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AHOTALIIA

I'pyoinina I C. YJOOCKOHAJIEHHS CHUCTEMHU CTalLIi3alii MIBUIKOCTI PyXy
aBTOHOMHOT'O HEHACEJICHOTO MiIBOAHOTO amaparta. — KBamidikamiitHa HayKkoBa Tiparis Ha
paBax pyKOIHCY.

Hucepraiiisi Ha 3100yTTS HAyKOBOT'O CTYIEHS KaHAWAATa TEXHIYHUX HayK 3a
cenianpHicTio 05.13.03 — cucremu Ta mponecu kepyBanHs (15 — ABromarmzaris ta
npuiaago0yayBaHas). — HallloHaabHHM TEXHIYHUH yHIBEPCHTET «XapKiBChbKUI
NOJIITEXHIYHUHM THCTUTYT» MIHICTEPCTBO OCBITH 1 HAYKH Y KpaiHu, Xapkis, 2023.

06 ’ekmom Oocnioxcenns € Mpouec cTadbul3amli MBUIKOCTI pyXy aBTOHOMHOIO
HEHACEeJIEHOTO MiJIBOJHOIO anapara B KOCOMY IOTOLIl BOJM.

IIpeomemom  Oocnioxcennsi € KOPEKIIs MIBUAKOCTI pPyXy aBTOHOMHOIO
HEHACeJICHOT0 MiJABOJHOrO amapara, KOJW pYyLIIHHO-KEPMOBUN TMPUCTPIA MpaIioe y
KOCOMY TTOTOIIi BOJIH.

B pe3ynbTarti npoBeaeHUX AOCTIKEHb B pOOOTI MPECTABICHO aHalli3 ICHYIOUUX
MPOCKTIB aBTOHOMHHMX HEHaceleHuxX miaBonHux amnapariB (AHIIA), Bu3zHaueHO
KOHCTPYKTHBHI Ta (QyHKIioHambHI ocobmuBocti AHIIA, TunoBi pexumu pyxy
MIIBOAHMX —amapaTiB. Po3po0JieHO CTPYKTYpy peryjisiTopiB IIBHUAKICTIO PyXy
H1BOJIHOTO anapary y CKJIaJl CUICTEMHU aBTOMaTUYHOTO KEpyBaHHS.

3actocoBaHO MaremaTuuHy Mojenb nuHamikd AHITA sk ckiagoBy 4YacTHHY
CUCTEMH aBTOMATHMYHOTO KEPYBaHHS HMIBUAKICTIO pyXy amnapary.

Marematnuny wmoxaenbs AHIIA 10noBHEHO PIBHSHHAMH PYLIIHHO-KEPMOBHUX
npuctpoiB (PKII) Tuny «rBUHT — KepMO», «'peOHUI TBUHT — MMOBOPOTHA HACAJKa» Ta
«TOBOPOTHA TBUHTOBA KOJIOHKA» Y SIKOCTI 00’ €KTIB KEpyBaHHHI.

JloBeneHo mparne3aaTHicTh cuHTe30BaHoi monaeni AHITA 3 pymriitHo-kepMOBUM
IPUCTPOEM.

Po3pobiieHo onTUManbHUN 32 MIBUAKOMIEID PETYIATOP IIBUAKOCTI PyXy
M1JIBOJTHOTO arapara.

Cunre3oBano B cucteMi Simulink Matlab po3poOnenuit perynsrop Ha 06a3i

HITYYHOI HEMPOHHOT MEpEexKI.



[IpoBeneHo AOCHiIKEHHS 3aJI€KHOCTI YIOPY PYIIIHHO-KEPMOBOTO MPUCTPOIO Bif
KyTa HaOIraHHs MOTOKY, METOJOM KOMIT FOTEPHOTO MOJICITIOBAHHS.

Pozpobinieno ctpykrypy CAK AHIIA 3 peryistTopoM HIBUAKOCTI pyXy anapary Ta
perymnsaTopom ctabimzarii ymopy PKII mpu po6oTi B KocOMy MOTOII].

[IpeacraBieHo pe3yiabTaTH MOJCIIOBAHHS IUIOCKOTO KPHUBOJIIHIMHOTO pyXy
AHIIA 3 po3po6ienumu moaensmu PKII.

[Tpencrasneno pesynpratn Computational Fluid Dynamics (CFD) monenroBaHHs
poboTu: TBUHTAa B HampsMmHIA Hacamil (tumy PN160-1) y kocoMy MOTOIll; TBUHTA B
noBOopoTHIM Hacaaul (tumy PN160-2) 3 3amaHuMu KyTamMu TEpEKJIagKd HACalKH;
IOBOPOTHOI TBUHTOBO1 KOJIOHKH.

[IpencraBiaeHO pe3ynbTaTd MOJAEIIOBAHHS POOOTH CUCTEMH aBTOMATUYHOTO
kepyBaHHA mBuAKICTIO pyxy AHIIA 3 craOumzamiero ynopy PKII mpu miockomy
KPUBOJIIHIHHOMY pyCl MiIBOJHOIO arapara.

3 npeacTaBieHuX rpadikiB BUAHO, 110 po3pobdiiena CAK ehekTUBHO KOMIIEHCYE
BIIXWICHHS YIOpPY PYIIIHHOIO MNpPUCTPOr0. Pe3ynpTaTh MoJentoBaHHS 3BEIEHI [0
Ta0NHIb, 32 TKUMH MOKHA OIIHUTH epeKkTuBHICTH podotn CAK npu pi3HUX pekuMax
pyxy AHIIA.

HaBeneHo mopiBHIIbHY XapaKTEPUCTHUKY POOOTH ONMTHUMAIBLHOTO 3a MIBUIKOIEIO
perymnsTopa mBuakictio pyxy AHITA ta kmacuunoro IIJ] perynsitopa.

