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Fig. 2. Turbine rotor thermal deformations (a) and thermal stresses (b) of turbine rotor

Analyzing data represented on the fig 2 we can see that the highest thermal deformations are in
the x and y coordinate axis directions. Deformation in z axis direction is much less in comparison
with x direction and increases from the first impeller to the third. It can be explained by taking in
consideration the rotor rotation that causes centrifugal force. Thus the third impeller blades according
to their geometric characteristics are more malleable than the first impeller blades.

Normal stresses, caused by the influence of heat flux and centrifugal force are much bigger in the
xy plane than in z axis direction. They are caused by a sharp temperature gradients between the blade
and the disk for each impeller. Further more the drop of thermal stresses is present even between the
different parts of the blade, because the blade feather peripheral part is hot up more than the blade
root part.
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AHoTanis. He3Bakaroum Ha Te, IO OKEaHW IOKPUBAIOTH JBI TPETUHH CBITy, 1HTEpeC a0
MOPCBHKUX TEXHOJIOTiH, TOB'SI3aHUX 3 1X BUBUYCHHSM BiJICTABAaB y MOPIBHSAHHI 3 JOCIIKEHHSIM 1HIIOTO
CEepellOBHINIA, BiJl TOTO, SIKUA BUSBJICHHH J0 TEXHOJOTiH, aje OCTaHHIM 4acoM IOYaB MPOSBISATUCS
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BEJIMKUH PO3BUTOK y i cdepi. Kumaroum BHKIMK CBITOBOMY OKe€aHy, JIOJICTBO MINIUIO 0
ABTOHOMHUX ITiJIBOJHUX amapaTiB. Lle B cBOO uepry BIAKpHUIIO psia mpoOiaeM, B TOMY YHCIi OB’ I3aHUX
3 IM3aIHOM TPOITYJIECUBHOTO KOMIUIEKCY B TAKHX araparax.

Kar040Bi cj10Ba: nmpomnyibCHBHUI KOMIUIEKC, MaJli Cy/IHa, aBTOHOMHI ITiJIBOJIHI armaparu

VY TenepimHii Yac JOCTIIKEHHS i BOJAOK MPOBOAATHCS Y MUBIILHUX Ta BINCHKOBUX cdepax 3
PI3HHX IUIeH, TaKWX SK 3aXHUCT Ta JOCTIDKEHHS TPHUPOIHUX PECypCiB, MOCTIIKCHHS ITi3EMHUX
JDKepen, pi3HOMaHITHI OyniBenbHI poOOTH, TOLIYK Ta MOPATYHOK, OeperoBa Ta HalllOHaJIbHA
oesneka[1-5].

TakoXx akIEHTYIOTh YBary Ha BUKOPHCTaHHI O€3MIJTOTHHUX IIAaTGHOPM, TAKUX SK ITABOJIHI pOoOOTH
(ROV)[6] Ta aBroHOMHI mimBoaHi amapatu (AITA), mo0 He migmaBaTH PU3WKY >KUATTS JIIOJUHHA Ta
3HU3UTH BUTPATH MOPIBHSIHO 3 BEIUKUMH M1JBOJHUMHU YOBHAMHU.

be3nitoTHI miABOIHI amapaTH HAJA3BUYANHO BAXKIIMBI, OCKIJIBKA BOHH MOXKYTh MPAIFOBATH K Ha
MUIKMX, TaK 1 Ha TJIMOOKHUX BOJAaX B 00JIACTAX, TaKMX SK JOCHIDKCHHS BCIX TJIMOMH OKEaHy,
MiHEepabHI pECypcH Ha JHI OKeaHy ab0 OTPHMAaHHS AOCTaTHHOI iH(OpMaIlii mpo >kuBi opranizmu. s
pOro OyJo po3po0JIeHO, CTBOPEHO Ta BUPOOJIEHO UIMPOKUN CHEKTP AUCTAHLINHO KEpOBaHUX
IIIBOJTHUX artapaTiB JiJIsi BAKOPUCTAHHS Y OCIIPKCHHSX OKEaHy 10 BCbOMY CBITY.

