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IIpo6aemu cmasozo po3sumky mopcovkoi 2anysi (PSDMI - 2025)

HEPEIMOBA

Lllanosni xonecu!

Bu tpumaete B pykax 30ipHHK Te3 qonoBiaei I1°sroi MixkHapo1HOT HAYKOBO-ITPAKTHYHOT
KoHbepeHtiil «/Ipobnemu cmanozo pozeumky mopcokoi canysiy (PSDMI — 2025), metoro sKoi €
aHaji3 Ta y3araJlbHEHHS HOBHX TEOPETHYHUX 1 MPHUKIAJHUX PE3yJbTATiB II0JI0 BHUPIIICHHS
MATaHb CTAJIOTO PO3BUTKY MOPCHKOT raimy3i. KoHdepeHiiis maia nmpoxoauT y MicTi XepcoHi, 10
po3TaloBaHe Ha MalbOBHMYMX Oeperax piuku J[lHimpo, Ha 6a3i XepcOHCHKOI aep>KaBHOI
MOPCBKOI akajemii, ska Mae JaBHIO icTopilo Ta Oyna ctBopeHa y 1834 pomi. Ha »xamp
MOBHOMAcIITa0HE BTOPTHEHHS poOCii BHECIO KOPEKTUBHM B KHUTTA YKpaiHW BLUIOMY 1
XepcoHChKO1 JepKaBHOI MOPCHKOI akajaemii TakoXK, ajie He CTajo Ha 3aBajl JIJIbHOCTI Ta
PO3BHUTKY HAIIOTO 3aKJIay.

B opranizanii Ta po6oti koH]epeHiii 0epyTh y4acTh MPOBIIHI HAyKOBO-AOCITITHI Ta
HaBYallbHI 3akmamu  Ykpainm, Kazaxcrany, Kawmamm, Xopsarii, CnoBauumam, Yechkoi
PecniyOniku, JlutBu, ['pysii, AsepOaiimkany Ta iHmMX KpaiH 3apyoixoksa. Kondepeniis
BigOynacsi B OHJIAHH-PEXHMI 1 MH JIy’K€ BJISYHI yCiM, XTO JO€IHABCS 10 HAC Ta MOJIIUIHMBCA
CBOIMH HaIpaIlOBAHHSIMHU.

["os10BHOIO MeTOr0 KOH(epeHIIil € 00roBOpeHHsI NIMPOKOTO CIEKTPa HOBUX HAYKOBHX i
MPAKTUYHUX PE3yJbTaTiB, YIPOBA/KCHHS 1HHOBalii, OOMIH TMOTMsAJaMH Ta BHU3HAYCHHS
NEPCIEKTUBHUX HANPSIMIB HAyKOBHX JIOCHI/DKEHb. BaXIIMBOIO CKJIAIOBOI0 €  TaKOX
HAJIAro/HKEHHS Ta PO3BUTOK CIIBMpalli Mi>k HABYAIbHUMH 3aKJ1a/laMi, HAYKOBUMH YCTaHOBAMH 1
HiANpUEMCTBAMH YKpaiHU Ta iHmMX KpaiH. OIHI€I0 3 KIIOYOBUX OCOOJIIMBOCTEH 3aX01y €
aKTMBHE 3aJy4yeHHS MOJIOAMX BYEHHX JO OIpAllOBaHHS HalakTyaJdpHIIIUX TeM y cdepi
MOPCBHKOTO TPAHCIIOPTY.

Mu nepekoHaHi, 110 TEMAaTHKa HAyKOBUX pOOIT KOH(EpEeHLii CIpuiaTuMe IPyHTOBHOMY
aHaizy Ta OOTOBOPEHHIO 3a3HAYCHHWX INHTaHb, OOMIHY iJesIMM Ta IyMKaMH, BU3HAUYECHHIO
NPIOPUTETHUX HANpPSAMIB JOCHIKEHb, HAJIArO)KEHHIO HOBUX NPOQECiHUX KOHTAKTIB y cdepi
HaykoBOi cmiBmpami. Lle Takox copusTUMe 3alydeHHIO MOJIONWX YYEHHX J0 BUBYCHHS
aKTyaJbHUX MNpPOOJEM MOpPCHKOi Tamy3i Ta HAOJM3UTh LIBUJAKE BIJHOBJIEHHS EKOHOMIYHOTO
MOTEHIIany YKpaiHu miciis nepeMoru!

Oprasizatopy IUPO JIKYIOTh yCIM Y4acHUKaM KoH(epeHIii Ta BneBHeHi, mo PSDMI —
2025 crana TpaauniiHOO MIaTHOPMOIO IS 3yCTpivei Ta CIiIKyBaHHS.

Bucnosmoemo cBow mupy MOJAAKY yCiM aBTOpaM JOMNOBiJEH 3a MOPO3yMiHHSA Ta
CHIBIIpALIIO 3 OPraHi3aTOPaMH.

baxkaemo BCciM HOBUX HAyKOBHX 17I€il Ta JOCATHEHb, ILTIHOI pOOOTH.

3 nosazor, Opeanizayitinui ma I[Ipoepamuuii komimemu.
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IIpo6aemu cmasozo po3gumky Mopcwvkoi 2anysi (PSDMI - 2025)

FOREWORD

Dear colleagues!

We bring to your attention the proceedings of the 5 International Scientific and Practical
Conference «Problems of Sustainable Development of the Maritime Industry»(PSDMI — 2025),
which aims to analyse and summarise new theoretical and applied results in addressing issues of
sustainable development of the maritime industry. The conference was scheduled to be held in
the city of Kherson, located on the picturesque banks of the Dnipro River, at the premises of
Kherson State Maritime Academy, an institution with a long history, established in 1834.
Unfortunately, the full-scale invasion of russia adjusted the life in Ukraine and Kherson State
Maritime Academy as well, but it did not hinder the activity and development of our institution.

Leading research and educational institutions from Ukraine, Kazakhstan, Canada,
Croatia, Slovakia, the Czech Republic, Lithuania, Georgia, Azerbaijan, and other foreign
countries participated in organizing and conducting the conference. The conference was held
online, and we express our gratitude to everyone who joined and shared experience.

The main task of the conference is to discuss a wide range of new scientific and practical
results, introduce innovations, exchange views and identify promising directions for scientific
research. An important component is also establishing and developing cooperation between
educational institutions, research organisations, enterprises in Ukraine and abroad. One of the
distinctive features of the event is the active involvement of young scientists in addressing the
most relevant areas of research in the field of maritime transport.

We are confident that the conference papers will contribute to a thorough analysis and
discussion of the issues above, exchange of ideas and opinions, identification of priority areas of
research, establishment of new professional contacts in scientific cooperation. They will also
encourage the involvement of young scientists in studying the most relevant issues in the
maritime industry and support rapid recovery of Ukraine’s economic potential following the
victory!

Organisers are sincerely thankful to all the participants and believe that PSDMI — 2025
has become a traditional platform for meetings and professional communication.

We express our sincere gratitude to all the authors of reports for their understanding and
cooperation with organisers.

We wish everyone new scientific ideas, achievements, and fruitful work.

Respectfully, Organising and Programme Committees.
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CEKIIA:
TH®OPMAI[IHHI TA IHTEJIEKTYAJIBHI 34COEH HA MOPCBKOMY
TPAHCITOPTI
SECTION
INFORMATION AND INTELLIGENT TOOLS IN MARITIME TRANSPORT
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IIpo6aemu cmasozo po3gumky Mopcwvkoi 2anysi (PSDMI - 2025)

YK 621.436.04:629.5.064

METO/I TAPAJIEJLHOTO MOHITOPUHI'Y POEOYOI'O MPOLIECY B
LWJIIHJPI CYTHOBOI'O JU3EJS (TUCK Y LIUJITHPI +
BIBPOAKYCTHKA)

Bapéaneun P. A., Minueg /. C., Kyuepenuxo 1O. M., Kupunaw O. 1.,
Anekcanopoecoka H. 1.
Ooecvkuil HAYIOHATLHUL MOPCLKULL YHIBEpCUmMem
(Vkpaina)

3anponoHOBaHO METOJ] MapaJIeIbHOTO MOHITOPHHTY pOOOYOro MpOoLeCy CyTHOBHX
JIM3EIIiB Ha OCHOBI OJHOYACHOTO aHaJi3y THUCKY B LMJIIHAPI Ta BIOPOAKYCTUYHUX CHUTHAJIB.
Hanwii migxin 3abe3medye MOMXIHMBICTH TOYHOTO BH3HAUEHHs (a3 ra3oposmoiiry Ta
MAJIUBOIOAAYl. 3alpONOHOBAHO HOBHI alroputM ifeHTU(IKaIll BEpXHbOI MEPTBOI TOUKHU MPHU
TphOX HeBimomux mapamerpax: BMT, tuck HammyBy Pscav i giiicHa CTymiHb CTHCHEHHS.
Cucrema DEPAS 5.0W 3a6e3neuye BHMiproBaHHS THCKy a0 250 Oap, BiOpocurHamiB y
BHCOKOYAaCTOTHOMY Jiara3oHi Ta 0e3poToBy nepenady naHux. JKuBIeHHS cucTeMu ckianae 3,6
V, 60 mA, nmoBHa Maca BUMIPIOBaJIbHOTO KOMILIEeKcy He Ouibiie 0,6 kr. B cucremi nepeadaueHo
miarpumka nudpoBoro nBiHuKa Blitz-PRO  (po3pobnuk mpod. Minwe [.C.) s
MPOTHO3YBAHHS TEXHIYHOTO CTaHy LUJIIHAPONOPIIHEBOI IPYNH Ta MEXaH13My T'a30pO3MOILITY, 10
JI03BOJISIE CBOEYACHO BUSBIISITH BiIXUJICHHS Ta ONTUMI3YBaTH POOOTY MAIMBHOI anapaTypH.

[loennanuss wacrornoro anamizy (FFT) Ta wavelet-ananizy nae MOXIJIHBICTD
JIOKaJIi3yBaTu MoJii y 4Yaci Ta OTpUMYBATH JOJATKOBY iH(opMamio npo mpouec ropiaas. s
OTIEPATHBHOI OIIHKK CTaOUIBHOCTI POOOYOro MPOIECY 3aCTOCOBAHO I1HIEKC HEPIBHOMIPHOCTI
kB ClII ta koedimienT Bapiarii COV.

[IpoBeneno naboparopHi BunpoOyBaHHS Ha qu3eni NVD24 OHMY, a takox MOpPCHKi
BurnpoOyBaHHs Ha cyaHax mv «Egy Crown», mv «Vilnius» ta mv «Kaunas» y 2025 pomi.
Pe3ynbpTatu moka3anu MOKIUBICTh 3HUKEHHSI TUTOMOT BUTPATH TaJlMBa Ta MIKIUIMBUX BUKUIIB
MIPU eKCILTyaTallii CyIHOBUX JHU3ENIB, IO Cripusie JocarueHHio BuMor IMO oo aexapOoHizartii
MOPCBHKOT'O TPAHCTIOPTY. 3aMPOMOHOBAHUMN MiAX1] 3a0e3meuye MiBUIICHHS eHeproe(eKTUBHOCT1
CYIHOBHX €HEPreTUYHHUX YCTAaHOBOK IIJISIXOM BHCOKOTOYHOTO KOHTPOJIIIO ITapaMmeTpiB poOOvIoro
UKy Ta OMEPAaTUBHOTO PETrYyTIOBAHHS MPOIIECIB 3ropsHHS 1 (a3 razopo3noAily y pealbHUX
YMOBax €KCIUTyaTallii.

JITEPATYPA

1. Varbanets R., et al. Advanced marine diesel engines diagnostics for IMO
decarbonization compliance. AIP Conf. Proc., 3104(1), 2024.

2. Kefalas A., et al. Estimation of Combustion Parameters from Engine Vibrations Based
on Discrete Wavelet Transform and Gradient Boosting. Graz University of Technology, 2023.
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JTU®EPEHIIMHE INECTUBITHE KOTYBAHHS K IHCTPYMEHT
E®EKTUBHOIO OBMIHY JAHUMH B ABTOHOMHOMY
CY/JIHOILJTABCTBI

T'onuapyx LI1., I'onosans A.1
Ooecvkuil HAYIOHANLHUL MOPCLKULL VHIBEpCUMEem
(Vkpaina)

Beryn. CyyacHa nugpoBizaiiisi CyeH Ta BIPOBAXKCHHS aBTOHOMHOTO CYIHOIIJIaBCTBA
CIPUYMHSAIOTH CTPIMKE 3pOCTaHHs 00CsriB OOPTOBUX JIaHMX, 110 MAIOTh NE€PEABATHCS Y PEKUMI
peanbHOro yacy a0 OeperoBux UEHTpiB MoHITOpuHTry [1]. OmHak HasiBHI MOpPCBKI KaHAJIU
3B’3KYy, HacamIiepe] CYNyTHHUKOBI CHCTEMH, XapaKTepPU3YITbCS OOMEKEHOIO IPOITYyCKHOIO
3JIaTHICTIO Ta BUCOKOIO BapTicTio mepenadi. Lle cTBoproe cyTTeBi Gap’epu AJsl CTAIOTO PO3BUTKY
aBTOHOMHOTI'O CYAHOIIaBCTBA Ta €()EKTUBHOIO BIJIaJIEHOTO KOHTPOJIIO PEHCY.

AKTYaJBHICTh JI0CTiTKeHHsl. 30IIbIICHHS KUIBKOCTI HAaBITAlIMHUX, TEXHIYHUX Ta
EKOJIOTIYHMX JIaHuX Ha OOpTy cyaHa BHMarae IMOIIYKYy e(QeKTUBHOrO OOMiHYy JaHHUMH B
ABTOHOMHOMY CY/IHOILJIABCT BHpIIIEHb, IO TO3BOJSAIOTH MiHIMI3yBaru mepemaHi obcsru Oe3
BTparu iH(opmaruBHOCTI. EdekTHBHI MeTomu CTHCHEHHS OOPTOBHUX JaHUX 37aTHI 3MCHIIHUTH
HABAaHTA)XCHHS HA KaHAIW 3B’s3KYy, 3a0€3MEUUTH CTaJICTh HHQPPOBOI IHPPACTPYKTYpHU Ta
HOIATPUMATH KOHLEMIIII0 ABTOHOMHOIO Cy/AHA. 3alpoNOHOBaHUMN MeTox AudepeHuiiHOro
IeCTUOITHOTO KOAYBaHHS JJEMOHCTPY€ 3HAYHHIA MOTEHIaN Y 1Mii cdepi.

ITocTanoBKka 3aga4i. MeToro poOOTH € aHali3 1 y3arajJbHEHHs pe3yJbTaTiB 3aCTOCYBAaHHS
3MIHHOI JIOBXKHMHU 3aIHCIB Ta TU(EPEHIIIIHHOTO ABIKOBOTO KOMYBAaHHS JJIsI ONTHMI3alii 0OMiHy
nUGpPOBUMH JTaHMMH MK aBTOHOMHHM CymiHOM 1 OeperoBoro iHdpactpykryporo [2, 3].
OCHOBHUMH 33aBJJAaHHSIMU €:

- OILIIHIOBAHHS CKOPOUEHHs 00CATIB NepeJaHuX JaHUX;
- BU3HauCHHs €()eKTUBHOCTI IIECTUOITHOTO KOAYBaHHS JJIs Tiepeaadi 00pTOBUX JaHUX;
- TOpIBHSAHHS TPOAYKTUBHOCTI 3alpOINOHOBAHOIO METOJY 3 IHIIMMHU ICHYIOUHUMH

METONMKAaMH KOJ{yBaHHS;

- BCTAHOBJICHHS IEPCIEKTUB BUKOPUCTAHHS MIAXOAY [UIS CTaJlOTO PO3BUTKY CHCTEM

MOPCBKHX KOMYHIKaIii.

3anponoHoBaHuii MeToA. MeToaM KOTyBaHHS JaHUX 13 (PIKCOBAHOIO JTIOBXKHHOIO 3aITUCY,
10 3aCTOCOBYIOTHCS, 30Kpema, g nepenadi iHdopmarii B AIS, mependadaroTh 000B’sI3KOBE
NepioMYHEe HAJICHJIaHHS IMMOBHOTO HAa0Opy JaHUX Yy 3a3/ajeriib BHU3HAueHill MOCIHiJOBHOCTI.
3aBagku (iKCOBaHIM CTPYKTYypi Ta CTaOUILHOMY MOPSIIKY IOJIB Taki JlaHl JOCTaTHHO MPOCTO
¢dopmyBaru, 00’€THYIOUM X 3a JOMOMOIOI0 PO3JIUIOBUX CHMBOJIB, HampHukiajg komMu. OnHak y
Cy4yaCHMX CYyAHOBHUX CHCTeMax 1H(popMallis HaIXOOUTh Bl YHUCIEHHUX BUMIPIOBaJIbHUX
OpUiaaiB 3 JOyXKe MaluMH IHTepBaJaMH, a JUHAMIKa 3MIHM OKpPEMHX IapaMeTpiB iCTOTHO
pi3HUTHCA. YacTWHA JaHUX - SK-OT KOOPAMHATH ab0 KypC CyIHAa - 3MIHIOIOTHCA TMPAKTUYHO
Oe3nepepBHO, TOJI SIK 1HII 3MIHIOIOTHCS MOBLIBHO 1 MOXYTh 3aJIMIIATHCS CTAJIMMHU MPOTSATOM
CeKyHJ] a00 HaBiTh XBHWJIHMH. Y TaKHX BHUIAJIKaX IOBTOpHA Iiepenada HE3MIHHUX 3HA4YE€Hb
MPU3BOJIUTH N0 3aiiBoro nyOmroBaHHS iH(OpMaIlii Ta 30UTBIICHHS HABAaHTAKEHHS Ha KaHAT
3B’ SI3KY.

Tomy onTuMizanis o6cAry nepeaaBaHux CyAHOBUX JaHUX MOXKE OyTH JOCATHYTA HUIIXOM
3aCTOCYBaHHS METOJIB 3MIHHOI JOBXMHU 3amucy. CyTh IIMX METOAIB MOJSITaE B TOMY, IO
NEePEeAAOTHCS JIMIIE Ti TapaMeTpH, 3HAYSHHS SKUX 3MIHUIIMCA 3 MOMEHTY MOINEpeIHbOI epeiadi.
Takuil migxin A03BOJISIE YHUKHYTH HAJJIMIIKOBOI 1H(popMalii, ane noTpedye MapKyBaHHS
KOXXHOTO 3HA4YEeHHS BiJIMOBIHUM 1AEHTU(IKATOPOM, IO J03BOJISE OJHO3HAYHO 1/IeHTH(]IKyBaTH
eneMeHT naHuX. [logarkoBo, o0 3amo0irtu Brpari iHGopMallii y BUNaAKaX, KOJIU MpUMaHHS
JAHUX TIOYMHAETHCS 13 3aMi3HEHHAM 1 YaCTHHA MapaMeTpiB TPUBAIHMM yac MOXKE HE 3MIHIOBATHCS,
CUCTEMH 31 3MIHHOIO JIOBKMHOIO 3aIIUCY NEPI0ANYHO BUKOHYIOTh [TOBHY Nepeayy BCIX JaHUX.

8 03-04 epyousa 2025 poky



IIpo6aemu cmasozo po3gumky Mopcwvkoi 2anysi (PSDMI - 2025)

OCHOBOIO 3aNpOIIOHOBAHOTO METOAY € IBIHKOBE KOAYyBaHHA OOPTOBHX AaHUX. OCKUIBKH
OOpTORI JaH1 MPENICTABIISAIOTH COO0I0 YMCIIOBI U(PPOBI 3HAYCHHS, BOHH MOXXYTh IMOJAABATHCS 5K Y
nBilikoBoMy (hopmari, Tak 1y Bursigi TekctoBux ASCII-mocnigoBHocTeit. Xoua ASCII-momxanus
€ 1HTYITUBHO 3pO3yMUIIIIUM, caMe€ JBIMKOBE TMpEACTaBICHHS 3a0e3rleuye 3HAYHO BHIIY
e(eKTUBHICTh, OCKUIBKM 3MEHIINY€E KIIbKICTh OITiB, HEOOXIAHHMX JUIsl Tepeaadli YuCIOBOT
iHdopmarrii, 0coOIUBO KOJIM HAEThCS MpOo OaraTo3HauyHI 3HAUYCHHs. 3aCTOCYBaHHS JIBIHKOBOTO
dopmary mependadae mMoOmNEpeHE BH3HAYCHHS TMPABHI TMEPETBOPCHHS IUIMX 4YMCeN Yy OITOBI
KOMO1HaIi.

Ha mepmomy erami BH3HA4a€ThCsl KIABKICTH OITiB, II0 BUKOPHCTOBYBATUMYTBCS JIJIS
MOJAaHHS YMCIIOBUX 3HAYCHb, & TAKO)XK MAKCUMAJIbHO JOMYCTUMA KiJIbKICTh IIECTUOITHUX «CIIB)»
JUISE KO)KHOTO eneMeHTa naHuX. [lomiOHO 10 TEeXHiKH, [0 BHKOPHCTOBYEThCS B AlS, y
3alPOIIOHOBAHOMY METOJ1 3aCTOCOBYETHCS IIECTUOITHE KOMYBaHHS, /1€ PE3yJbTYI0Ul 3HAYCHHS
nepenatoteest  y Bursai  ASCII-cumBomiB. MakcuManbHa JOBKHHA OIHAPHOTO — ITOJIS
BCTAHOBIIIOETHCSA B MEXax BiJl OMHOTO N0 I’SATH mecTuOiTHux ciiB. Ha Pucynky 1 HaBenmeno
MIPHUKJIAIU JTOBKHH TaKUX TIOJIB Ta BIIMOBITHI Jialla30HU YMCIOBHX 3HAUCHB, SIKI MOXKYTh OyTH
NpEICTaBICHI B MeXaxX KOKHOro mnois. OKpiM TIpaHMIb Jiafa3oHy, KOXKHE II0JIe MOXe
OXOIUIIOBATH JIMIIE IONATHI 3HAYE€HHSA a00 MICTATH SK HONATHI, TakK 1 BIX €MHI 4YHCia, IO
Bi0OpaXkaeThCs y BIIMOBIAHOMY ineHTH(IKAaTOpi Hlana3oHy. Hampuknaa, MiHIManbHa JOBXKHHA
OJIsSl — OJIHE MISCTUOITHE CJIOBO - JI03BOJISE TPEACTABIISATH 3HAUCHHS Y Mexkax Bix 0 1o 63 abo
BiZ -32 no 31 3anexHO BiA TUMY Aiana3oHy. HaroMmicTh m’STh MIECTUOITHUX CIIIB OXOIUTIOIOTh
3HAYHO MmHpIIwiA giana3oH - Big 0 o 1 073 741 823 abo Bix -536 870 912 mo 536 870 911.

SxOu BCi nmaHi mepenaBajucs y TakoMy JIBIHKOBOMY BHUIVISAL IOpa3y AJsl KOKHOTO
€JIEMEHTa, 3araJibHui oOcsT mepenaHoi iHdopmanii 3anummaBcs O CTaquM 1 HE CHpUSB OH
3MEHILIEHHIO HaBaHTKEHHS Ha KaHail 3B’sa3ky. Came TOMy 3ampONOHOBAaHUN METOI
BUKOPHUCTOBY€E Iu(EpeHIliiiHe ABIMKOBE KOMYBaHHS, Y MEXaxX SKOTO MEPEAaloThCS JIHMIIE Ti
napaMmeTpH, 110 3MIHUJIM CBOi 3HAYEHHS 3 MOMEHTY OCTaHHbOI nepenadi. Takuil miaxi J03BOJIsE
3HaYHO CKOPOTUTHU oOcAr 1H(popMarllii 6e3 BTpaTH akTyaldbHOCTI JaHuX. Popmar chopMoBaHOTO
3anucy HaBeleHO Ha PucyHKy 2. SIk BUAHO 3 pUCYHKA, OJJUH 3aMUC BKIIOYAE IIICTh MIECTUOITHUX
cmiB g nepenadi yacoBoi MiTkH (YYMMDD ta HHMMSS), nBa cioBa — s 3a3HaueHHs
KUTBKOCT1 €JIEMEHTIB, BKJIIOUEHUX JO MOTOYHOTO 3alKCy, MO JBa CJIOBAa HAa KOXHHM €IeMEHT
JAaHUX N5l oro imeHTu(ikaiii, a Takok Hallp OIHAPHUX CIIIB 3MIHHOI JIOBXKHHH, SIKI MICTSTh
BJIaCHE 3HAYECHHS BiJAMOBIIHUX apaMeTpiB.

JopxuHa 0iHapHOTO MO Jlianma3oH 3HAYCHHS JaHUX Jianazox
3HAYCHb
ID
- 0-63/-32-31 1/-1
6 OiT
0-4 095/-2 048-2 047 2/-2

12 oIt

0-262 143/-131 072-131 071 | 3/-3

18 6ir

0-16 777 215/-8 388 608- 4/-4
8 388 608-8 388 607

24 0iT

0-1 073 741823/ 5/-5
-536 870 912-536 870 911

30 6ir

Pucynok 1 — JlopxxuHa G1HApHUX TOJIB, 10 CKIAAAIOTHCS 3 MIECTHOITHUX CITIB, Ta BIAMOBITHI
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Iiarra3oH 3HAYEHb JaHUX

YYMMDD

HHMMSS

Kinekicts mo3utiit (Big 0 mo 4095):N

—

1-it mynxkr (0 mo 4095)

2-1 myHkt (0 1o 4095) N

Ocranni#t mynkr (0 go 4095) |

bbbbbb | - | bbbbbb | JaHi (cioBa 3MiHHOI JOBXKHUHH)

bbbbbb

A——

Z

bbbbbb | bbbbbb | .- | bbbbbb | Ja#i (cioBa 3MiHHOT JOBXKHHH)

Pucynok 2 — IlpononoBanuii ¢popmar oHOTO 3aMUCy JaHUX

TakuM 4YMHOM, 3allPONOHOBAHMM MIAX1J MOETHYE IEpeBaru ABIMKOBOIO KOJYBaHHS 13
NPUHIUIIOM 3MIHHOI JIOBKMHHM 3alliCy, IO JO3BOJII€ YHHKATH TepeJaBaHHS HE3MIHHHX
napaMmeTpiB 1 CyTTE€BO CKOpOYYyBaTH 3arajbHuil oOcsar iHdopmanii. Pucynox 1 nemonctpye
MOXIJIMBOCTI aJalTHBHOTO BHOOPY IOBXKHHU OiHApHUX TIOJIB ISl TPEACTABICHHS Pi3HUX
Jllara3oHiB 3HauYeHb, L0 3a0e3redye THYYKICTh Ta €(PEKTHBHICTh KOAYBaHHsS. Y CBOIO 4Yepry,
PucyHnok 2 inmrocTpye cTpyKTypy c(hopMOBaHOTO 3ammcy, sika Ja€ MOXKIIMBICTD TepeiaBaTy JIUIIe
OHOBJIEHI €JIEMEHTH JIaHUX 13 TOUHUM 3a3HAYCHHSM IXHIX 1I€HTU(}IKATOPIB 1 YACOBUX MITOK.

Pesynsratn mocmimkeHHsa. JlOCHiPKEHHS TIPOBENEHO Ha peaJbHUX JaHUX, 310paHux
npotsrom 22 ni6. B exciepumeHTanbHOMY HaOOpi JaHUX KUIBKICTh NMEpeJaHuX 3alMciB csAraia
7,5 MuH psAKiB Ha 100y, Mo npu BukopuctanHi cranaapry NMEA-0183 Biamosinano obcsry
6mu3bko 400 Mb/100y.

OCHOBHI pe3yJbTaru:
1. 3actocyBaHHs JUQEpeHLIMHOro JBIHKOBOIO KOIYBaHHSA 3 JAOBKHHOIO monsg 6 Oir

JI03BOJIMJIO TIEpEAaBaTH JIMIIE T1 TapaMeTpH, sIK1 3MIHIOBAJIUCH Yy Yaci;

2. 3ampoNOHOBAHUN METOJ 3MEHIIMB OOCAT MepeJaHuX JaHuX y ceperHboMy 10 3,4 % Bix

MOYaTKOBOTO;

3. y TOpIBHSAHHI 3 IHIIUMHM METOJaMM KOJYBaHHS JOCSTHYTO 3pOCTaHHs €(PEeKTHBHOCTI

CTHUCHEHHS 110 69,6 %;

4. crpykTypa 3anucy 3a0esnedye HafiiHy mepenady 3aBIsSKM BUKOPUCTAHHIO KOHTPOJIbHOT
cymu XOR;
5. OTpUMaHI pe3yibTaTH JI03BOJSIOTH CYTTEBO 3HHU3UTH BHMOTH JIO MPOITYCKHOI 3aTHOCTI

CYIMYTHUKOBUX KaHAJIB Ta 3MEHIITUTH BUTPATH Ha Tepeady JaHuX.

3aB/IsIKM TIO€THAHHIO TU(EPEHIIIHOTO KOTyBaHHS, aJallTUBHOI TOBKUHH O1HAPHUX OB
Ta BHUKOPHUCTAaHHS InecTuOiTHUX ciiB y ¢Gopmari ASCII-neperBopenHs, meTton 3abe3mneuye
ICTOTHE 3MEHILIEHHS HAaBAaHTAXKCHHS Ha KaHaJM MOPChKOro 3B’s3Ky. Lle cTBoproe TexHiuHi
nepeayMoBU JUIsl €(EeKTUBHOI pOOOTH CydacHUX LM(POBUX 1 aBTOHOMHHUX CYHAEH, Ze oOcsr 1
4acToTa rnepeayi JaHUX MOCTIHHO 3pOCTalOTh.

BucHoBku. 3anpornoHOBaHMM METOJ CTUCHEHHS OOpPTOBHUX MJAaHUX € €(QEeKTUBHUM,
IPOCTHM Yy pealtizalii Ta MpUAATHUM IS IHTerpallii B CHCTEMH 3B’ s13Ky aBTOHOMHUX 1 IUPPOBUX
CyleH. 3HauHE CKOPOYCHHS O0CATY TepelaHuX JaHUX CIPHUSE CTAIOMY PO3BHTKY MOPCHKHX

10 03-04 2pyousa 2025 poky



IIpo6aemu cmasozo po3gumky Mopcwvkoi 2anysi (PSDMI - 2025)

KOMYHIKaIlil{, ONTUMI3allii CymyTHUKOBUX KaHAJIB Ta MiJBUIICHHIO €(EKTUBHOCTI BiIJaIeHOTO
MOHITOpUHTY pelicy. MeTox Moxe OyTH peKOMEHIOBaHHH AJIs1 BIIPOBA/KEHHS B Cy4acHI CHCTEMH
HiATPUMKH pillleHb Ta y Hu(poBi IIaTGOPMHU YIIPABIIHHS CyITHAMH.
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MOJEJTIOBAHHS I JOCJIIZKEHHSI CACTEM ABTOMATHUYHOI'O
YIIPABJIIHHSA B CYIHOBIU EHEPT'ETHUIII

Mowenko I'.I'., Hazoecokuii /I.A.
XepconcbKka 0epaircasna MopcbKa akaoemis
(Ykpaina)

Beryn. Y craTrri  po3risAarOThCA  aclleKTH  MOJICNIOBAHHS Ta aHajli3y CHCTEM
aBTOMAaTUYHOI'O YIIPaBJIiHHA CyAHOBUMH eHepreTndyHMMHU ycraHoBkamu (CEY). OcHoBHa yBara
NpUIiIeHa CTPYKTypi Ta (YHKUIOHAJBHHUM MOKJIMBOCTSIM 3aco0iB  aBTOMAaTH3allii, M0
3a0e31euyloTh YIPaBIiHHSA, KOHTPOJIb Ta CUTHAII3allll0 CTaHy TOJIOBHOTO JIBUI'YHA, IU3ENb-
TEHEPaTOpiB 1 3araJlbHOCYAHOBUX CUCTEM. IliAKpECcIIOeThCS BAXKIUBICTH MOJAETIOBAHHS SIK
IHCTPYMEHTY TIIJBUINCHHS €()EKTUBHOCTI YHpPABIIHHSA Ta 3MEHIICHHS PH3UKY aBapidiHUX
CHUTYaIliii, 30KpeMa y TepeXiTHIX pexkKnuMax poOOTH.

3arponoHOBaHO BUKOPHUCTaHHSI MOJEINI OPIEHTOBAHOI CUCTEMH MIATPUMKHU MPUUHATTS
pillicHb, MO JO03BOJSE 3HU3UTH WMOBIPHICTH TOMHJIOK OOCIYyrOBYHOYOTO TIEPCOHATY Ta
3abe3neunT migBuiieHHs HaaiiHocTi CEY. Po3risHyTo iHTerpaiil0 B CHCTEMY YIpPaBIiHHS
OJIOKIB MOJIEITIOBAHHS Ta MIATPUMKHU DIllICHb, SKI PEasli3ylOThCs 3a JOTOMOTOI0 MaTeMAaTHYHUX
Mozenel 1 METOMiB HEYITKOro BUCHOBKY. OmHMCaHO METOOU MOJICIIOBAHHS HAAIMHOCTI
SHEPreTUYHUX YCTAaHOBOK MUISXOM CTPYKTYpHOTO aHAJli3y Ta PO3PaxyHKY CEpeIHbOTO dacy
0€3B1IMOBHOI pOOOTH.

VY cTarTi TaKOXK aHATI3YETHCSI B3aEMO3B 30K MK €HEPTeTHYHUM TpodisieM CyaHa, HOTo
IPU3HAYEHHAM 1 KOH(]Irypaii€o eHepreTMuyHoi YCTaHOBKM. Pe3ynbTaTH MOJENIOBAHHS
BUKOPUCTOBYIOTBHCSI JJISi PO3POOKH MOAYJIBHOTO DIBHS KEPyBaHHS, IO JO3BOJIAE alaNTyBaTH
CHUCTeMYy aBTOMAaTH3allii A0 3MiH MpoQiI0 HaBaHTAKEHHS. 3alpONOHOBAHMM MiJXiA CIPUSE
MiABUIIEHHIO €()EeKTUBHOCTI Ta CTaOLIBHOCTI (D)YHKIIIOHYBAaHHS CYJAHOBHUX EJIEKTPOCTAHILIH, a
TaKOK CIIyT'y€ OCHOBOIO JJIsl IOJAJIBIINX YAOCKOHAJIEHb B rajly3i aBTOMaTH30BaHOT'O YIPABIIHHS
MOPCHKUMH €HEPTreTUYHUMHU CHCTEMaMH.

Buk/ag ocHOBHOro MaTtepiasay. YcTaTKyBaHHSI aBTOMAaTH3allli, 1[0 BCTAHOBIIIOETHCS HA
CyaHax, 3a0e3ledye BHKOHAHHS IIMPOKOTO KOJIa 3aBIaHb YIPABIIHHSA, KOHTPOIIO Ta
CUTHaJIi3allii, MOB'A3aHUX 3 NpolecaMu pyxXy CyaHa Ta (PYHKLUIOHYBaHHSIM BCiX CYJAHOBHUX
TexHIyHUX 3aco0iB (CT3). MopentoBaHHS TakuX CHUCTEM JIO3BOJISIE 3aKpIUTH HABUUKY
BUpIIIEHHS KPUTUYHHUX CHUTyalii, sKi MOXYTh BHMHUKATH IpPU HECHOJIBAaHMX IOJIOMKax
OCHOBHHX KOMITOHEHTIB Cy/IHA.

ABTOMaTHYHE KEpyBaHHS TOJIOBHOI'O JBMIYHA 3a3BUYall CKJIAJA€ThCS 3: KOMILUIEKCY
JaTYMKIB Ta BUKOHABYUX MEXaHI3MIB, BCTAHOBJIEHUX O€3MOCEpelHbO Ha TOJOBHOMY JABHUIYHI
(I'’1); OnokiB ynopaBiaiHHS JBUTYHAMH Ta MPHUCTPOEM KOHTPOJIO JBHUIYHA; CHCTEMHU
JMCTAHIIITHOTO KepyBaHHS Ta KOHTPOJTIO.

CrninpHa po0oTa 3a3HaueHoro HaOopy 3aco0iB 3abe3lneuye BHKOHAHHS OCHOBHHUX
GyHKIIN 3 ynpaBiIiHHS, KOHTPOJItO Ta 3axucty ['/1:

- miaroroBka mycky I'J1;

- myck Ta 3ynuHka ['[];

- BUMIPIOBaHHSA Ta BiI00paKeHHS KOHTPOJIbHUX MTapaMeTpiB;

- aBapiiiHO-TIONIepeKyBaJIbHA CUTHANI3allis; 3axucT '] y Bcix pexxnmax poOOTH, K 3a
JIOTIOMOTOI0 aBTOMAaTHU4HOI aBapiitHoi 3ynuHku ['/], Tak 1 3a gomoMoror HeoOXiTHUX 3aco0iB
OJIOKYBaHHS.

Cucrema nucraHiiiiHoro kepyBaHHsS Ta KoHTpoito I/l 3abesmeuye mepenauy Bciei
HeoOxiaHOi 1HGopMmamii y perictp peiicy. Cucrema 3abe3rneuye BHUPIIIEHHS 3aBJlaHb
JMCTAHIIHOTO YNpaBIIiHHS Ta KOHTPOJIIO, TEXHIYHUX 3aC001B, SKi BCTAHOBIIOIOTHCS HA Cy/HAX,
a TaKOX 3aBJlaHb aBapiiHO-TIONEpeKYBaJIbHOT CUTHaNI3a1il y HeoOX1THOMY 00cs31.

Habip 3aco6iB 3a0e3neuye BUKOHaHHS OCHOBHHMX (DYHKIIH yNpaBIiHHS Ta MOHITOPHUHTY
€JIEKTPOCHEPreTUYHOI CTaHIll: YMpaBIiHHSI Ta KOHTPOJb poboTu ausenb-reHepatopa (AI) y
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JTUCTAHIIIMHOMY Ta MICLIEBOMY pEeXHMi; aBTOMaTu4Ha 3ynuHka [ 3a curHaiom «ABapis»;
VIOpaBIiHHSA Ta KOHTPOJIb MEpEeXi 3MIHHOTO CTPyMy; YIPaBIiHHSI Ta KOHTPOJb MEpPexKi
MOCTIHHOTO CTPyMY.

Kpim aBroMaruzanii I'EY (rosioBHHX e€HEpPreTHYHUX YCTAaHOBOK) 3 OOCITYTrOBYHOUYHMH il
cucremamu Ta EEC (enexTpoeHepreTHuHNX CTaHIlii) obnanHaHHs, 3a0e3nedye ynpaBiliHHS Ta
KOHTPOJIb BEJTUKO1 KIJIbKOCTI 3arajJbHOCY/IHOBUX CUCTEM Ta MPUCTPOIB.

Bukopucranas pi3HUX 3ac0o0iB KOHTPOJIIO BIiJirpae BaXIJIMBY poJib y 3a0e3MeyeHHi
Oe3revyHoi ekcruryaTallii cyaHa. BoHu 103BOJISIFOTE 3am100IrTH HAKOIMUYEHHS BiIMOB Y KOMIUIEKCI
Ta WOro CKJIaJOBHX YacTHHaX. lle 3MeHIIye HMOBIPHICTh MOPYIIEHHS OCHOBHUX (YHKIIN
KOMILIEKCY.

VYci TexHiyHi 3ac00M KOHTPOJIIO, 10 BXOIATH JI0 KOMILIEKCY, 3a0€3Meuyl0Th BUKOHAHHS
(GyHKIIHM, yTBOPIOIOYHM CBOTO POAY CYOKOMILIEKC, 1€pApXito Ta CTPYKTYPY, SKI TICHO TOB's3aHi 31
CTPYKTYPOIO KOMILJIEKCY 3arajioM.

Y cyOkommekci 3a0e3meuyroThCsi BCi HEOOXiIHI BUAM BiAOOpaKEHHS Ta MOJAHHS
KOHTPOJILOBaHOI iH(OpMaIlii, a came: iHAMKAIis KOHTPOJIbOBAHUX MapaMeTpiB Ta CHTHaJi3allis
Ipo HOpPMAJIbHOMY Ta poOO4YOMy cTaHi OONagHAHHS; TMOIEpelKyBallbHa CHTHANi3allisl —
CHUTHAJTI3AIliI0 PO BUXOJII MapaMeTpiB 3a MeXi poOOYOro Aiarna3oHy Ta Ipo HEHOPMAJIbHUI CTaH
o0JiaTHaHHS; aBapiifHa CUTHAJII3allisl — CHTHAJI3aIlisg PO BUXiJl KOHTPOJbOBAHUX MapaMeETPiB 3a
JIOITyCTUMI MEXi Ta PO aBapiifHe 1 HEMPUITYCTUMUI CTaH 00JIaHAHHSI.

[Ipn MopenioBaHHI BUKOPUCTOBYIOTHCS pi3HI METOAM Ta PILICHHS, IO JO03BOJSIOTH
3a0e3MmeunuT  CcUcTeMi HeoOXigHy eQekTuBHICTh. OTHUM 13 TakWX METOMIB € MOJEIhb
OpPIEHTOBAHOI CHCTEMU HIATPUMKUA NPUHUHATTS pIIIEHb ISl 3HIDKEHHS YacTOTH aBapil y
HepexiTHUX Ta JUHAMIYHUX pEXKUMaX POOOTH.

Y po0oTi 3ampomoHOBaHO CMOCIO MiABUIICHHS €()EeKTUBHOCTI CYAHOBOI €HEPreTUYHOI
YCTAHOBKH, IO JIOCATAE€THCS 3aBASKH 3HWKCHHIO aBapiii NMpH TMEpexiHuX pexumax. Metox
3aCHOBAaHUI Ha 3MEHIIEHHI KUIBKOCTI MOMMIIOK OOCIYrOBYHOUOTO IEpPCOHATYy 3a PaxyHOK
BUKOPHUCTAHHS MOJEJIl OPIEHTOBAHOI CUCTEMM MIATPUMKH MPUNHATTS pimieHb. [ns peamizamii
3alpONOHOBAHOI0 METOJly IMOKpAIIYIOTh CTPYKTYpy CHCTEMH AaBTOMATUYHOIO KEpyBaHHS
CYIHOBOI €HEpreTHMYHOi yCTaHOBKH. Take yJIOCKOHAJCHHS CHCTEMH YIpaBIiHHSA mependadae
IHTerpaLito 70 Hel CTPYKTypy OJ0KY MOJETIOBaHHs Ta OJOKY MiITPUMKU HPUNHSATTS PIlLIEHb.

MarematuuHa MoJeNb, SKa BIIMOBIAA€ OMUCAHOMY VY CTAaTTI METOJY ITiJIBUIIECHHS
IPOAYKTUBHOCTI CyJHOBOI eHepreTuuHoi ycraHoBKHM (CEY) miisixom 3HM)KEHHS aBapiiHOCTI y
NEePEeXiTHUX PEKUMaX, CKIAAAE€THCSA 3 TPhOX OCHOBHUX KOMIIOHEHTIB, 1 11€:

e bnok moxentoBanus (BM);

o brnok nigrpumku npuitHarTs pimens (CIIIIP);

e OO0'ekT KepyBaHHS — CyJHOBa eHepretuuHa yctaHoBka (CEY).

[TepexiHul pekUM OMUCYETHCS CUCTEMOIO HEMHIMHUX JU(epeHIiaTbHUX PIBHSIHb:

dx(t)
ne X(t) € R"— Bekrop cranis CEVY (Hampukiaa: 4actoTa, Hampyra, THCK, TeMIlepaTypa
TOIIIO),

u(t) € R™— BekTop KepyroumXx BILIMBIB (BBiJ KOpHUCTyBaya a00 aBTOMATHKH),
d(t) € RP — BekTop 30ypeHb (30BHIIIHI Ta BHYTPIIIHI (aKTOpH),
f() — neniniliHa ¢yHKuis, mo onucye auHamiky CEY.

bnok MopenroBaHHS O3BOJISIE MPOTHO3YBATH 3HAYEHHS KOHTPOJIBOBAHHMX IapameTpiB
IpY MEPEXiTHOMY pEXHUMi pOOOTH JI0 TOTO, SIK BOHH (PaKTHYHO 3'SBISATHCS B CUCTEMI BHACHIJIOK
niit oneparopa. st uporo 650Ky OyayeTbcsi MaTeMaTHYHA MOJENb CHUCTEMH aBTOMATHYHOIO
KEepyBaHHs IpHU HEpexiTHUX pexxuMu poOotu. s peanizamii OJOKYy MIATPUMKU NPUHHATTS
pilieHb po3polisieTbest MeToJ (popmanizaiii 3aBIaHHS YIPaBIIHHS €JIEKTPOCTAHLIE MpU
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NEepexiIHUX pexumMax podoTH MeTof, Mo CyTi, MOJNATaE y MOJCIIOBaHHI MEPEXiTHOTO PEKUMY
poOOTH 3 HACTYMHOIO OI[IHKOIO Pe3yJbTaTiB HAa OCHOBI HOPMATHBHHX BHUMOT Ta €MIIIPUYHOTO
KPUTEPIIO OLIHKU SKOCTI MPH MapajenbHiil poboTi au3enb-reneparopis. Kpim toro, mis Gioky
MIATPUMKH NPUHHSATTS PillIEeHb BUKOPUCTOBYETHCS METO/ 3HI)KEHHS aBapiiiHOCTI Ta MiABUILIEHHS
IPOAYKTUBHOCTI 32 JIOMIOMOTI'OI0 MAaTeMAaTHYHOTO arapary HEYITKOro BHCHOBKY, JIOTIKH Ta
MHOHUH. /{711 BUKOpPUCTAaHHS METOAY MPOBOASTH JOCTIIKEHHS MEPEeXiAHUX PEXUMIB poOOTH,
10 BUHHMKAIOTh BHACIIZOK IMOMWIKOBHMX [ili omepaTopiB mijg dac peiiciB. B pesymnbrati
BUKOPHUCTAHHS 3aPOINIOHOBAHOI CUCTEMH MPOTYKTUBHICTD €IEKTPOCTaHLIT MigBULTy€eThes [1].

MoientoBaHHIO TaKOX MIIIA€ThCS HAAIWHICTh CYIHOBOI €NEeKTPOCTaHIii. 3aBIsSKU
MIPOrHO3YBAaHHIO, 3aCHOBAHOMY Ha METO[Il MiJIpaXyHKY, BUSBISIOTHCSA CIaOKi JJAHKU CHUCTEMU
aBTOMaTHMYHOrO KepyBaHHs. Ilpm mamomy MeToni ysBIGHHS HaIIHHOCTI  MOPCHKOI
€JIEKTpOCTaHLIi BiAOYBA€TbCS CTPYKTYpPYBaHHS 3a JOMOMOIOI0 OJIOK-CXeM Ta MaTeMaTH4HOT
MOJIeNi, Jie OTPUMYIOTh CepellHii Yac HaIpallOBaHHS Ha BiIMOBY MOPCHKOI €JIEKTPOCTaHIII] Mpu
pi3HHX yMOBax poOoTH. MopentoBaHHs HaIIHHOCTI CYAHOBOI €JIEKTPOCTaHIIii, OTpUMaHE 3a
pi3HUX YMOB po0OOTH, BIANIOBiIa€ GaKTHUHOMY peKUMY poOoTH [2].

[Tpu mpoekTyBaHHI MOJENBHOI cucTeMu yrpaBiiHHs cynoBumu EEC HeoOxiaHo 310patu
iHpoOpMaLio: aHaNI3yIOTbCA €HepreTWdHi mpodisi, KOMIIOHYBaHHS CHJIOBHX YCTAaHOBOK Ta
cUCTeMHU ympaBiiHHSA cyaeH. [loTiM eHepreTnyHi npodini MOAUISIOTECA Ha J1Ba KOMIOHEHTH —
norpeba B CHJIOBIi Ta JONMOMDKHIM e€Heprii, Je MO)XHa BHSBHUTH B3a€EMO3B'SI30K MIiX
€HepreTUYHUM NIpodiJeM CyAHa Ta HOro MPU3HAUYEHHSM, a TAKOXK 3allpOIOHYBATHU alITOPUTM,
KU 00YHCITIOE EHepreTUIHUI Mpo(disb 3 ypaxyBaHHAM JaHUX MO MpHU3HAYCHHs cyaHa. Kpim
TOT0, TAKOXK MOTPIOHO JOCTIAUTH B3a€EMO3B'SI30K Mk MPOQiieM MOTYKHOCTI Ta KOMIOHYBaHHSIM
€HEePreTUYHOI YCTAaHOBKH 3 aKIIEHTOM Ha Te€, SIK 3MiHM B MPOQiTi HOTYKHOCTI MPHU3BOJATH 10
Moauikamiii eHepreTuyHoi aBTomMaTH3alii ycraHoBKU. [10TiM Bxke po3poOIsSeThCS T0AATKOBHIA
MOJYJIBHHI PpIBeHb KEPYBAHHS /Ui BHKOHAHHS HEOOXITHUX TapaMEeTpiB aBTOMATH3AaIlil
€JEKTPOCTAHINI [UIAXOM TIOE€HAHHS CTpaTerii eKBiBaJIEHTHOI MiHIMI3allii CIOXKUBaHHS 3
aBTOMATUYHUM TIEpEeMHUKaHHsIM [3].

3amponoHOBaHa MaTeMaTHYHa MOJENb Ja€ 3MOTy peai3yBaTH IOIepeIKyBalbHe
kepyBanHs CEVY y mepeximHux pexumax 3 ypaxyBaHHSIM MOXKJIMBUX IMOMHJIOK II€PCOHAIY,
3a0e3MeUnTH MiIBULIEHHS MPOAYKTUBHOCTI Ta HAJAIMHOCTI YCTAHOBKH 33 paXyHOK 3aCTOCYBaHHS
HEYITKUX aJTOPUTMIB MPUIHATTS PIIIEHb 1 IPOTHO3HUX MaTEMaTUUHUX MOJENEH.

Pe3ynbraT MOJENIOBaHHS BUKOPUCTOBYIOTbCA JJIi JEMOHCTpalii eQeKTHUBHOCTI
nependadyBaHUX MOXJIMBHUX 1HHOBalll B cucTeMi ympaBiiHHS. Po3risiaerscs cTaOUIBHICTH
KOMITOHEHTIB €JEeKTPOCTAHIII Micls BHECEHHS 3MIHM B cHcTeMi aBTomaru3ailii. OCHOBHUM
BKJIQJIOM MOJICTIOBAaHHS € HOBHMHM TIJIX1J SO CHUCTEMH YIIPABIiHHA €JIEKTPOCTAHIIIEI0 Ha
BTOPMHHOMY DiBHI, IO 3a0e3neuye MOIYJIbHICTh B paMKax mependadyBaHoi (hiKcoBaHOI
KOMITOHOBKH eJIeKTpocTaHIii. KpiM Toro, 3ampornoHoBaHmii aaropuT™M MOXXHA BUKOPUCTOBYBATH
JUIS BU3HAYEHHsSI OYIKYBaHOTO MNPO(MUII0 MOTYXKHOCTI A7 HOBOi 3afaui 1 AN BHSIBJICHHS
HEOOXI1THUX 3MiH B 00JIaJIHAHHI eJIeKTpocTaHIii [4].

BucHoBkH. Po3pobieHi miaxoau 10 MOJAETIOBAaHHS CUCTEM aBTOMATHYHOIO YIIPABIiHHS
CYJHOBUMH C€HEPreTHYHHMH YCTAaHOBKAMH MAlOTh YiTKEe MPUKIAJHE CIPSIMYyBaHHS Ta MOXYTh
OyTH BIpOBAKEHI y HaBYalbHI TPEHa)KE€PH, CHUCTEMH TEXHIYHOI MiJrOTOBKHM IEPCOHAY, a
TaKOX Ha pealbHUX CYJHOBUX aBTOMaTH30BaHUX KOMILIEKCAX.

MojentoBaHHsl CHUCTEM aBTOMATHYHOTO YMPABIIHHA CYIHOBHUMH €JIEKTPOCTaHILISIMU
J03BOJISIE TATOTYBATH TIEPCOHAN CyAHA /IO PI3HUX CHUTYyalliid. TakoK J03BOJISE 3HAUTH «CIaOK1
MICIIS» CUCTEMH, JIe MOXHa OyJie CIIPOrHO3YBAaTH MOJANbIII TOMUIKH 1 YCYHYTH X BUHUKHEHHS,
SKII0 MigiOpatu onTuManbHe pimeHHs. [logiOHe MomenmtoBaHHS ananTyeThCs 0 MIMPOKOTO
CIEeKTpYy THUMIB cCyAeH Ta iX (QyHKIiAM. YJZOCKOHaleHa CHUCTeMa Icis BIPOBAKEHHS
KOMITOHEHTIB MOJICJTFOBAHHS MOKE 33JIOBOJIBHUTH MOTPEeOX Ta BUMOTH B 00JIaCTi aBTOMAaTH3AIll].
[IpoektyBanHs Mozenedt cucteM iH(popmaiii TpPo  EHEpProcrnoXUBaHHS  3abe3nedye
IPOAYKTUBHICTh CHCTEM OOJIQJHAHHS, AKI JJO3BOJIAIOTH ONEpaTopaM HalalITOBYBaTH POOOTY
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YCTaHOBKH HAaHOUIBII €HEProePeKTUBHUM CIIOCOOOM.

Pe3ynpraT MopmenroBaHHS HAAIHHOCTI CYAHOBOI EJEKTPOCTaHLii MOXYyTb OyTh
BUKOPUCTaHI JUIsl ONTHMi3alii rpadikiB TEXHIYHOrO OOCIyroBYBaHHS, BUSIBICHHS KPUTHYHHX
KOMITOHEHTIB Ta IJTaHyBaHHS MOJIEPHi3allii CyJJHOBOTO 00IaIHaAHHS.
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BUKOPUCTAHHSA METOAIB MATEMATUYHOI'O TPOT'PAMYBAHHSA
JUIA ONTUMIBALIII TEXHIYHUX ITPOLECIB HA CY/HI

3aiiyeea T.B.
Xepconcwvka depaicasna Mopcvka akademist
(Vkpaina)

Beryn. ¥V cyyacHHX yMOBax pPO3BHTKY MOPCBKOTO TpPaHCHOPTY BHUHHMKA€E MoTpeda B
ONTHUMI3aIl TEXHIYHUX TMPOIECIB, MOB’SA3aHUX 13 AIarHOCTHKOIO, PEMOHTOM 1 MOHITOPHHIOM
cynHoBUX cucTeM. OnHUM i3 e(pEeKTHBHUX IHCTPYMEHTIB JUIsl BUPIIICHHS TaKUX 3aBIaHb €
MareMaTu4yHe NpOrpaMyBaHHs, SIKE JO3BOJISIE 3HAXOAUTH ONTHMAJbHI PIIIEHHS MPU 0OMEXEHUX
pecypcax, 9aci Ta TeXHIYHUX MOKITHBOCTSIX.

[IpakTuyHe 3acTOCYBaHHS LMX METOAIB y HaBYaJbHOMY IIpOLIECI peali3yeTbecsl 3a
JOTIOMOTO0  TIporpamMHoro cepenosumia Microsoft Excel, 30kpema uepe3 BHKOPUCTAaHHS
HanOynoBu Solver ([lowiyk pos3s’ssky), O Nae 3MOTY MOJENIOBATH Ta 3HAXOIUTU ONTHUMAIbHI
PIIICHHS TSI TEXHIYHUX 1 JIOTICTUYHUX 3aBIaHb Y CYJHOILIABCTBI.

AKTyaJbHicTh AociaigxenHsa. Knacuuni 3amadi onTuMizailii, 30KkpeMa TPaHCHOPTHI
3aja4i, BKe TPUBAIUN Yac mepeOyBaroTh y LEHTPI yBaru 0ararbOX BITUYM3HSHHUX Ta 3apyODKHHX
HaykoBIIB [1-3]. ¥V OimbmiocTi MOCHIKEHb I 3a/adi pO3MVISAAIOTbCA 3 MO3ULIT MOUIYKY
HaOIIBIII EKOHOMHOTO CIIOCOOY TepeBEe3eHHs BaHTAXIB BiJl MYHKTIB BiJIPABICHHS J0 ITyHKTIB
MpPU3HAYEHHS 3 METOI0 MiHIMi3alii 3arajJbHUX BUTpAaT Ha TPAHCHOPTYBaHHS ab0 BHUPILICHHS
OB’ SI3aHUX 13 [IUM EKOHOMIYHUX TTHTAHb.

OnHak cydacHi yMOBHM (DYHKIIOHYBaHHS MOPCBKOi Traiy3l NoTpeOyloTh ajanTarii
KJIIACUYHHUX ONTUMI3AlIMHAX MOJEICH M0 CHenu(iYHNX TEXHIYHHUX 1 OpraHi3alliiHUX 3aBlaHb,
10 BHUHUKAIOTh Ha cyaHax. Came TOMy Yy HamoMmy JOCHIPKEHHI METOIU pPO3B’sA3aHHS
TPAHCIIOPTHHUX 3aJa4 CIPOEKTOBAaHO Ha IMOTPeOM MOPCHKOTO TPAHCIOPTY, 30KpemMa — JUIs
ONTUMI3alil BUPIMIEHHS MOBCAKACHHUX BUPOOHMYMX MUTaHb, 3 SKUMH CTHKAIOTHCS
€JIEKTPOMEXaHIKU CcylaeH. Takui MiAXiJ 103BOJIAE€ MIABUIIUTH €(QEKTUBHICTH BUKOPHUCTAHHS
pecypciB, 3MEHIIMTU €KCIUTyaTalliifiHi BUTpaTu Ta COPUATH LU(POBi3alii MPOLEeciB TEXHIYHOIO
o0cyroByBaHHS (IIOTY.

Meta pocaigkennsi. [Toka3atu 3acToCyBaHHS METOJIB Mar€MaTUYHOTO MPOrpaMyBaHHS
Uig TOOYyOBU ONTHMI3allifHUX MOJeNed, L0 J03BOJISIIOTH MIHIMI3YBaTH BUTparth Hacy 1
pecypciB i yac TEXHIYHOTO 0OCITyrOBYBaHHS CYTHOBHX CHCTEM.

OcHoBHa w4acTuHa. Maremaruuyne mnporpaMmyBaHHs (TUTaHYBaHHS) — 1€ PO3IUT
MareMaTuK{, L0 3aiiMaeTbCcsl PO3POOKOI0 METOAIB BIJIIYKaHHS EKCTpeMaJbHUX 3Hau€Hb
(GyHKII1, HA apryMEHTH SIKOi Hakja/leHl oOMekeHHs. MeToau MareMaTM4HOIo MporpaMyBaHHS
BUKOPHCTOBYIOTh JJIsi PO3B'sI3yBaHHS PO3MOAUIBHUX 3374ad. Po3noaiibHI 3a7adyi BUHUKAIOTH Y
BUIAJIKy, KOJIU HAasiBHI pecypcu oOMexeHi, 1 HeoOX1JHO HaMKpalie pO3MOAUIUTH PEeCcypcH 3
METOI0 OTPUMAHHSI MaKCUMaJIbHOIO MpUOYyTKY ab0 MiHIMi3allil BUTpaT (BiAMNOBIIHO 10 0OpaHOTro
KpPHUTEPIIO ONTUMAJIBHOCTI).

BukopucranHio  MeTONIB  MareMaTWyHOro  MporpaMyBaHHs — mepeaye, MaOyTs,
HaWBaXJIMBIIIUK eTanm — Mo0yJoBa MaTeMaTW4yHOiI MOJENl, aJeKBAaTHOI (PI3UYHOMY 3MICTY
3aaHHA. O4eBHJHO, 0a30BUMH y I[bOMY CEHCI € 3aBJaHHs JIHIHHOTO IMporpamyBaHHS (3
OJTHOIHJIEKCHUMH 3MIHHUMH) Ta TPaJULiNAHI TPaHCIOPTHI 3aAadi (3 IBOIHAEKCHUMH 3MIHHHUMHU),
Ha OCHOBI SKHMX OyaylOTbCs MOAEN 3aBJaHb LUIICHOTO, IJILOBOTO, JAMHAMIYHOTO,
JeTepMiHOBAHOTO, CTOXaCTUYHOTO MTPOTpaMyBaHHS.

I'osioBHA MeTa NpU NpoBeJAeHHI HABYAJIBHUX 3aHATh — IOKa3aTH, K 32 (I3UYHUM
3MICTOM 33/1a4l MPaBUIILHO MOOYAYBaTH a/IeKBaTHY MaTeMaTHYHy MOJENb Ta 3a LI€I0 MOJAEIUIIO
OTpPUMATH ONTHUMAJIbHE PILIEHHS, BUKOPUCTOBYIOUM BOYJOBaHMI MOIYNb €IEKTPOHHUX TaOIHIb
Excel Solver (TTomryk po3B'si3ky).

JliniiiHe mporpaMyBaHHS € HaWOPOCTIIIMM 1 HaWKpalle BHMBYCHHM PO3IUIOM
MaTeMaTH4YHOIO MpOrpaMyBaHHs. XapakTepHI PHUCH 3aBAaHb JIHIKHOTO MPOrpaMyBaHHS
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HACTYIIHI:
1. nokasHuK ontuMmainbHocTi L(X) € JmiHiiHOIO (yHKIEIO BiJ €JIEMEHTIB
po3B’s3yBanHA (popmyna 1);
X = (x1,%9,..., %) 1)
2. 00MeKyBalbHI YMOBH, [0 HAKJIAJAIOTHCS HA MOXJIMBI PO3B’S3KH, MAIOTh BUTJIS]L

JIHIMHKUX PIBHSHb UM HEPIBHOCTEH.
3. [{inpoBa dyHKIIs (hopmyra 2)
f(x) = c1x1 + x5+ +cpx, » max (min()) 2
4. OOMexeHHS, sIKi 3aCTOCOBYIOThCS 10 Moaeni (popmyna 3):
11X + appx+. . +agx, < (2,=)by
1% + AxpXp+... +aynx, < (=,=)b,

(3)
Am1X1 + QuaXato FAppXn < (2,=) by
X1, Xz, ... X = 0 (k < n).
S. JlonycTuMuI po3B’SI30K - 1€ CYKyIHICTh uncen (Ian) X = (XI,XQ,...,XH) , 1110

3aJI0BOJIBHSIOTH OOMEKEHHSM 3aB/IaHHS.

6. OnTuManbHe pilIeHHS — € IUIaH, y SKOMY ITboBa (DYHKIiS HpUHMAe CBOE
MaKCHMaJIbHe (MiHIMaJIbHE) 3HAUCHHS.

Jlaimi HaBemeMo TpUKIA] TOOYIOBM MaTeMaTHYHOI MOJAETl 3a (QI3WIHUM 3MiCTOM
3aBlaHHA. Po3misHEeMO 3asaul MOIIYyKY HECHPABHOCTEH EJIEKTPOHIKM Ta JaTYMKIB Ha CY[HI, 5K
3aa4i onTHMi3alii pecypciB/TpaekTopii.

Ilocmanoska 3a0aui. HeoOXiAHO MPENCTAaBUTH CYIHO SIK CITKY JIOKAIlii, KOXKHA JIOKAIlis
BIJIMIOBIJJa€ TEXHIYHOMY €JIEMEHTY CyAHa (IBUTYH, TajMBHA CHUCTEMa, T'e€HEparop, HAaCOCHa
craHIis Tomo). HecrpaBHOCTI — SIK TOYKH MPU3HAYEHHS, IEPEMIIIICHHS MiXK JIOKAIISIMUA — 1€
BUTpaTu 4Yacy abo pecypciB. Tpeba mnoOymyBaru ONTHUMAalbHUN MapHIPYT/IUIaH 3aMiHU 3
00MEXEeHUM YyacoM a00 OOMEKEHUMHU PECYPCAMH.

3a MOAEII0 ONTHMI3alifHUX 3a/1ad, BUKOPUCTOBYIouM HanoOymoBy MS Excel Solver,
Tpeba 3a7aTu MeTy (MIHIMI3yBaTH CyMapHI BUTPATH Ha MOIIYK), 3MIHHI KOMIPKH (TIOC1I0BHICTh
o0xony Jokamiil) Ta oOMexeHHs (MepeMillleHHs MDK CYCIAHIMH TOYKaMH) JUIsl OTPUMaHHS
ONITUMAIIEHOTO MapIIPYTY.

IIpu po3B’sa3yBaHHI TakMX 3agad M Yac BHUBYCHHS OCBITHBOI KOMIIOHEHTH
«IH(opmariiiHi TEXHOIOTII 3a MpodeCiitHUM CpIMyBaHHSIM» KypCaHTH OyayloTh 1HQOpMaLIiHy
MOJIEJb 3 HACTYITHUX €TaIliB:

1. CTpyKkTypyBaHHS JaHMX:

- Cmeoproemovca mampuys nokayit. Mera 1IbOTo €Tany — MpeICTaBUTH IUIaH Cy/Ha 3
yciMa MOXJIMBUMHM JIOKAallisIMM JJIs HEPEeBIpKH (HANpHUKIAJ, KalOTH, KOPHIOPH,
nanyOu, MalmMHHE  BigAUIeHHs). Jus  [bOoro  KypcaHTaM  JJO3BOJISIETHCS
BUKOPHUCTOBYBaTH 30BHIIIHI MPOTpPaMHl JOAATKH, SKI JO03BOJISIIOTH 32 JOIOMOTOIO
CXEMaTHYHOTO 300pa)KeHHS EJNEKTPHUYHUX Ta EJIEKTPOHHUX E€JEMEHTIB IIBUIKO Ta
SIKICHO 300pa)kaTy Cy/THOBI €JIEKTPUYHI CXEMH.

- Busnauaromwvcsa «necnpasHiy mouku. Ha 1uiani cynHa no3Ha4aroThCs JIoKailii, 1e Oyno
BUSBIIEHO MPpo0sieMy (HapUKIIAJl, IEBHI TPy JAaTYUKIB UM €IEKTPUYHUX K1JT).

- Bcmanosnioemvcs «sapmicmoy nepemiugennsi. [ KOXKHOI Mapu CyCiIHIX JOKarii
BHU3HAYA€ThCSA BapTICTh MEPEMIIIEHHS MDK HUMH (HAalpUKIIaA, 4yac Ha MPOXOKEHHS
710 HACTYTIHOI TOYKH, BUTPATH Ha MEPEMIILIEHHs, aMOPTH3aLlisl O0JIaHAHHS).

2. IlinroroBka Mojesi qis 3acrocyBaHHsl iHCTpyMeHTY «Ilomyky po3B'si3Ky».

3rigHO MOAeNi ONTUMI3alliMHUX 3a/ad, KypCaHTH BU3HAYaIOTh IJIHOBY (YHKIIIIO,

0OOMEXXeHHs, [0 HAKJIaJarThCsAd Ha 3MiHHI, BU3HAYalOTh 30ajlaHCOBaHA YW HI 3ajgada 3

KOHKPETHUMH JTaHUMH:

- 3minni Komipku: BU3HAYAIOTHCS, SIKI KOMIpPKM OynyTh HPEICTAaBIATH IOCHIIOBHICTh
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00xo/1y JIoKaliid. 3a JOMOMOT00 JIOTIOMIKHUX 3MIHHUX BKa3YIOThCS UM Bi/IBi/lyBaslach
MeBHA JIOKAITisA, 200 siKa HACTYITHA JIOKAI[iS € B MapIIPYTi.
- Linvosea ¢ynkyisn: Bu3HavaeTbest hopmya, sika Oyze po3paxoByBaTH CyMapHi BUTPaTH
Ha 00XiJl yciX HEOOX1THUX TOYOK (II€ cymMa BapTOCTEH MepeMillieHb MiX JIOKAIIIMH B
3aJIe)KHOCTI BiJl BAOPAHUX 3MIHHUX).
- Obmedicennss. BoHU MOXYTh CTOCYBaTuCs SK IEPEMILICHHS, HAIPUKIA/,
nepeMillieHHs] MOXIIMBE TUIBKM MK CYCIIHIMH JIOKAIlIIMH; YMOBOIO - BiJIBiyBaHHS
BCIX TOYOK, TOOTO PO3B’s30K 3a/1a4l MOBUHEH 3a0€3MEeYUTH, 00 yCi HeOOXiHI TOUKH
(;rokarrii, Ta 1Je € HecmpaBHOCTI) Oynu BiaBigaHi, ab0 THUIIOM MEpPEeMIilEHHS
(BCTAaHOBIIOEThCSI OOMEXKCHHST Ha MaKCUMallbHY JOBXHHY Mapuipyty abo dac
obxony).
3. Buxopucrannsa «Ilomyky po3B'ssky» (Solver). Ha momeHT posmsigy
i€l 3a7a49l KypCaHTH BXKE MAlOTh HaBMYKH PO3B’SI3YBaHHS TPAHCIIOPTHUX 3a/1a4, BOHH
3HalOMI SIK 3 TIOHATIHHMM anaparoM MaTeMaTHYHOTO NPOTpaMyBaHHS, TakK i 3 poOOTOO
Haa0ynoBu «Ilomyk po3e’ssky» B MS Excel. Tenep mepen HuUMH CTOITH 3aBAaHHS —
3actocyBatd cdopmMoBaHi 1IUGPOBI KOMIETEHLIi [0 3MICTOBHHX MpodeciiiHo-
CIIPSIMOBAaHUX 3a]1a4.
[Mpuknaau 3a7a4, sSIKi IPOIMIOHYIOTHCS KypCaHTaM:
3amaua 1. Ha cymni € 3 cxiamu enekrpoodnaananns (A, B, C) 3 3amacamu X, Y, Z. € 4
30HHU, JIe TOTPIOHO BUKOHATHU 3aMiHy a00 MepeBipKy, 3 IEBHUM IMOMUTOM (KUIbKICTh OJUHUIIL a00
qacy). Tpeba po3paxyBaru BapTiCTh NEPEMICHHSI/POOOTH MK CKIIQJaMH 1 30HAMH, MIPH IbOMY
MOXKYTh HaKJIaaTucs pizHi oOMexenHs (puc.l):

- 9ac MPOCTOI0 MOTPiIOHO 3BECTH 10 MIHIMYMY;

- YepryBaHHS 110 30HaX HA Cy[JHI — KypcaHTy Tpeba MpOMTH BCi TOUKH MEpeBipKH /
PEMOHTY, MiHIMIi3yBaBIITK Yac abo BiJCTaHb;

- ACUMETPUYHHI BapiaHT (HAMPHUKIAJ, pPyX MDK 30HAMU 31 CXOJaMU/A0MYCTUMUMU
MIPOXOJaMH Ma€ Pi3HUH Yac B 0OMB1 CTOPOHHU.

A B c D E F H 1 K 1 M
Store/Zone Zone1 Zone2 Zoned Zoned Supply S_i \Supp{y S_i _| NapameTpu pose'asysaua x
Store A 3 5 4 10 =SUM(F2:F4)
Store B 2 6 3 8
Store C 4 3 5
5 Demandd | |6 7 8

OnmwmzyBam Winwosy dywiko: swis7] N

=SUM(F2:F4)

[Remaining supply Ao Makcimyn O Mininaym InaueHm

ned Supply S_i |=SUMPRODUCT(B2.E4 BB E10) |
=SUM(BB.EB)

SUM(B9'EQ)
=SUM(B10.E10)

S

Store/Zone Zone1 Zone2 Zoned
Store A 0 4

9 Store B 6 0 2
10 Store C 0 3 0 k
11 Demand d_j =SUM(B8:B10) [=SUM(C8:C10) |=SUM(D8:D10) |=SUM(ESE10)
12

13]

14
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18 -
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21
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BuepiTe MeTOA
PO ABANMA:

Mapamerpy

Pucynok 1 — Apkymr Excel 3 po3s’s3annsam 3agadi

3amava 2. Po3missHeMo 6 30H: KaliTaHCHKUN MICTOK, MallTMHHE BiIJIIJIEHHS, PyOKa, KalOTH,
CTIK BOJH, €JEeKTpoLIUTOBa. Bigomi yacu nepexomy Mixk HUMHU. [louaTkoBa TOUKa — IIUTOBA.
3aBaHHs: IEPEBIPUTH BC1 30HU 1 TOBEPHYTHUCH JI0 LIIUTOBOT, MiHIMI3yBaBILIM 3arajlbHUN Yac.

[Tpu po3B’s3yBaHH1 3a/1a4i KypCaHTH MOXYTh IE€PEBIPUTH POOOTY Pi3HUX BapiaHTIB: Tak
3BaHOTIO «CKaA10HOTO» anropuTmy (nearest neighbor) Ta 3HaX0KEHHSI TOUHOTO PIILIEHHS.

[Ticnss moOynoBu 0a30BOi MOJENi KypCaHTH MOXKYThb 3MIHIOBAaTH MapaMmeTpH: J10JaBaTH
HOBI JIOKallii, BapiloBaTH dYac TeEpeBipku ab0 BBOIWUTU JOAATKOBI YMOBH (HAIpPHKIAI,
NPIOPUTETHICTh OINIALY MEBHUX cucTeM). Lle 1ae MOXKIMBICTD IPOBOAUTH MOJIEIIOBAHHS PI3HUX
ClieHapiiB 1 HaBYAaTH KypPCAHTIB yXBAJICHHIO pillleHb HAa OCHOBI manux. Tomy mo Excel — e
TIABKK 1HCTPYMEHT, SKHUH JoloMarae MaiHOyTHbOMY CHELIaNiCTy MNpUUHATH MpaBUIIbHE
a/IeKBaTHE PIILIEHHS.
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BucHoBku. Merogu MaTeMaTHYHOTO MPOTrpaMyBaHHS 3a0e3MedyroTh e(eKTHBHE
IUIAHYBAaHHS TEXHIYHUX IHPOLECIB Ha CyIHI Ta CTBOPIOIOTh MIJIPYHTS IS NPUHHATTS
ONTUMAIIPHUX DIMIEHb Yy CKIAJAHUX BHPOOHMYUX CHUTYyalisx. BHUKOpUCTaHHS ONTUMI3aIliitHUX
MoZIeJIe J103BOJISIE 3HAYHO 3MEHUIMTU BUTPATH 4Yacy Ta pecypciB I 4Yac TEXHIYHOrO
00CITYyrOByBaHHSI CyAHOBUX CHCTEM, IIJIBUIMUTH TOYHICTh IJIAaHYBaHHS Ta pAaIlilOHATBHICTh
BUKOpPUCTaHHs MarepiaiiB 1 nepconamy. HanOymoBa Excel Solver € 3py4yHum 1 mocTynmHuUM
IHCTpYMEHTOM JUIsl peai3alii Takux MoJieNiell y HaB4aIbHOMY MPOIIECi, [0 pOOUTH 11 KOPHCHOIO
HE JMIIe JUId pO3B’sI3yBaHHS IPaKTHMYHMX 3aBlaHb, a W I (OpMyBaHHS y KypCaHTIB
AQHAJIITUYHOTO MHCJICHHS Ta HAaBUYOK MOJENIOBaHHA. Po3poOieHi anroputMu MOXyTb OyTH
a/1alITOBaH1 AJIsl TPAHCIOPTHUX, PEMOHTHUX 1 JIOTICTUYHMX 3aJ]a4, 10 PO3LIMPIOE MOXKIIUBOCTI iX
NPAaKTUYHOTO 3aCTOCYBaHHS. TakuM YWHOM, YIPOBA/DKEHHS ONTHUMI3alifHUX Mojaene Yy
HaBYaHHS Ta TMPAKTUKY CHPHSE IMABUIICHHIO €(EKTHBHOCTI TEXHIYHOI eKCIuTyararii CyueH i
AKOCTI PO ECiitHOT MATOTOBKHU (haxiBIiB MOPCHKOT rays3i.
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TEXHOJIOI'TI CYYACHOI'O EJJEKTPOHHOI'O BPSI/TYBAHHS Y
BUMIPI CTAJIOI'O PO3BUTKY MOPCBKOI I'AJTY3I

3axapuenxo 0.B.', Kpamcokuii C.0.°
L Cxionoesponeiicokuil ynisepcumem imeni Payga Abnazosa
(Ykpaina)
200ecvruii nayionanvruii yuisepcumem imeni I. 1. Meunuxoea
(Ykpaina)

Beryn. IloBHomacmitabHa BilicbkoBa arpecis pocii NpoTH YKpaiHH CTBOpHIIA
Oe3mpere/IcHTHI BUKIUKHA JUIsI CTAJoro PO3BUTKY B MOpChKMH ramy3i. Ha Temepimmniii uac
NEepMaHeHTHE pPyHHYBaHHA 1H(PACTPYKTYypH, OCOOIMBO B MOPCHKHH cepi, Hece Hebe3meKy
TOPrOBEJILHOMY CYJHOIUIABCTBY YKpaiHu. Jlo Temep BHYTPIIIHE MEPEMIIIEHHS HaCEICHHs
BHyTpimHe (BIIO) i 30BHImIHE (MOpSKM) Ta €KOHOMIYHI BTpPAaTH BHUMAaralTh IHHOBALlIHHUX
MiIXOAIB Y KpU30BOMY YIPaBJIiHHI Aep>KaBHUX MiANPUEMCTB, YCTAHOB, OpTraHi3alliil.

B cydacHux ymoBax cranuii iHHOBAaIWHUI PO3BUTOK JJISI MICIEBHX OpraHiB BIaau
O3HAayae 3[aTHICTh pearyBaTd Ha MNOTPeOM CbOTOAEHHS, 0€3 pU3MKYy 3iICyBaTH MNOTpeOu
MaiOyTHIX TOKOJIiHb, MPH IIHOMY IOCTIHHO MiABHILYIOYM SKICTh >KATTS MEUIKAHIB MiCT i
perioHiB, 00’ eIHaHUX TPOMaJ TEPUTOPiil YKpaiHu.

Jiss  gocsATHEHHS pe3ysibTaTy MicCIeBa BlaJa Mae€ TeperTH [0 IHHOBALIHHOTO
€JIEKTPOHHOI'O BpslyBaHHA, 110 Inependavae (GopMyBaHHsS CHPUATIMBOIO CEpelOBHUINA IS
TCHEepPYBaHHS Ta BIPOBA/DKEHHS HOBHX 1€, a TaKOX HAJAroMKeHHS e(QEeKTUBHOI
iH(popManiiHo-KoMyHiKamiiHOT cuctemu [1]. g cucrema peanidyeTrbcs uepe3 MOAETH
«MOTPiNHOI cmipani», Mo 00’€AHye 3yCHIUISI MYyHIIWOAIITETy, Oi3HECYy Ta yCTaHOB OCBITH i
Hayku. HarionanpHuil 3acTOCyHOK «Jlis» € CBITOBUM NPUKIAOM IHTErpamii JUCTaHIIIHHHUX
Jep KaBHUX MOCIYT rpoMaisiHaM (MOpsIKaM) ITiJ] 4ac BiiiCBKOBOTO CTaHy.

B Vkpaini sckpaBUM TpHUKIAJOM TEXHOJOTIYHOi iHHOBaWii E-ypsayBanus, ska
TpanchopmyBaia myOIidHI TOCIYTH, € HallloHAIbHA cuctemMa «Jlis», «Peseps+», «Ob6epiry», E-
yepra, E-miku, E-minrpumka, E-xutio ta iHmi E-cepBicu, sIKi CyTT€BO HiJABUILIMIN MPO30PICTh
Ta JOCTYIHICTh TPOMaJIiHAM LEHTPIB HaJaHHSA aJMIHICTPaTUBHUX Nocayr. Kiro4oBuM pyuiem
[[BOTO TIPOLIECY € IHHOBALli ENeKTPOHHOTO BpSAYyBaHHS CepBICY Ui MOPSKIB - Bij
TEXHOJIOTTYHMX PILLIEHbB JI0 YIPaBIIHChKUX Ta colianbHuX 3MiH € J{I1 «Moppiucepsicy [2].

Haii0inp1 moTy>XKHUM 1HHOBALIHHUH 3CyB BiIOYBCS y cdepi NporpaMHOro 3ade3neyeHHs
Ta ynpasiiHHS JaHuMu. OTXKe, ycCIilllHa peaii3alis CTalloro iHHOBALIMHOTO PO3BUTKY BUMAarae
Bil MyOJIYHMX YIpPAaBIIHIIB CTpPATEriuHOro JifepcTBa Ta MOCTIMHOT 1HCTUTYLINHHOI
tpanchopmarii. Konmentiss «Posymaux mict» (Smart City) BUKOpPHUCTOBY€E IHTEepHET peueit
(IoT), Big Data Ta mty4Huii iHTEIEKT JUIs ONTUMI3ALil (YHKIIOHYBaHHS €JIEKTPOHHUX CHCTEM
ypsinyBaHHs. Pobotu3aris ta [oT. Xoya noBHOMacmTaOHa poOOTH3ALIs 3AJIUIIAETHCS 10POTOIO,
TOUYKOBI BIIPOBAJPKEHHS CTadu MOMITHUMHU. Jleski Benuki rpaBui E-commerce movanu TectoBe
BUKOpUCTaHHS poOoTiB-iikepiB (AGV — Automated Guided Vehicles) nHa cBoix dyndinment-
1eHTpax. binbir MmacoBoto iHHOBaIi€ro crano Bukopuctanss [oT (IntepHeTy peueit).

Enextponnuit noxymenrooOir (e-TTN). I[lepexin Ha eleKTpOHHI TOBapHO-TPAHCIOPTHI
HaknaaHi (e-TTN) craB HeoOxiaHIcTIO. Lle He NuIIe eKOHOMUIIO MaIlip, ajie i TPUOUPaIo PUUK
BTpaTH JOKYMEHTIB IIiJi 4ac TMEpeBe3eHHS Ta 3HAYHO MPHCKOPIOBAJIO PO3PAXYHKH MIXK
BaHTA)KOBIIMIPABHUKOM, MIEPEBI3HUKOM Ta OTPUMYBaue€M BaHTaXiB.

Toranmpna mudposizamis: E-cepicu B «xmapi» Ta cmaprdoni. Y 2023-2025 pokax
BiOYJIOCSI aKTMBHE TECTYBaHHs Ta BIIPOBAPKEHHS Ili€] CHCTEMM Ha HAlllOHAIBHOMY PiBHI, a
TaKoX MUQPOBI3aIliss MUTHUX JIEKJIapaIlii, o JIeM0 CKOPOTUIIO Yyac opOpMIICHHS Ha 3aX1THUX
KopaoHax [3]. ArpecuBHa BiiiHa B YkpaiHi nmpuckopuia nudppoBy TpaHchopmallito, Ky Oi3Hec
710061F0BaB pOKaMH Mepe]] OpraHaMu BIIaIH.

CyuacHi TeXHOJIOTIi HampHKIaA A0 MOPCHKOTO 00Iry BaHTaxiB, OCOOJMBO IIiHHI a0o
TEeMIIEpaTypHO-uyTInBl ((apmaleBTHKa, TMPOAYKTH XapuyBaHHsS), T[OYald OCHAUIlyBaTH
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JaTYMKaMH, 110 B PEaTbHOMY 4Yaci IepelaloTh He JUIIE TeOJIOKaliio, ane W TeMmreparypy,
BOJIOTICTh Ta piBeHb BiOpariii. HeoOximHo iHBecTyBaTH B aHamiTH4HI iHCTpyMeHTH (Big Data, BI)
Ta (paxiBLiB, AKI 3MOXYTh Li JdaHi iHTeprnperyBatu. Lli cuctemu B peXumi peabHOrO 4Yacy
aHAJI3yIOTh JECATKM BXIJIHUX 3MIHHHUX 1 MOXYTh JMHAMIYHO IEPEIUIaHOBYBAaTH MapIIpPyT
KalliTaHa CyJ{Ha BXKE B peiici, Ha/ICUJIal0Yl OHOBJICHHS Ha IUTAHIIET YU CMapT(OH BIACHUKY.

JlocsirHenHst 'y cdepi Smart ypsayBaHHS Ta EKOHOMIYHOI Kiactepu3allii Ykpaina
IPOIEMOHCTPYBAJIa BpaXKarodi yCIixu y chepi cydacHOTro eneKTPOHHOTO BPSIyBaHHS.

Ha micueBomy piBHI IHHOBAIli CTUMYJIIOIOTh €KOHOMIYHUN PO3BUTOK: JIbBiBCHKMiA IT-
KJIacTep CTaB 3pa3KOM YCIINIHOI «IOTpPIHHOI cmipaii», e CHiBOpais Biagd, Oi3Hecy Ta
YHIBEpCUTETIB 3a0e3mneunsia mMpuBabIUBICTh MiCTa JJii BUCOKOTEXHOJOTIYHUX IHBECTHIIHN ITiJT
gac BilicbKOBOro craHy B Ykpaini. CorianbHi 1HHOBAIlii, TakKi SK «TPOMAJCHKHIA OIOKETY,
MIJBUIIAIN PIBEHb NAPTUCHIATHBHOCTI (y4acTi TpOMajasiH) Ta MPO30POCTI MICIEBOTO
ynpaBiiHHA [4].

Ha TenepimmHiii wac mporecu riodaiizallii TICHO NEpPeIuTiTaloThCA 13 JIOKaTi3alli€ero,
3MyIIyIOUM YKpaiHy 3BepTatH OifbIlle yBard Ha CKOHOMIYHUH CTaUi PO3BUTOK CBOIX
MiJKOHTPOJIHUX TepuTopiil. ['mobamnizanis BiIKprUBae HOBI TOPU3OHTH Ul Oi3HECy, 301NIbIIye
MOTY>KHOCTI MOPCHKHX JIEP>KaBHUX MIAPHEMCTB 1 IXHIO CTIHKICTh, €()EKTUBHICTb.

I'moGanbHi BHUKJIMKH B yMOBax BIMCHKOBOIO CTaHy Ta IHHOBaIliiiHe TypOyJeHTHe
yIpaBITiHHA, MOXE (DYHKI[IOHYBAaTH 32 TAKHX YMOB:

1) Tlpunnun «Build Back Better»: craB 0a3ucHUM aJis BiJHOBJICHHS, BHMararouu
BIIPOBA/KEHHS €HEPTOePEKTHBHUX, 0€30apepHUX Ta CTIMKHUX 10 KIIMAaTUYHUX 3MiH TEXHOJIOTIH
pu BiI0y10BI.

2) ApanTamisi Ta JKUTTECTIHKICTH: NpHUIMaioyi rpomManu (HANpPUKIAA, HEHTPAIbHUX,
3axiJHUX PETIOHIB KpaiHM) JEMOHCTPYIOTh IHHOBAIlIWHY 3AaTHICTh JO MIBUIKOI aJamnTarii,
BUKOPUCTOBYIOUH MEXaHI3MH JepKaBHO-TIPUBATHOTO MAapTHEPCTBA Ta MIKHAPOAHOI JOMOMOTH
JUIs IIBUJKOTO 3a0e3MeueHHs KUTJIOM Ta colianbHuMu nociayramu BITO. [lep:xaBHO-TipuBaTHE
MapTHEPCTBO y po30ynoBi kKopaoHy. [IpomyckHa 37aTHICTH 3aXiAHUX KOPJAOHIB 3aJIUIIAETHCS
«IJISIIKOBUM Topiom». JlepkaBa caMOCTIHHO He 3MOXK€ IIBMJIKO MOJAEPHI3yBaTH BCi IYHKTH
TPOTTYCKY.

3) VnpaBninaa nanumu (Data Governance) st NpUHHATTS OOIPYHTOBAaHHMX pillICHb
BJIQJIHUMU OpraHaMu. 3allydeHHsS TPaHTOBOrO (IHAHCYBaHHA Ta BEACHHS MDKHApPOJHOTO
napTHepcTBa B cdepi Mopcbkoi iHaycTpii [5]. B Ykpaini, 3aBasku pedopMi aeneHTpanizaii,
CTBOPEHO 1HCTUTYLII{HY OCHOBY JUIsI CTaJIOTO PO3BUTKY, IO MIITBEPKY€ETHCS yCIiXaMu y cdepi
€JIEKTPOHHOTO BPsIIyBaHHS Ta €EKOHOMIYHOT KJIacTepu3allii.

Pexomengauii aJs1 aepxxkaBu y NoBOE€HHUiIl mepioa. Taki cuctemHi OpraHu Biagu
BIJIMOBIAHUX Tally3ell €KOHOMIKM TOBHMHHI 3allydaTd HaWkpalli 00’€MH 1HBECTHUIIN 3aBISIKU
CTBOPEHHIO 1HHOBALIMHUX Xa0iB, MOPCHKUX MOPTIB 1 MIANPUEMCTB BUCOKOI A0JaHOI BapTOCTI, 3
PO3BUTKY  €KCIIOPTHOOPIEHTOBAHOI'O  BUPOOHUIITBA,  BIPOBAKEHHIO  mpodeciitHoro
MEHE)KMEHTY, MOJIepHi3alii TpaHCHopTHOi 1H(QpacTpykTypu Kpainu. CTUMYyIJIIOBaHHS
IHBECTULII NPUBATHOIO Kamitaixy (0coOJMBO 1HO3eMHMI) He OyJe MacoBO I1HBECTYBAaTH B
KamniTajabHy 1HQPacTpyKTypy (CKIaau, TepMiHAIH, MOPTH) O0€3 MOKPUTTSI BOEHHUX PU3UKIB.

Jlep>kaBi HEOOXiZIHO aKTHUBHO BIPOBA/DKYBAaTH MEXaHI3MH CTpaxyBaHHS TaKHX
IHBECTHUIIIM, Y TOMY YHCJI Yepe3 CHIBIpalio 3 MDKHAPOAHUMH areHuisMu (Hanpukian, MIGA,
DFC) Ta cTBOpeHHs crnieniaai3oBaHuX JepxKaBHUX (OHIB.

[ToBHa mimkuTamizamis M03BUTBHUX Tpoueayp. HeoOxigHO 3aBepmuTH po3modvati
pedopmu: 3abesmeuntu  100% mepexim Ha e-TTN, mNOBHICTIO MiPDKUTATi3yBaTH Ta
aBTOMATHU3yBaTH MHUTHI Ta (ITOCAHITapHI MPOLEAYPH, IHTETPYBaBLIM YKpPaiHChbKI CHCTEMHU 3
E€pporneiicekumu (NCTS). [6]. HeoOXigHO akTMBHO 3aiyyaTH NpUBAaTHUN Oi3HEC HAa yMOBax
JIIIT no OyaiBHUIITBA HOBUX Ta MOJIEpHI3allii ICHYIOYMX IYHKTIB MpPOMYCKY, a TaKOX [0
p0o30y0BH CEpBICIB MPUJIETIIOl IHPPACTPYKTYPU «CYXHX HMOPTIBY.

BripoBapkeHHS TEXHOJIOT1H MTYYHOTO 1HTENIEKTY, «Uu(POBI IBIHHUKI» Ta MPEAUKTUBHA
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anamituka. Sxmo y 2022-2024 poxax miKUTaTi3allis BHpINIyBaJa IOTOYHI 3aBJaHHS
(mapmpytm3anis, o6iik), To y 2025-2026 pokax MOYHETHCS MEpexiJ J0 IPEAUKTUBHUX
texnounorii. llItyunuii intenekt (Al) Oyae BUKOPHCTOBYBATHCS Ul CEPBICIB 3 MPOTHO3YBAHHS
MONUTY, TPEIUKTUBHOTO OOCIYrOoByBaHHS TPAaHCHOPTY (IPOTHO3YBaHHS TIOJOMOK) Ta
OINTHUMI3AIli] CKJIaJICEKUX 3aMaciB MiAMPUEMCTB [7].

Benuki rpaBii MoyHyTh BIPOBAKYBAaTH TEXHOJIOTIHO «udpoBux nsiiHuKIBY (Digital
Twins). Lle 103BOMUTH CTBOPIOBATH IMOBHI BIpTyalbHI KOIi CBOIX JIAHIIOTIB IOCTAYaHHSA Ta
«IporpaBaTH» Ha HHMX KpH30Bi cuieHapii (Hampukman, «l{o cranerbes, skmo med mict Oyne
3pyiiHOBaHO?» a0 «Skmii Mapupyt OyJae ONTHUMalIbHUM TpU 3-TOAMHHIA 3aTpUMIi Ha
KOPZIOH1?»), 3HAXOJsA4Yu pIIIEHHS J0 BUHUKHEHHs mpoOsemu B E-cepBicax. BmpoBamkeHHs
MPOTHOCTUYHUX Mojeneil (momionux no S-VRP-RA) Mae cratu cTanaapToMm Ui CEpelHbOro Ta
BEJIMKOro Oi3Hecy id NMPUUHATTA pilieHb 100 podbotu. Hosa peanphicth 2024-2025: E-
auBepcHudikallis Ta «po3yMHa» CTIHKICTS [§].

BucHoBkn. Mopcbka raiy3p Oysia 3MyIICHAa BIPOBA/DKYBATH Cy4acHI TEXHOJIOTIl He
3apaJy JTOBrOCTPOKOBOT KOHKYPEHTHOI IlepeBary, a JJisi BUPIIICHHs HeTaltHUX po0ieM Oe3meKH,
nedinuTy pecypciB Ta 3pyHHOBAaHMX €KOHOMIYHHX JIaHIIOTiB. BoHU (GopMyIOTH HOBY, 3HaYHO
OUTBII THYYKY, TEXHOJIOTIYHY Ta iHTETpoBaHy B €Bpomeiicbkuii npoctip nudpoBy E-cucremy
CepBiciB JJIs TpOMaJIsiH 1 Oi3HeCy.

[TpoTe, BUKIUKH, TIOB’s13aH1 3 BIHHOIO Ta MICISIBOEHHUM BiJTHOBJICHHSIM, BUMAararmTh BiJ
nyOmiyaux  aaminictparopiB  [IHAIIIB, MOpchbKuX cepBiCiB KpPU30BOi >KUTTECTIMKOCTI,
amantuBHOCTI. Came E-cucrema craHe OJHMM 13 KIIOYOBUX JpaiiBepiB IMiCIIBOEHHOTO
BiJTHOBJICHHSI Ta CTaJIOTO €KOHOMIYHOTO 3pOCTaHHsI YKpaiHu. BoHa craBaTHMe BiIOBIJaIBLHOO
32 HaJeKHUH CepBiC, EKOHOMIYHMH MOTEHIial, J00poOyT MEIIKAHIB 1 JOBrOCTPOKOBE

IUTaHYBaHHS CBO€i MisIbHOCTI. MiHIMi3allig JIIOJCKKOrO (akTopy — 1€ HpsIMHA HUIIX 0
npucKkopeHHs E-cepBiciB Ta IUIAX 1MOI0JIaHHS KOPYIIIiI B IepKaBi ITiJ] 4ac BIICBKOBOTO CTaHy.
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MOPIBHSAJIbHU AHAJII3 BUKOPHUCTAHHSI MOJIAPU3AIIIMHOI
CEJIEKIIIT HABII'AHIMHUX OB’€KTIB Y CYTHOBOMY
PAJIOJIOKAIIMHOMY NOJIAPU3ALHINHOMY KOMIUVIEKCI

Kopoan /I.B.
Hayionanvnuii ynieepcumem « Odecbka MOpcoKa akademisy

(Vkpaina)

Beryn. Jlo TemepimHboro yacy B CyIHOBHX pajioiokauiiiHux komiuiekcax (CPK) ne
BHpIllIeHA 3a7a4a 3a0e3MedeHHs BUAUMOCTI JIyHA-CHUTHAJIB HaBIralmiiHUX 00 €KTIB, SKi
3HAXOJAThCA y 30HI aTMOC(EpHUX YTBOPEHb Ha CYJHOBOMY IHAMKAaTropi abo aucruiei
KOMIT'IOTEpa, 1110 He Jae 3Mory 3abe3meuutH, 3a nomnomororo CPK, Oe3smexy cyAaHOBOAIHHS Y
CKJIQJIHUX yMOBax atMocdepHoro cepenosuiia [1, 2]. Po3pobnennii excriepuMeHTaTbHIN MaKeT
CYJIHOBOT'O pajionokaiiinoro mnosispu3samniinoro komiuiekcy (CPIIK) mosBossie BupimuTh
3a/1a49y MOJIIPU3aIiiHOT CeIeKIlii HaBIramiitHuX 00’ €KTIB, SKi 3HAXOMATHCS y 30HI HEOE3MeUHUX
atMoc(epHux yTBOpeHb. OAHAK, g BUPIMIEHHS MOCTaBICHOI 3aJadyl HEOOXiTHI MPUPOIHI
BunpoOyBanass CPIIK numixoM mMOpIBHSAJIBHOTO OIIHIOBAaHHS OTPHUMAHOI PaJioJIOKaIliiftHOT
iHpopmMmanii 3 pamioNoKamiiHOK 1HGOPMAIIIEI0 OTPUMAHOI MEPEKEBUM aBTOMATH30BaHUM
METEOPOJIOTIYHUM  pajiofokamiiHuM  koMmiuiekcom (AMPK), skumii Mae HOpMoOBaHi
METEOPOJIOTIYHI XapaKTEPUCTUKH.

AKTyalIbHiCTh A0C/iKeHb. [IpoBeneHHs MOPIBHSUIBHOTO OIIHIOBAHHS PO3pOOJIeHOT
PamioIOKaIIfHOT METO0JI0TIi, paioOKaIMHIX METO/IIB, TEXHOJIOTII Ta CIIOCO0IB MiABUIICHHS
edexkTuBHOCTI (QyHKIIIOHYBaHHs cyTHOBUX PJIK 3 momanpimyM BUKOPUCTAHHSM MOJSIPU3AMIHHAX
XapakTepucTuk enekrpoMarHiTHoi xBwii y CPIIK, mpu BupimeHHi 3amadi Moispu3aniiHol
ceNeKuii HaBirauiiHUX O0’€KTiB, SKi 3HAXOIAThCA Yy CKIAJAHUX YMOBax arMochepHoro
CEpeloBHINa, CHPSIMOBAHO Ha TMOJIMIICHHA MNPIOpUTETHOCTI OcHOBHUX (QyHKkHiii CPIIK —
0e3MeKH CyTHOIIIABCTBA 1 € aKTyaJIbHOIO 33a4Yer0 CY/THOBOI PaIioIoKalii.

IlocranoBka 3agaui. BuxopuctanHs METOIB MONSIPU3AIIIHOT CENeKIlii HaBirariiHuX
00’€KTIB, SIKI 3HaXOAATbCA B 30HI HEOE3NEeYHUX aTMOCHEPHUX YTBOPEHb, Yy PO3pOOIECHOMY
excnepumenTaibHoMy MakeTi CPIIK mig yac oTpumanHs iM pagionokariiiHoi iHpopMarii moao
CKJIATHOTO  O0’€KTy, BH3BaJI0 HEOOXINHICTh MPOBEACHHS  TMOPIBHSUIBHOTO  aHaJi3y
pamionokamiifHoi  iHGopMamii Tpo  CKIaAHUKH  OO0’€KT CYAHOBHM  PaliOJIOKalliiHUM
NOJSPU3AlIHHIM ~ KOMIUIEKCOM Ta  MEPEKEBUM  aBTOMATH30BaHUM  METEOPOJIOTIYHUM
paiiooKallifHUM KOMIUIEKCOM, IKM Ma€ HOPMOBaH1 METEOPOJIOTIYHI XapaKTEePUCTUKH.

PesyabraTn pocaigxkenb. IIpoBeneHi CyMiICHI €KCIIEpPUMEHTANbHI BUIPOOYBAHHS
paioNoKallifHUX XapaKTepUCTHK CKIAAHOTO 00’€KTy (HaBiramiiiHuii o0’e€kT 1 aTMocdepHe
yrBopeHHs1) Ha AMPK « METEOKOMIPKA» (puc.1) Ta excnepumentaibaomy CPIIK (puc.2).

Pucynok 1 — Ingukaropu AMPK «METEOKOMIPKA»
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Pucynok 2 — Excnepumentansauii CPIIK:
@ — BCETOJISIPU30BaHA AaHTEHA; O — IHIUKATOPH Ta ITyJIbT KEPyBaHHS.

PagionokaniiHIMHU XapakTepUCTUKAMU SIK HaBIiramifHUX o0’€KTiB, Tak i atMochepHHx
YTBOPEHb € JiICHI €eHepreTUYHi MOJSIpU3alliiiHi eJeMeHTH MaTpull Mrojuiepa, 0 BOJIOIIIOTh
BHCOKOIO 1H()OPMAaTHBHOIO O3HAKOIO ITiJT Yac PO3B’sI3aHHS 3a7adi PalioIOKAIMHOTO BUSBICHHS
Ta CIIOCTEPS)KEHHS HaBiramifHUX O00’€KTIB 3a Tpacow pyxy cyaHa. llpm 1mpomy
BUKOPHUCTOBYETbCS PO3CIIOBAIBHUN CHUTHAJ CKJIaJHUX OO’€KTIB, a iX pajaiosoKaliiftHuMu
XapaKTepUCTUKAMU € TOJISIpU3alliiiHl MapaMeTpu JyHa- CUTHANIB EJEKTPOMArHiTHOT XBHII.
Buxopucrana y CPIIK Bcenomnsipu3oBaHa aHTeHa (puc.2a) Hajana 3MOTy PO3POOHTH METOIU Ta
IPUCTPOT MOJSAPU3ALINHOIO aHaji3y JIyHa-CUTHANIB YAacTKOBO MOJSPU30BAHOI XBHWII, SKa
HAIXOAUTh Ha BXix BcenossipuzoBanoi anteHu. Sk CPIIK, tak i AMPK BukopuctoByroTh
JIOBKHHY XBHJII A = 3,2 cM, TOOTO Ty Ha SIKii IMPAIIOIOTh CYTHOBI Pai0JIOKAIIHHI KOMIUICKCH.

Panionokaniiina indopmaris ans atMocdepHoro yrBopeHHs Ha iHamkaropax AMPK i
CPIIK Oyna oTpumaHa y BUIJISAI KOJBOPOBUX KapT (puc.3), a uid aTMOC(HEPHOro YyTBOPEHHS 1
HaBiraniiHoro 06’exra Ha iHguKaTopi CPIIK Bxe 3 pimeHHIM 3a1a4i MOMSPHU3AMIHHOT CeNeKIii

(puc.4)
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Pucynok 3 — Pe3ynbratu paaionoKaifHOTO CIIOCTePEKEHHSI aTMOC(EPHUX YTBOPEHb,
npezacrasiaennx Ha auciuiei AMPK «METEOKOMIPKA» (a) i Ha qucriei CPIIK (6)
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PucyHnok 4 — Pe3ynbraTi ekcriepuMeHTanbHOro BusBieHHs Ha quctuiei CPIIK HaBiramiitanx
00'eKTiB, 5Kl IepeOyBarOTh Y 30HI BUIMAHUX ONaaiB (@), BUIIJICHI HaBiramiiHi 00’ €KTH 3
CKJIaJHOTO 00’€eKTa (6)

BucHoBku.

1. ¥V pesynbprari MOpiBHSUIBHOTO aHamizy BcraHoBieHo, 1mo CPIIK Bumiproe Taki x
paiioNoKaliifHi  XapakTepUCTUKHU JIyHAa-CUTHAIy YacTKOBO MOJISIPU30BAHOI  XBHII1
ckIaHOro 00’€KTy, 0 1 AMPK.

2. BupinenHs 3 nyHa-CUTHaNy CKJIAJHOTO OO0'€KTa JIyHA-CHTHAJ HaBiramiiHoOro o06'ekta
ycCIinrHo npoBeneHo excnepumentanbauM CPITK.

3. IlpoBeneHuit MOPIBHAIBHUI €KCIIEPUMEHTAIBLHUIN aHaAII3 PaIiooKaliiHoi iH(opMarii,
skuii  orpumaHo wmepexkeeuM  AMPK 1 CPIIK miarBepauB  BHCOKY — e(EKTHBHICTH
dyukionyBanus ekcrnepumentansHoro CPIIK min wac po3p’si3anHs 3aaaui mojspu3aliiHOl
cenekuii HaBiramifiHuX o00’€KTiB, fAKi nepeOyBalOTh y 30HI BHUIAJHUX ONAaIiB TEBHOI
IHTEHCUBHOCTI.

JITEPATYPA

1 Crnoci6 migBumieHHs €(EeKTUBHOCTI BHSIBJIEHHS Ta CYIPOBOJDKEHHS HaJBOJHHUX
00'€KTIB CYJJTHOBOIO HaBIraliifHOIO paJiofOKaliiHOI0 CTAHIIEI0 HA T aTMOC(EepHUX YTBOPEHb
pi3HOrO THIy Ta cTyneHs iHTeHcuBHOCTI: [laT. 151471 Vkpaina: MIIK: GO1S13/00 GO1S13/66
Ne 22020 07148; 3asBn. 09.11.2020; omy61. 03.08.2022, brom. Ne31.

2 Tpodumenko |. B. BusHaueHHs mepCcrieKTHBHUX HANIPSIMKIB PO3BUTKY HaBiramiiHOTO
3a0e3MeUYeHHsI CyTHOBOIHHS 3 BUKOPUCTAHHSAM pajioiokamiifHux cucrem // HoBiTHI TexHOOTIT,
2017. Ne. 2. C. 29-42.
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AUTOMATED DIGITIZATION AND ANALYSIS OF SHIP’S LOGS VIA
OCR & NLP: OPERATIONAL ANALYTICS

P. Nosov
Odessa National Maritime University
(Ukraine)

Introduction. A large share of safety-critical information aboard vessels is captured
manually: watch logs, checklists, remarks on visibility, sea state, COG/SOG, RPM, ID vessel to
IMO-cod and more. Management companies often receive these data post factum, while camera
streams and ECDIS/AIS alerts do not automatically convert into structured text. The result is
reduced situational awareness and delayed response [1-4]. This work shows that even a basic
OCR & NLP stack can transform handwritten logs into data that are easy to analyze, visualize,
and act upon.

Input data and environment. Sources: photographs/scans of log pages (JPG/ PNG/ TIF)
or an existing ship logs.txt.

Environment: Python (Anaconda/Jupyter) with Tesseract, TextBlob/ NLTK/ pandas/
matplotlib/ wordcloud/ Textatistic.

Outputs: an updated ship logs.txt plus artifacts in outputs (CSV, PNG, readability
metrics). The folder structure is designed so students can reproduce the experiment with minimal
setup and obtain comparable results.

Method and architecture.

OCR with Minimal Image Normalization:
from PIL import Image, ImageOps, ImageFilter
import pytesseract

def ocr image (path):

img = Image.open (path).convert ("L")
img = ImageOps.autocontrast (img) .filter (ImageFilter.MedianFilter (3))
return pytesseract.image to string(img, lang="eng", config="--oem 1

--psm 6")

Ensuring NLTK Corpora (Reproducibility)
import nltk
def need(res):
try: nltk.data.find(res)
except LookupError: nltk.download(res.split("/")[-11])

for res in ["tokenizers/punkt","taggers/averaged perceptron tagger",

"corpora/wordnet", "corpora/brown", "corpora/conl12000", "corpora/stopwords"] :
need(res)

Automatic checking and retrieval of corpora eliminates common student-side failures and
standardizes tokenization, POS tagging, and noun-phrase extraction. The availability of brown
and con112000 improves noun-phrase quality in the telegraphic style of log notes. This built-in
«self-check» substantially reduces environment friction and strengthens experimental
reproducibility. Consequently, the linguistic features become stable across different machines.

Pre-normalization (grayscale, autocontrast, median filtering) reduces noise and evens out
tonal variations that are typical of handheld captures of handwriting. This noticeably stabilizes
recognition of digits, apostrophes, and the degree symbol-often distorted when reading
coordinates and headings. The resulting text is consolidated into ship logs.txt, ensuring that
downstream NLP stages work from a single, coherent source. In effect, OCR ceases to be a
bottleneck and becomes a predictable stage of the pipeline.

Domain filter and frequency profile
import re, pandas as pd
from nltk.corpus import stopwords
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marine stop =
{llutcll, llposll, llcogll, "SOg", llktsll, llktll, lllatll, lllonll, lldegll, llrpmll, llnll, "S", llell, llwll}

stops = set (stopwords.words ("english")) | marine stop

ok = lambda t: bool(re.fullmatch(r"[A-Za-z0-9\-]1+", t))

items = [(w,c) for (w,c) 1in Dblob.word counts.items() 1if ok(w) and
w.lower () not in stops]

items.sort (key=lambda t: t[l], reverse=True)

pd.DataFrame (items[:20],
columns=["word","count"]) .to csv (OUT_DIR/"Top20 Words.csv", index=False)

Maritime abbreviations and service codes are frequent by nature yet analytically
uninformative, so removing them cleans the statistical background substantially. This «domain
noise attenuation» brings meaningful watch markers to the foreground-wind, pressure, visibility,
pilotage — enhancing interpretability. As a result, histograms and CSV outputs become
decision-useful rather than dominated by routine abbreviations. The frequency profile thus
becomes a practical instrument for quick briefings.

n-grams as event pattern markers
tris = blob.ngrams () [:5] if len(blob.words) >= 3 else []
fives = blob.ngrams (n=5) [:3] if len(blob.words) >= 5 else []

n-gram analysis captures stable combinations characteristic of shipboard notes, such as
“UTC — POS — COG/SOG” or “Sea State — value — comment.” These recurring
constructions are well-suited for conversion into early-warning rules and triggers in shore-side
systems. In practice, n-grams help separate regular “watch patterns” from one-off artifacts,
reducing the risk of false alerts. Thus, they bridge raw text and straightforward, effective
notification policies.

Results. The pipeline consistently produces ship logs.txt even from field-quality
images, then computes basic linguistic characteristics (character/word/sentence counts, POS
tags, noun phrases). The frequency profile, cleansed of domain abbreviations, highlights
semantically salient terms, while n-grams reveal recurring relationships among time, position,
and motion parameters. Visualizations (a top-terms histogram, word cloud) and readability
indices provide a concise yet informative overview of log entries over a period. Taken together,
these outputs form a practical tool for rapid briefings and follow-on preventive action [5].

Results of the program execution. The obtained results demonstrate the efficiency of
the developed software in extracting and analyzing information from ship logs. The frequency
histogram (Fig. 1) highlights the dominance of key operational terms such as «12» and «NWy,
which were detected twice, while the remaining nautical indicators (e.g., POS, SOG, COG090,
Wind, Pressure, RPM) appeared once. This clearly shows that the algorithm successfully
captures both numerical parameters (speed, pressure, coordinates) and descriptive characteristics
of navigation conditions.
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Figure 1 — Frequency distribution of key tokens extracted from the ship’s log after OCR and
domain-specific stop-word filtering
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The generated word cloud (Fig. 2) provides an intuitive visual representation of the most
relevant terms in the analyzed text. Larger words, such as SOG, POS, Wind, Sea, State,
emphasize their higher importance and frequency in ship log records. Such visualization
facilitates rapid identification of critical parameters by operators or supervisors, especially in
cases of emergency reporting or operational assessments.

‘”m , Pressureow oCourse
45|e_,t. cted ;E
I L 2 : s

Engine Sea

Figure 2 — Word cloud of the ship’s log: term size and prominence are proportional to
frequency

1on

Observati

Readability analysis confirms the complex, technical nature of the maritime records. With
a Flesch—Kincaid score of 20.9 and a Gunning Fog index of 24.2, the text falls into the category
of specialized technical documentation, requiring advanced knowledge for correct interpretation:

{'char count': 248,

'dalechall score': 14.497208771929824,
'flesch score': 46.56947368421055,
'fleschkincaid score': 20.92421052631579,
'gunningfog score': 24.203508771929826,
'notdalechall count': 29,

'polysyblword count': 2,

'sent count': 1,

'smog_score': 11.20814326018867,

'sybl count': 69,

'word count': 57}

The presence of a high number of polysyllabic terms (69 syllables across 57 words)
indicates that the ship log is densely packed with domain-specific vocabulary, which is expected
in professional navigation contexts. These results validate the approach of applying NLP
methods to maritime documentation, as they enable structured processing of highly technical
content.

Discussion. The chosen methods match the structure of log data: OCR ensures a textual
substrate; POS/NP and n-grams capture syntactic and collocational regularities of short
telegraphic notes. The domain filter enhances statistical informativeness by diminishing the
weight of service abbreviations that would otherwise dominate the top terms. Recognition
quality depends strongly on imagery, yet basic normalization and modest OCR parameter control
yield tangible accuracy gains without complicating the stack [6-8]. Further enrichment is feasible
through specialized HTR models and a maritime ontology for normalization and NER.

Conclusions. The minimalist OCR+NLP pipeline turns handwritten logs from a «paper
archive» into a data source for immediate analysis. Each algorithmic step — from image
normalization to domain filtering and n-grams — delivers a measurable practical effect and
strengthens interpretability. The resulting artifacts (CSV, charts, metrics) are easily embedded
into routine reports and monitoring dashboards. The next logical step is integration with
ECDIS/AIS screenshots and rule-based early warnings in shore systems, along with progressive
adoption of NER/HTR and on-device/offline computation aboard.

28 03-04 2pyousa 2025 poky



IIpo6aemu cmasozo po3gumky Mopcwvkoi 2anysi (PSDMI - 2025)

REFERENCES

1. Nosov, P. S., Ben, A. P., Matejchuk, V. N., & Safonov, M. S. (2019). IDENTIFICATION
OF «HUMAN ERROR» NEGATIVE MANIFESTATION IN MARITIME TRANSPORT. Radio
Electronics, Computer Science, Control, (4). 204-213. https://doi.org/10.15588/1607-3274-2018-4-
20.

2. 3unuenko C.H., HocoB II.C., I'pomeBa O.A., Mamenko ILII., Mareiiuyk B.H.
VYrpaBieHue CyaHOM B YCIOBHUSX BHEIIHMX Bo3zaeicTBui. Materials of the XI «Modern
information technologies in transport, MINTT-2019» May 28-30, 2019 Kherson, Ukraine. C
177-178.

3. Hocog I1.C., Tonkonoruii B.M. BukoprcrtanHss KOMIIOHEHTIB MUCJICHHS €KCTICPTHUMHU
cUCTeMaMH, K (aKkTOpy alalTUBHOTO BIUIMBY B aBTOMAaTH30BaHMX HAaBYAJIIbHUX cCHUCTeMax. Tp.
Onec. monutexH. yH-Ta. Onecca: OHITY, 2005. Cneussimyck. C. 101-105.

4. Mykhailo Sherman, Alona Yurzhenko. Experimental research on the formation of
future ship engineers’ communicative competence based on gamification approach. Educational
Dimension. 2020. Volume 3. P. 251-266.

5. Kocenko 10.1., HocoB II.C. Mexanizmu ineHtudikamii Ta Tpanchopmarii «3HaHbY»
cyO'ekta kputhuHoi iH(pacTpykrypu // IHdopmamiliHi TexHoyorii B OCBITi, Haymi Ta
BUpOoOHMITBI. 30ipHUK HaykoBux mpais [Tekcr]. Bun. 3(4) Opmeca: Hayka i Texnika 2013, C.
99-104.

6. Deitel, P. J., & Deitel, H. M. (2020). Intro to Python for Computer Science and Data
Science: Learning to Program with Al, Big Data and the Cloud. Pearson. Print ISBN: 978-
0135404676.

7. Etienne, M., Khan, S., & Eakambaram, M. (May 2020). Intelligent Maritime: Modern
Ships and Ports. Dell Technologies; Intel Corporation.

8. Dalaklis, Dimitrios. Artificial Intelligence (Al) Applications and the Shipping
Industry. Presentation, June 2025. DOI: 10.13140/RG.2.2.35071.52643.

03-04 2pydus 2025 poky 29



IIpo6aemu cmasozo po3sumky mopcovkoi 2anysi (PSDMI - 2025)

FORMAL APPROACHES TO DATA MANAGEMENT IN MARITIME
TRANSPORT SAFETY ANALYSIS PROJECTS

P. Nosov!, A. Nosov?
!0dessa National Maritime University
(Ukraine)
2Outlaw Eagle Manufacturing, Designer and Draftsperson
(Canada)

Introduction. Under current conditions of increasing intensity of global shipping and
tightening safety requirements for maritime transport, the development of formalized approaches
to data management is gaining particular importance [1-3]. Shipping companies operate in a
multi-factor environment where the level of safety is affected by the technical condition of the
fleet, the quality of management, compliance with international conventions, and the outcomes
of inspections conducted by supervisory authorities. At the same time, the volume of available
digital data (PSC inspections, Equasis registers, internal audit indicators, crew training data, etc.)
is rapidly increasing, yet is still used in a fragmented manner, mainly for reporting rather than for
systematic analytics and managerial decision support.

The absence of harmonized procedures for normalizing indicators, constructing integral
indices of the multi-project state, and formalized models for assessing the resilience and
reliability of a shipping company’s operations limits the possibilities of project-oriented safety
management. This complicates the timely detection of critical trends, comparison with
benchmarks, and justification of corrective actions [4, 5]. Therefore, the development of formal
approaches to the structuring, normalization, and integration of open and internal data into a
unified model for analysing maritime transport safety at the project portfolio level is an urgent
research task that is consistent with current requirements for project management in the maritime
sector.

Main body of the research. The formalization of project management approaches in
maritime safety implies the introduction of stages of simulation modelling and software-based
data processing for all mutually dependent processes. The main stages of the procedure for
collecting real-world data for a formal model at the level of a shipping company are outlined
below, for which the corresponding impact indicators are introduced.

1. Indicators of the state and performance of the project portfolio

1.1. Operational cadence (ws)

Definition and role. ws reflects the rhythm of consecutive port calls (operational cycles),
which characterise the throughput capacity of the execution project (1).

1 (ATA/ATD)

S S— _t _t,(ATATD) 1
median {At,}" ¢ " A @

@,

where At, :tk(ATA’ATD) — denote the timestamps of arrival/departure events (ATA/ATD) for the
vessels of the analysed cohort.
Input data and format. ATA/ATD event series linked to the IMO number (vessel

identifier) and UN/LOCODE (port). The recommended format is CSV/Parquet:
IMO, MMSI, datetime utc, lat, lon, sog, cog, port unlocode,

event (ATA|ATD).

Automated processing in JupyterLab assumes the use of: pandas (aggregation),
geopandas/shapely (pixel-wise detection of entries/exits into port polygons), pyproj
(projection transformations). A typical pipeline is: read — filter by company/cohorts —
ATA/ATD labelling — intervals — median — computation of ws.

1.2. Process maturity index (/3)
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Is reflects the maturity of managerial and production processes within the
portfolio/company (standards, competences, digitalisation, institutional memory). For external
analysis, an external index Iz pasic IS constructed on the basis of proxies from open data (PSC: all
Paris MoU inspections; Equasis). The full 13 may additionally include internal KPIs (ISM/ISPS
audits, training activities, internal regulations), but these lie outside the open-data perimeter.

Indicator set and “better/worse” orientation.

The minimal robust feature set (within a single cohort: Paris MoU region x vessel type x
period) is:

p1 = detentions per 100 inspections (detention frequency) — lower is better;

p2 = share(ISM) or share(ISM+ISPS) among detention causes — lower is better;

p3 = repeat rate of the top-N deficiencies (recurrence) — lower is better;

ps = fleet age (mean or median vessel age) — lower is better;

ps = flag/RO quality (quality of the company’s flag/class; inverted “black/grey list”
indicators) — higher is better.

Where data are available, additional indicators may be included, such as the share of
findings closed on schedule, the share of ISM audits without non-conformities, and similar
measures.

Normalization (robust)

To make the features comparable, each piis normalised to [0,1] within the cohort (2).

. . Q_qupJ
=cl , 0, ) 2
P C'p(qo.%(po—qo.os(pi) 1} @

«Benefit/costy orientation.
For «lower is better» features, an inverse (cost-to-benefit) transformation is applied

=1-p,; for «higher is better» features, a direct benefit-type normalisation is used pi(+) =P.
Aggregation (3):

p\”

Is,basic zivvi! pi(+)' Vvi 20' ZVVI :1' (3)
i=1 i

The aggregated index is obtained as a weighted combination of the normalised features,
where m is the number of included features and w; are the weights (by default equal; if necessary,
expert- or entropy-based).

Output data and format

Table «company x period x fleet»:

company id, period, cohort id,

det per 100, share ISM, repeat topN, fleet age,
flag ro quality,
det per 100 norm inv, share ISM norm inv,

repeat topN norm inv,

fleet age norm inv, flag ro quality norm,

wl, w2, w3, w4, w5,

I3 basic

Automated processing (Anaconda/Python)

PSC parsing (all inspections): 1xml/xml.etree — pandas (calculation of
inspections, detentions, and defect structure by THETIS codes; recurrence defined as the share of
inspections with at least one top-N defect).

Equasis: mapping IMO — ISM Manager/Owner, flag, RO; calculation of vessel age.

Normalisation and weights: pandas grouping by fleet, quantile percentiles,

construction P, pi(” and aggregation into 13 pasic.
Stabilisation: exponential moving average (EMA) smoothing of Ispasic, basic using
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pandas.DataFrame.ewn.

1.3. Deviation-from-mission vector (6)

0 is the angle between the vector of actual indicators v and the benchmark vector v*
within the same tuple (Paris MoU database X vessel type X period). The smaller the angle, the
better the alignment with the “mission/standard” of the cohort.

Vector composition (minimal, consistent with available data) (4).

A omega3_norm V: median ., (0mega3_norm)
v=|v, |=|1-det/100 , V' =|v_ |=| median,,,, (1-det/100) 4)
V5 | |1-share(ISM) V| [ median g, (- share(ISM))

The vector includes, at a minimum, the following components:

omega3 norm— normalised cadence ws (derived from AlS);

det /100 — detention rate per 100 inspections;

share (ISM) — share of process-related non-conformities

The tilde notation indicates robust percentile-based normalisation to [0,1] within the
cohort, as in Section 1.2. For cost-type features, inversion is applied.

If additional relevant features are available (e.g., ISPS-related indicators separately), the
vectors are extended to dimension d > 3; the formula below generalises to i =1..d.

Weighted angle formula (5)

i LW >0, > w =1, (5)

\/iWin \/iwi (v,)’ i

@ = arccos

where the weights w; define the priority of individual components (typically equal; they may be
determined by expert judgement or sensitivity analysis).
Output data and format
«Facts + benchmark» table within the cohort:
company id, period, cohort id,

vl = omega3 norm,
vZ2 = detl00 norm inv,
v3 = ism_share norm inv,

vl star, v2 star, v3 star,
wl, w2, w3,
theta

Automated processing (Anaconda/Python). Component preparation:

omega3 norm — from AIS (DMA/port logs): construction of port calls — tact —
w3=1/takt — robust normalisation within the cohort.

det/100, share(IsM) — from PSC (bulk Paris MoU data): counting
inspections/detentions and defect structure — cohort-wise normalisation.

Benchmark v*: pandas grouping by cohort id i period, computation of
medians/quantiles for each component.

Computation of #: numpy (dot product, norms) or vectorised implementation in
pandas; numerical stability control by clipping the argument of arccos to [-1,1].

Checks: scale invariance (ensured by normalisation); absence of bias under changes in
cohort composition (the cohort definition is fixed for the entire analysis horizon); sensitivity
analysis for different wi.

1.4. Impulse of stable motion (L) and threshold (L«y): L = Is-ws, L > Ly (stability
condition).
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The threshold value Ly, specifies the admissible minimum of the system’s «operational
energy» (cadence x maturity), below which «nutations» (chaotic reorientations) are likely.

Automated processing. Construction of the time series L, labelling of threshold violations
(signals for policy correction), and «before/after» analysis (intervention analysis).

2. External disturbances and their aggregation

2.1. Total disturbance moment (z)

Structure 7 = knHt + kaGt + ksSt, where Hy is the threat index (operational/safety-related),
Gt is the «gravity» of norms and supervision (inspection intensity/structure), S; represents socio-
geopolitical shocks; kn, ks, ks are sensitivity weights.

Minimal reproducible scenario. In the absence of observations on Hy, St, a PSC-driven
variant is appropriate: 7 =~ keGt.

Automated processing. Construction of sub-indices H:, Gt, St (hormalisation to [0,1]),
selection of weights ki by calibration against the historical record of losses/events, and formation
of the panel {z}.

2.2. Components of 7

2.2.1. “Gravity” index of norms and supervision (G;)

Data. Complete inspection records (not only detentions): dates, ports, outcome, detention
duration, full list of deficiencies (codes/categories), and vessel/company attributes.

Derived measures. Inspection density (per 100 vessel calls or another invariant), shares of
«process» deficiencies (ISM/ISPS/STCW), and the structure of detention causes.

Automation. XML parsing — normalisation to Parquet — aggregation in pandas;
stabilisation of categories via code dictionaries.

2.2.2. Threat index (H))

Data. Piracy/armed robbery incidents (quarterly/annual reports), operational warnings in
maritime areas, lists of insurance «listed areas», and aggregates such as “time in port /
transhipment” as proxies for operational pressure.

Derived measures. Event counters and intensities per period; robust aggregates
(median/percentiles).

Automation. Extraction  from PDF/HTML  (tabula-py, camelot,
BeautifulSoup), harmonisation to CSV  with fields: date, area,
event/indicator, severity, source, followed by normalisation.

2.2.3. Socio-geopolitical shocks (5

Data. Machine-readable sanctions lists, “strike/blockade” events (geocoded), and other
relevant macro-shocks.

Derived measures. Monthly/weekly indicators of event intensity in port regions/cohorts.

Automation. Import of event JSON/CSV files (pandas), filtering (keywords/classes),
aggregation, and normalisation.

3. Reconfiguration rate (€2) and its relation to z, I3, ws

Definition and role. The frequency of policy revisions/reprogramming actions (the
System’s operational «precession»). In the model, the following approximation is used: Q =
7/(I3-w3) which reflects «how many reconfigurations» are required given the current
environmental pressure (z) and stabilisers (I3-w3).

In the absence of internal logs of managerial decisions:

1. Event-type changes in registers (change of ISM manager, class/RO, renewal of
SMC/DOC);

2. «Breaks» in the structure of deficiencies/detention rate (change-point analysis in PSC
time series).

Automation. ruptures/CUSUM (change detection), construction of event frequencies per
quarter, cross-validation against z/(l3-w3).

4. Threshold condition, normalisation, and dissipation parameters
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4.1. Threshold inequality and normalisation (L)

The threshold L., is formed via dimensionless normalisation of the «mechanical scale»
into the coefficient «.; the condition L > L is then tested.

Time series Lt = I3t way; reference intervals of stability/instability for calibrating L.,
(based on retrospective losses/failures).

Automation. Optimisation-based selection of L., as the value that best separates
“unstable” subsamples (classification metrics: ROC-AUC, F-measure), followed by fixing .

4.2. Dissipation/loss parameters (a, 8, 0) — ARX calibration

A linear autoregressive model with exogenous variables (ARX) for dependent risk/loss
indicators (e.g., Lt or “detention days”) (6):

Lt = arli1++apliptfros -1+ +01l3 i1+ +p1 Q14+ 1T 1+ et (6)

The lag structure is refined using information criteria; alternative dependent variables
(e.g., «detention days», «excess port time») may also be modelled.

Unified time panels {Lt, wsy, I3, Qt, 7, Bt} with a weekly/monthly step.

Automation. statsmodels (ARIMA/SARIMAX with exogenous regressors) or ARX
construction via formula interfaces (patsy) and sklearn (regularisation, overfitting control,
«blocked CV»); residual analysis and diagnostics (Durbin—-Watson criterion, Ljung-Box Q-
tests).

5. Join keys, reference tables, and ETL organisation

5.1. Join keys

IMO - primary key across AlS / PSC / Equasis (vessel identification).

UN/LOCODE - port unification (spatial anchoring of events).

company 1id — normalised identifier of the ISM manager/owner (from Equasis), linked
to the IMO fleet.

5.2. Reference tables and dictionaries

Deficiency categories (PSC) — official code lists and their mapping to ISM/ISPS/STCW
(custom dictionary for automatic classification).

Classification of vessel types / ROs / flags — tables for aggregation and correction of
mixed cohorts.

5.3. Data structure and scaling

Directories: /raw — source XML / PDF / CSV dumps, /interim — cleaned CSVs,
/processed — analytical Parquet files.

Tools: pandas, polars (high throughput), pyarrow (Parquet), dask.dataframe
(scaling), geopandas/shapely/pyproj (GIS stage),
1xml/BeautifulSoup/tabula-py/camelot (extraction from XML/PDF/HTML),
numpy (linear algebra), statsmodels/sklearn (identification/forecasting), ruptures
(structural change detection).

Reproducibility: environment.yml (environment specification), version pinning,
notebooks 00 extract.ipynb — 01 transform.ipynb — 02 model.ipynb, and
unit tests for dictionaries/ATA-ATD detection algorithms.

Conclusion. The study proposes a comprehensive formal data management framework
for analysing maritime transport safety at the level of a shipping company and its project
portfolio. A system of indicators has been formulated, including the operational cadence, process
maturity index, deviation-from-benchmark angle, impulse of stable motion, total external
disturbance moment, and reconfiguration rate. Robust procedures have been developed for
normalising these indicators within cohorts, constructing benchmark vectors, and defining a
stability threshold condition L > L with optimisation-based selection of L.

The paper demonstrates how to integrate heterogeneous data sources (AlS, PSC, Equasis,
sanctions and event registers) via unified keys (IMO, UN/LOCODE, company id), defect-
category dictionaries, and a standardised data structure (raw — /interim — /processed). A
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reproducible ETL pipeline in Python/JupyterLab is proposed, using modern libraries for data
processing, change detection, and model identification (ARX). The resulting formal specification
of indices, thresholds, and processing procedures provides a foundation for subsequent
simulation modelling, scenario analysis, and decision support aimed [6-8] at enhancing the
resilience and safety of shipping companies.
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UDC 004:656.61.052

INTELLIGENT IDENTIFICATION OF SHIP TYPES FROM VISUAL-
GEOMETRIC FEATURES IN MARITIME SAFETY PROJECTS

P. Nosov, A. Romanov, I. Skalyha
Odessa National Maritime University
(Ukraine)

Introduction and problem statement. One way to enhance the navigational safety of
shipping is to improve the situational awareness of masters of ocean-going vessels and officers
of the watch under conditions of reduced visibility and heavy traffic in challenging waters [1-3].
In such situations, where the information load is substantially increased, adverse manifestations
of the human factor may arise and lead to severe consequences [4]. This creates a need for
intelligent tools that determine a ship’s type from a set of visual-geometric attributes captured
from structured descriptions (forms/tables) or available catalogue data. Despite related solutions
and parallel developments [5], this direction remains innovative and can occupy its own niche
for simulator training, sea practice, cadet programs, and educational projects [6]. All of the
above indicates the necessity of software capable of correctly identifying the vessel class in
approximately 65-70% of cases.

Research aim: to obtain an accurate and reproducible classification result that can be
explained in the «language of a navigating expert», thereby bringing the program’s output closer
to expert judgment.

Problem statement in a formal logical form.

Assume a labeled training set (1): D={x,,y;}.,,x € X,y, €C, [C|=k. (1)
The feature vector x contains numeric variables and categorical (binary) indicators (e.g.,

presence of a Ro-Ro ramp, visible containers, number of hatches/cranes, superstructure position,
etc.).

Task: learn a mapping f,: X > C, ¥=f,(x).

Quality criteria.

Performance is evaluated on a held-out test set and with k-fold cross-validation:
1 n .

Accuracy: Acc = HZizll{yi =V}

Flmacro: F1 =EZ ¢ * ne P, Re - precision/recall for c.

marco k ceC PC 4 Rc

Formulation of “expert judgement.”

A

ML
The implementation returns an ML prediction ¥  and standard metrics. To align
interpretation with a navigator/inspector’s expectations, we require that, together with y, the
system outputs a brief explanatory comment E(x) a list of 2-5 features with the largest
contribution to the decision. Formally, the output is the pair

(9.E(x)), E(x)={sign, meaning, brief interpretation} .

y=arg rgeacx[asmles(q X)+(1-a)sy. (c]x)], 2

where Sruless aggregates the weights of fired IF-THEN rules for class ¢, and sm. denotes
calibrated class scores (or probabilities) from the trained model « € [0,1].

Thus, the formal problem is multi-class ship-type classification from visual-geometric
features with an output format «prediction + concise expert explanation». This formulation
embeds interpretability requirements necessary for further development into an expert system.

Materials and Methods. We outline the core stages and elements of the study.

1) Data (7x8 dataset).
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Object. Multi-class ship-type classification y € C from a vector of visual-geometric
features
X € X.

Size. Approximately 7 classes X 8 samples (balanced training set for
instructional/simulator scenarios).

Format. Tabular CSV files with numeric and categorical attributes; a separate schema file
Is used for field validation.

Feature acquisition (expert-elicited). Features are extracted by an expert from catalog
descriptions; formally (3).

D={x.,v},. % eR"x{0,1}",y,eC,C|=7. (3)

2) Features (examples and formalization).

Numeric: length L, beam B, and derived ratios (e.g., L/B).

Categorical/binary class markers: roro_rampe{0,1}, container_bays_visible€{0,1,2+},
deck_piping_visiblee{0,1}, cranes_counte{0,1,2+}, hatch_counte{0,1,2+}, superstructure_pos
€ {fore, mid, aft}, etc.

Encoding: categorical fields are one-hot encoded; numeric fields are normalized/scaled as
needed (especially for k-NN).

3) Pre-processing and validation.

1. Vocabulary harmonization: lowercase/trim, type casting (int/ float/ category).

2. Schema checks: presence of mandatory columns; admissible category values.

3. Missing data: drop rows with critical omissions or apply conservative imputation (e.g.,
mode for categories).

4. One-hot encoding:

One-hot: One —hot :Cati){o,l}q )

with g the total number of categorical indicators.
Data splitting and cross-validation (Train/Test Split; k-Fold CV; Reproducibility: fix
random_state).
5) Machine learning models.
5.1 k-Nearest Neighbors (k-NN) (4).

1, equal weights
y=argmax: 2 willy, =cj w; = ;,distance-weight' (4)
JeN(x) [x=x;[+«
5.2 Support Vector Classifier (SVC) (5).
1 e
rvpblr;E”w” +CZ§i sty (Wg(x)+b)21-&, & 20. (5)
5.3 Naive Bayes (GaussianNB) (6).
p+q
y:argnge%xlogP(y:c)+;IogP(xm|y:c). (6)

6) Model aggregation (theoretically for the thesis)
To increase robustness and “expert-likeness” we consider soft voting (7):
Sc(x) = aprnn(clx) + Bhsyc(clx) + yPup(clx),a+ B +y =1 (7
y =arg max S, (x)-
here p — are calibrated scores (Platt/Isotonic for SVC,; distance-weights/

CalibratedClassifierCV for k-NN; NB is probabilistic a priori).
We describe the architecture of the software system:
[Input x] — [schema-+prep] — +— [Rule Engine] — s_rules(c)
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L [ML Stack] — s_ml(c)
s rules(c), s ml(c) —— [Aggregator] — (¥, score)
L [Explainer E(x)]
L [Missing-data Handler]

1. Components and API
Input: ship description x_raw (numeric L, B derived features; binary/categorical markers).
Output: (¥, score, E(x), next_questions):
y — the selected class; score € [0,1] — the agreed measure of confidence;
E(x) — a brief explanation (rules/neighbors/features);
next_questions — what to ask if data are missing
1.1 Block schema-+prep(x_raw) — X.
[TepeBipka cxeMu, TUIIIB, CJIOBHUKIB 3HAYEHb.
OHE for categorical features; computation of derived features (L/B).
Optional scaling of numeric features (for k-NN).
1.2 Block rule_engine(x) — s_rules(c), rules_fired
A set of simple production rules (IF-THEN) with weights w_r € [0,1].
Minimal (for the thesis) — hard conditions, without «fuzzy» memberships:
example: IF roro_ramp=1 AND cranes_count=0 THEN class=ro_ro (w=0.9).

Aggregation (8):
Snies (€)= D W, -t,(x), t,(x)e{0,1}. (8)
where t¢(X) = 1 if the rule’s conditions are true for X.
1.3 Block ml_stack(x) — s _ml(c), ml_artifacts
Returns calibrated class scores (9):

Smi(€) = arnnPrnn (€|%) + asycDsve(c]x) + anpPrs(c|x), XL a = 1. ©)

1.4 Block aggregate(s_rules, s ml) — (¥, score):
Reconciliation: S(c)=A4s,,(c)+(1-4)S,,(c), y=argmaxS(c), score=maxS(c) .

2 =0— «only ML» mode;

A >0 — partial integration of rules.

Confidence thresholds: (if score < 11 — additional features required; if t1 < score < 12 —
show top-2 with explanation of differences; if score > 12 — accept the decision).

1.5 Block explainer(y, x, rules_fired, ml_artifacts) — E(x)

For rules: list of fired rules (ID, brief text).

For k-NN: 3-5 nearest neighbours and their classes.

For NB: features with the largest contribution to logP(xly = 7).

For SVC: nearest support vectors / a brief text «what drove the decision away».

1.6 Block missing_data_handler(x, S) — next_questions

S - the set of candidate classes.

Heuristic for selecting the next feature f*: (a feature that appears in rules distinguishing S;
a feature with the largest mutual information with the class on training; a feature that most
strongly changes maxcS(c) under «0/1/mean» scenarios) (10).

f =argmax| H(S)-E H(S|xf
g f Miss ( ) X ( | ):I _ (10)

where H is the entropy of the distribution over S.

Experimental materials.

System configuration:

Data: 56 samples = 7 classes x 8 (balanced), ships.csv.

Features: numeric (e.g., length_m, beam_m, | b ratio, draft_ m) + categorical/binary
(e.g., roro_ramp, container_bays_visible, deck_piping_visible, cranes_count, superstructure_pos,
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...). Categorical — one-hot.
Split: stratified, test_size = 0.25, random_state = 11.
CV: StratifiedKFold with n_splits = 8 (minimum class size = 8).

Table 1. Baseline ML model

Model CV (mean | Test Comment
+ std) Accuracy
k-NN (k=1) | ~69.6% ~64.3% There are «overconfident» errors; main confusions:

tanker—bulk, passenger—ro_ro.

SVC (RBF) | ~46.4%+ | ~64.3% Unstable on a small sample (7x8); requires careful

15.6% tuning of C, y.
GaussianNB | 100% =+ 100% Strong binary markers are «captured» by NB;
0.0% illustrative for a thesis, but a broader evaluation is
needed.

On this feature representation, GaussianNB captures very strong binary class markers
(e.g., deck_piping_visible, roro_ramp, container_bays_visible, etc.), which yields 100% in both
CV and test in our case.

Confusion matrix (k-NN, k=1, test).

Main observations on the held-out set (14 samples) (Fig. 1):

2.00
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container 1

fishing- 0

passenger - 0
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container -
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Figurel — Confusion matrix of the ML model’s predictive performance

From the matrix it follows that:

- passenger <> ro-ro: mutual confusion is present (1/2 passenger misclassified as ro_ro).
- fishing, tug, ro-ro: correctly classified in this split (2/2 each).

Conclusion. On the balanced dataset (7x8), the Gaussian NB model demonstrates the
best results (up to 100%), whereas k-NN systematically errs in the tanker<>bulk and
passenger<>ro_ro pairs; SVC shows no noticeable advantage on this small data sample.
Switching from k=1 to k=5 with distance-based weights reduces the overconfidence of k-NN
predictions (typically: 1.00 — =0.45/0.83/0.76) and creates prerequisites for further probability
calibration (Platt/Isotonic, CalibratedClassifierCV), which should lower the Brier score and
straighten the reliability curve.

Adding domain marker rules from practice (e.g., deck_piping_visibleA—cranes — tanker,
roro_rampA—cranesAlow container bays — ro-ro) directly addresses typical errors and locally
improves the macro-F1 of the «weaker» classes without conflicting with the GaussianNB
scenario. The rules + ML hybrid scheme strengthens not only accuracy but also interpretability:
together with the prediction, the system provides a concise comment on the key features that
drove the decision. In educational use, this behavior properly reflects uncertainty (top-2 mode),
suggests which data should be gathered next, and cultivates learners’ skills in interpreting results
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and critically assessing the completeness of input information [7,8].

Overall, the proposed study will constitute a component of the maritime safety
framework aimed at investigating the identification of electronic navigation operators’ actions
under emergency conditions and establishing a basis for detecting and classifying critical
scenarios and generating «expert» prompts [9,10]. A comparative analysis of cadets’ emotional—
personality traits highlights the human factor and supports the design of explanation modules,
adaptive thresholds, and training scenarios; vessel motion optimization under excessive control
provides a control-oriented foundation for marker rules and robustness checks. Together, these
elements substantiate the integration of ML with domain rules, confidence calibration, and a
training mode that enhances navigational safety and the quality of professional preparation [11].
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IITYYHUA IHTEJEKT JJIs1 KIBEPBE3IIEKUA HA CYIHI TA B
MOPCBKHUX CUCTEMAX: OI'JVIA CYHACHUX TEXHOJIOI'TM

Onuwko J[.M.
Xepconcoka depaicasna Mopcovka akaoemis
(Vkpaina)

Beryn. CydacHi CymHOBI CHUCTEMH TMO€IHYIOTh Kinbka miacuctem: AIlS (cuctema
ABTOMAaTUYHOT i,Z[eHTI/I(biKaI_Iﬁ cyneH), mo nepenae nani nmo VHF (pamio B YKX-gianaszoni) 3
yacoBuM nogiiom kananiB (TDMA); ECDIS (uasirariiiai 1H(1)opMau11/IH1 CI/ICTCMI/I) panapu; a
TaKOXX KaHaU «cynHo—oOepery. Y AlS Hemae BOyaoBaHOi nepeB1pKH CIPaBXHOCTI MTOB1IOMJICHB,
TOMY MOXJIMBE iX mipobaeHHs (cnydinr). € 3anponoHoBaHi TOMOBHEHHS 0 MpoTokoiy (Auth-
AIS, TESLA, PKC), ane ix macmrabHe BIpOBaUKEHHS y (uoTi TpuBaie. Tox HalOmmKInMu
pPOKaMU KPUTUYHO MOTPIOHI aNrOPUTMHU BUSIBICHHS aHoManii y moroui AIS [1].

[IpakTruHi ciocoOu BUSABIATH MiAMIHY naHux AIS crimparoThbcsi Ha 3aKOHOMIPHOCTI PYXy
Ta yacy: nepesipka inTepBaniB TDMA, nporno3 xypcy i mBuaKocti cyana ¢instpom Kanmana
(mpocTUMU CIOBaMH — MAaTEeMaTHUYHUM «TPEKEpOM»), CTATUCTUYHI TECTH 1 MepexpecHa
nepesipka 3 pagapom. Lli migxomu mpamiolTh y peasbHOMY dYaci 1 He MOTpeOyIOTh 3MiH
cranmaptis [1].

VY cyaHOBUX pamapHUX Mepexkax no0pe cede rmokasaad METOAH TJIMOMHHOTO HABYAHHS!
1D-CNN (ogHOBUMIipHI 3ropTKOBi Heiipomepexi) 3 SE-Omokamm («MmexaHi3M yBarm») Ta
pe3uayaqbHUMH 3B’ si3KaMU. BOHM aBTOMATHYHO «BHUTATYIOTH» KOPHCHI O3HAKH 3 MEPEKEBOTO
Tpadiky, BUSBISAIOTh pi3HI TUMU arak (Hampukiaa, DoS — BigmoBa B oOciyroByBaHHi, abo
HaBMHCHI «CIIOTBOpPEHHs» 00’€kTiB) 1 nmocsraroTb ~98-100% TOYHOCTI B KOHTPOJIBOBAHHMX
YMOBaXx; MIBUAKO/IIT JOCTATHBO I MaiKe pealbHOTO Yacy [5].

Hns ¢notiB 1 mopTiB, A€ MaHI pPO3NMOALICHI  3B’A30K HECTaOUIbHMIA, JOpEUHE
denepatuBae HaByanas (FL): momenmi IDS (cucrem BUSBICHHS BTOPTHEHB) HABYAKOTHCS
JIOKaJIbHO Ha CYyJHAaX, a OEperoBuil cepep MepioguyHo 06’6)1Hye OHOBJIEHHS (Tak 3BaHa «batch
federated aggregatlon») Lle 3menye noTpedy nepesiaBaTh CHpI JIOTH Ta Kpalle Mpaltoe, HaBiTh
KOJIM JIaH1 Ha Pi3HUX CyaHax BiJIPI3HSFOTHCS 32 pO31'IOI[1J'IOM (non-1ID) [4].

OrnsgoBi  mpami — y3aranpHIOOTH 11 migxoau: ML-IDS, gerekmiss  aHomaiid,
NPOTHO3YBAHHS 3arpo3, a TAKOX IMOJIITHKA «HYJILOBOI JOBipm» (zero-trust), me KoKeH JOCTYII
nepeBipseTbes. ['070BHI mpoOiieMH — Majo BIAKPUTHUX Taly3€BUX JaTaceTiB, PEryJsTOPHI
OoOMEKEHHS 1 Bpa3HMBICTh CaMUX MoOJeNeil 10 HaBMUCHHX «oOMmawniB» (adversarial ML). Ile
NOTPiIOHO BpaxoBYBATH IiJ] 4acC IUIAHYBaHHS peajbHUX BIIPOBAKEHb [3].

AKTYaJIbHiCTh  JOCJHIIKEHHSl 3yMOBJEHAa I[UIMM pSAIOM  HampsiMiB  MOPCBKOT
iH(popMaiifHo1 Oe3neKu:

1. AIS — giokpumuit padiokanan 6e3 nionucy. AIS (aBTomMaTHyHa iIeHTH]IKaLis
CyJlleH) mepenae jaaHi B edip «iIK €», 0e3 kpunrorpadiyHoi nepeBipkd. ToMmy MOBIIOMIIEHHS
MO’KHA MiAPOOUTH: 3MIHUTH MO3ULI0, Kypc a00 HaBITh «0co0y» cyaHa. HaBiTh K10 3’ ABIATHCS
cTaHjapT aBTeHTU(IKAIli, PIOT OHOBIIOETHCS MOBLIBLHO. OTKE, HAUOIMHKUYUM YacOM TOJIOBHUUN
NPIOPUTET — AITOPUTMHU PAaHHBOT'O BUSBJIEHHS aHOMaiiil y moroui AIS Ha Gopty abo Ha Gepesi
[1]. IHoscnenns: TDMA — mogin pamiokaHamy 3a yacom; 4epe3 3001 B IIUX IHTEpBalaX TeX
MOYKHA IMMOMITUTH i IPOOKH.

2. Ilompiona poboma 6 pexcumi peanvhozo uacy. Komu 370BMHCHHUK J0Ja€ 0
HiApOoOJEHUX TPEKIB «IPaBAONOMIOHUI mIym» (100 BOHM BUIMISAAIN K peanbHi), MOJEI,
HaBUYEHI Ha «iJIeaTbHUX» MPUKIAIaX, PI3KO BTPavaloTh TOUHICTh. ToMy Mojeni Tpeba TpeHyBaTu
Ha JaHUX 13 PEaJICTUYHHMM IIyMOM 1 3aCTOCOBYBAaTH HeMpomepexi, 110 A00pe MpaiorTh i3
nocnigoBHocTsAMU (Hanpukiaa, 1D-CNN abo GRU), abu yrpumyBaTu TOYHICTH NMpPH HU3BKIN
3arpumili oopooku [1], [2].

3. Paoapni mepesxci — kpumuunuit nepumemp. Tpadik BiJ CyAHOBUX pajapiB BETUKUIH
1 pI3HOPIHUH, a «IOTaHUX» MPHUKIAAIB Maio. TyT epeKTUBHI ITUOMHHI MOJIeNI 3 MEeXaHi3MaMHu
yBaru: BOHU CaMi BUJUISIIOTh BaKIIUBI O3HAKU 1 BMIIOTh 3HaXOAMTU SK MPOCTI, TaK 1 CKIaIHI
ataku. Taki pilleHHs MO)XXHa 3amyckatd «Ha Oopty» (edge) ma CPU/GPU i 6musbki 10
peanpHOTO Hacy [5], [6].
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4. Konghioenuininicme i po3noodinenicmo mopeigeavnozo ¢hiomy. Cupi KypHaau OIiH 3
OopTiB mepenaBaTtu HeOesneuHo 1 goporo. deneparuBHe HapuanHs (FL) Bupimye me: momeni
HABYAIOTHCS JIOKAIBHO HA CyIHAX, a beperosuii cepsep Hep10111/1qu MaKeTHO 00’€THYy€ TiTbKH
oHOBJIeHHS (Barm Mojeni). Lle criiikime 70 ciaabkoro 3B’s3Ky 1 /0 BIAMIHHOCTEH TaHHMX Ha
pi3Hux cynax [4].

5. 36’a30k i3 ynpaeninuam pusuxamu. 11106 po3yMHO pO3MOAUIATH OOKET 1 CHIIH,
MOTPiOHI KibKICHI OlIHKK pu3ukiB y pamkax NIST CSF (5 q)yHKuiﬁ' Identify—Protect—Detect—
Respond-Recover). TyT cranyTh y mpuroai mpocti moxeni Ha kmranT K-NN  (Meton
HaWOIMHKINX cycmlB) (baKTopI/Baun MATPHLb (y3arajpHIOE OIIIHKH), $KI TEePEBOIATH
pO3pi3HeHi naHi y 3p03yM1J11 peI/ITI/IHI‘I/I pnsmcus JUIs MEHEJDKMEHTY [7].

6. Cnaoki micus zanysi, aki He MmodcnHa icnopyeamu. ['0NOBHI mpoOIEMH: MaJoO
BIIKPUTUX HAOOPIB JTaHUX, HEJOCTATHS BiATBOPIOBAHICTH €KCIIEPUMEHTIB, 1 BPa3JIMBICTh CAMUX
Mojienell 10 HaBMUCHHX oOMaHiB (adversarial mpukiazaiB). Came TOMy B OILIHIOBAaHHI PIillIeHb
Tpeba OKpeMO BpaxOBYBaTH SKICTh, 3aTPUMKYy, CTIHKICTh (pOOACTHICTB), IPOCTOTY
BIIPOBA/KEHHS Ta MPUBATHICTH [3].

Orasp gireparypu. Y crarti [1] mokazaHo mepexin Bia o(hIailHOBUX METOMAIB
BUSBIEHHA MiApoOok AIS 10 oOHIallHOBOrO KOHBEEpa, HaBYAJBHOIO HA JaHUX 13
[UIECTIPSIMOBAHOIO 1H €KIIIEI0 PEATICTUYHOrO TayCiBCBKOTO HIyMy (OI[IHEHOTO Ha peabHHUX
Tpekax). IloeqHaHHS OXHOBHMIPHHMX 3TOPTKOBHX MeEpeX Ta peKypeHTHux OmokiB (1D-
CNN/GRU) 3a6e3neunino poOacTHICTh 10 «IIyMHHUX» aTak 1 Mpare3aTHICTh y pealbHOMY 4aci
(mpubau3HO 99% TOYHOCTI HA CUHTETHYHO 3alllyMJeHUX HaOopax). J[07aTKOBO BIOPSIKOBAHO
HEenpsiMi 03HAKU JIeTeKLii — KOHTPoib TaitmMinry TDMA, cTratucTuyHi nepeBipku Ta 3BipeHHSA 3
paaioJIOKAlitHUMU BUMIPIOBAaHHSIMH.

Y% HOpiBH}IJ'IbHOMy JIOCITIJDKEHHI [2] TPOJIEMOHCTPOBAHO, IO «iAeanbHI» CHHTETHYHI
niapoOKu BIIIOerMJHOIOTI)CSI BIJIHOCHO IPOCTO (CTaHz{ame KﬂacnquaTopH narTe >99%),
OJHAK 3a JOJABaHHA PEATiCTHYHOTO HIyMYy TOYHICTh 0a30BUX MOJEJIEH pi3KO 3HIDKY€TECH.
3BiicM BHCHOBOK TPO HEOOXIJHICTh JOMEHHO Y3rO/PKEHOT'O CHHTE3y JaHUX, peryispusaiii Ta
BaJIiaIlii Ha pealbHUX TpaekTopisax [2], [1].

Cucremaruunuit ormsan [3] knacudikye MiIXoau 10 MOPChKOi KibepOe3nekn Ha OCHOBI
HII: cucremu BusaBneHHs BToprueHs (IDS), nerekropu aHomaniii, NpeUKTUBHI MOJEINI 3arpos i
apXiTeKTypU «HYJIbOBOI J0OBipW». Bil3Ha4eHO NMPUCKOPEHHS pearyBaHHs, ajle TakoX AepiluT
BIJIKpUTUX JaTaceTiB, OOMEKEHHS pETyJSTOPUKH Ta BpA3IUBICTh MOJEIEH 10 HABMHCHHX
BIIMBIB. CPopMyIbOBaHO HANpsMM IHTErpauii 3 OnokueiHOM, (eJepaTUBHUM HaBYAHHSM Ta
KBaHTOBOIO KpUNTOrpadiero, M0 KOPUCHO JUISl MOAANBIIOr0 (OpMyBaHHS KPUTEPIiB HAAIMHOCTI
Ta 3pUIOCTI PILIEHb.

Y pobori [4] 3ampomonHoBaHo FedBatch — anmanTuBHy mnakeTHy arperamioo y
¢eneparuBHomy HapuaHHi (FL): nokambHi mozmeni (CNN-MLP) tpenyroTbes Ha Oopty, a
OeperoBuii cepBep MepiOIUUHO arperye OHOBJIEHHS, 110 3HI)KYE BUMOTH JI0 KaHANy 1 MiJIBULLYE
npuBaTHicTb. Ha Ha6opi NSL-KDD noka3zaHo npupicT TOYHOCTI Ta CTaOlIbHOCTI B YMOBaX SIK
IID, tak i non-1ID po3knaaoxk.

VY npenpunri [5] npencraBieno MARINERNet — noeananus 1D-CNN, squeeze-and-
excitation Ta pesuayalbHUX 3’€JHaHb, 10 Aocsrae 98,52% (1 no 100% y GiHapHOMY pexuMi
«anomaly detection») Ha KOHTpPOJILOBaHUX JaHUX. PoOoTa OOrpyHTOBYE mepeBary riIMOMHHHUX
apxiTeKTyp HaJl «MUIKUMH» METOJaMM (BHIIaJKOBHUI JicC, OMOpHI BEKTOpH, k-HaWOMMxK4umx
CYCiJIiB) /I BUCOKOBUMIPHHUX 1 IUCOAlaHCHUX 3a/1a4.

VY rnaBi [6] cucTtemMaTu30BaHO HACHIJKHM aTak Ha paJapHi Mepexl Ta MOBHUN IUKI iX
BUSBIIEHHS: BiJl pcap-nammiB 1 nmoOyaoBu o3Hak a0 HaBuyaHHA 1D-CNN pans OGiHapHoi Ta
OaraTtokiacoBoi jgerekiii. HarosjomeHo Ha BaKIMBOCTI PaHHBOI 3YNMUHKH Ta HaJlalITyBaHHS
rinepnapameTpiB JUIsl cTabiIbHOI poOOTH MOOIN3Y pealbHOTO Yacy.

VY cratti [7] 3anporoHOBAaHO MAalIMHHO-HABYAJIbHY PAMKY OLIIHIOBAHHS KiOEppH3HKY,
y3romkeny 3 NIST CSF i Tpiagoro «mroau—mponecu—TexHoorii». us gopMyBaHHS peUTHHTIB
PHU3UKY BUKOPUCTAHO MPOCTI Ta BiATBOproBaHi Mojeni (k-HalOmmk4yux cycinuiB, GaxTopusauis
MaTpHllb) Ha MPUKIIAA1 KUIBKOX Oprasizaliili cektopa.

