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U3MEPEHUE IMAPAMETPOB JBUXKEHHUS B3BOJJHOBAHHOI
I'PAHUILBI PA3JAEJA C UCIIOJIB30OBAHUEM J3P®EKTOB
HEJUHEVMHON AKYCTUKHU AJIs1 NPUBPEXHOI'O CETMEHTA
OBUIEM CUCTEMbI MOPCKOI'O MOHUTOPHUHTI A

B crarbe npoBeneH aHannu3 BO3MOXKHOCTEH M MOTpeOHOCTEH NTUCTAaHIIMOHHOI'O MOHUTOpPHWHTA Iieib(a B MpHOpex-
HOM cerMmeHTe [ mobanpHoil cuctemsl HaOmoneHus 3a okeaHoM (I'CHO) ¢ nmpuMeHeHneM CHCTEM B METOAOB M3Me-
peHHii paccesHHUs YIbTPa3BYKOBBIX (THAPOAKYCTHKA) M DJIEKTPOMArHUTHBIX (PaIMOJIOKALUs) BOJH MOPCKOM IO-
BepXHOCTHI0. OCHOBHOE BHUMAHHUE YAEICHO MPOEKTUPOBAHNUIO TEXHHUECKHX OCHOB YJIBTPa3BYKOBOTO CIIOCO0a MO-
HUTOPHUHTA BOJOEMOB, B KOTOPOM PEaT30BaHbl PEKUMBI 00Iy4eHHs Y 3-CUTHAJIaMH CO CTOPOHBI THA 00cIieyeMon
aKBAaTOPUH C HCIIOJIb30BAHUEM DPa3IMYHBIX 3((HEeKTOB HeMMHEHHONW aKycTHKH. B pamkax BO3MOXKHOCTEH pelIeHHs
00paTHOH 3a7a4M paccessHUs — OIpPEJIeNICHNs TapaMeTPOB MOPCKON ITOBEPXHOCTH IO XapaKTEPUCTHKAM paccesH-
HBIX €0 CUTHAJIOB — OCHOBHOC BHUMAHHE Y/ICJICHO IMPUMCHUMOCTH U30HpaTeIbHOTO ("pe30HaHCHOr0") MEXaHu3Ma
00paTHOTO paccestHus, COOTBETCTBYIOLIETO yciIoBHIO bparra — Bynbda. Ha ocHoBe aHanu3a nmeronmxcs pesyibTra-
TOB TPEIIOKEHO PACIIMPUTH BO3MOXKHOCTH CHOCO0a M3MEPEHHs apaMeTpoB B3BOJIHOBAHHOW MOPCKOW MOBEPXHO-
CTH, TIEPCIIEKTUBHOTO K UCIIOJIb30BAHUIO B IPUOPEKHOM CErMEHTE 00IIel CUCTEMbI MOPCKOTO MOHUTOPHHTA.

Kn. cn.: napaMeTpuicCKasd nu3irydaroniasd aHTCHHaA, FI/IZ[poaKYCTI/I‘ICCKI/Iﬁ MOHHUTOPUHT

BBEJIEHUE

[Nomyyenne uHGOpPMALK O BETPOBBIX BOJIHAX H Te-
YCHHSIX B BOJIHOW Cpejie SIBISIETCS. OCHOBHOW IEJNBIO
OCYILIECTBISIEMBIX MOPCKUX HAOJIOJICHUII Ha aKBaTo-
pUsIX TIOPTOB, TaBaHEHW W 3aJMBOB. DTO Tpedyer pas-
pPabOTKH HOBBIX METOJIOB HMCCIICOBAHUH, POBEICHUS
na0opaTopHBIX W HATYpHBIX HUCHBITAHUA HOBBIX
npruOOpPOB M OCYIIECTBICHUS TEIEMETPUU JAHHBIX
B peaJbHOM BpeMeHHU. M3MeHeHus: mpuOpex HbIX Tpo-
[[ECCOB B TIPOCTPAHCTBE W BPEMEHH TPEOYIOT MpuMe-
HEHUSI AMCTAHIIMOHHBIX METOIOB HAOJIOJACHHUI HA aK-
BaTOPUSX JOCTATOYHO OOJBIINX Pa3MEpOB, B YACTHO-
CTH M pa3paboTKM TEXHHUYECKUX OCHOB HpPUOOPOB,
WHCTPYMEHTOB, CHCTEM U METOJIOB HM3MEpEHUH s
OCYILIECTBIICHUS JTMHAMHYECKOTO YJIBTPa3ByKOBOTO
(Y3) monuTopunra BogoemMoB. Kak mokasbIBaeT mnpak-
THKa, J0 CHUX TIOp W3y4YCHHE 3aKOHOMEPHOCTEH JIIist
NpUOPEKHBIX IPOLECCOB B OCHOBHOM 0Oa3upyercs
Ha MOJYYCHUH M HAKOIUICHUH yCPEIHEHHO-TOYCUHBIX
PE3yJIbTaTOB SMH30IMYECKHX MOPCKUX H3MEPEHUI,
OCYILECTBISIEMBIX C MOMOIIBIO U3MEPUTEIBHON TeX-
HHUKH Ha Pa3InYHbIX QU3HMYECKUX TPHHIHIIAX.

KPATKUI OB30P TEXHUYECKUX PEIIEHUI

Crnemgyer OTMETUTH, YTO B HACTOSIIEE BPEMS pas-
paboTaHbl MEXAYHAapOAHBIE COTJAIIEHUS, TPHU3bI-
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Barome K J(P(EKTUBHOMY YIPABJICHUIO MOPCKOH
Cpeoii, YCTOWYMBOMY HCIIOJIb30BAaHHUIO €€ PECYpCOB,
OTIEpaTHBHOMY BBISIBIICHUIO W TIPOTHO3HPOBAHHIO U3-
MEHEHUH U T.J., TEXHUYCCKH 3aKPEIUICHHBIE CO3/IaHuU-
eM [mobanmpHOW cucTeMbl HAONMIOACHHUS 32 OKEaHOM
('CHO) [1], xoTopas CTpYKTypHO COCTOHMT H3 OKea-
HAYECKOTO M TpHOpEeKHOTO cerMeHTOB. [Ipm paspa-
0OTKE WM TMOATAIHOW peau3aluy MPUOPEIKHOTO Cer-
MEHTa OIpe/IeNieH KOMIUICKC MEePEMEHHBIX IapaMeT-
POB, KOTOpPBIE JOJKHBI OBITh MU3MEPEHBI C JAOCTATOY-
HOMl TIPOCTPAHCTBEHHO-BPEMEHHOW  paspernaromieit
CIOCOOHOCTBIO, a Takke o0paboTaHbl B peaJbHOM
Maciitabe BPEMEHU: HAIMpPAaBICHUS W BEIUYUHBI T10-
BEPXHOCTHBIX BETPOB, TEMIIEPATYPHI BO3TyXa M BOIHI,
YPOBEHb MODsI, MOTOKH TEYEHUI B BOJHOM cpene, mo-
BEPXHOCTHBIC BETPOBBIC TEUCHUS W BOJHBI H T.II.
Jna peanmzanuy Kak JUCTAaHIIMOHHOTO —30HAMPOBA-
HUS, TaK ¥ U3MEPEHUN Ha MeCTaxX B IPUOPEKHOM Cer-
MeHTe [l] TpemIoXeHO HCIONb30BaTh KOMOHWHAIIUU
U3 MATH KaTeTOpUU DIEMEHTOB MOHHUTOpHUHTA: 1) cTa-
roHapHBIE Jabopatopuu Ha Oepery [2]; 2) mapeo-
rpadsl [3, 4]; 3) HeMOABMKHBIE MJIaBY4He MIAT(HOPMBI
[5] u 3asxopennnie 6yu (Triaxys Directional Wave [6,
7], Directional Waverider [8]), npeiidyromue mo te-
YeHUI0 M3MEpHUTeNbHbIe ycTpoicTBa [9], moaBogHbBIE
nBuwkymmecs — cpeacrea  [10-12];  4)  nHaydHo-
HCCIeI0BaTeIbCKUE U TIpoMepHBIe cyaa [13], momyT-
HBIE cyaa U 10O0poBosbHBIE cyna Habmonenuit (ACY,
Sea Keepers [14]) [15]; 5) chmyTHuUKH, CamMOJIETHI
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1 HazeMHBbIe 1aThopmsal [16, 17], a Takke coueTaHue
pa3IMYHBIX 3JIEMEHTOB, Harpumep, [18].

B pamkax aHanmm3a pacCMOTPEHHBIX BBILIE IIO-
TpeOHOCTEH AMCTAHIUOHHOTO 30HIUPOBAHUS B TPH-
OpeXHOM CerMEHTe ITOJIE3HO COTIOCTaBHThH paccesHue
V3 u anekrpoMarHuTHeIX (OM) BONH MOpCKOW TMO-
BepxXHOCThI0. OTMETHM, YTO OOIIeH HEIhI0 MCCIIEN0-
BaHUH B 3TOH 00JacTH SBISETCS M3YUYCHUE BO3MOXK-
HOCTeW pelieHust OOpaTHOM 3aa4u paccessHusl — OIl-
pellesieHUsT  MapaMeTpoB  MOPCKOW  ITOBEPXHOCTH
M0 XapaKTepHUCTHUKAM PAacCEeIHHBIX €10 CUTHANOB. Tak,
kopotkoBonHoBoe (KB) panuosnokanuoHHoe 30HIU-
pOBaHHE OCHOBAHO Ha paccesHuu DM-U3IyuyeHHs oT
B3BOJTHOBAHHOW T'PAaHUIIBI pa3zesia, CieKTp KoieOanuit
KOTOpPOW IOYTH BCErja COJAEPKUT JJIMHBI MOPCKHX
BOJTH, COM3MEPHUMEBIE C JUTMHON BOJTHBI DM-HU3TydeHUs
paznapa. 310 00yCIOBIMBAET NPUMEHUMOCTh B H3Me-
peHusix "pe3oHaHCHOro" MexaHu3Ma OOpaTHOTO pac-
CesIHHS, COOTBETCTBYIOLIEIO YCJIOBHIO bparra —
Bynbega. H3BecTHO, 4TO BelIWYMHA HWHTEHCHUBHOCTH
OTPaXEHHOI0 TOJs OT CIy4allHOH ITOBEPXHOCTH
C TMOJIOTHMH M MaJIbIMM BBICOTAMH HEPOBHOCTEH
(B CpaBHEHHMHU C JJIUHOW BOJHBI OOydeHUs) TPSIMO
NPONOPLUHOHAIBFHO 3aBUCUT KakK OT yIja BHU3UpPOBa-
HUS, TaK ¥ CHEKTPaJIbHOM MIOTHOCTH Ha JIaHHOW dYac-
ToTe 00myuenwus) [19]

1~167k*B(B)S (K5 ) (1)

rae k= 2% — BOIJTHOBOE YHUCJIO U A — JIJIMHA U3ITY-

yaemoro Y3- win DM-curnana; B(f) — byHkums
yria BU3UPOBAHUSI, 3aBHUCAIIAS OT THIIA TPAHMIILI pa3-
nena (s ¥Y3) v Buaa nonspusanuu (it OM); S —
yroJ najeHus, T.€. MEXKIy HalpaBicHUEM O0ydYeHHUS
U HOPMAaJbIO K TMOBEPXHOCTH (Yrod BH3HPOBAHUS);

S (Kmm) — 3HAYCHUE CIEKTPAJIbHON IUIOTHOCTH
Ha PE30HAHCHOMN 4acTOTe.
2r 2ksinf 2 An

nos us6 5

6 — . 5
n TIOB U3 2 Sln ﬂ

2

TIOB M30

TIE Aus —  PE30OHAHCHAA" JJIMHA TOBEPXHOCTHOM

BETPOBOM BOJHBI; 71 — IOPSIOK MPOCTPAHCTBEHHOTO
CIIEKTpa.

Orcroza ciemyer, 94T0 TP MOHOCTaTHYECKOU cXe-
Me 00JIyueHus paJapoM CO CTallMOHAPHOTO ITyHKTa-
BBIIIKA Ha mobepexbe (yronm magenus S ~ 90°)

B3BOJIHOBAHHOH  MOPCKOH  MOBEPXHOCTH  MOKHO
3a cyeT W30MpaTeNbHOTO OOpaTHOTO OpPATTOBCKOTO
paccestHus miepBoro mopsiika (n = 1) 3apeructTpupo-
BaTh CIEKTPaJbHYI0 KOMIIOHEHTY BOJIHEHUS, JJISI KO-
TOopoi A =A/2, npuyem 3TO IIUPOKO HUCIOIb3Y-

TIoB M30
€TCsl B IPAKTUKE U3MEPEHUI NP PaiUOIOKALMOHHOM
OTIpEJICIICHUN CIIeKTpa MOpckux BoiH B KB-paamo-
nuamasone [16].

