AHOTAIIA
Maubues C.E. Po3poOka cmoco0y BH3HAYEHHsI MapaMeTpiB MaHEeBPYBAHHS
CylHAa NpH KpuBoJiHiiiHOMYy pyci — KsamidikamiiiHa HaykoBa Tpalld Ha IpaBax
pykomnucy. Jluceprarisi Ha 3400yTTS HAYKOBOTO CTYIEHS KaHIAUAaTa TEXHIYHUX HaAyK
(moxTopa dinocodii) 3a cremianpHicTiO 05.22.13 — HaBiraiis Ta ynpasiiHHs pyxom (271
«PlukoBuii Ta Mopchbkuil TpaHcmopT»). — Haronaneuuii YHiBepcurer «Omechka

MopchbKka akajaemis». Oxaeca, 2021.

BukoHaHuii orisin Ta aHani3 JITEPATypHUX JKEPEN MOKa3as, 110 HE3BaXKalo4yHl Ha
3HAYHE YAOCKOHAJICHHS HAaBIralifHUX MPUCTPOIB, $KI BUKOPUCTOBYIOTHCA IS
opranizamii Tpoliecy MaHeBpyBaHHsS, mroauHa omepatop (JIO) 30epirae cBoro
BU3HAYAJIbHY POJIb NIPH YHPaBIiHHI pyXxoM cynaHa. [Ipu mipoMy 30epiraeTbcsi 3HaUCHHS
OKOMIPHOT'O TIOPIBHSJIBHOTO CIOCOOY BHU3HAYEHHS BIJICTaHEH 110 HaBIrallliHUX 3HAKIB,
IIUISTIXOM BiJTHOCHO{ OITIHKH X 3 pO3MipaMu 00’ €KTY yIpaBIiHHS.

3po061eHO BUCHOBOK, 1110 MPOLIEC MAaHEBPYBaHHS SBJISE€THCS IIBUIKOIUIMHHIM, TOMY
BUKOHYBATH PO3paxyHKHU IiJl Yac YMPaBIiHHSI HEMOXKJIHMBO, 110 BUMAarae HeOOX1AHOCTI
MOMEPEHHOI0 TUIAHYBaHHS IUISIXY, BHUKOHAaHHSA HEOOXIIHUX pO3paxyHKIB abo
aBTOMAaTH3allll yKa3aHUX MPOIEAYp, 100 HaBIraiiHi IPUCTPOi BCTUTAIU BUKOHYBATH
noTpiOHI po3paxyHku. Kpim Toro y kamitana HeoOXiTHO popMyBaTH CTIETiaTbHII HABUK
YIpaBIiHHA MaHEBPYBAaHHSIM B CTHUCIMX pailoHax mepexoxy 1 mpu OOMEeKEeHUX
aKBaTOPISIX J/JII MaHEBPYBaHHA, IUISAXOM CTaKyBaHHS Ha MICTKy cynHa abo Ha
HaBITaI[ITHUX TPEHAXEPaAX.

Amnani3 napaMeTpiB, SKi OMUCYIOTh MPOIEC MAaHEBPYBAaHHS Cy/HA MOKa3aB, L0 HE
BC1 /IaH1 BIZIOMI CyTHOBO/I110 /1Jisi O€3[I€YHOT0 yNPaBIiHHS, @ HaBIraliiH1 IPUCTPOT IS iX
BU3HAYCHHS BiAcyTHI. Lle He 103BosIse OpraHizyBaTy HaJEKHY HIATOTOBKY A0 IUIaBAaHHS,
oco0anBO B paiioHax ctuciaux Boa. Cepea TakMX MapaMeTpiB 3HAXOAATHCS HIMPUHA
MaHEBPEHOI0 3MIIIeHHS 1 a0cluca MOJI0KEHHS MOTI0CY MOBOPOTY, K1 HE MOKYTh OyTH
BU3HAUYEHI OKOMIpHO, a 4Yacy AJisi PO3paxyHKy B IpOIeCi MaHEBpyBaHHA HeMae. Sk

MOKa3aB BUKOHAHWM aHaJi3, MK LIUMU MapaMeTpaMu ICHY€ 3aJI€KHICTh, CTYMIHb SIKOT



MOKH 110 HE BCTAHOBJICHA.

Came B CTHCIHMX BOJaxX BHHHKAE MOTpeOa 4aCTOro MaHEBPYBAHHS 3MIHOKO KypCY,
IIBUJIKOCT1 YU CyMiCHA 3M1HA 1X 000X, 110 MPU3BOAUTH 10 HAIMIPHOTO HAOJIUKEHHS 10
HaBIraliiiHuX HeOe3mnek 1 moTpedye aJeKBaTHUX YMPABISAIOYUX IiH, Ui OMEepaTUBHOTO
kepyBanHsa. s mporo JIO TOBHHEH MaTH B CBOEMY PO3IMOPSHKCHHI 3alIe)KHICTh
napaMeTpiB MaHEBPYBaHHS BiJI JUHAMIKH PyXy, NPUYOMY MHapaMeTpu MOBUHHI OyTH
BU3HAUEHI JJI CTaHy, NpU SKOMY BiJIOYBAa€ThCS MaHEBPYBAaHHA, Ta iX HEOOX1JHO
NPECTABISITH Y BUTJISAL, TOTOBOMY IS BiJijadi KOMaHI.

