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Pedepar:

1. Incepranis Ha 3M06YTTsI HAYKOBOTO CTyIeHs AoKTopa ¢dinocodii 3a cnenianpHicTio 275 — TPaHCIOPTHI TEXHOJIOTII.
Jucepranilo BUKOHAHO Y XePCOHCHKIN Iep>KaBHIN MOPCHKiN akazemii, XepcoH. [logano Ha 3aXUCT y XepCOHCHKY
Iep’kaBHY MOPCBKY akazemito, XepcoH, 2025. [lucepralifiHa po6oTa IpUCBSIY€Ha BUPIlIEHHIO HAYKOBO-TE€XHIYHO]
3a/aui, sIKa noJisirae y nifiBUIeHHI PYHKIiOHANBHOI CTIMKOCTI HaBirauilHOro KOMIIJIEKCY MOPCBKUX CYAEH
METOJAaMH Teopii MacOBOTO OOCIYrOBYBaHHSI, TyOII0BaHHS Ta 6ale€CiBCHKOTO Nifxony. BupimeHHs HayKOBO-
TexHiYHOI 3a/1ayi rossrae y po3pooiii BilIOBiAHNX peKOMEeHIaLlifl 010 PEerjlaMeHTy MigBUIneHHs QyHKIiOHAIbHOI
CTIMKOCTi HaBirallilHOro KOMIIJIEKCY. AKTYaJIbHICTb NOCJIIKEHHS 3yMOBJIEHA TUM, LIO Mif, YacC [JIaBaHHS 3aBXKIU
icHye BiporimHiCcTh BiAMOBU OGHOTrO 200 Oinbllle IPUJIAMiB HaBiraliHOi CUCTEMU MOPCBKOTO CyJHA Iif Ai€lo
30BHIIIHIX 260 BHYTPIllIHiX YMHHUKIB, 5Ka 3pOCTA€ NpHU YCKIaJAHEHHI YMOB Cy[HOIJIABCTBA. Buxoasuu 3 1boro,

BaXJIMBUM IIMTaHHSM €KCIITyaTalii Ta 06CIyroByBaHHSI HaBiraliilHoro KOMILJIEKCY € CTBOPEHHSI MOjieJIel], MeTOTiB



