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NMPOCTPAHCTBEHHO-HYACTOTHASA
U NPOCTPAHCTBEHO-BPEMEHHAS
CTPYKTYPA 3BYKOBOI'O NoJi4
B CKAJNIAPHO-BEKTOPHOM OINMUCAHUMA

B.A. Kacatkun, C.B. Kacatkun, I'.B. Kocapes

PacecmaTpueaiotes ocobeHHOCTH paboThl TMAPOAKYCTUYECKMX KOMBUHUPOBAHHBIX MPUEMHUKOB, OBPA3YIOLLMX
BEPTUKANBHO OPMEHTUPOBAHHYIO GHTEHHY, B MEMKOM MOPE B MHOPA3BYKOBOM AManasoHe yactot. HaHHoe wmc-
CNEfOBAHME CBA3AHO C pelleHrem npobnemsl onpeneneHns KOOPAMHAT U MAOPAMETPOB ABMXEHMSA ONPEneNeHHOM
LEnM MyTEM QKTUBHO-MACCMBHOM NOKALMM M USMEPEHMUS XAPAKTEPUCTMK HOABMOAAEMOrO MpPM 3TOM MOMS LUYMOB.
AKTYQnbHOCTb MPEACTABASET AHANM3 MPOCTPAHCTBEHHO-YACTOTHOM M MPOCTPAHCTBEHHO-BPEMEHHOM CTPYKTYPSI
seykoeoro nong. na nposegerus sxcnepumerta ncnonssoeancs HUC «lOpuit Monokoey, BykcupyioLwmit HU3Ko-
yacToTHbIi uanydatens JINM-curranos. [NpocTpaHCTBEHHO-YACTOTHASA CTPYKTYPA 3BYKOBOIO MOMs UCCNEAYeTCs Mmy-
TEM CMEKTPANbHOTO AHONMM3A AMCKPETHBIX COCTABNAIOLLMX BAMBHO-NOMNACTHOMO 3BYKOPSAA OYKCUPYIOLWLETO CYAHA B
amanasoHe yactot 1-20 lu, Mccnenosarne npoCTpaHCTBEHHO-BPEMEHHOM CTRYKTYPbI NOMsS NPOW3BOAMTCA MyTEM
KOppenauMoHHon obpaboTtkn JIYM curHanos Ha anepType BEPTUKANLHO OPUEHTUPOBAHHOM QHTEHHbI B AMAMNA-
sone yactot 30-60 lu. Pesynbrate cnektpansHoi 06paboTku NPUHATHIX CUTHANIOB MO3BOMSIOT MONYYUTh OLEHKM
NOMEXOYCTONUYMBOCTH KOMBUHUPOBAHHOTO MPUEMHMKA, NMPUYEM MOBLILLEHHAS NOMEXOYCTOMYMBOCTL PEANM3YETCS
NPW MCMONb3OBAHMM MOAHOTO HABOPA M3 16 UHDOPMATUBHBIX MAPAMETPOB, XAPAKTEPHUIYIOLLMX SHEPTETUYECKYIO
CTPYKTYPY 3BYKOBOTO MOfsi. DTO B UTOTE MO3BONAET UCCNEAOBATL BEPTUKAMLHYIO CTPYKTYPY 3BYKOBOTO MOMS U NPO-
M3BECTU MAEHTUDUKAUMIO DOPMUPYIOLLIMX EFO HOPMAIbHBIX BOMH. M3 MOnyYeHHbIX pes3ynbTaTOB KOPPENALMOHHOMN
06paboTkn cnoxHbix JIMM-curHanos BeITEKAIOT TAKXKE OLEHKM MPOCTPAHCTBEHHO-BPEMEHHOM CTPYKTYPbI 3BYKOBOIO
nons 1 Ko3OOULMEHTOB KOPPENALMM HA ANEPTYPE BEPTUKALHO OPUEHTUPOBAHHOM QHTEHHbI B PA3NMYHBIX KAHAMAX

KOMBUHUPOBAHHbBIX MPUEMHMKOB.

Knioyesbie crioBa: KOMOUHUPOBAHHbIN MPUEMHMK, TOMEXOYCTOMYMBOCT, MHPPA3BYK, CNEKTPAnbHAs 06paboTka
CUTHANOB, B3AMMHO — KOPPENALMOHHAA 0BPABOTKA CUrHANOB.