HaykoBa HOBHM3HAa OTpUMaHUX pPE3YyJbTATIB MOJSITAE B TOMY, 110 Ha MiJACTaBl
TEOPETUYHUX Ta EKCIIEPUMEHTAIIBHUX JOCIIIKEHb 3100yBaueM BIIEpIIIE:

— BIEpLIE HAa OCHOBI MaTeMaTU4YHOI MOJENl JUHAMIKM aBTOHOMHOIO
HEHACEJIEHOTO MIJIBOJHOrO arnapaTty po3po0JeHO ONTHUMAaNIbHY 32 IIBUAKOIEI0 CUCTEMY
aBTOMATUYHOTO KEPYBaHHS, SKa Ja€ 3MOTY 3MIHIOBATH IMIBUJKICTH PYXy MiIBOJTHOTO
anapara 3 Oy/Ab-sIKO1 IOYaTKOBOI Ha Oy/Ab-SIKYy KIHIIEBY 32 MIHIMAJIbHUNA MPOMIXKOK 4acy
3 KOMIIGHCAIIIEO JI1i 30BHIITHBOTO 30ypEHHS;

— YIOCKOHAJIEHO ONTUMAJIbHY 3a IIBUIKOMAIEI0 CHCTEMY aBTOMATUYHOTO
KepyBaHHs MBHAKICTIO pyxy AHIIA nuisxom 3acTocyBaHHS IUTYyYHOI HEHPOHHOI
MEpEX1 y SIKOCTI perysiTopa CTyMiHYAaTOI 3MIHOIO IIBHJKOCTI anapara, Iio Ja€ 3MOTy

3MEHIIUTH Yac Ha MPUUHSTTS PIIICHHS;



— BIEpIIE Ha OCHOBI po3poOieHoi matematuuHoi moaemi AHITA otpumano
JiarpamMu 3aJIeKHOCTI YIopy rpeOHOro TBUHTA BiJl IIBUAKOCTI Ta KyTa MOTOKY BOJIH, SIKi
3a XapakTepoM BIUIMBY Jii KOCOTO MOTOKY Ha PYILIHHO-KEPMOBUN MPUCTPIN MOBHICTIO
BIJINOBIJIAIOTh PE3YJIbTaTaM, OTPUMAHUM EKCIEPUMEHTAIbHUM IUIAXOM Y JTOCIIAHHUX
OaceliHax, IO YTBOPIOE TEOPETHUYHY OCHOBY JJIsi CHHTE3Y BHUCOKOTOYHOI CHUCTEMH
aBTOMaTUYHOTro kKepyBaHHs pyxoM AHIIA npu nmiockoMy KpUBOJIiHIHHOMY pYCi;

—  BIIEpILIE METOJIOM anpOKCUMAIlil eKCIIEPUMEHTAFHUX JaHUX Ha 0a3i MTYIHOT
HEHPOHHOI Mepexi CHHTE30BAaHO aBTOMATHYHY CHCTEMY CTabOumi3amii MIBHAKOCTI pyXy
AHIIA, migBuUIIEHHS TOYHOCTI POOOTH SKOi JOCSATAETHCS 3a PaxXyHOK cTabimizarlii
yHOpY PYLIIIHOTO NPUCTPOIO Mij Yac (PyHKIIOHYBAaHHS PYILisl B KOCOMY MOTOLl BOJIH.

[IpakTHuHe 3acTOCYBaHHS OTPHUMAHMX Y JWCEpTalii HAYKOBHX pE3yJbTaTiB,
30KpeMa, CHHTE30BaHOI CHCTEMHM aBTOMATHYHOTO KEPYBaHHS IIBUIKICTIO PYXY
MiBOIHOTO amapaTta, 3 YyTOYHEHHAM 3HAYEHHS YIOpY PYIIis, IO MPAIioe Y KOCOMY
HOTOLIl BOJH, YTBOPIOE TEOPETHUUHY OCHOBY JIJIsl MOOYIOBU Ta CEPIMHOIO BUPOOHMIITBA
aBTOHOMHHUX HEHACEJICHUX I1JIBOJHUX araparis.

MatemaTnuHy MOJENb JWHAMIKM aBTOHOMHOTO HEHACEJIEHOTO IIiABOJHOTO
amapara, pyIriitHO-KEpMOBHM MPUCTPIK AKOTO (DYHKIIIOHYE Y CKOIIEHOMY TMOTOIIl BOAH,
BUKOPUCTAHO y KYpCOBOMY Ta JUIJIOMHOMY IPOEKTYBaHHI MAariCTpiB 3a OCBITHBO-
npodeciifHoro  mporpamord  «Mopchka poOOTOTEXHIKa»  cmemiaabHocTi 141 —
«EnexTpoeHnepreTrka, €1€KTPOTEXHIKA Ta €JIEKTPOMEXaHIKa.

HaykoBi mosiokeHHS 1 pe3ynbTaTH, BUKJIAJEHI B AUCEepTauliiiHiii poOOTI Ta
BUHECEHI Ha 3aXUCT, OTpUMaH1 0coOucTo 3100yBaukoro. Cepesl HUX: BUSHAYCHHS METH,
MOCTAHOBKM  3aBJaHb JIOCHIPKEHb; aHalli3 ICHYIOUMX [MPOEKTIB aBTOHOMHHX
HEHACEJICHUX MIABOJAHUX amnapaTiB; po3po0Ka CTPYKTYpHU PETYJISITOPIB, IO BXOJATH 0
CKJIaJy CHCTEMH aBTOMAaTUYHOTO KepyBaHHs, cuHTe3 B Simulink perymstopy
IIBUJIKOCTI Ha 0a3i marematuuHoi mojeni auHamiku AHIIA, po3po6ieHoi HayKOBOIO
mkosoro «IligBonHa TexHika» HamioHanbHOTO yHIBEpCUTETY KOopabieOyayBaHHS IMEH1
aamipana MakapoBa; BHOIpKa MaHMX JUIsi HaBYaHHS HEHPOHHOI MeEpexki y CKiajui

ONTUMAJIBHOTO 3a IIBUAKOMAIEI0 peryisTtopa; moaenb auHamiku AHITA 3 piBHSAHHAMH



PYIIIHHO-KEPMOBUX MPHUCTPOIB TUITY «TBHHT — KEPMOY», «TPEOHMI TBUHT — MOBOPOTHA
HACa/IKa» Ta «IIOBOPOTHA TBUHTOBA KOJIOHKAY.

