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I'epacumoB B.A., Komner A.B., ®unoxenko A.IO.
CPEJCTBA TIIOBBIIIEHUS DODEKTHUBHOCTU
CUCTEMbBI BECKOHTAKTHOI'O 3APAIA AK-
KYMVIISITOPHBIX BATAPEM ABTOHOMHOI'O
I[HOIBOJHOI'O AIIITAPATA // IlogBomHble UCCIIEAOBa-
Hus 1 podororexHuka. 2020. Ne 1 (31). C. 4-12.

Heob6xomuMeiM  ycroBueM 3((EKTHBHOCTH CHCTEMBI
OECKOHTAKTHOTO 3apsiia aKKyMYJSITOPHBIX Oarapeil mpwu
SKCIUTyaTallid aBTOHOMHOTO TOABOJHOTO Po0OOTa CITYKUT
BBITIOJIHEHUE CIIEYIOIINX JBYX TpeOOBaHUI:

— CoueTaHHe PE30HAHCHOTO KOHTYpa Ha BBIXOJIE HHBEP-
TOpa U PEKMMa «MSTKOTO MEPEKITIOUYEHI» CHUIIOBBIX KITO-
4yell HHBEPTOpA,

— MPUMEHEHHE pPE30HaHCa Ha BTOPUYHOW CTOpPOHE
TpaHcdopmaTopa.

st pemeHns 3a1a4uu, CBsI3aHHOM C JAHHBIM YCIOBHEM,
pa3paboTaHa MaTreMaTHYecKas MOIENb CHCTEMBI C PEKo-
MEHJALMAMU 10 BEIOOPY MapaMEeTPOB PE30HAHCHBIX LETeH.
Takum myTeM IOCTUTAIOTCS: MUHHUMYM MOTEPh MOLTHOCTH
B MHBEPTOpE, a TAK)KE YMEHBIIICHUE HArpeBa €ro 3JIeMeH-
TOB W, KaK CJEICTBHE, MOBHIIICHHE OOIIeH HaIe)KHOCTH
U MHUHAMYM BPEMEHH IOJHOTO 3apsiia aKKyMYISTOPHBIX
Oarapeil. C MOMOIIBIO JOEHCTBYIOMIEr0 00paslia CHUCTEMBI
MPOBE/ICHBl HATYPHBIC DKCIIEPUMEHTBHI, TOATBEPKIAAFOIINE
PEe3yIIBTaTHl HCCIIEIOBAHMA.
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Hynaesckass K.B., Kucenes JI.B., KoctoycoB B.b.,
Tapxanos A.E. OLIEHKA OIIWBOK KOPPEJIAIN-
OHHO-PKCTPEMAJIbHOM HABUT'ALIIN I10
KAPTE AHOMAJIMM CWJIbI TSOKECTHU HA OC-
HOBE TPAEKTOPHBIX W3MEPEHHUI C BOP-
TA ABTOHOMHOI'O IIOABOJHOI'O POBOTA //
[MomBoanple wccnenoBaHuss U pobororexHuka. 2020.
Ne 1 (31). C. 13-20.

Ol1leHKM TOYHOCTH IIOJBOJHOM HaBUTrallMd HAa OCHO-
BE JJAaHHBIX IPaBUMETPUICCKUX M3MEPEHUH ¢ OopTa aBTo-
HOMHOTO TIOJIBOTHOTO POOOTa HEMOCPEICTBEHHO CBSI3aHBI
C BOMpOcCaMu KapTtorpadupoBaHWsI aHOMAJIUW TIOJIST CHIIBI
TsxecTd (ACT) ¢ MOMOIIBIO BRICOKOTOYHBIX MallopazMep-
HBIX TPaBUMETPOB. B paboTe mpomomkeHsl ueciaeoBaHus,
HaIlpaBJICHHbIE HAa TIOBBIIICHWE TOYHOCTH HABUTAIMH TIO
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kapte ACT ¢ BO3MOXXHOCTBIO peai3aIiiiil aIrOpUTMOB Ha-
BUTAIIMOHHOM KOPPEKIMU B peanbHOM BpeMeHH. [ms pe-
LIEHUs 33Ja4U UCCIIE0BAaH HOBBIA METOJ OLIEHKU OLIHOOK
KOPPETALHOHHO-3KCTPEMaIIbHON HABUTAIINH, OCHOBAHHBIH
Ha aHaJIN3€e OTHOIIEHHS TTIaBHOTO ¥ OOKOBOIO ITMKOB KOppe-
JSIMOHHOTO (yHKIMOHANTAa. OCOOCHHOCTh IpenIaraeMoro
METOo/la, B OTIIMYHE OT M3BECTHOTO 0aHecOBCKOTO IIOIXO-
12, 3aKITI0YAETCS B BO3MOXXHOCTH €T0 MCIIOMb30BAHUS IPH
peanu3anuy OOPTOBBIX AJITOPUTMOB, a TAKXKE M IPH Hpes-
BapUTEIbHOM OlleHKe MH(OPMATUBHOCTU KapThl MO IS
TUIAHUPOBAHMS MAPUIPYTOB. Pe3ynbTaTsl BHIYUCIUTEIBHBIX
OKCIIEPUMCHTOB IMOKa3bIBAIOT, YTO IPHU onpeneHéHme yc-
JIOBUSIX HCcleayeMasi OlleHKa Onm3ka K pacdéTHoil Oaife-
COBCKOH OIIEHKE.
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Kocrenko B.B., Baymun 10.B., Jly6posun @.C.,
JIeBoB O.}0. O TOUHOCTHU OIIPEJEJIEHUM S KOOP-
JUHAT ITOABOAHOI'O MO VJIAA HA OCHOBE U3-
MEPEHHBIX ITAPAMETPOB JIBUXKEHUS BYKCU-
PYEMOW CUCTEMBI // TlonBoauble HUCCIAENOBAHHS U
pobororexnuka. 2020. Ne 1 (31). C. 21-29.