[Ipy wuCHoONB30BaHWM TUAPOAKYCTHUECKHUX TPH-
E€MHBIX CHCTEM Ha OCHOBE THUAPO(GOHOB, PEIIAIOIINX
npo0OiieMy OOHApY>KEHHUS M ONPENCICHUS KOOPIMHAT W
napametrpoB aBmwkenus 1enu (KIIAL) B ycmoBusix men-
KOTO MOpSI B MH(PA3BYKOBOM AHMAIa30HE YaCTOT, BO3HU-
KaloT crneuuduueckue npodinemsl. CyTh 3THX mpodiem
3aKJII0YaeTCs B TOM, YTO TPATUIMOHHBIC aIJANTHBHEIC
AJITOPUTMBI O0PabOTKH CHUTHAJIOB, OOBbEIWHEHHBIC 00-
MM Ha3BaHHeM «beamforming», OKa3bIBAIOTCS HENO-
cTaroyHo 3(P(PEeKTUBHBIMH H3-32 MOJOBOH CTPYKTYPHI
3BYKOBOTO IIOJISI B YCJIOBHSX MEJKOTO MOPSA (BOJIHOBO-
J1a) ¥ HU3KHUX YacTOT. B THX yCIOBHSX 3BYKOBOE IOJIE
(hopmupyercs HaOOpOM HOPMANFHBIX BOIIH, KaXKAas U3
KOTOPBIX XapaKTepu3yeTcsi CBOEW NHCIIEpCUOHHOW 3a-
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BHUCHUMOCTBIO ()a30BOM CKOPOCTH OT 4YacTOTHI M Mapa-
METPOB BOJIHOBOZA. DTOT (DAaKTOP YCIOXKHSIET (a3oBYIO
CTPYKTYpY 3BYKOBOTO MOJS M CYIIECTBEHHO CHUXKAeT
3¢ PEKTUBHOCTh AJTOPUTMOB KOTEPEHTHOW 0O0PaOOTKH
CUTHAJIOB HAa anepType aHTeHHBI. C mosiBieHneM KoMOu-
HupoBaHHBIX TpueMHUKOB (KII) 1 mpuemMHBIX cucTeM Ha
MX OCHOBE NOSIBUJINCH U HOBBIE BO3MO)KHOCTH PELIEHUS
3THX NpoOIeM Ha OCHOBE MYJIBTUIUIMKATHBHBIX aJro-
pUTMOB 00paboTKU cUrHanoB. IlepcrieKTHBHOCTH UX HC-
MOJIb30BAaHMS CBS3aHA C TEM, YTO MYJBTHILIMKATHBHbIC
AITOPUTMBI 00pabOTKH MPUHLMIUAIEHO HE 3aBUCST OT
($a30Boil CTPYKTYpHI 3ByKOBOro mnons. [loreHunanbHbIe
Bo3MoxHOocTH ofuHouHoro KII xapakrepusyrorcst ero
MOBBIIIEHHON IOMEXOYyCTOMYMBOCTBIO, KOTOpas MOA-
poOHO uccnenoBanack HaMu B padorax [1-2]. B coor-
BETCTBHUHU C OLIEHKAMH, IOJyYCHHBIMU B 3THX padoTax,
onnHouHbli KII mo cBoel momMexoycTOWYMBOCTH SKBH-
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BaJICHTEH (B HEKOTOPOM CMBICIIE) IPOTSHKEHHOM aHTEHHE
Ha OCHOBE THJIPO(OHOB, anepTypa KOTOPOH Ha HU3KUX
gactorax ObicTpo pacrteT. llpeacrapnser ompeznencH-
HBIi UHTEPEC HCCIeOBAHNE TOTCHIIMAIBHBIX BO3MOXK-
HOCTEH MPHEMHBIX CHUCTEM, cocTtoaumx u3 Habopa KII,
00pa3ymIX BEPTUKAIBHO OPUCHTUPOBAHHYIO aHTECHHY,
paboTaIIyI0 B YCIOBHAX MEIKOTO MOpS B HamOojee
nH(GOPMATUBHOM WH(PA3BYKOBOM JHAla30HE 4YacTOT.
MoxHO monararb, 4YTO BEpTHKajbHas aHTEHHa OyneT
o0JiajaTh TOBBIIMICHHOW pa3pelarolield CrocoOHOCThIO
MIPU OTIPEJICTICHUN YIlIa MeCTa UCTOYHHUKA B CPaBHEHUH
C OIWHOYHBIM KOMOWHHPOBAHHBIM TprueMHUKoM. [lo-
TEHIMAJIbHbIE BO3MOKHOCTH TIEJIEHTOBAHUS MCTOYHHUKA
curnana KII uccnenoBanucek Hamu B padote [3]. OnHako
3 PEKTUBHOCTH JTHOOBIX AITOPUTMOB 00pabOTKH CUTHA-
JIOB B CYII[ECTBEHHOW Mepe 3aBHUCHUT OT yCIOBHA pado-
TBI IPUEMHON CHUCTEMBI, T.€. OT CBOWCTB aKyCTHYECKOTO
MOJIsI, CTPYKTYpa KOTOPOTO CYIIECTBEHHO YCIIOXKHSETCS
B YCIIOBUSIX MEJIKOTO MOpPSI M WH(Pa3ByKOBBIX YaCTOT.
enms HacTosmIed pabOTHI 3aKiIOYacTCs B HCCIIEIOBA-
HUU CKaJSIPHO-BEKTOPHOUW CTPYKTYPHI 3BYKOBOTO TIOJS
B MEJIKOM Mope, GOpMUPYEeMOTo JHO00 HU3KOYaCTOTHBIM
U3JTy4aTesieM MOJICNIbHBIX CHTHAJIOB, JIN0O peabHBIM
mryMoBEIM oObekTaM (I110) Ha amepTrype BepTHKAIHHO
OpUEHTUPOBAHHON aHTEHHBI, cocTosmel u3 tpex KII.
[IporpaMma rccienoBaHus BKIIOUAET B ce0sl CIIEKTPaib-
HO-KOPPENSIHOHHBIA aHaln3 CHTHAJIOB, MPUHUMAEMBIX
KII, ¢ ncnonp3oBaHneM MYNBTHUILUTHKATHBHBIX aJTOPUT-
MOB 00pabotku. Hambonpimii WHTEpEC MpencTaBisieT
aHaJiM3 MPOCTPAHCTBEHHO-YACTOTHOM CTPYKTYpHI 3BY-
KOBOTO TOJISl HA YaCTOTaX, MEHBIUX MEPBOH KpUTHUE-
CKOM 4YacToThl MoOjenbHOTrO BonHOBoAa Ilexepuca. B
3TOM YaCcTOTHOM JHAaIa30He 3BYKOBOE TI0JIe MOXKET OBITh
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c(hOPMUPOBAHO TOJIBKO AUCKPETHBIMHU COCTABIISIOLINMU
BJI3P HIO. Oco0blit nHTEpEC MpeAcTaBIseT UISHTUDH-
Kalus HOPMAaJbHBIX BOJH, (OPMHUPYIOIIUX SHEPTETH-
YECKYIO CTPYKTYpPYy 3ByKoBOro mnossa. OH CBs3aH C TEM,
YTO B COOTBETCTBHUH C KIACCHUYECKUM OMUCAHUEM B 3TOM
JMara3oHe YacTOT HET HOPMAJIbHBIX BOJH, 3aXBaUYEHHBIX
BOJIHOBOZIOM, ¥ COOTBETCTBYIOIUX MM ITOTOKOB MOIIHO-
ctu. KoppensauuonHssiil ananu3 curnanos B kaHanax KII
Ha arnepType aHTeHHbI, HACKOJIBKO HaM M3BECTHO, paHee
He TIpoBOAMICS. Pe3ynprarel aHann3a MO3BOIAT OLIEHUTH
BO3MOXHOCTSH onpenenenus ¢ nomouisto KII yrna mecra
HCTOYHHKA CUTHANA TPU U3JIy4YEHUH UTHPOKOIIOIOCHOTO
JIYM-curnanma. OTa 3a7a4da BakHa B OOINEH mpolieme
onpenenennsa KIIJLl B ycaoBHAX MEIKOro MOps M HU3-
KHX YacCTOT.

B CocraB 000py10BaHUs U MECTO NIPOBeIEHUsI
IKCIEPUMEHTA

s mpoBeneHusl SKCIEPUMEHTAIbHBIX HCCIIe0Ba-
HUI OBbUTH TIONTOTOBJICHBI:

e npueMHbie Moxynau [IM-1, 1IM-2, [IM-3, ocua-
LIEHHbIE KOMOMHUPOBAaHHBIMU IPUEMHUKAMU;

e TeHeparop MOJUTapMOHHUYECKOTO CHUTHaja B JHa-
ma3one yactot 30-60 I'i;

e reHeparop mupokononocHoro JIYM-curnana B
nuamasone yactot 30-60 I';

e OYKCHpPYEeMBI BIEeKTPOAMHAMUYECKUN H3ITyda-
TEJb C pe30HAHCHOM YacToTol B paiione 3545 ' (B 3a-
BHUCUMOCTH OT TNTyOHHBI TOTPYKECHUS).

YacTtoTHass XapakTepUCTHUKA W3IydaTels IpUBe-
JeHa Ha puc. 1 mpu mIyOMHE MOTPY>KeHHS HU3TydaTes
z,= 10 m.

