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Sagin A.S., Sagin S.V.
EXPERIMENTAL DETERMINATION OF OPTIMAL PHASES OF FUEL SUPPLY TO THE
CYLINDER OF MARINE DIESEL ENGINES

Consider the issue of experimental determination of the optimal phases of fuel supply to the
diesel cylinder during the change of one type of fuel to another. It was determined that in accordance
with the requirements of Annex VI of the MARPOL International Convention, the operation of marine
diesel engines in some areas of the world ocean is possible only under the condition of using fuel with
a sulfur content of no more than 0.1 %. Similar types of fuel are characterized by a lower auto-ignition
temperature and higher calorific value. During combustion, this leads to an increase in the rate of fuel
combustion and the degree of pressure increase during combustion, precisely because of this, the
dynamic loads on the parts of the cylinder-piston group and diesel engine bearings increase. Also, this
(due to the increase in temperature at the end of combustion) creates conditions for an increase in the
concentration of nitrogen oxides in diesel exhaust gases. Reconfiguration of the high-pressure fuel
equipment, namely changing the fuel injection angles, is proposed as a method that contributes to the
prevention or reduction of the negative effects of these phenomena. The research was carried out on a
General Cargo class vessel with a 7SS50ME-B9.3-TIl MAN-Diesel & Turbo main engine. Combustion
pressure, the degree of pressure increase during combustion, the temperature of exhaust gases, and
the concentration of nitrogen oxides in exhaust gases were chosen as the indicators for evaluating the
use and implementation of the proposed method. It has been experimentally proven that this results in
an increase in the environmental sustainability of diesel operation by 7.08-15.15 %, an increase in
thermal stability — up to 8.93 %, and an increase in dynamic stability — up to 2.72 %. This is due to the
shift of the self-ignition and combustion process towards expansion and the corresponding decrease in
pressure and temperature at the end of combustion. The most favorable use of this method is on
modern diesel engines that have an electronic fuel injection control system, so they do not require
mechanical reconfiguration of fuel pumps. Taking this into account, the method based on the change
of fuel injection angles is defined in such a way as to ensure the maintenance of environmental and
energy indicators of marine diesel engines during their transfer from one type of fuel to another.

Key words: diesel diagnostics, dynamic loads, environmental indicators, fuel equipment, fuel for
marine diesels, fuel injection angle, fuel injection, main power plant, marine diesel, marine transport,
thermal loads.
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BUKOPUCTAHHSA IITYYHOI'O IHTEJIEKTY B CUTYANIAX HAIMIPHOI'O
3BJINKEHHSA CYJAEH

Posenanymi memoou koumpono ma ynpasiiHusa pyxom CyoHa nio 4ac Mame8py8auHs 3 Memoio
3abe3neueHnss Oe3NeyH020 PO3XOONHCEHHs, 34 YMOBOIO 83AEMOOII HaBieayilino20 oiyepa 3i Wmy4HUM
iHmenekmom. 3a3HaueHo wo, OCHOBHOIO NPUYUHOIO ABAPILl HA MOPI € NH0OCLKULL (haKkmop, npu ybomy &
OKpeMUx 6unaokax HasicayitiHull ogiyep He Modce BYACHO pO3PaAxyeamu HeoOXiOHUU MaHesp
Oe3neunoco po3x00diceHHsr cyoeH. s supiuieHHs numauHs 3abe3neyeHts 6e3neku CyOHONIA8CMEd,
Oyna po3zenaHyma MONCIUBICINL 3ACMOCY8AHHA WMYYHO20 IHMeENeKmy 6 Ccumyayii HaoMipHo2o0
30IUNCEHHSL CYOeH, 32I0HO 3 BIONOBIOHUMU HOPMAMU MIHCHAPOOHUX NPABUN 3AN00I2aHHS 3IMKHEHHIO
cyoen y MOpi, 8 sKUX 6CMAGIeHa YimKka 8i0n08ioanbHicmy Oitl AKi NOMPIOHO BUKOHAMU HABI2AYTUHOMY