Ocobucro 3100yBauyeM poO3pOOJICHO IMITAIIHY MOJACHb ISl MOJCITIOBaHHS
iockoro kpuodniHiiiHoro pyxy AHITA. Illnaxom MaTeMaTHYHOTO MOJAETIOBAHHS
MIPOBEJICHO JIOCIHKEHHS T1APOJUHAMIYHUX MMapaMeTpiB 3aCTOCOBAHUX THUIIIB PYIIIHHO-
KEpMOBUX TMPUCTPOIB MpPHU IUIOCKOMY KpHUBOJIHIHHOMY pycl. BuKOHaHO OIIIHKY
mpare3 aTHOCTI  po3polieHux Mojene 3a pesyaptatamu  CFD  monemtoBaHHS
3actocoBanux B poOoti TumiB PKII. Po3pobneHo ta peanizoBano B cucremi Simulink
ctpykrypy CAK AHIIA 3 perynaropoM HIBHIAKOCTI pyXy amapary Ta pPeryisiTopom
crabumzanii ynopy PKII mpu po6oTi B KocoMy noTo1!.

OcCHOBHI HayKOBI1 Ta MPaKTUYHI Pe3ylabTaTH POOOTH ONPHUITIOIHEHI Ta 0OrOBOPEH1
Ha KoH(pepeHUisx: BceykpaiHChKid HayKOBO-TEXHIUHIM KOH(EpEHLIi CTYACHTIB,
acmipaHTiB, MOJIOAMX BUYEHHMX 3 MDKHApOAHOIW ywacTio «EnexkrporexHika 1
enektpomexanikay (2008 p., M. MuxkonaiB); MiKHapoaHIM HAyYKOBO-TEXHIYHIN
KOH(epeHLli CTyAEeHTIB, AacHipaHTiB, MOJOAUX BueHHX <«lHpOpMaliiiHO-KEpyrOUl
cuctemu 1 komrekcn» (2009 p., 2010 p., M. MukonaiB); MixHapoHId HayKOBO-
TexHiuHIM  koHbepeHuii  «[Ipobiemu  aBTOMATUKH Ta  €JIEKTPOOOJIaTHAHHS
TpaHcnopTHUX 3aco6iB» (2009 p., 2010 p., m. MuxoinaiB); BceykpaiHchkiii HAyKOBO-
TEeXHIYHIN KoH(]epeHIii 3 MikHapoaHOIO ydacTio «CydacHi mpoOjJeMu aBTOMATUKHU Ta
enextpoTexHiku» (2015 p., 2018 p., M. MukomnaiB); BceykpaiHChKiii HAYyKOBO-TEXHIUHIM
koH(pepenii 3 MibkHapoaHow ydacTio «lligBogHa TexHika Ta TexHojorii» (2015 p.,
2016 p., 2021 p., m. MukonaiB); MiKHapOaHIM HAyKOBO-TEXHIUHIA KOH(pEpeHIl
«IHHOBamili B cynHoOyayBaHHI Ta okeaHoTexHiu» (2017 p., 2020 p., 2021 p., m.
Muxkonais); X  MibkHapoAHIN  HAyKOBO-TpakTH4HIN  KoH(epeHiii «CydacHi
iH(dopmarliiiHi Ta iHHOBauUidHI TexHojorii» (2018 p., M. Xepcon); BceykpaiHcbKiii
HAyKOBO-TEXHIUHIA KOH(MEpeHIli CTyAEHTIB, acHmipaHTIB Ta MOJIOAUX BUYEHUX
«ABTOMaTHKa Ta enekTpoTexHika» (2021 p., M. Mukomais).

OCHOBHI pe3yibTaTH AUCEPTAllii OMyOJIIKOBAaHO B 22 mpallsiX, y TOMY 4uci y 7
CTaTTSX HAYKOBUX BHJAHb YKpaiHu, 3 HUX 4 cTaTTi y $axoBUX BUAAHHAX, | CTaTTA y

YKypHaJTi, SIKUM BKJIFOYEHO JI0 HAYKOMETPUYHO1 6a3u Scopus.



Knwuosi cnoea: wmaremaTndHe MOJCIIOBAHHS, ABTOHOMHUM HEHACCEJICHUM
HiABOIHUY anapar, pyuIiiiHO-KepMOBUI MPUCTPIN «TBUHT — KEPMOY, «TPEOHUN TBUHT —
MOBOPOTHA HAacaJKa», TBUHTOBA IOBOPOTHA KOJIOHKA, CHUCTEMa aBTOMAaTUYHOTO
KepyBaHHs, CTA01TI3aIlis ITBUIKOCTI.

Cnucoxk HAyKOBHMX Npanb 3100yBa4YKH 32 TEMOIO JUCEPTAIlii:

1. Bbaianos C. B., I'pyainina I'. C. 3acTocyBaHHs MaTeMaTHU4HOI MOJEN pyXy
MiBOAHOTO arapara i MoOy0BH ONTUMAILHOT 3a MIBUAKOMIEI0 CHCTEMH KEPYBaHHS
3 KOMIICHCAII€I0 30BHIMIHIX 30ypeHb. 30IpHUK HAyKOBUX Ipaib HarioHanbHOTO
yHiBepcuTeTy kopabnedyayBannsa. — Mukomnais: HYK, 2008. — Ne3(420). — C. 77-83.

2. Ano6a JI. T., baianos, C. B., I'pyainiaa I'. C. MareMatnyHe MOJETIOBaHHS
JWHAMIKM aBTOHOMHOTO ITiIBOJHOTO amapaTta Ha IUIOCKIA HMpKyAmii. 30ipHHUK
HayKOBUX Npaib HarioHanbHOro yHiBEpcuTeTY KOopabneOyayBanHs. — Mukonais: HYK,
2017. — Ne4. — C. 53-60.

3. Aloba L. T., Burunina Z. Y., Hrudinina H. S. Mathematical modeling of the
automatic control system for an autonomous underwater vehicle as a group agent.
Shipbuilding and marine infrastructure. — Mukonais: HYK, 2018. — Ne1(9). — P. 29-35.

