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AHHOTauusi. Mopckue NPOHCIIECTBHS XOThb U SIBISIIOTCS PEAKUM COOBITHEM, HO HMEIOT
OTPOMHOE BJIMSHHE KaK HAa MHPOBYIO SKOHOMHKY, TaK U Ha OKPYXKAIOIIYI0 Cpemdy.
ViydmieHne TPaKTHKH MOPCKOTO CyHOXOACTBAa Bcerja TpeOyeT HOBBIX CHOCOOOB
MOBBIIIEHNST 0€30MaCHOCTH, UYTO HEM3MEHHO MpeAroyaracT H3BICUCHHE YPOKOB U3
MIPOLIOTO OIBITa U OIIMOOK. B 3TOM KOHTEKCTE BEpOSTHOCTHBIN aHAJIHM3 MPOWCIIECTBHI M
CBSI3aHHBIX C HUMHM IOCJICIICTBUI MOXXET CHIrpaTh OYCHb BAXKHYIO POJIb B CO3JaHUM Ooiiee
Oc3omacHO W 3(P(HEKTUBHON MOpPCKOW TpaHCIOPTHOM cUCTeMbl. baiiecoBckue ceTu
MIPE/ICTABIISIIOT cOOOH Kilacc BEpPOSITHOCTHBIX MOJEINESH, OCHOBAaHHBIX Ha CTaTUCTHKE, TEOPUH
MIPUHATHA PEIICHUH 1 TeOpHH rpados.

B npencraBieHHON cTaThe ONMMCaH aHAIW3 CTATUCTUKU MOPCKHMX HPOUCILECTBHM IyTEM
oTOOpa BIHMAIOIMNX HA PHUCK MX BO3HHKHOBEHUS BEPOSTHOCTHBIX MapaMeTpoB. BakHble
rapaMeTpsl U3 3TOH 6a3bl JaHHBIX TPYIIHUPYIOTCS, ¥ CTPOUTCS GalecoBCKasl CeTh, KOTOpas
MOKa3bIBAE€T B3aUMOCBS3b MEXJIy HHUMH, 4YTO, B CBOIO Ouepelb, JaeT IpeACTaBICHHE O
3aBUCHMOCTSX, CYIIECTBYIOIINX MEXIy MapaMeTpaMu B 0a3e JaHHBIX, U HENOCPEICTBEHHO
OCHOBHBIX TIPHYMHAX 3THX aBapuil.. JlaHHBIE JUI JaHHOTO HUCCIIEA0BaHMsI OCHOBAHBI Ha Oase
naHHbeIx npoucuiectuit Lloyds Register 1 IMO ¢ 1990 mo 2022 rox. Baxxubie dakTopsr u3
9TOH 0a3el JaHHBIX OOBEAWHEHBl, M TIOCTpOcHabaliecOBCKas CeTh, OTOOpaKaromas
B3aHMOCBSI3b MEXIy COOTBETCTBYIOIIMMH IEPEMEHHBIMH, YTO B CBOIO OdYepenb mHaeT
MIPE/ICTABICHUE O BEPOSTHOCTHBIX 3aBUCHMOCTSX MEXAY HMEpPEeMEHHBIMM B 0a3e MaHHBIX U
OCHOBHBIX IIPUYHHAX 3THX MPOUCIIECTBHUIA.

KiwueBble cioBa baiiecoBckas ceTh  JOBepHUs, aHATU3 PUCKOB, HH()OpMAIIMOHHAS
OaifecoBCKasi MOJICITb, AIUKINYECKUe rpadbl, 0a3a TaHHBIX MOBPEXKICHUH, IPEABAPUTEIHLHBIC
3HaHHS, CCTEBON aHAIIU3, BEPOSTHOCTHAS CETh.
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Abstract. Maritime incidents, though rare, have a significant impact on both the global
economy and the environment. Improving maritime navigation practices always requires new
ways to enhance safety, inevitably involving learning from past experiences and mistakes. In
this context, probabilistic analysis of incidents and their associated consequences can play a
crucial role in creating a safer and more efficient maritime transportation system. Bayesian
networks constitute a class of probabilistic models based on statistics, decision theory, and
graph theory.

This paper describes the analysis of maritime incident statistics by selecting probabilistic
parameters influencing the risk of their occurrence. Important parameters from this database
are grouped, and a Bayesian network is constructed to illustrate the relationships between
them. This, in turn, provides insight into the dependencies existing among the variables in the
database and the fundamental reasons for these accidents. The data for this study are based
on the Lloyds Register and IMO incident databases from 1990 to 2022. Key factors from this
database are grouped, and a Bayesian network is built to show the relationships between the
corresponding variables, providing an understanding of the probabilistic dependencies
among the variables in the database and the primary causes of these incidents.