AYX 4yBCTBMTENBHOCTH W3NyYaTens
MmyBuHa 10 m

My

39 40 41 42 43 44

Puc. 1. AMI'IJ'IMTy,EI,HO-HaCTOTHaﬂ XapakTepucTuka nany4vartena
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Puc. 3. CnekTp nonurapmMoHU4ecKoro curHana B guanasoHe curHana
B AManasoHe yactot 34—43 'y Puc. 4. Cnektp JIYM-curHana B guanasoHe vactot 30-60 Iy
OKCIIEpUMEHT MPOBOAWICA Ha akBatopuu Yccypui-  Tek JL Pos: 37.20Hz K¥PCOP
CKOro 3ajuBa. B KauecTBe €CTECTBEHHOIO HCTOYHMKA T Tun
nryma ucnonszoBanucs HUC «Opuit MonokoB» u ero
JIUCKPETHBIE COCTABJIIOLIUE BaJbHO-JIONACTHOIO 3BYKO- ——
psana (BJI3P). B xauecTBe MONIENBEHOTO CHT'HAIA WUCIIOINb- MATEM,
30BaJIC MONUrapMoHuyeckuil curtan u JIYM-curnan, . T
M3Iy4aeMblii OYKCHPYEMBIM JJICKTPOAMHAMHUCCKUM H3- M+ \ *}3333%%%’;'
= b
nyyareneMm. Kapra pailioHa mpoBeneHUs! SKCIEPUMEHTA, |
cxema ManeBpupoBanus HUC «tOpwuii Monokos» ¢ Oyk- |
CHUPYEMBIM M3JTy4aTesieM U MECTO TIOCTAaHOBKH MTPUEMHBIX - 654
Momyne [IM-123 mosicasirores puc. 2. [IpuemHast cucte- | . Rypcop 2
Ma ycTaHoBJeHa B Touke PM123, ropu3oHThl yCTaHOBKU }n'! [ | ﬂ/\ ;i;:;
IPUEMHBIX MOAyNIel z, =40 M, z,= 37 M, z,= 34 M, DTyOu- 1 10008 250H: (5005/5) ' " Newmmnra

Ha MecTta h = 43—44 M, ropr30HT OYKCHPOBKH MCTOYHHKA
z,= 10 M. CriekTpbl U3Ty4aeMbIX CUTHAJIOB MOSCHSIIOTCS
puc. 3—-6.
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Puc. 5. CnekTp NONMrapMOHNYECKOro CMrHarna B guanasoHe 4acToT
34-52 Ty c warom 2 'y,
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Puc. 6. CnekTp NOMMrapMOHUYECKOr0 CUrHamna Ha KOHTPOMbHOM
rmapodoHe

B (O0paldoTka CHTHAJIOB, CNIEKTPAJIbHbINA AHAJIN3
U OLICHKA N0OMeX0yCTOHYHBOCTH

OO0OpaboTka CHUTHAJIOB TPEITIONAraeT CIEKTPaTbHBIN
aHanmm3 Ha ocHOBe bIID B kaHamaXx KOMOMHHPOBAHHOTO
MpUEMHHKA, BEIYUCIICHHE ITOTHOTO Habopa MH(OopMaTHB-
HBIX [ApaMeTPOB, XapaKTEPU3YIOIIUX SHEPreTHYECKYIO
CTPYKTYPY 3BYKOBOI'O IIOJISI B CKAJIIPHO-BEKTOPHOM OIIHCA-
HHUHM, U TIOCTPOEHHE COOTBETCTBYIOLIMX COHOTPAaMM B pa-
OoueMm Jrana3oHe YacToT B paboueM WHTEPBaJie BpEeMEHH.
CoHorpaMMBbl 3ByKOBOTO IOJIS VIS U3y4aeMbIX MOZEIIb-
HBIX CUTHAJIOB B 4 KaHanax KOMOMHUPOBAHHOTO IPHEM-
HUKa MOSICHAIOTCS pUC. 7 11l mpueMHoro Moxyis IIM-1.
CoHorpaMMBbl 3BYKOBOTO TOJISI JUIsl AUCKPETHBIX COCTaB-
mromux BJI3P HUC «fOpuit MonokoB» MOSICHAIOTCS
puc. 8-9. BaxxHO OTMETUTB, YTO BCE IUCKPETHBIE COCTAB-
msiroue BJI3P B auanazone 2-20 I'u, nmpeacTaBieHHbIE
Ha COHOIpaMMax, MEHBbIIIE IEPBON KPUTHIECKOH YaCTOTHI
171l MozenbHoro BonHoBoza Ilekepuca. [ns oueHku mo-
TEHLIUAIBHOW MOMEX0YCTOHYMBOCTH KOMOMHUPOBAHHBIX
MPUEMHHUKOB ObUIa BBITIONHEHA B OJIOKe 0OpabOTKH CHT-
HanoB (BOC) o0paboTka Bceil CKalsipHO-BEKTOPHOH HH-
(opManuy, OMUCHIBAIOIIEH YHEPTETHYECKYIO CTPYKTYPY
3ByKoBOro noist. Kak mokazano B paborax [1-2], nonHoe
OIUCaHKe YHEPTETUUECKON CTPYKTYpBl COAEPKHUT 16 HH-
(opMaTHBHBIX MapaMeTpoB. B ducno 3Tux mapaMeTpoB
BXOZAT KBaJIpaT 3BYKOBOTO JIABJICHUS, 3 KOMIIOHEHTHI Be-
LIECTBEHHOH COCTaBJIAIONICH BEKTOpa WHTEHCHBHOCTH,
3 KOMITOHEHTBl MHUMOM COCTaBJISIOLIEH BEKTOpa MHTEH-
CHBHOCTH, 3 KOMIIOHEHTBI POTOPa BEKTOpa WHTEHCHBHO-
CTH, 3 KBaJpaTUYHbIC KOMIIOHEHTHI BEIIECTBEHHOW YaCTH
BEKTOpa TPaJleHTa AaBJIeHHs U 3 KBaJpaTHIHBIC KOMIIO-
HEHTBl MHUMOM YaCTH BEKTOpa IpaJlieHTa JaBICHHS. DTH
napaMeTpsl I0JOOHBI, HO HE TOX/IECTBEHHbI, KOMIIOHEH-
TaMm 4-MEpHOTO TEH30pa BTOPOTO paHTa (TeH30pa IIOTHO-
CTH IIOTOKA MOIITHOCTH ), BIIEPBEIE BBEACHHOTO B pabote [4].
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Puc. 7. CoHorpammbl Ansi otHowweHus (S/N) Ha Bbixoae KaHana 3ByKo-
BOrO AaBrneHus (a) u B BEKTOPHbIX KaHanax (v, v, v,), (6, 8, 2), npnem-
HbI Mmoaynb MNM-1
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Puc. 9.CoHorpammbl Ha Bbixoge BOC ansa otHoweHus (S/N), npuem-
Hble Mmogynu: MM-1(a); NM-2(6); NMM-3 (8)