215



Bomuuii Tpancmiopt Ne 1 (39) 2024

oghiyepy nio uac GUHUKHEHHA PIZHOMAHIMHUX cumyayiti Hebe3neuHo2o 30audcenus. Busnaueno, wo
HagieayitiHutl oghiyep Mae 3mMo2y 6HOCUMU DPi3HI OaHi 8 cucmemy WMYYHO20 [HMENeKmy, MaKi sK
HOMOYHE NON0JHCEHHS CYOHA, WBUOKICMb, KYPC, NelleHe, N0200HI yMosu ma 0y0b-aKy IHULY 8ION0GIOHY
iHhopmayito, Ona moeo wob cucmema WMy4HO20 IHMeENeKmy 00pooaina yi Oaui 3a OONOMO20I0
aneopummy ma mooeni Onsl OYIHKU NOMOYHOI cumyayii ma npocHo3y6and GUHUKHEHHS NOMEHYIUHUX
maubymuix cyeuapiie. [lImyunuti inmenexm 6KIHOUAE AHANI3 PUSUKIE 3IMKHEHHS, OYIHKY 6NIUBY
HO200HUX YMO8 MA YMO8 MOPs, A MAKONC 8PAXOBYE MONCIUBOCMI MaHespyeanHs cyoHa. Ha ocnogi
BIACHO20 AHANIZY CUCMEMA WMYYHO20 IHMeNeKmy HAOA€E HABIeayitiHoMy o@iyepy peKOMeHOOBaHI
manespu poszxodocenns. Lli pexomenoayii epaxosyiomv maxi Gakmopu, sAK Hatbe3neuHiuul i
HatleghekmusHiul mapuipym, ujod YHUKHYmMU NOMeHYiliHUX Hebe3nek abo onmumizyeamu nomo4Huil
Mmapwipym. Busnaueno, wjo npomscomM Yycb020 Yb020 NpOYecy WMYYHUU I[HMeNeKm CAYHCUMb
IHCMPYMEHMOM, KU 00NOMA2A€E HABieayiuHOMY oghiyepy nputimamu OOIPYHMOBAHI PIUeHHS U000
MaHespy pO3X00JCEeHHs mda aHANi3y8amu 6eluyesHy KilbKicmb OaHux 3a Kopomkuil uac. Yepes
OMPUMAHI pe3yTbmamu ma peKkomeHoayii 610 wmy4Ho2o iHmeleKmy, Hagicayitinuti ogiyep, bepyuu 00
yeazu G1acHuti 00c6i0, 3HAHHA Ma O0COOAUBOCMI KOHKDEMHUX O0OCMABUH, NPUUMAE OCMAmMouHe
pileHHs w000 Manespy posxooddicenHs. Ilpu yvomy 30ilicHIOEMbCA 8PAXY8AHHA OYOb-SAKUX [THULUX
BANCIUBUX (hAKMOPIB, WO MO2U 3ATUUUMBCS HEBPAXOBAHUMU WY YHUM [HIMETEeKMOM.

Knrouosi cnosa: 6esnexa cyoHON1a8cmeda, MaHe8p pPO3XOONCEHHs, MAHe8PYB8AHHS, Mapuipym
CYOHA, MemoO YNPAGLiHHS, MOPCLKULL MPAHCNOPM, Hasieayiuna iHpopmayis, nonepeotcenHs
3IMKHEHHs CYOeH, NPUUHAMMS PIleHH S, PYX CYOHA, YNPAGIIHHI PYXOM CYOHA, WMYYHUL IHMeNeKm.

IHocranoBka npod/eMu y 3arajJibHOMY BHIJISIAI Ta ii 3B’A30K i3 BaKJIMBUMHM HAYKOBUMH YH
NPaKTHYHUMH 3aBIaHHAMHU. 3a0e3NeUeHHs Ta peaiizaiis Oe3leYyHOro pyxy CyqHa € HaWOiIbII
aKTyaJbHOIO NPOOJEMOI0, sIKa BHHMKA€ I dYac HAJAMIPHOTO 30JIMKEHHS CYJIEH MOPCHKOIO
tpancnopty [1, 2]. OxHiero 3 ii BOXIMBUX CKJIaJOBUX € CBOEYACHUH aHANI3 CHTyarlii Ta BUOIp MaHEBPY
JUis 0€3MeYHOT0 PO3XOJDKEHHS CyJIeH B CUTYyalisix HeOe3neyHoro 30imxeHHs. OCHOBHUM METOJIOM,
SIKAW PeriiaMeHTYIOThCs B MiXKHapOIHUX MPaBUII 3amo0iranHs 3iTKHEHHs cyjaeH y mopi (MII33C-72),
€ BUKOPUCTaHHS CHCTeMHM OiHapHOi KOOpAMHALIl TMiJ Yac BUHUKHEHHS CUTyallil HaIMIpHOTO
30mmKkeHHs cyneH [3, 4]. Uepes miopiuHe 30UTBIICHHS CYTHOIUIABCTBA B YChOMY CBITi, BHHUKAE
BEJIMKA KUIBKICTh PI3HOMAHITHUX CUTYalliil HeOe3MeuHOoro 30JMKEeHHs CyIeH Mij yac iX pO3XOKEHHS,
110 BIUIMBA€E HA TPYJIHOILII Y BUOOP! KOPEKTHUX JIi{, 110 MPUHMAIOThCA JUIsl 3a0€e311eYeHHs] Oe31IEUHOT0
po3xomkenns [5, 6].

HeonnopazoBo BH3HAYaIOCh, 110 OCHOBHOIO NMPUYMHOIO aBapiii HaA MOp1 € JIOJACHKHUM (akTop,
IpU IbOMY B OKpPEMHUX BHIAJKaxX HaBiramiiiHuii ogiuep He MOXe BYACHO PO3paxyBaTH HEOOXITHUIM
MaHeBp O€3MEeYHOro po3Xo/KeHHs cyaeH [7,8]. OcrtaHHIM YacoM BelHMKa yBara MPHILTSIETHCS
CTBOPEHHIO aBTOMAaTHYHOI CHUCTeMH BHOOpPY MaHEBpY pO3Xo/ukeHHs. [IpoTe nociifkeHHS 1070
NEPCIEKTUBHUX ABTOMAaTHYHUX CYJHOBHX CHUCTEM JUIS 3armo0iraHHs 3iTKHEHHSM Ta iX TEOpeTHYHE
OOIPYHTYBaHHs 3 ypaxyBaHHSIM (DakToOpiB 1O MOBHOI aBTOHOMHOI HaBiraiii Bce Ie 3HaXOJAThCS B
cTajali TecTyBaHHS, a NUTaHHS OE3MEeKU CYyJIHOIUIABCTBA Ta 3aro0iraHHs 3ITKHEHHSM MOPCHKHX
TPAHCIOPTHUX CY/ICH BCE ¢ 3aTHIIAIOTHCS HeBUPILICHHUMH, TOMY € aktyansHumu [9, 10].

