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KntoueBble cfoBa: rmapoakycTM4eckKne HaBUraLmoH-
Hble CUCTeMbI, NOABOAHbIE annapartbl, rMApPoaKyCcTUyecKne
Masiku, NceBAocnyYaiiHble curHanbl, M-nocnefoBatesnibHO-
CTW, NPUEMO-UN3/TyYdatoLL e YCTPOCTBA.

Mateuenko HO.B., BypauHckuii N.H. SHEPFETW-
UECKVNEXAPAKTEPNCTUNKW rMMAPOAKYCTUNYE
CKOWN HABUIALMOHHOW CUCTEMbI BOJIbLION
OANBHOCTW ANnd ABTOHOMHbIX MOABOAHbLIX
AMNMAPATOB // MopgBoaHble nccnefoBaHUA U poboToTeEX-
Hmka. 2020. Ne 3 (33). C. 4-10.

MMapoakycTUyeckmMe HaBuraluMoHHbIe CUCTEMbI 60/b-
woi panbHocT peicteus (TAHC B[) npegHasHauve-
Hbl NS BbICOKOTOYHOIO OMNpeAeneHns MeCcTOMOM0XeHUA
AHIMA, BbINOMHAIOWMX ANTENIbHbIE MUCCUAW MPU 3HAYU-
TebHbIX yYaaneHusx (go 500 kM) oT npuemMonepesaroLLmnx
ycTpoiicTe. Co3gaHme Taknx CUCTEM CBA3aHO C BbIGOpPOM
CTPYKTYPbl CNOXHbIX CUTHAN0B NPU UCMONb30BAHUUN THU-
LPOaKyCTUYECKNX MasKOB UKW n3nyyaTene, CTalMoHapHo
pa3MeLLeHHbIX B MPMOPEXHOI Noaoce BLanW OT paiioHa Ha-
XOX[eHns 06beKTa HaBuraumMm. Ha ocHOBE KNacCu4eckoro
YpaBHEHUS JanNbHOCTU TMAPOAKYCTUKUN peLlaeTca onTuMu-
3aUMOHHasA 3afaya, COCTosLlas B OMNpefeneHnn TOUHOCT-
HbIX W 3HEpPreTUYecKUx xapakTepucTuk M-nocnefosa-
TeNbHOCTEN Pas/IMYHOW AIVHbI U OTHOLLIEHWUMN CUTHAN/LIYM
B 3aBMCUMMOCTW OT YPOBHSA W3/yyYeHUs cUrHanos. [yTem
CpPaBHUTENbHOIO aHanuM3a W3BECTHbIX METOAO0B MOCTPO-
€HUA [aNbHOMEPHbLIX HaBUTaLMOHHbLIX CUCTEM O0/bLLON
[AaNbHOCTU MOMyYeHbl OLEHKM AOCTVXKMUMbIX OTHOLLEHWIA
CUrHan/lWym Npu pasNnMyHbIX BapMaHTax NOCTPOEHNs cxe-
Mbl 06paboTkn gnsa M-nocnegoBaTe/isHOCTEN pPasNyHON
[ANvHbI. T10 3KCnepuUMEHTa/IbHbIM JaHHbIM PacCYMUTbIBAKOT-
CSl OTHOLUEHWA CUTHa/LUYM B TOYKE NpMema CUrHaaoB npu
pasNNYHbIX AaNbHOCTAX Y TUNAxX CUrHanoB. [oKasaHo, 4To
ONTUMMK3ALMA 3HepreTnyeckmx xapakrepuctuk FAHC B/,
a TaKXXe TPaKTOB Mpuema 1 06paboTKM CMTHANOB AOCTUra-
eTCs NMpW NCMonb3oBaHUM M-nocnefoBaTenbHOCTeN cpej-
Hell gnnHel (M = 127).
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UM, AMHAMUYECKUNIA 06BEKT, TOUeUHas Mmogenb, 3D 06nako,
naeHTMdnKauna 06beKTOB, METO/ BU3Ya/IbHOM HaBUrauuu.

Bo6kos B.A., Kygpswos A.N. MPOCTPAHCTBEH-
HAA PEKOHCTPYKLWA OBBEKTOB B AMHAMWYE-
CKOW CLIEHE MO BUAEOMOTOKY // MopsofHble nc-
cnepoBaHms n pobototexHmka. 2020. Ne 3 (33). C. 11-17.