Keywords: Bayesian trust network, risk analysis, information Bayesian model, acyclic
graphs, damage database, prior knowledge, network analysis, probabilistic network.

BBenenue

Mopckoe cyT0X0JCTBO MIIM KOMMEpPYECKHUT MOPCKOH TPaHCIIOPT Bcerja ObUIM OCHOBOM
MUPOBOH TOProBIIY Ha NPOTsKEHUU BEKOB. bomee 90% MUPOBON TOProBIU OCYIIECTBISAETCS
MOpEM, H 32 TOCIIETHHE HECKOIIBKO AECATIIICTHH 00beM TOPTOBIN ANHAMHUYHO BO3POC H3-3a
HHIYCTPHANM3ALMA ¥ JIHOepanu3alii HAHOHAJIBHBIX OSKOHOMHK, YTO TMPUBEIO K
CBOOOIHOH TOPTOBIIE U PacTyLIEMy CIIPOCY Ha OTPEOUTENBCKUE TOBAPHI.

PaznuuHOro ponma mpouCINIECTBHS HAa MOpPE, MOTYT OKa3bIBaThb OFPOMHOE BO3JIEHCTBHE
KaK Ha SKOHOMHKY, TaK M Ha OKpPYKaIOLIyl0 cpeay. B IOCTOAHHON MpakTHKE CyIO0XOACTBA
Bcerja TpeOyIoTCs HOBBIE CHOCOOBI YIIydlIeHHs 0e30IIaCHOCTH MOPCKOTO CYIOXOJCTBA C
LENBI0 MUHUMM3AalMKM THOETH JIIofel, MoTepb TPAHCHOPTHBIX KOMIIAHWMI H Bpeaa
OKpyxaromleit cpeae. g 3TOro HEOOXOAMMO M3BIEKATh YPOKU U3 IIPOLLIOTO OMbITA U
aHAJM3UPOBATh ONIMOKHM. B 3TOM OTHOIIEHHH BEPOSITHOCTHBIM aHANM3 TPOUCIIECTBUI U
CBSI3aHHBIX C HHUMH TIIOCJEJCTBUN MOXET ChI'paTh BaXHYIO pOJIb B CO3/aHMU OoJiee
HaJIS)KHOHM CHCTEMBI 0€30MaCHOCTH Ha MOPCKOM TPaHCIOpTE.

Henslo muccienoBaHus SBJIAETCH aHAIN3 MOPCKUX IPOMUCHIECTBUH € LEIBIO
yiydmieHns: 0e30MacHOCTH  MOPCKOTO  CYAOXOICTBA M MHHMMH3AalMM Bpena Ul
OKpY>KaIOLIeH Cpepl.

OO0BeKT HCC/IeN0BAHNS: MOPCKUE TPOUCIIECTBHUSI.

IIpeamer wuccienoBaHusi: (aKTOPHI, BIUSIONINE HAa BO3HUKHOBEHHE M IIOCIEICTBUS
MOPCKUX IPOMCIIECTBHUIl, a Takxke pa3paboTka METOAOB M MoJeNeil Uii MX aHanu3a U
MIPOTHO3UPOBAHUS.

MeTtoabl MCCJHEAOBAHWSA: I JOCTHKEHHS LENM HCHOJB30BAIHCH  METOJBI
BEPOSATHOCTHOTO aHaJHM3a, aHAIN3a JaHHBIX, MOAEIHPOBAHMNSA, CTATUCTHICCKOTO aHAIHU3a,
HCCJIEJOBaHMS 3aBUCUMOCTEH 1 aHAJIN3a TCHICHIMH.

MeToabl BEPOATHOCTHOI'0 aHAJIU3Aa CTATUCTUKU MOPCKUX HpOl/lClHECTBl/lﬁ

BaiiecoBckne ceTH, OTHOCSIIHECS K CEMEHCTBY BEPOSATHOCTHBIX I'paMueCcKUX MOJIEINEH,
MOryT MOMOYb B aHaJlU3€ MOPCKHX npoucuiecTBuil [1,2]. OTH ceTH COOTBETCTBYIOT
CTPYKType Tpaduueckux Mojeseil, U3BECTHON KaK HalpaBJIeHHBIH AlMKIMYecKHd rpad
(DAG), KOTOpBIH OIpeaenseTcs MHOXXECTBOM Y3JIOB (BEPOSTHOCTHBIX IapaMeTpOB) M
MHOXKECTBOM HATPABJICHHBIX pedep (3aBucumocTtei) [3].

