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KnroueBnble cioBa: TeneynpaBisieMblii HeoOUTacMBbIi
MIOABOIHEIH armapar, TTyO0OKOBOJHEIC HCCIIEIOBAHS, MOP-
CKas 3KCIEeAULUS, MOHUTOPUHI MOPCKUX JOHHBIX JKOCH-
CTeM, TOABOJHbIC ONEpaliy, HABUTAIMOHHBIA KOMILIEKC,
IIpOrpaMMHOE 0OecIICICHHE.

Konormmua A 1O., JlenncoB B.A., layroBa T.H., Ky3-
HeroB A.JI., Mockosuesa A.B. TEXHOJIOTUS HC-
[MOJIB30OBAHUMA THITA AJI KOMIIJIEKCHOTI'O UC-
CJIIEAOBAHUA TITIYBOKOBOJHBIX 3KOCHUCTEM
// TlomBomHbIe HCCEAOBaHUS W poOoToTexHuka. 2019.
Ne 4 (30). C. 4-12.

CraThsl MOCBAIICHA TEXHOJOTHH HCIOJIb30BaHUS Te-
JEYIPaBIIEMOTO HEOOWTAeMOTO MOIBOAHOTO armapaTa
(THITA) pabouero xnacca «Comanche 18», mo3Bonsionieit
3¢ (EeKTUBHO BBITIOTHATH ITyOOKOBOJHBIE UCCIIEAO0BATEIb-
CKHE OIlepallud B YCJIOBHUSX CHJIbHBIX IPHUJOHHBIX Teue-
HUH U CIOXHOTO peibeda NoABOAHBIX rop. IIpuBeaeHbl
O0COOCHHOCTH TUTAHUPOBAHUS TMOJBOIHBIX PabOT, MHUIOTH-
poBanus THIIA, opranusanuu norpy>keHuil 1 B3auMozen-
CTBUI C 3KUIIaXKeM CyAHa-HocuTess. OnrcaHbl CO3AaHHbIE
cpencTBa mpobooTOopa, odecreunBaroNIue KayeCTBEHHBIN
cbop HayyHOTO MaTepuaja, a Takke pa3paboTaHHOE IpPo-
rpaMMHOE 00ecIIeueHue, IpeTHA3HAYCHHOE TSI MHTEIJICK-
TyaJbHOU ¥ MH(POPMALIMOHHON MONJEPKKU NEATENbHOCTH
oneparopos THIIA. B crarbe npuBENEHBI pPE3yJIbTATHI
KOMITJICKCHBIX HCCJICJIOBAHUH 3KOCHUCTEM OKCaHHUYECKHUX
MOAHATHN Ha mpuMmepe raiotoB u rop Mmmeparopckoro
xpebTa (ceBepHas 4acTh THXOTO OKeaHa), BHIMOJIHEHHBIX
¢ momonipto THITA «Comanche 18 B rirybokoBonHOM Ha-
YYHO-HMCCIIe0BaTeNbCKol 3kcnenuiuu  HanuoHnanbHOTO
Hay4YHOTO LEHTpa MOpPCKoil Ouosioruu B TUXoM okeaHe B
2019 .
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KaroueBble cjoBa: mporpammHas — Iuatdopma,
MEXIIPOIIECCOPHOE B3aUMOJIEHCTBHE, MOPCKOII poOOTH3H-
poBanHbIi KoMIuieke (MPK), HeoOuTaemblii MOIBOMHBIN
anmapar (HITA), neuentpanuzoBaHHas cucTeMa yrpaBiie-
HUS, MPOTPaMMHBI KOMIIOHEHT, JIOTHPOBAaHUE NaHHBIX, Ka-
HaJI CBSI3H.

Emuceenxo I'J1., Nu3apueB A.B., [TaBua A.M. I1PO-
I'PAMMHA S TUNTATOOPMA LA TTIOCTPOEHU A PAC-
NPEAEJEHHBIX CUCTEM YITPABJIEHUA MOPCKUX
POBOTU3MPOBAHHBIX KOMITJIEKCOB // ITlogBonHbIe
uccienoBanus U pobotorexuuka. 2019. Ne 4 (30). C. 13-20.