MpenctaBneH metof 3D PEKOHCTPYKLUMM OOBLEKTOB B
OVUHaMMUECKON CLeHe B pamMKax 06Liero nogxofa K peLue-
HUIO NPO6AEeMbl BOCCTaHOB/IEHNS CTPYKTYPbl U LBUXKEHUS
no mn3obpaxeHusm. Mogxof B LENOM OCHOBbIBAETCA Ha
TOYEYHOM MNpPeAcTaBneHUN 0BBLEKTOB U MPUMEHEHUU Me-
TOAa BW3yasbHOW OLOMETPUW AN pacyeTa ABUKEHUA LU-
HaMM4yecKux 06bLEKTOB MO CTEPEOBMAEONOTOKY. Ha atane
MOArOTOBKM BXOAHbIX AaHHbIX AN METOAA PEKOHCTPYKLUM
BbINOMHAKTCA MAEHTU(MKALUA LUHAMUYECKUX OOBEKTOB
1 BblYMC/IEHWNE TPAEKTOPUIA UX ABMKEHUA. COrnacHo npea-
naraemomy metogy 3D Mofenb AMHAMWYECKOro 00bekTa
CTPOUTCH MOCPEACTBOM 00beMHEeHUs ero BUALOB, MoJyya-
eMbIX M3 pasHbIX NO3nLKiA Kamepbl. MpoBefeHHbIE 3Kcne-
PVYMEHTBI C BUPTYa/IbHbIMW CLEHaMW MOATBEPAWAN pabo-
TOCMOCO6HOCTb NPEAJIOXEHHBIX a/IrTOPUTMOB.

Y[OK 004.896+629.58+001.891.57
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KntoueBble cnoBa: aBTOHOMHbIA HEOOWUTaEMbI Moa-
BOAHbIN annapat (AHIA), NnocTpoeHUe TPEXMepHOl Mo-
fenn 06bekTa, TOYHas HaBUrauMoHHas NpMBs3Ka K 06beK-
Ty, POTOCHEMKA 3aflaHHbIX hparMeHTOB 06beKTa.

WMH3apues A.B., MaHnH M.A., bobkos B.A. ANIIO-
PUTMbl MNHCMEKUWMN NOKANbHbIX OBBEKTOB
OJOHHOIo MNPOMBIWNEHHOIO OBOPYAOBAHWA
C MPMMEHEHWEM AHIIA // MoaBoaHble uccnegoBaHms
1 poboTtoTexHuka. 2020. Ne 3 (33). C. 18-30.

AHIMA wMmoryT ObITb NpPYMeEHeHbl [ANf aBTOMaTU3U-
POBAHHOM WHCMEKUUM OOGBEKTOB MOABOAHLIX [LOOBLIYHbLIX
KOMMEKCOoB. Mpu HanmumMm anpuopHoin MHpopmaunn o6
006bekTe (ero mofgenu) Lenblo 06cnefoBaHUA MOXET ObITb
JeTanbHas (POTOCbeMKa 3afaHHbIX (hparMeHTOB OObeKTa.
Onsa Bbixoga AHIA K 3TuM (bparmMeHTam UCMNonb3yrTCs
anropuTMbl TOYHON HaBUTFALMOHHON NPMBA3KU K 06BLEKTY
Ha 6ase aHanM3a NocnefoBaTeNbHOCTM cTepeon3obpaxe-
HWIA 1 MetoLLeica NHOPMaL MU O PacrofIOKEHUN Xapak-
TepPHbIX TOYeK 06bekTa. B ciyyae OTCyTCTBMS anpuOpHON
WH(opMaL MmN Uenslo 06cnefoBaHNA MOXET OblTb MOCTPO-
eHue paeTanbHoi 3D mogenu obbekTa (C MOMOLWbIO Na-
3epPHOr0 CKaHepa W/in MHOTO/Tly4eBOro 3xosokatopa). [Ans
atoro AHMA npon3BOAUT NepBOHaYabHOe 06HapyXXeHue
(nokanu3aumio) o6bekTa. [lanee ero TpaekTopus popmmpy-
eTCA AUHAMWUYecKn OT OFHOIN BMAOBOIM NO3ULMK K APYroW
no mepe NOCTYN/IeHNS HOBOM nHdopmauun 06 obbekTe. B
KayecTBe KpuTepusi Npu BbIOOpe O4epefHOl BULOBOW No-
3ULUN UCNOMb3YeTCA OLEHKa ee MH(OopMaTUBHOCTU (T.e.
00beM MNOSy4aeMO HOBONM MHDOpMauuM 06 06bekTe).
MToroBass mofens 06bekTa (hopmupyeTcs No COBpaHHON
MH(opMaLMM C UCMOMb30BaHNEM METOJ0B (oTorpamme-
Tpun. B paboTe paccMaTpmBatOTCS MOAXOLbI U aNrOPUTMBbI,
KOTOpble MOTYT 6bITb MCMO/Ib30BaHbl MPU 06CNef0BaHNM
06BEKTOB A/11 3TUX ABYX CNy4aes.
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Maxomos C.A., LWloctak C.B. KOMIEHCALWNA
BINAHNA KAHANA PACIMPOCTPAHEHWA 3BYKA B
rMMAOPOAKYCTUYECKUX CUCTEMAX // MofBogHble
nccnefoBaHus n pobototexHmka. 2020. Ne 3 (33). C. 31-35.

