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Mlymiioa K. B. — VYaockoHajleHHSI IUIAHYBAHHSI 1 yNpaBJIiHHA
HABIramiiHUMH PpU3MKAMM PelicoBOro MKy cyaHa. — KpamidikamiiiHa HaykoBa
npars Ha mpaBax pyKOMUCY.

Hucepranisi Ha 3100yTTSI HayKOBOTO CTyIEHs JoKTopa (itocodii 3a
cnemianbHicTi0O 271 — «PiukoBuil Ta MOpPCBHKUU TpaHCHOpPT» (raimy3b 3HaHb 27 —

Tpaucnopr). — Hanionansuuit yHiBepcurer «Opecbka MOpchKka akaneMis», Opeca,

2023.

Ha ocHoBi anHami3y iCHyIOUMX METOJIB OLIHKM 1 Kiacu@ikaiii HaBiramiiHux
pU3HUKIB OyB BU3HAYEHUN CHOCIO €KCIEPTHOI OIIHKK PU3HUKIB, KWW Ja€ AeTalbHUN
OTIMC Ta aJITOPUTM MPOTIKAHHS TO11, BU3HAYAE i1 HABIraliiiHy MPUYUHY Ta HACIIJIKH.
Bin Moxe OyTHM OTpUMaHWil TUIBKM y OpraHiB, $SIKi BUKOHYBAJIM PO3CJITyBaHHS
aBapiiiHoi moxii (kamiTaHis TOPTY, CYJAHOBIACHUK, CTPaxOBl KOMIMaHii, CyJIHOBI
eKCIIEPTH Ta 1H.).

JlocimiKeHHsT MIDKHApOIHUX aBapiiHux noii 3a 2002-2021 poku, y Tomy ducii
B by3bko-/lHimpoBchko-mumancbkomy kanani (BJIJIK) 1 Xepconcbkomy MOpChKOMY
ka"am (XMK) mokazano, 1mo 3arajioM crtajgocs 76 HaBiramiiHux MOAiH, ski Oyiau
pPO3MOIIIEH] 3a BUJaMu: 23 — MOCajJKu Ha MUIMHY, 25 — HaBalu, 6 — 31TKHEHHS, 4 —
JbOJIOBI BUMAAKHU, 18 — BUMaaku 3 TeXHIYHMX NpuuuH. Hacmigkamu takux aBapiit
OyJu: TMOTpAIUISIHHSA Ha MUIMHY; 3[1HCHEHHS HaBaJly Ha IHIII CyJHA, 110 CTOSITh Ha
SIKOp1; 3ITKHEHHS 13 Cy/THAMU TI11 Yac TJIaBaHHsA Y pailoHI, JIe € CKYITYEHHS 11aB3aco0iB
B OYiKYBaH1 IUTIO3YBaHHS, BUX1]] 32 ME&X1 CyTHOBOTO X0y T yac miaBands B bJIJIK
ta XMK.

[Ipn BUKOHAHHI PEHCOBOrO IMUKIY CyAHA, HA MPHUKIAT €KCIEPTHUX aHUX 3
aBapiiiHocTi, y Oacelini YopHoro mops, BJIJIK ta XMK Oynu Bu3Hau€HI MPUYUHU
HaBIFAlIMHUX PHU3UKIB: |) HEBHUKOHAHHS BIANOBIJHOTO MaHEBPY IS 3am0O0IraHHs
3ITKHEHHIO Yepe3 HECBOE€YACHE HaJIAIITyBaHHS KX PaioIoKaTopa; 2) BiACYTHICTh

IUTaHY HAMIYEHOT0 peicy Bij Mpuyally 10 Mpuyaty, a TaKoK HaJIEKHOTO KOHTPOJIIO 32
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NEepPEeMIIICHHSM Cy/JHA MPU BUKOHAHHI IJIaHY MEepexoay; 3) BIACYTHICTh MIATOTOBKH
OCHOBHUX Ta PE3EpPBHUX CYIHOBHMX IPHUCTPOIB, CTaH SAKUX Mae 3abe3nedyBaTu
Oe3nepebiifHe Ta cCOpaBHE KEpyBaHHS CYJAHOM, HACHIJKOM 4YOro € HEIOIIKU
YIPABJIIHHS PIBHEM JOIYCTUMOTO PU3HKY, JIs HAJIEKHOI OpraHi3allli 1l eKinaxy npu
MIPOXOJKEHHI aBapiifHO HEOE3MEeYHUX NUITHOK MEePEXo Iy Ta i yac MBapTyBaHHS; 4)
HEJOTPUMAHHSA PEKOMEHJalli 3 MPaKTUYHUX OPUHOMIB Ta CMOCOOIB YNpaBIIHHS
CYJTHOM, a TaKOXX HEBUKOPHUCTAHHS aJ€KBAaTHUX Ta ONEPATUBHUX il AJ yIpPaBIiHHS
pIBHEM PH3UKY; 5) BIJACYTHICTh HAJIEKHOTO IIJIAaHYBaHHS TPH BHKOPHUCTaHI
MaHEBPOBUX XapaKTEPUCTHK CyJHA Ta HEJOTPUMAHHS Oe3MeyHOi MIBUAKOCTI i ac
MaHEBpyBaHHA B OOMEXKEHUX yMOBaX akBaropii mopTy 1 KaHamy; 6) HEsSKiCHA
oprasizailisi Ta HEBUKOHAHHS WICHAMHM EKIMaXXy MPaBWI TEXHIYHOTO 00CITyTrOBYBaHHS
1 eKCIuTyarauli TOJOBHUX JBUTYHIB Ta JOMNOMDKHUX MEXaHI3MIB, sIKI 3a0€3MeuyIoTh
pYyX CyaHa.

B pe3ynbpTaTi BUKOHAHOTO aHaji3y aBapiiHUX MOJIA YCTAaHOBJIEHO, IO MEpea
MOYAaTKOM PEHCOBOT0 IMHKIY HEOOXIHO MPUILISATH OCOOJMBY yBary IiJroTOBII
OCHOBHOI'O Ta PE3EpBHOr0 PYJIbOBUX MPHUCTPOIB, CTaH SKUX Mae 3a0e3rnedyBaTu
Oe3nepebiitHe Ta CripaBHE yNpaBiIiHHA cyAHOM. KamiTaH Ta HauaabHUKU CIIy kKO0 CyIHa
HECYTh BIJIMOBIJIAJILHICTh 32 CBOEYACHE MPE[SBICHHS CYyJIHA, MO0 KOHCTPYKIIH Ta
TEXHIYHUX 3acO0IB /10 OIJISAIB IIOJI0 HAJIEKHOIO CTaHy 1 OOpPMIIEHHS BIJIMOBITHUX
CYJIHOBHUX JOKYMEHTIB.

HezanexxHo B mepioAMYHOCT] IHCIEKTOPCHKUX OTJISIIIB CYIHOBJIACHUK TTOBUHEH
3a0€3Me4YnTH N03a4eproBUil HAIJISIL 32 TEXHIYHUM CTaHOM CYJHOBHX MEXaHI3MIB, 5K
3a0€3IeuyI0oTh PyX CyJIHA.

[IpoGnema 3HUKEHHS HETaTUBHOI'O BIUIMBY JIIOJCHKOTO (PaKTOpy Ha pPiBEHb
PHU3UKIB B Cy4aCHOMY CYAHOIUIABCTBI MOTpeOye KOMIUIEKCHOTO PIIIEHHS, SKE MOXE
OyTH JOCSITHYTO IIISXOM 3aCTOCYBaHHS CydacHMX I1H(OpMaIiHHUX CHUCTEM
oprasizallii eKcrutyararii Ta ynpasiaiHHs cyiHOM. lle BUMarae BUKOPUCTaHHS CUCTEM
HiATPUMKH TIPUUHSTTA PillieHb, HA OCHOBI MPUHIIUIIB €(PEKTUBHOI B3a€MO/Iii B 6araTo
OMEpPaTOPHUX cHUCTeMaX yrpaBiaiHHSA. DyHKIIOHYBAaHHS TaKUX CHUCTEM MOTpelye

3ampoBa)KEHHST HOBHUX IpOTpaM IMiJArOTOBKM IUIABCKJany. BoHU crpsiMoBaHI Ha
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M1BUIICHHS €()eKTUBHOCTI KOMYHIKaTUBHOT B3a€MO/I11 WICHIB MAIIMHHOI Ta MaTyOHOT
KOMaH/I{, yMiHb IPUAHATTS HUMH Y3TO/DKCHUX YIIPABIIHCHKUX PIIEHb Y KPUTHIHUX
yMoBax 1 (opmyBaHHS Jiepchkux sikocten. Lle mo3BonuTh eheKTUBHO m0aTH
npo0bsieMy HETaTUBHOTO BIUIMBY JIIOJICBKOTO (DakTOpy Ha TMpolec B3aeMOMil 1
CHPUATUME 3HIKEHHIO KIJTbKOCTI MOPCHKUX aBapii.

OCHOBHOIO BUMOT'OIO JI0 3MICTY BHKOHAHUX JOCIHIKEHb SIBISETHCS HAsIBHICTD
3aMUTIB NPAKTUKU 111010 3a0e31eUeHHs €PEKTUBHOTO YIIPaBIiHHS CY/THOM B yMOBax
MIPOXO/HKEHHS aBapiitHO HeOe3NMEeYHUX IUISTHOK MEPEeXO0y 3 HaBiralliiHUMU pU3UKaMHU.
ToMy roJ10BHMM 3aBJaHHSIM B PEHCOBOMY LHMKII OyJia po3poOKa MOJEpPHI30BAHOI
CHUCTEMH, B OCHOBI fAKOi 3aKJaJICHO 3MICTOBHY MOJENb TUIaHYBaHHS HaBiramiitHUX
pU3MKIB TIpH BHOOPI KOOPJAMHAT NUISIXOBUX TOYOK IEPEXOy 1 YMPaBIiHHS iX
JOITYCTUMHUM PIBHEM.

B pe3ynbraTi aHanisy rojoBHE 3aBIaHHS CTPYKTYPHO IMPEACTaBICHO y BUTJISII
TPHOX JAOMOMIKHUX 33/1a4:

- Oonomixcna 3adaua 1. BU3HAYCHHS CIIOCOOIB ileHTHdIKAII HaBIraIriMHUX
PHU3HKIB JJIA TIOTIEpE/HKEHHS! BAHUKHEHHSI aBapiiHO HEOE3MEeUHUX MOJiN: MOCaIKU Ha
MIJTUHY, HaBaJly Ha OpiBKYy KaHay, (hapBaTepy a0o 1HIIIe CyAHO, YH 3ITKHCHHS;

- donomixcna 3a0aua 2. po3poOKa crioco0y 3MEHIICHHS HABITAI[IMHUX PU3HKIB
710 TOMYCTUMOTO PIBHS 1 YIIPaBIIHHS HUMU;

- Oonomixcna 3adaya 3. po3poOKa 3MICTOBHOI MOJENl MJii BU3HAYEHHS
1H)KEHEpHUM CIIOCOOOM BHJy HAaBITaIlliHOTO PHU3HKY M1 BHOOPY CIOCOOY
YIPABIIIHHSL.

00°ckmom 0ocnioxncennsa SIBIAETbCS METOAWKA IUIAHYBAaHHS TIEPEXOY B
percOBOMY LIUKII CyAHA, a HpeOMemom 00CHI0HCeHHA € YIOCKOHAIEHHS CIOCOOY
IUTaHYBaHHS Ta YIPABIIHHA ICHYIOUMMH HaBITaIiHUMU pPU3HKaMHU.