[TuTaHHS BIPOBA/PKEHHS MITYYHOTO 1HTEJIEKTY B JKUATTS JIFOJAWHH TIOYAIH [[IKABUTH JIFOJICTBO IIIE
B cepelMHI MUHYJIOro cToNITT. OfHak A0 nmodatky 21 cTomiTTs A OLIBIIOCTI JIF0JeH 1ie 3/1aBajiocs
(daHTa3zi€o, Ky HEMOXJIMBO BTUIMTH B JKUTTA. 3apa3 Taki kommadii, sk IBM Watson, Google,
Microsoft, Apple, iHBeCTYIOTh MUIbSPAM JOJApiB y BJIOCKOHAJIEHHS Ta BIPOBAPKEHHS CBOIX
MPOIYKTIB /1711 MaCOBOT'O BUKOPHUCTAaHHA. BUKOpHCTaHHS Ta B3aeMOis JIOJEH 31 IITYYHUM 1HTEIEKTOM
y NMUTaHHIX HaBiramii Moxke OyTH OCHOBHOIO NMPHUYMHOIO MiJBUILEHHS Oe3MeKu Ta e(eKTUBHICTb y
CymHOIIAaBCTBI. PO3B’si3aHHS HaBiramifHUX MpPOOJIEeM YacTO CTHKAIOTHCS 3 HEBU3HAUYEHICTIO
iHpopMarlii, CKIaJHICTIO Ta BUMOTaMH Yacy HerailHo mnpuiiMaTH pimeHHs. s mporo i Oyio
3aMpoONOHOBAHO BTPYYaHHS IITYYHOTO 1HTENEKTY, 11100 MiHIMI3yBaTH BUTPATH Yacy Ha PO3paXxyHKH Ta
cokycyBaTh Ha 3aBYacHOMY BHOOpy OesmeuHoro ManeBpy [11]. V pekomeHpamisx MITy4HOTO
IHTEJIEKTY MOKYTh BpaxoByBaTHCs Takl (pakTOpH, sIK HalOe3neuHimui 1 Halle()eKTUBHIMNN MapuIpyT,
100 YHUKHYTH MOTEHLIHHUX HeOe3nek abo onTuMmizyBaTH poOoTy cyaHa. [IpoTsarom ycboro mporo
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npolecy ITYYHUH IHTENEKT CIY)XUTh IHCTPYMEHTOM, SIKMH JoIoMmarae HapirauiiHomy odinepy
npuiiMaT OOTPYHTOBaH1 PIMICHHS MO0 MaHEBPY PO3XOKEHHS. Y MaHii poOOTI pO3TIsgacThCs
npobiemMa ynpaBIiHHS AiIMH CyA€H U peaiizamlii pilleHHS MPO PO3XOJUKEHHS 3a JOINOMOTOI0
B3a€EMO/IIT IITYYHOTO 1HTEIIEKTY.

AHaJi3 ocTaHHIX JocailKenb i mydaikaniii. BupimenHnio nuranHs 6e31MeKu CyIHOIUIaBCTBA Ta
HONIEPEKCHHS 3ITKHEHHS CYJE€H MOPCBHKOrO TPaHCIOPTY IPHUCBSIYCHO PsI IOCTipkeHb [12-14].
OpHuM 13 cnocoOiB MOMEpeKEHHsI 31TKHEHb CYJCH € METOJ CKIQJaHHS aHAJITHYHOTO AITOPHUTMY
PO3XOJKEHHS s iICHYr040i cutyanii [15]. OgHak pi3HOMaHITHICTh CUTYallld HAJAMIPHOTO 30JIM)KCHHS
CyJleH BUMAarae JIeTallbHOTO PO3IJISIYy CHTYyaIlliil BiamoBimHO a0 perimamenty MII33C-72. Jlo meToniB
MOTIEPEKEHHS 3ITKHEHHSI CYJIEH Y MOP1 BITHOCUTLCS 3MIIIICHHS CyJIHA Ha JIHIIO MapajebHy NUIIXY iX
pyxy [16], ogHak 11e¥ MeTox € ePEeKTUBHUM JIMIIIE B YMOBaX MOMIPHOTO TpadiKy Cy/IeH.

CyTTeBHil BHECOK B BUPIIICHHS MUTaHHS 3a0e3MeyeHHs] 0€3MeYHOro pO3X0KeHHSI CyJIeH HaJae
MeToJ BuUKopucTanHs ¢opmanmizaii MI133C-72 y BUTsAl aHATITHYHUX BUPA3iB 3 METOKO BU3HAYCHHS
JOIYCTUMHX TapaMeTpiB pyxy cyneH [17], 3riiHo 3 SKUMH TpaHuls Oe3leyHOro pyxy cyleH Oyne
BIJIIOBIIATH TPAHUYHO JOMYCTUMOT JUCTAHIII1, IKa 3a0€3MEUHTh iX Oe3MmeuHe PO3XOKCHHSI.