OcHoBHas GopMyJa, UCIIOIb3yeMasi B B 0alECOBCKHX CETSIX, BHITEKAET U3 ONPECIICHUS
YCIIOBHOH BEPOSITHOCTHU:
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P(B| A)x P(A)
P(4|B)=——F—= (1
P(B)

rae:

P(A) — anpropHast BEpOSITHOCTb THITOTE3BI A

P(A4|B) — BeposATHOCTh THIOTE3bl A NpH HACTYIUICHWH COOBITUSI B (amocrepuopHas
BEPOSATHOCTH)

P (B|4) — BepOSATHOCTh HACTYIUICHHUS COOBITHS B IIpH NCTHHHOCTH THUIIOTE3HI A

P(B) — momHast BEpOSATHOCTH HACTYIUICHHS COOBITHS B

Jnst manpHEHImMX pacu€ToB B KAadECTBE HMCXOAHBIX JAHHBIX HCIONB3YETCS aHAIU3
nHPOPMALINH O TPOIUTEIX HHIUACHTAX CB3SaHHBIX C MOPCKUMU cynamiu [4,5,6].
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Puc. 1. KommgectBo noteps B MupoBoM ¢utote ¢ 1990 mo 2022 rox

CymecTByeT pasaMyHOE MPOTrpaMMHOE oOOecleueHne Uil TIPOBEIEHHS CETEBOTO
aHamm3a, Takoe kak Hugin, Graphical Network Interface (GeNle) u apyrue. B mamnoit
pabore ceTeBoil aHanu3 ObLT MpoBeneH ¢ ucnonb3oBanueM GeNle, a Takxke ncroab3yeTcs
nH(pOpManMOHHOE MOJAENNPOBAHUE, TO €CTh BBIIBICHHWE CTPYKTYpHI OailecoBCKOW ceTn u3
WCTOYHUKA JIAaHHBIX [3].

B nmoaxoae Ha OCHOBE OrpaHHYCHHA HAMPABICHHBIA  AlUKIMYCCKHA rpad
paccMarpuBaeTcsi Kak KOJUPOBKa OTHOIIGHHH 3aBUCHMOCTH W MaKCHMaJbHOTO 4YHCJa
HE3aBHCUMOCTEl B CETH, KOTOPbIE MOXHO BBIBECTH 0€3 TNPUMEHEHUs YHCIOBBIX
BhIYKCIIeHNH. CX0XHUe 10 XapakTepy JaHHbIe ObUIM CIPYIIHUPOBAHBI BMECTE, KaK MOKa3aHO

B TabOmuie 2.
/ Basa maHHBX KElCOB \

OcHOEHOIT NpoLece HRTyIHpoEaHRAR MOTEIE

g L

Puc 2. Cxema nHOOPMANMOHHOTO MOIEITUPORAHNS

COIIBIT 1 3HAHIA

AHanmM3 3THX JaHHBIX TPOBOJAUTCS C HCIOIB30BaHHEM HWH()OPMAIIMOHHOTO METOJa B
nporpamme GeNle [3,7]. B Heii gocTymHBI yeThIpe MeTo1a 00y4YeHHs] Ha OCHOBE JIAHHBIX:
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Anroputm PC mpezncraBiser co0oi anropuT™M Ha OCHOBE OTPAHWYCHHN IS
H3YUYEHHS CTPYKTYpPHI 0alieCOBCKOM CEeTH.
Greedy thick thinning ocHOBaHO Ha alTOPHUTME ITOUCKA U OICHKH.
Essential graph search HaumHaeTcs c rpada, HOTYYEHHOTO ITyTEM IPUMCHEHUS
anroputMa PC, u 3aTem nponomxaercs ¢ nmoucka GTT.
Naive classifier - 3To nmpocToii BepOSTHOCTHBII KiaccH(UKaTop, OCHOBaHHBIN Ha
IIPUMEHEHUHU TeopeMbl baileca ¢ CUIBHBIMU IIPEANIONIOKEHUSIMUA O HE3aBUCUMOCTHU

Bce metoasl, kpome NAIVE, no3BossitoT BBOAUTH NpeABApUTEIbHbIE 3HAHUS, KOTA Y
MOJI30BATEeNs €CTh INPEJBAapUTENbHBIE 3HAHUSA O CBA3AX W HAIPABICHUHU CTPEJIOK Iepen
aHAJIM30M M €CTh HEKOTOPBIH KOHTPOJIb HaJl KOHeuHbIM rpadom. Ha pucynke 3 mokazaHbl
rpad UKy, MOTyYeHHBIE C HCIIOIB30BAHNEM 3THX MEeTOIO0B [7,8].