Puc. 8. CoHorpaMMbl Ha BbIXOAE KaHana 3ByKOBOrO AABIEHWs Ansl OT-
HoweHus (S/N), npuemMHble mogynu: MM-1(a); MM-2(6); MM-3 (8)
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Ha puc. 9 mnoscusrorcst cOHOrpaMMBI 3BYKOBOTO
0J1s1, BEIYMCIICHHBIE Ha BbIXOZE O0Ka 0O0paboTKU cHr-
HanoB BOC. B 3Tom 6110ke BEIYHCIAETCS MAKCUMAIbHOE
otHomeHue (S/N) u3 16 BO3MOXHBIX B JHana3oHe HH-
(pazBykoBsix gactoT 2—20 I'm. Ha puc. 10 mosicasroT-
Csl COHOTPAaMMBI JJIsl OLIEHKU NOTEHIMAJIbHOM IIOMEXO-
YCTOHYMBOCTH KOMOMHHPOBAHHOTO IPUEMHHKA [T TPEX
HPUEMHBIX MOAYJIeH. MOKHO OTMETHUTbH, YTO HECMOTPS
Ha pa3IU4HbI{ ypOBEHb CUTHAJIOB HAa MPUEMHBIX MONY-
nsix antenHsl Bece KII oOHapy:xuBaroT mmpokuii Habop
IUCKpeTHBIX coctapisiiomux BJI3P mocne o6paborku
Bcex 16 MH(OPMATHUBHBIX MapaMeTpoOB, a MOTEHLHAIb-
Hasi IOMEX0YCTOHYUBOCTh KaXKI0T0 U3 HUX OLIEHUBACTCS
B 25-30 nb. Hambonee sipkue MUCKPETHBIC COCTAaBIISIO-
utue BJI3P cootBercTBytOT JomacTHEIM wactotam (3 ',
6 I'm, 9 I'm u T.0.). MeHee sipkue AUCKPETHBIC COCTAaB-
JIAIOUINE COOTBETCTBYIOT BaJbHBIM YacTOTaM, KOTOpBIE
uayT ¢ maroM B 1 I', 4To cOOTBETCTBYET 3-10MACTHOMY
BUHTY M I'peOHOMY Baiy, copepuatomemy 60 o0/MuH.
Ounenku nomexoycroiiunoctu KII B 3ByKoBOM mose mo-
JUTapMOHUYECKOT0 CHTHAJIla COOTBETCTBYIOT OLICHKAM,
TTOJTYICHHBIM B TT0JIE TUCKPETHBIX cocTaBustronux BJI3P.

MO’XHO OTMETHUTb B CPaBHUTEIBHOM ILIaHE, YTO IPO-
O1eme noBbimenus: nomexoycrounBocti KII u paspa-
0OTKE COOTBETCTBYIOIIUX AITOPUTMOB 00paOOTKH Bcei
CKaJIIPHO-BEKTOPHOM WH(pOPMAMK MOCBAIIEHO J0CTa-
ToyHO OombIoe KoJdMuecTBO paboT. Hambonee opuru-
HaJIBHBIMU M3 HUX SIBJISAIOTCS paboThl [5—9], B KOTOPBIX
IpeaaraeTcs UCIOJIb30BaTh ISl 3THX LeNed OBymep-
HYIO CHEKTpalIbHYI0 00pabOTKy CIUIOIIHOTO CHEKTpa
IIyMOB OOTEKaHMs JBIKYLIErOCs IIyMOBOTO OOBEKTa
(LLIO), paszpaboranHyto NepBoHaYaIBHO B paborax [10—
11]. OpHako OILEHKH MOMEXOYCTOMYMBOCTHU, TOUHOCTHU
neneHroBanus u onpenenenus KIIJL npennoxxkeHHOTO
MeTona 00paboTKK MOTYYEHBI B 3BYKOBOM IIOJIE IIHUPO-
KOIIOJIOCHOTO MOJEJIBHOTO HCTOYHHKA, MOJEIHPYIOLIETO
CIUTOITHOM CHEeKTp IIyMOB oOTekanus peanmbHoro I1IO.
XOpOIII0 N3BECTHO, YTO CIUIONIHOM CIIEKTP IIyMOB 00Te-
KaHUsI HOSBJIAETCS IPU JOCTATOYHO OOJBIION CKOPOCTH
nerxenus 11O, Torna kak TUCKPETHBIE COCTABISIONIIE
BJI3P mpucyTCTBYIOT B CIIEKTpe IIYMOB TIpH J000# CKO-
poctu amwxenus: L1O. Kpome Toro, B nH(Mpa3ByKOBOM
Jana3oHe 4acTOT OHHM SIBISIIOTCA HanOosee nHGpopMma-
TUBHBIMHM COCTAaBISIONIMMH 3BYyKoBoro moprpera HIO,
TOTJa KaK yPOBEHb IIYMOB OOTEKAaHHsI OKa3bIBACTCS MU-
HUMaJbHBIM. 110 3TOI pUYKMHE pPacCCMOTPEHHBIE BBIIIE
METO/Ibl IIOBBILIEHUS MOTEHIHAIBHOI [TOMEX0yCTOHuu-
Boctu KII B nHpa3ByKOBOM IHaIra30He YacTOT U €€ IKC-
MepUMEeHTaIbHbBIE OIIEHKH B mone peanbHoro 1O mox-
HO CUUTATh MPHOPUTETHBIMHU.
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B AHaJu3 BepTHKAJIBLHOU CTPYKTYPHI 3BYKOBOT0
noJst

s aHanu3a BEPTHUKAJIBHOM CTPYKTYPbI 3BYKOBOTO
nojst OBl BBIMOJHEH pacyeT NPOXOAHBIX XapaKTepH-
CTHK JUI OTHOLICHUS] YPOBHS CYMMapHOIo Ipolecca
k momexe (S+N)/N B xananax KII B nmuamazone 1620
I'n. PesynbraTsl pacyera nosicusitores puc. 11, Ha xoto-
POM BEpXHSAA CTPOKa COOTBETCTBYET KaHATy 3BYKOBOIO
JaBJICHUS, a MOCIEOYIOUINE CTPOKU COOTBETCTBYIOT (X,
¥, Z) KOMIIOHEHTaM BEKTOpa MHTEHCHBHOCTU B BEKTOP-
Heix kaHanax KII. HamGompmmit (cpemnmii Ha Tpacce)
ypoBeHb (12 nb B kaHaile 3BYKOBOTO HaBIICHHS) JHC-
KPETHBIX COCTaBJISIIOLINX COOTBETCTBYET NPHUEMHOMY
Mozayinto I[IM-3, TOpH30HT MO3ULIMOHUPOBAHHS KOTOPOTO