CocTosiHMe rMApPoaKyCTUYECKOro KaHana pacnpocTpa-
HEHMS 3ByKa 3aBMCUT OT MHOXECTBA CyyvaiiHbIX (haKTOpoB
cpefbl. Ans yyeTa BAMSHUA TakOro KaHana Ha nepejasa-
eMbIii CUTHan MOXeT WCMO0J/Ib30BaTbCA METO[ NUHEHON
(hunbTpaumm, B paMKax KOTOPOro KaHan MnpeacTaB/seTcs
B BUAE NWHENHON WHBapWaHTHOW CUCTEMbI C afAWuTUB-
HbIM FayCCOBCKMUM LUYMOM, A€ CBSi3b MeXAy CUrHasamm
Ha BXOfE W BbIXOAE OMWCbIBAETCA MMMY/IbCHOW XapaKTe-
puUCTUKOi. HeobxogumbiMu ycnoBuaMyU 3HEKTUBHOCTU
NPUMEHEHNS AaHHOr0 MeTofa ABNAKTCA BbIGOP BXOLHOrO
CUTHaNa M OLEeHKa BECOBbIX KO3(P(MLUUEHTOB MCNOMb3ye-
MOIi CMCTEMbI, 4YTO B paboTe BbIMOIHEHO HA OCHOBE TeO-
pembl Maycca-MapkoBa. Npu pelieHnmn 3a8ay4m nonyyeHol
HECMELLEHHbIE OLEHKM C MUHVMAbHOW ANCNEPCUEN, B TOM
yucne Ans cnyvas NpYMeHeHUs B Ka4YecTBe BXOLHOMO CUr-
Hana NceBAoCnyYvaliHON nocneaoBaTensHOCTU. MpegnoxeH
METOZ KOMMNeHcauun BANAHWSA KaHala C y4eTOM 3HaHUS ero
MMMYNbCHON XapaKTepUCTUKN, MO3BONAKLWNIA YMEHbLUATb
YPOBEHb LLIYMOBOI COCTaBAOLLEN.
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KntoueBble CnoBa: akyCcTuKa MenKoro mMops, BeKTop-
HbI MPUEMHUK, NMPOAO/IbHbLIE U MOMNEPEYHbIE BOJHbI, ped-
paKuua NpofoNbHbIX BO/H, TPEXKOMMNOHEHTHBbIA reodioH.

Lypos B.A., Wernos C.I'., bBypeHuH A.B., TkayeHKo
E.C. 99DEKTbI PACMPOCTPAHEHNA MO4BOAHO-
o HN3KOYACTOTHOIO 3BYKA YEPE3 MATEPU-
KOBbII BAPbEP // MogaBoaHble MccneoBaHMs 1 po6oTo-
TexHuka. 2020. Ne 3 (33). C. 36-45.

O6Hapy>xeHbl U uccnefoBaHbl NOABOAHBIA WU LOHHbIN
HM3KOYaCTOTHbIE aKyCTuyeckme curHanbl (400 Iu) ot
MOABOLHOIrO MCTOYHMKA WU3YYEHUS, PACMONOXKEHHOI0 OT-
HOCUTENbHO MPUEMHOW CMCTEMbI MO APYryH CTOPOHY ne-
peweiika mbica Lynbua. MpuemHasa cuctema coctosna u3
TPEXKOMMOHEHTHOTO AOHHOIO reod)oHa M MPUEMHON aKy-
CTUYECKOM KOMBUHWPOBAHHON CMCTEMbI, PAcroIOXKEeHHOA
B TO/ILLE BO/IHOBOAA Ha rnybmHe 9 M. KpaTtualiwee paccTo-
AHNE MEXJY UCTOYHMKOM U MPUEMHUKOM Yepe3 MaTepuKo-
Bbli 6apbep cocTaBnseT ~ 1000 M. A3uMyTasbHbIA yron
npuxoga CuUrHana Npogo/bHbLIX BOMH COBNajaeT ¢ reome-

noaABOAHbLIE NCCNIEAOBAHUA N POBOTOTEXHUKA. 2020. Ne 3 (33)