ABTOHOMHI TIiJIBOJHI amapaTd y Trajay3l HAyKOBHUX JOCII/DKCHb € MacimTaOOBaHUMHU Ta
MOJIYJIbHAMH TPAHCTIOPTHUMH 3ac00aMHU 3T1THO 3 KATETOPIEI0 Ta MPU3HAYCHHAM; 1X MOXKHA 00JIaTHATH
BilcOKaMepaMH, pEeryjJbOBaHUM OCBITJIIEHHSIM, AaKyCTUYHHUMH Ta JaTYMKaMHU CIIOCTEPEKECHHS,
MaHIITyJIATOPOM, 3aXOTUTIOBAaYeM, TOBOPOTHUM JIPOTOM, TakoMm. [1-7]

Mauni Ge3misioTHI MiIBOAHI amapaTH 3 OOJaJHAHHSAM, TaAKUM SIK KaMepH, CBITIIO Ta 30HAYBaHHS,
3a3BUYail BAKOPUCTOBYIOTHCS JISI MOHITOPUHTOBUX MiCii.

Jesiki 3 HUX TOTPeOYIOTh pOOOTH30BaHUX PyK a00 3axXOIUIIOBayiB, 1MI00 OpaTu 3pa3Ku 3-Mij
BOJIM, aJI¢ TOJIOBHUM YHHOM BOHU BUKOPHCTOBYIOTBCS JIJISl CIIOCTEPEIKECHHS.

CepenHi Ta BeauKi OE3MUIOTHI IMiIBOIHI anapaTd 3 OUIBIIMM 00JIaIHAHHSIM BHKOPHCTOBYIOTHCS
JUIsE OUTBIN OOIIMPHUX JOBIHIX MiCii, OCOOJIMBO HAa TIMOOKHUX BOAAX 4epe3 30UTbIICHHS TUCTAHIIIL
KoMyHikartii. [1-7]

Ha Pucynky 1 BigoOpaxeHa cIipoIleHa cXxeMa 3aporoHOBaHOi KOH(DIrypalii CUCTeMH PUBOTY
nponyibcuBHOTO KoMmIuiekcy AITA «Tifoney. miHiHHI pyXy B3J0BXK HAIPSIMKIB X—Z Ta 00€pTaHHS I10
TUGEPEeHTy 1 PUCKAHHIO Oe3MOCepeHBO KEPYIOThCS CHCTEMOIO MPHUBOJIIB, IO CKIAAETHCS 3 JIBOX
TOJIOBHUX TIPOTIEJIEPiB (MO30BKHIX) Ta YOTUPHOX PYIIIiB (BEpTUKAIBHUX Ta O1YHUX).[ 8]

[TonoxkeHHsT aKyMyIATOpiB MOXKe€ OYTH TOCTIHHO 3MiHIOBaHE [UIsl KepyBaHHS IudepeHTy
TpaHCHIOPTHOTO 3aco0y. Taka koH(irypaimiss CHCTEeMH TPUBOAY B OCHOBHOMY NIpH3HayYeHa s
ajanranii TPaHCIOPTHOTO 3aco0y JO0 IIUPOKOTO CIEKTPY 3aCTOCYBaHHS, HE J>KEePTBYIOUU
e(EeKTUBHICTIO Ta 3pPYYHICTIO BUKOPUCTAHHS: TOYHE HU3BKOBOJHTHE MAHEBPYBAHHS Yy PEXKHUMI
3aBUCAaHHsS. biuHI Ta BEpTUKAIBHI pyMIii, MOPOXOISYM UYepe3 TUI0 TPAHCHOPTHOrO 3acoly,
3a0€3MeYy0Th XOPOIIl MOXJIMBOCTI 3aBUCAHHS Ta Ty>X€ 3py4YHE KEpyBaHHS, II0 MOXKe OyTH TOCHUTH
KOPUCHHUM, HATIPUKJIAT, ISl Bi3yaJIbHOTO OTJISIY MINSHKU. [§]

Pymiii, mo mpoxoasTe 4depe3 Tijlo, YaCTO BHUKOPHUCTOBYIOTHCS 3 Ii€l MPUYMHU Ha OaraThox
ABTOHOMHUX TIJBOJHUX amapaTtax, Hampukman, Ha C-Scout23, abo y mnepeBakaruoMy
CITIBBiHOIIICHHI 3 TIOBEPXHSAMH KepyBaHHS. [§]

