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converting fuel energy into rotational movements of the shaft and the propeller connected to it that the
speed and maneuvering characteristics of the vessel depend. Even a temporary lack of the ability of
the main power plant to ensure the movement of the ship can lead to irreversible consequences and
cause accidents, environmental pollution, loss of cargo, ship collisions, harm to the ship's crew. It is
noted that the criteria for assessing the occurrence of emergency events are based on strictly
established risk levels. Risk identification is performed based on the analysis of hazards associated
with the flow of mechanism failures in the specified period of operation. Such identification was
carried out by collecting, processing and analyzing statistical data of engine logs from the operation
of the main power plant of the "River-Sea™ class ship over a fifteen-year period of operation. The
collection and processing of statistical data was carried out for the following intervals — 1...5 years,
5...10 years, 10...15 years, and during the entire specified time, the main power plant was operated
according to the continuous maintenance system. The analysis of the received information made it
possible to calculate the value of the failure flow parameter of the Wirtsild 6R32BC marine medium-
speed diesel engine, which served as the main engine on a 6450-ton vessel. The failure rate values
were determined; gradations of the probability of risk occurrence and the costs associated with their
elimination, as well as calculated matrixes of the distribution of the probability of risk occurrence of
elements of the marine diesel engine. It is the calculation of risk probability distribution matrices that
is proposed as a method of diagnosing the technical condition of elements of the main power plant of
water transport.
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occurrence, reliability, reliability, risk assessment, risk, technical condition, technical maintenance
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BU3HAYEHHS METOAY YIIPABJIIHHS PYXOM CYJIEH MOPCBKOI'O TPAHCIIOPTY
I YAC 3ABE3IIEYEHHA IX BE3IIEYHOI'O PO3XO/KEHHA

Posenanymi memoou koHmponio ma ynpasiinHs pyxom MopcbKux cyoeH nio 4ac Manespys8anHs 3
Memoio 3abe3nedentsi ix 6e3neyHo20 po3X00AHCEHHS 3 YMOBOIO XOpouioi euoumocmi. /s eupiuienns
NUMAHHA w000 3abe3neyeHHs Oe3neKu CYOHONIA8CMEA OYau pPO3NAHYMI NIOMHONCUHU CUumyayii
HAOMIPHO20 307UMNCEHHS CYOEeH 3 PI3HOI 83AEMHOI0 8I0NOGIOANILHICMIO MA 3 PISHUM PO3MAULY8AHHIM
cyoen 00uH 8i0 00HO20, WO pe2NaMeHMYIOMbCs iON0BIOHUMU GuMozamu MixchapoOnux npasun
3ano0bieants 3IMKHEHHs. CYOeH V MOpI AKI 6CMAHOBIIOIMb 83AEMOOII0 CYOEH 3aNeNCHO 8I0 cumyayii,
U0 BUHUKIIA NIO YAC Hebe3NeuH020 30IUNCEHHSL.

Busnaueno, wo npoyec pozxoocenus 060x cyoen nepedbauac 3miny cumyayii HebOe3neyHoco
30UNCEHHS HA OONYCIMUMY Oe3NeyHy cumyayilo 3a 00NOMO20I0 MAHEBPY PO3X00xcenHs. Brasano, uwo
07151 3a6e3neyennus npoyecy 6e3neuHo20 Po3X00HCEHHS BANHCIUBOIO CKAAO0BOIO € YAPAGIIHHA CUMYAYIEIO
301UMNCEHHA, 30 OONOMO2010 K020 GUSHAYAEMbCA NOMEHYIUHA MONCIUGICMb 3MIHU Hebe3neuHoi
cumyayii Wasxom 6UKOHAHHS MAHe8py pO3X00diCceHHA. TaKodic 3a3HAYeHOo, Wo Yepe3 GeUKy KilbKicmb
PIBHOMAHIMHUX CUmMyayitl y 63AEMHUX PO3MAULYBAHHAX CYOEH, GUHUKAIOMb NeGHI mpYyOHOWi 8
KOpekmHocmi Oill, wo NpuuMaromscs 3 Memoio 3abesneueHus ix 6e3neyHo2o po3xoodsceHus. Tomy
numanHa  opmanizayii npoyecy po3poOku memooie YNpaeniHHA pPyXom CYOHA, V 4ACMUHI
ManespysanHs cyoeH Nio Yac po3X0ONHCEHHS, a MAKONC BUSHAYEHHS MemoOdy YNPAGIIHHS PYXOM CYOeH
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MOPCbKO20 MpAHCNopmy ni0 yac 3abe3neyeHus ix 0e3neyHo020 pPO3XOONHCEHHSA € AKMYANbHUM ma
nepcneKmuHUM HAYKOBUM HANPAMOM sIKe 8NIUBAE HA Oe3neKy CYOHONIA8CMEA.

AK ocHo8HI nebe3neuni cumyayii, wo SUHUKAIOMb NI0 YAC PO3XOONCEHHS CYOeH, pPO32IAHYMU
cumyayisi 0620Hy (6i0HOCHO 6apiaHmig CyOHO, WO 002aHsE, MA CYOHO, WO 002AHAEMbCI, A MAKOIC
CYOHO, WO 002AHAEMBCA, MA CYOHO, WO 002AHSAE), CUmMyayis 30UNCEHHS CYOeH Ha 3YCMPIYHUX KYPCAXx,
cumyayisi 301UdCeHHs CyOeH Ha Kypcax, Wo nepemuHaromscs. [[us KOXMCHOI 3 yux cumyayit
3aNPONOHOBAHT AHANIMUYHI 3ANEHCHOCMI 3 BUSHAYEHHS HeDe3neyHux Kypcié pyxy cyoeH, SKi
nonepeodcyromy ix 3IMKHEeHHs. 3anponoHo6ami piuenHs Cnpusioms CMEOPEHHIO Memoody YNPAGLiHH:
PYXOM CYOeH nio Yac 6UHUKHEHHS PI3HUX CUMYaYiax ix HeOe3neuHo20 30IUNCEHHS .

