II Becepoccuiickasi HayyHasi KOH(epeHIust

«JlocTmkeHust Hayku U TexHoaoruii-AHuT-11-2023» He)

VK 621.397.2 https://www.doi.org/10.47813/dnit-11.2023.7.455-461 EDN SQMEHT

K Bonpocam opranmzanuu u oueHku 3¢p(peKTUBHOCTH 0eCIIPOBOHOM
JIA3ePHOM CHCTEMBbI CBSI3M € NMOJABOAHBIMH POOOTOTEXHNYECKUMH
KOMILTEKCAMM

10.I'. Kcenoouros”

l'ocynapcTBeHHBIH YHUBEPCUTET MOPCKOTO U PEYHOTO (hJI0Ta MMEHHU aMHpajIa
C.O. Makaposa, yi. JIBunckas, 5/7, Cankr-IlerepOypr, 198035, Poccuiickas ®enepauns

*E-mail: ksenofontov.ura@mail.ru

AHHoTanusi. B coBpeMeHHOM MHpe 3a1a41 NOBBIMICHHS Ka4ecTBa 00pabOTKHU PE3yJIbTaTOB IKOJIOIHYECKOTO MOHUTOPUHI'a MOPCKOTO
nHa TpeOyIoT THIATEIBHOTO HEepPecMOTpa OTHEIbHBIX HETPAJULMOHHBIX HMHHOBAILMOHHBIX perieHnit. CeromHs MccienoBaHMs
COCTOSIHMS IOJJBOJTHON MOPCKOM cpelibl B ApKTHYECKOM pernone Poccuu B pexxume peaabHOro BpeMeHH NPOU3BOIATCS ITPH HOMOIIU
AQBTOHOMHBIX TOJABOJHBIX POOOTOTEXHHYECKHX KOMIUIEKCOB, OCHAIICHHBIMA COBPEMECHHBIMH aBTOMATH3HPOBAHHBIMU CHCTEMaMHU
cOopa 1 00paboTKH MHPOPMALIMH CO CHECLHATBHBIX OOPTOBBIX TEICBH3UOHHBIX Kamep. J|aHHbIC TEXHOJIOTHH HO3BOJISIOT BBISBIATH
HEeONaronpHuaTHbIE DKOJOTHYECKHE (AaKTOpPhl M HAIMYME MOCTOPOHHMX OOBEKTOB C [JajbHeied mnepemadeid wHpOpMAIMU B
COOTBETCTBYIOLIMI KOOPJMHAILIMOHHBIA LEHTP KOHTPOJIS JKOJIOTHMYECKOW OOCTaHOBKM MOBEpXHOCTH nHa. [Ipm 3ToM mnst Ooinee
Ka4eCTBEHHOT'O U JICTAIBHOTO aHalM3a HeoOXOANMO 00ecleyYrBaTh BHACOTPAHCILIIUIO C BBICOKOH paspermaronieil cnocoOHOCThIO.
B3aMeH HCHONB3YIOMIUMCS Ha HPOTSXKEHHHM MHOTHX JECATHICTHH THIPOAKyCTHYECKHM ITOJBOJHBIM CHUCTEMaM CTalld IIHPOKO
HNPUMEHSATHCS ONTHYECKUE CUCTEMBI IIepeiauyy U IpreMa nHGopManuy ¢ MpUMEHEHHEeM JIa3epHOTo Jiyya. [IpuuuHoi Takoro nepexona
SBJIACTCSl KpaliHe HU3Kash CKOPOCTh INepeady BHICONOTOKA AAHHBIX K HAJBOAHBIM OOBEKTaM, YTO MOCIY>KHJIO HAyaJoM CO3aHHUS
OTKPBITBIX BBICOKOCKOPOCTHBIX IOABOJHBIX CHCTEM CBSI3HM, HMMEIOIIMX OoJice IIHUPOKYIO IOJOCYy HpomyckaHus. B crarbe
paccMmatpuBaeTcsi npobsiema oueHKH 3((GEeKTUBHOCTH OECHpPOBOIHOM MOABOMHOM Jla3epHON CHCTEMBI CBSI3M M €€ OpraHu3allvy,
npuBOUTCS (PyHKIMOHANIbHAS CTPYKTYpHAsl CXeMa CHCTeMBI. [IpeiaraeTcsi HCHONb30BaTh 0000IMIEHHBIH KpuTepuid 3 (HEeKTHBHOCTH
CHCTEMBI, OCHOBAaHHBII Ha M3MCHEHHUH MHTCHCUBHOCTH JIA3€PHOTO M3JIyYCHHUS, KOTOPHIH HE YUHTBIBACT «UEIOBEUYCCKUIl (hakTOp» U
0a3upyeTcst HCKIIOYUTEIFHO Ha PUPOIHOM ¥ TEXHHYECKOH COCTaBIISIIOIINX.