Ormsin [8] y3aranbaroe ML-migxonn 10 MiACHIICHHS MOPCHKOI O€3MEeKH, aKIEHTYIOYH Ha
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IHTerpamifHuX acrekTax (3okpema 3 6mokueitHoMm Ta [oT), a Takok Ha MUTAaHHSAX BIAMOBIIHOCTI
HOpMATHUBaM 1 MPAaKTHYHOTO BIPOBADKCHHS. Marepian CIyrye «KapTOK TEXHOJOTiHy s
IUTaHYBAHHS MPOEKTIB 1 MJIOTIB.

Tabmuis 1. AHauni3 HanpsAMiB AJIs TUTAHYBaHHS KOHIIENTYaIbHOTO Kibep3axucry
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PesyabTaT gociaigkennsi. HaBegemo IIUTiCHY, ONHMCOBY  «JIOPOXKHIO — KapTy»
BIIPOBAI’KEHHsI, 0POPMIICHY Y HAyKOBOMY CTHJI Ta CHMPAKYMCh Ha ONpalbOBaHI Jkepena [1—
8]. Crparerisg noOyJ0oBaHa MOETAIHO, 00 Y MiHIMalIbHI CTPOKH OTPHUMATH NEPEBIpEHUH ePeKT
Ha 0opTy, a najni — MacmTaOyBaTH PilICHHS 0€3 MOPYIICHHs CyTHOBHUX IPOIIECIB 1 3 HAICKHUM
piBHEM KEpOBaHOCTI Ta ayIUTY.

Ha nepwomy emani (0-3 micayi) JOUUIBHO 30CEPEIUTUCS HA JIOBEICHHI
KHUTTE3AATHOCTI OOPTOBUX pimieHb. [IpakTHUHE SAAPO CTAHOBIATH AJITOPUTMH OHJIAWHOBOTO
antucnypiary AIS (Automatic Identification System) i3 BHKOpPHUCTaHHSM TIOCIIiTOBHICHHX
ueiipomepexx (1D-CNN/GRU) Tta o3Hak pyxy/dacy (WIBHAKICTB, Kypc, iHTepBamun TDMA).
PosropranHs BUKOHye€ThCS 0€3 3MIH TPOTOKONY, Ha «edge»-By3m cyaHa (JIOKaJIbHHA
O0YHCITIOBAJIFHUIM MOJYJb), 13 TEIEMETPI€l0 3aTPUMOK, HaBAaHTAKEHHS Ta SIKOCTI CIIPALIOBAHb.
[Io6 MiHIMI3yBaTH omnepariiiiHi pU3HKH, 3aCTOCOBYIOTh KaHAPEHKOBI peltizu (0OMEXEHUN 3aIyCK
HOBOI Bepcii mapanenbHo 31 cTabiIbHOI0) Ta MpaBuia OE3MEYHOr0 MOBEPHEHHS Ha IMOMEPEIHI0
koH(irypaito. [TapanensHo GopMyIOTh KOHTPOJIBHI HAOOPU JAaHUX Ui OLIHIOBAHHS CTIHKOCTI:
CIIeHapii 3 «pealiCTHYHUMY» IyMoM (HaOmmkeHuM 10 nmoxubok GPS/cepenoBumia) Ta Habopu
OOD («mo3a po3moaijoM» HaBYaHHS), IO J03BOJsSE Bepu(iKyBaTh POOACTHICTH MOJENI 0
HenepeadauyBaHUX CUTYaLIN.

Jlpyzuii eman (3-9 micayie) cupsIMOBaHWUN Ha 3MEHILIEHHS XUOHUX CIpAlIOBaHb 1
PO3MIUPEHHS TOKPUTTA 3arpo3. TyT 10 O0pTOBOTO aHTHCIY(IHTY IONAIOTh 3aCO0M BHSBICHHS
BTOPTHEHb y pajlapHUX Mepexax Ha OCHOBI rmuOMHHUX apxiTekTyp (1D-CNN i3 6mokamu yBaru
Ta pe3UayalbHUMH IUISIXaMH) y CIPOIIEHIH, pecypcoomanHiii koH}iryparii. KimrouoBum €
ceHcopHuii ¢’roxH AlS—Radar: cunxpoHizamiss dYacy, TpeKiHT 00’€KTiB (iIIbTPOM
Kamvana/IMM (Interacting Multiple Model), 3icraBnenns Tpac merogom JPDA Tta eckanaris
JIMILE 332 YMOBM Y3TOJKEHOI'O MIATBEPIUKEHHS 3 KIJIbKOX Jkepeln. s onepaTopiB 13 KiJIbKOMa
cymamu craprye miotr ¢eaepatuBHoro HaB4daHHs (FL): jokambHe noHaB4aHHS Ha OOpTy Ta
NepiouYHe IMaKeTHEe arperyBaHHS OHOBIEHb Ha Oepesi, o 3MeHmrye Tpadik 1 30epirae
npuBaTHicTh. CyrnpoBin Mozeneidl opraizoBytoTh 3a npuHuunamu CI/CD ansa II: koHTpoib
CYMICHOCTI Bepciii, mianucaHHs apTeakTiB, «CHHII/3eIeHUID BUITYCK.

Tpemini eman (6—12 micayie) nependayae TapMOHI3alllI0 MPOIECIB 1 TOJITUK, alOu
3poOUTH O€3MEeKOBHI KOHTYp KEpOBaHMM 1 ayAuToBaHMM. Ha piBHI yHpaBiiHHS pU3UKaMU
nominbHO 3acrocyBaTu pamky NIST CSF (w’sate ¢yskmii: Identify—Protect—Detect—Respond—
Recover) y moenHaHHI 3 TpiaJOl0 «IHOJIU—TIPOLECH—TEXHOJIOrI», MEPeBOIIYM MOKAa3HUKU B
KUIBKICHI PEUTHUHTH PU3UKY 3a JOIMOMOTOK IMPOCTHX, BIATBOPIOBAaHUX METOIB (K-HalOmmxumx
cycimiB, ¢akropuszalis MaTpuls). llapanenbHO BIPOBAIKYETHCS CErMEHTAlllsl Mepex Ta
MOJIITUKA «HYJIbOBOI JOBIpW»: IHBEHTapH3alis akTuBiB, MikpocermeHTamis OT/IT, xoHTpoIsb
noctymy Ha ocHOBi ceptudikariB (PKI) i mepexeux momituk (NAC), a Takox iHTerpamis 3
KypHamoBaHHsaM nofiil (SIEM) 1 naniBaBromaTtuzoBaHo peakiiero (SOAR). Oneparriiiai
npouenypu o¢ikcyorbes y BUrsiai RACI-matpuips 1 cueHapiiB pearyBaHHsA, a HaBYalbHI
TPUBOTH JI03BOJIIOTH BIIIPAIIOBATH B3a€EMOJIII0 €KIMaXy W OEpEeroBUX CIIy KO Oe3MeKH.

3asepwansnuil, 6Ge3nepepéHuil KOHmyp - HOPMHU SKOCTI Ta CTiHKOocTi Mmoxaeneil. Tyt
(bIKCYIOTbCS «30J10T1» OEHUYMapKH, KaTaJIOTyeThCsl IOXOJDKEHHS JaHUX (PETioH, Mepioj, YMOBH
300py), 3aar0Thcsi 000B’s13Kk0B1 BunpoOyBaHHs Ha OOD Ta HaBMucHi oomanu (adversarial), a
TaKOX OpPraHi30BYEThCS MOHITOPUHT JApeidy po3mnoautiB o3Hak. OHOBJIEHHS MoJesen
BiOyBaeThCsl 3a «gate-release» MmiJ KOHTPOJIEM MOPOTIB SIKOCTi: HOBA BEpCisl JOMYCKAEThCA B
eKCIUTyaTallll0 JIUIIE 3a JOBeAeHOI He Tipmioi (a0o Kpalnoi) mpoayKTUBHOCTI Ha CTaHJAPTHUX
Habopax 1 NpUIHATHOI 3aTpUMKH iH(pepeHcy. KajeHe peTpeHiHTry BU3BHAYa€eThCs a00 MepioAndHO
(pa3 Ha 1-3 wmicsmi), abo noaisMu (BUSBICHUN Apeiid, nerpagaiis MOKa3HUKIB). Takui UK
3abe3neuye BiATBOPIOBAHICTh, MPO30PICTH 1 KEPOBAHICTh €BOJIIOLII MoJenell y pearbHUX
MOPCBHKHX YMOBaX.

BucnoBku. Cykynmauii anamiz mkepen [1-8] cBITUUTH, 10 MaKCHUMAaJIbHOI TMPAKTHYHOL
BiJ1adyi B KOPOTKOMY TOPU30HTI MOKHA JOCSITH 3aBJSIKM OHJaiiHOBOMY aHTUcHy(iHry AlS i3
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pEaTICTUYHUM MOJICNIIOBAHHSAM IIyMiB Ta MPOCTUMH MpaBUiaMu (uIbTpaiii, JOMOBHEHOMY
CEHCOpHHM (’IO)KHOM 13 pamapoMm. ['nmuOuHHI 3aco0M BUSBICHHS BTOPTHEHb Y paJapHHUX
Mepekax IMiJBUIIYIOTh TOBHOTY BHSIBJICHHS W 3HIXKYIOTH KUIBKICTh XHOHUX TPHBOT, a JJIs
¢br0TiB 1 TOPTiB (henepaTUBHE HABYAHHS JO3BOJISIE MACIITA0yBaTH SIKICTh JIETEKIlli 6€3 MacoBOTO
nepemileHHs: cupux jgaHuX. E(QexkTUBHICTh 1 HaAIWHICTh IMX pIlIEHb ICTOTHO 3alieXaTh Bif
CHCTEMHOI poOOTH 3 JaHUMHU: CTAHJAAPTHU30BAaHMX OCHUMApKIB, TECTIB  CTIHKOCTI
(OOD/adversarial) Ta nuciumiiau oHoBleHb. Opranizaniiini HanOyaoBu — MLOps «Ha 60pTy»,
dbopmaitizoBaHi PHU3UK-PPEHMBOPKH Ta CETMEHTAIlil 3 TMOJITHKOK «HYJIbOBOI JOBIpH» —
Tpanc(hopMyIOTh Hallp TEXHIYHUX pillIeHb Y KEPOBaHY BUPOOHUYY CHCTEMY, 3/1aTHY /0 ayaUTY
i CTIHKY IO €BOJIIOIIIT 3arpo3.

PexomeHn0BaHa MOCIHIIOBHICTh YIPOBAKEHHSI — BiJ] MIBUAKHUX, JIOKABHUX PILICHb HA
o6opty (AlS-anTHCcy(piHT 1 CynmpoBig Mojenei) 0 I1HTErpoBaHUX 0OaraTOCEHCOPHHUX 1
po3nonineHux creHapiiB (pamapui IDS, ¢&’roxH, denepaTuBHE HaBYaHHS) 3 TapaicIbHUM
HApOIIYBaHHAM IpoliecHol 3pinocTi. Takuil miaxin 3abe3nedye 30amaHcoBaHEe CIiBB1IHOIICHHS
eeKTy, pU3UKy ¥ BapTOCTi, CKOPOUYE Yac BHUSBIICHHS Ta pearyBaHHS Ha IHIUACHTH 1 CTBOPIOE
OCHOBY JIJ1s1 O€3MepepBHOI0 TOKpAIIEHHS KiOep3aXUCTy CYJHOBUX 1 TPUOCPEIKHUX CUCTEM.
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PO3POBKA METOJOJIOITI AHAJII3Y ®YHKI[IOHYBAHHSI,
PO3BUTKY TA YIIPABJIIHHSA CKIIAJHUMU TUHAMIYHUMH
IHTEJIEKTYAJIBHUMHU CUCTEMAMMH

Ilpoxonuyk FO.0., Ilowmueanos B.I1.
Inemumym mexuiunoi mexanixu HAH Ykpainu i JIKA Ykpainu
(Ykpaina)

3aBaanHs gocaigxeHHsi. JIJis BUpIIICHHsS 3aBIaHHS JOCHIDKEHHS Oylud TpOBEACHI
HACTYMHI poOOTH:

- IOCHIJUKEHHSL CTPYKTYPH MoOAeNe (YHKIIOHYBaHHS aBTOHOMHHUX TPAaHCHOPTHHUX
cUCTeM (B pI3HUX TaTy35X, 30KpeMa y MOPCBKIii Ta aBlakKOCMIYHIN);

- po3pobka Mozeneil (QyHKIIOHyBaHHSA ABTOHOMHHMX TPAHCIOPTHUX CHUCTEM 13
3aCTOCYBaHHSAM METO/IB IITYYHOTO 1HTEJIEKTY;

- IOOMpaloBaHHs ~ Mojenel  (QyHKIIOHYBaHHS Ta  ©(EKTUBHOCTI  ABTOHOMHHX
TPAHCIOPTHUX CUCTEM 13 3aCTOCYBaHHSIM MeETOJIB Bepudikaiii, camoamanTailii Ta HaAiitHOTO
IITYY9HOTO IHTEJIEKTY;

- aHaJi3 3B'A3HOCTI Ta 3POCTAaHHS IHTEJIEKTY Yy CKJIQJHUX TUHAMIYHHUX HTEJIEKTYyaJIbHUX
cUCTeMax 3 TOYKH 30py caMooprasizaiii, camopediekcii, camogo0ynoBu, Oe3nepepBHOT
B3a€MHOI IPUYMHHOCTI, KOHCEHCYCHOTO YIIPABIiHHS, PO3IIMPEHHUX TaM'ATi Ta Mi3HAHHS,

- po3poOKa peKOMEHIAIIIH 1010 3aCTOCYBaHHS 3alIPONOHOBAHOT METOAOJIOTI] KepyBaHHS
PYXOMHUMH 00’ €KTaMM 3 BUKOPUCTAHHSAM METO/IIB LITYYHOT'O 1IHTEJIEKTY.

OcHoBHHUIl MaTepian. BcraHoBineHo, mo pouiibHO po3podmsatu «Ilnathopmy s
aBToHOMHUX cuctem» (mpukian HACA [1]), ska po3risgae Ta iHTErpy€e OCHOBHI (PyHKIIT st
CTBOPCHHS I1HTETPOBAHOTO pillIeHHS I0J0 aBTOHOMHOCTI. [lmardopma Bkiatouae O0i0IiOTEKH
00’ekTiB Ta 1HQPACTPYKTYpy CHCTEMHHUX €IIEMEHTIB JUIi EJNEKTPUYHUX, MEXaHIYHHX,
KOMIT' IOTEPHUX Ta KOMYHIKalIHHUX HpOTpaM, sSKi MOXXYyThb OyTH BHKOPHCTaHi JJIsl IIUPOKOTO
KOJa peali3aliii mpu CTBOPEHHI MoOJeNeld 3HaHb IporpaM 0araropa3oBOr0 BUKOPHCTAHHS.
IMinxin HACA BpaxoBaHO NpM CTBOpEHHI HamMx Mojeneil. Po3poGiieHo HOBMM miaxix Ao
CTBOPEHHSI MozeNel (QyHKI[IOHyBaHHS aBTOHOMHUX TPAHCIOPTHHUX CHUCTEM, SIKUI 3aCHOBAHO Ha
napaaurmi rpanngHux y3aranbHeHb (I11'Y) ta xornituBHOMY miaxomi [2 - 10]. HoBuit migxin
orpumaB Ha3By «KoruituBHi TexHiuHi cuctemu» (KTC) [3]. Bupueni BrmactuBocti KTC.
Hocnimpkenns B oOmacti KTC 3ocepemkeHi Ha po3poOii cucTeM, siKi 3/aTHI aBTOHOMHO
CHpUKMaTH HaBKOJMIIHE CEPEJOBHINE 1 B3a€MOMISATH 3 HUM, SIK KHMBa icToTa. Po3pobiieHo
3aranpHy cxeMy iH(opMaIliiiHoi Mojaeni po3MOAiIEeHOro 0araToareHTHOro OOYHCIIOBAIBHOTO
iHTEIeKTy aBTOHOMHOI TPaHCIOPTHOI crcteMu Ha 3acamax [1I'Y [4], [5], [6], [7].

Bnockonanena moBa mojnemoBanHs KTC mokaszana nepeBard KOTHITUBHOTO MIAXOAY Y
BUpIIIEHH] 3aBAaHb 3a0e3neueHHs 1H(pOpMalIiHO-CUCTEMHOI Oe3neku Ta e(pEeKTUBHOCTI
KPUTHUYHHUX TE€XHIYHUX TPAHCHOPTHMUX CUCTEM. [HIIMN MigXig OO KEpyBaHHS CKIAIHICTIO — 1€
BUKOPHUCTAHHS aHCAMOJTI0 BEJIMKUX MOBHUX Mojieneit (BMM).

VY pesynbrari pobIT HACTYMHOIO €Tamy JOCTiIKEHb Oylio po3poO0JE€HO NPUHIUIIOBY
3arajibHy cxeMmy iH(popMaliiHOI MOJeNi PO3MOJIIIEHOr0 0araToareHTHOro OOYMCIIIOBAILHOTO
IHTEJIEKTy aBTOHOMHOI TPaHCIOPTHOI cucTtemu Ha 3acamax [II'Y [8]. I'myukicts, sika 3asBieHa
TPAHCIIOPTHUMHU CHCTEMaMHU HACTYITHOT'O MOKOJIIHHS, CIPUYUHSE TTIMOOKY MOAM]IKAIII0 CAaMOT0O
s]ipa CHCTEM YIpaBIiHHS. MOXIMBOCTI HAA3B'A3HOCTI Ta YHPABIIHHSA JAHUMH JO3BOJISIOTH
CTBOpIOBaTH OUIBII THYYKI Ta PpEAaKTHBHI CHCTEMH VIPABIiHHA, SKHA 3aCHOBaHI Ha
CHIBPOOITHUIITBI AaBTOHOMHHUX Ta TOB'SI3aHUX O0'€KTIB y Mpoleci NPUUHATTS pimeHs [7].
Po3rnsiHyTo 0cOOIMBOCTI XOJIOHIYHOI MapaJurMH CHUCTEM KEpPYBaHHS Ta BJIACTHBOCTI XOJIOHIB.
Po3po6neHo cxeMy CTOXaCTUYHOTO BiJIMOBOCTIMKOIO yNpaBIliHHS, 30KpEMa, CXeMY YNpaBIIiHHS
CEHCOPHUMH HECTIPABHOCTSIMH Ta MOJIETIb PO3PI3HEHHS KOHTHHYYM 3a1au» [2].

V3aranmpHeHa OararomacmTabHa MoOeNh Oyab SKOTO CHTHAly Ha  3acajax
MyJIbTiOpMali3My Ta JIOCBIY, IO JO3BOJISIE MOBHICTIO AiBepCiQiKyBaTH NUISIXM OOYUCIIECHb Ta
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3aco0u oTpuMaHHs NepBUHHOI iH(opMarlii. Po3pobieHo cxemy 3acTocyBaHHS MOPQOJIOTTYHHX
oOuncneHb A IHTerpamii Ta y3arajabHEHHsS TIEepBHHHOI iHdopmMallii. Momens J103BOJIsIE
peari3yBaTu TOTAIBHUHN ayauT iHPOpPMaLiHHUX MOTOKIB Ta BTiJIEHE MPOrHO3yBaHHs. Po3pobiieHo
METOJ BHU3HAYEHHS ONTHMAIbHOI KUIBKOCTI BXIIHUX JaHUX JAJs PO3Mi3HaBaHHSA OO0 €KTIB YU
oIl (MoeNi KpUTHYHKMX HAYEPKIB Ta «TOHKOI'O 3pi3y» eBpucTuk) [2], [9].

3anporoHoBaHa MaTeMaTWU4YHa MOJAETb PO3MOAUICHOI aBTOHOMHOI TPaHCIOPTHOI
CHCTEMH, B SIKOI OKpEeMi KOMIIOHEHTH Ta JIEBAHCH PO3IIISNAIOTHCS AK MPOTrpaMHi / «pO3yMHI»
areHTH, 110 J03BOJIAE€ PO3IVISIHYTH I KOMIIOHEHTIB K «MEpEXy areHTIB MOXJIMBOCTEH, Ta
arcHTIB MOTPIOHOCTEH», KWW CAaMOOPTaHI3yEThCS MPH BHUPIMICHHI Oyab SKOTO 3aBIaHHS [6].
ApXITEeKTypa aBTOHOMHOI TpPAHCIOPTHOI CHCTEMH Ma€ BHUIJISI «CHCTEMH CHCTEM» 3
dbpakTamonoiOHUMHU CBOMCTBAMHU CTPYKTYypu Ta iH(opmMarii, 1o [A03BOJIIE aBTOMAaTHUYHO
MacmTabyBaTu Oyb SKH IPOIECH YIIPABIIiHHS Ta BUSBIIATH / HEHTpami3zyBaru 3arposu [9].

B pesynprari BHKOHaHHS HACTYNHOTO €Tamy JOCTIKEHb OyJl0 BJIOCKOHAJIECHO
MaTeMaTH4Hy MoJelb Oyllb SIKOTO CHTHaly, mapaMmeTpy ado 3MiHHO{, sika MICTHTb BOYZOBaHY
Bepu(ikalio Ta caMo-Kopekuio [7]. BrockoHaneHo MaTeMaTHUHY MOJIENb TOTAIBHOTO ayJUTy
BCiX iH(OpMAIIfHUX MOTOKIB aBTOHOMHOI CHCTEMH Ha OCHOBI MOJEJi LITICHOCTI Ta JOCBIify.
Mogenb QyHKIIIOHY€E «Ha Kparo Xaocy», TOOTO B cTaHi KpUTHUYHOCTI. Po3pobiieno mozxens camo-
MOPOJIKEHHS 1H(POpPMAIIITHIX areHTiB Ha OCHOBI 0araTouiIb0BOro OAHKY 3HaHb Ta JOCBIAY IS
AaKTUBHOI'O  BHPIIIEHHS  YHUCEIbHMX  3aJad  pPO3pI3HEHHA.  3alpolOHOBAaHO  MOJEIb
CaMOBJIOCKOHAJICHHS BIJKPUTOTO MPOCTOPY MOXMJIMBOCTEH /ISl KJIIOYOBOI  BJIACTHUBOCTI
«areHTHICTH». BUKOPUCTOBYETHCS MyJIbTU(DI3NIHICTH Ta MYyJIbTH()OpMATi3M.

Cynepcrpykrypu III'Y  «Mepexi HauepkiB» Ta «Mepexka Mepex HauepKiBy»
BiZJOOpakaroTh 0a30By KOTHITHBHY CTpaTeril0 — KaTeropusamito. 3pOCTaHHS PO3YMIHHS Ta
3MEHIICHHSI BHUTpAT 3a0€3MeUyeThCsl HE TUIBKH MHOXHHHOIO PeIyKII€I0-MaciTadyBaHHIM
HauepKiB, aje W MOCHUJIEHHAM y3arajibHEHOI 3allIyTaHOCTI MK MepeXaMu HauepKiB (3pocTae
CTYIiHb 1HTErPOBAHOCTI 1HQOpMAIll Ta omepaliiiHoi 3aMKHYTOCTI B MEXKax «Mepexi Mepex
HauepkiBy) [2]. MiHiManbHy aje JOCTAaTHIO JUIS PO3yMiHHS CKiIaaHicTh (3a Kommoroposum)
MaroTh KPUTUYHI HAYepKU a00 «TOHKIN 3pi3». AKTHBAlis KPUTUYHUX HAPHCIB BUMAra€ MiHIMyM
eHeprii / pecypcoB cepe]] ycix AJOMYCTUMMX HauepKiB, 110 BaXKIMBO Ui «KPalOBOTO IHTEIEKTY»
B paMKax [HTepHeTy «pOo3yMHHX» pedel TpaHCIOPTHOI/aBTOHOMHOI CHCTEMH.

Cepen HOBUX MIJIXO[IB, $KI aKTyaldbHl abo Oe3mocepelHbO 3aCTOCOBYIOTHCS J10
HEepPEeBIPKU TPAHCIIOPTHUX CHUCTEM, 3 YIOPOM Ha aBTOHOMHICTb, Jelaii OUIBIIOrO 3HAYEHHS
Ha0yBalOTh TMEPEIOBI CUCTEMHM MAIIMHHOTO HAaBYaHHS Ta INTYYHOTrO iHTeNeKTy. OnHak Il
CUCTEMM MalOTh HEBH3HAY€HI BJIACTHUBOCTI, 110 YCKJIAJHIOE BepUdikalio abo poOUTh ii HaBITh
HEeMOXIHBOK [5]. V OinbiiocTi iH)KCHEPHHX TPOEKTIB TOJOBHUM 3aBIAHHSIM € TOYHA
cneurikanis 1 MOJIETIOBaHHS apXiTEeKTypU CUCTEMH Ta MOB'sI3aHMX 3 Hero peakiiil. OxHak ams
CKJIAJTHUX CHUCTEM II€ HE 3aBXKJIM MOJKJIMBO, 1 BUKOPUCTAHHSA O1OIHCIIPOBAHOTO AM3aWHY A€
3MOTY IMITYBaTH aJamnTaiitfo OlOJIOTIYHUX CHUCTEM [0 CKJIAaJHUX, JUHAMIYHMX 1 MIBHAKO
MIHJIUBUX YMOB.

[TpoBeaeHo anamiz MOXJIMBOCTI 3acTocyBaHHs BMM 10 BUKOHaHHS OKpeMHX 3ajad
po3pi3HeHHs (YNpaBiiHHS, JIarHOCTHKH, MPOTHO3YBAHHSA) JJsi TPAHCHOPTHHUX MPHUKIAAEHb. 3
aHaJi3y JiTepaTypu Ta BIACHUX JOCIHIPKEHb BCTAHOBJIEHO, 1110 BUKOPUCTaHHA aHcambiaro BMM
BeJIC JI0 IMIBUIAKOTO 3POCTAHHS 1HTENEKTY Y CKIAJHUX JTUHAMIYHUX IHTEJICKTyaIbHUX CHCTEMax.
CdopmoBana KoHmemnilisi 3actocyBaHHs aHcamOmt0 BMM B pamkax I[II'Y, 3okpema, mms
peaizalii KOHKypeHTHIX MeXaHi3MiB it [9].

Hasenemo mpukiian 3 aepoxocMivynoi ramysi. United Launch Alliance (ULA), crinbhe
nignpuemctBo Boeing Ta Lockheed Martin, B mitky 2025 poky novana tectyBatu «RocketGPT»
- aJanToBaHy Bepcilo 4YaT-00Ta Ha OCHOBI IITyuHOro iHTenekTty OpenAl, mo Biamoinae
BUMoOraMm Oe3neku Jisi oOOpOHHUX MiApsAHMKIB. CHcTeMma Mpaloe Ha XMapHii 1uatdopmi
Microsoft Azure, sika ceprudikoBana mijg Bumoru Oesmexku. PozpoOka RocketGPT Benacs
cnuibHO 3 OpenAl tTa PwC. ULA naronomye, mo RocketGPT — iHCTpyMeHT acucTyBaHHS, a HE
3aMiHM TiepcoHany. JIIOAChKUNA KOHTPOIb 3aIHIIAETHCS OOOB'SI3KOBUM. Y CHIIIHHWMA MITOTHUN
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npoekT RocketGPT moke mpuszBectu nmo mmpmoro BropoBamkeHHs B ULA Ta moTeHIiiHO
IIUPIIOTO BIPOBAHKCHHS B 0OOPOHHOMY CEKTOpP1 aepOKOCMIYHOI Taimy3i. Takwil miaxig Moke
OyTH 3acTOCOBaHO B Oy/ib SIKWI TPAHCIIOPTHIH raiy3i, 30KpeMa MOPCHKO1.

RocketGPT - mpuknan toro, sik LI mounHae rimOOKO NPOHMKATH B KEpyBaHHS
CKIaJHUMM JAMHAMIYHUMH CUCTeMaMu. B mojaibnioMy MoOKHa OYIKyBaTH Ha IOJIIIIEHHS
iHTerpamnii 3 IHKEHEPHUMH CHCTEMaMM: HAIlPUKIAA, CUMYJSILil pe3yiabTaTiB BHUIIPOOYBaHb;
Oimpir cyBopoi ceprudikanii Ta aymut II-cucrem, 30KkpemMa B TpaHCHOpPTHiM ramysi (1o
BaxiauBo). B ITM HAHY po3pooOmsierbcs kouuemnuis III'Y-mamman a1 3acTOCYBaHHS B
TPAaHCIOPTHHX, 30KpeMa KOCMIYHHMX TEXHOJIOrisX [9].

Crin 3a3Ha4MTH, IO 3 TOYKU 30pY TEXHOJIOTIYHOTO PO3BUTKY, BCi cBiTOBI rirantu IT-
inayctpii Hamisieni Ha ctBopeHHsT AGI (Artificial General Intelligence) B HalOIMX4i pPOKH.
CrBopenns AGI moB’s3yI0Th 3 TEXHOJOTIYHOKO CHHTYJSAPHICTIO, TOOTO SKICHO HOBHM PiBHEM
VOpaBIiHHA BEIMKHUMU cUcTeMamH. [IpoMiKHMM BapiaHTOM Ha CydYacHOMY eTami €
BUKOpucTaHHA aHcambmo BMM (ancam6imio IllI-acucrenTtiB). 3aranbHUN BHCHOBOK TaKHA:
pO3poOKa CHUCTEM KEpyBaHHS TPAHCIIOPTHUMHU CHCTEMaMH Ha OCHOBI (MaitOyTHboro) AGI — me
nepeoBuil Kpail MailOyTHBOT TPaHCIOPTHOI HaykW Ta TexHikk. Came TOMy, BaKJIUBa IUIb
po3poOku III'Y monsirae B po3yMiHHI MEPIIMX MPUHIUIIB Ta 0COOMUBOCTEH (DYyHKI[IOHYyBaHHS
«cucteM ¢ AGI» abo «arentuBHoro LI», 30kpema, Mopcbkoro Hampsmky [2], [4].

Po3rnsHemMo Hauepk MoJell TOBEAIHKM aBTOHOMHOI / KOTHITHMBHOI CHCTEMH.
OnTuManbHa TONITHKA TOBEIIHKH CIIOHYKa€ aBTOHOMHOTO / KOTHITUBHOTO areHTa: 30uparu
iHpOpMaIio PO CBOE CEPEOBHUIIIE, IO BiAMOBIAA€ 3HIKEHHIO HEBU3HAUEHOCT]; PO3IIUPIOBATH
MPOCTIP MOXJIUBOCTEH Yy Oyab-siKiii cUTyallii, 1[0 MiJBUIY€E THYYKICTh; 31100yBaTH KOHTPOIb
HaJ CBOIM cepenoBuiieM ((hopMyBaTH HIlly), IO BiANOBITAE MiABUIICHHIO Nepen0adyBaHOCTI
MaiiOyTHIX CTaHIB CBiTy; pPO3LIMPIOBATH Kay3aJbHY BHYTpimmHIO Mogens CBiTy 3 METOrO
(dbopMyBaHHS 1IA0JIOHIB MOBEIIHKU Ta IMOIIYKY PECYPCHO-EKOHOMHHX OIUCIB (KPUTUYHUI CTaH;
OOYMCIIEHHsI Ha Kpalo Xaocy), 10 3HMXKY€ €HEepro3arpartu, MiJBUILY€E IBUAKICTb MPUHHATTA
pilieHs Ta mependadyBaHiCTh MaOyTHIX CTaHIB CBITY; yJIOCKOHAIIOBATH 3aCO0M KOMYHIKaIlii
s popMyBaHHS €(EKTUBHUX KOMaHA/CHUMO1031B, IO MIJBHUILY€E CKJIAAHICTh KOJEKTHBHO
pO3B'SI3yBaHMX 3aBJaHb 3a OJHOYACHOIO 3HIKEHHS I1HAMBIAYalbHOTO (KOTHITUBHOIO)
HABaHTA)XCHHS;, BJOCKOHAIIOBATH areHTHICTh, L0 nepeadadyae cUTyaliiiHy MOiH(QOPMOBAHICTS,
OLIAJJIMBE CHUIKYBaHHS Ta THyYKke/€()eKTHBHE BUKOPHCTaHHA pecypciB  (IIPOCTOpy
MOYJTUBOCTEM ).

ATEeHT NMOBMHEH 3HAXOJWUTH 3aKOHOMIPHOCTI Ta MpalloBaTH Ha NEBHOMY piBHI rpy0oi
3€pHUCTOCTI, 100 3a0€3MeUnTH IBUAKICTh peakili («BHXUBaHHA»). ['pyda 3epHHUCTICTD MOXKe
BKJIFOYATU pi3HI (¢opmu peopranizanii qanux (I1I'Y-koHuenmis «mepexi Hauepki»). Mepexa
Mepex HauyepkiB ¢GopMye LUTICHY Kay3albHy «Mopaens CBiTy», BKIIOYAOUU PI3HH BUIU
JOCBIY, 30KpeMa — IPOCTOPOBHIA A0CBIf [2].

B skocti 3arambHOi apxitektypu areHtuBHoro LI mms KTC 3ampomonHoBana HoBa
koHuenuis «Cucremu 0/1/2/3» (Ilonsartss «CucteMa sik OopraHizam»: CTpyKTypa Ul 1HTerpaii
(OKUTTEBOTO JOCBiAY» y mpoekTyBaHHs Ta po3pooky KTC) [10]. Ile mo3Bossie aHamizyBaTtd i
PO3YMITH TIOBEIIHKY CKIIAQJHUX CHCTEM, CIIPOIIYIOUH iX 10 (HyHIAMEHTAIBHUX XapaKTePHUCTHK
(cyTb «rpanuuyHoro mepexonay»). Crpykrypa Cucremu 0/1/2/3 mpencraBieHa siKk poO3IIMPEHHS
Teopii JBOX MPOILECIB, 1110 BUKOPUCTOBYE MOJIENb YOTHUPHOX MPOLECIB Mi3HaHHs. Po3muproroun
Cucremy 1 (mBuzke, 1HTYiTHUBHE MUCcIeHHs) Ta Cuctemy 2 (MOBUIbHE, 00 yMaHe MUCIJIEHHS),
[II'Y Bxirouae Cucremy 0, sika € J0-KOTHITUBHUMHU BTUIEHUMHM Iporiecamu, Ta Cucremy 3, sika
OXOIUTIOE KOJEKTUBHMM iHTenekT. Cucrema 0 miakpecitoe MopdoJIOridHi OOYMCICHHS Ta
MacUBHY JAMHAMIKY 1HKyOallii 3HaHb, UTIOCTPYIOUH, K (13MUHE BTUICHHS 3a0e3Meuye aJaliTuBHY
NOBEIIHKY (mpukianu: ¢GOpPMYyBaHHS MEpeX HauepKiB; «CTpila TMi3HAHHS» B 33jJadax
PO3pI3HEHHS).

[ BceocskHa cTpykTypa (Cuctema 0/1/2/3) oxoruatoe niana3oH Bif MIBUAKUX BTUIEHUX
peaKIiii 10 KOJEKTHBHOTO IHTENEKTY, IO TOBITLHO PO3BHBAETHCS, IPOMOHYIOUN €IUHY
nepcnektuBy mizHaHHS KTC B pi3HUX TUMUYacOBHX MacuiTabax, piBHAX aOcTpakuii Ta ¢popmax
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riopuanoro iHTenekty. Monens Cucremu 0/1/2/3 3abe3nedye HOBY TCOPETHYHY OCHOBY ISt
PO3yMiHHS B3a€MOJIii aJalNTHBHUX Ta KOTHITHBHUX IPOIIECIB, TAM CaMHUM BIJKPHUBAIOYM HOBI
MOYJIMBOCTI JJISl JOCHIKEHb Yy Taly3l TPAaHCIOPTHUX/aBTOHOMHHMX TEXHOJIOTiH, KOTHITHBHOI
Hayku, 111, poOOTOTEeXHIKM Ta KOJIEKTUBHOTO 1HTEIICKTY.

[IT'Y npononye mpuHuun HagedeKTHUBHOCTI, KUl nepeabdayae, M0 BHYTPIIIHIA CTaH
KTC camooprani3yeTbcst 10 KPUTHYHOTO PEKUMY, JI€ JAOCITAETHCA ONTHMajbHA €(EKTUBHICTh
BUpILICHHS 3aBJaHb pPO3PI3HEHHA, a caMe: MaKCUMallbHI aJanTUBHICTh, T'HYYKICTb,
MPEIUKTUBHICTD, IMIBUJKICTb NPUUHATTS KOHCEHCYCHOI'O PIIIEHHS 3 YpaxXyBaHHSM JIOCBIAY,
€KOHOMIYHICTh, a TAKOK aHTUKPUXKICTb.

Pexkomennanii 1010 3aCTOCYBaHHS  3alpOINOHOBAHOI  METOJOJIOTIT  KepyBaHHS
PYXOMHMMH/aBTOHOMHUMH 00’ €KTaMU 3 BUKOPUCTAHHSM METO/IIB IUTYYHOT'O 1HTEJIEKTY.

I[II'Y ¢dopmye KoHIENTyallbHy OCHOBY METOJOJIOTIi KepyBaHHS HECHPABHOCTSIMH Ta
MOTIEPEKEHHS 3arpO3JIMBUX CTaHIB CKIaMHOT TexHiku. Lle no3Boisge 3a0e3meunT HeOOXiTHUI
piBeHb (YHKIIOHATBHOI BiAMOBO-CTIMKOCTI Ta KaracTpodo-cridkocTi. Jlis 3abe3neueHHS
THYYKOCTI B YyMOBaXx OOMEXKEHHUX peCypCciB Ta paJMKaIbHOI HEBHU3HAYEHOCTI B KOHTYP
yIpaBiIiHHSA 00 MPUIHATTS pillIeHb TOTPIOHO BKIIOYHUTH aHcamMOi1» BMM.

[II'Y ommcye METOAOJNIOTIIO0 IMIBUAKUX pillIeHh HA OCHOBI KOHIeNIii KpuTH4HOCTI. Lle
J03BOJIIE TAKOXK 3HAXOJUTH €KOHOMHI €BPUCTHKHU 3 MAKCUMAJIbHUM 3aJIy4€HHSM CUTYyaTHMBHHX
MOKJIMBOCTEN / pecypciB. Jlorika MUTTEBUX pillieHb AYXKE Ba)XIJIMBa caMme ISl TPAHCIOPTHUX /
aBIaKOCMIYHHMX TPUKJIaNeHb. B peampHUX NpUKIaIeHHIX NOTPIOHO 3a0€3NeUNTH «KPUTUIHUN
CTaH» CUCTEMH KEepyBaHHSI.

I[II'Y omwmcye Oararo macmTaOHui (a30BUK MPOCTIp AMHAMIYHOI 1HTENEKTYyalbHOI
cucreMu. Bci gii/cuienapii ogHOYACHO IUIAHYIOTBCS Ta PEANI3yIOThCS Ha BCIX MAaclITaOHHX
piBHSIX 13 3alydyeHHSIM BIiONOBITHMX pecypciB. Lle mo3Bomse auHamiuHO 00'€AHYBaTH
CTpaTeriuHuMi, TaKTUYHMA Ta ONEPAaTUBHUN pIBHI ymOpaBiiHHSA (AMHAMIYHA  JIOTiKa
nipynoBaHHs). B moganpmioMy HEOOXiIHO JOCTHIAMTH MEXaHi3M BTIJICHOI B3a€MOJIIi pi3HHUX
MacmTaOHUX PiBHIB.

I[II'V omucye sk cucremMa KepyBaHHA aBTOHOMHOI CHCTEMHM IOCTIHHO —camo-
BJIOCKOHAMIOEThCs. Lle 03Hauae mocTiiHUN meperisa (ONTUMIi3allilo) NPUHHATHX PIIeHb 1010
BUKOHAHHS MICIll K 3 TOYKH 30py IUIEH, TaKk 1 3 TOYKHU 30py 3alyuyeHUX pecypciB. 3
ypaxyBaHHSIM HIBHIKUX PEaKIliii Ha HECMOIBaHI MEPErNoHW B BUKOHAHHI MICIA II€ TIOBHICTIO
BIJIMIOBiIa€ KOHIIEMIIi «areHTHUBHOTO (MEPEIOBOT0) IITYYHOTO IHTENEKTY», SK HaWOLIbII
CyyacHOi TEXHOJIOTli KepyBaHHS aBTOHOMHUMHU cCHCTeMaMu. B mojanpimomMy HeoOX1JHO
JOCTIIUTH  BJIACTUBOCTI ~areHTHBHOTO IITYYHOTO IHTEJEKTY caMe€ B TPAHCIIOPTHUX
NPUKJIAICHHSIX.

III'Y no3Bossie MPOBOAMTH aHali3 3B'A3HOCTI Ta 3pOCTAaHHsS IHTENEKTY Yy CKIaJHHX
JTUHAMIYHUX 1HTEJIEKTyaIbHUX CHCTEMax 3 TOYKM 30py caMooprasizaiii, camopedekcii, camo-
n00y10BH, Oe3nepepBHOI B3a€MHOI MPUYMHHOCTI, KOHCEHCYCHOTO YIPaBIIiHHS, PO3IIMPEHUX
nam'sTi Ta misHaHHA. Lle 103Bosisie BIPOBAAUTH MPUHIMIT Ha/le(heKTUBHOCTI, KU mependavae,
10 BHYTPIIIHIM CTaH KOTHITUBHUX TEXHIYHHUX CHUCTEM CaMOOPIaHI3ye€TbCs A0 KPUTHUYHOTO
PEXHUMY, J€ JIOCSTaeThCsl ONTHMajibHAa €(QEKTUBHICTh BHPIIIEHHS 3aBIaHb PO3PI3HEHHS.
[ToTpiOHO B TPaHCHOPTHUX MPUKIIAACHHAX 3a0€3NEUNTH 110 TPUHIMITY HaAe()EeKTUBHOCTI.

[II'Y no3Bosisie po3poOUTH MOAEN aJalNTUBHUX IPOLECIB Ta PEXHUMIB YCBITOMIIEHHS
CEHCOPHHMX CHUTHAJIIB y KOTHITUBHUX TEXHIYHMX cucTeMmax. Lle mo3Boiisie CTBOpUTH MOAEII
KOTHITUBHHX CEHCOPIB, II0 KOMIEHCYIOTh 3001 y MoKa3ax JaT4MKIB HA OCHOBI KOHCEHCYCHHX
pillIeHb Ta «IITYYHOTO KOHEKTOMY». [IoTpiOHO BNIPOBAUTH 10 MOJIENb B peajbHI TPaHCHOPTHI
TEXHOJIOr1 (B YCIX cepeloBUIIIax).

Hemonasno Ilpe3uais HamionansHoi akanemii Hayk Ykpainu cxBanuia «IIpoext OcHOB
CTpaTerii po3BUTKY 1 3aCTOCyBaHHS IITy4yHOro iHtenekry B HAHY». fIk imerscs y BiamoBiaHii
MOCTAaHOBI, AKTyaJbHICTh CTBOPEHHS IUJIICHOI aKaJeMIuyHOl CTparerii 3yMOBJIeHa MOTPeOoro
tpancopmanii HAH Ykpainu y noBHoniHHOr0 yyacHuka riodansHoro Hll-npocropy, 3n1aTHOTO
HE JIUIIE TeHepyBaTh (pyHIaMEeHTabHI 3HaHHS, a ¥ IPOAYKYBaTH NPUKJIIAJAHI IPOPUBHI PIllICHHH,
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30KpemMa JijIst oTped Oe3nmeKu i CTIMKOCTI IepKaBHy.

BucnoBok. J[lomaroun oOMEXeHHsI ICHYHOUMX JIOTi4HMX cucteM, [II'Y posmmproe
MOJKJIMBOCTI aBTOHOMHHX (TPaHCIIOPTHHX) CHCTEM Y MIpKyBaHHSX Ta HPUNHATTI pillleHb B
yMOBaX HEBU3HAYCHOCTI, IO3BOJISFOYM M JiATH OUIbII e(PEeKTUBHO Ta MPUPOAHO. Po3pobieHo
MOJICJI aJIaNTHBHUX IPOIECIB Ta PEKUMIB YCBIIOMJIICHHS CEHCOPHUX CUTHAIIB Yy KOTHITHBHUX
TexHiuHuX cuctemax (Marematnuna moxaens nopomkeHHs CEHCY curmamy / 3MiHHOI).
CTBOpEeHO MOAEl KOTHITUBHHX CEHCOPIB, IIO JO3BOJISIIOTH KOMIIEHCYBAaTH 3001 y MOKa3zax
JMaT4YHKiB Ha OCHOBI «IIITydHOT0 KOHEKTOMY», 1110 3a0e31euye BiIMOBO / KaTacTpodo-CTIMKICTb.

Hampsimox «Po3poOka metomosorii aHamizy/CuHTe3y (YHKIIOHYBaHHS, PO3BHUTKY Ta
YIOPaBIiHHA CKJIaJHUMH TUHAMIYHUMHU IHTENEKTYalbHUMHU CHCTeMaMHu» BiamoBigae «IIpoekty
OcHOB cTparerii po3BUTKY 1 3acTocyBaHHS INTy4yHoro iHTenekty B HAHY». Takox BiH
BignoBigae cydacHiii «Takconomii texuomorii HACA 2024»: nanpsmku TXO04: Robotic
Systems; TXO08: Sensors and Instruments; TX10: Autonomous Systems; TX11: Software,
Modeling, Simulation, and Information Processing.
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COMPARATIVE ANALYSIS OF SENSOR DATA FILTERING METHODS
IN SHIP TECHNICAL MONITORING SYSTEMS

A. Romancha, 4. Simanenkov
Kherson State Maritime Academy
(Ukraine)

Introduction. Modern vessels increasingly rely on data streams generated by numerous
sensors — accelerometers, temperature sensors, pressure transducers, current sensors and other
instrumentation. These data make it possible to monitor the technical condition of machinery and
to detect early signs of faults or degradation. At the same time, operating sensors under harsh
marine conditions — characterized by strong vibrations, electromagnetic interference, mounts
corrosion, network dropouts — often results in «dirty» signals, i.e., those containing noise,
spikes, or missing values. Consequently, the first and critically important step in any monitoring
system is the proper processing and cleansing of incoming signals. [1]

A wide variety of approaches exist for filtering and denoising — ranging from simple
numerical filters, such as moving-average or median filters, to more advanced methods including
the Kalman filter, Savitzky-Golay filter, wavelet-based techniques. For example, in the
processing of vibration signals for rotating machinery diagnostics, the Savitzky-Golay filter and
wavelet methods are frequently applied due to their ability to preserve informative frequency
components during filtering. Applied studies also demonstrate the effectiveness of combining
multiple approaches (e.g., wavelet-based techniques together with the Savitzky-Golay filter) to
improve signal-to-noise ratio in measurements [1, 2].

The proper choice of a filtering strategy has significant practical implications: excessive
smoothing may lead to the loss of early indicators of defects, whereas overly «soft» filtering may
leave noise that distorts subsequent stages of analysis. It should also be noted that marine
applications often require algorithms capable of real-time operation with minimal latency and
adaptability to changing conditions. In such cases, filters like the Kalman filter or its
modifications are advantageous due to their ability to account for measurement-error statistics

[3].

Relevance of research. The quality of sensor data directly determines the effectiveness
of any technical monitoring system, making the problem of signal cleansing critically important
for the maritime industry. Reviews of studies on machine and vibration signal analysis show that
noisy data significantly reduce diagnostic accuracy, hinder the detection of early fault indicators,
may lead to false alarms or erroneous decisions in automated systems. At the same time, marine
environments introduce specific noise types — impulsive spikes, vibration-induced distortions,
others — that are difficult to mitigate using universal methods [1, 4].

Despite the broad range of available filtering approaches, studies indicate that the quality
of cleansing varies significantly depending on the conditions and the type of signal. Most
publications describe the application of individual methods; however, comprehensive
comparisons of the effectiveness of different strategies for marine sensor data are scarce. This
gap is critical both for the development of artificial-intelligence-based algorithms and for the
design of reliable monitoring systems that depend on high-quality input data [5, 6].

Problem Statement. The objective of this study is to compare the effectiveness of
various sensor data filtering methods used in ship technical monitoring systems. To achieve this,
several commonly used filters — moving average, Kalman filter, exponential smoothing,
Savitzky-Golay filter, Locally Estimated Scatterplot Smoothing — must be implemented and
tested on laboratory and artificially generated signals that simulate typical noise characteristics.
The goal is to evaluate accuracy, robustness to various noise types, the ability to preserve key
signal features. The resulting findings will form the basis for subsequent validation on real
shipborne data, enabling confirmation of the practical applicability of the selected strategies.

Research Results. The conducted study revealed that different filtering methods respond
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differently to various noise types and signal shapes. The simplest method — the moving-average
filter — smooths random noise effectively but distorts peaks and slows the response to rapid
changes, making it more suitable for data with stable dynamics.

The Kalman filter demonstrated a favorable balance between smoothing and preserving
signal structure. Its model-based nature allows it to filter not only white noise but also part of
impulsive distortions. At the same time, it requires relatively precise parameter tuning, which
reduces its universality.

Specific equations for time and measurement updates:

Time update:

Xp = A%_1 + Buy_q
Pg = AP, A" +Q
Updated measurements
Ky = PfHT(HP HT + R)™!
X = x, + Ki(z, — Hxy,)
P = (I — Ky H)P;

Exponential smoothing showed itself to be a compromise between simplicity and
sensitivity: it reacts to changes more readily than the moving average but filters noise less
effectively, particularly non-uniform noise, is therefore better suited for trend-like signals.

The Savitzky-Golay filter effectively preserves local peaks and oscillations, making it
suitable for data where fine-scale structure is important. However, it is less robust to impulsive
noise and often requires preliminary coarse filtering.

The LOESS (Locally Estimated Scatterplot Smoothing) method provides high-quality
smoothing for signals with complex shapes and varying oscillation frequencies, though its
computational cost may limit its applicability in real-time systems.

Overall, the most versatile strategies for technical monitoring tasks are the Kalman filter
and LOESS. The Savitzky-Golay filter and exponential smoothing are appropriate primarily for
specific types of signals, whereas the moving average is suitable only for the simplest conditions
(Fig. 1).

MeTogu dinsrpauii

Figure 1 — Comparison of the moving-average filter, exponential smoothing, Savitzky-Golay
filter, Kalman filter, LOESS method for smoothing a time series of sunspot counts
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Conclusions. The analysis confirms that different methods respond differently to noise,
trends and local signal features, therefore, no universal solution exists. The optimal approach
depends on the characteristics of the data and on which aspect is prioritized: preservation of fine-
scale structure, suppression of random fluctuations, or the ability to operate in real time.
Exponential smoothing demonstrated lower accuracy, it performs well with relatively smooth
signals but tends to lose fine details. In contrast, the Kalman filter and LOESS better maintain
the shape of the curve and provide more consistent results under conditions of non-uniform
noise. The Kalman filter effectively suppresses random distortions while preserving the essential
structure of the signal. LOESS is more flexible but computationally more demanding, which may
limit its use in real-time applications. As a result, the Kalman filter and LOESS provided the best
balance between smoothing and accuracy of signal reconstruction, making them promising
candidates for further testing on real shipborne data.
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Al IN SHIPS TECHNICAL INSPECTION: ANALYSIS OF REAL CASES

Samoilov O.0., Samoilov S.O., Seliversova S.R.
Kherson State Maritime Academy
(Ukraine)

Introduction. Maritime transport is a cornerstone of global trade; however, the industry
continues to face significant operational challenges and risks that necessitate innovative solutions
to ensure safety and efficiency [1]. Traditional maintenance, repair, and inspection procedures
rely on manual data entry, regular inspections, and analysis of repair lists. These are increasingly
less effective for the operation of new, technology-based ships [2]. Against this backdrop,
artificial intelligence (Al) and machine learning (ML) technologies are transforming from
experimental concepts into practical tools that are actively implemented in the maritime industry.
They offer radically new opportunities to optimize operational processes, increase safety, and
overall fleet efficiency [3].

Relevance of research. The focus of this study is determined by the key benefits that Al
brings to the field of technical inspection: increased reliability and availability of equipment,
reduced unplanned downtime and associated financial losses [4], significantly improved safety
of operations for both the crew and the cargo and the environment [1], as well as optimization of
the use of material and human resources. [2]

The problem statement is to analyze and systematize real cases of artificial intelligence
applications in technical control and monitoring systems of maritime transport.

Research results are the review of real cases of application of Al in technical inspection:

1. ABS Al Corrosion Detection. ABS has developed a proof-of-concept for automatic
detection of corrosion and coating damage using Al. The solution, based on the Google Cloud
platform, uses machine learning (ML) models to analyze 2D images and video files. Algorithms
trained on tens of thousands of images can identify, segment, and classify areas of corrosion and
coating damage, providing an objective and quantitative assessment of their extent and severity.
In real-world tests on two ships, the system analyzed over 600 images of ballast water tanks and
demonstrated an impressive accuracy of 98.9% in identifying corrosion. The project has proven
that this approach is safer and more effective than traditional methods. [5]

2. DNV Corrosion.ai. As part of this initiative, DNV utilizes a deep learning algorithm to
examine 2D images and determine the corrosion condition as either «GOOD»y, «FAIR», or
«POORy. This enables effective remote monitoring, with data stored on the DNV Veracity
platform. The next step is to incorporate 3D sensors to precisely calculate the dimensions of the
defects. [6]

3. DNV REDHUS. This research project aims to create a fully automated hull inspection
process using autonomous drones. Since GPS signals are not available inside metal tanks, the
drones are equipped with LiDAR technology for simultaneous localization and mapping
(SLAM). This allows the drone to autonomously build a 3D model of the space and follow a pre-
programmed flight path. Built-in cameras collect visual data, which is then analyzed using Al to
detect cracks, corrosion, and other defects. Successful tests on board a tanker have confirmed a
radical increase in the safety and efficiency of inspections. [7]

4. Wirtsild Expert Insight. This service employs a hybrid approach, combining Al and
rule-based diagnostics to monitor engines in real-time. The system detects anomalies, which are
then analyzed by Wirtsila experts, who provide recommendations to the crew. A real-world case
study on the tanker Aurora Spirit demonstrated the successful prevention of a turbocharger
bearing failure, avoiding a major accident [8]. In a case study with Japanese shipping company
MMS Co., Ltd., a Wirtsild expert, while analyzing data, noticed an anomaly related to the engine
lubrication system on one of their LNG tankers. The company was immediately notified, and the
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crew received instructions to fix the problem. This prevented severe damage that could have cost
«tens or even hundreds of thousands of euros» to repair [9].

5. Kongsberg Condition Monitoring Solution (K-CMS). This is a comprehensive solution
for CBM of rotating equipment, integrated into the K-IMS ecosystem. The system uses advanced
sensors to measure vibration, acoustics, pressure, temperature, and electrical parameters. The
data is analyzed using self-learning algorithms and Big Data, allowing for the calculation of the
Remaining Useful Life (RUL) of equipment. The system provides a simple «traffic light»
indicator of equipment status, certified by DNV. The system was implemented on the world's
largest heavy lift vessel, Allseas' Pioneering Spirit. The innovative Thruster Remaining Useful
Life (RUL) service utilizes digital twin technology to accurately predict component failure times,
months, or years in advance, enabling optimized repair planning and maintenance. [10]

6. Hapag-Lloyd: Bearing wear monitoring. Bearing failures are a common problem.
Hapag-Lloyd has installed the OPENpredictor bearing wear monitoring system from Rovsing
Dynamics on its ships. The system is designed for online wear monitoring in crossheads, main,
and connecting rod bearings of two-stroke diesel engines. The technology is based on measuring
the position of the crosshead relative to the engine frame at bottom dead center, which is an
accurate indicator of wear. The system detects signs of wear at an early stage, issues a warning,
and predicts the time until the required inspection is due. [11]

7. Hapag-Lloyd Hazardous Materials Monitoring has implemented an Al system to
monitor hazardous materials on its ships in real time. The system utilizes a network of sensors to
continuously monitor the conditions of hazardous cargo, including temperature and pressure. Al
algorithms analyze data from the sensors to detect anomalies and potential risks. In one instance,
the system detected a significant temperature increase in a container of flammable materials. The
Al was activated, and the crew was able to take immediate action to prevent a potential fire. [12]

8. Maersk: Intelligent Reefer Monitoring (Captain Peter): Intelligent Reefer Monitoring
Maersk, in partnership with TCS, has developed an loT solution to automate the monitoring of
its fleet of over 385,000 refrigerated containers, which carry temperature-sensitive cargo.
Previously, monitoring relied on manual methods, which resulted in delays in detecting faults.
The new system integrates data from reefer containers in real time, using predictive algorithms to
detect problems before they become critical. This has enabled the move from fault detection
within 12-24 hours to immediate response. [13]

9. DNV Veracity is an example of not a stand-alone Al tool, but a fundamental
infrastructure — an independent cloud data platform and industry ecosystem. Its goal is to unite
key players in the maritime industry in a single digital space for secure data exchange. The
platform aggregates and, most importantly, verifies operational data from thousands of vessels,
ensuring the quality and standardization of this data. Veracity is a critical infrastructure that
provides the quality data needed to train and operate Al models. [14]

Conclusions. Corrosion is one of the leading causes of structural damage to ships, and
traditional inspections are time-consuming and subjective. Computer vision and Al algorithms
offer solutions to automate this process. Al is used to prevent incidents involving hazardous
goods and to manage the conditions of transporting sensitive goods. Veracity plays a crucial role
in the development of Al in the maritime industry, as it addresses one of the primary challenges:
accessing high-quality data. The platform serves as a reliable source of extensive, verified, and
standardized datasets, which are the necessary "fuel™ for training, testing, and operating complex
Al models. Veracity creates a marketplace for digital services, where third-party developers can
offer their innovative Al solutions using platform data, which stimulates competition and the
development of the entire ecosystem. The analysis of real cases confirms that Al and its
ecosystem are increasingly practical tools in the technical monitoring of maritime transport. The
key benefits of implementing Al are improved safety, cost optimization, and increased fleet
efficiency.
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Introduction. A practical organizational and methodological task of maritime transport
under conditions of uncertainty is to find a method for balancing operational resources. Among
the considered types of models, the most acceptable are deterministic models of fuel
consumption under situational changes caused by fluctuations in the external environment and
stochastic models of choosing the optimal path on short sections of the route under extreme
influences of external disturbances and generating scenarios of consumption of operational
resources taking into account navigation and meteorological conditions. The closest transport
task suitable for this with some improvements and modifications is the Ford-Fulkerson method.

The relevance of research into operational resources in maritime transport is due to their
direct impact on the economic efficiency, safety and sustainable development of the transport
industry. Research helps to optimize the use of equipment, extend its service life, reduce
maintenance and repair costs, and prevent emergency situations.

Problem statement. In the traditional formulation, the Ford-Fulkerson algorithm cannot
be used as the main tool for balancing operational resources when passing route sections with
unpredictable environmental influences. However, in the context of transport systems analysis, it
can be adapted and used as an auxiliary mechanism for distributing operational resources
through a series of static states with the algorithm running at each time state. The research task is
to build a system of invariant interactions of operational resources based on the Ford-Fulkerson
algorithm with situational changes in their use.

Research results. In application to maritime transport, it is proposed to consider the
speed of transition as a flow, i.e. the intensity of use of operational resources. The nodes are
considered to be operational factors such as fuel, load on the main engine, navigation and
meteorological conditions. The source of the graph is the port of departure, the drain is the port
of destination, the throughput of arcs is the permissible range of operational parameters for
trouble-free operation of maritime transport, given in relative units, the network is a set of
operational parameters and external constraints. The algorithm redistributes operational
resources between sections of the path in order to preserve the total flow and make it maximum.
The algorithm redistributes operational resources between route sections to maintain the overall
flow and maximize it. The algorithm results in a visual interpretation of the assessment and
redistribution of operational resources of maritime transport on transport sections under
unpredictable changes in the external environment.

An example of constructing a directed graph of initialization of a transport problem
through operational resources is presented in Fig. 1(a), the result of constructing an optimal
system of invariant interactions of operational resources based on the Ford-Fulkerson algorithm
is in Fig. 1(b).

To calculate the maximum flow in the transport network G (V, E) by updating the flow
attribute for each edge (u, v)eE together with the transport network, bandwidths are set c(u, v)
(c(u,v) =0,if (u,v) € E) [1,2].
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Figure 1 — Directed initialization graph of the transport problem through operational resources
(a), optimal system of invariant interactions of operational resources obtained based on the
Ford-Fulkerson algorithm (b)

The residual capacity is calculated by the formula [1,3]

c(u,v) = f(u,v), if (u, v)eE
Cr(wv) =1{f(u,v), if (v, u)eE 1)
0 — otherwise
Expression c(u, v) is a time variable that stores the residual path capacity P.
Thus, in the network G (v, s, t, c¢) with a given flow f there are regularities [3]:
— thereissuchacut (S,T) what |f| = C(S,T);
— inthe residual networkGy there is no complementary path.

The magnitude of the maximum flow is equal to the throughput of the minimum cut.
Formalization of iterationf (u, v) = 0 - formula for all edges(u, v)
On the way P with S in t of the residual network G; value Gs(u,v) > 0 for all edges
(u,v) € P. Need to find
Gr(P) = min{G;(u,v)|(w,v) € P 2)
For each edge
f,v) = f(u,v) + G (P)
f,w) = f(w,v) — G(P)
Gr(u,v) = C(u,v) — f(u,v)
Gr(u,v) = f(u,v)

The method of finding the maximum flow in the network continues repeatedly until there
is an increase in the flow along the paths from the source to the drain until such paths are
exhausted.

Effective organization of logistics systems of transport transportation is ensured by the
method of estimating the maximum throughput capacity of the transport network. Solving
problems related to the maximum throughput capacity of the transport network and predicting
the interference of weather conditions in the process of cargo transportation is carried out on the
basis of the theory of controlled systems and methods of integral linear programming of cargo

©)
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flow distribution, selection of favorable transportation routes based on the Ford—Fulkerson
theory of maximum flow and minimum cut.

The algorithm finds the maximum flow in the network. In this case, its value is equal to
the capacity of the minimum section. The algorithm iteratively finds paths with available
capacity and increases the flow until the maximum is reached.

The improvement of the maritime transport logistics model taking into account the Ford-
Ford—Fulkerson algorithm consists in its interpretation. The interpretation of the results of using
the classical Ford—Fulkerson algorithm, in addition to finding the maximum flow under given
constraints through the network, bypasses the question:

— what types of operational resources are used in building the management model;

—what is the volume of resource components used,;

— what is the contribution of each of these resources to the overall result;

— what is the management structure using the adaptive Ford—Fulkerson algorithm.

The interpreted flow structure used should answer the questions of quantitative
information support of the management process:

— what amount of fuel is required to pass difficult sections of the route with extreme
environmental impact;

—what is the load on the main engine;

— what is the extent of deterioration in weather conditions;

— what is the magnitude of deviations from the route;

— what is the time to pass a difficult section of the route.

Based on this, it is necessary to apply the improved Ford-Fulkerson algorithm step by
step, iteratively adding resources. In this case, there is a sequential iterative saturation of the arcs
with resources and the network turns into a multi-level resource system.

Conclusions. The scientific justification for choosing the method of non-standard use of
the Ford-Fulkerson algorithm in maritime logistics is presented, in which the flow is the
efficiency of using the vessel's operational resources, and the nodes are operational factors: fuel,
load on the main engine, weather, speed, time, deviation from the course.

The improvement of the maritime transport model consists of its adaptation to changes in
the external environment and ensuring the possibility of consistent use of different types of
resources to maintain their overall balance during transportation.
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OIITUMI3OBAHUI CITKOBUH AJITOPUTM OBPOBKH 306PAKEHD
JJIAA PO3INI3BHABAHHSA MOPCBKHUX OB’€EKTIB Y HABITAIIIMHUX
CUCTEMAX 3 OBMEXXEHUMU PECYPCAMHA

Hlamna A.B., lllamnun C.B., bouuypa M.B., Cuoop A.l., Peym /I.T.
Hayionanvuuil ynisepcumem 600H020 20Cn00apcmea ma npupoOOKOpPUCHY 8AHHSL
(Ykpaina)

Beryn. YV HaBiraniiHux Oysix BCTaHOBIIOIOTH KaMepH, sIKi MOXKYTh BUKOPHCTOBYBATHChH
JUIsl CHCTEM 3aro0iraHHs 3iTKHCHHSM Ha OCHOBI aHaji3y Bigeo300paxkeHb. [Ipore OumbmIicTh
ICHYIOUMX  QIrOpUTMIB  OOpOOKM  300pakeHh  OpIEHTOBAHI HA  HA3eMHI  CHUCTEMH
BIJICOCIIOCTEPEKEHHSI Ta NOTPeOYyIOTh 3HAYHUX OOYMCIIOBAIBHUX pecypciB. [l Mopchkux
HaBirauifHux 3aco0iB, 10 TPAIOIOTE ABTOHOMHO BiA  Oartapeil, KIIOUYOBHUM €
eHeproe()eKTUBHICTD 1 MBHUAKICTh 0OPOOKHU. Y JOCIIKEHH] 3apONOHOBAHO CITKOBUH aIrOpUTM
BUSIBJICHHS. MOPCHKHX 00’ €KTIB, SIKUI KJIacTepU3ye MIKCEINi 3a BiATIHKAMH CipOTo, IO JIA€ 3MOTY
CYTTEBO 3MEHIIUTH OOYHUCIIIOBAJIbHI BUTpAaTH. MOJEIIOBaHHS I10Ka3ajo, L0 3allpOINOHOBAHUMN
miaxig 3abesnedye 0 M’ ATUPA30BOTO MPUCKOPEHHS 0OpOOKM 300pakeHb 1 MiJBHIIYE TOYHICTH
BUSBIICHHS 00’ €KTIB y MOPCHKOMY CEpPEIOBHILIL.

Po3BuTok cydacHux IT-TexHomoriii cipusiB aBTomMaru3aiii 300py, aHai3y Ta yrpaBIiHHS
JAHUMH Y PI3HUX Taly3gX POMHUCIOBOCTI, 1O Jaj0 MOIITOBX JI0 CTBOPEHHS IHTENEKTyalbHUX
cucteM. MoOpcbKUil TpaHCIIOPT, sKuid 3a0e3neuye mona 80% CBITOBOI TOPTiBIIi, TAKOK aKTUBHO
IHTErpy€e INTYYHUIR IHTENEKT Yy MpOIleCH aBTOHOMHOIO ympaBiiHHA. Hapiramiiini Oyi, mio
TPaIUIIfHO BUKOHYBAJIU POJIb OPIEHTUPIB, HUHI OCHALIYIOTHCS IH(PPOBHUMU MOIYJISIMH IS
MOHITOPHHTY MOTOJIH, CTAaHy MOps Ta TepeaaBanHs iHdopmailii mpo Oe3nexy cyaHomiascTsa [1].

[Topy TEXHOJOTIYHMIA TMPOTPEC, 3AIHMIIAETHCS TPoOJieMa 3ITKHEHb HaBirariiHuX
3ac00iB, YacTO CIPUYMHEHMX HE3aKOHHUMM ab0 He3apeecTpOBaHUMM pPHUOOJIOBELLKUMU
CyIHAMH, SIKI BUMHUKAIOTh CHCTEMH aBTOMAaTW4HOI imeHTHdikamii (AIS). Lle cTBoproe pusuku
MOLIKO/DKEHHs HaBirauiHoi iHQpacTpykTypu Ta 3HauHi (iHaHcoBI BTpatu. OpaHuM i3
MEPCIIEKTUBHUX PIILIEHh € BCTAHOBJIEHHS Kamep Ha OysX s BI3yaJIbHOTO MOHITOPUHTY
MOPCBHKOTO cepeloBHIla. BUKOpHCTaHHS aJITOPUTMIB IITYYHOTO 1HTEIEKTY Ta METOIB 0OpOOKH
300paXk€Hb J03BOJISIE CBOEYACHO BUSIBJISITH 00’ €KTH, OLIHIOBATH CUTYyallil A0 1 Micis aBapid Ta
3aro0iraTu HeOe3MeYHUM 1HIIUAEHTAM.

CyuacHi 1H(popMalliliHI TEXHOJIOT1i aKTUBHO BIPOBAXKYIOTHCS B PI3HI T'aly3l, 30Kpema y
MOpPCBKY, /1€ BOHU 3a0€3MeuyroTh aBTOMaTUYHMNA 301p, aHami3 1 nepeAaBaHHs JaHUX. Mopchka
HaBiraiis jgenaii Oulplie 1HTErpye HUGPOBI TEXHOJOTIi Ta IITYYHHH IHTENEKT, IO CIpHUSE
PO3BUTKY aBTOHOMHOTO MOPCBKOTO TPaHCIOPTY, SKUH 3a0e3meuye OUIbIIy 4YacTKy CBITOBOI
toprim. L{udposi HaBiraimiiiHi 3ac00M CHOTOAHI HE JIUIIIE BKa3yIOTh MApUIPYTH, a i 30UparoTh
JaHl PO CTaH MOpsl, MOTOJY, PyX CYJEH 1 €KOJIOTIYHI MOKa3HUKH, IO J03BOJISIE€ MiABHIIUTU
Oe3reKy Ta e(heKTUBHICTh CYHOIIaBCTBA.

OpnHak aBapii HaBiramiifHux OyiB i 3ac00iB TPAIUIAIOTHCS JTOCUThH YacTo, OCOOIMBO uepes3
JISUTBHICTh HE3aKOHHUX a00 He3apeecTpOoBaHUX PHUOATbCHKUX CYJIEH, SKI BUMHUKAIOTh CHUCTEMU
aBTomatuyHoi imeHTHdikamii (AIS) [2], yHukatouun BusiBneHHS. OCKUIBKM PEMOHT TaKUX
00’€KTIB € JOPOTUM 1 TPUBAIUM IPOLECOM, BUHUKAE MOTpeda y CTBOPEHHI CHCTEM PaHHBOTO
BUSIBJICHHS NMOTEHLINHMUX 3arpo3. OJIHUM 13 MEpCHeKTUBHHUX pillleHb € BHUKOPHCTAHHS Kamep,
BCTAHOBJICHUX Ha HaBITaIMHUX OysX, I 0€3MepepBHOTO MOHITOPHUHTY MOPCHKOTO MPOCTOPY.
3aBISKA PO3BUTKY aJTOPUTMIB OOpOOKH 300pa)K€Hb Ta TEXHOJIOTIH IITYYHOTO IHTENEKTY Taki
CUCTEMH MOXYTb 1IeHTHU(IKYBaTH 00 €KTH, aHAII3yBaTH 3MIHU B CEpENOBHUIII Ta 3amoliraTu
aBapism.

[Tonpu HasABHICTH albTEPHATUBHUX METOIB, TAKUX K pajaap, iH(paduepBOHI JAaTYUKU YU
AIS, came xamepu 3a0e3rnedyroTh HaAWOLIBII iHPOPMATUBHI Ta Bi3yaJbHO JOCTOBIPHI JaHi Mpu
BIJIHOCHO HU3bKiM BapTocTi. EQEeKkTUBHICTh anropuTMiB BUSBIEHHS 00’€KTIB, OJHAK, 3AJIEKUTh
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BiJl OCBITJICHHS Ta TIOTOJJHUX YMOB, TOMY CUCTEMHU OOpOOKH 300paKe€Hb YaCTO aJIaNTyIOTHCS JI0
NEBHUX CIICHApiiB — [0y, TyMaHy, HHU3bKOi BHIMMOCTI YH HIYHOTO dYacy. Y IbOMY
JOCTIPKEHHI PO3TIsAacThess 00poOKka 300pakeHb y MeKax JICHHOTO OCBITIEHHS (BiJ CXOay IO
3aXOAy COHIIA) JUTsl TiABUIIICHHS TOYHOCTI BUSBIICHHS MOPCHKHMX 00’ €KTIB 1 3a1100iraHHs aBapisim
HaBiranifHUX 3ac00iB.

Meroto 3ampornonoBanoro anroputMy GLC € 3MeHmieHHs oOcary oO4YHWCIIeHb ITiJT 4ac
BUSIBJICHHSI MOPCHKUX 00’ €KTiB. 3ampornoHOBAaHMM MiJX1]] CIIPSIMOBAaHUI Ha CIPOILICHHS MTPOLECIB
aHaJizy 300paXkeHb 32 YMOBHM MOJKJIMBOCTI BU3HadeHHs obOnacti intepecy (ROI) [3]. Anropurm
CKJIAJIA€ThCS 3 KUTBKOX OCHOBHHX €TalliB: KJIACTEPH3allii MKCENIB 1 IepeTBOPEHHS 300pasKeHHS Y
BIITIHKK CIpOTO, CIPOIICHHS NPOLEAypU BHSABICHHS JiHINA, a TaKoX BU3HAYEHHS 00 €KTa
BiHOCHO omopHoi diHil. ¥ pe3ynbrati GLC dopmye indopmariro nmpo obnacte iHTEpecy, 110
3a0e3neyye epeKTUBHE BUSABIICHHS 3 MIHIMATbHUMH OOUYMCITIOBAIbHUMU BUTPATaMH.

VY 6iIbIIOCT] TPaAUIIHUX AITOPUTMIB 0OPOOKM 300pa’keHb HaiOiIblle HABaHTAKEHHS
CTBOPIOE HEOOXIJHICTh 3YMTYBAaHHS 3HAYEHHsSI KOXKHOTO OKpeMoro mikcens. JlJisi 3MEHIICHHS
nporo o6csary GLC BHKOHye KIACTepH3aIlii0 IMIKCENiB, TOOTO TIEPETBOPIOE TIKCEIbHE
300pa)KeHHS y CITKOBY CTPYKTYpy. Takuil mifxiJ 3MEHIIye KiJIbKICTh omeparliii 3YuTyBaHHSI —
3aMiCTh aHaJI3y MIJILIHOHIB MiKCeIiB 00pOOISIOTHCS TUIIE OKpeMi CiTKOBI Komipku. Lle mo3Borsie
MiBUIIUTY MIBUAKICTh BUSBICHHS 00’ €KTiB, OTHOYACHO (PUIBTPYIOUM HE3HAYHI IIyMH Y (OHI.

500 pixels 25 grds

25 grids

(c)

Pucynok 1 — CiTku 3a 101oMOroro Kiactepu3allii mKkcemiB Ta 300pakeHHs, IepEeTBOPEHE Y
rpanartii ciporo: ( a ) 300paxkeHHs 3 kamepu 3 3MiHeHUM po3mipoMm 500 x 500; (b ) 300pakeHHs
micist Knactepu3artii 25 X 25 mikcenis; ( ¢ ) 300paxeHHs, IepeTBOPEHE y Tpajallii ciporo

[Ticnst oTpumaHHS 300pa)kK€HHS 3 KaMepH ajlropuTM 3MiHIOE Horo po3mip 1o 500x500
MIKCENiB, a MOTIM BHUKOHYE KJacTepu3alilo y BUMIANl ciTku 25%25. Taka koH@iryparis
3a0e3nedye ONTUMAlIbHUN OallaHC MK TOYHICTIO BHSIBIIEHHS Ta KUIBKICTIO OOYHCIEHb, IO
MIATBEPHKEHO eKCTIEPUMEHTAIBHIUMHU JTOCITIPKCHHSIMU, HaBEJICHUMU Jaii [4].

ExcnepumenranbHe cepenoBuine. JlocmimkeHHs npoBoauwincs Ha miaargopmi Raspberry
Pi 4 nmig kepyBannsm OC Raspbian Buster 3 Bukopuctanusm 6i61ioreku OpenCV 4.1. TectoBuii
HaOip ckmagascs 31 100 300paxens (65 13 00’ekToM 1 35 6e3 HBOr0) 3 PO3ALIBHOIO 3ATHICTIO
500%500 mikceniB.

Meroauka Bu3HaueHHs pe3yibraTiB. s kokHOro 300pakenHs anroputm GLC (Grid
Line Clustering) Bu3HayaB JIiHII0O TOPU3OHTY Ta HasBHICTH 00’ekTa. Pesynbratn
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KiIacuQiKyBamucs sK YCIHIMIHI a0o HEBAaml 3alie)KHO B TOYHOCTI BUSBJICHHS. [lOMUIIKH
HalyacTillle BUHHUKAIM 4Yepe3 CBITJIOBI BIIOIMCKH, BiAA3EpKaJeHHS a00 HE3HayHl IIyMH Ha
MOBEPXHI BOJIH.

Oninka edexktuBHocTi GLC. Byno mpoBeaeHo aHami3 BIUIMBY KIJIBKOCTI CITOK Ha
TOYHICTh Ta IIBUAKICTH POOOTH aNropuTMy. MeHIIa KiIbKICTh CITOK (Hampukianm, S5x5)
MIPU3BOAMIIA J0 3HIKEHHSI TOUHOCTI Yepe3 PO3MUTI MEK1 30H, TOJII SIK 3aHAJTO BEJUKA KUIbKICTh
CITOK CIpUYMHSIA MiABUIICHHS PiBHS mIyMmiB. Haiikpamii pe3ynbraTH BHSBICHHS JOCSTAJINCS
npu citimi 25%25. GLC cTabuibHO BHW3HA4YaB TOPU3OHT HE3AJIEKHO BiJ KIIBKOCTI CITOK,
JIEeMOHCTPYIOUYH HAIiHICTh METOY.

Taomauus 1. [TopiBHSIHHA ePEeKTUBHOCTI BUSBICHHS 00'€KTIB
p

65 300pakeHb 3 00'€KTOM 35 300pakeHb 6e3 00'€KTIB
Ycninae I'3K CE + HT + Otsu CE + HT + Otsu
BHSIBJICHHS 65 300paKeHb 25 300pakeHb 28 300pakeHb 18 300paxkeHb
TOPU30HTY
Ycninae I'3K KKIJI I'3K KKJI
BUSIBJICHHS 57 300paxeHp 18 300paxkeHpb 27 300paxxeHb 11 300paxenp
00’ekTa

[MopiBusHHS 3 iHIMME anroputMamu. EdekruBnicts GLC mopiBHIOBanacs 3 METOJaMH
«Canny + Xada» ta «Canny + Xada + Otsu». 3anponoHOBaHUN anTOPUTM MOKa3aB 10 2,5 pasza
BUIIY TOYHICTh BHSIBIICHHS 00 €KTIB 1 MPUOJIM3HO y IT’'SITh pa3iB OUIbINy IIBUAKICTH 00pOOKH
KaJapiB. AJroputMd Ha ocHOBI Xada [IEMOHCTpYBaJMd BHUCOKY TOYHICTH IIiHINA, MpoTe
MOCTYTAJHCA 32 IMIBUIKOIEIO Yepe3 OLIbITy 00UHCITIOBAIbHY CKIIaIHICTb.

[TopiBusinast BusiBieHHs 00’ektiB. GLC Takoxx mopiBHioBaBcs 3 wmerogom CCL
(Connected Component Labeling), sikuii BHUKOPHUCTOBYE KOJILOPOBE MAapKyBaHHS ITIKCEJIB.
Hespaxkatoun Ha Te, mo CCL Moxe edeKkTUBHO BUIALIATH 00’ €KTH, BIH BUMAarae I0JaTKOBOTO
eTanmy BHW3HA4YEHHS TOPU30HTY, IO 30uIbITye 4yac o0poOku. Y cepennbomy GLC BusBISIB
00’ektH y 2,7 paza mBu/iIe, 3a0e3Meuyryn Py [bOMY CITIIBCTaBHY a00 Kpally TOYHICTH [5].

Tabmuus 2 — IopiBHAHHA pe3yIbTaTiB MIBUIKOCTI BUSBICHHS 00’ €KTIB

Anroputm Kanni + Xad + Ony + CCL I'3K (ciTku 25 x 25)
Yac 71 mc 9 Mc
(47 Mc: BUSIBIIEHHS JiHII, (po3mi3HaBaHHS JIHIN Ta
24 Mc: BUsIBIEHHS 00'€KTa) 00'eKTiB)

BucHoBkH. 3 pO3BUTKOM IU(PPOBUX TEXHOJOrIM HaBIramiiiHi 3aco0M MepeTBOpUIIUCS 3
MPOCTUX MOKAXKYMKIB y 6araToyHKIioHanbHI cucteMu. [Ipote Oy ib-ski 3001 UM MOIIKOIKEHHS
TaKuX TMPUCTPOIB MPU3BOAATH 10 3HAYHUX (PIHAHCOBUX 1 YACOBUX BHUTPAT, OCKUIBKH JUIS iX
YCYHEHHsI HeoOXi/lHa y4yacTb JIIOAMHU Ha MicIl MoAll, a caMi Oyi € TOpOruMH Yy BUPOOHHIITBI.
Jlng MiHiMi3alii pU3uKy aBapiii MOXHa 3aCTOCOBYBaTH METOAM KOMII IOTEPHOTO 30py, OIHAK
OUTBIIICTh HABHUX aJITOPUTMIB CHIOYATKY CTBOPIOBAINCH Ul HA3€MHUX YMOB 1 HE BPaxoBYIOTh
MOCTIHHO 3MIHHOTO (POHY MOpCHKOTO cepenoBuia. Kpim Toro, Ha3eMHi alrTOPUTMH OPIEHTOBAHI
NEPEeBaXHO Ha BHCOKY TOYHICTh 1 BMKOHYIOTH 3HAuHYy KUIbKICTH OOYHCIEHb, IIO POOUTH iX
SHepro3aTpaTHUMHA. Y MOPCBKHX CHCTeMax, J€ OJKUBICHHS YacTO 3a0e3MeuyeThCsl Bif
aBTOHOMHUX JDKEpeJl, eHEeproe(eKTUBHICTh CTa€ KPUTUYHO BasKIHBOIO.

Oco06MBICTh 300pakeHh MOPCHKOI TIOBEPXHI TMOJSATAa€ B TOMY, IO BOHHU 3/1€01IBIIOTO
MICTSTb JIMIIE TOPU3OHT 1 OAUH 00’ €KT, TOMY IS iX aHami3y He MOTPiOHI CKJIaJHI BUCOKOTOUHI
mozeni. Ha ocnoBi mporo 3ampononoBano HoBui anroput™ GLC (Grid Line Clustering),
ONTHMi30BaHHil 11 YMOB OOMEXeHHX pecypciB. Moro romoBHa ines momsrae y momimi
300pakeHHSI Ha CITKy Ta 0OpoOIl JaHUX y MekaxX BEIMKUX KJIACTEpiB MIKCEIB, 110 3HAYHO
3MEHIIye 00CAT OOYMCIICHb 1 CIOKMBAHHS €HEeprii. AJITOPUTM MHpalioe 3 BiATIHKaMHU Ciporo,
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BU3HAYa€ JIHIIO TOPU3OHTY HUISAXOM aHAIi3y 3MiH SICKPaBOCTI MIX psAKaMH, a Jajil LIyKae
00’€eKTH TOOJM3Y BHUABJICHOI JIiHII. SIKIIO KOHTPACT MEPEBHINYE 3adaHUN IMOPIT, KOOPAWHATH
MEePeIalThCS 0 MOJIYJIIB MITYYHOTO 1HTENEKTY ISl MOAAIBIIOT OOPOOKH.

MopnentoBanHss 3 BUKOpUCTaHHSIM 100 THUHNOBHX MOPCHKHUX 300pakeHb MiATBEPAUIIO
edpextuBHicTh GLC. AnropuT™M mpoIeMOHCTPYBaB y I’ATh pa3iB MBUAILY 0OpOOKY KaJpiB Imif
yac BU3HAYCHHsI TOPU3OHTY Ta J0 2,5 pa3a BUILY HIBUAKICTh BUSBICHHS 00’€KTIB MOPIBHSHO 3
TPaIUIITHUMHU METOIaMH.

OCHOBHI pe3yJIbTaTH JTOCIIIKEHHS: 3apOIoHOBaHO eHeproedextuBamil anroputm GLC
JUIs. BUSIBJIGHHSI MOPCBKHX 00 €KTIB; CITKOBUH NMPHHLIUI OOpOOKM J103BOJISIE€ 3MEHIIMTH BIUIUB
pyxomoro (oHy Ta HIyMiB; HOPIBHAHHA 3 KJIACMYHUMHU MeToJaMH mokaszano, mo GLC ictotHo
CKOpouye Yac oOpoOku 0e3 BTpaTu TOYHOCTI; aJrOPUTM MOKE OyTH BUKOPUCTAHMU Yy CKIajl
HaBIraliiiHUX CHUCTeM [UIsl peai3allii JOBrOTPUBAJIOTO AaBTOMAaTH30BAHOTO KOHTPOIIO Ta
3arno0iraHHs aBapii.

Taxkum unnoM, GLC crmporye npouec BUsIBIEHHsST 00’€KTIB Y MOPCBKOMY CEpEIOBHIL,
3a0e3nedye MIBHIKICTh, CTaOUIBHICTD 1 HHU3bKE CHEPrOCIOKMBAaHHS, IO pOOUTH HOro
NEPCIIEKTUBHUM PIIICHHSM JJIsl aBTOHOMHUX HaBIralliifHUX MPUCTPOIB 1 CUCTEM MOHITOPHUHTY.
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DEVELOPMENT OF AN AUTOMATED ANALYTICAL SYSTEM FOR
THE LEVEL OF CYBERSECURITY IN THE MARITIME SECTOR

M. Shumskyi, P. Nosov
Odessa National Maritime University
(Ukraine)

Introduction. Maritime transport still plays the leading role in international trade: it
accounts for 70-90% of the global volume of trade in goods for various purposes [1]. To
increase efficiency, ensure safety, and maintain uninterrupted navigation, digital transformation
is being actively implemented in this sector. In 2024 alone, the market volume of digital
transformation of maritime transportation is estimated at 18.7 billion US dollars and is projected
to increase to 47.3 billion already in 2034 [2]. One example of digitization is the introduction,
from 1 January 2024, of the mandatory use of the single centralized electronic platform
“Maritime Single Window” (MSW), which is used for the collection and exchange of
information with ships when they call at ports [3].

At the same time as the introduction of information and intelligent tools, the problem
arises of an increase in the number of cyberattacks on the maritime sector. ICS Maritime
Barometer reports indicate that for several years cyberattacks have been among the most
significant threats alongside political and physical ones [4]. Moreover, the risks of cyberattacks
increase every year. According to the report Cyber Trends and Insights in the Marine
Environment, from 2022 to 2023 alone the number of ransomware incidents in the USA
increased by 80% [5]. The damage caused by attacks can reach hundreds of millions of dollars.
For example, in 2017 one of the largest attacks on the maritime industry was carried out using
the NotPetya malware. The company Maersk, which specializes in maritime cargo
transportation, incurred losses of 250-300 million dollars [6].

Therefore, there arises a need to analyze the dynamics of cyberattacks, study their
characteristics, and determine measures that will effectively counteract the threats.

Relevance of the research. The relevance of the research follows from the active
introduction of digital technologies in the maritime sector, which automatically increases the
cyber-dependence of the maritime sector [7, 8].

Thus, information security is critical for navigation: digital systems control navigation,
port logistics, and supply chains, and cyberattacks are capable of paralyzing operations, causing
disruption of temperature regimes and losses of perishable cargoes, triggering a “domino effect”
across the entire sector [9, 10].

Official ISPS/SOLAS approaches already classify cybercrimes as key threats alongside
piracy and terrorism, which underscores the need for systematic protection of the information
contours of fleets and ports. Modern risk management must take into account the ergatic nature
of maritime systems-the interaction of humans, automation, and organization—and rely on
integrated models of resilience and decision support [11].

Although companies already implement means to counter attacks, this requires large time
expenditures, the construction of complex infrastructure, and the replacement of old systems
with newer ones. Precisely to accelerate and optimize costs, there arises a need to study data on
cyber incidents from both closed and open sources, for example, such as the Maritime Cyber
Attack Database (MCAD) from NHL Stenden University of Applied Sciences [12].

Attention should also be paid to the comprehensive interaction of cyber defense and
intelligent ship control systems [13].

Problem Statement. The task consists in creating a parser in the Python programming
language to collect data on recorded cyberattacks based on the MCAD dataset. The obtained data
are to be analyzed for the dynamics of cyberattack cases by years, the methods used by hackers,
which impact zones they are directed at, and from which countries they are most frequently
directed. Additionally, to study the prevention and counteraction methods employed by
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companies.

Research Results. For the study of the MCAD data, a parser was created in the Python
programming language to record all cyber incidents in CSV format, which is convenient for
further analysis. After obtaining the data, they were normalized and charts were created, which
we will consider further. The general scheme of the created program has the following
appearance.

Start

title = safe_get_text("/

year = safe_get_text(

month = safe_get_text("/htm
reference_number = safe_get_text(
impact_area = safe_get_text("/html
incident_location = safe_get_text(
incident_country = safe_get_ text

victim_country = safe_get_text(
victim_identity = safe_get_text(
victim_type = safe_get_text("
method = safe_get_text("/ht
attacker_country = safe_get_text
summary = safe_get text("/html/

csv_writer.writerow([

title, year, month, reference_number, impact_area,
Saving in CSV incident_location, incident_country, victim_country,
format victim_identity, victim_type, method, attacker_country,
summary, reference_url

df["Impact area'].replace({

Data

normalization: .

o impact_expanded []
standardlzmg for area in df['Impact area'].dropna():
names, splitting if ', str(area):

combined values for zone in area.split(','):
impact_expanded.append(zone.strip())

impact_expanded.append(area.strip())

fig, ax = plt.subplots(figsize=(16, 8))
ax.bar(attacks_by year[' »'], attacks_by year['Count'], color=colors, alpha=e.9)

for i, (year, count) in enumerate(zip(attacks_by_year['Year'], attacks_by_ year['
ax.text(year, count + 1, str(count), ha t , fontsize=11, fontweight="'bold")

ax.set_title('C tack Tr ', fontsize=20, fontweight='bold', pad=28)
ax.set_xlabel fontsize=1 fontweight="

Plot creation ax.set_ylabel("' fontsize=15, fontweight="'bold")
ax.set_xticks(attacks_by_year ea )

ax.set_xticklabels(attacks_by_year '], rotation=45, ' t', fontsize=12)
ax.tick_params(axis ', labelsize=12)

ax.grid(axis="y', alpha=0.3, linestyle='--'")

fig.text(9.e05, ©.0001,
S [ [ [ Unive o
t', fontsize=9, style='italic',

End

Figure 1 — Block diagram of the program

For the study, several charts were created. And to begin with, we will examine the

03-04 2pyous 2025 poky 65



IIpobaemu cmasozo po3sumky MopcwKoi 2anysi (PSDMI—2025)

number of cyberattacks for each year. We have the following:
Cyberattack Trends by Year
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Figure 2 — Number of cyberattacks by years

In the obtained chart, the top three years with the largest number of incidents are marked
in red: 2022, 2023, and 2024. The number of cyberattacks began to increase sharply from 2017
and reached its peak in 2023 (86 incidents). Although in the following years the number of
recorded cyberattacks is lower, it still remains at a high level. The obtained data confirm that

there is a great threat to the maritime industry.
Now it is necessary to answer the question: which parts of the maritime sector suffer the

most attacks? For the analysis we have the following chart.

Distribution of Attacks by Impact Area

Port state control
2%

P

Offshore
o
.5%

/_65/

Shore

737%

\\ Vessel

18.7%

Source: NHL Stenden University of Applied Scienses Maritime Cyber Attack Database

Figure 3 — Cyberattack zones

From the pie chart it is immediately visible that almost 75% of the attacks were directed
at the shore zone (Shore), that is, at ports or other maritime infrastructure on land. In second
place are attacks on vessels (Vessel), and the remaining share falls on offshore (Offshore) and
port state control (Port state control). The main attacks are directed at shore infrastructure due to
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the concentration of such critical systems as: logistics networks, cargo management systems,
financial operations, etc. Although attacks on vessels are much fewer, they still remain
dangerous.

Next, it is necessary to determine which cyberattack methods are the most widespread

among criminals.
Top 10 Cyberattack Methods

2286 (55.0%)

Ransomware

Hacking 53 (12.9%)

33 (8.0%)

Spoofing

Malware 26 (6.3%)

DDoS 22 (5.4%)

GPS Jamming 19 (4.6%)

Going Dark 15(3.6%)

Phishing 9 (2.2%)

Cther

3.(0.7%)

2 (0.5%)

Physical Attack

50 100 150 200
Number of Attacks

=)

Source: NHL Stenden University of Applied Sciences Marifime Cyber Attack Database

Figure 4 — Top 10 cyberattack methods

From the chart it is visible that in most cases the attackers used ransomware. Next,
hacking and spoofing enter the top three. Despite the small percentage of other methods, they
can also cause great damage. For example, in the first quarter of 2025 in the Baltic Sea and the
Gulf of Finland, 1,225 vessels were affected by GPS jamming, and already in the second quarter
this number increased to 5,800.

Thus, the data obtained during the analysis prove that, first, cyberattacks are a real and
very dangerous threat to the maritime sector. Second, attackers use different methods in order to
inflict maximum damage. Therefore, the question arises of studying the methods that help to
counter cyber incidents preventively and minimize their harm.

The protection of critical infrastructure requires the implementation of comprehensive
countermeasures [14]. The main ones are:

1. Network segmentation — this is the division of a vessel’s systems into isolated elements
in order to localize attacks and prevent their spread.

2. Malware protection — installation and configuration of programs on all possible critical
systems. If it is not possible to install them, for example, as for the ECDIS navigation system,
then other measures must be taken (segmentation, access restriction).

3. Control of remote access — the use of multi-factor authentication, VPN connections,
etc.

4. Regular updating of systems, especially after vulnerabilities are found in software.

Conclusions. A program has been developed by means of which the collection of data
from MCAD, normalization, and obtaining of charts—on the basis of which analysis can be
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carried out—are automated. The number of cyber incidents is constantly increasing; therefore, the
automated tool helps to obtain up-to-date data without manual intervention. In the future, the
program can be expanded to obtain records from different sources and automatically create
charts for them. It should also be emphasized that the proposed approaches can be used in the
training of specialists of the corresponding field, as well as in the creation of automated systems
of an educational profile [15-17]. In addition, one of the reasons for the spread of cyber
incidents is the negative human factor of ship navigators [18].

We identified the most widespread methods of cyberattacks: Ransomware and Hacking.
We learned that it is precisely the shore infrastructure that is subjected to the majority of attacks.
The basic existing countermeasures to protect maritime infrastructure are proposed. The
dynamics of cyberattacks prove that cybersecurity in the maritime sector must be a priority
direction of development for maritime companies.
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HEHTP BOKOBOI'O OITIOPY, HEHTP OBEPTAHHA I IIOJIIOC
HHOBOPOTY

3inuenxo C. M.}, Toecmoxopuii O. M.}, Toecmoxopuii K. O.*, Kozauox IO. A.°
Y Xepconcovra oepacasna mopcvka axademis
(Vkpaina)
2Software development Company N-IX LTD
(Vkpaina)

Beryn. llentp OokoBoro omopy, LEHTp oOOepTaHHS 1 IIOJIOC IOBOPOTY CyJHA
MIPOJIOBXKYIOTh OyTH Yy IIEHTpl yBarm JocHigHuKiB. lle moB’s3aHO 3 THM, IO JaHI LEHTPH €
KJIIOYOBUMH JIJIsl pO3YyMIHHSI MOBEIIHKM CyJHA 1 onTHMi3auii ManeBpiB. HalOuipm BakIMBUMU
poboramu 3a octanHi 40 pokiB, sKi copMyBadu CydacHE YSBJICHHS MPO IMOBEIIHKY CyIHA, €
poooru H. Hooyer, Ch. Tzeng, A. G. Chase, H. Cauvier, S. G. Seo, iHmuMX aBTOpiB, a TaKOX
HalMcaHe Ha iX OCHOBI KEPIBHHUIITBO IO CYAHOBOAiHHIO, opT PeBenb, 2014 pik (Port Revel.
Shiphandling. Cource Manual, 2014), sike € pe3ysIbTaTOM CIUIBHOI POOOTH JIFOYUX Ta KOJIHUIIHIX
IHCTPYKTOPIB HaBYAJILHOI'O LIEHTPY CYJHOIUIaBCTBa OpTy PeBensb.

VY crarti «Behavior and Handling of Ships» [1], omyGnikoBasiii y 1983 poui, aBTop
PO3TJIsiIa€e MOBEIIHKY LEHTPY oOepTaHHs cyaHa (aBTOp HasuBae ioro Pivot Point) na mpukiami
JIBOX OYKCHpIB, 110 LITOBXaKOTh CyAHO JaroM. [loka3aHo, 10 MosiBa MO3/10BXXHBOT HIBHJIKOCTI
CyJlHa MPU3BOAUTH JI0 Horo obepTaHHsI. ABTOp MOSICHIOE IIe eeKT 3MIHOIO Iiieueld OyKCUpiB
4yepe3 3MIIICHHS IEHTPY 00epTaHHS y CTOPOHY PYXY CyJIHA.

BrnactuBocTi mostocy moBOpPOTY, SIK YMOBHOI TOYKM OOepTaHHs, OyJiM PO3INISHYTI Y
crarti «Analysys of the Pivot Point for a turning ship» [2], Tzeng, 1998 p. ABTop HaBOAMTH
dopMyiy UIs BU3HAUYEHHS IMOJIOKEHHS TOJIOCY MOBOPOTY 4Yepe3 OOKOBY IIBHIKICTH CyJqHA Ta
KyTOBY MIBHJKICTh OOepTaHHS CyJaHa HaBKOJO IIeHTpYy Baru. llpoBeneHo miHeapu3aliro
mudepeHLianbHUX PIBHSAHb Yy KaHalax OI4HOrO Ta KyTOBOIO pYyXiB, Ui YCTaJ€HOIO pPyXy
HaBeJeHO (OpMyJy BHU3HAYCHHS IIOJIOKEHHS TIOJNIOCY TIOBOPOTY Yepe3 TiApOJAWHaMIYHI
XapaKTePUCTHKH Cy/IHA Ta KEPyBaHHS.

Crarrs kamitana H. Cauvier «The Pivot Point» Oyna omy6nikoBana y xoBtHI 2008 poky,
y Ne 295 sxypuamny «The Pilot» - odiuiliHoro oprany acoriamii MOpPCHKHX JIOIMaHiB
O6’ennanoro Kopomisersa [3]. Jlo BUX0ay AaHOT cTaTTi BBaXKAJIOCs, 110 MPH BIAXUIIEHHI CTEpHA
CYJIHO 00epTaeThCsi HABKOJO LIEHTPY OOEpTaHHs, KM MOXe 3MILYBATUCS Yy HAMpPSIMKY pyXy
cynHa. [IpakTuuyHi MaHeBpyBaHHS MOKa3aly, 10 TAaKe YSBJIEHHS MPU3BOAUTH 10 HaBAJIOBAHHS
Cy/IHa Ha CTIHKY JOKYy mpu 3axoii abo Buxoji. Xptor Ko'e moka3aB, 110 iCHyI0Ul ySIBIIEHHS HE
BpaxoByBaJIl OOKOBY IIBMJIKICTb, SIKA BUHHMKA€ IMPU BIIXHWJIEHHI CTEpHA. I3 BpaxyBaHHAM ILI€l
MIBUJIKOCTI, CYAHO OOEpTa€eTbcs HE HABKOJO LEHTPY OOEepTaHHSA, a HABKOJO I1HIIOI TOYKU —
MOJIFOCY TOBOPOTY, SIKWM 3HAXOJIUTHCSA MO 1HIIY CTOPOHY BIJ MiJels, 0 1 OyJ0 MPUYMHOIO
HaBaroBaHHs. Takox aBrop ommcye monoxenHss COLR (Center of Lateral Resistance), sikuii
BBakae TOukorw omopu Juist BaxeniB. [lonoxxenHs COLR, Ha nymMKy aBTOpa, 3aJ€KUTh BiJl
NOJIOKEHHS LIEHTPY Baru, LEHTPY IUIOLI MiJBOJHOI MOBEPXHI Ta PO3MOAUTY THCKY HAaBKOJIO
CyaHa.

Crartsa Dr. Seong-Gi Seo ta Mahbub Mishu «The Use of Pivot Point in Ship Handling
for Safer and More Accurate Ship Manoeuvring» omyo0:ikoBaHa y xypHaii CayTreMITOHCHKOTO
yHiBepcutety, Benuka bpuranis, y 2011 poui [4]. MeTtoto cTaTTi € popMytoBaHHS MPaBUILHUX
BU3HAYEHb, TOCII/HDKEHHS TEOPETUYHOTO ACIIEKTY IOJIFOCY MTOBOPOTY Ta HOTO 3aCTOCYBaHHS IS
NPaKTUYHOTO BUKOHAHHS 0a30BHX 1 ClIeLiaIbHUX MaHEBpiB. BKi1asoM aBTOpIB CTAaTTi y PO3BUTOK
Teopli MOJIOCY MOBOPOTY € JIOCHIIKEHHSI MOBEIIHKH IOJIOCY MOBOPOTY AJISl MJIOCKOTO PyXy
CyJlHa, 32 HasBHOCTI MO3/0BXHbOI, OOKOBOI 1 KYTOBOI HIBUAKOCTI PUCKAHHS. ABTOPU BBOIATH
TPU LEHTPU: LEeHTp E muianapHoro obGepraHHs, HEHTp S oOepTaHHS CyAHA 1 HOJIOC MOBOPOTY P
Ta PO3IIIAAIOTh TOJIOKEHHS IUMX LEHTPIB Uil pI3HUX BapiaHTIB OOEpTaHHA: YUCTUH
obepranbauii pyx (Yaw only), 6okoBuii Ta obepTaibHuil pyx (Sway+Yaw), Mo3q0BXHIH Ta
obeprampHuii  pyx  (Surget+Yaw), To370BXKHINA, OOKOBUH Ta  oOepTalpHUN  pyx
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(Surge+Sway+Yaw). ¥ marepianax mepiioi Ta apyroi [5] cTaTTi mosoKeHHs MOJII0CY IOBOPOTY
PO3pPaxoBY€ETHCS BIJIHOCHO LIEHTPY Barw.

[TigBoAsYM MiICYMOK, CIIiJl 3a3HAYUTH, 10 OCTAHHI YSBJICHHS MPO TOJOXKCHHS LEHTPY
obOepTaHHs, IIEHTPY OOKOBOTO OMOPY Ta MOJOCY MOBOPOTY HACTYIIHI:

1. COLR [3] Ta Neutral Point [8] € Toukoro omopu aast BaxesiB (LEHTPOM 0OepTaHHS).
[MpuknaneHa y 1o TOYKY OOKOBa CHJa HE BHKJIMKAE OOEPTAIILHOTO pyXy (4Uepe3 BiACYTHICTh
BaXKEITIB), a BUKIIUKAE JIUIIE OOKOBUI pyX B CTOPOHY Jii CHJIH.

2. Tonoxenns COLR [3], Neutral Point [8] Bu3HauaroThCS MOJIOKEHHSAM IIEHTPY Barw,
TIOJIOYKEHHSIM [IEHTPY TUIOIII TTiIBOHOT MTOBEPXHI Ta IOJIEM THCKY HaBKOJIO CY/IHA.

3. Monoxennss COLR [3], Neutral Point [3] 3anexuts Big aTudepeHTy Ta MO3I0BXKHBOI
IIBUJIKOCTI Cy/THA.

4. Lentp 60koBoro omopy (Centre of Drift) € Touka, Kyau npuKIageHi pe3yIbTyOUi YCiX
CHJI: 30BHIIIHIX CHJI OyKCHUPY, BITPY, TOILO, CHJIa CTEPHA, TiApOANHAMIYHA cuiia onopy [8].

5. Tomoc MOBOPOTY € BUAMMOI TOYKOK TOBOPOTY, IMOJIOKECHHS $KOi BHU3HAYAETHCS
a0ciucoro 1 opArHaTOW. AOCIHca Ta OpUHATA TTOJIFOCY TOBOPOTY 3HAXOIATHCS 3a popMysiaMu

Ry = -, Ry = V—X AOcimca moyrocy moBOPOTY BUMIPIOETHCS BIIHOCHO IIEHTPY Baru CyJIHa.

Wy Wy

AKTyalIbHiCTh AociailzkeHHsl. YacTuHAa HaBeJEHUX BUINE YSABICHb € CYMHIBHUMHU 3
TOYKH 30pY MEXaHIKH TBEpAOro Tija i moTpeOyroTh YTOYHEHb, a OTXKE, TOCTIKEHHS TTOBEIIHKH
HEHTPY 00epTaHHs, IIEHTPY OOKOBOTO OMOPY 1 IMOJIFOCY TOBOPOTY 3aIHMIIAETHCS aKTYalTbHOIO
HAyKOBO-TEXHIYHOIO 33/1a4€l0.

IMocranoBka 3amaui. Po3poOuTu Mojenb MOBEAIHKM CyJHA HAa OCHOBI 1CHYIOUHX
MOJIOKEHh MEXaHIKH TBEPJOTO Tijla, HAYKOBUX METOMIB IOCII/DKECHHSI, OTPUMAHHUX paHille i He
BpaxOBaHUX PE3yJIbTATIB.

Pe3yabTaTn nociiaKeHHs.

Vapaennusn 1. COLR [3] ta Neutral Point [8] e Toukor omopu misi BaxkemiB (LEHTPOM
obOepranns). [lpuknagena y 1o TOUuky OOKOBa Cuja HE BHKJIUKAE 00EpTaIbHOTO pyXy (depes
BIJICYTHICTb BaXX€JIiB), a BUKJIMKAE JIUIIE OOKOBUI PyX B CTOPOHY il CUIIH.

I3 TeopeTnuHOT MexaHiKH Bijiomo, 1o 1eHTp ooeptanus (RC) TBeporo Tina criBmagae 3
LIEHTPOM Baru, TaK sIK TOJOBHI MOMEHTH 1HEpIIii Tijla HAMMEHII BIJIHOCHO OCEH, 10 MPOXOISATh
yepes LIEHTp Bard.

R Y
._-'l &
X COLR RC

7N\

F1

Pucynok 1 — MomeHnT 60koBoi cuiy, npukiaaenoi 1o COLR, ypiBHOBaXy€ThCSI MOMEHTOM
PE3yNbTYIOUOi CHUJIH TAPOJAUHAMIYHOTO ONIOPY

VY upomy Bumnanky OokoBa cuia, npukianeHa go COLR (Neutral Point) He ctBoproe
00epTaIbHOr0 MOMEHTY BifIHOCHO LeHTpy obepranHs (RC) Tomy, mo B ycranenomy pyci (if the
vessel has a steady heading) moment Bim i€l cumu BimHOCHO 1eHTpY obOepranHs (RC)
YPIBHOBaXKY€ETHCSI MOMEHTOM PE3YJIbTYIOUO1 CHIIU T1IPOJUHAMIYHOIO OI0pY, puc.l.
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Pucynox 2 — Cucrema cuil B €KCIIEpUMEHTI, 32 BIICYTHOCTI Ta HASIBHOCTI MO3/I0BKHBOTO PYXY

Ha puc 2. HaBemeHa cucTeMa CHJI B EKCICPUMEHTI, OomucaHomy y poboti [1], 3a
BiJICYTHOCTI Ta HAsBHOCTI IMO3/IOBXXHBOTO PYXY.

3a BiICYTHOCTI MO3JJOBXKHBOTO PYXY, pHC 2a), Cliii OyKcUpiB F ypiBHOBaXKYIOTHCS CUIIOIO
rigpoauHaMiyHoro omopy R, mpuknaaeHoro no meHtpy oOepranHs RC. MomeHTn cun Bin
OyKCHpIB TaKOK YPIBHOBa)KEH1, TOMY CY/JHO PyXa€ThCs JIaroM, 6e3 o0epTaHHs.

3a HAsSBHOCTI TMO3JIOBXKXHBOTO PYXy, pHC 20), LHEHTP NPUKIAJAHHS Pe3yJIbTYIOUOi CHIIU
rizpoaunamiyroro omnopy (Centre of Drift) 3miryerscst y HanpsAMKy pyXy CyaHa Ha BEIHUHUHY
A BHACTIZOK YOro BHHHKa€ HOAAaTKOBHI oGepraroumii MomeHT M, =—RA, skuit obeprae

CYIHO TIPOTH YacoBOI CTPUIKU. I3 HaBEOEHOro MPHKIALY BHIHO, IO MPUYMHOI OOEpTaHHS
CyaHa € 3MileHHs IeHTpy OokoBoro omopy (Centre of Drift), mpu 1ibomy 1eHTp obepTaHHS
3aJIMIIAETHCS Y IIEHTP1 Baru CyJIHA, IO Y3TOKY€ETHCS 3 TIOJIOKECHHSAMH TEOPETHYHOT MEXaHIKH.

Vapaennsi 2. Ilonoxxennss COLR, Neutral Point Bu3Ha4arOThCS MOJIO0KEHHAM IECHTPY
Baru, MOJIOKCHHSIM [IEHTPY TUIOIII ITiIBOJHOI TOBEPXHI Ta MOJIEM THUCKY HABKOJIO Cy/IHA.

LlenTp mizBomHOI OOJacTi Ta IMojie THCKY HABKOJO Cy/JHA BHU3HAYAIOTh BEIUYMHY Ta
TOYKY NPHUKJIJAHHS Pe3yJIbTYI0401 OOKOBOI TiAPOAMHAMIYHOI CHIIH, SIKa HE MOXKE BIUITMBATH Ha
MacoBO 1HEPIIiiHI XapaKTePUCTHKH CyJHA Ta 3MII[yBaTH IIEHTP OOEpPTaHHS BIAHOCHO IICHTPY
Baru. HaBKOJMIIHE cepefoBUIlE BIUIMBAE Ha PyX 3aHYPEeHOr0 B HBOIO TiNa JIMIIE dYepe3
CTBOPIOBaHI CHJIM Ta MOMEHTH, a HE Yepe3 3MiHY MOJIOKEHHS LIEHTPY 00epTaHHS.

Vapaennsi 3. Ilomoxenns COLR, Neutral Point 3anexuts Bixm audepeHty Ta
MI03/I0BKHBOT IIBUIKOCTI CyTHA.

Bin nudepeHty Ta MO30BXKHBOT IIBUJIKOCTI Cy/AHA 3al€KUTh IOJOXKEHHS LEHTPY
O0okOBOrO Omopy (a He IEeHTpy oOepTaHHs). 3MIIIEHHS MEHTPY OOepTaHHS MOKJIHMBE JIUIIE
BHACJIIJIOK NEPEepOo3NOJUly Mac Ta MOMEHTIB 1HEpLIi CyJHa, 13 BpaXyBaHHSIM IPUEIHAHUX Mac
Boau. [Tonoxenns nentpy 6okoBoro onopy (Centre of Drift) moxxe Takox 3anexats i Big KyTa
npeiidy. [laHa 3aneKHICTH HaBeleHa, Hampukian, y poborax [6, 7]. YV mnociouuky [6]
npeJcTaBieHa (popmysa BU3HAUEHHs M1e4a O0KOBOI I'IPOIMHAMIYHOL CHIIH (ITOJIOKEHHS LEHTPY
OOKOBOTrO 010pY), Yy 3aJI€KHOCTI BiJ KyTa Apeiidy

IR =05+ 10 _ B (1)
L 180
®opmymna (1) He BpaxoBye ¢hopMy 00BO/IIB KOPITYCY, SIKa CYTTEBO BIUIMBAE HA TTOJIOKEHHS
HEeHTpy OOokoBOro omopy. ¥ po6oti [7] mokazaHo, IIO: MOJOKEHHS IIEHTPY OOKOBOTO OIOpPY
3aJIeKUTh BiA KyTa Jpeidy /uis o0BOMIB KOPIyCy 13 3MIHHOKO MOXIJHOIO IO JIOBXHHI CyIHA
(HampuKJIaja, U eMINTUYHOTO KOPITYCY); MOJIOKEHHS LIEHTPY OOKOBOTO ONOPY HE 3aJIeKUTh BiJ
KyTa Jpeiidpy 1 3MillleHe BIJHOCHO TE€OMETPUYHOIO LEHTPY MiJABOJHOI YAaCTHMHHM Cy/JHAa Ha
NOCTIHY BEJIMYMHY JUIsI OOBOJIB KOPHYCY 13 IOCTIHHOIO MOXiJHOIO MO JOBXKHHI CyJIHA
(HampuKJIaja, JUIs KIMHOBUIHOTO KOPITYCY); MOJOKEHHS LEHTPY OOKOBOTO OIMOpY HE 3aJICKUTh
BIJl KyTa JIpei]y 1 criBnajae 3 reOMETPUYHUM LIEHTPOM I1/IBOJHOI YaCTUHU Cy/IHA ]Il 00BO/IIB
KOPITYCY 3 HYJIbOBOIO MTOX1THOIO 10 JIOBXKUHI CyJHa (HAPUKIA[, 7Sl MPSIMOKYTHOTO KOPITYCY).
Vasuaenns 4. ILlentp OGokooro omopy (Centre of Drift) € Touka, xynu npukianeHni
pe3yNbTYI0Ul YCIX CHJI: 30BHIIIHIX CHJI OyKCHpY, BITpY, TOLIO, CHJIa CTEpHA, TiJIpoJuHaMI4YHa
cuia omopy [8].
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Y 1eHTpi OOKOBOro OIOPY MPHUKIAJEHA JIMIIE PE3yibTyHO4a TiapoJdHaMiuyHa cuia (
underwater resistance). 3oBHilIHsA cuia OyKCHpa MPHKIAZAEHA Yy TOYI[ KOHTAKTy OYKCHPY i3
KOPITyCOM CyAHA. 30BHIIIHS CHJIA BITPY NMPHUKIAACHA y LIEHTPl mapycHOCTi cyaHa. Cuiia kepma
NpUKJIaJeHa y IeHTpi kepma, Tomo. [lpu mepenoci manmx cun y Centre of Drift morpioHo
J0JaTKOBO BPaXOBYBAaTH MOMEHTH, SIKi BOHU CTBOPIOIOTb.

BucHoBku.

1. Ycranenuii 60KOBU pyX cyAHa 1 OOEpTaNbHHI pyX CyJIHA HABKOJO IIEHTPY Baru
€KBIBaJICHTHI «4MCTOMY» 00EPTaHHIO HABKOJIO BUAUMOI TOUKH - MOJIOCY TOBOPOTY.

2. TlomoxeHHS TOJIOCY IOBOPOTY BH3HAYAETHCS aOCIMCOK 1 OPAMHATOI IOJIOCY
MIOBOPOTY.

3. bokoBa cuma, npukiaagena g0 COLR (Neutral Point) He crBoproe obGepraibHOTO
momenTty BimHocHo COLR (Neutral Point) Tomy, mo B ycrajgeHoMy pyci MOMEHT BiJ M€l CHIH
YPIBHOBRXKYETHCS MOMEHTOM CHJIY T1IPOJIMHAMIYHOTO OIIOPY OOKOBOMY PYXY.

4. LenTtp mizgBoaHOI 007acTi Ta IMOJIe TUCKY HABKOJO CyAHAa BHU3HAYAIOTh BEJIMUYUHY Ta
TOYKY MPHUKJIAJaHHS Pe3yJIbTYI0U0i OOKOBOI TIPOAMHAMIYHOT CHJIH, SIKA HE MOXKE BIUIMBATH Ha
MacoBO iHepuilHI xapakrtepuctuku cynHa Tta 3mimtyBatd COLR (Neutral Point) BimHocHO
HEHTpY Baru. HaBKoOJIMIIHE cepeoBHUIIle BIUIMBAE HA PYX 3aHYPEHOTO B HBOTO TiJia JIUIIE Yepes3
CTBOPIOBaHI CHJIM Ta MOMEHTH, a HE Yepe3 3MiHY MOJIOKEHHS [IEHTPY 00epTaHHS.

5. Bin audepenTy Ta MBHAKOCTI CyTHA 3aJI€KUTh MOJO0KEHHS IIEHTPY OOKOBOTO Omopy (a
He COLR (Neutral Point). Takox, MojoXeHHs LEHTPY OOKOBOTO OIOPY 3aJEXKHTh BiJl KyTa
HabiraHHs MOTOKY Ta 00BOJIB KOpHyCy cyaHa. 3mimeHHs LleHTpy obepTaHHS MOKIHMBE JIUIIE
BHACJIIOK NEPepo3NOLTy Mac Ta MOMEHTIB 1HEpIi CyJHa, i3 BpaxyBaHHSIM IMPUEIHAHUX Mac
BOJIN.

6. B meHTpi OOKOBOTO OMOpY MPUKIAACHA JIMIIE PE3yJbTyloua TiIpOAHMHAMIYHA CHIIa
(underwater resistance). 3oBHilHs cuia OykcHpa IPHKIAICHA Y TOYIl KOHTAKTy OYKCHpY i3
KOPITyCOM Cy/HA. 30BHIIIIHS CHJIA BITPY NMPHUKIAICHA y EHTPI mapycHocTi cynHa. Cuiia kepMa
NpUKJIaJeHa y IeHTpi kepma, Tomo. [Ipu mepenoci manmx cun y Centre of Drift morpioHo
J0JIaTKOBO BPaXOBYBAaTH MOMEHTH, sIKI BOHU CTBOPIOIOTb.
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IHTETPALIA CUCTEMHU KOMIP'IOTEPHOT O 30PY B AI-MOJEJIb
ABTOHOMHOI'O CYJHA

Ko3zauok 1O. A.%, 3inuenxo C. M.2
1Software development Company N-IX LTD
(Ukraine)
2XepCOHCbKa 0epIIcasHa MOPCoLKa akaodemis
(Vkpaina)

Beryn. Po3BHTOK TEXHOJIOTIH aBTOHOMHOTO CYJHOIUIABCTBA € OIHHMM 13 KITFOUOBHX
HampsMiB  UPPOBOi  TpaHcopMalii MOPCHKOI Tally3l y KOHTEKCTI CTaJIorO PO3BUTKY.
ABTOHOMHI Cy/JHa MaiOyTHBOTO IOBHHHI MaTH 3JaTHICTH [0 CaMOCTIMHOTO CHpPUUHSATTS
HaBKOJIMIIIHBOT'O CEpEeIOBUILA, aHAJII3Y CUTYallli Ta NPUHHATTA pilleHb 0e3 BTpYUYaHHS JIIOJUHH.
KpUTHYHOIO CKIIaJJOBOI0 TAaKUX CHUCTEM € KOMII'FOTepHHMU 3ip, 10 3a0e3redye BUSBICHHS,
po3mi3HaBaHHs Ta Kiacu(iKallilo MOPCHKHX 00’€KTIB y pealibHOMY uaci. [HTerparis MeTomiB
TJIMOOKOTO HaBYAHHS y CHCTEMY KOMII FOTEPHOTO 30pY aBTOHOMHOTO CyJIHA J03BOJISE€ i1CTOTHO
MiJBUIIUTYA TOYHICTh CIPUNAHATTS Ta CTIUKICTH JI0 CKJIAJHUX MOTOJAHUX 1 HABITalllifHUX YMOB, 1110
cpusie Oe3reri MOPChKUX MePEBE3CHb Ta 3MEHIICHHIO SKOJIOTIYHUX PU3HKIB.

AKTYaJIbHICTh JOCTKeHb. Y Cy4YaCHMX yMOBax IIBMJKOTO PO3BUTKY TEXHOJOIIH
ABTOHOMHOTO CY/JHOIUIABCTBA CIIOCTEPIraeThCsl 3POCTAHHS KITBKOCTI O€3eKIMaKHMX MOPCHKHX
wiatdopMm, Takux sk Yara Birkeland, Mayflower Autonomous Ship, Sea Hunter, Tomo. Ili
CHCTEMH JIEMOHCTPYIOTh BHCOKMH TOTEHIIa] Ui aBTOMAaTH3allii MpoIeciB HaBiramii, mpote
TPaJULIMHI HIAXOIU 0 KOMII IOTEPHOIO 30py 3aJIMIIAOTHCS OOMEKEHHUMH y MOXKIMBOCTSX
QIalITUBHOTO pearyBaHHA Ha IMHAMIYHI 3MIHM MOPCBKOTO CEpeOBHINA. 30KpeMa, KIaCH4Hi
QITOPUTMU PO3Mi3HABAaHHS HE 37aTHi 3a0€3MeYUTH AOCTAaTHIO CTIMKICThH J0 IIyMiB, BiIOJIHCKIB,
TYMaHHOCTI Ta XBWJIbOBUX KOJMBaHb, IO MPU3BOIAWTH JO 3HWKCHHS TOYHOCTI TPUHHSATTS
pimieHb. CaMe TOMY aKTyaJlbHOIO € IHTerpauis Mojeneil INIMOOKOro HaBYaHHS, 30KpeMa
3ropTkoBUX HelpoHHUX Mepex (CNN), 13 cucreMaMu MITYYHOTO 1HTENEKTY [1], siki peanizyoTh
HaBuaHHs 3 migkpimwiendsM (Reinforcement Learning) [2]. Takuii miaxia T03BOJISE MMOEIHATH
3/1aTHICTh Cy/JHA «0auuTHU» 3 HOTO CIIPOMOXKHICTIO «PO3YyMITH KOHTEKCT» HaBIraliiHOI cUTyaril
[3], ToOTO He nuuIe (iKCyBaTH HASBHICTb 00 €KTIB, a M IHTEpHNpETyBaTH iXHIO MOBEAIHKY Ta
IIPOTHO3YBATH MOKJIMBI CLIEHapii pO3BUTKY MOJIH y pealbHOMY Yaci.

ITocTanoBka 3agayi. OfHI€IO 3 KIIOUYOBHX MEPETyMOB MMOBHOI aBTOHOMHOCTI MOPCBHKHUX
CYyIeH € HasBHICTh CHCTEMH, 3/IaTHOi CaMOCTIHHO CIPHIMATH HaBKOJMIIHE CEPEIOBHUIIE,
BUSIBJSITU O0’€KTH, OLIIHIOBATH CHUTyallil0 Ta MNpUIMAaTH HaBirauidHi pimeHHs O0e3 ydwacTi
oreparopa. ICHyrOWi CHCTEMH MAIIMHHOTO 30py, IO O0a3yIOThCS Ha KIACHYHHX METOAAx
00poOKHM 300paxKeHb, OOMEXEeHI Yy TOYHOCTI Ta IIBHUIKOJIi, 0COOJIMBO B YMOBax TyMaHy,
BIIOJIMCKIB 200 XBUJILOBHX CIIOTBOpPEHb. TOMy IOCTa€ 3aBJaHHA PO3POOUTH IHTENEKTYaJbHY
CHCTEMY KOMII' IOTEPHOrO 30py, iHTerpoBaHy B Al-mozens aBToHOMHOro cynHa [4-8], ska
371aTHa JI0 CTaOUIbHOrO (YHKILIOHYBAaHHS Yy peaJbHOMY MOpChbKoMy cepenoBumii. Jls
BUpILICHHS 1i€l MpoOjJeMu MPOMOHYEThCS 3aCTOCYBAaTH cydacHy apxitektypy YOLOvS (You
Only Look Once), sika 3abesmedye OgHOYACHE BHSBIACHHS Ta KiIacUdikailito 00 €KTiB y
pearbHOMY 4aci 3 BHUCOKOIO ToyHicTI0O. YOLOVS Mmae onTumizoBaHy CTPYKTYpY 3TOpPTKOBHX
mIapiB, M0 JIO3BOJISAE AOCITaTH €(EKTUBHOTO OaNaHCy MIX IIBHAKOMIEIO Ta TOYHICTIO HaBITH 3a
OOMEKEHUX OOYMCIIOBAILHUX PECypCiB, XapakTepHUX s OOpPTOBUX CHCTEM CyJHa.
[TocTraBneHe 3aBaHHs MOJSITae y CTBOPEHHI IHTETPOBAHOI CUCTEMH, JI€ MOAYJIb KOMII FOTEPHOTO
30py Ha ocHoBi YOLOVS s3niiicHIOE BHSIBIEHHS Ta KiIacudikalito 00’€KTiIB MOPCHKOIO
cepenoBuia (cynHa, Oyi, JIOAM, yJIaMKH, KOHTEiHepu), a pe3yiabTaTH L€l kiacuikarii
NEepefaloThCsl 10 1HTENEKTYalbHOTO MOJXYJS NPUUHATTS pillleHb, Peali30BaHOTO Ha OCHOBI
QITOPUTMIB HaBUaHHS 3 MIAKPIIUICHHSAM. Y Takid apXiTEKTypi CHCTEMa 30py BHUKOHYE pOJIb
CEHCOPHOro BXOJy, Toal sk Al-mMomynp 3abe3neuye MOBEIHKOBY aJamlTallil0 CyJHa — 3MiHY
KypCy, IIBUAKOCTI UM yXHWJIEHHS Bia mepenrkon. OCHOBHOIO HAayKOBOIO 337aueio € BU3HAYCHHS
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edexTuBHOI CTpyKTypH B3aemozii Mmixk CNN-moxynem YOLOVS Ta areHTOM MpUAHSATTS PillIeHb,
IO J1aCTh 3MOTY CTBOPUTH €JWHY aJalTUBHY MOJEIb «CHPUHHATTS — aHami3z — mis». Taka
crucreMa Mae 3a0e3MeuYnTy He JIMIIEe TOYHY Kiacu(ikaiito 00’€KTiB, a i ONTUMANbHY pEaKIliio
Cy/lHa Ha JWHaMIYHI 3MIHU HaBIraliiHOTO CEPEJOBHINA, ITIJBUINYIOUH DPIBEHb OE3MEKH Ta
ABTOHOMHOCTI MOPCBKOTO PYXY.

PesyabTatH gociaigxkennb. J[ns HaBYaHHS MOJENI BHKOPHUCTAHO BIIKPUTI HaOOpHU
MOPCBHKUX 300paKeHb, a TAKOXK €KCIIEPUMEHTANIbHI Kapy, OTPUMaHi 3 BiIe0 MOTOKIB CYyJHOBHUX
kamep. Yci 300paxkeHHs Oynm po3MideHi BpyuHy 3a Kiacamu: Ship, buoy, person, container,
debris. Jlyist mokpalleHHs y3arajJbHIOHY0i 3aTHOCTI MOJIEII 3aCTOCOBAHO ayTMEHTAIlII0 JaHUX:
MIOBOPOTH, 3MiHH SICKPABOCTi, KOHTPACTY, 0JaBaHHs IIyMy Ta 3MiHy Maciitaly (puc. 1).

Pucynok 1 — ExcniepuMenTansHe 300pakeHHS 3 KaMepH CyaHa

Mopnens YOLOVS peanizoBano y cepenoBuiil Python 3 BUKOpHCTaHHSM NONEPETHBO
HaTpeHoBaHuX Bar Habopy COCO Dataset. Iloganpiie goHaBUaHHS BHMKOHaHO Ha
Cremiagi30BaHUX MOPCHKHX 300paXKeHHSX 13 mapamerpamu: batch size = 16, learning rate =
0.001, ontumizatrop Adam, ¢yHkuis BTpar — cyMma kinacudikaniifHoi, 00’€KTHOi Ta
JokanizaniitHoi moxubok. IHTerpanis cucremMu kowmm rotepHoro 30py YOLOvS B Al-mozxens
aBTOHOMHOTO CyJIHa 3/1HCHIOBANAcs 4yepe3 MOAYJb Nepeaayl pe3yabTaTiB JETeKIii 10 CUCTEMHU
MPUMHATTA pillleHb, peanti30BaHOi Ha OCHOBI aJITOPUTMY HaBYaHHA 3 MiAKpiIuIeHHAM. OTpruMaHi
Bil Mepexi JaHi (kmacu 00’€KTiB, KOOpAMHATH Ta MMOBIPHOCTi) ()OPMYIOTH BEKTOpP CTaHy
CepeIoBHIA, Ha OCHOBI sikoro Al-areHT oOupae Aito, CIpSMOBaHY Ha MakKCHMi3alilo (QyHKIIT
BUHAropoau. Y MOJIENIOBaHHI BpaxoByBanucs (akTopu Oe3leKku pyXy, YHUKHEHHs KOJi3ii,
30epeKeHHsT EHEeproeeKTUBHOCTI Ta JOTPUMaHHS ONTHMaJbHOrO Mapmipyty. HaBemenwmit
¢parmeHT (puc.2) 1eMOHCTpye 0a30BY MOCIIJOBHICTh €TamiB BUKOpucTaHHs Mozaeni YOLOvVS y
JOCITIJKEHHI: 3aBaHTaXCHHS MOTMEePEIHFO HABUCHOI MOJIE, 11 JOHABUaHHS Ha CTeIiadi30BaHUX
MOPCBHKUX JAaHUX, OLIHIOBAaHHS MPOJYKTUBHOCTI, IPOTHO3YBaHHS B PEAIbHOMY 4aci Ta €KCIOpT
y dopmar, cymicHui 13 6opToBumMu Al-cucremamu.
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from ultralytics import YOLO

# 3aBaHTaXeHHA nonepegHL0 HaTpeHoBaHol mopeni YOLOv8n
model = YOLO("yolov8n.pt")

# HaBuyaHwHa Mopeni Ha Habopl paHux COC0128 (MomHa 3aMIHWUTW Ha BNacHWA Habip mMopcekuX 300pameHs)
model.train(data="cocol28.yaml")

# OuiHweaHHA ToyHocTi Ta AkocTi Mopeni Wa BanipauiidHoMmy Habopi
model.val()

# BukoHaHHA nporHo3y (posnisHasaHHs ob’'ekTis) mns 306pakeHHs 3a nocunaHHAM
model.predict(source="D://Yuri/images/ship5453.jpg")}

# EkcnopT HasyeHol mopeni y dopmat ONNX mns nopanbwoi iHTerpauii B aBTOHOMHY CWUCTeMy cynHa
mode l.export(format="onnx")

Pucynok 2 — ®parmenT nporpamaoro koay HadanHs Y OLOVS

Y mporeci TecTyBaHHS MOJIENb IMPOJAEMOHCTpYBaJIa CepeaHio TouHicTh 94,2% Ha
creniajgizoBaHOMy Ha0Opi MOPCBKHX 300pakeHb, L0 MiATBEP/UKYE ii 3AATHICTH CTaOLIBHO
NPAIOBaTH B YMOBaX 3MIHHOTO OCBITJICHHSI, TYMaHHOCTI, BiIOJIMCKIB i XBUJIBOBUX CIIOTBOPEHb.
Po3pob6nennii Mogyb KOMI'IOTEPHOTO 30py Oyiio iHTerpoBaHo B Al-cucrteMy aBTOHOMHOTO
CylmHa, ska (YHKI[IOHY€ 3a MPUHIIMIIOM HaBUYaHHS 3 MiAKpimieHHsM. Ha OCHOBI pe3ynbTariB
nerekuii (puc. 3) GopMyeTbCsi BEKTOp CTaHy CEPEOBHUIIA, IKUH BUKOPUCTOBYBABCS ar€HTOM IS
BUOOpPY onTuManbHOi Aii. Cucrema yCHIIIHO HaBYHMJIACS NMPUHAMATH PIlICHHS, COPSIMOBaHI Ha
MIHIMI3aIlll0 PHU3UKY KOMI3id Ta 30epekeHHA eHeproeeKTUBHOCTI MapuipyTy. Y mporeci
eKCIIEpUMEHTIB CepefHiii 4ac oOpoOku omHOro Kaapy craHoBuB 3540 Mmc, mo 3abe3mneuye
poOOTYy B peXHMI peallbHOro 4acy 3 yacToToro a0 25 FPS. Otpumani pe3ynpTaTu CBiiYaTh Ipo
MOYJIMBICTh MPAKTUYHOTO 3aCTOCYBAaHHS IHTETPOBAHOI CHCTEMH Ha AaBTOHOMHHUX CYIHAX s
HiATPUMKH HaBIralliiHUX PIlIEHb Ta YHUKHEHHS HEOe3MEeUHUX CUTYallill.

Pucynok 3 — Kap BuUsIBIIEHHS cy/lHA B pealbHOMY 4aci

BucnoBku. Pe3ynbraty MosetoBaHHs MATBEPAUIIH, 0 B3aemoais Mixk CNN-moxyiem
KOMIT'IOTEpHOTO 30py Ta Al-mMomynem mnpuiHATTS pillleHb CTBOPIOE 3aMKHYTHH IIHKI
CIIpUUHSATTA, aHaNI3y Ta [ii, AKUH JJ03BOJISIE CyAHY pearyBaTd Ha 3MIHM HaBIrariiHOTO
cepenoBHINa 0e3 30BHINIHBOTO BTPY4YaHHSA. Takuid MigxXil MOKe CTaTH 0a3010 AJs MOJIANbIIOTO
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PO3BHUTKY KOJEKTHBHOTO IITYYHOTO 1HTENEKTY ()JIOTY, y SIKOMY aBTOHOMHI CyZIHa OOMIHIOIOTbCS
JAHUMHU TIPO BUSBJICHI 00’€KTH Ta (HOPMYIOTH CIUIbHY CUTyalliliHy oOi3HaHicTh. [lomanbimmii
PO3BHUTOK AOCIHIHKEHHS Tependadae BIPOBAHKEHHS MyJIbTUMOAAIbHOT 00poOKH JaHux (pamap +
Bimeo + AIS), a TakoXX BUKOPUCTaHHS METOMIB KOJEKTHBHOTO HAaBYaHHS MK TPYIOI0
ABTOHOMHUX CYJICH JUIS MiABUILEHHS y3arajlbHIOIOUUX BIACTUBOCTEH MOIETICH.
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ABTOMATHU30BAHA CUCTEMA KEPYBAHHS PYXOM
BE3EKIITA’KHOI'O ABTOHOMHOI'O CYJTHA B YMOBAX
YACTKOBOI HEBU3HAUEHOCTI HABITALIMHOI'O CEPEJIOBUIIA

Ilenuxiecoxun J1.0.
Xepconcoka deporcasna mopcoka akaoemis
(Vkpaina)

Beryn. CydacHa Mopchka i1HAYCTpist mepeOyBae Ha erami TJIMOOKOi TEeXHOJOTIYHOi
TpaHchopmariii, MmO 3yMOBJIICHa PO3BUTKOM IM(dpoBizallii, aBTOMarHW3allii Ta iHTErparii
IHTENeKTyalbHUX CHCTEM KepyBaHHS. OHUM 13 HaBaXJIMBIIIKX HaNpsAMIB i€l Tpanchopmarii
€ cTBOpeHHs OesekinmaxHux aBTOHOMHHMX cyieH (BAC), 3maTHUX BUKOHYBAaTH HaBirariiHi
3aBJaHHA 0e3 MOCTiHHOI ydacTi JtoauHU-oneparopa. Taki cyqHa MaroTh MOTEHIal CYTTEBO
3MEHIIUTH BIUIMB JIIOJICBKOrO (DakTopy, NIABUIIUTH piBEHb O€3MeKd MOpeIUIaBcTBa Ta
e(eKTUBHICTh TIEPEBE3CHb, a TaKOXX 3a0e3MCUUTH BUKOHAHHS MICIH Yy BUIIAJICHUX YH
HeOe3neuyHux akBatopisax [1].

[Tounnaroun 3 2017 poxy, Mixknapoana mopcbka oprasizanis (IMO) akTuBHO mocmimKye
MPaBOBUIA CTaTyC 1 TeXHIYHI acrekTu BrnpoBamkeHHS BAC y pamkax HOPMAaTHBHO-IIPABOBOTO
peryJtoBaHHs, BA3HAUYMBIIN YOTHPHU PiBHI aBTOHOMHOCTI Ta 3aKJIaBIIX OCHOBY /ISl MaiiOyTHBOTO
HOPMATHUBHOTO pEryJlOBaHHS aBTOHOMHOro cyaHoruiaBctBa [1]. IlapanmenbHo BueHi Ta
IIPOMHCIIOBI KOMITaHii 30Cepe/KYIOTh YBary Ha CTBOPEHHI HaJ(IHHUX CUCTEM aBTOMAaTH30BaHOTO
YVOpaBIiHHSA, 3IaTHUX AISITH B YMOBaX YaCTKOBOi HEBM3HAYEHOCTI HABITal[ifHOTO CEPeOBHIIA,
TOOTO BITPOBUX 30ypEHb, TCUild, XBHJIb, TOXUOOK CEHCOPIB 1 HEMOBHOTHU HABITAlIMHUX NaHuX [2].

Y Takux ymMmoBax kiacuuyHi cuctemu kepyBaHHs (PID-perynstopu, amanTuBHI uH
pobacTHI aNrOPUTMHU) JIEMOHCTPYIOTh OOMEXKEHY €(EeKTHBHICTh, OCKUIBKHM HE 3a0e3IMedyloTh
NOTPIOHOT THYYKOCTI ¥ IIBUIKOAII MPU HEBU3HAUYEHOCTI 30BHIMIHIX BIUBIB. [1[0 B cBOIO uepry
aKTyallizye HEOOXIIHICTh PO3POOJICHHSI aBTOMATH30BAHUX 1HTECIICKTYAIBHUX CHUCTEM KEpyBaHHS
PYXOM, IIO MO€JHYIOTh MEpeBaru HEYiTKOi JIOTIKH, MOJENeH MpOTrHO30BAaHOIO KEpyBaHHS Ta
MOSICHEHHOT'O IITYYHOI'O 1HTENEKTY AJIs IMiJBUIIEHHS aJalTUBHOCTI, HAJAIMHOCTI Ta MPO30POCTI
IpoIeCy YXBaJeHHS PillICHb.

AKTyaJbHicTh JAocidilxkeHb. [IpoOiemaTvka CTBOPEHHS I1HTENEKTyaJIbHUX CHCTEM
kepyBaHHs pyxoM BAC € opHi€lo 3 HEHTpaJbHUX Y JOCITIDKEHHSAX Cy4aCHOI'O aBTOHOMHOI'O
cynnoruiaBetBa. 3a jganmvu IMO [1], onmHiero 3 TOJIOBHHX yMOB BhpoBamkeHHs BAC e
rapaHTyBaHHS iX mepeadauyBaHOl MOBEAIHKN y 3MIHHIMX MOPCHKHX YMOBaX.

Sk 3a3Ha4arOTh y poOOTI [2], HEBU3HAUEHICTh HABITaIlIfHOTO CepeAoBUIAa CIPUYUHEHA
HU3KOI0 (DaKTOpiB: BapiallisiMU TiIPOAMHAMIYHUX MapaMeTpiB, HEOBHOTOIO CEHCOPHMX JaHUX,
BIUIMBOM Teuid, XBWiIb 1 BIiTpy. Lli QaxkTopm 3MiHIOIOTH OUHAMIKY CcyAHa, poOiasuM il
Herepen0auyBaHOK Y KJIACHYHOMY CEHCI, 110 YHEMOXIIMBJIIOE TOYHE MOJEIIOBaHHS IPOLECY
pyxy.

[TepcrieKTUBHUM HAMpsSIMOM JOCHIKEHb € TIOpUIHI CUCTEMH, K MOEIHYIOTh MepeBaru
HEUITKOT JIOTIKH, MOJIENIeH TIPOTHO30BaHOTO KEPYBaHHS Ta MOSICHEHHOTO MITYYHOTO 1HTEIEeKTY. Y
poboti [3] mocmigHUKK MOBenHu €PEKTUBHICTh MOEIHAHHS HEYITKOI JIOTIKK 3 OalleCiBChKUMHU
METOJaMH JUIsl yXBaJE€HHsS pIlIeHb Yy HEBU3HAUCHMX HaBIraliMHUX CHUTYyallisix, a y mpaii [4]
IPOJIEMOHCTPYBAIM MOXKJIMBICTh BHUKOPUCTAHHS MOJIENEH IMPOrHO30BAaHOTO KEpPYBaHHS JIs
YHUKHEHHS 31TKHEHb 1 cTabunizanii Kypcy y 3MiHHOMY cepefoBuIli. JlogaTkoBe BIpPOBaIKEHHS
pillleHb MOSICHEHHOTO IITYYHOTO 1HTEJEKTY, SK MOKa3aHO B OrJsAi [5], miABHILYye MPO30picTh
QITOPUTMIB KEpyBaHHS Ta PIBEHb JIOBIPU O aBTOHOMHHX CHUCTEM, IO € KPUTUYHO BAXKIUBUM
it ix ceprudikanii. TakuM 4MHOM, CTBOPEHHSI aBTOMAaTHU30BAHOI CHCTEMHU KEPYBAaHHS PYXOM
BAC, 3pmatHoi ¢yHKIIOHYBaTH B YMOBaX 4YacTKOBOi HEBHU3HAYEHOCTI HaBIraliiHOTO
CEpeNIOBHINA, € aKTyallbHUM HAYKOBO-TIPUKIIAIHUM 3aBJaHHSAM, CIPSIMOBAHUM Ha MiABHIICHHS
HAJIHHOCTI, aIalITUBHOCTI Ta 0€3MeKN aBTOHOMHHUX CYICH.
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Mera pgociaigxkeHHst. MeTO0  JOCHDKEHHS €  PO3pPOOJIEHHS — apXiTeKTypu
aBTOMAaTHU30BaHOI CHUCTEMH KepyBaHHs pyXxoM Oe3ekimaxxHoro aBroHomHoro cyaHa (BAC), ska
3a0e3neuye CTiKe Ta aJanTHBHE (YHKIIOHYBAaHHS B YMOBAaX 4YacTKOBOI HEBHU3HAYEHOCTI
HaBITalITHOTO CEpeIOBHINA, BPaXOBYIOUM JWHAMIYHI 30BHIIIHI BIUIMBU (BITEp, XBHJIIOBAHHS,
Tedii), MOXUOKM BUMIPIOBAaHb Ta HEMOBHOTY CEHCOPHUX JaHMX. 3alpONOHOBaHA CHCTEMa Mae
320€3MeYUTH 1HTEICKTyaIbHE TPHUUHATTS PIllleHh y pPEealbHOMY 4Yaci Ha OCHOBI TiOpHJIHOTO
MiIXOAy, IO TOEIHYE METOAM HEYITKOI JIOTIKM, MOJeNield TPOTHO3HOTO KEpyBaHHS Ta
MOSICHEHHOT'O IITYYHOI'O 1HTEJIEKTY.

PesyabTaTn gociigxkenb. Ha OCHOBI NMpoBeNeHOro aHamizy HAyKOBHX ITyOJikamii Ta
BUBYEHHS CYYaCHHMX MIJIXOAIB 110 MOOYIOBHM CHUCTEM KepyBaHHS AaBTOHOMHHMMH CyJIHAMH
IIPOIIOHYETHCS 3aCTOCOBYBATH apXiTEKTypy aBTOMAaTHU30BaHOI CHCTEMH KepyBaHHsS pyxoMm BAC,
moOy10BaHy 3a 0araTopiBHEBOIO 1€EpAPXIEI0 Ta BKIIOYAE€ YOTUPU OCHOBHI MiJACUCTEMHU:

1. Cucrema 0OpoOKH BXiTHHUX JTAHUX;

2. Cucrema OLIHKM CUTYAllil Ta PU3UKY;

3. Cucrema NpUHHSTTS PillIeHb Ta KEPyBaHHS;

4. Cuctema KOHTpPOIIIO Oe3neku Ta 0OMiHYy TaHUMHU.

[lincuctema 00poOkM BXiTHMX AaHMX. 3a3HAuCHW piBEeHb 3a0e3Meuye CTBOPEHHS
Y3TO/IKEHOI, JOCTOBIPHOI KapTUHHU HABKOJMIIHBOI'O CEPEIOBUIIA Ta IOTOYHOIO CTaHy CyJHA Ha
OCHOBi HENOBHMX, IIyMHHX i YaCOBO HEY3rOKCHHX NAHHX Biil Pi3HOpimHMX ceHcopi. Moro
3aBlaHHs 3MEHIIUTH HEBHU3HAUEHICTh BHUMIPIOBAaHb 1 MepeAaTu cTabini30BaHi OLIHKH Aall y
CHCTEMY yXBAJICHHS PillICHb.

HactynHa miacucrema y MpomoHOBaHIM apXiTEKTypd — OUIHKH MOTOYHOI cuTyamii Ta
BU3HAYeHHs PU3HUKiIB. /[aHI OTpMMaHi BHINE BiJ] CEHCOPIB Ta CHOCTEpIradiB MepenaroThCs B
MOJIyJIb OLIIHKH CUTYyallii, 10 Bukonye obuucienuss CPA (HaliMeHIIa BiJICTAaHb MIXK BJIACHUM Ta
nimboBuM cymHoMm), TCPA (wac dvepe3 skuii 1 MiHIMaabHA BiJCTaHb Oyne MOCSITHYTA),
BUSBIICHHS KOH(PIIIKTHUX TPAEKTOPiH, Ta KiIacudikallilo B3aEMHOTO MOJIOXKEHHS CYyeH BITHOCHO
npaBui COLREGS nanpuxian 3ycTpiunuii Kypc, mepeTuH Kypey un oorid. [lomanpma ominka
piBHS HeOe3MeKH 3/11HCHIOETHCS 3a JOTTOMOIOI0 MOAYJISI OLIHKM pHU3HKiB. [Ipr3HaueHHSIM 1IbOTO
MOJTyJIs € IepeTBOpUTH Hadip uncnoBux ganux (CPA, TCPA, HanpsMOK pyXy IILIbOBOTO CyTHA)
y SKICHY OILIIHKY PU3UKY 3ITKHEHHs. Bullle 3a3HaueHe JO3BONUTH CyAHY NMPUMMAaTH pilllEeHHS He
3a )KOPCTKUMHU MOPOraMH, a 3a JIOACHKOIO JIOTIKO. Pe3ynbraroM poOOTH MIJCUCTEMHU € PIBEHb
pU3UKy 3iTKHeHHA y miama3oni Huspkuii—Cepenniii—Bucokuii. Sk mokazano y [3, 7, §]
3aCTOCYBAHHS HEUITKUX CHUCTEM JUIsl HaBITal[iiHUX OLIIHOK J03BOJIsIE €EKTUBHO BpPaXxOBYBaTH
HEBU3HAUYEHICTh IaHUX 1 MiJBUIILYE CTIMKICTh MPUHHSATTS PIlICHb.

[lincucrema NpUHATTA pillleHb Ta KepyBaHHs pyxoM. Ha ocHOBI pe3ynbTaTiB OLIHKU
PHU3UKY, Kypcy CylHa Ta OOMEXEHb BH3HAUAETbCS ONTUMAIBHUM PEXUM KepyBaHHA. SIKIIO
piBeHb PU3WKY BHUCOKHH, TO akTHBYeTbcst MPC-Momynb, 1o mporso3ye MOBEOiHKY Cy/JHa Ha
TOPU30HTI 13 ypaxyBaHHSAM TiAPOJUHAMIYHMX OOMEXEeHb 1 3aTPUMOK BHKOHAaBUMX CHCTEM.
Takox y Wil miicucTeMl IPUCYTHIM MOJIYyJIb HEYITKOI JIOTIKH, KM reHepye KOPOTKOCTPOKOBI
KOMaHU JJis cTaliii3alii Kypcy W MBUAKOCTI. ATaNTHBHICT CUCTEMH 3a0€3Meuy€eThCsl MOy b
criocTepirad 3a MOPYIICHHSMHU, SIKHH KOPUTYE MapaMeTpu KOHTpoJiepa MpH 3MiHaxX 30BHINIHIX
YMOB.

[lincucrema KOHTPOJIIO Oe3neKH Ta OOMiHY JaHUMM 3 KOPHUCTOBYYaM BHKOHYE
J1arHOCTUKY CEHCOPIB, MPUBOMAIB, 1 KOHTPOJEPIB a TAaKOXK NEPEeBOJUTH CyIHO y Oe3nedyHuit
pPEeXHUM IpH BUABJEHI BiAMOBH. Lls mincucrema Bkitoyae B cedbe Moayib noscHeHHoro I, mo
3a0e3neuye HTEepIpeTalio pilieHb, TeHEPYIOYN TEKCTOBI MOsSCHEHHs Nii cucteMu. Ha 1pomy
piBHI B110yBaeThCsl OOMIH JAHUMHU MIXK Cy/IHOM 1 O€peroBUM LIEHTPOM KEpyBaHHS, NEPEIAtOThCS
[I-3BiTH omeparopy Ta npuiiMae KOMAaHIW AMCTAHIIIMHOTO KOHTPOJIO abo aBapiiiHOro
BTPYYaHHSI.

Onucany BUIlIe apXiTEKTypy 300paKeHO Ha PUCYHKY 1.
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Pucynok 1 —Apxirektypa aBTomMaTu3oBaHoro kepyBaHis bAC

BucnoBku. Po3poOieHa apxiTekTypa aBTOMAaTH30BaHOI CHCTEMH KEPYBaHHS PyXOM
0e3eKina)kHOro aBTOHOMHOI'O CyJlHa CIpsIMOBaHa Ha MiJBUIICHHS HaJIIHHOCTI, Oe€3meKu Ta
ABTOHOMHOCTI TPUUHATTS PIIMIEHb MOPCHKUX HAaBITallIMHUX CUCTEM Yy pealbHUX YyMOBax
eKCIuTyartalii. 3armporoHOBaHe PIIIEHHS T03BOJSE€ 3a0€3MEUUTH Y3TO/DKEHY B3AaEMOMII0 MiX
HiJICUCTEMaMU CHOPUMHSTTS, OLIHKH CHUTyallll, NMPUNHATTS pIlIeHb, KepyBaHHsS, Oe3MeKu Ta
NOSCHEHHs TNPUHHATUX pilleHb omeparopy Ha Oepesi, 1o (opMye LUTICHY KOHIEMLi0
aganTuBHOro ynpasiiHHsA pyxoM BAC. OcHOBHa MeTa po3poOKH MOJIATaE Y CTBOPEHHI CUCTEMH,
3aTHOI €(QEeKTHUBHO (YHKIIOHYBaTH B YMOBaX 4YacTKOBOI HEBHM3HAYEHOCTI HaBIraliiHOTO
Cepe/loBUINla KOJU JIaHl MpO 30BHINIHI BIUIUBU € HETMOBHUMH, HETOYHUMHU a00 3MIHHUMHU.
Peanizaiis  MyJIBTUCEHCOPHOTO  3JIUTTS  JIaHMX, OLIHKM JOCTOBIPHOCTI  BHUMIpIOBaHb,
CIIOCTepirayiB 30BHINIHIX 30ypeHb 1 aJaNTUBHOTO HAJAINTYBaHHS KOHTPOJIEPIB /A€ 3MOTY
3MEHIIMTH BIUIMB HEBU3HAUYEHOCTI HA TOYHICTh KEPYBAaHHS, MOKPAILIMTU CTIHKICTh CyJIHA J0
30ypeHb Ta MIABUIIUTH €PEKTUBHICTH HaBIraii.

[ToeaHaHHs METO/IB HEYITKOI JIOTIKM Ta MPOTHO3HOTO KepyBaHHS 3a0e3leuye He JIHIIe
CTaOUIBHICT, pPyXy, a M ajanTamilo 70 3MIHHUX MOPCHKHX YMOB Yy pealbHOMY Yacl.
BripoBapkeHHS IITYYHOTO 1HTENEKTY MiABHILY€E MPO30PICTh 1 JOBIpY A0 MPUUHATHX DIllICHb,
CTBOPIOIOYH YMOBH JUTSI ITOANIBINOI CepTH(IKAIll TAKUX CHCTEM BianoBinHO 10 cranaapTiB IMO.

TakuM YMHOM, 3aIPOINOHOBAHA APXITEKTypa MO03BOJSE BIOCKOHAIMUTH Ta IOJIMIIUTH
poOOTy CHCTEM yHOpaBIiHHS aBTOHOMHHMH CYJHAaMH, OCKUIBKM MICTUTh HOBI TPUHITUIIN
kepyBaHHs pyxoM BAC, 31aTHUX JisTH y CKIIaJHUX Ta HenepeadauyBaHUX MOPCHKHX YMOBAX.
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MOJEJTIOBAHHSI BUTPATH ITAJIUBA CYJTHOBUM JU3EJIbHUM
I'EHEPATOPOM 3 BUKOPUCTAHHSAM IHTEPITIOJIAIIMHOI'O
MHOI'OYJIEHA JIAT'PAH/KA

Camoiinoe C.0., Ilonueooa B. B.
Xepconcoka deporcasna mopcoka akaoemis
(Vkpaina)

Beryn. CydacHa Mopcbka 1HAYCTpis (DYHKI[IOHY€E B yMOBAaX KOPCTKHX €KOHOMIYHHUX Ta
€KOJIOTTYHUX 0OMeXeHb. BUTpaTu Ha MaquBO CTAHOBIATH 3HAUHY YACTUHY OINEpaIiiiHUX BUTpAT
CYHOTUIABHUX KOMIIaHif, M0 pOOUTH 3aBIAAaHHS OINTHUMI3allii €HEProCIOKUBAHHS OIHUM i3
roJIOBHUX TMpioputeTiB. OgHOYACHO, TOCHJICHHS MIKHApOJHUX HOPMATHUBIB IOJO BHUKHIIB
NapHUKOBHX Ta3iB Ta HIKIAJMBUX PEYOBUH, 30KpeMa BUMOT MiKHApOAHOT MOPCHKOI opraHizarii
(IMO), 3mymnrye CyaHOBIACHHMKIB BIPOBAKyBAaTH KOMIUICKCHI 3axO0JId JUIS ITiABHUIICHHS
eHeproeeKTHBHOCTI cyeH [1].

AkTyajabHicTh npoéaemu. CyaHoBi ausenb-reHeparopu () BimirparoTh KIOUYOBY
pOJIb Yy 3arabHOMY €HEPreTHYHOMY OayiaHci CyaHa, 3a0e3Medyrod eJICKTPOCHEPri€r0 BCl
OOpTOB1 CHCTEMH, BKJIIOYAIOUM ABUTYHHU, BaHTaXHI MEXaHI3MH, HaBiraiiiiHe oOlagHaHHS Ta
noOyToBi moTpebu ekimaxy. Herounicte B omiHmi BuTpatu nanuBa [T mpu3BOIuTH A0
HeeeKTUBHOTO TUIAHYBaHHS PEiiciB, HA/UIMIIKOBUX 3araciB MajiiBa Ha OOPTY Ta, SIK HACIHIJIOK,
10 (iHaHCOBHX BTpaT Ta HEBUIIPABIAHOTO EKOJIOTIYHOTO HaBaHTaXEHHsA. ToMy po3poOka
TOYHHX MaTeMaTUYHHUX MOJIEJIEH, 1110 OMUCYIOTh 3aI€KHICTh BUTPATH MAIKMBA BiJl HABAHTAXKECHHS,
€ (yHIaMEHTAJILHOIO 33/1a4€I0 I CTBOPEHHS CY4aCHUX CHCTEM MOHITOPWHTY, YIPaBJIiHHS Ta
OITHMIi3allii pOOOTH CYTHOBOI elleKTpocUucTeMH [2].

IMocTtanoBka 3agavi. MeTo JaHOTO JOCHIKEHHS € pPO3poOKa Ta Baigaris
HENepepBHOI MAaTEMaTHYHOI MOJIENi, LI0 OMHCYE 3AJIEKHICTh TOAMHHOI BUTPATH MallMBa BiJ
€JIEKTPUYHOIO0 HABaHTAXEHHs [UIsl cyAHoBoro nusenb-reHepatopa CUMMINS C275D5 B
pexkuMi OcHOBHOI TOTYXHOCTI (Prime Power), BUKOpPHCTOBYIOUM METOJ MOJiIHOMIaIbHOT
iHTepnosuii Jlarpanxa.

