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AHOTAILIA

IHonomaproBa B.II. MeToau CTBOPpeHHSI aBTOMATH30BAHUX CHCTEM
KEepPYBaHHSI PyXOM CYIHA Ha OCHOBI kBaJidikauiiiHoi MojgeJi CyIHOBOIIf. -
KpaiikariiitHa HaykoBa Iparis Ha MpaBaxX PYKOIIHCY.

Hucepraiiis Ha 3100yTTS HAYKOBOTO CTyIeHs JokTopa ¢dutocodii 3a
crierianbHIicTIO 151 «ABTOMaTH3aIlsI Ta KOMI'IOTEPHO-1HTETPOBaHI TEXHOJOTI». —
XepcoHCbKa Jiep:KaBHa MOPChKa akajaemiss MiHicTepcTBa OCBITH 1 HayKu YKpaiHW,
XepcoHn 2024.

CyuacHe CyAHOIUIaBCTBO TriepebyBae Ha mepexpecTi 1HQopMamiiHUX
IHHOBAIII{ Ta BUKJIMKIB, 10 3yMOBJICHI 3pOCTaHHSAM CKJIaTHOCT1 HaBIralliifHUX YMOB.
[lonpu BnpoBajXeHHS Cy4yacHHMX HaBiramiiiHux cucteMm, Ttakux sik ECDIS, AIS 1
ABTOMAaTUYHOTO TMUIOTYBaHHs, JIOACBKUN (DaKTOp 3ajMIIAETHCS  OCHOBHOIO
NPUYMHOK OUTBIIOCTI aBapiii HAa MOPCHKOMY TPaHCIIOPTI.

Amnaniz aBapiit (EMCIP Navigation Accidents-Summary report) mokasas, 1o 3
573 3aikcoBaHUX IHIUAEHTIB HAHOUIBII MOMIMPEHOIO MPUYMNHOIO 3ATMIIAIOTHCS i1
moaunu (447 Bunankis, abo 78,0%), 3 skux 37,0% cranoBnsaTh 3iTkHeHHs, 30,0% —
nocanka Ha MutMHY Ta 11,0% — koHTakT. HacTynmHuMu 3a moummpeHicTio € aBapii,
crpuduHeH! 1HmuM cygHoM (78 Bumaakis, 13,6%), cepen skux 6,3% — mocajaku Ha
MiTHHY, 4,9% — 3iTKHeHHs Ta 2,4% — KOHTAaKT. 3a HUMU CIIIYIOTh BITIMOBH CHCTEM
yn o0nanHanas (44 Bunanaku, 7,7%), e 3,7% npunagaroTh Ha MOCAAKy Ha MUTUHY,
2,1% — na 3iTkaenss i 1,9% — na xonrtakt. Hapemri, y 4 Bunagkax (0,7%) npuauny
aBapii He BAJIOCS BCTAHOBUTH.

KitouoBoto mpo61ieMoro € BiICYTHICTh 1HTETPOBAHOTO MIAXOY /10 OLIHKU Ta
NPOTHO3YBaHHS KBaNiiKaIllfHUX TapaMeTpiB CyIHOBOIIB y peajJbHOMY 4aci.
[liarpyHTAM AJi1 BU3HAYEHHS LIMX MApaMeTpiB CIAYTYIOTh IOJIOYKEHHS J1Eep:KaBHOTO
KBaM(IKAIMHOTO 1CIUTY 31 CHeraibHOCTI «MOpPChKUN Ta BHYTPIIIHIA BOJHUM
TpaHcropT» (cuHXpoHi3oBaHi 3 IMO-MoaenbHHUMH KypcaMHU Ta 3aTBEpP/KEHI
Hakazom MOH Nel067 Bix 01.09.2023), a takox Bumoru STCW (Pozain A-VIII/2)
1 ISM Code (1. 1.2.2) moa0 HanexHOi opraHizaiii BaXTOBOI CIIy>KOH, yIpaBIiHHSA

pecypcaMu Ta 3amoOiraHHd JIOACHKHM TOMWJIKaM. Binrak, mocrae motpeba y
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po3po011i METO/IIB CTBOPEHHSI aBTOMATU30BAHUX CHUCTEM KEPYBaHHS PYXOM CyAHa
Ha OCHOBI KBaM(iKaIIHUX JaHUX MPO CYTHOBOJIIS.

I'o/10BHOIO ine€r0 ocC/iIKeHHsl € TiN0oTe3a, 110 3aCTOCYBaHHS METO[IB Ta
3ac00iB aBTOMATHU30BAaHOTO KEPYBaHHsS CYJAHOM, 3aCHOBAHHUX Ha IHTEIEKTYyaJlbHUX
CUCTeMaxX 3 HEYITKOIO JIOTIKOIO, JJIi OLIHKM Ta BIIHOBJICHHS KBamiikamiiiHux
napaMeTpiB MOJIeJi CyTHOBO/I1iB, 103BOJIUTh 3MEHIIIUTH BIUIMB JIFOJICHKOTO (hakTopa
Ha MPOIIECH HaBirari.

I'osi0BHe 3aBIaHHSA JOCJIIKEHHSI TOJSITa€ y CTBOPEHHI KBami(ikaliiHO1
MOJIeJIl CYAHOBO/IIS, sSIKa BPaxXOBY€E TEXHIUHI, KOTHITHBHI Ta MOBEIIHKOBI aCMEKTH,
MOJYJIB JIJIsl OIIIHKK PiBHS HeOe3nekH, ineHTudikaiii kpamidikaiiiHux napaMmerpin
iX BIIHOBJICHHS Ta aHAJI3y Jid y KPUTUUHUX CUTYaIlIsIX.

3agaydi xocJailKeHHSA .

1. TlpoBectn aHami3 ICHYOYMX METOJIB Ta 3aco0iB  yHpaBiIiHHSA
KBATI(IKAIIIIHOIO  CKJIAJOBOI0 MOPCHKHMX OpPTaHI3allifHO-TEXHIYHUX  CHUCTEM,
30kpeMa iaeHTUGIKalli KBamiikalmiiiHUX mNapaMerTpiB, fAKI BIUIMBAIOTh Ha
e(eKTUBHICTD (DYHKIIIOHYBaHHSA CHCTEM, 1 pO3pOOIIl CTPYKTYPHO-JIOTIUHUX CXEM Ta
MOJIEJIEN KEPYBaHHS.

2. Po3pobutu Ta oOrpyHTyBaTH KBai(iKaliiiHy MOJENb CYIHOBOIIS IS
ABTOMAaTH30BAaHOIO YMPABIIHHA CYAHOM, fKa IHTETPYy€ TEXHIYHI, KOTHITUBHI Ta
MOBE/IHKOB1 acCIMeKTH, W0 BKIOYATUME METOJIU OIIHKK pPIBHS KBamidikallii,
NPOTHO3YBAaHHS  HAaBIrallifHUX PpHU3UKIB 1 TNPUHHATTS pilleHb B YMOBax
HEBU3HAYEHOCTI, a TaKOXX CTBOPEHHS KOTHITUBHOTO MOJIYyJs JJid aHaji3y
IHTYITUBHUX [TIH.

3. Po3pobutm Meron aBTOMaTHU30BaHOI iAeHTUGIKAINT Ta OIIHKH
KBaTi(iKaIIfHUX TapaMeTpiB CYAHOBOAIIB Yy CKJIQJHUX HaBIraliiHUX yMOBax Ha
OCHOBI1 CUCTEM HEUITKOTO BUBEJICHHS, 1110 NepeadadyaTume popmanizamio QyHKIin
HAJICKHOCTI U1 KJIIOYOBHUX HaBIramiMHUX (HakTOpiB, CTBOPUTH 0a3zy HEUITKUX
NpaBWJl Ta TMPOBECTH IMITAIIMHE  MOJICIOBAHHSA  JUIsI  OIIIHKK  BIUTMBY

KBaTi(iKaIITHUX MapaMeTpiB Ha 3arajbHUN PU3MK HaBIrallii.
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4. Po3pobutu nporpamHe 3a0e3NEUeHHS, SKE pealli3oByBaTUME alrOpUTMU
PO3pO0OIIEHOT0 KOMIUIEKCHOTO METOY, 110 3a0€3MeYnTh MOCTIIOBHUN (yHKITIOHAM,
BKJIFOUAaTUME PO3pOOKy Moayist misi aBTomaru3oBaHoi OCR-00poOku 300paxeHb
ECDIS, moayns nis TOpPIBHAHHSA JaHUX Ta TEOJIOKAIlii 3 METOI aHami3y
HaBiramiHoi iH(opmarrii, Moays i Bidyanizalli reorpaiuHux JaHUX Ha KapTi,
a TaKOX MOJYJIS MATPUMKH MPUUHSTTS PIIICHb A1 CYTHOBOIIS.

00'exkTOM HOCTIIKEHHS € TIPOIECH BH3HAUYEHHS KBaTl(iKaIIiHOT MOJeNl
CYJIHOBO/IIsl TIPU KEPYBaHHI PYyXOM CyJHA.

IIpeameTom qocainzkeHHS € MOJIENI 1 METOAU CTBOPEHHSI aBTOMATHU30BaHUX
CUCTEM KEpYBaHHS PyXOM CyJIHa Ha OCHOBI1 KBami(piKaIiifiHOi MOJEJi CyTHOBOIiS.

HaykoBe 3HayeHHsI OTPUMMAHMX pe3yJbTaTiB TMoJATac y po3pooi
KOMIUIEKCHOTO METOJy Ta HOBUX IIAXOMIB JI0 aBTOMAaTH30BAaHOTO KepyBaHHS
CYIHOM 1 MATPUMKHU TPUUHATTS PIIIEHb CYJHOBOJIEM, SIKi IHTETPYIOTh TEXHIYHI,
KOTHITHBHI Ta MOBEAIHKOBI aCMeKTH y KBami(iKaIliiiHy MOJIeNb CyTHOBO/IIS.

IIpakTU4He 3HAYEHHSI OTPUMAHMX Pe3YJbTATIB IMOJSTA€ Y BUKOPUCTAHHI
PO3pOOJICHUX METOJMIB 1 MPOrpaMHUX 3aco0IB i CTBOPEHHS aBTOMATHU30BaHUX
CHUCTEM KEpyBaHHS pPyXOM CyJIHa Ta CHUCTEM IMMATPUMKH TPUUAHATTA PIlICHb
CYJIHOBOJIIEM, SIKI MPAIIOIOTh y PEXKHUMI peaJbHOro dYacy. BrnpoBaJKeHHS LUX
CUCTEM JI03BOJISIE€ IHTETPYBAaTH IHTENEKTYaIbHI JITOPUTMH, TaKl sIK HEUiTKa JIOTiKa
Ta HEUPOHHI MEpEexXi, 3 ICHyIOUMMHU HaBiraliiHuMu cuctemamu, 3okpema ECDIS,
110 3HIDKYE BIUIMB JIFOJICHKOTO (haKTOPy Ha MPOIIECHU HaBirariii.

HaykoBa HOBHU3HA OTPUMAHUX Pe3yJIbTATIB!

Y pobori:

1. Brepuie po3po6iieHO KOMIUIEKCHY KBami(iKalliiiHy MOJeNb CyAHOBOis
JUIsI  aBTOMATM30BAaHOTO KEPYBaHHA CYJHOM B YMOBaX HEBHU3HAYEHOCTI
HaBITaIIfHOTO CEPEOBHUIIA, 110 MOJISITa€ Yy BUKOPUCTAHHI IHTETPOBAHOTO MIAXOY
no0 ¢opMamizaiii JHOACEKOr0  (pakTopy (TEXHIYHI, KOTHITHUBHI, TIOBEIIHKOBI
napaMeTpy) Ta BpaxyBaHHS JWHAMIYHMX 3MIH KBaM(IKAIMHUX XapaKTEPUCTHUK
omeparopa, Ha BIAMIHY Bl ICHYIOYUX pillleHb, Yy 3ampONOHOBaHIi MOJENl

peani3oBaHO MEXaHI3MU KOMIUIGKCHOI OINIHKM ¥ ajamranii Al CyJHOBOJIA 3
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BUKOPHUCTAHHSM IHTEJIEKTYaIbHUX METOJIB 1AeHTU(IKALll Ta MPOTHO3YBAaHHSA, SKI
JIO3BOJISIFOTh CYTTE€BO 3MEHIIUTH PU3UKU MOMMIKOBUX a00 HECBOEYACHUX PIIICHD,
MIHIMI3yBaTH IMOBIPHICTh aBapIMHUX CHUTyalld Ta MIIBUIIMTH pPiBEHb O€3MEKHU
CYJTHOIUTaBCTBA.

2. Briepiire 3anpomnoHOBaHO METO]T aBTOMATH30BaHO1 1eHTU(DIKAIllT Ta OI[IHKH
KBaM(IKaIIMHUX MapaMeTpiB CyTHOBOJIIB Y CKJIQIHUX HABITAIIIMHUX yMOBAaX, IKUU
MOJISITA€ 'y BUKOPUCTAHH] 1HTENEKTYaIbHUX CHUCTEM 3 HEYITKOIO JIOTIKOIO, METOJIIB
KOTHITUBHOTO MOJICJIIOBAaHHS Ta MAIIMHHOTO HAaBYaHHS JUIA aHAII3Y pealbHUX Mid
omepaTtopa (Kypc, MaHeBpH, podota 3 ECDIS) y pexxumi peabHOTO 4acy, Ha BIIMIHY
BiJl ICHYIOUMX TIiJIXOJiB, pPO3pOoOJeHHnH MeToa 3abe3neuye aBTOMATH30BaHE
3iCTaBJICHHS PI3HOPIMHUX JaHUX (30KpeMa, HETOYHHUX 1 HEMOBHUX), 1MeHTU(]IKAIlITO
HEJOCTaTHIX  KBam(ikaliiHUX  TapaMeTpiB Ta omeparuBHe (GOpPMYBaHHS
peKOMEeH AN MI0/10 iX BIAHOBIICHHS, 3MEHIITYIOUH PU3UKH KPUTHYHUX TTOMUIIOK Ta
HEKEPOBAHUX MaHEBPIB.

3. YaockoHaNneHO METO] aHali3y IHTYITMBHMX Al Cy/THOBOMIS B KPUTHUHHX
CUTYyaIlisiX, IO TMOJsra€ B IHTErpamii TNCHXOJIOTIYHUX (akToOpiB omeparopa-
CYyIHOBOiSI, a TaKOX CHUTyallidHOT 0O0I3HAHOCTI 3 peaJbHUMHU HaBiraliiHUMU
3MIHHUMHU Ta aBTOMaTU30BaHUMH 3acO0aMH KOHTPOJIIO, Ha BIIMIHY BiJl ICHYIOUHX
pillieHb, 1€ Ja€ MOJKJIMBICTH OLIHIOBATH I1HTYITUBHI [ii Ta 3aBYacCHO BHU3HAYATH
MOTEHIIIHI HeOe3MEeK! B MOBEMIHIII CYyIHOBOIS, 11O JO3BOJISIE 3MEHIIUTA PU3UKU
BUHUKHEHHS aBapifHUX MOIIN.

4, VYJI0CKOHAJIEHO METOAM TIPOTHO3YBaHHSA  TPAEKTOpPIM  CyaeH 3
BUKOPHUCTAHHSIM HEUPOHHUX MEPEX 1 aJTOPUTMIB MAIIMHHOTO HABYaHHS, SKUU
NoJiArae y TMMOMHHOMY aHaji3l BeIMKMX MacuBiB HaBirauidHux panux (ECDIS),
ABTOMAaTHU30BAaHOMY CTHCKaHHI Ta KJIACcTepH3allli TpaeKTOpii, a TaKoXX OILIIHIOBAaHHI
WMOBIpHOCTEH aHOMAJILHO1 TOBEAIHKM CYyJIHa, Ha BIAMIHY BIJ TPaAUIIHHUX
METO/I1B, 3aIIPOTIOHOBAHUM MIAXIJ 1a€ 3MOTY MIJBUIIUTH TOYHICTh MPOTHO3YBaHHS
TPAEKTOPIN pyXy CyJHA Y TUHAMIYHUX YMOBaxX HEBU3HAYEHOCTI (30KpeMa, B yMOBaX
00MeXKEeHOT BUAMMOCTI, BUCOKOI HIUIBHOCTI PyXy), 3MEHIIIYIOUM PU3UKH KPUTUUHUX

CUTYallll 1 CKOPOUYYIOUH Yac MPOXOIKEHHSI HEOE3MEUHUX JIUISTHOK.
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5. OTpuMaB TOAAIBIINN PO3BUTOK METONY IHTErparii aBTOMaTH30BaHUX
3aco0iB 1H(GOpPMaALIHHOT MIATPUMKH TPUUHATTS PIIMIEHb CYIHOBOJIS y CKIAIHUX
yMOBax IUIaBaHHS, L0 MOJIATaE Yy po3poOJeHH] KOMIUIEKCHOI CUCTEMU 3 MOAYJISIMU
OCR-006p0o0ku 300pakeHb, CHHXPOHI3allli TEKCTOBHUX 1 T'€OMPOCTOPOBUX JaHUX,
QITOPUTMAMU BUSIBJICHHS Ta BIIHOBJICHHS BIICYTHBhOI 1H(pOpMAIli, a TaKox)
MIPOTHO3YBaHHS PU3UKY B PEAJTbHOMY 4Yaci, Ha BIAMIHY BiJ ICHYIOUHX pIIICHb,
J03BOJISIE  CYTTEBO 3MEHIIMTH BIUIMB JIOJCBKOTO  (hakTopa Ta TIOCHITIOE
e(EeKTUBHICTb MPUUHATTS PIlIEHb Y PEXKUMI PEaTbHOTO Yacy.

Y po3oini 1 npoBeneHo KOMIUIEKCHHM aHali3 CydYacHMX METOJIB 1 3acC00iB
KEepYBaHHS CTaHOM KBami(ikamifHOI  CKIaJ0BOi MOPCBKMX OpTaHi3amiiHoO -
texHiyHux cucteM (OTC). OcobmmBa yBara mpuaiieHa po3poOI MIXOMIB IO
imeHTudikamii  Ta KepyBaHHS  mpoiiecamMud  (GopMyBaHHS  KBamiikariiHUX
napameTpiB, sIKl BIUIMBAIOTh Ha Oe3mneKy i e()eKTUBHICTh CYJAHOIUIABCTBA.

Po3ristHyTi  0cOOIMBOCTI BOPOBAKEHHSI aBTOMATHU30BAaHUX CHCTEM, IO
0a3yloTbCS Ha BUKOPUCTaHHI 1HGOPMAIIMHUX TEXHOJOTIH MIATPUMKH MPUNHATTS
pimenb. [lokazano e(QEeKTUBHICTh 3aCTOCYBAHHS HEUITKMX CHUCTEM KEpyBaHHS,
MITYYHUX HEHPOHHUX MEPEeX 1 aITOPUTMIB MAIIMHHOTO HABYAHHS IJIsl aHAJi3y
cTaHy KBamQikalifHUX TapaMmeTpiB y peaibHoMy uyaci. [IpoananizoBaHo
MOXJIMBOCTI ajamnTalii TakuxX CHCTEM [0 JUHAMIYHUX YMOB MOPCBKUX OTepalliid,
BKJIIOUAIOUM HemnependadyBaHi (GakTopu, 0OMEXEHICTh aKBaTOpid 1 3MIHK B PIBHI
MiJATOTOBKY TEPCOHAIY.

Y po3oini 2 po3poOiieH0 KOMIUIEKCHY KBamipikaiiiiHy Mojellb CyAHOBOis
JUIsl aBTOMATU30BAaHOTO KEPYBAHHA PYXOM CYy/AHA, COPSIMOBAHOI HAa 3MEHIICHHS
HaBIraIIiHUX PHU3UKIB IUIIXOM BUKOPUCTAHHS HEUITKO1 JIOTIKH JJI aBTOMaTH3allii
MPOIIECIB KEPYBaHHSI B YMOBaxX HEBU3HAUCHOCTI. Mojenb 0a3yeThCs Ha IHTerparii
JaHUX TpOo(deciiiHOT IIJIBHOCTI CYyAHOBOJIS, 3aCTOCOBYIOUM METOJIM HEUYITKOT
JOTIKM, HEHPOHHMX MEpeX Ta IHTENeKTyalbHUX  cucteM. (OCHOBHUMH
KOMIIOHEHTAaMHM MOJIeNIl € MOAYJb BXUTHUX JaHUX Ta MapamMeTpiB HaBirarfii, sSKUn
30upae Ta 06po06sie iHGOPMAIIiIO 3 pi3HUX JxKepen, Takux sk cuctemu ECDIS, AIS,

pe3ysibTaTh HaBYaHHS Ta TPEHAKEPHUX BUIIPOOyBaHb. MOIyib OLIHKKA PIBHS
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HeOe3MeK BUKOPHCTOBYE HEYITKY JIOTIKY Ta OaraTOKpHUTEpialbHUH aHami3 JJIs
OIIIHKM HaBIrallifHUX PHU3UKIB, BpaxoBYIOUU (aKTOPH, TaKi SIK MIBUAKICTH CYyJ/HA,
MIMOWHA T K1JIEM, TTOTOHI YMOBH TOIIIO.

Y po3oini 3 ommcano po3poOKy Ta peaiizaimiro METOAy aBTOMAaTHU30BaHOT
HeuiTKo1 imeHTudikami kBamdikaliiiHUX MHapaMeTpiB OMepaTopiB-CyAHOBOAIIB B
yMOBaX pU3MKY B KOHTEKCTI K€PYBaHHA PYyXOM CyaHa. MeTOMOJIOTis JTOCHIKEHHS
0a3yeThCsi Ha BUKOPHCTAHHI JaHUX €JEKTPOHHOI KapTorpadidyHOi HaBiramiiHoi
cuctremu (ECDIS), 1o [103BOJAIOTH OLIHIOBAaTH Jii CYJHOBOJIL B pEalIbHUX
HaBIraIiiHUX yMOBaX.

VY pe3ynbrari 3acTOCYBaHHS KOMILICKCHOT CHCTEMH YIIPaBIiHHS O€3IeKolo,
mo Oa3yeTrbcss Ha 16 mocmigoBHUX GopMaTbHO-aHATITHYHUX eramax (i3
BUKOPUCTAHHSAM MoJieNiel iieHTudikaiii 1HTYITUBHUX JAid, METOJIB BITHOBJICHHS
KBaMIKaIIMHUX TapaMeTpiB, CTATUCTUYHOTO Ta BiJl€OaHANI3y, HEHPOHHUX MEPEK
LSTM, CNN, MeroiiB onTuMizamii ¥ MPOTHO3YBaHHS), BIAJIOCS MiJIBUIIUTH
3arajJibHy pe3yJIbTaTUBHICTh KEPYBAHHS CYIHOM.

Y po3oini 4 npencraBieHo MeETOA MIATPUMKUA TPUUAHSATTS pIlIeHb I
CYJIHOBO/IIiB B aBTOMAaTHU30BaHOMY KOHTPOJIi O€3MeKu pyxy CyAeH, 3aCHOBAaHUHN Ha
nanux ECDIS. Po3po6neHuii MeTon CHpsSMOBaHMM Ha MiIABUINEHHS O€3MeKH
MOpEIUTaBCTBAa Ta 3MEHIIEHHS pPHU3MKIB HaBiramii B yMOBax YacTKOBOIi
HEBU3HAYEHOCTI Yepe3 0OOMEXXEHHS TOUYHOCTI Ta MOBHOTH JIaHUX.

Mertononorist Oyna nmpoTecToBaHa Ha MapuipyTi a0 nmopty Jlaroc, Timkan, 13
BUKOPHCTaHHSAM HaBiramiiHux cumyssitopiB TRANSAS  Wairtsild  Navi-Sailor
ECDIS. Pe3ynpratu ekcrnepuUMEHTIB MOKa3add eQEeKTUBHICTh 3alpONOHOBAHO1
CIIP. V po3aim TakoX MPEACTaBICHO KOMIUIEKCHUH METOJI MPOTHO3yBaHHS
HeOe3MeYHNX TPAEKTOPIA PYXy CYJE€H B YMOBaX HEBH3HAUYEHOCTI Jii CyIHOBOIIS,
po3poOsieHnid I TiABUIIECHHS O€3MeKu MoperiaBcTBa. Meron 0a3yeTbesi Ha
BUKOPHUCTAHH1 aITOPUTMIB KJIaCTepHU3allii, CTUCHEHHS TPAEKTOPIN, aHATI3y JaHUX Ta

MAaIlIMHHOTO HaBYaHHS, IHTETPYIOYH 1X y €IMHY CHCTEMY OOpOOKM JaHUX

Hasiramiaux cucteMm (ECDIS, AIS, ARPA).



8
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iHTenekTyanbHi cuctemu, ECDIS, HeBHU3HaueHICTh, MaHEBPYBAHHA Y CTHUCHEHHUX
BOJIaX, MPOTHO3YBAHHA, ONTUMI3allis MPOLECIB KEPYBaHHS, MOJIYJIb aBTOMAaTUYHOTO

KepyBaHHs, aBapiiiHi CUTYyallil, MOPCHKUI TPAHCIIOPT
ABSTRACT

Ponomaryova V.P. Methods for Developing Automated Ship Steering
Systems Based on a Navigator Qualification Model.

A qualification research paper (manuscript) submitted for the degree of
Doctor of Philosophy in the specialty 151 «Automation and Computer-Integrated
Technologies.» — Kherson State Maritime Academy, Ministry of Education and
Science of Ukraine, Kherson, 2024.

Contemporary maritime navigation is at a crossroads of information
innovations and the rising complexity of navigational conditions. Despite the
integration of advanced navigation systems such as ECDIS, AIS, and autopilot
systems, the human factor remains the primary cause of the majority of maritime
accidents.

Analysis of Accidents (EMCIP Navigation Accidents — Summary Report)
showed that among the 573 recorded incidents, human actions remain the most
common cause (447 cases, or 78.0%), of which 37.0% involve collisions, 30.0%
groundings, and 11.0% contacts. The next most frequent are accidents caused by
another vessel (78 cases, 13.6%), with 6.3% resulting in groundings, 4.9% in
collisions, and 2.4% in contacts. They are followed by system or equipment failures
(44 cases, 7.7%), of which 3.7% are due to groundings, 2.1% to collisions, and 1.9%
to contacts. Finally, in 4 cases (0.7%), the cause of the accident could not be
determined.

The key problem lies in the absence of an integrated approach to real-time
assessment and forecasting of navigators’ qualification parameters. The foundation

for determining these parameters is provided by the content of the state qualification
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examination in “Maritime and Inland Water Transport” (synchronized with IMO
Model Courses and approved by Order No. 1067 of the Ministry of Education and
Science of Ukraine dated September 1, 2023), as well as by the requirements of the
STCW Convention (Section A-VIII/2) and the ISM Code (Clause 1.2.2) concerning
proper watchkeeping, resource management, and the prevention of human errors.
Consequently, there is a need to develop methods for creating automated vessel
control systems based on navigators’ qualification data.

The central idea of this research is that applying automated ship steering
methods and tools — based on intelligent systems using fuzzy logic — to evaluate
and restore a navigator’s qualification parameters can reduce the influence of the
human factor on navigation processes.

The primary objective of the study is to create a qualification model of the
navigator that integrates technical, cognitive, and behavioral aspects and to develop
modules for risk assessment, identification and restoration of qualification
parameters, and action analysis in critical situations.

Research tasks:

Conduct an analysis of existing methods and tools for managing the
qualification component of maritime organizational and technical systems (OTYS).
This includes identifying qualification parameters that affect the effectiveness of
these systems and developing structural and logical schemes and control models.

Develop and substantiate a navigator qualification model for automated ship
steering that integrates technical, cognitive, and behavioral aspects. This involves
designing methods to assess qualification levels based on fuzzy logic, forecast
navigational risks, make decisions under uncertainty, and create a cognitive module
for analyzing intuitive actions.

Develop a method for automated identification and evaluation of navigator
qualification parameters under complex navigational conditions using intelligent
systems and fuzzy logic. Formalize membership functions for key navigational

factors — such as proximity to hazardous objects, speed, currents, wind, and
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visibility — create a fuzzy rule base, and perform simulation modeling to assess the

influence of qualification parameters on overall navigation risk.

Develop software that operates online and implements the algorithms of the
proposed integrated method. This software includes modules for automated OCR
processing of images, comparing textual data and geolocations to analyze
information from multiple ECDIS screenshots, visualizing geographic data on maps,
and providing a decision support module for the officer on watch.

The object of research is the processes involved in defining the navigator’s
qualification model for controlling a vessel’s movement.

The subject of research is the models and methods for creating automated
ship control systems based on the navigator’s qualification model.

Subject of research is methods, models, and algorithms for developing
automated ship steering systems grounded in a navigator qualification model,
including the development of software modules for real-time decision support.

Scientific significance of the results lies in the development of a
comprehensive method and new approaches to automated ship steering and
navigator decision support. These approaches integrate technical, cognitive, and
behavioral aspects into the navigator qualification model.

Practical significance of the results is demonstrated through the use of the
developed methods and software tools to create automated ship steering systems and
navigator decision-support systems operating in real time. Implementing these
systems enables the integration of intelligent algorithms — fuzzy logic and neural
networks — with existing navigation systems (e.g., ECDIS) to reduce the human

factor’s impact on navigation processes.
Novelty and contributions:

1. For the first time, a comprehensive qualification model of the ship navigator
for automated vessel control under conditions of an uncertain navigational
environment has been developed. This model is based on an integrated approach to

formalizing the human factor (technical, cognitive, and behavioral parameters) while
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taking into account dynamic changes in the operator’s qualifications. Unlike existing
solutions, the proposed model provides mechanisms for a comprehensive
assessment and adaptation of the navigator’s actions by employing intelligent
identification and forecasting methods, which significantly reduce the risk of
erroneous or delayed decisions, minimize the likelihood of accidents, and enhance
maritime safety.

2. For the first time, a method for the automated identification and assessment
of navigators’ qualification parameters in complex navigational conditions has been
proposed, which involves the use of intelligent systems with fuzzy logic, cognitive
modeling approaches, and machine learning to analyze the operator’s real-time
actions (course selection, maneuvers, operation of ECDIS). Unlike existing
approaches, the developed method enables automated correlation of heterogeneous
data (in particular, incomplete or imprecise information), detection of insufficient
qualification parameters, and rapid generation of recommendations for their
improvement, thereby reducing the risks of critical errors and uncontrolled
maneuvers.

3. The method for analyzing the navigator’s intuitive actions in critical
situations has been improved, which consists in integrating the psychological factors
of the ship operator, along with situational awareness, into actual navigational
variables and automated control tools. Unlike existing solutions, this approach
makes it possible to evaluate intuitive actions and to identify potential hazards in the
navigator’s behavior in advance, thereby reducing the risks of accidents.

4. The methods for predicting vessel trajectories using neural networks and
machine-learning algorithms have been refined, involving a deep analysis of large
sets of navigational data (ECDIS), automated compression and clustering of
trajectories, as well as probabilistic evaluation of abnormal vessel behavior. Unlike
traditional methods, the proposed approach improves the accuracy of trajectory
forecasting in dynamic, uncertain conditions (including restricted visibility and high
traffic density), reduces the risk of critical situations, and shortens transit time

through hazardous areas.
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5. Further development has been achieved in the method for integrating

navigational information support into the vessel control loop, taking into account
incomplete ECDIS data and the high variability of operator behavior. This entails
designing a comprehensive system with modules for OCR image processing,
synchronization of textual and geospatial data, algorithms for detecting and restoring
missing information, as well as real-time risk forecasting. Unlike existing solutions,
such a system provides a multi-level assessment of the navigational situation in
terms of the operator’s qualification-related actions, significantly reduces the impact
of the human factor, and reinforces decision-making efficiency in real-time.

Content overview:

Chapter 1 provides a comprehensive analysis of modern methods and tools
for managing the qualification component of maritime organizational and technical
systems (OTS). Special attention is given to developing approaches for identifying
and managing the processes of forming qualification parameters that influence the
safety and efficiency of shipping.

The features of implementing automated systems based on information
technology for decision support are examined. The effectiveness of applying fuzzy
control systems, artificial neural networks, and machine learning algorithms for real-
time analysis of qualification parameters is demonstrated. The possibilities of
adapting such systems to the dynamic conditions of maritime operations — taking
into account unpredictable factors, limited waterways, and changes in personnel
training levels — are analyzed.

Chapter 2 development of a comprehensive qualification model for ship
navigators intended for automated ship motion control, aimed at reducing
navigational risks by leveraging fuzzy logic under conditions of uncertainty. The
model is built upon integrating technical aspects with the navigator’s professional
activities, employing methods of fuzzy logic, neural networks, and artificial
intelligence.

The primary components of the model include an input data and navigation

parameters module, which collects and processes information from various sources,
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such as ECDIS, AIS, and results of training and simulator tests. A hazard assessment

module applies fuzzy logic and multicriteria analysis to evaluate navigational risks,
considering such factors as vessel speed, under-keel clearance, and weather
conditions.

Chapter 3 presents the development and implementation of a method for
automated fuzzy identification of navigators’ qualification parameters under risk
conditions in the context of ship motion control. The research methodology is
grounded in data from the Electronic Chart Display and Information System
(ECDIS), enabling the evaluation of navigators’ actions in real operational
environments. By applying a comprehensive safety management system based on
16 sequential formal-analytical stages (including intuitive action identification
models, methods for restoring qualification parameters, statistical and video
analysis, LSTM and CNN neural networks, and optimization and forecasting
techniques), the overall performance in ship control increased.

Chapter 4 introduces a decision support method for ship navigators in
automated safety monitoring of vessel movements, grounded in ECDIS data. This
method aims to enhance maritime safety and reduce navigational risks under partial
uncertainty conditions, stemming from limitations in data accuracy and
completeness. The methodology was tested on a route to the Port of Lagos, Timkan,
using TRANSAS Wirtsild Navi-Sailor ECDIS navigation simulators. Experimental
results confirmed the effectiveness of the proposed DSS.

This chapter also presents a comprehensive method for predicting dangerous
vessel trajectories under uncertain navigator actions, developed to improve maritime
safety. The method relies on clustering algorithms, trajectory compression, data
analysis, and machine learning, integrating them into a unified data processing
system for navigation systems (ECDIS, AIS, ARPA).

Keywords: ship navigation safety, automated system, fuzzy logic, artificial
intelligence, navigational risk, information support, intelligent systems, ECDIS,
uncertainty, maneuvering in confined waters, forecasting, optimization of control

processes, automatic control module, emergency situations, maritime transport.
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VYci nonoKeHHs, 1110 BUHOCSATHCS Ha 3aXHCT, HaJleXKaTh 0COOMCTO 37100yBauy 1
HE MICTATh PE3yJbTaTiB, i/1ei a00 po3poOOK, 110 HAJEeKaTh CIIBAaBTOPaM, pa3oM 3
SIKUMH OITyOJTIKOBaHI HAyKOBI TIparfi.

VY crarti [1] 3100yBauka mpoMOHy€e MiAXI A0 pO3pOOKH aBTOMATU30BAHUX
CHUCTEM OINHKHU KBamidikaili CyTHOBOJIS Ta MPOTHO3YBAHHS HABITrallliHUX PHU3UKIB
Ha OCHOBI HewiTKoi Joriku (Momeni Mammani Ta Takeri-CyreHo-Kanra). lle mae
3MOTY B peallbHOMY 4aci oOpoOJIsITH BXIAHI J1aHI Ta MEPETBOPIOBATU iX Yy Kepyroul
BIUTMBH, 3a0€3MEUyI0UYH Bi3yalli3allilo CTaHy MiATOTOBKH EKIMaxy.

VY Te3i [7] 3anpomnoHOBaHO MIAXiA J0 aBTOMAaTH3allil TUIAHYBAaHHS OCBITHIX
npolieciB. Y TMO€HaHHI 3 pe3yyibraramMu [8], 1€ onrucaHo OaraTopiBHEBY CHUCTEMY
yrOpaBaiHHS KBaTiikaiisaiMu, (GOpMYyeEThCsl 3aMKHEHUN KOHTYp aBTOMAaTH3alli: BiJ
JIarHOCTUKU - JI0 CTPATETIYHOTO IUJIAHYBAHHS MIATOTOBKU €KIMAXy CYHA.

VY crarti [6] po3po6iieHo KOMIUIEKCHY KBamiikamiiHy MOJeNlb CyAHOBOIIS 3
ypaxyBaHHSIM TEXHIYHUX, KOTHITMBHHUX Ta TMOBEMIHKOBUX XapaKTEepUCTUK. [l
ABTOMATHU30BaHOI OOpPOOKM BHKOPHCTAHO HEUITKY JIOTiIKy, HEHMpPOHHI Mepexi Ta
QITOPUTMHM MAIIIMHHOTO HABYaHHS, 10 JO03BOJIIE MPOTHO3YBATU TPAEKTOPIi
MaHEBpIB 13 BHUCOKOK TOYHICTIO. Taka cucTeMa 3aBYacHO BHUABISIE TMOTEHIIINHHI
NOMWJIKM Ta IHAUBIAyaJbHO HAJIANITOBYE TIATOTOBKY B peaibHOMy uaci. lle
pillIeHHST JIETKO 1HTErpyeThcsl 3 cyaHoBumu IT-cucremamu Ta TpeHaXkepamu,
niATpUMYIOUH Oe3nepepBHE BIOCKOHANICHHS KBamiikalii ekimaxy.

Anpo0ailis KOTHITUBHO-OPIEHTOBAHUX METOJIB MNpejcTaBlieHa y Te3ax [18],
Jie IPOJIEMOHCTPOBAHO IHTENEKTYaIbHUN aHaji3 MaHEBPOBOi aKTUBHOCTI Ha OCHOBI
kBamiikaliiHuX napameTpiB, Ta y [16], ne BukopuctaHo (hopMainizoBaHi MiIXOAU
JIO €KCIIEPTHUX CUCTEM JIJIA OLIIHIOBAHHA KBali(ikallli 3a JaHUMH TPAEKTOPIi CyHA.

Y poGorti [2] [pOCHIXKEHO aBTOMATHU30BaHE HEYITKE MOJCTIOBAHHS
KkBasi(iKalifHUX MapaMeTpiB omepaTopiB i3 3actocyBaHHsAM nanux ECDIS. Le
JIO3BOJISIE OLIIHIOBAaTH BIUIMB JWHAMIKM KBamipikamii Ha pIBEeHb PHU3HUKY, a 3a

JIOTIOMOTOI0 HEYITKMX (YHKIIA MPUHAJIEKHOCTI 3HIKYETHCS CYO €KTUBHICTH
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OIIIHOK. Y3rOJKEHICTh Pe3yJsIbTaTiB MiATBepkeHo y Te3ax [10] Ta [13], ne onucano
aBTOMATHU30BaHE BIJHOBJICHHsS KBali(iKallifHUX MapaMeTpiB, a Takox y [12], xe
3apONOHOBAHO HEUITKI CcHUCTeMM Kiacuikamii ajisi  peryjalOoBaHHA  PIBHsA
kBaumi(ikallii B peXKUM1 peagbHOIO Yacy.

IMomamemuii  pO3BUTOK MHMX MIAXOMIB BimoOpakeHo y ctarti [3], e
peaizoBaHO aBTOMAaTHU30BaHy CHUCTEMY BITHOBJICHHS KBaTi(iKaIlIMHUX MapaMeTpiB
3 BHUKOPHUCTAHHAM (OPMAJILHO-JIOTIYHOTO aHai3y Ta MAaIIMHHOTO HaBYaHHS.
Cucrema inrerpyetbcsi 3 LMS-margopmamu, nporsosyroun HeOe3MeuHl CUTyarlii
Ta ajanTylouu HaB4aibHi Tpaektopii. Kpim Toro, 3ampomnonoBano miaxomu [11]
IIOJI0 MOJENIOBAaHHA KEPYIOUMX [id 1 KOTHITUBHUX NPHHUUIIB (QOpMYyBaHHS
KBaJTipiKaIliif, a TaKOXX ONMTHMI3alliliHi METOIU BiTHOBJICHHs KBastidikari [14].

VY crarti [4] npeacTaBiieHO 1HTErpallil0 aBBTOMAaTU30BAHUX CUCTEM MIATPUMKHU
OpUUHATTS pimeHs 13 TexHosoriiMu OCR, rIMOMHHOTO HaBYaHHS Ta aHai3y
BEIMKHUX JaHUX, HI0 MIBUIIYE TOYHICTh 1 HIBUAKICTh HABITALIAHUX PILICHb.
Pesynpratu Takux iHTErpamiii y3rojpKyroThbCs 3 i€sIMU IHTENEKTyalli3alii OIIHKU
TOTOBHOCTI ekinaxy y [18] ta meTomamu inentudikamii kBamdikariit y [9].

Y crarti [5] ommcaHO aBTOMATH30BaHy METOAMKY IPOTHO3YBAHHS
HeOe3nmeuHnx TpaekTtopid 13 3actocyBanusiMm LCSS, DTW, DBSCAN, GMM,
®dyp’e-aHanizy Ta HEUPOHHUX Mepex. Pe3ynbratu 103BOJIIIOTH 3aBYACHO BUSIBIISITH
HeOe3neyHl 30HM Ta aJanTyBaTH MAapIIPyTH, MIHIMI3yIOUM aBapidHi CHUTyaIllii.
Amnpobarris 1ux migxoiB y [8] Tta [15] momo ynpasiiHHS KBali(iKali€ro eKinaxy,
a TakoX (PyHKLIOHAIBHUM aHami3 TpaekTopid 13 [17], po3MUPIOIOTh MOMKJIMBOCTI
KOMIUIEKCHOT aBTOMaTHU30BaHO1 TUIaT(GopMHu.

OO6csar 1 cTpykTypa pobOoTtu. [ucepraiis CKIagaeTbes 13 PO3IMIUPEHOT
aHoTAallli, BCTYIYy, YOTUPHOX PO3ALIIB, BACHOBKIB, CIUCKY BUKOPHUCTAHUX JKepen i3
165 naiimeHnyBaHb Ha 21 CTOpiHKax i YOTHPBOX A0JATKiB Ha 34 cTopinkax. [loBHuI
o0csar poOOTH CTaHOBHTH 268 cTOpiHOK Tekcry, y TomMy yucm 181 cropinka

OCHOBHOTO TeKCTy, 12 Tabmuip Ta 69 pUCyHKIB.
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HEPEJIIK YMOBHUX IIO3HAYEHD

KII — Kganmiikamiiiauii mnapamerp CyIHOBOJIS, IO TPYHTYETbCA Ha MiATEMax
nporpamu €JIKI 31 cnemianbHoCcTi "MoOpchbkuid Ta BHYTPINIHIA BOJHUN TpaHCHOPT"
BinoBiAHO 10 Haka3y MOH VYkpaiau Nel067 Bim 01.09.2023 p.

MIIICC 72/78 — MixkHapoaH1 npaBuiia 3ano0iraHHs 3ITKHEHHSIM CYJIEH.

OTCMT — OpranizanifHo-TeXHIYHI CUCTEMH MOPCHKOTO TPAHCIIOPTY.

[TITHB 78/95 — MixxHapoiHa KOHBEHIIS MPO MiITOTOBKY 1 AUIJIOMYBaHHS MOPSIKIB
Ta HECCHHS BaXTH.

CIINP — Cucrtema miATPUMKA TPUUHSTTS PillICHb.

XJIIMA — XepcoHChKa Jiep:kaBHa MOPChKA aKaJeMis.

Al — Artificial intelligence (wtyunuii iHTEIEKT).

AlS — Automatic Identification System (aBromaTtuuHa ineHTudikaiiiiHa cucrema).
ARIMA — AutoRegressive Integrated Moving Average (aBTorpecuBHa
IHTETpOBaHa MOJEIb KOB3HOTO CEPEIHBOTO).

ARPA — Automatic Radar Plotting Aids (3acoOu aBTOMaTUYHOT pagiooKaIiHOT
MPOKJIAJIKH).

COLREG — International Regulations for Preventing Collisions at Sea
(MiXHApOIHI MpaBUiIa 3armo0iraHHs 3ITKHEHHSAM CYJCH).

DBSCAN — Density-Based Spatial Clustering of Applications with Noise (meTon
KJlacTepu3allii Ha OCHOBI T'YCTUHU 3 IIIyMaMH).

ECDIS — Electronic Chart Display and Information System (enekrponna
kaprorpadiuHa HaBiraiiifHa CHUCTEMa).

EMSA — European Maritime Safety Agency (€Bpormelicbke areHTCTBO 3 MOPCBHKOT
Oe3IIeKn).

ETS — Error-Trend-Seasonal (Moxenb EKCIOHEHIIHHOTO 3IJIa)KyBaHHS, sKa
BpPaxoOBYy€ MOMWIKH, TPEHIU Ta CE30HHICTH).

GMM — Gaussian Mixture Model (Mmozaenp raycoBoi cymirri).

GPS — Global Positioning System (cuctema rmo6aibHOIO MO3UIIFOBAHHS )
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GRU — Gated Recurrent Unit (Momynb peKypeHTHOI HEWPOHHOI Mepexi 3

HUTI03aMU).

Gyro — Gyrocompass (ripokomriac).

IMO — International Maritime Organization (MixkHapoaHa MOPChKa OpraHi3aitis).
ISM Code — MixHapoJHH KOJEKC 3 yIPaBJIiHHS O€3MeKOIO.

LMS — Learning Management System (cucrema yIrpaBiliHHS HaBYAHHSIM).

LSTM — Long Short-Term Memory (noBrorpuBajia KOpOTKOCTPOKOBA IaM'sTh).
MRM — Maritime Resource Management (ympaBiiHHS MOPCHKHMH PECypCaMH).
MATLAB — MATrix LABoratory (3aco0u aBTOMaTH30BaHOTO MOJICIFOBAHH).
MSC — The Maritime Safety Committee (Komiter MmopcrKkoi Oe3rnekn).

NTPro 5000 — Navi-Trainer Professional 5000 (HaBiramifiHuii CUMYJIATOP).

OCR — Optical Character Recognition (ontuyHe po3mi3HaBaHHS CHMBOJIIB).
RADAR — Radio Detecting and Ranging (pamioyokartisi).

RGB — Red-Green-Blue (komipHa mMojieib).

RNN — Recurrent Neural Network (pexypeHTHa HEHpOHHA MepeKa).

SVR — Support Vector Regression (perpeciss Ha OCHOBI METOJIy OIOPHHX
BEKTOPIB).

VR — Virtual Reality (BipTyaibHa peanbHICTB).

YOLO - You Only Look Once (anroputm aJist BUsIBJICHHS 00'€KTIB).
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BCTYII

VY cyyacHMX yMOBax CTPIMKOTO PO3BUTKY BITYM3HSHOIO 1 CBITOBOTO
MOpEIUIaBCTBA Ta IHTEHCUBHOTO BIPOBAIKEHHSI 1HPOPMAILINHUX TEXHOJIOT1H,
Oe3rneka CyIHOIUTAaBCTBAa HaOyBae CTpaTETivyHO Ba)XIMBOTO 3HAYEHHS. 3POCTaHHS
CKJIQJIHOCTI HaBIraliftHUX yMOB, MOB’A3aHUX 13 BUCOKOIO IHTEHCUBHICTIO MOPCHKOTO
pPyXy, OOMEXEHICTIO akKBaTOpiil y BY3bKHX TMPOTOKaX Ta MOpTaX, a TaKOX
JWHAMIYHUMHK 3MIHAaMHM TIOTOJHMX Ta HaBIramidHux (akTopiB, CTBOPIOE HOBI
BHUKJIMKH 7151 €eKTUBHOTO ympaBiiHHsA cyaHoM [16, 17, 19, 23, 24, 78, 128]. [lonpu
BIIPOBA/KEHHST cydacHuX Hapirauiinux cuctem (ECDIS, AIS, aBromaruune
MUIOTYBaHH:), JIIOJACBKUN (AKTOp 3aIMINAETHCS OCHOBHOIO MPUYMHOIO OUIBIIOCTI
asapiit [4, 5, 15, 20, 22, 126, 127], uro miaTBEpKYETHCS BiAMOBITHAM aHATI30M 3
Ooky MibkHapoaHux opranizamii [18, 19, 20, 22, 126, 127, 128].

Mixnaponni HopMmH, Taki sik Koueniiss STCW (1978 p.) Ta ii Konekc, a
TakoX MiKHapoaHuil kojekc 3 ympabininHs Oesnekoro (ISM Code) 1 BiTum3HsHI
cragmaptu [1, 18, 51, 62, 122, 125, 130], BuU3HA4YalOTh BUMOTH 10 MiATOTOBKH,
JTUITIOMYBAaHHSI W YIIpaBIIiHHS JIIOJCBKUMU pecypcamu. Lli BUMoru crpsiMmoBaHi Ha
MIHIMI3aIlII0  JIIOJCBKUX TMOMWIOK MNIISIXOM (OPMYBaHHS HAJEKHOTO PIBHA
kBanmi(ikailii, yMOpaBIiHHS BaxXTOBUMHU CIykOamu, 3anoOiraHHs BTOMI Ta
eeKTUBHOTO BHKOPHUCTaHHsS pecypciB ekimaxy [4, 5, 7, 20, 22, 113, 126, 127].
Boanouac, Ha HamioHasbHOMY piBHI, 30KpeMa y HarioHanpHI TpaHCHOPTHIN
ctparerii Ykpaiau 1o 2030 poxy, MAKPECTIOEThCS HEOOXITHICTh BIPOBAKECHHSI
IHHOBAIIIMHMX  TEXHOJIOTIM Ta MIABUINEHHS KBamiikaili mepcoHaly s
3abe3neucHHs Oe3neku cyaHormiaBcTa [1, 9, 24, 71, 72, 122, 125, 129].

OnHak, He3Ba)KAal4M Ha ICHYIOUY1 MDKHAPO/IHI i HAIlIOHAIbHI HOPMU, TUTAHHS
OTNEpAaTUBHOTO OIHIOBAaHHS  KBajiikalli CyAHOBOAIIB Yy peaJbHOMY 4acl
3aNMINAIOTECS  HEJOCTATHRO BHUPIMIEHUMH. [CHYIOYI CHUCTEMH JIHIIE YacTKOBO
BpPaxOBYIOTh KOTHITHBHI Ta IOBEIIHKOBI aCIEKTH IISJILHOCTI omeparopa [6, 12, 34,
58, 59, 60, 65]. Kpim TOro, mepeBaHTa)KCHHS CYJHOBOMIIIB iH(pOpPMAIEID Bia
YUCJICHHUX HAaBITallliHUX CHCTEM 3HWXKYE €(PEKTUBHICTb MNPUHHITTS pillleHb Ta

MOeE TMPU3BECTH 10 KpuTmuHux mnomwmiok [31, 35, 66, 85 113, 125, 133].
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JocmimxeHHs y paMmkax rnporpam Maritime Resource Management (MRM), a Takox
inimiatuB EMSA 3 «Human Element Training» [7, 8, 22, 68, 113, 125, 126, 127]
CB1IYaTh MPO MOTPEOY KOMIUIEKCHUX IMIAXO1B, IO MOEIHYIOTh TEXHIYHI Ta JIIOJACHKI
(bakTopu B €IMHY IHTETPOBAHY MO/JIETIb.

[luranHsiM po3pOOKH aBTOMATU30BAHUX CHUCTEM KEPYBaHHS MPHUCBSYCHI
pob6otu [9, 25, 30, 33, 74, 86, 113, 122]. [IutaHHsAM pO3XOKEHHS CYJACH PUCBIYCHI
nocmmkenas [21, 22, 41, 66, 90, 148], BUKopUCTaHHSI EPTaTUYHUX CHCTEM JIIS
3MEHIIIEHHS BIUIMBY JIIOJICHKOTO (DAKTOpPY Ha MPOLECH KEPYBaHHS TOCHTIKYBAJIOCS
y poborax [57, 65, 68, 89, 124, 133], a nocaiKEHHSAM BIUIMBY JIOJCHKOTO (DaKTOPy
Ha pe3yibTaTH MpoQeciiiHol AISUIBHOCTI B OKpeMux mpodeciiHuX rpynax,
BKJTIOYAIOYM CYJIHOBOJIIIB, MPUCBsYeHI poOoTu [67, 127, 149, 150].

Came TOMY aKTyaJlbHUM € CTBOPEHHS aBTOMATH30BAaHHUX CHCTEM KEpyBaHHS
PYXOM CyJTHA, 3AaCHOBAHMX HA IHTENEKTyaIbHUX aJTOPUTMAX MAITUHHOTO HABYAHHS,
30aTHUX JIMHAMIYHO BpPAaxXOBYBAaTH piBeHb KBami(ikalii omneparopa, HOTo CTaH
BTOMHU, TICHXOJIOTIUHI Ta KorHitTuBHI mapametrpu [10, 40, 101, 105, 129]. Takwuii
MiAXIA  y3TOMKYETbCA 31 CTPATErisIMU  TPAHCIOPTHOTO PO3BUTKY YKpaiHu Ta
CBITOBUMH TEHJCHINSIMU Yy Tally3l MOPCBHKOTO TPaHCHOPTY, CHPSIMOBAaHMMH Ha
migBUIIEHHS Oe3nekd Ta epeKTHUBHOCTI cyaHormiaBctBa [1, 19, 23, 24, 76].
Bupimenns 3a3HadueHux mNpoOJeM cTaHe HOBUM KPOKOM Yy MIIBUIICHHI Oe3MeKu
MOPCBKHUX TIE€PEBE3C€Hb, MIATPUMAaHHI MIDKHAPOJHUX CTAHIAPTIB Ta 30€peKEHH1
MOPCBHKOTO TMOTeHIiaTy YKpainu B riodaapHOMY BuMipi [73, 98, 128, 129].

3’30k po0OTHM 3 HAYKOBMMH NpPOrpamMaMi, IUIAHAMH, TeMaMHU.
[linTBEepKEHHSAM aKTyaJlbHOCTI JUCEpTaIliiHOT POOOTH € Te, IO IOCTHKEHHS
ONTHUMIi3allli MpOUECIB 1AeHTU]IKAII Ta KEpyBaHHA CTaHOM KBamiikamiiiHoi
cknanoBoi OTC MoOpcbKOro TpaHCHOPTY BiANMOBINa0Th CTpaTerii CTalloro pO3BUTKY
Vkpainn Ha mepion mo 2030 poky, a TakoXK 13 KOHIEHIE pedhopMyBaHHS
TPAHCIIOPTHOTO CEKTOPY €KOHOMIKM Ta MOPCHKOIO NOKTpHHOIO Ha mepiof a0 2035
pOKy, 3arBepaxkeHoro nocraHoBoro KMY Bix 07.10.2009 Ne 1307 (i3 3MiHamu,

BHECEHMMHU BiAMOBIIHO 3 TocTaHOBOO KMV Bix 18.12.2018 Ne 1108).
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Jluceprariiine AOCIIIKEHHS] BUKOHAHO Ha Kadenpi ekcrutyaTaliii CyJTHOBOTO
eJIEKTPOOOIaIHAaHHS 1 3ac00IB aBTOMATHKM XEpPCOHCBHKO1 JEep>KaBHOI MOPCBHKO1
akajeMii. KpiM Toro okpemMi HaykoBi pe3yabTaTi OyiI0 OTPUMAHO 3TiHO 3 IUIaHAMHU
HAYKOBO-JOCIIAHUX poOIT Kadeapu O€3MeKH NXUTTEAISIIBHOCTI Ta mpodeciitHo-
NPUKIAIHOT (PI3UYHOT MIATOTOBKHU, B MEXaX 1HIIATUBHOT HAYKOBO-JOCHITHOT TEMHU
«Inentudikainss JTOACHKOI TMOMWIKH CYAHOBOJIS IMiJl Yac MPUHHATTA pIlICHb B
nporeci 60poTrOH 3a )uBydicTh cymaray (Ne JIP 0124U004508).

MeTa HayKOBOIO JOCJIIKEHHSI TIOJSIra€ y aBTOMAaTH3allli MPOUECIB
KEepyBaHHS PyXOM Cy/JIHA 3 YpaxXyBaHHSIM KBali(iKaliiHUX MapamMeTpiB CyTHOBO/IIS,
3a0e3Meuyour 1HTerpalil0 TEeXHIYHHUX, KOTHITMBHMX Ta WOIr0 IOBEIIHKOBHUX
ACTIEKTIB TMiJl Yac HECEHHS HaBIramiiHOi BaxXTH, IO JJO3BOJHUTH €(PEKTUBHO
OI[IHIOBAaTH Ta OHOBIIIOBAaTH KBami(ikailiiiHI MapaMeTpu CYyAHOBOIIS, 3MEHIIUTH
BIUTUB JIIOACHKOTO (DaKTOpy, ONTHUMI3yBaTH I1HQOpPMAIllifHE HaBaHTAXEHHS Ha
eKIMax.

HaykoBa rimore3a aocC/ilKeHHsI TIOJISIra€ y TOMY, IO 3aCTOCYBaHHS
METO/IB Ta 3aco0iB aBTOMAaTHM30BAaHOTO KEPyBaHHS CyJHOM, 3aCHOBAHUX Ha
IHTENIEKTYAIbHUX CHCTEMax 3 HEYITKOIO JIOTIKOI0, /IS OIIHKA Ta BiTHOBJICHHSI
KBamQiKamiHUX TapaMeTpiB MOJET CYAHOBOJIIB, JO3BOJIUTh 3MEHIIUTH BIUIUB
JFOACHKOTO (pakTOpy Ha MPOIECH HaBIraIlii.

I'osioBHe 3aBAaHHS JOCJIIKEHHSI TOJSITa€ y CTBOPEHHI KBamidikaiiiHOi
MOJIei CYJHOBOJIIS, SIKA BPAXOBY€ TEXHIUHI, KOTHITMBHI Ta MOBEIIHKOBI aCIEKTH,
pO3pOOKY MOJIYIIB JUIA OIIIHKKA PIBHSA HeOe3mekH, imeHTudIkamii KBamidikaiiHux
napameTpiB, iX BIIHOBJICHHS Ta aHAMI3Y I Y KPUTHUHUX CUTYaIlisIX.

JlocATHEHHT MeTH AOCJIIKeHHH mepeadayae BUPILIEHHS HACTYNHHX
3agau;

1. TlpoBectn aHami3 ICHYIOUMX METOJIB Ta 3aco0iB  yIpaBIiHHS
KBaM(IKAIIMHOI  CKJIAJOBOK MOPCHKHX OpraHi3amiifHO-TEXHIYHUX  CHCTEM,
30kpemMa ineHTU(ikamii KBamiikaliiiHMX MapaMeTpiB, $SKI BIUIMBAIOTh Ha
e(peKTUBHICTh (DYHKILIOHYBAHHS CHUCTEM, 1 pO3pOOIIl CTPYKTYPHO-JIOTIYHUX CXEM Ta

MOJIEJIEN KEPYBaHHS.
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2. Po3pobutu Ta oOTpyHTYBaTH KBali(iKaliiHy MOJENb CyIHOBOMIS JIs
ABTOMATHU30BAaHOTO YIPABIIHHS CYIHOM, sIKa IHTETPYy€ TEXHIYHI, KOTHITHUBHI Ta
NoBeIHKOBI acniekTu. lle BKioyae po3poOKy METOAIB OIIHKK PiBHS KBamidikamii
HAa OCHOBI HEYITKOi JIOTIKM, MPOTHO3YBaHHS HABITallIMHUX PHU3UKIB 1 NPUUHATTS
pillieHh B YMOBaX HEBU3HAYEHOCTI, a TaKOXX CTBOPEHHS KOTHITUBHOTO MOMIYJIS JUJIst
aHa3y 1HTYITUBHUX JIiH.

3. Po3pobutu MeToa aBTOMAaTHU30BaHOI 1AcHTUQIKAINT Ta OILIHKH
KBaTi(iKaIIMHUX TapamMeTpiB CyAHOBOAIIB y CKJIAJHUX HaBIralifiHMX yMOBax Ha
OCHOBI1 IHTENEKTyaJIbHUX CHCTEM 3 BUKOPHUCTAaHHSM HEYITKOI JIOTIKW. 3IIHCHUTH
dbopmanizarito GyHKIIH HAIEKHOCTI JJIsI KIIFOUOBHMX HaBIirariiHux (hakTopiB, TAKUX
K BIICTaHb 10 HEOE3MEUHMX OO0'€KTIB, MIBHUIKICTh, TEYli, BITEP Ta BUIUMICTbD;
CTBOPUTH 0a3y HEUITKUX MPABUII Ta MPOBECTH IMITAIIIITHE MOJIETIOBAHHS /I OI[IHKHU
BIUTMBY KBaMi(IKAIIMHUX TapaMeTpiB HA 3arajlbHUM pU3UK HaBIraii.

4. Po3poOuTH iporpamHe 3a0e3neueHHsl, sKe npaioBaTiMe B pexxumi on-line
Ta peali30ByBaTUME QJITOPUTMH PO3POOJIEHOTO KOMIUIEKCHOro Meroay. lle
nporpaMHe 3a0e3rneyeHHs MaTuMe MOCHIIOBHUNA (PYHKIIIOHAT, IO BKIIOYaTHMeE
po3poOky moayns st aBromarnzoBaHoi OCR-00poOku 300pakeHh Ta po3poOKy
MOy JJI1 TOPIBHAHHA TEKCTOBHX JAaHMX Ta TeoJOKallli 3 METOI aHalizy
iHpopmarii Mk pisHuMH  ckpiHmotamu ECDIS; cTBOpeHHs Monmyms s
Bi3yanizallii reorpadiyHuX JaHUX Ha KapTi, a TAaKOX PO3POOKY MOAYINS MIATPUMKHU
OPUAHSTTS PillleHb JJI CYTHOBOIIS.

00'ekTOM aOCHITKEeHHS € TPOLIeCH BU3HAUYEHHS KBamiikamiiHOT Mojeni
CYJTHOBO/I1s1 IPU KEPYBAHHI PYXOM CyAHA.

IIpeameTomM gocainzkeHHs € MOJIEN 1 METOIM CTBOPEHHSI aBTOMAaTU30BaHUX
CHUCTEM KEpPYBaHHS PyXOM CyJHA Ha OCHOBI KBamiikamiiHOi MOJeml CyTHOBOIIA.

MeToam aoc/ainKe HH:

AnHanmi3z Ta CHHTE€3 — JJIs1 BUOKPEMJICHHS KJIIOYOBUX EJIIEMEHTIB MpPOILECy
ABTOMATHU30BAaHOTO KEpPYBaHHS pPYXOM CyAHA, ineHTu(ikamii kBamidikamiiHux

napameTpiB CyAHOBO/IS Ta IHTErpalii IUX CKJIAJOBUX Y €JIUHY IUIICHY CHCTEMY.
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dopmaizaiis Ta abCTparyBaHHS — JJII MaTEeMaTHYHOIO OMHCY TPOIIECiB
OIIIHKK KBa(IKAIMHUX TapaMeTpiB CYTHOBOIISA, MOJCIIOBAHHS HaBIralliiHUX
PUBUKIB, TPAEKTOPIHN PYXY CYJEH, a TAaKOXK JJIS MOJAJIBIIIOTO 3aCTOCYBAaHHS HEYITKO1
JIOTIKM, HEWPOHHUX MEpeX, AITOPUTMIB MAIIMHHOTO HaBuYaHHi Yy GdopMi
MaTeMaTUYHUX MOJEIIEH.

Maremarnuude MOJEMOBaHHS — JJI MOOYJAOBH KOMIUIEKCHOT KBamdikaliiiiHo1
MOJIeNIl CyIHOBOJISI, OIIHKA TapaMeTpiB HaBIraliifHoi cUTyalli, MpOTHO3YBaHHS
TPAEKTOPIN CylleH, BU3HAYEHHS 30H PU3MKY, a TaKOX IS JOCHII)KEHHS BIUIUBY
JIOACHKOTO (pakTOpy HA MPOLECH MPUUHATTS PIIIEHh B YMOBAaX HEBU3HAUEHOCTI.

Imitariitne MonenmoBaHHS (ySBHUH ©KCIIEPUMEHT) — JUIS BiITBOPEHHS
KPUTUYHUX HABITAIlIHHUX CHUTYAIllid, IITOPMOBHUX YMOB, BUCOKOT IIUILHOCTI TpadiKy
Ta HIIUX CKJIAJHUX CIIEHAPIiB 3 METOIO MEPEBIPKU €(HEKTUBHOCTI 3aMPONOHOBAHUX
QITOPUTMIB TMPUMHSITTSA pIllIeHb, aJanTaiii A0 pI3HUX PIiBHIB KBamdikarii
CYZIHOBO/Ii Ta pOOOTH CUCTEMHU MIATPUMKH MPUHHATTS PIlLICHb.

Henykuiss Ta 1HAYKUiE — 18 (QOpMYBaHHS TINOTE3 IIOJO0 BIUIMBY
KBaNmiKalifHMX TapaMeTpiB Ha Oe3MeKy CyJHOIUIaBCTBa  (IHAYKINS) Ta
MO TAJTBIIIOTO TIEPEXOAY BiJl y3araJlbHCHHX BHUCHOBKIB /0 KOHKPETHUX PEKOMEH Al
Ta AITOPUTMIB KEPYBaHHS CYTHOM (JIEIIYKIis).

CriocTepekeHHsI, BUMIPIOBAHHS Ta MOHITOPUHT — i 300py MEPBUHHUX
naHux npo mnapamerpu HapiramiHux cuctem (ECDIS, AIS), moka3nuku crany
CYJIHOBO/Iisl, HOTO MOBEIIHKOB1 i KOTHITUBHI XapaKTEPUCTUKH, aHaJ3y (paKTUIHUX
MapuIpyTiB PyXy Cy/€H 1 BU3HAUEHHSI TTOKA3HUKIB O€3MeKH CyAHOIUIaBCTBA.

AJNTOPUTMH MAIIMHHOTO HAaBYaHHS Ta HEYITKOI JIOTIKKW — g 0O0poOKu
JaHUX, KJacTepus3allii TpaekTopiid, (GopMmyBaHHA (YHKIINH HAJNEKHOCTI, OIIHKHU
KBaTi(iKAIIMHUX MapaMeTpiB CYTHOBO/Iis, IPOTHO3YBAHHS PHU3UKIB 1 BUPOOJICHHS
PEKOMEH/IaIlIN 11010 ONTUMI3AIl] KEpYBaHHS CYyJHOM y peaJbHOMY 4aci.

HaykoBa HOBHU3HA OTPHUMAHUX Pe3yJIbTATIB!

Ynepuue:

- po3p00JIeHO KOMIUIEKCHY KBami(ikalliiiHy MoOJieb CyAHOBOMIS Jist

aBTOMATH30BAaHOTO KEPYBAHHS CYJIHOM B YMOBAaX HEBM3HAYEHOCTI HABIralliiHOTO
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CepeoBUIIIA, L0 MOJISTae y BUKOPUCTAHHI IHTETPOBAHOTO MAXO0AY 10 popmMatizaiii
JTOACHKOTO  (akTopy (TEXHIYHI, KOTHITUBHI, [OBEIIHKOBI MapaMeTpu) Ta
BpaxyBaHHS JIMHAMIYHUX 3MIH KBaJiiKallfHUX XapaKTepUCTUK oleparopa, Ha
BIIMIHY BiJ] ICHyIOUUX PIIlI€Hb, Y 3alIPOTIOHOBAHIM MOJIENI peai30BaHO MEXaHI3MU
KOMIUIEKCHOT OIlIHKA ¥ ajamramii Jid  CyIHOBOJIS 3 BHKOPHUCTAHHSIM
IHTENCKTyaIbHUX METOMAIB iAeHTU(IKallli Ta MPOTHO3YyBaHHSA, SKI J103BOJISIOTH
CYTTEBO 3MEHILIUTH PU3UKU MOMMIKOBUX 200 HECBOE€YACHUX PIllIeHb, MIHIMI3YyBaTH
IMOBIpPHICTh aBapiiHUX CHUTYaIlli Ta MIABUIIUTH PiBEHb OE3MEKHU CYIHOILIABCTBA.

- 3alpOIIOHOBAHO METOJ AaBTOMATH30BAaHOI 1IEHTH(IKAII Ta OIIHKH
KBaJTipiKaIIHIX MapaMeTpiB CyTHOBOAIIB Y CKIaJHUX HaBIrallifHUX yMOBaX, SIKUM
MOJISITAa€ 'y BUKOPUCTAHH] IHTENEKTYaJIbHUX CHUCTEM 3 HEYITKOIO JIOTIKOIO, METOJIIB
KOTHITUBHOTO MOJICIIIOBAaHHSI Ta MAIIMHHOTO HAaBYaHHS /I aHAII3y pealbHUX Oid
omnepaTopa (Kypc, ManeBpH, podota 3 ECDIS) y pexumi peasibHOTO Hacy, Ha BIIMIHY
BiJl ICHYIOUMX MIiJIXOJIB, pPO3pOoOJeHnH MeToa 3abe3neuye aBTOMATH30BaHE
3iCTaBJICHHS PI3HOPINHUX JaHUX (30KpeMa, HETOYHUX 1 HEMOBHUX), 1IeHTU(dIKAIliI0
HEeOCTaTHIX  KBamipikalliiHUX  mapamMeTpiB Ta omnepaTtuBHE (GOPMYyBaHHS
pEeKOMEeH Al o0 X BiAHOBJICHHS, 3MCHIYIOYN PU3HKU KPUTUYHUX TMOMUJIOK Ta
HEKEPOBAHUX MaHEBPIB.

Y 10CKOHAJICHO:

- METOJI aHaji3y IHTYITUBHUX i CYyJHOBOJIS B KPUTUYHUX CHUTYyAIlisX, IO
HOJISiTA€ B IHTErpamii NCHXOJIOTIYHUX (PAKTOPIB OIepaTropa-cyJHOBOJIS, a TaKOX
CUTyaIlllfHOT ~ OOI3HAaHOCTI 3 peaJbHHMMH  HaBIraliiHAUMH  3MIHHHUMH  Ta
ABTOMAaTHU30BaHUMU 3ac00aMU KOHTPOJIIO, HAa BIAMIHY BiJ] ICHYIOUUX DIllI€Hb, 1€ A€
MOJKJIUBICTh OIIHIOBAaTH IHTYITMBHI [ii Ta 3aBYacHO BHM3HA4YaTH TOTEHINIMHI
HeOe3MeKy B MOBEIIHIII CY/THOBO/IISA, IO T03BOJISIE 3MEHIITUTH PU3UKUA BUHUKHEHHS
aBapIMHUX IOTIM.

- METOJU MPOTHO3YBAHHSA TPAEKTOPIN CyA€H 3 BUKOPUCTAHHSIM HEUPOHHUX
MEpEX 1 aITOPUTMIB MAITMHHOTO HABYAHHS, SKUW TMOJSATaE y TAMOMHHOMY aHali31
BeNMMKUX MacuBiB HapiramiiHux aanux (ECDIS), aBroMarn3oBaHOMY CTHCKAaHHI Ta

KJacTepu3aiii TPaeKTOpiid, a TaKOX OI[IHIOBaHHI WMOBIPHOCTEW aHOMAJIbHOT



32
MOBE/IHKU CYyJ/lHA, HAa BIIMIHY BiJ TpaJULIAHUX METOIB, 3alpPOMOHOBAHUMN MiIX1]T
Jla€ 3MOTY TMIABUIIUTH TOYHICTh MPOTHO3YBAHHS TPAEKTOPIA pyXy CydHa Y
JUHAMIYHUX YMOBax HEBU3HAYEHOCTI (30Kpema, B yMOBax 0OMEXEHOi BUAMMOCTI,
BHUCOKOT IIUIBHOCTI PyXY), 3SMEHIIYIOUH PU3UKUA KPUTUYHUX CUTYAIll 1 CKOPOUYIOUHU
4yac MPOXO/XKCHHS HEeOEe3MeYHUX JUISTHOK.

Halynu nmopanbiioro po3BUTKY:

- MeToja iHTerpauii 1HGOpMAITHOT MIATPUMKHA CYTHOBOMIS y KOHTYp
KEpYBAaHHSI MOPCHKHM CYAHOM 3 ypaxyBaHHSAM HenoBHOTH JaHux ECDIS Tta Bucokoi
BapIaTUBHOCTI MOBEJIHKH OIMeEparopa, L0 MOJSArae y po3pOOJIeHHI KOMIUIEKCHO i
cucreMu 3 monaymsiMu OCR-06poOku 300pa’keHb, CHHXpOHI3allll TEKCTOBHX 1
reONpOCTOPOBUX JAHUX, ANTOPUTMAaMM BUSBJICHHS Ta BIJHOBJIEHHS BIICYTHBOT
iH(dOopMaIlii, a TakoXX MPOTHO3YBAHHS PHU3UKY B PEAJIbHOMY 4aci, Ha BIAMIHY BIJ
ICHYIOUUX PIIIEHb, JO3BOJISIE CYTTEBO 3MEHIIUTH BIUIMB JIIOJACHKOTO (hakTopy Ta
HNOCWIIOE €(DEKTUBHICTh MPUNUHATTS PILICHb Y PEXKUMI PEAIbHOTO Yacy.

HaykoBe 3HauyeHHsi OTPHMMAaHMX Ppe3yJbTaTiB [oJsirae y po3poOii
KOMIUIEKCHOTO METOJY Ta HOBHUX IiAXOIIB 1O aBTOMAaTH30BAaHOTO KEPyBaHHS
CYIHOM 1 MIATPUMKH TPUUHATTS pillleHb CYIHOBOJIEM, SIKI IHTETPYIOTh TEXHIUHI,
KOTHITHBHI Ta MOBEAIHKOBI aCMeKTH y KBaM(iKaliiiHy MOJENb CYJHOBOJIIS.

IIpakTuyHe 3HAYeHHS] OTPUMAHHUX Pe3yJbTATIB TMOJATaE y CTBOPEHHI
ABTOMATHU30BaHUX CHUCTEM KEpPYyBaHHS PYXOM CyJHA Ta cUCTeM i1HGopMalidHOT
OIATPUMKA TOPUAHATTS pillleHb, $KI TOEIHYIOTh I1HTEJIEKTyallbHI aJITOPUTMU
(HeuiTKa JIOTIKA, HEHUPOHHI MeEpeXi, MallMHHE HaBYaHHA) 3 ICHYIOUUMHU
HaBiramiiHuMu cuctemMamu, 3okpema ECDIS, mo pae 3Mory 3HHU3UTH BIUIUB
JMOACHKOTO (aKTOpy MiJl Yac HaBiraiii, MiJBUIIUTA TOYHICTh MPOTHO3YBaHHS B
yMOBax HEBHU3HAUYEHOCTI, a TakKOX 3a0e3MEeUUTH IHTErpaIir0 KOMIUIEKCHOT
KBaMQiKamiifHOT MOJeNi CYJHOBOJIS Ta YAOCKOHAJICHOTO aHajizy Horo mid y

KPUTHUYHHUX CUTYAIlISIX JJIsI OMTUMI3allli i OE3MeYHOCTI IPOIIECY KePYBaHHS CYTHOM.
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PO3JILI I

AHAJII3 METO/JIB TA 3ACOBIB KEPYBAHHSI CTAHOM
KBAJIDIKAIIMHOI CKJAJTOBOI MOPCHKHUX OPTAHI3AIIIMHO-
TEXHIYHUX CUCTEM

1.1. Ilinxoau kepyBaHHsl piBHeM KBaJidikaunii onmepaTopiB B MOPCbKHX
OpraHiBauiiHO-TeXHIYHMUX CHCTEeMaX

Ha cydacHoMy erami pO3BUTKY CKJIAaJHHUX CHUCTEM JIFOJIMHO-MAIIMHHO1
B3a€EMOJIII, TaKUX SIK OpraHi3allliHO-TEXHIYHI CHUCTEMU MOPCHKOTO TpPaHCHIOPTY,
TOCTpPO mocrae mpobiieMa CBOEYACHOTO BUSBIICHHS Ta HIBEIIOBAHHS HETaTHBHOTO
TFOACHKOTO (hakTopy. OJIHIEIO 13 TOJOBHHUX CKIIAAOBUX ITHOTO (paKTOpa € HeOCTaTHS
KBamidikailiifHa CKJIaJoBa, SKa HE € CTAJIOI 1 JUHAMIKa CTaHy SKOI MOBCAKYACHO
Ma€ BEJIMYE3HUHN BIUIMB Ha SIKICTh (PYHKIIIOHYBaHHS Tajly3l MOPCBHKOTO TPAHCIIOPTY.

[linxonn wroA0 BuUpilIeHHS TpobiieMu iAeHTUdIKali Ta KepyBaHHS
npouecaMu (opMyBaHHS KBaTI(pIKaIIMHUX MapaMeTpiB Cy0’ €KTIB OpraHizaliiiHo -
TEXHIYHI CHCTEMH MOPCBKOTO TpPaHCHOPTy, iX (opManbHuil omuc Ta
NPOTHO3YBaHHS, J03BOJIATH 3HAYHO MIIBHUIMUTH O€3MEeKy eKCIUTyaTalii MOPCHKOTO
Tpaucnopty [1].

AHalni3 oprasi3alifiHO-TEXHIYHUX CUCTEM, [J€ IMO€EIHYEThCS B3AEMOJIA
MaTepiaJbHUX O00'€KTIB Ta JIIOJCHKOTO pPECypcy, BKa3zye Ha HEOOXIAHICTh OILIHKHU
AKOCTI iX OCHOBHUX mnpoueciB [2]. Ilpore MojemoBaHHS TakuX CHUCTEM
YCKJIQJIHIOEThCS  0araTOKpUTEPIabHICTIO Ta HEBU3HAYeHICTIO [3], a 3pocTaHHs
BIUIUBY JIIOJICBKOTO (haKTOpa, 110 € KIFYOBUM JJIs IKOCTI MOPCHKUX MEPEBE3EHb [4—
10], 3HauHO yCKJIaHIOE MOOYMOBY afekBaTHOi mojeni. DopMyBaHHs KBasidikaiii
MOPCBHKOTO (haxiBIl 3aJIKUTh BiJ MOCITOBHOCTI €TamiB — Biax 6a30BOi OCBITH 10
MPaKTUYHOTO HABYAHHS, JI€ BAXJIMBY pOJb BIJIrpae TpeHakepHa MiATOTOBKA 3
BUKOPHUCTAHHSAM HaBIraIliiHUX CHUMYJSTOPIB Ta CUCTEM BIPTYyaJdbHOI (J0JaTKOBOT)
peanbHocTi [11]. 3 omsinmy Ha 1e, Ay €QEKTUBHOTO YIPaBIiHHS KBadi(ikalli€ro
HEOOX1AHO po3poOutu cuctemy iHpopMamiiHux (QyHkid Ta onepauiid. Takum

YUHOM, CTBOPEHHS CTparerii JUHAMIYHOTO 3pOCTaHHS KBasidikamii cy0’eKTiB
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MOPCBHKMX OpraHI3alifHO-TEXHIYHUX OO0'€KTIB I 3HIKEHHS pPHU3UKIB TIpU
TPAHCHOPTYBaHHI BaHTAXIB € aKTyalbHUM HanpsiMoM [12—14]. Jlns uporo A0uijibHO
PO3MIAHYTU CTPYKTYPHO-JIOTIYHY CXEMY BIUIMBY TaKHX €JIEMEHTIB, SIK TPEHaXepHI
Ta TEPemiIr0OTOBYl IIEHTPH, OCBITHI YCTaHOBH, (GOpyMH pOOOTOAABIIIB, CIIY>KOU

KOHTPOJIIO TIOPTY, a TAKOK €TalK B3a€MOJI1 JIOIIMaHIB 1 KaIliTaHiB.

1.2. llpyuHM BHHMKHEHHS PHU3HMKIB Mil 4Yac HaBirauii Ta KepyBaHHS
PYXOM Cy/JHA 3 BUHHM CY/JTHOBO/isI

3abe3neueHHs] Oe3MeKd HaBiraiii, sika € OCHOBOIO CY4aCHOTO MOPCHKOTO
TPaHCHOPTY, 0a3yeTbCcsi HA B3a€EMOJIl PI3HUX €JIEMEHTIB, BKIIIOYAIOUM TOTOAHI
YMOBH, MAaHEBPEHICTh CyAHA, MIUIBHICTh pPyXy Ta, 110 HaWBaXJMBIIIE,
KOMIIETEHTHICTh KamiTaHiB cyieH [15, 16]. g ckmanna mepexa Qaxtopis, npu
e¢eKTUBHOMY yIMpaBiiHHI, 3a0e3neuye Oe3neky Ta e(EKTUBHICTH MOPCHKOTO
TpaHcnopty. OAHaK CKIAJHICTh WX 3MIHHUX BUMAarae po3poOKu Creliagi3oBaHuX
ABTOMAaTHU30BaHUX CHUCTEM JJisi OOpOOKH JaHMX B YMOBaX peajbHOTO 4Yacy OLIHKHU
kBauTi(iKallii KamiTaHiB Mif yac peiicy.

Taki aBTOMaTM30BaHI CHUCTEMM CHPSMOBaHI Ha MIIBUIICHHI Oe€3MeKH
MOpEIUIaBCTBA IUISIXOM TMPOTHO3YBAaHHS BIUIMBY PIBHS MIATOTOBKM KariTaHIB Ha
Oe3neKky KepyBaHHS CyJAHOM B PI3HHUX CIIEHApIIX PU3UKIB. BuKOpuCTOBYyHOUHU
HEYITKY JIOTIKY, 11l aBTOMAaTHU30BaH1 CUCTEMU MOXYTh PEajbHO OI[IHIOBATH OE3MEKY
MOPEIJIaBCTBa, OepyydH 0 yBark MHOXKUHY (haktopis [17].

31 3pocTaHHsAM OOCSTIB MDKHApOJHOI TOPTIBJI Ta MEPEBE3€Hb CKIIAJHICTh
MOPCBKOTO TPAHCIIOPTY 3POCTAE OJHOYACHO, IMIJBHUIYIOYU HMOBIPHICTH aBapiil Ta
IHITMJICHTIB, TIOB'SI3aHUX 3 JIOACBKAM  (pakTopoMm. ToMy HOCHIIKEHHS, IO
(bOKyCYyIOThCS Ha BUSBIJICHHI Ta aHali31 (akTopiB, 10 BIUIUBAIOTH HA OE3MEKy, TAKUX
SK TIOMWJIKH TIO3UIIIOHYBaHHS, HeaJeKBaTHA peakilis Ha HaJA3BUYalHI CHUTYyaIlli,
BIIMOBH CHUCTEM Ta MOPYILICHHS MPaBUi OE3MEKH, MAIOTh MEPIIOUYEProBe 3HAUCHHS
[18]. BUCHOBKM TakKMX IOCHIKEHb MOXYTb HANpPABJISATH CYAHOIUIABHI KOMIIaHI1,
BJIACHHMKIB CY/IeH, MOPTOBI1 CIIy>)kOM Ta MDKHApOJHI OpraHizauii y po3poOKy Ta

BINPOBAKEHH] IOCKOHAIMX MPOLEAYp, CTAaHAAPTIB Ta TEXHOJIOTIH, 110 MIJBUIIYIOTh
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Oe3neky MopemiaBctBa [19]. Ponp moncekoro ¢dakropa B Oesmeri Hapiramii
JeTaTbHO O0OTOBOpIOETHCA Yy mociimkeHHl [20], me aBTOpH 3ariuOIIOIOTHCS Y
MHOXUHY MOTEHIIIMHUX HABITalllHHUX PU3MKIB, BKIIOYAIOUM MMOMUIIKUA KEpyBaHHS
pPYXOM CyJHa, HeaJIeKBaTHY PEakilil0 Ha HAJ3BUYAHI CUTYyallli Ta BTpATy 3B'A3KY 3
IHIIUMU CyJHaMH Ta opraHizamiasmu. OnHoyacHo nochimkeHHs [21] Hamae
MIMOOKUI aHall3 TEXHOJIOTIA Ta aBTOMATU30BAHUX CHCTEM, 1110 BUKOPHUCTOBYIOTHCS
I 3amoOiraHHsa 3ITKHEHh 3a BHJAAMU TPAHCIOPTY. AHaNI3 TMOIIUPIOETHCS Ha
0OMEXEeHHs Ta MOTEHLIaN LUX TEXHOJIOTIH y MIJBUINEHHI HaBirauifHoi Oe3neku, 3
0COOJIMBUM aKIIEHTOM Ha HacliKax MOPYIIEHHS MDKXHAPOJHHUX CTaHAApTIB.

Kpim Toro, aBapii, cipuunHeHi JOACKKAM (AaKTOPOM, IO MPU3BOIATH 10
Karactpo) Ha MOpl TPU 3ITKHEHHI CYJEH, PETEIbHO JOCIIIKYIOTHCS
MDKHApOIHUMH oprasizamismu, Takumu sk EMSA (EMCIP Navigation Accidents —
Summary Report) [22, 23] (puc. 1.1). 1li po3cimigyBaHHS BHBYAIOTh HaBirariiHi
PU3HKHU Ta JOJACHKUNA (DaKTOpP — B PaNTOBHUX 3MIiH IMOTOJHUX Ta HaBIralliiHUX
YMOB 10 TOMMWJIOK TO3MIIIOHYBAaHHS Ta BIIMOB HaBiramidHuX 1HGOpMaLIHHUX
cucrem (puc. 1.2).

OcCHOBHI KaTeropii aBapin

4001

300

200

KinbkicTb BUNagkis

100

\ . o
" D'\_\a\"\ \.\eB\ QO‘“

KaTeropisa aBapin

Pucynok 1.1 — OcHoBHi aBapiiiHi (pakTOpu Ha MOPCHKOMY TPaHCHOPTI
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Oii nioauHn (447 Bunaakis) IHwe cynHo (78 Bunagkie) Biamoea cucTem/obnaaHaHHsa (44 Bunaaku)

KOHTaKT KoHTakT

KoHTakT

Mocagka Ha MinUHY
3iTKHEHHA

3iTKHEHHA

3iTKHEeHHR Mocanka Ha MinuHy MNocanka Ha MinuHy

Pucynok 1.2 — Po3mozin mosiit HemacHuX BUTIAAKIB HA MOPCHKOMY TPAHCIIOPTI

OdeBHIHO, IO MOMWIKHA OINEPATOPiB-CyTHOBOIIB € 3HAYHUM BUKIMKOM Y
3a0e3mneueHHl Oe3nekn Ta e(PeKTUBHOCTI MoperviaBcTBa. Lli moMuiIKM MoKHA

KaTeropu3yBaTH B HACTYITHI KJIFOYOBI 00acTi (Tabymrs 1.1):

Tabmuus 1.1. Kareropii moMusok oneparopiB-cyIHOBO/IIIB

Nosz/n IIpoGaema Hacuainku
1 2 3
1 Henocrarus mBuaka | HemiaroTosieHICTh HaBIraTopiB hi(e]

peakilisi B HaJA3BUYaWHUX | IPUUHATTS pIilIeHb Ta Al B €KCTpEeMabHUX
CUTYaIIISIX yMOBax MOX€ TMOTEHIIIHO TMPHU3BECTH [0
Cepio3HMX aBapii, TpaBM 1 HaBiTb BTpATU

JKUTTIB

2 | Brpara 3B'3ky 3 iHmuMu | HeyBaxkHICTh 710 BHKJIMKIB Ta 3alMTIB MOXeE
CyIHAMH Ta CiIy>k0amu MNOPYIIUTH KOOPJMHAINIO 3 IHIIUMU CyIHAMU,
NOPTOBUMHU OpTaHaMU Ta OpTaHi3allisIMU, TUM
CaMHMM MigpuBaroun Oe3neKy cyaHa Ta

3arajibHy €()eKTUBHICTh HaBirarii

3 | [lopymenns HeBukonaHHs KPUTUIHUX CTaHJIapTiB
MDKHAapOJHHUX MpaBui Ta | Oe3neku, Takux sk MINIBC-72, wmoxe
CTaHAapTiB Oe3neKu NPU3BECTU JO KaTracTpo(IYHUX HACHIJIKIB,
BKJIIOYAIOUYM 3ITKHEHHS CyJAeH, aBapii Ta

3HA4HI WTpadu.
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[Mponoskennst TaGmwmmi 1.1.
1 2 3

4 BincyTHicTh HanexxHOro | SKio HaBiraTop HE JOKYMEHTYE HaBiramiiiHi
BEJICHHS 3aITUCIB mojaii Ta BaXJIMBI PINICHHA, 1€ MOXeE
HEraTHBHO BIUIMHYTH Ha O€3IEeKy HaBiraiii Ta

e()EeKTUBHICTb.