OmnuceiBaercs mporpammuas riardopma (I1I1), wuc-
MmoJb3yeMasi TPH IMPOCKTHPOBAHUU CHUCTEM YIPABICHHS
JUIS MOPCKHX POOOTHU3MPOBaHHBIX KoMiuiekcoB (MPK), B
TOM 4YHCJIE UMEIOLIUX PacCIpeielCHHYI0 CTpyKTypy. Ilpu
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paspabotke III1 yuureBascs omeir UIIMT JIBO PAH B
CO3IAHMUM M SKCIUTyaTalldH IITHPOKOTO CIIEKTPa CPEICTB
MOJIBOJHON poOOTOTeXHUKH. KiTroueBoil 0COOCHHOCTHIO
[1I1 sBIsIeTCS MCTIONB30BAHKE JEIIEHTPAITN30BaHHOTO ACHH-
XPOHHOTO COOBITUHHO-OPUEHTUPOBAHHOTO peXKrMa 0OMeHa
CIICUAJIU3UPOBAHHBIMU TMAKETaMH JaHHBIX (COO6HICHI/I$I—
MH) MEXJIy BCEMH IPOTrpaMMHBIMH KomrnoHeHTamu MPK.
[Momumo storo TIT npexocrasnser psaa cpencts, odnerya-
IOIIUX MIPOCKTUPOBAHUE, HATIAKY U SKCILTYaTaIlHIO CHCTEM
yIpaBieHHs (BU3yaIH3alus HHPOPMAIIMOHHOTO TpaduKa B
CHCTEMeE, JIOTHPOBAHKE U IIOCTOOPa0OTKA TOTOKOB TAHHBIX,
peKoHUTYpUpOBaHUE IPOTPAMMHOTO 00ECIIEYECHHUS, CUMY-
nsus paboThl oTAEIbHBIX kKoMroHeHToB MPK). B cratbe
paccmarpuBaetcs «punocodus» nocrpoenus [1I1, o6cyx-
JIAIOTCSI 0COOEHHOCTH OpPTaHU3alluU U (YHKIIMOHUPOBAHUS
€¢ KOMIIOHEHTOB.
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KimoueBble caoBa: B3aumopelictsyromue AHIIA,
IPyIIIOBOE yIpaBlieHHe, 00yYeHHE C MOJAKPEIJICHUEM, I1a-
TPYJIHPOBAHHE.

Cropeimer M.C., Hlep6artok A.®. O HEKOTOPBIX
AJITOPUTMAX PEHIEHU A 3AJJAUN ITATPYJIMPOBA-
HHS [TOJABOAHOM CPE/BI C ITOMOIIBIO I'PYIIIIBI
B3AVIMOJIEMCTBYIOILMX AHIIA // TloxBoassle wc-
cienoBanus u podotoTexHuka. 2019. Ne 4 (30). C. 21-26.

Pabora mocesmieHa 3ajade marpyiupoOBaHUS 00JIacTH
B TIOBOAHOW cpejie C IOMOIIBIO TPYTITEl AaBTOHOMHBIX He-
obuTaeMbIX moaBomHBIX ammaparoB (AHITA). Paccmotpe-
Ha JIeLIeHTpaJIM30BaHHAasA CTpaTerus, JoMmycKaromas oOMeH
uHpopMaluel MeXIy anmnapaTaMu ¢ BO3MOXKHOU ToTepeit
JAHHBIX W YYUTHIBAIOIIAs CIOXHOCTH CETEBOIO B3aMMO-
JICUCTBUSL B MOABOAHOW cpeze. VccienoBaHbl anropuTMBI
Ha OCHOBE METONOB OOy4YeHHS C IOAKperuieHneM. [Ipose-
JICH CPaBHUTENBHBIN aHaimmu3. ONUcaHbl pe3yabsTaThl MOJIe-
JTUPOBaHHUS PabOTHl MPEIIOKEHHBIX alTOPUTMOB B Cpele
OpenAl gym.
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KiroueBble €j10Ba: aBTOHOMHBIM HEOOMTAEMBIN ITOA-
BOJIHBIN ammapar, rpymnmnosas padorta, rpymnmnosas (KOJieK-
TUBHAs) HAaBUTallUs, THAPOAKYCTUYECKas HaBUTAllMOHHAs
cUcTeMa, THAPOAKYCTUYECKUI MOJIEM.

