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ABTOHOMHDIE NOABOAHDIE ANMNAPATDI
C TMAPOAVHAMUYECKUMW NPUHLUNTAMUW ABUKEHNA

HeKOTopoe BpeMsA Ha3zaj Mup obnetena Buaeo-
3anncb aMepuKaHcKoro 6ecnunoTHoro nerva-
TeNbHOrO annaparta, BbIMONHALWEro aBToOMaTh-
yecKylo nocafKy W B3néT c GopTa aBuaHocua.
HoBocTHble nporpamMmbl 1 MHTepHeT-60repbl aK-
TUBHO 06CYyX/Aanu HoBble TEXHOOMMU, BCMOMUHAMM
arpeccuBHbIX poGOTOB 13 roNNNBYACKUX GnokGacTe-
POB ¥ Pa3sMbILAANN O TOM, KaK U3MEHATCA BOEHHbIe
AeNCTBUA C HAYaIOM LUIMPOKOTO NPUMEeHeHUs NoA06-
HOM TexHUKWU. OfHaKoO OT BHUMaHUA WMPOKON 06-
LLLeCTBEHHOCTM W HeCMeLnanncToB YCKob3Hya TOT
(aKT, 4To B NOABOAHOM MUpE YXKe fileCATUNETUA Aeit-
CTBYIOT @aBTOHOMHble annaparbl, peanusymolme He
MeHee, a TO 1 6oniee CNOXHbIE aNropUTMbI, yCnelwHo
BbINOJHAOLWME Hay4Hble, 3KCMepyMeHTabHble W,
KOHEeUHO, BOeHHble 3aga4n. Ml oTHocuTenbHo Hepas-
HO K M3BECTHbIM 1 CTaBLUMM Y)Ke NPUBbIYHBbIMU (415
crneunanmcToB) aBTOHOMHbIM HeobUTaeMbiM NoABOA-
HbIM anmnaparam ¢ TpagULMOHHbLIM rpe6GHbIM BUHTOM
(AHMA, nan AUV - Autonomous Underwater Vehicle)
Ao6GaBuiCA COBEpLUEHHO HOBBI KNace annapaTos ¢
APYr1M NMPUHLMMOM ABUXEHUA — NOABOAHbBIE NiaHe-
pbl, vnu rnaigepst (@Hrn. glider - nnawep).

TepMuH «nnaHep» KpaiiHe yAayHO OMUCbIBAET Kak
NPUHLMN AeNCTBUSA 3TVUX annaparos, Tak U X OCHOB-
Hble OTAMYNA oT TpaanumoHHbix AHIA, KoTopble B
[laHHO aHanorMm MOXHO CYMTaTb «camonéramm».
CKopoCTb NnaHepa HeBeiuKa, 3aTO ANUTENbHOCTb
ero nonéra 3aBMCMT He OT 3anaca TOM/IMBa, a InLLb OT
XenaHua nunota. MNnaHep obnagaet KpaltHe HU3KUM
YPOBHEM LLYMOB, Mafo3aMeTeH U CKpbITeH. IMeHHO
3TV KayecTBa U NIerN B OCHOBY CO3/aHWA NOABOA-
HbIX rnangepos.