Taka mocTaHOBKa BHMAara€ BIOCKOHAJIGHHS CIOCOOIB MIATOTOBKUA TUIAHY
MaHEBpPYBAaHHS IMpPU BHUKOHAaHI MOPCHKUX OIeEpaiiid, 4u PO3pOOKH KOMII IOTEPHOTO
iHpopMmariiinoro 3a0e3meyeHHs, JJIsI  ONEpPaTHBHOTO BHU3HAYCHHS  IapaMeTpiB
MaHEBpPYBaHHS, K1 HEOOX1H1 11T HOTO BUKOHAHHS.

Jl7is IbOTO BUKOHAHO aHalli3 MapaMeTpiB, SKi OMHCYIOTh MPOIEC MaHEBPYBAHHS
MOPCBHKOTO CY/IHA, 1 PO3TIISIHYTO XapaKTepHI TOYKH, SKi BIUTUBAIOTh HA MaHEBPYBaHHS i
3natHicTh JIO ynpaBisatu pyxom.

OOrpyHTOBaHO HaIpPsIMKH HAyKOBOTO JOCIIJKEHHS, sIKI CIIPSIMOBaHI Ha pO3pOOKY
croco0y BU3HAUEHHS IMMapaMeTpiB MPOIECY MAHEBPYBAHHS JJII KOMIT FOTEPHOTO HOTO
3a0€3IeUeHHs 1 CKJIaJIaHHsI TEXHOJIOTIYHO1 KapTH npolecy pyxy. O0’eKTOM A0CIIKEHHSI
€ TpOoIleC MaHEBPYBAHHs Il 4aC MOPCHKUX OIEpaliif, a MpeIMeTOM IOCIHiHKEHHS
criocoOu BU3HAYCHHS MapaMeTPiB MAHEBPYBAHHSI.

CTpyKTypHO AMCepTalliiHe TOCITIIKEHHSI MPEACTaBICHO Yy BHIJIAM1I OJOK-CXEMHU
TEXHOJIOT1YHO1 KapTH, sIka CUCTEMAaTH3y€ BUKOHAHHS POOOTH.

['onoBHUM 3aBHaHHSAM JOCIHIIKEHb SBISETHCS PO3poOKa Croco0y OMepaTUBHOTO
BHU3HAUYEHHS MTapaMeTpiB MAHEBPYBaHHS ITiJ] 9ac pyXy 1 IX BAKOPUCTAHHS JUISI YIIPaBIiHHS
CyTHOM 3TiTHO 3 aJITOPUTMOM TIPOIeCYy BUKOHAHHS MOPCHKOi ormepariii. MeTtoro
JOCII/DKEHHST € oprasizaimis 0e3aBapifHOrO MaHEBPYBaHHS CyJHA IUISIXOM
OTIEPAaTUBHOTO PO3PaXyHKY MapaMeTpiB Pyxy IpHU 3MiHI PEXUMY YNPABIIHHS 3T1THO 3
TEXHOJIOTTYHOIO0 KapTOI0 MOPCHKOI OTepalrii.

['ooBHE 3aBIaHHS pO3AUICHO HAa TPU JIONOMDKHI 3ajadyi, sIKi HaBeJeHI B

TEXHOJIOT14HIN KapTi.



BucynyTa HaykoBa rimoresa miaTBepKeHa B po0oTi. BoHa BUXOAUTE 3 MOKIMBOCTI
omepaTuBHOTO po3paxyHKy adciucu [1I1 koM toTeparME 3acobamu, BU3HAYSHHS 110 11
BEIMYMHI IIMPUHU MAHEBPEHOTO 3CYBY Ta KOHTPOJIO PyXy Ha IUIAHOBOMY MUISXY.
ChopmynboBaHO HayKOBE TIOJIOKEHHS, sIK€ TOKa3ye, M0 Oe3leka Mpolecy
MaHEBPYBaHHsI 3a0€3MeYy€eThCsl BUKOPHUCTAHHSM OIEPATUBHUX CIIOCOOIB pO3paxyHKy
napaMeTpiB pyXy i KOHTPOJIIO yIPaBIiHHS CYJHOM IO 1X 3HAYCHHIO.

Texniuni 3aco0M CyITHOBOIIHHS HE 3aBXIU 3a0€3MeUylOTh KOHTPOJIb MPOIECY
MaHEBPYBaHHs IO KaHalax 1 (¢apBarepax uYepe3 HHU3bKY TOYHICTh HaBITAIlIMHUX
MPUCTPOIB 1 HETOCTATHIO KUIBKICTh MapaMeTPiB, sIKI PO3PaXOBYIOTh CUCTEMH IMiATPUMKH
OPUMHATTA PIIIEHHS B YMOBaX OOMEXEHOro MpOCTOpY. 3 i€l MPUYMHUA MOTPIOHO
PO3IIMPUTH KiJIBKICTh ONIEPATUBHOTO PO3PaXyHKY MapaMeTpiB MAaHEBPYBaHHS 1 pO3POOKHU
TEXHOJIOTIYHO1 KapTH PYXy CyJHAa, IO J03BOJUTH 3HAUHO 3HU3UTHU PU3HK aBapii .