Kiio4yeBble ¢J10Ba: HHTCTPUPOBAHHAS MOMCKOBAsI CHCTEMA, MOABOAHBIA POOOTOTEXHUYESCKHI KOMIUIEKC, BOIHAS CPEAa, Ja3epHBI
MyYO0K, IIO/IBOAHBIC JIa3epHBIN HH(POPMAIIMOHHBII KaHaJ, TSICKOMMYHHUKAIIMOHHBIC CHCTEMBI.

To the organization and evaluation of the effectiveness of a wireless laser
communication system with underwater robotic complexes
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Abstract. In the modern world, the tasks of improving the quality of processing the results of environmental monitoring of the seabed
require careful study of individual unconventional innovative solutions. Today, real-time studies of the state of the underwater marine
environment in the Arctic region of Russia are carried out using autonomous underwater robotic systems equipped with modern
automated systems for collecting and processing information from special on-board television cameras. These technologies make it
possible to identify adverse environmental factors and the presence of foreign objects with the further transfer of information to the
corresponding coordination center for monitoring the environmental situation of the bottom surface. At the same time, for better and
more detailed analysis, it is necessary to provide video broadcasting with high resolution. Instead of hydroacoustic underwater systems
that have been used for many decades, optical systems for transmitting and receiving information using a laser beam have become
widely used. The reason for this transition is the extremely low transmission rate of the video data stream to surface objects, which
was the beginning of the creation of open high-speed underwater communication systems with a wider bandwidth. The article discusses
the problem of evaluating the effectiveness of a wireless underwater laser communication system and its organization, the functional
structure of the system is given. It is proposed to use a generalized criterion for the efficiency of the system based on a change in the
intensity of laser radiation, which does not take into account the "human factor" and is based solely on the natural and technical
components.

Keywords: integrated search engine, underwater robotic complex, water medium, laser beam, underwater laser information
channel, telecommunication systems.
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1. BBenenue

Hcnonb30Banrne WHHOBAIIMOHHBIX TEXHOJIOTHHA B 00JIACTH TIOJIBOJAHBIX MCCIIEIOBAHUMN
OTKpBIBACT MENbli psia  HampaBieHuil. [loBbIlIEHME TOMCKOBOM MPOU3BOAUTEIHHOCTH
noBoAHbBIX anmnapatoB (I[TA) siBisieTcs oHOM W3 KITIOYEBBIX 33/a4 110 COBEPILIEHCTBOBAHUIO,
TaK Ha3bIBAa€MOH, WMHTErpupoBaHHOW mouckoBoi cuctembl (MIIC), B xoTopoil mepemaya
BUJICOJIAHHBIX JIOJDKHA OCYIIECTBIATBCS MO JIa3€pHOMY HMH(POPMALMOHHOMY KaHaly,
HUMEIOILEMY BBICOKYIO MPOIMYCKHYIO CIIOCOOHOCTH [1].