HesBaxkaroun Ha cucTeMaTHYHE pPO3IJISAaHHS Ta aHAII3yBaHHS I[bOTO MHTAHHS, BHIAJKIB
3ITKHEHHS CyJIeH 3 KO)KHUM POKOM HE JIMIIE Ha 3MEHIIYETHCS, a HaXKaJlb MPOTPECUBHO 30UTBIIYETHCH,
110 1HOA1 IPUBOJUTH K BTpaTaM JIFOJCHKOTO JKUTTS, BTpaTaM CyJHa, BETMKUM €KOHOMIYHUM BUTpaTaM
[18], TMMYAacOBUM MpPUIMHEHHSM CYJIHOIUIABCTBA B OKpemuXx paionax [19,20], 3a0pyaHeHHSIM
noBkius [21, 22] ta Brpatamu BaHTaxy [23, 24].

JlocBiZi BUKOPUCTaHHS INTYYHOTO IHTEJNEKTY Ha MPaKTHIl, Ta BTPYYaHHS HOrO B MOCTIHHI
AJITOPUTM BUPIIICHHS Ta BUSHAYCHHS MPOOJIeM, ITPEACTABICHO B poOoTi [25].

JlocmiKeHHsT  TEePCIEeKTUBHUX  aBTOHOMHHMX  CYIJHOBHUX  CHCTEM, TPHU3HAUYEHUX  JUIs
ABTOMATUYHOTO PO3PaxXyHKy Oe3MeYyHOro MaHEeBpPY Ta 3acCTOCYBaHHS I[bOTO Ha MPaKTHUIl, e BCe
3HAaXOJHUTbCA B CTaTyCli TECTOBOTO BHIIPOOOBYBaHHsA. HamaHHS MOMXIJIMBOCTI BHKOPHCTAaHHS Ta
B3a€MOJIS 31 IITyYHHM IHTENEKTOM Y TNHUTAHHAX HaBiramii Moxke OyTH OCHOBHOIO MPHYHUHOIO
BUIICHHS O€31eKH Ta €)EKTUBHOCTI B CY/THOIUIABCTBI.

®opmyioBaHHA wijeil crarri. Lo cTaTTi € BOpOBaIKEHHS Ta METOJ B3a€MO/Iii IITYYHOTO
IHTENEKTy 3 HaBiramiiHuM oginepom, mo0 3MEHIIUTH MOMIJIKU JIIOJICBKOTO (DaKTOpy B CHTyamisx
Ha/IMIPHOT'O 30JIM>KEHHS Cy/IeH MOPCHKOT'O TPaHCIIOPTY.

Buxknaax ocHoBHoro marepianay. 3a0e3nedeHHsST MaHEBpPYBaHHS CyJHA, 3HAYHOIO MipOIO
3aJISKUTh BiJI CBOEYACHOTO BMSBIEHHS CUTYyallll HaJMIPHOTO 30JM)KEHHS Ta ONEpPAaTUBHOTO BUOODPY
NPaBWIBHOTO MAaHEBpPY YXWICHHs. BusiBieHHS Ta BUOIp MaHEBpPY YXHWJICHHS Ha CyAaXx MOPCHKOMY
TPAaHCHOPTi, € (PyHJAaMEHTAJIbHOIO HABMYKOK Ta 3[IOHICTIO JUIs HaBirauiHoro odiuepa. s
KOOpJMHaIlll MaHEBPIB PO3XOKEHHS IBOX cyneH, B MIIII3C-72 3ampoBaKeHo JOr4Hy CUCTEMY, SIKa
BPAaXOBY€E CTaH BUJMMOCTI. Y pa3i rapHOi BUJIUMOCTI B3a€MH1 000B’SI3KH MapH CYAECH PO3MOAUIAIOTHCS
3aJIe)KHO B1J IXHBOT'O CTATyCy 1 XapaKTEpUCTUKH OOCTAHOBKM X HaOIMKEHHS, K MoKa3aHo Ha puc. 1.
[Tig wac 3umxenHs Buaumocti Bumoru MIIII3C-72 He mepenbadaroTh B3a€MHOI BiAIMOBIAaTBHOCTI
CYJIEH 1 perJaMeHTYIOThCs JIMIIe AisIMU Kepyrouoro cyaHa. Hasirauiiiauii oginep NoOBUHEH CBOEYACHO
BU3HAUUTH CHUTYallil0 HAOMMKEHHs Ta BXKUTH BIANOBIAHMX 3aXOMAiB Ui 3amoOiraHHs 31TKHEHHIO
CyIeH.
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Puc. 1. OcHoBHI cuTyallii MaHeBpyBaHHs cyJieH BianosiaHo 1o MII3C-72,
SK1 3HAXOATHCS HA BUIY OJHE B OJJHOTO

3rigHo 3 AaHUMH CBPONEHCHKOTO areHTCTBA 3 OE3MEeKH Ha MOpi Ta iX MIOPIYHOTO OTJISITY
MOPCBHKUX aBapii Ta 1HIMJEHTIB Ha Mopi 3a 2014...2023 poku, sk 1OKa3aHO Ha puC. 2, HAHOUIBIINI
BIZICOTOK 3apeeCTPOBAaHMX MOPCHKMX aBapidl Ta iHIMIEHTIB BinOymucs y 30HI «BHyTpimmHix Bom»
51,5 %, 3a sxor inyts «TeputopianbHi Mops» 3 24,3 % 1 «Bigkpure mope» 3 20,8 %. Kpim Toro,
nigkareropist « BHyTpimHi By — mOpToBa 30Ha» OyJia TEPUTOPI€I0 3 OUTBIION KiTBKICTIO BHUIAIKIB.
i cratucTuyHi JaHi MOXYTh CBIJYUTH MPO Te, IO Yepe3 301IbIIeHHs 1HTEHCUBHOCTI PyXy CYJEH,
0cOoONMMBO B TPUOEPEKHUX palioHaX, HaBiramiiHOMy oOQilepy YacTo HE BHCTadae dacy s