Y3aranbHEHUH aNrOpUTM BUKOHAHHS HAYKOBOTO JTOCIIKSHHSI OMTUCYE TIOPSIOK
BUPIIICHHS JOMOMDKHUX 33724 1 BKIFOYAE PO3POOKY HOBUX TEOPETUIHHUX MOJIEIICH Ta
MPOBEJICHHS HATYPHUX BUIPOOYBAHb IS MEPEBIPKH iX a€KBATHOCTI.

AHani3 cy4acHOTro croco0y BU3HAUEHHS TIOJI0KEHHS ToJitocy moBopoTy (I11T)

MOKa3aB, IO BIiH Mae OOMEXEHE NPU3HAYCHHS TUIBKU JJIs OJHI€l CHM, a
PO3pPaxyHKOBI CXEMH 1 aJITOPUTMU BU3HAYCHHS ISl 1HIITMX BUIIAJIKIB BIJACYTHI.

3anpomoHOBaHWA METOJ PE3yJbTYIOUOi CHJIM JO3BOJHMB BIIEpIIE OTPUMATH

(popmainizoBany MOJEIb BU3HAYEHHs OIYHOI CHM P, 1 110 ii 3HAYEHHIO PO3paxyBaTH

postamryBanHs [III. Opnak Takuii cmocid moTpedye KOpUTYBAaTH BXIAHI JaH1 7S
PO3paxyHKIiB, 1110 MOTPEOYe Yacy, sIKOro y CyJHOBO/ISI 0OMaJb.

Po3pobnena Bnepiie dopmanizoBaHa Mojeiab Bu3HaueHHs adcuucu IIIT 1 mieda
PIBHOI10YO0T OIYHHX CHJI TTO JAHUM JOMIUIEPIBCHKOTO JIary J03BOJISIE 6€3 ICTOTHUX 3MiH
B HaBiramiiiHoMy oOJIaJlHaHHI CyJlHa OTPUMAaTH MPUCTPIM, SKUH CYTTEBO MOJETIIUTH
npotec iHpopMaifHOro 3abe3neueHHs MAaHEBPYBAHHS 1 MIABUIIUTH HOTO OE3MeKy.

Bukonani HaTypHi BUIIpoOOBYBaHHs mpouiecy BuzHaueHHs a0ciucu [111 no3sonmnum
IPOBECTH BepudiKallito 3ampornoHoBaHoi Mojiesi Bu3HaueHHs abciucu 111 ta orpumaru
PO3paxXyHKOBI QJITOPUTMH [JIT PO3POOKM HABITAIIMHOTO TPUCTPOIO ITiBUIIECHHS

HaJIHHOCTI 1HGOPMAIIHHOTO 3a0e3MeYeHHS MTPOIECY MaHEeBPYBaHHS.



OTpuMaHi pe3yJabTaTH OOCIIIKEHb MOXXYTh BHUKOPHUCTOBYBATHUCS IS PO3POOKHU
HaBITaIlIfHOTO MPHUCTPOIO 1HPOPMAIlIITHOTO 3a0e3MeueHHs MPoIleCy MaHEBPYBaHHS.

BupimenHss mepmoro JONOMDKHOTO 3aBJaHHS BHUKOHAHO B TPU €Tald: aHai3
icHyrouo1 Mojeni BuzHaueHHs adbciucu [1I1; po3pobka moneni BuznadeHns adciucu [111
0 PIBHOIIOUIN MONEPEYHUX CHJI, SIKI JIFOTh Ha CYAHO; pO3poOKa MOENl BU3HAYEHHS
aocrucu 111 mo TaHreHmiaNbHUX IMIBUIKOCTSIX HOCOBOI 1 KOPMOBOI KiHIIIBOK CYyJHA Ta
BepHudiKallisi MOJIEII MO pe3yJibTaTaM HATYPHUX BUIPOOYBaHb.

AmHani3 Ccy4acHUX CHOCOOIB BH3HAUEHHS MIMPUHM MAaHEBPOBOTO 3CYyBY Ha
OPSIMOTIHIMHUX 1 KPHUBOJIHIMHUX BiJpi3Kax HUIAXY 1 po3poOka Ha MOro mijacTaBi
PO3PaxyHKOBHX CXEM 1 aJirOpuTMIB J03BOJHMB IMOOYAyBaTH CHUCTEMY HENEpPEPUBHOI

iH(popmalii npo Koro 3HayeHHs. OJHAK MOCTIHHE BU3HAYEHHS IIMPUHU MaHEBPEHOTO

3CyBYy BUMAara€ BBEJEHHS JaHUX MPO KyTOBY LIBUAKICTH (), TPAaHUYHE 3HAYEHHS SKOT

Wpucxk IO yMOBAM IUIaBaHHA 1 TOUHICTh BU3HAYEHHS MICLs M, BBEIEHHS 1 pO3paxyHOK

SKMX BUMAarae 3atrpart 4acy, IKoro ooMasb.