4. bmuuos B. C., I'pyainina I'. C. Oco0auBOCTI KepyBaHHS CTaOlI130BaHUM
pPYXOM aBTOHOMHHMM HEHACEJIEHMM IIIJBOJHUM arapatoM B yMOBaX Jii 30BHIIIHIX
30ypensb. [HhopMmartiitHi cucteMu, MexaHika Ta kepyBanHs. Kuis: HTYY «KIIl», 2018.
—Nel19. - C. 122-137.

5. Hrudinina H. S. Mathematical modeling of an autonomous uninhabited
underwater vehicle dynamics with propeller in the rotary nozzle. Shipbuilding and
marine infrastructure. — Muxkomnais: HYK, 2018, Ne2 (10). P. 144-153.

6. Blintsov V. S., Hrudinina H. S. Mathematical modeling of autonomous
underwater vehicle propulsion and steering complex operation in oblique (beveled)
water flow. Eastern-European Journal of Enterprise Technologies. — Xapkis: TIII
«Texnomoriunamii LlenTp», 2019. Ne 4/9 (100). P. 19-26.

7. bmuuoB B. C., bypynina XK. YO., I'pyainina I'. C. ta Hagrouuii A. B.
Y 10CKOHAJIEHHSI CUCTEMH aBTOMAaTUYHOTO KEPYBAHHS IMIBUAKICTIO PYXy aBTOHOMHOTO

HeHacesJeHoro miaBogHoro amapaty. JKypHan «Bueni 3ammcku TaBpiiicbKoro



HalloHanpHOTO yHiBepcuteTy iMeHi B. I. Bepuancekoro. Cepis: TexHiuHI HaAyKu». —
KuiB: BugaBamumii gim «I'enbBeTuka», 2022, Tom 33 (72) Ne 4, C. 56-65.

8. bmianos C. B., I'pyainina I'. C. IloGynoBa onTHMaJbHOI IO MIBHUAKOIIT
CHCTEMHU KEpyBaHHS IMIJBOJHUM arapaTtoM B yMOBaX HEBHU3HAUYEHOCTI HOTO mapaMeTpiB.
EnextporexHika 1 enekTpoMmexaHika: BceykpaiHCbka HayKOBO-TEXHIYHA KOH(EpEHIis
CTYJICHTIB, aCIipaHTIB, MOJIOJUX BUCHHUX 3 MIKHApPOJHOIO ydacTio. — Mukonais: HYK,
2008. — C. 193-195.

9. bninuoB C. B., I'pyninina I'. C. 3actocyBaHHs IITy4HOI HEMPOHHOI MeEpexi
JUIsi TOOyIOBH ONTUMAJIBHOTO 32 IIBUAKOAIEID PEryssaTopa IIBUAKOCTI pyXy
migBonHOrO amapara. [IpoGiemMu aBTOMaTHKHA Ta €NEKTPOOOIaAHAHHS TPaHCIOPTHHUX
3ac001B: MikHapoiHa HAYKOBO-TeXHIYHAa KoHPepeHniis. — Muxkonais: HYK, 2009. — C.
54-56.

10. I'pyninina I'. C. PozpoOka III/I-perymnsitopa MBUAKOCTI pyXy MiJBOJHOTO
anapara. [HpopMaliifHO-Kepyrodl CHCTeMH 1 KOMIUIEKCH: MiXHapoaHa HayKOBO-
TE€XHIYHA KOH(EpPEHIisl CTYIEHTIB, acCHipaHTiB, MOJIOANX BueHUX. — Mukomnai: HYK,
2009. — C. 88-90.

11. baianos C. B., I'pyminina I'. C. OcoOnuBOCTI ampokcuMalli JaHux 3a
JIOTIOMOTOI0 IITYYHUX HEHPOHHUX MEpex JUIsi MOOYJOBH ONTHUMAIBHOI CUCTEMHU
KepyBaHHA MIBUIKICTIO pyXy MiABOJHOrO amapara. [IpoOiemu aBTOMAaTHKU Ta
€JeKTpOoOOJIaTHAHHS ~ TPAHCHOPTHUX  3aco0iB:  MDKHapoJaHa  HAyKOBO-TEXHIYHA
koH(pepentis. — Mukonais: HYK, 2010. — C. 78-80.

12. I'pyninina I'. C. CuHTe3 TiOpHUIHOT CUCTEMHU KePyBaHHS PYXOM CaMOXIiTHOTO
nigBoAHoro amapata. [HdopmamiiiHo-Kepyrodl CUCTEMH 1 KOMIUIEKCH: MixkHapoaHa
HAyKOBO-TEXHIYHA KOH(EpEeHIlist CTYJEHTIB, aclipaHTiB, MOJIOIUX BUYEHUX. — MHUKOJIAIB:
HVYK, 2010. — C. 86-87.

13. I'pyninina I'. C. AnHaii3 MeTOiB AOCTIHDKCHHS JUHAMIKHA MPOCTOPOBOTO PYXY
AITA. TlinBonHa TexHiKa 1 TexHONOTIs: BeeykpaiHChka HAyKOBO-TeXHIYHA KOH(DEPEHIIis
3 MIXKHApOJIHOK yuacTio. — Mukonais: HYK, 2015. — C. 9-12.

14. T'pyninina I'. C. TIpobiemaTtka CTBOPEHHSI CHCTEM KEPYyBaHHS ITPOCTOPOBUM

pPyXOM B yMOBaxX HECTAllIOHAPHOCTI MapaMeTpiB 00’eKkTy KepyBaHHA. CyuyacHi



npobieMd aBTOMAaTHMKM Ta €JNEeKTPOTEXHiIKu: BceykpaiHcbka HayKOBO-TEXHIYHA
KoH(pepeHIis 3 MbKHapogHOIO yuacTio. — Mukonais: HYK, 2015. — C. 51-52.

15. I'pyninina I'. C. Y nockoHaleHHsI MaTeMaTUYHO1 MOJIEN pYIITHO-CTEPHOBOTO
komiiekcy (PCK) AHITA npu poGotri B kocomy motori. I[ligBomna TexHika 1
TexHoJorisg: BeeykpaiHchbka HayKOBO-TEXHIUHA KOH(EPEHIIs 3 MIKHAPOIHOK y4acTIo.
— Muxonais: HYK, 2016. — C. 68-72.

