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OgHuM 3  BUpIIAIBHUX YMOB  YCIIIIHOTO  BUPIMICHHS  3aBIaHHS
MOTIEPE/IKEHHS Ta YHUKHEHHS peajizallii HeOe3eyHoi CUTyallii € 00IpyHTOBaHE Ta
CBOEYACHE NMPUNHATTA PILIEHHS MPHU YNPaBIIHHI CYJHOM, SIK B XOA1 BUKOHAaHHS
MaHEBpY, TaK 1 B XOJii MJATOTOBKH JI0 HHOTO. JIMHAMIYHICTh 3MIHM HaBIrariiHoOi
00CTaHOBKH Yy HeOe3IeuHil cuTyallii, BUCOKUN CTYMiHb HEBU3HAYEHOCTI, dKOPCTKI
4acoBl paMKH Il BUPOOJIEHHS pIIIEHb IPHU HEOOXIJHOCTI aHaJi3y Ta BpaxyBaHHS
BEJIMKOT KUJIBKOCTI PI3HOPITHUX YMHHUKIB CBITYATh PO HEOOX1HICTH ITiIBUIIICHHS
OMEpPAaTUBHOCTI Ta JOCTOBIPHOCTI BUPIIICHHS 3aBJaHb YIPABIIHHS CYTHOM.

[Ipu 11bOMy OJTHUMHU 3 OCHOBHUX 3aBJIaHb, 1110 BUPIIIYIOTHCS CYTHOBOJIIEM, €
OIlIHKA HAaBITAIIiTHOT 0OCTAaHOBKH, CTaH Ta MapaMeTpH pyXy BJIACHOTO CyJHA Ta Jii
CYJTHOBO/I1SI.

[TpuitHATTS pilieHHs MiJ Yac PyXy CyAHA 3MIHCHIOETHCS 3a pe3yibTaTaMu
OLIIHKM CHUTYyallli, IO CKJIAJA€ThCA MiJ 4Yac pyxXy cyaHa. EQEKTUBHICTh OLIHKH
HaBITaI[IiHOT OOCTAHOBKHM 3aJIEKUTh BIJT OCOOMCTHX SIKOCTEH CYTHOBOIIS Ta
CKJIAJHICTIO HaBIraIiiiHOI 00CTaHOBKH, IO CKJIAJA€THC.

B icHyrouux 3acobax aBTOMaTu3allli YCKJIaJHEHO peali3allil0 Cy4acHUX
METOMIB 1HTEJNEKTyali3aIlii MIATPUMKH NPUUHATTS PIIICHHS, SKI JO3BOJISIIOTH
1HIUBITyaJIbHO-aJJaITOBAaHUN KOHTPOJIb Ta MIATPUMKY Tii CYJHOBOJIISI B MPOIIEC]
YIOPABIIHHSA PyXOM CyJIHA. 3aCTOCYBaHHSI HOBHX IiAXOMIB JO3BOJIUTH 3MCHIIHUTH
YacoOBl BUTPATH Ha OI[IHKY CHUTYaIlli, Ta MABUIIUTA OOIPYHTOBAHICTh MPUNHATUX

pilieHb. AHaJI3 1ICHYIOUHMX METOJIB MIATPUMKU HMPUUHSTTS PIIIEHb CYJHOBOMIEM



mij 4yac pyxXy CyJHa MOKa3ye, 10 IPHU CUHTE31 CUCTEM YIIPaBIIHHS CYAHOM ICHY€
npobiieMa J00yBaHHS, TOaHHs Ta popMati3allii eKCIepTHUX 3HAHb.

TakuM YMHOM BUHHUKA€E HEBIAMOBIAHICTh MK HEOOX1THICTIO OIEPAaTUBHOTO Ta
OOIPYHTOBAHOTO TPUUHATTS PIIICHHA CYJHOBOJIEM Yy HeOe3meuHid cutyarii Ta
HEJIOCTaTHbO PO3POOJECHUMU HAyKOBUMHM METOJIaMHU 3aCTOCYBAHHS SIBHHX Ta
HESBHUX EKCIIEPTHUX 3HaHb Yy IpOIeCl YHpaBIiHHSA CYIHOM Yy HeOe3mneuHin
CUTYyallli B yMOBaX HEBHU3HAYCHOCTI i1 aBTOMAaTHU3allli BUPOOJEHHS pillIeHb Ha
OCHOBI cHUCTeM MIATpUMKH mpuitHATTs pimens (CIIIIP).  BixcyTHicTh
HaIpallOBaHb 3 TAaKUX MIAXOAIB 1 METOMIB B YMOBAaX HarajbHOi MOTpeOM B HHX
CTBOpHJIA MPOOJIEMHY CUTYaIlllO, JIJIi BUPIIICHHS SKOI aKTyaJlbHUM € BUPIIICHHS
HAyKOBOTO 3aBJIaHHA 3 PO3pOOKM MeTojiB (opmaizaiii Mpoiecy YIpaBiIiHHS
CYJIHOM JJISl MIJIBUILEHHSA €()EeKTHUBHOCTI ()YHKIIIOHYBaHHS CYyJHOBHX €praTUYHHMX
CHUCTEM 31 3MIHOIO CTPYKTYPOIO.