TPUYECKOW NMUHWEN, COBANHAIOLLEA NCTOUHUK U NPUEMHUK.
Mprem NonepeyHo N NPOAONLHOW BOMH OCYLLECTBSETCA
MO PasNNYHbLIM OPTOrOHa/IbHbIM OCIM KOOPAMHAT reotoHa.
HanpasneHne npuxoga nNpofo/ibHON BO/HbI B TOUKY M3Me-
peHus 6M3K0 K ropu3oHTanbHOMY. Hanmume nonepeuyHol
BO/IHbl B [JOHHOM TFpPYHTE MO3BONSET MPEANON0XKNUTb, UTO
[OHO BOSIHOBOJA MpenCTaBnseT co60i TBEpAyH XKECTKYH)
MOBEPXHOCTb.

Y[OK 534.6, 534.23
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KnoyeBble cnoBa: KOMOWHMPOBAHHbI MPUEMHUK, MO-
MeXO0yCTOMUNBOCTb, MH(Pa3BYK, CMeKTpanbHas 06paboTka
CUTHA/0B, B3aMMHO - KOppensaunmoHHas obpaboTka curHa-
NOB.

KacatknH B.A., KacatkuH C.B., Kocapes I'.B. TPO-
CTPAHCTBEHHO-UACTOTHAA U MPOCTPAH-
CTBEHHO-BPEMEHHAA CTPYKTYPA 3BYKOBOIO
nonda B CKANAPHO-BEKTOPHOM OMWUCAHUW [/
MoaBoaHble MccnefoBaHWsA 1 poboToTexHmka. 2020. Ne 3
(33). C. 46-57.

PaccmatpumBaloTCa 0COGEHHOCTU paboTbl rMapoaKky-
CTUYECKNX KOMOWHMPOBAHHbIX MPMEMHMKOB, 06pa3yoLL X
BEPTUKa/IbHO OPUEHTUPOBAHHYIO aHTEHHY, B ME/IKOM Mope
B MH(pa3ByKOBOM [mana3oHe 4acToT. JaHHOe uccneposa-
HYe CBA3aHO C peLleHneM NpobemMbl ONpeLeneHuns Koopam-
HaT 1 NapameTpOB ABMXXEHWSA OMpedenieHHOW Lenn nyTem
aKTUBHO-MAaCCMBHOI NOKaLUW U U3MEPEHUSA XapaKTEPUCTUK
HabntofaemMoro npv 3toM MOAs LWYMOB. AKTYanbHOCTb
npeAcTaBaseT aHaM3 MPOCTPaHCTBEHHO-YACTOTHOM U Npo-
CTPaHCTBEHHO-BPEMEHHO CTPYKTYPbI 3BYKOBOr0 nons. [ns
npoBefeHNs akcnepumeHTa mucnons3oBanca HUAC «HOpwii
MonokoB», GYKCUpPYIOLWNIA HU3KOYACTOTHBIA W3nyyaTenb
NYM-curHanos. NpocTpaHCTBEHHO-YAaCTOTHAA CTPYKTYypa
3BYKOBOrO MONf UCCNefyeTcs MyTEM CMEKTPaIbHOro aHa-
Nn3a JUCKPETHbIX COCTaBNAOLWMX Ba/IbHO-/10MACTHOIO 3BY-
Kopaga 6yKCUpYyHOLLEro cyfHa B gmanasoHe yactot 1-20 Iy,
WccnegoBaHne npocTpaHCTBEHHO-BPEMEHHON CTPYKTYPbI
nons Mpou3BOAMTCS MyTEM KOPPENsALMOHHON 06paboTKu
NTYM curHanos Ha anepType BepTUKa/lbHO OPUEHTUPOBAH-
HOIN aHTeHHbI B AgnanasoHe yacToT 30-60 IU. PesynbTaThl
CNeKTPasibHON 06paboTKM NPUHATBLIX CUTHAN0B NO3BONSIOT
NoNy4nTb OLEHKU MOMEXOYCTOMYMBOCTM KOMOMHMPOBaH-
HOFO NPWEMHWKA, NPWYEM MOBbILIEHHAA MOMEXOYCTONYM-
BOCTb peanusyeTcs Npu MCNoaAb30BaHWMM NOSHOIO Habopa
13 16 MH(OPMATUBHbLIX MapameTpoB, XapaKTepusyroLmx
3HEepreTUYECKy0 CTPYKTYpY 3BYKOBOro nons. 310 B UTOre
MO3BOJISET UCC/EA0BaTb BepTUKA/IbHYIO CTPYKTYpPY 3BYKO-
BOr0 NOJIA U NPOU3BECTM UAEHTU(UKALNIO (DOPMUPYIOLLMX
ero HopMasnbHbIX BOSH. V13 NONYyYEHHbIX pe3ynbTaTtoB Kop-
PensiuMOHHOW 06paboTKM CNoXHbIX JTYM-CMIHaN0B BbITe-
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KalT TaKXXe OLEHKN NPOCTPaHCTBEHHO-BPEMEHHOW CTPYK-
Typbl 3BYKOBOIO NOMS U KO3IM(ULMEHTOB KOPPENSLMM Ha
anepType BEPTUKaNbHO OPWEHTUPOBAHHON aHTEHHbI B
PasNMYHbIX KaHanax KoOMOGWHMUPOBAHHBLIX TMPUEMHIUKOB.