3anadi AOCHIHKEHHS:

1. Hagatu TeopeTnyHe OOIPYHTYBaHHsS BHOOPY METOAY MOJIHOMIQJIBbHOI 1HTEPIOJSIIL
Jlarpan>ka 115t BUPIIIEHHSI TTOCTABIICHOT 3a/1a4i;

2. TpoaHali3yBaTH TeXHI4HI crienudikanii nuzens-reaeparopa CUMMINS C275DS5 nns
dbopmyBaHHs 6a30BOTO HAOOPY BUXIIHUX JAHUX;

3. moOynyBaTu SIBHMM BUTJISA MOJiHOMialbHOI (YHKIII HA OCHOBI OOpaHHX BY3JIOBHX
TOYOK;

4. mpoBectH rpadiuyHM aHami3 OTpUMaHOi MoOJAENl Ta MPOJAEMOHCTPYBaTH ii
BUKOPUCTaHHS JUIsl PO3paxyHKy BHUTpaTH MajiuBa NpU TNPOMDKHHMX 3HAYEHHSX
HaBaHTaXXCHHS,

5. OKpeciuTH cepH MPaKTUYHOTO 3aCTOCYBAHHS MOJIEITI.

PesyabTaTi aociaigkenHs. BukopuctanHs Metony inTeprossmii Jlarpanka mist JaHOoi

3aa4ui 00yMOBJICHO TAKUMU TIepEBaramMu:

- TOYHICTb: MeTOJ 3a0e3neuye noOyaoBy (PyHKII, SIka TapaHTOBAHO MPOXOAUTH Yepe3
yCcl BY3JIOBI TOYKH, IO € KPUTHYHO BAKIMBUM IPH POOOTI 3 ETATOHHUMHU
MAaCIOPTHUMH JJAaHUMH,

- M[pOCTOTa peaiizalii: Ha BIAMIHY BiJ NMPSMOro METOAy MOOYJOBH MOJIHOMA, SIKHM
BHUMarae po3B'si3aHHs CUCTEMHU JIIHIHHUX PiBHIHb, (hopMmyia Jlarpanxka Hagae npsamMuii
aHAJIITUYHUN BUpa3 i QyHKIIT, 0 COpOIILye i MporpaMHy peaiizalliio;

- €IMHUY aHATITHYHUI BUpa3: pe3yJbTaTOM € €IMHa HellepepBHA Ta qudepeHIliiioBaHa
¢byHKIisA 1718 BCbOro pobouoro Aiama3oHy. Lle no3Bosisse HE TUIBKM OOYMCIIOBATH
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MPOMDKHI 3HAYCHHS, & ¥ TPOBOJUTH TOJANBIINN aHAIi3, HANPHUKIAJ, 3HAXOIAUTU
TOYKH EKCTpeMyMy (MIHIMQJIBbHOI THUTOMOI BUTPAaTH TNaJIHWBA) IUIIXOM B3STTS
noxinHoi [3,4].

OO0'exkTOM JIOCTIKCHHSI € Iu3enb-TeHeparopHa ycraHoBka CUMMINS C275DS5, sika
IIUPOKO BUKOPHUCTOBYETHCS HA CYJIHAX MOPCHKOTO Ta PIYKOBOTO (UIOTY SIK JOTIOMIKHE JKEPENO
enekTpoeHeprii [5]. OCHOBHI TeXHIYHI XapaKTEPUCTUKU YCTAHOBKHU, IO € PEIICBAaHTHUMHU JIS
JIAHOTO JOCJIIKEHHS, HaBeACHI HIDKYE:

- wMoxens IAI': C275 DS;

- yacroTta: 50 Hz;

- THUII MAJINBA: JU3CIIbHE;

- auryH: Cummins QSL9-G5;

- koHOirypamis: O-IWIIHAPOBUN, 4-TaKTHUMA, pAOHUA, 3 TypOOHAIyBOM Ta

MIPOMIKHHUM OXOJIO/DKCHHSIM TOBITPS;

- HOMiHaJbHA MBHUAKICT 00epTanHs: 1500 06/xB;

- HOMiHaJbHA MOTYXHICTH (pexkuM Prime Power): 200 kBt / 250 kBA.

MonentoBanHsI TPOBOAUTHCA TSl pexxumy Prime Power, sikuit, 3rigHo 31 cranaaptom [SO
8528, mpusHaueHuil i1 poOOTH 31 3MIHHUM HAaBaHTKEHHSIM MPOTITOM HEOOMEKEHOTrO 4acy,
10 HAMO1IbII TOYHO BIJMOB1/Ia€ TUIIOBUM YyMOBaM eKcIUTyaTanii cyaHosux I .

Jns moOymoBu Mozeni HEOOXiJHI TOYHI JaHi MPO CHiBBITHOIICHHS HAaBaHTAXXCHHS Ta
BUTpaTH nanuBa. [y 3a0e3nedeHHs akTyaJlbHOCTI Ta TOYHOCTI MOJIENi, 32 OCHOBY OyJu B3STI
nani 3 odimiiinoi crmenmdikamii (SS29-CPGK) [5]. Buximni nmaHi s MOJETIOBAHHS, IO
BiIMOBiAatOTh pexumy Prime Power npu 1500 06/xB, 3Beaeni B Tabnuirio 1.

Ta6muus 1 — [MacopTHi gani Butparu nmanusa JJI' CUMMINS C275D5

Hasanraxenss, % [MoTtyxHicTh, KBT (Xi) BuTtpara nanusa, /rox (Vi)
25 50 14.2
50 100 25.8
75 150 38.3
100 200 52.5

Ili 4yoTMpu TOYKM € By3JaMH IHTEpHOJALIi, Ha OCHOBI SKuUX Oylne mNoO0yJOBaHO
HeTepepBHY (PYHKIIIIO.

[ToGynoBa iHTepnossLiiiHOro MHorowieHa Jlarpanka. Mawouu 4OTHpPHU BY3JIOBI TOUYKH
(n+1=4), Oynyemo IHTEpHOJAIIMHUI MHOTOWICH TpPEThOrO CTymeHs. BisbMemo, mo X —
MOTYXHICTh B KBT, a P(X) - rognHHa BUTpara najausa B JI/TO/I.

Anroput™m:

- BU3HAYEHHS BY3IiB IHTEPIIOJISIIIT,

- mobOymoBa 6a3ucHuX moJiHoMiB Li(X);

- moOyJoBa KiHIeBOro noxinoma P(x);

- 3BEIEHHS MOJIIHOMA JI0 CTaHJAapPTHOTO BHUTJISTY.

[Ticnss BukoHaHHS anreOpaidyHUX NEPETBOPEHb Ta 3BEACHHA MOAIOHHUX JOJaHKIB,
OTpPUMAJIM OCTATOYHY MaTeMaTHYHY MOJEIb, 10 OMUCYE 3aJIeKHICTh TOAMHHOI BUTPATH HaluBa
Big HaBaHTaxeHHs 1y J[I' CUMMINS C275D5:

P(x) = (1.33333 x 107%)x3 — 0.00045x2 + 0.283167x + 1.2 1)

Jlnst Bi3yanbHOI OLIHKK SIKOCTI OTpUMaHOi Mozeni Oyno moOyaoBaHO rpadik (yHKIii
(puc. 1) B piama3oHni pobounx HaBaHTaxeHb BiJ 50 kBt 1o 200 kBt. Ha rpadik Takox HaHeceH1
BUXI1JHI BY3JIOBi TOUKH 3 Tabmuii 1.
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Pucynok 1 — I'padik 3a1e:KHOCTI TOANHHOT BUTPATH MAJIMBA BiJ] €JIEKTPUYHOTO HABAHTAKCHHS
nusenb-reneparopa CUMMINS C275D5

I'padik sBisie coOor0 TNanKy KyOiduHY KPHBY, IO TOYHO MPOXOTUTH Yepe3 yCi YOTHPH
TOYKH, SIKI BIJMOBIAIOTh TACIIOPTHUM JaHUM BUPOOHHUKA Il HaBaHTaxkeHb 25%, 50%, 75% ta
100%. Lle Bi3yaJlbHO MiATBEPKY€E KOPEKTHICTh MOOYIOBU IHTEPHOJAIiHOTO TIofiHoMa. KpuBa
Ma€ MOHOTOHHO 3pOCTAaOUMi Xapaktep, mo (I3WYHO BIANOBiAAE TpOIECy: 31 30UIbIICHHSIM
HABAHTAXKEHHSI HA T€HEPaTOp 3pOCTa€ 1 rOAMHHA BUTpaTa nainuBa. [[1aBHICTH KPUBOI CBIAYUTH
PO BIICYTHICTh HE(DI3UYHUX OCLMIIALIIN YU PO3PUBIB, 1110 MIATBEPAKYE aJ€KBATHICTh MOJENI.

l'onoBHa mpakTHYHA I[IHHICTH OTPUMAHOI HENEPEPBHOI MOJEINI IMOJIATAE Y MOMJIUBOCTI
PO3paxoByBaTH BUTPATy MaMBa i OY/b-sIKOTO MPOMIKHOTO HABAHTA)KEHHS, HE 3a3HAYEHOI'0 Yy
crenudikarii. [{le 0co0IMBO BaXIIMBO 11 CUCTEM JIMHAMIYHOTO MOJIEIOBAHHS Ta ONTHUMI3AIll,
Jie ToTpiOHa BUCOKA pO3/AUIbHA 3JaTHICTh JaHUX. Y TaOJUIl 2 HaBeIEHO MPUKIAIU PO3PaxXyHKY
BUTpPATH NajJuBa JUIsl KUIBKOX JOBUIBHUX PIBHIB HABAHTAKEHHS.

Tabnuus 2 — IHTepnoabOBaHi 3HAYEHHS BUTPATH NAJIMBA 32 pO3pO0IEHOI0 MOAEIIIIO

Hapanrtaxenns, % | IloTyxHicTh, KBT (X) Po3paxyHKkoBa BUTpaTa najausa, j1/rox P(x)
35 70 19.27
65 130 33.33
80 160 40.45
90 180 45.37

Ili maHi AEMOHCTPYIOTh, SK MOJAENb JO03BOJISE€ «YIIUIBHUTHY» BHUXITHY I1H(pOpMAaIiiHy
CITKY, HaJalo4yM I1H)KEHEpaM Ta olepaTopaMm JeTali30BaHy KapTHHY HaJIWBHOI €(EeKTHBHOCTI
reHeparopa B yChbOMY Jiamna3oHi oro poboTu.

BucHoBku. Y Xoai BUKOHAHOTO JOCHIDKEHHS OyJ0 YCHINIHO BHUPIIMIEHO 3a1ady
noOyJ0BM HEMepepBHOI MaTeMaTWYHOI MOJeNi BUTPATH MajuBa JUIs CYJHOBOTO JU3€Jb-
reneparopa CUMMINS C275D5:

1. Ha OoCHOBI aHaJNi3y TEXHIYHOI JTOKYMEHTallii BUpOOHHKA COPMOBAHO HAOIp BUXITHUX

JTAHMX, 110 CKJIAJIA€THCS 3 YOTUPHOX €TAIOHHUX TOYOK "HaBaHTa)KEHHS-BUTpaTa';

2. 3aCTOCOBAaHO MeETOJ| MoJiiHOMianbHOI iHTepnoisAnii Jlarpanxka Ta mOOyJOBaHa

rpadiyHa iHTepIpeTalist MOJIeNi;
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3. OTpUMAaHO KiHIEBUI aHATITUYHHUNA BUpa3 y BUIISAI MOJIHOMA TPETHOTO CTYIIEHIO, 110
TOYHO BIATBOPIOE MACHOPTHI JaHi BUPOOHMKA y BY3JIOBHX TOUYKAaX Ta aJEKBATHO
OIMCY€ TOBEAIHKY (YHKII{ BUTPATH MajJHBa B yCbOMY poO0OYOMY Jiara3oHi.

Po3pobnena monens Mae 3HauHE MPAKTUYHE 3HAYEHHS 1 MOXe OyTH BHKOpHUCTaHA IS

BUPILICHHS HU3KU 1HKCHEPHUX 3a/1a4:

- iHTerpaiis B CHCTEMH MOHITOPHHTY: MOJEIIb MOXXe OyTu BOyIOBaHA B IpOrpaMHE
3a0e3nedeHHs UIsi MOHITOPUHTY, 3a0€3Meuy0ur TOYHI PO3paXyHKH BHTPATH HajluBa
B PEXUMI pEaJbHOr0 Yacy Ha OCHOBI JaHUX MPO TMOTOYHE HABAHTAKEHHS Ha
reHepaTopy,

- ONTHMI3allisl IUIAaHYBaHHS PEHCiB: BUKOPUCTAHHS MOJETI B CHUCTEMax IUIaHYBaHHS
JI03BOJISIE OUTBII TOYHO TPOTHO3YBAaTH 3arajbHI MOTPEOM B MMalWBl I peHcy,
BpPaxOBYIOUH OYiKyBaHI pEKUMHU POOOTH JOMOMIKHUX YCTaHOBOK;

- TATpPUMKA NPUHHATTS PIlIeHb: MOJEIb MOXE CIYIyBaTH OCHOBOIO JJIsI CHCTEM
YIOPaBIiHHA  EHEPrOCIIOKMBAHHSAM,  JIOTIOMaralo4d  ONTHMI3yBaTd  PO3MOZLIT
HABaHTKCHHS MDK KiJJbKOMa NapajelbHO TMPALOI0YHMH T'€HEpaTopaMH s
JIOCSITHEHHSI MiHIMAJIHOT CyMapHOI BUTPaTH MaJUBa.
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MOPIBHAJIbHUM AHAJII3 HEHPOMEPEKEBUX MOJIEJIEN 15
YTPUMAHHA CYJHA HA KYPCI

QOobepmo Canmana JI.E.
Ooecvkuil HAYIOHATLHUL MOPCLKULL YHIBEpCUmMem
(Vkpaina)

Beryn. ABroMaTH3allisi yHnpaBiiHHS CYAHOM 13 3aCTOCYBAaHHSIM TEXHOJIOTIH IITYYHOTO
IHTEJIEKTy TpUBEpPTaE BCe OUIbINE yBaru IOCTIAHUKIB 1 PO3POOHUKIB. 30KpeMa, 3aBIaHHS
YTPUMaHHS CyJHA Ha 33/JlaHOMy Kypcl Ta OINTHMI3allii MaHEBPYBAaHHS CTAIOTh KIIOUYOBHMU
dakTopamu, moO OE3MOCepPeHhO BIUIMBAIOTH Ha O€3MeKy HaBiraimii Ta €Heproe(eKTUBHICTb.
TpaauuiliHi cUCTEMHU aBTOMATHYHOTO yNpaBiiHHSA, 3acHOBaHi Ha [II/l-perynaropax, 3HaXOAsTh
IIMPOKE 3aCTOCYBAHHSI 3aBJSKH CBOiM IPOCTOTI Ta HaAiHOCTI. OmHaK iX eeKTUBHICTh ICTOTHO
3HIXKY€ETHCSI B YMOBAX HENIHIMHOT JUHAMIKM Cy[Ha a0o0 MiJ BIUIMBOM 30BHILIHIX 30ypIOHOUYMX
dakTopiB, Takux sK BiTep, XBwii Ta Teuii. CydacHi MiAXOIW TMPOMOHYIOTH IHTEJIEKTyalbHI
METOAM YTPaBIiHHSA, B TOMY YHWCII HEHpoOMepe)keBi MOJeli, 374aTHI BPaxOBYBaTH HENIHIHHI
0COOJIMBOCTI pyXy Cy/JHA 1 aanTyBaTHCs 10 3MiH HABKOJHUIIHBOTO cepenopuiia [6;8]. L{i moxeni
BIIKPUBAIOTh HOBI MOJJIMBOCTI JJIsl MiJABHIICHHS CTIHKOCTI Kypcy 1 eHeproe()eKTUBHOCTI
yOopaBiiHHA. Y JAaHiid poOOTI pO3INAJAIOTHCA PI3HI apXITEKTypH HEHPOHHHX Mepex, 10
3aCTOCOBYIOTBCSI B CUCTEMax aBTOMAaTUYHOIO YTpPUMaHHsS Kypcy, Bkmodaroun MLP, RBFNN,
DNN i ANFIS. Ocob6nuBa yBara npujiiieHa iX MOpIBHSJIBHOMY aHali3y 3a TAKUMHU KPUTEPIsMHU,
SIK TOYHICTh CTEKCHHSI, aJalTUBHICTh, 00YNCIIIOBAIbHA CKJIQIHICTD 1 CTIMKICTD 10 30ypeHb.

AKTYaJIbHiCTh  JIOCJHiJsKeHHS1 3yMOBJIEHA HOTpPe0OI0 B HOBHUX MiAXOAax MO
aBTOMATH3aIlll KEpyBaHHS CyJJHAMHU Yy 3B’SI3KYy 3 CYTTE€BUM YCKJIaIHEHHSIM HaBIiralliiHUX 3aBJaHb,
3pOCTaHHSM BUMOT I110JI0 O€3MeKU pyXy Ta eHeproe(eKTUBHOCTI. Y peajbHUX ONepaLisix CyJHO
MOBHHHO CTa0UIFHO MiATPUMYBATH 33JJaHUN KypC PYXY ITiJl BIULITMBOM CHIIBHUX XBHJIb 1 BITpY, HE
3MIMCHIOIOYM YaCTHX 1 E€HEProBUTPATHUX MepekiIanok kepma. I[locTiiHO MiHJIMBa MOpChKa
00CTaHOBKa 1 HENiHIHHICTE MOJENI PyXy CyJHA BUMAraloTh aJallTUBHUX METOJIB YIPABIiHHS.
Sk BiI3HAYAIOTh JAOCHTIIHUKH, cCaMe 4Yepe3 HEBH3HAYEHI 1 MIBUAKO MIHJHBI 30ypIOIOYl CHIIH
HEOOXi/THa PO3pOoOKa aJanTUBHUX HEHPOMEPEKEBUX KOHTPOJEPIB, 3AaTHUX 3a0e3rneuyBaTv
HajliiHe yTpuMaHHs Kypey [1;2]. Takum 4MHOM, MOPIBHSUIBHUM aHali3 €()eKTUBHOCTI PI3HUX
apXITEKTyp HEHpPOMEPEKEBUX CHCTEM aBTOMATHHOTO KEPYBaHHS PyXOM CyJHA Ja€ MOXIIUBICTh
BUSIBUTH KOMIIPOMIC MK TOYHICTIO YTPUMAaHHS KypcCy, CTIMKICTIO 10 30ypeHb 1 NpakTHYHUMHU
00OMEKEHHSIMH Ha PECYPCH CyTHOBOI CHCTEMH YIIPABIiHHS KEPMOM.

IMocTanoBka 3anavi. OCHOBHOIO MeTOIO L€l poOOTH € TPOBEIEHHsS MOPIBHAIHLHOIO
OTJISATY Ta OI[IHKM HEHPOMEpPEKEBUX MOJIEIIe yTPUMAHHS Kypcy Cy/Ha Oepydu 3a OCHOBY aHai3
pe3yJbTaTiB MPOBEIEHUX HAyKOBUX JOCHIDKEHb 3a MM HampsMKoM. Jlo 3aBiaHb BXOAATH:
c(hopMyIIIOBaTH poJib MPOOJIEMH YIIPABIIHHSA KypcoOM Yy 3arajibHIi CUCTEMI PyXY CyAHA; ONUCATH
OPUHIUIM POOOTH Ta 3aCTOCYBAaHHS TakUX Mojenel, sik OararomapoBi nepcentponu (MLP),
Mepexi paaianbHux 6asucHux QyHkuiii (RBFNN), agantuBHI HeuiTKO-HEHPOMEPEKEBI CUCTEMU
(ANFIS) ta O6inbm rimmboki mozgeni (DNN); mopiBHATH iX 32 psjIOoM NPaKTUYHUX KPHUTEPIiB, a
came: TOYHICTb YTPUMaHHS KypcCy, aJalTHUBHICTh, CKJIaJHICTb HaBYaHHs, OOYMCIIIOBAaJIbHE
HaBaHTAXEHHS 1 CTIMKICTh /10 30BHINIHIX 30ypeHb. OcobnuBa yBara npuijieHa ToMy, ki Moaemi
HaANOUIBII TOIUIBbHI ITPH PI3HUX YMOBAX €KCILTyaTalii.

PesyabTaTn pociaigxedb. /[ OLIHKM 3aCTOCOBHOCTI HEHPOMEPEKEBUX aAPXITEKTYp Y
3aBJJaHHSX aBTOMATHYHOTO YTPUMaHHS KypCy CyJHA PO3TIITHEMO OCOOJMBOCTI iX MoOyIOBH Ta
(GyHKI1OHATBHI XapaKTEPUCTHKH.

Bazamowaposuit nepcenmpon (MLP — Multilayer Perceptron) — oana 3 0a30Bux
apxiTeKTyp, L0 IIUPOKO 3aCTOCOBYEThCA B CHUCTEMax YIpaBiiHHA. TuroBa CTPyKTypa Takoi
MepeKi BKIII0Ua€ BXITHUH I1ap, OAUH a0o J1Ba MPUXOBaHI Mapy 1 BUXiAHui map (puc.l).
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Input . QOutput layer
layer hidden layer

Pucynok 1 — Cxema netipomepesxi MLP 3 ogHUM IpuXOBaHUM HIapOM

3B'SI3KM MK HEHpOHAMU 3a/1al0THCSl BATOBUMHU KOe(illieHTaMH, SKi HAJIAIITOBYIOTHCS 32
JIONIOMOTOI0  aJITOPUTMY 3BOPOTHOIO HOLIMPEHHS MOMHIKU. Lli Mepexi XapaKTepu3yroTbcs
BiJIHOCHOIO MPOCTOTOIO0 peaiizallii, BiJCYTHICTIO HEOOXIAHOCTI BpYyYHY BHU3Ha4daTu (opmy
0asucHuX (PyHKIIH 1 HEBUCOKMM OOYMCIIIOBAJIbHUM HaBaHTXEHHAM. Ha movaTkoBUX eramax
nocmikens MLP ycminmHo 3acTocoByBanmucs [UIsi BUPIIIEHHS 3aBAaHb CTIMKOCTI Ha Kypci Ta
MO3UIIOHYBaHHS B MOJISIBOBAHUX cepenoBumiax [7]. OgHak B OUIbIN CKIagHUX pexumax MLP
BUABIIAIOTHCST MeHII edexktuBHUMH B mopiBHSHHI 3 DNN i ANFIS: BoHM MaioTh 0oOMexeHi
MO>KJIUBOCTI MPEICTaBICHHS CUJILHOI HEMIHIMHOCTI 1 HU3bKY aJalTOBAHICTh JO MIHJIMBUX YMOB
micJis 3aBepIleHHs HaB4aHHA. KpiM Toro, apxiTeKTypu JaHOTO TUILYy HE BPaXOBYIOTh €KCIIEPTHUX
3HaHb, TAKUX K HEUITKI MpaBWIIa, IO 3HWXKYE iX 3aCTOCOBHICTH B TIOPUIHHUX 1HTEIEKTYabHUX
cucremax. OcobmmBo momiTHI oOMexxeHHss MLP mipu po6oTi 3 mociiioBHUME a00 Bi3yaaIbHUMHU
JaHWMH, J€ Kpame ce0e 3apeKOMEHIyBaly CIIeHiali30BaHi apXiTEeKTYpH, BKIIOYAIOUN
PEKYpPEHTHI 1 3rOPTKOB1 HelpomMepexi.

Paoianvno 6azucni neiiponni mepexci (RBFNN — Radial Basis Function Neural
Network) siBisifoTh COOOIO apXIiTEKTypy 3 OJHMM MPHXOBAHUM IIAPOM, y SKOMY aKTHBAIliiHI
GyHKIIT peani3yloThCsl Yy BUIIIAAL JOKANII30BaHUX 0a3MCHUX €JIEMEHTIB — HaiuacTille rayCoBHX.
Taki Mepexi 3acCTOCOBYIOTBCS B CHUCTEMax YIPaBIIHHS KypcoM CyJaHa MJis arnpoKcHUMarlii
HEJTiHIHIX KOMIIOHEHT JMHAMIKM Ta KOMIeEHcallii 30BHimHIX 30ypens [4]. Ix epexruBHicTb
NOB’s13aHa 3 JIOKAJIBHOIO TPHUPOJOI0 OOpPOOKM CHUTHANIB 1 MOXJIMBICTIO HaJallITyBaHHS
napaMeTpiB y peKuMi OHJIaMH, 110 3a0e3Medye MBUAKY PEaKLilo Ha 3MiHY YMOB. 3aBASKH LIbOMY
RBFNN nemMoHCTpyloTh IIBHMJKY 30DKHICTh IPHM HaBYaHHI Ta BHUCOKY UYTJHUBICTH JO
XapaKTepHUX OCOOIIMBOCTEN BX1IHUX JIaHUX, 1110 pOOUTH iX MPUAATHUMHU Ui (PYHKIIIOHYBaHHS B
PEXHMMI peaJbHOrO Yacy 3a YMOBU KOPEKTHOI peasizalii aaantauiiiHoro MexaHismy. Baxinoro
nepeBaroro RBFNN € MOXITUBICTh BUKOPUCTAaHHS METOJIIB aHaJi3y CTIHKOCTI HAa OCHOBI Teopii
JlsamyHoBa, 1m0 Jae 3MOry (OpMajabHO JOBECTH CTAOLIbHICTH KEpyHYoi CHCTEMH 3a YMOBHU
NOTPUMAaHHS BHMOr anantamnii. PasoMm 13 TuUM, Taki MOJenl MalTh HHU3KY OOMEXeHb. 31
3017IBIIEHHAM PO3MIPHOCTI BX1IHOTO MPOCTOPY 3HAYHO 3POCTA€ KUIBKICTh HEOOXIAHUX LIEHTPIB
6a3ucHUX (QyHKIINA, M0 YCKIAIHIOE CTPYKTYpY MEpexi Ta MiABHUILYE OOUMCIIOBaIbHI BUTPATH.
Kpim TOro, 3a ymMoB pi3Kkoi 3MiHM 30BHIIIHBOI'O CEpPEIOBHINA BUHHUKAE MOTpeda y /10/1aBaHHI
HOBMX BY3JiB, II0 YCKJIQJHIOE KOH(]Irypauio HOpiBHSIHO 3 MepexaMu (iKCOBAHOI CTPYKTYpH,
takuMu sk MLP. V¥V 3aBnaHHsX, sKi TOTpeOYyIOTh BHSABICHHS CKJIAJHUX IPUXOBAHUX
3aKOHOMIpHOCTEH y Benukux oOcsrax mannx, RBFNN 3a3Buuaii mocTymaroThCs TIUOOKUM
HEWPOHHUM MEPEKAM.

I'nuéboki neiuponni mepenci (DNN — Deep Neural Network) maroTh OaratopiBHEBY
apXiTeKTypy 3 BEJIMKOI KUIBKICTIO MPUXOBAHMX LIApiB 1 3HAUHUM YHCIIOM MapameTpiB, L0 J1a€
3MOTY MOJENIOBAaTH CKJIQJHI, BaXXKO (OpMai30BaHi 3aleKHOCTI y JaHUX. Y cHcTeMax
yIpaBIiHHEA MOPChKHMH cymHamMu DNN 3acTOCOBYIOTBCS TEpEBaXHO Ui MPOTHO3YBAHHS
MOBE/IIHKH Cy/JIHA, OL[IHIOBaHHSI HaBIralllMHUX MapaMeTpiB Ta TeHepallii ONTHUMaIbHUX KepyIUHX
BIUMBIB [3]. 3aBAsSKM 3AaTHOCTI aBTOMAaTHYHO BHOKPEMIIIOBATH O3HAKU BHUCOKOTO DPIBHA 0e€3
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MOTIEPETHHOI0 BU3HAYEHHS (YHKIIH MEpeTBOPEHHS, LI MOJENI € MPUAATHUMH IS poOOTH 3
BEJIMKMMU Ta  PI3HOPIIHUMHU  JAHUMH: HaBIFAlifHUMH  CEHCOPHUMHU  IOKa3aHHSAMU,
MapLIPyTHUMHU KapTamH, rapamerpamu aoBkuULIs. [lepeBaroro DNN € BHcoka yHiBepcaabHICTh
Ta TOYHICTH 3@ HASBHOCTI JOCTaTHHO 00’ €MHOI Ta PI3HOMAaHITHOI HaBUaJIbHOT BUOIpKU. BogHoUac
peaizalisi Takux MoJIeJIel CyNpOBOKY€ETHCS 3HAYHUMHU BUTPAaTaMH OOUHCIIOBAIBHUX PECYPCiB
1 yacy Ha HaB4yaHHA. EdexktuBHicT DNN-KOHTPOJIEPIB ICTOTHO 3aIE€KHUTh BiJ] SIKOCTI BUXITHUX
JIAHUX 1 KOPEKTHOTO JI000pY TimepriapaMeTpiB — NIMOMHA MEPEXKi, TUITY aKTUBAIIHHUX (YHKIIIH,
QITOPUTMY ONTHMI3alii Ta po3Mmipy BUOIpkU. [IpM HEKOPEKTHUX HANAIITYBAHHSIX MOJKJIHBE
NepeHaBYaHHs, 3a SKOI0 Mepexa BTpadae 3JaTHICTh Yy3arajibHIOBATH iHoOpMaIiio Ta HE
3a0e3mnedye cTabUIbHOI MOBEIIHKMA B HOBHX CHTYalifX. 32 YMOB OOMEXEHHX OOYHCIIOBAIBHUX
MOKJIMBOCTEH Ha O0pTy cyaHa BrmpoBapkeHHS DNN y KOHTYp peajbHOTO 4acy TaKOXK MOXKeE
OyTH yCKJIaTHEHE.

Aoanmueni neuimko-neiipomepesicesi cucmemu (ANFIS — Adaptive Neuro-Fuzzy
Inference System) peani3y}oTb ri6p1/1z[HI/H71 MIIX14, 10 MOETHYE MOXKIIUBOCTI HGﬁpOMepe)KeBOFO
HABYAaHHS Ta amapar HEYITKOl JIOTIKH. AleTeKTypa ANFIS 6a3y€TBC$I Ha MOJIETi HEYITKOTO
BUCHOBKY Taxri- CyreHo MEPIIOTO TMOPSAIKY 1 3a3BHYail BKIIOYAE II'STh a00 IICTh plBHlB
[TouaTkoBI TIapu BiAMOBINAIOTH 3a (OpMyBaHHS (PYHKIIM HAJICKHOCTI BXITHUX MapaMeTpiB,
MPOMIXKHI — 32 OOpPOOKY MpaBWJI HEYITKOTO BHCHOBKY, a BUXIAHHH 1map ¢opMye pe3ynbTaT y
BUIJIAIL JIIHIHHOT KOMOiHAaIi1 3MiHHUX. Taka CTpyKTypa J103BOJISE OJTHOYACHO BUKOPUCTOBYBATH
YHCIOBI JaHI Ta eKCIepTHI MpaBWia, IO € OCOOJMBO BaXJIMBUM 33 YMOB BHCOKOT
HEBM3HAYEHOCTI Ta HEMOBHOTH MaTeMaTuyHux Mmopenei. ANFIS-koHTponepu aeMOHCTPYIOTH
BUCOKY €(EeKTHBHICTh Yy 3aJadax YTPUMaHHS Kypcy 3a HECTaOLIbHOI ITWHAMIKH, 30KpeMa Ipu
BIUIMBI XBWJIb, BITPY Ta Teuill [5]. Bonu 3a0e3neuyroTs migBUIeHy poOacTHICTh 1 aJlalTHBHICTB,
0COOJIMBO KOJIM JIOCTYITHA amnpiopHa iH(opmailis mpo NmoBeniHKy 00’ekTa kepyBaHHs. OHaK 31
3017IBIICHHAM KIJBKOCTI BXIHMX 3MIHHMX a00 pO3IIMPEHHSAM HaOOpy MpaBMII PIi3KO 3pOCTaE
KUIBKICTh TTapaMeTpiB, 110 pOOUTH MOJIENb OUIBII FPOMI3IKOIO Ta MiABUIILYE BUMOTH J0 OOCSTiIB
HaBYAIBHUX JaHUX. Jl0aTKOBOIO CKIIAIHICTIO € HEOOXIJHICTh eKCIepTHOi ydacTi Ha erami
MIOYaTKOBOTO HAJAIITYBAaHHS, 30KpeMa IMpH BU3HAUYECHHI (DYHKLIH HAJEKHOCTI Ta CTPYKTYpHU
mpaBWJ, MO0 OOMEXye YyHIBEpCalbHICTh 3acTocyBaHHA. [lompu 1e, 3a yMOBH KOpPEKTHOT
koHpirypamii ANFIS 3a0esneuye BUCOKY CTIMKICTh 1 3[aTHICTh JO KOMIIGHCAIlli CKJIaJHOT
HEJIIHIAHOI TUHAMIKH, [0 pOOUTH II0 apXITEKTypy €(PEeKTHBHUM IHCTPYMEHTOM JUIsI MOPCHKOI
HaBirarii.

Jis cuctemaTH3alii OTPUMAHUX JIAaHUX 1 TOPIBHAHHS XapaKTEPUCTUK PO3TIITHYTHX
apXITeKTyp HIKYE HaBeJeHA TAaOJUIS, 110 BiIoOpa)xkae iX MOPIBHSUIBHUM aHali3 3a OCHOBHUMU
TEXHIYHUMU KPHUTEPISIMH: TOYHICTIO YTPUMaHHS KypcCy, CTIMKICTIO 10 30BHILIHIX 30ypeHb
(amanTUBHICTIO), CKJIAHICTIO HABYaHHSA 1 00YMCIIIOBAIbHUMU BUTPATaMHU.

Tabmuus 1 — [lopiBHAHHS HelipoMepexeBUX MoJieNlell yTpUMaHHs KypCy 3a KIIFOUOBUMHU
XapaKTepUCTUKaMU

TouHicTh CriiikicTh 10 Bumorn no O0uuciII0BaJIbHA .
Moaean . IMpumiTku
YTrpuMaHHSA KypcCy 36ypem> HaBYaHHA CKJIA/IHICTh
Cepenns npu ipoctiii | Husbka (ipaitoe six Husbki (moTpiGHi Cepenns Jlerko peanizyerncs,
MLP apXiTeKTypi, BUIA IPH (ikcoBaHuit MIPUKIIAM, HAaBYaHHS (1-2 npux (I; B;.IHI/IX 1apu) MOJKITUBE TIEpEHABYAHHS
IITMOOKOMY HaBYaHHI peryasTop) BiZOyBa€eThCs OIIaiin) P P 0e3 HalanTyBaHHs
CepenHi (MOKHA HABYATU
Bucoka 3a Bucoxka pei ( [IBuaKo aganTyeThes,
" Ha HEBEJIMKHX JaHUX, Cepennst
RBFNN nependadyBaHoi (mo6pe anantyeTbes . o . B&KIIUBO MPABUILHO
) ; i JTPHMYE€ OHJIaNH- (O[1MH TIPUXOBaHH 111ap)
HOBE/IIHKH CyaHA 10 JIOKQJIbHUX 3MiH) 00patu 1eHTpH
HaJaITyBaHHS)
e BHCOK HSI—BHCOKi . . N . BusiBiiste ckia/iHi
Ayxe vcoka sa Cepen COKa | Brcoki (nmotpiben Benukuii | Bucoka (bararo mapis i JUA€ Ckan
DNN HAsSBHOCTI BEJIMKOIO (3aJ1eXKUTH Bil . . 3aJIeKHOCTI, HOTPeOye
. o0csr TaHux 1 pecypen) mapaMeTpiB) .
o0csry naHux SIKOCTI JIaHHX) 3HAYHUX PecypciB
Tyxce BuCORA (IOSHyE Jlyxe BuCOKa Bucoxki (HeobxinHe Bucoka (6araro Ioennye Helipomepexy 3
ANFIS Y DaBa i aHiil Y€ | (rmyuxo pearye ma | HamamTyBamHs npaBu i oGuucnens i NPaBUIIAMH YIIPABITiHHS,
p A 30BHIIIHI BIUIMBU) napameTpiB) HaJAIITyBaHb) TMiABUIIY€ CTAOLIBHICTD
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[TopiBHsUIBHUE aHANI3 MOKa3ye, 10 HEHPOMEPEKEBI MOJIENI MAlOTh Pi3HY €()EeKTUBHICTD
3aJIeKHO BiJ yMOB ekcruryatarii. DNN 3a0e3neuyioTh HaWBHINY TOYHICTh, ajie MOTPeOyIOTh
BEIMKHUX 00cCsriB ganux i pecypciB. RBFNN mBuako agantyioThest 10 3MiH, €EeKTHBHI MpU
JIOKQJIbHUX 30ypEeHHsIX, ajie Yy TJIHBi 10 HanamTyBanb. MLP 3anuiatoTecss IpOCTUM PILICHHSIM Y
BUIIQ/IKaX 0OMEXEHUX PeCcypciB, MPOTE MOCTYMAIOTHCSA B aIalTUBHOCTI Ta cTiiikocTi. Ha ocHOBI
MOETHAHHS KJIIOYOBUX KpPHUTEpIiB — TOYHOCTI, aJaNTHBHOCTI, CTIHKOCTI Ta MPAKTUIHOL
peanizoBanocTi — ANFIS BusBnserbcs HaiOLIbII 30aJaHCOBAaHMM BapiaHTOM Ui OUTBIIOCTI
CYJHOBHMX 3ajau. i 31aTHICTH MOEJHYBATU JaHi i eKCIepTHi NpaBUia J03BOJISAE 3a0€3MEUUTH
cTablIbHE YTPUMaHHS KypCy HaBiTh y CKJIaJHUX MOPCHKHX YMOBAX.

BucnoBku. IIpoBeneHe mOCHIKEHHS TMIATBEPAWIO €(QEKTUBHICTH BHKOPHCTAHHS
HepoMepekeBUX MoJIeNel ISl 3a1ad yTpUMaHHs Kypcy cyaHa. Cepen po3TIIIHyTHX apXiTeKTyp
HaWOLIBII YHIBEPCAIBHOK 1 MPAaKTUYHO IOIIbHOI0 BusBuiacs ANFIS, ska no3Bomnsie gocartu
BHCOKOi TOYHOCTI Ta CTIHKOCTI HaBiThb 3a OOMEXKEHHX PpecypciB i B yMoBax HeCTaOiIbHOI
Mopchbkoi nuHamikd. [ mopeni, Taki sk DNN 1 RBFNN, n1eMoHCTpyIOTh CUJIBHI CTOPOHH Y
BY3bKHX CIIEHApIAX — 3a HASBHOCTI BEJIMKUX HABYAIBHUX BHOIpOK a00 mpu moTpedi MBUAKOL
amanranii BignmoBimHo. MLP MOXyTh BHUKOPHCTOBYBATHCH y MPOCTIMIMX a00 HaBYAIbHUX
CUCTEMaXx, ajie TIOCTYMATHCS B aJAITUBHOCTI Ta CTIHKOCTI.

[Tomanpii AOCHIAKEHHS TOIUIBHO CIIPSMYBATH HA PO3BUTOK TOPUTHUX apXITEKTYp, SKi
MOEIHYIOTh TIEpeBaru pO3MIIIHYTUX IMiIXOMAIB, 3a0€3Meuyoun e Kpaily KepoBaHICTh CyAHA 3a
MIHJIMBUX YMOB CE€pEIOBUIIIA.

JITEPATYPA

1. Zheng, M., Chen, Q., Yan, D., & Zhang, Y. (2025). A Comprehensive Review of Ship
Automatic Rudder Technology: Development, Challenges, and Prospects. Journal of Marine
Science and Engineering, 13(5), 851. https://doi.org/10.3390/jmse13050851

2. Kalinichenko, Y.; Rudenko, S.; Holovan, A.; Vasalatii, N.; Zaiets, A.; Koliesnik, O.;
Santana, L.O.; Dolynska, N. Smart Routing for Sustainable Shipping: A Review of Trajectory
Optimization Approaches in Waterborne Transport. Sustainability 2025, 17, 8466.
https://doi.org/10.3390/su17188466

3. Zhang Q., Jiang N., Hu Y., Pan D. (2017) Design of Course-Keeping Controller for a
Ship Based on Backstepping and Neural Networks. Int. J. e-Navigation Marit. Econ., 7, 34-41.
https://doi.org/10.1016/j.enavi.2017.06.004

4. Yuan, J., Meng, H., Zhu, Q., & Zhou, J. (2016). Course Control of Underactuated Ship
Based on Nonlinear Robust Neural Network Backstepping Method. Computational intelligence
and neuroscience, 2016, 3013280. https://doi.org/10.1155/2016/3013280

5. Shahroz Unar, Mukhtiar Ali Unar, Zubair Ahmed Memon, Sanam Narejo (2022). A
Neural Network Based Heading and Position Control System of a  Ship.
Mehran University Research Journal of Engineering and Technology, 41(2):172-177.
https://doi.org/10.48550/arXiv.2204.00757

6. Ma, G., Li, D., Wei, Q., & Song, L. (2025). Neural Unilateral Nussbaum Gain Sliding
Mode Control for Uncertain Ship Course Keeping with an Unknown Control Direction. Journal
of Marine Science and Engineering, 13(5), 846. https://doi.org/10.3390/jmse13050846

7. Sun, Wenli, Gao, Xu, Deep Learning-Based Trajectory Tracking Control
forUnmanned Surface Vehicle, Mathematical Problems in Engineering, 2021, 8926738, 22
pages, 2021. https://doi.org/10.1155/2021/8926738

8. Pham, D.-A., & Han, S.-H. (2023). Designing a Ship Autopilot System for Operation
in a Disturbed Environment Using the Adaptive Neural Fuzzy Inference System. Journal of
Marine Science and Engineering, 11(7), 1262. https://doi.org/10.3390/jmse11071262

90 03-04 epyousa 2025 poky


https://doi.org/10.3390/jmse13050851
https://doi.org/10.3390/su17188466
https://doi.org/10.1016/j.enavi.2017.06.004
https://doi.org/10.1155/2016/3013280
https://doi.org/10.48550/arXiv.2204.00757
https://doi.org/10.3390/jmse13050846
https://doi.org/10.1155/2021/8926738
https://doi.org/10.3390/jmse11071262

IIpo6aemu cmasozo po3gumky Mopcwvkoi 2anysi (PSDMI - 2025)

CEKI[IA:
CHCTEMH MIATPHMKH IPUHHATTA PIIIEHD OITEPATOPIB
MOPCBKOIO TPAHCIIOPTY
SECTION
DECISION SUPPORT SYSTEMS FOR MARITIME TRANSPORT
OPERATORS

03-04 2pyousa 2025 poky

91



IIpo6aemu cmasozo po3sumky mopcovkoi 2anysi (PSDMI - 2025)

MULTICRITERIA SELECTION OF A PORT-APPROACH TACTIC
UNDER SENSOR DEGRADATION: THE DOVER CASE
(DIGRAPH3/RUBIS)

D. Volkov, P. Nosov
Odessa National Maritime University
(Ukraine)

Introduction. Modern port-approach operations rely on a multilayer sensor ecosystem
(radar, GNSS, AIS, echosounder, gyrocompass, log, and ECDIS with data integration) [1, 2].
Degradation or failure of sensors materially reduces bridge situational awareness, elevates the
risk of faulty maneuvers, and increases the bridge team’s cognitive load. In such conditions, the
priorities shift to visual navigation, pilotage support (pilot, PPU), tug assistance, more frequent
interaction with VTS, reserve position-fixing methods (bearings, parallel indexing), and strict
compliance with procedures.

To provide transparent and reproducible justification of decisions, we apply multicriteria
analysis based on outranking. Unlike utility-sum approaches, outranking allows: (1) working
with indifference/preference/veto thresholds, (2) registering incomparability, and (3) explaining
domination on a subset of criteria. The RUBIS procedure in Digraph3 supplies a reasoned “best
choice” recommendation and a full ranking with an explicit graph-based interpretation [3, 4].

Problem statement and scenario. The vessel performs approach/entry to Dover under
sensor degradation (migrating interference, temporary GNSS loss, unstable ECDIS integration,
radar/AlS glitches) (Fig. 1). This necessitates a shift of emphasis: stronger role of pilot/PPU, tug
engagement, speed reduction, increased VTS reporting frequency, deployment of lookouts, and
methods.

Alternatives (A-H): A — Minimal; B — Balanced; C — Fog/High density; D —
Degraded; E — Heavy weather & strong tides; F — High throughput ops; G — Enhanced safety
(PPU + two tugs); H — Eco-speed.

Criteria and optimization directions:

SAF — safety (max, with veto);

COM — compliance with rules/procedures (max);

BRG — bridge workload (min);

TIME — time to all-fast (min);
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TIDE — alignment with tidal window (max);

MAN — maneuvering support/controllability (max);

SEN — sensor redundancy/reliability (max);

ENV — environmental impact (min).

Baseline weights (sum = 100).

SAF=40 (veto threshold 20), COM=22, BRG=10, TIME=10, TIDE=8, MAN=5, SEN=3,
ENV=2.

Constraints and assumptions. Availability of pilot/PPU and tugs is considered a
controllable option; minimally sufficient visibility is ensured; regulatory requirements and SOPs
are mandatory; environmental aspects are considered but do not dominate safety under degraded-
conditions (Fig. 2).

rcsy|a| B c[p|E|[F|c]|H

A | - |-1.00-1.00[-1.00]-1.00]-0.58]-1.00]-1.00
1.00] — ][0.06] 0.80] 0.00] 1.00][-0.56] 0.80
1.00] 1.00] — [ 1.00] 0.82] 1.00][ 0.72] 1.00
1.00[ 0.97]-0.27]] — [ 0.14] 1.00[-0.56] 0.87
1.00] 1.00][ 0.87] 1.00] — | 1.00]| 0.34] 1.00
1.00] 0.77]}-0.54] 0.55[-0.53] — ][-0.56] 0.72
1.00 1.00]| 1.00| 1.00] 1.00] 1.00] — | 1.00
1.00] 0.59]-0.50] 0.71]]-0.12] 0.96]-0.68] —

HQl=|E|e|n|we

Valuation domain: [-1.00; +1.00]
Figure 2 — Outranking matrix r(x>y)

Methodology in the outranking and RUBIS of Digraph3

Bipolar outranking. For a pair of alternatives (x, y), we compute concordance with
weights and g/p thresholds and check discordance, including a possible veto on SAF.

The result is a bipolar relation r(x>y) € [-1;1], where r > 0 means «X is at least as good
as y», and r < 0 means «y dominates x».

RUBIS (Best Choice Recommendation). The best choice is identified via the kernel of the
relation (alternatives not dominated by others). A complete ranking is then obtained with
Ranking-by-Choosing. The method remains explainable: for key pairs one can see which criteria
support the preference, where the veto fires, and why, for example, G > A.

Implementation. We use PerformanceTableau /
BipolarOutrankingDigraph (Digraph3) and Graphviz (dot) for visualizations
(rankdir = BT, «better nodes at the top»). All sensitivity tests are executed with weights
normalized to a 100-point total (Fig. 3).

F': -0.58, 'H': -1.00, 'G': -1.00, 'E': -1.00, 'D': -1.60, 'C': -1.00, 'B': -1.00, }

& a dot file for GraphViz
Export :\gv_out_dovertest\dover_bcr_variant5.dot

Figure 3— RUBIS: Best Choice Recommendation (BCR) and Ranking-by-Choosing
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Scenario data and evaluation tables. Alternatives are scored on a 0-100 scale for each
criterion (min-criteria are subsequently treated for minimization). The verified heatmap contains
the following values (order: SAF, COM, BRG, TIME, TIDE, MAN, SEN, ENV):

A (Minimal): 58, 72, 36, 32, 56, 40, 40, 40

B (Balanced): 80, 92, 52, 40, 70, 68, 58, 45

C (Fog/High density): 88, 94, 74, 50, 78, 72, 70, 50

D (Degraded): 78, 90, 62, 44, 66, 66, 52, 45

E (Heavy weather & strong tides): 86, 92, 66, 48, 86, 84, 62, 55

F (High throughput ops): 76, 90, 46, 34, 64, 60, 56, 42

G (Enhanced safety): 92, 94, 78, 54, 86, 88, 72, 55

H (Eco-speed): 78, 86, 40, 48, 70, 60, 60, 30

For SAF, a veto = 20 is set: alternatives with insufficient safety cannot “outvote” other
criteria even when TIME/BRG are attractive.

Results. With the baseline weight vector (sum=100) and the table above:

Best Choice (RUBIS): G (Enhanced safety);

Worst Choice: A (Minimal).

Complete ranking (consistent with the outranking graph):

G>C=E>B>D>H>F>A

(A swap between C and E is possible within rounding; other positions are stable.)

Key explanatory pairs: G > A thanks to higher SAF (92 < 58), COM (94 < 72), and
much better MAN (88 < 40). B > F illustrates an acceptable safety compromise against «time
pressure». E > D reflects the superiority of maneuverability/tidal alignment under harsh
hydrometeorological conditions.

Sensitivity analysis (all tests with weights normalized to sum to 100).

Test 1: SAF 40—44 (+10% to SAF; other weights reduced proportionally).

Result: G retains leadership; the gap to C/E increases.

Test 2: COM 22—19 (—15% to COM; other weights grow proportionally).

Result: Top-2 remains stable (G leading); middle positions shift marginally.

Test 3: SEN 3—6 (+100% to SEN; other weights reduced proportionally).

Result: Limited impact due to the small baseline weight; G and C slightly strengthen; the
top remains unchanged.

Test 4 (combined): SAF 40—36 (=10%), TIME 10—14 (+40%), COM 22—20 (—10%),
with normalization.

Result: G remains the best choice; the gap to C/E narrows; advances of “time-driven”
strategies (F, A) do not pass the safety barrier due to the SAF veto.

Robustness conclusion. The decision is stable to moderate (£10-15%) shifts in
SAF/COM; material rearrangements arise only with radical TIME weight increases, which
contradict the degraded-conditions safety doctrine (Fig. 4).

Best choice recommendation(s) (BCR)
(in decreasing order of determinateness)
Credibility domain: [-1.00,1.80]
=== >> potential first choice(s)
* choice s ['ch, 'E'Y, '6']
independence : 8.33
dominance : .58
absorbency : -1.00
covering (%) : 88.00
determinateness (%) : 84.25
most credible action(s) = { '6': 1.68, 'C': ©.73, 'E': ©.33, }

=== >> potential last choice(s)

* choice s [AT]
independence : 1.00
dominance : -1.00
absorbency : 0.60
eeeeee d (%) : 100.00
determinateness (%) : 97.48

Execution time: ©.004 seconds

Figure 4 — The single-factor tests
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Recommended tactic: G (Enhanced safety) - engage two tugs, use PPU, reduce speed,
increase VTS reporting frequency, deploy lookouts, apply reserve position-fixing, and maintain
readiness for an «abort approachy.

Fallback tactic: C (Fog/High density) when tug availability is limited.

Not recommended under degraded conditions: A, F, H - unacceptable safety trade-offs
despite gains in TIME/BRG/ENV.

Conclusions. The model with a SAF veto correctly excludes alternatives unsafe under
sensor uncertainty, even if they are attractive in TIME or BRG. The graph interpretation makes
the recommendation transparent for the bridge, pilotage, and VTS. The approach is easily
transferable to other ports/conditions, requiring only adaptation of the performance table,
weights/thresholds, and available resources (tugs, PPU, SOPs).

It should also be noted that the proposed software toolkit will be useful during cadets’
simulator training and sea-going practice, as well as within the cadet program. Early preparation
of future specialists in the critical information infrastructure of maritime transport will help
reduce risk levels in real-world navigation under uncertainty caused by software and hardware
failures of onboard equipment [5-7].

1. The bipolar outranking model combined with RUBIS delivered a reproducible tactical
choice under degraded conditions.

2. Enhanced safety (PPU + two tugs) is a stable leader. Minimal is a consistent outsider
[8,9].

3. Sensitivity analysis with weight normalization confirmed robustness; material shifts
appear only with non-normative increases in the TIME weight.

4. The results are suitable for SOPs, «decision-making under uncertainty» training, and
planning of port operations in environments with elevated risks of sensor degradation [10,11].
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DEVELOPMENT OF DECISION SUPPORT SYSTEMS BASED ON
DIGRAPH3 PYTHON FOR SHIPPING SAFETY PROJECT
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(Ukraine)
2Faculty of Maritime Studies, University of Split
(Croatia)

Introduction. The Bosporus Strait is one of the most demanding segments of global
shipping routes: a narrow, winding fairway with bridge spans, near-shore shoals, local currents,
and abrupt visibility changes, all superimposed on dense, counter-flow traffic of large vessels.
Under such conditions, even a short-horizon decision by the officer of the watch-turn, slow
down, or «hold way» — materially affects close-quarters safety, throughput, and port operations’
time windows [1]. At the same time, stakeholders increasingly require transparent and auditable
decisions: administrations, underwriters, and VTS operators expect recommendations that are
consistent with the COLREGs, local SOPs, and established safety thresholds (CPA, TCPA,
UKC) [2].

Traditional «manual» approaches or simple weighted sums are often inadequate in real
traffic: criteria are conflicting (safety and time), measurements are uncertain, and rigid «black-
and-white» rules do not explain intermediate situations. We need a formal yet explainable
decision aid that:

- combines heterogeneous, oppositely directed criteria with indifference, preference
thresholds g, p, and veto v aligned with regulations;

- allows incomparability of pairs when data are incomplete or criteria conflict, instead of
imposing an artificial linear scale;

- operates quickly and reproducibly (auditable «data — model — graph») in a format
suitable for training and operational practice.

The bipolar outranking approach (Digraph3) provides exactly this: it builds a valued
oriented digraph S(a, b) € [-1,1] over maneuver alternatives with due respect to g, p, Vv
thresholds and veto, and immediately visualizes the result in Graphviz while logging all artifacts
as Digraph3 files [3]. A Python and JupyterLab with Graphviz implementation forms an
accessible pipeline for training simulators, «what-if» analysis, and producing auditable materials

[4].

Accordingly, the work is relevant because it delivers fast, explainable, and regulation-
compliant maneuvering advice for confined waters and a methodology that scales across
scenarios (seasonality, traffic density, port restrictions) and is applicable both in navigator
training and real VTS/port shifts.

1. Problem setting and goal.

We consider a short-term close-quarters encounter in the Bosporus under moderate
weather and traffic. Own ship (A) proceeds northbound; a target vessel (B) proceeds southbound.
The decision space contains three typical, COLREGs-compliant actions:

Al — starboard alteration + 20° (COG =025°T);
A2 — reduce speed to 8 kn (COG 005°T kept);

A3 — brief hold-way at 2 kn (COG 005°T kept).

The objective is to produce an explainable recommendation that balances safety (CPA,
TCPA, UKC, weather compliance) against time and traffic penalties, and that is auditable against
formal thresholds in line with COLREGs and local SOPs.
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2. Data.

Input (harmonized units): SOG in kn, COG in degT, Ro in NM, depth in m.
Relative motion and CPA/TCPA are computed from:

Speed conversion: vam/min = SOG/60.

Polar—Cartesian: (x, y) = (Rsin#, Rcos#) with @ the true bearing.

Velocity components: (vx,Vy) = (vsing, vcosg) for COG ¢.

Relative velocity V. =V, -V, .

— —

r-O 'Vr .

- 12’
r

TCPA=-

CPA =||i, +V,TCPA| whenTCPA>0

Under-keel clearance: UKC = max(0, depth—draft).

These formulae are built into the functions cpa tcpa () and ukc ().
3. Criteria and thresholds.

Criteria set G and directions:

g1 — COLREG compliance (Boolean, veto capable; direction max);
g2 — CPA (NM; direction max; thresholds g2, p2);

gs — TCPA (min; direction max; gs, ps);

g4 — UKC (m; direction max; qa, ps, veto capable);

gs — Weather OK (Boolean, veto capable; direction max);

gs — Traffic impact (index; direction min; ge, ps);

g7 — ETA penalty (min; direction min; gz, p7).

Global veto (kill switch). An alternative a is forbidden if:

COLREG or weather is violated; or UKC < UKCpin;

or a combined close-quarters veto triggers: CPA < CPAsate A TCPA < TCPAmin.

criteria = OrderedDict ([

("gl COLREG', ("max"', 4.0, 0.0, 0.0, True, 'bool")),
("g2 CpA", ("max"', 5.0, 0.10, 0.30, True, 'NM") ),
("g3_TCPA', ('max', 3.0, 2.0, 5.0, True, 'min')),
('g4 UKC', ("max"', 3.0, 0.5, 1.0, True, 'm')),

('g5 Weather OK', ('max', 2.0, 0.0, 0.0, True, 'bool'")),
('"ge_TrafficImpact', ('min', 2.0, 0.05, 0.15, False, 'idx')),
('"g7 _ETA penalty', ('min', 1.0, 0.5, 2.0, False, 'min')),

1)

4. Bipolar outranking model.
For each criterion g with weight wg > 0 and indifference thresholds (qg, pg), let Ag(a, b) be

the signed advantage of a over b in the benefit sense:

for g € max: Ag(a, b) = xg(a)—xg(b);
for g € min: Ag(a, b) = xg(b)—xg(a).
The local bipolar contribution sq¢(a, b) is (1):

0, |Ag|s g, (indifference)
+W,, A, >p, (strict preference)
s,(a,b)=1-w,, A, <—p, (strictcounter — preference)

1
+EW9,0<AQ <P,

1

—Ewg,— P, <Ag <0.
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Additively aggregate:

If a veto triggers for a, we set S(a, b)= —1 for all b # a (negative dominance). The
valuation domain is [—1,0,1] with continuous values (no integer restriction). The relation is
irreflexive: S(a, a)=—1.

5. Decision-construction and visualization.

Depending on the task:

Choice/Composition. Compute (pre-)kernels/cores for stable choices, or identify the top
rank.

Ranking. Build ninearorder.

Sorting. Use guantilesSortingDigraph With 34 risk classes (Green/Amber/Red/...).

For operator briefing and audit:

export arguments (local comparisons, triggered thresholds, active veto) via
exportGraphviz — .dot — PNG/SVG;

generate exploitable HTML/inline views (e.g., showHTMLRelationMap O inline SVG in
Jupyter).

6. Implementation in Python/Digraph3.

The provided program follows this auditable pipeline:

A. Graphviz selection. ensure system graphviz() prepends the system Graphviz
(dot) to paTH and runs dot -c to refresh plugin caches (critical for PNG/SVG on Windows).

B. Case data. Harmonised units; cpa tcpa () and ukc () compute CPA/TCPA and UKC;
a small ETA penalty models schedule impact.

C. Alternatives. Three manoeuvres a1/a2/a3 with computed metrics:

{CPA, TCPA, UKC, COLREG_ok, WX _ok, ETA penalty, Traffic impact}.

D. Criteria with g/p and veto flags. Encoded as an ordered dict with directions and
weights.

E. Global veto. violates global veto() applies COLREG, Weather, UKC and
combined close-quarters veto.

F. Outranking relation. The code maps the formulas above into
local contribution() and builds relation [a] [b] @S Decimal values in [—1,1].

G. Digraph3 export and load. write digraph py() WriteS actions,
valuationdomain, and relation tO bosporus_out.py, Digraph ('bosporus_ out') loads the
instance. Diagnostics: showShort (), showRelationTable (), showStatistics ().

H. Graphviz rendering. First, dg.exportGraphviz (basename) €mits .dot. Then a
robust wrapper calls dot explicitly to produce PNG; if necessary, a «safe» .dot (labels stripped,
°_.deg) Is created and rendered. The PNG is displayed inline in Jupyter.

This yields a valued oriented digraph whose positive arcs indicate «aaa is at least as good
as b» under g-p-v logic with veto enforcement.

7. Interpretation example.

For a typical output (as in the accompanying run):

Relation table shows small positive margins S(Al, A3)= +0.10 , S(A2, A3)= +0.15 and
indifference S(Al, A2) = S(A2, Al) =0.

The digraph thus contains two strict single arcs A1—A3 and A2—A3; there is no strict
preference between Al and A2 (pairwise indifference) (Fig.1).

Operationally, both a moderate starboard alteration (A1) and a controlled speed reduction
(A2) are rational; a brief hold-way at 2 kn (A3) is weakly dominated given the chosen thresholds
and weights. The recommendation is therefore a short-list {Al, A2}, with the final pick
reflecting local maneuvering constraints (lane geometry, tug/squat considerations).
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Figure — 1. Digraph: two strict single arcs A1—A3 and A2—A3

8. Software methods and tools.

Digraph3 core: valued digraphs, bipolar outranking, kernels/pre-kernels, linear orders,
quantile sorting; deterministic, auditable algorithms (no «black box» learning).

Python (JupyterLab): reproducible notebooks, parameterized scenarios (what-if),
automated logs.

Graphviz: .dot emission and PNG/SVG rendering; explicit CLI calls for robust cross-
platform behavior.

Engineering practices: strict unit harmonization (kn, NM, m); explicit vetoes aligned with
COLREGSs/SOPs; fail-safe rendering path with label sanitization.

Conclusions. The Python, Digraph3, JupyterLab, and Graphviz stack enables a
reproducible and explainable decision-support pipeline for close-quarters maneuvering in
confined waters such as the Bosporus. Bipolar outranking with (q, p, v) thresholds and explicit
vetoes captures regulatory logic and handles epistemic uncertainty without forcing artificial
linear scalars. The resulting valued digraph is immediately auditable (tables, graphs, logs),
supports «what-if» sensitivity analysis, and scales from training tasks to operational briefs. This
approach provides a rigorous, standards-consistent alternative to opaque scoring or ML black
boxes when traceability and normative correctness are paramount.

Beyond operational value, the approach serves as a compact training laboratory for
cadets. By parameterizing scenarios and thresholds, learners can model complex traffic and
weather situations, observe how COLREG/SOP-aligned vetoes reshape the decision space, and
practice evidence-based recommendation writing [5, 6]. Implementing and running the code in
Python/Jupyter builds practical skills in DSS software development (data structures for
actions/criteria, valuation domains, Graphviz rendering, audit logs), fosters algorithmic thinking
about outranking kernels and linear orders, and reinforces technical English proficiency through
English-language APIs, code comments, documentation, and interface messages [7].
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PROJECT MANAGEMENT APPROACHES TO NAVIGATION SAFETY
IN NARROW PASSAGES BASED ON DIGRAPH 3 METHODS

P. Nosov
Odessa National Maritime University
(Ukraine)

Introduction. In narrow passages and during intensive approaches to ports, dispatching
still relies on local instructions, the experience of VTS operators, and voice communication over
VHF. Heuristics such as «first-come-first-served» and «pilot ready» work under simple
conditions; however, during peak hours and under complex hydrometeorological situations, they
do not ensure reproducibility, transparent audit, or a balanced trade-off between safety and
logistics. The Bosphorus Strait is a «laboratory» of complex narrow waters: a winding fairway,
two-layer countercurrents, intersecting ferry traffic, under-bridge constraints, frequent fog; for
VLCCs — restrictions on maneuverability and mandatory and recommended pilotage, as well as
the human factor [1,2]. Under such conditions, a “simple” order of arrival does not reflect the
differences between large-tonnage and maneuverable vessels or between segments with minimal
UKC and relatively «free» stretches. Algorithmic aggregation makes it possible to rapidly
integrate safety, hydrological, logistical, and resource factors into a transparent queue: first,
options with the lowest risk of conflict (CPA/TCPA, UKC, compliance with TSS/COLREG),
then logistics (ETA, berth readiness), environmental aspects, and resources. This is also useful
for students undergoing simulator training, forming an individual learning trajectory [3,4].
Therefore, a DSS approach is proposed that aggregates ordered criterion preferences into a
majority-difference digraph, checks the decision using the Plurality / IRV / Borda / Condorcet
rules, and validates consistency with a NetFlows heatmap [5,6].

Research aim. To create a reproducible and explainable DSS module for prioritizing
vessels in navigational narrow passages with safety as the determining priority, which transforms
multicriteria judgments into a stable order of decisions and produces verifiable artifacts for
operational use and audit.

Research objectives:

1. To describe the subject domain and construct linear profiles: to define alternatives, a
set of criteria with integer weights, input assumptions, and data sources.

2. To implement the Plurality, IRV, Borda, and majority-margins/Condorcet procedures,
integrating ex-ante veto (COLREG/TSS, UKC _min, CPA/TCPA) to eliminate unacceptable
options before aggregation.

3. To provide visualizations (GraphViz graph, pairwise margins matrix, NetFlows
heatmap), audit protocols, and structured storage of execution artifacts.

4. To test the module on the Bosphorus case and demonstrate adaptation to other narrow
passages (Singapore/Dover) by retuning weights and veto thresholds.

The main material of the study. In order to transform disparate safety, hydrological, and
logistical factors into a transparent decision queue, we construct a sequential DSS pipeline: first,
we form the input data as a set of alternatives and a system of criteria with weights, after which
we perform ordinalization — presenting each criterion’s evaluation in the format of linear ballots
without ties. Next, we carry out rapid consistency validation using the basic Plurality, IRV, and
Borda rules, which allows us to identify an obvious leader or conflict points early. In the
following step, we build the matrix of pairwise majority differences M(x,y) and the
corresponding Majority-Margins Digraph, which renders the dominance relation explicit and
prepares the basis for a more rigorous analysis.

After this, we verify the existence of a Condorcet winner and test the profile for the
presence of chordless cycles, in order to exclude ordinal paradoxes and strengthen the
reproducibility of results. To enhance explainability, we perform graph visualization in
GraphViz and construct a NetFlows heatmap with Kendall’s 7 correlations, which shows the
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degree to which individual criteria align with the global order. The pipeline concludes with the
formation of reporting and audit artifacts (HTML, PNG/SVG) that record not only the outcome
but also the logic by which it was obtained.

For such a scheme to operate reliably in daily practice, we adhere to simple engineering
principles: we minimize environment configuration (JupyterLab, Digraph3, the presence of
GraphViz in PATH), maintain a clear structure for output files in the outputs_practice/ directory,
and apply critically important veto conditions — compliance with COLREG/TSS, sufficient
UKC, and safe CPA/TCPA thresholds — already before the aggregation step, in order to filter
out unacceptable alternatives and prevent result cyclicity.

Formal Model.

We describe the formal approaches and algorithmization of the study.

Entities, spatio-temporal context, and assumptions

Planning window. A discrete interval T (e.g., the next 2—6 hours) during which the
decision on queueing/priority for entry/transit is made.

Geography. The Bosphorus Strait with constraining segments (fairway bends, under-
bridge passages, intersections with local ferry traffic). Critical points for evaluating CPA/TCPA,
UKC, and TSS/COLREG are given by a prescribed set of control reaches L.

Alternatives (vessels). A fixed set:

C = {SI1: Bulk 180m, S2: VLCC 320m, S3: Feeder 140m, S4: RoPax 200m, S5:
GenCargo 120m }.

Input navigational data (over T). AIS tracks; forecasts of currents/wind/visibility;
hydrography (depths, seabed profile); TSS status; ferry schedules; availability of pilotage/tugs;
berth readiness.

General assumptions.

The set C is fixed over T;

For each criterion, there exists a consistent ordination (a complete order without ties);

Veto conditions are applied before aggregation.

Criteria, weights, and optimization direction

We define the set of criteria / «voters» with integer weights:

V={v,.v,}, (W,...w, )=(5443322), W=)"w, =23

Criterion semantics and ordering directions:

vi — Approach safety (CPA/TCPA), weight 5, direction max (safer is better).

v — UKC/Dimensions (minimum under-keel clearance on critical reaches, consonance
with fairway geometry), weight 4, max.

vz — Compliance with TSS/COLREG, weight 4, max.

v4 — Environmental/regulatory constraints (e.g., risk/conditions of passage for certain
vessel types), weight 3, max.

vs — Logistics/ETA (penalty for deviation from planned ETASs), weight 3, min (smaller
penalty is better).

ve — Currents/Tides (alignment with current windows and maneuverability), weight 2,
max.

vz — Berth/terminal readiness, weight 2, max.

Veto conditions (ex-ante filtering of alternatives).

An alternative x € C is excluded before ranking is formed if any of the following holds:

COLREGI/TSS: a regime violation that cannot be rectified within TSS_COLREG_ok).

UKC: mine UKC(x,0) < UKCnmin (a prescribed threshold for a reach/class of vessels).

CPA/TCPA (combined veto): CPA(X) < CPAsate A TCPA(X) < TCPAmin for any relevant
conflicton L.

After filtering, we obtain the subset of admissible alternatives C° € C. The subsequent
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model operates on C° (in our case, on all five S1-S5 if no veto triggers).

Criterion indices and ordination (linear ballots)

For each criterion v € V we define a criterion index sy(x) (a numerical score respecting the
max/min direction and local straight regulations). Examples specialized to the Bosphorus:

svi(x): aggregated approach-safety index (a monotone transform of CPA, TCPA with
weights for reaches L).

sv2(X): minimum UKC on L with correction for size/draft; larger is better.

sv3(x): indicator/score of TSS/ICOLREG compliance with penalties for risky maneuvers;
larger is better.

sv4(x): compliance with environmental/regulatory constraints (regimes for dangerous
cargoes, weather-driven restrictions, etc.); larger is better.

svs(X): ETA penalty (minimization of lateness/slot violation); smaller is better.

sve(x): favorability of transit relative to the Bosphorus two-layer currents (synchronization
with windows); larger is better.

sv7(x): readiness of berth/service chain (pilots/tugs/mooring gangs); larger is better.
From the numerical sy(x) we form complete linear orders =y (without ties) by sorting on sy the
criterion’s direction (max — descending, min — ascending) with a fixed tie-break (e.g., by IMO
number or ID € {S1,..., S5}).

In our case (consistent with the processed profile), the linear ballots are:

nvl: S3>S4>S1>S5>S2,
nv2: S3>S1>S4>S5>S2,
nv3: S4>S1>S3>S5>S2,
nv4: S3>S5>S4>S1>S2,
nv5: S4>S1>S3>S2>S5,
v6: S3>S4>S5>S1>S2,
nv7: S1>S4>S3>S5>S2.

Binary contributions and the majority-difference matrix.
For each v € V and each ordered pair (x,y) € C*xC°:

+1, if x>7x, y,
b,(x,y)=1-1 ify>=zx, X,
0, ifx=y.

Weighted majority difference:
M (X’ y) = Zwvbv (X, y)’ M (X, y) (S [_W,+W] = [—23, +23] ,

veV

and the zero-sum antisymmetry M(x, y) + M(y, x) = 0. Majority-Margins Digraph. An oriented
graph G = (C%, E) with an arc x — y if and only if M(x, y) > 0 (the arc weight equals the margin
magnitude). This is a completely oriented tournament with weights (no loops).

Concepts of the winning vessel and coherence indicators

Plurality (uninominal). Weighted “first places” per zv; the maximum wins.

IRV (instant runoff). Iterative deletion of the weakest by weighted first places until an
absolute majority.

Borda. Minimal weighted sum of rank positions.

Condorcet winner: x*, such that M(x*,y) > 0 for all y # x* (in our case—S3).

Cyclicity (chordless circuits). Presence of minimal chordless cycles in G; absent in the
case study (coherent profile).

Determinateness. The percentage of clearly determined pairwise relations (approximately
~84.8% in our run).
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NetFlows outranking.
We normalize margins to a bipolar outranking characteristic r(x, y) € [-1,1], from which
we compute the flows:

1

¢ ()= 2 ().

Cok _1 oo

The global order is given by decreasing ¢(x). For interpretation, we build a NetFlows
heatmap and evaluate Kendall’s 7 correlations between each criterion order =y and the global
order (the closer to +1, the more the criterion aligns with the result).

Visualization and audit

Matrix M(x, y): HTML table (warm color scale [-23,+23]).

Dominance graph. Export to GraphViz (.dot) and render to .png/.svg with visualization
parameters (rankdir = BT, dpi, margins).

NetFlows heatmap. HTML with interactive tooltips, including z-correlations.

Decision logs. Filenames, timestamps, environment versions (JupyterLab 3.4.4,
Digraph3, GraphViz in PATH), weight values, applied veto thresholds—for reproducibility and
audit.

Formal decision procedure (summary).

Apply the veto filter to C — obtain C.

For each criterion v compute s,(x) and generate the linear order zy on C% (with a fixed
tie-break).

Construct M(x, y) on [-23,+23] and the tournament graph G.

Compute winners under Plurality, IRV, and Borda; check Condorcet and cyclicity.

Build NetFlows (¢+, ¢—, ¢); form the global order.

Generate artifacts (HTML/PNG/SVG) and the decision protocol.

The specifics of the Bosphorus in the model manifest in the interpretation of sy(-) (two-
layer currents; critical UKC reaches; intense intersecting local traffic; under-bridge constraints;
TSS/COLREG regimes) and in veto thresholds aligned with local norms and VTS practice. In
the obtained profile for S1-S5 and vl-v7 (weights 5-4-4-3-3-2-2), the system yields a
coherent result with S3 as the Condorcet winner, absence of cycles, and high determinateness of
pairwise decisions—consistent with Bosphorus realities, where a medium-tonnage,
maneuverable vessel is often the least-risky first candidate for transit.

Results of the Study

The experimental data demonstrate the consistent dominance of alternative S3 across all
independent perspectives. Under the uninominal rule, S3 receives 14 weighted «first placesy,
versus 7 for S4, 2 for S1, and 0 for S2 and S5; the instant-runoff (IRV) procedure likewise
terminates in favor of S3, indicating a stable majority under different recount regimes. The
Borda analysis corroborates S3’s compromise advantage: the total ranks are ordered as S3 = 41,
S4 = 46, S1 = 59, S5 = 87, S2 = 112; the minimal score for S3 indicates the best average
acceptability across criteria (Fig. 1). In the pairwise space, the majority-difference matrix has the
domain [-23; +23] (the sum of weights equals 23) and shows for S3 stable positive margins
against all opponents: M(S3, S2) = +23, M(S3, S5) = +23, M(S3, S1) = +5, M(S3, S4) = +5. This
configuration gives rise to a Majority-Margins Digraph with complete outgoing dominance of
S3, and the Condorcet test establishes S3 as the Condorcet winner without any chordless cycle;
the determinateness index of = 84.78% reflects a high share of unambiguously determined
pairwise relations (i.e., «few gray areas»).
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Figure 1 — Automated construction of the DSS strategy preference graph

The NetFlows heatmap (with Kendall’s t correlation assessment) is consistent with these
findings: the safety criterion (v1) exhibits perfect correlation with the global order, T = +1.00; the
hydrological/dimensional and current-related factors (v2, v6) have t = +0.80; TSS/COLREG
compliance and environmental considerations (v3, v4) have T = +0.60; and the logistics-resource
criteria (v5, v7) have T = +0.40 (Fig. 2).

|M(X’Y)H S1 ”52” 53 H 54 ” 85 ‘ criteria| weight| tau* |S3|S4|S1/S5/S2
| b | H — ||23|| —SH—ll” 13‘ vl |-5.00+1.00|1 23[4]5
| S2 H_23||_||_23H_23”_1?‘ v2 | -4.00|+0.80|1 3245
v6 | -2.00 [+0.80|1 2|43 5

S3 5|23 — 5| 23 v3 | -4.00 [+0.60/3 | 1]|2/4 5
S4 111123\ -5 — || 17 vd | -3.00|+0.60|1 3425

| S5 H‘l3||l7”‘23H‘17|| _‘ vS | -3.00 [+0.40/3 1|25 4
v7 | -2.00 [+0.40/3 2|14 5

. . Color legend:
Valuation domain: [-23; +23] [quantile][33.33%] 66.66%] 100.00%)

Figure 2 — Results of correlation assessment by the Kendall method.

Conclusion. The aggregate correlation between the global ranking and the global
outranking equals +1.000; the mean marginal correlation is +0.696 with a standard deviation of
0.212, and the «fairness of ranking» (mean — sd) equals +0.484. Taken together, these
indicators show that the safety criteria «pull» the system toward S3, while the remaining criteria
largely support this order without entering into conflict.

At the engineering level, reproducible development stages were obtained: a DOT file was
generated and a PNG rendering of the Majority-Margins graph produced, and an HTML table of
pairwise margins and a NetFlows heatmap were created; this ensures explainability for
VTS/Harbor Master operators and a transparent audit trail. Altogether, the concordance of the
three basic rules (Plurality, IRV, Borda), the presence of a Condorcet winner, the absence of
cycles, and the high determinateness constitute scientifically grounded confidence in the
recommended queue, with S3 acting as a rational and safety-oriented priority.
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MOTION OF A LARGE SAILING VESSEL TAKING INTO ACCOUNT OF
THE NEW CONCEPT OF TURNING

O. Tovstokory, K. Tovstokory
Kherson State Maritime Academy
(Ukraine)

Introduction. In recent decades, due to the depletion of fossil fuels, interest in the use of
renewable energy sources, including wind energy, has been renewed. In maritime transport, this
is manifested in the use of wind energy as both the main and auxiliary source of energy for the
movement of vessels. This applies to both recreational vessels, such as private yachts, and
commercial fleets, including training, passenger vessels, and cargo vessels using sails as an
auxiliary source of energy.

The movement of a sailing vessel differs from the movement of a vessel with a
mechanical engine. This is especially different in the process of moving along curved
trajectories, that is, during turns. Where a vessel with a mechanical engine is enough to simply
turn the rudder, a sailboat must perform a maneuver, or even several.

In this case, the role of using the pivot point to facilitate maneuvers becomes important.

When sailing a ship, the turning circle, i.e. the crossing of all 360° of the compass,
cannot be performed in the form of a circle, because sailboats cannot go straight against the
wind. Therefore, to cross all 360° of the compass, a sailboat must perform 2 maneuvers of sailing
ships: a turn "tack™ (crossing the wind line with the bow) and a turn "wearing" (crossing the
wind line with the stern) in any sequence. The movement of a large sailing ship on a straight
course is a balanced interaction of the rotational momentums of lateral forces that try to turn the
ship clockwise (for example, wind forces), and the rotational moments of lateral forces that try to
turn the ship counterclockwise (for example, rudder forces). There may be several lateral forces,
but if the sum of the moments acting clockwise is balanced by the sum of the moments acting
counterclockwise, the sailboat is on a straight course.

Research results.
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Figure 1 — Turning circlt of a large sailing ship ROYAL CLIPPER

So, let's consider the turn of a passenger sailing ship ROYAL CLIPPER (a 5-masted ship
with direct rigging on all masts).

To get acquainted with the full range of interaction of a sailboat with the wind, let's
consider the circulation of the ROYAL CLIPPER sailing ship under crosswind conditions.
Figure 1 shows the individual stages of the ROYAL CLIPPER sailing ship circulation, which
differ from each other in the direction of movement and the angle of incidence of the wind on the
ship.

When considering the turn of the ROYAL CLIPPER sailing ship, we will be interested in
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the following points:

CG — © — center of gravity — is calculated as the center of the load on the ship. For a
better understanding of the turning process, we will assume that the ship is loaded in such a way
that the CG is located amidships. And all the forces that will be discussed below will be
calculated under the condition that the CG is amidships. If the CG is located at another point, the
distance of the CG from the midship will be calculated and all other points, which will be
mentioned below, will be shifted by the same distance. The position of the CG during the
maneuver remains unchanged.

cS — X — Center of sail - the geometric center of the above-water part of the vessel,
including the sails. The position of the CS can change due to the addition or removal of sails.

A— & _ the point of application of the wind force (aerodynamic) — is located on the
side of the wind direction. The smaller the angle of attack of the wind, the further it is from the
center of sail. The position of point A can change when the wind heading angle changes. [8]

CoR — + — the center of rotation, which is the point relative to which the moment of
inertia of the vessel will be the smallest and relative to which all the shoulders and moments of
lateral forces acting on the vessel are calculated. [7] The CoR is calculated from the differences
in the position of the abscissa of the PP at zero and maximum speeds, and then according to the
formula depending on the fraction of the actual speed relative to the maximum. The position of
the CoR can change due to the direction of movement and the speed of the vessel. [9]

PP — 9 — the pivot point, which is a visible point around which the vessel actually
turns. The PP is located on the opposite side from the point of application of the lateral force
relative to the CoR [7] The PP is calculated from the tangential speeds of the bow and stern and
does not depend on either the type of vessel or the type and number of thrusters and can be
calculated for any vessel. The position of the PP can change due to a change in the position of
the point of application of the lateral force [9].

Screenshots 1—9 show the position of the vessel at different stages of circulation and the
base points.

Figure 3 — Turning a large sailing vessel. Stages 3, 4, 5
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Figure 5 — Turning a large sailing vessel. Stages 8, 9 CONCLUSIONS

1. Slide 3 shows that the displacement to the wind when turning «wearing» is 3.4 kbt, and
when turning «tack» — 1.8 kbt. When sailing under sail, the "tack" turn is preferable to change
the tack, but if it is not possible due to some circumstances on the forward course, it is necessary
to do it on the rear, or use the turn «wearing.

2. For maneuvers on a large sailing vessel, it is necessary to clearly imagine the position
of the base points, namely: the point of application of the wind force (aerodynamic), the center
of sailability, the center of gravity, the center of rotation, the pole of the turn.

3. To facilitate the turn, it is desirable to do so that when changing the direction of the
vessel's movement (forward - backward) and performing this turn, the point of application of the
force is on the opposite side of the direction of movement (when moving forward — in the stern,
when moving backward — in the bow). This will make it possible to transfer the PP in the
direction of movement and facilitate the turn.

4. The scientific novelty is that the case is considered taking into account two transverse
forces: the rudder and sails. The shoulders of these forces are determined and their moments
relative to the center of rotation are compared. At the same time, for the successful execution of
the turn with different directions of the moments of the rudder and wind forces, measures are
taken to maintain the advantage of the moment from the rudder force over the moment from the
wind force (sails are removed and added, certain yards are turned in the desired direction).

5. The scientific novelty is also the breakdown of the process of turning a large sailing
vessel with direct sailing equipment into stages and the determination of the position of the base
points of the turn at each of the stages in accordance with the proposed substantive model of the
vessel's turn [17], as well as the determination of the main task of the navigator for the successful
execution of the turn.

Prospects for further research. Further research will be conducted on the process of
turning different types of ships with different engines in different conditions.
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BU3HAUYEHHSI KOOPIUHAT CYJIHA B YMOBAX I'TYIITHHSA
CUT'HAJIIB CYITYTHUKOBOI HABIT'ALIIL

Iluwkin O.B., Becenoscokuit .M.
Hayionanvnuii ynisepcumem « Ooecvka Mopcbka akaoemisny
(Ykpaina)

Beryn. 3a ocraHHI poKM HaBMHCHE BTpy4yaHHS B poOory [nobGanbHoi Hagiramiitnoi
CynytaukoBoi Cucremu (I'HCC) y Burmsmi raymriaas (jamming) ta migpooku (Spoofing)
CYIIyTHUKOBHUX CUTHAJIB CTaJI0 CEPHO3HUM (haKTOpOM MOTipIIeHHs 6e3neKu cyJHoruiaBcTsa [1].
Uepe3 HU3BKY MOTYXXHICTh CHTHaNy Oyab-skoi cymyTHukoBoi cuctemu (GPS, TJIOHACC,
Galileo Ta Beidou) Ta BmOCKOHaNEHHS 3acO0iB HABMHCHOTO TMEPEHIKOPKAHHS CEpBICIB
CYNMYTHHMKOBOI HaBiraifii, KOHIIEIIIis TapaHTOBAHOTO IMO3UIIIOHYBaHHS, HABITaIlii Ta BU3HAYCHHS
gacy (PNT) 3HaxoauThCs mij Cepiio3HOI0 3arpo3oio [2]. Benuka KibKicTh MPUKIIAAIB MOPCHKHIX
kibeparak y BuUrisi riyminag Ta miapooku curHaniB [[HCC cTBOprOIOTEH peanbHi mpodieMu ams
0€3MeYHOr0  MOpEIUIaBCTBA, OCKUIbKM 0€3 HAJeXKHOrO TMO3WIIIOHYBAaHHS Ta 4acoBOi
CHUHXPOHI3aIlil MOPYLIY€eThCS poOOTa MPUCTPOIB HABIrallii Ta 3B’ 13Ky MOPCHKOIo cynHa [3].

[aywinas Ta nigpoOka/migmina curHanisB [HCC MoxyTh cepHO3HO BIUTMHYTH Ha
MOPCBHKE CyJIHOIUIABCTBO, CIIPUYHHSIIOUH
— Ilomumniku HaBiramii, sIKi MOXYTh MPHU3BECTH JO 3ITKHEHb a00 MOTPAIUISHHS B HeOe3meyHi

30HH.
— 3aTpUMKH B OIIEpalisx, IO BIUIMBAIOTh Ha rpadiku JOCTABKH Ta MiABULIYIOTh BUTPATH.
— Pusuku s Oe3neku exinaxy Ta macakupiB uepe3 HeTOYHE MO3UIIOHYBaHHS.

VY pasi BiamoBu cyanoBoro mnpuiimada HCC mrypman mae mnepexonutu Ha dead
reckoning pexum (DR), a60 o0urcaroBaTH KOOPAUHATH B iHIIIH croci6. DR pexum BpasnuBuit
70 HAKONWYCHHS TOXWUOOK TNpWIaNiB IHEPIIHHOI HABITAifHOI CHUCTEMH 1 TOMYy MOTpedye
KOPEKIii KOOPAMHAT 33 JJOTIOMOTO0 30BHIIIHIX JHKEPed.

Jlns 3MEeHIIeHHs PU3UKIB, MOB'S3aHUX 13 TIyWiHHAM Ta migpoOkoro curHanie ['HCC,
HEOOXiJHI albTepHATHBHI METOAM TMO3UIiOHYBaHHA. Lli Meromm MOXyTh 3abe3meyuTH
pe3epBYBaHHS Ta MIIBUIIUTH CTIUKICTh MOPCHKUX HaBiramiHux cucreMm. OIHIEI0 3 KOHIENIIN
3abe3neueHHs pesepBHOi cuctemu 'HCC € BuKOpuCTaHHS pe3yibTaTiB BUMIPY JAJIBHOCTI 10
OeperoBux pamiomaskie (R-mode) [3]. Lls KkoHIemiiss BUKOPUCTOBYE ICHYIOYY MOPCBHKY
panioiHPpacTpyKTypy, sKa BXKe LIMPOKO BUKOPUCTOBYETHCSA B MOPCbKOMY cekTopi. Cucremu, sKi
MO>KHa HalKOPHCHIIIE PO3TOPHYTH, - 11€ cUcTeMa pajiioMaskKiB cepeanboi yactotu (MF) ta HoBa
cucrema oOminy nanumu VHF (VDES). Ane cucrema 3a npunnunom R-mode oOmexena
HasBHICTIO BIAMIOBIAHOI OeperoBoi iHppacTpyKTypH.

IMocTanoBKa 3a1auyi.

Mertoro naHoi JOMOBiAI € po3poOka crnocody OTPUMaHHS KOOPAUHAT CYJHOM, sKe
MOTpAIUIsie MiJ BIUIMB KiOepaTak HaBMHUCHOTO MOPYILIEHHS CepBICIB CYMyTHUKOBOI HaBiraii, 3a
pe3yJbTaTaMu BUMIPY JAJIbHOCTI IO 1HIIUX CY/EH, SKi He MOTpPaIWIX MiJ BIUIMB KibepaTaku, Ta
MalTh JIOCTOBIPHI KOOpJWHATH, OTpPHUMaHl TO KaHAJaX AaBTOMATHYHOI 17eHTHUDIKAIIHHOT
cuctemu (AIC).

PesyabTaTn  gochaigxenb. CyTHICTH cmocoOy, IO MPOMOHYETHCS, TIONATAE Y
HACTyIMHOMY. SIKIO CyAHO MiJ BIJIMBOM 30BHILIIHBOIO BTPYYaHHS BTpadyae KOOPAMHATH BiJ
npuiiMaya ['HCC, TO BCTAaHOBJEHHS KOOpPJAWHAT 3IACHIOETHCS HAa OCHOBI  JIaHUX
palioNIOKAIlHOT CTaHIlii 3 3ac00aMU aBTOMAaTUYHOTO pajioioKalliiiHoro mpokiananus (Radar,
ARPA) Ta TpancuBepy aBToMaTH4HOI ineHTH(ikamiiiHoi cuctemu (AlS). aHi Bing pamapy Ta
AIC 3a cranmaptHuM mnpotokosiom oOMiny manumu NMEA 0183 (IEC 61162-1) [4]
MOTPAIUISIIOTh Y CTPYKTYpy oO0uncieHHs: koopauHat (Pucynok 1). O6unciaeHHs] KOOpAXHAT MOXKe
OyTu peanizoBaHe 3a JIOIIOMOIOI0  amapaTHO-MPOTPAaMHOTO TMPHUCTPOI0  ab0  HUIAXOM
BUKOPUCTaHHS TexXHoiorii mryyHoro inTenekry (ILI). [Ipyruit BapianT, 3Bakaroun Ha
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BEJIMYC3HI JIOCSTHEHHS Y 1i€l cepi, MPeICTaBIsSEThCS HAWOUIBII palliOHATBHUM.
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Pucynok 1 — OtprMaHHs1 KOOpAMHAT 3a JOIIOMOIOI0 pedeHb 3a npoTokoaoM NMEA 0183

Ha mopcekux cymHax st oOMiHY AaHMMH MDK HPHCTPOSMH HaBiramii Ta 3B SI3KY
XOJIOBOTO MICTKY BUKOPHCTOBYEThCS MPOTOKOJ 3a MixkHapoaHum cranaaptom |[EC 61162-1. 3a
M nporokosioM ARPA cynmHOBOro pamapa peryisipHo (GopMye Ha CBOEMY BHXOJI PEYCHHS
tpekiB minmeir TTM — Tracked Target Message. ®dopMaT LBOro peucHHs HaABEJACHUN Ha
Pucynky 2. Yci NMEA peueHHs MOYMHAIOTBCS 3 Ciry:k00Boro cumsoiy $ (abo !), 3a sxkum
Yyeprye Mo3HaueHHs rnepenaBada. Y nanomy Bumajaky e RA — Radar and/or radar plotting. daui
nepenaeThes Ha3Ba peucHHs Tracked Target Message (TTM) ta gaHi sik Bka3aHo Ha Pucynky 2.
JUis Hamoro 3acTocyBaHHs KIIOYOBUMH € TpU IEPIIMX 3a 4YEeprol Iapamerpi: HoMep Wil
(Target number), Bigcrans g0 wim (Target distance from own ship), nenenr Ha 1ine (Bearing
from own ship). Ili mapamerpu 1ar0Th MOXIHUBICT OOYMCIICHHS KOOPAHHAT IIUJICH y BHMIpi
BiJTHOCHO HAIIIOTO CY/HA.

Tpancusep AIC y Toii xe yac € mocradaibHukom (Talker) pedenp mpo 1imi 3a
iHpopMmariieto, orpumanoro o kananax AIC. AIC nocrayanbHuK KoxyeThes ik Al — Automatic
identification system [4]. ITpuknagom takux peuerb € VDM — AIS VHF data-link message, 1o
SKOT0 1HKAICyJbOBaHI JaHl, MpUiHATI TpaHncuBepoMm AIC Bix i1HIMX CcyldeH. 3a3BUuaill Taki
pEUCHHsI MOTPAIUIIOTh B EJIEKTPOHHY KapTorpagiuHy HaBirauidHy iHpopmauiiiHy cucremy
(EKHIC). B namomy 3acTocyBaHHI pe4eHHsI BUKOPHUCTOBYIOTHCS JJIsi OTPUMAHHS KOOPAMHAT Ta
IHIMX AWHAMIYHHUX TapameTtpiB cyneH-uiieil. Ctanmapt [5] BcTaHOBIIOE mapaMeTpu CyaHa, sKi
MalOTh PETYJIIPHO MepeiaBaTucs CyJHOBUM TpaHcuBepoM AlC.

$--TTM, xx, x.X, X.x, a, X.X, X.X, a, X.X, X.X, a, ¢c--c, a, a, hhmmss.ss, a *hh<CR><LF>

Type of acquisition

A = Automatic

M = manual

R = reported
Time of data (UTC)

Reference target (see Note 2)= R,

null otherwise

Target status (see Note 1)

Target name

—— Speed/distance units, K/N/S

— Time to CPA, min., "-" increasing

— Distance of closest-point-of-approach

Target course, degrees true/relative (T/R)

Target speed

——— Bearing from own ship, degrees true/relative (T/R)

Target distance from own ship
— Target number, 00 to 99

Pucynok 2 — ®opmat peuennst TTM, Tracked Target Message (3a NMEA 0183)

Po3pobnena MaTemaTH4Ha MOJENTb PO3PAXYHKY KOOPIHMHAT BIIACHOTO CYIHA, SIKa Y
CTHCIIOMY BHTJISII TIPE/ICTaBIICHA HACTYITHUM YHHOM.
Radar/ARPA no3Bonisie oTpUMaTH pO3TallyBaHHS LIeH Yy TOJNSPHUX KOOpPJMHATAX.
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Touxka (0, 0) kKoopaMHAT CIiBIaJa€ 3 MOJOKEHHIM Haworo cyaua. Koopaunaru uineit (p;, 3 ),

1€ p, — BIACTaHb CyJHO-LLNIb, ¥, — KyT, BIAOMHUI 3a IIEJICHIOM LI Ta KypcoM cyaHa, i =1, N,
N — KiIBbKICTD LIJICH.

u. X. X
3pOOMMO HACTYIIHI TO3HAYCHHS: P :{ '}, o :{ '} , S ={ ]
A N

ne P, — KOOpAMHATH pajlapHuX Linei U, = p, cos§, v, = p,sin 3,
(, — KoopauHaTH 1ineil 3a nanumu AIC,
S — BEKTOp HEBIJJOMHX KOOPJIMHAT.
Meron HalilMeHIIMX KBAJpaTiB Ja€ HalKpalle HAKIaIaHHS IUJIeH 3a TaHUMH pajapa Ta
AIC y cenci MiHIMI3alii cepeaHbOKBAAPATHYHOTO BigXwieHHsA. HeoOximHo MiHIMI3yBaTH
byHKIII0
2 2 2
I6Y) = D[l = (s+ P =2 [ (X =x=u)* + (Y, —y-v)* ], (1)
i i
ne ||_|| — TO3HAYCHHS €BKJIIZIOBOT HOPMHU BEKTOPA BiIXUICHHS.
Jlis miniMizamii 3HadeHHs J(X,Y) 3HAXOJAMMO YAaCTHHHI TOXiJAHI Ta JOPIBHIOEMO IX
HYJIO:

A (%y) _

T__zzi:(xi—x—ui):o, 2
Wz_zzm—y—vi):o. 3)

3 dopmyn (2), (3) oTpuMyeMO KiHLIEBUH pe3ynpTaT moAo MiHimizamii (1) y Burmsimi:
1 1
X:WZ(Xi —u), y :NZ(Yi _Vi) .

[Tnanyethest, o oOUYKMCICHHS KOOpAMHAT y cxeMi Ha PucyHky 1 Oyae BUKOHYBaTHChH
mTy4HUM 1HTenekToM. [lpu mpomy He moTpiOHI Oynab-gKi JOJATKOBl1 amapaTHO-IPOrpaMHI
pecypcu G0pTOBOro 00JIaAHAaHHS CyJIHA. BUKOpHCTOBYIOThCS pecypcu Tinbku xmapHoro LI,
KU B peXUMI peaNbHOI0 4acy 34aTHUI BUKOHYBATH HACTYIHI ONeparii:

— ananizyBaru notik NMEA peuens Radar/ARPA, AIC Ta BuniisTi moTpiOHI mapamerpu;

— (dopmysaru napu pagapaux ta AIC ninei;

— BpaxoBYBaTH TOYHOCTI KoopAauHatT Ta AuHamiky AIC mineit Ay npuBeeHHs IXHIX KOOPAUHAT
710 €IMHOTO Yacy;

— TPOBOJIUTH OOYMCIIEHHS 32 AITOPUTMOM BU3HAYEHHS KOOPJIMHAT;

— TIOBEPTATH OTPHUMaHi1 KOOPJMHATH 110 3BOPOTHOMY KaHAJy CYITyTHUKOBOro MHTEpHeTY.

ITo cyri LI npaifoe B SKOCTI BIpTYaJbHOTO HaBIralifHOTO AATYMKY KOOPAUHAT THITY
«BipTyanmpHoro GPSy.

BHCHOBKM i HAIPAMOK NMOAAJbIIMX AOCHiAKeHb. B yMoBax mposiBUB ITynIiHHS a60
nigpo6ku curHaniB 'HCC HeoOXiH1 anbTepHaTUBHI METOAM OTPUMAaHHS KOOPAMHAT, OCKUIBKHI
CydacHE MOpEIJIaBCTBO 0a3yeTbcs Ha HAsSBHOCTI CEpBICIB CYNYTHHKOBOI  HaBirarii.
3anponoHOBaHUIl cmoci0 OTPUMAaHHA KOOPAMHAT 3a pe3ysibTaTaMH  PajioIoKaliiHOTO
criocTepekeHHs Ta noBigomieHb AIC iHIIKX CyJlieH, SKi He 3HAaXOJAThCA MijJ BIUIMBOM aTaku
rinymiHag / miapoOku cur"aniB [HCC. Crnoci® 6a3yeTbcss Ha BUKOPUCTaHHI CTaHAAPTHHUX
NMEA peuens cynHoBoro paaapa, Ta AIC tpancuepy uist GopMyBaHHS KOOPJIMHAT BIACHOTO
CyIHa 3a MIATPUMKM HITYYHOrO I1HTEJEeKTy. 3a paxyHok BukopuctanHs I nHemorpiOHi
J0JIaTKOBI anapaTHo-nporpamHi 3acoou o0pookun NMEA peueHb Ta BUKOHaHHS OOYUCIIEHb.

3amayamMy MOAAJBIIMX JOCHIIKEHb € po3poOKa iHTepdeiicy s mepeaaBaHHs MOTOKIB
TaHuX B IHTEpHET, OIliHKa MOTPIOHMX MIBHJIKICHUX XapaKTEepPUCTHK KaHaJliB OOMIHY JNaHUMH,
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HAIIPAMKHU BITPOBA/IZKEHHSA CUCTEM YIIPABJITHHA
EKOJIOTTYHHUMMU ITPOLHECAMM HA ABIAIIIAIIPUEMCTBAX
YKPAIHU B CYUACHUX YMOBAX

Bbenaece M.O., Karawmnux I'. A.
Yrpaincora oepacasna toomua axademis
(Vkpaina)

Beryn. Cucrema ympammiaas ekojorivaumu  nporecamu (CYEID) Ha aBiarmiitHux
HiANMPHEMCTBAX — II¢ IHTErpoBaHa cucteMa, 1o Biamnosigae 1ISO 14001:2015 [10], ICAO Annex
16 [8], EASA Part-21 [5], EU ETS (Emissions Trading System) [11] Ta HamioHaasHHM HOpMaM
Vkpainn (3akoH Ykpainu «[Ipo OXOpOHYy HaBKOJMIIHBOTO IPHPOJHOrO cepemoBuma» [1]).
Cucrema ynpasninas exonoriunumu mnporecamu (CYEID) € KiIOYOBUM IHCTPYMEHTOM JIJIst
3a0e3MeyeHHs] CTaJor0 pPO3BUTKY aBialidHOl ramy3i. B VYkpaiwi, ge aBiamigmpueMcTBa
CTHKAIOThCS 3 BHUKJIMKAMHU POCIHCHKO-yKpaiHChKOi BiifHM, BripoBamkeHHs CYEII B ymoBax
inTerpanii Ykpainu no €C ta BopoBamkeHHs Bumor rinodanbHux HopMm ICAO (MixHapoaHoi
oprasizamii IUBLIBHOI aBiaiii), HaOyBae 0cOONMBOro 3HaueHHS. BOHO 103BOJIsie He muIle
3MCHIIIUTH €KOJIOTIYHMI BIUIMB aBiamii, aje W WiJABUIOATH KOHKYPEHTOCIPOMOKHICTh
YKpalHChKUX  aBlamiANMPUEMCTB 4Yepe3 JOCTyH JO0 MDKHApOAHMX pPHHKIB, TpaHTIB Ta
cepTHdiKariii.

AKTyaJbHICTh H0CTiIKeHb. [loiTHKa eKOIOTiyHOT O€3MEKH BiAMOBITHO 10 €KOJOTIYHHX
MibxHapoaHux crangaptiB cepii ISO 14000 [9, 10] 3yMOBIIOIOTH aKTyaJdbHICTh JOCHIIKEHb B
HaNpsIMKy BIIPOBAPKEHHS CHUCTEMH YIPABIIHHS EKOJOTIYHUMH MpPOIecaMu, sSKa € CHocoOoM
MiJBUIICHHS KOHKYPEHTOCIIPOMOXKHOCTI MiIPUEMCTB aBialiiiHoi ramysi [2, 3].

IlocranoBka 3aBaanus. [lomiTHka eKoIOTiuHOI O€3MEKH, y3roHKeHa 3 MIKHAPOJAHUMU
exosoriyuauMu cranaapramu cepii 1ISO 14000 [9], 3okpema, ISO 14001:2015 [10], sixa Hapasi
MPOXOIUTh MEPeryisii 3 OYiKyBaHUM OHOBIEHHSM y 2026 poli, MpOJOBKYE BHU3HAYATH
aKTyaJIbHICTh HAYKOBHUX JOCII/PKEHb y HAIpsIMKy €KOJori3alli cTpaTerii po3BUTKY aBialliiHOT
ramy3i. 3 ypaxyBaHHSIM TJ00albHUX BHUKJIUKIB, TaKUX SIK 3MiHA KJIIMaTy Ta TpParHeHHs 0
HynboBuX BukuaiB CO2 y cdepi asiamii 1o 2050 poky [7], BOpOBa)KEHHS CUCTEMH YIPaBIiHHS
€KOJIOTIYHUMHU TIPOLIECAaMH HE JIMIIE CHpHs€ 3HUKEHHIO BIUIMBY Ha JOBKULISA, alie ¥ cTae
KJIIOYOBUM (DaKTOPOM MiJBUILEHHS KOHKYPEHTOCIIPOMOKHOCTI MiANPUEMCTB aBiallifHOI raiysi
Yyepe3 OMTHUMI3AIlIO OIeparliii, 3alydyeHHs] 1HBECTHIll y CTiiKi TEXHOJOrii Ta BiAMOBIIHICTbH
perymsatopauMm BumoraMm. Cranmaptu cepii 1SO 14000, 3okxpema ochoamii 1SO 14001,
CIPSIMOBaHI Ha CTBOPEHHS €EKTUBHUX CHCTEM YTNpPaBIiHHS €KOJIOTTYHUMU mponecamu. Y 2025
poti omy6nikoBano npoekt oHoBieHHs SO 14001, sikuii akiieHTY€e yBary Ha iHTerpailii acrieKTiB
3MIHM KJIIMaTy, CTIHKOCTI Ta 3aJy4YeHHs 3alllKaBJlIeHUX cTOpiH. OviKyeTbes, 0 (piHabHA BEpCis
cTaHaapTy Buiine y ciuni 2026 poky, 3 aKIIeHTOM Ha aJanTaIliio 10 TTI00albHUX KIIMaTHYHHUX
yron, Takux sk Ilapuspka yroma. Y Cy4acHMX yMOBax BIIPOBaJKEHHS CHUCTEMa YIpPaBIiHHS
€KOJIOTIYHMMH TIpoIleCaMH Ha aBlamiANpHEMCTBAX YKpaiHU BIIOYyBa€TbCS dYepe3 HHU3KY
HaNnpsIMKiB, QJalTOBAaHUX JO peaiil: oOMeXeHHX pecypciB, (OKyCcy Ha BiJHOBIEHHI
1H(pacTpyKTypHu MICas MOLIKOJKEHb BiJl BIMHM Ta mepexoay IO «3eJeHoi» aBialii. OCHOBHI
[UISXU BIPOBA/DKEHHS CHUCTEMH YIIPABIIHHS E€KOJIIOTIYHUMH MpolecaMu 0a3yroThCsS Ha MK
PDCA (Plan-Do-Check-Act) cranmapty ISO 14001, ame 3 akmeHToM Ha IHQpoOBi3allio,
MapTHEPCTBA Ta JACPKABHY ITiITPUMKY.

PesyabTaTu pociigxennb. [IpornmoHyeThCs 3aCTOCYBaHHS I'STH OCHOBHHMX HAIpPSIMKIB
BrpoBapkeHHss CYEII Ha aBiamigmpuemcTBax YKpaiHM y TIOBOEHHHM TEpioa: po3poOka Ta
3aTBEP/DKCHHS E€KOJIOTIYHOT MOJITHKH, 1AeHTU(IKAIis Ta OI[iHKAa EKOJOTIYHMX AacCHeKTiB 1
BIUJIMBIB; BCTAHOBJICHHS IIlJieH, 3aBIaHbh Ta MporpaM peamizailii; pecypcHe 3abe3medeHHs Ta
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HaBYaHHS; MOHITOPHUHT, ayAUT Ta BAOCKOHaJeHHs (Ta0u. 1).

Ta6mumst 1 — OcHoBHi Hanpsimku BipoBapkeHHs CYEIT Ha aBiamianpuemMcTBax YKpaiHu

Hanpsimox Onuc Kurouosi 3axoau IlepeBaru Bukiuku Ta
B CYYaCHHUX crocoou
yMoOBax MO/10JIAHHSA
Po3poOka Ta ®opmyBanns | [HTerparis 3 Hocrtyn no Bpak pecypciB —
3aTBePAKEHHsI | CTpAaTeTiYHUX | IUTaHAMH rpanTiB €C; HeoOXiaHI cyocumii
€KoJIoriYHol 3000B'13aHb BIJIHOBJIEHHS 3HIDKEHHS Bix MIHIOBKILIISA
NOJIITHKH 1010 TicIis BiliHU; PU3HUKIB
€KOJIoTi{ nudposizaris mrpadis
JIOKYMEHTIB
InenTudikauis | Ananiz Buxopucranus [Ipioputu3zanis | BiacyTHicTh HaHuX
Ta OUiHKA PHU3HKIB PEECTPY EMICIiA; IHBECTHIIIH Yy — MapTHEPCTBA 3
€KOJIOTTYHHX MPOIICCiB ¢doxyc Ha crane ICAO
ACHEeKTIB i (BUKHUIH, MOLIKOHKEHIN aBlaringe
BILTHBIiB BIJIXO/TH) iH(bpacTpyKTypi nanuBo (SAF)
BcranoBiiennss | BusHaueHHs | Y3rOJUKEHHS 3 CxopoueHHs dinaHCyBaHHS —
mijeH Ta SMART- HAIlOHAJIILHOO BukuiB Ha 10— | rpanTn €C
nporpam ien CTpaTeTi€ro 10 15%
2050 p.; ribpuaHi
TEXHOJIOT11
Pecypche HaBuauusa JlucraHiiiine [TigBumenus Kanposwuii nedinur
3a0e3nevyeHHs] | [IEPCOHAIY, HaBYaHHS; MOTHBAIIIT; — CIIiBIIpans 3
Ta HABYAHHA 3aKymiBii KOMYHIKaIlis 3 3MEHILEHHS YIUIA, XAIL KAI
eKo- rpomMaaMu TTOMHJIOK
TEXHOJIOT1H
MomnitopuHr, Perymsapunii | [oT Ta II- Ceptudikauis | TexHosoriuna
ayJauT Ta KOHTPOJIB 1 MOHITOPHHT; ISO 14001 BIICTAJIICTh —
B/IOCKOHAJIEHHSI | KOPDUTYBaHHS | 30BHIIIHI ayJUTH iMmopt 3 €C

[lepmnii eran mnepenbavae ¢GopMyBaHHS CTpATETriyHOI IMOJNITUKHM MIJIPUEMCTBA, sKa
IHTETPY€EThCS B 3arajibHy CUCTEMY MEHEDKMEHTY. Jlis aBiamiAnpueMcTB YKpaiHU 1€ BKIIOYAE
3000B's3aHHs 1010 CKOopoueHHs BukuaiB Ha 20-30% mo 2030 p. [4] BiamoBigHO 10 HOpM
CORSIA (Carbon Offsetting and Reduction Scheme for International Aviation) [7]. V cyuacuux
yMOBaxX TaK0XX HEOOXIJHO aKIEHTyBaTH yBary Ha LU(POBY JOKYMEHTAIll0 4Yepe3 XMapHIl
wiatpopMu Ul YHUKHEHHS BTpaT JaHUX depe3 HecTaOuabHICThb. Lle 3HMKye pusuku mrpadis
(mo 1% o6opoTy 3a yKpaiHCBKUM 3aKOHOJABCTBOM) Ta MOJIETIIYE TOCTYI A0 ¢dinaHcyBaHHs €C.

Etan igenTtudikamii Ta OIIHKM EKOJIOTIYHMX AacCHeKTIB 1 BIUIMBIB BKJIIOYAE aHai3
KIIIOYOBHUX MpOIECiB (MaJIuBHE 3a0e3MeyeHHs, 00CIyroByBaHHs JIiTaKiB, Ha3eMHI oreparii) ams
BUSIBIICHHS PH3HKiB, TakuX K BUKuIH NOx/CO: Bin MBUTYHIB, 3a0pyAHEHHS IPYHTY TJIKOJIEM,
IIyM BiJ] 37ITHO-TIOCAIKOBUX CMYT Ta iHIMX. B Ykpaini ocHoBHUI GoKyc Oy/e cripsiMOBaHU Ha
MOCTBOEHHOMY BiJTHOBJICHHI aBiarmiJIIPUEMCTB 3 ypaxyBaHHIM SKOJOTIYHUX cTparerii [4].

BaxxnuBuM 3aBIaHHSAM € BU3HAYEHHS KOHKPETHUX, BuUMipioBaHux SMART-mine#,
HaIpUKIIAJ, 3MEHIICHHS eHeprocrnokuBanHs Ha 15% 3a paxyHok LED-0cBIT/IEHHS Ta COHSYHHUX
maHened Ha TepMmiHamax. L[l TOBWMHHI y3ro/KyBaTHCh 3 HarlioHaJIbHOIO —CTpaTeriero
HU3BKOBYTJIELEBOTO PO3BUTKY 110 2050 p. [4], po3BUTKY TiOpHIHUX TEXHOJIOTIH JUIS HA3eMHOTO
TPAHCHOPTY B a€poOIopTax.

HeoOximHuM eTamoMm € MiArOTOBKAa BHUCOKOKBaTI(PIKOBAaHMX KaApiB It cepu asiaiii.
Jns 1uporo HeoOXimHA CHIBOpans 3 TMPOBIAHMMH BITYM3HSHMMHU aBianidinumu  BH3:
VYKpaiHCBKOIO Iep’KaBHOIO JILOTHOIO akajieMi€ero, HamioHansHIM aepOKOCMIYHUM YHIBEPCUTETOM
«XapkiBcbKui aBlaliiHuil iHCTUTYT», Y «KuiBChKMii aBlallifHUNA 1HCTUTYTY.
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HeoOxinne BmpoBamkeHHs peryispHoro MoHiTopuHry uepe3 loT-cencopu (BUKuIHM,
EHEepTis) Ta BHYTPIIIHI/30BHINIHI ayJUTH €KOJOTIYHOTO BIUIMBY aBIammiANMPUEMCTB. Y KOHTEKCTI
€KOJIOTIYHUX JTOCTIKeHb BIPOBaKeHHs [0T-CeHCOpiB IHTETpy€eThCs 3 CHCTEMaMH yIpaBIIiHHS
exonoriunnmu npouecamu (CYEID) 3a ISO 14001, cipusiroun nekapOoHizaiii aBiarii BiAIOBITHO
no Hopm ICAO (CORSIA [7]) ta €C (Green Deal [6]). l0T-cencopu mpamooroTs Ha 6a3i
oe3nporoux Mepexxk (LoORaWAN, NB-10T, Wi-Fi 6), 3 xmapauumu miarpopmamu (AWS IoT,
Azure) miis 06poOku nanux 3a gornomororo I s anamizy Ta mporHo3yBaHHsS BUKHIB. Bonu
3MEHIIYIOTh BUTPATH Ha €KOJIOT1YHUN MOHITOpUHT Ha 30-50% mnoOpiBHSAHO 3 TpaaULIHHUMU
METO/IaMH, 3a0€3eUy0YH TOUYHICTh BUMIPIB 710 95%.

Buxopucranus 3aIIPOIIOHOBAHUX HaNPSMKiB BIIPOBAPKCHHS CVEII Ha
aBlamiAnpueMcTBaX YKpaiHU JO03BOJUTH PO3POOMTH OOIPYHTOBaHI YIMPAaBIIHCHKI PIIICHHS B
IIJIAX  MJBHUINCHHS €KOJOTiYyHOI O€3MeKH aBlaTpaHCIOPTYy Ta OJHOYACHO CIHPHUSATHME
KOHKYPEHTOCTIPOMOKHOCTI BITYM3HSIHUX aBIalliANPUEMCTB y TOBOEHHUH TIepioJl. BripoBakeHHS
CVEII B cyuacHHX yMOBax — II€ HE OIIisA, a OOOB’SI30K sl BXOAy YKpaiHu B €IuHHIA
aBiamiitauii puHOK €C.

BucHoBku. OkpecieHO OCHOBHI HampsSMKH BIPOBAPKEHHS CHCTEM yIPaBITiHHS
€KOJIOTIYHMMH TIPOLIECAMH Ha aBialliJNpUEMCTBAX YKpaiHM B Cy4acHHMX YMOBAaX, BH3HAYCHO
KITFOYOBI 3aXO/H, IEPEeBary iX BIPOBAIXKEHHS, BUKJIMKU Ta OCHOBHI LIUISIXU 1X MO/IOJAHHS.
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3ABPYJIHEHHSA MOPCBKOT'O CEPEJOBHUIIIA CYJHOBUM
CMITTAM: AHAJII3 IPOTAJIMH JOJATKY V KOHBEHIII MARPOL
TA IIPOMO3ULII IIIOJ0 MIHIMI3ALIL EKOJIOTTYHUX 3ATPO3

byzaenxo B.1., Ilanuenxo 1.M.
Xepconcoka depoicasna mopcvKka akaoemis
(Vkpaina)

Beryn. Bopnuii Tpancmopr € 0e33amepeyHHM JIEPOM Y CHCTEMi MIKHAPOJHHX
BaHTaXKOIEpPeBe3€Hb, 3a0€3MeUy0UH, 32 CY4aCHUMHU JaHUMH, TpaHCHOpTyBaHHsS Onu3bko 80%
cBiToBOro ToBapooOiry [1]. Taka momiHaHTHa TO3UIlS 3YMOBJICHA HHU3KOK UYWHHUKIB, Cepel
SKUX EKOHOMIYHAa BHUTIAHICTh, BHUCOKA THYYKICTh MDKHApPOJHHMX MAapIIPyTiB Ta 31aTHICTh
MEePEeBO3UTH 3HAUHI 00CATH BaHTaxXiB. OHAK, HA T IMX EKOHOMIYHHUX IIEpeBar, MOPChKa rainy3b
reHepy€e 3HAYHUI €KOJIOTIYHUN HeraTuB. I 71006aibHI MOPCHKI MEpeBE3eHHS IMOPIYHO CTBOPIOIOTH
00CSATH CMITTS, YaCTHHA SIKOTO, 3a OLIHKaMH, CTaHOBHTH 10 20% BiJ 3araJibHOTO IIOPIYHOTO
3a0pyaHeHHsT Mopcbkoro cepemosuina [2]. Lle He BpaxoByrouwm 3a0pyqHEHHS aTtMocdepu
BUXJIONHUMU Tazamu. Cepesl HAUMOMMPEHIIUX BUIIB BIIXOIIB, 110 MOTPAIUISIOTh Y MOPCHKHI
MPOCTip, BUAUIAIOTH IJIACTUK, MTOOYTOBI Ta eneKTpuuHi Bigxoau. HaiibinpIna 3arpo3a nomusrae y
TPUBAJIOMY TIEpiOJi TPUPOAHOI TepepoOkH mmx npoaykTiB (moHax 400 poki), 110
CYIIPOBOJKYETHCSI BHUJUICHHSM TOKCHYHHMX PEUYOBHUH, CTBOPIOIOYH MPSAMY 3arpo3y SIK s
MOpPCBKOI (hayHH, TakK i JJIs 3I0POB’ S JIFOIUHHU.

AKTYyaJIbHICTh A0CTiIsKeHHs. AKTyallbHICTh 00paHOi TeMU BU3HAYAETHCS HEOOX1IHICTIO
MOIYKY e(pEeKTUBHHUX DIlIeHb JUIS IMiJBUIICHHS €KOJOriuHoi Oe3rekn MOpChKoi ramysi. Xoda
60poTh0a 13 3a0pyAHEeHHAM Mops Oyia posnouara me y 1973 poui 3 npuiHATTIM MiXkHapOaHOT
KOHBEHIIIi 13 3armobiranus 3a0pyaHeHHro 3 cyaeH (nan — MARPOL), a lomatok V, 1o peryitoe
3a0pyaHeHHs CMITTsM, HaOyB uymHHOCTI y 1988 pomi [3], Ha CHOrOOHIIIHIN JEHb MOPCHKI
MIEPEeBE3EHHS BCE 1€ BXOATH JI0 1T’ ATIPKH HAWBIUIMBOBIIINX YMHHUKIB 3a0pyIHEHHS MOPCHKOTO
cepenoBuina. lle CBIAYMTH NMPO HASABHICTh 3HAYHMUX MPOTAIMH Yy CHCTEMI IMIUIEMEHTalii Ta
KOHTPOITIO.

OcHoBHa mpobiemMa MoJisArae y JAMCOHAHCI MDK BHMOTaMHM MIKHapOJHOTO IpaBa Ta
peabHOI0 CYAHOBOIO TPAaKTUKOW. JIOCHIDKEHHS € aKTyalbHUM, OCKUIBKM CKJIQJIHICTh
notrpuManHs npaBul MARPOL ictropuyHo Oyna 3yMoBiI€Ha 3BHYKOIO /0 Hapa3UTHYHOTO
croco0y KMTTS €KIMaxKiB, 3HAYHOIO BApTICTIO MOPTOBUX 3ac00IB AJIs MpUKWMaHHS BIJIXOJIB,
OOMEKEHOI0 3JaTHICTIO TOPTIB NpUHMaTH yci BUAM 3alIMIIKIB, (aibcH]ikallielo CyTHOBOT
JOKyMEHTAaIlli Ta, HaWroioBHimie, HemockoHamicTio [lmany ympammiaHs cMittsm (Garbage
Management Plan). Bci 11i YMHHUKHM TpU3BOIATH 10 BUHUKHEHHS HECAHKI[IOHOBAHUX Ta
HeOe3NMeYHUX METOIB YTWii3alli, TaKuxX fK «3amajbHa OOuKa» Ta «MAacKyBaHHS CMITTS», 110
IPOJOBXKYIOTh 3aB/JaBaTH LIKOAM eKocucTeMi. TakuMm YHMHOM, JOCHIIKEHHS MpoOJeMaTUKu
3acrocyBaHHd KoHBeHLIi MARPOL Ta po3pobka cydacHuUX, €KOHOMIYHO OOIPYHTOBaHHMX
CIOCOOIB 3HMKEHHS pIBHS 3a0py/lHEHHS € KPUTUYHO BAXKIMBUM JUIsl CTIMKOIO PO3BUTKY
MOPCBHKOI raiy3i.

IMocranoBka 3anavi. OCHOBHa 3a/a4a JaHOTO JOCHIUKEHHS MOJSATae y MpOBEACHHI
BCEOIYHOTO aHaNI3y CydyacHUX TMpoOJIeM IOTPUMAHHS TOJOXKeHb Jlomatky V KOHBeHIIi
MARPOL 1mon0 mOBOJKEHHA 31 CMITTAM Ha CyJHaX, a TakoX y (OpMyBaHHI HayKOBO
OOIPYHTOBaHMX Ta MPAKTUYHO 3aCTOCOBHHMX aJbTEPHATUBHUX pIlIEHb, 3aTHUX MIHIMI3yBaTH
HETraTUBHUI €KOJIOTIYHUN BIUIUB MOPCHKUX CYJICH.

Pesyabrati pocaimxenb. CxiagHicTs noTpuManHs mnpaBun MARPOL mnowanace 3
CaMoro TMoYaTKy 1 MOXOJAUTh BiJ] HU3KH IHCTUTYLIMHHUX Ta MOBEIIHKOBUX YMHHHKIB. [leprioro
MpOOJIEMOIO cTasia 3BUYKA JIFOJeH He TyMajl PO €KOJIOTiI0, IO MPHU3BENO J0 TOTO, IO YacTKa
3aJIMIIKIB BiJl MOPChKOI raiy3i craHoBwia Bim 12 no 44% ceitoBux BiaxoniB [4]. Hpyroro
Mpo0OJIEMOIO CTajla BeJIMKa BapTiCTh MOPTOBUX MPUWMAIbHUX CHOPYJ JUISl IPUIIMaHHS B1JIXO/IiB.
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Came uepe3 1e MEHEKMEHT KOMIIaHIH 3a0X04yBaB KalliTaHIiB CyA€H MO030aBISATHUCS CMITTS
HECaHKI[IOHOBaHMMHU METOJaMH. 3 TUIMHOM 4acy, Taka HEKOHTPOJIbOBaHA IOJIITHKA TIPH3BENa J10
TSOKKUX EKOJIOTIYHMX HACHIJKIB, 30KpeMa J0 3pPOCTaHHS IMOKAa3HHKIB TOTJMHAHHA IUIACTHKY
MOPCHKMMH MEIIKaHISIMU, 0 HA0YHO 1TtocTpye PucyHok 1:

TBapMHU MOPCLKOTO CepeaoBumLLa
B Yepenaxu (%) WKutu (%) ©TioneHi(%) Mopcbki nTaxu (%)

Pucynok 1 — IlornuHaHHS MIaCTUKY MOPCHKUMH MEIIKaHISIMU [5]

Tperporo MpoOOIEMOI0 CTal0 HEMOXKIWBICTH 3/a4l yCiX BHJIB 3aJHINKIB. 3a Yac
MOPCBHKOTO BOSKY Ha CYyAHI MOX€ YTBOPUTHCS /10 JEKUIBKOX TOHH BUKOPUCTAHOTO IUIACTHUKY,
ckia ta namepy. [Ipore mopToBi nmpuiiManbHi CHOPYAH HE 3aBXK/IU MOTO/HKYIOTHCS 3a0paTu yBech
o0cAr BiAXOMIB, MOXKYTh MPUHHATH JIMIIE MOJOBUHY, a00 sKych 4acTuHy. Jleski mpuiiMaibH1
3acO0M MAarOTh YITKI JIMITH WTIOJI0 BUIY a00 TMOXOJDKEHHS CMITTS. SIK HaCIiJOoK, eKimax
3aJMINAETHCS HAOAMHII 3 TUMH BIJIXOJaMH, sIKi HE BJANOCs 3/1aTH. YeTBepToro mpobiaeMoro €
danscudikallis TOKyMEHTIB WiEHAMU CTapIIoro o(irepchbKoro ckiiaay. I'0JOBHOIO METOIO TaKUX
BUMHKIB CIIyTy€ CTBOPEHHs «iJi€ajibHOI» JOKYMEHTalii Ta BiJICYTHICTh 3aHETOKOEHHS 3 OOKY
CyJIHOIJIaBHOT KoMmnaHii. | HallBaXJIMBIIIOIO CHUCTEMHOIO MPUYMHOK 3a0pyIHEHHS MOPCHKOIO
cepelioBUIlla € HeAOoCKOHauicTh Ilmany mo ympaBmiHHIO cMmiTTaM [6]. Lleil minan mnoBuHeH
peryiroBaTH KUIBKICTh 1 BHJI BIOXOIB, a TaKOXX BHU3HAUaTH 3aco0OM JJIs IXHBOTO 30€pexeHHs.
[IpoTe uacTtime 3a Bce TakMil JOKYMEHT He BiAnoBifae peanbHocTi. Lle BinOyBaeThcs yepes
BpaxyBaHHS HEPEATICTUYHO 3aHIKEHHX HOPM IOJ0 YTBOPEHHS CMITTS Ta TparHEHHS
MiHIMI3yBaTH Bary 3aJUIIKIB Yy JOKyMeHTalii. BHacnigok 1poro Ha namy0ax 3aJIMIIAOThCA
MaJIeHbK1 EMHOCTI, SIKi CTAIOTh IOBHUMH BXKE Uepe3 TPH JHI.

[ToyaTkoBUM 1 TpaAMIifHUM crmOcOOOM T030aBNEHHS BiJl CMITTS Ha CyaHax Oyio
ckugaHHsA 3a OopT. HaBiTh Marepianu, sKi KaTerOpUYHO 3a00POHEHO CKHUJIATH y MOPCHKHUI
npocTip (IJIACTHK, CKJIO, TPYNH TBAPHH, €IEKTPUYHI BiAXOIM, pUOHI CHACTI TOIIO), MOTPATLISIIN
y Mopceke cepenoBuie. [licns Toro, sik cyiHa moyanu mTpadyBaTd 1 3aTpUMyBaTH B MOpTax,
KOMITaHii Mo4aay BUKOPHUCTOBYBATH CUCTEMY BiJ€OCIIOCTEPEKEHHS, a Aep KaBHI OpraHu KpaiH —
3aMmpoBaKyBaTH Cepilo3H1 mTpady Ta TEPMIHHM YB SI3HEHHS 3a €KOJIOT14HI 37m0ounHu. CuTyarris
HOJIMIINIIACS, ajJie He CYTTEBO. MOPSKH MMOYaId HAKPUBATH KaMepH, 100 MPUXOBATH JIIKBiAALIII0
BIIXOMIB. Y 3B’A3KYy 3 MMM, 3’SIBUBCS HOBHUW METOJ TO030aBJCHHS CMITTS, SIKAW Yy HapoOIl
HA3UBAEThCS «3amajbHa Ooukay. 3aBJISKM OTBOPY y HMXHIM 4acTUHI A0 OOYKH MiJ’ €JHYIOTh
IUTAHT 3 TIOBITPSIM MM THUCKOM a00 1HOAI 3amaJibHOI PEYOBHHOKIO Ta MiAMATIOIOTH BMICT,
MIIKAJAI0YH TYAU yCi BUAM CcMITTS. Hepiako Takwii MeToa yTHIi3alii CIpUYUHSE TPaBMH,
OCKUIBKM pa3oM 13 3arajbHOI0 KYIIOIO CMITTS HOTPaIuIAioTh Oarapeilku, OaloH4YMKH 31
CTUCHEHMM ra3oM (muxjodocu, 3aco0u ocoOucToi TirieHH) Ta Troprodl MaTepiaid, 1o
CIPUYUHIOIOTHh BUOYX 1 ypaxxeHHs mMaTkamu Oanony. Ilicist yTumizanii oTpuMyeThCsl MOIILI,
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KU pPO3BIIOIOTH Yy MoOpe, 10 Takox 3aboponeHo kouBeHuiero MARPOL. Kpim Toro, Ha
MOpCchKOMY (DITOTI iHCHHEpaTop HaOyB cTaTycy Oopiis 31 cMmiTTsaM. [IpoTe HeGaraTo irojeit 3Hae,
IO BiH Ma€ BJIACTHUBICTH CHANIOBATU JUIIE cepTudikoBaHe cMmiTTa. Hepinko Tpamiserbes, 1o
iHCHHepaTop cepTU(hIKOBAaHUN JHINE Uil TEPepoOKH Tamepy, aje eKiMmaX KHAAE TYyAh SK
IUTACTHK, TaK 1 amoMiHii. Lle BinOyBaeThcs uepe3 HeAOCBiAUeHICTh 00 He0ATICTh, OB A3aHy 13
CYJHOBOIO JOKYMEHTALIEI, 1 IPU3BOAUTE 10 HECIPABHOCTI OOJaJHAHHS, a TaKOXX CTBOPEHHS
30/, sIKA € OTPYHHOIO JAJisi HaBKOJMIIHBOTO cepenoBuia. OCTaHHIM MOPYIICHHSM, SKHM
3JI0BJKUBAIOTh MOPSIKH, € «MACKyBaHHs CMITTs». YacTo y mopTax npuilMaroTh JIUIle NEBHUH BU
BiZIX0/1iB 00 CTBOPIOIOTH MICIIEBI MpaBWIIa, Yepe3 AKi OUTbITY YaCTHUHY 37aTH HEMOXKIUBO. SIK,
Hanpukian, y Kanani, e 31aTi 103BOJIEHO JIMIIE KaHAJChKI BIAX0AU. TOMy MOpSKM IpU 37aui
narepy HamararoTbCsl CXOBaTH IUIACTHUKOBI IUISAINKM, a MiJ Yac yTWJII3allil MeTally — XOBAaroTh
BCEpEAMHY IPOTEpPMIHOBaHY MipoTexHiKy. CaMe L€ 4MHUTh 3a0pyJHEHHS MOpsI BXKe He
0e3mocepeIHbO 13 Cy[HA, a CTBOPIOE MEBHUH JAHLIOT, SIKUH yce OIHO 3aBJIA€ BEIUKOI LIKOIU
BOJIHUM pecypcam.

[Ticns anHamizy OmMMCAaHWX BUINE MaciiTabiB MpoOJeMH BHHHUKAE JIOTIYHE MUTAHHS: SK
MOXJIUBO €(EeKTHBHO 3HMU3UTH piBeHb 3a0pynHeHHsA? Y X0l AOCHIKEHHS aBTOpPOM OyIio
PO3pO0IIEHO KiJIbKa AIbTEPHATHBHUX PIIICHb!

1. ObnamtyBanHsl CKJIaay CMITTS JIHIHHUMHU JaTdYuKaMu, 00’€IHAHUMH 3 CHUCTEMOIO
«YOPHOBOTO AMUKY». Lle pileHHs He BUMarae cepio3HIX €KOHOMIYHUX BUTpaT. Jist peamizamii
MPOEKTY MOTPiOHI JIHINHI HAaTYMKH, sIKI OyQyTh WTH B3JIOBXK JIBOX CYMDKHHUX NepedOpoK 3
iHTEepBAJIIOM 5—7 CAaHTHMETPIB, a TAKOX HA CTENi Ta MiAo3i 3 iHTepBaioM 5 cM. ['opu3oHTaNBHI
mpoMeHi OyqyTh HaJaBaTH iH(QOPMAIIIO II0J0 BUCOTHU CMITTEBOI KYIH, a BEPTUKAIbHI — IPO
PO3TMOAUICHHS CMITTS B IPUMIIIEHH] JUIsl Hioro 30epiranns. 3aBasku mii iHGopMariii KoM 1oTep
3MOXe MoOyayBaTu 00’€MHY MOJETh 3alOBHIOBAHOCTI MPUMIIICHHS 1 HAagaTH HEOOXigH1 JaHi
CYIHOBJIACHUKY.

2. BeaeHHs 1IOTWXKHEBOi jgokymeHTauii. IlloTwkHeBa JOKyMeHTaulis IOBHHHA
BKJIIOUATH B ce0e KUIBKICTh CMITTSI, YTBOPEHY 3a L€l THUXAEHb, 3arajbHy KUIbKICTh CMITTS Ha
0opTy Ta CMITTH, ke Oyio yTuiizoBaHo B paMkax Jlonatky V xonsenuii MARPOL, 3 onucom
BUy yTHIII3allll, KOOpJIMHATAMH Ta TOYHUM YaCOM.

3. Moaudixkais Ilnany mo ynpasninHio cMiTTsAM. Lle nependayae 301bIIEHHS KiIJIBKOCTI
CMITTEBUX OakiB Ta pPO3pOOKY IJIaHy 3PYYHOrO iXHBOTO pO3TallyBaHHs. TakoX HEoOX1JIHO
BU3HAYUTU TOYHMM rpadik yTumizamii CMITTS CyTHOBUMH YCTAaHOBKaMM Ta HaJaTH BIIMOBIIHY
1H(pOpMaLIIIO EKITaxy.

4. 3anpoBa/pKeHHs JAepKaBaMHU TMPUBATHUX KOMIAHIM Mo yTwmizamii BigxoniB. Take
pIIIEHHS JTO3BOJIUTh OpPraHi3yBaTH 3/a4dy CMITTS OyIb-sKOi Kareropii i y OyJp-sikomMy o00cCs3i.
Take pimeHHs 3a0€3MEYUTh MOXKJIMBICTB 3/1a4i CMITTS Oy/b-fKOI KaTeropii Ta y Oyab-sKOMY
o0cs31.

Takum umHOM, mpoOiiemMa 3a0pyJHEHHS MOPCHKOIO CEpelOBHUINA € 3HAYHOI Ta
0araToacrnekTHOIO, MPOTE ICHYE HU3Ka IHCTPYMEHTIB, SIKI MOXYTh CIPHUATH ii e(peKTUBHOMY
BUpILLIEHHIO. BIIpoBayKeHHs 3alIpONIOHOBAHUX JI0/IaTKOBUX 3aXO0JliB JJIs1 OOpOTHOU 3 BiIXOAaMu
MO’K€ MaTH HE JIMIIE €KOJIOT1UHY KOPHUCTh, ajie i 3a0e3MeunT HOBHM €KOHOMIUHUN NMPUOYTOK.
Ha cporomnimuiii neHp kpaiHum €Bpomu, 30kpema Himeuunna Tta IlIBeris, akTUBHO
nepepoOIsoTh CMITTS Ha enekTpoeHeprito, a IliBaenna Kopes oTpumye 3 BiIXOIIB BTOPUHHY
cupoBuHy. HaBiTh MeHII (¢iHaHCOBO 3abe3nedeHi KpaiHM OTPUMYIOTh BHIOIY, SK-OT
JlominikaHcbka PecnyOrika, sika mpuiiMae CMITTS 3 CyJIeH, OIIauyo4H Horo mposizieto. Miciesi
HiANPUEMII OPraHi30BYIOTh «JIpyTe KUTTS» I BIIXOAIB: METaJeBl AeTall peMOHTYIOTb, a peui
BUKOPHUCTOBYIOTh MOBTOpHO. OTiKe, pO3B’s3aHHS €KOJOTIYHOI MpoOeMH MOCTYNOBO HalyBae
o0eprtiB. [IpaBUabHUI 1 KOMIUIEKCHMHA MiAXiA 37aTHUN BIIHOBUTU CyYacHY EKOCHCTEMY B
JIOBTOCTPOKOBIH TIepcrieKTuBi [7].

BucnoBku. IlpoBeneHe mociipKeHHs MIATBEPIDKYE, 110, HE3BAKAIOYHM HA ICHYBAaHHS
Mixnaponnoi kouBeHmii MARPOL (Homatok V), mpoGnema 3a0pyAHEHHS MOPCHKOTO
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CEpeOBUINA CMITTSAM 13 CYyJIeH 3alUIIA€ThCS 3HAYHOI Ta 0araTOACIEeKTHOK 3arpo30r s
rio0anbpHO1 ekocucTeMu. OCHOBHA MTPUYMHA MOJISATA€ Y CHCTEMHHX MPOTAJIMHAX, 1[0 BHHUKAIOThH
MK BHMOTaMH MIDKHApOJHOTO TIpaBa Ta PEATbHOI0 CYJHOBOI TpakTukow. Ll curyartis
00yMOBJIEHA HHM3KOIK YWHHHUKIB: CKOHOMIYHMMH Ta I1HCTUTYIIHHUMHU Oap’epaMu, 30KpeMa,
BHCOKOIO BapTICTIO Ta OOMEXKEHOIO TOTY)XKHICTIO MOPTOBUX MPUAMAIBHUX CIOPYA, a TaKOXK
HEJIOCKOHAIICTIO BHYTPIIIHBOTO KOHTPOJIIO, BHPAKEHOKW Y HEPEATiCTUYHOMY IUIaHYBaHHI
(Garbage Management Plan). Ili dakTopu, moOCHIEHI IOJICHKOIO HEIO0ATCTIO Ta
danscudikamiero JOKyMEHTaIlli, MPOBOKYIOTh 3aCTOCYBaHHS HEOE3NEUYHUX, HECAHKIIIOHOBAHUX
METOMIB JIKBiJamii BiIXOHiB, SIK-OT «3amajbHa OOYKa», IO MPOJOBXKYE 3aBIaBaTH ILIKOAU
€KOCHCTEMI, MPO IO CBIAYUTH CTATUCTHKA IOTIMHAHHS TUIACTHKY MOPCHKUMH MEUIKAHIISIMH.
Po3B’s3aHHs 1i€i mpoOiieMu moTpedye KOMITJIEKCHOTO MiAX0Ay. Y XOJi JOCIHIKSHHSI aBTOpaMU
OyJI0 OOIPYHTOBAHO HEOOXIAHICTH i1HTErpalii TEXHOJIOTTYHOTO MOHITOPHUHTY CKJIaay CMITTS
(uepe3 JiHIMHI JAaTYMKH Ta CUCTEMY pEECTpalii MJaHuX) i3 BIPOBAHKEHHSAM YITKHX
aJMIHICTPATUBHUX MPOLEAYP, BKIOYAIOYH MIOTHKHEBY JOKyMeHTalio Ta moaudikanito [Tnany
VOpaBIiHHA  CMITTSAM. BojHOuYac, KIIOYOBOIO 30BHINIHBOIO pedopMoOr0 Mae  CcTatu
3alpOBA/DKEHHSI JICp)KaBaMK TPUBATHUX KOMIIaHIW, SKIi TapaHTyBaTUMYTh MPHUUMAaHHS CMITTS
Oynp-sK01 KaTteropii Ta oOcsry. BrhpoBaKeHHs TakuX 3axOJiB HE JUIIe 3a0e3MeuuTh
€KOJIOTIYHY KOPHUCTb, aJie i Mae 3HaYHUW EKOHOMIYHUH TMOTEHINial, K IIe JEMOHCTPYE CBITOBa
MPAKTUKa IEePepOOKU BIIXOJIB HA CHEPril0 Ta BTOPUHHY CHPOBUHY. TaKUM YHHOM, JIHIIC
CUCTEeMHHMH MiJX1J, 110 MOEAHYE TEXHOJIOTIYHY MPO30PiCTh, aAMIHICTPATUBHY BiJIMOBIAAIBHICTh
Ta EKOHOMIYHE CTUMYJIFOBAHHS, 3AaTHUN €()eKTHUBHO 3HU3UTH PiBEHb 3a0PYHCHHS Ta BiJTHOBHTH
€KOCHUCTEMY B JIOBTOCTPOKOBIH TIEPCIICKTHBI.
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PATYBAHHSI CYJEH TA IHIIOTI'O MAHHA

Jyokin €.B., Ilanuenxo I.M.
XepcoHncvka OepaicasHa MOPCbKa akademist
(Vkpaina)

Beryn. [HCTUTYT psATYBaHHS CYJCH Ta IHIIOTO MaiHA € OJIHIEI0 3 HAUCTAPIIINX Ta BaXJIMBHX
IIPaBOBUX KaTeropiii y cdepi MOpchkoro mpasa. Moro icropuune KOpiHHS csrae cepeIHbOBIYHHX
MOPCBHKUX 3BHYAiB, KOJU PATIBHUKH OTPUMYBAIM YaCTKy BiJ BapTOCTI BPSTOBAHOTO MaifHa, IO
CIIyTyBaJIO MOTYXHHM CTUMYJIOM JUJIsl HaJlaHHS JONOMOTM CyJIHaMm, 1o 3a3Hanu juxa. CydacHa
JIOKTPHHA BU3HAUYAE PATYBAHHA SIK JOOPOBUIbHE HAJaHHS JOTIOMOTH CYJIHY, BAaHTaXy YH 1HILIOMY
MaliHy, sike mepeOyBae y peaiabHid HeOe3mneri Ha Mopi. [[ins BU3HAHHSA 11i pATYBaHHSM HEOOXiITHA
OJTHOYACHA HASBHICTh TPHOX IOPUIMYHO 3HAUYIIUX YMOB: JOOPOBUIBHICTD il pATIBHHUKA, ICHYBaHHS
peanbHOI HeOEe3MeKH JJIsi MaiiHa Ta JOCATHEHHS KOPHUCHOTO pe3yibTaTy (Xo4ya O MiHIMajIbHOTO,
HaNpUKIIad, 3MEHIICHHS IIKOAM 4M 3amobiranHs karactpodi) [1]. YV MiKHapomHOMYy acmekTi
€BOJIIOLIIS IHCTUTYTY BiJoOpaskeHa y KIFOUOBUX JOKyMEHTaX, 30kpeMa y bproccenbehkiii KOHBEHIIIT
1910 poky, sika 3akiana 0a30Bi NPUHIMIKN «YCIIiX — 3aMopyka BUHAropoau» (no cure — NO pay),
Ta cydacHii MiHapoAHii KOHBEeHIIIT 3 pATyBaHHs 1989 poky [2], sika ajanTyBaa i IPUHIIMIN 10
CY4aCHUX BUMOT, BKJIFOUMBIIIH PIOPUTET 3aXMCTYy MOPCHKOTO CEPEIOBHIIIA.

AKTYaJIbHICTh JOCHiIKeHHSI IHCTUTYTY PATYBaHHs Cy/J€H BU3HAYAETHCS MOTO MOABIMHOIO
(GYHKII€I0 — EKOHOMIYHOIO Ta ITyOJIYHO-TIPABOBOIO, Y KOHTEKCTI 3POCTAIOYMX BUKIHMKIB MOPCHKOI
O6e3neku. Hacammepen, reomosiTHuHE pO3TalllyBaHHA Ta AaKTHBHA 3allyyeHICTh YKpaiHU [0
MDKHAPOJIHOI MOPCHKOT TOPTiBIIi CTBOPIOIOTH MOCTIHHY 3arpo3y aBapiil Ta eKOJOTIYHUX KaTacTpoo,
10 BHUMAara€ HasBHOCTI €(QEKTHUBHOI Ta TIapMOHI30BAaHOi 3 MDKHApOJAHUM IIPAaBOM CHCTEMH
pearyBaHHs U 3aXHCTy HaliOHAJTBHUX iHTepeciB. KpiM Toro, ocoOmmBy 3HAYyIIiCTh Mae aHawi3
IMIUIEMEHTAaIlli HOBOrO MEXaHI3My CIellialbHOI KOMIeHcallii, 3anpoBamkeHoro Konsenuiero 1989
poky. Lleit mexaHi3M NO€AHYE KIACHYHUN NPUHIUI «NO Cureé — NO pay» 3 EKOJOTIYHOIO
BIJIMIOBIJAJIBHICTIO, JIO3BOJISIIOYM DPSATIBHUKY OTPUMATH BIALIKOTYBAHHS BHUTpPAT 3a YCIHIlIHE
3anobiraHHs LIKOJI JOBKLUIIO, HaBiTh 0€3 MOBHOrO pATyBaHHS MaiiHa. lle poOuTh I1HCTUTYT
PATYBaHHS MPEIMETOM MOCTIHHOTO BUBYEHHS SIK Y MIKHApOJHIN apOiTpakHiil mpakTull (30Kkpema,
y koHTeKkcTi SCOPIC-knay3ynu LOF), Tak 1 B HallioHaJIbHOMY 3aKOHOJIaBCTBI.

ITocranoBka 3agavi. OcHOBHa 3ajgaya JaHOTO JOCTI/DKEHHS IOJIATae Yy MPOBEAEHH]
KOMIUIEKCHOTO aHali3y IHCTUTYTY pATYBaHHS CYyJIeH Ta IHIIOrO MaifHa, BKJIIOYAIOYH HOTO
MDKHApOJHO-TIPAaBOBI OCHOBH Ta OCOOJMBOCTI IMIUIEMEHTallli Y HalliOHAIbHOMY 3aKOHOJABCTBI
VYkpaiHu, 3 METOI0 OLIIHKK €(pEKTUBHOCTI MEXaHI3MiB (DIHAHCOBOTO CTUMYJIIOBAHHS PATYBaJIbHHUX
orepartiii.

Pe3yabTaTu nociiakedb. PsaTyBaHHs — 11e 0coOIMBa MpaBoOBa KaTEropis, ska BUHUKIIA 1€ Y
CepeIHbOBIYHOMY MoOpcbKoMy TmpaBi. CyTb psATyBaHHs MoJAra€e B JOOPOBUIBHOMY HaJaHHI
JIOTIOMOTH CYJIHY, BaHTaXy 4M I1HIIOMY MaiiHy, 110 nepeOyBae B HebOesmneni Ha Mmopi. [Jomomora
BU3HAETHCS PATYBAHHSIM JIMILE 32 HASIBHOCTI TPHOX OCHOBHUX YMOB: JOOPOBUIBHOCTI A1l PATIBHUKA,
ICHyBaHHS peajbHOI HEOE3NEeKH Ta OTPUMaHHs KOPUCHOTO pe3yibTary. [Ipu 1boMy pes3yibTaT He
000B’s13K0BO Ma€ OyTH aOCOIIOTHUM — JTOCTATHHO 3MEHIIEHHS MIKOJH YU 3aro0iraHHs KatacTpodi
[1].

B icropmuHOMY KOHTEKCTI HEpIIMM BaXJUBUM MIDKHApOJHHUM JOKYMEHTOM CTala
Bproccenbcbka KOHBEHIIS PO Ha/laHHS JOMOMOTH 1 pATyBaHHs Ha Mopi 1910 poky. Bona 3akpinmia
TOJIOBHUI MPUHIIMIT: BUHATOPO/1a BUILIAYY€ETHCS JIMIIE Y BUMIAJIKY YCIIXY, a ii po3Mip BU3HAYA€THCS
3aJIeKHO BiJI BHECKY psTiBHHKA. [IpoTe 3romoM crano oueBWAHO, Mo 151 KOHBEHIs He BpaXxoBye
Cy4JacHHUX peaiii, 30kpemMa 3pocTardoi HeOe3MeKH eKOJIOryHuX Karactpod Ha mopi. Came ToMy y
1989 porii 6yna npuitHsiTa Mi>kHapoHA KOHBEHIIIS 3 PITYBaHHS, sIKa € YMHHOIO ¥ ChOTOIHI [2].

Posrnsgaroun 3mict 1iei KoHBeHIIi1, BapTO 3BEpPHYTH yBary Ha KijllbKa KJIFOUOBHUX MOJIOXKEHb.
[To-neprie, miaTBEpHKEHO MPHHIUI «NO cure — no pay» (ToOTo Oe3pe3ysbTaTHE PATYBAaHHS HE
ornauyethest). Ilo-apyre, Brepiie 3ampoBaJKEHO TaK 3BaHy CHeELiajbHYy KOMIICHCAIiI0 — SKIIO
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PATIBHUK HE BPATYBaB MaifHO, aje MOro aii 3MEHIIMIM IIKOAY JOBKULIIO, BiH Ma€ IpaBO Ha
BIIIKOyBaHHs BUTpaAT Ta HaBITh Ha cremiagbHy BuHaropoxay. Ilo-tpere, y KonBeniii 4iTko
3aKpIIUIGHO KpuTepii s BU3HAUEHHS BHUHATOPOIM: BApTICTh BPITOBAHOTO MaifHa, piBEHb
HeOe3NeKH, 4ac 1 BUTPATH, PU3UK Ul PATIBHUKIB, BUKOPUCTAHHs O0JIaJiHAaHHS, a TAKOXX BHECOK Y
3aXMCT JOBKULIA [3].

Vkpaina npuenHanaca no Komsenuii 1989 poky, aje 3 HEBHHMM 3aCTEpPEKEHHSIMH. Ii
MOJIOKEHHS HE 3aCTOCOBYIOTBHCA JI0 DPATYBaHHA Y BHYTPIIIHIX BOJAX, SKIIO BCi CTOPOHU €
YKpaiHCBKUMH, a TaKOoXX Yy BHUIAJIKaX, 110 CTOCYIOThCS OO’€KTIB KyJbTypHOI Ta 1CTOPUYHOI
cnaamuHu. BHyTpimHI onepaiii perymorThes KoaekcoM TOproBeibHOTO MOPEIIaBCTBA Y KpaiHu,
Jie TepeadaveHi aHAJIOTIYHI TPUHIUIN: JTOOPOBUIBHICTh, HASBHICTh HEOE3MEKH Ta TMO3WTHBHHMA
pe3yabTar. TakuM YMHOM, YKpaiHChbKE 3aKOHOZABCTBO TapMOHI30BaHE 3 MIKHAPOJIHUM, ajie Mae
0COOJIMBOCTI, MPOJUKTOBAHI HAIIIOHAJILHUMH 1HTepecaMu [4].

Bapto 3a3HaunTH, 110 HAa MPAKTUII PATYBAJIbHI omeparii mepeBakHO O(GOPMIIOIOTHCS 3a
JIOTIOMOT'OK0 CTaHJIApTU30BaHUX TpodopM goroopiB. OaHi€0 3 HAWOLIBII MOMIUPEHHX (OPM €
Lloyd’s Open Form (nani — LOF), sika icHye Bxe moHa cTo pokiB. Llei 7oroBip 103BOJIsE IIBUAKO
HOTOJUTH YMOBU DSATYBaHHSA, a Y BHIAJKY CHOPIB IHUTaHHS pO3risAaoThess y JIoHAOHCBKOMY
MOpchKOMy apOiTpaxxkHomy cyi. LOF 3acHOBaHUWI Ha MPUHIIKIIL «NO cure — No pay», MpoTe Cy4acHi
penakuii BkaoyaroTh creuianbHy SCOPIC-knay3yiny, sika rapaHTye psATIBHUKY OTpUMAaHHS
KOMIICHCAIlil HaBiTh y BHIAAKy BIACYTHOCTI (aKTHUHOTO pe3yJbTary, SKIIO Horo mii Oymu
CIpsIMOBaHi Ha 3ano0iraHHs 3a0pyAHEHHIO JOBKULIA [5].

OxpeMy yBary 3aciyroBy€ HHTaHHS PO3IOALTY BHHAropoau. BuHaroponma psTIBHUKY HE
MOJK€e MEePEBUIIYBATH BapTICTh BPATOBAHOIO MaiiHa, IpOTE€ BOHA MOBHHHA OyTH JOCTaTHHOIO, 1100
CTHMYJIIOBATH IHIIMX JO y4YacTi y PATYBIBHUX oOlepamisx. SKmo psTyBaHHS 3HiHCHIOBAIOCS
KIJIbKOMa CTOPOHAaMH, pO3MOAUI BHHAropoAud HPOBOJUTHCS MPOIMOPLINHHO BHECKY KOXHOIO
psaTiBHEKa. [Ipy 1IbOMYy BpaxoBYIOTBCS K MarepiajgbHI BUTpaTH (MAlIMBO, OOJIQJHAHHS), TaK 1
HemaTepiaibHi (akTopu: CTYIiHb pPU3MKY, KBaliikaiis KkoMmaHau, edekTuBHicTh nid. Lle
3a0e3neuye crpaBeIMBUI MiAX1]] 10 OLIHKY BHECKY Ta JI03BOJISIE yHUKHYTH KOH(IIKTIB [3].

Posrnsparoun 3HAYeHHS I1HCTUTYTY PATYBaHHS Ui YKpaiHU, BaXJUBO MiAKPECIUTH
CTpaTeriuHe TeOMOJIITUYHE pO3TAllyBaHHS HAIIOl JAepxkaBU. AKTHUBHA 3alTy4EHICTh YKpPAiHCBKHUX
MOPCBHKUX IOPTIB A0 MDKHapOAHOI TOPTiBiIl poOUTH 3arpo3u aBapiil Ta €KOJIOTIYHMX KaTacTpod
JIOCUTDH peaIbHUMU. Y IIMX YMOBAaX y4yacTh YKpaiHU y MDKHApOJAHIM cucTeMi psATYBaHHS 3a0e3neuye
3aXHUCT K HalllOHAJIBHUX, TaK 1 MDKHApOAHUX iHTepeciB. KpiM Toro, ykpaiHCbke 3aKOHOJABCTBO
BpPaxOBY€ OCOOJIMBOCTI OXOPOHH HABKOJHUIIHHOTO CEPEAOBHINA, IO € OCOOJMBO BAXIUBUM IS
YopHoro Mopsi, sIk€ BU3HAHE €KOJIOT1YHO BPa3IMBUM PErioHOM [4].
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ANALYSIS OF ASPECTS OF POLLUTION OF ENVIRONMENTAL
COMPONENTS FROM APPLICATION OF PAINT MATERIALS ON
SHIPS OF THE SEA AND RIVER FIREFIGHTING FLEET, AS WELL AS
DOCK AND PIER ENGINEERING STRUCTURES OF SES OF UKRAINE

O. Kondratenko, O. Kovalenko
National University of Civil Protection of Ukraine of SES of Ukraine
(Ukraine)

Relevance of the study topic is due to the following components. Compliance with:

a) the Order of the State Emergency Service of Ukraine Ne 618 dated 20.09.2013 «On
approval of the Regulations on the organization of environmental support of the State
Emergency Service of Ukraine» [1], namely: the results of research allow achieving the goal of
environmental support of the SES of Ukraine as a set of organizational and technical measures,
carried out, including by higher educational institutions, namely, achieving environmental safety
of all types of activities of bodies and units of the SES of Ukraine, protection of personnel and
employees, material and technical means under the influence of environmentally unfavorable
anthropogenic and natural factors, as well as environmental protection in the places of
deployment and location of bodies and units of the SES of Ukraine, in terms of fulfilling the task
of scientific support of the main tasks of environmental support of the SES of Ukraine, providing
an assessment of environmental damage from the activities of bodies and units of the SES of
Ukraine, implementing measures to restore the environment, complying with maximum
permissible standards for emissions of harmful substances into the atmosphere, implementing
measures to reduce them, reducing the toxicity of exhaust gases from equipment;

b) the Decree of the President of Ukraine Ne 722/2019 dated 30.09.2019 «On the
Sustainable Development Goals of Ukraine for the period until 2030» [2], namely: the results of
research correspond to Goal Ne 3 «Ensure healthy lives and promote well-being for all at all
ages», Goal Ne 7 «Ensure access to affordable, reliable, sustainable and modern energy for ally,
Goal Ne 11 «Ensure inclusive, safe, liveable and environmentally sustainable cities and other
human settlements», Goal Ne 13 «Take urgent action to combat climate change and its impacts»;

c) the Resolution of the Cabinet of Ministers of Ukraine Ne 476 dated 04/30/2024 «On
approval of the list of priority thematic areas of scientific research and scientific and technical
developments for the period until December 31 of the year following the termination or abolition
of martial law in Ukraine» [3], namely: the results of research correspond to the direction of
«Rational Environmental Management», namely «Modeling and Forecasting of the State of the
Natural Environment, Technologies for Overcoming Negative Impacts on It», the section
«Energy and Energy Efficiency», namely «Systems for Generating and Transporting Electric and
Thermal Energy» and «Technologies for Developing and Using New Types of Fuel, Renewable
and Alternative Energy Sources and Types of Fuel», the section «National Security and
Defense», namely «Ecologically Balanced Energy Security» and «Intelligent Information and
Control Technologies for Diagnostics, Operation and Repair of Military and Special
Equipmenty;

d) the Specialty Passport of 21.06.01 «Ecological Safety», approved by Resolution of the
Presidium of the Higher Attestation Commission of Ukraine Ne 33-07/7 dated 04.07.2001 [4],
namely: the results of research correspond to the directions of «Development of scientific
methods for research of complex assessment and forecasting of the impact of technogenic
pollution on the environment and humans» and «Improvement of existing, creation of new,
environmentally safe technological processes and equipment that ensure the rational use of
natural resources, compliance with the standards of harmful impacts on the environment.
Environmental audit, environmental managementy;

e) the Law of Ukraine Ne 3769-1X dated 04.06.2024 «On Amendments to Some Laws of
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Ukraine Regarding the Mandatory Use of Liquid Biofuels (Biocomponents) in the Transport
Sector» [5], namely: in Article 1, part «sustainability criteria — requirements that liquid biofuels
(biocomponents) and biogas intended for use in the transport sector meet, in particular indicators
of greenhouse gas emission reduction from the use of these types of biofuels and the prohibition
of the use of certain land plots to obtain raw materials necessary for the production of such types
of biofuels» and Section II «Liquid biofuels (biocomponents), which are taken into account to
comply with the regulatory mandatory share in the sales of automotive gasoline in the customs
territory of Ukraine, must meet sustainability criteria from June 1, 2025»;

f) the Standard of Higher Education in Specialty 183 «Environmental Protection
Technologies» of the Third (Educational and Scientific) Level in the Field of Knowledge 18
«Production and Technologies», approved by Order of the Ministry of Education and Science of
Ukraine Ne 1427 dated 23.12.2021 [6], namely: the Integral Competence «The ability to produce
new ideas, solve complex problems in the field of research and innovation in the field of
environmental protection technologies, which provides for a deep rethinking of existing and
creation of new holistic knowledge and/or professional practice, to carry out own scientific
research, the results of which have scientific novelty, theoretical and practical significance; to
apply modern methodologies of scientific and scientific-pedagogical activity» and Special
Competence «SC03. Ability to identify weaknesses and shortcomings in environmental
protection systems, set appropriate scientific tasks and solve them using engineering, modeling,
statistical, expert and other scientific research methods» and also Program Education Result
«PERO7. Develop, implement and evaluate the effectiveness of innovative environmental
technologies and equipment in production to reduce the man-made burden on the environment
and improve the ecological state of industrial regionsy;

g) the Topics of Scientific Research and Scientific and Technical (Experimental)
Developments for 2025-2029, approved by Order of the Ministry of Internal Affairs of Ukraine
Ne 326 dated 21.05.2024 [7], namely: in the Point 25 in part «Modeling and forecasting the state
of the natural environment, technologies for overcoming negative impacts on it» and the Point 27
«Development of aviation, water and other types of transport of bodies and units of the Ministry
of Internal Affairs system under the legal regime of martial law and the post-war periody;

h) the Civil Protection Code of Ukraine in its current version dated 12.09.2025, Article
108 «Civil Defense Service Oath» [8].