16. bninnos C. B., bypynin, A. I, I'pyainina I'. C. Matematnuna Mozenb s
JTOCITIDKCHHST JUHAMIKA aBTOHOMHOI'O ITIIBOJHOTO amapaTa Ha IUIOCKIH ITUPKYJIAIIL.
InHoBalii B cynHoOynyBaHHI Ta okeaHoTexHinl: VIII MixnHaponHa HayKOBO-TEXHIYHA
koH(epenuis. — Mukonais: HYK, 2017. — C. 335-336.

17. I'pyninina I'. C. Marematuune monentoBands auHamiku AHITA 3 rpeOGHuM
TBUHTOM B MOBOPOTHIN Hacanaui. CydacHi NpoOJeMH aBTOMAaTUKH Ta €JIEKTPOTEXHIKU:
Bceykpaincbka HaykoBo-TexHIuHa KoH(pepeHiis. — Mukonais: HYK, 2018. — C. 93-94.

18. I'pyxainina I'. C. Po3pobka MareMaTHYHOT MOACII IS TOCTIKEHHS TUHAMIKH
AHITA 3 rpeOHMM TrBHHTOM B NOBOpOTHIM Hacaaui. CydacHi iH(popmariiiiHi Ta
1HHOBAIIIIHI TexHoJorii: X MikHapoHa HAyKOBO-TIpaKTHYHA KOHepeHIis. — XepCoH:
XepcoHChka MOpChKa AepkaBHa akagemis, 2018, — C. 193-195.

19. I'pyninina I'. C. JlocniKeHHS CHIIM YIOPY PYIIIHHO-PYILOBOTO KOMILIEKCY
AHIIA B xocomy MOTOIll BOJIM METOJIOM KOMIT FOTEPHOTO MOJICITIOBAHHS. A8momamura
ma enekmpomexHika: BceykpaiHCbka HayKOBO-TE€XHIYHA KOH(EpeHIliss CTYACHTIB,
acIipaHTiB Ta MoJioaux BueHux. — Mukonais: HYK, 2021. — C. 11-14.

20. I'pyninina I'. C. OBcsaaamkoB B. M. IligBumieHHS TOYHOCTI cTabimizarrii
mBuakocTi AHITA npu niockoMmy KpuBoOdiHIHOMY pycl. IHHOBaii B cygHOOYAyBaHHI
ta okeanoTexHimi: XII MixHapogHa HaykoBo-TexHIYHa KoH(epeHIis. — Mukonais:
HVYK, 2021. - C. 380-383.

21. I'pyninina . C. VY7aockoHanmeHHS CHUCTEMHU aBTOMAaTUYHOTO KEpYyBaHHS
mBuakicTio pyxy AHITA. ITigBonHa Texnika 1 Texnounorist: XI Beeykpaincbka HayKoBO-
TEeXHIYHa KOH(pepeHlis 3 MKHApOAHO yyacTio. — Mukomnais: HYK, 2021. — C. 113-

118.



22. bmianoB B. C., I'pymiaina I'. C., Kopons FO. M., Hangroumii A. B.
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ABSTRACT

Hrudinina H. S. Improvement of an autonomous underwater vehicle speed
(velocity) stabilization system. Manuscript copyright.

Dissertation for scientific degree of Candidate of Technical Sciences in specialty
05.13.03 — control systems and processes (15 — Automation and instrumentation). —
National Technical University «Kharkiv Polytechnic Institute», Kharkiv, 2023.

The object of research — is the speed stabilization process of movement of an
autonomous unmanned underwater vehicle in an oblique water flow.

The subject of research — is the autonomous unmanned underwater vehicle speed
correction when the propulsion and steering device works in an inclined water flow.

As a result of the conducted research, the work presents an analysis of existing
projects of autonomous unmanned underwater vehicles (AUVSs), defines the structural
and functional features of AUVSs, and typical modes of movement of underwater
vehicles. The structure of speed regulators of the underwater vehicle as part of the
automatic control system (ACS) has been developed.

A mathematical model of the dynamics of the AUVs was applied as a component
of the system of automatic control of the speed of the apparatus.

The mathematical model of the AUVs is supplemented with the equations of
propulsion and steering devices (PSD) of the type «propeller — rudder», «propeller —
rotating nozzle» and «rotating screw columny as control objects.

The operability of the synthesized model of the AUVs with a propulsion and
steering device has been proven.

The speed regulator of the speed of movement of the underwater vehicle has been
developed.

The controller developed on the basis of an artificial neural network was
synthesized in the Simulink Matlab system.

The study of the dependence of the stop of the propulsion and steering device on

the angle of attack of the flow was carried out by the method of computer simulation.



The structure of the AUVs ACS with the regulator of the movement speed of the
apparatus and the regulator of stabilization of the PSD stop when working in an oblique
flow has been developed.

The results of modeling the plane curvilinear motion of the AUVs with the
developed PSD models are presented.

The results of Computational Fluid Dynamics (CFD) modeling of the operation
of: a screw in a guide nozzle (type PN160-1) in an oblique flow are presented; a screw
in a rotary nozzle (type PN160-2) with specified nozzle translation angles; rotary screw
column.

The results of the simulation of the automatic control of the speed of the AUVs
with the stabilization of the PSD stop during the flat curvilinear movement of the
underwater vehicle are presented.

It can be seen from the presented graphs that the developed ACS effectively
compensates the deviation of the stop of the propulsion device. The simulation results
are summarized in tables, according to which it is possible to evaluate the effectiveness
of the ACS in different modes of movement of the AUVSs.

The comparative characteristics of the operation of the speed-optimal regulator
with the speed of the AUVs movement and the classic PID regulator are given.

