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CemeHcTBO NofBOAHbIX rNaHAENOB —
HOBbIE NepCNeKTHBbI

3A0 «HNN NT «OKEAHOC» C 2011 TOOA B WHHLHATHBHOM MNOPAQNKE, B COQPYXECTBE C CAHKT-NETEPBYPICKHM
FOCYONAPCTBEHHbIM MOPCKMM TEXHHYECKHM YHWBEPCUTETOM (CMBIMTY) W JAPYTUMH BbICIUIHMH HAY4HbIMH
YYPEJEHHAMH CTPAHbI, BELET PABOTY HAJL CO3JIAHHEM CEMEHCTBA NOJBOJHbIX ANNAPATOB C NPEMMYLLECTBEHHO
THLPOLHHAMHYECKHMHA NMPHHLLHMAMH LBHXEHWA. B PALE CTATEH, ONYBNHKOBAHHbIX PAHEE B XYPHANE «HOBbIA
O50POHHLIA 3AKA3. CTPATErHH», NOKA3AHA AKTYANIHOCTb TAKHX ANMMAPATOB [ANfi POCCHH, H3NATANNACh HCTOPHS
HX MOABNEHWA HA 3AMAQE (B NEPBYIO OYEPE[b B CILUA), OMUCAHbI MPHHLUNBI GYHKUHOHAPOBAHHA ANMAPATA W
PA3JIHYHBIX EFO NOLCHCTEM, A TAKIKE CoOPMYIMPOBAHLI 3AJAYH, CTOALLME NEPEQ [PYNNOH PA3PABOTYHKOB.

B.A. TaiikoBWY, K.T.H., 3aMeCTHUTeNIb reHepaabHoro Aupekropa, 3A0 «HIIIT IIT «OxeaHoc»

B Mmae 2015 roga cnernuanuctsl 3AO «HIIIT
[T «OkeaHOC» OBUIU CIIEITUATBHO MIPUIJIA-
LIE€HHI /I YTeHU JeKIi B MOCKOBCKUM
rocyZapCcTBeHHBIM UHCTUTYT MeXAYHapO-
HbIX oTHomeHuir (MI'MIMO), Ha kadeapy
9KOJIOTMH; B XOZle STUX JIeKIIUM paccMOTpe-
Hbl KOHLIEMIUU MpUMeHEeHUs poOOTOTeX-
HUYECKUX CPeJCTB, B YAaCTHOCTHU Ivaiije-
POB, ZJIA 3KOJIOTMYECKOTO0 MOHUTOPHHTIA.
B wutone 2015 roga sKcIepUMeHTaIbHBIN
obpasen ammapara ObUI IpeJcTaBieH Ha
MexayHnapogHom BoenHo-mopckom Ca-
snoHe B Caukt-IleTepGypre, rae BBI3BaI
6OJIBIION MHTEPEC CO CTOPOHEI IIPeACTaBU-
Tesneit MUHUCTEPCTBA 06OPOHEI U KOMMED-
YeCcKUX KOMIIaHUM, CIelyuanu3upyomnuxcs
Ha MOPCKO HedTerazofobsrue 1 MOPCKOMA
SKOJIOTHH.

B HacTosdmee BpeMsa anmapat IpojoJ-
’)KaeT IIPOXOAUTh HaTypHble UCIIBITaHUA
(puc. 1, 2), IO IpeJBAPUTENbHBIM pe3y/Ib-
TaTaM KOTOPBIX B KOHCTPYKIIMIO IVIaliZiepa
ye ObUTM BHECEHBI (M IMPOJODKAIOT BHO-
CUTBCS) CylleCTBeHHble U3MEeHeH!:

1. YBesim4eH 00beM HOCOBOT'O MeXaHM3-
Ma u3MeHeHus IuiaBydectu (MUII) u ero
OBICTpOJIEIiCTBYE.

2. M3meHeHa HayajbHasa 6ajaacTu-
pOBKa ammaparta JJj1 yBeludeHud 3amaca
MMOABOAHOM OCTOMYUBOCTH, OCOOEHHO IIO-
IepeyHo. DTO I03BOJAET «CIIaZAUTh» KPU-
Bbl€ OIIPOKMUBIBAIOLINX U BOCCTaHABINBA-
JOLMX MOMEHTOB, 3HAYMTEIHHO objerdas
paboTy aIrOpUTMOB CUCTEMBI YIIPaBIEHMUS.

3. [TostHOCTBIO 06HOBIEHO [1O crucTeMBI
ABTOMAaTHYECKOI'O yIIpaBieHUs. BBegeHa
KOHIEMUIMA eAUHOTO CUCTEMHOT'O BpeMe-
HM, COIJIACHO KOTOPOMY BBICTpauBaeTcs
IKaja CUHXPOHU3AIUU CHUCTEMHBIX IIPO-
LIECCOB U COOBITHI.