MaKCHMaJbHO MPHOJIMKEH K TOPU30HTY UCTOYHHUKA (T10-
BEPXHOCTH MOps1), a HAUMEHbLINH ypoBeHb (7 1b B ka-
Haje 3ByKOBOTO JABJICHHS) COOTBETCTBYET NMPUEMHOMY
Mozynto I1IM-1, ropu30HT NO3MIIMOHUPOBAHUS KOTOPOTO
MaKCHMaJNbHO MPHOIMKEH K Mopckomy AHy. C yueTom
TOTO, YTO B 3TOM JHAaNa3oHEe YacTOT BCE TUCKPETHBIC
cocrapmstone BJI3P menblie mepBoil KpUTHUECKOH
4acTOTHl BOJTHOBOJA, MOXHO IPEANOJIO0KHUTh, YTO 3BY-
KOBOE TIOJIE TPEJCTAaBICHO O0O0OIIEHHOH (THOPHIHON)
BOJIHOM HYJEBOTO MOPSAJKA, JOKAJU30BAHHON Ha ropH-
30HTE MCTOYHUKA. YPOBEHb TaKOW BOJHBI YOBIBaET JKC-
MOHEHIIMAIBHO OBICTPO ¢ TyOuHo# [12]. MoxHO, onHa-
KO, MIPEANOI0KNUTD, YTO HA MPEeNbHO HU3KHUX YacTOTax
TyOWHa IPOHUKHOBEHUS 3ByKOBBIX BOJIH B MOPCKOE THO
YBEJIMYUBAETCSA, a NIPH OMPEAETICHUH CTPYKTYPHI 3BYKO-
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Puc. 11. MNpoxoaHble xapaktepuctuku ans otHoweHus (S/N) B kaHanax KI, npuemHblie mogynu: NMM-1 (a); MM-2 (6); MM-3 (8), YacToTHbI Ana-
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BOTO IOJISI HEOOXOAMMO YYHTHIBATH CIBHUIO-
BYIO YIPYIOCTb MOPCKOIO JTHA M IIOTPaHUY-
Hble BonHbI Panes—1llonrte, Bo3Hukaromue Ha
TpaHHMIIEe pa3jeiia Boga—Mopckoe JaHo [12].
Ha puc. 12 mpuBeaeHsl NpoxXogHbIe Xa-
pakrepucTuku i otHomeHus (S+N)/N B
kaHanax KII B mumamasone 2—-10I'n. B stom
YacTOTHOM JWana3oHe HauOonpmui (cpen-
HUU Ha Tpacce) ypoBeHb (251b B kaHae 3BY-
KOBOTO JaBJICHUS) IUCKPETHBIX COCTaBIIS-
IOIIUX COOTBETCTBYET MPUEMHOMY MOIYIIO
[IM-1, ropu30HT NMO3ULUOHUPOBAHUSL KOTO-
POro MakCHMaJIbHO MPHOIMKEH K MOPCKOMY
nay. Hammensmmii cpeqamii yposens (15 nb
B KaHaJjle 3ByKOBOTO JIaBJIEHUS) COOTBETCTBY-
eT mpuemHomy wmoaymaio [IM-3, ropmzoHT
MO3ULIMOHUPOBAHUS KOTOPOTO MAaKCUMaJIbHO
yaajieH oT Mopckoro aHa. C y4eTroM 3TOro
MOXHO TNPEIIONOXKHUTh, YTO 3BYKOBOE II0JIE
B 3TOM JHara3oHe 4acTOT MPEACTaBICHO I10-
rpanuyHoil BonHOM Panes—Illonte, mokanu-
30BaHHOM Ha TpaHMIE pa3zAena Boja — MOp-
CKOE JHO. YPOBEHb TaKOW BOIJIHBI yOBbIBaeT
HKCIIOHEHIIMAIBHO OBICTPO MPU YAAJIEHUHU OT
rpanuis! paszaena [12]. Ha Bcex nmpoxoaHbIxX
XapaKTEePUCTHKAX XOPOLIO BHAHA WHTEp-
(epeHIIMOHHasT CTPYKTYpa 3BYKOBOTO IO,
oOycioBiIeHHas WHTEp(epeHIeil AUCKpeT-
HbIX coctapistouux BJI3P. Onnako unrep-
(depeHIIMOHHAsT CTPYKTypa Ha MPOXOIHBIX
XapaKTEePUCTHKAX B KaHAJIE 3ByKOBOTI'O J1aBJIe-
HUSL 00yCJIOBJIEHA TOJBKO MHTep(epeHnnei
HOPMaJIbHBIX BOJH U HE COACP)KUT JIOKaJIb-
HBIX 3KcTpeMyMoB oTHomeHus (S+N)/N, ko-
TOpBIE TIOSBIISIIOTCSI B BEKTOPHBIX KaHaJax.

o]

XapakrepHble MakcUMyMbI oTHOIEeHHs (S+N)/N B BEeKTOPHBIX Ka-
Hayiax KOMOMHHPOBAHHOTO MPHUEMHHUKA COOTBETCTBYIOT MPOIeccaM
KOMIICHCAIIUN BEKTOPHBIX MTOTOKOB MOIIMHOCTHU B moJie momexu (N).
XapakrepHble MUHHUMYMBbI OTHOIIEHHs (S+N)/N CcOOTBETCTBYIOT
IpoleccaM KOMITEHCAI[MM BEKTOPHBIX MOTOKOB MOIIHOCTH B CyM-
MapHoM mosie (S+N), kak 3To nosicaseTcs B padote [2]. ITo 03Haua-
€T, YTO NMPOCTPAHCTBEHHO-YACTOTHAs CTPYKTypa 3ByKOBOTO MO B
BEKTOPHBIX KaHajJax KOMOMHUPOBAHHOTO IPUEMHHUKA CYILIECTBEHHO
YCIIOKHSAETCS JIOKAJIbHBIMU MPOLIECCaMU KOMIIEHCALMU BEKTOPHBIX
ITIOTOKOB MOIIHOCTH, YBEJINYHUBAs B TO K€ BPeMsI BEPOSITHOCTh pea-
JIU3alMU NOBBIIEHHOTO oTHOWEeHUS (S/N) mpu JNTMTeTbHOM Ha0IIo-
JEHUH.

B AHaJu3 NPOCTPAHCTBEHHO-BPEMEHHOH CTPYKTYPHI
3BYKOBOTI'0 MOJIAA

J1s1 OLIEHKH KOPPEJISILIUOHHBIX XapaKTEPUCTUK 3BYKOBOTO IOJIS
Ha anepType aHTeHHBI U €r0 IPOCTPaHCTBEHHO-BPEMEHHOM CTPYKTY-
pbl 0buTH 00padoTansl JIUM-curnaiel, chopMUpOBaHHBIE B TIOJIOCE
30-60 I'u, nzmy4yaemblie OyKCHPYEMBIM JJIEKTPOOUHAMHUYECKUM H3-

|

J |
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1] feid44
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Puc. 13. BpemeHHas cTpykTypa curHanos B kaHanax KI1, npuemHbivi moayns MNM-1

o8/ N=15dB

nyyareneM. JnurensHocth JIUM-curnana cocraBiisiia
4 c, a mepuox ciregoanmst 8 ¢. Ha puc. 13 moscusercs
BpEMEHHas CTPYKTypa CUTHAJIOB M UX YPOBEHb Ha (poHE

14:30 14:40  14:50 15:00 15:10  15:20 15:30

15:40

550 Teoo ITIOMEXH B KaHaJax KOMOWHHPOBAHHOTO IPHUEMHHKA.

L : ; ; i : ; :

BepxHsisi cTpoka COOTBETCTBYET KaHATy 3BYKOBOTO JaB-
neHus P(t), a mociemxyromnme CTPOKH COOTBETCTBYIOT (X,
Yy, z) KOMIIOHEHTaM BEKTOpa KoJieOaTelbHON CKOPOCTH