HayxoBa HOBU3HA 0/Iep>KaHUX PE3yNbTATIB MOJISITA€ B TOMY, HIO:

- YIOCKOHaJIeHO MeTona  dopmaiizailii Mpolecy OLIHKKA HaBiramiiHoi
O0OCTaHOBKM y paiiOHI IUIaBaHHS, SKUM, Ha BIIMIHY BiJ BIJJOMHX, 0a3yeThbCs Ha
BUKOPUCTAaHHI MOJEN JAMHAMIYHOTO MPOCTOPY PIBHIB HEOE3MEKH 30H y paiioHi
IJIaBaHHA, SIKA BPAaXOBYE EKCTPEMAaJbHICTh CHUTYyallli Ta CTaH CYIHOBOIIS 1
JTO3BOJISIE MABUIIIUTA OOTPYHTOBAHICTh IPUUHSATTS PIllIEHb CYJHOBOIEM.

- po3po6sieHo MeToa dhopmaizailii 3HaHb MPO MPOIEC OLIHKU 1 CyTHOBOI1S
CyQHA-TIOTEHIIIIHOI  3arpo3u, B SKOMY BIEpIIE 3alpONOHOBAHO  CIIJIbHE
BUKOPUCTAaHHS METOIB PO3M13HaBaHHS HABIraliiHOI 0OCTAaHOBKH 31 3HAHHSAMU PO
I[IJT1 Ta 3aBJAHHS CYJTHOBOJIIS CyIHA-3aTPO3H.

- pO3pO0JIEHO METOJ Y3TO/KCHHS TEXHIYHOTO Ta OIOJIOTIYHOTO CErMEHTIB
epraTuyHoi CUCTEMH YIIPaBIIHHS CYJIHOM SIKHii, Ha BIIMIHY BiJl BIIOMUX 0a3yeTbCs
HAa BUKOPHUCTAHHI HEYITKOTO HEWPOMEPEKEBOro MIAXOAYy, IO JO3BOJISIE
BUKOHYBAaTH 1HIMBITyaJbHO-aJaNTOBAaHUI KOHTPOJb 1 MIATPUMKY TPUHHATTS
PIILICHHS CYTHOBO/IIEM.

BukopucTtanHs 3anpOonoOHOBAHOTO MiAXOIY J03BOJSE CKOPOTHTU 3arajbHHil

yac Ha BHUPOOJIEHHS pILIEHHS MI0A0 Oe3MeYHOro po3xo/keHHs Ha 25 + 38% y



MOPIBHSHHI 3 TPaIWIIMHUMH  Tigxogamu. BpaxyBanHs #  o0poOka y
3alpOIOHOBAHUX METOJIaX BEIMKOI KIIBKOCTI (paKTOPIB JTO3BOJISIIOTH 301IBIIUTH
KOe(DIIIEHT MOBHOTH BpaxyBaHHs YMHHHKIB Ha 16 + 34% mOpIBHSIHO 3 B1JIOMUMHU.
Y CcBOIO uepry, 1€ JA03BOJSIE€ TMIJABHIIUTH CBOEYACHICTH BHUPOOJICHHS pIllIEHB
MOPIBHSHO 3 HEABTOMAaTU30BaHUM crniocoboMm — y 1,4 + 2.5 pasu, Ta MOPIBHIHO 3
Bukopucranusam AIC —y 1,15 + 1,55 pazu.

[IpakTuHe 3HAYEHHS OTPUMAHHWX PE3YJbTATIB TIOJNATAE B TOMY, IIIO
pO3pO0JICH] TEOPEeTUYHI TOJOKEHHS Ta METOAM, SIKI € OCHOBOIO JUISI PO3POOKH
MaTEMaTHYHOTO Ta MPOTPAMHOTO 3a0€3MeUYeHHS CHUCTEM MIATPUMKH TPUHHSATTS
pillleHb  CYAHOBOJIA, IO  JO3BOJSIIOTh  MIJIBUIIWTA  ONEpPAaTUBHICTh  Ta
OOTPYHTOBaHICTh NPUUHATTS pIIICHh B €praTUYHIN cuctemi '"CyIHOBOIIN —
cynHo". PesynpTaTé AucepTamiiHMX AOCIHIPKEHb peadizoBaHi y CyAHOIUIaBHIN
komriaii "YepBona Pyta".