4. B CAY BBeJieH peXUM «aCCUCT-aBTO-
MIOTa», pabOTAONUIWI HA OCHOBE IPEAU-
KTOpPHBIX anroputMmoB. PaxTtudecku CAY
MMOCTOSTHHO PAaCCYUTHIBAET U OOHOBISAET
MaTeMaTUYeCcKyl0 MOZeNb ABMKEHHUS arla-
para 1o ero TpaeKTOpUU U B CIydae BHIXOJa
aKTyaJbHBIX MTApAaMETPOB U3 KOpHUzopa J0-
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Puc. 1

[naingep

3A0 «HIM NT «OkeaHoc»
B XOZ€ NPeLCMyCKOBOI
NPOBEPKMN CO CHATLIMU
06TeKaTensiMu 1 KpbIinbsmi
(HocOM K Kamepe).

BuaHbl: 1 — HocoBoi
MEXaH13M U3MeHeHMs
NNaBy4ecTut, 2 — HOCOBOIA
0TCEK 3NEKTPOHUKM 610K
NONE3HOI Harpy3Ku,

3 - nepemeLLaemble
aKKYMynsiITOpHbIe 6aTapen,
4 — 60K 3NEKTPOHUKN
ynpaBnexus

Puc. 2

naiigep B Xo4e UCNbITaHUIA
Ha OTKPbITON BOZE.

BuaHbl Kpbinbs

1 CTabUNN3aTopHbIi 610K

IIyCKOB aBTOMAaTHUYECKU KOPPEKTHPYET IIO-
JIOKEHUE amrapara. DTO MO3BOJIAET YIIpe-
JIUTH BO3MOXKHBIE KPUTUYECKUE CUTYaLH
(cBanuBaHUe, INTONOp, «3aBUCAHUE» Oe€3
CKOpOCTH) Ha PaHHUX CTAJUAX, OMUPAsACh
Ha OTHOCUTEHHO HEGOJIbIINE OTKIOHEHUS
B IapameTpax. OTH aJfTOPUTMBI GYHKIHO-
HUPYIOT B PEKUME «aCCUCTEHTOB» OCHOBHO-
T0 HABUTAIIMOHHOTO aJITOPUTMAa U YBEINIU-
BaroT 3¢ deKTUBHOCTh paboTsl CAY.
[MocenHee yay4uieHre KpaiHe BayKHO,
TaK KaK U3 ONBITa paboTHI C IKCIUTyaTaHTa-
MU 3apy0OeKHBIX, KOMMEPYECKU ITOCTABJIS-
eMBIX I7aiZiepoB (HampuMmep, KOMIIaQHUA
DOF Subsea umeer Tpu miaiigepa Tuma

Slocum) crano u3BecTHO, YTO MpobieMa
[MOTEPU yMpaBieHWss W CBAJWBaHUA Ha
MaJiofl CKOPOCTH ZI0 CHX IIOP Y/OBJIETBO-
PHUTENBbHO He pellleHa. B ciydae paGoThl
Ha y4YacCTKax CO CJIOKHON THAPOJIOTHei
(Haymnyue JIMH3 BOJBI APYTOM TUIOTHOCTU/
COJIEHOCTH, BEPTUKANbHBIX TEUYEHHM, pes-
KHMX TeMIIepaTyPHBIX CKAYKOB) 3TO HEMPH-
eMIEMO.

AHanu3upyst HAKOIUIEHHBIN B X0OJ€e HC-
MBITAHWI OMBIT, YYUTHIBAs W3MEHAIOIY-
10CS 9KOHOMHYECKYIO U TIOJUTHYECKYIO
06CTaHOBKY, Pa3pabOTYHUKU CIUTAIOT, UTO
TOJIBKO B CO3ZJAHMU CEMENCTBA HOBBLIX BHI-
COKOTEXHOJIOTUYHBIX allapaToB MOXKHO

HaWTH CPEACTBAa IO TNOAJEPIKAHUIO KOH-
KypeHTHOH G60OpbOBI 3a 3KOHOMUYECKOe
IIPOCTPAHCTBO apKTHUYeCKUX Mopeil. Oue-
BUZIHO, YTO IIPU UMEIOIUXCSA TEMIIAX CyZ0-
CTPOEHHUA U CTOMMOCTH IIOCTPOMKH CYZOB
Y KopabJeli TpaJULIMOHHbIE MEPHI pa3Bes-
KU Y HaOJIoZieHNA He B COCTOSTHUY HaZexX-
HO obecIieyrnBaTh PaliOHbI CTOIb GOJIBIION
IUIOIIAJY U YAAJIeHUA, K TOMY JKe 3a4acTylo
OrPaHUYEHHO WIN BOBCE HECYZOXOJHbIE.