Bykcupyembiii nogBonHbiid Moayns (BIIM) addekrns-
HO WCTIOJNB3YETCS JJIsl pElICHUs 3a/1ad, CBA3aHHBIX C KOOp-
JMHUPOBAHUEM IOJBOIHBIX OOBEKTOB, MECTOIOJIOKECHUE
KOTOPBIX HOMJICKHUT YTOYHEHHIO B IPOLECCE HX IETallb-
Horo oOcienoBanus. [Ipu 3ToM OoMbIIOE 3HAYCHHUE HMEET
TOYHOCTH OTpEJIEICHUs] KOOPAUHAT CaMOro OYKCHPYEMOTO
MOZYJSl OTHOCHTENBHO CyIHA-OyKCHpOBIIMKa. Mcmonb3o-
BaHWE THAPOAKYCTHYECKHX HABUTAIIMOHHBIX CPEICTB, B
YaCTHOCTH CHUCTEM ¢ yibTpakopotkoii 6a3oii (TAHC YKB),
OrPAaHUYCHO BCIICACTBHE TOMEX, BIUSIONIMX HA Ka4€CTBO
CHTHAJIOB B IPUEMHON aHTCHHE. AJBTCPHATHBOHN CITY)KHUT
metof onpernenenus koopanHat bIIM Ha ocHOBe maHHBIX
TPAEGKTOPHBIX M3MEPEHUI MapaMeTpoB OyKCHPYEeMOH CH-
creMbl. K 4HCITy IOCIEIHUX OTHOCSTCS pacyeTHBIC 3Haue-
HUS TTapaMeTpoB KaOens CBS3M B YCTaHOBUBIIUXCS PEKHU-
Max OyKCHPOBKH, 3HAUCHHUS ITyTEBOIl CKOPOCTH U IyTEBOTO
yria OyKCHPOBIIHKA, a TAKKE U3MEPCHHBIC 3HAUCHUS JUTH-
HBI Kabelsi, IyOHHBI TorpyskeHus u kypca bIIM. B pabote
JaH CpaBHI/ITCJ'[LHI:Jﬁ aHaJIU3 pa3/IMYHbIX BAPUAHTOB BBIYUC-
JIUTENBHBIX aTOPUTMOB, TIO3BOJISIFONIUX TOTYYUTh OIIEHKU
TOYHOCTH ompeaeneHus koopauHar bIIM B paznugHbIX pe-
KMMaX CTaIlHOHApPHOH OYKCHPOBKHU U IIPH HAJTMIHH COOCB B
paboTe HaBUTaIlMOHHBIX CPEACTB.
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Baymuu 10.B., [y6posun @.C., Ilamma M.A,,
JIeoB O.10. KOOPAMHUPOBAHUE HEITO/JBUX-
HOI'O TJIYBOKOBO/JHOI'O THAPOAKYCTHUYE-
CKOI'O OBOPYAOBAHUA METOAOM MVYJIBTUJIA-
TEPALINU // TlogBoaHbIE WccenOBaHusI U POOOTOTEXHHU-
ka. 2020. Ne 1 (31). C. 30-35.

[Ipu pemeHuH MHOTHMX 3a/a4 B YCJIOBUAX IIyOOKO-
ro MOpsI BO3HHKaeT HEOOXOIUMOCTH B KOOPJHHHPOBAHUH
CTAllMOHAPHO Pa3MELIaeMOro Ha JHE T'HIPOaKyCTHYeCKO-
ro obopynoBaHus (MasKOB-OTBETUMKOB, JOHHBIX CTaHLUI
u 1.1.). K unciay mMeronoB, o0ecriedMBarOIMX KOOPAUHU-
poBaHUE TOAOOHBIX OOBEKTOB, MOXHO OTHECTH METOJ
myipriiatepanu. B UTIMT JIBO PAH pa3paGoran mpo-
rpaMMHO-aNMnapaTHelii KOMIUIEKC, MpeJHa3HaYeHHbIH IS
aBTOMAaTU3UPOBAaHHOI'O KOOPAMHUPOBaHMS JIOHHBIX Mas-
KOB-OTBETYMKOB W TIIYOOKOBOJHBIX THAPOAKYCTHUECKHUX
CTaHUMN C HCIOJIb30BAHMEM METOAA MYJbTHUJIATEpaLlUu.
PesynbraThl HAaTYpHBIX WCIBITAHUN KOMILJIEKCA MOITBEP-
KAAIT PabOTOCIOCOOHOCTh, BHICOKYIO 3((EKTUBHOCTh U
TOYHOCTH KOOPAWHUPOBAHHS CTAIIMOHAPHEIX JOHHBIX 00b-
€KTOB C HCIIOJIb30BAaHHMEM METOAa MYJIbTHIIATepally 10
CPaBHEHHUIO C METOJOM TpHJarepauuu 3a c4€T OOJbIIEro
KOJIMYECTBA M3MEPEHUN MUCTAHIMI W MPUMEHEHHUS BEPO-
STHOCTHOTO IOJIXOJa K OLIEHKE MOJNOoKeHHs oObekTa. Ha
OCHOBE IOJyYeHHBIX pPE3yJbTaTOB JAeTCs OICHKA MpeH-
MYIIECTB U HEJOCTAaTKOB NAHHOTO CMoco0a KOOPAMHUPO-
BaHUS.
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lTomoB A.A., Mopryno IO.H., Copoxun M.A.,
[erpos I1.C. PE3VJIBTATbI DKCITEPUMEHTAJIbHBIX
U TEOPETMYECKHX WCCJIEJOBAHUI PACIIPO-
CTPAHEHUA UMITYJIbCHbBIX CUTHAJIOB B MEJI-
KOM MOPE B1OJIb KPOMKHM KOHTUHEHTAJIBHOI'O
IIEJIb®A // TlonBomHble HCCASI0BaHHS H POOOTOTEXHUKA.
2020. Ne 1 (31). C. 36-41.