HaykoBa HOBHM3HA OTpPMMaHUX Yy JAuUcCepPTalii pe3yJbTaTiB TMOJSATaE B
po3po0JIeHOMY CIOC001 TJIaHYyBaHHS PEMCOBOTO IUKITY, SKUW BIAPI3HAETHCS BIJ
ICHYIOUMX BBEJCHHSM €Tally aHali3y pU3HMKIB Ha aBapiiHO HeOe3MEeUYHHX BIIpi3Kax

Xy iH}KeHepHI/IM criocoboM Ta CTBOPCHHAM T8.6J'II/IHi OUIAXOBHUX TOYOK,
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y3araJibHeHoi TabOJivill HaBIralIMHUX PU3HKIB, 3 aBTOMATUYHUM KOHTPOJIEM Hacy ix
HACTaHHS Ta BUOOPOM croco0iB yrpaiiHHs. [Ipu 11soMy y poOoTi:

- BIepuie Po3podJeHO MOJIEPHI30BaHY CHUCTEMY IUIaHYBaHHS MUISAXY IIPH
peicoBOMY IUKJII MOPCHKOro cyaHa. BoHa BIApi3HSIETHCSA BiJl ICHYIOUOI BBEJICHHSIM
eTamy aHaji3y HaBITAIliIWHUX PU3HKIB HAa TEPEXOAl 3 BUKOPUCTAHHSIM 1HKEHEPHOTO
METOZy Ta BUOOpPOM crocoOy ix ynpapiiHHSA. CyTh METOJy TNOJISITA€ Y BUKOPUCTAHI
BHCOKOTOYHOTO TUTAHYBAHHS MIIAXY PEHCOBOTO IHUKIY TPAEKTOPHUMHU TOUYKAMH
METO/IOM HUISIXOBUX TOYOK. Pe3ynbpTaTu mpencTaBiieHl y BUIIISIII CyMapHOI MaTpHIli
KoopJauHAT mnepexoay. Jlsg TiABUINEHHS TOYHOCTI TIUIAHYBaHHS MaHEBPCHI
XapaKTEPUCTUKU PO3paxoBaHi Il CcTaHy cyaHa B peiici. lle 3abe3meumsio
BJIOCKOHAJICHHSI 1ICHYIOYOTO Croco0y TUIaHyBaHHS KOOPJIUHAT PyXy CyAHA, 3 METOIO
M ABUILIEHHS HOTO TOYHOCTI;

- BIIepIiie PO3po0JIeH0 aHATI3aTOP HABITAIHNX PU3UKIB JIJI1 BUSHAYCHHSI BU/IIB
HeOe3MeK Ta crnoco0iB YIPABIIHHS iX JOIMYCTUMUM PIBHEM 1 CTBOPEHO y3arajJbHEHY
TAOJIMINI0 XapaKTEPUCTUK PU3HKIB, ICHYIOUUX T1J] YaC PEHCOBOro MUKITY;

- YIOCKOHAJIEHO ICHYIOUHI CIOCIO MIaHyBaHHS PECOBOr0 LUKIY CYJIHA, SIKUN
T03BOJISIE BUAUTATH (haKTOPH HABITAIIMHOTO PU3HKY, BPaXyBaTH MPUYMHHU 1 METOIH
YOpaBIiHHSA iX pPIBHEM Ta BHU3HAYUTH MOXIIMBICTH JOBECTH PIBEHb PU3UKY [0
JOMYCTUMOTO IT1/1 Yac MPOXOJKEHHSI aBapiiHO HeOe3NMeYHUX AUISTHOK IUISIXY;

- YIOCKOHAJIEHO CHCTEMAaTH3allll0 HaBIraliiHuX pU3HUKIB Ta CIOCO0IB
yOpaBIiHHS 1X JIONMYCTUMHM piBHEM, sSKa JoIloMarae miaiopatd 1HAUBITyaTbHI
crnoco0u MIOJ0 OLIHIOBAHHSA, BUMIPIOBAHHSA, MPOTHO3YBaHHA Ta BUOOpPY CHocoOiB
peakiii Ha iX BAHUKHCHHS,

- YAOCKOHAJIEHO CIoci0 BU3HAYEHHSI KOOPJAWHAT PyXy CyAHA JJIA IUIIXOBUX
TOYOK, sIKI BUKOPUCTOBYIOTHCS IPU HAHECEHH] KPUBOJIIHIMHUX TPAEKTOPIH;

- OTPUMAJM MNOAAJbIIMA PO3BHUTOK CIIOCOOM TUTAHYBAaHHS pPyXy CyIHA 3
BUKOPUCTAHHSM BH3HAYCHHS KOOPJMHAT TEPEXOIy TPAEKTOPHUMH TOYKAMH, 32
PO3TalIyBaHHIM IUIIXOBUX TOYOK Ta YEK-JTUCT IS aJITOPUTMY HOTO BUKOHAHHS;

- OTpUMAJIa MOAAJBIINI PO3BUTOK cHcTeMaTu3allis (akTOpiB HaBIraIiiHOTO

PHU3HKY, SKa JO03BOJISIE BCTAHOBHUTH, IO iX BHJ HE 3aJIEXKUTh BiJl reorpadpiqyHoro
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M0JIOKEHHS pallOHY TUIaBaHHS, ajle 3aJIeKUTh Bl TUITY 1 pO3MIpPIB Cy/1HA, KOH(Iryparii
aKBaToOpii JUIsi MAaHEBPYBAHHS Ta HABITAI[IHHUX XapaKTEPUCTUK PalloHy TJIaBaHHS.

B nocnimkeHHl BUKOHAHA CHCTEMAaTu3allis HaBITAIIMHUX PU3HUKIB JJIT BUOOPY
cnoco01B yIpaBIiHHSA HUMH Ta OOIPYHTOBAHO METOJUKY MPU3HAUYECHHS MapaMeTpIB iX
JIOTTYCTUMHUX PIBHIB.

Po3rnsiHyTO crocoOu HaBiralifiHOro TUIaHyBaHHSI PEHCOBOTO LMKITY, 3T1THO 3
ICHYIOYUM HOPMAaTUBHUM JOKYMEHTOM MixkHapoHOi MOpchbKoi opranizauii (MMO),
JUIsL  SIKUX MOJICPHI30BAaHO 3MICTOBHY MOJENb IJIaHYyBaHHS mepexoay. Bona
BIJIPI3HSETHCS Bijl ICHYIOUOT BBEJICHHSIM JIOJIATKOBOTO €TAaIy aHAaJ i3y HaBiramiiiHmx
pusukiB «Risk Analysis» Ha aBapiiiHo HeOE3MeUHHUX IIISHKAX IEPEXOIY 1 PO3pOOKOI0
croco0iB yIpaBIiHHS iX IOMYCTUMHUM PIBHEM.

Y I0CKOHAJIEHO ICHYIOUl CMOCOOM YIPaBIIHHA PU3UKAMH TPU TOMEPEIKEHH]
NOCa Ky Ha MUTMHY, HaBaJIIB Ha IOPTOBE 00JIalHAaHHS, 1HILIE CYJHO, OpIBKY KaHaIy 4u
dapBarepy. 3anponoOHOBAHO BUKOPUCTAHHS CHUCTEM KOHTPOJIO HAJIMIPHOTO
HAOJIMKEHHS JJIs1 BUOOPY aJIeKBAaTHOTO MaHEBPY 11010 HOTO TOMEePEHKEHHS.

[Ipu anamizi aBapiiiHO HEOE3MEUHUX JUITHOK MEPEXO0Jly BU3HAYEHO HACTYIIHI
(akTOpU BUHUKHEHHS HABITalliMHUX PU3UKIB: BiIMOBA TOJIOBHOTO JIBUTYHA; IMMOCAIKA
HA MIJTUHY, SIKa BHUKJIMKAaHAa HETOYHHM TUIAHYBAHHSIM TpPAEKTOpli pyXy CYIHA;
BIJICYTHICTh OIEPATUBHOIO KOHTPOJIO OIYHOTO 3CYBY, HACHIAKaMU SIKOi € HaBaJIW Ha
MOPTOB1 CIIOPY/AM Ta 1HII CyJHA; HEIOCTATHS y3rO/KEHICTh KaliTaHa 1 JIoOIMaHa Mpu
MaHEBpPYBaHHI; HEIOCTaTHS IMIJArOTOBKA CyJHa Ta CYJIHOBOTO OOJagHaHHS JIs
MJIaBaHHS B palioHax 3 aBapiiiHO HEOE3NMEUHUMU AUITHKAMU; HETOYHE TJIaHyBaHHS
KOOpPJAMHAT MUIAXYy B palOHAaX CTUCIMX BOJA, OCOOJHMBO TPH KPHUBOJIHIHHHUX
TPAEKTOPIAX PYXy; BIJACYTHICTh aHaNli3y HaBITAllIMHUX PHU3UKIB; HEIOCTaTHS
MirOTOBKA XOJI0BOTO MICTKA JIJIsl yTIPABIIiHHS PIBHEM HaBITAI[IHHUX PU3HKIB.

BusnadeHo HeMONIIKM B ICHYIOUMX HOPMATHBHUX JTOKYMEHTaxX 3 IIaHYBaHHS
pENCOBOro LMKIY 1 BIJICYTHICTh KOHKPETHUX pEKOMEHJAlld 3 1aeHTu(ikamli Ta
yIpaBJiHHS HaBIFAIMHUMU PU3UKAMH, K1 TPU3BOISITEH O HETOTOBHOCTI CYy/IHOBO/IIiB

YIIpaBJIATU BUHUKAIOYUMHA HeOe3neKaMu peﬁCOBOI‘O I[MUKITY.
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B nocnimkeHHI BCTaHOBIIEHO, 1110 MPUYMHAMM aBapiil pu pyci B HEOE3MEeUHUX
palioHax TIaBaHHS, PO3TAIIOBAHUX B PI3HUX aKBaTOpisx cBiTy 3a mepiox 2017-2021
pokiB Oynu HactynHi: 6 % (590 mopiit) — HemocTaTHIA MOHITOPUHI TMOTOJHUX 1
Hapiramiinux ymoB; 8% (883 moxii) — HegocTaTHE OOCIYrOBYBaHHS KOPIIyCy Ta
ob6mamnanas; 20 % (2148 momuiit) — HegocrarHii orysr; 11 % (1123 momiil) — moMHIKH
KepyBaHHs ABUTyHOM. [Ipote 74% (7826 moniit) BiaOynucs yepes3 BILUIUB JHOJCHKOIO
¢dakropy. Orxe, maibke 94 % yciX MOPCbKUX aBapiil OyJau CHPUYMHEH] TOMUIKAMU
CYJIHOBOT'O 1 OEpEroBOTO MEPCOHATY.

[Toka3aHo, 1110 BUAM HABIralIMHUX PU3HKIB, SIK1 ICHYIOTh B HEOE3MIEUYHUX pailoHaX
TIaBaHHs Juist pi3HUX perioniB — Typenbki (bocdhop 1 Japaanennu), Cinramypcekii,
Manakkcekiii Ta TOKIMCBHKIA MPOTOKaX € OJHAKOBUMH. 3yCTpIYAIOTHCS HACTYIIHI
(dakTopy pU3MKIB: MTOCAIKa HA MUIMHY; HaBaJ Ha OpIBKY KaHAITy 1 MOPTOBE 00JIaTHAHHS
Ta 1HII CyJHA; 3ITKHCHHS; JIbOJOB1 BUNIAJKW; BTpaTa OpIEHTAIll; TEXHIUYHI TPUYHNHH,
BiTMOBA TOJIOBHOTO JIBUTYHA Ta PYJHOBOTO OO HAHHS.

Po3pobneno cmoci®0 BU3HAYEHHS JOMYCTUMOTO PIBHS  1HAMBIAYaJbHUX
HaBITaIIHHUX PU3UKIB MPH MJIAHYBAaHHI MIJISAXY PEHCOBOTrO IUKITY. BiH BiApi3HAETHCS
BiJl ICHYIOYOTO HOPMATHUBHOTO CHOCOOY 1 J03BOJISI€ YCTAHOBUTH BHJ Ta NPUUUHY
BUHUKHEHHSI PHU3UKIB 1 BHOpaTH CMocOOWM YMPaBIiHHS HUMH. 3aCTOCYBaHHS
3alPONOHOBAHOIO CHOCOOY BHUKOHAHO Yy BHUIVISI/I «aHalli3aTopa PU3HUKIBY, SKHUU
JI03BOJIsiE BUOpATH aNToOpUTM 3a0e3neueHHs 0e3aBapiiiHoro pyxy. Crnoci6 odhopmieHo
y BUIISl YAOCKOHAJIEHOT MOJEPHI30BaHOI 3MiCTOBHOI Mojemni. [i BUKOpUCTaHHS
BUMara€ BUKOHYBATH MOCTIMHHUN OMEpPaTHBHUI KOHTPOJIb OIYHOTO 3CYBY MPOTATOM
BCBOT0 4Yacy pyXxy cyaHa. KOHTpoJib BUKOHYETbCS 3a BUCOKOTOUHHUMH IJIAHOBUMHU
TPAEKTOPHUMM TOYKaMHM 1 JIO3BOJIIE BHUKOPUCTOBYBAaTH aJIeKBaTHY MPOUEAYPY
KOPUTYBaHHSI pyXy CyAHA.