The scientific novelty of the obtained results lies in the fact that on the basis of
theoretical and experimental studies by the recipient for the first time:

- based on a mathematical model of the rectilinear movement of an autonomous
uninhabited underwater vehicle, an automatic control system optimal in terms of speed
was developed, which allows changing the speed of the underwater vehicle from any
initial to any final speed in a minimum period of time with compensation for the effect
of external disturbances;

- the speed-optimized system of automatic control of the speed of the AUV was
improved by using an artificial neural network as a regulator with a step change in the
speed of the device, which makes it possible to abandon the use of a mathematical

model and not waste time on decision-making;



- on the basis of the developed simulation model of flat curvilinear movement of
the AUV, we obtained the thrust diagrams of the propulsion device, which, by the
nature of the influence of the oblique flow on the PSD, fully correspond to the results
obtained experimentally in experimental basins, which forms the theoretical basis for
the synthesis of a high-precision system of automatic control of the movement of the
AUV in flat curvilinear movement;

- an automatic system of stabilization of the speed of movement of the AUV was
synthesized, the improvement of the accuracy of which is achieved due to the
stabilization of the general thrust of the PSD during the operation of the mover in an
oblique flow of oncoming water.

The practical application of the scientific results obtained in the dissertation, in
particular, the synthesized system of automatic control of the speed of movement of an
underwater vehicle, with clarification of the thrust value of the thruster operating in an
obligue flow of water, forms a theoretical basis for the construction and serial
production of autonomous uninhabited underwater vehicles.

The mathematical model of the dynamics of an autonomous uninhabited
underwater vehicle, the propulsion and steering device of which functions in an oblique
flow of water, was used in the course and diploma design of masters in the educational
and professional program «Marine Robotics» specialty 141 — «Electric Power,
Electrical Engineering and Electromechanicsy.

The scientific propositions and results presented in the dissertation work and
submitted for defense were obtained personally by the applicant. Among them:
definition of the goal, setting research tasks; analysis of existing projects of autonomous
unmanned underwater vehicles; development of the structure of regulators included in
the automatic control system; synthesis in Simulink of the speed regulator based on the
mathematical model of the AUVs dynamics, developed by the scientific school
«Underwater Technology» of the Admiral Makarov National University of
Shipbuilding; sampling of data for learning a neural network as part of a speed-

optimized regulator; the model of the dynamics of the AUVs with the equations of



propulsion and steering devices of the type «propeller — rudder», «propeller - rotating
nozzle» and «rotating screw columny.

The acquirer personally developed a simulation model for simulating the plane
curvilinear motion of the AUVs. By means of mathematical modeling, a study of the
hydrodynamic parameters of the applied types of propulsion and steering devices during
plane curvilinear motion was carried out. The performance of the developed models was
evaluated based on the results of CFD modeling of the types of PSD used in work. The
structure of the AUVs ACS with the regulator of the speed of the apparatus and the
regulator of the stabilization of the PSD stop when working in an oblique flow was
developed and implemented in the Simulink system.

The main scientific and practical results of the work were published and
discussed at conferences: All-Ukrainian scientific and technical conference of students,
postgraduates, young scientists with international participation «Electrical engineering
and electromechanics» (2008, Mykolaiv); International scientific and technical
conference of students, postgraduates, young scientists «Information and control
systems and complexes» (2009, 2010, Mykolaiv); International scientific and technical
conference «Problems of automation and electrical equipment of vehicles» (2009, 2010,
Mykolaiv); All-Ukrainian scientific and technical conference with international
participation «Modern problems of automation and electrical engineering» (2015, 2018,
Mykolaiv); All-Ukrainian scientific and technical conference with international
participation «Underwater equipment and technologies» (2015, 2016, 2021, Mykolaiv);
International Scientific and Technical Conference «Innovations in Shipbuilding and
Ocean Engineering» (2017, 2020, 2021, Mykolaiv); X International Scientific and
Practical Conference «Modern Information and Innovative Technologies» (2018,
Kherson); All-Ukrainian scientific and technical conference of students, postgraduates
and young scientists «Automatics and electrical engineering» (2021, Mykolaiv).

The main results of the dissertation were published in 22 papers, including 7
articles in scientific publications of Ukraine, including 4 articles in specialized

publications, 1 article in a journal included in the Scopus scientometric database.



These publications contain the results of the direct work of the acquirer at
separate stages of the research, fully reflect the main provisions and conclusions of the
work. Authorship of the recipient in published scientific works is agreed with the co-
authors.

Keywords: mathematical modeling, autonomous underwater vehicle, propulsion-
steering device «propeller — rudder», «propeller — rotary nozzle», screw rotary column,
automatic control system, speed stabilization.

List of published works on the topic of the dissertation:

1. Blintsov S. V., Hrudinina H. S. Zastosuvannia matematychnoi modeli rukhu
pidvodnoho aparata dlia pobudovy optymalnoi za shvydkodiieiu systemy keruvannia z
kompensatsiieiu zovnishnikh zburen. Zbirnyk naukovykh prats Natsionalnoho
universytetu korablebuduvannia im. admirala Makarova. — Mykolaiv: NUK, 2008. — Ne
3(420). — S. 77-83.

2. Aloba L. T., Blintsov S. V., Hrudinina H. S. (2017). Matematychne
modeliuvannia dynamiky avtonomnoho nenaselenoho pidvodnoho aparata na ploskii
tsyrkuliatsii. Zbirnyk naukovykh prats Natsionalnoho universytetu korablebuduvannia
im. admirala Makarova — Mykolaiv: NUK, 2017. — Ne 4. — S. 53-60.

3. Burunina Zh. Yu, Aloba L. T., & Hrudinina H. S. (2018). Mathematical
Modeling of the Automatic Control System for an Autonomous Underwater Vehicle as
a Group Agent. Shipbuilding and Marine Infrastructure. NUOS, 2018. Ne 1(9). P. 29-35.

4. Blintsov V. S., Hrudinina H. S. Osoblyvosti keruvannia stabilizovanym
rukhom ANPA v umovakh dii zovnishnikh zburen. Informatsiini systemy, mekhanika ta
keruvannia. Kyiv: KPI, 2018. — Ne 19. — S. 122-137

5. Hrudinina, H. S. Mathematical modeling of an autonomous uninhabited
underwater vehicle dynamics with propeller in the rotary nozzle. Shipbuilding and
Marine Infrastructure. NUOS 2018. Ne 2 (10). P. 144-153.