Pa3om 1i IOMWIKYM MiIKPECTIOITh KPUTUUHY NOTpeOy B HAAIMHMX 3axoaax
JUUIST MIHIMI3al1li HaBITAIIMHUX PU3HKIB, THM CAMUM MIBHINYIOUM O€3MeKy HaBirairii
Ta €()eKTUBHICTb.

[linxonu mo0 BupimieHHS NpoOjeMu. 3 Oy Ha BUKJIMKH, BUKIQJCHI B
MOCTAHOBIIl MPOOJIEMH, BUPIIICHHS OCHOBHUX IHTaHb, IMOB'3aHUX 3 OE€3MEKOIO0
MOpEIUIaBCTBA Ta JIFOJICBKUM (haKTOpPOM, BUMAara€ 1HHOBAI[IMHUX Ta TEXHOJIOTIYHO
NEepeoBUX pillleHb. ABTOMATHU30BaHI Ta IHTENEKTyalbHI CUCTEMHU YIPaBJIIHHS, SIK
3a3HAYAETHCA Y PSAL NOCHIKEeHb [24], MOKYTh Ha/laTH 3HAYHY JAOIOMOTY B LILOMY

nuTaHHl. J[eski MOTEHIIHI 3aCTOCYBaHHS I1UX CUCTEM BKIto4aroTh (Tabmus 1.2):

Tabmmms 1.2. 3acaau 1m10/10 BUPIISHHS TPo0JIeM JIF0ChKOTO (hakTopa

Nesz/n 3acaam IHoTeHuiiini pe3yabTaTi NpHu peanizauii
1 2 3
1 [Nokpamenns [HTerpamiss MWTYYHOTO IHTENEKTY Ta MAIIUHHOTO
HaBITaIIHHOT HaBYaHHS B HaBIralliiHl aBTOMAaTHU30BaHl CUCTEMHU MOXKE
CUCTEMHU. MiIBUIIUTH TOYHICTh TO3UIIIOHYBAaHHS Ta 3MCHIIUTH

HMOBIPHICTh TOMMJIOK, BUPINIYIOYM OJIHY 3 TOJOBHHUX

HaBIramiiHUX TPoOIIEM.

2 [IpornosyBanH | ABTOMaTH30BaHI CHCTEMH, 3/aTHI HaJaBaTH CBO€YACHI
s TIOTOJIHUX Ta | Ta TOYHI MPOTHO3U MOTOJH Ta MOPCHKHX YMOB, MOXKYTh
HaBITallfHUX | HIATPUMYBATH KamiTaHIB y MPUUHATTI OOIPYHTOBAHUX
YMOB. pillieHb MIOAO0 IUTAHYBAaHHS MapUIPyTy Ta YIpPaBIIHHS

PYXOM Cy/HA.
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[Mponoskennst TaGmwmmi 1.2.

2

3

Mowitopunr Ta

BriposaikeHHs IHTENeKTyaIbHUX CUCTEM A

KOHTPOJIb Oe3nepepBHOTO MOHITOPUHTY HaBIramiiHUX MPUIAIIB
HaBIraIiHAX MOX€ CHPUSITH paHHBOMY BHUSIBIEHHIO BIAMOB Ta
CHCTEM. IIBUKOMY OOCIIyTOBYBaHHIO, TUM CAMHM IOKPAITyIOUY
HAQIIMHICTD Ta Oe3MeKy.
ABToMarm3arlisi | [HTeneKTyanbH1 CHUCTEMH, PO3pOOJIeHI s IIBHUIKOTO
BUPILICHHS aHali3y JaHUX NpO HAA3BHYalHI CHUTYyalli, MOXYTb
HQI3BMYaHUX | HaJaBaTH pPEKOMEHMAIii IMoa0 Jii Ta aBTOMAaTUYHO
CHUTYAITil. BUKOHYBAaTH MaHEBpPU JJIi 3MCHIICHHS HaBIralliiiHUX

PU3HKIB, BHUPINIYIOYM MPOOJIEMYy HIBUIKOI peakiii B

KPU30BUX CIICHAPISX.

5 [linroToBka Ta | BnpoBamxeHHs THTEJIEKTyaJIbHUX CUCTEM Ta

oCBITa CUMYJISITOPIB  MOXE TIABUIIUTH SKICTh TMIATOTOBKH
nepcoHay. MITYpMaHIB Ta KaIlliTaHiB, 3MIIHIOIOYM iX HAaBUYKH Ta

3HAHHS B rayy3i 0e3neKu MOpeIUIaBCTBA.

[HTerpyBaHHs 1UX MiXO/I1B Y BUPIIMICHHS BUSBJICHUX MPOOJIEM MOXKE 3HAUHO
MOKpaIUTH 0e3MeKy MOpPEIUIABCTBA, 3MEHIIUTH JIFOJChKI TOMWJIKH Ta MIJBUIIATH

e(eKTUBHICTh OIepalliii MOPCHKOTO TPAHCIIOPTY.

1.3. Anani3 etamiB po3poOku kBadidikauiiinoi mMojaeJi cyrHOBOAIA 11

3a71a4 aBTOMATH30BAHOI0 KePYBaHHSI PyXOM CY/IHA

3poctanHs r100adbHOrO MOpChKoro Tpadiky (monany 60% 3a ocTaHHE

JNeCATUPIYYs) Ta YCKIQJHCHHS HaBIralifHMX YMOB BHUMAaralOTb BHCOKO1i
KkBamidikaiii CyJHOBOJIIB JJIsl IMIBUAKOI ajamntaiili a0 3MiH. OCHOBHI BUKIUKH —
yOpaBIIHHSA CyJAHOM Il Yac CKJIAIHUX MAaHEBPIB (MPOXOIKEHHS BY3bKHX IMPOTOK,
MaHEBPYBaHHS MPU OOMEKEHIM BUIUMOCTI Ta BHUCOKIM HIUIBHOCTI PYyXY, MIHJIMBI
MOTOJIHI YMOBHU) — BUMAaraloTh He Juile cydacHux Hapiramiiaux cuctem (ECDIS,
AIS, GPS, aBTominoT), ajie i BpaxyBaHHS KOTHITUBHUX Ta MOBEIIHKOBUX ACIICKTiB

Jif CyTHOBOIiS.
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CydacHi JOCHIDKEHHS y Taly3l aBToMaTHu3alii Hapiraimii Ta OI[HKHU
KBamidikaiii CyqHOBOIIB IeMOHCTPYIOTh TEHACHINIO A0 IHTErpaIli pi3HOMaHITHUX
METOJIIB, IO JO3BOJIIIOTh TMOEJHYBAaTH TEXHIYHI XapaKTEPUCTUKH CHCTEM 13
BpaxyBaHHAM JIOAChKOTO (hakTopa. Hampukman, pobotu [25, 26, 28, 29, 33, 54, 55,
56, 57] 6a3yr0ThCs Ha 3aCTOCYBaHHI HEYITKOI JIOTIKM Ta TIOPUIHUX MOJEICH s
MOJICJTIOBAHHS CKJIQJHUX HAaBITAllIMHUX MAaHEBPIB, OIHKA PU3UKIB 1 MPUUHATTA
pillieHb. AJanTUBHAa HEWpO-HEUiTKa cucteMa 3 [25] NEeMOHCTpPYE MOKIUBOCTI
ajanTallli 10 3MIHHMX 30BHIIIHIX YMOB, TOJ1 SIK METOJM 0araToCeHCOPHOTO 3JIUTTS
JaHUX 13 3aCTOCYBaHHSAM HEYITKOI JIOTIKH, 3amporioHoBaHi y [26, 28],
MIIKPECTIOITh BaXJIMBICTh 1HTErparii iHpopMalii 3 pi3HUX JKepen. Y CBOIO Yepry,
MoOJienb 13 [29] 3 BUKOpuCTaHHSAIM 3,4-KBa3ipiBHEBUX HEYITKMX MHOXKHH 3a0e3Ieuye
MiJBUILIEHY TOYHICTh OIIIHKKM PU3UKIB, XO4Ya CKJIAIHICTh ii HajallTyBaHHS Ta
ajanTaiii 10 MOPCBHKOTO CEpeOBHINA 3aJHINAIOTHCS BIIKPUTUMHU THUTAHHSIMHU.
[M6puani migxoau, o noeanyotb Meroan STPA Ta npuxoBaHi MapKiBCbKI MO
[33], a TakoX pilieHHs JJs mBapTyBaHHS [54] Ta aHami3 mepexoly A0 HEUITKUX
MeTodiB [55, 56] cBimuaTh TPO TMOCTYNMOBE BKJIKOYCHHS IMOBEIIHKOBUX
XapaKTEPUCTUK Y 3arajibHy CHCTEMY OIIIHKH.

[HmIMit HanpsIMOK TOCTIIKEHb 30CePEKY€EThCsl Ha BUKOopucTaHHl AlS-manux
Ta CYMyTHIX TEXHOJOTIM Ui aHami3zy pyXy CyJeH 1 MPOTHO3yBaHHS HaBIralifHOT
noBeiHku. Mogeni, 3ampomnonoBani y [27, 30], 103BOJISIOTH TOYHO OIIIHUTHU
PHU3HKOBI CUTYaIlll 3a 1O0MOMOroto aHamzy AlS-manux, mpoTe iX opieHTaIlsl Ha TOYHI
BUMIPIOBAHHS YacTO ITHOPYE KOTHITUBHI aCMeKTH IISUIBHOCTI cyaHoBoais. [linxonu,
po3pobuteni y [37, 40] 13 3acToCyBaHHSIM HEHPOHHUX MEPEXK, MABUIIYIOTh TOYHICTH
MOHITOPUHTY HAaBKOJIMIIHBOTO CEPENIOBHINA, a aHaJli3 MOMWIOK BUKOopucTanus AlS
y [39] NOMOBHIOETHCSI METOAaMU IJIAaHYBAHHS MapIIPYTIB i OE3MUJIOTHUX CYJEH,
OCHOBaHHMH Ha MOJICIIFOBaHHI JIFOJACHKOT0 MHCICHHsS [53]. Pazom mi mocaimkeHHS
CBIIUaTh MPO 3pOCTarouy MOTpedy B IHTErpaiii TEXHIYHOTO aHaji3y Ta OI[HKHU
MOBEIIHKOBHUX XapaKTEPUCTHK.

CucteMu MIATPUMKHA TIPUHHATTS PIIIEHb, Ta TMIABUINECHHS CHUTYaIllMHOT

0013HAHOCTI TaKOXX € BAXJIMBUM HANPSIMKOM Y CY4YacHUX NOCHIIKEHHAX. PoboTu
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[31, 32] aHamizyioTh BIUIMB TaKHX CHCTEM Ha CHOPUHHATTSA CYJAHOBOMISIMHU
KPUTUYHUX CHUTYyaliil, 3a0e3neuyroud eQEeKTUBHE YHUKHEHHS 3ITKHEHb Ta
IHTErpamilo JaHuX 3 PpI3HUX CEHCOPHUX cUCTeM. TexHoJoTii JOMOBHEHOT
peanbHOCTI, K y [34], a Takox miaxoau ao crangaptuszamii intepdeiicis ECDIS
yepes BIpoBapkeHHS S-Mode [35] cpssmMoBaHi Ha 3HWKEHHS JIFOJICHKMX TOMUJIOK,
Xoua iX HaAMIpHA 3aJCXKHICTh BIJ] BHCOKHX amapaTHUX BHUMOI 1 moTpeba y
CIeIlali30BaHOMY HaBYaHHI MOXYTh OOMEXYBaTH TMPAKTUYHE 3aCTOCYBaHHS.
Meton RA4MAIS 13 [36] 1 pimeHHst Ha 6a31 MalIMHHOTO 30pYy [41] MiABUIIYIOTH
TOYHICTh BUSIBJICHHS OO’€KTIB 1 aHai3y HABKOJMIIHBOTO CEpPElOBHINA, MPOTE iX
e(eKTUBHICTh 3HAYHOIO MIPOIO 3AJICKUTH BiJl AKOCTI BXITHUX JaHHX.

He MmeHm BaxJIMBUM € IHTErpamiiHMM MIAX1A 0 HABYAaHHS Ta OIIHKHU
kBamdikaiii cygHoBojiiB. Jlocmikenns [42—45] NEeMOHCTPYIOTh 3aCTOCYBAHHS
aJlalTUBHUX CUCTEM YIPAaBJIIHHS HaBYAHHSIM JJIs OKPAILIEHHS MIATOTOBKH, a aHaN13
KOMIIETEHTHICHO-OPIEHTOBAHOI OCBITH y [S1] BKa3zye Ha MOMJIMBOCTI MiJABUIIICHHSI
Oe3reKy HaBiraiii yepe3 CydacHi MeAaroriuyHi maxoau. BUKOPUCTaHHS TEXHOJIOTIH
BIICTeXKEHHSI PyXy ouei [52] misd aHamizy KOTHITUBHUX TMPOLECIB, JUHAMIYHI
MOJeNll CyTHOBOTO JoMeHYy 3 [46], a Takox iHHOBaIii y cdepi aBTOMaTH3alil
00poOKM HaBITaIMHUX AOKyMeHTIB 3a gomomoroio OCR [47—-49] Ta 3acTocyBaHHSA
3Mimanoi peanbHOCTI [50] BIAKPHUBAIOTH HOBI MEPCHEKTUBH JJIS KOMILIEKCHOT
OIIHKM SIK TEXHIYHMX, TaK 1 MOBEAIHKOBUX aCIEKTIB JISIILHOCTI CyHOBO/IIIB.

Takum yuMHOM, aHaI3 Cy4acHOI JITEpaTypu JEMOHCTPYE MIUPOKHUNA CIEKTP
niaxoAiB, 1o o0’eAHYI0Th HeuiTKy Joriky, aHam3z GPS, ECDIS Tta AlS-nanux,
CUCTEMU MIATPUMKH MPUUHATTA pilIEHb Ta IHHOBALIHI METOAH MATOTOBKU. OTxe
MOCTa€ HarajibHa MmoTpeda y po3poOil kBamidikamiiHOi MOAEN CyAHOBOMIS IS
ABTOMAaTHU30BAaHOTO KEPYBaHHS CYJAHOM, sika 3a0€3MEUUTh KOMILIEKCHY OIIIHKY HOTO
npodecifHUX KOMIIETEHIlM, BKJIIOYAIOYM TEXHIYHI, KOTHITHBHI Ta MOBEIIHKOBI
acriekTh. Po3poOky mojen cnpsiMOBAHO Ha MiJABHINCHI €(PEKTUBHOCTI MPUHHATTS
pIllIeHb y peaJlbHOMY 4Yaci, BpaXxOBYIOUH 3MIHHI YMOBH CEpPEOBHINA Ta CHCHU(pIUH1

HABUYKHU CYIHOBOJIs /i Oe3rneuyHol Hasiramii (puc. 1.3).
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Ornsim cy9acHUX THIXOIiB
o OIHKH KBamidikarril

l

QopmMyIIOBaHHSI KOMIIOHEHTIB
momern kKsamidgikaril

/ v \

Mogy e omfiHKH AnropurMm imerTndgikaril KoruiTusamin momgy i
piBHA HeGe3meKn KBamdpikarifiHIX MapaMeTpis OIS aHaJTi3y IHTYITHBHUX Jifl

\ v /

Mopy e IporHosysaHHAsS
TpPaeKTOopil Ta NPUHHSITTA pillleHb

Y
IaTerpairia 3 icHyroYHMH
HaBiralimHIMI CHCTeMaMEI

Pucynok 1.3 — Eranu po3po0ku kBamidikamiiitHOT MOJIel CyTHOBOIIS JJIsI

ABTOMATHU30BAHOT'O KCPYBAaHHA CYJHOM

VY cBorwo uepry, po3poOka kBamidikamiiHoT MOJAEN CYAHOBOJIS mepeadadae
3a0€3MeUeHHs] HACTYMHUX 1i MPUHUUMIB TMOPIBHSAHO 13 TUMU MOJEISIMH 110 OYJ0
MpOaHaTi30BaHO paHille, a caMe: KOMIUISKCHMMA MIXiJ 0 OIIHKK HaBirariiHoi
CUTyallll 3 ypaxyBaHHSAM TEXHIYHHUX Ta JIOACHKUX (DAKTOpIB; aJANTUBHICTH [0
3MIHHMX YMOB HaBIramii Ta I1HAMBIAyaJbHUX OCOOJMBOCTEH CYIHOBOIISA;
MOKpamieHHs: Oe3mekn 3a paxyHOK TMPOTHO3YBAaHHS PHU3HMKIB Ta HAJaHHS
pEKOMEH/Iallli; MATPUMKA TNPUMHATTSA PIIIEHh B PEXHUMI peEaIbHOr0 Yacy 3

BUKOPHUCTAHHSIM CYYaCHHX TE€XHOJIOTIH.

1.4. TlocTaHOBKA 3aBJaHHA 00 PO3POOKH aBTOMATH30BAHHUX 3aC00iB

JJIS BITHOBJICHHSI KBaJlipikaniiHUX mapaMeTpiB CyIHOBOJIA B YMOBaX PH3UKY

EdextuBHicTe 1 Oe3meka CyIHOIUIABCTBA OE3MOCEPEIHbO 3ajiekKaTh Bl
KOMIIETEHTHOCT1 OIEepaTopiB, IO B YyMOBaX 3pOCTAlOYMX pPU3UKIB BHUMAarae
NOCTIHHOTO MOHITOPUHTY, BIHOBJIEHHS Ta YJOCKOHAJCHHS iX KBali(iKalidHUX
xapakrepuctuk. Came TOMY aKTyaJlbHUM € pO3pOOJIeHHS MiAXoay is

ABTOMATHU30BAaHOTO BIIHOBJICHHS KBaiiKalIHHUX TapaMeTpiB CYIHOBOJIIB, IO
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BIJIKpMBA€E HOBI MOYJIMBOCTI JIJISl MIJIBUIIIEHHST 0e3MeKku Ta e()eKTUBHOCTI MOPCHKUX
[IEpEBE3EHb.

bepyuu 110 yBaru ckJiajHIiCTh MPOIECIB MOHITOPUHTY, HEOOXITHO PO3POOUTH
KOMIUICKCHUH METOJ, SIKHM JO3BOJIATHME CBO€YACHO BHSIBISITU Ta KOPUTYBaTHU
MOTEHIIIHHI HEAOMIKH, 0 OE3MOCEePEIHhO BIUTMBAIOTh HA OE3MEKYy CYIHOIIABCTBA.
Takuit migxin mae Oa3yBaTHCS Ha aHai3l Cy4aCHUX TEHICHLIA Yy MOPCHKOMY
TPAHCIIOPTI Ta BpaxoByBaTH creli(diky poOOTH CyTHOBOJIIB B yMOBAaX BHUCOKOTO
pU3HKy. BaxxnmBo aetanmizyBaTH K TEOPETHYHI, TaK 1 MIPAKTUYHI aCEeKTH pO3pOOKH
QITOPUTMIYHOI JIOTIKM, aHall3y [JaHUX Ta eKCIEPUMEHTAIBHUX JIOCIIIKEHb.
['0710BHUM 3aBIaHHSIM € CTBOPEHHS METOMOJOTII I aHamizy Ta ieHTUdiKaii
KBaM(IKAIIMHUX  MapaMeTpiB, a TakoX po3poOka Mojell BHU3HAYEHHS
HECTaHJapPTHO1 TMOBEIIHKU CYIHOBOJIIB, 1[0 CUTHATI3yBaTUME IIPO 3HIDKEHHS iX
KBaMIKaIIMHUX TOKAa3HUKIB. Y I[bOMY KOHTEKCTI O0COOJIMBa yBara MpUAUIAETHCS
TOACBKOMY  (DaKTOpy, SIKMA € BHUpIIAIbHUM JUJIsT  3a0e3rneueHHs Oe3neKku
MOpEIUTaBCTBAa 1 BIUIMBaE Ha (OpMyBaHHS TMPAKTUYHUX PEKOMEHIAIli Ta
ONTHUMI3allil0 HaBIramiiHO1 Oe3MeKu.

O4iKy€eThCsI, 1O PE3ylbTaTH TAKOTO JOCHIKEHHS CYTTEBO BIUIMHYTH Ha
NPaKTUKy aBTOMATHU30BAHOTO YIPAaBIiHHA OE3MEKOI MOPCHKOTO TPAHCHOPTY Ta
CHOPUSITUMYTh PO3BUTKY TEXHOJIOTIM BiAHOBJICHHS KBamiikaiii cymHoBoMiiB. [[ms
IIUOIIOT0 PO3YMIHHS ICHYIOUMX THIAXOMIB 10 Ii€i NpoOJeMaTukd JOULIBHO
NPOAHANIZYBaTH PsiJl CYMDKHHUX JOCIIIKEHb.

Tax, y poOoTi [58] po3risiaeTbess 3aCTOCYBaHHSI MAIIMHHOTO HABYaHHS JJIst
NPOTHO3YBAHHS AaKaJEMIYHMX YCHIXIB Y MOPCHKIA OCBITI 13 BUKOPUCTaHHSIM
PI3HOMAHITHUX MOJIeJel (JOTICTUYHA perpecis, JiepeBa pillieHb, MITYy4Hl HEHpOHHI
MEpEeXi, METOJ OIOPHUX BEKTOpiB, 0ale€coBl Mepexki, METOJ TPaJl€HTHOTO
nigcwieHHs Ta k-Hanommxuux cycini). OcoOmuBy yBary npunaiieHo AutoML s
noOy/IoBH MoOJIeJied 3 MEHIIOK PECYPCHOMICTKICTIO. XodYa JIOCHIIKEHHS
MiIKPECIIOE BAXIIMBICTh PAHHBOIO BHABJICHHA OCIO, IO PU3UKYIOTb, MUTAHHS

BITHOBJICHHSI KBami(piKaliiHUX JaHUX HE PO3IJSJAEThCS SIBHO, MPOTE POJIb
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JFOZICBKOTO BTPYYaHHS Ta KPUTHUHOTO OCMUCIIEHHS TAKPECIIOE 3HAUYIIICTh TaK UX
JaHUX.

[Hia po6ora [59] pokycyeThest Ha po3poOIL MOJEN sl OLIHKA MPHUIaTHOCT1
KorHiTuBHOI aBToMaru3aiii (KA) y pi3HuX clieHapisix, IO IHTETpye airopuTMu
MalIMHHOTO HAaBYAHHA Ta IITYYHOIO 1HTEJEKTY JUIsl omTUMi3allii npoieciB. Moaenn
ominku KA oXoIumoe BHMOTH JO JAaHUX, KOTHITHBHI aCIEKTH, B3a€EMOJIIO Ta
MPO30PICTh, MIJKPECTIOIOUM HEOOXITHICTh CHUCTEMAaTUYHOro 300py Ta aHaii3y
nanux. lle mociipkeHHs JeMOHCTPYE BaXKJIHMBICTh BHUCOKOSKICHOI 1H(pOpMAaIii 1
YCHIIIHOT aBTOMAaTH3allli, 110 MOKe OyTH pesIeBaHTHUM JIJIsl TIPOLIECIB BITHOBICHHS
kBauTi(ikarlii CygHOBOJIIIB.

JlonatkoBo, y gociiikeHHi [60] aHami3yeTbcsi KOTHITMBHA CTIMKICTH MIOTIB
y UG POBUX MOJHOTAX 13 3ACTOCYBAHHSAM MOJEJEH YNPaBIIHHS PECypCaMM €KImaxy
Ta ympaBimiHHA 3arpo3amu 1 nomMwikamMu (CRM Tta TEM). Xoua poboTta
30CEpE/KYEThCSl  Ha aBiallii, BOHAa BHUCBITJIIOE TPOOJEMY NEepEBAHTAKECHHS
1H(pOpMAaIIi€I0 1 TOPYIIEHHS CUTYallitHOI 0013HAHOCTI, IO € CNUJIbBHUMU BUKIMKAMH
JUT BUCOKOTEXHOJIOTTYHUX CHUCTEM YIPABIIHHS B yMOBaxX aBTOMarwu3aiii. Y pooOoTi
[61] mocmimKYIOTECS B3a€EMOJIIl MIXK CHCTEMaMH yhpaBiiHHsA Oesnekoro (SMS) Ta
kibepOesniekoro  (CSMS) g BHCOKOHABaHTaXKEHUX  aBTOMAaTH30BaHUX
TPAHCIIOPTHUX 3acO01B, AKIIEHTYIOUM yBary Ha 3Ha4yH[0CT1 KBali(piKalliiHUX TaHUX
JUTsl pO3pOOKH O€3MEUHUX CUCTEM, XO0Ua MUTAHHS iX BITHOBJICHHS HE PO3TJISAIA€THCS .

[H11 po6oTH [62—65] NpUALIAIOTH YBary sIK TEXHIYHUM acleKTaM CTBOPEHHS
e(peKTUBHUX HABUYaJbHHUX MPOTpaM JJIsl KOPUCTYBayiB aBTOMATHU30BAaHUX CHUCTEM,
TaK 1 METOJaM OI[IHKM PHU3UKIB 3 BUKOPUCTAHHSIM OailleCOBUX MEpe, HEUITKUX
MHOXMH Ta MOJIeJiell KOTHITUBHOI aBTOMaTu3amii. Taki MAXO0AU MiIKPECTIOTh
BXJIMBICTh TOYHMX 1 AKICHUX JAHUX JJI MPOTHO3YBaHHS PU3UKIB 1 €()EKTUBHOTO
YIOpaBJIiHHSA, TPOTE HE 3aBXM BPAXOBYIOTh MPOIIEC BIAHOBICHHS KBal(iKaIiiHUX
napameTpiB.

HocmimkeHass [66—68] po3risamaroTh TEXHIUHI PIIEHHS JJI1 YHUKHEHHS
3ITKHEHb 3a JIOTMIOMOTOK HEYITKOi JIoTikM, amapatHux mmiatrgopm (FPGA) s

NPUCKOPEHHS HEWPOHHUX MEpPEeX Ta pO3pOOKM BIPTYaIbHHX TPEHYBAIbHUX
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crieHapiiB. BoHM JeMOHCTPYIOTh MOMJIMBOCTI MIBUIIEHHS TOYHOCTI NPUHHATTS
pILIEHb 1 aKTUBHOTO HaBYaHHSI, ajie iX 3aCTOCOBHICTh Y PEATbHUX MOPCHKUX YMOBAX
MOXxe OyTH oOMekeHa uepe3 crenudiky eKcIuryaraitii.

PoGotu [69, 70] mpucBsiueHi po3poOIi METOMOJOTIH ISl OIMIHKKA Oe3MeKu
ABTOHOMHHUX TPAHCIOPTHUX 3aco0iB 1 iHTerpailii iHTepdeiciB MO30K-KOMIT IOTEp
(BCI) y cucremu aBTomaruzalii. Xoya Il JOCTKEHHS BIAKPHUBAaIOTH HOBI
MEPCIEeKTUBU B Tally3l aBTOMATH3allll Ta yIpaBJiHHSA, BOHM TAaKOXX BKa3ylOTh Ha
MOTEHIIHHI TPOOJeMH, TOB’S3aHI 3 TOYHICTIO, HAQAIMHICTIO Ta aJamnTali€io
TEXHOJIOTI! /10 KOHKPETHUX YMOB €KCIUTyaTallii.

VY nucepraniinomy nocmimkerHi Komocosa 1.B. [71] mpoaemoHcTpoBaHe
IMOOKE 3aCTOCYBaHHS METO/IIB HEYITKOI JIOTIKM IS imeHTHdiKalii 0coOnucToro
CTaHy oOIlepaTopa-CyJHOBO/IS, [0 Ma€ BAXJIWBE 3HAYEHHS IS MIATOTOBKH
Mopchkux (axiBiiiB. B po0oTi peTesbHO poO3p00OJICHO CTPYKTYPHO-JIOTIUHI CXEMH
HEUITKUX CHUCTeM KEpyBaHHS 3 YITKMM ONUcOM eTamiB ¢asudikaiii, JOTIYHOTO
BUBEJEHHs, nedaszudikamii Ta iHTErpamii 0i0(I3MYHUX MapaMeTpiB JIOJUHHU-
onepartopa. Kpim Toro, 3HauHy yBary npHIUICHO BIUIMBY ICHUXOJIOTTYHUX (DAaKTOPIB
Ha e€(EeKTUBHICTh CYTHOBOJIS, IO AO3BOJIAE MOKPAIIUTHA TPEHAXKEPHY MIATOTOBKY
3aBASIKM aJaliTHBHUM CHCTEMaM KepyBaHHsS, IO BpPaxOBYIOTh 1HIUBIIyalibHI
XapaKTepUCTUKU KypcaHTiB. PobOora aemMoHCTpye e(EeKTHUBHICTh IMITAIIHHOTO
MOJICIIOBAHHSl i1 TIEPEBIPKU CTIMKOCTI Ta SKOCTI aBTOMATU30BAaHUX CHUCTEM
KEepyBaHHS, 110 MA€ BEJIMKE 3HAYCHHS JIJIS MIABUIIIEHHS OE3MeKH Ha MOpI.

Onnak, A1 3aBJaHb aBTOMAaTH30BaHOI i1MeHTH(IKalli Ta BITHOBICHHS
KBaTi(iKAIIMHUX MapamMeTpiB CyJHOBO/IIiB, B pOOOTI HE PO3IJISAIAETHCS IHTErpallis
3 peaJbHUMHU CYJHOBHMH HaBITaiMHUMHU cucTeMamu, Takumu sk ECDIS a6o AIS,
SKI € KpUTUYHUMHU JUIsl aBTOMAaTH3allli yHpPaBIIHHA PYXOM CyJIHa B PEAbHOMY
cepenoBuilll. BincyTHICTh 1€l 1HTErpaiii oOMeXye 3aCTOCYBaHHS PO3POOJICHUX
METO/IIB Y peaJIbHUX HaBITalllMHUX YyMOBaX, Ji€ HEOOXITHO OmNepaTUBHO OOpPOOIATH
BEJIMKI MAaCHBHU HaBITAIIMHUX JaHUX Ta NMPUAMATU PIMICHHS B PEXHUMI peaIbHOTO
yacy. Takox y poOOTi HE PO3IISIAAIOTHCS METOJM NMPOTHO3YBaHHS HaBIraliiHUX

PHU3MKIB, 30KpE€Ma, BHUKOPUCTAHHS IHTENEKTYaIbHUX QITOPUTMIB I aHali3y
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TPAEKTOPIN PyXy Cy/lHA, OILIHKK HeOe3MeKu HaOJKeHHS 110 OeperoBoi JiHil 4yu
HIIMX 00’ekTiB. BigCcyTHICTP IIMX METOJIIB OOMEXKYE MOXIUBICTh CHUCTEMU
BUSIBJISITH TIOTEHINMHI HEOE3MeuHl CUTyalli J0 iX BUHUKHEHHS Ta BIUTUBATH Ha
OPUUHSTTS pillleHb CYTHOBOJIEM JIJIs 3aII00ITaHHsT aBapiiHUM TOISIM.

KpiMm Toro, y po06oTi BiACyTHId akIEeHT Ha po3poO0lll MNPOrpaMHOro
3a0e3rneueHHs, ske O 00’eqHyBajio BCl MOJYMl [JIi aBTOMAaTU30BaHOI OIIHKH
KBamidikaiii CyaHOBOIS, MIATPUMKHA IPUNUHATTS PIIIEHb Ta Bi3yami3alli JaHUX.

Takox y nucepraniiiHiii po6oti Mamenko ILIL [72] BukOHaHO TIIMOOKWMIA
aHai3 CydaCHUX aBTOMAaTM30BaHMX HaBirariitHux cuctem, 3okpema ECDIS, ARPA,
AIS Ta iHmmMx 3aco0iB, 10 IHTETPYIOTHCS y CYyHOBI CUCTEMH YMIPAaBIiHHA. ABTOD
JETATBHO OMUCYe (YHKIIOHATBHI MOMJIIMBOCTI IUX CHCTEM, IiX IIepeBarn Ta
HEJ0JIIKK, a TaKOXX aKIEHTye€ yBary Ha aBTOMaTH3allli MPOIECIB IUIAHYBaHHA 1
KOHTPOJIIO pyXy CcyaHa. BaxmmBum € po3poOneHHii MeToa MOOYJ0BU CyMapHOTO
I0JISl PU3MKIB, IO JI03BOJISIE BPaXOBYBAaTH PI3HOMAHITHI HaBiraimiiHi HeOGe3neku Ta
3a0e3revyyBaTd aHAMITHYHY OLIHKY HaBITallliHUX YMOB Yy peallbHOMY Hacl.
BukopucranHs rpali€eHTHUX METOJIB i1 ONTHUMI3aIlii MapumpyTy pyxy CyaHa
Crpusie TIABUIICHHIO OE€3MeKH CYAHOIUIAaBCTBA Ta 3MEHIIEHHIO PU3UKY 3ITKHEHbD.
PoGora wMicTuTh  MNpUKIAAM  MPAKTUYHOTO  3aCTOCYBAHHA  TEOPETUYHUX
HaMNpalloBaHb, M0 CBIIYUTH MPO BUCOKHUNA pIBEHb NPUKIATHOT 3HAYYIIOCTI
JTOCITIJIYKEHHS.

OnHak, moNpu IPYHTOBHUN aHAJI3 TEXHIUHHUX AaCMEKTIB aBTOMAaTH30BaHUX
HaBIraIliHUX CHUCTEM, Yy poOOOTI METOJOJOTIYHOIO TIAXOAYy /O IHTerparii
KBaTi(iKaliifHOT MoJell CyJHOBOJISA, sika O BpaxoByBajlia HE JIMIIE TEXHIYHY, a
KOTHITMBHY aBToMaTu3anito. Pobota (okycyeTbcsi MNEepeBakKHO HA TEXHIYHUX
acmeKkTax yIpaBJiHHA pPyXoM CydHa, ajié HE BpPaxXOBYE JUHAMIYHI 3MIHH
KBaAM(IKAIMMHUX  XapaKTEPUCTUK  OIMEpaTopa-CyJHOBOMISA, M0 OOMExye il
NPUAATHICTE ISl PO3POOKH CHUCTEM MIATPUMKUA NPUUHATTS PIlIEHh Ha OCHOBI
IHTErpOBaHUX MOJieNiel KBasipikallii.

BpaxoByroul IpyHTOBHUM aHaii3 HAyKOBOI JITEpaTypH, MOCTA€ 3aBIAaHHS Yy

po3po0Ili  KOMIUIGKCHOTO ~ METOJIY JJIi  aBTOMAaTM30BAaHOTO  BiJIHOBJICHHS
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KBA(pIKAIIHMX TNapaMeTpiB CyIHOBOIIB, B yMOBaX BHCOKOTO pH3UKY Ta
CKJIQJHUX HaBITAIIMHUX CUTyamid. Takui MiaXil A03BOJUTH CTBOPUTU CHUCTEMY
yIOpaBIiHHS OE3MEKOI0 KEpPyBaHHS CYJHOM Ha OCHOBI JIaHUX 1AeHTU(IKalii Ta
aHalli31 KOTHITUBHUX TMPOIECIB, [0 BIUIMBAIOTh HA €(EKTUBHICTHL 1 OE3MeKy

MOPCBKOIO TPAHCIOPTY 3 OOKY omneparopa-CyIHOBOIIS.

1.5. TlocraHoBka 3aBAaHHS WIOJ0 PO3POOKM MeTOAY MiIITPUMKH
NPUHHATTA pillleHb CYIHOBOMISIMM B 32a4aX aBTOMATH30BAHOI0 KOHTPOJIIO

0e3nmeKkM pyxy CyleH

Hecennst BaxTu B ymMOBax pHU3HKY MIABUIILYE BUMOTH JI0 CYyIHOBO/IiS, HOTO
KBaJTiikaIlii, JOCBiAy Ta IIBUAKOCTI NPUHHATTSA palliOHAIbHUX piteHb [73].
3Bakar4u Ha TE, 0 B CKJIAJHUX CUTYyaIlsiX, KOJIM MOBHUW CIIEKTp HaBIraiiHUX
napaMeTpiB € HEBU3HAYCHMM, CYJAHOBOJIA Ma€ KIHIICBI OOMEXEHHS s
dbopMyBaHHS MMOBHOT KAPTUHU CUTYyallll B pealibHOMY 4aci [74]. ¥V aeskux BUMaaKax
MIBUILIEHHIO O€3MeKh MOXKYTh CIPHUATH aBTOIUIOTH, JIOIIMaHU abo OyKkcupw, aie
OCTaTOYHO JIMINIEC KalliTaH Hece BIAMOBIIANBHICTh 3a Oe3meky Hasiramii [75].
3MEHIIIEHHS KUIBKOCTI 4YJICHIB BaXTOBOiI KOMAaHIH, IO€JHAHE 31 30UIBIICHHSIM
KUTBKOCTI HaBIramiHuX iHGOPMAaIIHHUX CHCTEM, TEPEBAHTAXKYE CYTHOBOIIB Yy
BOJIaX MOPCHKHUX TOPTIB, KaHaJiB, MPOTOK Touo [76]. KpiM TOro, iHTEHCUBHICTb
pyxy Ta HeoOxigHicTh noTtpuManHs npaBuwi MIIBC 3MymyoTh KamiTaHIB dyKe
YBOKHO Ta OOEpPEKHO OOMpaTu cTparerii NpUMHATTA pilleHb, 110 B YMOBax
00MEXEHOTO JIOCBiMy, HE3BAXKAWUM Ha KBami(ikaiio, MOXE MPU3BECTH 10
HECTAHJIAPTHUX 1 HAaBITh KPUTUYHHUX cHUTyaliil [77]. Yce 1ie BuMara€e HOBHX
1HbOpMaLIHHUX MIAXOIB Y PO3pOOLl CUCTEM MIATPUMKUA MNPUHHATTS PIIICHb, SKI
3BY)KYIOTh yBary CyJHOBO/IIS 10 KIIFOUOBUX aCMEKTIB, 0OPOOISIOUM 3HAUYHUI TTOTIK
iH(popMaIlli B pexKUMI PEaIbHOTO Yacy.

Hns crBopennss CIINP s cyaHOBOIIB PO3MIISIAAETHCS 3aCTOCYBaHHS
BEJIMKUX JAHUX Ta aHAMITUKHU IS 1AeHTU(IKAINT CyAeH 1 aHAM3y PU3HKY 3ITKHEHb
13 BUKOPDUCTaHHSIM TIJIMOOKOTO HABYaHHS 3 MIJKPIIJICHHSIM, 10 JI03BOJISIE

ONTHUMI3yBaTU MapUIPYTH Ta MiABUIIUTU Oe3neKky HaBiraimii. OKpeMHUM HampsiIMKOM
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€ BUKOPUCTAHHS INTYYHOTO IHTEJEKTY, aBTOMATHU30BAHUX CHUCTEM 1 TOBHICTIO
ABTOHOMHHUX poOOOTIB JJisi MOKpalleHHS MOPTOBOI JOTICTUKM Ta BaHTAKHUX
HIepeBe3eHb, CIPUIIOYN e(DEKTUBHOCTI Ta 3MEHIIYIOYH JIFOJAChKE BTpy4aHHs [78].

Takum uuHOM, po3poOka crierianizoBanux CIIIP y Hapiramiiaux cucremax
HE TUIBKM TMOKPAIIUTh TOYHICTH MPOTHO3IB, ajie i 3a0e3NeyuTh TOJATKOBI PIBHI
KOHTPOJIIO Ta MIATPUMKH. Taki cUCTeMU JOMOMOXKYTh aHAI3yBaTH BEJIMKI 00CATH
JaHUX y PEXUMI PEaTbHOro Yacy, JOTIOMAaraiuu KamiTaHy TOpuiMaTH OuTbIn
OOTpyHTOBaH1 pillIEHHs MPU YIPABIIHHI PYyXOM CYAHA.

3Bakarouu Ha BHIEBUKIaneHe, po3poOka CIIMP nns cyaHoBomais B ymMoBax
YaCTKOBOi HEBHM3HAUEHOCTI CIPSMOBYE JOCTIKEHHS B TakKli HAyKOBl HaIpsiMU

(tabmuns 1.3):

Tabmums 1.3. Hanpsimu 3actocyBanns CIINP y HaBiramidiHux cucreMax

Nes/n Hanpsaimu [oTeHwiiHl pe3yabTaTy MpU peaizaiii
JTOCITIKEHHS
pu po3pooiIIi
CImp
CYJIHOBOI1s
1 2 3
1 | 3MeHIIeHHs Uepes 30unbiieHHs 00cary iHGopMmarilii, 1m0 HaAXOIUThb
HABAHTAKECHHS BiJl HaBIramifHUX  CUCTEM, CYJHOBOJII  4YacTo

Ha CYJHOBOJIIiB | CTUKAIOThCS 3 MEPEBAHTAKECHHSM, 110 MOKE IMPU3BECTU
0 TOMWJIOK. BaximuBo po3poOuTu cuctemu, AKi
e(peKTUBHO (UIBTPYBATUMYTh Ta BCTAHOBJIIOBATH

npiopuTeTH 10 iHbOopMaIlii.

2 | Iokpamenus VY ckiagHMX HaBIraiifiHUX YyMoOBaX, OCOOJUBO Yy
CUTYaIIiHO1 BY3bKHX KaHajlaX Ta MOPTaX, CYAHOBOJII MOXYThb HE
0013HaHOCTI1 MaTy MOBHOT KQpTUHU CUTYallii. BaxJMBO BIpOBaAUTH

TEXHOJIOTIi, SIKi JOTMOMOXYTb CTBOPUTH BCEOIUHY Ta

TOYHY KapTHUHY HaBIramiiHoOi cUTyalrlii.
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[Mponossxennss Tabmumi 1.3.

1 2 3

3 | Minimizariis HesBakatoun Ha BOPOBAKEHHS HOBUX TEXHOJIOTIH,
PHU3HKIB PU3UK 3ITKHEHb 3QJIMIIAETHCS BHUCOKUM, OCOOJIMBO B
31TKHEHb yMOBaxX IHTEHCUBHOTO pyxy. CuCTeMU MIATPUMKHU

NPHUIHATTS pillleHb MOBUHHI BKIIIOYATH aNTOPUTMH JIJIS
aHal3y TPAEKTOPIA CyAeH 1 MOMEPEeIKEHHS TMPo

BIIXWJICHHS BiJ O€3MEUYHOTO KypCy.

4 Onrumizaris Jnsa  migBumieHHs  epEKTUBHOCTI  HaBiramii  Ta
pyXy cyaHa 3MEHIICHHS PU3UKIB HEOOXITHO BUKOPUCTOBYBATHU
HAaBYAaHHSI  IITyYHUX  HEHPOHHUX  MeEpex s
BU3HAYEHHSI PIBHS HEOE3MEKM 111010 MO3MIlli CyaHa Ta
MoJaibIIOl  ONTHUMI3allli  MapuIpyTiB  CyIeH 3

ypaxyBaHHSIM MOTOYHHUX YMOB.

5 | Anami3 BaxxnBo po3poOUTH KOMI'IOTEPHI MpoTrpamMu st
KBaJTipiKarii BU3HAYEHHA PiBHS KBasTi(ikalii CyJTHOBO/IS Ta aHAII3Y
CYJTHOBO/I151 BIUIMBY pIBHIB KBami(ikaiii Ha METOAW YHpaBJIIHHS

CyIHOM Yy CIeIaJbHUX Ta HeOe3NMeyHuX pahoHax

HaBlrari.

3 ypaxyBaHHSIM 3a3HaY€HUX HAYKOBHX HAIPSIMIB CIIiJi MPOBECTH KPUTUYHHUI
OTJISIT HAYKOBUX JIKEPETL.

CyuacHi cucreMu miaTpuMku npuiHATTs pimens (CIIIP) ans cyaHoBOAlIB
AKTUBHO IHTErPYIOTh TMEPENOBI TEXHOJOTIl, Taki K IITY4HI HEMPOHHI MEpexi,
BENMKl JaHl, INITYYHUH I1HTEIEKT Ta CEHCOPHI TEXHOJOTli, WI0 JJ03BOJISIE
ONTUMI3yBaTH YIPaBIiHHS pU3MKaMHU B yMOBax aBTOHOMHOI HaBiraiii. Hampuknan,
nocmmkenHas B KapubGcbkomy mopi [79] posrisigae BUKOPHCTAHHS HEHPOHHHX
MEpeX y CUCTEMax pajio3B'A3Ky AJis KalliTaHIB MajuX CYJEH, MPOTE BIICYTHICTH
JIETaTBbHOTO OIKCY MOJEMI Ta MOPIBHIIBHOTO aHAMI3y 3 IHITUMHU MAX0/IaMU BKa3ye

Ha TOTpeOy mojanbpIuX AocmkeHb. [lomiOHo, iHTerpamis Al, BEMMKUX JTaHUX 1
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JUCTAHIIMHOTO  KepyBaHHS i ynpasiiHHsa pusukamu  [80] nmeMoHcTpye
NEPCIEeKTUBHICTh, ajie HecTaua METOJ0JIOrli Ta eMMIpUYHUX JaHuX NOoTpedye
NPaKTUYHOTO TECTYBAHHS JJIsl MIATBEPAXKEHHS €(EKTUBHOCTI.

3 iHmoro 00Ky, 3acTocyBaHHs JaHuX AlS 1t BU3HAUEHHSI PUBHKY 3ITKHEHHSI
Ma€e CBOi OOMEXKEHHS Yepe3 3aTPUMKH B Iepeadi Ta HemoBHOTY iHdopwmari [81].
3anpononoBane Bukopuctanus VDES 3amicts AIS [82] 06i1sie mokpamieHHs SKOCTi
JaHUX, TPOTE peaibHI JaHl Ui Balifalli IbOTO MiAXOAYy IOKH IO BIACYTHI.
OnHoyacHO, 1HTerpallisi CEHCOPHUX TEXHOJOTIA JJii MIABUIICHHS TOYHOCTI
HaBIraIliHUX CHUCTEM 1 3a0e3MeueHHs KiOepOe3NeKku € BaXXJIMBUM HAMPSMKOM, IO
migkpecmoerbess B [83] Ta [78]. YV 11bOMY KOHTEKCTI BaXKJIMBHUM 3aJIUIIAETHCS
MUTaHHS OOpOOKHU BEJMKUX OOCSTIB JaHUX Ta 3a0e3medeHHs 3axucTy iHdopwmarii,
110 0€3MmocepeHLO BIUTUBAE HA SIKICTh MPUUHATTS PIIICHb.

AHai3 METO/IIB Bi3yaJIbHOTO BHUSIBJICHHS MOPCHKHX 00’ €KTIB TaKOXk BKa3ye Ha
HU3KY BUKIMKIB. JlocmimxkeHds 3 BukopuctanHsi RGB-kamep [84] minkpecinorTh
TPYJHOIII, TIOB’sI3aH1 31 3MIHHUMH YMOBaMU OCBITJICHHS Ta TOTOJHUMU SBUIIAMHU,
TOJ1 SK MEPCIEeKTUBHI MOJEI MPOTHO3YBAaHHA MOPCHKHX YMOB 13 3aCTOCYBaHHSM
QITOPUTMIB TIMOOKOTO HaBUaHHA Ta OOpPoOKM 300paxkeHp [85] moTpeOyrOTh
peanpHOi1 Bamgamii. 30ip JaHUX 3a JOMOMOTOIO PI3HHUX CEHCOPIB, IO JT03BOJIIE
3MIACHIOBATH Bi3yalibHE CHOPUMHATTS Ta BUSBIEHHS IUiled Ha BiacraHi 10 6
MOPCHKUX MWIb [86], CTUKAETHCS 3 MPOOJIEMaMU «CIIMUX 30H» Ta BTPATU CUTHATY.
[aTerpamiss AIS-manux st MOJCTIOBAaHHS Ta MPOTHO3YBaHHS TPAEKTOPIM 1HIIUX
CyJIEH 13 BUKOPHUCTAHHSM TEXHOJIOTIM TMMOOKOTO HaB4YaHHA [87] TakoX BHUMarae
JOJaTKOBOI 00poOKM Ta Bepudikamii gaHux, a miaxiag mi Smart Maritime
Autonomous Surface Vessel (SMASV) Ha ocHoBi amroputmy Soft Actor-Critic
JIEMOHCTPY€ BUCOKY e(heKTUBHICTH [88], asie moTpedye miITBEpIPKEHHSI B peaTbHUX
YMOBax.

3HayHUN TMOTEHIa]l MaloTh 1 WMOBIpHICHI Mojen. Hanpuknax, Monaensb
nuHami4HO1 OaifeciBcbkoi Mepexi (DBN) s anamizy pu3uky B IHTEIEKTYyallbHI1d
HaBIraiii aBTOHOMHUX CyJieH epekTruBHa [89], ae ii 3acTocyBaHHSI BUMAara€ TOUHHUX

JAaHUX 1 BUCOKHUX OOUYHMCIIOBAILHUX pecypciB. Takox 3acrocyBanHs moneni RMA
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i Kaacudikarii 300pakeHb HaBIramifHUX 3HAKIB Jocsarae BUCcokoi TouHocti [90],
NpoTe BHUMAara€ BpaxyBaHHA OCOOJMBOCTEHM pealbHUX HaBIraliiHUX YMOB Ta
TOHKOTO  HajalITyBaHHS  mapamerpiB. Po3poOka wmertomiB  3a0e3nedyeHHs
(YHKIIIOHAIBLHOT CTIMKOCTI HaBIralmiiHUX CHCTEM y HECTaHIApTHUX cuTyarlisx [91]
ta HOBHMM airoputM AN-YOLOv4 s BUSBICHHS HaBIramifHUX 3HAKIB, IO
miBUIye TOYHICTH A0 92% 3a paxyHok Bukopucranus DCGAN Tta mMeTomaiB
mipamigaieHuX 300paxeHb [92], cBig4aTh TPO TEHICHINIO JIO BIPOBAKCHHS
IHHOBAIITHUX pillIeHb, X04Ya W CTUKAIOTHCS 3 TEXHIYHUMU BHUKJIUKAMHU Y PeEaTbHUX
yYMOBax.

CyuacHl JOCHIIPKEHHS TaKOX OXOIUTIOIOTH PO3POOKY IHTENEKTyalbHUX
CHUCTEM JUIsl aHalizy CTaHy CcyaHa Ta 3a0e3nedeHHs OanaHcy KoOpmycy 3
BukopuctanusiM loT gms Mownitopunry Ta 300py nanux [93]. Bonnouac,
3aCTOCYBaHHS TEOPIi HEUITKMX MHOXKHH Ta HEUITKO1 JIOTIKM JJIsl €KCIIEPTHUX OIIIHOK
HEeBU3HAUYCHOCTI [94] Bumarae BUCOKOTO piBHs Bepudikauii naHux. Bukopucranus
BipTyalibHOI1 peanbHOCcTi (VR) i MATOTOBKM €KIMaxKy CTBOPIOE IHTEPAKTUBHE
cepenoBuiie [95], mpoTe BUMarae 3HaYHUX OOYUCITIOBATILHUX PECYpPCIB Ta ajanTariii
KOPHUCTYBAYiB.

Takum yunoMm, po3poOka CIIMIP mns cyaHoBoaiss B ymMOBax 4YacTKOBOI
HEBU3HAYEHOCTI Mae OyTH CHOpsSMOBaHA HAa 3MEHIICHHS HABaHTAXEHHS Ha
oriepaTopa, MOKPAIICHHS CUTYyaIliiiHOT 0013HAHOCTI, MIHIMI3aIlil0 PU3HKIB 3ITKHEHbD,

ONTHUMI3ALI0 PYXy CyJHA Ta aHa3 KBamiikaiii CyJHOBOIIA.

1.6. Ilinxoau 1m0A0 Ppo3poOKM MeTOay IPOTHO3YBAHHS HeOe3meYHHuX

TPAEKTOPIiil PyXy CyleH B YMOBAX HEBU3HAYCHOCTI il CYyTHOBOis

CydacHa MOpChKa HaBirallisi CTUKA€TbCS 3 HU3KOI BUKIIMKIB, CEPEd SKUX
KIIOYOBUMH € 3a0e3redyeHHs Oe3MeKu pyxXy CyJIeH Ta TOYHE IUIaHyBaHHS iX
TPAEKTOPIN Y CKIATHUX YMOBAX, 30KpeMa y BYy3bKHUX aKBaTOPIAX, MPOTOKAX 1 MOpPTax
[74]. Buxkopucranus aBromaruzoBanux cucreM (ECDIS, AIS, ARPA, GPS) 3HauHo

MiBUINYE HAAIWHICT, MPOIECIB, OJHAK O0OpPOoOKa BENUKUX OOCATIB JaHUX, 3
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ypaxyBaHHSIM JIOCBiLy Ta KBamidikamiii cygHoBoniiB [73, 76], Bumarae
BIIPOBAKCHHS HOBUX ITIIXOJIIB 70 aHAJ3y Ta MPOTHO3YBaHHS TPAEKTOPIN PYXYy.

3 METOW aHaji3y Cy4acHHX pillieHb, PO3IITHEMO ICHYIOUYI 3aco0wu
aBTOMAaTH3aIlli Y paMKaX BUKOPUCTAHHS HABITAllIHHUX CUMYJISTOPIB.

Tak, Hanpuknan, npu BUKopuctanus cumyssitopy Navi-Trainer Professional
5000, omepaTop-CyaHOBOIIN Ma€e MOKIUBICTh CKOPUCTATUCS MOJYJIEM IO BKa3ye
Ha IMOBIpHY TPAaEKTOPIIO pyXy Y JabopaTopHHX (II€albHUX) YMOBax, BPaxOBYIOUl

HIBUJIKICTH CyqHA 1Mo auckpetHid mkam [96] (Puc. 1.3).

Turning Circles Emergency Manoeuvres

Pucynok 1.3 — Bi3yanpHa neMOHCTpalis TpaeKToOpii pyxy CyaHa Mix Jac

MAaHEBPYBaHHS

Buxopucranns Ttakoi aBromarusaiii Ha miardopmi Coning Panel Transas,
JICHO J03BOJIAE CYAHOBOJII€BI OTpUMATH iH(OpMAIIIO MPO MAHEBPEHICTh CyAHA
MiJ 9ac Moro moBOPOTY, BU3HAYUTH 4Yac HA MOro BUKOHaHHS. OpHaK, TUCKpPETHA
IIKaia mBuaKocTi He miabHa (3,7 knt; 8,8 knt; 14,7 knt; 20,0 knt; 24,0 knt;), kpim
TOTO HEe BpaxoBaHl (DIyKTyallll TpaekTOpil 10 CBIAYATh MPO 3JaTHICTH Oleparopa-
CYIHOBO/Ii KEPYBAaTU KYpPCOM IIiJI 4aC MaHEBPYBaHb.

VY cxnaai ECDIS Takox € GpyHKIIis, 110 103BOJISIE OTpUMATH «(haHTOMHY» ab0
IPOTHO30BAaHY TPAEKTOPIIO PyXy CyJHA BPAaxXOBYIOUI IMOTOJHI OOCTaBWHHM, TaKi SIK
Tedis, Bitep, iHepis, Tomo (Puc. 1.4) [97].

Lle#t ¢axt 3HaUHO MiBUIY€E PIBEHb 0013HAHOCTI CYHOBOJIS MPHU MPUHHATTI

pillIeHb i Yac MaHEeBPYBaHHS.
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heasow i F] D 3840 = 1 8 s 0033

Pucynok 1.4 — BinoGpaxkeHHsI IpOTHO30BaHO1, «()aHTOMHOD» TPAEKTOPIl PyXy

CyJlHa T/ Yac 3MIHU KypcCy CyJiHa

Onnak, 3a3BUYaid, e J03BOJISIE OTPUMATH TPOTHO3 B CEepeaHhOMY Ha 6-8
XBWJIMH 1 HE BpaxOBYeE MOJabIlll 3MIHU KYpCY, TPOTHO3 OYIYETHCS JIUIIE JJIS1 OTHIET
aii. To TOro )k He BpaXOBaHO €(EKT «OCTaHHbOT MUY, 10 MOXE TPUBATU HABITH 1
10 10 XBWIMH, KOJIM CYJHO 3aJIMIIAETHCSI HEKEPOBAHUM.

OTxe BHHMKAE HEBH3HAYCHICTh M0 BIJOOPAKAETHCA Y KOJUBAHHSX
TpPaEeKTOPil pyXy Cy[IHa MiJl Yac KEpyBaHHS CYJIHOM OIepaTOpPaMHU-CyITHOBOIISIMH
Ipu TPOXOKEHHI TPEHAKEPHOI MPAaKTHKH Ha CUMYJsSITopax. HeBmeBHEHICTH B
00paHHI TOTO YM IHIIIOTO MaHEBPY, BU3HAUEHHS KyTa MOBOPOTY KepMa, IIIBUIKOCTI,
3aCTOCYBaHHIO TAPYITIOIOYUX MPUCTPOIB, IPU3BOIUTH JI0 MOSIBU TPAEKTOPIN pyXy,

SIK1 JTaJIeKi BiJ €TAJIOHHUX 1 HE CIiBHaaaroTh 13 etagoHHuMU (Puc. 1.5 a,0).

Name Exercise ol
43.csv APRA Bosporus southbound.nti i

| Map satellite
—

EEHERES

Movemert speed
=
b}
=

0834 456361 105132 159 166:213240 267 254 321 348 375 402429 456 483 510 537 964 53 618645 672 639 726 753 750 BO7 B34 861 896 915 942 969

Pucynok 1.5 — AHani3 peanbHOi TpaekTopil pyXy Cy[Ha MiJ Yac MPOXOJ>KEHHS

npoToku bochop 3acobaMu HaBIraliftHOro CUMYJSITOpa



53

[IpoTe, B IHCTpyMeHTapii CyyaCHUX HABIrallIHHUX CUMYJSATOPIB € 3aCO0H, AKI
MOXYTh BPaXOBYBAaTH HEBU3HAYEHICTh IO KypCy pyXy CyJHa y BUIVIAJAl TaK 3BaHOI
pamku Oesneku «Safety framey», sika HamamTOBYETHCS 31 BCIX YOTHPHOX CTOPIH
HaBKOJIO LEHTpaJIbHOI ToukM cyaHa [98]. OcoOnuBicTIO HANANITYBaHb € TeE, IO IO
BEKTOPY — KypCy CyJHa, BKa3yeTbCS HE BiJICTaHb, a XBWJIMHM, IO JUHAMIYHO

BIUIMBA€E Ha PO3MIPH PaMKH B 3aJICXKHOCTI Bij mBHUAKOCTI cyaHa (Puc. 1.6).
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Pucynox 1.6 — Bukopucranns «Safety frame» npu kepyBaHHI pyXoMm CyzeH

3aci6 «Safety framey nificHO cTae y HaroJi Imija yac KepyBaHHS PyXOM Cy/IHa,
110 MmiBUINYEe O€3MeKy, OJHAaK HOro 3acTOCYBaHHS OUIbII €()EKTHBHE B MOMEHT
NEPETHHY 30H PU3HKY, JIHINA PO3JUICHHS PYXY CYJIEH Yy MPOTOKAaX Ta HeOe3MeuHUX
1300ar. [IpoTe, HegocTaTHIN piBeHb KBaJi(iKaliiHOI Ta HaBITamiiHOI 0013HAHOCTI 1
yepe3 Iie HenpaBwibHI HamamrtyBanHs «Safety framey, 3a3Buuail crpuuuHioe
CUTYaIli0, KOJH OIepaTop-CyTHOBOMIIN, OTPUMYIOYM CHTHAJ TPUBOTH, BTpadae
JIOTIKY 1 BHEBHEHICTh Y CBOIX 151X, 3BOJIIKAE Ta pOOUTH MOMUIIKH.

Takoxk, CygHOBOAIN MOKe 3amporpamMyBaTH uepe3 pPEKUM HallallTyBaHHS
MaHeBpy 3MiHy Tpaektopii pyxy cyaHa (Puc. 1.7). 3acrocyBaHHS MOIYITIO
TRIALUTGT Simulator ta namamrtyBanHs Bikaa Trial Manoeuvre no3Bossie
OTIEpPaTOPy-CYJHOBO/I1IF0 BUKOHATH MAHEBP y HAINlIBABTOMATUYHOMY PEXKHUMI.

OnHak yepe3 Opak piBHS KBaNi(IKALIMHUX MapaMeTpiB MO0 KOPUCTYBAHHS
ECDIS y noTpibumii yac (0coOJMBO B YMOBaX peajbHOTO 4acy), HE J03BOJISTUME
CYJIHOBOJII€BI 3aCTOCYBaTH II€M MOJYJIb Ha TPAKTHUIIl OE3MeYHO MJIs CyJHa Ta

eKITaxy.
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Pucynoxk 1.7 — 3actocyBanns monyiro «Trial Manoeuvrey

Okpemum 3aco0oM ineHTHdIKaLli piBHSA KBaldipikalliHUX HapameTpiB Mij
yac KepyBaHHS pyXoM cyjaeH, € Transas e-Tutor [99]. Lleit aBTomMaTu3oBaHuii 3acib
JI03BOJISIE CTBOPIOBATH CIIEHApli, MNPOXOJKEHHS SKUX BIAMNOBIIATUME PIBHIO
TpEHaXKEPHOI MiITOTOBKU OTepaTopa-cyJHOBOIisA. |ransas e-Tutor mia yac 3amycky
3arporpaMoOBaHOTO CIIEHAPiI0 BHKIMKAE TIEBHI MOJii, SKi 3MYIIyIOTh pearyBaTu
HECTaHJApPTHO. 3a3BWYail Takl MOl TPEJACTaBIAIOTH CO0O0K BHXIA 3  Jaay

HaBiramiiHOTO 00JIAIHAHHS, Pi3KYy 3MIHY ITOTOJHHUX YMOB, Toino. (Puc. 1.8).

Step Periodic Type Fault Graph

The Step Periodic graph type is used for appearing at regular intervals logical parameters. Parameter value
generation occurs at the beginning and at the end of each step.

« 0 @O B & rawkimnn e L

Puc. 1.8 — ®opmyBanns cuenapito y Transas e-Tutor

KpiM ToTO mim yac CTBOPEHHs BIPAaBU € MOXJIMBICTH JOJAaBaTH BiIMOBITHI
NpaBWa KEPyBAaHHS PYXOM CYJAEH, HANpUKIAL s PO3XOKEHHS 13 CyAHaMu
3yctpigHoro kypcey (Puc. 1.9).

3actocyBanHs  [ransas e-Tutor, pgiiicHo [03BOJisiE  1A€HTU(IKYBATH
KBaJ(iKaIiifHI MapamMeTpu y CUTYaTHUBHIM IUIONIMHI NPAKTUYHO-TPEHAKEPHOT

MiATOTOBKM ONEPaTOPIB-CYAHOBOIIB, OJIHAK HEe Ma€ (PyHKIIA aBTOMATHU30BAHOIO
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BITHOBJICHHS PiBHS iX KBamiikaiii, BpaxoByroul JAMHAMIYHA 3MIHHI HaBiramiiHi

YMOBH.

Rule 2: Give the rudder deflection command from the bridge. \ [ ] . m
2.In 40 seconds give the rudder deflection command from the bridge. Message text: “Starboard 15 \ ‘ ‘”
\ - §
> On the Preconditions and Results panel, set a rule activation time 40 seconds in the Time text box = 5‘ jg@\‘ T— \ T *****
> Click the Select message button to add the“Rudder deflection setting from the bridge” message you have created \Y;.‘—"'/< N | R | }
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Puc. 1.9 — Beenenns npasun y Transas e-Tutor

VY cBoro yepry, poboue Micre IHCTPYKTOpa HaBITaliHOTO CHUMYJSATOpa Ta
BIJITTOBI/THA JOKYMEHTAIIisl, TO3BOJITIOTH OTPUMATH HEOOXTHY iH(DOpMAIIiIo K TIPO

caMme CyJHO, TaK i mpo JUHaMi4dHi mpoiecH Horo pyxy (Puc. 1.10) [100].
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Puc. 1.10 — 3aco6u BimoOpa)keHHs] TUHAMIKH MPOIECIB PYXY CyAHA

[lpencraBneni 3aco0u J03BOJIAIOTH IHCTPYKTOPAM y PEXUMI MOCT-PaKTyMy
BU3HAUaTU JIACHUN pIBeHb KBaJiikalli omnepaTopiB-CyIHOBO/IiB, OJIHAaK He
nepeadavyae aHami3 MOro Ml y HOBUX OOCTaBMHAX Ta HaBITAIIMHUX CUTYyaIlsx 13

HaOOpOM HOTo KBami(ikalliHUX MapamMeTpiB.
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AHami3 CcydyacHUX JIOCHDKEHb CBITYUTh TPO AaKTUBHE 3aCTOCYBaHHS
PI3HOMAHITHUX METOJIB JJI PO3B’sI3aHHS NPOOJEMATUKU JOCITIKEHHS B ILJIOMY.
3anponoHOBaHI aBTOMATH30BaHI CUCTEMH IMCHO MiJBMUIIYIOTH PIBEHb aHAJI3y Ta
MiATOTOBKHU OTNEPaTopiB CYAHOBO/IIiB, OJJTHAK HE BPaXOBYIOTh HOTO 1HIMBITyaIbHUN
HaOlp kBamidikamiitHux mapamerpiB. Came JrOACBKUN ¢akTop omneparopa-
CYJIHOBO/Iil 1 HE BPAaxOBaHO Yy MpOaHATI30BaHUX 3aco0ax aBTOMATH3allli, a OTKE
CTBOPEHHS CHUCTEM aHal3y TPAEKTOPIi CyaHA JJIsl KOKHOTO OKPEMOTO CYIHOBOIIS
JaayTh 3MOTY BHW3HAUWTH Ti BIAXWICHHS M0 JO3BOJATHMYTh BUKOHYBAaTH
ABTOMATHU30BaHU MPOTHO3 pyXy HE B 1€aJbHUX YyMOBax a IHAMBIAYaIbHO -
opieHtoBaHo. Bce 1ie nepeadadae 3actocyBaHHsl (OpMaiIbHUX Ta IHTEIEKTYaJlbHUX
MoJienel 13aco0iB 00pOOKH TaHUX TPAEKTOPIN PyXy Cy/HA OTIEpaTOPiB-CYTHOBO/II1B
no LOG-¢aitmam ECDIS napiramiitHux TpeHaKepiB.

Tak, y po6oTi [101] po3mismaroThCsi METOAM KiacTepu3allii TpPaekTopid i3
BukopucranusiMm anroputMiB DBSCAN, GMM Ta cTuCHEHHS TaHUX 3a JOTIOMOTOIO0
airoputMmy Douglas-Peucker, 1o nokpaiiye TOYHICTh aHami3y, MPOTE HEAOCTAYCIO
€ BIJICYTHICTh BHCBITJICHHS HEHpPOHHMX Mepex i 1mmx 3anad. Poborta [102]
NPOTIOHY€E ANTOPUTM CTUCHEHHsI TpaekTopii 3a mpuHiunom Open Window, 1o
J03BOJISIE 3MEHIIUTH Yac oO0poOku 1o 87,3 % 1 MOPTOBUX AAHUX, X04ya HOTO
CBPUCTUUHUN XapaKTep He rapaHtye Iria00anbHOi ONTHUMAIbHOCTI.

HNocmimkennas [103] 3acrocoBytotrh Random Forest qys knactepuzarii cyneH
Ha OCHOBI ICTOpWYHHMX nmaHuX AIS, 1m0 3HIWKYyE TOMWIJIKKA TPOTHO3YBAHHS, ajie
CTUKAIOThCS 3 MpoOsieMaMM KiacTepu3allii B MICIIX MepeTuHy mapuipyTiB. [Hii
MIIXOIA BKITIOYAIOTh BUKOPHCTAHHS TPadOBHUX CHATHO-TEMIIOPATHHUX HEHPOHHUX
mepexk (ASTGCN) [104] nns BpaxyBaHHS HENIHIMHMX TPOCTOPOBO-YACOBUX
3aJIKHOCTEN, MOJIEJIel Ha OCHOB1 OaraTopiBHEBHX XapakTepucTuk cyaeH (Multi-
Rep, FFDM) [105], a Takox rpadoBUX HEHPOHHMX MEPEK IS OOYUCICHHS
cxoxocti Tpaektopiit (CLAIS) [106]. JlomaTkoBi METOAW OXOILTIOIOTH aHali3
TPAaeKTOpi PpHUOOJOBHUX CYACH 3a J0mMOMOroro mneperBopenns Pyp'e [107],
riopuani moxemi Ha ocHoBi GAT-LSTM [108], HOBI aJropuTMu CTHCHEHHS

VATDC_CCRI [109], a Takos miaxo/u, 110 noeanyrotb GMM 3 Tpanchopmepamu
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[110] a6o Bi-LSTM [111] njst mokpaiieHHs: TOYHOCTI MPOTHO3YBaHHS.

Taxox 3anponoOHOBaHO KepyBajlbHI alroputMmu, 30kpema PlID-perymsropu 3
a/IaNTUBHOIO KOB3HOIO moBepxHero [112] 1 cxemu Ha 0asi backstepping nmst cyzieH 3
HenmHidHOI AuHaMmikoro [113]. Tamii mocmimkenHs [114] 00’e€qHYIOTh aITOPUTMU
Douglas-Peucker, LCSS ta DBSCAN s OpHMIIBHIIICHHS KjIacTepH3allii, a
moneib Stacked-BiGRUs 3 nBoeramuoro kimacrepusamiero D-KMEANS  [115]
neMoHcTpye 3HauHe 3HKeHHsT MSE ta MAE y ckinanHux ymoBax HaBiraiiii.

OT1xe, ICHYIOUl METOAM KJlacTepu3allii Ta MPOrHO3yBaHHS TPAEKTOPI CyHeH,
30kpema Ha ocHoBI1 Janux AIS 1 ECDIS, matoTs 3Ha4uH1 nepeBaru — BUCOKY TOUHICTb,
e¢(eKTUBHE CTHCHCHHS JaHUX Ta MOXJIMBICTb BUABJICHHS aHoMaliid. BomHouac,
BOHM CTHKAlOTBCA 3 TpoOJieMaMH BHCOKOI OOYHMCIIOBAILHOT — CKJIQJHOCTI,
TPyAHOIIIAaMU MacIITa0yBaHHS Ta aJanTailii J0 pi3HUX YMOB HaBiraiiii, 30KpeMa y
30HaX MEPETUHY MapUIPYyTIB Ta MpU 00poOIll aHOMAILHUX AaHuX. Lle cBiMUUTH TIPo
HEOOXIAHICTh PO3POOKH KOMIUIEKCHOTO METOMY, IO MO€EJHYE CydacHi alrOpUTMU
KJIacTepu3ailii 1 MalTMHHOTO HABYaHHS I aAalTHBHOI 0OpOOKM JTaHUX 13 CHCTEM
ECDIS, 3 Meroto 3abe3neueHHs Oe3MeKd HaBiramii y BY3bKHX Ta CKJIaJHUX

aKBaTOPISX.

1.7. BUKOpPHUCTAHHSI HeYITKOI JIOTikKM [Jisi aBTOMAaTH3alii mpouecis
KEPYBaHHSI CYJIHOM B YMOBAaX HeBH3HAYEHOCTI KBaJdipikamiiHNX NmapaMeTpiB

CYIHOBO/ifA

Heuitki cuctemMu BUBEIEHHS € BAXKJIIMBUM THCTPYMEHTOM Yy cepi ITYydHOTO
IHTETIEKTY Ta 3HAXOSATh 3aCTOCYBaHHA B UMCICHHUX noaarkax [116-118]. Ock n'saTh
HAWBITOMIIINX HEYITKUX CHCTEM BUBEICHHS:

1. Monenr Mampaani: Mojenb BUKOPHCTOBYE HEUITKY IMILTIKAIUIO JIs

BHU3HA4YECHHsA BHXIJHOI He4iTKOol MHOMHM. Hexail R. (i =1,...,n) M03Ha4ae HE4ITKe
IPaBMJIO, TO/I BUXiHA HEYiTKa MHOXHMHA B, Moxe Oytn Bu3HaueHa sk (1.1):

B =A®C, (1.1)
e A — BXiJHa HeuiTKa MHOXMHa, C, — BHXIJHa HEYITKa MHOXWHa, a & —

OTIepaTOp HEYITKOT IMILTIKAITIi.
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2. Mognenp Takari-Cyreno-Kanra (TSK): Mogens TSK BukopucroBye

JTHIMHY KOMOIHAIIIO BXITHUX 3MIHHMX 3aMICTh BHXIJHHUX HEUITKUX MHOXXHH. J[Jis
KO’KHOTO TpaBWiIa [ BUXITHUN CUTHAN Y, BUpaxkaeThes sk (1.2):
yi=ki+ P X, + Qi X, +...+ X, (1-2)
ne k., p;,q;,r, — napameTpu JiHIiHOI QyHKWIi, a X, X,, X, — BX1JHI 3MIHHI.
3. Mopens  Jlapcena: Mopens JlapceHa  BHKOPHUCTOBYE — METOH

MaclTa0yBaHHS Ul arperanii HEYiTKMX NpaBuil. BuxinHa HediTka MHOXHHA B,

BU3HAYaeThCA sK: B, = Hage > 1€ Ha o~ CTYyIIIHb HAJICKHOCTI BXI1JIHOTO 3HaY€HHS

X 710 HEYITKOi MHOKMHHA A, ,a C, — BHUXIJIHA HEYITKa MHOKUHA.

4. Mopnens IlykamoTo: Mognens IlykamoTo € 0COOJMBUM BHUMNAJAKOM
mojeni TSK 1 BUKOPHCTOBYE EKCIIOHEHIIaIbHI (YHKII HaJaeKHOCTI. BuximHui
CUTHAl Y, BHM3HAYAETLCA SK: VY, :exp“ix, J€ o; — mnapamerp E€KCIOHEHIIAJIBHOT

GbyHKIIII HAJIEKHOCTI, a X — BXIJTHAa 3MIHHA.
S. Mopems T'ynru-Hasara-Tanronasarkyna (GAP): Mogems GAP

noennye soriky Mampaani Ta Takari-Cyreno. BuxigHa HewiTka MHOXMHaA B,
BM3HAYaeThes AK: B, = A ®(Ci + ki), ae A — BXigHA HEYiTKa MHOXHHA, C, —
BUXI/IHA HEYITKa MHOKUHA, ) — OIepaTop HEUITKOI IMILTIKalii, a k, — mapaMeTpu

JiHIMHOT QYHKIIII, MOB'sI3aH1 3 BUXITHOK HEYITKOI MHO>KHHOIO.

OcHOBHI MapaMeTpu BCIX HEUITKUX MOJIENICH BUBEICHHS BKJIIOUAIOTh HEYITKI
MHOXUHH.

HeuiTki MHOXHHH  XapaKTepU3YIOThCS ~ (DYHKIISIMH  HAJEKHOCTI,  SIKi
BU3HAYAIOTh CTYIIHb HAJEKHOCTI KOXHOTO €JEeMEHTa 3 IEBHOI YHIBEpCaJbHOT
MHOXUHH JI0 JaHO1 HEYITKOT MHOXHUHHU.

Hexaii X — yHiBepcasibHa MHOXKHMHA, TOJl HediTka MHOXHHAa A Ha X

BM3HAYACThCA  (QYHKIICIO HaneKHOCTI A, - X —)[0,1], sKa BKa3y€ CTYIHb

HAJIEKHOCTI KOYKHOTO eeMeHTa XEX 10 MHOXKUHU A.



59

MartemaTHuHUN OMKMC HEYITKOI MHOXKHHU A MO>ke OyTH NpEACTaBICHUNA SIK

HaOip map: A= {(X,,UA(X) |xe X )} :

J€ X — €JEMEHT YHIBEpCalbHOI MHOXMHM X, a 4, — CTYIIHb HAJEXKHOCTI

(x)
€JIEMEHTa X JI0 HEHITKOT MHOXUHH A.

OyHKIS HAJIEKHOCTI MOXXe OyTh oOpaHa BIAMOBIAHO JO KOHKPETHOTO
3aCTOCYBaHHS 1 MOXKe MaTu pi3Hi (opmu. BpaxoByrouu, 110 AOCHIIKEHHSA
3HAXOJIUThCA HA IOYATKOBOMY €Tarli, MPUHMEMO TPUKYTHY Qopmy.

3 MeETOo aHamily pe3yidbTaTUBHOCTI 3aCTOCYBAaHHS IhOTO MIAXOIY,

PO3pOOJICHO KOHIIENTYAJIbHY CTPYKTYPY aBTOMATH3aIlii 13 HEUITKOIO JIOTIKOHO:
1. IummopTyBaHHs 6iBjioTex:
F—— numpy as np.
— matplotlib.pyplot as plt.
2. BusHaueHHS OQYHKLIM:
F—— membership low(x, low, mid).
F—— membership medium(x, low, mid, high).
L— membership high(x, mid, high).
3. BusBHaueHHA HapaMeTpibB:
F—— «3BHAHHSA [OPaBUJI 1 HOPM».
«KoMyHikaTMBHI HaBUUKM».
«3HaHHA CUCTeM Ilepelaudl maHux».
«MopchbKMM OOCBim».
«3maTHiCTL NpuMMaTK PllEeHHT».

«HaBuuxky 1o po6ori 3 ECDIS».

[TTTTT

«Opranisauiruai Ta nigepcbkli HABUUKIM.
4. TeHepallla 3HaueHb X:
L x values = np.linspace (0, 100, 1000).
5. BusHaueHHa 3HaueHb g Low, Mid, High:
L low mid high = [(18, 36, 67) for _ in range(7)].
6. ITepalils 3a napagmeTpamm:
F—— ojs 1, parameter y enumerate (parameters).
F—— OrpmMaTK sHaveHHS low, mid, high mms norounHoro mapamerTpa.
F—— PospaxyBaTy 3BHauyeHHsa OyHKU1M HajmexHocTi njsa low, medium i
high.
| F—— low membership = [membership low(x, low, mid) zmnmsa x in
x values].
| F—— medium membership = [membership medium(x, low, mid, high)

ona x in x values].
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| — high membership = [membership high(x, mid, high) mna x in
x values].
F—— HobynyeaTt rpabdikm GyHKLII1V HaJEXHOCTI.
CTBOPUTHM HOBY OiTypy.
[loBynyeaTn rpadix low membership.
lloBynyeaTr rpadix medium membership.
llobynyeatu rpadixk high membership.
Bcranoeutu xlabel sk nmapaMmeTp.

BcraHoBuTr ylabel sk «CTyniHb HaJIeXHOCTi».

TTTTTTT

JomaTm JjiereHOy.

L — BcraHoBuTM 3arosoBok sk f  «®yHKUI1I HasexHocTi mis

napamerpa "{parameter}"».
7. BimoGpaxenHsa rpabikib:

L plt.show() .

VY pe3ynbTari IMITAIHHOTO MOJENIOBAHHS OTPUMAaHO Tpadiku HEUYITKHX
GyHKIIA HaIEKHOCTI IS KOXKHOro 3 mapamerpiB. JlogaTkoBo mnoOyaoBaHO

OararoBuMipHY (QyHKIIII0 HajmexkHOCTI (puc. 1.11).

Aggregated Qualification Levels
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Pucynox 1.11 — ®yHkiiis HajgexHOCTI KBajiikallii I-ro xamitTaHa
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[licns nmeranpbHOrO aHaNI3y KIFOUYOBHX HEUITKMX cucTeM BUBOAY (Mampawi,
TSK, Jlapcena, Ilykamoto, GAP), mo 3a6e3meuyioTh MIIHY TEOPETUYHY OCHOBY
JUISL  BIOPOBAKEHHS HEYITKOI JIOTIKM, YyBara MepeXOJUTh JO0 MNPAKTHUYHOIO
3acTocyBaHHs 1ux mozened. Ha npyriit crajii aHamizy npOmnoOHYeThCS BUKOPUCTATH
MOTEHIIaT HEYITKUX CUCTEM Ta €KCIIEPTHUX 3HAaHb JJIsl MOOYJOBU THYYKOI CUCTEMU
NPOTHO3YBaHHS O€3MeKHM MOPEIUIaBCTBA, 37aTHOI aganTyBaTHCS A0 TWHAMIYHUX
MOpPCBHKHX YMOB Ta HaJaBaTu 1H(GOpPMAIII0O B PEKUMI peaJbHOTO 4Yacy s
HIITPUMKH TPUAHATTS pimeHs Ha 6opty [119].

3anpomnoHoBaHa cucTeMa 0a3yeTbcs Ha MOOyAOBI 0a3u mpaBWi, 11O
dbopMy€eThCS 32 JOMOMOTOIO EKCIIEPTHUX 3HAHb, 3 MOJAIBIIAM BHKOHAHHSIM
HACTYIMHMX €TalliB: BU3HAYEHHS BXIJHUX 3MIHHUX (BUAUMICTb, HIUIBHICTH PYXY,
MAaHEBPEHICTh CYyJIHA, 4ac A00u, MOroJHI YMOBHU, OMNajau, TIMOMHA, €(EKTUBHICTH
pazapa, piBeHb MIITOTOBKHU KamiTaHa), iX ¢a3udikalis, OliHKa CTyNeHs aKTUBaIlil
NpaBWJI, arperaiis BUXITHUX HEUYITKUX MHOXKHH Ta aedasudikamis ajas OTpUMAaHHS
YITKUX YUCIIOBUX 3HA4YCHb PiBHS Oe3rneku. J[ys MojeioBaHHS CHUCTEMH, 30Kpema
Ut OUiHKM «Oe3nevyHoi mBuakocti» 3a [Ipasunom Ne6 MINBC, Oyae BU3HAUYEHO

BIJIMOBIAHI BXIAHI Ta BUXiAHI 3MiHHI (AuB. TabmuIo 1.4).

Taomuua 1.4. Bxigai Ta BUXigHI 3MIHHI HEYITKOI CUCTEMH

Noz/m 3MiHHI: PamxyBanHs

Bxigni 3migHI:

1 | YmoBu Buaumocrti (V): norana (Vp), cepenns (Vm), no6pa (Vg)

2 | HlumeHicTs pyxy (D): unusbka (Di), cepennst (Dm), Bucoka (Dn)

3 | ManeBpenicte cynHa (M): | morana (Mp), cepenns (Mm), 1o6pa (M)

4 | ®onose ocsitiaenus (L): cmabke (Lw), cepenne (Lm), cumbae (Ls)

5 | Horoani ymoBu (W): criokiiiai (We), 3minni (Wy), mropmoBsi (Ws)
6 | Ocangka ta roubuna (S): mana (Ss), cepenns (Sm), Benuka (Sy)

7

Edexrusnicts panapa (R): | ausbka (Ri), cepenns (Rm), Bucoka (Rn)
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[Mponoskennst TaGmwmmi 1.4.

BuxiaHai 3MigHI:

1 | be3neka Hagiramii (Saf): HeOesneuno  (Safy), momipHo Oe3meuHO

(Safm), 6e3meuno (Safs)

Tenep chopmyoeMo HEUITKI MpaBUia:
- SIKIIO VeV, TA D € Dy, TO Saf e Safy.
- SIKIIO Ve Vy TADeD; TAMe Mg, TO Saf € Safs.
- SKHIO M e Mp TA W e Ws, TO Saf e Safy.
- SKIIO L e Ls TAR eR,, TO Saf € Safy.
- SKIIO S e SsTA W e W: TAR e Ry, TO Saf € Safs.

[li mpaBuna BKa3yroTh, 110 O€3MeKa HaBIraiii y 3araJbHOMY BHUJ1 3aJICKHUTH
Bl TO€IHAHHS PI3HUX (AKTOPIB, TAKUX SAK BUIUMICTh, IUIUIBHICTD PYXY,
MAaHEBPEHICTh CyAHa, (DOHOBE OCBITJICHHS, TOTOJIHI YMOBHU, OCajKa Ta TTMOWHA, a
TakoX €(QEeKTHBHICTh pajapa. HediTka cucTteMa BUKOPHUCTOBYBAaTHUME IIi MpaBuUja
JIUISL @aHAJII3y CUTYyaIlil Ta HaJlaHHsS OI[IHKK O€3MEeKH HaBirarfi.

VY pamKax MoJIeIOBaHHs PO3IJISTHEMO TPH CLEHApii 3 pI3HUMU HaBIraliiHUM U
YMOBaMH.

Cyenapiu 1: «Hasicayitinuu mapwpym uepes eycmi mymanu 8 pationi Can-
Dpanyuckor.

VY nboMy clieHapii Cy/iHa MPOXOASITh Yepe3 30HY 3 MOTAaHOK BUIUMICTIO Yepe3
rycti Tymanu B paiioHi Can-®paniucko. Y wid curyauii HaCTYMHI BXiJAHI 3MIHHI
MOYTh MaTH OUTHIINK BIUIMB Ha O€3MeKy HaBiraiii:

- ymoBwu BuauMocti (V): morana (Vp);
- ¢onoBe ocBiTieHHs (L): cmabke (Lw) a6o cepenne (Lm), 3a1€XHO Big yacy q00u.

Cyenapiu 2: « Hasieayitinut mapupym yepe3 30Hy 8UCOKOI WIIbHOCMI PYXY 8
pauoni Cyeybkoco KaHaiyy.

Tyr cymHa npoxoasTh uepe3 30HY BHCOKOi NIUIBHOCTI PyXy B pailoHi
Cyenpkoro kaHairy. Y Lid cUTyalil HACTYIHI BXIJHI 3MiHHI MOXYTb MaTH OUTbLIHI
BIUIMB Ha Oe3MeKy HaBirarii:

- wieHicTs pyXy (D): Bucoka (Dp);
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MaHeBpeHicTh cynHa (M): morana (My), cepennst (Mm) a6o no6pa (Mg), 3anexxHo
BiJl TUIy CYyJIHA.

Cyenapiu 3: «Hasieayiunuu mapwpym uyepe3 wmopmogy 30Hny 6 Illigniuniu

Amnanmuyiy.

