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ABSTRACT

The article is devoted to the issues of creation and development of decision support systems (DSS)
in the field of navigation. A classification of DSS by areas of practical application is proposed and the
features of their construction are determined. A classification of decision-making methods in the field of
navigation is proposed by classes of tasks to be solved and the features of the practical application of
each group of methods are determined. The structure of the information interaction cycle between the
decision-maker and the DSS is determined, and its individual phases are analyzed. The prospects of using
the decision-maker model in DSS to increase the efficiency of information exchange and decision-making
processes are shown. The general structure of DSS is developed and the use of a four-stage cycle for
implementing the decision-making process with differentiated use of different groups of methods and
sources of input data at each stage is proposed. Priority areas of use of DSS and artificial intelligence
systems in navigation and prospects for their further development have been identified.
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AHOTALIA

Cmamms npucesaduena nUmMaHHAM CMEOPEHHS Ma PO36UMKY CUCMEM RIOMPUMKU NPUUHAMMSA
piwens (CIIIIP) y cghepi nasicayii. 3anpononosano knacugpixayito CIIIIP 3a cghepamu npaxmuunoeo
3aCMOCY8AHHA Ma BU3HAYEHO ocooausocmi ix nobyoosu. Pospobneno wxnacugixayito memooie
NpUtiHAMmMsl piuleHv y Hasieayii 3a Kiacamu 3a0ad, wo po36'sa3yiomucs, i 8UHAUEHO 0COONUBOCHI
NPAKMUYHO20 BUKOPUCMAHHS KOJXCHOI 2pynu Memodis. Busnaueno cmpykmypy yuxiy ingopmayitinoi
83aemo0ii midc ocoborw, sika nputimae piwenns, ma CIIIIP, npoananizoéano okpemi tioco ga3u.
Tlokasano nepcnekmugHicms BUKOPUCMAHHS MOOei ocobu, wo nputimace piutenns, y ckiaoi CIITIP ons
nioguwenHs egpekmugHocmi 0OMIHy iHgopmayiclo ma npoyecie npuiinamms piuers. Pospobaero
sazanvny cmpykmypy CIIIIP i 3anpononosano 8UKOpUCMAaHHs YOMuUpbOX-emanto2o YUKy peanizayii
npoyecy nputiHAmms piuleHb 3 OupepeHYitioaHuM 3aCmoCy8anHAM PIHUX cpyn Memodie i dxceper
6XIOHUX OAHUX HA KOdCHOMY emani. Busnaueno npiopumemni nanpsamu euxopucmanns CIIIIP ma
cucmem WMy4yHO20 iHMeNeKmy 8 Hagieayii, @ MaKoHc NEPCNEeKMuUBU ix NOOAILULOZO PO3BUMK).

KuarouoBi cioBa: cucreMu HIATPUMKUA NPUNHATTS pIlIeHb, METOAU TNPUNHATTS pIllIE€Hb,
CYJHOBOJIIHHS, Oe3leka CyJHOIUIAaBCTBA, YIPABIIHHS CYAHOM, JIOACBKUNA (DakTop, MOAETh
CYTHOBOJIi5I.
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ITocTaHoBKa nMpo0JieMH B 3arajJibHOMY BHUIVISIAL Ta 1i 3B'AA30K 3 BaKJIMBUMHM HAYKOBUMHM
200 NpaKTUYHUMHU 3aBJAHHIMHU

P03BHUTOK cydacHOro CyJHOIUIABCTBAa HEPO3PHBHO IOB'S3aHUH 13 MIMPOKHUM BIIPOBAIKEHHSIM
HOBHX 1H(GOpPMANIMHUX TEXHOJOTIH, CTPIMKMM PO3BHTKOM 3ac00iB CyIyTHHKOBOI HaBiramii ta
EIEKTPOHHUX KaprorpadiuHux iHGOpMAIifHUX Ta HaBIraliiHUX CHUCTEM. ICHYIO4Yl Ha ChOTOJHI
pO3po0KM B Tay3i CTBOPEHHs 1H()OPMAIITHUX CHUCTEM YNpaBIIHHSA PYXOM CYyJEH CIpSMOBaHI B
OCHOBHOMY Ha PO3paxyHOK O€3IEeYHHX 30H PyXy 1 HE BPaXOBYIOTh BIUTUBY TaK 3BAHOTO «JIFOJACHKOTO
YUHHUKa» Ha MPOLECH CHPUUHATTA iH(pOpMalii CyaHOBOAIEM, (OPMYBAaHHS Ta NMPUHHATTS HUM
pillieHb, a TAKOX 3arajbHOI B3a€EMO/I{ BCIX YYaCHHUKIB HaBIiraiitHOi cCUTyarii.

Pa3oM 3 TuMm, cimij 3a3HaYMTH, 110 3HAYHE 3POCTAHHS IHTCHCUBHOCTI MOPCHKHX IIEpEBE3EHb 3a
OCTaHHE AECATUPIYYSA MPU3BEIO 10 30UIBIICHHA KUIBKOCTI MOPCHKHX aBapiid, y TOMY YHCII 3
JFOICBKUMH JKEPTBAMHU 1 CKJIaJHUMH TEXHOT€HHMMH HACJiIKaMH, TOMY IIiJIBUIICHHA O€3MeKH
CYIHOBOJIIHHS € OJTHIEIO 3 HAHOUIBII BaXKJIMBUX MIPOOJIEM CHOTOJICHHS.

AHaJi3 0CTaHHIX JOCTAIAKEHb | myOJikanii, B IKAX 3alI09aTKOBAHO PO3B'AI3aHHS JAHOI
npod;emMH i BUALIeHHS] HeBUPIILIEeHUX pPaHillle YACTHHH 3arajJibHoOI MpodJjeMu

3acTocyBaHHs Cy4acHUX iH(OpMaLiMHUX CHCTEM YIPaBIiHHA PyXOM CyHa, 3 OJHOI0 OOKY —
MOJIETIIYE TPAITIO CYTHOBOIIIB, aje 3 iHIIOTO — YMM CKJIAIHIIIe PYHKIIIi TAKHX CUCTEM, TUM T'OCTpiIIe
BiJIYyBa€ThCS MOTPeda B KOOPAWHYBaHHI pPOOOTH TEXHIYHUX 3acO0iB yMHpaBIiHHSA CYJHOM Ta
dopmyBanHs iHGoOpMamii, 1m0 HamaeTbcs CcynHOBOiEBi. [IpoBedeHi psAAOM BITUM3HAHUX Ta
3apyODKHUX aBTOPIB AociimkeHHs [1-12] moka3yioTh, IO BIPOBAKEHHS HOBITHIX TEXHIYHUX
3aco0iB YINpaBIIiHHS PyXOM CyJHA HMPUPOIHHM YHHOM «BIJOKPEMIIIOE» CYIHOBOJIS BiJ IMPOIECY
MIATPUMKH 33JJaHOTO PiBHSI O€3MEKH, OCKIJIBKY BiH HE B 3M031 OJJHOYACHO aHAJII3yBaTH 3HAYH1 00CsTH
HaBirariiiHoi iHpopMarllii Ta Ge3mocepeHL0 KOHTPOIIOBATH IIeH piBeHb B peambHOMY daci. Sk
NoKa3ye aHalli3 MPUYUH BUHUKHEHHS aBapiii Ha MOpi, TOJIOBHUM iX (DAKTOPOM € 1 3aJIUIIAETHCS, TaK
3BaHMM, droAchkuil gaxtop (6mm3pko 85 % yciXx BUMAAKIB) — OUIBIIICTh HaBIrallHUX aBapii
BiIOYBa€ThCS HE Yepe3 BIIMOBY TEXHIUHUX 3ac001B HaBiraiii abo ynpaBIliHHS pyXOM CYZHa, a 4yepe3
HErOTOBHICTb CY/THOBO/I1iB CBO€YACHO MIPUMMATH PIIIEHHSI BIIOBIIHO A0 CUTYaIlll, IKa CKJIaJJa€ThCS.

AHaui3 icHy104YHMX poOIT, iK1 pucBsueHi Teopii 1 npaktulli crBopenns CIIIIP B cyaHoBoaiHHi,
MokKasye, 1110 Ha JaHWN Yac 3a3HaueHi MUTaHHS ONpalbOBaHI HEJOCTATHHO 1 BUKIMKAIOTh 3HAYHUMN
1HTEpeC cepel OCTiTHUKIB.

[Tutanns ctBopeHHs Ta BUukopuctanHus CIIIIP B cy1HOBOAIHHI JOKIJIAJHO PO3IJISHYTO B HU3IIL
POOIT BITUM3HAHMX Ta 3apyOiKHUX aBTOpiB [1-21]. Xoua mepuri 3ragku Npo eKCHEepTHI CUCTEMH B
CYIHOBOJIiHHI OepyTh CBiif mouaTok 3 80-x pokiB XX-cT. [22, 23], ciix 3a3HA4YMUTH, IO pPeasibHE
npaktuyHe 3acrocyBaHHs CIIIIP B cy1HOBO/IHHI Ta MPOBEICHHS HAYKOBUX JIOCIIIXKEHb B 11 ramy3i
po3novaniocsi Ha mouyaTky XXI-ct. BumieBkazani oOctaBuHH Oynu OOYMOBIIEHI, MEpII 3a BCE,
IHTEHCUBHUM PO3BUTKOM Ta BIPOBA/KEHHSIM CydacHHUX iH(OpMAaIIfHUX TEXHOJIOTIH B yciX cepax
nistmeHOCTI JroacTBa. [lupoke 3ampoBamkeHHs 3ac001B €EKTPOHHOT HaBIirailii, Ta mosiBa KOHIIETIIIi{
E-Navigation [4], npu3Beno 10 po3poOKH IHTETPOBAaHMX CHCTEM XOJIOBOro Mictka [24, 25], i
00yMOBMJIO HEOOX1AHICTh CTBOPEHHS CyYaCHUX aBTOMATH30BAHUX CHUCTEM KEPYBAHHS PYXOM CyJHA.
Takum umHOM, BHHUKIA mpobnema ctBopeHHs CIIIIP 3 kepyBaHHS MpolecaMu PO3XOJKEHHS,
MaHEBpPYBaHHS Ta 3arajlbHOTO TUTAHYBAHHS PYXY.