AHaJIM3UPYIOTCA pe3yJbTaTbl HATYpPHOTO JKCIEPH-
MEHTAa 110 PACIPOCTPAHCHUIO UMITYIbCHBIX aKYCTHUECKUX
CUTHAJIOB Ha Iueibde SMoHCKOro Mopsl B OCEHHe-JIETHHHA
niepuog 2018 roma. Llens sxcriepuMenTa cocTosia B ompe-
JeNieHu BpeMEH mpuxona u 3(PQPEKTHBHBIX CKOPOCTEH
pacnpoCcTpaHeHHs CUTHAJIOB BIOJb aKyCTHYECKOH Tpacchl,
OpPUEHTHPOBAaHHOHW BIIOJH KPOMKH Ienbda. B xome teope-
TUYECKOI0 aHaJIM3a U MOJAEIMPOBAHUS PACHPOCTPaHEHUS
3ByKa Ul YCIOBHUH 3KCIIEpUMEHTa pa3paboTaHa METOIU-
Ka mporuo3a 3h(HEeKTUBHBIX CKOPOCTEH pacmpocTpaHeHUs
HMMIYJIbCHBIX CUTHAJIOB Ha OOJIBLINE PACCTOSHUS B MEJIKOM
Mope. MeToirKa OCHOBaHa Ha YCPENHEHHH TPYIMIIOBBIX
CKOpOCTEll mepBOW MOJAIbHOW KOMIIOHEHTHI CUTHAla IO
BCEH Tpacce.
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Bynano B.A., Kopcko HU.B., Cropoxenko A.B.,
Cocenxo C.H. MCCIIEJOBAHUA AKYCTUYECKUX
XAPAKTEPUCTUK BEPXHEI'O CJIOSd MOPA ME-
TOAOM MHOI'OHACTOTHOI'O AKYCTHUYECKOI'O
30HAMPOBAHUA // TlonBomHbIe UCCenOBaHUS W PoOO-
torexauka. 2020. Ne 1 (31). C. 42-55.

OnucaHo NMpUMEHEHHE aKyCTUYECKOro 30HIMPOBAHUS
JUTSL KCCIIEJIOBAHUSI aKYCTHUECKUX XapaKTePUCTHK BEPXHETO
CJIOSI MOPSA C HCIOJNB30BAaHHEM HIMPOKOIIOJIOCHBIX OCTPO-
HalpaB/IeHHbIX WHBEPTUPOBAHHBIX M3JIydaresiel, ycTaHaB-
JTMBAaeMBIX Ha JTHO. B OCHOBY MeTona MONOXKEH MPUHIIUT
peructpanu OOpaTHOTO PAcCesiHUA M OTPaKeHHs OT IO-
BEPXHOCTH MOpS aKyCTHMYECKUX HMIIYJIbCOB C Pa3jInYHON
YaCTOTOH, MO3BOJISIFOIINI OTHOBPEMEHHO M3MEPSTh pacce-
SHUE W TIOIVIOIIEHUE 3BYKAa M HEJIMHEHHBII aKyCTHYECKU
rapaMeTp MOPCKOHM BObl. MHOTO4acTOTHOE 30HINPOBAHUE
MO3BOJIACT PEATN30BaTh AKYCTHYECKYIO CHEKTPOCKOIHIO
My3BIPHKOB B NMPHUIIOBEPXHOCTHBIX CIOSX MOPSI, IPOBOIUTD
OIICHKY Ta30CONEPXKaHUs W TIONy4YaTh JAHHBIE O CIIEKTPE
MOBEPXHOCTHOTO BOJIHEHHSI MPHU PA3TUYHBIX COCTOSTHHUSX
MOps BILIOTh [0 IITOPMOBBIX. IIpuMeHeHue ocTpoHanpas-
JICHHBIX BBICOKOYACTOTHBIX MYYKOB YIBTPa3ByKa IO3BOJIS-
eT pa3genuTh MH(OPMALMIO O TUIAHKTOHE M My3bIpbKax H
OIPEeNIeNIUTh C BEICOKUM IPOCTPAHCTBEHHBIM pa3pelieHueM
CTPYKTYpY Iy3bIPBKOBBIX OOJIAKOB, OOpa3yHOIIUXCS MPH
0oOpyIIeHNH BETPOBBIX BOJH M CTPYKTYPY IUIAHKTOHHBIX
cOo00IIeCTB. YUacThe IIIaHKTOHA B BOJTHOBOM JIBIDKCHHH B
TOJIIIIE MOPCKOM BOJIBI MO3BOJISIET OMPENEIIUTh ITapaMeTphl
BHYTPEHHUX BOJIH — CIIEKTP U pacrpesieieHue 10 aMIUIUTY-
JlaM B Pa3IIU4IHOE BPEMSL.
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ITaxomoB C.A., lllocrak C.B. IPOCTPAHCTBEHHO-
BPEMEHHASI OBPABOTKA CJIOXXHOI'O IINPOKO-
ITOJIOCHOI'O CUT'HAJIA HA OCHOBE T'APMOHMH-
YECKOI'O PA3JIOXEHMNA // TlonBoaHbIe HMCCIIEIOBAHHUS
u pobororexnuka. 2020. Ne 1 (31). C. 56-59.

