


AHOTALS

Bopoxo6in I. I. Po3Butok Teopii Ta METOIIB OI[IHKY Ta MiABUIICHHS HaA1IHO-
cTi cyaHoBoAiHHSA. — KBamidikaiiiina HaykoBa mpalig Ha mpaBax pykonucy. Jucep-
TaIis Ha 300yTTS HAYKOBOTO CTYMEHS JOKTOpa TEXHIYHUX HAYK 3a CHEIIaJIbHICTIO
05.22.13 — HaBirauis Ta ynpapiaiHHsA pyxoM (271 — PiukoBuii Ta MOpPCHKHIA TpaHC-

noprt). — HamionansHuit yniBepcuret «Opecbka Mopchka akaneMis», Oxneca, 2020.

[lonepenHiM aHaII30M JIITEPATYpPHUX JHKEpes, MPUCBIYEHUX Mpobdiemi 3a0e3-
MEYEHHS 1 MIIBUIIICHHS 0e3aBapiiHOCTI CYAHOBOJIHHS OyJ0 BCTAHOBJIEHO, IO OC-
HOBHI acCleKTH PO3B’A3aHHS L€l MpoOIEeMHU MOJATAIOTh B 3a0€3MeUeHH1 PO3pOOKHU
METO/[1B MOMEPEIKEHH 31ITKHEHb CY/IEH 1] Yac IJIaBaHHS y CTUCHEHUX BOJAX, 3a-
MOYaTKyBaHHS PO3POOKH METOIB KIJIbKICHOI OI[IHKK O€3MEKH CYITHOBOJIHHS B CTH-
CHEHUX YMOBaX CYJHOIUIaBCTBA W HAJIEKHOTO PIBHS TOYHOCTI BHU3HAYECHHS MiCIIS
CyllHa Ta MOJEJIIOBaHHS PyXy CyIHa B yMOBaX NMPUOEPEKHOTO IJIaBaHHS, SKe Ie-
penbavyae po3B’si3aHHS MUTAHb 3 BUKOHAHHAM CyAHAaMH PI3HHMX MaHEBpIB, IO
CHPUSIIOTH MIABUIIEHHIO €(EKTUBHOCTI i O€3MEYHOCT1 CYTHOBOIIHHS.

[IpoBenenuii anai3 Moka3as, 10 OJHUM 3 HAMOUIbLI aKTyaJlbHUX HAIpPSIMKIB
3a0e3nedeHHs 0e3aBapifHOro CyIHOBOAIHHS € po3po0Ka METOIB KIIbKICHOT OI[IHKU
0e3MeKy CyTHOBOAIHHS B CTUCHEHHMX YMOBax CYJHOIUIABCTBA W HAJEKHOIO PIBHS
TOYHOCTI BU3HAUYEHHS MICIS CY[HA, SKE MOB’si3aHE 3 PO3BUTKOM KOHIIEMIIIT KIJIbKIC-
HOT OLIIHKY HaJIMHOCT1 CYTHOBOJIIHHA i pO3POOKOIO METOAIB i MiIBUILIEHHS.

B po6oti chopmynboBani MeTa AUCEPTAIIHHOTO JOCTIAXKEHHS Ta HOTO
TOJIOBHE 3aBJaHHS, MPUYOMY IPOBEICHA AEKOMITIO3MIliS TOJOBHOTO 3aBJaHHS Ha
HEe3aJIeKHI CKIanoBl 3aBaaHHsA. [lokasaHo, MO Npu po3B’sA3aHHI HE3aIEKHHUX
CKJIQJIOBHX 3aB/IaHb OJIEPKAHO HOB1 HAYKOB1 pe3yJIbTaTH AUCEPTALIHOT POOOTH.

[IpakTuyHa 3HAYYIIICTh 1 HIHHICTh IUCEPTALIHHOTI POOOTH BU3HAYAETHCS MO-
JKIJIMBICTIO BIPOBA/XKEHHS MPAKTUYHUX PEKOMEHAAIllH, sIKI ollepKaHl B JAUCEpTa-

IIHHIN poOOTI Ta CHPHUAIOTH 3HWKEHHIO aBapiiHOCTI CymHOBOAIHHA. ChopMynbo-
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BAaHO HAyKOBE TOJOXEHHS POOOTH, SIKE MICTUTh KOHLIEHTPOBAaHUN BHUKIAJ CEHCY
JUCEPTALIAHOTO JTOCIIIKEHHS.

Buknanena MeTonuka MOIIYKY PO3B’SI3aHHS TOJIOBHOTO 3aBAaHHS, sIKa BIIO-
Opakae TMOCHIOBHICTh €TamiB BUKOHAHHS JUCEPTAITHOrO  JOCHIIKECHHS
PO3B’sI3aHHAM CKJIAJIOBUX 3aB/IaHb. 3 TAKOIO METOIO MPOBEIEHO TEOPETUYHI PO3PO-
OKH, sIKI BAKOPUCTOBYIOTh Cy4acHI METOIM aHAJITUYHOIO aHali3y, MPOBEAECHO eKC-
NepUMEHTAIbHI JOCIIKEHHS 100 PO3MOAUTY MOXMOOK HaBIralliiHUX BUMIpPIO-
BaHb B YMOBaX HAaTypHUX CIIOCTEPEKEHb Ta 3I1MCHEHO IMITallliHE MOJETIOBaHHS
JUTSL TTITBEPPKEHHS KOPEKTHOCTI OIEp>KaHUX Pe3yibTaTiB JUCEePTALIiHOTO J0CTI-
JKEHHS.