BaxMBUMH TUTAHHSMHU TOCTAIH TPOOIEMH BHOOPY ONTHMAIbHUX MAapIIpyTiB CyIeH 3
MO3UIlI MiHIMi3aIlii BUTpAT mMajguBa Ta 3abe3meueHHs Oe3neku mepeBe3eHb [5-12], moOymoBu
JIOTICTUYHMX JIAHITFO’KKIB TPAHCTIOPTYBAHHS TOBApPiB, CKIIAJaHHS ONTHMAaJIbHUX BAHTA)XKHUX TUIAHIB
CyJeH-KOHTelHepoBo3iB  [13], KepyBaHHS BaHTQXHUMHU ONEpallisIMU TP  MEpeBE3CHH]
BEJIMKOBAaroBUX Ta HEOE3MEeYHHX BaHTaxiB, Tomo [14]. OkpeMuM HampsIMKOM JUJIsl TEOPETUYHUX
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JOCIIKEHb Ta MPAaKTUYHUX HAIPAIIOBaHb CTAJO PO3B’I3aHHs MUTAHb, ITOB’I3aHUX 3 ONTHUMI3aIli€I0
pOOOTH MOPTOBHX TEPMiHAIIB Ta iHPpacTPyKTypH mopTiB [15, 16].

Benukwuii knac 3agay ais CIIIP B cynHomnaBcTBi copMyBaiy TaKoX MpoOIeMH KEpyBaHHS
pPHU3HKaMU B rajly3i, a caMe: CTpaxyBaHHsI Cy/IeH Ta BAHTaXy, KepyBaHHS (hPaxTyBaHHSIM, pO3paxyHOK
PiBHS PU3UKIB MOPCHKUX TIepeBe3eHb [ 17], areHTyBaHHS Ta OepOOyT-4apTep Cy/IeH.

Ha notouynuii MOMEHT iCHye HarajipHa mpo0iieMa B CTBOPEHHI Cy4aCHUX CHUCTEM HiATPHUMKH
npuiiHaTTa pimens (CIIIP) B ramy3i cyaHOBOMIHHS, IO BPaxOBYHOTh OCOOJMBOCTI MPOIECY
B3a€MO/Ii1 JIOAMHU 3 TEXHIYHUMH 3aco0aMH Ta 3a0€3MeUy0Th MPUHHSATTS HEIO PIIIeHb B CKJIaTHUX
HaBiramifHUX yMOBaxX Ta KPUTHYHHX CHTYyalisX. BaXIMBOIO CKIaJOBOIO € TAKOXX PO3BHTOK Ta
BJJOCKOHAJICHHSI MaTeMAaTUYHUX MOJEJICH Ta METO/IB aHaJi3y NaHHX 1 MPUHHATTS PIIICHb B TaKUX
CUCTEMax, 10 1 00yMOBHIJIO BHOIp METH 1 OCHOBHHUX 3aBJaHb JOCIHKCHHSI.

@opMyJIIOBaHHS Lijleil cTaTTi (MOCTAHOBKA 3aBIaHHS)

MeToro 1ocniKeHHs! € BU3HAYEeHHs npiopuTeTHUX Hanpsmis po3BuTKy CIIIIP B cynHOBOIHHI Ta
BIIOCKOHAJIEHHSI METO/IIB 1 POLIECIB MPUHHATTS PIlIEHb B TAKMX CHCTEMaX.

OO0’ €KT MOCTIHKEHHS: TPOLECH MIATPUMKH MPUUHATTS PillIeHb B CY/THOBOIIHHI.

[Tpeamer HOCHiIKEHHS: METOIM MPUHHSTTS PIICHb 3 YHOPABIiHHSI PYXOM CYAEH B CHCTEMax
HiATPUMKH MIPHUHATTS PilIeHb CYAHOBOIIS.

JlocsiTHEHHS TOCTABIICHOT METH JIOCITIIPKEHHS 1epedayae BUPIICHHS HACTYITHHUX 3a/1a4:

1. Busnauntu pons i micue CIIIIP B cygyacHOMY Cy/IHOIIIABCTBI, Ta BIUIMB iX 3aCTOCYBaHHS Ha
3HW)KCHHS PIBHS aBapiHHOCTI.

2. 3nificHUTH KIAacH]IKaIiI0 METOAIB NMPUUHATTS pilieHb B raimy3i 3a0e3neueHHs Oe3neku
CYJHOIUIaBCTBA 3a KJacaMH 3ajay, 10 BUPILIYIOTHCS, Ta BU3HAUYUTH OCOOJIMBOCTI iX HMPAaKTUYHOT
peamizanii B CIIIIP.

3. Po3pobutu 3aransHy ctpyktypy CIIIIP cynHOBOAIS, BU3HAYUTH KOJIO i 6a30BUX (YHKIIN
Ta 0cOOIMBOCTI 1H(pOpPMALIHHUX Mpoleayp OOpOOKM NaHUX B Ipoliecax MIATPUMKH TPUAHATTS
pillIeHb.

Bukiaa marepiajay aoc/igikeHHs 3 NOBHUM OOIPYHTYBAHHSIM OTPHMAHHX HAayKOBHX
pe3yJbTaTiB

Cepen OCHOBHUX HaIpsIMIB, 3a SIKUMU 3/1icHIOETbCsT BiipoBakeHHs1 CIIIIP B cyqHOMIaBCTBI,
CIIiJl 3a3HAYUTH HacTymHi [1]:

- aBTOHOMHI Cy/IHa Ta CUCTEeMH aBTOHOMHOI HaBirarii,

- CIIITP 3 xepyBaHHS pyXOM CYJEeH B CKJaJHUX HaBIralifHUX yMOBaxX Ta 3a HasBHOCTI
(bakTOpiB pUBHKY;

- TeXHIYHAa JIIarHOCTHUKA Ta MPOTHO3YBaHHS BIIMOB CYTHOBOTO 00JIaJIHAaHHS;

- EHepreTUYHUN MEHEKMEHT MPOLECiB eKCIUTyaTallii CyJHOBUX €HEPreTUUYHUX YCTaHOBOK Ta
€JIeKTPOOOIIaTHAHHS;

- KEpyBaHHS BAHTAKHUMH OIEpalisiMd KOHTEHHEPOBO3IB Ta CYJEH, L0 MEepeBO3STh
HerabapHuTHI 1 BEIMKOBAroBi BaHTaXi;

- IUTaHyBaHH$ €(eKTUBHOT pOOOTH MOPTOBOI 1IHPPACTPYKTYPH Ta MOPTOBUX TEPMIHATIB;

- palioHaJbHE IUIAHYBaHHS MapHIPYTiB PyXy CYAEH Ta YHPaBIiHHS JIOTICTUKOIO MOPCBHKHX
MepeBe3eHb.

Taxosx cnig 3a3HaYNTH, 1110 AKTUBHUM pO3BUTOK Ta npakTtuyHe 3actocyBaHHs CIIIIP B ramysi
CYZIHOIUIaBCTBA 00YMOBUB MOSIBY HU3KU BaXIMBUX IMUTaHb, SIKi HOTPEOYIOTh HAraJbHOI'O BUPILLICHHS.
[lepeBakHa K1JIbKICTh TAKMX MMUTAHb OB’ A3aHAa 3 IHTEHCHBHUM PO3BUTKOM HOBITHIX 1H(QOpMaIiHIX
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TEXHOJIOT1l Ta ICTOTHUM 301IbIIEHHSAM O0OCSTIB 1H(OpMAIlii, IO 3aCTOCOBYIOTHCS B MpoOIecax
MPUUHSTTA PIllIeHb. 3 OTJISAY Ha BHINEBKAa3aHE, HEOOXITHO 3BEPHYTH yBary Ha IMOSBY HACTYITHHUX
puMmor no CIIIIP:

- 30UIBIIICHHSI KITBKOCTI 1H(GOPMAIIHHUX HKEPEIT Ta IHTEHCUBHOCTI 1H(QOpMAaIITHUX ITOTOKIB, 3
SIKUMU JIOBOJIUTHCS MaTH CIIpaBy ocodam, 1o npuitmarots pimenHs (OITP);

- MiJABUILEHHS 3araJlbHUX BUMOT JIO ONEPATUBHOCTI 1 CBOEYACHOCTI MPHUHHSATTS pillleHb B
YMOBaX BUCOKOTO PiBHS BiJIMOBIAAILHOCTI 32 TX HACIIIKU;

- moTpeda MaKCUMaJILHOTO 3MEHIIICHHS PiBHS Cy0’ €KTHMBHOCTI OIIHKH CUTYAIIIi;

- 32 MOYKJIMBICTIO, MAKCHMAJIbHE 3MEHIICHHS BILUTUBY TaK 3BaHOTO JIFOJCHKOTO (pakTopy [26-28]
Ha MPOLECH NPUNHATTS PIIICHb.

V3aranpHeHa kinacugikauis HanpsmkiB 3actocyBanns CIIIIP B cyaHomnaBcTBi, HaBeneHa Ha
puc. 1.

[ CNNP B cvaHonnaBCTBi ]

;
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Puc. 1. Knacugixayis nanpsamxie 3acmocysanus CIIIP 6 eanysi cyononnaecmea [1]

Cepen MeTOAiB MPUIHATTS pillIeHb, 1[0 3aCTOCOBYIOTHCS B Taiy3i 3a0e3nedeHHs Oe3meKu
CYJIHOILJIAaBCTBA, B 3aJIKHOCTI BiJ THUIIIB 337ay, HA BUPIMIEHHS SKUX BOHU CIPSAMOBaHI, MOXHa
BUJUINTH KUIbKA OKpPEMHUX CHEelU(IUHUX HampsMmiB. Y poOoTi [2] 3ampornoHoBaHa Kiacuikaiis
HanpsiIMiB HAYKOBHX JOCIIPKEHb Ta METOJIB MIATPUMKH MPUHHATTS PIllIEHb, 1110 3aCTOCOBYIOTHCS
JUTS BUPIIIEHHS 33]1a4 3a1100iraHHs 31TKHEHb CYIeH Ta YHUKHEHHS HaBirariiHux HeOe3Mek 1 mocilaHb
Ha MIJIMHY, sIKa TIpeAcTaBieHa y Tabmuii 1. Posrissaemo mokmnaaHime crenudiky Ta 0COOIMBOCTI
METOIB JIOCTI/IPKEHb 33 KO)KHUM HaIlpsIMOM.