Ompumani pe3yiomamu c8iouams NPO MOACIUBICIb 3ACMOCYBAHHS PO3POOIEHUX AHATTIMUYHUX
8UPA3I8 8 CYYACHUX eNeKMPOHHUX ABMOMAMUYHUX CUCTeMAax, WO Npayrwms 3ad HPUHYUNOM
PeanvpHo20 Yacy 3 Memor SUSHAUEHHs Mma pO36 SA3aHHA 3a60aHb HA PO3XOONCEHHS, SKI € CYMMEGOI0
RIOMPUMKOIO Ol HAGIeAYIUHUX O¢hiyepie nid Yac SUHUKHEHHS CUmMyayitl HeOe3neuHo2o 30JUNCEHHS
CyoeH.

Knrouoei cnoea: O6e3neka CyAHOIUIABCTBA, METOJ YIPABIIHHA, MOPCHKHHA TpPaHCIOPT,
HaBirariiiHa 00CTaHOBKa, TIOMIEPEKEHHS 3ITKHCHHS CYJICH, pyX CyJIHA, YIPABIIHHS PyXOM CY/IHA.

ITocTanoBka npod/ieMu y 3arajJibHOMY BUIJIsIAI Ta il 3B’S130K i3 BaKJIMBUMH HAYKOBHMH YH
NPAKTUYHUMHU 3aBJAHHAMM. 3a0e3le4yeHHS Ta KOHTPOJIb O€3NeKH CYIHOIUIABCTBA € HalOLIbII
aKTYaJIbHOIO MPOOJIEMOI0, sIKa BUHHMKAE IIiJ] Yac eKCIulyarallii CyJIeH MOpPChbKOro TpaHcmopty [1, 2].
OpHiero 3 il BaXX/IMBHUX CKJIQZIOBUX € CBOE€YACHE IONEPEJDKEHHs 3ITKHEHHS CYAEeH B CcUTyalii ix
HagMipHOTO 30mmKeHHd. B curyanii HeGe3neuHoro 30JMKEHHS Mapy Y¥ TPYIU CyIAEH iX B3a€EMOZIs
pErJaMeHTYEThCS BIAMOBIHO A0 BUMOT MiKHApPOAHUX MpaBUil 3an00iraHHs 3ITKHEHHS CY/AEeH y Mopi
(MII33C-72), B IKMX BUKOPUCTOBYETHCS MPHUHIKIT OiHApHOT KoopauHaIlii [3, 4].

UYepes BeMUKY KUTBKICTh PI3HOMaHITHUX CHUTYaIlill y B3a€MHHUX PO3TallyBaHHAX CYICH Mij yac ix
PO3XO/KEHHS, BUHUKAIOTh [IE€BHI TPYAHOIIl B KOPEKTHOCTI JIIH, 1110 MpUHMAalOThcs Ui 3a0e3MeueHHs
Oe3meku CcyaHOIUIaBcTBAa. B nmaHuil yac po3poOistoTbCs €IEKTPOHHI aBTOMAaTUYHI CHUCTEMH, IO
NPAIOIOTh 3a TPUHIMIIOM PEabHOr0 Yacy 3 METOH BH3HAUEHHS Ta pO3B’S3aHHS 3aBJaHb Ha
pO3XO/UKEeHHs1 cyaeH Ha 0a3i Bumor MII33C-72, ski € CyTTEBOIO MIATPUMKOIO Yy CHUTYyalisx
HeOe3MeyHoro 30JMKEeHHS CyJIeH, ajlé OCTaTOYHE PIIIEHHS 100 BHOOpPY CHOCO0Y PO3XOIKEHHS
CyJeH Ta Moro 3ailiCHEHHs IOBHICTIO MoOJsArae Ha HaBirauiiiHoro odiuepa [5, 6]. Tomy nuTaHHS
dopmanizanii nmpouecy po3poOKH METO/IB YIPaBIiHHSA PyXOM CyJHa Y YaCTHHI MaHEBPYBAHHS CY/EH
i1 Yac pO3XO0/UKEHHS, a TAKOK BU3HAUYEHHS METOJly YIPABIIHHS PYXOM CY/A€H MOPCHKOI'O TPAHCIIOPTY
mig dac 3a0e3medeHHs iX OE3MeYHOro PO3XOKCHHS € aKTyallbHUM Ta TMEPCHEKTUBHUM HAyKOBUM
HAIpsIMOM sIKe CYTTEBO BIUIMBA€ Ha Oe3meky cynHoruiaBctsa [7, 8]. Ilpu 1boMy KOXHA CHTYaIlisl, 10
NOB’si3aHa 3 PO3XOJKEHHSIM MOPCBKHUX CYAEH, Ma€ OKPEMO DIIEHHS Ta IMOBHHHA OOOB’SI3KOBO
BignoBigatu npasmiam MII33C-72.

[Ipomiec po3xomkeHHs mepeadadae 3MiHYy cUTyallli HeOe3medyHoro 30JMKEHHS Ha JOMYCTUMY
Oe3meyHy CHUTYyallilo 3a JOMOMOTOI MaHEBPY pO3XOJKEeHHA. ToMmMy JuIs Mpouecy pPO3XOKEHHS
BOXIIMBOIO XAPAKTEPUCTUKOIO € YIPABIIHHS CHTYAIi€l0 30JMKEHHS, TPU SIKOMY BU3HAYAETHCS
NOTEHIlIfHa MOXUIMBICTh 3MiHM 11 MaHEBpPOM poO3XO/KeHHA. He3Bakaioum Ha CHUCTEMaTHYHE
PO3TJISIIaHHS Ta aHANI3yBaHHS I[bOTO IWTAHHS, BUMAJKIB 3ITKHEHHS CYACH 3 KOXXHHM POKOM HE
3MEHUIYEThCS, @ HABMAKU TIIBKU 30UTBIIYETHCS, 1110 MPUBOIUTH 10 BUHUKHEHHS aBapiiHUX CHUTYaliH,
MOB’SI3aHUX 3 HEWMOBIpHUMH (iHaHCcOBUMU Butparamu [9, 10], TUMYAacOBUM NPUIIHHEHHSIM
CYJHOIUIaBCTBA B OKpeMHX paiioHax [11, 12], 3a06pynHennsm noBkimis [13, 14] Ta BTpaTaMu BaHTaxy
[15, 16].