B To ke Bpems JuIsl 4aCTOTHOTO JAMana3zoHa MpH-
MeHenust Y3 B rugposiokaruu (1+100) xI'm mpo-
CTPAaHCTBEHHBIE MEPUOJBI BOJIH B BOJHOH Cpele Co-
cTaBAT oT 1.5 M 10 15 MM, mpudeM ajsi TOro, 4TOOBI
00ecTieunTh HaNpaBJIeHHOE W3ITydeHHe 30HIUPYIOIIe-
ro curHaiga (UIMPHHA OCHOBHOTO JIETIECTKA XapakTe-
puctuku HampasieHHOCTH (XH) okomo 4°) B BogHyIO
cpeay Ha NpUHUMNAX "JIWHEHHOW" akycTuku OynyT
HEOOXOAMMBI THJIPOAKyCTHYECKHUE aHTEHHBI JHaMeT-
pamu ot 23 M 1o 0.23 M cootBeTcTBeHHO! OCOOEHHO
BIICUATIISICT TiepBast nudpa, npudeM st 00ecredeHus
B BOJHOH cpejie UIMH BOJH W3JIy4EHHUS A0 AECATH
METPOB HEOOXOJIMMO YMEHBIIATHh HWKHIOI TPaHHILY
THIPOJOKAMOHHOTO jauamna3zoHa. Od4eBHIHO, YTO
B JJAHHOM CJlydyae ONpaBaaHO NMpuMeHeHue 3((PeKToB
HEJIMHEHHOW aKyCTHKH, B YaCTHOCTH, IapaMeTphue-
ckoit m3nyvaromei antersusl ([IMA), ¢popmupyromeit
B BOJIHOM CpeJie HU3KOUYAaCTOTHBIN CUTHAN MepecTpan-
BaeMOW PAa3HOCTHON YacCTOTHI AJSl JUTMHHOBOJIHOBOTO
o0JryueHHs B3BOJITHOBAHHOM TpaHUIBI pa3ziena co CTo-
POHBI JTHA, YTO 3HAYUTEIHHO YIPOCTUT TEXHUIECKYIO
peanuzaunuio MeToAa. B naHHOM cirydae oOpaTHO pac-
CEesTHHBIN CHTHAII OyJeT OmpenensaThcsi oOHapyKuBae-
MBIMH CHEKTPAJIbHBIMU COCTaBJISIOIIMMU B3BOJHO-
BaHHOH TIOBEPXHOCTH C BOJHOBBIMHU 4HciaamMu K

KOTOpbIE TMOAYHMHSIOTCS YCJIOBUIO HW30HMPaTENbHOTO
("pe3onancHoro") paccesHus (2).

[IpomomkuM aHanu3 XapaKTEPUCTHK H3MEPHTEIb-
HOU armapaTypbl JJIsl MATOTO AJIEMEHTa MOHUTOPHHTA
NpUOPEKHOTO CErMEHTa, B KOTOPOM HCIOJIB3YeTCs
OM-m3nydenne KopoTkux paawoBosH (KB-amamazon
gactoT, Ml / nnnHa BostHel B atMocdepe, M — 3/100
+30/10) wnu cBepxBbicokoi yactoThl (CBY, yacrora
I'T/anuHa BoHEL B atMocdepe, cm — 2.45/12) [20-
23]. Eme B 1965 1. npeanoxeH cnoco0d M3MepeHHs
BBICOTBI MOPCKOTO BOJIHEHUSI C JIETATEIBHOTO arapa-
Ta [24] myTem 001y4eHHUs] MOPCKOM moBepxHocTH BY-
SHEPTUeH M PEerucTpanyy OTPaKEHHBIX OT HEe CHrHa-
JIOB, IIPA KOTOPOM H3MEpSIETCs OTHOILIEHHE KOT€PEeHT-
HON M HEKOTEPEHTHON COCTABJISIFOLIMX OTPAKEHHOTO
curhana U, /U, =f(h/A), tne h — BbicOTa

MOPCKOTO BOJTHEHHSI, a A — JJTHHA n3nydaemoii OMB.
Crnioco0 peann3oBaH B CaMOJIETHOM UMITYJILCHOM MO-
HOCTaThyeckoM  paaumonokarope  KB-amanasona,
CHAa0>XEHHOM BBIITYCKHOH aHTEHHOH B BUJAE NMPOBOAA
JumHOW L =A/2 ¢ MUPUHOW OCHOBHOTO JICTICCTKA
(~70-80)° ma ypoBHe 0.5 MOIIHOCTH, KOTOPBIA OpH-
EHTHPOBAH MEPHEHINKYISIPHO K MOPCKON MOBEPXHO-
CTU. YCTPOHCTBO HCIOJIb3YE€TCS B METEOPOJIOTHH,
okeaHorpauu, MOPCKOI HaBUralMu U T.J., peau3ys
r00aFHO-TUIONIATHON MacTad perucTpanuy napa-
METPOB MOpCKOro BosHeHHs [25]. B mpubope pexo-
MEHJ/IOBaHbI CJICAYIONUE 3HaueHus dvactoT, MI1y/
uHA pamnoBoiHE, M — (30/10, 10/30, 5/60) TpakTa
m3nyueHus juis auamasonoB (0-3) m, (1.5-9) m, (3—
20) M m3MepsAEeMBIX BBICOT MOPCKHUX BOJH. OTMeUYeHO,
9r0 JUIs  OOecCredeHus: JAOCTATOYHOM TOYHOCTH

HAVYYHOE ITPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 4
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WU3MEpEHHs BBICOTHI BOJIH (BO BCEM JMAaNa3oHE BO3-
MOYKHBIX BBICOT) HEOOXOJIUMO HMETh BO3MOXHOCTH
NEPEeCTPOEHHs YacTOThl I'€HEpaTopa WM HUMETh TPH
¢uKcupoBaHHBIE YacTOTHl DM-u3iyuenus. B npouec-
Ce WCIBITaHUHN OBIJIO TPEAYCMOTPEHO HCIOIB30BaTh
Tpu (UKCHpOBaHHBIE YacTOTHl OM-m3mydenus 4.5,
10, 30 MI.

OueBuIHO, YTO U B 3TOM CIIy4ae MOXKET OBITh OTI-
paBraHo mnpuMeHeHHe 3()(EeKTOB HENTUHEHHOH aKy-
cTuky, B yactHoctu [IMA, ¢popmupyromeii B BOgHOH
Cpelle HM3KOYACTOTHBIM CHUTHajg IEepecTpauBacMoi
Pa3sHOCTHOM YacTOTHl (BOJIHBI PAa3HOCTHOW YacTOTHI,
BPY) s [IMHHOBOJIHOBOTO OOJIy4YEHHsS B3BOJHO-
BaHHOW TPAHWIIBI pasfiesia 1Mo HOPMall CO CTOPOHBI
JHA.

K megocratkam PJI-cmocoba u peanm3yrommx ero
YCTPOHCTB MOXHO OTHECTH TO, 4YTO pacCTOSHHUE
oT Oepera J0 HCCIEAyeMBIX pallOHOB MOpPCKOH TO-
BepxHOCTH cocTaBisuio (15-20) kM, Tak 4TO 3TO JOC-
TATOYHO CJIO)KHO OTHECTH K HM3MEPEHUSM JUIsl MpH-
opexxaoro momyist. O6paboTka pe3ysIbTaTOB IOKa3a-
Jla, 4YTO CpEIHEKBaApaTU4Has MOTPELIHOCTh H3Mepe-
HUSI BBICOTBI MOPCKHX BOJIH C TIOMOIIBIO PaJHONIOKa-
LIMOHHOTO Ipubopa ¢ 6opra camosera He NMPEBbILAET
10%, pe3ynbTaTbl U3MEpPEHUs MPAKTHUECKH HE 3aBU-
CSIT OT BBICOTBI, CKOPOCTU M HAIlpaBJICHHUS I10JIETa Ca-
MoJleTa OTHOCHTENIBHO TJIaBHOTO HampaBieHus Oera
Mopckux BosH. K Henocratkam PJI-merona ciemyer
OTHECTH HEAOCTAaTOYHYI BEIMYMHY pa3periaronei
CrOCOOHOCTH ISl TIPHOPEKHBIX W3MepeHWid. Tak,
B [16] oTMedeHO, 4TO JUIsl paJuOJIOKaTOPOB C Iuara-
30HOM yactor OM (12+25) MI'nm ana mambHOCTEH
10 ~ (42+83) KM BeTMYMHA pa3pelieHus Mo TOPU30H-
Tamu coctaBisuia (1+3) kM, a Ha wactote 5 Ml mpu
nanbHOCTH ~ 200 KM — TOPU30HTAIBHOE pa3pelieHne
okotio (5+10) kM. B CBU-nuana3one pagap JucTaH-
[IMOHHOTO MOHOCTAaTHYECKOTO 30HAMPOBAHUS C CHH-
TezupoBaHHOW anepTypoil (SAR, Synthetic Aperture
Radar, MUKpOBOIHOBBII TPUOOP /TSI OTYUYCHUS U30-
OpakeHHH BBICOKOTO PAa3peLICHUs MPH JIIOOOM CO-
CTOSTHMH aTMOC(epbl — 00JauyHOCTh, MBUIBHAS TTOTO-
Jla ¥ COJIHEYHAs 3aCBETKa) 00ecreuyuBaeT M3MEpEeHHUe
XapaKTePUCTHK TOBEPXHOCTHBIX TEUCHUH, OOHapyKe-
HUE HEe(TSHBIX PA3IMBOB W T.J. TIPH IDIOMAIAX 0030pa
ot (100x100) km 1o (500x500) kM TpU pa3penaroIei
CTIIOCOOHOCTH OT JIeCSITKOB MeTpoB 110 100 kM.

Crenyer OTMETHTh, YTO Uil IPYTUX MOHHTOPHH-
TOBBIX 3JIEMEHTOB, B TOM YHCJI€ U C HCIIOJIb30BAHUEM
V3-3x0MeTOona, AaHAJIOTMYHBIX JAaHHBIX IO paspe-
nrarouield CiocCOOHOCTH N3MEPEHHH [UIsl TPUOPEKHOTO
cerMeHTa He OOHapy’KeHO, YTO JaeT OCHOBAaHUE CUH-
TaTh MX TOUYEYHO pacnpeaencHHbIMU. W3 mpesncras-
JICHHOTO BBIINIE aHAJIHM3a BO3MOXHOCTEH MHUCTAHIINOH-
HOT'O 30HIMPOBAHUS B MPUOPEKHOM CErMEHTE BHUIHA
OOIIHOCTh (U3MYECKHX OCHOB TIpH paccesHun Y3
(ruppoakyctuka) U OM (paauosiokanus) BOIH MOp-
CKOIl TOBEPXHOCTBIO, YTO OOYCIIOBIMBAET BO3MOX-

HAVYYHOE [NIPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 4

HOCTh COBMECTHOTO TPAKTUYECKOIO TPUMEHEHUS.
Opnako U1 MOTyYeHHs CBEICHUH O 3aKOHOMEPHOCTH
W3MEHEHUS yaaneHus oOlydaeMblX T'paHUl] pasjena
B Y3-9XOMETOJle HCIONB3YyeTCs BEepTHKaIbHOE/Cla-
OOHAKJIOHHOE HAIIpaBJIEHUE OOIYYEeHHS MPH MOHOCTa-
TUYECKON cxeMme. DTO SBJsSIeTCS OrpaHudeHueM Y 3-
crmocoba. Myis momydenuss Oosiee MOTHOTO oOBeMa
CBE/ICHUI O MapaMeTpax ABWKEHHUS B3BOJIHOBAHHOW
TpaHUIlBl pa3jena Boja — BO3AYyX Haja OOJbIIEH IJIo-
IaJbl0 JOHHOM ITOBEPXHOCTH HEOOXOOUMO TaKXKe
UCIIOJIb30BaTh HAaKJIOHHOE OOJIydeHHe TpaHUIlbl pas-
nena Y3-CUTHAJIOM CHU3Y BBEpX MpH OMCTaTHYECKOU
cxeMme, 4To moTpedyeT '"cereBoro" pa3MmelleHus Ha
THE HECKOJNBKAX MPOCTPAHCTBEHHO pPa3HECEHHBIX
MIPUEMOM3ITYYAIOIINX aHTEHHBIX yCTpoHcTB (ITAY).