IPOBE/IEHHS CBO€YACHOI'O AaHali3y CHUTyalid, NPOBECTH BU3HAUYEHHS MPIOPUTETHOI Wi,

3a0e3neunTH 0e3nMedHuil Ta CBOEYaCHII MaHEeBp 3 IHIIMMHU CYJHAMHU.
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Puc. 2. Mopcrki aBapii Ta iHnuaeHTH 3a repion 2014...2022 pp., ynopsakoBaHi 3a
pailoHOM IJIaBaHHS Ta TUIIOM CYIHA
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He3Baxaroun Ha MOCHJICHHSI KOHTPOJIIO 32 O€3MEKOI0 CYIHOIIIABCTBA 3 OOKY CHCTEM YINpaBIIiHHS
pyXy CyIeH, YIOCKOHAICHHS CHCTEMH YIpaBIiHHSA O€3MEeKOI0 KOMITaHIi Ta PEryJsipHI KypcH
HiABUIIEHHA KBajiikamii Ajs IITYpMaHiB, 31TKHEHHS CYAEH HPOJOBXKYIOTh BiIOYBAaTHCS 1 4acTo
MPU3BOJATH 70 CEPHO3HUX EKOJOTIUYHWX, (PIHAHCOBUX 1, TMEpII 3a BCe HEOE3MEYHUX IS JKUTTS
HachiAKiB. BincoTok iHmmMueHTiB Ha cyneH 3a mepiox 3 2014 mo 2022 pik, mpencTaBieHU Ha
€pornelicbkiii Tuiatdopmi iHGoOpMaIlii Mpo HEmacHI BUIAIKM HAa MOpi, SK IMOKAa3aHO Ha puc. 3,
TOAChKUH (hakTOp OYB OCHOBHHM 13 HACHIJKIB HEIMAacHUX Mofii 3 59,1 % Bix 3aranbHOi KiTBKOCTI, 32
HEI HIyTh BIAMOBH cuctemu/o0naaHaHHs 3 25,3 %, nii iHmoro cymHa 3 8,4 %, Hacmiaku
HeOe3neynoro marepiany 3 5,3 % 1 Heinomi 3 1,9 %.

= Human action
System/equipment failure

= Other agent or vessel

= Hazardous material

= Unknown

% accident events l:‘

Puc. 3. BigcoTok aBapiitHux nojii 3a nepioa 2014...2022 pp. 3a BumaMu aBapiiHUX MOAIH

OcHOBHOIO i7e€r0 1€ CTaTTi € BOPOBAPKEHHS Ta METOJ B3a€MOJIl IITyYHOTO IHTENEKTYy 3
HaBiramiiauM odimepom, mo0O 3MEHIIUTH TOMHIKU JFOJACHKOTO (aKTOpy B CHUTYAIisIX HaIMipHOTO
30mmkeHHa cyAeH. lLTy4ynuii iHTENEKT BiIHOCUTBCA N0 KOMII'IOTEPHUX CHCTEM, SIKI MOXYTb
BUKOHYBATH 3aBJIaHHS, 3a3BHYail MOB’S3aHI 3 KOTHITUBHUMHU (QYHKISIMH JIOIUHHU. SIK TpaBwMIIo,
CUCTEMH IITYYHOTO IHTEJEKTY HaBYAIOTHCS, SIK 1€ poOUTH, 0OpOOISIOYM BeIMUYE3HI OOCSATH JAHUX 1
NIYKAOYX Ia0JIOHU JUIsE MOJICTIOBAHHS Y BJIACHOMY MPUUHSATTI pIllICHb, SK MOKa3aHO Ha puc. 4. Y
0araTbOX BWIIAJKaX ONEPATOPHM KOHTPOJIOBATUMYTh TPOIEC HABYAHHSA IITYYHOTO I1HTENEKTY,
H1KPITUIIOI0YY TPaBWIIbHI PIIIEHHS Ta MEPEIIKOHKAI0UN HEBIPHUM.

ARTIFICIAL INTELLIGENCE SYSTEMS

O

50

Analyses data Recognizes Self-teaching Makes Solves complex
for training and speech and decisions problems
predictions images

