbIE HAa pUC. 2 U 3 pacnpezene-
HUSl OIMOOK, MOJyYEHHBIE NMPH OXHOYACTOTHBIX
HU3MEPEHUSX, A1 HECKOJIbKUX TUIHMYHBIX CIyda-
€B MHTep(EPEeHINU NPSIMOTO U 3ePKAJIILHOIO 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 MOTy4EHBI
IpU 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 CHIBFHOM 3epKaib-
HoM oTpaxkenuu (p,;=0,1; p,=0,93), a HIKHUE —
pu CUIIBHOM UG dy3HOM oTpaxenun (p, = 0,36;
P, =0,50).

OTMeTnM crenyroue OCoOCHHOCTH pacmpe-
JECJICHUI:

* llupuHa neHTpaIbHOM 00JaCTH pacmpernerie-
HUH B TPOMEXKYTOUHOM CIIydae yXe, YeM B IKC-
TpeMyMax TOJS.

* [luku pacnpenencHuii B NPOMEKYTOYHOM
cilyyae MHTep(EepeHINN PACIONOXKEHbI B 007IacTH
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Puc. 2. Pactipenienenue omuOOK U3MEPEHHS yIila MecTa Ipu
ogHouacToTHBIX M3MepeHusx, OCII = o: g — cunpHOE 3ep-
KaJIbHOE OTpaXkeHHe; 6 — cuiIbHOe Iuddy3HOE OTpaskeHHeE;
----- — MaKCHMYM MOJIS; — IIPOMEKYTOIHAS CHTYAIVS,
seseses — MUHAMYM TOJIS
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Puc. 3. Pactipenenenue ommOOK U3MEpeHHs yria Mecta npu
onHouyacToTHBIX M3Mepenusax, OCIL = 20 nb: a — cunbHOE
3epKaJbHOE OTpaKkeHUe; 6 — cuiubHOe nuddy3HOe oTpaxe-

HUEC, ===== — MaKCUMYM IOJIA; — INPOMEXYTOUHAs CU-
Tyalys; eesesee — MUHUMYM I10JI51

MHUHHMMAJBHBIX OMIMOOK HM3MEPEHHs] HE3aBHCHUMO
0T ypOBHS HoMeX. B To e BpeMs IHUKH pacrpe-
JIEJIEHUs] B OKCTPEMyMax IO CMEIICHHI (B MaK-
CUMYyME MOJii — B CTOPOHY MOBEPXHOCTH MO,
B MUHUMYME€ — B IPOTHBOIOJIOKHYIO CTOPOHY).
BennunHa cMemieHus OBBIIIAETCSl KAK C POCTOM
IuQQy3HOro OTpaXKEHUs, TaK U C POCTOM IIyMOB B
IPUEMHBIX KaHaJIax.

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

AHanu3 3TuX 0COOEHHOCTEH NPUBOAMT K BBHI-
BOJY, UTO JJIA CHIDKEHHS OIMMOOK cliemayeT n30e-
rarb M3MEPEHWH BOMM3U SKCTpEeMyMOB mois. U,
XOTSl TPEUIOKCHHBIH B JaHHOW paboTe crmocod
YMEHBIIEHHUsI OIIMOOK, B OCHOBY KOTOPOTO IIO-
JIO)keHa MHOTr0YacToTHasi paboTa, HE HCKIOYaeT
MOJTHOCTBIO TaKOW CHUTyallMH, BCE Xe B AOCTaTOY-
HO BBICOKOH CTETEHHU MO3BOJSIET YMEHBIIUTH €€
BEPOSTHOCTb.

Paccmorpum  pacmipeneneHuss OmMOOK  TpU
MHOTO4YacTOTHOM padoTe. OHM MpeacTaBIeHBl HA
puc. 4 u 5. YpoBHH NOMEX, IIPU KOTOPBIX OHU I10-
JIy4EHBI, T€ €, YTO Ha PUC. 2 U 3 COOTBETCTBEH-
HO. Ha puc. 4 m 5 ms cpaBHEHHs TTOKa3aHbBI TaK-
e paclpeneieHns, OTHOCSIIUECS K OTHOYACTOT-
HoW pabote. Pacmpenenenusi, mpuBeqeHHbIE Ha
HUX, MOJyYeHBl NPU PAaBHOBEPOSTHOM pacIpere-
JICHUH pa3HOCTeH (a3 MeKAY MPSIMBIM U 3epKajb-
HBIM cUTHaJoOM A ¢ Ha nHTepBaie 0...360° (B ciry-
yae MHOI'OYaCTOTHOM paboThbl 3TH Pa3HOCTH OTHO-
CATCA K IIEHTPaIbHON pabodei yactore).