6. Blintsov V. S, Hrudinina H. S. Mathematical modeling of autonomous
underwater vehicle propulsion and steering complex operation in oblique (beveled)
water flow. Eastern-European Journal of Enterprise Technologies. 2019. Ne 4/9 (100).
P. 19-26.



7. Blintsov V. S., Hrudinina H. S., Burunina Zh. Yu., ta Nadtochyi A. V.
Udoskonalennja systemy avtomatychnoho keruvannia shvydkistiu rukhu avtonomnoho
nenaselenoho pidvodnoho aparatu. Zhurnal «Vcheni zapysky Tavriiskoho
natsionalnoho universytetu imeni V. I. Vernadskoho. Seriia: Tekhnichni nauky». 2022.
Tom 33 (72) Ne 4, S. 56-65.

8. Blintsov S. V., Hrudinina, H. S. Pobudova optymalnoi po shvydkodii systemy
keruvannia pidvodnym aparatom v umovakh nevyznachenosti yoho parametriv.
Elektrotekhnika i elektromekhanika: materialy Vseukrainskoi naukovo-tekhnichnoi
konferentsii studentiv, aspirantiv, molodykh vchenykh z mizhnarodnoiu uchastiu. —
Mykolaiv: NUK, 2008. — S. 193-195.

9. Blintsov S. V., Hrudinina H. S. Zastosuvannia shtuchnoi neironnoi merezhi
dlia pobudovy optymalnoho za shvydkodiieiu rehuliatora shvydkosti rukhu pidvodnoho
aparata. Problemy avtomatyky ta elektroobladnannia transportnykh zasobiv: materialy
Mizhnarodnoi naukovo-tekhnichnoi konferentsii. — Mykolaiv: NUK, 2009. — S. 54-56.

10. Blintsov S. V., Hrudinina H. S. Rozrobka PID-rehuliatora shvydkosti rukhu
pidvodnoho aparata. Informatsiino-keruiuchi systemy i kompleksy: materialy
Mizhnarodnoi naukovo-tekhnichnoi konferentsii studentiv, aspirantiv, molodykh
vchenykh. — Mykolaiv: NUK, 2009. — S. 88-90.

11. Blintsov S. V., Hrudinina H. S. Osoblyvosti aproksymatsii danykh za
dopomohoiu shtuchnykh neironnykh merezh dlia pobudovy optymalnoi systemy
keruvannia shvydkistiu rukhu pidvodnoho aparata. Problemy avtomatyky ta
elektroobladnannia transportnykh zasobiv: materialy Mizhnarodnoi naukovo-
tekhnichnoi konferentsii. — Mykolaiv: NUK, 2010. — S. 78-80.

12. Blintsov S. V., Hrudinina H. S. Syntez hibrydnoi systemy keruvannia rukhom
samokhidnoho pidvodnoho aparata. Informatsiino-keruiuchi systemy i kompleksy:
materialy Mizhnarodnoi naukovo-tekhnichnoi konferentsii studentiv, aspirantiv,
molodykh vchenykh. — Mykolaiv: NUK, 2010. — S. 86-87.

13. Hrudinina H. S. Analiz metodiv doslidzhennia dynamiky prostorovoho rukhu
APA. Pidvodna tekhnika i tekhnolohiia: materialy Vseukrainskoi naukovo-tekhnichnoi
konferentsii z mizhnarodnoiu uchastiu. — Mykolaiv: NUK, 2015. — S. 9-12.



14. Hrudinina H. S. Problematyka stvorennia system keruvannia prostorovym
rukhom v umovakh nestatsionarnosti parametriv obiektu keruvannia. Suchasni
problemy avtomatyky ta elektrotekhniky: Materialy Vseukrainskoi naukovo-tekhnichnoi
konferentsii z mizhnarodnoiu uchastiu. — Mykolaiv: NUK, 2015. — S. 51-52.

15. Hrudinina H. S. Udoskonalennia matematychnoi modeli rushiino-kermovoho
kompleksu ANPA pry roboti v kosomu pototsi. Pidvodna tekhnika i tekhnolohiia:
materialy Vseukrainskoi naukovo-tekhnichnoi konferentsii z mizhnarodnoiu uchastiu. —
Mykolaiv: NUK, 2016. — S. 68-72.

16. Blintsov S. V., Hrudinina H. S., Burunin, A. P. Matematychna model dlia
doslidzhennia dynamiky avtonomnoho pidvodnoho aparata na ploskii tsyrkuliatsii.
Innovatsii v sudnobuduvanni ta okeanotekhnitsi: materialy V111 Mizhnarodnoi naukovo-
tekhnichnoi konferentsii. — Mykolaiv: NUK, 2017. — S. 335-336.

17. Hrudinina H. S. Matematychne modeliuvannia dynamiky ANPA z hrebnym
hvyntom v povorotnii nasadtsi. Suchasni problemy avtomatyky ta elektrotekhniky:
materialy Vseukrainskoi naukovo-tekhnichnoi konferentsiia. — Mykolaiv: NUK, 2018. —
S. 93-94.

18. Hrudinina H. S. Rozrobka matematychnoi modeli dlia doslidzhennia
dynamiky ANPA z hrebnym hvyntom v povorotnii nasadtsi. Suchasni informatsiini ta
innovatsiini tekhnolohii: materialy X Mizhnarodnoi naukovo-praktychnoi konferentsii.
— Kherson: Khersonska derzhavna morska akademiia, 2018. — S. 193-195.

19. Hrudinina H. S. Doslidzhennia syly uporu rushiino-rulovoho kompleksu
ANPA v kosomu pototsi vody metodom kompiuternoho modeliuvannia. Avtomatyka ta
elektrotekhnika: materialy Vseukrainskoi naukovo-tekhnichnoi konferentsii studentiv,
aspirantiv ta molodykh vchenykh. — Mykolaiv: NUK, 2021. —S. 11-14.

20. Hrudinina H. S. Ovsjannikov V. M. Pidvyshchennia tochnosti stabilizatsii
shvydkosti ANPA pry ploskomu kryvoliniinomu rusi. Innovatsii v sudnobuduvanni ta
okeanotekhnitsi: XII Mizhnarodna naukovo-tekhnichna konferentsiia. — Mykolaiv: NUK,
2021. - S. 380-383.