VY mpomy crieHapli CyJaHa CTHKAlOThCS 3 CHJIBHHMH BITpaMH Ta BHCOKHMH

XBWJISIMH B IITOPMOBIH 30H1 [liBHIYHOT ATIaHTHUKH. VY I CUTYyaIlli HACTYITHI BX1AHI1

3MIHHI MOKYTh MaTH OUIBIINKM BIUIMB Ha O€3MeKy HaBirartii:

noroHi ymoBu (W): mrropmoBi (Ws);
Ocanka ta rmubuna (S): mana (Ss), cepents (Sm) abo Benuka (Sy), 3aJIeKHO Bij
MMOMHU MapHIpyTy Ta OCAJIKH CyIHA.
CrpykTypa KOMI'IOTEpHOI nporpamMu MoBor0 Python Oyjie HacTymHOO:
IMmopT HEOOXITHUX O10JTI0TEK:
numpy JUIS pOOOTH 3 YUCIIAMHU Ta MaCUBaMU;
matplotlib.pyplot AJIA CTBOPEHHA IpadikiB;
tkinter U CTBOpPEHHS rpadiuHoro iHTEpdeicy.
Buznauenns ¢GyHkiiit:
gaussian mf () — ['aycoBa (yHKLIA JJ1s1 BU3HAYEHHS CTYNEHS HaJIEKHOCTI;
safety scenario() — QYHKUIA A8 pO3pPaxyHKY CTYINEHS HaJIEKHOCTI
Oe3MeKu 3aJeXHO BiJ] CLIEHAPII0 Ta HABUYOK KarliTaHa,
plot graph() — QyHKWiA s 100yA0BU TpadikiB CTyneHs Oe3neku aJis
KOXKHOTO CIIEHApil0 Ta TUIy KariTaHa.
BuzHaueHHs 3MIiHHHX:

safety — MacuB piBHIB 0€3MeKu;

saf u, saf m, saf s — MacCHUBU CTYIEHIB HAJIEKHOCTI I KOXKHOTO
CIIEHapiIo;
captain L, captain M, captain H — CJIOBHMKM 3 HaBMUYKaMH KalliTaHIB

PI3HMX PIBHIB KBasidikariii.
CrtBopenHs rpagiyHoro iHTepdeicy:
cTBopeHHs plot button ny1st BUKIMKY QyHKIIT moOya0BH rpadikis;

3aITyCK TOJIOBHOTO MKy 00poOKu moiit tkinter.
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[lporpama Oyaye rpadiku Oe3meku sl TPhOX PI3HUX KalliTaHiB 3 PI3HUM
pIBHEM TMIATOTOBKM Y TphOX pI3HUX CIEHapisiX MOpchkoi Hapirauii. Bona
BUKOPUCTOBYE ['aycOBY (PYHKIIIO HANEXKHOCTI JJIi BU3HAUEHHS CTYIEHs Oe3MeKu
I KOKHOTO KamiTaHa B KOXXHOMY creHapii. PiBHI MIATOTOBKHM KamiTaHiB
BCTAHOBJIIOIOTBCS BPYYHY IUIIXOM BBEACHHS mapamerpiB s Bugumocti (V),
mrimeHOCTI pyxy (D), maneBpenocti cyaHa (M), ¢donoBoro ocsitiaenns (L),
noroauux ymoB (W), ocanku Ta rmuOunu (S) Ta epektuBHOCTI pagapa (R).

Po3risitnemMo MozenmoBaHHsS HEUITKO1 (PYHKIT HalIeKHOCT! Oe3MeKu HaBiramii

11010 KOYKHOTO CIIEHApio 3a piBHeM ckiagHocTi (puc. 1.12-1.14).

Safety Membership Functions - Scenario_1

—— Captain_L
Captain_M
—— Captain_H

o
o

=]
wn

0.4 4

Membership Degree

T T T T T T
o 20 40 60 80 100
Safety Level

Pucynok 1.12 — MonentoBanns s ciieHapito Nel «Tyman y Can-®paHimcko»

Safety Membership Functions - Scenario_2

—— Captain_L
Captain_M
—— Captain_H

0.6 1

0.5

0.4 4

0.3 1

Membership Degree

0.2 1

0.1+

0.0 4

T T T T T T
0 20 40 60 80 100
Safety Level

Pucynok 1.13 — MogemoBanHs s crieHapito Ne2

«impauii pyx y CyenbkoMy KaHaui»
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Safety Membership Functions - Scenario_3

—— Captain_ L
0.6 1 Captain_M
—— Captain_H
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Pucynok 1.14 — MopaemoBannst Jj1st ciieHapito Ne3

«IIIropmoBa 30Ha B [liBHIUHIA ATIaHTHUI

[pu 3anycky nporpamu GopmyroTbes rpadiku 6€3MneKu st KOAKHOTO 3 TPhOX
KalliTaHIB y PI3HUX CLEHapisiX, 110 J03BOJISIE YITKO Bi3yali3yBaTH BIUIMB PIBHS iX
MiITOTOBKK Ha 3JaTHICTh 3a0e3redyBaTH Oe3leKy B MoOpchkux ymoBax [120].
Pesynpratn MoJenrOBaHHS JAEMOHCTPYIOTh, IO I1HTErpamisi HEYITKHX CHCTEM
BUBOJly 3 AaBTOMAaTH30BaHUMHU CHUCTEMaMU YIOPaBIiHHA 3HAYHO MiBUIYE
HaBiramiiHy Oe3IeKy Ta 3MEHIIYE BIUIUB JItOJICbKOTO (hakTopa. Po3pobieHa Moiens,
sIKa BU3HAYA€E piBeHb KBaJTi(hikallii KamiTaHiB B yMOBaX HEBU3HAYEHOCTI, MOYKE CTaTH
BOKJIMBUM THCTPYMEHTOM JIJISi Cy4aCHOT MOPCHKO1 HaBirarfi.

KimtouoBUMM  BUKJIMKaMM 3aJIMIIAIOTBCS  HABITalllifiHI PU3HMKH, 30KpEMa,
HEJOCTATHS IIBUJKICTh PEAaKIlii, MOPYIIEHHS MDKHAPOJHUX HOPM Oe€3MeKu Ta
HeHaJie)kHe BeneHHs 3ammciB. Ll 3arpo3m MoxyTh OyTH €(pEeKTHBHO 3MEHIIEHI
3aBISIKM  3aCTOCYBAaHHIO ~ aBTOMATHM30BAaHUX  CHUCTeM, SKi  3a0e3meuyroTh
aBTOMATH30BaHy PEaKIlil0 Ha HaJI3BUYAWHI CUTYyallli Ta BAOCKOHAJIEHY MiITOTOBKY
NepcoHaTy 4Yepe3 IHTENEKTyalbHl CHUMYJISATOPH. BUKOPUCTAHHS HEUYITKHUX CHCTEM
BUBOJYy SIK OCHOBHOI'O IHCTPYMEHTY IITYYHOTO IHTEJEKTY J03BOJSIE CTBOPHUTH
CHUCTEMY NPOTHO3YBaHHS O€3MeKH MOPEIUIABCTBA, 3/1aTHY BPAaXOBYBAaTH IIMPOKUM
CHEKTp YMOB Ta (aKTOpiB, LIO CIPUSE NPUUHATTIO OOIPYHTOBAHHUX pIIICHb

KallTaHaMH.
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Po3BuTOK 3ampornoHOBaHOT MPOTpaMHM Ma€ MOTEHINAT 3HAYHO IMOJETIIUTH
OIIIHKY CYJHOBOJIIB y PEXHUMI pPEAIbHOTO Yacy, AOMOMOITH 1AEHTU(IKYBaTH
noTpeOM y JAOJATKOBIA MIATOTOBI, €(QEKTUBHO YOPABISITH pU3UKAMU Ta
OiATPUMYBAaTH  IUIAHYBaHHA  CHEHapiiB Ui  BceOIUHOro aHamizy. Takui
KOMIUICKCHUN MAXiJA COPUSATAME MIJBUIICHHIO Oe3Meku Ta e()EeKTUBHOCTI

MOPCBHKOTO TPAHCTIOPTY.

BUCHOBKMU 10 PO3ILJTY 1

VY mepmioMy po3auli MPOBEAEHO aHalli3 HAYKOBO-METOJIWYHUX TIIXOJIB,
MaTeMaTUYHUX MOJieNiel, iIHpopMaIlitHUX TEXHOJOTIN Ta IHTEJIeKTyalbHUX CHCTEM,
CHpsIMOBAHMX Ha 1AEHTU(IKAIII0, MPOTHO3YBAHHS Ta YIPaBIiHHA KBaTi(IKal1HHOO
CKJIaJI0OBOIO JIFOACHKOTO (haKTOpa B MOPCHKHUX OPTaHI3aIlIfHO-TEXHIYHUX CHUCTEMaXx.
3 aHaymi3zy JiTepaTypHUX JDKEpeN BUIUIMBAE, 110 KBamidikaiis cy0’€KTiB MOPCHKOTO
TPAHCIIOPTY, 30KpeMa CYIHOBOJIiB, O€3mocepeqHhO0 BIUIMBAE Ha OE3MEKy Ta
e(eKTUBHICTh HAaBITAIIMHUX TMPOLECIB, OCOOIMBO B yMOBaX HEBU3HAYEHOCTI Ta
BUCOKOI IIUTBHOCTI Tpadiky. HemocrtaTHiil piBeHb KBamiikamiiiHMX mMapameTpiB
MOX€  NPU3BOJUTH 10  MIABUIICHHS  PHU3MKIB  3ITKHEHb,  MOPYIICHHS
CKCIUTyaTalliiHNX HOPM 1 3arajbHOrO TMOTIPIICHHS O€3MeKH MOPEIUIaBCTBA.
[IpoOnemu dbopmamzari BIUIMBY  JIIOJICBKOTO dakTopa  3yMOBIJICHI
0araTOBUMIPHICTIO CHCTEM, CTOXACTUYHICTIO 30BHIIIHIX (DAKTOPIB Ta CKIAAHUMHU
JTUHAMIYHUMH B3a€EMOJIAMHA MDK TEXHIYHHUMH €JIEMEHTaMH, 1HQOPMAIMHUMHU
MOTOKAMU Ta MCUX0(]i310JI0TIYHUMH OCOOJIMBOCTSAMU MEPCOHATY.

Jist MO10JIAHHS UX npo0bJiiem MIPOTIOHYIOTHCS METOIU
OaraToKpuTEpiaIbHOTO aHali3y, ONTHMI3allli, 3aCTOCYBaHHS HEUITKOI JIOTIKH,
HEMPOMEPEKEBUX AITOPUTMIB Ta MAIIMHHOTO HaBYaHHS, a TAaKOX MIIXOIU 10
00poOku Benmukux oO0csAriB HapiramiHux pganux (Hampukian, ECDIS ta AIS).
Amnamiz jitepaTypd TIOKa3aB HEOOXIJIHICTH poO3poOKKM 3aco0iB  iHTerpamii
ABTOMATHU30BaHUX IHTEJICKTYaJIbHUX CHUCTEM MIATPUMKH DIlICHb JJIsI CyTHOBOJIIB,

IO JIO3BOJIMTH TPOTHO3YBaTH O€3MeyHl TPaeKTOpii, MIHIMI3yBaTH HaBiramiiHi
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pU3MKM Ta MIABUIIMTUA pPIBEHb CHOPUUHATTSA curyauii. [lomarkoBo, onmTumizaiis
nporieciB  GpopMmyBaHHS ~Ta  BIJHOBJCHHS  KBami(ikallifHMX  MapaMeTpis,
3aCTOCYBaHHS HEUITKHX cucTeM BuUBOAY (Monenmi Mampaani, TSK Ta iH.) ans
dbopmamizamii eKCHepTHUX 3HaHb, ABTOMATH3alllsl MPOIECIB MIATOTOBKU Yepe3
JUCTaHIlIfHE HABYaHHS Ta CUMYJSTOPU BIPTYaJbHOI/TOMOBHEHOT pPEAJbHOCTI, a
TAKO’)X MOJICTIOBAaHHA Ta KJIACTEpH3aIlil TPAEKTOPIA PyXy CYACH 03BOJSTH
BU3HAYATH CKJIAJIHI TMAaTEPHM, BUSABJLITA aHOMali Ta MPOTHO3YBATH IOTEHINMHO
HeOe3MeuHi cueHapii 3 ypaxyBaHHSAM KBali(DiKaIlIfHUX XapaKTEPHUCTHK.

Otxe, pe3ynbTaTd aHami3y CBII4aTh MPO HEOOXITHICTh TMEPEXOo]y BiA
CTaTUYHUX MOJENIeH 0 KOMIUIEKCHUX aBTOMAaTH30BAaHUX Ta aJIallTUBHUX CHCTEM,
IO IHTETPYIOTh KBami(ikalliiiHi, MOBEIIHKOBI Ta OMEpaIliifHi aCHeKTH MisIIBHOCTI
cynHoBoAdiiB.  Takmii  migxim — 3a0e3nMe4uTh  MIABUILEHHS  €QEKTHUBHOCTI
aBTOMaTHu3allli, OIEpaTUBHE BIAHOBJCHHS KBamiiKalliHUX MapaMeTpiB Ta
3HIDKEHHS! BIUIMBY JIFOJCHKOTO (pakTOopa sIK KIIOYOBOTO €JIeMEHTa PHU3UKY B

MOPCBHKHX OPTaHi3alliifHO-TEXHIYHUX CHCTEMax.
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PO3POBKA KBAJII®IKAIIIMHOI MOJEJI CYJTHOBOJISI B YMOBAX
HABITAIIHHOI'O PU3UKY

2.1. Minxoau moao onTuMiauii nmpoueciB BUKOHAHHS KBagidikamiiHux

BHUMOT Cy0'€KTIB MOPCHKHMX OPraHi3aliiHO-TEeXHIYHUX 00'€KTIB

B pamkax aHanizy 3a3Hau€HUX BUIIE MPOILIECIB, eTaniB GopMyBaHHS CTpaTerii

BIUITMBY Ha KBadi(ikaliiiHy Mojenb cy0’€KTa MOPCHKHX OpraHi3alliifiHO-TeXHIYHHX

00'eKTiB, 3aMpPONOHYEMO

MAX1T [OIOX0 OITUMI3aril

IpOoIIeCiB

BHUKOHAHHA

kBamiikamiitHux BuUMOTr. J[Ji1 BU3HAYEHHS TMOCHIOBHOCTI i BHU3HAUYMMO iX

CXeMaTU4IHy CTPYyKTypy (puc. 2.1).

PeumuHzybarHs ma iHaHCYBaHHS 0p20Hi3auiuHo-

mexHI4HUX 08'ekmiB MopCbKol 2any3l

1 1 1

(mpamezisi - - -

rsPumy BimyuaHsHi ma MixHapodHI

kbnigikaui kbanidikauluHi Bumozu

nepcoHony

!
Pospodka abmomamusobaroi cucmemu
BunyyenHs kbanidikouiUHuX daHux
| 1 !

OpzaHi3auiuHa PyHKUIOHONLHE IHHoBauiuHa OcBimus

[okasHuku " p7 /72 p] /74

ACK dpopMybarHam kbanidikauluHux napamempib nepcoHany

Kepuoi
Bnnubu

R

4 b

b

U

IHbopMowiUHa MoGenb Op2aHI3aUIUHO-MEXHIYHO20 NepCoHany

!

!

#

ImepamubHuu aHani3 3MiHU KBanidikauiuHux

NoKasHukib nepcoHany

OuHka pe3ynbmamuBHocmi NOmoYHoI cmpamezl |

Pucynok 2.1 — CTpyKTypHO-JIOTI4HA CXeMa BIUIMBY Ha MOKA3HUKU 3POCTAHHS

KkBamiikalli nepcoHasy MOPCHKHX OPraHi3allifHO-TEXHIYHUX O00'€KTIB

KopuzybaneHi Bnaubu
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BianoBigHO 10 cXeMu, BOXJIMBUM €TAllOM € BU3HAYEHHS MOTOYHHUX BUMOT 3
OOKYy OpraHi3amiifHO-TeXHIYHUX OO0'€KTIB MOPCHKOI ramay3i 3 METOI0 OTPUMAaHHS
HUIbOBOI cTparerii (QopmyBaHHA KBamiikauliHUX napameTpiB nepconamy Pi.
Kepytoun muoxkunoro BmiuBiB Ui 3 00Ky MOPCBKMX OpTaHizaiid, 3'aBISETHCS
MOXJIMBICTh (hOPMYBAaTH MOJIENb MEPCOHATY 3a YMOB JAWHAMIKA PO3BUTKY Tany3i
3arajiom.

BaxmBo0 0COONMBICTIO € BU3HAUYEHHSI KPOKY BIUIMBY 4acy. 3aJieXKHO BIJ
KaTeropii nmepcoHaiy, Takuii Kpok OyJe pi3HUM 1 HE 3aBXKJIU TUCKPETHUM.

VY cBoMO Uepry Takok HEOOXiIHO BPaXxOBYBATH 1 IMCUXOJOTIYHY CKIIAJAOBY i
gac poOOTH 3 TIEPCOHAJIOM IS HOTO IJICOPIEHTYBAaHHS y 4YacoBUX pamkax. I[lpu

koMY (popMastizariis 3aBAaHHs y 3arajJbHOMY BUIJISIAI MaTuMme BUD (2.1):
F=(P-P"),
F(U,U,U,U,,.. U )—>min,
PZP*:>P(Ul,Uz,Us,U4,...,Un)2 P, (2.1)

Toni mapameTpu MOKHA alPOKCHUMYBATH 1010 30UIbIIcHHS (2.2):

oP oP
P(U11U2’U3,U4,...,Un):au U1+8U
2

1

oP
U, +..+—U . 2.2
2 8U n ( )

n

[Ipu upomy, BBeeHHs KoedilieHTa macuieHas K 103BoauTh otpumarti (2.3):
P=kP +k,P,+...+k P, > min, F — min, (2.3)

OTxe, 3'IBISETHCS MOMXJIMUBICTh BU3HAYUTH KOE(DILIEHT YYTIMBOCTI BIUIUBY

Uina P (2.4):

op =k, H +k, o, +..+k, o, : (2.4)
oy, ou, oy, oy,

Onep:kaHHsI €KCIIEPUMEHTAJIBbHUX JIaHUX, a TAKOX IX CTAaTUCTHMYHA OO0poOKa
JIO3BOJIUTh BHU3HAYWMTH BaroBl KOe(ilieHTH BIUIMBY (aKTOpiB Ha MPOLECH
KEpYBaHHs CTaHOM KBami(iKalifHUX MapaMeTpiB 1010 IEPCOHATY OpTaHI3aIliiiHo -

TEXHIYHUX CHUCTEM MOPCHKOI rarysi.
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2.2. CTpykTypa kBatidikauniiiHoi mojaeJii cya1HOBOTist

OTxe, 13 BpaxyBaHHAM 3a3HayeHUX (OPMAIBHUX OIHUCIB, METOJIB Ta
NPUHIUIIB, CTPYyKTypa KBamidikamiitnoi moxeni cyanooxais (KMC), Oyxe maru
TaKUM BUTILAI:

1. BxigHi f1aHi 3a0e3ne4yroTh 1H(GOpMAIlo I BCIX MOJIYJIB, MATPUMYIOY U
aKTYyaJbHICTh Ta TOYHICTh aHAJI3y.

2. Moaynb OIIHKM piBHS HeOe3NeKu BHKOPUCTOBYE JNaHI 3 HaBiraliiHUX
napaMeTpiB Ta KBamiikaiii CyTHOBOIS AJisl pO3PAXyHKY PU3HUKIB.

3. Moaynpb imenTudikaiii kBamiikaliiHUX MapaMeTpiB BIUIMBAE€ HA OLIHKY
pu3uKiB, BpaxoBytouu piBeHb KII cyaHoBomis.

BaxmBoro ymoBoro mpu po3po6iii KMC e BpaxyBaHHA B3aeMoaii MK i

koMmnoHeHTamu. Po3pobka KCM nepenbavyae cTBOpEHHS HACTYMHHUX 3B S3KIB (pHC.

2.2):

© InputDataModule
o data: Data(] l
o navigationParameters: NavigationParameters © CognitiveModule
o collectData(): void

o normalizeData(): void o intuitiveActions: Action[]
o formStateVector(): Vector

o generalizeCriteria(): void
o categorizeActions(): void
o evaluatelmpact(): void

uses data

4
©DangerAssessmentModuIe

analyzes data

o risk: Risk ©NavigationDataModule ‘

o assessDangerLevel(): void = -
o fuzzyAssessment(): void o images: !mage[] ‘
o calculateRisk(): double o textData: TextData(]

o processimages(): void
o recognizeText(): void

depends on o visualizeGeoData(): void
@ QualificationModule provides data for decisions
o qualification: QualificationParameters
o identifyParameters(): void © DecisionMakingModule
o trainNeuralNetwork(): void - -
o adjustParameters(): void o trajectory: Path

o modelTrajectory(): void
o assessRisks(): void
passes parameters o generateRecommendations(): void

Pucynok 2.2 — Cxema B3aemMO/I1i MK KOMITIOHEHTaMH KBaTi(iKaIliiHoi Mozemi

CYJTHOBO1s1
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4. KOrHITUBHUII MOJyNb IHTYITUBHHMX [1i BpaxoOBYe€ JIIOJCBKUN (hakTop Ta
MOY€ KOPUTYyBaTH MPOTHO3YBAaHHS Ta PEKOMEH/ALIII.

5. Moayns oOpoOkM HaBiraumiiHuX JaHUX 3a0e3leuye aKTyaldbHI Ta TOYHI
JaH1 JJ1s1 MOJYJIIB POTHO3YBAaHHSI Ta MPUNHSITTS PIillICHb.

6. Moayns TpOTHO3YBaHHS Ta MPUUHATTS PIIICHb IHTErpye iH(POpPMAIo 3
yCIX MOJYJIB JJI1 KOMIUIEKCHOTO aHali3y Ta MIATPUMKHU CYTHOBOJIS.

OTxe nmepexoauMo J0 PO3TIsay KoXHOTO Moaymo moaerni KMC.
2.2.1. Moayas Bxinnux nanux KMC ta napameTpu HaBiraunii

Omnwc Bximanx gannx KMC Tta mapamerpu Hagiramii (puc. 2.3).

1. 36ip maHuXx.

Hagiramiiini mapamerpu (mBuakicts cyana S(t); xype cyana 6(t); mosuiris
cyana (x(t), y(t)); 6muspkicts mo iHmmx cyaeH P(t); texuiunuit cran cymana Ts(t);
noroui ymoBu W(t); vac mo6u C(t); rmubuna mig kimem H(t); Tedis Veurent(t); BiTEp
Vwind(t); Buaumicts Vis(t); intencuBHicTh cymHoruiaBctBa D(t); HeOesneuHi 30HH
Zdanger(X,Y); ocanka cymHa Daraft; MaHeBpeHi xapakTepuctuku cyaHa M(t).

Hani 3 cucremu ECDIS ta AIS (neranpHi eeKTpOHHI HaBIraIliiHI KapTH; TaH1
IO 1HII CyJHA: TMO3MIIisA, KypC, MIBUIKICTh, TUI) [121].

Hani 3 LMS Moodle (pe3ynbratu TecTiB Riest; aKTUBHICTh CyIHOBOIIS ALms;
icropis HaBYaHHA Hieaming).

Jani 3 TpeHaxkepiB Ta VR-cucreM (peakiii CyJHOBOIIS B PI3HUX CLEHapisixX
Rsim(t); gac peaxiii Treaction(t); TOUHICTH MaHeBpyBaHHS ACCmanewver(t)).

2. Ilepeno6poOKa maHMX Ta 1HTETpallis B MOJICIb.

Omnuc sx 310paHi JaHi 3 pI3HUX JKEpelt nepeoOpoOIaoThCs Ta IHTETPYIOTHCS
B MOJIeNb KBaumi(iKallii CyaHOBOIIS AJISl peaIbHUX HaBITAIlIMHUX CHUTYallii.

3. CuHXpOHI3allisl Ta arperyBaHHs JTaHUX.

YacoBa cMHXpOHI3allisg: OCKUIbKHU JIaHl HAAXOASATh 3 PI3HUX JKEPET 3 pI3HUM U
YaCOBHUMH MITKaMH Ta YacTOTOIO OHOBJICHHS, HEOOXiJHO CHHXPOHI3yBaTH IX IO
CIUTBHOTO 4acoBOTO Kpoky At. BctaHoBmoeThesl 3aranbHa mikana vacy fy,to,...,tr, ne
T — KUIBKICTh YaCOBUX IHTEPBAIIB.

[HTepnonsiLlis  Ta JAWCKpeTH3allis: JaHi 3 OUIBII BHCOKOIO YacTOTOIO
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arperyiotbcss 10 At numxom ycepenHeHHs. JlaHi 3 HIDKYOIO  4acTOTOIO
THTEPIIOJIOIOTHCS JIJI1 OTPUMAHHS 3HAUYCHb HA KOKHOMY l.

ArperyBaHHs JaHUX: BCl MapaMeTpu sl KOXHOTO MOMEHTY dacy
00'eIHYIOTBCSI B €IMHUI BekTOp cTany X(tk).

4. HopMmauizaiiisi Ta MaciiTaOyBaHHs MapaMeTpiB.

Jlns 3a0e3rnedeHHsT KOPEKTHOCTI Ta CTaOUIBbHOCTI POOOTH Mojen BCi

napamMeTpu HOpMalli3yroThesl 0 mianazony [0,1] aGo cranmaptuszyrotrbes (Z-score

HOpMaJTi3allis).
: L X=X
Min-Makc HOpMam3amist: X, = ————,
max ~ Xmin
e X—
Z-score HopMaizamis: Xy =——-,
(o}

x
TIE [ix — CEpEeIHE 3HAUYCHHS TapaMeTrpa X, ox — CTaHAapTHE BIAXWICHHS.

3acrocyBaHHs HOpMai3ailii: HapiramiidHi mapamerpu S(t), 6(t), P(t), Ts(t),
W(t), H(t), Veurent(t), Vwina(t), Vis(t), D(t) HOpMmami3yloThCsi 3a JAOMOMOTOIO
BIANOBIIHUX METOIB.

5. O6po6xka Ta ¢pubTpalLis AaHUX.

@inprparnis 1rymiB: 3aCTOCOBYIOThCS (IIBTPU HU3BKUX YacTOT abo (QimbTp
Kanmana aiist 3rmapkyBaHHs TaHUX Ta BUAAJICHHS ITYyMiB.

BusiBnennsi Ta 06poOka BUKUIIB. BUKOPUCTOBYIOTBCSI CTAaTUCTUYHI METOMU
JUTA BUSIBJICHHS aHOMAJBHMX 3HAYCHb (HANPWKIAA, METOJ KBapTWiiB). Bukumm
MOXYTb OYTH 3aMiHEH]1 Ha MeJlaHHe 3HaueHHs a00 YCyHyTl1 3 BUOIPKH.

6. BupinenHs pejaeBaHTHHX O3HAK.

Ha ocHOBI HOpMaJli30BaHMX Ta OYMINECHUX JAaHUX (POPMYIOTHCS O3HAKH, IO
OyIyTb BUKOPUCTOBYBATUCSA B MOJIEII.

Hapiramiiini 03HakKM — MIBHUAKICTh cydHa: Sporm(t); Kypc cymna: Gnorm(t);

BIIXWICHHS BiJl 3aIUIAHOBAHOTO KypCy: A6, (t)=6m (t) = Ouamed.om (1) ; OJIHM3BKICTH

horm horm

10 1HIUX cyaeH: Pnom(t); rmubuna mig ximem: Hnom(t); BuaumicTsb: ViSnorm(t).
Exonoriuni o3Haku — moroaHi ymoBu: napamerpu Wnorm(t) po30uBaroThes

Ha OKpEeMi O3HAKH (BiTep, XBUIII TOIIO); Tedist Ta BITEP: Veurrent, norm(t), Vwind, norm(t).

TexHiuHI O3HAKM — TEXHIYHUH cTaH cynaHa: Tspom(t); MaHeBpeHi
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XapakTepuCTUKu: mapaMeTpu Mpom(t) MOXYTh BKIIOYATH pajiyc HUPKYIILIT,
TAIBMIBHUAM MUISAX TOIIO.

Kamidikariiini napamerpu — pe3yJbTaTU TECTIB: arperyrThcsl B OJIMH
MOKa3HUK a00 BEKTOP Riest norm; akTUBHICTH B LMS Moodle: Aiwms, norm; maHi 3
TpeHa>K€piB Ta VR-cucrem: Rsim, norm(t), Treaction, norm(t) ACCmaneuver, norm(t)-

7. ®opMyBaHHSI BEKTOpA CTaHY CHUCTEMH.

Bci BuaineHi o3Haku 00'€AHYIOThCSI B €IMHUN BEKTOP CTaHy Ul KOKHOTO
MOMEHTY 4acy t: X(t)z[snorm(t), 9norm(t), Pnorm(t), Hnorm(t), ViSnorm(t), Veurrent, norm(t),
Vwind, norm(t), Ts,norm(t), Rsim, norm(t), Treaction, norm(t), ACCmaneuver, norm(t), Rtest, norm,
ALMS, norMs « « « ]

8. Maremarnyna dopmaizaliiss MOJemi.

Mopnens kBamidikaiii CyaHOBOJIIS B pealbHIM cHUTyallli MOXe OyTHu
npeacrasiaeHa y Bursiai  Qyskmii:  K(D)=f(x(t), ©*), me k(t)€[0,1] — ominka
kBaiikaiii cyHOBO i B MOMEHT 4Yacy t. X(t) — BEKTOp CTaHy CHCTEMH B MOMEHT
gacy t. ®* — mapamerpu Mojeni, IO MOTPeOYIOTh HANAIITYBaHHS (BaroBi
Koe(ilieHTH, napaMmeTpu (PyHKIIA aKTUBALIl TOIIO).

Mosxmmi popmu QyHKii f:

Jliniiiaa perpecis: K(t) = wTx(t)+b, te w — Bektop BaroBux koedirieHris, b
— 3CYB.

Heninitina moaens (HeiiponHa mepexa): K(t) = a(WoTa(Waix(t)+b1)+b2), ne
W1, W2 — MaTpuIlsd Ta BEKTOP BaroBUX KOE(QIIIEHTIB BiIMOBIIHO.

b1, b, — BekTOpH 3CyBIB.

#(-) — dyHKuis akTHBaIii npuxoBaHoro mapy (Hanpukian, ReLU).

o(-) — curmoinHa QyHKIsS 1151 0OOMeKeHHs BUXoAy B aianasoni [0,1].

Heuitka 1oriuHa wmojenb: BUKOPUCTOBYIOTbCA HEUITKI MpaBWwia JJjis
MO/JICJTIOBAaHHSI B3a€MO3B'SI3KIB MK O3HaKaMU Ta KBasiQiKallero.

Jledasudikariiss pe3yapraTiB AJI1 OTPUMAaHHS YUCIOBOTO 3HaueHHs K(t).

9. BuzHauenHs mapameTpiB MOJIEII.

HaBuanus mojeni: BUKOPUCTOBYIOTHCSA ICTOPHUYHI TaH1 3 BIIOMUMH OIlIHKaAaM U

kBamiikamii Kue(t) 111 HamamTyBaHHs napameTpiB O,
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Minimizyetbest Qynkmist BTpat (2.5):

T 2
L:Tl;(k(t)—ktme(t)) | (2.5)

OnTumizailisi mapaMeTpiB BUKOHYETHCS 3a JOMIOMOTOI METO1B TPAIIEHTHOTO
CIycKy abo Moro Bapiarii.

Perymsapuzanisa: g 3anmo0iraHHd —TEepEeHABUYAHHIO BUKOPHUCTOBYIOTHCS
meronu perymsapusanii (Li, Lo — perymspuzamis, Dropout y Bumanky HEMpOHHUX
MEpEeK).

10. Bamigariisi Ta TeCTyBaHHS MOJEI.

Jlani po30MBalOTbCS Ha HaBYalbHYy, BalliallifHy Ta TECTOBY BHOIPKH.
OLiIHIOITBCSI METPUKH SIKOCTI MOJENi: cepeaHbokBaapaTuuna moxudka (MSE),
koedinieHT nerepminamii (R?).

11. BukopucTtanHs Mojeli B pealbHOMY Yaci.

Ouinka kBamikamii B peaJbHOMY 4Yacl: B PEXHUMI peajJbHOro vacy
oOuucioeTbest K(t) Ha OCHOBI IOTOYHMX 3HAa4YeHb mapaMerpis X(t).

InTerpamis 3 cucremoro aBTomarm3anii Hapiramii: Skmo K(t) mamae Hwkue
IICBHOTO TIOPOTY  Kihresholdk, CHUCTEMa MOJKE€ aKTUBYBaTH JIOJATKOBI MeEXaHI3MHU
KOHTpoJII0 abo miaTpuMku. BpaxyBanus ncuxodizionoriynoro ctany: I[lapametp
k(t) mMoxxe OyTH CKOpPHWIOBaHHI 3 ypaxyBaHHSAM ICUXO(]Ii3I0JOrIYHOTO CTaHy

cyaHoBojis S(t), ik onmucaHo paHilie.

(© cualificationMode!

5 qualificationScore: Float
o stateVector: List

o calculateQualification()
o realTimeEvaluation()

evoluates cata from / \_recawes data from

(© shipNavigation

0 speed: Float

o course: Float

© proximityToOtherShips: Float
o technicalCondition: Float

© ECDISData o weatherConditions: Float
5@ DataPreprocessin
uses o timeOfDay: Float © it b
C'CC‘;Og':Chg"S LLS‘ - —— | &depthUnderKeel: Float ————e ayncAndAogregaiebatal)
1 L é = o sy
- nea; s . : s:::\':‘"élozlom pre-processes | o nZ)rn\ahze)ggdsgcaleparammcvs()
e getData() s cata for o filterAndProcessData()

o visibility: Float
o trafficintensity: Float
| o draft: Float
“| o maneuveringCharacteristics: Float

o featureExtraction()

uses | m position: (Float, Float)
/ o updateParameters()

© msMoodie

o testResults: Float W USES
o userActivity: Float
o learningHistory: String

o getResults() (© simulatorAndVRSystem

a navigatorReaction: Float
o reactionTime: Float
o maneuverAccuracy: Float

o simulateScenario()

Pucynok 2.3 — Moaynb 300py maHuX JIs KBaTi(IKAMIHOT MOJIeI CyTHOBOI1S
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2.2.2. Moayab oliHKU pPiBHSA HeOe3nmeKu

1. Heuitka norika Ta OaraTOKpuTepiajibHa OIliHKa pHU3MKY (puc. 2.4).

1.1. ®yHKIii HAJIEKHOCTI I KOKHOTO TIapaMeTpa.

Jlis mapamerpa Xj BHUKOPUCTOBYIOTHCS TayCIBCbKI TPUKYTHI (YHKITi1
HAJIEKHOCT1 TOIIO.

(XI —Gi )2

25?

I'ayciBcpka QyHKIiL: 4 (X )=¢

, JA¢ Ci — cepeaHe 3HA4YCHHS, Oj —
CTaHOapTHE Bi,Z[XI/IJ'ICHHSI.

Takoxx MOXyThb OyTH 3aCTOCOBaHI: TPUKyTHA (YHKIISI MPHUHAIEKHOCTI Ta

1HIITI.
1.2. Heuitki mpaBuna (mpaBuiia 0a3u 3HaHb).
[MpaBuna THIy «SKIIO-TOY», 110 BPaXxOBYIOTh JTOCBII MOPCHKHX TIEPEBE3CHb:
[MpaBuno 1: Sxmo S(t) — Bucoka i P(t) — mauna i Vis(t) - morana, To pusuK
— KPUTUYHUU.

[MpaBuo 2: Sxmro H(t) Dyraft — Mana raubuna mig kuteM i Veurrent(t) — cribHa
TeUisl, TO PU3UK — BUCOKUI.
1.3. ArperyBanus Ta aedazudikarris.
ArperyBaHHs 3a IOTIOMOTOIO T-HOpMH (MiHIMYM) 200 S-HOpPMH (MaKCUMyM).
Hedasudikamis merogom 1ieHTpy Baru (2.6):
n Ir-,uR(r)dr
[ tae (r)ar (2.6)
2. MaremaTiuHa MOJI€Tb PU3UKY 3 BUKOPUCTAHHAM aHATITUYHUX (QYHKINH.
OnwuiemMo pusuk sk GyHkitio (2.7):
" w-f(x(t
R(t) = 2t L0 (0), 27)
2

ne Wi — BaroBl KoeQiIlieHTH, BU3HAUYEH] €KCIIePTaMU;

fi(xi(t)) — HOpMOBaHI (hyHKIIII PU3UKY JJIS KOKHOTO Iapamerpa.

[Mpuknan GyHKil pu3uKy 1 ruOuan mig Kitem (2.8):
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1 H (t)_ Ddraft < Hmin
H ()~ Dy — Hoy
()= (PPt D, H,. @8
safe min
0, H (t)_ Ddraft 2 Hsafe

[@ RiskAssessmentModule

| o evaluateRisk() 1
1 1
uses preprocesses data with \jntegrates with
1 1
© FuzzylLogic @DaiaPreprocessmg © RiskModel

o applyMembershipFunction(parameter: String, value: Float): Float o filterNoise() o weights: List<Float>

o applyFuzzyRules() o normalizeData() E N

o defuzzify(): Float o categorizeData() O CEIEMEHERIEN0E [AIRG)

1
uses applies rules from
1
© MembershipFunction ‘ © FuzzyRules ‘

e gaussian(x: Float, c: Float, sigma: Float): Float
o triangular(x: Float, a: Float, b: Float, c: Float): Float
o trapezoidal(x: Float, a: Float, b: Float, c: Float, d: Float): Float

o addRule(condition: String, result: String)
o evaluateRules()

Pucynok 2.4 — Cxema MOMIYJIO OIIIHKH PIBHS HEOE3MEKU

2.2.3. Moayab inenTudikanii kBamipikamiliHnx napameTpiB cya1HOBOdis
(puc. 2.5)

1. Anroputm inentudikaii kBamidikauiiHUX mapameTpiB

1.1. TlocranoBka 3anauyi

Mertoro 11bOTO MOJYJSl € PO3p0OOKa MAaTEMAaTUUYHOT MOJIET Ta AITOPUTMY JIJIsSt
aBTOMAaTHU30BaHOI iMeHTU(IKaMii KBamiikamiiHuX TmapaMeTpiB CyIHOBOJIS Ha
OCHOB1 TIporpamMu marotToBku cnemanizamii 271.01 «Hasiramis 1 ynpaBmiHHS
MOPCBKUMH CyJqHaMu». Mojenb MOBMHHA BPaxOBYBAaTH BCl acleKTH MpodeciiHol
KOMIIETEHLIli, nependayeHi MporpaMoro, a TakoK BUKOPHUCTOBYBAaTH PI3HOMaHITHI
JOKepesa JaHuX NI OIIHKK PIBHS MIATOTOBKH CYTHOBOIS.

1.2. 361p Ta nmonepeaHs oOpoOKa JaHUX.

Jlxepena qaHux:

a) cucrema ympasiinas HaB4anHAIM (LMS Moodle): Pesymbrati TecTiB: Riest
= {ryro,...,rn}, me: rj € [0,100] — BincoTKOBUI pe3yibTaT J-ro TeCTy. AKTUBHICTH
cynHoBois: ALvs={a1,az,...,am}, J1e: i - MOKA3HUKW aKTUBHOCTI CyHOBOis B LMS

(KUIBKICTH BXOJIIB, 4Yac Ha IwiaTr@opmi, BUKOHAHI 3aBlaHHA Toulo). lcropis
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HaBYaHHS: Hieaming — 3alMCcu Tpo MPOUEHI KypCcH, OTpUMaHi cepTudikaTu TOIIIO.

b) Tpenaxepu Ta VR-cucremu: Peakiii cynHOBOAIS B 3MOJETbOBAHUX
curyamisx: Rsim={S1,52,...,5x}, Z€: Sk - HaOip moka3HMKIB a1 K- 3MOAeIb0BaHOT
CHUTYaIi.

Yac peakuii: Treaction = {t1,12,...,tk}, me: tk - yac peaxuii Ha K-Ty cuTyartiro.

ToYHICTh BUKOHAHHS MaHEBPiB: ACCmanewer = {acC1, acCy, ..., aCCk}, Jie: acck €
[0,1] — TounicTh BukoHaHHS K-ro MaHEBpY.

c) Mani 3 peaibHUX HaBiramiiHux omnepariii. Jii cyaAHOBOIS M Yac BaxTu:
Dactions = {d1,d2,...,di}, ne: di- HaGip Aiil, BUKOHAHUX i yac |-Toi BaxTw.

BinxuneHHs Bij 3aluilaHOBaHOrO Mapmpyty: Arote = {01,02,...,01}, A€ O —
BIZIXWJICHHS BiI Mapipyty mif 4yac |-toi BaxTu.

PitieHHs1, IpUAHATI B KPUTHYHUX CUTYaIisaX: Ddecisions={dec1,decy,...,decy}, ne
decp — oIliHKa SIKOCTI PIllICHHS B P-Till KPUTHUYHIN CUTYaIIii.

[lonepeanst 06pobka nannx. Hopmaiizaiiis: nmpuBEeHHS AaHHUX 10 €UHOTO

MaciTady st 3a0e3MeueHHs KOPEKTHOCTI MOajbIIUX PO3PAXYHKIB.

. . X=X .
HopMmaimizoBanuii MOKa3HUK: X,m = ————, J€: X — BHUXIJHE 3HAYCHHS
X —X

max min
MOKA3HUKA; Xmin, Xmax — MIHIMAJIbHE Ta MaKCUMaJbHE 3HAYEHHS MOKa3HHKA.

OinpTpallis: BUAAJNEHHS MIyMiB Ta aHOMAJbHHX 3HAY€Hb 32 JOMOMOTOI0
¢binmpTpa Kanmana abo 1HITUX METOJIIB.

Buauienns o3nak: OpMyBaHHS BEKTOpa O3HAK X JJISi KOXKHOTO CYAHOBOJIS:
X = [X1,X2,...,Xn] — 3arajgpHa KiTBbKICTh O3HAK, OTPUMAHHX 3 YCIX JDKEpeN JaHuX.

1.3. MarematuyHa Mojenb KBamiikaiiHUX mapaMmeTpis.

Busnauennss  kBamiikamiinux ~— mapamerpiB.  Hexait  icHye — Halip
kBamidikamiiaux napamerpiB K = {ky,ko,....km}, me: ki € [0,1] — piBeHb BosOAIHHS
I-TOr0 KomrmereHmicro. M — KUIBKICTH KOMIIETEHI[i, BU3HAYEHUX HA OCHOBI
nporpamMu MiATOTOBKH.

HaGopu xBamidikamiiiHux mapaMeTpiB: Ki: 3HaHHS MDKHApOIHHUX MPaBUJI
3ano0Oiranns 3itkHeHHIO cyneH (COLREG); ko: HaBuuku MaHeBpyBaHHS B CKJIaTHHX

yMOBax; Ks: 37aTHICTh NMPUMMATH PIIICHHS B KPUTUYHUX CUTYaIlisX; Ki TEXHIYHA
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IPaMOTHICTh Y BUKOPHCTAHHI HaBiramiitHoro oOsagHaHHs; Ks: piBeHb CTOMJICHOCTI
Ta NCUXO0(1310JIOTIYHUN CTaH.

®opmyBanHs (yHKUIA HalexKHOCTL. [l  KoXHOro  KBasmiQikamiiHO TO
napameTtpa Ki Bu3HagaroThest (QyHKINIT HAIEKHOCTI piki(X), IO BiTOOpaKarOTh CTYIIiHb
BOJIOJIHHS CYJTHOBOJIEM BIATOBITHOK KOMIIETEHITIETO.

3acTocyBaHHSl TPUKYTHOT (PYHKIIi HamexKHOCTI it mapamerpa K; (2.9):

0, X<a
;_%,&<X<Q
F — 4
/uki (X) = C —X ' (29)
——, b <x<g
G —Dh
0, X2C,

ne ai, bi, Ci — mapameTpu GyHKIII HaIeKHOCTI I Ki;
X — HOpMaJIi30BaHHMH MMOKA3HHUK, 110 BILUIMBAE€ HA KOMIIETEHINIO Ki;
ki(X) € [0,1] — crymiHp HaNEKHOCTI 3HAYEHHS X 10 KOMIETeHII K;.

[loGynoBa HeuiTkoi 6a3u nmpaBwi. HewiTki mpaBuia MaroTh BUTTI: KO X1
HaJEXUTh 10 A1 1 X2 HasexuTh 10 Az To Ki Hanexxute o Ki, ne: X1, X2 — O3HaKH 3
BekTopa X; A;, Ao — JIHTBICTHYHI TepMH (HANPUKIAA, «BUCOKHIDY, «CepeaHiiy,
«HU3bKUI»); Ki— IHIBICTHYHA OIHKA KoMIeTeHii Ki.

MaremaTnyHa MO/JIEJTb imeHTudIiKai. Arperariis TIPaBUII:
BukopucroByetrbcst Meton Mampani gyt arperamii npaBwi. CTymiHb aKTHUBAIlll
KOYKHOTO MpaBWia OOYUCTIOETHCS SIK MIHIMYM CTYTICHIB HAJIEKHOCTI BX1JTHUX O3HAK.

BucHoBok 11t mapamerpa Ki: nedasudikaiiiss BAKOHYETBCS METOJIOM LIEHTPY
Baru (2.54).

1.4. O6po0Oka naHux Ta OLIHKA KBaTi(piKAIIHUX MapaMeTpiB.

@opmyBaHHS BekTopa o3HaKk X. Bektop o3Hak X cklamaeTrbca 3
HOPMAJII30BaHUX 3HAYEHb TMIOKA3HMKIB, 110 BIUIMBAIOTh Ha KBajiQikaliiH1
napaMmerpu: X = [X1, X2, ..., Xn], Ae: Xn € [0,1] — HOpMasi3oBaHUi MOKA3HUK.

Buxopucranus HelpoHHUX Mepex. J{Jis Mo1eoBaHHs CKIQIHUX HETHIHHUX
B3a€MO3BSI3KIB  MDK  O3HakaMM  Ta  KBajipikauliHUMH  MapaMeTpaMmu

BUKOPHUCTOBYEThCSI OararomapoBa HelipoHHa Mmepexa (MLP).
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ApxiTekTypa Mepexi: Bxinuuil map: N HelipoHiB (3a KUIBKICTIO O3HAK).
[lpuxoBaHi mapu: oauH a0o0 KiIbKa IIAPIB 3 HEMHIMHUMHU (DYHKIIIMU
aktuBaiii (ReLU, sigmoid, tanh).

Buxiguuit map: M HelipoHiB (3a KUIBKICTIO KBaJliIKAIIMHUX MapaMeTpiB).

N
Buxin npuxosanoro Heidipona: h; = f . (anjxn+bjj, e hj — Buxig j-ro
n=1
HEHWPOHA MPUXOBAHOTO IIapy.
Whj — BaroBuid Koeimi€HT MK N-M BXIIHUM HEHPOHOM Ta |-M IPUXOBAHUM
HEHPOHOM.
bj — 3cyB (bias) j-ro nmpuxoBaHoOTO HEWpPOHA.

fhidden(*) — GYHKIIIS akTUBAILi TPUXOBAHOTO IIAPY.

Buxin BuxigHoro HelipoHa (kBaiidikariiinoro mapamerpa) (2.10):

H
ki = foutput w;h; +b, |, (2.10)
j=1
ne H — xu1bkicTh HEWpOHIB y MPUXOBAHOMY HIapi.
Wji — BaroBHid KOeilmi€HT MiX |-M NPUXOBaHUM HEHPOHOM Ta i-M BHXiTHUM
HEHPOHOM.

bi — 3cyB I-ro BUXiTHOTO HEHpOHA.
foutput() — yHKIIIST akTHBAIT BUXIIHOTO Iapy (HAMPHKIIAA, CUTMOIIHA).
1.5. HaBuanHs HEWpPOHHOI MEpEexI.

OyHKIi BTpaT. BUKOPHUCTOBYETHCS  (PYHKINS  CEPEIHHOKBAIPATUUHOT

noxuoku (MSE) (2.11):

L= ii(kpred _ | rue )2 (2 11)
M | | ) .

i=1
kpred cq e .o ktrue
ne K — TmporHo3oBaHe 3HaueHHs KpawiidikamiiiHoro mapamerpa Ki, K;
(akTHuHe (E€TAJOHHE) 3HAYCHHS KBaTi(ikaiiHoTo mapamerpa Ki.
OnTtumizailisi  BaroBux  KoeQilie€HTIB.  BUKOPUCTOBYEThCS  alrOpPUTM
3BOPOTHOrO0 moluvpeHHs nommwikd. Ontumizaropu: SGD  (croxactnunuit
rpajienTHuil cmyck), Adam, RMSProp. I'inepnapamerpu: mMIBUAKICTh HABYAHHS 7],

po3Mip 6aT4y, KUTBKICTh €TIOX.
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Baminamis ta TectyBaHHS.

Po3nonin maHux Ha HaBUalbHY, BalJaliiiHy Ta TecToBY BHOipku. OuiHKa
merpuk skocti: MSE, MAE (cepenns aOcoioTHa TIOMWIKa), KoedimieHT
nerepminamii R,

1.6. Inentudikaiis Ta KOpEKiisd NPOTaIMH y KBasidikarlii.

BusiBieHHs KpUTHMUHHUX MapaMeTpiB. BCTaHOBIMIOETbCS MOPOTOBE 3HAYEHHS

kthreshold kthreshold
i i

s koxxkHoro KII SIkmto ki < , To KII ki moTpeOye mokparieHHs.

®opmyBanns miany BigHoBJieHHS KII. BusHaueHHs HaBUallbHUX MaTepialiB
Ta TPEHYBaHb IS MiABUINEHHS piBHA Ki. MOHITOPUHr mporpecy micis MpOBEACHHS
HaBYaHHS.

1.7. BinuB kBamdikamiifiHUX NapamMeTpiB Ha piBEHb PU3UKY

M

) el - vk
Po3paxyHok iHTErpajibHOTO MOKa3HHWKA KBal(ikallli: Q:%, ne: Vi —
Vv

i=1 1
BaroBuii koeoimienT BaxkauBocTi kKommereHmii Ki. Q € [0,1] — inTerpanbHuii
MOKa3HUK KBaJQiKalii CyJHOBOIIS.

KopuryBanHsi piBHs pu3uKy. PiBeHb pu3nMKy R KOpHTYEThCS 3 ypaxyBaHHSIM
kBastidikarii cymHOBOIIA: Radiusted = R-(1+a(1—-Q)), e R — 6a3oBuii piBeHb PU3HKY,
BU3HAUYCHUN Ha OCHOBI HaBIramiiHuX mnapamerpiB. o > 0 — Koe(illie€HT BIUIMBY
kBauti(ikallii Ha pU3MK.

1.8. BpaxyBanHs ncuxo(i310JI0TITHHOTO CTaHY.

Mogens 1cuxodizionoriyHOTO CTaHy.

Koedimient mcuxodizionoriunoro crany S € [0,1]: S=¢e?, ne F >0 —
piBEHb CTOMJIEHOCTI a00 cTpecy, ff > 0 — Koe]illieHT BIUIMBY CTOMJICHOCTI Ha CTaH.

KopuryBanns kBamidikariiaux mapamerpi. EdexkTuBHMi kBamidikariiiaui
napamerp: K" =Kk, -S

BB Ha piBeHb pu3uKy. DiHaTBHUN  pIBEHb PU3UKY: Rfia =
Radjusted-(1+9(1-S), nme y > 0 — koedimieHT BIUMBY MCUXO(]i3i0JOTIYHOTO CTaHYy Ha

PU3HK.
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1.9. lunamika 3MiHM KBamiikamiiHUX MapaMmeTpis.

Moienp HaBYaHHS Ta 3a0yBaHHS: % = U, (t)-Ak (1), me % — HIBUJKICTH

3MiHM KBasiikamiiiHoro napamerpa Ki, 4i> 0 — xoe]ilieHT HaBYaHHSI.

Ui(t) > 0 — iHTCHCHBHICTh HaBYAaHHSA B MOMEHT 4acy t, Ai > 0 — koedirieHT
3a0yBaHHS.

Po3B's130k piBHsHHSA (2.12):

Ui(t) = Uit K (£) = (0) -4 et + 2422 (2.12)

(© aualificationModule

o identifyQualificationParameters(): List<Float>
o calculateRiskAdjustment{Q: Float, S: Float): Float
o generatelmprovementPlan()

gathers data from generates improvement recommendations
@ DataSources © PsychophysiologicalModel ‘
© LMSRQS”“S Lis.'KFIDa.D o calculateStressCoefficient(F: Float): Float
2illan\'fiuglzttiﬂc:r?:;?ggg:sL;I(S:;EE?:> o adjustQualificationParameter(k: Float, S: Float): Float
o processRawData(): List<Float>

preprocesses datn with adjusts risk levels with
© DataPreprocessing @ DynamicQualificationModel
o normalize(data: List<Float>): List<Float> o calculateLearningForgettingRate(U: Float, A: Float, p: Float): Float

o filterNoise(data: List<Float>): List<Float> o updateQualificationOverTime(Q: Float): Float
o extractFeatures(): List<Float>

applies fuzzy logic rules from mananes learning dynamics with

@ FuzzylLogicMadule @ RiskAdjustment

o applyMembershipFunction(parameter: String, value: Float): Float
o buildFuzzyRules()

o aggregateRules(): Float

o defuzzify(): Float

o integrateQualificationScore(Q: Float): Float
o adjustRiskLevel(R: Float, a: Float, Q: Float, y: Float, S: Float): Float

predicts quobifications with odjusts for stress ond fahigue

@ NeuralNetworkModel © ImprovementPlan

o layers: List

o identifyCriticalParameters()
e trainNetwork(trainingData: List<Float>) e reco_mmendTrainingMatemaIS()
e predictQualification(features: List<Float>): List<Float> © monitorProgress()

Pucynok 2.5 — Cxema moaymo iaeHTr(iKanili KBamiikaliiHUX MapameTpiB

CYJTHOBOIis1

Omxe posmmupeHa maremaTuuHa Mojaenb igeHtudikamii KIT cymHoBomis,
MOETHYE B COO1 €JIEMEHTH HEYITKOI JIOTIKA Ta HEHPOHHUX MEpEex.

Mogens BpaxoBye: pi3HOMaHITHI JKepesa JaHWX, BKIIOYAIOYU Pe3ybTaTh
TECTIB, TpEHyBaHb, JId Yy peajbHUX HABITAIIMHUX CHUTYalllsIX; HETIHINHI
B3a€MO3B'13KM MK nokazHukamu Ta KII yepe3 BUKopucTaHHS HEMPOHHUX MEPEK;
HEYITKI TpaBWIa BUBOJY I MOJICITIOBAHHS HEBU3HAYCHOCTI; JMHAMIKY 3MIHU

KBaN(pIKAIIIHMX TMapaMeTpiB 3 YacoM, BPAaxOBYIOYHM IMPOIECH HABYaHHS Ta
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3a0yBaHHs; BIUIMB MCUXO0(1310JI0TTYHOTO CTaHy Ha KBaIi(IKaLIO Ta piIBEHb PU3HKY;
MOXJIMBICTh KOPUTYBaHHSI PIBHS PHU3MKY HAa OCHOBI IHTETPAJIbHOTO MOKAa3HUKA

KkBauTi(ikalli CyaHOBOIS.

2.2.4. Monyasb inentudikanii iHTYiTHBHUX [iii onepaTopiB-cyIHOBOIIIB Y
KPUTHYHUX CHUTYaIlifIX

Y KpUTHUYHUX HaBITaUIMHUX CHUTYallisIX OMNEPaTOPU-CYAHOBOMAIl MOXKYThb
MOKJIAJATUCS Ha IHTYITUBHI Mii, 5IKi, XO4Ya 1HOJ1 KOPHUCHI, MOXYTh MPHU3BECTH O
NOMWJIOK 1 MiJABUIICHHS HAaBIraliiHOTO pu3UKy. /s epexkTuBHOTrO ymnpaBiiHHS
UMW PU3UKAaMH HEOOXiIHO pO3pOOUTH MOJEINb, sfKa iMeHTU(IKYE Ta aHa3ye
IHTYITUBH1 [1i CYJHOBO/IIiB, y3arajJbHIOIOYM PI3HI YMHHUKU Ta MOEAHYIOYH iX Yy
3arajibHi Kareropii [73].

1. Mera monyns (puc. 2.6): po3poOuTH y3arajibHEeHY MOJCHb ineHTH]IKaLii
IHTYITUBHHX Jiii OTIEpaTOPIB-CYAHOBO/IIiB Y KpUTHYHUX CUTYaLISX; y3araJlbHUTH Ta
MOEHATA O3HAKU IHTYITUBHUX Jid y 3arajbHi Kareropii JUis COpPOIIEHHS aHali3y;
3a0€e3MeYNTH MOKJIIMBICTD 1IeHTU(IKAI] IHTYITUBHUX /A1 B pEKHUMI pEaTbHOTO Yacy
JUTS YIIPABJIiHHS HaBIraIliiHUMHM PU3UKAMHU.

2. Y3aranbHEHHS KpUTEPIiB Ta MO€HAHHS B KaTErOpii.

Buznauumo 15-Th moyaTkoBHX Kateropiit iHTYiTuBHUX nii. KoxkHa kareropis

BKJItOUa€ B ceOe BiJIMOBIIHI KpUTEPli, MPOSBU Ta (PaKTOPH.
Kareropis 1: CnpuHATTS Ta OMIHKA cUTyaulil

Onuc: 1HTYiTUBHE CHPUUHATTS Ta OI[IHKA HAaBiramiiHoi curyaiii 0e3
netanpHoro aHamizy. [lIBuake ycBimomiieHHs 3MiH, 1HOAI ©0€3 HaJIEKHOTO
BpaxyBaHHs BCiX (haKTOpIB.

[loennani moyaTKOBiI KaTeropii: kareropis 1 — CHOpUUHATTS Ta OILIHKA
cutyailii, kareropis 11 — BimoOpaxkeHHs yacy, Kareropis 14 — BIUIMB JOCBIAY
IO T11A.

Kpurepii: 3aHanTo mBUAKE MPUHHATTSA pIMIEHHS O€3 JIeTalbHOIO aHali3y.
CrnoHTaHHe BHM3HAUYEHHS 4YacOBUX paMoOK i BuUKOHaHHsA ai. [lizcBimome

BHUKOPHUCTAHHA MUHYJIOT'O ,Z[OCBiI[y B IIOTOYHUX HOBHUX piH_IeHHSIX.
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dakropu: Zoinw — IHTYITHBHE CHPUHHATTS CHUTYyallii; TiMen — IHTYiTUBHE
BioOpakeHHs vacy; EChOin — IHTYITUBHE «BUIIYHHS» IOJIH.

Kareropis 2: IlpuiinaTrTs pimiens Ta BUOIp aii

Ornuc: iIHTYITUBHE NPUUHATTA PIlIEHb Y KPUTUUHUX cUTyalisx. Bulbip aiit Ha
OCHOBI1 «BIIUYTTS» MPaBUIBHOCTI 0€3 00'€KTUBHUX OOTPYHTYBAaHb.

Nii, KaTteropis 6 — MNPUUHATTS PINICHb Y KPUTUYHUX CUTYaIlisX, Kareropis 7 —
NOIIYK BUHAropoJ Ta e(eKTiB, KaTeropis 8 — CepEeHAMIHICTh Ta IHTYiLis.

Kpurepii: pantoBe BiguyTTs «paBuibHOCTI Aiy». [lIBuake pimieHHs 6e3
JOBFOTPUBAJIOTO aHAJ3y, IHTYiTHBHE BW3HAYEHHS HANOUIBIN Oe3MmeyHux i,
panToBe 3HAXOJKEHHS pillleHb 0€3 IBHOT MPUYUHHU.

DakTOpHU: Tint — IHTYITUBHUN BUOIP; EVint — IHTYITUBHE pearyBaHHsS Ha MOJii;
Rewardsiy, EffectSint — IHTYITUBHE CHpUHHATTS BUHAropoJ Ta Hacuiakis; ldeain —
IHTYITHBHE (DOpMYyBaHHS 1/1€H.

Kareropis 3: KorniruBHi npouecu ta 00pooka ingopmauii

Omuc: iHTYiITMBHE PO3YMIiHHS CKJIQJHOI iH(pOpMAIll Ta acOIiaTUBHI 3B'S3KH.
[lincBimoMe omparfoBaHHS HaBITaliMHUX JaHUX Ta 00pasiB.

[loeqnani moyaTkoOBI KaTeropii: kaTeropis 3 — KOTHITHBHI MPOILECH.
kareropis 12 — ckimagHi 300paKeHHsI Ta MOJIi Ta KaTreropis 5 — KOMIUIEKCHA
MO/Ie/Tb TTOBEIHKH.

Kputepii: MutTeBe po3yMiHHS CKIaaHOI iHPopMarii. [HTyiTUBHE CpUHAHATTS
300pakeHb Ta HaBiramiiHUX cxem. bararozamaunicte 0e3 cBiZOMOTO (POKyCY.

dakropu: CoQint(Pa,Pb) — 1HTYiTHUBHE pO3yMIiHHS TOCTIJOBHOCTI il
ImageSchemasiyw — iHTyiTHBHE CHIPUHHATTSA 300pakeHb; LAOTinw — IHTYiTUBHI ii

3 IHCTpYMEHTaMH Ta 0OJIaHAHHSIM.
Kareropis 4: Axanraunist 10 3MiH Ta ynpaBJliHHSI pecypcamMu

Omnuc: iHTYiTMBHAa ajanTamisi A0 HOBUX YMOB 0€3 JETaJbHOro aHami3y.

[aTYyiTHBHE ympaBIiHHS pECypcaMH Ta 4acoM.
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[loeanani movyaTKoBi KaTeropii: kareropis 4 — aganraiis 10 3MiH, KaTeropis
9 — momyk pecypciB Ta CUHTE3 4Yacy Ta Kareropis 13 — IUKIM Yacy Ta pUTMH.
Kpurepii: mBuaka aganramis Oe3 anamizy. EdekTuBHe BHUKOpHUCTaHHS

pecypciB Ta udacy 0Oe3 miuaHyBaHHs. CuHXpoOHI3auiss poOOTH 3 IUKIAMHU 100U

IHTYiTHUBHO.
daktopu: Ei\Xi — IiHTYyiTHBHAa ajanramis; Resource-Searchiw, Time-
Synthesisix — iHTyiTMBHE ymOpaBiIiHHA pecypcamu Ta dvacoM; Rhythmsiy —

IHTYiTUBHE Y3TOJKEHHS PUTMIB.

Karteropin 5: BnuuB 30BHiHiIX ¢akrTopiB Ta ocolJamuBocTei
HaBirauiiHol 30HH

Omnuc: 1HTYITMBHE CHOPUMHATTSA TJ0OAJIBHMX Ta MICHEBUX YMOB, IO
BIUIMBAIOTh Ha HaBiramito. [lifcBimome BpaxyBaHHA OCOOJIMBOCTEN HaBiramiiHoi
30HHU.

[loeanani movaTtkoBi KaTeropii: kareropis 10 — cBiTOBI moii Ta Kareropis
15 — 0co06MBOCTI HaBIraIiiHOT 30HM.

Kputepii: amanramis 10 mmoOaqpHUX HaBIralifHUX TMPAKTHK I1HTYITUBHO.
['muboke, HEYCBiTOMIIEHE CHPHHHSATTS MICIIEBOCTI.

dakropu: WorldEvik — iHTYiTHBHE CHPUHHATTSA CBITOBUX MOIiH; AQint —
IHTYITUBHE BITUYTTS MICIIS.

VY3araiibHEeHHSI Ta TOEJIHAHHA KPUTEPIiB y M'ATh OCHOBHUX KaTeropi
7103BOJIsIE OUTBII €(PEeKTUBHO aHaIi3yBaTH IHTYITUBHI A1l ONEepaTopiB-CyAHOBOIIIB Ta
CHpOIIY€E Mpolec i1eHTru(dIKaIlii Takux M1l B peXUMIi pealbHOTO Yacy.

3. 3acTocyBaHHS y3arajJbHEHOT MOJIEIII.

[nenTudikarnis 1HTYITUBHUX 1. BUKOPUCTOBYIOUM Y3araJlbHEHI KaTeropii,
MO>KHA IIBUAIIE Ta TOYHIINIEC BUSABISATH 1HTYITUBHI A1l CyJTHOBOIIB.

OuiHka pHU3MKIB: KOXKHA KaTeropis NOB'A3aHa 3 NEBHUMU PU3UKAMH, IO
JIO3BOJISIE OIIHIOBATH TOTEHIIMHUN BIUIMB I1HTYITMBHUX Jiil Ha HaBIramiiHy

Oe3rmeKxy.
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Po3poOka cTpareriii  ynpaBiiHHS: PO3YMIHHS 3arajlbHUX  KaTeropii
JoTioMarae po3po0JisiTi €PEeKTUBHI CTpATErii Il MiHIMI3allil HEraTUBHUX HACIIIKIB
IHTYITUBHUX [TIH.

{ © IntuitiveActionModule ‘

o identifylntuitiveActions(): List<String>
o assessRiskForlntuitiveActions()
o developManagementStrategies()

1 1

categorizes into [enables erforms

© IntuitiveActionCategory 1 1

o perceptionAndAssessment: Float ‘ © RealTimeAnalysis ‘ @ RiskEvaluation
o decisionMaking: Float

o cognitiveProcessing: Float
o adaptationAndResourceManagement: Float
o externalFactorsAwareness: Float

o detectIntuitiveActions()
o evaluateRisklmpact()

o assessRiskForCategory(category: String): Float
o generateRiskReport()

o categorizeActions(actions: List<String>)

1
based on
1..*

@ ActionCriteria

o factors: Map<String, Float>

o defineCriteria(category: String, factors: Map<String, Float>)

Pucynoxk 2.6 — Cxema moay:mro igeHTr(iKamii iHTYiTHBHUX il omepaTopis-

CYJIHOBO/I1iB

2.2.5.Moayab 00po0ku HABIraniiHUX JaHUX Ta reoJIOKaILii

OO6poOka HaBiramifHUX JaHUX Ta T'EOJIOKAIIA € KPUTHUYHO BaXXJIMBOIO IS
3a0e3neueHHs Oe3neku Ta e€eKTHBHOCTI pyxy cyaeH. CKIaJHICTh HaBiramiiHUX
omepariii BHMarae BIPOBAIKCHHA AaBTOMATH30BAHUX CHUCTEM MIATPUMKHU
npuiiHaTTs  pimiedb (CIIMIP), ski BpaxoByHOTh (akTopu HEBU3HAYEHOCTI Ta
HETMOBHOTH JIaHUX.

Metoro Moayns € po3poOKa METOay IHTerpailii aBTOMaTH30BaHUX 3ac00iB
OIATPUMKHA TIPUUHATTS pIillleHb JJIs1 CYJHOBOMIS 3 ypaxyBaHHSAM (akToOpiB
HCBU3HAYCHOCTI B MOBHOTI HaBIraiiHux nanux (puc. 2.7).

3aBmanas Moayisi: Po3poOutn aBTOMaTH30BaHI 1HCTPYMEHTH s 300py Ta
00poOku Hapiramiiaux nanux 3 ECDIS. 3abe3neuntu aHamiz Ta TOPIBHSHHS
TEKCTOBHMX JaHUX 1 reojiokariil. CTBOPUTH MeXaHI3MH Bizyamizalli reorpadiaHux
JaHUX Ha IHTEPaKTUBHUX KapTax. Po3poOUTH cUCTEMY WIATPUMKU NPUAHSATTS
pilIeHb ISl CYTHOBO/IISl HA OCHOBI OTPUMAaHUX JaHUX.

1. CtpykTypa Momys.
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Moayib CKIaAaeThCsl 3 YOTUPHOX OCHOBHUX KOMIOHEHTIB (puc. 2.6):

1.1. KOMINOHEHT aBTOMATH30BaHOI OOpPOOKM 300pa’keHb Ta PO3Mi3HABAHHS
tekcty (OCR)

®ymkiii: 3axomeHHs ckpinmoriB auciuies ECDIS B peambHOMy waci [122].
[lonmepennss o0poOka 300pakeHb JJI1 TOKPAIICHHS SKOCTI PpO3Ii3HaBaHHS.
Po3nizHaBanHs TekcToBOi 1H(popMamii 3 BukopucTaHHAM OCR  TeXHOJIOTIH.
30epexeHHs] OTPUMAHUX JTaHUX JJISl TOJANBIIOT0 aHATI3Yy.

OcoOnuBocTi: BUKOpHUCTaHHS 010mioTekn Tesseract it BHUCOKOTOYHOTO
posmizHaBaHHS TeKcTy. Buminenns oOmacrteii intepecy (ROI) Ha 300paxenHi amus
(dboKyCyBaHHS Ha KIIIOUOBHX JaHWX. ABTOMAaTH3allisl Mpollecy 300py JaHuX 0e3
BTpPY4YaHHS OmiepaTopa.

1.2. KoMmoHeHT aHami3y Ta MOPIBHSAHHA TEKCTOBUX JAHUX 1 T€OJIOKAIIIM.

@DYHKINI: 3aBAaHTAKEHHS Ta CTPYKTypyBaHHs AaHux 3 ¢aitniB. IlopiBHSAHHSA
TeKcTOBOI 1H(opMarii Mix pisHuMU ckpiHmoraMmu ECDIS. OOuucneHHst cxoxocTi
TEKCTOBHX JaHUX 3 BUKOPUCTAHHSIM aJTOPUTMIB MOPIBHAHHS. AHANI3 T€OJOKaIiN
HUITXOM OOYHUCIIEHHS BiJICTaHEH MK KOOpAMHATAMHU.

Ocob6mmBocTi: BUkopuctanus Gopmymnu ['aBepcuHa 711 TOUHOTO OOUHCIICHHS
BIJICTAaHEW MDK TOYKaMH Ha 3eMHIii moBepxHi. IleperBopenns koopauHat 3 DMS y
necsiTkoBuil opmar mis yHidikamii mgaHux. MOXJIHMBICT, BU3HAUYEHHS PIBHS
CXOXOCTI SIK y TeKCTOBUX JIJaHUX, TaK 1 B T€OJIOKAIIIfX.

1.3. KomnoHeHT Bi3yanizauii reorpadiuHux JaHUX Ha KapTi.

@OyHKIIIi: CTBOPEHHS IHTEPAKTHMBHUX KapT 3 BiIOOpaXEHHSIM MapUIpyTy
cynHa. [lomaBaHHsT MapkepiB Il KOHKPETHUX TIeoJIOKallid Ta 30H HeOe3IeKHu.
Bizyanmizaiisi BiAXWiI€Hb BiJl 3alJTAHOBAHOTO MapuIpyTy. 30epexeHHs KapT y BeO-
dbopMmarti I 3py4HOTO JTOCTYITY.

OcobOmuBocti: BHKOpucTaHHA Oi0miorekn Folium gnga  iHTepakTUBHOT
Bi3yamizaiii Ha ocHOB1 AaHux Leaflet.js. MoxmBICTh A0JaBaHHS KOHIICHTPUYHHUX
KU JUIsl IO3HAYEHHS 30H Oe3neku abo pu3uKy. ABTOMAaTUYHE OHOBJICHHS KapTH MPU
HAJXO>KEHHI HOBUX JIaHHX.

1.4. KOMIOHEHT MIATPUMKH MPUAHSTTS PIIICHb I CyITHOBOIS.
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OyHKIli: MOPIBHSIHHSA TOTOYHMUX HaBIralifHUX JaHUX 3 €TaJIOHHUMU
mabnonamMu. Bu3HaueHHs CTymeHs BiAMOBIIHOCTI Ta BHUSBJICHHS MOXJIHUBUX
pusukiB. HamanHs pekoMeHaalliii Ha OCHOB1 €KCIIEPTHOTO CIOBHHUKA 1. [HTEerparis
3 IHIIMUMH MOJYJISIMU JJI1 KOMIUIEKCHOTO aHalli3y CUTYyallli.

Oco0iMBOCTI: BUKOPUCTAHHS QITOPUTMIB MAIIIMHHOTO HABYaHHS  JIJIs
MOKPAIIEHHS] TOYHOCTI peKoMeHAaliid. MOoXIuBICTh ajanTtaiii CHUCTEMH T
cnenu(iuHi MapuIpyTH Ta YMOBHU IUIaBaHHS. 3py4yHuUM 1HTepdelc s
BIIOOpaXeHHsI PEKOMEH 1alliid Ta MOMepPeKEHb CyIHOBO/IIIO.

2. IuTerpaiiiss KOMIIOHEHTIB B CUCTEMY HIATPUMKHU MPUUHSATTS PIllICHb.

3B'A30K MDK KOMIIOHEHTaMu: faHi, orpumani 3 kommnoneHty OCR,
nepeaarThesl 10 KOMIIOHEHTH aHali3y Ta MOPIBHIHHA.

Pe3ynpTaTi aHamizy BUKOPHCTOBYIOTHCS SIK B KOMIIOHEHTI Bi3yaumizalli, Tak 1
B KOMIIOHEHT1 MATPUMKH MPUNHSATTS PIllICHb.

KoMmoHeHT mATpUMKM TNPUMHATTSA pIlIeHb TeHepye peKOMEeHAalli, sKi
MOXKYTh OyTH BiI0Opa’keH1 Ha IHTEPAKTUBHINA KapTi.

[lepeBaru iHTerpamii: 3abe3nedye IUICHICTP Ta Y3TOJKEHICTh JaHUX Y
cucreMi. [ligBumnye mBuakicTh 06poOku Ta aHammizy iHGopMmaii. [lokpamye sSKicTh
OPUNHSTTS pillleHb 3aBASIKU KOMIUIEKCHOMY MiJXOJY.

3. Pesynpratu Ta mepeBaru BUKOPHUCTAHHS MOJIYJIA.

ITokparenHs HaBiraiiiiHoi Oe€3MeKH: CBO€YaCHE BHSABIICHHS MOTCHIIIMHUX
PU3HKIB Ta HEOE3MEUHUX CUTYalllld. 3MEHIIEHHS UMOBIPHOCTI JIFOJCHKUX MOMUIIOK
3a paxyHOK aBTOMaTH3allii mpoI1IeciB.

ExoHoMiuHa e(EeKTUBHICTh: ONTUMI3ALlS MapUIpyTy HOPU3BOJIUTH O
CKOPOYEHHSI Yacy IUIaBaHHs. 3HIKEHHSI BUTpAT Ha MaJMBO Ta €KCIUTyaTalllo CyaHa.

[linBuienHs  cuTyariiiHOI  0OI3HAHOCTI:  IHTEpAaKTHUBHA  Bi3yami3ailis
J0TIOMarae CyJHOBOJIIIO Kpalle po3yMITH HaBiramiiiHy cutyamiio. Haganus
pPENEBAaHTHUX PEKOMEHAAIIN CIpUs€ MPUUHATTIO OOTPYHTOBAHUX PIIICHb.

Po3pob6nennit Moaynb OOpOOKM HaBITAIIMHMX JIaHUX Ta TEOJIOKAIM €
BXJIMBUM €JIEMEHTOM CHCTEMH HIATPUMKHU MPUUHATTSA PIIIEHb JJI CYAHOBOJIS.

Horo BOpoBajpKeHHS  CHOpUsS€ TMIABUIIEHHIO  Oe3neku Ta  e()EeKTUBHOCTI
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CYIHOILIABCTBa, 3a0e3Meuyrouu: aBTOMAaTH3alilo 300py Ta aHai3y HaBiraiiHUX
JAHUX; THTETpalil0 Cy4acHMX TEXHOJIOTIH JJIsl MOKPAIEHHS MPOIECY MPUUHSATTS

pillIeHb; MOKJIMBICTD aJanTallii CUCTEMH /10 PI3HUX YMOB Ta BUMOT CYJAHOBOJIIB.

(©) NavigationDataProcessingModule

e processNavigationData()
7_7_,1“ o analyzeGeolocationData()
— e generateDecisionSupport() ,.l_‘
///iié'es OCR for analyzes data with visualizes data with ~~_provides support through
—
- 1 L

(© ocRModule (©) MapVisualizationModule (©) DecisionsupportModule

@ TextGeolocationAnalysisModule
o TesseractOCR: Library o FoliumLibrary: Library o MachineLearningModel: Model
o loadData(filePath: String)

o compareTextData(screenshot1: String, screenshot2: String): Float

o calculateGeolocationDistance(coord1: (Float, Float), coord2: (Float, Float)): Float
m haversineFormula(coord1, coord2): Float

e captureScreen()

o preprocessimage()

o recognizeText(): String
o saveData()

o createlnteractiveMap() o compareWithReferenceData()
o addMarkers(locations: List) o detectRisks()

& visualizeRoute(route: List) & provideRecommendations()

o saveMap(format: String) o integrateWithOtherModules()

Pucynok 2.7 — Cxema Moayito oOpoOKH HaBIraliiHUX TaHWUX Ta TeoJIOKaIlii

2.2.6. Moay.ab NPOrHO3YBAHHS TPAEKTOPIil cyleH Ta OWIHKM PU3UKIB

VY nonepenHix Moaynsax Oyj0 po3po0JIEHO OCHOBY CHCTEMH HIATPUMKU
MPUNHATTS PILICHb JJISI CYJHOBOJIS, BKJIIOYaOYM OOpOOKYy HaBIramidHUX JaHUX,
aHaJll3 TeosoKalii Ta Bizyamzamiio iHGopMmauii. HacTymHUM JOTTYHUM KPOKOM €
IHTerpamisi MOAYJsl MPOTHO3YBaHHS TPAEKTOPIA CyA€H Ta OIIHKU PU3UKIB, SKUU
JI03BOJIUThH TependayaTd MOXJIMBI CleHapii PO3BUTKY HaBIramiiHOi cUTyamii Ta
BUYACHO BUSBJIATH IMOTEHIIINHHI 3arpo3u.

Meta Moxayns (puc. 2.8): IHTerpaiiisi mpoOTHO3yBaHHS TPAEKTOPIi y 3araibHy
ctpykrypy CIIIIP pans migBuineHHss Oe3neku Hapiramii. OIiHKAa PHU3UKIB Ta
BUSBJICHHA HEOE3MEYHUX CHUTYyalliil, BpaxoByHOUM (AKTOPU HEBU3HAYEHOCTI Ta
mroAckKoTo akropa. HamanHsS CyIHOBOJIIO pEICBAaHTHUX PEKOMEHIAIINA IS
NPUAHATTS ONITUMAIBHUX PIlIEHb B PEXKUMI PEAbHOTO Yacy.

1. B3aemo36's30k 3 nonepeoHimu MoOYasaMU.

Monynbs nporHO3yBaHHsS TICHO MOB'A3aHui 3 IHIIMMU KoMroHeHTamu CIIIIP:

Jani 3 monayns oOpoOKM HaBirallifHMX JaHUX BUKOPUCTOBYIOTHCS JIJIst
(dopMyBaHHS BXIIHUX MapaMeTpiB MOJENi NMporHo3yBaHHA. Pe3ynbraTu aHamizy Ta
KJacTepu3aiii 3 TOMEPEIHIX MOJIYJIB CIyT'yIOTh OCHOBOIO ISl BU3HAYCHH S
MIOYaTKOBHUX YMOB Ta MapaMeTpiB MporHo3y. Bizyamizanis reorpadiuHoi iHpopmarii

3 MOJAYJIO 3a0e3leuye HaO4YHE MPEACTABJICHHS MPOTHO30BAHUX TPAEKTOPIN Ta 30H



89

pu3uky. Moaynb TIATPUMKH TPUUHATTS PIIIEHh BHKOPHUCTOBYE pE3YJIbTaTH
NPOTHO3YBAHHS ISl HAIAHHA PEKOMEHAAIlN CYTHOBOJIIIO.

2. Cmpyxkmypa mooyas (puc. 2.7).

Moynb CKIIQAA€ThCsl 3 HACTYMHUX KOMIIOHEHTIB:

2.1. 30ip Ta mMATOTOBKA MaHWX: Arperarmis HaBITaIMHUX JaHUX 3 PI3HUX
mxepen (ECDIS, GPS). Ilonmepegnss oOpoOka: ¢inpTpartiisi, HoOpMmamizamis Ta
OYMILICHHS JaHUX JJIS MIABULIEHHS SKOCTI MPOTHO3YBAHHS.

2.2. MonentoBaHHsI Ta MPOTHO3YBAaHHS TPAEKTOPIM.

Bukopucrtanss anropuTMiB MalllMHHOTO HaBYaHHS, 30KpeMa 0araromapoBHUX
HeiiponHux mepex (MLP), mis nmporrosyBanHs MailOyTHBOTO TOJOXEHHS CYJIEH.
Apanrariisi MoJienelt 10 cenugiyHUX YMOB IUIABaHHS Ta XapaKTEPUCTUK CyIHA.

2.3. O1uiHKka pU3MUKIB.

AHai3 MPOTHO30BAHMX TPAEKTOPIA Ha MPEAMET MOKIMBHUX 3ITKHEHb a00
HaOJMKeHHsT 10 HeOe3neyHux 30H. BpaxyBanHsS (akToOpiB HEBU3HAYEHOCTI Ta
MoAcbkKoro ¢akropa mpu oIiHUl pu3ukiB. Kracudikaiis pusukiB 3a piBHEM
KPUTHUYHOCTI JJIs1 IPUOPUTH3ALIIT JTiH.

2.4. Tnrerpamis 3 CIIIIP.

[lepenaua pe3ynbTaTiB MNPOTHO3YBAHHA Ta OIIHKA PHU3HUKIB 10 MOIYJS
OIATPUMKA TPUMHATTA pillieHb. ['eHepalisi pekoMeHJalid s CyAHOBOMIS Ha
OCHOBI aHaJI3y JaHuX. Bizyamizaiis pekoMeHAalliil Ta pU3UKIB Ha IHTEPAKTUBHUX
KapTax.

3. [lepesacu ma ouikysami pe3yiomamu.

[lokpamiennss  Oe3nekd  CyAHOIUIaBCTBA  4Ye€pe3  BYACHE  BUSIBIICHHS
noTeHiiiHux HebOe3nek. [linBuiieHHs e(eKTUBHOCTI MPUUHATTSA PIIICHb 3aBISAKH
HAJIAHHIO aKTyaJIbHUX Ta TOYHUX pEKOMEHJalid. 3HWKCHHs HaBaHTaXKCHHA Ha
CYIHOBOJISl 32 paXyHOK aBTOMAaTH3allll aHaTI3y CKJIAJHUX HaBIraliiHUX CUTYaIliil.
Ontumizailisi MapuipyTiB 3 ypaxyBaHHSIM IIPOTHO30BAHMX YMOB Ta MO>KJIMBUX
PU3HKIB.

Moysib IPOTHO3YBAHHS TPAEKTOPIM CyJIeH Ta OLIHKA PU3UKIB € KPUTHYHUM

xomroHeHntoMm CIIIP, sxuit 3a6e3neuye: Llimicanii migxin A0 aHami3y HaBIralliHOT
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cUTyallli Ta MATPUMKU CYAHOBOJIA. [HTErpaito 3 iHIIUMUA MOJIYJISIMH Ui OOMIHY
JTAHUMU Ta Y3rOJIKEHOCT1 pe3ysbTariB. ['HyUYKICTh Ta aalTUBHICTh J0 PI3HUX YMOB
[UTABAaHHS Ta HaBIrallMHUX BUKJIMKIB.

Po3poOka Moaymnsi MpOrHO3yBaHHS TPAEKTOPIA CyJEH Ta OLIHKH PU3HUKIB, 3
ypaxyBaHHSIM TONEPEAHIX IIECTH MOJAYINIB, J03BOJSIE CTBOPUTH KOMIUIEKCHY Ta
e¢(eKTUBHY CHUCTEMY MIATPUMKU TPHUHHATTA pilieHb I cyaHoBomisa. Lle cnpusie
MiBUILCHHIO O€3MeKu Ta €PEeKTUBHOCTI MOPCHKOTO CYJHOIIIABCTBA, 3MEHIIYIOUH

PU3HKHU Ta ONTUMI3YIOUH MPOLEC HaBIrafi.

©Tra]e:loryPred\cuonRiskAssessmemModule

o predictTrajectory()
o assessRisk()
11 e provideRecommendations() 1

e —
_— 1 T
/»”sgg-a-;ams data from models trajectory using nalyzes risks using T———_integrates with
- 1 .
1 1

(© Datanggregation (© TraiectoryModeling (© Rriskanalysis (€) Decisiansupportintegration

o dataSources: List o mlAlgorithm: MLP o uncertaintyFactors: List
o sendResultsToSupportModule()
o generateRecommendations()

o visualizeRisksOnMap()

© aggregateNavigationData() ® applyMLAIgorithms() o analyzePredictedTrajectory()
o preprocessData() o trainMLPModel(trainingData: List) o detectCollisionRisk(predictedTrajectory: List): Float
o normalizeAndCleanData() o predictFuturePosition(currentPosition: (Float, Float)): (Float, Float) o classifyRiskLevel(riskScore: Float): String

Pucynok 2.8 — Cxema MOJyJt0 MPOTHO3YBAHHS TPAEKTOPIM Cy/I€H Ta OLIHKHU iX

PU3UKIB

Y Xoml MHpOBENEHOTO JOCHKEHHS Oylo po3p0o0JIeHO KOMIUIEKCHY
KkBaTi(iKaIiifHy MOJIelb CYAHOBOJISl JJii aBTOMAaTU30BAHOTO KEPYBAHHS CYIHOM,
sSKa BpaxOBY€ TEXHIUHI, KOTHITUBHI Ta IMOBEIIHKOBI acmeKkTu mpodeciiHoi
JISJIBHOCTI. MoJienb CripssMOBaHa Ha MIABUIIECHHS €PEKTUBHOCTI MIPUUHATTS PIIICHb
y peajbHOMY uYacli Ta 3a0e3nedyeHHs Oe3MevyHOoi HaBiraiii B yMOBaxX 3MIHHOTO
CepeoBHIIIA.

3arajgoMm, MNOpPOBENCHE JOCHIKEHHS JI03BOJIAJIO CTBOPUTU KOMILIEKCHY
KBaiKaliitHy MoJeNb CYIHOBOJIA, SKa MOKe OyTH IHTErpoBaHa 3 ICHYIOUHMH
HaBIrallIMHUMHU cucTtemMamu, TakuMu gk ECDIS Tta iHmmx HaBirariiiHux.

MOKIIMBOCT1 3aCTOCYBAaHHS MOJENI MOJSATAIOTh Y:

- niosuwenHi be3nexku cyoHoniagcmea. Moienb M03BOJISIE BUACHO BUSIBISATH
NOTEHIIMHI PU3MKM Ta HaJaBaTH pPEKOMEHAalli Ais iX MiHIMi3alii, o COpusie

SHIDKEHHIO KUIBKOCTI HaBITalliHUX I1HI[MIEHTIB.
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- inmeepayii i3 icHyrOUuUMuU HasieayiuHumu cucmemamu. Moaenb Moxe OyTu
BIIPOBA/[PKEHA B Cy4acHI HaBiramiiiHi KOMIUIEKCH, IO 3a0e3mneuye il MpakTU4YHY

peanizallito 0e3 3HaYHUX 3MIH B IHQPACTPYKTYpl CYJEH.

2.3. CTBOpeHHsI cXeMH OOpPOOKM JaHUX JAJs1 PO3POOKH MeTOAy

inenTudikanii Ta BiTHOBJEeHHA KBaJiQiKaIMHUX MapaMeTPiB CYIHOBOIisA

BpaxoByroui  pe3ynpTaTH  BUINE3a3HAYEHOTO  aHAJi3y, MPOMOHYETHCS
KOMIUICKCHUHN TIAX1JI, 10 CKIAAAEThCA 3 16-TH eTamiB, MOYWHAIOYH 13 TPyIH 300py
Ta aHaNzy AaHux. Po3poOiieHa cxema po3KpUBaE MOCTIIOBHICTD 1M, COPsIMOBaHUX
Ha e(EeKTUBHE BIIHOBIICHHS KBami(ikaliiiHUX MapaMeTpiB Cy[THOBOJIEM B PEKHUMI

peasibHOTO Yacy Mijl Yac KepyBaHHs pyxoM cyaHa (puc. 2.9-2.12).

306ip Ta ananiz naHnx

PesynbTaTi TECTiB, Bijco,
iHdopmaris npo kypcu B LMS Moodle

Eran 1: Anani3 noka3HuKiB
IHTeJIeKTYyalIbHOT AISUIbHOCTI

!

Eran 2: Busnauenus Eran 3: Ouinka ckjiagHocTi
HegocTtaTHix enemenTiB KI1 BigHosieHHs KI1

!

Eran 6: Ananiz meraganux KI1

Eran 4: InauBigyaibsHa
CXHMJIBHICTB /10 CIIPUMHATTS
iHdopmartii

Eran 8: ABromaTu3oBaHHit ETar1~7: OnTtumizauis
l'l()lllyK 3a MCTaITaHUMH CUPMHHﬂTTﬂ KOHTCHTy
!