HaBeneno pesynbratu aHamiizy JOCHIIKEHHS BIUIMBY TOYHOCTI MPOBEIACHHS
CyllHa CTHUCHEHHM MaplIpyToM Ha Oe3neKky cyqHOBOAIHHA. Po3misHyra amnpiopHa
OIliHKa BIPOTITHOCTI OE3MEYHOr0 MPOBEACHHS CY/IHa CTUCHEHUM MAapIIpyTOM i3
BUKOPHUCTAHHSIM JBOBUMIPHOI HIIJILHOCTI MO3UILIAHOI MOXMOKU. 3ampONOHOBAHO
a’lbTepHAaTUBHUN METOJ BU3HAUYEHHS BIPOT1IHOCTI 0€3MeYHOro IJIaBaHHS B CTHUC-
HEHUX YMOBax 3a JIONIOMOT'OI0 OJTHOBUMIPHOI IIUIBHOCTI PO3MOALLY MOXUOKH Oiy-
HOT'O BIIXWJIEHHA cyqHa. BusiBieHa 3aj1eXHICTh OJJHOBUMIPHOT IIUIBHOCTI MOXHUOKHU
O1YHOTrO BIAXWJICHHS CyAHA BiJ JBOBUMIPHOI IIUIBHOCTI MO3UIIMHOT MOXUOKU. 3a-
MPOIMOHOBAaHA MPOLEAypa BU3HAYEHHS] OCHOBHUX MapaMeTpiB JUIsl OL[IHOBAHHS Bi-
porigHocTi 6e3aBapiiHOrO MJIaBaHHS Cy[HA B 3a/IaHOMY CTHUCHEHOMY paioHi.

OpneprxaHa 3aJIeKHICTh BIPOT1IHOCTI 0€3MEYHOT0 MPOXOKEHHS CYIHOM CTH-
CHEHOr0 MapIIpyTy BiJ 3aKOHY PO3MOALTY MOXMOKHM OiuHOrO BinxuiieHHs. [Ipose-
JICHO TOPIBHSHHS JBOBUMIPHOT ¥ OIHOBUMIPHOI MOJENEH OILIHKU BIPOTiTHOCTI
MIPOBEJICHHS CyAHA 3aJJaHUM MapUIPyTOM 3a JIONOMOTH IMITaI[IiHOTO MOJEIIOBaH-
Hs. 3anpornoHOBaHUN crocid (opMyBaHHS 3aJaHOTO0 MapHIPYTy 3a JOMOMOTOIO
€JIEKTPOHHO1 KapTH.

BusnayeHo 3anexHICTh O€3MeKH CYAHOBOJIHHA Bl BEKTOPIaJbHOI MOXUOKU
KepyBaHHs cyaHoM. [IpencraBiena mozaenb (OpMyBaHHS BEKTOPIalbHOI MOXHUOKHU

KEpYBaHHS, IKa € CYMOIO CUCTEMAaTUYHO1 i BUNIAAKOBOI cKilafoBux. OnepkaHa 3a-
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JICKHICTh BEJIMUMHU CUCTEMATUYHOI MOXUOKU KepyBaHHS BiJl BUOOPY JTMHAMIYHOI
MO/IeJli TOBOPOTHOCTI cyaHa. OepikaHa mpoleaypa BU3HAUCHHS BETUYMHHI TTOXH-
OKHM KepyBaHHS 3 ypaxXyBaHHAM JIMHAMIYHOI MOJiell 00€epTaIbHOTO pyXy CyIHA.

Po3po06neHo mpouenypy OLiHIOBaHHS HaBirauiiHOi O€3MeKH MOBOPOTY CydHa
M 3ampornoHOBaHO BUOIP ONTUMAJIBLHOTO MapIIPYTy MPOBEACHHS BIIOOPaXKEHHSIM
HaBIramifHoi cutyarii 3 iHdopMmalliero mpo Oe3rneKky cynHoBoAiHHSA. HaBeneHi pe-
3yABTATU OLIIHKU BEJIMYMHU TPAEKTOPHOI MOXMOKU MOBOPOTY CyAHA 3a HACIIAKaAMU
HATYpPHUX CIIOCTEPEKEHbD.

Po3rmisiHyTO mUTaHHS OIIHIOBAaHHS TOYHOCTI BHU3HAYEHHS MICLUS CydHA MpU
HaJIMIPHUX JIHIAX noJokeHHs. Oep)KaHo aHAITUYHUNA BUpaA3 ISl IILILHOCTI Po-
3MOAUTY BEKTOPiaabHOT MOXMOKM BU3HAYEHHS MICLS CY/IHA, MOKa3aHo, 10 BOHA 3a-
JIKUTH BiJl YUCIA JIIHIA TOJOXKEHHS, 3aKOHY PO3MOAUTY iX MOXMOKM M KyTIB MIXK
HanpsiMaMu iX TPa/ii€HTIB.