Hanpsm pociimkenb «3araibHe KepyBaHHS MOPCBKMMH pH3MKaMH Ta  O€3MeKOro
MOpETIIaBCTBa» OXOIUTIOE METOIH, M0 (DOKYCYIOThCS Ha BHpIMIEHHI 3a7ad, MOB’sS3aHUX 3
IMIVIEMEHTAII€}0 MDKHAPOJAHUX HOPM, MPaBUJI Ta CUCTEM KepyBaHHS O€3MEKOI0 CyJIHOIJIABCTBA 3
METOI0 TIJBUINEHHS #oro Oesmeku. J[OCHIKEHHS 3a HampsMOM MalOTh MIATPUMKY 3 OOKy
Mixnapoanoi Mopcbkoi opranizanii (IMO), ISO, Garatbox kiacuikamiifHUX TOBapUCTB Ta
perioHallbHUX MOPCHKHMX Oprasizamii. MeTtoau MIATPUMKH NPUMHSTTSA PIIIEHb Yy 3a3HAUEHOMY
HanpsMi CITiJT PO3IUIMTH Ha JAB1 BEJIMKI HIATPYIH: 10 MepIIo] BITHOCATHCS METOJIH, 1110 BUPILIYIOTh
MUTaHHS, TIOB’A3aH1 3 OIL[IHKOIO JIOBIOCTPOKOBUX a00 CTpaTeriuyHMX PHU3UKIB B CYAHOIUIABCTBI, /10
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Apyroi — METOAM, IOB’s3aHI 3 OLIHKOIO ONEPaTUBHMX pPU3MKIB, O€3l0ocepeHbO IOB’A3aHUX 3
orepanisMu KepyBaHHs cyTHOM [29].

3HaYyHa yacTKa J0CIiPKEHb 3a3HaYCHOT0 HAMpsAMY 1OB’si3aHa 3 oTpeOaMu JOTPUMaHHS BUMOT
ISO 31000 [30, 31], IMO FSA ta ISM, a Takok BUKOHaHHSIM HOPM MIXKHApOJHOTO 3aKOHO/IaBCTBA,
SK1 perJaMeHTyIOTh MpaBuia pyxy cyneH, 3okpema MIITI3C-72 [32] ta POLARIS [33]. Baxiusoro
CKJIQJIOBOI0 HAmNpsMy, sika nepeOyBae B CTajlli aKTUBHOTO PO3BUTKY, € CTBOPEHHS MPUKIAJIHUX
MPOrpaMHUX Ta amapaTHUX 3aco0iB, IO JIO3BOJSIOTH pEaTi3yBaTH HA TMPAKTHUINl MPOIECH
HEYXWIBHOIO AOTPUMAHHS CYIHOBOJISIMU BUMOT BKa3aHMX HOPMATHBHHUX JOKYMEHTIB. 3a3HaucHi
0o0CTaBUHM OOYMOBJICHI HacaMmIepea THM, II0 Ha MPaKTHIl CyTHOBOMISAM CKJIagHO OOpOOISATH B
PeXKHUMI pEabHOTO Yacy BeNUKI 00CSIrM HaBiraliHUX JaHuX 3 OJHOYACHUM BpaxyBaHHSIM
HOPMATHUBHUX BUMOT, SIKI PETJIAMEHTYIOTh PyX Cy/€H, IO MPU3BOIUTH 10 BUHUKHEHHS TOMUJIOK B
mpolecax KepyBaHHS CYIHOM 1 OOYMOBIIIO€ IMOSIBY HETaTUBHOTO BIUIMBY TaK 3BAHOIO JIFOJCHKOTO
YHHHUKA.

OxpeMuM TPIOPUTETHUM ITiJ] HAIPSMOM JIOCII/PKEHh B MEKaX BHILIEBKAa3aHOTO, € PO3poOKa
METOJIIB 1 3ac001B KepyBaHHsS aBTOHOMHUMH cynHamu. Crpateriuynuii mian fisiabHocti IMO Ha
2018-2023 p. BKa3zye Ha HasBHY TOCTPY HEOOXITHICTh IMIUIEMEHTAIlil B MIXKHAPOJHI HOPMATHUBHI
JOKYMEHTH HOPM 1 ITPaBuII, 1[0 PETJIAMEHTYIOTh PyX aBTOHOMHHUX cyzeH. 3rinHo [34], IMO BuzHayae
YOTHPHU DPIBHSA aBTOHOMHOCTI CYACH: CyIHO 3 aBTOMATH3ALi€I0 MPOIECIB 1 MPUHHATTSAM PpillleHb,
JMCTaHIIMHO KepOBaHe CyIHO 3 MALIMHOI KOMaHJI010 Ha OOPTY, NMCTaHLIHHO KepoBaHe CyJHO 0e3
KOMaH]I1 Ha O0pTY, IOBHICTIO aBTOHOMHE cy1HO. Takox IMO aHoHCYBano po3poOKy HOBHX IPaBUII
KEepyBaHHsS pU3MKaMH Ta OE3MEKOI0 JJisi aBTOHOMHUX CyJIeH, siKi BCTymuiaTh B Aito 3 01.01.2028 p.
3acTocyBaHHS TakKuX CyJIeH OOYMOBHUTH CTpPIMKE 3pOCTaHHS YAacCTKH HAyKOBHX JIOCTiKEHb,
OB’ SI3aHUX 13 3aCTOCYBAHHIM METO/1B IITy4HOTro iHTenekTy (L), inTenekTyansHOro aHamizy 1aHux
(IA), mammuHOoro HaB4yanHs (MH) Ta iHIIMX METOAIB B raiy3i CydaCHHX IHTEJIEKTYaJbHHX
iHpOpMaLiIHHUX TEXHOJOTIH, 1110 OyAyTh PO3TIISHYTI HUXKYE.

Tabauysa 1. Knacugixayis nanpsamie naykoeux 00Ciodxcens 8 2any3i cCyOHOB00IHHS 3a KOJIOM 3A0ay,
WO GUDIULYIOMbCA

Ne Cnpsamyeanns oocniodtcensb Kono 3aoau, wo eupiuyromuvcs
1 | 3aranbHe KEepyBaHHS MopcbkiMH | CTBOPEHHS HOpPMAaTHUBHUX JOKYMEHTIB 1
pHU3UKaMH Ta 0€3MeKOI0 MOPEIUIaBCTBa. OpaBWiI 3 METOK IOKpallleHHs Oe3neku
MOpEIIAaBCTBA, LUIIXOM 3aCTOCYBAaHHS
CTpaTerii  KepyBaHHS pU3UKAMH, IO
rapMOHI30BaHl1 3 MDKHAPOJHUMH CTaHIapTaMU
Oe3neku.
2 | Anani3 CTaTUYHUX PU3UKIB. OmiHka Ta 3MEHIIEHHs PU3HMKIB MOpPEIJIaBCTBA

HAa OCHOBI HAABHUX MACHBIB CTATHUCTHYHUX
JaHUX 7 BA3HAYCHUX PailOHIB Ta MapuIpyTiB
CyJICH 3a MUHYJII TIEPIOH Yacy.

3 | AHani3 AMHAMIYHUX PU3HKIB OmniHka Ta 3MEHILIEHHS pU3UKIB MOPEIJIaBCTBA
B PEXHMI peaTbHOTO Yacy Ha OCHOBI HasBHOL
HaBiraiiHoOi cHTyalii Ta MOXXIUBUX 3MiH
30BHIIIHIX (DakTOpiB, 1[0 BIUIMBAIOTH Ha ii
PO3BHUTOK.

4 | AHami3 3iITKHEHb CyJeH Ta mocimanb Ha | OmiHka MacmTabiB Ta HACHigKiB 30WTKIB,
MUTHHY. 0oOyMOBJIEHUX 3ITKHEHHSMH CyJIeH Ta IiX
MOCIIaHHAM Ha MIJMHY, 3 METOK BH3HAYCHHS
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HalOIbII  Oe3MeYHnux Ta e(EeKTUBHUX
CTpaTeriii KepyBaHHS PyXOM CYJIEH.

5 | YopaBninHs Ta MaHyBaHHS pyXy cyneH i3 | CTBOpeHHs MaTeMaTUYHUX MoJienei
3aCTOCYBaHHSM MAaTEMaTHYHHMX MOJEJeH | YIIPaBIiHHA PYXOM CYJCH B PI3HHX yMOBax
PYXy. TUTABAHHS Ta 32 HAasBHOCTI 30BHIIIHIX (aKTOPIB
BIUIUBY 3 METOI0 IIJBHUIICHHS TOYHOCTI Ta
0e31meyHoCTi HaBiramii

6 | YnpaBiiHHS Ta IJIaHyBaHHA pyxy cyzleH 3 | CTBOPEHHS HOBITHIX TEXHOJIOTIH YyMpaBIIiHHS
BukopuctanusaMm LI, IAJ], MH ra in. PYXOM CyJeH 3 BUKOpUCTaHHSM Mmeronis IIII,
IAZl, MH Meror miABUIIEHHS TOYHOCTI Ta
0e3MeYHOCTI HaBirarii B CKJIQTHUX
HaBiramifHMX yMOBaX Ta 3a HasBHOCTI
30BHIIIHIX (DAKTOPIB BIUIMBY, IO AMHAMIYHO
3MIHIOIOTHCA.

HanpsiMm nocmikeHb, IO TMOB'SI3aHHMI 3 aHAI30M TOCTIHHMX PHU3HMKIB OXOILUIIOE METOJIU
imenTudikarii, OIiHKK Ta MiHIMi3alii PU3HUKIB CYJAHOIUIABCTBA HA CTPATEriuHOMY piBHI. 3a3HaueHi
METOJIU J03BOJISIIOTh BUSHAUUTH ICHYIOUI (DaKTOpHU PU3UKY, 3MIMCHUTH KiIacu(iKallilo CUTyalil 3a
piBHEM pHU3UKIB Ta 3a0€3MEUYNTH BIAMOBIAHMN BUOIp KEpPYyIOUMX BIUIMBIB, CIPSIMOBAaHHX Ha IX
MiHiMizalito. [lepeBaskHa OiIbIIICTH METO/IB, 1110 3aCTOCOBYETHCS JJISl aHANI3y MOCTIHHUX PU3HKIB,
posrisinae Taki (aKTOpH PH3HMKY SIK: JIOACBKUN (DakTop, BIUIMB 30BHINIHBOTO CEPEOBHUIIA,
XapaKTePUCTUKU pyXy CyJHa Ta napameTpu GyHKI[IOHYBaHHS HOT0O CHCTEM, OpraHizaiiiiti ¢pakropu
BIUTUBY. HaliOibII MpiopUTETHUM Ha TIOTOYHUK MOMEHT 4Yacy € BUPINICHHS MUTaHb 3aro0iraHHs
3ITKHEHb CYJIeH, MOCIITaHHsl Ha MUIMHY Ta OLIHKH PHU3MUKIB, 1[0 BUHUKAIOTH MiJ Yac eKCILTyaTarii
ABTOHOMHUX Ta Oe3eKinaxHux cynueH [19, 35].