J1J1s OLleHKY HampaBJICHUs] HA MOPCKOH OOBEKT paccMo-
TpeHO GOPMHUPOBAHKE MPOCTPAHCTBEHHO-BPEMEHHOTO CHUT-
Hajla B NPUEMHOW 3KBHIMCTAHTHOM JMHEHHON aHTEHHOU
pelIeTKe B YCIOBHAX ILIOCKOTO BOJHOBOTO ()POHTA MO
aKyCTHYECKOTO JIaBJICHUsI, CO3/IaBAEMOTO CJIOXKHBIM IIHPO-
KOITOJIOCHBIM CHUTHAaJIOM. Mojienb (hOpMHPOBaHUsI CIIEKTpa
MH(OPMAIMOHHOTO CUTHAJIA HA BBIXOJE OTJCIIBHOTO I'HJIPO-
(hoHa aHTEHHOH peIIeTKH MPE/ICTaBICHA BEKTOPHO-MAaTPHY-
HBIM YpaBHCHHEM B aJUINTUBHON CMECH C IIyMOM THJPO-
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aKyCTHUYECKOro KaHaia. /[y oLleHMBaHUS Takoro CUrHaja
IIPUMEHEHBI METO/bI JIMHEIHHOIO OLEHUBAHUS B CIIEKTPAJIb-
HOIl 0OJIacTH, MO3BOJIAIONINE IIOTYYUTh HECMEIICHHBIE
OLIEHKU C MMHUMalbHOU aucnepcueil. Haiinena marpuna
BECOBBIX KO3((UIMEHTOB, C IIOMOILIbIO KOTOPOIl IIyMOBBIE
KOMITOHEHTHI OTAETBHOTO THApodoHa (IPHEMHOTO KaHaa)
MIPUBOAATCS K OeJIoMy IIyMy ¢ MUHHMAJIBHOH IUCTIEpCHEH.
ITpu cymMMupoBaHHU CHEKTPOB TUAPOGOHOB aHTEHHOU pe-
LIETKU IPOCTPaHCTBEHHO-BPEMEHHOM CUTHAI Ha €€ BBIXOJIE
OIIpeZieNieH ¢ MOMOINBIO OIEHOK OTAEIBHBIX HH(pOpMAanu-
OHHBIX CUTHAJIOB 'MAPO(OHOB M MX OCTATOYHOIO ILIyMa C
pa3Hoi aucnepcueil. MUHMMaNbHOE 3HAUYECHUE AMCIEPCHU
BBIXOJIHOTO 1IIyMa aHT€HHOM PELIETKH II0JIy4€HO Ha OCHOBA-
HHUM KOBApUALMOHHOM MaTpuIbl ocTarouHoro myma. Ilpen-
JIaraeMblil ONTUMaJIbHBIM METOJ] OLICHKH HalpaBJICHUs IIPU-
X0JIa CHTHAaJIa OT MOPCKOTO 00OBEKTa Ha AaHTEHHYIO PEILETKY
MO3BOJISIET OTKA3aThCsl OT W30BITOYHOTO YHCIIA €€ JTMHHM 3a-
JEPAKKH, IPU OJHOBPEMEHHOM 3HAUUTENLHOM YMEHBUIEHUU
BIIMSIHUSA IIIyMa FMJPOaKyCTUYECKOTO KaHama.
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Oumenko B.K., 3umun II.C., 3anepxoBHbiii A.B.,
Cybora A.E., Tomuk A.B., Tonwapoa A.A. CUCTE-
Mbl CTALIUOHAPHOI'O MOABOAHOI'O BHUAEO-
HABJIIOJEHMS  TTPUBPEXHBIX AKBATOPUI //
[MonBomueie wccnemoBanust u  pobororexHuka. 2020.
Ne 1 (31). C. 60-71.

