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ABNALUMNOHHO-KOCMUNYECKASA NMPOMbBILLJTIEHHOCTb

PASBUTUE POBOTOTEXHNYECKNX
NOABOAHBIX CPEACTB KAK JIEMEHTA
CNCTEMbl BE3ONACHOCTW

Bopuc laiikosuy,
3aMecTUTeNb reHepanbHoro
avpekTopa 3A0 «HMNM NT
.OKkeaHoc"», foueHT Kadeapbl
OKeaHOTEXHUKM N MOPCKMX
TexHonoruit CNGrMTY,

yneH PeecTtpa poccuincknx
3KcnepToB No HedTerasosomy
o6opyaoBaHuio,

KaH/. TeXH. HayK

BepoATHOCTb U BO3MOMHOCTb MOABEPTHYTb-
CA CUI0BOMY BO3AENCTBUMIO MPUCYTCTBYET
Ha BCeX CTaAMAX OCBOEHUA U IKCNyaTaLmum
NOABO/AHbBIX MECTOPOKAEHMIA.
CylecTBeHHY0 03a604EHHOCTb BbI3bIBAET
TOT (haKT, YTO TONBKO 3a nocnegHee AecATH-
NeTUe C 3/IMTAPHOTO Ha 06LLEeA0CTYNHbIN ypO-
BEHb NepeLy COTHY TEXHONOTUI, BKNOYan
1 TEXHO/IOTUM @BTOHOMHbIX PO6OTU3UPOBaAH-
HbIX CUCTEM, CTaB AOCTYMNHbIMU HE TONbKO 3a-
PYBEXHbIM TOCYAapCTBEHHLIM OpraHu3alm-
AM, HO M NPAKTUYECKW HeorpaHUyYeHHOMY
KPYry 4YacTHbIX 1L, UMeLWMX Hebonblumne
(hMHAHCOBbIE BO3MOMHOCTU M TEXHUYECKME
KOMaH/bl CPeAHEro ypoBHS NOATOTOBKY.
MosABNEHNE Ha KOMMEPYECKOM PbIHKE LIK-
POKOrO CreKTpa aBTOHOMHbIX annaparos,
TaKMX KakK:
® GecnuioTHble
BNIA),
® NnaHupyolie BO3ayLiHbIE 06beKThI,
* Ge33KMnaxHble Katepa,
® aBTOHOMHble HeobuTaemble MOABOAHbIE
annapartbl (AHMA),
® OABOAHbIE NNAHEPSI,

netatenbHble annapartbl

C OHOBPEMEHHbIM BCMAECKOM Npeanoxe-
HUIA «0BN1aYHbIX» UHTEPHET/CNYTHUKOBLIX M
MOGMIbHLIX CUCTEM yMpasneHus W CBA3M,
NPWUBENO CErofHA K NOBbILIEHNIO BEPOATHO-
CTW NpaKTUYeCKOW peannsaunn cueHapues
CU/I0BOTO IaBNEHMA.

PaccmoTpum  runoteTMYeCcKUn  cueHapun
aTaKy MOPCKOTO VHXEHEPHOrO COOPYHEHNA
(HedTerasopobbiBatolieit NNaThopmbl, AOH-
HOro A06bIBAOWEr0 KOMMIEKCa, MOPCKO-
ro TepMMUHaNa 1 T. N.) KOMNIEKCOM poboTo-
TeXHUYECKUX CPELCTB Ha OCHOBE CEPUMHbIX
KOMMOHEHTOB, Hanpumep W3 BO3AYLWHOTO
(nnaHnpytouero 1K MOTOPHOro) annapara-
Hocutens, AHIMA c yaapHOM Harpyskonm u
nnaBy4ero annapara Tuna «BONHOBOW nna-
Hep» ans obecneyeHns ynpasneHus.

CTapT MMUCCUM MOXKET ObiTb BbIMONHEH BHE
npeaenos He TONbKO TEPPUTOPMANIbHBIX BOS,
HO 1 3KOHOMUYECKO 30HbI, U3 CTAHAAPTHbIX
BO34YLWHbIX KOPWUAOPOB (3WenoHoB), wuc-
No/b3yeMbIX KaK peicoBbIMU, TaK 1 YapTep-
HbIMM BO3AYLIHLIMW CyAaMU.