Puc. 4. IIponec B3aemoii 31 MITYYHUM 1HTEIEKTOM

Benuuesnuit  oOcar Hapiramiiinoi iHQopmarii, Ky HaBirauiiHuii odimep MOBUHEH
IpOaHaNi3yBaTH 3a KOPOTKUH MPOMDKOK 4acy, IUTYYHUH IHTEJNEKT MOKE MpoaHali3yBaTH Ta HaJaTu
HEOOXIJIHY cTUCIy iH(pOpMallio Ta peKoMeHaalli 3a JidueHi cekyHau. Lli pekomeHamii BiJ TYYHOTO
IHTEJIEKTY MOXYTh BpaxOBYBaTH Taki (akTopu, K Hailbe3neuHimmii 1 Halle()eKTUBHIMINN MapuIpyT,
1100 YHUKHYTH MOTEHLIHHNX HeOe3nek abo onTuMizyBaTu poOoty cyaHa. IIpoTsrom 1poro mporecy
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IITYYHUH 1HTENEKT CIIy>KUTh IHCTPYMEHTOM, SIKUH JOloMarae ITypMaHy NpUiiMaTtu oOrpyHTOBaHi
pIlIEHHS 100 MaHEBPY PO3XOHKeHHS. BiH Moke aHai3yBaTH BeMUYE3HI 0OCATH JaHWX 1 HaJaBaTH
niHHy iHdopMario 3a KOpoTkwii dYac. OTpuMaHi pe3ynbTaTH Ta PEKOMEHIAIil BiJl IITYYHOTO
IHTENIEKTY, ITYpPMaH IeperiisiHe Ta OepydH JI0 yBard BJIACHUH JIOCBiJ, 3HAHHS Ta 3HAHHS KOHKPETHUX
00CTaBHMH, 3MOX€E IIBH/IIE Ta SKICHINIE MpOaHATi3yBaTW Ta MPUHHATH OCTATOYHE DPIMICHHS 100
MaHEBPY PO3XOKEHHS, BPaXOBYIOUM HE JIMIIC PEKOMEHJAIll IITyYHOrO iHTENEKTY, aje i OyIb-sKi
iHII BaxJnBi (DaKTOpH, SKi INTYYHHH IHTEJNEKT MIr He BpaxyBaTH. Yac, BUTpaueHUIl Ha aHali3
CHTYyalIlil, 3irpae KIFOYOBY POJIb B MPUUHATTI PIICHHS MO0 MAHEBPY PO3XOJ/UKCHHS CyJIeH Ta BIUIMHE
Ha 3MEHIICHHS KUIBKOCTI aBapiifHUX MOJIH Y MOPI.

OnHuM 13 crmoco0iB B3a€MOJIIi MITYYHOTO 1HTEICKTY 3 HaBIraIlliiHUM O(ilepOM € BUKOPUCTaHHS
B peaJbHOMY Yaci 3arajibHOJOCTYIHUX MPOrpaM i3 3a0e3meueHHsM mTyqHoro iHtenekty — Open Al,
Chat GPT a6o Chat & Ask Al, ski 3maTHi 00poOasTH Oyab-sKe 3amMTaHHA Ta BHAaBaTH
chopMyIbOBaHUI, CTUCIWN BIANOBIAL y KOPOTKHUH MPOMDKOK 4acy. BHUKOpHUCTOBYIOUM MITY4HHUI
IHTEJIEKT y PEeXHMI pealbHOro 4acy, BiH Ji€ K IMOMIYHHMK HaBiramiiHoro odimepa sk 4ar-00T i3
TeHEPATUBHUM IITYYHUM IHTEIEKTOM, 3AaTHUI MpaIfOBaTH B IHTEPAKTHBHOMY PEKUMI, aHAIi3yBaTH
Ta KEpyBaTH JAHIIOTOM IIOAI Ha OCHOBI HEHMOBIPHOI KUIBKOCTI JOCTYINHOI iH(opmarii. Y
MaiOyTHROMY PO3BHUTOK HITYYHOTO IHTEIEKTY Ha MOPCHKHX CyJIHAax 3arpeOye po3poOKH BIACHOTO
MIPOrpaMHOTO 3a0€3MEeUCHHsI, SKe IpalfoBaTUMe 3 iHopMaIli€ro, o T03BOIUTS III¢ OUTbIIE 301TBITUTH
MIBUJKICTh OOpOOKM JaHWX Ta OTPUMYBATH TOYHIImI pe3ynpTatd. OnHAK Ha JaHWA MOMEHT,
BPaxOBYIOYH ICHYIOYI HpOTpaMH, MOXKHAa BHKOPHCTOBYBAaTH IITYYHHUH IHTENEKT SK TECTOBHH 1
HaBYAJIbHUH 3PA30K.

Po3rnsitHeMo 3Mo0/1e1b0BaHy CUTYaIliF0 30JIMDKEHHS CYJCH Ha MAHEBPEHOMY IUIAHIIETI, 0 WIYTh
IPSIMO OJTHE Ha OJIHOTO (, 1 MOPIBHAEMO OTPUMAaHI PE3yJIbTATH 3 PEKOMEHIALISIMHU HIOA0 PO3XOKEHHS
3aMpOIIOHOBAHUM INTYYHHM iHTenekToM. CymHo mpamye kypcom 045 rpaaycis (H®) i mBumkicTio
10 By3miB, iHme cyaHo HabMIKaeThes KypcoM 225 rpaxycis (HT) 3i mBuakictio 12 Bysnis. Bigcrans
JI0 3YCTPIYHOTO Cy/JIHAa CTAHOBUTHh 9 MOPCHKHX MIIb. HeoOXiHO po3paxyBaTH Kypc BiIXHJICHHS IS
PO3XOJDKEHHS 3 IHIIMM CYIHOM Y JBI MOpPCBKHX Muii. Pe3ymbraTH, OTpHMaHi 3 MaHEBPEHOTO
IUTAHIIEeTa, TOKa3ylTh, 110 32 YMOB MHTTEBUX PO3PaxyHKIB, 3p0oOJeHHMX HaBiramiiHum odiuepom,
Cy/Hy HeoOXiZHO MmoBepHyTH Ha 27 rpamyci mpasopyd (H!), sx moxasano Ha puc. 5, m06 Ge3neuno

PO3IUTHCH ¢ Cy/THOM Ha HEOOX1/IHiH BifcTaHi B 2 MUJII.
350 0 10

Lm0

ST ; Expected
.. RML"

