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AHOTAIIISA

Aaeiinikop M. B. Mogeni 1 Merogu e(QEKTHUBHOTO CYIHOBOMIHHA 3
BUKOPDUCTAHHAM 1HCTPYMEHTAJIBLHOTO METOAy HaBiramii Ha piumi JHimpo —
Ksanigikariiina HaykoBa mpams Ha mpaBax pykomucy. JucepTaumis Ha 3700yTTA
HAyKOBOT'O CTymeHs JokTopa ¢inocodii 3a cremanpHicTIO 271 — PiukoBuii Ta
MOPCBKHI TpaHCIOPT. — Jlep:kaBHUI yHIBEpCUTET 1H(PPACTPYKTypHU Ta TEXHOJOTIH,

Kwuis, 2020.

HuceprariitHa poborta IIPUCBAYEHA 3aCTOCYBAHHIO Cy4aCHOTO
IHCTPYMEHTAJILHOTO METOJly HaBiraiii Ha piyii JIHINIpo HUIIXoM po3poOKH HOBHUX
METOJIB, IO JO3BOJISIIOTh ABTOMATU3yBAaTU BUKOHAHHSA HaBIralliiHUX 3aja4d B
eJIEKTPOHHO-KapTorpadiyHoi cuctemi. HaltOuibil BakJIMBOIO MPOOIEMOI0 Cy4acHOT
e(eKTUBHOT €KCIUTyaTallii BOJJHOTO TPAHCIIOPTY € MUTAHHS O€3MEeKH CYTHOIIABCTBA.
IIMoBipHiCTh Ge3meyHOro TaBaHHA B OUTBIIOCTI BHIAJKIB HE IEPEBUILYE
noTpiOHOTO piBHA. Ha migcraBl OTpUMaHMX MAaHUX MIO0 JUHAMIKM aBapiiHOCTI Ha
BOJHOMY TPAHCIOPTI 33 OCTaHHI POKM MOXHA CTBEPI)KYBAaTH, IO aBapIMHICTb
3QJIMIIAETHCS Ha TOMY K PIBHI, a HAOUIbIUMHM ii BIACOTOK NpHMazae Ha aBapil B
yMOBaxX OOMEXEHOr0 MaHEBPOBOTO MPOCTOPY (piUuKH, MOPTOBI 30HU, MPUOEPEKHE

TIJIaBaHHS ).

EdexTuBHUM MexaHI3MOM eKCIulyaTallii BOJHUX TPAHCHOPTHHUX 3ac00iB Y
CydyaCHHX YMOBAaxX IHTEJEKTyali3allii CUCTEMHU NPUUHSITTS pIIIEHb € Tepexia Ha
IHCTpYMEHTAJIbHUA METOJl HaBirauii (piukoBYy e-HaBIralll0) 3aMmiCTh JIFOYOTO
Bi3yaJbHOro (JIOIIMAaHCHKOTO) METOAYy ¢ TMojajbllle MiABUILEHHS O€3MeKH pyxXy
BOJITHOT'O TPAHCIOPTY Ha BHYTPIMIHIX BOAHMX HUIsxax. OCoOMUBO CIIiJI BiI3HAYUTH
HaWOUIBII BaXJIMBI TPUKIAIHI PE3YyIbTaTH NPOMOHOBAHOTO METOMY, Taki fK
MO>KJIMBICTh aBTOMAaTHU30BAHOTO BiIOOpaK€HHs 1HIUBIYaJIbHOI CYAHOIUIABHOI CMYTH

JUIS CyJIHa B 3aJIe)KHOCTI BijJ 0OpaHOi MOro ocajaku 1 JIMCHOTO PIBHS BOJU, a B
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MEePCIEeKTUBI BIIMOBA BiJl YCTAHOBKM O€pEroBHX 1 IUIABYYHUX 3aCO01B HABITAIIMHOTO
obnmagHaHHs. J[o TOTO K CHi 3a3HAYUTH, IO BBEICHHS IHCTPYMEHTAIHHOTO METOIY
HaBIraiii 103BOJUThH B OCOOJIMBHII MEPi0]] ONIEPATUBHO 3aKPUBATU CYAHOILIABCTBO I10
(dapBaTepy 1 3I1HCHIOBAaTH MPOBOJKY TUIBKM OOpaHUX CyJeH. BrpoBamkeHHsS
IHCTPYMEHTAJILHOTO METOJly HaBiraimii po3risgacTbcs SK CHCTEMHUH 00'€KT 3
ypaxyBaHHSIM HOTO CUCTEMHOI'O XapakTepy, TOOTO HE SIK €AMHE LILJIe, a IK KOMILJIEKC
B3a€EMOTIOB'SI3aHUX CKJIAJOBUX €JIEMEHTIB 1 iX BIaCTUBOCTEH.