3afa4a MUCCUM MOXET BbiTb KaK BbIMOJIHE-
Ha pobOTOTEXHUYECKM KOMMNEKCOM aBTO-
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JKOHOMUYECKas BaXHOCTb Pa3BUTUA MOPCKOW COCTaBAAIOLLEN
HedTerasoBoro KOMNAEKca B COBOKYMHOCTM C BbICOKUM YPOBHEM
NPUPOLHbIX 1 TEXHOTEHHbIX PUCKOB M NOC/eAYIoLLe OTBETCTBEHHOCTbHIO
OKa3blBaeT 3HaYNTeNbHOE BANSHME HA NpeBpalleHne JaHHO
COCTaB/ALLEN B MOTEHLNANbHbIA MHCTPYMEHT CUNOBOr0 AaB/IeHUA

B LLe/IAX MONYYEeHWUS BbIFOA B NOb3Y «TPETbUX» CTOPOH.

HOMHO (Ha OCHOBe Mpenporpammmpyembix
MUCCUIA NOACUCTEM), TaK U OTKOPPEKTUPO-
BaHa Ha KaX[OM W3 3TanoB BbINOJHEHUA.
YnpaBneHne CUCTeMOW BbINOMHAETCA MO
«06N1aYHbIM» TEXHONOTMAM C NPUMEHEHUEM
ViHTepHeTa, cUCTeM CNYTHUKOBOW HaBura-
umm Tna GPS v cuctem CnyTHUKOBOM CBA3M
™na Iridium ¢ HUYTOXHO Manon BepoATHO-
CTbi0 OMEepaTUBHOIO 06HAPYKEHUA UCTOUHU-
Ka ynpaBneHus.
Mpn 3tom wnaeHTUDMKALMA KOMMNOHEH-
TOB POBGOTOTEXHUYECKOTO KOMMEKca U ero
BnajenbLueB KpainHe 3aTpygHeHa B CBA3U
C CEepPUIHbIM NPOU3BOACTBOM AaHHOW Npo-
OyKUMK, e€ obLWenpoMmbIlEeHHbIM UCMON-
HEeHMeM U CylLecTBOBaHWEM Pa3BUTON CETU
TOProBbIX KOMM@HWN,  OCYLLeCTBAAOLMNX
NpoAaxu Kak Ha NepBUYHOM, TaK U Ha BTO-
PUYHOM pbIHKE.
OpWeHTUPOBOYHAA PbIHOYHAA CTOMMOCTb
TaKoro pPoBOTOTEXHMYECKOTO KOMMNeKca
He npesblwaeTr 600 Toicay gonnapos CLIA
(npumepHo 100 ThiCAY — NNAHUPYIOLLMIA BO3-
JyWHbIA 06bekT, 300 — BOAHOBOI NnaHep
1 200 — AHIMA), 4To B COBPEMEHHbIX pea-
NNAX fenaeT ero WUPOKO AOCTYNHbIM. A BOT
3heKT OT ero NPUMEHeHUA He COM3MEPUM
C «BNOXEHUAMW»: W3BECTHbIM NPUMEPOM
YPOBHA NOTepb BbiCTynaeT KomnaHus BP
C TeXHOreHHomn Katactpodon u e€ nocnes-
CTBMAMMU B 30HEe MeKCMKaHCKOro 3anumBea.
Oxuaaemoil peaKuueid Ha NOAOBHbIA X0A
cobbITWiA CTano ycuneHue, 3leNOHUPOBA-
HWe 1 NOBbILIEHVE YPOBHA Pa3BUTUA MybTH-
areHTHOCTM pPoBOTOTEXHMYECKON CcoCTaBns-
ower (U3NYECKON 3alnTbl COOPYKEHWI
MOPCKOW HedTera3oBoW CMCTeMbl Ha OCHO-
Be BO3AYLWHbIX, HAABOAHbIX W MOABOAHBIX
POBOTOTEXHUYECKMX KOMMIEKCOB U AOHHBIX
CeTeBbIX CTaHLUN.
JnemMeHTaMm TaKoro peLueHns ABNAIOTCA:
¢ loaBoaHble 6a30Bble CTaHLWUKU — MOMUMO
6a3bl AN YCTAaHOBKM JaTYUKOB U CPEACTB



HabnoaeHus, ABAAIOTCA CPeACTBOM AuC-
TaHUMOHHOIO ynpasiieHns aBTOHOMHbIMM
annapatamu pasinyHbIX TUNOB, MOTYT Ha-
KannueaTtb WU nepefaBaTtb MHGoOpMaumio
no 3anpocy, ABNAOTCA CTaHLMAMM Noj3a-
PALKM NOABOAHbIX annapaTos.