MpuvHUMN nepeMelleHna rnangepa - rMAPOAVHA-
MUYECKWUI W 3aKJ04aeTCA B CleAyloleM: NoABOA-
HbIl NnaHep nepeMellaeTcA MO CUHYCOWUAANbHOMN
TpaekTopuu. B BepxHeit yacTu cuHycouapl (Ha/y no-
BEPXHOCTM) annapaT NMocpeAcTBOM crelnanbHoOro
YCTPOICTBa (TaK Ha3blBAaeMOro NpyvBOAa 3MEHeHUs
nnaeyyecTu - variable buoyancy engine) npuo6pera-
eT oTpULaTesIbHYI0 NAaByyecTb, a NyTEM nepemelwe-
HWA B HOC cnelmnanbHoro 6annacta (06bI4HO B 3TOM
ponu BbicTynaet AKB camoro annapaTta) - KOHCTPYK-
TUBHbIN AnddepeHT Ha Hoc. OnycTMB HOCOBYIO
4acTb, annapart HaunHaeT norpyxarbcs. B knaccuye-
CKOI KOHCTPYKLWW rnainjep vMeeT KpblibA CUMMe-
TPUYHOro Npodus, KOTopble yy4LualoT ero rmapo-
AVHaMMYecKoe KayecTBO 1 NO3BONAIOT N1aHNPOBaTh
co ckopocTbio oT 0,1 go 1 y3na; Takxke cylecTByioT
1 6ecKpbinbeBble raiiaepbl C yMeHbLUIEHHbIM Kaye-
CTBOM, HO yBe/IMYeHHOI cKopocTbio. Mo AocTuke-

HWM 3aAaHHOM FYGUHBI NPUBOA MIaBY4YeCTU akTU-
BU3MpYeTCA, annapaT npuobpeTaeT NoN0KUTENbHYIO
nnaBy4ecTb, a Gannact cMelaeTcA B KOPMy - 1 anna-
paT HauyMHaeT BCN/bIBaTb MOA TEM e YoM, MOA KO-
TOpbIM paHee norpyxasncs. Mo AocTvKeHUW 3aaaH-
HO MUHUMaNbHOW rNy6UHbI rangep rotTos HayaTb
HOBBIV LMK/ NOrpyXXeHus nMbo BCM/bITb ANA Bbl-
NOJIHEHWA ceaHca CBA3M U onpejeneHuna mecta. He-
KoTopble rnaiaepsl (Hanpumep, npoekT SPRAY) pea-
JIN3YIOT CeaHC CBA3W J0CTAaTOYHO HETPAAVNLIMOHHBIM
cnoco6om - noeopaumsascb Ha 90% BOKpyr npo-
[IONbHON OCK, T. K. UX aHTEHHbl HAXOAATCA B 3aKOH-
LIOBKE 0ZiHOT0 13 Kpbinbes (puc. 1).Y Gonee Tpagmuu-
OHHbIX annapaToB aHTeHHbI LIM(POBOI CMYTHUKOBOW
CBA3M, PAAVIOMOAEM U ipyrue CPeACTBa CBA3U Haxo-
AATCA B BEPXHE YacTW XBOCTOBOro onepeHus ninbo
B CneLnanbHO aHTeHHe 3a KOPMOW, KOTOpas OKasbl-
BaeTCA BbICOKO Haj BOAOW Npu yBenuyeHuu anudde-