PE3YJIbTATBI DKCIIEPUMEHTOB
IO UBBUPATEJBLHOMY PACCEAHUIO BPY
AKYCTHYECKH MAT'KOU
MPOPUINPOBAHHOU
INNIACTUHOU-OTPAKATEJIEM

U3 (1) u (2) BITEKAaET BO3MOXKHOCTh OMPE/ICICHUS
MapaMeTpoB MPOCTPAHCTBEHHOI'O CIEKTPa MOPCKOM
MTOBEPXHOCTH, KOTOPBIH XapaKTepU3yeT MpoIecc BOJI-
HeHus. s peanu3aiuu 3T0M BO3MOXXHOCTH HE00XO-
IUMO 00Jy4aTh TOBEPXHOCTh MMOJ (UKCHPOBAHHBIM
yrioM 3 Ha pa3NuyYHBIX 4YacTotax ¢ yderoM (2)

U U3MEPATh HMHTCHCHUBHOCTHL OTPAKCHHOI'O CHUI'HAJIA.
MOXHO TaK)Ke H3MEHSTh yTroJ1 BUSUPOBAHUA ﬂ Inpu

HECKONBKUX (DUKCHPOBAaHHBIX 3HAYCHUAX IIHH Y3
BPY, ¢popmupyemsix [THA, npudem aist odecnieueHus
YTII0BOH M30MPaTEeThHOCTH MIMPHUHA OCHOBHOTO JieTIe-
ctka XH nomkHa OBITH TIOCTOSIHHOHM B paboueMm jana-
Ma30He M He MPEeBbIIIaTh HECKOJNBKUX Tpaaycos. Kax
oTMe4eHo B [26], OCHOBHO# BKJaa B 00paTHO pacce-
SIHHBIN CUTHAJ BHOCAT 3JIEMEHTBI BOJTHOBOT'O TIPOQHIIS
(roukn A’, A Ha puc. 1 u T.1.), 111 KOTOPBIX BBIIOJ-
HSIeTCSl yCIIOBHE N30HMpaTenbHOro paccessHust bparra —
Bynbda, T.e. BBIMONHIETCS yCIOBHE WHTep(epeHIn-
OHHOTO CJOXKEHUsI (2) KOTepEeHTHBIX CUTHAJIOB, OTpa-
JKEHHBIX B 00paTHOM HampasjiieHuH (puc. 1, pa3HOCTb
X0lla NTOJDKHA OBITh paBHa ToJOBHHE JauHB BPY
A, /2, 9TO COOTBETCTBYET BOSHHKHOBEHHIO MHTEP-

(epeHIMOHHOTO MAKCHMYMa B OTP)KEHHBIX JIydax).
N3 puc. 1 BUIHO, YTO M3MEHEHUE HAIPABIICHUS

00JIydeHHsl OT HAKJIOHHOTO K HOPMaJbHOMY (yBEIH-

YeHUe yria cKolbxeHuss Y 1o 90°) mpuBogut

K YMEHBLICHHUIO PAa3HOCTH XO0Ja, T.€. 3TO 0OYyCIIOBIH-
BaeT "mzbmparenbHocTh" s BPY ¢ yBenmuuBaro-
HIeHcsT YacTOTON/yMEHBIIAOMIEHCS [UTMHON B BOJAHOMN
cpene. B [27] ommcaHbl pe3ynbTaThl H3MEPEHUH
B THIPOAKyCTHYECKOM OacceifHe YTJIOBBIX W HacTOT-
HBIX 3aBHCHMOCTEH Ul HOPMHPOBAHHBIX 3HAYCHHI
ammumtyn BPY  mpum oOpatHOM wn30mparenbHOM
OpEerroBCKOM paccesHUM OT AaKyCTHYECKH MSATKHX
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Puc. 1. T'eomerpust MHTEPHEPESHIMOHHOTO YCHJICHHUS B BOJE NMpH OOpaTHOM H30MpaTenbHOM
paccestanu BPU [26] mnacTuHON-0TpaXkaTeneM ¢ CHHYCOUAAIBHBIM NMPOQHIIeM (3aITPUXOBaHA).
JlmHa TOBEpXHOCTHOM BOJIHBI Ao, M BHICOTA HEPOBHOCTEH /1

IUIACTUH-OTpaKaTelel ¢ CHHYCOMAAIbHBIM IPOQuIeM
HEpOBHOCTEHl (MOJenu MalbIX HepoBHOCTeil: A, =
=0.012mu h=4mm, A, ,= 0006 M u h=2Mm)

Ha o0ygaemoii rpaHu. J[namna3oHsl N3MEHEHUS: YTIIBI
BusupoBanus [ B guanazone (30°-70°); wactoTa
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7.5 MM; JUIMTEIBHOCTH 3O0HIUPYIOIIUX HMITYJIbCOB
(50-200) MKC; MBE303JIEMEHT AJIEKTPOAKYCTHISCKOTO
npeoOpazoBatenst (DAIl) makauku [TMA gumamerpom
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Puc. 2. I'padpuku HOpMUPOBAHHBIX aMIUTUTYA P/P,,. Tipu u30uparerpbHOM paccesHun curaana BPU obmywgaemoit
IUIACTUHON-0TpaXKaTesieM CHHYCOMIATbHOTO NPOMUIIs C AJIMHOW MTOBEPXHOCTHOW BOJHBI Ay = 6 MM M BBICOTOW He-

poBHOCTEN /& =2 MM (MOZETh MaJIBIX HEPOBHOCTEH).

a — aMIUTUTyIHO-yacToTHas 3aBucumocth (AU3): nuanazon BPY or 175 k['y go 210 x['1, "u3bpanHas" (pe3oHaHc-
nast) BPU F,;5 = 192 xI', nonoca npomyckanus AU3 o yposnto 0.7 oxono 30 xI'1, yron BusupoBanus f = 42°%;

0 — Tpu aMIUIMTYJHO-yrIIoBbIe 3aBucuMocTH (AY3 1, 2, 3): "uzbpanusie" (pe3oHaHCHbIE) AMHHBI BoaH BPY A, ;6 /
yacrora BPU F 5= 7.5 mm / 200 xI'ny, 8.57 mm / 175 k', 10 mm / 150 k' COOTBETCTBEHHO; IHANa30H W3MEHEHMS
yraa Bu3upoBaHus f ot 30° mo 65° (Yritel BUBHPOBaHUS f,;5 UL MaKCHMyMOB oOpaTHoro paccesaus AY3 1, 2, 3

HpuMepHO paBHbI 39°, 46°, 53°) [27]
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OKcnepuMeHTallbHbIe TpaduKH (pUC. 2) MOTYUYEHBI
npu pasnuuHbiX anuHax A . BPY (xpusee 1, 2,

3 — 7.5 mm, 8.57 MM, 10 MM, puc. 2, 0) B quanazoHe
n3MeHeHus yria BusupoBaHus f (ot 30° mo 65°),
a TaKke Npu PUKCUPOBAHHOM YTJIE BH3UPOBAHUS f§ =
=42° (puc. 2, a) B quama3oHe W3MEHEHHUS YacTOTHI
V3-00ayuenns BPY (ot 175 k' go 215 x['m). Ana-
U3 Pe3yJbTaTOB TOIATBEPKAAET COOTBETCTBHE pac-
MOJIOKEHUSI HOPMUPOBAHHBIX MaKCUMYMOB OTPasKeH-
HBIX CHUTHAJIOB YCIIOBHUIO pe3oHaHca (2); COBIacHUE
pacuera u skcnepuMmenTa cocrasiusgeT (10-20)%; rpa-
(UKH KPHUBBIX HMEIOT BBIPAXXCHHBIH PE30HAHCHBIN
XapakTep, 4TO MOATBEPXKIACT HaJu4yue H30upaTeib-
HOI'0 MeXaHM3Ma paccesHusl. Takum oOpas3oM, 1o OT-
paXCHHOMY CHTHATy C '"W30WMpaTebHO-pacCesH-
HBIMH" KOMIIOHEHTAaMH MOXXHO IOJIyYUTh MH(OpMa-
U0 O NEPUOJUYHOCTH HEPOBHOCTEH MOJENBHBIX
IUTACTHH-OTpaXkaTeseil 3a cuer nmoadopa mapameTpoB
V3-06myueHuss Kak IO HalpaBieHHUSIM BOJHOBOTO
BekTopa BPY (cos ¥) OTHOCHTENLHO IpaHUIIbI pasjie-

na, Tak u no anuHam BPY (A) B BoaHol cpeje.
Ilo MueHuIo aBTOPOB [27], YIIIOBBIE W YAaCTOTHBIE 3a-
BUCUMOCTH OTpakeHHoro nyuyka BPUY, dopmupyemo-
ro IIMA, moO3BOJSAIOT YMCIEHHO OLICHUBATh CIEKTP
Mopckoro BonHeHus. Janee, B [27] onucaHbl pe3yiib-
TaThl OLEHOYHBIX HCCIIEJ0BAaHUI 3aBHCHMOCTH MeXa-
HU3Ma HM30MPATEIbHOTO PAcCesHHUs OT COOTHOILICHUS
MEXIY BETMYMHAMHU BBICOT HEPOBHOCTEH /i W JJHMH
obmydaromeitr BPU A, ogHako KOJIMYECTBEHHBIX NaH-
HBIX HE TpeJCcTaBiceHO. Tak, mpu yBemudeHuu h/ A,
HauyuHas ¢ h/ A >1, pe3oHaHCHas KapTHHA CTAHOBUT-
Csl MEHEee BBIPAXEHHOH — MaKCHUMYyMBI '"pacriibiBa-
10TCs", BO3pacTaeT YPOBEHb OTPAKEHUN B MPOMEKYT-
Kax MEeXIy Pe30HAaHCHBIMH 4acTOTaMH W JIst "M30u-
patenbHOro" paccessHUsl HE COOJIIOJAeTCsl Pe30HaHC-
Hoe ycnoBHe (2). OgHako OOBSICHEHUs MPHYMH BO3-
HUKHOBEHHSI JAHHBIX PE3yJIbTaTOB HE IPEICTABIEHO,
3aKJIIOYUTENBHBIA ATall METOJUKH HW3MEpPEeHHH —
BO3MOXXHOCTh TOJICTPOMKH JUIMHBI BOJIHBI A 30H]IHU-
pytouiero curtana BPY moj xapakTepUCTUKU UMEIO-
IIerocss MOPCKOTO BOJTHEHMS HA JTaHHOM 3Tare ucclie-
nmosarenu [27] He chopmynupoBanmu. Tem He MeHee
o0OpaTHOe H30HMpaTe’IbHOE pPacCesHUE MO3BONACT Ja-
BaTh [IPAKTUYECKUE PEKOMEHIALMH 10 BBIOOPY IUIMHBI
BosiHBl A BPY mpu peanuzanuu pexuMa HaKJIOHHOTO
MOHOCTATHYECKOT0 OOydeHHs] B aKyCTHYECKOM CIIO-
co0e n3MepeHust MapaMeTpOB MOPCKOTO BOJHEHHS.

CIIOCObbI MHOI'OIIO3UITMOHHOI'O
¥Y3-MOHUTOPHUHI' A BOJIHOU CPEbI

YnoMaHyTBIE BBIIIE MOHUTOPHUHTOBBIE 3JIEMEHTHI
[1], mpu peann3anum KOTOPBIX HCIOJB3YIOTCA Y 3-
9XOUMITYJIbCHBIE JIOKATOPBI, IPUMEHSIEMBIE IS TIOTY-
YeHusT HeoOXOoAMMOW WHQpOpPMamuMH O MapaMeTpax
CJIOUCTOMN BOJIHOM Cpejibl, TOJIKHBI 00J1a/1aTh Ha pabo-
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YUX YacTOTaX KaJHMOPOBaHHBIM aKyCTHYECKHUM TpaK-
TOM C H3BECTHBIM IPOCTPAHCTBEHHBIM pacrpeere-
HUEM aMIUIATYl 3ByKOBOIO JaBICHMS B Mpeenax oc-
HOBHOTrO Jeniectka XH. bosnee Toro, /st npoBeneHus
HCCIENOBAHUA TOHKOM CTPYKTYphI HOBEPXHOCTHOTO
BOJIHEHUSI HEOOXOJMMO MMETh BO3MOKHOCTH PETyJIu-
POBKH DPa3perraeMoro 3JieMeHTa BOJHOTO MPOCTPaH-
CTBa, KOTOPBIM OMpeaenseTcss IpPOU3BEACHUEM pa3pe-
HIAIOIIMX CTIIOCOOHOCTEN — IO AUCTAHIMM U 110 yTIIy.
Taxum 06pa3oM, NPUTOAHOCTH (HOPMHUPYEMOTO B BOJ-
HOW Cpele aKyCTHYeCKOro TpakTa OrpaHUYMBaeTCs
BEIMYMHOW 00JyyaeMoro HM3MEpHUTEIbHOIO 00beMa,
KOTOPBIN ompenensercs: pazMepoM u paboueil yacto-
TOH AQHTEHHOW CHCTEMBI, JAJIUTEIBHOCTHIO UMITYJIbCA,
a TaKKe CXeMOoH 3xosokauuu "cHuzy BBepx" Y3-cur-
HaaMu (MOHOCTaTHYecKas uin Oucrtarmyeckas). Ha-
MIPUMEp, OCYLIECTBIEHUE TI0 MOHOCTATUYECKOM cXeMe
(v3i1ydarenb ¥ NPUEMHUK OOBEAMHEHBI) 3aMEPOB U3-
MeHeHusl npoduist Oeryieil MOBEPXHOCTHOH BETpO-
BOM BOJIHBI 00€CIIEUYMBAET TOJIBKO IBYMEPHOCTh PErH-
CTpalil BO BpeMeHHW. lIcmonp30BaHWE HAKIOHHOTO
o0ydeHust TpaHulbl pa3zaena Y3-CUTHAIOM Hpu OH-
CTaTHYECKOW CXEMe JXOIMOHMCKa (M3Iydarenb M TpH-
€MHHMK MPOCTPAHCTBEHHO PAa3HECEHbI) NOTpedyeT
YBEIMYEHHS TUIOTHOCTH pa3MEIIeHHs Ha JIOHHOH Io-
BEPXHOCTU HECKOJBKUX MPOCTPAHCTBEHHO PA3HECEH-
HBIX M3JIyyaTejed U NpUEeMHUKOB. Peanuzauus naH-
HOTO TIOAX0/1a MOKET TIO3BOJIUTH PETHCTPHPOBATH KaK
TPEXMEPHYIO KapTUHY TEYEHHH B CIIOUCTOM MOPCKOMN
cpene, Tak M JUHAMHKY H3MEHEHHS XapaKTePUCTHK
MOBEPXHOCTHOTO BOJIHEHUSI Ha MPUOPEKHON aKBaTo-
puH OOJIBIION TUIOIA/IH.