V(t) B BekTopHBIX KaHanax KII. Paccrosame mexmy m3-

S/N=l;7dB

JiygarelieM U NMPUEMHOW CHUCTEMOW M3MEHSJIOCh B Ipe-
nemax 1,0-2,0 xm. Ha puc. 14 mosicHseTcs CTpyKTypa

14:30 14:40  14:50

(hyHKITAH aBTOKOPPEISAIIAN Fpp(r) = P(t) x P(t—) u B3a-

100

: Puc. 12. MNpoxoaHble xapakTepuctukn Ansa otHoweHus (S/N) B kaHa-
: nax K, npuemublie mogynu: NM-1 (a); NM-2 (6); NMM-3 (8); 4acToTHbIN

§
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Puc. 14. ®yHKUMN aBTOKOPPENSALMM Y B3aUMHOW KOPPensaumnm Mmexgy curHanom P(t) n
curHanamu B kaHanax P(t), V1), V/(1), \Kﬁ(t), npuemHbie moaynu: MNM-1 (a); NMM-2 (6);
MM-3 (8)
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UMHOMW KOPPEJISIUU pr.(r) = P(t) x V(t-1),
(I = x, y, z) CUTHAJIOB B KaHAJIaX IPUEMHBIX
MOJyJel P MUHUMAJIbHOM (TPaBep3HOM)
PacCcTOSIHUA MEXAY H3JIydaTesieM U TpH-
eMHOM cucTteMor. MOKHO OTMETHTH, YTO
KOppeIsIIuoHHass o0paboTKa CHUTHAJIOB B
KaHajlaX KOMOWHHMPOBAaHHOIO IPUEMHHKA
MO3BOJISIET Pa3pelIuTh B KOPPEISAIIOHHOM
OTKJIMKE BKJIQJ OTHACNIBHBIX HOPMalbHBIX
BOJIH B CYMMapHO€ 3ByKOBO€ noie. B co-
OTBETCTBUU C MOJEIBHBIM ONMCAHUEM B
3TOM [Wana3oHe 4YacTOT CyMMapHOE 3BY-
KOBO€ MoJie (popMHpyeTCs TpeMsi MOAaMH.
HX KOMMYECTBO MOXKHO OTOXKIECTBUTH C
KOJIMYECTBOM MAaKCUMYMOB OTHOAroIIei
KOpPPESILMOHHOTO OTKJIMKAa B KaHajax
KOMOMHHPOBAaHHOTO TpHEMHHKA. MOX-
HO TakXe OTMETHUTh, YTO JUCIIEPCHOHHBIC
HCKaKCHHSI OKA3aJHCh SIBHO BBIPAKECHHBI-
MU B BepTuKanbHOM KaHaje KII, kotopsiit
B CHJIy CBOEH HalpaBIEHHOCTH OKa3aJcs
HauboJiee TyBCTBUTENBHBIM K JTydaMm, HIy-
LIUM [IOJ KPYTBIMHU YITIaMH CKOJIB)KEHUSI.

[Ipu yBenn4eHUM PACCTOSHUS MEXKAY
M3JIy4arerleM U IPUEMHONM CUCTEMOW H3-
MEHSIFOTCSI BKJIaJl OTAEIBHBIX HOPMabHBIX
BOJIH B CyMMapHO€ 3BYKOBOE TI0JI€ U, COOT-
BETCTBEHHO, (popma ormbaromiel Koppes-
LIHOHHOTO OTKJIHKA.

Ha puc. 15-16 nosicHsitoTCs CTPYKTYpa
(GyHKIMI B3aMMHON KOPPENSIUA U aBTO-
KOPPEJISIUH B IOTapHU(PMUIECKOM MacCIIITa-
0e B xanamax KII npu yBennueHHOM pac-
CTOSIHUU MEXIy M3JIydaTesleM U IPUeMHOM
cucreMoil. dopMa KOPPEISALUOHHOIO OT-
KJIMKa B 3TOM CIIy4ae YHpPOILIAeTCsl U MOJ-
TBEP)KIAeT JOMUHHUPYIOINN BKJIaX B CyM-
MapHOE 3BYKOBOE I10JIE€ OTHOW HOPMaJIbHOU
BOJIHBI, KOTOPOW MOXET OBITh, BEpOSTHEE
BCEro, norpaHn4Has BonHa Pames—Illon-
Te, JIOKAJM30BaHHAs Ha IpaHHLIE paszeia
BOJa — MOpPCKO€ AHO. MOXXHO OTMETHUTh
XOPOILLIHNE KOPPEIALUOHHBIE CBOICTBA 3BY-
koBoro noJjs B kaHanax KII u Ha aneptype
AHTEHHBI, IPUYEM BBIUTPHILI B OTHOLIEHUU
(S/N) B pe3ynbraTe KOppesmuoHHON 00pa-
0oTku curHanoB cocrapiuser 10-20 nb.

HawnGonpmee cxarne J[YM-curnama
nocjie KOpPENSIHOHHONH 00pabOTKH Ha-
OmromaeTcss B BEKTOPHBIX KaHajlaX KOM-
OMHUPOBAHHOTO TPHEMHUKA. JTa OCO-
OCHHOCTh OOBACHSIETCA TEM, 4YTO CIaj
YaCTOTHOM XapaKTEPUCTUKU H3IIydaTessl B
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Puc.15. yHKUMM aBTOKOPPENALMN U B3aNMHON KOPPENSLUS MEXAY CUrHaNoM
P(t) n curHanamu B kaHanax P(t),V (1), V. (t), V (t), IM-1(a); NTM-2(6); MM-3 (8);
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Puc. 16. ®yHKLUMM aBTOKOpPENALMM B BEKTOPHBIX kaHanax Vx(t), Vy(t), Vz(t), npnem-
HbIi Moaynb MM-1, macltab norapnpmmuyeckuin

00J1acTH YacTOT BbIIIE PE30HAHCHOM YacTOThI H3TydaTesisi KOMITEHCH-
pyeTcsi pOCTOM 4yBCTBUTENBHOCTH BEKTOPHOTO MPUEMHHKA C POCTOM
yacToThl. B pesynbrare 4acTOTHasi XapakTEPUCTHKA YyBCTBUTEIIb-
HOCTH TpakTa W3JIydaTelb—IpUEMHAas CHCTEMa CTaHOBHTCS Oolee
paBHOMEpHOI1 B pabodyei monoce yactor JIUM-curnana. Manast am-
TUITYAa KOPPENALMOHHOTO OTKJIMKAa B BepTHKaidbHOM KaHaje KII
00BsICHSIETCS HaNpaBJICHHBIMU CBOHCTBAMH BEPTUKAIBHOTO KaHaja
Y TOPU3OHTAIBFHBIM, B OCHOBHOM, PaclpOCTpaHEHHEM TOTOKa MOIII-
HOCTH B BonmHOBoze. Ha puc. 17 mosicHstoTCsl K03 UIMEHTHI aBTO-
KOPPEIISIHH Kpp(r) 1 B3aUMHOM KOPPEIAIINN va(r) B KaHaJIaX KOM-
OMHUPOBAHHOTO MPUEMHHKA IS TpUeMHBIX Monynei [IM-1, [IM-2,
[IM-3.