AHani3 ocraHHix JocaigkeHb i myOuaikamiii. IlutanHs Oe3nmeku CyAHOIUIaBCTBA Ta
TIOTIEPE/DKEHHST 3ITKHEHHS CYICH MOPCHKOTO TPaHCHOPTY JAOCHIDKYBAIMCS Ta aHAi3yBalUCs y
OaraTtrox HaykoBux mpansx [17, 18]. Ogaum i3 crnoco6iB monepemKeHHs 3ITKHEHb CYA€H € METO
THYYKHX CTpaTeriidi pO3XO0JDKEHHS, sIKI mependavyaroTh (GOpMyBaHHS CTpaTeriidi pO3XOKEHHS KUTBKOX
cynen [19] .
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®dopmarizaliiss B3a€MOJIl CyIEH I Yac BUHUKHEHHI 3arpo3W 3ITKHEHHS MOXJIMBA IUISIXOM
CKJIQ/IaHHS aHATITUYHOTO AJITOPUTMY PO3XOKEHHS IS icHyro4oi cutyartii [20]. [IpoTe migMHOXHHA
PI3HMX CUTYyaIllil HAIMIpHOTO 30JIM)KCHHS CYACH BUMAarae JeTalbHOTO PO3IJISAY CHTYAIliid BiJIITOBIIHO
1o pernamenty MII33C-72. OnHuM 3 METOAIB MONEPEKEHHS 3ITKHEHHS CYJICH Y MOPI € 3MIIIIeHHS Ha
JHIO MapaieNbHy NUIAXY iX pyxy [21], BTIM 3a yMOB IHTEHCHBHOTO CYAHOIUIABCTBA LI METOJ HE
3aBXKIH € €(PEeKTUBHUM.

Po3p’s3aHHs 3aBnaHHA 3a0e3nedeHHs] Oe3MeKH i) Yac PO3XO/HKEHHS JBOX CYyJEeH, ado rpymnu
CYICH TaKOX JOCATAETHCS MLUIAXOM BHUKOPUCTAHHS aHAIITUYHUX BHUPA3iB UIA PO3PAXyHKY MeExi
JTBOBUMIpDHHMX 0OOJlacTell HENPHUIYCTUMHUX TapaMeTpiB pyXy CYIEH eJaeMeHTapHoi rpymu [22],
BIJIMOBITHO JI0 SIKMX Ha MEXI oOyiacTell 0e3MeYHOro pyxy CyIeH JOCSITa€ThCs PIBHICTh TUCTAHIIIT
HANKOPOTIIOro 30JIMKEHHS Ta IPaHUYHO JOMYCTUMOI AUCTaHIIli, IKa TapaHTye BiACYTHICTh 31TKHEHHS.

3 meroro ¢GopMmyBaHHS 00JacTi HENPHUITYCTUMHUX 3HAYEHb IIBUIKOCTEH €IeMEHTapHOi Tpynu
CyJIeH Ta BU3HAUYEHHS ONTHUMAJIbHUX MIBUAKOCTEH PO3XOIKEHHS, pO3pO0JICHO MPOIEAypY, SKa MoJsIrae
B ONTHMIi3allii MIBUJIKICHUX MapaMeTpiB CyIHA 3 ypaxyBaHHAM OOCTaBHH iCHyrouoi curyamii. 3a ii
JOTIOMOT 00 3[IIHCHIOETHCS] BUBHAYEHHS 0€3MeUHOl MBUJIKOCTI CYJIeH Ha PI3HUX Kypcax MaHEBPYBAaHHS
K Y BIIKPUTHX BOJaX TaKOX 1 B 0OMexeHnx ymoBax [23]. JlocmiKeHHS IepCIIEKTUBHUX aBTOHOMHHX
CYIOBUX CHUCTEM JUIsl YXWJIEHHS BiJ 3ITKHEHHS Ta ii TeopeTH4yHe OOIPYHTYBaHHS 3 ypaxXyBaHHSIM
¢axTopiB, 10 A0 TOBHOI aBTOHOMHOT HaBiraii, HOKH 1€ PO3TIAJAETHCS Y TECTOBUX BUITAIKAX.

Icuye meron ¢opmyBaHHS o00nacTi JOMYCTUMHX KOMOIHOBaHMX MaHEBpiB [24], B skuit
HeOE3MeUHy CHUTYAIlI0 PO3XO/KCHHS CYJHA 3 JBOMA IHIIUMHU CYJHAMH BHUPINIYIOTH MUISXOM 3MiHU
Kypcy Ta BUKOPHUCTaHHS MAaCUBHOIO TaJlbMyBaHHs. 3a HOTro JOMOMOTOI0 B KOXKHIN ToUIll HeOe3meyHoi
o0acTi MaHEBpYBAaHHSI BU3HAYAIOTh TPH MapaMeTPH MaHEBPY PO3XODKEHHS: Yac Ta KypeC yXHJICHHS
JUTSL PO3XO/KEHHS 3 TMEPIIUM CYIHOM, a TAaKOX IIBHJIKICTb, IO SKOI 3HIKYEThCS IOYaTKOBA MIBUAKICThH
i1 9ac raJbMyBaHHS Cy/IHA.

Jns HanaHHS MOXIIMBOCTI PO3pOOKH 1HAMBIAYadbHOIO METOAY YHPAaBIiHHS PyXOM CyJqHA Ta
netamizaiii orpuMaHoi iHQopmallii, € HeOoOXiIHICTh BpaxyBaHHS IHEPIIIHHOCTI CyaHA IIiJI Yac
pPO3paxyHKy THapaMeTpiB Horo crparerii po3xo/keHHs 31 3MiHOIO Kypcy [19]. B mpomy Bumanky
MO>KJIUBICTh BUSIBUTH CHUTYallll0 HEOE3MEUHOTO 30JMKEHHSI 0a3yeThCsl HA BU3SHAYEHHI METOJY OIlIHKH
PU3UKY 3ITKHEHHS 3 BHKOPUCTAHHSIM DPEXKHUMY ICTUHHOTO pyxXy [25]. 3a 1bOTO BBOISATHCS IiHIsS
IIPOrHO30BAHOT'O 31TKHEHHS Ta 30HA IMEPEIKOJ, 11l 3HAYEeHHs IOB'A3aHl 3 ICTHHHUM PYXOM Ta Jai0Th
3Mory 3a0e3neuyuTu Oe3ledHe IUIaBaHHS y CTUCHYTHX BOJaxX, aje IpU IIbOMY HEOOXiJHO MOCTiiHO
BpaxoBYBaTH 3MiHY KypCy Ta IIBUJKOCTI CY/IEH.