[IpoBenem aHamu3 cooOIIeHUH O ClIOCOOaX MHOIO-
MO3UIMOHHOTO Y3-MOHUTOPHHTA M JIOKAIIMOHHBIX
yCTpoiicTBax, UX peanusyrouux. ['maponokannonHas
cucreMa HaOJIOJAEHUS Uil OOHApy>KeHMs IIJIOBLOB
Ha NPUOPEKHOM MEJIKOBOJbE BKIIOYAET B cels, Kpo-
Me OeperoBoil  pagMOANEKTPOHHOW  ammaparypbl
(PDA), n nabop omnorunueix ITAY [28]. [TAY pas-
MEILEHB B BOJHOW cpelie C COOJIOJCHHEM YCIOBHUS
MUHUMH3AIUH Y 3-TI0MeX B3aUMHOTO BIUSHUS 34 CUET
CEKTOPHOTO OOJydeHMs] KaXKIbIM W3 HUX '"cBOero"
ydacTka BOAHOro mpoctpaHcTBa. DAIl, U3 KoTopsix
cobpansl ITAY ¢ miockol amnepTypoH, (QpyHKIHOHU-
PYIOT Ha 30HAMPYIOIIMX CUTHAJIAX B 3a/laHHOM Juarna-
30HE YacTOT, co3daBas Y3-0apbep W3 IMEepPeKpPBIBAIO-
IIMXCST POCTPAHCTBEHHBIX 00JacTel 00ydeHus: BO-
Kpyr oxpaHHoW 3oHbI. llpenmonaraercs, uro I[TAY
MOTYT OBITh pa3MEIICHbl B aKBATOPHU HA JJOHHOH I10-
BEPXHOCTHU /3armyONeHHbIX 1aropmax, B CBs3U
c 4yem oOmactu o0myuyeHHst (OPMUPYIOTCS Harpas-
JICHHBIMH BEPTUKAJIBHO/TOPU30HTAIBHO Y 3-IIyuKaMH,
MPUYEM U3 ONMCAHUS HESICHO, KaK CO3/1al0T Oapbep —
MO3TANHO, T.€. MO3JEMEHTHO, WM OXHOMOMEHTHO,
T.e. TienukoM. OTpaHHYeHUSIMA TaHHOTO MHOTOIO3H-
IUOHHOTO c1toco0a Y3-MOHUTOPUHTA SIBISIOTCS:
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1) npumenenue B [TAY TonpKO pesxuMa MOHOCTa-
THYECKOW 9XOJOKAIMH, YTO OOECHEeYMBAET TOJBKO
JBYMEPHOCTb PETHCTpaLMy HH(OPMAIMU BO BpEMEHH;

2) HaJIMYHE TMOMEX B3aUMHOIO BIMSHHSA 3a CUET
Majioi mojockl mporryckanus DAIl, uCmoib3yeMbIx
B MOHOYACTOTHBIX [TAY

3) HuzKas 3QPEeKTUBHOCTH MCTIOIH30BAHUS H3ITY-
yaeMoil Y3-sHeprum BCIEACTBUE TOTO, UYTO OTCYTCT-
BYEeT BO3MOYKHOCTb KaK PETyJIMPOBKH pa3periaeMoro
9JIEMEHTa MPOCTPAHCTBA, TaK U ONEPATUBHOIO M3Me-
HEHHsI HamnpaBieHHNH Y3-ydyKoB JUISI YBEIHMUYEHUS
KOHLIGHTpPAllUM TOACBETKH OOHApY)KEHHOI'o OOBEKTa
MOMCKA Ha MPOU3BOJIBHOM HANpaBIEHUU OTHOCUTEINb-
HO OXpPaHHOM 30HBI.

B TO Xe Bpems NepCreKTUBHBIM SBISIETCS OIBIT
NPUMEHEHUs] B THAPOJIOKAIMOHHOW cucTemMe HalJiro-
JieHust "ceTeBoro” pa3MenieHust Ha JOHHOM MOBEPXHO-
CTH HECKOJIBKMX IIPOCTPAHCTBEHHO pPa3HECEHHBIX
ITAY.

B [29] omucan Y3-crioco® oOHApYKEHHSI BTOPXKE-
HUSI TIOIBOTHOTO 00BEKTa B aKBATOPHUIO MPUOPEKHOTO
BOJIOEMa C TIPUMEHEHHEM peXnMa "OncTaTHaeckoro”
sxononcka. C TOMOILIBIO AKyCTHUECKH KECTKHX
oTpa)kareyel, pacrojiaraeMblXx Ha BOOOpa)kaeMoi
UIUNTHYECKOW JIMHWM, 3aJal0T B BEPTUKAIBHON
TUIOCKOCTH ~ KOHTPOJUpyeMylo 00JacTe BOJIOEMA.
B ¢okycax snnunca pazMemaroT rHIpoaKyCTHICCKHE
M3JTy4aTenb ¥ MIPUEMHHUK TaKUM 00pa3oM, YTO UX KpY-
roeele XH ¢ 0JMHAKOBOM YyBCTBUTEJIHHOCTHIO
M0 3ByKOBOMY JIaBJICHHMIO TaK)K€ HAaXOJSATCS B BEPTH-
KaJmpHOU MiockocTH. Kak wm3imydarens, Tak M MpHEM-
HUK Y3-BOJIH BBIIIOJIHEHBI B BUJI€ CEKIIMOHUPOBAaHHON
MHOT'03JIEMEHTHON aHTEHHOW KOHCTPYKLMM LIMJIMH]I-
pudeckoit popmbl m3 MoHo49acToTHEIX DAIL. Omepa-
TOp C TIOMOIIBIO BO30YXKICHHS OTHCIBHBIX CEKLHUI
THUIPOAKYCTHYECKOTO H3ITydaTess IOCIeI0BaTeIbHO
MoCchUTIaeT Y 3-UMIYJIbChl 1O Pa3IMYHBIM HaIpaBile-
HUSM K yCTaHOBIIEHHBIM OTpakaTensiMm. OcoOeHHOCTH
TEOMETPUH JJUTUNTHYHON TPAHUIBI KOHTPOIUPYEMOMN
o0jacTH NMPUBOAAT K TOMY, YTO HMITYJIbCHBIE Y3-
CUTHAJBI NIPH PACIIPOCTPAHEHUM K IPUEMHHUKY MEpe-
KpBIBAIOT CBOMMH WHAMBHIYaJIbHBIMU TpaccaMH pac-
MPOCTPaHEHHs BEPTHKAIBHYIO 30HY KOHTPOJIHPYEMOM
BOIHON akBaropuu. OmepaTop aHaIM3UpPyeT oToOpa-
KaeMble Ha WHAWKATOpE KpyroBoro o03opa ¢ pas-
BepTKOi Tuna P (B 3apyOeXHOH TEPMUHOIOTUU UHIH-
katop tuma PPl — Plan Position Indicator) cepun
MHQOPMAMOHHBIX UMIyJIbcoB. Ilpn Hanmmumu non-
BOJHOTO OOBEKTa B HEKOTOPOM CEKTOPE COOTBETCT-
BYIOIIMIA MMITYJIbC Ha SKpaHe MPOMaaeT, YTO YKa3bl-
BAcT Ha HaJIMYME LN, a TAKXKe MMO3BOJMT IOCie 00-
paboOTKM OMPEEeUTh MECTOIIOJIOKEHUE, KypC U CKO-
pocTb ABMXKEHUS! 00bekTa. OTpaHUYEeHUSIMH JTaHHOTO
MHOTOTO3UIIMOHHOTO crocoda Y3-MOHUTOPUHTA SIB-
JISIOTCSL:

1) crokHasi cxema OpraHu3aluu 00JydYeHHs] KOH-
TpOJIUPYyEeMOi 00JIacTH HATypHOI'O BOJIOEMa, KOTOpast

0 CYTH SIBJISIETCS TIOCKOM, 4TO 00eCTIeunBaET TOIBKO
JBYMEPHOCTh PErHCTpanuu WH(GOpPMAlUU BO BpeMe-
HU;

2) HanMyMe NOMEX B3aMMHOIO BIMSHHS 3a CYET
Majioi mojockl Tporryckanus DAL, ncmonb3yemMbIx
B MOHOYACTOTHBIX aHTEHHBIX KOHCTPYKIIHAX;

3) OoTCyTCTBYeT BO3MOKHOCTh Kak BbIOOpa HEoO-
XOJIJMMOTO pa3pemraeMoro 3JeMeHTa MpOCTPaHCTBA,
Tak U ONEpPaTHMBHOTO M3MEHEHHs HamnpaBiIeHUH VY 3-
MyYKOB JJIS YBEJIMYEHUS KOHIEHTPALUU MOJICBETKU
O0OHApPYXEHHOTO OOBEKTa IMOMCKA Ha HPOU3BOJIBHOM
HaIpaBJICHUH OTHOCUTEIBHO OXPAHHOU 30HBI.

B T0 e Bpems B pacCMOTPEHHOM crioco0e SIBIISIeTCst
NepeioBBIM IPUMEHEHHE pekuMa "OucTtaTuueckoro”
9XOIOHCKA, YTO M03BOJISIET 3PPEKTUBHO NEPEKPHIBATH
BEPTUKAIIBHYIO 30HY KOHTPOJIMPYEMOH BOJHOH akBa-
Topuu. OgHAKO B 000MX CIOCOOAaX MHOTOMO3HMIINOH-
HOTO Y3-MOHUTOPHHTA M JIOKAITMOHHBIX yCTPOUCTBAX,
WX peanu3yromux, KOoHCTpykius I[IAY He Moxer
o0ecrevnTh pelIeHre 3aJaui UCCIeIOBaHUs JUHAMU-
KM M3MEHEHHMA XapaKTEepUCTHK IMOBEPXHOCTHOIO
BOJIHEHUSI Ha TNPUOPEXKHOH akBaTOPHUHM OOJBIION
IIOIIA/IN.

THUJIPOADPOJIPOM KAK IPUEPEKHBI
CErMEHT I'CHO

OnucaHue ceTH M PesKUMOB PaGoThI

[lepcrieKTHBHBIM 1O HWCIIOJIB30BAaHUIO B COCTaBe
MTOICHCTEMBI HAOTIOACHWS JUTSI IPUOPEKHOTO CETMEH-
Ta sBrsgeTcst Y 3-crocod MOAroTOBKH BOJHOTO 00beMa
JIeTHOrO OacceiiHa rujpoaspoapoma [30], B pamkax
KOTOpPOTO BO3MOKHO M3MEpPEHHE IapaMeTpoB MOp-
ckoro BonHeHus [31]. [lns momcucTeMbl HaOOISHUS
MPUOPEKHOTO CErMEHTa WCIONB3YIOT HMITYJIbCHYIO
JoKanuo Y3, W3Iy4aeMbM CHH3Y BBEPX IOCPEICT-
BOM CETEBOM [IOHHOH CTPYKTYpPHI M3 HEOOXOAMMOTO
kommuectBa [IAY momycdepuaeckoit ¢opmsr [32]
(puc. 3). B [33] npencrasneH moApoOHBIN aHaIHU3
MPUMEHEHHUS] THIPOAKyCTHUYECKHX CHUCTEM AaKTHBHON
nokammu ¢ ITAY, KoTopele HCHOIB3YIOT B pEXHUME
MOHOCTaTHYECKOH 9XO0JIOKAIMU KaK AJIsl 0OHApPY KEHHS
HAJBOJHBIX WM IOJBOAHBIX OOBEKTOB, TaK W yHaJeH-
HOTO TIOJIyd9eHUsT HH(POPMAIUKU O THIPOYCIOBHIX
B Pa3WYHBIX TOUYKAX aKBATOPHH.