Shiptype Shiptype
grouped Ve grouped

Puc. 3. CtpykTypa Mozieneil BepOITHOCTHOM CeTH

Pe3y.m>TaT1>1 HCCIeI0BaAHUA

Tabauya 2
IpeaBapuresbHasi 00padoTKa TaHHBIX
Kareropust Koun-Bo

Tun cynHa

Cyxorpy3sbl 2153

HaBanounsle cyza 1320

XumoB03bl/[IpOTyKTOBO3BI 872

Jpyrue 3143
Jlokanus

Mope 3393

ITopT, raBaHb WM TOK 2037

YcTbe peky, peka, CTeCHEHHBIE BOBI 1632

Hpyroe 426
OmnacHblii rpy3

Her 3546
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Kareropus Koin-Bo

Ja 563

HewussectHo 3379
Tum npouciiecTBus

CT0JKHOBEHHUE 3796

KopabekpyiieHue, nocaaka Ha MeJb 3692
Cratyc cyqHa

B petice 5264

Jpyroe 2224
EcTb 511 yOuTBIC

Ha 122

Her 7165

HewussectHo 201
3arpsizHeHHEe MOPCKO# cpeibl

Ja 423

Her 6064

HewussectHO 1004
Bo3spact cyana

Menee 10 ner 2006

10-20 met 2148

20-30 ger 2141

30 u Gosee et 1193
Cratyc rpy3a

B rpy3y 3114

Hpyroe 992

HewussectHo 3382
CocTosiHHE TTOT0JTBI

Tsxkénple NOroIHbIE YCIOBUS 747

Hpyroe 1279

HeuspectHo 5462

B 3aBuCHMOCTH OT NpenBapHUTENbHBIX JAHHBIX MBI MTOJTydaeM pa3indHble Pe3yIbTaThl.
JUis MILTIoCTpaLuy 3TOro NPUBEACHO CleAyIolIee uccienoBanye Ha ocHoBe Metoaa PC.

Llenbro IPOBOMMMBIX PAcU&TOB SIBIISETCS ONpPEJENICHUE THUIA MHIMICHTA, WHANKATOpa
3arpsA3HEHUs], YUCIa MOCTPAAaBIIUX JIOJEH, MECTONONIOKEHHSI U MOTOJHBIX YCIOBHUH MPHU
3aJaHHBIX JAaHHBIX O THUIE CyqHa (TPy30BOE CYIHO), BO3pacTe CylHa, cTaTryce Ipysa,

ACTAJIbHOM COCTOSAHUU CyJHA U HAJIMYHU OIIACHOT'O I'py3a.

Jnst cynHa ¢ y4eToM IISITM TEPEMEHHBIX CYLIECTBYET 72 pPas3iIM4HBIX CLEHApHs, YTO
0O3Ha4yacT, 49TO I YCTBIPEX THUIIOB CYIOB, pacCMaTpuBaAEMbIX B JTol 0ase JAaHHBbIX,
BO3MOKHO 288 crieHapueB. B xauectBe mpumepa, B Tabmuie 3 npuBeAeHBI HCCIEAOBAHUS