Pi3HOMaHITTS MeETOAIB, IO CHOPUSIOTH MiJBUIICHHIO OE€3MeKH CYyIHOIUIaBCTBAa Tij 4Yac
PO3XO/KEHHS Cy/IHA, HE BUPILIYIOTh MUTaHHS pO3pOOKHU METOMAIB YIPABIIHHSI PYXOM CyJHA Ta OLIIHKU
HaBITaIIfHUX PU3UKIB U HaBIraliiHOTO MEpexoay CyIdHa B CKIAAHHX yMoBax miaBaHHSA. OmHiei 3
TaKUX YMOB € CUTYyallisl HaJMIPHOTO 30JM)KEHHS, SKa MOJAUISETHCS HA JOJATKOBI MIAMHOXHUHH, IO
BUHUKAIOTH MijJ 4yac oOroHy (BIAHOCHO BapiaHTIB CYAHO, IO OOTaHs€, Ta CYIHO, 1[0 OOTaHAETHCS; a
TaKOX CYJIHO, IO OOTaHSIETHCS, Ta CYIHO, IO OOraHse€), 30JMKEHHS Cy/IeH Ha 3yCTPIYHUX Kypcax,
30J1MKEHHS CYJIeH Ha Kypcax, 110 ePEeTUHAIOThCS.

®opmyaoBaHHA uijeil crarri. Lo craTTi € aHami3 MiJAMHOXKHMHU CHUTYalllll HagMIpHOTO
30MMKEHHS CYyJIeH sIKa HaAJacTh MOXKIMBICTH PO3POOUTH METOIM KOHTPOJIO Ta YIPAaBIiHHS PyXOM
MOPCHKHUX CYJICH, Y YaCTHHI MaHEBPYBaHHS CyJICH JUTSl PO3XOKCHHS 32 YMOBOIO XOPOIIOi BUAUMOCTI

Buk/1aa 0CHOBHOro Martepiajiy. 3 METOI0 y3TrOJKEHHS MaHEBPIB PO3XOKEHHS JBOX CYyJEH Y
MII33C-72 mnependadeHo JOTIYHY CHCTEMY, sIKa BpPaxOBYe CTaH BUAMMOCTI. Y pasi XOpomioi
BUJMMOCTI B3a€EMHI OOOB'S3KHM Tapu CyJeH MOUIEHI 3aJeXHO BijA iX cTaTrycy (0 SKMX BiTHOCATHCS
CyJIHa 3 MEXaHIYHUM JIBUTYHOM, BITPHJIbHI CyJIHA, puOabChKi Cy/IHA, Cy/IHA, CKYTH CBOEIO OCAJIKOIO,
CyqIHa, CKYTH B MOXIJIMBOCTI MaHEBPYBAaTH, CyJHA II[0 HE MOXYTh YIPABIATHCS) Ta XapaKTEPUCTHK
cutyarii 30mmkenns. [1in yac 3umwkenns BunuMocti Bumoru MII33C-72 He nependadaroTh B3a€MHUX
00O0B'SI3KIB CYJIEH — PErJIaMEeHTYIOThCS Jii JHIIE CY/IHA, 10 OTIEPYE.

Posrasnemo Bumoru MII33C-72 ans xopomoi Buaumocti. Hacammnepen 3a3Ha4nMo, 110 B IIbOMY
BUNA/IKy BHUMOTHM MOJSATAIOTh y HEOOXITHOCTI MaHEBPYBAaHHS KOXHHM 13 CyIEH Ul 3armoOiraHHs
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31ITKHEHHIO. [HO/I BKa3yeThbcst HEOOX1HA CTOpOHA YXHWJICHHS CyJIHA ITi/1 9ac MaHeBpy. Tomy 3 morismy
dopmanizanii Bumor MII33C-72 ans Xxopomoi BUAUMOCTI JOIUIEHO PO3MISHYTH JUIA KOKHOTO CyJTHA
XapaKkTEepUCTUKY HEeOoOXiMHOCTI MaHeBpyBaHHs Man; ta Man,, a Takox XapakTEpUCTHKY HEOOX1ITHOI
CTOPOHHM YXWJIEHHS cyHa TrNny Ta Trn,.

OueBunHo, o xapaktepuctuku Man; ta Man; MoxxyTh HaOyBaTH JIMIIE JBOX 3HAYEHb, a CaMe:
1 — 3a HeoOximHicTi0O MaHeBpyBaHHS Ta 0 — B pa3i HeoOXigHOCTI 30epiraTé CBOI MapaMeTpu pyxy.
Xapakrtepuctuku Trny Ta Trn; MarOTh TpU 3HAYEHHA, a caMe | — JO3BOJIGHO YXWJIEHHS BIPaBoO, 2 —
JI03BOJICHO YXWJICHHS BJIIBO Ta 3 — I03BOJICHO YXHJICHHS B OOMBI CTOPOHU (BIIPAaBO Ta BIIIBO).

Xapakrepuctuku Mang, Many, Trn; ta Trn,, mo Bimo6paxkaroTs BuMor MII33C-72 mis xopornoi
BUIUMOCTI, € BuxojoM (opmansroi cuctemu MII33C-72, axy no3naunmo F. Takum unnowm, Buxig Y
dbopmanbrOi cuctemu MIIII33-72 Mo)kHA MPECTABUTH Y BUTIISII

Y ={Man,, Man,, Trn,, Trn, }.