Kak BUAHO 13 OIyOJIMKOBAHHOTO IIPO-
rpaMMHOro JokymeHTa Arctic Roadmap
2020, OCHOBHBIM IIpuoputeTroM BMC CIITA
ABJIAETCA pa3BepThIBaHUE B apKTUYECKUX
MOpSIX MYJBTHAreHTHOH cucTeMbl cOopa
pasBeZpIBaTEIbPHOM M obecrednBaroen
(MeTeoposIOru4ecKoi, I'MAPOJIOrUYecKOu,
oKeaHOrpapUIECKOM, Fe0JTOTUIECKO) UH-
dopmannu. CucremMa COCTOUT U3 JOHHBIX
CTaHLUH, Apelidyromux OyeB, BOJTHOBBIX U
IIOZIBOJHBIX TIAH/IEPOB, JIeJOBEIX 0OcepBa-
TOpUH U T.7. [laHHas CUCTeMa y>Ke aKTUBHO
Co3/laeTcs, CXeMa CHUCTEMBI IIpUBeZieHa Ha
puc. 3.

11.04.2015 roga Ha caite Vessel Finder
(MexzyHapogHas cIpaBoyHasa 6asa cy-
JoxozcTBa) ObLIa ONMyGIMKOBAHA CTAThA
«US NAVY deploys Under-ice Drones in
Competition with Russia for Arctic», B Ko-
TOPOU CO CCBUIKOM Ha MCTOYHMKU B BMC
CIITA yxa3aHO, YTO B CBeTe OXWJaeMOU
60ppOEl ¢ PP 3a apKTHUECKUE PeCypCh
aMepUKaHCKUN QJIOT yxKe pasMeCcTWI PAZ
JOJITOBPEMEHHBIX TIOABOJHBIX POGOTOTEX-
HUYECKUX CPeJCTB, KOTODHIe BeAyT cOop
nHpOpMaLMK O TeMIepaTypHBIX Koseba-
HUAX U COCTOSHUM MOPS, [UI1 yTOYHEHHBIX
OIIEPATHBHBEIX IIPOTHO30B MOTOABl U IIO-
CTPOEHHUA KOMIIBIOTEPHBIX MoOZeseid Tasd-
HUA apKTUYECKUX JIbZIOB.

EBponeiisl pasMecTHIN Ha IOABOJ-
HBIX IIaliiepax ceTb r'uipopOHOB B paMKax
mpoekTta PERSEUS, co3aB MOGHIBHBII Py-
6exx HabIIOEHUS 32 MOPCKUM TpadukoMm,
II0 3afABJIEHUIO aBTOPOB IIPOTPAMMEI, «B
L[eJIAX TPOTHUBOZEHCTBUSA IPOTUBOIIPAB-
HOU ZeATeIbHOCTH». O4eBUIHO, YTO 3TUM
GYHKINM pa3BepHYTOrO T'HMIpPOaKyCTHYe-
CKOTO pybeka CeXeHUs BPSZA JIM UCYep-
IIBIBAIOTCA.

Takum o6pa3zoM, HeO6XOAUMO B Kpart-
yaiile CpOKY IPUHUMATD PElIeHNs U Ha-
YUHATb IPaKTUYECKYIO pa3paboTKy HOBOTO
IIOKOJIEHUsA POOOTOTEXHUYECKUX CPEACTB.
B xoze pa3paboTKH ammapara HOBOTO IIO-
KOJIEHHsI HeobXoAuMO OyZeT OTBETUTH Ha
TEXHOJIOTUYECKHE U HAayYHBIE BBHI3OBHI LIN-
POKOT'O CIIEKTPA, COCPEJOTOYUB YCWINA Ha
CIeAYIOIINX HAIPABIECHHUAX:

1. MCTOYHUKY IUTAHUA

Cpeay epCcreKTUBHBIX MCTOYHUKOB ITUTa-
HUA, NIOTEHIUAJIBHO pPacCMaTpUBaeMbIX K
YCTaHOBKE Ha CJIeAyIolee IOKOJIeHHUe MO/-
BOZIHBIX allllapaToB TUMA «[yIalzep», MOX-
HO BBIIEJIUTD:

Puc. 3

WnntocTpaums 3 nporpammHoro aokymexta US NAVY Arctic Roadmap 2020, HarnsHo

[NeMOHCTPUPYIOLLAst NOCTPOEHUE MYSLTUArEHTHOM CUCTEMBI.

