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Pa3pa6oTaHbl MeTOLbI FONOrpacpuyeckon 06paboTKi LYMOBLIX CUTHANIOB )19 06HAPYXEHUSA 1 TIoKanu3aunm
MasiorabapuTHbIX NOABOAHbLIX 6ECMMNOTHBIX TPAHCMOPTHLIX CcpeacTs (BTC), 06nagatowmx HU3KUM YPOBHEM LLYMO-
n3ny4eHusd. MpeanoxxeHa METOANKA NPUMEHEHNA 41 KOHTPOMS NOABOAHOK 06CTAHOBKM aBTOHOMHbIX HeobuTae-
MbIX MOABOAHbLIX annapartos (AHIMA) ¢ manorabapuTHbIMM aHTEHHAMM U3 BEKTOPHO-CKanApHbIX npuemMHukos (BCIT)
Ha 60pTy. Go3aaHbl 06nukn AHIA-TpaHcnopTa n AHIA-HocuTens ¢ manorabaputHoii aHTeHHon n3 BCI1. Bbinon-
HEHbI BbIYMCIINTENbHbIE N HATYPHbIE 3KCMEPUMEHTBI, MPOBEAEHA roforpadmyeckas 06paboTka aKkcnepumeHTasb-
HbIX JaHHbIX. [pefnoXeHa HoBas KOHLENLUMs NoCTPOeHMS po60TU3NPOBAHHON CUCTEMbI MOHUTOPWHTA NOABOLHON
06CTaHOBKM Ha OCHOBE rosiorpadomyeckoil 06paboTkn. 0603Ha4eHbI NepPCreKTUBbl PA3BUTUSA rONI0rpadonyecKoi

06paboTKM AN rMAp0aKyCTUHECKMX CUTHAMOB.
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*Paboma evinonnena npu (punancosoil noooepcke PODU (npoexm Nel9-29-06075).

BBenenne

KoHTpos1b ofiBOfiHOIT 06CTaHOBKM, HAIIPAB/ICHHbIIT HA IIPefi-
OTBpallleHNe 1 OTPaXKeHIE YTPO3bI CO CTOPOHBI MaJIOTra0apUTHBIX
MastouryMHbIX nopsogHbix BTC, sBiseTcsa ogHOI 13 BasKHelIIei
3ajja4 OesomacHOCTM Mopckoro rocymapcrsa. B CIIIA, nampu-
Mep, IOTy4IIa pasBUTIE MHTETPUPOBAHHAS CUCTEMA OCBEIeHIIA
nopsopHoit obcranoBky IUSS (Integrated Undersea Surveillance
System), 06beMHAIOIast CTAIIIOHAPHBIE I MOOW/IbHBIE KOMITTIEK-
CBI TMAIpOAKyCTMYecKoro Habmonenus [1]. Hackonpko nsBecTHO
aBTOpaM, B Poccum He cyljecTByeT of00HOI MHTEIPUPOBAHHOI
CUCTEMBI.

B Hacrosiiiee BpeMst [isi pelieHus: po6IeMbl OCBeIeH s
HO/IBOJHON OOCTAaHOBKM, HapsAy C TPafULMOHHBIMM IIOAXO-
[aMM TIACCHMBHON JIOKAaIuy [2], momyumnm pasBUTHE METOJBL,
OCHOBaHHbBIE Ha COIVIACOBAHHOII CO Cpefoit 06paboTKe ruapo-
akycrudeckux curtanos (matched-field processing) [3, 4]. Oxn
HIOZIpa3yMeBAIOT UCIIOIb30BAHE MHOTO3/IEMEHTHBIX ITPYEMHBIX
aHTEeHH U JJaHHBIX O Tpacce PacHpOCTPaHEHNs, TO3BOJILIIOIINX
PacCUNTHIBATh MOJENbHYI0 GOpMYy CUTHaIA. [JaHHBIE alrOpUT-
MBI 06pabOTKM CUTHAIOB JOCTUI/IN TIPeIeTbHBIX BO3MOXXHOCTE
U He HO3BOJIAIOT PelIaTh COBPEMEHHbIe 3afauyl OOHapYKeHMs
U JIOKQIM3ALUY MajorabapUTHBIX Ma/IOLIYMHBIX MCTOYHUKOB.
9TO cTUMYIMpPYeT pa3pabOTKy COBPEMEHHBIX CPEfCTB KOHTPO-
JIsI HO{BOJHOM OOCTaHOBKY, OPMEHTUPOBAHHBIX Ha HOBBIE TeX-
HO/IOTMY 00pabOTKM LTYMOBBIX CUTHAJIOB U IIOCTPOEHNS TEeXHU-
YeCKIX CPefiCTB, 00eCreunBaoNINX MOOMIbHOE OOHAPY)KeHNE I
JIOKQ/IM3ALII0 MAIOrabapUTHBIX Ma/IOMIYMHBIX TOABOAHBIX BTC
B 3a/JaHHOI aKBaTOPUM.
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B pabore mpemiokeHa U 00OOCHO-
BaHA HOBAas KOHLEMIS IIOCTPOEHVs po-
OOTM3VPOBAHHO CUCTEMBI  OCBELEHVT
HOZIBOJHON OOCTaHOBKM, OCHOBAaHHAs Ha
ronorpadudeckoit 00paboTKe IpyUHMMae-
MBIX IIIYMOBBIX CUTHAJIOB [5, 6]. O6paboTtka
IIO3BO/IIET C BBICOKON IIOMEXOYCTOINYM-
BOCTBIO U MaJION IyBCTBUTENIbHOCTBIO K
BapyaL/sIM I1apaMeTPOB OKEAHNYECKOTO
BOJ/IHOBOJ]A PellIaTh KOMIUIEKCHYIO 3a/jady
JIOKQ/IM3alyy:  OOHAPY>KEHNsI, paspellle-
HIS, TIeJICHTOBAHMA, OINPENeIeHNsT pajiy-
QIBHOI CKOPOCTY (IIPOEKIPSA CKOPOCTY
MCTOYHMKA B HaITpaBJIEHMI HPI/ICMHI/IKa),
yAaIeHVsl ¥ DIyOMHBI MajIOIIYMHOTO VIC-
TouHyKa. KiroueBoit pakTop KOHIemmm —
VICTIO/Ib30BAHME TPYIIIMPOBKY IMOPUIHBIX
AHITA [7] ¢ antennamn m3 BCII [8] n
cpercrBamu 06pabotkn. Hameuensr mep-
CIIEKTUBBI pa3BUTH ronorpaduyeckoit 06-
PabOTK IIYMOBBIX CUTHA/IOB [/IsI PELLeHNs
3apa4 oOHapy>xeHNA 1 nokamsamym bTC
B YC/IOBVSIX IIPOCTPAHCTBEHHO-BPEMEHHOI
VI3MEHIVBOCTYI OKEAHITYECKOTT CPETIBL.