Byn onoselieHus |/ BONHOBble MNnaHe-
pbl — BbINOJHAA aHaNOrMyHble GyHKLUM,
[JONONHUTENbHO CYXaT B KayecTBe pe-
NEeNHbIX [BYXCPEAHbIX CTAHUWWA CBA3W;
CHABMeHbl HWU3KOMOLLHBLIMM KaHanamu
CMYTHUKOBOW CBA3M.

AHMA - npepHasHayeHbl AnA ObiCTPO-
ro obcneaoBaHus panoHoB, NpoBeaeHuUs
oTo-, BUAEO- U TMAPOAKYCTUYECKNX CbE-
MOK NOBEPXHOCTW AHA W NMOAMNOBEPXHOCT-
HbIX FPYHTOB, 3KONOTMYECKOro W rnapono-
rMYECKOro MOHUTOPUHra.

NoaBoaHble nnaHepbl (AHMA ¢ ruapo-
AVMHAMUYECKUMM NpUHLKMNAMKU NopAaep-
WaHua u obecneyeHus [ABUKEHUS) —
npegHasHayeHbl AN [ONTOBPEMEHHOMO
CKpbITOro HabnoaeHus, cbopa n aHanusa
MHdopMaLun, CKPbITOM AOCTaBKK FPy30B
B 3a/laHHble TOYKU.

BIMJIA — ncnonb3yloTca B KayecTse nnat-
(hopM MOHMTOPUHIA, penerHbIX CTaH-
LM CBA3M U/WUNKN BO3AYLIHBIX KOMAHAHbIX
MYHKTOB B reTepOoreHHbIX po6oToTEXHMYE-
CKMX CUCTEMAX.

becnunotHble aBTOHOMHbIE MNABCPEACT-
Ba — C/YXaT B Ka4yecTBe peneriHbIX CTaH-
UM CBA3M, NNaBy4MX CTaHUWUN Habnoae-
HWUA W pa3BefKWu, HocuTener NOABOAHBIX
POBOTOTEXHUYECKMX KOMMNEKCOB. Hanpu-
mep, 6e33KMnaxHble Katepa, UMetoLme-

€A B A@HHbIA MOMEHT, MOTYT HaX04UTLCA
B MOpe U1 BbINOMHATL 3a4a4u 4o 30 AHen
(npu nto6om cocTosiHUKU Mops). A Heobu-
Taemble yaapHble Katepa Tuna Protector
(coBmecTHbI MpoeKT KomnaHui Rafale un
Lockheed Martin, ¢ 2005 roga HaxoasT-
€A Ha BoopyxeHun BMC M3pauns) eulé un
060pyL0BaHbI MOLLHLIM BOOPYXEHUEM.
O6was cucrema cbopa, XxpaHeHUs U aHanu-
33 MHGOpPMaLMM NO3BONAET CyLECTBEHHO
MOBbLICUTb CKOPOCTb ONMEPaTUBHON peaKLum
U NoTeHUMan Bcen pobOTOTEXHUYECKO Cu-
CTEMbl 3aLUTbI.
C uenbl CHMXEHUA (GUHAHCOBOW Harpys-
KN NPOCMaTpUBAIOTCA TEHAEHLMN KOMMIEK-
cMpoBaHua cuctem 6esonacHocTM € cu-
CTEMAMU 3KONOTMYECKOTO MOHWUTOPUHIA M
3INeMeHTaMM CUCTEMbI 3KCMAyaTauun Mme-
CTOpOXAeHWA (Hanpvmep, B 4acT COBMe-
WeHNA BM3yanbHbIX WHCMNEKUWMA [LOHHBIX
CTPYKTYp MecTopoxaeHu ans IMR n cuctem
6e3onacHocTu).
B pamKax faHHoii 061L,eMUpPOBOI TeHAEHLMN
3A0 «HIMM NT ,,OkeaHoCc“» B MHULIMATUBHOM
nopsagake, CoBMecTHo ¢ CaHKT-MeTepbyprckum
roCyfapCTBEHHbIM MOPCKMM  TEXHUYECKUM
yHusepcutetom (CM6IMTY), KOTOPBINA BbICTY-
naeT ronoBHbIM pa3paboTumkom, CamapcKum
rocyfapCTBEHHbIM TEXHUYECKUM YHUBEPCUTE-
Tom (CamlTY) 1 pALOM APYrUX NpeanpusTUi,
BeAET paboTy Haj CO3haHMeM cemeicTea
MOPCKUX TMOABOAHBIX POBOTOTEXHUYECKUX
cpeacTB. B coctaB npoekTa BXoAAT:
® aBTOHOMHbI HEOGMTaeMbli annapar ¢ ru-
APOAMHAMUYECKUM MPUHLMMNOM ABUXe-
HWS TUNA «NOABOAHBIN NNaHep»;