Baymun 10.B., dy6posun @.C., Illepbariox JI.A.,
ep6atiox A.®. O METOJAX OBECITIEUEHU A HA-
BUTALIAM I'PYTIIT AHITA: KPATKHMIA OB30P // Iox-
BOJIHBIE HCcienoBanus U podbotoTexauka. 2019. Ne 4 (30).
C. 27-36.

[IpuBenen 0030p MOAXOAOB, NpeIHA3HAYEHHBIX IS
pewenus 3aaad HaBurauuu rpynn AHITA. [arorca omm-
CaHMsl METOJIOB HABUTAllMM HAa OCHOBE ACHHXPOHHBIX H
cuHXxpoHHBIX [AHC, packpbIBatoTCS 0COOCHHOCTH TaKUX
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MeTO/I0B mpuMeHuTenbHO K Tpynmnam AHITA. Pacemotpe-
HBI COBPEMEHHBIE [TOJIX0/IbI, B OCHOBE KOTOPBIX JIEKUT HJIEs
opranuzanui uHpopMaIroHHoro B3aumoaericteus AHITA
JpyT € APYTOM C LeJIbI0 00eCTiedeHHs] HaBUralluy TPyIIIbI B
uenoM. OTMEUYEeHO, YTO OHUM M3 IPUOPUTETHBIX SBISETCS
TIO/IX0/1, TIPEATIONAraloNINil HATN4Yue B TPYIIE OTHOTO MU
Heckoibkux AHIIA, ocHaIleHHBIX MOJHBIM KOMILJIEKTOM
HaBUTallMOHHBIX JATYUKOB C LIEJBI0 BBICOKOTOYHOTO OIpe-
JeJIeHNUs UX MeCTOMNOoI0KeHU . OTHOCUTENIBHOE II0JI0KEHUE
OCTaJIbHBIX aIlllapaToB B IPYIIE BBIUMCIAETCS HA OCHOBE
nanpHoCTel 110 BeiaeneHHbIX AHITA. OOcyxneHs! BOmpo-
CBI IPUMEHEHHS aBTOHOMHBIX HEOOMTAaEMBIX BOIHBIX arla-
paroB, BBIMOJHIIOMHNX (YyHKINIO MOOHIBHBIX MAsKOB, JJIS
Hasuranuu rpynn AHITA u anropuT™sl OpMUPOBAHUS UX
TPaeKTOpUi I MOBBIIIEHUS TOYHOCTH HAaBUTALUU IPYII-
nel AHITA. PackphiBaroTCsl TOCTOMHCTBA M HENOCTATKU
KaXJI0TO U3 MOAXO/I0B.

VK 534.2, 534.23
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KnroueBble c/10Ba: HECaMOCONpPSDKEHHAs MOIETbHAS
MOCTaHOBKA, 000OIIEHHBIE HOpPMaJIbHBIE BOJHBI, HHBapH-
aHT, MITKUH 5KpaH, KOMOWHUPOBAHHBIM TPHEMHUK.

Kacarkua B.A., 3moouna H.B., Kacarkua C.B. I1O-
I'PAHMYHBIE BOJIHbI B IMPOBJIEME OBHAPYXE-
HUA ITOABOJHBIX NCTOYHMKOB IIYMA // Tlox-
BOJIHBIC HCCIIeI0BaHUS U poboToTexHuKa. 2019. Ne 4 (30).
C. 37-48.