21. Hrudinina H. S. Udoskonalennia systemy avtomatychnoho keruvannia
shvydkistiu rukhu ANPA. Pidvodna tekhnika i tekhnolohiia: XI Vseukrainska naukovo-
tekhnichna konferentsiia z mizhnarodnoiu uchastiu. — Mykolaiv: NUK, 2021. - S. 113-118.

22. Blintsov V. S., Korol Yu. M., Nadtochyi A. V., Hrudinina H. S.
Doslidzhennia roboty rushiino-rulovoho kompleksu pidvodnoho aparata v kosomu
pototsi vody metodamy matematychnoho modeliuvannia. Pidvodna tekhnika i
tekhnolohiia: XI Vseukrainska naukovo-tekhnichna konferentsiia z mizhnarodnoiu
uchastiu. — Mykolaiv: NUK, 2021. — S. 13-27.



SMICT

PO31I 1

AHAJII3 CYYACHUX  CHUCTEM  KEPYBAHHA  IMIABOJHMMUA

ATTAPATAMUIL. ... e,
1.1 3aranpHa XapakTEepUCTHKAa AaBTOHOMHUX HEHACEJICHUX IiJIBOJHUX
Y11 01 0 | : S
1.2 Anaii3 TUIIOBUX pexuMIB KepoBaHoro pyxy AHITA .......................
1.3 Ipuniunu noOyaoBu cydacHux cucteMm kepyBanus AHIIA ............
1.4 Anani3 HanpsIMKIB yJI0CKOHaJIeHHs cucteM kepyBanHsa AHIIA .........
1.5 TTocTaHOBKA 32091 JOCIIIIKEHHS . - e e vvnee e e et e e e e e e e e
BUCHOBKH J1O PO3ALTY 1..nueiiitiii e

PO31JI 2

MATEMATUYHE MOJEJIIOBAHHA JUMHAMIKM  ABTOHOMHOI'O

HEHACEJIEHOI'O [MIABOJHOI'O AITAPATA K OB’EKTY

KEPYBAHHS. ... e
2.1 TlocranoBka 3amadyi MaTeMaTHYHOTO MojentoBaHHS pyxy AHITA s
JTOCITIIKEHHST €(DEKTUBHOCTI CUCTEM KEPYBAHHS .. vvvneeeennreeennneennnnennns.
2.2 3acrocyBaHHS MaTeMaTtndHoi Mmojeni auHamikn AHITA y ckmagi
CUCTEMHU ABTOMATUYHOTO KEPYBAHHS .. .euueennteenttenieneeenneenneennneannenns
2.3  Mogentoounii  KOMIUIEKC JJII  KOMIT FOTEPHOTO  JOCIIIKEHHSI
rigpoauHamiyauXx rnapametpiB PKII npu kpuBosiHIHHOMY PYCI ...............
2.4 Tlonmepenus Bepudikaiis OTPUMAHUX HUIIXOM MaTEMaTUYHOIO

MojenmoBaHHsl koedilienTiB MomeHTy Ta ynopy PKII B kocomy mnorori

13
13
17
22
33

39
41

43

43

44

70



PO31JI 3
CHUHTE3 CUCTEMU ABTOMATUYHOI'O KEPYBAHHA MIBUJIKICTHO
PYXY AHIIA 31 CTABUIIBALIECIO YIIOPY PKII.......ccoviiiiiiiiiie .
3.1 Po3pobka cucremn crabimizamii mBuakocti pyxy AHIIA 3
KOMITCHCAITIEF0 30BHIITHBOTO 30YPEHHST .. vuvnnvteeennteeannreeaneeannneeannneennn.
3.2 CunHTe3 cucteMu cTabum3allii MBUAKOCTI PYXy aBTOHOMHOIO
MiJBOIHOTO arnapaTa B yMOBaX HEBU3HAYEHOCTI HOTO MAPAMETPIB ...............
3.3 MogpemtoBanus pyxy AHIIA 3 pymiiiiHO-KepMOBUM IIPUCTPOEM .........
3.4 Po3poOka CTpyKTypu cHUCTeMU KepyBaHHs ImBuakicTio AHIIA 3
koperyBaHHsaM ynopy PKII npu KpUBOMIHIMHOMY PYCIL......vvvueinneennnnn..
BHCHOBKH JIO PO3IILITY 3. .eeieittitte et
PO31JI 4
JOCJIJPKEHHS  TIPAIE3JATHOCTI CHUHTE30BAHOI CHUCTEMU
ABTOMATHUYHOI'O KEPYBAHHA HBUIAKICTIO PYXY  AHIIA
METOJOM KOMIT'TOTEPHOI'O EKCITEPUMEHTY ...
4.1 KoHCTpYKTUBHI OCOOJMBOCTI pPYIIIHHO-KEPMOBUX MPUCTPOIB, IO
b1 (0TeR) 801 028,74 - ¥2 1) 1 ()
4.2 JocnimKeHHs Tpaie3aaTHOCTI PO3POOTICHUX MOJCICH. ......c.vveennnen...
4.3 Komn’totepHe MojentoBaHHa podotu po3podsienoi CAK mBuaKiCTIO
pyXy AHITA HIABUIIEHOT TOUHOCTI. et uetenttentteeite et eteeieaieeniaeanns
BUCHOBKH 710 POBIIITY 4. . vveitttieie ettt et e e e e e e eeaeas
BUCHOBKI. ... e
CIIMCOK BUKOPUCTAHUX JIKEPEJL. ..ot
JIOATKI. .o e

83

83

89
98

108
110

112

112
115

128
134
135



	‎D:\Анна док\Аспирантура_3\Дис_Грудініна_2021\Усе_по _дис_Грудініна++\дис\Титульний_Грудініна.jpg‎
	‎D:\Анна док\Аспирантура_3\Дис_Грудініна_2021\Усе_по _дис_Грудініна++\дис\АНОТАЦІЯ_Грудініна.docx‎
	‎D:\Анна док\Аспирантура_3\Дис_Грудініна_2021\Усе_по _дис_Грудініна++\дис\Дисертація_Грудініна.docx‎