Ha nxe mpubpexxHO# akBaTOpruy pa3MeIIeHb! MATh
onuHakoBbIX [TAY (I), cBSI3aHHBIX AMEKTPUYECKH KaK
JpYT C IPYroM, Tak U ¢ OEperoBbIM MOCTOM, U3 KOTO-
PBIX YeThIpe nepuepridHbIX (HampaBiIeHHUs ceBep — IOT,
BOCTOK — 3amajl) o0pa3yloT BOKpYT LEHTPAIbHOTO
TUIOCKYIO TIPOCTPAHCTBEHHYIO CTPYKTYpPY KBaApaTHON
(OpMBI ¢ JUIMHAMHU CTOPOH OKOJIO JBOWHOM TITyOHHBI
npuOpexHol akBaTopuu. OcoOeHHOCTH (PYHKIMOHH-
poBaHus paccMaTpuBaeMoro Y3-cmocoba (puc. 3)
COCTOSIT B TOM, YTO B 00JIaCTSAX PACIIONIOKEHUS KAKIOTO
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Puc. 3. CereBas nonnas crpykrypa u3 5 [TAY (I) mist moacucTeMsl HAOIIOACHUS TPHOPEIKHOTO CErMEHTa
Y YJAJICHHOTO MOJTyYeHHsI MH(GOPMAIIUHU O THAPOYCIOBUIX B PA3IHMYHBIX TOUKAX AaKBATOPUU

ITAY (I) peanuzyercsi HECKOIBKO PEXKUMOB 00Ty dEHHS
VY3-curHamamu co CTOPOHBI JHA OOCIIeAyeMoil akBa-
TOpUH: OOpPalIEHHOT0 MOHOCTaTHYECKOTO 3XOJI0Ta,
HAKJIOHHBIX MOHOCTaTHYeCKOTO ¥ OHCTaTHYECKOTO
obnyuennii (st aByx nepudepuitapix [1AY (1), Ha-
XOAALIMXCSI Ha 3aJlHEM IIJIaHE, CXEMaTUYHOe H300pa-
JKEHHE PEKUMOB OOJIyUEHHSI HE BBIIIOJIHEHO).
Haubonee HarnsgHO MpUHLUI yJAJICHHOTO MOJTY-
yeHusI WHGOPMAITUH O THAPOYCIOBUSX B Pa3INIHBIX
TOYKaX AaKBaTOPHU U HCIOJBb3yEeMblE PEXHUMBI 00Iy-
YeHUS WLTIOCTPUPYIOTCS HA pHC. 3 3a cUeT "JeTBEepT-
HOTo" BbIpE3a BOJHOI cpeabl, KOTOPBIA PACIOIOKEH
Ha mepenneM ttane. Urtak, Hag xaxaeiM [TAY ocy-
LIECTBIIICTCS U3MEPEHHE M1apaMeTPOB MOPCKOTO BOJI-
HEHHUSI TIPH pealIM3alii peXuMa 00palieHHOro MOHO-
CTaTHYECKOTO 3XO0JI0Ta, T.€. HOPMAIBHOTO OOIy4eHHUS
V3-uMIynpcaMy  ydacTKa TpaHMLBI pasfesia BoAa —
BO3IyX C HCHONb30BaHMEM obOpatuMbix JAIL Dto
MO3BOJIUT 3apEruCTPUPOBATH IWHAMUKY H3MEHCHHMS
MPUOPEKHBIX BOJHOBBIX IMPOIECCOB B MPOCTPAHCTBE
U BpPEMEHU 3a CYeT AMCTAHLUMOHHBIX HAOJIIOICHUM
Ha aKBaTOPHU JIOCTATOYHO OOJIBIIOTO pa3mepa, uTo
aKTyaJIbHO TIPH pa3paboTKe anmapaTypsl U MO3TATHON
peanu3anny U3MEpEeHUi B IpUOPEKHOM CETMEHTE.
Hanee, nag xaxasiM [TAY cereBast 1oHHAs CTPyK-
Typa TO03BOJIUT B COOTBETCTBUH ¢ 3ddexrom omrepa
OCYIIECTBUTh H3MEPEHUs 10 OOHApPYKEHUIO TeHe-
pajbHOTO HamIpaBieHUs Oera M CKOPOCTH HOBEPXHO-
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CTHBIX BOJIH 33 CYET UX HAKJIOHHOTO OOJTyUeHUs CHU3Y
BBEPX NMPHU MOHOCTATHYECKOU CXEME DXOIOWCKA, MPH-
4eM I 9TOro HeoOxoaumo mocpeactsom [IAY
c(hopMHUPOBaTh JBE B3aMMHOICPIICHIMUKYJISIPHBIC aH-
TeHHbIe cucteMbl Tuna "nyc". C 3Toi uenbo Ha 1o-
nycopepe ITAY BwIOMparoT ABe mapbl "OMIO3UTHO-
nuameTpanbHbeIX" oOpatuMbix DAL, pacmonoxeHHbIX
Ha TEpPEeCceueHUsIX 3aJlaHHOM Mapajuiesid U JBYX B3a-
MMHOTIEPIICHINKYIISIPHBIX  MEPUIUAHOB. AKyCTHYE-
CKHE OCH BCEX YETHIPEX MYyYKOB UMEIOT OJUHAKOBELIC
YIIBI HaKJIOHa OTHOCHTENHHO TOPH30HTA, HAXOMACh
MONapHO BO B3aUMHO MEPHEHAMKYJSAPHBIX BEPTU-
KaJIbHBIX TUIOCKOCTSIX, MPOXOISAIINX Yepe3 OCh CUM-
MeTpun norHoro ITAY (I). OpueHTtanmio B3awMHO
MEePHEHANKYIISIPHBIX BEPTUKAIBHBIX IJIOCKOCTEH OT-
HOCHTEJBHO CTOPOH CBETa MOXKHO M3MEHSTH 3a CUEeT
koMmmyTaruu DAl (Ha puc. 3 11 ynpouieHus u30-
Opakenus y kaxmoro [IAY mokazaHo 1mo omgHOMY
My4YKy JUIS HAKIIOHHOTO MOHOCTaTHYECKOTO O0Iryde-
Hust). Keratn, mo0oi mydok Ajist pexkrMa HakJIOHHOTO
MOHOCTATHUYECKOTO OOIyYeHHsI MOXKET OBITh HCIIOJB30-
BaH JUIl U3MEPEHUI aMIUIUTYJIHO-4aCTOTHOM Xapakre-
puctukn (AYX — 3aBUCHMOCTEH aMIUTUTY/I 3XOCHTHA-
JIOB B 3ajilaHHOM mosoce yactor BPY) mis 3amanHoro
ydacTKa TPaHWIBl pa3/iena, PacIoJIOKEHHE KOTOPOTO
orpefersieTcss BHIOPAaHHBIM 3HAYEHHWEM VIIia HaKJIoHA
O0JIy4eHUs OTHOCUTEIBHO TOPU30HTA, MPUYEM BEIHU-
ypHa TmocieqHero mpu m3Mepenun AUX B pamkax
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OTJICIBHOM CEpUM OCTaeTCs HEM3MEHHOW (CM. puc. 2,
a). Hanee, m000H My4oK IS PEeKUMa HAKIOHHOTO
MOHOCTATHYECKOTO OOJYYEeHHUsI TaKKe MOXET OBITh
WCIIOJIB30BaH U JJII U3MEPECHHUS aMIUIUTYTHO-YTIIOBBIX
xapakTepucTuk (AYX — 3aBUCHMOCTEH aMILTUTY.
9XOCUTHAJIOB B IMANA30HE U3MEHEHUS BEJIMYUH YTIIOB
©, HakiIoHAa OOJIYYEHHS OTHOCHTENBHO TOPU3OHTA)

Ha HECKOJBKUX BBIOpAaHHBIX M paznuuHbix BPU mns
MPOTSHKEHHOTO y4YacTKa TPAHHUIIBI pa3ziesia Boja — BO3-
IyX, NpUYeM BEIWYMHA BHIOPAHHOTO 3HAYEHHS H3ITY-
yaemoid BPU mpu m3mepernnn AYX B pamkax OTAENTb-
HOW CepuH 0CTaeTCs HEM3MEHHOH (CM. pHC. 2, 0).

W nHakoHen, peXUM HAaKIOHHOTO OHCTaTH4YeCKOTO
ob6nyuenns BPU co cropons! gHa: ieHTpanbHenii [IAY
CHHU3Y BBEPX O] 33/JlaHHBIM YTJIOM HAKJIOHA OTHOCH-
TEJIBHO FOPU30HTA OJHOBPEMEHHO OOJIydaeT YeThIpb-
Ml JIydamu (IO JJBa BO B3aUMHO NEPHEHIUKYISIPHBIX
BEPTHKAJIBHBIX TUIOCKOCTSX) YETHIPE ydacTKa B3BOJI-
HOBAHHOM TIpaHUIBl pa3jiena, CHHXPOHHO 3aIlycKas
B OeperoBoil ammaparype MpHEeM PacCEeSTHHBIX MOp-
CKOM IMOBEPXHOCTBIO HUMITYJBCOB Y3, KOTOpbIE "3a-
cBeunBaroT" cBepxy BHU3 DAII, oOpasyromux amnep-
Typhl Yetbipex nepudepuitapix [TIAY. UzsectHo [34],
YTO KaXJ0€ M3 YeThIpeX Mepeu3TydeHHbIX TpaHHLeH
paznena noneil BPU sBusiercs cynepno3uuued AByX
KOMIIOHEHT — PEryJspHO#l (KOrepeHTHOW) BOIM3M
HaIlpaBJICHUs 3€pPKaJbHOIO OTPAXKEHMSI M CIy4alHOH
(HEKOTepeHTHO), HalpaBIEHUs KOTOPOH OXBaTbhIBa-
I0T BCIO HIDKHIOIO TIOJTycdepy, MpruueM IpeBaIupoBa-
HUE OJHON KOMITOHEHTHI HaJ JPYroH MO3BOJIAET Olie-
HUTH CTENIEHh HEPOBHOCTH ITOBEPXHOCTH MOPS, T.K. UX
COOTHOIICHHE OTPEACISETCS COPa3MEPHOCTHIO JIITIHEI
BouiHEI A oOmyuatonieid BPY u BeicoTHI £ Oerymei
MOBEPXHOCTHOM BOJIHBI.

[TomuepkHeM: 37€Cb HOBBIM U OPUTMHAJIBHBIM 3a-
KITIOYUTEIHHBIM 3TAallOM METOAMKH W3MEpPEHHMH i
MOJCUCTEMBbl HaOIIONEHHsT HPUOPEKHOIO CEerMeHTa
W YJAJIICHHOTO TMOJyuYeHHs WHPOPMAIUH O TUAPOYC-
JIOBHSAX B Pa3MYHBIX TOYKAaX aKBATOPHUU SBIISIETCS
npuMeHeHne 3GQGeKToB HETMHEHHON aKyCTHKH, B Ya-
ctHocTH [IMA Kak HW3MepUTENBHOTO HWHCTPYMEHTA,
¢opmupyIOLIEero B BOJHOH cpeie 30HAUPYIOLINNA CHT-
Han BPY, nnuHy BOMHBI A KOTOPOTO MOXHO TOJI-
CTpamBaTh T0J| XapaKTePUCTHKH HMEIOLIET0OCsS MOp-
CKOTO BOJHEHHS, U3MEHSSI COOTHOLIEHHS YKa3aHHBIX
KOMIIOHEHT JI0 HEOOXOAUMBIX B M3MEPEHUSX MPOHOp-
uui [35].