AHanu3 pacripesieleHni, IpeACcTaBIeHHbIX Ha
puc. 4 1 5, MOKa3bIBa€eT, YTO MPH IEPEXOIE OT OHO-
YaCTOTHOTO K MHOT'OYaCTOTHOMY PEXHMY PaOOTHI
MPOUCXOIAT CJICAYIOIINE N3MEHEHUS:

* CyXaeTcsi LIMPHHA LEHTPaJIbHOH o0nacTu
pacrpeeieHui;

* CHIDKAeTCsl 10 HYJIs JUOO CTaHOBHUTCS HHY-
TOXKHO MAaJbIM YPOBEHb «XBOCTOB» paclpesese-
HUH.

bnaronaps 3TUM M3MEHEHHSM HPOMCXOAMT 3a-
METHOE YMEHBIICHUE CPEIHEKBAPAaTUIECKIX OLIH-
00k m3Mepenus yria mecta. O6 3TOM MOXHO Cy-
JUTH 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 OHOYACTOTHBIX, @ OCTaJbHbIE TPU — IPHU
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MHOTOYAaCTOTHBIX U3MEPEHUAX C UCITOIB30BAaHHEM
Pa3TMIHBIX PA3HOCOB YacToT A f. JlaHHBIE 0XBaThI-
BalOT IIMPOKUN JMana3oH ypoBHew auddysHoro
U 3epKaJBHOTO OTPaKEHHS M TEIIOBBIX IIYMOB B
MIPUEMHBIX KaHaJIax.

I'paduxu oprann30BaHbI B BU/IE 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 COUETaHHI YpOBHEH aud-
(y3HOTO M 3epKaJbHOrO OTpakeHus (yKa3zaH HaJ
KaXIpIM cTONOLOM). [TaBHBIM BbIBOX, Clexylo-
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 PEKUME BO Bcex 0e3 Hc-
KITFOUYCHUS YCIOBUSX JIGKAT HUKE KPUBBIX, OTHO-
CSILUXCS K OMHOYACTOTHBIM U3MEPEHHUSIM.

Taxoke BUAHO, YTO YBEIMYECHHE Pa3HOCA YaCTOT
MPUBOJUT B TOW WJIM MHOM CTENEHU K YMEHbIIIe-
HHIO OMmuOO0OK 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 BIIUSIHHE TPOSBISIETCS] MIPU CHIBHOM 3ep-
KaJIbHOM OTPa)KCHHH, KOT/Ia YPOBEHb auddy3Horo
OTPaXCHHUS 10 CPABHEHHUIO C YPOBHEM TEILJIOBBIX
LIYMOB CTaHOBHTCSl MEHBIIIE, @ UHTeP(EPEHINOH-
HbI€ MHHAMYMBI 1 MAaKCUMYMBI TIOJISI BBIPQ)KEHBI
Oomnee mryooko. OgHAKO UMEHHO B 3TOM ClIydae
MHOT0YacTOTHasi paboTa 0COOECHHO (P peKTHUBHA.
Jleno B ToM, 4TO B OTJIMYHE OT IIOMEX, CO3/JaBae-
MBIX U 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 CcrMOCOOCTBYET Pe3KOMY YMEHBIICHHUIO OIIH-
OOK M3MEpeHHUs PH MepPexoe K MHOrO4acTOTHON
pabore, eciii TOMEXH MPEACTABICHBl B OCHOBHOM
TETJIOBBIMU IIyMaMH. DTO XOpPOLIO BUAHO BO BTO-
poii u TpeThelt cTpoke rpadukoB Ha puc. 6, 0co-
OCHHO TIpHW BO3PACTaHWH YPOBHSA 3€PKaIBLHOTO
OTpakKeHUSI.