B TuxookeaHCKOM OKEaHOJOIMYECKOM HHCTHUTYTE
(TON) ABO PAH c 2012 . BemyTcs pa3pabOTKH U HCCIIe-
JIOBaHHS BO3MOXKHOCTEH TEXHOJOTUI CTAllMOHAPHOIO MOA-
BOJHOIO BUJECOHAOMIONEHHs. Pa3BepHyThl TpU MOJABOAHBIX
KOMIUIEKCa: J1Ba B OyxTe Ajiekceesa (0-B. [lonoBa) u oivH B
oyxre Burasp (3an. [locsera). K HacToseMy BpeMeHH Ha-
KOIUTCHBI 3HAYUTENFHbIE 00BEMBI HH(POPMAIUU B BHIC MO-
MEHTAJIbHBIX CHUMKOB M BHUJIC03AMUCEi MOABOIHBIX CIICH.
Pazpaboranbl uHTEpQENCH I NpeAoCTaBIeHHUs dTOH HH-
(dopManuu TIONB30BaTENISIM IO KaHajaM ceTH HHTepHeT.
Pa3zpabGoranbl TEXHOJIOTUM TOANEPKKH PabOTHI TEPPUTO-
pHAIBHO Pa3HECEHHBIX 3KCHEPTOB, COCTABJISAIOMUX OHO-
JIOTHYECKUE ONMCAHHS BHUICOMATEPUAIOB, TIOMOOHBIX TEM,
KOTOpPBIE pa3padaThIBAIOTCS B BEMYINX 3apyOe:KHBIX Opra-
HU3aLMSIX 110 MOpckoi Ouosoruu. Pazpaboransl 1 anpodu-
POBaHBI METOJIMKK OIICHUBAHUS 110 BHICOMH(DOPMAIIMH T1a-
pamMeTpoB KU3HEAESATEIBbHOCTH HEKOTOPBIX BUIOB MOPCKUX
rupoObuoHTOB. biaronaps HenpepbIBHOCTH HaONIOAEHUS
3a(pUKCUPOBAHO HECKOJNIBKHX PEIKUX CIIy4yaeB, MpPEACTaB-
JISIOMIKX UHTEpeC Al MOPCKUX Onosoros. Pazpaboransl u
anpoOUpoBaHBl METOAWKU OIICHWBAHMS THIPOIOTUYECKUX
XapaKTePUCTUK Cpelbl HA OCHOBE aHajin3a BUACOTPAHC-
JSAUUHA ¢ TOABOIHBIX KaMep. DTH pe3ynbTaThl MPEACTaBIs-
IOTCS. BOXHBIMH B KOHTEKCTE COMPOBOXJCHHUS HaOoje-
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HUH 32 )KU3HENEATEIIbHOCTHIO MOPCKOW OHMOTHI JaHHBIMHU O
BHEIIHUX YCIIOBUAX, B KOTOPBIX OHA mMpoucxoauT. Ilposme-
MOHCTPHUPOBaHa BO3MOXKHOCTH HCIIOJIb30BAaHUs 3BYKOBOTO
KaHala Kamep IJIs PeTHCTPAalud M aHaIn3a aKyCTUYEeCKHX
LIyMOB OT MOPCKHUX cynoB. [IponeMoHCTpupoBaHa BO3MOX-
HOCTh NPUMEHEHHUS TOABOJHBIX BUICOKOMILUIEKCOB IS
OpraHU3alMy 3KCIEPUMEHTOB 0 M3YUYEHHUIO PEaKLHUHu MOp-
CKUX THAPOOMOHTOB Ha BO3JEWCTBHUE IEJIEHANPABICHHBIX
(pU3NYECKUX CUTHAJIOB.

ABSTRACTS

Key words: autonomous voltage inverter, contactless
power transmission, autonomous underwater vehicle, «soft
switchingy, series resonant circuit, parallel resonance.

Gerasimov V.A., Komlev A.V.,, Filozhenko A.Yu.
MEANS OF THE PERFORMANCE ENHANCEMENT
OF AUTONOMOUS UNDERWATER VEHICLE BAT-
TERY CHARGING SYSTEM // Underwater Investigation
and Robotics. 2020. No. 1 (31). P. 4-12.

The necessary condition for the contactless battery
charging system to be effective during the operation of the
autonomous underwater vehicle it is mounted on is fulfilling
the two following requirements:

— combination of the resonant circuit on the inverter out-
put and the “soft switching” mode of the power switches;

— attainment of a condition of resonance on the
transformer secondary winding.

To solve the problem associated with this condition,
the mathematical model of the system was developed with
recommendations for parameters choice of resonant circuits.
This way, both power losses in the inverter and its element
temperature are minimized. This enhancement improves
the overall reliability and allows achieving minimal battery
charging time. Some field experiments using an operational
prototype of the system were carried out, proving the
research results.

Key words: autonomous underwater robot (autonomous
unmanned underwater vehicle), trajectory measurements,
map-aided method of navigation, gravimetric, informa-
tiveness.
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CORRELATION-EXTREME NAVIGATION SYSTEM
ACCORDING TOALOCAL GRAVITY MAP BASED ON
TRAJECTORY MEASUREMENTS MADE BY AN AU-
TONOMOUS UNDERWATER VEHICLE // Underwater
Investigation and Robotics. 2020. No. 1 (31). P. 13-20.