ITo mi#i mpuuuHi OyJM BUKOPUCTOBYBAHI O1JIBII JOCKOHAI CIIOCOOM BHU3HAYEHHS
MaHEBPEHOTO 3CyBY 1o BennuuHi adciucu [111. Born 103BOMSIOTE MOCTIHHO TOKa3yBaTH
BIPOTiIHY IIMPUHY MaHEBPOBOIO 3CYBYy, 0€3 HEOOXi1IHOCTI BBOAMTH Oynab fKi JaHi,
BUKOPHUCTOBYIOYH 1H(OpMAIIit0 TONTIIIEPIBCHKOTO Jiara.

Bukonanuii rpadiunuii aHami3 mokasaB, IO 3HaueHHs aOcuucu [//] BU3HaYae
IIMPUHY MAHEBPEHOTO 3MIIIIEHHS, TOMY 11 3HaUEHHS MO>Ke OyTH BUKOPUCTAHO TSI OLlIHKH
napaMmeTpiB MaHeBpyBaHHs. OOMEKEHHS MaKCHMalbHOTO 3Ha4deHHs abcuwmcu [711 Ha
HUPKYJALIT (PaKTHYHO AO3BOJUTH BU3HAYUTH 3HAYCHHS IMIMPUHU CMYTH PYyXY Cy/JHA B
3QJIEKHOCTI BiJl MOTO TOJIOBHUX PO3MIPIB, SKI BU3HAYAIOTHCS «XapaKTEPHUM JIIHIHHUM
posmipom» Ly .

KpiM 115010 BaskJIMBO BiI3HAUUTH TaKy OCOOJIMBICTH MapameTpa Xmm: MpU MOBOPOTI
CyIHa abcIyca Mmojarca MOBOPOTY AOCATAE 3HAYCHHS, BIIMOBITHOTO CTATIH ITUPKYJISIIT
JaHOT KPUBU3HHU, I1I€ Ha MTOYATKY €BOIOIIITHOTO TIEpioAy, IO 1a€ MOXKIIMBICTh PUHMATH
B PO3paxyHKaX F€OMETPUYHUX MapaMeTpiB MOBOPOTY CyJIHA 3HAYEHHS X AJS CTalol

UPKYJIALIT 1aHoro paaiyca. Lle 3HauHo miaBHIIy€e OnepaTUBHICTh Takoi iHGOpMaIlii.



Buxopucranns abcuycu moiroca moBOPOTY B SIKOCTI MPIOPUTETHOT BEIMYUHA Ma€
TaKi rmepeBaru: 3aja€e po3Mipu akBaTopii AJisi MAaHEBPYBAHHS 110 B1IOMOMY CYIHOBOJIIIO
paniycy kpuBu3HuU Tpaektopli [[B 1 Bu3HaueHoi BenmmuuHuM abciucu [/11 Ha cranmiii
nupkyssiii; adcrmca I qost ctanoi mupkymsiii Moxe OyTH 3 JOCTaTHBOIO TOYHICTIO
BU3HAUEHa IIe Ha CTafil MPOEKTYBaHHS CyAHA, TaK SK BOHA 3aJICKUTh JIUINE Bif
TIIPOMHAMIYHAX XapaKTePUCTHK KOPIyCY 1 MPAKTHYHO HE 3aJeKUTh BiJ THITY
BCTAHOBJICHOTO Ha cynHi /[PK.

Jlns  migBuiieHHs 1HGOpMaIiifHOro 3a0e3neueHHs Mpolecy MaHEBpyBaHHS, 1
0CO0JIMBO Ha KPHUBOJIHIMHUX TPAEKTOPIAX, PEKOMEHIYETHCS MOCTIMHE BUKOPUCTAHHS
PO3p00JIEHOT CUCTEMHU KOHTPOJIO 1 peecTpallii Uit aBBTOMaTUYHOTO BU3HAUYECHHS IIMPUHU
MaHEBPEHOTO 3CYBY 1 CBOEYACHOI'O pearyBaHHS Ha BIIXWJICHHS BiJ] TUIAHOBOTO HUISXY.
Bupimienns Apyroro 1omomMixHOTO 3aBJaHHS BUKOHAHO B JIBa €TaK: po3poOKa crocodiB
po3paxyHKy MaHeBpeHoro 3¢yBy 1o abciuci 111 ta cuctem TP o monoxennto I111 B
pPEXKUMI PeaIbHOTO Yacy.

VY 3aKI0YHOMY P03/ MPUBECHA KOPOTKA XapaKTepUCTHKA 12 — TH HaBIrauiiHuX
CHUCTEM MIJITPUMKHU MPUUHATTS PIIICHHS NMPU BUKOHAHI MOPCHKUX OIepallii, omucaHi ix
(GyHKIIOHATBHI MOKJIMBOCTI Ta MEpeNiK BXITHUX OAHUX, K1 MOTPiOHI Uit poOOTH
IIPUCTPOIB.

Posrasnyti cuctemu I[P 103BOMSiIOTH ONTHMI3yBaTH MPOLIECH IJIAaHYBaHHS
3aJJaHOTO LUISIXY 1 YNpaBIiHHS MaHEBPYBaHHSAM Npu pyci mo Hbomy. Lle 3HauHO
noJierurye poOOTy CYIHOBOISl, Ta JI03BOJISIE CBOEYACHO 1 OMEPATHUBHO MOMEPEIKATH
BIIXWJICHHS BiJl TUIAHOBOTO NUISAXY 1 3arpo3y BHHHUKHEHHS aBapiiHuX mpurona. Bonu
MOXXYTh OyTH BHUKOPHUCTaHI MpH HaBiramidHid MIATOTOBLI CyAe€H 3 0€3 BaXTOBUM
YOPaBIIHHIM PYXOM JJIsl pOOOTH Ha JIiHii.