10 HABAJIOYHBIM CyAaM Bo3pacToM Menee 10 mer.
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Tabauya 3

PesyabTatel pacuéros no meroay PC st HaBa104HBIX Cy/10B Bo3pacToM MeHee 10 et

I'py3 B rpy3y
% Craryc B peiice Hpyroe
N OmnacHslii rpy3 Her Heuss Ja Her | Hewuss. Ha
C”""‘;‘C’for:]’;oﬂm’le 7% 6% | 20% | 13% | 24% | 70%
[Toroma Npyroe 7% 9% 27% 14% 6% 1%
HewussectHo 86% 86% 53% 72% 70% 29%
Mope 49% 38% 44% 13% 1% 16%
1 Verbe pexu 37% 21% 40% | 54% 6% 65%
OKaIHs
Tlopt/T'aBaub 11% 20% 8% 32% 92% 17%
Hpyroe 3% 21% 8% 1% 1% 2%
CTOJIKHOBEHHE 27% 23% 57% 46% 87% 83%
IIpoucmecTsue
P Kopatuexpymerne/ 3% | 77% | 43% | 54% | 13% | 17%
Tlocanka Ha Menb
Her 87% 97% 43% | 79% 65% 91%
CTOJIKHOBEHHE HewussectHo 9% 1% 28% 17% 5% 3%
Ia 4% 2% 28% 3% 30% 6%
Her 98% 97% 91% | 96% 98% 98%
Hotepu HenspecTHo 0% 1% | 6% | 3% 1% 1%
cpenu soei
Ia 2% 2% 3% 1% 1% 1%
Ipooonoicenue mabauyvt 3
I'py3 Hpyroe
% Cratyc B peiice Hpyroe
=
OmnacHslii rpy3 Her Heuss Ha Her | Hewuss. Ha
C”‘”‘“;‘;for;‘:;oﬂ“"‘e 13% | 7% | 55% | 39% | 57% | 34%
Ioroza Jlpyroe 11% 4% | 28% | 9% 2% 10%
HewussectHo T7% 89% 18% 51% 42% 56%
Mope 43% 37% 25% 9% 1% 25%
1 Verbe pekun 47% 20% 25% 12% 24% 25%
OKaIHs
IMopt/T"aBab 10% 40% 25% | T7% 46% 25%
Hpyroe 1% 3% 25% 2% 29% 25%
CTOJIKHOBEHHE 36% 78% 25% | 74% 80% 82%
IIponcmecTBre
P Kopabuexpymere/ 64% | 22% | 75% | 26% | 20% | 18%
ITocanka Ha Menb
Her 95% 77% 64% | 85% 95% 68%
CTONKHOBEHHUE HewnssectHo 0% 18% 4% 1% 2% 23%
Ja 5% 5% 32% 14% 3% 9%
Her 99% 96% 72% | 95% 96% 65%
cpelzZTjs)y);eﬁ Hewussectro 1% 2% 14% 3% 2% 21%
Jla 0% 2% 14% 2% 2% 11%
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Oxonuanue Tabauywr 3

I'py3 HewussectHo
o
E{ Cratyc B peiice Hpyroe
OrnacHblil Tpy3 Her Henss Ja Her | Hewuss. Ha
C”"”“;‘;i)‘;’;‘w‘“e 18% 11% | 36% | 2% | 1% | 34%
[orona Hpyroe 2% 4% 40% | 17% 9% 40%
HewussectHo 80% 84% | 24% | 11% 90% 27%
Mope 50% 56% | 25% | 9% 2% 25%
1 VYerbe pexu 22% 21% 25% 9% 24% 25%
OKaIus
[opt/T"aBaHb 16% 12% | 25% | 72% 71% 25%
INpyroe 12% 11% | 25% | 9% 3% 25%
CTOIKHOBEHHE 52% 74% | 33% | 83% 80% 65%
IIpowucmecTue
P Kopabaexpymene/ 48% 26% | 67% | 17% | 20% | 35%
Ilocanka Ha Melb

Her 99% 89% | 62% | 78% 88% 52%
CTOJIKHOBEHHE HewussectHo 0% 9% 5% 4% 11% 23%
Ha 1% 2% 33% | 28% 1% 25%
Her 100% 99% | 62% | 96% 98% 34%

Ilote
CpeHHTHg;eﬁ Hemssectro 0% 1% | 20% | 1% | 1% | 12%
Ha 0% 0% 19% | 3% 1% 55%

3akiouenue

Ha ©0a3e pmaHHBIX OBUIO TIPOBEIEGHO HCCIICAOBaHWE Cilydas M IOKa3aHbI
OpPHEHTHPOBAaHHBIC AlMKIMYECKHe rpadbl, a TakkKe NpUBeAeHa TabnWia ¢ pe3ylbTaTaMH
MOJy4YEHHBIMH [0 OJHOMY W3 HPEACTaBICHHBIX METOAOB. OTH PE3yNbTaThl MOKA3bIBAIOT
TEHJICHIIUH, CKPBITHIE B 0a3¢ TaHHBIX MIPOUCIIECTBHH C CYAaMH.

OOnacTp NPUMEHEHHs NAHHOTO aHaJM3a MOXKET OBITh JONOJHHUTENBHO paclIupeHa
IIyTEM BKJIYEHMSI 3KCIEPTHBIX OLEHOK JJIsi KOJIMYECTBEHHOM OLEHKU HEU3BECTHBIX
CBeZIcHWI B 0a3e MaHHBIX M BKIIOUCHHS CTPYKTYPHBIX JeTajieil CyZOB, y4acTBYIOIIMX B
IIPOUCHIECTBUSX.
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