IlpuBenen kpartkuif 0030p METOAOB OOHAPYKEHUS
MOIBOAHBIX HCTOYHUKOB ITyMa M KPUTHYECKHH aHaIH3
BO3MOXKHOH JalbHOCTH UX OOHapyxkeHus. OOcyxnaroTcs
JIMCKyCCHOHHBIE BOMPOCH aJeKBaTHOCTH KIIACCHYECKOM
TPAaKTOBKH IPUTPAHMYHOTO (TIPHIIOBEPXHOCTHOTO HIIH
IPUIOHHOIO) PacIpOCTPAaHEHUs! 3BYKOBBIX BOJIH U BIIUS-
HUSI MSTKOTO DKpaHa Ha Mporiecc 0OHAPYXEHHUS ITyMOBBIX
WCTOYHUKOB. 3nO)KeHa anlbTepHATHBHAS TOYKAa 3PEHUS,
OCHOBaHHAs Ha UCTIOJIb30BAHUY HECAMOCONPSLKEHHOM MO-
JeTbHON MOCTaHOBKM TPAaHWYHBIX 337ad B aKyCTHKE CIIO-
UCTBIX cpell. [IpuBeneHs! IpHMeps! JaTbHETO pacupocTpa-
HEHHSI 3BYKOBBIX BOJIH, OOYCJIOBJIEHHOTO BO3OY>KICHHEM
MOTPAHUYHBIX BOJH OOOOIIEHHOTO THIAa KOMILIEKCHBIM
YIJIOBBIM CHEKTPOM HCTOYHUKA. [IpuBeneHBI MpUMEPHI UC-
MIOJTb30BAHUSI KOMOWHHPOBAHHOTO IPHEMHHUKA B MEIKOM
MoOpe B MH(Pa3BYKOBOM AMANa3oHe YacTOT M OIEHKH €ro
MOMEXOYCTOMYMBOCTH KaK IEPCHEKTUBHOTO INPHEMHHKA
IIYMOBBIX CUTHAJIOB HH(Pa3BYKOBOTO JHAIa30Ha.
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KnioueBbie cnoBa: maTEphEpOMETPHS, OKCAaHNIECKUI
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Kysskur B.M., MarBuenko 1O.B., IlepecenxkoB C.A.
[IPUMEHEHUE HWHTEP®EPOMETPUYECKOI OB-
PABOTKU JJIS1 JIOKAJIM3ALIMU MAJIOIITYMHBIX
NCTOYHUKOB 3BYKA // IlonBoaHble UCCIEIOBAHUA U
pobororexnuka. 2019. Ne 4 (30). C. 49-57.
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W3noxeHbl (GU3MIECKHE OCHOBBI HH()OPMAIIMOHHOM
TEXHOJIOTUH 00pabOTKU 3BYKOBOTO TIOJIsI, OCHOBAaHHOHN Ha
JIBYKpaTHOM TmpeoOpazoBannu Pypbe HWHTEpHEPEHITHOH-
HOU KapTUHBI, (HOPMUPYEMOU IIUPOKOIIOIOCHBIM HCTOY-
HUKOM 3ByKa B TOYKC pa3sMCIICHUA HpHeMHOﬁ CHCTCMBI.
PaccmoTpeHo npuMeHeHHe 00paOboTKU B 00JIACTH JIOKAJTH-
3aI[MH MAJIOITYMHBIX HCTOUYHHKOB.
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XBopoctoB FO.A., MarBuenko FO.B. XAPAKTEPU-
CTUKU COBCTBEHHOI'O IIYMOMU3JIVUEHUA MA-
JIOTABAPUTHOI'O AHIIA // ITogBoaHble KCCIEI0BAHUS
u pobotorexnuka. 2019. Ne 4 (30). C. 58-63.