peHTa annapara Ha Hoc.
YnpaBneHue no Kypcy AOCTUraeTca TPaAWULMOHHO
(c nomoLybio pynert) NM6O ¢ MOMOLLbIO NepeMeLLeHNs
TOro e 6annacra, Ho He B IPOAOJILHOW, @ B Nonepey-
HOW NIOCKOCTW.
Take He06X0AMMO OTMETUTD CyLeCTBOBaHMe anna-
paToB TWNa «ieTatollee Kpbiio» (B AQHHOM ciiyyae,
CKopee «nnaBatoLlee Kpbino»), co3panHbix B 2004 r.
B paMKax npoekrta Liberdade nnanepos XRAY, cno-
coBHbIx BecTU HabniogeHue 3a ATJT ¢ noMoLybio aH-
TEHHbIX MacCVBOB, PacrMOOXKEHHbIX B KPbUIbAX
Gonblworo pasmepa (puc. 2). Matepunanom ans or-
[ieNIbHOI CTaTbU MOTYT CTaTb NPOEKTbI TaK Ha3biBae-
MbIX BOJIHOBbIX 11aii/iepoB, UCMOMb3YIOWNX SHEPrUi0
CoNHLUa 1 BOAH ANsi paGoThl 1 ewwé Gonee aBTOHOM-
HbIX, YeM rnaiaepbl «TPaANLIMOHHO» KOMMOHOBKM.
[pynnnpoBKu 13 TakKx annapaTo., CNocobHbIX yAep-
KMBATbCA HAa OAHOM MecTe Noj AefCTBEM BETPOB U
TeyeHui, NO3BONAIOT CO3/1aBaTb pa3BeblBaTe/bHble
M NPOTUBONOAOYHbIE py6exu B pasinyHbix obnacTax
MupoBoro okeaHa.
Kak BUAUM, pacxofbl 3HEpruv Ha ABUXeHWe 1 ynpas-
fIeHVe NOABOAHBIM MIAHEPOM KpaiHe HeBelnKu U
(aKTUYeCK NpUCYTCTBYIOT TONbKO B HayaibHOM
1 KOHEYHOM y4acTKe TPaeKTOpWU, NpU U3MeHeHUn
nnaey4yecti u anddepeHTa. 3To NO3BONMIO CO3Aa-
BaTb annaparbl aBTOHOMHOCTbIO CBbILLE NOAYroAa.
naiiaepbl MOryT pelatb pAj HayuYHbIX (OKeaHorpa-
thuyeckmx, 6MoNOrMYecKnx v T. A.) 3aAay, Ho OCHOB-
Hoe npenmyuecTso nepes AHIMA oHun nonyyatoT npu
NpVMeHeHNM B BOEHHbIX LienAX:
+ BbICOKas aBTOHOMHOCTb: 40 6 MecsALeB NpoTMB
24-48 vyacosy AHMA;
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*  HW3KWI1 ypoBeHb COBCTBEHHBIX LWYMOB, Manas 3a-
METHOCTb, BbICOKasA CKPbITHOCTb (OTCyTCTBYET
rpeGHOM BUHT 1 NOCTOAHHO paboTatowmin ABura-
Teflb, BO3HVKalOLWMeE WYMbl KpaiiHe Hecneunduy-
Hbl ¥ TPYAHbI B ONO3HAHUN);