— ConneyHble 6aTapeu;

— TepmaspHBIE MOTOPHL. [7alizeps! Be-
JYT CBOIO MCTOPHIO OT IIEPBBIX NPOTOTH-
0B, pa3paboTaHHbBIX B IHCTUTYTE OKeaHOo-
rpaduu Byzac-Xosui, KOTOpble UMeTH UMeH-
HO TepManbHBIN puBoZ (Slocum Thermal
Glider). OrpaHuyYeHUEM WCIIOIb30BAHUSA
CJIyKaT B OCHOBHOM KJIMMAaTO-MeTeOpOJIO-
TUvecKre OCOOEHHOCTH DPAOHOB IpUMe-
HEHU,;

— Pazgnou3oTOHEIE MCTOYHUKUA IUTA-
HUSA TaKXKe TPeJCTaB/IAIOT UHTEPEC, 0COOeH-
HO YYUTBIBas GOTATHIH OIBIT OTEYECTBEHHOM
TIPOMBIIUIEHHOCTH B JaHHOU cdepe. Bos-
MOXXHBIMHM apryMeHTaMH «IIPOTHB» SBJIfA-
IOTCsI, 0YEBU/HO, TTOBHILIEHHBIE TPEGOBAHUS
K 6e30macHOCTH, HesCHBIM IOPUANIECKUI
CTaTyC U OTBETCTBEHHOCTb IPOU3BOJUTEIIS
U TIOJIb30BaTeNIs B CJIy4ae yTpaThl (IOTepu
WK pa3pylleHys1) alapara, a TaKkkKe Heoo-
XOAUMOCTh OOCITy>KMBaHUA aliapara B CIe-
LIHATbHO YIIOTHOMOYEHHBIX YUpeXKIeHUAX;

— Teneparopsl Ha Ga3oBOM Iepexofe.
HenaBHo OxeaHorpaguyeckuii WHCTUTYT
Cikpurnca (CIIA) coobumt 06 ycremHoM
OKOHYAaHWM HCIBITaHMM ammapara SOLO
TREC, KOTOpBIM IHTaeTcs OT reHepaTopa
Ha ¢da3zoBoM mepexozie. B mpoliecce cMeHbI
¢da3zel pabouero Tea U3MeHsETCs ee 06BeM,
U TIOCPEZCTBOM BTOPOTO KOHTYpa, B KOTO-
POM HaXOJUTCS MAacjo, IPUBOAUTCS B JBU-
JKeHUe KpbUIbYaTKa reHepaTopa. Ammapar
COBepIIIaeT MOrpy)XeHre Ha IYOUHY 500 M
¥ 06paTHO, 32 BpeMs OJHOTO IOTPYKEHUS
reHepaTop BBIpAOATHIBAET MPUOIU3UTENH-
HO 1,7 BTeu. K coxkaneHuio, o6 oTeyecTBeH-
HBIX BEPCHUAX MOZOOHBIX reHepaTOpOB HU-
KaKOW TpaKTUYecKol WHGOpMalUU IOKa
MOJIy4IUTD HE YAaIOCh.

2. CPEJICTBA CBA3U

B xoze paboTH HaZl IPOEKTOM CTajIO Ode-
BHUJHO, YTO HEOGXOAUMO IIpeAycMaTpUBaTh
BCe BO3MOXKHBIE BUJBI CBA3U. B gomosHe-
HUeE K y)Ke UMelollleiica Ha annapare CTaH-
unu uudpoBOd pasuocBasu, y3my Wi-Fi
GJIIDKHEro paguyca Aeictsus, 3G cTaHIIuU
cBA3M (UCIONBb3yeMOl B OTJIaZJOYHOM pe-
JKMMe), B HacTosllee BpeMs A00aBIAI0TCa
MOZYIU TUApPOAKyCTUYeCKON cBA3u (ru-
ZPOAKyCTUYEeCKU MOZeM, C BO3MOXKHO-
CTBIO IIOZIBOJHOM HaBUTalul), CIIyTHUKO-
BOU cBA3U. BosblIoll MHTEpeC BHI3BIBAIOT
Begymuecs B CIIIA paGoTH IO CO3ZaHUIO
JIa3epHBIX U ONTHUYECKUX IIOABOJHBIX Ka-
HaysoB cBsA3u. CHCTEMBI OCHOBBIBAIOTCS
Ha CHHe-3eJeHbIX Jlazepax (470-570 HM),
KOTOpble HKMEIT MHUHHMAaJbHOE 3Hep-
ropaccenBaHue B MOpPCKON Boze (OkoJ0
0,2 dB/M). JlazepHas CBSI3b UMEET BBICO-
Kyio ckopocTh (g0 10 K6C) 1 B Xofie aKC-
IIepUMEHTOB YCTOMYHBO IlepeZiaBaja Jaxe
TIOTOKOBOe BUe0. Masast pogoKUTENb-
HOCTb IIOCBUIKM, BBICOKAs CKPBITHOCTh U
GoJbIION 00beM IepesaBaeMoi HHbOpMa-
IIUU ZIeJTal0T ONTUYECKYE BU/BI CBA3U HaU-
Gosiee MepCIeKTUBHBIMU Ha OTHOCUTEIHHO
HeBOJIBIINX PACCTOTHUAX.