[IpencraBieHbl pe3ylbTaThl 3KCHEPUMEHTAIBHBIX HC-
cienoBanuil ypoBHs codctBeHHOro mryma AHITA «MMT-
3000» B wacToTHOM Auamnasone ot 5 mo 2000 ['a, popmupy-
IOLIerocs Ha KOpITyce amnrapara npu pasIddHbIX pekuMax
W YCIIOBUSIX JBM)KCHHUS. YCTAHOBJICHO, YTO COOCTBEHHOE
IIIyMOBOE TIOJIE Ha KOPILyCe ammapara IPH e€ro IBHKECHHN
XapaKTepU3yeTcss O4YeHb BBICOKUMH 3HAUEHUSIMH CIEK-
TPaJIbHBIX YPOBHEH, UTO CYIIECTBEHHO 3aTPYAHIET TpPUEM
CHUTHAJIOB, OJIM3KUX 10 YPOBHIO K €CTCCTBEHHBIM JTUHAMHU-
YECKUM IIyMaM MOpsi, 2 B peKHUMeE TNIaHUPOBAHUS HE BHO-
CHT 3aMEeTHBIX J00aBOK B €CTECTBCHHBIC IMHAMHUYCCKHE
LIYMBI IITUJIEBOTO MOPA.
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KuroueBble ¢jI0Ba: U3MEPUTENBHBIN KOMIUIEKC, CIIEK-
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CTOTHO-BPEMEHHOHN aHaJIN3, YaCTOTa 3aleIIeHUs 3yOheB.

3axapoB A.H., bemo6nosckuii B.H., TTomumyk C.B.
OITPEAEJIEHUE CIIEKTPAJIBHOI'O COCTABA I10/1-
BOAHOI'O IIYMA ABWXWUTEJISI HEOBUTAEMOI'O
[MOABOJHOI'O AIIITAPATA // TlogBoaHble HCCIIEA0Ba-
Hus ¥ pooororexanka. 2019. Ne 4 (30). C. 64-70.

Lenpto paboThl sABISETCS OMNpeneleHne Haumbonee
3HAUUMBIX YaCTOTHBIX COCTABISIOIINX MOABOTHOTO IIyMa
JBWKUTENST HEOOMTAaeMOro MOABOAHOro ammapara «Map-
muH-350» ¢ HUCHONIb30BaHMEM IPOrPaMMHO-ANIapaTHOIo
U3MEPHUTEIFHOTO KOMILIEKCA.

3amauamu paboThI SBISIOTCS:

e TPOBEICHUE CIEKTPATLHOIO aHAIH3a MOABOTHOTO
IIymMa JBWOKUTENS TeNeyIpaBiIsieMOro HeoOUTaeMoro moji-
BomHOTO armapara «Mapiauna-350»;

e OlleHKa HamboJiee 3HAYUMBIX YaCTOTHBIX COCTaBJIs-
IOLINX ¥ ONpe/IeTICHHe UCTOYHNKA UX BOSHUKHOBECHUSI.

HccnenoBaHbl 9acTOTHBIE COCTABISIONINE  ITOJBO-
JHOTO IIyMa JBWXKUTENS W TOKAa3aHO, 4YTO OCHOBHAas
rapMOHUYECKash COCTAaBJIAIONIAS 3BYKOpSJa COBIAACT C
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YCTAaHOBJICHHBIM KOJIMYECTBOM OOOPOTOB COOTBETCTBYIO-
IIEr0 peXuMa IBWXKUTENA, a MOCICAYIOIINE COCTABISIO-
IIMe SIBJISIOTCA KPaTHBIMHM OCHOBHOM. BrimonmHeH Teope-
THYECKHUH pacyeT, MOKa3aBIINiA, 9TO HanboJee 3HAYNMBIC
YaCTOTHBIE COCTABJISIONIME B CHEKTPE MOABOAHOTO IIyMa
anmapara COBIaaloT C pacCYeTHBIMU 3HAYCHUSMH 3yOLIeBOM
YaCTOTHI ¥ €€ TAPMOHHK COOTBETCTBYIOMINX PEKUMOB Bpa-
IIEHUS JBUXKUTENS. YCTAaHOBIEHO COOTBETCTBHE pPacyeT-
HO-TEOPETUUYECKUX M 3KCIIEPUMEHTAIBHBIX PE3yJIbTaTOB.

ABSTRACTS

Key words: remotely operated underwater vehicle,
deep-sea research, sea expedition, monitoring of marine
bottom ecosystems, underwater operations, navigation
system, software.