The accuracy assessment of underwater navigation
based on gravimetric measurements, acquired from the
autonomous underwater vehicle, is directly related to is-
sues of mapping the local gravitational field (LGF) using
high-precision small-sized gravimeters. The paper presents
research aimed to improve the accuracy of navigation using
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aKyCTHUYECKOro KaHaia. /[y oLleHMBaHUS Takoro CUrHaja
IIPUMEHEHBI METO/bI JIMHEIHHOIO OLEHUBAHUS B CIIEKTPAJIb-
HOIl 0OJIacTH, MO3BOJIAIONINE IIOTYYUTh HECMEIICHHBIE
OLIEHKU C MMHUMalbHOU aucnepcueil. Haiinena marpuna
BECOBBIX KO3((UIMEHTOB, C IIOMOILIbIO KOTOPOIl IIyMOBBIE
KOMITOHEHTHI OTAETBHOTO THApodoHa (IPHEMHOTO KaHaa)
MIPUBOAATCS K OeJIoMy IIyMy ¢ MUHHMAJIBHOH IUCTIEpCHEH.
ITpu cymMMupoBaHHU CHEKTPOB TUAPOGOHOB aHTEHHOU pe-
LIETKU IPOCTPaHCTBEHHO-BPEMEHHOM CUTHAI Ha €€ BBIXOJIE
OIIpeZieNieH ¢ MOMOINBIO OIEHOK OTAEIBHBIX HH(pOpMAanu-
OHHBIX CUTHAJIOB 'MAPO(OHOB M MX OCTATOYHOIO ILIyMa C
pa3Hoi aucnepcueil. MUHMMaNbHOE 3HAUYECHUE AMCIEPCHU
BBIXOJIHOTO 1IIyMa aHT€HHOM PELIETKH II0JIy4€HO Ha OCHOBA-
HHUM KOBApUALMOHHOM MaTpuIbl ocTarouHoro myma. Ilpen-
JIaraeMblil ONTUMaJIbHBIM METOJ] OLICHKH HalpaBJICHUs IIPU-
X0JIa CHTHAaJIa OT MOPCKOTO 00OBEKTa Ha AaHTEHHYIO PEILETKY
MO3BOJISIET OTKA3aThCsl OT W30BITOYHOTO YHCIIA €€ JTMHHM 3a-
JEPAKKH, IPU OJHOBPEMEHHOM 3HAUUTENLHOM YMEHBUIEHUU
BIIMSIHUSA IIIyMa FMJPOaKyCTUYECKOTO KaHama.
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B TuxookeaHCKOM OKEaHOJOIMYECKOM HHCTHUTYTE
(TON) ABO PAH c 2012 . BemyTcs pa3pabOTKH U HCCIIe-
JIOBaHHS BO3MOXKHOCTEH TEXHOJOTUI CTAllMOHAPHOIO MOA-
BOJHOIO BUJECOHAOMIONEHHs. Pa3BepHyThl TpU MOJABOAHBIX
KOMIUIEKCa: J1Ba B OyxTe Ajiekceesa (0-B. [lonoBa) u oivH B
oyxre Burasp (3an. [locsera). K HacToseMy BpeMeHH Ha-
KOIUTCHBI 3HAYUTENFHbIE 00BEMBI HH(POPMAIUU B BHIC MO-
MEHTAJIbHBIX CHUMKOB M BHUJIC03AMUCEi MOABOIHBIX CIICH.
Pazpaboranbl uHTEpQENCH I NpeAoCTaBIeHHUs dTOH HH-
(dopManuu TIONB30BaTENISIM IO KaHajaM ceTH HHTepHeT.
Pa3zpabGoranbl TEXHOJIOTUM TOANEPKKH PabOTHI TEPPUTO-
pHAIBHO Pa3HECEHHBIX 3KCHEPTOB, COCTABJISAIOMUX OHO-
JIOTHYECKUE ONMCAHHS BHUICOMATEPUAIOB, TIOMOOHBIX TEM,
KOTOpPBIE pa3padaThIBAIOTCS B BEMYINX 3apyOe:KHBIX Opra-
HU3aLMSIX 110 MOpckoi Ouosoruu. Pazpaboransl 1 anpodu-
POBaHBI METOJIMKK OIICHUBAHUS 110 BHICOMH(DOPMAIIMH T1a-
pamMeTpoB KU3HEAESATEIBbHOCTH HEKOTOPBIX BUIOB MOPCKUX
rupoObuoHTOB. biaronaps HenpepbIBHOCTH HaONIOAEHUS
3a(pUKCUPOBAHO HECKOJNIBKHX PEIKUX CIIy4yaeB, MpPEACTaB-
JISIOMIKX UHTEpeC Al MOPCKUX Onosoros. Pazpaboransl u
anpoOUpoBaHBl METOAWKU OIICHWBAHMS THIPOIOTUYECKUX
XapaKTePUCTUK Cpelbl HA OCHOBE aHajin3a BUACOTPAHC-
JSAUUHA ¢ TOABOIHBIX KaMep. DTH pe3ynbTaThl MPEACTaBIs-
IOTCS. BOXHBIMH B KOHTEKCTE COMPOBOXJCHHUS HaOoje-
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HUH 32 )KU3HENEATEIIbHOCTHIO MOPCKOW OHMOTHI JaHHBIMHU O
BHEIIHUX YCIIOBUAX, B KOTOPBIX OHA mMpoucxoauT. Ilposme-
MOHCTPHUPOBaHa BO3MOXKHOCTH HCIIOJIb30BAaHUs 3BYKOBOTO
KaHala Kamep IJIs PeTHCTPAalud M aHaIn3a aKyCTUYEeCKHX
LIyMOB OT MOPCKHUX cynoB. [IponeMoHCTpupoBaHa BO3MOX-
HOCTh NPUMEHEHHUS TOABOJHBIX BUICOKOMILUIEKCOB IS
OpraHU3alMy 3KCIEPUMEHTOB 0 M3YUYEHHUIO PEaKLHUHu MOp-
CKUX THAPOOMOHTOB Ha BO3JEWCTBHUE IEJIEHANPABICHHBIX
(pU3NYECKUX CUTHAJIOB.

ABSTRACTS

Key words: autonomous voltage inverter, contactless
power transmission, autonomous underwater vehicle, «soft
switchingy, series resonant circuit, parallel resonance.

Gerasimov V.A., Komlev A.V.,, Filozhenko A.Yu.
MEANS OF THE PERFORMANCE ENHANCEMENT
OF AUTONOMOUS UNDERWATER VEHICLE BAT-
TERY CHARGING SYSTEM // Underwater Investigation
and Robotics. 2020. No. 1 (31). P. 4-12.