B ninomy, 3a3HaueHuii HapsiM JTOCHIIKEHb € HAaHOUIBIIUM 32 00CSTOM Cepejl HaIpsIMiB, 110
HaBeZieH1 B Ta0nwuii 1., i MOxe OyTH OJIaTKOBO DPO3MOMIIEHUH 1€ Ha AEB’SITh MiAHANPSMIB B
3JIEKHOCTI BiJ] THUITIB MAaTEMAaTUUYHUX MOJIEJEH, 110 3aCTOCOBYIOTHCS JUIsl BUPIIICHHS TTOCTaBICHUX
3anad. Jlo Takux migHAnpsIMIB CITiJ] BiJHECTHU: METOIM HeuiTKoi Joriku [20], aepeBa mofiit Ta qepesa
BiiMOB [36], aHami3 BuAIB BiAMOB Ta iX HacmiakiB [37], OaifeciBchki mepexi [38], meromm
imiTariitHoro mMojaemtoBanHs [39], Meronu cucrteMHoro ananizy [40], reoMeTpuyHEe MOJECITIOBAHHS
[41], MeToM OLIIHKYU BIUIMBY JIOACHKOTO GakTopy [42], iHii (a0o KoMOiHOBaH1) METO/IH.

['010BHOIO METOI0 HampsMy JAOCHIIKEHb «AHaNi3 TUHAMIYHMX PHU3UKIB» € BUSBJICHHS Ta
OLlIHKa PU3HKIB, 110 OOYMOBJIEHI PyXOM cyAeH. Meronu 3a3HAa4eHOro HalpsMy CIpsSMOBaHI Ha
i1eHTUdiKalio HeOe3NMeUHUX CUTYyallii 110 BUHMKAIOTh MijJ Yac pyXy CyJeH (31ITKHEHHS 3 1HIIUMHU
CyJHaMH, MOCIJJaHHS Ha MUIMHY Ta 31TKHEHHS 3 HEPYXOMUMHU 00’€KTaMH, HaBirauiiHi HeOe3NneKH,
TOII[0) 3 METOI0 (POPMYBAHHS CLIEHAPIiB Al 3 KEPYBaHHS PyXOM CYJIEH, CIIPSIMOBAHUX HA YHUKHEHHS
TaKuX CUTyali. Buxomsauu 3 MaTeMaTHYHUX MOJIENEH, 1110 3aCTOCOBYIOTHCS, 3a3HAYCHUM HAMPSIM
TaKOXX MO)ke OyTH pO3JiJIeHUH Ha IT’STh MiAHANPSAMIB, a caMe: METOJ MOUIYKY TOYOK HaiOi1b1IIoro
30JMKEHHs, METOJ Oe3MeYHOi 30HW CyAHa, METOJl TWHAMIYHOI OEe3MeYHOl 30HHU CyJHA, METO]
MIBUAKOCTEN Tepentko i, riopuani meroau [18, 19, 29].

Hanpsim gocnipkeHb «AHanli3 3iTKHEHb CY/AEH Ta MOCiIaHb Ha MUTHHY» pO3IJIsIa€ METOAU
OLIIHKM HACIHIJKIB MOPCHKHMX aBapii CyJeH Ta pIBHIB MOTEHUINHUX 30UTKIB, 10 SKHX BOHHU

CIYTYIOTh JUTsl BA3HAYEHHS J1H, COIPSIMOBAaHUX HA 3MEHIIEHHS MaclITa0iB MOIIKOKEHb CYACH i
Jac MOPCHKHUX aBapiil.
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Jlns  BU3HAYeHHS MaciTaliB HACJTIAKIB TIOIIKO/DKEHHS CYJAEeH TMiJg dYac 3iTKHEHb
3aCTOCOBYIOTHCSl QHATITUYHI Ta IMITalliiHI MO, a TAKOXK eMIipUYHi MojeNi, o 0a3ylThCs Ha
CTaTUCTHYHUX BIJOMOCTSIX IIO JIO MOIIKOKEHb CYJICH, 0 MAJIM MiCIle B MUHYJIOMY IIiJl Yac Pi3HUX
TUMiB aBapiil. KoHTaKT KOpIycCy CyaHa, 10 pyXa€eTbes, 3 TBEPAUMHE NepeIKkogaMu ado MociJjaHHs Ha
MUTHHY MPU3BOJIUTD JI0 CTPYKTYPHHUX AedopMalriii, MaciTad SKUX 3aJ€KUTh Bl MHOKHHH (PaKTOpiB
(WLBUAKICTH PyXY, MiCIle, HAPSM Ta TPUBAIICTh 3ITKHEHHS Ta iH.) 1 MOXe OyTH OI[IHEHUH [UIIXOM
3aCTOCYBaHHS IIEBHUX MAaTEeMaTUIHIX 200 IMITAI[IHHUX MOJIENel Ta METOIiB. B 3a3HaueHUX MoJIesIx
KOPITyC CyJTHa PO3IIISIIAETHCS SIK TBEPAE TLIO, MIO PYXAEeThCs B MPOCTOPI 3 MIICThMAa CTYICHSIMHU
cBoboau (6DoF) Ta 3HaxomuThCs MiA BIUIMBOM 30BHIIIHIX (XBWII, BiTep Ta Tedii) Ta BIIACHHUX
pYIIHHUX CHJT (MOMEHT 1HEpIlii, aMopTH3aMiitHi epeKTH BiJ pyXy KOPITYCY Y BO1, BIIXUJICHHS Bif
TpaeKTOpii pyXy, KiIHeTHUHA eHepris Tomo) [43].

Buxonasuu 3 MareMaTHYHOTO amaparty, IO 3aCTOCOBYETHCS IS BHPIIICHHS BKa3aHUX 3ajad,
3a3HaYCHUU HANpsM OCIiKEHh MOXKEe OyTH PO3IIJICHUN Ha YOTHUPU MiAHANPSAMHU:  WMOBIpHICHI
METO/H, aHATITUYHI METOIM, METOM MAIIMHHOT'O0 HaBYaHHs1, KOMOiHOBaH1 MmeToau [8, 19, 20, 29, 36,
37].

VYrpaBiiHHA Ta TUIAHYBaHHS pyXy CyAeH 3 BUKopucTaHHsAM meroxiB LI mms 3amoGiranHs
3ITKHEHb € HampsMOM JOCHIKEHb, SKi MPOTATOM OCTaHHIX KIIbKOX POKIB HaOyB HaMOLIbII
CTPIMKOTO pO3BUTKY [28], K 3aBASKH IporiecaM OypXJIHMBOI iHTerpamii HOBITHIX iH(OpMaIiiHmx
TEXHOJIOTi B ramy3i CyJHOBOJIHHSA TaK 1 MOSBI HOBOTO CErMEHTY B raiy3i — aBTOHOMHHX Ta
IMCTAHIIMHO KepOBaHMX, Oe3eKimakHUX cyneH. KimrouoBuMMHM 3amadyamu, Ha pO3B’SI3aHHS SIKHX
CIIPSIMOBaHI METOAM JITAHOTO HAmpsMYy €: IPOTHO3YBaHHS MOXIIMBHX TPAEKTOPIN pyXy CyAeH 3aiJis
3armo0iraHHs 3iTKHEHb, BHUOIp HaWKpamoro Mapupyty pyxy CYACH Wi dYac BHUKOHAHHS
TPAaHCOKEAHCHKUX IIEPEXOJiB 3a KPUTEPISIMH €KOHOMIii majauBa Ta OE3MEeKH BHKOHAHHS pPEHCy y
BIJIIIOBITHOCTI /10 TiIpPOMETEOPOJIOTIYHUX YMOB, KEPYBaHHS PYXOM Y BY3bKOCTSX Ta KaHajax,
aBTOMAaTH30BaHE Ta MOBHICTIO aBTOHOMHE KEpyBaHHs Oe3eKiNa)kKHUMHU cyiHamu [44].

Pazom 3 TuM, cnmij 3a3HaunTH, 110 3actocyBaHHs CIIIIP mig BupilleHHS NMpakTHYHUX 3a]1a4
YIPaBIIIHHS PyXOM CYZEH Ta YCTaTKyBaHHSIM MOTpeOy€ TaKOK BpaxyBaHHs 0COOIMBOCTEN B3aeMOIii
takux cuctem 3 OIIP, abo cynHOBOmIEM.

Cnig BpaxoByBaTH, IO MpU HPUHHSATTI pIIIEHHS, CYAHOBOAIM 3a3BUYaill KepyeThes
HWKYEHABEJEHUMU TpaBuiiamu [1]:

1. Ilixg yvac 3miificHeHHsI aHami3y CHUTYyallii, MO cKiajacs, CyIHOBOIIA MiACBIAOMO OIIHIOE
JIMHaAMIKy HaBIralifHUX apaMeTpiB, 31HCHIOI0U1 TPOTHO3YBAaHHS iX 3MIH Yy yacl 1 popMyrouu, TakuM
YHHOM, HaBiTalliifiHy CUTYaIlil0, III0 MAaTUME MiCIle Y MallOyTHROMY.

2. 3a cnpusTIMBUX YMOB (BIACYTHICTh BTOMM, HECKJIaIHA CUTYyallisl BUOOPY pILLIEHHS, CTAaIU
(akTOpH BIUIMBY 30BHIIIHBOIO CEpPEIOBUINA) CYyIHOBOIIM 3laTHUH CaMOCTIMHO nojaTH (aKkTOpH
HETOYHOCTI Ta HEMOBHOTU BUXIJHUX JaHMX, TA IIBUJIKO NMPUHAMATH BIpHE PIIICHHS, CHHPAIOYUCH
JIMILIE HAa HasIBHUM JTOCBIJL.

3. 3a HeCHpUATIMBUX YMOB, CyTHOBOJIHN MIJCBIIOMO 3A1HCHIOE «OTpyOJIeHH» CHUTYaIlii, 110
CKJIajacs, aHaJII3yIO4H JIUIIE EBHY KUIBKICTh, «HAHOLIBII BaXIIMBUX», 3 HOr0 Cy0’€KTUBHOT TOUKH
30py, MapaMeTpiB 3 METOIO OLTBII MIBUAKOTO YXBAJIEHHS PIIIICHHS.

4. CynHoBOJiH 3a3BUYail popmye st ce0e MOKIUBUN CIIEHAPi PO3BUTKY MOAANBIINX il
CIIUPAIOYUCh Ha BIIACHUM JOCBIA MPUHHATTSA PIICHH B MOAIOHUX CHUTYAIlisIX, SKIIO BOHU BXKE MaJld
MiCIle B MUHYJIOMY, TIPOT€ HE 3aBXIH MOJiOHI CIIeHapii € KOPEKTHHUMH 1 TIOCTOBIPHUMH, IO, SIK
HACJI1JI0K, IPU3BOJIUTH 10 MPUNUHATTS HUM Cy0’ €KTUBHUX PILLIEHb.