K, ()= ,,,,() (=@ _
PO E o T oo

e Fpp(r) =P) X P(t=1), F (v) = V(1) X V(t-1), va(T):P(t) X V(t=1)—
ABTOKOPPEISIIIMOHHBIE U B3aUMHO-KOPPEISIIUOHHBIE QYHKIMU (KOp-
PENISIUMOHHBIE CBEPTKH CHT'HAJIOB) B KaHAlIaX KOMOHHHUPOBAHHOTO
MIPUEMHUKA.
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MOXXHO OTMETHTb, YTO KOIPQHUINECH-
ThI B3aMMHOM KOPPEJSAINY MaKCUMaJbHBI B
ropusoHTaNRHBIX KaHamax KII (0,53-0,28)
W MUHMMAJIbHBl B BEPTHKAJIBHOM KaHaje
(0,24-0,19). Kpome Toro, Ko3(QQHUINEHTHI
B3aMMHOM KOpPpPEJSIUU YOBIBAIOT 1O Mepe
ynanenus: KII ot rpaHuusl pasgena Boja—
MOPCKO€ JHO. JTO MOXKHO OOBSICHUTH MpPHU-
JIOHHOH JTOKanu3anuen MOoTOKOB MOIIHOCTH
B paccMaTpUBaEMOM CITy4yae MEJKOTO MOpS
U MH(Pa3BYKOBBIX 4aCTOT U POCTOM LIyMO-
Boil momexu 1o mepe npubmmkerust KII k
WCTOYHHKY LIyMa, KaKUM SBJSIETCS caM Ka-
TaMapaH U ero JUCKPETHbIE COCTAaBIIAIONINE
BJI3P.

[IpeacraBiseT onpeneneHHbIl HHTEpEC
OIICHUTh BO3MOXXHOCTH BEPTHKAIBHO OpH-
€HTUPOBAaHHOW aHTEHHBI, COCTOSIIEH U3
KOMOVHHUPOBAaHHBIX NPUEMHUKOB, Ka>KAbIH
U3 KOTOPBIX 0OnazaeT AMIIOIbHOM Hampas-
JIEHHOCTBIO, ONpEAENsATh Yrol MecTa Ha
WUCTOYHHK curHana. J{ias 3Toro ObUIH BBHI-
YHCJIEHBl B3aUMHO-KOPPEISIIMOHHBIE (YHK-
LUK MEXIY CUT'HAJIaMU, PETUCTPUPYEMBIMH
npueMHbIMH MoayasiMu [IM-1 u IIM-3, pac-
CTOSIHUE MEKIY KOTOPBIMHU COCTAaBIISIET 6 M,
HO CYLIECTBEHHO MEHbIIE JUIMHBI BOJIHBI B
pabodyeM numamazone yactor. Ilo pesynsra-
TaM B3aUMHO-KOPPESIIUOHHONW 00paboTKU
CUTHAJIOB B KaHaJlax MPHUEMHBIX MOIyJel
[IM-1 u IIM-3, yron CKONBXEHHUS B MECTe
IpreMa MOXXHO OTPENENUTh 10 hopMyiam:

— aresin| GATs
ﬂ—arcsm(c TAJ, "
ﬁzarctg(%)

rae At , — MOMEHT BPEMEHH, COOTBETCTBY-
FOIIIIT MAaKCUMyMY B3aUMHO-KOPPEISIIHOH-
Ho# pynkumu F (1) =P () X P,(t-1), ¢, — cKo-
pOCTh 3ByKa B BOZE, |, = 6 M — paccTosiHue
MexX Ay npueMHbIMU MOAYIsIMU [IM-1 u TIM-
3,F (1)=P(t) x V (t-1), F (1) =P(t) * V (t-1) -
B3aMIMHO-KOPPEIALINOHHbIE (DYHKIUH IS
BEPTUKAIFHOTO M TOPHU30HTAIGHOTO KaHa-
J10B ipuemMHoro moayisa [1IM-1, B3sTeie ipu
t=0.

O6e ouenku no ¢opmynam (1) maror
OnM3KKMe 3HAYCHUS yIIa  CKOJBKCHUS
S =11-12°, xoTOpHIE TO3BOIAIOT OTIPECITUTD
s¢dexTuBHOE 3HaucHHE (Ha30BOU CKOPO-
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CTH PacHpOCTpaHEHUs] HOPMaJIbHBIX BOJH
Cp = c,/cosP, ycpeaHeHHOM 1o pabouei
nonoce 4yactor JIYM-curnana. B cBoro
ouepenib, 3HaHHe 3G dexkTuBHON (Pa3oBoit
CKOPOCTH paclpoCTpaHeHUs TPYIIIBI HOP-
MaJIbHBIX BOJIH B paboueil mojoce 4acToT
HEoOXOIMMO, HarpuMmep, Ui OpraHu3a-
MM KOTEPEHTHONW 0OpabOTKH CHUTHAJIOB
Ha aneprype TOPU30HTAIBLHO OPUEHTUPO-
BaHHOHM aHTEHHBI, peliaroneld npodiemMy
NeJICHrOBaHMUs UCTOYHUKA. VHaue roBops,
npueMHasi cuctema T-o0pasHoil ¢GopMmel,
coziepKaiasl BEpPTUKAJIBHO OPUEHTHPO-
BaHHYIO aHTCHHY U TOPU30HTAJIBHO OpH-
EHTUPOBaHHYIO aHTEHHY, OKa3bIBaeTCs
Hauboiee Y3PeKTHBHOHN, €CITN €€ IJIeMEH-
TaMH SIBJSIFOTCSI KOMOMHUPOBAHHbIE TPH-
E€MHHKH, 00JaJarollne MOBBIIICHHON M0-
MEXOYCTOMUYMBOCTBIO B YCIOBHUSIX MEJIKOTO
Mopsi U MH(]Pa3BYKOBHIX 4YacToT. Bepru-
KaJIbHO OPHEHTUPOBAaHHAS aHTCHHA IT03BO-
JSIET OTMPENENATh YIION MeCTa UCTOYHHKA
1 3¢ PeKTUBHYIO (a30BYI0 CKOPOCTh TPYII-
bl HOPMAJBHBIX BOJH, (OPMUPYIOLINX
3ByKOBOE€ IIOJIC B BOJIHOBOJE B IIMPOKOI
H0JIOCE YaCTOT, JaXke €CIIM ee ameprypa
CYIIECTBEHHO MEHBIIE UTMHBI BOJIHBL. [0-
PHU30HTAIBFHO OPHEHTHPOBAHHAS AaHTECHHA
pemraer mpoOieMy IeNeHIOBaHUS HCTOY-
HUKa METOJaMU KOT€PEHTHOW 00pabdoTKu
CUTHAJIOB C HCHOJb30BaHueM 3(deKTHB-
HOW (a3oBOH CKOpPOCTH, YUYHMTHIBAIOLIEH
JUCTIEpCUOHHBIE CBOMCTBA BOMHOBOA. [1o
COBOKYITHOCTH TIOJIO)KUTETBHBIX CBOWCTB
Takas KomOuHHMpoBaHHas (T-oOpasHas)
aHTeHHa TMO3BOJAET pemarh Haubosee
3P PeKTUBHO MpobdIeMy ONpeneneHus KO-
OpIMHAT W HapaMeTpPOB IBIKECHHS LN
(KITJILl) B yClOBHSX MEIKOTO MOPS H
WH(Pa3BYKOBBIX YaCTOT METOJaMU aKTHB-
HO-TIACCUBHOH JIOKALMH.