Bukopuctanas cucTteM MIATPUMKH TMPUHHATTS pPIlIeHb, 1HBEPCHOTO METOIY
CIIEHAPHOTO ONTUMAIBHOIO IUIAHYBaHHS Mpoliecy mBapTyBaHHd TT 3 ypaxyBaHHIM
aKkBaTopii JJi1 MaHEBPYBaHHS 1 MAHEBPOBUX XapaKTEPUCTHK CYJIHA, JI03BOJIIE BHUCOKO
TOYHO HAHECTH IJIAHOBY TPAEKTOPIIO PyXy 1 ONEPATUBHO OTPUMYBATH 1HGOPMAIIIIO IS
0e3aBapiiHOrO0 BUKOHAHHS MOpPChKOi omeparlii. lle mae MOXIUBICTH CYIHOBOJIIO

BUKOPHCTOBYBATH IUIaH PyXy, BUKOHAHHUI MEpe]l TOYaTKOM IIBapTOBHOI orepariii, s



HaBITAIIHAX ITIJTIEH.

Ha mpuknani mBapTyBaHHs B Typeubkuil mopt CaMCyH pPETeNbHO PO3TISHYTO
MOCTIAOBHICTD TIaHyBaHHSA pyXy TT Mo TaGauIl NUIIXOBUX TOYOK IHBEPCHUM CITIOCOOOM
1 IeTaJbHO OMMCAHO CIIEHAPiN YIPaBIiHHS CYJAHOM IIPH 3aX0/i1 B TOPT.

Po3pobiena cxema (QyHKIIIOHAIBHUX 3B’S3KIB MK HaBIraliiHUMM MPUCTPOSMHU
CUCTEMH yMpaBIiHHA MaHEBPYBaHHSIM Ta TMOKa3aHO, IO JUIA 3a0e3MedYeHHS
0e3aBapiifHOTO0 BUKOHAHHSI MOPCHKOi omepalii MNOTPiIOHO CHOYAaTKy CIUIaHYBaTH
koopauHaTu Oesneunux nusixopux Todok (IT). Ilicas 1mporo  HEoOXiaHO
aBTOMATHU3YyBaTH IMPOILIEC BUKOPUCTAHHS HaBITAIlIHUX MPHUCTPOIB, SAKI MOKPALIYIOTh
TOYHICTh OTPUMAaHHS MapaMeTpiB pyXy, Ta MiABUILYIOTh ONEPATUBHICTH X BU3HAYEHHS
IUTS IPUAHSITTS PILlICHHS 110 MAHEBPYBaHHIO.

Bupimennss TpeTboro AOMOMDKHOTO 3aBAaHHS JO3BOJMJIO BHUKOHATH TOJIOBHE
3aBJIaHHS TI0 PO3pOOITi METOIUKH CKIIAJaHHS HaBITAIIHOTO TJIaHy BUKOHAHHS MOPCHKOT
orepariii 1o 3axoAy /BUX01y 13 MOPTY, BIAMOBIIHO 10 BUMor MMO.

HaykoBa HOBU3Ha pe3yJbTaTiB 3aKIIOYAE€ThCA B PO3pOOIl HOBOI MAaTeMaTUYHOI
mozeni Bu3HaueHHsi aOcuucu I1I1 Ha mijgcTaBl MaHWX MPO TaHTEHINATBHI IIBUIKOCTI
KIHIIIBOK Cy/IHa, BepHU]iKaIi€r0 OTPUMAHOI MOJIENI Ha IM1/ICTaBl HATYPHUX BUIPOOYBaHb 1
MOJIe1 JIsi BUSHAYSHHSI ITMPUHU MAaHEBPEHOTO 3CYBY, BKIIFOUAIOUW KPUBOJIIHIHHUHI PyX.

[Ipu ubomy y poOoTi:

— BHepuie po3podJieHo croci®0 BuzHaueHHs abcuucu Il mo TaHreHmiaabHUM
IIBUKOCTSM KIHITIBOK, SIKUU BIZIPI3HSIETHCS Bl ICHYIOUMX BIJCYTHICTIO HEOOXiTHOCTI
BBOJUTH JaHl 1 po3paxyHkiB aoOciucu [IIl, siki mocTymaroTh BiJi 1CHYKOUYOIO
HaBIraIiitHOr O MpHUIaLy — IOMIUIEPIBCHKOIO JIary, Ta ypaxyBaHHAM MapaMeTpiB Tedii, 1110
JI03BOJISIE OMTUMAILHUM CIIOCOOOM PO3CTaBISATH OYKCHpPU TMPH BUKOHAHI MOPCHKUX
orepailiid, Mo MmoJjoxkeHHo BigHOCHO [1IT;