He(Heading Own ship ) - 045 Deg
" Se(Speed Own ship) - 10 ktn

Time | Bearing | Distance | CPA | TCPA
o | 045 11.2 -
6’ 045 9.0 a 25

HT(Heading of Target ship ) - 225 Deg
ST(Speed of Target ship ) - 12 kin

H!(Calculated Heading, after alteration) — 072 Deg

Puc. 5. POSp&XYHOK MaHECBpPY PO3XOIKCHHS 3a JOIMOMOI'OK0O MAaHCBPCHOT'O IIJIAHIICTY
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3a I0MOMOTOI0 TPOrpaMu 31 INTYYHUM IHTENIEKTOM Ta TOJIOCOBOTO TOMIYHUKA BBOJSTHCS
MOYATKOBI BX1/IHI JaH1 Ta 3aJal0ThCsl HEOOX1/IHI TapaMeTpU PO3XOHKEHHS. TakoXK MOXKIHMBO TEKCTOBE
BBEJICHHS JAHWX, aJ€ ITiJl YaC BUKOPHCTAHHI TOJIOCOBOTO MOMIYHUKA JIOCSATAETHCS CYTTEBA EKOHOMIs
yacy. [licis 90ro BUKOHYETHCS IMOPIBHAHHS OTPUMAHUX Pe3yJIbTaTiB 3 PO3PaXyHKaMH 3 MaHEBPCHOIO
IIJIAHIIETA.

Me:

The ship is heading at 45 degrees and at a
speed of 10 knots. Other ship is
approaching the meeting with a heading of
225 degrees at a speed of 12 knots. the
distance to the oncoming vessel is 9
nautical miles. calculate the ship's
maneuver to the right so as to disperse by
2 miles.

oncoming vessel can be found using
trigonometry. We can use the fact that the

miles}H(10)\, \text{knots} + 12\,

§8 Chat & Ask Al:
\text{knots}}\]

To calculate the ship's maneuver to the
right in order to pass 2 miles to the right of
the oncoming vessel, we can use
trigonometry to find the change in course
needed. First, we can find the time it will

\[ \text{time}_1 = \frac{ONH22} \]
\[ \text{time}_1 \approx 0.409 \text{ hours} \]

Step 2: Calculate the distance each ship

ships are moving in straight lines and that
the relative position between the two ships
will form a right-angled triangle.

Let's denote:

travels during the time to meet

For the first ship:

\[ \text{distance}_1 = 10\, \text{knots} \times
\text{time}_1\]

\[ \text{distance}_1 \approx 4.09

\text{ nautical miles}\]

take for the two ships to meet using their
speeds and the initial distance between
them. Then, we can calculate the distance
each ship will travel during that time, and
use trigonometry to find the change in
course needed for the first ship to pass 2
miles to the right of the oncoming vessel.

\[ a2 = 2 \text{ nautical miles} \]

\[ b = 4.09 \text{ nautical miles}\]

\[ \theta = \text{angle between original
course and the new course} \]

We can use the tangent function to find the
angle:

\[ \tan(\theta) = \frac{a}{b} \]

\[ \theta = \arctan\left(\frac{a{b}\right) \]

\[ \theta = \arctan\left(\frac{2}{4.09}\right) ]
\[ \theta \approx 26.6"\circ \]

For the second ship:

\[ \text{distance} 2 = 12\, \text{knots}
\times \text{time}_1\]

\[ \text{distance}_2 \approx 4.91
\text{ nautical miles} \]

Step 1: Calculate the time to meet

The time it takes for the ships to meet can
be found using the formula:

\[\text{time} = \frac{\text{distance}}
{\text{relative speed}} \]

Step 3: Calculate the change in course for
the first ship

The change in course needed for the first
ship to pass 2 miles to the right of the

For the first ship:

\[ \text{time}_1 = \frac{9), \text{nautical oncoming vessel.

Puc. 6. Po3paxyHOK MaHEBpY PO3XO/KEHHS 32 JOMOMOTO0 MITYYHOTO iIHTEICKTY

3 HaBEJICHOTO BUIIE MPHUKIATYy MOXHA 3pOOMTH BHCHOBOK, IO JJIS TOTO, MO0 3a0e3MeunuTH
Oe3rneyHe pO3XO/KEHHS 3 CY/JHOM Ha HEOOXIJHIM BiJICTaHi, HEOOXIJHO BIIXWIMTUCS NPaBOPYY
npuOan3HO Ha 27 rpaayciB. Pe3ynbraT, oTpuMaHuii 3a 1OIOMOTOI0 PO3PAXYHKIB IITYYHOTO 1HTEIEKTY,
CTaHOBUTH 26,6 rpaayciB, 10 Maibke 30iraerbcs 3 (pakTHYHMM po3paxyHkaMm. Yac, BUTpadeHUN Ha
pO3paxyHKH Ha MaHEBPOBOMY IUIAHIIETI, CTAHOBUTHME BiJl | 10 KUIBKOX XBWJIHMH, 3aJI€KHO BIJ
HaBUYOK Ta JOCBiAY HaBiramiiHoro odginepy. Y BUNAJAKY 31 IITYYHUM IHTEJIEKTOM pe3ysbTaT Oyle
OTPUMAHO TIPOTSITOM KUIBKOX CEKYH/I, HE3aJIeKHO B1JI IOCBIY HABITAI[iHOTO odilepy.