5. CynHOBOZIM TOCTIHO OIIHIOE pIBEHb JOCATHEHHS HHUM TIIOCTaBJICHHUX pe3YJbTaTiB
KEpyBaHHs, 110 3aBXJIU CYIPOBOJKYETbCS MEBHUM pPIBHEM EMOIIMHOrO BIAYYTTS ycmixy abo
TPUBOTH B 3aJIEKHOCTI BiJl CKJIaJHOCTI CUTYaIlii, sIKa Ma€e MicLe.
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Came BwWIE3a3Hau€HI OCOOIMBOCTI Yy TIO€IHAHHI 3 TIOCTIHHUM 301IBIICHHSAM OOCATIB
iHpopmaii, mo norpedye onepaTuBHOI 0OPOOKH, 1 € MEPIIOYSPrOBUMH YNHHUKAMUA BUHUKHEHHS
TaKOro SIBUINA, SIK JIFOACBKUI (hakTop. MOXKIIMBI NUISXU WOTO MOJOJAHHS JOKIAIHO PO3MIISHYTO Y
poborax [26-28,42]. 3 MeTOor 3MEHIIEHHS HETraTUBHOI'O BIUIMBY JIOACHKOrO (akropy, Ta
nigBuieHHs epexktuBHOCTI B3aemonii CIIIIP 13 cymHoBomieM B IiJIOMy, JAOLUIBHO BPaxOBYBaTH
CTPYKTYpy mpoueciB iHpopmaniiHoro oominy, ta 3acrocoByBatu B CIIIIP inTerpoBany mozens
OIIP, a6o cyaHOBOIISI.

Indopmaniiina Dokyc yBaru
6a3a CIIITP N CYIHOBOIIS
Dopm . P
opma l .| Bisyamizauis
TOMANHI ingopmanii
inpopmanii C2 118 P
A
. . C «Cuntes» | I «Iloganus 3HaHHA
IToTik BX1gHHX C1 . . . n2 .
- IOTOYHA - izeHTHiKaMisn CYAHOBOJIIS
JAHMX CHTYyaIlist cHTYyaIlii il
- 30BHIIIHI - Bi3yaumi3arfis
- . . +
N-1 Monenn JlaHH1 iHpopmarrii O0pooka N+1
CYIHOBOJIs A «Amazisy B B3aemoisi» iHpopmanii
- aHamis g | - BI/I3H.a‘IeHH$I
CYLHOBOZis HOBCILIHKI/.I OTpuMaHHs
A2 CYIITHOBOJIS B1 HOBOI
indopmanii
A
OHoB1eHHS Al B2
Mojesti < it
CYIHOBOJisl T T
. Bubip
Indopmaniiina . .
MIOCJIiTOBHOCT1
6aza CIIITP .
I

Puc. 2. Lukn inghopmayiiinoi 63aemodii cyonoeoois 3 CIIIIP [2]

B rtakomy Bumanky B3zaemonaist CIIIIP Ta OIIP posrnsgaerbes y BUTISAL Oe3nepepBHOIO
TIAHITIOKKA TTOCTIIOBHUX IIUKJIIB, JIe UK iHGOpMAIiiHOT B3aEMOJII1 CKIIaaeThes 3 YOTHPHOX (a3:
«C»-«IIy-«B»-«A» («Cuntesy, «Iloganus», «B3zaemomisny, « AHamI3»).

ITix yac nukiy iHdopmaniiiHoi B3aemonii CIIIIP 3actocoBye Moaens CyaHOBOIS 3 METOIO
BU3HAYEHHs MPIOPUTETHOCTI PO3B’A3aHHS 3a/1a4, 1110 BUPILIYIOTHCS, BU3HAYEHHs (pOpMHU Bizyasizarii
BUXIJHMX JJaHUX Ta 3MICTy 1H(popManiiHux nosigomienb. OnnodacHo B CIIIIP takox 3/11HCHIOETbCA
HaKONMHWYeHHs iH(popMallii mpo Jii CyJJHOBOIS, SKa B MOJABIIOMY 3aCTOCOBY€EThHCS JUIsl yTOUYHEHHS
Horo Mozeil.

Hassricte Mmonem OIIP no3Bossie 3HU3UTH piBeHb 1H(OopMaliiiHoro HapanTaxeHHs Ha OIIP ta
MiABUIIUTH IIBUJAKICTh MpoleciB 0oO0MiHy iHGopmaliero. BuiieBkaszane HaOyBae 0coOIMBO
BaYKJIMBOT'O 3HAUYEHHS 32 YMOB MPUUHSTTS pillIeHb B KPUTHYHUX CUTYallisIX Ta HAsIBHOCTI OOMEKEHb
yacy Ha iX (opMyBaHHA Ta MpaKTUUHY peamnizamito. JlokiagHO OCOOIMBOCTI MPAKTHUYHOTO
3ampOBaKEHHS 3a3HAYEHOTO MAX0Y PO3TIIIHYTI y poboTi [29].

PesyabTaTn gociaigxkeHHs: iX aHamdi3. AHami3ylOud CyKYyNHICTh HampsMiB JOCHIDKEHb Ta
METO/JIIB IPUUHATTS PillIeHb, 10 3aCTOCOBYIOTHCS B Tally31 3a0e3nedeHHs O0e3MeKu CyAHOIUIaBCTBa,
MOXKHa BHJUIMTH KoJI0 000B’sa3koBHX KiouoBuX ¢yHkuid CIIIIP Ta Bu3HauutH 1umsxu i1
MPaKTUYHOI peanizalii.
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Posrasnaroun npouec nmpuitHATTSA pimieHb B epratudHiil cuctemi « CITTIP-OIIP» sk mimicHui
OaraTtoeTarHuil Mpoluec B3aEMOJil, MOKHA BUAUIUTH LUKJ NPUHHATTS pIlICHb, IO MOJSATaE B
MTOCJTIIOBHIM peajtizaiii Y0TUPhOX B3aEMOIIOB’ SI3aHUX eTamiB [2]:

- aHaJIi3 MOTOYHOI HaBITaIiiHOI CUTYyaIlil Ha IMiICTaBl HASBHUX BXITHUX JaHUX Ta ICHYIOUHX
HOPM Ta MPaBUJI, 0 PETIAMEHTYIOTh PYX CY/ICH;

- BU3HAYCHHS MOTCHIIWHUX PHU3HKIB, IO ICHYIOTh B YMOBaX, sIKi CKJIAJHCS HA TMOTOYHHI
MOMEHT 4acy, Ta OLliHKa HMOBIPHOCTI 1X HACTaHHS;

- BU3HAYCHHS MOXKJIMBUX HACIIJIKIB, IO MATUMYTh MICIIC y BHUIIAJKy HACTaHHS KOXKHOTO 13
PU3HKIB, Ta KiJTbKICHA OIlIHKA IMOIIKO/KCHh a00 MaTepiadbHUX 30UTKIB, SKi OyIyTh B TAKOMY pasi
OTpUMaHi;

- TPUAHATTA pillIeHb 3 YIPaBIiHHS CYJHOM Ha MiJCTaBi KOMILJIEKCHOI 3rOPTKH KpPUTEpiiB
MiHiMi3aIlil pU3UKiB/HEraTUBHUX HACJIJIKIB 32 YMOB JOTPUMAHHSI iICHYFOUHX MI)KHAPOIHUX BUMOT .

BaxmBo Bim3HauMTH, MO 331 3a0e3redyeHHs eQeKTHBHOI 0O0poOku iHdopmamii B Kol
noctiiinoi indopmartiiinoi B3aemoii « CITITP-OIIP» mix yac KO’KHOTO 3 YOTHPHOX BHINE3a3HAYCHUX
eTaIliB IpoIeCy MPUIHATTS PillleHb, CITiJ1 3aCTOCOBYBATH Pi3HI METO/H 3 y3arajJbHEHOT KilacuQikarii
HamnpsIMiB, HaBeIEHUX B TaOuulli 1, a came HAaCcTymHi:

1. Ha mepmomy erami IOIIBHUM € 3aCTOCYBaHHSI METOJIB iAeHTH]IKalii Ta kimacudikamii
CUTyalliif, a TaKoX METOJiB, IO HaJeXaTh JO TEpPIIOr0 Ta TPETHOTO IMiJHANPSIMY METOIB
JOCIHIJKEeHb, 3a3HaueHUX B TaOnuui 1. Pe3ynbraToM BHMKOHAHHS €Taly € BU3HAYEHHS MHOXXHH
CTaTUYHUX Ta JUHAMIYHHX HEOE3IeK, a TaKOK OOMEXEHb, 10 HAKJIAJAIOThCS HAa TPAEKTOPIIO PyXy
BJIACHOTO CyJIHA.

2. Ilig yac BUKOHAHHS APYTOTO €TaIy NpoIecy MPUUHATTS PillieHb BU3HAYAIOTHCS MOTEHITiHI
(bakTopu pU3MKY, 10 MOXYTb BHUHMKHYTH B IpOLIECl pyXy CydHa 3IiIHO 3 IHependaueHuM
MapuipytoM. Ha maHomy erami ciig 3actocoByBath MeToam (OKpeMi, abo ix komOiHarii) mo
HaJIeXkKaTh 10 JAPYroro Ta TPEThOTO MiJHANPAMIB METOMIB JOCHIPKEHb, 3a3HaYeHUX B TaOnumi 1.
PesynbpTaToMm erary € popMyBaHHS MHOXKMHHU (AKTOPIB PU3UKY, SIKA M1JISTAE MOAATBIIOMY aHATI3Y,
BIIOPSZKYBAHHIO Ta CKOPOUEHHIO.

3. Ha tpetpomy erari nporecy NpUuUHSITTS PillleHb 3A1MCHIOETHCS OIlIHKA HACJIIKIB — 30UTKIB
Ta BTPAT, 110 MOKYTh BUHUKHYTH Y pa3i HACTaHHS OJHOro abo JAEKIIbKOX BU3HAYEHHMX PU3MKIB. 3a
MaciTabaMu WMOBIPHUX HAcCHIJKIB 31IHCHIOETHCS MOJUT yCiX HasBHUX PU3MKIB Ha MPHUIHATHI,
ICTOTHI Ta HENPUUHATHI. [CTOTHI Ta HEMPUIHHATHI PU3UKHU PO3TJISAIAI0THCS Ha HACTYITHOMY €Talli s
BU3HAYCHHS KEPYIOUUX BIUTUBIB HA PyX CY/HA Ta MPOIECH (PYHKIIOHYBAaHHS HOTO CUCTEM 3 METOIO
YHUKHEHHS pU3MKOBUX cuTyauiil. Tperiii eram peamnizyeTbcsi 13 3aCTOCYBaHHSIM METOJIB, SKi
BIIHOCATBHCSI 10 YETBEPTOTO IiTHATIPSMY.