— BIIepiIe po3po0JieHo croci0 BU3HAYCHHS ITUPUHU MAaHEBPOBOTO 3CYBY OKPEMO ISl
OPSAMOJIIHIMHUX BIJPI3KIB NUBIXY Ta JUIA KPUBOJIHIMHUX, SKUH BIAPI3HAETHCS Bij
ICHYIOUMX, BUKOPUCTaHHSAM 3HaueHHs aOciucu [I1 mnms po3paxyHKiB, BKITIOYAIOYH
KPUBOJIHIMHI BIAPI3KK, Ta AaBTOMAaTUYHUM TEPEKIIOYCHHSIM PO3pPaxyHKIB IS

IPSAMOJIIHIMHUX Ta KPUBOJIHIMHUX BIIPI3KIB HUISAXY MO 3HAYEHHIO KYTOBOI IIBUIKOCTI



PUCKaHHS, IO JO3BOJIIE ONEPATHBHO KOHTPOIIOBATH IIOJIOKEHHS CyAHA BITHOCHO
HaBITAIIMHUX TIEPEIIKOT;

— OTPUMAJIa MOJAJbIIMIA PO3BHUTOK METOJOJIOTIS CIIEHAPHOTO IUIAHYBAaHHS PYyXy
IHBEpCHUM CIIOCOOOM JIJIi HAaBITAIlIMHMX LUJIEH MpH 3axoji / BUXOMl 13 MOPTY, sKa
BIJIPI3HSAETHCS BiJl ICHYIOUOi, BUKOPUCTAHHSIM BHUCOKO TOYHOIO CMOCOOY TJIaHyBaHHS
3aIaHOTO NUIAXY TPAEKTOPHUMHM TOYKAMU Yy BUIJISIAI MaTpUll iX KOOpAMHAT, Ta
BUKOPHCTAHHSAM ICHYIOUOTO METOJIY NMUISXOBHX TOUOK Ta JAHWUX MPO MOBOPOTKICTH JJIs
iX po3paxyHKy, II0 J03BOJIsiE BUKOHyBath BUMOTY MMO 1m0 TUTaHYBaHHIO MIISAXY
nepexoay BiJl IpUyally NOPTY BIAXOAY J0 MpUYaLy IPUXOAY;

— yaockoHaseHo criocid BuzHaueHHs abciucu 111 mo piBHOAIIOWIN AIF0YMX CHIT, AKHI
BIJIPI3HSAETHCS BiJl ICHYIOUMX BpaxyBaHHSM TUIbKM OIYHMX CHJI, JUISl YOTO BBOJSTHCS
HampsiM 1 BEJIMYMHA BUKOPHUCTOBYBAHMX YIPABISAIOYMX CHJI, BHU3HAYAIOThCS OI4HI
CKJIaJIOBI 1 TOTIM iX PIBHOJ1I0UY, 110 J03BOJIsi€ po3paxyBatu abcuucy 111, 3HauenHs sikoi
BUKOPUCTOBYETHCS JIJIs1 YIPABIIHHS MaHEBPYBaHHSIM.

[IpakTUyHa LIHHICTH MOJSATAE B MOXKJIUBOCTI HIMPOKOTO BUKOPUCTAHHS CHOCOOIB
OTEpPAaTUBHOTO BHW3HAYCHHS TAapaMeTpiB MAaHEBPYBaHHsS Ui PO3POOKHM HOBHX
HaBITaI[IMHUX CHUCTEM MIATPUMKH MNPUHHATTSA PIIICHHS TPU opraHizaiii 0e3reYyHoro
YIOPaBIiHHSA PYyXOM CYJICH.

Pe3ynbTaTi nociipkeHHs BIPOBAKEHI TPU BUKOHAHH1 HAYKOBO-I0CI1THOT pOOOTH
B XepCOHCHKIN Mopchkiit akaaemii Hakaz MOH VYkpainu Ne 199 Bin 10.02.2017 p.« IIpo
dbopmyBaHHs TemMaTHuHUX MaHiB y 2017 porii »), B AKiit aBTOp po3poOUB PO3paxyHKOBI
QITOPUTMHM 1 KOHTPOJIbHI MPUKIAAM JJIsl MEPEBIpKU MporpaM BU3HAYEHHS a0OCIUCU
MOJTIFOCY TOBOPOTY(akT BmpoBa/pkeHHs Bix 25.03.2020 p); mpuBaTHUM BHIUM
HAaBYAJIBHUM 3aKiagoM «lHCTUTYT MiCHSAUIUIOMHOI OCBITH» «OIeChbKHl MOPCHKUI
TPEHAKEPHUM IIEHTP» JIA MiATOTOBKH CYJTHOBO/IIIB (aKT BIpoBapkeHHs Bif 25.09.2019
p. ); MaTepiaiu JIOCHIIKEHHs] BUKOPUCTOBYIOThCS B HaBuajgbHOMY mporieci HY «OMA»
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A review and analysis of literary sources has shown that, despite the significant
improvement of navigational devices used to organize the maneuvering process, a person
operator (PO) retains its decisive role in controlling the movement of the vessel. In doing
so, the value of the approximate comparative method of determining the distances to the
navigational signs, by means of a relative assessment of them with the size of the object
of management.