JIJist pi3HUX 3aKOHIB PO3MOALLY MOXUOOK JIIHINA MOJIOKEHHS MPHU 1X HAAMIPHIN
KUTBKOCTI OJIEp>KaH1 aHAJIITUYHI BUPa3U PO3PAXYHKY €(PEeKTUBHOCTI 00CEpBOBAHUX
KOOPJIMHAT CYy/HA B pa3i iX 00YMCIEHHS METOJ0M HAaWMEHIIUX KBaJpaTiB.

OpneprxaHi aHAJITUYHI BUPA3H JJI1 PO3PAXyHKY €(PEeKTUBHUX KOOPAMHAT CyaHA
METOJIOM MaKCHUMAaJIbHOI MPaBAONOAIOHOCTI, SIKU 3a0e3mneuye iX MiHIMaJIbHY KOBa-
plaliiiny MaTpuiio.

[IpoBeneHo po3poOKy YHIBEPCAJIBHOIO METOAY PO3pPaxyHKY €(EeKTHBHHX KO-
OpAMHAT CyIHA MPHU HAIAMIPHUX BUMIpIOBaHHSX. I iboro Oysi0 3aCTOCOBAHO Op-
TOTOHAJIbHE PO3KJIaIaHHS HIUTBHOCTI PO3MOAUTY MOXHOOK BUMIpIOBaHb B psn [pa-
Mma — [llapnbe Tuny A. byna nokazana MOXJIUBICTh OPTOTOHATBHOTO PO3KIAAaHHS
HEHOPMOBAHOT IIUTHHOCTI PO3IOLTY.

Bbyno nmpoBeneHo anai3 301)KHOCTI IIUTBHOCT1 PO3MOALLY MOXHUOOK HaBirain-
HUX TapaMeTpiB 3 ii OPTOrOHAIBLHUM PO3KJIAJAHHSAM JJis 3MIIIAHUX 3aKOHIB Iep-
1I0TO ¥ JIPYroro THUIIIB, a TAKOXK y3arajibHeHoro 3akoHy Ilyaccony. Po3pobneno me-
TOJ] BUKOPUCTAHHS OPTOTOHAJIBLHOTO PO3KJIAJaHHS IIUIBHOCTI MOXUOOK JIHIA MO-
JIOKEHHS JIJIs1 BU3HAUEHHS 00CEpBOBAHUX KOOPAMHAT Cy[HA. 3alpONOHOBAHO OLliH-

KY e(beKTI/IBHOCTi O6CCpBOBaHI/IX KOOpAWHAT CyAHA PO3paXOBAHUX OACPIKAHHUM MC-



TOJIOM.

3niCHEHO aHai3 Pe3ylbTraTiB HATYPHUX CIIOCTEPEKEHb Ta IMITALIMHOTO MO-
JeNntoBaHHsl €()EeKTUBHOCTI 3MIIIaHUX 3aKOHIB po3nonuty. [IpoBeneHa mepeBipka
CTaTUCTUYHUX TIMOTE3 PO3MOJLTY MOXHMOOK BUMIPIOBAHHS HABIralllfHUX MapameT-
piB 3a 12 BuOipkamu. Sk anpTepHaTHBHI TIMOTE3W OYJI0 PO3IISIHYTO 3akoH [ aycy,
3MillIaH1 3aKOHU MEPILOro ¥ JApyroro TUITY, a TAKOXK y3arajbHeHui 3akoH Ilyacco-
HY.

HaBeneno pe3ynapTaTl iMITallITHOTO MOJCIIIOBAHHS JIJIsl OIIHKU €(DEKTUBHOCTI
00CcepBOBaHUX KOOPAMHAT CyIHA MIPH 3MIIIAaHUX 3aKOHAX PO3MOLTY MOXHOOK JIHIN
nosio>keHHs1. [{1s iporo reHepyBanucs BUOIpKHU MOXUOOK, K1 PO3MOAUICHI 3a 3Mi-
[IaHUM 3aKOHOM, 3 YpaxyBaHHSIM SIKUX MOJIeNIoBancCs 00cepBOBaH1 MO3MIIIT CyHa
M BU3HaYaJIMCSA BEKTOpiaJibHI1 MOXUOKU. Po3paxyHOK KOXKHOT 00CepBOBaHOI MO3MILIT
3IACHIOBABCS METOJOM HAaWMEHIIUX KBaJApaTiB 1 METOIOM MaKCUMAaJlbHOI MPaBIo-
MOJI0HOCTI, 110 JO3BOJIMJIO OLIHUTH JAMCIEpPCii BEKTOPIaIbHUX MOXUOOK JJI BKa-
3aHMX METO/IB 1, OTKE, €(PEKTUBHICTH METO/ly HAMMEHIIINX KBaApaTiB.