Ha 6a3i ornsiny niTeparypHHX JDKEpen Bi3HAYEHO, IO MyOJTiKailii, moB's3aHi 3
MpoO0JIEMOI0 3aCTOCYBAHHS I1HCTPYMEHTAJIBHOTO METOAY HaBiraiii 3a JOMOMOTOIO
Inland ECDIS, nyxe oOmexeHi, a Jeski iX acleKTH AOCIIIKEHI HE MOBHICTIO,
MOBEpPXOBO 1 TMOODKHO. B pesynbTari aHamizy JiTepaTypHHX JKepel OyJo
BCTAHOBJICHO, III0 IICHTPAJbHUM HAMNpPSAMOM BHUPIIICHHS BKa3aHOi MpPOOJIEMHU €
BJIOCKOHQJICHHSI 1 po3poOKa e(EeKTUBHUX CMOCOOIB EKCIUIyarailii HaBiraimiifHoro
oOnaJiHaHHsS BOAHOTO TPAHCHIOPTY 3a JOMOMOTOIO JOAATKOBUX METOJIB peaizallii
OOYHCITIOBAIBHOTO 1HTEJIEKTY, BUOIp O€3MEeYHOro HUISXy 3 JOTPUMAHHSIM BUMOT 3
0e3MeKu pyxy Cy/aHa, 0 MAaHEBPYE, Ta OXOPOHU HABKOJMIIIHBOTO CEPEIOBHUIIIA.

OOrpyHTOBAaHO OCHOBHHMU HampsiM JHCEPTALlIHOTO JOCTIKCHHS, SIKE
MPUCBAYEHE PO3POOIIl crocoOiB aBTOMAaTU3allli POOOTH (PYHKIIOHATBHUX MiJACHCTEM
IHCTPYMEHTAJILHOTO METOJy HaBIramii B pi3HMX HaJa3BHYailHuX ymoBax. Po3poOka
METO/1B MOJEIJIIOBAHHA TaKOi (DYHKIIIOHAJTBHOT CUCTEMU CIIPUsI€ OLIbII €()EKTUBHOMY
MJIJABaHHIO B YMOBaX PIYKOBOI e-HaBiraiii, MOMEPePKEHHIO MOCaJ0K HAa MUIMHY Ta
3a0e3MeUYeHHI0 Oe3MEeYHOr0 MPOXOay TiJ MOCTaMHU, JIHISIMH eJeKTporepenad B
CTUCIIUX YMOBAaX, BKJIIOUAKOYHW peatizallito J104aTKOBUX 3aB/IaHb.

OOG'eKTOM JOCHIKEHHSI € TIPOIeCH EKCIUTyaTalli BOJHUX TPaHCIOPTHUX
3aco0iB Ha piuri JIHIOPO, a MpeaMEeTOM IOCHIKEHHS € MOJACNi 1 METOIH, IO
BU3HAYAIOTh CTPYKTYpY 1 OOpOOKYy NaHHUX y €JEKTPOHHO-KapTorpadiyHuX 3acobax
plUKOBOTO CyaHOBOAIHHSA. Po3poOiiena cTpykTypa nucepTaliii i1 mpuBeneHe ii
MeTojosioriyHe 3a0esnedeHHs. [IpoBeneHo BuOIp Temu JociikeHHs. Bukianeni
MeTa JUCEPTALIHOTO MOCHiKeHHs. [l mocarHeHHs 1€l MeTu Oynu MOCTaBIICHI

3aBAaHHs HAYKOBOTI'O I[OCJ'IiI[)KeHHH.



CdopmynboBaHa 1 miaTBEepKeHa podoUa TinoTe3a HAYKOBOTO JOCIIIIKCHHS.

[Ipn BupimeHHI HE3aJEKHUX CKIAJOBUX 3aBlIaHb OJCpKaHI BIAMOBIIHI
HAyKOB1 pe3yJbTaTH AucepTaliiHoi pobotu. IlpuBeneHi pe3yabTaTv JAOCIIIKEHHS,
Kl MalOTh HAYKOBY HOBHM3HY Ta OTpUMalM MOAAIBIINN pO3BUTOK. OOIpyHTOBaHA
MpaKkTUYHA IIHHICTh AOCHIDKCHHS I 3a0e3medeHHs Oe3MeYHOTO PyXy CYIICH.
3actocoBaHl MaTEeMaTHYHHWI amapaT 1 METOAMKMA BHUPIIICHHS CKJIQJIOBUX 3ajad.
MeTonuKy ONMUCYIOTh OCHOBHI €TamM BUKOHAHHS HAYKOBOTO JOCIHIJDKEHHS 1
BKJIIOYAIOTh TEOPETHUYHI PO3POOKH 3 BUKOPUCTAHHSIM Cy4YaCHUX METO/IIB €KCTIIEPTHOTO
aHayizy.