B po3gini 3 BuKOHaHA nepuia Oonomircha 3adaua BU3HAYCHHS CIOCOOIB
1AeHTU(IKalll HaBIrallMHUX PHU3UKIB JJI1 MONEPEIKEHHS BUHUKHEHHS aBapiilHO
HeOe3MmeyHuX Mo/ii, MoCcaaKy Ha MIUIMHY, HaBaJly Ha OpiBKY KaHamy, (apBarepy abo

1HIIIE CYHO, YU 31TKHCHHS.
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HocnimkeHHss crnoco0iB  yNpaBiiHHA  1HAWBIAyaJbHUMHU  HaBITallliHUMU
pU3MKaMU, K1 3aJIeKaTh BiJ JPKEpen BUHUKHEHHS aBapiMHHUX TMOiH, J03BOJIMIIO
BUOpaTH METOAM BIUIMBY Ha X1 ix mpoTikaHHs. [Ipore, He Bci HeOe3meuHi Moii
MOXYTh OyTH BiJHEcCeHl A0 HaBiramiiiHux. J[o CHuCcKy HaBiramiiHuX MOAIN He
BiJTHOCSITHCSI TIOJKEK1, TEXHOTCHH1 KaTacTpo(du, CKIIaH1 TPUPOTHO-KIIMATUYHI YMOBH
TOILIO, OKPIM BIJIMOBU CYJHOBUX MPUCTPOIB 1 MEXAHI3MIB, 0 SIKHUX BIIHOCATHCS
TOJIOBHU JIBUTYH 1 pyJIbOBUN MPUCTPIN, 110 3a0€3MeUy0Th pyX cyaHa. OTxe, CIIHUCOK
HeOe3neyHuX Mol 0a3yeThcs Ha aHaji3l (aKkTOpiB BIUIMBY Ha CyJHO, BepudiKailis
SKUX BUKOHY€TbCS Ha MIJCTaBl aHaANI3y aBapiiiHUX MOAIM, K1 (AKTUYHO BUHUKIIU.
Tomy miianyBaHHS 1 BAKOHAHHS PEHCOBOTO IUKITY 0a3y€ThCs HA BpaXyBaHHI MO, SKi
ICHYIOTh Yy peanibHOMY yaci. Jlyist Bubopy cnocoOy TutaHyBaHHS JAOIMYCTUMOTO PiBHS
PU3HKY 1 YIPABIIHHS HUM 3allPOTIOHOBAHO y3arajlbHEHY TaOJUII0 aBapiiHUX MOJIH,
SIK1 MOXYTh CTaTHUCS IPOTATOM peicy. Lle 103BomuTh miaroTyBaTucs A0 iaeHTudikamii

Jlyist ynipaBiiHHS pU3UKaMH B peiCOBOMY ITUKJII BUOPaHO 1H)KeHEepHUi MeTo/1. Bin
0a3yeTbcsi Ha OTOJIOLIEHUX NPUOEPEKHUMHU Jep:KaBaMU CTAaTUCTUYHHUX JIAaHUX 3
aBapiifHOCTI B HEOE3MEYHUX pailloHaxX percoBOro IMUKIy. Taki maHl T03BOJSIOTH
BU3HAYMUTH BUJM PU3HKIB 32 MUISXOM IEPEXOy 1 BUOpATH CIIOCOOW YIpaBIiHHS X
JOIMYCTUMUM piBHEM. J{Jis X BIPOBAIXKEHHS B JOCIIKEHHI pO3pO0OJIEHO aHai3aTop

3 METOI JIOCSTHEHHS I[bOT0 PEKOMEHAYEThCS BHUKOPHUCTOBYBAaTH HACTYIIHI
3aX0/IH:

- MrOTYBAaTH JIaH1 PO XapaKTEPUCTUKU TaJbMyBaHHSA 1 TOBOPOTKOCTI JJIs CTaHY
IIpU TIEPEXOJIl Y BUTIISAI TAOIHIb, K1 MIIXOASTh JJIsI BUKOPUCTAHHS B €JIEKTPOHHO-
00YHCTIOBAIbHUX CUCTEMAX;

- CKJaCTH KOOPJMHATH MUISXOBUX TOYOK, TIPEICTABICHUX Yy BHUIJISIIIL
MapIIpyTHOTO JTUCTA MEPEXO/Y;

- BUKOPHCTATH MpOTpamMHE 3a0€3MEeUCHHS IS TUTAHYBAaHHS CyMapHOI MaTpHIIli
KOOPJIMHAT TPAEKTOPHUX TOUYOK PEHCOBOrO MMKIY IMEPEXOy, BiA MICIS BUCAIKU

JolIMaHa B MOPTY BIAXOAY A0 MPUHOMY HOTO B OPTY MPUXOAY.



8

[Tpote, muaHyBaHHS 3aX0Ay B MOPT 1 BUXOY 13 HHOrO HEOOXiTHO BUKOHATH 3a
OKPEMOIO METOJMKOIO — Y BUTJISAJII CYTHOBOTO JIOIIMAaHCHKOTO TUTAHY JIJIsl HABITAIITHUX
mineit. [lani pekoMeHIyeThesl 3A1MCHUTH MPOKIIAIKYy CyMapHOI MaTpulll Ha KapTi y
BUTJIAI TPAa€KTOPHUX TOYOK, BHAUTUTH aBapiiHO HeOe3NMeyHl AUISHKH NUIIXY Ta
BU3HAYUTH (hakTOpH pu3uKy. Bubip BUKOHYyeTbCS 3a BIAHOUICHHSIM OCAJIKH CyJIHA Ta
MIMOMHK  aKkBaTopii [JIaBaHHS, ILIUPUHU MAHEBPEHOIO 3CYBY, IHTEHCHBHOCTI
CYJIHOIUIABCTBA 1 CTATUCTUYHUX XaPAKTEPUCTUK BIPOT1IHOCTI aBapiiHUX MOJIIH.

[IpencraBiieHHs] MAaHEBPEHUX XapaKTEPUCTUK Yy BUIJISIAL TAONHIL 1acTh 3MOTY
3aMIHUTH ICHYIOUHH CIOCIO TJIaHyBaHHS KOOPAMHAT Y BUTJISII MapIIpyTHOTO JIMCTa
Ha CyMapHy MaTpHUII0 KOOPIMHAT TPAEKTOPHUX TOYOK Iepexoay. BukopucroByroun
1HKEHEPHHUI crmoci0 ympaBiiHHS, BU3HAYAIOTh (DaKTOPU HaBITAIIWHUX PUBHKIB Ta
crnocoOu YMpaBJiHHA JJI 3HMXKEHHS iX J0 JA0mycTUMOro piBHs. [Ipu po3xomxeHH1
CylleH HaaMipHE 30JMKCHHS HACTyMae€ TOJI, KOJM IS TIONEPEIHKCHHS PHU3UKY
3ITKHEHHS Y CYJIHOBOZISl B PO3MOPSAJKEHHI € TpU albTepHATUBH. SIKIIO BiH HE
BUKOPUCTAB TEpIIy 3 HUX, HacTymae HeOe3mneuHe 30JMKEHHS 1 BU3HAYEHO BHJ
MaHEBpY, KU BIH TOBUHEH BHOpATH ISl 3HUKEHHSI PU3UKY 31TKHEHHs 13 Tabi. 4.3.
«YeproBicTh HaCTaHHS MAaHEBPY OCTAaHHHLOTO MOMEHTY IPHU BIIMITKaxX CIpaBay, 3a
3HaYEHHSIMHU KypCOBOro Kyta ( 1 BigHOcHOro kypcy P. Ilpore, HeBHUKOpUCTaHHS
CYIHOBOJIIEM TEPIIUX JIBOX albTEPHATUB MPHU3BOAWTH [0 TOTO, IO y HBOTO
3aJIMINAETHCS JIUIE OfHA, sIKA BUKJIMKAE aBapiifHe 30JMKEHHS 1 HAaCTAaHHS MaHEBPY
OCTaHHHOT'O MOMEHTY.

[Ipyn HasIBHOCTI HaBIraliiHOTO MPUCTPOIO-aHANI3aTOpa PHU3UKY HEOE3MEeYHOro
3ITKHEHHS CYJIHOBOJIM TOBHHEH BUKOHATH MAHEBD, SIKUA PEKOMEHIYE MPHUCTPIH,
OCKIJIbKU BiH BUOpaHUM Ha IT1JICTaBl 3aKOHY MaHEBPY OCTaHHbOI'O MOMEHTY.

VY po3ain 4 BUKOHAHA Opyza 0onomixcHa 3adaua — BUOip crioco0iB 3MEHIIICHHS
HaBITaIIHHUX PU3UKIB 1 YIPABIIHHSA 1X JOIMMYCTUMHUM PIBHEM.

Y I0CKOHAJIEHHS 1CHYIOUOi CUCTEMH IUIAaHYBaHHs PEWCOBOTO ITUKIY MOPCHKOTO
CyIHa 3M1HCHEHO NUIAXOBHUMH TOYKAaMH, PE3yIbTaTH SIKOTO OGOpPMIICHI y BHIJISII
MapHIpyTHoro jmcta. Ha BiiMiHYy BiJ ICHYHOUMX BUMOT HOPMATHBHUX JOKYMEHTIB

JI0JIaTKOBO BMKOHAHO CIIEHapHE IUIAaHYBaHHS MAHEBPYBAHHS CyAHAa B TaOJMYHIA Ta
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rpadiuHiii popMax, 3riJHO 3 BUMOTAMH JIIF0YUX HOPMATUBHUX AOKyMeHTIB MMO st
BUXO0]1y/3aX0/y B MOPT. AJie ICHYI0Y1 TOKYMEHTH MalOTh HACTYITHI HEJIOJIKH:

- BIZICYTHS METOAMKA BUOOPY HUIIXOBUX TOYOK;

- BUKOPHCTOBYETHCS METOJMKA HAHECEHHS MUIAXY y BUTIISAI MPSMOJIHIHHUX
BIJIPI3KiB, SIKMM CYJTHO HIKOJIHM HE MPOXOIUTH Yepe3 MUITXOB1 TOUKH;

- BIICYTHS METOAMKA MJIaHYyBaHHS KPUBOJIIHIMHUX BIAPI3KIB HUIAXY;

- HE BHUKOPUCTOBYIOTHCS CIIOCOOM TiJIBUIIEHHS TOYHOCTI IJIaHYBaHHS Ta
KOHTPOJII0 KOOPAMHAT PYXY IIEHTPY Baru Cy/Ha;

- HC BUKOPHCTOBYIOTBCS CIIOCOOM TUTAaHYBaHHS HaBIraliiHUX PU3UKIB Ta METOIH
YOPABIIHHS X PIBHEM.

Henomniku, ski IiCHYIOTh B HOPMaTHBHIA JOKYMEHTAIlli, BpaxoBaHO MIpH
BUKOPUCTAaHHI CTOCO0Y TUTAHYBAaHHS NUISIXY TPAEKTOPHUMH TOYKAMH METOIOM
MOJIEpHI30BaHOi 3MICTOBHOI Moeni. B Hill mogaTkoBO mepeadadeHo eramn po3rsiay i
aHayi3y aBapiiHO HEOE3MEYHHX AUISIHOK HUISXY 1 BU3HAYEHHS BUJY HaBIraliiHOIO
pU3HMKY Ta crmocoOiB ympaBiiHHa HHM. lle no3Bossie 3abesneuntn Oe3aBapiiiHe
MPOXO/KEHHA HEeOe3NMeYHUX MUISHOK NUIAXy. PesynbTaTu aHamizy 3BeACHI B
MiJICYMKOBY TaOJUITIO, KA JTa€ MOKJIUBICTh OIIHUTH XapaKTep 30BHIIIHIX BIUIUBIB 1
nependaynTH CloCOOM YIPaBIiHHS PU3UKAMHU.