OueHOYHBIH pacyeT NapaMeTpoB U30MpaTeIbLHO
paccesnnbix BPY qu1a pe:xkuMa HAKJIOHHOTO
MOHOCTATHYECKOI0 00, 1y4eHUs

Homyctum, uro DAIl, obpasyromme onHo u3 "Me-
punnonansHeIX" HampasiaeHuit B IIAY (I) (puc. 3),
BO30Y’>XIal0TCs 10 3aJaHHOM IporpamMme OUrapMOHH-
YeCKHUMH JJIEKTPUYECKMMH CUTHAJIaMHU C YacTOTaMHU

239.5, 242.5, 245.5, 254.5, 257.5, 260.5 xI'ny [36],

KOTOpbIE TPOU3BOJILHO 00pa3yloT mapel f, f,. OTo

MO3BOJIUT, HAITPUMEDP, CHOPMHUPOBATH B BOJTHOM cpejie
st kaxporo JAIl "wactotHO okpamenHoe" Y3-
M3Jy4YeHUEe OCHOBHBIX JieriecTkoB XH B yrimomecTHO#

wiockoctu ans BPU F =|f1 —f2| /A

3kl /50 em; 6 kg / 25 em; 9 kI / 16.7 cm;
12 k' / 12.5 em; 15 kI / 10 em; 18 xI' / 8.3 cm;
21 k' / 7.14 cm,

MIPUYEM WX aKyCTHYECKHE OCH MOTYT pacIojiaraThCs
Kak "OmIo3uTHO", TaK M B INTOCKOCTH 3aJaHHOTO "Me-
puanaHa" 1MoJ pa3HbIMH YIJIaMHU CKOJIBXEHHS Y = 82°,
74°, 66°, 58°, 50° u T.n., OTCUUTEIBAEMBIMH OTHOCH-
TEIBHO TOPU30HTA.

[Ipeamomnarast, 9T0 ONTUMAIBHO OCYIIECTBISATH 00-
JIly4eHHUE BBIJCIICHHON MOJIOCHI HAa Y4YacTKE T'PaHUIIbI
pasmena sl TOMyYeHHWS HWH(DOpPMAIMHM O CIIEKTpe
MOPCKOTO BOJIHEHHsI MIMEHHO Ha HM30MpaTenbHO pac-
cerBaeMbIX (MHTEPPEPECHIIMOHHO-YCUIICHHBIX, a HE
nHTepPepeHINOHHO-0cTabmeHHpx) BPY, paccmor-
pUM OJIMH W3 BapuaHTOB. Hampumep, B 0JlHOM MepH-
IUaHe NIl HECKOJNBKUX (DUKCHPOBAHHBIX BEIMIUH
yrinoB obinyuyeHus y, (ckoibxkenus) 82°, 74°, 66°,

58° 3a cuer m3nydyenuss BPU c uacroramm 12 xI'mg
(0.125 m), 9 xI'm (0.167 M), 6 kIt (0.25 ™), 3 k11
(0.5 M) COOTBETCTBEHHO, a 3aT€M PETUCTpAIUN H30H-
paTenpHO PACCESHHBIX CUTHAJIOB MOJKHO BBIIEIHTH
nuarasoH (0.3—0.47) M u3 ciekTpa BOJHEHHSI, TPHYEM
JUTSI TIOJIOCHI TPAHMIIBI pas3fesia IIUHOM OKojio 16 M
mpu riryonne akBatopuu 10 M.

W3 3THX AaHHBIX CIEAYIOT IPAKTHYECKUE BHIBO/IBI:

1) mpu HaKIIOHHOM MOHOCTaTHYECKOM OOITydeHHUH
B PEKUME H30MPATEIbHOTO PAcCEsHUs BO3MOXKHO
U 1enecoodpasno popmuposanre BPY jyis yacToTHO-
OKpAaIICHHBIX "HapUuaIbHbIX" JENECTKOB B PE3YJIbTU-
pytomeit XH ITAY, uto akryanbHo mpu Y3-MOHH-
TOPUHIE CJIIOUCTOW BOJHOM Cpeabl U MOPCKOM TO-
BEPXHOCTHU CO CTOPOHBI JIHA;

2) Ka4ecTBEHHO-OIICHOYHBIE M3MEPEHUSI paccesH-
HOro nonst BPY neMOHCTpUpYIOT, YTO Il HAKIIOHHO-
TO0 MOHOCTaTHYECKOTo OOIyYeHUs B PeKUME M30Hpa-
TEJIBHOTO PACCEsIHUSI HEOOXOAMMO YYWUTHIBATH BO3-
MOKHOCTb W3MEHEHUS IJIMHBI BOJHBI MCIOIB3yEMOT0O
VY 3-00myueHus.

3AKJIIOYEHUE

AKTyaJbHOCTh O0CYXJaeMOW TEMAaTHKH IOJTBEp-
xmaT 3apyOexxsple myoOmukanuu [37-40]. Tak,
ormyOnukoBaHbl B [37] pe3ylbTaThl CepuH SKCIEPH-
MEHTOB TI0 M3MEPEHHIO PACCESHUSI MOPCKOHW MOBEpX-
HOCTU B PEXKMME HAKJIOHHOT'O OMUCTaTUYECKOro 00Jy-
yeans BPY (4, 8 u 15 kI'1), mpoBeeHHBIX HA MENKO-
BOJIbE ¢ Hcrojb3oBanueM [1MA (meHTpampHas gacToTa
Hakayky 40 k['11) B kKauecTBe NCTOYHHUKA U MPUEMHON
TOPU30HTAIILHON JMHEWHONW aHTEHHBI. DKCIEPUMEH-

HAVYYHOE ITPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 4
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TalbHbIE W3MEPEHHs 3aKIIYAINCh B PErHCTpaluu
MOBEPXHOCTHOTO paccesiHus Ha Tpex udactorax BPY
JUISL MaJbIX YTJIOB CKOJIBKEHHSI OTHOCUTENBHO TOpH-
30HTa (13°, 20° 1 30°), npuyeM Ha TPOTSHKEHUU UIH-
TETBHOTO IEPHO/AA, YTO COMPOBOXKAAIOCH HM3MEHE-
HUSIMH [1apaMETPOB BOAHOW MOBEPXHOCTH. B a3rToM
CTaThe MOAPOOHO OMUCAHBI KaK METOAMKA, TaK M pe-
3yJbTaThl AKCHEPUMEHTOB JJS TMPSIMOTO PACCESHUS
(bistatic forward scattering strength) mMopckoit mo-
BEPXHOCTBIO. [l0Ty4YeHHbIE JaHHBIE MTOKA3bIBAIOT, YTO
HaIpaBJIeHUE paclpOCTPAaHEHUS BETPOBOM BOJIHBI
OKa3bIBaeT CYLIECTBEHHOE BIIMSHME Ha IOBEPXHOCT-
HOE MPSIMOE paccestHue; Ul BCEX YITIOB CKOJIBbKEHUS
YCTaHOBJICHO, YTO (IYKTyally CHIIbI PACCESTHUS N3-32
YCJIOBHUI OKpY’Kalollel cpe/ibl yMEHBIIAIOTCS 110 MEpe
TOTO, Kak "actota ¥Y3-curnaina BPY yBenmmumBaercs.
Cnenyer oTMETUTh, YTO B [37] HE yKa3aHbl BO3MOXK-
HOCTHU MIPAKTUYECKOTO MPHIIOKEHUS OCYIIECTBICHHBIX
U3MEpPEHHUH, B YaCTHOCTH, ISl Pa3pabOTKH mHpexasa-
raeMoro croco0a MUccleI0BaHus XapaKTEePUCTUK MOp-
CKOTO BOJIHEHUS, TEM HE MEHEe MEpBBIM IIar B 3TOM
HaIpaBICHUH 10 NPUMEHEHHUIO THUAPOAKYCTHUYECKHX
CHUCTEM C pEeXHMOM IapaMEeTPHUECKOTO H3ITyUeHUS
OCYIIECTBIICH.

TemaTtuka wmccnemoBaHMi, ONMMCAHHBIX B JaHHOU
cTaThe, SBISAETCS MpojaoIDKeHueM pabdot [31, 36, 41—
43] 1 COOTBETCTBYET HAIIPABIECHHIO HCCIEIOBAHUNA —
pa3paboTKa TEXHHYECKHX OCHOB NMPHOOPOB, WHCTPY-
MEHTOB, CHCTEM M METOJIOB M3MEpeHHus B 00JacTH
aKyCTHKH BOJHBIX CPE: H3NIy4eHHe, MpHeM U o0pa-
0O0TKa 3BYKOBBIX CHUTHAJIOB, aKyCTHYECKHH MOHHTO-
PHUHT BOJIOEMOB.
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MEASUREMENT OF MOTION PARAMETERS OF AGITATED
INTERFACE USING EFFECTS NONLINEAR ACOUSTICS
FOR COASTAL SEGMENT COMMON
MARINE MONITORING SYSTEM
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The article analyzes the possibilities and needs of remote monitoring of the shelf in the coastal segment of
the Global Ocean Surveillance System (GOS) using systems and methods for measuring the scattering of ultra-
sonic (sonar) and electromagnetic (radar) waves by the sea surface. The main attention is devoted to the design
of the technical foundations of the ultrasonic method for monitoring water area, in which the modes of ultrason-
ic irradiation with signals from the bottom of the surveyed water area are implemented using various effects of
nonlinear acoustics. Within the framework of the possibilities of solving the inverse scattering problem — de-
termining the parameters of the sea surface by the characteristics of the signals scattered by it — the main atten-
tion is paid to the applicability of a selective ("resonant") backscattering mechanism corresponding to the Bragg —
Wolfe condition. Based on the analysis of the available results, it is proposed to expand the possibilities of
a method for measuring the parameters of the rough sea surface, which is promising for use in the coastal seg-
ment of the general marine monitoring system.
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INTRODUCTION

Obtaining information on wind waves and currents
in the aquatic environment is the main objective of
marine observations carried out in the waters of ports,
harbors, and bays. This requires the development of
new research methods, laboratory and field testing of
new devices, and the implementation of data telemetry
in real time. Changes in coastal processes in space and
time require the use of remote observation methods in
water areas of sufficiently large sizes, in particular,
the development of technical foundations for devices,
instruments, systems, and measurement methods for
the implementation of dynamic ultrasonic monitoring
of water bodies. As practice shows, until now the
study of coastal processes is mainly based on obtain-
ing and accumulating average-point results of episodic
marine measurements carried out using measuring
equipment based on various physical principles.

BRIEF OVERVIEW OF TECHNICAL SOLUTIONS

It should be noted that international agreements
have now been developed calling for effective man-
agement of the marine environment, sustainable use of
its resources, prompt detection and forecasting of
changes, etc., technically secured by the creation of
the Global Ocean Observing System (GOOS) [1],
which structurally consists of oceanic and coastal
segments. During the development and phased im-
plementation of the coastal segment, a set of variable
parameters has been determined that must be meas-
ured with sufficient spatio-temporal resolution, as
well as processed in real time: directions and magni-
tudes of surface winds, air and water temperatures, sea
level, current flows in the aquatic environment, sur-
face wind currents and waves, etc. To implement both
remote sensing and on-site measurements in the
coastal segment [1], it is proposed to use combina-
tions of five categories of monitoring elements:
1) stationary laboratories on the coast [2]; 2) tide
gauges [3, 4]; 3) fixed floating platforms [5] and
moored buoys (Triaxys Directional Wave [6, 7], Di-
rectional Waverider [8]), downstream drifting measur-
ing devices [9], underwater vehicles [10-12]; 4) re-
search and survey vessels [13], vessels of the way,
and voluntary observation vessels (VOS, Sea Keepers
[14]) [15]; 5) satellites, aircraft, and land platforms
[16, 17], as well as a combination of various elements,
for example, [18].

In the context of the analysis of the above-
considered needs of remote sensing in the coastal
segment, it is useful to compare the scattering of ultra-
sonic and electromagnetic (EM) waves by the sea sur-
face. It should be noted that the general goal of re-
search in this area is to study the possibilities of solv-
ing the inverse scattering problem — determining the

parameters of the sea surface by the characteristics of
the signals scattered by the surface. Thus, short-wave
(SW) radar sounding is based on the scattering of EM
radiation from a rough interface, the oscillation spec-
trum of which almost always contains sea wave
lengths commensurate with the wavelength of the ra-
dar EM radiation. This determines the applicability of
the "resonance" backscattering mechanism in mea-
surements, corresponding to the Bragg — Wulff condi-
tion. It is known that the magnitude of the intensity of
the reflected field from a random surface with flat and
small irregularities (in comparison with the wave-
length of the radiation) is directly proportional to both
the viewing angle and the spectral density at a given
radiation frequency) [19]

1 ~167k*B(B)S(K 0515 ) (1)

where k:2% 1s the wave number and 1 is the

length of the emitted ultrasonic or electromagnetic
signal; B( ﬂ) is the viewing angle function, depend-
ing on the type of interface (for ultrasonic) and the
type of polarization (for EM); [ is the angle of inci-
dence, i.e., between the direction of irradiation and the
normal to the surface (viewing angle); S (Knomﬁ)is
the value of the spectral density at the resonant fre-
quency.
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where A, .. is the "resonant" length of the surface

wind wave; n is the order of the spatial spectrum.
Therefore, a monostatic scheme of radar irradiation

from a stationary observation tower on the coast (an-

gle of incidence [~ 90°) with a rough sea surface

enables, due to selective first-order back Bragg scat-
tering (n = 1), a record of the spectral component of

the waves, for which A =A/2. This is widely

TI0B 130
used in the practice of measurements when determin-
ing the spectrum of sea waves in the SW radio range
by radar [16].