Panee na3epHble cucTeMbl B IOJBOIHOM TEXHUKE HE HAXOAUITU IIUPOKOT0 TPUMEHEHHS.
Pazpaborox B mgaHHOW 00ylacTH OBLUIO OTHOCHUTEIHPHO HEMHOIO, K TOMY € HaOJ01aloch
MIOJTHOE OTCYTCTBHE KOHIIENITYaIbHBIX OCHOB MHTETPALIUH PAIU03JICKTPOHHOTO 000y I0BaHHUS
MIOWCKOBOW TOJBOJHONW TEXHHKH JUIsI KOMIUIEKCHOW pabotel Ha Oopty ITA. Ilpu stom
TEXHUUYECKas CII0)KHOCTh COCTOUT B TOM, YTO YKa3aHHOE 000py1oBaHUE Oa3upyeTcs Ha pa3HbIX
busndeckux mnpuHnunax [2-4]. Cnemyer Takke OTMETHUTh, YTO OCHOBHOM TIpoOIeMoi
B3aMMOJICHCTBUA OCTaeTCsl OpraHu3anys HH(OOPMAIMOHHOTO MOJIBOJHOIO KaHama Jyis
nepeaayn JaHHBIX HA HaJIBOJHBIE O0BEKTHI, B YaCTHOCTH, P€Ub UJET UMEHHO O BUACOIaHHBIX.
Tak kKaKk MOJy4YUTh KAa4eCTBEHHOE M300paKeHHE OOHAPYKEHHOTO 00BEKTa, HAXOIAIIETOCs Ha
3HAYUTENIbHOM paccTossHuu oT [TA — 310 oHa U3 mpobiieM, TO AOMOJHAET €€ TakXKe Mepeaaya,
00paboTKa U BOCIPOM3BEACHUE CaMOM KapTHHKH C 33JaHHOW pa3periaronieil cnocoOHOCTHIO
[5, 6]. ITomumo Bcero mpodero, WHGOPMAIMOHHBIN KaHANl TMO3BOJUT TAKXKE 3HAYUTEIHHO
MOBBICUTh TOYHOCTh HAXOXKJEHUS OOBEKTa MOJBOMOM, YTO MOKET OKa3aTh 3HAYUTEIbHYIO

MOMOIIIb THAPOJIoKaTopy 60koBoro 0630pa (I'bO), ycranoBienHOMy Ha TpaBepcax [1A.

2. MocranoBka 3anaum (Llesb uccienoBanus)

B coBokymHOCTH, aHanK3 Bcel MPUBESHHON BhIIIE HH(OPMALIUU TO3BOJISET BbIIEIUTD
OCHOBHBIC JTamnbl JCUCTBUH [7], HampaBjJeHHbIE Ha TMOBBIICHHE 3(P(EKTUBHOCTH
(GYHKITMOHUPOBAHHMSI CUCTEM TTOJIBOTHOTO TIOMCKA, U, B YaCTHOCTH, pazsutus UIIC:

- TIPOBEJICHHE PsAlla HAyYHO-UCCIENOBATEIIbCKIX HCIIBITAHUMA /ISl BBISIBICHUS HEOOXOIUMBIX
nmokasaTesieid paboThl JIa3epHOr0 MH(POPMAIMOHHOTO KaHajla, 4TO KpaiHe HEOOXOJMMO I
aHajam3a paboThl B pealibHBIX yciaoBusax ['bO;

- orpaboTka oOMeHa WH(OPMAIMOHHBIMH JNaHHBIMH Mexay [BO u  OecnpoBOAHBIM
UH(POPMALIMOHHBIM KaHAJIOM O KOOpIMHATax OO0BeKTa Al 0ojiee TOYHOTO ONTHYECKOTO
HaBEJCHMSI Ha HETO JIa3epHOI CUCTEMBI;