V 3aBepilieHHI poOOTH MPEACTABIICH] Pe3ylIbTaTH MEePEBIPKU KOPEKTHOCTI OJ1e-
pPKaHUX pe3yNbTaTiB AUCEPTaLiitHOT poOOTH, 3a1Ji1 4oro Oyno po3poOseHo iMiTa-
HIHY KOMIT'IOTEpHY MpOrpamy, 10 CKJIAJA€ThCSA 3 JBOX OCHOBHUX MOIYIIB, Mep-
U 3 SIKUX MPU3HAYEHUHN AJI1 MOJIETIOBAHHS CTUCHEHOTO MapIIpyTy MPOBEACHHS
CyllHa 3 BUKOPHUCTaHHSIM €JEKTPOHHOI KapTH Ta ampiopHOI OLIIHKK BIPOTiAHOCTI
0e3MeYHOro MjIaBaHHA, a APYyrui 3a0e3nevye nepeBipKy CTAaTUCTUYHUX T1IMOTE3 PO-
3MOALTY TOXMOOK HaBIrallifHUX BUMIPIOBaHb Ta IMITAIlliHE MOJETIOBAHHS JIJI BU-
3HaYeHHS e€()EeKTUBHOCTI 00CEPBOBaHUX KOOPJIMHAT Cy[HA B pa3l HaIMIpHUX BUMI-
PIOBaHb.

HaykoBa HOBU3HA OTpUMaHHUX Yy AUCEPTAllii pe3y/lbTaTiB MOJArae B po3pooili
TEOPETUYHUX 3acaji Ta METOAOJIOTTYHOTO 3a0e3MeUYeHHs OIIHKYA HAIIHHOCTI CyIHO-
BOJIHHS Ta ii MABUIIEHHS CIIOCOOaMU MiHIMI3allil BEKTOPIaJbHUX MO3ULIHHUX TTO-
XHUOOK Ta TPAEKTOPHUX MOXUOOK KEpPYBAHHS, SIKI BIAPI3HSIOTHCS BUKOPUCTAHHIM
PO3pOOJICHUX aNrOPUTMIB BU3HAYEHHS €(DEKTUBHUX KOOPJMHAT CY/IHA 32 HASIBHOCTI

HAJMIPHUX BUMIPIOBaHb, 10 0a3ylOThCS HA OPTOrOHAIBLHOMY PO3KJIaJaHHI T'yCTH-
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HU PO3MOALTY X MOXMOOK Ta aJeKBATHUX MPOTHOCTUYHUX MOJIENIEH TIOBOPOTY CY/II-
Ha.

HaykoB1 mosioskeHHs1 0OTpyHTOBaH1 HAYy KOBUMHU Pe3yJbTaTaMu:

Bnepwe:

- po3po0sIeHO CrOCiO OIIHKK €(EeKTUBHUX 00CEPBOBAHMX KOOPAMHAT CyIHA 3a
JIOTIOMOTH METOJIy MaKCHUMaJbHOI MPaBIoNoai0HOCT] 32 HAIBHOCTI HAAMIPHUX BHU-
MIPIOBaHb, MOXUOKU SKUX HE MIIKOPSIIOTHCS HOPMAJIIBHOMY 3aKOHY PO3MOALTY, JJIs
3a0e3MeueHHs MaKCUMAaJIbHOT TOYHOCT1 BU3HAUEHHS MICLISI CY/JHA;

- CUHTE30BaHO MPOLETYyPY KOMITIOTEPHOTO IMITAIITHOTO MOJETIOBaHHS OIliH-
K1 €(DEeKTUBHOCTI 0OCEPBOBAHMX KOOPJMHAT CYIHA, PO3PAXOBAHUX METOJIOM Haii-
MEHIIIUX KBaJpaTiB 3a JOIMOMOI'M T€HEPYBaHHS HaJIMIPHUX BUMIPIOBaHb, MOXUOKHU
AKUX PO3MOAUICH] 3a 3MIIIAaHUMH 3aKOHOM MEPIIOro Ta APYroro TUILY, JUIsl IMiJITBE-
PIKEHHSI KOPEKTHOCT1 3aIPOMOHOBAHUX TEOPETHUYHUX METOAIB OI[IHKH €(EeKTHB-
HOCT1 00CEpBOBAaHUX KOOPJMHAT;

- 3aMpPONOHOBAHO U po3p00JIeHO YHIBEpCATbHUI METOJl CTOXaCTUYHOTO OMHCY
BUITQIKOBUX TOXHMOOK HaBITallIMHUX BUMIPIOBAHb 13 BUKOPUCTAHHSM OPTOTOHAJIb-
HOTO PO3KJIAJIaHHA IXHbOI HIUIBHOCTI PO3MOAULY ISl pO3paxyHKy 0OCepBOBaHUX
KOOPJIMHAT CyAHa 3a 3arajbHUM aJrOPUTMOM HE3aJIeKHO BiJ 3aKOHY pO3MOALTY
MOXUOOK BUMIPIOBAHB;

- pO3po0IEHO METOJ KIIbKICHOI OIIHKKA HaAIMHOCTI CYIHOBOJIHHS IUISIXOM
BUKOPUCTAHHS 1HTEHCUBHOCTEH BUITAJIKOBUX IMOTOKIB aBapiiHUX MOAIN 1 po3poo-
JICHUX MaTeMaTUYHUX MOJeNed JUisi BU3HAYEHHS anmpiopHOI BIPOTITHOCTI IpPOBE-
J€HHS CY/IHA CTUCIUM MapIIpyTOM;