3. IEPEXO/I K THEPUIHOM

MOJIEJI IBVKEHUA

1A mpeofiosieHNs y4acTKOB CO CJIOXKHOM
THAPOJIOTHEH, a TakkKe A IPOBeJEeHUA
IUIOIAZIHBIX THAIPOAKyCTHYECKUX 06CIeso-
BaHUI HEOOXOANMO YBETUUYEHUE CKOPOCTU
JBIDKEH allllapara Zio 2—3 y3JI0B U COOIIo-
JileHHe BBICOTHOTO KOPUOPA C JIOCTATOYHO
GOJIBIION TOYHOCTHIO (TOPU3OHTANBHBIN
moneT). B cwiy ¢usmyeckodl IpUpOABI
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TEXHUYECKHWE XAPAKTEPUCTHUKH DKCIIEPUMEHTAJIBHOTO OBPA3IIA

XAPAKTEPUCTHUKA

OIIMCAHME / 3BHAYEHME

Tun xopmyca

JlnmiHa kopryca (6e3 aHTeHHBI)
JnameTp KopIiyca

YAnIuHeHUe KopItyca

Pasmax KpbUibeB

YAnuHeHUe Kpbula

dopmMma kprLia B IJIaHe
KopmoBeIe cTabuin3aTopsl

VYrpasiseMble rUApoAMHAMUYECKHe
IIOBEPXHOCTU

O6bem MUIT* HOCOBOTO
O6Bem MUIT kKopMOBOTo

Cucrema TouHOH AuddepeHTOBKU
Y U3MeHeHUsI yIla KpeHa

Bec
l'opusoHTasbHAA CKOPOCTh
Macca 1mosie3HO# Harpy3Ku

[ny6uHa morpyxeHust

AKB, Tun

EMKOCTB

Topriezioo6pasHeii (IMINHAPUIECKUIT)
C OKOHEYHOCTSIMU B BHUJIE TeJl BpallleHuUs

2720 MM
320 MM
8,5

1680 MM

[IpamoyronbHasn
Cxema «kpecT»

Hocosele perynupyemsie

2,71
3,IJ

[IpogosnbHOE U pafuaIbHOE CMelleH e
GaTapeifHOTO 6JI0Ka

90 KT
0,5M/C

I3-17 KT

100 M A1 TabopaTopHOTO 06pasiia,
1000 M /71 pabouero obpasia

(TIpu TO1 Ke KOHCTPYKILINH,

c 3aMeHO MaTepHrasa KopIiryca)

JIuTuii-noHHAas
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MexXaHM3Ma JBIDKeHUS [aliziep Tpaau-
LIMOHHOM KOHCTPYKLIMM He B COCTOSHUU
pemuTs 3TU TpobieMbl. EAUHCTBEHHBIN
BBIXO/] — TIOXKEPTBOBATh YaCTUYHO 3Hepre-
TU4YecKol 3pHeKTUBHOCTHIO U YCTaHOBUTD
Ha anmnapaT TpPaZULMOHHBIA ABUTATENb C
rpebHBIM BUHTOM (XOTS pPacCMaTpPHUBAIOTCS
U aJbTepHAaTHUBHBIE JABWXUTENU, HAIpU-
Mep 6uoHMYeckue). JlaHHOe HallpaB/eHUe
OTKpPBIBAeT GOJBLION MIPOCTOP I UCCIIe-
JIOBaHU U pa3paboTOK, B KOTOPOM CMOTYT
OBITH TIPYMEHEHHI TIepeIoBhle 3HAHUA, Ha-
koruteHHble B CCCP u P® B ob6mactu ruzpo-
AVHAMUKY, 3QGEKTUBHOCTH U CKPBITHO-
CTU IpeOHBIX BUHTOB.

BbIBO/IBI

IIpu TexyuieM COCTOSHUM Jesl [ IOA-
Jlep’KaHusA KOHKypeHTocmocobHocTu PP
B apKTHUYECKOM peruoHe BBIXOZ MOXXHO
HaUTU TOJBKO B CO3/JaHUM COBPEMEHHOM,
BBICOKOTEXHOJIOTUYHOM €AWHON CHCTEMBI
HabJIIOIeHNsA 32 MOPEM C BBICOKUM YPOB-
HEM WCIIOJIb30BaHUSA POOOTOTEXHUYECKUX
CpeACTB, IIpUYeM pasBepThIBaHHE TaKOU
cHCTeMbl HEOOXOAMMO HayuMHaTh B O/IH-
JKaiilee BpeMs, WIM MBI OKaXeMcsd «3a
60pTOM>».

[loaBoaHEbIE IMMalifiephl ABIAIOTCA KO-
YyeBbIMHU dJIEMEHTAaMU TaKol cucTeMbl. 3A0
«HIIIT IIT «OxeaHoC» IPOJOKUT JaabHen-
uryro pa3paboTKy U yCOBEpIIEHCTBOBAHUE
ceMelCcTBa aBTOHOMHBIX IIOIBOHBIX alllia-
PaToB C IeJbI0 TOBHIIIEHN 3)GEKTUBHO-
CTU UX pabOTHL. ¢

Y

OCEANOS
N’

3A0 «HIIIT IIT <OKEAHOC»
194295, Poccus, r. CaukT-IleTepbypr,
yi. EcenuHa, 19/2
Tesl. +7 812 292 37 16
WWW.0oceanos.ru

*MUM — MexaHU3M N3MEHEHUS NNaBy4eCTH.