It is concluded that the maneuvering process is fleeting, so it is impossible to perform



calculations during control, which requires the need for advance planning of the path, the
necessary calculations or automation of the specified procedures, so that navigation
devices have time to make the necessary calculations. In addition, the captain needs to
develop a special skill in maneuvering management in the compressed areas of transition
and in restricted areas for maneuvering, by training on the bridge of the ship or on
navigational simulators.

Analysis of the parameters describing the maneuvering process of the ship showed
that not all data are known to the navigator for safe management, and navigation devices
for their determination are absent. This does not allow you to organize proper swimming
preparation, especially in compressed swimming areas. Among such parameters are the
width of the maneuverable displacement and the abscissa of the position of the pivot
point, which can not be determined extensively, and there is no time for calculation in the
process of maneuvering. As the performed analysis showed, there is dependence between
these parameters, the degree of which has not yet been established.

It is precisely in compressed waters that there is a need for frequent maneuvering by
changing the course, speed, or a compatible change of both of them, which leads to
excessive approach to hazards and requires adequate control actions for operational
control. For this, the PO must have the dependence of the maneuvering parameters on the
dynamics of motion, with the parameters to be determined for the state in which the
maneuvering takes place and they must be represented in the form ready for the return of
commands.

Such a statement requires the improvement of the methods of preparing a
maneuvering plan for maritime operations, or the development of computer information
support, for the rapid determination of maneuvering parameters that are necessary for its
implementation.

To do this, an analysis of the parameters describing the process of maneuvering a
marine vessel has been performed, and the characteristic points that influence
maneuvering and the ability of the PO to control the motion are considered.

The directions of scientific research aimed at development of methods for

determining the parameters of the maneuvering process for its computer assurance and



the compilation of a technological map of the process of motion are substantiated. The
object of the study is the maneuvering process during naval operations, and the subject of
research 1s the method of determining the parameters of maneuvering.

Structurally, the dissertation is presented in the form of a block diagram of a
technological map that systematizes the implementation of research work.

The main task of the research is to develop methods for the operative determination
of maneuvering parameters during movement and their use for controlling the vessel
according to the algorithm of the maritime operation process. The purpose of the study is
to organize the accident-free maneuvering of the vessel by operatively calculating the
parameters of the motion when changing the control regime according to the
technological map of the naval operation.

The main task is divided into three auxiliary tasks, which are presented in the
technological map.

The presented scientific hypothesis is confirmed in the work. It proceeds from the
possibility of operatively calculating absences of the PP by computer means, determining,
by its magnitude, the width of maneuvering displacement and controlling the movement
on the planned path. A scientific provision is formulated, which shows that the safety of
the maneuvering process is ensured by the use of operational methods for calculating the
parameters of motion and controlling the control of the ship by their significance.

The technical means of navigation do not always provide control over the
process of maneuvering through channels and fairways due to the low accuracy of
navigation devices and the lack of parameters that count decision support systems in
limited space conditions. For this reason, it is necessary to expand the number of
operational calculation of maneuvering parameters and development of a technological
map of the vessel movement, which will significantly reduce the risk of accidents.

A generalized algorithm for conducting research studies describes the procedure for
solving auxiliary tasks and includes the development of new theoretical models and field
tests to verify their adequacy.

Analysis of the modern way of determining the position of the pivot point (PP)

showing that it has a limited purpose only for one force, and the calculation schemes and



determination algorithms for other cases are absent.

The proposed method of the resulting force P, allowed for the first time to obtain a

formalized model for determining the lateral force and, by its value, to calculate the
location of the PP. However, this method requires adjusting input data for calculations,
which takes time that the navigator is scarce.

The first formalized model for defining the abscissas of the PP and the shoulder of
the superfluous lateral forces according to the Doppler lag makes it possible without
significant changes in the navigational equipment of the vessel to obtain a device that will
substantially facilitate the process of information provision for maneuvering and increase
its safety.

The performed natural tests of the process of determining the abscissas of the PP,
allowed to verify the proposed model for determining the abscissa of the PP and obtain
the calculation algorithms for developing a navigation device for increasing the reliability
of the information provision of the maneuvering process.

The obtained research results can be used for the development of a navigational
device for information provision of the maneuvering process.

The solution of the first auxiliary task is accomplished in three stages: an analysis of
the existing model for determining the abscissa of the PP; development of the model for
determining the abscissa of the PP for the equally effective transverse forces acting on
the vessel; development of a model for determining the abscissa of the PP on the
tangential velocities of the bow and stern extremities of the vessel and verification of the
model based on the results of field tests.

An analysis of modern methods for determining the width of shunting shift on
rectilinear and curvilinear segments of the path and the development on its basis of
calculation schemes and algorithms, allowed to build a system of continuous information

about its value. However, the constant determination of the maneuverability shift width
requires the input of the angular velocity ®, the limiting value of the angular velocity

(Mdev the course of the navigation conditions and the accuracy of the location of the M,,

the introduction and calculation of which requires a time consuming, which is negligible.



For this reason, more advanced methods have been used to determine the
maneuverability of the shift of the abscissa of the PP. They allow you to constantly show
the likely width of the maneuvering shift, without the need to enter any data using the
Doppler log information.

The performed graphical analysis showed that the value of the abscissa of the PP
determines the width of the maneuverable displacement, therefore its value can be used
to evaluate the maneuvering parameters. The limitation of the maximum value of abscissa
of the PP on the circulation will in fact allow determining the value of the width of the
lane of the vessel, depending on its main dimensions, which are determined by the

“characteristic linear size” L, .