Tonorpagmyeckas o6paborka

Tonorpaduueckast obpaboTKa
H.IyMOI/[ST[y‘-IeHI/IH IIOABOHOIO aIlmapa-

MATBUEHKO

HOpuit BukTopoBuy
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Ta ¢ npuMeHeHueM opyuHouHoro BCII
CTpOUTCS ClepyomuM obpasom [5].
3a BpeMms HaOmogeHns At B monoce Af
ISl BPEMEHHBIX MHTEPBAJIOB JINTENb-
HocTpIo Ot =(At/]-8t,) BBIOMHAETCA
4aCTOTHO-BPeMeHHAs1 06paboTka mpu-
HATOTrO CUTHaJja [9] ¢ 11arom 1o 4acrore
8f=1/6t,. 3pech ] u 8t, — umcno He3aBU-
CUMBIX BPEMEHHBIX IIYMOBBIX pean-
3alMil ¥ BPeMeHHOI MHTepBalT MEXAy
HyMn. OTpenenAnTca TeKyllye 3Hade-
HISI KOMIUIEKCHBIX aMIUIUTYJ 3ByKOBO-
ro pasneHus P(f;t) U Tpex KOMIIOHEHT
Vx,y,z (ft) BexTOpa KOMEOATEIBHOI CKO-
POCTM YaCTUIl Cpefbl. Bpramcmsorcs
YaCTOTHO-BpeMeHHBIe MHTepdepeHI-
OHHBbIE KapTMHBI (MHTEpQeporpaMMsl)
9HePreTUYecKNX IapaMeTpoB ILIYMO-
Boro mnonda. Hampumep, mHTepdepo-
rpaMMbl KBafjpaTa MOAY/s 3BYKOBOTO
maBnienus I(ft) M TOPU3OHTATIBHBIX CO-
CTaB/IAMMX oToKa MomHocTH X(f1),
Y(ft)
I(f,t)=P(f,t)P*(f,1), X (f,1)=
=V (£t) PX(11), Y(f, t)=Vy(]€ t)P*(f1),
I7le BEPXHMUII MHAEKC «*» o6o3HayaeT
KOMIUIEKCHO-COIPSDKEHHYI0 BETNYMHY.
K wunrepdeporpammam (1) mpu-
MEHsIeTCs [ByMEpPHOEe YacTOTHO-Bpe-
MeHHOe TmpeobpasoBanre Dypbe, u
BBIYUCNIAIOTCA romorpammbl  F (T, V)
F,(t,v), F (T, v). IIpuMeHnTENbHO K MH-
tepdeporpamme X(f, t), Hanmpumep, ro-
JIorpaMMa MMeeT BUJL:
At/

f X(f, tyexpli2n(vt-fr)]dfdt. (2)

02

(1)

F (1, v)=

3mech vV U T — 4acToTa M BpeMs
ronorpammsy; f,,=f +(Af2), f, — cpen-
HASA 4acToTa crekTpa. Ha romorpamme
(2) cnexTpanbHAs JIOTHOCTD CUTHAJIA
ABIDKYIIETrOoCAd MCTOYHMKA CKOHIIEH-
TPUpPOBAaHA B MBYX Y3KMUX IIOJIOCAX,
3epKaJIbHO MepPeBePHYTBHIX OTHOCHU-
TeJIbHO Hayaja KOOPAWHAT, B BUJE
(OKabHBIX IIATEH, BBI3BAHHBIX UH-
TepdepeHLNeil MO pa3HBIX HOMEPOB.
OHu pasMeleHbl B IEPBOM U TPEeTheM
KBafIpaHTaX TOJOTPAaMMBI, €CIM pa-
AManbHasg CKOPOCTb MCTOYHMKA w<0
(McTOYHMK HpUOIVDKAETCsT K HpueM-
HUKY), ¥ BO BTOPOM U YeTBEPTOM KBa-
ppanrax (w>0), ecmM MCTOYHUK YAA-
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JIIeTCS OT NMpUeMHMKA. [Ipy HeOABMXHOM VI/IN JIBYDKYIEM-
€A VICTOYHMKE C pafiMajJbHOM CKOPOCTbI0O W=0 KOOpAMHATHI
NUKOB (DOKAJIbHBIX IISATEH PACIONIO0XEHBI Ha OCY BPeMEHN T.
O6nacTp nokanusanuu cogep>xut (M — 1) IIaBHBIX MaKCUMY-
MOB C KOOpJMHATaMMI (rp, vp), PACIO/IOKEHHBIMI Ha IIPAMOIL
V = €T C yIIOBBIM KO3 (PULUNEHTOM e=v /T, rae M - umcno
mop, dopmupyromux mnose, u=1, M -1 - Homep (oKamrbHOTO
nATHa. bpkaiimmit K Hadanry KOOpAMHAT MaKCUMYM IIePBOTO
¢doxanbHOrO NATHA, OOYC/IOBICHHBI MHTepQepeHIeil co-
CeTHMX MOJI, IPUXOJAUTCA Ha 3HadeHus (T,, v,). Koopauuarsr
COCe[IHeTO KA, BbI3BAHHOTO NHTepQepeHIeil MOJ HOMEpOB
(m, m+2), pacrnonoxxennl B Touke (T,, v,) u T. A. M, HakoHer,
KOOPAMHATBI CaMOTO YyHa/leHHOrO IMKA, HPOAVKTOBAHHOTO
uHTepepenIeit neppoit u nocnefHeit Moupt — (T, , v, ). B
TOYKaX ¢ KooppmHaramu (T, v ) cymmmpyiorcs (M—p) rnas-
HBIX MaKcUMyMOB. IloMexa pacnpefienieHa 1o Bceil IIOCKOCTH
(T, V) rolorpaMmBl.

Ipu ycnosum r, >> |w|At, Tie 7, — yianeHne UCTOYHMKA OT
IIpMEMHMKA B Ha4da/IbHbII MOMEHT BpeMenu t=0, pajuanbHas
CKOPOCTb ¥ HaYa/IbHOE y/ja/IeH/e PABHBI

W==21K_ Vv,
W

e Kwpz[hm(ww(ﬁ))]'l, KrpzZﬁ[dhm(mw)(fo)/ df]"! — koappuuyeHTSI,
OIlpefie/IAIoNIe NIPOCTPAHCTBEHHBIE Y YAaCTOTHbIE MAacCIITAOBI
M3MEHYMBOCTHY IIepeIaTOYHOI PYHKIM BOTHOBOAA [10].

3mecb h =h - h,h - ropusoHTanbHOE BOTHOBOE YMCIIO
m-11 Mozbl. BoccTaHOB/IEHHBIE ITapaMeTphl ICTOYHUKA U XapaK-
TEPUCTUKYU LITYMOBBIX CUTHA/IOB, B OT/IMYME OT MX VICTMHHBIX
3HAYEeHUII, OTMEYeHbI TOYKOI CBepxy. UepTa cBepXy O3Ha4aeT
yCpefHeHue 10 HoMepaM MOf,.

CnekrpasnbHas IJVIOTHOCTb CUTHA/IA COCPEfIOTOYEHA B IIO-
JI0Ce, OTPaHNYeHHO MPAMbIMU

v=eT + OV, v=¢T1 - OV,

rie dv=1/At - nmonymupuHa QOKaTbHBIX IIATEH B HAIPaB-
JIEHUM OCYU 4YacTOTBI V. BHe 9TOl MOMOCHI CIleKTpanlbHas IIOT-
HOCTb IPAKTUYeCKM NOflaB/IeHa. B HanpaBieHny ocu BpeMeHN! T
HO/MTyIVPYHA POKATbHBIX IATeH 8T=1/Af.

Jlanee 1mopi BXONHBIM OTHOIIEHMEM «CUTHAJI-TIOMeXa»
(c/m) g, moHMMAaeTCA OTHOIIEHNUE YPOBHS JIOKaTM30BAHHOTO
myma bTC k ypoBHI0 pacmpefe/ieHHOTO LIyMa akBaTopun. B
KadyecTBe KpUTepus oOHAapy>KeHUsA MCTOYHUKA NPUHIMAETCA
yC/IOBMeE, COITTACHO KOTOPOMY MAaKCUMMYM (pYyHKLMM YITIOBOTO
pacIpesieieHus CIeKTpanbHON IIoTHOCTH (PyHKUMM OOHa-
PYXXeHMs) 3BYKOBOTO JJaBJIEHMS IIPU BXOJHOM OTHOIIEHUN
c/m.