Ha npuknazi nepexony i3 nopris Camcyn — Hopaomopcsk Ta Hokorama — Anbma
npuBeJcHa MeToarKa (OPMYBaHHS KOOPAWHAT MIISXOBUX TOYOK Ta BHKOPHUCTAaHI
peKOMeHJIalli MO0 iX 300paKeHHS Ha KapTi. YCTAaHOBJIEHO, 110 KOXXHUW TOPT
noTpe0ye BHKOPHUCTAHHS CBOTO YEK-JTUCTA 1 aJTOPUTMY BHU3HAUCHHS KOOPIUHAT
NUISXOBUX TOYOK. J[7s KOXHOTO BHUMNAAKYy BHUKOHAHO J€TalbHE TJIAaHYBAaHHS
MOJICPHI30BaHOIO 3MICTOBOIO MOJICIITIO Ta MPUBEACHE ii rpadiuyHe 300paKeHHS.

[IpencraBnendss UUBIXY PyXy KOOpPAMHATAMH TPAEKTOPHUX TOUYOK JIAJIO
MOJXXJIUBICTh BHKOPHUCTOBYBATH CHCTEMH MIATPUMKHA TPUUHATTS pIIICHHS 1
aBTOMATU3yBaTH TPOIEC BUKOPUCTAHHS HABITAIIMHUX MPHUCTPOIB, SIKI TMOKPAIIYIOThH
TOYHICTh ONEPATUBHOIO BU3HAYEHHS IMapaMeTpiB pyXy Ta MIABUIIYIOTh SIKICTh iX

KOHTPOJIIO JIsl IPUUHSTTS PILIEHb 3 MAHEBPYBAHHSI.
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VY po3aini 5 BUKOHaHA mpems 00noMmixcHa 3a0aua — po3poOIeHO MOJCPHI30BaHY
CHUCTEMY, B OCHOB1 $KOi 3aKJaJieHO 3MICTOBHY MOJENb ISl BU3HAYCHHS BUIY
HABITaIIHHOTO PU3UKY IHXXKEHEpHUM crocoOoM. [IpoBeneHo MOpIBHSUIBHUI aHami3
ICHYyI04Oi CHCTEMH IUIaHYBaHHS PEHCOBOTO IHMKIY MOPCHKOTO CyJHA NUISIXOBHUMH
TOYKaMHU, PE3YJIbTATH KO OPOPMIIEH] Y BUTIISAI MapIIpyTHOTO Jiucta. Ha BiqMiHy Bij
ICHyIOYMX BHMOT HOPMAaTHBHHMX JIOKYMCHTIB, JOJaTKOBO BHKOHAHO CIICHapHE
IUIaHYBaHHS MaHEBpPYBaHHS B TabMMyH1M Ta rpadiuHiil (opmax, AJid BUXOAY/3aX00y B
MOPTH.

HonaTtkoBo mnependayeHo eTam po3TJsay 1 aHamizy aBapiiHO HeOe3NmeyHuxX
JUTSTHOK NUIAXY Ta BU3HAYCHHS BUy HaBiraiiitHoro pusuky. Lle no3Bossie muianyBatu
crocoOu YIpaBJiHHA JOMYCTUMUM pIBHEM pHU3UKY Ta 3abe3neuntH Oe3aBapiiiHe
IPOXOJIPKEHHS aBapiiHO HEOE3MEeYHUX AUIAHOK HUIAXY. Pe3ynpTaTu aHani3y 3Be/IeHI B
MiJICYMKOBY TaOJUITIO — IS OIIHKM XapaKTepy 30BHINIHIX BIUIMBIB 1 Mepe0adeHHS
CIOCO01B MIJIBUIIICHHS OE3MEKHU JIJIs1 BChOTO NEPEXOTY.

BukoHaHHS TphOX JOMOMDKHHUX 3a/lady JO3BOJMIIO JIOCSTHYTH BHU3HAYEHO! B
po0OOTI TOJIOBHOI METH 3 PO3pOOKM 3MICTOBHOI MOJIENl aHaji3y Ta IUIaHyBaHHS
HaBITaIIHHUX PU3UKIB MPU BUOOPI KOOPAMHAT MIISAXY PEHCOBOTO IUKITY CYyJIHA, IS
YOPABIIHHS X JOMYCTUMHUM PIBHEM.

I[IpakTHyHe 3HAYEeHHsSI OTPUMAHUX Pe3yJbTATIiB BU3HAYAETHCA THM, IO
oTpuMaHi B poOOTI crocoOu, METOAMKH Ta AJITOPUTMH IUTAaHYBAaHHS 1 YIpaBIiHHSA
pPIBHEM JIOMYCTUMOI'O PU3UKY MOXYTh OyTH 3aCTOCOBaHI NMpU BU3HAYEHHI O€3MEUHUX
KOOPJIMHAT TPAEKTOPHHUX TOYOK PEUCOBOTO MUISAXY CyAHA, 3 ypaxXyBaHHSM aBapiitHO
HeOe3MeyHuX MUISTHOK, fAKI ICHYIOTh B peiicoBoMy mukiai. BoHu MoxyTs OyTH
BUKOPHUCTAH1 JUIsl CKJIaJIaHHs peKOMEH/Ia1liil HOpPMAaTUBHUX JOKYMEHTIB 3 IJIaHYBaHHS
PU3HKIB Ta TPU BUKOHAHHI 1 PO3POOIN IHCTPYKIH 3 MNPUUHATTS PINICHH MO0
BU3HAYCHHSI IOMYCTUMOTO PIBHS HABITAI[IHHUX PU3UKIB Ta YIIPABIIHHS HUMHU.

KpuTnyHo BaxJIMBUMU SIBISIOTBCS TEXHIUHI Ta 1H(OpPMAaUiiHI CUCTEMH, SKi
3a0e3Meyyl0Th YIPaBIiHHS PyXOM CyJHA Ta aJeKBaTHY OpraHi3allio poOOTH KOMaHIH
HaBITaI[IfHOTO MICTKA IIiJI YaC BUHUKHEHHS MOPCHKHMX IHIMJIACHTIB 1 MPUHHSATTS

CBOEYACHUX DIllIEHb 3 BUOOPY CHOCOOIB yIPaBIiHHS 32 MPUYMHAMH X BUHUKHEHHS.
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Lle Bumarae nomnepeHLOTO aHali3y UMOBIPHOCTI BUHUKHEHHS HaBIralllMHUX PU3HKIB
Ta IMIJITOTOBKH CIIOCOO0IB iX IMOMEPEKEHHS 1 KOHTPOJIIO.

[IpunOanuii JOCBiA yIHpaBiIiHHS PIBHEM HABITAIlIMHOTO PHU3UKY MOXE OyTH
KOPHUCHUM B 1IeHTH(DiIKaI[Il HOBUX BHJIIB aBapiiiHUX HEOE3MEK Ta MiABUIICHHI Oe3MeKn
pyxy mpu peiicopomy mmkii. OTpuMaHi pe3ynbTaTH SBISIOTHCS KOPUCHUMH IS
NITOTOBKA B 3aKjajJiaX BHUIIOT OCBITM Ta MiJ Yac MIiABUINEHHS KBamidikamii
CY/JHOBO/I1iB. 3alpoONOHOBaHI B JUCEPTALIMHOMY JOCIIPKEHHI CrocoOM aHami3y 1
OIIIHKM BWJIIB Ta NPUYMH HaBIraliiHUX pPU3UKIB Ta (aKTOpiB BIUIMBY Ha ix
JOIMYCTUMUM PIBEHb BU3HAYAIOTh HAYKOBE MOJIOKEHHS JTUCEpTaIiitHoi poboTH, a
came: BUKOPUCTaHHS HOBOTO BUCOKOTOYHOTO CIIOCO0Y TUTAHYBAaHHS MUISIXY PEHCOBOTO
UKITy CyJTHA TPAEKTOPHUMHU TOUYKAMHU.

OTpuMaHi pe3ynbTaTd 3 BUKOPUCTAHHS YAOCKOHAJIEHOI CHUCTeMH Ha 0a3i
3MICTOBHOI MOJIENI, aHaji3aTopa PU3MKIB Ta y3arajabHEHOI TaOJIHUIIl XapaKTePUCTUK
HaBIralIMHUX PU3UKIB PEHCOBOTO LUKIY, JO3BOJIWIA BU3HAYUTH METOAM YIPABIIHHS
CHUCTEMATHU30BAHMMH HABITAI[IHHUMU pPHU3UKAMU 32 JOMOMOTOI  €JIEKTPOHHO
HaBITAIIHUX TIPWIAIB, SIKI MOXYTh OYTH BUKOPUCTAaH1 CyTHOIUIABHUMU KOMIAHISIMU
TUTst 0€3TMEYHOI eKCTUTyaTallii CyIeH.

[IpakTryHi pe3yabTaTh AUCEPTAIIMHOTO JOCIIHKEHHS BIPOBAKEHI: B HAYKOBO-
JTOCJIITHUIBKY 1 KOHCTPYKTOPChKY poboty — JIP Ne 0119U001651 «EneproedextruBHa
CUCTEMA TTO3UIIIOHYBAaHHS CYyHA TOABIHOTO IPU3HAYCHHS; B OCBITHIO KOMITOHEHTY
«JlocmiTHULIBKUA TNPaKTUKyM» Kadeapu YIpaBIiHHSA CYJIHOM, BIAMOBIAHO [0
OCBITHBO-TIPO(ECIITHOT TporpaMu JPyroro (MariCTepChbKOro) piBHS MiATOTOBKH
«Hagirarist 1 ymnpaBiaiHHS MOPCHKUMHU CYJHAaMU»; B OCBITHIM MPOIIEC MPUBATHOTO
BUIIIOTO HABYAJBHOTO 3aKiany [HCTUTYTYy MICHSAIUIIIOMHOI OCBITH «OJeChKHii
MOPCBHKUW TpPEHAKEPHUU IIEHTP», Y BHIJSAI yIOCKOHAJIEHOI 3MICTOBHOI MOJEi

IJIAHYBAaHHS LIUISIXY PEUCOBOTO LIUKITY.

KirouoBi cioBa: HaBiramiiini pu3nkm, NJaHyBaHHS KOOPIAMHAT HUIAXOBUX

TOYOK, YIPABJIHHA JONYCTUMHM PiBHEM PU3HKY, MAPIIPYTHHUH JUCT, MATPHUILI



12

TPAEKTOPHUX TOYOK, y3arajbHeHa Ta0Julsl HABIrauniiHUX PU3UKIB, pelcoOBU

IUKJI Cy/IHA.

OcHOBHI HAYKOBi pe3yJbTaTH AWCEPTAllIMHUX TOCHTIKEHb OIyOJIiKOBaHI B

HACTYIIHHUX IIpalAax.
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AND TECHNOLOGY», NST-2021, 18-19 aucromamga 2021 p. — C. 116-117. — Opneca:
HY «OMAy». http://www.onma.edu.ua/wp-content/uploads/2021/12/ISCT-NST-
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IIaTeHT, IKM 32aXUINAE HAYKOBY HOBU3HY

24. Marent 151907 (51) MIIK G08G 3/02 (2006.01). Cucrema BU3HAYCHHS
HaBIFalIMHUX PU3MKIB PEMCOBOIO LUKy Ta yNpaBiiHHA iX piBHeM. / ManbieB A. C.,
CypinoB 1. JI., [llyminoBa K. B. 3asBauk Harionansuuii yHiBepcuteT «Omechka
Mopchka akanmemisi». — Ne u 2022 01850; 3asBiaeno 01.06.2022; omyOaikoBaHO

28.09.2022, bron. Ne 39.