YK 534.222

DOI: 10.37102/24094609.2020.33.3.007

KntoueBble CnoBa: 3ByKOMOABOAHAS HaBUrauus, cKo-
POCTb 3BYKa, aBTOHOMHbI/i MOABO/AHbLIVA annapaT, MOABO-
[HbIVi 3BYKOBOW KaHasl, CNOXHbIe (DasoMaHMNyNMpoBaHHbIe
CUTHa/TbI.

BypennH A.B., Boittenko E.A., Tonos AA.,
Ne6eges M.C., MopryHos HO.H. UICCNEOBAHWE 3A-
BNCNMOCTU WMMNYNbCHbIX XAPAKTEPUCTWK
BO/IHOBOAOB OT MAPAMETPOB WN3NYYAEMbIX
®A3OMAHUNMYNTNPOBAHHBLIX CUITHANOB TPU
OANBHEM PACMPOCTPAHEHNN B AMNOHCKOM
MOPE // TopaBoaHble WCCnefoBaHUS U POBOTOTEXHUKA.
2020. Ne 3 (33). C. 58-62.

MpuMeHeHMe (ha3oMaHMMYMPOBAHHBIX CUTHAIOB Ha
6aze nocnenoBaTeNlbHOCTEN C UCKIIOYNTE/IbHBIMW KOppe-
NALNOHHBLIMW CBOWCTBAMU SIBASETCA OLHUM U3 KIHOYEBbIX
METOJOB peLleHns NpaKTUYecknx 3agad B MOABOLHOW Ha-
BUraumm, ceasu n Tomorpaguu. B cTaTbe 06cCyxgatoTcs
pe3ynbTaTbl UCCNeLOBaHWI MO PacnpoCTPaHeHW0 1 Npu-
eMY LUMPOKOMOIOCHBIX MMMY/bCHBIX CUTHA/IOB Ha OCHOBE
ncesgocnyvaitHbix M-nocnegoBaTenbHocTeld. Mccnegosa-
Hbl 0COBEHHOCTM (POPMMPOBAHNA MMMY/bCHBIX OTKIMKOB
Mpu NpUeMe CUrHaIOB C Pa3NIMYHON YaCTOTHOM NOM0COW U
ONUTENBHOCTBIO CMMBOMIOB. CAenaH NpakTUYeCKnii BbIBOA
0 HEOBXOAMMOCTN KOMMIEKCHOIO MPUMEHEHUS Pa3INYHbIX
no AMMTENIbHOCTM CUMBOMIOB HAaBUTaLMOHHbLIX CUTHAI0B
Mpu peleHnn 3agady MNo3uNLMOHMPOBAHUS aBTOHOMHbIX
MOABOLHbIX anmnapaTos.

YK 550.84: 549.905
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KntoueBble cnoBa: rasormaparbl, NoABOLHOE ra3oru-
fpaToobpas3oBaHune, MpPUPoOAHbIe (hakTopbl, TeEpMobapuye-
CKue yCnoBusi, TepMOMHaMmnyecKas cTabuibHOCTb, 3aKo-
HOMEPHOCTb pacnpocTpaHeHus, Mops BocTouHoi Asnu.