[l onieHKH 3 ¢GEKTUBHOCTH MHOTOYaCTOTHBIX
W3MEPEHHUI BOCIOIb3yeMCs MapaMeTpoM O, TPe-
CTaBJISIIOIIMM OTHOILEHHE PAa3HOCTU CPEIHEKBaJ-
parnyeckux OMUOOK W3MEPEeHHs IPH OIXHOYAC-
TOTHBIX ¥ MHOTOYACTOTHBIX HM3MEPEHHSIX K Iep-
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Puc. 4. Pactipenenenne ommnb0K H3MepeHHs yIiia MecTa IIpH
MHOT04acTOTHBIX u3Mepenusix, OCII = «: g — cunbHOE 3ep-
KaJbHOE OTpa)KeHHE; 6 — CHIIbHOE IU(Py3HOE OTpaKCHUE;
----- — M3MEPCHUS Ha OJTHOU YacToTe, — MHOTOYaCTOT-
HBIC H3MEPEHUS
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Puc. 5. PactipenieneHre ommOOK U3MEPEHHS yIila MecTa IpH
MHorodacToTHEIX m3MepeHusx, OCLI = 20 ab: a — cunpHOE
3epKallbHOE OTpakeHHe; 6 — cmibHOE AH((Y3HOE OTpaxe-
HHE; ===== — M3MEpEHHS Ha OHOW 4acToTe, — MHOTO-
YaCTOTHBIC U3MEPECHUS
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pa=0,36; p,= 0,50 pa=0,30; p,= 0,65
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Puc. 6. Ommbky u3MepeHus yria Mecra: — OIHOYACTOTHBIE U3MepeHus; ——— — Af =2 %;=-=--- —Af' =4 %;eeeene -

Af=8%

BOH U3 HUX. PaccMOTpuM cutyanuto, npu KOTOpoil
MMOMEXH TPECTABICHBl HCKIIOYUTEIIEHO MHOTO-
JTydeBbIMU cUTHamaMu. OmuOKu U3MEpeHUus st
Hee MpeCTaBIeHBI B IEPBOH CTPOKE TpaduKOB Ha
puc. 6 mpu OCII = o, a onenka 3¢pPeKTUBHOCTU
MHOTOYaCTOTHBIX H3MEPEHHUH O, MpeICTaBIeHa Ha
puc. 7 ny1s 3-X pazHOCcoB 4acToT. Ha Hem npuBee-
HbI 3aBUCHMOCTH IapameTpa O OT yIJIOBOM BBICO-
THI UCTOYHHKA U3MydeHus. JIeBwIil rpaduk momy-
YeH Mpu paszHoce 4actoT Af=2 %, cpenuuii — 4 %,
npassiidi — 8 %. Ha kaxxaom rpaduke comepxarcs
T0 YeThIpe 3aBUCUMOCTH, OTHOCSIIHECS K Pa3Ind-
HBIM codeTaHusIM ko3 dunnenToB auddysHoro n
3epKaJbHOTO OTPAKCHHUS.

Obparum BHUMaHue Ha rpaduk (puc. 7, a),
MOJTY4YEeHHBI TPU HAaUMEHBIIEM W3 HCIOIb30-
BaBIIKXCS pa3HOCOB A f'= 2 %. Ha Hem Habmio-
JaeTcsl HEeBBICOKas 3(P(GEKTUBHOCTD MPH MAaJbIX
3HAYEHUSAX YTIOBOM BBICOTHI LENH £ a 3aTeM —
YBEPEHHBI POCT C YBEIUYEHUEM €€ YIIIOBOM BbI-
cotel. Tak, ecny Mpu MUHHMAJIBHOM 3HAYCHUU
£=0,20(56=06...9 %, TO IpH MAKCHMAJILHOM 3Ha-
uenuu €= 0,50 s 53pPEKTUBHOCTH OCTUTAET 3HA-

34

uyennii 0= 22...25 %. W3 3toro ciemyer, 94To npu
MaJIbIX YIJIOBBIX BBICOTAaX pa3HOC 4acToT Af=2 %
He 00ecneynBaeT CyIIECTBEHHOE OTIUYUE YCIIO-
BUI MHTephEPEHIINN HA PA3HBIX YacTOTaX.

JlelicTBUTENBHO, PA3HOCTD (a3 MEXKIY MPAMBIM
U 3€pKaJIbHBIM CUTHAJIaMU A ¢ Ha HEKOTOPOU vac-
TOTE f COCTaBIsIET

_ Zﬂf Zhrht n
p=—" D ®o>

I ¢ — CKOpOCTh CBETa; ¢, — (paza oTpaxeHus
3epKaJbHON BOJHBI OT HMOBEpXHOCTH Mops. Jler-
KO ITOKa3aTh, YTO M3MEHEHHE pa3sHOCTH (a3 Mex-
Jy TPSIMBIM U 3€pKaJIbHBIM CHUTHAJIOM TIPH Iepe-
X0JIe OT 4acTOTHI f K 4acToTe f+ Af ipu yclnoBUu
@, =constu h,/D = € cocrapnsier

_ArAf

AAg h. €.