3 HayKOBHX POOIT, OIMyOJIIKOBAHUX y CIIBABTOPCTBI, aBTOPY HAJICKHUTH OCOOHUCTO:
JTUcepTailiitHa poooTa, BUKOHaHa 3700yBadeM ocooucto. [IpoBeaeHo iHpopMaiiitamii
MONIYK, 3a0€3MeYeHO0 METOJ0JIOTIYHE OOTPYHTYBaHHS, 3alIPOIMIOHOBAHO METOAMKY 3
BUOOpPY KOOpPJIMHAT OMIPHUX MIJISAXOBUX TOYOK 1 PEKOMEHJAIlT Y BUIJISIII YEK-JIUCTA
JUTSL 3ACTOCYBAHHS PO3pOOJIEHOTO yIOCKOHAJIEHOTO CIOCO0Y IIaHyBaHHS PEHCOBOTO
NUIAXY CYJIHA B CKJIATHUX HABITAIIMHUX YMOBAaX TUTaBaHHSI.

3a Temoro aucepraiii omyomikoBaHo 24 HaykoBux mpaiii. OCHOBHI pe3yibTaTH
aucepTaiiitHoi poOoTH omnyoiikoBaHi B 21 HaykoBii po6oTi (3 HUX 13 0HOOCIOHO),
30KpeMa: y HayKOBUX MPOo(IIbHIUX BUAAHHSX, IO BXOATh B niepemik MOH Ykpaian
— 2 HayKOBHX CTaTTl; y 3aKOPJIOHHUX HAYKOBHUX MPOQPIILHUX BUAAHHIX — 8 ctaTtedt (1
CTaTTs — 1HJAEKCYeTbes y HaykomeTpuuHik 0a31 SCOPUS 1 HanexuTh 10 HayKOBOI'O
BUIaHHS TpeThoro kBapTwiio (Q3)); y 30ipHUKaX MaTepialiB HAyKOBUX KOH(epeHIIii
— 12; BUKOHAHO OKpeMi PO3AUIM Yy HAYKOBO-IOCHITHIA poOOTi, (piHaHCOBaHINA Ha
KOHKYpPCHI OCHOBI HAyKOBO-JOCHIAHMX 1 JOCIIIHO-KOHCTPYKTOPCHKUX pOOIT,
TeMaTuKy skux cxBajieHo HaykoBoro Pamoro MOH VYkpainm — 1; matedtiB Ha
BuHaxig — 1.

PoGotu [1-4, 6, 12-14, 16, 18-21] migroromieHi aBTOPOM OIHOOCIOHO. 3
HayKOBHX poOiT, omy0JIIKOBAaHUX Yy CITIBABTOPCTBI B JUCEPTallii BAKOPUCTAHI TIIBKH Ti

TIOJIOXKEHHS, SIKI HaJIe)KaTh aBTOPY ocobucto [5, 7-11, 15, 17, 22-24].


http://www.onma.edu.ua/wp-content/uploads/2021/12/ISCT-NST-novyjSformuloj.pdf
http://www.onma.edu.ua/wp-content/uploads/2021/12/ISCT-NST-novyjSformuloj.pdf
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JAucepraniiiHi 10CiIKeHHS MMPOBEAEHO B HACTYITHUX po0oTax 3100yBaya:

[1] — ynockoHaneHO 1 MIABHMINEHO TOYHICTH CIIOCOOY IJIAHYBaHHS MapIIPYTy
CyJIHa 3 BKJIIOUEHHSIM aHaJIi3aTopy BU/IIB PU3HKIB, ICHYIOUHX B paliOHAX CTUCIUX BOI;
[IOKa3aHa HEOOXIJHICTh YINpPaBIIHHA HaBIFAUIMHUMH PHU3MKAMH PEHCOBOr0 LHMKIIA
CyJIHa, BAXKJIUBICTh KOHTPOJIIO HABITAIlIMHKUX JIAHUX 13 CECHCOPHHUX CHCTEM, BPaXyBaHHS
YMOB pailoOHy IUIaBaHHsS, OE€3MEYHOro 3aracy TJIMOWHM TiJI KUIeM Ta TOYHOCTI
pO3TalllyBaHHS CyJlHA; BU3HAYEHO BIJCYTHICTh PEKOMEHJAIlI 3 aHami3y aBapiiHOI
HeOe3MeKy IUTAaHOBOTO INUIAXY TEpexXoAy Cy/JHa, sKa BKa3ye Ha HEOOXIIHICTb
BKJIIOUEHHSI CTaJli TMJIaHyBaHHsI HAaBITal[IHHUX PU3HMKIB; BU3HAUYEHA aKTYyaJbHICTb
npoOJieMH BIJICYTHOCTI OKPEMO BHJIICHOTO eTany «AHalli3 1 OIlIHKAa PHU3HKIBY,
BUKOHAHO CHCTEMAaTH3allil0 BHUJIIB HABITAI[IHHUX PU3WKIB 3a PI3HUMH O3HAKaAMH, SIK1
ICHYIOTh B pPEHCOBOMY IMKIII CyJHA; MPOBEJCHO aHaji3 BHUJIB PU3UKIB HAa OCHOBI
CTAaTUCTUYHHUX JaHUX aBapiMHOCTI y JBOX KaHaJax 31 CKIAQJHUMHU aKBaTOPIAMH 1
yMOBaMU TIIaBaHHS;

[2] — po3pobiieno «AHamizaTop HaBIramiMHUX PH3UKIB» HAa OCHOBI aHAII3y
METO/Ny TUIAHYBAaHHS MNUISAXY JUIsl PEHCOBOTO IMKIY CyJHA, SIKAA JO3BOJISIE
CHUCTEMATU3yBaTH PHU3UKH 3 METOI Kiacudikaiii Ta epEeKTHUBHOTO YMPAaBIIiHHS.
Busznaueno axtopu pusuKy Mo nuUIsxy mepexoay B pelcoBOMY IHKJII 1 3aX0U JJIS
3HIDKCHHSI PIBHS PU3UKIB JI0 AOIYCTUMOTO piBHs. JJIT MTOCATHEHHS IHOTO BU3HAYCHA
HEOOX1JHICTh MIATOTOBKHU JAHUX MPO XAPAKTEPUCTUKH TaIbMYBaHHS 1 IOBOPOTKOCTI,
JUISL CTaHy TIPU TEpPeXoJil y BUIJIAMI TaOJWIb, SIKI MAXOIATH i BUKOPUCTAHHS B
€JICKTPOHHO OOYHUCITIOBAILHUX CUCTEMAX;

[3] — po3pobacHO Momenar kimacudikailii HaBiramiHHUX PU3HKIB, sKa IT03BOJISIE
CUCTEMATU3YBATH 1 XapaKTepPU3yBaTH iX BUJIM Ta IPYIHU; IPOBEJICHO aHaJ13 MPUYUHU
aBapiii 1 HaBiramiiHuX pu3WKIB B paiioHax Typeubkoi (bocdhop 1 Jlapmanenmm),
Ciaranypcbkoi, Manakkcbkoi Ta TOKIMCHKOT MPOTOK;

[4] — mochimKeHO BILIMB CTPIMKOTO BIIPOBAKCHHS 1H(QOPMAIITHIX TEXHOJOTIH
Ha MPOLIECH CYAHOIJIABCTBA Ta NUMOBIPHICTh BUHUKHEHHS HABITALIITHUX PU3UKIB Y pasi
3/1MiCHEHHsI KibepaTaky Ha CyJTHOBI orepailiitii Ta iHdopmarlliiHi cucremMu. B ymoBax

posnoscrokeHHs [Tannemii COVID-19 Bu3HaueHo MaciiTabHe 3pOCTaHHS KUIBKOCTI
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aTak IporpamM-BUMarayviB Ha KOMIT FOTEpHE 00JIaIHaHHSI 110 BCbOMY CBITY. [IpoBeaeHO
aHam3 Bigomux kibepatak NotPetya 1 WannaCry Ha HaBiramiiHi cuUCTEMHU
TPaHCHOPTHUX CyAeH 1 mopTiB. JlociimkeHa WMOBIPHICTh BIUIMBY Kibep3arpo3 Ha
iH(pOpMaLiifHO-HABITAIlIHHI ~ CHCTEMHU BIMCBKOBHX KopabmiB tumy «Visby»,
noOyaoBaHux 3a texHosoriero «Crency. [lokazaHo pi3HOMaHITHICTH KiOepaTak Ha
CyAHOBYy  cuCTeMy TioOanpbHOrO  mosuilioHyBaHHs (GPS), aBromartuuny
iaeHTudikamiiiny cuctemy (AIS), ski negopmMytoTs iHGOpMAaILLit0 MPO NOTOYHUM CTaH
cynHa. BusHaueHo nii xakepiB, moOyjoBaHI 3a PI3HUMH TPUHIIUIIAMU 1 OCHOBHI
acreKkTu Juist 3a0e3neueHHs kibepOesneku Ha QIioTi;

[5] — po3pobiieHO 3MICTOBHY MOJECpHI30BaHY MOJE/b IUIAHYBAHHS MUIAXY MPH
BUKOHAHI PENCOBOr0 IMKIy MOPCHKOTO CYJIHA, sIKa BIAPI3HAETHCA BiJl 1CHYHOYOi
3MIHOIO CTOCO0Y TJIaHYBaHHS TIEPEXOAY TPAEKTOPHUMH TOYKAMU 3 YPaXyBaHHSIM
MaHEBPEHUX XapaKTEPHUCTHUK, aKBaTOpli MJii MaHEBPYBAHHS 1 BBEJCHHSM €TaIy
«AHaII3aTOp PU3UKIBY;

[6] — po3pobiieno mporexypu ais peanizamii cTpaterii KibepOe3neKu 1100
3MEHIICHHS PU3MKIB Bpa3IUBOCTI HAaBITAI[IHHUX CHUCTEM CyJIHAa, MOPTOBOI
1H(pacTpykTypu 1 OOpPTOBOI aBTOMaTH3allli, AKI MOXYTh OyTH BHUKOPHCTaHI MAJis
HAaBYaHHS CYJHOBOTO TIEPCOHATY; MPOBEIECHO aHali3 CY4YacHUX BpPA3IHBOCTEH
iHpopMaIliiHO-HaBIrallifHUX ~ CUCTEM; pO3po0JieHO ©0a30B1 MPOIECH  aHaTI3y
KIOEpCTIMKOCTI; BU3HAYEHO HEOOXIJHICTh CTBOPEHHSI cTpaTerii KidepOe3meku ist
HaBYaHHS OeperoBoro 1 CyJAHOBOTO TEPCOHAy; Ha OCHOBI aHali3y OCTaHHIX
3arajibHOBIJJOMUX Bpa3iauBOCTel 1HQOpMAIIiHOI OE3MEeKH IO0Ka3aHO MOKJIUBICTh
i1eHTUdIKaIli PU3UKIB U1 KOXKHOI CyIHOBOI 1H(QOpMAaIIfHOI CUCTeMH HaBirarii 3
BU3HAYEHHSM PiBHS Oe3meku Ta mKaay oriHoBanHs Bijx 0,0 1o 10,0;

[7] — po3pobneno cmoci6 BHU3HAYEHHS MOJIOKEHHS IIIsixoBux Todok (IIT) 3
ypaxyBaHHSM 30H M1JBUIIEHOT aBapiiHOCTI /1t (aKTOPIB HABITAIHUX PU3UKIB TIPH
IJIaHYBaHHI [UISAXYy PEHCOBOro IMKJIY; BHU3HAYEHO OCOOJMBOCTI YIPaBIIHHS
IHIMBIAyaJIbHUMU HaBIFalIMHUMU pPU3UKAaMHU B 3aJIEKHOCTI BiJl BUOOPY MicCIs
posramryBands IIT; posrimsnyro Meromuku BuoOopy LT Ha mopchkiit kapti 3

ypaxyBaHHSM ii T€0JIe3UNYHOI OCHOBU, HAHECEHUX JIIHIA peKOMEHJOBaHUX O€3MeUHUX
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30H 1 KypCiB, XapaKTEepUCTUK I'PYHTY, HaBIFAlIMHUX 1 T1JIPOMETEOPOJIOTITYHUX YMOB,
30H 1HAMBIAYaJbHUX HABITAI[IHHUX PU3UKIB PEHCOBOTO IMKIY MOPCHKOTO CyJHA 3a
dakTopamu, K1 iX CIPUYUHSIOTH; PO3TJIIHYTa METO/IMKA BUCOKOTOYHOTO IJIAHYBaHHS
cxemu MaHeBpyBaHHS TpaekTopHuMHU Toukamu (TT) mpu 3axo/i/Buxoi 13 opTy;