Amnanizytoun MII33C-72, poOumMo BHCHOBOK, IO BxoaoM X cucreMu F € curyanis
HEOE3MEYHOTO 30JIMKEHHS CY/ICH Sy, SIKa BU3HAYAETHCS MEJICHIOM O Ta JucTaHIiero D mixk cynHamu,
iX mapameTpaMu pyxy (LIBUIKOCTSIMH Ta Kypcamu nepuioro Vi, Ky ta npyroro Vi, Ky) Ta cratycamu
ri, r.. Tomy wmoxna 3amucatu Y=F(X), me cuctema F € BimoOpakeHHSM Oe3miui cHTYyaIlii
HeOe3reyHoro 30mKeHHs cyieH y 6e3miu xapakrepuctuk sumor MII33C-72, To6To:

{Man,, Man,, Trn, Trn,} = F(D, o, V,,V,, K, K, I, T,),

besniu BCix MOXIMBHX CUTyallid S, 110 3a1eKaTh BiJ IepepaxoBaHUX MapaMmeTpiB, MO3HAUUMO
gyepe3 Mn. Ockinbku cuTyallis HeOe3NeUHOTo 30IMKEHHS CYJIeH Sq MOKIIMBA JIUTIIE 3 i1 30JMKCHHI, TO
3 MHOXHUHM Mn cmig Buainutu migMHOXUHY Mn; cutyariit 30mmwkeHHs — MnicMn. OueBuuHo,
migMHOXKHUHA MNy MicTUTh MiAMHOXHHY MN, cuTyariii HeGe3nedHoro 30mmkeHHs Sq — Mn,cMny, s
AKX XapaKTepHO, IO MPOTHO30BaHa JAWUCTAHIil HAWKOPOTHIOro 301keHHd MeHma Dpyin Bifg
TPaHUYHOOMYCTUMOI AUCTaHIii 30amxeHHs Dy.

Curyarii Sy, SIK eJeMEHTH TiAMHOXUHN MN,, TOBHHHI 3aI0BOJILHATH YMOBY 30mmxkeHHs U Ta
ymoBu Uy Toro, mo 301mmkeHHs € HeOe3neuHuM. YMoBa 30mmkeHHs U 3aneXuTh Bi 3MEHIICHHI
nuctaniii D mixk cyaaamu, To6To D—0, a ymoBi U; Bianosigae HepiBHICTh Dmin<Dy.

Otpumane 3a JomomMoror BukoHaHHs ymMoB Uj; Ta U, miAMHOXHMHA cHUTyalliii HeOe3MeYHOro
30IDKEHHST MICTHTH Pi3HI CHTYyallii, o BiamoBinatoTe pizHuUM mpaBmiaam MII33C-72. Hacammepen
niAMHOXKMHA MNy MICTUTH MIMHOXKHMHY CHUTyalid o6rony Mn,, y SKHX HeMmae iCTOTHMH cTaTyc
cylmeH. Y Wil cUTyalii CyqHO MOKe OyTH TakuM, 10 oOraHseThcs abo Takum, mo obraHse. Tomy
MiIMHOXMHA CHTYaliii 06rony Mn,, € 06'€JHAHHAM MiIMHOXKHHM CUTyaliii Mn. , komu cyaHo €

TaKUM, 10 OOTaHsIe, Ta MiIMHOKUHU CUTYaIil MnjID , KOJIM CYIHO € TaKuM, 110 00TaHsI€ThCs, TOOTO.
Mn,_, = Mn}, UMn?
ob ob ob*

BigmoBimgno mo MIIIICC-72, cynHoM, sike oOraHse€ y cuTyamii HeOe3rmeuyHOro 30JMKEHHS
HA3UBAETHCS CYMIHO, IO 3HAXOMUTHCS y CEKTOPI BUIUMOCTI KOPMOBOTO BOTHIO CyJHA 3 SIKUM
30MMKy€eThCsI, TOOTO Ha 22,5° (211/16 abo 2 pym0ba) mo3aay Tpasep3a.

3naiiemo yMoBy Us, sika BU3Hauyae cUTyallito oorony. /lyis npboro HeoOX1JHO 3HATH KypC CyJHa,
mo obransie Kj, kypc cynHa, mo oOranserbcs K, Ta meneHr i3 cyaHa, mo oOraHse Ha CyAHA, IO
00TaHSAETHCS OL.

B curyanii, sika HaBeneHa Ha puc. 1, @, cynHo 1, € Takum, mo oOransie. Taka cuTyailis Mae
Miclle, KOJIM 3BOPOTHUH MHENEHr O+7 YKIaJEHO MK HalnpsMKaMHU Ys 1 Yp, 110 BH3HAYalOTh MEXKI
BHUJINMOCTI KOPMOBOTO BOTHIO, IPUIOMY
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T T T W
ys=K2+n—(E—§), Yp=K2+n+(E—§j.

AHaIiTHYHO 051 CI/ITyaHiH BHHHUKAE, KOJIHX OJJHOYACHO BUKOHYIOTHCSI YMOBHU

sin(ot+m—v,)>0Ta sin(yp —o-7)>0.

SIKIO B OCTaHHI HEPIBHOCTI MIJCTaBUTH BHpa3H U Ys 1 Yp, TO OTpuMaeMo ymoBy Uz mis

1
ob

sin(oc— K, +(g—gjj >0, ta sin(K2 +(§—§j—a} > 0.

HiIMHOXKHUHU CUTYaIiii oorony Mn,, , siKiio cyaHo 1 obraHse cynHo 2

(5=

a)
Puc. 1. Curyariii o6rony:
a — 1 — cynHo, 1o obrause, 2 — CyJIHO, 1[0 OOTaHAETHCS;
6 — 1 — cyaHo, 110 00TaHsA€ThCS, 2 — CYIHO, 1[0 OOTaHse

Ha puc. 1, 6 nokaszana cutyartlis, KOJId CyAHO | € TakuM, 110 OOTaHSIETHCSI CyTHOM 2. Y IbOMY
BUIMAJKY MEJIEHT O 3HAXOJUTHCS MIXK HAPSMKaMU Ys 1 Yp, Ta

T T T T
ys=K1+n—(§—§j, Yp=K1+n+(§—§j

YMOBOIO BUHHKHEHHS TaKOi CUTYallii € CripaBeyIMBICTh HEPIBHOCTEH
Sin(oc—ys) >0 Ta sin(yp —oc)> 0.