For the frequency range of ultrasound in hydrolo-
cation (1+100) kHz, the spatial periods of waves in
the aquatic environment are from 1.5 m to 15 mm. In
order to provide directional radiation of the probing
signal (the width of the main lobe of the directivity
pattern (DP) is about 4°) into the aquatic environment
according to the principles of "linear" acoustics, hy-
droacoustic antennas with diameters from 23 m to
0.23 m, respectively, are necessary! The first figure is
especially impressive, and in order to provide radia-
tion wavelengths of up to ten meters in the aquatic
environment, it is necessary to reduce the lower limit
of the hydrolocation range. It is obvious that in this



event it is justified to use the effects of nonlinear
acoustics, in particular, a parametric emitting antenna
(PEA), which forms a low-frequency signal of a tuna-
ble difference frequency in the aquatic environment
for long-wave irradiation of the agitated interface
from the bottom. This significantly simplifies the
technical implementation of the method. In this case,
the backscattered signal is determined by the revealed
spectral components of the agitated surface with wave

numbers K that obey the condition of selective

TIOB U130
("resonant") scattering (2).

Let us continue the analysis of the characteristics
of the measuring equipment for the fifth element of
coastal segment monitoring, which uses EM radiation
of short radio waves (SW frequency range, MHz /
wavelength in the atmosphere, m — 3/100+30/10) or
super high frequency (SHF, frequency GHz / wave-
length in the atmosphere, cm — 2.45/12) [20-23]. As
early as 1965, a method was proposed for measuring
the height of sea waves from an aircraft [24] by irra-
diating the sea surface with HF energy and recording
the signals reflected, when the ratio of the coherent
and incoherent components of the reflected signal is
measured U, /U, =f(h/A), where h is the

height of sea waves, and 4 is the length of the emitted
EMW. The method is implemented in an aircraft SW-
range pulse monostatic radar equipped with a trailing
antenna in the form of a wire with a length L=1/2
and a main lobe width of (~70-80)° at a power level
of 0.5, which is oriented perpendicular to the sea sur-
face. The device is used in meteorology, oceanogra-
phy, marine navigation, etc., implementing a global-
area scale for recording sea wave parameters [25]. The
following frequency values, MHz/radio wave length,
m are recommended for the device — (30/10, 10/30,
5/60) of the radiation path for the ranges (0-3) m,
(1.5-9) m, (3—20) m of measured sea wave heights. It
is noted that in order to ensure sufficient accuracy of
wave height measurement (in the entire range of poss-
ible heights), it is necessary to have the ability to re-
tune the generator frequency or have three fixed fre-
quencies of EM radiation. During the tests, it was en-
visaged to use three fixed frequencies of EM radia-
tion: 4.5, 10, 30 MHz.

It is obvious that in this case, the use of nonlinear
acoustic effects can be justified, in particular, by PEA,
which forms a low-frequency signal of tunable differ-
ence frequency (difference frequency waves, DFW) in
the aquatic environment for long-wave irradiation of
the agitated interface along the normal from the bot-
tom.

The disadvantages of the radar method and the de-
vices implementing it include the fact that the distance
from the shore to the studied areas of the sea surface
was (15-20) km, so it is quite difficult to attribute this
to measurements for the coastal module. Processing of
the results showed that the root-mean-square error in

measuring the height of sea waves using a radar de-
vice from an aircraft does not exceed 10%, the mea-
surement results are practically independent of the
altitude, speed and direction of the aircraft flight rela-
tive to the main direction of the sea wave run. The
disadvantages of the radar method include insufficient
resolution for coastal measurements. Thus, in [16] it is
noted that for radars with the EM frequency range of
(12+25) MHz the horizontal resolution was (1+3) km
for distances of up to ~ (42+83) km, and at a frequen-
cy of 5 MHz the horizontal resolution was about
(5+10) km at a distance of ~ 200 km. In the micro-
wave range, the remote monostatic sensing radar with
synthetic aperture (SAR, Synthetic Aperture Radar,
a microwave device for obtaining high-resolution im-
ages in any atmospheric conditions — cloudiness,
dusty weather, and solar illumination) ensures the
measurement of surface current characteristics, detec-
tion of oil spills, etc. with coverage areas from
(100x100) km to (500x500) km with a resolution
from tens of meters to 100 km.

It should be noted that for other monitoring ele-
ments, including those using the ultrasonic echo me-
thod, similar data on the resolution of measurements
for the coastal segment has not been found, which
gives grounds to consider them pointwise distributed.
From the above analysis of the possibilities of remote
sensing in the coastal segment, the commonality of
physical principles in the scattering of ultrasonic (hy-
droacoustics) and EM (radar) waves by the sea surface
is evident, which determines the possibility of joint
application. However, to obtain information on the
pattern of change in the distance of the irradiated in-
terfaces, the ultrasonic echo method uses a vertic-
al/low-angle irradiation direction with a monostatic
scheme. This is a limitation of the ultrasonic method.
To obtain a more complete volume of information on
the parameters of the motion of the roughened water-
air interface over a larger area of the bottom surface, it
is also necessary to use inclined irradiation of the in-
terface with an ultrasonic signal from the bottom-up
using a bistatic scheme, which will require a "net-
work" arrangement of several spatially separated re-
ceiving and emitting antenna devices (RADs) on the
bottom.

RESULTS OF EXPERIMENTS ON SELECTIVE
SCATTERING OF DFW BY AN ACOUSTIC-SOFT
PROFILED REFLECTOR PLATE

The possibility of determining the parameters of
the spatial spectrum of the sea surface follows from
(1) and (2). The spatial spectrum characterizes the
process of roughness. To implement this possibility, it
is necessary to irradiate the surface at a fixed angle
at different frequencies, taking into account (2), and
measuring the intensity of the reflected signal. It is



also possible to change the viewing angle at several
fixed values of the lengths of the ultrasonic DFW
formed by the PEA. In order to ensure angular selec-
tivity, the width of the main lobe of the DP must be
constant in the operating range and not exceed several
degrees. As noted in [26], the main contribution to the
backscattered signal is made by the elements of the
wave profile (points A', A in Fig. 1, etc.), for which
the condition of Bragg — Wulf selective scattering is
satisfied, i.e., the condition of interference addition (2)
of coherent signals reflected in the opposite direction
(Fig. 1, the path difference must be equal to half the
DFW length A, /2, which corresponds to the occur-

rence of an interference maximum in the reflected
beams).

From Fig. 1, it is evident that changing the direc-
tion of irradiation from oblique to normal (increasing
the grazing angle y to 90°) leads to a decrease in the
path difference. This determines the "selectivity" for
the DFW with increasing frequency/decreasing length
in the aquatic environment.

Fig. 1. Geometry of interference amplification in wa-
ter [26] by a reflector plate with a sinusoidal profile
(shaded) for DFW selective backscattering.

Surface wave length A, and irregularity height 4

In [27] the results of measurements in a hydroac-
oustic pool of angular and frequency dependences for
normalized values of the DFW amplitudes for selec-
tive Bragg backscattering from acoustically soft ref-
lector plates with sinusoidal irregularity profile (small
irregularity models: Ao = 0.012m and

h=4mm, A = 0.006 m and 4~ =2mm) on the irra-

diated face. Variation ranges: viewing angles £ in the
range (30°-70°); DFW frequency / length —
50 kHz / 30 mm, 200 kHz / 7.5 mm; sounding pulse
durations (50-200) ps; piezoelectric element of the
electroacoustic transducer (EAT) for PEA pumping
with a diameter of 20 mm and a central frequency of
2.5 MHz.

The experimental graphs (Fig. 2) were obtained for
DFW different lengths of A5 (curves 1,2, 3 — 7.5 mm,
8.57 mm, 10 mm, Fig. 2, 0) in the range of variation
of the viewing angle f (from 30° to 65°), and a fixed
viewing angle f = 42° (Fig. 2, a) in the range of fre-
quency variation of the DFW ultrasound irradiation
(from 175 kHz to 215 kHz).

Analysis of the results confirms that the location of
the normalized maxima of the reflected signals corres-
ponds to the resonance condition (2); the agreement

between calculation and experiment is (10-20)%; the
curve graphs have a pronounced resonance character,
which confirms the presence of a selective scattering
mechanism. Thus, using the reflected signal with "se-
lectively scattered" components, it is possible to ob-
tain information on the periodicity of the irregularities
of the model reflector plates by selecting the parame-
ters of ultrasonic irradiation according to both the di-
rections of the DFW vector (cos y) relative to the

interface and the DFW lengths ( A ) in the aquatic en-
vironment.

Fig. 2. Graphs of normalized amplitudes P/P,; for
selective scattering of the DFW signal by an irra-
diated reflector plate with a sinusoidal profile, a sur-
face wavelength A,,; = 6 mm, and an irregularity
height # = 2 mm (small irregularities model).

a — amplitude-frequency dependence (AFD): DFW
range from 175 kHz to 210 kHz, "selected" (resonant)
DFW F,;s = 192 kHz, the AFD passband at the 0.7
level is about 30 kHz, the viewing angle = 42°;

6 — three amplitude-angular dependences (AADs 1,
2, 3): "selected" (resonant) DWF wavelengths A, /
frequency F,6= 7.5 mm /200 kHz, 8.57 mm / 175 kHz,
10 mm / 150 kHz, respectively; range of variation of
the viewing angle £ is from 30° to 65° (the viewing
angles S, for the backscattering maxima of the AUZ
1, 2, 3 are approximately equal to 39°, 46°, 53°) [27]

According to the authors of [27], the angular and
frequency dependences of the DFW reflected beam
formed by the PEA allow one to numerically estimate
the spectrum of sea waves. Further, in [27] the results
of evaluation studies of the dependence of the selec-
tive scattering mechanism on the ratio between the
values of the irregularity heights /4 and the lengths A
of the irradiating TCG are described, however, quan-
titative data are not presented. Thus, with an increase
h/ A, starting from 4/ A >1,, the resonance pattern
becomes less pronounced — the maxima "spread out",
the level of reflections in the intervals between the
resonant frequencies increases, and the resonance
condition (2) is not met for "selective" scattering.
However, no explanation of the reasons for the occur-
rence of these results is provided; the final stage of the
measurement technique — the possibility of adjusting
the wavelength A of the DFW probing signal to the
characteristics of the existing sea waves — was not
formulated by the researchers [27] at this stage. Nev-
ertheless, backscattering allows us to give practical
recommendations on the choice of the wavelength A
of the DFW when implementing the inclined monos-
tatic irradiation mode in the acoustic method of mea-
suring the parameters of sea waves.



METHODS OF MULTI-POSITION
ULTRASONIC MONITORING
OF AQUATIC ENVIRONMENT

The above-mentioned monitoring elements [1] us-
ing ultrasonic echo-pulse locators to obtain the neces-
sary information about the parameters of the layered
aquatic environment, must have, at operating frequen-
cies, a calibrated acoustic path with a known spatial
distribution of the amplitudes of the sound pressure
within the main lobe of the DP. Moreover, in order to
conduct studies of the fine structure of surface waves,
it is necessary to have the ability to adjust the resolva-
ble element of the water space, which is determined
by the product of the resolving powers: by distance
and by angle. Thus, the suitability of the acoustic path
formed in the aquatic environment is limited by the
size of the irradiated measurement volume, which is
determined by the size and operating frequency of the
antenna system, the pulse duration, and the "bottom-
upward" echolocation scheme with ultrasonic signals
(monostatic or bistatic). For example, the implementa-
tion of a monostatic scheme (the emitter and receiver
are combined) of measurements of the change in the
profile of a traveling surface wind wave ensures only
two-dimensionality of record over time. The use of
oblique irradiation of the interface with an ultrasonic
signal in a bistatic echo search scheme (the emitter
and receiver are spatially separated) requires an in-
crease in the density of placement of several spatially
separated emitters and receivers on the bottom sur-
face. The implementation of this approach can allow
recording both a three-dimensional picture of currents
in a layered marine environment and the dynamics of
changes in the characteristics of wavy surface in
a large coastal water area.