HaBeneni HOBI HayKOBO-OOIPYHTOBaHI MpPaKTU4YHI PEKOMEHAIi 11010
MEPCIEeKTUBHOI  IHJMBIAYaJIbHO - aJallTOBaHOI CHUCTEMHU MIATPUMKHA  Jid
CYIHOBOJIisS, IO JIO3BOJISIIOTH PO3IVIIHYTH MOXKIIMBICTh BUKOPHCTAHHS JIAHUX
NIOXOMIB Yy I1HIIMX CHUCTEMAaxX YOpPaBIIHHS Ha TPAHCIOPTI, a TaKOX 3HAYHO
M1BUIIUTH ONEPATUBHICTH Ta OOTPYHTOBAHICTh MIPUIHATTS PIIICHHS CYIHOBOIIEM
M1J] 9ac yIpaBIiHHS pyXOM Cy/JHa B HEOE3MeUHii CUTyaIlii.

Kiro4oBi cioBa: cyqHO, HaBiraiisi, epraTudyHa CHUCTeMa, CKJIaJIHI HaBIramiiHi

YMOBH, HEO€3MeYHa CUTYaIlis, 3ITKHEHHS CY/ICH.
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ANOTATION

Zazirnyi A. A. Methods of formalizing the process of management of the
vessel to increase the efficiency of the functioning of ship ergative systems with a
change in structure. - Qualification scientific work on the rights of the manuscript.

Thesis for a Doctor of Philosophy of Specialty 271 - River and Sea Transport.
— Kyiv Institute of Water Transport named after. Hetman Petr Konashevich —
Sagaidachniy, State University of Infrastructure and Technology, Kyiv, 2021.

One of the decisive conditions for a successful solution to the warning and
avoiding the implementation of a dangerous situation is a substantiated and timely
decision on the management of the ship, both in the course of maneuvering and
during preparation for it. The dynamism of changing the navigation situation in a
dangerous situation, a high degree of uncertainty, rigid temporal frames for making
decisions, if necessary, analysis and consideration of a large number of
heterogeneous factors indicate the need to increase the efficiency and reliability of
solving the management of the judiciary.

At the same time, one of the main tasks solved by the ship is an assessment of
the navigation situation, the state and parameters of the movement of its own
vessel and the action of the ship.

Making a decision during the movement of the vessel is carried out by the
results of the assessment of the situation, which is formed during the movement of
the vessel. The efficiency of the assessment of the navigation situation depends on
the personal qualities of the ship and the complexity of the navigational situation
consisting.

In existing automation tools, it is complicated by the implementation of
modern methods of intellectualization of decision support, which allow individual-
adapted control and support of the ship in the process of managing the movement
of the vessel. The application of new approaches will reduce the time costs on the
assessment of the situation, and increase the validity of the decisions taken. An
analysis of existing methods for supporting decision-making by the ship during the



traffic of the vessel shows that in the synthesis of management systems, the vessel
exists the problem of extraction, submission and formalization of expert
knowledge.

Thus, there is a discrepancy between the necessity of the operational and
substantiated decision of the ship in a dangerous situation and insufficiently
developed scientific methods of application of obvious and implicit expert
knowledge in the process of managing a ship in a dangerous situation in conditions
of uncertainty for automation of decision making based on decision support
systems (DSS). The lack of developments from such approaches and methods in
the conditions of urgent need for them has created a problem situation, to address
which is relevant to solving a scientific task for the development of methods for
formalizing the process of managing the vessel to increase the efficiency of the
functioning of ship's ergative systems with a change in structure.

The scientific novelty of the results obtained is that:

- improved method of formalizing the process of evaluation of the navigation
situation in the navigation area, which, unlike known, is based on the use of a
model of dynamic space levels of danger of zones in the area of navigation, which
takes into account the extreme situation and the state of the ship and allows to
increase the validity of decision making by the ship.

- a method of formalizing knowledge about the process of evaluation of the
ship-potential threat is developed, which for the first time proposed joint use of the
methods of recognition of the navigation situation with knowledge of goals and
tasks of the ship-threat vessel.

- the method of coordinating the technical and biological segments of the
ergative management system, in contrast to the use of a fuzzy neural network
approach, which allows to perform individually-adapted control and support for the
decision-making of the ship.

The use of the proposed approach allows to reduce the total time to develop a
solution for a safe difference of 25 + 38% compared to traditional approaches.

Consideration and processing in the proposed methods of a large number of factors



allow to increase the coefficient of completeness of taking into account the factors
at 16 + 34% compared to those known. In turn, it allows to increase the timeliness
of decision making compared to a non-automated method - in 1,4 + 2,5 times, and
compared with the use of AIS - in 1,15 + 1,55 times.

The practical significance of the results is that the theoretical provisions and
methods that are the basis for the development of mathematical and software for
the decision-making system for the decision-making system, which allow to
increase the efficiency and reasonability of decision-making in the ergative system
"Shipyard - Ship". The results of dissertation studies are implemented in the
shipping company "Red Ruta".

New scientifically substantiated practical recommendations for a perspective
individual - adapted system of support for ship actions, which allow you to
consider using these approaches in other transport management systems, as well as
significantly increase the efficiency and reasonableness of the decision of the ship
during the Management.

Keywords: ship, navigation, ergatic system, difficult navigation conditions,

dangerous situation, collision of ships.
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