LLlaknpoea M.B., O6xwnpos A.WU., Cokonosa H.J.,
TenervH tO.A., Wakupos P6. OCOBEHHOCTW W ME-
TOAbl UCCNEAOBAHNNI NOABOAHbLIX FA30IMM-
JPATOB U X PECYPCOB B MOPSAX BOCTOYHOW
A3 |/ TopBoaHble uccnefoBaHA M pobOTOTEXHUKA.
2020. Ne 3 (33). C. 63-71.

PaccmaTpmBaeTca pacnpocTpaHeHne NOABOAHbIX ra-
30rMApaToB KaK pesynbTaT B3aMMOAENCTBUA pPas/INYHbIX
MPUPOAHbLIX (HaKTOPOB, AEWCTBYIOWMX B NPUAOHHON TON-
e 0Caf04HbIX MOPOL U BOAHbIX CNOSAX MOpei BocTo4HOl
Asnn. B paboTe onpegeneHbl (PakTopbl, NPUYNHHO-CNEA-

CTBEHHbIE CBA3WN MEXAY HWMU, BbiSiBNEHbl Hambosnee 3Ha-
YMMmble YCNOBUA, CNOCO6CTBYIOLWME 06pa30BaHN0 MOABO-
AHbIX rasorugpatoB. Ha ocHOBe kapT pacnpocTpaHeHus
NPUPOAHBIX (PAKTOPOB B UCCNEAYyEeMbIX MOPAX C MOMOLLbHO
MM C-mogenvpoBaHmns onpeaeneHbl Hanbosnee NepPCrneKkTUB-
Hble N BEPOATHbIE Fa30rMApPaToOHOCHbIE aKBaTopun. M3yye-
HWe rasoruapaToB BaXXHO He TOMbKO A1 MCMO/b30BaHNS
MX Kak afbTepHATMBHOIO BMAa Yr1eBOAOPOAHOIO ChIpbs,
HO W NPW WHXEHEPHbIX paboTax Ha fHe Mopeli. B paiioHe
rasormaparoB NPOMCXOAMT HapyLUeHWs NOBEPXHOCTU [Ha,
TaK Kak rasorugparbl paspyLuatoTcs npy NoBbIWEHNN TEM-
nepaTypbl 1 (MK) CHWXEHUN faBneHns. [1pn 3TOM BaXHO
MCNOMb30BaTb BO3MOXHOCTW MOABOAHbLIX PO6OTOTEXHUYE-
CKUX CPeAcTB A1 UCCNe0BaHWIi ra3oruaparoB 1 OKpyxa-
oLl cpegpl.

ABSTRACTS

Key words: underwater acoustic navigation sys-
tems, underwater vehicles, underwater acoustic beacons,
pseudorandom signals, M-sequences, underwater acoustic
transducers.

Matvienko Yu.V. Burdinskiy ILN. ENERGETIC
CHARACTERISTICS OF LONG-RANGE UNDER-
WATER ACOUSTIC NAVIGATION SYSTEM FOR AU-
TONOMOUS UNDERWATER VEHICLES // Underwater
Investigation and Robotics. 2020. No. 3 (33). P. 4-10.

Long-range underwater acoustic navigation systems
(LR UANS) are used for high-precision positioning of
AUVs during longstanding missions at significant distan-
ces (up to 500 km) from reference transceiver devices.
The development of such systems involves the selection of
the structure of composite signals when using underwater
acoustic beacons or transceivers stationary located in a
coastal zone far apart from the object of navigation. Based
on the classic equation of the underwater acoustic range, it
is possible to solve an optimization task, which involves ac-
curacy and energy characterization of M-sequences of dif-
ferents lengths and evaluation of signal-to-noise ratio with
respect to emitting signals level. By comparative analysis
of the known approaches to the design of long-range circu-
lar navigation systems, some estimates of achievable sig-
nal-to-noise ratio values were acquired for different tech-
niques of processing the M-sequences of different lengths.
According to the experimental data, signal-to-noise ratios
in the reception point were calculated for different ranges
and signal types. It is shown that the optimization of ener-
getic characteristics of LR UANS along with paths circuits
of signal reception and processing is achieved when using
M-sequences of medium length (M = 127).

noaABOAHbLIE NCCNEAOBAHUA N POBOTOTEXHNKA. 2020. Ne 3 (33)



Key words: three-dimensional reconstruction, dynamic
object, point model, three-dimensional cloud, object identi-
fication, visual navigation method.