EdeKTUBHICTh 3apONOHOBAHOI MEPEX] IHCTPYMEHTAJIbHOTO METOJly HaBIrarii
OIIIHIOBAjJacs IIUIIXOM BHKOHAHHS  ampiOpHOi  OIIHKA Ta  IMITaliiHOIO
KOMIT'FOTEPHOTO MOJICTIOBAHHS 3 METOI0 BHU3HAYEHHSI OYIKYBaHOI €(EeKTHBHOCTI Ta
JOIIILHOCTI pealizallli CydacHOr0 METOJly HaBiraiii g0 eramy ekcruryataii. Jlis
3MIIMCHEHHS apiOPHOI OI[IHKK 3aCTOCOBAHI METOJM MAaTEMATUYHOTO MOJICTIOBAHHSI.

B ocHOBHI#l yacTuH1 poOOTH 3A1MCHEH] OIJIAJ Ta aHaNl3 PO3BUTKY CYYaCHUX
CUCTEM HaBiraiii Jjisi BUPIIICHHS 3a7a4 YIpaBIiHHSA PYXOM CYJEH Ha BHYTPIIIHIX
BOJHUX IUIsAxaX YKpaiHu. BusHayeHi icHyroul MOMiHYHOYl 1H(pacTpyKTypHI Ta
TEXHIYHI (PaKTOpH, OCOOJMBOCTI PIYKOBOIO CYJHOBOAIHHS, SIKI OOMEXYIOTh
Hapiramiro Ha piumi JHinpo. BusHauenwii mopsimok oTpuManHs iHQopMariii as
yrnpasiiHHS cygHoM 3 BukopuctanHsM Inland ECDIS. Tlposeneno ananiz cyyacHOro
cTaHy (YHKIIOHYBaHHS €JIEKTPOHHO-KapTorpadiuHux HaBirauiiHuxX 3aco0iB Ha
BOJIHUX aKBaToOpisix CynHOBOAIHHSA. CdopMylboBaHI YMOBH 1 BUMOTH JO CHUCTEMH
e(eKTUBHOT MIATPUMKHU MPUNUHATTS PILIEHb CYAHOBOJIEM 1 €KCIIEPTHOI cucTemu. [
BU3HAYCHHS HANpPSIMy JTUCEPTAIlIHHOTO JOCTIIKCHHS TPUBEICHUA TOPIBHIBHUAN
aHaji3 BIAMIHHOCTEW cTaHmapTiB Mopcbkux 1 piukoBux ECDIS. Kpim Toro,
obrpynTtoBano, 1o Inland ECDIS mnoBuHHa cTaTd JaHKOK I1HTErpOBaHOT
iH(MOpMAIIHOT CHCTEMU JIJIs YIIPABIIHHS TPAHCTIOPTHUMH MMOTOKAMHU HA BHYTPIIIHIX
BOAHUX ULUIsIXax. BcraHoBieHo, 1m0 Teopis  (QYHKLUIOHAIBHOI  CTIMKOCTI
IHCTPYMEHTAJIbHOTO METOJly HaBiraiii mepeadadae HOBI MiAXOIU OO0 BUPIIIECHHS

HAyKOBOi MPOOJIEMHU Ta BKJIIOYA€E CYKYMHICTH JIOT1YHO MOB'SI3aHUX MIX COOOIO0 OCHOB.
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3acTocoBaH1 KpUTEPii OLIIHKKU (PYHKITIOHAIBHOI CTIMKOCTI IHCTPYMEHTAJIBHOTO METOTY
HaBiramii Ha BHYTpIIIHIX BOJHMX NUIAxaXx YKpaiHu. [lokazani OCHOBHI eramnu
(yHKITIOHAIBHOT CTIMKOCTI I1HCTPYMEHTAJIBHOTO METOJYy HaBiraiii, Mo BKIIIOYAE
CHUCTEMY e€JEeMEHTIB OeperoBoi 1HGPACTPYKTYpH Ta CYTHOBOTO HaBIraIllifHOTO
obOnamaanHs. Po3pobnenunii aroput™ peaiizaiii (yHKIIOHATBHOI CTIHKOCTI CHCTEMU
3 BUKOPUCTAHHSM MaTeMaTUyHOI MOJEJl y BHUIISAlI HEOPIEHTOBAHOTO Tpada.
HaBezeni kifbKiCHI KpUTEpii OIIHKK (PYHKIIOHATBHOI CTIMKOCTI 1HCTPYMEHTAJIBLHOTO
METO]Ty HaBiraiii, [0 BpaxoByBaTUMYThCS 751 popmaizaiii KpUTepiiB, 3aKiIaIeHUX
B JIOTIKY (DYHKIIIOHYBaHHSI €KCHEpPTHOI CUCTEMHU. 3aCTOCOBAHMU CHUCTEMHHI aHai3
BIPOBA/PKEHHSI 1HCTPYMEHTAJILHOTO MeTony HaBiramii. CkiajeHa 3arajbHa cxema
eTamiB  MiJABUIIEHHS €QEeKTUBHOCTI eKCIUlyaraiii BOJHOTO TpaHcmopTy. B
CUCTEMHOMY aHalli3l MIHUPOKO BHUKOPHUCTaHI HedopmasibHI mpoueaypu: o0'€qHaHHS
dhopmanbHuX 1 HehOpMaTbHUX METO/IB aHANI3Yy 1 CUHTE3Y. 3M1MCHEH1 O]l Ta aHal3
JTEpaTypHUX JHKEpen 3a TeMOolo JociipkeHHs. [IpoaHanizoBaHi OCHOBHI HampsMH
JOCIIJIKEHD 3 J1aHoi1 mpobiaeMaTuku. OOIpyHTOBaHI HE PO3KPUTI B MOBHOMY 00CS31
NUISXW  BUPIIMIEHHS JICSIKUX IWTaHb IIABUINCHHS €()EKTUBHOCTI IPOIICCIB
eKCILTyaTallli HaBIramiiHOTo eJIeKTPOHHO-KapTorpadiuyHoro oonagHanHs. Po3pobiena
JOPOXKHS KapTa McepTallii 3 BA3BHAYEHHSIM MEXaHI13MIB ii peasizaiii.