BrlnonHEeHHBI  aHanM3  MPOCTPaH-
CTBEHHO-4aCTOTHOM M IPOCTPaHCTBEH-
HO-BPEMEHHOH  CTPYKTYpPBHl  3BYKOBOI'O
NOJSI B YCJOBUSIX MEJIKOIO MOpS M WH-
($pa3ByKOBBIX YacTOT C HCIOJIb30BAHHEM
BEPTHUKAJIbHO OPUEHTUPOBAHHON aHTEHHBI
C KOMOMHMPOBAaHHBIMH IPUEMHUKAMHU T10-
3BOJISIET CEJIATh CIEIYIOUINE BBIBOIBIL.
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Pe3synbprarel crekTpalbHOTO aHajn3a CHUTHAJIOB B
KaHallaX KOMOMHUPOBAHHBIX MPUEMHUKOB B JIHAITa30HE
npeaenbHo HU3KkuX yactoT 2—20 'y moaTBepxkaaroT pa-
Hee TIOJTyYCHHBIE OLEHKH MOBBIIIIEHHOH TTOMEX0Y CTOWYH-
BOCTH KOMOMHHPOBaHHBIX TpueMHHUKOB (25-30 ab). J{ns
peaii3alyy TMOBBIIIEHHOW MOMEXOYCTOMYMBOCTH KOM-
OMHUPOBAHHBIX IMPHUEMHUKOB pa3pabOTaHO IPOTPaMM-
HOe oO0ecrieyeHre, B KOTOPOM HCIIOJIb30BAHO IOJTHOE
OIMCaHMUE SHEPTeTHUECKOH CTPYKTYpBI 3BYKOBOTO IO,
npecTaBIeHHON HabopoM 16 HHPOPMATHBHBIX Mapame-
TpOB. BaXXHOCTh TONYYEHHBIX OIIEHOK 3aKIIIOYAeTCS B
TOM, YTO B 3TOM JIMAa30HE YacTOT MPAKTHYECKNA HEBO3-
MOXHO HCIIOJIb30BAHNE HU3KOYACTOTHBIX W3IydaTesiei
MOZETBbHBIX CUTHAJIOB. Mcrons30BaHle B SKCIIEPUMEHTE
BEPTHUKAIFHO OPHEHTHPOBAHHON AHTEHHBI ITO3BOJIKIIO
TaKkXe HASeHTH(UIMPOBATh HOPMAJIFHBIE BOJHBI, BHOCS-
IIFie OCHOBHOM BKJIAJ] B MPOCTPAHCTBEHHYIO CTPYKTYPY
3BYKOBOT'O 1OJIs1 B pabodyeM Auamna3oHe 4acToT.

Pesynbrarhl KOpPENISIMOHHON 00pa0OTKU CIIOXKHBIX
JIUM-cursanoB, HU3Iy4aeMbIX HU3KOYACTOTHBIM DJIEK-
TPOAMHAMUYECKUM H3ITydaTesieM, TO3BOJSIOT OIEHUTH

KOPpEJIILMOHHBIC CBOWCTBAa 3BYKOBOIO IOJISI Ha amep-
Type aHTeHHBI. [lomy4yeHHBIE OLIEHKH KOA((GHUINEHTOB
Koppeiaiun CBUACTEIILCTBYIOT O IMPEANOYTUTCIBHOCTH
WCTIOJIb30BaHUS KOMOMHUPOBAHHBIX TPUEMHHUKOB (B
CpaBHEHUU C TUAPOGOHOM), JACTOTHAS XapaKTEPHUCTHKA
KOTOPHIX KOMIEHCHPYET XapaKTEepHBIN CIia] IyBCTBH-
TEJTHHOCTH PE30HAHCHOTO W3yyareis B AWara3oHe ya-
CTOT BBIIIE PE30HAHCHOH. B3amMHO-KOppensIuoOHHAs
00paboTKa CHUTHAJIOB Ha amepType aHTEHHBI MO3BOJISET
TaKk)Xe MOBBICUTh TOYHOCTH OTPEJNENICHHUsS yIia MecTa
HACTOYHUKA U ONPEeAeTnuTh d3PGEeKTUBHYIO (Pa3oByIO CKO-
pocTh. 3HaHWE ITOH BETWIHMHBI HEOOXOAMMO IS Opra-
HU3allUU aJINTUBHON 00pabOTKY CUTHAJIOB Ha alepType
TOPU30HTAIBHO OPUCHTUPOBAHHBIX AHTECHH.

Pabora BhImonHeHa TpH (UHAHCOBOW IMOIAEPIKKE
IIporpaMMabl «HoBbIe BBI3OBBI KIIMMAaTHYECKOM CHUCTEMBI
3emnny, mognporpammsel Ne 18-1-004 «zyuenmne ¢yH-
JAMEHTaIbHBIX OCHOB B3aMMOJIEHCTBHUS pPa3HOMACIITA0-
HBIX THAPOAKYCTHUECKHUX, THAPODUZNISCKUX U Teo(H-
3MYECKHUX TPOLIECCOBY.
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SPACE-FREQUENCY
AND SPACE-TIME STRUCTURE
OF SOUND FIELD IN SCALAR-VECTOR FORMULATION

B.A. Kasatkin, S.B. Kasatkin, G.V. Kosarev

The article considers the features of composite under-water acoustic receivers forming a vertically oriented ant-
en-na in conditions of shallow sea in the infrasound frequency band. This research targets the problem of positioning
and motion parameters characterization of the given target ob-ject using activepassive location and measurement
of ob-served noise field parameters. Its particular significance is the analysis of spacefrequency and spacetime
structures of the sound field. The experimental research was performed involving the research vessel "Yuriy Molok-
ov" towing lowfrequency transducer of LFM signals. The spacefre-quency structure of the sound field was studied
by spectral analysis of discrete components of the vanelobe tone series of the towing vessel in the band 120 Hz.
The study of the spacetime structure of the field was performed by correla-tion processing of LFM signals on the
aperture of the ver-tically oriented antenna in the frequency band of 3060 Hz. The results of spectral processing
of the received signals allow estimating the noisesustainability of the composite receiver. Moreover, the increased
noisesustainability is achievable when using the full set of 16 informative param-eters describing the energetic struc-
ture of the sound field. That allows studying the vertical structure of the sound field and performing identification of
the normal waves partici-pating in its formation. Also, obtained results of correlation processing of composite LFM
signals give estimates of the spacetime structure of the sound field and correlation co-efficients on the aperture of a

vertically oriented antenna in different channels of the composite receiver.

Key words: composite receiver, noisesustainability, infrasound, spectral signal processing, crosscorrelation sig-

nal processing.
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