AEROSPACE INDUSTRY

® MOBEPXHOCTHbI/ annapar TMna «BOMHO-
BOV NnaHep»;
e AHMNA;
® (e33KunamHbIil Katep.
Ha HacTosiwee Bpems MPOBOAMTCA 3HAuu-
TeNbHbIN 06BEM TUAPOAMHAMUYECKUX WC-
CNIeI0BaHNM, KAK TEOPETUYECKMX C npu-
MEeHeHMEM CMeLnanbHoro NporpammHoro
obecneyeHus, TaK U NPaKTUYECKUX UCMbITa-
HUIA B @a3poamHamunyeckon Tpybe CNGIMTY.
M3ydyeHue TeOpETUYECKUX MofeNeid No3Bo-
NAET UCCNef0BaTbh rMBpUAHbIE U HeTpaau-
UMOHHbIE TMAPOAUHAMUYECKME CXEMBI MOA-
BOJHbIX annapartos.
Co3paH psaj AEMCTBYIOWMX 3KCNEPUMEH-
TanbHbIX 06pa3lLos (B TOM 4ncae NpaKTu-
YEeCKMil annapar, ycnelwHo coBepluaLuit
UCNbITaTeNbHbIE MOFPYKEHUs Ha NpoTsXe-
HUW ABYX MOCNELHMX NeT), NO3BONAIOLMX
onpo6oBaTh BHeApPsEMble TEXHUYECKUE pe-
weHus.
CyuiecTBeHHOM YepToi pa3pabatbiBaemoro
CeMeiicTBa annapatoB sABASETCA BO3MOMN-
Has yHUDUKAUUA CUCTEM W INEMEHTOB CU-
cTem, B TOM yucie moaynei n 610KOB Cu-
CTEMbI YNPABAEHNA W NONE3HOW HArpysKu.
370 0becneynBaeT NPOCIEKUBAEMOCTb N10-
TMKKM paboTbl CUCTEM, YHUDUKALMIO U NPO-
CTOTY MHTEPdEiiCoB, NErKOCTb B NOATOTOBKE
u obyyeHun nepcoHana pobOTU3MPOBAH-
HbIX CUCTEM.
PAf, TEXHUYECKMX U TEXHONOTUYECKUX peLle-
HUN, NPUMEHSEMbIX MPU CO3AAHUN CeMeil-
CTBA MOPCKMX POBOTU3NPOBAHHbIX CPEACTB,
ABNSIOTCA YHUKANbHBIMU U HAXOAATCA B NPO-
uecce ohopMNEHUS NATEHTHON 3aLWMTHI.
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DEVELOPMENT OF ROBOTIC SUBSURFACE FACILITIES
AS AN ELEMENT OF SAFETY SYSTEM

Economic importance of development of off-
shore component of oil and gas complex in
combination with a high level of natural and tech-
nogenic risks, and related responsibility produc-
es a considerable impact on transformation of
this component into a potential tool for power pol-
itics for making profits for the benefit of “third”
parties.

There is possibility and probability to become an object of
the power politics available at all stages of development
and production of subsea fields.

The fact that only during the last decade hundreds of
technologies have been displaced from elite to free-for-
all level is a matter of considerable concern; that includes
technologies of self-contained robotic systems that have
become accessible not only to foreign state institutions
but to practically unlimited group of private individuals
possessing a minor financial possibilities and using tech-
nical feams with an average level of fraining.

Awide spectrum of unmanned vehicles that has appeared
in the commercial market including:

+ UAV;

« gliding airborne objects;
+unmanned motor boats;

+ AUV
- underwater gliders,
along with a simultaneous outburst of proposals of the
“cloud-type” Infernet/satellite and mobile control and
communication systems has today brought about a pos-
sibility of practical implementation of power politics
scenarios, which had earlier the quite lower order of the
event probability.

For instance, it is possible to consider a hypothetical sce-

nario of attacking the marine engineering structure (gas
and oil producing platform, bottom production complex,
sea terminal, etc) by a system of robotic tools based on the
series-produced components, e.g., from an airborne (glid-
ing or engine-powered) carrier-vehicle, an autonomous
underwater vehicle with the strike payload and a water-
borne vehicle of “wave glider” type to ensure control.
A mission can be launched not only outside the territorial
waters, but also outside the limits of economic area from
the standard air corridors (flight levels) used by both the
regular and charter aircrafts.