- 3alpoONOHOBAHO METOAM amnpiOpHOi OLIHKU BIPOT1IHOCTI O€3MEeYHOro Iia-
BaHHS CylAHAa CTUCIUM PallOHOM 3aCTOCYBaHHSM BEKTOPiaJIbHUX MO3ULIAHUX MO-
XHOOK 1 TPAEKTOPHUX MOXMOOK YHPABIIHHS ISl MIHIMI3alli PU3UKY BUHUKHEHHS
HaBIraIiitHoOi aBapifi;

- JIOCII>)KEHO BIUIMB JMHAMIYHOI MOl 00epTajlbHOTO PyXy CYyIHA, IO BH-
KOpUCTaHa JIJIsl MPOTHO3Y HOro MOBOPOTY, HA BETUYMHY BEKTOPIAJIbHOT TPAEKTOP-

HOT MOXUOKH YIPABIIIHHS LUISXOM aHaJI3y 3alpOIIOHOBAHUX MOJENEH Il MIHIMI-



3allii TPAa€KTOPHOT MOXUOKH;

Ooeprcanu nodanvuwinii po36UmMoOK METOIAU 3aCTOCYBaHHS €JIEKTPOHHHUX KapT
[UIIXOM BUKOPUCTAHHS PO3POOJICHOrO METOAY OLIIHKHK anpiopHOi BIPOTITHOCTI
0€3MeYHOro MIaBaHHs CyAHAa CTHCIUM MaplIpyToM Jjisi BUOOpY O€3MevHOi Tpaek-
TOpIi pyXy CyAHa.

[IpoBeneHomy AucCepTALIMHOMY JOCHIIPKEHHIO BJIACTHUBE MPAKTHYHE 3HAYEH-
HSl, K€ TIOJISITA€ Y TOMY, II0 MOTO Pe3yabTaTH MOXYTh OyTH BIIPOBAIKEHI HA CyJHA
B IIpolEC] eKCIUTyaTallii, a TaKoK BUKOPHUCTaHI PO3POOHMKAMH CyAHOBHX HaBira-
HIAHUX 1HPOPMALIHHUX CUCTEM.

[IpakTuyHa HIHHICTH PE3yAbTaTIB AMCEPTALIMHOI pOOOTH TOJSATaE B TOMY, 11O
TEOPETUYHI Pe3ybTaTu i Mporpamu, siki oJep>kaHi B poOOTi, MOXKYTh OyTH 3aCTO-
COBaHI ITiJ1 YaC HaBYaHHA ¥ CIPUITUMYTh MIJBUIICHHIO KBaiikailii CyTHOBOIIIB.

[IpakTuyHi pe3ynbraTd AUCEPTALINHOIO JOCHIIIKEHHSI BIPOBAIKEH1 MpUBAT-
HUM BHIIMM YYOOBUM 3aKJIagoM «IHCTUTYT MICIHAIUILUIOMHOI OCBITHY «OnechbKuii
MOPCBHKUH TpEHAXEPHUM LIEHTP» IS MiITOTOBKU CYJHOBOIIB (aKT YIPOBAKECHHS
Bix 12.12.2018 p.), Hynaiicekum iHcTuTyTOM HamionansHoro yHiBepcutety «Ope-
ChKa MOpChKa akajaemis» (akT mpo BrnpoBapkeHHs Bif 14.02.2019 p.) Ta XepcoH-
CHKOIO JIEP>KaBHOI0 MOPCHKOIO akaJeMi€lo (akT mpo BrpoBakeHHs Big 22.02.2019
p.) AJis MIITOTOBKM KYpPCAHTIB Ta CTyAeHTIB, komnaHiero «CMA Illunc Ykpaina»
JUIsl HaBYAHHSA, MIATOTOBKU 1 MEPENiAroTOBKU OQIilepiB MOPCHKUX CYIEH IO Ha-
npsmy «CyIHOBOIIHHS» 3 METOIO 3a0e3nedeHHs] Oe3leKH IUIaBaHHs (akT BIpPOBa-
moxeHHs Big 04.03.2019 p.), Giniero «/lenbra-nmorman» JlepkaBHOTO MiATPUEMCTBA
«AIMIHICTpallisl MOPCBKUX MOPTIB YKpaiHu» il 3a0e3nedeHHs] O0e3MeKu MOoper-
naBcTBa (akT BrpoBakeHHs Big 06.09.2019 p.). Marepianu nucepraiiitHoro aoc-
JI)KeHHS BUKOPUCTOBYIOThCSI B HaBYAJIbHOMY Tporieci HaiioHaabHOro yHiBepcH-
ety «Onecbka MOpChbKa akajeMis» MPpU BUKIaAaHHI TUCIUIUTIHU «MaHeBpyBaHHS
1 ympaBiiHHS CcynHOM» (akT mpo BrpoBamkeHHsa Bin 18.06.2019 p.), B pamkax
JEP>KOIOMIKETHUX HAyKOBO-AoCHiIHUX poOiT HamionanesHoro yHiBepcutety «Ope-
ChKa MOpCBhKa akaaemis»: «3abe3neueHHs O€3MeKH CYIHOBOJIIHHSA B CTUCIUX pa-

ronax mraBanus» (Ne JIP 01150003580, 2018 p.), B sikiii 3100yBay BHUKOHAB
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OKpEeMHUN MIAPO3AUT Ta «YAOCKOHAJEHHS METOMAIB O€3MEeYHOTO YIPaBIIHHS CYI-
Hom» (Ne JIP 01170005133, 2020 p.), B sKiif 3100yBady HaJICKHUTh OKPEMUN pO3-
JII.