Purpose of the study. To analyze aspects of pollution of environmental components
from a manufacturing and application of paint materials on on ships of the sea and river
firefighting fleet, as well as dock and pier engineering structures of SES of Ukraine.

Results of the study. The study comprehensively investigated the problem of
atmospheric air pollution in the production of paints and varnishes for painting fasteners, in
particular using the example of the enterprise «<AMEKS Fastener Technology» and application
of paint materials on on ships of the sea and river firefighting fleet, as well as dock and pier
engineering structures of SES of Ukraine. In accordance with the Order of the SES of Ukraine Ne
432 dated 27.06.2013 «On approval of the Instructions for the operation of vehicles in the bodies
and units of the State Emergency Service of Ukraine» [9], the Order of the Ministry of
Infrastructure of Ukraine Ne 283 dated 07.05.2013 «On approval of the Regulations on the
procedure for issuing a certificate of a small/small-sized vessel navigator» [10] and the Order of
the Ministry of Transport of Ukraine Ne 91 in the current version dated 20.12.2022 «On approval
of the Rules of navigation on inland waterways of Ukraine» [11], the SES of Ukraine has been
training specialists in the field of «Small motor vessel navigatorsy» since 2025 on the basis of the
National University of Civil Protection of Ukraine [12]. The technological features of production
were revealed, the main components of paints and varnishes were characterized, and potentially
hazardous substances formed as a result of this process were identified. It was determined that
emissions of pollutants such as volatile organic compounds, carbon oxides, formaldehyde, dust
particles and sulfur dioxide cause a significant negative impact on the health of the population
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and the environment. This is confirmed by the statistics of diseases observed in industrial areas.
The dynamics of the ecological state of the city of Kyiv over the past decade were considered
based on official reports of the Ministry of Environment, which made it possible to trace
negative trends, in particular, an increase in the number of exceedances of the MPC of harmful
substances in the air. An important part of the study was the research of existing and promising
methods of purifying atmospheric air at enterprises. The feasibility of using modern technologies
such as catalytic purification, electrofiltration, biofiltration, and thermal decontamination
methods was demonstrated, and the need to combine several methods to increase efficiency was
emphasized.

Conclusions. Thus, this study analyzed qualitative and quantitative indicators
characterizing the negative technogenic impact on environmental components from a
manufacturing and application of paint materials on on ships of the sea and river firefighting
fleet, as well as dock and pier engineering structures of SES of Ukraine.
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CIIOCOBMU ITOKPAIIIEHHA 3ACOBIB OYULIEHHSA
HA®TOBMICHUX BOJ HA HA®TOHAJ/IMBHUX CYJIHAX

Hozopaeyvkuii /1.C. %, Tpuyyx I.B.?, Xyoakoe I.B. ', Yepnenxo B.B.
YXepconcora depacasna mopcvka axademis
(Ykpaina)
2Hayionanvhuii yuisepcumem Yepuiziecoka nonimexuixa
(Ykpaina)

Beryn. OunimeHHs HaQTOBMICHMX BOJA € BXKIMBHUM IHPOLECOM IS 3aXHUCTY
HaBKOJIMIIHBOIO Cepe/loBuIla Ta 3a0e3ledyeHHs 0e3leKku BOAHUX pecypciB. Boau, mo MictaTh
Ha(Ty, MOXKYTh BUHUKATH B PE3yJIbTaTi HAQTOBUX PO3JIMBIB, BUPOOHUYMX orepauiil y HapToBii
MIPOMHMCIIOBOCTI, & TAKOXK Y MPOIIECi BUAOOYTKY Ta mepepoOKu HapTH. 3 METOIO PETyJIIOBaHHS Ta
YCYHEHHsSI HETaTHMBHHMX HACIiJKiB, BUKIMKAaHUX 3a0pyIHEHHSM HABKOJIMIIHBOTO CEPEIOBHUIINA,
Oynu npuiHATI Ta patudikoBani Mi>xkHapOHI yroau, a B 6aratb0X Kpainax po3po0iIeHO TaKoX 1
HamionaneHi mporpamu mojo 3arnobiraHast 3a0pyJHEHHS HaBKOJIMIIHBOTO CEPEJOBHINA Ta, B
Hepury 4epry, BOJIOWM.

MiXHapOoHI BUMOTH IIOJO OYHUINEHHS HA(PTOBMICHHX BOJ MICTATBCS IMEPEBAXKHO Y
MixHapoaHiii koHBeHLIi mono 3amoOiraHHs 3abpynnHenHs 3 cyaen (MAPIIOJI 73/78), sxa
BCTAaHOBJIIOE OOMEXKEHHs Ha CKumaHHA Hadptu y Mopi. OCHOBHI IOJIOKEHHS BKIIOYAIOThH
3a00pOHY Ha CKHJAHHS Ha(TH B NPWIENNIMX BOJAX, BUMOIM JIO CYIEH MaTu Ha Oopry
HapTOBMICHI BOOM Ta 3aCTOCOBYBAaTH CIEIialibHI CHCTEMH Ui iX OYHWIICHHS, a TaKOX
IpoLelypy KOHTPOJIIO Ta AOKYMEHTYBaHHS CKHJIB. ['0JJOBHI YMOBH: CKUAAHHS Ha(TOBMICHUX
BOJI JIO3BOJICHO JIMIIIE 11032 CIICLiaIbHUMH 30HAMH, TIPH PYCi Cy/IHA, i3 BMICTOM Ha)TH HE OiTbIIIe
15 ppm (gactun Ha MinbiioH). CyaHa BasioBoi MicTkicTio 400 TOHH 1 Oinbllie TOBUHHI MaTU Ha
OOpTy BINMOBIAHE OOJIATHAHHS — CeMapaTop JUISHUX BOJ 3 AaBTOMAaTUYHOIO CHCTEMOIO
KOHTPOJTIO (BUMiptoBau BMicTy HadTh) [1-5].

OCHOBHMMM TpUYMHAMH 3a0pyJHEHHS MoOps Ha(TOIO €: TOLIKO/JKEHHS CyAE€H B
pe3yabTaTi aBapiiHUX MOJINH; HaBMHCHE CKUAAaHHA HapTH abo HAPTOBMICHMX DPEYOBHUH Y
MOPCBHKE CEepeIOBHUIIE; PO3JTUB HA(TOMPOIYKTIB B MPOIECI BAHTAKHUX a00 OyHKEpYBaIbHUX
orepaiiil; HeBeJIMKI BUKHIM HAQTONPOAYKTIB B IMpolleci 3BUYaifHOI eKcIiTyaTauii cyieH (3MUB
Ha(TOMPOAYKTIB 3 NAIyOU B pe3yJIbTaTi AOLIIB, IEPEIUB Yepe3 I'yCaku MOBITPSHUX TPYyO 1 T. 11.).
Tankepy, TakoX fK 1 OyJIb-sIKOMY I1HIIOMY CYJHY, BJIAaCTHBI 3a0pyJHEHHsS HaBKOJIHMIIHBOTO
Cepe/IOBUINA, BHUKJIMKAHI EKCIUTyaTalli€l0 TOJOBHOIO CYJHOBOi EHEPreTHYHOI YCTAaHOBKH Ta
JONMOMDKHUMM MEXaHI3MaMH, a TaKoXX YTBOPIOIOTbCS B MPOILEC KUTTEAISUIBHOCTI WIEHIB
eximaxy [1-5].

HadtonanusHi cynHa mpoekty 550-A yoco6imoroTh co0oro LTy ernoxy B icTopil
BITYM3HSHOTO CyAHOOYIyBaHHsS Ta CYyJHOILJIaBCTBA, K OJHI 3 MEPIIMX TAaHKEPIB 3 MOJBIHHUM
JHOM 1 MojaBIMHUMHM OopTamu. SIKmo BpaxyBaTH, 10 MpoekT 550-A modaB po3poOisTHCS
KOHCTPYKTOpaMH Ie B KiHIl 60-X pOKiB MHHYJIOTO CTOJITTS, TO JIETKO 3pPO3yMITH, HACKIJIbKU
peBoJIONIHUM OyJI0 Take pimeHHs Ha Toil yac. TankepHi cyqHa mpoekty 550-A OynyBanucs B
Bonrapii 3 1969 mo 1982 pik. Beceoro modymyBanu 6Ju3bK0 65 CyI€H TaHOTO MPOEKTY, Mi3HIIIE 3
ypaxyBaHHSM JIOCBIJly €KCIUTyaTalii B MOPCBKMX yMOBaxX OyJM BHECEHI 3MiHM B NPHUCTPOI 1
CHCTEMH.

Ha panmit wac cyaHa 1ObOro TpOEKTy, BCE M€ eKCIUIyaTyloThCcsl OaratbMa
CYIHOBJAaCHUKaMH, SIK HA MOPCHKHX Ta PIYKOBUX NUIAXaxX YKpaiHW, a TakoX €BpOIU, BOHU
IPOXO/AATh YAacCTKOBY MOJIEPHI3allil0, JUISL BIJAMOBIAHOCTI HOBMM IpaBWJIaM MIXHApPOJHOTO
pericTpy Ta 6e3neKu CyjeH.

3riIHO MPOEKTY Ha CyAHAaX JAHOTO THIy BCTAHOBIIOBAIUCH (DiJIbTPYBaJIbHO-CENapaliiHi
ycranoBku Ttuny YK®-0,6 (ycraHoBka Koajec-IeHTHO-(DUIbTpYBajibHA), SKa BIANOBIAA€E
Bumoram Pesomroriii IMO Mepc 107 (49) 1 mpusHadeHa Ui OYMINEHHS CYJHOBHX
Ha(TOBMICTHUX BOJ, BUrOTOBIAB iX 3aBoj «bantis» (M. Knaiinena), panime BuIycKarouuit
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ycranopku tuiry CKM. TIpoaykTusHicTs cenapaniiinoi ycranosku YK® — 0,6 m/rog.

VY 3B’S13Ky 3 1OBIrOCTPOKOBHUM BUKOPUCTAHHSIM CeMapaliiHuX YCTaHOBKU HA(TOBMICTHHX
Boa (mbsuibHUX) YK®-0,6, BcraHoBienoi Ha HadToHanmBHOMY TaHkepi «TARA-1» (IMO:
8960153) mpoekty 550-A, skuii O6yno modymoBano y 1981 pori Ha cymHoBiii Bepdi Rousse
Shipyard (bonrapis, m Pyce). flka Ha maHuii yac He BigNOBiAae HOpMaM MiKXHAPOIHOI
KonBenrtii momo 3anobiranus 3a0pyaneHHto i3 cyaeH (MARPOL), B sikiii mpuBOAUTHCS TTEPEITIK
TEXHIYHUX 3ac00iB JJII KOHTPOJIO 3amoOiraHHs 3a0pyJHEHHS BOJHOTO CEpEeOBHINA
HadroBmictTHumMu Bomamu (HB) 3 cymen, ta Pesomomii IMO MEPC. 107 (49), ska Oyna
npuiinsaTa 18 aunus 2004 poky, 1 BUKOPUCTOBYETHCS 70 BCIX CemapaTropiB HAQTOBMICTHUX BOJ
Ta CHCTEM CHTHaTi3allii, SKi BCTAHOBIIOKTHCA Ha OopTy cyaeH 3 1 ciuns 2005 poky Ta mo
TENepilIHii yac. B SKUX po3KpHBaIOTbCS BUMOTH, TUIIH, MaTepiaji Ta HOPMH BUTOTOBJICHHS Ta
BUKOPHCTAHHS CEMapamiiHuX yCTaHOBOK IS OYMIICHHS HATOBMICTHHX BOJ (JsutbHUX) [1-5].

A came B cemapamiifHii ycrtaHoBmi HadroBmicTHUX BojJ (JsbHUX) YK®-0,6
BCTAaHOBJICHO (INBTPYIOUHI €JEeMEHT, Y SIKOMY B SKOCTI HAIllOBHIOBa4Ya BUKOPHUCTOBYIOTHCS
YacTUHKHU cOpOeHTY deHonmbHO-popmanbaerinHoi cmoman Mmapku @C-7-2-100 (TY6-05-958-78), 3
pO3MipoM YacTok o 6 MM. Y 3B’SA3Ky 3 THM, IO Ha JaHUN 4ac (eHOIbHO-(POpMalbIeriiHi
cMOJNHM 3a00pOHEHI Ta SBIAIOTBCA OTpyHHMMH Matepianamu. [lo TokcmuHOCTI eHon i
dopmanbaeria BinHocsaThes 10 11 kinacy HeOe3neKku A JII0AUHU.

®enonpopmanpaerigai cmonu (penono-popmansaeriaai, PF, Bin anrmiiickkoro Phenol
formaldehyde resin) — cunteTHuHi cMOIH 3 TPYITH (HEHOTO-ATBACTITHUX CMOJ 3 BIACTHBOCTIMHU
peakToruacTiB abo TEPMOPEAKTOIUIACTIB. € PIAKUMH a00 TBEPIUMH OJIrOMEPHUMHU IPOJTYKTaMH
noJiikoHeHcalii penony 3 GpopmManbaeriioMm B KUCIOMY a0 JTyKHOMY CepeloBHUIIi (HaBaTOYH1
Ta pe30JbHI CMOJM (0aKeNiTH)), MO BIAMOBITHO BILIMBAE HA iX BJIACTUBOCTI. Y BHPOOHUIITBI
3aCTOCOBYIOTbCA TOKCHMYHI Martepianu. | geHon, i ¢opmanpaerin oTpyiiHi 1 BorHeHeOe3meuHi.
dopmanblieriny Mae KaHieporeHHy miro. deHondopmanbieriiHi CMOJIM MalOTh IIKIITUBUN
BIUIMB Ha LIKipy, BOHU BUKIUKAIOTH JAEPMATUTH Ta €K3eMU. Bennkorw mpobieMoro € CKIIaIHICTb
yTHTI3a1ii 800 MOBTOPHOTO BUKOPHUCTaHHS BUPOOiB 3 henondopmanbaeriaa [1-5].

3Bakaroud Ha 1€ OUIBIIICTh KOMIMAHIA Cy/IHOBJIACHUKIB Ha(TOHAJUBHUX TaHKEPIiB
npoekty 550-A, mpuilHsIM pillleHHsS 3aMIHUTH CeNapaliiiHl YCTaHOBKM HA(TOBMICTHHUX BOJ
YK®-0,6, Ha Oinbln cyuyacHi cemaparopud HapTOBMICTHMX (JIsUIbHHMX) BoA. [l mpuxiiamy
npuBeneMO  cemaparop — ouuctku  HadToBMmicTHMX Box  RWO  SKIT/S-DEB-(2,5),
TIPOAYKTHBHICTIO 2,5 M3/ro/IuHY, 3aradbHu# BHJ AKOTO 300paxkeHo Ha (puc. 1).

il
|
|

Pucynok 1 — Cenaparop HadroBmicTHUX (bstibHUX) Bog RWO SKIT/S-DEB BcTanoBneHuit
Ha HaQTOHAJIMBHOMY TaHKepi mpoekTy 550-A
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Bubip OyB 3po0iieHuii Ha KOPUCTh AaHOI cemnapauiiHoi yCTAaHOBKH B 3B’S3KY 3 THUM, IIO
BOHA BiJiIoBi1ae HopMaM Ta BumoraM pesostortii IMO MEPC.107 (49), a Takox:

- rapaHTy€e OYMIICHHS HaQTOBMICHUX BOJ 10 5 ppm (5 Mr/mitp);

- BijmoBiaae nmpasuiaM Mopcbkoro i PiukoBoro Perictpy Ykpainu;

- BIJIMTOBiZJa€ BUMOTAaM HACTAaHOBHM MIOJO0 3amoOiraHHs 3a0pyJHEHHIO BHYTPIIIHIX
BOJIHUX IIIJISAXIB IPH €KCILTyaTaIii cyieH, kojaeke Ykpainu (Big 06.06.1995 Ne 213/95-BP);

- CUCTEMa OYHMIIEHHS JUBUIBHUX BOJI TAKOXX MAa€ MOHITOP 3 (YHKIIE€I MaM'sTi, 1110
3a0e3neuyye BiAOOpa)KEHHS [aTH, 4acy, MOTOYHOTO CTaTyCcy CHCTEMHU 1 BHAAdy
aBapiiHOrO0  CHUTHATY  MpO  MEPEeBUIICHHS  JOMYCTUMOi  KOHIICHTpaii
HadrompoaykTiB. Bci gaHi mpo poOoTy cucteMu 30epiraroTbCsi mpoTsarom 18
micsiis [ 1-5].

CemnapariiiiHa ycTaHOBKa Ma€ IIMPOKY Trally3b 3aCTOCYBaHHS, a caMe: MacakKUPChKi,
TPAHCHOPTHI Cy/AHA, HAQTOHAIMBHUNA Ta TEXHIYHUH (IOT, MEpecyBHI Ta CTAI[lOHAPHI CTaHIIi
OYUCTKY HATOBMICHHX BOJI Ha CIICI1a]li30BaHUX OYMCHUX CYIHAX.

RWO SKIT/S-DEB-(2,5) ue rpasitaiiiiHo-(UIbTPYOUYHiA cenapatop BaKyyMHOTO THITY.
Takuii TUIT BCMOKTYBAaHHS JOINOMAara€ YHUKHYTH IHTEHCHUBHOTO 3MIIIyBaHHS BUXITHOI BOAHM, 1
TaKUM YMHOM €(EKTUBHICTh OUHUIIEHHS 3HAYHO MiABHINYy€eThCs. Boma B Takomy OWS npoxoauts
JIBa CTYIEHI OYMILEHHS, a B KOCTI (iIbTpa BUKOPUCTOBYETHCS CHEIIAIbHUN KOAIeCIUPYIOUUit
€IEMEHT 3 JOJAaTKOBUM €JIeMEHTOM (QuIbTpalii, Apyra CTYIiHb OYHCTKH 3a JOIOMOTOIO
ByrinpHOro ¢inbrpa. TyT HaiapiOHIiNIT MIKpOYACTUHKKA HA(TOMPOAYKTY 3aTPUMYIOThCS Ha
BOJIOKHAX 0J1e0(iTbHOTO PiIbTpa.

KirouoBi mepeBarm AaHoi yCTaHOBKM OYHMCTKH HAa(TOBMICTHUX (JIBSUIBHMX) BOJ Ha
PUHKY:

- 3MEHILIEHUH PU3HK MIBUIKOTO BUXOY 3 JaJy MeMOpaH;

- BIJICYTHIH IIUTaM BiJl XIMIKaTIB;

- HU3bKe eHeprocrnoxuBanus (Bix 0,5 mo 4,5 kBT);

- cemapatopd TPOCTI 1 HaaliHI B eKCIUTyaraiii, 3aBIsSKH BUKOPHUCTaHHIO
Koanecuupyrdoro ¢inbpTpa (3amaTreHToBaHa TexHooriga koMmnanii RWO);

- BIJICYTHICTb KOPO3IMHUX PU3MKIB: BHYTPIIIHIA 2-X KOMIIOHEHTHE ETOKCHHE
HNOKPUTTS (TepMiH ciyx0u noHasa 20 pokiB);

- MOCTABJIAIOTECSA K yCTAHOBKA, TOTOBa JIO eKCIuTyararii, tumy «Bxmoun i
MpaLon»;

- cenapaTopy BCTAHOBJIOIOTHCS CHJIAMM €KiMaxy, Oe3 3alydeHHsS CepBICHHX
oprasizariiii;

- BUKOPHCTaHHS TBUHTOBUX HACOCIB JUISl TEpPEKadyyBaHHS JISUIBHUX BOJ 3 TPIOMY
yepe3 npuctpii OWS-COM 1m0 103BoJIsi€ YHUKHYTH 3aiiBOrO BUHMKHEHHS €MYJbCIH Ipu
3MilllyBaHHI BOJIM Ta HAPTONPOIYKTIB;

- MOJICIbHUM  psii  CemapaTopiB  XapaKTEepU3YETbCS  IIUPOKUM  CHEKTPOM
npoxyktuBHOCTi (Bix 0,1 1o 10 m/ron).

Ile Bene A0 AOBrOBIYHOI CIIy’)KOM YCTAaHOBKHM OYMCTKH HA(QTOBMICTHUX (JIbSUIBHUX) BOJ,
BIAMOBIMHOCTI nirouii MixHapoaHii KonBeHmii momo 3amobiranas 3a0pyIHEHHIO 13 CyJeH
(MARPOL) ta Pe3zomtorii IMO MEPC. 107 (49) [1-5].

BHCHOBOK. 3BakKaround Ha PO3IIITHYTI BHUINE YMOBH Ta CIIOCOOW MOKPAIIECHHS OYHCTKH
Ha(TOBMICTHUX BOJ Ha Ha()TOHAIMBHUX CyJHaX. MOXKIHBO 3pOOUTH HACTYITHI BUCHOBKH, IO HA
JaHWK Yac 3 ypaxyBaHHs MOCTIHHOTO TIOCHJICHHS KOHTPOJO 3a 3a0pyIHEHHSM MOPCHKOTO Ta
PIUKOBOro cepefoBUIla Ha()TOMICTHUMH BOJAMHU 3 CyJeH. MojepHi3alis Ta yJOCKOHAJICHHS
CHCTEM OYHMCTKH Ha()TOBMICTHUX BOJ € BEJIBMHU aKTyaJbHOIO, 3 OISy Ha CTPIMKHNA PO3BHTOK
OYMCHUX YCTaHOBOK, Ta ix Oe3leKy Ui eKilaXy Ta HaBKOJHUIIHBOTO CEPEJOBHUINA B ILIIOMY.
3a paxyHOK JIaHUX Omepaiiii MOMIJIHMBO TOJOBXHTH CTPOK BHKOPHCTaHHS CYJACH
Ha(TOHAIMBHOTO (UIOTY, Ta iX BIAMOBIIHICTE MIXKHAPOJIHUM CTaHAApPTaM.
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CHARACTERISTICS OF POLYSTYRENE-STEEL COMPOSITE
MATERIALS INTENDED FOR RADIATION SHIELDING

Prokhorenko E.M. 1, Lytvynenko V.V. !, Zakharchenko A.A. 2, Khazhmuradov M.A. ?,
Prokhorenko T.G. 3
YInstitute of Electrophysics and Radiation Technologies NAS of Ukraine
(Ukraine)
ZNSC «Kharkov Institute of Physics and Technology»
(Ukraine)
3Kharkiv National Automobile and Highway University
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Introduction. Currently, the problem of protection against ionizing radiation is acute.
This is due to the widespread use of various ionizing radiation sources for diagnostics, control,
and manufacturing. Various nuclear power installations are employed in the maritime sector. A
large number of sensors using ionizing radiation sources have become very common. Irradiation
may occur during the transportation of various radiation-hazardous cargoes.

Radiation is dangerous for service personnel and the environment. lonizing radiation can
also affect the accuracy and operational capability of instruments and equipment. Therefore, the
application, operation, and transportation of ionizing radiation sources and radioactive materials
require supplementary radiation shielding. It is necessary not only to ensure the safety and
protection of the service personnel but also to prevent radioactive substances from entering the
environment. Diverse radiation shielding technologies are employed for this purpose, including
various structures and shields. Personal protective equipment is used to protect personnel. In the
event of an accident, a comprehensive set of measures is implemented to localize the source of
ionizing radiation and protect against its effects.

Radiation shielding materials are used in the design of protective devices. One of the
most universal radiation shielding materials is concrete with additives. Heavy materials are
added to concrete when creating protective structures. Lead is primarily used as it effectively
absorbs X-rays, gamma rays, alpha, and beta radiation. When designing fast neutron nuclear
reactors, the issue of neutron shielding is particularly critical. Protection against neutrons is
provided by additives of materials such as B, Br, and Bi. The use of modified concrete is
justified in certain situations, but circumstances arise where the use of modified concrete is
difficult due to various reasons (weight, the presence of lead, complexity of application).
Therefore, there is a constant need for other types of radiation shielding materials. Currently, a
vast number of protective materials have already been created, and work on developing new
materials continues. Based on new technologies and methods, it has become possible to create
materials with pre-determined properties and characteristics. Currently, radiation shielding
materials consisting of multiple components — composite materials — are being developed.
Creating a composite involves selecting its base material and its radiation shielding component.
It is also necessary to incorporate a material to reinforce the composite. Work has been
conducted on the development of polystyrene-metal composite materials (PS-W-Al) and (PS-Fe-
Al) [1, 2, 3, 4]. These materials are also used as a base for creating temporary protective screens
in individual protection complexes.

Purpose of work. To improve the production of polymer-steel composite materials (PS-
Fe-Al). To manufacture prototype samples of the composites. To conduct experimental and
theoretical studies of the radiation shielding characteristics of PS-Fe-Al composites. To conduct
experiments to study the tensile strength of this type of composite.

The main part. Polystyrene was used as the base for the PS-Fe-Al composite material.
The choice of polystyrene as the base was based on several of its characteristics. Polystyrene is
resistant to ionizing radiation. When polystyrene is exposed to radiation, two processes occur:
the breaking of polystyrene chains and the process of their cross-linking. The cross-linking
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process restores the polystyrene structure.

The rupture process is only slightly faster than the cross-linking process. Therefore,
polystyrene destruction occurs simultaneously with restoration. All this increases the service life
of polystyrene. Steel powder was used for radiation shielding [2,4]. Steel has poor radiation
shielding properties. However, steel powder is very inexpensive. Steel powders are waste
products from turning or grinding operations. The use of a polystyrene-steel composite is
expedient in specific cases: when the thickness of the protective layer can be large and the
radiation doses are not very high.

This means that using a polystyrene-steel composite is cost-effective at low radiation
doses and with a large volume of space for the shielding layer. To increase the strength of the
composite, the material was reinforced with aluminum powder. Liquid polystyrene wets the
aluminum. During the polymerization of the liquid polystyrene, aluminum grains form a matrix
in the composite. Clusters are formed that envelop the steel grains, increasing the strength of the
composite material [1-4].

Production of composite material.

All work was carried out on a Kuasy 100/25-1 injection molding machine (injection
pressure — 180 MPa, injection volume — 50 cm®) [1-4]. This unit is an injection molding
machine with a reciprocating screw. With this apparatus, it is possible to produce various parts
from reinforced polystyrene. However, the technological process has not been developed for
multi-component mixtures. Additional difficulties also arise when mixing steel and aluminum
powders. Steel and aluminum grains have different sizes and weights. They differ in thermal
conductivity and heat capacity. All this complicates the process of composite material
production. Therefore, an improvement was made to the Kuasy 100/25-1 injection molding
machine. The block diagram of the Kuasy 100/25-1 machine with improvements is shown in
Fig. 1.

Figure 1 — Of principle chart of castable machine for casting under constraint: 1 — material
cylinder; 2 — heating elements; 3 — screw (auger); 4 — cooling channels; 5 — material hopper;
6 — hydraulic engine; 7 — gearbox; 8 — hydraulic cylinder injection unit; 9 — manometer; 10,

17 — fixed plates; 11 — guide columns; 12 — injection mold; 13 — movable plate; 14
wheel-lever mechanism; 15 — hydro-cylinder of the clamping unit; 16 — nuts; 18 — emphasis;

19 — nozzle, 20 — bunker heaters, 21 — blades for mixing the mixture, 22 — mixer drive,

23 — IR control camera, 24 — drive and rotary device for the entire bunker

Elements 20-24, which are highlighted in a darker color in the block diagram, were
added to upgrade the machine. These are additional devices for rotation and heating elements.
Their incorporation allowed for more uniform mixing of the components and the production of a
homogeneous mixture. The shielding and hardness characteristics of the composite material
depend on the uniformity of the component distribution throughout the volume of the composite.
The higher the homogeneity of the mixture, the higher the quality of the composite material.

Discussion of results. Calculation of radiation shielding characteristics.

The primary characteristics of the composites are their radiation shielding properties. For
the radiation shielding of biological objects and equipment, it is necessary to know the precise
value of the attenuation factor of ionizing radiation after passing through the shielding layer.
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Experimental results of radiation dose attenuation measurements are presented in works [2, 4].
These studies were conducted for composites with a small content of the metallic component,
and the experimental measurements were found to be in agreement with theoretical calculations.

The Geant4 v4.9.6p03 software package was utilized to calculate the radiation dose
attenuation. Graphs showing the change in absorbed dose as a function of ionizing radiation
energy were obtained. Several types of composite materials were studied. They were fabricated
in the form of plates with a thickness of 10 mm or spheres with a diameter of 10 mm. The results
are shown in Fig. 2.

—o—Fe050901 10 mm
~—o—Fe050505 10 mm
Fe080403 10 mm
—0—Fel00401 10 mm
—4—['¢100104 10 mm
—e— F¢050901Sph 10 mm
—=—['c050505Sph 10 mm
Fe080403Sph 10 mm
—a—[¢100401Sph 10 mm
—a—Fel100104Sph 10 mm

o1 [- MeV
Figure 2 — Graphs showing the change in absorbed dose attenuation of gamma radiation

From the graphs, we can observe that ionizing radiation with energies up to 100 keV
exhibits half-value layer attenuation for all samples of the composite material. Most household
appliances that contain sources of ionizing radiation operate within this energy range.
Consequently, even with these thicknesses of composite material, we can achieve sufficient
shielding to conduct work in the ionizing radiation zone. By increasing the thickness of the
shielding layer, the effectiveness of the shielding will only increase.

Experimental work was also performed to determine the ultimate tensile strength for
composites containing the steel component. It was found that the maximum strength value is
33 MPa. This is valid for composites where the volume of the metallic component is equal to the
volume of the polystyrene component.

Conclusions.

1. The manufacturing process for polystyrene-steel composite materials was refined,
using steel powder as a radiation shielding additive. The composites had equal amounts of steel
and polystyrene powder. Equipment operating modes were selected to produce composite
materials with maximum component distribution homogeneity.

2. Graphs illustrating the change in absorbed dose were obtained. The energy range (up to
100 keV) at which half-value layer absorption occurs was identified. It was demonstrated that a
shielding layer thickness of just 10 mm provides sufficient protection.
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®AKTOPHA MOJIEJIb ABAPII KOHTEMHEPOBO3Y EVER GIVEN Y
CYELLBKOMY KAHAJII

Poccomaxa O. L., Tomuaxoecvkuii I'. I'., Poccomaxa O. A.
Ooecvkutl HAYIOHATLHULL MOPCLKULL YHIgEpCUmem
(Ykpaina)

Beryn. CyyacHe MOPChKE CYTHOIUIABCTBO € OCHOBOIO CBITOBOT €KOHOMIKH, OJIHAK BOHO
XapaKTepU3y€eThCs MIABUIEHUM PIBHEM PU3HKY, OCOOIMBO y BY3bKHX 1 CKJIQJHHMX aKBaTOPIfX.
HaiisickpaBimyM TOpUKIagOM OCTaHHIX POKIB cTaja aBapis KoHTeiiHepoBo3a Ever Given y
Cyenpkomy kanam 23 Oepesns 2021 poky, mo npu3Bena J0 OJOKYBaHHS MIKHAPOIHOTO
TPAHCIOPTHOTO KOPUAOPY Ha WIICTh JHIB 1 3aBfana 30MTKIB y MiIbApad gojapiB. [HIHMAEHT
IIPOJAEMOHCTPYBAaB, 10 HaBiTh HaliCydacHilll CyJHa 3aJMIIAIOTBCS Bpa3lIMBUMH IEepea
MOEHAHHSAM MPUPOJHUX YMOB, KOHCTPYKTHBHUX OCOOJMBOCTEH Ta JOACHKOTrO enemenra. Lle
3YMOBJIIOE HEOOXIIHICTh MIMOOKOT0 aHaji3y MPUYMH Ta MEXaHI3MiB (OPMYBaHHS HEOE3MEUHUX
CUTyamii Uit po3poOku MeToiB ix momepemkenHs. [lodynoBa dakropHoi moxeni aBapii Ever
Given 103BOJII€ CUCTEMATU3yBaTH KJIIOUOB1 YMHHUKHU, BUBHAYUTH KPUTHYHI TOPOTOB1 3HAYEHHS
Ta copMyBaTH OCHOBY JJISl IPOTHO3YBAHHS PO3BUTKY MOAIOHUX 1HIMICHTIB.

AKTyalbHicTh Aochaimkenb. Apapis Ever Given cranma rio0aqbHUM BUKIUKOM JUIS
MOPCHKOi HayKH 1 MPAKTHUKH, OCKUTBKA HAOYHO IMOKa3aia 3aJIe)KHICTh OE3MEeKH CyTHOIUIABCTBA
Bil KoMOiHamii pi3HOpiAHUX (akTopiB. Mereoposoriuni ymMoOBH Yy JeHb aBapii Oynu
HAQ/I3BUYANHO CKJIAJHUMHU: TOTYXXHHH XOJOAHWH (PPOHT CHPUYMHUB CHJIBHI IMiBIEHHO-CXiITHI
BiTpU MBUAKICTIO 25-30 BYy3IiB, MicIsIMH 13 mopuBamu moHajx 70 KM/TOH, a TaKoX MilIaHy
Oypro, IO Pi3KO 3HU3WIA BUIUMICTb.

3yMOBHB
CIUTbHHIT BITEP | BIAXHICHHA
cyaHa

Marna rndnHa | MOTipIIHIH
Ta eeKT MOKIHBOCTI
I HeperoBoi KOpeKIIii
CTIHKH Kypey
3podua
Bricoxa :
e MIBIKICTD peakiuio
v g iHepIiiiHOI0
He
) . _.. | Jo3BONMIM
HecBoeuacHi il
. CBO€YaCHO
Vi eKIIaKy
- YHUKHYTH
aBaplii.

Pucynox 1 — «Jlanirorosuii edexr» aBapii cyana Ever Given
orcepeno: BnacHi po3poOKH aBTOPIB HA OCHOBI [1]

[{i yMOBHM ICTOTHO YCKJIaJHIOBallM MIATPUMAaHHS Kypcy cyaHa. BogHowac riaposioriusi
XapaKTepUCTUKH KaHaJly CTBOPWUJIM JOAATKOBI MpoOsieMH: oOMeXeHa HIMpUHA M MITKOBOIJS
CIOpUSIIM BUHUKHEHHIO «edekTy Oepera», KOJIM acCUMETpis THUCKY BOAM BHUKJIHMKAE
HEKOHTPOJIbOBAaHE BIJXWIEHHS HOcCa CyJHA. Y TO€JHAaHHI 3 TEpPEBUILEHOI0 IIBUIKICTIO —
O6mu3bpko 15 munw/ron mpu odimiiiHoMy oOmexeHH1 y 10 MuiIb/Tog — 1€ 3HaYHO 3HHU3WIO
MOKJIMBOCTI MaHeBpyBaHHA. Hapemiti, BUpillanbHy poJib BIAIrpaB JIOACHKUN €JIEMEHT: il
eKilaxxy Ta JIOIIMaHiB B yMOBax 1H(QOPMALI{HOIO MEpeBaHTAXXEHHS 1 MCUXOJOTIYHOTO THCKY
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BUSIBIJIUCSL HEJOCTAaTHHO €()EKTUBHUMHU. BCi i YMHHHUKYU CKJIAIUCS y JAHIFOTOBY PEaKIIio, sKa
npu3Beia 10 0JIOKyBaHHs KaHany (puc. 1).

IMocTranoBka 3amavi. Metoro nocmikeHHsT € moOyaoBa (PakTOpHOI MOJENi PO3BHTKY
aBapii Ever Given sk mnpuKiIagy CHUCTEMHOTO aHai3y HaBiramiiiHOi HEOE3MEeKH y BY3bKHX
akBatopisx. [lnga nmocsrHeHHs i€l MeTH HEOOXimHO OynO: BH3HAYUTH TPYNU KPUTHYHHX
napameTpiB; BCTAHOBUTHU iXHI MOPOTOBI 3HAYCHHSI; OLIHUTH PIBEHb PU3MKY KOXKHOTO (hakTopa
OKpeMO Ta y TO€JHaHHi; cPOpMyBaTH MOJENb, KA JO3BOJSIE TPOTHO3YBATH MOMEHT MEPEXOIY
CUTYyallii BiJi KOHTPOJILOBaHOI 70 aBapiitHoi. OcobnauBa yBara MpUIIISETHCS POJII JIFOACHKOTO
€JIEMEHTA, KUH y MOETHAHHI 3 TEXHIYHUMHU W TPUPOJAHUMH YMOBAMH YaCTO CTA€ BUPIIIATBHUM
y PO3BUTKY 1HIIUJICHTY.

Pe3ysabTaTH n0cailikeHb. Y pe3yibTari aHanizy OyJlno BH3HAYEHO YOTHPH KIFOUOBI
rpynu (pakTopiB: METEOPOJIOTIYHI YMOBH, T1APOJIOTIYHI XapaKTepUCTUKHU aKBaTOPii, HaBiraminHi
napaMeTpu Ta JIIOJICHKUM eneMeHT. [l KOoXHOi Ipymu BCTaHOBJIEHO IOPOTOBI 3HAYCHHS,
MIEPEBUILIEHHS SIKUX PI3KO MiJIBUINYE HMOBIpHICTh aBapii. Tak, 6iuHui BiTep moHajg 25 BY3IiB
NPU3BOJMUTH 10 HEKEPOBAHOTO 3HOCY CyAHA, eekT Oepera mpu Mamii rMOHHI Ta BY3bKOMY
KaHaJi CTBOPIOE JIOJAATKOBUI 00epTallbHUH MOMEHT, IIBHIKICTh MOoHaA 10 By3idiB YCKIAIHIOE
CBO€YACHY KOPEKIII0 Kypcy, a HECBO€YaCHI PINICHHS EKIMaxy B yMOBax cTpecy (hakTUIHO
1030aBJIAIOTh CYHO MOKJIMBOCTI BiTHOBUTH KOHTPOJIb (Tabmurs 1).

Tabmus 1 — Kirouosi dakropu aBapii Ever Given

IToporose
Ne | ®dakTop IMapametp P Bruius
3HAYEHHS
Cunpuuit . ) 3HOC cynaHa
1 . Bitep > 25 By3niB | > 12 m/c yAHa,
OluHUH BiTEp BTpara Kypcy
Iupuna xanaiy / . . Hecumerpuyna
2 Bank effect P Y| < nesmoi mexi ) pue
nMouHa TiApoarHaMiKa
Bucoka > CTaHJapTHHUX . 3HMKEHA
3 . Aap > 10 By3miB .
MIBUIKICTH JUISL KaHAIy peaxiis cyaHa
4 JIroncbkui KomyHikartis HecBocuacHicTh Henocrarus
€JIEMEHT KalliTaH — JIOIMaH | pillieHb peakuis

Lorcepeno: enacui pospooku agmopie

Po3paxyHOK piBHS PHM3MKY IOKa3aB, 1[0 HAHOUIbII KPUTUYHHM € JIIOJICBKUN €NEeMEHT,
pU3HK 3a UM (HaKTOPOM Csira€ MaKCUMAJIbHOTO 3HAa4yeHHS 25 3a mkanow 5x%5. Bucoxumu
BUSIBWINCS TaKOX PU3MKH BiJl CHIIBHOTO BITpPY, €peKkTy Oepera Ta NepeBUIIEHO] MIBUJIKOCTI, SIKi
OKpEeMO OlliHEeH1 y fiana3oHi 12—-16 (Tabmuns 2).

Tabmuis 2 — Peectp Hebe3mnek

Ne Heo0e3neka P S
1 g.HHLHVHH. 4 4 Bucoxui
19HUI BiTEp

2 Bank effect 3 4 Bucoxmnii
B

3 HCOK? 4 3 Bucoxnii
LIBUIKICTH

4 JlronceKui 5 5 Kputuunmii
€JIEMEHT

IDicepeno: enacui po3pobku asmopie

[Monmanpmmii anami3 xkoMmOiHamii (pakTopiB 3acBiTUMB, LIO BXKE IOEIHAHHS CHUIBHOTO
BITpY Ta eQekTy Oepera MNepeBOAUTh CHUTYallll0 Yy KPUTHUHY IUIOIIMHY, a JOJaBaHHS
NEPEeBUIIEHO] MIBUIKOCTI Ta HECBOEYACHUX Iii ekimaxy (opmye clieHapidl i3 MaKCHUMalbHUM

03-04 2pydus 2025 poky 139



IIpobaemu cmanozo po3gumky Mopcwkoi 2anysi (PSDMI - 2025)

piBHeM HeOe3rneku. TakuM YMHOM, caMe KOMOIHAIliSI KUTbKOX OKpeMUX (aKTOpiB CEPeIHBOTO Ur
BHCOKOT'O PiBHsSI HEOE3MEKH CTBOPIOE aBapIMHMKA CLEHapid 13 KaracTpopiyHUMHU HACHiJIKaMHU.
Bizyaunizamist nux B3aeMoiiii BimoopakeHa y gaxtopHuiii moaeni (Pucynox 2).

MeTeoymosu
(BiTep, nuA, niwaHa
6yps)

Fgponoria
(Bank effect,
rnMbuHa) ABapis

(6roKkyBaHHA
KaHany)
Hasirauis
(wemAkKicTb, Kypc)

JIIOACBbKUIA enemeHT
(norana
KOMYHiKaLiisi)

Pucynoxk 2 — dakropHa Mozienb po3BUTKY HeOe3neku Ever Given
Hoicepeno: pospobneno aemopamu Ha ocrogi [2—4]

JlonatkoBo Oyiio 3alpOoNOHOBAHO IHTETPYBaTH (AaKTOPHY MOJENb Y CydacHI CHUCTEMH
HairaiiitHoi 6e3sneku. Croroani ECDIS, AIS ta VTS npaiiotoTs 130160BaHO 1 HE POPMYIOTH
enuHoi omiHku pu3uKy (Tabmurs 3).

Tabmug 3 — MoXIUBOCTI Ta 0OMEXKEHHSI OCHOBHUX CUCTEM

OOMexeHHS Y BUNIAIKY
Cucrema DyHKUIis CunibHi cTopoHn KOHTeliHepoBo3a Ever
Given
ECDIS EnextpoHHi kapTH, Bucoka TO‘{Hi.CTL ' He BPaxoBY€ MeTeo Ta
KOHTPOJIb (hapBatepy IPOCTOPOBOi iH(GOpMaIIil | TIAPOAUHAMIKY
AlS Ilepenaya mBUAKOCTI, HpO?OpiCTB pyxy, He ananizye npupoaHi
Kypcy, KOOpAMHAT MOHITOPUHT bakropu
VTS 30BHIMIHIN 'MOHiTopI/IHI‘ 1 | JlomatkoBuii KOHTPOJIb 3 3aJ.'Ie)KHiCTB 1:301 ) 417
KOODIMHAIIIS Oepera eKImaxy

Iicepeno: enacti po3pooku asmopis

VYV pesynbTaTi eKinaxx oTpuMye Hablp PO3PI3HEHHWX CHUTHAJIB, AKI y CTPECOBHUX YMOBAax
CKJIaJIHO TOEHATU Y €IUHY KapTuHy. Y Bumajky Ever Given me mpu3Beno 10 HECBOEYACHUX
NI, 3amporoHOBaHA TPHUPIBHEBA apxiTeKTypa iHTerpamii mnepembadae: 30ip AaHUX YyciMma
cucremMamu; 00poOKy 3a MOmoMOror (hakTOpHOI MOJENi, [0 BU3HAYa€ KPUTHYHI KOMOIHAIIT;
(dbopMyBaHHS y3arajlbHEHHX IIOTIEPEDKEHh 1 KOHKPETHHX PEKOMEHJAIii Uil eKimaxy Ta
nucneTdepis. Ii norika nmokasana Ha cxemi (PucyHok 3) a eeKTUBHICTb JEMOHCTPYE MOPIBHSAHHS
peabHOTO Ta TIMOTETUYHOTO CIIeHapio PO3BUTKY aBapii (Tabmuis 4).
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PiBeHb 1. 36ip gaHux

BumiploBaHHA WBWAKOCTI, KypCy, BiacTaHi ao 6epera, rnnbuHu nig Kinem.
®ikcalia napameTpis BiTpy 1 Teuil.
MNepepava iHpopmauii Nnpo iHWi cyaHa.

PiBeHb 2. O6pobKa AaHuUX

AHani3z gaHux Ta CniBBiAHOLIEHHA 1X i3 KPUTUYHUMM MOPOramMmm.
OUiHKa NOTEeHLLiMHOro po3BUTKY Hebesneku.

PiBeHb 3. YxBaneHHs pilleHH:A

lMogaya cUrHany ekinamsy.
Mepepaya noigomneHHa y VTS.
ABTOMAaTMYHe NPOMNoHyBaHHA BapiaHTy Ail.

Pucynok 3 — Cxema TpHupiBHEBOi IHTerpaii IporHo3Hoi Mojei
IDicepeno: enacri po3pobku asmopis

Tabnuus 4 — PeanbHuii Ta riNOTETUYHUM CLIEHAPiil pO3BUTKY aBapii

Eran PeanbHui po3BUTOK IloTenuiiina peakuisi inTerpoBanoi
noain CHCTEMH

[lepeBuiieHHs AIS dikcysas 15 By3iiB Curnain npo nepeBMILEeHHs +

IIBUIKOCTI mpu Jimiti 10 pEKOMEH Iallisl 3HIKEHHS IIBUAKOCTI

CunbHui BiTEp Merteonani >25 By3miB [TonepenyxeHHs PO KPUTUUHUI
BiTEP

Edexr 6epera CyaHo HabIU3UIOCh 10 [TonepemkeHHs PO pU3UK BTpaTH

CTIHKH Kypcy

JIroncekuii eJ1IeMEHT 3ani3HEeHHs 3 iIMH VY3aranpHeHa peKOMeHIaIls

«3HM3HUTHU MIBUJKICTh HETAHHO»

IDicepeno: enacui po3pobku aemopis

[Tomanpmmii po3BUTOK OCIIIPKEHHS TOB’SI3aHUM 13 3aCTOCYBaHHSIM METOJIIB IUTYYHOTO
IHTEJIEKTY JJIsI aBTOMATUYHOTO aHai3y JaHUX 1 MPOTHO3YBAHHS PO3BUTKY CUTYaIIii.

ANrOpuTMHM MAIIMHHOTO HaBYaHHS 37aTHI PO3Mi3HABAaTH MPHUXOBAHI 3aKOHOMIPHOCTI Y
BEJIMKMX MacuBax iHQoOpMmalii, BHUSBIATH KPUTHYHI KOMOiHaIii mapaMeTpiB Ta (opMyBaTu
HOTIEPEDKEHHS y peaibHoMy 4aci. Lle 0co0iaMBO BaXIJIMBO Y CTPECOBHX YMOBaX, KOJM €KiMax
nepeBaHTaxeHui iH(opmariero. Takum uymHOM, (hakTopHa Mozaenb aBapii Ever Given y
noeaHaHHi 3 Al CTBOpIOE OCHOBY JJIsi HOBOT'O IOKOJIIHHS CUCTEM HaBiraliifHOi Oe3MeKH.

BucnoBku. [ocmimkeHHs mokaszano, mo aBapis Ever Given crtama HacimiakoM B3aeMoIii
YOTHPHOX TPYI (PAKTOPIB — METEOYMOB, TiApOJIOrii, HaBIraliMHUX MapaMeTpiB 1 JHOACHKOTO
enemenTa. KokeH 13 HUX OKkpeMO He OyB KPUTHYHUM, OJIHAK IXHs KOMOIHAIlis CTBOpHIIA
aBapiiHUi creHapiil 13 katacTpoiyHMMH Hachinkamu. PakTOpHA MOJENb TO3BOJSE YIiTKO
CTPYKTYpyBaTH Iii INapaMeTpu, BHM3HAYUTH IOPOTOBl 3HAUEHHS Ta IPOTHO3YBAaTH MOMEHT
nepexony cutyamii y (asy HekepoBaHocTi. Ii iHTerpamis B cuctemu ECDIS, AIS Ta VTS
3a0e3meyye HOBUW pIiBEeHb HaBIramiiHoi Oe3meku, e TOJIOBHUM AaKIIeHT pOOUThCS Ha
HOTIepPEe/DKEHHI PO3BUTKY HeOe3neku, a He Ha ¢ikcamii ¢akty. BukopHcTaHHS IITYYHOTO
IHTEJIEKTY TTOCHITFOE MOKITUBOCTI MOJIEITI i BIAKPUBAE TIEPCTICKTHBH CTBOPEHHSI CAMOHABYAJIBHIX
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CHCTEM YIpaBIiHHA puznkaMu. Takum unHOM, (pakTopHa Mozens aBapii Ever Given moxe cratu
MPAaKTUYHUM THCTPYMEHTOM SIK JIJII IOPTOBUX aaMIHICTpaIlid Ta CyTHOIJIABHUX KOMIIAHIH, TaK 1
JUIsS. HABYAJIbHUX 3aKJIajiB, (POPMYIOUM HOBHM MiAXix 10 3a0e3neueHHs Oe3MeKH CyJHOIUIaBCTBA
Y BY3bKHX aKBaTOPIsIX.
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MEASURES FOR LOWER DANUBE IN CONTEXT OF JOINT
STATEMENT ON GUIDING PRINCIPLES FOR THE DEVELOPMENT
OF INLAND NAVIGATION AND ENVIRONMENTAL PROTECTION IN
THE DANUBE RIVER BASIN

O. Rubel
Institute of market and Economic-Ecological researches of NAS Ukraine
(Ukraine)

The Sava Commission, the Danube Commission, and the International Commission for
the Protection of the Danube River (ICPDR) will convene at the Vienna International Center on
Friday, 27 September 2024, for a significant milestone in inland navigation and environmental
protection. This gathering marks the launch of the first stakeholder workshop for the newly
initiated process to review and update the "Joint Statement on Guiding Principles for the
Development of Inland Navigation and Environmental Protection in the Danube River Basin,"”
now known as Joint Statement 2.0. (Joint Statement 2.0., 2023)

The original Joint Statement was established in 2007 as a collaborative effort between
stakeholders from inland waterway transport, environmental protection, and water management
sectors within the Danube River Basin. This landmark agreement provided a set of principles and
recommendations to ensure that navigation development was carried out in an environmentally,
economically, and socially sustainable manner. Over the years, it has played a pivotal role in
guiding numerous navigation projects, fostering an integrated approach to waterway
management.

However, in light of significant developments in managing the Danube waterways,
advancements in the transport system, changes in ecological water status, and the introduction of
new legal and policy frameworks such as the European Green Deal, the three Commissions have
recognized the need to review and update this guiding document. The Joint Statement 2.0
process aims to reflect the changes and challenges that have emerged since 2007, ensuring that
the principles guiding inland navigation and environmental protection remain relevant and
effective.

The updated Joint Statement 2.0 aims to reflect new challenges and developments in the
project landscape, with an emphasis on climate change mitigation and adaptation. Key objectives
of this process include:

. Securing Good Navigation Status (GNS) and Good Ecological Status
(GES)/Potential in the Danube and Sava River Basins.

. Enhancing the resilience of the Danube and Sava River Basins to adapt to climate
change impacts, including floods, droughts, and low water levels.

. Ensuring cost-effective and competitive inland water transport (IWT) on the
Danube and Sava Rivers.

. Implementing a dynamic approach to river basin management using innovative
and flexible strategies, including Nature-Based Solutions.

The original Joint Statement was a product of extensive consensus-building between
stakeholders from inland waterway transport, environmental protection, and water management
sectors in the Danube River Basin, initiated and led by the ICPDR, Danube Commission, and the
Sava Commission. It served to facilitate sustainable navigation development in an
environmentally, economically, and socially responsible manner, balancing economic growth
with environmental protection.

Since its inception, the Joint Statement has guided numerous navigation development
projects in the Danube and Sava River basins. However, the evolving landscape of inland
navigation and environmental protection has highlighted the need for a comprehensive update to
the framework. The framework included the Joint Statement document adopted in 2007-2008,
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the Manual on Good Practices in Sustainable Waterway Planning published in 2010, and a
follow-up process including annual stakeholder meetings and capacity-building activities.

The concept of Integrated River Corridor Management (IRCM), which forms the
foundation of the Joint Statement 2.0 process, promotes a holistic vision of river corridors as
complex, multifunctional, and dynamic systems that provide a wide range of ecosystem services.
It encompasses the development of new IWT infrastructure and the enhancement and
maintenance of existing infrastructure throughout its lifecycle, by treating the river corridor as a
unified (eco)system and addressing diverse pressures and needs across the system. Thus, the
IRCM concept aims to facilitate a shift from project-based sustainable IWT planning (the focus
of the original Joint Statement) to a comprehensive management approach, fully considering
river ecosystems. In this context, JS 2.0 represents the starting point of a long-term
transformation toward full implementation of IRCM. While this may necessitate adjustments in
policy or organizational arrangements at the national level, JS 2.0 offers a flexible framework for
adopting the IRCM approach within existing systems and processes, supporting countries in
making gradual progress toward transformation, aligned with their unique circumstances and
priorities.

To address the complexity, conflicting interests, and growing challenges in river
corridors, managing existing and planning new IWT infrastructure requires a shift from
conventional, single-purpose engineering solutions to innovative approaches that involve a
combination of conventional (‘grey’), natural and nature-based (‘green’), hybrid options, and
non-structural measures.

Opportunities to facilitate this shift include ecological enhancement, redesign, or
realignment of existing river training structures. Applicable at any stage in the structure’s
lifecycle (construction, repair, maintenance, or modification), these measures yield multiple
benefits, including extended design life or improved technical performance, enhanced habitats,
better recreational opportunities, and greater climate resilience for IWT. Such solutions can be
effectively complemented by non-structural measures, most of which, however, require
significant resources, equipment, and institutional capacity, as they depend on waterway asset
management systems? and river information services (Hoffmann, M., et al., 2018).

Increasing attention is being given to the ‘working with nature’ approach and NbS, which
align with the natural morphological processes of the river and prioritize minimal or temporary
engineering interventions. Although the EU’s environmental legislation does not introduce
specific targets for NbS, their adoption is supported through requirements for non-deterioration
and ecological enhancement. Examples of NbS, used in river and floodplain management (EU,
2023)2.

Modification of existing river training structures
Optimizing structures for low-water conditions by lowering or notching them
— Reducing the number or length of groynes
Altering the location, shape or orientation of groynes
Disconnecting groynes from the bank to establish fish bypass routes

Non-structural measures to improve IWT

— Sediment management and proactive fairway maintenance (e.g., targeted dredging,
creating a low water corridor, avoiding dredging during ecologically sensitive periods, or
reinstating dredged sediment into the riverbed or wetlands, where applicable)

— Fairway realignment

! Hoffmann, M., et al. (2018). Waterway asset management with holistic dredging and sediment management on the Danube,
PIANC-World Congress: Panama City.

2 Taxonomy Environmental Delegated Act, Regulation (EU) 2023/2486.

Bridges, T.S. et al., eds. (2021). International Guidelines on Natural and Nature-Based Features for Flood Risk Management.

US Army Engineer Research and Development Center.
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— Flexible implementation of fairway parameters to reduce the number of bottlenecks

— Innovative flexible solutions (e.g., using mobile groynes or training walls during low-
flow periods)

— Flexible traffic management (e.g., variable operations during specific periods, e.g.,
during low water levels in summer, or special navigation rules, e.g., in sharp bends), supported
by integration with other transport modes

— Ship waste management®

— Fleet adaptation and modernization (to address low-flow conditions, decarbonize,
automate, and digitalize IWT, prevent water pollution, and reduce wave generation and noise
pollution by vessels), supported by incentives for these transitions (Bridges, T.S. et al., eds.,
2021).

The «working with nature» approach and nature-based solutions

- Restoring corridor connectivity (by reconnecting, restoring, or preserving
floodplains and wetlands; reconnecting or creating side-arms; installing fish migration aids or
removing/adjusting, primarily obsolete, barriers; restoring or preserving river meanders)

- Improving water flow and sediment transport (by ensuring environmental flows
downstream of reservoirs; restoring natural sediment transport processes, such as lateral erosion;
restoring gravel bars or creating gravel islands)

- Enhancing habitat conditions (by restoring or applying an environment-friendly
riverbank stabilization, including removing old and/or unnecessary bank protection structures,
e.g., at inside bends; optimizing substrate composition; improving or developing habitat cover;
restoring fish spawning and nursery areas; establishing riparian buffer zones) (DC,2022)).

While the potential of NbS to reduce fairway maintenance needs is still under research,
they offer significant benefits, such as flood risk reduction, improved water quality, groundwater
recharge, and habitat enhancement, by improving hydro-morphological conditions in river
corridors. These benefits support diverse water uses and contribute to achieving the EU’s
environmental, biodiversity, and cli-mate objectives. Their flexibility enables phased
implementation, either independently or in combination with engineering solutions, thus
fostering innovation to respond to future challenges and opportunities.

Actions at the national level to support the effective implementation of the Joint
Statement 2.0 process should focus on strengthening institutional capacity, stakeholder
involvement and ownership, and improving coordination and monitoring.

Conclusion

The global imperative for decarbonization, spearheaded by the European Community's
ambitious climate targets, places water transport at the forefront of the green energy transition.
As a vital economic engine, water transport not only fosters regional development, employment,
and trade relations but also presents a unique opportunity to significantly reduce greenhouse gas
emissions across the freight chain. The extensive regulatory framework and dedicated research
and development programs within the EU, such as Horizon Europe, the Innovation Fund, and the
Fit for 55 package, underscore a strong commitment to this transformation.

The inherent advantages of inland waterway transport, including its exceptional cost-
effectiveness, fuel efficiency, and lower carbon emissions compared to road and rail, position it
as a crucial component in achieving sustainable mobility. Its capacity to handle oversized cargo,
integrate seamlessly with maritime transport, and offer significantly reduced maintenance costs
further amplify its appeal.

The conservation and protection of the Danube Region's aquatic ecosystems, protected
areas, and wetland complexes are critical for both ecological integrity and regional well-being.

3 DC (2022). Recommendations for organizing the collection of ship-generated waste in Danube navigation.
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This multifaceted endeavor hinges on three core pillars: proactive protection and preservation,
active restoration, and robust environmental monitoring and scientific research.

Effective protection and preservation require strict adherence to environmental
regulations during resource utilization, vigilant fire prevention, and strategic hydrological
interventions like increasing water supply to vital floodplains. Furthermore, it necessitates
meticulous control over resource harvesting, exemplified by drone-assisted monitoring of reed
mowing, to ensure sustainable practices.

The preservation and restoration pillar is equally vital, focusing on expanding restored
wetland, meadow, forest, and steppe ecosystems through measures such as damming, hydro-
reclamation, and the reintroduction of native herbivore species. The ambitious task of
demolishing illegal dams and restoring abandoned ponds and rice fields will contribute
significantly to ecological recovery. Coupled with efforts to conserve and reproduce wild
animals and plants, including establishing adaptation centers and installing artificial breeding
platforms, these actions aim to revitalize the Danube's rich biodiversity.

Finally, comprehensive monitoring, scientific research, and observation form the
bedrock for informed conservation strategies. This includes systematically tracking alien species,
assessing the impacts of shipping and the redistribution of Danube River runoff, and conducting
detailed inventories of crucial habitats like spawning grounds and bird migration routes. The
ongoing study of natural and anthropogenic factors, including the long-term effects of military
actions and climate change, is essential for developing adaptive management plans. The ultimate
goal is to leverage advanced tools like GIS systems and digital simulation models to provide a
holistic understanding of the Danube Delta's ecosystems, enabling precise interventions and
ensuring its long-term health and resilience.

The presented measures outline a robust and multi-faceted strategy for significantly
reducing pollution by organic, biogenic, and hazardous substances in the Lower Danube Sub-
Basin. This comprehensive plan addresses various sources of pollution, emphasizing both
preventative actions and large-scale infrastructure projects.

Key to this strategy is the establishment of water protection zones and coastal
protection strips, which will serve as a fundamental legal and spatial framework for
environmental safeguarding. Targeted interventions, such as the rehabilitation of former oil
storage facilities, directly tackle legacy pollution, demonstrating a commitment to remediating
existing environmental damage. Furthermore, the development of a Greening Strategy for
Water Management Activities, coupled with economic and environmental certification of
water users through digitalization, will provide the necessary scientific basis, regulatory
mechanisms, and monitoring tools to foster sustainable practices across the region.

A major focus of these initiatives is the modernization of wastewater infrastructure.
The ambitious plan to construct and reconstruct sewage treatment plants and networks in key
cities like Kiliya, Vylkove, I1zmail, and Reni, often through the aggregation of facilities into
unified treatment clusters, directly addresses point source pollution from urban areas.
Complementary measures aimed at improving and restoring the hydrological regime and
morphological indicators of watercourses through riverbed clearing, sediment management,
and the removal of obstructions will enhance natural purification processes and ecological
connectivity.

Finally, the strategy emphasizes mitigating the negative impact of infrastructure
projects through the creation of specialized wastewater treatment complexes in Danube seaports
and continuous scientific assessment of anthropogenic and climate change impacts. The
proposed modernization of hydrological infrastructure management systems and the detailed
mapping of valuable river sections and barriers underscore a commitment to informed decision-
making and real-time environmental management. By investing in these comprehensive
measures, the Lower Danube Sub-Basin can move decisively towards achieving a «good»
ecological status, ensuring healthier aquatic ecosystems and a more sustainable future for the
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region.

As Ukraine actively pursues integration into the European Union, its engagement in the
decarbonization of maritime and inland waterway transport becomes paramount. By prioritizing
the development of alternative fuel infrastructure in Danube ports and actively participating in
global initiatives like the IMO's GHG Strategy and green shipping corridors, Ukraine stands to
make a substantial contribution to global emission reduction targets. This strategic alignment
will not only enhance Ukraine's international standing and accelerate its European integration but
also attract multi-billion-dollar investments into large-scale alternative fuel production facilities.
Ultimately, this will position Ukraine among a select group of nations capable of producing and
supplying bunker fuel for inland waterway transport and Danube seaports, ensuring the long-
term sustainability and competitiveness of its waterborne transport sector.

The ambitious targets set by the European Green Deal and enshrined in the EU Climate
Law underscore a critical imperative: rapid decarbonization across all sectors, including
transport. Inland waterway transport, though a relatively small sector, holds immense potential to
contribute significantly to these goals, acting as a high-volume carrier for renewables and a vital
enabler of Europe's economic and industrial backbone.

Achieving this transition demands a multi-faceted approach. While the Alternative Fuels
Infrastructure Regulation (AFIR) provides a strong policy framework, addressing the high
investment costs of hydrogen and battery conversion, ensuring affordable drop-in fuels, and
strategically deploying alternative refueling infrastructure along corridors rather than in isolated
ports are paramount. Continued EU co-financing, coupled with efforts to improve grid access
and capacity at berths, will be crucial for the widespread adoption of shore-side electricity.

Ultimately, realizing the full potential of inland waterway transport as a resilient,
competitive, and sustainable mode hinges on sustained investment in its infrastructure and a
harmonized, interoperable approach across European corridors. By recognizing the unique value
of inland waterways as multi-functional public assets and fostering close cooperation among
policymakers, industries, and users, Europe can unlock a "quick win" for society and secure a
robust future for its vital inland waterway system, propelling it towards a climate-neutral
continent.
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IMIPATCTBO Y I'BIHEMCBKIN 3ATOII: AKTYAJIbBHI BUKJIUKHA
MOPCBKOI BE3IEKH TA CTPATETI MPOTUIIL

Takcic A.B., Ilanuenko I.M.
Xepconcoka deporcasna mopcovka akaoemis
(Vkpaina)

Beryn. IliparctBo B I'BiHEHCHKI 3aTOlll € OHIEI0 3 HAUCKIATHIIINX TPOOIEM Cy4acHOTO
MDKHApOJHOTO MOPCHKOTO mpaBa Ta Oe3neku. [loumnaroum 3 2011 poky, usg JisIbHICTH
NepeTBOpMIIacs Ha mpodiieMy Ti00anbHOro MacmTaly, 0 BIUIMBAE HA HU3KY KpaiH 3axigHOoi
Adpuxku Ta cBitoBy TopriBmo. [lipatm B 11bOMy perioHi 3a3Buyail € a00pe 030pOo€HUMH
3JIOYMHHUMHU CTPYKTYPaMH, SKi CIHEIiaTi3ylThCsl HA BUKOPHCTAHHI HACHUIBHHUIIBKUX METOJIIB,
[EPEeBAXHO 3 METOK BHKPAJEHHS WIEHIB MDKHAPOJHMX €KIMaxiB 3apaaud BHKyIly. Xoda
ICTOpUYHO TipaTchKi Hamaau OynM 30cepeKeHi Ha BHKpazeHHI HadpToBaHTaxiB (2012 pik
¢bikcyBaB BUCOKHI piBEeHb HaMaAiB — On3bK0 966 iHIMAEHTIB) [1], cydacHuii XapakTep 3arpo3u
coKycoBaHUI HA 3aXOIUICHHI JIFOJIEH, 1110 € TOJIOBHUM MOKa3HUKOM HEOE3MEKH PerioHy.

AKTYaJIBHICTh J0CJTi/KeHHA. AKTYalbHICTh JJOCHIDKEHHS 3yMOBJIEHA MapaJ0KCalbHOO
IMHAMIKOIO TiparcTBa y [ BiHe#chkiii 3atomi. Ha T ycmimHuX MiKHapOJIHUX BIHCHKOBHX
oreparliii Ta 3HaYHOTO 3HIDKEHHS 3arajibHOl KUTbKOCTI HamaaiB y 2024-2025 pokax, periox
3aJIMIIAETHCS 30HOI0 HAWBHIIOTO PU3UKY BUKPAJICHHS eKinmaxiB y cBiti. Lle cBiguuTh mpo
3MILIEHHA XapakTepy 3JIOYMHIB, a He IXH€ IMOBHEe mNpunuHeHHs. lIpoGnema Mae 3Ha4HI
eKOHOMIUHI Ta TEONOJITHYHI HACHiAKH, OCKIIBKM 30MTKH KpaiH perioHy, 30kpema Hirepii,
csramu MUIBSPIIB JI0JIapiB, MiAPUBAIOUM eHepreTuuHy Oesmeky. Kpim Toro, KpuTuyHUM
3aJIMIIAETHCS TPABOBUN aCIeKT: OOMEXKEHHS OPHCIUKIT BiICBKOBUX CYyJEH IPOJIOBKYIOTH
crpuaTy 0e3KapHOCTi 37104YHHIIB. HeoOXiIHICTh yCYHEHHS X OOMEKEHb Ta aHaji3 MOTeHIaTy
XKeneBcbkoi aexnmapanii mpo mpaBa JOAMHA Ha Mopi (2022 p.) SK HOBOTO IHCTPYMEHTY
[IPaBOBOTO 3aXHUCTYy JKEPTB MipaTCTBAa BU3HA4Ya€ HEOOXITHICTb MPOBEIECHHS LbOTO JOCIIIKEHHS
11 3a0e31eueHHs cTa0lIbHOCTI Ta 0€3MeKH MOPChKUX HUIAXIB.

IMoctanoBka 3amaui. OcHOBHa 3aja4ya  JOCHIPKEHHS TMOJSArae y TPOBEJEHHI
KOMIUIEKCHOTO aHaJli3y MPUUYMH CTIHKOCTI MIPAaTChbKUX CTPYKTYp y I'BiHEHCHKIi 3aTOL Ta OLIHII
JUHAMIKU 3JI0YMHHOI JISJIBHOCTI (B BUKPAJCHHS BaHTaXIB O BUKPAJACHHS JIOCH) CTAaHOM Ha
2025 pik. HeoOximHo mnpoaHamizyBaTu (akTOpu HEEPEKTUBHOCTI ICHYIOYMX MPaBOBHUX
MEXaHI3MIB Ta OOIPYHTYBaTH HEOOXIHICTh YJOCKOHAJEHHS MIXHApPOIHO-TIPABOBOIO PEXKUMY
st 3a0e3redeHHst Oe3NeKH CyAHOIUIABCTBA, a TAKOX BCTAHOBHUTH OOMEXKEHHS, SIKi CTBOPIOE
MDKHApOJHE MPaBo 11010 OPUCAMKIIT, Ta BU3HAUYUTH poib JKeHeBChbKOi JeKiapallii mpo mpasa
JIIOJJMHU Ha MOPI1 Y 3aXUCT1 )KEPTB MOPCHKUX 3JI0UYHMHIB.

PesyabTaTn nocaigkens. [Ipu 3aransHOMy 3HIKEHHI aKTUBHOCTI MOPCBKOT'O MipaTCTBa B
Macmtabax 1uranetH, y ['BiHenchbkii 3aTomi 10 2023 poky crioctepiranocs ii 3HaYHe 3pOCTaHHS.
3a nanuMu M1KHapOAHOTO MOPCHKOTO OIOpPO, MPOTATOM MIKOBUX POKIB PO30IMHMKM BUKpaIaliud
MOHAJ CTO JIIOZIEH Ha pik, Mo ckianano maibke 90% Bi 3araibHOi KiJTBKOCTI BHUKPAJICHUX
MOPSIKIB y CBITI [2].

Cranom Ha 2025 pik, 3aBASKH Y3TOJKEHUM JiM JEp’KaB PETiOHy Ta MIDKHApOIHOI
BIICbKOBO-MOPCBHKOI TMPHUCYTHOCTI, 3arajbHa KUIBKICTh IHIUJAEHTIB CYTTEBO 3HH3MJIACH,
3aiKCYBABIIM OJIMH 13 HAWHWKYUX TMOKA3HUKIB 3a ACCATHWIITTS (Hanmpukiam, 15 1HIUIEHTIB 3a
nepuri aes'ste micsuiB 2025 poky) [3]. Ilpore 3arposza BHKpaZeHHS eKimaxiB 30epiraerbcs,
OCKUIbKM KpUMIHAJBHUI MOTHB HE ycyHeHO. [lipaTu Tenep MmosioTh NepeBaXHO Ha TUXOX1IHI
TaHKEPHU Ta JOMOMIXHI Cy/IHa, 30epiralouu 34aTHICTh 31MCHIOBATH aTakM y BIAKPUTOMY MOpi Ta
KOHIEHTPYIOUM CBOIO JiSUIbHICTh Ha 3aXOIUICHHI YIEHIB €KiMaKiB 3apajau BHUKYMy. I BiHelcbka
3aTOKa, HEe3Ba)KAalOUM Ha 3HIKEHHS 3arajbHOi KUIBKOCTI HamajiB, MPOJOBXKY€E YTPUMYBATH
JAEPCTBO 32 KUIbKICTIO BUKPAJEHb MOPSIKIB y CBITI.

ExoHomiuHi Hacnigku € katactpodiuHuMu. HaiiGinble cTpakaaroTh BETUKI MIXKHAPOHI
Ha¢ToBl komnaHii (ExxonMobil, Chevron, Shell, Eni 1 Total). /[ii Mopcbkux mipatiB 3aBAar0Th
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3HAYHOI IIKOJIM 1 KpaiHaMm perioHy: Hampukiaj, 30utku Hirepii Bixg miparctBa y 2022 poui
cranoBwin 400 000 GapeniB HadTH moAHS, 200 $1,5 Mip Ha Micsiub (Maibke 5% BBIT) [4].

@i3uuHI 3aX0AM MPOTHUMIl BKIIOYAIOTH BCTAHOBJICHHS KOJIIOYOTO JAPOTY MO HEPUMETPY
CyJIHa Ta BUKOPUCTAHHS TIOMII JIJIsl 30MBaHHS IipaTiB, K1 HAMAraroThCs MIHATHCS Ha 0opT [5].
[TpoTe 1i 3aX0/1 € JHIE TACHBHUM 3aXHUCTOM.

EdexkTuBHICTh 1HCTUTYIIIHHOT MPOTHAIT OOMEXYEThCS HOPMAaMH MIDKHApPOJHOTO IIpaBa:
BICHKOBI Cy/IHa MOXYTh HaJJaBaTH JOINOMOTY 3aXOIJICHOMY KOpalJIio TUIBKM Ha CBOTH TepHUTOpii
(TepuTOpiaIbHUX BOJAX), @ HE y HEWTpalibHUX Bojax. Lle cTBOpIOE IOPUIMYHMI BakyyM,
BHACITIJIOK SKOTO TipaTH, OTPUMABIIN BUKYTI, YaCTO 3JIUIIAIOTHCS HEMOKapaHUMHU. J[Bi TOIOBHI
CBITOBI Oprasisaiiii, o 3aiMarTHCS MPOTHAIEI0 MIPaTCTBY — MiKHapOJHA MOPChKa OpraHizallis
Ta MibKHApOIHE MOPChKE OIOPO— Ha MPAKTHII MOXKYTh JIUIIIEC HAJIaBaTH PEKOMEH/AIIl IIOA0 ik
y pasi 3aXOIUICHHS CYJIHA, a TAKOK HAHOCUTH Ha KapTH 30HU PU3UKY [5].

He3Baxaroun Ha ropunuHi 0OMeXeHHs, y chepi 3aXUCTy MpaB MOTEPIIINX BiIOYBAETHCS
po3BuTok. 01 Gepesnst 2022 poky B JKenesi Oyna npuiinara JKeHeBChbKa JeKIapailis mpo mnpasa
JIOAWHU Ha MoOpi. BoHa € 0a30BMM MiKHApOJHHM JOTOBOPOM i3 TNpaB JIOAWHH, SKHHA CTaB
OCHOBOIIOJIO)KHUM JTOKYMEHTOM Ul 3aXHCTy Ha JIep>KaBHOMY piBHI IpaB TPOMAJsH, IO
noreprian Bix miparcTBa. [losiBa JKeHeBchbKoi nekiaparii crana Ba)JIMBUM KPOKOM JIO
dbopMyBaHHS rI100aTbHOI IPABOBOT OCHOBU 3aXHCTY JKEPTB MOPCHKUX 3JI0YUHIB.

EdextuBHa OopoTrba 3 miparctBoM y ['BiHelWchKkili 3aTolli BUMarae KOMIUIEKCHOTO
HiIX0Ay, SIKUA TO€IHYE: Y3TOMKeHI il JepikaB perioHy Ta MDKHApOJHMX OpraHizaliiil s
PO3IIMPEHHS 30HU MATPYIIOBAHHS; YIOCKOHAJIICHHS MPAaBOBUX HOPM 1 MEXaHi3MiB MPUTITHEHHS
JI0 BIAMOBIJAIBHOCTI, IO YCYBaIOTh IOPUCAUKIIIIHUN BaKyyM; MOCUJICHHS PiBHS TEXHIYHOTO Ta
(bi3UYHOTO 3aXUCTY CYACH; MXKHAPOIHY CIIBIIpAIio y chepi MOpchKoi Oe3neky.

BucnoBku. [liparctBo B I'BiHEHCBHKI# 3aTOIll 3aIMIIAETHCS MACIITA0HOK OE3MEKOBOIO Ta
€KOHOMIYHOIO MTPOOJIEMOI0, 10 OEe3MOCepPEeIHBO BILTUBAE HA CBITOBY TopriBito. Ctanom Ha 2025
piK, HE3BAXKAIOYH HA YCIHIIIHY BiiChKOBO-MOPCHKY CTPUMYIOUY OMEpallito, sika 3HU3UIA 3araibHy
KUIBKICTh HamajiB, perioH 30epirae cTaTyC CBITOBOrO Jijiepa 3a BHUKPAJEHHSMHU EKIMaxiB.
Knro4oBUM BHUKIMKOM 3aJMIIAETbCA OPUIMYHA HECHPOMOXKHICTH MIKHApOJHOTO IpaBa
e(eKTUBHO KapaTu MipaTiB yepe3 OOMEKEHHs IOPUCIMKIII BiiicbKOBUX cyleH. [IpuiHATTS
JXeneBcbkoi aeknapanii mpo mpaBa JOAMHU Ha Mopi (2022 p.) € BaXIMBUM KPOKOM IO
3MII[HEHHS NIPAaBOBOT'O 3aXUCTY XEPTB MipaTcTBa. TUIbKM CHUIbHI Ta CKOOPAMHOBAHI 3YCHIUISA
CBITOBOT CIIBHOTH, CIIPSIMOBaH1 Ha YCYHEHHS MPABOBUX IPOTAIMH Ta 3a0e3MeUeHHs MOCTiHHOT
INPUCYTHOCTI y PErioHl, MOXYTh TrapaHTyBaTH O€3MeKy MOpPCHKHX HUIAXIB, 110 € HEOOXI1JHOIO
YMOBOIO JUISI CTAJIOTO PO3BUTKY CBITOBOI TOPTIiBIIi Ta IN100aIbHOT €KOHOMIKH.

JITEPATYPA

1. Hogg J. Pirates paid $400,000 ransoms in West Africa's Gulf of Guinea. BBC News.
2016. URL.: https://www.bbc.com/news/world-africa-36191477

2. Jlomiauyk C. Ilipatm I'BiHeWicbkoi 3aTOKH: SK (DIiOyCcThEpH BUKPAJAIOTH JIFOJEH
samicte HadpTu. Mind. 2020. URL: https://mind.ua/publications/20210796-pirati-gvinejskoyi-
zatoki-yak-flibusteri-vikradayut-lyudej-zamist-nafti

3. International Maritime Bureau (IMB). Piracy and Armed Robbery Against Ships
Report, ICC International Chamber of Commerce. January — September 2025. URL:
https://www.steamshipmutual.com/sites/default/files/medialibrary/files/2025%20-%20Jan%20-
%20Sep%201MB%20Piracy%20and%20Armed%20Robbery%20Report.p

4. IliparcTtBO y I'BiHe#CchbKIN 3aToIl. Bikineois. URL:
https://uk.wikipedia.org/wiki/ITipatcTBo_y I'BiHeichbkiil_3aTori

5. [I'BiHeiickka 3aTOKa B JaHWK Yac € HAWTIPIIOK TOYKOKO TiparcTBa B cBiti. Barbed.
2019. URL.: https://barbed.ua/ua/news/gvineyska-zatoka-v-danyy-chas-ye-naygirshoyu-
tochkoyu-piratstva-v-sviti

03-04 2pyousa 2025 poky 149


https://www.bbc.com/news/world-africa-36191477
https://mind.ua/publications/20210796-pirati-gvinejskoyi-zatoki-yak-flibusteri-vikradayut-lyudej-zamist-nafti
https://mind.ua/publications/20210796-pirati-gvinejskoyi-zatoki-yak-flibusteri-vikradayut-lyudej-zamist-nafti
https://www.steamshipmutual.com/sites/default/files/medialibrary/files/2025%20-%20Jan%20-%20Sep%20IMB%20Piracy%20and%20Armed%20Robbery%20Report.p
https://www.steamshipmutual.com/sites/default/files/medialibrary/files/2025%20-%20Jan%20-%20Sep%20IMB%20Piracy%20and%20Armed%20Robbery%20Report.p
https://uk.wikipedia.org/wiki/Піратство_у_Гвінейській_затоці
https://barbed.ua/ua/news/gvineyska-zatoka-v-danyy-chas-ye-naygirshoyu-tochkoyu-piratstva-v-sviti
https://barbed.ua/ua/news/gvineyska-zatoka-v-danyy-chas-ye-naygirshoyu-tochkoyu-piratstva-v-sviti

IIpo6aemu cmasozo po3sumky mopcovkoi 2anysi (PSDMI - 2025)

OIIEPATUBHE ITPOT'HO3YBAHHSA OKEAHOI'PA®IYHUX YMOB
JIJIS1 3BABE3NEYEHHS BE3NNEKU MOPEIOCHIOJIAPCBKOI
AIAJBHOCTI

Tyuxoeenxo 10.C.*%, Kywnip /I.B.Y, Mamuzin O.C.5, I'azemoe E.I°, Yenypna B.IO.?
Y Ooecwvruii nayionanvnuii ynisepcumem imeni 1.1, Meunuxosa
(Ykpaina)
2 [ncmumym mopcuvkoi 6ionozii HAH Vxpainu
(Ykpaina)
3 iopomemyenmp Yoprozo ma A306cvko2o mopis
(Ykpaina)

Beryn. OmnepaTuBHE TNPOTHO3YBaHHS 3MiHM OKeaHOrpaiyHMX TIapamMeTpiB CTaHy
MOPCBHKOTO CEepe/IoBHUIlA YKpaiHChbKOi 4acTMHM akBaTopii A3oBo-HopHOMOpChKOro OaceilHy,
0CcO0JIMBO TAaKHMX SIK BITPOBE XBHJIIOBAHHS, BUKIMKAaHUX BITPOM KOJHMBAaHb PIBHA MOpS, TEUiH,
HeoOXigHe i 3a0e3leueHHs MOTped  MOpPErocrnojapcbKoro  KOMIUIEKCY, — Oe3leku
MOpETUIaBaHHsI, TOPTOBO-IIPOMHCIOBHX 1 pEKpeamiiHuX KOMIUIEKCiB, pO3TAlIOBAaHMX Ha
MOPCBKOMY y30€pex:Ki, YCIHIITHOTO BHUKOHAHHS IOIIYKOBO-PATYBAJIBHHUX OIEpaliidi Ha Mopi
JCHC Vkpainu.

Buacnigok okynarnii Kpumcekoro miBocTpoBa pociiicekoro ¢denepauieto, B 2014 p.
VYkpaiHa BTpaTWia HaI[lOHAIbHY aBTOMAaTH30BAaHY CHCTEMY MOPCBHKOTO MPOTHO3YBAaHHS IS
YopHoro ta A30BCHKOrO MODiB, sika Oymna cTBopeHa Ta (yHKLiOHyBasa Ha 0azi Mopchkoro
rizpo¢izuuHoro inctutyty Harmionanpnoi akazmemii Hayk VYkpainum (m.CeBacromoisip) 3a
(iHaHCOBOIO Ta MaTepiadbHO-TEXHIUYHOI MiATpUMKOI0 €Bporelicbkoro Corosy [1]. ¥V 3B’s3ky 3
UM, BHHHKIA HarajibHa mOTpeda CTBOPEHHS HOBOTO aBTOMAaTH30BAHOTO MOJAEIHHOTO
KOMIUIEKCY Ui OINEpaTUBHOIO IPOTHO3Y KOPOTKOYACHOI MIHJIMBOCTI OKeaHOrpadiuHuX
XapakTepUCTHK B akBaTopisx YopHOoro 1 A30BCBKOIO MOpPIB B MeEXaxX BiIHOBICHHS
(YHKI1IOHYBaHHS HalllOHAJIbHOI CUCTEMU MOPCBHKUX NMPOTrHO3iB YKpainu. Takuil komriekc OyB
ctBopeHuil B O/1eCbKOMY JIep’KaBHOMY €KOJIOTIYHOMY YHIBEPCHTETI IPU BUKOHAaHHI HayKOBO-
nocmigHoi pobGotu  «Po3poOka CKIIQAOBUX HALIOHAJIBHOI CHUCTEMH MOPCBKHUX MPOTHO3IB
VYkpainu» AP Ne 0117U002425, sxa ¢dinancyBanach MiHICTEpCTBOM OCBITH 1 HayKu YKpaiHu
npotsirom  2016-2019 pp. [2-4], 1 nepenaHuii a1 BUNPOOYBAJBHOIO BHMKOPHCTaHHS B
I'inpomeruentp Yopuoro ta Azoscbkoro mopis (I'ML] UAM, Opeca).

Kommiekc ckianaeTbes 3 CydyaCHUX €BPONEHCHKUX YMCENbHUX MPOTHOCTUYHUX MOJEIeH
(pO3pOOHMKKM — HAYKOBO-IOCTIIHWN 1HCTUTYT TMPUKIATHUX JOCTIIDKeHBb «JlenTapecy,
Hinepnanau, ta Delft University of Technology), siki iHTerpoBaHi Mi’k co000: TiApOIUHAMIYHOI
mozeni Delft3D-FLOW, cnektpanbHOi MoJeNi sl IPOTHO3Y MPOCTOPOBO-Y4aCOBOi MiHJIMBOCTI
napametpiB BiTpoBoro xsumoBanHs SWAN — Simulating Waves Nearshore Model, ski Oymu
ajanroBaHi 70 yMoB A3zoBo-UopHoMopchbkoro OaceiiHy, Bepu(ikoBaHI 1 BaliJloBaHl 13
BUKOPUCTAHHSM JIaHUX HATYPHUX CIIOCTEPEkKeHb [2—4].

Kommnekc ocHameHuii nporpaMHUM MOJYyJIEM JJisl 34YUTYBaHHS METEOPOJIOTIYHOT
iHpopmanii 3 BeO-cepmicy, 1ii (¢uibTpamii Ta MIATOTOBKM 1O BUKOPHUCTAHHSA IPHU
TIpOAMHAMIYHOMY MOJIETIOBaHHI, a TAaKOXX MICTUTh OpUTIHAJIBHUN 1HTepdelc crnokuBaya —
orepaTopa-porHo3ucTa Juis poOOTH B CHPOIIEHOMY JA1aJIoTOBOMY peXxumi 1 rpadiuHoro
MIPEJICTaBICHHS PE3YJIbTaTiB IPOTHO3YBaHHS.

Ha TenepinHiit yac KOMILJIEKC MPOXOIUTH BUITPOOYBalIbHE BUKOPUCTAHHSI B OTIEpaTUBHIN
NpOrHocTUYHIN npaktuwi I'iapomerientpy YopHoro i A30BCHKOTO MODIB.

Mema pobomu nondrae B ONPUITIOJHEHH] PE3yJIbTaTiB BUIPOOYBAILHOTO BUKOPUCTAHHS
aBTOMAaTH30BaHOTO MOJIEIBHOTO KOMIUIEKCY Y CKJIa/l IHTETPOBAaHUX YMCEIbHUX MAaTEMaTHUYHHUX
mozeneit Delft3D-FLOW + SWAN nns onepaTHBHOrO NPOTHO3YBAaHHSI KOPOTKOCTPOKOBOT
MIHJIMBOCTI OKeaHOrpaiyHMX XapaKTepUCTHK Ha MiJXO0AaX A0 MOPCHKUX MOpTiB OaechbKoi
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armomepariii B mepiof ;koBTeHb 2024 p. — 6epesensb 2025 p.

AKTYaJbHICTh J0CHiIzKeHb. J[OCTOBIpHI MOpCHKI MPOTHO3W CIHPHUSAIOTH MiHIMI3aIlil
BTpaT Ta 30UTKIB BiJi HECHPUATIMBHX MOTOJHHX YMOB 1 MaKCHMI3yIOTh BUTOJAY 32 pPaxyHOK
palioOHAJILHOTO  BUKOPHMCTaHHsS CHPUSATIUMBUX (DAKTOPIB MOpPCHKOro cepefoBuma. Yum
peTenbHille BUKOPHCTOBYEThCA 1H(OpPMAIIis PO MOroAy i cTaH MOPCHKOTO CEPEeIOBHIINA Y BCIiX
chepax EKOHOMIKHM, TIOB’SI3aHMX 3 BHKOPHUCTAHHSIM PECYpCIB MOps, THM CTilKime Oye
E€KOHOMIKa MPUIETINX 10 Mops obiactedl YKpaiHu 10 BCiX MposiBiB MpupoaHOi cTuxii. CBiTOBa
CTAaTUCTUKA CBIIYUTH, IO SKIIO JOBIPATH T1APOMETCOPOJIOTIUHIN 1H(GOpMaIlii 1 aJeKBaTHO Ha
Hel pearyBaTH, TO MokHa 3armo0irtu Bix 30 1o 40 % cormiaibHO-eKOHOMIYHUX BTPAT BiJl CTHUXIi,
K1 BU3HAYAIOThCS COTHSAMM Ta MUIbHOHAMU IPUBEHbB, 1 IOBHICTIO YHUKHYTH JIFOJCHKUX XKEPTB.

IocTranoBka 3amauvi. [lpu mnpoBeeHHI NPOTHOCTHMYHHMX pPO3PaxXyHKIB B akBaTopil
YopHoro ta A30BCHKOr0 MOpiB BUKOPUCTOBY€EThCS 0a30Ba KPUBOJIIHIMHA pO3paxyHKOBa CITKa 3
NEepeMiHHUMHU y TOPU30HTANIBHIN TUIOIKHI po3MipamMu ocepeakiB AXy=2,5-5 kM. Y cepenuni 1iei
0a30Boi CiTKM OyJK 3reHepOoBaHi BKJIaJCHI pO3PaxXyHKOBI CITKM 3 OLIBIION0 JeTanizaliero: AXy =
0,8-1,5 kM — auns miBHIYHO-3aXigHOI YacTHU YopHoro mops (ITH3UM) i Axy = 90-250 m — s
akBaropii Oxecbkoro paitony [Tn3UM, ne posramosani Mopchki moptu YopHoMmopebk, Ogneca,
[TiBnennwuii [4].

VY saxocti BXigHOI iH(OpMAIii IS MOJENIOBAaHHA B aBTOMAaTH30BAaHOMY PEXHUMI
BUKOPUCTOBYIOTBCSI METEOPOJIOTIYHI IHPOTHO3M, SIKI HAJal0Thcid 3a II00AIbHOI YHUCEIHHOIO
mojentio mporuo3y noroau GFS (Global Forecast System) i BiibHO OTpUMYIOTBCS 3 BEO-CEpBICY
NOMADS (National Operational Model Archive and Distribution System) HamionamsHoi
meteoposoriynoi ciyxou CLLIA.

ABTOMAaTH30BaHUN MOJICIBHUI KOMILJIEKC JI03BOJISIE OTPUMYBATHU fAK IEPeNiCTOPi0
PO3BUTKY METEOPOJIOTIYHOI 1 okeaHorpadigHoi cutyamii (1o S5 mi0, aje MOKHA 30UTBIIATH
BIJIMOBIAHO 710 1MOTpeO), Tak 1 MPOTHO3 PO3BUTKY OkeaHorpadiuHoi cutyanii Ha 10 1i6 Boepen
BiJ] 1aTH BUPOOJIeHHss nporHo3y. OfHaK ciij 3BayKaTH Ha Te, M0 BUITPOOYBAHHS MPOTHOCTHYHOI
3IaTHOCT1 MPOrPaMHOI0 KOMIUIEKCY, Y BapiaHTi 13 BUKOPUCTAHHSIM MPOrHOCTUYHOI iH(popMarii
1010 MIHJIMBOCTI BiTpoBUX YMOB 32 GFS mporno3om, mokasaiio, 1o BiH MOXe 3aCTOCOBYBATUCH
JUIs HAJAaHHSA BUIIPABJAHOIO OINEPATUBHOIO IPOTHO3Y MIHJIMBOCTI  OKeaHOrpadiuHuX
XapaKTEePUCTHK 13 3aBUacHICTIO 10 4 110 [4]. OxeanorpadiuHi MPOTHO3H 3 OUIBIIO0 3aBYACHICTIO
MaroTh Majly BUIPaBAAHICTh Y€pe3 HEJAOCTATHIO TOYHICTh METEOPOJIOTIYHOTO IPOTHO3Y.

VY noTtouHiil Bepcii KOMIUIEKCY PO3PaxOBYIOThCS BUKIIMKAHI BITPOM KOJIMBAaHHS PIBHS
MOpsi, TapaMeTpU BITPOBOTO XBUIIIOBaHHS Ta BITPO-XBMJIBOBUX T€Yi HA MOPCHKHX aKBaTOPIsAX
[TH3YM, BKIIIOYHO 3 MIAXOJaMH 10 MOPTIB. Y pa3i moTpedu B OTPUMaHHI OUIBLI JeTalli30BAHUX
y TMpOCTOpi pe3yJbTaTiB PO3PAXYHKIB OKEaHOTpaiuHUX XapaKTEpUCTUK, HANpPHUKIAJ, Jis
BHYTPIILIHIX MOPTOBUX aKBATOPIi, JMMaHIB, TUPJIOBUX oOlacTell piuoK, Il HUX MOXYTb OyTu
3reHepoBaHi  JOAATKOBI  KPUBOJIIHIAHI ~ pO3paxyHKOBI CITKM 1 3aCTOCOBAaHO  METO[
«TEJIeCKOMIi3alii» po3paxyHKOBHX CITOK 3 PI3HOIO ITPOCTOPOBOIO JI€TaNI3ALIELO.

Bepudixkarist po60TH NPOrHOCTUYHOTO KOMIUIEKCY BUKOHYBAJIaCh LUISXOM IOPIBHSHHS
pe3yJIbTaTIB TPOTHOCTHYHUX PO3PaXxyHKIB 3 JMAaHHUMH CIIOCTEPEKEHb 3a BHCOTOI XBWIb Ta
piBHEM MOpsl Ha MOPCBKUX Timpomereoposoriynux ctanuiasx (MI'C) 'ML] YAM B mnoprax:
Yopuomoperk (I'MB «Hopuomopcrk»), Oneca (MI'C «Opeca-iopt») Ta IliBnennuit (MI'C
«mopr IliBnennuity). Criocrepexenns Ha MI'C BUKOHYIOTBCS: 32 BUCOTOIO XBHJIb — Bi3yallbHO;
3a piBHeM Mopsi — Ha MI'C «Opeca-nmopt» — 13 BUKOpHCTaHHAM Mapeorpady, Ha ['Mb
«Hopromopebk» 1 MI'C «nopt [liBaeHHHI» — 13 BAKOPUCTAHHAM PIBHEBUX PEHOK.

HonaTtkoBo, s BinkpuToi yacTuHU ONlechbKOi 3aTOKHM BepHQiKallisi IPOTHO3Y BHCOTH
XBWJIb, HAJAHOTO 13 BHUKOPUCTAHHSAM MOJIEIIBHOTO KOMIUIEKCY, 3[iMCHIOBaJach MIUIIXOM
MOPIBHSIHHSI TPOTHO30BAHUX BUCOT 3HAYHMX XBWIb (SWH) 3 nanumu Habopy Global Ocean L3
Significant Wave Height From Nrt Satellite Measurements [5] va moprani COPERNICUS, siki
Oynu oTpuMaHi ambTHMETpaMu CymyTHHKIB: Sentinel-6A, Jason-3, Sentinel-3A, Sentinel-3B,
Cryosat-2, SARAL/AItIKa, CFOSAT, Hai Yang-2B. Ycboro juisi BKa3aHOTO BHUIIE TEPIOTy IS
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akBaTopii Onechbkiil 3aToku BuKopucTano 155 Bumipisa SWH.

PesyabTaTi nocaigxens. Ha puc.] npuBeneHi pe3ynbTaTi MPOrHO3YBaHHS BUKIMKAHUX
BITPOM JICHIBEJSALIM piBHA Mops Big He30ypeHoro crany B paiioni mopry Opeca, ski
MOpiBHIOKOTECA 31 cmoctepexkenumu Ha MI'C  «Opeca-opt»  3HavyeHHsAMHU. OcTaHHI
PO3paxoBYBAJIKCh K BIAXWIEHHS MOTOYHHUX crocTepekeHux 3HaueHb Ha MI'C Bix ocepeaneHux
3a mepenyoui nporuosy 14 ai6 cnocrepexxeHb. BuaHo, 1m0 yacoBa JuHaMika 3MOJIE€IbOBAHUX
3HA4YeHb JICHIBEIALIM piBHA MOpS 100pe Y3TOMKYEThCS 31 CIIOCTEPES)KEHUMH 3HAYCHHSMHU B
Jiara3oHi MIHJIMBOCTI BIIXUJIEHB PIBHSA MOPS BiJ HE30ypeHOro BiTpoM crany Bifx -0,4 1o 0,5 m.
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Pucynox 1 — YacoBa MiHJIHMBICTh BiIXWJIEHB PiBHS MOps mo06au3y nopty Oneca y KOBTHI
2024 p. — 6epesHi 2025 p. 3a cnoctepesxkeHHs MU [ ML YAM Ta 3a nporao3om i3
BukopuctanusMm mMozeni Delft3D-FLOW na nepioa 1-3 110

Ha puc. 2 BuKoHaHO MOPIBHSHHS Pe3yJbTaTiB MPOTHO3YBaHHS BUCOT BITPOBUX XBWJIb 1
BIITIHHO-HariHHUX KOJMBaHb pIBHSA MOps B pailoHax posrtanryBaHHs mnopTiB OnecbKoi
arinomMepariii B nepiofn koBTeHb 2024 p. — Oepeszenb 2025 p., OTpUMAHUX 13 BUKOPUCTAaHHIM
mojenbHoro kommiekcy Delft3D-FLOW+SWAN, 3 pe3yiabTataMu  CHOCTEpEXEHb Ha
BianoBiAHUX ['MC Ta BUMIpIOBaHHSIMU aJbTHUMETpaMH CymyTHUKIB. Ha puc.2a mopiBHIOIOThCS
pe3yJabTaT MPOrHO3yBaHHS BUCOT BITPOBUX XBWUJIb 3 JIAHUMM Bi3yaJIbHHX CIIOCTEPEXEHb Ha
I'MC BukoHaHUX B CBITIIy Hopy A00H, siki cami mo co0i Bxke € npubnuzHnumu. Ha puc. 20
pe3yabTaTl MPOTHO3YBAHHS MOPIBHIOIOTHCS 3 JAaHWMHU J1arHO3y BHUCOT BITPOBUX XBHIIb,
BUKOHAHOTO Ha MiACTaBl CYNyTHUKOBMX BHMiptoBaHb. Ha puc. 2B mporsHo3oBaHi JI€HIBEISALIT
PiBHS MOP# BiJ HE30ypeHOro CTaHy MOPIBHIOIOTHCS 31 ciocTepeskeHumMu Ha ITMC.

[TpuBeneHi pe3yabTaTH CB1YaTh, IO MPOTHO3 BUKJIMKAHUX BITPOM JEHIBENALINA PiBHS
MOpsl 1 BHCOT BITPOBHUX XBWJIb JIOOpE Y3TOJUKYETbCS 3 JaHMMHU crocTepexxeHb Ha 'MC Ta
CYITyTHUKOBUMH BHMIPIOBaHHSAMHU. Psiiu, IO TOPIBHIOIOTHCS, MAalOTh JIOCTaTHHO TICHUH
B3a€MO3B’SI30K JUIS PO3PaxyHKIB 13 3aBYACHICTIO NMporHozyBaHHs Big 1 mo 3 ni6. Takox
BCTaHOBIJIEHO, 1110 MOJIECNbHUN KOMIUIEKC 100Ope BIATBOPIOE YaCOBY TMHAMIKY 3MiH PIBHS MOpS Ta
BUCOT BITPOBHMX XBWJIb SIK B MEPi0J INTOPMOBUX BITPIB, TaK 1 B yMOBaX JOMIHYBaHHS MMOMIpHUX
BITpIB.

BuCHOBKH. ABTOMAaTH30BaHUI MPOTHOCTUYHUN KOMIUIEKC Y CKJIAJl 1HTETPOBAaHUX MIX
coboro yncenbHUX MareMatuyHux mojenei Delft3D-FLOW+SWAN, B BapiaHTi 13 3aCBOEHHSIM
MPOTHOCTUYHOT METeOoposIoriuyHoi iHgopmanii i3 riaodansHOi arMocdepHoi mozeni GFS, mae
N00pi MepCreKTUBU BUKOPUCTAHHS B ONEPAaTUBHIA MPOrHOCTHYHIA mpaktuiil ['izpoMerueHTpy
YopHoro ta A30BCHKOrO MOpPIB JJIsi HaJaHHsS ONEPaTHBHOTO IMPOrHO3y KopoTkoyacHoi (1-3
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n00HM) MIHJIMBOCTI BHKJIMKAaHUX BITPOM KOJMBAHb PIBHA MOpPsS Ta BUCOT BITPOBHX XBHJIb Ha
Mmiaxonax J0 MOpCchkux MopTiB Opxechkoi ariomepartii. Y paszi HasgBHOCTI 3alliKaBJICHUX
CTHOXHMBAYiB MPOTHOCTUYHOT MPOJIYKIIii, MiCs TeHepalii 101aTKOBOI BKJIaJEHOI pO3paxyHKOBOI
CITKHM 1 3aCTOCYBaHHS MPOLIEIypU «TEJIECKOMI3alli» PO3paxyHKOBUX 00JIacTel, KOMILJIEKC MOXKE
3aCTOCOBYBATUCH JUIs HaJaHHS OMNEPAaTHMBHHUX IPOTHO3IB OKeaHOTpa(iuHMX YMOB 3 BHCOKOIO
IIPOCTOPOBOIO JeTalli3alli€l0 B OOpaHMX MOPCHKUX aKBAaTOPisiX: MOPCHKHUX IMOPTax, JHUMaHaXx,
THPJIOBUX 00JaCTAX PIUOK.

Takox € MOMXJIMBOCTI JOMOBHEHHS MOJEJIBHOTO KOMIUIEKCY JOAATKOBHUMH MOJIYJISMU 3
nakery nporpam Delft3D: PART, skuii 103BoJsi€e BUKOHYBATH MOJETIOBAHHS TPAHCIOPTY
(TpacyBaHHS) 4aCTOK JIOMIIIIOK PI3HOI IPUPOAM Ta 3 PI3HUMHU BIACTHBOCTSIMU BiJ 3aJ]aHOT TOUKH
ckuganns B mope; SED ta MOR — wmoayni ans po3paxyHKY TPaHCIOPTY HAHOCIB Ta
nedopmariiii 1Ha, SKi MOXYTh OyTHM 3acTOCOBaHI [JIi BUPIMICHHS 3a4ad JIITOAMHAMIKH,
NOB’SI3aHHUX 13 OI[IHKAMHM 1HTEHCHBHOCTI  3aHECEHHsS MiJIXiMHUX 1 CHOJYYHHMX KaHaiB,
aKBaTopiii MOpTiB, €QEKTUBHICTIO TIAPOTEXHIYHMX HaHoco3axucTHUX cropyd. Cdepa
NPUKJIAJHOTO 3aCTOCYBAaHHS MOJEIBHOTO KOMIUIEKCY MOXE OyTH 3HA4HO pO3IIMpEHa y pasi
JOTIOBHEHHS MOJIEIBHOTO KOMIUIEKCY BKa3aHUMU J10AATKOBUMH MOIYJISIMH.

2,5 ’ 2,5 1 ’
i v ol ] o,o’
(w2 [ 4
220 A g 207 8,7

o0 / = o”70
S , S} ] o
=15 A 15 A o‘?s
= 8 4o e ] oo °
= 1,0 o S 1,0 7 &7/ 9
: g 8 E y
go,5°l' o057 °g° &
3 ]
= ° a) 2 :Q$ o® 6
r:C'O,O et m0,0'..0.........).
0,0 1,0 2,0 0,0 1,0 2,0
Bucora xBuwis (MI'C), m Bucota XBmib (CyImyTHHK), M
0,5 1
= ]
g %%
£ ]
£ 0
= ]
%-Oll ]
s ]
<) ]
: 039
> ]
'0,5 TT T T [T T T T[T T T rrrrrrrro

-05 -03 -01 01 03 05
Pisens mopst (MI'C), m

Pucynox 2 — Jliarpamu BiZIIIOBiTHOCTI: MPOTHO30BAHMX 1 CITOCTEPEKEHUX BHCOT XBWIb HAa MI'C
«mopt IliBneHHuit» (a) Ta y BiAKpUTiH yacTuHi O1€CHhKOr0 3aTOKH 32 CYIyTHUKOBUMH JIaHUMH
(0); mporHO30BaHUX BITPOBHX JACHIBEINALIN piBHSA Mops 1 criocTepexeHnx Ha MI'C «Oneca-
nopt (B)
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SWOT-AHAJII3 CTAHY 3ABE3IIEYEHHS CTAJIOT'O PO3BUTKY
ABIANIJITPUEMCTB YKPATHY Y TOBOCHHMIA ITEPIO]T HA
MPUKJIAJI I <xAHTOHOB»

Kanawmnux I'. A., Kanawunuk-Puoanko M. A.
Vkpaincoka oepoicasna tbomua akademis
(Ykpaina)

Beryn. [lns BigHOBieHHS YKpaiHM Ticis 3aKiHYEHHS POCIHCHKO-YKpaiHCBKOI BiHH
HEOOXIIHUM € HaWIIBHIIEC BiJHOBJICHHS aBialiifHOI ramysi. Asie 1e motrpedye CcTpaTeriuHoro
TJIaHYBaHHS JIJIS TTOJI0JIaHHS AePIUTy KapiB, iIHPpacTpyKTypH Ta BiAMOBIAHOTO (piHAHCYBaHHS
[1]. TIpoBencuuss SWOT-anami3y € He JMIIE aKTyalbHUM, ajie i HeOOXiaHUM [Tt TpaHchopmarrii
aBlamiApUEMCTB YKpaiHM 3 BPa3JIMBOIO CEKTOPY B CTIMKMI €IeMEeHT HalloHaJIbHOI Ta
r100anbHOI eKoHOMiKM. lle M03BOMMTH HE JuIIe MiHIMI3yBaTH 3arpo3H, ajie W peanizyBaru
MTOTEHIIIAJ JIJIsl IHHOBAIIMHOTO 3pOCTaHHS Y TOBOEHHUH TIEPiO/.

AKTyalabHicTh  JgociigxeHb. SWOT-anamizs €  1HCTPYMEHTOM  CTpPaTEeridyHOTO
TUIaHYBaHHS, KU T03BOJISIE OLIHUTH BHYTpimHi (Strengths — cunbHi croponn, Weaknesses —
ciabki ctoponu) Ta 30BHimrHI (Opportunities — moxuBocti, Threats — 3arposu) dakropu, 1o
BIUIMBAIOTh Ha 3a0€3MEUeHHsI CTAaJOro PO3BUTKY aBiamianpueMcTB Ykpainu. Ctanuii po3BUTOK B
JAHOMY BMIAJKy PpO3IJISAAETHCS SK IHTErpalisi €KOHOMIYHUX, COLIaJbHUX Ta EKOJOTTYHHX
acIIeKTIB: BIJIHOBJIEHHS 1H(QPACTPYKTYpPU 3 YpPaxyBaHHSAM «3€JICHOIO» Mepexo.y, IMiJBUILIECHHS
KOHKYPEHTOCIIPOMO>KHOCTI 1HO3EMHHUX aBlaKOMIaHii, 3a0e3nedeHHs O€3MeKH Ta BHECOK Y
3arajibHy €KOHOMIUHY PEKOHCTPYKIiI0 Hamoi kpainu [2]. be3 cucteMHOro aHamisy iCHye pU3UK
MOBTOPEHHS MOMMJIOK BITUM3HSIHOI aBiallifHOi ramxy3i MUHYJIOrO, KOJM BOHA 3ajiexana Bif
IMIOPTHUX JII3MHTOBUX JIiTaKiB 1 He Mana pesepBHHX cTpaterid. SWOT-anani3z gomomoxe
MOJICTIIOBATH CIIGHApii BITHOBIICHHS aBiamiifHOI Trawy3i YKpaiHM y TIOBOEHHUU TMEpiof,
3a0e3neuyroun 0e3reKy Ta CTabUTbHICTh HAIllOHATBHOI EKOHOMIKH.

IMocTranoBka 3aBaanus. [Iposenenns SWOT-ananizy st inenTudikanii MOXKINBOCTEH
B yMoBax iHTerpamii Ykpainu 3 €C € KpUTUYHO HEOOXITHUM JUIsl 3a0€3MEYEHHSI CTaJoro
PO3BHUTKY BITUM3HAHHUX aBlamianpueMcTB. be3 Takoro anamidy BITUM3HsSHA aBialliifHa Traiy3b
PU3UKYy€e 3anuIuuTHC Ha nepudepii rnodampHOro asiamiiiHoro punky. SWOT-anamiz s
HepxaBHoro mignpuemMcrBa «AHTOHOB» (Il «AHTOHOBY»), K KIIIOYOBOTO TPAHCIOPTHOIO
aBlaminpueMcTBa YKpaiHH, € IHCTPYMEHTOM ISl OL[IHKM MOTOYHOI'O CTaHy Ta CTPAaTEridyHOro
IUTAaHYBaHHS B1JTHOBJIEHHS MICJs MOBHOMAacIITaOHOTO BTOprHeHHs PD B Ykpainy y 2022 pori.
Ile#t anami3 (OKyCyeTbCS Ha CTaJIOMy PO3BUTKY, BPaxOBYIOUM IOBOEHHI BUKIUKH, TaKl SIK
pyliHyBaHHsl 1H(QpacTpykTypu [1], 3aiexHICTH BiJl IMIOPTY Ta MOXJIMBOCTI YKpaiHU AJs
iaTerpamii 3 €C. [loBoeHHE BITHOBJIEHHS BHUMAara€ IMepexoay BIJ PEaKTHUBHUX 3aXOIiB 0
npoakTuBHOrO mianyBaHHs. SWOT-aHani3 noBUHEH 1IHTErpyBaTUCh B €KOCUCTEMHUN MiAXiA, /1€
aBlamiJIpUEMCTBA CIHIBIPALIOIOTh 3 JEpXKABOIO, IHBECTOpAaMU Ta CTEHKXOJAepaMu Ul
CTBOPEHHS CHHEPTIi.

PesyabTaTi gociaigaxenb. CHIBHI CTOPOHM aBIaiANPHEMCTB YKpaiHU MONATAlOTh Y
HasIBHOCTI PaJiHCHKOI/yKpaiHChKOI aBiallifHOI CHaIIMHK, aJaNTHUBHOCTI MiJ 4Yac pociiicbko-
YKpaiHChKOI BifHM Ta y MOTEHLiadi JJs BIAHOBJIECHHS BITYM3HSHOI aBialiifHOI ramys3i. YKpaiHa
Ma€ TMOTY)XHY aBialliifHy NPOMHUCIOBICTb, fKa CIEIalli3yeTbcs Ha BAXKKUX BaHTaKHUX
MepeBE3CHHSX, JIHINKY TpaHcnopTHux JiTtakiB JI1 «ArToHOB». CTanom Ha kiHens 2024 poky
YKpalHChKI aBlakoMMaHii ekcrutyaTyBainu 152 mitaku 3 gificHuMu cepTudikaraMu, 6arato 3 SKUX
BUKOPUCTOBYBalMCh i rymaditTapHux Micii OOH y kpainax Adpuku. lle 3abesmneuye
VHIKaJIbHY KOHKYPEHTHY TiepeBary YKpaiHHU B Hillli BAHTQXHHUX TIEPEBE3CHb, 1€ IMOIHUT 3POCTAE
Ha 18-40% wuyepe3 riobanbpHI JAHIIOTH TocTadaHb. [lepen modyarkom HII/IpOKOMaCHITa6HOFO
BTOPTHEHHS PO B YKpalHy 24 motoro 2022 poky pralHCLKl aBlakoMIaHii, sKi
CIeLiaNi3yl0ThCsl Ha LMBUIBHUX aBiallepeBE3E€HHIX, €BaKYIOBAJIH MOBITPSAHUIN (PIOT A0 CyCiiHIX
KpaiH, nepeBaxHo 10 PymyHii Ta MonnoBH, 1 nmpoJoBXuwin npaitoBaTi. HasBauii 36epexxenuit
KaJIpOBHIA MOTEHITia)l aBialiifHuX (haxiBIiB Oy/ae CIPHUATH a MIBHIKOMY BiJHOBIECHHIO aBialiifHOT
raiysi B Ykpaii.
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Cnabki CTOpPOHHM 3yMOBJICHI BIUIMBOM pocmcmco “YKPaiHChKOI BiliHH, py#HyBaHHAM
aBlanaHCHOpTHOI 1HpPaCTPYKTYypH, BTPATOIO aKTHBIB aBlaHlI[HpI/IeMCTBaMI/I Ta aBiaKOMITaHISIMH,
3aJICKHICTIO BiJl IMIIOPTY Ta HU3BKOIO «3€JICHOI0» TOTOBHICTIO YKPAaiHCHKUX aBiamiANpPHEMCTB.
[Tonan 20 aeponopTtiB Ykpainu 3 24 mororo 2022 poky MOIIKOIKEHO [1], MOBITpssHUIA TTPOCTIp
VYkpaian 3akputo 3 2022 poky. 30epeKeHHid MOBITPSHUN (0T YKpaiHCHKHUX aBiaKOMIIaHIN
notpedye MoaepHizauii — Ounbiie 62% mitakiB crapue 10 pokiB, 3 BUCOKUMU BUTpaTaMHu Ha
00ciyroByBaHHs. YKpalHChbKI aBlaKOMITaHIi 4Yepe3 BiliHY Ta 3pOCTaHHSA IIIH Ha TMajbHE
Hakonuumian Oopru moHanm $1 mupn mon. CIIIA. YkpaiHChki aBiakoMIaHIii HEIOCTaTHBO
BIIPOBA/IKYIOTh «3€JICHI» PIIICHHS BHACIIIOK BiJICYTHOCTI JepKABHOT MIATPUMKH JJIsi PO3POOKH
Ta BUKOPUCTAHHS CTIHKOTO aBialliifHOro maivBa, Mo cynepeduth crangapram €C [3, 4, 6],
BuMoraM ICAO [5]. Ane MOBOEHHMI TIEPio] MOXKE BIKPUTH MOKIIMBOCTI JJIsi 3pOCTaHHS 4epes
MDKHapOAHY JIOTIOMOTY Ta «3€JIeHY» PpEKOHCTPYKIII0 YKpAiHChKMX aBiamiJIpUEMCTB,
MOJIEpHI3allil0 aepOIOPTiB, IHBECTHLI] y BIPOBA/KEHHS CTiMKOro apianiiiHoro manuBa (SAF).
BiakpuTTs MOBITPSHOTO MPOCTOPY B YKpaiHi J03BOJUTH BiAHOBUTH MapimpyTH (€Bpona—As3is) 3
boKycoM Ha BaHTa)KH1 TIEPEBE3CHHS.

30BHIIIHI 3arpo3W BKIIIOYAIOTH pU3HK TOBTOPHMX arak P® Ha aBianchnopTHy
iH(dpacTpyKTypy, 10 OIOKye BiAHOBIEHHS aBiamianpuemctB. Cepes 3arpo3 TaK0K €KOHOMIYHa
HECTaOITbHICTB, lH(bJ'ISII_II}I 3pocTaHH4 1iH Ha nanbHe (Ha 70%), z[eqnum IHBECTHIII, 3aJIeXKHICTD
VYxpaiau Big nponopiB (G7, €C), 3pocTaHHS KOHKYPEHII BiJl «3€JEHUX» aBiaKOMIaHiMH,
KJIIMaTU9HI HOPMH JiIst aBiamii Bignmosigao a0 Bumor ICAO [5], €C [3, 4, 6]. SWOT -anaini3 ms
imeHTudikamii MOXIMBOCTEH B ymMoBax iHrterparii Ykpainu 3 €C mis 3a0e3nedeHHs] cTajgoro
PO3BUTKY BITYM3HSHUX aBialliANPHEMCTB MPEACTABICHO y Tao. 1.

Tabmus 1 — SWOT-ananiz ans igentudikaiii MOXIMBOCTEH B yMOBax iHTerparii
VYxpaiau 3 €C 11 3a0e3neueHHst CTAIOr0 PO3BUTKY BITUM3HSHUX aBialiAPHEMCTB

aBlakOMIIaHIM BHACIIIOK BiliHH;
- Huzbka «3eneHa» roTOBHICTh YKPATHCHKUX aBialmiqIpHEMCTB
10 BUKOHaHHA BuUMor €C

Kareropis Kutouosi eiemenTu BnuiuB Ha craamii
PO3BHMTOK

Strengths - YHikaneHi Mozeni noBiTpsHuX cyaeH 111 « AHTOHOBY miis [MigTpriMKa OIBUIKOTO
(Cuabni IepeBe3eHHs BaKKUX BaHTaXiB (An-178, An-132), mo He BiTHOBJICHHS 3 ()OKYCOM
CTOPOHH) MAaIOTh aHAJIOTIB Ha CBITOBOMY PHHKY, HasiBHI 152 Ha "3eleHy" JIOTICTHKY Ta

TPaHCIOPTHI JITAKH; inTerpamito go €C.

- AIanTHBHICTH (€BaKyallis HOBITPSHOTO (IIOTY Iepen

ITOYaTKOM MAacIITaOHOTO BTOPrHEHHS PD);

- EASA-napTHepcTBo;

- EKOHOMIYHMIA CTUMYJI 1715l PO3BUTKY TYPH3MY, EKCIIOPTY
Weaknesses - PyiinyBanHs 20 ykpaiHCHKHX aepoIOpTiB; 301IbIIIy€e BUTPATH Ha
(cmadxki - Crapuit noBitpsauit giot (62% I1C >10 pokis); 40%, ranpMye
CTOPOHM) - ®inancosi 6opru Oinbmie $1 mupa gon. CIHIA ykpaiHchbkux | jaekapOOHi3allio;

notpedye inBectuiii $78
MIIpZ Ha TPAHCIIOPT.

Opportunities

- MOXKJIMBICTh (piHAHCYBaHHS YKpaiHU y IOBOEHHHUN TIEPiofT

MO>KIIUBICTD

- Exonomika (3poctaHH I1iH Ha aBiamiiiHe maixpae +70%,
HEOOXiAHICTh 1HBECTHUIIIN AJIsT BITHOBJICHHS aBialliiHOl rary3i
y po3mipi $9.96 mipx;

- KonkypeH1is 3 «3eleHIMI» 1HO3eMHUMH aBiaKOMIaHisIMH,
SIKi BignoBigaroTe BuMoram €C;

- 'moGaieHi pu3UKH

(MoxmauBocti) | BigHOBIeHHS ($524 mupm) BITPOBA/KEHHS aCPOTIOPTIB
- PunkoBe 3pocTanHs (BaHTaXHi IEPEBE3EHHS, PO3BUTOK 3 HYJIbOBUMH BUKH/IAMH
TypHU3MY); COz, pUHKOBE 3pOCTaHHS
- «3eneHunity mepexis aBiaiiHol ramysi; Ha 30% 10 2030 p.
- [aptaepcTBo 3 €C
Threats - MoxnuBi noBTopHi ataku P® Ha eHepreTnyHy Ta 3arpoxye cTanocTi;
(3arpo3sn) TPaHCIOPTHY iH(pacTpyKTypy; noTpedye 3aXHUCTy Ta

PEKOHCTPYKIIi.

SWOT-anamiz mist I «AHTOHOBY», SIK KJIFOUOBOTO aBiamiInmpueMcTBa YKpaiHw, ams
OLIIHKM TOTOYHOTO CTaHy Ta CTPATEriuHOro IUIAHyBaHHS BiTHOBJICHHS MIPEJCTABICHO Yy Ta0I. 2.
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Tabmunss 2 — SWOT-ananiz Il «AHTOHOB» HJsi OIIHKH IOTOYHOTO CTaHy Ta

CTpaTCl"i‘lHOFO IIJIaHYBaHHA Horo BiI[HOB.]'IeHHSI

CunibHi ctoponn (Strengths)
- BucoxokBarnipikoBaHHH 1H)XEHEpHUI KOJEKTUB Ta
CHaMIMHA PAITHCHKOI/yKpaiHChKOI aBialifHOi IIKOJH
Kb «AHTOHOB» (p03p0o0Ka yHIKaJIBHUX MoJenel sk An-
124 «Pycnan» ta An-225 «Mpis»).
- VHiKaIbHI MOJIEI JUTs BaXKKUX BaHTaxiB (An-178, An-
132), mo He MalOTh aHAJIOTIB Ha CBITOBOMy PHHKY.

- MlepxaBHa MiATPUMKA Yepe3 Ta CTPaTeriuHUH CTaTyC SIK
aKTHB HAIllOHAJIBHOI OE3IeKH.
- JlocBig TryMaHITapHHX Ta KOMEPIIHHHUX IepeBE3CHb

Caa6ki croponu (Weaknesses)

- 3acrapimmii mapk oOJamHAHHA Ta BiACYTHICTH
cepiifHoro BUpOOHUIITBA JiTakiB JiHiMKK An 3 2015
POKy uepe3 pOoCiiichKO-yKpaiHChKy BiliHy 3 2014
poKy, po3puB 3 P®, THMYacoBy 3aleXHICTh Bix
POCIICHKUX KOMIIOHCHTIB.

- ®inancoBi mpobmemu: Oopru, HeedeKTHBHE
YIOpaBIiHHS MalHOM Ta ayJIUTOBI MOPYIICHHS
(BTpatn Ha 1 mupp rpH 32 2022-2024 pp.).

- PyitnyBanHs KJIFOYOBO1 aBianiiHol

(excmiopt o Iunii, xpain [Tepcrkoi 3aTokm).

iHppacTpykrypu MA «IocToMensy.
- Jledinmt xaapiB Ta iHBECTHUILIN Yyepe3 BilHY.

Mo:xausocti (Opportunities)

- PexoHcrpykuis

JIHIWKA I1C

PEeKOHCTPYKIIisA An-225.

- Interparnisn 3 €C ta HATO: noctyn go rpantis €C,
HEOOXiTHIX
KOMITOHEHTIB, HOBI PHHKHU Ta BIIPOBAKEHHS CTAHIAPTIB
«3eJeHoi» asiarii.

- TloBoenna BimOyzoBa,

A0CTYII 0

3alm4aCTuH

Boeing Ta

norpebu B

MojepHizaiis daoty (miniiika [IC An-124-150).

- IHHOBalii, BIpoBa/KEHHS TiIOPUIHUX TEXHOJOTIH JUIs
CTaJIOr0 PO3BUTKY.

An-124-150,

JIOTICTHIII,

3arpo3u (Threats)

- IIponoBxennst reonomnitnanoi arpecii P® (pusux
MTOBTOPHUX aTaK Ha 00'€KTH 1H(1)paCprKTypI/I)
KOHKYPEHIIisI
KUTaliCbKi aHAJNOTHM) Ta 3aJeXHICTh BiJ iMIOPTY

- TI'mo6ambna

KOMIIOHCHTIB JJIs JIBUT'YHIB.

- ExonomiuHa

KpH3a
(iHaHCYyBaHHS, 1H(1)J1;1111;1 BUTPATH Ha BiZIOYyI0BY).
- ExonorivHi peryisuii Ta KIiMaTH4Hi PU3HKH.

B

(Boelng, Airbus,

Vkpaiai  (medimut

3a pesynbratamu npoBeaeHoro SWOT-aHamizy po3po0iieHO CTpaTeriyHi peKoMeHIaril
mis BinHoBieHHs 11 « AuTonoB» Ha nepiog 2026—-2030 pp. y moBoeHHUX yMoBax (Tabim. 3).

Tabmums 3 — Crpareriuni pexkomeHaamii s BigHoBieHHsS JII « AHTOHOB» Ha mepiof
20262030 pp. y TOBOEHHHX yMOBax

Hanpsim Pexomennamii Kirouori KPI Tepmin HapT.HepH / Toxepena
(hiHaHCYBaHHS
1. BignoBnenns | Pexoncrpykiris miniiiku [1C An-124- | 70 % 2026- | €C (Recovery Fund),
KIIOYOBOTO 150 3 Bukopucranusam 30 % rorosux | komrmiekranii no | 2030 Karap, Boeing,
aKTHUBY By3J1iB Ta KOMIIoHeHTiB (Boeing). 2028 p. YkpobopoHnpoM
2. Tuepcudikar | 3amyck cepiiiHoro BupoOHuITBa An- | KoHTpakTn Ha 2026— | GE Auviation,
ist BupoOHunTBa | 178 (6-8 G0pTiB/piK) 3 ABUTYHAMHE excropt I1C 2028 IIporpec, IBuenko-
CFM-56 / T1[1-35 (3amina J1-436). (ITepy, Tamis, Iporpec
Cayniscpka
Apasis).
3. ludpora Brposamkenns PLM-cucremu CkopoYeHHs! 2026— | Siemens, Microsoft
tpancdopmariis | Siemens Teamcenter + uudposuii LUKITY 2027 Azure Ukraine
JBiitHMK An-124-150. IPOEKTYBaHHS Ha
40 %.
4. «3enena» Cepruodikanis An-132D na SAF 3umxkenus CO, 2027 ICSA, SKyNRG,
aBiaris (Sustainable Aviation Fuel) + Ha 20 % m0 2030 | 2030 HAY
riOpuaHa cuiloBa yCcTaHOBKa Uit An- | p.
178.
5. JIroacekuit [Iporpama « AHTOHOB AKazeMis» 80 % kagpoBoro 2026- | MOH, €C
Kamitan (500 imxenepis/pik) + penokaris 200 | 3abe3neuenns 1o | 2029 (Erasmus+), Kanaaa
CIELIaJTiCTIB 3 OKYITOBaHUX 2028 p.
TepuTopiii, kpain €C.
6. HoBi punku MRO-xa6 y XKemrysi (IToxpmia) mis +$120 mun/pik 2026— | NATO, Ilosba,
An-124/ An-148 s kpain HATO + | moxony. 2027 Volatus Aerospace
koHTpakT 3 NATO SALIS o 2035 p.
7. ®inancosa IPO 25 % axmiii Ha Bapmascekiit Yucruit mpudbyTtok | 2027- EBRD, IFC, NBU
CTIHKICTD 6ipxki (mmiciist Koprioparu3arii) + > $50 miH 10 2028
obuiraii Bigoymosu Ha $300 MuH. 2030 p.
8. 3axuct AHTHApOHOBUI KoMITIeke «Kopai- 99,9 % 3axucry 2026 JIiTi [onicuctemc,
aKTHBIB AHTOHOB» HaBKOJO ["ocTomens + iH}pacTpyKTypH. CIIA (CISA)
Kibep3axwucr 3a cragaaproMm NIST.
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Bukonanus pospoOinenunx Ha pesyiabrarax SWOT-anamizy crpareriyHux HampsiMiB
no3BosiuTh JIII «AHTOHOB» TepedTH BiJ BWXXKHBAHHS JO JIJEPCTBA Yy HINI HAJABAKKHUX
nepeBe3eHb; 3abesneunty cranmuid aoxig a0 2030 p., 3HOBY CTaTH TEXHOJIOTIYHMM XaboMm
VYkpainu B aBiaOymyBaHHI 3 ()OKyCcOM Ha 3eJeHUH Ta MUGPOBUN NEpeXiJ BIAMOBIAHO 10 BUMOT
€C.

BucnoBku. Bukonano SWOT-ananiz s igeHTudikamii MOXIMBOCTEH B yMOBax
iHTerpanii Ykpainu 3 €C s 3a0e31medeHHs CTaloro po3BUTKY BITUYM3HSIHUX aBialliANPHUEMCTB.
Bukonano SWOT-ananiz mist JII1 «AHTOHOBY», SIK KJIIOUOBOTO aBiammiANMpUEMCTBA YKpaiHH s
OLIIHKH MTOTOYHOTO CTaHy Ta CTPATEriYHOr0 IUIAHYBaHHS BiTHOBJICHHS IiCJIi TOBHOMACIITAOHOTO
BTOprHeHHs P® B Vikpainy y 2022 pomi. 3a pesynbraTtamu npoeneHoro SWOT-anamizy
po3pobnieno crpareriyni pexomenmauii s Il «AntonoB» Ha mepiog 2026-2030 pp. y
MMOBOEHHUX YMOBaX.
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THHOBAIIMHA OPIEHTAIIISI PO3BUTKY ITOPTIB

Mapkosa €.10.', Mapkoe M.M.?
Xepconcoruii mopcoruii paxosuii konedsre pubnoi npomuciogocmi
(Ykpaina)
2 Xepconcokuii Haguansho-naykosuti incmumym Hayionanviozo yuieepcumemy
Kopabnebyoysanns imeni aomipana Maxaposa
(Ykpaina)

Beryn. CporojgHi MOpcbki NMOPTH (DYHKIIOHYIOTH B yMOBaX TIOCTPOi KOHKYPEHTHOI
00poThOM 3a BaHTaXXHY 0a3y sSK Ha MDKHApOJHOMY, TaK 1 Ha BHYTPIIIHBOMY PUHKY KpaiHH.
Bupimennss HaiOu1bIl akTyaabHUX 3aBJlaHb YCHINIHOTO (DYHKI[IOHYBAHHS MOPTIB B CyYacHHUX
yMOBaxX MOXKJIMBE JIUIIE MPHU 1HHOBAIiiHIN opieHTamii crpaterii po3Butky. Lle oOymoBitoe
aKTyaJbHICTh 00paHOT TEMH JTOCTIKCHHS.

3amadi JOCTIUKCHHS MOJSATAal0Th Yy BUBYEHHI Cy4yacHHMX (IHHOBAIIWHUX) MUISXiB
YIAOCKOHAJICHHS €(eKTHUBHOCTI (YHKI[IOHYBaHHS MOPCHKHMX IIOPTIB Ta NEpexody IX  Ha
KOHIIETIIiF0 «Smart port.

Sk BiZOMO, MOPT — TPAaHCHOPTHUH KOMIUIEKC, NpHU3HAYEHUH 1 oOsaaHaHuil [uis
00CITyroByBaHHS CYACH 1 MAaCaXKUPIB MOPCHKUM TPAHCIIOPTOM; TAKOX 3arajbHO «IIOPT» MOKHA
pO3MISIIaTH K BC1 OEpEeroBi MPHCTPOi 3 aKBaTOPi€r0, IO MPHIIATaE, ado SK TPAHCIOPTHHI
BY30J1, 10 TIOB’A3y€ BOJAHUN Ta CyXONyTHUN BUJU TPAHCIIOPTY.

[Toripu 3Ha4yHMI MOTEHLIAN, YKpaiHCbKI OPTH CTUKAIOThCA 3 CEPHO3HUMU IIpobiIemMaMmu,
SIKi BUMararoTh HETaifHOTO BUPILICHHS !

— BiiicekoBa 3arpo3a: Brpara Ta OnokyBaHHsS KiIO4OBHUX mopTiB  (Mapiynodms,
Bepnsucek, XepcoHn, MukosaiB) Ta HEOOXIAHICTh TapaHTYBaHHS OE3MEKH MOPCHKUX KOPUIOPIB.

— 3nomienicts [HGpacTpykTypH: Y Garatbox mnoprax icHye norpeda y MacmTaOHil 3aMiHi
MIPUYaTiB, CKJIAJICEKOTO OOIaTHAHHS Ta IMiJ] I3HUX [MUISIXIB, M0 TaJbMy€ e()eKTHBHICTb.

Henocratus Ludposizawisa: Po36ikHICTE y piBHI HU(PPOBOI 1HTErparii Mk ¢iarMaHamMu
(3-ro0 MOKOIMIHHS) Ta MEHIITMMH TTOPTAMH.

— Konkypentne CepenoBuiie: HeoOxinHicTh miBULIEHHS €()EKTUBHOCTI JUISl YCIHIITHOL
KOHKYpeH1ii 3 mopramu PymyHii, Typeuuunu ta ['py3ii Ha HopHomy Mopi.

EBosroriss Mopcbkux mopTiB YKpainu BiJl 1-ro A0 4-ro HMOKOMIHHS BioOpaxkae iCTOpio
€KOHOMIYHOT'O PO3BUTKY YKpaiHM Ta 1i 1HTerpaito y cBiToBy Toprisito [Tabmuus 1].

KnrouoBuM eneMeHTOM MOAONaHHA NpoOieM 3 (iHAHCYBaHHS Ta BIPOBAPKEHHS
1HHOBAIIIA € PO3BUTOK MyOJIYHO-TIPUBATHOTO TTAPTHEPCTBA Ta MPO30PE 3ATyUYCHHS KamiTaly JJis
MoJIepHi3allii.

MixHapoaHa NpaKTHKa BU3HAYa€ TOJOBHI HAmpsMU MiJBUIIEHHS €()EeKTUBHOCTI Ta
Ha/AIHHOCTI (QYyHKI[IOHYBaHHS MOPChKUX MOPTiB [Tabmuus 2], 30kpeMa ix TEXHIKO-€KOHOMIYHOTO
pPIBHA, a TaKoX YJOCKOHAJEHHS OpraHi3alilfiHO-paBOBUX Ta (IHAHCOBO-EKOHOMIYHUX
MEXaHI3MiB 3 ypaXyBaHHM MPOLECIB IHTETparlii.

Tabmuus 1 — EBosronist MOPCHKUX MOPTIB

[TokomiHHS XapakTepUCTHKA TA OIHKC
1-mre TTokouninHs - OcHOBHa (YHKII — TepeBajika BaHTaXiB, 0e3 KOMIIJIEKCHOI
(Tpaauuiiini) JIOTICTUKH.

- ba3oBa iH(pacTpyKkTypa: MiHIManbHa MexXaHi3aliss, OOMexXeHi
CKJIAJH, TIPUYaJIbHI CIIOPYIH.

- OOpoOka BaHTaXiB. MEPEBAXHO py4yHa, HHU3bKA €(PEKTHBHICTh
(metan, Jsic, 3epHO, BYTiILIs).

- TexHiuHMil piBeHb: 3acTapili TEXHOJIOTii, Maja TIJIMOMHA
aKBaTOpli, HEBEJIMKI CyIHA.

- [lpuknagu: Penidicekui, ¥ cth-/lyHaiicbkuii, Oyakis.
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- Ilepioxa: mo cepeannu XX cT.

2-re [Tokoiuus
(MexanizoBaHi)

- [IlowaTok mexaHi3allii MOPTOBUX MPOIIECIB — MOPTAJIbHI KPaHH,
KOHBEEPH.

- @opmyBaHHS CICLIATI30BaHUX TEPMIHAIIB: KOHTEHHEPHI,
HAJIMBHI, 3€PHOBI.

- PosmmpenHs iHGpacTpyKTypH: CKIaau, 3ai3HUYHI i 13114,
HadTOOA3M.

- AKTUBHHI pPO3BHTOK MOPTiB: MukomnaiB, XepcoH, [3main.

- IlouaTkoBa aBTOMAaTH3allisA: MEXaHIuHI cucTeMu Oe3 nudpoBoro
KOHTPOJITIO.

- llepioa: npyra nomoBuHa XX CT.

3-te [lokomiuHaA
(InHOBaITiIiHI)

- BnpoBamkenHs mu@poBHUX PIMICHh 1 BUCOKHUX TEXHOJIOTIH B
yTpaBIIiHHS.

- I'muGokoBomHi TepmiHamu (10 21 M) — mnpuiioM HaHOiLIBIIMX
cynen (Panamax, Post-Panamax).

- ABToMaru3allisi ynpaBliHHS Ta JOKYMEHTOOOIry, elIeKTpPOHHHUN
OOMiH JaHWMH.

- IgBecruiiiina AKTUBHICTD: MDKHAPOIHI Kopropartii
MOJIEPHI3YIOTh MIOPTH.
- PO3BHTOK JIOTICTHYHHUX KJIAcTepiB — TOPTH SK LIEHTPH

TPAHCIIOPTHUX MEPEK.
- Ilepioa: 1990-2010-Ti poku

4-te TTokOHHSA
(Smart Port)

- Iloptu HOBOrO THIy — Smart Port, mo mpamooTh K €auHa
ugpoBa eKOCUCTEMA.

- Buxopucranns 10T, Big Data, Al st ynpasiiiHHS JOTiCTHKOO B
peaibHOMY Yaci.

- Exonoriuna TpaHcopmariisi: mepexiy Ha BIJIHOBJIIOBaHY
eHeprito, 3unmxkeHHs CO-.

- IloBHa aBTOMaTu3alisl TPAHCHOPTY, KpPaHiB, CUCTEM MHUTHOIO
KOHTPOJTIO.

- Iuni: 6e3neka, eHeproeeKTUBHICTb, MPO30PICTh, MiHIMI3aLlA
TOJICHKOTO (aKTopy.

- IlepcmexktuBa: po3BuToK a0 2038 pOKYy, CTBOpEHHS 5-TO
MTOKOJIIHHSI — aBTOHOMHUX MOPTIB.

Tabnuis 2 — [HHOBaIIHHI HAIPSIMU PO3BUTKY IOPTOBOI IHPPACTPYKTYpH

HanpsiMu po3BUTKY MOPTOBOI 1HPPACTPYKTYpH YKpaiHu

['mobGanbHa iHTETpaIlis [nsax mo 1HHOBAIH MixxHapoaHa criBIpars
BinHoBneHus ta MaiiOyTHe 3a TEXHOJIOTIsIMH, Jns peanizanii moTeHiany
MOJIEpHi3allisl TIOPTIB € nudpoBizaIli€ro Ta eKOJOTIYHICTIO KPUTHYHO BaXKJITUBHUM €
KITFOYEM JI0 CTa01IbHOTO 3aly4eHHs] MIXKHAPOIHUX
€KCIOPTY Ta MOCHJICHHS IHBECTHIII} Ta CIIBIIpaIls B

no3umii Ykpainu y
CBITOBIH JIOT1CTHII.

cepi O6e3meKun MOPChKUX
MIAX1B

BucHoBkmu. {151 TOro mo6 HOpMaiabHO 3ampallfoBajii IHHOBAlIWHI MEXaHI3MH B Halii
KpaiHi, MOTpiOHa MPpOoIyMaHa MOJEpHI3allis (a MOXe, 1 peCTpyKTypu3allisi) HOPTOBUX KJIAcTePiB,
ska mponucana B CTpaTerii po3BUTKY MOPTIB.

Jng  pocsrHeHHs 1ie€i MeTH Tpeba cCIjlaHyBaTW CTpaTeriuyHl Il 32 TaKuMU
NPIOPUTETHUMH HANIPSIMAMU:
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1.30anancoBanuii po3BUTOK Ta €(PEKTHBHE BUKOPHUCTaHHS MOPTOBHX IMOTYKHOCTEH Ha
IHHOBAIII{HIA OCHOBI.

2. 3a0e3mnedeHHs] KOHKYPEHTO3AAaTHOI JIOTICTUKHM Ta MOKPAIIEHHS CEepPBICY B MOPCHKHUX
HOpTax.

3. Onrumizarisi cHCTeMH yIpaBliHHA raiy3i [3].

3apa3 GhakTHYHO 3YNMHEHO pealli3alliio KJIYOBUX IPOTPAMHUX JOKYMEHTIB y cdepi
MOPCBHKOTO Ta BHYTPIIIHROTO BOAHOTO TpaHcnopTy (Mopcbkoi qoktpuau Ta CTpaterii po3BUTKY
MOpPCBHKUX HOPTIB YKpaiHM), HE MOXKYTb OyTH BHKOHaHI 3aBiaHHs [InaHy 3axo/iB 3 BUKOHAHHS
HarmionanesHoi TpaHcnopTHOi crparerii Ykpainum Tta HarioHanbHOT €KOHOMIYHOI CTpareril
VYkpainu.

[Toganeioro BUBYEHHsI MOTPeOye MOKIMBOCTI YIOCKOHAJICHHS 3aKOHOAABCTBA 3 METOIO
PO3BUTKY MOPCBKUX IIOPTIB, MEPEXi 10 €BPONEUCHKOT MOJIENI YIIPABIIHHS «IIOPT-JIEHAJIOPA», a
TaKOX PO3IIISLA MOXIIMBOCTI 3aIIPOBa/DKEHHS IHIIMX MOesed ynpasiinus [2,4,5].
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CEKIIA:
JIFOJICBKI PECYPCH MOPCBHKOI TH/IYCTPII TA BILIUB JIFOJCbKOTO
YHHHHKA
SECTION
HUMAN RESOURCES IN THE MARITIME INDUSTRY AND THE IMPACT
OF THE HUMAN FACTOR
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MATHEMATICAL MODEL OF THE FATIGUE INDEX

O. Koretsky, E. Appazov
Kherson State Maritime Academy
(Ukraine)

Introduction. The safety of maritime transportation largely depends on the condition of
the watchkeeping officer. According to [1], the human factor accounts for more than half of
critical incidents and errors in maritime operations. Continuous exposure to various Stressors,
such as fatigue, heavy daily work, and the inability to compensate for their negative effects,
adversely affects attention, increases the likelihood of errors during duty performance, and may
lead to fatal consequences [2]. To reduce accident rates caused by the negative impact of fatigue
and stress, a number of conventions and recommendations have been developed to regulate and
monitor working hours, rest periods, and the well-being of crew members [3,4]. However,
despite these measures, the issue of fatigue persists. One of the main reasons for this is that
fatigue is a subjective and poorly defined concept, and its assessment is usually performed using
various questionnaires without monitoring actual biological indicators [5]. Due to this reason,
high attention is being paid to the implementation of monitoring systems based on the analysis of
physiological parameters that correlate with fatigue and stress [6].

Review. According to [7,8], the main indicators of fatigue include:

1. Heart Rate Variability (HRV) — a low HRV is associated with chronic fatigue, psycho-
emotional exhaustion, and sleep disturbances.

2. Resting Heart Rate (RHR) — an elevated RHR may indicate physiological overstrain or
active stress [9].

3. Sleep parameters (REM — quick sleep and Deep Sleep) — a decrease in their duration
directly affects cognitive functions by reducing reaction speed, attention, and task accuracy [10].
Even short-term sleep fragmentation significantly decreases HRV and increases subjective
fatigue [11]. Study [12] demonstrates a reduced perception of stress with an increase in the
duration of deep sleep.

4. Daily activity level (Activity) — excessive physical activity without sufficient sleep leads
to a general decrease in HRV, an increase in RHR, and delayed recovery of the body’s
physiological reserves [13].

Due to that all these factors influence the level of fatigue in one way or another, a mathematical
model of the overall fatigue index (Fatigue Index, FI) has been proposed.

Materials and Methods. The study involved eight navigators aged from 25 to 55 who
had been on board for 7-12 weeks. All participants were healthy, with no signs of
cardiovascular or neurological disorders, and did not use stimulants or sedatives during the
experiment. Observations were carried out during active watchkeeping and other professional
duties periods. Each participant underwent continuous monitoring over a seven-day period,
including active watches both in port and at sea, as well as periods of sleep.

The collection of HRV, duration of Deep Sleep(T ), REM-quick sleep (Tge, ), and

total time of sleep (T, ), heart rate (HR), and physical activity level (Activity) was carried out

on a 24/7 basis using Garmin Vivoactive devices, which allowed for continuous tracking of the
daily fluctuations of these parameters.

The model is based on the assumption that the level of fatigue results from a combination
of recovery deficiency (manifested as decreased HRV and reduced duration of deep and REM
sleep phases) and physiological overload (reflected in increased RHR and Activity). Accordingly,
the Fatigue Index (FI1) increases proportionally to the degree of deviation of these parameters
from their normative values.

Fatigue Index model.

DeepSleep
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FI =w, HRV +w, - (1- DeepSleep) +w; - (1-REM) +w, - (1- RHR) +w; - Activity

1)
+W,, - (1— DeepSleep) - (1-REM) +a,
where: HRV — normalised heart rate variability: DE€PSIEEP a0 REM  _ normalised
proportions of deep and REM — quick sleep; RHR normalised heart rate during time of rest;
Activity — normalised level of physical activity;a, — model’s shift; w, — parameters

weights; 1 — dimensionless unit representing the normal level of rest within [0;1];1- X —
deficit of a parameter relative to the norm:

1. 1-DeepSleep — lack of deep sleep (physiological fatigue);

2. 1-REM — lack of cognitive recovery;

3. 1-RHR — increased heart rate during rest.
and as greater the deficit in these parameters, the higher the FI level.
Each indicator was normalized:

X :% X e (HVR, DeepSleep, REM, RHR, Activity) (2)
where X . ta X, individual sampling limits, and the DeepSleep fraction [14]:
T
DeepSleep = —X2%ke 3
Sleep
REM fraction [15]
REM = Jeem
TSIeep
(4)

RHR fraction calculated as the average heart rate in a time interval when no active
movements appear(sleep phase) [16]

TSIeep

RHR:LZHRt , ©)

Sleep t=1

where HR _ heart rate at a given moment t
The weighting coefficients were obtained using the method of multiple linear regression:
w=(XTX)*X"y (6)
Where X is the input data matrix (HRV, DeepSleep, REM, RHR Activity). Each row
represents one participant in the experiment, and each column represents one parameter. y is the
fatigue level vector according to the subjective Fatigue Assessment Scale (FAS), adapted to a
100-point system using linear normalization [17].
A point in a 100-point system = —~— Xmin__ _ x—10 -100, (7
X . —X 50-10

where x is the score according to the FAS System (from 10 to 50),
X T - transposed matrix X . (X' X)™- inverse matrix of the product X" X .w — weight
coefficient vector.
To stabilize the results, a modification of ordinary linear regression that adds a «penalty»
for overly large weight coefficients - L2 regularisation (Ridge Regression) was applied.
w=(XTX+AD)' Xy (8)
Where A is the adjustment parameter.
Regulation forces the coefficients to tend toward zero in order to avoid overfitting.
Instead of minimizing the sum of squared errors, the function that is minimized is:
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L= (% =y + 22w, 9)

where the second term is a penalty for model complexity[18].
The accuracy of the model was verified according to three criteria [19]:

Coefficient of determination:
N

D iy
R? =1—‘Tj—_. (10)
Z (Yi - Y)Z
i=1
Root mean square error:
N
RMSE = Ji -y . (12)
N i
Mean absolute error:
1 N
MAE = =3[y —i| (12)
i=1

where y,— real fatigue level, y,— predicted fatigue level, 9_ mean of all real values y,, N

— number of observations.
Results. The experiments yielded the following results:

Table 1 — Weighting coefficients and their interpretation

Designation Description Meaning Interpretation
W, contrlb_utlon of autonomous HRV 0.42 highest impact (HRV)
regulation
W, physical recovery 0.21 deep sleep deficit
W, cognitive-emotional recovery 0.12 REM sleep deficit
w, cardiac stress/overwork 0.11 increases with high RHR
W, total load 0.08 reflects activity
. simultaneous REM and
W -
23 synergistic effect 0.06 DeepSleep deficit
a, model shift (baseline fatigue) 0.03 constant

Table 2 — Experimental results

HRV | Deep (%) REM (%) | RHR | Activity F1_v3 (model) FI_real
68 24 15 74 0.55 0.63 0.64
72 31 21 70 0.59 0.58 0.57
76 28 20 67 0.61 0.56 0.55
80 35 23 65 0.63 0.53 0.52
84 41 26 63 0.65 0.50 0.49
88 46 30 61 0.68 0.46 0.47
92 50 33 60 0.69 0.44 0.45
96 53 35 59 0.70 0.42 0.43
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Relationship between Real and Model FI
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Figure 1 — Main results of the experiments:
a-relation of the model to real indicators; b-synergy plane of deep and REM sleep effects; c-

Activity DeepxREM

dependence of fatigue index on heart rate variability; d-contribution of each coefficient to overall
fatigue

R?=0.88, RMSE =0.041, MAE =0.036 which indicates the high accuracy of the model.

Table 3 — Interpretation of indicators

Range of FI Fatigue level Interpretation
FI1 <0.35 Low Normal condition
0.35<FI<0.55 Moderate Need for recovery
0.55<FI1<0.75 High Risk of cognitive errors
F1>0.75 Critical Break/sleep highly recomended

Conclusions. A comprehensive mathematical model has been developed for the
guantitative assessment of fatigue levels based on the integration of normalized physiological
parameters: HRV, DeepSleep, REM, RHR, and Activity. The model incorporates weighting
coefficients obtained through regression analysis on an experimental sample of eight participants
and accounts for the synergistic effect of simultaneous deficiencies in DeepSleep and REM
phases. The calculated accuracy metrics of RMSE = 0.041, MAE = 0.036, confirm the high
performance of the model, which indicates its potential for integration into crew monitoring
systems and adaptation to individual physiological profiles. The results demonstrate that the
primary contributors to fatigue are HRV and DeepSleep, which together explain 63% of the
variance in the Fatigue Index.
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MCUXOJOITYHUA BILJIUB JIIOJCHbKOIO YWHHUKA B MOPCBKIN
TAJIY3I1

Jimmix M.C.
Kuiscokuii nayionanvruu ynisepcumem imeni Tapaca lllesuenka
(Vkpaina)

Beryn. Mopebka rainy3b € OfHI€r0 3 HalOUIbII criIagHux cdep npodeciinoi AisTbHOCTI,
7€ B3aEMOJIA JIIOAMHU 3 TEXHIKOI, MPHUPOAHUM CEPEIOBHIIEM 1 KOJEKTHBOM YTBOPIOE
OararopiBHEBy CHCTEMY 3 BHCOKMMM pH3MKaMu. He3Baxaroun Ha 3pOCTaHHA pIBHSA
aBTOMaTH3alii CyAHOBOAIHHSA, CaMe€ JIIOJUHA 3aJUINAETbCA LEHTPAIbHUM €JIEMEHTOM, SKUHI
BU3Haua€e e(PEeKTHBHICTh, OE3MEKy Ta CTIHKICTh MOPCHKHX Omeparii. ¥ Liii cucTeMi JOIChKUI
YMHHUK BUCTYIIA€ HE JIMIIE MOTEHIIHHUM JKepesoM MOMUIIKH, ajle i FOJIOBHUM aJanTaliifHumM
MEXaHI3MOM, 110 3a0e3Medye rHy4KICTh pearyBaHHs Ha HecTaHJapTHI cutyarii. [Icuxomoriynuii
aHaymi3 1MbhOro (EeHOMEHA JIO3BOJISIE 3PO3YMITH 3aKOHOMIPHOCTI TOBEIIHKH MOPSKIB, IXHIO
MOTHBAIII0, EMOLIHHY PEryJSIii0 Ta MXKOCOOMCTICHY B3a€MOII0 B yMOBAX 1301111, TPUBAIHX
HABaHTAXXEHb 1 MIIBUIIEHOI BiAMOBIIaILHOCTI.

AKTYaJBHICTh JA0CJTiI:KeHb. AKTYaJIbHICTh BUBUCHHS JIIOJACHKOTO YHMHHUKA B MOPCBHKIH
raiy3i 3yMOBJIEHA THM, 110 32 JaHUMHU MiKHAapOAHOT MOPCHKOT opraHizanii moHan 75% asapii i
MOpyIIeHb Ha MOpi MOB’si3aHI caMme 3 MCHUXOJIOTTYHUMHU acleKTaMu AisIbHOCTI jronuuu [1; 2].
[Tomanpmi emmnipuyHi aHanizu [3; 4] miATBEpaAUIM, 0 MPOBIIHUMH JETEPMiHAHTAMH MOPCHKUX
IHIUICHTIB € CTpeC, IEpPeBTOMAa, HEePEKTHMBHA KOMYHIKAISI Ta HEJOTPUMAHHS MPOIEAYP
6esneku. [lcuxonmoriyHa cKiazoBa cTa€ OCOOMMBO 3HAYYIIOK B YMOBax iHTeHcH(ikaril
MepeBe3eHb, 3POCTAaHHs OaraToHaI[iOHAIBHOCTI €KiMaKiB 1 301LIBIIICHHS TPUBAJIOCTI PEHCIB, 110
MPU3BOAUTE J0 TMCHUXOEMOLIWHOTO BUCHA)KEHHS Ta IIJBUIICHHS PU3MKY JIOJICHKUX MOMHUIIOK.
TeopernyHe OCMHCICHHS IHMX TIPOLECIB JA€ 3MOTY IHTETpyBaTd pE3yJAbTaTH YHUCICHHHUX
eMIIIPUYHUX CHOCTEPEXKEHb 1 CTBOPUTH y3araJlbHEHy MOJENb ICUXOJOITYHUX MEXaHi3MiB, 10
BU3HAYAIOTh Oe3MeKy i eeKTUBHICTh MOPCHKO JisTBHOCTI.

ITocTanoBka 3agaui. MeToro TEOPETUYHOTO JTOCHIJKEHHSI € CUCTEMAaTu3allisl HayKOBHX
MiJXO/IB JO BUBYEHHS JIFOJCBKOTO YHHHHKA B MOPCBHKIN Tajly3l Ta BU3HAUEHHs HOTo KIIIOYOBUX
NICUXOJIOTTYHUX KOMITOHEHTIB. 3aBJaHHSMHU BHUCTYNAIOTh: y3arajJlbHEHHs HAyKOBMX KOHLIEMIH i
EeMIIPUYHUX JIaHUX IIO0J0 pOJIi JIOJCHKOTO YMHHMKA B MOPCBHKIM Oe3mell; BHOKPEMIICHHS
OCHOBHUX IICUXOEMOLIMHUX 1 KOTHITMBHMX (aKkTOpiB, IO BIUIMBaIOTh Ha €(EKTUBHICTbH
JISUTBHOCTI  MOpSIKIB; aHaJli3 BIUIMBY MI)KOCOOUCTICHOT B3a€MOJii, TPyHoOBOI JIWHAMIKH Ta
KyJbTYPHUX BIAMIHHOCTEH Ha poOOTy €KiMaxiB; BHU3HAYEHHS HaIpPSMIB ICHXOJIOTTYHOT
MIATPUMKH Ta MpodiIakTUKU MpodeciiiHoi Ae3aaanTalii B MOPCbKOMY CEpEeI0BHUIII.