Let us analyze reports on methods of multi-
position ultrasound monitoring and location devices
using them. A hydrolocation surveillance system for
detecting swimmers in coastal shallow waters in-
cludes, in addition to coastal electronic equipment
(EE), a set of similar RADs [28]. RADs are placed in
the aquatic environment in compliance with the condi-
tion of minimizing ultrasound mutual interference due
to sectoral irradiation of the water area by each of
them. The EATs, comprising the PAUs with flat aper-
ture, work with probing signals within a given fre-
quency range, creating an ultrasonic barrier of over-
lapping spatial irradiation areas around the security
zone. It is assumed that the RADs can be placed in the
water area on the bottom / underground platforms, the
irradiation areas are formed by vertically/horizontally
directed ultrasonic beams, and it is unclear from the
description how the barrier is created — in stages, i.e.,
element by element, or at one time, i.e., as a whole.
The limitations of this multi-position ultrasonic moni-
toring method are:

1) the use of only the monostatic echolocation
mode in the RAD, which ensures only two-
dimensional recording of information over time;

2) the presence of mutual interference due to the
small passband of the EAT used in single-frequency
RADs;

3) low efficiency of using the emitted ultrasonic
energy due to the fact that there is no possibility of
either adjusting the resolved element of medium or
promptly changing the directions of ultrasonic beams
to increase the concentration of illumination of the
detected search object in an arbitrary direction relative
to the security zone.

Nonetheless, the experience of using a "network"
placement of several spatially separated RADs on the
bottom in a sonar surveillance system is promising.

[29] describes an ultrasonic method for detecting
the intrusion of an underwater object into the coastal
reservoir water area using the "bistatic" echo search
mode. Using acoustically rigid reflectors located on an
imaginary elliptical line, a controlled area of the re-
servoir is defined in the vertical plane. At the foci of
the ellipse, a hydroacoustic emitter and receiver are
placed in such a way that their circular DPs with the
same sensitivity to sound pressure are also in the ver-
tical plane. Both the emitter and the receiver of ultra-
sonic waves are made in the form of a sectioned mul-
ti-element antenna structure of a cylindrical shape
from monofrequency EATs. The operator, by means
of excitation of separate sections of the hydroacoustic
emitter, successively sends ultrasonic pulses in differ-
ent directions to the installed reflectors. The peculiari-
ties of the geometry of the elliptical boundary of the
controlled area lead to the fact that the pulsed ultra-
sonic signals, when approaching the receiver, overlap
the vertical zone of the controlled water area with
their individual propagation paths. The operator ana-
lyzes the series of information pulses displayed on the
circular view indicator with a P-type scan (in foreign
terminology, the PPI, Plan Position Indicator). If there
is an underwater object in a certain sector, the corres-
ponding pulse on the screen will disappear, which in-
dicates the presence of a target, and will also allow,
after processing, to determine the location, course, and
speed of the object. The limitations of this multi-
position ultrasonic monitoring method are:

1) a complex scheme for organizing the irradiation
of the monitored area of a natural reservoir, is essen-
tially flat, which ensures only two-dimensional re-
cording of information in time;

2) the presence of interference from mutual influ-
ence due to the small passbands of EATs used in sin-
gle-frequency antenna designs;

3) there is no possibility of either selecting the re-
quired resolved element in medium or promptly
changing the directions of ultrasonic beams to in-
crease the concentration of illumination of the de-



tected search object in an arbitrary direction relative to
the security zone.

At the same time, the considered method is ad-
vanced in using the "bistatic" echo search mode,
which allows effectively covering the vertical zone of
the monitored water area. However, in both methods
of multi-position ultrasound monitoring and the loca-
tion devices implementing them, the design of the
RAD cannot provide a solution to the problem of
studying the dynamics of changes in the characteris-
tics of wavy surface in a large coastal water area.

HYDROAERODROME
AS COASTAL GOOS SEGMENT

Description of the network and operating modes

The ultrasound method of preparing the water vo-
lume of the flight basin of a summer seaport [30] is
promising for use in the monitoring subsystem for the
coastal segment. This method enables the measure-
ments of the parameters of sea waves [31]. For the
monitoring subsystem of the coastal segment, they use
pulsed ultrasound, emitted from the bottom up by
means of a network bottom structure from the re-
quired number of hemispherical RADs [32] (Fig. 3).

Fig. 3. Network bottom structure of 5 RADs (I) for
observation subsystem of the coastal segment and
remote acquisition of information on hydrological
conditions at various points in the water area

[33] contains a detailed analysis of the application
of hydroacoustic active location systems of RADs,
which are used in the monostatic echolocation mode
both for detecting surface and underwater objects and
for remotely obtaining information about hydrological
conditions at various points in the water area.

Five identical RADs (I) are placed on the bottom
of the coastal water area, electrically connected both
to each other and to the coastal post, of which four
peripheral ones (north-south, east-west directions)
form a flat spatial structure of a square shape with side
lengths of about twice the depth of the coastal water
area around the central one. The peculiarities of the
functioning of the considered ultrasonic method
(Fig. 3) are that in the areas of location of each RAD
(I) there are several modes of irradiation with ultra-
sonic signals from the bottom of the surveyed water
area: inverted monostatic echo sounder, inclined mo-
nostatic and bistatic irradiation (for two peripheral
RADs (I) located in the background, the schematic
representation of the irradiation modes is not per-
formed).

The principle of remote acquisition of information
on hydrological conditions at various points of the

water area and in the various irradiation modes used is
most clearly illustrated in Fig. 3 by means of the
"quarter" cutout of the aquatic environment in the fo-
reground. Thus, above each RAD, the parameters of
sea waves are measured using the inverted monostatic
echo sounder mode, i.e., normal irradiation of the wa-
ter-air interface section with ultrasonic pulses using
reversible EATs. This allows recording the dynamics
of changes in coastal wave processes in space and
time by means of remote observations over a suffi-
ciently large water area. This approach is relevant
when developing equipment and implementing stage-
by-stage measurements in the coastal segment.
Further, above each RAD the network bottom
structure allows, in accordance with the Doppler ef-
fect, to carry out measurements to detect the general
direction of travel and the velocity of surface waves
due to their oblique irradiation from the bottom up
with a monostatic echo search scheme, and for this it
is necessary to form two mutually perpendicular an-
tenna systems of the "Janus" type by means of the
RAD. For this purpose, on the RAD hemisphere, two
pairs of "opposite-diametric" reversible EATs are se-
lected, which are located at the intersections of a giv-
en parallel and two mutually perpendicular meridians.
The acoustic axes of all four beams have the same
angles of inclination relative to the horizon, being in
pairs in mutually perpendicular vertical planes passing
through the symmetry axis of the bottom RAD (I).
The orientation of mutually perpendicular vertical
planes relative to the cardinal directions can be
changed by switching the EAT (in Fig. 3, to simplify
the image, each RAD is shown with one beam for in-
clined monostatic irradiation). Incidentally, any beam
for the inclined monostatic irradiation mode can be
used to measure the amplitude-frequency characteris-
tic (AFC — dependences of the echo signal ampli-
tudes in a given frequency band of the DFW) for
a given section of the interface, the location of which
is determined by the selected value of the angle of
inclination of the irradiation relative to the horizon,
while the value of the latter remains unchanged when
measuring the AFC within a separate series (see
Fig. 2, a). Furthermore, any beam in the inclined mo-
nostatic irradiation mode can also be used to measure
the amplitude-angular characteristics (AAC — depen-
dences of the echo signal amplitudes in the range of

changes in the values of the irradiation tilt angles ©

relative to the horizon) on several selected different
DFWs for an extended section of the water-air inter-
face, while the value of the selected value of the emit-
ted DFW when measuring the AAC within a separate
series remains unchanged (see Fig. 2, 0).

And finally, the mode of inclined bistatic irradia-
tion of the DFW from the bottom: the central RAD
from the bottom up at a given angle of inclination rel-
ative to the horizon simultaneously irradiates four



sections of the rough interface with four beams (two
in mutually perpendicular vertical planes), synchron-
ously starting the reception of sea surface-scattered
ultrasound pulses by the coastal equipment. The
pulses "illuminate" the EAT from top to bottom, form-
ing the apertures of four peripheral RADs. It is known
[34] that each of the four DFW fields re-radiated by
the interface is a superposition of two components —
a regular (coherent) one near the direction of specular
reflection and a random (incoherent) one, the direc-
tions of which cover the entire lower hemisphere, and
the prevalence of one component over the other makes
it possible to estimate the degree of roughness of the
sea surface, since their ratio is determined by the pro-
portionality of the wavelength A of the irradiating
DFW and the height / of the traveling surface wave.
We emphasize: here the new and original final
stage of the measurement technique for the coastal
segment observation subsystem and remote acquisi-
tion of information on hydro-conditions at various
points in the water area is the use of nonlinear acous-
tics effects, in particular, PEA as a measuring instru-
ment that forms a DFW probing signal in the aquatic
environment, the wavelength A of which can be ad-
justed to the characteristics of the existing sea waves,
changing the ratios of the specified components to the
proportions required in the measurements [35].

Estimated calculation of parameters
of selectively scattered DFW for the inclined
monostatic irradiation mode

Let us assume that the EATs forming one of the
"meridional" directions in the RAD (I) (Fig. 3) are
excited according to a given program by biharmonic
electric signals with frequencies of 239.5, 242.5,
245.5, 254.5, 257.5, 260.5 kHz [36], which arbitrarily
form pairs f, f,. This allows, for example, for each

EAT in the aquatic environment, to form "frequency
colored" ultrasonic radiation of the main lobes of the
DP in the elevation plane for the DFW

F=|fi-f|/IA:

3kHz/50cm; 6 kHz /25 cm; 9 kHz/ 16.7 cm;
12kHz/ 12.5 cm; 15 kHz /10 cm; 18 kHz / 8.3 cm;
21 kHz/7.14 cm,

while their acoustic axes can be located both "oppo-
site" and in the plane of a given "meridian" at differ-
ent grazing angles y = 82°, 74°, 66°, 58°, 50°, etc.,
measured relative to the horizon.

Assuming that it is optimal to irradiate an allocated
band on the section of the interface to obtain informa-
tion about the spectrum of sea waves precisely on se-
lectively scattered (interference-enhanced, not interfe-
rence-weakened) DFWs, we consider one of the op-
tions. For example, it is possible to select a range of

(0.3-0.47) m from the agitation spectrum, notably for
the interface band about 16 m long at a water depth of
10 m. The range can be selected in one meridian for
several fixed values of irradiation (grazing) angles y,

of 82°, 74°, 66°, 58° due to the radiation of the DFW
with frequencies of 12 kHz (0.125 m), 9 kHz (0.167 m),
6 kHz (0.25 m), 3 kHz (0.5 m), respectively, and sub-
sequent recording of selectively scattered signals.

The following practical conclusions follow from
these data:

1) in the event of the inclined monostatic irradia-
tion in the selective scattering mode, it is possible and
advisable to form the DFW for frequency-colored
"partial" lobes in the resulting RAD DP, which is im-
portant for ultrasonic monitoring of the layered water
environment and the sea surface from the bottom,;

2) qualitative and evaluative measurements of the
DFW scattered field demonstrate that for inclined
monostatic irradiation in the selective scattering
mode, it is necessary to take into account the possibili-
ty of changing the wavelength of the ultrasonic irradi-
ation used.

CONCLUSION

The relevance of the discussed topic is confirmed
by foreign publications [37—40]. Thus, the results of
a series of experiments on measuring sea surface scat-
tering in the mode of DFW inclined bistatic irradiation
(4, 8, and 15 kHz) conducted in shallow water using
a PEA (central pump frequency of 40 kHz) as a source
and a receiving horizontal linear antenna are pub-
lished in [37]. The experimental measurements con-
sisted of recording surface scattering at three DFW
frequencies for small grazing angles relative to the
horizon (13°, 20°, and 30°) over a long period, which
was accompanied by changes in the parameters of the
water surface. This article describes in detail both the
methodology and the results of experiments for bistat-
ic forward scattering strength by the sea surface. The
obtained data show that the direction of wind wave
propagation has a significant effect on surface direct
scattering; for all grazing angles, it was found that the
fluctuations in the scattering strength due to environ-
mental conditions decrease as the frequency of the
DFW ultrasonic signal increases. It should be noted
that in [37] the possibilities of practical application of
the measurements carried out, in particular, for the
development of the proposed method for studying the
characteristics of sea waves, are not revealed; never-
theless, the first step in this direction for the applica-
tion of hydroacoustic systems with a parametric radia-
tion mode has been made.

The subject of the research described in this article is
a continuation of the works [31, 36, 41, 42], and corres-
ponds to the direction of research — development



of technical foundations of devices, instruments, sys-
tems, and methods of measurement in the field of
acoustics of aquatic environments: radiation, reception
and processing of sound signals, acoustic monitoring
of water areas.