Taxkum unHOM, ymMoBa Uz /Uit MIAMHOXKUHMA CUTYAIlld OOTOHY Mngb , SIKIIIO CYJTHO € TaKuM, 110

sin(a—Kl—(n—(g—g)D>O Ta sin(Kﬁ(H(g_gj}_a}o.

Bci iHmn curyarii HeGe3medyHOro 30JMKEHHS, KpIM CHUTYyalliii OOroHy, BPaxOBYIOTH CTaTyCH
CyJIeH, 10 30JUKAOThCS, I 1 Iy, IPUYOMY BOHH CKIAQAAOTh MAMHOXHUHY MN;. BoueBu b, o
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Mn, = Mn,/Mn, .

Jns BcranoBieHHsT BigHocuHU mpiopurery B MII33C-72 Bci cynHa MOAUISAIOTHCS Ha WIICTh
PiBHIB, YIIOPSAKOBAHUX OCIIIIOBHOCTI IPIOPUTETY: CyJIHA 3 MEXaHIYHUM JIBUTYHOM, BITPHJIbHI CYy/THA,
pubanbChKi CyHa, Cy/IHA, CKYTH CBOEIO OCAJKOI0, CYJHA, CKYTH B MOXJIMBOCTI MaHEBPYBATH, CyJIHA
110 HE MOXYTh YIPABIISTHCA.

SIKmo cyaHa HajekaTh OJHOMY PIBHIO, TO MPU3HAYEHHS MPIOPUTETIB mepeadadyeHo JUIIe s
PIBHIB: CYZICH 3 MEXaHIYHUM JIBUTYHOM 1 BITpWIbHUX cyzAeH (npaBuia 12, 14 ta npaBuio 15 MII33C-
72), IpU4OMY TLIBKH B IIbOMY BHITQJIKy € BUMOTH Ta PEKOMEHAALii 11010 BUOOPY CTOPOHH yXMIICHHS
i1 9ac PO3XO0HKECHHS.

ToMmy migMHOXMHA cUTyalii MN, ckmagaeTbes 3 TphOX miaMHOXHH: Mn! — cyama 3 pisHuME
crarycamu, Mn' — cyznHa 3 MexaHiuHEM ABUTYHOM Ta Mn’? — BiTpuiibHi cymHa. YMosa Uy HanexHOCTI
CHTYaIlii HeOe3MeYHOro 30MMKEHHS MAMHOXMHI MN’ BHPaXkaeThCsl CIiBBiTHONIICHHAM [1#I2, yMOBa
Us BU3HauYa€ MiAMHOKUHY Mni CUTYyalliii Hebe3MeuHoro 30JIMKEHHS CY/ICH 13 MEXaHIYHUM JIBUTYHOM i
XapaKTepU3yeTbcs CHiBBIIHOMIECHHAM I1=F,=1. IlinMHOX1Ha Mnr2 HeOe3IIeYyHoro 30/IMKEHHS JIBOX
BITPUJIBHUX CYZIEH HE PO3MIIAJaTUMEMO, BBAXKAIOUH, 110 TPAHCIIOPTHE CYJIHO HE € BITPUIBHUM.

PosrnsHeMo migMHOXMHY Mn! cuTyaniii HeGe3lnedHOro 30IMKEHHS CyleH 3 MEXaHIuYHHM
JBUTYHOM, fK1 XapakTepusyroTbcs npaBwiamu 14 1 15 MII33C-72, to0TO 301MKEHHsS CyleH Ha
NPOTUIEKHUX KypcaX Ta KypcaX, IO IIepeTHUHaIoThca. OYeBHIHO, MiAMHOXHHA MN' MicTHTH
HiIMHOKMHU Mngy cuTyamiif 3071MKEHHA CylIeH Ha HPOTHIEKHUX Kypcax Ta Mng curyanii
30/IMDKEHHS CYJIEH Ha Kypcax, 110 MEPETUHAIOTLCA, To0To Mn,, < Mn; ta Mn_, < Mn’.

Busnaunmo ymoBy Ug HalexkHOCTI cUTyalli HeOE3NEYHOro 30MMKEHHS MIAMHOXUHH Mngp,
CKOPHCTAaBIIUChH CXEMOTO, [0 HaBeIeHA Ha pPHC. 2.

<\alz K [~
L SN

KZ
Puc. 2. Curyauist 30J1MKeHHS Cy/I€H, 110 PyXalOThCs MPOTUIICKHUMU a00 Maiixe
IIPOTUJIEKHUMU KypcaMu

[TpotunexxuumMu abo Maiike TPOTUIICKHUMHI KYypCamu CYACH, MO 30IMKYIOThCS, BBAKATUMEMO
TaKi, sSIK1 BIIPI3HAIOTHCS HE OUTbIE 5° BiJl MENEHTY, MPUYOMY II€ CIPaBEIJIMBO IJisi 000X cyaeH. Ak
BUIUJIMBAE 3 PUC. 2, TS IIHOTO CIiJI, 00 OJHOYACHO BUKOHYBAIUCH HEPIBHOCTI:

(ocl— K1)£5° Ta (a2+n—K2)£5°

JI€ 01, Olp — MEJIEHT 3 OJAHOTO Cy/JHA Ha IHIIE.
[{s1 yMoBa Mae TakMi MaTeMaTUYHUN BUPA3:

cos(a, — K, )< c0s5° Ta cos(a, +m—K,)< cos5°

1o i € ymoBoto Us.
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YmoBa U7 HanexHOCTI cuTyarlii HeOe3newHoro 30 IMKeHHS MAMHOXKUHI MNer, mpeacTaBieHa Ha
puc. 3.

VY cutyanii 30JIMKEHHS CyJIeH, [0 PyXalThCs Ha Kypcax, KM IMEePEeTUHAIOTHCSA, X KYPCOBI KYTH
Y1 172 MarOTh MPOTHJICKHI 3HAKU, TOOTO.

siny, siny, <O0.