=K, T

At

G,(x q0)=f|FI(T, XT q,)|dt.
0
3Hauenne QyHKIMM OOHAPY)XKEHVA B HANPABIECHUN X=¢€
PacIoNoXKeHNus N1KOB (POKANbHBIX IATEH CUTHATIA B IBA 11 60-
Jiee YUCTIO pas MpeBBIIIaeT IIOMEXOBbI/l YPOBEHDb B HallpaBie-
HUAX X # €

Gle, 4,12 2G(x, q,)- (3)
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3mech AT — JIMHeVHBIN pa3Mep OOTAacTM KOHIIEHTpALNUK
II0 OCM BPEeMEHI T; X — BapblpyeMoOe 3HadyeHNe YITIOBOrO KO-
a¢¢dumyeHTa NpyM MHTEIPUPOBAHMN BIOMb HPAMBIX V=XT. 3a
OLIEHKY € IIPMHMMAETCA IIONOXKEHNMEe MAaKCUMATbHOTO IMKa
maxG,(x) = G(e).

HampasiieHne Ha CTOYHMK, TIE/IEHT ¢, OLIEHMBAETCA II0 OT-
HOIIEHNI0 MaKCUMyMOB QYHKINIT 0OHAPY>KEHVSI TOPU3OHTAIb-
HBIX COCTAB/IAIOLINX IOTOKOB MOIIHOCTH

VNS OIS 4
tg‘l’(%)—gx(s, q,) )
Ompefieienyie Te/eHTa HEOMHO3HAYHO: 3HAYeHMs ¢,

(]>+7T, coryacHo (4), paBHo3HauHbl. O6/1aCTV rO/IOTPaMM FX(T, V),
F (1, v), F(t, v) 3a mpeiennaMmu MONOChI KOHL[EHTPALMM CIIEK-
TPaJIbHON IJIOTHOCTY OYMIIAIOTCA OT MOMEXY U BBIIOTHAKOTCA
obpaTHble JBYMepHbIe NpeobpasoBanns Pypbe 1o BOCCTAHOB-
nenuio iByMepHbIx nHTepdeporpamm X(f, ), Y(f, t), I(f, t). He-
OfIHO3HAYHOCTb IIeJIeHTa YCTPaHAETCA IPU PacCMOTPEHUM B
(bUKCMPOBAaHHBIII MOMEHT BpeMeHM f, Ha 9aCTOTe f, OTHOIICHMII
uHTepeporpaMm

_X(P ) YRt

ST ) YT IR )

Ecmm: a) o> 0, a > 0, TO UCTOYHUK PacmoNioXeH B I-om
kBasipante BCII; 6) a <0, a,> 0 - Bo II-m kBagpaHTe; B) a <0,
a,<0-B [II-m kBazpanTe; ) a > 0, a<0-3 IV-m xBagpanre.

ITo opHOI U3 BOCCTAHOBJIEHHBIX MHTEPepOrpaMm BbIUNC-
JseTCsl ormbaroIas CUrHaIa U 4epe3 OTHOIIEeHVe aMIUIUTY CO-
CeTHMX MOJ] OLIeHMBAETCsI I/TyOMHA MCTOYHIKA; a/ITOPUTM paspe-
IIeHNs HECKO/IBKYX LIYMOBBIX MCTOYHUKOB U3/IOXeH B [8]. Iy
peleHus 3aiad 0OHAPY>KEeHsI, [Ie/IeHTOBAHNS, BOCCTAHOBJIEHISI
[TyOVHBI U paspeleHysi 3HaHMs O LIIyMOBOM CUTHAsIe, IOMeXe I
HepeaToYHOI PYHKIMY BOTHOBO/A He TPeOYIOTCA.

Ornonrenne c/m q, Ha BbIXozie Tonorpadrdeckoit 06pabor-
KI OLIEHMBAETCS KaK

q1=]yqo’
rae y=§ /S - K09 GULIMEHT KOHI[eHTPALNIHA, S nS - mmomanu
o61acTeli rO/IOrpaMMBbI pacIpefie/ieHNs CIeKTPaIbHBIX IJIOTHO-
CTelt ToMeXM U CuTHana [5].

Ha ocHOBe M3/I0)KeHHBIX BbIle TOMOrpaduUecKux IMOf-
XOIOB K 00paboTKe LIYMOBBIX CUTHAJIOB B IIPOEKTE IOTydYeHbI
C/IefyIolye pe3y/IbTaThl B paMKax pa3paboTKM MeTOf0B OOHa-
py>xenus u nokamusaunu BTC, o6magaommx HUSKIM YPOBHEM
HIYMOM3/TyYeHNUA.

[IpyMeHNTENIbHO K OfVIHOYHOMY IIPUEMHIKY OLIeHeHa MM-
HYIMa/IbHasl JUINTEIbHOCTD LIYMOBOTO CUTHA/IA, MMHUMU3UPYIO-
11as1 TIpefielbHOe BXOJHOE OTHOIIEHNE C/II g, TPY KOTOPOM CO-
XpaHsieTcst paboTocrocoOHOCTh ronorpaduieckoi 06paboTKn

mindt =(5r/2m)|(dh, , ())/df |, (5)

Ifie 7 — pacCTOsIHUE MEX/Y UCTOYHUKOM LIyMa ¥ IPUEMHUKOM.
Ecnu gnutenbHOCTD MIyMOBOTO CUTHAJIA 61‘1 < minétl, TO MCKa-
)KaeTcst KOHPUTYpaIys CeKTPaabHOI IIOTHOCTU TONOTPaM-
MBI U YBEIMYMBAETCS IMOTPELIHOCTh BOCCTAHOBJIEHWS Mapa-
METPOB LIYMOBOTO MCTOYHMKA. B 3aBUCHMMOCTM OT BXO[HOTO
OTHOMIEHNSA C/T g, M BpeMeHU Habmofnenns At MaKCUMabHas

a
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OAaIbHOCTDb O6H3py>1(€HI/IH JMCTOYHMKA
OLICHMBAETCA KaK

r =Qn/5)Ng /1.5[At\gh, (f)df1]l  (6)

max

3HayeHnsa mindt, u r__ ompene-
JIAIOTCSL HapaMeTpaMy IepefaTOYHON
¢yukuun BomHoBoga. Ouenkn (5), (6)
CHAOXKEHBl pe3y/IbTaTaMM YUCTIEHHOTO
MOJIe/TMPOBAHUS.

IIns  ropusoHTaabHO-OLHOPO.-
HBIX BOJTHOBOJOB pa3paboTaHbl [Ba
BapMaHTa aJalTUBHBIX aJTOPUTMOB
ronorpagudeckoit 06paboTky ompe-
JleleHWs] pajMagbHONl CKOPOCTU U
yHEaZIeHNss WUCTOYHMKA MpM MajoM
BXOJHOM OTHOIIEHMM C/II B OTCYT-
cTBUM MHPOpPMALNM O TUAPOAKYCTH-
YeCKUX XapaKTepUCTUKAX OKeaHUde-
ckoit cpenbl. OHU CTPOATCA Ha OCHO-
Be M3MEPEHMII IeJIeHra M YaCTOTHBIX
CMelleHU MHTepQePEeHIMOHHBIX
IIKOB MEXJy ABYMS TOPM3OHTATbHO
pasHeCEeHHBIMN IpUEMHMKaMu. Tem
CaMBIM pACIIMPSIOTCSA BO3MOXHOCTH
IpYMeHeHus ronorpadudeckoir 06-
paboOTKM B TeX CIy4asX, KOTOpble He
JOCTYIHBI I APYIMX MW3BECTHBIX
MeTOf0B oOpaboTku. B pamkax gmc-
JIEHHBIX 9KCIIEPUMMEHTOB MOKa3aHa UX
3¢ PeKTUBHOCTD.