[8] — po3pobaeHo Merom romoMopdHOro MUGPYBaHHS TAHUX JUIS 3aXHCTY
HaBIraliiHO-1H(OPMAIIHHOT CUCTEMHU CYJIHA; JOCHIIKEHO MpoOiieMy, MOB’sA3aHy 3
nangemiero  Covid-19 1 HEMOXIMBICTIO CBO€YACHOIO TOHOBJIEHHS CHCTEM
HaBIraIiiHO1 OE3MeKN Ha MOPCHKUX CYJIHaX, SKi nmepe0yBarOTh B PEICi; BU3HAYEHO
HEOOX1HICTh U(PYBaHHS JaHUX, 110 30€piratoThCs B 1HPOPMALIITHO-YIPABISIIOUMX
CHUCTEMaX MOPCHKUX CYJCH y 3B’S3KYy 3 PU3MKOM KiOepaTaku; BAKOHAHO MeTa-aHawi3
PHU3HKIB BUTOKY i1H(pOpMaIli; po3polieHo 0a30BHil IJIaH pearyBaHHS JJisi 3aXHUCTY
HaBITaIIHHUX CHCTEM;

[9] — BcTaHOBNEHO B3aEMO3B'SI3KM Pi3HHX (HAKTOPIB 1 KOHIICHINH B CHCTEMI
ynpasiiHHs 6e3nekoro (CYDB) cynna 1 komnanii, HuTl 1 3aBIaHHs, K1 MOBUHHI OyTH
BupimieHi B nporeci ¢yukiionyBanas CYb; mpoBeneHna olliHKa Ta aHali3 BIUIMBY
cyO'eKTUBHUX (PAKTOPIB PU3UKY HA CUCTEMY «ONEPATOP — CYIHO — Oepery;

[10] — po3pobnaeHO OCHOBHI eTamu /i B Haa3BHYAHHUX CHUTYAIisX IS
oprasizaiii Kpu30BOTO YIPaBJIiHHS HABITAIIMHUMU TMPOIIECAaMU; MPOBEJACHO aHai3
cydacHoi 1H(opmalii mTpo MOPCHKI IHIIMACHTH; BU3HAYEHO MPUYUHHO-HACIIIKOBI
3B'SI3KM aBapiitHOCTI, (AaKTOPH 1 BUIHN PUBHKY;

[11] — Bukonano posainu 1.1, 4.2, 3MicT AKHUX OmMy0JiKOBaHO B poborax [15-18];
MPOBEJICHO JOCIIPKCHHS TIO3UI[IOHYBAaHHS CyJHA TOJABIMHOTO MPU3HAYCHHS IS
MIJBUIIEHHS TOYHOCTI cTaOuIi3aIii Ha Kypcl 1 OIIHKM BUTpAT €HEpTii; BU3HAYEHO
npobjieMr eHeproeeKTUBHOCTI 1 TMEPCIEeKTUBU peamizaiii 0araToliIbOBUX 1
ABTOHOMHHX CYJICH IMOJBIMHOTO MTPU3HAYEHHS;

[12-14] — po3po0bieHo 3araibHy Kiaacupikalliro CydaCHHX PHU3UKIB; JOCIHIHKEHO
OCHOBHI ()aKTOpH MOPCHKHUX aBapiil; BU3HAUYEHO NPUYMHY 301IbIIEHHS Ki0epaTak Ha
HaBiraimiiiHi Ta 1HPOpPMAIIiHI CUCTEMHU MO BChOMY CBITY, IMOB'SI3aHY 3 MaHAEMIEIO
Koponagipycy (Covid-19); po3mistHyTO Bpas3IuUBICTh CyYaCHUX CYJHOBHUX CHCTEM

CYIMYTHHUKOBOI HaBiramii i HeOOX1IHICTb YNpaBIiHHA KiOepOe3neKoro AJisi 3MEHILEHHS
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PHU3HKIB BTPATH yNPABIIHHS CYTHOM; BU3HAUYEHO i1, HEOOX1AH1 /11 CTBOPEHHS TUIaHY
pearyBaHHs €Kimaky Ha KiOep-1HIMJICHTH 1 MiHIMi3alii BUHUKHEHHS HaBirariiHUX
PHU3HKIB;

[15-16] — nocmimkeHo mpoOiieMy TEXHOTEHHUX PH3HKIB B CYIHOIUIABCTBI —
3MmeHeHHs BukuaiB CO2; BUKOHAHO aHaJli3 BIUIMBY 1HTEHCHUBHOCTI CyJHOIUIaBCTBA
Ha HABKOJIUIIIHE CEPEIOBUIIE; BU3HAUCHO aJIbTEPHATUBHI BUIM TAJMBa 1 IHHOBAIIIMH1
TEXHOJIOTII /i1 MaiOyTHIX NUISIX1B JeKapOOoH13allli Cy/THOIIaBCTBA;

[17-18] - mnpoBeaeHO OIHKY KPUTHYHMX PHU3MKIB Big MaiOyTHHOrO
BITPOBAKCHHSI aBTOHOMHUX CYJCH (CYyACH-IPOHIB) Ha albTePHATHBHUX JDKeperax
NaJInBa,;

[19] — 3ampomoHOBaHO MOYATKOBI MPEBEHTHBHI Jii A peanizaiii crparerii
iH(popMariiiHoi Oe3neku (kibepOe3neku) CcynaHOBUX HaBiramiiaunx [T-cucrem;
BU3HAYCHO HEOOXIMHICTh BpaxyBaHHS S5-TH BAXKJIUBUX MHTAHb JJII PO3YMIHHS
peanbHOi cuTyalli pu3uKy Kibeparaku;

[20] — mocnmimkeHO MOXKJIMBICTD 3pPOCTaHHS PiBHSA €(PEKTUBHOCTI CHCTEMH
ynpasiiHHs 0e3nekoro cynHa (CYD) ta komnaHii; BcTaHOBJIEHA 3aJI€KHICTD Bl 3MIH B
TEXHIYHOMY CTaH1 CyZieH (panToBi 1 KaTacTpo(iuHi 3MiHHU), SIKI MOXYTb MPUBECTHU J0
ripmoro crany 0e3meKu OKpEeMHUX CYJIeH 1 BUKIMKATA CTPUOKOMOIOHY 3MiHY CTaHy
epexkruBHOCTI CYDB KOMMaHii; BU3HAYEHO BIUIMBH JIIOACHKOTO (PaKTOPY — MPOTUPIY
HAYaJbHUKIB CYJHOBHX CIyXO0, BHHUKHEHHS Ta ICHYBaHHS THMYaCOBHUX
TOPU30HTAIBHUX 3B'SI3KIB HA OCHOBI KOHKYPEHTHOCTI;

[21] — posrnsHyTO TIMTaHHS KiOepOe3meku (UIOTy, 3aXHCTy BIACHHX JAaHUX 1
BIIPOBA/PKCHHSI  1HTEJIEKTYaJbHUX 1 TPEBEHTUBHUX pillleHb 1 Oe3neKu
(GyHKITIOHYBaHHSI HaBIrallitHUX CUCTEM 1 MPUJIAIIB;

[22] - mocmimkeHO BIUIMB CyJHOIUTABCTBA Ha JIOBKULIA, JeKapOOHi3aIifo i
BUKOPHUCTAHHS €KOJIOTTYHOTO MaJliBa HA CyHAX;

[23] — npoBeaeHo aHaii3 O0COOIMBOCTI TEXHOJIOTII IHBEPCHOTO HOCY CyJHA 3a
nu3aitHoM X-BOW y HecipUsATIMBHX IMOTOJHUX YMOBAX Ta B TUTAHHSIX BUKOPUCTAHHS

najuBa 1 eKOHOMII eHeprii,
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[24] — 3anmarenTOBaHO KOpHCHY MOjeab «CHCTeMa BH3HAYCHHS HaBIralliliHUX
PHU3HKIB PEHCOBOTO UKy Ta YMPABIIHHS X PIBHEMY», sIKa BIIHOCUTHCSA 10 METOJIIB
BU3HAYEHHS (PAKTOPIB HABITAI[IMHOTO PU3UKY 1 aBTOMATU30BaHOTO BUOOPY CIOCO01B
yHOpaBIiHHS iX piBHEM 3a (AKTOPOM, 110 BU3HAYAETHCS MPH ONEPATUBHOMY KOHTPOITI
PYyXy CyIHa MO 3aJaHOMYy TPAEKTOPHUMH TOYKAMU IJIAHOBOMY IIISXY, BUKOHYIOUH
BU3HAYEHHS O1YHOTO 3CYBY 3aCO0aMM CUCTEM MIATPUMKH NPUHHATTS piieHHs. Bona
JO3BOJISIE MIATOTYBaTH CYAHOBI MEXaHI3MHM JJisi poOOTH IMiJl Yac MPOXOKEHHS

aBapiiHO HeOE3NMEYHUX JUITHOK IUIAXY.

Ctpykrypa Ta o6car aucepramii. J[uceprariiina pobora cKiamaeTrbes i3
pPO3IIMPEHOi aHOTaIlil, BCTYITy, I’STH PO3MALIIB, CIIMCKY BHKOPHUCTAHWX JDKEpen i
nonaTkiB. 3aranbHuil oOcsr pobotu ckianae 307 crtopiHok, 3 HuX 202 cTOpiHKH
OCHOBHOTO TEKCTY, 15 pucyHkiB, 13 Tabmuip, 6i6maiorpadis 3 132 HaiimenyBanb Ha 17

CTOpiHKaX, 6 moaaTKiB Ha 88 cTOpiHKaX.
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SUMMARY

Shumilova K.V. — The improvement of planning and management of
navigational risks of the voyage cycle of a ship. — Qualifying scientific work on the
rights of the manuscript.

The dissertation on completion of a scientific degree of a doctor of the philosophy
on a specialty 271 — «River and sea transport». — National University «Odessa

Maritime Academy», Odessa, 2023.

Based on the analysis of existing risk assessment and classification methods, a
method of expert risk assessment was determined, which provides a detailed
description and algorithm of the course of the event, establishes its navigational cause
and consequences. It can be obtained only from the authorities that carried out the
investigation of the accident (port authority, ship owner, insurance companies, ship
experts, etc.).

The analysis of international emergency accidents for the years 2002-2021,
including the Buzka-Dnipro-Limansk Canal (BDLC) and the Kherson Sea Canal
(KSC) showed that a total 76 navigational events occurred, which were divided by
types: 23 — groundings, 25 — contacts with berths, 6 — collisions, 4 — ice cases, 18 —
cases due to technical reasons. The consequences of such accidents were: running
aground; collision with other vessels standing at anchor; collision with vessels while
sailing in an area where there is a concentration of vessels in the expected lock; going
beyond the ship's course during navigation in BDLC and KSC.

During the voyage cycle of the ship, on the example of expert accident data, the
causes of navigational risks were determined in the Black Sea basin, BDLC and KSC:
1) failure to perform the appropriate maneuver to prevent a collision due to untimely
adjustment of the radar scale; 2) lack of a plan of the intended voyage from berth to
berth, as well as proper control over the movement of the vessel during the execution
of the passage plan; 3) lack of preparation of the main and reserve ship’s equipment,

the condition of which should ensure smooth and proper control of the ship, as a result
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of which there are deficiencies in the management of the level of permissible risk, for
the proper organization of the actions of the crew when passing accident-hazardous
sections of the passage and during mooring; 4) non-compliance with recommendations
on practical methods and methods of ship management, as well as failure to use
adequate and operational actions to manage the level of acceptable risk; 5) lack of
proper planning when using the maneuvering characteristics of the vessel and failure
to maintain a safe speed during maneuvering in the limited conditions of the water area
of the port and channel; 6) poor organization and non-compliance by the crew members
with the rules of maintenance and operation of the main engines and auxiliary
mechanisms that ensure the movement of the ship.