Bobkov V.A. Kudryashov A.P. THREE-DIMENSION-
AL RECONSTRUCTION OF OBJECTS IN ADYNAMIC
SCENE ON VIDEO STREAM // Underwater Investigation
and Robotics. 2020. No. 3 (33). P. 11-17.

The article presents the method of three-dimensional
reconstruction of objects on a dynamic scene in the frame-
work of a common approach to solving the problem of
restoring the structure and motion by images. In general.
the proposed approach is based on point representation of
the object and utilization of the visual odometry method
to calculate the motion of dynamic objects by stereo video
stream. The stage of preparation of input data for the recon-
struction method consists of the identification of dynamic
objects and calculating trajectories of its motion. According
to the proposed method, the 3D model of a dynamic object
is reconstructed by combining its views received from dif-
ferent camera positions. Conducted experimental research
with virtual scenes proved the performance capabilities of
proposed algorithms.

Key words: autonomous underwater vehicle (AUV),
three-dimensional model construction, a precise naviga-
tional reference to an object, photographing specified frag-
ments of the object.

Inzartsev A.V., Panin M.A., Bobkov V.A. ALGO-
RITHMS OF SEAFLOOR INDUSTRIAL MACHINERY
INSPECTION USING AUV // Underwater Investigation
and Robotics. 2020. No. 3 (33). P. 18-30.

Autonomous underwater vehicles (AUV) can be used
for automatized inspection of the objects of marine min-
ing complexes. If a priori information about the object (or
its model) is available, the examination can be aimed at
detailed photographing the given fragments of the object.
Routing AUV to these fragments relies on algorithms of
precise navigation referencing to the object based on an-
alysis of the sequence of stereo images and available in-
formation about specific points of the object. In case of the
necessary information absence, the inspection may target
the goal of building the detailed 3D model of the object
(using a laser scanner or multibeam echosounder). In that
case, AUV performs the initial detection (localization) of
the object at first. Then its motion trajectory is generated
dynamically from one view position to another as new in-
formation about the object becomes available. A criterion
of the viewing position selection used is its information-
al value (i.e., the amount of further information received
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about the object). The final model is built using gathered
information processed with methods of photogrammetry.
The paper considers approaches and algorithms applicable
for object inspection in two above described cases.

Key words. underwater acoustic channel, weight co-
efficients, dispersion, minimum variance unbiased estimate,
pseudorandom sequence, impulse response.

Pakhomov S.A., Shostak S.V COMPENSATION OF
THE EFFECTS OF SOUND PROPAGATION CHANNEL
IN UNDERWATER ACOUSTIC SYSTEMS // Underwater
Investigation and Robotics. 2020. No. 3 (33). P. 31-35.

The state of the underwater acoustic channel depends
on a variety of random factors of the media. Estimation of
the influence of such channel on the transmitting signal can
be performed by the method of linear filtration. It consid-
ers channel as a linear non-variant system with additive
Gaussian noise, where the relation between input and out-
put signals is described by impulse response. The necessary
condition of efficient implementation of this method is the
selection of valid input signals and estimation of the weight
coefficient of the implemented system, which was per-
formed using Gauss-Markov theorem in the present work.
Following the results of solving the problem, the minimum
variance unbiased estimates were obtained, including the
case of using the pseudorandom sequence as an input sig-
nal. At long last, the paper presents the method of channel
influence compensation with consideration of known im-
pulse response, which allows reducing the level of the noise
component.

Key words: shallow sea acoustics, vector receiver,
longitudinal and transverse waves, refraction of longitudin-
al waves, three-component geophone.

Shchurov V.A., Shcheglov S.G., Burenin AV,
Tkachenko E.S. EFFECTS OF UNDERWATER LOW-FRE-
QUENCY SOUND PROPAGATION THROUGH CON-
TINENTAL BARRIER // Underwater Investigation and
Robotics. 2020. No. 3 (33). P. 36-45.

The present work studies the underwater and sea bottom
low-frequency signals (400 Hz) emitted by the underwater
transducer and detected by the receiver system located on
the other side of the Schultz cape neck relative to the trans-
ducer. The receiver system consisted of a three-component
bottom geophone and composite acoustical system im-
mersed 9 m down the water column of the waveguide. The
shortest distance between transducer and receiver through
the continental barrier was ~1000 m. The azimuth angle of
signal arrival corresponds to ageometrical line connecting a
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pair transducer/receiver. The reception of longitudinal and
transverse waves was performed alongside different orth-
ogonal axes of geophone coordinates. The direction of the
longitudinal wave arrival at the reception point was close
to horizontal. The presence of the transverse wave in the
bottom soil suggests that the bottom of the waveguide rep-
resents a solid rigid surface.