Konoplin A.Yu., Denisov V.A., Dautova TN.,
Kuznetsov A.L., Moskovtseva A.V. TECHNOLOGY OF
TECHNOLOGY OF THE ROV USING FOR COM-
PREHENSIVE RESEARCH OF DEEP-SEA ECOSY S-
TEMS // Underwater Investigations and Robotics. 2019.
No. 4 (30). P. 4-12.

The paper is devoted to the technology of the
working-class remotely operated underwater vehicle
(ROV) “Comanche 18” usage. This technology provides
efficiently performing of deep-sea research operations
in extreme conditions of strong bottom currents and
complex topography of seamounts. Features of the un-
derwater operations planning, ROV operating and and in-
teractions with control center on the carrier vessel are pre-
sented. Created sampling tools are described that provide
high-quality collection of scientific material. The developed
software designed for intellectual and informational support
of ROV operators activities of is also described.

The paper describes the results of comprehensive re-
search of marine ecosystems of mountains of the Emperor
Chain (northern part of the Pacific Ocean). These studies
were carried out with the help of the ROV “Comanche 18”
in the deep-sea research expedition of the National Research
Center for Marine Biology in the Pacific Ocean in 2019.

Key words: software platform, inter-process com-
munication, marine robots, unmanned underwater vehicle
(UUV), decentralized control system, software component,
data logging, communication link.

Eliseenko G.D., Inzartsev A.V., Pavin A.M. SOFT-
WARE PLATFORM FOR THE DEVELOPMENT OF
DISTRIBUTED CONTROL SYSTEMS IN MARINE
ROBOTICS // Underwater Investigations and Robotics.
2019. No. 4 (30). P. 13-20.

The software platform (SP) used in the design of con-
trol systems for marine robotics, including those with a
distributed structure, is being described. The experience of
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IMTP FEB RAS in marine industry was taken into account
when developing this software. A key feature of SP is the
use of a distributed asynchronous event-oriented mode for
data packets exchange (called messages) between all soft-
ware components of marine robotic systems. In addition,
the software provides a number of tools that facilitate the
design, adjustment and operation of control systems (vis-
ualization of information traffic in the system, logging and
post-processing of data flows, reconfiguration of software,
simulation of the selected components operation). The ar-
ticle considers the “philosophy” of SP building, discusses
the features of the organization and functioning of its com-
ponents.

Key words: cooperative AUVs, group control, rein-
forcement learning, patrolling.

Sporyshev M.S., Shcherbatyuk A.F. ABOUT SOME
ALGORITHMS FOR THE SOLUTION OF THE
PROBLEM OF PATROLING UNDERWATER ENVI-
RONMENT BY USING A GROUP OF INTERACTING
OF AUV // Underwater Investigations and Robotics. 2019.
No. 4 (30). P. 21-26.

The problem of patrolling the area in an underwater
environment using a group of autonomous uninhabited un-
derwater vehicles (AUV) is considered. When solving this
problem for the underwater environment, some additional
issues arise that make the task computationally expensive
and inaccessible to exact optimization methods. We consid-
er one of the approximate approaches, which has become
increasingly popular in recent years - reinforced learning.
The patrolling process is formulated as a Markov decision
process (MDP). A decentralized strategy is considered that
allows the exchange of information between vehicles with
possible data loss and takes into account the difficulties of
network interaction in the underwater environment. We
compare several reinforcement learning approaches and
provide results of simulated experiments for the proposed
algorithms in the OpenAl gym environment.

Key words: autonomous underwater vehicle (AUV),
group work, group (collective) navigation, sonar navigation
system, sonar modem.

Vaulin Yu.V., Dubrovin FE.S., Shcherbatyuk D.A.,
Shcherbatyuk A.F. ABOUT AUVS GROUP NAVIGA-
TION METHODS: SHORT REVIEW // Underwater In-
vestigations and Robotics. 2019. No. 4 (30). P. 27-36.

A review of approaches designed to solve the problems
of navigating AUV teams is given. Descriptions of navi-
gation methods based on asynchronous and synchronous
HANS are given, the features of such methods with respect
to AUV groups are revealed. Modern approaches are con-
sidered, which are based on the idea of organizing AUA in-
formation interaction with each other in order to ensure the
navigation of the group as a whole.
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