Ertan 5: ®opmyBanHs
Metaganux KIT

Pucynok 2.9 — OmnepanioHamzariisi Tpyrnu 300py Ta aHaji3y AaHUX

Ilponiec aHamizy MaHMX CKJIANAE€ThCS 3 JEKUIBKOX €TalliB, MOYMHAIYHU 3
aHaII3y MOKA3HUKIB 1HTENEKTYaJIbHOI AISIBLHOCTI, 110 BKIIIOYAE OIIHKY PE3yJbTaTiB

TecTIB Ta iHpopMalli KypciB y cuctemi LMS Moodle.
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Ananis KII ta 6e3neka cyAHOBOAiHHSI

Etan 2: Busnauenns Eran 3: Ominka ckjiaiHOCTi Eran 7: Onrumisanis
HenocTatHix enemenTis KII BigHoBneHHs KII - CIIPUIHATTS KOHTEHTY

Eran 10: InTenexryanbuuii
1 aHaJli3 3HIMKIB

Ertan 5: ®opmyBaHHs
metaganux Kl

1

Eran 6: Anani3z meraganux KIT ——

Eran 8: ABTOMaTu3oBaHMit
l'lOIHyK 3a ME€Ta/IJaHUMH

!

Eran 11: Cenexuist
Bifleo(parMeHTiB

Pucynox 2.10 — Omnepamionarnmizaiiisi Tpynu aHaji3zy Ta 60e3neKky CyIHOBOIIHHS

Ha  macTymHux ~ eramax  BHM3HAUalOThCsl ~ HEAOCTATHI  €JIIEMEHTH
kBamdikamiinux napamerpis (KII), anamizyeTbcs i1HAMBITyalbHAa CXHJIBHICTH 0
COpUHHATTS 1HpopMarii, Ta GOPMYIOTbCS MeTafaHi i Kpauoro po3yMiHHA Ta
ONTHUMIi3allli  KOTHITUBHUX  MpoleciB. Buximui  maHi  KOXHOTO  eTaly
BUKOPHUCTOBYIOTHCS JJIsI MOKPAILIEHHSI HACTYITHUX €TamiB, 3a0e3Meuyrouu TITMOOKU I
3B'SI30K Ta IHTErpalli0 MK MPOIECaMHU.

Jlami, moumHarOYM 3 OIIHKM ckiaagHocTi BigHoBieHHs KII, mani mpo
HepocratHi KII 3 momepenHroro eramy aHam3yIOThCS JUIsi BU3HAYEHHS iX
ckinaaHocti. Ha nactynmHomy eram mertanani KII dopmytoTeesi Ta aHami3yroThcs,
o0 miAroTyBaTH i1HGOpPMALI0 IS aBTOMAaTU30BAHOTO TIOIIYKY Ta CeJIeKIlli
B1JICOJIOKYMEHTIB. Pe3ynpTaT 1MX aHaMi31B BUKOPUCTOBYIOTHCS [JIs1 ONTHUMIZAIlii
COPUMHATTS KOHTEHTY Ta IHTEJIEKTYalbHOTO aHali3y 3HIMKIB, 110, Y CBOIO Yepry,
CIpUsi€ MABUILEHHIO O€3MEeKH CYTHOBO/IIHHS.

HactymHoto cki1aioBOI0 € ONTHUMIZallil CHOPUHHATTSA KOHTEHTY Ha OCHOBI
MPOTHO3IB peakiiii Ta omiHku ckiaagHocti KII, aBTromaTu3oBaHuil TOIIYK 3a
METaJlaHUMHU JJIsi BiIOOpY BIAMOBIAHUX JAaHUX, Ta aHAI3 BIAEO3aMHUCIB JJIs

BU3HAYCHHS €(PEKTUBHUX MIAXOIB O HABUAHHS Ta BIHOBJICHHS.



IMaanyBanus Ta onrumizauis Bignosenus KIT

Eran 3: Orwinka ckJiagHocTi
BigHoBienHs KI1

Eran 7: Onrumizantis
CIIPHUUHSATTSI KOHTEHTY

Eran 4: InauBingyansHa
CXWJIBHICTb 10 CHIPUMHSATTS
indopmanii

Etan 6: Ananiz metaganux KI1

Eran 10: ITnTenekryanbHui
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aHaJI3 3HIMKIiB

Eran 12: Tpaucasuis
Bizleo()parMeHTiB uepes
JIOTIOBHEHY peabHICTh

Eran 8: ABroMaTH30BaHU
MOIIYK 32 METaJ[aHUMH

ETan 9: ABTOoMaTH30BaHMI
MOMIYK 32 METaJlaHUMHU

Etan 9: Anani3s Bigeosanucis

Eran 13: Konuentpautis
iH(opmarii

Eran 14: Po3ni3HaBaHHs
3HIMKIB

Pucynok 2.11 — OmneparioHamizamis Tpyny TUTaHyBaHHS Ta ONTHMI3allii

BIJTHOBJICHHS KBaJli(DiKAIIMHUX MapaMeTpiB

PesynbraTi 1Mx aHamiziB CIyTylOTh OCHOBOIO JJIS IHTENEKTYAIbHOTO AaHANII3yY

3HIMKIB Ta TOJAJIbIIOI KOHIICHTpAIl

iHpopMari,

e(eKTUBHI cTpaTerii AJis MOKPAIIeHHsI KOTHITUBHUX (DYHKIIIH.

10 JI03BOJISIE PO3POOUTH

VY cBoro 4epry, mpoliec ONTUMI3aIii COPUHUHATTS KOHTEHTY Ta BIIIHOBJICHHS

KOTHITUBHOTI'O HOTeHL[iaJIy PO3ropTacThCAa 4Cpe3 KUJIbKa B3a€MOIIOB'I3aHUX CTaIliB.

[lounHaroYu 3 1HTENEKTYaJIbHOTO aHali3y 3HIMKIB, III0 BHKOPUCTOBYE JaHI MPO

ckiaanicte KII 1 Bigeo3amucu, nani BiiOyBa€eThCsl CENEKIis Biieo(parMeHTIB JIs

NOJAJIBIIOT TPAHCISIIIT Yepe3 I0MOBHEHY PEabHICTb.

OnepaTusni eranu

Eran 7: Ontumizaiis
cnpui‘mm’m KOHTEHTY

Eran 10: lutenexkryanbuuii
aHai3 3HIMKIB

Eran 11: Cenekuis
BiZeo(parmMeHTiB

il Eran 12: Tpancnsiuis
BizeodparmenTis uepes
JIONOBHEHY PeabHICTh

Ocrarto4si cTparerii

Ta peKOMeH Tt urs e

NOKPALICHHS MPOLECIB
BiJIHOBJICHHS T
pO3Mi3HaBaHHS

Eran 16: Ontumizais
BiJIHOBJICHHS Ta PO3Mi3HABAHHA

Eran 15: Ananis
BIANOBILIHOCTI

Eran 16: Ontumizanis
- BiIHOBICHHSA Ta
pO3Mi3HABaHHS

Eran 14: Po3niznaBanus
3HIMKIB

Eran 13: Konuenrparis
inopmaii

Pucynox 2.12 — OmnepanioHaiizamisi Tpyny OlnepaTUBHUX €TarliB MOIel
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Konnentpariist indopmariii Beae 10 po3Mi3HABaHHS 3HIMKIB 1 aHa3y ix
BIANOBIAHOCTI OO0 HaBIramiiHux mganux. OcTaHHIN eTanm BKJIIOYAE€ ONTUMI3AIlIo
BIIHOBJICHHSI Ta pO3IMI3HaBaHHS Ha OCHOBI BCIX aHATM30BaHUX JAHUX, IO
OpU3BOJUThL 10 (OPMYBaHHS OCTATOYHUX CTpaTerii Ta peKOMEeHAalid s
MOKpAIIEHHsI 1IUX MPOLECIB.
BianmoBinHO 10 cxeMu 00pOoOKH TaHUX METOY ineHTU(IKAIlT Ta BIHOBICHHS
KBaMiKaIMHUX TapaMeTpiB CyTHOBOIS, OMUIIIMO (POPMaJIbHY CTPYKTYPY €TaIliB

METOAY.

Eran 1: AmHajgi3 mNOKa3HHUKIB  iHTeJIEKTYyaJIbHOI  JiSIBHOCTI
AHAJIBYHTHCS pe3yJbTaTH MPOXO/KEeHHSI TECTIiB, 3aBaHb, (P)AKTH MepPersiy

BiTeo TOIIO

Indopmariitni pecypcu: 6a3a nanux LMS Moodle (Modular Object-Oriented
Dynamic Learning Environment).

Kypcu (mdl _course): mictutes iHpopMalio Mpo KOXKEH KypC, CTBOPEHUH Y
CUCTEMI, BKIIIOYAIOUU HA3BY KypCy, KOPOTKHI OMHKC, AATy MOYATKy Ta 3aKIHYEHHSI.

Monaynm xypcy (mdl course modules): mictuth iHQOpMaIi0 Npo pi3HI
MOyl a00 pecypcH BCepeauHi KOKHOTO Kypcy, Taki SK TeCTH, 3aBJaHHS, Bi€O Ta
dbopymu.

3aBnanns (mdl assign): BIIOMOCTI PO 3aBJaHHS, CTBOPEHI Y paMKax Kypcy.

Tectu (mdl _quiz): micTuTh iHGOpPMaLII0 NPO TECTU B KypCl, BKIIOYAOYU
NUTAHHS Ta HAJAITYBaHHS TECTY.

[lurannss Ttecty (mdl question): BiZOMOCTI THpO MUTaHHS, TMOB’sA3aHI 3
TECTaMH.

Pesynpratn  TtectiB  (mdl _quiz attempts): MicTUTh JdaHI PO CHpoOuU
MIPOXOJIKEHHSI TECTY KOPUCTYyBayaMHU, BKJIIOHAIOUU JaTy Ta 4ac COpoOH, KIIbKICTh

HaOpaHux OaJiB TOIIO.
Eran 2: Busnauenns HenocratHix ejemMeHTiB KII

2. 1. 36ip manux i amamiz KIL: 30ip maHux mpo HemocTaTHi KBasmidikariiiHi

napameTpH CyJIHOBOJIiB. AHaJI3 ICHYIOUMX JaHUX JJIs 1IeHTU(IKalii MOTeHLIHHO
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BiZICyTHIX abo crmabkux KIL

2. 2. Kopemamiiianii aHams g BuzHadeHHS 3B'a3ky Mk Kl (kopersimis
y

[Tipcona) (2.13):

SRy (2.13)
VE 0% X -v)

ne r — koedirient xopesmii [lipcona, Xi — 3Ha4eHHS I-TO eJIeMEeHTa 3MIHHOT, X —

r =

CEepe/IHE 3HAYCHHS BCIX €JICMEHTIB 3MIHHOI X, Yi — 3HAYeHHs I-TO eJIeMEeHTa 3MIHHOT

Y, ¥ — CepeaHe 3HAUYCHHS BCIX €JIEMEHTIB 3MIHHOI Y.

BuxopucroByerbcsi ansi BUSBIACHHS 3B’s3KiB MDK pisHuMu  KII, 1106
3posymitH, siki KII BrummBaroTh Ha Oesneky IUIaBaHHSA 1 $IKI TOTPEOYIOTh

yIOCKOHAJICHHS.
2. 3. MamunHe HaB4yaHHs 11t Kiactepusamii KIL
Meton K-cepennix s rpynyBanns KIT (2.14):

s = {xp :pr — Y

<[[x, | Vi 1< | sk}, (2.14)

ne S — i-it kimacrep Ha t-ii iTeparii, Xp — P-# 00'€KT HaHHWX, SKHA MOTPIOHO

oo

knacudikysartu 10 kiaacrepa, w') — 1enrpoin i-ro knacrepa Ha t-i itepaiii,

— BiJICTaHb BiJ P-TO 00'€KTa TaHUX JI0 IIEHTPOiaa i-ro Kiaacrepa, Xp—u(j‘)“ — BIJICTaHb
Bil p-ro o0'ekTa JaHMX A0 IEHTpOIna j-ro kiacrepa, K — 3arajbHa KiIbKiCTh

KJIaCTEpiB.

BuxopucroByerscss ans  igentudikamii rpyn KII (ax okonmii TouykH
MapuipyTy), IO MOXYThb MaTH CXOXI HEJOCTaTHI eJIEeMEHTH, Ta BUSBICHHS

BIJICYTHOCTI B Me&XaX ITUX TPYIL
2. 4. Teopis rpadis qist pamwkyBanus KIL

Matpuns cymikaocTi Ui 3B’ s3kiB Mixk KIT (2.15), (2.16):

, (2.15)

{l axwo KII, 3anesxcumo 6i0 K11 ,
=

0 inakwe
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ne 1 — icHye 3B’s30K (3aJISKHICT) MK By3JaMH | Ta |;

deg(v)=>Y_A,. (2.16)

ueG

ne deg(V) — cTymiHp By37a, Z A,, — OOUYHCITIOETHCS IS BCIX BY3JIIB U, SIK1 HAJIEKATh
ueG

1o rpady G.
BukopucToBy€eThCS 111 BU3HAUCHHS BaKIMBOCTI KOxHOTO KII y KOHTEKCTI

3arajyibHO1 0€3MeKH TUIaBaHHs, 0COOJIMBO B KOHKPETHUX JIOKAIIIsX.
2. 5. JlunaMigHe MOJCITIOBAHHS JJI ONTHUMI3allli HaBYaHHSI.

PexypcuBHa ¢opmyna bemnmvana g1 po3poOKM ONTUMATBHHUX CTpaTeriit

BigHoBaenus KIT (2.17):

V(i,j):rggg({R(i,aHyZPij(a)V(j)}, (2.17)

jes

ae V(i, J) — ¢yHKIS [MIHHOCTI, SKa BU3HAYA€ ONTUMAJIbHY IIHHICTh /IS CTaHy | Ta
aii j, A— mHOkuHa MoxumBHX Tii; R(i, 8) — (yHKIis BUHAropou, sika BU3Ha4Ya€
BHUHAropo,Iy 3a BUKOHAHHS Jii & B cTaHi I, Pjj(@) — WMOBIpHICTh Iepexoay 3 CTaHy
| B CTaH | Ticiisl BUKOHAHHSA 1ii @, V(]) — LiHHICTB CTaHy |, ika Bike OyJia BU3HAYCHA,

S — MHOXHWHaA MOJINBUX CTaHIB.

BukopucrtoByetrhcst is1 po3poOKM IUIaHIB HaBYaHHS a00 TpEHYBaHb, IO

BpaxoBYIOTh 1HIMBIAYyanbH1 HemocTaTHi KII Ta iX paHru B pi3HUX JIOKAIISX.
Eran 3: Ouinka ckiaagHocTi BitHoBJIeHHs: KII
3. 1. Kombinaropuuii anami3 s ctpykrypHoi ckiagaHocti KIL

Mera: OLIHUTH MOXJIMBY KUIBKICTh CTaHIB ab00 KOH(iryparii, ski MoOxe

npuiimaTt koxxeH KII, BpaxoByroui iHAUBIIyaJIbHI OCOOJMBOCTI CYJHOBOJIS .
Kom6inatopHe yucio s po3paxyHky Bapiamii KIT (2.18):

C(n,k)=ﬁik)!, (2.18)

ne C(n, k) — kimpkicTh kKOMOiHaILK K eneMeHTiB 3 N.
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3acTocyBaHHS: BU3HAYEHHS KUIBKOCTI pI3HUX croco0iB, skumu KII moxe

OyTH BITHOBJICHHUH a00 MOJIIIIIEHUH, BUXOSYH 3 HOTO MOTOYHOTO CTaHy.
3. 2. Tononoriunnii aHaim3 A1 BU3HaYeHHs 3aiiesxHocti Mk KIL

Merta: BCTaHOBUTH CTPYKTYpy 3ayexHocTi MK KII Ta Bu3HA4uUTH KIIOYOB1

KIL
Meto/: BUKOPUCTAHHSI TOTOJIOTIYHUX TpadiB Ta NEHTPATLHOCTI BY3IIIB.

dopmyrna neHTpabHOCTI BY3:1iB (2.19):

C(v) DI U] (2.19)

O-St

ne C(V) — LeHTpalbHICTh By3IIa V, Ost — 3arajbHa KUIbKICTh HAHKOPOTIIHX IILISXiB

BiJl By3/1a S 70 {;
ost (V) — KUIBKICTh MHX ILISAXIB, IO MPOXOAThH Yepes V.

3actocyBanus: iaeHtudikamis KII, ski maTh HaWOUIBIINKA BIUIMB Ha

3arajibHy O€3IeKy.
3. 3. Cucremua nuHamika 1yt oiiHky BiomwmBy KII Ha Gesmeky.

[lpoGnema: MopmenmOBaHHS JWHAMIKA  PO3BUTKY HABUYOK  HaBiraiii

BIIMOBIAHO 110 3MiH y iHImuX KIL

3acTOCyBaHHSI CHUCTEMHO1 JHMHAMIKW: BHUKOPHUCTaHHA Ju(epeHIiaaIbHuX

PIBHSIHB JIJIs1 onucy quHaMiku 3MmiH y KIL

[punyctumo, naBuuku Hairauii (N) 3anexartpb BiJ yacy (1) Ta BIUTMBY 1HIIHX

KIT (P). Moaenb munamiku (2.20):

‘i'j_':': f(N,P,t). (2.20)

Skmo 3 4vacom 3poctae BmmB iHmmX KII, Hampukmam, depes 10JaTKOBE

HAaBYdHHS, IIC MOKC IMO3UTHBHO BIUIMHYTU HA PO3BUTOK HABHUYOK HaBiI‘aL[ﬁ.

Eran 4: InauBinyajbHa CXMJIBHICTH 10 CIPUAHATTS iH(opMalri

4. 1. JliniifHa perpecis AJisi NPOTHO3yBaHHS peakiiil (2.21):
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Y =48,+BX,+ X, +..+ B X, +¢, (2.21)
ne Y — 3ajexHa 3MiHHA, SIKy MU HaMaraeMocsi IpoOrHO3YyBaTH, fo — Koe(DilieHT
NEPEXOIUICHHS, BIH TIPEJCTaBlsie 3HA4YCHHS Y, KOJM BCl HE3aJeXKHI 3MiHHI
nopiaowTs 0, f1, f2,..., fn — KoedilieHTH NpU HE3WICKHUX 3MIHHUX, SKi
MOKa3yIOTh CEPEIHE 3MIHCHHSI B 3QJICKHINM 3MIHHIA Y 3 OJMHHUIICIO 3MIHHOI Xi, X1, X2
yeery Xn — HE3AJICKHI 3MIHHI, SIKI BUKOPUCTOBYIOTHCSI JJIsi TIPOTHO3YBaHHS Y, € —
TEPMiH MOMWIKH, SIKWA TPEJICTABIIsI€ BUMAIKOBE BiIXWiIeHHs Y Bif JIiHIT perpecii.
Ils ¢dopmyna BUKOPUCTOBYEThCS [Jisi TMPOTHO3YBAHHS, SIK CYIHOBOJIM
pearyBatuMe Ha pi3Hi Buau iHPopmamii. Koxken xoedimieHT f npenacrasise Bary,
SIKYy Ma€ KOKeH THIl iHpopManii (HanpuKiaj, BidyajdbHa abo 3ByKOBa) y BU3HAUEHHI
3arajibHO1 peakKiiii.
4. 2. Anamiz ocHoBHux kommoHeHT PCA, (Principal Component Analysis)

(2.22):
PCA(X)=W'X, (2.22)

ne PCA(X) — pesynbTar 3acTOCyBaHHS METOJY TOJIOBHUX KOMITIOHCHT JI0 Habopa
nanux, W' — tpancnonosana marpuns W (W — Marpuus Baropux koe]ilieHTiB,
JIe KOXKEH CTOBIICIb € BEKTOPOM OJHIET 3 TOJOBHUX KOMIIOHEHT, X — BUXITHHUI
HaOIp JaHUX.

PCA  BUKOpPHUCTOBYETBHCSI  JJIi 3MEHIIEHHS  PO3MIPHOCTI  JaTa-cery,
30epirarouu Mpu bOMY HAWOUIbII BaXJIMBY i1HpoOpMalio. Y KOHTEKCTI JaHOTro
JTOCTIKEHHS, 1€ JO3BOJIUTh BU3HAYWTH, sIKI KOMOIHAIlT 1HPOPMAIIMHUX CHUTHAJIIB
€ HAaWBKJIMBIIIMUMHU JJIsI CYTHOBOIS.

4. 3. Earpomis Illennona s orinku iHGOpMariiHOi miHHOCTI (2.23):

H(X)=—Z::p(xi)log p(%) (2.23)

ne H(X) — enrpomis Habopy JAaHUX, N — KUIBKICTh MOKJIMBHUX CTaHIB a00 MO/IIH,
p(x,) — HUMOBIpHICTB I-1 OMIT YK cTaHy X; B HA0OP1 JaHUX, logp(x;) — Jorapudm
MoBipHOCTI I-T TmoIii.

Entponisi lllenHoHa BuMiptoe KUIbKICTh 1H(OpMalii B HaboOpi JaHUX.
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3’ABIIIETBCS  MOXJIMBICTH ~ OIIHUTH, SIKI BuAM 1HGopMmalii € HahHOLIbII
«iH(popMaTUBHUMEUY) a00 «HemepeaOdauyBaHUMMW» JUIsl CYIHOBOJIS, IO MOXKeE
JOTIOMOTTH B ONTUMI3aIl] 1H(HOPMALIIHHUX KaHATIB.

4. 4. MapkiBCbKi JIAHIIOTH JIJIs TIepeadadeHHs nmoBemainku (2.24):

X .=X

n-1"—

P(X,.=X|X,=x

n+l n n’ n—l""’XO:XO):P(Xml:X'Xn:Xn)’ (224)
ne P — UMOBIpHICTB, Xn+1 — HACTYIHUN CTaH CUCTEMH, X — KOHKPETHE 3HAYCHHS
HACTYITHOTO CTaHy CHUCTEMH, IJISi SIKOTO PO3PaXOBYETHCS WMOBIPHICTb, Xn = Xp —
MOTOYHUHN CTaH CUCTEMH, Xn-1 = Xy-1, ..., Xo = Xo — TOTEPEAHI CTAaHU CUCTEMH Bij
HAHOBIIIOTO 0 CTAPTOBOTO CTaHy.

MapKiBCBKI JaHIIOTH MOXYTb OyTH BUKOPUCTAHI JJIsi MOJIEIOBAHHS TOTO, K
CYIIHOBOJIN TIEPEXOJINUTh BiJ OJHOTO CTaHy peakilii Ha IHIIUKA BIAMOBIAHO O
oTpuManoi iHpopmaitii [74]. Lle 103BosIsIE OLIHUTH, SIK CYAHOBOINA pearyBaTUMe Ha
MOCTIIOBHICTh 1HQOpMaLIHHUX (HaKTOPIB.

Eran 5: ®opmyBannsa meraxanux KII

5. 1. Onronoriune mozemoBanus s kiacudikamii KIT (2.25):

VX(KH(x) — Ely(qac(y) A 3anexcnicmo (x,y))). (2.25)

Il dopMyna BHKOPUCTOBYEThCSA MJisi MojemoBaHHS BimHocuH Mik KII 1
TEPMIHAJIBPHUMH XapaKTePUCTUKAMH MapHIpyTy. BH3HadaeTbes, MO JJIS KOXHOTO
KII icHye BigmOBigHWI YacOBWUU mapameTp, Bim skoro BiH 3amexuth [123]. lle
J03BOJIMTH opraHizyBaTu MeTagani KII 3 ypaxyBaHHSIM 9acy 10 MapIIpyTHOT TOYKH.

5. 2. Anani3 yacoBuX psiB st iporno3yBanus 3Min KIT (2.26) [124]:
[1—ii¢,|.‘(1— L)Y, =(1+ieiujgt} (2.26)
i=1 i=1

ne Yt — 3Ha4yeHHsSl 4acoBOTO sy B yac t, P — Mmopsi 0K KOMIIOHEHTH aBTOperpecii
moneni, ®i — koediieHTH aBTOperpecii, L — omepartop 3cyBy uacoBux psaiB (Lag
operator), q — MOPSAIOK KOMIIOHEHTH KOB3awo4oi cepeanboi wmonem, 0 —

Koe(illleHTH KOB3ar4oi CEpeHbOi, £ — TEPMIH MOMMIKU (a00 1HHOBAIIi) B yac t.
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Monens ARIMA (Autoregressive Integrated Moving Average) m03BoJIsIE

aHamizyBatd dYacoBi psaau KII nns BuUSBICHHS TEHICHIIM Ta TepeadOadeHHS
MaiOyTHIX 3MiH. J{03BOJIsSIE MPOTHO3YBATH, SIK YACOBI OOMEXEHHS O MapUIPYTHOT

TOYKHU BIUTMBAIOTH HAa MOTpeOy BimHOBIEHHS neBHUX KIL

5. 3. KornituBHe MonaemoBanus (2.27):
S, = f(iw”xjj, (2.27)
j=L

ne Si — BUXITHHI cUrHal abo peakilist i-ro eJleMeHTa CHCTEMU,

f(\) — ¢dyHKUis akTHBAIi, SKa MOJXE MEPETBOPIOBATH BXIAHHN CUTHAJ y BUXITHUH

CTaH;

>" ~— curMa-HOTalllsl, SKa BKa3ye Ha CYMyBaHHS BKJIaJly BCIX BXIJIHUX CUTHAJIIB;

=1

Wij — BaroBui KOeQII[iEeHT, [0 BU3HAYAE BIUIMB |-TO BXIJHOIO CHUTHAIy Ha I-if

€JIEMEHT;
Xj — BXiHUIA CHTHaJ ab0 CTaH |-TO eJIEMEHTA.

KorniTuBHa Mepexa 3 BaroBUMH Koe(ili€eHTaMH MOXe OyTH BHKOpPHUCTaHA
711 MOJeIoBaHHS B3aeMojii Mk pisHuMu KII Ta Bu3HaueHHS iX BIUIMBY Ha
3arajibHy 3/IaTHICTh OrepaTopa epEeKTUBHO BUKOHYBaTH CBOi 000B'si3ku [125]. Lle
JIO3BOJISIE  QanTyBaTH TPEHYBaJIbHI TMPOTPaMHy, BPaXOBYIOUM I1HAMBIAYaJIbHI

0COOJIMBOCTI KOKHOTO OTiepaTopa.

5. 4. OnruMmizamiifHi anropuT™MH IS IDIaHyBaHHS Mapuipyty (2.28):
D(v)=min(D(u)+I(u,v)), (2.28)

D(v) — Biacranb Bia MOYATKOBOTO By3Jia A0 By3na V, D(U) — Biacranb Bin

IIOYaTKOBOIO By3Ja 710 By3aa U, I(U,V) — noBxkuHa pedpa MK By3aamMu U i V.

Anroputm  [lefikctpu Moxe OyTM BUKOPUCTAHMM JJIs1  OoNTHMIi3arlii
MapHIpyTHOTO IUIAHYBaHHS, BPaxOBYIOUM YacoBI OOMEXEHHS Ta TMoTpedy
BigHoBNeHHs pi3Hux KIL Ile momomarae Bu3HAuMTH HAWOUTBIN edEKTUBHHUUN

MapuIpyT, BpaxOBYIOYM BCl UMHHUKH, 10 BIUIMBAIOTh HA BUKOHAHHS 3aBJaHb
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OTIEPATOPOM.
Eran 6: Anaaiz metagaaux KII

['eHepyrOTbCS CTPYKTYpH, IO HAWOUIBII €MHO OO'€IHYIOTh HEIOCTaTHI
enementn KII BigHOCHO MapmipytHOi Touku (MT). ¥V Bumagky TOYOK $IKi MarOTh
noBTopeHHs eneMeHTiB KII, mepenbaueHo po3mojijli KOHTEHTY JJIsi BIITHOBJICHHS

TaKUM YMHOM, 11100 Haioutb edekTuBHO BimHOBUTH KII mo koxHii 3 MT.
6. 1. lepapxiunumii kjactepuuit ananiz st 00'ennanns KIL

Mera: reHeparis CTPYKTyp, IMo 00'eqnyroTh HemoctaTHi enementu KII

BigHOCHO MT y BHUIIISIII MeTpHYHOTO mpocTopy (2.29) :

d(X,Y)= > (x -y, (2.29)

i=1
ae d(X,Y) — Bixcranp Mk kinactepamu X ta Y, Xi, Yi— CJIEMEHTH KJIaCTEPiB.

s bopmyna BUKOPUCTOBYETHCS JJIsI BUBHAYCHHS «BIJICTaHD» MDK PISHUMH
KIL. Knacrepu 3 HailMeHIIOIO BiJICTaHHIO 00'€qHYIOThCS, cTBOprotoun rpynu KII,

SIK1 TOTPeOYIOTh BITHOBJICHHS B MEBHIA MapUIPYTHINA TOYIIL.
6. 2. Mepexa baiieca ns onTumizaiii po3noauTy KOHTSHTY.

Mera: ontumizaiis BigHoBJeHHs KII, BpaxoBytouum psig ouikyBaHnux MT

(2.30):

P(B|A)P(A
F’(AIB)=—( [A)P(A) (2.30)
P(B)
ne P(AIB) — ymoBHa iiMoBipHicTs monii A 3a ymoBu B, P(BJA) — ymoBHa

nimoBipHicTh B 3a ymoru A, P(A), P(B) — iimoBipHOCTI moii A Ta B BignoBimHO.

s dbopmyna momomarae BU3HAYUTH HMOBIPHICTH Toro, mmo meBHui KII
NOTPIOHO BIIHOBUTH, BPaxOBYIOUHM 1HGOPMAIlI0 MPO MapIIPYTHY TOUYKY Ta 1HIII

noB'ss3an1 KIL

6. 3. MiHiMi3arist acy, HeoOXimHoro it BigHoBiaeHHS KIL

6. 3. 1. LlimboBa Qynkuis: minZ =>" wit,

=1 i
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ne W; — BaroBuii koedirient s i-toro KII, 1o BigoOpaxae Horo mpiopuTeTHICTH

YW BaXKJIUBICTh;
ti— uac, HeoOXiguui UIg BigHOBIeHHS i-Toro KIL

6. 3. 2. O6mexenHst pecypcis (2.31):
> nx <R, Vjel, (2.31)

rij — 9ac BUKOPUCTAHHS -0 pecypcey s i-roro KIT;
Xij — OlHapHa 3MiHHA, sKa BKa3ye€ Ha BUKOPUCTAHHS |-TO pecypcy mis i-toro KII;
R — 3arayibHa KUTBKICTh JOCTYIHHX TOJIHH J-TO PeCypcy.

6. 3. 3. HacoBi oOMexeHHs Ta 3ajexHoCTI (2.32):
t >t +d, Vie{2..n}, (2.32)

ae di.n — TpuBaicTh 3aBIaHHs, 1110 Oe3nocepeHbo nepeaye i-tomy KIL
6. 3. 4. HeuiTKi ejIeMEHTH.

JUis  BpaxyBaHHS HEBU3HAUEHOCTI MOXHA BHUKOPUCTaTH WMOBIPHICHI

posnoainmu abo HewiTki 3MiHHI. Hampuknan, skmo ti Mae HOpMaNbHUI PO3MOJILT

(2.33):
t ~N (/Ji,O'iz), (2.33)

Je W — cepeaHii yac BigHOBIeHHS /i I-Toro KIT;

2
Oi — nucnepcis yacy BiTHOBJIEHHS.

6. 3. 5. MHOXXUHHUI KpUTEpii ONTUMI3ALII].

SK11o0 € 10AaTKOBI ITUTl, Takl SK MIHIMI3aIis BapTOCTi, MOKHA BUKOPHCTATH

migxin [Tapero-onTumanbsaocTti (2.34):

minY =>"" ct (2.34)

—1 i
1€ ci — BapTicTh BimHOBICHHS I-Toro KIL

6. 3. 6. binapHi 3MiHHI:
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X 6{0,1}, Viel,Vjel,
ne Xij=1 skmio j-i pecypc BukopuctoByeThesi 11 i-roro KII, inakmie 0.

Lew miaxim 30cepeKeHnid Ha MIHIMI3allli 3arajJlbHOTO 4acy, sSIKHM moTpidoeH
171 BimHOBJICHHS ycix HeoOximamx KII 10 KokHOT 3 MapImpyTHHX TOYOK, 3

ypaxyBaHHSM IOBTOPEHHS €JIEMEHTIB Ta HEOOXITHOCTI X €EKTUBHOTO PO3MOILIY.
Eran 7: OnTuMiBanisi CIPUIAHATTS KOHTEHTY
7. 1. Teopist rpadiB 1 aHai3y B3a€MO3B'SI3KIB.

Mera: BH3HAYEHHS ONTUMAJIBLHUX 3B s3KIB MDK Meraganumu  KII
2

BpaXOBYIOUM Pi3HI nmapamerpu. LleHTpansHICTh 3a mocepeaHunTBoM (Betweenness

Centrality) (2.35):

C(v)=3 AU (2.35)

ne Cg(V) — HeHTpabHICTh BY3J1a V, Gst — 3arajibHa KUTbKICTh HAWKOPOTIIUX IILISXiB

BiJl By3J1a S 10 ¢, ost(V) — KUIBKICTh ITUX MUISAXIB, IO MPOXOJATH Yepe3 V.
7. 2. JliniifHe mporpaMyBaHHs JJIs1 ONTUMIi3allli CIPUNUHATTS KOHTEHTY

Mera: MiHIMI3alig 3arajJbHOr0 4Yacy CHOPUMHSTTS KOHTEHTY, BPaXOBYIOUHU

(iziosoriuHi Ta KOTHITUBHI 0OMexeHHs (2.36):
minZ =>cx, > a% <b,, Vj, (2.36)
i=1 i=1

ne Z— uinboBa (yHKIIIs, Ci — BapTICTh BUKOPUCTAHHS I-TO pecypcy, Xi — KUIbKICTh
BUKOPHCTAHHS I-TO pecypcy, aij— KOe]ilieHT, M0 BU3HAYAE BIUIMB I-TO pecypcy Ha
J-Te oOMexeHHs, Dj — MeXxa J-TOro 0OMEKCHHS.
7. 3. HelipoHHi Mepexi AJi1 MOJIEIIOBaHHS TEPIENITUBHUX 310HOCTEH.
Posmupenns Gopmynu HEMPOHHOT MEpEXKi:

Hexaii X Bitouae He JMIle BXiAHI JaHl, a ¥ mapaMmeTpu, Takl sIK CTaH BTOMU
(f), piBen» yBarum (@), i HasBHe HaBaHTaxeHHsS Ha yBary (l). Tomi po3mmpena

dopMyia HEUPOHHOT Mepexi Moke OyTH BupaxkeHa Tak (2.37):
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y=f(W-(x®f®adl)+b), (2.37)
ne €D o3Hauae KOHKATEHAI[I0 BEKTOPiB.
7. 4. MonenoBaHHS BTOMU Ta yBaru.

Jlns BimoOpa)keHHS JMHAMIKM BTOMM 1 yBaru MOXYTh OyTHM BHKOpPHCTaH1

nudepeHnianbHi piBHAHHS (2.38):

df da
E——df-ﬁ-ﬂ, E——]/a'i‘é‘, (238)

ne a, B, v, 0 € mapaMeTpamMmH, SiKi ONMUCYIOTh IIBHJIKICTh 3HMKEHHS BTOMH Ta yBaru
Ta 1X BIIHOBJIEHHS BIAIIOBITHO.
7. 5. InTerpailisi 4acoBUX PSIiB.

YacoBi psiau MOXKYTh OYTH IHTETPOBaHI B MOJIEb ISl BpaxXyBaHHsS 1CTOpii
cnpudHATTS 1HPopmManii cyaHoBonieM. Bukopucranns RNN (Recurrent Neural
Network — pekypenrtHa HeriponHa mepexa) abo LSTM (Long Short-Term Memory
— JIOBTOTPUBAJIA-KOPOTKOYACHA TIAM'sITh) J1JIs1 0OpOOJICHHS TOCIiIOBHOCTI BXITHUX

nanux (2.39):

h =LSTM(x,h,), v, =softmax(W,h +b,), (2.39)
ne hy — mpuxoBanmii cTaH Ha YyacoBOMY Kpoili t, Xt — BXiJgHI JaHI HA 4YaCOBOMY
kpori t, Wy, by — mapamerpwu, siki noTpiOHO HaBYHUTH.

7. 6. ®yHKIii aKTUBAITI.

3ae)XHO BiA THUITy 3aBJaHHS, MOXYTb OYTH BHUKOPHUCTaHI Pi3HOMAaHITHI
dbyHKIil akTUBaIii U1 pi3HUX mapiB Mepexi, Hanpukiag ReLU (Rectified Linear

Unit — BunparieHuii JiHIAHUNA eneMeHT) abo cHrMoina JJis 3aBAaHb Kiachdikairii.
Eran 8: ABToMaTU30BaHUiiI MOLIYK 32 MeTAaHUMHU
8. 1. Heuitka norika aJisi BA3HAYEHHSI IPIOPUTETIB.

Mera: BpaxyBaHHs NpiOpHUTETIB Ta BIACOTKIB BIAMOBIIHOCTI HaBIramidHUX

curyarii (2.40):
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DI (2.40)

Z in:1 Wi |

ne Z — BUXIIHAW MapaMmeTp HEYITKO1 JIOTIKH, Xj — BXIAHI mapaMeTpu (Hampukiai,

CTYMiHb BIAMOBIAHOCTI CUTYyaIlii), Wi — Bard, 110 BIAMOBIIaIOTh IPIOPUTETAM.
8. 2. OnrruMizartist monryky B 6a3ax JaHUX.

MerTa: HoJINImeHHS C(I)CKTI/IBHOCTi Ta TOYHOCTI IMMOUIYKY HAaHUX, BPpaXOBYIHOYU

CKJIaJH1 KpUTEpIi BIANOBIIHOCTI.
Bukopucrtanus anroputrMmy OiHapHOTO MOIIYKY:
while I <r: m=[(I1+r)/2]if array[m] < target: | =m+1 elseif array[m],
ne | i r— niBa i mpaBa MeXIi MOIIYKY B MacHBi, M — ceperHa Jiana3oHy, array[m]
— eJIEMEHT Ha To3HuIiii M, target — mrykase 3HaYCHHS:

target: | = m+1elseif array[m] >target: r= m-21else: returnm,

ne array[m] — eneMeHT Ha MO3MIIIL.
8. 3. Bizyamizaniss gaHux 11 aHamizy.

Mera: HajgaHHsA IHTYITUBHO 3pO3YMUIOT Bi3yaizailii JUisl aHAI3y BEIMKHUX

HAOOpIB JaHUX.

Bukopucranus mepesxkeBux rpadikis (2.41):

draw(V,E): foreachv eV : drawVertex(v) foreach (u,v) € E: drawEdge(u,v), (2.41)
V — BepmmHE Mepexi (Hampukiaa, kBamidikaiiiiHi napamerpu), E — pebdpa, 1o

3'€IHYIOTh BepIIUHU (MOKa3ylOTh B3aeMo3B's3ku), drawVertex i1 drawEdge —

dbyHKLii 171 Bizyasmizali BepIIH Ta peop.
Eran 9: Anauiz Bineo3anucis

9. 1. BukopucraHas KOHBOJTFOIIAHUX Heliponnux  mepex, CNN

(Convolutional Neural Networks) ans ananizy 300pakeHb.

Mera: epexkTUBHUIT aHA3 Ta pO3Mi3HaBaHHS 00'e€KTIB vy Bimeos3anmcax (2.42):
Yy
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f(X)=ReLU (W %X +B), (2.42)

ne X — BxigHe 300paxenHs, W — Barosi koedimientu ¢uibtpa, B — 3MminieHss, *
— onepauis kouBomonii, ReLU — ¢ynkuis axtuBauii (Hanpukian, Rectified

Linear Unit).
9. 2. AiiropuT™M# BUSIBIIEHHS 3MIH JJIi BU3HAUCHHSI PIBHS PU3UKY.

Merta: aBTOMaTU4YHE BUSBJICHHS 3MIH y Biz[eo3anncax, o MOXYTb BKa3dyBaTH

Ha MiJBUIICHUI piBeHb pU3UKy (2.43):

D(Xtvxt—m):”xt _Xt—AtH’ (2.43)
ne D — wmipa BiAMIHHOCTI MDK MOTOYHHMM KaJIpoM X; Ta momepeaHiM Xia, At —
YacOBUH IHTEpBAJ MK KaJpamu.

9. 3. AnaJtiz 4acoBHX PSIAIB JIS1 OIIHKYA PU3HKIB.

Mera: OiiHka pIBHS PH3UKY 3 YpaxyBaHHSIM YaCOBHX XapaKTEPHUCTUK

Bigeopsay (2.44):
R =aiwi R, +&, (2.44)
i=1

ne Ry — o1iHka pu3uky B yac t, Wi — BaroBi KoeQiIlieHTH, 110 BiI0OpaXKkaroTh BIUIUB

MOTIEPEIHIX JTAHUX, & — BUIAJKOBHUH IIyM, 0. — KOE(IIIIEHT 3IIaKyBaHHS.
Eran 10: IHTeIeKTYya/IbHUI aHAJI3 3HIMKIB
10. 1. I'nuboxe HaBYaHHS JJIs1 PO3MI3HABAHHS 300paXKeHb.

Mera: aBTOMaTM4yHEe BU3HAUYEHHS XapaKTEPUCTHK HAaBITalllfHOI cuTyamii 3

Bigeo3anuciB (2.45):
f(X)=softmax(W -g (X )+h), (2.45)

ne X — BxigHe 300paxenHs, §(X) — ¢QyHKIiS O3HAK BUTATHYTa 3 IIHOOKOT
HeliponHoi Mepexi, W i b — Barosi koedirieHTn Ta 3MinieHHs, softmax — GyHKIis

aKTUBaIii aJs Kiacudikarii.

10. 2. MamuaHe HaBYaHHS [JI11 BU3HAYEHHS BIJIIOBIAHOCTI JTaHUX.
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Mera: anani3 BieOJlaHMX Ha BiINOBiIHICTH 3 iH(popMaiieo 3 ECDIS, AIS,

GPS, ARPA. Anroput™m BUMAIKOBUX JICIB sl Kiaacudikarii (2.46):

1 N
P(yIX)=—21 (R (X)=y) (2.46)
i=1
ne P(yIX) — #iMoBIpHICTE TOTO, 10 300paykeHHs X HAJICKHUTH 10 Kiaacy Y, N —
KUTBKICTh JiepeB B ancamOii, hi(X) — pimrennst i-roro gepesa, | — iHauKaTopHa
byHKIIS.

10. 3. Anani3 BIAMOBIIHOCTI 32 JOIIOMOI'OK CTATUCTHYHUX METO/IIB.

MeTa: oOIlHKa BIICOTKA BIAMOBIAHOCTI MDK HAaBITAIIMHUMHA JaHAMH Ta

300pakeHusMu (2.47):

\Y; :%i(similarity(Di,Si )) (2.47)

i=1

ne V — cepemHs BIAMOBIAHICTh, M — KUIBKICTh BHUMIpIoBaHb, Di — mani 3
IHTENIEKTyaJIbHOTO MOJYJs, Si— crangapTHi HaBiramiinai nani (ECDIS, AIS, GPS,

ARPA), similarity — ¢yHKIiss BU3HAYCHHSI CXOXKOCTI.
Eran 11: Cesexuis BineogparmeHris
11. 1. Mozaenb TMOOKOTO HaBYaHHS 3 TpaHChOpMEpaMH JJIs aHATI3Y BiJEO.

Merta: BUKOpHUCTaHHS TpaHCOpMEpIB Jid PO3MI3HABAHHS KJIFOYOBHUX

XapaKTEepPUCTUK BI€O0, K1 BIAMOBIAAIOTH NMpaBuiIaM Oe3MeKu.
Enxonep tpanchopmepa:

H = LayerNorm( X + MultiHeadAttention(X)),
Z = LayerNorm(H+FFN(R)).

ne X — BXigHlI jgaHi (300paxeHHs Bimeo), MultiHead Attention — MexaHi3Mm
6aratoBumipnoi yBaru, FFN (Feedforward Neural Network — mpsimonpormyckHa

HEHpOHHA Mepexa) — MOBHO3B sI3Ha Mepexa, LayerNorm — Hopmaizallisi mapy.

11. 2. Metron SVM (Support Vector Machine — MammHa omopHUX BEKTOPIB)

TS Kiacuikarili Bizeo.
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Mera: BukopuctanHss SVM nis TouHoi kiacudikaiii Bifgeo (parMeHTiB 3a

JOTIOMOTOI0 BU3HAUCHHUX KpuTepiiB (2.48):

f(x)=sign(zn:aiyiK(xi,x)+b], (2.48)

i=1
1€ Xj — BEKTOPH MIATPUMYIOUMX BEKTOPIB, Yi — MITKH KiaciB, K — dyHkiis saapa,
ai, b — mapamerpu, HaBUeH1 MoIEILTIO.
11. 3. CemaHnTUYHUHN aHANI3 3MICTY BIJI€O.

Meta: aBTOMaTH30BaHWM CEMaHTHYHUMA aHaJI3 3MiCTy BiI[CO JJIA BUABJICHHA

BINOBIAHOCTI Oe3nerni. BukopucranHs aHamizy IIHOOKMX CEMaHTHYHUX O3HAK

(2.49):

S= iwj -SemanticFeature( X, j), (2.49)

j=1

Je S — CEMaHTHYHHUI OIliHKAa Bineo, Wi — Bara |-TOi CEMaHTHYHOI O3HAKH,
SemanticFeature(X, j) — dyHKIiS IS BU3HAYCHHS |-TOI CEMaHTHYHOI O3HAKU B

Bizeo X.
Eran 12: Tpancasiuisi BineogparmeHTiB yepe3 10NMOBHEHY peaJibHICTh
12. 1. baratrodakTopHa MOJI€b OI[iHKH Bi3yaJIbHOTO KOMQOPTY.

Mera: o1iHKa Bi3yalbHOTO KOM(OPTY Ta NEPEBAHTAKEHHS NMPU BUKOPUCTAHHI1

nomnoBHeHOT peanbHOCTI (2.50):
Ve=a-E.+8-S.+y-Te, (2.50)

ne Ve — 3aranpHuii Bi3yanbHuUM KoMmdopT, Ec — eproHomiunuii xomMpopT
(HampuKIazd, 3py4YHICTh OKYJSIPiB), Sc — ceHCOpHU KoMdopT (BIUMB Ha 3ip), Tc —
TeMrnopaibHui KoM$opT (BIUIMB Ha yBary), a, f, y — BaroBi Koe(IIIEHTH IS

KOKHOTO (hakTopa.
12. 2. Monienp MPEeIUKTUBHOTO KOMYBAHHS /ISl TOTOKY KOHTEHTY.

Mera: onTumizauis MOTOKY KOHTEHTY Ha OCHOBI NOTOYHOI CHUTyamii Ta

HOBEIIHKK cyaHoBomis (2.51):
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P=c(W-H_+U-X +b), (2.51)

ne Pt — mporHo3oBanuii MOTIK KOHTEHTY B yac t, Hi.1 — momepenHiit ctan Mojeni,
Xt — BxinHi gani (Hanpukiaa, curiamm 3 ECDIS, AIS), W, U, b — napamerpu

MOJIeJll, 0 — CUTMOi/IHa aKTUBAIllfHAa (PYHKITIS.
12. 3. AjanTHBHUI aITOPUTM YIIPaBIiHHS HABAHTAXCHHSIM.

Mera: aI[aHTaLIiSI IMOTOKY KOHTCHTY H0 piBHSI HaBaHTAXXCHHA Ta BTOMH

cyaHoBois (2.52):
L = f(C.V,,M,), (2.52)
ne Lt — piBeHb HaBaHTaXEHHsI Ha cyaHOBOAIA B yac t, C; — moToyHMi KOHTEHT, Vi
— o1iHka BToMH, Mt — monitopuHr yBaru, f— dyHKIist amanTariii.
Eran 13: Konuenrpauis ingopmamii
13. 1. Moenp JIHTBICTUYHOI 3MIiHHOI JJIA OIIHKK CKJIATHOCTI CIPUHHSTTS.

MerTa: oIliHKa TUHAMIYHOI CKJIATHOCTI CIIPUUHATTS iHpopMmartii (2.53):

S(t)=> 4-f (1), (2.53)
i=1
ae S(t) — ckiagHicTh COpuiHATTS B Yac t, Ai — JIHIBICTUYHI KOCQIIEHTH I

pi3HuX THIIB iHpopmariii, fi(t) — iHTeHCHBHICTH TMOaui i-ro TUy iHGOpMaIIii B vac.
13. 2. Moenp OLIHKHU IICUXOJOTIYHOTO HABAHTAKEHHS.

Mera: BU3HAUEHHS PIBHSA TICHXOJIOTIYHOTO HABAHTAXEHHS Ta PU3UKY

nepeBaHTaxeHHs (2.54):

t
P(t =I e )1 (7)dr, 2.54
(t)=], (%) (2.54)
ne P(t) — mncuxomoriune HaBaHTaxkeHHs B 4ac t, |(t) — IHTEHCHUBHICTH
iH(pOpMAaIITHOTO TMOTOKY B 4Yac 7, 0. — KOEQILIEHT 3aTyXaHHs, SKUU BH3HAYA€

MIBUJKICTH «3a0yBaHHs» a0 ajamnTarii.

13. 3. Mogaenp auHamMidHOi amanTailii iHGOPMAIIHOTO MOTOKY.
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Mera: apanrauig 1HGOpPMAaLIKHOTO MOTOKY JJsl 3amMOOIraHHs KPUTUYHOMY

nepeBaHTaxenHio (2.55):
D(t)=0-(1-e V), (2.55)

ne D(t) — crynmiee amanrarii iHpopMmaliiiiHoro motoky B 4ac, L(t) — motouHwmii
pIBeHb HaBaHTaXEHHsS, f — MapaMeTpu MOJIeNi, 110 BU3HAYAIOTh HIBUIKICTH Ta
IHTEHCUBHICTh aJarnrariii.

Eran 14: Po3niBHaBaHHA 3HIMKIB

14. 1. CucreMa 3BOPOTHOTO 3B'SI3KY 3 aJaITUBHUM KOHTPOJIEPOM.

Merta: peryiaroBaHHS HaBaHTaXEHHS Ha OCHOB1 MOTOYHOTO CTaHy CHCTEMH 1

30BHIIIHIX (akTopiB [126, 127] (2.56):
U (t)=Ke(t)+K, [ e(r)dr+K, ded—(tt) (2.56)

ne U(t) — xepyrounii curnan B 4ac, €(t) — moMmika Mixk OakaHUM 1 PaKTHUHHM
ctaHoMm cuctemu, Kp, Ki, K¢ — koedilieHTH nponopuiitHoro, iHTErpajibHOIO Ta
nudepeHIItHOr0 KOHTPOJIIO.

14. 2. Mopenb HEYITKOTO JIOTIYHOTO KOHTpOJIepa.

Mera: ¢dopMyBaHHS KEpPyHUOro CHUTHAIY HA OCHOBI HEUITKOI JIOTIKH JJIsI

ajanraiii 10 HeBU3HAYCHOCTI Ta 3MiHHUX yMOB (2.57):
U(t) = w-F(t), (2.57)
i=1

ne U(t)* — xepyrouwmii currai, Wi — BaroBi koedimientu, F(t) — HeuiTki npaBuia,
3aCHOBaHI Ha MOTOYHUX YMOBaX 1 mapamerpax.

14. 3. Monenp AMHAMIYHOT ajganTallii HaBaHTaXCHHS.

Mera: quHamMidyHE KOPUTYBAaHHS HAaBAaHTAXKEHHS HAa OCHOBI MOTOYHOTO CTaHy

CHUCTEMH 1 3a7aHuX mapameTpiB (2.58), y BUIIISAAI CynepHo3uIlii:
L(t)=Lo+ > - X (1), (2.58)
i=1

ne L(t) — 3aranpHe HaBaHTaXEHHS CHUCTeMH, Lo — 0a30Be HaBaHTa)KCHHS, O —

koedimienTn BBy, Xi(t) — 30BHIIIHI (hakTopu ad0 MapaMeTpu CUCTEMHU.
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Eran 15: AsaJuai3 BinnmoBimHoOCTI

15. 1. Bu3naueHHs1 CKJIaJI0BO1 JIOACHKOTO (hakTopa BimOYBa€ThCs HA OCHOBI
aHa3y BUKOHAHHS HUM OTIEpalliii Ta 3aB/IaHb 11 YaC HECEHHS HaBIraI(ifHO1 BaxTH.

IlouarkoBHii eTam Takoi 1IEHTH(IKAII MOYMHAETHCS I Yac MPOXOHKEHHS
TPEHAXEPHOI MPAKTUKH 3 BHKOPUCTAHHAM cuMyisaTopiB. Came mig yac poOoOTH 3
CUMYJISITOPaMHU, 3'SBJISIETBCS MOXJIMBICTH 3adiKCyBaTH 3HA4yHI BIJICTaBaHHS 3a
4acoOM BUKOHAHHS KOMaH]I, orepailiii, 3001B y JIOTilll BUKOHAHHS TMOCTIAOBHUX J1i
TOIIIO.

Merta: BUSBJICHHS IHAUBIAYaTbHUX OCOOJMBOCTEN CYAHOBOJIIB, 3aCHOBAHUX

Ha JaHUX TPCHAXCEPHUX NpakTuk (2.59):

n

=" (W T, +wy, -R+w-C), (2.59)

i=1
ne | — iHTerpoBaHMii TMOKa3HUK IHIUBIAYaTbHOI €(EeKTUBHOCTI, Ti — YacoBi
MOKa3HUKH B TPEHAKEPHUX TMpaKTUKax, Pi — mcuxoJsioriuHi mnoka3Huku, Cj —

KOTHITUBHI TIOKa3HUKH, Wi, Wpi, Wei — BaroBi KoedilieHTH.
15. 2. Po3mupena Moielnb MTYYHOTO 1HTEJICKTY ISl IPOTHO3YBAHHS PU3HUKY.
Mera: oOIiHKa pPHU3HWKY, TMOB'A3aHOTO 3 HEJOCTATHICTIO KBami(iKamiiHUX
napameTpiB, BAKOPUCTOBYIOUH TIMOOKE HABYAHHS.
Bukopucrtanus moaudikoBaHoi HEHpOHHOI Mepexi 3 apxiTekTtyporo LSTM

JUTS aHasti3y 4yacoBHX mocmigoBHocTel (2.60), (2.61):

Ro=c(W, [H_ X ]+b ), =0 (W, [H_, X ]+b), O =c(Wy-[H_,X]+h,), (2.60)
C = f,-C_ +i,-tanh (W, -[H,_,, X, ]+b. ), H, =0, -tanh(C,), (2.61)
ne Ry, — pusuk B yac t, Hi.1 — momnepenniit ctan mepexi, Xt — Bxiani aaxi, Ws, Wi,
Wo, Wc ta by, bi, bo, bc — mapamerpu Mmepexi, 0 — curmoinHa akTuBaiiHa QyHKIIS,
ft, It, Ot— BTpaveHi kBamidikalliiiHi mapaMeTpH, Ti M0 BXOJATh Ta Buxigui LSTM.
15. 3. Moaenp onrtuMmi3aliii po3moiiy pecypciB.
Merta: po3noaisi pecypciB Ta KEpIBHUX BKa31BOK HAa OCHOBI MOTOYHUX MOTPEO
i kBamidikarii (2.62):

O:min[irj(_n ﬂ,,J»Qin, (2.62)

j=1
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e O — onrTumizoBaHe pillleHHs, Ij — PeCypcH AOCTYIHI JUIA J-TO 3aBIaHHS, Aij —
BaroBi Koe(IIlieHTH I po3noaity pecypciB, Qi — kBamidikariiiHi mapameTpu i-ro
CYJTHOBOISI.
Eran 16: OntumiBanisi, BiITHOBJIEHHSI Ta PO3Mi3HABAHHS
16. 1. Po3mupena Mo iesib BUSBJICHHSI aHOMaTii 3 BAKOPUCTAHHSAM IITYYHOTO
THTEJIEKTY.

BukopucranHs HEWpOHHOT Mepexi /Ui BUsBIAeHH aHomaii [128] (2.63):
A(x) = softmax (W, -ReLU (W, - x+b;) +b, ), (2.63)

e Wi, Wo, by, by — mapamerpu Mepexi, X — BEKTOp BXIAHHMX AaHHMX (HAIPHUKIA,
napameTpu HaBiramii Ta ctad cyaHa), ReLU — ¢ynkuis axtuBamii, softmax —
dbyHKIs 11 Kiacudikamii BUXOTY.

16. 2. KoMmiuilekcHa MoOIenp onTumizamii B3aeMoOAil MK JIFOMMHOK Ta
MAIIHHOIO.

BukopucranHs BaroBoi Mojesi Ui onTUMi3alii B3aemoii (2.64):
n
O(t)=>(a-H;(t)+B-S(t)), (2.64)
i=1
ne O(t) — onrumizoBane pimenas y vac t, Hi(t), Si(t) — moxasnuku B3aemoii
JIOAVWHW Ta CHCTEMH BIANOBITHO, «ai, fi — Koe(]imieHTH, W0 BPaxOBYIOTh
BAKJIMBICTh KOJKHOTO acCIEeKTy B3a€MOJII.
3amnpornoHoBaHi (popmaabHI ONMUCH JO03BOJIATH BHU3HAYMTH HAMOUIBII Ji€BI

CTPYKTYpHI €JeMEHTHU [Jisi MoOynoBH KBami(ikaIliiiHOT MoOJel CyTHOBOMISA 13

MOJIMBICTIO BigHOBIIeHHsS okpemux KII BiAMOBIIHO 0 MOTOYHOT CUTYAIIi.

BUCHOBKMH 10 PO3ALJIY 11

Y pamkax apyroro posgiry Oyino po3poOieHo miaxig a0 (opmyBaHHS
KBaMQiKamiifHOT MOJIeN CYJHOBOISL 3 ypaxyBaHHSIM JUHAMIYHMX yMOB
HaBITaIlIfHOTO CEpPEOBUINA Ta BIUIMBY JIOACHKOTO (paktopa. IlpoBenenuit anamis

TEOPETUYHHUX 1 MPAKTUYHUX ACTEKTIB JO3BOJHMB CTBOPUTH IUIICHY KOHIICMIIO, IO
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NO€HY€e B cOOl METOAM aBTOMAaTH3allli, HEYITKOI JIOTIKH, IITY4YHOTO IHTEJIEKTY Ta
KOTHITUBHHUX MIAXOIB.

OcHOBHI pe3yJbTaTh ¥ JOCSATHEHHS JPYroro po3Auly TMOJATalTh Yy
HACTYITHOMY:

1. BuzHaueHo, 110 B Cy4acCHUX yMOBax iHTEHCH}IKAIi MOPChKOTO TpadiKy Ta
MiBUIIEHOTO  1H(QOPMAIIHHOTO  HAaBAaHTAXEHHS  CYJAHOBOJIIA €  KIIOYOBUM
eJeMeHTOM 3a0e3mnedeHHs Oe3neku Ta edexkTuBHOCTI Hairamii. Ksamidikariiina
MOJIeIb Ma€ BpaxOBYBaTH HE JIMIIIE TEXHIUHI 3HAHHS Ta HABUYKH, a W KOTHITUBHI 1
MOBE/IHKOBI OCOOJMBOCTI OIepaTopa-cCyIHOBOIA, MOro 3AaTHICTb NpUUMATHU
pIIIEHHS B yMOBaX HEBU3HAYEHOCTI Ta PUBHKY.

2. Po3po06iieHo cucteMHy apxiTeKTypy, sSKa BKIIOYAE HAOIp MOIYIIB:

- Mooynv exiOnux oOanux: pAns 300py, HopwMmamizamii Ta QuibTpaii
HaBIralIiHUX TMapaMeTpiB, TEXHIYHUX XapAKTEPUCTUK, 1HPoOpMaIli Tpo CTaH
HABITAIIHHOTO  OOJIaTHAHHS, JAHUX TPEHAKEPHUX IIEHTPIB Ta  CUCTEM
JTUCTAHIIIMHOTO HaBYAHHS.

- Mooynv oyinku pisHs HebOe3nexku: 3aCTOCYBaHHS HEYITKO1 JIOTIKM Ta
OaraTokpuTepiaIbHUX  MIAXOMIB Ui BU3HAYCHHS  HABIrallifHUX  PUBHKIB,
BPaxOBYIOUH NApaMETPHU OTOYEHHS, OTOJHUX YMOB Ta CTaHy Cy/AHA.

- Mooynv idenmupixayii keanighikayiunux napamempis: BUKOPUCTAHHS
HEHPOHHUX MEPEX, METOJ[IB MAIIMHHOIO HaBUYAaHHA Ta HEUYITKUX TMPaBWI JJIsl
BU3HAUCHHS CTYIEHS BOJIOJIHHS KOMIIETEHIISIMU, KPUTUYHUMH i Oe3nedHol
HaBirarii.

- Koenimuenuti MoOynv inmyimuenux Oiti: BA3HAYEHHS Ta aHaJll3 IHTYITUBHUX
BIUTMBY Ha PiBEHb OE3IEKU.

- Mooyns 06pobku Hagiecayiinux Oauux ma 2eeojoKayil: IHTErpalis
aBTOMAaTHU30BaHUX 3ac001B 00poOku iHdopmarii 3 ECDIS, AIS Ta iHmmx cucrem
JIJIS1 TIOKPAIICHHS CUTYaIlIiHOT 0013HAHOCTI.

- Mooynv  npocno3ysamns mMpaekmopii ma NPUUHAMMI  PilleHs:

34CTOCYBAHH:A aJIFOpHTMiB IMPOTHO3YBAHHA HOBGI_[iHKI/I CyACH Ta BUABJICHHA
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NOTEHIIMHUX 3arpo3, BpaxyBaHHSA XapaKTEPHUCTUK KBamidikamiiHoi Momaeni
CYIHOBO/I1s i1 (pOpMYyBaHHS ONTUMAJIBHUX CTPATErid KEpyBaHHS PYyXOM.

Otmxe, Oyno Bmepiie po3pOo0JCHO KOMIUICKCHY KBami(iKamiiiHy MOJIENb
CYJTHOBO/IIs1 JIJIl aBTOMATU30BAHOTO KEPYBAaHHS CYJHOM B yMOBaX HEBH3HAUYE€HOCTI
HaBIraIllfHOTO CEPEAOBHIIA, 110 TOJITa€ Yy BUKOPUCTAHHI IHTETPOBAHOTO MIAXOY
no Gopwmamizamii groachkoro  (akTopa (TEXHIYHI, KOTHITMBHI, TOBEIIHKOBI
napaMeTpu) Ta BpaxyBaHHsS JAWHAMIYHMX 3MIH KBam(iKamiMHUX XapaKTePUCTUK
omeparopa, Ha BIAMIHY BiJ ICHYIOUMX pIllIeHb, Yy 3alpOlOHOBaHIA MoOJel
peani3oBaHO MEXaHI3MU KOMIUIEKCHOI OIIHKM W ajanramii Al CyJZHOBOIIS 3
BUKOPUCTAHHSIM IHTEJIEKTYaAIbHUX METOJIB 1eHTU(IKallll Ta MPOTHO3YBaHHS, SKi
J03BOJISIIOTH CYTTEBO 3MEHIIMTH PHU3UKU MOMUIKOBHX a00 HECBOEYACHUX PIllICHb,
MIHIMI3yBaTH IMOBIPHICTh aBapiiHUX CUTYyallll Ta MIABUIIUTA PIBEHb Oe€3MeKu
CyIHOIUIaBCTBA. Po3poOiieHa MoOJelb IHTErpyeThCS 3 HABITAIMHUMHU CHUCTEMaMHU
HIATPUMKHA TNPUUHATTS pimeHb, TakuMu ik ECDIS ta AIS, a Takox 3 OCBITHIMH
cuctremamu (LMS Moodle), tpenaxepamu ta VR-komiuekcamu. Takum 4UHOM,
3a0e3neuyeThes OesnepepBHUii MoHiTOpUHT piBHA KII cymnHOBOmis, BHUSBICHHS
NpOTaJIMH Y 3HAHHSAX 1 HaBUYKaX, a TaKoX (POpMyBaHHS peKOMEHAALiN s
MABUINCHHS KBamdikarii.

Bukopucranns kBasigikaiiiftHOi MOl CyJJHOBO/IISI B YMOBaX HaBIrariiHOTO
PU3HMKY TMIJICWIIOE 3JaTHICTh aBTOMAaTH30BAaHUX CHUCTEM KEpPYBaHHS pPyXOoM
NpOrHO3yBaTU HeOe3NneyHi cuTryalii Ta MPONOHYBaTH ONTHMAaJibHI —CTparerii
MaHeBpyBaHHs. lle cnpusTume MiHIMI3alii JIOACBKUX MOMMWIOK, MIJBUIIEHHIO
piBHSI O€3MeKH, 3MEHILIECHHIO WMOBIPHOCTI aBapiHUX CUTyallld Ta 3HUKEHHIO
€KOHOMIYHUX BTpaT.

Takum 4rHOM, Y IpyroMy po3auii chOpMOBaHO HAYKOBO-TIPAKTUYHY OCHOBY
I TOOYJIOBH 3aCTOCYBAaHHS €JIEMEHTIB KBai(iKaIiiiHOT MOJeNl CYJHOBOMIS Y
po3po6Il MeToiB iAeHTUdIKaIl Ta 00poOKMU JaHUX. 3ampONOHOBAHI MIAXOAU M
IHCTPYMEHTH BIJKPUBAIOTh MEPCHEKTUBU I IHTETPYBAHHS aBTOMAaTHU30BAHUX

CUCTEM MIATPUMKH MPUNUHATTA PillIeHb Y MOPCHKINA HaBirari.
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PO3JILI 1T

METOJI ABTOMATHU30BAHOI ITIEHTH®IKAILIT
KBAJI®PIKAIIMHUX ITAPAMETPIB OITIEPATOPIB-CYJTHOBO/IIB
B YMOBAX PU3UKY

B ocranHi poku TeXHOJIOTii HA OCHOBI IITYYHOIO 1HTEJIEKTY BCE AKTUBHIIIIE
BIIPOBA/KYIOThCSI B 3aBJaHHS YIPaBIIHHA MOPCHKUM CYJHOM YV CKJIQJHUX
HaBITalliiHUX yMOBaX. 3aCTOCOBYIOTHCS HEUpPOMEpPEKEB1 MOJIENI JAJis epeadadeHHs
ONTUMAIBHUX TPAEKTOPIM MaHEBPYBaHHS, CHUCTEMU KOMITIOTEPHOTO 30Dy IS
pO3Mi3HaBaHHS HABKOJMIINHIX OO0'€KTIB 1 BH3HAYCHHS iX JUHAMIKH, a TaKOX
QITOPUTMHM MAIIMHHOTO HaBYaHHS [UJI1 aHali3y METEOPOJIOTIUHUX YMOB Ta
ABTOMAaTUYHOTO KOPUTYBAHHA Kypcy cyaHa. [{i HOBOBBeEHHS 3HaYHO MiABUILYIOTH
Oe3neky Ta e(EeKTHUBHICTh MOPCHKOTO TPAHCIOPTY, OCOOJMBO B CKJIAQJHUX 1
HeOe3MmeyHux JyIs HaBiramii paiionax [129-131].

He3Bakaroun Ha SIBHHI TpOTpecC y 3a3HAYCHOMY HANpSIMKY, 3aCTOCYBaHHS B
pAnl 3aBIaHb MOPCBKOTO TPAHCHOPTY IHTENEKTyalbHUX CHCTEM Ta TMOSIBY e€-
HaBiramii, B aOCOJIOTHIA OUIBIIOCTI BOJHOTO TPAHCIOPTY PIIIEHHS IIOJ0
YIPaBIIiHHSA CyIHOM TpuiiMae omepartop-cyaHoBoxii [130]. Hapiramifini npunamu,
JMaTYMKH, CEHCOPU Ta NPHUCTPOi € pKepenamu iH(opMallii, Ha OCHOBI SKOi
NPUAMAETHCST  YIPABIIHCBKE PIIIEHHS 3 TOBHOIO BIJAMOBIAAIBHICTIO 3a MHOTO
HACJIIJIKHA, HE3BAXKAIOUW Ha CKIIAIAHICTh 1 KpuTHUHICTH cutyarii [131]. He3Baxkarouwm
Ha BHCOKHUU pIBEHb KaTracTpod 3 BUHM JIIOJCHKOTO (DaKTOpa, IHTENEKTyasbHI,
aBTOMATH30BaHI Ta aBTOMATHUYHI CUCTEMH MPOTHO3YBAHHS TPAEKTOPId, MATPUMKH
OPUHHSTTS PillleHb Ta ONTUMAJILHOTO YIPABIIiHHSI HE MOXYTh OXOIUTH BECh CIICKTP
HaBITAIIHUX CHUTYyaIlll 1 HIBENIOBATH JIOACHKHH (PAKTOp HAa BCbOMY MapIIpyTi
nepexony cynna [ 74]. Ane BogHOYAC 3HAUYCHHS 3a3HAUYCHHUX 1HOOPMAIIHHUX CHCTEM
JUIsi 6€3MeK CYAHOBOJIHHS JOCUTH BEJMKE, 10 BiI3HAYAETHCS B PsJil IPOBIIHUX
JOCTIKEeHD 1€l Tamy3i [132-134].

OTxe, BUHUKAE TIPOTUPIYYS MDK JBOMA KOHIEMIISIMUA: MK KOHTPOJIEM Haj
CUTYyall€lo 3 00Ky ornepaTopa-CyJHOBOIISl Ta KOMIUIEKCOM 1HQOpMAIIHUX CHCTEM

iaeHTHdIKaIli cUTyallli Ta yopaBiiHHA CyqHOM. Po3mexyBaTu 11l JB1 KOHUEMIII HE
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BJIA€THCS MOYJIMBUM Ye€pe3 HECTaOUILHICTh MPOTHO30BAHOTO PIBHS OE3IMEKH K iX
UIbOBOI (YHKINI. SKII0 MITYy4HI aBTOMATUYHI CUCTEMHU MAlOTh YITKI aJrOpUTMU i
MOXXYTh OyTH TIpOaHaNI30BaHI IUIIXOM KOMITHOTEPHOTO MOJCIIOBAHHA B 3aJaHUX
yMOBax Ta OOMEXKEHHSX, TO MPOLIECH MPUIHSITTS PillleHb JIOJAUHOI 0a3ylOThCS Ha
cKkIaHO(popMaTi3oBaHUX Mpollecax IHTEICKTyadbHOT iSUIBHOCTI omeparopa sk

cyO'exTa.

3.1. Po3poOka meroay inenTudikauii kpBajipikauiinmx napametpis
0onepaTopiB-CyAHOBOIIB B OPraHiBauiiHO-TEXHIYHUX CHCTEMAX YNPaBJIiHHA

PYXOM cyjaHa

VYce 3a3HaueHe BKa3ye Ha SIBHY CKIAIHICTh Y PO3MEXKYBaHHI (DYHKIIM MK
ornepaTopoM 1 aBTOMAaTHU30BAHMMHU CHUCTEMaMH YMPaBIiHHS cyAaHoM. I giiicHo, ydac
BUKOHAHHS CKJIQJHUX OTNepalii, HEeCTaHAapTHUX MaHEBPIB 3 ypaxyBaHHIM
OaraThoXx (hakTOpiB y KOKHOTO omeparopa Oyae pisaum [120]. ¥V neBHuit MOMEHT
yacy KOXEH OIepaTrop, BUKOHYIOUM CBOi ()YHKITIOHAJBHI OOOB'SI3KU, Ma€ pi3HUUN
BITHOCHO CBOIX KOJIET PIBEHb BIEBHEHOCTi, SKUH 3aJCKUTh BiJ CTPYKTYpHHUX
napametpiB kBamdikamii. Came Habip kBamiQikalliHUX MapamMeTpiB BIUIMBAE HA
BUKOHAHHS KOHKPETHHUX 3aBJIaHb 3 YIPaBJIIHHA CYJHOM BITHOCHO YMOB i (haKTOpIB,
SIK1 BU3HAYAIOTh HABIraIliifHy CHUTYAIIIIO.

Cnin BpaxyBaTH, IO B KPUTHMYHUX CHUTYaIlisIX, KOJM 4Yac HA NPUAHATTS
pilIeHb ONIepaTOPOM MIHIMAJIBHUIA, a HOTO OpraHi3M nepedyBae B CTPECOBOMY CTaHi,
NpoIeCH BIJHOBJICHHS KBami(iKaliiHUX MapaMeTpiB Ha/I3BUYAHHO YCKIIQJHEHI, 1110
NPU3BOIUTH 10 KaTacTpodiuynaux Haciiakis [135].

Sk HaCNIOK, BUHHUKAE sSBHA HEOOXITHICTh y KOHTPOJI HaJ BHYTPILIHIMHU
dakTOpaMu HEBU3HAYEHOCTI IIOJO il omepaTopa-CyaHOBOIIA, 0 € aKTyaIbHUM
3aBnaHHsM. CTBOpEHHS CHUCTEMH AaBTOMATH30BAHOTO KOHTPOJIIO  Oe3MeKu
NPUAHATTS PIlIeHb TO3BOJUTHh HA PaHHIX €Tamax pyxy CyJHa BUKOHYBaTH MPOTHO3
TOTO, HACKUIbKM KBasli(iKalliifHI mapamMeTpu ornepaTopa-CyAHOBOJIS JOCTaTHI AJis
BUKOHAHHS 3aBJlaHb y MEBHUX HaBITallIMHUX YMOBaXx.

Opnak mpoOyieMu CTBOPEHHS CHUCTEM, HIO 1IEHTU(IKYIOTh KBai(iKaliiHi
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napameTpH OnepaTopiB-CyTHOBO/IIIB, JOCUTH CYTTERI. Lle BUpaxaeThcsl B JEKUTbKOX
KaTeropisx:

1. CyO'ekTHBHICTH MIOACBHKOTO (haKTOpa: TMpoLeC NPUHHATTS pIlICHb
HEABHUX (DaKTOPiB, IO POOUTH HOTO CKIATHO TepeadadyBaHUM 1 BIIMIHHHUM BiJ
QITOPUTMIB IITYYHOTO 1HTENEKTy. TakoXX CiijJ BpaxoByBaTH IHAWBIAYyabHI
BIIIMIHHOCTI MIDXK OIEpaTOpaMHU-CYyJHOBOMISIMU: PI3HI PiBHI BIEBHEHOCTI Ta
KBalTi(iKalliifH1 mapaMeTpu MOXYTb NPU3BECTU [0 PI3HUX MIBUIAKOCTEH peakiiil Ta
QITOPUTMIB MIPUNHSITTS PIillICHb.

2. JIronuHO-MalIMHHA — B3a€EMO/IiS OMEPaTOPiB-CyTHOBOAIIB 13 cUCTEMaMu
HaBIramii Ta ymnpaBiiHHS cygHoM: IIpoTupiuyus MDK py4YHHUM 1 aBTOMATUYHUM
YOPaBIIHHAM MO€ MPU3BECTH 10 MOMUJIOK OINEpaTopiB-CyTHOBO/IIB, 0COOJMBO B
KPUTHYHI MOMEHTH. TakoX BUHUKAE€ CKJIAIHICTb Y BHU3HAYCHHI, JI¢ camMe Mae
MOYMHATUCA 1 3aKIHYyBaTUCS KOHTPOJIb aBTOMAaTHU30BAaHOI CHUCTEMHU, a J& —
KOHTPOJIb JIFOJIUHU-OTIEpaTOpa.

3. Buznauenns kamidikamiiinux mnapamerpiB: CKIAQAHICTh y BU3HAYCHHI Ta
BUMIDIOBaHHI  KBaNiKaliiiHUX TapaMeTpiB  ONepaTopiB-CyJHOBOAIIB MOXKe
MIPU3BECTH 10 HETOYHOCTEH y MPOTHO3YBaHHI Ta KOHTPOJI PyXy CyAHA. 3 ILOTO
BHUIUIMBA€E, 1[0 IIOCTIHHE OHOBJICHHSA JaHMX NIpo KBamdikaiio omepaTopa-
CYJIHOBO/I1s1 HEOOXIHE ISl TOUHOTO KOHTPOJIIO Ta MPOTHO3YBAHHS, 1110 MOXE OyTHU
CKJIQJIHUM 3aBJIaHHSIM y JUHAMIYHOMY CEPEJIOBUIII YIPABIIHHSI CYTHOM.

4. TexunoyoriuHi  OOMEXEHHS: Ha T[OTOYHOMY €Taml  PO3BUTKY
ABTOMATHU30BaHUX Ta IHTEIEKTYaIbHUX TEXHOJIOTIM BUHHUKAE CKIAAHICTh Yy po3poOii
JIOCTaTHbO MPOCYHYTHX IHCTPYMEHTIB I TOYHOTO Ta CBOEYACHOTO aHANI3y BCIX
HEOOXITHUX MapaMeTpiB.

VYce 3a3HaueHe Bka3ye Ha Te, 1[0 MpobOiieMa € HEeTPUBIAILHOIO, 00'€KTUBHO
ICHye 1 BHMAarae BHUPIIIEHHS  IUISIXOM  CTBOPEHHA  CHEIlali30BaHUX
ABTOMATU30BaHUX Ta IHTEICKTyaAJIbHUX METOIIB 1 MiAXO0/IIB.

Omxe, HAa ILOMY €Taml JOCHIIKEHHS, HEOOXIIHO pPO3POOUTH METOM

imentudikanii  kBam@ikamifHUX  MapaMeTpiB  ONEpaTopiB-CyJHOBOAIIB B
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opraHizalifHO-TEeXHIYHUX cUcTeMax yIPaBIIIHHS CYJTHOM 3acobaMu
IHTEJIEKTyaJIbHUX CHCTEM Ha OCHOBI HEYITKOI JIOTIKHM. JIJis BHUpILIEHHS 3a3HaY€HOT
npo6eMu HeOOX1JHO BUKOHATH TaKl 3aBJaHHS:

1. Po3pobutu aaroputM aBTOMATU30BaHOI OOPOOKH €KCIIEPUMEHTAIbHUX
HaBiramiiaux nanux ECDIS y cknanHux pailoHax IulaBaHHS 3 METOIO 3MEHIICHHSI
Cy0'€eKTUBHOCTI BU3HAYEHHS MapaMeTpiB HEUITKUX (PYHKIN HaJIEKHOCTI BIAHOCHO
HaBIraiiHux (akTopis.

2. Ha ocHOBI OoTpuMaHMX HEYITKHX (QYHKIIN HaJNeKHOCTI OMNHMCATH iX
dbopManbHy CTPYKTYpy 1 MoOyayBaTH HEUITKYy 0a3zy NpaBWJl IHTENEKTyaJlbHOT
CUCTEMH 1IeHTU]IKAIli HABIraliiHUX PU3UKIB MPU YNPABIIHHI CyTHOM Yy CKIaJHUX
(KpUTUYHUX) YMOBAX.

3. IlpoBectu imiTarliiiHe HEYITKE MOJCIIOBAHHS 3 ypaxyBaHHSIM MOJETi
KBaMQIKaIIMHUX TIMapaMeTpiB orneparopa-cyaHoBoais. JlocmiauT Ha OCHOBI
OTPUMAaHUX EKCHEPUMEHTAIbHUX JaHUX BIUIMB KBali(iKalIHHUX MNapaMeTpiB Ha

30UTBIIICHHS 3araJlIbHOTO TMOKAa3HWKA PU3UKY TPU YIIPABJIIHHI CYyIHOM.

3.2. AuaroputM aBTOMATH30BaHOI O00pPOOKH eKCIIepMMEHTAJbHHUX

Hapiraniinux aauux ECDIS y ckiaaanux paiioHax mjiaBaHHSA

Po3pobuMo amroputM 0OpOOKH E€KCIEPUMEHTAILHHUX HaBIraIlliiHUX JTaHUX
ECDIS Ha ocHOBiI mporpaMHuMx 3aco0iB i THapaMmeTpiB HEYITKUX (PYHKIIIH
HAJISKHOCT] BIJTHOCHO HaBiraumidHuX (paxkTopis.

Jlns BUpILIEHHS MOCTAaBJCHOIO 3aBJIaHHA OylIM OTpHUMaHI J1aHi 3 CUCTEMU
cumyisitopa  TRANSAS 5000 [136], HacTymHMM 4YHHOM: OYJIO BHKOHAHO
aBTOpHU3alll0 AK I1HCTPYKTOpa, 3 TOJIOBHOTO MEHI0O CHCTEMH BHOpaHO
«lHcTpymentm» ta po3ain «LOG-file». Lle no3Bomumno orpumaru noctym a0 «Ictopii
TPEKIB» SK 10 KIIOUOBOTO PO3JAUTY IJI aHaMi3y XPOHOJIOTIT TMEpexoay CyaHa.
3ocepeauBIlN yBary Ha IIKaBOMY JJIsI HAC 4acOBOMY IHTEpBaJll, Oyjia akTUBOBaHa
¢yukuis «Excriopt», 06pasuu popmar CSV. Ilicns 30epexeHHs 1aHUX TPOBEAEHO
JeTaJlbHy TEepeBipKy ekcropToBaHoro (aiimy (puc. 3.1) Ha mpeamer TOro, 1o BCi

HEeOoOXi/IH1 /IaHl YCHIIIHO OTPUMAaHi Ta rOTOBI1 J0 MOJAJIBLIOTO aHAMTIZY.
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TIME LAT LON COG SOG HDG LOG SET DRIFT SPDF SPDA
0 4125713646 29,15372911 193 3,122 193 3,122 103 0 -0,002 -0,002
5 41,25707015 29,15370873 193 3,126 193 3,126 103 0 0 -0,006

10 41,25700185 29,15368768 193 3,13 193 3,13 103 0 -0,001 -0,006
15 41,25693353 29,15366677 193 3,134 193 3,134 103 0 -0,001 -0,008
20 41,2568652 29,15364579 193 3,139 193 3,139 103 0 0 -0,009
25 4125679688 29,15362476 193 3,143 193 3,143 103 0 -0,001 -0,01
30 41,25672856 29,15360382 193 3,148 193 3,148 103 0 -0,001 -0,011
35 41,25666024 29,15358285 193 3,152 193 3,152 103 0 0 -0,012
40 4125659192 29,15356183 193 3,156 193 3,156 103 0 -0,001 -0,013
45 4125651973 29,15354089 193 3,16 193 3,16 103 0 -0,001 -0,013
50 41,25644615 29,15351991 193 3,164 193 3,164 103 0 -0,001 -0,014
55 4125637263 29,15349888 193 3,202 193 3,202 103 0 0,009 -0,026
60 41,25629818 29,15347564 193 3,452 193 3,452 103 0 0,039 -0,059
65 4125621476  29,153451 192 4 194 3999 103 0,1 0,333 -0,515
70 4125611476 29,15342222 192 492 195 4909 105 0,3 0693 -1,36
75 41255991 29,15338443 193 6,125 199 6,094 108 06 0,934 -2,163
80 41,2558408 29,15333135 195 7,324 203 7,267 112 0,9 1,034 -2,859
85 4125566894 29,15325865 198 8,299 208 8,185 118 14 1,269 -4,022
90 41,25548283 29,15315881 204 9,131 215 8,963 124 1,7 1,304 -4793

Pucynok 3.1 — EkcniopT manux 3 cumynsitopa TRANSAS

Jlns ananizy Oyno o6pano noxkariito bocdop, sika xapakrepusyeThCcsi IEBHUMU

ocoOimMBOcTAMM i1 mpoxojukeHHs. KpamidikauiiHi  mapameTpu  CyIHOBOIIS
BIAIrpalOTh KPUTHYHY POJb y O€3MeYHOMY MPOXOKeHHI mpoToku bocdop [137].
HeoOxinuuii 10CBiA yNpaBiiHHS CYAHOM Y CKJIAQJHUX Ta OOMEKEHHUX YMOBax,
3HaHHS MICIICBUX JIOI[iH, a TaKOXX BMIHHA IIBUIKO MPUHAMATH PIMICHHS B CKIATHHUX
yMoOBax. BIiACyTHICTH JOCTaTHROTO JIOCBINY, HEJOCTaTHS MIATOTOBKAa abo
MEPEOIiHKa CBOIX MOXKIMBOCTEH CYJHOBOIIEM MOXYTh 3HAYHO 30UIBIIUTH PUUKU
npu nepexoni npoToku. KokHa pomyliieHa moMuiaka abo 3aTpuMKa y HPUHHATTI
pILIEHHS MOYE MPU3BECTH JO0 KAaTaCTPO(PIUHUX HACHIAKIB, TaKUX SK 3ITKHEHHS,
nocajika CyJHa Ha MUIMHY, W10, B CBOIO 4Yepry, MPU3BEAEC [0 EKOJOTIYHHUX,
€KOHOMIYHHUX Ta JIIOJICBKUX BTpaT.

Buxonsuu 3 mpenctaBiIeHMX MaHUX MPO MIBHIKICTh 1 Kypc Cy/IHa, MOJXHa
3pOOUTH BUCHOBOK, IO CYAHO MPOTATOM OUIBIIOI YAaCTHHMU dYacy MiATPUMYBAJIO
CTabUTbHY WIBHUJIKICTh, OJHAK OyJIM MOMEHTH pI3KOro raipmyBaHHs. Lle moxke
BKa3yBaTH Ha HECIOJIIBaHI TEPENIKoau ado0 MaHEBpPU, HEOOXIIHI JJIsi YHUKHEHHS
3iTkHeHb. Kypc cyaHa TakoXk 3a3HaBaB KOJIMBaHb, IO MOJE BKa3yBaTh Ha

CKJIQJTHOIII B YIPaBJIiHHI yepe3 Teuii abo iHmi cyaHa (puc. 3.2).
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T TR e,

Pucynok 3.2 — Tpaekropis pyxy cyaHa B jgokauii bocdop

AHaJi3 TaHUX HA OCHOBI TPAEKTOPIi Ta YUCIIOBUX XaPAKTEPHUCTUK PYXY CyaHA
J03BOJIsIE  mepedTth 10  GOpMyBaHHS  HEUITKUX  (PYHKIH  HAJIEXKHOCTI
ABTOMATHU30BaHUM IUISXOM. 3 III€I0 METOK PO3pOOMMO MporpaMHuid 3acid is
00pOoOKM YMCIOBHX HaBIraliiHUX JaHUX MapuIpyTy, HA OCHOBI 4OTO OYyIyTh
noOy/10BaHI BIAMOBIIHI HEYITKI (YHKIi HaJEKHOCTI.

Binmogigno, 06yio po3pobieHo nporpamy MoBoto Python [137] sika anamizye
nati 3 aitiry CSV, 110 MICTITh 3HaYCHHS MMapaMeTPIB PyXy CyAHA, JJIs MPUKIATY -
mBuakocTi (SOG). Crimpatouuch Ha 111 JaHl, Iporpama BUKOHY€E /1Bl OCHOBHI 3aja4i:

1. Kareropuszamis paHux: 3HaY€HHs UIBUAKOCTI PO3AUIAIOTBCA Ha PIi3HI
Kareropii, Taki sk «Jlyxe mnoBuUbHO», «lloBimbHOY, «Cepeanboy, «llIBuAKOY,
«dyxe mBuako» 1 «Kpurnuno mBuako». [loTiIM BHUBOAMTBCA PO3MOIALT LHX
KaTeropiid, 1 mporpaMa CTBOPIOE CTOBIYACTY Jjilarpamy sl Bi3yalizalii I1bOTO
pO3MoALTY.