BucHoBkH. BUKOHaHI JOCTIKEHHS JO3BOJISIOTh 3pOOMTH HACTYIHI BUCHOBKH.

1. Anani3 31TKHEHHSI CyJIeH 3a OCTaHHI POKHM I0Ka3aB, L0 JIIOJCBKUM (DaKTOp € OCHOBHOIO
OPUYMHOI0, II0 NPU3BOAMTH 1O apapiiiHOCTI cydeH. I[Hdopmauiiinuii oOcsar iHdopmarii, SKy
HEOOX1IHO KOPEKTHE Ta CBO€YACHE IpOaHalI3yBaTH HaBIramiiHoMy ogilepy B MEBHHUX BHUIaJKax
nepedUTbIIyI0 (YHKIIOHATBHI MOXKIMBOCTI JIFOJJUHU.

2. BripoBa/KeHHS IITYYHOTO 1HTENEKTY B TOBCSAKICHHE BUKOHAHHS OOOB’SI3KiB HaBiraIiifHOro
o(imepa MOXKe CyTTEBO MOJETIINTH, a TAKOXK YOE3[MEUUTH CYJAHO BiJl MOXJIMBUX iHIMIEHTIB. CrcTema
MITYYHOTO 1HTEJIEKTY 0OpOOJIATHME JIaHi 3a JOIIOMOTOI0 aJrOPUTMIB 1 MOJETEH Il OIMIHKYA TTOTOYHOT
CHUTYyallil Ta MPOTHO3YBaHHsS MOTEHLIMHUX MalOyTHIX cueHapiiB. Lle Moke BkioyaTtu B cebe aHaui3
PHU3UKIB 31TKHEHHS, OLlIHKA BIUIMBY IOTOAM 1 CTaHy MOpS, 1 BpaXyBaHHS MaHEBPEHHX MOXKJIMBOCTEH
CyJHa.

3. HociipkyBanuii crmoci® B3aeMojii HaBiramiitHoro odimepa 31 MTYYHUM IHTEJICKTOM JOBIB
e(pEeKTUBHICTh Ta TMEpPEeBAKAHHA ILIBUIKOCTI OOYHMCICHHS. AHali3 Ta pPO3pPaxXyHOK [aHMX, I
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HOTIePE/HKEHHS 3ITKHEHHS, CKOPOUYy€eThCs B yacoBoMy eTari Ha 10...20 pa3iB, HOPiBHSHO 3 HATYPHUMHU
CTIIOCTEPEKEHHSIMH Ta PO3PAXyHKAMHU.

4. IlponoHOBaHUI METO/ BHKOPHCTAHHS INTYYHOTO IHTEJIEKTYy B HaBiramii 3Ha4HO 3MEHIIUTh
MTOMUJIKH JTFOJICKKOTO (pakTopa rnmpu BUOOPI MaHEBPY PO301KHOCTI.

5. [Momanpimnii pO3BUTOK Ta CTBOPEHHS BIACHOTO MPOTPaMHOrO 3abe3rnedueHHs, Ha 0asi poOoTu
MITYYHOTO IHTEJEKTY B Taiy3l HaBirailii, MoXe iCTOTHO MiHIMi3yBaTH BUIAJKW 3ITKHECHHs CYJEH Yy
MOpi Ta 1aTH BETUKUH MOIITOBX JJIS1 PO3BUTKY aBTOHOMHUX O€3MUIOTHUX CYJIEH.
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Sagin S.S., Sagin S.V.
USE OF ARTIFICIAL INTELLIGENCE IN THE SITUATIONS OF EXCESSIVE VESSELS
APPROACHING

Considered the methods of control and management of the movement of the vessel during
maneuvering, in order to ensure a safe divergence, under the condition of interaction of the navigation
officer with artificial intelligence. It is noted that the main cause of accidents at sea is the human
factor, while in some cases the navigation officer cannot calculate in time the necessary maneuver for
the safe vessel divergence. To solve the issue of ensuring the safety of navigation, the possibility of
using artificial intelligence in the situation of excessive vessels approaching was considered, in
accordance with the relevant norms of the international rules for preventing collisions of ships at sea,
which establish the interaction of ships depending on the situation that arose during a dangerous
rapprochement. It is determined that the navigation officer is able to input various data into the
artificial intelligence system, such as the vessel's current position, speed, course, bearing, weather
conditions and any other relevant information, in order for the artificial intelligence system to process
this data using an algorithm and models for assessing the current situation and predicted the emergence
of potential future scenarios. Artificial intelligence includes analysis of collision risks, assessment of
the impact of weather and sea conditions, and also takes into account the maneuverability of the vessel.
Based on its own analysis, the artificial intelligence system provides the navigation officer with
recommended divergence maneuvers. These recommendations consider factors such as the safest and
most efficient route, in order to avoid potential hazards or optimize the current route. Throughout this
process, artificial intelligence has been identified as a tool that helps the navigation officer make
informed decisions about the divergence maneuver and analyze a huge amount of data in a short
amount of time. Through results and recommendations received from artificial intelligence, the
navigation officer, taking into account his own experience, knowledge and specific circumstances,
makes the final decision on the divergence maneuver. At the same time, any other important factors
that could remain unaccounted for by artificial intelligence are also taken into account.

Key words: artificial intelligence, decision-making, divergence maneuver, manoeuvring,
maritime transport, navigation information, prevention of ship collisions, safety of navigation, ship
movement, ship movement management, ship route.
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