CrabinpHnii Ta eHeproeeKTUBHUN PyX Ui TPUBAIMX MIiCiii: BUKOPUCTAHHS PYUIIiB, IO
MPOXOAATH Yepe3 TiJ0, CIiA MIHIMI3yBaTH, KOJU TPAHCIIOPTHHM 3aci0 Mae pyXaTucs 3 KpercepChKoro
IIBUAKICTIO TPUBAJIWK dYac, HANPUKIAA, B pa3l aKyCTHUYHUX MicCiii. Y IbOMY BHIIQJIKy aKTHUBAIlilO
pyIIiiB MOXXHa YHUKHYTH, TOJIOBHHM YHHOM, 3 JBOX NpuunH: EneproedextuBHicTh. KoedimieHT
KOPHCHOI A1 pyIIiiB TOCUTh HU3bKUH, 1 BiH 111 OUIbIIE 3HUKYETHCS, OCOOTUBO B YMOBAaX MONEPEIHOTO
MOTOKY, SIK 1€ 3a3HaY€HO B 0araTb0X TEOPETUUHUX Ta EKCIIEPUMEHTABHUX JTOCIIHKEHHSAX, TOCTYITHUX
B Jmiteparypi; TypOyneHTHICTh Ta IIyM. AKTHBAIlS PYIIIIB MOXE CIPUYMHUTU TypOYJIEHTHICTH Ta
myMm. PeaxiiiiiHi MOMEHTH MOTOPIB MOXYTh BHUKIMKATH 30ypeHHS, TOPYIIYIOUM IUJIaBHUNA PyX
TpaHcHopTHOTO 3aco0y|[8].

167



IHHOBAIIIi B CYTHOBYYBAHHI TA OKEAHOTEXHIIII XIV MikHapoaHa HAYKOBO-TeXHIYHA KOH(pepeHuis

w| Propulsion System Layout | Vertical Thruster

Vertical Thruster Rear

VITAL =

b e 4
B o e
CUMULATO E

—

entral Sealed-Watertight Section of the Vehiclg

Rear Wet Section of the vehicle

Frontal Wet Section of the vehicle Lateral Thruster

5 DOF Controlled

Pucynok 1 — IIponyabcunuii kommiaexe AITA «Tifone» [8]

3 1€l NpUYMHU, KO TPAHCTIOPTHHUH 3aci0 pyXaeThes 3 KpeHCepChKOIO MIBUAKICTIO, 00EpTaHHS
HaBKOJIO BEPTUKAJIbHOI OCi KEPYEThCS IIIAXOM NU(PEPCHIIFOBaHHSI OOEPTOBUX IIBHIKOCTEH JIBHX 1
MpaBHUX 3a/HIX TPOIENepiB, TOAI AK KyT IUQPHUPEHTY Ta, BIANOBITHO, TIHMOWHA, KEPYIOTHCSA 3a
JIOTIOMOTOI0 HAJIAIITYBAHHS ITOJIOKEHHS aKyMyJIaTopiB: MiHiMi3allis MOBEPXOHb KEPYBaHHS, TAKHUX 5K
PYJBOBI TPUCTPOi Ta CTAOUTI3yOYl IIABHUKW: Il YaCTUHW TMANAIOTHCS BUIIAIKOBUM pPO3pPHBAM,
3aKJMHAHHIO Ta IHIIMM TPYJIHOIIAM 1 4YacTO TOBWHHI OyTH BHIy4YeHi a00 3axwWIleHi IMiJ dyac
TPAHCIIOPTYBAaHHS TPAHCIIOPTHOTO 3aco0y.Hwkde mNpuBeCHO OCHOBHI TiepeBard Ta MOXKIIMBI
pexkomeHpalii B MpoeKkTyBaHHI mpomynbcuBHOro Komiuiekcy AITA  «Tifone». Crabinizaris
TPAHCIIOPTHOTO 3ac00y: KyT KpPEHY CTaOimi3yeThCs JIMIIE CTATUYHOI (T1APOCTATUYHOIO) ITO3HIIIEI0
TPAHCIOPTHOTO 3aco0y. BHKOpHCTOBYIOYM JBa MPOIENEPH, IO OOCPTAIOTHCS B MPOTHUIICIKHUX
HampsiIMKaxX, 30ypeHHs, BBEJCHI pEaKIIMHAMH MOMEHTaMH, MiHIMI3yOThcs. Ll QyHKmisS myxe
KOpPHCHA B YCIX 3aCTOCYHKaX, Ji¢ MOTPiOHO 3a0e3MeYnuTH KyTOBE BHPIBHIOBAHHS MiXK TPAaHCTIOPTHUM
3aco0oM Ta 00'ektom orisay. [Ipomenepu OIYHMX 1 BEpTHKAIBHHX TATYHIB TaKOXK OOEPTAIOTHCS B
MPOTHJIC)KHUX HAMpPSIMKaX, 00 3MEHIIUTH 30YpPEeHHs, CHPUYMHEHI PEaKI[IHHAMU MOMEHTaMH Ha
crafii 3aBucanusi|8].