[IpMMeHNUTEIBHO K ORMHOYHOMY
IPMEMHMKY IIOCTPOeHa Teopus Bepo-
ATHOCTHBIX XapaKTepUCTUK OOHapy-
JKeHMsI IIyMOBOTO CUTHAJIA 110 KpUTe-
puto Helimana — Ilupcona. [Tomyyensr
BBIPOKEHMsI IJIs1 KPUBBIX OOHapyxe-
HUs, TpeAcTaBisione coboi 3aBu-
CHMOCTb BEPOSITHOCTU IIPaBUIBHOTO
O0OHapy>KeHMs OT OTHOIIEHVA C/I IpU
GUKCUPOBAaHHOI BEPOATHOCTM JIOXK-
Holl TpeBoru. OlpepeneHbl MIOPOTro-
Bble CUTHAJIBI Ha BBIXOJe romorpadu-
4ecKol 06paboTKM NPy HAIMYIMM IIy-
MOBOTO CHUTHa/la VICTOYHUKA U B €O
oTrcyTcTBMe. Il YAacTHBIX CIydYaes
pesy/IbTaTbl YMCIEHHOTO MOJe/INpo-
BaHMA IIOKa3aHbl Ha puc. I.

Ha ocHoBe xputepus (3) n paH-
HBIX O CIIEKTPa/JbHBIX XapaKTepUCTH-
KaX ILIyMOBOTO CMTHana U (OHOBOM
oMexy pa3paboTaH aJrOPUTM OLIEHKI
Ipefie/IbHOI  HalbHOCTM  OOHapyKe-
HUS IIYMOBOTO WCTOYHUKA ONMHOY-
HbIM BCIIL. ChopmynupoBaHsl ycI0BUS
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Puc. 1. 3asucumocmo 6eposmMHOCMU NPABUNLHOZ0 OBHAPYHEHUS P, OM 6X00H020 OMHOULEHUS C/n q, ONA PASHBIX 3HAYEHULL 6ePOSIMHOCINU JIOHHO
mpesoeu p: a—J=10; b - J=20. Kpusas 1 - p,=10", xpusas 2 - p,=107 xpusas 3 - p,=10°. Koappunuenm xonyenmpayuu y=7 [5].

a

b

5 25 0 2.5 5
y 453

Puc. 2. Hopmuposannuie unmepgepozpammot (a, d), 2onozpammot (b, e) u dynxyuu obnapyscenus (c, f). Paccmosnust: (a, b, ¢) - 11.0 km, (d, e, f) - 11.5 km [5].

bopMMpOBaHMA HEVICKa>)KEHHON NHTep-
(deporpaMmbl, KOTOpble HAaK/Ia/[bIBAIOT
OTpaHMYeHNsA Ha IIMPUHY TIOJOCH U
BpeMs HaOTIOfIeHNA B 3aBUCUMOCTY OT
pacCTOSHMA, pajiuaabHOI  CKOPOCTHU
U TIPOCTPAHCTBEHHO-YACTOTHBIX Mac-
ITab0B M3MEHYMBOCTY II€PEfaTOYHON
¢byukuun BonHOBoja. Ha puc. 2, Ha
OCHOBE MAaHHBIX YVCTE€HHOTO MOJeNM-
POBaHNUA 3BYKOBOTO IIONIA U SKCIEpU-
MEHTaJ/IbHBIX JAHHBIX CIIEKTPOB IIyMO-
usnydenus AHITA un ¢oHoBoro myma
B ME/IKOBOJHOJ aKBaTOPUM ITTyOMHON
60 M [11], mpuBefieHbI pe3y/IbTaThI TO-
norpaguydeckoit 06paboTKM B IOIOCE
300-350 Ity mpy CKOpOCTM IBVKEHMA
2 M/c. I3 puc. 2 ¢, f, cOrmacHoO anropurt-
My (3), clemyeT oleHKa MaKCUMaIbHON
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ANbHOCTY Ob6HapyxkeHus r_ =11.0 kM. ITO TOKA3BIBAET, YTO
N craunonapusix AHITA ¢ ogunouneiMu BCII Ha 60pTy cro-
COOHBI KOHTPOIMPOBATh PYOEKHYIO TVMHMIO IPOTS>KEHHOCTBIO
L=20N M. O1eHKa [JaTbHOCTU! OTBEYaeT BXOZHOMY OTHOIIIE-
Huo ¢/n q=—10 ob ¥ BEpOATHOCTAM MPABUIBHOTO OOHAPY-
xenust p =0.87, 0.82, 0.77 npu BEPOATHOCTSX JIOXKHOI TPEBOTU
P,=0.1,0.01, 0.001. BsanMocBA3b KpUTEPUA JANTBHOCTH 0OHAPY-
JKEHUsI C Teopueit 0OHapy)XeHNsI COCTOUT B crenyiomiem. Ha oc-
HOBe KpuTepus (3) ompefiensAeTcss BXOHOE OTHOIIEHMe C/T g, U
JULA 3a[JAHHOI BEPOATHOCTY JIOYKHOV TPEBOTU P, BBIYUC/IAETCS
BEPOATHOCTDb MPABUIbHOTO OOHAPYKEHUSA P,

PaspaboraH ronorpadudeckuii MeTOJ BBIFETEHNUS MOJ
U OIeHOK MX IapaMeTpoB (aMIUIMTY/bI, TOPU3OHTAIBLHOTO
BOJIHOBOTO 4YJC/Ia, MOJIQIbBHOTO KO3 UIMEeHTa 3aTyXaHUA U
TPYIIIOBOJ CKOPOCTHU) B ME/IKOBOJHBIX aKBATOPUAX C MICIIOTTb-
3oBaHueM ofiHOuYHOro BCII. MeTox oCHOBaH Ha ABYMePHOM
4aCTOTHO-BpeMeHHOM mpeobpasoBanuyu Pypbe BeljecTBeH-
HOJ YacTV aMIUIMTYAbI MO JBVDKYIIErocs McToyHmka. Ha
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BBIXOZIe MHTETPaJbHOIO IIpeoOpa3oBaHus CIIEKTpanbHas
IVIOTHOCTb KOHI[eHTpupyeTcsi B popme (OKaNbHBIX IATEH,
OTBEYAIINX OTHETbHBIM MO/IaM. YCTAaHOBJ/IEHA CBA3b MEXAIY
($a30BBIMI 1 I'PYNIIOBBIMY CKOPOCTSAMU MOJ, C KOOpAMHATA-
MU IMKOB (OKATbHBIX IATeH. Ilomyd4eHbl BbIpaXKeHNA, CBA-
3BIBAOIINE CHEKTPaTbHYIO IVIOTHOCTb TOJIOTPAMM C aMIUIN-
TYHOIl M MOJANbHBIM Ko3(¢uuneHToM 3aryxaHusa. Ouib-
Tpauns GOKaTbHBIX MATEH U IPUMEHeHNe K HUM 0OpaTHOro
IBYMepHOTO npeobpazopanusa Pypbe BOCCTAaHABINBAET IO/
BBIJIe/IEHHBIX MOj. B paMKax 4YMCI€HHOTO MOJeNTNPOBAHMUSA
IPOJEMOHCTPVPOBAHA IIOTPEIIHOCTh BOCCTAHOB/IEHNUA Iapa-
MeTpoB Mog,. [IpefaraeMblil MOgX0[ MO3BOIAET pAaCCMOTPETD
U 00befUHUTD TOPa3fo OOMbIINIT KPYT 3aia4 110 BbIJe/ICHNIO
MoJ, HeXenu mnpeobpasoBaHme BurHepa [12] u omepartop
time-warping [13].