NCTOPHUYECKAA CIIPABKA O ITIPOEKTE

C 2011 r. coBMeCTHOI MHMLmMaTBHON paboyeit rpynnoi GreOY CM6rMTY ¢ npusnevennem cneunanuctos CamlTY, 3A0 «HIM MT «OkeaHoc», ®TY um. Nodbde n Apyrumin Hay4HbIMU
11 POM3BOACTBEHHbIMI OPraHN3aLunsMin BeAeTCs CO3AaHNe CeMeiAicTBA MOPCKMX POGOTOTEXHNYECKNX CPEACTB.
2012 r. — co3aaH nabopaTopHbIil NpakT4eckmii 06paseL; NOABOAHOIO rnaiinepa (paboyas rybuxa Ao 100 m), npoBefeHbl ucnbiTanns (CamrTY)
2013 r. — cchopmMynupoBaHa KOHLENLNS CO3LaHUA U Pa3BUTUS POBOTOTEXHUYECKUX CPEaCTB

2013 1. — npoBefeHa cepusi rAPOAMHAMUYECKIX PACYETOB NS Pa3NUYHON apxuTeKTypbl rnaiigepos (CM6IMTY)
2013 r. — co3pgana matematnyeckas MoAenb nofsofHoro raitgepa (CM6rMTY u 3A0 «HMM NT «OKEAHOC»)
2014 r. - cosgaHa v ucnbiTaHa B a3poavHaAMN4ECcKoil Tpy6e TBEpAOTeNbHAA NPOAYBOYHASA MOAENb NoABOAHOrO rnangepa (CMerMTy)
2014 r. - co3paH nonHopamepHblid 06pasel, nogsoaHoro rnangepa (3A0 «HMM AT «OKEAHOC»)

2014 r. - co3naH makeT BonHoBOro rmaiigepa (CamrTY)

2014 .- coapaHo 0 rnaitaepa B pexxume CamoCcTOATENbHOM CTAGUAM3ALMM ABUXEHIS N0 NPENPOrpaMmMupyembIM 3aaHnsm 1 0TpaboTaH MHTEPChEAC CMCTEMbI YNPaBAEHUS UCMOMHUTENbHBIMM

mexaHuamamu (3A0 «HMM NT «OKEAHOC»)

2014 r. — nepBble Na6opaTopHbIe UCMbITAHNS B NCIbITaTeNbHOM 6acceitHe (CMOMMTY)
2015 1. — co3pano M0 rnaiifepa B pexxumax Tene- 1 aBBTOHOMHOT0 YNpaBeHns [BIKEHEM N0 npenporpammupyemsim 3aganuam (3A0 «HIMM NT «OKEAHOC»)
2015 . — unTepdenc nonbaosatens MO yHucmumposat ¢ M0 ynpasnenus bIJTA
2015 1. — COTPYAHMYECTBO C KOMNaHneil «KpnoTepm» N0 MCMOMb30BAHNK0 PAAMON30TOMHbIX N TEDMOTEHEPATOPHBIX JHEPTETUYECKMX MOAYNEi
2015-2016 rr. — 3annaHNPOBaHbI LWINPOKOMACLUTAGHbIE, B TOM YUCIE ANNUTENbHbIE MOPCKNE UCMbITAHNSA
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Underwater Gliders — New Prospects

B.A. Gaykovich, PhD in Engineering Science, Deputy General Director,

JSC “NPP PT “OCEANOS”

SC “NPP PT “Oceanos” has been work-

ing on its own initiative since 2011

in collaboration with the State Ma-
rine Technical University of St.-Petersburg
(SMTU) and other higher academic insti-
tutions of the country on building a family
of underwater vehicles with predominantly
hydrodynamic principles of motion. A num-
ber of articles previously published in the
journal “New Defense Order. Strategy” de-
scribed the relevance of such devices in Rus-
sia, laid out the history of their appearance
in the West (especially in the United States),
described the principles of operation of the
device and its various subsystems as well as
formulated the challenges the development
team was facing.

In May 2015 the specialists of JSC “NPP PT
“Oceanos” have been specially invited to lec-
ture at the Moscow State Institute of Interna-
tional Relations (MGIMO), at the Department
of Ecology; in the course of these lectures the
concepts of using robotic vehicles for environ-
mental monitoring, such as gliders have been
considered. In July 2015 an experimental pro-
totype of the device was presented at the Inter-
national Maritime Defence Show in St. Peters-
burg, where it aroused great interest among
the representatives of the Ministry of Defense
and commercial companies specializing in the
offshore oil and gas production and marine
ecology.