UYerBepTuii etam mnepeadavyae MIMPOKE 3aCTOCYBAHHS METOMIB, 3a3HAYCHHX y I1'ATOMY Ta
I0CTOMY MiHanpsMax Tabnumi 1, a came: MeroaiB maremaTuuHoro mozemtoBanus, I, Al ta
CIICHAPHO-TIPEIEICHTHOTO MiIX0y, 3 METO0 (POPMYBAHHS MMiIMHOKUHU MOXKJIHBHUX PIllICHb.

Takox cmiag 3ayBakutd, mo mnpu npaktuuHid peanizauii CIIIIP Bkpail HEoOXiTHUM €
3aCTOCOBYBAaHHS MOJAYJIBHOTO MPHHLUUIY NOOYJOBH CHCTEMH, BIJIOBITHO JO SIKOTO KOXEH 3
BHUIIE3a3HAYEHUX €TaIliB peai3yeThcsl B OkpeMoMy nporpamHomy Moy CIITIP, a yHipikoBaHuMU
€ numie popmMaTy MOTOKIB TaHUX MK HUMH. B TakoMy BUMAJKY 3’ IBISETHCS HEOOXITIHCTh MIBUAKOI
moxepnizaiii Ta mogudikarii CIIIP y BiamoBimHOCTI 70 MOTPe® KOHKPETHOTO CYTHOBIACHUKA, a00
y 3B’A3Ky 3 HEOOXIJHICTIO BHECEHHS 3MiH, OOYMOBIEHHMX 3MiHAMHM y YHHHHUX MIDKHApPOTHHX
HOPMATHBHUX JJOKYMEHTaX y rairy3i CyJHOIUIABCTBA.

30UTBbIICHHS] KUTBKOCTI aBTOHOMHHX Ta O€3eKINMaXXHUX CyJeH TOoTpedye MOaIbIIoro
NOrIUOJIEHHS Ta PO3BUTKY HAayKOBMX JOCIHIPKEHb HE JIMIIE Tajy3i CyYaCHUX METOIB MPUHHSATTS
pimiens 3 kepyBanHs TakuMu cynHamu (1L IAJ], MH Ta iH..) aje 1 HOBUX TEXHOJOTIYHUX PillIEHb B
PO3BHUTKY KaHaJiB BHUCOKOUIBHJKICHOI mHepeaayl JaHWX, OCKUIBKM JJIsl YCHIIIHOT MPaKTHYHOI
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peanizaiii 3a3Ha4eH1 METOIM OTPEOYIOTh MEePEPOOKH BEIUMKUX 00CATIB iH(OpMaIlii CTOCOBHO PyXy
CYJCH B PEXUMi pealbHOro yacy. B 3a3HaueHOMY KOHTEKCTI Ba)XXJIMBUM HAIPSIMOM € PO3BHTOK
OeperoBuX HaBIralifHUX CUCTEM Ta IOPTOBOI IHPPACTPYKTYPH B paMKaX PO3BUTKY HOBOI TEXHOJIOT11
cucreM BogHoro Tpancnopty «New Generation of Waterborne Transportation Systems» (NG-WTS)
[45].
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N

Puc. 3. 3aeanvna cmpyxmypa inghopmayitinux nomokie ma emanie
nputinamms piwens y CIIIIP cyonogoodis

BucHoBKkH i mepcnekTHBA NOAATbIIOI POOOTH N0 JAHOMY HATIPSIMKY

3HMKEHHS KUIBKOCTI aBapiil cy/ieH Moxke OyTH JOCATHYTE IIISIXOM IHPOKOT0 3aPOBa/IKEHHS
CIIIIP B ramy3i cyqHoBoAIHHS. Baxxnusoto ckianoBoto yemimuoro 3acrocyBanns CIIIP cyaqHoBomis
€ OOTpYHTOBaHMH 1 KOPEKTHHUI BUO1p HAJISKHUX METOJ1iB 00poOKH iH(opMaIlii B LITICHIN epraTuyHii
cuctemi «CIITTP-OITPy» Ha BIAMOBIAHUX €Tamax NPUHHATTA pillieHb. BUAUTIEHHS B IIUKIII IPUAHATTS
pilleHb 4YOTHUPHOX 0a30BUX eTamiB 3 AU(EPEHIIHOBAHUM 3aCTOCYBAHHSAM PI3HUX METOJIB 0OpOOKHU
JTaHUX Ta MPUAHATTA pillleHh Ha KO)KHOMY 3 HUX MO3WTHBHO BIUTMHE HA SKICTh Ta ONEPAaTHBHICTH
(bopMyBaHHS pIIIEHB 3 YIIPABIIHHSA PyXOM CYyJIEH.
3acTocyBaHHS NPUHIMITY MOJIYJIBHOCTI MOOYA0BH 3a0e3nedye HeOoOXiHI MepeayMOBH A0 ii
MIBUIKOI MOJEpHi3aIlli Ta MogudikaIlii y BIAMOBITHOCTI 10 MOTPeO KOHKPETHOTO CY/IHOBJIACHUKA,
a00 y 3B’3Ky 3 HEOOXIiJHICTIO BHECEHHS 3MiH, OOYMOBIIEHHX 3MiHAMHM y YMHHUX MIXHAPOTHHX
HOPMATHBHUX JOKYMEHTaX y rairy3i CyJHOIUIABCTBA.

HaykoBa HoOBHM3HA JociifpkeHHs Toisirae y 3maidcHeHi kmacudikamii CIITIP Ta metonis
NPUUHATTA pillieHb B Taly3i Oe3leKku CyTHOIIABCTBA 3a KJacamH 3ajad, M0 BUPINIYIOTHCA, Ta
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BH3HA4YeHHs, Ha 11 ocHOBi, cTpyktypu CIIIIP 3 ympaBmiHHA pyxXxoMm cyaHa Ta OCOOJHMBOCTEH
iHpopMaLiiHUX MPOLEnyp, AKi 3aCTOCOBYIOTHCS B MpOIECcaX MPUHHATTS PIIICHb Ta B3a€EMOZII 3
oco0ot0, 1o npuitmae pimenns (OITP).

HpaKTI/ILIHe 3HAQYCHHA IIOJIArac 'y MO>KJIMBOCTI BITPOBA?KCHHA TaKoOi CHCTEMH B mponecax

KEpyBaHHS PYXOM CYICH B KPUTHYHUX CHUTYaIlifX, a TAKOX i 9ac TPEHaXEPHOI MiJrOTOBKU Ta
MPAKTUYHOT'O HABYAHHSA CYJTHOBO/IIIB.

[1]

2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

JITEPATYPA

benr A. Il. CuctemMu MATPUMKH TPUHHATTS pillleHb B CYJHOBOJIHHI: CY4acHHH CTaH Ta

MEePCIEKTUBU TMOJAJBIIOr0 PO3BUTKY. Haykoeuti gicnuk XepcoHcbkoi 0epicasHoi MOpcbKoi
axademii. 2024. Ne 1 (28). C. 152—162. https://doi.org/10.33815/2313-4763.2024.1.28.152-162

benr A.Il. Meronn npuUAHATTA pilIeHb 3 YHPaBIiHHSI PYXOM CYJICH B IHTEIEKTyaJbHUX
HaBirariiHux iHpopMaiiHux cucremax. Hayxosuii gicnux XepcoHcvkoi 0epacagHoi Mopcokoi

axaoemii. 2024. Ne 2 (29). C. 99-110. https://doi.org/10.33815/2313-4763.2024.2.29.099-110

Mamnbues A. C., bens A. I1. Cuctemu nigATpUMKHA TPUMHATTS PillIEHb 1010 YIPABIIHHSI PyXOM
cynHa // Monorpadisi. Xepcon : BunaBaunrso XJIMA, 2019. 244 c.

benp A.IL., [Tanamapuyk U.B. Ilpunuunu nodyaoBu cucteM MiATPUMKU MPUHHSITTS pilICHHS
CYIHOBOJIiSI y paMKax KoHueniii e-Navigation. Haykosuii gichux Xepconcbkoi depocasHol
mopcwkoi akademii. 2015. Ne 2 (13). C. 19-24.

Lazarowska A. A trajectory base method for ship’s safe path planning/ 20th International
Conference on Knowledge Based and Intelligent Information and Engineering Systems,
Procedia Computer Science 96 (2016), pp- 1022-1031.
https://doi.org/10.1016/j.procs.2016.08.118.

Lisowski J. Dynamic games methods in navigator decision support system for safety
navigation. Advances in Safety and Reliability. 2005. Vol. 2. P. 1285-1292.

Timchenko V., Kondratenko Y., Kreinovich V. Decision Support System for the Safety of Ship

Navigation Based on Optical Color Logic Gates // Information Technology and Implementation
(IT&I1-2022), pp. 42-52.

Krata P., Kniat A., Vettor R., Krata H., Guedes Soares C. The Development of a Combined
Method to Quickly Assess Ship Speed and Fuel Consumption at Different Powertrain Load and
Sea Conditions. TransNav, the International Journal on Marine Navigation and Safety of Sea
Transportation. 2021. Vol. 15, Ne 2. P. 437-444. https://doi.org/10.12716/1001.15.02.23.

Cai Y., Wen Y.Q.: Ship Route Design for Avoiding Heavy Weather and Sea Conditions.
TransNav, the International Journal on Marine Navigation and Safety of Sea Transportation.
2014. Vol. 8, Ne 4. P. 551-556. https://doi.org/10.12716/1001.08.04.09.

[Manamapuyk [. B. MonemntoBaHHS pO3XO/KEHHS CYJ€H B CHUCTEMI MIATPUMKHU MNPUHHATTS
pitenb cyqHoBOIs. Haykosuil gichux Xepcoucobkoi depacasnoi mopcokoi akademii. 2020. Ne
1 (22).C. 45-53. https://doi.org/10.33815/2313-4763.2020.1.22.045-053.

Sxycesuy 1O. I'., Tpumnn B. B., Jlopodeea 3. 5. [ToGynoBa HaBiramiifHoi CHCTEMH Cy/iHa Ha
OCHOBI CydacHUX 1HpoOpMaIiiHUX TexHoJorii. Kibepuemuxa ma cucmemnuti ananiz. Ne4(70).
2021. C. 83-88. https://doi.org/10.30748/zhups.2021.70.12.