Ortcroma cieayeT, 9To M3MEHEHHEe pa3HOCTH ¢a3
MIPOTIOPIIMOHATIEHO PAa3HOCY YaCTOT, BHICOTE IMPH-
E€MHOM aHTEHHBI W YIJIOBOW BBICOTE IIENU. 3Ha-
YEHUSI 3TOTO U3MEHEHHUS IJIA TPEeX HCIOJIb30BaB-
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Puc. 8. lloBrilleHNE TOYHOCTH HU3MCPCHUS yITIa MECTA MPU YUCTE IMOMEX MHOI'OJIYYEBOTO paCpOCTpPaAHCHUS U

Tem1oBbIxX mrymMoB nexenraropa (OCHI =20 nb): a — Af=2 %;6 — Af=4 %; 6 — Af =8 %;

—— e = 2= 0,303 == === — Py = 0,20; +sex0+ — p, = 0,10

IIUXCS TPU pacdyeTax pa3HOCaX 4acTOT U YEThIpeX
YIJIOBBIX BBICOT IICJIM TIPUBEICHKI B Ta0. 2.

ConocraBuB gaHHbIe TaOm. 2 ¢ TpadukaMu Ha
puc. 7, a, BumuM, 4To HamOombImas >(pQEeKTHB-
HOCTb JIOCTUTAETCS NpPU 3HAYCHUIX AA@ HE Me-
Hee 50°. Takol ke BBIBOA MOXKHO CAEJIaTh U Ha
OCHOBaHWM TpaUKOB Ha PHC. 8, TMOIYUCHHBIX
IIPU y4eTe HE TOJIHKO MHOTOJYYEBBIX MOMEX, HO
U TEIJIOBBIX IIYMOB MPUEMHOTO YCTPONCTBA MPH
OCIII =20 ab.

Tabnuya 2. U3meHenne pasnoctu ¢a3 AA ¢, rpagycsl

€/
A, % '
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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— pa=036;

Ha puc. 7 u 8§ MOXHO BHJIETh Ha HEKOTOPBIX
y4acTKax rpauKoB yMeHbIIeHHE 3PPEKTUBHOC-
TH MHOTOYacTOTHOH pabotel ipu AA¢@ > 50°. Ta-
Kol ekt HabIromaeTCs, Kormna 3HaucHue AAQ
HaXOMUTCS B OKPECTHOCTH BEIUYHH KpPaTHBIX
90°. 3mech MOBHIMIAETCS BEPOSTHOCTH HKCTPEMY-
MOB TIOJISI OMHOBPEMEHHO Ha JIBYX KpaiHUX, a TO U
Ha BCeX Tpex paboumx dactorax. OmucaHHOMN cH-
Tyallid COOTBETCTBYIOT IMOHMKCHHBIC 3HAYCHUS
3G PEKTUBHOCTH MHOTOYACTOTHOW paboThl HpH
ymIoBoi#i Beicote 1enu 0,50 s Ha puc. 7, 0 u 8, 0,
rne AA@ = 94°, a takxke Ha puc. 7,8 u 8, 8, T1e
AA o= 188° (cm. Tabm. 2).

BbiB0o/bI. BHINOTHEHO KOMITBIOTEPHOE MOJIEH-
pOBaHKE PaJNOJIOKAIOHHOTO M3MEPEHUs! YIJIOB
MecCTa MaJIOBBICOTHBIX IeNieil Hag MOpeM C Hc-
nonb3oBanueM Mmerona root-MUSIC nipu opHo-
BpEMEHHON paboTe Ha TpeX YacToTax. YUTEHBI
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MIOMEXH, CO3[aBaEMbIE MHOTOIYYEBBIM OTpaKe-
HHUEM OT MOpS M TEIUIOBBIMHU IIIyMamMHu B MPUEM-
geix kKaHanax PJIC. VcciaenoBanne BBIITOIHSIOCH
KaK MPU CUIILHOM, TaK U Ipu ciiabom auddysaom
OTpaKCHUHU.

[IpennoxkeH U UCHIBITaH MPOCTOM aAJITOPUTM IIO-
Jy4YEHHUs OLIEHKU yIila MecTa LEeNH NMPU OJHOBpE-
MEHHO# paboTe Ha TPEX YacTOTax.