* BO3MOXHOCTb He3aMeTHOro NPeoAoNeHUA NpoTh-
BOJIOAOYHbBIX 1 NPOTUBOANBEPCUOHHBIX pyGexen
B pa3Be/blBaTebHbIX LeNAX U ANA AOCTaBKU rpy-
308;

+ Manble pasmepbl W Bec, Aenawluye BO3MOXHbIM
3anycK rnangepos BPYYHYIO, C MOAPYUHbIX NnaB-
cpeAcTB, AeCaHTUPOBaHMe Ha BOAY, 3aMycK C «Ma-
TepUHCKOro» Heo61TaeMoro CyAHa UM NOABOAHO-
ro annapara;

* BO3MOXHOCTb ANNTENbHOrO NaTpyMpPOBaHUA yKa-
3aHHOr0 paioHa;

+ OTHOCMTENbHO HEeBbICOKas LieHa, AenarLasn Bo3-
MOXHbIM CpeZiHecepuitHoe NPOU3BOACTBO U Fpyn-
NoBOE UCMOo/b30BaHMe.

Oco6bIfi MHTepec BbI3bIBaeT aKTUBHeWWWM obpa-

30M pa3BMBAIOLLAACA Ceilyac MAEO0rMA U KoHuen-

LMA rpynnoBoro NpUMeHeHWUA pPoBOTOTEXHUYECKUX

cpeacTB (SWARM-TexHonoruw), B Kotopoit rnaiiaepam

oTBe/leHO 3aMeTHoe MecTo. C NoMOLLbio anropuTMoB

CTaHOro MOBeAEHUs, HaNNYUA HaABOAHBIX U AOH-

HbIX Y3/10B CBA3W (HanpuMep, AOHHbIX CTaHUMNA, pa3-

pabaTbiBaeMbix KoMnaHueir OceanWorks), B3anmo-

nencTBUA ¢ 6e33KUNaXHbIMU HaABOAHBIMU CyAaMu,

AHIMA TpaguuuoHHoit koMnoHoBKK, BIMJIA u cnyTHu-

KOBbIMW KaHanamu LUW(pPOBON CBA3W, BbileynoMsa-

HYTbIMW BOJIHOBBLIMU rNainaepamu, «cTas» rnaiaepos

MOJXET yCreLLHO 1 KpaiiHe 3 (eKTUBHO KaK B 60eBOM,

TaK 1 3KOHOMUYECKOM OTHOLUEHWM peLuaThb WypoYan-

LNV CNEeKTP Kak 060POHHBIX, TaK Y aKTUBHbIX 60eBbIX

3ajay, OT CO3AaHWNA pa3BejblBaTe/bHOr0 3ac/ioHa

B6113K 6a3 npeanonaraemMoro NpoTUBHUKA U A0 A0~

CTaBKW B 3aAaHHYI0 TOYKY V1 YCTAHOBKW Ha rPyHT pas-

JINYHBIX OPYXKENHbIX KOMMIEKCOB.

HeobxoanMo oTMeTUTb, YTO ecnmn B obnactn AHMA

Poccuitckan ®epepauna obnagaer 4oCTaTOUHbIM 3a-

A€/I0M U Hay4YHO-NPAKTUYECKUM MOTEHLMANnoM, To B

061acTu NoABOAHbIX NaHEpOB, a raBHoe - B co3/a-

HUW UHTErPUPOBaHHBIX, MOCBALLEHHbLIX €ANHON KOH-

Llenuyum cucTeM noABoAHO-HaABOAHON POBOTOTEXHN-

KW, B KOTOPbIX annaparbl TOW U UHOW KOHCTPYKLNN

ABNAIOTCA UL COCTAaBHON YacTbio, HabnlogaeTca

npucKopbHOe oTcTaBaHWe, KOTopoe HeobXoANMO Kak

MOXHO CKOpee COKpaLyaTb — 4ToObl o4epeaHble Kajpbl

BbIMOJHAIOLLEr0 TY MU MHYIO onepauuto 6oesoro po-

60Ta He Ka3annchb Hay4yHOM GaHTACTMKON, @ poxxaanu

yBEPEHHOCTb B HA/IM4MM OTBETHOIO NMOTeHLMana.
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AUTONOMOUS UNDERWATER VEHICLES BASED
ON THE FLUID MECHANICS PRINCIPLE OF MOTION

Some time ago videos of an American unmanned
aerial vehicle automatically landing on and taking
off the flight deck of an aircraft carrier spread around
the world. News and Internet bloggers have hotly dis-
cussed the new technologies, reminded aggressive ro-
bots from Hollywood blockbusters and speculated con-
cerning the ways military operations will change after
wide employment of such fechnologies. Neverthe-
less, the fact that autonomous vehicles implementing
not less (if not even more) complicated algorithms and
completing successfully research and terminal military
tasks have been acting for decades in the underwater
world slipped attention of public at large and nonex-
perts. Besides, absolutely new class of crafts featuring
a principally different principle of motion, i.e. underwa-
ter gliders, has been relatively recently added to com-
mon and known (for specialists) autonomous underwa-
ter vehicles equipped with traditional screw propeller
(AUV).

The term “glider” is extremely appropriate to describe
both the principle of operation of these vehicles and
their basic differences from conventional AUV, while
the latter could be considered as “plane”, when follow-
ing the above analogy. Velocity of a glider is not high
but duration of its flight depends not on the fuel avail-
ability but on operator’s desire. The glider features
an extremely low noise level, it is low-observable and
stealthy. These features, in particular, form a basis for
developing underwater gliders.