Ta 3aCO06iB OiaTHOCTUKU JJ151 BUSIBJIEHHSI HECIIPABHOCTEN Ta MOMUJIKOBOTO (PYHKILIOHYBAHHS, & TAKOXK
[IPOTHO3YBAHHSI Oro CTaHy. MeToo po60THU € NonepeyKeHHs BUHUKHEHHS aBapillHUX CUTYyallill MOPCbKUX CYZeEH 3a
PaxyHOK HifBuILleHHS! QYHKIIOHAIBbHOI CTIMKOCTI HaBiralilHoro KOMIJIEKCY B Pe3yJbTaTi 3MEHIIEHHS BipOTiAHOCTi
BiJMOB 110T0 KOMIIOHEHTIB. 3aBIaHHS, SKi 3aMJIaHOBAaHO BUPIMUTHU JJ15 JOCATHEHHS METU poboTu: 1. BusHauuTtu
OCHOBHi BUMOTrH 110 QYHKIIOHAIBHOI CTIMKOCTi HaBiraliliHOro KOMIJIEKCY MOPChKOTO cynHa. 2. Po3pobutu Mmozesnp
IIPOLECIB i CUCTEM HABIrallilHOrO KOMILJIEKCY MOPCBKOTO CyJHA. 3. [IpoBeCTH eKCIEpUMEHTANIBHE AOCIIII>KEHHS
(YHKLiOHYBaHHS HaBirallilHUX CUCTEM MOPCBKOro cygHa. 4. [IpoBecTy HOCiIPKEHHS HaBiralilHoro KOMIIEKCY $IK
CHUCTEMHU MACOBOT0 06C/IyroByBaHHS. O0'€KT NOCIIPKEHHS: IpoLecy QyHKLIOHYBaHHS iHTETPOBAHOTO
HaBiranifHOro KOMIIJIEKCY Cy4aCHOI'O MOPCBHKOro cynHa. [IpenmeT nociimkeHHs: QyHKIiOHAIbHA CTIMKICTD
HaBirauifHOro KOMIIJIEKCY MOpPChKOro cynHa. HaykoBa HOBM3HA Oflep>KaHUX pe3yJibTaTiB 1. Brepie po3pobieHo
MaTeMaTU4HYy MOJieJIb HaiHOCTi HaBiralilHOro KOMIJIEKCY SIK CUCTEMU MAaCOBOTO OOCJIyTOBYBaHHSI, 3aBSIKM SIKil
BCTAHOBJIEHO CIIiBBIIHOIIEHHS MIXK CKJIQIHICTIO YMOB IIJIABAHHS Ta MOXKJIMBOCTSIMUA CUCTEMH, L0 [LO3BOJISIE
IIPOBOJIUTH PO3PaxXyHKU IMOBIpHOCTI 0OGCJIyTOBYBaHHSI OTPMMAaHOrO 3anury. 2. Ha ocHOBi po3po6ieHoi Mozeni
OLiHIOBAaHHS HAJliIMHOCTI CYZHOBOIO HaBiraliiHOro KOMIIEKCY IIPY MiABUILEHIN HaBiraliiHil CKJIaIHOCTI, SIKa
BKJIIOYA€ alpOKCHMMAlLiliHi PiBHSIHHS IPYroro NOpsiKy, o OBS3yI0Th IMOBIPHICTb pO60YOro CTaHy HaBirauiitHoOi
CHCTEMHU 3 BiANOBIZHUMY iHTEHCUBHOCTSIMH TIOTOKIB BiIMOB Ta OGCIyrOBYBaHHS, I0OYJOBAaHO YOTUPbOX(PAKTOPHY
JIiHINHY perpecilo, sika 6yJia Bidyasli3oBaHa B HOMOrpami i € IpyUaTHOIO 117151 BUPilleHHs] HU3KY [IPAaKTUYHUX 3a7a4. 3.
HabyB nopanbmoro po3BUTKY METOJ, 3aCHOBaHMI Ha 6alleCiBCbKOMY MifXOAi IOA0 OLiHKU alloCTEPiOPHUX
VMIMOBIPHOCTEN Pi3HMX TIIOTE3 OO0 HANIMHOCTI €JIEMEHTIB TEXHIYHOI CUCTEMH, SIKUU BiZIPi3HSETHCS Bill iCHYIOYMX