Paspaborana ronorpadudeckass 06paboTka IIyMOBOTO
CUTHa/la C IpMMeHeHNeM /NMHENHbIX aHTeHH. YCTaHOBJIEHa
CB£3b CIIEKTPAJIbHOI IVIOTHOCTHU FOIOTPaMMBI, GOpPMIPyeMOit
JVICTOYHMKOM, C alIepTYPOIN U YIJTIOBOM 3aBUCHMOCTDIO IIPUHN-
Maemoro nomud. OneHeHsl KO3QPUINEHT yCUTEHN, XapaKTe-
PUCTMKA HAaIlPAaBJIEHHOCT! AHTEHHBI U IIOMEXOYCTONYMBOCTD
ronorpaduueckoit 06paboTkm. B 3aBUCMMOCTY OT BXOZHOTO
OTHOIIEHNA C/I Ha 37IeMEeHTe aHTEHHBI II0/Iy9€HO BBIpa’kKeHIe
I MaKCUMAJIbHOTO yHajleHNsA LIYMOBOTO MCTOYHUKA, IPU
KOTOPOM COXPAaHAETCS YCTONYMBOe OOHapy)XeHue ¥ OLieH-
KJ NTapaMeTPOB LIYMOBOTO MCTOYHNMKA ONM3KU K peasbHBIM
3Ha4eHMAM. [1o cpaBHEHMIO C OMHOYHBIM IIPUEMHIKOM MaK-
CMMajbHasl JaJbHOCTb OOHAPY)XeHUs IIYyMOBOI'O MCTOYHMKA
(6) Bo3pacTaet npuMepHo B VB pas, rige B — 4MCIO 971eMEHTOB
aHTeHHBI. [IpefcTaBlIeHbl pe3y/IbTaThl YMCIEHHOTO MOJENN-
pOBaHUA.

IIna nuHEVHBIX aHTEHH Ha OCHOBe KpuTepua Herima-
Ha — [TupcoHa mocTpoeHa Teopus BepOATHOCTHBIX XapaKTepu-
CTUK OOHApY>KeHNUs LIYMOBOIO CUTHAJIA TOIOTPadUuecKuM Me-
ToztoM. IloydeHbl BoIpaXKeHNA /IS BEPOATHOCTY IIPABIIbHOTO
OOHApyXeHVsI U JIOKHOI TPEBOTM B 3aBMCUMOCTY OT OTHOLIIE-
HUA C/I ¥ Y9UCTIa 37IEMEHTOB aHTeHHBI. [IprBeieHbI KpuBbIE 00-
Hapy>XeHNsA IHIYyMOBOTO CUTHajIa. BBefeHo monATne xoadpduin-
€HTa Pe3yJIbTAaTUBHOCTY OOHAPY)XEHNA: OTHOIIEHE BEPOsSTHO-
CTU NPaBUIBHOTO OOHAPYXKEHNS C UCIIONb30BAHMEM aHTEHHBI K
BEPOATHOCTH IIPABUIBHOTO OOHAPY>KEHN C IPYMEHEHUEM Ofi -
HOYHOTO IIPYEMHMKA [PV 3a/IaHHO BEPOATHOCTY JIOXKHOM Tpe-
BOI'M. BBIMIPBINI B BEpOATHOCTAX IPABWIBHOTO OOHApPYKEHUS
MeX/ly OAVHOYHBIM IIPMEMHMKOM ¥ QHTEHHOI COCpPeJOTOYeH
IPeNMYIeCTBEHHO B 00/IaCTV Ma/IbIX BXOZHBIX OTHOIIEHMIA C/1I.
C IOBBIIIEHNEM YNIC/IA 97IEMEHTOB aHTeHHbI B 3HaueH1e Koad-
¢dunmeHTa pe3y/IbTaTUBHOCTY yBemrunBaeTcs. C Bo3pacTaHneM
3HAQUEHMI OTHOWIeHMA /I KO3()PUIMEeHT pe3ylIbTaTUBHOCTH
YMEHbBIIAeTCA VM aCHMIITOTMYECKN CTPEMUTCH K efuHuIe. Bol-
IIO/THEHbI YVC/IEHHBIE PACYeThI.

PaspaboraH ¥ IpOTeCTMPOBAH MPOrPaMMHO-aITOPUTMMU-
Y4eCKMII KOMIUIEKC aBTOMAaTM3MPOBAHHON CUCTeMbI OOHapyxe-
HUA ¥ OIIpefie/ieHNsl TapaMeTPOB MCTOYHNKA IIyMa Ha OCHOBE
rojorpadudeckoit 06paboTKy ero mymonsnydenns. Tectuposa-
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HIIe IIPOBEJIEHO: B Pa3/INMYHBIX TUPOIO-
TMYeCKIX YC/IOBMAX; B pa3HOIl (POHOBOI
[IOMEXOBOII 0OCTAaHOBKe, Ha (OHE WH-
TEHCHBHBIX JIOKAJIM30BAHHBIX ITOMEX U
B YC/IOBUAX OTCYTCTBIA 3HAHMS O Iepe-
IaTOYHO (PyHKUMY Cpefbl. Pesynbrars
TeCTVPOBAHMA TTOJIOKNTETbHBIE U TTO7]-
TBEP>K/IEHBI IIATDHIO CBUIETE/TbCTBAMI O
TOCYZIapCTBEHHO PerucTpauun Ipo-
rpaMm 111 OBM U ofHUM DATEHTOM.

Po6oToTexHMIecKme cpercTBa

JInsa TeXHUYeCKON peanmsanuu pe-
I1IaeMOJ1 IIPO6/IEMBI ITPEJTI0XKEHO MCIIO/b-
30BaTh pOOOTOTEXHIYIECKIe CPEfICTBA.

B pabote npemoxxeHa HOBast KOH-
LenuusA IOCTPOeHNsA poOOTU3MPOBAH-
HOI CUCTEMBI OCBeEllleHUs IIOJIBOILHOM
00CTaHOBKY, OCHOBaHHas Ha TO/IOTpa-
¢duueckoit 06pabOTKe NPUHIMAEMBIX
IIyMOBBIX cMrHanoB [5]. Kirouesoit
(akTOp KOHLENINN — JCHOTb30BaHNE
rpynmuposku rubpupHsix AHIIA, Tto
ectb Knaccudecknx AHITA, crioco6HbIx
paboTaTh [[OMOTHUTEIBHO B PeXUMe
OJBOJHOrO IUTaHepa (rmaiimepa) [7].
Ha 60pTy KaX[Joro U3 HUX pasMelaeT-
cs1 MajiorabapuTHas IpyeMHas aHTeHHa
u3 snementoB BCII [8] u cpencts 06-
paborkn. Imbpupuent AHITA ocyue-
CTB/IAT VHOVWBU/yaJbHblE MaHEBPLI
(Kypc, CKOpPOCTb U ITyOMHA) B COOTBET-
CTBUM C BBEICHHBIM ¥ IIePUOANYECKU
KOPPEKTUPYEMBIM II0 KaHajaM CBA3M
3ajjaHyeM, IIepefaBaeMblM C IIyHKTA
ynpasnenud. JVIHpopManvoHHbIT 06-
meH mexny AHITA u mynkrom ympas-
meHMs obecmedrBaeTca CpefCTBaMIU
IUIPOAKYCTUIECKOI, pajjuo- U CIIy THU-
KOBOJI CBA3M.