Using the abscissa of the PP as a priority value has the following advantages: sets
the size of the water area for maneuvering according to the known navigator of the radius
of curvature of the trajectory of the CG and the definite size of the PP abscissa in the steel
circulation; abscissa PP for constant circulation can be defined with sufficient accuracy
at the design stage of the vessel, since it depends only on the hydrodynamic characteristics
of the casing and practically does not depend on the type of the driving complex, installed
on the vessel.

To improve the information provision of the maneuvering process, and especially
on the curvilinear trajectories, it is recommended that the use of the developed monitoring
and registration system is continuously used to automatically detect the maneuverability
of the shift and respond in a timely manner to deviations from the planned path. The
solution of the second auxiliary task is accomplished in two stages: the development of
methods for calculating the maneuverable shift in the abscissa of the PP and computers
systems to determine of the PP in real time.

The final section of the work gives a brief description of 12 navigational decision
support systems (DSS) for maritime operations, describes their functionality and the list
of input data required for the operation of the devices.

The considered DSS systems allow optimizing the processes of planning the given
path and control the maneuver when moving on it. These significantly facilitate the

operation of the ship, and allow promptly and promptly prevent deviations from the



planned route and the threat of emergencies. They can be used for navigational training
of ships with no shift control for operation on the line.

The use of DSS, the inverse scenario method for optimal planning of the mooring
process, taking into account the water area for maneuvering and maneuvering
characteristics of the vessel, allows a highly accurate mapping of the trajectory of the
movement, and promptly receive information for the safe operation of the naval
operation. This enables the navigator to use the traffic plan executed before the mooring
operation, for navigational purposes

For example, mooring in the Samsun port of Turkey carefully considered the
sequence of TP traffic planning along the roadway table inverted and describes in detail
the control scenario of the ship when it enters the port.

The scheme of functional connections between navigational devices of the
maneuvering control system is developed and it is shown that in order to ensure trouble-
free operation of a naval operation, it is necessary to first plan the coordinates of the safe
path. After that, it is necessary to automate the process of using navigation devices that
improve the accuracy of obtaining traffic parameters, and increase the efficiency of their
determination to make maneuvering decisions.

The solution of the third auxiliary task has allowed fulfilling the main task of
developing a methodology for drawing up a navigational plan for the maritime operation
in the event of an approach/ exit from the port, in accordance with the requirements of
the IMO.

The scientific novelty of the results is the development of a new mathematical model
for determining the abscissa of the PP based on data on the tangential speeds of the
vessel’s extremities, verification of the resulting model based on field tests, and a model
for determining the width of the maneuverable displacement, including the curvilinear
motion.

At the same time at work:

— for the first time a method has been developed for defining the abscissa of the PP
on the tangential speeds of the extremities, which differs from the existing lack of the

need to enter data for the calculations of the abscesses of the PP originating from the



existing navigation device — the Doppler lag, and taking into account the flow parameters,
which allows the optimum way to arrange the tugboats while performing maritime
operations , relative to PP;

— [ for the first time, a method has been developed for determining the width of the
shunting shift separately for rectilinear segments of the path and for the curvilinear, which
differs from the existing, using the value of the ABS absences for calculations, including
curvilinear sections, and the automatic switching of calculations for rectilinear and
curvilinear segments of the path according to the angular velocity of the velocity, which
allows to quickly control the position of the vessel in relation to navigational obstacles;

— further developed the methodology of scenario planning of the inverse way for
navigational purposes at the approach / exit from the port, which differs from the existing
one, using a highly precise method of planning a given path by trajectory points in the
form of a matrix of their coordinates, and using the existing method of the waypoints and
rotational data for their calculation, which allows to fulfill the IMO’s requirement for
planning the transition path from the berth of the port of departure to the berth of the
ward;

— the method of determining the abscissa of the PP on the equal forces is improved,
which differs from the existing ones taking into account only the lateral forces, for which
the direction and value of the control forces used are introduced, the lateral components
are determined and then equalized to them, which allows to calculate the abscissa of the
PP whose value is used to control maneuverings. Practical results of scientific research
have been implemented.

The results of the research were introduced during the research work at the Kherson
Maritime Academy, the Order of the Ministry of Education and Science of Ukraine No.
199 dated February 10, 2017 “On the Formation of Thematic Plans in 2017”), in which
the author developed calculation algorithms and benchmarks for checking the programs
of determination of the abscissa of the Pivot Point (the act of implementation from
09/25/2019); Private Institute of Postgraduate Education “Odessa Marine Training
Center” for the training of navigators (implementation act dated September 25, 2019);

Materials of the research are used in the educational process of NU “OMA” in the



teaching of the discipline “Management of marine operations of ships” (implementation
act dated September 25, 2019), when carrying out research work “Improving the methods
of safe ship management” (Ne DR 0117U005133, scientific adviser to Ph.D., Associate
Professor Burmaka 1.0.), Department “Methods of determining the pivot point™.

Key words: safe maneuvering of the vessel, the abscissa of the pivot point, shunting
shift width, curvilinear sections, decision support system, inverse scenario planning of
moorings.
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