- TIIATEIbHOE MCCIIE0BAHNE BO3MOXHOCTEHN MOABOJHOTO JIA3€pHOTO CKAHUPOBAHHUS C LENbIO

TOYHOI'O OIIPCACICHUA KOOPAUHAT MMTONCKOBLIX OG’LGKTOB;
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- aHAJIN3 CKOPOCTHU pacrlo3HaBaHUE 1eJeH, HaXOIAIMUXCs B Mojie TexHu4yeckoro 3penus ['bO,
6e3 u3menenus kypca I1A;
- ampoOarusl TEXHHYECKUX CPENICTB OeCIpOBOAHON MOJIBOIHON JTa3epHON CHUCTEMBI CBSI3U B

peaTbHBIX YCIOBHSIX.
3. MeToabl 1 MaTepHUAaJIbl HCCJIEI0BAHUS

HenocpencrsenHo oieHKa 3¢ ()eKTUBHOCTH MOJIBOIHBIX TEIEKOMMYHHKALMHA CBOAUTCS K
KPUTEPHIO OCTa0leHNsT WHTEHCHBHOCTU JIA3€pHOTO M3JIy4eHUs, TO €CTh, IO CYyTH, K
3aBUCHUMOCTH €r0 MHTEHCUBHOCTH / OT paccTosiHuS pacnipoctpanenus D [8, 9]. YcnoBuem Toro,
YTOOBI JOCTHYb MAaKCUMAJIBHOM 1albHOCTH PacIpOCTPaHEHHs J1a3epHOT0 U3ITyUeHHUS, SBIIAETCS
COOTBETCTBUE CIEKTPOB HU3Iydarenss M NPUEMHHMKA, KOTOpPbIE 1O BO3MOYKHOCTH JOJKHBI
HaXOJIUThCSI B OOJIACTH HAaMMEHBIIUX MOTEph cBeTa. MIMeeTcs Takke XapaKTepUCTHUKA IOJ
Ha3BaHUEM «paccesHhe», KOTopas NpPaKTUYeCKH HHUKAK HE 3aBUCUT OT JJIHMHBI BOJIHBI
u3aydarens A, B TO BpeMs KaK HaUMEHbIIEE CBETOBOE OCIIAa0JIEHHE XapaKTepusyercs
MUHMMAJIbHBIM 3HAYCHHEM KOA((UIUEHTA TOIJOUIEHUS Y min. 3JHAUYEHHUS YKa3aHHOIO
KO3 PHUIMEHTA Ymin B OOJNBIIMHCTBE aKBAaTOPUH MHUPOBOIO OKEaHa HAXOAATCS B Ipezenax

CIEKTPAILHOTO JMara3oHa, mpu KoTopoM A=470+570 M.
4. losryueHHBbIE Pe3yabTATHI

[Mpouecc pacpocTpaHeHus JIa3epHOTO ITyYKa B BOAHOM Cpelie AeTalIbHO MMOKa3aH Ha PHC.
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Pucynok 1. CtpykrypHas (yHKIMOHalbHas cXeMa Ipolecca
UCIOJIb30BaHUS JIA3EPHOTO Iy4Ka B BOJHOM cpefe.
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W3 pucyHka cienyer, 4To Ha MHTEHCUBHOCTB JIa3€pHOI0 M3JIy4€HHs INIaBHBIM 00pa3oM
OKa3bIBACT BIMSHUE IIPOTSKEHHOCTD TPACCHI X.

MHOroneTHui OINBIT MCCIEA0BATENCH, yYacTBYIOLIMX B IIPOBEACHUM HCIIBITAHUN
NOJBOJHBIX IOUCKOBBIX CHCTEM, IO3BOJIIET T'OBOPHUTH O TAaKOW IPO3PAaYHOCTH BOJOEMOB,
JAJIBHOCTh MOABOJHOTO BHJEHUSA B KOTOPBIX NPAKTUYECKH HE IMPEBBINIACT 3HAYEHUSA 15 M.