The mission task can be fulfilled by a robotic system both
autonomously (on the basis of pre-programmed subsys-
tem missions), and can be updated at every stage of ful-
fillment. The system control can be fulfilled according to
the “cloud” technologies with the use of Internet, Iridi-
um-type GPS satellite navigation systems with negligi-
bly small probability of control source prompt detection.
In this case, the identification of robotic system com-
ponents and its owners is extremely difficult due to the
fact of quantity manufacture of this produce, its gener-
al-purpose configuration and existence of a widespread
network of trading companies effecting sales both in
the primary and in the secondary markets.
An approximate market price of such a robotic system
does not exceed USD 600,000 (approx. USD 100,000
for a gliding airborne object; approx. USD 300,000 for
a wave glider; approx. USD 200,000 for AUV), which
makes it widely available in the present-day realities. At
the same time the effect using it is incomparable with
the “investments”; BP company with the manmade di-
saster and its consequences in the Gulf of Mexico area
can be referred to as the known example of the losses
level.
An enhancement, stepping-up and increased level of
multi-agent development of a robotic component of
physical protection of structures of the marine oil and
gas system on the basis of airborne, above-water and
underwater robotic systems and bottom network sta-
tions became the expected response to such-like course
of events.

The elements of such a solution are as follows:

+ Underwater basic stations. Apart from being sensors
and means of observation installed on the basic
stations proper, they can be also used as the means
of remote confrol for the autonomous vehicles of
various types, they are able to accumulate and
transmit information on request and they are used as
the recharging stations for underwater vehicles.

- Annunciation buoys/wave gliders. They perform the
similar functions, but can be additionally used as the
relay two-medium communication stations provided
with the low-power satellite communication channels.

+ Autonomous underwater vehicles (AUV). They
are intended for quick examination of the areas,
conducting photo-video and hydroacoustic survey
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of the surface of botfom and subsurface soils,
environmental and hydrological monitoring.

+ Underwater gliders (autonomous underwater vehicles
with hydrodynamic principles of maintaining and
supporting motion). They are intended for durable
silent surveillance, information accumulation and
analysis, silent delivery of cargo fo destination points.

» Unmanned aerial vehicles (UAV). They are used
as platforms for monitoring, relay communication
stations and/or airborne command posts in
heterogeneous robotic systems.

« Unmanned autonomous waterborne vehicles. They
are used as the relay com-munication stations,
waterborne surveillance and observation stations,
carriers of underwater robotic systems. For instance,
the unmanned motor boats available now can stay
at sea and fulfill missions for up to 30 days (with any
state of the sea). The Protector-type unmanned strike
motor boats (joint project of Rafale and Lockheed
Martin companies, which is used by Israeli Navy
since 2005) are, moreover, equipped with powerful
weapons.

A general system of accumulation, storage and analysis

of information helps significantly increase the speed of

operative response and a potential of the entire robotic
protection system.

In order fo reduce a financial burden, the frends are no-

ticeable to integrate the safety systems with the systems

of environmental monitoring and elements of the field
development systems (e.g., in the context of combining
visual inspections with the bottom oil field structures for

IMR and safety systems).

JSC “NPP PT “Oceanos” carries out the works on build-

ing a family of the marine underwater robotic devices

within the framework of the worldwide tendency on its
own initiative together with the State Marine Technical

University of St. Petersburg coming forth as the head de-

velopment agency, the State Polytechnic University of

Samara and a number of the other enterprises. The proj-

ectincludes the following:

+ autonomous unmanned vehicle featuring a
hydrodynamic motion principles of “underwater
glider” type;

- surface vehicle of “wave glider” type;
- aufonomous underwater vehicle (AUV);
+ unmanned motor boat.
As of today a considerable volume of hydrodynamic in-
vestigations has been and is being conducted both in
theoretical domain with the use of special software and
practical fests in the wind tunnel of State Marine Techni-
cal University of St. Petersburg. The study of theoretical
models helps investigate the hybrid and non-traditional
hydrodynamic diagrams of underwater vehicles.
A number of effective experimental specimens has been
built (including a practical vehicle, which performs test
immersions successfully during the last 2 years) helping
test the technical solutions being incorporated.
A significant feature of the being-developed family of ve-
hicles is a possible commonality of systems and elements
of systems, including modules and units of the control
system and the payload. It provides for a fraceability of
the system operation logic, commonality and simplicity
of interfaces, ease in training and education of person-
nel for robotic systems.

A number of technical and technological solutions

used for building a family of marine robotic devices are

unique and are in the process of patent protection for-
malization.