Bukmamena 1 oOrpyHTOBaHa METOJMOJIOTIS, OCHOBHI €TalM CHCTEMHOI
ONTUMIZAIll CTPYKTypH IHCTPYMEHTAJIBHOTO METOJNy HaBiramii. BuszHaueHi
HaBIrauifHi mapameTpu I 3a1ad cralurizaiii pyxy cyAHa Ta (yHKLHIOHAIbHOI
CTIMKOCTI cucTeMH. 3aBIaHHs cTadum3alii pyxy CyAHa, MpOLEeC BUMIPIOBAHHS
BIIXWJIEHHS BIJI €TaJOHHOI MPOrpaMHOi JIiHII PO3IJSHYTI Ha MIPOrpamMHUX
TpaekTopisix, mo BigoOpaxyrwThcs Ha SENC. HaBenmeHni maremMaTtwuHi po3paxyHKH
BHU3HAUEHHS MOJOKEHHS OyAb-KOi TOYKHM Ha CYJHI 3a JBOMa TOYKaMHU 3 BIJJOMUM
MOJIOKEHHSIMU. 3alpONOHOBaHa MOJIETb JABOKAHAJIBHOTO PEXMMY CcTadlmi3anii
OTpMMaHHS HaBiramiiHux napamerpiB Ha 6asi Inland ECDIS. 3acrocoBanuii Mmeton
peanizanii 00UYHUCIIOBAIBHOTO 1HTEJIEKTY PU BUKOPUCTAHHI JETaI30BAHOTO MacUBY
NIMOWH B PIYKOBUX €IEKTPOHHO-KapTorpadiuHux cucremax. OOrpyHTOBAHUM METO/

po3mmpenHs GyHKIioHATPHIX MoxiuBocTer Inland ECDIS 3a paxyHok B3aeMHOTO



¢byukmionyBanuss 3 Inland radar. Bu3HaueHumii anropuT™M aBTOMATH30BAHOTO
BU3HAYCHHS TPAHWYHUX 3HAYCHb HABITAIllIHUX MapaMeTpiB Mpu pyci CcyaHa i3
3aCTOCYBaHHSAM MOXJIMBUX BapIaHTIB MOJOXKEHHs JiHIT BiqHOCHOrO pyxy Ha SENC 1
MaTEMaTUYHOI MOJIETl MICLENONIOXKEHHSI PYyXy TOYKH MO TPAEKTOpii Yy PI3HUX
OpPTOTOHAJIBHUX CHCTEMaX KOOPIMHAT.