Currently, the vehicle continues to under-
go field tests, according to the preliminary re-
sults of which the design of the glider has been
(and continues to be) significantly changed:

1. Volume of the fore buoyancy variation
mechanism (BVM) and its performance has
been increased.

2. Initial ballasting of the vehicle has
been changed for increasing the margin of
subsea stability, especially lateral. It allows to
“smooth” the curves of capsizing and righting
moments greatly facilitating the work of con-
trol algorithms.

3. Automatic control system software has
been fully updated. The concept of single sys-
tem time has been introduced, according to
which the scale of synchronization of system
processes and events is built.

4. ACS now has an “Assist autopilot”
mode, working on the basis of the predictor
algorithms. In fact, the ACS constantly calcu-
lates and updates the mathematical model of
movement of the vehicle in its path, and in
the event of deviation of actual parameters
from the tolerance corridor it automatically
adjusts the position of the vehicle. This allows
pre-empting possible critical situations (stall,
spin, “hovering” without moving) in the early

stages, based on relatively small deviations in
the parameters. These algorithms operate as
“assistants” of the main navigation algorithm
and increase the efficiency of the ACS.

The latter improvement is crucial, as the
experience of working with operators of for-
eign commercially available gliders (for exam-
ple, the DOF Subsea company has 3 Slocum
type gliders) showed that the problem of loss
of control and stalling at low speed has not yet
been satisfactorily resolved. It is unacceptable
when working in areas with complex hydro-
logy (availability of water lenses with different
density/salinity, vertical currents, sharp tem-
perature jumps).

Analyzing the experience accumulated
during the tests, given the changing economic
and political situation, the development agen-
cy believes that only the building of a family of
new high-tech vehicles can help find the means
to maintain a competitive struggle for econom-
ic space of the Arctic seas. It is obvious that with
the existing rate of the cost of shipbuilding and
construction of ships and vessels, traditional
measures of intelligence and surveillance are
unable to reliably cover such large and remote
areas that often also feature limited navigabil-
ity or even are non-navigable.

As can be seen from the published policy
document Arctic Roadmap 2020, the main
priority of the US Navy is the deployment of
a multi-agent system of gathering the intel-
ligence and auxiliary (meteorological, hydro-
logical, oceanographic, geological) informa-
tion in the Arctic seas. The system consists
of bottom stations, drifting buoys, wave and
underwater gliders, ice observatories, etc. This
system is already being actively built, Figure 3
shows the diagram of the system.

On 11.04.2015 the website Vessel Finder
(international reference navigational data-
base) published an article called “US Navy
deploys under-ice drones in competition with
Russia for Arctic”, which citing the sources in
the US Navy stated that in the context of the
expected fight with Russia over the Arctic
resources, the US Navy has already placed
a number of long-term underwater robotic
vehicles that are already collecting informa-
tion about temperature fluctuations and sea
conditions, to clarify the operational weather
forecasting and build the computer models of
Arctic ice melting. In order “to counter the il-
legal activities” the Europeans have placed a
network of hydrophones on the underwater
gliders in the project PERSEUS creating a mo-
bile monitoring line of maritime traffic accord-
ing to the authors of the program. Obviously,
the deployed sonar tracking system could do
much more than that.

Thus, it is necessary to make decisions in
the shortest possible time and start the practi-
cal development of a new generation of robot-
ic vehicles. We will need to respond to a broad
range of technological and scientific challeng-
es in the development of the new generation
vehicles focusing on the following areas:

1. POWER SOURCES.

We can identify the following among the most
promising power sources potentially consid-
ered for installation in the next generation of
underwater vehicles such as “Glider”:

— Solar panels

— Thermal engines. Gliders trace their his-
tory to the first prototypes developed at the
Woods Hole Oceanographic Institution, which
had thermal drive (Slocum Thermal Glider).
Their use is limited mainly by climatic and me-
teorological characteristics of the application
area;

— Radioisotope power sources are also of
interest, especially given the wealth of expe-
rience of the national industry in this area.
Possible arguments “against” include the obvi-
ously increased security requirements, unclear
legal status and the responsibility of the manu-
facturer and the user in case of vehicle loss
or destruction as well as the need to perform
maintenance of the vehicle in specially author-
ized institutions.

— Phase transfer generators. Recently,
the Scripps Institution of Oceanography (the
USA) has reported a successful completion
of testing the SOLO-TREC device, which is
powered by the phase transfer generator. Dur-
ing the phase change of the working fluid, its
volume changes, and the impeller of the gen-
erator is driven via the second circuit with oil.
The device performs a dive to a depth of 500
meters and back, during one dive the genera-
tor produces about 1.7 Wh. Unfortunately, no
practical information could be obtained on the
domestic versions of such generators.