Pesyabratu gociaigmxenb. Omis Cy4acHUX HAyKOBHMX JDKEpEN CBIAYMTH, L0 MOHSTTS
JTIOICBKUI YUHHUK» Y MOPCHKIN TICHXOJOTI] OXOIUTIOE€ KOTHITHBHI, €MOIliiiHi, MOBEIIHKOBI Ta
COLIIaJIbHI acTeKTH AisIbHOCTI Mopsika [S]. KitouoBumu nerepmiHanTamu e€(heKTUBHOI poOOTH
eKiMaxy BBA)XKAIOTHCS: PIBEHb CTPECOCTIHKOCTI, AKICTh KOMYHIKallii, IICUXOJOTIYHA CYMICHICTb,
CTWJIb JIAEPCTBAa Ta 3JAaTHICTh JO cCaMOperyisuii. 3rilHo 3 y3araJlbHEHUMH EMIIpUYHUMHU
pe3yabTaTaMi MDKHAPOIHUX AOCITIIKEHb, HAOUIbII 3HAUYIIUMHU TICUXOJIOTTYHUMU (hakTopaMu
PU3UKY B MOPCBHKIil AiSUIBHOCTI €: BTOMa — IPOBiJHA IPUYMHA MOMUJIOK, L0 3HIDKYE yBary i
PEaKTUBHICTh; CEHCOpHA JAETPHBAllid Ta 130, SIKI HPU3BOIATH A0 3HU)KEHHS KOTHITUBHOI
e(eKTUBHOCTI; KOH(IIKTH y MIKKYJIBTYpPHUX €KiMa)kax, L0 CTBOPIOIOTH JIOJaTKOBUN pIBEHb
€MOLIIMHOr0 HamnpyKeHHS; Ne(dIIUT COLialbHOI MIITPUMKU Ta MCUXOJOTIYHOTO CyNnpoBoay [6].
Teopernunmii anamiz pobitr [1; 2; 7] mnoka3ye, IO JIOACBKUI YWHHUK BUCTYIIAE
CHCTEMOYTBOPIOIOUUM €JIEMEHTOM, SIKHI OJHOYaCHO MOXKe OyTH SK MPUYMHOIO MOMMIIKH, TaK i
rapantoMm Oesmneku. [lcuxomnoriyHa e(eKTUBHICTh MISTIBHOCTI 3aJ€KUTh HE JIWIIE BIJ
1HAMBIyadbHUX PHUC OCOOMCTOCTI, a ¥ BiX COLIaJIbHO-OpraHi3allifHUX YMOB: CTPYKTYypU
KOMaHJIHO1 B3a€MO/Iii, piBHS JOBIpH O KEPIBHULITBA, HAIBHOCTI 3BOPOTHOTO 3B’s3Ky. OKpeMuit
I1acT AOCHIIKEHb CTOCY€EThCS CTUIIIB KEPIBHUITBA B MOpChKoMY cepenoBulli. CydyacHi poOoTu
[8; 9] noBoAATH, 110 MEpexif] BiA KOPCTKO aBTOPUTAPHUX JO €MOLIMHO-1HTEIEKTyalIbHUX (OpM
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JiiepcTBa ICTOTHO 3HMXKY€E DPIBEHb KOH(QIIIKTHOCTI B €KiMaXki Ta MOKpAIIy€e ICHXOJOTIYHHN
kiiMmar. 3acrocyBaHHs npuHIUNiB «Crew Resource Management» (CRM), amanrtoBaHux i3
aBiallii, crpusie PO3BUTKY KOMAaHJHOI CBIJIOMOCTI Ta MWIiABUIICHHIO Y3TO[UKCHOCTI il Yy
KPUTUYHHUX CUTYyaIlisIX. Y MeXax TEOPETHMYHOTO CHHTE3Yy TaKOX MOXKHA BUAUTUTH TPU pPiBHI
BILJIUBY JIFOJICBKOTO YMHHHUKA:

1. InpuBimyansHUH piBeHb — MCcUX0(]i31010TIYHI IPOIIECH, yBara, BToMa, CTpec.

2. I'pynoswuii piBeHb — KOMYHIKaIlisl, 10Bipa, JiAEPCTBO, POIHOBA B3AEMOIIS.

3. OpranizaniifHuil piBeHb — KyJbTypa O0€3IeKH, MOJITHKA KOMITaHii, yIIPaBIiHChKI PIIICHHS.

s TtpupiBHeBa cTpykTypa [10] 103BOJIIE TOSCHUTH B3a€EMO3AICKHICTH MK
NCUXOJIOTIYHMUMH CTaHAaMH OKPEMHX WICHIB €KiMaXy Ta 3arajbHOI0 €(EeKTUBHICTIO CHUCTEMH
CYIHOBOTO YIpaBJiHHA. TaKUM YMHOM, TEOPETUYHUN aHAIi3 JOBOAMTH, IO JIOJCHKUI YNHHUK €
HE CTUIBKH «IIPOOJIEMOIOY», CKUIBKH KJIIOYOBHM PECypcoM O€3IeKH 3a YMOBH, IO OpraHizarlis
3a0e3neuye aJeKBaTHy IICUXOJOTIYHY MiATPUMKY, TPEHYBaHHS HAaBUYOK CaMOPErysmii Ta
PO3BHUTOK KOMaHHO1 KYJIBTYPH.

BucnoBku. TeopeTruHe OCMUCIECHHSI NCHUXOJOTIYHOTO BIUIMBY JIIOJACHKOTO YMHHHKA B
MOpPCBKIM ramy3i CBIOYUTH, IO CaMe€ IICMXOEMOILINWHI Ta COLIaJbHO-KOTHITHUBHI MeEXaH13MU
BU3HAUaAIOTh CTAOUIBHICTh 1 HANIHHICTh mpodeciiHoro (QyHKIIOHyBaHHS MOpsKiB. Jltonchkuit
YUHHUK BHCTYNA€ CUCTEMHUM (PEHOMEHOM, Y SIKOMY B3a€MOJIIOTH 1HAMBIAyalIbHI PUCH, TPYIIOBI
MpOLIECH Ta OpraHi3amiifHi yMOBHU. Y3araJibHEHHs Pe3yJIbTariB JochikeHb [1; 4; 7] mo3Bose
c(OpMyITIOBaTH OCHOBHI HAmpsIMH TCHXOJIOTIYHOTO 3a0e3MEeYeHHS MOPCHKOI AisTBHOCTI:
PO3BUTOK EMOI[IIfHOTO IHTENEKTY B JiAepiB, (GOpMyBaHHS KyJIbTYpH O€3MEKH, MHiATPHUMKA
MEHTAJIBHOTO 3/10POB’Sl €KiMaxiB, a TAKOXK IHTErpallis MCUXOJOTIYHOTO MOHITOPUHTY Y CUCTEMY
YOpaBIiHHSA pHU3UKaMU. TakuM YHHOM, JIOJCHKMI UYWHHHK Yy MOPCBHKIH Taly3i IOBHHEH
po3TIIAAaTUCS HE JHIIEe SK JDKEpeno HeOe3MeKW, a SK TMOTeHNiald il BIOCKOHAJICHHS
Oprafi3alliiHUX TpOIECiB 1 MiABUIICHHS O€3MeKu CYIHOIIABCTBA Yepe3 PO3BUTOK
MICUXOJIOTIYHOT KOMIIETEHTHOCTI BCIX YYaCHHUKIB MOPCHKOI CHUCTEMHU.
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CONCEPTUAL MODEL «GYROCOMPASS-PM» FOR SAFETY
PROJECT MANAGEMENT IN MARITIME TRANSPORT

P. Nosov
Odessa National Maritime University
(Ukraine)

Introduction. The rising intensity of maritime traffic, the growing complexity of port
operations, climate variability, and cyber and radionavigation disruptions together create a
complex systemic environment in which traditional safety-management approaches are often
fragmented across governance levels and responsible organizations [1, 2]. The critical task is to
establish a single guiding safety reference that is aligned with regulations and capable of
«holding course» under uncertainty, incomplete data, and competing objectives related to time
and energy consumption.

Research relevance. In the proposed conceptual model, the safety benchmark serves as
the portfolio’s strategic «meridian». Its essence is that the benchmark specifies the target
function of navigational safety [3-5], acting as an autonomous KPI across all governance levels
(portfolio — program — project — operations). In other words, it sets a quantitative safety
objective in the form of target TSL/ALARP levels (As Low As Reasonably Practicable) for the
portfolio, and all decisions at all levels are «aligned” toward achieving the vision of zero
accidents. By the invariance principle of the «True North», the management system must
maintain the target level of safety despite environmental disturbances (traffic intensity, weather,
GNSS outages, human factors, and so forth). To this end, the model combines inertial estimation
(a state digital twin), external references (sensors, rules), and a mechanism of managed
precession that evaluates the relation «cost of maneuver — risk — valuey [6, 7]. Thus, the safety
benchmark provides an independent objective function that pulls the management system in a
defined direction and motivates the use of dedicated course-correction mechanisms in the event
of deviations.

Structure of the «Gyrocompass-PM» conceptual model.

1. The model specifies a hierarchical KPI system for the «True North». At the portfolio
level (industry, region, or corporation), lagging safety indicators may include, for example, the
frequency of accidents and severe incidents per million nautical miles, as well as environmental
events by severity categories. Leading indicators may include the share of investigated near-
misses, the share of voyages without COLREG violations, the average time from threat detection
to recommendation, and coverage and resilience indices (percentage of the area with guaranteed
AlS/radar/VDES coverage; availability of critical navigation services with specified
MTBF/MTTR). lllustrative policy thresholds for the safety benchmark might be: < 0.25
accidents per million nautical miles, > 98% of voyages without COLREG violations, and a full
PDCA policy-change cycle time of < 15 days. At program or project levels, indicators are
analytically detailed: ARisk versus baseline, conflict-free traffic density, time to interaction
among agents, and similar measures. In this way, the «True North» is materialized in measurable
indicators that link strategic objectives to tactical actions. Where necessary, these KPIs are
normalized for context (waterway profile, vessel class, seasonality, and the like) and
synchronized with the «harmonized operating picture» provided by the reference-fusion layer.

2. The second key element is the inertial core (maritime digital twin), which serves as the
estimator of the current state and risk. It is a single «state machine» that provides harmonized
situational awareness and forecasting on horizons from several minutes to several hours for the
entire ecosystem (fleets, ports, VTS, insurers, regulators). Through the inertial core, the system
maintains its «safety course» between external data refreshes, smooths operational turbulence,
and supplies the quantitative basis for decision-making algorithms. The core is owned at the
portfolio level by a Safety Control Tower; at the program level, by regional or port situation
centres operating under explicit service-level agreements (SLAS) on data quality and response
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time.

The digital twin ingests heterogeneous data streams with explicit quality attributes:
maritime traffic (AIS/VDES from satellite and shore, line-of-sight communications, radar/ARPA
tracks); geometry and constraints (ECDIS/ENC, depths, fairways, pilotage information,
temporary restrictions); environment (meteorological and hydrological conditions, visibility,
storms); fleet condition (operating modes, defects, maintenance states, availability of
contingency tugs and pilots); and human-factor inputs, subject to consent (indicators of attention,
fatigue, and qualification derived from simulators or wearable sources, as well as BRM/ERM
events) [8, 9]. Each stream carries metadata on provenance, time synchronization, latency, and a
trust/privacy marker.

3. The third element is the reference-fusion mechanism—a kind of «celestial correctiony
for the model. It serves as the single source of truth gateway between the real world and the
digital twin: it reconciles heterogeneous data sources, resolves inconsistencies, and increases
confidence in risk estimates and forecasts. The purpose of fusion is to obtain a single agreed
picture—a common operational picture (COP)—for all roles in the ecosystem, including fleets,
Vessel Traffic Services (VTS), ports, regulators, and insurers. In essence, it provides all
stakeholders with a shared, agreed truth to which the system continually aligns its internal
models, analogous to how shipboard navigation systems refine their course using celestial
corrections.

The fusion operator is a portfolio-level technical committee (comprising ports, VTS, data
providers, and shipping companies) that sets data standards, the source-trust policy, conflict-
resolution rules, and service-level agreements (SLASs) for COP updates. On the input side, fusion
ingests heterogeneous streams — AIS (satellite/shore), radar, meteorological and hydrological
data, ENC/S-100 products, local bylaws and restrictions, COLREG rules, and incident/near-miss
histories — explicitly employed as external references for calibrating the digital twin.

4. The fourth element is the decision block—managed precession (safety—time—energy),
which performs multi-criteria optimization across all levels. It «rotates the axis» of the
management system toward the True North (safety) while minimizing losses in time and energy,
and does so smoothly, without disrupting operations (in coordination with dampers and
actuation). The inputs to this block are state/risk estimates and a set of candidate actions (routes,
maneuvers, slot changes) supplied by the digital twin. The outputs are approved course/speed
profiles for each vessel, slot adjustments, and commands issued to VTS and the fleet.
Responsibility for this element rests with portfolio/program analytics offices; within companies
— with fleet optimization centers; and within ports — with VTS services or berth-planning
units.

Algorithmic strategies for solution synthesis depend on the coordination layer. For an
individual vessel, model predictive control (MPC) with nonlinear constraints can be applied;
candidate maneuvers generate SPR and are checked against COLREG (as hard or penalized
constraints). For groups of vessels or an entire corridor, coordinated MPC is used: safety is
handled locally at each node, while resources are coordinated centrally, with exchange of
«intent» via VTS. Slotting and queuing are addressed by discrete optimization methods (MILP,
conflict-based search, auctions), followed by continuous MPC for course and speed. At the
portfolio or industry level, ADMM or price-based coordination mechanisms among stakeholders
may be employed: penalties are introduced for occupying narrow segments or for failing to
provide «green corridors», together with common, agreed safety constraints. In non-smooth
scenarios, a library of safe maneuver primitives is used, enabling rapid feasibility screening and
subsequent local refinement.

5. The fifth element comprises dampers (buffers/rules), which attenuate oscillations in
schedules, resources, and decisions. Their purpose is to reduce variability in timetables and
resource loading during threats or incidents and to preserve portfolio controllability without
losing the True North orientation. In the model, dampers are implemented as time buffers (in the
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spirit of Critical Chain Project Management, CCPM) and formalized intervention rules based on
fuzzy logic for emergency response and emergency stop (ER/ES). This prevents overcorrection,
where small adjustments cascade into large logistical deviations.

Time buffers are introduced in several forms: a Project Buffer at the end of the critical
chain; Feeding Buffers at the entry points to the critical chain; and a dedicated Safety Buffer for
risk-intensive phases such as approaches, berthing, and pilotage.

Resource buffers provide reserves of two types. Technical reserves include standby tugs
and pilots, warm-standby crews, redundant navigation and communications channels, and
backup navigation algorithms. Organizational reserves include spare slots and windows, priority
corridors for higher-risk movements, and on-call emergency teams. In the event of system
failures (GNSS, ECDIS, communications), an automatic fallback is prescribed: switching to
inertial modes, simplified charts, and pre-rehearsed manual protocols.

The outputs of this element are stabilized schedules and queues (damped post-incident
amplitudes), guaranteed resource reservations and adjusted slots without cascading delays, and
formalized standby procedures for VTS, ports, and fleets, disseminated through the actuation
network. Key performance indicators of damper effectiveness include buffer utilization (share of
time in red/yellow zones), the proportion of critical interventions that avoid cascading delays, the
average post-incident queue depth, time-to-stabilize (TTST), and the share of automatic ER/ES
activations that achieved the intended effect without manual escalation.

6. The sixth element is Actuation — the actors who implement decisions on the ground.
Their task is to convert DSS outputs and managerial directives into coordinated actions across
the entire hierarchy (portfolio—program-operations): vessel maneuvers, berthing, speed
adjustments, temporary traffic restrictions, and publication of Maritime Safety Information
(MSI), among others. The actuation layer includes VTS and port dispatchers, Maritime Rescue
Coordination Centers (MRCC) and coordination centers, pilotage and tug services, ship masters
and crews, shoreside fleet managers, automated onboard systems (autopilot, dynamic
positioning), waterway maintenance services, and classification societies (which set operational
and navigation regimes).

Inputs to the actuation layer comprise approved plans, commands, alerts, procedural
playbooks, and up-to-date local conditions: weather, visibility, technical readiness of vessels,
availability of pilots and tugs, and the status of communications channels. The execution logic is
organized hierarchically: portfolio-level directives are cascaded through program rules
(corridor/cluster) down to operational commands for vessels, VTS, and terminals. This functions
as a “cardan-like” transmission of decision influence without parasitic distortions: changes at
higher levels (policy, weather, market factors) should not immediately destabilize operations;
decisions are delivered in a structured manner, with explicit consideration of dampers.

The Actuation Loop includes feedback: decisions — executors (VTS/crew/autopilot/port
services) — feedback (logs, incident records, audits) — policy and model adjustments within the
PDCA cycle. A critical enabling mechanism is the communications network of repeaters—VTS,
harbor master’s offices, shipowners, and crews — which broadcasts the «safety course» as a
single channel for delivering decisions to points of execution. As a result, all tactical actors
receive synchronized messages and respond to a unified operating picture.

7. The seventh element is PDCA / audits/investigations — «calibrating the benchmark»
across the entire hierarchy. This block closes the learning loop for the portfolio, programs, and
projects. Every incident or near-miss, every audit, and any new telemetry are fed back into the
system as grounds for revising the «True Northy, the rules, the models, and personnel training.
This is where «course straightening» takes place (by analogy with the erection operation in a
gyrocompass).

Ownership and roles. PDCA is owned, respectively, by the Joint Portfolio Safety
Commission (regulator plus industry), by companies (HSE/DP departments), and by ports (safety
and investigation services). A RACI scheme is typically organized as follows: Responsible —
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HSE/port safety; Accountable — portfolio council; Consulted — classification
societies/inspections; Informed — all stakeholders. Inputs include all relevant data: voyage logs,
incident and near-miss records, telemetry (including human-factor signals), root-cause analysis
(RCA) materials, crew simulator assessments, ISM and port-state audit findings, and structured
feedback from ecosystem participants.

Operating logic follows the classical Deming PDCA cycle [10]. Plan: formulate/update
safety policies, «True North» KPI thresholds, trigger criteria, and the validation and verification
(V&V) plan for the models. Do: implement changes in the DSS and procedures (model releases,
software updates), and conduct pilots. Check: monitor deviations, conduct periodic compliance
audits, perform RCA investigations, and test the modified models on retrospective scenarios.
Act: “straighten the course” by updating the digital-twin models, prioritization rules, buffer sizes,
and training programs; prepare and disseminate safety bulletins and checklists. As with PDCA’s
general purpose — «to manage activities effectively on a systemic basis» — here it is embedded
directly in the managed-precession mechanism and the digital twin: each cycle adjusts concrete
parameters (safety thresholds, fusion weights, buffer sizes, model hyperparameters), passes
V&V, and is mandatorily released into production with effect monitoring. This is not a routine
«after-the-fact audit», but a continuous self-correcting control loop.

8. The eighth element — KPI «True North» — provides the checklists for the portfolio,
programs, and projects. These KPIs establish a quantitatively defined safety compass that pulls
the entire management system toward the specified meridian. In the model’s design, safety is
treated as a distinct objective and a top-level KPI rather than merely a component of quality or
risk. The KPI system is pyramidal (portfolio — program — project) and is explicitly anchored to
the digital twin (risk estimates), the reference-fusion «single source of truth» (harmonized data),
the damper layer (stabilizing buffers), the actuation layer (realized outcomes), and the PDCA
cycle (regular reviews).

The principal design rules of the KPI system are as follows.

(1) Duality: combine lagging and leading indicators. The leading core is closely linked to
digital-twin functions (conflict-prediction accuracy and completeness, average warning horizon,
share of actions executed on time). In this sense, «key indicators may be divided into leading and
lagging: lagging ones capture results after a period, while leading ones enable control during the
periody.

(2) Context invariance: normalize KPIs by corridor profile and navigation regime, vessel
class, and weather conditions (use context adjustments to ensure comparability across situations).

(3) Single agreed truth: all KPIs rely on the reference-fusion layer; any data discrepancies
are resolved at the COP level prior to KPI aggregation.

(4) Closed improvement loop: KPIs carry embedded PDCA triggers (review of
thresholds, policies, and models) together with validation and audit.

(5) Redundancy and readiness: include resilience KPIs for critical services (GNSS,
ECDIS, radar, communications) with their own MTBF/MTTR metrics and the proportion of time
spent in fallback modes without incident.

The three-tier KPI pyramid is detailed as follows. At the portfolio level (industry, region,
corporation), lagging indicators include accident and severe-incident frequency, annual losses,
and categorized environmental events. Leading indicators include: proactivity (share of
investigated near-misses, adoption rate of DSS recommendations, average time from «threat
detected» to «recommendation issued»); coverage/readiness (percentage of the water area with
guaranteed AlS/radar/VDES coverage, readiness of fallback modes for critical services); and
synchronisation (share of «green corridorsy, that is, periods with zero conflicts at a given traffic
density). Assessment is performed by water areas and corridors, normalized for traffic intensity,
seasonality, and vessel type. The portfolio True North Index is formed as a weighted sum of
safety KPIs using RAG logic, with explicit penalties for «red» violations.

03-04 2pyous 2025 poky 175



IIpo6aemu cmasozo po3sumky mopcokoi eanysi (PSDMI - 2025)

Strategy for Scheme Design and Macro-level Implementation.

Presentation architecture. A multilayer scheme with four loops is recommended:
orientation and estimation (elements 1-3), decision-making (element 4), execution with
stabilizers (elements 6 and 5), and the learning cycle (element 7) with a KPI panel (element 8).
Arrows between blocks should be labeled by flow types: data, estimation, decisions, commands,
feedback, and indicators (Figure 1).

Inputs: heterogencous data streams
(AIS, radar, meteorology, ENC,
COLREG rules, local regulations and
restrictions), historical incident records.
Outputs: a reconciled common
operating picture (COP); per-layer trust
signals (quality flags) for decision
support systems (DSS).

Logic: multi-layer fusion comprising
time/space synchronisation, sensor
confidence scoring, source conflict
resolution, rule-based enrichment
(COLREG and local navigation rules),
and data-reputation models.

KPIs: COP update latency; share of
“unreconciled” events; percentage of
data conflicts resolved automatically.

project participants.

companies).

3. Reference Fusion — eliminating
“drift” in industry-level estimation
Purpose: establish a single set of agreed
facts about the situation for all multi-

Owners: portfolio-level technical committee for
data interoperability (ports, Vessel Traffic
Services (VTS), data providers, shipping

Inputs: voyage and incident logs,
telemetry, simulator assessments, root-
cause analysis (RCA) reports,
compliance audits (ISM; port state
inspections), stakeholder feedback.
Outputs: policy/procedure updates,
revised True North thresholds, model
releases, public safety bulletins.

Logic: PDCA cycles across governance
levels; updates to digital-twin models,
prioritisation rules, and buffers; review
of KPI thresholds; updates to training
programmes.

KPIs: cycle time from incident to
approved policy change; implemen-
tation rate of recommendations;
reduction in incident occurrence.

Inputs: candidate routes/manoeuvres,
queue states, pilot/tug availability
constraints, business priorities.
Outputs: approved course/speed
profiles; recommendations issued by
VTS/port coordination centres.
Logic: objective function constrained
by COLREG and local port rules;
dynamic threat-zone weighting;
multi-agent coordination between
vessels and port (plan deconfliction,

slot reallocation).

KPIs: proportion of “safe-optimal”
decisions; average ETA penalty during
safety interventions; fuel savings
achieved while respecting safety

4

thresholds.

Multiproject life-cycle performance
index: feedback from multiproject
elements to corporate/regional/industry/
IMO control centres; policy formation
for the next-period strategy (t+1).
Service resilience: reliability of GNSS,
ECDIS and radar networks; mean time
to restore critical systems.

Programme level (corridor/port cluster/
fleet): conflict-free traffic density; time-
to-agreement among agents (vessel-port
—VTS); percentage of slot adjustments
without cascading delays; share of
voyages where safety legitimately
prevailed over ETA without service-level
penalties.

Project level (voyage/operation/watch):
minimum DCPA/TCPA achieved;
percentage of COLREG-compliant

manoeuvres; recommendation-to-action

7. Audits / Investigations -
“calibrating the benchmark”
Purpose: close the learning
loop across portfolio and
project levels.

Owners: joint portfolio
safety commission
(regulator and
industry).

portfolio strategic “meridian”

and IMO bodies).

operators), port authorities.

1. Safety Benchmark (True North) - the

Purpose: an autonomous safety objective shared
by all participants (shipping companies, ports,

Vessel Traffic Services (VTS), Maritime Rescue
Coordination Centres (MRCC), classification
societies, flag/port state administrations,

Owners: the portfolio council (regula-
tors, industry associations, leading

5. Dampers -
buffers/rules for
system resilience
Purpose: reduction
of operational
oscillations during

Inputs: regulations (COLREG, ISM,
MLC; local port rules), waterway risk
maps, incident/near-miss history,
business objectives (ETA, service levels)
environmental objectives (fuel).
Outputs: threshold/target profiles for
each programme/water area; intervention
policies defining when “safety” prevails
over “time/energy.”

Logic: setting ALARP/TSL target
thresholds; decomposition into
programmes (corridors, port clusters)
and projects (voyages, safety campaigns)
KPIs (portfolio): accident frequency
per 1,000 voyages; near-miss coefficient
(DCPA/TCPA); percentage compliance
with COLREG/ISM; share of incidents
causing schedule disruption; composite
resilience index of navigation services
(GNSS/ECDIS/radar) and their fallback
capability.

disruptions and safety
interventions.

Owners: programme level
(port clusters), ports terminal

]

4. Decision-Making
(managed precession) -multi-
criteria optimisation

Purpose: re-orient the “axis”
of the multiproject toward
the safety benchmark
(True North) without
disrupting operations

Owners:
analytics

”»

6. Actuation -

actions

Leading metrics (core of the concept): share of
near-miss reports; speed of adoption of DSS
recommendations; sensor and communications

latency; ETA deviation during
interventions; fuel per voyage;
crew attention/fatigue indicators.

8. KPI “True North” -
checklists programme / project
Portfolio level (industry / region /
corporation):

Lagging metrics: accident rate; severe
incidents; annual losses; environmental
incidents.

coverage; readiness of fallback modes.

Purpose: shared situational awareness and
forecasting for fleets, ports, VTS, insurers,

turning decisions
into coordinated

Purpose: execution of
agreed measures across the
entire multiproject ecosystem.
Owners: VTS and port dispa-
tchers, MRCC/coordination
centres, pilotage and services

2. Inertial Core (Maritime Digital Twin)
system-level state/risk estimator

and regulators.

Owners: a joint portfolio Safety Control
Tower; at the programme level - regional
or port situation centres.

Inputs: AIS (satellite/shore), ECDIS/
ENC, radar, meteorology, shore-based
communications, MSI/NAVTEX notices

[ pilotage information, fleet maintenance

Inputs: deviation chronology, SLAs,
pilot/tug availability windows, tidal
windows, congestion profiles,
ecosystem constraints.

Outputs: stabilised schedules,
resource reservations, standby
procedures.

Logic: planned time buffers

(tidal windows, “soft” ETA); resource
buffers (reserve tugs/pilots, redundant
communications/navigation channels);
prioritisation rules during elevated-risk
periods.

KPIs: buffer utilisation; share of
“critical” interventions; average post-
incident queue depth.

VTS/terminals).

via fallback.

Inputs: approved plans/commands,
lalerts, procedures; local state (weather,
visibility, technical readiness).
(Outputs: manoeuvres/berthings/speed
land port-slot adjustments; temporary
traffic restrictions; MSI notices.

Logic: portfolio directives cascade to
programme rules (corridor/port cluster)
then to operational commands (vessels/|

Response: if a channel/service is lost,
lexecute fallback procedures.

KPIs: recommendation-to-action time;
share of recommendations executed;
percentage of cases handled

states, human-factor indicators (attention
/fatigue/qualification) from simulators.
Outputs: risk forecasts, hazard maps,
ranked “watch-list” points of concern.
Logic: multi-model digital twin:

« Traffic twin (density, flows)

* Fleet twin (dynamics, manoeuvrability)
* Port/Waterway twin (constraints,
queues)

« Environment twin (storms, visibility)

* Human twin (behaviour/anticipation
models, crew states)

KPIs: conflict-prediction accuracy
(precision/recall); average warning
horizon; share of conflicts prevented;
time from threat appearance

to recommendation.

Figure 1 — Cyclical interaction of elements in the «Gyrocompass-PM» model
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Institutional model of the concept. At the state or regional level, portfolio safety councils
and interoperability technical committees are established. At the port level, planning and
dispatch centers operate. At the company level, fleet optimization and risk-management centers
are responsible. The key enablers are data-sharing agreements and clearly assigned responsibility
roles, anchored in regulation.

Roadmap for the concept.

1. Pilot corridor or port cluster: creation of a common operating picture, commissioning
of the digital twin, and introduction of a minimal KPI set.

2. Policy and buffer alignment: promulgation of regulations that include damping rules
and scenarios of temporary restrictions, establishment of the actuation network with targeted
drills.

3. Full decision loop: coordinated slotting and maneuver planning, explainable outputs,
and logging of accepted and declined recommendations.

4. PDCA deployment: regular reviews, investigations, public bulletins, and controlled
releases of updated procedures and models.

5. Scaling: onboarding additional ports and companies, mutual recognition of indicators,
and interstate coordination.

Aggregate benefits for the «Gyrocompass-PM» multiproject:

— Unity of goals and data: a shared compass and a single agreed truth eliminate
contradictions among participants.

— Proactivity and explainability: decisions are justified by common risk assessments and
are taken in advance of incidents.

— Service resilience: damping mechanisms and graceful-degradation modes preserve
controllability during disturbances.

— System learning: every incident yields measurable changes in policies, procedures, and
personnel training.

— Scalability and reproducibility: the model transfers across ports and states without
disrupting local practices, because it functions as an overlay to existing norms.

Conclusion. The proposed «Gyrocompass-PM» conceptual model provides a practical
framework for portfolio-level safety management in maritime transport. It does not replace
existing regulations; rather, it integrates them into a coherent architecture that runs from strategic
orientation to execution, and from a single source of truth to transparent indicators. The model is
scalable, interagency, and explainable. It underpins state safety policy, corporate fleet
governance, and international coordination in transport corridors, supporting a systemic shift
from reactive to preventive management.
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CTABJIEHHS IO YACY Y MIKKYJIbTYPHIN KOMYHIKAIII
MOPCBKHUX ®AXIBIIIB

Cmenanan A.A., /loopoeonscoka B.A.
XepcoHncvka OepaicasHa MOPCbKa aKkademis
(Vkpaina)

Beryn. MikKynbTypHAa KOMYHIKAIlisi € CKJIQJHAM IPOLIECOM  B3aEMOJMIl  MiX
MpPEACTaBHUKAMH PI3HUX KYJIbTYp, J€ KIOUYOBY POJb BIAIrparoTh HE JIMIIE BepOanbHi, a U
HeBepOaibHi €JIeMEHTH, 30KpeMa CTaBJIEHHS 710 Yacy, abo XpoHemika. Yac cnpuiiMaeTbesl HE SIK
yHIBepcajbHa KOHCTaHTa, a K KYyJIbTYpPHO OOyMOBJICHHH (pEeHOMEH, IO Bi0Opakae IIHHOCTI,
¢inocodito Ta crnocid KUTTS CyCHiIbCTBA. Y 3aXiHUX KYJbTypax 4ac 4acTO PO3TIISAAETHCS K
JTIHIMHAA pecypc, Mo BUMarae e()eKTUBHOTO YIPAaBJIiHHA, TOAI SK y CXIJHUX TPAIUIIsIX BIH
OUTBbII THYYKWH 1 BIIHOCHHWH. AKTYambHICTP TEMH JOCITIDKEHHS TMOJATaE y TOMY, MO Y
npodeciiiHiii cdepi, 0cOOIUBO B MIKXKHAPOJAHOMY CYJIHOIUIABCTBI, J€ Oe3meKa Ta JIOriCTHYHA
e(EeKTUBHICTh KPUTHYHO 3aJISKATh BiJl YITKUX rpadikis, i BIIMIHHOCTI MOXYTh IPU3BOAUTH 10
HEMOpO3yMiHb, KOH(IIKTIB Ta 3HMWXKEHHS €(PEeKTUBHOCTI KOMYHiKalii B OaraToHalioHaJIbHHUX
eKimakax. MeTor IbOro JOCIIPKCHHS € aHali3 CTaBJICHHS JI0 Yacy B Pi3HUX KyJIbTypax Ha
OCHOBI TIOpDIBHSIHHA 3aXiIHUX 1 CXiJHUX HIAXOMIB, a TaKOX OI[IHKAa iXHBOTO BIUIUBY Ha
MDKKYJIBTYPHY B32€EMO/IIF0 MOPCHKUX (DaxiBIIiB.

PesyabraTu pociigxenb. OIHUM 3 KIIOYOBHX KOHIENTIB Y BUBUEHHI CTaBJICHHS /0
yacy € TMOAUT KyJIbTyp Ha MOHOXPOHHI (MOHOAaKTHBHI) Ta TIOMIXpOHHI (ITOJIiaKTHBHI),
3anponoHoBanuii Expapaom XosuioMm 1 pO3BUHYTHH y MOAaNbLIMX AochixeHHsx [1, c.14]. ¥V
MOHOXPOHHHX KynbTypax, Takux sk CIIA, HimeyunHa 4YM CKaHAWHABCHKI KpaiHH, dYac
CIIPUHMAETHCS SIK OOMEXKEHUMN pecype, noaiOHMIA 10 rpomei: «yac — e rpomi» [2, c. 185; 3,
c.5-6]. JIronn GoKyCyrOThCS Ha OJHIHM CIIpaBi 3a pa3, JOTPUMYIOTHCS HITKUX IpadikiB, HIHYIOTh
MYHKTYaJbHICTh 1 BBOKAIOTh 3aIi3HEHHS MPOsIBOM HemoBaru. Lle moB’s3aHo 3 1HIyCTpiaIbHUM
PO3BUTKOM 1 TPOTECTAHTCHKOIO €THKOIO, /Ie €(PEeKTUBHICTh 1 MPOIYKTHBHICTH € TpiopUTETaMH [4,
c.112]. ¥V mopcekiil cdepi 11e NposBISETbCA B KOPCTKOMY JOTPUMAaHHI rpadika BaxT, dacy
npuOyTTs Ta Je/U1aiiHIB MOPTOBUX omepauil. Hampuknaa, 1ist HIMEIIBKOro KarliTaHa 3aTpUMKa
Ha 30 XBWIMH 13 Meperavyero BaxTH MOXE CIpUMaTHCs sK O3Haka OaiimyxocTi o Oe3neku
CyJIHa, IO IMiIPUBAE JOBIPY B KOMAaH/IHIN B3a€MO/Iii.

HaBnaku, momixpoHHI KyJbTYpH, XapakTepHi s JlaTuHcbkoi Amepuku, biauzpkoro
Cxony, Kurato um VYkpaiHu, po3risialoTh 4Yac SK THYYKAH 1 LUKJIIYHUHN, A€ NpPIOPUTET
BIJIa€ThCS CTOCYHKaM, a He CTporuM aeniaifHam [5]. TyT mroaM MOXYTh BUKOHYBAaTH KiJIbKa
3aB/IaHb OJTHOYACHO, a 3YCTpiul MOYMHAIOTHCS, KOJIU BCl MPUOYIIH, 1 TPUBAIOTh CTUIBKH, CKIIBKU
noTpiOHO JUIs 3HauUyl[oi B3aeMosii. 3ali3HEHHS Ha FOJUHY HE BBAXKAETHCS IPpyOICTIO, a pajie
HOPMOIO, 1110 BPaxOBYE€ JIFOJIChKI pakTopH [2, c.184].

Ile#t mormsim Ha 4Yac TICHO MEPEIITAETHCS 3 MPAKTUUHUMH MOJEISIMM IOBEIIHKH,
JNEMOHCTPYIOUH, K caMe TJIHOOKI KyJbTYpHI TEpEKOHAHHS BIUIMBAIOTh HA MOBCIKICHHY
KoMyHikarito. Tak, y KUTalChKil TpaaMili 4ac € BIJHOCHUM 1 CyO’€KTHUBHHM, HATXHEHHUM
KOoH(]y1iancTBOM ((POKYyC HAa MUHYJIOMY JUIsl €TUYHHX MOJIENEH) Ta 1aocu3MoM (0e3MEXHICTh 1
cBoOona Bix oOMexeHb) [5]. YV nmaocekux Mmertadopax, 30kpema y dinocopa UxyaH-13H,
TpuBalicTh XUTTA Yy 800 poKiB MOXKe BBa)KAaTHCS KOPOTKOIO MOPIBHSIHO 3 HECKIHUEHHICTIO Yu
UKJTIYHICTIO MPUPOJHUX TMpoLeciB, 1m0 (opMmye pensTuBHE Ta (PiTocOPChKE CTaBICHHS 0
YaCOBUX OOMEKEHb.

Hagiramiiina Oe3neka, rpagdik BaxT 1 TMOPTOBI oOmepamii 3a CBOEIO CYTTIO €
MOHOXPOHHHUMH, 1 MOJIXPOHHE CTaBJEHHS J0 HUX CTBOPIOE MPSMHN pU3MK Oe3meli. 3a3HayeHi
BIIMIHHOCTI y CTaBIIEHHi /0 Yacy Oe3MocepeHhO BILUTMBAIOTh HA MIKKYJIBTYpHY KOMYHIKAIIIO:
MOHOXpPOHHI (haxiBIi CXWJIbHI CIIPUMMATH MOJIXPOHHUX SIK XAaOTHYHUX Ta HEOPraHi30BaHUX,
TOJI1 SIK OCTAaHH1 PO3TJISAAIOTH MEPUINX K XOJIOJAHUX, HETHYYKHX Ta HaJAMIPHO C(POKYCOBaHHUX Ha
3aBJaHHI, M0 YaCTO € JDKEPEIOM MiKOCOOMCTICHUX KOH(IIKTIB [6]. Y BHUCOKOKOHTEKCTHHUX
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KyJnbTypax (TOJIIXPOHHUX) Yac IHTETPYETbCd 3 HEBEPOAIbHUMHU CHUTHAJAMM, TOAL 5K Y
HU3bKOKOHTEKCTHUX (MOHOXPOHHHUX) aKIIEHT POOUTHCS Ha SIBHUX CJIOBax 1 TepMiHax [4, c. 112].
Konduikt yacy Ha 60pTy CyJHa BUHUKAE, KOJIM IHXEeHEp-(iminmiHens (MOTIXpOHHHUHA Yac) MOXe
NPU3YNUHUTH TUIAHOBUH PEMOHT Uil BUPILICHHS OCOOMCTOTO MUTAHHS 3 KOJIETOI0, TOJI SIK
OonMaH-ToJIaHAelb (MOHOXPOHHMI Yac) BUMAarae CyBOpoOro AOTPUMAHHS 4YacOBOTO JIIMITY IS
3aBepUICHHS 3aBIAHHS.

KynbTypHi KOHTEKCTH, BKJIIOYAIOYM CTaBJICHHA O Yacy (XpOHEMiKy), (HopMyroTh
TOIOJIOTII0 MDKKYJBTYPHOI KOMYHIKAIli — IMPOCTIp B3aEMOJIIT 3 KOPIOHAMHU «CBIA-UYXHiD». Y
I00ai30BaHOMY  CBIiTi, OCOOJMBO B YMOBaX IHTEHCHBHHMX Mirpamidi Tta poboTH B
OaraToHaliOHAJPHUX EKiMa)kax, 4Yac CTa€ TEeTePOXPOHHUM: DPi3HI KyJIbTYpHI Tpynu
(YHKIIOHYIOTh Y HECYMICHMX YacCOBHX pEXHMax, LI0 YacTo MPHU3BOIUTH 0 CTpecy
akKyJbTypanii (pasu erdopii, pozuapyBaHHs, amanraiii). Hanmpukiaa, B yMOBax BiJIaJICcHOTO
ynpaBiiaHa cynHoM (Vessel Remote Management), koiau iHCIIeKTOp Ha Oepesi Mpaiioe 3a
MOHXPOHHHUM TpadikoM, a eKimax y MoOpi JOTPUMYETHCS MOBAXTOBOTO LUKIY, BHHUKAE
(bparmenTallis yacy, mio yCKJiIaJHI0O€ CHHXPOHI3AIlI0 Ta MOK€e BILUTUBATH Ha OMEpaliifHy O0e3MmeKy.

Y KoMaHIHIN B3a€MO/IIT KyJIbTypHE pO3MAiTTS Ta MOBHI BIIMIHHOCTI MTOCHUJIIOIOTH BILJIUB
gacoBuX opieHTtanii. 3a moxemmo I'. Xodcerene, Bumipn, Taki SIK JOBrOCTPOKOBA Opi€HTAIis
(Long-Term Orientation), MOSCHIOIOTh BiAMIHHOCTI y CHPHHHATTI JiJAepPCTBA, IUTaHYBaHHI
CTPYKTypH Ta iHiuiatusu [7, c. 202]. ¥ MylbTHKYJIbTypHUX MOPCHKHUX KOMaHJaX MOHOXPOHHI
KyJIbTYPH BUMArarmTh MYHKTYaJIBHOCTI SK O3HAKU NpodecioHai3My Ta TUCIUILTIHH, TOMI SK
MOJIIXPOHHI — THYYKOCTi, OCKUJIBKM TIPIOPUTET HANAEThCA 30EPeKEHHIO TapMOHIHHUX
CTOCYHKIB, III0 MOX€ CIPHYMHATH MixocoOucticHi koHpmiktu [3, c.17-19]. HochimxeHHs
MOKa3yI0Th, 1[0 BUCOKA KYJbTYPHA IHTEIEKTYaIbHICTh, IO BKJIIOYAE 3HAHHSI HOPM, pedieKcito,
MOTHBAIlII0 Ta TMOBEAIHKOBY aJallTaIlifo, 3MEHIIye Ii Oap’epH, MiJABHIYIOYM IHHOBALIHHICTP i
MPOAYKTUBHICTh eKimaxy. Hampukiaa, y KOMIaHIX 3 BHUCOKHM €THIYHUM PO3MAiTTIM
¢inaHcoBi pe3ynbTaTd Ha 36% Kpallli, aje JUIle 32 YMOBH aJanTallii 10 4aCOBUX BiJIMiHHOCTEH
[7, c. 204].

Ileif iMmepaTMB MOHOXPOHHOCTI TIOCHJIIOETHCS MDKHAPOJHUMM  PETYISTOPHUMHU
BUMOTaMM: KOHBEHLII (Hampukiaa, MiXHapoJHa KOHBEHLS MPO MiATOTOBKY 1 JAMUIIJIOMYBAaHHS
MopsikiB Ta HeceHHs BaxTH (STCW), BCTaHOBIIOIOTH YiTKI YaCOBI OOMEKEHHS /Il BIATIOYUHKY
Ta poOOTH, M0 AEMOHCTPYE, IO Tally3b BHMAara€ CyBOpPOi MOHOXPOHHOCTI, ajieé KyJbTypHa
MOBE/IHKA (HAMPUKIIAJ, MPIOPUTET coIliaizamii MmiJ 4Yac BiMOYMHKY) MOXKE MOPYIIyBaTH IIi
KPUTUYHO BAXJIMBI JJ1 O€31IEKHU BUMOTH.

VYV koHTeKkcTi YKpaiHH, K MepexiHOI KyJbTypH, Y MOPCHKIH ramdy3i 4acTo MOEIHYEThCS
MOHOXPOHHHI Oi3HEC-eTUKeT (WiTKi JIOTICTUYHI JeNJailHh, KOHTPAKTH) 3 TMOJIXPOHHUM
MOBCSAK/JIEHHUM XHUTTAM (HEBU3HAUYEHI IOMOBJIEHOCTI, €MOIIMHICTh), 110 YCKJIAHIOE B3a€MO/III0
3 HU3bKOKOHTEKCTHUMU NapTHepamu. KpiM Toro, BipTyajnpHa KOMYyHIKalls (HallpUKIal, yepes
CYNyTHUKOBHUM 3B’S30K) HiBemoe (i3MUHI 4YacoBl 30HHM, ajieé BTpadyae EeMOLINHHI KaHau,
MPU3BOASIUM 0 UTF031 CHHXPOHHOCTI Ta 3HIKEHHS €()eKTUBHOCTI.

Jlns minBuieHHs e(eKTUBHOCTI MIKKYJIBTYpHOI KOMYHIKalliil Ta 3a0e3neueHHs Oe3nexu
MOPETUIaBCTBA HEOOXITHO UITKO BH3HAYAaTH OCOOJMBOCTI CHPUUHATTA dacy: aHali3yBaTH
MOHOXPOHHI/TOJIXPOHHI PUCH WIEHIB eKilaxy, aJantyBaTd poOouyli PUTMU Ta YHHUKATH
CTEpEOTHUINIB, 10 MOXYTh IEPEIIKO/HKATH 3JIaro/pKeHIH KoMaHIHIN poOoTi. Y mnpodeciiiHiii
MOpCBKil cepl KpUTUYHO BaXJIMBO IHTErpyBaTH 3HAaHHA MNP0 XPOHEMIKY B Iporpamu
HiArOTOBKU (PaxiBIIiB, IO CIPHSIE TOJIEPAHTHOCTI Ta B3aeMOpPO3yMiHHIO. KitouoBi cTpaTterii s
OaraToHaliOHAJILHUX MOPCHKMX KOMAaHJ BKIJIIOYAIOTh: MPOSIB THYYKOCTI Yy BJIACHOMY DPHUTMI,
nomryk OamaHcy MK CTpPOTMM JOTPUMaHHSM 3aBJaHb (BaxTH, HaBirauis, pPEMOHT) Ta
MIATPUMKOIO CTOCYHKIB y KOJIEKTHBI, @ TAaKOX aKTHUBHE BUKOPUCTAHHS KYJIbTYPHOTO 1HTEJIEKTY,
TOOTO 3IaTHOCTI PO3YMITH, IHTEPHPETYBAaTH Ta aJIE€KBATHO pearyBaTH Ha MOBEIIHKY JIOAEH 3
PI3HUM KyJbTYpHUM JocBiioM [7, c. 202]. Hanpuknaa, BUKOPUCTaHHS CTaHAApTH30BaHHUX
OTepamifHuX TPOIEAyp Ta YHIPIKOBAaHMX UEK-JIICTIB Ha OOpPTYy CyaHa € KIOYOBUM
THCTpYMEHTOM JUIsl TpaHcopMallii HOJIXPOHHUX CXMJIBHOCTEH WIEHIB eKilMaXKy y MOHOXPOHHY,
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HEOOXiHY At Oe3MeKH, MOCHiIoBHICTh Aiil. Hanpukiaza, npu ruiaHyBaHHI PEMOHTHUX pOOIT 3
MOJIXPOHHUMH IMIJIETJIMMHA aKIIEHT CJIiJi pOOMTH HE JHIIEe Ha 4YITKUX JAeIjaiiHax, a ¥ Ha
noOy/I0Bi JOBIpH Ta Y3TOKEHHI MPIOPUTETIB, TOAI AK y B3a€MOJIi 3 MOHOXPOHHUMH — Ha
JETAbHIA TMOKPOKOBIM 1HCTPYKIIi 3 JKOPCTKOK TMPUB’SA3KOW a0 dYacy. JlocmimkeHHs
MiJKPECTIOTh, IO ITHOPYBaHHS YacOBUX BIJIMIHHOCTEW NPHU3BOAUTH 10 ¢pycTpamii Ta
OlepaiiHuX PU3UKIB, ajJi¢ YCBIJOMJICHHS JIO3BOJISIE TICPETBOPUTH KYJIBTYPHE PI3HOMAHITTS Ha
KOHKYpPEHTHY IepeBary Ta BHUIIMH piBeHb iHHOBalLiiHOCTI Ha Oopty [6]. Y riobanizoBanomy
MOPCBHKOMY CBITI, JIe¢ poOOTa CHHXPOHI3YETHCS 3 TEXHOJOTISIMH, KyJbTypHA aJanTalilisi 9acoBUX
HOPM € KIIFOYEM JI0 CTaOUTBHOTO YCIIXY.

BucnoBku. CTaBieHHS /10 4acy € «I3epKajoM» KyJIbTYpHHX I[IHHOCTEH Ta KIFOYOBUM
HeBepOaTbHUM (DAaKTOpOM, IO CYTTE€BO BIUIMBAE HA MIKKYJIBTYpHY KOMYHIKAI[il0 MOPCBHKHX
¢daxiBmiB. BigMiHHOCTI MK MOHOXPOHHHMMH (JIIHIHHMMH) Ta IMOJIXPOHHUMH (THYYKHUMH)
OpI€HTAIlISIMY, 3aX1THUIMHU Ta CXITHUMH T1IX0/IaMU CTBOPIOIOTH 3HAYHI1 BUKIIUKH ISl OC3MEKH Ta
omeparniiiHoi epekTUBHOCTI Ha OOpPTYy OaraToHAIIOHATBHHUX CYJIEH, ajlé TaKOX BIIKPUBAIOTH
MO>KJIMBOCTI AJisi iHHOBalid. CyBopi BUMOTH MOpPCHKOi ramy3i (Hampukiaa, koHBeHIiss STCW,
rpadiki BaxT) € MOHOXPOHHHMH 3a CBOEK CYTTIO, ITHOPYBaHHS 4YOTrO IPHU3BOIUTH [0
MDKOCOOHMCTICHUX KOH(IIIKTIB Ta PU3HMKiB. BHKOPHCTOBYIOUM KYJIBTYpHI KOHTEKCTH, CTpAaTerii
ajanTtanii Ta IHCTPYMEHTH KyJbTYPHOTO IHTEJIEKTY, a TaKOXX IHTErpylOYH XPOHEMIKY Y
npodeciiHy MiATOTOBKY Ta CTaHIAPTH30BaHI OMNEpaliiiHi MpOUeAypH, MOKHA MiABUIIMTH
e(EeKTUBHICTb B3a€MO/Iii, 3MEHIIUTH KOH(IIIKTH Ta CHPUATH TOJEPAHTHOCTI. Y MailOyTHhOMY
JOCITIJIKEHHSI 9aCOBHX IMapaMeTpiB y BIPTyaIIbHUX NPOCTOpax (BifgaieHe YIpaBIiHHSA) CTaHYTh
e aKTyaJbHIIIUMH JIJIS TI00aJbHUX MOPCHKUX KOMaHI. TakuM YMHOM, PO3YMIiHHS 4acy He
nuie ycyBae 6ap’epu, a i 30arauye npodeciiiHuii KyJIbTypHUH Iianor, 3a0e3meuytoun 0e3mneKy.
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CEPEJIBEMHE MOPE: YHIKAJIBHICTb 'EOI'PA®IYHOI'O
MOJIOKEHHS TA POJIb Y CBITOBIM MOPCBKIN TOPTIBJII

Anansveea B.1O., /looposonsvcvka B.A.
Xepconcoka deporcasna mopcoka akaoemis
(Vkpaina)

Beryn. CepenazeMHe Mope € OOHMM 13 KJIHOYOBHX perioHiB CBITOBOTO OKeaHy, SKE
BiJlirpa€ BaXJIMBY POJb y MIKHAPOAHIA TOPTiBIi, EHEPreTUYHUX MOTOKAX Ta T'EOMONITHYHIN
B3aeMoJii nepxaB. Yepe3 HbOro npoxoauTh noHaa 20% cBITOBOIO MOPCHKOI'O BaHTa)o0o00iry, a
HOro mOpTH € CTpaTeriyHMMHM IMTyHKTaMU Ha MapuipyTax Mix €Bpornoro, Adpukoro ta Asiero [1].

AKTya/IbHiCTh TeMM 3yMoBieHa TuM, 1o CepeazeMHe MOpe ChOIOJHI € HE JIMLIe
B)XJIMBUM TOPTOBEJIHLHUM MapLIPYTOM, a i apeHOI0 INI00aTbHUX BUKJIMKIB: CHEPTETHUHUX KPU3,
nepedopMaTyBaHHS JIOTICTUYHUX JIAHIIOTIB Yepe3 BIWCHKOBI KOH(IKTH, 3MIHU KIIIMAaTHYHHUX
YMOB 1 MTOCUJICHHSI KOHKYPEHIII1 32 pecypcr KOHTUHEHTAJIBHOTO menb(y. Y X YMOBaxX perioH
HaOyBae 1€ OUIBIIOTO 3HAYEHHS JUISl CTAOUIBHOCTI CBITOBMX TPAaHCIHOPTHUX CHUCTEM 1
3a0e3MedeHHs MPOIOBOIBYOI OE3MEKH.

Meta gocJigaeHHs — BUCBITJIEHHs reorpadiyHux ocobnuBocreil Cepe3eMHOro Mopst
Ta BU3HAYEHHS HOTO pPOJIi y CyYaCHHUX CBITOBHX TPAHCHOPTHHX IPOIECaX, 30KpeMa B KOHTEKCTI
I00aNbHUX EKOHOMIYHMX 1 MOJITUYHHMX 3MiH; aHani3 3HaueHHs Cepen3eMHOro Mops Ais
VYkpaiau K KIF0YOBOT0 HANpsIMy eKcropTy yepe3 Yopue mope.

PesyabTaT pociaigkens. CepeazeMHe MOpe pO3TalllOBaHE MK JIBOMAa KOHTHHEHTaMHU
— €ppasieto Ta Adpuxoro, Ta cronydeHe 3 ATIAHTUYHUM OKeaHoM uepe3 ['iOpanrtapchbky
npoToky. [Inmoma akBaropii CTaHOBUTH OJKM3BKO 2,5 MIIH KM?, cepenHs rmubuna — 1 500 m, a
MakcuMaibHa carae 5 267 m y loniunomy Mopi (ynorosuna Kammimnco).

Baceitn CepenzeMHOro MOpsi MOIUISETHCS HAa HHU3KY MOpiB — Anpiatuune, loHiuHe,
Tippencwke, Ereiicbke, JleBanriiicbke, Jlirypilicbkke TOILIO, S$IKI YTBOPIOIOTH CKIAIHY
rigpornoriuny cucremy. Moro Geperopa NiHist IPOTSKHICTIO TIOHA 46 TUCAY KM HAJ3BHYANHO
pO3UWIEHOBaHA: TYT MOEIHYIOTHCS BHUCOKI ckemsicTi y30epexoksa (Itamis, Xopsartis, I'pemis) 3
piBHUHHUMHU (€runer, TyHic).

Knimar CepenzeMHOMOp s MepeBaKHO CyOTpOMIYHUHM, i3 M’SIKOIO BOJIOTOIO 3UMOIO Ta
CHEKOTHUM CYXUM JIITOM, OJHAK CXIJHI Ta MIBACHHI PAallOHM 3a3HAIOTh BIUIMBY IyCTEJIbHUX
BiTpiB Caxapu, II0 3yMOBIIOE IiJBHUILEHE BHUIApOBYBaHHA. Bucoka cononicte Boau (y
cepenboMy 38—39%o) 1 3HAUHE BUMIAPOBYBAHHS POOJISITH MOPE OJTHUM 13 HAHCOJIOHIIITUX Y CBITI.

IgponoriyHuii  peXxuM  XapakTepU3yeThCs CKIAAHOK cucTtemMoro Tewil. Yepes
[NbpanTapcbky NPOTOKY 3 ATIAHTUKH HAAXOAATh MOBEPXHEBI BOAM, IO PYyXarOThCS Ha CXII,
YTBOPIOIOYM AJDKHPCHKY Ta JIEeBaHTHHCBKY Tedii, SIKI 3aMUKAIOTHCS JI0 MIBJEHHOTO Yy30epexiKs
Typeuunnu. [ THOOKOBOAHI MacH MHUPKYIIOIOTE Y MPOTHIICKHOMY HalpsSMKY, TOBEPTAIOUUCH 10
ATIIaHTHKH, 10 CTBOPIOE YHIKAJIbHY ABOLIAPOBY LIUPKYJIALIIO BOI.

VY 6inbmocti kaprorpadiunux 1 rigporpadiuanx cxem CepeazeMHe MOpe 300paxyeThCst
K IIEHTp MDKKOHTHHEHTAJIBHOTO OOMiHY, J€ TPHUPOJHI YMOBHU CIPHUSIOTH PO3BUTKY
IHTEHCUBHOTO CY/THOTUTABCTBA, pu0aIbCTBa Ta Typusmy [2].

CepenzemHe Mope 3 JaBHIX 4aciB OyJO ocepelkoM OOMiHYy TOBapaMmu, KyJbTYpOIO Ta
TEXHOJOTIIMU MK HapoJaMu TpbOX KOHTHHEHTIB. YK€ B aHTUYHHMM IepioJl BOHO CTajo
«KOJIMCKOIO» MOPCBKOi TOpriBii: (iHiKiMII Ta KapdareHsHH pPO3BHUHYJIM MOpEIJIaBCTBO M
3acHyBanu ToproBeibHI KojoHii Bing [liBHiunoi Adpuku po Icnanii, a Pum mneperBopus
CepenzeMHOMOpP’sl Ha BHYTpILIHE Mope cBo€i imrepii — Mare Nostrum, mo 3abe3neuyBajio
cTablIbHE TTOCTaYaHHSI 3€pHa, METAJIB 1 TKAHUH.

VY CepeanboBivyi IPOBiAHY POJIb Y TOPTIBII MOCUIN TeHYye31 Ta BEHEelii1li, SIKi CTBOPHIIN
MEpPEKYy MOPCHKHUX TOPIrOBEIbHUX PECIyONIK 1 KOHTPOJNIOBAIM TPAaH3UT MK €BpOIOIO,
bausekum Cxonowm i IliBHiyHOIO Adpukoro. BogHodac apaOebki AepikaBU pO3BHBAIU MOPCHKi
HNUIAXU y CXIAHIM 4YacTuH1 OaceiiHy, MOEAHYIOUH CEpeI3eMHOMOPCHKI mopTu 3 [Haiichbkum
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OKEaHOM Yepe3 KapaBaHHI MapIIPyTH.

Y HoBwuii yac k1r040BUM eTanoM craB npopuB yepe3 Cyenbkuii kanan (1869 p.), skwmii
3’ennaB CepemsemHe mope 3 UepBOHMM 1 BIAKpUB NpsAMUE MOpChKMi nuisax a0 Iugii ta
[TiBnerHo-Cxinnoi Asii. Ile paaukanbHO 3MIHUIIO CTPYKTYPY CBITOBOi TOPTiBIli, IEPETBOPHBIIN
PETiOH Ha IEHTPAJIbHY JIAHKY Mk €BpOIOIO Ta A3i€l0.

Coorogni CepeazemHe Mope 30epirae cratyc OJHOTO 3 HalBaXJIMBIIIUX TOPTOBEIbHUX
BY3JIB CBITy, 4epe3 SKHH MPOXOIATh OCHOBHI MapHIpyTH KOHTEWHEPHUX CyJaeH, Ha(TOBUX
TaHKEPIB 1 Ta30BUX IEPEBI3HUKIB, MO MOEAHYIOTh €Bporeichbkuid Coro3, bim3pkuit Cxin Ta
Adpuy [3].

CepenzemMHe MOpe ChOTOJIHI € OJTHMM 13 HAaHaKTUBHIIIMX MOPCHKHX PETiOHIB CBITY, Uyepes
KU TPOXOAUTh MoHax 15 % riobansHOr0 Mopchkoro Bantaxoo0iry. lllopoky uepes Cyeubkuii
KaHaJI MPOXOJIUTh MoHa 19 Trcsad cyneH, mo 3ade3neuyroTh 0au3bko 12 % cBiTOBOI TOpriBii
ToBapamu Ta eHepropecypcamu [4]. 3a manumu OECD Ta Plan Bleu, miinpHICTE MOpPCHKHX
nuiaxiB 'y CepenzeMHoMmop’i € onHi€l0 3 HaWBUIIMX Yy cBiTI — moHaa 300 ToproBenbHHUX
MapuIpyTiB HIOACHHO 3’ €IHYIOTH MOHA] 30 MpuOEpeKHUX IepKaB.

Mopcrekuii 6aceiin Haniuye nonan 200 BeIHKUX MOPTIB 1 TepMiHATIB, AKi 3a0€3MeUyIOTh
HE JIMIIE TPAaH3UT BAHTAXIB, ajle€ W PO3BUTOK IOPTOBOI IMPOMHCIOBOCTI, JIOTICTHKH Ta
cynHopeMoHTy. HailOimpmmMmu TpaHCIOPTHUMHU By3namMu € Mapcens (@paniis), Banencis
(Icnanis), Ilipeit (I'pemist), I'enys (Itamis), Anexcanapis ta Ilopr-Cain (€rumer), CramOyn
(Typeuunna). Lli mopTu BXOISATH 0 MEpENiKy Hali3aBaHTaXEHIMUX y €BpOIi 3a KUIBKICTIO
obopobiennx konreriHepiB (TEU). Hanpukmnan, nopt Banencis o6po6isie moran 5 maa TEU Ha
pik, a Ilipeit — monan 4,6 maa TEU, craBmmM rojoBHUM MEpPeBAIOYHUM LEHTpOM CXigHOTO
CepemzemMHOMOp’ st TTicIIs iHBeCcTUIIIN kuTakichkoi kommnaHii COSCO.

CepenzeMHe MOpe BHUCTYIIA€ TOJIOBHHUM EHEPreTHYHUM KOpUIOpoM Mik brusbkum
Cxomom, Adpukoro Ta €Bpornor. Uepe3 perioH MpOXOoIsaTh OCHOBHI MapHIPyTH MOCTAYaHHSI
HadTu i 3pimkeHoro npupoanoro ray (LNG) mo nopris Iranii, ®pannii, Icnanii Ta I'pewii. ¥V
CX1/IHIM YaCTHUH1 aKTUBHO PO3BHUBAETHCS JIEBaHTINChKMIA OaceitH, /e 30cepePKeH1 BEJIMKI 3amacu
rasy (ponosuma «Zohr», «Leviathan», «Aphrodite») [7, ¢.173]. Ix pospobka Mae He mumie
€KOHOMIYHUI, a W NOJITUYHUNA BHUMIp — 3MIIHEHHS €HepreTuuHoi HesanexHocti €C Ta
3HIDKEHHS 3aJIeKHOCTI BiI pOCIHCHKHX TIOCTa4yaHsb [S].

BaxnuBy posb BiAIrparoTh TpaH3UTHI BY3JIM Ta CTpaTeriuHi NpoToku — ['i0panrapcbka,
bochop ta Mapmanennm, a Ttakoxxk Cyeupkuil kaHan. Yepe3 HHUX 3/1HCHIOETBCS pyX MiX
ATnanTuyHUM okeaHoM, YopHuM 1 UepBOHMM MOpPSIMH, 10 MIEPETBOPIOE PETIOH HA «MOPCHKUI
MICT» MDK KOHTHHEeHTaMH. Cepeq3eMHOMOPCHKI HUISXM 3a0€e3MeuyroTh HIBHJIKE MOCTAYaHHS
CUPOBHHH, 3€pHA, €HEPropecypciB Ta MPOMHUCIOBUX TOBapiB y €Bpomy, a TaK0X EKCIOpT
€BpOMNENCchKOT MpoayKuii Ha puHKU binsbkoro Cxoxy it Adpuxi.

CydacHi TeHAEHILII PO3BUTKY MOPCHKOi JIOTICTUKM Yy PETriOHI CIpsIMOBaHI Ha
UG pPOBI3aIli0 MOPTIB, BIPOBAPKEHHS «3€JIEHUX» TEXHOJOTiH 1 3MeHIIeHHs BUKHUIIB CO: y
TpaHcnopTHoMy cekTopi. InimiatuBu €C, taki sk Motorways of the Sea ta EU Maritime
Transport Strategy 2050, mnepenbadaoTb MOJEpHI3ALIIO CEPeI3eMHOMOPCHKHUX TOPTIB,
posmuperHs TepmiHamiB LNG 1 po3BUTOK CTanIoro CyJHOIIaBCTBA.

Hns Ykpainun CepeazeMHe MOpe Mae CTpaTeriyHe 3HAUYEHHS K KIIOYOBUH Hampsam
excriopty udepe3 YopHe mope. BigHOBIEHHS MOpPCHKMX MapuIpyTiB uepe3 npotoku bocdop 1
Japnanennu 103Bojsie 3a0e3neuyBaTd BUBE3EHHsS YKPAaiHCBKOTO 3€pHA, METAJIB Ta MPOAYKIIT
arpornpoMHCIOBOro KoMiuiekcy /1o noptis [liBgennoi €sponu ta [liBHiuHOT Adpuku. Lle poouTsh
CepenzemMHe MOpe BaXKJIMBOIO JIAHKOIO Y BIJHOBJICHHI YKPaiHCbKOI €KOHOMIKM Ta 3MILHEHHI ii
MO3UIIH Y CBITOBIM TOPTiBIIL.

Cepen3eMHOMOPCHKUIM PETIOH 3aMIIAETHCS 30HOK0 TMEPETHHY I1HTEpPECIB MPOBIIHHUX
Jiep’aB CBITY, pErioHaJbHUX YYacHMKIB 1 TpaHCHALlOHAJbHUX Kopropauiil. Konkypenuis 3a
KOHTPOJIb HaJ| TPAHCIOPTHHUMH KOPHIOPAaMH, €HEPreTUYHHMH pPEeCcypcaMd Ta CTpaTeTiYHUMHU
MIPOTOKAMHU CTBOPIOE CKJIAJIHY CHCTEMY B3aeMo3anexHocTei. OcoO0IMBO BaXIJIMBY pOib Bifirpae
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TypeuunHa, sika BUCTyIa€ KIIOUOBUM mocepeqHukoM MK Yopuum i CepeazeMHHM MOpeEM,
KOHTpPOJIIOI0YM TIpoToku bocdop 1 Japnanemmm Ta 3a0e3nedyroun BUXia YKpaiHU 0 CBITOBHX
TOPTOBEJIBHUX HUISAXIB.

[Ticns moBHOMacmTabHOro BTOprHeHHS P® B VYkpainy y 2022 porl reonomiTH4YHA
CUTYyaIllis B PETiOHI ICTOTHO 3MiHMJIACS. 3aKPUTTS YACTUHU TPAAMIIHHUX MapmpyTiB y YopHOMY
MOp1 IPU3BEJIO 10 NepeopieHTallll YKPaiHCHKOrO €KCIIOPTY Yepe3 allbTepPHATHUBHI HANIPSIMKH — J10
noptiB Pymynii, bonrapii, I'peuii Ta nami gepe3 Cepenzemue mope no lliBaennoi €Bpornu i
[TiBaiuHoi Adpuku. Y wmexax 3epHoBoi iHimiatuBu OOH VYkpaina 30eperia MOXKIHUBICTH
MOCTa4yaHHs CIILCHKOTOCHOAAPChKOT MPOAYKIIi A0 KpaiH, M0 3aiexarb BiJ i eKCIOpPTY, YuM
HiATBEPANIIA CBOE CTpATEri4HE 3HAUEHHS JUIs CBITOBOI IIPOIOBOJIBYOI O€3MEKH.

Bognouac Cepen3eMHOMOpP S 3aIMILAETHCSI EHEPreTUYHHUM BY3JIOM, 4epe3 SKui
IPOXOJATH ra30MpPOBOAN Ta MapUIPyTH MOCTaYaHHS 3PIIHKEHOr0 IMPUPOAHOro raszy. Bigkpurrs
HOBHX POAOBHUIN Yy cXimHiii wactuni mops (I3paine, Kimp, €rumner) crpuse mocuiaeHHIO poi
perioHy y (opMyBaHHI aJIbTEPHATUBHUX €HEPreTUUHUX MapLIPyTiB Uil €BPONH, 10 3MEHILYE
3JICXKHICTH BiJI POCIHCHKHX TTOCTa4YaHb [6].

€ppomneiicbkuii Coro3 uepe3 nporpamy Union for the Mediterranean akTUBHO MiATPUMY€E
PO3BUTOK CTAJIOTO TPAHCIIOPTY Ta «3CJICHUX TOPTIB», SKi CIPSIMOBaHI Ha CKOPOUYCHHS BUKH/IIB
CO:, BIpoBa/KEHHsS eHeproeeKTUBHUX TEXHOJOTIH 1 mudposizauito jorictuku [7, c.178]. ¥V
Mexax ekojoriunoi momitukun €C akieHT poOUThCS HAa MIHIMI3ALII0 EKOJOTIYHHX PH3HUKIB
CYJIHOTIJIAaBCTBA, 3aXUCT MPUOEPEKHUX EKOCUCTEM 1 MOJEpHI3aIlito 1HPACTPYKTYpH MOPTIB, 1110
Bignogigae L{insm cranoro po3sutky OOH [6].

Hns Vkpainn CepelzeMHe MOpe Mae IEpIIOYEpProBe CTpAaTEriyHe 3HAUYEHHS — BOHO €
OCHOBHMM MapUIPyTOM EKCIOPTY YKpaiHCBKHX TOBapiB uepe3 YopHe Mope Ta YOPHOMOPCHKIi
npoTokd. Buxin 10 cepea3eMHOMOPCHKMX MOPTIB 3a0e3nedye I1HTErpauilo  yKpaiHCbKOIro
EKCIOPTY 0 TI00aTbHUX PUHKIB 1 3MIITHIOE €EKOHOMIYHY CHiBIpallio 3 kpainamu €C, bimspkoro
Cxony ta Adpuku.

BucnoBku. CepenzeMHe MOpe Biirpae KIIOUOBY poOJib Yy IUIOOANbHIA TPAaHCIOPTHIN
CHCTEMi, MOE€IHYIOUYM TOProBeNbHI, €HEepPreTHM4YHi Ta JIOTiICTUYHI iHTepecu €Bpomu, A3il i
Adpuxu. Moro reorpadiuse m0I0XKeHHs, PO3BUHEHA IOPTOBA IHPPACTPYKTYpa Ta KOHIIEHTPALLis
MOPCBHKUX MapHIpyTiB POOJISATH PEriOH OJHUM 13 HAWBaXIIMBIIIMX LIEHTPIB CBITOBOI TOPTiBIi.

3abe3mneueHHs cranoro (GyHKIIOHYBaHHS CyaHoIUIaBcTBa y CepenzeMHOMOp’T TOTpedye
KOMILJIEKCHOTO YTPaBIIiHHSA PU3MKAMH, sik€ Oa3yeTbCs Ha IOE€JHAHHI MIDKHApOJHUX HOPM —
MixkHapoaHOI KOHBEHI[T 3 OXOPOHM JIFOJICBKOTO JKUTTS Ha MOPi, MDKHApOJHOTO KOJIEKCY
ynpaBiiHHA Oe3nexoro, MiKHapoaHOI KOHBEHLi 3 3amoOiraHHs 3a0pyAHEHHIO 3 CyJeH — Ta
metonosorii Formal Safety Assessment. CyyacHa npakTHKa MOPChKHUX MIE€PEBE3EHb OPIEHTYETHCS
Ha 3HWKEHHS JIIOACHKOTro (pakTopa sk OCHOBHOIO JKepesa aBapiifHOCTI, MiBUIIEHHS TEXHIYHOT
HaAIMHOCTI GI0TY, UG POBI3AIIO YIPABIIHHSA i MOHITOPUHT TEXHIYHOTO CTaHY CYJIEH.

InTerparis ynpaBiaiHHS pU3MKaMHU 3 LUIIMH CTaJIOro po3BUTKY MIiKHApoaHOI MOPCHKOT
opraHizailii CHpusi€e TO€IHAHHIO O€3MeKH, EKOJOTIYHO1 BIAMOBIIAIBHOCTI Ta OmepariiHol
epextuBHOCTI. Lle peanizyeTbcsi yepe3 3MEHIICHHS BUKUAIB NMapHUKOBUX Tra3iB BiJ CYIEH,
nepexiJ Ha albTepHATUBHI BUAM MajJMBa, ONTUMI3allil0 MapIIPYTiB 1 BIPOBAIKEHHS UPPOBUX
CHCTEM, 110 3HWXKYIOTh PU3HK aBapii.

st Yxpainu 3HaueHHsT Cepea3eMHOro MOps € CTPAaTeTIYHUM — BOHO 3a0e3neduye BUXif
Ha Ti100anbHI TOproBenbHI puHKM depe3 YopHe mope Ta mpotoku bocdop 1 apmanemnn,
HIATPUMY€E EKCIOPT arpapHoi Ta MPOMHUCIOBOI MPOIYKIIi, a TaKOXX 3MIIHIOE MO3ULII HaIIOl
Jep’KaBU B €BPOMNEHCHKIN €KOHOMIUHINA CUCTEMI.
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YIIPABJIIHHSA PUSUKAMU TP MOPCBKUX NTEPEBE3EHHAX
BAHTA’KIB Y KOHTEKCTI CTAJIOTI'O PO3BUTKY

Ananveea B.IO., Cmoeoa T.A.
Xepconcoka deporcasna mopcoka akaoemis
(Vkpaina)

Beryn. Mopebki mepeBe3eHHs1 3a0e3neuyrorh moHan 80% CBITOBOI TOpriBii, aie
CYNpPOBOUKYIOTBCS KOMIUIEKCOM PH3MKIB — HaBITaliiHUX, TEXHIYHUX, CKOJIOTTYHHX Ta
oprasizauiiHux. BaknuBy posib y BUHHKHEHHI 1HIIMJIEHTIB BiAIrpa€e JIOJCHKUN (aKTop, SKOMY
MixnaponHa Mopckka opranizamis (gam IMO) npuninse 3Hauny yBary [1]. Ymoparmiaas
pHU3UKaMH iHTErpoBaHe B MiXHaponHy HopMaTuBHy 0a3y (SOLAS, ISM Code, MARPOL) i
meroposorito Formal Safety Assessment (mani FSA) [2-5].

AKTyanpHICTb JociimkeHb. KoHIemNmis cTamoro po3BUTKY, yxBajieHa Ha KoHdepenii
OOH y 1992 p., morenep 3alMIIAETHCS aAKTyallbHOIO Yepe3 MOCHUJICHHS KIIMAaTUYHUX Ta
€HepreTHYHUX BUKIHMKIB. CTalnMii PO3BHTOK MOPCHKOTO TPAHCIOPTY IOEAHYE JIOCSITHEHHS
€KOHOMIYHO1 e()eKTHBHOCTI, €KOJOTIYHOI Oe3MeKr Ta COLialbHOI BIAMOBITAIBHOCTI YYaCHUKIB
JAHLIOTIB TEepeBe3eHb. YTPABIIHHA PU3UKAMHU IPU MOPCHKUX TEPEBE3CHHSIX BAaHTAXIB TICHO
KOPEIIOETHCS 3 LIISIMU CTAJIOT0 po3BUTKY, chopmynboBaHumMu OOH: 3 mimmto Nel3 (6opoTrba 31
3MIHOM KJIiMaTy) Ta nijuto Nel4 (30epeeHHsT MOPChKUX €KOCHCTEM) Ta iH. [6].

[TocranoBka 3amadi. Y3araJbHUTH 3aXOAM WIOAO YIPABIIHHS PHU3UKAMU MOPCHKUX
NepeBe3eHb BaHTAXKIB BIAMOBIHO O YUHHUX MDKHAPOIHUX HOPM 3 METO JIOCSATHCHHS IIUICH
CTaJIOTO PO3BUTKY y CYJAHOILIABCTBI.

Pesynbratin  nmocmimkens. Ilin pU3UKOM y CyTHOIUIABCTBI PO3YMIIOTH IMOBIPHICTB
HAacTaHHSA HeOa)kaHol Momil Ta TSKKICT 1i HACHIAKIB IJId JroAel, MaliHa i moBkimit. Kirouosi
TpyNH PU3HKIB MPU IEPEBE3CHHI BaHTAXKIB MPE/CTaBICHI Ha puc. 1.

Hagirauiiini puzuku (mocajaka Ha MUTHHY, 3ITKHEHHS, HeOe3MeuHi akBaTopii).

TexHiuH1 pU3UKU (BIIMOBA CyIHOBUX €HEPreTUYHUX YCTAaHOBOK, CUCTEM
KEpyBaHHS, BAHT)KHUX MEXaHI3MiB Ta iH.).

Oprani3aliifHo-TI0IChKI pU3HKH (TIOMHJIKU €KiNaxKy, HesIKICHI MTPOLEAypH,
KOMYHIKAIIisl TOLIO).

Exosnoriyni pu3uky (BUTIK HAQTOMPOIYKTIB, IIEPEBE3CHHS HEeOE3MeUHUX
BaHTaXiB, BUKU/M BYIJIELIO Ta 1H. 3a0pYIHIOUYMX PEUOBUH TOILO).

Pucynox 1 — KitouoBi rpynu pu3HKiB IPH BaHTAKHUX MEPEBE3EHHSX

[pyHTOBHMI aHai3 MDKHAPOJAHMX HOPM MHIOAO YIPABIiHHS PH3HKAMH JIO3BOJIHB
BcraHoBUTH HacTymHe. KouBeHnuis SOLAS Bu3Hadae MiHIManbHI CTaHOapTH OY/IIBHHUIITBA,
obOyagHaHHA Ta eKcIuTyaTarlii cyaeH 3amis 3adesneuenns Oe3neku [3]. ISM Code BcTanoBmioe
MDKHapOAHMNA cTaHIapT Oe3MevyHoi eKcIulyartalii CyJaeH 1 3amoOiraHHs 3a0pyJHEHHIO depe3
cucTeMy YyIpaBiiHHS Oe3nekoro (SMS), 110 OXOIUTIOE TMONITHUKY, HPOLEAYPH, IiJIrOTOBKY
nepcoHanry Ta BHyTpimHI ayautd [2]. MARPOL € 06a30Bor0 KOHBEHIII€IO 13 3amoOiraHHs
3a0py/IHEHHIO MOPCBKOTO CEpEeJIOBUINA CYJHAMHM, BKIIOYAIOYM BUMOTH JO IOMNEPEIKEHHS
BUTOKIB Ha()TH, XIMIKaTIiB, CMITTS Ta KOHTPOJIO BUKHIIB B atMocdepy [4]. Metomonoriss FSA
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3abe3neuye CTPyKTypoBaHui Tmpouec ineHtudikamii Hebesnmek (HAZID), anamizy pu3MKiB,
OIIHIOBaHHS BapiaHTIB KOHTPOJIO Ta BHU3HAUCHHS iXHBOI peHtabenbHOCTI (ALARP) nmms
NPUAHATTS PETYISATOPHUX PIlIeHb [5].

VY3araapHeHHS po3ciiayBaHb 1 craTucTukn EMSA 11010 MOpPCBKMX 1HIIMJICHTIB
HiATBEP/XKY€E KIIOUOBY POJIb JIFOJICBKOTO YMHHUKA B aBAPIHOCTI Ta HEOOXiJHICTh 3MIIIHEHHS
onepamniiHoi aucuuiuiing [7]. Po3momin 3a mpuYMHAMU MOPCHKHX I1HITUACHTIB BiIOYBa€ThCS
TaKUM YHHOM:

— HEBIAMOBIIHI Mii BaXTOBOI'O TEpPCOHATY BHUKIMKAIOTh 32% 3arajbHOi KiJIBKOCTI
JOACHKUX TTOMUIIOK;

— TIOMWJIKOBI PIIICHHS ¥ Jii BHACIIIOK BIUIMBY cTpecopiB, BToMu — 30%;

— HenpaBWIbHUN BUOIp MIBUAKOCTI Ta BUKOPUCTAaHHS pagapa — 15,5%;

— HeNpaBWIbHE BUKOpUCTaHHS oOnagHanas — 2,0%;

— mpobuemu, noB’s3aHi 3 npouenypamu — 2,0%;

— HENOpO3yMiHHSI BHACHIOK HeAoCcTaTHROI miarotoBku (lack of training) — 1,0%;

— npo0bJieMH, BUKJIMKaHI OaraToOHAI[iOHAIBHICTIO WwieHiB ekimaxy — 1,0% [8].

OTxe, OUTBIIICTP MOPCHKUX IHIMICHTIB NpPH TEPEBE3C€HHI BaHTAXIB € HACIHIJKOM
JIHOACHKUX MTOMHIIOK.

3okpema, iHmuaeHT 3 «Ever Given» (23-29 6epesnst 2021 p.), mo ctaBcs y Cyenpkomy
KaHajl, € OJHUM 13 HallMacIITaOHIIIKMX Yy Cy4acHii icTopii cyaHomnaBcTBa. [locaaka Ha MiTHHY
400-meTpoBOrO KOHTEHHEpPOBO3a TMpHU3BeNa JO OJIOKYBaHHS KaHANy TMpOTIroM 6 1il,
3arpumaBiu noHaa 400 cylneH 1 COPUYMHUBIIM 30UTKH CBITOBiM TOPriBIi Ha MOHAK 9 MIpI
nonapiB CLIA mono6u [9]. 3a nanuMu po3ciigyBaHb OCHOBHUMH (DaKTOPaMH, SIKI BUKIUKAIH
IHIMJEHT, CTAJIM CUJILHUN OOKOBHI BiTEp, HaIMIpHA MIBUAKICTh, HEJOCTATHS KOOPIMHAIIIS MIXK
KalliTaHOM Ta JIOIMAaHOM TIpM MaHEBpyBaHHI B oOOMexeHid akBatopii. IHmmaeHt
IIPOIEMOHCTPYBAB BaXJIMBICTh BPAXyBaHHS METEOYMOB, JIOLIMAHCHKUX MOPaJ 1 YIPaBIiHCHKUX
pillIeHb y TICHUX KaHajlax.

Ile onuH IHUMACHT, SIKUM CTaBCA HE HA BAHTaXHOMY, a Ha KpyisHomy cynHi «Costa
Concordia» (13 ciunst 2012 p.) 3aciayroBye Ha aHaji3 KeHCy 1010 HEOOXITHOCTI BIPOBAKEHHS
KyJIbTypH Oe3neku. BHacniiok BiAXUIEHHS Cy/IHA BiJl INIAaHOBOTO MApIIPYTY BiOynacs mocajaka
Cy/lHa Ha MiJABOJHI CKell Ouis octpoBa JlXuibiio, mo mnpusBeno a0 3arudeni 32 ociO.
Po3ciiyBaHHsl BCTAaHOBMJIO, 1110 KalliTaH YXBaJUB CAMOBUIbHE PIIIEHHS JJIS «CalllOTy Oepery»,
MOpYyIIMBIIY HaBirauiiuHi npouenypu [10]. Tak, mpoxoKeHHs CyJTHa MaKCUMaJIbHO OJIM3BKO /10
OeperoBoi JiHIT € HAA3BUYAHO PU3UKOBAHUM PIIIEHHSIM, OCKUIBKU MapIIpyTH, IPOKJIAZEeHI TaKk
6513bKO 10 Oepera, 4acTo MPOXOJAATh Yepe3 MUIKOBOAIA a00 MOOIU3y MiABOJHUX CKEJb 1 pUiB,
SK1 HE TIO3HaueH1 K Oe3MeyHi A1 BEMTUKUX CyJeH. BusiBneHi He1omiKu — BiICYTHICTh KOHTPOJIIO
Ha MICTKY, HEy3roJlKeHl J1i eKinaxky Ta Hee()eKTHBHA €BaKyallis — MIATBEPAWIIU, 1110 KyJIbTypa
0e3MeKH, KOMaH/IHa B3a€MO/IiS Ta JIIJIEPCTBO € KIIOUOBHUMHU €JIEMEHTaMH YIIPABIIHHS PU3UKAMHU.

V3aranbHeHa cucTema 3axOiB JJi1 MIHIMI3alll KJIOYOBUX I'PyN PU3HUKIB IPU MOPCHKUX
NepeBe3eHHAX HaBe/leHa Ha puc.2.

EdexTtuBHe ympaBiiHHS pU3MKaMH TOJSATa€ y BUSIBICHHI TOTEHIINHUX HeOe3Iex,
OLIIHIOBaHHI WMOBIpHOCTI X pearizalii, po3poOieHHI 3amO0KHUX 3aXOMIB 1 KOHTpPOJ 3a ix
BUKOHaHHAM. Takui miaxim 3a0e3medye 3MEHIIEHHS WMOBIPHOCTI aBapiid, MiHIMI3AIlIO
eKOJIOTIYHUX 30WTKIB, TMIJABUILEHHS €HEProe(eKTUBHOCTI CyJIeH Ta JOCATHEHHS Iiieil
nexkapOoHi3aiiii.

VYnpaBiaiHHS pU3UKAMH TPH MOPCHKHMX TEpPEBE3CHHIX PEali3yeThCsl Uepe3 CKOPOUEHHS
aBapifHOCTI, ONTHMI3allil0 BUTPAT NaJlbHOrO, MiABUIICHHS eHeproegekTtuBHocti (EEDI,
SEEMP), ¢opmyBaHHS KynbTypH O€3MEKH Ta COLIAIbHOI BIANOBIAAIBHOCTI YCiX YYaCHHUKIB
OoCTaBKM BaHTaxiB. Lle cTBOproe CHHEPTiI0 MK O€3MEeKOI0, €KOJOTIYHOIO BIAMOBITAIBHICTIO U
orepamiiHOw e(EeKTUBHICTIO Y TII00aIbHIM MOPCHKiH mpakTuii [11-12].
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Cucrema 3aX0/iB [UIS 3aII00IraHHs PU3HKIB TP MOPCHKUX ITEPEBE3CHHSIX

"o )

)peanizayiini 3axoou. IlinTpumanns akryansHoi SMS BimnosizHo mo ISM Code,
peryJsipHi TpeHyBaHHsI eKilaxKy 3 aBapiliHoro pearyBaHHs (fire, abandon ship, oil
spill drills), 3acTocyBanus npurImmiB bridge-resource management i standardized
closed-loop communication, KOHTPOJIb BTOMH WIEHIB €KilTaxy, IOMEPEIHINA aHai3
HeOe3mek (voyage risk assessment). Hampuxman, kommanii Maersk ta MSC
MPOBOAATH HIOKBApTaJIbHI CUMYJISLIMHI HAaBYAHHSA, IO iCTOTHO 3HMKYIOTH YaCTOTY
\iHHI/II[eHTiB Ha MICTKY. /

Texuiuni 3axoOu CUpSIMOBaHI Ha MiABUINEHHS HAIIHHOCTI Ta pe3epBYBaHHS
HaBITalliMHUX 1 BAaHTQXXHUX cUCTeM. s 1[bOoro BHpOBaXytoTh ayoOmtoBaHHs [/,
PE3epBHI KaHaM 3B 513Ky, CHCTEMH MOHITOPHHIY TEXHIYHOTO CTaHy TOJIOBHOTO
neuryHa (Condition Monitoring), a TakoK KOHTPOJIb CYMICHOCTI «CyIHO — IOPT —
BaHTaX». Mera — 3amo0iraHHs aBapisiM 4Yepe3 BiIMOBH KPUTHYHHX CHCTEM 1
M1IBUIICHHS TOTOBHOCTI JI0 aBapiiHUX CHTYAIIi. /

AV

Hasgizayitini 3ax00u MIiHIMI3yIOTh DPH3WKM IOCAaAKM Ha MUIMHY a00 3ITKHEHb Y
CKIIQJIHUX  HaBiralmiiHuX palioHax. BoHM mepenbdadaloTh  BUKOPUCTAHHS
KOHCEPBAaTHUBHUX PEXKUMIB PYXY Y BY3bKHX aKBaTODISX, aKTyaJbHUX €IEKTPOHHUX
kapt ECDIS, mianyBaHHSI MapmipyTy 3 ypaxyBaHHSM ITOTOJHUX 1 TiaporpadidHux
00MeXeHb, 3aCTOCYBaHHsI JIOLIMAHCHKOTO CYIIPOBOAY Ta YIpaBIiHHA TpadikoM uepes3
\VTS. )
Exonoeiuni 3ax00u BKIIOYa0Th TOTOBHICTH JI0 JIOKATi3aIlii PO3JIUBIB, TIOBOIKCHHS 3\
HeOe3MeYHNMH BaHTaKaMHU BinnoBigHO 10 BuMor MARPOL, koHTponb GaimacTHHX
Box (Ballast Water Management Convention) i MOCTYyMOBHHA IepexXil Ha
HU3BKOBYTJICLIEBI BUAM ManbHOro. 3a omninkamu IMO, bacTka CyIHOIIABCTBA Y
rI00aTPHIX AHTPOMOTCHHHUX BUKHIAX CTAaHOBHTH Omm3bko 2,9 % (2018 p.) [11].
Crparerist IMO 2023 p. nependadae moCTYIOBHI MEPEXij Ha MaJBa i TEXHOJIOTII 3
HYJIbOBUMH a00 MiHIMaIbHHUMH BUKMIaMH APHUKOBHUX rasis [12]. /

Pucynok 2 — Cuctema 3ax0/iB JiIsl 3a1100ITaHHS KITFOUOBUX TPYIT PU3HKIB IMTPH MOPCHKUX
MEPEBE3CHHAX BAaHTAXKIB

BucHoBkH. YnipaBiaiHHS pU3UKaMU MPU MOPCHKUX NMEPEBE3CHHSX BaHTaX1B 0a3yeThCs Ha
norpumanHi SOLAS, ISM Code, MARPOL Tta metomonorii FSA i3 ¢oxycom Ha mroackkuit
dakrTop, AKUI JOTEnep 3aTUIIAE€ThCA JOMIHYIOUMM YHHHUKOM aBapiiHOCTI.

AHani3 MOpCBKUX I1HIMJIEHTIB MIJKPECII0€ HEOOXIJHICTh CYBOPOTO JOTPUMAaHHS
MpOIIeIypP, HAJIIEIKHOT MiITOTOBKU CYJHOBOTO €KiMaxKy 1 KOHCEPBATUBHOI HaBITaIlll B 0OMEKEHUX
BOJIaX.

Buacnigok iHTerpauii ympaBiiHHS pHU3MKaMU 3 IIUISIMM CTajJOro PO3BUTKY BHUHHUKA€E
MOYKJIMBICTh OTPUMATH €(EeKT CUHEPTii, AKUI TOCATA€ThCS 3aBJSKU BIIPOBAIKEHHIO CHCTEMHOTO
MOHITOPUHTY  TEXHIYHOIO  CTaHy  CyJIeH, CKOPOYEHHIO  BHUKHJIB,  I1JIBULIEHHIO
eneproedextuBHocti (EEDI, SEEMP), 3acTocyBaHHIO albTepHATUBHUX BHJIIB MaJIbHOTO,
ONTHUMI3aIlll MaplIpyTiB Ta BUKOPUCTAHHIO HU(PPOBUX PILIEHb 331 3al100IraHHS MOPCHKUM
IHIUAECHTAM.

VYrpaBiiHHSA pU3HKaMH Ma€ CYNPOBOKYBATUCH (OPMYBAHHSIM KyJIbTypH O€3MEKU cepell
YJICHIB eKilaxy, sKa 3MEHIIY€ KiIbKICTh MOPCHKUX IHLIMICHTIB 1 (DiIHAHCOBI BTpaTH KOMIaHiM,
3a0e3neyyrour eKOHOMIUHY Ta €KOJIOT1UHY CTaJICTh CyAHOILIaBCTBA.
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YAPTEP TA KOHOCAMEHT:
KOJII31i YMOB TA IPABOBI MEXAHI3MM iX Y3I'OJ[’KEHHS

Homawescokuii A./1., [lanuenxo 1.M.
Xepconcobka 0epaicasna Mopcoka akaoemis
(Vkpaina)

Beryn. Mopcebka TOPTiBIIs SIK IPOBi/IHA TaTy3b TT100aJIbHOTO OOMIHY PETYJIOETHCS ABOMA
KIFOYOBUMH  KOMEPIIMHUMHM JOKYMEHTaMH: 4YapTepoM Ta KOHOcaMeHTOM. Yaptep €
JIBOCTOPOHHBOIO YTOJIOI0 MK CyIHOBJIACHHKOM 1 (PpaxTyBaJbHUKOM, TOJI SK KOHOCAaMEHT €
KOHTPAaKTOM NEPEBE3CHHS, 1[0 YacCTO MEPENaEThCsl TPETiM 0cobaM (BaHTa)X0oAep)KyBadaMm), SKi
He Oynu cTopoHOr0 Yaprepy. IIpemMerom MOCHIIKEHHS € MpaBOBI KOMi3ii, [0 BUHHKAIOTh
BHACIIJIOK 1HKOPHOpalii yMOB uapTepy 10 TEKCTy KOoHocameHTy. Ll ropunnyna B3aemois,
OyIqyud HEOOXITHOK IJisi rapMOHi3amii yMOB, BOJHOYAC CTBOPIOE TOTEHIIIAN IS CYIEPEUOK
I0JI0 3aCTOCOBHOTO MpaBa, IPUCIAUKIIIT Ta 00CATY 3000B's13aHb MIXK IIEPEBI3HUKOM Ta KiHIIEBUM
BJIACHUKOM BaHTaXYy.

AKTYaJIbHICTh J0CTiI:KeHHS. AKTyalbHICTh 00paHOi MpoOIeMaTHKU BU3HAYAEThCS ii
Oe3mocepesHiM BIUIMBOM Ha KOMEpLiHHY mependadyBaHiCTh Ta (IHAHCOBI PH3HKH Y
MDKHapOJAHOMY MoOpcbkomy mipaBi. [lo-mepie, HewiTKi 3acTepekeHHs MpPO 1HKOPIOPAIio
CTBOPIOIOTh ACHMETPII0 TPABOBHX PH3HUKIB JUIS BIIACHHKIB KOHOCAMEHTIB, SKi, MpPUHAMArOuu
JTOKYMEHT, MOXYTb HECIHOJIBaHO OMUHUTHCS IiJl II€0 YMOB YapTepy, Mpo SKi BOHU HE 3HAIHU 1
K1 MOXKYTh CYIIEpEUUTH IXHIM €KOHOMIYHUM iHTepecaM. [lo-npyre, mpaBo3acTocoBYa MPaKTHKA,
0COOJIMBO MIOJIO IHKOPIOpAIlii TaKUX KPUTUYHUX IIOJIOXKEHb, SK apOiTpak Ta FOPUCIUKILIS,
JEMOHCTPYE BIJCYTHICTh €AuHOTO Tiaxomy. Lle 3yMoBiIO€ mMpaBOBY HEBU3HAYCHICTH Ta
OPU3BOAUTH JI0 JOPOTOBAPTICHUX 1 TPUBAIMX MapalielbHUX CYIOBUX MPOIECIB Yy PIZHHUX
IOPUCIUKINIAX (HAPHUKIAA, Cylepedka 3a 4apTepoM Ta Cylepedka 3a KOHOCAMEHTOM). Takum
YUHOM, JOCIIIJDKEHHS Ta CHCTeMaTH3allisl KPUTEpiiB €PEKTHBHOI I1HKOpIOpaIlii € KPUTHYHO
BOKJIMBUM JIJIs1 MiHIMI3aIlli KOMEPLIMHUX Ta IOPUIUIHUX 3arpo3 Y MOPCHKIH Taiys3i.

ITocTanoBka 3agaui. OCHOBHA 3ajlaya J1aHOTO HAYKOBOTO JOCIHI/DKEHHS TIOJIArae y
MPOBEJCHHI BCEOIYHOI0 MPAaBOBOT0 aHali3y MEXaHI3MIB BUHUKHEHHS Ta BUPIIIEHHS KOHQIIIKTIB
MDK yMOBaMH 4YapTepy Ta KOHOCAMEHTY, a TaKoX y (OpPMyBaHHI HAyKOBO OOIPYHTOBAaHHUX
MPAKTUYHUX pEKOMEHAALIN 1S 1X 3armo0iraHHsl.

PesyabTaTn nocaitzkeHb. Y MOpPCHKiMl TOPriBii JTOKYMEHTH BiAirpaioTh BHU3HAYAJIbHY
POJIb Yy BCTaHOBJIEHHI IIPaB, 00OB’A3KIB 1 pU3UKIB CTOPIH. 30KpEMa, 1Ba KIIOYOBI JOKYMEHTH —
yapTep 1 KOHOCAMEHT 4YacTO B3a€MOIIOB’sI3aHi, aje MAaloTh pi3HE IOPUAWYHE IMOXO/UKEHHS 1
3aBaanHsA. Komu ymMoBHM udapTepy ¥ yMOBHM KOHOCaMeHTa He 30iraroTecsi abo cymepedaTh OJHE
OoJlHOMY, BHHUKae KOH(mikT. I1lo6 3po3ymiTH, YoMy Taka KOJi3is BMHHUKAE, CIEpIIy BapTO
PO3TISIHYTH iX MPUPOJTY Ta JLKEepesia KOHDIIKTY.

IIpaBoBa npupona yaprepy i KOHOCAaMEHTa — L€ KJII0Y J0 PO3YMIHHS, YOMY MK HUMHU
MOXYTh 3 SBISATHCS mpoTupiuus. Yaprep — wne noroBip ¢(paxTyBaHHS, YKIAICHUH MIXK
BJIACHUKOM CYy/HA 1 (ppaxTyBaJbHHUKOM, JI€ BCTAHOBJIIOIOTHCSI YMOBH HaliMy CyJlHa, MapuIpyTy,
dpaxTy, yacy HaBaHTOXKEHHS Ta PO3BaHTaXeHHs, mTpadiB 3a 3aTpuMKH Tomo. KoHocameHT
HATOMICTh BHJIAEThCS BXKE MICIS NPUHHATTA BaHTaxXy. BiH CIy>KUTb 1 SIK JOKa3 TOro, 110 BaHTaX
OPUKHATO, 1 SIK JOKYMEHT, IO TIepelae IMpaBO BUMOTH BaHTaXy. Y TIPaBOBOMY CEHCI
KOHOCaMEHT CTa€ KOHTPAKTOM IMEPEBE3EHHS MK NMEPEBI3HUKOM 1 BIACHUKOM KOHOCAMEHTA 1 Liei
JIOTOBIp MOe He OYTH TOYHO BioOpakeHHSIM yMOB daptepy [1, ¢. 3]. Ock oMy yMOBH dapTepy
HE aBTOMATHYHO JiI0Th MIXK NEPEBI3HUKOM 1 BAaHTAXKOOAEP>KyBayeM, SIKIIIO BOHU HE BKIIOUEHI Y
TeKcT KoHocamenTa [2, C.117].

[TprunHM KOHQUIIKTIB MK YMOBaMM 4apTepy W KOHOCAMEHTY BHPOCTAIOTh 13 KUIBKOX
JUKepen: Mo-mepile, pi3Hi Cy0’€KTH NOKYMEHTIB — (paxTyBaJbHUK € CTOPOHOIO 4apTepy,
BAaHTAXKOO/IEP)KyBau CTOPOHOI0 KOHOCAMEHTA; MO-Jpyre, KOHOCAMEHT MOXe MepeaaBaTucs
TpeTiM ocobam, siki He Opajii ydacTi B CKJIaJlaHHI 4apTepy 1 He 3HAJIM WOTO yMOB; MO-TPETE,
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iHKOpHOpamiss yYMOB uapTepy Moxe OyTH CcOpMylIboBaHa HEYITKO, M0 CTBOPIOE
HEOJJHO3HAYHICTh, SIKI caM€ YMOBU BKJIIOYEHI (HANpHUKIAJ, «3aCTEPEXKEHHS IPO 3aCTOCOBHE
npaBo Ta apOiTpak» B KOHOCAaMEHTI, TOJl SK y 4YapTepl € JUIIe MOJIOKEHHS NP0 CYAOBY
IOpUCIUKIT0). FOpUINYHO BaXIMBUM € Te, IO MPU KOH(MIIKTI MK yMOBaMH KOHOCaMEHTa 1
qapTepy NpIOpUTET y OaraTbOX CHUCTEMax HAJICKHUTh KOHOCAMEHTY SK Oe3locepeHbOMY
JI0roBOpy nepese3eHHs. Hanpukian, 3a aHIIIHCBKUM IPaBOM, SKIIO [TOJIOKEHHS yapTepy NpsmMo
CYNEpEUYHUTh KIIOYOBHM 3000B’S3aHHSAM Yy KOHOCAaMEHTI, Taki IIOJIO)KEHHS MOXYTh OyTH
BiIXWJIEHI a00 HE 3aCTOCOBaHI y BINHOIIEHHI 70 Jep)kareis KoHocameHTa. Kpim Toro,
iHKOpHOpamis apoiTpaKHUX a00 IOPUCAUKLIIHHUX MyHKTIB BUMAra€ OCOOJMBOI yBard W YiTKUX
(dhopmyITtoBaHb, 1 CyIU 4acTO 3AIHCHIOIOTh TIyMA4eHHS TEKCTIB 3 ypaxyBaHHSM KOMEPIIHHOTO
KOHTEKCTY.

Konn xoHocameHT MicTuTh (hpasy «Yci yMOBH, IOJOXKEHHS, 3aCTEPEKEHHS Ta BUHATKHU,
nepeadaveHi 4apTepoM, BKIIOYHO 13 3aCTEPEKEHHSAM 1010 3aCTOCOBHOTO IpaBa Ta apOiTpaxy,
IIUM JIOKyMEHTOM BH3HAIOTHCSl YAaCTMHOIO I[bOIO KOHOCAaMEHTa», 1€ O3HAyae, 110 MEPEeBI3HUK
nparfe, 000 yci OCHOBHI yMOBM dYapTepy HaOyJdM CHJIM TaKOX BIJJHOCHO BJIACHUKA
KoHOocaMmeHTa. OHaK yu OyIyTh 1[I YMOBH 3aXHUIICHI B Cy/i, 3aJI€KUTh B/l TOTO, YU ICHY€E YiTKE
imeHTudiKyBaHHS YapTepy Ha KOHOCAMEHTi, YA YMOBa MpO TMPaBO W IOPUCAMKINIO Ta YU
chopMylibOBaHA BOHAa B JOCTATHI KOHKPETHOCTi. 3a aHIIIMCHKUM IMPaBOM, 3arajibHi CIOBa
iHKOpHOpamii MOXXyTh OyTH JOCTaTHIMU ISl BKIIFOYEHHSI OCHOBHHX IOJIOKEHb ITEPEBE3CHHS, alle
HE 3aBXKIH JUIsl BKIIOYEHHS apOiTpaxky abo CyJJ0BOi IOPUCAMKIIT MOTPIOHE YiTKE MOCUIIAHHS.

VY cyuacHi#l mpakTHIli BUHUKAIOTh I[iKaBi KEUCH, SIKi JEMOHCTPYIOTh, SIK CYJI TIAXOAHUTH J0
TakuX KOHQIIIKTIB 1 SIK MparMaTuyHo Bupilrye HeBU3HadeHOCTi. Y cmpaBi «Channel Ranger»
(2014) xonocament Oysio Bumano 3a popmoro Congenbill 1994, 1 Ha ioro 3Boporti Oyna ¢pasza
PO 1HKOPIIOPALI0 YapTepy 3 «3acTEepeXeHHs MpO 3aCTOCOBHE MpaBo Ta apOiTpaxk». Ilpore B
caMoMy dapTepi repembavanacs IOpUCIUKIisSs Bucokoro cyny Amrmi, a He apOitpax. Cyx
nepioi iHcTaHii 1 AnensuiiHuil cy AHIIIIT BUSHAIH, 110 TIOMUJIKA B CJIOBaX «apOiTpask» MOkKe
OyTH BUIIpaBJICHA 4Yepe3 TIyMaueHHs, 1 [0 MaJlocsl Ha yBa3l BBEJIEHHS y 10 MOJIOXKEHHS PO
aHTTNCHKY FopUcIuKIito [3].

[lle omun mnpuknan copaBa Navios Koyo (2021, Cinramyp). Y KOHOCaMEHTI YiTKO
3a3HaYeHO: «YCl YMOBH, TOJOXEHHS, 3aCTEPEXKEHHS Ta BUHATKH 4YapTepy, JaTOBAHOTO SIK
3a3HaYeHO Ha 3BOPOTi, BKIIOYHO i3 3aCTEPEKEHHIM IPO 3aCTOCOBHE MPABO Ta apOiTpax, UM
BU3HAIOTHCSl YaCTHMHOIO LbOTO JIOKYMEHTa», 1 caM 4dapTep mepenbadaB apOiTpax y JIoHIoHI.
Cymu Cinranypy DiATpUMaNM TO3ULII0 TEPEBI3HUKA MpPO 3acCTOCYyBaHHS apOITpaxy 1
NOCTaHOBHJIM TIPU3YIIMHUTH CYJIOBI Iil B Cyli HA KOPUCTH apOiTpaxy [4].

Lli mpUKIagd MigKPEeCIIOITh, O iHKOPMOpallis — 1e MOKIIMBICTb, aje He rapaHTis. li
3aCTOCYBaHHS 3aJI€KUTh B1Jl (POPMYITIOBAHHS 1 KOHTEKCTY.

Hacninku ans ctopid y pasi KOHQUIIKTY Tyke cepilo3Hi. [lepeBi3HUK pu3uKye BUSBUTHCA
3000B’s13aHMM BUKOHATH CyNEpewINBl BUMOTHU fK Bi (hpaxTyBaJbHHMKA 3a YapTEpoOM, TaK 1 BiJ
BJIaCHMKA KoHOocameHTa. OKpiM TOro, MoXe OyTHM BTSATHYTHH Yy CyZOBI IPOLECH B PIZHHUX
IOPUCIUKIIAX. DpaxTyBaJbHHUK, SKIIO IEpeJaB BiAMOBIAHUI KOHOCAMEHT, MOXE BTPATUTH
KOHTPOJTb HAJl TUM, SIKi YMOBH 3aCTOCYIOTBCS TIPOTH BaHTaXK0OJIepKyBada. BaHTaxkooaepKyBad,
NPUNAHSABIIM KOHOCAMEHT, MOXKE palTOM [i3HAaTHCh, II0 HAa HBOTO MOLIUPIOIOTHCS YMOBHU
qapTepy, sKi BiH (pakTH4YHO He 0ayuB, 1 OMUHUTHUCS 3000B’SI3aHUM 3TIAHO 3 MOJIOXKEHHAMH, 110
HE BIJNOB11al0Th HOTO €KOHOMIYHHUM YU JIOTICTUIHUM 1HTEPECAM.

o6 yHUKHYTH TaKHX KOHQIIIKTIB, Y MOPCHKIiH Tay31 3aCTOCOBYIOTh KiJIbKa €()eKTHUBHHUX
MmetoxiB. Ilo-nepiie, y KOHOCaMeHTI CIIiJ] 3aBKIAM YITKO 1I€HTH(]IKYBAaTH 4yapTep, 3a3HaYar0uu
naTy, CTOpOHU, HOMEp abo Ha3By moroBopy. [lo-mpyre, popmymroBanHs iHKOpIiOparii Mae OyTH
Iy’e KOHKPETHHUM Ta OaHo3HauHuM. [lo-Tpere, pa3oM i3 KOHOCAMEHTOM MOXE MOJaBaTHUCS
KOITist yapTepy abo mpUHANMHI JOCTYII 10 HOTO, 00 BIACHUK KOHOCAMEHTa MIT 03HalOMHUTHCH
13 neransamu. Ilo-yeTBepre, ciifi YHUKAaTH HAJAMIPHOI 1HKOpHOpalii, HE BKIIIOYAIOYU T1 YMOBH
qapTepy, fKi SIBHO HE CTOCYIOThCS TEpPEBE3CHHs BaHTaXy YW MEepeAaHHs IpaBa BIACHOCTI
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(Hampukiaa, BHYTpimHI OyXranTepchki 3000B’s3aHHSA  (paxTyBalbHUKA). Y  BHIAAKY
HEBH3HAYEHOCTI HEOOXIAHO MepeadadaTd MeXaHi3M TIIyMaueHHs a00 MPOLEaypy Yy3roJDKEHHS
YMOB MiXX CTOPOHAMH III¢ Ha eTarli YKJIaJIaHHs JOKYMEHTIB [5].

Crmig 3ayBaKMTH, IIO KOJHM IHKOPIIOpAIlisi BUKOHYEThCS PETEIBHO I CBiZIOMO, BOHA
JI03BOJIsIE 3a0€3MEUYNUTH Y3TO/HKEHICTh YMOB TEPEBE3CHHS, 3aXUCTUTH IHTEpPECH MEpPEeBi3HMKA 1
MIHIMI3yBaTH PU3HUKH JJII BAHTAXK00AepKyBayda [6].

BuchoBku. KoH}miKT MK 4apTepoM i KOHOCAaMEHTOM €, MO CYTi, 3ITKHEHHSM JBOX
NPAaBOBUX PEATbHOCTEH: BOCTOPOHHBOTO JOTOBOPY (paxTyBaHHS Ta 3000B’S3aHHS TIEpen
BJIACHUKOM TOBapoOpO3MOpsAdoro gokyMeHta. HOpuanyna mnparmatvka BHMarae, Mmoo mpu
iHKOprIOpalii yMOB 4YapTepy B KOHOCAMEHT JOTPUMYBAJIMCS NPUHIUIY KOHKPETHOCTI Ta
PO30POCTi.

EdexTuBHICTh 1HKOpIIOpAIIil 3aJICKUTH BiJl CBIJOMOT'O IIPABOBOTO aKTy, SIKMK Mae OyTH
BiJOOpaXeHUH Yy dITKOMY ineHTH(IKyBaHHI YapTepy Ta OJHO3HAYHOMY (HopMyItOBaHHI
HIEPEHECCHUX IOJIOKEHBb, OCOOIMBO THX, IO CTOCYIOTHCS FOPUCIUKIIHHUX MUTaHb. HediTKicTh
CTBOPIOE TPOCTIp [UIS TPABOBUX KOH(IIKTIB, YTATYIOUM TMIE€PEBI3HHKA Yy CYNEPEUYKH Ta
HaKJIa/Ial041 Herlepe0adyBaHi 000B'sI3KM Ha BAHTaXKOOIEpKyBaya.

Hlnax o BupimeHHs i€l Tpo0ieMu Mojsrae He JUIIe B CyJ0OBOMY TIyMaueHHi, a U y
NPEBEHTUBHUX 3aX0JIaX: CTaHJapTH3allii KOMEPLIiHHOT MPaKTUKH, yIOCKOHAJICHH] TUIIOBUX (hOpM
KOHOCaMEHTIB Ta MiJBHIICHHI MPaBOBOi 00I3HAHOCTI YYaCHHKIB MOPCHKHX IepeBe3eHb. Jlure
TaKUii KOMIUIEKCHUN MiAXiJ 3a0€3MeYuTh y3roKEeHICTh YMOB Ta MIHIMI3y€E IOPUAUYHI PU3UKU B
iii KPUTHYHO BOKJIUBIN TaTy3i.
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MOJAEJIOBAHHSA YIIPABJIIHHA EOPEKTUBHICTIO MOPCBKHUX
MYJBTUMOJAJBHUX NEPEBE3EHb MOTOAOM MONTE CARLO

Kuwuncoxuii 10.C.
Xepconcbka depoicasna MopcoKa akademist
(Ykpaina)

Beryn. CydacHa JoricTHKa B yMOBaxX IJIOOQJIbHOI HECTAOUIBHOCTI, BOEHHUX il Ta
MOpYIIEHb JAHIIOTIB TOCTAa4aHHS MOTpeOye NPUHIMIIOBO HOBHX MiAXOAIB A0 YHpPaBIiHHS
pusukamMu. MopchKa CKJaJoBa MYJIbTHUMOJAIBHUX IE€PEBE3CHb € KPUTHYHO BAKIMBOIO JUIS
VYkpainu, OCKUTbKH 3a0e31edy€e BUXiJl Ha CBITOBI PUHKH Yepe3 YOPHOMOPCHKO-IYyHANCHKI TOPTH
[1-3]. OcHOBHOI0O MeTOIO OyJIO OI[IHMTH PO3MOLT 3arajlbHOr0 Yacy JOCTaBKU Ta CYKYITHOI
BapTOCTI TNEPEBE3CHHS MpPU TNPUPOJHUX KOJIMBAHHSIX KIIOYOBHX (DAaKTOpiB, 30KpemMa 3
BUKOPHMCTAHHSM iMiTaliiiHoro mojemoBants Monte Carlo.

MeTtopoJioris gociaimkeHns Ta MogeaioBanasa Monte Carlo

Jis OUiHKM BIUIMBY BIPOBA/KCHHS YIPaBIiHHSA Ha HaAIHHICTH Ta €(EeKTHBHICTh
MYJIbTUMOJATbHUX TE€PEeBE3€Hh BHUKOPUCTAHO KOMOIHAIIO CIIEHAapHOTO Ta 1MITaliifHOTO
niaxoniB [4-5]. Posrimsimemo 6GazoBuii mapmpyT «IlyHkT 1—IIyHKT 2» A0 eKcropTy 3epHa
obcsrom 120 000 1/pik.

Jlis TpaHCIOPTYBaHHS Takoro 00’ eMy po3po0JIeHO cXeMy MepeBE3EHHS, KA M0Ka3aHa Ha
puc.l. 31 cxemu 6auuMo, 1110 € JBa PI3HUX TPAHCIOPTY — KOpabIii, HA SIKUX MEPEBO3STH 3epHO.€
OJTHA JIOTICTUYHA TOYKA Tepeladi BAaHTaxXYy.

1. MigroToBKa BaHTaXy
AO NepeBeseHHA

[ 2. 3aBanTanenns y nopry |=z— 6. Mopaua TpancnoprHoro sacoby |

I

4. MNepepaua BaHTaXYy 3
| 3. TpancnopTyBaHHA l=',> OAHOTO BUAY TPAHCMOPTY Ha iHWMA |=:>| 5. TpaHcnopTyBaHHA |

| 9. NMopgaua TpaHcnopTHOro sacoby |<:,‘=| 7. Po3BaHTaXeHHA |

i

| 8. CknapyBaHHA BaHTaXy |

PI/ICyHOK 1 — Cxema MYJBbTUMOAAIBHOTO MOPCBHKOI'O IICPEBE3CHHA

BxigH1 TexHIYH1 KpUTepil (3MIHHI MOJENI):
e [IIBuaxicTs cyaHa.
e Yac Ha nepeBayiky / TpaHCIIUIIMEHT (poOoTa y epeBajoyHii TOYIll), TO/I.
e OuikyBanHs B nopty (berth waiting) Ha 06MIBOX KIHIIX, TOJI.
e 3aTpUMKH Yepe3 Moroay, TeXHIUHI / CriemiaibHi MoAil
o [lIBuaKicTs 3aBaHTaXEeHHsI/po3BaHTaXeHHS (ToH/Toa ado TEU/ro.
e IlpomyckHa 31aTHICTh epeBaTIOYHOI TOUKH (OOMEKEHHS)
e Hapnilinicts 00nagHaHHs / BigMOBa (BIZICOTOK PEHCiB 3 MPOOIEMOIO).
e Bapricte mansHoTrO / OyHKEpY (€/T 2060 €/ MWh).
o CnoxuBaHHS MajMBa HAa KM a00 HAa TOHHO-KIIOMETP JUIsl KOXKHOTO CErMEHTAa.
o [loptoBi 360pu / 06podka (€/T abo € Ha omeparliro).
e Burparu Ha nepeBaiky (€/T) y nepeBajouHii TouI.
o Jlemepemx / mrpadu (3a 3aTpUMKH)
e Brparu/ncyBanns Bantaxy npu nepesainti (%).
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e Pusuk kpamixkku / 1op. mpodsieM (MMOBIPHICTH 1 cepe/iHiii 30UTOK)
e JloctymnHicTh Micist Ha 60pty (slot availability)
o Yac xoHcomiaanii / JocTaTHICTh 00cATY A7 BiANpaBKH (17151 OapK/KOHTEHHEPIB).

Meton uncensHoro inTerpyBanus Monte—Kapno — 1e HailOUIbII BiiOME 3aCTOCYBAaHHS
CTaTMYHOI'0 MOJIEIIOBAaHHS JUIsl PO3B’SI3aHHS NPUKIAJHUX MaTeMaTUYHUX 3aaad [5-6]. Skuio 3
HOCIIZIOBHICTIO  BHMIIAQAKOBMX dmcel {x;} €X 3 3aKOHOM pO3MIOALIY HMOBIpHOCTEH
fx(x) mpoBectn QyHKLIIOHATBHE NEPETBOPEHH,Y; = @ (X;) TO MaTeMaTHYHE OYiKyBaHHSI
OTPUMaHOI IOCITIJOBHOCTI BUITAIKOBUX uucen {xy;} € Y

my, = [7,(0) f(0)dx, (1)
npu 00cs3i BUOIpKK OiNbIIe AEKUIBKOX THCSY YHCEN 3 JOCTaTHBO BHCOKOIO TOYHICTIO
MOKe OyTH OIIHEHO 3a GOPMYIIOI0
my = %fizlyi' (2)
l,as<x<b
0,a<x>b

TO KlHIIGBI/II/I BUpas3 6y,[[e MaTu BUI'TIAL

BBenemMo Tak 3BaHy ()yHKIIifO iHIII/IKaTOpa obunacri 1[a, b, x] = {

I

SIkmio ternep obparu QyHKILFO qo(x) = f o1

_ n f(x)
I=m,= _1f()1ab,xl-], (3)
AJIrOpUT™M OOYMCIIEHHS] BU3HAUYEHOTO IHTErpajy 3a MeToaoM MonTte—Kapiio HaBeneHo Ha

PUCYHKY 2.

[Toxubka 3a meromom Monte—Kapno  Bu3HauaeTbcss  TOXHOKOIO — TeHeparil
MICEBJOBUITAIKOBOT MOCIIIOBHOCTI 4nce, ikl Oynu 3renepoBani Ha EOM, Ta o6csirom BHOIpKU.
Bona moske OyTH olliHeHa 13 CIiBBiIHOIICHHS [6]:

2,/n(1—P)

ne P — rapanToBaHa WMOBIPHICTb BIy4aHHs IIOXMOKH B iHTepBan [—A; +A] .

< HOYATOR >

I"eHepallis NoOCAAOBHOCTI
n BHNAJIKOBHX THCCT

¥, 1€ X 33akonom

poEnOALY ]‘L {\]

|

x, =x-1 [a & x]

1

N f{‘r}
R
PoapaxyHok

m, = j-)‘[\]a[\ = %;21,
a =1

|

C KIHELLb >

Pucynok 2 — Anroputm metony Monte-Kapmo (Ixepemno [6])

Yucno BunpoOyBaHb N HE 3aJI€KUTh BiJl KPATHOCTI iHTerpasia, Tomy metoa Monte-Kapio
3HAaXOJUTh 3aCTOCYBaHHS JJisi 0OUYMCIeHHS 0araropa3oBUX IHTErpaliB, € 3aCTOCOBYBATH 1HIII
METOJM YHCENbHOIO I1HTETpyBaHHS Hee()EeKTHMBHO Yepe3 CHJIbHE 3pPOCTaHHS KIJIbKOCTI
o0uMcIIoOBaJIbHUX omnepauiid. [ Hamoro npuknanay BizbMemo n = 500.
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Po3rnsiHeMO MOCIiOBHICTh Jill Ipu 00YMCICHHI KPaTHUX 1HTErpaliB MPH MOJCIIOBAHHI
MOPCBKHX TepeBe3eHb. J[I1 bOro BHKOPHUCTAEMO M TE€HEpaTopiB BUMAIKOBHX YHCEN, A€ m —
JOPIBHIOE KPATHOCTI iIHTETPOBAHHUX.

I = ff(s)f(xl,xz, e X )dx1dx, ... dxq,

ney = f(xq,x,, ... X;y) — HENIepepBHA (YHKIIA B 0OMEKEHiH 3aMKHEHii 001acTi.

JIns OIIHKYM BIUIMBY HEBHM3HAYEHOCTI mapameTpiB Oyiio nmposeaeHo 500 iTepariid iMitamii
3 BUIAJKOBUMH BapialliiMUd 0OCATY IE€peBE3€Hb, PIBHS E€KOHOMIi, 3aTPUMOK 1 PH3UKY BTpaT
BaHTaXy. Mojenp ONnucye MyJbTUMOJAIbHUI MOPCHKHI MapuipyT 13 JBOMa MOPCHKUMHU
ninsakamu (800 kM Ta 400 kM), SIKI PO3JIUICHI IEPEBATIOYHOIO TOUKOIO JUIs Mepeadi BaHTaXy Ha
iHmre cyano. BpaxoBaHo , 3 ypaxyBaHHSIM pekoMeHaamii [7-9] croxacTuuHi mapaMeTpu:

e INBUJKICTH CyJieH (HOPMAJIBLHUHI PO3MOALN),

e 3aTPHUMKH y MOPTaX Ta HA MEPEBAHTAXKEHHI (TPUKYTHHUHN PO3IIOIiN),

e IMOBIPHICTb EKCTpEMaILHUX 3aTPUMOK (5 %),

e Bapiallito BUTPAT Ha MaJibHE, TOPTOBI 300pHU, BTPATH BaHTAXy Ta ONEpalliliHi BUTPATH.

3reHepoBaHO BHITQJAKOBI 3HAYEHHS BCIX BXIIHUX 3MIHHUX (IIBHUIKOCTi, BHTpPATH,
3aTpUMKHU, p-ToJii Tomio). Po3paxoBano yacu pyxy 3 ypaxyBaHHSIM MOXJIMBHX1 €KCTpeMalbHUX
noAaTkoBuX 3aTpuMok. [IpuiinsaTo: Torax 1000 ToH 3 minoro 200 eBpo 3a TOHY; 3aTPUMKH Ha
12,24 ta 48 ronun; mBuakocti 12 1 13 By3:diB; BEpOTiIHICT EKCTPUMAIBHOI 3aTpuMKku —5%.
Burparu manusa: 0,1 1/kMm.

OTtpumaHi pe3ylnbTaTd MOJEIIOBaHH MOKa3aH1 Ha puc.3 Ta 3Be/IeHi 10 Tabnuii 1.

Po3nopnin 3aransHoro Yacy AocTaBkW (OHIB) Po3nopain 3aransHoi BapTocTi (TKc. €)

120 A

504

100 1 —

40
80

w
o
L

60

YacTtoTa
YacToTa

]
o
L

40 1

20 101

T T T T
4 6 8 10 12 14 16 60 70 80 90 100 110 120
LOni BapTicTb, TUC. €

Pucynox 3 — MmoBipHicTs po3mofiny

Tabmuns 1 — PesynpTaTi MOAETIOBaHHS

[TokxazHuk Cepenne 5-i 50-i1 95-i
MEePUEHTUIIb (Meniana) NEePIEHTHIIb
3aranpHuii yac goctaBku | ~ 120-140 rox (5— | = 90 roxg ~ 130 roxg ~210roxn
6 11i0)
3aranbHa BapTICTh ~290-310 Tuc. € | =250 Tuc. € ~ 300 tuc. € | =360 tuc. €
MepeBe3CHHS

BucnoBku. OcHOBHa wyacTKa Bapialliii y 3arajdbHOMYy 4Yacl JIOCTaBKM IpHUIIAJa€ Ha:
HerepenbadyBaHi 3aTpUMKH y moprax (1o + 24 rox); TpuBamicte nepeBaiku (1248 ron);
eKCTpeMalbHl mojii, ki y 5 % BUMaAKIB MOIOBXKYIOTh MapuipyT Ha 3—7 mi0. CepenHiil yac
nepeBe3eHHs y Mexax 5—6 110 BiMOBiJae CyyaCHUM yMOBaM IpH cepenHii mBuakocti 12—-13
By3miB. ExcrpemanbHi crieHapii (95-if mepueHTHIb) MOXYTh 30UTBIINTH TpUBAJicTh y 1,5-2
pasu.
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[Manpae cranoBuTh Onm3bko 35-40 % 3arampHux ButTpar. I[loproBi 300pu Ta
nepeBaHTaxeHHs — 110 45 %. BTpatu BaHTaxy (4epe3 MOLIKOIKEHHS a00 JIOTICTUYHI PO3PUBHU)
JAIOTh HEBEJHKY, alie HecTalinbHy yacTky — 1-2 % 3aranbHoi BapTtocTi. EkcTpeManbHi mofii
(mropmu, Yepru, CTpaiiku) 31aTHI 30UIBIIUTH BapTICTh pelcy Ha 15-25 %.

Po3nonin yacy mae acumerpuynuii xapakrep. IlorouHa cucrema qeMOHCTPY€E TOCTaTHBO
BHCOKY CTIMKICTh, aje 3aJuIIacThCs YYTIMBOIO 10 MOpToBUX dakropiB. I{udposizarris
JOTiCTUKU (eNEeKTPOHHI MaHi(ecTH, aBTOMATHYHE IUIaHyBaHHS IIBAapTyBaHb, MPOTHO3YBAHHS
ETA) noreHuiitHo Moke: CKOPOTUTH cepeHil yac qoctaBku Ha 10—15 %; 3MeHIIUTH Bapialiio
BuTpart Ha 2025 %; 3HU3UTU PU3UK EKCTPEMAJIbHUX 3aTPUMOK Ha 3—4 I1.11.

Mogenb  OpoaeMOHCTpyBaja, IO  HAWOUIBIIMKA  BIUIMB  Ha  €(EKTHUBHICTh
MYJIbTHMOIAJIBHOTO MOPCHKOTO TIEPEBE3CHHS MAIOTh: Yac MPOCTOI0 B MOpPTaX; €PEKTHBHICTH
HepeBaIOvHOI omepallii; I[iHa MaJbHOro. IMOBIPHICTh KPUTUYHUX MEPEBHUILCHD YacCy I0CTaBKU (>
200 rom) cTaHOBUTH OJIN3BKO 5 %.
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PO3POBKA MATEMATUYHOI MOJEJII JJ151 BUBOPY
AJIBTEPHATUBHUX MOPCBKHUX ITIOPTIB B YMOBAX
HAJ/IBBUYAUHUX CUTYALIA B YKPAIHI

Iopazim A.M., Cmyanin 1.0., Kneeyos K.M.
XepcoHncvka 0eparcasHa MOPCbKa aKademist
(Ykpaina)

Beryn. Exonomiune 3pocTtaHHst Oyab-siKOi KpaiHW 3HAYHO 3aJIe)KUTh Bil MOXKIMBOCTI
TOPryBaTd 13 CBITOBUM cIiBTOBapucTBOM. Came TOpPriBIsS € TOJOBHUM (DaKTOpOM Jis
3a0be3neueHHss OOMiHYy TOBapaMHM, 3aJ0BOJICHHS MOTped KpaiHM B OKpPEeMHUX pecypcax,
OTPUMaHHSl BAJIOTHOI BHPYYKH. SIK HacliJOK — HOJIMIIEHHS COLiaJbHO-€KOHOMIYHUX
MOKa3HUKIB  JO0OpOOyTy TpoMansH. YCHilHe 3MiHCHEHHS KOMEpIIMHOI  JisUTbHOCTI
0e3nocepeIHbO 3aEXKHUTh BiJl PIBHS PO3BUTKY TPAaHCIOPTHOI iHYpacTpyKTypu. 3Ha4HA POJb TYT
HQJICKHUTh MOPCBHKIH JIOTICTHI, a[Ke BOHA € HaNACHICBIIO Ta HalleEeKTHBHILIOL.
OyHKIIOHYBaHHS TJ00aTbHOI €KOHOMIKM HEPO3PHBHO IMOB'A3aHE 3 €(EKTUBHICTIO JIAHIIIOTIB
nocravyaHHs. MyJIbTUMOAATIbHI MOPCHKI TepeBe3eHHS Ha0yBalOTh BCE OLIBIIOTO0 €KOHOMIYHOTO
3HAuYeHHS M oprasizamii 6i3Hecy 3a mpuHIunoMm «Bin asepeit g0 nBepeit». OnHak ocTaHHI
POKH TPOJEMOHCTPYBAJIM HECTIHKICTh TPAIUIIMHMUX JOTICTHYHHX Mozenei. Llpomy chpusita
nangemiss COVID-19, toproBenbHi BiiiHM, TeonmoiiTHUYHA HampyXeHicTh. [lepeBe3eHHs 1110
OasyBaJics Ha MPHUHIMIIAX «TOYHO B CTPOK» (Just-in-Time) Ta MiHiMi3alil BUTPAT, BUSBUIUCS
Bpa3JIMBUMU B YMOBaX 4acTHX Ta HemepeadadyBaHux 300iB [ 1, 2].

Ho mouarky 2022 poky JOTiCTUYHA CHCTEMa BOJHOTO TpAaHCHOPTY YKpainu Oyna
HalnoTyxHimow B YopHoMopchkoMy perioHi. Bona namiuyBama 13 MOpCBKHX MOpPTIB i3
3araipHOI0 TOTYXHicTIO 313,3 MuH ToHH. Jlana iH(pacTpykTypa Oyjia OCHamleHa COTHSMH
KpaHiB Ta MUIbIOHAMH KBaJpaTHUX METPIB CKJIAICHKUX MpuMilieHb. KirouoBy poiib BiJirpaBanu
ruOoKoBoIHI mopTH Benukoi Oxecn — «Onpecvkuity, «HopHomopcerkuin» Ta «lIliBaenHuil», Ha
AK1 mpumnazgano 6au3pko 60% ychoro BaHTaxo0o00Iry KpaiHu. [HI BaXJIMBI IPyNH MOPTIB, SAK-OT
JNYHalChKi, JTHINPO-Oy3bKi Ta a30BCBbKI, CHEIlali3yBajucsi Ha OOCIYroByBaHHI KOHKPETHHX
BaHTAKOIMOTOKIB Ta MPOMHUCIOBUX perioHiB [3]. lana nmoproBa Mepexxa Oyiia TICHO iHTEIpoBaHa
13 3aJi3HMICIO, SKa TIOCIila€ YEeTBEpPTE MiCIe 3a o0cCsAraMd BaHTAXKOIMEPEBE3CHh Ha
€BpasiiicbkoMy KOHTHHEHTi. CTpareriyHy BaKJIMBICTh CHUCTEMM HiJKPECIIOBAJIO Te€, IO Yepe3
Teputopito YkpaiHu npoxoautb 4 3 10 MDKHapoOAHMX TpPAHCIOPTHUX KOPUIOPIB, UIO
NIEPETBOPIOBANIO KPaiHy Ha KIIFOUOBHM TPaH3UTHUM By301 [4].

Hanzeuuaiini cutyaniif, KoTpi HapaiizyloTh poOOTYy BITUM3HSHUX MOPCHKUX IOPTIB
BHUMAararoTh LIBUJKOI MEpeopieHTallli eKCIOPTHO-IMIOPTHUX MOTOKIB uepe3 3akopAoHHI. Llei
(GakT CcTBOpIOE CEpHO3HI BUKIMKM JUIsl HAIlOHAIbHOI JIOTICTUKM Ta BHUMAara€ HayKOBOTO
oOIpyHTyBaHHS  BHOOpY onTuManpHUX  MapuipyTiB. IIpote  BuOIp  €Bpomeicbkoro
IbTEPHATUBHOIO MOPTY € CKIAJAHOIO 1 OaratoakTopHOIO 3a7aueto. JIOriCTUYHUE JIaHLIOT, 1110
nponsrae yepes JeKilbka KpaiH € Bpa3IMBUM 0 0araThboX PHU3HKiB. IX HEMOXKIMBO OIIHUTH
Jauiie 3a gornomoror TapudiB Ta BiacTaHeil. Pusuk OJ0KyBaHHS KOpAOHIB (epMepChbKUMU
IpoTecTaMH, pHU3UK 3MIHM MHTHOI MOJITHKH, PHU3UK [EPEBAHTAXKEHHS 3ali3HUYHOI
1H(pacTpyKTypu — 111 (aKTOPU CTAJIU HE MEHII BaXJIMBUMH, HIK BapTIiCTh NEPEBAJIKU B MOPTY
[5].

AKTYaJIbHICTh JOCHiIKeHb. ['€OMOMTHYHI 3MIHH 3yMOBWIM HarajibHy MOTpeOy B
auBepcHdikallii JOTICTUYHUX MapLIpyTiB IS €KCHOPTHO-IMIOpTHUX onepariil. Lle, coero
4epror, MPHU3BEII0 OO0 CYTTEBOTO TEPEBAHTAXKEHHS €BPONEWCHKAX TOPTIB Ta HA3eMHHUX
MPUKOPIOHHUX MYHKTIB NpomycKy. I1ix BIUIMBOM LMX YMHHUKIB, KOJU BUCOKA KOHKYPEHIIS Ha
PUHKY MDKHApOJIHUX MepeBe3eHb BUMarae MiHiMizalii (JiHaHCOBUX Ta YaCOBUX BUTpAT, BUHUKAE
HarajgbHa Mmorpeba y HAyKOBO OOIPYHTOBAaHOMY HiAXOAi 10 BUOOpPY HaWOUIBII E€KOHOMIYHO
JOLUUTBHUX 1 HAalIMEHII NEepeBaHTaXEeHUX MOpPTOBHX XaliB. BoaHowac, HasBHI MeTOaU aHaII3y
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CBIYATh MPO TE€, IO BOHMU YACTO € 200 BHKIIOYHO EKCIIEPTHUMH, 200 BPaxXOBYIOTh OOMEXKEHY
KUIBKICTh KPUTEPIiB, IO 3HIKYE 00'€KTUBHICTH BUOOPY B YMOBaX JUHAMIYHOT HEBU3HAYCHOCTI.
OTxe, KITI0UOBA JOCIITHUIBKA TPOTAIMHA TOJISTae y BiICYTHOCTI KOMIUIEKCHUX MOJIENeH, KOTpi
0 HE TPOCTO BPaxOBYBAJIM CTaHIAPTHI JIOTICTUYHI MOKA3HWKH, & W IHTErpyBalu crenudivHi
PU3UKH, TIOB'sI3aH] 3 BUHUKHCHHSIM HQI3BUYAHUX CUTYAIlll Ta MEPEBAHTAKEHICTIO CYXOITyTHUX
KopnoHiB. Came 1ie 1 BU3Ha4Ya€ BUCOKY aKTyalbHICTh J1aHOT pOOOTH, CIIPSIMOBAHOI HA CTBOPEHHS
TAKOTO IHCTPYMEHTY MPUUHATTS PillIeHb.

IMocTanoBKka 3aja4i. Metoro naHoi poOOTH € MiJBUIIECHHS €(DEKTUBHOCTI MIXKHAPOTHUX
BaHTA)XHHUX IIEPEBE3EHb MUIIXOM PO3POOKH MaTeMaTWYHOI Mojem s 0araroakTOpHOTO
BUOOpY ONTHUMAJIBHOTO AIBTEPHATUBHOIO 3aKOPIOHHOIO MOPTY. [JoCATHEHHS MOCTaBIEHOI METH
nependavae BUPIMICHHS KOMILIEKCY 3aBJaHb, IO BKJIIOYAIOTH: aHAJI3 ICHYIOUMX METOJIB Ta
Mojelield BUOOPY JIOTICTUYHUX BY3JIiB; CUCTEMATH3aIlil0 KIIOUOBUX (AaKTOPIB Ta KPUTEPIiB, IO
BIUIMBAIOTh Ha BHOIp MOPTYy B CYYaCHHX YMOBax; pPO3poOKy MaTeMaTWYHOI MOJENi s
KOMIUIEKCHOI OI[IHKM aJIbTePHATUB Ha OCHOBI CUCTEMH KIJIbKICHUX Ta SKICHUX MOKAa3HUKIB.

PesyabTraTén fpociigxenb. JlJis  BHPINICHHS ITOCTaBJICHOI 3aJa4i  MPOTIOHYETHCS
KOMIUIEKCHUM MiJxia, mo O0a3yeTbcs Ha MeToAax OaraToKpuTepiaabHOro aHamizy. B ocHOBI
JIEKHUTh MATEMATHYHA MOJIENb, IO PO3PAXOBY€ IHTErPaIbHUN MOKa3HUK MPUBAOIMBOCTI (1) nus
KOKHOT'O TOPTY-aJIbTEPHATHBH, TO3BOJIAIOUH X 00'€KTUBHO paHKyBaTH [6].

Mogens BpaxoBy€e YOTHPH KIIOYOBI TPYITH KPUTEPiiB: €eKOHOMIUHi, JOTiCTUYHI, TEXHIKO-
iH(pacTpyKTypHiI Ta omnepamiiHo-pu3ukoBi. Ha BiAMIHY BiJl KJIACHYHUX aJUTUBHUX MOJIEIEH,
3arpONOHOBAHMI MIXiJ] BPaXOBY€ HENIHIMHUN XapaKTep AESKUX PU3HKIB Ta BBOJUTH IOHSTTS
CTIKOCTI JIOTICTUYHOT'O KOPUIOPY.

Iarerpanbuuit  nokasHuk (j) ang j-ro nopry (opMyeTbcs Ha OCHOBI 3TOPTKH
HOpPMaJli30BaHUX 3HaYeHb KpuTepiiB (k;;) 3 ypaxyBaHHAM iX IPIOPUTETHOCTI, BU3HAYEHOI 3a
JIOTIOMOTOI0 BaroBuX KoedimieHTiB (w;), sk 300paxeno y @opmyui 1:

Iy = f(wikyj,wakaj, o Wikn) @

JletanbHa CTpYKTypa (QyHKLIi f BpaxoBye He JIMILIE CyMy 3Ba)KEHUX MOKa3HUKIB, ajie i
BIJIOBIAHICTD AJbTEPHATHB KPUTUYHUM OOMEXYBAJIbHUM yMOBaM, 110 poOWUTH BUOIp OLIbII
peanmicTuuHUM. {111 YHUKHEHHs Cy0 €KTMBHOCTI NPU BH3HAUCHHI BaroBUX Koe(illieHTIB (w;)
IPOMOHYETHCS ~ BUKOPUCTOBYBaTHM  MeToj  aHami3zy iepapxii (MAI), mo no3Boisie
CHCTEMaTH3yBaTH MPIOPUTETH Ha OCHOBI MOMAPHUX MOPIBHSHb.

HaykoBa HOBH3HA:

1. Bmepumie po3poOJEHO HAYKOBO-METOJMYHHUM MiAXiX 1O CTpaTeriyHoro BUOOpPY
3aKOPJIOHHOTO TMOpPTYy-Xaly, SKWi, Ha BIAMIHY Bl ICHYIOYHMX MOJEJIEH OIepariiHoro
KOpEryBaHHs MaplIpyTiB, NpU3HAYEHUN JUIsI NPUUHATTS pillleHb HA HAIllOHAJIbHOMY pIBHI B
YMOBaXx JIOBFOCTPOKOBOI HEMPAII€3/1aTHOCTI BJIACHOI TOPTOBOI 1HPPACTPYKTYPH.

2. YJIOCKOHQJIEHO KpuTepiajdbHy 0a3y M OI[HKM albTePHATUBHHUX JIOTICTUYHHMX
KOpUIOPIB IIJISIXOM BBEIEHHS JO Hel IHTErpaJbHUX I[TOKa3HHUKIB, IO XapaKTepPH3YIOTh
MaKpOEKOHOMIUHI PU3HUKH Ta PiBEHb CTIHKOCTI «CYXOIMYTHHUX» JAUISHOK JIAHIIIOTA IIOCTAYaHHS.

3. JlicraB moaabIoro po3BUTKY amapaT OaraToKpuTepiaabHOI ONMTHMI3allii B JOTICTHII
3a paxyHOK aJamnTallii MeToay aHami3y iepapxii ais 00'€éKTUBHOTO BHU3HAUEHHS MPIOPUTETIB 3
ypaxyBaHHSIM 1HTEPECIB PI3HUX CTEHKXOJAEpIB (lIep’KaBU, EKCIOPTEpiB, MEPEBI3HUKIB) MpHU
BUOOPI CTPATETIYHOTO HAIIPSIMKY.

IIpakTHYHe 3HAYEHHS OTPUMAHMX pe3yJIbTaTiB

1. Po3pobnena mMonenb Moxke OyTH BUKOPHUCTaHA SIK IHCTPYMEHT HIATPUMKH NPUHHATTS
pillieHb IS JIOTICTMYHUX KOMIIaHIi, €KCIIOpTepiB Ta IMIOPTEpIB MpH IUIaHyBaHHI HOBHUX
JAHLIOTIB OCTavyaHHS.

2. Pe3ynbTaTu AOCHIKEHHS MOXKYTh OyTH 3aCTOCOBaHi JepKaBHUMHU OpraHaMu (Hamp.,
MinictepcTBOoM 1H(paACTpYKTypu) Ui PO3POOKH CTpAaTEriyHUX HANpsMiB IepeopieHTamii
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YKpaiHCBhKUX BaHTa)KOTMOTOKIB.

3. BupoBamkeHHs MOJem JI03BOJUTH 3HU3WUTH JOricTU4YHI BuUTpatd Ha 10-15% Ta
CKOPOTUTH 3arajJlbHUil Yac JOCTaBKM BAHTAXIB, MIJBUIIMBIIN KOHKYPEHTOCIPOMOXKHICTh
YKpaTHChKUX TOBApiB Ha CBITOBUX PUHKAX.

BucHoBku. Y XOJi JOCHIDKEHHS OYyJ0 pO3pOOJIEHO Ta TEOPETUYHO OOIPYHTOBAHO
KOHIIENITYaJIbHI 3acaJyl MaTEMaTUIHOI MOJIENI, 10 J03BOJISIE HA OCHOBI O0'€KTHBHUX KPUTEPIiB
3MIACHIOBAaTH BUOIpP ONTHMAIBHOTO 3aKOPAOHHOTO mopty. IlpemcraBieHWil MiaXilx CTBOPIOE
OCHOBY IS PO3POOKH OUTBINI CKJIAJIHUX AUHAMIYHHX Mojenei. [lomanmeini mociimpkeHHs OyayTh
CIpsIMOBaHI Ha (popmaizaimiro CTOXaCTHYHOTO XapaKTepy PHU3MKOBHUX KPHUTEPIiB Ta po3poOKy
MIPOTPaMHOTO 1HCTPYMEHTAPIIO /IS arpo0alrii Mojiesi Ha peaJbHUX JaHUX.
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MOPCBKE CTPAXYBAHHA

Kyuepsaeuit A.P., Ilanuenko I.M.
Xepconcvka Oeparcasna MopcoKa aKkademisi
(Vkpaina)

Beryn. Mopcbke cTpaxyBaHHS € HEBIJ €MHOIO YaCTHHOIO 1H(PACTPYKTYpH CBITOBOT
TOpriBJi Ta KIIOYOBUM €IEMEHTOM (DiHAHCOBOIO 3aXHCTy CyO’€KTiB MOpPCHKOro mpapa. Moro
CYTHICTh TIONIATAa€ B YKIAQJCHHI JIOTOBOPY, 3a SKUM CTPaXxoBUK Oepe Ha cebe 3000B’s3aHHS
BIJIIIKOAYBATH CTPAXyBaJIbHUKY MOPCBKI 30MTKH B 00CA31 OrOA’KEHOI'0 CTPAXOBOI'O MOKPUTTS Y
pasi HacTaHHA iHUMACHTY. Llel iHCTUTYT Oyno CTBOpEHO At 3a0e3MedeHHs 1I€BOCTI MPUHLIUITY
BIJIIIKOAYBAHHS y CKJIAQAHUX OOCTaBMHAX (paKTUUHOIO Ta MPABOBOIO XapakTepy, TUIOBUX AJIS
Mopcbkoi ekcruryatanii. CTpaxyBaHHS (YHKLIOHYE SIK MEXaHi3M YHHKHEHHs a00 MiHimizarii
(iHaHCOBOi HEBM3HAYEHOCTI, HAJalO4YW 0coOaM Ta opradizamisiM (IHAHCOBHM 3aXHCT BIJ
Herepen0aueHNX IPOIIOBUX BTpPAT 4M 3000B’s3aHb, HAJ SKWMH BOHH HE MAalOTh €(PEKTHBHOTO
KOHTpo0. FOpuanyHi BiTHOCHMHUM MK CTOpPOHAaMH O(QOPMIIIOIOTHCS CTPAXOBUM MOJicoM abo
JIOTOBOPOM CTpaxyBaHHsA. BpaxoByrounm OaraTorpaHHICTh PU3HKIB Ta MOXMIIMBICTh 3allyYeHHS
Kkinpkox crpaxoBukiB (H&M, P&I, FD&D) y pa3i ogHoro iHIMIEHTY, BCEOIUHMN aHai3
IPaBOBOIO Ta KOMEPLIHHOTO AacleKTy MOPCHKOTO CTpaxyBaHHA € IMIIEPaTUBOM IS
3a0e3MeyeHHs CTa0IbHOCTI MIXKHAPOTHOTO CYAHOIUIABCTBA.

AKTYaJIbHICTh JIOCJTIUKeHHA. AKTyalbHICTh 00paHOi MpOoOJEeMATHKH BHU3HAYAETHCS
3aJICKHICTIO EKOHOMIYHMX PE3yJIbTaTiB MOPCHKOi MISIIBHOCTI  BiJ SIKOCTI  CTPaxoBOTO
MEHEHDKMEHTY Ta IpaBoBOi 00i3HAHOCTI eKinaxy. Lle mocmipKeHHs € TaKOXK aKTyalbHUM 4epe3
Ha/I3BMYAiiHO BUCOKY YacTKy CTPaxOBHUX IUIATEXIB Yy 3arajbHMUX OINEpalifHUX BUTpaTax CyIHa,
ska Juis geskux uoro tumiB (Hampukian, VLCC) moxe caratu 45% [1, c. 6], mo poOuTh
edeKkTUBHE YIpaBIiHHA icTopiero mperensiii (claims record) kmouoBUM  (dakTOpoM
KOHKYPEHTOCTIPOMOXKHOCTI. B yMOBax iHIIMJCHTIB BUHUKAE CKJIAIHUN KOHQUIKT 1HTEPECIB Mixk
CYJHOBJIACHUKOM, BaHTa)X0OJEpXKyBaueM Ta 4MCIeHHUMH cTpaxoBukamu (P&I, H&M), Tomy
pOJIb KamiTaHa Cy/iHa Ta HOro IOPUAWYHO NMPaBUIIbHI J1ii € BUPIIIAIbHUMH JUISl 3aXUCTY 1HTEPECIB
cyaHoBiaacHUKa. KpiM TOro, akTyajdbHICTh MiJITBEPIPKYETHCS CKIIAIHICTIO OaraTOpiBHEBOTO
CTPaxoBOI0 MOKPUTTS, IKE BKIOUae crenianizoBanl pusuku (FD&D, crpaxyBaHHs Bl BOEHHUX
pU3UKiB). AHadi3 UX JOJATKOBUX MONICIB HEOOXiMHUH Ui 3a0e3nedeHHs! MOBHOI (iHaHCOBOI
0e3neKn BCIX Cy0’€KTIB MOPCHKOI JISJIbHOCTI BIJMOBIAHO /0 IXHIX KOHKPETHUX 3000B’sI3aHb 3a
yMOBaMH yapTep-napTii.

IlocranoBka 3apaui. OcHOBHa 3ajaya JOCHIDKEHHS TMOJSrae y IPOBEIEHHI
KOMIIJIEKCHOT'O aHajli3y NMpaBOBUX 3acaj] Ta KOMEPLIHHOI CTPYKTYPH MOPCHKOTO CTPaxyBaHHS 3
METOI0 BU3HAYEHHS KJIIOYOBHX YMHHHKIB, IO BIUIMBAIOTH HA BapTICTh CTPAXOBUX IJIATEXKIB, Ta
OOIpYHTYBaHHs ILUISIXIB JUId CYAHOBJIACHHUKIB Ta EKIMaXiB II0JI0 ONTHMi3alii CcTpaxoBOro
MOKPUTTS Ta MiHIMI3allli PU3UKIB.

Pe3yabTaTn gociaigxenb. Mopchke cTpaxyBaHHS — L€ IOTOBIp, 3a SIKUM CTPaxoBHK Oepe
Ha ceOe 3000B'sI3aHHS BIJIIKOIYBaTH CTpPaxXyBaJbHUKY B 00CS31, MOTOJKEHOMY CTOPOHAaMH,
MOpPCBKi 30MTKH Yy pa3i IHIMJIEHTY B MEXax BH3HAUEHOI'O CTPAaXxOBOro MOKPHUTTA. Mertoro iforo
CTBOpEHHSI € 3a0e3rleueHHsl 1€BOCTI MPUHLUIY BIAMIKOAYBAHHS, SIKHH € OCHOBOIOJIOKHUM
OPUHIUIIOM CTpaxyBaHHs, Ta 3acTOCYBaHHS HOro 10 UHMCIEHHMX CKJIaJHUX OOCTaBUH
(aKTUYIHOTO U TTPABOBOTO XapaKTepy.

CrpaxyBanHs (yHKIIOHYe ais TOro, moO YyHUKaTH abo0 MiHIMI3yBaTH (DiHAHCOBY
HeBU3HAuYeHICTh. BoHO 3ale3neuye (izuyHuX 0cid Ta opraHizamii (iHAHCOBUM 3aXHCTOM BiJ
HACIIAKIB MOJiH, SKi CIPUUMHSIOTH TPOIIOBI BTPATH YU 3000B’sI3aHHS, 1110 He Oynu nependaydeHi
abo cIporHO30BaHi, 1 HaJ SKUMU BOHHU HE Malld €(pEeKTUBHOrOo KOHTpoisto. B oOMiH Ha neit
(biHaHCOBUI 3aXUCT 3acTpaxoBaHa oco0a YW OpraHizallis CIUlauye KOILITH, 3a3BHYaAil y BUIIIAL
CTpaxoBOi mpeMii, 1HIINA 0co0i abo KoMmaHli — cTpaxoBUKY. [[isi opopmIileHHS OPUINYHHX
BIJTHOCHH MiXX CTOPOHAaMH CKJIQJIA€ThCs CTPAXOBUH MOJTic a00 TOTOBIp CTpaxyBaHHS.
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SIkmo mijx Yac peiicy cTaloThCs aBapil UM iHINI HIMICHTH, MOB’s3aHi 3 OyIb-sIKOIO 3i
CTOpIH 3a Oyab-KMM IXHIM CTpaxOBUM TIOJicOM a00 KOHTPAKTOM, KaIliTaH CyJIHa,
HailiMOBipHilIe, Oyae 3aTy4eHuil 1o BperyIoBaHHA i€l cutyarii. Big Toro, yu BXKUBE KamiTaH
MpaBUJIbHI Jii y MOTPIOHMI MOMEHT, 4acTO 3aJIeKUTh, YU 3aJUIIUTHCSA IpoOsIeMa HE3HAYHUM
IHIIMJIEHTOM, SIKMW BAAJIOCS KOHTPOJIIOBATH, YM BOHA IIBHIKO MEPEPOCTE y MOPCHKY MOMIII0 3
katacTpodiyHUMH (PiHAHCOBUMH HACITIAKAMH VIS CYTHOBJIACHUKA.

VY neskux IHOMACHTAX MOXe OyTH 3allyueHO KIJTbKOX CTpaxoBWKiB. Hampukinan, sKImo
MOLIKO/KEHO BaHTaX, L€ MOXKE CTOCyBaTHCA HE JIMIIE CTpaxoBHKa BaHTaxy, a il KiyOy
B3a€EMHOT0 CTpaxyBaHHS BiAmoBifambHOCTI cynHoBinacHUKIB (P&I Club), a moxnmBo, i KiyOy
CTpaxyBaHHs BIAIOBIIAIbHOCTI TaWM-4apTepHOro (paxTyBaJbHUKA. Y BUIAJAKY 31TKHEHHS
MOXYTh OYTH 3aisiHI BCi LI CTPAaXxOBUKH, a TAKOX CTPAXyBaJbHHUKH KOPIYCY Ta MEXaHi3MiB
(H&M), ocobucTti cTpaxoBuKU (Pi3HIHUX 0CI0 TOIIIO.

Kanitan Hece 3000B’s13aHHs Tiepe OaraTbma 3aCTpaxOBaHMMU CTOPOHAMH 1, BIATIOBIIHO,
nepen IXHIMU CTpaXxOBHMKAaMHU, 30KpeMa y BHIIA[IKaX, KOJH BiH JII€ K «areHT i3 HeOoOXiAHOCTI»
(Agent of Necessity). [IpoTe iioro ocHOBHUI poOOTOaBEIb — CYJTHOBJIACHUK — MOKE OTMHUTHCS
y KOHQUIIKTI iHTEpeciB 13 LUMHU CTOPOHAMHU. SIKIIO TpeTi 0coOU 3MOXKYTh JTOBECTH MOPYIICHHS
KOHTpPaKTy 4 HexbamicTh 3 OOKy CyJHOBJIACHMKA, BOHM MAlOTh IPAaBO IMOJATH II030B IIPO
BI/JIIIKOAYBaHHS IIPOTH HBOTO.

Kamitan Ta exinmaxk CyJHa MarOTh BUPIMIAIBGHUI BIUIMB Ha 3armoOiraHHs iHIWICHTaM, a
TAKO’X Ha 3aXUCT IHTEPECiB CYJAHOBJIACHUKA 3aB/SKU IIBUIKUM 1 MPAaBUIBHUM JisIM y pasi
ixHporo HactaHHs. ToMmy HaJI3BHYAiHO BaXKJIMBO, MO0 KamiTaH A00pe po3yMiB pi3HI BHIH
CTpaxyBaHHS, MOB’s3aHI 3 KOMEPLIHHOK EKCIUIyaTalli€lo CyJlHa, 3HaB, K MIHIMI3yBaTH PU3UK
BUHUKHEHHS aBapiii, 1 SKi OMepaTuBHI 3aX01 MOTPIOHO BXXUTH Y BHIAJKY, SKIIO MPOOIEMHU BCe
K TaKd BUHUKIIH.

[TuTanHs cymMH CTPaxOBHX IUIATEXKIB HE € OJHO3HAYHUM, a/DKE CyMa 3aJIeKUTh BiJl THILY,
po3Mipy Ta BIKYy CyJAHa, BiJl pailoHy Horo miaBaHHs, a TAaKOX BiJ HU3KU 1HIINX (akTopiB. OqHaK
HaOIIBII BArOMUM YHHHUKOM, IO BIUIMBAE HA CyMY CTPaxOBHX IUIATEXKIB CYJHOBJIACHUKA, €
Horo momnepeaHs ictopist mperensiil. CyHOBIACHUK i3 oraHuM «claims record» cragyBaTtumMe
HabaraTo OuIbILIE 32 CTPAaXyBaHHS, HIXK TOH, YUs ICTOPIS € CIPUSTIUBOIO.

Jlis mpuKiIagy po3riasHEMO OO/KETH JAJIsl TPhOX PI3HUX THIIB CYJIEH, L0 MPAIlOIOTh Ha
TaliM-4yapTepl. 3BUYAiHI BUTPATU HA CTPAXyBaHHs 3a OJMH JIEHb JUIsl CyJHA (Bl 3arajibHOI CyMHU
BUTPAT, A0 AKOi TAKOXX BXOJAThH YIPABIIHCHKI 300pH, MaCTHIIbHI 3aC00M, PEMOHTH 00JIaHAHHS,
3a0e3neyeHHsT CyAHa  TpOBi3i€l0, 3apo0iTHAa  IUIaTa  €KImaxy)  CTAHOBJATH: IS
pedpuxeparoproro cyaHa — 20% Bix 3arajJbHUX BUTpPAT Ha JIEHb OOCIYTOBYBAaHHS CyJHA; JUIs
KOHTeWHepoBo3a — 23% Bij 3araJiIbHUX BUTpAT Ha JIeHb 00ciIyroByBaHHs cynHa; it VLCC
(HagBenuKui TaHKep A cupoi Hadth) — 45% Bix 3aranbHUX BUTPAT HA J€Hb OOCIyTOBYBAaHHS
cynHa [1, c. 6].

1100 3MeHIUTH PO3Mip CTPaxoBoOi MpeMii, CyTHOBIACHUKH 3a3BHYail MOTO/HKYIOTHCS Ha
MiJBUINECHHS (DpaHIIM3u 3a TeBHI 1HIUAeHTH. DpaHmm3a — 11e YacTuHa OyIb-AKOi MpeTeH3ii,
Ky CTpaxyBaJbHHK (CYIHOBJACHUK) OIUIauy€ 3a pPaxyHOK BJIACHMX KOIITIB, 1 BOHA MOXe
CTAaHOBUTH JCCATKUA a00 HABITh COTHI THCSY JI0JIAPIB.

Cepen OCHOBHUX CTpaxoBHX MOTped CyTHOBIAcHHWKA HaWmomupeHimmmu € H&M Ta
P&I.

CrpaxyBanHs koprmycy ta Mexani3miB (Hull & Machinery, H&M) — 3abe3neuye
CTpaxoBe MOKPHUTTS PU3HKIB IOMIKOKEHHs 200 MTOBHOT BTPATH CaMOro CyIHA Ta 00IaTHAHHS Ha
00pTy, BKIIOYHO 3 PYLIHHUMH 1 JOMOMDKHUMHU MEXaHI3MaMH, OOJaJHAHHIM JIi BaHTAXHUX
orepalliii Ta HaBiramiiHUM 00JIaJHAHHSIM TOIIIO.