JI1st OLIHKK BUPIIICHHS 3aBIaHb KOHTEKCTHO-OPIEHTOBAHOI 1HTEIEKTYalbHOI
OOpOOKM TOTOKY HaBITaIllfHUX JaHUX OOTPYHTOBAaHUM KpHUTEpialbHUN METOJ, B
AKOMY KOXHa OKpPEMO B35Ta aJbTEPHATHUBA OINHIOETHCS KOHKPETHUM YHCIIOM
(kputepieMm, 1UIbOBOIO (yHKIIEW). ChopMynbOoBaHI BHUMOTH JO YIPaBIiHHSA
KOHTeKCTOM. Ha BiIMIHY Bl TpaJuUIMHOTO BXUBAaHHA HEYITKOI JIOTIKH
BUKOPUCTAHUN TIOPUAHMM TWiAXil, NpPU SKOMY B pPI3HUX YaCTHUHAX CHCTEMH
(GYHKIIOHYIOTh  pi3HI  OOYMCIIOBaJIbHI MOJENI, SKI aKTMBHO B3a€EMOIIIOTh.
[loOynoBana irpoBa MaTpulll JJIsi BUOOPY ONTHUMAIbHOI CTpaTerii Ha OCHOBI
po3pobIIeHOr0 TepeniKy 1HGOpMAIlIMHUX CHUTYaIlil, OB S3aHUX 3 HEBH3HAYCHICTIO
30BHIIIHBOIO CEPEJOBUIIA. 3alpONOHOBAHA MOEIbh MPUUHATTS PIlIEHh B YMOBax
0araToKpuTEPIAIbHOCTI, 10 3aCHOBaHAa HA KPHUTEPIIX cyMapHOi edekTuBHOCTI. s
BHPIIICHHS BKa3aHOI1 MPOOJIEMH 3aCTOCOBAaHI METOJ| HOpMaJIi3allii; BaroMuii MeTos 1
METOJ 3ropTKU. Bu3HaueHi eTanu moOynoBH TiOpUIHOI HEUPO-HEUITKOI MOJENi 3
BUSIBJICHHSIM CHCTEMH TIPIOpUTETIB CcyO’ekTa. 3acTtocoBaHi (YHKI aKTUBAIii
HEWUPOHIB. [ToObynoBaHa apXITeKTypa HITY4YHOI HEHWPOHHOT Mepexi
IHCTPYMEHTAJILHOTO METOAy HaBiraiii. 3amponoHOBaHa MOJEIb HEUpPO-HEeUITKOI
EKCIIEPTHOT CUCTEMH Yy CTPYKTYpl JIOTIYHUX BHCHOBKIB omeparopa Inland ECDIS.
Bupimiena 3aga4a po3mimieHHsi 00'€KTIB 30BHILIHBOIO CEpEOBUIIA ISl OTPUMAHHS
ONTHUMAJIBHOTO MOTOKY HaBITAI[IMHUX JIAHUX.

Busnadeni mporpama eKCHEpUMEHTAIBHUX JOCHIKEHb 1 MIJISXU BUKOHAHHS
ampiopHOi OILIIHKA MPOIMOHOBAaHOI TexHojorii. OOpaHi TOKa3HUKU Ta (QopMysu
edexkTuBHOCTI. Bu3HaueHa MeToMKa eKCriepuMEHTaIbHUX JOCTIHKeHB Y BUTIISAL 12
tecTiB. OTpuMaH1 pe3yJabTaTH EKCHEPUMEHTAIBHUX JOCHIIKEHb MIATBEPIKYIOTh
€(EeKTUBHICTh 3aMpPONOHOBAHMX METOAIB €(PEKTUBHOTO BUKOPUCTaHHS BOJHOIO

TpaHcmopTy. Tak, 3amponmOHOBaHI METOAM JO3BOJISIOTH: TMIIBUIIUTH TOYHICTH



HaBiramiiHux napamerpiB Ha 10 %; CKOpPOTUTH Yac JJIA NPUHHSATTS PIIICHHS MO0
3a0e3neyeHHs 0e3MeKH Cy/IHOIUIAaBCTBA BaXTOBHM MOMIYHHUKOM KaritaHa B 10 pa3sis;
NiIBUIIUTH €(dEKTUBHICT, HECeHHs HapiramiiiHoi BaxTh Ha 30 %; NIIBHIIUTH
HMOBIpHICTB Oe3nedHoro miaBanHs 10 0,97.

VY nucepraiiifHiii poOOTi OTpUMaH1 pe3yabTaTH, 110 MICTATh HAYKOBY HOBHU3HY:

~  BHEpIIE 3aMpoONOHOBaHA MOJIETTh onTUMi3alii CTPYKTypHU
IHCTPYMEHTAIbHOTO METOAY HaBiramii, ska BIIPI3HAETHCS BiJ BIJOMHUX paHillie
1HTerpauielo (MeToiB) MPOLEAYp CHUCTEMHOIO Ta CUTYyal[lIMHOTO aHaJ3y, a TaKOXK
KOMIUIEKCHOI ~ aBTOMaTu3aiii poO0oTu (YHKIIOHAJIBHUX TIJCUCTEM 3 METOIO
MIJBUILEHHSA pPIBHS O€3MEeKH pyXy B pPI3HUX HAJI3BUYATHUX YMOBaxX pIYKOBOTO
CYTHOBO/IIHHS,

~  BIIEpIIE 3alporOHOBaHA MOJIETb KOHTEKCTHO-OP1€HTOBAHO1
IHTENIEKTyallbHOI OOpOOKM TOTOKIB HAaBITallfHUX JaHUX, sIKa Ha BIAMIHY Bij
icHyrounx 3a0e3neuye oOOpoOKy aBTOMAaTHM30BaHUX JAHUX B  €JIEKTPOHHO-
KaptorpadiuyHOi CUCTeME JJI PO3B'sI3aHHS ONEPaTUBHUX 3aj1a4 HaBIrallii;

— YIOCKOH&JIEHWH METOJl aBTOMATH30BAaHOIO BHU3HAYEHHS TI'PaHUYHUX
3HAUYCHb HaBITAlIMHUX MApaMeTpiB MPHU pycl cynHa 1o (apsarepy, M0 J03BOJISE, HA
BIIMIHY BIJ ICHYIOYMX, BUKOPHUCTOBYBATH IHTETPYBaHHS JAaHUX BEKTOPHOI
€JICKTPOHHOT KapTH 1 30BHIMIHIX TaTYUKIB;

— Ha0yJ0 TOJANBIIOTO PO3BUTKY METOJ 3aCTOCYBaHHS HEHMPOHHHX MEpEexX
[ITXOM PO3B'SI3aHHS MPOLIETypH 00YUCIICHHS 3BOPOTHOTO MOIITUPEHHS MTOMIIIKH, IO
JI03BOJISIE, HA BIIMIHY BiJl ICHYIOUHX, IMiJIBUIIATA TOYHICTh HABITAI[IHHUX TTapaMETPiB

3a paXyHOK HaBYaHHSI HEMPOHHOI MEpPEXKI.