The necessary condition for the contactless battery
charging system to be effective during the operation of the
autonomous underwater vehicle it is mounted on is fulfilling
the two following requirements:

— combination of the resonant circuit on the inverter out-
put and the “soft switching” mode of the power switches;

— attainment of a condition of resonance on the
transformer secondary winding.

To solve the problem associated with this condition,
the mathematical model of the system was developed with
recommendations for parameters choice of resonant circuits.
This way, both power losses in the inverter and its element
temperature are minimized. This enhancement improves
the overall reliability and allows achieving minimal battery
charging time. Some field experiments using an operational
prototype of the system were carried out, proving the
research results.

Key words: autonomous underwater robot (autonomous
unmanned underwater vehicle), trajectory measurements,
map-aided method of navigation, gravimetric, informa-
tiveness.

Dunaevskaya K.V., Kiselev L.V., Kostousov V.B.,
Tarkhanov A.E. ACCURACY EVALUATION OF THE
CORRELATION-EXTREME NAVIGATION SYSTEM
ACCORDING TOALOCAL GRAVITY MAP BASED ON
TRAJECTORY MEASUREMENTS MADE BY AN AU-
TONOMOUS UNDERWATER VEHICLE // Underwater
Investigation and Robotics. 2020. No. 1 (31). P. 13-20.

The accuracy assessment of underwater navigation
based on gravimetric measurements, acquired from the
autonomous underwater vehicle, is directly related to is-
sues of mapping the local gravitational field (LGF) using
high-precision small-sized gravimeters. The paper presents
research aimed to improve the accuracy of navigation using
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the map of LGF, which is suitable for the implementation
of algorithms of real-time navigation correction. Addressed
to this problem, the new method based on the analysis of
the sidelobe level of the matching function was studied for
estimating the error of correlation-extreme navigation. The
feature of the proposed method, in contrast with the well-
known Bayesian approach, lies in the opportunity of its im-
plementation in onboard algorithms and utilization for the
preliminary assessment of informational content of the field
map for route planning. The results of computational ex-
periments show that under certain conditions, the studied

estimates are near the calculated Bayesian estimate.

Key words: towed underwater module, sonar navigation
system, load-bearing communication cable, satellite
navigation receiver, coordinate determination algorithms.

Kostenko V.V., Vaulin Yu.V.,, Dubrovin F.S.,
Lvov O.Yu. ABOUT THE ACCURACY OF POSI-
TIONING THE UNDERWATER MODULE BASED
ON MEASURED MOVEMENT PARAMETERS OF
A TOWED SYSTEM // Underwater Investigation and
Robotics. 2020. No. 1 (31). P. 21-29.

The towed underwater module (TUM) is a useful tool
for solving problems of the positioning of the underwater
objects, the location of which must be clarified during its de-
tailed inspection. Herewith, the accuracy of the determina-
tion of the coordinates of the towed module itself relative to
the towing vessel is essential for such kind of problems. The
use of underwater acoustic navigation means, the systems
with ultra-short baseline (USBL) in particular, are limited
due to interference affecting the quality of the signals on the
receiving antenna. As an alternative, the method is proposed
for TUM positioning based on trajectory measurements of
parameters of the towed system, which may include calcu-
lated values of communication cable parameters in steady-
state towing modes, values of ground speed and towing an-
gle, as well as measured cable length, immersion depth, and
TUM heading. The paper provides a comparative analysis
of various versions of computational algorithms, which al-
low obtaining estimates of the TUM positioning accuracy in
different modes of stationary towing and in the presence of
failures in navigation systems operation.

Key words: acoustic navigation system, hydroacoustic
beacon, hydroacoustic bottom station, towed underwater
module, coordinated object, multilateration.

Vaulin Yu.V., Dubrovin F.S., Panin M. A, Lvov O.Yu.
LOCALIZATION OF THE STATIONARY DEEP-
SEAUNDERWATER ACOUSTIC EQUIPMENT US-
ING MULTILATERATION METHOD // Underwater
Investigation and Robotics. 2020. No. 1 (31). P. 30-35.

During the solving of multiple problems in deep-
sea conditions, it’s necessary to localize a stationary
bottom-placed underwater acoustic equipment (beacons,
bottom stations, etc.). The set of methods of such objects
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positioning may include the multilateration method. The
research team of IMTP FEB RAS designed a software-
hardware complex for automated localization of bottom-
placed beacons and deep-sea underwater acoustic stations
using multilateration method. The results of the complex
field tests confirm working capacity, high -efficiency,
and accuracy of localization of bottom-placed stationary
objects using multilateration method compared to ones
utilizing the trilateration method. That can be explained by
a larger number of range measurements and applying the
probabilistic approach for estimation of the object position.
The gathered test results allow giving an appraisal of the
benefits and drawbacks of the proposed localization method.

Key words: pulsed signals, group velocity, effective
velocity, modes, underwater ranging.

Golov A.A., Morgunov YuN., Sorokin M.A.,
Petrov P.S. THE RESULTS OF EXPERIMENTAL AND
THEORETICAL RESEARCHES OF PULSED SIG-
NALS PROPAGATION IN SHALLOW SEA ALONG
THE EDGE OF CONTINENTAL SHELF // Underwater
Investigation and Robotics. 2020. No. 1 (31). P. 36-41.