As a result of the performed analysis of emergency events, it was established that
before the start of the voyage cycle, it is necessary to pay special attention to the
preparation of the main and reserve steering equipment, the condition of which should
ensure smooth and efficient control of the ship. The captain and heads of the ship's
departments are responsible for the timely presentation of the ship, it’s structures and
technical equipment for inspections regarding the proper condition and preparation of
relevant ship’s documents.

Regardless of the frequency of inspections, the shipowner must provide extra-
ordinary supervision of the technical condition of the ship's mechanisms that ensure
the movement of the ship.

The problem of reducing the negative impact of the human factor on the level of
risks in modern shipping requires a comprehensive solution, which can be achieved
through the use of modern information systems for the organization of operation and
management of the ship. This requires the use of decision support systems, based on
the principles of effective interaction in many operator control systems. The
functioning of such systems requires the introduction of new programs for training the
seagoing personnel. They are aimed to increase the effectiveness of the communication
of the members of the engine and deck crew, their ability to make coordinated
management decisions in critical conditions and the formation of leadership qualities.

This will effectively overcome the problem of the negative influence of the human
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factor on the interaction process and, as a result, will contribute to reducing the number
of marine accidents.

The main requirement for the content of the completed research is the availability
of practical requests to ensure effective control of the ship in the conditions of passage
of accident-prone passages with navigational risks. Therefore, the main task in the
voyage cycle was the development of a meaningful model for planning navigational
risks when choosing the coordinates of waypoints of the passage and managing their
permissible level.

As a result of the analysis, the main task is structurally presented in the form of
three auxiliary tasks:

- auxiliary task 1: determination of methods of identification of navigational
risks to prevent occurrence of hazardous events, grounding, crowding on the bank of
the channel, fairway or other vessel, or collision;

- auxiliary task 2: development of a method of reducing navigation risks to an
acceptable level and managing them;

- auxiliary task 3: development of a meaningful model for determining the type
of navigation risk by engineering method for choosing a management method.

The object of the research is the method of planning the passage in the voyage
cycle of the ship, and the subject of the research is the improvement of the method
of planning and management of existing navigational risks.

The scientific novelty of the results obtained in the dissertation consists in the
methodology of planning the voyage cycle, which differs from the existing ones by
introducing a stage of risk analysis on accident-prone sections of the road, with the
creation of a table of waypoints, a generalized table of navigational risks, with
automatic control of the time of their occurrence and the selection of management
methods using satellite system. At the same time, in the work:

- for the first time, a modernized meaningful model of the route planning system
during the voyage cycle of a sea vessel was developed. It differs from the existing one
by the introduction of the stage of analysis of navigational risks at the passage using

the engineering method and the choice of a method of their management. The essence
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of the method consists in the use of high-precision planning of the route of the voyage
cycle by trajectory points using the method of waypoints. The results are presented in
the form of a total transition coordinate matrix. To increase the accuracy of planning,
maneuvering characteristics are calculated for the state of the vessel in voyage. This
will make it possible to replace the existing method of planning the ship's movement
coordinates with a highly accurate one;

- for the first time, a navigation risk analyzer was developed to determine the
types of hazards and methods of managing their permissible level, and a generalized
table of characteristics of risks existing during the voyage cycle was created;

- the existing method of planning the ship's voyage cycle has been improved,
which allows to identify navigational risk factors, take into account the causes and
methods of managing their level, and determine the possibility of bringing the level of
risk to an acceptable level during the passage of accident-hazardous sections of the
route;

- improved systematization of navigation risks and methods of managing their
acceptable level, which helps to choose individual methods of assessment,
measurement, forecasting and selection of methods of reaction to their occurrence;

- the method of determining the ship's movement coordinates for waypoints,
which are used when drawing curved trajectories, has been improved,;

- received further development of the methods of planning the movement of the
ship using the determination of the coordinates of the passage of the trajectory points
according to the location of the waypoints and a checklist for the algorithm of its
execution;

- the systematization of navigation risk factors was further developed, which
allows us to establish that their type does not depend on the geographical location of
the navigation area, but depends on the type and size of the vessel, the configuration of
the water area for maneuvering and the navigation characteristics of the navigation

area.
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The research systematized navigation risks for the selection of ways to manage
them and substantiated the methodology for setting the parameters of their acceptable
levels.

Methods of navigational planning of the voyage cycle are considered, according
to the existing normative document of the International Maritime Organization (IMO),
for which a meaningful transition planning model has been modernized.

It differs from the existing one by the introduction of an additional stage of
analysis of navigational risks «Risk Analysis» at accident-prone sections of the
transition and the development of methods of managing their permissible level.

The existing methods of risk management have been improved to prevent
grounding, collisions with port equipment, another vessel, the edge of a channel or a
fairway. The use of over-approach control systems to select an adequate maneuver for
its prevention is proposed.

During the analysis of accident-prone sections of the passage, the following
factors of navigation risks were determined: failure of the main engine; grounding
caused by inaccurate planning of the ship's trajectory; lack of operational control of the
lateral shift, which causes collision with port facilities and other vessels; insufficient
coordination of the captain and pilot during maneuvering; insufficient preparation of
the vessel and vessel’s equipment for navigation in areas with accident-prone areas;
inaccurate planning of the coordinates of the route in areas of constrained water,
especially with curvilinear trajectories of movement; lack of navigation risk analysis;
insufficient preparation of the gangway to manage the level of navigational risks.

Deficiencies in the existing regulatory documents on the planning of the voyage
cycle and the lack of specific recommendations on the identification and management
of navigational risks have been identified, which lead to the unwillingness of
shipowners to manage the emerging dangers of the voyage cycle.

The research determined that the causes of accidents while proceeding in
dangerous areas located in various water areas of the world for the period 2017-2021
were as follows: 6% (590 events) — insufficient monitoring of weather and navigation

conditions; 8% (883 events) — insufficient maintenance of the hull and equipment; 20%
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(2148 events) — insufficient review; 11% (1123 events) — engine control errors.
However, 74% (7,826 events) occurred due to the influence of the human factor.
Therefore, almost 94% of all marine accidents were caused by errors of ship and shore
personnel.

It is shown that the types of navigation risks that exist in dangerous navigation
areas for different regions — the Turkish (Bosphorus and Dardanelles), Singapore,
Malacca and Tokyo straits are the same. There are the following risk factors: running
aground; crowding on the bank of the channel and port equipment and other vessels;
collision; ice cases; loss of orientation; technical reasons; failure of the main engine
and steering equipment.

A method of determining the acceptable level of individual navigation risks when
planning the route of a voyage cycle has been developed. It differs from the existing
regulatory method and allows to establish the type and cause of risks and to choose
ways of managing them. The application of the proposed method is performed in the
form of a «risk analyzer», which allows you to choose an algorithm for ensuring
accident-free traffic. The method is designed in the form of an improved modernized
meaningful model. It’s use requires constant operational control of the side shift during
the entire time of the ship's movement. The control is performed according to highly
accurate planned trajectory points and allows using an adequate procedure for
correcting the ship's movement.

In Chapter 3, the first auxiliary task of determining the methods of identifying
navigational risks to prevent the occurrence of hazardous events, grounding, crowding
on the bank of the channel, fairway or other vessel, or collision, is fulfilled.

The study of ways of managing individual navigational risks, which depend on
the sources of occurrence of emergency events, made it possible to choose methods of
influencing the course of emergency events. However, not all dangerous events can be
classified as navigation events. The list of navigational events does not include fires,
man-made disasters, difficult natural and climatic conditions, etc., except for the failure
of ship equipment and mechanisms, which include the main engine and steering device

that ensure the movement of the ship. Therefore, the list of dangerous events is based
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on the analysis of the factors affecting the ship, the verification of which is performed
on the basis of the analysis of emergency events that actually occurred. Therefore, the
planning and execution of the voyage cycle is based on taking into account events that
exist in real time. A generalized table of emergency events that may occur during the
voyage is proposed for choosing a method of planning the acceptable level of risk and
managing it. This will allow you to prepare for the identification and chronology of
their occurrence and to choose methods of managing their level.

An engineering method was chosen for risk management in the voyage cycle. It
Is based on statistical data on accidents in dangerous areas of the voyage cycle
announced by the coastal states. Such data make it possible to determine risk factors
by voyage route and to choose methods of managing their acceptable level. For their
implementation in the study, a risk analyzer was developed for choosing measures to
minimize their level.

To achieve this, it is recommended to use the following measures:

- to prepare data on the characteristics of braking and turning for the transition
state in the form of tables, which are suitable for use in electronic computing systems;

- compile the coordinates of the waypoints, presented in the form of a voyage
route sheet;

- use the software to plan the total matrix of coordinates of the trajectory points
of the voyage cycle of the passage, from the place of disembarkation of the pilot in the
port of departure to his embarkation in the port of arrival.

However, the planning of entering and exiting the port is carried out according to
a separate method — in the form of a ship's pilotage plan for navigational purposes.
Next, lay out the total matrix on the chart in the form of trajectory points, highlight
accident-prone sections of the road and select risk factors. The selection is made
according to the ratio of the ship's draft to the depth of the sea, the width of the
maneuvering shift, the type and intensity of navigation and the statistical characteristics
of the probability of emergency events.

Presentation of maneuverable characteristics in the form of tables will make it

possible to replace the existing way of planning coordinates in the form of a route sheet
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with a total matrix of coordinates of the trajectory points of the transition. Using the
engineering method of management, determine the factors of navigation risks and
methods of management to reduce them to an acceptable level. When the ships diverge,
excessive convergence occurs when the shipmaster has three alternatives at his disposal
to prevent the risk of collision. If he did not use the first of them, a dangerous approach
occurs and the type of maneuver that he should choose to reduce the risk of collision
Is determined with the table. 4.3. «The order of commencement of the maneuver of the
last moment at the marks to the right», according to the values of the course angle q
and the relative course P. However, the master's failure to use the first two alternatives
leads to the fact that he has only one left, which causes an emergency approach and the
commencement of a last-minute maneuver.

In the presence of a navigational device-analyzer of the risk of a dangerous
collision, the navigator must perform the maneuver recommended by the device, since
it is selected based on the law of the last moment maneuver.

In Chapter 4, the second auxiliary task is performed - the selection of ways to
reduce navigation risks and manage their acceptable level.

The existing system of planning the voyage cycle of a sea vessel by waypoints
has been improved, the results of which are presented in the form of a route sheet. In
contrast to the existing requirements of the regulatory documents, the scenario planning
of the ship's maneuvering in tabular and graphic forms was additionally performed, in
accordance with the requirements of the current regulatory documents of the IMO for
exiting/entering the port. But the existing documents have the following shortcomings:

- there is no waypoint selection method,;

- the method of drawing a route in the form of straight line segments is used, with
which the ship never passes through the waypoints;

- there is no method for planning curved sections of the path;

- methods of increasing the accuracy of planning and controlling the coordinates
of the movement of the center of gravity of the vessel are not used,;

- methods of planning navigation risks and methods of managing their level are

not used.
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The shortcomings that exist in the normative documentation are taken into
account when using the way of planning the route with trajectory points by the method
of the modernized meaningful model. It additionally provides for the stage of
consideration and analysis of accident-prone sections of the road and determination of
the type of navigational risk and ways of managing it. This allows safe passage of
dangerous sections of the road. The results of the analysis are finalized in a summary
table, which makes it possible to assess the nature of external influences and predict
methods of risk management.

On the example of the transition from the ports of Samsun — Chornomorsk and
Yokohama — Alma, the method of forming the coordinates of the waypoints and the
recommendations for their implementation are given. It was established that each port
needs to use its own checklist and algorithm for determining the coordinates of
waypoints. For each case, a detailed planning with a modernized content model is
performed and its graphic representation is provided.