CrpaxyBaHHS BIANOBITAIBHOCTI Ta BigmikoayBaHHs 30uTkiB (Protection and Indemnity,
P&I) — 3a0e3nedye MOKPUTTS BiMOBIIANTBHOCTI CYJAHOBIACHUKA Tepel PI3HUMH TpPETIMU
ocobaMu (HampuKiaz, 3a 31TKHEHHs, 3a0pyIHEHHs, TpaBMH ekinaxy). [IpuaatHicTe cyaHa 110
IUIaBaHHS (seaworthiness) BiJirpae BaXXJIMBY poOJib Y MOKPHTTI, sike npononye P&I. Unen kimyOy
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MOX€E BTPAaTUTH CBO€ P&I MOKpUTTS, SKIIO BiANPaBUTH CYJHO B MOPE y HENPUAATHOMY IO
MJIaBaHHS CTaHi, 3HaK04M mpo 11ie [2, c. 116].

JIoAaTKOBO CYAHOBIIACHUKHM YaCTO MOXKYTh MaTH IHIII CTPaxoBi MOTPeOH, sKi 3HAYHOIO
MIpOIO 3ajieXaTh BiJ THUIy CyJCH Ta perioHy IutaBaHHs. Jlo Hux Hanmexats: Freight, Demurrage
and Defence (FD&D) — uei#t Buj ctpaxyBaHHs 3a0e3ledyy€ MOKPUTTS BUTPAT HA FOPUAUYHY
HIATPUMKY Ta TEXHIYHY JIOTIOMOTY JUIsl 3aXUCTY, ajie 0e3rocepelHb0 HE IOKPUBAE CaMi PU3HKH.
bararo Kiny6iB P&I npononytots FD&D sik qogaTkoBuii Kjlac cTpaxyBaHHSI.

[HII BUIM BKIIIOYAIOTh CTPAWKOBE CTPAXyBaHHS, SIKE JO3BOJISIE MOM SKLIIMTU CEpHO3HI
¢inaHcoBi 30UTKM Bij CTpalKiB, Ta cTpaxyBaHHS Bix pusukiB BiitHu (War Risks). fkmo cyano
OTNMHSETHCA Y 30HI BIHCHKOBHUX a00 IHIIMX OoHoBUX AiH, 3BuuaiiHi H&M ta P&I cTpaxyBanHs,
SK TpaBWJIO, MpU3yNuHAIOThCS, 1 War Risks 3abe3neuye OesmepepBHe MOKpHUTTS. Pusmkw,
nepenbaueni knaysynamu 1.1, 1.2 Ta 1.3 Institute War and Strikes Clauses Hulls (IWSC(H)),
c(hopMyJIbOBaHI 1CHTUYHO JIO PHU3HKIB, BHKIIOUEHUX KIIAy3yJIOI0 BUKIIOYCHHS BiCHKOBHX
pusukiB (war exclusion clause) nomiciB ITCH-95 (Institute Time Clauses) (cl. 24) tTa VCH-95
(Voyage Clauses) [3, c. 335].

@paxTyBaJIbHUKM TaKOXX MAaOTh CBOI CTPaxoBi MOTpeOH. 3alexHO BiJ YMOB 4dapTep-
napTii, BOHM MOXYTh HIANAAATH MiJ BIUIUB 0araTboX PU3HKIB Ta 3000B’s3aHb, CXOXKHUX HA Ti, IO
Ma€  CyJIHOBJACHMK, OCOOJMBO 1€ CTOCYETbCA  TalM-yapTepHUX  (PaxTyBaJbHUKIB.
@®paxTyBaJbHUK 3a TalM-4apTepoM MoOke ykiacTu noBHe P&l cTpaxyBaHHS Ta BKJIIOYATH
HOLIKOJDKEHHS CyiHa y cBoe P&I cTpaxyBaHHs, OCKUIBKH JUIsl HBOTO CY/IHO BBaKAEThCS MAalfHOM
TpeTix ocib. Skmo cyaHo Oyae NOUIKOJKEHE, CYTHOBIACHUK MOXE MaTH 3aKOHHE IIPaBO
BUMAaraTH KOMIIEHCAllil0 B (paxTyBajbHUKA. AHAJIOTIYHUM YHMHOM, XOYa L€ TPAIUIIETHCS
piame, ¢paxTyBadbHHK MOXe Takok matu norpedy y FD&D crtpaxyBaHHi, cTpaxyBaHHI Bif
PHU3MKIB BifHU Ta CTpalilkOBOMY CTpaxyBaHHI, ajne 3a3Buuail He H&M.

BucHoBku. Mopcbke cTpaxyBaHHs € (yHJaMEHTAILHUM 1IHCTUTYTOM CBITOBOi TOPTiBIIi,
o 3abesneuye (iHaHCOBY Oe3meKy Ta CTaOLIBHICTh y CKJIAJHUX YMOBax CyIHOILJIaBCTBA Ha
OCHOBi HPHHIIMITY BiIIKOAYBaHHS. VOro eKOHOMiYHA 3HAUYIIICTH MiATBEPIKYETHCS THM, IO
CTpaxoBi IJIATeK1 CTAHOBJIATH 3HAYHY YACTKY onepauiiHux BUTpaT (10 45% Ui JesiKuX CyJeH),
a iXHI po3Mip KPUTUYHO 3aJIekKUTh BiJ MONEpPEAHbOi icTopii mpereH3id. CucremMa cTpaxoBOro
MOKPUTTSA € OaraTopiBHEBOIO: BOHA BKJI04ae 6a3oBi monicu H&M 1 P&I, a Takox crierianizoBaHi
Buau, Taki sk FD&D Ta crpaxyBaHHS BiJ] pU3MKIB BiilHH, sIKI 3a0€3M€4YyIOTh ONTHUMAIbHY
aJIanTalliio 3aXUCTy 1HTEPECIB K CyIHOBIIACHUKIB, TaK 1 ()paxTyBalbHUKIB. Bupimansuuil Brus
Ha 3ano0ira”Hs karacTpo(iyHUM (IHAHCOBHUM HAcCIlJKaM MaroTh KaliTaH Ta eKinax CyJHa, 4ul
ONEpaTUBHI Ta IOPUAMYHO KOPEKTHI Jii € 3aMOpyKOI0 YCHIIIHOTO BPETYJIIOBaHHS CTPaxOBHX
BUITAJIKIB 1, BIJIMOBIJTHO, /10 30€pEKEHHS €KOHOMIYHOI CTa01IbHOCTI KOMEPIIIHHOT AisUTbHOCTI.
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HJIAXU YIOCKOHAJIEHHA POBOTHU TPAHCITIOPTHO-
EKCIHEJIUTOPCHKUX MIAIPUEMCTB ITPU OPTAHI3AIIIL
MVYJIBTUMOIJAJBHUX NIEPEBE3EHD

Jeoiov €.M. Y, JIedios LI Y, Mazypenko 0.0.?
Hayionanvnuii mpancnopmuuii ynisepcumem
(Vkpaina)

2 Vkpaincokuii Oeparcasnuil ynigepcumem Hayku i mexmono2ii
(Vkpaina)

Beryn. Bucokuii piBeHb KOHKYPEHLIi HA PUHKY TPaHCIIOPTHO-EKCIIEUTOPCHKUX MOCITYT
3yMOBIIIO€ HEOOXIHICTh BIPOBA/HKCHHS CY4YaCHUX ITAXOAIB J0 OpraHizailii Ta YIpaBIiHHS
nporecaMu B3aemonii 13 3amoBHUKamH. EdextuBHe (opmyBaHHS CTparerii  pO3BUTKY
HIANPUEMCTBA NOTpeOy€e BpaxyBaHHSA NOTOYHUX PUHKOBMX TEHJEHLIH, a TAKOXX aHaJIi3y MOMUTY
Ha BIANOBiIMHUI crnekTp mocmyr. OcobnuBoi yBarm moTpedye opraHizaiis MyJIbTUMOAATBHHUX
[IepeBe3eHb, AKe EKCIEIUTOPY HEOOXiIHO 3/1HCHIOBATH KOMIUJIEKCHE IUIAHYBaHHS B3a€MOJIi
MiX KUJIbKOMa BHIaMH TpaHcropTy. Lle, B cBoto yepry, nepeadadae 3amydeHHs 01101 KUTbKOCTI
MMOCEPETHMUIILKUX OpraHi3allii, 110 BIUIMBA€ HA TPUBAJICThH MPOIIECIB HAJNATOMKCHHS CIiBIIpalli,
0e3rmocepeIHPOT0  HAJaHHA TIOCIYT Ta YCYHEHHS MOXJIMBHX TIOMHJIOK Yy  Tpomeci
00CITyroByBaHHS.

AKTYaJIbHICTh J0CJTi/IZKeHHsA. Pe3ylbTaTHBHICTD TPAHCIIOPTHOTO MPOIIECY BU3HAYAETHCS
piBHEM MOTOMKEHOCTI Al HOro y4yaCHHKIB HpHU B3a€MOJli, a €KOHOMiUYHA €(EKTUBHICTh —
ONTUMAJIBHICTIO  OOpaHOTO  MapHIpyTy  TepeBe3eHHs. 3aBIsKM  HASBHOCTI  €IUHOTO
KOOPJIMHYIOUOTO MiJPO3alTy B 0co01 (haxiBIs TPaHCIOPTHO-EKCIEIUTOPCHKOTO MiAMPUEMCTBA,
npoIiec nepeBe3eHHs HaOyBae O1IbIIOT Y3rOHKEHOCTI, IO CIPHUSIE CKOPOUCHHIO HEMPOIYKTUBHUX
IIPOCTOIB BaHTaXy Ta TPAHCIOPTHHUX 3aco0iB 1, BIANOBIIHO, 3MEHIIEHHIO BUTpaT. [lokazHuku
e(EeKTUBHOCTI  TPAHCIIOPTHO-EKCIIEAUTOPCHKOTO OOCITyrOByBaHHS  TIpU opranizarii
MYJIBTUMO/IAJIbHUX TEPEBE3EHb 33 YYacTIO MOPCHKOIO Ta aBTOMOOIIBHOIO TPAHCHIOPTY MAaOTh
KJIFOYOBE 3HAUEHHS ISl BCIX YYAaCHHUKIB 30BHIIIHBOTOPTOBENbHOI AISUIBHOCTI. B yMOBax BHUCOKOT
KOHKYpEHIIT O0COOJIMBOI aKTyaJdbHOCTI HaOyBa€ 3aCTOCYBaHHS Cy4yacHHUX i1HGOpMaliiHUX
TEXHOJIOTIM, 110 Ja€ 3MOTYy MOJEIIOBAaTH BUPOOHWYI MPOIECH Ta BU3HAYATH HANPSIMU iX
oInTuMi3arii.

ITocTanoBka 3agaui. MeTolo AOCTIIKEHHS € MiJBULICHHS €()EeKTUBHOCTI YIpPAaBIIHHS
IPOIIECOM OpraHizaiii MyJIbTUMOJAIBHUX IEPEeBE3€Hb LUIIXOM YIOCKOHAJIEHHS MiJIXOIIB 10
BHOOPY ONTHUMAJIHHOTO MapHIPyTy JOCTaBKH BAaHTAXIB 1 BU3HAUYEHHS HEOOX1THOI YMCETBHOCTI
eKCIIEJIUTOPIB IS IKICHOTO 0OCITyTrOBYBaHHS 3aMOBHHUKIB. [1J1 JOCATHEHHS 11i€1 MeTH He0OX1HO
BUPIIIMTH TaKl 3aBJIaHHS: IpOaHali3yBaTH YMHHUKY, 1110 BIUIMBAIOTh HA TPUBAJICTh BUKOHAHHS
TPAHCIOPTHO-EKCIIEAUTOPCHKUX TMOCIYT; BHU3HAUUTH B3Aa€EMO3B 30K MDK XapaKTepPUCTHUKaAMH
MapuipyTiB Ta IMOKa3HUKaMH €(EKTHUBHOCTI JOCTaBKH; 3aCTOCYBaTH HJisi aHaJI3y ISIIbHOCTI
TPAHCIOPTHO-EKCIIEAUTOPCHKOTO MiANPHEMCTBA IMITallii{HE MOETIOBaHHS, 1110 BPaXOBY€ YacOBI
napaMeTpy HaJaHHS MOCIYT; OLIHUTH MOXKJIMBICT ONTHMI3allli YNpaBIIHCHKUX pIIIeHb Ha
OCHOBI iIMITaLlIfHOTO MOJIETIOBAHHS.

Pesyabratu pocaimkenHsi. Ilin wac opranizamii eKCIOPTHO-IMIIOPTHHUX —OIepaiii
3aCTOCOBYIOTHCSI Pi3HI TEXHOJOTIl JOCTaBKM, sIKi BIUIMBAIOTh SK Ha YacoBl IapamMeTpu
30BHINIHHOTOPTOBENIBHOI IISUTBHOCTI 3arajioM, Tak 1 Ha €(QeKTUBHICTh POOOTH EKCIeIUTOpA.
TpuBamicTh OKpeMHX eTamiB TMEpPEeBE3CHHsS 3aJIeXKHUTh BiJ CKIAQAHOCTI BUKOHYBAHUX pOOIT,
€(eKTUBHOCTI KOMYHIKallli 13 3aJly4UeHUMHU KOHTpareHTaMu Ta HasgsBHOCTI €EKOHOMIYHUX Oap’epiB.
Ha ocHoBI nmonepeHboro A0CBiy OpraHizaiii MyJTbTUMOAATIBHUX MTEPEBE3EHb EKCIIEAUTOP MOXKE
MIPOTHO3YBaTH OPIEHTOBHY TPHUBAIICTh BHKOHAHHS POOIT, BPaXxOBYIOUM MOXKJIUBI 3aTPUMKH,
NOMUJIKM a00 BIIMOBHM B OOCIYyroByBaHHI, a TaKOX aHali3yBaTW €(EeKTUBHICTh pPI3HUX
MapIIpyTiB BIANOBIAHO 10 NOTped 3aMoBHUKaA [1].
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3acTocyBaHHS  IMITAIlifHOrO MOJENIOBAaHHSA JI03BOJIAE  OOIPYHTOBAHO BH3HAYATH
ONTUMAJILHUI MapLIpyT MyJIbTUMOAAIBHOIO IMEPEBE3CHHA 3 YPaxyBaHHSAM TPUBAIOCTI KOKHOTO
erary OOCITYroBYBaHHs, a TaKOXX pPO3PAaxOBYBaTH HEOOXiNHY KIJIBKICTh EKCHEAUTOPIB I
3a0e3nedeHHsT e€(QEeKTUBHOI poOOTHM BiAALIYy. 3ampoNOHOBAaHWHM MiAXiM TPYHTYEThCS Ha
BUKOPHCTAaHHI MOKa3HUKIB €()EKTUBHOCTI JJOCTABKM 3a PI3HUMH MapUIpyTaMu 3 ypaxyBaHHSIM
crieniipiku MOPCHKHUX TIOPTIB PI3HMX KpaiH Ta OCOOJMBOCTEH TEXHOJOTIi IepeBe3CHHS.
BiamoBigHO, pe3ynpTaTé MONETIOBAHHS JIAIOTh 3MOTY OI[IHUTH €()EeKTUBHICTh BUKOHAHHS
€KCIIOPTHO-IMIOPTHUX OINEpalliif, 1110 € BaXXIUBUM K JUIsl TEOPETUYHUX JOCIIIKEHb, TaK 1 AJIs
NPAaKTUYHOTO YJAOCKOHAJIECHHS TPAHCIIOPTHO-EKCIIEAUTOPCHKOT isTIBHOCTI.

IToka3HuKM e(EeKTUBHOCTI TPAHCIOPTHO-EKCIEIUTOPCHKOIO OOCIYrOBYBaHHsS —IIpU
oprauizanii MyJIBTUMOJQIBHHUX TIEPEBE3CHb 3a YYaCTI0O MOPCHKOTO Ta aBTOMOOUIBHOTO
TPAHCHOPTY MAIOTh KJIFOUOBE 3HAUEHHS JUISl BCIX YYACHUKIB 30BHIIIHBOTOPIOBEJIBHOT IISIBHOCTI.
B yMmoBax BHCOKOI KOHKYpEHIII OCOONMBOI aKTyaJbHOCTI HaOyBa€ 3acCTOCYBaHHS Cy4aCHUX
iHQOpMaIIHHUX TEXHOJIOTIH, 110 Aa€ 3MOTY MOJEIIOBATH BHUPOOHUYI MPOIECH Ta BU3HAYATH
HanpsMH iX onTHMi3aiii.

OpHuM 13 TEpCHEeKTUBHUX I1HCTPYMEHTIB € pO3pOOJeHHS IMITalliiHUX Mozenei
(GYyHKIIOHYBaHHS TIiANPUEMCTBA TPU B3a€EMOJIi 3 KII€HTaMH. 3aCTOCYBaHHS TaKUX MOJeENeH y
JISUTBHICTh TPAHCIIOPTHO-EKCIEAUTOPCHKUX MIJIPUEMCTB, 10 CTPYKTYPH SIKUX BXOIAThH BLAJUIN
MYJIBTHMOJIATBHAX TIEPEBE3CHb, JJO3BOJISAE YAOCKOHAIUTH TPOLEC MPHUHATTS YHPaBIIHCHKHX
pillieHb 1100 BUOOPY ONTHUMAJIBHOIO MapLIpyTy TPAaHCIOPTYBAaHHS 3 ypaxXyBaHHSIM TPHUBAJIOCTI
KO)KHOTO eTary oO0cCiIyroByBaHHS. BomHowac iCHYyIOTh 00 €KTHBHI TPYOHOIIi, MOB’s3aHi 3
00MEXKEeHOI0 JIOCTYMHICTIO iH(pOpMaIlii Mpo TPUBATICT, OKPEMHUX oOIlepaliil y crerudiyaux
yMOBax Ta MPHU B3aEMOJIi 3 MOCEPEAHULIBKUMHU CTPYKTYpaMH, OCKUIBKH OCOOIMBOCTI Oi3Hec-
MpOLECiB 3ajJiekaTh B KOMIETEHTHOCTI (axiBIiB 1 PECYpCHHUX MOMKIMBOCTEH KOXXKHOTO
HiAPHEMCTBA.

Ha ocHOBI momepenHbOro JOCBILy oOpratizamii MYJIbTUMOAAJIbHUX II€peBE3EHb
eKCIEJINTOP MOXKE€ IPOTHO3YBAaTH OPIEHTOBHY TPHUBAIICTh BHUKOHAHHS pPOOIT, BpaxoBYIOUU
MOXIIMBI 3aTPUMKM, MNOMHJIKM a0o0 BIZIMOBM B OOCIIyrOByBaHHI, a TaKOX aHaJi3yBaTu
e(eKTUBHICTh PI3HUX MApUIPYTIB BIAMOBIIHO 10 MOTped 3aMoBHUKA. Takuil mixia 103BOJIsE
OOIpyHTYBaTH BUOIp ONTHMAIBHOTO MapLIPYyTy MYJIBTUMOAAIBHOIO NEPEBE3EHHS, BPAaXOBYOUU
IHIMBIyadbHI BHUMOTH KJI€HTA, 1 3a0€3MEUUTH CKOPOYECHHS TPUBAJIOCTI TPAHCIIOPTHO-
€KCIEeTUTOPCHKOr0 OOCIyTrOBYBaHHS 3aJIeXHO BiJ OCOONMBOCTEH MapIIpyTy, TEXHOJOTI]
JIOCTaBKH Ta MOKa3HUKIB €(EKTUBHOCTI.

Bu3HaueHHs oNTUMAabHOTO MapUIpyTy MYJIBTUMOJAIBHOTO NEPEBE3EHHS 3 YPaxyBaHHAM
YacOBUX IMapaMETPIB HaJaHHs IMOCIYI BIUIMBAE TAaKOXX Ha (OpMyBaHHsS YUCENIBHOCTI (axiBIiB
BIJILTY MYJBTUMOJAJIBHUX NepeBe3eHb. Ha mpakTuii x BHOIp MapuIpyTy 4acTo 3iHCHIOETHCS
0e3 HaleXHOro OOIPYHTYBaHHs, IO 3HIXKYE €(EKTUBHICTb YINPABIIHCHKUX pILLIEHb.
ParjioHanbHe BUKOPUCTaHHS pPECypciB MOXIIMBE JIMIIE 32 YMOB CTaOUIBHOIO MOMNHUTY Ha
MYJIBTUMOJIaJIbHI TIEPEBE3€HHSI Ta INpPU MOPIBHAHHI aJbTEPHATUBHMX TEXHOJIOTIH JOCTAaBKHU.
OCHOBHUMH NEpEIHIKOJaMH 3aIMIIAIOThCA Ie(IIUT aKTyalbHOi iH(popMalii Mpo TpPUBATICTH
POOIT YCiX YYaCHHUKIB 30BHIITHLOTOPTOBEIBHOTO MPOIIECY Ta 00’ €KTiB iH(pacTpykTypH [2].

3anponoHOBaHUN MiAXiA A0 TOAOJNAHHS LUX TPYAHOIIIB IPYHTYETbCS Ha BpaxyBaHHI
MOKa3HUKIB €(EeKTUBHOCTI IiJ Yac OpraHizallii MmepeBe3eHb 13 3alyuyeHHSIM MOPCHKHUX IOPTiB
pI3HUX KpaiH 1 pI3HUX TEXHOJOTiH JnocTaBkH. Lle mae 3Mory orpumaru 00’ €KTHBHI MOKa3HUKU
e(eKTUBHOCTI BUKOHAHHS EKCIIOPTHO-IMIIOPTHUX ONepaliid 3a OKpEeMHUMH MapuipyTamu. 3
HAyKOBOI TOYKM 30py, pE3ylbTaTd JOCHIIPKEHHS MAaroTh TEOPETUYHY IIHHICTD JJIs
VIOCKOHAJIEHHS CHCTEMH YIpPaBIIHHA TPaHCHOPTHO-€KCIEAUTOPCHKOIO  JisUIbHICTIO. 3
NPaKTUYHOI — 3aCTOCYBaHHS IMITallIfHOTO MOJETIOBAaHHsS 3abe3neuye MOXIIHMBICTH BHOOPY
ONTUMAIILHOTO MapIIPYTy MYJIBTHMOJAIBHOTO TIepEeBE3€HHS Ta BU3HAUEHHS HEOOXiTHOT
KUIBKOCTI  €KCIIEUTOPIB ISl €(PEeKTUBHOrO OOCIYrOBYBaHHSI KII€HTIB. TakuMm YHHOM,
NPUKIAJAHUN aCMeKT OTPUMAaHMX PE3YJbTaTiB MOJArae B ONTHUMI3allii YIPaBIIHCHKUX pIllIeHb Y
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nporeci HaJaHHSA TPAHCIOPTHO-EKCIEIUTOPCHKUX TMOCIYr Ta CTBOPIOE TIEPEIyMOBH IS
pO3po0JICHHS aHAJIOTIYHUX TT1XO/IIB 10 OpraHi3allii mepeBe3eHb i3 BUKOPUCTAHHSAM PI3HUX BHUIIB
TPaHCIIOPTY.

BucnoBku.  EdextuBHe  dopmyBaHHS ~ cTparerii  pO3BUTKY  TPaHCIOPTHO-
EKCIIETUTOPCHKUX MMiITPUEMCTB MOTPeOy€e BpaXyBaHHs MOTOYHUX PUHKOBUX TECHJCHIIIH, a TAaKOXK
aHaTI3y MONMUTY Ha BIAMOBIIHMMA CHEKTp mocayr. OnTumizailisi MapluipyTiB MepeBe3eHb J103BOJISE
CKOPOTHTH TPUBATICTh TPAHCIIOPTHO-EKCIIEAUTOPCHKOTO OOCITYyTrOBYBaHHS Ta 3MEHILIUTH BUTPATU
mianpuemMcTBa. ImiTariiiHe MOJCNIOBaHHA € €(QEKTMBHUM IHCTPYMEHTOM Uil BHOOpY
ONTUMAJIFHOTO MAapUIPYTy 1 IUIAaHYBAaHHS YHCEIBHOCTI MPALIBHUKIB BiAIUTY MYJIBTHMOAATBHUX
TIePEBE3CHb.
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FLAME SPRAYING PARAMETERS AS A FACTOR IN THE
RELIABILITY OF RESTORED SURFACES OF SHIP
MACHINERY PARTS

M. Ahieiev?, H. Prokofiev !, V. Tinkova?
!Kherson State Maritime Academy
(Ukraine)
2University of Zilina
(Slovakia)

Introduction. The increase in the number, size, and speed of ships raises traffic intensity
and requires the reliability of all shipboard technical systems. Insufficient reliability leads to
accidents, downtime, reduced speed, and additional costs for maintenance and repairs.

Modern surface engineering aims to ensure the strength and durability of working layers
of ship components, and in case of wear - to restore geometry while forming coatings with
specified operational properties.

The development of thermal spray methods complicates the physicochemical processes
of coating formation, creating the need to establish a functional relationship between process
parameters and the quality of restored surfaces.

Relevance of research. The formation of GFS (gas — flame spraying) coatings is
determined by the non-additive influence of the design features of the equipment, the parameters
of the spraying process, and the properties of the coating material [1]. Ensuring the specified
characteristics of the restored surface layers of components and the reliability of shipboard
technical systems requires precise determination of the technological parameters of the GFS
process.

Enhancing the functional properties and service life of restored surface layers of ship
components necessitates addressing the scientific challenge of managing the physico-mechanical
processes within the sprayed coating layer.

The study of the relationships between GFS process parameters and their effects on
porosity, density, and adhesion strength of coatings allows for achieving the required
microhardness and wear resistance of the restored surfaces. Establishing general patterns
between the parameters of the surface restoration process of transport components enables
effective control of the technological process regimes [2].

Therefore, the study of the functional relationships of the GFS process and their influence
on the mechanical properties of the “restored surface - coating” system is one of the most
important stages in the restoration of ship component parts [3]. It allows for an objective
assessment of their mechanical behavior during operation and enables the control of their
strength through the adjustment of the composition, structure, properties, and manufacturing
technology of the coatings [4].

Problem statement. To determine the influence of functional relationships of physical
and mechanical processes of GFS in order to ensure the reliability of ship technical equipment
during the repair process.

Research results. As previously noted, the powder materials used in GFS processes can
be divided into two main categories: non-fusible powders and self-fluxing (fusible) powders.

An analysis of the operating conditions of rapidly wearing surfaces of marine technical
equipment indicates that both classes of powder materials — self-fluxing alloys and those
intended for cold spraying — are necessary for their restoration and strengthening.

For the restoration of shaft-type components that operate under alternating and impact
loads, abrasive wear, and elevated temperatures, self-fluxing powders such as PG-19M-01 and
PG-12N-02 are used, followed by a fusing process. In contrast, for the repair and reinforcement
of seating surfaces of marine equipment components that do not experience impact or alternating
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loads during operation, non-fused powder materials — PG-19M-01, PG-12N-01, and PN85Yul5
— are applied.
The chemical composition of these metallic powder materials is provided in Table 1 [5].

Table 1 — Chemical composition of metal powder materials

Powder Content of chemical elements, %
brand Cu Fe Al Ni B C Si Cr
PG-19M-01 | basis 4.0 8.5-105 - - - - -
PG-12N-01 - 3.0-5.0 - basis [2.0-4.0 |0.4-0.8 | 3.0-5.0 | 10-16
PN85Yul5 - - 13,5 basis - - - -

The choice of these grades of metal powders is due to the fact that they are the most
common and characteristic representatives of materials of each class, namely: self-fluxing
materials, intermetallics, copper-based alloys. In addition, these powders have different fluidity
values due to the different shape of the particles. The mechanical characteristics and properties
of powder materials are given in Table 2 [5].

Table 2 — Mechanical characteristics and properties of selected powder materials

Powder brand Granulation, pm Hardness, Properties of sprayed coatings

PG-19M-01 40-80 65-72 Anti_—friction, corrosion-resistant
The fused layer has high wear

PG-12N-01 20-40 4550 resistance and corrosion resistance.

Resistant to thermal shock

Heat-resistant, wear-resistant, anti-
PN85Yul5 30-60 30-35 friction coating, resistant to thermal
cycling, alkali

During the layer-by-layer deposition of coatings, voids inevitably form, particularly at the
interfaces between particles. These voids, or pores, have a significant impact on the physical and
mechanical properties of the coating; therefore, assessing their amount is essential when
selecting optimal application parameters for protective coatings in each specific case.

In addition to porosity, a key characteristic of the coating is its adhesion strength to the
substrate metal, which often serves as the primary criterion for evaluating the suitability of
spraying methods and materials for the restoration and strengthening of components operating
under complex loading conditions. Both porosity and adhesion are influenced by technological
parameters of the spraying process - the flow rate and pressure of the working gases, the
composition of the gas mixture, the amount of powder fed into the combustion zone per unit
time, the spraying distance, and the rotational speed of the component.

The most significant factors affecting coating porosity are the spraying distance, particle
size distribution, and the material of the powder used. Fig. 1a shows the dependence of the total
porosity of coatings produced using PN85Yul5, PG-19M-01, and PG-12N-02 powders with
particle sizes of 50-63 pm.

The maximum density of the coatings is achieved at a distance corresponding to the
maximum temperature of the particles and their flight speed.

The higher porosity of coatings made of PN85Yul5 powder is due to the higher melting
temperature compared to bronze and self-fluxing alloys.

With increasing coating thickness, the total porosity practically does not change, and a
nonlinear decrease in open porosity is observed (Fig. 1b).

Comparison of the type of transition zone near coatings of the Ni-Al, Ni-Cr-B-Si and
bronze systems also indicates a higher bond strength in nickel aluminides. Small areas in which
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there is no line of division between the coating and the base indicate the course of diffusion
processes, the absence of a large number of secondary oxides on the substrate surface.
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Figure 1 — a — Influence of spraying distance on the total porosity of coatings sprayed with

powders: 1 —PN85Yul5; 2 — PG-12N-02; 3 — PG-19M-01 (6 = 0.7...1.0 mm, d0 = 50...63

um); b — Influence of coating thickness on the ratio of through and total porosity of coatings

sprayed from a distance of L = 180 mm: 1 — PN85YU15; 2 — PG-12N-02; 3 — PG-19M-01
(6=0.7...1.0 mm, dO = 50...63 pum)

The results of determining the composition of the powder before and after spraying
showed that the loss of aluminum is 10-15 wt.% of the initial one. Most of it (4-7%) is in the
form of AL20s in the coating composition, some part (up to 5%) forms highly dispersed oxides,
having a microhardness of 9x10° MPa.

The coatings have maximum bond strengths at the spraying distance that provides
maximum density (Fig. 2a). It should be noted that a coating made of an exothermic powder,
with greater porosity than coatings made of other materials, has a higher bond strength to the
substrate.

Tribotechnical tests conducted under conditions of limited lubricant supply showed that
after the end of the running-in process, an increase in the specific load from 0.5 to 8 MPa leads
to a decrease in the friction coefficient for all tested coatings (Fig. 2b).
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Figure 2 — a — Dependence of adhesion strength to the base on the spraying distance:
1 —PNB85YU15; 2 - PG-19M-01; 3 — PG-12N-02 (6 = 0.7...1.0 mm; d0 = 50...63 pum);
b — Dependence of wear intensity on specific load during friction of coatings sprayed with
powders: 1 — PN85Yul5; 2 — PG19M-01; 3 — PG12N-02
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Within the range of values P = 7-15 MPa, the process of normal mechanochemical wear
occurs, when an increase in pressure does not lead to a significant change in the friction
coefficient.

With increasing specific load values above 16 MPa, the friction coefficient and wear intensity
(Fig. 2b) increase sharply.

Based on these data and the results of the study of the dependence of the limiting pressure
before setting on the sliding speed, we can recommend the use of powder materials for the
restoration of parts of sliding friction units.

Conclusions. A study of the influence of the spraying distance on the porosity and
adhesion strength of coatings to the base showed that the optimal spraying distance is a distance
of 150 - 180 mm, and the high porosity of coatings from PN85Yul5 powder is due to a higher
melting point compared to bronze and self-fluxing alloys. With an increase in the thickness of
the coating, the total porosity practically does not change, and a nonlinear decrease in open
porosity is observed. A comparison of the type of transition zone near the coatings of the Ni-Al,
Ni-Cr-B-Si and bronze systems also indicates a higher adhesion strength of nickel aluminides.
Tribotechnical tests conducted under conditions of limited lubricant supply showed that after the
end of the running-in process, an increase in the specific load from 0.5 to 8 MPa leads to a
decrease in the friction coefficient for all coatings. Within the range of values P = 7-15 MPa, the
process of normal mechanical and chemical wear occurs, when an increase in pressure does not
lead to a significant change in the friction coefficient.
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HAYKOBI HIAXOAU 10 BUSBHAYEHHSA CARBON INTENSITY
INDICATOR (CII): IIEPEBIPKA BIAIIOBIITHOCTI SEEMP PART I1I

Axkimoe O.B., Hazpubenvnui . A.
XepcoHcbka 0epoicagna Mopcvka akademis
(Vkpaina)

Beryn. Peanizamist rmoGanbHEX 3aX0/liB JeKapOOHi3allii MOPCHKOTO TPAHCIIOPTY 3MYIITY€
CYJIHOILJIaBHI KOMIaHii 1 omeparopiB (IoTy BIPOBAKyBaTH HOBI 1HCTPYMEHTH OIIIHKH Ta
ynpaBiiHHsA BUKHIaMU. OnHUM 13 Takux iHCTpyMeHTIB € CII — moka3nuk BukuaiB CO2 cyaHoM
Ha TOHHY BaHTaXy MOpPCBbKY Mmoo, BBemeHHi IMO sk wactmHa crparerii CKOpOYEHHS
napHuKoBHX Ta3iB 3 1 ciuns 2023 poky [1]. SEEMP Part 11l — € nponenypHoro CKJIaoBoOIO, siKa
inrerpye Bumoru CII B poboTy cynaHa: 30ip qaHuX, IJIaHyBaHHS 3aXOJiB, MIEPEBIpKa PE3yJabTaTIB
[2].

Ha cboronni € BaxnuBuM HaykoBuil minxin ao BusHaueHHs CII/SEEMP Part 111, sxuit
Ma€ OXOTUTIOBATH: METOAMKY PO3PaxXyHKY, MOACIIOBAHHS JaHUX, MPOTHO3YBaHHs, Bepudikaliro,
aHaJli3 BIUIMBY OMNEPALiMHUX YM TEXHIYHUX (DAKTOPIB, HAAAHHS MPAKTUYHUX PEKOMEHJIAIN s
oreparopis (Iory.

Metonuka ta monemoBanus. @opmyna CII 6a3yerscs Ha (aktuynux Bukugax CO:
CyaHa, BaHTaXHii poOoTi Ta Bincrani. CymHo Mae 3BiTyBatu mpo «attained annual operational
Cll» i mopiBHioBaru ii 3 «required annual operational Cll». Cll-attained po3paxoByeTbes sk [1;
16]:

Cllattained = Z FCj X CF}' /(C X D),
J

ne FCj — maca cnanenoro nmanusa tumyj 3a pik (r); CFj — xoediuient Bukuny CO2, C —
BaHTaoMigHoMHICTh (Hanpukiag DWT), Dt — npoiineHa MopchKa BiicTaHb (MOP.MHUJIb).

I1s popmyna € Ga30BOIO, ajle HAyKOB1 JOCITIKEHHS J0/Al0Th: KOPUTYBaHHS Ha YMOBH
HaBIraifii, METEOpOJIOT14YHI YMOBH, CTaH CyAHA, PEKUMHU poOOTH, 1110 103BoJIsie MozentoBaru CII 3
OUTBIIOK TOUHICTIO. HaykoBi TOCHiIKEHHS 3aCTOCOBYIOTH MOZENi MAIIMHHOTO HaBYaHHS IS
nporuozyBanus CII, wampuknaxa, po6ora 3 AlS-manumMu, nmaHuMMH Bil  CEHCOPIB,
Mmeteo/Mopcbkumu napamerpamu [12]; BukopuctanHs ANN, SVR, XGBoost ans noGynosu
MOJIeNIEH, K1 BpaXOBYIOTh TaKi O3HAKHU K MepioJl XBUJIb, TEMIIEpATypa BOAM, IPOHJIEHY B1ICTaHb
[12]; migxoam 1o Bepudikamii JaHUX: ayJuT *KypHaIiB, aBTOMaTHUHUH 30ip, 3BiTH [3].

IIporno3yBanns Ta ananiz. HaykoBi myOsikaiiii Moka3yroTh, 110 TOYHE MPOTHO3YBAaHHS
CIl no3Bonse CyIHOBIACHMKAaM IUIaHYBAaTH ONEpaliifHI 3aX0oAM Ta YHUKAaTH HEBUT1IHOTO
peittunry [12]. Iligxia: 36ip OaraToBUMIpHMX OaHux + Moodeni MAWUHHO20 HABYAHHA =
niosuwjenns mounocmi npoerosy CII. Hanpuknan, 3anexHicTh MiX Temneparyporo Boau ta CII
nokasye kopesiiito [12].

Bepudikanis Tta xonrposab. Bepudikamis CII € 000B’S3KOBOIO: 3BITM MaiOTh OyTH
nepeBipeHi M IparnopoM 4u yIIOBHOBaXKeHOIO oprasizamieto [3]. HaykoBwuii miaxia nepeabadae:
He3aJeKHUI aynuT, 3aCTOCYBaHHs M(PPoBUX TIaTGOpPM, IepeBipka KOPEKTHOCTI BXITHUX JTAHUX
(Hampukaa, AaHl PO MANIMBO, PYX, BaHTax1). B HOCTHIKEHHSIX MAKPECTIOETHCS BaXJIHBICTh
MPaBUIBHOCTI CEHCOPHUX JAaHMUX 1 HAasBHOCTI CUCTeM 300py HaHUX sK Oa3zu s Bepudikaiii
[14].

Omnepauiiini Ta Texwiuni ¢axropu BmumBY. HaykoBi poOOTH BKa3ylOTh, IO Taki
¢dakTopu fK MPOCTOi B MOPTax, OYIKyBaHHS, MOTOAHI/MOPCHKI YMOBHM CYTTE€BO BILTMBAIOTh Ha
nokazHuk CII [5]. Texuiuni ¢axropu: craH kopmycy, €(peKTHBHICTh BUTYHA, BUKOPUCTAHHS
albTEpPHATUBHUX MMaJUB — BCl BOHM MaroTh npsaMuid BmiuB Ha CII. Omnepariiini: ontumizanis
MapuIpyTiB, KOHTPOJIb IBUIAKOCTI, MiHIMi3allisl MIOPOKHIX PEHCIB — HAYKOBO JIOBEJCHO, 1110 BOHU
3HWKYIOTh BUKHIH [14].
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Onepayiuni ¢axkmopu. JlocnipkeHHs TOKa3ye, MO onTUMi3allis Mapuipyty (weather
routing, current routing) MO)k€ 3MEHIIUTH BUKUAM 10 ~7,3 % 1 mokpaumtu pedtunr CII Ha
5...6 % (nanpuknang B — A) s rpynu 6ankepis [6]. Bukopucranns pexumy «slow steamingy
(3HM)KEHHS IIBHUJIKOCT1) Y KOPOTKOCTPOKOBUX MEPEBE3ECHHAX J03BOIMIO 3MEHIIUTH BUKUAU CO:
Ha 31,5...50,1 % 3anexxHO BiJg HaBaHTaXeHHs ABUryHa [7]. YacToTa mHOpTOBUX 3YyIHUHOK,
MPOCTOI, MAHEBPYBAHHS — TaKOX MarOTh 3HAUYHUH BIUIMB (mociimkeHHs Yeosu Gwangyang Port
Authority) — MynsTu(aKkTOpHHMI aHai3 MOKa3aB, IO KIOYOBUMH BIUIMBaMU €: BUKHIU COq,
nopmarue EEXI, Bik cyaHa, KiTbKiCTh 3aX0iB y moptu [4].

Texniuni paxmopu. Ctan Kopmycy: AOCTI/DKEHHS 13 3aCTOCYBaHHSM «smart marine
coatings» IOKa3yloTh, L0 MOKpalleHe NOKPUTTA Koprycy naae a0 5,0 % npupocty MIBUAKOCTI
a00 aHajoriyHe 3HIKEHHS BUTpar nanmuBa — BumBae Ha CII [8]. AnbrepnaruBHi
nanuBa/TexHosorii yaosaroBanas CO2 (carbon capture on-board) Bxe BIpoBaKyrOThCS K 3aCi0
BruBy Ha CII [9].

Pezynamopni / punkosi ghakmopu. Ilepui nani pevitunry CII: 78 % cynen nosimomunu
peiituar C abo kpaiie, npore 3HayHa yactka cylaeH mae peiitunr D/E [10]. HdocnimkeHHs
ceprudikarii: ominka B3aeMo3B’s13ky Mix peitunrom CII i miHaMu BTOPUHHOTO PUHKY MOKa3aa,
1o cynHa 3 peituarom D/E oniHroroThes Huokue [11].

HayxkoBi minxonu, pexomengoBani ais interpauii. Data-driven moodenweannsn:. Y
nociimkenHi Zhang et al. (2023) Bukopucrano 21 o3naky (AIS, cencopHi naHi, MeT€0/MOPCHKI
naHi) ans modynou mopened nporHo3yBanHa CII 3 Bukopuctannsm ANN, SVR, XGBoost,
Random Forest. Haiikpamoro BusiBiiiace monens ANN 3 cepeaHbpo0 aOCOIIOTHOI ITOMMIIKOO
~0,0336 [12]. Inme nocmimxenus DLR/University of Duisburg-Essen (2024) mokazanu, 1o
DNN no3Bomsie iporHosyBaru CII 3 BigxuneHHs M MeHIIe 6 % 3a yMOBH OOMEKEHOTO Habopy
napameTpiB (IIBUAKICTh, OCaJKa, BITEP) — IO € KOPUCHHUM JJIsl TIOMEPEAHbOT OIIIHKU PEUTHUHTY
cymaa [13]. 1li migxomu AEMOHCTPYIOThH, IO HAayKOBa METOAWMKA BHUXOAWTH 32 MEXI MPOCTOT
bopmynu: uxopucmogyomvcsa 6eluKi oobcsacu OaHux + MauwluHHe HABUAHHA —> ONEpamueHe
npoenosysannsi CII. Ilpoznosyeanna 3 ML/AI. Buxopuctanas ANN, RF, XGBoost namae
Ounpiry TouHiCTh. Ilioxio ocummegozo wyuxay nanuea (LCA): BpaxyBaHHS upstream +
downstream BHKUIIB, AJI1 TOYHINIOI OLIHKU e(eKTUBHOCTI cynHa [l15]. Bepudikauiiina
ananimuKa: aHani3 BiAXWIEHb, HABUAHHS aJITOPUTMIB BUSABICHHS (anbcuikaiiiif, 3a06e3rnedeHHs
SIKICHOCTI JaHUX.

Poas SEEMP Part III y nminTBepakenni ta ynpasiainai. SEEMP Part III crae xuBum
JIOKYMEHTOM: BIH MICTUTh IUIaH 3aXOZiB, MOHITOPHHI, CaMOIEpeBipKY, OHOBIEHHs. Haykosi
OiAXOMM MiAKPECIIOTh BaXJIMBICTh 1HTerpauii mnporHosyBanHs CII, anamizy ¢akropis,
ontumizaii 3axomiB — y SEEMP Part [II mae OyTu 9iTKui JaHITIOKOK: 30ip OaHUX —> NPOSHO3
— 3axo0u — Kommponaw. JlonatkoBo: Bepudikanis aanux (audit logs, cencopu, Al-ananiz)
3abe3rneuye HaAIHICTh 3BITHOCTI.

Bukiaukn Ta HaykoBi mnpoOinum. HenocrtaTHs KUIBKICTh BIAKPUTHX JIaHMX 3
nekapOoHizauii cyaeH 1 mogemoBanHs CII ans pi3HUX THUHIB CyAeH (HampHKIaJ, HacakUpChKI,
Ro-Ro) — BukimkaoTe notpedy y nopaibmux gociimkeHHax. Crapi cyaHa Ta legacy-cucremu:
0araro Cy/eH He MalTh HaJIe)KHOTO MOHITOPHHTY TIaJIMBA YU CEHCOPIB, IO 3HAYHO BIUIMBAE HA
skicTh po3paxyHky CII. JlimitoBanicTs unHHOT popmynu: CII Hapa3si BpaxoBye tank-to-wake, asne
He always full well-to-wake abo >xuTTeBuil 1ukn nanusa [15, 16]. Bepudikamisa: aaroputmu
MAIIMHHOTO HaBYaHHS MOTPeOyIOTh BEIUKUX MACHUBIB JAaHUX JUIsl TPEHYBaHHS, IO MOXe OyTH
Oap’epoM TSt OTIepaTopiB 3 OOMEKEHUMHU PECYPCAMH.

IIpakTuyHe 3HaYeHHsA VISl CYIHOIUIABHMX KOMOaHii. [xTerpauis momerni
nporuo3yBanHs CII 1mo3Bosisie MmIaHyBaTH pPEMOHT/MOJEPHI3AINI0, ONTHUMI3allii0 OIeparii.
BuxopucrtanHs HAayKOBHX METOAIB 3HMXKY€ PHU3MK oOTpuMaHHs peiitunry D/E, nomomarae
dbopmymoBatu 1iaH kopuryBanbHUX 11 y SEEMP Part III. Bepudikaris Ta anamithuka gaHUX
MIBUIYIOTH JOBIPY J0 3BITIB, IO MOXe OyTH KOHKYPEHTHOIO TIEPEBAroro.
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BucnoBku. [IpoBenecHnii HayKoBUIl aHali3 IEMOHCTPYE, 110 ycmimHa peanizamis CII Ta
SEEMP Part III moTpeOye KOMILJIEKCHOTO MiIXOMy: MOEAHAHHS ITU(POBUX PIllIeHb, ONepariiiHol
ontuMmizamii # TexHiyHOi MonepHizauii. CyqHOIUIaBHI KOMIIaHii, SIKi 1HTETpyIOTh IIi MiAXONH,
MOXYTh HE JIMIIE JOCATTH HOPMATUBHOI BIJIOBIIHOCTI, aJie i OTpUMATH CTPATETiYHy epeBary:
3HIDKEHHSI BUTPAT, IMIJBUIICHHS EKOJOTIYHOTO IMIIKY, MPOJOBKEHHS CTPOKY CIY>KOHW CYJICH.
HaykoBi gocinipkeHHsT TiATBEPIKYIOTh — KEpPOBaHICTh 1 mporHo3oBaHicTh CII pelTuHry crae
MOKJTMBUM 3aBISIKM aHATITUII Ta MOJICTIOBAHHIO.
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BIJTHOBJIIOBAHI JI)KEPEJIA EHEPI'Il YKPATHU TA IEPCHEKTUBU
IX BUKOPUCTAHHSA B CYJHOBIA EHEPTETHIII

Anexcenko B.JI., Canponoe 0.0., Docmux ILIL., I'opoicuko FO.B., Illlynvea B.B.
XepcoHncvka OepaicasHa MOPCbKa akademist
(Vkpaina)

Beryn. CynnomnactBo renepye 3,3 % rmobanpHux BukumiB CO:; crpareris IMO
nepenbayae ix ckopodeHHs Ha 50 % mo 2050 p. BignoBmroBani mxepena eneprii, mami BJIE
(consuHa, BITpPOBa, BOJEHB) 3abe3meuyroTh juimie 5—10 % MOTYKHOCTI JOMOMIXKHUX CHUCTEM
CyJICH 4epe3 IHTepMITEeHTHICTh. biomMaca y ¢opMi CHHTE3-razy J03BOJISE TOCATTH CTAOLIBHOI
poOOTH EHEePreTUYHHX YCTAHOBOK. [CTOpHYHUI JOCBIJ Ta30r€HEPATOPHUX ABTOTPAHCIIOPTHHX
3aco0iB [1] Ta cyaen (1940-1 pp.), a TakOXK CydacHi MPOEKTH Ha TeneTax [2, 3] IeMOHCTPYIOTh
ckopoueHHst BUKHIIB CO:2 10 22 %.

Meta podoTu — o11iHKa 610€HEePTeTUYHOI0 MOTEHIliay YKpaiHu Ta po3poOKa CyJHOBOI
ra30eJIeKTPUIHOT YCTAaHOBKH JJISI PIYKOBOTO Ta MPUOESPEIKHOTO CYTHOTIIABCTBA.

1. BioeHepreTn4Hi pecypcu YKpaiHu

1.1. Hamionansnmii nmorenuian [4-7]. 3aranpuuii oocsar — 23 muH T H.e./pik (2023—
2025 pp.) 3 poctoMm g0 25,4 maH T H.e. A0 2050 p. (Tabxn. 1). Jominyroui ¢pakmii: TBepaa
O0iomaca — 44 %; eneprernuni Kynbrypu — 32 %; Oiora3 — 8,16 muiH T H.e./pik (25 % —
TPaHCHOPT).

Tabmuus 1 — IloTennian GioeHepreTHYHUX pecypciB YKpaiHu

Tun Gionaausa 2023 p, MIH T 2050 p., MU T OcHOBHI Kepesa
H.e./piK H.e./piK
bioeranon 0,59 0,278 (monuT) 3€pHO, BIJIXO/IN
bionuzenp 0,31 0,431 (momuT) pinak, COHAUTHUK
bioras/6iomeTan 8,16 4,7 BUIXOIH TBAPHHIHIITBA,
coioma
Teepna 6iomaca 10 7,5 COJIOMa, JIEPEeBHI BiAXOAH

3 2025 p. BBoAUTHCS 000B’s13K0BE 5 %-Be 3MilIyBaHHs OiomanvuBa B OCH3WHI; MOMUT Ha
piaki Bugu 10 2031 p. cranoButume 125-278 tuc. T (6ioetanon) ta 196431 tuc. T (6ioauzens).

1.2. Xepconcbka o0macts Ta aeabtra JIninmpa [8-10]. Perion 3aiimac 6 %
CLITLCBKOTOCTIONNAPCHKUX YTiAh YKpainu. Kirodosi pecypcu: coimoma 3epHOBUX — 110 270 THC.
T/pik; oyeper — 20 T/ra; 6ioraz3 — 0,5-1 muH M*/pik. PyiinyBanna Kaxoscekoi 'EC (2023 p.)
NpU3BEJIO 70 3HMKEHHS BpoxaitHocTi Ha 20-30 % Ta mopyuieHHs yorictuku. [lepcnekTusu:
BUPOOHHUIITBO MEJET 1 CHHTE3-Ta3y 3 MICLIEBUX BiJXOJB, MIJIOTHI 6i0ra3oBi yCTaHOBKH, €KCIIOPT
o €C.

2. I'a3oreHepaTopHi eHepPreTH4YHi yCTAHOBKH

2.1. Tpaguuiiini pimenns [1, 2]. Cxema: 6iomaca — rasudikaTop — CHHTE3-Ta3 —
nopiiHeBuii JIB3 — reneparop. [lepeBaru: BUKOPUCTAHHS JIOKAJIbHOI CHPOBUHHM, YTHIII3allis
30JTH SIK J10OpHBa, KOMOIHOBaHE BUPOOHUIITBO Teruia Ta enekrpoeneprii. Hemomiku: KK 20-25
%, HH3bKa MAaHEBPEHICTh, NUTOMa TNOTYXHicTh 0,2-2 KBT/Kr, HEOOXiIHICTH TIUOOKOTO
OYUIIEHHS Ta3y.

2.2. Mlpoext BIOSHIP [3] (SImonist). Onboard-razudikatop — razosuii JIB3 (5-20
MBT) — enexTporenepaTop — €JIEeKTPOABUTYH T'peOHOro rBuHTa. JloCSrHEeHHS: MoBHA podoTa
Ha Oiomaci, ABonanuBHUM pexuM, pecypc 50-100 tuc. rog. OOMexeHHs: OUMIIeHHs ra3y >99
%, 301bIIIeHHs 00’ €My MaIrMHHOTO BifaiieHds Ha 10-15 %.

3. 3anponoHoOBaHa CyJHOBA ra30eJeKTPHUYHA YCTAHOBKA

3.1. CTpykKTypa Ta pe:xxumM podooTu

1. ["a3oreHepaTopy — pexxXuM CepeIHbOr0 HaBaHTAKEHHS.
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2. Cucrema OYMIIEHHS Ta OXOJIOKCHHS Ta3y.
3. l"azoBi /B3 3 enexkrporeneparopamu.
4. MaxoBHUYHI HaKOMHWYyBa4i CHEPTii: HAIJIUIIOK EJICKTPOEHEprii — PO3KpPyTKa

MaXOBHKIB; IIIKOBI HABaHTa)KCHHS —> MTOBEPHEHHS €Heprii uepe3 TeHepaTOpHU pexKHM.

3.2. TexHiKk0-eKOHOMiYHi MepeBaru: 3HWKEHHS BCTAHOBJICHOI ITOTY)KHOCTI arperariB 10
cepenHpo1000Boro piBHA, 3pocraHHs 3aragbHoro KKJI; MwuTTeéBa peakiiss Ha IIKOBI
HABaHTAXXCHHS; 30UIbIICHHS MOTOPECYpPCY, 3HWKEHHS BiOpallii Ta mymy; TipoCKOmiuHui edext
i neMndyBaHHS XUTABUIll; MOKJIMBICTh BUKOPUCTAHHS CyJIHA SK IJIaBY4Oi €JIeKTPOCTAaHIIIl B
MDKHaBITAIITHAH 1Tepio/I.

BucnoBku. 3anporioHoBaHa yCTaHOBKa 3a0e3neuye cTabiabHy poOOTy Ha Oilomaci mpu
3MIHHHX HaBaHTOKEHHSAX 3aBIIKM IHTErpalii MaxXOBHYHHMX HaKONM4YyBadiB. biopecypcu
XepcoHChKOi o0aacTi (cosoma, ouepeT Ta iH.) (OPMYHOTh CHPOBHHHY 0a3y Uil PIYKOBHUX
razoenektpoxo/iB. [logaaburi aii:

1. [TiOTHUI IPOEKT MAJIOMIPHOTO ra30reHEPATOPHOTO CyAHA T AeabTH J(Himpa.
2. BxmrodueHHS TEXHOJIOTT 10 HallIOHAIBHOI cTpaTerii qexkapoonizarii 1o 2050 p.
3. PO3BHTOK 3€7€HOr0 PiuKOBOIO CYHOIUIABCTBA Ta JIOKAILHOTO TypH3My Ha 0a3i
BJIE.
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3ABE3INEYEHHA TEXHIYHOI TOTOBHOCTI CYJHA

beneowx B.B.
Incmumym Biticokoso-Mopcovkux Cun HayioHanvbHo20 YHieepcumemy
«Oo0ecbka mMopcbKa akaoemisy
(Vkpaina)

Beryn. EdextuBHIcTh ekciulyaraiii MOPCHKOTO CyJHA Oe3MocepeHbO BHU3HAYAETHCS
HOro TEXHIYHOIO TOTOBHICTIO, fIKa BiOOpa)ka€ CIPOMOXKHICTh EHEPreTHYHOI YCTAHOBKH,
JTIOTIOMDKHMX MEXaHI3MIB Ta CHCTEM 3a0e3leueHHs BUKOHYBATH MPpU3HA4YCHI QYHKIIIT B 3aIaHUX
yMoBax. B ymoBax iHTeHCHUIKalii CyJHOIIIABCTBA, 3POCTAaHHS HABAaHTAXKEHb HA EHEPreTHYHI
KOMIUIEKCH Ta MEepexo1y 10 HU(POBOro MOHITOPUHTY CTaHy OOJIaHAHHS, TUTAHHS 30€PeKEeHHS
BUCOKOT'O PiBHSI TEXHIYHOI TOTOBHOCTI HaOyBa€e 0COOIMBOI aKTyaIbHOCTI.

CydacHi MeETOAM OIIHIOBAaHHS TEXHIYHOTO CTaHy O0a3yloTbCsi IEPEeBaXHO Ha
periiaMeHTHHUX TepeBipKax 1 CTATUCTHII BIJIMOB, IIIO HE 3aBXKIH JI03BOJISIE CBOEUYACHO BUSBIIATH
MpUXOBaHi Ae(eKTH Ta MPOTrHO3YBATH JIerpajalliiiHi npouecu. BincyTHicTh €1uHOI yHi(iKOBaHOT
METOJIMKH, sika O TOe€aHyBaja pe3yJbTaTH HATypPHUX BHMIpPIOBaHb, CKCIEPTHI OIIHKH Ta
aHANITUYHI MoJeNl HaaiiHocTi (tumy Beubynna, Mapkosa, FMEA), ycknanuioe (popmyBaHHs
00’ €KTHBHOTO MMOKa3HUKA TOTOBHOCTI Cy/IHA B pEIbHOMY Yaci.

JlonaTKOBUM YMHHHUKOM MPOOJIEMH € MiABHUILEHHS BHUMOT J0 €KOJOri4HOi Oe3reku Ta
eHeproe(peKTUBHOCTI, IO BUMAarae MoJepHi3almii oOnagHaHHs 0e3 3HMKCHHS CKCIUTyaTamiiHol
HaxgiiiHocTi. lle 3ymMOBIIO€ HEOOXIAHICTH CTBOPEHHS KOMIUIEKCHOT CHCTEMH TEXHIYHOTO
MOHITOPHUHTY, 3/1aTHOI OIIHIOBaTH TE€XHIYHY T'OTOBHICTh CyJHA HE JIMIIE 32 HASBHICTIO BiMOB, a
W 3a TEHJEHIISIMU 3MIHM TEXHIYHHUX MapaMeTpiB, PECYpCHUX XapaKTEPHUCTUK 1 e€(EeKTUBHOCTI
pobotu mMexaHi3MiB. TakuM YHMHOM, aKTyaJIbHOIO HAyKOBO-TEXHIYHOIO 33/1a4€0 € PO3pPOOIICHHS
METOJIOJIOTIi KUIBKICHOTO OIIIHIOBAaHHS TEXHIYHOI TOTOBHOCTI CyJIHA, IO IPYHTYETbCA Ha
NO€AHAHHI JIarHOCTUYHUX [aHHWX, METOMIB Teopii HaAIMHOCTI Ta Cy4acHHMX iH(opMamiiHO-
AQHATITUYHUX TEXHOJOTIM 1 3a0e3nedeHHs Oe3nmepepBHOTO KOHTPOII CTaHYy OCHOBHHX 1
JOTIOMIKHHUX CUCTEM Y MPOIIEC] eKCIUTyaTallii.

AKTYaJIbHICTh  JOCHiI:KeHHsI: AKTYalnbHICTIO  JOCHIIKEHHS €  pO3pOOJICHHS
KOMILUIEKCHOTO TIIXOMy JO0 KIIBKICHOTO OIIIHIOBAHHS TEXHIYHOI TOTOBHOCTI CyJHAa Ta HOTO
MEXaHi3MiB Ha OCHOBI MO€HAHHS aHATITUYHUX METO/IB TeOPii HAIHHOCTI, EKCTIEPTHUX OIIHOK 1
pe3yNbTaTiB TEXHIUHOI JIarHOCTHKH, 110 3a0€3MeYuTh MiIBUILIEHHS €(EeKTUBHOCTI €KCILTyaTarli
Ta 3HWKEHHS IMOBIPHOCTI BiIMOB Y peaTbHUX YMOBAaX MOPEILIABCTBA.

IlocranoBka 3anaui: OIiHIOBaHHS TEXHIYHOI TOTOBHOCTI CyJIHa O0a3yeTbcs Ha
CUCTEMHOMY MiJIXOJli, KU BpPaxoBY€ B3a€EMOJII0 BCIX €IIEMEHTIB €HEPreTHYHOI YCTaHOBKH,
JOTIOMI>KHHX MEXaHI3MIB 1 CUCTEM >KUTTE 3a0€3eUeHHS.

Jlis MOCSATHEHHSI TOCTaBIEHOI METH TMependadyeHO BUKOHAHHS HACTYMHHX OCHOBHHX
3aBlIaHb:

1. Ilpoanani3yBaTu Cy4acHI METOJM OLIHIOBAHHS TEXHIYHOI 'OTOBHOCTI Cy/I€H Ta BU3HAUUTH
iXH1 epeBaru i 0OMeKeHHS.

2. Bu3HauuTu mepernik KpUTHYHUX €JIEMEHTIB TOJIOBHOTO Ta JIOMOMDKHOTO OONagHAHHS, IO
HalO1/Ib1Ie BIUIMBAIOTH HA 3arajibHUN PiBEHb TOTOBHOCTI.

3. YI0CKOHAIUTH MaTeMaTU4YHI MOJEN HaJiHHOCTI KJIFOYOBUX CHCTEM CYJAHOBOTO JIBUTYHA Ha
OCHOBI CTaTUCTUYHUX JJAHUX 1 Pe3yJIbTaTIB €KCIUTyaTalliiHUX CIIOCTEPEKEHb.

4. Po3pobutu amantoBany FMEA-marpumio uisi aHamily HacligKiB IMOBIPHHX BiIMOB
OCHOBHHUX MEXaHI3MIB.

5. 3actocyBatn Meronu ekcneptHux omiHok (Kenpmamnma W, Koxpena) s mepeBipku
Y3roJKEHOCT] IYMOK (haxiBIIiB 11100 BIUTMBY OKPEMHUX (aKTOPIB Ha TEXHIYHY FOTOBHICTb.

6. OOrpyHTYyBaTH IHTETpalbHUI MOKA3HUK TEXHIYHOI TOTOBHOCTI, KU MOEAHYE Pe3yIbTaTh
MaTEeMaTUYHOTO MOJICITIOBAHHS, EKCTIEPTHUX OIIHOK 1 JAHUX TEXHIYHOTO MOHITOPHUHTY.

7. IlpoBectu ampoOariito 3amporOHOBAHOT METOAWKH Ha MPHKIAAlI CYAHOBOTO JTU3EIHHOTO
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nBuryHa tuny Wirtsild SR22 Ta TOTIOMIKHUX CUCTEM, OLIIHUTH €(EKTUBHICTh 3alIPOTIOHOBAHOTO
MIXOMY.

CTaTUCTUYHE
30ip MEpBUHHUX OIlIHIOBaHHS
JTAHUX PO napameTpiB

aHaJji3 KpUTHYHHUX
HaMpalOBaHHS Ha/IHHOCTI 32 smred  Bi/IMOB 32 JJOTIOMOTOIO
MeXaHi3MiB J10 B1IMOB mozensmu BeliGymna FMEA
(mokazuuk FRH) Ta eKCIIOHEHIIIITHOTO
PO3MOILTY

po3po0IeHHSs
PEKOMEH/ Il 1010
EKCIIEPTHUX OIlIHOK M1 IBAIIEHHS
Metonamu Kenoanna : TOTOBHOCTI CYAHOBHUX
(W) i Koxpena [OTOBHOCTI K CUCTEM

nepeBipka

. OpMyBaHHA
Y3roaK€HOCT1 d) My

iHTerpanbHOro
KoedilieHTa TeXHIYHOI

Pucynok 1 — 3arasibHa j10rika JOCIIPKEHHS Iiepeidadae HaCTYIIHY MOCIII0BHICTh KPOKIB

bazoBum iH(pOPMATUBHUM TapaMeTPOM IS OIIHKKA OE3BIIMOBHOI POOOTH € IMOKa3HUK
Failure Running Hours (FRH) — TtpuBanicte po6oTH MexaHi3My ab0 CHCTEMH BiJi MOMEHTY
BBCJICHHS B EKCIUTYaTaIlil0 YH OCTAHHBOTO PEMOHTY JIO MOSBH BiJIMOBH.

FRHL': ti,Bi[[M - ti,nycx (1)

€ L gigm — 9aC HACTAHHA I-1 BIIMOBH, t; nycx — 9aC OCTAHHBOTO MYCKY a00 3aBEPILCHHS

HOTIEPETHBOI0 PEMOHTY. 310paHi 3HaueHHs1 FRH BUKOpPUCTOBYIOTHCS 17151 TOOYA0BU PO3HOALTY
yacy 6e3BiIMOBHOT poOOTH R(1)Ta BU3HAYEHHs CEpPeHBOro 4acy 10 Biamosu (MTBF):

1" (2)
MTBF — — FRH;
nNij=q

OTtpumaHi napaMeTpu J103BOJISIOTH OLIHUTH IHTEHCUBHICTh B1IMOB!

A=— ®3)

~MTBF

Ta po3paxyBaTH Koe(ili€HT TEXHIYHOT TOTOBHOCTI:

__ MTBF ()
™ MTBF+MTTR
ne MTTR — cepenniii yac BiTHOBIICHHS.

ITokaznuk FRH mae 3Mory KuIbKiICHO BH3HAuaTH peabHUM CTaH CYyJAHOBUX CHCTEM,
MOPIBHIOBAaTH I1XHIO EKCIUTyaTalliiHy CTaOUIBHICTH 1 WPOTHO3YBAaTH TIEPIOAM 3HUKEHHS
HaJIMHOCTI.

Jlnst anamizy 3aKOHOMIPHOCTEH Jerpajaarlii 3acTocoBaHo po3noaut Beitbymmra, sxuit 1odpe
OIUCY€ 3MiHY IHTEHCUBHOCTI BiJIMOB Y MPOIIECI CTApiHHS MEXaH13MiB:

R(t) = e~&/F (5)

ne A — mapaMmerp mMaciTady (XapakTepHuit pecypce), f — napametp Gopmu, KUl XxapakTepusye
TUM BiAMOB: <1 — BUMaaKoBi BiAMOBH; f=1 — cTarioHapHa iIHTEHCUBHICTB; f>1 — 3HOC 200
CTapiHHA.

Ha apyromy erami Bukonano anamiz FMEA (Failure Modes and Effects Analysis) s
OCHOBHUX IIIJICUCTEM TOJOBHOTO JIBUTYHA Ta JOTMOMIXHHUX MeXaHi3MiB. /|1 KOXKHOTO eleMeHTa
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Bu3Ha4eHo: Severity (S) — cepitosnicts Hacaiakis, Occurrence (O) — iIMOBIpHICTH IOSBH
BigMoBH (Bu3HauyaeThes 3a FRH), Detection (D) —  #MOBIpHICTE  CBO€YACHOTO  BHSIBICHHS.
Innexc pusuky:

RPN=SxO xD. (6)

Bukopucranas FRH sik kputepito st mokasHuka O 103BOJIS€ OB’ SI3aTH CTaTUCTUYHY
iHpOpMaLIil0 3 EKCHEePTHOIO OLIHKOI pHu3uKy. s mpuknany, enementu 3 FRH < 2 000 rox
OTPUMYIOTh HaliBUIIUH piBeHb O, 110 CUTHATI3YE MPO MiABUIIEHUN PU3UK.

Kputnuni miacucremu (majvBHA anaparypa, TYpOOKOMIIPECOPH, TEIIIOOOMIHHUKH, TAMIUITHUKA
Bajia) Malnu MakcuMaibHi 3HaueHHs RPN, ToMy came BOHM BHM3HA4alOThCs SIK IMEPIIOYEPTOBi
00’ €KTH KOHTPOJIIO 1 MOJIepHi3aIlii.

Jlst 3a6e3nedeHHsT 00’ €KTUBHOCTI pe3yJIbTaTiB BUKOPUCTAHO MeTon Kenoanna (W) nns
NEePEeBIPKHU Y3rO/PKEHOCTI TyMOK €KCIEPTiB:

— 128 (7)

m2(n3-n)

e S — cyma KBaJIpaTiB BIIXUIIEHb CEPE/IHIX PaHTiB, M — KIJIbKICTh €KCHEPTIB, N — KIJIbKICTh
OLIIHIOBaHUX KpHTepiiB. PiBeHb y3ropkeHocTi BBaxkaerbes poctatHiM mpu W>0,7. s
KOHTPOJIIO BapiaTUBHOCTI BUKOPUCTAHO Kpurepiii Koxpena, sikuii mepesipsie QUCTIEPCio TyMOK
eKCIIepTiB 100 (akTopiB BIUIMBY (BiOpallis, THCK, TeMIEeparypa, SKiCTb MacTHJa, YUCTOTa
NajJuBa TOMIO). Pe3ynbTaTi mokasaiu, Mo y3ro/DKeHICTh OIiHOK mepeBuinye 0,8, Mo CBIIYUTH
PO BHCOKY JOCTOBIPHICTh BU3HAYEHUX BaroBUX KOE(IIIEHTIB /I OJAIBIINX PO3PAXYHKIB.

InTterpanpHuii  Koe(ili€eHT TEXHIYHOI TOTOBHOCTI BHU3HAUEHO SK 3BAXEHY CyMy
HAJIHHOCTEH OKPEMHUX CUCTEM:

KiHT?:lwl' ) Ri(t) (8)

JIe W;— Baromicts i-toi migcucremu, R;(t) — dyHKIist 6e3BiIMOBHOCTI, TOOY0BaHa Ha OCHOBI
FRH.

OTpumaHa MoJeNb J03BOJISE BpPAaXxOBYBATH B3a€MHHMH BIUIMB CHUCTEM — TOJIOBHOTO
JIBUTYHA, TU3EJIb-T€HEPATOPiB, KEPMOBOTO MPUCTPOS, CHCTEM OXOJIO/DKEHHS Ta 3MallyBaHHS.
Junamika Kj,.(t) Bkasdye Ha mepiomu ctaOiibHOI POOOTH, MOYATOK Jerpajaiii Ta KPUTHUYHI
IHTepBaJIU, KOJIM He0OX1/IHE BTpYUYaHHS EPCOHAIY.

PesyabraTi pocaimkennsi. Meroauka Oyna mepeBipeHa Ha MPUKIIAAl eKCIUTyaTarii
royioBHOro nBuryHa Wdrtsild 8R22.

I[Ticna ananizy nonan 25 000 roguH HanpaIOBaHHS BCTAHOBJIEHO TaKi 3aKOHOMIPHOCTI:

e cepenne 3HauenHss FRH=4,600 rox;

e mapamerpu posmoxairy Beitdymna: 4 =18,400, £=1,82;

e  iMOBIipHICTh 6€3BiAMOBHOI poboTH micis 15 000 rox — 6mu3bko 0,73;
e 1HTErpanpHuil KoedimieHt roroBHocTi K .~0,94.

Ili pe3ynabTaTu HIATBEPUKYIOTH aJEKBAaTHICTH MOJAENl Ta 1 MPAaKTUYHY I[IHHICTH IS
OLIIHKM pPEaJTbHOTO TEXHIYHOTO CTaHy CYJHOBUX EHEpreTMYHHUX YCTAaHOBOK. Po3poOiena
METOJIMKa 3a0e3Meuye:

e  MOXIIMBICTH O€3MEPEPBHOTO KOHTPOJIIO TEXHIUHOI FTOTOBHOCTI B PEXXHMMI €KCILTyaTallii;

e  BUSBJICHHS KPUTHYHHUX €JIEMEHTIB CYJHOBUX CHCTEM 13 HaliMeHmuMu FRH;

e  OOIrpyHTOBaHMI PO3IMOLT PECYpCiB 1 pEMOHTHUX IPIOPUTETIB,;

e 3MCHIIEHHA WMOBIPHOCTI aBapiiHUX TMPOCTOIB 32 PAXyHOK MPOTHO3YBaHHS
JierpaallifHuX MPOIIECiB;

e MiJIBUIIEHHS Koe(illieHTa TOTOBHOCTI CyAHAa 10 pIiBHS, IO BIANOBIa€ BUMOTaM
kinacudikamiiitaux Topapucts (DNV, BV, LR, PMPC).

BucnoBku. [IpoBenenuit anami3 MiATBEPAMB, IO TEXHIYHA TOTOBHICTh CyJHA €
IHTEerpaJIbHUM OKa3HUKOM €(PEeKTUBHOCTI HOTO €HepreTUYHOT YCTAHOBKH, TOTIOMIKHUX CUCTEM 1
MeXaHi3MiB, a ii MIATPUMaHHA Ha BHCOKOMY piBHI INOTpeOye IMOE€IHAHHS METOJIB Teopii
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HaJIHHOCTI, EKCIIEPTHOTO aHaJli3y Ta Cy4YaCHHUX 3acO01B TEXHIYHOI JIIarHOCTHKU. 3alpoIIOHOBaHA
METOJIMKA OIIHIOBaHHS TOTOBHOCTI 0a3yeThCsi HA TMOEIHAHHI CTATHCTUYHUX MOJEICH BiJIMOB
(BeiiOymia, eKCIOHEHIIMHOTO pO3MOALTY), aHanizy pusukiB 3a FMEA-migxomom i mepeBipku
Y3rOJKEHOCTI eKCIIEPTHHUX CYyDKEHB 3a Koedimientamu Kennamna ta Koxpena. Taka koMOiHaIis
J03BOJIsIE BpaxyBaTH SK 00 €KTHBHI JaHl eKCIUTyaTallii, Tak 1 mpodeciiHuii nTocBix (axiBIliB.
[ToGynoBaHa iHTerpajgbHa MOJENb TEXHIYHOI TOTOBHOCTI, IO BPaxOBY€ BaroMiCTh OKPEMHX
CHCTEM CYyJHOBOi EHEPreTHYHOi YCTAaHOBKH, Ja€ MOXJIHMBICTb BIJCTEXKYBAaTH 3MiHY pPiBHS
TOTOBHOCTI B pEaJbHOMY 4Yaci Ta CBOEYACHO BHSBJIATH Iepioam jerpanamii. Amnpooarris
METOAMKH Ha mpukiani asuryna Wirtsild 8R22 migrBepamna ii mpakTuyuHy e()EeKTHBHICTB:
po3paxoBanuii KoedimieHT roroBHOCTI K ,~0,94 cBiIUNTH MPO BUCOKUMA PIBEHD CKCILTyaTaIiitHOT
HA/IIHHOCTI 32 YMOBHM CBOEYACHOTO OOCIYroBYyBaHHs. Pe3ynbraTH NOCTIKEHHS MOXYTh OyTH
BUKOPUCTaHI IMiJl 4Yac PO3POOJIEHHS CHCTEM IIPOTHO3HOTO TEXHIYHOTO OOCIYrOBYBaHHS,
¢dopmysanus rpagikie TO, a Takox mpu cepTUdikamii TEXHIYHOTO CTaHy CyJIeH 32 BUMOTaMHU
KkiacudikamiiHux ToBapucTB. OTpuMaHa MOJIENIb CTBOPIOE MIATPYHTS s I poBizaliii mporecy
KOHTPOJIIO TEXHIYHOI TOTOBHOCTI CyJIeH, 30Kpema s moOyaoBH OOpTOBUX iH(OpMaIiitHO-
AHATITHYHUX CHCTEM IiATPUMKH PIlICHb.
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®I3UKO-MEXAHIYHI BJACTUBOCTI INIACTU®IKOBAHOI
ENOKCHUJIHOI MATPULII JJ151 3BAXUCTY 3ACOBIB TPAHCIIOPTY

Byxemoe A.B.', Cmpenvuenko B.IO. Y, Openin K.10.", 'onomenxo C.M. ?
L Xepconcora oepacasna mopcvka axademis
(Vkpaina)
2 Tepnoninbcokutl Hayionanshuti mexuiunuil ynisepcumem imeni leana Ilynios
(Vkpaina)

[TonmimepHi TOKPUTTSI, OCOOIUBO HA EMOKCH/IHII OCHOBI, 3aCTOCOBYIOTh y PI3HUX TaIy35X
MIPOMHMCIIOBOCTI, Y TOMY YHCJI 1 Yy TPAHCIIOPTI, JIs 3aXUCTy METAICBUX JACTAJNICH BiJ KOpPO3ii, 110
CYTTEBO 301bIlye iX MOBroBiuHicTh [1]. [Ipu 1pOMy 3aXMCHI MOKPUTTSI MOBHUHHI y KOMILJIEKCI
B1JI3HAYATHCS MiABUIIICHUMH MOKAa3HUKAaMHU (PI3UKO-MEXaHIYHUX BIACTHBOCTEH.

SIK OCHOBHHMH KOMITOHEHT JuIs MaTpuii npu (opmyBanHi enokcuaaux KM BuOpano
enoKCcUIHUK JiaHoBui omiromep Mapku EJ[-20. Sk mnactudikatop BuKopucTaHo 4.4'-
metunenOic(2-merokcuaninin) (MBMA). ITnactugikatop BBOAMIN y 3B’s13yBay 3a BMICTY Bif
0,1 mo 2,0 mac.u. Ha 100 mac.u. enokcunnoro omiromepy EJI-20. Jlns 3mmBaHHS €MOKCHUAHUX
KOMITO3HUIIIHi BUKOPUCTAaHO TBepAHUK momietmieHnoniamin [1EITA, mo no3Bosisie 3aTBepaKyBaTi
Matepiajiy Npyu 3BUYaiiHUX 1 MM1JIBUIIEHUX TeMIIepaTypax

ExcnepumeHTanbHO JOBEAEHO, MO JUIs (GOpPMyBaHHS MarepiaiiB 3 IONIMIICHUMHA
KOTe31MHUMH BJIACTUBOCTSIMM HEOOXIJTHO BUKOPUCTOBYBATH KOMIIO3UIII0 HACTYIHOTO CKJIAAY:
enokcunauii omiromep mapku EJ[-20 (q = 100 mac.u.), TBepauuk noiiermieHnomiamin [TEITA
(g =10 mac.u.), macTudikaTop 4.4'-metnnieH0ic(2-METOKCHAH1IIH) (q = 0,25 mac.u.).
@dopMmyBaHHS TaKOro marepiamy 3abe3rnedye TOpIBHIHO 3 BHXIAHOK MOIU(IKOBAHOIO
YIBTPa3BYKOM E€HNOKCHJHOK MATpULIECI0 IIJBUIIEHHS HACTYNHHMX IIOKa3HUKIB (I3UKO-
MEXaHIYHUX BIIACTHUBOCTEH: MOMYJs TpYXHOCTI mpu 3ruHanHi — Bixg 2,8 [Tla mo 3,2 I'Tla;
pPYHHIBHMX Hallpy»eHb npu 3ruHanHi — Big 48 MIla mo 54,4 MIla; ymapHoi B’SI3KOCTI — BiX
7,4 I<I[>1</M2 o9 KI[}K/MZ.

MeTo0M ONTHYHOI MIKPOCKOMIi JOBEJEHO, 110 MOBEPXHS 3J1aMy BUXIJHOI MaTpHUIll Mae
HEOJNHOpIAHUN XxapakTep. DOpoHT mnoOmMpPeHHS TPILKMH 3MIIIYETbCS MiJ 4Yac YAapHUX
HaBaHTaXEHb, 1110 CBITUYUTH MPO ICHYBAHHS HAIPY>KEHOT'O CTaHy Yy Marepiaji. AHamli3 CBITIMHU
3nmamy KM 3 mnactudikatopom y kimbkocti 0,25 mac.d., CBIIYMTH MPO T, L0 TPAEKTOPIA
NOLIMPEHHs TPIIMHM MiJ Yac yjaapy Mae 3ur3aromnoaiOHuil xapakrep. Mo)kHa CTBEpAXKyBaTH
npo GpopMyBaHHS MaTepiany 3 BACOKHMH 3aJIMIIKOBUMH HAIIPYKEHHSMH 3 OJJTHOTO OOKY, a TaKOX
Opo MiJBUIIEHI KOre3iifHi BJIACTMBOCTI 3 1HIIOro O0Ky. CTOCOBHO 3pa3KiB 3 KOMIIO3MTIB,
HAMoOBHEHUX MoaudikaTopoM y KinbkocTi 0,5 Mac.4. 1 1 Mac.4. ciij 3a3Ha4YUTH, 10 TPAEKTOPIsS
HOLIMPEHHs! TPIIMH € MPSIMOI0, OJHAK 00JacTh pyHHYBaHHS MaTepiajiB Ha KIHIIEBOMY eTafi €
JIen[o 3MIMIEHOI BiA TOYkM yaapy. Lle € cBiueHHSM HasSBHOCTI y KOMIIO3MTAaX CITKH 3
JIOCTaTHbO BHCOKHM CTYIIEHEM 3IIMBaHHSA, X04a He y Takii kuibkocTi sk y KM, mo micTute
nobaBky y kimbkocrti 0,25 mac..

BucHoBku. Y po0OTi BCTaHOBIEHO, 1O A (OpPMYBaHHS MaTepialliB 3 MOJIMILIEHUMHU
KOT€31MHIMHU BIIACTUBOCTSAMH HEOOXITHO BHUKOPHUCTOBYBATH 3B’S3yBad HACTYITHOTO CKJIAIy:
enokcuHuiA onmiromep Mapku EJI-20 (100 mac.u.), TBepauuk I1EITA (10 mac.4.), munactudikarop
4.4'-metunenoic(2-meroxkcuaninin) (0,25 mac.4.). dopmyBaHHSI Takoro Marepiany 3abe3nedye
HOPIBHAHO 3 BHUXIJHOIO MOAM(DIKOBAHOIO YIBTPAa3BYKOM EMOKCHJIHOIO MAaTpHUICI0 CYTTEBE
MOJIIIIEHHS (PI3UKO-MEeXaHIYHUX BJIACTHUBOCTEH.
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CTPYKTYPA CUCTEMH KOHTPOJIIO OYUIIIEHHSA
IHAJIMBA HA MOPCBKUX CYJJHAX

Bpyoneecokuii P.€.
XepcoHncvka OeparcasHa MOPCbKa aKademist
(Ykpaina)

Beryn. B ocraHHi pokM B CBITI CIIOCTEPIra€TbCsi 3POCTAHHS IMOIIKOKEHb CYTHOBHUX
JBUTYHIB 4Uepe3 allOMOCUJIIKaTH, HaBITh HE3BAKAIOUM HA Te€, 110 OyHKEpPHE MaJIMBO BIJIOBIIAE
cneuunikanii cynnooro nanusa ISO 8217, a 06poOka manuBa € CTaHAAPTHOIO MPOLEAYPOIO 1
3aCTOCOBYETBhCS JUIsi BCIX cyAeH. MibkHapogHa opraHizamis o crasgaptu3aiii  (ISO)
ory0JTiKyBaJia IeperisTHyTe BUAaHHs cBOix crnerudikanii SO 8217 mist cyaHOBOTrO manwBa, B
SKUX SIK 1 paHime 30epiraerbcsi oOMexxeHHst B 60 MI/Kr s KataniThaHux mrpadis. Baxnuso,
1100 OYMIIEHHS BUKOHYBAJIKCH BIAMOBIIHO /10 KPAIIUX MPAKTHK, K 11€ ONMCAHO B PEKOMEHAALii
CIMAC3, ta B pexomengamisix [ACS. Kpim Toro, moieHHi ekcIUTyaTalii Ta peryispHi
NEPEBIPKU TOBUHHI 3JIHCHIOBATHCSA Ha BUCOKOMY piBHi. Lli 1Bi yacTuHM: Haiikpamia cucreMma
KOHTPOJIIO OYHINCHHS ITaJBa Ta BUCOKHH CTAaHAAPT IIOJCHHOT eKCILTyaTallil miATpUMyBaTUMYTh
TPUBAJIMI TEPMiH EKCIUTyaTalii KOMIIOHEHTIB, Ta 3MEHIIYIOTh PH3UK 3a3HATH MOIIKOJKCHHS
cucremu [1].

OcHoBHA 4YacTHHA. BUXoasuu i3 CyTHOCTI NHpOILECY OYMIICHHS NalMBa HA MOPCHKUX
CyIHax, MOXHa 3pOOUTH BHUCHOBOK, IO iH(OpMaIliiiHa CUCTeMa KOHTPOJIO OYUINCHHS NaluBa
(ICKOIT) noBuHHA CKJIaIaTHCS 3 HACTYITHUX KOMITIOHEHTIB (pucyHok 1) [2, 3]:

(‘-"l

|

|

ICKOII :
5P | 53 BOEII | [ BOAII o[ BIIP i
|

Pucynok 1 — VY3araneHeHa cTpykTypa iHpOpMaIiiiHOT cucTeMu
KOHTPOJIIO OYMILEHHS NaJIUBa

— iHpopMarliiiHa cucreMa KoHTposto ouninenHs nanusa (ICKOII);
— 0ok npuiiHATTS pimeHHs (bI1P);
— 0a3a 3Hanb (b3),
— 0710k oninkM epextuBHOCTI npouecy (BOEID);
— iHTenekryanbHuii 6510k (Ib);
— 6mok omiHkH sikocTi mpottecy (BOSIN);
— 6nok ynpasiinas (bY);
— 610k ¢popmyBaHHS pe3ynbTary (BOP).
Bxinui mani Y (OpMYIOTECS iHTENIEKTyanbHIM GIOKOM, BUKOPHCTOBYIOUM TIPH IBOMY

inpopmanito npo Bximui mami ¢,Y,Z,U. Bxigui curmamm Y BizoOpaxkaioTh BHJ 3aKOHY
YIpaBJIiHHS MPOLIECOM KOHTPOJIIO OYMILEHHS MaJlMBa, KU (OPMYEThCS OJOKOM YHpPaBIiHHA.

Takox HaOip manux Y MicTaTh iHpOpMalio, ska (OpPMYyE 3aKOH YIPABIiHHSI KOHTPOJIEM
OYMIIIEHHSI MTaJTHBA.
W — r x1, Bexrop 30ypenns;
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7 — BxiaHi nani Mmogeni ounmenss naausa (OIT);
(¢ — BXIJHI JaHi;
Y — BEKTOP BXITHUX JaHUX iH(OPMAIIHOTO OJI0KA.

Buxonsuu 3 xonuenii noOyaoBu iHpopMaliiiiHa cucTeMa KOHTPOJIIO OYHIIEHHS TTaJINBa,
CTPYKTYpa L€l CUCTEMHU YNPABIIiHHS ITOBUHHA MICTHTH MOJIYJI:

— MOJIyJIb TIOTIEPEIHOT OOPOOKH JTaHHX;

— 0a3a 3HaHb, IO CKJIAJAE€ThCSA 3 0a3u peXHUMIB pOOOTH cemaparopy, MOTOJHUX YMOB,
KUIBKOCTI1 CHIpallfoBaHb aBTO(UIBTpa 1 0a3u HEUITKUX MPaBUII;

— MOJyJIb IPOTHO3YBaHHs pe3yibTaTiB Oll;

— MOJYJIb IPUUHSATTS pimeHHs 3 BUOopy pexumin OIT;

—moayias OIT;

— MOJIYJIb OIIIHKH SIKOCT1 00pOOKH;

— MOJTYJIb OIIIHKU €()EKTUBHOCTI 0OPOOKH;

— MOJyJIb yTIpaBiIiHHS 023010 3HAHD;

Yci Moayti (yHKIIOHAJIBHO B3a€MO3B'S13aHi, SIK MPECTABICHO HA PUCYHKY 2.

Kpurepii epextuenocti OI1

Mogvas - -
E:\V _ Monyns ouiHku epextneHocTi OIT
. ornepeaHb01 :

00pobKM maHMx

Mopyns NpInHATTA

pillIeHHA IO 0
Monyns L eubopy pesxamis OI1 )

Basa naumnx
MMPOrHO3YBaHHA

Mopyns OI1

pEXUMIB ;
pe3vIBTaTiE
OI1 ﬁ
Monyns
Baza HewiTKHX T YTIPaBiHHA
TIPaBILT Monyns 6azor0 3HaHb

OLIHKM AKOCTI
bssimgelie 0bpobku ¢

Buxijui ant: pexumu poborTu cenaparopy, norojui
¥ MOBH, KIILKICThL CIIPAIIOBAHL aBTO(IILTPa

Pucynok 2 — CtpykTypa iHpopMaiiifHOI CHCTEMU KOHTPOJIIO OYMIIECHHS NaluBa

B3aeMopiss mmMx MOyJiB 3MIACHIOETHCS TaKUM YUHOM. [loyaTKOBUMHU JaHWUMHU, IO
BBOJSTHCS B CHUCTEMY YIMPABIIHHS, € PEKUMU pOOOTH cemapaTopy, MOTOJHI YMOBH, KUTbKICTh
cripaifioBadb aBTOMUIbTpa. Y MOIyNi «0a3l 3HaHB» 3ICTABISAIOTHCS TMOYATKOBI JaHI 3 THMH
JAHUMH, 110 MICTAThCs npo peskumu [1O oTpuMaHi B X0/li €KCIIEPUMEHTY B peallbHUX YMOBax. Y
pe3ynbTarti 31CTaBlIeHHS cUcTeMa BiJOMpae Jliana3oH napameTpis pexumis [10.

3anexHO BiJi OTPUMAHOTO PE3yJbTaTy MOPIBHSHHSA MOYATKOBUX JaHUX, CHCTEMa MOXKeE
MIPAIIOBATH 1O OJJHOMY 3 IBOX KOHTYPIB:

1) SIkmio cucTema 3a BUXIJHHMHU JaHUMH y 0a3i TaHUX 3HAXOJIUTh IICHTUYHI MOYATKOBI
JlaHi, AK 1 B pe3yJbTaTTax OTPUMAaHUX B XOJ1 €KCIEPHUMEHTY, TO OTPUMaHi MapamMeTpu pexxuMiB
OIl momaroThcsi Yepe3 MOAYJl «IpOTHO3yBaHHS pe3ynbTaTiB Oll» 1 «Momynb TpUAHSATTS
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pimenns moao Budbopy pexumis OITy» Ha «moayns OIl». ¥V «momyni OIl» BinGyBaetsest OIN.

2) Skmo y 6a3i JaHUX 1CHTUYHI MOYATKOBI JaHI HE 3HAXOJATHCS, CHCTEMa BUOUpaE
napamerpu pexumy OIL, cxoxi 3a TMMHU 1m0 oOpoOroBanucs panimie. BiniOpanwii niama3on
rapameTpiB peKUMIB MOAAETHCS Ha MOIYJIb «ONTUMI3alli mapameTpiB pexxumiB Olly». YV momyii
«MpOrHO3yBaHHA pe3ynbTaTiB Oll» BH3HAYAIOTHCS ONTHMAJbHI PEKUMH 3a JOIMOMOTOIO
TEHETUYHOTO aJrOpUTMy, SIKUH BHUpINIyE M0 33Jady LUIIXOM BHIAQJKOBOrO MigOOpY,
KOMOIHYyBaHHA 1 Bapialii MIYKaHWX TapaMmeTpiB pPEXHUMIB 3 BHKOPUCTAHHSIM MeEXaHI3MiB
MIPUPOIHOT €BOJIOIIT, TAKHX, K CHAIKOEMHICTh, MyTallisl, BiI0Ip, KPOCHHTOBEP. 3reHEPOBaH] B
MOJTyJIi «IpOTHO3yBaHHs pe3ynbraTiB OID» onTuManbHI mapaMeTpu peXHUMIB MOJAIOTHCS Yepe3
«MOJyJIb YXBaJ€HHs pimeHHs nmo BuOopy pexkumiB OIl» Ha «momyns OIl». ¥V «wmomym OID»
BinOyBaetbes Ol

[Ticns OII 3a pexxumaMu, OTPUMAHUMU IO OJHOMY 3 JBOX KOHTYpPIB POOOTH CHUCTEMH,
pe3ysbTaT OOpOOKH (KOHIIEHTpAIliSI aTFOMOCHIIIKATIB) OLIHIOETHCS y TBOX OCHOBHUX MOJYJISIX
OLIIHKU:

— Y «Moayi OIHKH SIKOCTI 0OPOOKM», 3TiTHO 3 KPUTEPISIMH SKOCTI 00OpOOKH.

— Y «Monyni OIiHKY €(eKTUBHOCTI 0OpOOKI» 32 KpUTEPISIMHU €(PEeKTUBHOCTI OOPOOKH.
[Ticns OWIHIOBaHHS CHCTEMOIO pE3yJIbTaTy OOPOOKH BHOCSTHCS KOPEKTUBH B IapaMeTpu
pexumis OIl, B Moaym «mporHo3yBaHHs pesynbTariB OIl» 3a J0mOMOrow anropurmy
3BOPOTHOTO TOMIMPEHHS IOMWJIKH, KWW HAJAIITOBYE MapaMeTpy aHTELEACHTIB MpaBuiI, TOOTO
¢byukuii npuHanexHocti [4]. KoxHa iTepallis npoueaypyu HalalITyBaHHS BUKOHYETbCSA Yy JIBa
eranu. Ha mepmomMy erarii Ha BXO/M MOJAETHCSl HABYAIbHA BUOIPKa, 1 IO HEB's3111 Mk Oa)kKaHOIO
1 JIACHOIO TOBEIIHKOK MEPEXKi ITepalliiHUM METOJO0M HAaWMEHIIMX KBaApPaTiB 3HAXOISATHCS
ONTUMAJIbHI TapaMeTpH BY3IiB 4YeTBepTOoro mapy. Ha npyromy erami 3anumikoBa HEB's3Ka
MEepelacThCsl 3 BUXOAY MEpEKi Ha BXOIM, 1 METOJIOM 3BOPOTHOTO MOUIMPEHHS MOMUJIKU
MOUGIKYIOTBCS TapaMeTpH BY3diB mepmioro mapy. Ilpyu mpomy 3HaiigeHi Ha mepuioMy eTari
Koe(illiEHTH BHCHOBKIB MpaBWi HE 3MiHIOWOThCA. [lig 9ac mpsiMOro mpoxoay BU3HAYArOThCS
mapaMeTpd BUBOJIY METOJOM HaWMeHIIWX KBaapaTiB. [li dYac 3BOPOTHOTO TMPOXOIY
OHOBJIIOIOTHCS TTApaMETPH MEpPeIyMOB 3a JOMIOMOTO0 METOAY 3HIDKEHHS rpajieHTa. ITepariiina
nporenypa HalAIITyBaHHS TPHBA€, JOKH HEB'A3Ka NEPEBHUINYE 3a3dalieTib BCTAHOBJICHE
3HAYEHHS KOHIIEHTpAIIil aTFOMOCHITIKATIB B MaiuBi [4].

BucnoBok. Jlana crpykrypa iH(GOpMaliiHOI CUCTEMH KOHTPOJIIO OYHIIECHHS MajuBa
JI03BOJIUTH SIKICHO KOHTPOJIOBATH BMICT B MajMBi agroMocuiikariB. lle J03BOJIUTH 3HAYHO
3HM3UTH PIBEHb 3HOCY JBUTYHIB, 3a0€3M€YUTh CTaOUIbHY pOOOTY CUCTEMH Ta 3HU3UTh BUTPATH
Ha 00CIyrOBYBaHHSI, 110 BXKJIMBO AJIs 3a0€3MeUeHHs eKOHOMIYHOI €()eKTUBHOCTI Ta HAAIMHOCTI
CY/IHOIIJITaBCTBA B yMOBAaX CYYaCHMX BHMOT 0 €KOJOTIYHOCTI manuBa. HeoOXimHO Takox
BpaxyBaTH HEOOXIIHICTh MEPIOAMYHOTO OYMINEHHS MATMBHUX TaHKIB, CBOEYACHOTO TEXHIYHOTO
o0ciTyroByBaHHsl (UIBTPYIOUMX €JEMEHTIB 1 BIANOBIJIHUX HaJallITyBaHb CeMapaTopiB Uid
onTuMi3alii poOoTH CyAHOBOI MAINBHOI CUCTEMH.
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NIABUIIEHHSI EHEPTOE®EKTUBHOCTI TA HAJIMHOCTI CYIEH
IIJIIXOM IHTETPAIIL LIFEPO4 AKYMYJISITOPIB TA COHSIYHOI
TEHEPALIIL

Kaneunikoe I.€., Yuuyscko M.B.
Yepracokuil 0epaicasruii mexHoa02iuHUull yHigepcumem
(Yrpaina)

Beryn. Mopcbkuii Ta pIiYKOBHN TPAHCIOPT, OyAydYd KIFOYOBOK) JIAHKOKO CBITOBOI
TOPTiBJIl, BOAHOYAC € 3HAUHUM J[KEPEJIOM BUKHUJIB APHUKOBUX ra3iB. [IocHIIEHHS €KOJIOrTuHUX
HOpM MixnapoaHoi mMopcebkoi opranizamii (IMO), 30kpema Bumor EEXI ta CII [1], 3mymrye
CYIHOBJIACHUKIB ITyKaTH paauKalbHI pIIEHHS TSl IeKapOoHizalii GIIoTy.

AKTyanbpHICTh AOCHiKeHb. OJHUM 13 HAMNEPCIEeKTUBHIIIMX HANpsMIB € TMepexia Ao
riOpUIHUX Ta MOBHICTIO €IEKTPUYHUX CUIOBUX YCTAaHOBOK. L{i T€XHOJIOTrIT 103BOJISAIOTH HE JIUILIE
CYTTEBO CKOPOTHUTH a00 TMOBHICTIO YCYHYTH BUKHIHM B arMocdepy IIiJ] Yac eKcIuTyaraiii, ane i
3HAYHO MiJBUILMTH 3arajibHy €Heproe(eKTUBHICTh CyAHAa 3a PaxXyHOK ONTHUMI3alii poOOTH
JBUTYHIB Ta peKynepariii eneprii.

Metoro ngaHoi po0OoTH € aHalli3 KJIIOUOBUX TEXHIUHUX AaCMeKTIB Ta eKCILTyaTalliifHhX
npo0ieM, TOB'S3aHUX 13 BIPOBA/KCHHAM aKyMYISATOPHHUX CHCTEM Ha CyJHax, 30Kpema
JOCIIKEHH LUKIIB 3apsiay-po3psany, crneuudiku podotu akymynaropiB tumy LiFePO4 y
MOPCBHKMX YMOBaX Ta MOTEHIIaTy IHTerpamii COHIYHUX MaHelel B €IMHY €HEPreTUYHY CUCTEMY
Cy[lHa.

Lukau 3apsiiAKU-PO3PAIKH, 3apPS/IHi CTPYMH Ta 00/1aJHAHHS

OCHOBOI0O €(EeKTUBHOCTI Ta JOBrOBIYHOCTI CYJJHOBOI €JIEKTPUYHOI CUCTEMHU € I'pPaMOTHE
ynpaBimiHHs akymyisatopaumu Oatapesimu (AKDB). JKuTTeBuil UK JiTiEBUX aKyMyJsTOpIB,
BUPKEHHI y KITBKOCTI IIUKJIIB «3apsAa-po3psiiy, IPsAMO 3aJeKUTh Big minbunu po3psay (Depth
of Discharge, DoD). Hanpuknan, st akymynsitopiB LiFePO4 nipu DoD 80% KinmbKicTh HUKIIIB
moxe ctaHoBUTH 2000—-4000, Toxi sk npu 3MeHueHHi DoD 1o 50% uei moka3HUK MOXKe 3pOCTH
1m0 5000-8000 nwmkimiB. g cyqHOBMX YMOB, A€ HaJiHHICTh € NPIOPUTETOM, PEKOMEHIYETHCS
excrutyataniss AKB y niamasoni 20-80% Bin noBHoi emHocTi (State of Charge, SoC), mo
JT03BOJISIE MAKCUMI3yBaTH TEPMIH IX CIyOU Ta YHUKHYTH JAerpajanii [2, 3].

3apsiHi CTpyMHU Ta OOJIaJIHAHHS € KPUTUYHO BAXJIMBUMH €JI€MEHTaMU 1HPPACTPYKTYpH.
[[IBuaKicTh 3apsnku BuU3HA4YAeThCsl MokasHukoM C-rate (me 1C — me cTpym, 0 JOPIBHIOE
HoMiHanbHIN eMHOCTI AKB):

- nosineHa 3apamka (0.2C° — 0.5C°): 3a3Buuail BUKOPUCTOBYETHCS TIiJ Yac TPUBATUX
CTOSIHOK y TOpTy (Hampukiaj, BHoYl). BoHa € HalOUIBII «370pOBOIO» MAJISl aKyMyIsTOpa,
MIHIMI3Y€ HarpiB Ta Jerpaaalliio;

- mBuaka 3apsaka (1C 1 Bume): HeoOxigHa 1uisi MOpoMiB Ta CyJeH Ha KOPOTKHX
MapHipyTax, JIeé 4ac CTOSHKH OOMeXeHHWH. BHCOKI CTpyMH BHMAararoTh IMOTYKHHUX HOPTOBHX
3apsAIHUX CTaHIi (BiA coTeHb KBT 10 Meramar), mpokia/iaHHs BiJNOBIIHUX KaOETbHUX MEpPEex
Ta BJIOCKOHAJICHUX CHCTEM OXOJIO/KCHHS SIK Ha OOpTy CyaHa, Tak 1 Ha Oepesi.

HeoOxinne o6nanHanHs BKItovae [4, 5]:

- bopToBe: Cuctema ynpapiiHHS Oatapesmu (Battery Management System, BMS), ska
KOHTPOJIIOE HANpYTy, CTPYM, TEMIIEpaTypy KOXHOTO elleMeHTa Ta OanaHcye iX; 1HBEpTOpU Ui
NEPETBOPEHHS IMOCTIHOTO CTpyMy B 3MIHHUH; CHCTEMU PIAMHHOTO abo0 MOBITPSIHOTO
OXOJIOIPKEHHS.

- OeperoBe: BHCOKOIIOTYKHI 3apsiIHI CTaHIli, [0 BIAMOBIJAIOTh MOPCHKUM CTaHIapTaM.
Ha cporoani aktuBHO po3poOisieTbes cranaapT Megawatt Charging System (MCS), sikuit Mmoxe
CTaTH Taly3eBHM pIilIEHHSM IS CyIeH Ta BaXKOTO TpaHCHOpTy. PO3BUTOK Takoi
1IHQPACTPYKTYpH € OJHIE0 3 TOJOBHHUX TEpEIIKoJ JJIsS MacoBOTO  BIPOBAJKEHHS
€JICKTPOTPAHCIIOPTY Ha BO/II.
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HaykoBa HOBM3HA pPOOOTH TOJSATAaE y PO3pOOI METOAWKH Ta BIAMOBITHOTO AJITOPUTMY
IHTEJIEKTyaJIbHOTO KepyBaHHS 3apsaoM LiFePO4 akymynsaTopiB, 10 BpaxoBY€ MOTOYHUN CTaH
«3nopoB'st» (SoH) xomipku. Ha Bigminy Bin crangaptaux npotokoiiB (CC-CV), ski onepyroTh
(ikCOBaHMMM 3HAYEHHSMU CTPYMY Ta HaIpyTH, 3alIPOIOHOBAHUI AJITOPUTM € GararopakTOpHOO
IUHAMIYHOI0 MOZe/ut0. BiH Kopurye 3apsaHUi CTpPyM B PEXUMi peajbHOro 4acy Ha OCHOBI
KOMIUIEKCHOTO ~ aHaji3y JaHuX, OTpPUMAaHUX 3 JaT4UKIB TEMIepaTrypH, pO3paxoBaHOIO
BHYTPIIIHBOTO OMOPY (METOJIOM IMITYJIbCHOTO HABAaHTAKEHHS) Ta JIUMIbHHUKA IIUKIIIB.

JUis eKCrepuMEHTalIbHOIO MiATBEPAKEHHS €()EKTUBHOCTI METOIUKU Oylno MHpOBEICHO
cepito creHnoBux BunpoOyBanb. IlopiBHsuibHe mukmoBanHs LiFePO4 xomipok B pexumi 2C
(1000 nwmkmiB) TOKa3ajno, IO JAerpajariss KOMIpKH, SKa 3apsjpKajgacs 3a CTaHIapTHUM
MIPOTOKOJIOM, Bif0yBajacs 3HAYHO IHTEHCHBHINIE. 3aCTOCYBaHHS PO3pPOOJIEHOTO aJalTHBHOTO
QJITOPUTMY J03BOJIMJIO CIIOBUIBHUTH IPOLECH CTapiHHSA KaToOJHOIO Marepiajlly Ta pocCTy Liapy
TBepaoro enekrpoiity (SEI), mo Bupa3uinocs y mofoBKEeHHI )KUTTEBOTO LUKy aKyMyJsSTOpa Ha
15-20% 110 mocATHEHHS HUM TPaHUYHOI EMHOCTI.

IIpodnemu ekcniyarauii LiFePO4 akymyasaTopiB B yMoBax BOAHOIO TPAHCIIOPTY

Axkymynstopu Tumy Jitiii-3amizo-¢gochar (LiFePO4) e pe-dpaxto cramgaprom s
MOPCBHKOTO 3aCTOCYBaHHS 3aBISKU CBOIH BHUCOKIHM TepMiuHiil cTabIIbHOCTI, JOBIOMY JKUTTEBOMY
LUKy Ta BIICYTHOCTI koOanbTy. OfHaK iX eKcIulyaralis Ha BOJHOMY TPaHCIOPTi MOB's3aHa 3
HU3KOI0 crienudigHux mpoodiem:

- BOJIOTICTb Ta COJNBOBMH TymMaH: MoOpCbKe CepeloBUIIE € BKpall arpecUBHUM.
[ToTparIstHHS BOJIOTH Ta COJIi HA KOHTAaKTH 4M Bcepenuny kopmycy AKB moxe mpussectu mo
KOpO3ii, KOPOTKOIO 3aMHUKaHHs Ta MOXexXi. ToMy akyMyJasTOpHI OJIOKM MOBHMHHI MaTH BUCOKUH
knac 3axucty (He Hmkue I[P67) Ta posminryBarucs y CHeUiadbHUX TE€PMETHYHHUX, I00pe
BEHTUJIbOBAHUX BIJICIKAX.

- BiOparlis Ta MexaHiuHI HaBaHTaxeHHs: [locriiiHa BiOparis BiJ poOOTH JOTOMINKHHUX
MEXaHi3MiB, a TaKOK yAapHI HaBaHTA)XEHHS IiJ 4yac IITOPMY MOXYTh HOLIKOAWUTH BHYTPILIHIO
cTpykTypy enemeHTiB AKB Ta HaaiiiHicTh 3'enHaHb. KOHCTpYKINS aKyMylSTOpPHUX MOAYIIIB
MOBUHHA OyTH BIOPOCTIMKOIO Ta MPOXOAMTH CepTU(IKALII0 MOPCHKMMHU KJacH(piKaliifHUMU
toBapuctBamu (Harp., DNV, Lloyd's Register).

- temneparypuuii  pexxum: LiFePO4  akymynstopu dyTiauBi 10 TemIeparypH.
OntumanbHuid aiana3oH pobotu — +15..+35°C. Husbki Temmeparypu — 3MEHIIYIOTh
JOCTYIIHY €MHICTh T4 YHEMOXKJIUBIIIOIOTh TPUHOM 3apsiTHOTO CTpyMy. Lle BuUMarae BCTaHOBICHHS
CHUCTEM MIAITPIBYy ISl CY[EH, IO EKCIUIyaTyIOThbCS B XOJIOMHHMX KJIIMaTHYHUX 30HaX. BHCOki
TeMIepaTypu - MPUCKOPIOIOTH Jerpajiallilo Ta MiABHILYIOTh PU3UK TEPMIYHOTO pPO3roHy. Jlis
YHUKHEHHS TeperpiBy, 0COOIMBO IMiJ 4Yac MIBUAKOI 3apsiIKH/pO3psSAKU, HEoOXiTHI epeKTUBHI
CUCTEMH OXOJIOKEHHS (HaiuacTile piiuHHI).

- noxkexxHa Oe3neka: Xoua LiFePO4 3nauno Oe3neuHinii 3a iHII JITIEBI aHAJIOTH, PU3HUK
noxexi 3amumaerscs. CynHOBI  akyMyJasSTOpHI  BIJCIKM  MaroThb Oyt  oOnagHaHi
CHeIlaI30BaHUMH CUCTEMaMU IOJKEXKOTAaCIHHA (HANpUKIIad, aepo30JbHUMH a00 BOASIHOTO
TyMaHy), AKi 3/1aTHI €()eKTUBHO OOPOTUCS 3 TOPIHHSIM JIITIEBUX OaTapei.

OnHuM 13 KITIOYOBUX PE3YIBTATIB TOCTIIHKEHHS € KUTbKICHA OIIHKA BIUTMBY MiABUIIEHUX
eKCIUTyaTallilHuX TeMIeparyp, XapakTepHUX JUIsl CYJHOBUX MAIIMHHUX BIJUIUJICHb, Ha
nerpanauito LiFePO4 axymynsrtopis. IlopiBusinbHe nuximoBanHs LiFePO4 komipok moxaszasio,
IO MiJBUIICHHS TEMIIEpaTypy HaBKOJIMIIHBOTO cepeloBHIla 3 HoMmiHambHUX 25°C mo 45°C
MPU3BOJUTE JI0 3POCTaHHS MIBUAKOCTI Aerpaznarii emHocti Ha 60% (3 0.5% no 0.8% Ha xoxHI
100 umKImiB), MO CKOPOYY€E MPOTHO30BaHUMN pecypcHUl moka3zHuK 1o nocsrHeHHs 80% SoH Ha
22.5% (3 4000 no 3100 uukiiB).

Ha ocHOBi 1ux pgaHux Oylo TPOBEACHO TEXHIKO-€KOHOMIUHE OOIPYHTYBAaHHS
3aCTOCYBaHHS MEPEOBUX CUCTeM TepMoperysmii. [TopiBHSIBHUI aHAI3 A1 aKyMYJISITOPHOTO
6moky eMHicTi0O 1| MBT'TON1 BUSIBUB HACTYIIHI EepeBaru CUCTEMHU IMEPCIITHOTO OXOJIOIKEHHS HaJ
CTaHJApTHOIO PIIMHHOIO CHCTEMOIO 3 paJliaTopaMu:
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- e(eKTUBHICTh TepMoperyssii: 3abe3neuyeTbcsi MiHIMAIBHUNA TPAJi€eHT TeMIeparyp
MDK okpemumu KoMmipkamu (AT < 2°C), 1m0 YHEMOXIHMBIIOE JIOKAJIbHUN TIEperpiB Ta €
KPUTUYHHUM JJIs1 3a00IraHHs TEPMIYHOMY PO3TOHY IPH METaBaTHIM 3apsiaLi.

- pecypcHH MOKa3HUK: PIBHOMIpHHI TEIUIOBIBI/I CIIOBIIBLHIOE MIPOIIECH CTAPIHHS, IO
BUPAXKAETHCS Y MOJOBKEHHI )KUTTEBOTO IUKITYy aKyMYISITOpHOI O6arapei Ha 15%.

- exoHoMiyHa pmouinbHicTh: [lonmpu Bumi kamitaneHi Butparu (CAPEX) na 25%,
3HmKeHHs1 onepaniiiaux Butpar (OPEX) Ta momoBkeHHS TEepMiHY CIy>KOM HPU3BOIATH 10
3MeHIIeHHs cykymnHoi BapTocTi BosoniHHS (TCO) mpotsrom 10-piyHOTO >KUTTEBOTO ITUKIY Ha
8%.

TakuM ynHOM, TOBEACHO, IO MOINPH BHUIIlI ITOYATKOBI IHBECTHILii, CTpATETis 3aCTOCYBaHHS
IMEpCIHOTO OXOJIO/DKEHHSI € EKOHOMIYHO OOIPYHTOBAaHOK) Ta TEXHIYHO HEOOXITHOK IS
3a0e3MevyeH s Ha/lIHHOT Ta JOBrOTPHUBAJIOT EKCIUTyarTalii MOTYKHUX aKyMYJISTOPHHX CHUCTEM Ha
MOPCBHKOMY TPAHCIIOPTi.

BuxopucranHsi COHIYHMX MaHeJeil B YMOBaX MOPCHKOI0 TPAHCIIOPTY

ConsuHI MaHesi Ha Cy[HaX PiJKO BUCTYIIAI0OTh OCHOBHHM JDKEPEIIOM SHEpriil A pyxy (3a
BUHATKOM MAaJIUX EKCIEPUMEHTAIbHUX CYJEH), OJHAK BOHM € HAJ3BHYAHHO €(QEKTUBHUM
JIOTIOMI’KHUM iHCTPYMEHTOM JIJIsl HiJBUIIEHHS 3araabHoi eneproedextusHocTi [6]. Ixns romosna
POJIb — YKUBJICHHS «TOTENBHUX» MOTPed (OCBITICHHS, HaBIraiis, 3B's130K, MOOYTOB1 MpUJIaan) Ta
mig3apsaKa akyMyJISITOpHUX Oarapeii mij yac pyxy abo Ha CTOSHIII.

[IpoGaemu Ta pimieHHs npy iX iHTErparii:

- OOmesxeHa mroma Ta 3arineHHs: IlamyOHuii mpoctip Ha cyaHax € aedinutHEM. Kpim
TOTO, IOV, AaHTEHU Ta MaxyOH1 HaJOyAOBU CTBOPIOIOTH TiHb, IO MOXKE KapJIWHAIHHO 3HU3UTH
e(peKTUBHICT yci€i cucreMu. BupimeHHSAM € BUKOPHCTAaHHS THYYKHX MaHeNeH, sSKi MO)XHa
IHTErpyBaTd B KpPHBI MOBEPXHI, a TAaKOXX 3aCTOCYBaHHS MIKPOIHBEPTOPiB ab0 ONTHUMI3AaTOpPiB
HOTYKHOCTI /17151 KOKHOI [TaHeJIl.

- ArpecuBne cepenoBuiie: COHsSUHI TMaHedl MOBHHHI MaTH CIEI[ialbHE «MOPCHKE»
BUKOHAHHS: OyTH CTIMKUMH J0 MOCTIHHOTO BIUIMBY COJIOHOI BOJAHM, YABTpa(ioNeTy Ta CHIIbHUX
BITPOBUX HaBaHTaXeHb. [loBepXHs maHeneil morpeOye perynspHOro OYMIIEHHS BiJl COIbOBUX
BiJIKJTaJICHb Ta MTALIMHOTO MOCIiY.

- InTerpanisa B eHeprocucremy: EHeprist Bii COHSUYHUX MaHeNel yepe3 KOHTPOJIep 3apsiy
MPPT (Maximum Power Point Tracking) momaetbcst 10 akymynstopHoi Oarapei. Lle mo3Bosnse
3MEHIINTH HABaHTAXXEHHS Ha Ju3eb-reHeparopH (y TiOpHIHUX cHucTeMax) abo MpPOJOBXKHUTU
ABTOHOMHICTB XOJy Ha €JIeKTPOTS31, THM CaMHUM 3HIKYIOUH BUTPATY TaJIMBA Ta BUKUIH.

HaBiTh HeBenuka 3a IUIOLICI0 COHSYHA ENEKTPOCTaHLis Ha OOpTy 3[aTHa IeHepyBaTH
JNECATKA KUIOBaT-rofiuMH eHeprii Ha Jo0y, mo B Macmrabax piyHOI eKcIulyarauii cyaHa
NEPETBOPIOETHCS HA TOHHU 3€KOHOMJIEHOTO TaJluBa.

B ocHOBI mociipKeHHsS J€KUTh METOJ CUCTEMHOTO aHaJI3y €HEPreTUYHOTO KOMILIEKCY
CylHa Ta MaTeMaTHMYHOIO MOJENIOBaHHSA MOro ekcrulyaralifHux pexumiB. [l OLIHKK
e(eKTUBHOCTI BUKOpPUCTOBYBanucs Kpurepii >kurreBoro 1mukiay (LCC) ta cykymHoi BapToCTi
BonofinHs (TCO). [IporHo3Hi Moka3HUKK OyIM OTPUMaHI MUIIXOM IMITAI[ifHOTO MOJIEIOBAaHHS B
cepenouili MATLAB/Simulink.

Jlnst OIIIHKM BHECKY COHSYHOI TeHepauii Oyna po3poOiieHa Mojesb, 10 BPaxoBYeE
IHCOJIALIIF0 JUIsl KOHKpPETHOro HasiraumiiiHoro paiiony p.[Juinpo, KK/ doroenekrpuynnux
NepEeTBOPIOBAYiB Ta eKCIUTyaraniiiaunii npodins cyaHa. Piunwmii BupoOiTok eneprii (Epi)
PO3paxoByeThCS 3a (popMyIIoro:

Epu =A*r*H*PR

ne A — saranpHa turoma manener ($M72$); r — KKJI manmeni (%); H — piuna cyma
COHSIYHOT pajiarii Ha TOPU3OHTAJBHY IMOBEPXHIO (KBTTO,I[/MZ); PR (Performance Ratio) —
KOe(IIIEHT TPOAYKTUBHOCTI CHUCTEMH (BpaxoBye BTpaTH). MoJentoBaHHS Ui CyXOBaHTaxXy
npoekty D-081 3 mmomero mameneii 200 M? mokasano, mo Epw Moxe mokputa 10 90%
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«TOTEIBHUX» HABAaHTAXKEHb IIiJ] 4Yac JITHLOI HaBIraiii, 10 €KBIBaJIGHTHO CKOHOMIi 5—7 TOHH
JM3EIILHOTO TTaJTNBA 32 CE30H.

BuchHoBku. Ilepexin m0 TiOpuIHMX Ta eNEKTPUYHUX CHJIOBHX YCTAaHOBOK €
HEBIJIBOPOTHUM TPEHJIOM y PO3BUTKY BOIHOTO TpaHcmopTy. Llel mporec BuMarae KOMITJIEKCHOTO
BUDIIICHHS HHU3KH TEXHIYHUX Ta I1HQPACTPYKTYPHUX 3aBlaHb. YCHIIIHA IMIUIEMEHTAIlis
3aJICKUTh BiJl CTBOPEHHS HAJMIHHOI TOPTOBOI 1H(PACTPYKTYpH Ui IIBUAKOI 3apsijiKH,
BHUKOPUCTAHHS JOBTOBIUHUX Ta OE3MEUYHUX aKyMYISTOpHHUX cucTeM tuiry LiFePO4, agantoBanmx
70 CYBOPUX MOPCHKHX YMOB, Ta €(DEKTUBHOI 1HTErpallii JTOMOMIKHHUX JHKEPEN €Heprii, TaKuX sSK
consauHi nadeni. [TomoanHs UX BHUKIIMKIB JO3BOJIMTH HE JIMIIE NOCITTHA BIAIIOBIIHOCTI HOBUM
€KOJIOTIYHUM CTaHJIapTaM, a W CYTTEBO IMIJABUIIUTH EKOHOMIYHY HpHUBAOIMBICTb BOIHOTO
TPAHCIIOPTY B JIOBFOCTPOKOBIH MEPCIIEKTHUBI.
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3ABE3IIEYEHHA EKOJIOTTYHOCTI POBOTHU CYJAHOBUX JIU3EJIIB
HJIAXOM HEPEITYCKY BUITYCKHUX I'A3IB

Kyponamnux O.A.
Hayionanvnuii ynisepcumem « O0ecbka MOpCcbKa akaoemisny
(Vkpaina)

Beryn. TeruoBi ABUryHH, IO 3a0€3MeUyrOTh aBTOMOOUIBHI, 3ali3HWYHI, PIYKOBI Ta
MOPCBbKI TPaHCHOPTHI TEPEBE3CHHS, € JDKEpelaMHd IIKIJIMBUX BUKHUIIB y JTOBKULIA.
HajinommpeHimmM TerioBUM IBUTYHOM, SIKHM BUKOPHCTOBYETHCS Ha MOPCHKHUX Ta PIYKOBHX
cynHax, € ausens [1, 2]. Moro koedirienT KopucHOi il GiIbIImii, a mHTOMa e)eKTHBHA BUTPATa
NaJiiBa MEHIIA B MOPIBHSAHHI 3 IHIIMMHU TUIIAMH €HEPreTUYHUX yCTAaHOBOK (ra3oTypOiHHMMH Ta
NapoTypOIHHUMH, SKM TaKOXX 3aCTOCOBYBAaHMX HAa MOPCBKOMY TPaHCIOPTi). 3aiHCHEHHS
TEPMOJIMHAMIYHOTO IIUKJTY JAMU3€JIsl HEMOXKIJIMBE 03 YTBOPEHHS BUITYCKHUX Tra3iB, 10 CKIAAY SIKUX
BXOJISITh TOKCHUYHI KOMITIOHEHTH: Byriekucnuit raz CO, ByraneBoaHi ConHm, caxka C, okcuau a3oty
NOx, okcuan cipku SOx, a TAKOXK CITOTYKH BaKKUX METAJIIB, [0 3HAXOATHCS y MAJIUBI.

Oxcumu azoty NOx € OoJHUM 13 HaWOUIbII TOKCUYHUX KOMIIOHEHTIB BUITYCKHUX Ta3iB.
Hopmu BHKHIIB OKCHIIB a30Ty JAM3EISAMH CyJIeH MOPCHKOTO Ta BHYTPIIIHBOTO BOJHOTO
TPAHCIIOPTY periaMeHTyroThest Bumoramu Annex VI MARPOL 1 3anexuTs BiJ poky 1moOyaoBu
CyllHa 1 9acToTH 00epTaHHs By nu3ens |3, 4].

AKTyaJbHICTh Aoc/iaxkeHnb. 3ab6e3neuenns sumor cranaapris Tier I Ta Tier II moxuiuBe
3a paxyHOK peryJIIOBaHHS Au3elNiB (IUIIXoM 3MiHM (a3 mojadi maivBa, BHUITYCKY Tra3iB Ta
IPOAYBaHHs), 32 PAXyHOK 3MIHM XapaKTEPUCTHUK MaiuBa (y TOMY YHUCII IUIIXOM BUKOPUCTAHHS
ra3oBOTO MajMBa Ta NAJIMBHUX CYMIlIel), a TaKOX BUOOPY ONTHMAJIBHHX PEXKUMIB poOOTH
nu3eniB.  3abe3nedeHHss BUMor crangaptry Tier Il MokHa JOCATTH TUIBKH  IIISXOM
BUKOPUCTAHHS JIOJJATKOBOTO OOJaJHAHHA, sKe 3a0e3ledye OYMINEHHS BHITYyCKHHX Ta3iB Bif
OKCHUJIB a30Ty (MeToau cenekTuBHOro BimHOBIeHHA — SCR, peuumpkynsauii razie — EGR,
enektpodi3y ra3iB — CSNOx, 3BosnoxenHs nositps — HAM) [5, 6].

OnHuM 13 JTOJATKOBMX METO[IB, BUKOPHUCTaHHs SKOTo 3a0e3nedye BUKOHAHHS BUMOT
crangaprty Tier II, € nepenyck / ckunanns Bunyckuux rasiB (Exhaust gas wastegate — EWG).
®dipma Wartsila pexkomenaye EWG B nepiy depry /it 0OMeXeHHs TUCKY HaJIyBHOTO MOBITPS
Ta 3anmo0iraHHs MOMITQ)XHUM SIBUIIAM 32 YMOBOIO BHHUKHEHHS BHCOKHX HABAaHTAXEHb Ta SIK
J0IaTKOBY (yHKII0 — Juisi 3HMWKeHHs eMmicii NOx [7, 8].

IMocTranoBka 3axaui. Metoro po6otu Oyno BU3HAUEHHS ONTHUMAJIBHUX PEKUMIB pOOOTH
cuctreMu EWG cyzaHoBoro amsens, 3a SKUMHM 3a0€3MEUY€ThCSI MaKCHUMallbHE 3HMKCHHS
KOHIEHTpallli OKCHJIB a30Ty Y BHUIIYCKHMX ra3ax Ta MiHIMajbHE 30UIBIIEHHS HUTOMOI
e(eKTUBHOI BUTPATH MaJINBA.

PesyabTaTi focaigxensn. J{ocaipkeHHs TPOBOAUIINCS HA TPHOX OJHOTUITHUX CYIHOBUX
cepeiHbo0OepTOBUX nu3ensx 6L26 ¢ipmu Wartsila 3 €l1eKTpOHHOIO CHCTEMOIO YNpaBIiHHSA
¢azaMy nmanMBOIOAAYl, MOBITPO- Ta Ta3opo3noiury. HowmiHampHa MOTYXHICT JU3ENIB
cranoBusia Nenom=1200 kBt 3a wactotu obGepranus 1000 xB L. Jlu3eni BXOOHJIM IO CKJIay
CYJTHOBOi €JIEKTPOCTAHI[Il Ta MepelaBajd CBOIO IOTYXKHICTh Ha eleKkTporeHeparopu. Jluzeni
MaJli OJTHAaKOBHM MOTOpecypc poOOTH Ta eKCIUIyaTyBaJIUCS Ha PIBHOBEIUKHUX HABAHTAKEHHSX.
Sk cucrema ynpaBiaiHHS BUITYCKHUMH Ta3aMH Ha IMX JU3eIsIX BcTaHOBiIeHa cucrema EWG.
3riiHO 3 MPOEKTHOIO JOKyMeHTaliew, cuctema EWG 3a0esneuye mepemyck rasis y Jliana3oHi
0...10 %. ITpunnunosa cxema cuctemu EWG cynnoBoro nuzens 6L.26 ¢pipmu Wartsila mokazana
Ha puc. 1.

[Tin gac mpoBeneHHS TOCIIHKEHHS KOHTPOJIFOBAIUCS Ta BUMIPIOBAIKCS TapaMeTpH, IO
JI03BOJISIIOTh  BM3HAYMTH eMicito NOx, mutoMy e(eKTHBHY BHUTpATy MaiuBa De, a Takox
e(peKTUBHY TOTYXHICTh au3esst [9].
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Pucynok 1 — IIpuHIunoBa cxema CUCTEMH KepyBaHHS BUITyCKHUMU Tazamu EWG cyaHoBOTO
cepeaHpr0000poTHOTO Au3els 61.26 Wartsila:
1 — xoHTpoNEp; 2 — CepPBOMOTOP MEPEMYCKHOTO KIlanaHa; 3 — MepenycKHUui KiaraH;
4 — OCHOBHMIA TIOTIK T'a3iB; 5 — Meperyck rasis; 6 — 0X0J0HKyBad Ha/ITyBHOTO TTOBITPS;
7 — npoayBHH pecuBep; 8§ — uuninapu auzens; K1, K2 — Touku KOHTpoIto BUTpaTH rasis;

CryniHp nepenycky BUILyCKHUX ra3iB Oewc 3MiHIOBanacs B Mexax 0...10 % 1 Bu3Havanacs
3a BUPa3oM

Gug
Sews = —-100%,
GE
ne Gwg — KUIBKICTh BHITYCKHUX Ta3iB, IO MNPOHIIIM 4Yepe3 MepermyCKHH KiamaH, Kr/c
(BuMiproBaach B Toulli K2);
Gz — cymapHa KUIBKICTh BUITYCKHHUX Ta3iB, IO HAAXOIATh Y Ta30BUITYCKHY MaricTpaib 3a
YMOBOIO MTOBHICTIO 3aKpUTOTO MEPEMYCKHOMY KJIamaHi, Kr/c (BuMiproBanack B Touli K1).
KonuenTtparig NOx y BUIyCKHUX ra3ax BU3Hayajacs B Fa30BUIYCKHIM TpyOi, Ha BIACTaHI
O Hik 10 M BiJ ra3oTypOOHarHiTaviB, 10 BiJINOBIAJI0 BUMOraM TeXHIYHOT0 KOJEKCY L0710
NOx.
3umxkenns emicii NOx i yac Bukopuctanasa cucreMu EWG noka3zano Ha puc. 2.
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a) 0) 6)
Pucynoxk 2 — 3mina emicii NOx 3a1€KHO BiJl CTYTI€HS MEPEyCcKy OewG IIPH PI3ZHUX

HaBaHTaXeHHAX nusensa 61.26 Wartsila:
a—55%;:6-65%:;:6—75%;2—-85%

p
2)

EdextuBnicth BukopuctanHs cuctemMu EWG A KOXKHOTO 3 PeXUMIB pOOOTH IU3eNs
omintoBanacs tiomero mig kpuBoo NOx=f(EWG), sika Bu3Hadamacs METOJOM Tparerii sk
neBHui iHTerpan (1)

230 03-04 2pyodus 2025 poky



IIpo6aemu cmasozo po3gumky Mopcwvkoi 2anysi (PSDMI - 2025)

J 00110 26 ) 02865+ 1) W

ne f(x) — OesnepepBHa QyHKIIiSI 3 ApTYMEHTOM X;

a, b — mexi inrerpyBanns (a < x < b);

h=(b—- f)/n — KpOK iHTerpyBaHHs;

X0, X1, ..., Xn-1, Xn — 3HAUEHHS apryMEHTY 3 KPOKOM 30inbIieHHs h B iHTepBaii iHTerpyBaHHs [a,
b];

N — YHUCIIO TUTOIIL.

3nauenHs interpana (1), mo BuzHavae rmiomny mig kpuBoo NOx=f(3ewc), HaBemeHi Ha
puc. 2.

ITnoma mig kpuBoro NOx=f(6ews) Moke OyTH NpUAHATA SK KPUTEPiil EKOJOTi4HOT
epexTuBHOCTI 3actocyBanHa cuctemu EWG. 30unbuieHHs mi€i mionii CBIAYUTH NPO OUIBIIY
€KOJIOT1UYHY €(EeKTHUBHICTh PEXUMY IMEpemnmycKy rasiB. TakuM YHHOM, 30UIbLIEHHS CTYIEHS
NepenycKy BUIYCKHUX Ta3iB Ha BCIX peXHMax poOOTH IU3eJsl CIpHUSE IiIBUIICHHIO HOTO
€KOJIOT1YHO1 €()eKTHUBHOCTI.

Exomnoriuny edexTuBHicTh pexumiB cucreMd EWG Takok MOXKHA OLIIHWTH 32 3allacoM
€KOJIOTTYHOI CTiMKOCTI podoTu nu3ens, %, Ha BUOpaHOMY pexXuMi poOOTH, SKUN BU3HAYAETHCS
3a BUpa3oM

Tier eKc
ANOj, = NOXNO_T!;'OX -100%, )
X

me NOJ® — rpaHMYHe 3HAYCHHS KOHIEHTpALii OKCHIIB a30Ty Yy BHIIyCKHHX Ta3ax
(BU3HAYAETHCSA JUISI BIATMOBIMHOTO CTaHAApTy Tier 3aJeKHO BIJ] XapaKTEPUCTHUK JIH3EIIA),
r/(xkBt-ron);

NO § — KOHILIEHTpAaIil OKCH/IB a30Ty Y BUITyCKHHUX Ia3ax Ha BUOPAHOMY pEXHUMI pOOOTH
nuzens, T/(kBt-rox).

Jiarpama, 1o UTFOCTPY€E €KOJIOTIYHY CTiHKICTh pexxuMiB cuctemu EWG 3a pi3HHX yMOB
eKCIuTyaTallii HaBeJIeHO Ha pHc. 3.

ANOY,
%

20 ] ——

15+ -

0.55N,

€nom

0.65N, 0.75N,

€nom

0.85N,

€nom €nom

Pucynok 3 — ExosoriuHa cTidKicTh poboTH qu3ens 61.26 Wartsila:
1— 0e3 EWG; 2 — 3EWG=10 %

BucnoBku. HaBesieHi pe3ynbTaTi J03BOJSIOTH 3pOOUTH TaKi BUCHOBKH.

1. BukopucTaHHS TepenycKy BHUITYCKHUX Ta3iB CIpHUSE€ MOJIMIICHHIO €KOJIOTTYHUX
MOKa3HHUKIB POOOTH CYTHOBHUX CEPEIHHOOOOPOTHUX JAM3ENIB, 30KpeMa UIsl CYIHOBOTO JMU3EII0
6L26 Wartsila y mianma3zoni excriryaramiitaux HaBaHTaxeHb (0,55...0,85)Nenom Ha 3,3...15,4 %
3HMXKYEThCS piBeHb eMicii NOx y BUITyCKHUX Ta3ax.

2. Bukopucranns cuctemu EWG 3MeHIIye KifbKiCTh BHUITYCKHUX Ta3iB, IO HAJXOISThH
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70 Ta30BOi TypOiHM, L€ MPHU3BOAUTH JO 3HWKEHHS MPOAYKTUBHOCTI TypOOKOMIIpecopa,
3MEHIICHHS KUIBKOCTI TOBITPS, IO HAAXOAWUTh Yy LWIIHAP AW3EIsA, 1 3pOCTaHHS IMHUTOMOI
eeKTHUBHOI BUTpaTH mnanuBa. Ilpu 1bOMy UIS pPEeXUMIB, IO BiJNOBINAIOTh HABaHTAKEHHIO
(0,55...0,65)Nenom., 3pocTaHHs IILOTO IIOKA3HWKA 30LIBIIYETHCS MPOIMOPIIHHO CTYICHIO
MEPeNyCcKy BUITYCKHUX Ta3iB Ogw 1 CTaHOBUTH 2,7...4,4 % (B miamazoni dewc=2...10 %). dns
HaBaHTaXXEHb OJM3BKUX 710 HOMiHAIBHOT TOTYKHOCTI — 0,85Nenom 3011bIICHHS MUTOMOT BUTpATH
nanuBa He nepedinbuye 1,2 % (s MaKCUMalIbHOI BEJTMUUHM TIepenyckKy ra3iB oewc=10 %).
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MNOBEPHEHHS BITPOEHEPTETHUKH B CYJTHOIVIABCTBO.
EKOHOMIYHHWHA TA ONEPAIIIMHUN OI'JISII

Mamenxo I1. I1.
Xepconcobka 0epaicasna Mopcoka akaoemis
(Vkpaina)

Beryn. HaiinaBHimme Bimome BITpWIIBHE CYJHO, $IK€ BHMKOPHCTOBYBAJIOCH JJIst
IIEPEeBE3EHHS BAHTAXIB Ta NMBCAXUPIB, garyerbess 3100 pokoMm 10 HALIOi €pu, KOJIM €TUNTIHU
BUKOPUCTOBYBAJIM IMIBHIYHUNA BITEp VI MOAOPOXKI HA miBAeHb mo Himy. Y HacTymHi CTOMNITTS
MOpPCbKI NEPEBE3€HHS BOJHUMHM MLUISIXaMM, 3HAYHOIO MIPOIO 3alieXalu Bix BITPY, HMoku y 19
CTOJITTI HE BiIOYBCS 3HAUHUU Mepexis] 10 BUKOPUCTAHHS Y SIKOCTI PYIIMiB NapOBUX JBUTYHIB.
Konn maporiaBu 3HAYHO MigBUINMIM THYYKICTh Ta HaAIWHICTh TNEPEBE3EHHS BAaHTAXIB Ta
nacaxupiB. YacTka maporiaBiB y CBITOBOMY TOHHax1 3pocia 3 15,8% y 1855 poui 1o 97,1% y
1910 pomi, mo 3poOWiI0 BITPWIBHI CyAHA MPAKTHYHO HEAKTyalIbHUMH. l[IparHeHHS [0
e(eKTUBHOCTI BIICYHYJIO BITPOCHEPreTUKY Ha JIpyT'Uil IUIaH Maiike Ha JiBa CTOJIITTS, JOHEaBHA,
KOJIM LTI AekapOOoHi3allil BUCYHYJH 11 HA MepIie Miclie B TOPSAIKY IEHHOMY 0araTb0X KOMIaHiH.
o6 y3roguTy me 3 OUISIMH IOJO CKOPOUYEHHS BUKWAIB, BUKIageHMMH B Ilapmsbpkiil yromi
Opranizanii O6'ennanux Hamiit 2015 poky, MixHapoana wmopceka opranizamis (IMO),
PETYIIOI0YHMI OpraH MOPCHKOI TaiTy3i, 3aIlyCTHIa CBOIO MEPIIY B iCTOPIi CTPATETiI0 CKOPOYCHHS
BukuiB y 2018 poi [1-3].

ITocTanoBka 3apaui. IHTEepec 10 BiAPOKEHHS BITPOCHEPIETUKU 3HOBY 3pIC, OCKUIBKU
MOpPCBHKa Taly3b 0auuTh il HOTEHIIal y 3MEHIIICHHI BUKOPUCTAaHHS PYIIIIHOT CHIIM ABUTYHIB, 110
IpPaLOI0Th HA BUKOIHOMY MAajMBi, HIJSXOM BIpPOBAaKEHHs BiTpoBOi eHeprii. Lle no3Bonuth
CyIIHy MiATPUMYBAaTU Ty CaMy IIBHJKICTb 32 3HHUKEHOI MOTY>KHOCTiI JIBUTYHa a00 301IbIIMTH
MIBUJIKICTh CyJHA 3a Ti€l )k MOTY>KHOCTI nBUTYHAa. OCHOBHI NepeBaru BUKOPUCTAHHS BITPOBOT
eHeprii Ha CyJJHax TaKi X, K 1 JUIsl 3arajibHOi BITDOEHEPreTUKH, a caMe, HU3bKUI PiBEHb BUKU/IIB
BYIJICI[FO Ta 3MEHIIICHHS BIUTMBY BOJATHIILHOCTI (HECTaOLIBHOCTI) I[iH HA BUKOIIHE ManuBo [4-5].

Iepenixk BupimyBanux nutanb. CyJHOMJIAaBHA Taly3b MOXKE 3a0LIaJUTH MaJIUBO Ta
CKOpOTUTH BUKHMIHU. biuspko 90% cCBITOBUX TOBapiB — BiJl COEBUX O00IB 10 KPOCIBOK —
TPAHCHIOPTYETBCS MOpeM. JIeCATKH THUCSY CYACH, SKi BUKOPHUCTOBYIOTHCS ISl JOCTaBKU IUX
TOBApiB Ha CBITOBI PUHKHU, CTAHOBJISATH NMPUOIN3HO 3% CBITOBUX BUKHUJIB BYIJIELIO IIOPOKY, IO
nepeBuIlye piuyHi BUKMIM SMOHIT. SIKIIO HE KOHTPOJIIOBATH BHMKHMJM TAapHUKOBUX Ta3iB y
CYJHOIUIaBHIN ramy3i, ouikyerbes, mo 10 2050 poxy BoHH 3pocTtyTh Ha 50%. IlounHaroum 3
2024 poxy MixnapogHa Mopcbka opradizauis (IMO) Opranizanii O6'eqnanunx  Harii
OIIIHIOBAaTUME KOKHE CYJTHO Ha OCHOBI MOT0 BaHTaXKOMIIHOMHOCTI Ta KUTHKOCTI rpamiB CO2, siKi
BOHO BHKHJA€ Ha MOpPChbKYy Muito. CyaHa 3 HaWTipHIMMHM PEUTUHIaMU MOBHUHHI OyayTh BXKUTH
KOPUTYBAJIbHUX 3aXO/iB, 1HAKIIE iM pPHU3UKYIOTh 3a00pOHMTH eKcIuTyaTauito. lle wacTtuHa
am6iTHOT MeTu IMO — 1oCSTTH HYJILOBOTO PIBHS BUKHUJIIB y CYTHOTUIaBHIHM Tamy3i 10 2050 poky.

Jlnisi BAKOPUCTAHHS BITPOBOI €HEPrii Ha CydacHHX CyAHax po3poOieHO Ta BUMPOOyBaHO
P TPOAYKTIB ISl CyTHOBMX PYLIIMHMX YCTaHOBOK 3 BITpOBOIO pyuriiHoi0 cuioro (WASP),
KOMEpIIHI TEeXHOJIOTii SKHUX KIAacu(IKYIOTbCSI SK POTOpPH, OyKCHpYIOUl TMOBITpsiHI 3Mii,
IPUCOCKH, KOPCTKI BiTpUIiIa/Kpuiia, M'siKi BITpHIIa, BITpoBi TypOiHU Ta KopmycHi BiTpuia [6]. Ha
Puc.1 nmokasano, sik mpaitroe Texuosoris WindWing skopcTkoro BiTpuia/Kpuia.

03-04 2pydus 2025 poky 233



IIpo6aemu cmasozo po3sumky mopcovkoi 2anysi (PSDMI - 2025)

How WindWings technology works
Sk npamoe TexHoaoris WindWings

Can supplement ship's engine Can fold down
Moze nonosHiOBaTH \ Moskna cKJ nacTy
JIBHIYH CyHA

f\.rr’i,_f\

h

HOW PROPULSION WORKS
Top view of ship
Sk npauioe pymiiina ycranoska
(6uo cyona 3eepxy)

Wind blows across the surface of the As the wind splits around the curved This creates a difference in air pressure
wing. surface of the wing, it travels faster on between the two sides, resulting in a
Bimep ome no nosepxni Kpuara one side than the other, which creates a thrust that propels the ship forward.

high-pressure zone (+) on one side and a
low-pressure zone (-) on the other.
l\ﬂ'"l R"ﬂ(’l} pl)?\‘(){)llmh[‘ﬂ Il(lﬂkll'lﬂ 6Ue Iﬂ"l{ll "ﬂll’l}\"l Kpuaa,
ein pyxaemoca weudwe 3 00H020 ll("\) HidIC 3 iHWo02o, wo
CMEOPIOE 30HY 6UCOKO20 MUCKY (+) 3 001020 GOKY ma 30my
HU3bK020 MUcKy (-) 3 inwozo.

high 0

e cmesoproc piznuyio 6 mucky
ROBIMPA MINC 080MA CHIOPOHAMUL,
wo Il[lll'lli’(l()ll"lh 00 mazu, AKa pyxae
Kopabean 6nepeo.

|

Pucynok 1 — Sk nmpaitroe Texuosoris WindWings

Cytb pochaimzkeHHsi. Y HayKOBIH JiTepaTypi J0Ci PO3TISAAIOTHCS PI3HI TEMHU: Bif
NOTEHIially BITPY Ul CKOPOYEHHS ILIKIUIMBUX BHUKHUAIB Yy CYJHOIUIABCTBI, 4€pe3 MOJKIIMBE
MiABUIIEHHS E€HEeProe(eKTUBHOCTI CYAEH, 10 BaXJIMBOCTI IiH Ha OyHKEpHE WaluBO Ta
HOJITUYHUX Jif JJI BIPOBAPKEHHS BITPOCHEPI€TUUYHUX TEXHOJIOTH. TakuM 4MHOM, Y LIbOMY
JOCITIJKEHH] PO3MIISIIA€ThCsl cTaH BUKopucTtanHs WASP Ta HOoro oCHOBHI IepeBaru Ta HEeJIOIIKU
Ha npukiani sukopuctanas WindWing TexHouorii Ha pi3HUX TUIAaX BaHTOKHUX cyjaeH [7-9].

ExoHoMiuHMIi BIUTUB - eKOHOMisl AJIUBA, 3MEHIIEHHS IIKIIJIMBUX BUKH/IB.

Cy/nHOMIABCTBO - 1€ €HEProeMHa rajiys3b, a BUTPATH Ha MaJMBO CTAHOBJATH 3HAUYHY
YacTKy eKCIUTyaTalliiHuX BUTpaT CyJqHa Ta 3aralibHUX BHTpar. lligBuiena manuBHA
e(peKTHBHICTp He JMIIe 301blllye OYiKyBaHy NpHOYTKOBICTh AaKTHUBY, aie M 3abesnedye
OTepaIliifHUI 3aXKCT BiJl HECTaOUTLHUX BUTpAT Ha manuBo [10-11].
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- 380 CST Singapore Fuel O1l 380 CST Rotterdam Fuel Oil

Pucynok 2 — Ilina Ha Bakke Ma3zyTHE anuBo 3 JroToro 2015 poky mo mrotuii 2020 poky
(Reuters, noctym 2 6epesnst 2020 poky)

TpuenementHa koHCTpyKis kpruia WindWing®, € yHiKaIbHOIO Ha PUHKY Ta 3a0e3mneuye
MIHOMHY CcHly, IO B 2,5 pa3u MepeBUlllye MiAHNOMHY CHUJy OJHOEIEMEHTHoro kpmuia. Ha
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CepeIHbOCTATUCTUYHHUX CBITOBUX CYIHOIUIABHUX MapuipyTax koxkeH WindWing® ekoHOMHUTh
1,5 TonHu manuBa Ta 3MeHITy€e BUKUIU Ha 4,7 ToHHH CO2 32 KOYKEH JIeHb €KCIUTyaTaIlii.

Brazil - China China - Brazil Brazil - Australia Australia ~ Brazll

Galveston - Rotterdam | Rotterdam — Galveston Brazil - Rotterdam Rotterdam — Brazil

Japan - Canada Canada - Japan New York — Rotterdam | Rotterdam — New York

Pucynok 3 — ExoHOMist Ha TJ100aJIbHEX MapIIpyTax MOPCHKUX repeBe3eHb. Llndpu
BiJOOpaXXar0Th CEPEIHIO €KOHOMIIO B TOHHAX MAJIMBA HAa KPHUJIO HA JIEHb

InBecTuniliHa AujieMa, TepMiH OKYNHOCTI «3ejeHOD» TexHoJorii. CBiTOBI (QuoTH
CTapilOTh, 1 BIIACHUKHM CTUKAIOTHCS 31 CKIIAJHUM IHBECTUIIHHUM pPIIIEHHSIM, KOJIH WIETHCS MPO
OyaiBHULTBO HOBHX cyneH. CynHa noBuHHI Bukugatu menuie COz, iHaKIIe ByTJIeLeBi MOAaTKU
3po0ATh X 3aHAATO JAOPOTUMH JUISL TOPTIBII, aje Terep AuieMa MOJsIrae B HACTYMHOMY: Yd
BapTO BJIACHUKAM KYIyBaTHU 3BHYaifHE CYJHO 3 €KOJIOTIYHMMH TEXHOJOTISIMH, UM NParHyTu A0
TOTOBHOCTI /0 BUKOPUCTAHHS aIbTEPHATUBHOTO MAJIUBa, YU, MOXKJIIUBO, 1 T€, U 1HIIE?

SIKI10 TepMiH OKYITHOCTI JIUIIIE «3€JIEHO1» TEXHOJIOT1i MEHIIH, Hi>kK TEpMiH OKYITHOCTI
€aMoro CyJ/iHa, TO BCTAHOBJIEHHS TEXHOJIOT1] CKOPOTUTD 3arajlbHUN TEPMIH OKYITHOCTI aKTUBY.

151 1oriKa MHUPOKO 3aCTOCOBYETHCS, aje CYyTh A0OpE UTIOCTPYETHCS 3a IOTIOMOT OO
WindWings® Bix BAR Technologies Ha rpadiky Puc. 4 Hikue.

Cas

PucyHok 4 — TepMiH OKYIHOCTI 3€JIEHOT TEXHOJIOT11
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BucHoBku. CriyibHOTa 3apa3 JOCHIUKY€E Pi3HI BapiaHTH JAeKapOOHi3allil Cy JHOIUIaBCTBA.
Xoua TexHozorii WASP nepeOyBaroTh y MEHIII# EHTPi yBaru, HiX 1HIII albTepHATHUBHI pOpMHU
PYLIHHUX CHJI, BOHM MOXYTh CTaTH HEB1JI'€MHOIO YACTUHOIO LIbOTO MEPEXIAHOIO MPOLECy, IKUn
BUMara€ pIi3HOMaHITHUX 3aXOJ(iB MO0 3MEHIICHHS BUKHIIB JUisi poOOTH pa3oMm 3
anbTepHATUBHUM TauBoM. [lepexin qo Texnosoriit WASP po3mnodaBcs 3aBasiku rpyIii BiagaHuX
MPEJCTaBHUKIB MPOMHCIOBOCTI Ta aKaJeMIYHHUX Kij. Bigremep oueBmaHO, 1m0 icHye HabaraTto
OUTBIIMIA TIOTEHITIAN IS peaizarii, mepm Hix TexHosorii WASP nocarnyTs piBHS IOMUPEHHS,
3anporoHoBanoro 3 3700—10 700 cynmen y 2030 pori ta 3 37 00040 000 cyaen no 2050 poky
Pesynbratu mocnimoBHO TOKa3yroTh, M0 WASP Mae 3HaAYHMN MOTEHINAT IS IiABUIIECHHS
eneproedexTuBHOcTi cyneH (poropu: 0,4-50%; moBir HesBaxkarouun Ha 0araToolimsroqy
TEHJICHIIIIO MTOIIMPEHHS TEXHOJIOTIH Ta MPUBAOIUBUNA XapaKTep BITPOBUX TPAHCIIOPTHUX 3aC0O01B
(WPT), morouHe BHpPOBAKCHHS CTAaHOBUTH JIMIIE HEBEIMKHHA BiJICOTOK BiJ] 3arajJbHOrO
cBiToBOrO (h10TYy. OCKUIBKH Pi3HI TEXHOJIOTII MalOTh Pi3HI XapaKTEPUCTUKHU MPOIYKTUBHOCTI 3a
PI3HHX yMOB, yHIBEpCaJbHE DIINICHHS HaBPsA Yd 3'IBUTHCSA. TOMy BKpall Ba)XJIMBO IMPOBECTU
OlIbIIIe TIEPEBIPEHUX CTOPOHHIX JTOCIHIKEHb 3 (PaKTUUYHUM KOMEPIIIHHUM BUKOPHUCTAHHSM, 11100
Kpamie 3pOo3yMITH HU3KY eKCIUTyaTalliiHuX (aKTOpiB, MO0 BIUIMBAIOTH HAa TPOJYKTUBHICTH
texHosorii WASP. psni 3mii: 1-50%; sxopctki Bitpmia: 5-60%; wm'saki Bitpuna: 4,2-35%);
BiTpoBi TypOiHu: 1-4%). KpiM TOro, BaXJIMBUM acIeKTOM, SKHH 3aCIyrOBY€ HAa BHUBYCHHS, €
Oe3mneka BITPOBHX yCTaHOBOK. OAHAK, JI0Ka3H 3 I[bOTO MHUTAHHA BCE Ille 0OMExeHi, 1 MailoyTH1
JOCHIUKCHHSI TIOBMHHI ~ 30CEPENUTHCS Ha CTPYKTYpPOBaHiii OIiHII Oe3MeKku  KOXKHOI
BITPOEHEPTreTUYHOT TEXHOJIOT 1.
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CBITOBE CYJIHOBYJIYBAHHS: AHAJII3 PUHKY AJJUTUBHUX
TEXHOJIOI'IA

Hizinyani JI. B.Y, Poccomaxa O. 1.2, Anexcanopoecvka H. LY, Poccomaxa O. A.?,
Jimosa C. MY, Paboua T. B.5, Hoesa B. M.3
! Haguanvro-nayxosuii mopcoxuii inscenepro-mexuiunuil incmumym
(Vkpaina)
2 Haguanbo-HayKkosutl iHCIunym MopcoKo2o (pionty
(Vkpaina)
300ecwruii nayionanvruii mopcoruil yuisepcumen,
Biticokosa akademis
(Vkpaina)

Beryn. Cyuacni iHHOBaniiHi aautuBHi TexHojorii (AT), 3D-texHomnorii 1 mpucTpoi s
ixaporo 3acrocyBanHs y XXI CT. pO3BHBaIOTHCS AMHAMIYHE Ta OXOILTIOIOTH yce OiIbIlle acreKTiB
y raiysi cyaAHOOYyIyBaHHsI IPU CTBOPEHHI CYJIeH PI3HOMAaHITHOT'O MPU3HAYEHHS.

Texnozorii 3D npyky 103BOJISAIOTH «BUPOLTYBAaTH» J€Tajll Cy[eH Oyib-sKOi CKJIaHOCTI 3
MiHIMaTbHUMH BUTpaTtamu. [Ipu 1mboMy Maike BiJCYTHI BiIXOAM BHPOOHMIITBA, a TaKOX
o0JasiHaHHsA, HA KOMY peani3yrThCs aIUTUBHI TEXHOJIOTrI1, HOTpedye 3HAYHO MEHINOT KUTBKOCTI
00CITyrOBYIOUOTO IIEPCOHATY MOPIBHIHO 13 KIIACHYHUMH TEXHOJIOT1SIMHU.

Kpim mepeBar 3a MIBHIKICTIO 1 BapTICTIO BUTOTOBJICHHS BHPOOIB, Ii TEXHOJIOTIi MalOTh
nepeBaru 1 3 MOIVISLy OXOPOHM HaBKOJMIIHBOIO cepeloBHIA. BOHM, 30KpeMa, 3HHXKYIOTh
BUJIUICHHS TTAPHUKOBUX Ta3iB 1 «TEIJIOBE» 3a0pyTHEHHSI.

AJMTUBHI TEXHOJOTIl MalTh BEIMYE3HUH TOTEHIad Yy HAOpsAMKY 3HM)KEHHS
EHEpreTUYHUX 1 MaTepiaiIbHUX BUTpAT Ha CTBOPEHHS HAWpPI3HOMAHITHIIIMX BUAIB cyneH. Ha
QYMKY aBTOpIB, CTyMiHb BHUKOpHCTaHHS 3D TexHosorii B cyaHOOYNIBHUITBI € iHAWKATOPOM
peanbHOi 1HAYCTpialbHOI MOTYTHOCTI HE TUIBKM Traiy3i, a W Jep)kaBH, 1HAMKATOpOM ii
IHHOBALIIHHOTO PO3BUTKY.

AJIMTHBHI TEXHOJIOTIT a00 TEXHOJIOTIT MmomapoBoro cuHresy, 3D-npyk — chOroaH1 OuH
13 HaOLIBbII TMHAMIYHUX HAMpsMIB «1u@poBoro» BupooHuuTBa. Kpim toro, 3D-apyk 3naTHui
3/11CHUTH PEBOJIOLII0 B 0araTbox cdepax >KUTTA. 3a TUHAMIKOIO PO3BUTKY PUHOK aJUTHBHHUX
TEXHOJIOT1H BUIIEpE/KAE 1HII TaTy31 BAPOOHUIITBA.

AKTYaJIbHICTh JOCTi/I’KEHb.

IMocTranoBka 3ajayvi. ABTOpU CTaBJIATh 32 METY JOCIHIJKEHHS TPOBEICHHS aHaJI3y
PO3BUTKY PUHKY aIMTUBHMX TEXHOJOTIH B CBITI Ta B YKpaiHi, Ta XO4yTh CIPOOYBAaTH MOKA3aTh
POJIb LIUX TEXHOJIOTIH JUI pO3BUTKY CYAHOOYAIBHULITBA Ta BIHCHKOBOI Taly3i.

Pe3yabTaTi pociigkenb3a J0CTiHKEHHSIMA KoMIaHii Sculpteo, B sKOMy B35JI0 y4acTh
1300 oci0 3 pi3Hux KpaiH cBity, 51 % onuranux BukopuctoBye AT y BUpOOHHUITBI, a HE JUILE
UIsi  mpoToTunyBaHHs. HailOnpll  BUKOPUCTOBYBAaHMMHU  TexHojorisiMu 3D-npyky €
MOJIEJTIOBaHHS METOJOM oOca/uKeHHs 3 IuiaBieHHAM (FDM), cenexTuBHe na3epHe CHIKaHHS
(SLS), crepeomitorpadis (SLA) [1]. 3a nmpornozamu, 1o 2025 p. rinobansHuil puHok 3D-apyky
nocsrae 32 mupa 1oa., a 10 2030 poky — 60 mup qoit.

CaitoBuii puHok AT B 2014-2020 pp. pic i3 cepeaHbopiuHumMu Temnamu B 19,3%,
carayBm y 2020 p. obcary maiixe B 14 mapa gon. 3rigHo 31 3BitoM GlobalData, HuHi Ha YacTKy
puHky 3D-npyky npunanae menuie 0,1% Bix 3aralbHOrO CBITOBOIO BUPOOHUYOIO PUHKY, SIKUN
OIIHIOETHCS B 12,7 TpaH poi. (puc. 2).
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Pucynok 1 — Cran i mporno3s (2020-2027 pp.) o6csry cBitoBoro punky AT, Mapz mo.
(mxepeno: Exponential technologies in manufacturing)

CgitoBuii puHOK AM-TexHosorii B 2013 p. cTaHOBUB BChOro 01M3bK0 3,8 MIIpA T01apiB
CIIA [2]. Ilepme micue B mii cdepi Hanexano CHIA, norim Huum Snonis, HimeuyunHa i
Kwuraii, xo4a i 3 yoTupukparHuM BiactaBanHsM (Tabin. 1). 3 Tabmuui 1 BuxHO, mo Oinbine 50%
punky Hanexano CIIA ta kpainam €C.