BpaxoByroui, 110

Puc. 3. Curyartis HeOe3neduHoro 30 1MKEHHSI CyIeH Ha Kypcax, 1110 IepeTUHAI0ThCS

ymoBa U7 xapakTepru3yBaTUMEThCS TAKOIO HEPIBHICTIO

sin(a, —K,)-sin(K, —a.,) <0.

[Tpu uboMy CyaHO 2 3HAXOAUTHCS MpaBopyd abo JIBOPYY BiJ HAMpSAMKY pyXy cymaHa 1, Tomy
niAMHOKUHA MNgy MICTHTH MIIMHOXUHY cUTyarii MNggs, KoM CyTHO 2 3HAXOAMTHCS MPABOPYY Bif
cygHa 1 1 migMHOXHMHY Mngrp, Komm cynHO 2 pyxaeTbes 3miBa Bix cynaHa 1. OdeBuaHO, SKIIO
BUKOHYEThCs HepiBHICTH sin(oy—K3)>0, To cynHo 2 3HaXOauThCs mpaBopyd Bix cymna 1. Y
IPOTUJIEKHOMY BHUMAJKYy CYAHO 2 3HAXOAUThCA JIiBOpyd BiJ cyaHa 1. Otxke, ymoBa Ug HalleKHOCTI
cuTyauii HeOe3MEeYHOro 30MMKEHHS Sy MIAMHOXKHMH MnNgs a00 MnNgp, BU3HA4YaeTbCS 3HAKOM BHpPaA3y
sin(ay—K3). Ipuuomy, sxmo sin(oy—Kp)>0, o SqgeMngs, y pasi xomu sin(oy—Kip)<0 mae wmicie
SdEMncrp.

BucHoBkHu. SIK pe3ynbTaT BUKOHAHUX JOCIIIKEHb 3p00MMO HACTYIHI BUCHOBKH.

1. OcHOBHI TIAMHOXXHHH CHUTyaIiii HeOe3Me4YHOro 30JMKCHHS, SKUMH € CHUTyaIlsi O0OTOHY
(BIIHOCHO BapiaHTIB CyIHO, [0 OOTaHs€, Ta CYAHO, IMI0 OOTaHAEThCSA; a TaKOX CYAHO, IO
oOraHsieTbcsl, Ta Cy/IHO, III0 OOraHsie€), cuTyalis 30JMKEeHHs CYAEH Ha 3yCTPIYHUX KypcaxX, CUTyallis
30MMKEHHS CyJIeH Ha Kypcax, [0 MEePeTHHAIOTHCS, 3MYIIYIOTh J0 PO3POOKH METONY 3 BU3HAUEHHS
MOCIIJOBHOCTI [, TIOB’SI3aHUX 3 MaHEBPYBAHHSAM CYyJ€H 3 METOIO MOIMepeIKeHHs iX 31TKHEeHHA. [Ipu
[[OMY aJITOPUTM [HUX /i TOBHHEH BIAMOBiAaTH BUMOraM MiXHAPOJAHUX MPABHI 3aMoOIraHHs
3ITKHEHHS CYZ€H Y MOpI 111010 MaHEBPYBaHHS CYyJI€H MiJ 4ac PO3XOKEHHS.

2. JIocmiKEHO MOJICNIOBAHHSI CHUTYalllil HaAMIpPHOTO 30IMMKEHHS CyIeH Ta pO3TIISTHYyTa
dopmamizaris MII33C-72 y vacTMHI MaHEBPYBaHHsS CYyICH MJis PO3XOJKEHHS 3a YMOB TapHOI
BHJIMMOCTI.
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3. Po3pol6eHH1 aHaTITHYHI BUpaA3| I YMOB peaiizaiii cuTyarii HaaMipHOTO 30JVKEHHS s
KOXKHOI 3 MIJIMHOXHH, SIKi CHPUSAIOTH CTBOPEHHIO METOJY YIPaBIiHHS PyXOM CyAHAa B Pi3HHX
CUTYyallisX HeOe3MeuyHOro 30JMKEeHHS 3 CyIaMHU.

4. 3amponOHOBAaHUN METOJ YHPABIIHHSA PYXOM CYIEH MOPCHKOTO TPAHCIOPTY IMiJ Yac
3a0e3rneueHHsl X OE3MeYHOr0 PO3XOKEHHS 3aCHOBUTAETHCS Ha BUKOPUCTAHHI aHATITUYHHUX BUPA3iB,
10 BPaXOBYIOTh YMOBH CHTYAIIIil HAJIMIPHOTO 30JM>KEHHS TSI KOXKHOT 3 i IMHOKHH.

3anponoHOBaHi PIlICHHS CIPHUSIIOTh CTBOPEHHIO METOJY YIPABIIHHS PyXOM CYICH IIiJ] 4Yac
BUHUKHEHHS PI3HUX CUTYaLisAX 1X HEOE3MeUHOro 30JIMKECHHS .
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Sagin S.V., Sagin S.S.
DETERMINATION OF THE METHOD OF CONTROLLING THE MOVEMENT OF
MARINE TRANSPORT VESSELS WHILE ENSURING THEIR SAFE DIVERGENCES

Considered the methods of control and management of the vessel movements, during
manoeuvring in order to ensure their safe divergences under the condition of good visibility. To solve
the question of ensuring the safety of navigation , subsets of situations of excessive convergence of
ships considered with different mutual responsibilities and with different locations of ships from each
other, which are regulated by the relevant rules of the International Rules for the Prevention of
Collisions of Ships at Sea, which establish the interaction of ships depending on the situation that arose
during dangerous rapprochement.

Determined that the process of divergence of two ships involves changing the situation of
dangerous convergence to an acceptable safe situation with the using maneuver of divergence.
Indicated that in order to ensure the process of safe divergence, an important component is the
management of the convergence situation, which determines the potential possibility of changing the
dangerous situation by performing the divergence manoeuvre. It is also stated that due to the large
number of various situations in the mutual locations of ships, certain difficulties arise in the
correctness of actions taken to ensure their safe divergence. Therefore, the issue of formalization of the
process of developing methods for controlling the movements of the vessels, in terms of manoeuvring
ships during divergences, as well as determining the method of managing the movement of sea
transport vessels while ensuring their safe divergences which is a actual and promising scientific
direction that affects on the safety of navigation.