The principle of glider motion is based on flow dy-
namics and is described as follows: underwater glider
moves along a sine-shaped frajectory. The vehicle ob-
tains negative buoyancy in the upper part of its trajec-
tory (on or just near the surface) using a special device
(the so called variable buoyancy engine), and designed
trim by the bow due fo displacement of a special ballast
to the bow (battery of the glider itself is usually used
for this purpose). On lowering its bow portion, the ve-
hicle starts sinking. The glider in its classical design has
plane wings which improve its lift-drag ratio and allow it
to glide with velocity from 0.1 to 1 knot; there are also
wingless gliders available with their quality reduced but
their velocity increased. On reaching the designated
depth, the buoyancy engine is activated and the vehi-
cle obtains positive buoyancy, while its ballast is shifted
sternward, and the vehicle starts ascending af the same
angle it has previously descended. On reaching a preset
minimum depth, the glider is ready either to start a new
descending cycle or to buoy fo the surface for a commu-
nication session and for finding its position. Some glid-
ers (e.g.. SPRAY project) implement a communication
session after a rather unconventional technique, i.e., by
rotating by 90 deg. around its longitudinal axis since
their antennas are fitted in a wingtip (Fig. 1). More con-
ventional vehicles have satellite digital communication
antennas, wireless modem and other means of commu-
nication fitted either in the fin assembly upper portion
or inside a special antenna located astern, which finds
itself high above water when the trim by the bow is in-
creased.

Heading control is implemented either after a tradi-
tional manner, i.e., by means of rudders, or by displac-
ing the same ballast in transverse plane instead of lon-
gitudinal one.

Also “flying wing” vehicles should be mentioned (a
“floating wing” is more convenient term for this case),

which were designed in 2004 within the framework of
Liberdade project for XRAY gliders capable to keep nu-
clear-powered submarines under surveillance using an-
tenna arrays fitted in large-size wings (Fig. 2). Projects
of the so called “wave gliders”, which use solar and wave
energy for operation and are more autonomous than
“traditionally” equipped gliders could become a sub-
ject for a separate article. Squadrons consisting such
vehicles can remain in the same location due to action
of winds and currents, which will enable surveillance
and antisubmarine barriers fo be provided in different
areas of the World Ocean.
As we can see energy consumption for motion and con-
trol of an underwater glider are extremely low and in
practice they are needed only in the initial and final
portion of a trajectory, when changing buoyancy and
trim angle. This has allowed vehicles with autonomous
capacity over 6 months to be developed.
Gliders are able to solve a number of research (ocean-
ographic, biological, etc.) tasks but they obtain their
basic advantage over AUV when employed for solving
military objectives:
+ High autonomy - up to six months against 24-48
hours for AUV.
Low own selfnoise level, low observability, high
stealthiness - no propeller screw, no permanently
operating mofor, noises occurred are extremely
nonspecific and hardly recognizable.
Capability for stealthily sliding by antisubmarine
and counfersabotage barriers for reconnaissance
purposes and for delivery of cargoes.
Small dimensions and weight allowing the glider to
be launched manually from any available floating
crafts, to be water-landed, launched from a “mother”
unattended vessel or underwater vehicle.
Capability for long-term patrolling a specified area.
Relatively low price enabling their medium-scale
production and employment in groups.
A special interest is generated due to an ideology and
concept for robotic tool group employment (SWARM-
technologies), which is very much actively being devel-
oped, wherein gliders are granted with a significant posi-
tion. Using aggregative behavior algorithms, surface and
bottom communication units (e.g., bottom stations devel-
oped by OceanWorks company), interaction with unat-
tended surface ships, conventional AUV, UAV and sat-
ellite digital communication channels, above mentioned
wave gliders, an “aggregate” of gliders can successfully
and extremely effectively solve the widest spectrum of
both defensive and attack missions in terms of combat
and economic effects, starting with generation of an ef-
fective defensive barrier near bases of a potential enemy
and ending with delivery and placing of different weapon
systems onto the ground in specified points.
It should be noted that though the Russian Federation
has a sufficient back-up and scientific and practical po-
tential in the field of AUV, it regrettably lags behind in
the field of underwater gliders and, the most important,
in the field of development of integrated, single-concept
devoted systems of underwater-surface robotics, where-
in vehicles of one or another design are just components.
This situation shall be improved as soon as practicable in
order to provide a sifuation when next images of a com-
bat robot performing one or another operation would
not look like a science fiction but give birth to the confi-
dence in the availability of response potential.
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