Bxe gepes 10 pokis, B 2023 pori puHOK ckianas Bxe $ 16,14 mip/, mpu COBOKYITHOMY
piuHOMY Temiti 3poctanHs 22,3 %.

A Bxe, B 2024 poiii, 00csAT pUHKY aJMTHBHOTO BUPOOHHIITBA TIEPEBUILUB MO3HAYKY $20
MITBSIpIiB, IO € MIEPIIMM TaKKM JOCATHEHHSIM B icTopil ramysi, 3rizao Wohlers Report.

OuiKy€eThCsl, 0 PUHOK 3POCTATUME 1 HAWOIMKIUME poKaMu, nocsrayBid $ 41,69 mipn
10 2028 poky.

Vike uepe3 10 pokis, B 2023 poii puHOK ckiiaiaB Bxke $16,14 Miapa, mpu COBOKYITHOMY
piuHOMY TeMIi 3pocTaHHs 22,3 %.

OuiKy€eThCsl, 0 PUHOK 3POCTATUME 1 HAUOIMKIUME poKaMu, nocsrayBid $ 41,69 mipn
10 2028 poky.

Po3mip punky agutuBHOTO BUpoOHHITBA y 2024 porti oniHtoBaBcs B 91,84 mupa nonapis
CIIA, a 1o 2032 poky, 3a nporao3zamu, nocsarae 419,22 mupn nonapis CIIA 31 cepeqHbOpiuHUM
temnom 3poctants (CAGR) 20,90 % 3 2025 mo 2032 pik.

OxpiM aHaji3y PUHKOBUX CIIEHapiiB, TaKMX SK PUHKOBA BapTiCTh, TEMIM 3POCTAHHS,
CerMeHTallisi, reorpa)iyHe OXOIUICHHS Ta OCHOBHI I'paBIli, PUHKOBI 3BiTH, miarotosieHi Data
Bridge Market Research, Takox BK/IIOUalOTh aHaji3 IMIOPTY Ta €KCIOPTY, OISl BUPOOHUUYMX
MOTY>KHOCTEH, aHaAII3 CIIOKUBAHHS MTPOAYKIIii, aHaJ13 [IIHOBUX TEH/ICHIIIH,

CIIeHapiil 3MIHM KJIMaTy, aHaji3 JIaHIfora IMOCTAaBOK, aHali3 JIAHIIOTa CTBOPEHHS
BapTOCTi, OIS CHPOBUHHU/BUTPATHUX MaTepialliB, KpUTEpii BHOOPY MOCTA4YaTbHUKIB, aHAI3
PESTLE, anamni3 Iloprepa Ta HopMaTuBHO-IIpaBoBy 0a3zy [3].

CerMeHTalrisi CBITOBOTO PUHKY aJIMTUBHOTO BUPOOHMIITBA 32 THUIIOM Martepiany (MeTau,
IUTAaCTHK, CIUIaBH Ta Kepamika), TexHoisoriero (crepeonitorpadis (SLA), MmonemtoBaHHs
mnaBiaeHoro postamryBaHHs (FDM  mazepne cmikanas (LS), crpymeHeBe apykKyBaHHS
CMIOJyYHHMH MartepiajlaMH, TMOJICTPYMEHEBUH JIpyK, €JIEeKTPOHHO-IPOMEHEBE IUIABJICHHS
(EBM), BupoOHUIITBO JamiHoBaHuX 00'ekTiB (LOM) Ta iHIi), 3aCTOCYBaHHSIM (aBTOMOOLITHHA
IPOMHCIIOBICTh, OXOpPOHa 3/I0pOB'Sl, AEpPOKOCMIYHA IPOMHUCIOBICTh, CIIO)KHMBYI TOBapH,
MIPOMHUCIIOBICTh, 000POHA, apXITEKTypa Ta 1HII ) — TEeHJEHIIi raidy3i Ta mporao3 a0 2032 poky.
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Tabmuus 1 — Yactka AM-TexHoIOri# y npoBigHuX KpaiHax cBity B 2013 pori

Micue Kpaina Yacrka AM —
obnagHanug, %
1 CIIA 38
2 SlmowHis 9,7
3 Himeuunna 9,4
4 Kwurait 8,7
5 Benuka bputanis 4.2
6 Iranis 3,8
7 OpaHiris 3,2
8 Pecniy0rika Kopest 2,3
9 Kanana 19
10 TaliBanp 1,5
11 Typeuunna 14
12 Typeuunna 1,4
13 Icnanis 1,3
14 [IBemis 1,2
15 [Hmmi kpainu 12

Bunanus BENZINGA (CHIA) mnpeacrtaBuwiio OrJisif, MPOBIIHOT KOHCAJITHHTOBOL
komnanii Transparency Market Research [4]: «...y 2022 pomi o0cAr pUHKY aIUTHUBHHX
TEXHOJIOTIH Yy BapTICHOMY BUpaKeHHI omiHIOBaBcs B 466,3 mutH nonapiB CLIA 3 mepcnieKTHBHUM
3pocTaHHsSM B cepeanboMy Ha 21,5% B mepion 3 2023 mo 2031 pik. 3a mporHo3amu, A0 KiHIA
2031 poky 1eit 06'em puHKy Moke ckiactu 2,7 mupn gonapis CILIA».

['mobayibHMIT PUHOK aJAMTHBHOTO BUPOOHUIITBA 3a perioHamu, 2023-2030 pokm, BHUIAHHSA
MIPEJICTABUIIO Y BUTJISIIIL PHC. 2.
Global Additive Manufacturing

Global Additive Manufacturing Market is Expected to Account Market, By Regions, 2023 to 2030
for USD 91,853.88 Million by 2030

. DATA BRIDGE MARKET

. RESEARCH
=
il |||
||
A I R B l

2023 2024 2025 2026 2027 2028 2029 2030

® North America ™ Europe Asia Pacific South America ®m Middle East and Africa

Pucynoxk 2 — I'moGanpHAN pUHOK aJUTHBHOTO BUpOOHMITBA 32 perioHamu, 2023—-2030 poku
(mxepeno: Data Bridge Market Research Market Analysis Study 2023)

Haxanp, BincTaBaHHs YKpaiHHM BiA JepkaB, IO JIAUPYIOTh Yy LiH Tanysi, IpOJOBKYE
HapOCTaTH, OCOOJIMBO SKIIO B3STH JI0 YBarl CKOOPAMHOBAHI 3yCHUIIIS YPAIiB, IPOMHUCIOBOCTI Ta
aKaJeMIYHHUX 1HCTUTYTIB KpaiH-Ji/iepiB, CIPSIMOBaH]1 Ha MOUIMPEHHS aAUTUBHOIO BUPOOHUIITBA B
MPOMHUCIOBOCTI. BmpoBaykeHHS [HMX TEXHOJIOTIM HEMOXJIMBe 0Oe3 IHBECTHIH Yy
dbyHIaMEHTaNBHI ¥ MPUKITaIHI TOCHiKeHHs. [oCBi 1HIMX KpaiH Mmoka3ye, 1m0 TaKe 3aBJIaHHS
He Moke OyTu BupilieHe Oe3 iCTOTHOI ydacTi ypsay 1 HNpoayMaHuX (DiIHAHCOBUX CTHMYJIIB.
Po3BUTOK 111€1 HAYKOMICTKOI T'ajly31 € OCHOBOIO TEXHOJIOTTUHOT O€3MeKH 1 He3alIeKHOCTI KpaiHH.

CynnoOyniBHa Taixy3b MparHe OO MiBUILEHHS €()EeKTHBHOCTI Ta 3HI)KEHHS BUTpAT 3a
paxyHok BropoBapkeHHd AT. Opnak mmupoke 3actocyBaHHS 3D-apyky oOMexyeTbest
npobjJeMaMu IMIOPCTKOCTI TOBEPXHI Ta TOYHOCTI pO3MIpiB, IO BIUIMBAE Ha MEXaHIuHi
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BJIACTUBOCTI Ta EKCIUTyaTalliifHi XapaKTepUCTUKU JeTajeil. MeTOo IbOro JOCIIIKEHHS € aHali3
YUHHUKIB, [0 BIUIUBAIOTh HAa SIKICTb MOBEPXHI, METOMHU i1 MOJIMIICHHS Ta OIlIHKAa 3apyOiKHHUX
MiAXO0JIIB A0 PO3B's3aHHS 1i€i TPoOIeMH.

[opcTkicTh TMOBEpXHI BU3HAYaeThCs Mapamerpamu Ra, Rz, RmaX, BumiproBanuMu 3a
nonomororo npodinomerpis i 3D-ckanepiB. HalimommpeHimmuMy MeTo1aMu OL[IHIOBAaHHS €:

— KoHTakTHI MeTOau: MeXaHiuHI MNpoQiIOMETpH, IO Jal0Th 3MOTY BHMIPIOBATH
HEPIBHOCTI 3 BUCOKOIO TOYHICTIO.

— be3koHTakTHI METO/IU: JTa3epHI Ta ONTHYHI CKaHEPH, iHTepdepoMeTpisl.

— Meroau koMmit'totepHoro aHaiizy: 3D-ckanyBanHs 1 mopiBHsHHS 3 CAD-Monenio.

IIpu mnpomeneHHI aHaNi3y, aBTOPH BCTAHOBWJIM, IO SKICTh TIOBEPXHI 1 TOYHICTh
HA/IPYKOBaHUX JeTalel 3aexarh Bij 0e311i4i napamMeTpiB, cepesl IKUX MOYKHA BUUIUTH:

1. Texnonozito opyky:

e FDM (Fused Deposition Modeling) — wnaiimommupenimma, ajge [gae€ BHCOKY
IIOPCTKICTb.

e SLA (Stereolithography) — 3abe3meuye TiaaKy IOBEPXHIO, ajie IMOTpeOye
dhoTomoniMepu3aii.

e SLS (Selective Laser Sintering) — dbopMye HOPUCTY CTPYKTYPY.

e DMLS (Direct Metal Laser Sintering) — BHKOPHUCTOBYEThCS JIsi METalICBUX

neranei, ane notpedye mocToopoOKu.

2. Ilapamempu OpyKy:

e Bucora mapy: 4uM MEHUIMI 11ap, TUM Kpallia sSKICTb.

e IIIBUAKICTH OPYKY: 3aHAATO BUCOKA IBUKICTH 301IBIIY€E PU3HK IEPEKTIB.

e TewmmeparypHi pexuMu: meperpiB abo Opak eHeprii MOXYTb NPU3BOJUTH JI0
HEPIBHOMIPHOTO CITIKaHHS.

Jlis OLIHKK TOYHOCTI PO3MIpiB 3aCTOCOBYIOTHCS KOOPJMHATHO-BUMIPIOBAIbHI MAaIIMHU
(CMM) 1 uudpoBi BUMIpIOBAJIbHI CUCTEMHU.

3apyOiKH1 JOCTIKEHHS TTOKa3YyIOTh, II10:

— 3HIDKEHHS BUCOTH M1apy 10 50 mxm 3menmrye Ra va 30-50 %;

— OaraTompoMeHeBa j1azepHa 00podka (B DMLS) 3amkye mopucricts Ha 20—40 %);

— KOHTPOJIb TEMIIEPATYPHOTO PEKUMY 3MEHIIY€ BHYTPIIIHI HAPYTH.

HaitepexkTtuBHilnMu  MetogamMu  3apyOiDXKHI  JIOCHIKEHHS  BU3HAIOTh  JIa3€pHY
nocToOpoOKy # eJEeKTpOXiMiuHE MOJIipyBaHHs, OCKUIBKM BOHH Jal0Th 3MOTY 3MEHIINTH
mopcTkicTh 10 Ra < 1 mxm 6e3 3HaYHUX 3MiH reoMeTpii.

BukopuctanHs cnenianbHUX TOKPHUTTIB, TaKuUX SK HIKETOBaHHSA a0o0 KepaMidHi
MOKPUTTS, 3HAYHO MOKPAIIY€ 3HOCOCTIUKICTD 1 3HHKYE KOE(ILIEHT TePTH.

AHani3 JIOCBily TMpPOBIJHMX KOMIAHIA TIOKa3aB, IO 3aCTOCYBaHHS JIa3epHOTO
noJipyBaHHs B CyHOOYIyBaHHI Ta aBiallii 3HU3WIO MIOPCTKICcTh Aeraneit no Ra = 0.4 mxm — (GE
Additive (CILA), a BopoBa/keHH KOMOIHOBaHOI MOCTOOPOOKM (JlazepHa + eNeKTpOoXiMiyHa)
nano 3mory nocsrtu TouHocti £ 0.05 MM — (Siemens (Himewunna)). Kpim Toro, BUkopuctanus
SLM i ranpBaHONOKPHUTTS 30UThIIMIO TepMiH ciyxOu neraned Ha 30% — (Rolls-Royce
(BenukoOpuranis)).

Mixnapoani cranmapta (ISO 25178, ASTM F42) [5] perimaMeHTyOTh IOMYCKH 3a
HIOPCTKICTIO 1 TouHicTIO0. CydacHi 3apyOikKHI JOCTIIPKEHHS MPAarHyTh 10 3HMKEHHS IIOPCTKOCTI
1o Ra <1 mkm 1 BinxuneHs po3mipiB mermie 0.1 mm.

ABTOpH BBaXKaIOTh JOLIIBHUM, IPUBECTU ACKUIbKA NMPUKIIAAIB BUKOPUCTaHHS 3D-apyKy
B CyJHOOyIyBaHHi [6]:

e [lepmmii B cBiTI TrpeOHUI TBUHT, 110 HajapykoBaHui Ha 3-D mpuHTepi 3 Hikelb-
ATIOMIHIM-OPOH30BOTO  CIUTaBYy 3a JIOMOMOTOI0 JyroBOTO 3BaproBaHHsA. lleld TBUHT,
HajpykoBaHuM Ha 3D-mpuuTepi, orpuMaB (paHiy3pkuii MiHHHNA Tpanmbumk Andromede. Ipo
1ie moBigomitsie kommanist Naval Group [7]:
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«Ile Haitbinpmmii MeTanieBuii 3D-apykoBaHuil pymiiid, KOTU-HEOY b TPOBOJIUBCS y CBITI,
1 mepImii TBUHT, OTPUMAHHUNA B PE3yJbTaTi 1€l TEXHONOT11, OYB MiTHATHI Ha OOPT BIICHKOBOTO
KOpaOJIst 1 BATOTOBIICHUH ISl BAKOPUCTAHHS HE TITBKU JUIS XOJJOBUX BUIIPOOYBAHb.

e HII Newport News Shipbuilding (CLIA): ycminiHO HaJpyKOBaHO Ta BCTaHOBJIICHO
BEJIMKMIA KJIAMAaHHUK KOJIGKTOp Ha aBiaHOCHI — JIEMOHCTpAIlisl HaAiWHOCTI TEXHOJOTIl s
KPUTHYHUX elieMeHTiB. CKIIaaHHs KIIAMaHHOTO KOJIEKTOpa, CIeliali3oBaHa KOHCTPYKIIis, IO
JIO3BOJISIE PO3MOJIISATH OJHE JDKEPENIO PIIMHM Ha KiTbKa TOYOK Ha KOpalili, BCTAHOBJICHA B
HacocHi kimHaTti aBiaHocis kiacy Gerald R. Ford Enterprise. CknagaHHsS Mae JTOBXHUHY
o6m3bko 5 dytiB 1 Bakuth 1 000 dynTiB. Newport News criBrpaitoBana 3 DM3D Technology
U1l BAPOOHHUIITBA KOPITyCy KojiekTopa [8].

e CEAD: 3D-apyk uinux xkopmycis cynesn 3 HDPE [9].

BucnoBku. Ha mizcraBi mpoBeieHOTO aHaAIi3y aBTOPH 3pOOHIIM HACTYITHI BUCHOBKH:

1. BupoOuuireo 3D-apyKky — 1€ ramaysb, IO IMIBUIKO PO3BHBAETHCS, 3 BEIUKHM
MOTEHIIAJIOM Y MallOyTHbOMY.
2. 3naTHICT, JpyKyBaTH CKIaAHi ¢opMu Ta B3aeMOMOB'sA3aHi gertani  0e3

HEoOX1MHOCTI Oyab-akoi 30ipku pobuth 3D-apyk yHIKadbHUM B CyAHOOyAyBaHHi. MoikHa
CTBOPIOBATH HEBEJIMKI CKJIQJIHI JETaji CyJeH 3 JAy)Ke HEBEIMKHMHU BUTpPATAMH Ta 32 KOPOTKUI
MPOMIKOK 4acy.

3. [Mupoke 3acrocyBanHsS 3D-ApyKy OOMEKYyeThCcs MPoOIEeMaMH IIOPCTKOCTI
MOBEPXHI Ta TOYHOCTI PO3MIpiB, MO BIUIMBA€ HA MEXaHIYHI BIACTHBOCTI Ta EKCIUTyaTaIliifHi
XapaKTEPUCTUKH JIETaJICH.

4, Crynine BukopuctanHs 3D TexXHOJOri B CyIHOOYAIBHUITBI € 1HIUKATOPOM
peanbHOT 1HAYCTpiaJibHOI MOTYTHOCTI HE TUIBKM Taiy3i, a ¥ JAepkaBH, IHIUKATOpOM i
IHHOBAI[IITHOTO PO3BUTKY.
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MIABUINEHHA EOEKTUBHOCTI HPOLECY MALIEHHSA
HNIAIMUITHUKOBUX BY3JIIB CYAHOBUX JIU3EJIIB

Paszinkin P.O.
Jlynaticokuil incmumym Hayionanvnoeo ynisepcumemy « Qoecbka MOPCoKa akaoemisy
(Ykpaina)

Beryn. EdexTuBHE BUKOPHCTAaHHS CY4YacHOTO (POPCOBAHOTO CYAHOBOTO JIBUTYHA
BHyTpimHbOro 3ropsHHs (C/AB3) 3Ha4HOIO MipOr0 3aJeKHUTh BiJ TEXHIYHOIO CTaHy Ta
HaAliHOCTI poOOTH Horo neraneid. 30UTbIICHHS iIHTeHCUBHOCTI excrutyaTanii C/IB3 nmpusserno mo
3HAYHOTO MJABUIIICHHS BUMOT 11010 iX HaAiiHOCTI [1]. AHami3 excruryararii CJIB3 nokasye, 1mo
TEPMIHU TIPOBEACHHS IMOTOYHUX Ta CEPEIHIX PEMOHTIB BU3HAYAIOTHCS TEXHIYHUM CTAHOM
JeTaNe KPUBOIIUITHO-IIIATYHHOTO MEXaHI3MYy, cepell AKUX HalO1IbII BIAMOBIIaIbHI Ta MIBUIKO
3HOIIYIOTbCS — TIAIIMITHAKA KOB3aHHS KojiH4acTtoro Bamy. Came TOMYy TiABHINCHHS
excruryataniiinoi HaaiiHocti C/IB3 Oarato B yoMy BH3HA4aeThCcsi 0€3BIIMOBHOIO POOOTOIO0 Ta
TEXHIYHHM CTAaHOM TIIIIUITHUKIB KOB3aHHS KOJIHYACTOTO Baly. Y Tmporeci podotu
nimqmunaukiB koB3anHa CJIB3 mae miciie 3HOC poOOUMX MOBEPXOHb, KU OOYMOBJICHHH THUM,
IO TiJ Yac eKCIuTyaTallii HEMHHYYe BHHHKAIOTh PEXUMH TPAHHYHOTO MaIleHHs. [ paHudHuit
PEKHUM MaIllEHHSI XapaKTepPU3YEThCsI HAsBHICTIO 0€3MOCepeIHhOr0 KOHTAKTY MOBEPXOHb B 30HI
TEPTsl, MO CIpHSIE 30UTBIICHHIO aIre3iiHUX 3B'A3KIB. 3HONIYBAHHS, SK PE3yJIbTaT KOHTAKTHOI
B3a€MOJII JeTajei, MPU3BOAUTH 10 HE3BOPOTHOI 3MIHHM IX F€OMETPUUYHUX MapaMeTpiB i BTpaTU
mparme3aaTHocTi [2].

AKTyaJbHicTh Aociail:kenb. Ha nanuii yac iCHYIOTH JBa OCHOBHI HayKOBI HampsMH,
METOI0 SKHX € BHPIINICHHS Npobiem amanTamii podotu mimmmumuaukiB y ckiani CJB3, mo
3a0e3neuyoTh MiHIMalbHI BTpaTH Ha TEpTA Ta MIHIMI3allil0 BEITUYMHU 3HOLIyBaHHsS. OnHe
3aliMa€TbCs BIOCKOHAJICHHSIM AaHTUQPUKIIHHUX MaTepiaiiB, Y TOMY YHCII BHTOTOBISIOTHCS
MJIIUITHAKY, a APYyTe CIPSIMOBAHO HA MOJIMIICHHS BIACTUBOCTEH MAcTHJIBHUX Martepiainis [3].
Ha nmam normnsa, HaltOUTRII EPCTIEKTUBHUM HAIPSIMOM IM1IBUIIEHHS HAIIWHOCTI IMiAIIUATTHUKIB
KoB3aHHs y ckiaal C/IB3, 3 ypaxyBaHHSAM MiHIMi3allii BUTpPAT, € MOKpAIIEHHS TPHOOTEXHIYHUX
BJIACTMBOCTEN MacTUJIbHUX MarepiaiiB [4]. 3 1i€t0 MEeTOI0 po3podiieH! GyHKIIIOHATIBHI IPUCATKU
J0 MOTOPHOTO MACTWJIA, OCHOBHHUM MPHHIIMIIOM pOOOTH SKUX € CcaMOOpTraHizallis
HAaHOCTPYKTYPHUX IUTIBOK IJIACTHYHOTO METAy Ha MOBEPXHSAX TEPTSA, M0 PEali3yIOTh €PEeKT
6e33H0cHOCTI. [IpHucaaku MICTATh y CBOEMY CKJIafl ApiOHOAMCIIEpCHY a3y HAHOMOPOLIKIB Miji
Ta aJIOMIHIIO 13 CEpeJHbOI0 BEIMYMHOK YacTHHOK 50 HM y CEepeqoBMILI XKMPHUX KHUCIOT Y
NEeBHUX Ipornopuisax [5].

IMocranoBka 3agaui. Y 3B'SI3Ky 3 BUIIEBHKIAJCHUM, 33Jaue0 JIOCHIKEHHS OyJo
BU3HAUEHHS BIUIMBY (YHKI[IOHAIBHUX TMPUCATAOK JO0 MOTOPHHUX MACTHUI Ha eQEeKTUBHICTh
MPOIIECY MaIEHHS MiIITUITHUKIB KOB3aHHS Cy/THOBHUX JU3EIIIB.

PesyabTaTu AOCJTiIZKEeHb. Hocnimxenus BUKOHYBAJIUCh Ha CYJTHOBUX
cepennbooOepToBuX ausensax 6ML185 ¢ipmu CSSC Marine Power. Tpu momiOHux au3ens
BUKOPHUCTOBYBAJIUCH B CKJIAJl TOTIOMIDKHOT €HEpreTUYHOI ycTaHOBKH cyHa kiacy General Cargo
nenseiitom 14270 TouH. KoxHuil 3 Au3enniB MaB OKpeMy CHCTEMY MalleHHs, 110 JO3BOJISIIO ISt
KOXXHOTO 3 HHMX BHMKOPHUCTOBYBAaTHM MACTHJIbHI MaTepiaii 3 pI3HAMH XapaKTEePUCTUKAMH.
[TpuHnIoBa cxema cucTemMa IUPKYIISIIIIHHOTO MaIeHHs AU3eJ1iB HaJaHa Ha puc. 1.

[Tomaya macTuia 10 By3/1iB MalleHHs] KOJIHYATOTO BATy Ta MiJIIMITHUKIB TU3emiB 2, 3, 4
3a0e3nevyyBajiach LUPKYJISALIMHUM HacocoM 6 (OKpeMo Ui KOKHOTO 3 Jau3eniB). OuHIleHHS
MacTHJIa BUKOHYBAJIOCh 33 JOMOMOTror0 ¢iabTpa 7 (TaKoXX OKPEMO ISl KOKHOTO JM3EI0) Ta
cemaparopa 5 (KWW TOCIITOBHO ITIIKIIOYABCA J0 CHUCTEM MAIICHHS KOXXHOTO 3 JIU3ETiB).
[TonmoBHEHHs 00CATY MacTUIIa B KapTepi JU3ETIB 31HCHIOBATIOCH 3 IUCTEPHU 1.
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Pucynok 1 — Cxema cy1HOBOT cHCTEMH IUPKYISAIIHHOTO MAIICHHS CYAHOBUX JIU3€IIiB
6ML185 ¢pipmu CSSC Marine Power mij 4ac npoBeieHHS €KCIIEPUMEHTAIBHUX JIOCIIIKCHb:
1 — muctepHa nupKysLiiiHoro Mactuna; 2 — nusens Ne 1; 3 — auzens Ne 2;

4 — nuzens Ne 3; 5 — cemaparop MacTuia; 6 — MUPKYISLIHHIA MaCTUILHHNA
Hacoc; 7 — MacTHIbHHUHN QLIbTP; 8 — M03epHUHN IPHUCTPIi

JlocmipkeHHsT BUKOHYBAJIMCh HA JBOX JU3EISIX, IO HAa IOYAaTOK BHIIPOOYBaHb Malld
oJHaKoBUH pecypc (mo3uuii 2, 3 Ha puc. 1). Ilig yac BunpoOyBaHb qu3eii eKCITyaTyBaluCh Ha
pPIBHUX MK COOOI0 HAaBAaHTAXKEHHAX. Y BUMAJKY, KOJM TOTYXXHOCTI JBOX JW3ETIB (Ha SKUX
OPOBOJWINCH JOCHIDKEHHs) OyJlo HeIOCTaTHbO JJisi 3a0e3leueHHs CYIHOBUX IOTped B
€JIEKTPUYHOI €Heprii, BAKOPUCTOBYBABCA TPETiH nu3ens (mo3uiis 4 Ha puc. 1). Takox nurie nen
JM3ellb BUKOPUCTOBYBAaBCS Yy BHIAJAKy, KOJM M 3a0e3ledeHHs NOTpiOHOCTI CyAHa B
€JIEKTPUYHOI eHeprii BUCTa4ajo MOTYKHOCTI OJTHOTO JTU3EIIIO.

Sk cmoci0O, mo 3abe3nedyye MiJBUINEHHS CTPYKTYPHUX XapaKTepUCTUK MOTOPHOTO
MacTuia, Oyjao oOpaHO JAoJaBaHHS NoBepxHeBo-akTUBHMX peudoBuH (ITAP). B HaykoBo-
JOCTIIHUIbKOT JabopaTopii Oyno BH3HaueHa oNTUManbHa KoHIeHTpauis I[TAP B o0’emi
MOTOPHOTO  MacTWja, 3a KO  3a0e3MedyloThCS ~ MaKCHMalbHa  CaMOOpraHi3amis
HaHOCTPYKTYPHHUX IIIIBOK IJIACTUYHOTO METally Ha MOBEPXHAX TepTsA. Y mojanbiiomy (IiJ dac
eKCIuTyaTallii CyJHOBOTO JM3ENs) 1€ CIpHsS€ BHHUKHEHHIO JIOJATKOBOTO PO3KIMHIOBAJIHLHOTO
TUCKY MIXX KOHTaKTHHUMHU HOBEPXHSAMH, Yepe3 SIKUH 3MEHIIYIOThCS 3HOC MOBEPXOHb BKJIAMIIIB
T IITATHUKIB.

Jlo cucTeMu MalleHHs O/HOTO 3 An3eniB (mo3ulis 1 Ha puc. 1) 3a 10mMOMOror0 103epHOro
npuctpoto (mo3wuiist 8 Ha puc. 1) noxgaBanacek [IAP. [{ns BusHauenns BrmuBy [IAP Ha TexHiuHui
CTaH BKJAQIUIIB MiAIIUIHUKIB 1O 3aKIHYEHHI PErJIAMEHTHOTO TepMiHy eKCIUTyaTarii
MIJIIAITHAKOBUX BY3JiB MPOBOJAWJIACH OIIHKA 3HOCY iX HECyduxX MOBepXoHb. s 1iei meTu
BHM3HAYaBCSA 3HOC BKJIaAuIIiB migmunuukiB. Ctan BriagumniB mimmunaukie CIAB3 B cucremi
MarlleHHs IKOTo He BUKopucToByBanack [IAP moka3aHo Ha puc. 2.

VYpaxoByroun HEPIBHOMIPHICTh HABaHTa)KEHHS Ha Pi3HI LMWIIHIPU AWU3ENs, TEXHIYHUH
CTaH MIIIIUITHUKOBUX BY3JIIB BIAPIZHAETHCA OAWH BiJ onHOTO. Lle 0coOnMmBO MposBISETHCS Y
HEpIBHOMIDHOMY 3HOCI BKJAIWINB MiAMMNHUKIB. [IpM 1poMy BKIQAWII  IMIIIHAPIB
MIIITUITHUKIB, [0 PO3TAalIOBaHI OJFMKYe JO CHOXKKMBada eHeprii (TBUHTY a00 E€NEKTPUIHOMY
TeHepaTopy), MAarTh OUTHIIMKA 3HOC TOPIBHSHO 3 BKIAIHUINAMHU, IO 3HAXOMATHCSA Jajil Bil
cnokuBaya eHeprii. Tomy sk HallOUIbII 1HPOPMATUBHI HA pHC. 2 Ta pUC. 3 MoAaHi BKiIagum 1-
ro Ta 2-ro IWIHAPIB, 3HOC SIKUX OyB MiHIMaJbHHM, Ta 5-T0 Ta 6-r0 HWIIHJPIB, 3HOC SKUX OYB
MaKCUMaJIbHUM.
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ugtiagap Ne 2 utiagp Ne 5 uiaap Ne 6

6e3 Buxkopucranuas [IAP

3 BuKopuctanusaMm I1AP

Pucynok 2 — Cran nigmminaukiB ausenis 6ML185 ¢ipmu CSSC Marine Power 3a pisHuX yMOB
eKCILTyaTalii CHCTEMH MaIleHHS

BucnoBku. [IpoBegeHnMu TOCTIIKEHHSIMI BCTAaHOBIIEHO B3a€MO3B’ 30K CaMOOpraHizarii
HAHOCTPYKTYPHUX IUTIBOK IUIACTUYHOTO MeETaly Ha TMOBEPXHSAX TEepTSd 3 EHEPreTHYHUMU
BTpaTaMu, 110 BUHUKAIOTH il Yac eKCIUTyaTallli MiIIUITHUKIB KOB3aHHS CYJHOBUX JHU3EIIB Ta
CTalOTh MPUYMHOIO 3HOCY MOBEPXOHb BKJIAAMIINIB MiAMMUMHUKIB. [liBUIIEHHS camoopraHizamii
HAaHOCTPYKTYPHUX TUTIBOK, SKE€ JOCSTAE€ThCS INUIAXOM JIOJAaBaHHS JI0 MOTOPHUX MAaCTHII
MOBEPXHEBO-aKTUBHUX DPEYOBHH, CIPHIE 3MEHIIEHHIO EHEPreTHYHUX BTpaT B CYAHOBHX
TU3ENsX, IKa BUPA)KA€ThCS B 3HUKEHH1 3HOCY BKJIQIMIIIB MIAMIUITHUKIB.
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3ABE3INEYEHHSA EKOJIOTTYHUX ITOKA3ZHUKIB CYJHOBHUX
JIN3EJIB Y CHEHIAJIBHUX PAHOHAX KOHTPOJIIO 3A BUKUJIAMU

Cazin C.B., Kyponamnuk O.A.
Hayionanvnuii ynisepcumem «Odecbka MOpcoKa akademisy
(Vkpaina)

Beryn. 3a0esnedeHHs €KOJIOTIYHMX MOKA3HHUKIB CyJHOBHUX MAM3ENiB Y CIHEIiaIbHUX
paiioHaxX KOHTPOJIIO 32 BUKHIAMU € aKTyaJbHOI MPOOJIEMOI0, sIKa BAHUKAE i1 Yac eKCIuTyaTaiii
CyJleH MOPCHKOTO TPAHCIOPTY. EKOJOTiYHI TMOKAa3HUKU CYJHOBUX JH3EIIB PETIaMEHTYETHCS
BuMoramMu MixHapoHoi koHBeHIliT MARPOL. Ogaum 3 HUX € emicis OKCHIIB Cipku. Bukuan
SOx pernmamMeHTyIOTbCS MacOBUM BMICTOM cCipku y cyaHoBomy namusi. 3 01.01.2020 p.
BianoBiaHo 10 Annex VI MARPOL Bwmict cipku y nanusi He noBuHeH nepesuinyBat 0,1 % 3a
YMOBH €KCILTyaTallii CyJHa B 30HAX CIEMIaIbHOTO €KOJOTiYHOro KOHTPOio (Sulphur Emission
Control Areas — SECAs) ta ne 6Ginbire 0,5 % mig yac ekcrutyaTailii Cy/Ha 1mo3a paiioHaMu
SECASs [1]. Crientianbhi 30au SECAS Bu3HaueHi MiXKHApOHOIO MOPChKOIO opranizaiiieto (IMO)
Ta 1mokasani Ha puc. 1 [2].

Pucynox 1 — Paiionn SECAs BianosigHo g0 sumor IMO:
1 — The North American SECA; 2 — US Caribbean SECA; 3 — The North Sea SECA; 4 —
The Baltic Sea SECA; 5 — All EU Ports

AKTyanbHICTh JOCTiKeHb. BukopucTanHs manuBa i3 BMicToM cipku moHan 0,5 % 3a
Macor MOXXJIMBE JIMIIE 32 YMOBH JIOJJATKOBOTO OYHIIEHHS BHUITYCKHHX Ta3iB y CHelialbHUX
TEXHIYHUX MPUCTPOSAX (SIKMMHU 3a3BUYail BCTAHOBIIOIOThCA CKpyOepH) [3]. Y pa3si ymnpaBiiHHS
EKOJIOTIYHOI O€3IMeKOI0 HAaBITallifHOTO TEepPexXoay 3a JIOTIOMOTOK JIOAATKOBOTO OYMIIIEHHS
BHUITYCKHUX Ta3iB KOHTPONOETHCs BigHomeHHs: SOz (ppm)/CO2 (%) micast ckpyoepa. L Benuunna
He MoBHMHHA mepesuiyBatu 3HadeHHs 4,1 SO/CO, mix wac 3HaxomkeHHs cyaHa B SECAs i
3HaueHHs 21 7 SOz / CO2 mig vac 3HaxomkeHHs cyaHa 3a Mexxamu SECAs. JlocmimkeHHs, 110
CIPsIMOBaHI Ha KOHTPOJIb Ta YIPABIIIHHSA €MICI€I0 OKCHIIB CIPKH, Y CBOEI OUTBIIIOCTI MPHUCBSYCHI
BUKOPHCTaHHIO CKpYyOEpHHX CHUCTEM OYMINEHHS, a TaKOXX IEpPEeBENCHHIO JU3eNiB Ha MajuBi 3
HU3bKUM (He O1bi 32 0,1 %) Ha HanHu3pkuM (110 0,05 %) BMicToM cipku [4].

IMocTanoBka 3aaauyi. 3agayero JOCHIKEHHs OyJia OIliHKa €HEPreTUYHOI Ta €KOJOTIYHOT
e(eKTUBHOCTI PI3HUX METO/IB, 1110 3a0e3neuytoTh BUKoHaHHs Bumor Annex VI MARPOL mozno
eMicii OKCHIIB CIPKH MiJ] 4ac 3HAXO/XKEHHSI CY/I€H MOPCHKOTO TPAHCIIOPTY Y pailoHaX KOHTPOIIO
3a BUKUAMHU.

PesyabTaTn pociaimkenb. JlochmigkeHHs BUKOHYBAJIM Ha JBOX OJHOTHITHUX MOPCHKUX
crierianmizoBanux cyaHax kimacy Bulker Carrier menseiitom 63300 Tonn. Ha ogHOMy 13 cyneH
BUKOPHCTOBYBAJIacsi CKpyOepHa cUcTeMa JJOJAaTKOBOI'O OYMIIIEHHS BUITYCKHHUX Tra3iB BijJl OKCHIIB
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cipku). Lle 103BOJSIIO BUKOPUCTOBYBATH JJISl Cy[JHOBHUX JH3EJIB MAJUBO 13 BMICTOM CipKH 10
3,5 % 3a macoro. Ha apyromy cynHi J0JaTKOBE OUMILIEHHS BHUIIYCKHHMX Ta3iB HE BUKOHYBAJIOCS.
V 3B'a3Ky 3 muM mif yac excruryararii auseniB y SECAs BukopucroByBanocs nanuso DMA, mig
yac ekcruryaranii quseniB 3a mexamu SECAs BukopuctoByBanocs nanuo RME180. Ha mipomy
CyIHi OyJa peanizoBaHa TEXHOJIOTIS, sKa J03BOJISE 3aCTOCOBYBATH 010/IM3€IIbHE MAHMBO, SK TaKe
BukopuctoByBaniocs maauBo B30 kmacy FAME [5,6]. OcHOBHI XapaKTepHCTUKH IAJIUB
HaBezeH1 y Tabmumi 1.

Tabmuus 1 — XapakTepuCTHKH MaInB

[Tapamerp RMG380 | RME180 DMA FAME B30
B'sskicts 3a 50 °C, cCt 329 184 12,8 36,3
I'ycruna 3a 15 °C, xr/m® 986 928 896 914
Bwmicr cipku, % 2,7 0,48 0,082 0,018
Temneparypa cnanaxy, °C 81 73 67 71
TemoTBopHa 31aTHICTD, KJIK/KT 39070 40480 43420 36890

[Tin wac mocmimKeHHsT 00MIBa CyIHA 3A1MCHIOBAIM HABIral[iiHUI Mepexi Mk TOpTaMu
Aughinish (Ireland) Ta Tallinn (Estonia) 3 mpomixkaum 3axoaoM 10 moptiB Scagen (Denmark),
Kalundborg (Denmark), Gdynia (Poland). Ilix gac pyxy 3 mopty Aughinish 1o moprty Scagen
cynua 3axommiu 1o Baltic SECA. [1nan HapiraniiHoro nepexoay HaBeAeHO Ha puc. 2.
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Pucynok 2 — Ilnan HaBiramiitHOro mepexo.ry

[TopiBHSIHHS €KOJIOTTYHOCTI pOOOTH 000X CyJIeH BUKOHYBAJIOCh 3a BIIHOCHUM 3HAUEHHSAM

(sozj _(sozj
COZ IMO COZ eKC -

Sl
COZ IMO

ne [SOZ J — BIJIHOLICHHA eMICii JIOKCUAY CIPKH JI0 TIOKCUY BYTJIEIIO, 1[0 PETIaMEHTYEThCS
Co,
IMO

BuMoramu IMO i 4ac BUKOPUCTaHHS Ha CyJHAX CKPyOepHOI CHCTEMH OUMIIEHHS BUITYCKHHX
rasiB BiJl OKCH/IIB CIpKH;

Eco' =

((S:ng — BIJHOMIGHHS eMicCii IOKCHIy CIpKH [0 TIOKCHIY BYIJICIIO TiJ dYac
2 €KC

eKCIUTyaTallil BiAMOBIIHOI CXeMH 3HIKEHHS eMicii OKCUAIB CipkH (CKpyOepHOTO OYMIIEHHS 200
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010/TM3eTHLHOTO MAaJIHNBA).
[Tix yac BchOro HaBIraIiiHOTO MEepexoy oOMJIBa CyJHA MEPEBO3MIA OJHAKOBI BaHTaXI1

Ta BUKOHYBAJIM OJHAKOBI BaHTAXHI omepamii y moprax po3BaHTaxeHHs. lle 3abesmedyBaiio
IIEHTUYHICT, 30BHIIIHIX YMOB IIiJI Yac IIPOBEACHHS EKCICPUMEHTIB Ta I1JEHTUYHICTh
HABAaHTA)XCHb HA TOJOBHUW JBUTYH CyJeH. TakoX 1IEHTHYHHM JUIsi KOXKHOTO 13 CyleH
HIATPUMYBAINCS HAaBaHTAXXCHHS Ha JIONOMDKHI ABUTYHH. lle 3a0e3medyBanocss 0JHAKOBHMU
HAaBaHTAKCHHSMH Ha CyTHOBI CIIOKUBaui eHeprii [7].

Pesynbratu mocimipkeHb (11 HaBIra[iiHOTO MEPEXOAy, XapaKTEPUCTHKU SIKOTO HaBEICHI
Ha pHC. 2) HaBeJeHi Ha puc. 3.
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Pucynok 3 — 3mina exonoriyHoi cTiiikocTi cyaHa kiacy Bulker Carrier nenseiitom 63246 ToHH
3a pI3HUX CTIOCO0IB YIPABIiHHS €KOJIOTTUHOIO O€3MEeKOI0:
1 — BHUKOpHCTaHHS CUCTEMHU CKPYOEPHOTO OUYHIICHHS; 2 — BUKOPUCTAHHS NAJUBHOI CyMilTi 3
6ioauzensHUM manuBoM; | — pobora y SECA; Il — poGota nmoza SECA

BukopucranHs MeTOJIB YIpPAaBIiHHS €KOJOIIYHOKW O€3NeKOl0 3aBKAM IMOB's3aHe 3
IiABUIEHHSM BUTPAT €HEPTii 3 IXHBOTrO 3a0e3neueHHs. Y pa3i CHCTeMH CKPYOepHOTO OYUIICHHS
JOJIATKOBI BUTPATH €HEprii MoB's3aHi 3 BUKOPUCTAHHSAM HACOCIB MOPCHKOi BoAu Ta OydepHux
HacociB. Kpim Toro, Bukopuctanus ckpyoeproro ouutnieHus Ha 1,0...1,5 % 3HMKy€e MOTY X HICTh
TOJIOBHOTO Ta JIOTIOMDKHUX JIBUT'YHIB. Lle moB’s13aHe 3 MiJBUILEHHAM aepoJUHAMIYHOTO OMOpPY B
ra3oBUIIYCKHOI MaricTpanl Ju3eniB. Y pa3l BUKOPUCTaHHS MaJMBHOI CyMIlIl, 10 MICTUTh
Oioau3enpHe MalUBO, TOJATKOBI BUTPATH €HEprii MoB'si3aHi 3 poOOTO0 Hacoca 010AM3EIbHOTO
naJiMBa Ta J03epHOI YCTaHOBKH, IO 3a0e3medye A0JaBaHHs 010M3ENbHOTO MANNBA y MATHBHY
marictpanb. Homorpama, mo BigoOpakae BTpaTH MOTYXHOCTI MiJ 4ac BUKOPHUCTaHHS Pi3HUX
METO/11B, HAaBEJIEHO Ha puC. 4.
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PucyHnok 4 — BTpatu noTy>KHOCTI 3a pi3HUX CIIOCOOIB YIIPaBIiHHS €KOJOTIYHOIO OEe3MEeK0I0
cynHa kiacy Bulker Carrier nenseritom 63246 TOHH:
1 — BUKOpPHCTaHHS CUCTEMH CKPYyOEpPHOTO OUHMIIEHHS; 2 — BHUKOPHUCTAHHS MAJIMBHOI CYMIIII,
710 CKJIay SIKOT BXOJUTH 010/1M3€IbHE TaTUBO

BucHoBKkH. YTpaBiIiHHS €KOJOTIYHOK OE3MEKOI0 HaBIralmiHUX MEPEeXOAIB € OIHUM i3
CKJIaJIOBHX, SIKI BU3HAUAIOTh POOOTY CYAE€H MOPCHKOTO TpaHCHOpTy. OCOOIMBO aKTyalbHOIO €
HIATPUMKA €KOJIOTI4HOiI O6e3neku /i paiioHiB [liBHIYHOT €Bponu, B SKUX CTBOPEHI CHEIialbHI
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€KOJIOT14HI PalOHU KOHTPOJIIO BUKH/IIB OKCHJIIB CIPKH.

BuxoHaHHS MI>XKHapOJHUX BUMOT 11010 PiBHS eMicii SOx MOXIIHMBE IIISXOM J101aTKOBOTO
OYMILIEHHS BUIYCKHUX Ta3iB, a TAKOX 3a PaXyHOK BUKOPUCTAHHS IajJHBa 3 HU3BKHUM BMICTOM
Cipku. Y mepiioMy BHUIAJKy BUITYCKHI T'a3H MiJAAI0ThCS OUUIIEHHIO Y CleLialIbHUX CKpyOepax,
y JIpyroMy — BUKOPHCTOBY€ETHCS 010/M3€IbHE MATUBO, BMICT CIPKM B SIKOMY HE IEPEBHUILYE
0,02 %.

EdexTuBHICTD BUKOPHUCTaHHS METOJIB YNPABIIHHS €KOJOTIYHOI OE3MEeKOI0 MOXKe OyTH
OIlIHEHA 33 €KOJIOTTYHOK CTIMKICTIO cyaHa. UuM BUIIE 3HAYCHHS €KOJIOTIYHOI CTIHKOCTI — TUM
BiJl MAKCHMAJIbHO MOKJIMBHX 3HaueHb eMicii SOx mepeOyBaroTh moTouHI 3HaUeHHs emicii SOx.
MeTton  BUKOpPHCTaHHA  JOJATKOBOTO  OYMILNEHHS  BUIYCKHUX Tra3iB y  cKpyOepax
XapaKTepU3y€EThCs HAWBHUIIOI EKOJOTIYHOI e(peKTUBHICTIO. Ilpu 1bOMYy BUKOPUCTAHHS SIK
METOY YIPaBIiHHS €KOJOTIYHOIO 0€3MEeK0I0 010AM3EIHHOT0 NaIMBa TAaKOXK 3a0e31euye BUCOKUN
piBEHb €KOJIOT1YHOI CTIMKOCTI.

Jlo HemomikiB METOMAIB KEpPYBaHHS EKOJIOTIYHOIO O€3MEeKOI0 BIAHOCATHCS BTpaTH
MOTYKHOCTI JIM3€Ts, SIKi MOB'SA3aHi 3 JOAATKOBUM aepOAMHAMIYHHUM OIMOPOM Y Ta30BHUITY CKHIH
Mmarictpam. Tako BHMarae JIOJAaTKOBUX BHUTpAT €HEPrii JoJaTKOBE OONaAHAHHS, sKe
3abe3neuye (GyHKIIOHYBAaHHS CUCTEM OYHINECHHS T'a31B a00 MiArOTOBKY MMAIHBA.
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3ABE3IIEYEHHA BIINMOBIZHOCTI CYJHOBUX /IU3EJIIB
MI’KHAPOJIHUM EKOJIOT'TYHUM HOPMAM 11010 BUKUAIB
OKCHUIIB CIPKAU

Cacin C.B., Pycnax /[.10.
Hayionanvuuii ynisepcumem «Qoecbka MopcvKa akademisy
(Vkpaina)

Beryn. [IutanHsaM eKoIOTiYHOI O€3MeKu CyJeH MOPCHKOTO Ta BHYTPILUIHHOTO BOIHOTO
TPAHCIIOPTY NMPHUAUIIETbCS 0co0MMBa yBara. HalO1bI1i 30MTKH TOBKULIS 3aBAAIOTHCS CYTHOBOIO
€HEePreTUYHOI0 YCTAaHOBKOIO, BHACIIIOK POOOTH SIKOT YTBOPIOIOTHCS TaKi IIKIUIMBI KOMIOHEHTH,
SIK He3TOPUIl BYTJIEBOHI, TBEPAl YACTHHKH, OKCHJIU a30TY, MAPHUKOBI T'a3U Ta CIIOIYKH CipKU. Y
TOW Yac SK Ha YTBOPEHHS psAAYy HEOE3NEUHNX KOMITOHEHTIB, L0 BXOJAATH IO CKJIATy BUITYCKHUX
rasiB, MO’KHa BIUIMBAaTH 3a PaxyHOK CIEIliadbHOI OpraHi3allii MmpoIeciB B IWIIHAPI ABUTYHA,
eMicCis CIpKOBMICHUX KOMIIOHEHTIB LIJIKOM 1 TIOBHICTIO BU3HAYAETHCSI BMICTOM CIpKHU B TTaJIMBI.

[TpyHIMIIOBUM MUTAHHSM € T, 1110 JIOCSATHEHHS HOPMAaTUBHUX MOKA3HUKIB 11010 BUKUIIB
okcuniB cipku SOx MoOxe OyTH OTpUMaHO B pe3yJbTaTi BUKOPUCTAHHS CIICLIATbHUAX BHIIB
HU3BKOCIpYHMCTOrO manuBa (31 BMicToM cipku He Outbin 3a 0,5 % 3a Macoro) abo NIIIXOM
OUMINEHHS BHUITYCKHHX Ta3iB B CHEUiaJbHUX MEepPHU(EpiiHIX MPUCTPOSX TBUTYHIB, Y BHIAIKY,
KOJIM CYJTHOBHI JM3€/b €KCIUTYyaTyeThCs Ha BUCOKOCIPYMCTUX COPTax MajiuBa (31 BMICTOM CIpKH
10 3,5 % 3a Macoro). OCHOBHHM JIOKyMEHTOM, IO PEriJaMeHTY€E BMICT CIPKH Yy Cy/IHOBOMY TTaJIMBi
Ta BUMOTH SIKOTO MOBHMHHI 3a0e3redyBaThcs MiJ Yac eKCIUTyaTallii AU3eliB, 110 BCTAHOBJIEHI Ha
Cy/IHaX MOPCHKOTO Ta BHYTPILIHBOTO BOJHOTO TpaHcnopTy, € Kouseniiss MARPOL [1].

AKTyaJIbHICTh Aoc/iaxkenHs. Po3B’s3aHHI0 NaHiil mpoOieMi NMPUCBAYEH] MaTepianu Ta
pexomenpamii mibkHapomuux oprasizamid: IMO (International Maritime Organization —
MikHapoHa Mopchka oprasizaitis), ICS (MixkHapoaHa nmanata cyaHoruiasctBa — International
Chamber of Shipping), ISO (MixunapoaHa opranizaiiis 31 cranmaprtusaiii — International
Standard Organization), a TakoX MDKHapoAHUX Mopcbkux perictpiB Lloyd's Register
(Benukobpuranis), Bureau Veritas (@panuig) Ta American Bureau of Shipping (CIHA), siki €
ynenamu |ACS (MixHapoaHa acorfiamis kiacudikaiiiinux TtoBapucte — International
Association Classification Societies), a Takosx J0cCiipKeHHS 0aratboX HayKoBIIiB [2, 3].

ITocTanoBka 3aaaui. 3anauero 1ociikeHHs OyB aHaJIi3 TEXHOJIOTIH, 1110 CIIPSMOBaHI Ha
3a0e3MeyeHHs] BIAMOBIIHOCTI CYJHOBUX AHM3ETIB MIKHAPOAHUM €KOJOTITYHHM HOpPMaM MO0
BUKH/IIB OKCUIIB CIPKH.

PesyabraTn pocaimxennsi. OqHUM 3 BapiaHTIB, K1 3a0€3M€4ylOTh BUKOHAHHS BHUMOT
MARPOL mono ewmicii okcumiB cipku SOx Ta BMICTY CIpKH y CYAHOBOMY TajiuBi €
BUKOPUCTAHHS AJIbTEPHATHBHHUX BHIIB MAJINBA.

3a cBOIMM XIMIYHUMH Ta (I3MYHUMH XapaKTEPUCTUKAMH aJbTEPHATHBHI BUAM NaJIMBa
CYTTEBO  BIAPI3HAIOTHCA Bl TPaJAMLIMHMX  TaJMB  HAPTOBOrO  MOXOJKEHHS, IO
BUKOPUCTOBYIOTbCS Y €HEPreTHUYHUX YCTaHOBKaxX CyAE€H MOpPChKOro TpaHcmopTy. Ilepmr 3a Bce
1€ TIOB’sI3aHO 3 HAJHU3BKOIO, a 1HOJII 3 TIOBHOKO BIACYTHICTIO CIpKM y IHX BUIax mnanuBa. J[o
OCHOBHMX BHJIIB TaJMBA, BUKOPHCTAHHS SKUX MOXeE IOBHICTIO ab0 YacTKOBO 3aMiHHUTH
BUKOPUCTAHHS TaJiBa HA(TOBOTO ITOXOKCHHS BITHOCITHCS: 3pIHKEHUH TNPUPOIHUIN Ta3
(Liquefied Natural Gas — LNGQG), 3pimkenuit Hadrosuii ra3 (Liquefied Petroleum Gas — LPG),
METaHOJI, aMiaK, BOJICHb, AIIMBO 010JOTIYHOTO MOX0KeHHs / OiomanuBo (0ioanu3ess uu 6ioras).

3pimxennit npuponnuit raz (LNG) — me uucte i Oe3nedHe CyqHOBE MainBo. BOHO
Bignosizae Bumoram Annex VI MARPOL. Yepe3 nmoBHY BiJICYTHICTb CIPKH y CBOEMY CKJIAJl
LNG craHoBUTh €000 MalIMBO 3 HYJIHOBUM BHKHMJOM OKCHIY CIpKH 1 Maie HYJIbOBUM
BUKHAIOM TBepANX 4YacTWHOK. LNG BHKOPHCTOBYETBCS SIK TATUBO Ui CYAHOBUX IH3EIIB 3
noyatky 2000-x pokiB. LNG € mmpoko JOCTYITHUM MaIuBOM — eKkcrnoprepu Ta imnoprepu LNG
ICHYIOTh Mai)ke y BCiX perioHax city. 3a ominkamu Exxon Mobil, 12 % mnanuBa, sike
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nependadaeTbcsi BukopuctoByBatu 10 2040 poky, Oyae razom. LNG € onHi€I0 3 €KOJOTIYHHX
AbTEPHATHB BAKKOTO TMajdvBa Ha()TOBOrO MOXO/pKEeHHs. Bukopucranus LNG chnpusie
3HWKEHHIO BUKHIIB CIpUMCTHX cOyK Ha 90...95 %. YpoaoBx OCTaHHIX POKIB YUMAaJl0 HOBUX
CyleH OyJio CIpOEKTOBaHO came Tija BukopuctaHHs LNG sik ocHOBHOro manmpa. Pik Bix poky
CriocTepiraeTbCsi 30UIBIIEHHS KUIBKOCTI 3aMOBIIEHb Ha CyaHA, 1Mo mpamioioTh Ha LNG.
JluHaMiKy pO3BUTKY CyJeH MOpchKoro Tpancnopty Ha LNG nanmBi HaBeneHO Ha puc. 1.
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Pucynok 1 — Jlunamika po3BHTKY CyZeH MOpChKoro Tpancnopty Ha LNG nanmsi

[lepeBaru nanusa LNG:

® € eKOJIONYHO YHCTUM MAIUBOM;

e po3BUHEHA IHPPACTPYKTYpA 1 JOTICTHKA;

e KkpuoreHHi mnanuBHi cuctemMu g LNG, ra3zoBi TypOiHH, HOpPIIHEBI ABUTYHHU
BUPOOJISIOTHCS B IPOMHUCIIOBUX MacuITadax i JTOCTYIHi.

Henomniku manmusa LNG:

e npobiremu OyHKepyBaHH:, [TOB’A3aHi 31 CHeliaJbHUM 00JIaTHAHHSAM;

e qnaguBHI Oaku 3aiiMaroTh B 3...4 pa3u Ouiblle Miclisid B MOPIBHSIHHI 3 CyJHAMH, SIKi
MPALIOIOTh Ha TPAIULIIIHOMY MaJUBi;

e 30epiratucs LNG Moe BUKJITFOUHO B CIIEI[ia/IbHUX KPIOT€HHHUX IUCTEpHaxX [4].

3pimkennit HadroBuit ra3 (LPG) — npedkumu CcyqHOOYNIBHMKM PO3IIISJIAETHCS  SIK
OCHOBHMH BHJ NajlMBa Ha TaHKepax, 0 HOr TpaHCHOPTYIOTh. OJHOYACHO 3 LUM, TEXHIYHHUX
nepewko Ay BukopuctanHs LPG cyaHamu pi3HUX po3MipiB — BiJl OKEAHCHKHUX MaCaXKUPChKUX
JaifHepiB J10 HEBEJIMKHUX TPAHCIIOPTHHUX CYAEH ab0 Cy/eH TEXHIUHOro (DJIOTY HE iCHYE.

[TepeBaru LPG sk nanusa:

e  HH3bKa BapTicTh (Onm3bka 10 LNG);

®  HU3bKI IHBECTHIlII{HI BUTPATH.

Henoniku LPG sk nmanuBa — BiICYTHICTh OyHKEpYBaJIbHOI IHPPACTPYKTYPH.

Mertanon 3aitmae apyre wmicie mniciast LNG B pedTUHTY EpCIEKTUBHUX albTEPHATUBHUX
BUJIB TMajuBa Ui BUKOPUCTAHHS B JU3EIAX MOPCBKHUX CylneH. MeraHon wyacTime
BUTOTOBIISIETHCS 3 TPHUPOJHOrO Tasy. Moro coGiBapTicTh CTAHOBMTH NOJOBHHY IiHM HA Tas3.
BupoOGHMIITBO METaHOITy 3 TOHOBIIOBAHUX JIXKEpes eHeprii poOUTh HOro 3eJIeHUM MaJTUBOM JUIS
CYIHOIUIaBCTBA.

[TepeBaru MeTaHoIy SIK NAJNKBA y MOPIBHSAHHI 3 HA()TOBUM MAJIUBOM:

®  EKOJIOTIYHO YMCTE MAJIMBO, 110 BIANOBIAa€ MpaBUIaM B 30HAX KOHTPOJIIO BUKHUIB;

e CGKOHOMIYHO BHTIJJHE 3 TOYKH 30pYy BUTpAT Ha 30epiraHHs i iHQPacTpyKTypu i
OyHKepyBaHHS,

e  BapTICTh NepeoOIaHaHHS CYJIeH JUIsl pOOOTH Ha METAHOJ1 3HAaYHO MEHINE, HIXK i
yac kouBepcii Ha LNG a6o LPG,;

®  ICHYBaHHS CXBAJIEHUX CTaHJAPTIB JJISI METAHOJIY SIK MOPCHKOT'O MaJINBa;
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® IIBUIKO PO3UMHSETHCS y BOJAlL Ta HIBHAKO BUIAPOBYETHCA — IO 3MEHIIYE HOro
HETaTHUBHUI BIUIMB HA JIOBKULIS Y BUNAJAKY aBapiiHOro po3nuBy (y MOPIBHSAHHI 3 PO3JIHBOM
HaTH);

e  MOXX€ BUPOOJISATHUCS 3 IPUPOJHOTO ra3y, ByruLis 1 BIAHOBIIOBAHUX JIXKEPET;

®  JIOCTYyIHICTh OyHKEpYBaHHY 3aB/ISKH ICHYIOUii iHOPACTPYKTYpi.

Henoniku mMetaHony Sk majuBa — €KOJOTiuyHa HeOe3leka uepes MiABUIICHHUN piBEHb
BHUITAPOBAHOCTI B pa3i aBapiiHUX BUKHUIIB a00 PO3JIMBY METAHOJY IIiJl YaCc HOro BUPOOHUIITBA,
TPAHCIIOPTYBaHHSI, BUKOPUCTAHHS.

AMiak — XIMIYHAa pPEUYOBHMHA, IO € BapiaHTOM YHCTOTO TAaJMBa, SKy MOXHA
BUKOPHCTOBYBATH B CYJHOBHX JHM3EJIAX /Il OTPUMAHHS KOPUCHOI POOOTH.

[lepeBaru amiaky sk majnuBa:

®  HE MICTUTH BYIJICLIEBOIO KOMIIOHEHTY, oTke, He Buisie CO ta COy;

e 3a0e3neuye BUKUAM OKCHIIB a30Ty NOx y HEOOXITHUX MeXax;

® MPaKTUIHO HEOOMEKECHA CUPOBHUHHA 0a3a;

e po3BUHEHA IH(QpPACTPYKTypa 1 JOTICTHKA — BHPOOISETBCS B YCbOMY CBITI 1
TPAHCIIOPTYETHCS Yyepe3 OLIbIIICTh MOPTIB.

Henoniku amiaky sik nmajamBa:

®  BiJCYTHICTb OyHKEpYBaJIbHOI iHQPACTPYKTYpH;

®  BHCOKa BapTiCTh;

®  BHCOKI BHKHUJIH NTAPHUKOBHX T'a3iB;

e  IHBECTHUIIIHI BUTPATH HA HEOOX1THI CUCTEMH OE3ICKH.

JluHaMiKy PO3BUTKY CYyJIEH MOPCBHKOTO TpPAHCIIOPTY, IO BHUKOPHUCTOBYIOTH amiak SK
MaJIMBO HABEACHO Ha puc. 2.
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Pucynok 2 — JluHamika pO3BHTKY CYZE€H MOPCHKOTO TPAHCTIOPTY, III0 BUKOPUCTOBYIOTH amMiak
AK TAJIUBO

Bonenp — came exosoriyHo yMctuil Buj nanuBa OTpUMYIOTH 3 IPUPOAHOrO razy abo
HUIAXOM enekTpoiizy. Ha cynHax BoaeHb B 3pIPKEHOMY CTaHI MOMILIAETHCS B KOMITPECiiHI
pe3epByapu abo 30epiraeTbCs y BUTIIAAI XiMiuHOi cronyku. [lepeBaru BOAHIO SIK ManuBa —
HYJIbOB1 BUKHU]IU B pa3i BUPOOHHUIITBA 3 TOHOBIIIOBAHUX JIXKEPENT €Heprii.

Henouniku BoHIO SIK MAJIMBA!

®  BiJICYTHICTb OyHKEpYBaJIbHOI IHQPACTPYKTYpH;

®  BHUCOKI IHBECTHIIIIHI BUTPATH Ha BUPOOHUITBO, 30€piraHHsl, MaJIKUBHI €IIEMEHTH;

®  I0JIaTKOBI BUTpPATH Ha HEOOXI1/IHI CUCTEMH O€3IeKH;

®  BiJCYTHICTH IIPaBHUJI BUKOPHCTAHHS BOIHIO SIK MAJINBA.

[MaymBo OionoriyHOrO MOXO/KEHHs / OiomanuBo. Jlu3ens cylneH MOPCBKOTO —Ta
BHYTPIIIHBOTO BOJHOTO TPAHCIOPTY MOXYTh BHUKOPHUCTOBYBaTH sIK OilomanuBo Olojauzens (y
piakomy crani) abo Gioras (y razomnonibHomy craHi). biogu3ens — 11e CHHTETUYHUI BUJ TIAJIMBA,
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10 BUPOOJISAIOTH 3 010JI0T1YHOI CHPOBHHU (POCIMHHA OJIisl, TBAPUHHMI JKUP, BOAOPOCTI TOIIO) B
nporieci XiMigHOi peakiii [5].

[lepeBaru BukOpHcTaHHs OlomanuBa — 3HIKEHI BUKUAL okcuaiB cipku SOx, azoty NOx
ta Byrienro CO2 ta CO.

Henoniku BUKOpHUCTaHHS MAJINBA:

e oOMmexeHa OyHKepyBajbHa iHQPACTPYKTYpH Ta JIOTICTHKA;

®  [Ii/IBUIIIEHA BAPTICTh.

JluHaMiKy PpO3BHUTKY CYAE€H MOPCBHKOTO TPAHCIIOPTY, LIO BHKOPUCTOBYIOTH HAJBO
010JIOTIYHOTO TOXO/KEHHSI SIK OCHOBHE JDKEpeno eHeprii, abo y ckiaai CyMimi 3 MajauBOM
Ha(TOBOTO MOXO/PKEHHS, HABEICHO Ha pUC. 3.
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Pucynok 3 — JIuHamika po3BUTKY CYZCH MOPCHKOTO TPAHCIIOPTY, IO BUKOPUCTOBYIOTH MAITHBO
010JI0T1YHOTO MOXO/XKEHHS SIK OCHOBHE JKEPEIIo eHepTii, a00 y CKJIaji CyMilll 3 HaIUBOM
Ha(TOBOTO MOXOIKEHHS

Jlo TEeXHONOriYHMX METOJIB, IO CHPUSIOTH 3HIDKEHHIO €eMICii OKCHIIB CIpKH 3
BUMTYyCKHUMH Ta3aMH BiJHOCUTHCS BHKOPHCTAaHHS aKyMyJSTOPDHHX OaTapeil MamTuBHHUX
enemMeHTiB. [lomiOHI i1HHOBALINWHI TEXHOJIOTIi aKTyallbHI JUIi CYAEH, $KI IepecyBaloThCs
MEPEeBAKHO Ha HU3bKIM MIBUAKOCTI, EKCIUlyaTallisl SKUX 3OIHCHIOETHCS y TNPUOEPEKHUX
MOPCBHKHUX aKBaTOPisX, @ TAKOXK HA BHYTPILIHIX BOAHMX HUIIXaX [6].

JluHaMika pPO3BUTKY CYJEH MOPCBHKOTO Ta BHYTPIIIHHOTO BOJHOTO TPAaHCIOPTY, MIO
BUKOPUCTOBYIOTh aKyMYJISITOPHI Oatapei 11 3a0e3neueH s pyxy, HaBeieHa Ha puc. 4.
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Pucynok 4 — JI[uHaMika po3BUTKY CYJEH MOPCHKOTO Ta BHYTPIITHHOTO BOAHOT'O TPAHCIIOPTY,
10 BUKOPUCTOBYIOTh aKyMYJIATOPHI Oatapei yist 3a0e31eueHHs pyxy

[lepeBaru akymyJIsITOpIB, K JDKEpeNa pyXy CylIeH MOPCHKOTO Ta BHYTPIITHHOT'O BOJHOTO
TPAHCHOPTY — BUCOKA €KOJIOTIYHICTh (HYJIbOBI BUKUAM ITiJl YaC BUKOPUCTAHHS €JEKTPOCHEeprii
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BiJl BITHOBITFOBAHHX JIKEPE).

Hemonikn akyMynsTopis:

e  3HAYyHI BUTPATH Ha 30€piraHHs - MOBHICTIO €JICKTPUYHI CUCTEMHU MOJKIIMBI TUIBKHU JJIS
Jy*e 00MEeXEHOT0 4Kciia TUIIB 1 po3MipiB Cy/IeH;

e oOMexkeHa 3a 4YacoM €(EeKTHBHICTHP Ta HEOOXITHICTh TOHOBJICHHS BiJ 1HIIOTO
ABTOHOMHOTO JDKEpelia CHeprii.

BucnoBku. Excrmyaraiis CyeH MOPCHKOTO Ta BHYTPIIIHBOTO BOJHOTO TPAHCIOPTY
NOBHHHA BUKOHYBATHCS 3 3a0€3MEUYEHHSIM MIKHAPOJHUX EKOJOTIYHMX HOPM MIOJ0 BUKHIIB
OKCUIB Cipku. JloCATHEHHS Ii€i METH MOMIJIMBO 332 PaXyHOK BUKOPHCTAaHHS albTEPHATUBHUX
BHJIIB MMaJMBa, sKi (HAa BiAMIHI BiJ MaJuBa HA(PTOBOTO IMOXO/KEHHS) XapaKTePU3YHOThCS
HAJHU3BKOIO, a 1HOIi 3 TIOBHOIO BiJICYTHICTIO CIpKH y CBOEMY CKJIAJI.

JIo OCHOBHMX BHWJ/IIB IaJHBa, BHKOPHCTAaHHS SKHX MOXE IOBHICTIO a00 4YacTKOBO
3aMIHUTH BUKOPHUCTaHHS NaJlBa Ha()TOBOTO MOXO/KEHHS BITHOCATHCS: 3pIIKEHUH MPUPOTHUN
ra3 (Liquefied Natural Gas — LNGQG), 3pimkenuii Hadrosuii ra3 (Liquefied Petroleum Gas —
LPG), meranon, amiak, BOJeHb, MAJMBO OI0JOrIYHOrO MOX0opKeHHs / OiomanuBo. KoxuHe 3
BKa3aHUX BUJIIB aJbTCPHATUBHOTO MMaJMBa BOJIOIE MEpPEeBaraMu SK y TMOPIBHSHHI 3 MaIMBOM
Ha(TOBOTO MOXO/KEHHS, TAKOXK 1 Y TOPIBHSIHHI B IHITUMH aJTbTEPHATUBHUMU TTAJTHBAMH.

Bubip ambTepHaTHBHOIO MajBa 3 METOK 3HIIKEHHS PIBHIO €Micii OKCHIIB CIpKH 3
BUITYCKHUMH Ta3aMH CYJHOBUX IU3ETIB 3aJICKUTh BiJl KOHCTPYKINI MMaJMBHOI amaparypu Ta
KOMIUIEKTAIII] MaJTMBHUX CUCTEM JU3EJIs, BiJl XapaKTEPUCTHK Ta MPU3HAYCHHS CYJTHS a TAKOX BiJ
paiioHy ioro ekcryararii..
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AHAJII3 METO/IB NIJBUIIEHHSA IMAJIMBHOI EKOHOMIYHOCTI
CYAHOBUX IU3EJIIB

Camapin O.€.
Xepconcbka depoicasna MopcoKa akademist
(Vrpaina)

Beryn. CyaHoBi u3enbHI JBUTYHH MPOTSITOM OUIbII HDK CTa POKIB 3aJIHINAIOTHCS
TOJIOBHUMHM CHUJIOBUMH YCTAaHOBKAMH y CBITOBOMY CYyAHOIUIaBCTBI. BoHM 3a0e3neuyioTh BUCOKY
HAJIMHICTh, 3HAYHUN MOTOpPECypC 1 NMPHUMHATHUN pPIBEHh €KOHOMIYHOCTI. BomHodac cydacHi
TEHJCHIIII MOPCHKOTO TPAHCIOPTY BHU3HAYAIOTh HOBI BUKJIMKHU: 3POCTaHHS ILIH Ha MaJUBO,
KOPCTKI MDKHApOAHI €KOJOriuHi HOpMH, BUMOTH 10 ckopoueHHs BukuaiB CO: ta NO,. Lle
CTUMYJIFOE HAYKOBIIIB 1 CYJAHOOYMIBHUKIB J0 TOIIYKY €()EKTUBHMX METOMIB IiABUIIICHHS
MAJTUBHOI €KOHOMIYHOCTI.

AKTyaJbHicTh Aociaigxkenb. [TanuBo ckmamae nmonan 50 % excruryaTamiiiHUX BHUTpaT
CYJIHOIUIABHUX KOMIMaHii. 3MEHIICHHS TUTOMOI BUTPATH HaBiTh Ha 1—2 % J03BOJISIE EKOHOMUTH
JECSITKU THCSY AOJapiB Ha PIK AN OJHOTO CEePeIHbOTOHHAXHOro cyaHa. KpiM eKoHOMiYHHMX
YUHHMKIB, BUPIMIAIbHE 3HAYCHHS MAalOTh €KOJIOTiuHi: ckopoueHHs BUKUAIB SOy, NOx 1 CO: y
pamkax BukoHaHHs MARPOL Annex VI. Takum 94uHOM, JAOCIHITKEHHS METOMIB IiIBUIICHHS
MAIMBHOI €KOHOMIYHOCTI € CTPATEriuHO BAXXIIMBUM 3aBIaHHSIM.

IlocranoBka 3agaui. MeToo cTaTTi € MPOBEACHHS KOMIUIEKCHOTO aHali3y METOMIB
T IBUIIICHHS MTAJTMBHOI €KOHOMIYHOCTI CYHOBUX JTU3EIIiB.

Jlist nocArHEeHHS TOCTaBICHOI METH BU3HAYEHO TaKi 3aBJIaHHS:

1. JTocmiauTy TeIUIOTEXHIYHI MOKa3HUKH TU3EIbHUX JBUTYHIB.

2. [IpoananizyBaTy KOHCTPYKTHBHI pillICHHS 7S MiABUILIEHHS €()EKTUBHOCTI.

3. Po3risiHyTH €KCIUTyaTalliifHi Ta OpraHi3alliiiHi 3aXoau eKOHOMIT aliuBa.

4. BukoHaTy MOPIBHSIIbHY OI[IHKY METOAIB 1 BU3HAYUTU HAHOUIBII MepCIEKTUBHI.

Pe3yabTaTi 10C/TiIKEHD.

1. TennorexHiuyHUM aHATI3.

[Turomi Butparn nanusa (SFOC) 3anexath Bifi epeKTUBHOI MOTYXHOCTI ABUryHa Ne ta
BuTpatu nanusa Gt:

be = (Gt / Ne) x 3600, (1)

ne Gt — BuUTpaTa majnuBa, Kr/Top,
Ne — edeKTHUBHA OTY>KHICTh, KBT.
EdextuBHicTh BU3HauaeThes Takoxk sk KK/I:

Me = Ne X Nm, ()
ne Nt — tepmivyanit KK/,
Nm — mexaniuanit KK/I.
2. KOHCTpYKTHBHI METO/IH.
J10 KOHCTPYKTUBHUX PIllICHb HAJICXKATH!
- ONITUMI3aLlisl CHCTEMH YIOPCKYBaHHS MajiBa (€JIEKTPOHHE KepyBaHHs (POPCYHKaAMH );
- 3aCTOCYBaHHS TYpOOHAIAYBY 3 IPOMIXXHHM OXOJIO/PKCHHSIM;
- BUKOPHCTaHHS CHCTeM pelpKyJsiii raziB (EGR);
- 3HIDKCHHSI MacH PyXOMHX JIeTaJIeH, 0 CKOPOUYYy€e MEXaHiIuH1 BTPaTH.
3. ExcrutyaTtariiitHi Mmetoau.
BximoyaroTh  MiATpUMaHHS ONTHUMAIBHOTO TEIUIOBOTO CTaHy [BUTYHA, CBOE€YACHE
OuMILEeHHs (PUTBTPIB 1 HPOPCYHOK, BUKOPUCTAHHSA MAaCTUI 3 HU3bKUM KOE(II[IEHTOM TepTS.
4. Opranizariiiiai 3axXo/1.
OnTuMizanis MIBHIKOCTI PyXy CyJHA, IUIAHYBaHHS PEHCIB 3a JOMOMOrow MHHU(POBUX
cHCTeM, YTHJII3allisl TEIJIOTH BinpanboBanux rasis (Waste Heat Recovery).
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Tabmuis 1 — EQexkTuBHICTE OCHOBHUX METO/IIB ITiIBUIIICHHS €KOHOMIYHOCTI

MeTton Exonomis manusa, % JlomaTtkoBi nepeBaru
OnTumizallis yHOpcKyBaHHS 2-4 3HIKEHHS JUMHOCTI
TypOoHamyB 3 intercooler 4-6 301JIbIIICHHS MTOTY>KHOCTI
ExoHOMIUHA MIBUAKICTH CyTHA 5-10 MeHn1uuii 3HoC
Waste Heat Recovery 3-5 Enexrpoenepris

Tabmuus 2 — IopiBHAHHS XapaKTEPUCTUK MAJIUB JJIS CYAHOBUX JAMU3EIIiB

Twun nanusa

Hwuxuya Temmora
sropsinasi, MJDx/kr

Buxugu CO2, 1/M]JIx Oco0muBoCTI

Masyt (HFO) 40,2 77 HI/ISI)K.a BapTICTh,

BUCOK1 SOy
Jln3enpHe manuBo Kpamia uncrora
(MDO) 42,7 4 3TOPSIHHS
3piKeHU Huzeki SOy 1 CO2
NPUPOJHHN Ta3 50,0 56

(LNG)

MuToma BUTpaTa nanuea, r/kBT-roa
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BucHoBkHu.

1. TlanuBHA EKOHOMIYHICTh CYJHOBHUX MIHM3EIIB 3aJIC)KHUTh SIK Bil KOHCTPYKTHBHHX
XapaKTepUCTHK, TaK 1 BiI yMOB eKCILTyaTallii Ta opraisanii podotu ¢uory.

2. HaiiGinpn nepcreKTHBHUMH METOJIAMH € €IIEKTPOHHE YIOPCKYBaHHS, 3aCTOCYBaHHS
TypOOHaIyBY 3 intercooler ta cucrem yTuiizaiii TEI0TH BiANPalbOBaHKX ra3is.

3. 3nauHoro e(eKTy MOXKHa JIOCATTH 3a paxyHOK mnepexoay Ha LNG, mo 3a6e3neuye 10
20 % exoHOMIi Ta CYTTEBE 3HUKCHHS BUKHIIB.

4. IloenHaHHS KOHCTPYKTHBHHUX, CKCILTyaTaI[iIiHUX 1 OpraHi3amifHuX 3aXO0JiB JT03BOJISE
3HMU3UTHU MUTOMI BUTpaTH naiusa Ha 10-20 %.
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CYYACHI TEHJAEHIIII 3ABE3NIEYEHHS EHEPTOE®EKTUBHOCTI
CYJAHOBHUX IBUI'YHIB

Camapin O.€.
XepcoHncvka OepaicasHa MOPCbKa akademist
(Vkpaina)

Beryn. CyuacHe CyIHOIIABCTBO TepeOyBae B yMOBAX IMOCHJICHHS BUMOT JIO 3HHMKCHHS
BHUKHJIIB IIKIJJITMBUX PEYOBHH Ta ONTHUMI3aIlii BUTpAT najuBa. EHEproedeKTUBHICTh CyIHOBHX
JBUTYHIB € KIIFOYOBUM YMHHUKOM y 3MEHIICHHI eKCIUTyaTaliiHIX BUTPAT 1 HETATUBHOTO BILJIUBY
Ha JoBKULIL. MixHapomHa mopcbka opranizamis (IMO) BCTaHOBIIOE JKOPCTKI CTaHAAPTH
eneproedextuBHocTi (EEDI, SEEMP), mo cTtuMmyntoe TOHIyK HOBHUX pilieHb y cdepi
MPOEKTYBaHHS, eKCIUTyaTallii Ta MoJIepHi3allii Cy/THOBUX €HEePreTHYHUX YCTaHOBOK [1].

[TpoGiiema eHeproeeKTUBHOCTI CyTHOBUX JIBUTYHIB HaOylia TJ00aThbHOTO 3HAYCHHS B
YMOBaxX 3pOCTaHHS OOCSTIB CBITOBUX MOPCBHKHX II€peBE3€Hb. 3a OI[IHKaMU EKCIIEepTiB, Ha
Cy/JHOIUIaBCTBO Tmpumnagae moHaa 250 MIH TOHH BHUKOPHUCTAHOTO TMajguBa MOpoKy. lLle
MPU3BOIUTH HE JIMIE 10 BUCOKUX BUTPAT E€KCILTyaTaHTIB, a i 0 BUKHJIIB OKCUIIB CIpKH, a30Ty
Ta JIOKCH]Ly BYTJICIIIO, SIKI HETAaTHBHO BILTUBAIOTH HA JIOBKIJLJIS.

AKTyaJIbHiCTh JAOCHiAXKeHb. 3 Ornsay Ha rinobanbHI TeHAEHIIi AexapOoHi3amii Ta
PO3BUTOK «3€JICHOT» EHEPreTHKH, ITiIBUICHHS CHEProeEeKTUBHOCTI CYJHOBHX JIBUTYHIB CTa€
HEOOXIZIHOI0O  YMOBOIO  KOHKYPEHTOCIIPOMOXKHOCTI ~ cBiTOBOro  ¢ioty. Bukopucranus
TPAaIUIIMHNX JU3ETBHUX ABUTYHIB CYNPOBOUKYEThCs 3HaUYHMMHU BHKHIaMu COz, SOy ta NOy,
TOMY aKTyaJlbHUMH HamnpsMaMd € BIPOBAKEHHS anbTepHaTUBHUX BHAIB mnaimuBa (LNG,
METaHOJI, BOACHb, aMiakK), 3aCTOCYBaHHS CHUCTEM peKyIepamii eHeprii Ta IHTEeJeKTyalbHUX
CUCTEM KEpYBaHHS peKuMaMu poOoTH ABUTYHIB. [linBuiieHHs: eHeproeeKTUBHOCTI IBUTYHIB €
OCHOBHHM HaNpsIMOM PO3BUTKY CyZHOOYyIyBaHHA Ta eKciutyaTamii ¢pioty [2].

IMocTanoBka 3agayi. MeTor0 JOCHIKEHHS € aHalli3 Cy4YaCHUX TeHJEHIIN 3a0e3meueHHs
eHeproe(eKTUBHOCTI CyJHOBHUX JIBUTYHIB, BU3HAYCHHS OCHOBHHUX IIJISXIB 3MEHIICHHS BUTpAT
najnuBa Ta 3HIKEHHS BHUKUAIB Yy BIAMOBITHOCTI JO MIKHAPOJHUX EKOJOTIYHHMX CTaHAAPTIiB.
3aBaaHHs MOJISITAE Y:

- cucTeMaTH3allli CyyacCHUX T€XHOJOT1H MiIBUILIEHHS eHeproe)eKTUBHOCTI;

- TOCJIJPKEHHI BIUTUBY aJIbTEPHATUBHUX MAJUB Ha poOOTY ABUTYHIB;

- OLIiHIII NEPCHEKTHB BIPOBAPKEHHS U(POBUX PIllIEHb ISl ONTUMI3aLlli eKCIUTyaTarii.

PesyabraT nocaigxenb. MixkHaponHa Mopebka opradizauis (IMO) Bu3Haumiia HU3KY
HOPMATHUBIB, sIKi 3000B’S3yI0Th CYIHOBJIACHUKIB 3MEHIIyBaTH BUTpaTU mNanuBa. OCHOBHUMHU
MOKa3HUKaMHu € [3]:

1. EEDI (Energy Efficiency Design Index) — ingekc eHeproeeKTUBHOCTI I HOBHX

CYZEH.
2. EEXI (Energy Efficiency Existing Ship Index) — ixmekc 1is 104X Cy/IeH.
3. Cll (Carbon Intensity Indicator) — mnoka3HMK IHTCHCHBHOCTI BHKHIIB BYTJICIIO.
DopMaIbHO 1HAEKC EHEProePeKTUBHOCTI MOKHA MOIATH SIK CIIBBIIHOIICHHS:
E = (FC x Cf) / (DWT x Vref) 1)

ne: FC — piuHe cio)kuBaHHS nanuBa (TOHH/PIK);
Cf — koedinient neperBopenns nanusa y COz;
DWT — nexaseiiT cyana;
Vref — pedepeHcHa MBUIKICTb.

Cepen cyyacHHMX TEHJEHIH 3a0e3redyeHHs] eHeproe(eKTUBHOCTI CYTHOBUX JBHUTIYHIB
MO>KHA BUIIJTATH:

1. BukopucTaHHs allbTepHATUBHUX TAJIMB.

AnbTepHAaTUBHI BUIM MMaivBa [4]:
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- 3pimkenuii npupoanuii raz (LNG). Ilepexin Ha 3pimkenuit npupoanuii ra3 (LNG)
no3Bossie 3MeHmuTH BUkuan CO2 Ha 20-25% Ta maiike moBHICTIO yCyHYTH BUKUAN SOx;

- METAHOJI Ta aMiaK — MalOTh MEPCIEKTUBY SK MAIMBA 3 HYJIbOBUM BMICTOM CipKH;

- BOJIEHb — Y MO€/IHAHHI 3 TAJIMBHUMHU eJleMeHTaMH 3a0e3rneuye noBHYy BiaACcyTHICTH CO:
BUKH/IIB.

[lepcnekTMBHUMHU € BOJEHb Ta amiak, SKi pO3IJISAAIOTBCA 5K  OE3BYIJICICBI
EHEePTrOPECyYPCH.

2. Pexymnepariisi TerioBoi eHeprii. BnpoBamkeHHs cucTteM yTuiizanii Teria BUXJIOMHUX
ra3ziB (WHR — Waste Heat Recovery) 3a0e3nedye q0JaTKOBY T'€HEpAIlii0 eIeKTPOCHEpPrii, 1110
3HI)KY€ Ha BaHTA)KEHHS HAJOTIOMIKHI TeHepaTopu [5].

3. I'ibpunHi enepreTryni yctaHoBKU. KoMOiHyBaHHS IWU3EIbHUX ABUTYHIB 13 CUCTEMaMHU
30epiranHs eHeprii (akymyJsTopamMu abo0 CYNEepKOHJIEHCATOpamMH) JO03BOJISIE 3MEHIIUTH
CHOYKMBAHHS TAJIMBA NP 3MIHHUX PEKUMaX pyXy cyaHa [6].

I'Opuani CHIIOBI YCTAaHOBKM TMOEIHYIOTH JHU3ENb-TEHEPATOPU 3 aAKyMYJISATOPHUMHU
Oarapesmu. Lle no3Bose:

- eKOHOMUTH TaJMBO MIPH MAHEBPYBaHHI;

- paIroBaTH OE3IIYMHO B €KOJIOT1YHUX 30HAX;

- 3MEHIIIYBaTH HABAaHTA)KEHHS HA OCHOBHI JIBUTYHHU.

Po3paxyHok ekoHOMIT TaJIMBa JyIs TIOPUHOT CUCTEMH MOYKHA BUPA3UTH TaK:

S = ((FCO — FCh) / FC0) x 100%, )

ne: FCO — ButpaTu manuBa TpaaulliiiHOl yCTaHOBKH,
FCh — BuTpartu riOpuaHOi yCTaHOBKH;
S — BIZICOTOK €KOHOMII.

4. OnrruMmi3aniis TigpoanHaMiki. BUKOPUCTaHHS CydyaCHUX KOHCTPYKIIN MBHHTIB, CUCTEM
00pOoOKH MOBEPXHI KOPIYCY Ta MPHUCTPOIB Ul 3MEHIIEHHS ONOPY PYXY Ja€ 3MOT'Yy CKOPOTUTH
BuTpartu eneprii 1o 10-15% [2, 3].

5. ludposizauis mnpoueciB ymnpapiaiHHA. BHpoBaJkeHHS CHCTEM MOHITOPUHTY B
pearbHOMY 4Yaci Ta alrOpUTMIB MAIIMHHOTO HAaBYAHHS JIO3BOJISIE A/IAalTYBaTH PEKUMH POOOTH
JBHUTYHIB 10 3MIHHUX YMOB €KCIUTyarTarlii, miaBuinytoun edeKTHBHICTh Ha 5—7% [4, 5].

Hudposizalis excrryaraiii CyTHOBUX JBUTYHIB Iiepeadayac:

- BUKOpHCcTaHHs cucteM Big Data 117151 mporao3yBaHHs 3HOCY;

- IHTEJIEKTYyaJIbHE PEryJII0BaHHS MIBUAKOCTI 3aJI€)KHO B1J] IOTOJJHUX YMOB;

- BIIPOBA/PKEHHs aBTOMAaTU30BaHUX CUCTEM €HEPrOMEHEKMEHTY.

[Ipuknan — cucrema «Smart Ship», ska 37aTHA ONTUMI3yBaTH MapuIpyT CyJdHA 3
ypaxyBaHHSM NOTOJHUX (QakTopiB, 3a0e3nedytoun 10 7—10% ekoHoMIi nanuBa.

6. OnTuMmizalis JBUTYHIB BHYTPILIIHBOTO 3TOPSHHS.

CyuacHi IBUTYHH OTPUMYIOTH [6]:

- @JICKTPOHHE KEPYBaHHS yIIOPCKYBaHHSIM;

- CUCTEMHU pelupKyIsaLii BianpamnpoBanux rasis (EGR);

- KaTamiTudHi HerTpanizaropu (SCR).

Tabmuis 1 — 3HMKeHHS BUKU/IIB IPU 3aCTOCYBAHHI Cy4aCHUX TEXHOJIOT1H

Texuomnorist 3umxeHas CO2, % | 3amxenns NOX, % 3umxkeHas SOxX
LNG 20...25 80 100

SCR - 70...90 -

EGR - 40...60 -
bionaauso 10...15 30...50 100

7. OpranizamiiiHi Ta ekcIUTyaTalliiHl 3axOiu, IO BIUIMBAIOTh HA 3aBaHTAXXCHICTh
JIBUTYHA.
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OxpiM TeXHIYHUX IHHOBAIIiH, BAKIUBUMH € [4]:

- slow steaming — 3wmenmenns mBuakocti Ha 10% 3abe3neuye g0 20% exkoHOMIT
MAJINBA;

- TEeXHIYHE OOCIyrOBYBaHHS — OYMINCHHS KOPITYCy BiJ O010J0TIYHOTO OOpOCTaHHS
3MeHIrye omip pyxy Ha 8-10%.

- MATOTOBKA €KIMa)Xy — IMABUIICHHS KBamidikaiii crpusie eeKTUBHOMY YIPaBIiHHIO
JBUTYHAMHU.

Tabmuus 2 — OpieHTOBHUI BIIMB €KCILTyaTalliiHUX 3aX0/[IB HA EKOHOMIIO IajiBa

3axizn OpieHTOBHA €KOHOMIS
manusa, %
Slow steaming (-10% V) 15...20
OuunieHHs! KOPIycy 8...10
OunIeHHs TBUHTA 3..5
ABTOMAaTH3allisl YIIPaBIiHHS 5.7

Pesynpratu  aHamizy CBig4aTh, IO KOMIUICKCHUH  MiOXiJA O  ITiABHINCHHS
€HEeproe(eKTUBHOCTI, SAKHH IO€JHYe BUKOPUCTAHHS aJbTEPHATHUBHUX MajJHMB, CyYaCHHX
TEXHOJIOTi Ta UU(PPOBUX pIllICHb, € HAWOUIBII MEPCIEKTUBHUM JUIS Cy4aCHOTO MOPCHKOTO
TPaHCHOPTY.

BucHoBku.

1. IligBuiieHHs eHeproe(eKTUBHOCTI CyIHOBHMX JABHMIYHIB € KIIOYOBUM 3aBJaHHAM
CY4YacHOTO CYJHOIUIABCTBA y 3B’SI3KY 3 €KOJIOTTYHUMH BHMOTaMHU Ta €KOHOMIYHUMH (haKTOPAMH.

2. OCHOBHUMHM HamnpsMaMH PO3BUTKY € 3aCTOCYBaHHs aJlbT€PHATUBHUX BUIB IaJMBa,
BUKOPHCTAHHS CHCTEM peKyIeparlii Teria, BIpOBaKEHHS T1OpHIHIX YCTAHOBOK Ta IU(PPOBUX
TEXHOJIOT1H YIpaBIiHHS.

3. IlepcnekTuBM Taily3i MOB’s3aHiI 3 IMMEPEXOJOM 10 OE3BYIJICHEBUX IaduB (BOJCHB,
amiak) Ta IHTErpali€lo 1HTENEKTyalbHUX CHUCTEM YIPABIiHHSA, 10 3a0€3Me4YUTh BiANOBIAHICTh
MDKHApOJHUM CTaHAApTaM Ta KOHKYPEHTOCIPOMOXHICTh CBITOBOTO (JIOTY.

BukoHaHHA 1uX 3axoliB JO3BOJHUTH JOCATTH CTPATEriyHOi METH — IOCTYIIOBOTO
3HIKEHHSI BUKU/IB Ta TIEPEXO/y CBITOBOTO (hJIOTY O BYTJIEIEBO-HEUTPAIBLHOTO CyIHOIUIABCTBA
10 2050 poky.
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HIABUINMEHHA EHEPI'OE®EKTUBHOCTI CYJAEH 3A 10ITIOMOI'OIO
MPUCTPOIB KEPYBAHHS IOTOKOM

ILleoponoces O.B., Coyenxo B.B., Konosanosa I'. B.
Xepconcokutl HA8UANbHO-HAYKOBO2O THCIUMYM
Hayionanvuozco ynisepcumemy kopabnebyoysanns im. aom. Makaposa
(Ykpaina)

Beryn. IlpoGnema minBuiieHHS €HEProeeKTHUBHOCTI CYJCH € OJHIEI0 3 KIFOYOBHX Y
Cy4acHOMY CyaHOOyayBaHHI. 3pOCTaHHS IIiH HA MaJINBO, MOCHJICHHS MDKHAPOIHUX €KOJOTTUHUX
BUMOI' 1 IparHeHHS 1O 3HW)KCHHS BHUKHUIIB BYIJIEKHCIOTO Ta3y 3yMOBIIOIOTH HEOOXITHICTh
MOIITYKY HOBUX TEXHIYHHUX PIIICHb JUIS 3MEHIIEHHs eHeprocnoxuBanusi. OqHUM i3 eheKTHBHUX
HampsIMiB € BUKOPHCTAaHHS NPHUCTPOIB KEPYyBaHHS IIOTOKOM, SKi ONTUMI3YIOTh OOTIKaHHS
KOpITyCy Ta MOKPAIlylOTh POOOTY TBUHTO-PYJIBOBOTO KOMIUIEKCY. 3aBISIKH LIbOMY MOXKIIHBO
JOCATTH 3HM)KCHHS BUTpPAT MajnBa 0e3 3MiHU T'OJIOBHOI €HEPTeTUYHOI YCTAHOBKH Cy/IHA.

IMocTranoBka 3agavi. MeToro poOOTH € aHai3 Cy4acCHUX TEXHIYHHMX pIllIEHb Yy Tay3i
KEpyBaHHS IMOTOKOM HAaBKOJIO KOPIyCy CyJHA Ta OI[IHKa €(QEKTUBHOCTI 3aCTOCYBaHHS IIHX
OPUCTPOIB Ui 3MEHIIEHHS TiIpOAMHAMIYHUX BTpaT. JlOCSATHEHHS TOCTaBICHOI METH
nependaydae po3riisil pi3HUX TUIIIB MPUCTPOIB, MPUHIIUIIIB IXHBOT Ail, pe3yibTaTiB MOJCIIOBAHHS
Ta MPAKTUYHUX MPUKIIA/IiB BUKOPUCTAHHS.

lNpponunamiuna eheKTHBHICTh CyJHA BH3HAYAETHCS B3a€EMOJIIE€I0 MOTOKY 3 KOPIYCOM,
rpeOHUM T'BHHTOM 1 KepMoM. Uepes HepalioHaIbHUI PO3IOIiJ IBHIKOCTEH Y KOPMOBIN YacTHHI
BUHUKAIOTh €HEPreTUYH] BTPATHU, 10 3HIKYIOTh 3arallbHUN KOe(ili€HT KOPUCHOI il pyIIiiHOTO
KoMIUIeKCy. st 3MEHIIEeHHS IUX BTPAT 3aCTOCOBYIOTH Pi3HI NMPHUCTPOi KEPyBaHHS MOTOKOM
(flow control devices), siKi CHpUSIOTH BUPIBHIOBAHHIO MOTOKY, CTBOPEHHIO IepenoOepTaHHs
BOJIM TIEpei TBUHTOM Ta 3MEHIICHHIO TypOYJIEHTHOCTI 32 HUM.

Jlo HalinoIMpPEHIIUX MPUCTPOIB KEPYBaHHS MOTOKOM HAJlEKAaTh:

— MPUCTPOI, 1110 BCTAaHOBMIOIOThCA Micis rpedHoro reunta (ESDs AFT);

— MPUCTPOI, 10 BCTAHOBIMIOIOThCA A0 rpedHoro raunTta (ESDs FWD);

— e(eKTUBHUI KepMOBUI TPUCTPIH.

ESDs AFT

Ipunyun pooomu

Buxop y matounHi rpeGHOTO TBUHTA BUHMKA€ BHACIIZOK 3’ €JHAHHS I'PAaHUYHUX BUXODIB,
SIK1 YTBOPIOIOTBCS Ha JIONATAX rBUHTA. KOoXKHa JIOMaTh CTBOPIOE BIACHUN BUXOP, IO CHOXKUBAE
€HEepTiIo 1 Il BUXOPH 3JIMBAIOTHCS 32 MATOUYMHOIO TBUHTA, YTBOPIOIOYM KOHLIEHTPOBAHUN BUXOP.

Tomy 3acTocyBaHHS KOBIaKa MaTOYMHHU 3 KUIBKICTIO KPUJIEIh, 1110 BIAMOBIAAE€ KUTBKOCTI
jomnaTeil TBUHTA, MOXXE 3MEHIIWTH 3’€IHAHHS IIMX BUXOPIB 1, TAKUM YWHOM, IIiJIBUIIUTH
e(peKTUBHICTb POOOTH I'BUHTA.

@dopma Ta IHTEHCUBHICTh BUXOpPY 3ajieXKaThb BiJ MOJIA CHiAy CyJHAa i TPUBHUMIPHOTO
XapakTepy NOTOKY Ha IUIOIIMHI TBHHTA, BiJ KOHCTPYKIi camoi JiomaTi, Xapakrtepy ii
HaBaHTaXCHHS MMOOJN3y MaTOYMHH, a TAKOXK BiJl TUITY Ta KOHCTPYKII1 KOBIMaKa 3 KPWIBISIMA Ha
MaTOYHWHI TBUHTA.

Ilomenuyiiini nepesazu

IToxparieHnHs: epeKTUBHOCTI 3a JONOMOTOI0 KOBIIAKa MaTOYMHH 3 KpuiblsiMu (Propeller
Boss Cap Fin, PBCF) 3anexuTs BiJl XapakTepy NPUTOKY MOTOKY /10 TBHHTA, KOHCTPYKIIIi caMOro
IBUHTA, a TaKOX TUMY ¥ (QOpMM KOBMaka MAaTOYMHU. Y CEpEAHbOMY, 3TiJTHO 3 pe3ysibTaTaMH
MOJIETIbHUX BUIIPOOYBaHb, OUIKyBaHe MiIBULICHHS e(peKTUBHOCTI cTaHOBUTH Bix 1,4 % 1o 1,7 %.

Ilpomucnoeuii 0oceio

VY Halikpamux BUNaAKax IMiJ 4ac MOJAENbHUX BUIPOOYBaHb 3a(iKCOBAHO IMiJBULICHHS
epexTuBHOCTI 10 2,8 %. AHami3 ekciulyaTalifHMX JaHMX JBOX aBTOMOOLJIEBO3IB IMOKa3aB
npupict epexruBHocTi Bix 1,57 % 1o 3,02 % (y cepennbomy 2,3 %). Bognouac y pasi HeBaaiol

260 03-04 2pyous 2025 poky



IIpo6aemu cmasozo po3gumky Mopcwvkoi 2anysi (PSDMI - 2025)

KOHCTPYKIIi KOBIAaKa 3 KpWIbLSAMH, sfKa He Oyla ONTHMI30BaHa IiJ KOHKPETHI YMOBH, Y
MEePEBIPOYHUX JOCIIDKEHHSX CITOCTEPIraaucs BiJICYTHICTh MOKpAIIeHHs a00 HaBITh MOTIPIIECHHS
e()eKTUBHOCTI.

Pucynok 1 — Kosnak matounnu (Propeller Boss Cap Fin)

ESDs FWD

Ilpunyun pooomu

He Bci ¢gopmu KOpHmycCiB CyA€H OTPUMYIOTh OJHAKOBY KOPHUCTb BiJl 3aCTOCYBAaHHS
eHeprozoepirarounx npuctpoiB. CyaHa 3 BEIMKUM KOE(il[ieHTOM MOBHOTH 00’ €My KOPIYCY, TaKi
SK TaHKEpU Ta OaJKepH, MAIOTh OUIBIIHMK ePEeKT BiJ X BUKOPUCTAHHS, HI)K KOHTCHHEPOBO3H 31
CTPYHKHM KOPITyCOM.

[Tpuctpoi momepenHboro 3akpydyBaHHa moToky (Pre-Swirl Devices, PSD) 3a3Buuaii
3aCTOCOBYIOTbCS Ha TaHKepax, OajikepaX, KOHTEHMHEpPOBO3aX 1 YHIBEpCAJIbHMX CyAHax. Taki
HOPUCTPOI, K MPaBUIIO, HE BUKOPHUCTOBYIOTHCSI Ha BEIMKHUX JBOKiIeBMX razoposax (LNGC),
OCKUIbKY Yepe3 HU3bKUM KOe(DILIEHT TATH OYIKYBaH1 €HEPreTUYHI [epeBaryu € He3HaYHUMU.

VYci noaibHi mpucTpoi MaroTh OyTH ONTUMI30BaH1 MiJ] KOHKPETHY (opMy KOPIIyCy CyHA.
Kpim Toro, rpeOHMII TBHHT TaKOXX TIOBUHEH IWPOEKTYBAaTHCA 3 YpaxyBaHHSIM BHOpaHOI
KOH(}Iryparii NpucTporo, aJ’ke OCTaHHIN BIUIMBAE HA YaCTOTY 0OepTaHHS IBUHTA Ta, BIJINOBIIHO,
Ha 3anac notyHocrti (light running margin).

Ilomenuiiini nepesazu

[loTenuiituuii npupicT e(EeKTUBHOCTI BiJ 3aCTOCYBaHHS MPUCTPOIB IMOIMNEPEIHHOTO
3akpydyBaHHsa 1MOTOKY (Pre-Swirl Devices, PSD) 3anexxuTh Bi piBHS €HEPreTMYHUX BTpAT Y
KOPMOBIH YaCTHHI KOHKPETHOI JOPMU KOpPIyCy Cy/JHa Ta BiJ Koe(illi€HTa TSI I'BUHTA B JTAHOMY
BUNAJIKY.

V Halikpamux yMoBax, 3a pe3ysibTaTaMi MOJAEIbHUX BUIIPOOYBaHb, OUIKYBaHUM IPUPICT
e(EeKTUBHOCTI MOXKe jJocsraTd Onu3bko 9 %. Y MeHII CHpUSTIMBUX BMIIAAKaX, KOJU BTpaTd
MOTOKY B KOPMOBIM YacTHHI1 HE3HAUH1, MPOTHO30BaHEe MMiBULICHHS CTAHOBUTH JIUIIE OJIM3BbKO 2
% a00 HaBITh MEHIIIE.

Ilpomucnosuit 0oceio

€ Baromi mijicTaBM BBaXkaTH, I10 THomepeaHi nporHo3u edexkruBHocti PSD y HatypHuUX
yMoOBax OyJIM HaATO ONTUMICTUYHMMH. BiAMOBIAHO 0 OCTaHHIX MOCHIKEHb, y PEATHbHOMY
MacmTall cynHa (aKTH4HI MPUPOCTH €(PEKTUBHOCTI CTAHOBIATH juie 64-77 % Bin panimie
IPOTHO30BAHUX 3HAYCHb.

3a3Buuail eHeprozo6epiratoui npuctpoi (ESD), po3ramoBani nepesx rBUHTOM, 0COOIMBO
Ti, III0 CTBOPIOIOTH TIONIEPEAHE 3aKPYUyBaHHS IMOTOKY, CIIPHYHHSIOTH 301TBIIICHHST HAaBAaHTAKCHHS
Ha TBUHT 1, BIANOBIHO, 3MEHIIEHHA 3anacy noTyxHocTi (light running margin). Ik Hacminok,
SKIIO CYJHO TPAIO€ HAa TiM camiil 9acTOTI 0OepTaHHS TOJIOBHOTO JIBUTYHA, MOTO IIBHIKICTH
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MOXKE€ HE3HAYHO 3POCTH, OJHAK L€ CYNPOBOKYETHCS HEBETUKUM MiJABHUIICHHSIM BHTPATU
1ajJuBa.

Pucynok 2 — IIpuctpoi nonepegHbOro 3aKpy4yBaHHs IOTOKY

Egexkmuenuit kepmosuit npucmpiii

[IpoexTyBaHHS KepMa — Iie CKJIQJHE 3aBJaHHS, TOJOBHOIO METOI SIKOTO € 3MEHIICHHS
€HEeprocIoKUBAaHHSI Ta, A7 MIBUIKOXIHUX CYJeH, 3aM00iranHs KapiTailii kepma.

ITixg yac mpoekTyBaHHS HEOOXiTHO BpaXOBYBaTH TaKi OCHOBHI BUMOTH:

— HOBE KepMO i TIpeOHMI TBUHT IMOBHHHI MPOEKTYBATHUCS OIHOYACHO, OCOOJIMBO Yy
BUIAJKy OO0YI0OBH HOBOT'O CY/Ha;

— 3a0e3meyeHHs XOpOIOi MaHEBPOBOI 3JaTHOCTI, IO Ma€ OCOOJIMBE 3HAUEHHS [IJIS
CYZIeH, SIKI IPALIOIOTh Y BY3bKUX 200 OOMEKEHUX MOPCHKHUX aKBaTOPIsX;

—  JIOCTaTHs KypcoBa CTIMKICTh (4acTo € mpoOIeMoro Ul CyJeH 13 TOBHUM KOPILyCOM,
HaIpUKIIaJ, TAHKEPIB 1 OalIKepiB);

— 3JATHICTh YTPUMYBATH KypC 3a CHWJIBHOTO OOKOBOTO BITPY, IO € OCOOJIHBO
BOXXJIUBUM JUISL CYJIEH 13 BEJTMKOIO MapyCHICTIO, TAKUX K KOHTEHHEPOBO3H, aBTOMOO1IEBO3HU Ta
Kpyi3H1 JTaiiHEepH.

IIpomucnosuii 0oceio

bepyun no0pe onTtumizoBaHe CTaHAapTHE KEPMO 3a 0a30BHIl pPiBEHb, MOXHA OYIKYBaTH
TaKi MOKpAIIEeHHs MPH BUKOPUCTAaHHI KepMa IMiJIBUILEHOI e()eKTUBHOCTI:

— KepMo i3 kpyueHHsM (twist rudder) Ta kepMOBOIO Oynb00I0 — yXKE CTaB CBOEPIIHUM
MIPOMHCIIOBUM CTaHAAPTOM Yy 0ararbOX CyYacHHX TPOEKTaX KOHTEHMHEPOBO3iB; 3abe3medye
npubIn3HO 2,2 % MiIBUIICHHS €HEeProeeKTUBHOCTI,

— KEpMO 13 KpyuYeHHsM, KEpMOBOIO OylIb00I0 Ta JAOAATKOBUMH KpuiblisamMu (fins) —
BHKOPHUCTOBYETHCS B HAWCy4JacHIIMX MPOEKTaxX OankepiB 1 TaHKepiB, 30kpema y IliBaeHHIN
Kopei Ta Snonii; 3a0e3neuye npubnusHo 3,2 % eKoHOMIi MOTY>KHOCTI;

— BHCOKOE(EKTUBHE KEPMO 3 aCHMETPUYHOIO JIONATTIO, BETUKOI KEPMOBOIO OyJIb00I0
Ta THTErPOBaHUM KOBITAKOM MAaTOYMHU TBHHTA (Hampukiaa, cuctema Wairtsild Energopac) mae
3MOTY AOCATTH NpuoOIu3HO 4,0 % 3MeHIIeHHsT He00X1IHOT MOTY>KHOCTI.
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Pucynok 3 — Kepmo niaBuieHoi eeKTHBHOCTI

BucHoBkH. BUKOpUCTaHHS TPHUCTPOIB  KEpyBaHHA TIOTOKOM €  OJHUM i3
HalleeKTUBHIIIUX CHOCOOIB MiJBUIIEHHS €HEeProeeKTUBHOCTI CyAeH 0e3 KapIuHAIbHOT
nepeOyIoBH 1XHBOI EHEPreTHYHOI CHCTeMHU. Pe3ynbTraTtd AOCHIDKEHb CBiAYaTh, IO HABITH
YaCTKOBE BIPOBA/KEHHS TAaKUX MPUCTPOIB MOKE 3a0€3MEeYUTH CYTTEBY €KOHOMIIO MajuBa Ta
smermeHHsT BUKUAIB CO.. [Tomanmpmwii po3BUTOK HAIPSIMKY TOB’S3aHHMA 13 yIOCKOHAICHHSIM
CFD-monentoBaHHs, po3pOOKOI0 aJaNTUBHUX CHCTEM KEePYBaHHS MIOTOKOM Ta IHTETPALI€l0 LUX
TEXHOJIOTIH Y TIPOIIEC MPOEKTYBAHHS HOBUX CYJICH.
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3ABE3NNEYEHHSA EKCILTYATAIIMHUX MMOKA3HUKIB MOTOPHHX
MACTHUJI CYIHOBUX JIU3EJIIB

Yumwup B.1., Pazinkin P.O.
Jlynaticokuil incmumym Hayionanvnoeo yrisepcumemy «Ooecbka MOPCoKa akaoemisy
(Ykpaina)

Beryn. JlBuryni BHyTpimHbOrO 3ropsiHHs ([IB3)/ au3eni, 10 BCTaHOBJIIOIOTHCS Ha
CYJHAaX MOPCBHKOI'O Ta BHYTPIIIHBOTO BOJHOI'O TPAHCHOPTY Ta BUKOHYIOTh (DYHKIIIi TOJIOBHUX Ta
JOMOMDKHUX JBHTYHIB, BxXe Ouipml 3a 50-TH pOKIB 3aiiMarOTh JOMIHYIOYE€ IOJOXKCHHS B
MOPIBHSAHHI 3 1HIIMMH THUIIAMH Ha TEIUIOBUX JBUTYHIB (ITApOBUMH KOTJIAaMH, TApPOBUMH Ta
ra3oBuMu TypOiHamu). OCHOBHOIO TEHACHLIEIO B PO3BUTKY CYJAHOBUX JU3ENIB € MiJBUIICHHS 1X
IUJITHIPOBOI Ta arperaTHoi MOTYXHOCTI, @ TAKOX TEXHIKO-€KOHOMIYHUX MOKa3HUKIB, IO OaraTo
B UOMY 3aJICKUTh B SKOCTI MOTOpHHUX MacTui (MM), ski 3a0e3MeuyroTh MPOLIECH iX MaIeHHS
Ta oxosiokeHHd. [1i1 yac BUKOHaHHA LMX (QYHKIIH MacTuiIa MOCTYIIOBO, @ B JAEGSIKUX BHUIIAJKaX
CTPUOKOIOIOHO, BTpavarOTh €KCIUTyaTaliliHi TOKa3HUKH — MEPII 32 BCE B S3KICTH Ta 3arajibHe
ayxHe yuciao. OCHOBHOIO IIJICTAaBOK LbOIO € MOTPAIUITHHS OO MacTuia 3a0pyAHIOIYUX
YaCTUHOK (SIK pe3yJbTaT HEMOBHOTO 3TOPSIHHS) Ta 3HOC KOHTAKTHUX IOBEPXOHb (BTYJIKA —
MOPIIHEB] KUIBIA Ta BKIAMUIN IIIIIUIHAKA — KOJMiHYaTHK Baj). OCHOBHMM METOJIOM
BUJAJICHHS 3 MacTujia 3a0pyIHIOIOYMX YAaCTHMHOK Ta MPOIYKTIB 3HOCY IS IUPKYISALIAHUX
CHCTEM MallleHHs € (impTparis mactuna [1, 2].

AKTYaJIBHICTh JOCJHiIKeHHsl. Y CyIHOBHX JW3EISX 3aCTOCOBYETHCS B OCHOBHOMY
Oe3nepepBHE OUMIIEHHS MAacTHJa, TOOTO MAacCTHJIO OYHUINAEThCA Oe3MepepBHO HA MPOTA31 BCI€l
poborm mu3ens. Hamilfinicte Oe3mepepBHOrO OUYHWIICHHS MacTwia 3abe3meuyerbes i
0araTocTymneHeBICTIO:

e[IepIIUN CTYHiHb — MOMEPEAHE OYMILEHHS — 3IIHCHIOETHCS CITYACTUMHU (PLIBTpaMH
MAacTWJIO MpHUiMadaM¥, IO BCTAHOBIIOIOTHCS B IHMPKYJISAIIHHMX MacTWIBHUX Oakax abo
KapTepax JU3eNiB JJIs 3aXMCTy BiJ TOMNaJaHb B CHUCTEMY MAIlEHHS BMIIQJKOBHUX JOMIIIOK
BEJIMKOTO pO3MIpY Ta JJIsl 3aXKUCTY B1J] MOUIKOIKEHb MAaCTUIILHOTO Hacoca.

® IpyrUil CTyMiHb — TIpy0€ OUMILIEHHS — 3/1HCHIOETHCSI TOBHOMOTOKOBUMHM (PiIbTpamu
rpy6oro ounienss (PI'O) mactuna pizHux KoHCTpyKUiil; @I'O ouniye MacTHIO BiJ YAaCTMHOK
3a0pyaHeHs po3Mmipom 40...250 Mk Ta gk 1 (UIBTPH 32 JOTOMOTOK SIKUX 3HIHCHIOETHCS
npuiiMaHHs MacTuia (0cOOIMBO Mij Yac BUKOPUCTAHHS MacTUJI 3 BUCOKUMHM JUCTIEPTUPYIOIIUMU
BJIACTMBOCTSIMHU ) BUKOHY€ 3aXUCHI (QYHKIIII;

® TPETI CTYMiHb — TOHKE OYMILIEHHS — 3A1MCHIOETbCA (DIIBTPaMU TOHKOI'O OYHIICHHS
(®TO) wmactmwiia abo BIAUEHTPOBUMH OYMCHUKAMM MacTuia, SIKI YacTO Ha3UBalOTh
HeHTpudyraMu abo cemaparopaMy; Ha IbOMY CTYIIEHI MacTWJIO 3a3BHYail OYMIIYETHCS Bill
YaCTUHOK 3a0pyAHEHHS pO3MipOM MOHAM 4...5 MK;

® YeTBEPTUHN CTYIiHb — JIOJATKOBE OYMILEHHS — 3/(1HICHIOETHCS B MOPOKHUHAX IATYHHUX
IIMAOK KOJIIHYACTUX BaJliB 3aBJSKHM BIALEHTPOBUM CHJIaM; KpIM TOTO, TOJATKOBE OYMIIECHHS
MacTHJIa MOKe 3/IIHCHIOBATHCA MAarHITHUMH 200 XIMIYHUMHU (DUIBTpaMH, a TAKOXK B JOJATKOBOMY
o0J1aJiHaHHI 32 paXyHOK I'paBITAllIfHUX Ta eNEeKTPUIHUX METO/IIB.

VYV KOMIIIEKC 3aXO0/iB, 3AaTHUX MPHUBECTH IO IMIJABHINCHHS €KCIUTyaTamiitHOI HaIIHHOCTI
CYJHOBUX JH3€NiB, BXOAUTh e(QEKTHBHA pereHepalis eKcIUTyaTalliiHUX XapaKTepUCTHK
MacTWJIbHUX MarepianiB. OaHMM 3 METOiB, M0 3a0e3NeuyoTh MpoLec pereHeparii
eKCIUTyaTalifiHuX BiacTuBocTed MM, € ix QinpTpartis.

IMocTanoBka 3amaui. MeTor TOCHiKEHHS € po3po0Ka KOMIUIEKCY HAyKOBO-TEXHIYHUX
pillieHb, SKi CHPUSAIOTH 3a0€3MEUCHHIO EKCIUTyaTallifHUX TOKa3HUKIB CYJHOBHUX MOTOPHHUX
MacCTHII.

Pe3yabTaTH a0cCaizkeHHsA. Y cHucTeMax LUPKYJSILIiIHHOrO MamieHHs cydacHux /JIB3
(0co0MMBO TakWX, MO MPAIIOIOTH 33 YOTHPUTAKTHUM IIMKIOM) JOMIHYIOUE€ TIOJOXKEHHS B
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CHUCTEMax TOHKOro ouuileHHs MM 3aiiMaroTh ITOBHO-IIOTOKOBI Ta KoMOiHOBaHi cxemu. Lle
00yMOBJIEHO 3pOCTaHHSM (OPCYBaHHs JU3€JIB, BUKOPHUCTAHUX IIaJUB TOTIPIICHOI SKOCTI,
HiBUIIECHHS MEXaHIYHUX HAaBaHTa)XEHb Ta TEMIIEPATypHUX TPAIi€HTIB B KOHTAKTYIOUHX
MOBEpXHsIX [3, 4].

OpnHi€el 3 MiACTaB MIMPOKOTO PO3MOBCIOKEHHS MTOBHOIIOTOKOBOIO TOHKOTO OYHILEHHS
MM (B mOpiBHAHHI 3 YaCTKOBOIIOTOKOBUM) 3’SIBUJIOCH IepeBe/IeHHS poOoTu cyaHoBux JIB3 3
JIETKUX TU3ETbHUX MaluB (TOOTO TakuX, B’ s3KicTh akux 3a 40 C He nepeBumnryBaia 15...20 cCr)
Ha BaXKKi ocTaTkoBi (B’s3kicTh skux 3a 40 C Ha mepmiomMy erami 3HaxOJWJach B MEXKax
150...180 cCr Ta 3rogom Oyna 36impmiena g0 380...500 cCr ta Bume — m0 750 cCrt). Takum
YUHOM, (PUIBTPH, 110 BUKOHYBAJIM OYMILEHHS JIMILIE JESKOi YACTHMHM BiJ 3arajlbHOr0 MOTOKY
MacThJIa Ta BCTAHOBIIIOBAJIUCH B cucTeMi MamieHHs /B3 3a GaiimacHoro cxemoro, He 3/1aTHI Oyu
e(DEeKTUBHO BUIAIATH JNPIOHOAMCIIEPCHI HEPO3YMHHI MPOIYKTH 3a0pYyIHEHHS, IO MOTPAIUIsLIA
JI0 HMPKYJSIIMHOTO MacTUIIA MiJ] 4ac HOro 3HaXO/PKEHHS Ha TOBEPXHAX LMIIHIPOBOI BTYJIKU Ta
HOPIIHEBUX KUIELb (10 HEMHUHYJIE CTAEThCSA B CYyJTHOBUX YOTHMPUTAKTHUX AM3eNaX). OnHOUAaCHO
3 UM CTaB HEMOXJIMBUM 3aXUCT Au3els Biag aOpa3sMBHOrO 3HOUIYBAaHHS JIHMIIE dYepe3
BUKOpPUCTaHHS NOBHOMOTOKOBUX PI'O, edeKTUBHICTh SKUX Oyina HEAOCTATHS JJs BUJAJIECHHS
JpiOHHUX JTOMIMIOK Ta 30epeKeHHSI Ha BUCOKOMY PiBHI pECYpPCHUX MOKa3HUKIB AU3eEiB [5, 6].

BuxopuctanHs B cucTeMi UMPKYJIALIMHOTO MAIIEHHS JAWU3ENiB MOBHOMOTOYHOTO
OUMINEHHS Ta BCTAaHOBJCHHS 332 IUX yYMOB (UIBTPIB TOHKOTO OYMIICHHS MAacTWIa CHPHUSIIO
MiJBUIICHHIO HAJIMHOCTI 3aXMCTy iX KOHTAKTYIOUMX IMOBEPXOHb BiJl HEOE3NMEYHUX YACTUHOK
3a0pyaHeHHs Ta 3a0e3rnedyyBaja HU3bKY KOHIIEHTPAIl0 HEPO3YMHHUX MPOAYKTIB B MM, sKi
NPUCKOPIOIOTh  Horo okucieHHs [7,8]. OpHowacHO 3 IIUM, MPOXOKEHHS  4epe3
MOBHOTIOTOKOBUH (iIbTp 3 MoBepXHEBUMH ¢inbTpytounM enemeHToM (PE) Bcboro moroky
MacTHJIa, 110 iJie A0 Yepe3 CBEpIJICHHsS B KOJIHYATOMY Baly B BHYTPILIHIO MaricTpaib TU3ems
(Ha MameHHs paMOBUX Ta MOTHJIbOBHX HiAIIMITHUKIB), CIPHUSIIO IiJBUIIEHHIO 1HTEHCUBHOCTI
HOro OYMILEHHS BiJ] 3arajJbHUX 1 30JIbHUX HEPOZUYMHHUX MPOAYKTIB [9].

Ha tenepimHiii yac TOBHOMOTOKOBE TOHKE ouuiieHHs MM (komu dyepe3 GiuIbTp
IPOXOJUTh BCE MACTHJIO, IO MpPSMY€ B BHYTPIIIHIO MAaCTHJIO-PO3NOAUIBHY MaricTpaib)
MPaKTUYHO BUTICHUJIA CUCTEMH YaCTKOBOIMOTOKOBI CHUCTEMI OYMINIECHHS, B SKMX Ha OaWmacHOl
MaricTpaiai BCTAHOBIIIOBAJIMCh YacCTKOBOIOTOKOBI (UIBTpH, Ta 3YMOBWJIO HAIiMHMN 3axucT
KOHTAKTYIOUHX ITOBEPXOHB U3 BiJl aOpa3sMBHUX YACTHHOK.

3acTocyBaHHsSI TOBHOMOTOKOMX (iIbTPiB TOHKOro ouuiieHHs Mactuina (DOTOMII)
CHPUSUIIO TaKOXK 3HIKEHHIO 3araibHOro 3a0pyaHeHHs [[B3 ByriieneBUMH BiIKITaJeHHSIMU, TOMY
mo 3abe3nedyBano MiATPUMKY KOHLEHTpalii ApiOHOJMCIIEPCHUX HEPO3UMHHUX MPOAYKTIB B
MM, sike BUKJIMKA€ MOTO 1HTEHCUBHE OKHUCIIEHHS Ta CTapiHHA. TakoX MO3UTHBHI pe3yJbTaTH 3a
UM TIOKa3HUKOM MaJli KOMOIHOBaHI KOMIUJIEKCH OYMIIEHHS MAacCTHJIO, sKe IO€IHyBal
MOCJI1/IOBHE BCTAHOBJICHHsI Ta BUKOpHCcTaHHS PI'O Ta BiIIIEHTPOBUX CeMapaTopis.

Ile 3ymoBmioe Te, mo B TemepimHiid yac OunbmicTs B3 (ocobmuBo cepenHbo- Ta
BHCOKOOOEPTOBUX) MAalOTh LUPKYJALIHHY CHCTEMY MallleHHS, B $KOi d4epe3 (uUIbTp, SKUil
BCTAHOBJIIOETHCS B HAarHITJIbHOI MaricTpali mepea MacTUIbHUM XOJOAMIBHUKOM, MPOXOIUTH
BECh MOTIK MACTHJIA, IO MPSMYE Ha MAIICHHS JeTalei ABUTYHA. BuxXigHa HOMIHAIbHA TOHKICTh
BiZICIBY (iIbTpyBasbHUX MatrepiajgoM (PM), 110 BUKOPUCTOBYETHCS B IMX (UIBTpax, 3a3BUYAi
craHoBUTh 15...25 MkM. Ile o3Hauae, MmO 10 KOHTAKTHUX MOBEPXOHb [U3ENIS YacTKU 3
pPO3MipaMH BHUIIIE 3a3HAYEHUX MPAKTUYHO HE MOTPAIISIOTh.

Edextunicte @OTOMII B mnopiBHsHHI 3 @DI'O 1 kKoMOiHamii OCTaHHIX 3
YaCTKOBOIIOTOKOBUMHM (iNbTpaMH TOKa3aHa Ha puc. 1, Akiil BigoOpaxae 3HOC MOBEPXOHb |h
JEeSKUX BY3JIB JIU3EJIB Ta TPYJIOMICTKICT poOOT T¢, 1m0 MoB’sA3aHi 3 0OCIyrOByBaHHSIM IHX
¢binbTpiB.
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Pucynox 1 — 3Hoc ocHOBHUX JeTanei qu3eniB Ih Ta TpyJoMiCTKICTh 006cayroByBaHHS T
(GUTBTPIB i Yac BUKOPUCTAHHS B IUPKYJIIMHAX CUCTEMaX MAIIEHHS PI3HUX CXEM OYHILIEHHS:
1 — rpy0Oe oumIIeHHS; 2 — YaCTKOBO MTOTOKOBE OYHMINEHHS; 3 — ITOBHO IMOTOKOBE OYUIIICHHS

Sk BurumBae 3 puc. 1, HaiiMeHmmi 3HOC In By3nmiB [IB3 cmocrepiraerbes mim 4ac
3aCTOCYBaHHS MTOBHOIIOTOKOBUX (PUIBTPIB TOHKOIO OYMILIEHHsS MacTuia. HaiOinpmuil BIuMB 3a
UM TIOKa3HMKOM IOBHOIOTOKOBE OuHIeHHS MM Hajae Ha CTaH BKJIAJUILNIB MOTHIBOBHX 1
paMOBHX MiAIMIMIHUKIB, 1 BIAMOBIAHUX IIMHOK KOJIIHYATOrO Baja JBUTYHA, IO IOB'A3aHO 3
OUThII IHTEHCHBHOI LMPKYJIAIIE€0 aOpa3WBHUX YAaCTHHOK dYepe3 IIi BY3NMM B IOPIBHAHHI 3
THIIMMH.

[IBUAKICTH 3HOUTYBAaHHS BKJIAIUINIB 1 IIMHOK KOJIHYATOTO Bally ITiJl 4ac 3aCTOCYBaHHI
@®TOMII B 1,85 pa3u MeHIIe HIK i Yac OYUIIEHHS MAaCcTHIIa YaCTKOBOIOTOKOBUMH (iIbTpaMHU.
SIkmo B cucteMi MalleHHs IW3ell 3/11MCHIOEThCS TIIbKU IpyOe OYMILEHHS, TO PI3HUIS B 3HOCI
MOPIBHIOBAaHUX BapiaHTIB JlocAarae 2,44 pasu.

3a MOpIIHEBUM KUIbLAM e(eKT BiA J1i MOBHOIOTOKOBOI'O TOHKOTO (UIBTPYBAHHS B
MOPIBHSIHHI 3 YaCTKOBOIMOTOKOBOTrO B KoMmOiHaiii 3 ®I'O He Takuii 3HauHui. B nboMy BUManky
JOCATAEThCSI 3MEHILIEHHS IIBUIKOCTI 3HONIYBaHHS IMX jeraned B 1,4 pazu. Y NOpIBHSHHI 3
rpyOMM  OYMILIEHHSM, JOJATKOBE MIJIKIIOYEHHS YaCTKOBONOTOKOBUX (UIBTPIB 3HHXKYE
3HOULIYBaHHA MNOpIIHeBUX Kuteupb Ha 35...37 %. 3acrocyBanHa @TOMII 3MeHnrye 3HOC mMX
neraneit BigHocHo ®I'O Ha 53...56 % (nuB. puc. 1).

3iCTaBJIEHHS JAHUX IO IIBUJIKOCTI 3HOLIYBAHHS LWIIHIPOBHUX BTYJIOK IOKAa3ye, 10 TOHKE
ouniieHHss MM B MOpiBHSAHHI 3 TpyOMM IMOKpallye 1ei nokasHuk B 1,4...2,1 pa3u. Bepxusa mexa
MOJIIMIIEHHS MPOIECY 3HOIIYBaHHS BiJIMOBIJA€ 3aCTOCYBAaHHIO TOBHOIIOTOKOBOI CX€M1 TOHKOI'O
OYMILIEHHS] MAaCTHJIa, HUKHS — YACTKOBOIIOTOKOBO.

OCHOBHI TMOKa3HUKHM PI3HUX THUIIB OYMIIyBadiB MacCTWIA, SIKI BUKOPHCTOBYIOTHCS B
cucremax MamneHHs [IB3, cBiguarh, 10 HOMiHaJIbHA TOHKICTh OUIBIIOCTI IMOBHOHMOTOKOBUXM
arperaTiB TOHKOTO OYMINEHHS 3HAXOAWTHCS B Aiama3oHi 20...50 MKM, 4aCTKOBO MOTOKOBUX —
5...25 mxMm. IMOBIpHICTH 3axMCTy mHap TepTs AM3eNs BiJ MOTPAIUISIHHSA BEIUMKHX YacTOK Yy
YaCTKOBO- 1 MOBHOIIOTOKOBUX OYHWIIyBadax 3HAXOJUTHCS BIANMOBIIHO B Mexax 5...40 % Ta
80...100 %.

[luTomMa 1HTEHCHUBHICTh BMJAJEHHS  3arajJlbHUX  HEPO3YMHEHHUX  JIOMIINIOK Y
YaCTKOBOIIOTOKOBHMX OUMINyBayaxX HabaraTo BHINe, HiDK y moBHomortokoBux: (1,6...3,4)-107°
npotu (0,15...2,6)-10° m/(c-kr). [Ipu mpoMy y eHTpUGYT i cemapaTopiB BOHA B Kilbka pasiB
BUlle HUK y ¢uibTpiB. OAHAK OCTaHHI MEPEBEPLIYIOTh BIALIGHTPOBI OYMIYBadl 3a TaKUM
MOKa3HUKOM, SIK 4ac, 1110 HeOOX1THUM I MOCTIHHOTO 0OCIyrOBYBaHHS, IMTOMA TPYIOMICTKICTh
00CITyroByBaHHS Ta MUTOM1 €eHEPrOBUTPATH Ha POOOTY OUMIIlyBaya
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BucHoBku. B pe3ynbpTaTi npoBeneHuX JOCTIKEHb 3p0OOMMO BUCHOBKH, IO 3a0e3MeueHHs
eKCILTyaTalliiHIX MMOKa3HUKIB MOTOPHUX MAaCTHII, IO BUKOPHCTOBYIOTHCS B CUCTEMAaxX MallleHHS
CYTHOBUX JTU3EJTIB MOYJIMBO IIISIXOM:

1) koMOiHOBaHOTO (iETPYyBaHHS Yepe3 PO3MEXKYBaHHS (PYHKIIH OUMIIIEHHS MACTHIIA MiX
arperaraMyd CHCTEMH MAIICHHS, NPH [bOMY (GUIBTPYBaHHSIM IOBHOTO IMOTOKY 3iHCHIOETHCS
HaJIHHAN 3aXHWCT JBUTYHA BiJ HeOE3MeYHHX aOpa3WBHUX YACTHHOK 3 BHUCOKOK (25...40 MKM)
TOHKICTIO iX BiACIBY, YaCTKOBO NOTOYHHM (UIbTPYBaHHAM IMiABHILY€ETHCS I1HTEHCHUBHICTDH
OYMILICHHS MaCTHJIA B/l IPiIOHOIUCIIEPCHUX HEPO3UYNHEHUX JOMIIIOK;

2) po3MexxyBaHHS (PYHKIIH OYHIIyBadiB IIOBHOTO 1 YaCTKOBOTO MOTOKIB,

3) 3HMKEHHS «IPA3bOBOr0» HaBaHTAKEHHS Ha MIOBHO MTOTOKOBI (PIIbTPYIOUi CIIEMEHTH;

4) MABUIIICHHSAM IHTGHCHBHOCTI OYHMIICHHS B 4YaCTKOBOMOTOYHHUX  (DIIBTPYHOUHX
CJIEMEHTaX;

5) 30UIBLICHHSM HAAIHHOCTI POOOTH (UIBTPYIOUUX EJIEMEHTIB KOHCTPYKTHBHUMH 1
TEXHOJIOTIYHUMHU METOJIAMH.
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THXKUHIPUHI' TA YIIPABJIIHHS IPOONECAMHA CYTHOPEMOHTY Y
NPO®ECIVMHINA MIATOTOBII MAMBYTHIX ®AXIBIIB MOPCBKOI
T'AJY3I

Azece M.C.A, /[suzap A.K.Y, Capcenoacs b.C.?
Y Xepconcovra oepacasna mopcvka axademis
(Vkpaina)
2Mopcwia axademia Kacniticbkozo 0epaicasrozo yrisepcumemy
mexHnonoeii ma insxcunipuney im. 111, €cenosa.
(Kazaxcman)

Beryn. Mopcbka raiaysb € OJHIEI0 3 HAaHOUIBII TEXHOJIOTIYHO CKIIAIHUX Ta CTPATETIYHO
3HaYyHIMX cdep CBITOBOI eKOHOMIKM. EdekTuBHICTh ekcrutyaralii ¢uoTy, CTiHKiCTh MOPCHKUX
nepeBe3eHb Ta Oe3leKa MOPEIUIaBaHHSA 3HAYHOK MIPOIO 3ajIeKaTh BiJ PIBHA TEXHIYHOI'O
00CITyrOBYBaHHS Ta CBOEYACHOTO MPOBEICHHS CyaHOpeMOHTHHX poOiT [1]. Cydachi cynmHa
OCHAIIIEHI  BHUCOKOTEXHOJIOI'IYHUMHM  €HEPreTMYHUMM  YCTaHOBKaMM, aBTOMAaTH30BAHUMU
CUCTEMaMH YIPABJIiHHS, CKIAIHUM HaBIramiiHUM OOJIaqHAHHSIM Ta Oe3JY4i0 JOIMOMIKHHX
MEXaHi3MiB, 110 BHMAara€ BiJ 1H)XXEHEPHOr0 IIEpCOHANy IJIMOOKUX 3HaHb Ta BHUCOKHX
npodeciiHUX KOMITeTEHITIH.

B yMoBax 3pocTaHHs TEXHIYHOI CKIAQAHOCTI CyJeH, HU(poBizalii BUPOOHMIITBA Ta
BIIPOB/DKEHHSI 1HTEJIEKTYAIbHUX CHCTEM MOHITOPHHTY 3POCTalOTh BHMOTH 10 KBasi(ikaii
daxiBmiB, sfki OepyTh ydacThb B oOprasizaiii Ta BHUKOHAHHI CYJIHOPEMOHTY. [HXXUHIpHUHT Yy
CYIHOPEMOHTI Tependayae 3acTOCYBaHHS HAyKOBO OOIPYHTOBAaHHUX METOJIB MPOCKTYBaHHS
PEMOHTHUX TPOLECIB, ONTHMI3aIlil0 TEXHOJOTIYHUX OIepaliif, aHami3 TEXHIYHOTO CTaHy
oOlagHaHHA Ta MPHUHATTS pINICHb HA OCHOBI JAHMX TIarHOCTUYHUX CHCTEM. YIIpaBIiHHS
CYJHOPEMOHTHHMH IPOLECAMU BKJIIOYA€ IUIAHYBAHHS, KOHTPOJb SKOCTI, YIpaBIIiHHS
pecypcamu, OIIHKY PH3HMKIB Ta 3a0€3MEeUYeHHS B3a€MOJIl MK YYaCHHKAMH PEMOHTHOTO ITUKITY
[2].

TakuM yuHOM, LSl CTaTTsI NPUCBSIUEHA aHANI3y pOJl IHXKUHIPUHTY Ta YNPaBIIHHS
npolecaMu CyAHOPEMOHTY y mpodeciiiHiil miaroToBui MaifOyTHiX (axiBIiB MOPCHKOI Traiy3i, a
TaKOX PO3IJISAY Cy4aCHUX MIAXOAIB, IO CIPUSIOTH YJOCKOHAJIEHHIO OCBITHBOTO MPOIECY Y
IIbOMY HaIpsMI.

AKTyaJbHicTh AociigxeHHsa. Ha Tni rinoGanbHOi MojepHi3auli CyAHOOYIIBHUX Ta
CYJHOPEMOHTHHUX MIiANPHEMCTB 3pocTae morpeda y (axiBusX, sIKI MalOTh HE JUIIE TIHMOOKI
TEeXHIYHI 3HAHHS, a W KOMIETEHLIi B Traly3l YNpaBIiHHS TEXHOJOTITYHUMH IpOlecaMu,
pecypcamMu Ta sKIicTIO peMOHTy. Jlns MmaifOyTHiX ¢axiBLiB MOpPChKOi ramysi (opmyBaHHS
KOMIETEHII y ramgy3i 1HXHHIPUHTY Ta YOpPaBJIiHHA PEMOHTHHMH IIPOLIECAMHU € BaXKIMBUM
eneMeHToM mpodeciiHol MiAroTOBKHM. ToMy BHMBUYEHHS OCBITHIX KOMITOHEHT, IOB'S3aHHUX 13
CyJIHOPEMOHTOM Ta TEXHIYHOI eKCIuTyaTaliclo GIoTy, € HaWBaXJIHUBIIIOK YacCTHHOIO
HiATOTOBKM MOPCHKUX 1H)KEHEPHUX KajapiB. MailOyTHI MOpPCBHKI 1H)K€HepH MOBUHHI PO3YMITH HE
TIJIbKA KOHCTPYKTHBHI OCOOJIMBOCTI Cy/IHOBUX CHCTEM, a i 3aKOHOMIPHOCTI 1X 3HOCY, METOJIU
JIarHOCTUKY, IPUHIIUIY MJIAHYBAaHHS PEMOHTIB 1 KpUTEpii OLIHKYA TEXHIYHOTO CTaHy.

TakuM yuMHOM, IOCHIPKEHHSI NMUTaHb 1HXHUHIPUHTY Ta YIPABIIHHA CYJHOPEMOHTOM Y
KOHTEKCTI MiJITOTOBKH Maii0yTHIX MOPCHKHX 1HXKEHEPIB € aKTyaJbHUM Ta 3aTpeOyBaHUM SIK JJIs
OCBITHBOT'O CE€PEJIOBUINA, TaK 1 AJIS IPAKTUYHOI I1SIIbHOCTI MIAIPUEMCTB MOPCHKOT Taiy3l.

IMoctanoBka 3agaui. Po3poOutu mnpomno3umii 11070 BIOCKOHAJIEHHS MpodeciitHol
MITOTOBKM 3/100yBadiB OCBITH, CHOpSIMOBaHI Ha (GOpMyBaHHS KOMIETEHIIN Yy Tamys3i
IHKMHIPUHTY Ta YIPABIiHHS CYJHOPEMOHTHUMHU MPOLIECAMHU.

[lle omHa BaXkJIMBa 3a/1a4a BAOCKOHAJICHHS TPOTPAaMU: TOTIOMOT'TH BHITYCKHUKAM 3HANUTH
Hailikpamty nepiry po6oty. /logaTkoBi HABUYKU JO3BOJISATH BHITYCKHHKAM, SIKI OCHAIEHI JIMILE
TPaTUIIITHOI0 HABYAILHOIO MTPOTPaMOI0, BUTIEPEIKATH KOHKYPEHTIB.
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PesyabTaT pocaigskeHHsi. OJHIEI0 3 OCHOBHMX IIpOOJeM € BiJIHOCHO HM3bKa
TOTOBHICTh BHUITYCKHHKIB JI0 poOOTH Ha OeperoBuX 1H)XXKCHEPHHUX IOCaJax: Ha CyIHOOYIIBHHUX
3aBO/IaX, IHKEHEPHUX KOMIAHIsIX YM TEXHIYHUX BiIJiIaX CyJAHOBIACHUKIB. barato BUIYCKHUKIB
MOPCBHKHUX 3aKJIaJiB, SKi PO3IMOYMHAIOTH CBOIO Kap'epy B CYAHOIUIABHUX KOMIIaHIsX, He3a0apom
MOXXYTh BHKOHYBaTH (DYHKIIIi MMOPTOBUX 1HKEHEPIB, KOOPAMHYIOYHM TEXHIYHE OOCITYrOBYBaHHS
Ta peMOHT cynaeH. CydacHa OCBITHbO — TmpodeciiiHa mporpaMa MiIATOTOBKH MOPCHKOTO
iHKeHepa Mae OyTH po3poOiieHa TaKMM YMHOM, 1100 3abe3meuuTH 3700yBadaM OCBITH MILHY
0a3y y raiysi (yHIaMEHTAIBHUX 1HKEHEPHMX HAYK Ta CICHIAJIbHUX OCBITHIX KOMIIOHEHT, a
TAKO’X 3HAHHs y rajly3i yIpaBiHHSI TEXHIYHUM OOCIyTOBYBAaHHSM Ta PEMOHTOM CYJIEH.

Haiinepmioro OCBITHBOIO KOMIIOHEHTOIO, SIKY CIIiJlI PO3IJISIHYTH, € 3arajlbHUd Kypc
YIpaBJIiHHA MOPCHKOIO 1HXKeHepiero. [logo crmemiabHUX TpeAMETiB, SKi CIiJ 3alpOBaJAMTH,
HaWBUIIMKA MPIOPUTET CJIiA BiAAaTH cepii KypciB, sSKi BKIIOYAIOTh TEXHIYHE OOCITYroByBaHHS Ta
PEMOHT CYACH, Marepiaid, BUPOOHHYI MPOIECH, OCHOBH CKCIUTyaTallii CyJIHOPEMOHTHHX
nianpueMcTB Ta Bepgdeid. Lli Kypcum y mnoeaHaHHI 3 JBOMICAYHHM CTa)XyBaHHSM Ha
CynHOOYAIBHOMY 3aBOJI 4YM aHAJOTIYHOMY MIANPUEMCTBI 3a0e3neyarh MIIHY OCHOBY JUIS
MOJKJIMBOT poOOTH Ha OeperoBoMy BUpoOHMITBI. Hanpukian neii kypc mMir OM MaTH HacTyITHUN
3MICT: YTpPAaBIIiHHS 1HKEHEPHUMH OIEepaIlisIMH, YIPABIIHHSA TEXHIYHUM OOCIyrOBYBaHHSIM Ta
KOHTpOJIEM 3amaciB, OIVIAM Ta 1HCHEKIIl CyJeH, CYAHOPEMOHT Ta JIOKyBaHHs, OCHOBHU
eKCIUTyaTalii CyJAHOPEMOHTHOTO MiANPUEMCTBA, Oe3MeKa CyAHOPEeMOHTHHX ormepamii Ta ISM
[3], ekoHOMiKa Ta KOHTPOJIb BUTPAT HAa OOPTY Cy/HA.

HaiimonynsapHIimmii i, MOXJIMBO, HAWIPOCTIMIUN CIOCIO BBECTH 3MIHU O OCBITHBOI
mporpaMd — IIe po3poOKa creuiaJbHuX KypciB. Y OUIBIIOCTI HaBYAIbHHX 3aKIadiB €
[IOHaMEHIIIe OIMH O00OB'A3KOBHIA KypC 3 YIPaBIiHHSA onepanisMu. Xo4a BiH i 3a0e3medye meBHi
OCHOBH, BiH HE pOOUTH ICTOTHOTO BHECKY B IMPAKTHYHE 3aCTOCYBaHHS TEOPii B MOPCHKIiH Tramys3i.
Jlo6pe BizioMO, 110 Oy/Ib-sIKE JONOBHEHHS 10 ICHYIOUHMX IIPOrpaM MPaKTUYHO HEMOKIMBO, SKIIO0
BOHM HE NIPOMNOHYIOTbCA fK (pakynbTraTMBM a0o He € mepeBaHTaxeHHsAM. llle oaun cnoci6
BKJTIOYHTH JIESIKi IPEMETH 3 YIPABJIIHHS Ta PEMOHTY 10 HaBYAJIbHOI MPOrpamMu — Iie po3poOKa
HOBHMX a00 MoOJIepHi3allis ICHYIOUMX KYpCOBHUX IPOEKTIB Ta caMOCTiMHMX nociimxkenb. Lli
IPOEKTH MaroTh OYTH MiJATOTOBJIEHI KypcaHTaMHu abo MiJ Yac iXHbOI MOPCHKOI NMPakTHKH abo
MPOTSTOM HaBYABHOTO POKy. Lle Moxe OyTH MpOeKT, M0 BKIIOYaE OOTPyHTYBaHHS OOpaHOi
aNbTepHATHBH, a00 PO3pOOKY IUIaHy YIPaBIiHHS MPOEKTOM, ab0 aHalli3 ICHYIOUMX CHCTEM Ta
o0J1aJiHaHHS Ta OLIIHKY MOXJIMBUX 3MiH TOLIO.

KommuiekcHUI JUIUIOMHHUIT MPOEKT po3poOiseTbesl Tpymnorw (BiJ JBOX /0 UYOTHPHOX
3100yBaviB) CTapIIUX KypCiB, OJUH 3 OCHOBHHUX IPOEKTIB, HAJ SIKUM Ipyna MpaIioe MpOTAroM
OCTaHHbOT'O POKY HABYaHHS, TEMOIO IKOr0 Moxke OyTH «IIpoeKkT KamiTaJbHOrO PEMOHTY CYIHA».
Komanga BUKOpPHCTOBYE crienu@iKallilo peMOHTY, OTPUMAaHy IiJl 4ac CTAXyBaHHS YU HaJaHy
HayKOBUM KEPIBHUKOM.

JUis moCWIIeHHsT PO3BUTKY NPAKTHUKO-OPIEHTOBAHOTO HABYaHHS MOTPIOHO 30UTBIIMTH
00CsT MPaKTUYHUX Ta JJAOOPATOPHUX 3aHATh, 110 B1IOOPaKalOTh peanbHi YMOBU CyTHOPEMOHTY,
3arpoBaIUTH HaBYAJIbHI MOJYJIi, TPUCBSYEHI IPOEKTYBAHHIO TEXHOJIOTTYHUX MPOILIECIB PEMOHTY,
CKJIa/IaHHI0 Je(PEeKTHUX BIAOMOCTEH Ta pO3pOoOKH PEMOHTHOI JOKyMEHTallll, OpraHi3yBaTu
peryJisipHi CTaXyBaHHS Ha CYJHOPEMOHTHHX HiANPHUEMCTBAX, CYJHOIUIABHUX KOMIIaHISX Ta
CepBICHUX IIEHTpaX, 3aCTOCOBYBAaTH METOAMKY 3aHYpEeHHs 3100yBayiB y peajibHi BUPOOHUYI
cutyatii (case-study), BKJIFOUarOuu aHalli3 aBapiil, HECIPABHOCTEW Ta MPAKTUYHUX 1HKEHEPHUX
pimens. Taka miAroToBKa J03BOJUTH CTYyAEHTaM OTPUMATH MPAKTUYHUNA JOCBiA Ta MiABHIIUTH
piBeHb MpodeciitHO TOTOBHOCTI 710 pOOOTH Ha CyIHAX Ta B PEMOHTHHX ITiIIPHEMCTBaX [4].

3 orisAy Ha akTHBHY HU(POBI3allil0 CyAHOPEMOHTHUX MPOLECIB HEOOXITHO (HOpMyBaTH
UG poBi KOMIETeHII{ y MatOyTHIX MOPCHKUX 1HXKEHEepiB. I IIbOr0 PEKOMEHIY€EThCS CTBOPUTH
nudpoBi HaBYaNbHI JabopaTopii, OCHAIleHI CHUCTEeMaMH MOHITOPUHTY CTaHy OOJaJHaHHS,
BIOpOJIarHOCTUYHUMHU ~ YCTAHOBKaMM, TepMOrpaQiuHMMHM KamepaMd Ta [POrpaMHUMU
miargopmMamMu, BIPOBAIUTH LHUQPPOBI TpPEHAXKEpU Ta CUMYIATOPHU, 110 MOJAEIIOIOTH IMPOLECU
PEMOHTY Ta JiarHOCTUKHU, HaBYATU CTYAEHTIB poboTi 3 CMMS-cucremamu Ui MIaHyBaHHS Ta
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KOHTPOJIIO TEXHIYHOTO OOCIYrOBYBaHHS CYJEH, 3aCTOCOBYBAaTH BIpTyaslbHI MOJENI CYJHOBHX
cucteM Ta IUGPOBI ABIMHHUKHW ISl BiAMpPAIIOBAaHHS 1HXKCHEPHUX PIIICHb, PO3BUBATH HABUYKHU
aHaJi3y BEJIMKMX MACHUBIB JIaHUX, OJICPXKYBAaHUX cucTeM MoHITopuHry|[5]. Lludposi iHCTpyMEeHTH
JIO3BOJISIFOTH  CTYJIEHTaM OCBOITH CYYacHHHM MiOXil A0 YHPaBIiHHSA CYJHOPEMOHTOM Ta
chopMyBaTH HABUUKH POOOTH 3 IHTEJIEKTYaJIbHUMHU CHCTEMaMHU.

MaiiOyTHiIi MOpPCHKHMU 1HXKEHEep TMOBHMHEH OyTW He e ¢axiBueM 3 CyIHOBOI
€HEepreTUKH, a i ynpaBliHIEM, KU MpUiiMae BiANOBigaNbHI pimeHHs. /g nporo HeoOXigHO
BKJIIOUUTH [0 HABYAJHHOTO MPOLECY KypcH 3 YIPaBIIHHS HPOEKTaMH, PU3UKAMU, SKICTIO,
pecypcaMu Ta BHUPOOHHMYOIO JIOTICTUKOIO, pO3BUBATH HABUYKU 1H)KEHEPHOIO aHali3y,
KPUTHYHOTO MHCIIEHHS, CUCTEMHOTO MiAXOAY Ta TEXHIKO-€KOHOMIYHOI OIIHKH, 3alpOBAJUTH
MIPOCKTHE HABUYaHHS, B paMKaX SIKOTO CTYJCHTH PO3pOOJISIIOTH BJIACHI 1H)KCHEPHI PIIIEHHS Ta
PEMOHTHI TMPOEKTH, (POpMyBaTH BMIHHS MPALIOBATH Y KOMAaHi, PO3MOJIIIATH OOOB'SI3KM Ta
KOHTPOJIFOBATH BUKOHAHHS poOIT [6]. PO3BUTOK NHMX KOMIETCHIH CIOPUATHME ITirOTOBII
¢axiBLiB, 37aTHUX €(PEKTUBHO KEPYBATH CyTHOPEMOHTHUMH IPOLIECAMH.

BucHoBku. [HXUHIpUHT Ta yOpaBiiHHSA MpPOIECAMH CYJIHOPEMOHTY € KIIOYOBUMU
eleMeHTaMu e(eKTUBHOTO (YHKI[IOHYBaHHS MOPCHKOI Tally3i, IO 3a0e3MevyloTh CBOEYACHE
TEXHIYHE 00CITYrOByBaHHS (IIOTY, IPOJOBKEHHS TEPMiHY CIIy>KOM CyJeH Ta MiABUIIEHHS IXHBOI
eKcIuTyaraniinoi Oesneku. Pi3HOMaHITHICTH 3aBIaHb, M0 BHUKOHYIOTHCS BHUITYCKHHUKAMU
IH)KEHEePHUX CIICMIAIbBHOCTEH MOPCBHKUX 3akKJajiB OCBITH, SKi ab0 XomaTh B pekcu, abo
MpamIoTh Ha Oepesi, morpedye OararoyHKI[IOHATBLHOI OCBITH, MOB'SI3aHOT HE TUIBKH 3
eKCIUTyaTaIli€o CyJeH, a i 3HAYHOI0 MIporo 3 OeperoBumu podoramu. Tomy 0a30Bi 3HAHHS TIPO
CYy/THOPEMOHTHI 3aBOJAY Ta 1HII BHPOOHWYI MiJNPHEMCTBA, a TAaKOX HABUYKHU YMPABIIHHS
TEXHIYHUM OOCIIyTOBYBAaHHSIM Ta PEMOHTOM CYJCH MOBHHHI OyTH BKIIIOYEHI J0 HaBYAJIbHOI
pOTpaMy MOPCHKUX YUWIJIMI] Ha 3HAYHO BUILIOMY PiBHI Ta B IIUPIIOMY 00Cs31, HIX 1€ pOOUTHCS
3apas.

AHaii3 cy4acHOro CTaHy CyAHOPEMOHTHOI 1HAYCTpii moKa3ye, 1o nepexia a0 uudpoBux
TEXHOJIOTiH, aBTOMAaTH3allii Ta IHTENEKTyaJbHUX CHUCTEM YIPaBIiHHA TOTpeOye HOBUX
npodeciiiHuX KOMIeTeHi# Bil MaiiOyTHIX 1HXKEHEPIB.

KntouoBumMu HampsiMaMu pO3BUTKY HOBUX KOMIIETEHIIH € MoOJepHi3alis OCBITHIX
porpam, po3BUTOK MPAKTUKO-OPIEHTOBAHOTO HaBYAHHS, CTBOPEHHS YMOB JUISI TICHOT B3aeMOIii
3 MiAMPUEMCTBAMH Taly31 Ta BIPOBAIKEHHS U(PPOBUX TEXHOJOTN y HaBYAJILHUN MIPOLIEC.

Peanizaliis 3anmponoHOBaHUX pPEKOMEHIAIM J03BOJHUTH MiJABUIIUTH SKICTh MiATOTOBKU
MalOyTHIX MOPCHKHX IHXKEHEpPIB, 3a0€3MEUMBIIHM IXHIO TOTOBHICTH JO BHPIMICHHS CKJIaJHHUX
1HKEHEPHO-TEXHIYHMX 3aBJIaHb B YMOBAaX Cy4acHOi CyJHOPEMOHTHOI AisuibHOCTI. Lle cTBopuTh
OCHOBY y PpO3BUTOK KOHKYPEHTOCIPOMOXKHOTO  KaJpOBOTO  TOTEHLIaTly  MOPCHKOi
IPOMHMCIIOBOCTI, 3MIIHEHHS ii CTIMKOCTI Ta MiABUIIEHHSA €(EeKTUBHOCTI eKCIlTyaTallii CBITOBOrO

¢rory.
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REASONING THE USING AUTHENTIC VIDEOS AND Al VIDEO
MAKER ON MARITIME ENLISH LESSONS

I. Afanasiievska
Kherson State Maritime Academy
(Ukraine)

Introduction. In 2023, artificial intelligence was utilized by 250 million people, and this
figure is projected to continue increasing. The age of Al has truly commenced. As time is
humanity's most treasured resource, Al tools offer a means to conserve and utilize it efficiently.
With the remarkable expansion of artificial intelligence and its growing integration into English
language education, both technology and teaching methodologies are already undergoing
transformation. Various chatbots, learning platforms, and Al applications are extensively
employed in maritime English classes, which in turn enhance students' existing language skills
and refine the learning process. These virtual assistants serve as outstanding resources for
attaining a high level of proficiency in students' pronunciation and grammar, improving their
comprehension abilities, and assisting in the real-time identification and correction of errors.
Furthermore, virtual and augmented reality in maritime English classes provides students with a
fully or partially immersive learning experience through realistic modeling, simulations,
interactive technologies, and real-world scenarios. The frequent use of visual and auditory
teaching aids captures students' attention and engages their interest, enabling them to more
effectively process information through their auditory and visual perception systems. This not
only leads to a better understanding of the educational content but also enhances students'
capacity to acquire knowledge.

Research by Oxford and Crookal [2] indicates that the integration of visual and auditory
aids in teaching enhances students' information retention during class. This is because these aids
engage both auditory and visual sensory systems, facilitating a deeper understanding of the
educational content. Consequently, this method substantially improves students' ability to learn
foreign vocabulary and heightens their awareness, a conclusion supported by numerous global
studies conducted by educators and psychologists. In her article, Mariana Shevchenko [3] also
highlights the educational advantages of incorporating videos in English classes at technical
higher education institutions. She argues that this approach enhances students' listening
comprehension and communication skills. Her research suggests that educational films present
the English language more naturally than textbook texts, act as visual contextual supports prior
to reading, and effectively capture students' attention.

Research problem. the study is devoted to analyzing the potential of video context based
on the application of Al—the Lumen5 platform—in maritime English classes and describing its
functionality and use for developing the communicative competence of students.

Research findings. This article explores the application of Al-generated video materials,
utilizing tools like Lumen5, as effective resources in maritime English language classes aimed at
enhancing the communication skills of students in technical disciplines. An assessment of recent
research and scholarly publications reveals that artificial intelligence is increasingly favored
among contemporary tools for foreign language instruction.

In 2022, ChatGPT, a virtual assistant and chatbot featuring generative artificial
intelligence and developed by OpenAl, made a significant impact globally. This system is
capable of analyzing videos and proposing tasks aligned with prompts provided by the teacher,
which are natural language descriptions of the tasks Al is to perform.

For classes that incorporate video materials aligned with the teaching topic, we suggest
using Lumen5, an Al-driven tool designed to create videos that complement written content. A
free version of this tool is available, allowing users to produce up to five videos with distinct
content each month. Users can input the URL of an article or publication, or compose their own
text, and Lumen5 will transform it into a video. The platform enables users to further enhance
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the video by adding music, inserting new images, and modifying the format. In educational
settings, Lumenb is utilized to engage students with lesson topics, support their learning through
multimedia, and assess their understanding.