Bizyaslizaliielo po3paxyHKiB Ipy MOPiBHSIHHI alloCTepiopHUX HMOBIPHOCTEN 3 allpPiOPHUMU,SIKI Bilo6GpPasKaloTh HU3KY
3aKOHOMIDHOCTEWN, 10 [O3BOJISIE BUKOPMCTOBYBATH allOCTEPIOPHI MMOBIPHOCTI rifoTes 11 pO3paxyHKiB
HMOBipHOCTEN MalOyTHIX MO, TaKMX SIK BiIMOBU HaBiraliitHoro o6yagHaHHs, HA OCHOBI HasiBHOI iHopmarii mpo
MOro HamiHiCTb. 4. YOIOCKOHAJIEHO MiIXif 1010 BU3HAYEHHS CTiMKOCTi TEXHIYHUX CUCTEM, SIKUI BKIIOYAE
IIPOBEJIEHHS OL[iHKY Pi3HMX CXeM [IyOJII0BaHHS €JIEeMEHTIB CUCTEMHU i iXx MaTeMaTUyHe MOJEJIIOBAaHHS, a TAKOX
IIPUKJIA], IOMiPHO IIMOOKOTO Ny6JII0BaHHSI HAallMEHII Ha/liHYX €JIEMEHTIB CUCTEMH, 110 3HAYHO (6iblIe HiK yzBidi)
i BUILy€ HANIMHICTb CUCTEMMU B LiJIOMY, 110 BiIPI3HSIETHCS Bifl iCHYIOUMX YPAXyBaHHSIM BIUIMBY AUCIEPCil 3HAYEHb
iMOBIpHOCTI 6€3BiIMOBHOI PO6OTU €JIeMEHTIB CUCTEMU Ha 3HAYEHHS BilHOCHOI IOMUJIKU. Y BCTYIIi OIIMCAHO
OCHOBHY IIPO06JIEMY TIOLIYKY IIOMUJIKOBOI'O (PYHKILIIOHYBaHHSI, AiarHOCTUKY 06J1afHAHHS HaBiralilHOro KOMIJIEKCY
MOPCBHKUX CYZI€H, BU3HAYEHHS HAZIMHOCTI i Mpane3gaTHOCTI eJleMeHTiB HaBiraliitHux CUCTeM Ta HeOOXigHOCT] i
CTyIleHsI Iy6II0BaHHS IJ1s1 HAUOLIbII Bpa3auBuX ejeMeHTiB. Po3zin 1. Po3rysiHyTi OCHOBHI BUMOrH 10
(dyHKLiOHAIBHOI CTIMKOCT] HaBiraliiHOro KOMILJIEKCY MOpPChKOro cynHa. Onucana CTpyKTypa HaBiraliifHoro
KOMIIJIEKCY MOPCBKOTO CyHa. BU3Hau€HO OCHOBHI MOHATTS PO (PYHKLIOHAIbHY CTIKICTbh HaBiralitHOro
KOMILJIEKCY MOPCBHKOTO CyAHa (HafilHiCTh, iIMOBIpHICTb BiMOBH, HaIlpallOBaHHS [I0 BilMOBY, iMOBIpHICTb
6e3BiIMOBHOI pOOOTH 3a aHUM 4yac, Tolo). Bu3HaueHo OCHOBHI 3a/1ayi i NpUHIMIYN I0GYLOBU HaBiraliftHoro
KOMILJIEKCY MOPCBKOT0 cygHa. OnucaHi MaTeMaTU4Hi Mogesli PyHKIIOHyBaHHS HaBiraliliHOro KOMIJIEKCY
MopcpKoro cypHa. Posgin II. PosrignyTi Mmogesi npoLeciB i cucTeM HaBiraliiiHoro KOMILUIEKCY MOPCHKOTO CyZiHa.
Hapano 3aranpHy xapakTepuCTUKY i Kinacudikariio mogesneil pyHKLiOHYBaHHS HaBIraliifHOro KOMILJIEKCY.
[TpoBeneHo aHasTUUHE NOCTIIKEHHS MOJieslell MacoBOro 06CIyroByBaHHs. BukoHaHo iMiTaliliHe MozieI0BaHHS