[1in yac BUKOHAaHHS JUCEpTaliitHOT poOOTH Oy OTpUMaH1 MATEHTU Ha KOPHU-
CHY MOJIETIb:

- «IIpuctpit g iHpopMmaiiitHoro 3a0e3reyeHHs JIOIMAaHCHKOT MPOBOI-KU
Mopcbkoro cynHa» Ne78679. Jlara myOumikaiii BIAOMOCTENH PO BUIAuy MAaTEHTY Ta
Homep Oronetens 25.03.2013, Bron. Neb;

- «IIpuctpiii nns 3a0e3neyeHHsT BUCOKOTOYHOrO Oe3aBapiiHOrO PO3XO-
moxeHHs1 cyner» Nel34690. Jlara myOmikaiii BIJOMOCTEH MpO BUIA4y MATCHTY Ta
Homep Oronetens 27.05.2019, bron. NelO;

- «IIpuctpiii nns BU3HAYEHHS BHUCOKOTOUYHHUX MapaMeTpiB MaHEBPY pO3-
XOJIKEHHSI CYJIEH IpH iX 30BHIMIHbOMY ympaBmiHHI» Nel34691. Jlara myOmi-karii
BIIOMOCTEM Mpo BUAauy nareHTy ta Homep OronereHs 27.05.2019, bron. NelO.

KurouoBi cjoBa: Oe3rneka CyTHOBOMIHHS, MIABUILIECHHS HAIIMHOCTI CYITHOBO-
JIHHS, BIPOTITHICTh OE3MEUHOTO IJIABaHHS CylIHA, TPAEKTOPHA MOXUOKa MOBOPOTY
CylHa, e(heKTUBHICTh 0OOCEPBOBAHUX KOOPAMHAT CyIHA, METOJ MaKCUMaJIbHOI Ipa-
BJIOMO/I1I0HOCTI, OPTOTOHAIBHUI PO3KJIaJ IIUIBHOCTI PO3MOALTY, pe3yJbTaTH HaTy-
PHUX CIIOCTEPEKEHbD.

OCHOBHI pe3yJbTaTu TUCEPTALINHOTO TOCIIXKEHHS 3700yBaua OMmyOJIiKOBaH1

B HACTYNMHHUX HAYKOBUX MpaLsX:
OCHOBHI HayKOBI pe3y/bTaTu AUCEPTAIlii.

1. Bopoxooun WM.M. Pa3paboTka Teopuu M METOIOB OIEHKH IOBBIIICHUS
HAJIe)KHOCTU CyloBOXIeHus: MoHorpadus / .. Bopoxobun / — Opecca: HY
«OMAY», 2019 — 252 c; ISBN: 978-966-7591-78-6; [eéxmouena 0o MHbE: Google
Scholar].

2.Vorokhobin I. Determination of the Law of Probability Distribution of Nav-
igation Measurements / I. Vorokhobin, A. Golikov, O. Haichenia, V. Sikirin, V.
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Severin / Kaunas, Lithuania, 2020. ISSN 1822-296 X (print); ISSN 2351-7034
(online) — P. 707-710; [eéxnrouena oo MHB: Scopus, Google Scholar].

3. Bopoxobun N.U. XKypuan nommanckoit mposojku / .M. Bopoxobun //
CynuoBoainusa: 36. Hayk. npaub / OHMA. Bumn. 22. — Oneca: «Bunasladopmy,
2013 — C. 76 — 85; ISSN 2306-5761; [exnouena oo MHE: Google Scholar].

4. Bopoxobun U.W. JlokyMeHTUpOBaHUE TPU TUTAHUPOBAHUH W BBHITIOJTHCHUH
noumanckoil npoBoaku / .. Bopoxobun // CynnoBoainss: 30. Hayk. mpaipb /
OHMA. Bum. 23. — Oneca: «BunaBludpopm», 2014 — C. 45 — 55; ISSN 2306-5761;
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5380; [eéxnouena 0o MHE: Index Copernicus, Cosmos Impact Factor, Internation-
al Scientific Indexing, Google Scholar].