Ipynmmposka AHIIA BeicTaBsAeT-
Cs HA 3a[JAHHYIO aKBaTOPMIO C YCTaHOB-
JICHHOJ! IIPOJO/DKNATEIbHOCTDIO 1 pasMe-
POM KOHTpO/pyeMolt obmactu. Ipymmm-
poBka coctout n3 AHITA-Tpancnopra u
rpynnbl AHITA-HOCHMTENA mnsa mpumema
mrymMoBbIX curHanoB. AHITA-Tpancriopt
obecrieunBaeT CTapT C HOCUTEIIA 1 Iiepe-
XOJ B TOYKY HAa3HaYeHHBIMIU KOOPJVHA-
TaMI B IIOJBOJHOM ITO/IO>KeHNN. [Mopua-
Hole AHITA c anrennamu us BCII na
0OpTy paccpefoTauMBaIOTCA 110 PAVIOHY
aKBaTOPUU U C IIPUMEHEHNeM TOJIorpa-
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¢rraeckoit 06pabOTKY BBIIONHAIOT OOHA-  JIAEMBIM PEXXIIMOM ABVDKEHIS 10 TOJIIIE BOJBI M PEKUM Pafno-
py’KeHue U JIOKa/IM3aLVI0 MAJIOIIYyMHBIX  OysI CO CpeficTBaMMU HaBUTALM Y CBA3ML.
meroKymuxcsa nogsopHbix BTC. Ilpn
stom Kaxpbii AHIIA-HOCKMTEND OCy-
IIeCTB/IAeT MHVBMIYaTIbHblE MaHEBPBI
B COOTBETCTBUM C BBEJEHHBIM U IIEpPHO-
IVYeCK) KOPPEKTMPYEeMbIM 110 KaHa/IaM
CBS3M 3a/JAHNEM.
B obmact peammsaumyu MOOUIb-
HOTO pPOOOTOTEXHIYECKOTO KOMIUIEKCA
KOHTPO/IA IOJBOJHOI 0OCTAaHOBKM HOTTY-
YeHbI CTIeAYIOIIVe BaKHbIE Pe3y/IbTaThL.
PaspaboTrana MeTOAMKa IpUMeHe-
Hua AHITA-TpancriopTa ¢ eAMHIMYHBIM
BCII Ha 60pTy /151 0OHApY>KeHUs 1 JIO-
Kaym3anguyu majnomymHbix BTC, ocHo-
BaHHas1 Ha ronorpaduyeckoi 06pabdoT-
Ke ITYMOM3/Ty4eHNA ICTOYHNKA.

Pagpaborana MeTOnMKa MpUMeHe-

AHIIA 6 Puc. 3. Koncmpyxmueroiii 06nuk eubpudnozo AHITA konmposns no0so0Hot 06cmanosKu:
HIA -HOCHTENA C Majorabapmr- 1 - cucmema pezynuposanusi MOMEHMA OCMOUMUBOCY; 2 ~ CUCEMA Pe2ynUpPOBaHUs
Holt anTeHHoi n3 BCII Ha 6opry s nnasyyuecmu; 3 — 670K sneKMPOHUKY U AKKYMYASMOpHbIX 6amapeil; 4 — ynasnusaroujee

KOHTPOJISI [OJBOJHON 06cTanoBKu. Ero YCMpOLicmeo O/ 6bINyCKAEMO20 MOOYIIA BVCH; 5 - ycmpoticmeo Bbt?auu/npuema
svinyckaemozo mooyns BCIT; 6 - evinyckaemoviii modynv BCII; 7 — maputesolii dsuzamenv;

OT/IMYUTENBHBIMU OCOOEHHOCTAMU SIB- 8 - 6710k ynpasnenus npusoda nosopoma mapuiesvix deueameneil; 9 — npusod nosopoma
JISTIOTCS IBA q)aKTopa, HepBbe/'I (1)aKTOp — maputesvix osuzameneti; 10 - cmabunusamop; 11 - sauuma osueameneii; 12 - kapkac-
B TPAHCIIOPTHOM TIOZIOXKEHMY AHTEHHA z;fmekameﬂbvannapuma; 13,_ Kpoino; 14 - anmenHvl paduocessu; 15 — npuemHux
YMHUKOB80U HABUAUUOHHOU CUCMEMDBL.
BCTpOEHA B KOPITyC ammapara. Bropoii
dakTop - B pabodyeM IOMOKEHNM aH-
TeHHa (OPMUPYETCS U3 CTALMOHAPHOIL,
BcTpoenHol B koprryc AHIIA, n BeHOC-
HoIt, cBAsaHHOM ¢ AHITA rupgpoakycru-
4yecKoii nHuelt cBs3u. [1o oTHOIIEHMTO K
AHIIA-tpancniopry ¢ ogyHO4YHbIM BCIT
HOBBILIAETCS TOMEXOYCTONYNBOCTD 00-
paboTKM IpuMepHO B B pas.
Ilpepnoxxen  mpoekt  AHIIA-
TpaHCHOpTa, Hecylero Ha 6opty BCIL.
Ero 0co6eHHOCTBIO SBISAETCA HaJIN-
Yye CUCTEMBI YIIpaBJIEHMA IIIaByde-
CTbI0, (hOpMUpYIOLIEl MUHMMATbHbIE
MOJIOKUTE/IbHbIE UM OTPULIATE/IbHbIE
ITABY4ECTH, MO3BOJIAOIINE B PEXUMeE
IIaiiiepa IMepeMeIlaTbCsl I0J, BOMOIL
ATmIapaT OCHallleH CUCTeMaMU U3Me-
HEHUA IUIAaBY4EeCTM ¥ OCTOWYMBOCTH,
06ecreYnBanIIMU BO3MOXXHOCTD W3-
MeHeHysA ero ¢yHkumit. [Tpemmaraemas
KOH(puUrypaumus Hapsafgy ¢ OOBIYHBIMU
¢ynkuuamun  AHITA  obecneunBaer
BO3MOXHOCTb peaju3aliuy pexuma
MOJIBOJHOTO I/alifiepa ISl BBIXOAA B
3aJlaHHBIMl  pajloH  NATPYIMPOBAHUA

IIOJBOIHON 06CTAaHOBKY, BO3SMOXXHOCTD
., . Puc. 4. Koncmpyxmuenuviii 06nux eubpuonoeo AHIIA 6 pexcume npuemHoil cmanyuu:
peanusanmyu MajOLIYMHOW HPUEMHON | g . , .
— NPUEMHUK CNYMHUKOBOLI HABULAUUOHHOLL CUCEMDbl; 2 — AHMeHHbL PA0UOCeA3L; 3 -
TUIPOAKYCTUYECKOM CTAaHIMN C YIIPpaB- scnvisarouiuti modynv BCII; 4 — kabenv cessu BCIL; 5 - eubpudnviit AHIIA.

106 DOI: 10.22204/2410-4639-2024-121-01-101-111Ne 1 (121) aHBapb—mapt 2024 r.



®VHAAMEHTAJIbHBIE NPOBJIEMbI YNIPABJIEHUSA BECNUNOTHLIMU TPAHCMOPTHLIMU GPEACTBAMK @

Tabruua 1. OpuenmuposouHvle mexHu1eckue XapaKmepucmuxu

eubpuonoeo AHITIA
XapaktepucTuka | 3Havenue
Macca Ha Bo3fyxe, He 6onee, Kr 100
Pasmepbl, He 60n1ee: ANMHAXLLIMPUHAXBbICOTA, M 2.3x1.7x0.4
[TpepenbHas paboyas rnyéuHa, m 500
OHEProemMKoCTb CUCTEMbI dHEprootecneyequs, BTy 2-10%
MakcumanbHas ckopocTb Xo4a B pexxume AHTA, He meHee, M/c 2.0
ABTOHOMHOCTb X0/a B pexxume AHIMA Ha MakcumanbHon 10
CKOPOCTH, HE MEHEe, KM
CKOpOCTb BEPTUKANIBHOrO NEPEMELLIEHNS B PEXXIME NPUEMHOIA 0.01.0.03
CTaHuuu, m/c
MakcumanbHas CKOpoCTb X0fa B pexume rnaingepa, m/c 0.35
ABTOHOMHOCTb X0[ja B peXxume rnaigepa, He MeHee, MecsLes
(cymmapHas JanbHOCTb FOPU3OHTANIbHOMO X04a — He MeHee 2
1500 Km)

I[Tpemnaraemsrit mpoext rubpuaaoro AHITA passusaer uzen,
3anoxkeHHble pu cospfanvu AHITA [7], n oT/mmdaeTcst BOSMOXKHO-
CTSIMI pellleHNs 3ajla4 Ha3HaueH s Ha GOpTY alapara B peaibHOM
BpeMeHI1, OPAKOM (GOpMIPOBaHNs QYHKIMOHATIBHOTO 00/IIKa 1
JIOCTaBKM pe3y/IbTaTOB B ITYHKT yIIpaB/ieHus. V3o6paxeHue npey-
JIaraeMoro amIapara IpUBeIeHO Ha puc. 3, €0 BUJ, B PeXIIMe IIpU-
€MHOJ1 cTaHIuy ¢ BpimymeHHbIM MogyneM BCII nokasan Ha puc. 4,
a OCHOBHDbIE XapaKTePUCTIUKI CBEfIeHbI B Mao7. 1.