2. I'enepariiss HEUITKOT HAJIEIKHOCTI: MpOrpaMa Bu3Ha4yae (PyHKIIIi HATCKHOCTI
JUTSI KOJKHOI 3 KaTeropiii MIBUIKOCTI Ha OCHOBI Tpanerienonionux ¢ynkmid. Ll
GyHKIT TMOKa3ylTh, HACKUILKM KOXKHE 3HAYCHHS IBUIKOCTI BIIMOBIZAE PI3HUM
kareropiam. IlotiMm nmporpama BUBOAUTH rpadik, 10 NokKa3zye (QYHKIIT HAJIEKHOCT1
JUIsl KOKHOT 3 Kateropiil. [licis mporo mporpama po3paxoBye 1 BUBOJWUTH CTYIiHb
HAJICKHOCTI KOXXHOTO 3HAYCHHsI IIBUAKOCTI 110 MEBHOI Kareropii. TakuM 4HUHOM,

nporpaMa aHajiizye JaHi Mpo MIBUAKICTh 1 3aCTOCOBYE 10 HUX HEYITKY JIOTIKY IS
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KaTreropuzailii Ta BU3HAYCHHS CTYICHS HAJICKHOCTI J0 PI3HUX KaTEropiu.
Posrisitnemo gparMeHT alroputMy 1 pe3ysibTaT MNPOTpaMyBaHHS Ha OCHOBI

napameTpa MIBUAKOCTI cyaHa BigHocHO IpyHTY — SOG (puc.3.3).

import pandas as pd

import matplotlib.pyplot as plt
import numpy as np

import skfuzzy as fuzz

# The path to the File
path = "C:\\Science\\fuzzy logic_1\\3.3+.csv"

def plot_category_distribution(data_path):
# Loading Data
data = pd.read_csv(data_path, delimiter=';")

# Extracting SOG value ond converting it to number format
data['S0G'] = data['SOG'].str.replace(’,’, '.').astype(float)

# Function for 50G categorization
def categorize_sog(value):
if 1 <= value <= 3:
return "Very Slow"
elif 4 <= value <= 7:
return "Slow"
elif 8 <= value <= 12:
return "Moderate”
elif 13 <= value <= 16:
return "Fast"
elif 17 <= value <= 19:
return "Very Fast"|
else:
return "Critically Fast”

# Applying the categorization Function
data[ 'Category'] = data[ 'S0G'].apply(categorize_sog)

# Displays the number of posts by category
print(datal ' Category’ ].value_counts())

# Distribution schedule

data[ 'Category'].value_counts().plot(kind="bar', color='skyblue')
plt.title('Distribution of 50G values by category')
plt.xlabel('Category')

plt.ylabel('Number of records')

plt.shou()

def generate_fuzzy_membership(data_path):
# Loading Data
df = pd.read_csv(data_path, delimiter=";", decimal=",")

# Definition of membership functions
x_sog = np.arange(d, 31, 1) # Speed range

very_slow = fuzz.trapmf(x_sog, [@, @, 1, 3])

slow = fuzz.trapmf(x_sog, [1, 3, 4, 71}

moderate = fuzz.trepmf(x_sog, [4, 7, 8, 12])

fost = fuzz.trapmf(x_sog, [8, 12, 13, 16])

very_fast = fuzz.trapmf(x_sog, [13, 16, 17, 193]}
critical_speed = fuzz.trapmf{x_sog, [17, 19, 28, 38])

# BuBod zpapura
plt.figure(figsize=(10, 6))

plt.plot(x_sog, very_slow, 'b', label='Very Slow')
plt.plot(x_sog, slow, 'g', label='Slow')

plt.plot(x_sog, moderate, 'r', label='Moderate')
plt.plot(x_sog, fast, 'c', label='Fast')

plt.plot(x_sog, very fast, 'm', label='Very Fast')
plt.plot(x_sog, critical speed, 'y', label='Critically Fast')
plt.title("Accessory functions for S0G")

plt.xlabel( 'Speed (knots)')

plt.ylabel( 'Degree of affilistion’)

plt.legend(loc="upper right')

plt.grid(True)

plt.shou()

# Printing degree of membership values for each record in @ file
results = {
*Very Slow': fuzz.interp_membership(x_sog, very_slow, sog),
'Slow’: fuzz.interp_membership(x_sog, slow, sog),
‘Moderate': fuzz.interp_membership(x_sog, moderste, sog),
"Fast': fuzz.interp_membership(x_sog, fast, sog),
*Very Fast': fuzz.interp_membership(x_sog, very_fast, sog),

for key, value in results.items():
print(£{key}: {value}")

l# Catling functions one by one
plot_category_distribution(path)
zenerate_fuzzy_membership(path)

‘Critically Fast': fuzz.interp_membership(x_sog, critical_speed, sog)

sog = df['506"].values

Pucynox 3.3 — Anroput™m 006po6ku ekciepumenTanbaux gannx ECDIS

Ha ocHOBI 3anponoHOBaHOTO anropuTMy Oyiu OTpUMaHi BIANOBIAHI rpadiku,
10 UTIOCTPYIOTHh MOKAa3HUKU PYyXy CyJHa 3a HOTO €KCIEPUMEHTAIbHUMU JTaHUMU

(puc. 3.4).
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Pucynok 3.4 — I'padiku kareropuzaiiii ta GpopMyBaHHS (PYHKIIIM HaJIeKHOCTI
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Ha rpadikax Bu3Hau€HO /aBa pe3yibTaTH poOOTH MPOTpaMu:

1. Posmonin 3Hadenb SOG 3a KareropissMu: Ha CTOBOYACTIM Jiarpami
MOKa3aHO PO3MoAiT 3HaueHb mMBHUAKOCTI (SOQG) 3a pizHumu kateropismu. Kareropis
«KputnyHo MmBUAKO» Mae HAMOUIBINY KUIBKICTh 3aMHUCIB, IO POOUTH 11 HAMOLIBII
MOIIMPEHOI0 Y MPEACTaBIeHNX AaHuX. HacTymHuMu 3a 4acTOTOIO WAYTh KaTteropii
«yxe mBugko» 1 «llBunko». Kateropii «lloBimbHO» 1 «/ly’ke TMOBUILHOY
HAMEHII TIPEICTaBJICHI B JAHUX.

2. ®yukuii HanexHocti 11 SOG: ['padik nokazye TpanenienoioH1 GyHKIii
HAJICKHOCT1 Ui pi3HUX Kareropid mBuakocti. KoxkHa miHisg (Kojdip) mpeacTaBisie
MIEBHY KaTEropiro MIBUAKOCTI, a iX MEPETUHU BKa3yIOTh Ha HEUITKICTh HAJEKHOCTI
3HAYEHHS IIBUJIKOCTI JIO Ti€l uM 1HIIOI KaTeropii. Hampuknaa, mBUAKICT 5 BYy3IiB
Ma€ TMEBHUN CTYIIHb HaJEKHOCTI A0 kKareropiit «lloBumsHO» 1 «Cepemnboy, 1o

BUHO 3 MEPETUHY 3€JICHO1 Ta YepPBOHOI JIHIMN.

3.3. ®opMajibHA CTPYKTYpPa Ta Hedirka 0a3a mpaBWJl iHTEJEKTYaJbHOI

cucTteMH ineHTudikanil HaBiIrawiiHUX PU3MKIB NPH YNPABJIIHHI CyTHOM

Jlns uporo Oynu mpoaHami30BaHI Ta BUAUICHI TUMUA (DYHKLIA HaJIEKHOCT1
[138-140], sixi HaMOLIBIIO MIPOIO MOXKYTh OTIMCATH PSJ HACTYITHUX HaBIraliiHuX
napameTpis:

1. BaM3bKicTh CyJIeH i3 3ycTpiuHuM KypcoM — Proximity of oncoming vessels

(puc. 3.5):

0, if x<—0,36 0, if x<0,1
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0,04+0,36 0,16+0,1

Hyrar (X) =141, if —0,04<x<0,04 ;e (X)=11, if 0,16 <x<0,2;
022X i 0,04<x20,22 931X 0,2<x<0,31
0,22-0,04 0,31-0,2
0, if x> 0,22 0, if x> 0,31
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Pucynok 3.5 — ®yHkuis HanexHocTi: trapmf

2. Texuiunnii cran cymgna — Technical condition of the vessel (puc.3.6):
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Pucynok 3.6 — ®yHkIis HamexHOCTI: pimf

3. bausekicTh 10 HeOe3neyHoi 1300aTu, JIHIM PO3JAUICHHS B MPOTOKaX —

Proximity to dangerous isobaths and separation lines in straits (puc. 3.7):
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IUVeryF (X) = e

(x-0,06)*

(X) —p 2022 :

(x-0,05)?

Hiroderate (X) = e_ 2:037° 7 Melose (X) = e_ 2x053’ :

(x-0,08)*

(x-0,21)°

:u\/CIose (X) = e_ 207 1 :uTCIose (X) =€ 2



Membership function plots.

Pucynox 3.7 — @ynkuis HanexHocTi: gaussmf
4. Teuii — Currents (puc. 3.8):
1 1
/uWeak (X) = 21 ! /uModerate (X) = 2& ’
x+0,01) 3 x—0,17| 2
1+ 1+
0,06 0,09
1 1
/uNoticeabIe (X) = 21 ’ lustrong (X) = 52 ’
x—0,35] 2 x—0,58
1+ 1+
0,08 0,05
1 1
/uVStrong (X) = 5; ; :uCriticaI (X) = 2& )
x—0,77|3 x-=1|2
1+ 1+—+
0,05 0,1

input variable *Currents"

Pucynok 3.8 — ®ynkuis HanexHocTi: gbellmf.

5. Bitep — Wind (puc. 3.9):

125
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X+0,4 0,12-x.
AUWeak(Xl):W’ Hipveak (XZ): 0,12 ’
x—-0,03 . 0,26—x |
Hroderate (Xl) - M’ Fhvoderate (Xz) B m’
x-0,17 0,45 x
Hyoticeable (Xi) = m’ Hoticeabe (XZ) B m’

x—0,38 0,65-x
Hsirong (Xl) = m, Hstrong (Xz ) = m
x-0,57 0,82-x
Hystrong (Xi) = W’ Hystrong (Xz) = m
x—0,76 | 111-x
Heritical (Xl) - m' Heriial (XZ) - m

1 = |

input variable "Wind"

Pucynok 3.9 — ®yHkIis HajnexHOCTI: trimf

6. Bumumicte — Visibility (puc. 3.10):

1 1 )
Hexcetient (X) = 1+ 0090137) - 1+ 480017 ’
1 1 )
Moo (X) = 1+ g020c-5L9) - 1+ 230032
1 1 )
Hsatistactory (x)= 1+ g030E38) 7 | a66(055) ’
g () = e
oor 1408074 ] QltA(-074) !
1 1 )
Hypoor (X) = 1+ g0 780 130) - 1+ go®50-08D) !
1 1
Heriticar (X) = 1+ g0 %B0507) - 1+ %02
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Membership function plots

plot points: 181

Excellent Satisfactory

Poor Verygoor Critical

input variable "Visibility"

7.

Hysiow (X) =

ﬂModerate (X) =

Hrast (X) =

Pucynok 3.10 — ®ynkuis HanexHocTi: dsigmf

[MoTouna mBuakictTe cymna — Current vessel speed (puc. 3.11):

01

x+0,36
0,04+0,36
11

if x<-0,36
if —0,36< x<-0,04

0,18-x
0,18-0,04
0

if 0,04<x<0,18

if x>0,18

0,

x—0,25
0,38-0,25
1

if x<0,25
if 0,25<x<0,38

if 0,38<x<0,46 ; ppq (X)=
0,59-x
0,59-0,46
0

if 0,46 <x<0,59

if x>0,59

0,

x—0,66
0,78-0,66
1

if x<0,66
if 0,66<x<0,78

if 0,78 <x<0,83; figyigeut (X) =
0,89 X
0,89-0,83
0

if 0,83<x<0,88

if x>0,88

if —0,04<X<0,18 ; s1g, (X)=

0, if x<0. 04
X004 e 04<x<0.16
0.16—0.04
1 if 0.16 < x < 0,24
038X 024 <x<034
0,34-0,24
0 if x>0,34
0, if x<0,49
X=0.49 40 49<x<0,50
0.59-0.49
1 if 0.59 < x < 0,65
075X 46 65<x<0.75
0.75-0.65
0 if x>0,75
0, if x<0,79
X207 40 79<x<0.93
0.78-0.66
1 if 0.93< x <104
LA47X i1 0a<x<1,44
144-104
0 if x>1 44
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plot points: 181
Membership function plots
I

T I
Verygast Critically -ast

I I I I
Veryglow Slow Moderate Fast

1 = 1

input variable "Speed"

Pucynox 3.11 — ®ynkuis HanexxHocTi: trapmf

8. Cxiragnicts yrpuMaHHS Kypey cymHa — Difficulty in maintaining the

vessel's course (puc. 3.12):

~(x-0,06)° ~(x-0,04)°
Hygasy (X) =g 2x0.0007° - Hensy (X) _ o 201
(x-0,09)° (x-0,09)
Hoderate (X) —g 2036 - Hoteut (X) —g 206 -
(x-0,06) (x-0,07)°

Huypiticult (X) =e 2077 » HMepifficult (X) e 2

plot points: 181

Membership function plots
T T T T T T

erygasy Easy Moderate Difficult Veryifficult Critically yifficult

| |

input variable "Course*

Pucynoxk 3.12 — ®ynkuis HanexHOCTI: gaussmf

9. Hac noou — Time of day (puc. 3.13):
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0, if x<—-0.36 0, if x<0,09
X+0.30 ¢ 036<x<-0,04 X099 i 009<x<0,13
0,04+0.36 0.13-0.09
Hpay (X) =141, if —0,04<x<0,16 ; L ening (X) =11, if 0,13<x<0,21
_018-X 0 04<x<016 034X 0 21<x<0,34
0.16—0.04 0.34-0,21
0 if x>0,16 0 if x>0,34
0, if x<0,31 0, if x <049
X=0.31 0 310%<0,36 X089 46 49 <x<0.55
0.36-0.31 0,55-0,49
U (X) =11, if 0,36 <x<0,44; pyq (X)=11, if 0,55<x<0,65
_058=X 46 44<x<058 078X 4t 0.65<x<0,78
0.58—0. 44 0,78-0,65
0 if x>0 58 0 if x>0,78
0 if x< 0,68 0, if x<0 81
X=0.68 4 68<x<0,76 X=08L 4 81ox<0,02
0.76—0.68 0.81-0.68
Honigne (X) =11, if 0,76 <x<0,86; Lpum(X)=11 if 0,92<x<1,01
092X 4t 86<x<0.92 138X i1 01<x<138
0.92-0.86 138-101
0 if x>0,02 0 if x>138

Membership function plots

plot points: 181

I I I
Evening Dusk

Night Deep, ight

input variable "Time"

Pucynok 3.13 — ®yHKIis HanexHOCTI: trapmf

10. [HTEHCHBHICTh CyAHOIUIAaBCTBa — Shipping intensity y moTtouHiit To4ii

Mapupyty (puc. 3.14):
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1 1
/’l\/LOW(X) = —41’ :uLow(X) = —41’
x—0,02|2 x—0,26/| 2
1+——— 1+|—1="
0,12 0,08
1 1
Hiroderate (X) = —41 :uHight(X) = —41’
1+ X—0,48 L X—0,65 2
0,06 0.05
1 1
Hynign (X) = —43; Heritical (X) = - 1
14 x—0,8/ 2 1+ x-=1|?2
0,06 0,07

plot points: 181

Membership function plots
T I T T I

lery ow Low Moderate High Very, igh Critical

input variable "Shipping nt"

Pucynoxk 3.14 — ®ynkuis HanexxHocti: gbellmf

TakuM YMHOM, Ha OCHOBI EKCIIEPUMEHTAJIbHUX JIaHUX OylId OTpUMaHi
dbopMalIbHI BUpa3M HEUITKUX (DYHKIN HAJIEKHOCTI BHAY, BiIOOPaKEHOTOo Ha
pucynkax 3.5-3.14. Y nopanblioMy HEYITKE MOJEIIOBAHHS JI03BOJUTH BUAUTUTH
(dakTopH, 110 BUHUKAIOTH 13 TMO€JHAHHA 0a30BUX KBami(ikaliiHUX MapaMeTpiB
IIOJI0 Omepaliii 3 HaBiraliiHUMU T[PUCTPOSMHU-(PaKTOpaMHu. A BpaxyBaHHS
IHAMBITyallbHOT MOJeM KBawiQikaiii J03BOJMTh Ha OCHOBI HEUITKMX (YHKIIIH
HAJICKHOCTI BU3HAYUTH 1HAWBIAYAIbHUN CTYIiHbL HEOE3MEKHU IOJ0 HaBiraminHoi
CHUTYaIIi.

3.4. Heuirke imiTauniiine Moje1l0BaHHSI PU3MKIB 3 ypaxyBaHHAM MojaeJi

KBaJIpikauiiHMX mapaMeTpiB onepaTopa-cyaIHOBOMIs

HeoOxinHO AOCHIIUTH HAa OCHOBI OTPUMAaHHMX EKCIIEPUMEHTaIbHUX JaHUX
BIUTMB KBaJi(iKalliiHUX MapaMeTpiB Ha 30UTbIICHHS 3arajlbHOTO MOKA3HUKA PU3UKY

pY BUKOHAHHI OMEpPaTOpOM-CYJHOBOIIEM OTEpaIlii.
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Chopmyemo HewiTki mnpaBuina moao Jokamii bochop Ha ocHOBI
cnocrepexens [Jlomarok B]:
CdopmoBaHi npaBuiia BHOCUMO 10 0a3u npaBwi BUBeneHHS Mawmmani [141]

(puc. 3.15, 3.16).

L

[

[

[ \ /

Management of risks_5+
[ J— 9 = Risk
!

l / (mamdani)

[ \

[

[

[ Number factors
FIS Name: Management of risks_5+ FIS Type: mamdani
And method min “ Current Variable
Or method max ~ Ran Proximity

Type input
Implication min “
Range [01]

Aggregation max “
Defuzzification centroid “ Help Close
System "Management of risks_5+": 10 inputs, 2 outputs, and 30 rules

Pucynok 3.15 — IloOymoBa cucTeMu HEYITKOTO BUBEICHHS

1. If (Proximity is Very Far) or (Technical is Excellent) or (Isobaths is Very Far) or (Currents is Weak) or (Wind is Weak) or (Visibility is Excellent) or (Speed is Very_Slow) or (Course is Very_Easy) or (Time is Day) [

2. If (Proximity is Moderate) or (Technical is Satisfactory) or (Isobaths is Far) or (Currents is Moderate) or (Wind is Weak) ar (Visibility is not Excellent) or (Speed is Very_Slow) or (Course is Critically_Difficult) or (Tin
3. If (Proximity is Very_Far) or (Technical is Satisfactory) or (Isobaths is Far) or (Currents is Weak) or (Wind is Weak) or (Visibility is not Excellent) or (Speed is Slow) or (Course is Difficult) or (Time is not Day) or (S|
4 If (Proximity is Moderate) or (Technical is Satisfactory) or (Isobaths is Far) or (Currents is Moderate) or (Wind is Moderate) or (Visibility is Good) or (Speed is Slow) or (Course is Critically_Difficult) or (Shipping_int
5. If (Proximity is Moderate) or (Technical is Satisfactory) or (Isobaths is Far) or (Currents is Moderate) or (Wind is not Moderate) or (Visibility is Good) or (Speed is Moderate) or (Course is Critically_Difficult) or (Time
6. If (Proximity is Far) or (Technical is Minor_Hull_Deformation) or (Isobaths is Far) or (Currents is Moderate) or (Wind is not Noticeable) or (Visibility is Good) or (Speed is not Moderate) or (Course is Critically_Difficu
7. If (Proximity is Moderate) or (Technical is Satisfactory) or (Isobaths is Moderate) or (Currents is Moderate) or (Wind is not Moderate) or (Visibility is Satisfactory) or (Speed is not Moderate) or (Course is Very_Diffic
8. If (Proximity is Far) or (Technical is Satisfactory) or {Isobaths is Far) or (Currents is Moderate) or (Wind is not Noticeable) or (Visibility is Satisfactory) or (Speed is not Moderate) or (Course is Very_Difficult) or (Tim
9. If (Proximity is Moderate) or (Technical is Minor_Hull_Defarmation) or (Isobaths is Moderate) or (Currents is Moderate) or (Wind is not Noticeable) or (Visibility is Satisfactory) or (Speed is not Moderate) or (Course
10. If (Proximity is Moderate) or (Technical is Minor_Hull_Deformation) or (Isobaths is Moderate) or (Currents is Moderate) or (Wind is not Strong) or (Visibility is Satisfactory) or (Speed is not Moderate) or (Course is ¥
< >
If and and and and and
Proximity is Technical is Isobaths is Currents is Wind is

Far Satisfactory Far Moderate Moderate Goo
Moderate Minor_Hull_Deformation Moderate Naoticeable Noticeable Sati
Close Medium Close Strong Strong Poo
Very_Close Severe_Damage Very_Close Wery_Strong Very_Strong WVery
Too_Close v Critical v Too_Close v Critical ~ Critical v Criti
et ot et et et Cn
— Connection Weight:

@ or

(Cand 1 Delete rule ‘ Add rule | Change rule | << >
FIS Name: Management of risks_6+ ‘ ‘ Help ‘ e ‘ ‘

Pucynok 3.16 — ®opMyBaHHS CHCTEMH HEUITKUX MPaBUII

PosrisiHeMo mepiry HIUISXOBY TOYKY Ha mepexoal B mpotoui bocdop i
dbopMyBaHHS PU3MKY MO0 HEUTpadbHOiI cuTyarii (CepeaHbO3BaXeHOI), 3

nokazaukamu 0,5 B mpomixky {0; 1} momo daxropis (puc. 3.17).
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Pucynok 3.17 — HeuiTkuil aHani3 pu3uKy B HepIliid NUIAXOBIA TOYI HPOTOKH

Bocdop

Sk pe3ynpTaTH MOJIEIIOBAHHS IOJO MEPLIO] HUIIXOBOI TOYKH, MOKHA
BUJIUIMTU TaKi FPYIU:

1. AktuBariisi npaBwi. barato mpaBuil aKTUBYIOTHCS TPHU 33JaHUX BXIIHUX
3HAYCHHSX, OCOOJMBO Ti, SKI BIAMOBIMaIOTH BXigHMM maHuMm, piBHA 0,5. Ile
MO3HAYEHO KOBTUMU TPUKYTHUKAMH Yy BIJIMOBIIHUX CTOBMISIX JUISI KOXHOTO
npaBwiIA.

2. Po3noain puzuky. PU3MK BapitO€ThCs 3aJ€KHO B aKTUBOBAHHMX IPaBUII.
Jlesiki mpaBUiIa MPU3BOAATH 10 OUTBII BUCOKOTO PiBHA pU3UKY (Ommxde 10 1), Tomdl
SIK 1HIII - J0 HIDKYOTO piBHA pu3uKy (Ommk4ae 10 0).

3. AxrtuBamis mapamerpiB. «Proximity», «Technical» 1 «lsobaths»
3nebubioro aktuBoBaHi Ha piBHI 0,5. «Currentsy, «Windy» i «Visibility» Takox
MaloTh aKTHBAIlif0, ajic He B ycix mnpaBwiax. «Speedy», «Course», «Time» i
«Shipping_int» akTuBOBaHI Ha Pi3HUX PIBHAX y BIJNOBIIHUX MpaBUJIaX.

4. 3aranpHui pU3WK: 3 ypaxyBaHHSAM 3aJIaHUX BXITHHUX JaHUX 3araibHHUN
pusuk cranoButh 0,575. lle 3HaueHHs Moxxe OyTH pe3ynbraToM arperarii ado
nedaszudikariii pe3yabTaTiB OKpEMHX MPaBHUIL.

Jlami po3rJIIHEMO CHUTYyallilo, y SKIA TposBisitoThes BiaxwieHHs B KII
okpeMoro cyaHoBoxis. [lpm 1npoMy KOI pHU3UKY MOJENi omeparopa uepes
HenocrarHi KII mogo kimouoBux HaBiranidaux (akrtopiB mae surisia: [0,7; 0,63;
0,63; 0,55; 0,55; 0,63; 0,7, 0,7, 0,52; 0,7]. Lle#t kom ommcye BTpary piBHA

kBaymi@ikamii 1oJg0 KOXKHOTO (aKkToOpy, HampalbOBaHUM T Yac MiATOTOBKH,
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TPEHaXXEPHUX KYpPCIB, JTOCBITY CYyJHOBOJIIHHA B pallOHAX IJIaBaHHS, MOJIOHMX 3a
ckianHicTio. Hampuknaa nns Bmamoro mpoxojpkeHHs npoToku bocdop moTpidHi
nokazHuku sikocti KII BigHOCHO meBHOTO (hakTOopy y 75%, OAHAK CYAHOBOAIN Ha
JaHU MOMEHT Ma€ MOKa3HHUK Yy 62%, TO1 BIAHOCHE BIIXWJICHHS CKIagae OJIM3bKO
20% 1 y xomai 3amicTh mokasHuka 0,5 orpumyemo 0,7 110 3HAYHO BIUIMBAE Ha
3arajiIbHA pU3HK.

Maroun 6a3y npaBui, CKIaJeHy st mpoToku bocdop, naBaiite 3M0aeIH0EMO
BIUIMB 1HIUBIAyaJIbHOTO KBalli(ikaliifHOro ¢akropa omnepaTopa-CyqHOBOIS B

toui 2 (puc. 3.18):
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Pucynok 3.18 — Heuirkuii aHami3 pu3uKy B CKJIQHINA HaBirariiHii curyarfii

HesBaxaroun Ha Te, 1110 3arajbHU piBeHb KBami(ikalii BIZHOCHO HE CHIIBHO
smiHuBcs, 10 0,636 pu3uK 3pic, MO0 MOXe KIacHu(PIKyBaTH CHUTYaIlll0 SK
«Hebe3neuHy», OCKUIbKUA (paKTOpU BUMAraroTh BUCOKUX 3HAUEeHb KBamiikaiii, KX
SIBHO HEIOCTaTHbO B JaHIM MAapUIPYTHIA TOYIl NPOTOKU. BimxwieHHs Bix
cepenHboro 3HaueHHs 0,5 Mo KO’KHOMY HaBIrallifHOMY MapaMeTpy BU3HAYAETHCS
IIUISIXOM JI0/IaBaHHS YaCTOK 1[0 HE BUCTAada€e J0 KBai(iKaliiHOTO mapameTpa, SKAi
301IbIlIye PHU3MK. 3araioM, Ha OCHOBI mpeacraBicHoro rpadiky (puc. 3.18), y
CHUCTEM1 yIpaBIiHHA pHU3UKAaMHU Ui 3aJaHOTO HAOOpy BXIIHUX JAaHUX
CIIOCTEPITaeThCsl BIIHOCHO BUCOKUM pusuK (ominenuid y 0,733). AKTHUBHI NpaBuia,
ocoOymBo B Kateropisx «Proximity of oncoming vessels», «Windy», «Speed» i
«Course», BKa3yloTh Ha iX 3HAUHUU BIUIMB HA 3arajbHy OLIHKY PU3UKY, Y 3B'A3KY 3

YUM JIOCIIJDKYEMO IIi TIOKa3HUKH okpemo (puc. 3.19).
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Risk

Risk

" 0 0 3
Wind Course Speed o o Shipping nt

Pucynok 3.19 — I'padiku-mmoBepxHi OCHOBHHX (DAKTOPIB BIUTMBY Ha 3arajlbHUN

pH3UK

Sk BuaHO 3 TpadikiB-nmoBepxoHb (puc. 3.19), kBamdikamiiHuii mapamerp
31aTHOCT1 KepyBaTu KypcoMm («COourse») € KIouoBUM, SKHH, K IPaBUiIo0, 301IbITYE
pPU3UK Y OUTBIIOCTI ciieHapiiB. B3aemonis iHIIKUX (GakTopiB, Takux sk «Proximityy,
«Isobathsy», «Wind» i1 «Shipping_int», Takox Bimirpae BayXJIMBY poJib y BU3HAYCHHI
3arajJlbHOT0  pHU3MKYy, 110 MIATBEPIKYETHCS  JUHAMIKOIO  IOBEpXOHb Ha
npeCcTaBlIeHUX rpadikax.

Cnin BpaxyBaTu, 1110 He Bci 3 30 TOCTYNMHUX MpaBUil aKTUBOBaHI, 110 TOBOPUTH
po ceM(IIHICT, PO3MISIHYTOI cuTyalli. Tako)k He 3MIHUBCS MOKa3HUK KIJTBKOCTI1
HaBIramiiHOTO 00JaTHAHHS, SIKe TOTpeOye yBark B JaHi MapIIPyTHIA TOYIII.

Y pamkax [OOCHiIKeHHs, OyJl0 BHKOHAaHO aBTOMAaTH30BaHy OOpOOKy
excriepumenTanbiux JaHux ECDIS y ckmanHux paiionax miaBanHs. lleit eran
JOTIOMIT 3MEHIITUTH Cy0'€KTUBHICTh MPY BU3HAYEHHI MapaMeTpiB HEUITKUX PYHKITIN
HAJICKHOCT1 MO0 PI3HUX HaBirauidHux (axkTopiB. Y CBOI Yepry, 1€ JO3BOJMUIO
neperTu 10 moOyn0BH HEUITKOI cucTeMH mporHo3yBaHHs [142, 117]. Buxoasuu 3

OTPUMAaHUX HEUITKUX (yHKIIM HamexHocTi, Oyla BHU3HAueHa IX QopmaibHa
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CTPYKTYypa, a TaKOX CTBOpeHa HeuiTka 0a3a mpaBui. Llg 6a3a BUKOPUCTOBYETHCS
IHTEICKTyaJIbHOI0 CHCTEMOIO sl iAeHTU(IKAIlll HaBIrallliHUX PU3HMKIB TPH
YIPaBIIIHHI CYJHOM Yy CKJIQJIHUX YMOBaX.

3 METOI0 BU3HAUYEHHS PE3yJbTaTUBHOCTI 3alpOINOHOBAHOT HEUITKOI CUCTEMU
Oy70 NpoOBEeACHO IMITAIlliiHE HEYITKE MOJIEIIOBAHHS 3 YpaxXyBaHHSIM MOJIENi
KBaM(IKaIIMHUX MMapaMeTpiB onepaTopa-CcyIHOBOIIA. AHA3 €KCIIEPUMEHTATbHUX
JaHUX TI0Ka3aB, fK KBami(iKamiifHl TapaMeTpu BIUIMBAIOTh Ha 30UIbIICHHS
3arajJibHOTO TMOKAa3HWKA PU3MKY IMPU YIPABIIHHI CYTHOM.

Sk HacnmioK, MOHa 3pOOWTH BHCHOBOK, 110 KBaui(ikailiifHa TOTOBHICTb
HaBiraTopa 3HAYHO BIUIMBAE HA KPUTUYHICTh CHTYyallli, [0 BHOCUTH (HaKTOp
HEBMU3HAYEHOCTI B 3a/1a4i O0€3MEeKH Ta HAIIHHOCTI YIpaBIiHHA CyaHOM. Pe3ympraTtu
MO/ICJTIOBAHHS MOKa3aJiy, 10 IPU HE3HAYHOMY 3pOCTaHHI1 BTpaTH KBam(ikaiiHux
napaMeTpiB, BIIHOCHO OKpPEMHMX YOTHUPHOX IMOKA3HMKIB, 3arajbHUN PHU3UK MOXKE
30utbuTHC Ha 15,8% 1 mepeBecTH cUTyallil0 B KaTreropioo «HeOe3nedHy» abo
HaBITh «KPUTHUYHYY.

VYce me BKazye Ha Te€, IO NPOTHO3 PHU3UKY 3aJICKHUTh Bil BU3HAYEHOTO
¢parmenTa kBamiikalifHUX TapaMeTpiB KOHKPETHOTO OIepaTopa-CyIHOBOMIIS.
V3aranpHuBIIM  KBamipikamiiiHi mapaMeTpu IMOJ0 KOXKHOI MUIIXOBOI TOYKH
MapuipyTy, 3'SBISI€ETbCS MOMJMBICTH 3aBYaCHO OTPUMYBAaTH JlaHl II0JIO
POTHO30BAaHOI HEOE3MEKH, a OTXKe, KepyBaTU pU3MKaMH B YMOBaX HEBHU3HAY€HOCTI
JIOJICBKOTO (pakTopa.

3 METOI OIIHKK pe3yJbTaTUBHOCTI 3alpONOHOBAHOTO METOay, Oyio
NPOBEACHO EKCHEPUMEHT. 3a PO3pOOJEHUMHU KPUTEPIIMU TOYHOCTI KEpyBaHHS
pPyXoM cyzaeH, OyJo TPOBEIHO ABa EKCICPUMEHTAIBbHI 3aMipH 13 KypCaHTaMH,
BUKOPUCTOBYIOU1 HaBiramiitHi cumyssitopu (Tabmuis 3.1, 3.2). V nepmomy 3amipi,
Oys0 mpoaHaTi30BaHO il IIypMaHiB 0€3 3aCTOCYBaHHS METOJY aBTOMATH30BAaHOI
imeHTudikamii  Ta OIIHKKM  KBam@IKaliHUX  HapaMeTpiB  CYJHOBOJIIB 3
BUKOpHCTaHHSAM Hedwitkoi Jioriku (Tabmuus 3.3). YV apyromy 3amipu Oyiio
3CTOCOBAHO METOJ 1 BIJINOBIIHO 3[IMCHEHO BIJHOBJEHHS  HEJOCTAaTHIX

kBamidikaniitanx napamerpis (Taomurs 3.4).
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Tabmuua 3.1. Kpurtepii omiHk1 HaBirauiiHoi e()eKTUBHOCTI

[Toka3zHuk Kareropis Hianazon / Kputepii bamm
IneanpHuit ) <90 0
(onTUMaJIbHUI)
Jlonyctumuii 2°-3° 05-1
Bingxunenns | HeOesneunuii 3°-5° 1
BiJl KypCy e
Ay § 5.1° - 7° 2
HeOe3IIeTHI
Kpurnyno ) > 70 3
HeOe3IeTHI
Ineanpuuit
. . +0.5 By3ma 0
(onTUMaNBEHU)
Jlonyctumuii +0.5 —+1 By3na 05-1
Binxunenns | HeGesneunwmii +1 By30J1 (TOYHO) 1
BIJI IBUIKOCTI
Ke
Ay . +1.1 —+1.8 By3ma 2
HeOe3IeUHNI
Kputnuno
P " > +1.9 By3na 3
HeOe3IIeTHII
OnruManbpHui < 5 cexkyH[ 0
Yac peaxkiii Ha .
peaKl Jlonyctumuii 5 — 10 cexyna 1
MOTICP €JIKEHHS
He6e3meunuii > 10 cexyHT 2 (abo OibIie)
OnTuMabHuN < | XBWJIMHHA 0
. Jlonyctumun 1 — 3 xBwImHHU 1
Bigxunennusa B
BiZI pO3KIAY HeOe3neunuii 3 — 5 xBuimH 2
Kputnuno
P o > 5 XBWJINH 3
HeOe3IIeuHNI
< 0.3 nonepeaKeHb
OnruManbHui Ha CErMEHT 0
MapmpyTy
0.3-05
YacroTta )
[ligBumniena MoTIepEIKEHb Ha 1
TIOTICPE/IKEHb
CETMEHT MapuIpyTy
> (.5 nonepeaXeHb
He0e3neunuii Ha CErMEHT 2

MapmpyTy
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Tabmuua 3. 2. PamkyBaHHs CUTYyaIlli 1Jis1 ONIEpaTUBHOTO BTPYYaHHS KamiTaHa

Pexomenpgamii 1momo
BTPYYAHHS

Cymapnuii 0an 3a

PiBenn pusuky
CETMEHT

2 i MeHIe OamiB Husbkuil pusuk Brpyuanns He nmotpiOHe

PexomennoBaHo
OTIEpAaTUBHE BTPYYaHHS

3 — 4 GaniB Cepenniii pu3uK

Bucoxuii pusuk
(KpUTUYHUIN)

Heraiine BTpy4aHHs

51 OutbIIEe OaIiB . .
KariTaHa HeoOXigHe

OT1xe 6}’310 OTPpHUMAHO CKCHCpI/IMeHTaJ'IBHi HaHi 0e3 3aCTOCYBAaHHA MCTOAOY.

Tabmung 3.3. EkciepuMeHTanbHi TaHi 0€3 3aCTOCYBaHHS METONY

> ) <«
o o < N
(@F —_ —~ 5) jan N
2 g = 5 32 S 5| & &
= I =S Z ot = L 2. © 5 5
5 =3 | Bz g | g2z | & | 2| 2| 2
= S e 2 = S = o = = )
o = @ S 2 53 S 5 = = = ©
O 2 X K (=9 X « = S =
qH 5 0 H o g > = Q
= a £ S a & 2 O o =
2 = a g 5| Z
@) =) —
1 2 3 4 5 6 7 8 9
1 |2.1°(0.5) | 0.6 (0.5) [4(0) 0.8(0) |02(0) |10 |Hi 90
2 |1.8°(0) |0.4(0) 4 (0) 05(0) |02 |0 Hi 100
3 |3.5°(1) [0.9(05) |7 2 (1) 03(1) |45 |Tak |55
4 12.5°(0.5)0.8(0.5) |4.5(0) 09(0) |02(0) |10 |Hi 90
5 [2.9°(0.5) | 0.7 (0.5) |51(1) 1.5(1) |025(0) |3.0 |Hi 70
6 |5.2°(2) 1.2 (2) 11 (2) 35(2) |06(2 |10 |Tak |O
7 |1.9°0) [0.4(0 4 (0) 0.7(0) |02(0) |0 Hi 100
8 [2.8°(0.5) |0.8(0.5) |4.5(0) 1.00) |02(0) |1.0 |Hi 90
9 [2.2°(0.5)|0.6(0.5) |4(0 09(0) |02(0) |10 |Hi 90
10 | 6.0° (2) 1.9 (3) 105(2) [(35(2 |05(1) |10 |Tax |O
11 | 2.5°(0.5) | 0.8 (0.5) | 4.5 (0) 0.8(0) [0.25(0) |1.0 |Hi 90




138

[Mponoskennst TaGmwmmi 3.3.

1 2 3 4 5 6 7| 8 9
12 (72°3) |20@3) |12(2 |55(3) [07(2) |13 |[Tax |0

13 [ 1.7°(0) |0.4(0) |4(0) 06(0) |02(0) |0 |Hi |100
14 {2.9°(0.5) |0.8(0.5) |48(0) |12(1) [03(1) |30 |[H |70
15 | 2.9° (0.5) [ 0.8 (0.5) |[45(0) |15(1) |03(1) [3.0 |Hi |70
16 |54°(2) [13(2) |105(2) |30(1) |05(1) |8 |Tak |20
17 | 1.8°(0) |05(0) |4(0) 070 |02 |0 |Hi |100
18 | 2.8°(0.5) [0.8(0.5) |[45(0) |1.0(1) [03(1) [3.0 |Hi |70
19 | 2.2°(0.5) | 0.6 (0.5) | 4 (0) 09(0) |02(0) |10 |H |90
20 [3.8°(1) [09(1) |45() |20() |02(0) |30 |H |70
21 16.0°(2) [18(2 [11(2 |40( |06(2) |10 |Tak |0

22 11.9°(0) |0.4(0) |4(0) 070 |02(0) |0 |Hi |100
23 |2.2°(0.5) | 0.6 (05) [48(0) |12(1) |03(1) |30 |H |70

(3aranbHa TOYHICTH KEpYBaHHSI PyXOM ckiana 64—66 %, BTpydaHHs KamitaHa — 6 13

23 cermenTiB). Takox Oys0 OTpUMaHO J1aHl 13 3aCTOCYBAaHHSIM METOY

Tabmuns 3.4. EkciepuMeHTanbHI AaHi i3 3aCTOCYBaHHSAM METOTY

z §2 | 8 | g2 & | &| €| ¢
= =S NG ~ X 8 O cl:':; qm)
z B = B = > ) = = =
g = T B = TR = = . =
5 i = S = = = 2 o | = 3
Q z E S E O S 2 = S| Z
@) o < = o S < = R 2
S =g 9 =29 S S 2| 2
Eo|EE| 5 | &%) 3 E| o
s 2] -
1 2 3 4 5 6 7 8 9
1 1.8°(0) |04(0) [4(0 0.8(0)|02() |0 Hi |100
2 1.9°(0) |05(0) [55() [07()|02(0) |1 Hi |90
3 1.7°(0) |04 |40 0.6 (0)[02() |0 Hi |100
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[Mponoskennst Tabnwmmi 3.4.

2 3 4 5 6 7| 8 9
4 1.8°(0) [05(0) |4(0) |15(1)|02(0) |1 |Hi |9
5 2.0°(0) [05(0) |42(0) [09(0)[025(0) |0 |Hi |[100
6 1.9°(0) |05(0) |45(0) |0.8(0)[02(0) |0 |Hi |100
7 2.0°(0.5) | 0.7 (0.5) |4(0) |08(0) |02(0) |1 |Hi |90
8 2.1°(0.5) | 0.6 (0.5) | 4.8(0) |0.9(0) |025(0) |1 |Hi |90
9 1.8°(0) |0.4(0) |42() |08(0)|02(0) |0 |H [|100
10 1.9°(0) [05(0) |45(0) |09(0)|03() |1 |Hi |9
11 1.8°(0) |04 (0 [50(1) |08(0)|02(0) |1 |Hi |90
12 1.9°(0) |05(0) |45(0) |09(0)|02(0) |0 |H |100
13 1.8°(0) |04(0) |4(0) |08(0)|02(0) |0 |Hi |100
14 1.9°(0) [05(0) |50(1) |07(0)|02(0) |1 |Hi |9
15 2.0°(0) [05(0) |43(0) |[09(0)[025(0) |0 |Hi |[100
16 50°(1) |1.0(1) [10(1) |15(1)|04(1) |5 |Tax |50
17 1.8°(0) |04(0) |4(0) |08(0)|02(0) |0 |Hi |100
18 1.9°(0) |05(0) |45(0) |08(0)|02(0) |0 |Hi |100
19 2.1°(0.5) | 0.6 (0.5) | 4.7 (0) |0.9(0) |0.25(0) |1 |Hi |90
20 1.8°(0) |04(0) |4() |08(0) |02 |0 |H [|100
21 55°2) |15(2) [11(2) |30 |05(1) |9 |Tax |10
22 1.8°(0) |04(0) |4(0) |07(0)]02(0) |0 |Hi |100
23 1.9°(0) [05(0) |45(0) |08(0)|03() |1 |Hi |9

3aranpbHa TOUYHICTH KEPYBaHHS pyXxoM cynHa ckiaima 89-90 %, a BTpy4yaHHs
KariTaHa Bi10yJIOCh y 2-X 13 23 CerMeHTIB MapuIpyTy.

TakuM 4YWHOM, BUKOHAHI €TamM JOCTIKEHHS YCIHIITHO MiATBEPAUIU
MOKJIMBICTh 1IeHTU(IKALIT KBami(iKaliiHUX MapameTpiB ONepaTopiB-CyAHOBOIITB

y CKJIQJIHUX HaBITAIlIMHUX CUTYallisIX 3 BUKOPUCTAHHSM IHTEJICKTYAIbHUX CHCTEM
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HAa OCHOBI HEYITKOI JIOTIKH. PeBy.HBTaTI/I AO3BOJEITH BIOCKOHAIUTU CUCTCMY

YIPaBIIHHS CYAHOM 1 MIJBUINUTUA O€3MEeKy MOpPEIUIaBCTBA.

3.5. MoaeqoBanHsi IHTYITUBHUX [iii cyaHoBoAiiB Ta ¢opmanizamis
KBAJIpIKaUIiHMX NapaMeTpiB [IJIfl YIPABJIHHA PYXOM CYAEH Yy CKJIAJTHHUX

yMoOBax HaBiramii

Jl1s1 3a0e3medeHHsT HaJIeKHOTO Pe3yybTaTy MOCTABJICHI HACTYIIHI 3aj1aui:

—po3pobutu  MoAenb iAeHTU(IKalii  IHTYITUBHUX [l omeparopis-
CYJHOBO/I1iB Y KpUTUYHHUX CUTYallIAX IiJl 4ac KepyBaHHS PYXOM CyAHA Y CKIaJHUX
YMOBaXx IJIaBaHHS;

— po3pobuTH (HOpPMATHLHO-JIOTIYHUN METOJ BITHOBJICHHA KBaTi(iKaIliiiHuX
napaMeTpiB CyJHOBOJIiSI B yMOBax Iepen0auyyBaHUX HaBITallliHUX PU3HKIB Ta
PEXUMY PEANTbHOTO Yacy;

— pOo3poOUTH MaTeMaTWYHy MOJENb JJIi aHal3y 3MiH PIBHS HEOE3NeKH B
MOPEIIAaBCTBI, 3 YpaxyBaHHSM 4Yacy BIJHOBJICHHS KBali(iKaliiHUX MapameTpiB
CYTHOBO/IiSI, IIUIIXOM IHTETpallii JaHuX 3 HaBiramifHUX CHUCTEM Ta JaHUX YacOBOT
3aTPUMKHU Y MIPUMHATTI PIllICHb.

BpaxoBytoun amnpiopHy MaTeMaTH4YHY HEBH3HAYEHICTh OararboxX MpOIIECiB
IHTENEKTyallbHO1 AISIBHOCTI JIFOJMHU, CKIIAQJHO TOBOPUTHU MPO MPUYUHU, Yepes3 sKi
CIOCTEPIraeTbCs HECTaHIApTHA IMOBEAIHKA CYJIHOBOAIS, IO BKa3zye Ha (akT
YacTKOBOi BTpaTu KBamdikalmiiHuX mnapaMmerpiB. BpaxoByroum CKIagHICTh
OpoIeciB, BiJl SKUX 3aJCKUTh PIBEHb O€3MeKku i omnepaTopa-cCyaIHOBOIIS,
HEOOXITHO BHU3HAYUTH MEXY MDK HOTO pAaIllOHATBHICTIO B MNPUUHATUX HUM
PIIICHHSX Ta HOTO 1HTYITUBHOIO TMOBEIIHKOIO, IO O€3yMOBHO BKa3y€ Ha PU3HKH.

3aBoaHHs 100 BU3HAYEHHS TaKoi MeXl 3 METOK BIICTEXKEHHS
palliOHAILHOCTI I omepaTopa-CyIHOBOIsl TMependavyae HETPUBIATBHY 1 CKIAIHY
3a/1a4y, 0COOJIMBO B PEXKUMI PEAIbHOTO Yacy, IIPU HECEHH1 HaBIraliiHO1 BaxTH. Y
JaHiil 3a7a4l HEOOXIIHO PO3POOUTH JIOTIKO-POpMaNbHUN MiAXIA AJi BU3SHAYECHHS
CTaHIB MEPEeXOoJy 3 palllOHAJbHOIO B IHTYITUBHMIA JJIsi BUPOOJICHHS CBOEYACHOT

peaxiii s MATPUMKUA TPUHHATTS PillieHb 1 0€3[eYHOr0 CYAHOBOIIHHS.
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brmusbka 3amava posrisgaecTbes, Hanpukian, y [143], ne aBTopu BU3HA4YAIOTh
JIOACHKY PallOHAIBHICTh SIK MIPKYBaHHS Ta NPUHHSTTS PIlIeHb BIAMOBIIHO A0
KOTHITUBHMX CTpaTeri, sKi HaWKpalle BHUKOPUCTOBYIOTb OOMEXKEHI pecypcu
po3ymy. Takox B Teopii 1Box cuctreM Kanemana mepem0adaeTbes, M0 MPUHHITTS
pilliecHb 0a3ye€Tbcs Ha JBOX KOTHITUBHHUX CHCTeMax: OJHIM aBTOMaTHYHIH,
IHTYITMBHIA 1 B OCHOBHOMY HecBiloMiil (cuctema 1), a iHImii — pedriekcuBHIH,
paIlioHaJbHIN 1 MOBHICTIO CBimoMiii (cucrema 2) [144].

TakuM 4YMHOM, BHUHUKA€ 3aBJlaHHS Yy BHU3HAuU€HHI 1leHTH]IKaTOpiB (da3u
IHTYiTUBHOT (HEOe3MeyHol) TMOBEAIHKH OIepaTropa-CyJHOBOIA 3a HEIBHUMU
O3HAKaMHU, fIK1 CKJIQJHO BIICTEKUTHU ILISTXOM Bi3yalbHOTO CIIOCTEPEKEHHS 1HIIUMHU
YJIeHaMH BaxTOBOI CIIy)kKOW. Bu3HauMBIIM iama3oH 4acy akTHBi3alii HeOe3meuHoi
¢dazu, 3'IBUTHCS MOXJIMBICTh Y CHHXPOHI3allli 3 30HAaMU MapuipyTy, MOTOYHUMHU
omeparisiMi, OYIKyBaHMUMH JIsIMH, IO BKa3yBaTHUMYTh Ha KOHKPETHI, BTpadeHi
CKJIaJIOBI €JIEMEHTH KBali(iKaliiHUX MapamMeTpiB onepaTropa-cyaHOBOIIS.

Tox, crmodarky HeEoOXiTHO y (GOpMaIbHOMY BUA1 BU3HAUMUTH Ti Aii, SKi
J03BOJISIIOTh BIIOKPEMHTH IHTYITUBHY MOBEHIHKY Bin ycBigomuenoi [145]. V
BUMAJIKY IHTYITHBHOI MOBEAIHKH OMEparopa, KOJM JOCBiN 3amanuii, abo curyaris
HEBIJIOMa, Ma€ CIpalbOBYBaTH MEXaHI3M BIIHOBJICHHS 3HaHb. B iHIIOMY BUMAIKY,
NDM (Naturalistic Decision Making), (T-Task) — cnpamnpoBytoTh omeparopu
HECBIZJOMOTO TPHUUHATTS PIIIEHh B YMOBaX HEBU3HAYEHOCTI IO MPU3BOJUTH O
HasiBHOCT1 xaoTu4HOi (azu «Dark Solution». 3 meTor0 OUIbII TIMOOKOTO aHai3y
BKa3aHUX PHU3UKIB OyIso 310paHo JaHl mia 4ac poOOTH 13 CUMYISITOPAMU KEPYBaHHS
pyXOM cyaHa 3 OCBITHROI KOMMoOHeHTH «Hagiramis 1 momis» — moxayns ECDIS
(Electronic Chart Display and Information System) y cepTtudikoBaHomy
TpeHaxkepHoMy 1eHTpi Anglo-Eastern Ukraine, Ozeca B epioJ1 ’KOBT€Hb-JTUCTOTIA]T
2023 p. (puc. 3.20).

3a pesynbraramMu 0O0pOOJICHUX JaHUX, MIATBEPAUIACH TIMOTE3a Y TOMY, IO B
MOMEHTaX HEIOCTAaTHOCTI KBaMI(DIKAIIHHUX TapaMeTpiB, KypCaHTH MEPEXOAATh 10
MOJieJie IHTYITUBHOI TOBEHIHKM, SKa 3aJIeKUTh BII 1X I1HAWUBIAyaJbHUX

0CO0JIMBOCTEH Ta MOMEPEAHBOTO JOCBITY.
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Pucynok 3.20 — Bukopucranus cumyssitopy Transas NS 5000 B anamizi gaHux: a

— 3aBaHTAXCHHS CIICHAPIiI0 PO3XOJKEHHS; 0 — CTBOPEHHS KPUTUIHUX CHTYAIlii

byno BusBIEHO pU3MKKM B OpraHi3allii JOJAMHO-MAITUHHOI B3a€EMOIIl TPH
BUKOPHUCTAaHHI aBTOMAaTHU30BaHUX CUCTEM KEpYyBaHHS PyXOM cynHa y 56 % Bumnaakis
nigdac J1abopaTOPHOTO EKCIEPUMEHTY.

Buznaueno, 1m0 y Takux BUNaAKax B 63 % HaBirauiiHUX CHUTYyaIlil
BiZIOYBa€ThCSl 3HAYHE BIIXWJICHHS BiJl 33J1aHOTO Kypcy cyaHa, y 37 % mpu3BOAMIO
JI0 3MEHIIEHHS IBHJIKOCTI, IO BIUIMBAE€ HA 3arajbHy IHTEHCHUBHICTH Tpadiky. Y
CBOIO Yepry CTaH IHTYITUBHOI MOBEIIHKU y KypCaHTIB, 13 IBHUMHU O3HAKaMU BTPATH
OKpemMux KBamiikauiiHUX mapamerpiB, y 24 % BUMAIKIB MPU3BOJIMWIN A0 3ITKHEHb
13 3yCTpIUHMMHU CyJHAMH Ta TIOCAAKOK Ha MUIMHY, 10 BHU3HAYAETHCA SK
KaracTpodiyHa CUTyaIlisl.

BpaxoByroui 3a3HaueHe, 3 METOI0 MOMIUOJICHHA B MpOOJieMy BHU3HAYEHHS
PU3HKIB Ta 3HAXOJ/DKEHHS MIIXOMIB HIOJAO0 I1X HIBENIOBaHHs, Oyso 3i0paHo Ta
NPOaHaANI30BaHO EKCIIEPUMEHTANIbHI NaHi. 310paHi JaHi miJ] yac BUKOHAHHSA PEHCY B
xoBTHI-McTonaai 2023 p. y ckinanHux pailoHax ruaBanHs y North Sea area

J03BOJIMJIM BU3HAYUTH €JIEMEHTH IHTYITUBHOI MOBEAIHKH ONEPAaTOPiB-CYyIHOBOJIIIB.
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3.6. Po3podoka merony inentudikamii iHTYITHBHHX [Jiii omepaTtopiB-

CYAHOBOJIIB Y KpUTHYHHUX CUTYaLiAX

OTxe, BUXOASYH 3 3aBJaHb JIOCHTIKEHHS, TPOTIOHYETHCS CTPYKTYpa METOY
imenTudikamii HTYITUBHUX il ONepaTopiB-CyTHOBOIIB, 110 CKJIAAA€ThC 3 15-Tn
KaTeropiii, /e KoXHa KaTeropis mpejacraBiieHa (OpMaibHUM OMNHUCOM, MPOSBOM
CYJHOBO/Ii51, KpUTEPieM iAeHTHU]IKaIlli Ta TOJOBHUM (HaKTOPOM:

1. CnpuifHATTS Ta OI[IHKA CUTYaIIii.

dopmanpauit omuc (3.1):

fluzlz, 1—>21Z,2. (3.2)

aint
Jle Z — mnorouHmii cTaH cyaHoBouis, Z,1, z /| Z,2 — cranm no Ta micis
IHTYITHBHOI OLIIHKH.
[IposB: HEYCBiTOMIIEHE BIAYYTTSI HEOE3MEKH, 110 MPOSIBISETHCS Y HEXTYBaHH1
IPOIIECOM BHMBUCHHS paloHYy MOOEPEXkKs Mepen MiaxoaoM 110 Hboro. Oco6mBo,
KOJIM CUTYallisl BUMarae BiJl CyTHOBO/I1iB BUCOKOTO PIBHS YBa>KHOCTI Ta COPUNHSITTS

neTaned sl MpaBWILHOI OIliHKKM HeOesneku (puc. 3.21).

Pucynok 3.21 — CropuifHATTS Ta OLIHKA CUTYyallli (BU3HAYEHHS 4acy aHalli3y)

Kpurepiit: 3aHaATO MIBUIKE YCBIIOMIICHHS 3MiH.
dakTop: Z, int — HEOUIKYBaHE IIBUJKE 1HTYITUBHE CHPUHHSITTS CUTYyaIlii.
dopmanbauii onuc (3.2):

flu:—cIT>7IT,. (3.2)
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Jle T — MOTOYHUI IUIBOBUM CTaH, | — MHO>KHHA MO>KJIMBHUX CTaHIB.

[lposB: pilieHHS «Ha BIAYYTTSA», [0 COPUYMHIOE HEXTYBaHHS aHAII30M
MOXJIMBUX PU3UKIB MpH BUOOP1 HalOE3MEUHIUX MapHIpyTiB, OOpaHHS MIBUAKHUX

Kpurepiii: pantoBe BiIUyTTs «IIPAaBUIBHOCTI iii».

®daktop: t/Tint — IHTYITHBHHI BUOIp, SKUI HE Tiepeadadae IHCTPYKIIIS.

3. KorniTuBHi npormecu.

dopmansauil omuc (3.3):

Gv(7)=Cog(aPa)— eCog (bPb)z[Context], (3.3)

ne T — koHTtekcT aiit, Cog — xorHiTuBHa QyHKIisg, Pa, Pb — mapamerpu, mos's3ani
3 enemeHTamu a Tta b.

[lposiB: HeouikyBaHl acoOIllaTMBHI 3B'A3KH, 110 TMOPYIIYE AITOPUTMHU
BUKOpUcTaHHsl HapirauiiHux iHcTpyMeHTiB (GPS (Global Positioning System),
enekTpoHHuX KapT ECDIS) nns ToyHOro BM3HAUY€HHS MICHEMOJIOXKEHHS CyAHa, a
TaKOX Bi3yaJIbHUX Ta pajioNoKaliiHuX crioctepexens (puc. 3.22 a, 0).

Kputepiii: MuTTEBE PO3yMIHHS CKJIQAHOI 1HGOpPMAIIi].

dakrop: Cogin(a,b) — iHTYyiTHBHE PO3yMIHHS MOCIITOBHOCTI il Y CKIQTHUX

oTieparisix.

RECEIVER

14 navication sysTem

a o
Pucynok 3.22 — HeouikyBaHi acoIliiaTHBHI 3B'SI3KM Ta PO3YMIHHS CKJIaIHOT
iHpopmaii a — nani GPS; 6 — BianosianHi 1o GPS nani Navtex (NAVigational

TEleX, MibkHapo/iHa aBTOMaTHU30BaHa CUCTEMAa OTIOBIIICHHS)

4. 3aranmpHa TpaHcdopMallis (aganrtaiis 10 3MiH):
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dopmansruii onuc (3.4):

GVvE(r)=f/p:r >er’[Context]Z e E, (3.4)
Jle: = — MHO’KMHA MOKJIMBHUX 3MiH, T — HOBHMHM KOHTEKCT IIICJISA ajaITallii.

[IposiB: IHTYiTUBHE pearyBaHHS Ha 3MIHM, IO 3yMOBIIIOE HEOYIKyBaHY
THYYKICTh JI0 3MIH B HaBIraliHUX IUIaHaX Y BIAMOBIAb HAa HenependaueHl yMOBU
a6o HoBY iH(popMaiito [146], m10 BUABISIETHCS MMiJ] Yac IIaBaHHS.

Kpurepiit: mBuaka ananraiis 6e3 aHamizy.

dakTop: Eint — IHTYITUBHA ajanTallis 10 HEBIAOMOTo HAOOPy HaBIraliiHHUX
TTaHHX.

5. KoMmIiekcHa MoJie1b MOBEIIHKU:

dopManbHUI OIUC:

Gv(tr)=a{Context}a{Affordance}a{Contrfactuals}a{Metaphor}a{Emotion}a{g/u}

a{LAoT}a—
{h/u(e)}b{Context}b{Affordance}b{Contrfactuals}b{Metaphor}b{Emotion}b{g/
utb{LAo0T}br,
ne LAOT — iHcTpyMeHTH (JIOKQTbHMX «BEKTOpPIB dYacy») ab0 TEXHOJIOTI],

BUKOPHUCTOBYBaH1 1HTYITHUBHO.

[lposB: miacBiOME YIpaBIiHHS JAEKUIBKOMa 3aBJaHHSMH, 1 K HACTIIOK,
cinabKa KOOpIMHAIIS PI3HUX CKIAJ0BUX IJIABaHHS, BKIIOYAIOYM HABITaIlll0, BAXTOBY
ciyx0y, MaHEBPEHICTh CyJIHA, Ta YIPABIIHHS IIBUIKICTIO B CKJIaIHUX yMOBAaX.

Kpurepiit: 6arato3agaunictb 6€3 cBimoMoro Gokycy.

®daktop: LAOTint — IHTYITUBHI CHHXpPOHHI [ii 1HCTpPYMEHTaMHu Ta
00J1aIHaHHSIM.

6. OO6poOKa ckIaHUX MO/IN Ta MPUNAHATTS PIlICHb B KpUTHYHUX CUTYaIlIsX:

bopmaneamii omuc (3.5):

Ev T=<17| xpe >T=<7rg/prpg/ ppeg/ pe > g/ pEv T, (3.5)
ne Ev — xonkperHa nozis abo curyatis, 7, X, P, € — napameTpH, 110 BIUIMBAIOTh Ha
peaKIIiio.

[IposiB: IHTYITUBHE NPUHUHATTS PillIeHb Y KPUTHYHHUX cuTyallisx (puc. 3.23),
IO CHOCTEpIra€ThCcsl Yy HEAOCTATHHOMY 3a YacOM aHali3l KPUTHUHHUX CHUTYalllid,

TaKHUX SIK IMOBIPHICTb 31TKHEHHS CyJIE€H TOIIO.
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Kpurepiit: mBuake pimeHHs (3MiHa MBUIKOCTI/KYpCy) 0€3 JIOBroro aHamizy.

®daxTtop: EVint — IHTYiTUBHE pearyBaHHsI Ha MO/IIi.

Pucynok 3.23 — IuTyiTUBHE NPUMHATTS pillleHb y 0arato(akTOpHUX KPUTHUHUX
CUTYaIIIsIX

7. Ilomyk BuHAropos ta eeKTis.
dopmanbhuii omwc (3.6):

Ev T oEv & Evp T[Context]{Rewards} {Effects} , (3.6)

ne Rewards, Effects — norenmiiini BuHaropoau ta eekTH Bif il CyTHOBOJIIS.

[lposB: BHYTpIIIHE BIAYYTTS «IPaBWIBHOTO» MaHEBpy abo 1ii, a came
HEJOCTaTHIA pO3paxyHOK PHU3MKIB Ta BHU3HAYCHHS O€3MEUYHMX [iH, BKIIOYAIOYHU
YIPaBIIHHS MIBUAKICTIO Ta MaHEBPaMH CY/THA.

Kpurepiii: iHTYiITUBHE BU3HAYEHHS HAWOUIBII OE3MEUHUX JIIM.

dakrop: Rewardsint, EffectSiv — iHTYiTHBHE CHpPHHAHSTTS BHHAropoj Ta
Haciakis [147].

8. CepeHIUMNHICT Ta IHTYILLIS.

dopmansauii onuc (3.7):

VEvV|—-max<IBCSL>Ev|—max ldea, (3.7)

ne IBCSL — indopmaniiinmii konrekcrt, ldea — igest abo pimreHHs.

[lposiB: HeouikyBaHe pilmieHHs a0o li, 1[I0 3aCHOBaHI Ha JIOCBIAl Ta
CIIOCTEPEKEHHSIX, a HE Ha aHal3l BUMOI MOPCBKHMX OpraHi3amii 1[oA0
MOTIEPEKEHHST MOKIIMBUX HEOE3MeK.

Kputepiii: pantoBe «IpaBUibHE» PIlIEHHA 0€3 SBHOT MPUYHHHU.
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dakrop: ldeain — iHTYyiTUBHE YTBOpPEHHS iJCH.
9. llomyk pecypciB Ta CHHTE3 4Yacy.
dopmanbauii omuc (3.8):

[Resource — Search] f [Time — Synthesis] f / u[HPP] f / pu[Context], (3.8

ne 4 — (QYHKIIisI/MEXaHi3M, 110 BUKOPUCTOBYETHCS ISl BU3HAUCHHS BUKOPUCTAHHSI
pecypciB Ta yacy.

[lposB: 1HTYiTUBHE BIAYYTTS Yacy MpPU BHUKOPHCTAHHI pecypciB, IO
NPOSBIIAETHCS MiJ Yac eKCIUTyaTalii HaBiramiifHoro oOJagHaHHS.

Kpurepiit: edekTUBHE BUKOPUCTaHHS pECypciB Ta 4dacy 0e3 AETallbHOTO
IUTaHyBaHHS.

®daktop: Resource—Searchint, Time—Synthesisinn — IHTYITUBHUN TIOIIYK
pecypciB Ta CUHTE3 4acy.

10. CsiToBI 1oii.

dopmanbuuii omwc (3.9):
Ev:WorldEv T:WorldEv T, (3.9

ne WorldEv — rmo6ansai moaii adbo 3MiHM, 1110 BIDIMBAIOTH HA HABIralilo.

[lposB: miacBimOME PO3YMIHHS MDKHApOJIHUX craHmapTiB [148], uro
CIPUYUHIOE HEXTYBAaHHS YCTAJICHUMH HAaBITaIliIfHUMU TIPAKTHUKAMH Y PIlICHHSX,
MOB'SI3aHUX 3 0€3MEKOI0 TUIABAHHS.

Kpurepiii: aganrariist 10 r100adbHUX HaBITAIIMHUX TPAKTHK.

®daxtop: WOrldEVint — IHTYITUBHE CHPHHHSATTS CBITOBHX ITOJIIMH.

11. BinoOpaxeHHs 4acy.

dopmaisauii omuc (3.10):

[Start —Mid — End ] f / p[ Past — extendedNow — Future] (3.10)

ne [Start], [Mid], [End] — pi3Hi ¢a3u yacoBoro mepioay, [Past], [Now], [Future] —
4acoBl KaTeropii.

[IposB: 1HTYITUBHE BU3HAYCHHS ONTHUMAJIBHOTO Yacy JJIs i, IO CBITYUTH
PO BIACYTHICTh IUIAaHYBaHHS HaBITalllMHUX MAaHEBPIB Ta 1A BIAMOBIAHO 10

4aCcOBUX OOMEXEHD 1 BUMOT.
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Kputepiii: cnoHTaHHE CIIPUIHSATTS YaCOBUX PAMOK JUIi BUKOHAHHS Jiil.

dakrop: TiMeiny — IHTYITUBHE BiIOOpPaXKCHHS Yacy.

12. Cknaani 300pakeHHsI Ta MOAII.

dopManbHUM OIUC:

[Complex images chemas]f/u[Images chema—EVENT]f/u[Images
chema—PATH]f/u,
ne [Complex images chemas] — ckmagni oOpa3Hi CXeMH, BHKOPHCTOBYBaHI B
HaBirarii.

[IposiB: MBHIKE «YUTAHHS) HABIraIlIMHUX KapT 1 TaHMX, 110 MPOSBISIETHCS MM
yac BUKOPHUCTAHHS JETaJbHUX HAaBITAIIMHUX KapT Ta BI3yAIbHUX JaHUX IS
TOYHOTO BHM3HAYEHHSA MICIIC3HAXOKEHHSI CyJIHA JJI1 YHUKHEHHSI HaBIramiiHux
NEPEIIKOI.

Kpurepiii: iHTYiTUBHE pO3yMIHHS CKJIAAHO1 1H(OpMAILi.
dakrop: Images chemasint — IHTYITHBHE CIPUAHATTS 300paKeHb.
13. Iuknu 4vacy Tta puTMH.

dopmanbauit omc: [TimeCycle] f / p[Rhythms] f /p, ne [TimeCycle] — muxin

qacy, MOB's3aHi 3 HABITAIIMHUMU TOTpPEOaMH.
[IposiB: miacBiOME Y3rOJKEHHSI IMKJIIB BaXTOBOi pOOOTH, IO BIUIMBAE Ha
3J1ar0/KEHICTh BaXTOBOI CIIY)KOH, OPYIIYE MOHITOPHUHT 111010 Oe3meku [ 149].
Kpurepiii: cunxponizaiisi poO0TH 3 IUKIaMU JTOOU.
dakrop: Rhythmsint— iHTYITHBHE Y3rO/PKEHHS PUTMIB.
14. BrutuB 10OCBiy MOTIH.
dopmanpauii onuc (3.11):

Echo — Event (Ev) T Echo - Events( Ev T)Multiple — Echo(f /1), (3.11)

ne: Echo-Event(s) — BimtyHHS MUHYJIUX MOMIN y MOTOYHHUX PIIICHHSX.

[lposiB:  HEyCBiZOMJIEHE  BHUKOPUCTAHHS  MHHYJOTO  JOCBiAy, IO
XapaKTepU3YEThCS BUOIPKOBICTIO aHANI3y MUHYJIUX MOAIN [l BIOCKOHAJCHHS
MaiOyTHIX HaBiramiiHux crparerii [9].

Kputepiii: «BiTuyTTsS» ICTOPUUHUX MATEPHIB.

®akrop: EChOint — IHTYITHBHE «BiIUTyHHS» TOJIH.
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15. Oco6ymBOCTI HaBITAIIHHOT 30HU.

dopmansauii omuc (3.12):

VpGs(el Ev(pe)LAOT (f /) w psAgAg, (3.12)
ne GS — rnobanpHa cuctema, €A — MicieBl 0COOIMBOCTI a00 areHTH.

[lposB: iHTyiTMBHE pPO3yMiHHS OCOOJMBOCTEW HaBIralifHOI 30HH, a caMe
HEBpaxyBaHHsl JpiOHMX aTpUOYTIB HaBIraliiiHoi 30HU, BKIIOYAIOUU MPUOEPEKHI
Teuii, IMTMOMHKM Ta 1HIII MICIICBl YMOBH JIOIIIH, 10 BIUTMBaOTh Ha Oesmneky [120].

Kpurepiit: rmboke, HEYCBIAOMIIEHE CIPUMHATTSA MICIIEBOCTI.

®axtop: LAOTint, AJint — IHTYITUBHE BIIUYTTS MICIIS.

Crae 3p03yMUIUM 110 IHTYITUBHI MPOSBU Y KPUTUYHUX CUTYallIsIX BUHUKAIOTH
32 YMOBHM HEIOCTaTHhOI KBa(iKallifHOT CKJIaJI0BOI CYAHOBOJIiB BIJHOCHO
HaBITAlIMHUX CHUTYalllid, HE MaITh JOCTaTHbO JOCBIAY Ta YCTAJEHUX AJITOPUTMIB
nii. 3 ormsagy Ha 1€, 3aCTOCYBAaHHS 3alpONOHOBAHOTO METOJY JO03BOJHTH
BU3HAYUTH X IHTYITUBHY MOBEIIHKY y PEXKUMI PEaTbHOTO Yacy, ajie JJisi po3pOOKHu
epeKTUBHOI CTpaTerii yOpaBdiHHA Ta 3anoOiraHHs HaBIraliiHUM  pHU3UKaM
HEOOXITHO PO3POOUTH METOJ aBTOMATH30BAHOTO BITHOBJICHHS KBasidikaIliiiHUX

napamMeTpis.

3.7. Po3poOka ta ¢popmaJiizamisi MeTOAy BITHOBJIEHHSI KBaJiikamiiiHUX

napaMeTpiB CyAHOBOisi

BianoBigHO g0 mpeacTaBieHOi Mojeni iAeHTHdikanii 1HTYITMBHUX did
OTIepaTOPIB-CYAHOBO/IIB, TependadyacThCsi pPO3poOKa METONY aBTOMATH30BAHOTO
BIJIHOBJICHHSI €JIEMEHTIB KBai(iKaIIHHUX TapaMeTpiB CyaHOBO 1. MeToa MICTUTh
16-1p eramiB, JOTIKO-GOPMAILHUNA OIKC SKUX OYyJIO MPEICTABICHO Y JPYIOMY
pO3ii, aje iX opraHizamiiiHa CyTh NMPEJCTaBICHUNA HUXKYE.

Eran 1. Moayns BUKOHYE TOIIYK 32 KIIFOYOBUMH ClIOBaMHU B 0a3i gaHux Lms
Moodle, moka3HMKH I1HTENEKTYyaJIbHOI JISUIBHOCTI CYAHOBOJIA T 4Yac MHOro
HiATOTOBKH, BIJHOCHO IEBHOTO CHEKTPY HaBIralifHUX MapaMeTpiB Ta TOYOK
MapupyTy pyxy CyalHa.

Eran 2. BusnauaeTbcs Tmepenik HEIOCTaTHIX eleMeHTiB koxkHoro 3 KII

CYIHOBOJIisI, IO OEpyTh y4acTh Yy TOUIll MapIIPyTy IJs 3a0e3redeHHs Oe3meKku
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cynHOIUTaBCTBA. Takok HEoOXimHO BpaxyBatu panr koxHoro KII, 3 ormsimy Ha
JIOKAIII0, PaHTH OJTHUX 1 TUX CaMUX MapaMeTpiB B PI3HUX TOYKAX MAPIIPYTY MOKYTh
OyTH pI3HI.

Eran 3. Jlam, BiAMoOBiAHO 10 TiepemiKy HemoctaTtHix enemeHTiB KII,
BU3HAYAETHCS CKIQJHICTh BIJIHOBIIEHHS KOXXHOIO €J€MEHTa BIJHOCHO pIBHS
Oe3neku y MarlOyTHIA MapuipyTHIA Tourll. BuzHadaeTbcs, Hackiibku einemeHT KII
CKJIQJIHUN 3a CBOEIO CTPYKTYyporo Ta 3anexxHuit Bin iHmux KIL ski 3B's13ku Mae 3
HUMU.

Eran 4. BusHauaeThcs iHAMBIAyaJdbHAa CXWJIBHICTb CYJHOBOJIA JO
COpUMHATTS THUMIB iH(GOpMAaIii (TaKoX IIBUAKICT peakiii Ha OKpemMi BUAU
iHbpopMalifHUX CHUTHAIIB (HETaTUBHUX)) — HANpUKIAA BimeoiHdopMaiiii,
MiA0UPAETHCS CHEKTP KOJLOPOBOI MANITPH, JJISI ayAl0 — PIBEHb I'yYHOCTI 3BYKY.
OckulbKM ISl KOXKHOTO CY/THOBOJISI HaWOLIbII 3aCBOIOBAaHUM MOXE OyTH
KOHKpeTHUI Halip iHdopMalii y neBHIM MpOnopLiiiHiA CTPYKTYPI.

Eran 5. ®opmyrorecs metanani koHTeHTy enemeHTiB KII (BiamoBimHo 10
[IIMHB), mo BuMararoTh BIIHOBJECHHS 3 YpaxyBaHHSM IIOKAa3HUKIB 4Yacy [0
MapHIPYTHOT TOYKH 32 TAOJMIIMU TJIaHYBaHHS MapuIpyTy. BUKOHYeThCSl TeHepallis
yacoBoi kiacudikamii KII wa mMapuipyt, ocoGauBoCTi ii 3MiHM 3 ypaXyBaHHSIM
IHIUBIyaIbHUX ~— 0cOOJMBOCTEH omeparopa-cyaHoBois [150]. BinOyBaeTncs
BU3HAUCHHS JIOTIYHOI CTPYKTYpu (opMyBaHHA KBamidikalifHOTO TapameTrpa y
KOTHITHBHIN MO/Iemi.

Eran 6. Busnauaetbcsi cykynHicTh Merajnanux 3a BcimMa KIL mo 6epyThb
ydacTb y 3a0e3nedeHHi Oe3neku B MaiOyTHIA MapuipyTHid Touul. ['eHepyroTbces
CTPYKTYpH, IO HAMOUIbII €MHO 00'eqHYI0Th HemocTaTtHi eneMeHTu KII BigHOCHO
MapUIpyTHOT TOYKHU. Y BUMAAKY HassBHOCTI TOYOK SIKI MaIOTh IOBTOPEHHS €JIEMEHTIB
KIL, mepegbayeHo po3mojiyli KOHTEHTY [Jisi BIAHOBJCHHS TaKUM 4YHWHOM, I1100
HalouIb edexkTuBHO BiAHOBUTH KII 1o KOXKHIM 3 MapUIpyTHUX TOYOK.

Lewt miaxiz 30cepeKeHni Ha MIHIMI3aIlli 3arajibHOTO 4acy, SIKMM MOTpiOeH
s BigHOBIEHHs ycix HeoOxiguux KII 10 kKokHOT 3 MapmpyTHMX TOYOK, Ta 3

ypaxyBaHHSIM IMOBTOPEHb EIIEMEHTIB 1 HEOOXITHOCTI iX €()eKTUBHOTO PO3MOJILTY.
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Eran 7. T'enepyioTbcs B3a€MO3B'SI3KM 1 3a HHMMM 3aIyCKa€EMO MpPOLIEC
00'ennannsa Meraganux KII y cykynHIiCTh A onTuMizalii COPUMHATTS KOHTEHTY
CYJIHOBO/I1€M 3a yacoM. [Ipu 11boMy BpaxoBYeTbCS pecypc CIPUMHATTA 1HGOpMaLlii,
¢bi3i0JIOTIUHI Ta MOTHBAIIHI 0COOIMBOCTI cyaHoBojis [151], piBeHb BTOMH Ha
JaHUM MOMEHT 4acy, IOTOYHE HABAaHTAKCHHS Ha yBary.

Eran 8. 3amyckaeTbcst aBToMaru3oBaHuil nomyk 3a meraganumu KII y 6a3i
nanux, 30kpema Ocean Learning Platform. ba3a takox Moke nmpeAcTaBIsATH cO00I0
CYKYITHICTh BIJI€03aMKCIB HABITAIHHOTO MOCTHKAa Ha KOXHOMY CYIHI KOMIIaHI]i.
Mae Oytu nepenbayeHo HEOOXiHA KUIBKICTh Kamep, KyT paKypcy SIKUX OXOILTIOE
KOHE JIKEpeJo HaBiramiitHoi iHpopmariiii, po604oro Micls CyTHOBOIIS BIIMOBITHO
1o KIL TlepuioueproBo po3risialoThCsl 1aHi CTOCOBHO TOYKH MapIIpyTy Yy LiH e
jokamii (y panime npodaeHux Mapmipyrax) [152], apyruii npiopuTeT CTOCOBHO
MapIIPYTHUX TOYOK B 1HIIMX JIOKAIIISAX, aJie 3 TOBHICTIO 1/ICHTUYHOIO HaBIraIiiiHOIO
CUTyalli€l0 (IOTpUMaHHA BCIX 30BHIIIHIX 1 BHYTPIIHIX (aKTOpiB Ha OUIBII HIX
90 %). B inmux BHIIagkax, 0OCTaHOBKAa Ma€ BiANOBigaTH He MeHII HiK Ha 80 %
ocHoBHUX eieMeHTiB KII i 70 % npyropsnunaux, npukian — CATZOC (Category
Zone of Confidence — «kareropis 30HM JoBipW). ba3u BigeogaHux €
KOH(D1IeHIIIHHUMU.

Eran 9. Iudopmariis Bimeo3anuciB aHAMI3YEThCS 3a BIACOPSIAOM CTOCOBHO
3HIMKIB KOXH1 5—30 cexyH]1, 3aJIe:)KHO BiJl PIBHS PU3HKY Y JIaHIA MapUIPyTHINA TOYIIL.

Eran 10. I"TenexkryaJsHUI MOJyJb BHUKOHYE pO3Mi3HABAaHHA 3HIMKIB 1
BHU3HAUa€ J1ara3oH BiJIEOPsly, TAKUM, sIKUW 3a TaHUMU 3 cepBepa ctocoBHO ECDIS,
AIS, GPS, ARPA, na 611pm Hixk 80 % BignoBizae AIMCHIN HaBIraIiiHIi CUTYaIli.

Eran 11. Bigeodparmentu, BimiOpaHi 3a OMMCAaHUMU KPUTEPISIMH, TOBUHHI
MICTUTH BUKJIIOUHO MPUKIAAN BUKOHAHHS i 1Jis1 3a0e3neueHHs 0e3MeKu CTOCOBHO
paHillle BU3HAYEHUX HEYITKUX MPaBUIL.

Eran 12. Tpancmsamis BigeodparMeHTIB 3a JIOTMIOMOTOIO 3ac00IB 1 METO/IIB
JIONIOBHEHOT pEaJbHOCTI, CHUHXPOHHO 3 HECEHHSAM HaBiramidiHoi BaxTtu. lle
nepegdayac BUKOPUCTAHHS CIHEIMIATBHUX OKYJsApiB. Jl0AaTKOBO BU3HAYAETHCS

PEXHUM T0/1a4l KOHTEHTY 3 TaKUM PO3PaxyHKOM, 1100 He NepeBaHTaXyBaTH Ta/abo
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HE BIJBOJIKATH CYIHOBOJIS BiJl BUKOHAHHS TOTOYHHMX 3aBJaHb MiJI YaCc HECCHHS
BaxTH. 3aCTOCYBaHHS JIOTMIOBHEHOI peajbHOCTI — e(eKTUBHUU crnocid mnojaayi
iHbopMallli, OCKIIbKM Ha OOpPTOBI KOMIT'IOTEPH, 1HIIE MporpaMHEe 3a0e3neyueHHSs
BCTAHOBJIIOBATH HE MOXHA.

Eran 13. Konuenrpamis iHdopMalii, sika MOJAETHCS 3 PI3HUM CTYIEHEM
IHTEHCUBHOCT1 y 4aci, BU3HA4Ya€ BUXIJHUNA TMapaMeTp 1 nepeadayae JIHTBICTUUHY
IIKaJTy PIBHSA CKJIQAHOCTI CHOPUMHSATTSA SIK JTUHAMIYHO 3MIHIOBAaHUUA KOEQIIIEHT.
CKJIagHICTh COPUMHATTS MOE BUKIMKATH KPUTUYHY PEAKIIo, V BUMAAKY, KOJIU
BiZIOyBa€eThCS €PEKT HAKOMMUCHHS Ta MepeBaHTaXEHHs iHpopmariero [45].

Eran 14. Buxonsum 3 1bOro, Ba)JIMBO PO3POOHUTH CXEMYy 13 3BOPOTHUM
3B'I3KOM, sKa 3MOXe (OpMyBaTH KEPYIOUHM CHTHAJI Ha BXiJl CHUCTEMH, 100
JI03yBaTU J0JAaTKOBE HaBaHTaXeHHs Mo BigHoBieHHIO KII y pexxumi peaibHOTO
yacy.

Eran 15. BaxnuBo BpaxyBaTH, 110 y MEBHHUX CHUTYyallifX, KOJM MOTEPEIHIM
po3paxyHok BigHOBieHHs cykynmHocTi KII He mae moctaTHhOi BIIEBHEHOCTI B
3a0e3nevyeHHi Oe3neku, KariTaHy HeoOXiIHO 3aMIHUTH YJIeHa BaXTOBOI CIykK0u abo
MOCHWJIUTH BaxTy.

Eran 16. YV xoal OuHaMIYHO 3MIHIOBAHHMX HaBITAIIHHUX JaHUX MOXKE
BUHUKHYTH CHUTyallis, y $KIi 3'BIsS€ThCI BUCOKAa WMOBIPHICTb BUHUKHEHHS
ckymuenb eneMeHTiB KII, BiTHOBIEHHS SIKMX 32 4aCOM HE MOXJIMBE.

Y Takux BUMNAAKaxX IHTENEKTyaJlbHa CHUCTEMa MOXE 3alpoIOHYBATH
CKOPHUCTATUCh aBTOMUIOTOM, CUHXPOHHO MpOiH(GOPMYBaBILIM KalliTaHa Ta BaXTOBY
KOMaHJly MpO TaKe pillleHHS.

3 METOI BHM3HAUEHHA pe3YyJIbTAaTUBHOCTI 3allPONOHOBAHOTO MIAXOIY, VY
pexXuMi peambHOro uacy, Ha modarky Trpyans 2023 poxy Oylo MOpOBEIEHO
EKCIIEpUMEHT Ha mepexoji cyaHa mapuipyty Rotterdam-Amsterdam. HauvameHi Ta
KIHIICBl IUISIXOBI TOYKH MapIIPYTH BHU3HAYAIMCh sK HaiOutbimn ckiaagaHi 3a KII
(puc. 3.24).

ExcriepuMenT Oyso mpoBeeHO 13 BpaxyBaHHSIM HECEHHS BaXTH il UJICHAMU:

1. kamiras/uned Baxtu 3 08:00 mo 12:00.
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2. Kamitan/unen Baxtu 3 20:00 mo 24:00 (mocBig po60oTH Ha mMocajl KamiTaHa

— 6 pOKIB, 3arajibHUil 10CBiA po6oTH HA MOpi — 19 pokiB).

3. [lepmnii momiynuk Kamitana/diaeH Baxtd 3 04:00 mo 08:00, BemeHHS
HaBITaIlIfHOT BaxTH.

4. llepmmii momiyHMK KamitaHa/uneH BaxTu 3 16:00 go 20:00 (mocBix Ha
1ocaji MepIoro MOMiYHUKa — 8 POKIB, 3arajibHUA AOCBiI poOOTH Ha Mopi — 16
POKIB).

5. Ipyruit momiunuk kamitaHa/uneH BaxT 3 24:00 mo 04:00 ta 3 12:00 no
16:00 (mocBig poOOTH HA MOCAl APYTroTo MOMIYHUKA — 3 POKH, 3araJIbHUNA JTOCBI
po6oTu Ha Mopi — 10 pokiB).
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Pucynok 3.24 — OmnpairoBanns Mapiipyty Rotterdam-Amsterdam

BpaxoBytoui CkIaJHICTh paiiOHy TUTABAHHS Ta OPIEHTOBHUHN Yac HAOIMKEHHS
70 TOYATKOBOI TOYKM OTEpallii IIBapTOBKH, MO CKiIagaB 42 XBWIMHH, OYI0
3aIyIIEHO Y CHHXPOHHOMY PEKHUMI CHCTEMY BiTHOBJICHHS 3HaHb. Yacy y 27 XBUIUH
BUSBIJIOCH JIOCTATHIM JJI1 aBTOMATU30BaHOTO BHOOPY Ta MOJAHHS TaHUX Y BHUTIISI
dboTo- Ta BigeopparMeHTIB CYJHOBOJIEBI 3a OJM3BKUMU HaBIraliiHUMU
obcraBuHamu. Jlns anamizy Ta (OpPMYBaHHS KOHTEHTY I BIJHOBJICHHS

kBaTi(iKalifHUX mapaMeTpiB Oyso BUTpayeHO 3 XB 38 CeKyHI.



154

3.8. MoaeoBaHHsI AMHAMIKH 3MiHM piBHSI He0e3NeKH 3 ypaxyBaHHAM
yacy BiTHOBJICHHSI KBaJiQikauiiiHuX mapaMeTpiB CyIHOBOis

3 METOI TPOBEACHHA MOJIENIOBAHHS PE3Yy/JIbTaTUBHOCTI  BiHOBJICHHS
kBasTidikaiaux napamerpis BBeaemo (GyHkiiro f(X). Lle mo3BomuTh BimoOpasuTu
BIUTUB 1H(OpMAIIi BiJ HaBITallIMHUX MPUCTPOIB HA MPOLIEC MPUUHATTS pimieHsb. [Ipu
bOMY X MOX€ OyTH 3MIHHOIO, IIO OMHUCYE MOTOYHHUM CTaH CUCTEMU YIpPaBIiHHS

cyaaom (3.13):

F(X) =KX, + KX, + . Ko X, (3.13)
ne X1 — Buxim ECDIS (kypc cymHa), X2 — BHXiZ pagapa, ... X7 — BHUXIJ
ripokoMrmaca.

Koedimientn ki, ko, ...k; mpexncraBmsrore coGoro Bary iHdopmarii Bif

MIPUCTPOIO y TIPOIIEC] MPUUHATTS pimieHb. Ll koedimieHTH MOXyTh OYyTH BU3HAYCHI
Ha OCHOBI PIBHS CKJIATHOCTI OMpaIfoBaHHs iH(opmaliii BiJi KO)KHOTO MPUCTPOIO.

Tenep, g(t) Oyae ¢yHkiiero, 1110 npeacTaBisie co000 30BHINIHIA BIUIMB Ha
cucteMy. BuXonasuum 3 4YacoBUX pIiBHIB NpUHHATTSA pimensb, ((t) moxe Oyrm
pO3/iieHa Ha KiJIbka PiBHIB IHTEHCHUBHOCTI:

— myxe Hu3bkuiA: g(t)=A (HeBeMKe MOCTiiiHe 3HAYCHHS);

— Hu3bkuit: g(t)=B (Tpoxwm Oimbie A) i Tak gaii 10 (X7);

— kputnununit: §(t)=F (HaiOiabiie 3HaUYCHHS).
[MlixcraBnsitoun Bce 1€ y audepeHiiaibHe pPIiBHAHHS bl%+box=g(t) OyIo

OTPUMAHO BHXiJl CHCTEMH X Y 3aJICKHOCTI BiJl 30BHINTHIX YMOB ((t) 1 Ha OCHOBI ILOTO

dy

BUXOJ1y IPOMO/IEIbOBAHO MOBEAIHKY 3MIHHOT Y B PIBHSIHHI aia

+a,y = f(X).