[IpakTuHe 3Ha4YeHHS pOOOTH BU3HAYAETHCS THUM, IO ii OCHOBHI PE3yJIbTaTH
MOXYTh OyTH BUKOPHCTaHI PO3pOOHMKAMM HABIFAlIMHUX 1HPOPMALIMHUX CHCTEM,
NPU3HAYCHHUX JJIS JIOKAIbHO-HE3aJIeKHOTO YIPABIIHHS MPOLIECOM CYTHOIJIABCTBA HA

BBIII Ykpainu.
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Martepianu aucepTaliifHOro AOCTII)KEHHSI BUKOPUCTOBYIOTHCSI B HABUAJIbHOMY
npoueci KIBT JAVYIT npu Buxmaganui aucruruiind «Hasiramiiiai iHdopmariiini
cucremu» (akt Bix 14.05.2019). Marepianu JuUcepTalifHOTO JOCIIIKEHHS TaKOX
BUKOPHUCTOBYIOThCSI B TpeHaxepHid miarotoBii B KuiBcbkoMy LleHTpi miaAroToBKH,
NEPEemniIrOTOBKA Ta MIABUINEHHS KBamidikamii (axiBIiB BOJHOTO TPAHCIOPTY 3a
HanpsiMaMu  «BUKOpUCTaHHSI €JIEKTPOHHMX KapTorpadiuHux Ta HaBiraiiitHo-
iHpopmariiinux cuctem (EKHIC)» 1 «Bukopuctanss enexkTpoHHUX KapTorpadiuHux
Ta HaBiramiiHo-iHpopmariitaux cucreM Ha BBII» (akt Big 26.12.2018), B Llentpi
MIATOTOBKH  (paxXiBI[IB MOPCHKOTO Ta PIYKOBOTO TPAHCIOPTY ~YKPBOAUUIAX —
Training” 3a HanpsMoM «BHKOpUCTaHHS €JIEKTPOHHUX KapTorpapiyHuX Ta
HaBiraniiHo-iHpopmariiaux cucteM Ha BBII» (akt Big 14.01.2019). Ipaktuuni
pe3yJabTaTH JAUCEPTAIIHHOTO JOCIIKEHHS BIIPOBAKEHI: B CYIHOIUIABHIM KOMITaHii
«IliBapeHHe piuyKkoBe MaporuIaBcTBO» (akT BrpoBamkeHHs Bix 30.04.2019), B Piukosiit
iHbopmariiHid  cayx61  ¢umi  «/lempTa-nmouMan»  (aKT  BIOPOBAKEHHS  BiJ
21.05.2019), B AY «/[epxrigporpadis» (akt BropoBamxkeHHa Bix 14.05.2019), Ha

cynHi «Vectis Isle» (akt BopoBamxkenns Bix 25.03.2019).

Karwu4oBi ciioBa: 6e3neka cyqHOIUIaBCTBa, BoaHUE Tpancnopt, Inland ECDIS,
IHCTpyMEHTAJIbHUI METOJ HaBiraiii, HEOpIEHTOBaHMU Trpad, MmITydyHa HEHWpOHHA

MCpPCKaA, CKCIICPTHA CUCTCMA.

OCHOBHI HAyKOBI pe3yJbTaTH JAuceprauii omyOJiKOBaHI B HACTYIHHUX

HAaYKOBHX IIpalAXx:

1. AneitaikoB, M. B. Meton posmpenHst GyHKIIOHATEHUX MOXJITHBOCTEH
ECDIS / Inland ECDIS 3a paxyHok B3aeMHoro ¢gynkuionyBanss 3 PJIC y pexumax
KOHTpodto 1 maiarHoctyBaHHs / M. B. AneiinikoB, B. B. [loponin // Boanwuit
TpaHcnopt. 30ipHUK HaykoBUX mpaib. — 2015. — Ne 2 (23). — C. 26 — 33.

2. AneitnikoB, M. B. Cmoci0 mnpucKOpeHHS IUPKYJIAIii HaBiramiiiHuX

naHux Ha mu@poBid moneni kaptu / M. B. Aneitnikos, B. B. Jloponin // HaykoBwii
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ABSTRACT

Alieinikov, M. V. Models and Methods of Efficient Navigation Using the

Instrumental Navigation Method on the Dnieper River — Qualifying scientific work as
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a manuscript. Thesis for the Ph.D. in the specialty 271 — Inland water and sea

transport. — The State University of Infrastructure and Technologies, Kyiv, 2019.