Key words: composite receiver, noise-sustainability.
infrasound, spectral signal processing, cross-correlation
signal processing.

Kasatkin B.A., Kasatkin S.B., Kosarev G.V
SPACE-FREQUENCY AND SPACE-TIME STRUCTURE
OF SOUND FIELD IN SCALAR-VECTOR FORMULA-
TION /I Underwater Investigation and Robotics. 2020.
No. 3 (33). P. 46-57.

The article considers the features of composite under-
water acoustic receivers forming a vertically oriented anten-
na in conditions of shallow sea in the infrasound frequency
band. This research targets the problem of positioning and
motion parameters characterization of the given target ob-
ject using active-passive location and measurement of ob-
served noise field parameters. Its particular significance is
the analysis of space-frequency and space-time structures of
the sound field. The experimental research was performed
involving the research vessel "Yuriy Molokov" towing
low-frequency transducer of LFM signals. The space-fre-
quency structure of the sound field was studied by spectral
analysis of discrete components ofthe vane-lobe tone series
of the towing vessel in the band 1-20 Hz. The study of the
space-time structure of the field was performed by correla-
tion processing of LFM signals on the aperture of the ver-
tically oriented antenna in the frequency band of 30-60 Hz.
The results of spectral processing of the received signals
allow estimating the noise-sustainability of the composite
receiver. Moreover, the increased noise-sustainability is
achievable when using the full set of 16 informative param-
eters describing the energetic structure of the sound field.
That allows studying the vertical structure of the sound field
and performing identification of the normal waves partici-
pating in its formation. Also, obtained results of correlation
processing of composite LFM signals give estimates of the
space-time structure of the sound field and correlation co-
efficients on the aperture of a vertically oriented antenna in
different channels of the composite receiver.

Key words: underwater acoustic navigation, speed of
sound, autonomous underwater vehicle, underwater acous-
tic channel, composite phase-shift keyed signals.

Burenin A.V., Voitenko E.A., Golov A.A., Lebedev
M.S., Morgunov Yu. N. STUDY OF THE VARIATION
IN WAVEGUIDES IMPULSE RESPONSES WITH RE-
SPECT TO PARAMETERS OF EMITTED PHASE-
SHIFT KEYED SIGNALS DURING PROPAGATION IN
THE SEA OF JAPAN // Underwater Investigation and Ro-
botics. 2020. No. 3 (33). P. 58-62.

Utilization of phase-shift keyed signals based on se-
quences of outstanding correlation properties is one of the
critical methods for solving the practical tasks in under-
water navigation, communication, and tomography. The
present work considers the results of experimental research
on the propagation and reception of wideband impulse sig-
nals based on pseudorandom M-sequences. Throughout the
experiments, the features of impulse response formation
were investigated when receiving signals of different fre-
quency bands and duration. The results of theoretical and
experimental research suggest practical reasoning of the
necessity of complex usage of navigational signals of dif-
ferent duration when solving the tasks of the autonomous
underwater vehicle positioning.

Key words: gas-hydrates, underwater gas-hydrates
formation, natural factors, thermobaric conditions, ther-
mobaric stability, occurrence regularities, seas of East Asia.

Shakirova M.V., Obzhirov A.l., Sokolova N.L., Telegin
Yu.A., Shakirov R.B. FEATURES AND METHODS OF
INVESTIGATION OF UNDERWATER GAS-HYDRATES
AND ITS RESOURCES IN THE SEAS OF EAST ASIA //
Underwater Investigation and Robotics. 2020. No. 3 (33).
P. 63-71.

The presented paper considers the distribution of the
underwater gas-hydrates as a result of the interaction be-
tween different natural factors in the near-bottom sedi-
ment cover and water layers in the seas of East Asia. The
article defines these factors, cause-and-effect relationships
between them, and presents the most valuable conditions
causing underwater gas-hydrates formation. Based on the
maps of natural factors distribution in the studied seas,
the most promising and probable gas-hydrates aquatic ar-
eas were defined using geoinformation system modeling.
Studying the gas-hydrates is crucial not only for its utili-
zation as a hydrocarbons alternative but for engineering
activity on the seafloor as well. In gas-hydrate areas, the
seafloor surface suffers from disfigurements, as gas-hy-
drates are destroyed when the temperature rises and pres-
sure falls. So, it is crucial to explore the capabilities of
underwater robotic means for the investigation of gas-hy-
drates and the environment.
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