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

[TokazaHo, YTO WCHOIB30BAHUE METONA 700t-
MUSIC npu paboTe Ha TPEX YaCTOTaxX MO3BOJISIET
MOBBICUTh TOYHOCTh U3MEPEHUH yITia MeCcTa MaJlo-
BBICOTHBIX 1leniel Ha 20...40 % no cpaBHEHHIO CO
CITy9aeM OJJHOYAaCTOTHOW 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.
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PAJIOJIOKALIIMHE BATATOYACTOTHE BMMIPIOBAHHS KYTIB MICLIS
MAJIOBUCOTHHUX LIJIEIL HAJI MOPEM 3 BUKOPMCTAHHIM METOJY ROOT-MUSIC

IIpenmet i MeTa po6oTu. CTarTIO NPUCBSYCHO MPOOIEMi BUCOKOTOYHUX PaJIioOKaliHHIX BUMIPIOBaHb KOOPAHMHAT LiJIeH, PO3-
TaNIOBAHMX HA MaJiil BUCOTI MOGIN3Y CXBHIIBOBAHOI MOBEPXHI MOPS. 3a TAKMX YMOB TOYHHM BHMIpIOBAHHSM, OPSIT 3 TEILIO-
BUMH LIyMaMu IpuiiMada paaionokaniiinoi cranuii (PJIC), neperikomkatoTs 3aBajii, CTBOPIOBaHI BiAOMTKAMU PafiOXBUIIb Bij
Mops, 110 npuiitMarotees aHTeHor PJIC HapiBHI 3 KOpUCHUMH cHrHaaMu Bif wini. Oco6a1uBO rocTpo mocrae npobiema BHUMi-
PIOBaHHS KyTiB MiCIS L{iJICH.

Mertoau i MeTogoorisi po6oTH. Binoma Hu3ka METOAIB, 110 JO3BOJISIOTH ICTOTHO MiABUIIUTH 1X TOYHICTb, B TOMY YHCIIi
meton root-MUSIC. Y wiii poOoTi 10CHiPKEHO MOXKIIMBOCTI MiABUIIEHHS e(EeKTHBHOCTI LHOr0 METOAY 3a paxyHOK Oararodac-
TOTHHX BUMIpPIOBaHb. JI0CITiIKEHHS IPOBOJMIIOCS LIISIXOM KOMIT FOTEPHOTO MOZACIIOBAHHS 3 BUKOPHCTaHHSIM TpHiacToTHOI PJIC
X-pianazony. [Ipu MonesnroBaHHI BAKOPUCTOBYBAIIHCS TUIIOBI yMOBH: 1oBXuHA Tpack — 2000 M, BUCOTa aHTEHHOT 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 BUMIPIOBaHb B ICHTUYHHUX YMOBaxX, y TOMY YHCII JUIsl pi3HUX PiBHIB 3aBaj Bij
MODps 1 TEIUIOBHX IIYMIB y npuiiManbHuxX kaHaiax PJIC.

PesyabTaTu po6oTn. BukoHaHo nonepeanbo aHali3 po3nogiiiB MOXHOOK BUMIPIOBAHHSL, 10 OTPUMaHi P 3BUYAHHUX OIHO-
YACTOTHHX BHMIPIOBAHHAX Y Pi3HHX (azax iHTepdepeHLiitHoi CTpyKTypH 10N CHrHamiB. MOro BHCHOBKH CIYTyIOTh OBTPYH-
TyBaHH;IM 0araTtoyacTOTHOIO PEeXHUMY POOOTH sIK 3aco0y 3MEHILICHHS MOXMOOK BHMIpIOBaHHs KyTa micis wimi. JocmimkeHo
3aJIXKHOCTI MOXNOOK BUMIPIOBAHHS BiJl KyTa MiCLsl LTI AJIsI PI3HUX PeallbHUX PO3HOCAX YacTOT. 3alPOIIOHOBAHO Ta BUIPOOY-
BaHO JITOPUTM (OpMyBaHHs y3arajJbHEHOI OL[IHKM KyTa MiCLisl HA OCHOBI TPhOX OKPEMHX OLIHOK, I10 OTPHMaHi Ha KOXKHIl 3
po6ounx gactor. OOIPYHTOBAHO BEIHYMUHY PO3HOCY POOOUHX YACTOT, IIPH SIKOMY ITOMHJIKH BUMIPIOBAHHS JOCATAl0OTh MiHiMaIIb-
HHX 3HAYCHb.

BucHoBok. IToka3aHo, 110 OHOYACHE BUKOPUCTAHHS TPHOX POOOUNX YACTOT JO3BOIISE 3MCHIUHUTH IIOXHOKN BUMIPIOBAHHS HE
menie Hixk Ha 20...40 % nopiBHAHO 3 poOOTOIO Ha OZHIH YaCTOTI.

Knrwuosi cnosa: root-MUSIC, 6azamouacmomna PJIC, manosucomua yine, Kym micys, 6aeamonpomenese ROWUPeHHts, menio-
BULL WYM, MOOENIOBANHS, NOXUOKU GUMIDIOBAHHSL.
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