HaBiralinHUx cUCTeM. Bu3Hau€HO OCHOBHU I10

2. Dissertation for the degree of Doctor of Philosophy in specialty 275 - transport technologies. The dissertation
was completed at the Kherson State Maritime Academy, Kherson. Submitted for defense at the Kherson State
Maritime Academy, Kherson, 2025. The dissertation is devoted to solving the scientific and technical problem of
increasing the functional stability of the navigation complex of sea vessels using the methods of queuing theory,
duplication and the Bayesian approach. The solution to the scientific and technical problem consists in developing
relevant recommendations regarding the regulations for increasing the functional stability of the navigation
complex. The relevance of the study is due to the fact that during navigation there is always a probability of failure
of one or more devices of the navigation system of a sea vessel under the influence of external or internal factors,
which increases with the complexity of navigation conditions. Based on this, an important issue of operation and



maintenance of the navigation complex is the creation of models, methods and diagnostic tools for detecting
malfunctions and erroneous functioning, as well as predicting its condition. The purpose of the work is to prevent
the occurrence of emergency situations in sea vessels by increasing the functional stability of the navigation
complex as a result of reducing the probability of failures of its components. The tasks that are planned to be
solved to achieve the goal of the work: 1. Determine the basic requirements for the functional stability of the
navigation complex of a sea vessel. 2. Develop a model of processes and systems of the navigation complex of a sea
vessel. 3. Conduct an experimental study of the functioning of navigation systems of a sea vessel. 4. Conduct a
study of the navigation complex as a mass service system. Object of research: processes of functioning of the
integrated navigation complex of a modern sea vessel. Subject of research: functional stability of the navigation
system of a sea vessel. Scientific novelty of the results obtained 1. For the first time, a mathematical model of the
reliability of the navigation complex as a mass service system was developed, thanks to which a relationship was
established between the complexity of navigation conditions and the capabilities of the system, which allows
calculations of the probability of servicing the received request. 2. Based on the developed model for assessing the
reliability of the ship's navigation complex with increased navigation complexity, which includes second-order
approximation equations that relate the probability of the operating state of the navigation system to the
corresponding intensities of failure and service flows, a four-factor linear regression was constructed, which was
visualized in a nomogram and is suitable for solving a number of practical problems. 3. A method based on the
Bayesian approach to estimating the posterior probabilities of various hypotheses regarding the reliability of
elements of a technical system has been further developed, which differs from existing visualization calculations
when comparing posterior probabilities with prior ones, which reflect a number of patterns, which allows using
posterior probabilities of hypotheses to calculate the probabilities of future events, such as failures of navigation
equipment, based on available information about its reliability. 4. An approach to determining the stability of
technical systems was improved, which includes an assessment of various schemes for duplicating system
elements and their mathematical modeling, as well as an example of moderately deep duplication of the least
reliable system elements, which significantly (more than twice) increases the reliability of the system as a whole,
which differs from existing ones by taking into account the influence of the dispersion of the values of the
probability of failure-free operation of system elements on the value of the relative error. The introduction
describes the main problem of finding erroneous functioning, diagnostics of the equipment of the navigation
complex of sea vessels, determining the reliability and operability of navigation system elements and the need and
degree of duplication for the most vulnerable elements. Section I. The main requirements for the functional
stability of the navigation complex of a marine vessel are considered. The structure of the navigation complex of a
marine vessel is described. The main concepts of the functional stability of the navigation complex of a marine
vessel are defined (reliability, probability of failure, operating time to failure, probability of failure-free operation
for the current time, etc.). The main tasks and principles of building the navigation
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Couiaano—eKOHOMqua CIIpﬂMOBaHiCTI:: MigBUIIEHHS aBTOMAaTU3allii BUpOOHUYUX ITPOLIECiB

OxopoHHi gokymeHTH Ha OIIIB:

HaykoBi BigKpuTTs
1. Bnepiue po3pobsieH0 MaTeMaTUYHYy MOJIEJIb HaZliiHOCTI HaBiraliifHOro KOMILJIEKCY SIK CUCTEMH MacOBOTO
00CJIyTOBYBaHHS, 3aBISIKU 5IKill BCTAHOBJIEHO CIIiBBiJHOLIEHHS MDXK CKJIQ[IHICTIO YMOB IIJIaBaHHS Ta
MOXJIMBOCTSIMU CUCTEMH, IO [JO3BOJISE IPOBOAUTH PO3PAXYHKU HMOBIPHOCTI 0OCIyTOBYBaHHSI OTPUMaHOTO
3anury. 2. Ha ocHOBi po3po6s1eHoi Moieli OL[iHIOBAaHHS HAZiHOCTI Cy[JHOBOTO HABIrallilHOrO KOMILIEKCY Ipy
i BUIIEHIN HaBiralilHii CKIaQHOCTI, IKa BKJIIOYa€ allpOKCHMMAlIilfiHi PiBHSHHS APYTrOro NOpsIKy, Mo
IIOB'SI3yI0Th IMOBIPHICTb pO60YOro CTaHy HaBirauiliHOi CUCTEMH 3 BiTIOBiTHUMU iHTEHCUBHOCTSIMU MTOTOKIB
BiIMOB Ta 00OCJIyTOBYBaHHS, I0OYIOBaHO YOTUPhOX(AKTOPHY JIiHIHY perpeciio, sika 6ysia BidyasizoBaHa B
HOMOTPaMi i € IPUAATHOIO 4J1s1 BUPIlIeHHS HU3KU NPaKTUYHUX 334a4. 3. HabyB ogasnbpmoro po3BUTKY METO[,
3aCHOBaHUI Ha 6alieCiBCbKOMY MiIXOJ] 11010 OLiHKY allOCTEPIOPHUX MMOBIPHOCTE! Pi3HUX TillOTE3 1010
HaJiMHOCTI €JIEMEHTIB TEXHIYHOI CUCTEMU, SIKAH BiIPi3HAETHCS Bifl iCHYIOUMX Bidyaslidali€lo pO3paxyHKiB [1pU
IIOPiBHSIHHI allOCTEPiOPHUX MMOBIPHOCTEN 3 allPiOPHMMU,SIKI BiTOOPaKAIOTh HM3KY 3aKOHOMIPHOCTEH, IO