35. Bopoxo6un U.U. 3aBUcHUMOCTh BEPOSITHOCTH OE€30MACHOTO MPOXOKICHUS
CYJTHOM CTECHEHHOI'O pailoHa OT 3aKOHA pacHpeeNeHus] MOTPEIIHOCTH CMEIeHUS
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27.05.2019, bron. NelO / BHecok aBTOpa: mpucTapiii MICTUTH OJI0K (GOpPMYyBaHHS
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pameTpiB iX pyXy Ta pO3paxyHKy BUCOKOTOYHUX 3HAUEHb BUMIPIOBAHUX BEIIMYMH
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ANNOTATION

Vorokhobin I.I. Development of the theory and evaluation methods and
increase of navigation reliability. Qualified scientific paper on the manuscript
rights. Dissertation to obtain the Doctor of Technical Sciences degree, specialty
05.22.13 — Navigation and Traffic Control (271 — River and Sea Transport).
National University «Odessa Maritime Academy», Odessa, 2020.

By the previous analysis of the literary sources, which was devoted to the
problem of providing and increasing safety navigation, it was found that the basic
aspects of solving this problem lie in providing of methods’ development of
preventing collisions of ships while sailing in the confined waters; establishment of
methods’ development of quantitative evaluation of safety navigation assessment
in the confined conditions of navigation and proper level of ship’s location
accuracy, and ship’s motion design, in the conditions of navigation in inshore

traffic zone, which foresees the issues related to different ship’s maneuvers which
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contributes to increasing of efficiency and safety navigation.

The conducted analysis showed that one of the most relevant directions of
providing safety navigation is methods’ development of quantitative evaluation of
safety navigation in the confined conditions of navigation and proper level of
ship’s location accuracy, which is related to concept development of quantitative
evaluation of navigation reliability and methods’ development of its increase.

The purpose of dissertation research and its main task is formulated in the
work, thus it was conducted the decomposition of the main task to independent
component tasks. It is shown that as the solution of independent component tasks
were found, new scientific dissertation work performances were obtained.

Practical meaningfulness and value of dissertation work is determined by
possibility of introduction of practical recommendations which are obtained from
dissertation work and contributes to reduction of accident rate of navigation. The
scientific provision of the paper, which contains the concentrated exposition of
dissertation research sense, has been articulated.

There was presented the method of solution search of main task which
represents the stages sequence of the dissertation research implementation by
solving the component tasks. With such purpose there were conducted theoretical
developments which use the modern methods of analytical analysis; experimental
researches that distribute errors of the navigational measurements in the conditions
of model supervisions and there were carried out the simulation modelling for
correctness confirmation of the received results of dissertation research.

The results of the analysis from the study about the impact of the accuracy of
ship’s navigation through a confined route on the safety of navigation were
presented. There were considered a priori evaluations of possibility of safe ship’s
navigation by confined route with the use of two-dimensional positional error
density. The alternative method of determination of possibility of safe navigation is
offered in the confined conditions through one-dimensional error distribution
density of lateral deviation. The dependence of one-dimensional error distribution

density of ship’s lateral deviation on the two-dimensional positional error density
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was revealed. There was offered a determination procedure of basic parameters for
probability evaluation of safe ship’s navigation in the given congested area.

There was received a dependence of probability evaluation of safe ship’s
navigation of the confined route from the distribution law of lateral deviation error.
Comparison of two-dimensional and one-dimensional models of probability
evaluation of safe ship’s navigation through the given route was conducted by
simulation modeling. There was proposed a forming method of the given route by
an electronic chart.

The dependence of safety navigation on the vector error of ship’s handling
was identified. There was represented a formation model of vector error
navigation, which is the sum of systematic and casual components. The
dependence of value of systematic error of ship’s handling on the choice of
dynamic model of ship turning-ability was obtained. The determination procedure
of error value of ship’s handling was received, taking into account the dynamic
model of ship’s rotation motion.

There was developed a safety navigation evaluation procedure of ship’s turn
and offered the choice of optimal route of passage by the reflection of navigation
situation with information about safety of navigation. In this paper it can be found
results of value evaluation of trajectory error of ship’s turn as a result of in situ
observations.

The question about the evaluation of exact ship’s position at the surplus lines
of position was considered. There was determined an analytical equation for the
density of vector error for determination of the ship’s position. It was also shown
that the density of vector error depends on the number of lines of position,
distribution of their error and angles between directions of their gradients.

For different distribution law of position lines errors at their surplus number
there were received analytical equations of efficiency calculation of ship’s
coordinates, which were examined in the case of their calculation with the use of
smaller squares method.

There were obtained analytical equations for the calculation of effective ship’s
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coordinates with the use of maximum likelithood method, which provides their
minimum covariance matrix.

Development of universal calculation method of effective ship’s coordinates
at the excessive measuring was held. For such purpose the orthogonal
decomposition of error density of measurements disposal in the row of Gram-
Charlier type A was applied. There was also shown the possibility of orthogonal
decomposition of irregular density.

The analysis of error density of navigation parameters was performed with its
orthogonal decomposition for mixed laws of the first and second types, and also
for the generalized law of Poisson. There was developed the method of the use of
orthogonal decomposition of error density of lines of position for ship’s
coordinate’s determination. Effectiveness evaluation of ship’s studied coordinates
was offered by the method which was received.

The results of the in situ observation and simulation of efficiency of the mixed
distribution laws were closely analyzed. Conducted verification of statistical
hypotheses of distributing of errors of measuring of navigation parameters for 12
selections. In quality alternative hypotheses a law was considered to Gauss, mixed
laws of the first and second type, and also generalized law of Poisson.