The dissertation is devoted to the application of the instrumental method of
navigation on the Dnieper river by developing new methods that allow to automate
the performance of navigation tasks in the electronic-cartographic system. The most
important problem of modern efficient operation of waterborne transport is the safety
of navigation. In most cases, probability of safe navigation does not exceed the
required level. According to obtained data on the dynamics of waterborne transport
accident rate in recent years, it can be argued that the accident rate remains at the
same level, and the largest percentage falls on accidents in limited maneuvering space
(rivers, port areas, coastal navigation).

An effective mechanism for the operation of water transport vehicles in
modern conditions of intellectualization of the decision-making system is the
transition to instrumental navigation method (river e-navigation) instead of current
pilot method, and further increase of the safety of water transport on inland
waterways. Of particular note are the most important applied results of the proposed
method, such as the possibility of automated display of individual navigable lane for
the vessel depending on the selected draft and the actual water level, and in the
future, abandonment of coastal and floating navigation equipment.In addition, it
should be noted that implementation of instrumental navigation method will allow to
quickly close navigation on the fairway, and carry out escort of only selected vessels
during the special period. Implementation of instrumental navigation method is
considered as a system object, taking into account its system nature, that is not as a
whole, but as a complex of interrelated components and their properties.

According to literature data, it shall be noted that the publications associated
with the problem instrumental navigation method with the help of Inland ECDIS are
very limited, and some aspects are explored not completely, superficially and
casually. According to literature data analysis, it was found that the central direction

of the solution of this problem is the improvement and development of efficient
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methods of operation of waterborne transport with the help of additional methods of
implementation of computational intelligence, the choice of a safe way in compliance
with the requirements of safety of maneuvering vessel's movement, and
environmental protection.

The main direction of thesis research devoted to the development of method of
automation of functional subsystems of i nstrumental navigation method in
different

emergency conditions. The development of methods for simulating such functional
system contributes to more efficient navigation under the conditions of inland water
e-navigation, prevention of taking the ground, and ensuring safe passage under
bridges, power lines in confined spaces, including the implementation of additional
tasks.

The object of study is the processes of operation of water vehicles on the
Dnieper River, and the subject of the study are models and methods that determine
the structure and processing of data in electronic cartographic means of river
navigation.

The methodological structure of the thesis is developed, and its methodological
support is given. The choice of the research issue, and its main directions were
determined. The purpose of the thesis research and its main task represented by
independent composite tasks were stated. Working hypothesis of scientific research
was formulated and confirmed, and it was shown that when solving independent
composite tasks, corresponding scientific results of the thesis were obtained.
Research results having scientific novelty were presented, and have been further
developed. Practical value of the research for ensuring the safe navigation of
waterborne craft was substantiated. Intricate problem-solving techniques and
mathematical apparatus were applied. The methods describe the main stages of
scientific research and include theoretical developments by using modern methods of

expert analysis.
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The effectiveness of the proposed network of instrumental navigation method
was evaluated by performing a priori estimation and simulation computer modeling
to determine the expected efficiency and feasibility of the implementation of modern
navigation method before the stage of operation. Mathematical modeling techniques
were applied for a priori estimation.

In the main part of the work the review and the analysis of the development of
modern navigation systems has been performed for solving the problems of traffic
control on inland waterways of Ukraine. The existing dominant infrastructure and
technical factors, features of river navigation which limiting navigation on the
Dnieper river were defined. The procedure for obtaining information for ship control
using Inland ECDIS was defined. Analysis of current state of functioning of
electronic cartographic means in water areas of navigation was carried out.
Conditions and requirements for the system of effective support of decision-making
by the skipper, and expert systems were formulated. For determining the direction of
the thesis research, a comparative analysis of the differences in the standards of sea
and river ECDIS was given. As well, it was proved that Inland ECDIS should
become a part of an integrated information system for traffic management on inland
waterways. It was established that the theory of functional density of instrumental
navigation method provides new approaches to solving the scientific problem, and
includes a set of logically related foundations. Criteria for assessing functional
stability of instrumental navigation method on inland waterways of Ukraine were
applied. The main stages of functional stability of instrumental navigation method
including the system of elements of coastal infrastructure and ship navigation
equipment were shown. An algorithm was developed for implementing system
functional stability by using a mathematical model in the form of undirected graph.
Quantitative criteria were given for assessing the functional stability of the
instrumental method of navigation that should be taken into account for the
formalization of the criteria laid down in the logic of the functioning of the expert
system. System analysis of implementation of instrumental method of navigation was

applied. General scheme of stages of improvement of the efficient operation of
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waterborne transport was developed. Informal procedures are widely used in system
analysis: combination of formal and informal methods of analysis and synthesis.
Review and analysis of literary sources on the research topic was carried out. The
main directions of research on this issue were analyzed. Ways to address some of
issues of improving the efficiency of the processes of operation of navigation
electronic mapping tools not disclosed in full were substantiated. Dissertation
roadmap has been developed with the definition of mechanisms for its
implementation.