Representation of the movement path by the coordinates of the trajectory points
makes it possible to use decision support systems and automate the process of using
navigation equipment, which improve the accuracy of operational determination of
movement parameters and increase the quality of their control for making maneuvering
decisions.

In chapter 5, the third auxiliary task is completed — the development of a
meaningful model for determining the type of navigation risk by engineering method.
A comparative analysis of the existing system of planning the voyage cycle of a sea
vessel by waypoints was carried out, the results of which are presented in the form of
a route sheet. In contrast to the existing requirements of regulatory documents, scenario
planning of maneuvering in tabular and graphical forms for exiting/entering ports was
additionally performed.

It additionally provides for the stage of consideration and analysis of accident-
prone sections of the road and determination of the type of navigational risk. This
allows you to plan ways of managing the acceptable level of risk, and to ensure the

accident-free passage of accident-prone sections of the road. The results of the analysis
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are finalized in a summary table that allows you to assess the nature of external
influences and predict ways to improve safety for the entire passage.

Completion of three auxiliary tasks made it possible to achieve the main goal
defined in the work to develop a meaningful model for the analysis and planning of
navigational risks when choosing the coordinates of the route of the vessel's voyage
cycle, for managing their acceptable level.

The practical value of the obtained results is determined by the fact that the
methods obtained in the work, methods and algorithms for planning and managing the
level of acceptable risk can be applied when determining the safe coordinates of the
trajectory points of the vessel's voyage route, taking into account the accident-prone
sections that exist in the voyage cycle. They can be used for making recommendations
of normative documents on risk planning and in the implementation and development
of decision-making instructions on determining the acceptable level of navigational
risks and their management.

Critically important are the technical and informational systems that ensure the
control of the ship's movement and the adequate organization of the work of the
navigation bridge team during the occurrence of marine incidents and timely decision-
making on the choice of management methods according to the causes of their
occurrence. This requires a preliminary analysis of the probability of the occurrence of
navigational risks and the preparation of methods of their prevention and control.

The acquired experience in managing the level of navigational risk can be useful
in identifying new types of emergency hazards and increasing traffic safety during the
voyage cycle. The obtained results are useful for training in institutions of higher
education and during the qualification improvement of shipmasters.

Methods of analysis and assessment of types and causes of navigational risks and
factors influencing their permissible level determine the scientific position of the
dissertation work, namely: the use of a new high-precision way of planning the route
of the ship's voyage cycle using trajectory points.

The results obtained from the use of the improved content model, the risk analyzer

and the generalized table of characteristics of navigational risks of the voyage cycle
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made it possible to determine methods of managing systematic navigational risks, with
the help of electronic navigation devices that can be used by shipping companies for
the safe operation of vessels.

The practical results of the dissertation are implemented in research and
development work — DR No. 0119U001651 «Energy-efficient dual-purpose vessel
positioning system», in the educational component «Research practicum» of the
department of ship handling, in accordance with the educational and professional
training program of the second master's level «Navigation and handling of the sea
vessels»; in the educational process of the private higher educational institution of the
Institute of Postgraduate Education «Odessa Maritime Training Center», in the form

of an improved meaningful model of the route planning of the voyage cycle.

Keywords: navigational risks, planning of coordinates of waypoints,
management of acceptable level of risk, route sheet, matrices of trajectory points,

generalized table of navigational risks, ship's voyage cycle.
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28.09.2022, bros. Ne 39.

Of the scientific works published in co-authorship, the author personally owns: a
dissertation work completed by the recipient personally. An information search was
conducted, a methodological rationale was provided, and a methodology for selecting
the coordinates of the reference waypoints was proposed and recommendations in the
form of a checklist for the application of the developed an improved way of planning

the ship 's voyage in difficult navigation conditions.
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24 scientific works have been published on the topic of the dissertation. The main
results of the dissertation work were published in 21 scientific works (13 of them
individually), in particular: in scientific profile publications included in the list of the
Ministry of Education and Culture of Ukraine - 2 scientific articles; in foreign scientific
publications — 8 articles (1 article — indexed in the SCOPUS scientometric database
and belongs to the scientific publication of the third quartile (Q3)); in collections of
materials of scientific conferences — 12; separate sections completed in the scientific
research work financed on a competitive basis of scientific research and research and
development works, the subject of which was approved by the Scientific Council of
the Ministry of Education and Science of Ukraine - 1; invention patents - 1.

Works [1-4, 6, 12-14, 16, 18-21] were prepared by the author alone. From
scientific works published in co-authorship, only those provisions that belong to the

author personally are used in the dissertation [5, 7-11, 15, 17, 22-24].

Dissertation studies were carried out in the following works of the recipient:

[1] — improved and increased the accuracy of the method of planning the ship's
route with the inclusion of an analyzer of the types of risks existing in confined water
areas; the necessity of managing the navigational risks of the vessel's voyage cycle and
the importance of monitoring navigational data from sensor systems, taking into
account the conditions of the sailing area, the safe margin of depth under the keel and
the accuracy of the vessel's location; it was determined that there are no
recommendations on the analysis of the emergency danger of the planned passage of
the vessel, which indicates the need to include the planning stage of navigation risks;
the urgency of the problem of the absence of a separate stage «Analysis and assessment
of risks» is determined; the systematization of types of navigational risks according to
various features that exist in the ship's voyage cycle has been carried out; an analysis
of types of risks was carried out on the basis of accident statistics in two channels with
difficult water areas and swimming conditions;

[2] — «Navigation risk analyzer» was developed based on the analysis of the route

planning method for the ship's voyage cycle, which allows systematizing risks for the
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purpose of classification and effective management. Risk factors along the transition
route in the voyage cycle and measures to reduce the level of risks to an acceptable
level have been determined. To achieve this, it is necessary to prepare data on the
characteristics of braking and turning for the transition state in the form of tables
suitable for use in electronic computing systems;

[3] — a navigation risk classification model was developed, which allows to
systematize and characterize their types and groups; an analysis of the causes of
accidents and navigational risks in the areas of the Turkish (Bosphorus and
Dardanelles), Singapore, Malacca and Tokyo straits were carried out;

[4] — the impact of the rapid introduction of information technologies on shipping
processes and the likelihood of navigation risks in the event of a cyber-attack on ship
operational and information systems are investigated. In the context of the spread of
the COVID-19 Pandemic, a large-scale increase in the number of ransomware attacks
on computer equipment around the world has been determined. An analysis of known
NotPetya and WannaCry cyberattacks on navigation systems of transport vessels and
ports was carried out. The probability of the influence of cyber threats on the
information and navigation systems of military ships of the «Visby» type, built
according to the «Stealth» technology, has been investigated. The variety of
cyberattacks on the ship's global positioning system (GPS), automatic identification
system (AIS), which distort information about the current state of the ship, is shown.
The actions of hackers, built according to various principles and main aspects to ensure
cyber security in the fleet, are defined;

[5] — a meaningful modernized model of route planning during the voyage cycle
of a sea vessel was developed, which differs from the existing one by changing the
method of planning the passage of trajectory points taking into account maneuvering
characteristics, the water area for maneuvering and the introduction of the «Risk
Analyzer» stage;

[6] — procedures have been developed for the implementation of a cyber security
strategy to reduce the risks of vulnerability of the ship's navigation systems, port

infrastructure and on-board automation, which can be used for training the ship's
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personnel; an analysis of modern vulnerabilities of information and navigation systems
was carried out; basic processes of cyber resilience analysis were developed; the need
to create a cyber security strategy for the training of shore and ship personnel is
determined; based on the analysis of the latest known information security
vulnerabilities the possibility of identifying risks for each ship navigation information
system is shown with the determination of the security level and rating scale from 0.0
to 10.0;

[7] — a way of determining the position of waypoints (WP) has been developed,
taking into account the zones of increased emergency for factors of navigational risks
when planning the route of the voyage cycle; the specifics of managing individual
navigational risks are determined depending on the choice of location of the station;
the methods of selecting WP on the nautical chart are considered, taking into account
its geodetic basis, drawn lines of recommended safe zones and courses, soil
characteristics, navigational and hydrometeorological conditions, zones of individual
navigational risks of the voyage cycle of a sea vessel according to the factors that cause
them; the technique of high-precision planning of the maneuvering scheme with
trajectory points (TP) when entering/exiting the port is shown;

[8] — a method of homomorphic data encryption was developed to protect the
ship's navigation and information system; the problem associated with the Covid-19
pandemic was investigated and the impossibility of timely renewal of navigation safety
systems on sea vessels; the need for data encryption is determined, stored in the
information and control systems of sea vessels in connection with the risk of a
cyberattack; a meta-analysis of information leakage risks was performed; a basic
response plan for the protection of navigation systems has been developed;

[9] - the interrelationships of various factors and concepts in the safety
management system (SMS) of the ship and the company, the goals and objectives that
must be solved in the process of functioning of the SMS are established; an assessment
and analysis of the influence of subjective factors was carried out risk factors for the

«operator - vessel — shore» system;
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[10] — the main stages of actions in emergency situations for the organization of
crisis management of navigation processes have been developed; an analysis of modern
information on maritime incidents was carried out; the cause-and-effect relationships
of the accident are determined, factors and types of risk;

[11] — Sections 1.1 and 4.2 have been completed, the content of which is published
in works [15-18]; a study of the positioning of the dual-purpose vessel was carried out
to improve the accuracy of stabilization on the course and estimate the energy
consumption; problems of energy efficiency and prospects for the implementation of
multi-purpose and autonomous dual-purpose vessels are identified,

[12-14] — a general classification of modern risks was developed; the main causes
of sea accidents were investigated; the cause of the increase in cyberattacks on
navigation and information systems around the world related to the Corona virus
(Covid-19) pandemic has been determined; the vulnerability of modern ship satellite
navigation systems and the need for cyber security management to reduce the risks of
losing control of the ship are considered; the actions necessary to create a plan for
responding to cyber incidents on ships are determined for the timely response of the
crew and the minimization of risks;

[15-16] — the problem of man-made risks in shipping — reduction of CO2
emissions was investigated; an analysis of the impact of the intensity of shipping on
the environment was carried out; alternative types of fuel and innovative technologies
for future ways of decarbonization of shipping are identified;

[17-18] — an assessment of critical risks from the future implementation of
autonomous vessels (drone vessels) on alternative fuel sources was carried out;

[19] — preventive actions for the implementation of the strategy are proposed
information security (cyber security) of ship navigation IT systems; the need to take
into account 5 important issues for understanding the real situation of the risk of cyber-
attack is determined;

[20] — the possibility of increasing the level of efficiency of the ship safety
management system (SMS) and the company was investigated; established dependence

on changes in the technical condition of vessels (sudden and catastrophic changes),
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which can lead to a worse state of safety of individual vessels and cause a sudden
change in the state of the company's SMS efficiency; the effects of the human factor
are determined - the contradiction of the chiefs of ship services, the emergence and
existence of temporary horizontal ties based on competitiveness;

[21] — the issue of cyber security of the fleet, protection of the own data and
implementation of the intelligent and preventive solutions for the safety of the
functioning of navigational systems and equipment were considered,;

[22] — the impact of shipping on the environment, decarbonization and the use of
ecological fuel on ships were investigated,;

[23] — an analysis of the specifics of the inverted bow technology of the X-BOW
design in bad weather conditions and in matters of fuel usage and energy saving carried
out;

[24] — a useful model «System for determining the navigational risks of the
voyage cycle and managing their level» was patented, which refers to the methods of
determining the factors of navigational risk and the automated selection of methods of
managing their level according to the factor determined during the operational control
of the ship's movement along the planned path specified by the trajectory points,
performing the determination of lateral displacement by means of decision support
systems, which allows preparing the ship's mechanisms for operation during the

passage of accident-prone sections of the path.

The structure and scope of the dissertation. The dissertation consists of an
extended abstract, an introduction, five chapters, a list of used sources and appendices.
The total volume of the work is 307 pages, of which 202 pages are the main text, 15
figures, 13 tables, a bibliography with 132 names on 17 pages, 6 appendices on 88

pages.