The results of simulation modelling are resulted for evaluation of efficiency of
observed ship’s coordinates at the mixed laws of distributing of errors of lines of
position. The selections of errors, which are distributed on the mixed law, were
generated for this purpose, taking into account which positions of ship were
designed and vector errors were determined. The calculation of every observed
position was carried out by smaller-squares method and method of maximal
likelihood, that allowed to evaluate dispersions of vector errors for the indicated
methods and, consequently, efficiency of smaller-squares method.

In completion of work the represented results of verification of correctness of
dissertation researches were received. In order to receive these results the
simulation computer program was developed, which consists of two basic

modules, the first from which is intended for the design of the confined route of
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ship’s passage with the use of electronic chart and a priori evaluation of
authenticity of the safe navigation, and the second provides verification of
statistical hypotheses of errors disposal of the navigation measurements and
simulation modelling for determination of efficiency of ship’s coordinates in case
of the excessive measuring.

The scientific novelty of the results received in dissertation consists in
development of theoretical bases and methodological providing of evaluation of
navigation reliability and its increase by the methods of minimization of vector
position errors and trajectory errors of ship’s handling, which differ by the use of
the developed algorithms of determination of effective ship’s coordinates at
presence of the excessive measuring, which are based on orthogonal
decomposition of errors density disposal, and adequate models of ship’s turn.

Scientific provisions are substantiated by research outcomes:

For the first time:

— a method of evaluation of effective observed ship’s coordinates using the
method of maximum likelihood with excessive measuring, the errors of which do
not comply with the normal distribution law to ensure maximum accuracy in
determining the ship position was developed;

— the procedure of computer simulation modelling was synthesized, which
allows to evaluate the effectiveness of the observed ship’s coordinates calculated
by the least squares method and generation of excessive measuring, the errors of
which are distributed according to mixed laws of the first and second type to
confirm the correctness of proposed theoretical methods of evaluating the
effectiveness of the observed coordinates;

— universal method of stochastic description of random errors of the
navigational measurements with the use of orthogonal decomposition of their
density disposal for calculation of observed ship’s coordinates according to the
general algorithm regardless of the law of measurement errors distribution was
offered and developed;

— method of quantitative evaluation of navigation reliability with the use of
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intensities of random accident streams and mathematical models developed to
determine the a priori probability of confined route passage was developed;

— methods of the a priori evaluation of probability of the safety navigation on
a confined route taking into account vector position errors and trajectory errors of
ship’s handling to minimize the risk of a navigation accident were offered;

— influence of a dynamic model of ship’s turn ability used for the prediction of
its turn over the value of vector trajectory error of ship’s handling by the way of
analysis of the offered models to minimize the trajectory error was investigated;

Methods of electronic charts application were further developed by using the
developed method of evaluation of the a priori probability of safe navigation on a
confined route to choose a safe trajectory of ship motion.

The dissertation conducted is of practical importance because its results can
be applied in the course of ship’s operation and used by the developers of ship
navigational information systems.

The practical value of dissertation results is that the obtained theoretical
results and programs can be applied during study and will contribute to
improvement of the navigators’ skills.

Practical results of the dissertation research were implemented by the private
higher education institution «Institute of Postgraduate Education» «Odessa
Maritime Training Center» for navigators’ training (implementation act dated
12.12.2018), Danube Institute of the National University «Odessa Maritime
Academy» (implementation act dated 14.02.2019), and Kherson State Maritime
Academy (implementation act dated 22.02.2019) for the cadets’ and students’
training, «CMA Ships of Ukraine» for education, training, and upgrading of
navigational officers to ensure safety of navigation (implementation act dated
04.03.2019), branch of «Delta Pilot» of the State Enterprise «Administration of
Sea Ports of Ukraine» for safety of navigation (implementation act dated
06.09.2019). The materials of the dissertation research are used in the educational
process of the National University «Odessa Maritime Academy» when teaching the

discipline «Ship’s maneuver and handling» (implementation act dated 18.06.2019),



23

within the framework of state budget research works of the National University
«Odessa Maritime Academy»: «Providing of safety of navigation in congested
waters» (Ne 01150003580, 2018) and «Improvement of the methods of safe ship’s
handling» (Ne 01170005133, 2020) in which the author of this paper took part as
executor.

During the dissertation research the following patents were received:

— the patent for the useful model Ne78679 «Device for information support
of pilotage of a sea vessel» which is registered in the State Register of Patents of
Ukraine for the useful model dated 25.03.2013;

— the patent for the useful model Nel34690 «High-accuracy collision
avoidance device» which is registered in the State Register of Patents of Ukraine
for the useful model dated 27.05.2019;

— the patent for the useful model Ne134691 «The device for the definition of
highly accurate parameters of ships’ divergence maneuver at their external
operation», which is registered in the State Register of Patents of Ukraine for the
useful model dated 27.05.2019.

Keywords: safety of navigation, increase of the navigation reliability,
likelihood of safety navigation, trajectory error of ship’s turn, efficiency of ship’s
coordinates, method of maximum likelihood, orthogonal decomposition of density
disposal, results of in situ observations.
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