Aylward K., Weber R., Lundh M., MacKinnon S. N., Dahlman J. Navigators’ views of a
collision avoidance decision support system for maritime navigation. The Journal of Navigation
75:5,2022. 1035-1048. https://doi.org/10.1017/S0373463322000510.

National University “Odessa Maritime Academy”



Cyznosozinns | Shipping & Navigation ISSN 2306-5761 | 2618-0073 37-2025

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Hikonbcpkuii B. B., Hikonbcbkuit M. B., Hakyn FO. A. Cucrema miaTpuMKH TPUAHATTS
pIlICHh TIO0 3aBaHTAXCHHIO BEJIMKOTOHHAXXKHOTO KOHTEHHEpoBo3y. Haykosi npayi 9]V im.

.....

Kebedow K. G., Oppen J. Including Containers with Dangerous Goods in the Multi-Port Master
Bay Planning Problem. MENDEL. 2018. vol. 24. no. 2. P. 23-36.
https://doi.org/10.13164/mendel.2018.2.023.

Carlo H. J., Vis L. F. A., Roodbergen K. J. Transport operations in container terminals:
Literature overview, trends, research directions and classification scheme. European Journal of
Operational Research. 2014. vol. 236, no. 1. P. 1-13.
http://dx.doi.org/10.1016/j.ejor.2013.11.023.

Rodriguez-Molins M., Salido M.A., Barber F. Intelligent planning for allocating containers in
maritime terminals. Expert Systems with Applications. 2012. Vol. 39(1). P. 978-9809.
https://doi.org/10.1016/j.eswa.2011.07.098.

Yishan L., Zhigiang G., Jie Y. et al. Prediction of ship collision risk based on CART. /ET
Intelligent Transport Systems. 2018. Vol. 12. Issue 10.
pp. 1345-1350. https://doi.org/10.1049/iet-its.2018.5281.

Dugan S. A., Skjetne R., Wrobel K., Montewka J., Gil M., Utne 1. B. Integration Test
Procedures for a Collision Avoidance Decision Support System Using STPA. TransNav, the

International Journal on Marine Navigation and Safety of Sea Transportation. 2023. Vol. 17,
Neo 2. P. 375-381. https://doi.org/ 10.12716/1001.17.02.14.

Huang Y., Chen L., Chen P., Negenborn R. R., Van Gelder PHAJM. Ship collision avoidance
methods: state-of-the-art. Safety Science, 2020,121, P. 451-473.
https://doi.org/10.1016/}.ss¢1.2019.09.018.

LiY., Song G, Yip T.-L., Yeo G.-T. Fuzzy Logic-Based Decision-Making Method for Ultra-
Large Ship Berthing Using Pilotage Data J. Mar. Sci. Eng. 2024, 12, 717.
https://doi.org/10.3390/jmse12050717.

Pietrzykowski Z., Wotejsza P., Borkowski P. Decision support in collision situations at sea. J.
Navig. 2017. Vol. 70. P. 447-464. https://doi.org/10.1017/S0373463316000746.

Koyama T. and Yan J. An expert system approach to collision avoidance, 8" Ship Control
System Symposium, Hague, 1987.

Smeaton G. , Coenen F. Developing an intelligent marine navigation system. Computing &
Control  Engineering  Journal.  1990.  Vol. 1. Issue 2. P.  95-103.
https://doi.org/10.1049/cce:19900024.

Barymenko JI. JI. CyaHoBi HaBiraniiiHo-iHopmaniitai cuctemu. Oneca: HY “OMA”, 2016.
238 c.

Barymenko JIJI., Barymenko A.JL ITiaTpuMka piteHs o0 po3xXo keHHs 3 cyaaMu: DeHikc,
2010. -229 c.

Jlenexo H.B. Ilnaxu migBHIIEHHS SKOCTI B3a€MOJII omeparopa i3 CUCTEMOI0 JTUHAMIYHOTO
no3uIionyBaHHs. Haykosuii sicnux Xepconcvkoi depocasnoi mopcwvkoi axademii. 2018. Ne 1
(18). C. 27-33.

Nosov P.S., Ben A.P., Safonova A.F., Palamarchuk [.V. Approaches going to determination
periods of the human factor of navigators during supernumerary situations. Hayxosuii sicypuan

National University “Odessa Maritime Academy”


https://doi.org/10.1049/iet-its.2018.5281

Cyznosozinus | Shipping & Navigation ISSN 2306-5761 | 2618-0073 37-2025

[28]

[29]

[30]
[31]
[32]

[33]

[34]

[35]

[36]

[37]
[38]
[39]

[40]

[41]

«Paodioenexmpounika, iHhopmamuxa, VIPAGNIHHAY. 2019. No 2 (49).
https://doi.org/10.15588/1607-3274-2019-2-15.

MacKinnon S. N., Weber R., Olindersson F. and Lundh M. Artificial Intelligence in Maritime
Navigation: A Human Factors Perspective/In book: Advances in Human Aspects of
Transportation, N. Stanton (Ed.): AHFE 2020, AISC 1212, pp. 429-435. https://doi.org/
10.1007/978-3-030-50943-9 54.

Zhang M. Big data analytics methods for collision and grounding risk analysis in real
conditions: framework, evaluation, and applications. Aalto University; Doctoral thesis, 2023,
202 p.p.

IMO. Guidelines for formal safety assessment (FSA) for use in the imo rule-making process.
London, UK: International Maritime Organization - MSC/Circ.1023- MEPC/Circ.392, 2002.

ISO. ISO 31000:2018. Risk management — guidelines. International Organization for
Standardization, 2018.

IMO. Convention on the international regulations for preventing collisions at Sea, 1972
(COLREGS).

IMO. Maritime safety committee POLARIS — proposed system for determining operational
limitations in ice. In: Submitted by the International Association of Classification Societies,
MSC 94/3/7,9th Session, Agenda 3, September 12; 2014. 2014.

IMO. Outcome of the regulatory scoping exercise for the use of maritime autonomous surface
ships (MASS) - MSC.1-Circ.1638, London, UK. 2021.

Du L, Goerlandt F, Kujala P. Review and analysis of methods for assessing maritime waterway
risk based on non-accident critical events detected from AIS data. Reliability Engineering and
System Safety, 200, 2020, 106933. https://doi.org/10.1016/j.ress.2020.106933.

Tungel A. L., Yiiksekyildiz E., Akyuz E., & Arslan O. Probability-based extensive quantitative
risk analysis: collision and grounding case studies for bulk carrier and general cargo ships.
Australian  Journal of Maritime & Ocean  Affairs, 2021. 15(1), 89-105.
https://doi.org/10.1080/18366503.2021.1994191.

Bashan, V., Demirel, H. & Gul, M. An FMEA-based TOPSIS approach under single valued
neutrosophic sets for maritime risk evaluation: the case of ship navigation safety. Soft
Computing, 24, 2020, 18749-18764. https://doi.org/10.1007/s00500-020-05108-y.

Biinyamin Kamal, Erkan Cakir, Data-driven Bayes approach on marine accidents occurring in
Istanbul  strait, Applied Ocean  Research, 2022, Volume 123, 103180.
https://doi.org/10.1016/j.apor.2022.103180.

Axel Horteborn, Jonas W. Ringsberg, A method for risk analysis of ship collisions with
stationary infrastructure using AIS data and a ship manoeuvring simulator, Ocean Engineering,
2021, Volume 235, 109396. https://doi.org/10.1016/j.oceaneng.2021.109396.

Leveson N. G. Engineering a safer world: systems thinking applied to safety. The MIT Press,
2016. p. 560.

Kujala P., Hanninen M., Arola T., Ylitalo J. Analysis of the marine traffic safety in the Gulf of
Finland, Reliability Engineering & System Safety, Vol. 94, Issue 8, 2009, pp. 1349—-1357. DOL:
https://doi.org/10.1016/].ress.2009.02.028.

National University “Odessa Maritime Academy”



Cyznosozinns | Shipping & Navigation ISSN 2306-5761 | 2618-0073 37-2025

[42]

[43]

[44]

[45]

[1]

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

Wu B., Yip T. L., Yan X., Soares C. G. Review of techniques and challenges of human and
organizational factors analysis in maritime transportation. Reliability Engineering and System
Safety, 2022, 219:108249. https://doi.org/10.1016/j.ress.2021.108249.

Sang Jin Kim, Mihkel Korgersaar, Nima Ahmadi, Ghalib Taimuri, Pentti Kujala, Spyros
Hirdaris, The influence of fluid structure interaction modelling on the dynamic response of
ships subject to collision and grounding, Marine Structures, Vol. 75, 2021, 102875.
https://doi.org/10.1016/j.marstruc.2020.102875.

Abudu R., Bridgelall R. Autonomous Ships: A Thematic Review. World 2024, 5, P. 276-292.
https://doi.org/10.3390/world5020015.

Yan X., Li C., Liu J., You X., Wang S., Ma F. Architecture and key technologies for new
generation of waterborne transportation system. Journal of Transportation Systems
Engineering and Information Technology, 2021, 21(5):22.
https://doi.org/10.16097/j.cnki.1009-6744.2021.05.003.

REFERENCES

A. P. Ben, "Decision support systems in ship navigation: current state and prospects for further
development," Scientific Bulletin of the Kherson State Maritime Academy, no. 1(28), pp. 152—
162, 2024. [Online]. Available: https://doi.org/10.33815/2313-4763.2024.1.28.152-162

A. P. Ben, "Decision-making methods for ship traffic control in intelligent navigational
information systems," Scientific Bulletin of the Kherson State Maritime Academy, no. 2(29),
pp- 99-110, 2024. [Online]. Available: https://doi.org/10.33815/2313-4763.2024.2.29.099-110

A. S. Maltsev and A. P. Ben, Decision support systems for ship traffic control. Kherson:
KhSMA Publishing, 2019, 244 p.

A. P. Ben and I. V. Palamarchuk, "Principles of building decision support systems for
shipmasters within the e-Navigation concept," Scientific Bulletin of the Kherson State Maritime
Academy, no. 2(13), pp. 19-24, 2015.

Lazarowska A. A trajectory base method for ship’s safe path planning/ 20th International
Conference on Knowledge Based and Intelligent Information and Engineering Systems,
Procedia Computer Science 96 (2016), pp- 1022-1031.
https://doi.org/10.1016/j.procs.2016.08.118.

Lisowski J. Dynamic games methods in navigator decision support system for safety
navigation. Advances in Safety and Reliability. 2005. Vol. 2. P. 1285-1292.

Timchenko V., Kondratenko Y., Kreinovich V. Decision Support System for the Safety of Ship
Navigation Based on Optical Color Logic Gates // Information Technology and Implementation
(IT&I1-2022), pp. 42-52.