[Ilo6 mNPOAOBXKUTH pillIeHHS, OyJI0 BUKOPHUCTAHO KOHKPETHI 3HAYCHHS
KOe(]IIIEHTIB, OTPUMaHI HA OCHOB1 €KCIIEPUMEHTAIbHUX JaHUX:

— 89 — BimoOpakae mpsMuil ac, HEOOXITHHUIA IS IEPBICHOTO CHPUNHATTS Ta
pPO3yMIHHS HaBIraliifHOT CHUTYallii;

— a1 — BimoOpaxkae 3aTpUMKY, TMOB'SI3aHY 3 4acOM Ha MPUHHATTS pIlICHHS

micns COPUMHATTA HapiramiiHoi curyamii. lle Bkimrouae anamiz  iHdopmarii,
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00TOBOPEHHS 3 YWJIEHAMU BaxTH TOIIIO;

—bo — uyac, mo HeoOXiaHUI 11 B3a€MOJIl 3 KOHKPETHUM OOJIaJHAHHAM Ha
oopty. Takox Bkmouae y cebe ¢i3uuni aii, Taki sk podora 3 ECDIS Ta
HAJIAIITYBaHHS pajapa, TOIlo;

— b1 — uvac, HeoOXimHMI I BiJHECEHHSI MOTOYHOI HABIralliiHO1 cUTYyarlii 10
paHilie BHUBYEHOT abo0 Bigomoi iHGopMarlii, MmO BKIOYaE y cede 3raayBaHHS
MUHYJIMX CHUTYyaIlll, O3HAHOMJIEHHS 3 KapTaMu a00 1HIIUN TMOPIBHSJIBHUMA aHai3.

Jlns MaTeMaTU4YHOTO MOJENIOBaHHs, Oylo MpUHHATO JBa BapiaHTH
(KOPOTKOCTPOKOBE Ta JOBFOCTPOKOBE):

— @o — 4Yac Ha CIPUHHATTS cuUTyalii: 2 XBWIMHA (27 XBHIUH);

— a1 — 4ac Ha MpUUHATTS pimieHHs: 3 XBWIMHU (30 XBUIMH);

— bo — yac Ha BiIHOBJIEHHS 3HAHb 34 B3a€MOJIl 3 00JIAHAHHAM: 3 XBUWIWHU
(27 xBunuH);

— b1 — 4ac Ha BiiHECEHHS BIAHOBJCHUX 3HaHb: | XBWIMHA (3 XBUIUHM).

Jlis piBHsHHS (3.14):

2

%+a13—>t/+aoy:bl%+box, (3.14)

miclii  BBEJACHHS HOBHX KoOedillleHTIB B AudepeHIliaibHe  PIBHAHHS, Ta

BUKOPHUCTOBYIOUH TMepeTBopeHHs Jlammaca, Oyiio oTpuMaHO HACTYIHUN BHpa3.
[lepeTBopeni koedimienTr: ais+ao, b1s+hbo.

3 ypaxyBaHHSIM MO4aTKoBUX yMOB Y (0)=2 i ﬂ(O) =0, a TaKOX PI1BHS pU3UKY

dt
— X(t), y BUIISIAI CTYMIHYACTOI (DYHKINI, sIKa 3MIHIOEThCS Bim 2 10 5 Ha t=4 xa.,
miciisi BUKOHAHHS mepeTBopeHHs Jlamaca Ta po3B'a3aHHS pIBHSHHS, CIIAYE
3BopoTHe niepeTBopeHHs [153], mo6 orpumaru Y(t) y yacoBiit 06acTi.

Byno nmpwuiinsTo mo Ha moyarky Y(t) nopisuioe 2. [Ipu t=4 nounHaeThes pizka
3MIHA 4Yepe3 panTOBUN IITOPMOBHM BITE€p, 1 CHCTEMa IMOYMHAE PearyBaTh Ha IIIO
3MIHY.

Ha ocHoBi 1poro, BusHaunmo X(t) sk crymindacty ¢ysnkmiro: X(t)=2+3u(t—

4), ne u(t) — e QyHKIis OAMHUIHOTO CTPHUOKA, a ii MmoXigHa:
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% =35(t-4) ta 3(t) — ue nenpra-pynxuis Jlipaxa [154].

Byno Bukopucrtano neperBopenHns Jlarmaca (3.15):

%Y (s)+3sY (s)+2Y (s)=sX(s)+3X'(s). (3.15)

2 3™
Buxomsun 3 Gyskuii X(t), ii neperBopenss: X (s)==+ ©

,X!(s)=-3e™.
St (s) e

Jlami Oyio 3HaimeHo Y(S) 1 BAKOHAHO 3BOpPOTHE mepeTBopeHHs Jlarmiaca.

Omxe, Oyno orpuMano audepeniianbae piBHsAHHS (3.16):

2
%+3%+2y=35(t—4)+%, X(t)=2+3u(t-4), %:35@—4). (3.16)

[lepenucane piBHsSHHSA y 0o0jacti Jlarmmaca mae Burisia (3.17):

s"-Y(s)+3sY(s)+2Y(s)=3e‘45+§. (3.17)

s BusHaueHHs koediuieHtiB A, B 1 C, BUKOHaHO YacTKOBe IpOOJICHHS.

Posknaneno api6 Ha mpocti ckianosi (3.18):

1 A B C

s(s+1)(s+2):§+s+1+s+2' (3.18)

BUKOPUCTOBYIOUH JaHi PiBHAHHSA, 3HaleHO KoedimienTu: ms % A+B+C=0;

s s& 3A+2B+C=0; s s% 2A=1, A:%.

HiI[CTaBHeHe 3HauCHHS A Yy nepuie 1 Apyre piBHHHHSI, AO3BOJIMJIO OTPUMATHU:

1 3 1 1
B+C=-= u 2B+C=-2, Toni: A==,B=0,C=—=.
2 " 2 O RTY 2
1 _1
3 momepenHboro anamizy: Y (s)= 2,0, 2
S s+1 s+2

3acTocoBaHO 3BOPOTHC IICPCTBOPCHHA Jlammaca [0 KOXKHOrO 3 IUX

CKJIa0OBHX:

1
s 22 :l; TUTS 0 At 0 0 g —2 2 =—le‘2t.
S s+1 s+1 2
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1 1 , :
Takum 4MHOM, y(t)ZE_Ee , 3 ypaxyBaHHSIM [OYaTKOBHX YyMOB 1

KOe(]IIiEHTIB.

OTxe oTpuMaHi 3aJeKHOCTI 13 (YHKI€IO0 BiIHOBIIEHHS KBamiikaiiiiHux
napaMeTpiB CyJHOBOJis MaTUMyTh Taki rpadiku (puc. 3.10, a, 6).

Y cBow uepry, SKIIO NPOMOJEIIOBATH 3aTPUMKY Yy  BIJHOBJIEHI
KBaTi(iKAIIfHUX MapaMeTpiB i3 BXIAHUMHU JaHUMHU ao=3, a1=2, bo=15 Tta b1=12,
OyJio BU3HaueHO 3ayexxHocTi (puc. 3.25, 6, 2).

y() ()

S = N W A U N
S = N W kA N

I

@)

O'—‘I\JL»J-QUIO\&:
\

S = N W kA W O
\

t
10

e}
[\
B
(@)
(00]

Pucynok 3.25 — I'padiku 3a1exHOCTI piBHA PU3HUKIB 32 YaCOM: @ — PIBEHb
HeOe3MeKku NMpu KOPOTKOTPUBAIIIN omepallii 13 (PYHKIII€I0 BiIHOBIICHHS
KBam(iKaIlifHUX MapaMeTpiB; O — piBeHb HEOE3MEKH MPU TOBTOTPUBATIM
onepaiiii 13 QYHKIII€I0 BiIHOBJIEHHS KBami(iKaliiiHUX MapaMeTpiB; 8 — PIBEHb
HeOe3MeKy Mpu KOPOTKOTpUBaIIiM omepatii 6e3 QpyHKiii BIAHOBICHHS
KBaT(iKaIIMHUX MapaMeTpiB; ¢ — PIBEHb HEOE3MEKU MpU JOBrOTPUBAIIII

onepaiii 6e3 QyHKIli BIAHOBICHHS KBaJi(pikaliiHUX MapameTpiB
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Otpumana ¢yukiis Y(t) omucye 3MiHy piBHS HEOE3NEKH CYIHOILIABCTBA
3aJIe)KHO B1JI 4acy y BIJINOBIJIb HA PANTOBY 3MiHY MOTOHUX YMOB. LI GyHKIIist Moxke
OyTH BHUKOpUCTaHa [Jisi YMpPaBIiHHS OE3MEKOI0 CYJHOIUIABCTBA HACTYIMHUMHU
crocobamu:

1. mporHo3yBaHHs piBHS HeOe3meku: BuUKOpucTOByroud  Y(t), MoxHa
MIPOTHO3YBaTH PiBEHb HEOE3MEKH y MEeBHI 4acoBi iHTepBaid. Lle monmomoxe kamitany
Ta KOMaH/1 OyTH TOTOBUMH J10 MaOyTHIX YMOB.

2. PileHHsl Mpo MaHEBPYBAHHA: KOJM PIBEHb HEOE3MEKH 10CATAE KPUTHUYHOL
TOYKH a00 HAOIMXKAEThCA 10 HEl, MOXKHA MPHUWHATH PIIICHHS MPO 3MIHY KYypcCy,
3HIKEHHS IBUIKOCTI 200 MOITYK YKPUTTS.

3. BignoBnenns KII exinmaxky: BHKOPHCTOBYIOUM IO (DYHKIIO, MOXHA
CTBOPIOBATH TPEHYBAJIbHI CIIEHAPIi JIJISl €KIMaXKy, 1100 BOHU MOTJIM Kpalle po3yMiTH
Ta pearyBaTy Ha 3MiHHI YMOBH.

4. CTBOpEHHSI aBTOMAaTUYHUX CUCTEM TOMEpE/DKEHHS: (DYHKIIST MOXe OyTu
BOy/ZOBaHAa B AaBTOMATHYHI CHUCTEMHU TMOMNEpPEIHKEHHS Ha OopTty, sKi OyayTh
CUTHAJII3yBaTH EKIMaXky MpOo 3pOCTal0duil piBeHb HEOE3MeKH, Malo4yu oMy Ouiblie
4acy Ha peaxiliio.

3araiom, oTpumana ¢yHkis Y(t) Hagae IHCTPYMEHT Ui PO3YMIHHS Ta
yIPaBIiHHS PU3UKAMU, TOB'S3aHUMU 3 CYAHOIUIABCTBOM Yy CKJIQJIHHUX TIOTOJHUX
ymoBax. OpjHak cCIijJ BpaxoByBaTH IO MaTeMaTHUYHE MOJENIOBaHHS Tpeba

BHUKOHYBATU IJISI KOKHOTO iHI[ B iI[yaJIBHO ro CyaHo BOI[iSI OKpEMO.

3.9. Pe3yabTaTém 3acTOCYBaHHSl PO3P00JEHOI cHCTEeMHM YHPaBJIiHHS

0e3MeKoI0 NPU KePYBaHHI PYXOM CyIHA

OTpumaHi pe3ynbTaTd JOCHIKEHHS TOSICHIOIOTBCS TUM, 10 OyIio
pO3pO0OJICHO y KOMILIEKCI MOJeNb iAeHTU(iKalii I1HTYITUBHMX JId Ta METOJ
BIJTHOBJICHHsI KBaJTi(hiKAIIMHUX TMMapaMeTpiB ONepaTopiB-CyTHOBO/IIIB.

Tak, 3a gomomorow monemn igeHTH(ikamii I1HTYITUBHUX /i onepaTropis-
CYIHOBOJIiB, Oyno BuM3HaueHO 15-Th BiAnoBimHuMX KaTteropiil. Koxna 3 xarteropiii

JI03BOJIMJIA BU3HAYUTH 3MiHHI, SIKi BKa3yIOTh Ha IHTYITUBHY MOBEIIHKY:
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—Zy int — UWIBUJKE COPUUHATTS CUTYAIIIi;

— 1/Tint — BUOIp, KU HEe nepeadavae HCTPYKIIIS;

— Cogint(a,b) — po3ymiHHS TOCTIAOBHOCTI Jiil Yy CKIQIHUX OTEPaIlisX;

— Zint — ajanTallis 10 HeBIJOMOTo HabOpy JaHUX;

— LAOTint — CHHXpOHHI 1ii 3 IHCTpyMEHTaMu Ta 0OJIaHAHHSIM;

— EVint — pearyBaHHs Ha MOjii;

— Rewardsint, EffectSint — cnpuiiHATTS BHHAropo/1 Ta HaCIiIKIB;

— ldeaint — yTBOpEHHS ifeii;

— Resource — Searchin, Time — SynthesiSint — moIyk pecypciB Ta CHHTE3
qacy;

— WorldEVint — cpuiiHATTS CBITOBHX IMOJIiH;

— Timeint — Big0OpaXKeHHs Yacy;

— Images chemasint — CpuiHITTS 300paKeHb;

— Rhythmsint— y3rokeHHs: puTMiB;

— EchOint — «BimmyHHS» MO,

— LAOTint, AQint — BIIUYTTSI MICIIS.

VYci ni 3MiHHI 11€HTU(IKYIOTBCS JIMIIE 32 JBOMA MapaMeTpaMu, 4acy NposBY
NOPIBHSHO 13 4YacOM BUKOHAHHS TMOMIOHMX 3aBJlaHb B yMOBax IOMNEPEIHbOT
HiATOTOBKM a00 ICHYI04YOTo aocBiny poOotu. Ilin yac anamizy, KOJM IIBUIKICTH
nposiBy OLIbIlIa HIK B IBA Pa3H, Y CKJIQIHUX CUTYAISX [ BBAXKAJIACh 1HTYITUBHOIO,
y 56 % BuUmaakiB 1€ NPU3BOJAMIO JIO 3aCTOCYBaHHS METOJY BIJHOBIICHHS
kBai(iKkallifHUX MapaMeTpiB omepaTopiB-cynHoBoIiB. He copuiimat Taki
00CTaBMHM MOXJIMBO JIMIIE y BUMAJIKaX, KOJU B EKCIIEPUMEHTI OepyThb ydacTb
JOCBITYCHI KaIliTaH! SIK [Ie PO3IJITHYTO B JHOCHiKeHHI [155].

Oco06MBICTh 3aMPONOHOBAHOTO METOAY M OTpUMAaHUX PE3yJbTaTIB MOJSITae
y 3aCTOCyBaHH1 16-TU MOCHIIOBHUX (OPMATbHO-aHATITUYHUX €TaIliB, KOXKEH 3 IKUX
Ma€ METY, OpTaHi3alliiHy CTPYKTYpy OOpOOKH JaHUX Ta MaTeMaTUYHUMN OIIHUC.

AHaniTH4Ha 4YacTHMHAa KOXKHOTO eTamy MeTtoay Oyna po3poOiieHa 13
BpaxyBaHHSIM IHAUBIAYaJbHUX O3HAaK OINEpaToOpiB-CYAHOBOJIIB, iX peakiii,

NPOTHOCTUYHUX MOJENeH, Kopemsiuii Ta perpecii (ertan 4), moO HIMPOKO
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3aCTOCOBYETBHCSI Y JIOCTIDKCHHSX BUEHHUX SIKI BHBYAIOTh (akTOpu HeOe3meK
cyaHoBoainHs [156].

BpaxoByroul BeluMKi MacuMBM JJaHUX, B PEXUMI peaJbHOro  yacy,
3aCTOCOBYIOTBCA HEHWpoOHHI Mepexi, 30kpema LSTM, (eranm 7), ski gobpe
BUKOHYIOTh JIOTUYHI 3aBJaHHs MiJ 4ac aHali3y Ta BUABJICHHS BTOMH HaBIraTOPIB Y
nocmimkenni [157].

OnmHak, MOPIBHAHO 13 BIIOMHUMHU JOCTiDKeHHAMU [158] mei komIuieke eramiB
nepenOayaB 1 aHam3 Bigeo-iHopMmamii (ertanm 9), 3aco0aMH KOHBOJIOLIMHUX
Heriponnux wepex (CNN) Ta YacoBux psaiB, IO Ma€ BHUCOKI ITOKa3HUKHU
CIPOMOXHOCTI B iIeHTUdIKaIl CyAeH-LUIeH, SIKIi MOXKYTh CTAaHOBUTH HEOE3MEKy.

3araoM Bci eramu MeToay Oynm o0’eqHaHi BimoMumMu (HOpMaTLHUMHU
miIX0JaMu  Ta METOJaMM, SIKI MOKHAa PO3KJIACU(PIKyBaTH 3a HACTYIHUMHU
HanpsMaMHu:

— craructuyHuil a”ami3 (eran 2. 2. Kopemnsuis [lipcona (r); eran 9. 3. Anani3
gacoBux psaniB (Ry); eran 10. 3. Craructuuni metonu (V));

— Kknacrepusanis Ta knacudikamiga (eran 2. 3. Kimacrepusania KII (sV); eran

9.1. kouBomouiiiHi Heiponni Mepexi (f(X)); eranm 10. 2. MamuHHe HaBYaHHS
(P(y|X)); eram 11. 2. SVM s knacudikarii Bimeo (f(x)));

—onrumizanis Ta pimeHas (eran 5. 4. OnTumizamiiai  aaroputmu (D(V));
eram 6. 3. Minimizaris vacy BigHoBieHHs KII; eran 7. 2. JliniliHe mporpamyBaHHSI
(2); eram 15. 3. OnTuMizanis po3nonity pecypcis (O));

— MoJiemoBaHHs Ta nporHo3yBaHHs (etam 3. 3. CucremHa gunamika (dN/dt);
erarn 7. 3. Hetiponni wMepexi (Yy); eranm 7. 5. Inrerpamis yacoBux psmaiB (RNN,
LSTM); eran 10. 1. I'nm6oke naBuanus (f(X)); eram 12. 2. Mojaens NpeIuKTUBHOTO
koayBaHHs (Py);

— IMHAM14HI CUCTEMH Ta KOHTPOJIb (eTan /. 4. MoenoBaHHs BTOMHU Ta yBaru
(mudepenuiitni  piBusHHs); eran 14. 1. Cucrema 3BopotHoro 3B's3ky (U(1));
eran 14. 2. Mojenb HediTKoro JioriuHoro koutposepa (U(t)*);

— iHTeTparis Ta CUHTE3 (etam 8. 4. Bizyamizartis JIaHU X

erarn 11. 1. Tpanchopmepu nmns anamizy Bigeo (H, Z); eranm 12. 3. AganTuBHuUi
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QITOPUTM  yOpaBiiHHA HaBaHTaxeHHsM (L¢); eram 13. 1-13. 11. InrerpoBaHni
NOKa3HUKH 1 pimeHHs (St, Py, Oy, Us)).

3 ommsiay Ha 3anpolOHOBaHY KOMIUIEKCHICTb, TO YCHIX TIOJISITae y
BUKOPHUCTAHHI  3alpONOHOBAHOTO  METOJY, SIKMA  JO3BOJISIE  CBOEYACHO
11eHTU(IKYBaTH Ta BUMPABIATH HEJOJIKM KBai(ikallii, BaXXJMBICTh YOTO BILIMBAE
Ha OE3MeKy CYIHOIUIABCTBA, 110 3a3HAYCHO y JocimpkenHi [159].

OnHak, ICHYIOTb TI€BHI 00 €KTMBHI OOMEXEHHS MpPUTaMaHHI JaHOMY
JNOCHIJKEHHIO IO 3aJIeXaTh Bl YMOB 3aCTOCYBaHHsS 3alpONOHOBAHUX PILIEHb.
Hapa3i HemMoximBo  3a0e3meunTd  TOBHY  IHTErpalilo  3ampONOHOBAHUX
QITOPUTMIYHUX PIlIEHb Y 3B’A3KY 13 3a00pOHOI0 3 OOKY MIKHApOIHUX MOPCBKUX
Ooprasizaiiii Ta KoMIaHii. 3 1€l IPUYUHU TOBOJAUTHLCS AyOtOBaTH HaBirauiiHi JaH1
HA aBTOHOMHUI KOMIT'IOTEp SIKUU HE MPUETHAHUN O€3MOCEepEIHbO A0 HABITAIlIMHUX
iHdopmariinux cucteM. lle BUKIMKae MEBHY 3aTpUMKY y 4aci, A0 1 XBUIMHH B
3aJIeKHOCTI BIJ| CKJIQJHOCTI CUTYyallll, ajie BpaxoBYyIOul BHCOKY IHEpLIIO CyJHa, B
nepeBaxkHi OutbiocTi Bumnankie (moHax 90 %) 1ie HE BIUIMBAaE Ha HaBiramiiHy
oe3neky. Takuii cTan Oyn0 TIEPEBIPEHO T Yac MOJEITIOBAHHS Y JOBIOCTPOKOBHUX
Ta cepenHbOCTpOoKOBHX (hazax BimHoBieHHS KII B 1. 5. 4.

[lompu Bce, mel QakT 3Myllye y MNOJAJbIIUX PO3pOOKaX BUPIIMIUTH I1€
NUTAHHS AGTEPHATUBHUMHU METOJaMU HE MOPYIIYIOYU MOPChKE 3aKOHOIABCTBO.

3acToCyBaHHSI 3alpoOINOHOBAHUX MIAXOAIB OyJ0 TEpeBIpeHO Yy po3pisi
3acrocyBanHs miathopmu OLP OTG, sk gieBoro 3aco0y  BiHOBICHHS
KBaTi(iKaIIMHUX TapamMeTpiB ONepaTopiB-CyJTHOBOIIIB (puc. 3.26), 1110 MO3UTUBHO
30UTBIIMIIO TIOKA3HUKH Y MPAKTUYHOMY €KCIEPUMEHTI 13 KOHTPOJIBHOIO TPYIIOI0.

3 METOw aHamizy pe3yJbTaTUBHOCTI 3acCHpONOHOBAHOTO METOJY aHali3y
IHTYITUBHUX [1l CyJTHOBO/IiS B KPUTUYHUX CUTYaIlIsIX OYJIO MPOBACHO EKCIIEPUMEHT
13 3aCTOCYBAHHSM HaBITAlIMHUX CUMYJSTOPIB Y HACTYMHUX JIOKAIIAX:

Jlokamiss 1: Bocdop. Jly’ke By3bKHil MOPCBHKHI MPOXiA 13 Haa3BUYAWHO
BHCOKOIO IHTEHCUBHICTIO CYIHOIUIABCTBA, CKJIAAHUMHU TiAporpadiyHUMU yMOBaMU
Ta YHUCJICHHUMHU OOMEXEeHHSIMH. bazosuil uac onepayii (T conv) nns bocdhopy

BCTAHOBJIEHO SK 35 xB 12 c.
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0 50 100 150 200

No. 0160 Fire Fighting - Basic
No. 0228 Fire-fighting, Advanced, Management of [ire-{ighting
No. 0229 Fire-fighting, Advanced, Hazards and tactics
No. 0342 Common bulk cargoes
No. 0021 GMDSS
No. 2692 Film - Heavy Lifis and Project Cargoes — An..
No. 0395 Gas carrier, Basic principles
No. 2409 Film - Container ships, Securing cargo arrangements
No. 0032 Liquid cargo propertics
No. 2661.02 Film - Dangerous Goods at Sea - Part 2 Expecting..
INo. 2661.01 Film - Dangerous Goods at Sea - Part 1 The IMDG..
No. 0020 Scarch and rescue
No. 0001 Personal Safcty
No. 0057 Doppler Log
No. 0066 Basic ship handling
No. 0002 Ship general salcty
No. 0370 Mooring, Risk assessment and management

Pucynox 3.26 — Jlani 3 cepsepa OLP OTG npo pedTuHr MOPCHKHX Omepariii

Jlokamis 2: I'iGpanrapceka mpoToka. OAuH 13 HaWBYKYMX MOPCHKUX IUISXIB
13 BHCOKOIO HIUIbHICTIO Tpadiky, J€ CyBOpl HaBiramiiHi BUMOTH 3MYIIYIOTb
NPOBOJIUTH PETENbHUM aHayi3 curyaiii. bazosuil uac (T_conv) misa [iopanrapcekoi
npoToku — 32 xB 48 c.

Jlokanis 3: Binkpute mope (ATnantuka) MeHIl CkiagHi YMOBH MOPIBHAHO 3
BY3bKMMHM TPOTOKAMH, XOYa HaBiraiisi BUMara€ yBa)XXHOCTi, YMOBU €
crabimpHiMMU. bazosuti uac (T _conv) nns Bigkpuroro mops — 25 xB 30 c.

VY mporieci BUKOHAHHS OIEparliii CyHOBOJIT MPOSBISLIN 1HTYITUBHI Ail, 10
70 3MOTYy €KOHOMUTH 4Yac Ha erami aHamizy. OJHak HaJMIpHE 3aCTOCYBAHHS
BIUTMBAJIO HA 3arajibHUI 4ac BUKOHAHHS 3aBJlaHb, T.i. IHCTPYKTOP MOBEPTaB CYIHO
Ha NIOYaTKOBY (MPOMDKHY) TOUKY BUKOHAHHS OTEpalrlii.

byno BukopucraHo moka3Hmku: 1_Int = T _conv — AT gain (uac,
OTpUMaHMK 3a PaxyHOK IHTYiTUBHOTO CKOpOdYeHHs aHami3y); T_total = T_int +
T_corr (3aranpHui 4ac omepaitiii 3 ypaxyBaHHSIM KOPEKIii); Pi3HuI0 mo3zHaqyumo
ak: AT =T _total — T_conv (sxmo AT gomaTHe — omepaiiis 3aiiMae Oiblle Yacy;

SIKIIO Bix’€éMHE — oTpuMaHo ekoHoMiro) (Tabmurs 3.5, 3.6).
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Tabmuns 3.5. Cuenapii 3 xubHOMO (HAAMIPHOIO) HTYIIIEO

=
S 5 s| S| £E| 8| 58| = S 3
g s %] N 5 5 =
M = S N S o &
2 =
1.1.1. | Bocdop 35:12| 7:49 |27:23| 9:36 36:59 |+1:47 |+5,06% | 3ananTo
, IIIBHJIKE
1.1.2, | TOPITaPCE a5 40| 7.49 |o4:59 | 9:36 [34:35 | +1:47 | +5,43% | cipuiinsTTs
Ka MPOTOKa
(kp.1),
panToBUM
BUOIp (Kp.2),
HETOYHE
, «UHATAHHS
Binkpure KapT
1.1.3.| mope 25:30 | 7:49 |17:41| 9:36 27:17 |+1:47 |+6,98% (xp.12),
(AtnanTHka) irHOpyBAHHS
JOKaJbHUX
0COOJIMBOCT
eit (kp.15)
1.2.1.| bocdop 35:12 | 9:14 |26:58|14:10 41:08 [+5:56 |+16,0%| PanToBe
] MPUNHATTSA
1.2.2,| IOPRITAPCE o) 4ol g1 193:34 (14:10 [37:44 [+4:56 |+15,106 | pimerss
Ka IIPOTOKa (sz’ 6) 663
aHaIII3y
aJIbTCPHATHB
Binkpure , 110
1.2.3.| mope 25:30(9:14 |16:16|14:10 30:26 [+4:56 [+19,4% | TPHU3BOAUTH
(ATnaHTtuka) 10
CKCTPEHOTO
PO3TOpTaHHS
1.3.1. | Bocdop 35:12|11:28 |23:44 |17:19 {41:03 [+5:51 |+16,6%| ArpecuBHa
] aJranTaris
1.3.2,| 110PAITAPCE 3910 \19.98 21:00 [17:32 [38:52 | +5:04 [+15,4% | (kp.4, 14) He
Ka MPOTOKa BPAXOBYE
) Ba)KJIMBI1
Binxpure JIOKaJIbHI
1.3.3.| mope 25:30(11:28 |14:02 |17:32 [31:34 |+6:04 [+23,7% napamerpu
(ATnaHTHKa) (xp.15)

VY 1ux BapiaHTax CyJIHOBOJIIA €KOHOMUTH 4ac 3a PaXyHOK HaJATO LIBHJIKOTO

OPUUHSTTS pillieHb, ajle HEBpaXyBaHHs BaXJIMBHX JeTaned (3a kpurepiamu 1, 2, 6,



7, 12, 14, 15) npu3BoAUTH 10 HEOOXITHOCTI 3HAUHUX KOPEKIIIM.
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Tabmuns 3.6. Cuenapii 3 KOHTPOJHLOBAHOIO HTYIIIIEO

-
= - B
= 8 > .8 - = = ® DX
E 5 Sl 5| E| 5| B ] s &
g 3 D N I L A I (-~ 5 2
M = el i S o &
= =
aa)
2.1.1. |bocdop 35:12 9:20 [25:52 (3:44 |29:36 -5:36 |—-15%| KonTpoasoBan
riG € CIIPUUHSTTS
2.1.2. | OPAITAPEER 13518 19:20 [23:28 [3:44 [27:12 |-5:36 |-17%| (xp.1, 4),
a lipoToxa edeKTUBHUIA
CHUHTE3 Yacy
(xp.9, 11, 13)
Binkpure [linTBep KEHH
2.1.3. [mope 25:30 9:20 [16:10 3:44 |19:54 |-5:36 |-22%)| 51 pitieHb
(AtnanTHKa) yepes
aBTOMAaTH30Ba
HI CUCTEMH
2.2.1. |bocdop 35:12 8:38 [26:34 |2:52 |29:26 |-5:46 |-16%
["i6panrapcek He msrke,
2.2.2. | OPAITAPERK 13518 18:38 [24:10 |2:52 [27:02 |-5:46 |-17%| ane
a TIPOTOKa :
nepeBipeHe
Binkpure pILLICHHS
2.2.3. [mope 25:30 8:38 [16:52 [2:52 [19:44 |-5:46 |-22%| (xp.1, 4, 9, 10)
(AtnanTHKa)
2.3.1. |bocdop 35:12 10:16 [24:56 |4:11 (29:07 |-6:05 |-17/%
EdexruHuii
2.3.2, [ IOPAITAPCEK 135 4 1116 232 [4:11 [26:43 |-6:05 |-189| BMOIP PiLicHb
a MpOTOKa 13 ITOCTIMHUM
. KOHTPOJIEM
Binkpure (xp.1,4,9, 11,
2.3.3. Mope 25:30 10:16 15:14 4:11 |19:25 -6:05 |-23%)| 13 8)
(ATnaHTHKA) ’

[lpumiTka: Y MNO3WTHBHUX CIEHAPISAX KOHTPOJIbOBAHA IHTYILS JO3BOJISIE

ekoHOMHUTH Bia 8:38 1o 10:16 xB, mpu HOMY KOPEKIIMHMA dYac 3aJUIIAETHCS

HU3bKUM (Bix 2:52 no 4:11), mo 3a0e3neuye 3aranbHe ckopoueHnHs T total Ha 5—6

XB. TIOPIBHSHO 3 0230BHM 4acoM.

Le#t minxin cnpusiB MUTICHOMY OISy Ha MPOOJIEMAaTHKY MOPCBHKOT Oe3rnexu
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Ta po3poOlll MpakTUIHUX pekomenpaarii [160], siki BpaxoBYIOTh peajbHI YMOBH

poOOTH CYAHOBO/IIB Yy CKJIQIHUX yMOBax IuiaBanHs [87].

BUCHOBKMH 10 PO3ALJTY 111

Y poszaum III 6yn0 KOMIUIEKCHO MOCHIIKEHO Ta BIEpIle 3alpONOHOBAHO
METOJI aBTOMAaTH30BaHO1 1AeHTHU(]IKAI] Ta OIHKK KBamidiKaliiHUX TMapaMeTpiB
CYIHOBOJIIiB y CKJIaJHUX HAaBITallIiHUX yMOBaX, SKWH TOJISATAE Y BUKOPUCTAHHI
IHTENIEKTyaIbHUX  CHUCTEM 3 HEYITKOK  JIOTIKOK, METOJIB KOTHITHBHOTO
MOJICIIOBAHHSl Ta MAIIMHHOTO HaBYaHHA U aHal3y peajbHHUX i omeparopa
(kypc, maneBpu, pobota 3 ECDIS) y pexumi peanbHOro 4acy, Ha BIAMIHY BiJ
ICHYIOUHX MIXOMI1B, PO3pOOJICHUI METO I 3a0e31euy€e aBTOMAaTU30BaHEe 31CTaBICHHS
PIBHOPITHUX JaHUX (30KpeMa, HETOYHUX 1 HEMOBHUX), 1EHTU(IKAIII0 HEJOCTaTHIX
KBaMQIKaIMHUX TMMapaMeTpiB Ta onepaTuBHE (POpMyBaHHS PEKOMEHAAIMN MO0 X
BiJTHOBJICHHSI, 3MEHIIYIOYN PU3WKNA KPUTHYHUX TIOMHJIOK T HEKEPOBAHUX MaHEBPIB.

MopentoBaHHs IWHAMIKH 3MIHH PIBHS HEOE3IMEKH 3aCBIAYMIIO, IO 33 YMOB
HEMOBHOTO BIJTHOBJICHHSI KBali(iKAIIMHUX MapaMeTpiB 3arajlbHUN pPU3UK MOXKE
3pocti Ha 15,8%, mepeBOIsSYM CHUTyalil0 Yy KaTeropiro «HeOe3meuHny» ado
«kputuuHy». Lle migkpecioe BaKIMBICTH CBOEYACHOTO Ta CHUCTEMATHUYHOTO
BiZTHOBJICHHSI KOMIIETEHTHOCTEH OTeparopa.

3aramoM, BIPOBA/PKCHHS METOJly aBTOMAaTM30BaHOI iAeHTHdIKAIii Ta
BITHOBJICHHS ~ KBadi(pikaliiHUX TapaMeTpiB ONepaTropiB-CyAHOBOJIIB  CHpUsiE
iHTerpamii  aHaJITMYHUX  JaHuX 3  HaBITallliHUX  CUCTEM, BpaxyBaHHIO
IHAMBIAyaTbHUX KOTHITUBHUX OCOOJMBOCTEH 1 CTaHy omieparopa-CyaHOBOMIS, a
TaKO’)X BUKOPUCTAHHIO QITOPUTMIB IHTENEKTyalbHOi 0O0poOKM iH(popMarii,
BKJIFOUHO 3 HEYITKUMU MOJIETSIMU T4 METOJIaMU MAIlIMHHOTO HABYAHHS.

Takox B pamkax po3auty OyJo yAOCKOHAJIIEHO METOJ aHaji3y IHTYITUBHHUX
N CyTHOBOJISI B KpUTUYHUX CHUTYAIlisIX, 1[0 MOJISATaE B IHTErpallii MCUXOJIOTIYHUX
dakTopiB onepaTopa-CyJHOBOIIS, a TAKOXK CUTYaIIHHOI 0013HAHOCTI 3 pEeaTbHUMU
HaBIraI[liHUMKU 3MIHHUMH Ta aBTOMAaTH30BaHUMH 3aC00aMU KOHTPOJIIO, HA BIAMIHY

BiJl ICHYIOUHX PIIIEHbB, II€ J1a€ MOKJIMBICTH OIIHIOBATH IHTYITHUBHI Jii Ta 3aBYacHO
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BU3HAUATU TMOTEHIIHI HEO0e3MeKu B TMOBEIIHIIl CYIHOBOJIS, IO JO3BOJIIE
3MEHIINTH PU3UKU BUHEHKHEHHS aBapiHUX TMOMIIi.

3riIHO 3 pe3yJibTaTaMu arpooOarlii 3apOnOHOBAHOTO METOY:

— VY 56% BumagkiB NMOTEHIIHHO HeOE3NMeUYHHX IHTYITMBHHMX /i omepaTopa
BJIaJIOCS 3aBYACHO BUSIBUTU HeCTayy KBali(iKalifHUX TNapaMmeTpiB Ta 1HIIIOBATH
mpoIiec iX BIAHOBJIEHHS, 110 JO3BOJIMIIO 3aMO0ITTH ecKaallli pU3UKIB.

— VY cutyatisix 3 MOMITHUMH BIIXWJICHHSIMH Kypcy cynHa (63% A0CTiKeHUX
BUIIAJIKIB) 3aCTOCYBAHHS METOJY CIPUSIIO cTablIi3alili HaBirauifHUX MmapameTpiB Ta
YTPUMAaHHIO O0€3MEYHOTO PEKUMY PYXY.

— Kputnuni curyarii, mo pasiie y 24% BUTNAAKIB MPU3BOIWIN 10 3ITKHEHb
a00 TOCa/JIKW Ha MUIMHY, TIPW BUKOPHUCTAHHI 3alpOIIOHOBAHOTO IMIIXOIy BIATIOCS
CYyTTEBO MIHIMI3yBaTH, 3HU3UBIIU MOTPEOy y HEBIIKIAJHOMY BTpPyYaHHI KamiTaHa
abo mepeopieHTAaIlli Ha aBapiiiHl CleHapii.

— IlpaktuyHi BUNpOOyBaHHS TiJ Yac PEaTbHOTO MEPEeXOo]ay MapuIpyTOM
Rotterdam—Amsterdam mnpoaeMOHCTpyBaIM MiABUIEHHS TOYHOCTI JOTPUMAaHHS
3aIJITaHOBAHOTO Kypcy Ta IBUAKOCTI 3 64% mo 89%. OmHOYacHO KUIBKICTh
KPUTUYHUX CHUTYyallii, 10 BUMaraju OIEPaTUBHOTO BTPyYaHHS KalliTaHa,
smeHmunacsas 3 24% no 7%. KpiMm Toro, 3aranbHMii 4ac BUKOHAHHS CKJIQJHUX
HaBIraliiHUX omepaliii ckopotuBcs Ha 18%, 1m0 CBIIUUTH TPO €PEKTUBHICTH

METO/IIB ONITUMI3aIlli Ta 3MEHILIEHHS] CTPECOBOr0 HAaBAaHTAKCHHS Ha oIiepaTopa.
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PO3ALJI IV

PEAJIIBALISI METOAY NIITPUMKHU NPUNHSATTS PILIEHD TA
MPOTHO3YBAHHS HEBE3NMEYHUX TPAECKTOPIN PYXY CY/IEH B
YMOBAX HEBU3HAUYEHOCTI A1l CYJTHOBOIISI

4.1. Ilinxomu a0 po3podku Ta peanidamii wmeroay iHTerpamii
aBTOMATHU30BAaHUX 3aCO00IiB MIITPUMKH NPUIHATTA PilleHb CYIHOBOXISA Yy

CKJIA/IHUX YMOBaX IJIaBAHHSA

OTxe mocTae 3aBJIaHHs 1100 PO3POOKH METOLY IHTErpallii aBBTOMAaTU30BaHUX
3ac001B MATPUMKU NPUAHATTA PIIIEHb JIJIs1 CYTHOBO/II HA MICTKY MOPCBKOTO CyJIHA
3 ypaxyBaHHsIM (akTopiB HeBH3HaueHOcTi B moBHOTI nanux ECDIS. nsa
JOCATHEHHS pe3yJbTaTy HEOOXIIHO BHPIMIMTH HU3KY 3aBAaHb JJII CTBOPEHHS
CIIIIP cynHOBOAIS HUISIXOM PO3POOKH aBTOMATU30BAHUX MOIYJIIB:

1. po3pobutru moayns st aBromatuzoBaHoi OCR-06poOku 300paxeHb Ta
po3mi3HaBaHHs TEKCTY Ha 300paxeHHsx nuciuiess ECDIS B pexumi peanbHOTO Hacy.
[Iporpamuunii MoOysns MpU3HAYEHUH MJI1 3aXOIUICHHS CKPIHIIOTIB, MOTEPEIHbOT
00poOku 300pakeHb i mmiABuiieHHS ToyHOCTI OCR, BHIydeHHS TEKCTy 13
300pakeHb 3a 1onoMororo 01010Tekn Tesseract Ta 30€peKeHHsI BUITy4YE€HOTO TEKCTY
y (aiin. BukoHaHHs IHOTO 3aBIaHHS MIATOTYE JaHi JJIsl MOJANBIIOTO aHami3zy Ta
3a0€3MeYnuTh BUCOKY TOUHICTh PO3II3HABAHHS TEKCTY.

2. Po3pobutu Moaynb JUisi OPIBHAHHS TEKCTOBHX JAHMX Ta T€OJOKAIlil 3
METOI0 aHaiizy iHpopmamii Ta reorpadiuHuX AaHUX MK PI3HUMHU CKPIHIIOTaMH
ECDIS nns Bu3Ha4eHHS iX CXO0OCTi. Moaynb BKIIOYAE 3aBaHTAXCHHS JaHUX 13
daiiniB, aHai3 KIIOYOBUX 3HAYECHH 32 JOMOMOTOI0 AITOPUTMIB MOPIBHAHHSA TEKCTY
Ta PO3PAXYHOK CXOKOCTI TeoJIoKaIiil. ABTOMAaTH3ailisi bOro MPoIeCcy NPUCKOPUTH
aHal3 JTaHUX Ta MIATPUMAE OOIPYHTOBAHE MPUUHATTA PillicHb. BUKOHAHHS LHOTO
3aBJlaHHA € BXJIMBUM JJI1 HACTYIMHMX €TaIlllB, OCKUIBKM BOHO HaJa€ HaJiiHI JaH1
JUISl IOPIBHSIHHS Ta aHAJI3y.

3. Po3pobutu Moaynb ais Bizyanmizaiii reorpapiyHUX JaHUX Ha KapTi, SIKUH

BKJIIOUA€ CTBOPEHHSI IHTEPAKTUBHUX KapT 13 MapKepamu Ta MaplIpyTaMy Ha OCHOBI
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reorpadiyHux gaHux. IDranyerscsi BukopuctanHs Oi0mioreku Folium s
CTBOPEHHSI KapTH, JI0JaBaHHS MapKepiB MJisi KOXKHOI KOOpJWHATH, Bi3yami3aiii
MapuIpyTy CyJHa Ta 30HM aKTUBHOCTI, a TaKOX 30€peKeHHs KapTH y BeOopmari
HTML. Moaynp Bizyami3ailii JaHUX Ha KapTi 3a0€3MeUUTh HAOYHICTh Ta 3PYYHICTh
JUIst moanbinoro ananizy B pamkax CIIIP, cnpusitoun kpaioMy po3yMiHHIO PyXiB
Ta reorpadiuHUX 3aKOHOMIPHOCTEH.

4. Po3po6uTy MOAYyJb TMIATPUMKH MPUUHATTS PIIIEHb JJISI CYTHOBOMIS, SIKUM
BKJIIOYATUME TIOPIBHSHHS HaBIraliiHUX JaHuX MDK (aimamu-mabioHaMu,
BM3HAYEHHS CXOXXOCTI MDK HUMH Ta HaJaHHS pEKOMEHJallli Ha OCHOBI IIl€l
cX0XOoCTi. Moaynp Oyne 3aBaHTaXyBaTH JaHi 3 (ailyiB, MOPIBHIOBATH KIHOYOBi
3HAYEHHS, PO3PAXOBYBATH CXOXICTh TEKCTOBHX JAHHMX Ta T€OJIOKAI Ta BUBOIUTHU
peKoMeHaIli 3 eKCIEPTHOTO CIOBHHMKA. ABTOMATH3AIliS IIHOTO MPOIIECY JT03BOJUTH
e¢heKTUBHO aHaM3yBaTH HaBIramiiiHi gaHi, 1AeHTU(IKYBaTH Galau-1adjIoHu 3
BHCOKOIO CXOXICTIO Ta HaJaBaTH CIeLiali3oBaHl pekoMeHpaalii. BukoHaHHS 11bOTO
3aBiaHHs c(OpPMY€e OCHOBHI JlaHi Ta AHAMITHKY JAJIsi CTPATEriyHOTO MPHHHATTS
pillIeHb CYTHOBOIIEM.

OTxe HeoOXiTHO PO3POOUTH IHTErpalliifHi MOy I BIPOBAKEHHS IHX
3aco6iB CIIIIP y poGouuii mporec CyaHOBOJIS Ha MICTKYy MOpChKoro cymHa. lle
nependayae BUPIMICHHS KUIBKOX KIFOUOBHMX 3aBJaHb: 3a0e3Me4YeHHs] MOBHOTHU Ta
TOYHOCTI eJIeKTpOHHUX HaBiranidinux manux (ECDIS), aBTomaru3zanito o6poOku ta
aHaI3y JaHUX, a TAKOK HAJAHHS CYAHOBOJIIO CBOEYACHUX 1 JIIEBUX PEKOMEH/IAIII.

4.2. Po3poOka aBTOMATH30BAHHX MOJYJIB CHCTEeMH MIITPUMKH
NPUHHATTA pillleHb CYTHOBO/isI HA MPUKJAAi 3aX0Ay B MOPT

Bkazani Monaym MaroTh 3a0€3MEUUTH: ONTHYHE PO3MI3HABAHHS CHUMBOJIIB
(OCR) mia 06pobku 300pakernr ECDIS, mopiBHSHHS TeojoKaliid I aHal3y Ta
BaJJaIlli HaBITAIIMHUX JaHUX, a TaKOXX 3aco0M Bi3yamizamii i MiJBUIICHHS
CUTYaIllMHOT 0013HAHOCTI 3a JOMOMOTOI0 IHTEPAKTUBHUX KapT. Kpim Toro, Mmoayinb
NIATPUMKH TPUUHATTS PIIIEHbs MPU3HAYEHUN 11 TIOPIBHSHHS HaBIraliiHUX
mabJIOHIB Ta HaJaHHS CICIIali30BaHUX PEKOMEHJalllii Ha OCHOBI aHaji3y

TCKCTOBUX Ta I'CONPOCTOPOBUX JaHHUX.
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s ctBopennst CIINIP cynnoBoxis 6yB 0Opanuii MapuipyT a0 nopty Jlaroc,

Timkan (puc. 4.1). V coiBrpari 3 eKCrepToM, KariTaHoM Jajiekoro TuiaBanss, Ph.D.
[TaBnom MomenkoM, OyJi0 CKJIaJIeHO €KCHEPTHUN CIOBHUK 1M NSl KOKHOTO €TaIy

MapuIpyty 3riHo 3 nanumu ECDIS.

FRARECORD TWEZSNWhEN ACRSS/
= EEn =

Pucynok 4.1 — ®parmentu-ckpinmortu nucruiesi cuctemu ECDIS TRANSAS y

nopty Jlaroc

BpaxoBytouun gani HaBiramiitnux iHopmariiaux cucrem ECDIS TRANSAS,
Oyn BU3HAUEHI €Tanu M1 CyAHOBOIS (CIIOBHUK €KCIEPTHOI CUCTEMU), SIKI 3r0JI0M
wianyBanocsi iHterpyBatu B CIIIP cymHoBois.

[louarkoBi gani npo eranu i1 ctBoperns CIIINP cyanoBosis:

Eran 1. [louarkoBa miAroTOBKAa: KaliTaH Ta KOMaHJa MICTKa MEPErsgaloTh
IUIaHK MapIuIpyTy Ta iHPOPMAIIIO PO NOPT, BPAXOBYIOUH crienUupIdHI 0OMEKEHHS

a00 BUMOTH.
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Eran 2. ECDIS Nel (ckpinmor 20210611110841). IliarotoBka

JIOIIMAHCHKOTO Tpara: BCTAHOBJICHHs Tparma 3riIHO 3 IHCTPYKIIAMU JioliMaHa (0opT,
BHCOTa, CTpomu). PerymoBaHHS IIBHUIKOCTI: KOHTPOJIb IIBHUIKOCTI CyJIHA
BIJIMOBIAHO JIO0 IHCTPYKINM JIOIIMaHa, 3MEHILIECHHS IIBUJIKOCTI 3a HEOOXITHOCTI.
Bizyanbnuii Ta pagapHUil KOHTPOJIb: MOHITOPHUHI HaBiramiiiHoi curtyarii 3a
JIOTIOMOTOI0  pajiapiB, 3 OCOOJMBOIO yBarow 0 3eMCHapsaiB. Bukopucranhs
€XO0JI0Ta: KOHTPOJIb TJIMOMHU T KiJIEM, 3BIpKa 3 €JIEKTPOHHOIO KapToro. Dikcarlis
NO3UIIlT CyJHA: BIAMITKA TOJIOKEHHS Ha EJEKTPOHHIA KapTi 3 1HTepBajoM 5-7
xBWIKH. Pyx cyana: pyx 31 miBuAKICTIO 12,5 By31iB, perymoBaHHs mBUaKocT. Kype
19,30°, ictuanuii kypc 14,70°.

Eranr 3. ECDIS No2 (ckpiamor 20210611115028), ECDIS Ne3 (ckpiHmioT
20210611115557), ECDIS Ne4 (ckpinmor 20210611120848), ECDIS Neo5
(ckpinmor 20210611121957): 3B's30K: MIATPUMKA KOHTAKTy 31 CIyXKO00I0 pPyxy
cyleH mopty Ta jormanoMm depe3 YKX-kanamu 16/12. PerymoBaHHS IIBUAKOCTI
cynHa: 3MeHmieHHs mBuakocti 10 DSAH (dead slow ahead) mo 4 Bys3miB, mio €
MIHIMQJTLHO O€3MEeYHOI0 IMIBUIKICTIO JJiI MaHEBPYBaHHS CyJHA 3a JOTIOMOTOIO
cTrepHa. HasiramiiiHe maHyBaHHS Ta KOHTPOJIb: OUIBII pETENbHUM KOHTPOJIb
MIMOWMHY T KUIeM BIAMOBIIHO 10 OCAJKH CYJHA, OCOOJMBO IPH HAOIMKEHHI 0
1300atu 30 MetrpiB, KoHTposb Kypcy 004,5° Ta ictuHHOTO Kypcy 354,8°.
ManeBpyBaHHSI Cy/lHA: BUKOHAHHS MAaHEBPIB 3 PEBEPCOM TOJOBHOTO JBUTYHA Ta
BUKOPUCTAHHSI HOCOBOTO MPUCTPOIO MIIPYIIIOBAHHS, OUIKYBaHHS JOIIMAaHa.

Eran 4. Tlocagka jommaHa: BCTaHOBJEHHS paaio3B'si3ky. Kamitan
BCTAHOBJIIOE Paio3B'a30K, BUKOpUCTOBYrouM YKX-mpuitmau Ha kananax 16/12.
CrocrepekeHHS 3a JIOMAHCBKUM KaTepoM: Bi3yajbHE CIIOCTEPEKEHHSA 3a
MIX0I0M JIOIIMAHCBKOTO KaTepa. YTpaBJiHHSA IIBHUIKICTIO CyJIHA: PyX CyJaHa 31
HIBUIIKICTIO 6 BY3JiB, SIK BKa3aHO JolMaHOM. HapiramiiiHe IUTaHyBaHHS: 3MiHa
KypCy CyJHa B HaNpsMKYy BXIJHOTO KaHaJy, BU3HAaYE€HOTO HaBIraliiHUMU OYSIMHU.
[lepeBipka JTOIMAHCHKOTO Tpama: BaxTOBHW TIOMIYHHMK BHUXOJIUTh HA TOJIOBHY
nayOy 10 MICIsl IOCAJIKU JIOIIMaHa JJis MEPEeBIPKU JIOIMMAHCHKOTO Tpara 3riHo 3

MibKkHapoaHuMH BuMmoramu (Pesomoriist A.1045(27) ta IMAP Notice Ne 849).
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Eran 5. ECDIS No6 (ckpinmot 20210611122409): ynpaBiaiHHS HIBUAKICTIO

Ta KypcoMm cyaHa. CyqHO pyXaeTbcsi 31 HIBUAKICTIO 6 BY3JiB, BCTaHOBJICHOIO
JOIIMAHOM, KaliTaH KOPHUIYe KypC IO BXIIHOTO KaHaldy 3TIHO 3 MapuIpyToM B
ECDIS. KoopauHnarisi 3 JOIIMaHCBKUM KaT€pOM: BaXTOBUN MOMIYHUK KOHTPOIIOE
Mocajky JiolMaHa Ta 1HPOPMye KamiTaHa Imichas Oe3MeYHOro BIAXOAY Karepa.
[Ipuifom Jo1MaHa: BaXTOBUM MOMIYHUK CYyNPOBOJKYE JIOIIMaHa Ha MICTOK, KaIiTaH
Hajae JolMaHy iHQopMmarllo TMpo CyAHO dYepe3 JOIMAHCBbKY KapTKy Ta
XapaKTePUCTUKH TOJOBHOTO JIBUTYHA 1 MAHEBPEHI XapaKTepUCTUKHU cyaHa. [louarox
JPYroro eTamy MaHEBpPYBaHHS: MICs HagaHHS iHQOpMAIi JIOIMaHy MOYMHAETHCS
JIPYTUil eTan MaHEeBpYyBaHHS — JIOIIMAHChKa MPOBOJKA, sIKa BUMAarae KOOpAMHAIIli
MDK KaIliTaHOM, BaXTOBHM IOMIYHHMKOM Ta JOIIMAHOM Ui 3a0e3redyeHHs Oe3leKH
CyJlHa MPH MAXO1 10 MOPTY Ta MaHEBPYBaHHI B MOPTOBINA aKkBaToOPii.

Eran 6. ECDIS No7 (ckpinmor 20210611122937), ECDIS Ne8 (ckpiHmioT
20210611124034): wmaneBpyBanus 10 ¢aparepy. CyaHO CHiaye MiIXiTHUM
dbapBarepoM, MO3HAYEHUM UYEPBOHUMH OysIMU 37iBa Ta 3€JICHUMHU OysMU cIpaBa
(cuctema periony A IALA). KoHTposib MBHUAKOCTI Ta KypCy CyAHA: IIBUIKICTH
cynHa (SOG) cranoButh 6,2 By3ma, kypc (COG) 348,8°. Bukopucranus
napayensHoro ingekcyBanns (Pl): kamitan BukopuctoBye Pl 11 KOHTPOIIIO TIO3MIIIT
CyJIHa BIIHOCHO O€peroBoi JIiHII Ta OPIEHTUPIB, BCTAHOBIIOIOUM JIIMITH JUCTAHITI].
KonTtposas rmmOuHM mij KUIeM: BIICTEXKEHHS TNIMOMH HAa MOPCBHKIM KapTi Ta 3BipKa 3
[MOKa3HUKAMU €XoyioTa Uil 3al0e3redeHHs Oe3meuyHol IIHMOMHU 1T  KUIEM.
PerynioBaHHS MIBHUIKOCTI 3aJIeKHO Bl yMOB: 30UIbllIeHHS MmBHAKOCTI g0 SAH
(slow ahead) 8-10 By3miB mys kpamoi MaHeBpeHocTi Ta 3MeHmeHHs 10 DSAH (dead
slow ahead) 6-8 By3miB JiJIs1 TOYHOTO MaHEBPYBAHHS TPHU MIIXO1 10 MPHYAITY.

Eran 7. ECDIS Ne9 (ckpinmot 20210611124452), ECDIS NelO (ckpiHmioT
20210611124902), ECDIS Nell (ckpinmotr 20210611125313), ECDIS Nel2
(ckpinmor 20210611125928): minrotoBka 10 MaHeBpy. Komanma MicTka peTebHO
BUBYA€ Ta IUIaHy€ MaHEBPU Ha CKIAJAHUX AUIIHKaX (apBarepy, BUAUICHUX Y
Harbour Approach & Manoeuvring Plan. ManeBpyBaHHSI TIpH IMiJX0/1i: BUKOHAHHS
noBopoTy Ha 90° BIIBO, 3MiHA KypCy Ha HEOOXIJHUN HaIMpsIMOK, MOTIM MAaHEBp

BIpaBo 710 220°. KoHTposb MIBUAKOCTI Ta Kypcy: 30iIblIeHHsT mBHAKOCTI 10 8—10
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BY3JIB JUIi MaHEBPEHOCTI, MOTIM 3MEHLIEHHS 10 6—8 By3miB IS TOYHOTO
MaHeBpyBaHHS. 3a0e3nedeHHs Oe3NeKHu: CTpOre BUKOHAHHS KOMAaH] JIOIMaHa Ta
KOpWUTYBaHHSI CTEpHa 3 MIABUINECHOIO yBarow. Bukopucranns Pl: BcTaHOBICHHS
JIMITIB JUCTaHIi BIAHOCHO OpIEHTHUPIB abo OeperoBoi JiHIT mIa Oe3meuHUX
Bifgcraneit. [arerpamis 3 ECDIS: indopmaris mpo mMBUAKICTH CyAHA, KYT CTEpHA Ta
TOYKAa KOPWTYBAaHHS CTE€pHA NOJAEThCA 1O ENEKTPOHHOI KapTu. PearyBanHs Ha
YMOBU: KalliTaH 3aJMIIAEThCS YBAKHUM Ta TOTOBUM BTPYTUTHUCS Y BHMAIKY
He0e3MeYHOro BUKOHAHHS MAHEBPY JIOIIMAHOM.

Eran 8. ECDIS Nel3 (ckpinmot 20210611130013), ECDIS Nel4 (ckpinmoT
20210611130326), ECDIS Nel5 (ckpinmor 20210611130626): xoopauHaris 3
JIOIIMAHOM Ta CTEPHOBUM JJIs1 MaHeBPiB: TicHa criBIpals 3 JOIIMaHOM JIJIi TOYHOTO
MaHEBPYBaHHS, 0COOJMBO i yac moBOpoTiB Ha 90° Ta 220°, oIliHKa BUKOHAHUX
MaHEBpIB Ta TOTOBHICTh BTPYTUTHCS Yy BHIIQJKy pPHU3UKY aBapii. PerymroBaHHs
mBuakocti cyaHa: [Buakicte cynna (SOG) BapiroeThest Mixk 7,4 Ta 7,2 By3na mij
yac MaHeBpyBaHHs. HaBiramiiinuii koHTpoJib 3a nonoMoroto PI: Buxopucranus Pl
JUT BCTAHOBJICHHsST Oe3MeYHUX BiACTaHeW Bix OeperoBoi JiHII Ta MPUIIBAPTOBAHUX
cyneH. KoHTponb edekTy npuCMOKTYBaHHS: MIATPUMAHHS PEKUMIB IIBUAKOCTI JJIS
MIHIMI3aIlil PU3UKY CTBOPEHHS €(EeKTy MPUCMOKTYBaHHS, 10 MOXKE MOIIKOJUTH
HIBAPTOBI KAHATU MPUIIIBAPTOBAHUX CYJICH.

Eran 9. ECDIS Nel6 (ckpiamot 20210611130909), ECDIS Nel7 (ckpiHmoT
20210611131354), ECDIS Nel8 (ckpiamot 20210611131820): Hasiramis. CymaHo
pyXaeTbesl MOPTOBUMHU BOJHUMH HUIAXaMH 31 mBuaKicTio 7,6 By3na (SOG), kypc
cyagHa (COGQG) s3minoerbess Big 250 go 350 rpaayciB, 1O CBITYUTH PO 3MIHH
HampsIMKY TiJ 4Yac MaHeBpyBaHHS. MaHeBpOBI ormepalii: KamiTaH KOOPAUHYE
MaHEBpU IJisi OE3MEeYHOTO TMPOXOJKEHHS MNOOMM3y TMPUIIBAPTOBAHUX CYJIEH,
NIATPUMYIOUM BIJICTaHb BiJ OeperoBOi JHII Ta IHIIUX TNepemKko]. KoHTposb
IIBUJIKOCTI: KarliTaH KOHTPOJIIOE MBUAKICTD JIJI1 MIHIMI3AIlll PU3UKY MOIIKO KEHHS
NPUIIBAPTOBAHUX CYJACH Ta iX NIBAPTOBUX KaHATIB uepe3 eeKT MPUCMOKTYBaHHS.
3B'A30K 3 MICTKOM: KamliTaH MIATPUMY€E MOCTIMHUN 3B'A30K 3 MICTKOM Ta CTEPHOBUM

AJ1 MBHUAKOI'O Ta TOYHOT'O BUKOHAHHA MAaHCBPOBHUX KOMAaHI.

Eran 10. ECDIS Nel9 (ckpinmor 20210611132652): migroroBka 1o
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OykcupyBanHs. CyqHO 3MEHIIY€E MBUIKICT 10 4—5 By3I1iB i1 0€3MEYHOT0 MiIX01y
1o OykcupiB. Kanitan opranizoBye MIBapTOBI KOMaHAH MiJl KEPIBHUIITBOM TPETHOTO
NOMIYHMKAa Ha HOCI Ta JPyroro MOMIYHUKAa Ha KoOpmi. 3B'I30K 3 OyKCHUpaMmu:
KOMaHJIU JUIsi OYKCHpIB MOJAIOTHCS Yepe3 JIOIMaHa Ta KariTaHa, MPsSMUM 3B'S30K
MDK eKiMakaMHM BUKJIIOYEHHH. VYBara [0 JIIOJCBKOTO (akTopa: KamiTaH
30CEpEKYEThCA HAa YHUKHEHHI TOMWJIOK 4epe3 MOBHI Oap'epu abo mpodeciitHi
BigMiHHOcTI. Hapiramiitni nmapametpu: Kypc cynna (COG) cranoButs 250° — 278°,
mBuAKicTh (SOG) 4—7 By3miB, IO BKa3ye Ha MIATOTOBKY 10 LIBapTyBaHHS abo
OyKcUpyBaHHS.

Eram 11. ECDIS Ne20 (ckpinmoT 20210611132715): KOHTpOJIb MIBUAKOCTI Ta
HanpsMKy cyaHa. [IIBuakicTe cynHa 3meHnieHa 10 4,3 By3ia JJisi KOHTPOJILOBAHOTO
MiAX0My A0 TpUYaly 3 MOXKJIMBICTIO peBepcyBaHHsA. CmiBrpans 3 OyKcHpamu:
KamiTaH KOOPAWHYE Jii 3 OyKCHpaMu Micisl MATBEPKEHHS iX TOTOBHOCTI. PeBepc
TOJIOBHOTO JIBUTYHA: 3aJIe)KHO BiJ BIJACTaHI 0O MpUYaIy Ta IIBUIKOCTI CYJHA,
KariTaH oOupae MDK PEBEPCOM TOJOBHOIO JBHUIyHa ab0 JOJATKOBOIO TSTOIO
OykcupiB. YIpaBiiHHS CYAHOM: PYJIb BUKOPUCTOBYETHCA AJII TOYHOTO KOHTPOJIIO
CyJHa TpH MiIX0/1 10 IpUYaly, HaBiTh HA MaJiil MIBUIKOCTI.

Eran 12. ECDIS Ne21 (ckpinmot 20210611133405), ECDIS Ne22 (CkpiHmoT
20210611133627), ECDIS Ne23 (ckpinmotr 20210611133740), ECDIS No24
(ckpinmoT 20210611133903): mapanenbHe IIBapTyBaHHsA cynHa. Kamitan
KOOPJMHYE Jii JIJIsl PO3MILIEHHS CyJHA MapalieibHO MpUYaly, BUKOPUCTOBYIOUYH
Oykcupu Ha mBuakocti 0,5 By3na, motiMm 0,0 By3miB. ['OTOBHICTH T'OJIOBHOTO
JIBUTYHA JO0 MAaHEBpY: TOJIOBHUW JBUTYH TOTOBHUU 1O OyAb-SIKOTO HEOOXITHOTO
MaHEBpPY 3a KOMaHA0I0 KamiTaHa. [litroToBka 10 Haa3BUYaHOI cUTyarli: OomMaH
Ta IIBapTOBa KOMaHJla TOTOBI BHUKOPHUCTAaTH SKIp y BUMNAAKY HemepeadadeHoi
cutyarrii. [[IBapToBi omeparii: KamiTaH 1HCTPYKTY€ MIBAPTOBI KOMAaHIM Ha HOCI Ta
KOpMI II0JI0 MOJayi MIBapTOBUX KIHIIB Ha MpUYal. 3aBEpUICHHS MaHEBPYBaHHS:
micyisl 3aKpIlIUIEHHS IIBapTOBUX KIHIIB Ta Biajgayi OyKCHpPIB KaliTaH 3aBepUIyeE
MaHEBpPYBaHHS, /1a€ KOMaHAYy Ha 3YNUHKY BUKOPHUCTAaHHS TOJIOBHOTO JBUIYHA, 1

JIOIIMAaH IMOKHJIa€ CyaHO.
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I[aHi 31 CJIOBHHUKA GKCHepTHOI CUCTCMHU JO3BOJININ HepeﬁTI/I A0 CTBOPCHHA

nporpamuux moaymiB juist CITIP cyaHOBOIS B HIJIOMY.

4.3. Po3podka aBromatuzoBaHoro OCR-moayass gaass  o0poOku
300pa:xkeHb Ta PO3NIBHABAHHA TEKCTy Ha 300paxkeHHsix aucmiesa ECDIS B

peKMMi peajibHOTO Yacy

HetaneHuit onuc mnpoueciB nporpamu aisi OCR-006poOku 300paxeHb 31
BKazaHuMmu obOsactsmu iHTepecy (ROI) (puc. 4.2):

Moyne 3A1MCHIOE pEeryJsipHE CTBOPEHHS CKPIHIIOTIB IUIbOBOTO BIKHA Y
doHOBOMY pexumi, iXx 30epekeHHs Ta 0a3oBy mnomepenHio o0poOky. Ilorim
3acTocoBye ontuyHe posnizHaBaHHs cuMBOdIB (OCR) 3 Bukopuctanusm Tesseract
JUISl BWJIYYEHHSI TEKCTy. Pe3ynbratd aBTOMATUYHO EKCHOPTYIOTHCS y TEKCTOBI
Gaitmn s nojxanblioro axamzy. Jlanmii Monyns 3amae  QyHIAMEHT Ui

HEerepepBHOTo 300py Ta MIATOTOBKU JaHUX.

“Python Script" "pyautogui® “pygetwindow" ev2" "pytesseract”

Install pyautogui
N

Install pygetwindow

Set path to tesseract.exe

loop [Take Screenshots]

Get window with title

Window object

alt [Window is active]

Take screenshot
—

Save screenshot

[Window not active]

Activate window

)

loop [Process Images]

Read image from folder

Convert image to grayscale

Extract text from image

Save text to file

—

"Python Script" "pyautogui” "pygetwindow" ev2" "pytesseract”

Pucynoxk 4.2 — Crpykrypa Moayns oopo6ku 300pakens ECDIS Ta

pO3Mi3HABaHHS TEKCTY
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Takuit migxin 3a0e3nedye CUCTEMaTUYHE Ta aBTOMATH30BAaHE BUTSATYBAHHS
TeKCTOBOI 1H(opMallii 3 KOHKpeTHUX oOsactelt 300paxkenHs ECDIS, o moxe 6yTu
KOPUCHUM JIJIsl aHANi3y 300pakeHb 31 CTAOUTbHOIO CTPYKTYPOIO, TaKuX sIK GOpMHU,
KapTu a00 1HII JOKYMEHTH.

Moayms OCR-00po0Oku 300pakeHb 31 BKa3aHUMHU O00JacTIMHU IHTEpeCy
(ROI). Heranbuumii 36ip ROI nependauae 30MpaHHs KIIOUOBUX HABITAIIMHUX JTaHUX
3 ECDIS (puc. 4.3).

Monayne po3smuproe MoxiuBocTi OCR 3a paxyHOK BUIUICHHS BU3HAYCHUX
30H iHTEepecy (ROI) Ha 300pakeHHSIX, IO MIABHUIIYE TOYHICTh Ta PEJICBAHTHICTH
nanux. PoGora 3 MacmtaboBaHuM HaOboOpoMm 300paxeHb 13 Karajuory Ta
CUCTEeMaTHYHe 30€peKeHHS pe3ysbTariB y dainu 3a0e3meuyroTh THYYKICTh Y
MacImTaOHUX aHATITUYHUX 3aBJIaHHSAX, JI€ BAXKIWUBO ONPAIbOBYBATH KOHKPETHI
CEerMEHTH BI3yalIbHO1 1H(OpMaIi.

Takuit migxin 3a0e3nedye CUCTEMaTUYHE Ta aBTOMATH30BAaHE BUTSATYBAHHS
TEKCTOBOI 1H(oOpMaIli 3 KOHKpPETHUX oOJsiacTell 300pakeHHs, M0 MOXe OyTu
KOPUCHUM [JISl aHali3y 300pakeHb 31 CTAOUTLHOIO CTPYKTYPOIO, TaKuX K (HOpMH,
KapTu a00 1HII JOKYMEHTH.

Hampuknan, ECDIS Ne3 (ckpinmor 20210611115557) data, oGpoOGienuii
PO3pOOICHUM ITPOTPAMHUM MOJIYJIEM, Ma€e TaKy aBTOMaTH4Hy ineHTudikariro: date:
11 Jun 2021; time: 12:55; heading hdg: 000.5°; speed: 2.5kn; course cog: 357.7°;
latitude: 06° 19.513' N; longitude: 003° 25.073" E; waypoint wpt: To WPT: 10;
distance_to_wpt: DIST to WPT: 0.32 NM; time_to _go: Time to Go: 0:7'37";
next_wpt: Next WPT: 1; next_course: Next Course: 338.1°; distance between wpt:
Distance: 2.43NM; plan_speed: Plan Speed: 17.0kn; plan_course: Plan Course:
017.6°.
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"Python Script" "ev2" "pytesseract"

Set path to tesseract.exe

v

Load image from path

v

Return image

loop [OCR Zones]

Get ROl from image

v

ROl image

Perform OCR on ROI

A 4

Extracted text

Save data to file

-

"Python Script" "ev2" "pytesseract”

Pucynok 4.3 — Ctpykrypa Moaysst 00poOKku 300pakeHb 3 HaBiraminHUMU 30HAMH

naaux 3 ECDIS

4.4. Po3poOka MoayJisl 1Jis NOPIBHSAHHS TEKCTOBHUX JaHMX Ta reoJoKamii

s anaaidy nanux ECDIS

CTpyKTypy MOIYIIO MIPEACTABICHO Ha PUCYHKY 4.4.

Moaynb Opi€EHTOBAaHMIM Ha AHANTHKY Ta MOPIBHAJIBHUNA aHal3 TEKCTOBHX
naHux. BiH 3aBaHTaxkye KIrO4-3HA4YEHHS 3 (haililiB Ta 3aCTOCOBYE AITOPUTMHU OLIHKU
noaioHoCTI (SequenceMatcher) ayst BUBHaU€HHS CTyIEHS 30iry MDK TECTOBUMH Ta
CTAIOHHUMHU HaOboOpamu.

BOynoBani QyHkmii 78 KoHBepTalii reorpadiuHUX KOOpAMHAT Ta
pO3paxyHKy BiacrtaHed 3a ¢dopmynoro [aBepcuHa J03BOJSIIOTH IHTEIPYBATHU
T€OMPOCTOPOBY METPUKY y TIPOILIEC OIiHIOBaHHS. Lle CTBOprOE KOMIUIEKCHY MOJIETh

OIIIHKM HE JIMIIIE TEKCTOBOI, a M Te0JIOKAIIHHOT PEIeBAHTHOCTI JTaHMX.
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"Python Script" "os" "File 170" "Data Analysis" "Geographic Calculations"

List test data files

Test files list

loop [For each test file]

Load data from file

Test data

List reference data files

Reference files list

loop [For each reference file]

Load data from file

Reference data

Compare test data with reference data

Similarity score

Calculate geographic similarity

Location similarity score
-

Display results

)

"Python Script" "os" “File I/0" "Data Analysis" "Geographic Calculations”

Pucynok 4.4 — CrpykTypa MOIyJs aHatl3y iHQoOpMalii Ta reorpadiuHuX JTaHUX

ECDIS

Taxkmifi maxig JOeTadbHO OMKCYE, SK Balla Iporpama oOpoOsisse aHi,
MOPIBHIOE iX Ha OCHOBI TEKCTOBOi iH(opmarii Ta TeojoKalli, Ta OpPraHi3OBY€
BUBEJCHHSI PE3YJbTATIB, JO3BOJIAIOUU JIETKO 1MEHTU(IKYBaTH (ailii 3 BUCOKUM

PIBHEM CXO>KOCTI.

4.5. Po3poOka moayast BdyaniBanii reorpaiuHux JaHUX AJIs1 CTBOPEHHS
iHTepaKTHBHHMX KAapT 3 MapKepaMH Ta MapUIPyTaMH Ha OCHOBI reorpagiuaux

JTAHUX

Mopynbp cTBOpIO€ auHaMiuHI TeorpadiyHi KapTh 3 BUKOPUCTAHHSIM
010moteku folium. Jlogae Ha KapTy MapKepH, paJlyCHI 30HU Ta JIIHIKHI MaplIPYTH,
IPYHTYIOUMCh Ha 3aBaHTaXEHUX KoopauHarax. lle nae 3mory 3aificHIOBaTH
NPOCTOPOBHM aHaji3, a TAKOXK IMOJIETIIy€e MPUHHATTS PillieHb HUIIXOM Bi3yaJbHOTO
IPE/ICTABICHHS JaHux y reorpadidyHomMy koHTekcti (puc. 4.5). ABTOMaTH4YHE

BIIKPUTTSI KapT y Opay3epi CrpoIlye TOCTYIl 10 pe3yibTaTiB.
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Ikorodu

Pucynok 4.5 — CTBOpeHHs IHTEpAKTHUBHUX KapT 3 MO3HAYEHHAM MapUIpyTy Ta 30H

Hebe3meku

IIa nporpama aBTOMAaTH3ye NPOLEC CTBOPEHHS IHTEPAKTUBHOI KapTu 3
MapKepaMmH, siKi BiloOpaxaroTh Miclid 3 JIaHUX Yy TeKCToBuX (aitmax. Bona moxke
Bi3yaJli3yBaTH MaplUIPyTH Ta 30HH AaKTHBHOCTI, 1[0 pPOOUTH ii Ji€BOIO ISt
reorpadiyHOTO aHaiizy abo0 BIICTEKECHHS PYXiB Yy JOCIITHUIIBKUX MPOEKTax ado

JIOTICTUYHHUX OTIeparlisix.
JleranbHUN OMUC TPOLECIB MPOTPaMU, sIKI 3YUTYIOTh reorpadivyni Mo3uiii 3
daiimiB 1 Bi3yalli3ylOTh iX Ha IHTEPAKTUBHIA KapTi, J1OIaI0YHM MapKEPH, 110 BKA3YIOTh

Ha BIIXWICHHS Bix 0a30Boi koopauHaTH cyaHa (puc. 4.6):
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"Python Script" "File 110" "Folium Map"

Read all files from directory

v

List of files
R LT
loop [For each file]
Read positions and origin from file
New positions, Origin
4 .....................................................
alt [Origin found]

Initialize map with origin

v

Add markers for new positions

v

[No Origin found]

Use default coordinates [0,0]

>

Initialize map with default location

v

Save map as HTML

<
<

Open map in web browser

«

"Python Script" "File 110" "Folium Map"

Pucynok 4.6 — CTBOpEHHS IHTEpAaKTUBHUX KapT 3 MapKepamu, 110 BKa3ylOTh Ha

BIIXWJICHHS BiJl CTaHIAPTY

Monayns pealtizye KOMIUIEKCHY OOpOOKY JOBUIBHOI KITBKOCTI TEKCTOBHUX
daitniB, MmO MICTATHh MO3MUINMHI JaHI Ta TOYKy BimIKy. Ilicns 3uuTyBaHHA
MOYaTKOBOi TOYKM T4 HOBUX MO3HUIII MOAYNb IHTErpye OTpUMaHy iHQOpMallio B
iHTepakTUBHY KapTty (puc. 4.7).

Takum uyMHOM, KOpHCTYBau OTPUMYE LLUIICHY NaHOpaMy BCi€i CYKYyMHOCTI
NO3UIA 3 pi3HUX (aimiB, 3BOASYM PO3PI3HEHI JaHI y €IUHY IHTErpOBaHY

Bi3yaJti3altiio.
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Pucynok 4.7 — Bizyamizamiss MHOKHUHHUX MapKepiB Ha IHTEPAKTHBHIN KapTi 3a

piBHEM Oe3MeKu

Ils mporpama nmo3BoJisie BizyalizyBatu reorpadiuni JaHi 3 KUTbKOX (ailiB,
IHTETPYIOUH iX y €IMHY KapTy, IIO MOJIETIIy€e aHaji3 Ta MOPIBHSAHHS reorpadiuHUX

MapIIpyTiB 1 BUSABIICHHS PI3HUX T'€0JIOKallll, BKa3aHUX Y JaHHX.

4.6. Po3poOka MoayJsi MiATPUMKHM TPUIHATTS pillleHb 1Jsl CyAHOBOisI

3aco0aMu NMOPIBHAHHS HaBIramiiHUX JaHUX MEK (aigamMu-madJoHaAMKU

et wmoxynes mnependavae BHU3HAYEHHS CXOKOCTI (hailmiB-11abJIOHIB Ta
HaJlaHHA peKoMeHmarii (puc. 4.8).

Moyns TO€IHYyEe THCTPYMEHTH, aHAJOTIUHI 13 MONEpPeAHIMU MOIYISIMH, 3
MEXaHI3MOM TeHepallii pekomeHpaariii. J[aHHi, TMOPIBHAHI 3a CEMAHTMYHUMHU Ta
TeONPOCTOPOBUMHU KPUTEPISIMH, COPTYIOTBCSA 3a CTyleHeM BiamoBigHocTi. Ha
OCHOB1 HAaMBHUIIUMX  PEUTHHTIB  CXOXOCTI (OPMYIOThCS  pEKOMeHAalii 3
BUKOPHUCTAHHSAM 30BHIIIHIX JIOBIAKOBUX CJIOBHUKIB a00 0a3 3HaHb.

Lleit eram BUKOHYE POJb IHTENEKTYaJIbHOTO S/Ipa: BIH HE TUIBKH (opMye
KUTBKICHI TIOKa3HWUKM, a W HaJlae MPAKTUYHI MOpPaad MO0 MOJAIBIINX i 49U

IHTepIpeTaLii pe3yabTariB.
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"Python Script" "File 110" "Data Analysis" "Geographic Calculations"

Read test data files

v

List of test files

4 .......................................
loop [For each test file]
Load data from file
Test data
‘ .......................................
List reference data files
List of reference files
4 .......................................
locp [For each reference file]
Load data from file
Reference data
R R AR,
Compare data (text)
Similarity score
‘ ........................................................................
Calculate location similarity
Location similarity score
SRR

Display results and recommendations

-

"Python Script” "File 110" "Data Analysis” "Geographic Calculations”

Pucynok 4.8 — Bisyamizamiss MHOKMHHUX MapKepiB Ha IHTEPAaKTHBHIM KapTi 3a

piBHEM Oe3MeKu

Il mporpama aBTOMaTH3y€ TMOPIBHSHHS HaBIraIiiHUX JTaHUX, BU3HAYAIOUYU
CXOXICTh 32 PI3HUMHU MapaMeTpaMu, IACHTU(PIKYIOUN BiANOBIAHUI(1) (aitn(u) mis
HaJaHHS CIEIiaTi30BaHUX PEKOMEH/AIliii Ha OCHOBI IMX aaHuXx (puc. 4.9).

OyYHKIIIOHATBHICTh 3aBaHTAXXEHHS KOOPAUHAT TOUOK 3 (haiiiliB, IX MOPIBHSHHS
3 pedepeHCHOI0 TOYKOIO, OOYMCIEHHS BiACTaHI MDK HHMH Ta HaJaHHSA
pEeKOMEH/1alliii Ha OCHOBI 1ICHTU(PIKATOPIB TOYOK MPEACTaBICHA B aJITOPUTMI.

3aBaHTaxeHHsS KoopauHat: ¢yHkiis load coordinates from file(filepath)
YUTA€ KOOPJIUHATU TOUYOK 3 (ailily, /e nepiuil psioK MICTUTh pedepeHCHY TOUKY,
a HACTYMHI PAJIKH MICTATh 1IEHTU(IKATOPU Ta KOOPAMHATH IHIIUX TOYOK.

Koopaunatu 36epiratoThCsi B CJIOBHUKY 3 1ICHTU(IKATOpAMH SIK KIIFOYaAMHU.
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UX Wux WuxX @Wyuye MWuxX MWux RWuUX RWuUuX RWuUxX BEWuUx REUX |+
O 0 » = G » Code v & Python 3 (ipykernel) O

Location similarity (for those above 97%):

Location similarity with ECDIS N1 (Screenshot20210611110841)_data.txt: 10@.80%
Cnpoba BMBecTV pekoMeHAauii ans: ['ECDIS M1 (Screenshot20210611110841)_ data.txt']
MNepesipka daina: ECDIS N1 (Screenshot20210611110841)_data.txt

PekoMeHgauii gns ECDIS N1 (Screenshot20218611110841) data.txt: | L0
1. MNigroToBKa NOUMaHCBKOrO Tpany: BcTaHoBNeHHs Tpany BignoeigHo go iHCTpykuii noumaHa
(aKkuit GopT, BucoTa BLA pieHA BoAM, HaABHiCTE gonmomixwux cTponie “manrope™).

2. PerynweaHHs WBMAKOCTL: KOHTpoab weMAKOCTL cyaHa 3rigHo Bkasisok noumaHa, npu Heobxip
HOCTi 3MeHWeHHA WBMAKOCTL AnA MiHimizauii edekTy npocipaHHa cyaHa

3. BisyanbHuit Ta papaionokaUiiiHWii KOHTPOAb: MoHiTOPUHF HaBkonWWHboi HaeirauiiiHoi cuTyaui
i 3a ponomorow paaionokauiiHux cucTem. OcobauBa ysara A0 Pyxy AHOMNOrNUBAKBANbHUX CYAeH
y nopTy Ta nigxipgHomy d¢apeaTepi.

4. BMKOpWUCTaHHA exonoTa: MoCTiiHWI KOHTponb rAMBUHN BOAM Nif kinem 3 ypaxyBaHHAM BMMOT
KomnaHii, =sipawunm 3 ranbuHamu, MOKazaHMMM Ha e-KapTi.

5. oikcauls nosuuii cygHa: BilgsHayewHa nosuuil cygHa Ha e-kapTi za gonoMorow cucTemn D
(aucTanuyin) i P (nenewr) = iHTepeanoM KOXHL 5-7 XBAAMH.

6. Pyx cyaHa: Pyx 3i wsuakicTw 12.5 BysAis, perynbosaHow B 3anexHocTi sig ymos. Kypcoeu
it kyT (heading) 19,38 3 kypcom BipHOCHO FpyHTY (course over ground) 14,78, WO BpaxoBye
BNAMB Te4ii Ana 36epexeHHA NpoKNafAeHOro MapupyTy.

Pucynok 4.9 — Peanizaiis cucreMu MATPUMKHA NPUNRHATTS PIIIEHb CYIHOBOIIS

Ananiz Touok: ¢yHkiis analyze points(reference point, points) oOuuciroe
€BKJIIJIOBI BiJICTaHI MK pe(epeHCHOI0 TOYKOK Ta IHIIUMU TOYKaMH, 30epirarouu
pe3yiabTaTd B CIOBHUKY. Bu3HauaeTbcs 1AeHTU(IKATOP TOYKH 3 HANMMEHIIO0
BIJICTAaHHIO 710 peEepEeHCHOI TOUKH.

Hananns pekomennamiii: pynkuia get advice(identifier) Hanae pekomenaaii
Ha OCHOBI1 HaNpsIMY, 3aKOJIOBAHOTO B iAeHTH(IKaTOp1 Touku. Hanpuknaa, HanpsMok
«270°» Bka3ye Ha HEOOXIIHICTh KOPUTYBAHHS KypCy BIIPaBo.

dopmyna TaBepcuna: @ymnkiis haversine (coordl, coord2) oOGuucmoe
BiICTaHb MDK JBOMa KOOpAMHATaMHM Ha TOBepxHI cdepu (y MeTpax),
BUKOPHUCTOBYIOUHU Pajlyc 3eMJll Ta KOOPJAWHATH TOYOK y pajliaHax.

[Momyk Haiikpamioro 30iry: @ynkuis find best match (reference_file_path,
comparison_files directory) mopiBHIOE pedepeHCHy TOYKy 3 IHIIMMH TOYKAMH 3
¢aitniB y BkazaHoMmy karasnosi. Crouatky 3 pedepeHCHOTo (Qailily 3aBaHTaXyeThCs
pedepercHa Touka. [loTiMm s kokHOTO (aiiily B Karamosi 3aBaHTAXKYIOTHCS
KOODJIMHATH Ta OOYHUCIIOETBCSA BIJICTaHb MDK pedEepeHCHUMH TOYKaMH 3a
noroMororo Gopmynu ['aBepcuna. BuzHauaeTbes ¢aiin 3 HAMMEHIIOW BIACTaHHIO
10 pedepeHCHOI TOYKH, 1 HAJalOThCs PEKOMEHJaIli Ha OCHOBI iAeHTH(IKaTOpa

Halommk4aoi Touku (puc. 4.10).



183

Best matching file: C:/Program Files/MATLAB/Lagos/Neuro_learningh\5_s.txt
Distance to the closest point: 188.87553549486686 meters

Best identifier: 12em 18@B°

Recommendation: 188m [lpopcexyidTe pyx NpAMC 13 NpUUEMOUSHHAM.

Pucynok 4.10 — Peamizamisi cucteMu MiATPUMKH MPUNAHATTS PIIICHb CYIHOBOJIIS

(pexoMeHallil KariTaHy 1070 MaHEBPYBAaHHS CYIHOM)

Ileit mnpormec M03BOJISE AaBTOMATM30BAHO 3HAXOJIWTH Ta TOPIBHIOBATHU
KOOpAMHATH TOYOK, OIIHIOBATH iX OJM3BKICTH 10 pedepeHCHOi TOUYKH Ta
OTPUMYBATH PEKOMEHJAIIIT 1110/10 HAPSIMKY PYXY.

Excniepumentn, mnpoBeneHi 3 BUKOPHUCTAHHSIM HAaBITallliHUX CUMYJSTOPIB
TRANSAS Wirtsild Navi-Sailor ECDIS, 3HauyHO MOKpamuiv MMATPUMKY Hil
cynHoBofisi. Ile Oymo ocoOMMBO TOMITHO TijJ 4Yac HaBYaHHS B paMKax Kypcy

«Hagiramis Ta snoris», moayns ECDIS (Tabmuns 4.1).