CropoiieHa KOHCTPYKIisS €IEKTPOHIKM Ta KepyBaHHSA. Bcesd cucrema mpHBOIY, BKIIOYAIOUU
KepyBaHHS TIOJIOKEHHSIM  aKyMYJISATOPIB, BHKOHYETHCSI CEMH KEPOBAaHUMH KOHTPOJIEPAMH,
XapaKTEPUCTHKH SKUX (PO3Mip, BHPOOHHK Ta TPOTOKOJ 3B'SI3KY) € OJHAKOBHUMH. TakuM YHHOM,
MOJKJTUBO BEJIMKOIO MIPOIO CHPOCTHTH AW3aiiH, KOHCTPYKIIIO MPOrpaMyBaHHS Ta OOCITYyTrOBYBAaHHS
EJIIEKTPOHIKU TPAHCIIOPTHOTO 3aco0y[8].

Jliss 1mecTd TPHBOJIB, SKI KEPYIOTh 3aJHIMH TIpOIeiepaMH Ta PYIIisIMH, MaKCUMaJlbHA
MOTY’KHICTh MIKOBOTO HABaHTAKEHHSI OIHIOEThCS HA npuOim3Ho 200 Brt. Ti »x mpuBomu Ta ABUTYHH
MOKHA JIETKO HAJAINTYBaTH Ui TETIi KEpyBaHHS TIOJOXKCHHSIM (JABUTYHH 3 IHTETPOBAHHMH
€HKOJIEpaMH Ta TPUBOJM 3 HAJAIITOBYBAHOK METICIO MOJIOKEHHS), TOMY TOW € EJICKTPOHHUI Ta
SJICKTPUIHHM armapaT TaKo)K MOKHA BUKOPHCTOBYBATH IS KEPYBaHHS TOJIOXKEHHSIM Pyl abo Oyab-
SIKAM 1HIIIMM BHJIOM HaBiraliiHUX/KEPYBAIBHUX MTOBEPXOHb TPAHCIIOPTHOTO 3aco0y|[8].

Crpomienunii MmexaHiuHui au3aiiH. [liamerp mporenepiB Ta pymniiB Takox ogHakoBuid (120 Mm) i
MaKCUMI30BaHUH 3 ypaxXyBaHHSM JIOCTYITHUX OOMEKEHb, 11100 MOKpAIUTH e(DEKTUBHICTB[8].

TakuM YMHOM, MOKHA CTBEP/KYBATH, IO JOCIIHKCHHS y cepl MOB'sI3aHUX 3 JU3AHOM Ta
MOTIEPETHIM TECTYBAaHHSM TIPOITYJIbCUBHOI CHCTEMH aBTOHOMHUX ITiJIBOJTHUX arapaTiB, € aKTyaTbHUM
BHKJIMKOM B Pi3HUX MPHKJIATHUX c(hepax 3acTOCYBaHHS.
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Design of the propulsion system in autonomous underwater vehicles
Diasamidze B.T.

Abstract. Despite covering two-thirds of the world, the interest in marine technologies related to
ocean exploration has lagged behind compared to the study of other environments. However, recent
times have witnessed significant development in this field. Challenging the vast oceanic domain has
led humanity to the realm of autonomous underwater vehicles, consequently bringing forth a range of
issues, including those related to the propulsion system design in such vehicles.

Keywords: propulsion system, small vessels, autonomous underwater vehicles
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AHoTauisi. Butpatn Ha manuBO CTaHOBIIATH BaroMy 4acTKy y coOiBapTocTi mpoaykiii. Came
TOMY BJOCKOHAJICHHS TAMBO30EPIral0uymx TEXHOJOTIH Mae€ 3HAYHUM EKOHOMIUYHUHN Ta COIiaTbHHMA
edext. Ilpu oOpoOmi mammBa 3 JOMOMOTOI0 IHTEHCHBHHUX MArHITHUX 1 KaBITAIIiHUX TIPOIIECIB
MiABHUILY€ETHCS CTYMiHb JAUCHEPCHOCTI YaCTMHOK 3QJIMIIKOBUX (ppakiiiii, pyHHYIOTbCS KOHIJIOMEpaTH
MPOYKTIB TOJIIMEpHU3aIlii Ma3yTy.
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