Krata P., Kniat A., Vettor R., Krata H., Guedes Soares C. The Development of a Combined
Method to Quickly Assess Ship Speed and Fuel Consumption at Different Powertrain Load and

Sea Conditions. TransNav, the International Journal on Marine Navigation and Safety of Sea
Transportation. 2021. Vol. 15, Ne 2. P. 437-444. https://doi.org/10.12716/1001.15.02.23.

Cai Y., Wen Y.Q.: Ship Route Design for Avoiding Heavy Weather and Sea Conditions.
TransNav, the International Journal on Marine Navigation and Safety of Sea Transportation.
2014. Vol. 8, Ne 4. P. 551-556. https://doi.org/10.12716/1001.08.04.09.

National University “Odessa Maritime Academy”


https://doi.org/10.3390/world5020015
https://doi.org/10.33815/2313-4763.2024.1.28.152-162
https://doi.org/10.33815/2313-4763.2024.2.29.099-110

Cyznosozinus | Shipping & Navigation ISSN 2306-5761 | 2618-0073 37-2025

[10]
[11]
[12]
[13]
[14]

[15]

[16]
[17]

[18]

[19]
[20]

[21]
[22]

[23]

I. V. Palamarchuk, "Modeling of ship encounter situations in the decision support system for
shipmasters," Scientific Bulletin of the Kherson State Maritime Academy, no. 1(22), pp. 45-53,
2020. [Online]. Available: https://doi.org/10.33815/2313-4763.2020.1.22.045-053

Yu. G. Yakusevych, V. V. Tryshyn, and Z. Ya. Dorofieieva, "Development of a ship navigation
system based on modern information technologies," Cybernetics and Systems Analysis, no.
4(70), pp. 8388, 2021. [Online]. Available: https://doi.org/10.30748/zhups.2021.70.12

Aylward K., Weber R., Lundh M., MacKinnon S. N., Dahlman J. Navigators’ views of a
collision avoidance decision support system for maritime navigation. The Journal of Navigation
75:5,2022. 1035-1048. https://doi.org/10.1017/S0373463322000510.

V. V. Nikolskiy, M. V. Nikolskiy, and Yu. A. Nakul, "Decision support system for loading a
large-capacity container ship," Scientific Works of Petro Mohyla Black Sea State University.
Series: Computer Technologies, vol. 283, no. 271, pp. 60—63, 2016.

Kebedow K. G., Oppen J. Including Containers with Dangerous Goods in the Multi-Port Master
Bay Planning Problem. MENDEL. 2018. vol. 24. no. 2. P. 23-36.
https://doi.org/10.13164/mendel.2018.2.023.

Carlo H. J., Vis I. F. A., Roodbergen K. J. Transport operations in container terminals:
Literature overview, trends, research directions and classification scheme. European Journal of
Operational Research. 2014. vol. 236, no. 1. P. 1-13.
http://dx.doi.org/10.1016/j.ejor.2013.11.023.

Rodriguez-Molins M., Salido M.A., Barber F. Intelligent planning for allocating containers in
maritime terminals. Expert Systems with Applications. 2012. Vol. 39(1). P. 978-989.
https://doi.org/10.1016/j.eswa.2011.07.098.

Yishan L., Zhiqiang G., Jie Y. et al. Prediction of ship collision risk based on CART. /ET
Intelligent Transport Systems. 2018. Vol. 12. Issue 10.
pp. 1345-1350. https://doi.org/10.1049/iet-its.2018.5281.

Dugan S. A., Skjetne R., Wrobel K., Montewka J., Gil M., Utne 1. B. Integration Test
Procedures for a Collision Avoidance Decision Support System Using STPA. TransNav, the

International Journal on Marine Navigation and Safety of Sea Transportation. 2023. Vol. 17,
Ne 2. P. 375-381. https://doi.org/ 10.12716/1001.17.02.14.

Huang Y., Chen L., Chen P., Negenborn R. R., Van Gelder PHAJM. Ship collision avoidance
methods: state-of-the-art. Safety Science, 2020,121, P. 451-473.
https://doi.org/10.1016/j.s5¢1.2019.09.018.

LiY., Song G., Yip T.-L., Yeo G.-T. Fuzzy Logic-Based Decision-Making Method for Ultra-
Large Ship Berthing Using Pilotage Data J. Mar. Sci. Eng. 2024, 12, 717.
https://doi.org/10.3390/jmse12050717.

Pietrzykowski Z., Wotejsza P., Borkowski P. Decision support in collision situations at sea. J.
Navig. 2017. Vol. 70. P. 447—-464. https://doi.org/10.1017/S0373463316000746.

Koyama T. and Yan J. An expert system approach to collision avoidance, 8 Ship Control
System Symposium, Hague, 1987.

Smeaton G. , Coenen F. Developing an intelligent marine navigation system. Computing &
Control  Engineering  Journal. 1990. Vol I. Issue 2. P. 95-103.
https://doi.org/10.1049/cce:19900024.

National University “Odessa Maritime Academy”


https://doi.org/10.33815/2313-4763.2020.1.22.045-053
https://doi.org/10.30748/zhups.2021.70.12
https://doi.org/10.1049/iet-its.2018.5281

Cyznosozinns | Shipping & Navigation ISSN 2306-5761 | 2618-0073 37-2025

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

L. L. Vagushchenko, Ship Navigational-Information Systems, Odesa: NU "OMA", 2016, 238
p.

L. L. Vagushchenko and A. L. Vagushchenko, Decision Support for Ship Encounter
Avoidance, Kharkiv: Feniks, 2010, 229 p.

N. V. Leleko, "Ways to improve the quality of operator interaction with the dynamic
positioning system," Scientific Bulletin of Kherson State Maritime Academy, no. 1(18), pp.
27-33,2018.

Nosov P.S., Ben A.P., Safonova A.F., Palamarchuk I.V. Approaches going to determination
periods of the human factor of navigators during supernumerary situations. Hayxosuii sicypuan
«Paodioenexmpounika, iHhopmamuxa, VIPAGNIHHAY. 2019. No 2 (49).
https://doi.org/10.15588/1607-3274-2019-2-15.

MacKinnon S. N., Weber R., Olindersson F. and Lundh M. Artificial Intelligence in Maritime
Navigation: A Human Factors Perspective/In book: Advances in Human Aspects of
Transportation, N. Stanton (Ed.): AHFE 2020, AISC 1212, pp. 429-435. https://doi.org/
10.1007/978-3-030-50943-9 54.

Zhang M. Big data analytics methods for collision and grounding risk analysis in real
conditions: framework, evaluation, and applications. Aalto University; Doctoral thesis, 2023,
202 p.p.

IMO. Guidelines for formal safety assessment (FSA) for use in the imo rule-making process.
London, UK: International Maritime Organization - MSC/Circ.1023- MEPC/Circ.392, 2002.

ISO. ISO 31000:2018. Risk management — guidelines. International Organization for
Standardization, 2018.

IMO. Convention on the international regulations for preventing collisions at Sea, 1972
(COLREGS).

IMO. Maritime safety committee POLARIS — proposed system for determining operational
limitations in ice. In: Submitted by the International Association of Classification Societies,
MSC 94/3/7,9th Session, Agenda 3, September 12; 2014. 2014.

IMO. Outcome of the regulatory scoping exercise for the use of maritime autonomous surface
ships (MASS) - MSC.1-Circ.1638, London, UK. 2021.

Du L, Goerlandt F, Kujala P. Review and analysis of methods for assessing maritime waterway
risk based on non-accident critical events detected from AIS data. Reliability Engineering and
System Safety, 200, 2020, 106933. https://doi.org/10.1016/j.ress.2020.106933.

Tungel A. L., Yiiksekyildiz E., Akyuz E., & Arslan O. Probability-based extensive quantitative
risk analysis: collision and grounding case studies for bulk carrier and general cargo ships.
Australian  Journal of Maritime & Ocean  Affairs, 2021. 15(1), 89-105.
https://doi.org/10.1080/18366503.2021.1994191.

Bashan, V., Demirel, H. & Gul, M. An FMEA-based TOPSIS approach under single valued
neutrosophic sets for maritime risk evaluation: the case of ship navigation safety. Soft
Computing, 24, 2020, 18749—18764. https://doi.org/10.1007/s00500-020-05108-y.

Biinyamin Kamal, Erkan Cakir, Data-driven Bayes approach on marine accidents occurring in
Istanbul  strait, Applied Ocean  Research, 2022, Volume 123, 103180.
https://doi.org/10.1016/j.apor.2022.103180.

National University “Odessa Maritime Academy”



Cyznosozinus | Shipping & Navigation ISSN 2306-5761 | 2618-0073 37-2025

[39]

[40]

[41]
[42]

[43]

[44]

[45]

Axel Horteborn, Jonas W. Ringsberg, A method for risk analysis of ship collisions with
stationary infrastructure using AIS data and a ship manoeuvring simulator, Ocean Engineering,
2021, Volume 235, 109396. https://doi.org/10.1016/j.oceaneng.2021.109396.

Leveson N. G. Engineering a safer world: systems thinking applied to safety. The MIT Press,
2016. p. 560.

Kuyjala P., Hinninen M., Arola T., Ylitalo J. Analysis of the marine traffic safety in the Gulf of
Finland, Reliability Engineering & System Safety, Vol. 94, Issue 8, 2009, pp. 1349—-1357. DOL:
https://doi.org/10.1016/j.ress.2009.02.028.

Wu B, Yip T. L., Yan X., Soares C. G. Review of techniques and challenges of human and
organizational factors analysis in maritime transportation. Reliability Engineering and System
Safety, 2022, 219:108249. https://doi.org/10.1016/j.ress.2021.108249.

Sang Jin Kim, Mihkel Korgersaar, Nima Ahmadi, Ghalib Taimuri, Pentti Kujala, Spyros
Hirdaris, The influence of fluid structure interaction modelling on the dynamic response of
ships subject to collision and grounding, Marine Structures, Vol. 75, 2021, 102875.
https://doi.org/10.1016/j.marstruc.2020.102875.

Abudu R., Bridgelall R. Autonomous Ships: A Thematic Review. World 2024, 5, P. 276-292.
https://doi.org/10.3390/world5020015.

Yan X., Li C,, Liu J., You X., Wang S., Ma F. Architecture and key technologies for new
generation of waterborne transportation system. Journal of Transportation Systems

Engineering and Information Technology, 2021, 21(5):22.
https://doi.org/10.16097/j.cnki.1009-6744.2021.05.003.

National University “Odessa Maritime Academy”


https://doi.org/10.3390/world5020015