Tabmung 4.1. Pe3enbTaTUBHICT CUCTEMHU MIATPUMKU NPUMHATTS PIlIEHb

Buxopucrani .
Kommnonent / p Krouosi .
No Onuc meroau / KomenTapi
Monyinb AITOPHTME MOKa3HUKH
1 2 3 4 5 6
Tonepenis Cucrema
ABTomatu3oBaHe | 00OpoOka sa6eseve
CTBOPCHHS 300pakeHb, 0CTOB I};e
CKpPIHIIIOTIB BUJIEHHS TouHicT a P
mucires ECDIS | obmacTeit BHITYACHHA
b ; (ROT) BHITydCHHA KJIFOYOBHX
OCR-00po6xka Y QOHOBOMY Hrepeey > | TEKCTY. rmapameTpiB
1 | 300paxkeHb PEXHM, SacTocysaris i (mata, yac
£ Clgl S HOTIEPETHS Tesseract OCR i3 | 3 987 pnxis KH o
00po0Ka 3 JOJATKOBOIO BUJTydeHO 945 uﬁd ’KiCTB
suaiieHusM ROl | naBuanbHOIO KOPCKTHHUX o 00 Il N ’
iB~ K WHATH
Ta BUJIYYEHHS 0a3010 11 paaxis ~ 95.8% . ?H o010 ’
. H
TEKCTOBHX HaBiraliiHUX foqm]f A
JaHUX. JAHUX, KOPEKIIis
TOMMIIOK MapLIpyTy).
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[Mponosxennss Tabmui 4.1

2 3 4 5 6
Bipue
3aBaHTaXEHHS 3ICTABIICHHS
. Anroputmu fuzzy JTAHUX
BUJTYICHHX . :
TeKz;IOBI/IX x| Matehing Tounicts rapaHrye, 1o
T2 iX 110 iBIiIHHH (mampukman, 31CTABJICHHS. TEKCTOBA
[TopiBHSAHHS 5 p SequenceMatcher) | 3 532 zamucig | iHpopmariis
TEKCTOBUX KOHBeEpTaris BiIIIOBI A€
TaHUX Ta FEONpOCTOPOBIM ;coo I[I/II})IaT 197 Oyro CATbHIM
U 3aACaMu JUIst P ’ IpaBUJIBLHO p .
reoJIoKallii HepeBinK PO3paxyHOK 3iCTaBIICHO: reorpadiuHuM
cpeBIb . BIJICTaHE 3a (497 / 532) x MTO3UIIISIM, IO
BiIIIOBITHOCTI Ta (hOpMYIION0 100 = 93 4% HiBHIYe
BUSBJICHHS pMY. ~ 99.570 S
i . I'aBepcuHa. HAI1HICTh
PO301’)KHOCTEH.
MO/IaJIBIIOTO
aHamizy.
PiBenn
HAOYHOCTI. InTepakTrBHA
CrBOpeHHS . Bi3yaumi3alist
. Texunomnorii GIS
iHTepaKTHBHHX ; ’ OnutyBaHHs: JI03BOJISIE
. 1HTCPAKTHUBHA cepen
Kapt 15 Bizyasizamis 3 HIBHRO
BiJI0OpaKEHHAM BH;’O HCTL;HHHM CYAHOBOALB OLIHUTH
.. . | mapkepis, KOp Tokasajo HaBiraiiny
Bizyam3anis o 010110TEKH CepeIHIO .
. MapIIpyTiB i 30H . ’ CHUTYaIIII0 Ta
reorpadiyHu . | Folium, OLIHKY ) .
X PHU3HKY Ha OCHOBI S — imeHTu(iKyBaT
X o
A 3aBaHTaKEHHMX i Ké) o 3aMOBONICHHA | y orenniiini
reoJaHMX, 0 ap : CFI){H)’( Som 12 B13ye'1m3'au1§I0 30HU PU3HKY,
3YUTYIOTHCS 3 pauy Ha piBHi 95% | 116 cripuse
JIITHIMHUX (CepeﬂHe
TEKCTOBHX v . OIIEPaTHBHOMY
(aiimi. PUIPYTIE. 3HAUCHHA MPUKHSATTIO
OTPUMAHHX pillieHb.
OITIHOK).
Hetiponni mepexi Cucrema Buaa€e
InTerpanis qanux | (MLP i3 TouricTs CBOE€YACHI Ta
3 OCR, aﬁlanlsy aKTHUBAL €TI0 | pexomenaiit. TOYHI ITIIKA3KHA
TEKCTOBOI ReLU), excneptHi 318 .. | (mampukmnanm,
Monyns iHdopmariii ta CUCTEMHU, HEUITKa CHCHAPLB | nyopuryBaTn
i ATPUMKH reoJIoKaIt st JIOTIKa, ;IgCTeMa BHNIA€ Kypc Brpao"),
MPUAHATTSA Kiacudikamii AJITOPUTMH 5 110 JO3BOJISAE
pileHb cUTyarii i MOPIBHSAHHS OOTPYHTOBAHH YHUKHYTH
reHeparii NAHHX i3 X | zaitBux
pexoMeHamin ma0JI0HHUMU peécé)hgg/Hﬂaull. MaHEBPIB 1
JUTSI KarliTaHa. daiinamu, momyni |~ 99970 ONITUMI3yBaTH
aHaJli3y pU3HUKY. MapIpyT.
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[Mponosxennss Tabmui 4.1

2 3 4 5 6
[TokpateHHs
Orinka i 3HMKEHHS SIKOCT1 JaHUX
KOpeKHiSI HEBU3HAYCHOCTI. JO3BOJISIE
HETOBHUX 200 CratucTuyHuil | [JoyaTKOBHUii OTPUMYBATH
HEBU3HAYCHUX aHalis, piBeHb O1TBII
Amnani3 JaHMX 13 PO3paxyHOK HeBM3HaYeHOCTI | OOIPYHTOBaHI
HeBu3HaueHocT | cuctemu ECDIS | koedirieHTiB —28.7%: micust pekoMeHanii
i ranux ECDIS | st NiABUINCHHS | HEBU3HAYCHOCTL | 0Gpo6OKH — Ta T IBUIIIYE
SIKOCT1 aHaJi3y , AITOPUTMH 11.4%. To6TO TOYHICTH
Ta MATPUMKHA KOpEeKIii JaHux. | 60.1% - OPUIHATTS
HpHﬁHﬂTTH 3HUKECHHS piH_IeHB y
PIIICHB. HEBU3HAUYEHOCTI. | PCAJIBHOMY
qaci.
[nTerparis
06’ exmans SHHKEHHA 9aCy | poymis
: ; . . 00pOOKH. 3abe3neuye
BCIX MOJIYJIIB MikpocepBicHa . oreDa
. - NepaTuBH
(OCR, apxiTeKTypa, Axmo HamiB o6 E ok y
NOPiBHSIHHS, API inTerpanii, | 4BTOMaTH30BaHH ep Y
. L i i BEJINKHUX
Bi3yasizais, ETL-npouecn, |4 aHamu3TpuBas )
I . . 08.3 cek. To o0csriB
HTEerparis aHam3 ABTOMATH30BaHE | - ’ X i
MOIyIIiB Ta HEBU3HAYECHOCTI, | 36epeiKeHHs IHTCTpOBAHA A
. ) . cUCTEMA HaJIaHHS
aBTOMATH3aIlisl | MiATPUMKA pe3yabTaTIB y ) K OMEH AL
pilies) B emny | Gopmarax 00pobuise naxi 3a g exuﬁ&f
cucTeMy Ul Excel/HTML, | 934 cex. eip .
. . JIBHOT'
aBTOMATHU30BAHO | CHHXPOHi3alis Pospaxynok: pac oe
. . _ q
i 00poOKH Ta IOTOKIB JaHUX. ((98.3-53.4) / Y,
: 98.3) x 100 = KPUTHYHUAM
aHaJTi3y TaHUX.

45.8%. JUIs1 O€3MEKU
gasiranii.
3aBOaKu

3MeHIeHHs yacy | 1OTHAMI

3aBIsIKU HPOXOIKEHHS: CBOCYACHHM
CBOE€YACHUM . . i TKa3Kam
€KOMEHIa1[1sIM larerparis Bl 7.3% Ro KaiiTaH
p . MOJYJiB 18.7% y
CIIIP xamitan . BIAJIOCS
. i ITPUMKH Ipu
3MeHIICHHS YHHKAE 3aHBIX 1IIIeHb, aHaJI3 SMCHITHTH
MaHEBPIB, P ’ CTaHZlapTHOMY KIJTBKICTh
qacy . T€OIPOCTOPOBH | yaci .
OXOIKCHHSL ONITUMI3YIOYH X JAHHX 3alBUX
1} .
P MapupyT npu > | UPOXO/UKCHHA MaHEBpIB, 10
CyZHa y MOpTY . pEKOMEHIAIINH | 59 7 xg:
JIaroc BXOJU 710 TIopTY a cucreMaHa 3HaUHO
Jlaroc, mo oconi mamnx s | SHIKEHHS! ONTUMI3YeE
JIO3BOJISE A CKJIAIIO Bill 4.36 qac
ECDIS, AlS, xB, (HOBHIf yac
3MCHILMTH Yac ’ MIPOXOJKEHHS
ARPA, GPS. 55.34 xB) 110
TIPOXO/KEHHS _ | cknagHuX
CKJIQJIHUX 30H. 11.16 x8, (HoBuii TUIISTHOK
qac 48.54 xB.) MOy 110

OpTYy
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VY uunomy, po3po0biieHa cucTeMa MiATPUMKUA MPUHHSATTS pillieHb CYIHOBOJIIA,
Ha npukiaal jJokamii Jlaroc, mopT TiMKaH, 3MEHIITMIA Yac MPOXOKEHHS CyaHA Bij
7% 1o 18% mnpwu ii 3actocyBanHi. Oxpim 3a0e3nedenHs Oe3neku Hairamii, CIITIP
CYIIHOBOJISl CKOpOUYYy€ MapHIPyT CyJHA Ta, BIAMOBIIHO, €KOHOMHUTH MaJIMBHO-

MaCTWJIbHI MaTepialii Ta eJIeKTPOCHEPTiI0 Ha CYIHI.

4.7. Po3poOka mporpamMHoOro 3aco0y AJf KjlacTepusaunii, aHaJBy Ta
NPOTHO3YBAHHSI TPAEKTOPii CyleH 3 ypaxXyBaHHAM KaTeropii HapirauiiiHoro
PHM3HKY B pPe:KHMi peajibHOI0 4acy

l'omoBHE 3aBmaHHS TMoOJsArae B PO3poOIl MPOTPpaMHOTO 3acoly, 110
npalroBaTuMe B pEeKUMi on-line Ta 3a anropuTrMamMu po3po0JIEHOTO KOMILJIEKCHOTO
METOJly MaTUM€E HACTYIHUN MOCHIIOBHUI (YHKIIIOHAN, 110 Ma€ OyTH 3/1aTHUM:

—noOyAyBaTu TpPAEKTOpii pyXy CyAeH BIANOBIAHO 1O KAaTEropid pPHUBHKY,
anamzyrouu gani 3 ECDIS pans ominku pu3MKy Ha OCHOBI BifCTaHi 710 OeperoBoi
JIHIT;

— BUKOHATU KJIacTepHU3allilo TpaekTopid cyaeH 3a pnonomoroto DBSCAN Tta
D-KMEANS, uio cnuparThcsl Ha alrOpUTMU JUIs Kiacudikaiii MOBEAIHKU CYACH
Ha OCHOBI ICTOPUYHUX JIaHUX Ta KJIACTEpHU3allli TPAEKTOPIH;

— BUKOPUCTOBYBAaTH MPOLEAYPY CTHCHEHHS TPAEeKTOPii 3a JAOMOMOIOI0
anmroputMy Douglas-Peucker mist minBumieHHsi e(eKTUBHOCTI KiacTepuzalii Ta
3MEHIIIEHHS OOYUCIIOBAaJIbHUX BUTPAT;

— OIIIHUTU CTAOUIBHICTh PYXY CYZAEH 3a JOTMOMOTOI0 aHanizy Dyp'e, MIISTXOM
BU3HAUCHHS XapAaKTEPHUX KOJMBAHb TPAEKTOPIA IS TMOKPAIIEHHS TOYHOCTI
MIPOTHO3YBAHHS;

— 3MIMCHUTH HEUITKY KJIACTEpU3AII0 TPAEKTOPIA 3 BUKOPUCTAHHSAM HEYITKOi
JIOTIKY JUIS OI[IHKM CTYIEHSI PU3UKY Ta Kiacudikarii HeOe3neuHNX CHUTYaIliif;

— CIPOTHO3YBAaTH TPAEKTOPIl CyJEH 3 BUKOPHUCTAHHSM HEUPOHHUX MEPEX y
JBOX MOJIMBHX HampsiMax. [IpoBectw aHami3 JaHUX NPO PyX CYIAEH 3 METOIO
onTUMi3alii MalOyTHIX TPAEKTOPIM Ta MOKPAIIEHHS TOYHOCTI IPOTHO3YBaHHS.

[lpu BupimieHH] 3aBIaHHS CIiJl 30CEPEAUTUCH HA TpoIlecax aBTOMAaTHu3allii B
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MOPCBKIM HaBiraimii, 10 CcHOpsAMOBaHI Ha Oe€3MeKy pyxy CyIeH UUIIXOM
NPOTHO3YBaHHS iX TPAEKTOPIA B yMOBaXxX CKJIQJHOI akBaTopii (BY3bKOCTI, MPOTOKH,
noptu). OcoOnuBa yBara NpUAUISETHCS CUCTEMaM aBTOMATU30BAHOTO KOHTPOJIIO Ta
MoHiTopuHTy cyneH, TakuMm sk ECDIS, AIS, ARPA, GPS, ski BUKOpHUCTOBYIOTHCS
J1s 300py ¥ aHAM3y HaBIramidHUX JaHUX, a TaKoXk (hakTopaMm, IO BIIMBAIOTH Ha
pILLIEHHS CYAHOBO/IISI B yMOBaX PHU3HUKY.

JIoCHIPKEHHST OpIEHTOBaHE Ha PO3POOKYy KOMIUIEKCHOTO METOAY, IO
BKJIIOUA€ KJIACTEPHU3allll0, CTUCHEHHS Ta MPOTHO3YBaHHS TPAEKTOPIA CydeH aJis
MIBUILEHHS TOYHOCTI Ta IIBUAKOCTI OOpOOKM JaHUX, BPAXOBYIOUHM JIFOJACHKHI
dakrop, KBamidikaiilo CyIHOBOJIS, Ta 3a0e3rneuyroud e(QEeKTUBHE IUIaHyBaHHS
CYIHOTILJIABCTBA.

[lpy mpoBeneHHI MOCHIIKEHHS BHKOPUCTOBYBABCS CHUCTEMHMM TMIAXiJ, a
TaK0’X METOJIM aHaJI3y Ta CHHTE3y JaHuX. byrno 3acTocoBaHO MeTOaM KiIacTepu3aii
(DBSCAN, D-KMEANS) s 00poOKy Ta aHai3y TPAEKTOPIN Cy[eH, YUCIOBOIO
IHTETpyBaHHs JJIsl OIIIHKK CTAaOUIBHOCTI PYyXy 3a gomomorow dyp'e-anamizy, a
TaKO)X METOJY MPOTHO3YBAaHHS 3a JIOMOMOTOI0 HEHPOHHMX Mepex (OararorapoBa
HeliponHa Mepexa (MLP) i3 moganeinoro aktuBamiero depes ¢pynkiiro ReLU). s
peamizailii BHUKOPHUCTOBYBAJIMCS TMEPCOHAIBHUN KOMIT'IOTEp 3 ONEpaliiHOIO
cucremoto Windows 10, cepenosume Anaconda Ta Python. IIporpamue
3a0e3MeueHHs JIJIsl aHAII3Y BKJIFOYAI0 MOyt 1yist 00poOku nanux ECDIS nporoku
Bocdop, a Takoxk 3po0aeH] aNropuT™Mu I KilacTepu3allii, CTUCHEHHS TPAEKTOPiH 1
NPOTHO3YBAaHHS HA OCHOBI JJaHUX HaBiramiHux cuctem. Lle 103BoJIs€ paloBaTu 3
BEJIMKUMU OOCAraMy JaHUX Ta 3a0e3leuyBaTH TOYHICTh Kiacu]ikallli pU3HKIB Ta
NPOTHO3YBaHHSI HEOE3MEYHUX CHUTYalllif, BUKOPUCTOBYIOUU IHTEPAKTHUBHY BEOKapTy
B pexxumi on-line.

Po3pobka merony mnepeabadana BUKOHAHHS PNy TOCHTIIOBHUX 3aBJaHb
JTOCIDKCHHS MIIIXOM MAaTeMaTHYHOTO OIKCY Ta MPOTpaMHOi peaizailii, 1o 0y/e
OTIMCAHO Y IIbOMY po3/iii. J0/1aTKOBO TUIAaHYETHCS MPEACTABUTH HASBHI PE3yIbTaTH
MOJICTIOBAHHS Yy BUTJISIZII CKPIHIIOTIB IHTEPAKTUBHOI BEOKapTH.

[lepmoyeproBoro  omepariero  OyJio  CTBOpeHHS 1  BigOip  3BITIB,
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BukopucroBytoun cepsep ECDIS TRANSAS NTPRO 4000/5000, sxwuii 36epirae

NOTOYHI JIaHl pyXy CyJHA Ta HaBIraliiHUX JaHUX 3 KPOKOM y 5 cexkyHn. [ami Ha
OCHOBl KOHTpPOJILHOTO 3BiTY, 10 OyB ontuMmizoBanuii 1o ¢opmary CSV,
OpOBOAWIACK MaTeMaTHyHa OOpoOKa BEIMKMX JaHUX 3aco0aMH PO3pOOJEHOTO
nporpamMHOro 3abe3neueHHs Ha MoBi Python.

Eranu Metony Ta BiAMOBIAHI MyHKTH HABEICHI HUXKYE.
4.8. [ToOynoBa TpaeKkTOPiii pyxy cyJleH BiINOBITHO 10 KATEropil0 pU3NKY

1. 3acrocyBannst amroputmy LCSS 1 BU3HAYEHHS CXOXKOCTI MIiXK

(aKTUYHOIO Ta CTAJIOHHOIO Tpaektopiero (4.1):
Less (T-{t, }.T,),
LCSS(T,,T,) =max| LCSS (Tl,TZ -{t, })

LCSS (T1 ()T, })+1

(4.1)

ne LCSS(T1,T2) — meTpuKa, 110 BUMIPIOE CXOXKICTh MK IBOMA TPAEKTOPIsAMU T1 Ta
T2; tai, toj— Touku Ha TpaekTOpisix T1 Ta T2, BIAMOBIIHO, SIKI MOKYTh OyTH ITHOPOBaHI,
SIKIIIO BOHW HE3HAYHO BiIXUISIOTHCS.

[Ipy MoOpiBHSAHHI 3aIJITAHOBAHOT TPAEKTOPIIO PYXY CyAHA 13 KOHTPOJIBHOIO MU
maemo nBi Tpaektopii Ti1={tli, tlo,..., tln} 1 To={t21, t2,,..., t2:}, nec tl i1 t2;
MPEACTaBIISAIOTh KOOPAUHATH TOUOK HAa TPAEKTOPISIX 1, T2, BIATIOBITHO.

Ile mae 3mory amroputmy LCSS BH3HaYMTH HOBXHWHY HAWIOBIIOI CHUTBHOI
MiATOCTIIOBHOCTI MIXK T1 1 T2 3 BUKOPUCTAHHSIM HACTYIHOI PEKypCHBHOI Gopmynu
(4.2):

0, skmoi =0 abo j =0,

LCSS (i, j)={LCSS (i-1, j-1)+1 sanolt, —t, | <81 |t -1, (4.2)

maX(LCSS (i -1, j), LCSS (i, J —1) ), BIHIIIOMY BHITQ/IKY,

ne LCSS(i,]) — moBkuHa HaWIOBIIOI CIHUIBHOI MiAIOCIITIOBHOCTI MK HEPIIUMU I-
TOYKAMH TPAEKTOPIT T1 Ta MEPIIUMHU j-TOYKAMU TpaekTopii To; tl;, t2j — koopauHaTH
I-TOYKH Ha TpaekTopii T1 Ta J-TOYKK HA TPAEKTOPIi T2, BIMMOBIIHO; d — JOIycTUMA

IPOCTOPOBO-YaCOBA BIACTaHb MDK Toukamu tli i t2j, mo 103BoJIsIE BpaxoOByBaTH
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BIIXWICHHS.
2. lunamiune BupiBHIoBaHHs yacy (DTW), BpaxyBaHHsI 4acOBHX 3CYBIB MpHU

NOpPIBHSAHHI TpaekTopii (4.3):
K
DTW (T,.T,) = min 3 d (e, ) (4.3)
=1

ne DTW(T1,T2) — Merpuka, 1110 BUMIPIOE BIIMIHHICT MK TpaekToOpissMu T1 Ta Tz,

BpPaxOBYIOUM YacoBi 3CyBHU; 1 . 4 ., — TOUKH Ha TPAEKTOPIAX, SIKI BUPIBHIOIOTHCS
gl

)

M1XK CO0010 32 IOTTIOMOTOIO T (TIEPECTaHOBKH); d (t1 — (byHKIIIS BiACTaHI MK

)
m(k) " (k)

Toukamu b b, 7 — onTHMalbHe BHUPIBHIOBAHHSI TOUOK Ha TpaekTopisx; K —
Rl

mp(k

KUTBKICTh KPOKIB Y BUPIBHIOBAHHI (IILJISX).

4.9. Knactepusauis TpaekrTopiii cyaen 3a gomomororo DBSCAN Ta

K-MEANS

1. Anroputm kiactepu3aiiii DBSCAN (Density-Based Spatial Clustering of
Applications with Noise).

Hami amroputm DBSCAN [161] 3milicHioe KiacTepu3aliilo Ha OCHOBI
HIUTBHOCTI TOYOK y MPOCTOPI, BUKOPUCTOBYIOUM J[Ba OCHOBHI MapaMeTpH: Pajiyc
okouty (€) 1 MiHIMaJIbHY KUTBKICTh TO4OK (MInPts).

OCHOBHI apaMeTpH aITOPUTMY:
€ — paodiyc oKoJly: MaKCUMallbHa BIiJICTaHb MK JIBOMa TOUYKaMmu, MO0 OJHA TOYKa
MOTJIa BBAXKATHUCS CYCIIOM 1HIIOT;

MInPts — minimanvha xinekicms mouyox: MiHIMalbHA KIIBKICTH TOYOK, SKI
MOBUHHI 3HAaXOJUTHCA B Pajiiyci €, mo0 TOYKa MOTJIa BBAXKATUCS «OCHOBHOIO» 1
CTaTH YaCTHHOIO KJacTepa.

s po3paxyHky, Mmaemo onepyeamu HACMYRHUMU NAPAMEMPAMU.:

- BIICTaHb MDK JBOMa TOYKaMH OOHMpaeMO B 3aJeKHOCTI BIJ CHUTyali
(eBKJIiIOBA Bi/ICTaHb, MAHXETTEHChKA BIJCTaHbh a00 YEOUIIIEBChKA BIJCTaHb).
- CyCiICTBO TOYKH P BU3HAYAETHCS SK MHOKHMHA BCIX TOYOK, IO 3HAXOASATHCS

Ha BijicTaHi He OubIIe € Bix Touku P (4.4):

N, (p)={qldist(p,q) <&, (4.4)
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ne dist(p,q) — oOpana MeTpHKa BiCTaHi.
OcHo6Ha moYKa. TOYKA P € OCHOBHOIO TOYKOIO, SIKIIO KUIBKICTh TOYOK Y il
cycinctBi Ne(p) nepesuiiye abo nopisHroe (4.5):
MinPts:|N, (p)| = MinPts. (4.5)

I'panuuna mouka: To4Ka ( € TPAaHUYHOIO TOYKOIO, SIKIIIO BOHA 3HAXOJUTHCS B
CYCIZICTBI OCHOBHO1 TOYKH, aji¢ cama He € OCHOBHOIO TOUYKOIO.
Illlymoea mouka: Touka p, s’lka HE € HI OCHOBHOIO, Hi TPAHUYHOIO TOYKOIO,

BBAKAEThCS MIyMoM (4.6):
p ¢ Knacmep, p ¢ N, (q)ansBeixg. (4.6)

2. Aimroputm D-KMEANS  mo nmoegnye DBSCAN i1 K-Means s kparioi
KJIacTepHU3allli TPAEKTOPIH.
DBSCAN BukopucTOBY€ThCS JUIsl BUSIBICHHSI TIOUYAaTKOBUX KiacTepis, a K-

Means, i o04nCiIeHHs HeHTpoina uk K-ro knacrepa (4.7):
1
Hy :E 2 % (4.7)

ne Cx — MHOHWHA TOYOK, 110 HaJleXkaTh 10 K-ro kiacrepa; Xi — KOOPIUHATH TOYKH
I-TO CIIOCTEePEKEHHS; [k — EHTPOin K-To Kiactepa.

Ilpoyedypa omnoenenna xknacmepig. TICIA TOYATKOBOTO (HOpMYyBaHHS
kiacrepiB. DBSCAN, K-Means yTouHIO€ KOpAOHM, MIHIMI3YIOUM CyMYy KBaJpariB

BiZICTaHEH Bijl KOXKHOT TOYKH J0 HalOImk4yoro 1eHrpoina (4.8):

argmin, ZK: > dist(x;, 44, ) (4.8)

k=1 x;eCy
e C — MOTOYHUIT PO3MOILT TOYOK MO KJIACTEepaM; ik — IEHTpoin K-ro kmacrepa;
dist(Xi, () — BiICTaHb BiJ TOYKH JO IEHTPOINA.
Takum uymnom, amroputM D-KMEANS  go3BonsitTuMe OUIbII  TOYHO
KJIacu(piKyBaTH TPAEKTOPIi Cy/IeH Ha TPYNH 3a iX moBeAiHKoro. e Moxke qonomortu
BUSBUTU  TPAEKTOPIl 3 TMIABUIIEHUM  PU3MKOM, 30CEpPEAUTH yBary Ha

HABaXUIMBIIIUX MaplIpyTax i, 3a MOTPeOU, BXKUTH 3aXO/IIB JIJIS iX KOPEKIIii.
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4.10. CTucHeHHs1 TpaekTopiii 3a gomomorow ajaroputmy Jlyriaca-
Ilexepa 0e3 BTpAaTH KJIIOYOBUX XaPAKTEPUCTHK

4.10.1. Bigcranb BiJ TOYKH J0 TPSIMOI.

[MpuitMemo y sikocti P1(X1, Y1) 1 Pn(Xn, Yn) mepIiry i OCTAHHIO TOUKH TPAEKTOPIT,
a Pi(Xi, yi) Oyp-sika iHma touka Tpaextopii. Bincrans di Big Touku Pi 10 npsmoi, mo
3'eqnye P1 i Pn, o0uncaroeTbes 3a popmynoro (4.9):
(V= ¥2)% = (% =) Yi + % Ys = Yo

V=) + (%, =)’

4.10.2. BuOip TOYKH 3 MAaKCUMAJILHOIO BiACTaHHIO dmax:d,,, =Mmaxd,.

1<i<n

d_:

(4.9)

IMoporose 3HaueHHs €. Skmo Omax>e, Touka Pk, me k=argmaxi<i<ndi,
3aJIMIIAETECA Y TPAEKTOPIi, 1 AIMOPUTM PEKYPCUBHO 3aCTOCOBYETHCS JO JBOX
yacTuH TpaekTopii: Bix P1 10 Pk 1 Bix Pk 10 Ph.

Anroputm  Jlyrnaca-lTlekepa [162] mo3Bomsie edeKTHBHO 3MEHIIYBATH
KUTBKICTh TOUOK Y TPA€EKTOPIi, 30epiratouu ii OCHOBHI XapakTepucTuku. Lle 3meHIye
o0car NaHuxX [Js MOJablIol OOpOOKM Ta aHallizy, MOJIETIIyE BI3yali3aliio Ta
30epirae BaxuBy 1H(pOpMaIi0 npo GopMy TpaekTopii cyaHa.

4.11. Ouinka cTaOUILHOCTI TPaeKkTOPil pyxXy cylaeH

1. IleperBopennss Dyp'e ns aHamizy 4acTOTHUX KOMIIOHEHT KOJIMBAHb ISt
OIIIHKA CTaOUTLHOCTI PyXY.

AnHani3 cTaOUIBbHOCTI TPAEKTOPii CyAHA € KPUTHUHUM MJisi 3a0e3MedYeHHs
Oe3mneku cymHOIUIaBCcTBA. KoimBaHHS Kypcy, MIBHIKOCTI Ta MPUCKOPEHHS MOXYTh
CBITYUTH TIPO HECTAOLIBHICTh, 110 BUHUKAE Yepe3 HEJIOCTATHIO KBamidikailio ado
JIOCBIJl KEPYBaHHA CyAHOM. 3acrocyBaHHs meperBopeHHs Dyp'e [163] mosBosisie
BUSBUTH YaCTOTHI KOMIIOHEHTH LMX KOJIMBAHb 1 OILIHUTH iX BIUIMB HA 3arajibHy
CTaOUTbHICTh TpaekTopii. s MiIABUINEHHS TOYHOCTI Ta HAAIMHOCTI aHam3y A0
MOJIeNl TOJaHl T0/IaTKOB1 aclleKTH, Taki K (QUIbTpallis 1IyMmy, HelHIMHUNA aHaui3,
KOpeJSIIIiNHMIA aHami3 Ta iHIIl.

OmnuiieMo MociiIOBHICTh MaTeMaTUYHUX PO3PAXyHKIB €Taly HIDKYE:
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1.1. Yacora TpaekTopis. [ KOKHOTO CyHa MaeMO P JaHUX, 10 BKIIOYAE
taki 3MinHi: Time (S) — 4vacoBuii iHTepBai t; Speed — mBuakicTe cyaHa V(t);
Course — kypc cynna 6(t); Latitude i Longitude — Koopaunatu tpaektopii cyaHa
X(t), y(t); Mamdani Acceleration, Sugeno Acceleration, ANFIS Acceleration —
NPUCKOPEHHSI, PO3PaXOBaHi PI3HUMHU METOIAMMU.

Tpaektopis cygHa mMoke OyTH TpeAcTaBieHa SK KOMIUIGKCHUH CHTHANI Y

yacoBii o0macti (4.10):
z(t)=x(t)+ jy(t). (4.10)
1.2. Jlna nmnepeTBOpEHHST YacoBOTO CHUTHATy B YacTOTHY 00JacTh
BUKOPHUCTOBYETHCSI JUCKPETHE mepeTBopeHHst Dyp'e.

1.3. Ananiz cnektpy. Cnektp curnany Z(f ) wmictuth iHpopMaliiio mpo

JaCTOTHI KOMIIOHEHTH KypCy Ta MIBUAKOCTI cyana (4.11):
N
z(t)=>_ Accos(2zft+4,), (4.11)
k=1

ne A« — aMIUTITy/1a KOJIMBaHb; fk — dacTtoTa KoimBaHb; ¢k — (pa30BHI 3CYB.

1.4. OinpTpatisi HU3bKUX YacToT. JJig BUAaleHHs! HU3bKOYACTOTHOTO LIyMY,
0 HE € TMOB'A3aHUM 3 HECTAOUIBHICTIO KEPYBAaHHS, BUKOPHUCTOBYETHCS (DUILTP
barrepBopTa (4.12):

H(f)= (4.12)

f 2n
1+ —
fC
ne fc — wacrora 3pizy; N — nopsaok GigeTpa.
1.5. Ominka crabinpHOCTI. [ OIIHKK PiBHS HECTAOUIBHOCTI PO3PaXOBYEMO

CEpEIHIO CHEPTII0 BUCOKOYACTOTHUX KOMITOHEHT (4.13):

Nhigh

%;‘Z(fk i (4.13)

Ehigh =

Koedimient kBamdikarii Q BU3HaAYaeThCA AK: Q = ——.
high

Husbke 3nHauenHss Q BKa3ye Ha BUCOKHMM piBEHb HECTAOUIBHOCTI, IO MOXKeE

CBIAYMTH MPO HEJOCTATHIO KBAMI(IKAIIIO CYyIHOBOIIS.
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Lleiti eram Meroay [J03BOJSE KOMIUIGKCHO aHai3yBaTh CTaOUIbHICTH
TPAEKTOPIi CyAHA 3 ypaxyBaHHSIM SIK OCHOBHMX YaCTOTHUX KOMIIOHEHT, TaK 1

JOAATKOBUX ACIEKTIB, TAKUX SIK 30BHIIIHI (PAKTOPH Ta HENIHINAHI KOJUBAHHS.

4.12. HeuiTka KJjacTepu3allisi TPA€KTOPiii 3 BUKOPUCTAHHAM HeEYiTKOY

JOTIKHN

1. Monem TayccoBux 3wmimyBanb (GMM). GMM Mojemoe J1aHi SIK

KOMOIHAIIIO KUTbKOX rayccoBux posmoxums (4.14, 4.15):

K

p(X):ZﬂkN(X|,uk,Zk), (4.14)
k=1
1 1 T
N(Xluka)=—dE><p(—§(X—uk) Zkl(X—uk)j, (4.15)
(2”) |2k|
e p(X) — HMOBIpHICTE TOro, IIO TOYKA X HAJICKHUTH 0 IEBHOI KOMIIOHEHTH

3MminryBaHHs; 7k — Bara K- komnonentu 3mimyBanus; N(X|uk, ZK) — rayccoBwuit
pPO3MOMAIT 3 CEepelHIM 3HAYCHHAM wk Ta KOBapualliiHow Matpuieo 2K, K —
KUTBKICTh KOMITIOHCHT 3MIIIYBaHHS; [k — CEPEIHE 3HaYeHHS Ui K-1 KOMIIOHEHTH;
Yk — koBapmamiiiHa matpund s K-i kommoneHTH; d — KUIBKICTH BHMIpiB
(pPO3MIpHICTB MIPOCTOPY).

Anroputm GMM [164] 103BOJIUTH MOJETIOBATH HMOBIPHICTh 3HAXOKEHHS
CylHa B HeOe3MeuHid 30HI, BpPaxOBYHOYM 3MIHHI HaBiramiiHi mnapamerpu. Lle
JoTioMarae rnepeadaunTu pUu3UKM, MOB's3aH1 3 HAOMIKEHHSIM J10 OeperoBoi JiiHii ado
THIIUMU 00'€KTaMH.

2. Aimroputm  (Expectation-Maximization, EM) gns GMM. Anroputm EM
CKJIaJaEThCA 3 IBOX OCHOBHHX €TaliB, IO MOBTOPIOIOTHCS 10 301KHOCTI.

2.1. Eran  ouikyBanus (E-step). [lng KOXXHOTO  CHOCTEPEXKCHHS  Xi
O0YHUCITIOETBCSA WMOBIPHICT TOTO, IO BOHO HAJICKUTHh J0 KOKHOI KOMIIOHEHTH

sminryBanss K (4.16):

ﬂ-k'N(Xil:uk’zk) (416)
ZL”] ‘N (Xi |”J’ZJ’)

7€ Yik — BIATOBIAABHICTH KOMIIOHEHTH K 32 TOUKY Xi.

Vik =
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2.2. Eran makcumizaiiii (M-step). OHOBIIIOIOTBCS TapaMeTpyd MOJET Ha

OCHOBI1 OOYHCJIEHUX BIAIOBIIAIBHOCTEN:

N
— OHOBJICHHS Baru: rz, = iz Yih
i=1

Zi’ilﬂ/ikxi
N

— OHOBJICHHA CEPCAHBOTO 3HAYCHHA: 1y = ————,

Zi:l%k ,
_ Ziﬂik (% =) (% =1, )

— OHOBJICHHA KOBAapHAIllMHO1 MaTpHIIL: Zk = N
2 1 Vik
i=1

AJTOPUTM MOBTOPIOETHCS, TOKU 3MIHU MapaMeTPiB HE CTAaHYTh HECYTTEBUMMU.
Mopens [MayccoBux 3mimyBanb (GMM) H03BOJHUTH OLIHIOBATH PU3HKU B

MOPCBKi HaBiraii, BpaxoBYyHOUHl MHOXHUHY MapameTpiB.

4.13.IIporHo3yBaHHsI TPA€KTOPii cylaeH 3a [J0MOMOIOI0 MoAeJi
O0arartomaposoi HeiipoHHoi Mepexi (MLP) i3 moganpmow akTuBamiclo 4yepes

¢pynkuiro ReLU

Eranu nporso3yBaHHs:

1. Jlinitini wapu (Dense). Monenb TPOTHO3YBaHHS BUKOPHUCTOBYE KUIbKa
noBHO3B s13k0BUX (Dense) miapiB, Ae KOKEH IIap 3aCTOCOBYE JIHINMHY KOMOIHAI[IIO
BXITHUX JTaHUX.

2. Akmusayitina ¢ynxyis ReLU [165]: xokeH map 3aCTOCOBYE aKTHBAIlIHY
¢yukuito RelLU, sika Bijcikae HeraTHBHI 3HA4Y€HHS, IO OCOOJIMBO KOPHUCHO IS
NPOTHO3YBaHHS (I3UYHUX TMPOIECIB, TaKUX SK Tpaekropii cyneH. Lle mo3Bosse
MEpEeKl BpaxOBYBaTH JIMILIE TIO3UTHUBHI 3MIHU B MapameTpax, TaKuX SK HIBUAKICTH
abo Kypc.

3. Dropout ons 3anobicanus nepenaguanHio: MO0 YHUKHYTH TE€peHaBYAHHS,
MOJIelb BUKOPUCTOBYE Dropout — BHIIagKoBE BHMKHEHHS HEHPOHIB IIiJ] Yac
HaByaHHs. [le m03BOJIsIE MOJENi YHUKHYTH HaIMIpHOi amanranii A0 myMmy ado

0CcOo0JIMBOCTEN HAaBYAJILHOTO HAOOPY JIaHMX.
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4. Hopmanizayisa oOauux. nIjsi TOTO, 100 CyIHOBI TapamMeTpH, TakKi sK
KOOpAWHATH 1 MIBUAKICTh, OylId B OJHAKOBHX MacHITabax, 3aCTOCOBYETHCS
Hopmamizalist uepe3 BatchNormalization(). Lle mo3Bossie cTaOumizyBaTH HaBYaHHS
Ta IPUIIBUAIINTA HOTO 301KHICTB!

5. Ilpocnosyeanna mpaeckmopii: MOJIedb BUKOPUCTOBYE BHXIJHUHM IIap AJs
MIPOTHO3YBaHHSI MalOYyTHIX 3HA4€Hb KOOPJUHAT CY/HA.

6. @yukyia émpam: N7 HAaBYAHHS MOJIETI BUKOPUCTOBYETHCS (DYHKIIISI BTpAT
cepenHbokBagparnyHa nomwika (MSE), ska MiHIMI3ye BiICTaHb  MIK
IIPOTHO30BAHOIO 1 PEAJTbHOIO TPAEKTOPIEIO CYy/IHA.

Ils wmopems A03BOJISIE TPOTHO3YBATH BIAXWICHHS BiJ KypCcy Cy/IHa,
BPAaXOBYIOUM TIOTOYHI 1 TMOMEpPEIHI TapamMeTpu pyxy, Taki SK KOOpJAUHATH,
HIBUJIKICTB 1 Kypc. Mojiens onTuMizoBaHa i poOOTH 3 BETMKUMH 00CsSTraMu TaHUX
3aBJAKM 3aCTOCYyBaHHIO Dropout 1 HOpMamizali, 110 3anooirae nepeHaB4aHHIO Ta
nokpaitye  30DKHICTH ~ HaB4yaHHi. — DyHKIIg ~ BTpaT, 3acHOBaHa  Ha
CepEeIHBOKBAAPATUYHIN TMOMWIII, MIHIMI3ye pI3HHLIO MDK (aKTHYHOIO Ta
NPOTHO30BAHOIO0 TPAEKTOPIEIO, M0 KPUTUYHO BAXKIMBO JJISI TOYHOTO MOJIETIOBAHHS

1 IABUIICHHS] O€3MeKH CyTHOIIIAaBCTRA.

4.14. PeaniBaniss MeTO1y MPOTrHO3YBAHHSI HeOe3MeYHUX TPAEKTOPIA pyxy

CyJAeH B YMOBAaX HeBU3HAYEHOCTI A CyTHOBOIISA

4.14.1. Po3po0Oka nporpaMHoro 3ade3nedeHHsi, 1js ¢ikcamii Tpaekropii
PYXy cyAHa i TpaeKkTopili 0eperoBoi JJiHil Ha iIHTEPAKTUBHIN KapTi

3aBOsgAKH  PO3pOOJICHOMY TMPOTPAMHOMY  3a0€3MEUEHHI0  BUKOHYETHCS
NOPIBHAHHA TPAEKTOPIl pyXy CyaHa i3 Tpaektopieto Oeperopoi niHii bochop Ha
OJIM3BKICTh X KOOpPJWHAT Ta BU3HAYAETHCA 3a UM KPUTEPIEM PHU3HMK 3ITKHCHHS
CyJlHa 13 KOHTypaMu OeperoBoi JiHii TPOTOKH.

- 3aBaHTaXEHHs Ta MIATOTOBKAa AaHuX. JlaHi mpo TpaekTopii CyleH Ta
OeperoBy JiHIIO 3aBaHTaXywTbcs 3 ¢ainiB Excel 3a momomororw pandas. Meton
to numpy() KOHBEPTY€E JaHi B MACUBU JIJISl 3pYIHUX OOUYHCIICHB.

- O6uncneHHsT MIHIMaIIBHOI BiJCTaHl 0 OeperoBoi JiHii. JJig KOXKHOT TOUKHU
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TpPaeKTOpii CyJaHAa OOYMCIIOEThCS MiHIMalbHA BIACTaHb 10 OeperoBoi JiHIi 3a
noromoroto geodesic() 3 0i10mioTekn geopy. [Iporpama mpoxoauTh yepe3 KOKHY
TOYKY TPAEKTOPIi B MUK ¥ 30epirae MiHIMaJIbHE 3HAYEHHS BiACTaHI.

- OHOBJICHHS PIBHIB PU3HKY. 3aJI€KHO BiJl OTPUMAaHMUX BiJICTaHEH, Mporpama
IPUCBOIOE PIBHI PU3UKY JIJISl KOXKHOT TOUKU TPAEKTOPIi. BUKOpUCTOBYETHCS YMOBHA
KOHCTpyKIis 1f, sika po3noauisie piBHI pu3uKy (Hampukiaz, «Critical», «Safey)
3aJIe)KHO BiJ BiFCTaH1 70 Oepera.

- 30epexenns nanux. OHOBIEHI aaHi 30epiraotbes y ¢aitn CSV Excel.

- LCSS  amroputm.  AmroputmM  LCSS  BHKOpHCTOBYe  JUHAMIYHE
nporpamyBanHs. CTBOpIOeTbCs Marpuig dp, 1€ sl KOXKHOI Mapu TOYOK JBOX
TPAEKTOPiH MEePeBIPAEThCA X BIAMOBIAHICTL 3a mapameTpoMm delta.

- DTW anropurm. Anroputm DTW cTBOproe marpuilto, sika 3aloBHIOETHCS
MIHIMAJIbHUMHU  BaplaHTaMHM BHPIBHIOBAHHS TOYOK TpaekTopid. BapTicTh
BUPIBHIOBAHHSI BU3HAYAETHCS SIK €BKJIJIOBA BIJICTAaHb MK TOUKaMHU.

- Bizyamizanis Ha kapTi. Bisyamizauis pu3UKIB Ha Marmi BHUKOHYETHCS 3a
nonomoroto  Oiomiotexkn  folium. Touku BimoOpaxkaroTbcs Mapkepamu 3

BIATIOBITHIMH KOJIbOPaMHU 3aJISKHO Bij piBHS pusuky y popmari HTML (puc.4.11).
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4.14.2. Po3podka mporpamHoro 3a0e3medyeHHsi s peasiBamii

ajaroputmiB DBSCAN ta K-MEANS

Po3pobka nepenbadae HACTYMHI €Tanmyu aBTOMAaTH3ALIII:

- 3aBaHT@)XEHHS Ta MIArOTOBKAa JaHuxX: [Iporpama 3aBaHTaxKye maHi MpoO
TpaekTopii cyneH 3 Excel-gaiiny 3a momomororo pandas. JlaHi npo piBeHb PUBHKY
NIepETBOPIOIOTHCS HA YHUCIOBI 3HaYEHHs uepe3 MeToa map(), o0 3a0e3neunTu ix
nojaneirty oOpoOky. lle mo3BoJisie 3acTocyBaTH KIACTEpH3allil0 Ha OCHOBI
MIBUJIKOCTI CyIHA, PIBHS PU3UKY Ta MIHIMAJIbHOI BIJICTaHi 0 OEperoBoi JiHii.

- Airoputm  DBSCAN. DBSCAN  BHKOPHUCTOBYETHCS [JIi BHSIBJICHHS
KJIaCTepiB HA OCHOBI MIUTbHOCTL. OCHOBHI mapameTpu — pajlyc € Ta MiHIMallbHa
KUTbKICTh TO4YOK MinPts. Bci mani mepen kimacTepusaiiero MacmTaOyrOThCS 3a
nonomororo StandardScaler(). Anroputm DBSCAN, peanizoBanuii uepe3 QpyHKI[iIO
DBSCAN(), knacu(ikye TOYKH TPAEKTOPIA y KIAacTepd HA OCHOB1 €BKIIJIOBOT
BiJcTaHl. Pe3ynpraT Kiactepusamii 30epiraethest y 3MiHHINA dbscan_clusters.

- Airoputm  Gaussian  Mixture (GMM). TIlicns  Bukonanas DBSCAN
QITOPUTMY U JOJATKOBOTO YTOYHEHHS KJIACTEPIB BUKOPHUCTOBYETHCS MOJIEINb
GaussianMixture() (GMM). lleit meton kiacTepu3ailii JA03BOJIIE OIIHIOBATH
WMOBIPHICTh HAJEKHOCTI TOYOK JI0 MEBHOro kjactepa. KiTbKICTh KOMIIOHEHTIB
(kmacTepiB) BU3HAYAETHCS K 9, a IMOBIpHICHA KJIacTepu3allisi BUKOHYEThCS 4Yepe3
fit predict(). Pe3ynbrar 30epiraeTbcs B HOBIiM KoJsioHIll Cluster.

- Bisyamizanis knacrepiB  Ha kapTi. Jlnsg  Bigyamizamii  kiactepiB Ha
IHTepaKTUBHIA Marmi BHKOpUCTOBYeThcsi Oi0miorexka folium. Koxen xmacrep
BiZJOOpaXXaeThCsl MEBHUM KOJBOPOM Ha OCHOBI #oro 3HadyeHHd. [Iporpama Takox
J0Ja€ TOAUT JISTEHIM JUIsl 3pYYHOTO BimoOpakeHHS KiactepiB Ha Kapti. s
KOKHOTO KJIacTepa BUBOJASTHCS MOpajau 100 Hapiraiii Ta npaswia COLREG, mo
CTOCYIOThCA JlaHoTo kiactepy. Kapra 30epiraetscs y popmari HTML.

- Aimoputm  D-KMEANS. DBSCAN mnoeanyetbes 3  K-Means aid
nojaipmoro yroyHenHs kiacrepiB. Cnouatky DBSCAN  ¢dopmye mnouaTkoBi
kacrepu, a K-Means 004uCITIOe IEHTPOINM JJIsi KOKHOTO KJlacTepa, 10 J03BOJISIE

MIHIMI3yBaTH CyMy KBaJpaTiB BiICTaHEH B KOXHOI TOYKHA J10 HAHOIMKYOTO
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neHrpoina. Ile poOuth kimactepuzailiro OUIBII TOYHOIO, OCOOJIMBO ISl CKIAHUX
Tpaektopil. LleHTpoinm oOuucmolThes Yepe3 Qopmyny (7), a mnpoueaypa
OHOBJICHHSI KJIaCTEpiB BIAOYBA€THCA 3a JOMOMOTOK MiHIMI3alli CyMH KBaJpaTiB
BifcTaHel 10 ueHrpoina (8).

- 30epexenHs pe3ynbTaTiB. OHOBJIEHMI 3BIT 3 pe3ysbTaTaMu KiacTepu3aiii

30epiraetbes y popmati Excel 3a qomomororo merony to _excel(), puc. 4.12.

: | W

Sariyer

Béykoz - Mt

Pucynoxk 4.12 — Bizyanizaiisi KJacTepHOTO aHaNi3y L[0J0 KPUTHYHOCTI CUTYaIlii

4.14.3. Po3poOka mporpamHoro 3a0e3meyeHH [Jisl CTHCHEHHS

TpaeKTopiii 3a 1onomMorolo aaropurmy Douglas-Peucker

- [Iporpama 3aBaHTaxkye pgaHi 3a jgomomoroto ¢ynkuii pd.read excel() 3
6i6moTexkn pandas, sika yurtae gaHi 3 Excel-daiimy. [ani, taki sx Latitude,
Longitude, Speed, Risk Level, Min Distance to Shore (m) Tta Cluster,
KOHBepTYIOThCS y (hopmar DataFrame. Lle 3a0e3nedye CTpyKTypy JUIsl TIOJAIIBIIOT
00pOoOKH, e KOXKEH PAIOK BIATIOBIIA€ OKPEMIi TOUIIl TPAEKTOPIil CyaHA.

- Airoput™m  Douglas-Peucker nist ctuckaHHs TpaekTtopid. ANTOpuUTM
Douglas-Peucker, peamizoBanuii uepe3 0i6mioTeky rdp (dbyskmis rdp()),
BUKOPUCTOBYEThCS JIJII 3MEHIICHHS KUIBKOCTI TOYOK y Tpaekropii. OCHOBHUM

napamMeTpoM ajroputMmy € epsilon, sSKuil BHU3HA4a€ JOMYyCTUMY BIJCTaHb MIXK
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TOYKOIO 1 BIIPI3KOM, 1110 3'€/THY€E ABI 1HIIII TOYKU TPAEKTOPIi. AJITOPUTM PEKYPCUBHO
BHUJIAJII€ TOYKH, SKIIO iX BIACTaHb JO MPAMOI, 10 3'€IHY€E KpakHI TOYKH Biapi3Ka,
MeHIIa 3a epsilon.

- 30epexeHHs] CTUCHYTHMX KoopnauHaT. Ilicis BUKOHAHHS  CTUCKAaHHS
KoopauHaTH 30epiraioTbcss y HoBuii DataFrame 3a gomomororw (yHKINii
pd.DataFrame(). [nmi arpubytu To4ok, Taki ik Speed, Risk Level, Min Distance to
Shore (m) Tta Cluster, KOniOIOTbCS 3 OPUTIHATBHOTO HAOOPY JAaHUX YEpe3 METO]
loc[]. Lle rapanTye, 1m0 CTHUCHEHI TpaekTOpii 30epiraroTh yci Ba)JIMBI MeTajaHi,
MOB'sA3aH1 3 KO)KHOIO TOUYKOIO.

- Bupanenns sikipaux tpaextopiid. s dimprparnii «IKipHUX» TOYOK (TOUOK
3 HU3bKOIO MIBUKICTIO) BUKOPHUCTOBYETHCS YMOBHHUM OMEpaTop 13 3aCTOCYBAHHSAM
noporoBoro 3HaueHHs Speed. 3a momomororw MeToay loc[], TOUKHM 31 MIBUIKICTIO,
MEHIIIOK 32 BCTAaHOBJICHE MOPOTOBE 3HAYCHHsS, BHUIALAIOTHCS 3 DataFrame. Lle
3MEHIIIYE KUTbKICTh 3alBUX JJAHUX Ta JIOTIOMAara€ 30CePEUTUCS Ha OCHOBHHUX pyXax
CyJHa.

- YropsiiKyBaHHS TOYOK 3a Onm3bKicTio. DyHKIis geodesic() 3 6i0mioTexku
g€e0py BUKOPHUCTOBYETHCS JJIsl OOYMCIICHHS T€OJE3UYHUX BiJICTaHEH MK TOYKAMH,
[0 BpPaXOBYE€ KPUBHU3HY 3eMHOI1 MOBepxHI. i1 BHOpSAKYBaHHS TOYOK 3a iX
OJIM3BKICTIO 3aCTOCOBYETHCS MPOILEAYPA, /1€ KOKHA TOUKA MOPIBHIOETHCS 3 IHITUMHU
JUIsl BU3HAYCHHsS HalOmmk4doi Touku. HaillObmmkdi TOYKM JOMAIOTBCS Y CIHCOK
YIOPSIKOBAHUX TOYOK, 3a0€3MEeUyI0UH JIOTIUHY TOCIIOBHICTh PYXY CyAHA.

- Bisyanizanis  ctucHytoi  Tpaekropii. [ns  Bi3yamzamii  TpaekTopii
BUKOPUCTOBYEThCS  Oi0mioTeka  folium. ®ynkmis  folium.Map() cTBOprOE
IHTEepAKTUBHY KapTy, i€ ILEHTP KapTH BHU3HAYAETHCS CEPEAHIM 3HAUCHHIM
KOOpJUHAT TOYOK TpaekTopii. TOUKM TpaekTOpii 10Jal0ThCs HA KapTy K MapKepu
3a pomnomoror merony folium.CircleMarker(), ne KoXHa TOYKa MO3HAYAETHCS
KOJILOPOM, BIAMOBIAHUM 11 kjacTepy. [IpsiMi JiHIT MDK TOYKaMU JOJAIOTHCA 3a
noromoroto folium.PolyLine().

- 30epexeHHs pe3yibTariB. Pe3ynbTaTu CTHCKaHHS Ta OYMIEHHS TPAEKTOPii

30epiraroThcsi y HoBul Excel-daiin 3a momomororo pynkiii to excel() 3 6i6moTexun
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pandas. InTepakTuBHa KapTa 30epiraetbes y dopmari HTML 3a momomororo
¢byukmii save() 3 6i6mioreku folium. Ile mgo3Bonsie 30epiratu K AaHi AJis
NOJAJBIIOT0  aHadizy, TaK 1 BI3yali3allil0 TPaeKTOPil Ui MOJajbIIOro

BUKOpHCTaHHs abo neperysiay (puc. 4.13).
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Pucynok 4.13 — Bizyamizaiist QyHKIii CTUCKaHHS TPAEKTOPIT AJis1 IPUCKOPEHHS

00pOOKHU JaHUX B PEKUMI PEATHHOTO Yacy

4.14.4. Po3poOka nporpaMmHoro 3ade3nev4eHHs1 1Jsl OUHIHKHA CTA0LIbHOCTI
TPAEKTOPIl pyxy cyAeH

Lleii anropuT™ mparroe HACTYITHUM YHHOM:

- 3aBaHTaXEHHS Ta MIATOTOBKAa JaHuX. JlaHi Tpo TpaekTopili cyaeH
3aBaHTaXYyIOTbCA 3 JABOX Excel-gaiiniB 3a momomoror merony pd.read excel() 3
610moTeku pandas. B ogHOoMy (aiini MICTATBCS CTUCHEHI Ta OYMILIEHI TPAEKTOPIT
CylIeH, a B IHIIOMY — JaHl mpo pu3HWKW. [licas 3aBaHTaXeHHS JaHUX BOHH
30epiratoTeest 'y (Gopmari DataFrame mns mopameimioro anamizy. 30Kpema,
KOOpAWHATH CyJeH mpeacTaBieHi y Burisial mupotu (Latitude) Ta moBrotu
(Longitude), a Tako» J10JaTKOBI J1aHi, sIK-OT MIBUAKICT cyaHa (Speed).

- [lepeTBOpeHHSI KOOpPJMHAT 3a JOTIOMOTOK 0araTOBUMIPHOTO IMIKATyBaHHS

(MDS): nnst cripoiiieHHsST IPOCTOPOBOTO aHAJi3y BUKOPHUCTOBYEThCS OaraToBUMIpHE
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mkamoBanHs (MDS) 3a pomomoroiro meroxy MDS() 3 6i6mioreku sklearn. Ile
NEPETBOPEHHSI 3MEHIIYE BUMIPHICTh JAaHUX 13 JABOX MPOCTOPOBHUX KOOPJIUHAT
(mmpotu Ta AO0BrotH) a0 HoBUX koopauHat MDS (MDS X Tta MDS Y), mo
CHPOIIY€E aHai3 1 Bi3yali3allito.

- [lepeTBOpeHHS KOOpPAMHAT Yy TOJSIPHY CHCTEMY: OTpPUMaHi ITCis
0araToBUMIPHOTO  IIKAJIOBAHHS koopauHatu (MDS X 1 MDS Y)
MEPETBOPIOIOTHCS Y TOJIIPHY CHCTEMY KOOPAMHAT JIJISl KPaI[oTro BiOOpakeHHS Ta
iHTeprperauii TpaekTopii cynHa. PanmianbHa BiACTaHb ' OOUYMCITIOETBCS Yepe3
dyukiiro np.sqrt(), a xyr theta — gepe3 np.arctan2(). lle mo3Bosse OymyBaTh
NoJIApHI Tpadiku TPaeKTOpii CyAHa, IO JOJAA€ HOBUM BUMIp JJiA Bi3yamizalii Ta
aHam3zy.

- Ouinka BifcTaHi 10 6eperoBoi JiHii. g anamizy cTabUIbHOCTI pyXy CyaHa
BHUKOPHUCTOBYETHLCS BIJCTaHb JI0 OEPEroBoi JiHii, 10 30epiracThCs B KOJIOHI Min
Distance to Shore (m). [Iporpama o64ucITIOE CepeHE, MaKCUMAJIbHE Ta MiHIMaIbHE
3HAUCHHs IIi€i BiJIcTaHl 3a JomoMmoror MmeroaiB mean(), max() ta min(). Llx
iH(poOpMallis BUKOPUCTOBYETHCS JIJIsl OLIIHKA O€3MEKU CYAHOILIaBCTBA.

- AHaji3 4aCTOTHUX KOMIIOHEHT 3a jomnomoroto neperBoperns dyp'e. Io6
mpoaHamdi3yBaTH  YacTOTHI ~ KOMIIOHEHTH  KOJMBaHb  IIBHJIKOCTI  CyJHa,
BUKOPUCTOBYEThCSI  AuckpeTHe mneperBopenns @Dyp'e (DFT). Lle nmo3Bomse
MEpeBeCTH JaHl IIBUIKOCTI CyJHAa 3 YacOBOr0 IMPOCTOPY Y YacTOTHMHA. 3a
nornomoroto ¢yukmii Np.fft.fft() 3 GidmioTekn numpy OOYHCITIOETHCS YACTOTHUM
CHEKTp JJIs MIBUIKOCTI, IO A€ MOKJIUBICTh MOOAYUTH, SIKI YACTOTH JIOMIHYIOTH Y
CUTHAJI IIBUAKOCTI Cy/IHA.

[lepmr 3a Bce, cTBOPIOETHCST MackB yacToT uepe3 ¢ynkmito np.fft.fftfreq(), ne
3aJ1a€ThCSl KUIBKICTh TOYOK JAHWX 1 4acoBUM iHTepBay MK HUMH. Ilicims mporo
dyuxkiis np.fft.fft() 3acrocoByeThess 10 AaHMX MIBUAKOCTI CyAHA I OTPUMAHHS
YaCTOTHOTO CIIEKTPY. AMIUNTYIH KOJMBAaHb OOYMCIIOIOTBCS Yepe3 MOIYJb
KOMIUICKCHHX 4YHCEJ y YacTOTHOMY CIeKTpi 3a gomomoroto Np.abs(). I'padik
aMIUTTYAHOTO CHEKTpY OyAyeThCcsl [JIs1  Bi3yami3allli OCHOBHMX YaCTOTHHUX
KOMITOHEHT, IO BIUIMBAIOTh HA PYX CYIHA.

- DinpTparlliss HU3bKOYACTOTHOTO IIYMY. JUJIS BHJIQJICHHS HU3BKOYACTOTHOTO

mIymy, SKHi MoO)ke OyTH He TOB'I3aHMN 31 CTAOUIBHICTIO KEepyBaHHS CYIHOM,
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BUKOPUCTOBYEThCST PuibTp barrepBopTa. Lle 103BOISIE OUUCTUTH CUTHA BiJl IyMY
Ta 30CEPEAUTHUCS Ha YaCTOTHUX KOMITOHEHTaX, 110 BIAMOBIIAIOTh 32 HECTAOUILHICTh
pyxy. ®iIbTp HANAMTOBYETHCSA 4Yepe3 MmapaMerpu dactotu 3pisy (fC) Ta mopsaky
¢binsTpa (n).

- Ominka crabutbHOCTI. Ha OCHOBI 4acTOTHOTO CHEKTPY OIIHIOETHCS
CTaOUIBHICTh PyXy CyAHA. BHCOKOYACTOTHI KOMIIOHEHTHM MOXKYTh BKa3yBaTH Ha
HECTaOUIBHICTh PYyXY, CIPUYMHEHY PI3KUMHU 3MIHAaMU Kypcy a0 HIBHUIKOCTI.
EHepriss 1ux KoJMBaHB PO3PAXOBYEThCS 4Yepe3 CyMy KBaJpariB aMmIUNTYyJ 3a
aomomMororo GpyHkKIi NP.sum(), 1o 103BOJIsIE BU3HAYUTH PiBEHb HECTAOITBHOCTI.

- O0YHCICHHS aMIUTITYA. AMIUTITYId OOYHCIIOIThCS 4epe3 np.abs(), moo
OTpUMATH MOJYJl KOMIUIEKCHUX YHCEN, 1 HOPMAJI3yIOThCS 3a JOMOMOTOIO
MHoxeHHs Ha 2.0/N.

- OmiHka cTabiTbHOCTI. BHCOKOYACTOTHI KOMIIOHEHTH BUIUISIOTHCS Yepes
np.where(), cyma 1x aMIutiTy ] 0OYHCITIOETHCS 3a AOMOMOTOr0 NP.SUM() I OLIHKH
CTabUTLHOCTI.

- OmiHKa peryaspHOCTI Ta BIUIMBY IMIBUAKOCTI. MaKCHUMallbH1 aMIUTTYIu
o0unCTIOIThCs uepe3 NP.max(), a Bapiamis mBHIKOCTI — yepe3 np.var().

- Bisyanizanis pesynbrariB. Pe3ynabratd aHamizy NOpelcTaBlieHl y BUIJISIL
KkitbkoX rpadikiB (puc. 4.14, 4.15), noOymoBaHMX 3a JAOMOMOTOI0 010J110TEKU

matplotlib.

MonAapHuiA rpadik TpaekTopil
90°

Pucynox 4.14 — Tlonspuuii rpadik TpaekTopii pyxy CcynHa
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Bizyanizytorecs: rpadik koopauHar miciag MDS s mpocTopoBOro aHamizy
(plt.scatter()); mosspuuii rpadik Tpaekropii cyana (plt.polar()); rpadik 3miHH
BiJIcTaH1 0 OeperoBoi JdiHii JUIsl OLIHKKA TpaeKTopii BiiHOCHO Oepera (plt.plot());
aMIUNTYAHUM CHEKTp IIBUAKOCTI CyJIHA JUIS aHaji3y YacTOTHHUX KOMIIOHEHT

(plt.plot()).

padcik MDS kKoopawHaT

° ® MDS KoopauHaTK
0.04 1 &
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T T T T
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MDS5_X

Pucynok 4.15 — I'padik MDS koopauHaT 11t IpOCTOPOBOTO aHATIZY

4.14.5. Po3poOka mnporpamHoro 3a0e3meyeHH /Jf  HeYiTKoOil

KJIacTepu3anii TPAEKTOPId pyxy cyaHa

Mooens 'ayccosux 3miutysans (GMM). Y ko1 nporpaMu AJis KiacTepu3anii
CHOYaTKy 3acTOCOBYeThcs K-Means juii MOYaTKOBOTO pO3MOIUTY TOYOK Ha
wiactepu 3a ponomororo KMeans(n_clusters=k).fit(). Ilicns mporo mMomenroBaHHS
HMOBIPHOCTEH MPOBOAUTHECSA 3a JMomoMoror layccoBux 3mimyBanb (GMM), ne
KOKEH KJIaCTEP MOJCIIOETHCS SIK 0araTOBUMIPHUN HOPMaJIbHUNA PO3MOILL.

Jlani ctanmapTu3yoThes 3a gornomororo StandardScaler().fit_transform(), mo
JIO3BOJISIE TOYHO MOJEIIOBAaTH WMOBIPHOCTI JJII KOXHOTO Kiactepa. Jlis
00YMCIICHHS TYCTUHU HMOBIpHOCTI BHUKOPUCTOBYETHCS byHKIIS
multivariate_normal(mean=pk, cov=xk), sika o1liHIO€ IMOBIPHICTh TOTO, 1110 TOYKA

HAJIOKUTh 1O KOHKPETHOTO KIAcTepy Ha OCHOBI cepeaHix 3HadyeHb pK Ta



204
KOBapHaIlifHUX MaTpuilh XK.

Aneopumm EM (Expectation-Maximization). Anroputm EM 3actocoByeThCs
JUIsl YTOUHEHHsI mapameTrpiB kiactepiB. E-step peamnizyerbcs depe3 0oOUYMCICHHS
BIJNOBITAIBHOCTI [JIs KOKHOI ToukM depe3 mMmultivariate_normal.pdf(). M-step
nependayae OHOBJIICHHS CEPEHIX 3HAYCHb 1 KOBAapHUAIIMHUX MAaTPUIlh JJI KOXKHOTO
KJIacTepa, Xouya B KOJi 1ie He naetamizoBaHo. IlouarkoBa kmactepmzaiiisi KMeans
J0TIOMarae MIBUAKO HAOIM3UTUCS TTO PO3B'SI3KY.

Bizyanizayis pezynomamis. JIns Bizyamizallii BUKOPHUCTOBYIOTHCS KOHTYpHI
rpadiku gepes plt.contour() ams BigoOpakeHHS MEX KJacTepiB Ha OCHOBI T'YCTUHHU
HMOBIpHOCTI, a Takox plt.scatter() g mokasy camMuX TOYOK TPAEKTOPIA 3
MapKyBaHHSIM 3a Kkjactepamu. lle [03BoJis€ OIHUTH PO3MOAUT TPAEKTOPINA 1
MOXJIMB1 HEOE3MEYH]1 30HH.

Ha nanomy erami CTBOPIOIOTHCS BX1HI JaH1 JJIsI OAJIBIIIOTO MPOTHO3YBAHHS

3aco0aMu HEMpOMEPEXK.

4.14.6. Po3podka mnporpaMHoro 3ade3nedYeHHsl /Js MPOTrHO3YyBaHHA

TPAEKTOPIHA CyaeH

Iliocomoska oanux. CrnouaTky 3aBaHTaXyloTbcs aaHi 3 Excel-daiury, sxi
BKJIIOYAIOTh TapaMeTpu TPAEKTOPIA CyAEeH: IIMPOTa, JOBrOTa, MIBUAKICTH, KypC.
Jani MacmtaObyroThest 3a gomnomoroto StandardScaler(), mo06 npuBectu ix 10
OJIHOTO JTiarna3oHy.

Mooens MLP. Monenb OynyeTbesi K OararomiapoBa HEHpOHHAa Mepexa
(MLP) uepe3s knac Sequential(). Bona ckinagaeTscsi 3 KUIbKOX HIApiB:

IHepwuu wap. Dense(128, activation='relu'), BukopucroBye 128 HelpoHIB 1
dbynkmito aktuBaiii ReLU.

Honatothes mapu HopManizaiii yepe3 BatchNormalization(), mo gmonmomarae
cTab1113yBaTH HABYAHHS.

Mapu Dropout 3 #mosipuicTio 0.2 (Dropout(0.2)) 3amo6iraroth
nepeHaB4YaHHIO.

OcranHiii map Mae 2 HEWPOHM IJIsl TPOTHO3YBAaHHS HIMPOTH Ta JOBIOTH
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Haesuanna moodeni. Monenb KOMIUTIOETHCS 3 BUKOPUCTAHHSIM OMNTUMI3aTOpa

adam 1 ¢pyHKUIT BTpaT mean_squared_error, sska MiHIMI3y€ PI3HUIIO MK pEealbHUM U

Ta IMMPOrHO30BaAHUMHU TOYKaAMMH. Hi)_'[ 4ac HaBYaHHA 3aCTOCOBYETBLCA paHHA 3YIIMHKA

(EarlyStopping) mJis YHUKHEHHS MEpEHaBYaHHS, SKIIO MOJENb HE MOKPAIIYEThCS

npotsrom 10 enox.

llpoeno3yeanns. Ilicna HaBYaHHS MOJElIb BHKOPHCTOBYE BXIJHI J1aHl, SIKi

MacumTadyloThCs, I MPOTHO3YBaHHS HACTYMHUX TOYOK TpaekTopii. IlporHosm

BIJTHOBJIFOIOTBCS 10 OpPHUTiHAIBHOTO MacmTalOy 4epes scaler y.inverse transform().

Bizyanizayis. Pe3ynbratd TMpOTHO3YBAaHHS BiJOOpa)kalOThCSl HA Mari 3a

nonomororw 6i6mioreku folium (puc. 4.16). IlporHo3oBaHi TOYKHM IMO3HAYAIOTHCS

YEPBOHUMHU MapKepaMH, a OPHUTIHAJIbHA TPAEKTOPIS BIAOOPAKAETHCS CHUHBOIO

JIHIEFO.
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Pucynok 4.16 — IlporHo3yBaHHs OUISXOBUX TOYOK Y 30HI 0COOIMBOI HEOE3MEKH

SIK BUHO, BUKOPUCTOBYIOUHM METO]I MPOTHO3YBAaHHS HEOE3MEUHUX TPAEKTOPIN

pyXy CyIeH BAAJoCsi BU3HAUUTU y HaWOUIbLI HEOE3MeuHi 30HI Mapuipyry, e

BIJICTaHb J10 Oepera ckiagana MeHil HK 100 MeTpiB, 1Bl MOXKJIMBI TIIKA MPOTHO3Y.
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besneuna rinka mporHo3y Maja Tpu TOUKH, [0 BKa3ye Ha Te, 110 1€ MEHIII MOXJIHBE,
NOPIBHSHO 13 HeOe3neuHow, 1o Mano noHaa 10 Touok. Takuii cTan Mol 3MyCUB
MEepPerTH Ha EKCTPEHE aBTOMATHYHE KEPYBaHHS PYXOM CyaHA, BUKOPHUCTOBYIOUH
MOJIyJlb aBTOMAaTHYHOTO KEPYyBaHHS, IO BUIIPABHIIO CUTYaIlif0, JO TOTO MOMEHTY
MOKK He OyJ0 MJICWIECHO BaxXTy 1 IMOJOXKEHHS CyAHA y TPOTOINl CTajJ0 MEHII
KpUTHIHUM. EkcriepumeHTanbHi

JaHl 110 MIATBEPIKYIOTh PE3yJIbTaTUBHICTH

3aMpoIIOHOBAHOTO METOay HaBeneHi y Taomimi 4.2.

Tabmus 4.2. KirouoBi MOKa3HUKU PE3yJbTATUBHOCTI METOIY

Buxopucrani
No| Kpwurepiit Omuc MeTou / 3uaueHns / Komenrapi
B [loka3Huku
QITOPUTMH
1 2 3 4 5 6
3HIKCHHS
CIUCKAHHS AnroputM 3MEHILCHHS qyacy
.. | Douglas- 4acy 00pOOKH. | 06pobOKH
TpaekToOpiit
I PeUCker, TTouaTkoBUI 3MCHIITYy€E
. BUJIAJICHHS - HaBaHTaXCH
EdextuBHi | 3MeHIIEHHS leg HIX TOUOK Hac 11'2_3 L Ha
1| obeary (nopir o HICJ—H CUCTEMY Ta
00poOKH | IaHHX Ta P . CTUCKaHHS = y
MIBUJIKOCT1 = 8.35 cek; JI03BOJISIE
TAaHUX CKOPOUEHHS | o 0) ’ O HEPATHEHO
Hacy Bﬁo’ﬂ KyBaHHS e aHaJII)iS BaTU
PO3PAXYHKi PAIKYB ((11.23 — 8.35) Y
. TOYOK 3a /11.23) x 100 | Benuki
OJIM3BKICTIO = 25.64% o0carn
JTaHUX.
IIporunosys TouHicTb BHcoga
aHHS TOYHICTb
HACTYITHUX Tbusne HPOTHOSY: 03BOJISIE
o HaBuaHHS (MLP | Tectoma .
KOOp/WHAT | Gioa — 137 BUYACHO
TounicTe | pyXy CyaHa : BHOIpKa = pearyBaru
BatchNormaliza | rouok
g | MPOTHOSYE 1 /UL tion 1 Dropout) , Ha
AHHS CBOEYACHOT HOHiHOMiapJIBHa’ KOPCKTHO BiXWICHHS
Tpa€eKkToOpiit | O erpecis s TNIPOTHOSOBAHO | 1y aekTOpil,
HOTEPEILRE Er;:z[erI}[m 02 TOuO: o
HHS MPO TDeHIT Plc)oszpa/lxl};HOK. T1BUIIYE
NV X
MOTEHIHHI peray gOO N 74?5(V Oe3nexy
B1JIXUJICHHS — I%E70 1 pyxy cynHa.
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[Mponosxennss Tabmuii 4.2.

2 3 4 5 6
6 kareropiii:
Critical,
_ Dangerous, Yirka
Busznauenn | I'eone3nyni J ..
5 Caution, Kiacudikari
S CTyIEHS | OOYMCIIEHHS Moderate, % pU3HKY
pusmky Ha | (geopy), Relatively 103BOJISE
OCHOBI BCTAHOBIICHHS Safe, Safe OTIEATHEHO
Ko : MIHIMQJILHO | TIOPOTOBUX g
. aCI./I(bl.K a i BigcTaHi 3HAYCHb ﬂm TOHKH 3 HpHHMaTH
11 p1BHIB 10 (HaHpI/IKJ'IaI[ B1ICTaHHIO PUIOCHHA
W3HK . . - 0710
p Y OeperoBoi <15 m — Critical, 12.67 m: 12.67 | WoA
i 3 15-30 m — <I5-— KOpHTyBai
itical: s MapI
nonansmoro | Dangerous, 30— | Critical; o PHIpYTY
kateropusa | 50 m — Caution JI,M TOHKH 3 :
miero TOII o) B1JICTAaHHIO MBUAKOCT1
37.92 m: 30 < | PYXy CyaHa.
37.92 <50 —
Caution
[nentudikoBan
I'pynyBanH 0 9 KiacTepis; JeranbHa
s JaHUX JJI9 cepe it cerMeHTallls
BusiBiicHHss | DBSCAN (eps = CHTyeTHHUi JI03BOJISIE
30H 0.48, Koebimienr ~ | BUSHAIATA
Knacrepus | migBuieHo | min_samples = 0.63 30HHU 3
aIfis Ta ro pusuky | 11), Gaussian B 1 IBUILICHUM
CerMEHTalll | Ta Mixture Model MKOPUCTAHHA | 1y pispikom Ta
s TaHUX Bu3HaueHHa | (GMM), DBSCAN 3 aJlanTyBaTh
kiactepis 13 | KMeans, napa_MeTpaMH. 3ax0/au
nomiouumu | StandardScaler | €PS ~ 0.48 Ta Oe3IeKu 1JIs
XapaKkTepuc Tlm—samgles ~ | KOKHOIO
THKaMHU Aano KJacrepy.
KJIacTepiB
Oui FFT, Hamming C
sapacrepue | Mindow, | Crabimuaiens: | ST
Anani3 TI/Ii p ynKii 9.57, e
CTabLIBHOC PyXy evaluate_stabilit | PeryaipHicTs: e
i ta CyaHa 3a y 7.02, KUTbKICHY
OIIOMOTOH0 | °' S OIIIHK
PETyISpHO o evaluate_regular | IIBuakicHui LAY
cri pyxy CTIEKTAIBH | . ty, BrumE: 6.50 XapaKTEePUCT
OT0 aHaNi3y UK PYXy
evaluate speed
(FFT) - - CyAHa

impact
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[Mponosxennss Tabmuii 4.2

2 3 4 5 6
PospaxyHoxk I'eneparris 3 [TnaBHa
OTTHMATIbH IPOMDKHHUX THTEPTIOJISAIT
ux . TOYOK q
MapIIpYTiB -
s PIIPY JliniiHa IMoyaTkoBa 3abe3mneuye
BHKOPHCTAH THTEPIIOJISIIISA, Touka A: MOCTYTOBUM
} noOynoBa (Latitude nepexia Mix
OnTumizan | HIM .
o H irenmongy | TPCHAOBHX JHIH | 47 1234, TOYKAMH,
Toackropil | i MiI:K I 3a IOIIOMOTOHO Longitude 3HIKYHO4YU
p p OTOUHIMI MOJIIHOMIANBHOT | 29.0789), PUBHK
Ta perpecii KiHIeBa To4yka | PI3KHX 3MiH
IporHO30Ba (crymitb 0) B: (Latitude Kypcy Ta
M 41.0876, M BHILYIOY
Longitude 1 Oe3MeKy
KOOpAUHATA
P 29.0457): pyXy cy/Ha.
MH ,
Jl1s1 BUOpaHoro
Amnani3 Kj1acTepa Amnani3
«py3HHIX AMOBIPHICTD ~ LIBHOCTI
(by KMeans IJIA 0.6732 m .
30H 13 . - KJIaCTepiB
HEYITKUM HOTIEpEAHRO1 JloTIoMarae
KJIacTepu3allii, Hui nasoro
NEpCTUHOM e —— KJlacTepa Ha BUABHUTHU
. KJIaCTEPIB o i o0uacri 3
Ominka HIJ'DIXOE/I MHOTOBUMIPHO1 OCHOBI O KM
HIUTBHOCTI 03DAXVIK HOPMAJILHOT MaTeMaTHIHOT MESKAMIL 1O
KIacTepin EnyHHIi]H ! FycriHn ) ORI MOXKE i
WMOBIPHOCT (multivariate no | % iHO] | CHTHAII3yBa
o) 1Y rmal), mo6yoBa KOBapIaIiHHOT o y
KOHTYPHHX MatTpHLl po
HO6YIIOBI/I a(biKiB oouucieHo IIOTCHII1MH1
KOHTYpHUX P HMOBIpHICTB aHoMaui B
JIHIA MPUHAICKHOCT | PYCl Cy/lHa.
1~ 0.6732
Anronan | PYEhON (Pandas, ExoHOMIs yacy
Irerpatis | anis mx NumPy), Keras, |~ 48.2% ABTOMarn3a
Ta P Olé OIéKI/IHy SCikit—Leal’n, Yac PYYHOTO I_[lﬂ
p Folium, ey = CKOpPOUYE
aBTOMATH3 | TaHUX aHajsy poty
. . Matplotlib, 142.7 cex. yac | Yac aHamizy
aris reHeparlis ' ? .
SI;iTHO ot e P aII<lTI/IB aBTOMAaTU30BAHE | apromaTm3anii | MaKe
p 30epeKeHHs = 73.9 cek: yIIBii.
HUX KapT 2

3BITIB
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OTxe, OTpUMaHI TOKa3HUKM 3aCTOCYBaHHS METOJly IPOTHO3YBaHHS
TPAEKTOPIH CyZieH 3 BUKOPUCTAHHSAM HEHPOHHHUX MEPEX Ta aJrOPUTMIB MAIIUHHOTO
HaBYaHHS, J03BOJISIIOTh BU3HAUMUTU 3arajibHy pe3yJbTaTHBHICTH 3allpONOHOBAHUX

3ac00iB aBTOMAaTu3aIli.

Bnaue ymoe 6oennoco cmamy.

OnHi€0 13 YMOB BOEHHOTO CTaHy € HEOOXIJAHICTh YKpaiHM MIATPUMYBATH
eKCIIOpT TPOAYKINi, 30KpeMa arpapHoi Ta YacTKOBO IPOMHCIOBOI. TepmiH
«3EpHOBUN KOPHUAOP» YITKO ACOLIIOETHCS 13 OE€3MEeK0I0 MOPCHKUX IEepeBe3eHb 3
noptie IliBmennuit (M. Opneca) Ta OuakiB (M. MukonaiB). YiTkicTh y misx
CYJIHOBO/IisI, TOTOBHICTh 10 OOMHHAHHS PanTOBUX 30H HeOe3meku i3 00Ky KpaiHu
arpecopa, MOKJIMBICTh BUKOHAHHSI MaHEBPIB PO3XOJXKEHHS 13 TPAEKTOPISIMH JPOHIB

Ta OANICTHKKA € HEOOXITHICTIO, 110 MOTPeOye criemianbHiuX HaBuKiB (puc. 4.17).

TX S1- Overlay

270 280 29 ¥ T o 35 s — VECT. TGNOD Fixed ~

I MR s - N\ R

: : *(NT-) MASTER *

™' No ENC available

o 11-10-24
10: 06 : 50

Prim

Sec:
" | 01z7k401 - sutsisan ON
Lastupd.:  09-05-2010
Updated to:
System Information . ‘ )

Drift

Current 322.0°-0.1 kn

Tide height
No data No data

| EBL/VRM1 E
T

EBL1 QIR °T OFFSET
VvRM 1 [CESH NM © Fixed

Pucynok 4.17 — oOMuHaHHs iMOBipHUX 3arpo3 Outst KiHOypHCBhKOT KOCH

Ha pucynky 4.17 BuaHO, 1110 CYHOBO/I1M MPUIHSB MOMEPEIKEHHS 3aco0aMu
3B’SI3KY ILLOJ0 30H, sIKI HE BimoOpaxatoTbes Ha auciuiei ECDIS Ta pagapy, 3poOus
MOMITKH, BUKOPUCTOBYIOUM 1HCTpYMeHTapii manem Man Corr, Ta BUKOHAB MaHEBP
PO3XOKEHHS OPIEHTYIOUUCh Ha KOpJIOHU (apBarepy Ta 3HadeHb OesneyHoi Under
Keel Clearance ta Deep contour.

Otrxe, Oymo po3poOJEHO Ta 3aCTOCOBAHO  KOMIUICKCHUH  METOJ
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MPOTHO3YBAHHS HEOE3MEYHUX TPAEKTOPIN CyAeH, KU OXOIUIIOE NIICTh KIIFOUOBUX
eTalliB.

Koxen 13 mux eramiB 0a3zyBaBCs Ha Cy4yaCHUX alTOpUTMax KiacTepusallii,
aHaI3y JaHMX Ta MAIIMHHOTO HaBYaHHS, 1110 3a0€3MeUmsio e(PEeKTUBHE BUPIIICHHS

IIOCTAaBJICHUX 3aaay.

BUCHOBKMU 10 PO3ALITY 1V

VY derBepTOMYy PO3IUTI OTPUMAB TOJAIBIINN PO3BUTOK METOJ iHTErparii
1HpOpMAaLIHHOT MATPUMKH CYTHOBOJIS Y KOHTYP KEPYBaHHS MOPCHKHM CYIHOM 3
ypaxyBaHHsAM HenoBHOTH nanux ECDIS Ta BuCOKOT BapiaTUBHOCTI TOBEIIHKHU
oriepaTopa, 110 MoJisirae y po3po0aeHHI KOMIIEKCHOI cuctemMu 3 MmoayiasiMu OCR-
00poOKM 300pakeHb, CHHXPOHI3AIlli TEKCTOBUX 1 TEOMPOCTOPOBUX JIaHUX,
QITOPUTMAMU BUSIBJICHHS Ta BIIHOBJICGHHS BiICYTHBhOI 1H(pOpMAIli, a TaKoxX
NPOTHO3YBaHHS PU3MKY B peaJbHOMY 4Yaci, Ha BIAMIHY BiJ] ICHYIOUUX pillleHb, TaKa
cucreMa rnependayae OaraTopiBHEBY OIIIHKY HaBIralidHOi cuTyaulii y po3pisi
KBaNTi(iKaIMHUX 1 omepaTopa, J03BOJISIE CYTTEBO 3MEHIIUTH BIUTUB JIIOJICHKOTO
dakTopa Ta MOCUIIOE €PEKTUBHICTh MPUNHATTS PIlICHb Y PEKUMI pPeaIbHOIrO 4acy.

CrBOpeHMH KOMIUIGKCHMI METOJ, 3aBIAAKK 1HPOPMAIIHHIN MmiIbpuUMIIl
JI0O3BOJIMB CKOPOTUTH Yac TMPOXOKEHHS HEO0e3NMeYHUX JUITHOK MOPCHKOTO
Mapuipyty Ha 7%—18%, 110 € EKOHOMIYHO Ta €HePreTUYHO BUTIIHUM. Lle cBIIUUTH
PO J1€BICTh aBTOMATH30BAHMX CHUCTEM aHAJI3y W ONMTUMI3aIli PyXy.

Kpim Toro, y pamkax po3aury 0yJao yJAOCKOHAJIEHO METOAM MPOTHO3YBAaHHS
TPAEKTOPIN CyJeH 3 BUKOPUCTAHHIM HEMPOHHUX MEPEXK 1 AITOPUTMIB MAIIMHHOTO
HaBYaHHS, SIKAW TOJAATAE y TIMOMHHOMY aHaIi31 BEJIMKUX MAacCHBIB HaBITalliiHHX
nanux (ECDIS), aBToMaTtn3oBaHOMY CTHUCKAaHHI Ta KJAcTepHU3allli TPAEKTOpPIii, a
TaKOXX OIIHIOBaHHI WMOBIPHOCTEH aHOMAJILHOI MOBEIIHKM CYy/IHA, HAa BIAMIHY BiJ
TPaIUIIAHAX METO/IB, 3aMpPOTNOHOBAHUN MIAXIJ JAa€ 3MOTY MIABUIIUTH TOYHICTH
NPOTHO3YBAaHHS TPAEKTOPIA pyXy CyJHA Y AMHAMIYHUX YMOBaX HEBU3HAYECHOCTI

(30Kpema, B YMOBax 0OMEXEHOT BUIUMOCTI, BUCOKOI HIUTBHOCTI PyXy), 3SMEHIIYIOUH
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PU3UKH KPUTHYHUX CUTYyaIlli 1 CKOPOYYIOUM Yac MPOXOJKEHHS HeOe3meuHuX
IUITHOK.

3aBIsKM 3aCTOCYBAHHIO 3alpONOHOBAHUX TEXHOJOTIH aBTOMaTH3alli Ta
onTuMi3alli OyJ0 ICTOTHO 3MEHIIEHO 4ac Ha oOpoOky iHdopmaii, n1o 24-27%
MEHIIIE Y BUMNAJAKY 3acTocyBaHHi anroputmy Douglas-Peucker nnsi ctuckanns
TpaekTopiil. PeamizoBana cucrema knacrepuzauii Tpaekrtopii (DBSCAN, D-
KMEANS) Ta 3actocyBaHHS HEYITKOi JIOTIKA 1 WMOBipHICHHX Mojueneit (GMM)
3a0€3Meumniii MOXJIMBICTh aBTOMATHU30BAHOTO BUSIBICHHS Ta OLIHKH «BY3bKHX
MICLIb» MapIIpyTy, 30H MiJIBUILIEHOTO PU3UKY Ta aHOMAJIbHUX TPAEKTOPIil.

3acrocyBanHs TMOMHHOTO HaB4YaHHS (MLP) nist mporHo3yBaHHS TpaeKTOpin
CyJleH J03BOJIWIa 13 ToOUHICTIO 72—81% monepemKkaTy mpo MOTEHIIHHO HeOe3meuHi
BIIXWJICHHSI 1II€ JO 1X KPUTUYHOTO MpPOsiBy. Taka MOKIUBICTh BIAKPUBAE ILIAX 0
CTBOPEHHSI BHCOKOPIBHEBUX aBTOMATU30BAHUX KOHTYPIB KEpPyBaHHA, IO 3/aTHI
NPEBEHTUBHO pearyBaTy Ha MOTEHIlIMHI 3arpo3u. 30KkpemMa, aBTOMaTH30BaH1 MOy
MOXYTh TEHEPYBAaTH CHUTHAJIM TPHUBOTHU, KOMaHAM HA AaBTONUIOT YW HAaBITh

HILIIOBAaTH KOPEKLINHHI MaHEeBPH 3a/JIs1 MATPUMKHU OINepaTopa-cyaIHOBO/IIs.
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OCHOBHI BUCHOBKH TA HAYKOBI PE3YJIbTATH

1. Po3poOneHO KOMIUIEKCHY KBai(iKamiifHy MOJENb CYIHOBOMIIS JIsI
aBTOMATH30BAaHOTO KEPYBaHHA CYIHOM, SKa BpPAaxOBYE€ TEXHIUHI, KOTHITUBHI Ta
MOBEIIHKOBI acmekTu npodeciitnoi aisubHOCTI. Ll Moaens o0'enHye mapamerpu,
Takli SK PIBEHb TEXHIYHOI IIATOTOBKH, HABHYKH pOOOTH 3 HaBIraliiHUMHU
npuiagamMu, 3/1aTHICTh 0 HMIBUIKOTO MPUUHSATTS PIllIEHb y CTPECOBUX CHUTYAIlisX, a
TaKO 1HIUBIAYalbHI TMOBEAIHKOBI OCOOJIMBOCTI CyAHOBOJIA. BpaxyBanHs mux
ACTeKTIB JIO3BOJIWJIA CHCTEMI1 B pEabHOMY 4Yaci OIIHIOBAaTH KOMIIETEHTHICTh
CYyIIHOBOJISl Ta aJanTyBaTH peKoMmeHpallli abo aBTOMaTH30BaHi Jii BIAMOBIAHO 10
HOTO MOTOYHOTO CTaHy Ta yMOB Hapiraii. Lle maBummio eheKTUBHICTb MPUHHATTS
pillieHb, 3MEHIIUTH WMOBIPHICTh MOMUJIOK, MOB'SI3aHUX 3 JIOACHKUM (pakTopom, i
3a0e3MeUnTH HaBIraIilo B yMOBaX MiIBUIIIEHOTO MOPCHKOTO TpadiKy.