As the main dangerous situations that arise during the separation of ships, consider the situation
of overtaking (relative to the options of the overtaking vessel and the overtaken vessel; as well as the
overtaken vessel and the overtaking vessel), the situation when vessel are metting on reciprocal or
nearly reciprocal courses, the vessel crossing situation. For each of these situations, analytical
dependencies are proposed for determining dangerous courses of movement of vessels that prevent
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their collision. The proposed solutions contribute to the creation of a method of controlling the
movement of vessels during the occurrence of various situations of their dangerous approaching.

The obtained results indicate the possibility of using the developed analytical expressions in
modern electronic automatic systems operating on a real-time basis for the purpose of determining and
solving divergence tasks, which are essential support for navigation officers during situations of the
vessel dangerous divergences.

Key words: control method, maritime transport, navigation situation, safety of navigation, ship
collisions prevention, ship movement management, ship movement.
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THHOBAIIIHHI IIIIXOIA 10 YIIPABJIIHHS BAJJACTHUMHA BOJAMHU HA CYJTHAX
MIJISIXOM JUCTAHIIIMHOI'O MOHITOPAHI'Y TA KOHTPO.IIO 3A IX AKICTIO

3poctaHHss OOCSTIB MOPCBHKOi MisUTBHOCTI Ta TPAHCIOPTYBAHHS BAHTAXIB TNPHU3BOAUTH [0
3HaYHOTO BUKHIY OallaCTHHX BOJ y TpupoaHe cepenoBumie. Lle BHKIMKae cepiio3HI E€KOJOTiuHi
npo0JieMH, OCKUIBKM TUCSYl BUAIB BOJHHUX OpPraHi3MIB IEPEHOCATHCA uepe3 OalacTHI BOAM, MOPYyY 3
IHIMMH popmamu 3a0pynHeHHs. B gaHii cTaTTl po3riiaIaeThCsl BAXKJIUBICTh KOHTPOJIIO Ta YIPaBIiHHS
0amacTHUMH BOJAMM, OILIHIOIOYM Pi3HI METOJIM MOHITOPHHTY. 30KpeMa, PO3MIIAJal0ThbCs MOXKIMBOCTI
BUKOPUCTAHHS TEXHOJIOTIM AMCTaHUIMHOTO MOHITOPHMHTY, SIKI JO3BOJISIIOTh YHHUKHYTH 3aTPUMOK,
NOB'A3aHUX 13 3pa3KaMU BOJAM NPH BXOJI CyJA€H y MOPT. Y CTAaTTI MpOaHaNi30BaHi pi3HI MIAXOIU 10
MOHITOPHUHTY, PO3IJIAHYTI CX€MHU BCTAHOBJICHHS JTOJATKOBMX BY3JiB, POOOTH Ta 0OpOOKM OTpHMaHOL
iHpopManii. BripoBamkeHHs MepeoBUX TEXHOJIOTIH AMCTAHLIHHOTO MOHITOPUHTY OallaCTHMX BOJ
CIpUATHME €KOHOMII yacy JJsl Cy/A€H, OMHHAIOUM HEOOXiJHICTh 300py Ta aHamizy mpod OamacTHOT
BOJIM JI0 MOYATKy BaHTAXKHHUX ONepaliii B MOPTY LIO MPU3BEAE 0 ONTUMI3ALil 4acy, sKUil paHimie
BUTpavaBcs Ha LI IPOILECH, CIPUAI0YN €PeKTUBHOCTI Ta MBUAKOCTI 0OpOOKHU CyJIeH B IOPTY.

KuarouoBi ciioBa: cuctema o00poOku 0anacTHOI BOAM, MOHITOPHMHT, JaT4MK, O10JIOTiYHI
noka3zHuku, BW-moHiTop

Beryn. Croroani Mopchbka AiSUIbHICTh aKTHUBHO 3pOCTa€, 00CAT BaHTaXIB, 1110 NEPEMILTYIOThCS
MopeM, CTaHOBUTh Onu3bko 90% Big 3araJbHOrO OOCATY TPAHCIOPTHUX BaHTAXIB, 110
CYMPOBOKYETHCA 301TBIIICHHSM 00CATY 0aTaCTHUX BOJI, SIKI CKUJAIOTHCS B HABKOJIMIITHE CEPETOBHUIIE
[1]. Tucsiul BUAIB BOJHUX OpPTraHi3MiB TPAHCIOPTYIOTHCS 3 OJHOIO MICIS B 1HIIE [0 MOPIO Ta OKEaHy
yepe3 OanactHi Boau. [Ipm 1HIIMX BHaax 3a0pyJHEHHS, TaKMX SK PO3JIUMBU HA(PTHU, MOXKHA BXUTU
3ax0/liB JJIS TIOJIMIIEHHS 1 BITHOBJIEHHS! HAaBKOJHUIIIHBOTO CEPEIOBUIIIA, alle BIUIUB UY>KOP1IHUX BU[IIB
IPAKTUYHO HEMOXJIMBO BigHoBUTH [2]. Illopoky y cBiTi 30MTKH, CHPHUYMHEHI YY>KOPITHUMHU
opraHi3Mamu TiJ| Yac MUPKYJSIi CyTHOBUX OaJIaCTHUX BOJ, CTAHOBJATH 10 10 MITBSIpIIB 0JIapiB
CIIA Ha pik, TOMY yNpaBiIiHHS Ta KOHTPOJb 3a YYXOPIAHUMH OpraHi3MaMH 4epe3 eKCIUTyaTallio
Oayacty € nyxe BaxJIHUBUM [4].

MoHiTOpUHT Ta 3a0e3neueHHs] JOTPUMaHHs BUMOT MOBUHHI OyTH TOCHIIOBHUMH, CYBOPUMH Ta
epexTUBHUMHU [2]; IX MOXHA PO3AUTUTH Ha JABI OCHOBHI YacTHUHM: BifOip mpoO OamacTHUX BOA Ta
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