The purpose of the paper is to present the interpretation
of field experiments, dedicated to studying the propagation
of impulse acoustic signals on the shelf of the Sea of Japan
in the autumn-summer period of 2018. The main goal of
the experiments was to determine arrival times and effective
sound velocities of the propagation of the pulsed signals in
underwater acoustic path trace oriented along the edge of
the continental shelf. During theoretical analysis and mod-
eling of sound propagation, the methodology for predicting
the effective propagation velocity of pulsed signals over
long hauls in the shallow sea was developed. It is based on
averaging of the group velocities of the first modal compo-
nent of the signal over the entire path.

Key words: sound scattering, sound attenuation,
nonlinear parameter, sea water, bubbles, plankton.

Bulanov V.A., Korskov 1V, Sosedko S.N.,
Storozhenko A.V. INVESTIGATION OF ACOUSTI-
CAL PROPERTIES OF UPPER LAYER OF THE SEA
BY MULTIFREQUENCY ACOUSTIC PROBING //
Underwater Investigation and Robotics. 2020. No. 1 (31).
P. 42-55.

This paper represents the application of acoustic prob-
ing for the investigation of acoustical properties of the up-
per layer of the sea using broadband narrow-beam invert-
ed transducers that are mounted on the sea bottom. This
method is based on the principle of the recording of the
backscattering and reflections of acoustic pulses of differ-
ent frequencies from the sea surface. That simultaneously
allows measuring scattering and absorption of the sound
and non-linear acoustic parameter of seawater. Multifre-
quency probing allows performing acoustic spectroscopy of
bubbles in the near-surface layer of the sea, estimating gas
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content, and obtaining data on the spectrum of the surface
waves in various states of the sea up to a storm. Utilization
of the high-frequency narrow ultrasound beams allows us to
separate the information about plankton and bubbles and to
determine the structure of bubble clouds, created during the
breaking of wind waves, along with the structure of plank-
ton communities with high spatial resolution. The participa-
tion of plankton in the wave motion in the seawater column
allows determining parameters of internal waves, such as
spectrum and distribution of amplitudes at different times.

Key words: hydroacoustic channel, antenna array,
space-time signal, unbiased estimate with minimal variance,
signal vector spectrum, covariance matrix, weight coefficient
matrix.

Pakhomov S.A., Shostak S.V. SPACE-TIME PRO-
CESSING OF COMPLEX BROADBAND SIGNALS
THROUGH HARMONIC DECOMPOSITION //
Underwater Investigation and Robotics. 2020. No. 1 (31).
P. 56-59.

The paper considers the estimation of the direction to
the marine objects by dealing with the formation of a space-
time signal on the receiving equidistant linear antenna array
in conditions of the flat wavefront of the acoustic pressure
field generated by a complex broadband signal. The model
of spectrum shaping of the information signal at the output
of a separate hydrophone of the antenna array is derived by
the vector-matrix equation in the additive mix with the noise
of the underwater acoustic channel. The estimation of such
a signal was performed by methods of linear evaluation in
the spectral domain, allowing to get unbiased estimates with
the least dispersion. The noise components of each separate
hydrophone (receiving channel) are reduced to white noise
with minimal dispersion using the calculated weighting
matrix. The resulting space-time signal at the output of the
antenna array obtained by the summing spectrums of all of
the hydrophones can be determined by the estimation of the
separate information signals of each array element and its
residual noise with different variance. The minimal value of
the noise variance at antenna array output was obtained based
on the covariance matrix of the residual noise. The proposed
optimal method of the estimation of angle-of-arrival of the

signal from the remote marine object on the antenna array
allows substantially decreasing both the number of its delay
lines and the influence of the underwater acoustic channel
noise.

Key words: underwater surveillance systems, video
database, video processing, marine organisms biorhythms
measurement, variations of underwater currents measure-
ment.

Fishchenko VK., Zimin P.S., Zatserkovnyy A.V.,
Subote A.E., Golik A.V., Goncharova A.A. STATIONARY
SYSTEMS FOR UNDERWATER VIDEO SURVEIL-
LANCE OF COASTAL WATER AREAS // Underwater
Investigation and Robotics. 2020. No. 1 (31). P. 60-71.

Since 2012, the Pacific Oceanological Institute of Far
Eastern Branch of the Russian Academy of Science has been
developing and studying the capabilities of technologies of
stationary underwater video surveillance. Three of the un-
derwater complexes have been deployed in different water
areas: two in the Alekseev Bay (Popova Island) and one in
Vityaz Bay (Posyet Gulf). At this point, complexes have ac-
cumulated a significant amount of data in the form of snap-
shots and video recordings of underwater scenes, which can
be accessed through designed Internet-based interfaces. All
the surveillance systems contain technologies as a support of
the work of geographically dispersed experts involved in the
biological description of video materials, similar to ones de-
veloped in leading worldwide marine biology organizations.
Besides, the estimation of vital parameters of some marine
life species by the video recordings can be performed using
developed and tested methods. Thanks to continuous obser-
vation, the designed systems have already recorded sever-
al rare cases of interest for marine biologists. Hydrological
characteristics of surrounding media can be studied using
developed and tested methods of analysis of video streaming
from underwater cameras. These results are especially cru-
cial for accompanying observations of the vital activity of
marine organisms with data on external conditions in which
they occur. Cameras built-in audio channels can be used for
recording and analyzing noises of marine vessels. Designed
underwater video complexes provide an opportunity for
conducting experiments on studying the reaction of marine
organisms to dedicated physical signals.
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