2. 3ampoloOHOBAHO METOJ AaBTOMAaTHM30BaHOiI 17eHTHU(IKAIli Ta OI[HKHU
KBaM(IKAIIMHUX TMapaMeTpiB CYJHOBOAIIB y CKJIQJHUX HaBIraliiHUX yMOBax Ha
OCHOBI IHTEJIEKTyaJIbHUX CHCTEM 3 BUKOPHMCTaHHSIM HeuiTKoi joriku. Lleit meron
JI03BOJISIE aBTOMATUYHO 30UpaT AaHi mpo Jii CyJHOBOJIS, Taki sIK BUOIp Kypcy,
MaHEBPU YHHMKHEHHS, DPEaKIlis Ha TMOMEPEIXEHHS CHCTEM, Ta aHAi3yBaTH ix 3a
JIOTIOMOTOI0 HEYITKOI JIOTIKH, siKa €pEeKTUBHO OOpOOJisi€ HEBU3HAYEHI Ta HETOYHI
naHi. Pe3ynpraToM € quHaMivyHa OlliHKa KBaiQiKaliHUX MapamMeTpiB CyIHOBOJIIS
Ta MPOTHO3YBAHHSA PIBHA PU3UKY [JIs1 KOXKHO1 AUISHKM MapuIpyTy, 110 HEJHIHHO
3poctae. Lle nano MOXIIMBICTH CUCTEMI BIAHOBIIIOBATH KBadiikalliiiHi MmapameTrpu
B PEXHUMI pEaTbHOTO Yacy, 3a0e3MeYUTH MiIBHUIIEHHS TOYHOCTI IOTPUMAaHHA
3aIJITaHOBAaHOTO Kypcy Ta mBHAKOCTI 3 64% 10 89%. KimbkicTh KpUTHYHHX
CUTyalllld, [0 BUMarajid OINEpaTHMBHOTO BTPYYaHHs KamiTaHa, 3MeHImiacs 3 24%
10 7%.

3. Y10oCKOHaNEHO METOJ| aHali3y IHTYITUBHUX A1 CyTHOBOMIS B KPUTHUHHX
CUTYyaIlIsiX, SIKUW IHTETPYE 1HIUBIAyabHI MapamMeTpu CYJHOBOJIS 3 HaBIralliiHUMU
dbakropamu. Moayns BUKOPHCTOBYE JIaHi PO CTaH CYIHOBOJIISA, IUIIXOM aHATI3y
Horo peakiii Ta nii M 4yac KEpPyBaHHS PYXOM CyJHA Ta NPUUHATTS CKJIaJHUX

pillieHb, 1 MOEHYE iX 3 peaiIbHUMHU HaBIraliiHUMU JaHUMU. AHali3 1HTYITUBHHX
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pillieHb B KPUTUYHHUX CUTYallisIX JO3BOJHMB CHUCTEM1 MPOTHO3YBAaTH MOXJIMBI Aii
CYyIHOBO/IIsI, OIlIHIOBaTH 1X Oe3nevHicTh Ta edexTuBHICTh. lle cmpusio
CBO€YACHOMY BUSIBJICHHIO MOTEHI[IMHUX MOMMWIOK, 3MEHIIYE BIUIMB JIIOJICBKOTO
dakTopa Ha PU3MKKM HaBiramii Ta TIABUINYE TOYHICT, 1 HaJIIMHICTH
aBTOMAaTH30BAaHOTO KEpPYBaHHsS CYJHOM. 3arajbHUN 4Yac Ha BUKOHAHHS oOrepariii
3HM3UBCS Ha 18%.

4.  VYIOCKOHaJNeHO METOAM TMPOTHO3YBAHHA  TPAEKTOpPIM CcyneH 3
BUKOPHUCTAHHSIM HEUPOHHUX MEPEX Ta AJTOPUTMIB MAIIMHHOTO HABYAHHS, IO
JI03BOJISIE  ONTHUMI3yBaTH  MaWOyTHI TpaekTopii Ta TOKPAIIUTH TOYHICTh
NPOTHO3YBaHHS B YMOBAax HeBH3HaueHOCTI. MeTon 0a3zyeTbesi Ha IIIMOOKOMY aHai31
BEIMKUX OOCATIB JaHUX MPO PYyX CyJIHA, BKIIOYAOYM iH(POpMaIliro po HaBiramiiiHi
YyMOBH, OJIM3BKICTh 70 O€peroBoi JIiHII, aKBAaTOpPil0 Ta 30BHIIIHI (PaKTOPH.
CruckaHHSI TPAEKTOPIl TI03BOJWIO 3MEHIIUTH 4Yac Ha 00poOKy iHdopmarii g0 24—
27%. Y cBOw 4Yepry 3acrocyBaHHS TIimMOuHHOro HapuanHs (MLP) nns
POTHO3YBaHHS TpaeKTOpin CyZeH JT03BOJIHIIA 13 TOYHICTIO
no 72-81% momepemkaTd TpO TOTEHIIWHO HEOEe3Ne4yHi BIAXWICHHS  Bil
3aIyIaHOBAHOT TPAEKTOPIl PyXy CyaHa.

5. OTpuMaB TOJAJBIIMK PO3BUTOK METOJ IHTErpallii aBTOMAaTH30BaHUX
3ac001B MATPUMKH NPUAHATTS pilIeHb JIJIsl CyTHOBOISl HA MICTKY MOPCBKOTO Cy/IHa
3 ypaxyBaHHsIM (pakTOpiB HEBM3HAYEHOCTI B MOBHOTI Aanux ECDIS, sikuit monsirae
B po3poOIll KOMIUIGKCHOI CHUCTEMH, N[0 BKIIOYA€ I1HHOBAIMHI MOy
aBroMatuzoBaHoi OCR-00poOku 300pa)keHb, MOPIBHAHHS TEKCTOBUX [aHHUX Ta
reoJioKanii, Bizyanizaiii reorpadiyHuX AaHUX HA KapTi Ta MIATPUMKH MPUHAHATTS
pillieHb [Jisi CYAHOBOJIS; HA BIAMIHY BiA ICHyrouux pimeHb. lLle mo3Bommio
3a0€3MeUnT BHCOKOTOYHE BUJIYYEHHS TEKCTOBOI 1H(OpMaIlii, aBTOMaTu3yBaTH
MpOIEC aHai3y Ta MATPUMATH OOIPYHTOBAHE MNPUUHATTS PIlICHb, MOKpPAIIUTH
HAOYHICTh Ta 3PYYHICTh aHANI3y HaBITaliiiHOI cuTyalli, Mo e()EeKTUBHO
11eHTU(dIKye TOTEHIIIHHI PU3UMKM Ta HAJAE€ CTpaTEriyHl TOpPaau CYTHOBOMIISM Y
pealbHOMY 4aci. 3aCTOCYBaHHSI METOJY J03BOJIMJIO 3MEHIIMTH 4ac MPOXOKEHHS

CyJHa y CKJIQIHUX pakioHax IuiaBaHHs Bix 7% 10 18%.
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JOJIATOK B

JIicTUHIM OCHOBHHX NMpPOrpam

Hinnporpama 1

import pandas as pd

import numpy as np

from geopy.distance import geodesic

import time

# BaBaHTaxeHHS IOaHUX 3 Ganjais
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risk report df = pd.read excel('C:/Program Files/MATLAB/Test/New

22.08.24/risk _report.xlsx')

shoreline coords df = pd.read excel('C:/Program Files/MATLAB/Test/New

22.08.24/shoreline coords.xlsx')

# KoHBepTalls maHMX y numpy MacCUBM IJIS 3PYy4YHOCT1 OOUMCIIEHB

ship coords = risk report df[['Latitude', 'Longitude']].to numpy ()

shoreline coords = shoreline coords df[['Latitude', 'Longitude']].to numpy ()

# OyHkuisg njisa obumMciieHHs HaMMeHmol BizmcTaHil Mix Toukoi cymHa 1 Bcima Toukamu GeperoBol

niHii, BukopucTOByluM geodesic distance

def calculate min geodesic distance (ship coord, idx):

start time = time.time ()

distances = [geodesic (ship coord, shore coord) .meters for shore coord in
shoreline coords]

min distance = min(distances)

elapsed time = time.time() - start time

print (f"Touka {idx + 1}: minimaspHa BincraHp = {min distance:.2f} M, uac po3paxyHKy

= {elapsed time:.2f} cex")

return min distance

# BUKOPMCTaAHHSA UMKJY IOJs OOUMCIJIEHHS MiHiMaJbHMX BiIcTaHel 3 BMBOIOM MIpPOTpPecy

min geodesic distances = []
for idx, ship coord in enumerate (ship coords):
min distance = calculate min geodesic distance(ship coord, idx)

min geodesic_distances.append(min_distance)

# JomaBaHHS MiHIMaNbHMX TEOIEe3MUHMX BlIcTaHelr 0o OpuIiHaJbHOTO IaTadpeirMmy

risk report df['Min Distance to Shore (m)'] = min geodesic distances

# OHOBJIEHHS P1iBHIB PM3BMKY Ha OCHOB1 HOBMX BlmcraHel
risk levels = []
for dist in min geodesic distances:
if dist < 15:
risk levels.append("Critical")
elif dist < 30:

risk levels.append("Dangerous")
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elif dist < 50:

risk levels.append("Caution")
elif dist < 100:

risk levels.append("Moderate")
elif dist < 250:

risk levels.append("Relatively Safe")
else:

risk levels.append("Safe")

risk report df['Risk Level'] = risk levels

# 30epexeHHs OHOBJIEHOTO 3BiTYy
updated report path corrected = 'C:/Program Files/MATLAB/Test/New
22.08.24/updated risk report corrected.xlsx'

risk report df.to excel (updated report path corrected, index=False)

print (f"3eiT 36epexeno 3a ampecon: {updated report path corrected}")

[Iignporpama 2

import pandas as pd

import numpy as np

from geopy.distance import geodesic
import time

import folium

# BaBaHTaxeHHS OaHMX 3 Ganiis

risk report df = pd.read excel('C:/Program Files/MATLAB/Test/New
22.08.24/updated risk report corrected.xlsx')

shoreline coords df = pd.read excel('C:/Program Files/MATLAB/Test/New

22.08.24/shoreline coords.xlsx')

# BupasieHHsa crToBsnua "Distance to Shore (m)"
if 'Distance to Shore (m)' in risk report df.columns:

risk report df.drop(columns=['Distance to Shore (m)'], inplace=True)

# KouBepTalis maHMX y nNumpy MacCUBM IJiS 3PydYHOCT1 oBuUMCIIEHBb
ship coords = risk report df[['Latitude', 'Longitude']].to numpy ()

shoreline coords = shoreline coords df[['Latitude', 'Longitude']].to numpy ()

# OyHkUisg njsa obumMciieHHs HaMMeHmol BizmcTaHil Mix Toukon cymHa 1 Bcima Toukamu GeperoBol
JiHii, BukopucTOByluM geodesic distance
def calculate min geodesic distance (ship coord, idx):

start time = time.time ()

distances = [geodesic (ship coord, shore coord) .meters for shore coord in
shoreline coords]

min distance = min(distances)
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elapsed time = time.time() - start time
print (f"Touka {idx + 1}: minimaneHa BimcTane = {min distance:.2f} M, 4Yac pospaxyHKy
= {elapsed time:.2f} cex")

return min distance

# BMKOPMCTaHHA LMKJY HOJA OOuUMCIJIeHHA MinimaneHuX BiacTanelf 3 BMBOOOM NpoTrpecy
min geodesic_distances = []
for idx, ship coord in enumerate (ship coords):

min distance = calculate min geodesic distance (ship coord, idx)

min geodesic distances.append(min_distance)

# JomaBaHHSA MiHIMaNbHMX TEOIe3MUHMX BiliIcTaHeM OO OpMITiHAJNBHOTO IaTadpelMmy

risk report df['Min Distance to Shore (m)'] = min geodesic distances

# OHOBJIEHHS P1BH1IB PM3UKY Ha OCHOB1 HOBMX BimcTahnemn
risk levels = []
for dist in min geodesic _distances:
if dist < 100:
risk levels.append("Critical")
elif dist < 200:
risk levels.append("Dangerous")
elif dist < 300:
risk levels.append("Caution")
elif dist < 400:
risk levels.append("Moderate")
elif dist < 500:
risk levels.append("Relatively Safe")
else:

risk levels.append("Safe")

risk report df['Risk Level'] = risk levels

# Bisyamizauis pmsmukirs Ha Mani

def visualize risk map(ship coords, risk levels, save path):

map center = [np.mean(ship coords[:, 0]), np.mean(ship coords[:, 1])]
map = folium.Map (location=map center, zoom start=12)
risk colors = {

"Critical": "darkred",

"Dangerous": "red",

"Caution": "orange",

"Moderate": "yellow",

"Relatively Safe": "darkgreen",

"Safe": "lightgreen"

for idx, point in enumerate (ship coords):
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risk = risk levels[idx]
color = risk colors[risk]
folium.CircleMarker (
location=[point[0], point[l]],
radius=4,
color=color,
fill=True,
fill opacity=0.6
) .add_to (map)

map.save (save_ path)

print (f"Mana 36epexeHa 3a ampecow: {save path}")

# 3BOepexeHHS OHOBJIEHOT'O 3BiTy
updated report path corrected = 'C:/Program Files/MATLAB/Test/New
22.08.24/updated risk report corrected v2.xlsx'

risk report df.to excel (updated report path corrected, index=False)

# Bisyasyisauia Manm 3 OHOBJIEHMMM DPU3MKAMU
save map_path = 'C:/Program Files/MATLAB/Test/New 22.08.24/updated risk map.html'

visualize risk map(ship coords, risk levels, save map path)

[Iignporpama 3

import pandas as pd

import numpy as np

from geopy.distance import geodesic

import folium

from sklearn.cluster import DBSCAN

from sklearn.mixture import GaussianMixture

from sklearn.preprocessing import StandardScaler

# BaBaHTaxeHHS OaHMX 3 Ganiis
risk report df = pd.read excel('C:/Program Files/MATLAB/Test/New

22.08.24/updated risk report corrected v2.xlsx')

# IlepeTBOopeHHd JIIHTBIiCTMUHMX 3HaueHb 'Risk Level' B umciori
risk level mapping = {
'Safe': 1,
'Relatively Safe': 2,
'Moderate': 3,
'"Caution': 4,
'Dangerous': 5,
'Critical': 6
}
risk report df['Risk Level Numeric'] = risk report df['Risk

Level'] .map (risk level mapping)
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# BukxopucTaHHa DBSCAN s imeHTubikanii mouaTkoOBUX KJACTEpPiB

scaler = StandardScaler ()

X scaled = scaler.fit transform(risk report df[['Speed', 'Risk Level Numeric', 'Min
Distance to Shore (m)']l])

dbscan = DBSCAN (eps=0.5, min samples=10)

dbscan _clusters = dbscan.fit predict (X scaled)

# BuxopmcranHa GMM njg ouiHKM MMOBipHOCTeN KjacTepis
gmm = GaussianMixture (n components=9, random state=42)

gmm clusters = gmm.fit predict (X scaled)

# JomaBaHHsS kJlacTepiB mo marabpernMy

risk report df['Cluster'] = gmm clusters

# IomaBaHHA pPoO3OijeHOL JlereHOM Ha Mamy
def add split legend to map(map, cluster colors, cluster advice, cluster colreg rule):
legend html left = '"!'
<div style="position: fixed;
bottom: 50px; left: 10px; width: 250px; height: auto;
background-color: white; z-index:9999; font-size:1llpx;
border:2px solid grey; padding: 10px;">
<b>Jlerenma (0-4) :</b><br>
Vi
legend html right = ''"'
<div style="position: fixed;
bottom: 50px; right: 10px; width: 250px; height: auto;
background-color: white; z-index:9999; font-size:llpx;
border:2px solid grey; padding: 10px;">
<b>Jlerenma (5-9) :</b><br>
Vi
for cluster id in cluster colors:
color = cluster_colors[cluster_id]
advice = cluster advice[cluster id]
colreg rule = cluster colreg rulel[cluster id]
legend entry = f'<i
style="background:{color};width:12px;height:12px;display:inline-block;"></i>"
legend entry += £ Kiacrep {cluster id}: {advice}<br>MIII3C Ne:

{colreg rule}<br><br>'

if cluster id <= 4:
legend html left += legend entry
else:

legend html right += legend entry

legend html left += '</div>'
legend html right += '</div>'



map.get root().html.add child(folium.Element (legend html left))
map.get root().html.add child(folium.Element (legend html right))

# OyHkuls nns Bisyaniszsauii xkjacTepiB 3 po3mijieHo0 JIETEHIO0
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def visualize clusters with split legend(risk report df, clusters, save path):

# LleHTp KaApTX BM3HAUAETLCHS CePelHIM 3HAUEeHHAM KOOPIMHAT

map center = [risk report df['Latitude'].mean(),

risk report df['Longitude'].mean()]

risk map = folium.Map (location=map center, zoom start=12)

# Konpopu nOJjs KJjacTepis
cluster colors = {0: 'red', 1: 'blue', 2: 'green', 3: 'purple',6 4:
5: ‘'darkred', 6: 'lightblue', 7: 'darkgreen',

'gray'}

# Ilopamu Ta nOpaBwia IJisg KJIACTEepis
cluster advice = {

0: '3BmMeHmMTM WBMAKiCcTeE Ta 30inpumTM nucraHuio no Gepera. ',
'Curyaunisa OesneuHa, DigTpuMyMTe NOTOUYHMN Kypc.',

'BynbTe obepexHi, 0COOIMBO y 3BYXEHUX MIiCISX NPOTOKMK. ',

'Curyaunisa 0OesneuHa, NOiOTpuMyMTe NOTOYHMI KypcC.',
'Curyaunisa OesneuHa, NOiOTpuMyMTe NOTOYHMN KypcC.',
'llBunkicTh BUIle cepenHbol. BynbTe obepexHi.',

'lIBynxicTh BUIlE cepeXdHbOI. BynbTe obepexHi.',

'llBynxicTe BMIle cepenHbOol. BynbTe obepexHi.',

O 0 g o U W N

'llBMoxicTe BUIlE CcepenHBOL. BynbTe oOepexHi.

cluster colreg rule = {

0: 'llpaBuyo 6: BesneuHa mBuakicTb, I[IpaBwuio 8: i1 »nng yHUKHEHHS

1: 'llpaBuyo 2: BimnosimampricTb, I[IpaBuiio 5: CnocrepexenHs',

2: 'TlpaBuyio  6: Besneuna wBuukicTs, [IpaBmuno 9: CyznHa, O
bapBaTepamn',

3: 'llpaBuyjo 6: BesmnmeuHa mwBUIKiCcTb, [IpaBmio 8: il 1njsg yHUKHEHHS

4: 'llpaBmyio 2: BipgnomimamnesuHicTh, IIpaBmyio 5: CnocrepexeHHs',
5: 'llpaBmyio 2: BipgnomimamneHicTh, IIpaBmyio 5: CnocrepexeHHs',
6

'llpaBuiio  6: Berneuna wBMIxkicrts, I[IpaBuio 9: CynHa, 1o

bapBaTepamn',

7: 'IpaBuyio 6: BesneuHa wBuakicTte, IpaBwuino 9: CyzmHa, o
bapBaTepamn',

8: 'llpaBuiio  6: BesneuxHa wBuIkicrts, IIpaBmuno 9: CyznHa, MO
bapBaTepamn',

9: 'llpaBujo 6: Besneuna wBMIOKicTh, IlpaBuso 9: CynHa, 1O

bapBaTepamm'

}

'orange’,

8: 'pink', 9:

'Bucoxmii piBeHb PM3MKY! 3MeHIMTM WBMIOK1CTbL Ta 30ijmpmmMTy gucTaHuio no Gepera.',

31TKHEeHHSa',

YOyTh BY3bKUMU

31iTKHEeHHSa',

MOYyTh BY3bKUMU

MOYyTb BY3bKUMU

VOYyTh BY3bKUMU

MOYyTb BY3bKUMU
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# IlomnaBaHHSA TOYOK Ha KapTy
for idx, row in risk report df.iterrows():
folium.CircleMarker (
location=[row['Latitude'], row['Longitude']],
radius=5,
color=cluster colors[row|['Cluster']],
fill=True,
fill opacity=0.6
) .add_to(risk map)

# IomaBaHHS PO3OiJIeHOI JeTeHIu
add split legend to map(risk map, cluster colors, cluster advice,

cluster colreg rule)

# 30epexeHHa KaApPTHU
risk map.save (save path)

print (f"Kapra s30epexeHa 3a agpecon: {save path}")

# Bukiuk obyHkuii Biszyamisaumii
save map path = 'C:/Program Files/MATLAB/Test/New
22.08.24/kmeans gmm clusters map v2 with split legend.html'

visualize clusters with split legend(risk report df, gmm clusters, save map_ path)

# 30epexeHHs OHOBJIEHOTO 3B1TYy
updated report path corrected = 'C:/Program Files/MATLAB/Test/New
22.08.24/dbscan_gmm risk report v2 with split legend.xlsx'

risk report df.to excel (updated report path corrected, index=False)

print (f"3BiT 30epexeno 3a anmpecow: {updated report path corrected}")

Ninnporpama 4

import pandas as pd

import numpy as np

from rdp import rdp # [ng CcTMCKaHHS TpaekTopiy 3a ajnropuTMoMm Douglas-Peucker
import folium

from geopy.distance import geodesic

# 3aBaHTaxXeHHA HOAaHUX
file path = 'C:/Program Files/MATLAB/Test/New 22.08.24/2.1 -
dbscan gmm risk report v2 with split legend.xlsx'

df = pd.read excel(file path)

# AnropmTMm Douglas-Peucker njs CTMCKaHHS TpPaekTopiit
coords = df[['Latitude', 'Longitude']].values

epsilon = 0.001 # IapaMeTp TOYHOCT1 mIJIg CTMCKAHHS
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simplified coords = rdp(coords, epsilon=epsilon)

# 30epexeHHsa CTMCHEHMX KOOPAMHAT y HOBOMy DataFrame

simplified df = pd.DataFrame (simplified coords, columns=['Latitude', 'Longitude'])

# IHomaBaHHA 1HIMX BiONOBI1OHMX OAHMX HA OCHOBL 1HIOEKCI1B CTMCHYTUX TOUOK

simplified df['Speed'] = df.loc[simplified df.index, 'Speed'].values

simplified df['Risk Level'] = df.loc[simplified df.index, 'Risk Level'].values
simplified df['Min Distance to Shore (m)'] = df.loc[simplified df.index, 'Min Distance
to Shore (m)'].values

simplified df['Risk Level Numeric'] = df.loc[simplified df.index, 'Risk Level
Numeric'].values

simplified df['Cluster'] = df.loc[simplified df.index, 'Cluster'].values

# ANTOPMTM IJig BMOAJIEHHS SKOPHUX TPaEKTOPil
anchor speed threshold = 1.0 # Ilopir wWBMAKOCTL OJiS BMABJIEHHA AKOPHMX IIOJIOXEHb

simplified df = simplified df[simplified df['Speed'] > anchor speed threshold]

# dyHKL1A OJa BHOPANKYBAHHS TOYOK IO OJIM3BKOCTI
def order points by proximity(points):
ordered points = [points[0]]
points = list(points[l:]) # I[epeTBOPMMO Ha CIMCOK IJg MaHIinyssgiin
while len(points) > 0:
distances = [geodesic(ordered points[-1], point).meters for point in points]
nearest point idx = np.argmin(distances)
nearest point = points.pop(nearest point idx)
ordered points.append(nearest point)

return np.array(ordered points)

ordered coords = order points by proximity(simplified df[['Latitude’,

'Longitude']].values)

# Oyuxuisa nna Bisyamniszsauil rpaexrTopii 3 npaMuMM JiHisaMm Mix ToukamMy pioseTOBOTO KOJILOPY,
0e3 3aMMKaHHA KOHTYPY
def visualize trajectory with purple lines(df, save path):

# LleHTp KaApTX BM3HAYUAETLCS CePelHiM 3HAUYEHHAM KOOPIMHAT

map center = [df['Latitude'].mean(), df['Longitude'].mean() ]

folium map = folium.Map (location=map center, zoom start=12)

# Konpopm nOjs KjacTepis
cluster colors = {0: 'red', 1: 'blue', 2: 'green', 3: 'purple', 4: 'orange',
5: ‘'darkred', 6: 'lightblue', 7: ‘'darkgreen', 8: ‘'pink', 9:

'gray'}

# IlomaBaHHA TOUOK Ha KapTy

for idx, row in df.iterrows():
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folium.CircleMarker (
location=[row['Latitude'], row|['Longitude']],
radius=5,
color=cluster colors[row['Cluster']],
fill=True,
fill opacity=0.6

) .add_to (folium map)

# JomaBaHHs npsamMyx GioseToBMx JiHIN Mix ToukaMmy, YHMKAKUM BaMUKAHHS KOHTYPY
for i in range(len(ordered coords) - 1):
folium.PolyLine (
locations=[[ordered coords[i][0], ordered coords[i][1]],
[ordered coords[i + 1][0], ordered coords[i + 1][1]]],
color='purple', # lpsavi niuii dioseToBOTO KOJIBLOPY
weight=2.5,

) .add_to(folium map)

# 30epexeHHS KapTU
folium map.save (save_ path)

print (f"Kapra 30epexeHa 3a agpecon: {save path}")

# Bukiuk byHkuii Biszyamisaunii
save map_path = 'C:/Program Files/MATLAB/Test/New
22.08.24/compressed cleaned trajectory map with purple lines v3.html'

visualize trajectory with purple lines(simplified df, save map path)

# 30epexeHHsa pes’ynbTaTiB y HOBUM darin
compressed file path = 'C:/Program Files/MATLAB/Test/New
22.08.24/compressed_and cleaned trajectory v3.xlsx'

simplified df.to excel (compressed file path, index=False)

print (f"CrucHenutt i oummenutt 3BiT 30epexeHO 3a ampecow: {compressed file path}")

[Iignporpama 5

import pandas as pd
import numpy as np
from sklearn.manifold import MDS

import matplotlib.pyplot as plt

# BaBaHTaXeHHA IaHUX

file path 1 = 'C:/Program Files/MATLAB/Test/New 22.08.24/3 -
compressed and cleaned trajectory v3.xlsx'

file path 2 = 'C:/Program Files/MATLAB/Test/New 22.08.24/2.1 -

dbscan gmm risk report v2 with split legend.xlsx'

df trajectory = pd.read excel(file path 1)
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df risk report = pd.read excel(file path 2)

# BacrTocyBaHHa 6araToOBMMIpPHOTO wmWKajlyBaHHs (MDS)
mds = MDS (n_components=2, random state=42)
coordinates = df trajectory[['Latitude', 'Longitude']].values

coordinates mds = mds.fit transform(coordinates)

# HomaBaHHs pesynabTaTie MDS mo maTabpenmy
df trajectory['MDS X'] = coordinates mds[:, 0]
df trajectory['MDS Y'] = coordinates mds[:, 1]

# I[lepeTBOpPEHHS KOOPIOMHAT y MOJSAPHY CUCTEMY
df trajectory['r'] = np.sqrt(df trajectory['MDS X']**2 + df trajectory['MDS Y']**2)
df trajectory['theta'] = np.arctan2(df trajectory['MDS Y'], df trajectory['MDS X'])

# BuKOpMCTaHHA OaHMX 3 KOJIOHKM Min Distance to Shore (m)

df trajectory['Distance to Shoreline'] = df trajectory['Min Distance to Shore (m)"']

# dopMyBaHHS 3arajlbHOT'O BMUCHOBKY
average distance = df trajectory['Distance to Shoreline'].mean ()
max distance = df trajectory['Distance to Shoreline'].max()

min distance = df trajectory['Distance to Shoreline'].min ()

general conclusion = f"""

3arajbHUM BMCHOBOK:

- CepenHa BincraHb no OeperoBol JiHil: {average distance:.2f} M
- MakcumanpHa BigcraHe OO0 Oeperosol mniHii: {max distance:.2f} M

- MimimaneHa BinmcTaHbp OO0 Oeperosol jiHii: {min distance:.2f} M

print (general conclusion)

# 3BOepexeHHS OHOBJIEHOT'O 3BiTy
output_path = 'C:/Program Files/MATLAB/Test/New
22.08.24/trajectory analysis with mds polar with conclusion.xlsx'

df trajectory.to excel (output path, index=False)

print (f"3eiT 3b6epexeno 3a ampecow: {output path}")

# Bisyamisauisa pesyibTaTis

# 1. TI'padpix MDS xoopImMHAT

plt.figure(figsize=(10, 6))

plt.scatter(df trajectory['MDS X'], df trajectory['MDS Y'], c='blue', label="MDS
KoopOMHaTH ')

plt.title('I'padix MDS xoopzmmHaT')

plt.xlabel ('MDS X')



plt.ylabel ('MDS Y'")
plt.legend()
plt.grid(True)
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plt.savefig('C:/Program Files/MATLAB/Test/New 22.08.24/mds_coordinates plot.png')

plt.show ()

# 2. HomspHuit rpadik

plt.figure(figsize=(10, 6))

plt.polar(df trajectory['theta'], df trajectoryl['r'],

plt.title ('llongprmit rpadix TpaexkTopil')

marker='o"',

color="'red"')

plt.savefig('C:/Program Files/MATLAB/Test/New 22.08.24/polar trajectory plot.png')

plt.show ()

# 3. I'pabik BimcrTani mo GeperoBoil JsiHil

plt.figure(figsize=(10, 6))

plt.plot (df trajectory.index, df trajectory['Distance to Shoreline'], color="green',

label='BigcraHp nmo Oeperosol Jsinii')

plt.title('InHamika 3MiHM BimcTaui mo GeperorBol Jjinii')

plt.xlabel ('Homep Touxm')
plt.ylabel ('Bincraus no Beperorol yinii (M) ')
plt.legend()

plt.grid(True)

plt.savefig('C:/Program Files/MATLAB/Test/New 22.08.24/distance to_shoreline plot.png')

plt.show ()

Hingnporpama 6

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt
from scipy.fft import fft, fftfreq

from scipy.signal import windows

# BaBaHTaxXeHHA OaHUX

data = pd.read excel ("C:\\Program Files\\MATLAB\\Test\\2 test report 2min 32min.xlsx")

latitude = data['Latitude'].values
longitude = datal'Longitude'].values
speed = data['Speed'].values

time = data['Time (s)'].values

# Hopmasmizauisga maHux
latitude normalized = latitude - np.mean(latitude)
longitude normalized = longitude - np.mean (longitude)

speed normalized = speed - np.mean (speed)

# BikonHa OyHKI1sA

window = windows.hamming (len (latitude normalized))
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# BacTocyBaHHS B1KOHHOI (yHKI[1I1
latitude windowed = latitude normalized * window

longitude windowed = longitude normalized * window

# IlepeTBOpPeHHa dyp'e
N = len(latitude windowed)

T = time[l] - time[O0]

latitude fft = fft(latitude windowed) [:N//2]

longitude fft = fft(longitude windowed) [:N//2]
freqs = fftfreq(N, T)[:N//2]

# AmrutiTynou
latitude amplitude = 2.0/N * np.abs(latitude fft)
longitude amplitude = 2.0/N * np.abs(longitude fft)

# Ouinka cTabijIbHOCT1 Pyxy
def evaluate stability(latitude fft, longitude fft, fregs):
high freq threshold = 0.02
high freq indices = np.where(fregs > high freq threshold)
high freq energy lat = np.sum(np.abs(latitude fft[high freq indices]) **2)
high freq energy lon = np.sum(np.abs(longitude fft[high freq indices]) **2)
stability score = 10 - (high freqg energy lat + high freq energy lon) /
np.max ([high freq energy lat, high freq energy lon]) * 2.0

return np.round(stability score, 2)

# Ouinka perysnsapHOCT1 pyxy
def evaluate regularity(latitude fft, longitude fft, fregs):

regularity score = 10 - (np.max (latitude fft) + np.max (longitude fft)) /
np.max ([np.max (latitude fft), np.max(longitude fft)]) * 2.0

return np.round(regularity score, 2)

# OuiHka BIJIMBY WBUIKOCTIL
def evaluate speed impact (speed, latitude fft, longitude fft, fregs):

speed variation = np.var (speed)

high freq indices = np.where(fregs > 0.02)

high freq energy = np.sum(np.abs (latitude fft[high freq indices]) **2) +
np.sum(np.abs (longitude fft[high freq indices]) **2)

speed impact score = 10 - (high freq energy + speed variation) /
np.max ([high freg energy, speed variation]) * 2.0

return np.round(speed impact score, 2)

# BuBemeHHs OL1HOK 1 mopan
stability score = evaluate stability(latitude fft, longitude fft, fregs)
regularity score = evaluate regularity(latitude fft, longitude fft, freqgs)

speed impact score = evaluate speed impact (speed, latitude fft, longitude fft, fregs)
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print (f"Ouirka crabinepuocTi pyxy: {stability score}/10")
print (f"Ouinka perymapHocTi pyxy: {regularity score}/10")

print (f"Ouinka BmmBy wBuMIxocTi: {speed impact score}/10")

if stability score <= 5:

print ("Oyxe HMBbKka CcTabijnpHicTb. PeKOMEHIOyeTbCS TEPM1iHOBO CKoOperyBaTu Kypc.')
elif stability score <= 7:

print ("Huspxa crabinbHicTe. [loTpiBOHO 3BEepHYTM yBary Ha Kypc cynHa.")
else:

print ("CrabinmpHiCcTe pPyxy HOpMalibHa, aje norpedye MoOHIiTOpuHTY.'")

if regularity score <= 5:

print ("Oyxe HMBbKA PETyJIAPHICTE PyXy. YBaxHime clinkyiTe 3a 3MiHaMu Kypcy.")
elif regularity score <= 7:

print ("Husbpka perynsapHicTs pyxy. PerynsapHime neperipsanTe xypc.")
else:

print ("PerynapHicTb pyxy HOpMajibHa, ajie norpedye MOHiTOpmHTY.'")

if speed impact score <= 5:

print ("lleuokicTes HecTabisbHa. BHAUYHUM BIOJIMB Ha TpaekTopio.")
elif speed impact score <= 7:

print ("llBMOoxkicTs Mae HE3HAUH1 KOJMBAHHA. BIJIMB Ha TPAEKTOPion MOXIMBMM.'")
else:

print ("llBuokicTs cTabisbHa, aje norpebye MOHITOPMHTY.")

# Bisyasisauia pesyibTaTib

fig, axs = plt.subplots(2, 1, figsize=(12, 8))

# CnexTp lleperBopenHs Oyp'e Iy WMPOTM Ta OOBIOTU

axs[0] .plot (freqgs, latitude amplitude, label='AmnaiTynHwuit cnexTp mmupoTu', color='blue')
axs[0] .plot (freqgs, longitude amplitude, label="AmMnmaiTyOoHWUM CIIeKTP noeroTu',
color="orange')

axs[0].axvline(x=0.02, color='red', linestyle='--', label='llopir BMCOKMX dYacCTOT')
axs[0].set x1im(0, 0.05)

axs[0].set ylim(0, np.max([latitude amplitude.max (), longitude amplitude.max()]) * 1.1)
axs[0] .set xticks(np.arange (0, 0.06, 0.02))

axs[0].set_title('CnekTp IlleperBopenHsa dyp\'e')

axs[0] .set xlabel ('Yacrora (Tu)')

axs[0] .set ylabel ('AvmnniTyna')

axs[0].legend()

# TpaexkTopis pyxy cynHa

sc = axs[1l].scatter(longitude, latitude, c=speed, cmap='viridis')
axs[l].set title('TpaexTopia pyxy cynHa')
axs[l].set xlabel ('Hosrora')

axs[1l].set ylabel ('llmpora')
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axs[1l].set aspect('equal', adjustable='box') # Pobumo rpadix nponopuiiHum

plt.colorbar(sc, ax=axs[l], label='llBuokicTb')

plt.tight layout ()
plt.show ()

[Minnporpama 7

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from sklearn.cluster import DBSCAN, KMeans

from sklearn.preprocessing import StandardScaler

from matplotlib.patches import Circle

# 3aBaHTaxeHHS IOaHUX
file path = "C:\\Program Files\\MATLAB\\Test\\2 test report 2min 32min.xlsx"

data = pd.read excel (file path)

# Bubip noTpiOHMX KOJIOHOK NJisg KjlacTepms3auil

X = datal[['Latitude', 'Longitude', 'Speed']].values

# CraHmapTmMsauia maHUx
scaler = StandardScaler ()

X scaled = scaler.fit transform(X)

# AnropurM DBSCAN
dbscan = DBSCAN (eps=0.3, min_ samples=5)
dbscan labels = dbscan.fit predict (X scaled)

# dinmprpauis masmx nng K-Means Ha ocHOB1l pesynbTaTis DBSCAN

X filtered = X scaled[dbscan labels != -1]

# AnropmTMm K-Means nJjis yTOYHEHHS KJlacTepis
kmeans = KMeans (n clusters=3) # BxaxiTp OaxaHy KiJgbKicThb kjacTepis

kmeans labels = kmeans.fit predict (X filtered)

# Bu3HaUeHHs LEeHTPiB KjacTepin
centroids = kmeans.cluster centers

centroids = scaler.inverse transform(centroids) # I[oBepHEHHS IO OPMUI'iHANIBHOTO MacuTady

# Bisyamisauis pesyabTaTiB kjJacTepmusaiii
plt.figure(figsize=(14, 10))
plt.scatter(data['Longitude'], data['Latitude'], c=dbscan labels, cmap='viridis', s=50,

label="DBSCAN kJjlacTepu')

# IlomaBaHHSA LEHTP1B KJAaCTepiB y BUIUIALL KoJla 3 HOMEPOM KJlaCTepy
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for i, centroid in enumerate (centroids) :

risk color = 'green' if i == 2 else 'red' if i == 1 else 'yellow'
circle = Circle((centroid[1l], centroid[0]), 0.05, color=risk color, alpha=0.3,
linestyle='--"', linewidth=2)

plt.gca() .add patch(circle)

plt.scatter (centroid[1], centroid[0], s=300, facecolors='none',
edgecolors=risk color, linewidths=2)

plt.text (centroid[1l], centroid[0], str(i + 1), color=risk color, fontsize=12,

ha='center', va='center', fontweight='bold")

plt.xlabel ('HoeroTa')
plt.ylabel ('llupoTa')

plt.title('Knacrepmuzanuis TpaekTopil cynHa 3 30HaMM Kjacrepis')

plt.legend()
plt.xlim([data['Longitude'] .min() - 0.05, data['Longitude'].max () + 0.05])
plt.ylim([data['Latitude'] .min() - 0.05, data['Latitude'].max () + 0.05])

plt.grid(True)
plt.show ()

# JomaBaHHS pes3yNbTaTiB IO BUXinmHOTO damniy
data['DBSCAN Cluster'] = dbscan labels

data.loc[dbscan labels != -1, 'KMeans Cluster'] = kmeans labels

# 3BOepexeHHS pPe3yNbLTATiB

output_path = "C:\\Program Files\\MATLAB\\Test\\2
test report 2min 32min clustered.xlsx"

data.to_excel (output path, index=False)

print (f"PesynprTaTy kinacrepmsauii sbepexeHl mo dary {output path}")

# PosumdppoBKa KjacTepis

cluster descriptions = {
3: "Kymacrep 3: HuM3bKUM PU3MK, CYOHO 3HAXOOUTHLCHA B Oesmneuniy 30Hi.",
2: "KnacTtep 2: BuMCOKMNM pPM3BMK, MOXJIMBe HeOesmneuHe 30imxeHHsa 3 OeperoMm abo 1HmmMMM

cynoHamm.",

1: "Knacrep l: CepenHili pmusmk, HeOOX1IDHO KOHTPOJIOBATM PyX cynHa."

# Ipyx pos3umdpoBKM KJaCTEpiB
for cluster num, description in cluster descriptions.items() :

print (f"{description}")

[Iignporpama 8

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt
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from sklearn.cluster import KMeans
from sklearn.preprocessing import StandardScaler

from scipy.stats import multivariate normal

# 3aBaHTaXeHHS OAaHUX

data = pd.read excel ("C:\\Program Files\\MATLAB\\Test\\2 test report 2min 32min.xlsx")

# BUTATyBaHHA KOOPAMHAT IJiA KjacTepms3aiii

X filtered = data[['Latitude', 'Longitude']].values

# CraHmapTus3allisa DaHMX Hepel KjacTepus3alllen
scaler = StandardScaler ()

X scaled = scaler.fit transform(X filtered)

# BuxopmcTaHHS ajnroputrMy K-Means myis kJjacrepmsanii
kmeans = KMeans (n_clusters=3)
kmeans labels = kmeans.fit predict (X scaled)

centroids = kmeans.cluster centers

# I[lepeTBOpPeHHI LEHTPOI1NiB Haszsam IO NOYaTKOBOTO MacumTady

centroids = scaler.inverse transform(centroids)

# CTBOpEeHHS CiTKM TOYOK IJIS PO3PAxXyHKY I'YCTMHM MMOBipHOCTI

X = np.linspace(data['Longitude'].min (), data['Longitude'].max (), 100)
y = np.linspace(data['Latitude'].min (), data['Latitude'].max(), 100)
X, Y = np.meshgrid(x, vy)

pos = np.dstack ((X, Y))

# PospaxyHOK I'yCTMHM MMOBIpPHOCT1 IJis KOXHOTO KjlacTepa 0Oe3 JjorapudMyBaHHS

epsilon = le-8 # HeBesMkKa KOHCTAaHTa IJisI YHUKHEHHs JioTapudMy Binm HyJs

prob density 1 = multivariate normal (centroids[0], np.cov (X filtered[kmeans labels
0].T)) .pdf (pos) + epsilon

prob density 2 = multivariate normal (centroids[1l], np.cov (X filtered[kmeans labels
1]1.T)) .pdf (pos) + epsilon

prob density 3 = multivariate normal (centroids[2], np.cov(X filtered[kmeans labels

2].T)) .pdf (pos) + epsilon

# NobymoBa KOHTYPlB Ijisg Biszyasisauil HeUiTKOTO MNEepeTHHY KJacTepin

plt.figure(figsize=(14, 10))

plt.contour (X, Y, prob density 1, levels=10, colors='green', alpha=0.3, linestyles='--

")

plt.contour (X, Y, prob density 2, levels=10, colors='red', alpha=0.3, linestyles='--")

plt.contour (X, Y, prob density 3, levels=10, colors='yellow',6 alpha=0.3, linestyles='-

_')

# IlomaBaHHA LEHTPY KOXHOTO KJjlacTepa Ta TpaekTopii
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plt.scatter(data['Longitude'], data['Latitude'], c=kmeans labels, cmap='viridis', s=50,

label="'K-Means kJjacTepu')

for i, centroid in enumerate (centroids):

risk color = 'green' if 1 == 2 else 'red' if i == 1 else 'yellow'

plt.scatter (centroid[1], centroid[0], s=300, facecolors='none',
edgecolors=risk color, linewidths=2)

plt.text (centroid[1l], centroid[0], str(i + 1), color=risk color, fontsize=12,

ha='center', va='center', fontweight='bold")

plt.xlabel ('HoeroTa')

plt.ylabel ('llupoTa')

plt.title('HeuliTkmii nepeTrH MHOXMH KJacTepis')
plt.grid(True)

plt.show ()

Ninnporpama 8.1

import os

import pandas as pd

import numpy as np

import folium

from keras.models import Sequential

from keras.layers import Dense, BatchNormalization, Dropout
from sklearn.preprocessing import StandardScaler

from sklearn.model selection import train test split

import warnings

warnings.filterwarnings ("ignore")

# 1. 3apaHTaxeHHA Ta NiATOTOBKa HAaHMX
def load data():
data _path = r'C:\Program Files\MATLAB\Test\2 test report 2min 32min clustered.xlsx'

# 3aBaHTaXeHHS OaHuX CyIOHa
if not os.path.exists(data path):
print (f"®amnn {data path} He 3HaMnexo.")

return None, None

data = pd.read excel (data path)

features = ['Latitude', 'Longitude', 'Speed', 'Course']

# IlepeBipka HassBHOCT1 HeOOXiIHMX CTOBIL1B
for feature in features:
if feature not in data.columns:
print (f"Crosneur '{feature}' He 3HammeHo y odamni {data path}.")

return None, None



# 2.

return data, features

[IigTroToBKa HOAaHMX IOJIS MOIEJIOBAHHS

def preprocess data(data, features):

X = data[features].values
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y = data[['Latitude', 'Longitude']].shift(-1)
X = X[:-1]

y = yl:-1]

# MacmTa®yBaHHS OAaHUX

scaler X = StandardScaler ()

X scaled = scaler X.fit transform(X)

scaler y = StandardScaler ()

y scaled = scaler y.fit transform(y)

# Pozburra

X train,

test size=0.2,

#

3.
def

return X t

CTBOpPEHHSA

Ha TpeHYBaJIbHUM Ta TEeCTOBUM Habopu

X test, y_train, y_ test = train test split (X scaled, y_scaled,

random_state=42)

rain, X test, y train, y test, scaler X, scaler y

Ta HaBUYAHHSA HEVPOHHOI Mepexi

build and train model (X train, y train, X test, y test, input dim):

model

model.

model.

model

model.
model.

model.

model

model.

model.

= Se
add (
add (

.add(

add (
add (
add (

.add (

add (

comp

quential ()

Dense (128, input dim=input dim, activation='relu'))

BatchNormalization())

Dropout (0.2))

Dense (128, activation='relu'))

BatchNormalization())

Dropout (0.2))

Dense (64, activation='relu'))

Dense (2))

ile(optimizer='adam', loss='mean squared error', metrics=['mae'])

from keras.callbacks import EarlyStopping

early stopping =

restore best weights=True)

#

4.

model.fit (X train,

epochs=400, batch size=16,

return model

[[pOTHOBYBAHHA TPAEKTOPil

EarlyStopping (monitor='val loss', patience=10,

y train, validation data=(X test, y test),

callbacks=[early stopping], verbose=1)



def predict trajectory(model, scaler X, scaler y, last point, waypoints):

predicted points = []

start point = last point

for waypoint in waypoints:
# 3BMeHWeHO KI1JbKI1CTbH KPOK1B Ijig 1HTepnoyisauii mo 3
num_steps = 3
latitudes = np.linspace(start point[0], waypoint[0], num steps)
longitudes = np.linspace(start point[l], waypoint[l], num steps)
speeds = np.linspace(start point[2], waypoint[2], num steps)
courses = np.linspace(start point[3], waypoint[3], num steps)
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for lat, lon, speed, course in zip(latitudes, longitudes, speeds, courses):

input features = np.array([lat, lon, speed, course]) .reshape(l,

input scaled = scaler X.transform(input features)

# [pPOTHO3YEMO HACTYIHY TOUKY

predicted scaled = model.predict (input scaled)

predicted = scaler y.inverse transform(predicted scaled)

predicted point = predicted[0]
predicted points.append(predicted point)

print (f"llporHososana Touka: {predicted point}")

# OHOBJIOEMO CTaApPTOBY TOUKY

start point = [waypoint[0], waypoint[l], waypoint[2],

return predicted points

# 5. Bisyasizauis pesyabTaTis
def visualize results(data, predicted points, waypoints):

# LeHTPp KapTM — CepemHE BHAYEeHHS KOOPIAMHAT

map center = [np.mean([p[0] for p in predicted points]),
predicted points])]

ship map = folium.Map (location=map center, zoom start=12)

# IcHyoua TpaekTopis (cuHg JiiHis)
folium.PolyLine (
locations=datal['Latitude', 'Longitude']].values,
color="blue',
weight=5,
opacity=0.8,
tooltip="Icuywua TpaekTopia'

) .add_to(ship map)

# IporHo30BaHl TOukM (UepBOH1 KpyIUyil Mapkepu)

for point in predicted points:

waypoint[3]]

np.mean ([p[1l]

-1)

for p in



folium.CircleMarker (
location=[point[0], point[l]],
radius=3,
color='red',
fill=True,
fill color='red'

) .add_to (ship map)

# HominomiasibHa JIiHisa TpeHOy IJs IOPOTHO30BaHOl TpaekTopil
latitudes = np.array([p[0] for p in predicted points])
longitudes = np.array([p[l] for p in predicted points])

# CrBOpoEMO NOJIiHOMianbHY perpeciio njg WMPOT 1 OOBTOT
degree = 6

coefs lat = np.polyfit(range(len(latitudes)), latitudes, degree)

coefs lon = np.polyfit(range(len(longitudes)), longitudes, degree)

# CrBOpwEMO 3TJlamxeHl ToukM njg Jiinil TpeHny
trend range = np.linspace (0, len(latitudes)-1, 100)
trend latitudes = np.polyval (coefs lat, trend range)

trend longitudes = np.polyval (coefs lon, trend range)

# Jomaemo mnojiHoMiaybHy JIiH1I0 TpeHOy Ha KapTy
trend points = list(zip(trend latitudes, trend longitudes))
folium.PolyLine (

locations=trend points,

color="purple',

weight=3,

opacity=0.8,

tooltip="IporHozoBaHa TpaexTopisa'

) .add_to (ship map)

# Tpomixui Touxm (3eseHl kpyrai Mapkepn)
for i, waypoint in enumerate (waypoints):
folium.CircleMarker (
location=[waypoint[0], waypoint[1l]],
radius=5,
color="green',
fill=True,

fill color='green',

popup=f'Touka {i + 1}: Speed: {waypoint[2]} knots, Course:

) .add_to (ship map)

# JomaeMoO KepyBaHHS MapaMmm

folium.LayerControl () .add to(ship map)

return ship map
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{waypoint[3]}°"
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# 6. 30epexeHHa pPe3yabTaTiB
def save results(ship map, predicted points):
base dir = os.getcwd()
map path = os.path.join(base dir, 'predicted trajectory map.html')
predicted report path = os.path.join(base dir, 'predicted data report.xlsx')

# 36epiraemo kapTy

ship map.save (map path)

# 30epexeHHs MNPOTHO30BAHUX IOAaHUX
predicted df = pd.DataFrame (predicted points, columns=['Latitude', 'Longitude'])
predicted df.to excel (predicted report path, index=False)

print (f'llporiosoeaHa kapTa 30epexeHa 3a muaxom: {map path}')

print (f'3BiT 3 nporHosoBaHMMM NaHuMmu 30epexeHo 3a miaxom: {predicted report path}')

# OcHoBHa OyHKI1sA
def main () :
# 3BaBaHTaXeHHS IaHUX
data, features = load data()
if data is None:
print ("lloMmika 3aBaHTaXeHHS OaHux. ')

return

# Bu3HadUaeMO OCTAHHI TOYKY 3 HasBHMX HAHUX (OCTaHHS CMHS TOYKa)
last row = data.iloc[-1]

last lat = last row(['Latitude']

last lon = last row['Longitude']

last speed = last row['Speed']

last course = last row['Course']

last point = [last lat, last lon, last speed, last course]

# Bamani npoMmixHl TOUkM 3 WBMAOKICTI Ta KypcoM (3ejieHl Toukwu)
waypoints = [

[41.1070, 29.0622, 10, 165],

[41.0952, 29.0578, 10, 1701,

[41.0805, 29.0597, 10, 1751,

[41.0734, 29.0485, 10, 180],

[41.0555, 29.0437, 10, 185],

[41.0449, 29.0319, 10, 190],

[41.0233, 28.9943, 10, 200],

[40.9852, 28.9878, 10, 205]

# IIigroToBKa IaHMX



257

X train, X test, vy train, 1y test, scaler X, scaler y = preprocess data(data,

features)

# CTBOpeHHA Ta HaBYaHHA MOmesi
model = build and train model (X train, y_ train, X test, y_test,

input dim=X train.shape[1l])

# I[porHOBYBAaHHA TpaekTopil
predicted points = predict trajectory(

model, scaler X, scaler y, last point, waypoints

# Bisyasisauia pesyibTaTib

ship map = visualize results(data, predicted points, waypoints)

# 30epexeHHS pe3yJbTaTiB

save results (ship map, predicted points)

if name == " main ":
main ()
Heuitki npaBuia mjoa0 gokaiii bocgop Ha 0CHOBI cIOCTEPEXKEHB!
IF (Proximity == Very Far) OR (Technical == Excellent) OR (Isobaths == Very Far) OR (Currents
= Weak) OR (Wind == Weak) OR (Visibility == Excellent) OR (Speed == Very Slow) OR (Course ==
Very Easy) OR (Time == Day) OR (Shipping int == Very Low) THEN (Risk = Low) AND (Number of factors
Moderate)
IF (Proximity == Moderate) OR (Technical == Satisfactory) OR (Isobaths == Far) OR (Currents
== Moderate) OR (Wind == Weak) OR (Visibility == Excellent) OR (Speed == Very Slow) OR (Course ==
Critically Difficult) OR (Time == Dawn) OR (Shipping int == Critical) THEN (Risk = V_High) AND

(Number_of factors = Medium)

IF (Proximity == Very Far) OR (Technical == Satisfactory) OR (Isobaths == Far) OR (Currents
== Weak) OR (Wind == Weak) OR (Visibility == Excellent) OR (Speed == Slow) OR (Course == Difficult)
OR (Time == Dawn) OR (Shipping int == Very Low) THEN (Risk = High) AND (Number of factors =
Moderate)

IF (Proximity == Moderate) OR (Technical == Satisfactory) OR (Isobaths == Far) OR (Currents

= Moderate) OR (Wind == Moderate) OR (Visibility == Good) OR (Speed == Slow) OR (Course ==
Critically Difficult) OR (Time == Critical) OR (Shipping int == Critical) THEN (Risk = High) AND

(Number of factors = Moderate)

IF (Proximity == Moderate) OR (Technical == Satisfactory) OR (Isobaths == Close) OR (Currents
== Moderate) OR (Wind == Moderate) OR (Visibility == Good) OR (Speed == Average) OR (Course ==
Difficult) OR (Time == Day) OR (Shipping_int == Medium) THEN (Risk = Moderate) AND

(Number of factors = Medium)

IF (Proximity == Close) OR (Technical == Good) OR (Isobaths == Close) OR (Currents == Moderate)
OR (Wind == Strong) OR (Visibility == Good) OR (Speed == Fast) OR (Course == Moderate) OR (Time ==
Dusk) OR (Shipping int == High) THEN (Risk = V_High) AND (Number of factors = High)

IF (Proximity == Close) OR (Technical == Poor) OR (Isobaths == Very Close) OR (Currents ==

Strong) OR (Wind == Strong) OR (Visibility == Poor) OR (Speed == Very Fast) OR (Course
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Very Difficult) OR (Time == Night) OR (Shipping_int == Very High) THEN (Risk = Critical) AND
(Number_of factors = Critical)

IF (Proximity == Very Close) OR (Technical == Average) OR (Isobaths == Very Close) OR
(Currents == Average) OR (Wind == Average) OR (Visibility == Satisfactory) OR (Speed == Average)
OR (Course == Moderate) OR (Time == Dusk) OR (Shipping int == Medium) THEN (Risk = Moderate) AND
(Number of factors = Medium)

IF (Proximity == Moderate) OR (Technical == Satisfactory) OR (Isobaths == Moderate) OR
(Currents == Moderate) OR (Wind == Noticeable) OR (Visibility == Satisfactory) OR (Speed ==
Moderate) OR (Course == Very Difficult) OR (Time == Night) OR (Shipping int == High) THEN (Risk =

High) AND (Number of factors = High)

IF (Proximity == Moderate) OR (Technical == Minor Hull Deformation) OR (Isobaths == Moderate)
OR (Currents == Moderate) OR (Wind == Strong) OR (Visibility == Satisfactory) OR (Speed == Moderate)
OR (Course == Difficult) OR (Time == Dusk) OR (Shipping int == High) THEN (Risk = High) AND

(Number_of factors = Medium)

IF (Proximity == Too_Close) OR (Technical == Minor Hull Deformation) OR (Isobaths == Moderate)
OR (Currents == Moderate) OR (Wind == Strong) OR (Visibility == Satisfactory) OR (Speed == Moderate)
OR (Course == Very Difficult) OR (Time == Evening) OR (Shipping int == Very High) THEN (Risk =
V_High) AND (Number of factors = High)

IF (Proximity == Very Close) OR (Technical == Medium) OR (Isobaths == Moderate) OR (Currents
== Strong) OR (Wind == Strong) OR (Visibility == Satisfactory) OR (Speed == Very Fast) OR (Course
== Very Difficult) OR (Time == Evening) OR (Shipping int == Very High) THEN (Risk = High) AND

(Number of factors = High)

IF (Proximity == Very Close) OR (Technical == Medium) OR (Isobaths == Moderate) OR (Currents
== Strong) OR (Wind == Noticeable) OR (Visibility == Satisfactory) OR (Speed == Moderate) OR (Course
== Very Difficult) OR (Time == Dawn) OR (Shipping int == Critical) THEN (Risk = V_High) AND

(Number of factors = Medium)

IF (Proximity == Too_Close) OR (Technical == Minor Hull Deformation) OR (Isobaths == Close)
OR (Currents == Noticeable) OR (Wind == Strong) OR (Visibility == Very Poor) OR (Speed == Fast) OR
(Course == Critically Difficult) OR (Time == Night) OR (Shipping int == Critical) THEN (Risk =

V_High) AND (Number of factors = Medium)

IF (Proximity == Moderate) OR (Technical == Medium) OR (Isobaths == Close) OR (Currents ==
Strong) OR (Wind == Strong) OR (Visibility == Poor) OR (Speed == Very Fast) OR (Course ==

Critically Difficult) OR (Time =

Night) OR (Shipping int == High) THEN (Risk = V_High) AND

(Number of factors = Medium)

IF (Proximity == Too_Close) OR (Technical == Minor_ Hull Deformation) OR (Isobaths == Moderate)
OR (Currents == Noticeable) OR (Wind == Strong) OR (Visibility == Poor) OR (Speed == Fast) OR
(Course == Very Difficult) OR (Time == Evening) OR (Shipping_int == Very High) THEN (Risk = High)

AND (Number of factors = Medium)

IF (Proximity == Very Close) OR (Technical == Minor Hull Deformation) OR (Isobaths ==
Moderate) OR (Currents == Strong) OR (Wind == Strong) OR (Visibility == Poor) OR (Speed == Very Fast)
OR (Course == Critically Difficult) OR (Time == Night) OR (Shipping intensity == Very High) THEN
(Risk == Very High) AND (Number of factors == High)

IF (Proximity == Too_Close) OR (Technical == Medium) OR (Isobaths == Close) OR (Currents ==
Very Strong) OR (Wind == Very Strong) OR (Visibility == Satisfactory) OR (Speed == Moderate) OR
(Course == Critically Difficult) OR (Time == Night) OR (Shipping intensity == Critical) THEN (Risk
== Very High) AND (Number of factors == High)

IF (Proximity == Too Close) OR (Technical == Medium) OR (Isobaths == Very Close) OR (Currents

== Strong) OR (Wind == Very Strong) OR (Visibility == Satisfactory) OR (Speed == Poor) OR (Course
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== Fast) OR (Time == Deep Night) OR (Shipping intensity == Very High) THEN (Risk == Very High) AND
(Number of factors == High)

IF (Proximity == Very Close) OR (Technical == Medium) OR (Isobaths == Moderate) OR (Currents
== Noticeable) OR (Wind == Very Strong) OR (Visibility == Very Poor) OR (Speed == Fast) OR (Course
== Critically Difficult) OR (Time == Deep Night) OR (Shipping intensity == Critical) THEN (Risk ==
Very High) AND (Number of factors == High)

IF (Proximity == Close) OR (Technical == Medium) OR (Isobaths == Very Close) OR (Currents ==
Strong) OR (Wind == Very Strong) OR (Visibility == Very Poor) OR (Speed == Fast) OR (Course ==
Very Difficult) OR (Time == Dusk) OR (Shipping intensity == Very High) THEN (Risk == High) AND
(Number of factors == High)

IF (Proximity == Too_Close) OR (Technical == Medium) OR (Isobaths == Very Close) OR (Currents
== Very Strong) OR (Wind == Strong) OR (Visibility == Critical) OR (Speed == Fast) OR (Course ==

Critically Difficult) OR (Time == Dawn) OR (Shipping intensity == Critical) THEN (Risk == Very High)

AND (Number of factors == High)

IF (Proximity == Very Close) OR (Technical == Medium) OR (Isobaths == Close) OR (Currents ==
Critical) OR (Wind == Very Strong) OR (Visibility == Critical) OR (Speed == Very Fast) OR (Course
== Difficult) OR (Time == Evening) OR (Shipping intensity == High) THEN (Risk == High) AND
(Number of factors == High)

IF (Proximity == Very Close) OR (Technical == Medium) OR (Isobaths == Close) OR (Currents ==
Strong) OR (Wind == Very Strong) OR (Visibility == Critical) OR (Speed == Very Fast) OR (Course ==
Critically Difficult) OR (Time == Night) OR (Shipping intensity == Critical) THEN (Risk ==
Very High) AND (Number of factors == High)

IF (Proximity == Very Close) OR (Technical == Severe Damage) OR (Isobaths == Far) OR (Currents
== Critical) OR (Wind == Noticeable) OR (Visibility == Very Poor) OR (Speed == Critically Fast) OR
(Course == Difficult) OR (Time == Dusk) OR (Shipping intensity == High) THEN (Risk == Medium High)
AND (Number of factors == High)

IF (Proximity == Close) OR (Technical == Severe Damage) OR (Isobaths == Far) OR (Currents ==
Critical) OR (Wind == Strong) OR (Visibility == Very Poor) OR (Speed == Very Fast) OR (Course ==

Very Difficult) OR (Time == Evening) OR (Shipping intensity == Very High) THEN (Risk == Medium High)

AND (Number of factors == High)

IF (Proximity == Too_Close) OR (Technical == Severe Damage) OR (Isobaths == Close) OR
(Currents == Critical) OR (Wind == Noticeable) OR (Visibility == Very Poor) OR (Speed ==
Critically Fast) OR (Course == Difficult) OR (Time == Night) OR (Shipping intensity == Critical)
THEN (Risk == Medium_High) AND (Number of factors == High)

IF (Proximity == Very Close) OR (Technical == Minor_ Damage) OR (Isobaths == Far) OR (Currents
== Very Strong) OR (Wind == Noticeable) OR (Visibility == Very Poor) OR (Speed == Fast) OR (Course
== Very Difficult) OR (Time == Dusk) OR (Shipping intensity == High) THEN (Risk == Medium) AND
(Number of factors == Medium)

IF (Proximity == Close) OR (Technical == Minor Damage) OR (Isobaths == Far) OR (Currents ==
Strong) OR (Wind == Noticeable) OR (Visibility == Critical) OR (Speed == Very Fast) OR (Course ==
Critically Difficult) OR (Time == Evening) OR (Shipping intensity == High) THEN (Risk == Medium)
AND (Number of factors == Medium)

IF (Proximity == Too_Close) OR (Technical == Minor_Damage) OR (Isobaths == Close) OR (Currents
== Very Strong) OR (Wind == Very Strong) OR (Visibility == Very Poor) OR (Speed == Critically Fast)
OR (Course == Difficult) OR (Time == Night) OR (Shipping intensity == Critical) THEN (Risk ==

Medium High) AND (Number of factors == Medium)
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AKT BIPOBA/’KeHHSI pe3y/bTaTiB Aucepraniiinoi po6oru 8 OHMY

IANTREPJIAYR)
1op O IMY, 3 HTTP
—

Al
COM Y MEIIO

y 2024 p

TP BHKOPHC T\ p +)¢. BT m..orql HHIO1T PODOTH
HOTOMA Py
i remy « Meroam CrBopenny anto AN CHCTCM KCPYBAHHSE PYXOM
CYANA 1 OCHOBE KBA G I0T MOACT OV II0BOAIHY B OCBITHEOMY HPOIec]

OReChKON 0 HAONA LI 0 MOPCLEOTO YHIBCPCHTETY

M. 1o Hisce mammcamen. aon Poccosaxa O A k1 v ton Hlasos O B
Kobn o Kanmenko O B, ek neil akn 8 oMy, 110 peiyinTaTh HaVKOBHX
AOCAUKCHL  HCCPIATNO] poboT i VIODVITH HAVKOROTO CTVIICHA JJOKTOPY
purocogn anodveata Honovapsosor BT ua remy «Metoan crsopeHis
A UM IBAITF A O b RPN BATA P AR Ui B O B nn“,li-li}ii.\ullni:il.}i
MOJICHT CYIHOBOIIN S RIPOBALIACHT B OCHIIHIT nponce. kadeapn «Hasiams o
KEPYBAHHA CVAHOM» (VICCRKOMO HAIIOILILHOT O MOPCHEOTO YHIBCPCHIC TV, 8 CaMe’

PY METoa HporHosy BaHHs TPACKTOPIE CVICH 3 BHEOPHC TAHIAM HEHPOITTHY
MCPCH T2 LTFOPHTMIB MTTIHHOL O HABUIHHS . 110 02 3VIOTHCH HA aHATT31 TaHHX TIPO
KCPYBAHHA PVXOM OV IHD BRIOMGIOUH  (HGOPMAILK 0pO HaBl @il VMOBH,
OUHBBKICTE 10 DCPCIoBOL JTHHLE 1 RBitfiRatting O sHasit O OB HE  PH
BHEIQAAHHT 0BT kosionen t «3HTHB» (172 57004 8008 HayKOBOTO CTVIEHKD
MArieTp) Ta « YOIM b (2008 11000 B4 1B 1Hay KOBOLO CTY HCHI0 DAKaTaBp ).

2 BHRGTHCTATAA 000D M@ 0] U WL GBaTA T D3 HABIH GLGHITOT0
Tperazepy Navi Trainer SU00 118 popodsn 1 BENPAIIORANIT KEPYBAHHS PYXOM
CMAHA 3 VPANYHBAHHAM THTCH DAL B TOMATHIOBAHHAY CHCTEM NTTPHMKH NPHIHATTA
PIUCHE CYVTHORO B B VMOBAN HCBWHATCHOCTT B HOBHOTT HARIEAIURIAY a1y

NPH BHKIAAHHTL 0CBITHIN. KOMIOHCHT. « ACYCn (L 3100vEadis HAVKORO! 0

CTVISHKY Mal ii:[pl ra o HIC» (s i.mﬁ}. BA"ITH IRVKOROTO CTVHEHTID G:}Ku,‘ump};

HauaibHUK HaguaLHOT O

gy OHMY ., nonent Ouer POCCOMAXA
B.o. aupektopa Hasyaisno-navkosoro

IHeTHTYTY Mopeskoro duory, aonenr 4&(# Onekcrii HTAMOB

3apinveay kade 1 py HaBIrat |

KEPYBAHHA CYIHOM, TOUEH | Crrenin KAJITHIYEHKO
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JOJATOK T

AKT PO BUKOPUCTAHHA pe3yJbTaTiB AuceprauniiHoi podooru y XMCTII npu

XIMA

XEPCOHCBKVM MOPCBHKUN
CIELIAJIIRZOBAHUN |
TPEHAXEPHNMY LUEHTP IIPU
XEPCOHCBKIV IEPXABHIN
MOPCBKIN AKAIEMIT

np. HesanexuocTi 20, M. XepcoH, Ykpaina, 73003,
Tesn.: + 38 050 6727685, e-mail: office@kmstc.org

Ne 036-1/1/2024 Bim 16.10.2024 p. - HaNe Bi 20 p.

KSTC SPECIALIZED

TRAINING CENTRE

AKT

PO BUKOPHCTAHIA Pe3y bTaTiB AMCepTaliitHol podoTH Ha 3100y TTst HAYKOBOTO CTYIIEHS
JlokTopa himocodit

«MeTo/I1 CTBOPEHHS aBTOMATH30BAHUX CHCTEM KEPYBaHHS PYXOM CYJ[HA HA OCHOBI
kpamidikaniiinol Mmoaenl cygHOBOIIA»

TIOHOMAPBOBOI Bikropii TTerpisnu
Kowmicist v ckiani:

T'onosa xowmicii: Hymaenko C.B. — KII, aupexrop TOB XepcoHCEKOr0 MOPCHKOTO
CIIeNiani30BaHoro TPeHAKEPHOTO NeHTPY [P XepCOHCHKIll lepaanniit MOpehKiil akagemii

Unenu komicii: Kosagex B.M. — K/II1, inctpykrop TOB XepcoHCHKOro MOpchKoro
CHENiaTi30BaH0T0 TPEHAKEPHOTO USHTPY [pU XCPCOHCKIH fepikaBHiit MOpehKiil akagemil

Maxkapuyx JIL.M. — K/III, KTH, Jlouent xadeapu cyIHOBOMIHHI,
nposimani iHeTpykTop TOB XepcOoHChKOro MOPCBKOIO CIEI[aTi30BaHOTO TPEHAKEPHOIO
IEHTPY NPH XePCOHCHKIM fepkaBHiil MOpebKiit akagemil

UM AKTOM 3aCBiJ4ylOTb, W10 Pe3yJbTaTH JAHCEPTALifHOrO Jociipkerds [T0HOMApLoBoi
Bikropii Iletpiam Ha Temy «MeToan CTBOPEHHs ABTOMATH30BAHMX CHCTEM KepPYBAHHS
PYXOM CyznHa Ha OCHOBI KBami(ikariiftHoT MO CyIHOBOIS», TPEe/ICTABICH] Ha 3106yTTs
HAYKOBOro CTyNeHs [oKtopa ¢inocodii, Bukopucrani B mpodeciiino-texmiumiit ocpiThiit
mismbrocti TOB «Mapioy Hasiredin Yipainay y Burnami;

1) Pospobku xomiuiekcHol KpamidikariiiHoi Mojeni cyaHoBOAiA /Ul aBTOMATH30BAHOTO
KepYBaHHS CY/HOM, 5Ka BPAaXOBy€ TeXHiuHi, KOTHITHBHI Ta IIOBEIiHKOBI acmeKTH
npodeciiiHol AlsIbHOCTI, [0 JO3BOJIMIO OLIHHTH PiBeHb TEXHIYHOI MiTOTOBKH, HABHYKH
poboTH 3 HaBirauiiHMMM TIpHIAZaMM, 3JATHICTL [0 IUBHAKOTO MPHHHATTA pillens y
CTPECOBMX CUTYalisX, & TAKOK 1HAUBITyaTbHI TIOBEIIHKOBI 0COGIUBOCTI CyAHOBOIIA MM Yac
KepyBaHHsI PyXOM CyJHa.



2) MeroaiB 1mo/10 nmo0y10BH aBTOMATU30BAHOT CUCTEMHU KEPYBaHHS PYXOM CY/[HA HA OCHOBI
igzeHTndikanii Ta oIiHKM KBalidikauiiHUX napaMeTpiB  CyJHOBOMIIB Yy CKIaJHHX
HaBIraI[iifHNX yMOBaX Ha OCHOBI IHTEJCKTYaJlbHUX CHCTEM 3 BHKOPHCTAHHSM HEUITKOL
JIOTiKH, IO JTO3BOJISIE aBTOMATHYHO 30upatu jaHi npo il cyaHoBosis no ganum ECDIS ta
aHAII3yBaTH IX 3@ JONOMOIOI0 HEYiTKOI JIOTiKH, siKa e(eKTHBHO 0O0pobIse HeBM3HAueHi Ta
HETOYHI JlaHi 3 METOIO MPOTHO3YBAHHS PIBHS PH3MKY VIS CKIAAHUX AUISHOK MapiipyTy
CyZIHA.

BukopucTaHHsT BKA3aHUX pe3yJbTaTiB JO3BOJSIE: MIABHIMUTH e(EKTUBHICTh IirOTOBKH
IJIaBCKIIA/TY; KOPUTYBATH MPOLEC TPEHAKEPHOI MIATOTOBKH 3 ypaxyBaHHAM KBanidikauifinol
MOJIeNIi CYZHOBOJIIS B peajlbHOMY Haci; HajaTh HeoOXiJHi npodeciiiHi pekoMeHaatil 10
KepyBamHaM pyXy CyIHa B yMOBAX PU3UKY.

Hynuenko C.B. — KJII, aupextop TOB XepcoHCbKOro MOPCHKOTO CIELiaTi30BaHOTO
TPEHAKEPHOTO LEHTPY MPH XeBg(_)HCBKlPI JeprkaBHIN MOPCHKiii akaiemil

Kozauek B.M. — KJIII, inctpyxrop TOB XepcoHCHKOTO MOpPCHKOTO CIEIiaTizoBaHOTO
TPEHAKEPHOTO LEHTPY NP XCPCOHCHKIil AepKaBHil MppChKiii akamemii

Makapuyx .M. — KAII, KTH, Homent Ka(beIIpPI(C}’ILHOBO,HiHHSI HPOBITHUI IHCTPYKTOP
TOB XepcoHCHKOTO0 MOPCBHKOTO CIIEIiai30BaHOTO TpeHa>KepHor0 HEHTPY mpu XepCOHCHKiH
JiepkaBHilt MOPCBKii akagemil Ve R
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JOIATOK [
AKT PO BUKOPHUCTAHHSA pe3yJbTaTIiB AucepTauniiHoi podooru y X/IMA
3ATBEP]DKVYIO

o & ;:’? &

©
=
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AKT "
J \} =
Npo BUKOPUCTAHHA Pe3yJibTaTiB AMCEPTaLiiHOl poOOTH y ;S“é

[TOHOMAPBLOBOI Bixkropii [etpiuu

Ha OCHOBI KBasTipiKaLIHOI MOAEN] CYHOBOIA» B OCBITHBOMY TpoLIECT
XepcoHCebKil aepkaBHIi MOPChbKHH akaaemii

Mu, mo wnwkue nianucamucs, HarpuOGensnumii S1.A., Makapuyk JI.M.,
[letpoBcbkuit A.B., cknanm ueit akT B TOMY, 10 PE3YJIbTATH HAYKOBHX JOCIIKEHD
auceprauiiioi pobotv Ha 3100yTTS HAyKOBOro CTyneHs aoktopa Qinocodii
3no6ysava [TonomapeoBoi B.I1. Ha Temy «MeToam CTBOPEHHS aBTOMATH30BAHHWX
CHCTEM KEPYBaHHsS PYXOM Cy/IHa Ha OCHOBI KBaJi(iKaliiiHOI MOAENI CYyaHOBOIIs»
BIPOBAKEHI B OCBITHIH npouec kadenpu CyaHOBOMIHHS, OCBITHS KOMIOHEHTA
«Hasirauiiini indopmauiiini cuctemu» 6akanaBpchbKoOro piBHs MiAroTOBKHM, a CaMe:

- Meroj inTerpauii aBToMaTU30BaHNUX 3aCO0IB MIATPUMKH MPUAHSATTS PillIEHb
JUIs  CYIHOBOJiS Ha MICTKY MOPCHKOrO CyaHa 3 ypaxyBaHHSM (DakTopis
HEBU3HA4YEHOCTI B MoBHOTI aanux ECDIS, sikuii nosnsrae B po3podii KOMILIEKCHOT
CHCTEMH, 110 BKIIOYAE IHHOBaUIMHI moayni aBromatu3oBaHoi OCR-06pobku
300paxenb aucriess ECDIS, nopiBHSAHHS TEKCTOBMX IaHHMX Ta TIeoJOKaLliid,
Bi3yasmi3amii reorpaiuHMX JaHMX HA IHTEPAKTHBHIN KapTi Ta reHepaiii mopaj
MIATPUMKH TIPUAHATTS PILLCHb 15 CYAHOBOIS.

Jlexan gakynbTeTy -
CynHOBOIIHHS n.n.H, npodecop Spocnas HAI'PUBEJIbHUH

3aBinyBau kadenp
«CyaHOBOIHHS» K.T.H., AoueHT JIMutpo MAKAPYYK

Jlouent kadenpu 5
«CyIHOBOJIHHS» 7~ K.T.H., noueHt Auapii [TIETPOBCbKHWH



JOJATOK E
Butsar 3 nporokoJy 3acitanHsa Kageapu 0e3neKH KUTTENSVIBHOCTI Ta
npogeciiiHo-npuKIaAHOI QiBUYHOT MIATOTOBKH

MIHICTEPCTBO OCBITH I HAVKH VKPATHH
XEPCOHCBKA JTEPJKABHA MOPCHKA AKAJIEMISA
®AKVJIBTET CY/JIHOBO/IHHA
KA®E/IPA BE3IIEKH KATTEBLUIBHOCTI TA IIPO®ECHTHO-TIIPHKJIATHOT
®I3NYHOI MIITOTOBKM

Bursr 3 npoTokoiTy 3aciiaHHS Kadeapu Oe3meKn KUTTE I SUTBHOCTI Ta IpodeciiiHo -
pUKIaHOI (h13UIHOT M1 ATOTOBKU
BiI «03» rpymas 2024 p. (mo mpoTokory Ne5)

Tonoea: ¥Opiit KYIIIEHKO
Cexpemap: BiaguciaBa TOKAP

Ipucymni: Kymenko }O.O. - B.0.3aB. kadeaporo, ct Bukitagad, Cokona A.O. — CT. BukiIaaad, I'y3p
AM. - cr. Bukianay, Kupuuenko K.B. - mounent, Kpanusko I'.l. - gonent, CBupuna B.C. - cT.
BukJaaad, Yaban B.O. — 1. c.-T. Hayk, mpodecop, 3omoTaperko B.®. - cT. Bukiagad, Tokap B.L -
ceKpeTap.

Biocymmni: I'yceB B.M. — mpodecop.

Ilopsiiok TeHHHI:
1. 3BITYBaHHS IIPO HAYKOBY TeMy Kadeapu.

CIIYXAJIN:

Crapmoro Bukiagada AnsoHy COKOJI, ska 3BiTyBajda Ipo HayKOBY TeMy Kadepu.
Kadenpa BEXIIIOII y 2024 p. 3aBepiye mepumii etanr HIP "IneHTH]iKalis 10 1ChKO1 ITOMILIKI
CYIHOBOJIIS IIiJ] 9ac MPUHHATTS pillleHb B Iporieci 60poThON 3a KHUBYUICTh cyqHA", Jlep:KaBHIIT
peectpariitauit Homep 0124U004508. Haykosuit kepiBHHK HJIP K.T.H., mpodecop kadenpu
BXIII®II Biktop I'YCEB, BiamoBigampHuil BiKoHaBenb HJ[P ct. Bukianad kadenpu BXXIIIOIT
Ampsora COKOIJL.

Ertan Nel mae Ha3By: AHauTi3 IPHYIHH BUHHKHEHHS JIIOJCHKOI TOMUJIKH CYTHOBOJLS 1T 9ac
MPHITHATTS pillleHb B IIpoIfeci 00poThOU 3a JKUBYUICTh CY/IHA 3 BUKOPHCTaHHAM VR -T€XHOIOTIH 3
METOIO ITOOYIOBH MO IIPHITHATTS PillleHb.

CIINCOK BUKOHABIIIB mepmioro eTary:

K.T.H., mpodecop kadeapu BXXIIMIDII I'yceB Biktop MukomnaiioBud;

cT. Buktagad kadenpu BXKIITIOII Cokon AnpoHa OeKcaHIpiBHA;

cT. Bukianad kapeapu BXIIIIDIT Kymenko FOpiit OnekciiioBud;

cT. Buktanad kadempu BXKIIIIOII I'y3p Anapiit MuKoIaiioBud;

K.T.H., noreHT Kadenpu BXKIITIOII Kupndenko KoctaaTus BomoamMuposd;
PhD, mouent Mamenko ITaBio IleTpoBuy;

K.T.H., 1o1ieHT Hocos ITaBno CepriiioBud;

AcmipanTka [ToHoMappoBa Bikropis IleTpiBHa.

00 SO\ Ly g A e
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3BiT eramy Ne 1 ckiamaetses 3 5 po3numiB (83 c., 14 puc., 1 Tabm., Bukopuctano 81
JuKepento, 8 myOTiKaIliil 3a HayKOBO-IOCI1THOIO TEMOIO).

OO0’ €KTOM JIOCIIIDKEHHS € JTIOICHKUI YHHHUK.

IIpeaMeToM JOCHIDKEHHS € 3°SCyBaHHS Ta BHUBUEHHS (DaKTOpiB, SKI BIUIMBAIOTh Ha
MOJKITHBICTh BUHUKHEHHS HeOakaHO1 oIl

MeTor poOOTH € BU3HAYEHHS (paKTOPiB BILTHBY Ha MOJKJIMBICTh BUHHKHEHHS JIFOJCHKO1
TIOMIUIKH CYJAHOBOJIIS IIiJ YaC BUKOHAHHS BIIPaB 110 3a0€3[1€UEeHHI0 )KUBYJOCT1 Cy[IHA B PEXKIIMI
PeaIbHOro Jacy.

3aBmanHs | eTarmy JOCIIDKEHHS, K1 OyJIH BHKOHAHI:

IIpoBemeHHS aHami3y HAYKOBOI 1 HAYKOBO-TEXHIUHOI JTepaTypu, HOPMaTHBHOL
JIOKYMEHTalIIl1, sIKa IPUCBSICHA JIFOJICHKIH IIOMIUTIN CYIHOBOJIS Y MPOLEC] IPUITHSATTS PillleHb B
eKCTpeMaJIbHHX YMOBaX.

BuBueHHs 1HTepaKTHBHUX 3ac001B (VR-TeXHOIOrIH) Ta miadip BIAIOBLIHUX BIPaB JUIS
BIJIIPAIFOBAHHS aITOPHTMY JIiil 110 3a0e3IeueHHI0 JKUBYIOCT] Cy/IHa.

IIpoBemeHHS IOCHIIKEHHS JIOJACHKOI IOMIUIKH CYTHOBOIIS I 9Yac BHKOHAHHS
BIJITOBIIHUX BIIpaB 110 3a0e3MeYeHHIO AKUBYIOCTI Cy/IHA.

JliarHocTHKa TCHXO(I310MOTIYHUX IapaMeTpiB IMiJ Yac BHUKOHAHHSA BIpaB IIO
3a0e3MeYeHHO JKUBYUIOCTI Cy/IHa.

JlocnipkeHHS Ta aHali3 BIUIHBY TEXHOJIOTIH BIPTyadbHOI peaqbHOCTI Ha SKICTh
cepTudiKaIiHHOI I ATOTOBKH.

Po3pobka MeTomy QopMyBaHHI HaOOpy IHIUBIAYaIbHIX TECTOBUX 3aBIaHb JUIL
OIIIHIOBAaHHS PIBHA MiATOTOBKH CYIHOBOIIS Y IPOIEC] TPEeHaKe PHOI ITi ITOTOBKH.

CTBOpEeHHS MaTeMaTHYHOi MOJeli aBTOMAaTH30BaHOI EKCHEePTHOI CHCTeMH OI[IHKH
KBai(iKaIli CyTHOBOMIIS.

JlocmiukeHHS Ta 3aCTOCYBaHHS MOJIeNel CHCTEMHOTO BHSBICHHS BIUIHBY JIFOJICBKOTO
YHHHHKA Ha Oe3IeKy MOpEeIlIaBCTBa.

Ha 2025 p. mnanyetses 2 eran H/IP.

IIoOynoBa Mojei MPUITHATTS PillleHb B €KCTPeMaIbHIX YMOBaX.

Bu3Ha4ueHHS MiIXOJiB Ta 3ac00iB MIOJO IIOHepeKEHHS (aKTiB JIFOACHKOI ITOMILIKH
CYTHOBOJIISl B PeXKIMI peaJbHOTO Jacy B 33jlauax 3a0e3leueHH 5 JKIBYIOCT] Cy/IHa.

YXBAJIWIN:
1. Irdopmarriro B3ATH JIO BijoMa.
2. BBakaTH 3BIT TaKUM, III0 BIJIOBIJa€ yMoBaM HamucaHus HJ[P.
3. BuxopucTtoByBaTH pe3ynbTaTt HI[P y OCBITHEOMY IIPOIIEC.

ToJioBa 3acijaHHA = f IOpiiit KVIIITEHKO

CekpeTap 3acilaHHS BramiciaBa TOKAP

265



266

JOIATOK XK
Cnucoxk myOJrikamiii 3a TeMOIO AucepTanil

1. Gritsuk 1.V., Nosov P.S., Ponomaryova V.P., Diahyleva O.S. Reduction
of navigation risks by using fuzzy logic to automate control processes under
uncertainty. «Hayka 1 texnika cporomui» (Cepist «Texnikan)»: xypHai. 2023. Neo
6(20) 2023. C. 8-22. Kareropis b

2. Victoria Ponomaryova, Pavlio Nosov. Method of automated identification
of qualification parameters for marine operators under risk conditions // HaykoBmii
BICHUK XEpCOHCBKOi JIep’KaBHOi MOpPCBHKO1 akajgemii (ABToMaru3amis Ta
KOMIT IOTEPHO-IHTETPOBaHI ~ TEXHOJIOTIl): HAYKOBHMHA KypHal. —  XEpCOH:
XepcoHChKa JiepkaBHa Mopchka akagemis, Ne 26-27 (2023). C. 144-165.
https://doi.org/10.33815/2313-4763.2023.1-2.26-27.144-165. Kareropis b

3. Ponomaryova, V., Nosov, P., Ben, A., Popovych, I., Prokopchuk, Y.,
Mamenko, P., Dudchenko, S., Appazov, E., & Sokol, 1. (2024). Devising an
approach for the automated restoration of shipmaster’s navigational qualification
parameters under risk conditions. Eastern-European Journal of Enterprise
Technologies, 1(3 (127), 6-26. https://doi.org/10.15587/1729-4061.2024.296955

Kareropist A

4. Victoria Ponomaryova. Method of decision support for navigators in
automated vessel traffic safety control based on ecdis data / HaykoBuii BicHUK
XepCOHCHKOT JIepKaBHOI MOPCHKOi akamemii (ABTomaru3allisi Ta KOMIT FOTEpPHO -
IHTErpoBaHl TEXHOJIOTII): HayKOBUU KypHal. — XepcoH: XepCOHChbKa Jep>KaBHA
Mopchka akagemis, Ne 1 (28), 2024. C. 22—-40. Kareropis b

5. Ponomaryova, V., Nosov, P. (2024). Development of a method for
predicting hazardous ship trajectories under uncertainty of navigator actions.
Technology Audit and Production Reserves, 5 (2 (79), 44-55.
https://doi.org/10.15587/2706-5448.2024.313523. daxosa. Kareropis b.

6. Ponomaryova, V., Nosov, P. Development of a navigator qualification
model for automated ship handling control tasks // HaykoBuii BicHuk XepcoHCHKOT

JepkaBHOT MOpPCHKOi akaneMii (ABToMarw3allisi Ta KOMII'IOTEPHO-IHTEIrpOBaHi


https://doi.org/10.33815/2313-4763.2023.1-2.26-27.144-165
https://doi.org/10.15587/1729-4061.2024.296955
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texHojorii): HaykoBuii xypHan. — XepcoH: XepCOHChbKa Jep’kaBHa MOpPCHKa
akamemis. Ne  2(29), 2024. C 6-23. https://doi.org/10.33815/2313-
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