II03BOJISIE BUKOPUCTOBYBATH allOCTEePiOpHi IMOBIPHOCTI TinoTes 1151 po3paxyHKiB MIMOBIpHOCTe! MalibyTHIX



IIOJIiiA, TaKUX SIK BiAMOBU HaBiraniiftHoro ob6jagHaHHs, HA OCHOBI HasiBHOI iH(opmarii mpo foro HamifHICTB. 4.
YOoCKoHaneHo Mifxifl 1040 BUBHAYEHHS CTiKOCTI TEXHIYHUX CUCTEM, SIKUAI BKJIIOUYA€ TPOBEIEHHS OLIIHKU
pi3HUX cxeM AyOJIIOBAaHHS €JIEMEHTIB CUCTEMH i iX MaTemMaTU4HE MOJIEJII0BaHHSI, & TAKOX IPUKJIaZ, IOMIPHO
rJIMO60KOro AyOJII0BAaHHS HaIMEHII HANiHUX €JIEMEHTIB CUCTEMH, 110 3HAYHO (OiyblIe HiX y[Bivi) migBUILye
HaJiMHICTb CUCTEMU B LIiIJIOMY, 110 BiZlpi3HAETHCA Bif, iICHYIOYMX YpaxyBaHHSAM BIUIMBY AUCIIEPCii 3HaY€EHb

iMOBipHOCTi 6€3BiIMOBHOI pOOOTU €JIEMEHTIB CUCTEMU HA 3HAYEHHSI BiTHOCHOI TOMUJIKU.
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2. Yevhen Kalinichenko

KBasigikamis: . r. u., gouenr, 05.22.13

InenTudikarop ORCID ID: 0000-0003-2898-7313

JoparkoBa inpopmamnist:

IToBHe HafIMeHyBaHHS[ IOPUIHUYHOL 0CO0H: OjieCchKUil HalliOHA/IbHUIT MOPCHKUIA yHIBEPCUTET
Kopg 3a € IPIIOY: 01127777

Micuesnaxo,r.pKeHHﬂ: BYJ1. MeuHUKOBa, 6yz. 34, Ozeca, 65029, Vkpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBIiTH | HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tumomyk Osnena MukoJsaiBHa

2. Olena Tymoschuk

KBasigikamis: n. . u., npodecop, 05.12.17

Imentudikarop ORCID ID: 0000-0003-3684-6182

JopaTrkoBa iHdpopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HauioHanbHuMil TPAHCTIOPTHUIA YHIBEPCUTET
Kopg 3a €IPIIOY: 02070915

Micuesnaxomxeunﬂ: ByJl. M. OMengHoBuua-IlaBnenka, 6ya. 1, Kuis, 01010, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. ToBcTokopuy Osner Mukosanosmuy

2. Oleh M. Tovstokoryi
KBasigikanis: k.r.u., nor,, 05.22.13
InenTudgikarop ORCID ID: He 3acrocosyerbcs

JoparkoBa inHdpopmamuist:



IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: XepCOHChKA AepPKaBHA MOPChKA aKazleMist

Kopg 3a €IPIIOY: 35219930

Micuesnaxo,zpkeHHa: IIPOCHEKT YIakoBa, 6ya. 20, Xepcos, 73000, Vkpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's I1o-6aThbKOBI:
1. IBaHOB ApTEM AHATOJINOBUY

2. Artem A. Ivanov

KBasigikanis: n.dinocod, 151

InenTudgikarop ORCID ID: 0000-0002-1919-2570

JopaTrkoBa indpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: XepCOHChKA IepPKaBHA MOPChKA aKazIeEMist

Kopg 3a €IPIIOY: 35219930

Micue3HaxoaKeHHS: IIPOCIEKT YIIAKoBa, oya. 20, Xepcon, 73000, Ykpaina

dopma ByacHOCTI: Jlepkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZoMOCTi
BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBI
TOJIOBH paju

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI
roJIOBYIOYOrO Ha 3aciJaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOi

OisIIBHOCTI

CamnpoHos Onekcanup OsieKCcaHIPOBUY

CanpoHoB Osekcanap OJyieKCaHIPOBUY

Anmnasos Enyapz CenspoBuy

VKpIHTEI

FOpuenko TetsHa AHaToJiiBHA