HaTypHme " YMICI€HHBIC IKCIIEPUMEHTDI

B maHHOM paspesie M3/105KeHbI Pe3y/IbTaThl BbIYMCATEIbHBIX
U HATYPHBIX 9KCIIEPYIMEHTOB, BbIIIOJTHEHHDIX B pAMKaX IIPOEKTA.

Ha cranyonapHoil Tpacce 10 JaHHBIM HAaTYPHOIO 3KCIIEpPU-
MeHTa (SWARM-95) [14] 11 unC/IeHHOr0 MOfIeTMPOBAHMS B YaCTOT-
HOM ayanasoHe 40-620 i1 mpoaHanmMsupoBaHa yCTOIYMBOCTD TO-
norpadudeckoit 06pabOTKM MIMPOKOIIONIOCHOTO CUTHaIa Ha (OHe
VHTEHCUBHBIX BHYTpeHHNX BOH (VIBB), BbI3bIBaromux ropusoH-
TAIBHYI0 pedpakiuio ¥ B3aMMOJEIICTBME MOJ, 3BYKOBOTO ITOJIA.
OKCIepUMEeHTATbHO PeKOHCTPYMpPOBaHA HepefaToYHass (yHKIVL
HEBO3MYILEHHOTO BOMHOBOAA. Pa3paboTaH anroputM mnepemaun
HEMCKKEHHOTO MOJY/L CIIeKTPa MCTOYHMKA TPV Ha/IMYIVI TUAPO-
AVHAMIYECKIX BO3MYLIEHNIT Cpefibl PACIIPOCTPAHEHNA.

ITpoBeneHbl 3KCIIEPUMEHTBI B MOPCKIX 3a/IMBaX C IIPVIMEHe-
HyeM npueMHbIX crcteM 13 BCIL PeannsoBaHbl Tpacchl pas/midHbIX
reoMeTpudecKrx Kouguryparmit. Ha ocHoBe ronorpagudeckort 06-
PabOTKM BBITIONHEHO 0OHapy>keHue MajorabaputHoro BTC 1 ompe-
JieTieHye TIeTIeHTa, Pafa/IbHON CKOPOCTH U yAaeHHoCTH. O6paboT-
Ka pea30BaHa B YACTOTHOM J/alla30He HECKO/IBKO COT Tepll.

B paMKax 4MCII€HHOTO 3KCIIEPYMEHTA B YJACTOTHOM fMala-
30He HECKO/IBbKO COT Tepll IPOAEMOHCTPUPOBAHA YCTOYMBOCTD
pabotsl AHITA-HOCUTens ¢ ManorabaputHoit anTeHHoit u3 BCII
Ha 60pTy o oTHoMeHMIO K VIBB, mpuBoasamux K ropu3oHTab-
HOJI pedppakumy 1 B3aMMOJEICTBUIO MOJ, 3BYKOBOTO IOJIA VIC-
TOYHMKA. VIcno/bp3oBaHMe MasorabapuTHBIX AaHTEHH YMEHbIIIaeT
OTHOCUTE/IbHYIO OIMIMOKY BOCCTAaHOBJ/IEHNUS MHTepdepOorpaMmbl
HEBO3MYILEHHOTO MHOJIA, YTO 0OBACHAETCS NPOCTPAHCTBEHHBIM
yCpenHeHeM BO3MYIIEHNA 10 57IeMeHTaM aHTEHHBI.
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B menkoBopHol akBaropyun YepHo-
MOPCKOT0 TI0bepexxbst Ha (poHe MHTEHCUB-
HOTO HA/IBOJHOTO CY/IOXOZCTBA IIPOBEeH
9KCIIEPVMEHT 110 OOHAPYXKEHMIO U WJieH-
tduKanyy Manopasmeproro BTC rup-
POAKyCTMYECKOM CUCTEMON U3 Pa3HeCeH-
HBIX B nipocTpaHcTse Tpex BCII [15]. To-
norpaduyeckas 06paboTKa OCYILeCTBIIe-
Ha B 4YacTOTHOM jauanasoHe 0.7-1.7 klIii.
TTopBORHBI anmapaT oOHAPYXMBAICA U
JIOKa/IM30BAJICSI HA BCEX JJAIbHOCTAX, KO-
TOpbIe OBUIV 3aJaHBI YCIOBUSIMY IIPOBETIe-
HIIA 9KCcriepuMeHTa. OIpeie/ie bl Ie/leHr
U TpaeKTOpyy ABVDKeHVIA. [Ipu aBvDKeHVm
BTC BxogHO€e OTHOIIIEHNE C/TI U3MEHSIOCH
B nipefenax ot -11 b no 9 ob.

B wMmenkoBopHOI akBatopum Tu-
XOOKEAHCKOTO INOOEpeXbsi BBIIOTHEHBI
U3MEpeHMs CIeKTpa IIyMOM3IYYeHNUs
BTC B wactorHoM mmarasone ot 50 go
1000 Ity s manpHe! 30HBI ammapara
[11]. CexTpanbHBle YPOBHHU 3BYKOBOTO
IaBJIEHNS 3apeTVICTPUPOBAHBI IIPY Pa3-
JIMYHBIX PEXUMAX M YCIOBUAX JBIDKE-
HyA. CIleKTpasibHble XapaKTepUCTUKU
B Jla7ibHENl 30HE IO3BOJAIOT IIONTYYUTDH
peacTUYecKye OLeHKI AaTbHOCTY 00-
Hapy>KeHA alllapara B MIMPOKOM Jua-
Ia3oHe YacTOT NPV PasHbIX PEXKUMax
paboThI U CKOPOCTSX JIBYDKEHUS, U, KaK
CTIefiCTBIE, OLIEHUTDb pasMep KOHTPOJIN-
PyeMoit 30HBI ICCTIEyeMOI aKBaTOPUIL.

BeIno/HeHbI YNC/IEHHbIE 9KCIIEpPH-
MEHTBI 10 arTpobaryy ronorpaduieckoro
MeTOfa BbIIE/IeHNA MOJl B MEIKOBOJHOI
akBaropun Ha ¢oue VIBB, ob6ycmosmm-
BAIOLIMX TOPU3OHTAIbHYIO pedpaKiiiio
U B3aMIMOJIEVICTBIE BOJIH IIO/IA MCTOYHYI-
Ka. PaccMOTpeHBI cydan HEIOmBYDKHO-
TO U JABIVDKYILETOCs UCTOYHMKA. B 060mx
CTy4asX He IPOMCXOANT IIOTeps VIeH-
TUYHOCTY TTAPAMETPOB MOJI: MOJIBI BbIfIe-
JIAIOTCA, VX TTapaMeTpbl BOCCTAHAB/INBA-
1orcsA. OnpeieieHbl Bapyalyy aMIUIATY,
(ba3s0BBIX ¥ IPYMIOBBIX CKOPOCTEN MOF.
[pynmoBble cKOPOCTY MOJ, OOHAPY>KMBa-
0T BeCbMa CTabyI0 YyBCTBUTENIBHOCTD K
=m0 VIBB.