3aBHCHMOCTH CHIKCHHUS HHTCHCHUBHOCTH JIa3€PHOI0 U3JIYUYCHHU HATTIAAHO UIITTIOCTPHUPYET PUC.
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Pucynox 3. I'padmku 3aBHCHMOCTH WHTEHCHBHOCTH
JA3epPHOTO U3Iy4YeHHs (HOPMUpPOBAHHAs BEIMYMHA) B
BonHoH cpexe: I(X), [/(X), L(X) — HOpMUpOBaHHEIE
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- 4o -
koad¢urmenta nornomenus € =0, 1257, e=0,2 M
ne=0,333 M COOTBETCTBEHHO.
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Tak xak HaOIIOACHHUE 3a MOABOJAHBIMA O0BEKTaMH TpeOyeT Ha Bxoje (poTromprueMHUKA
OTpEACNIEHHOTr0 COOTHOIIeHHsT curHan/mym (mopsaka 30), kKodpPUIMEHT CHIKEHUS
MHTCHCUBHOCTH na3€pHor0 I/I3J'Iy‘-IeHI/I}I JOJIDKEH HUMCETh OHpGI[eJIeHHOG, TaKk Ha3bIBA€CMOC,

TIOPOTOBOE 3HAUEHHE, KOTOpoe nMeeT mopanok107!!,

5. BoIBO LI

[TonmyyeHHble pe3ysbTaThl, IPUBEICHHBIE B CTaThe, MOATBEPKIAIOT LEIeCO00pa3HOCTh
peamuzanun UIIC Ha Ga3e mazepHbIX TexHosoruid. IlpeacraBneHnHble rpaduKd MO3BOJSIOT
oleHuBaTh A(Q(PEKTUBHOCTh IOMCKOBBIX MEPONPHUATUH MpH MOMOIIM  MOABOJHBIX
POOOTOTEXHUUYECKUX KOMILIEKCOB B 3aBHUCUMOCTH OT JAJbHOCTH BHU3YaJlbHOTO HaOIIOAECHUS
00BEKTOB MOUCKA B BOJAHOM cpene. Pe3ynbTarel paboThl TakKe MOKA3hIBAIOT HEOOXOAMMOCTh
peanu3any MOJBOJHOIO OECIpPOBOAHOTO WH(POPMAIMOHHOTO KaHalda CBS3M Ha OCHOBE
Ja3epHBIX TEICKOMMYHHMKAIlMOHHBIX CHUCTEM C BBICOKOM MPOIMYCKHOM CIIOCOOHOCTBIO,
BO3MOXHOCTH KOTOPOH HHU IpHU KakuX OOCTOSTEIbCTBAX HE CMOTYT OOECIEYHUTh CaMble
COBPEMEHHBIE I'MIPOAKYCTUYECKUE CUCTEMBI. YK€ CErOJHS M0 JAHHBIM, IPpUBEACHHBIM B [10],
JaNBHOCTh TIepeiay BHICO(PpParMEHTOB MEXy MOABOAHBIMH TEXHHUYECKUMH CPEJICTBAMU B
YCJIOBUSIX MMEPEMEHHOM MPO3pavyHOCTH BOJIbI JocTUraer 60+160 M.

Takum 006pazoM, MPUMEHEHHE ONITUYECKOT0 CTII0co0a BU/Ia Iepeadn BUACONH(POPMAIIHH,
IIpY yCIIOBUU €€ ObICTPOM M KaueCTBEHHOI 00pabOTKH, MMO3BOJIUT pazpaboTaTs Oosiee TOUHYIO
KapTy NPUJOHHOTO COCTOSHUS ONpEIeNIeHHOM akBaTtopuu [11], uro, B JajbHENIIEM, MOXKET
CTaTh JOCTaTOYHO 3(P(PEKTUBHBIM TEXHOJOTHUECKUM HHCTPYMEHTOM BBISBICHUS HAJINYMsA

HOCTOPOHHUX MCTOYHHUKOB 3arps3HEHHUS. MOPCKOM MOJIBOAHOM CPEbI.
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