2. COMMUNICATION TOOLS

The need to provide all possible forms of
communication became clear in the course
of works on the project. In addition to the al-
ready available digital radio station apparatus,
short-range WiFi unit, 3G communication
station (used in debug mode), we added the
sonar communication modules (sonar modem
with the possibility of underwater naviga-
tion), satellite communication. Much interest
was aroused by the works going in the United
States to create laser and optical submarine
channels. The systems are based on blue-green
lasers (470-570 nm) that have minimum en-
ergy dispersion in seawater (about 0.2 dB/m).
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EXPERIMENTAL PROTOTYPE SPECIFICATIONS

CHARACTERISTIC

VALUE

Body type

Body length (without antenna)
Body diameter

Body elongation

Wings span

Wing elongation

Wing shape in plan

Afterbody fins

Controllable
hydrodynamic airfoils

Capacity of foremost BVM*
Capacity of sternmost BVM

System of accurate fore-and-aft trim
and rolling deflection

Weight
Horizontal speed
Payload weight

Depth of submersion

Storage battery, type

Capacity

Torpedo-like (cylindrical) with caps
in the form axially symmetric body

2,720 mm
320 mm

8.5

1,680 mm

5
Rectangular
Cross pattern

Fore controllable

2.7 1
3.1 1

Longitudinal and radial battery
array displacement

90 kg

0.5 m/s

13-17 kg

100 m for laboratory model,
1,000 m for operating model
(with the same design with body
material replacement)

Lithium-ion

70 A*h

*BVM - buoyancy variation mechanism.

Laser communication features high speed (up
to 10 Kbps) and has reliably transferred even
the streaming video during experiments.
Small parcel duration, high stealthiness and
high volume of transmitted information makes
the optical means of communication the most
promising at the relatively short distances.

3. TRANSFER TO HYBRID MOTION MODEL

It is necessary to increase the speed of the ve-
hicle up to 2-3 knots and to comply with alti-
tude corridor with sufficiently high accuracy
(horizontal flight) to overcome the areas with
complex hydrology, as well as to perform areal
sonar surveys. Due to the physical nature of
the motion mechanism, the traditional-design
glider cannot solve these problems. The only
way out is to partially sacrifice the energy ef-
ficiency and to install a traditional engine with
propeller on the vehicle (although alternative
propulsion devices, such as bionic, have also
been considered). This direction offers great
scope for research and development, where
we could apply the advanced knowledge accu-
mulated in the USSR and the Russian Federa-
tion in the field of fluid dynamics, efficiency
and stealthiness of propeller screws.

CONCLUSIONS

In order to maintain the competitiveness of the
Russian Federation in the Arctic region with the
current state of affairs, the solution can only be
found in building a modern, high-tech compre-
hensive sea surveillance system with high level
of robotic tools utilization, and the deployment
of such a system should be launched in the
nearest future, otherwise we will find ourselves
“overboard”. The underwater gliders are the
key elements of such a system. JSC “NPP PT
“Oceanos” will continue further development
and improvement of the family of autonomous
underwater vehicles to improve the effective-
ness of operation of the same. 4

Oceanos JSC
19/2, Esenin Str., 194295
Saint Petersburg, Russia

tel. +7 812292 37 16
WWWw.oceanos.ru

HISTORICAL INFORMATION ABOUT THE PROJECT:
A joint initiative working group of Federal State Budgetary Educational Institution State Marine Technical University of Saint-Petersburg involving the experts of Samara State Technical University,
JSC “NPP PT “Oceanos”, loffe Physical and Technical Institute and other scientific and production organizations has been building a family of marine robotic vehicles since 2011.

2012 - a laboratory practical model of underwater glider (operating depth down to 100 m) was built, test was carried out (Samara State Technical University).

2013 — a concept of building and developing robotic vehicles was formulated.
2013 - a series of hydrodynamic calculations for different architecture of gliders was performed (State Marine Technical University of Saint-Petersburg).
2013 — a mathematical model of underwater glider was built (State Marine Technical University of Saint-Petersburg and JSC “NPP PT “Oceanos”).

2014 - a blow-off solid model of underwater glider was built and tested in the wind tunnel (Saint-Petersburg State Marine Technical University).

2014 — a full-size model of underwater glider was built (JSC “NPP PT “Oceanos”).
2014 — a wave glider mockup was built (Samara State Technical University).

2014 - software of glider in the mode of independent motion stabilization according to pre-programmed tasks was built and interface of actuators control system was exercised (JSC “NPP PT
“Oceanos”).
2014 —first laboratory tests were conducted in a model tank (State Marine Technical University Saint-Petersburg).
2015 - software of glider in the modes of remote- and autonomous motion control according to pre-programmed tasks was built (JSC “NPP PT “Oceanos”).
2015 — interface of software user was unified with UAV control software.

2015 — cooperation with Cryotherm company for the use of radioactive-isotope and thermogenerator power modules.

2015-2016 — large-scale sea testing, including durable testing is planned.
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