3aKiIoueHne
Taxum 06pasoM, B BBIIOTHEHHOM

IPOeKTe pa3pabOTaHBl METOMBI TO/Orpa-
(rraeckort 06pabOTKM IIYMOBbIX CUTHATIOB
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11 OOHAPY)KEHMs Y JIOKA/IV3ALMI MaJIo-
rabapurtabix nopBoxHbix BTC, obmasato-
X HU3KM ypOBHeM HIYMOI/ISHY‘IGHI/IH.
B pamkax paspaboTaHHBIX rojnorpagiude-
CKIIX METOJOB YCTaHOBHeHbI IIpOCTBIE U
ABHDBIC CBA3U Me)KI[y BOCCTaHAB/IMBA€MbI-
MU IapaMeTpaMy ITIOABOAHOTO VICTOYHMKA
IIIyMa ¥ CTIEKTPAJIbHO ITIOTHOCTBIO TOTI0-
rpaMMblI 10 pasHbIM KaHanam BCIL.

IIpennoxxeHa HOBas KOHLEMIUA
HOCTPOEHVsI POOOTU3MPOBAHHON CHUCTe-
MBI OCBelLeHNS TIOBOIHON 00CTaHOBKI,
OCHOBaHHas1 Ha royorpau4eckoit oopa-
60TK€ IIPMHNMAEMBbIX ].[IyMOBbIX CUTHa-
noB. KimroueBoit pakTop KoHLIenum — vic-
HO/Ib30BaHNe TPYIIVPOBKM TMOPUIHBIX
AHITA, to ectp xmaccmueckux AHIIA,
CIIOCOOHBIX  PAbOTAaTh [OTIOTTHUTENBHO
B peXMMe MOJBOJHOTO IUtaHepa (rymaii-
mepa). Ha 60pTy kaxmoro 13 HUX pas-
MeIaeTcsl MajorabapuTHas IIpyeMHas
anTeHHa u3 aneMmeHToB BCII 1 cpencrs
rororpadaeckor 06paboTKM.

B paMkax 4mcieHHBIX M HaTyp-
HBIX SKCIEPVMMEHTOB IIPOTECTNPOBAHDL
TeopeTN4ecKye IOMOKEHNsI TOoIorpa-
¢duueckoit 06paboTKM 0OHAPYKEHUS U
JIOKA/IM3aLMy MaJIOIIYMHBIX MajIora-
6apI/ITHbIX JICTOYHUMKOB. HOTIY‘IeHHbIe
pesyIbTaThl IOATBEPXKHAT 3 dek-
TUBHOCTb IIPEMIOKEHHBIX roorpadu-
YeCKUX MOAXOAOB [/ KOHTPOJA IOf-
BOJIHOI OOCTaHOBKM C IIPMMEHEHUEM
npueMHbIX cucreM n3 BCIL

YTo e KacaeTcsl MepCHEeKTUBHO-
CTU pa3BUTHUA NAHHOI'O HaIllpaBJI€HNA,
TO BaXXHO 0003HAYNUTH CIIefyrolne 06-
JIaCTU UCCTIeTOBAHMIA.

Bo-mepBhix, pa3paboTka u ampo-
6aI_U/IH ANaIlITUBHBIX A/JITOPUTMOB TO-
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norpadudeckoil 06pabOTKM IIYMOBBIX CUTHAIOB /sl OOHApY-
JKEHUA M JIOKQ/IM3aUM/ MATOITYMHBIX MICTOYHIMKOB B YC/IOBMAX
IPOCTPAaHCTBEHHO-BPEeMEHHOI M3MEHYMBOCTY XapaKTEePUCTUK
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YIH, KOTOpPbIEe MOTYT OBITh HEITOCPENCTBEHHO MI3MEPEHBI B YCIIO-
BUSIX MAJIOTO BXOJJHOTO OTHOLIEHMs C/II, He TPeOYIOI X 3HAHNS
0 TIepeaTOYHOI PYHKINI BOTTHOBOJIA.

Bo-BTOpBIX, 06006111¢HIE ronorpaduueckoit 06pabOTKY 1Iy-
MOBBIX CHTHAJIOB Ha CTy4all Me/IKOBOJJHON aKBaTOPUY C HEOTHO-
ponHoit 6arumerprert. OLjeHKa MOIPeITHOCTI BOCCTAaHOB/ICHNS
IapaMeTpOB MaJIOIIYMHBIX ITOABOMIHBIX UCTOYHNKOB. IIpoBerne-
HII€ 9KCIIePUMEHTATbHOI BepudUKaLnuy aIroputMa 06paboTKu.
B pesynbrare cyIecTBeHHO pacUIMpseTcsA KPYT 3afiad 110 KOH-
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BPEMEHHOI I3MEHYNMBOCTI XapaKTePUCTUK CPeibl pacIpocTpa-
HeHIs1, BOOOIIe MOAJAOIINXCS PEIIeHNIO.
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npuHuMaeMblx aHTeHHaMy u3 BCII, no3Bonfomux MOBbICUTD
IOMEXOYCTONYMBOCTD IIpU paboTe B IIMPOKOIL MOIOCE YaCTOT.
3mech H — 4110 MapaMeTpPOB, XapaKTepU3YIOUX PaCIoIOXKe-
HIIe 9/IeMeHTOB aHTeHHBI B IIpocTpaHcTBe. Hanmpumep, ecyn arne-
MEHTBHI aHTE€HHBI PaCIIONIO>KEHbI Ha IIPAMOI IMHNM, To H=1, ecrn
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Robotic Complex for Detection and Localization
of Underwater Noise Sources*
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Abstract

Methods for holographic processing of noise signals have been developed for the detection and localization
of small-sized underwater unmanned vehicles (UVs) with a low level of noise emission. A technique has been
proposed for using autonomous uninhabited underwater vehicles (AUVs) with small-sized vector-scalar receiver
(VSR) antennas on board to monitor the underwater environment. The appearances of the AUV-transport and AUV-
carrier with a small-sized VSR antenna were created. Computational and full-scale experiments were performed,
and holographic processing of experimental data was carried out. A new concept for constructing a robotic system
for monitoring the underwater environment based on holographic processing is proposed. Prospects for the
development of holographic processing for hydroacoustic signals are outlined.

Keywords: AUV, holographic processing, VSR, detection, localization, antennae, UV.

*The work was financially supported by RFBR (project 19-29-06075).

Images & Tables

Fig. 1. Dependence of the probability of correct detection p, on the input ratio signal/interference q0 for different values of the probability of false alarm p
a-J=10; b - J=20. Curve I - p,=10", curve 2 - p,=107, curve 3 - p,=107. Concentration coefficient y=7 [5].
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Fig. 2. Normalized interferograms (a, d), holograms (b, e) and detection functions (c, f). Distances: (a, b, ¢) - 11.0 km, (d, e, f) - 11.5 km [5].

Fig. 3. The design of the hybrid AUV for monitoring the underwater
situation: 1 - system for regulating the moment of stability; 2 - buoyancy
control system; 3 - electronics and battery unit; 4 - catcher of the
produced VSR module; 5 - device for issuing/receiving the VSR module;
6 - the VSR module; 7 - main engine; 8 — control unit for the rotation drive
of the main engines; 9 - drive of rotation of main engines; 10 - stabilizer;
11 - protection of engines; 12 - fairing frame of the device; 13 - wing
14 - radio communication antennas; 15 - satellite navigation system
receiver.

Fig. 4. The design of a hybrid UAV in receiving station mode: 1 - satellite
navigation system receiver; 2 - radio communication antennas; 3 - pop-up
VSR module; 4 - VSR communication cable; 5 - hybrid UAV.
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Table 1. Approximate technical characteristics of a hybrid AUV

Specifications |
Weight in air, no more than, kg

Value

100

Dimensions, no more than: lengthxwidthxheight, m

2.3x1.7x0.4

Maximum working depth, m

500

Energy intensity of the energy supply system, W-h

210%

Maximum speed in AUV mode, not less than, m/s

2.0

Autonomy in AUV mode at maximum speed, not less than, km

10

Vertical movement speed in receiving station mode, m/s

0.01-0.

03

Maximum speed in glider mode, m/s

0.35

Autonomy in glider mode, not less than, months (total
horizontal range — at least 1 500 km)

2
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