The methodology and the main stages of system optimization of the structure
of instrumental navigation method were stated and substantiated. Navigation
parameters for watercraft stabilization task and functional stability of the system were
determined. Watercraft stabilization task, the process of measuring the deviation from
the reference program line were considered on program trajectories displayed on
SENC. Mathematical calculations were given for determining the position of any
point on the watercraft by two points with known positions. A model of two-channel
stabilization mode for obtaining navigation parameters based on Inland ECDIS was
proposed. The method of implementation of computational intelligence using a
detailed array of depths in electronic mapping systems for rivers was applied. The
method of expansion of functionality of Inland ECDIS due to mutual functioning
with Inland radar was proved. An algorithm was determined for automated
determination of boundary values of watercraft navigation parameters by using
possible options for the position of the relative motion line in SENC, and
mathematical model of the point location along the trajectory in different orthogonal
coordinate systems.

A criterion method was justified for assessing the solution of tasks of context-
oriented intellectual processing of navigation data flow, where each individual
alternative was evaluated by a specific number (criterion, target function).
Requirements to context management were formulated. In contrast to the traditional
use of fuzzy logic, a hybrid approach was used, in which different actively

Interacting computational models function in different parts of system. A game
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matrix was constructed for the choice of an optimal strategy on the basis of the
developed list of information situations related to the uncertainty of the environment.
A model of decision-making under multi-criteria, based on overall effectiveness
criteria was proposed. The Normalization method was applied to solve this problem;
weight method and convolution method. The stages of building of a hybrid neuro-
fuzzy model with the identification of the system of priorities of the subject were
determined. Neuronal activation functions were applied. Architecture of artificial
neural network of instrumental navigation method was constructed. A model of
neuro-fuzzy expert system in the structure of logical conclusions of Inland ECDIS
operator was proposed. The task of placing external entity object for obtaining
optimal flow of navigation data was solved.

The program of experimental studies and the ways of a priori estimation of the
proposed technology were determined. Performance indicators and formulas were
selected. The method of experimental studies in the form of 12 tests was determined.
Obtained results of experimental studies confirm the effectiveness of the proposed
methods of efficient waterborne transport operation. Thus, the proposed methods
contribute to improving accuracy of navigation parameters by 10 %; reducing the
time for decision making on ensuring the safety of navigation by the captain's shift
assistant by 10 times; improving efficiency of navigation watch keeping by 30 %;

increasing the probability of safe navigation to 0.97.

The following results containing scientific novelty were received in the thesis:

—  for the first time, the model of optimization of the structure of the
instrumental method of navigation, which differs from the previously known
integration of methods of system and situational analysis, based on the components of
complex automation of functioning of functional subsystems with the increased level

of traffic safety in different emergency conditions of river navigation;



18

—  for the first time, a model of context-oriented intelligent processing of
navigation data streams is proposed, which, unlike the existing ones, provides
processing of automated data in an electronic chart system for solving operational

navigation problems;

— an advanced, method of automated determination of limit values of
navigational parameters when a vessel is moving along the fairway, which allows,
unlike the existing ones, to use the integration of vector electronic chart data and

external sensors;

—  has been further developed, method of using neural networks by solving
the procedure of calculating the reverse error propagation, which allows, unlike the
existing ones, to increase the accuracy of navigation parameters due to the training of

the neural network.

Practical importance of the thesis shall be determined by the fact that its main
results can be used by developers of navigation information systems designed for
local independent management of IWW navigation in Ukraine.

The materials of thesis research are used in the educational process of KIWT
SUIT in teaching the discipline "Navigation information systems" (the act as of
14.05.2019). The materials of thesis research are also used in simulator training in the
Kyiv centre for training, retraining and advanced training of specialists of waterborne
transport in following fields: "Use of Electronic Chart Display and Information
System (ECDIS)" and "Use of Electronic Chart Display and Information Systems in
IWW?™" (the act as of 30.12.2018), in the Centre for training of specialists of sea and
river transport "Ukrvodshliakh — Training” in the field "Use of Electronic Chart
Display and Information Systems in IWW" (the act as of 14.01.2019). Application
results of thesis research are introduced in the following institutions: shipping
company "South river shipping company" (certificate of implementation as of
30.04.2019), River information service of the branch "DELTA-PILOT" (the
implementation act as of 21.05.2019), the state directorate "State hydrographic
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service of Ukraine™ (certificate of implementation as of 14.05.2019), aboard the ship
"Vectis Isle " (the implementation act as of 25.03.2019).

Keywords: safety of navigation, waterborne transport, Inland ECDIS,
instrumental navigation method, undirected graph, artificial neural network, expert

system.
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