Upon accessing the Lumen5 service, you can craft your own videos using the available
templates and display ratios. To generate videos, you have the option to convert text into
illustrated content by selecting visual effects that align with the context of the written material.
The platform provides a library of free media assets, including audio tracks, images, and video
clips, which users can incorporate into their creations. The adaptive visualization offered by
Lumen5 personalizes learning and enhances the appeal of video content for students, thereby
supporting the conclusion that this tool aids educators in developing visually engaging content
by converting text materials into captivating and dynamic videos.
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It is worthy focusing on highlighting and analyzing in detail the key advantages and
disadvantages of using Al applications to present educational material in the form of text and
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video formats in education and scientific research by higher education students. Like any
artificial intelligence tool, Lumen5 has its advantages and disadvantages. Here is a list of its
capabilities:

Advantages of Lumen5:

1. Teachers can convert text assignments for classes into videos for students who have

missed classes.

2. Students can be asked to create their own videos and provide answers to questions to test
their language skills, allowing them to be creative with the help of artificial intelligence.
This technical tool is available at any time.

Integrates multimedia into the learning process.

Suitable for visual learning styles.

Easy to use.

In the conclusion, it could be mentioned that the benefits of incorporating film and series
excerpts, as well as English-language programs, into educational settings include: a) the
authenticity of vocabulary in the target language and its natural usage; b) the visualization of
various devices of students' fields of study (maritime engineering); c) the enhancement of
students' focus; d) an increase in both the productivity and duration of students' engagement; e) a
boost in motivation for technical students. The integration of visual and auditory aids in teaching
stimulates multiple areas of students' brains, enabling them to process information more
efficiently through both auditory and visual channels. This approach not only enhances
comprehension of study materials but also significantly improves students' ability to acquire
foreign vocabulary while studying maritime English with videos. Furthermore, the authenticity
of these educational materials provides a unique motivation for students in technical disciplines
that other educational resources cannot match.
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MNPIOPUTETHI HAIIPSIMKHU PO3BUTKY HAYKOBOI JISIJIBHOCTI
HIII XJIMA B YMOBAX PEJIOKAIIII

benv A.IL, Ilempoecovkuii A.B.
XepcoHncvka OepaicasHa MOPCbKa akademist
(Vkpaina)

Beryn. Bixe Tpertiit pik mocIiiab TpUBAE MOBHOMAcIITaOHA arpecist pociiicbkoi ¢enepartii
npoTH YKpaiHu, y 3B’S3Ky 3 UMM XEPCOHCHKA Jep:kaBHa Mopchka akaneMist (X IMA) BumyiieHo
nepeOyBae B yMoBax penokailii. ChOro/IHI BXK€ MOKHA BIIEBHEHO CKa3aTH, 110 aKaJeMis 3MOriia
MoJ0JaTH OUIBIIYy YacTKy CKJIQIHOIIIB: OKYMaIilo XepCcoHYy, BHMYIIEHE IMepeMilleHHs
BUKJIQa4iB MO TEpHUTOpii YKpaiHM Ta IHIIMX JAep)KaB CBITY, CKJIQIHOLI 13 3B S3KOM 3i
3100yBaYaMH BHUIOI OCBITH Ta BHUKIJIAJadyaMHU IPOTATOM Y4YOOBHX CEMECTPIB, CKJIAIHOIII 13
3a0e3nedeHHsIM Ja0opaTOpHUM OOJIAJHAHHSAM JUIS TPOBEACHHS MPAKTHKYMIB 3 OCBITHIX
KOMIIOHEHT Ta iHII. AKaJgemis TpUMae CBOi MO3WIIi SK BH3HAHOTO MOPCHKOTO HABYAIBHOTO
3aKJIay Ta aIaNTy€eThCs JO HOBHUX peaiid.

AKTyaJBHICTh JA0cCiT:KeHb. [IpoTsrom octanHix pokiB 0yino ayxe 6araTo 3po0IieHo, y
TOMY YHCII 1 3 TiABUIICHHS SKOCTI OCBiTH. Ha maHWii 4ac Hale)KHUM YHHOM OOJIQIHYETHCS
aynutopHuit GoHa Ta BiIOYIOBYEThCS TpeHakepHa 0a3a 3a MICLEM pelloKallii, 3ariaHOBaHE
OTPUMaHHS XMAPHHUX TEXHOJOTIH CHUMYISATOPIB Ui TMPOBEACHHS TNPAKTHKYMIB 3 OCBITHIX
KOMIIOHEHT, 1 € CTajla MO3UTHUBHA JUHAMiKa 3pocTaHHs HaykoBoi akTuBHOCTI HIIII micns cnamy
y 2022 pomi. Came BoHa 3a0e3reuye BaKIIUBI SKICHI TMOKa3HUKH OIIHKH pOOOTH akajemii B
oMy, miaBumrye il pedTuHr cepen iHmmx 3BO  VYkpainu. OcoOnmBOi aKTyalabHOCTI
BHUIIE3a3HAYCHE NMUTaHHS HaOyBae B KOHTEKCTI mpuiHATTS 06.06.2024p 3akony Ykpainu 3791
«IIpo BHeceHHs 3MiH 1O ACSIKUX 3aKOHIB YKpaiHW IIOAO MHIATPUMKHA HAYKOBOi pOOOTH B
3aK1a/iaX BHIOI OCBITH» [ 1], BIAMOBIIHO 10 SIKOTO MepeadadacThes:

- 30UIBIIUTH Yac 1 pecypcH Al HayKOBOi pOOOTH HAyKOBO-TIEIarOT1YHUX MPALliBHUKIB;

- TIIBUIIUTHA SKICTh BHINOI OCBITH IUISXOM aKTHUBHIIIOTO 3aJlyuy€HHS HayKOBUX
JOCTI)KeHb y HaBUAIBHHM Mpoliec.

KirouoBumu € 3miHu:

- HOpPMH HaB4YaJbHOro HaBaHTaxxeHHS s HIIII 3MeHIIyloThCa B 3a]€KHOCTI Bif 0OCsTY
HayKoBoOi po6oTu 10 30% Bija 3arajibHOI KUIBKOCTI TOAWH Ha 1 CTaBKy;

- BIIMOBa BiJ JKOPCTKOTO JIMITYBaHHS TOAWH (CKacOBYEThbCS UITKE BHU3HAUCHHS
KOHKpPETHOI KUIBKOCTI poOOYMX TOAMH Ha PpiK JUIsl HAyKOBOi, HaBYaJbHOI Ta
Oprasi3amiifHo-MeTOINYHOI POOOTH);

- THYYKMH pO3IOJLJT HaBaHTaXXEHHs (3aMICTh (PIKCOBaHMX T'OJIMH, 3aKOH BCTAHOBIIIOE MEXI1
y BIJICOTKax JUIsl CIiBBiAHOIIEHHSI OCHOBHUX KOMITOHEHTIB poboTtu HIIII, a koHkpeTHuUit
PO3MOJILT BEAEThCA CaMOCTIHHO B Mekax aBToHoMii 3BO).

Binomo, mo mepion 2025-2026 u.p. 6yno BusHaueHo MOH, sk mepexignuii mepion 3
iMIuiemMeHTauli HopMm 3akoHy Ykpainu 3791 y misubHicTh 3BO, a octaToyHe BIPOBAKEHHS
Hioro HopM po3nouHeTbes 3 2026-2027 H.p., TOMy caMe 3apa3 BKpail BaKJIMBUM € BU3HAUY€HHS
po0JIEeMHUX MUTaHb MJAHYBAaHHS Ta BUKOHAHHS HOpMaTHBIB HaykoBoi pobotu HIIIT X/IMA, a
TaKOX MPIOPUTETHUX HUIAXIB PO3BUTKY HAyKOBOi aKTUBHOCTI Ha MallOyTHE.

OcHoBHa vyacTMHAa. B mOTOYHMX yMOBax BaXXJIMBUM IIOKa3HUKOM € IyOJiKauiiHa
axktuBHicTh HIIII, HaykoBo-mOCTiAHA Ta MAaTEHTHA MisIbHICTh. AHATI3YyIOUHM BKa3aHi MOKa3HUKU
MPOTIATOM TPHOX pOKiB mepebyBanHs XJIMA y penokariii, MOXKHa 3a3HAYUTH 30€PEKECHHS, B
[IJIOMY, HAyKOBOT'O MIOTEHIIIATy aKajaeMii, Xxoua 1 BiOyIUCh TIEBHI 3MIHU OKPEMHX MOKa3HHUKIB.

Tak, BimOynOCh MEBHE 3MEHIICHHS KUIBKOCTI TMATEHTIB HAa KOPHUCHY MOJENb, IO
00yMOBJIEHO 3aKiHUEHHIM TE€PMiHY iX i, MpOTe CYTTEBO 3pOCiia KIIbKICTh aBTOPCHKUX CBIJIOLTB
Ta BHEpIIE 3’SIBUIMCS YOTUPH aBTOPCHKUX CBIJOLTBA Ha PO3pO0JIEHI KOMIT IOTEPHI MPOrpaMu
JUTSL CY/THOBOIIB.

3HauHO 3pOcia KUIbKICTh cTaTell y (haxoBuX *ypHayax kateropii b — na 51% (puc.1),
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aJie BOJIHOYAC 3MEHINMIACS KUIBKICTh cTaTeit Scopus Ta/abo WoS (tabmn.1).

Tabmuus 1 — Indopmaris mono kinbkocTi HaykoBux myo6mikaniit HITIT XJIMA y po3pisi
HaBYaJbLHUX TEPioiB [2]

KimpkicTh
[Toxa3HUKH 2022-2023 | 2023-2024 2024-2025
Jliroui maTeHTH 44 12 11
ABTOPCBHKI CBIiZIOIITBA: 5 1 18
- TBIp 5 1 14

- KOMIT'IOTepHa Imporpama 0 0 4
[TyOmikamii, moinaekcyoThes y Scopus Ta/abo WoS B 44 41 27
HayKOBHX JKypHaJIax
- myOumikamnii, MmoiHaeKcyoThesa y Scopus Ta/abo 4 8 7
WoS B HaykoBHX XypHasax 3 kBapTmwisiMu Q1-Q2
- myOumikamnii, moiHaeKcyoThesa y Scopus Ta/abo 40 33 20
WoS B HayKOBHX JKypHasax 3 kBapTuisiMu Q3-Q4
[MyGnikamii y (axoBHX HayKOBMX BHUJIAHHSIX YKpaiHU 45 67 102
kateropii b

My6nikauii y *XypHanax Kateropii b

102

2022-2023 2023-2024 2024-2025
HaBuanbHi poku

Pucynox 1 — Jlunamika 3pocTaHHsI KUTbKOCTI yOuikaniil y (haxoBuX *KypHanax kareropii b

BaxxnuBuM uYuMHHUKOM MiaTpuMaHHA myOmikamniiiHoi aktuBHOcTi HIIIT akagemii Ha
HaJIe)KHOMY pIBHI € BiacHe HaykoBe BuAaHHA «HaykoBuii BicHuk XepcoHCbkoi Jep:kaBHOT
MOpPCBHKOi akajeMmii», sKe 3apeecTpoBaHe, sK JApPYKOBaHMI 3acid0 MacoBoi iHpopmarlii Ta
Bunaetbes 3 2009 poky.

Haykogwuii xxypHan «HaykoBuii BicHUK XepCOHCBKOI Jep)KaBHOI MOPCHKOI akajeMii» —
nepioanyne Haykose BuganHs (ISSN print 2313-4763), sike Hakazom MOH VYkpaiau Ne 886 Bin
02.07.2020 BimHeceno mo kateropii b Ilepeniky HaykoBux (axoBuUX BUAAHb YKpaiHH 3a
cnemianbHoCcTsIMU 132 — Marepiano3HaBctBo, 151 — ABTOmMaTH3aliss Ta KOMII IOTEPHO-
IHTErpoBaHi TeXHOJIOT1i, 275 — TpaHCHOPTHI TEXHOJIOTIT (32 BUAMH).

XKypHan iHIeKCyeThCsl YKPaiHCHKOIO 3araibHOICPIKaBHOIO pedepaTuBHOIO 0a3010 TaHMX
«YkpaiHika HayKoOBay, MDKHapoaHOIO pedeparuBHoro 6a3or0 mganux Google Scholar,
MDKHApOJHOI0 HayKOMeTpu4yHOI 6a3or0 Researchbib, mixknaponHiii pedepatuBHiil 6a31 gaHUX
Crossref.

Kypnan npencraBneHui:

- y Haykosiii enektponHiii 6i6mioreni HamionansHoi 0610mioTekn YkpaiHu iMeHi
B. I. Bepnancekoro;
-y IAC «YkpaiHcbka HayKOBa IIepioJINKa» — PEeecTpl HAYKOBUX BUAAHb YKpaiHU.

Takox Bunanua y PDF ¢opmari npencrasnene y penosutapii XepcoHCbKOI ep>KaBHOI
MOPCBKOT akaJemii.

AHani3ytoun myOuiKaliiiHy akTUBHICTh BHJIAHHS 3 MOYATKy pesoKalii akaneMii, MO>KHa
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BIIMITUTH TO3UTHUBHY JMHAMIKY 3pPOCTaHHS HOro MoKasHWKIB (puc.2). CTpimMkuii Temi OyIo
orpumano y 2024-2025 waBuanpHOMY porii (Tab6n.2). MokHa 3a3Ha4YMTH, IO Y MOPIBHSHHI 3
2022-2023 H.p., OUIBbII HIXK y/ABIYi 3pocia sIK KUIbKICTh MyOmiKalii, Tak i 3arajibHa KUIbKICTb iX
aBTODIB.

Tabnuus 2 — 3Benena indopmaris nyomikarmiii y xypHaiai Haykosuii Bicauk X/ IMA [3]

[TokazHuku HaBuasbHi poku
2022-2023 2023-2024 2024-2025
KisibKicTh aBTOPIB BCHOTO 38 42 65
KinbkicTh cTaTeii BChOro 13 15 34
Kinpkicte aBTOpiB Big X/ IMA 23 31 35
Kinbkicth crareit Big X IMA 8 12 20

My6nikauii y »xypHani "Haykosui sicHMk XAMA"
HaBuyanbHi poku
m 2022-2023
W 2023-2024
38 = W 2024-2025

'

KinbKicTb KinbkicTb cTaTein KinbKicTb KinbkicTb cTaTen
aBTOpIB aBTOPIB Big, Big XAMA
XOMA

65

Pucynok 2 — JluHaMika 3pocTaHHsI MOKa3HUKIB xypHaity HaykoBuii BicHuk X/ IMA

VYce ue cBimunTh npo nomupeHHs xxypHany cepen HIIIT sk XJIMA, Tak 1 iHmmx 3BO.

3a KUIbKICTIO aBTOPIB HAYKOBUX IyOJiKalliil y HasBHOCTI CyTT€BE 30UIbIICHHS 3 POKY B
pik. HaifOinpmmii BijpuB oTpuMaHo 3a 3BiTHUM nepioa 2024-2025 H.p. — 3pocTaHHs Ha 65%. 3a
KUJIBKICTIO CTaTell MO3UTHBHA JMHAMIKa POCTY MOJOBXKYyBajacs 1 OTPUMAHO 30UIblLICHHS Y 2.25
pasu. 30uIblmIacs KiIbKICTh aBTOpPIB myoOmikauiid y xypHaii cepen HIIIT XJIMA: na 13%, a
3poctanHs kinbkocti ctareit Bix HIIIT X IMA — na 67%.

Opnnak, cyrreBe 301mbIIeHHS KutbkocTi crarei Big HIII axkamemii nns HaykoBoro
BicHuka XJIMA He mpsimo mpornopiiiiHe 30uibmieHHI0 KinbkocTi aBtopis HIIIT XJIMA, mo
CBIIUUTH MpO 30UIBbLLIEHHS AKTUBHOCTI HAacamIepea THX, XTO 1 paHille NpuiiMaB ydacTb y
nyOuiKamigax XypHay.

[HmuM BaknmuBuUM 3aco0oM akTuBizawii myosikaniiHoi aisimeHOcTi HIII € iX ywactp y
po6oTi MixkHapoaHuxX Ta BeeykpaiHChKUX HayKOBO-TIPAKTHUHUX KOH(EpEeHIIii, opraHizaTopom
axkux € XJIMA. Cepen Takux koH(epeHIiH ciij] 3a3HaYUTH HACTYTIHI!

- «CywuacHi iH(popMalliifHi Ta iHHOBaMiiHI TexHojorii Ha TpancnopTi (MINTT)»;

- «IIpoGiemu cTaioro po3BUTKY MOpchkoi rairy3i (PSDMI)y;

- «CyyacHi eHepreTHMyYHi yCTaHOBKHM Ha TPAHCIOPTi, TEXHOJOrii Ta oOJagHaHHA UL iX
obcyrosyBanus» (CEYTTOO);

- «AKTyanpHI NpoOJeMH BHKJIAJaHHA OCBITHIX KOMIIOHEHT COLiajbHO-TYMaHITapHOTO

CIPSIMYBaHHS y BHUILINA HIKOJII»;

- «Tpancnopt, mnopt, JoricTuka, Oe3neka: BHKJIMKM Cy4YaCHOCTI Ta NEpPCHEKTHBU

PO3BHUTKY»;

- cTyneHTchbka KoH¢epeHuis «CydacHi mpoOjgeMH MOpPCHKOTO TPAaHCHOPTY Ta Oe3meka
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MOpETIIaBCTBAY.
3a mepiox pesokarii HaBYAJIBHOTO 3aKiaay HaWOLIbIl edeKTUBHA IyOIiKaliiHa

aktuBHicTe HIIIl Big3Hauamace 3a pesyibraTamMu TNpoBeldeHHS KoHgpepenuiit: «CydacHi
iHdopmariiiHi Ta 1HHOBAIIHI TEXHOJIOTIT Ha TpaHcHopTi», «CydacHi mpoOJIEMHU MOPCHKOTO
Tpancnopty Ta Oe3neka mopemnaBcTBa (MINTT)», «IlpobiaemMu cramoro po3BHTKY MOPCHKOL

rainy3i (PSDMI)» (Tab6n.3, puc.3, 4) [4,5].

Taomuus 3
[TokazHuku Kondepentis MINTT CryneHTcbka Kondepentis
KOH(]epeHIris PSDMI

2022- | 2023- | 2024- 2023- | 2024- | 2023- | 2024-

2023 | 2024 | 2025 2024 2025 | 2024 | 2025

KinpkicTh T€3 91 117 121 51 41 44 78
Kinmpkict yyacHukiB | 197 268 238 52 37 94 120
HIIT XIMA 64 72 129 58 59
Kypcantis X/IMA 2 3 3 48 31 5 20

MoKa3HMKKN KoHpepeHuii MINTT

HaBuyanbHi poku

W 2022-2023
W 2023-2024
W 2024-2025

KinbKicTb TE3 KinbKicTb HMMN XAMA  KypcaHtie XAMA
Y4aCHUKIB

Pucynox 3 — Jlunamika 3MiHM OKa3HUKIB MixkHapoHOi KoH(epeHuii «CyyacHi iHpopMaiiHi
Ta 1HHOBAaIIH1 TexHoorii Ha Tpancnopti (MINTT)»

NMoKa3HWKKM KoHdepeHLii PSDMI

KinbKicTb TE3 KinbKicTb HMOMN XOMA  Kypcantis XAMA
Y4YaCHMKIB

HaBuanbHi poku
W 20232024

W 2024-2025

Pucynok 4 — Jlunamika 3MiHM IOKa3HMKIB MixkHapoiHOT KoH(epeHtii «IIpoGiemu ctamoro
PO3BHUTKY MOpPCHKOi Tamy3i (PSDMI)»
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ITo naykoBuM koH(pepeHwisiM € cyTTeBe 3poctanHs ydacti HIIII XJIMA 1 xypcaHTiB

akajemii: Hanmpukiaza, Ha 79% nns mokasHuka Kitbkocti HIIIT XJAMA y xondepenii MINTT
2025 (puc.3).

Ciizl 3a3HaYUTH, [0 AKTUBHICTH KYpPCAHTIB MO Pi3HUX KOH(MEPEHIISIX € HE CUCTEMHOI €

CYTTEBE 3pOCTaHH piBHS IMyOJiKaliitHoi akTHBHOCTI y 2025 poui (puc.4) .

OOroBopenHsi. PesynbraT anHamizy HOTOYHOTO CTaHy cmpaB y cdepli HayKoBOl

nisttpHOCTi HITIT akagemii HacTymHi:

aKTHBHICTh BHKJIAQJIauiB y HAyKOBii cdepi 30epiracTbCsi Ha JOCTaTHHO BHCOKOMY PiBHI,
HE3BA)KAIOUM HAa JIOBOJII CKJIAZAHI YMOBHM Tpalli Ta HASBHICTh 30BHIIIHIX HETaTHBHUX
(bhakTOopiB BILUIUBY;
norpedye MNepUIOYeproBoro 3MimHeHHS myOuikaniiiHa axktuBHicTe HIIII y Hampsmky
iITOTOBKY HayKOBHX IyOJikariii Scopus/WosS;
OKPEMHUM HAIPSIMKOM MisUTBHOCTI, SIKIH MOTpeOye 3MII[HeHHs, € 3aXUCT MpaB Ha 00’ €KTH
IHTEJEeKTYyaIbHOI BIACHOCTI.

TakuM YWMHOM, BpPaxOBYIOUi KIUIBKICHI ITOKa3HUKM HAYKOBHX pE3YyJIbTaTiB came

CTPYKTYpPHO, 1, BUKOPHCTOBYIOUM IX NOpPIBHSUIBHUI aHali3, MOXXHA BHU3HAYUTH HACTYIHI
NPIOPUTETHI HAPSAMKHU aKTHBi3allil HaykoBoi aismbHOCTI HITIT XJIMA:

HEOOX1HO MiABUIIUTH MyOmikauiiny aktuBHicTh HIIIT 3 mMeTor0 HabmukeHHsS BiIHOCHHX
3HA4YeHb IMOKA3HUKIB KUIBKOCTI aBTOPIB 1 KUIBKOCTI craTeil/Te3 , mo OyAe CBITYUTH PO
peanbHe po3mupeHHs koja aBTopis cepen HITIT XJIMA;
HEOOX1THE BXKUTTS CHUCTEMHHUX 3aXOJIiB I 30UTBIICHHS 3arajbHOi KUIBKOCTI IyOJiKamii
piBas  Scopus/WO0S, ocCKinibKHM BKa3aHHH IIOKa3HMK HAWOiIbII 1CTOTHO BIUIMBAE Ha
peliTuHTOBI MoKasHUKH XJ/IMA, Ta BHU3HAYa€ KiMbKICTh HAJaHUX OIOJUKCTHHX MICIb JUIS
BCTYITy abiTypi€HTIB;
notpedye MOCHIIeHHST HanpsiMOK naTeHTHoi fisuibHocti HIIIT Ta 3axmcTy aBTOPCHKUX IMpaB
Ha TBIp.

BucHoBku. MOXJIMBUMH NUTSIXaMH BUPIIIEHHS BKA3aHUX MUTaHb €:
NoBHE 4M yacTkoBe KomneHcyBaHHs BuTpar HIIII Ha 3ailicHeHHs HaykoBHX myOusikauii y
BUJIAaHHSIX, [0 BXOJATH 10 HaykomeTpuuHux 6a3 SCOPUS/WO0S 3i croponu akaaemii, xoya
6 s my6mikaniii, aBropamu skux € BukiarouHo HIIIT XJIMA. Po3mip mpomomMoru moxe
KOJIMBATHCS B 3aJIEKHOCTI BiJ] KBapTHIIO Ta (paxoBOi CIPSIMOBAHOCTI BUJAHHS;
3011bIIEHHS KiTbKOCTI 3apaxoBanux rogud HIII 3a mpoOieMHi BuaM HayKOBOI isSIBHOCTI y
posaini «HaykoBa pob6oTa» 1HAMBITYaIBHOTO XypHAIY 00Ky poO0OYOro 4acy BUKJIa/1aua;
nommpenHs cepen HIIIT akagemii indopmariii moao ocobauBocteil 0opMIIeHHS MAaTEHTIB
Ha KOPHUCHY MOJENb, aBTOPCHKHX CBIJOITB TPOBEACHHSM BIAMOBIIHUX HaBYAIBHHUX
ceMiHapiB Ta Hapas;
MOCUJIEHHS 3ac00iB peWTHUHryBaHHsA HaykoBoi AisimbHOCTI HIIII Ta BXUTTA BiANOBIAHHUX
3aX0/liB MaTepiaJibHOTO Ta MOPAIbHOI'O 3a0XOUYEHHSI JIJEPIB PEUTHHTY.

JITEPATYPA

1. 3akon VYkpainu 3791-IX «IIpo BHeceHHS 3MiH A0 JESKUX 3aKOHIB YKpaiHH 1010
OIATPUMKH  HAyKoBOi poOOTH B 3akiadax BuUmoi ocBitw» Big 06.06.2024p.
https://zakon.rada.gov.ua/laws/show/3791-20#Text

2. Peectp inmuBinyansaux kaptok HIIIT X/IMA.

3. ApxiBu 301pHUKIB KypHaILy Hayxosuii BICHUK XIMA.

http://journals.ksma.ks.ua/nvksma/issue/archive

4. ApxiBu 30ipHUKiB MixkHapoaHoi KoHpepenuii «IIpobGieMu cTasoro po3BUTKY MOPCHKOI

ranysi (PSDMI)». https://ksma.ks.ua/?page _id=2114

5. ApxiBu 30ipHuKiB MixHapoaHoi koHdpepeHuii «CyvacHi iHdopMarlliiiHi Ta iHHOBaIilHI
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MOBHA MIAIOTOBKA ®AXIBIIB MOPCHKOI T'AJIY31 B YMOBAX
BOE€HHUX BUKJIUKIB: CYHACHI ITIIIXOAU TA CTPATEI'TA
CTAJIOI'O PO3BUTKY

Tauyenxo JI. B.
Hayionanenuit mpancnopmuuti yHieepcumem
(Ykpaina)

Beryn. Y cyyacHHX yMoOBax BOEHHHMX MOl B YKpaiHi NMUTAaHHS MiArOTOBKH (axiBIIiB
MOpPCBKOi Taiy3i HaOyBae OCOONMBOI aKTyalbHOCTI. MOpPCBKHIA CEKTOp BiAirpae CTpaTeriyHy
poJib SK y 3abe3nedeHHI €KOHOMIYHOI CTIMKOCTI Nep)KaBH, Tak 1 B IHTerparii YKpaiHu a0
CBITOBHUX JIOTICTUYHUX CHCTeM. BiifHa cyTTeBOo TpaHchopmyBama BUMOTH a0 MpodeciiiHol
HiATOTOBKM MOPSKIB Ta MPALiBHUKIB MOPCHKHX IMIiJNPUEMCTB, 30KpeMa B YacTUHI
KOMYHIKAaTUBHUX KOMIIETEHTHOCTEH, MIDKKYJIbTYpHOI B3a€MOJIi, 3JaTHOCTI IIpaLlOBATH B
KpU30BUX CHUTYyalligx Ta iHQopMaliiiHo HeOe3reyHOMYy cepenoBHIli. MoOBHA MiATOTOBKA CTa€e
BXJIMBOIO CKJIQJIOBOIO (DaxoBOCTI, amke CydacHHUH MOpSK (YHKIIOHYe B TII0OaTbHOMY
MYJbTUKYJIBTYPHOMY IpPOCTOpi, [€ TOYHICTb Ta OIEpPaTHBHICTh € 3allOPYKOI Oe3MeKH,
npodeciiiHoi eheKTUBHOCTI Ta CTAJIOT0 PO3BUTKY raiy3i [5, 6]. Huni ykpainchki 3akiagu BUIIOL
OCBITM BUMYIICHO a/IalTYIOTh HaBYaJbHI MPOTPaMH 10 HOBUX peasliii, MOETHYIOUN TPaAuLiiHI
METO/HM 3 IHHOBALIHHUMH, TUCTAHIIIMHUMH Ta TPAKTUKOOPIEHTOBAHUMH CTPATETISIMU.

AKTyaJIbHIiCTh J0CTizKeHb. [[omyK epeKTUBHUX IJIAXIB MiArOTOBKH, 30KpEMa MOBHOT,
(daxiBIiB MOPCHKOI Tally3i HAHI € aKTyalbHUM. L[ mpobiemarnka 3HAWIUIA CBOE BiIOOpaKCHHSI
B Ipamsx Takux HaykoBliB, sk O. I'ypenkosa, 1. MitocoB, O. Mopos, JI. Ilyxosceka, T.
Kuromupceka, B. Paakesuu, B. Uumimup Ta iHImi.

[ToBHOMAacIITaOHA BiliHa CTBOpUJIA PSAJ BUKIUKIB 711 MOPCHKOT OCBITH YKpaiHU, OCHOBHI
3 SKHX:

1) besnexosi uxiuku — peanbHa 3arpo3a PakeTHUX yJapiB, aTak JAPOHIB, HIO YCKIIATHIOE
CTaOUIbHUI OCBITHIN MpOIEeC; eBaKyallis 3aKJadiB OCBITHM 3 MPUPOHTOBUX PETiOHIB, BTpaTa
MaTepiaapHOi 0a3u; mepexiJ Ha 3MillaHl Ta JUCTaHIiiHI (opMaTH, K1 HE 3aBXIU Jal0Th 3MOTY
SIKICHO MTPOBOJUTH TPEHAKEPHY M1JATOTOBKY;

2) empama MamepianrbHO-mMmexHiuHoi 6a3u — HEMOXKIMBICTh MOBHOI[IHHOTO BUKOPHCTAHHS
TpeHa)kepiB, Ja00paTopiil, MOJIrOHIB; OOMEXEHHM OCTyN IO MOPCHKHUX IMPAKTUK, TOMY LIO
MOPCBKI MOPTH 3a0JI0KOBaHI a0 YaCTKOBO HE MPAIIOIOTh; MOIIKOHKEHHS a00 HEIOCTYIHICTh
CIIeIiaxi30BaHOTO 00JIaHAHHS,

3) wmiepayis euknadauieé i cmydenmie — BIITIK YaCTHHHU CTYJCHTIB 3a KOPJOH; 3HIIKCHHS
KUIBKOCTI a0ITypi€HTIB, OCOOMMBO Ha croemianbHIicTh J5 Mopchkuil Ta BHYTPILIHINA BOAHUMN
TpaHCHOPT; Opak JOCBIIYEHUX BUKJAJadiB, K1 BUiXalu 3a Mexi YKpainu abo 3MiHWIN cdepy
TISIIBHOCTI;

4) ncuxonociunuii muck i cmpecogi ymoeu — TIOCTIHHA TPUBOXKHICTh, IO BIIMBAE Ha
MOTHUBAIlII0 Ta €()EeKTUBHICTh HaBYaHHS; NI€PEBAaHTAKEHHs BUKJIAJAUiB, sIKi OEAHYIOTh pOOOTY,
BOJIOHTEPCHKY JAISIIBHICTD 1 )KUBYTh B yMOBaX HECTaOUIbHOCTI;

5) 3miHu 6 MIZCHAPOOHOMY HABYANLHO-NPOPeECiliHOMY cepedosuuyi — YKPATHChKI CTYIACHTH
MOPCBHKUX 3aKJIQJiB BHINOi OCBITH CKJAIHINIE MTPOXOAATh NPAKTUKy dYepe3 YCKIIAIHECHHS
JIOTICTHUKH, TOOOIOBAaHHS 1HO3EMHHUX KOMIIAHIH 111010 PU3MKIB, KOHKYPEHIIIO 3 MPeJICTaBHUKAMU
IHIIMX KpaiH; CKIQJHICTh MATPUMAHHS BiAmoBigHOCTI craHmapramM STCW, konmm HaBYaHHS
9JaCTKOBO OPTaHi30BaHO OHJIANH;

6) ¢inancosi npobremu — HemoctaTHE (iHAHCYBaHHS OHOBJICHHS ~TpPEHAXEPiB,
CUMYJISITOPIB, HaBUAJBHUX JIA0OpAaTOpii; CKOpOUEHHs OFOJDKETY 3aKia/iiB OCBITH; 3pOCTaHHS
BapTOCTI EHEProHOCIIB, 1110 BIUIUBA€E HA pOOOTY HaBYAJIbHUX KOPITYCiB;

7) HeoOXiOHicmb OHOBNIEHHSI HABUANLHUX NpocpaM — TOTpeda IHTerpyBaTH MOAYII 3
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0e3meKkn y BOEHHUH Yac, KPU30BOTO MEHEKMEHTY, HaBiraiii B yMOBaxXx MIHHOI HeOE3NeKH,
CTPECOCTIMKOCTI; ToTpeda 3abe3rneynuTd IUEGPOBY T'PAMOTHICTh, aJDKE YacTUHA IMPOIIECIB
B11I0yBa€THCS B TUCTAaHIIMHOMY (hOopMarti;

8) sHudicenHss docmynHocmi MOPCLKUX NPAKMuK — BTpaTa ado 3aKPUTTSI OLIBIIOCTI MOPTIB,
pPHU3UKM cyaHOMIaBcTBa B YopHOMY MOpi, OOMEXKEHHS JUIS MPOXO/KCHHS CTa)KyBaHHS Ha
1HO3EMHHUX Cy/IHaX;

9) nopywenns MidCHAPOOHUX HAYKOBUX 36 S3KI6 — BIIMOBA JCSIKUX MapTHEPIB Bij
CHiBIpall yepe3 pu3uKH, HEOOXITHICTh MEPEOPIEHTYBATHCS HA HOB1 €BPOIEHCHKI MPOTPaMHU;

10) nompeba y weuoxii yugposizayii — nepexin Ha LMS-tmiatdopmu, oHIaiiH-TpeHaXepH,
CUMYJISITOPH, BUMOTA aJIalITyBaTH MaTepialiv JAJisl AUCTAHIIHHOTO HaBUaHHS 0€3 BTPATH SKOCTI.

3 ornmsdy Ha Iie, MOBHa MiAroTroBka HaOyBae He iuie ($axoBOro, a i CTpaTEri4HOTO
3HAYCHHs: (OPMYBaHHS CTIMKMX KOMYHIKaTUBHUX TMPAKTUK CHOpUsEe  Oe3MepepBHOCTI
npodeciiHoi  AISUTBHOCTI, B3a€EMOMAIl 3 MDKHApPOJHUMU CTPYKTYypaMH, IPOXOHKCHHIO
ceprudikamii Ta MTATPUMAHHIO KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHCBKHX MOPSKIB Ha
1006ankHOMY PUHKY Tpaii [4].

IlocranoBka 3agaui. B ymoBax BiifHM mpodeciiiHO OpieHTOBaHa MOBHA MiJTOTOBKa
¢axiBLiB MOPCHKOI IHIAYCTpIii XapaKTepU3YETbCS HOBUMH BHUMOTaMH. AKIEHT 3MILIYEThCS Ha
TaKe:

1) KoMyHIKaIlif0 B eKCTpeMaIbHUX yMOBaxX (1HIMACHTH, 3arpo3u, aBapiiti curyartii) [3];

2) MDKHapoOJHY CIIBIPAIl0 3 IHO3EMHMMHU KOMIIaHISIMH, (JIOTaMH, TyMaHITapHUMHU
OpraHi3aIismu;

3) mucraHIiiiHi Ta 3MilraHi popMaTH HaBYAHHS,

4) unppoBy KOMIICTCHTHICTH Ta BMIHHS IPAIIOBATH 3 MDKHAPOJHUMH EJICKTPOHHUMHU
pecypcaMu, HaBiral[iftHUMH CUCTEMaMHU, TUIATPOPMaMH JJIsi MOPCHKOTO 3B’ 513Ky [1];

5) MCUXOMIHIBICTUYHY CTIHKICTh, TOOTO 3MaTHICTh €(EKTHBHO KOMYHIKYBATH ITiJ{ THCKOM Ta
y CTPECOBHX YMOBaX.

VkpaiHcbka Ta aHIJINChbKa MOBHM Y MIATOTOBII MOPCHKUX (axiBI[IB BHUCTYNarOTh
KJIIOYOBUMH 1HCTpyMEeHTaMH mpodeciiiHoi B3aemonii. BuBueHHs ykpaiHCbKOi MOBH 3a
npodeciiHUM  CIOpsIMyBaHHSAM  3a0e3medye  JOTPUMAaHHS  HAalllOHAIBHUX  CTaHIAPTIB
JIOKYMEHTallli, MPaBOBUX HOPM, TEXHIYHUX IHCTPYKI[iM Ta BHYTPILIHIX MOJOKEHb MiANPHUEMCTB.
HaToMmicTh aHTIiHiChKa 3aJIMIIIAETHCS MOBOKO MIKHAPOIHOTO MOpChKoro croiydenns (Maritime
English), sika rapanTye inTerpaiir yKkpaiHChKHX (aXiBI[iB y CBITOBHI MOPCHKHii TIpocTip [2].

Pe3yabTaTtu nociigkedb. Po3risiHeMO OCHOBHI 1HHOBAIIMHI TAXOMU 0 BUKJIAJaHHS
YKpalHChKOI Ta aHMIIMCbKOI MOB Jii MOPSAKIB. Y KOHTEKCTI BOEHHUX BHMKJIMKIB aKTHBHO
BIIPOBA/KYIOTh TaKi CTpaTerii:

1) cumyayitino-modentoganvhuii  nioxi0 — CTBOPEHHS HaBYAIbHHX CIICHApIiB, IO
BIJITBOPIOIOTH peajibHl YMOBHU POOOTH MiJ 4ac KPU3U UM HEOE3IMEeKU: paJioneperoBopy, aBapiiHi
OTIOBIIIEHHS, B3a€EMO/1is 3 BINCbKOBO-MOPCHKUMHM CTPYKTYpaMu, iHpopmaliiiHa Oe3mexa;

2) KOMYHIKAMUBHO-MPEHY8ANbHI NPAKMUKY — TIPOBEICHHS CHMYJISIIH, PONBOBHX irop,
BUKOPHUCTAHHS aBTEHTUYHHX MOPCHKHUX KEHCIB, IOKyMEHTIB, JIOTOYKiB, IHCTPYKIIiH, cTaHIapTiB
IMO;

3) yughposi  oceimmi  mexnonocii —  3aCTOCYBaHHS  IHTEPaKTHBHUX Iuiatdopwm,
BIJICOTPEHAXKEPIB, OHJIAWH-CUMYJISATOPIB, CIELIaJbHUX MOOLIBHMX 3aCTOCYHKIB /Il BHBYEHHS
1uis BuBueHHs: Maritime English, criinbHoi poboTH y XMapHHX cepeloBHIIAX;

4) memoouka 3MIWAHUX OUCKYpCi6 — TIOEAHAHHS TPOodeciifHOro, BiliChKOBO-MOPCHKOTO,
HAayKOBOTO 1 TEXHIYHOTO JHWCKYpPCIB, IO € HAA3BHYAHO BAXJIMBO B yMOBaxX BIMHH, KOJHU
MOPCHKa 1HyCTPisl B3AEMOJIIE 3 000POHHHUM CEKTOPOM;

5) ncuxoninesicmuuna niompumka — PO3BUTOK MOBJICHHEBOI CTIMKOCTI, TTOJOJIaHHS
Oap’epiB y CIIJIIKYBaHHI B CTPECOBUX CHUTYyallisiX, poOOTa 3 €MOLIMHMMHU CTaHaMHU IIiJ[ 4ac
KOMYHIKaIi.
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Tabmuus 1 — OcHOBHI iHHOBaIIiHHI IHCTPYMEHTH MOBHOI I1ATOTOBKH

Higxinx Ipuxjaaau iHCTPyMeHTIB QuikyBaHuil pe3yJbTaT
cuTyaiiine KpHU30Bi1 KeWcH, aBapiiiHi aianoru, | popMyBaHHS TOTOBHOCTI HisITU B
MOJICTIIOBaHHS CHMYJISILIIT IEperoBopiB CTPECOBHX YMOBaX
Maritime English IMO Standard Phraseology, | minBuineHHs MDKHApOIHOT

aBTEHTHYHI JJOKYMEHTH KOMYHIKaTUBHOT KOMIIETEHTHOCTI
mudposi Texuosorii | Moodl, Teams, BigeoTpeHaxepH, | IOCTYIHICT 1 MOOUIBHICTBH
MOPCBKI CUMYJISITOPH HaBYAHHS
npodeciitHnit TEXHIYHI I1HCTPYKIii, HOPMAaTHBHI | TOUYHICTh npodeciiftHOro
YKpaiHChKHI JOKYMEHTH, 3BiTH MOBJICHHS
TMCKYPC
MDKKYJbTYpHA MOYJIi B3a€EMOJIIi 3 MDKHAPOJHHUMH | TOJICPAHTHICTb, aJlanTHUBHICTb,
KOMYHIKaLis eKinaxaMu eeKTHUBHA CHiBIIpaLs
MICUXOJIIHTBICTUYHI | CTPEC-MEHE/DKMEHT, MOBHI TPEHIHTY | IiIBUIIEHHS CTIHKOT KOMYHIKAIIii
TEeXHIKU
[TincymyemMo 3HaueHHS MOBHOi KOMIIETEHTHOCTI MJISI CTaJIOTO PO3BUTKY MOPCBHKOI

igayctpii. Ha Hamy nymKy, ctanuii po3BUTOK MOPCHKOI raiy3i B yMOBaX BIHM 3aJIe)KHUTh Bif
TaKuX 37aTHOCTEH (PaxiBIliB:

1) edekTuBHO Ta Oe3MEYHO KOMYHIKYBAaTH B MDDKHAPOJIHOMY CEPEIOBHILI;

2) B3a€MOJIATH 3 MAPTHEPAMH Ta KOAIIIIMHU;

3) iHTerpyBaTHCs B IN100AIbHI JIOTICTHYHI Ta 00OPOHHI CUCTEMHU;

4) miaTpUMYBaTH BUCOKI CTaHAAPTH MPOGECiiHOl CTUKHU i JOKYMEHTAII1.

TakuM YMHOM, MOBHA OCBITa CTa€ BAXJIMBUM IHCTPYMEHTOM 3MIIHEHHS KaJpPOBOTO
MOTEHIIIaly KOHKYPETO3/IaTHOCTI YKPaiHChKUX MOPCHhKUX (paxiBIiB Yy BiIOYJOBHHM mepion Ta
MICIIIBOEHHOMY Mail0yTHBOMY.

BucHoBku. MoBHa miAroroBka (axiBliB MOPCHKOI raly3l B yMOBaX BOEHHHUX BHUKJIMKIB
noTpedye CUCTEMHOTO TIEPEOCMHUCIIEHHS IM1IXO/1B: 30€pEKEHHS IKOCT1 OCBITH MOXJIMBE IIUISIXOM
MO€HAHHSA HU(POBUX TEXHOJIOT1H, MOAYIBHOI CTPYKTYpH MPOrpaM Ta Opie€HTallii Ha MpaKTHUYHI
HaBUYKH, MOTPIOHI B €KCTpeMalbHUX yMoBax [6, 7]. Buninumo HalBa)kIUBIII MIAXOAU OO
BUIIOT MOPCHKOI OCBITH HHHI:

1) npiopumemmnicmo npaKmMuKo-opicHMOBaAHOI MOBHOI Ni020MOBKU, TECOPETUIHA TTATOTOBKA
Mae OyTH TICHO 1HTETpOBaHa 3 TPEHYBaHHIMH 3 pajio00MiHy, aBapiiiHUX CIIEHapiiB Ta TEXHIYHOI
JOKyMEHTAIli aHTJTIHChKOI0 MOBOIO;

2) eibpuona mooenrb — ONMUMAIbHUL KOMAPOMIC, 3MIllIaHe HaBYaHHS (OHJIAalH + JOKAIIbHI
CUMYJISILIIT) 103BOJISIE MIATPUMYBATH HaBUAJIbHUI Mpoliec Mpu 0OMEKEHOMY JOCTYIIL 10 MOPTIB
Ta CyJleH, NpoTe€ BHMarae€ IHBECTHIIM Yy IUCTaHLINHI CUMYJSATOPH Ta JIOKaJbHI HaBYaJbHI
HEHTPH;

3) niOmpumka nCUXONOSIYHO20 CMAHY — Hei0 €MHA YacmuHa Kypcy, TPOrpaMH TOBHHHI
BKJIIOUATH €JIEMEHTH CTPEC-MEHE)KMEHTY Ta KOMYHIKallii B KPU30BUX CUTYaIlIsX;

4) 3abesneuenns pieHo2o docmyny 00 yugposux mamepianie, HEOOXITHI 3aXOAU MO0
TEXHIYHOT JIOCTYIHOCTI (1HTepHET, o0JalHaHHs) Ta aJanTallii MarepiaiiB g poOOTH B yMOBax
00MEKEeHUX PecypciB;

5) midxcnapoona cnienpays i 6usHanHs cmaHoapmis, TAPTHEPCTBA 3 1HO3EMHUMH
IHCTUTYIIAMU 1 ajganTamist a0 MikHapoaHux crangaptiB (STCW) copustitots mpodeciiiHiit
MOOIJIBHOCTI ¥ MIABUILEHHIO SIKOCTI MATOTOBKH.

OTxe, 171 DOCSATHEHHsI CTAJOro PO3BHUTKY Tajly3i BapTO peasi3oByBaTH CTpaTeTridyHHUN
IUTaH, SIKMM TMO€HAE MOJEpHI3allil0 MOBHUX MpOrpaM, 1HBECTHUIli B HUGPOBI CTUMYISATOPH,
CHCTEMY IICUXOJIOTIYHOI MIATPUMKH Ta PO3IMIMPEHHS MIDKHApOJIHOI CIiBIpami — yce IIe
JI03BOJIUTH 3/11MCHUTH MIATOTOBKY MOPCHKUX (DaxiBIIB, 3AATHUX HISTH €(EKTUBHO i Oe3NeyHO B
YMOBaX BOEHHUX BUKIIUKIB.
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ENHANCING LANGUAGE INSTRUCTION EFFECTIVENESS WITH
THE HELP OF MARITIME ENGLISH TEACHERS’ LIFELONG
LEARNING

O. Diahyleval, A. Yurzhenko?, O. Kononova?, Yu. Bevzenko?
!Kherson State Maritime Academy
(Ukraine)
2Maritime Applied College of Kherson State Maritime Academy
(Ukraine)

Introduction. Modern teachers should be always updated with the latest teaching
methods. Many teachers take advanced training courses, participate in workshops, and attend
conferences to stay current. It is also important for each teacher to share their experience with
colleagues, especially if this experience has positive results among students who are mastering
different disciplines. Teachers who participate in international seminars and conferences, where
colleagues from all over the world talk about their practical achievements, gain access to current
Maritime English practices and STCW standards. This contributes to improving the quality of
the educational process, using new methods and techniques in their classes and training
competitive specialists.

Teachers spend their entire lives learning something new because due to globalization,
the world does not stand still, and new methods and technologies are emerging to improve
teaching. Using a new methodology, a teacher learns to adapt it to his/her students in order to
have a better result at the end of the semester. The teacher is always looking for new tools to
introduce new vocabulary so that each student can reproduce it at the end of the lesson. He/she
also creates various pre-reading or pre -watching activities to facilitate student’s understanding
of the text or video.

It is also important to note that a modern teacher must not only possess professional
knowledge but also be competent in the usage of digital technologies (ChatGPT, Grammarly,
LMS), online resources (TED-Ed, Maritime Professional YouTube Channels, MarEng, Seagull
Maritime e-learning platform), and interactive platforms (LearningApps, Quizlet, Kahoot!,
Quizizz, Wooclap). In the current realities of distance and blended learning, these skills are
becoming indispensable for ensuring a high-quality educational process. It is also worth
considering the need to develop soft skills - communication skills, emotional intelligence, critical
thinking, and creativity- which help to establish effective interaction with students.

Also, speaking about the realities of maritime education, an important aspect of teachers'
professional development is the ability to effectively use digital technologies, which includes not
only working with online platforms (Moodle, Google Classroom), but also the integration of
simulation programs, virtual trainers, maritime online cases and mobile applications for maritime
English. All this helps both teachers and students in mastering the English language and practical
skills.

Continuous improvement of professional skills allows maritime English teachers to use
modern teaching methods in lessons: problem-based learning, simulation-role-playing games,
case methods, project method, communication training in crises on a ship, etc. Since maritime
English is a means of interaction in a multinational crew, teachers must improve their knowledge
of intercultural communication, the peculiarities of the language of diplomacy, the norms of
communication of different cultures and pass this on to their students.

Self-education is also an important component of the teacher's lifelong learning —
regular familiarization with new methodological materials and the introduction of innovative
methods and teaching aids allow teachers to promptly respond to changes in the field of maritime
education and adapt teaching materials under the requirements of international standards.

Relevance of research. Lifelong learning of Maritime English teachers is an important
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condition for increasing the efficiency of the educational process in maritime educational
institutions. The development of digital competence, the improvement of methodological
approaches, the mastery of modern technologies and active participation in international
educational events ensure high-quality training of future specialists in the shipping industry.

A true professional in the field of education must be a person who is constantly self-
improving, experimenting with new approaches, and actively introducing innovations into their
practice. Such a teacher becomes not only a mentor but also a motivator for students, forming
their readiness for lifelong learning.

Therefore, lifelong learning of teachers contributes to increasing the motivation of
students to learn the language, improving teaching methods, creating a modern educational
environment, and forming competitive specialists in the maritime industry.

Results. Based on the research of domestic and foreign scientists, the formation of
motivational factors in employees is one of the main factors influencing the formation of their
professional development. According to the theories of motivation, A. Maslow, D. McClelland,
etc. distinguish two groups of factors influencing the professional activity and development of
employees, namely personal and organizational [1].

Foreign scientists B. Wright and J. Rohrbo in their research proposed a four-level model
of employee commitment to the institution, including professional activity, in which they
separately identified the characteristics of work, which, according to the researchers, should
include the specificity of the tasks performed by employees, and the stimulation of work should
be represented by opportunities for professional development and the availability of rewards [2].

Many scientific studies on the study of employee motivation have been conducted by
Ukrainian researchers. According to S. Nikitenko, among the factors that shape employees'
commitment to the institution and professional activity, one should highlight salary, emotional
and psychological climate in the team, the role of management, and opportunities for
professional development and growth [3]. In our opinion, the role of continuous Maritime
English teachers’ professional development in enhancing language instruction effectiveness
hasn’t yet been studied sufficiently in scientific discourse.

The following research methods for analyzing the role of teachers’ lifelong learning are
the following: polls, interviews, observational studies, cases, and quantitative analysis.

The mentioned methods can help us to analyze continuous professional development for
teachers and its effect on the quality of education, especially while e-learning. Teachers can
conduct a valuable study that will, by the end, help to understand how continuous professional
development can increase the effectiveness of teaching.

To the examples of advanced training courses we refer the following: Coursera,
Prometheus, LinkedIn Learning, Diia.Education (Osvita) [2], Choice 31 etc. [1] Additionally,
many universities offer graduate programs or certificates specifically designed for teacher
professional development. Teachers also have possibility to attend internships, participate in
round tables, international scientific conferences, workshops, etc.

The most popular platform of e-learning in  Ukraine is Prometheus
(https://prometheus.org.ua/). It offers online versions of its accredited courses for teachers. The
platform was created 10 years ago, and there is a possibility to choose whether you’d like a free-
of-charge course or a Prometheus+ one. There are also popular topics to choose. The platform
includes more than 400 online courses.

Pythahor is another Ukrainian online platform that offers a wide range of courses for
teachers' development (https://pifa.com.ua/). Courses can be chosen according to 62 directions
(e.g. Foreign languages, IT, Al). Pythahor courses can help teachers learn using the latest
teaching methods. It also includes the experience of foreign researchers and investigators. Using
Pythahor courses, Ukrainian teachers can find out how to motivate students more.

EdEra (Education Era) is one more Ukrainian educational system with accessible,
massive online courses for teachers (https://ed-era.com/). It has various videos, animations, and
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interactive activities. The Ministry of Education and Science of Ukraine and many international
organizations (e.g. American Councils) take part in its development and growth. The following
advantages of EdEra can be mentioned: ready-made lesson plans, saving valuable time and
effort, a wide range of topics, immersive experiences for students and educators.

Khan Academy is a platform that includes free and high-quality micro-lessons with
activities in a wide range of subjects (https://uk.khanacademy.org/). Khan Academy was founded
in 2006 and now has registered users from 193 countries [4]. On this platform, teachers and
students can find a lot of different lectures and practical exercises on various subjects:
mathematics, natural sciences, economics, history, English, etc. All these resources are free and
translated into different languages (about 40). All video lectures posted on YouTube are
available on the Khan Academy page, with other materials, such as students™ progress tracking,
practical exercises, and additional materials for teachers. You can register on the site using your
Google or Facebook account. From Google Play, the App Store and the Windows Store the
personal Khan Academy mobile application can be downloaded for free and the materials are
also freely available.

Khan Academy does not contain a highly specialized course on maritime English, but it is
a useful auxiliary tool for developing the language and technical skills of future ship engineers.
The platform can be used in the self-study system of students, which forms their critical thinking
skills. Working with video materials in English, studying grammatical structures, and working
with English technical vocabulary is especially relevant. With the help of this platform, the
teacher can create individual tasks for students (to watch a technical English video and write
down maritime terms), create exercises on listening and reading (to prepare for working with
instructions on a ship), and conduct the lessons using a blended learning model (part of the
lesson is theory on the Khan Academy platform, part is practical application in a maritime
context).

Edmodo is another learning system for educators to cooperate (http://www.edmodo.com).
Edmodo is an educational technology platform that offers communication, collaboration, and
coaching opportunities for secondary schools, colleges, and teachers. The Edmodo network
allows teachers to share content, create tests, quizzes, and surveys, and manage communication
with students, colleagues, and parents. Teachers can organize classwork and homework directly
within the service. Edmodo storage has a Google Docs synchronization feature. This option
allows you to share your work with students or colleagues [5].

Coursera (https://www.coursera.org/) provides a wide range of online courses from top
universities and institutions, including some specifically designed for teachers. That’s why
taking courses means investing in your education and developing your skills and in future it will
greatly advance your career. Studying on Coursera gives teachers an opportunity to receive
internationally recognized certificates, which increases competitiveness. Coursera courses have
tests, videos, and quick labs that can provide valuable hands-on experience, to test knowledge
and consolidate the material. Online courses are a great way to learn a language, as one can
review and practice the material at their own pace (to improve speaking, writing skills and the
grammar details of a foreign language). Online courses are a great way to learn languages while
still working full-time.

As for cons, obtaining a certificate requires payment because many courses are paid,
although teachers can often listen to lectures for free. There is not always individual feedback,
and the programs are mainly oriented towards the Western education system.

In addition to learning language skills yourself, online courses can be a great way to learn
how to help others learn languages, such as through ESL (English as a Second Language)
courses. Here one can find courses for different levels from beginners to advanced. They include
reading, grammar, writing and speaking, different topics, and games. General ESL courses may
not be adapted to the specifics of professional vocabulary (for example, Maritime English), and
some programs (with a native teacher) can be expensive.
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Udemy offers a vast selection of paid and free online courses on various topics, including
professional development for teachers (https://www.udemy.com/). Udemy is a platform that
allows instructors to create online courses on topics of their choice. Using Udemy’s course
creation tools, they can upload videos, presentations, PDFs, audio, ZIP files, and live classes to
create courses. Instructors can also engage and interact with users through online forums.

Courses are offered across a wide range of categories, including business and
entrepreneurship, academics, arts, health and fitness, language, music, and technology.

Teachers Pay Teachers (TPT) is a learning system for educators to share lesson plans
with each other (https://www.teacherspayteachers.com/). TPT is an amazing service (platform)
for buying, selling, and free distribution of methodological plans and developments. Experienced
teachers from around the world support these innovative ideas. TPT has everything teachers need
(both new and experienced) to bring more different classroom activities, engage students, and
increase their motivation. Experienced teachers can share their ideas, resources and different
techniques with a larger audience that can be helpful.

Also, some disadvantages can be named. As materials are created by different teachers
(countries, experience), their quality, methodological value, and compliance with educational
standards can vary significantly. Although there are some free materials, teachers have to pay for
high-quality and full-fledged ideas. Also, most of the content is designed for the American
education system, which may not meet Ukrainian or European standards (assessment
requirements, lesson structure, etc.).

EdWay is one more educational platform for teachers created by EdCamp Ukraine
(https://edway.in.ua/). It can help teachers to independently choose topics, forms, and providers
of training. All teachers can share their experiences and new ideas there.

Diia.Education (Osvita) was created by the Ministry of Education and Science in Ukraine
in 2020 (https://osvita.diia.gov.ua/). It provides a limited number of resources for teachers (e.g.
Educational TV shows, Simulators, Guides, Tests, Webinars, Podcasts, Useful links). Its biggest
advantage is that it’s free of charge. The main objective of this national platform is to make a
breakthrough not only in digital knowledge, but also in general in the skills and abilities that are
relevant in the modern world. And during the five years, more than 2 million course participants
were registered there.

Choice 31 offers more than 50 online courses for lifelong learning in the sphere of
digitalization, five of which are free of charge (https://choice31.com/). Their website is bilingual
and includes a Ukrainian and English interface. The courses are divided into two groups for
those who have a high level of digital competence and for beginners, which is very convenient.
There is also a possibility to get a free 15-minute consultation online. They have many partners
and one of them is a real IT company — Netpeak Group. The platform includes the following
online courses useful for Maritime English teachers: Al use, Management, and SMM.

Using the methods mentioned above, teachers can stay up-to-date while teaching and
enhance their language instruction effectiveness.

Conclusions. The conducted investigation has proved the need for lifelong learning for
teachers, which is really important nowadays. It is of high importance for Maritime English
teachers to stay updated with the latest teaching methods, technologies, and educational research,
especially in the conditions of martial law in Ukraine. The prospects of further research can be
seen in the analysis of simulators in the lifelong professional development of Maritime English
teachers in Ukraine (e.g. Labster).
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NIATOTOBKA JOKEPIB-MEXAHI3ATOPIB SIK CTPATEI'TYHUI
HAIIPSIM 3ABE3NEYEHHS KAJIPOBOI'O IIOTEHIIAJIY IIOPTIB
YKPAIHHA

Jlpomawro O.A.
YopromopcoKuti MOpCoKUll (haxosuii Koaeolc
00ecbk020 HAYIOHATLHO20 MOPCLKO20 YHIGEPCUMEMY
(Vkpaina)

Beryn. Mopcekuii TpaHCIIOPT BiJiTpa€ KIIFOYOBY pOJIb Yy 3a0e3medeHHI €KOHOMIYHOI
CTiMKOCTI Ta MbKHapoaHoi iHTerpauii Ykpainu. [IopTu € CTpaTeridyHOO JaHKOK HE JIHIIE B
EKCIIOPTHO-IMIIOPTHUX OIepallisix, ajge  y chepi HalioHaabHOI O€3MeKH, 0COOJMBO B YMOBAx
BOEHHOTO CTaHy. 3a0e3nedeHHs e(eKTHBHOro (YHKIIOHYBaHHS TIIOPTIB HEMOXIHUBE 0e3
BHCOKOKBaJIi(h1IKOBaHUX MpaIliBHUKIB, SIK1 31IAICHIOIOTh TEXHOJIOTTYHO CKJIaIH1
HABaHTA)XyBaJIbHO-PO3BAaHTAXYBaIbHI omeparii, — JOKepiB-mexanizaropiB. Came BOHHU
3a0e3neuyroTh (GizuyHe MepeMilleHHs] BaHTaXiB, O€3MEeYHICTh omepaliid, pUTMIYHICTE POOOTH
Opuraz i 30epexeHHs MarepialbHUX I[IHHOCTEW y mopTax. B ymoBax mudposizaiii MOpPChKOT
rajysi, 3pOCTaHHS OOCSTiB BaHTaX000Iry Ta TpaHcopMallii JOTICTUYHHUX MapILIPYTiB
3’ABNsE€TbC ToTpeda y HOBiM reHeparii poOITHUKIB, SKI BOJOMIIOTH HE JIMIIE TEXHIYHUMH
HaBUYKAMH, a ¥ KOMIETEHTHOCTSIMM 3 aBTOMAaTU30BAaHOI'O YIMPABIIHHA [OPTOBUMHU
MeXaHi3MaMu, OE3IEKOBUX TEXHOJIOTIH, JIOTICTUKN Ta KOMaHHOI B3a€MO/IIi.

AKTyanbHicTh AocaimkeHHs. [Ipodecis nokepa-MexaHizaTopa 3aJUILAETHCSA OIHIEO 3
HAaBOXIMBIIUX Yy TMOPTOBIA MisIIBHOCTI, OJHAK B VYKpaiHi I craTyc Ta HOpPMaTHBHE
3a0e3neyeHHss NoTpeOyoTh OHOBIEHHS. 3a nanumu European Business Association (2024),
YKpaiHChKiI MOPCHKI TIOPTH 32 MUHYJIUHK pik 00poOmIu moHax 97,2 MITH TOHH BaHTaXiB, 0 Ha 57
% Oinbie, Hix y 2023 poui. 30kpema, noptu YopHoMopcebk, Peni Ta [3main 3ab6e3neunim moHas
60 % 1poro o6cATy, TOBIBIIH, IO TATy3b, HABITh B yMOBaX BiifHH, 3JIMIIA€THCS (PYHKITIOHATBHO
akTuBHOW0. Pazom 3 TuM, 3a ouinkamMu Mind.ua, aediuuT KaapiB y JOTICTUYHOMY CEKTOpi
VYkpainu craHoBUTH 10 30 %, 1110 BKJIIOYA€E HE JIUIIE YIPABIIHCHKI, @ i TEXHIYHI CIE1aJbHOCTI.
BincyTHicth kBanmi(pikOBaHHX JOKEpiB-MEXaHi3aTOPIB MPU3BOJIUTH 0 3HI)KEHHS MIBHAKOCTI
00poOKM BaHTaXiB, MPOCTOIB CYJEH, MIABUIICHHS BHUpOOHMYMX pusMKiB. Cutyauis B M.
YopHOMOpPCBK € THUIOBOIO Il Tajy3i: NMOPTH AaKTUBHO HIYKAIOTh JOKEpiB-MeXaHi3aTopiB,
nponoHywoun 3apoOiTHy miary Big 25 000 mo 30 000 rpu (mani Robota.ua, 2025), mio
MEPEeBUIIyE CEepPEeAHIN piBeHb oIaTH mpaii no obnacti Ha 40-45 %. BoagHowac KijgbKicTh
KBaJT1(DIKOBAaHUX NPETEHJIEHTIB € HeloCTaTHbOI0. [IpoOiema Mae HOpMaTUBHUN XapakTep — B
VYkpaiHi BIACYTHIM nepxaBHUH OCBITHIM ctannmapt ans npodecii 8333 «Mexanizarop (1okep-
MeXaH13aTop) KOMIUIEKCHOI OpHragd Ha HaBaHTAXKYBaJbHO-PO3BAHTAXYBAIHHUX POOOTAX).
Yepes 1e nuie oauH HaBUalbHUM 3akiaf — YOpHOMOpPCHKUH MOpPCHKHN (haxoBUi KOJIEIK
OHMY — mae MOXIMBICTh 3/11ICHIOBAaTH MIATOTOBKY TaKuX (paxiBIIiB.

ITocTanoBka 3agaui. MeTo0 OCHIIKEHHS € TEOPETUUHE Ta MPAKTUYHE OOTPYHTYBAHHS
HEOOXITHOCTI BJOCKOHAJICHHSI CHCTEMH IIiJITOTOBKU JIOKEPIB-MEXaHI3aTOPIB SK KIFOYOBOTO
YUHHUKA 3a0e3MedyeHHs] KaapoBoi CTaOUIBHOCTI MOpPChKOI iHAycTpii Ykpainu. OCHOBHI
3aBJlaHHA: JOCTIAMTU CyYacHUM CTaH MiATOTOBKM (paxiBLiB poOITHHYMX Mpodeciii y MOPChbKii
rainysi; BU3HAYUTH KJIIOUYOBI HOPMaTHBHO-TIPABOBI, KaJpoBi Ta OCBITHI mpobiemu y cdepi
MITOTOBKM JIOKEpPIB-MEXaHI13aTOpiB; Yy3aralbHUTH mNpakTuyHuii nocsiy YMOK OHMY vy
CTBOPEHHI OCBITHBOI MPOTrpaMu 3 ypaxyBaHHSIM NOTPeO CTEHKXOJAepiB; pO3pOOUTH MPOMO3HILIIi
II0JI0 CTBOPEHHS JIEP’KaBHOTO OCBITHHOT'O CTaHIApPTy Ili€i mpodecii SK CKIaJoBOi CHCTEMHU
CTaJIOTO PO3BUTKY MOPCBKOTO CEKTOPY.

PesyabraTn pocaimkenHsi. JlocBig MiATOTOBKM JOKepiB-mexaHizaropiB 'y UYMOK
OHMY noBoauts, 1o epexkTuBHa npodeciiiHa OCBiTa y MOPCHKii rairy3i MOXJIMBa JIMIIE 32
YMOBH 1HTerpaiii OCBITHHOI'O MpOIECYy 3 BUPOOHMYMMHU peanisiMu HopTiB. HasiBHa ocCBITHS
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nporpamMa CTBOpIOBasiacsi meparoriyauMu npaniBaukamu UMOK OHMY y cmiBmpami 3i
CTEHKXOJIIepaMHd  MOPCBKOI Tally3l — MpeAcTaBHUKaAMU AJMIHICTparii MOPCHKHX TOPTIB
VYkpaiHu, CTUBIJOPHMX KOMIIaHIi Ta MiANPHEMCTB IMOPTOBOTO rocmojapcrsa. B ii ocHOBY
MoKJIaZieHo «JIOBIMHUK KBamiQikamiiHUX XapaKTepUCTUK Mpodeciii mpariBHUKIB. Bumyck 67.
Boanuii Tpancmopt», sIKui, yTiM, Oyno po3pobieHo me y 2004 pormi i morpeOye ramboKoro
OHOBJICHHSI BIJMOBIAHO JO TEXHOJIOTIYHMX 1 OE3MEKOBUX pealiii Cy4yaCHOTO MOPCHKOTO
TpaHcopry. a came npexacraBHukamu JII Mopcebkuii ToprosenbHui nopr «4opHOMOPCBK» Ta
TOB «Teyc Tepminam». BomHodyac OCHOBOW I CTBOPEHHS IporpamMu craB «JloBiIHHK
KBaJTiiKaliiHUX XapakTepuCcTUK mnpodeciii mparniBHUKiB. Bunyck 67. Boanuii Tpancmopt,
SIKUW TaKOXK MOTpeOye OHOBIICHHS BIAMOBIAHO IO CyYaCHUX BUMOT PUHKY Ipalli Ta nudposizartii
MOPTOBUX TMpoueciB. Y mpoueci po3poOKH OCBITHBOI mporpamu  Oyjlo  BH3HAYEHO
KOMITETEHTHOCTI, HEOOX1IHI Cy4YacHOMY IpaIliBHMUKOBI MOPTY: YMNPAaBJIIHHS DPI3HUMH THIAMHU
BaHTAKHO-PO3BAHTAXKYBAJIIbHUX MEXaHI3MiB; 3HaHHS TEXHOJOTIYHUX CXEM MEPEBAIKH BAaHTAXKIB;
JOTPUMaHHS BUMOI TEXHIKM O€3lEeKH Ta EKOJOIIYHUX CTaHAAPTIB; BOJIOJIHHS €JIIEMEHTaMHU
U(pPOBUX TEXHOJIOTIH 00Ky BaHTa)KOTOTOKIB; YMIHHSI MPALOBATH B KOMaH/I Ta ONEPaTHBHO
pearyBaTtu Ha 3MiHy BUpOOHHYMX yMOB. CriBOpard i3 cTelkxosaepamMy 103BOJIMIIa 3a0€3eUUTH
MPAKTUKO-OPIEHTOBAHUH 3MICT HaBYaHHS, 3Iy9E€HHS CTY/ACHTIB 10 CTa)XXyBaHb y MOPTaxX, y4acTh
y HaBUaHHAX 3 pEaIbHOI0 BHUPOOHMYOIO TMpoLecy. AHalI3 PUHKY Hpall I0Kasye, L0
BUITYCKHUKH MPOTPaMH IPALEBIAMITOBYIOTHCS Y TEpIi 3 MicsIli M/ 3aBEpIICHHS] HABYaHHS,
TO1 SIK CepeHIN MOKa3HUK MO TeXHIYHUX npodecisx B YKpaini — 01m3bko 6—8 MicsiiB. OmHak
KIIIOYOBUM BUKJIMKOM 3aJIMIIAEThCS HOPMAaTHBHA HEBPEryJboBaHicTh mpodecii. BincyTHicTh
JIep>KaBHOTO CTaHJAPTy HE JIMIIE YCKJIAJHIOE JIILEH3yBaHHs NpOrpaM y 1HIIMX 3aKiajax, aie u
CTPUMYE DPO3BHUTOK CHCTEMH MOPCHKOI mpodeciitHoi ocBitn B niomy. Kpim Toro, JloBigHHK
kBaniikamiiHux xapaktepuctuk (Bumyck 67) He BpaxoBye HOBI TEHJEHIII: aBTOMAaTH3aIlil0
MOPTOBUX TMPOIECIB, BUKOPHCTAHHS TUCTAHIIHOTO KEpyBaHHS TEXHIKOI, BIPOBAKCHHS
€KOJIOTIYHUX TexHoJoriil. TakuMm 4YMHOM, OHOBJIEHHS HOpPMAaTMBHOI 0a3u Ta CTBOPEHHS
CYy4aCHOI'O OCBITHBOI'O CTaHIAPTy € HEOOX1HOK MEepeayMOBOI0 PO3UIMPEHHS CHCTEMHU
HiATOTOBKYU Ka/piB 1 3a0e3MeYeHHs] KOHKYPEHTOCIIPOMOXHOCT] YKPaiHChbKHX MOPTIB.

BucnoBku. [Ipodecis nokepa-mMexaHizaropa Mae CTpaTeriuHe 3HAYSHHS JIS CTajIoro
PO3BUTKY MOPCBKOI ramysi Ykpainu. [i posb BUXOAUTH 32 MeXi CyTo TeXHiuHOT — Iie mpodecis,
110 3a0e3nevyye CTalicTh JOTICTUYHUX JIAHLIOTIB, O€3MepepBHICTh €KCIOPTY 1 QYHKI[IOHYBaHHS
nopToBoi iH(pacTpykTypu. CydacHa cucTema MiArOTOBKU (haxiBIiB MOTpedye HOPMAaTHUBHOIO
OHOBJICHHSI — PO3pOOKH JEep>KaBHOTO OCBITHBOTO CTaHAApPTy, MojepHizamii JloBingHuKa
KBaTi(iKaIHHUX XapaKTePUCTUK, PO3LUIMPEHHS [JOCTYIy IHIIMX OCBITHIX 3aKiafiB J0
JineH3yBaHHs i€l nporpamu. Jlociag YopHOMOpchkoro Mopchkoro (axosoro konempxy OHMY
MoKa3ye, 1110 MOJIeNb MiATOTOBKU y CIHIBHpali 31 cTeikxongepamu € eheKTUBHOIO, 3a0e3neuye
BHUCOKY IpaleBIalliTOBaHICTh BUITYCKHHUKIB 1 BIJOBIJIa€ pealbHUM MOTpedaM MOPTOBOI Tay3i.

Jns dopmyBaHHS KaJapoBoi CTaOUIBHOCTI MOPTIB HEOOXIAHO 3a0€3MEUUTH JepXKaBHY
MIATPUMKY TpOQeciiiHOi OCBITM MOPCHKOIO CHpPSAMYBaHHS, BKJIOYHO 3 OHOBJIEHHSM
MaTepiallbHO-TEXHIYHOT 0a3u Ta PpO3MIMPEHHAM JyajdbHOi OCBITH. IliAroToBKa OKEpiB-
MeXaH13aTopiB € He Juie TpodeciiiHo MoTpedoro, a i eJIeMEHTOM HaIllOHAJIBHOI €KOHOMIYHOL
0e3neKu, OCKUIbKU came Ii (paxiBili CTOSITh HA MEpPEeIHbOMY Kpai JOTICTUYHHUX MPOIIECIB, IO
3a0e3MeuyI0Th EKOHOMIUHY KUTTEAISUIbHICTD JepiKaBH.
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CARGO OPERATIONS BY USING THE SHIP’S CKANES AND SHIP’S
STABILITY

V. Zhmur
Kherson State Maritime Academy
(Ukraine)

Introduction. Heavy-lift cargo operations are usually high-risk procedures. Normally,
before loading or unloading heavy cargo, the vessel must be at even keel with the lowering
ship’s center of gravity and therefore increasing metacentric height. In this article, general
procedures before loading and discharging heavy-lift cargo will be considered, and also whilst
the vessel has an initial angle of heel. Main ship’s stability aspects during heavy-lift operations
will be pointed out.

Main material. The nowadays analysis of ship’s operations shows that heavy—lift cargo
operation by using the ship’s cranes, especially during their simultaneous work, can be
dangerous, causing sometimes serious circumstances for the ships and even capsizing due to
large heeling angles in general. Before carrying out cargo operations, particularly when loading
heavyweight cargoes, special attention must be paid to the proper stowage to prevent excessive
moments leading to accidents. In this case effect of cargo shifting on the ship’s stability is well-
known and must be checked continuously during operations.

While loading/discharging of heavy lifts by using the ship’s cranes, the following points
have to be considered.

1. The vessel’s initial stability corrected for free surfaces is radical reduced when:
opening the hatch covers (especially if the vessel is provided with folding system); hoisting the
jib(s) from sea stowing position; hoisting the cargo from the berth (in that moment the vertical
centre of gravity of the unit is fixed in the rope wheel at the jib’s end up to 60m above the
baseline dependent on the size of ship and cranes).

2. The vessel gets a list which should not exceed 50 max (in this case sound alarm will be
started) when:

- turning the jib over the berth in connection with the jib’s outreach;

- hoisting the cargo from the berth.

The reason for that is suspending a cargo by a ship’s crane so that the cargo just
suspended transforms itself from a fixed (fastened) weight to an unfixed one with the sequent
negative consequences. In addition, the procedure of lifting the heavy weights by the ship’s
cranes requires the accurate and proper calculation of the changes in the ship’s stability and
heeling. Such a calculation should be performed before such operations, and it should be based
on the real figure of the ship’s metacentric height GM cor.

When cargo is loaded or discharged from a ship, the numerical changes in the ship’s
stability and heeling are different; therefore, the processes of loading and discharging
heavyweight units will be discussed separately. Thus, before heavy—cargo loading operations
commenced, normally, if the vessel is berthed port side

alongside, such general precautions must be carried out:

— take ballast in the double bottom tanks and also in some cases in the wing tanks, but
keep in mind the arising heeling moments due to free surfaces;

— if possible, tween deck panels must be put down in the holds tank top to make the
center of gravity as low as practicable;

— pump the ballast water from the heeling tanks' starboard side to portside as much as
possible;

— not fully open hatch covers giving space required only for heavy cargo operations;

— hoist the gangway and keep mooring lines tightened, avoiding any slack;

— if necessary, order port tugs or drop the starboard anchor;

— after connection of lifting wires/slings with the unit, it’s necessary to make an initial
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load on the crane's hooks (just a few tons) and find the correct direction of lifting gear;

— heavy cargo must be as close as possible to the ship’s side (depending on unit
dimensions and presence of pier fenders);

— constant communication by walkie—talkie must be performed between the chief officer
(captain) and the crane operators;

— all deck crew must be familiar with crane operations and the use of signals;

— before lifting of cargo, it’s recommended to leave some welded plates or stoppers at the
bottom of the heavy piece to prevent its shifting in any longitudinal and transverse direction, also
guy—lines must be used at each cargo unit corner to keep them tight while hoisting up;

— start pumping ballast from the port side heeling tanks to the starboard side, checking
load on hooks;

— lift up the cargo unit only by the ship’s hooks, controlling load steps continuously;

— swing cranes very slowly and all the time be in contact with crane drivers;

— commence pumping ballast from the starboard side to port side and check that heeling
will not exceed 1°(if the angle of heel is 2.5°sound alarm in the cranes will be raised, and after
5°heel, cranes automatically switch off);

— stow heavy cargo in the hold in accordance with to stowage plan and slowly decrease
the load on the hooks to

Take off all lifting accessories:

— make lashing meet the requirements of Cargo Securing Manual.

Discharging of a heavy-cargo unit from the ship is usually carried out vice-versa of above
above-described procedures. Special attention must be paid to the movement of the cargo piece
inside the hold and, therefore, arising additional heeling moments.

In this case, loss of ship’s stability is not usually caused by changing of metacentric
height value, as the distance between the metacenter and the center of gravity of the vessel. For
that reason, it’s necessary to input a correction, named SWC (Suspended Weight Correction).

Free suspended weight influenced the ship’s stability as the cargo center of gravity is
situated in the lifting point. In other words, at the moment of lifting up cargo unit, its weight is
instantly raised to the lifting point.

In this very moment ship’s stability is reducing. After further hoisting or lowering of
freely suspended cargo due to changing the length of suspension will not affect the stability.
Taking into consideration all the information mentioned above, we can make a conclusion that if
a free suspended unit is secured against the transverse movement (using guy-lines, for example),
then loss of stability in the moment of lifting cargo will not arise.

Let’s consider one case of loading/discharging heavy cargo based on the non-zero
conditions, when the ship has an initial angle of heel caused, for example, by strong wind or
waves of passing by small vessels, and sometimes the heeling may appear due to unsymmetrical
positioning of cargo inside the holds in view of the centerline.

This may cause an additional heeling moment which may be found from below formula:

GG’ xcosdp = GM xsin ¢,

where GG” — distance between centers of gravity when the ship is on the even keel and
after heeling [m]; ¢ — angle of heel [°]; GM — metacentric height [m].
If the cargo unit shifts from point A to point A1, then the ship’s center of gravity will be
moved from point G’ to point G'1, and the metacentric height will be decreased.
Angle of heel will increase to the value ¢1, and the new stability formula will be:

G1G1” xcosd1 = (GM —GGr )xsindr ;
sing w8z sing1

GM x cos® = (GM- A ) xcos¢r;
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tan¢ w-6z GGt
or=arctan( 1-a );a=AGM= GM;

a is a coefficient equal to dividing the distance of vertical shifting the ship’s center of gravity to
its metacentric height [1].

Further, the example of a heavy-lift procedure will be given down below.

Cargo description is as follows: 316 mt turbine to be loaded in the US port Houston with
destination to the Argentinian port Zarate.

It should be noted that the position of the center of gravity (c.0.g.) can have a great
impact on the lifting possibilities and lifting safety. And all parts (mounted inside or outside) of a
cargo item that could move or rotate during loading/discharging/sea transport must be secured
properly by the shipper.

The main vessel’s technical data: Deadweight (Summer draft): 17000 mt; GT/NT:
12974/5334; Max summer draft: 9.7 m; Length 0.a.: 143.14 m; Breadth molded: 22.8 m; Depth
to main deck: 13.3 m; Height above keel: 41.4 m.

There are some port operations restrictions.

Loading/discharging operations of heavy lift will not start in cases:

1) the wind speed perpendicular to the direction of the ship is over Bf6 (Beaufort
scale);

2) the wind speed in the direction bow/stern of the ship is over Bf7;

3) significant wave height 0.5 m; swell is over 1 m, or if the captain considers the
planned operation as unsafe due to the movement of the crane hook/cargo;

4) current is over 6 kn in case a moored/anchored transshipment is performed;

5) light when working in poor lighting conditions;

6) visibility is less than 50 m daylight;

7) temperature is less than —15° C / above +50° C;

8) heavy-lift operations during hours of darkness are not allowed:;

9) walkie—talkie hand-radios will be used for communication;

10) each morning prior to operations, a toolbox meeting will be held with all involved
parties in order to review local weather conditions and all scheduled operations for that
particular day.

The following criteria can be used as a guideline, although the final decisions are at the
discretion of the vessel’s Master for sea voyage:

1) rolling angle over 15 degrees, the ship must change wave heading and/or speed,

2) safe haven or sheltered region or area in case the captain considers the risk for men or the
ship too high to continue the sea voyage due to heavy weather conditions;

3) master to ensure that instructions regarding navigation in reduced visibility are made up
and complied with, notably when visibility reduces to 3Nm. When visibility was reduced to 6
Nm, activities included additional radar equipment.

4) adjust the vessel’s speed as navigational circumstances require;

5) posting extra lookout/re-organize bridge team/orders full watch complement;

6) sounding of appropriate signals;

7) further measures to ensure safe navigation under specific situations [2].

At the beginning of discharging and hoisting the weight, the rope of the crane is gradually
tensed up so that some portion of the weight mass belongs to the crane, but not to the deck on
which this weight was originally placed. Finally, the entire mass of the weight will be applied to
the rope of the crane, and the weight will become a freely suspended one by the rope.

Thus, during discharging a weight unit by a ship’s crane, the ship’s stability might be
changed. The most dangerous moment is the first one at which the weight is just suspended from
the deck, and the moment when the luffing angle of the jib is increased and, as a result, the point
of suspension moves upward.
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In the case of loading, the moment of suspending the weight is more dangerous than in
the case of discharging the same weight. It happens because, in the first case, both the loss in the
ship’s stability and the heeling of the ship are much larger.

During lifting operations, if some unforeseen accidents occur (for instance, an abrupt and
sudden heeling of a ship happens), the weight that is suspended by the jib’s rope must be
immediately lowered and placed on the deck, the berth, or discharged into the outside water as
soon as possible [3].

For the safe heavy-lift procedures, preliminary calculations must be done in accordance
with all stability criteria adopted by IMO (International Maritime Organization).

Normally, onboard the vessel, there are some stability computer programs.

But to make any conclusion regarding the degree of trust in such program, it’s necessary
to carry out own calculations using information regarding heeling the vessel with “non-zero”
stability parameters, which is mentioned above (having an initial angle of heel).

For instance, let’s describe this particular case:

The vessel has a portside angle of heel (¢): 1.20; Displacement (A): 16065.2 mt; Cargo
weight (w): 316 mt; Length of suspension (I): 45 m; Metacentric height corrected (GM): 3.11
m.

When cargo situated on board on the tank top is lifted up to its maximum vertical position
ship’s angle of heel will be changed.

Distance between centers of gravity when the ship is on the even keel and after heeling:

GGr == 219% _gg5m,

. A . 16065.2 o .
Non-dimensional coefficient is:
q=261 099 _ogg

GM 3.11 .
Thus new angle of heel will be:
o1 = arctan(ﬂ) = arctan (ﬂ )=1.69°
1-a 1-0.289

In conclusion.

1. In the case of loading, the moment of suspending a weight is more dangerous than in
the case of discharging the same weight. It happens because, in the first case, both the loss in the
ship’s stability and the heeling of the ship are much larger.

2. The process of a transversal shifting a suspended weight is comparatively unsafe
because a ship’s stability does not reduce (on condition that the point of suspension does not rise
up). On the other hand, in this period, heeling the ship occurs, but it can be preliminarily
calculated and compensated by means of appropriately shifting some ballast water between
heeling tanks.

3. The final period of placing the weight on a berth (or on board a ship) is comparatively
unsafe because a suspended weight is converted from freely suspended to a fixed one, and the
ship’s stability improves. In the case of discharging a weight, the final period is especially
convenient because the weight no longer belongs to the ship and, as a result, it does not affect the
ship’s stability and attitude at all.

4. The reduction or entire elimination of the negative effect of a freely suspended weight
by means of its restriction on spontaneous transversal movement is the reserve in the ships’
stability improvement that is not yet used for lifting operations performed by the ship’s cranes.
Preliminary assessments and calculations show that the loss in ships’ stability can be reduced
twice at least if this stability reserve were used, especially during heavy lift operations.

5. The most effective way to prevent loss of the ship’s stability due to shifting of heavy
cargo in the transverse direction is its proper securing, for example, by guy-lines or chains, and
performing total control on the cargo operations, as it’s a high-risk procedure.

6. One way to eliminate the problem of the stability loss during heavy-weight operations
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is to change the crane construction in such a manner to prevent cargo shifting in suspended
position (for example, using triple slings to fix cargo in three planes simultaneously).
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Introduction. The digitalization of the maritime industry, the deployment of new
onboard sensors, and the growing computational power have accelerated the adoption of
Machine Learning in naval research. Regulations by the IMO on mandatory Automatic
Identification System (AIS) installations, advancements in telemetry sensors and data collection
capabilities, developments in computer vision, and the emergence of Maritime Autonomous
Surface Ships (MASS) have led to the collection of massive amounts of data, opening up new
research directions. Since 2014, the number of publications using computational modelling
methods has increased tenfold [1].

The performance of machine learning models depends not only on algorithmic design,
but also to a greater extent, on the quality of the data used for training [2]. Moreover, the
availability of open-source datasets that enable benchmarking against established state-of-the-art
models is crucial for ongoing algorithmic improvement. The automotive self-driving field
demonstrates this principle, having advanced rapidly through extensive open-access datasets—a
progress yet to be matched in the maritime domain [3].

Despite the increasing number of publicly available datasets (e.g., Piraeus AIS [4],
OMTAD [5]), many authors still rely on private, inaccessible samples due to the absence of
domain-specific annotations required for model training [6]. Moreover, several research areas
lack open datasets altogether—for example, energy consumption analysis based on noon reports
[6]—while others focus on highly specialized aspects, such as man-overboard maneuver analysis

[7].

To address these gaps, this paper proposes the creation of an open-source, annotated
simulator-based dataset. Such a dataset would provide a shared foundation for research in
navigation, human performance, and decision-making, enabling reliable benchmarking and
accelerating the integration of Al into maritime operations.

The remainder of this paper is structured as follows: Section 1 reviews existing datasets
and the research areas associated with them. Section 2 outlines the proposed methodology for
collecting the dataset. Section 3 discusses potential scenarios for data acquisition and identifies
the research opportunities enabled by the proposed dataset.

Related Work. The following section outlines existing open-source datasets that are
freely available at no cost and highlights the most common computational problems and research
topics that are addressed using these datasets.

AIS tracks. To enhance maritime safety and situational awareness, the International
Maritime Organization (IMO) introduced the Automatic Identification System (AIS) in the
1990s as a supplement to conventional radar-based navigation [8]. AlS-equipped vessels
periodically transmit their GNSS-derived position and other navigational data to nearby ships
and coastal authorities. These broadcasts support collision avoidance at sea, while onshore
Vessel Traffic Services (VTS) use them for monitoring and managing maritime traffic.
Following the 2002 Safety of Life at Sea (SOLAS) amendment [9,10], the installation of AIS
became mandatory for vessels exceeding specified size thresholds. The integration of satellite-
based AIS receivers has since expanded coverage and data availability [11]. As a result, AlS has
become a key data source for multiple research directions.

Open AIS corpora have become the foundation for modeling vessel behavior at scale.
The Piraeus AIS dataset (=approximately 244 million messages collected over 2.5 years)
captures traffic around one of Europe’s busiest ports. It has been extensively utilized for mobility
analytics, anomaly detection, and maritime traffic studies, providing detailed static and dynamic
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vessel attributes suitable for spatiotemporal modeling [4]. The Open Maritime Traffic Analysis
Dataset (OMTAD) aggregates AIS streams from the Australian Maritime Safety Authority,
providing pre-processed trajectories designed explicitly for anomaly detection and behavioral
pattern analysis. It is frequently cited as a reference for seasonal and route-aware modeling [5].

AccessAlS

Figure 1 — Visualization of AccessAIS AIS data tracks

For broader geographical coverage, the NOAA/BOEM/USCG AccessAIS repository
provides quarterly-updated, analysis-ready AIS data for U.S. coastal waters, supporting national-
scale research on traffic exposure, risk assessment, and pattern mining, and serving as a valuable
resource for machine learning pre-training [13]. In contrast, region-specific corpora such as the
Ushant Traffic Separation Scheme (TSS) dataset capture dense maritime traffic in constrained
waterways, enabling research on lane-keeping behavior, route compliance, and collision-risk
estimation [14].

Trajectory prediction. Vessel trajectory forecasting plays a central role in maritime
operations, enabling safer navigation, efficient route planning, and effective port coordination.
Traditional models, including Kalman filters and Hidden Markov Models, have been largely
superseded by modern deep learning approaches that utilize recurrent neural networks, such as
LSTM and GRU. Recent studies have introduced advanced architectures such as TrAlISformer
[15], AIS-ACNet [16] (and various multi-factor deep learning frameworks [17]. These models
utilize Transformer networks, auxiliary learning objectives, and dynamic AIS attributes,
including speed over ground (SOG) and course over ground (COG), to more accurately model
the complex spatiotemporal relationships inherent in vessel movement data.

Vessel Collision Risk Assessment. VCRA based on AIS data plays a vital role in
enhancing maritime safety. The task generally involves estimating the probability of vessel
collisions using motion-related parameters such as relative distance, velocity, and bearing, which
are often summarized in a Collision Risk Index (CRI). Conventional methods rely on indicators
like Distance to Closest Point of Approach (DCPA) and Time to Closest Point of Approach
(TCPA) as inputs for machine learning models, including SVM, RVM, and MLP [18, 19]. More
recent studies apply deep learning frameworks—such as Convolutional LSTM networks—to
compute spatially dependent collision probabilities from integrated AIS and meteorological data
[20].
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Anomaly Detection. AlS-based maritime anomaly detection is crucial for enhancing
situational awareness at sea, as it enables the identification of irregular vessel behaviors, such as
sudden course alterations, deviations from planned routes, and unexpected signal losses.
GeoTrackNet applies a Variational Recurrent Neural Network (VRNN) to model probabilistic
AIS trajectory representations and integrates a geospatially informed a-contrario detection
method to flag abnormal movements [21]. Similarly, GTRA employs a graph-based traffic
modeling framework combined with evidential deep learning to jointly estimate trajectory
uncertainty and anomaly probability. Both approaches have shown strong capabilities in learning
complex spatiotemporal dependencies and detecting a wide range of anomalous navigation
behaviors [22].

Beyond trajectory forecasting, collision risk assessment, and anomaly detection, AlS data
have enabled a broad spectrum of additional research directions in the maritime domain. Studies
have demonstrated the use of AIS for environmental monitoring and coastal security, where
vessel tracking data support oil spill detection and emergency response operations [23]. Other
research has utilized AIS analytics to map and quantify fishing activities across European waters,
enabling the assessment of fleet behavior, distribution of fishing effort, and compliance with
maritime regulations [24]. In the context of sustainability, AlS-derived operational parameters
have been utilized to estimate and forecast greenhouse gas emissions from ships, contributing to
port-level emission management and the development of decarbonization strategies [25].
Furthermore, comprehensive reviews of AlS-based methodologies emphasize its pivotal role in
traffic density mapping, logistics optimization, port performance evaluation, and policy support
[26]. Collectively, these studies highlight the versatility of AIS as a multi-purpose data source,
underpinning advances not only in navigational safety but also in environmental protection,
regulatory oversight, and sustainable maritime operations.

Vision-based datasets. In parallel with trajectory data, computer vision datasets have
become crucial for advancing autonomous navigation, surveillance, and situational awareness in
maritime environments. Vision-based perception plays a pivotal role in enabling Unmanned
Surface Vehicles (USVs) and coastal monitoring systems to detect, classify, and track naval
targets under diverse illumination and sea state conditions.

Figure 2 — Visual sample from the VAIS dataset

Several publicly available datasets have been developed to support these research
directions. The Visible and Infrared Ship (VAIS) dataset combines day—night multispectral
imagery (Fig. 2), facilitating research on ship detection, classification, and sensor fusion under
varying visibility conditions [27]. The Singapore Maritime Dataset (SMD) and its extended

03-04 2pydus 2025 poky 299



IIpo6aemu cmasozo po3sumky mopcovkoi 2anysi (PSDMI - 2025)

SMD-Plus version provide annotated video sequences for object detection, classification, and
tracking, offering realistic coastal scenes for benchmarking maritime perception algorithms [28].
The MaSTr1325 dataset introduces pixel-level semantic annotations for obstacle segmentation
from the perspective of small USVs, enabling precise modeling of the water—sky boundary and
detection of floating or static obstacles [29]. The Maritime Obstacle Detection Dataset (MODD)
and its successor MODD?2 extend these capabilities by integrating stereo vision and IMU data,
supporting research in depth estimation, obstacle avoidance, and sensor fusion [30].

To promote reproducible benchmarking, the Maritime Object Detection and
Segmentation (MODS) dataset standardizes evaluation protocols across 81,000 stereo frames,
featuring over 60,000 labeled instances. It provides a high-quality reference for COLREGs-
compliant perception [31]. Complementary aerial perspectives are captured in the SeaDronesSee
dataset, which contains UAV-based footage for human-overboard detection and small-vessel
tracking, addressing search-and-rescue (SAR) use cases in open water [32]. Finally, large-scale
repositories, such as MARVEL, which comprise over two million community-contributed vessel
images, enable fine-grained recognition of vessel types and appearance-based classification [33].

Overall, vision-based maritime datasets have catalyzed research in object detection,
semantic segmentation, obstacle avoidance, domain adaptation, and multimodal data fusion.
These resources form a critical foundation for developing perception algorithms that support
both autonomous navigation and coastal surveillance systems.

Remote sensing datasets. Satellite-based datasets provide a complementary large-scale
perspective for maritime monitoring and have been extensively used for ship detection,
surveillance, and environmental protection. Synthetic Aperture Radar (SAR) and high-resolution
optical imagery allow persistent coverage of vast ocean areas regardless of weather or daylight
conditions, making them essential for maritime domain awareness.

The SAR Ship Detection Dataset (SSDD) and its improved version LS-SSDD v1.0
aggregate multi-mission SAR imagery (including Sentinel-1) with expert-annotated ship
locations, serving as widely adopted baselines for small-target detection and model
generalization across sensors [34]. The High-Resolution SAR Images Dataset (HRSID) extends
this effort by including multi-sensor, multi-resolution imagery annotated for ship detection and
instance segmentation, allowing comparative evaluation across diverse SAR modalities [35]. For
optical data, the HRSC2016 dataset provides fine-grained, rotated bounding box annotations for
ship detection and classification. In contrast, the SeaShips dataset contributes an extensive
collection of coastal CCTV images for multi-class ship recognition and domain adaptation
research [36].

These datasets collectively support a variety of downstream tasks, including oriented
object detection, data fusion between SAR and optical imagery, traffic density estimation, and
dark-target identification. Their integration with AIS data further enhances the reliability of
vessel tracking and facilitates the cross-validation of ship behavior in regions where AlS signals
are missing or intentionally disabled [37]. As a result, remote sensing datasets play a crucial role
in enabling large-scale monitoring, enforcing maritime regulations, and detecting environmental
incidents.

Despite the steady progress in data availability, the maritime Al research landscape
remains fragmented and lacks a unifying multimodal dataset comparable to those driving
advances in the automotive domain. As emphasized in recent community discussions, the
absence of large-scale, standardized, and openly accessible maritime datasets continues to hinder
the development of reliable, explainable, and context-aware navigation systems [3]. A
coordinated effort is required to establish an open, multimodal maritime dataset that integrates
visual, radar, AIS, and auxiliary sensor modalities, enriched with contextual and behavioral
information reflecting the principles of good seamanship. Adherence to standardized data
collection protocols and the FAIR data principles would ensure interoperability and reusability
across institutions and projects, thereby fostering transparent benchmarking and accelerating
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innovation. In line with these recommendations, the following section presents a methodology
for collecting and curating simulator-based multimodal data, aimed at creating an open,
reproducible foundation for research on human—Al interaction, navigational decision-making,
and operator performance in realistic maritime environments.

Dataset properties. The data collected during the proposed experiment should adhere to the
following principles.

1. Open-Source Accessibility. The dataset will be publicly released through an open
repository, such as GitHub, ensuring it is accessible to researchers, educators, and
industry practitioners worldwide. Detailed documentation, pre-processing scripts, and
standardized metadata will accompany all data. The intention is to establish a long-term,
community-driven resource that promotes transparency and reproducibility in maritime
Al research.

2. Following FAIR principles. In accordance with the FAIR principles (Findable,
Accessible, Interoperable, and Reusable) [38], each dataset release will include persistent
digital identifiers, structured metadata, and a clear versioning system. The data will be
stored in interoperable formats such as CSV, Parquet, and JSON, ensuring compatibility
with everyday analytical environments. This approach will allow researchers to trace data
provenance, replicate experiments, and integrate additional contributions while
maintaining scientific rigor.

3. Using a simulator-based environment ensures high control over experimental variables
and substantially reduces data collection costs compared to real-world measurements.
The simulator reproduces vessel hydrodynamics, sensor behavior, and environmental
conditions, enabling safe replication of high-risk scenarios that would be impractical or
dangerous at sea. The resulting dataset will thus offer both realism and repeatability,
supporting research in navigation, human performance, and decision-making.

4. Standardization and Explainability. To ensure coherence between institutions and
projects, a unified data acquisition standard will be established. This includes fixed
wheatear condition, identical scenarios, and a shared annotation schema. The dataset
design will incorporate explainability features from the outset, with contextual metadata
describing scenario objectives, environmental parameters, and operator intent. This
structure will facilitate the development of transparent Al systems whose outputs can be
traced and interpreted by maritime professionals.

Experiment design. The following section outlines potential experimental setups that
can be employed for the data collection process.

Sample size. To ensure statistical robustness and adequate representation of navigational
behavior, the experiment should involve a minimum sample of at least 100 participants (cadets)
performing standardized simulation exercises. For instance, if the objective is to classify
navigator behavior into characteristic patterns—such as aggressive, normal, or cautious driving
styles, as commonly implemented in the automotive domain [39]—a dataset of this scale would
allow the formation of stable clusters, each comprising approximately 20-30 participants [40].
Such a configuration supports meaningful behavioral differentiation while maintaining statistical
balance across groups.

Experiment scenarios. Given a controlled simulator environment that can generate
synchronized navigation and environmental data, several experiment scenarios can be defined to
support future machine learning research in maritime operations. One key application is the
evaluation of maneuvering performance, where the simulator records a time series of
navigational parameters, control inputs, and vessel responses during tasks such as collision
avoidance, docking, turning, or man-overboard maneuvers. These data can be used to train
models that estimate maneuver efficiency, predict deviations from optimal paths, and classify
safe versus unsafe responses under varying visibility, traffic density, and sea conditions.

Conclusion. A general maritime simulator dataset enables reproducible and ethically safe
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experimentation across navigational, operational, and human-factor dimensions. The controlled
variability of simulated environments allows systematic testing of machine learning methods for
performance evaluation, safety prediction, and anomaly detection. Establishing standardized
experimental protocols and shared data structures lays the groundwork for a scalable, open-
source framework that supports future research on intelligent maritime systems.
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MIITOTOBKA ®AXIBIIIB MOPCBKOI'O TPAHCIIOPTY 3
BUKOPUCTAHHSM HITYYHOI'O IHTEJIEKTY HA 3AHSTTSIX
AHIJINCBKOI MOBH

Menvnukosa A.C.
Biookpemnenuii cmpyxmypruii niopozoin « Mopcokuti haxosuti konedac Xepconcbkoi
0epUCcasHOl MOPCbKOI akademiiy
(Vkpaina)

Beryn. Mopcbka iHIyCTpisl € OCHOBOIO B €KOHOMII YKpaiHu, sika 3a0e3reuye 3HaYHUI
00CST eKCIOPTHO-IMIIOPTHUX OIepaliil Ta NpaleBlaliTyBaHHA KBali(ikoBaHUX (HaxiBIIiB.
JIluBIsUMCh HA CHOTOJICHHS, SIKE€ MOCTIHHO 3HAXOAUTHCA B pedopMax, MPUXOJUMO 10 TOTO, II0
poJib BHUKJIAgada Ta METOAMKA BUKIAJaHHS MOTpedye 3MiH. AHIIiCbKa MOBa — MOBa
ChOT'OJICHHS, SIKa 3aIlOBHIOE yYC1 OTBOPU HAIIOIO XUTTS, a 3HAHHA 3 111€] MOBU € HEOOX1IHICTIO.
AHTITICbKA BIAKpHBAE O34 MOXKIMBOCTEH, PO3MIMPEHHS KOJIA CHUIKYBaHHS, IOCTYI 10
iHdopmarii. BaxxnuBicTe BUBUEHHS MOBU 3aKJIa/Ia€ThCS II€ 3 IOHAIBKUX pOKiB. Tomy, BUKIaa4
1HO3eMHO1 MOBHM Ma€ 3aBXKIW PO3BHBATHCH, BUBYATH HOBITHI IIJIXOIX Ta BMITH MOTHUBYBATH
V4HIB JI0 aKTUBHOT poOoTH. [HHOBaIIIIiHA METOAMKA BUMArae BiJl BUKJIaga4ya OyTH iIHCTPYKTOPOM,
OpraHi3aTopOM Ta IOMIYHUKOM JIJIs 3100yBaviB OCBITH.

Sk 3a3naumna lleBuenko I.: Ha pasi crmocTepiraeTbcsi aKTUBHUNA PO3BUTOK TEXHOJIOT1i
IITYYHOTO 1HTEJEKTY, IKUH CTa€ HEOOXITHUM B Pi3HHX cdepax, BKIOUaldu ocBiTy. [ Hamoi
KpaiHU HaJ3BUYAHO BAXKJIUBO MPOJOBXKYBAaTH (yHAaMEHTANbHI W MPHUKIATHI JAOCITIIKEHHS B
rajy3i IMTY4YHOTO IHTENIEKTYy, aJUKe B MalOyTHBOMY JOCSATHEHHS 3 JTAaHOTO HaIpsMy OyIyTh
OJIHI€IO 3 HEBIJ €MHUX CKJIAJIOBUX OyIb-sKOI JepKaBU Ta i yCHiXy Ha MIKHApOJHOMY PUHKY
HOBITHIX TexHojorii [8]. Bukopucranus mryunoro inrenekty (L) mim dac 3aHaTh 3
AHTIHACHKOI MOBHM HAaJa€ MOXKIMBICTh TpaHC(POpPMYyBaTH METOAM HABUAHHS W BUKJIAJAHHA IIiJ
CydJacHI YMOBHU Ta HOBE TOKOJIIHHS, SIKE€ 3aBXKIM HA 4oJi BIAKpUTTIB. 3a momomororo LI mu
HEepexoAUMO BiJl CTAHJAPTHOTO HABYaHHA N0 iHAMBinyanizoBaHoro. LI anamizye HaB4anmbHi
noTpedu, Jae TepCOHaNI30BaHI 3aBJaHHA MW Matepianu. Ll TexHoJOris € MOTYXKHUM
IHCTPYMEHTOM CTBOPEHHSI HOBOI'O CYYacHOIO OCBITHBOI'O TIPOCTOpY, SIKUH 0a3yeThCcsl Ha
YVHIKaJbHUX ¥ 1HAMBIIyaJlbHUX METOJMKaX MOJAHHS Marepiany ¥ HaBYaHHS, OPIEHTYETbCS Ha
no0Oa)kaHHs CTY/ACHTIB 1 Bi/IMOBIa€ BUMOTaM ChOTO/ICHHS.

[IpakTuHi MOCIOHMKHM, TpaMaTW4Hl JOBIJIHUKA W CJIOBHMKHM CTajdd CTaHJApPTHUMU
eJIEMEHTaMHU ayJIUTOPHUX 3aHATh, JIe TpaMaThKa W CIOBHUKOBUIl 3amac 3aiiMaioTh LIEHTpalbHE
micue. [Ipore 3HauHa yBara Ha rpamMaTMYHUX IpaBHJIAX 1 MEpeKiajil TEKCTIB MOKE BUSBUTHUCS
Hee(EeKTUBHUM JUIsI PO3BUTKY KOMYHIKaTUBHHMX YMiHb KypCaHTIB, IO OCOOJHMBO BIAYYTHO B
CyyaCHHMX yMOBaX, KOJIM aHIJIICbKa € MDKHApOJHOIO MOBOIO CHUIKYBaHHsS. TpanuuiiiHa
METOAMKa BUKJIAJaHHS Iependavae YCHY (IIaJoroBy) Ta HHCbMOBY B3a€EMOJII0 (TBOPH)
3100yBaviB OCBITM Ta BHKJAIAdiB IijJ 4ac BUBYCHHS aHMIiHAChKoi [9]. Och woMy HEoOXiqHO
3alpoBaJUTH HOBI METOJM BUKJIAJAHHSI, SKI CIPUATUMYTh HE JIMIIE PO3YMIHHIO TPaMaTHYHUX
aCreKTiB, a ¥ PO3BHUTKY IHIIOMOBHOI KOMYHIKAaTHBHOI KOMMETEHTHOCTI. CBIT 3MIHIOETHCS Ta
aHrnifickka MoBa HalOyBae CTally MO3MINI0 Yy KOMYHIKAIii Ta mpodeciiHOMYy pPO3BUTKY, TOMY
BukopuctoBytoun L1 HaB4aHHs cTae OibII BMOTUBOBAaHNUM, €(DEKTHUBHUM Ta Pe3yIbTATUBHUM.

TepMmiH «IITYy4HHH IHTENEKT» € JOBOJI KOMIUIEKCHUM Ta MOXeE MaTd JIOBOJI Ppi3Hi
iHTepnperarii. Cama ramxyss € Qy»e MOJIOJ0F0, TEPMIHOJIOTIS Ta MpUHIUIH Oyiu chopMOBaHi Ha
HayKoBiil koH(epeH1il y [IpuHcToHChKOMY yHIBepcuteTi y 1956 poui [2, c. 64]. Hocuts vacro,
TEPMiH «IITYYHHH 1HTEJIEKT» TIIyMauuThCs SIK 3/1aTHICTh aBTOMATU30BAaHUX CHCTEM BHUKOHYBATH
(GyHKLIi JIOACHKOrO IHTENEKTYy, 3JaTHICTb BHOMpAaTH Ta MpHUMMaTH pIlIeHHS Ha OCHOBI
MOTEPEIHHOT0 HAKOIMMUYCHOTO JOCBIAY Ta PallioHAJILHOTO aHai3y 30BHIMNIHIX (akTopis [7, ¢. 8].
B VkpaiHi MOHATTS «IITy4YHUN IHTENEKT» 1 MOTro Wi, IPUHIMIN Ta 3aBJaHHS BHU3HAUEHO B
Konnentiii po3BUTKy IITYy4YHOTrO 1HTENEKTY B YKpaiHi Bix 2 rpyaus 2020 p. Ne 1556-p. 3rigHo 3
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miero KoHmemnmiero, MmMTyYyHWI I1HTENEKT — OpraHi3oBaHa CyKYNHICTh iH(pOpMAaIiiHUX
TEXHOJIOT1M, 13 3aCTOCYBaHHSIM KO MOXJIMBO BHUKOHYBAaTH CKJIAJHI KOMILJICKCHI 3aBJIaHHS
[UISIXOM BHKOPHCTAaHHS CHUCTEMH HAayKOBHX METOJMIB JOCHIDKEHb 1 alropuTMiB 0OpOOKH
iHdopmartii, orpuManoi a0 CaMOCTIHHO CTBOPEHOI IiJ 4ac poOOTH, a TAaKOXK CTBOPIOBATH Ta
BUKOPUCTOBYBaTH BJIAacHI 0a3uW 3HAHb, MOJEN NPUHHATTA pilleHb, aITOPUTMH pPoOOOTH 3
iH(pOopMalli€l0 Ta BUZHAYATHU CIIOCOOM JTOCSITHEHHS TOCTAaBJICHUX 3aB/aHb [4].

P03BUTOK TEXHONOTiH MITY4HOTO IHTEIEKTY B OCBITHBOMY CEPEIOBHUIIl € BAXKIUBUM
HAmpsIMKOM Cy4aCHOTO pO3BUTKY. 3acTOCYyBaHHS IITYYHOTO IHTENIEKTY B OCBITHBOMY
CepEeIOBUILI Ma€ BEJIWKUNA TOTEHLIAN s TOKpalmleHHA e(QEeKTHMBHOCTI HaBYaHHS Ta
nepcoHaizaiii ocBiITHROTO mporecy [6, ¢. 252]. Hapa3i BaXJIMBOI HAyKOBOKO 3aJadeio €
BHUBUCHHSI IHHOBAI[IHHUX METOJIB HABUaHHS Ta BUKJIQJAaHHSA AHTIIMCHKOI MOBH Yy 3aKiagax
(haxoBOi TEPEeNBHINOI OCBITH, IO IiJBHIINTh KOHKYPEHTOCIPOMOXXHICTh IiJl 4ac BimOopy
3100yBayiB OCBITH /10 KPIOIHTOBUX KOMIaHIH.

3ybenko O. BBaxkae, mo Bukopuctanus I 3gatHe 3poOUTH 3aHATTS 3 BHUBUYEHHS
iHO3eMHOT MOBH OUTbII €(PEKTUBHUMHU (3aBASKH TOKPAIIEHHIO IHTEHCHBHOCTI HaBYaJIbHOTO
mpoLecy), MOTHUBaliHHUMHU (chOpMyBaTH 3alliKaBIEHICTh [0 Mi3HABAIBHOI MIAJIBHOCTI U
3aJy4UTH 0 POOOTH HaBITh IMACHBHHUX CTYAEHTIB) HAOYHMMH W IIKaBUMH (3 BUKOPHUCTAHHSIM
abcTpakTHOTO ¥ JOriyHOro MUCHEeHHs ). OJHAK AUCKYCIMHUM 3alMIIAaeThCs MUTaHHS Oe3neku i
pPU3HKIB, sKI MOXYTh BHHHKHYTH BHACIIJIOK 3aCTOCYBaHHs Ili€i TexHoJjorii. JlocmigHuk
MEePeKOHAHUH, 10 JIMIIIEe 3BaYKaHHS Ha BCi pU3HKH BiJ BrpoBamkeHHs LI B HaBuanbHUil mporec
JI03BOJINTh €(PEKTUBHO OMaHOBYBaTH iHO3eMHY MOBY [3]. KocoBa T. Harosornrye Ha BaJIMBOCTI
BIIPOBAKEHHS IITYYHOTO 1HTENEKTY, 30kpeMa yar-6ota GPT, y HaB4aHHS aHTiHCHKOI MOBH 13
3aCTOCYBAHHSIM IHTEPAKTHBHUX METOJIB 1 HEOOXITHOCTI 1HAMBIAyaTi3alii HaBYaJIbHUX MIIXOMIB
70 KOKHOTO 3100yBava ocBitu. IIpore momyckae ¥ psia HEOOMIKiB, MOB’s3aHUX i3 UM [5].
Axor’siH1 H., TpyHTYIOYUCH Ha IPOBEICHOMY JTOCIIPKCHHI MOKJIMBOCTEH, IepeBar i HeIOIKiB
BukopuctanHs Il B HaBYaHHI aHTIIIMCHKOI MOBH, C€KCIIEPUMEHTAJIBLHO ITOBOJUTH, IO HOTO
3aCTOCYBAaHHSA B OCBITHBOMY CEpEIOBHILI CIHpPUS€ MIABUIICHHIO MOKAa3HUKIB MPOAYKTHUBHOCTI
HaBuyaHH4 [1].

Taxkum yunowm, LI monimmrye ocBity, aje Bce K TaKM OCHOBY CKJIQJA€ B3a€EMOJIST MK
JIOABMHU, TOMY BHUKJIaJau — IOCEPEIHUK, KU (opMye IHTEIEeKT, eTUYHI LIHHOCTI 3700yBayiB
OCBITH, a I1HHOBAIIWHI TEXHOJIOTII JOMOMAararoTh BIOCKOHAJIMTH Ta HAJaTH SKICHY OCBITY.
OCHOBHUMHM IUTIOCAMH HITYYHOT'O IHTEJEKTY € IMOJIETIIEeHHs. poOOTH BUKJajlaya, 3a0e3nedeHHs
MIUPOKUX MOXJTMBOCTEH JIJIs1 ONTUMI3aIlii HAaBYaJIBbHOTO MaTepialy Ta MiABUIIEHHS e(DEeKTUBHOCTI
BUKJaaHHA. B yomy kopucts 11 B ocBiTHROMY ITpOIIECi?

[To-mepmie, BukopucroBytoun IIII mixg dYac 1HAMBIAYali30BaHOrO HaBYaHHS e
BpaxyBaHHS TEMITy HaBYaHHS KOXXHOTO CTY/EHTa, HOTO PIBHA 3HAaHb, HAJAEThCS 3aBAAaHHS JUIS
LIBUAKOTO 3acBO€HHS Marepiany. E(eKkTHBHO BUKOPHUCTOBYBAaTH Ui THX CTYAEHTIB, fKl €
3100yBayaMM OCBITH Y 3aKOPAOHHOMY BY31 Ta yKpaiHCBKOMY BY31 OJHOYAacHO W HE MAalOTh
3MOTH BiJIBIIyBaTH HaBYaJbHI 3aHATTS HA TIOCTIMHINA OCHOBI.

[To-npyre, I monermye Ta ajanTye yac BHMKJIajaya, aJkKe BiH BHUKOHYE PYTHHHI
3aBIaHHs, TaKl SK TEpeBipKa JOMAaIIHIX 3aBJaHb YU OpraHizamis po3Kiany. 3aBISKH IBOMY
BUKJIa/1a4 MOJKE MEePerTH 10 TBOPUOI UM 1HAMBITyaIbHOI pOOOTH 31 3100yBaYaMH OCBITH.

[To-Tpere, cTBOpWBIIM I1HTEpPaKTHWBHI Marepianu 3a jgomnomororo LI BigdyBaeThCs
3aJy4eHICTh YYHIB Ta TOJINIIEHHS pPO3yMIHHS AaHIJIHCBKOI MOBH 3a mpodeciiftHuM
CTIpSIMYBaHHSIM.

BukopucranHs 1ikaBHX irop, BIPTYaJIbHUX HAropoja Ta KOHKYpCiB 3a jgomnomororo IIII
MOXE€ CTHUMYJIIOBAaTH YYHIB 1 MIJBUINATHA iX MOTHBAIl0 10 HaBuaHHS. CHCTEMH MOXYTh
CTBOPIOBATH 1H/AMBIJlyasi30BaHI MOTHUBALliiiHI cTpaTerii, BpaXOBYIOUM IHTEpPECH Ta MOTPEeOH
KO>KHOTO YYHSI.

Jlo 1HHOBaIIiHMX METOJIB HaBUaHHSI W BUKJIAJaHHS MOKHA BIJIHECTH: 3aCTOCYBAHHS
IHTEJIEKTYalbHUX 4YaT-O00TiB, OpraHi3alilo MYJIbTUMEAIMHUX JIeKIiH 3 1HIUBITyaJbHUM
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TPEKIHIOM, CTBOPEHHS BIpTyaJbHHX MOBHHX J1a0OpaTopiid, po3poOKy MPOEKTHHX 3aBIaHb Ha
OCHOB1 1HTEJICKTyaJIbHUX CHCTEM, IIPOBEACHHS ayIlO-JIHTBICTUYHHMX IMITAIlIHHUX CECIH,
BIIPOBA/KEHHSI MOOUIBHUX CMapT-A0AaTKiB, 3aCTOCYBAaHHS TEXHOJIOTIYHUX irop. PosrisHemo Ha
HpUKIIaiax:

1) InrenexrtyanbHi uaT-00TH Uit 37400yBadiB OCBITM CTalOTh MOBICHHEBUMH
HACTaBHUKAMHU, sIKi HAJIAIOTh 3aBJaHHS JUIS MMOKPAIIEHHS KOMYHIKaTUBHIX HABHUOK, KOPUTYIOUH
NOMWIKHM. SIK pe3yiapTaT € IepcoHalli3oBaHa MIATPUMKA W B3a€EMOJIs, aBTOMATU30BaHE
OLIIHIOBAHHS, CTUMYJIIOBAaHHSI aKTUBHOCTI, aHaIi3 IPOTPeECy.

2) CryneHT cimyxae MyJbTUMEIMHI JeKuii # Oepe ydacTh y BIpTyalbHUX IUCKYCISX.
Cucrema IIII ananizye peakuii i piBeHb pO3yMiHHS, IiUIAIITOBY€E MaTepial IMiJl iIHAUBIIyaTbH1
noTpeOu. TakuMm YWHOM, BIZOYBAETHCS ONTHMI3aIis CKIAJHOCTI Marepiaidy, THYYKICTh
HABYAHHSI, IHIUBITyadbHE BIJICTEKCHHS MPOTPECY.

3) CtyneHTH TpaimioTh Yy BIPTYaJbHUX MOBHHUX JIA0OpaTOpisiX, A€ IITYYHHH 1HTEIEKT
aHaJi3ye iXHIO BUMOBY, TPAMaTUKY i JIEKCUKY. [HTEepaKTHBHI BIPaBH JT03BOJSIOTH MPAKTHKYBATH
MOBHI HAaBMYKM B peallbHUX cuTyauisx. Lle cnpuse BIOCKOHAJIEHHIO MOBJIEHHEBUX HAaBHUYOK,
aHAJI3yI04YM CHJIbHI Ta CJIa0Ki CTOPOHU CTYJEHTIB, PO3MOYHHAETHCS BiJACTEKEHHS MPOrpecy, 0
BILJIMBAE HA IHTEPAKTUBHUI CIIOCIO MOJaHHA MaTepiany.

4) CryneHTH NpamioOTh HaJ MOBHUMH IPOCKTAaMH, BHKOPHCTOBYIOUM IHTEIEKTYalbHi
CUCTEeMH i1 aHalizy ¥ omnTuMizaiii pe3ynbTaTiB. BigOyBaeTbcsi pPO3BUTOK KPUTUYHOTO
MUCIICHHSI ¥ TpPaKTUYHUX HABUYOK CHUIKYBaHHS, KOMaHIHA pPoOOTa, KpeaTHBHE pIlICHHS
npoOsieM, 3BITHICTh 1 Mpe3eHTalli, BMIHHS 3aCTOCOBYBaTH HaOyTi 3HaHHA Yy pealbHUX
KOMYHIKaTUBHHUX CHTYaIlisiX.

5) Crynmentn OepyTh y4acTh B imitariiHux cecisix, gae Il anamizye ixHio BUMOBY ¥
aKLEHT. 3aBJIaHH MOJIAra€ B TOYHOMY BiATBOPEHHIO aHITIMCHKUX TEKCTIB, 03ByUYEHHX HOCIIMHU
moBH. lle Mae MO3WUTHBHI CTOPOHHM MJISi TOKPAIICHHS BHMOBH U PO3BUTKY CIIyXOBOTO
CHpUHMAaHHS TEKCTY 3 PI3HUMH aKIIEHTaMH.

6) CTyeHTH BUKOPUCTOBYIOTh MOOUJIbHI CMapT-0IaTKU JIJIsl KOPOTKUX €KCIPEC-YPOKIB 1
BIIPaB, sKi aJlaTYIOTHCS J0 iXHBOTO PO3KIIAY W MpPEaMeTiB, sKi BUBYalOThCA. [Ipuxoammo mo
BUCHOBKY, 1110 MOOUTBHICTh 1 3py4YHICTh HaBYAHHS, aJJallTUBHI BIpPaBU i MaTepiaid, MOHITOPUHT
yacy BHMBUEHHS MaTepially JJa€ MOXJIMBICTb THYYKOi POOOTH CTYIEHTIB Ta IX YBa)XXHOCTI M
3aliKaBJIE€HOCT1 10 BUBYEHHS MIPEMETY.

7) CtyneHTu rpatoTh y BIpTyallbHi ITPH, /1€ BOHM BUPIIIYIOTh 1HTEJIEKTYyallbHI 3aB/JIaHHS,
COpPSMOBAaHI Ha PO3BUTOK MOBJIEHHS W JIEKCHKH. Y pe3ysbTaTi MAaeMO KOMaHAHY poOOTY,
PO3BUTOK COIIAJIbHUX 1 KOMYHIKAI[IfHUX HAaBUYOK, MPAaKTUYHE BJOCKOHAJEHHS 1HIIOMOBHOTO
MOBJICHHS.

BucnoBku. OTtxe, oOcCBiTa, MIATPUMYBAaHAa IITYYHHUM I1HTEJIEKTOM, BIJIKpUBAa€E HOBI
NEPCHEeKTHBH JJIs MOKPALIEHHsS HAaBYaHHS Ta TOTOBHOCTI MOJIOJIOTO MOKOJIHHS /10 BUKJIMKIB
cydacHoro cBity. CTyJeHTH X, Ha BIAMIHY BiJ BUKJIaJayiB, HE TUIBKHA BIPAaBHO BOJIOMIIOTH
TepeOBUMH TEXHOJIOTIsAMH, a i IBUIKO BUPOONAIOTH IU(MPOBI HABUYKH. IXHS TOTOBHICTH 10
IHHOBAIII}l BUSBIISIETbCA B IIBHUJKIN aganTarlii 10 pi3HOMaHITHUX OHJIaH-pecypciB 1 MOOUIbHUX
JOJaTKIB U1l BUBYEHHS MOBU. Mounob koMpopTHO BUKOpHcTOBYE LI, OCKiIbKM BOHA pO3yMiE,
SK 3aCTOCOBYBAHI TEXHOJIOTi] — BiJ IHTEPAKTHUBHUX ACHCTEHTIB, SIKI KOPUTYIOTb BHMOBY, IO
IHTENEeKTyaJbHUX CHCTEM aJalTMBHOTO HaBUAHHS, IO MPHCTOCOBYIOTHCSA 10 1HAMBIIYyaTbHUX
noTpe0d, MOJETIIYIOUH 1X HaBYaIbHHI mporiec. Lle crpusie moKpaneHHI0 KOHTPOITIO 32 YCITiXaMu
Ta CAMOJMCLUILUIIHI, 30UIBIIEHHIO ABTOHOMIi, PO3LIMPEHHIO MPOCTOPY JUIA TBOPYOCTI Ta
1HIMB1TyaIbHOCTI.
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AHAUJII3 BILJIUBY TEXHIK AYTMEHTAII HA MIPOAYKTUBHICTD
MOZIEJII ITYYHOI'O 30PY ITPU BUSHAYEHHI PAKYPCY CYJHA

Ilawenxo O.J1.
Hayionanvnuii ynisepcumem « Ooecvka Mopcbka akaoemisny
(Yrpaina)

Beryn. Po3BUTOK IITYYHOrO 1HTENEKTY Ta KOMII'IOTEPHOTO 30pYy BIJIKpUBAE HOBI
MO>KJIMBOCTI JUIsl aBTOMAaTH3aIlli IPOIIeciB y MOPChKil HaBirarii. OMHUM 13 BaXKJIMBHUX 3aBJIaHb €
BU3HAUCHHS PaKypcy Cy/JHA, IO CIPHSE MiJBUIICHHIO OC3MEeKH pyXy Ta TOYHOCTI HaBIramiiiHUX
pimens. Moaeni mtyyHoro 30py, 30kpema YOLOVS, 1eMOHCTPYIOTh BHCOKY €(PEKTHBHICTh Y
posmi3HaBaHHI 00’€kTiB [1], mpore iXHS NPOAYKTUBHICTH 3HAYHOI MIPOIO 3AJICKHUTH Bij
PI3HOMAHITTS HaBYAJBHUX JTaHUX. Y MOPCHKOMY CEPEIOBHUII TOYHICTH MOJEINI 3HUKYETHCS
yepe3 3MIHHE OCBITIIGHHS, IIOTOAHI (akTopu Ta BIZOMTTS Big mnoBepxHi Boau [2,3].
Buxopucranas ayrMeHTamii JaHUX JTO3BOJISE IMIIBUIIMTH y3araJbHIOIOUY 3HaTHICTh MOJEINEH,
OJIHaK OKpeMi TpaHchopMmallii MOXKyTh CIOTBOPIOBATH OPIEHTAIII0 00’ €KTa, 3HIKYIOYH TOYHICTb.
ToMy akTyaJlbHUM € aHai3 BIUIMBY TE€XHIK ayIMEHTalll Ha MPOJyKTUBHICTh MOJEI HITYy4YHOTO
30py NP BH3HAYCHHI PaKypcy CyAHa.

Ayrmenranis — ue OaratodyHKIIOHAIBHUN 3aci® s 30UIbIIEHHS PI3HOMAHITTA
HaBYAJBHUX 3pa3KiB. 3aCTOCyBaHHS ayrMEHTaIlii JO3BOJIIE CTBOPIOBATH MOIU(IKOBaHI KOMil
HasIBHUX 300pakeHb (HANPHKIIAA, OUIIXOM 0OepTaHHS, BiOOpakeHHsI YM 3MiHU KOJIBOPY), IO
CHpUsi€ KpalloMy y3araJbHEHHIO MOJeJed Ha HOBUX AaHUX. B poOoTi Oyiau po3risiHyTO TpU
IpynH ayrMEHTaIliid, a came: ayrMeHTallii KOJIbOpOBOTO MPOCTOPY, TE€OMETPUYHI TpaHCchopmarii
Ta TPOCTOPOBO-JIOKAJIIbHI IEPEeTBOPeHHs. [HINI cTaHIapTHI BUAM ayrMEHTalli MOXYTb
3HUXKYBAaTH KICTh HaBYaHHs. [Ipu BOOp1 ayrMeHTallii 300paXkeHb BapTO BPaXxOBYBATU XapaKTep
MOPCBHKOTO CEpEeNOBHINA: 3aBXIU IMPHCYTHIH TOPU30HT, MOPE 3HAXOIUTHCS YHH3Y, a He0O
3BepXy. Sk 3a3HadeHo B [4], mpH HEBEJIUKOMY OOCs31 AaHUX 1 CHeUU(IYHUX YMOBAaxX 3HAHHSA
cneurdiki HAaBKOJIMIIHBOTO CEPENOBMINA € KPUTUYHMM IpU BuOOpi ayrmeHTtauiid. Tomy Taki
BUJIM ayTMEHTaIlli SK OOepTaHHs, BiAJA3EpKaJeHHs, KOMIIO3UIIIHI TpaHcopmailii, Oyio
BUKJIIOYEHO, OCKUIBKM BOHH MOXKYTh 3MIHIOBAaTH IIPOCTOPOBY CTPYKTYpY a00 HampsIMOK 00’€KTa,
10 € KPUTUYHUM Y 3ajjauax BU3HAUYEHHA pakypcy [S].

[lin wac wWaBuaHHS Mojei OyJI0 3aCTOCOBAHO KOJBOPOBI ayrMeHTallli, 30Kpema
BUMNa/koBe perymoBaHHs BiATIHKY (Hue Shift), nacuuenocti (Saturation Shift) ta sickpaBocrti
(Brightness Shift). PerymioBaHHs BIATIHKY BHSBISETbCS OCOOMMBO €(DEKTHUBHUM JUIsl 3a]ad
HITYYHOTO 30py B YMOBaxX 3MIHHOTO NMPUPOJIHOTO OCBITJIEHHS, KOJIM 30BHIIIHIA BUIIS 00’ €KTIB
MOJ€E CYTT€BO BapitoBaTHCs. 3MiHa HAaCHYEHOCTI Ji0IOMarae MoJeli Kpalle aganTyBaTHCs 10
PI3HUX YMOB 3HOMKH — HallpHKIaJl, IPU 3MIHI IOTOJIM UM MapaMeTpiB KaMepH. 3MiHa SICKPaBOCTI
JI03BOJISIE 3MEHLIMTH 3aJEKHICTh MOJENl BiA pIBHA OCBITJICHHS CLEHH, 3a0e3nedyroun
CTaOUIBHICTh PO3MI3HABAHHA SIK y HAJMIPHO OCBITJIIEHHX, TaK 1 B 3aTEMHEHUX 300pakeHHsAX. Ha
puc.l nmpeacTaBieHi TPUKIAAN KOJIBOPOBOI ayrMEeHTaITii.

OnHUM 13 KJIIFOYOBHUX METOIB ayrMEeHTallii JaHUX MiJ 4ac HaBYaHHS MOJENEH MTy4HOro
30py € reoMerTpuuHi TpaHchopmanii. OCHOBHI mnpuilomMH BKJIHOUYarOTh 3CyB (translate),
MmacmtabyBanHs (scaling), 3cyB o oci (shear) Ta mepcniekTuBHE BUKpUBIEHHS (perspective) (puc.
2). V 3amavax po3mi3HaBaHHS CyJeH Ha MOPCBKiM MOBepxHi 3cyB (translate) mo3Bosse mozeni
e(EeKTUBHO aJanTyBaTUCS 0 3MIHH TIOJIOKEHHsS 00’€KTa B Kajpi, 10 € TUIIOBUM MPU 3HOMIT 3
Oopty cynna. lle iMmiTye 3MimieHHS CyJHa B TONI 30py Kamepu. 3MiHa po3mipy (scaling)
JloTIoMarae MoJIel po3Ii3HAaBaTH CyJHA Ha 300paKEHHSIX HE3aJIeKHO BiJ IXHBOI BIJIICTaHI 0
KaMepH, 3a0e3neuyoun ajanTaiio 10 pi3HuX macmTaliB. 3cyB mo oci (shear) 1 mepcrnekTuBHE
BUKpHUBIIEHHS (perspective) IMITYIOTh peallbHi TeOMeTpUuHi TpaHchopmalii cyjaeH, Mo
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BUHUKAIOTh Yepe3 3MiHy KyTa Orjisiy abo pyX KaMepH, MiJBUILYIOYM CTIHKICTh MOZETI 10 TaKuX
CIIOTBOPEHB [6].
’ OpwuriHanpHe 300pakeHHA

PerymroBanHa

PerymroBaHHA BIATIHKY PerymroBaHHA ACKPABOCT1

(ue Shift) e O righiness Shif)

r -

Pucynox 1 — Ilpukmnagu ayrMeHTanii KoJIbOpOBOrO IPOCTOPY

BunankoBe crupanas (parMeHTiB 300paxkeHHs (erasing) (puc. 2) € OmHUM 3
PO3IMOBCIOKEHUX METOIB MPOCTOPOBO-IOKAIBHOI ayrMeHTamii. MeTon mosnsirae y MacKyBaHHI
NOPSIMOKYTHOI JAUISHKM 300pakeHHs BUIQJKOBHUM UHHOM, IO MOJENIOE€ BTpaTy YacTHHU
Bi3yasbHOI iH(pOpMaIii yepe3 MepeKpUutTTss 00 €KTaMH OJMH OJHOTO, YaCTKOBE TOTPAIUISIHHS Y
KaJp, Ommau Ta iHIIi 3aBaau [7].

Jlis mpoBelleHHsT HaBYaHHS MOAENI IITYYHOTO 30py, B MOYaTKOBiH KoH(irypauii, Oyio
chopmMoBaHO BiacHUN HaOIp naHuX, 110 BKIouaB 1742 3o00paxkenns, 115 3 skux € negative
examples, TOOTO 300pakeHHS MOPCHKOTO CEpEeNOBMINA, LIO0 HE MICTWIM OO0 €KTIB i
posmizHaBaHHs. KokeH 00’€KT Ha 300pa)kKeHHSX BiIHECEHWH IO OAHOTO 3 BOCBMH PaKypCiB:
forward, port bow, port side, starboard bow, starboard quarter, starboard side, stern, port quarter.
Jlani OyiM po3MOiIEHI Ha TPU IPYIU: TPEHYBaHHs, IepeBipKa Ta TecTyBaHHA (Tabin.1) [7].

HaBuansHuii HaOIp JaHWX BigOOpakae peasibHiI CIICHW Ha BOJI, BiJMOBIIHO Ha OJXHOMY
300pa’keHHI MOIJIM MICTUTH JIeKUIbKa CyJIeH B PI3HUX pakypcax, uepe3 L0 MifiOopaTd OIHAKOBY
KUTBKICTh 00’ €KTIB IO KO)KHOMY KJIacy JO0BOJI Bakko. Jlnst KommeHcanii aucbanancy y BuOipIi
OyJI BUKOPUCTaHI1 BaroBi KOe(IiIiEHTH, pO3pax0oBaHi BIAHOCHO HAMOUIBIN MPEICTABICHOTO KJIacy
port side (494 npuknanm), 3okpema: 1.86 mus knacy 0, 1.70 qsa xnacy 1, 1.00 ans knacy 2, 1.73
utst knacy 3, 2.22 st kiacy 4, 1.11 nns knacy 5, 3.29 mns kiacy 6 ta 2.32 s kiacy 7.

JUis TpeHyBaHHS MOJENl IUTYYHOIO 30py BHKOPHUCTAHO KOMIAKTHY 1 IIBHJAKY MOJEIb
YOLOvS8n, onTtumizoBaHy aisi OOMEXKEHMX OOUHMCIIOBAJBHMX pPECypCiB, IO pPOOUTH il
MPUAATHOIO NI poOOTH Ha OopTy cyneH. BoHa 3abe3nedye KOHKYpEHTOCITPOMOXKHY TOYHICTH
BHSIBJICHHS 00’ €KTIB Y PEKHUMI peaTbHOTO Yacy Ta MIATPUMYE JOHABUYAHHS HA BIACHUX JTAHUX.

HaBuanHs Mozieni npu BUKOPUCTAHHI OJTHOTO TUIY apryMeHTallii Bi10yBaloCs MPOTITroM
60 emox. Y mochiDKeHHI I pealizarii Mpoiecy ayrMeHTallli BHKOPHCTaHO O010110TeKy
Albumentations, sika € BUCOKOIIPOAYKTHBHUM 1HCTPYMEHTOM JJ1s1 00poOKu 300paxkeHs y Python
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Ta 3a0e3neuye MUPOKUI CHEKTp pi3HUX TpaHcdopmariil. Pesynsratn nociimkenHs 3i0paHi B
TaOIULIo 2:

OpuriHagbHe 300paXeHHA

3cyB MacmradyBaHHA 3cyB 1o oci IlepcnekTBHe ~ BumaakoBe cTHpaHHA
i BHKPHBICHHA (erasing)
(Rerspsstive)

(translate) (ssaling) (shear)

Pucynok 2 — [pukiaaym reoMeTpuyHOi Ta MPOCTOPOBO-TIOKATBLHOI ayrMEHTAaLlil

Tabmuus 1 — Po3nonin nanux 1uist TpeHYBaHHS, IEPEBIPKU Ta TECTYBaHHS

Ne xyacy Hasga knacy TpenyBaHHs [lepeBipka TectyBaHHA
0 forward 266 70 29
1 port bow 291 77 64
2 port side 494 166 63
3 starboard bow 285 66 37
4 starboard quarter 223 65 33
5 starboard side 443 84 50
6 stern 150 49 22
7 port quarter 213 55 32

negative examples 68 33 14
2433 665 344

OTtpumani pe3ynbTaTH CBiAYaTh NPO MiJABMIIEHHS MOKAa3HUKIB PO3Mi3HABAaHHS PaKypCiB
Cy/lIeH 3aBISKM BHKOPHCTAHHIO ayrMEHTAIlll TMOpPIBHSHO 3 HaBYaHHsAM Oe3 Hei. Mojens,
HaTpeHoBaHa 0e3 ayrMeHTallii, IPOJAEMOHCTpyBaJla Cepe/iHl MOKa3HUKHM TOYHOCTI (precision =
0.66866, recall = 0.52828, mAPS50 = 0.61229), mo cBiguuth Npo OOMEXEHY 3AaTHICTh
y3arajbHIOBaTH O3HAKHU MPU 3MiHI YMOB cHIOCTepekeHHs. J[o1aBaHHs pi3HUX THITIB ayrMEHTalil
MPU3BEIO [0 MOMITHOTO MOJIMIIEHHS MOKA3HUKIB. 30KpeMa, peryjiroBaHHsS MaclITaOyBaHHS
BusiBwiIocs HaiedexktuBHimmM: mAPS5S0 3pic mo 0.64649, a mAP50-95 — nmo 0.52609, mpu
omHoyacHomy miaBuieHH1 recall mo 0.60364. Ile cBimuuTh, Mo MacmTabyBaHHsS 3abe3mnedye
HalKpally ajganTtamio MOZeNi 10 3MIHM BiICTaHi Ta po3Mipy CyJeH y Kajpi, 10 € KPUTUYHO
BOXJIMBUM Y MOPCHKHX YMOBaX.

Komnipni ayrmenTanii (BiATIHOK, HACHYEHICTbh, SICKPABICTh) TAKOX MOKPAILMIN pe3yIbTaTH,
ajie B MEHIUIN Mipl, TOAl K MEPCIEeKTUBHE BUKPUBIIEHHS Ta BUIAJKOBE CTHUPAHHS BUSBUIIUCS
HeeekTuBHUMHU. OTXe, MacIiTaOyBaHHs Ta KOJIIpHI TpaHcdopMauii € HaiOuIbI JOUITBHUMHI
BHJIaMH ayTMEHTAIli.
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Tabmunst 2 — IlopiBHSHHS OCHOBHMIA MapameTpiB MOJENI NMPH BUKOPHCTAHHI Pi3HUX
THITIB ayrMEHTAIlIi
Ilapa- Ilouat- Tpeny- Perymo- Perymo- | Perymosa | Perymo- Perymo- | Perymo- | Perymo- | Perymo-
MeTp KOB1 BaHHA BaHHA BaHH HHS BaHHA BaHHA BaHHA BaHHA BaHHs
napame- Mozeni BIATIHKY | Hacuue- SCKpaBo- 3CyBY Macmra- | 3CyBy IO | HEpCIeK- | BHIaj-
TpH 0e3 HOCTI cTi OyBaHHs oci THUBHOTO KOBOTO
Mojie- Jojat- BUKPHB- cTupa-
ni[7] KOBO{ JEHHS HHS
ayrMeH-
Tauii
epoch 25 19 31 36 12 44 57 52 47 19
train/box | 0.0045 0.00192 0.00157 0.00147 0.00241 0.0022 0.00249 0.00309 0.00875 0.00192

loss

train/cls_ | 0.69631 0.53541 0.45063 0.42623 0.77714 0.65095 0.71796 0.68118 5.74881 0.53541
loss

train/dfl_ | 0.93709 0.67876 0.65252 0.64642 0.72514 0.7162 0.73957 0.8066 1.96891 0.67876
loss

precision | 0.3964 0.66866 0.65382 0.6307 0.64021 0.70257 0.6617 0.66745 0.28919 0.66866

recall 0.41739 | 0.52828 | 0.5677 0.56586 0.57797 0.5388 0.60364 | 0.54362 0.12445 | 0.52828

MAP50 0.37135 | 0.61229 | 0.61404 | 0.60985 0.61082 0.63799 0.64649 | 0.60522 | 0.1013 0.61229

mAP50- | 0.30399 0.4918 0.49507 0.48686 0.49069 0.51033 0.52609 0.40495 0.03576 0.4918
95

val/box_| | 0.00585 0.00335 0.00339 0.00344 0.00337 0.00326 0.0031 0.00521 0.00874 0.00335
0SS

val/cls_| | 2.1155 1.87315 1.91049 1.90416 1.82186 2028194 1.65527 2.06874 4.46031 1.87315
0SS

val/dfl_| | 1.12038 | 0.83368 | 0.87164 | 0.88611 0.83792 0.83175 0.80121 | 1.022 1.77471 | 0.83368
0ss

BucHoBKHU. AyrMeHTallisl JAHUX € MOTY>KHUM 1HCTPYMEHTOM JJIsl TOKPAILICHHS] HaBYaHHS
MOJIeJIel KOMIT FOTEPHOTO 30py Ta MiABUIICHHS iX CTIMKOCTI J0 BapiaTUBHOCTI naHuX. OmHak ii
3aCTOCYBAaHHSI CJIJI pETeNbHO aNanTyBaTd 1O KOHKPETHOTO 3aBJaHHA Ta cepenoBuima. Jlis
pO3Mi3HaBaHHS paKypcy CyIeH MAOLIIBHO oOupaTtd Taki TpaHcdopmarii, ski 30epirarwTthb
Gb13uuHUl ceHC CleHH (TOPH30HT, HAmpsM pPyXy), 1 YHUKAIOTh HEPEaTiCTUYHUX CIIOTBOPEHD.
BuxopucranHs nuiie oJHOTO BUAY ayrMEHTallii He Jae HalWKpall pe3yabTaTH, KOMOiHyBaHHS
JEKIJIbKOX BIAMOBIIHUX METO/AIB ayTMEHTAIlll Ma€ Kpaluil ePexT.
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MOKJIUBOCTI BUKOPUCTAHHSI CTOPOHHBOI'O 113 3 ECDIS IIPHA
HABYAHHI Y JUCTAHIIMHOMY PEXUMI

Ilempoecovkuii A.B.
Xepconcvka depocasrna MopcovKka akademis
(Vkpaina)

Beryn. CyuacHuii CBIT Bee OiIbIll MOTpeOye MepeMilieHb TOBAPIB BHACIIIOK 3pOCTaHHS
ekoHoMik micis COVID 19. Posmmuproetscss reorpadiss moptiB, B A3ii Ime W KUIBKICTh
TEepMiHAJIIB OOCITYTOBYBaHHS CYJCH; 30UIBIIYIOTHCS JHUCTAHIll MEPEBE3CHb BHACIHIIOK PI3HHX
nopylIieHb/BiiicbkoBHUX i (puc.l). Bee 11e Bumarae Bijg MaiiOyTHBOTO CYAHOBOIS MPUTITICHHS
yBaru 10 pO3TJSy HAaBITalifHUX MEPelIKoJl BCIX THIMIB HpU MOOYAOBI MONEpenHboi Ta
peamizanii BukonaB4oi npokianku 3 ECDIS. Ognak, cydacni ECDIS me # goci He HaOymm
JOCTaTHBOTO PO3BUTKY 3 aBTOMaTH3auii JesiKuX (YHKIIH, TUM OUIbIIE e CTOCYEThCS Y4OOBHX
Ta JEMOHCTpaliifHuX Bepciil. Po3BuHyTHI (yHKIIOHAT KOMEPLUIHHUX Ta OOMEXKEHUN IS 1HIITHX
BEpCii CKOpOYy€ MOXIIMBOCTI IOTEHIIHHOI MIArOTOBKA CyJHOBOAIIB, IO 0OCOOIHMBO
BiJJYyBA€THCS B YMOBAX TUCTAHIIHHOTO HABYAHHSI.
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Pucynok 1 — 306inbI1eHHS cepelHbOoi JOBXKUHM I iepexoiiB yepe3 YopHe Mope, [laHamcbkHii
kaHai, YepBone mope [1]

OcHoBHa 4acTuHa. OOMEXEHICTb PO3MOBCIO/UKEHHS Yy 3aKjajax BHIIOI OCBITH
BIJIOBIAHOI CHPSIMOBAHOCTI XMapHMX TEXHOJIOTIH JUIsl CUMYJISITOPIB HPU HaBYaHHI KypCaHTIB
BUMAarae IOSBU IPOTPaMHOTO 3a0e3Ne4YeHHs CTOPOHHIX po3poOHUKIB. BTigeHHs B ydOoBui
MpoIleC BIAMOBITHOTO MPOTpaMHOro 3a0e3MedYeHHS MOXXEe MaTH Jekuibka etamiB. [lepurum
€TarioM MOXe CTaTH Bi3yali3allis pe3ysibTaTiB aBToMaTH3auii aeskoro ¢yskmionary ECDIS,
KU BIACYTHIN Ha JaHUH Yac 1 Ha KoMepuiiHux Bepcisx. [Ipukinagamu Takoi Bizyanizalii Moxe
Oytu BimoOpaxenHs Ha VNC kapTax MOXIHMBOTO MiCII€3HAXOMKEHHSI 00’ €KTIB, O SKHX
3acTocoBYIOThCs Kateropii Zone Of Confidence [2] (puc. 2), BIUIMB NOTOJHUX YMOB Ha 3HAYCHHSI
nomnpasku st UKC[3] (puc. 3), migceiuyBanas Overlap — 30H (mepexpecHOro HakiaIaHHs
JEKIJTbKOX MOJITOHIB 3 PI3HUM IPIOPUTETOM HajaHoi iHdopmMauii s mrypmana) 1 1.4. Apyruit
eTanl — BUKOPUCTaHHS JI0JIaTKOBOI'O IPOTPaMHOr0 3a0e3MeyeHHs s aHali3y eKpaHa i
BUKOPHUCTAHHS BKa3aHUX po3po0oK ojHouyacHO 3 yuOoBumM ECDIS, ockinbku oTpuMaHHS
JI03BOJTY BiJ TIPaBOBJIACHHKIB MporpaMHoro 3adesnedenns ECDIS, mamanoro y 3akmaau BUIIOI
OCBITH Ha OCHOBI y40oOBOI JiIeH3ii — mpobiemMaTnyHe nuTaHHs. Peanizailis HaBiTh MEPIIOrO
eTarry BK€ HaJJaCTh MOYKJIMBOCTI KYpPCaHTy HAOYHO MTOOAYNTH:

- 3MiHHM reoMeTpii HaBiralifHOro MPOCTOPY 3 YpaxyBaHHIM HaBIraliiHUX HNEPEIIKO;
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- posmoxin 3nayenp nompaBkn UKC mo mieyax mepexony, sSIK pe3yibTar Jii HOTOJHHUX
YMOB;
- HeoOximHicTh BHOOpPY mpioputeTy iHdopMmauiiiHux mosigomieHs y Overlap — 3onax.
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Pucynoxk 2 — Bizyamizaniss CATZOC na xapti VNC
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Pucynok 3 — Bizyami3aiiist 30H HeOe3MeYHOT0 XBUJIIOBAHHS Ta HAJaHHS PEKOMEHI0BAHOT
nonpasku 10 UKC y Bianosianiit WayPoint nepexoy

3BICHO, 3ampOINOHOBAaHUHN (PYHKI[IOHAT MOXKJIMBO peajli3yBaTH BpPY4YHY, aje ISl IhOTO
notpibHo Oyae BukopuctoByBat Manual Correction 3 ECDIS, nech oTpumyBaTH BEKTOpHIi
KapTH MOTO/IM, PO3PaxOBYBaTH TOYKH Ha TEPEXO/Ii, 10 BiAMOBIAAIOTH KPOKaM TOTOAHHUX KapT, a
SKILO L€ TIepeXif] 3 OPTOIPOMIE0, TO PO3PAXyHKH 3HAYHO YCKIIAIHATHCS.

BucHoBku. He maroum MOXIHBICTH TpamtoBatu 3 moBHO(yHKmioHabHUMH ECDIS B
oyHOMYy (opMaTi HaBYaHHS, peaizallisl Meploro erany A yuOoBUX/AeMOHCTpaLiHHUX Bepciit
JTIO3BOJIUTH MIJIBUIIATH PIBEHH CBIIOMOCTI MaliOYTHHOTO CYTHOBOJIS TIPH 3/1HCHEHHI TIPOKIIAIKH
Ha TPUKIAAAX pe3yibTaTiB POOOTH JOAATKOBOTO TMporpamHoro 3adesnedeHHs. [lomambimit
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nepexiyy A0 JPYroro eramy IOBMHEH MOemHATH pe3yiabTaTtd podotu sk ECDIS, Tak i1
CTOPOHHBOT'O TIPOTPAMHOTO 3a0€3NICUCHHS.

JITEPATYPA

1. Review of maritime transport 2024 Navigating maritime chokepoints 2024,
https://unctad.org/system/files/official-document/rmt2024_en.pdf

2. TlerpoBchkuii A.B., ABropcbke cBimourBo Nel33972, Kommn'torepra mporpama
«S57ViewerVisualCatzocPointEncy, sunane 03.03.2025 YKPHOIBI.

3. TlerpoBcwrkuii A.B., ABropchke cBimorctBo Nel34311, Komn'torepra mnporpama
«WeatherCheckRoute», Bumane 12.03.2025 YKPHOIBI.
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OCOBJIMBOCTI HIAI'OTOBKH ®AXIBLIB HPI/IHOPTQBOi
ITHOPACTPYKTYPH B 3AKJIAJIAX ®AXOBOI ITIEPE/IBUIIIOI OCBITH

Tkau H.A.
YopHomopcoKkuli MOPCoKUll haxosuii KOLeou
O0ecbKoeo HAYIOHATbHO20 MOPCbKO20 YHI8epCUmeny
(Ykpaina)

Beryn. Boennuit cran B YKpaiHi, CIpUYMHEHUH IIMPOKOMACIITAOHMM BTOPTHEHHSIM
Pocii, cyrreBo 3MiHMB yMOBU ()YHKIIIOHYBaHHsS TPaHCHOPTHOI 1H(QPACTPYKTYpH, BKIIOUYAIOUN
BOJIHUHM TpaHCHOPT. YKpaiHa Mae BUXiA 10 YOpHOro Mops Ta pO3BHHYTY PIYKOBY CHUCTEMY, LIO
70 BiliHU 3a0e3meuyBalia 3Ha4HI OOCSTH MDKHAPOJIHUX 1 BHYTPINIHIX MEpeBe3eHb, OCOOJIMBO B
arpapHOMYy CEKTOpi, eHepreTulll Ta Metanyprii. OmHak 00MOBI Aii, OKymHaIlis YaCTUHH TEPUTOPIi
1 O;oKaza MOPCHKUX TOPTIB CYTTEBO YCKJIQJHWIIA OPTaHI3aIlil0 TPAHCIOPTHOI JIOTICTUKH Ha
BOJHOMY TPaHCIOPTI.

Po3zButok IIPUIIOPTOBOT iHpacTpyKTYypH € CTpaTeTiYHUM YUHHUKOM
KOHKYPEHTOCIIPOMOXKHOCTI ~ HalllOHaJIbHOI ~ €KOHOMIKM ~ YKpaiHHM, O0COOJIMBO B  yMOBax
€BPOIHTETrPAIifHUX MPOLECIB 1 BOEHHUX BUKIHKIB. [lOpTH BUCTYNAIOTh EHTPAaMHU TPAHCIIOPTHO-
JIOTICTUYHHUX CHCTEM, 3a0e3IMeUyI0ud 30BHINIHBOCKOHOMIYHY JiSUTBHICTH JepXKaBH, (GopMyroun
po0oui MiCIIsl Ta CIPUSIOYU PO3BUTKY PETiOHIB [3].

Y 1bOMYy KOHTEKCTI Ba)JIMBOIO YMOBOIO CTajJoro (pyHKIIOHyBaHHS IOPTOBOTO
KOMILIEKCY € MiATOTOBKa KBali(ikoBaHUX (axiBLiB, 37aTHUX €()HEKTUBHO YIIPABISATH CY4aCHUMH
JIOTICTUYHMMU IIpOLecaMu, 3a0e3MeuyBaTu Oe3leyHy eKcIUTyaTallilo o0JIaHaHHS, JOTPUMaHHS
€KOJIOTIYHUX CTaH/IAPTIB 1 HU(pOBi3aIlit0 BAPOOHUIHX oneparliit [2].

MeTta faocailkeHHS — BH3HAYUTH CydYacHI WiAXOMU OO MiATOTOBKM (haxiBIiB
MPUTIOPTOBOT 1H(PPACTPYKTYpH 3 ypaxyBaHHSM BHMOT CTajOro PO3BUTKY Ta MOTPEO MOPCHKOI
ragy3i Ha MPUKIIal COIiabHOTrO mapTHepcTBa. /st TocsSrHeHHsT METH TOCI1PKEHHS He0OX1IHO:

1. BuzHauutu mnepenik mnpodecii mpunopToBoi 1HPPACTPYKTypH Ta KOMIIETEHII],
HEOOX1IH1 JIJIsl CTaJIoro PO3BUTKY raiysi.

2. OxapakTepu3yBaTH CHUCTEMY IMIATOTOBKM KaJpiB y 3akiajnax (paxoBoi MepeaBUILoi
OCBITH MOPCBKOTO MPOP1LITIO.

3. OOrpyHTYBaTH BaXKIIMBICTh COI[IAJILHOTO MAPTHEPCTBA OCBITHIX 3aKJaJiB 1 MOPTOBHX
HiANPUEMCTB, 30kpeMa Ha npukiaii JAIT «Mopcbkuii ToprosenbHuii mopt YHopHOMOPCHK».

OcHoBHa vacTtuHa. Cranuii pO3BUTOK MPHUIIOPTOBOI 1H(MPACTPYKTYpH mHependayae
30ajaHcoOBaHE TMO€AHAHHA E€KOHOMIYHOI €(EeKTHUBHOCTI, COLIaJbHOI BIJNOBIAAJIBHOCTI Ta
eKoJIoTiyHOi Oe3neku. 3a JaHuMU MUDKHApOIHOI MOpPChbKOi oprasizamii [2], OCHOBHUMH
KPUTEPISIMH  CTAJIOCTI TOPTIB € EHEeProepeKTUBHICTh, CKOPOUYEHHS BHUKHUIB, YIPaBIIIHHA
B1JIXOJJaMH Ta «3€JI€HA JIOTICTHKA.

Otxe, cydyacHuid ¢axiBellb Ma€ BOJIOAITH HE JUIIE TEXHIYHUMH Ta (axoBUMHU, a U
YNpPaBIiHCbKUMH, AHATITUYHUMH, KOMYHIKQTMBHHMH Ta €KOJOTIYHUMH KOMIETEHTHOCTSIMH.
@dopMyBaHHS TaKUX KOMIIETEHTHOCTEH BUMAarae iHTerpaiii BUMOI IpPeJCTaBHUKIB MPUIIOPTOBOT
iH(pacTpykTypu y mpodeciiiHi CTaHAApTH Ta HaBYAJIbHI MPOrpaMH 3akjiajliB MOPCHKOTO
npodimo [2].

3 ornsny Ha BUIe3a3HAuY€HE CydYacHi MiAXOAM Ta TEXHOJOrii y mpodeciiiHiii miaroTosi
(baxiBIiB IPUIIOPTOBOI IHPPACTPYKTYPHU MAIOTh HACTYITHI HAIIPSIMU CITIBIIpAIli.

KomnerentnicHuii mijxin € 0a30BUM y cydacHid cuctemi mpodeciiiHoi ocBiTH. Bin
CTIpSAIMOBAHUN Ha (OPMYBaHHS NMPAKTUYHUX HABUYOK, HEOOXITHHMX JJIsi BUPILICHHS peabHUX
BUPOOHMYMX 3aBJlaHb SIK HA BUPOOHMUOMY HaBYaHHI B J1aOOPATOpisiX 3aKjagy OCBITH, Tak W Ha
BUPOOHUYOI IPaKTHIIl B TOpTy [1]

BBaxkaeTscst ogHMM 13 Halle(heKTUBHIIMIKUX CyYaCHUX IMiIXO/iB AyalbHa popMa HABUAHHS,
sKa MOEJHY€E TEOPETHUYHY MiATOTOBKY B HAaBYAJHHOMY 3aKJal 3 MPAKTHUYHOI JiSUIBHICTIO Ha
HianpreMcTBax moptoBoi ramysi [5]. Taka cucrema 3abe3nedye BIANOBITHICTh MK 3allUTaMU
PHUHKY IIpalll Ta OCBITHIMHU pe3yJIbTaTaMH, 3MEHIIY€E PO3PUB MK TEOPI€I0 1 MPAKTUKOIO, a TAKOXK
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M1JIBUIIYE KOHKYPEHTOCIIPOMOKHICTh BUITYCKHHUKIB.

[udposizallis OCBITHROTO MpOIECy, a caMe IiHTerpamis OU(PPOBHX TEXHOJIOTIH Yy
HiArOTOBKY (paxiBIiB MPUIIOPTOBOT MOPCHKOI T'ally3i CTA€ CTPATEriuHUM HAIMPSIMOM MOZEpHi3arii
ocBiTh. Bukopucranas minaTgopMm AisS BIpTyaJlbHOTO MOJETIOBAHHS MOPTOBUX MPOIECIB
(manpukiaa, PortSim, Marine Traffic) mae 3mory cryaeHTam BianpanbOBYBaTH HaBHUYKH
yIpaBITiHHS TPAHCIIOPTHUMH ITOTOKAMH Ta ONTHMI3amii JoricTuku [6].

VY cyuacHiii npodeciiiHiii ociTi HaOyBae 3HaueHHs iHTerpauis STEM-ocsitu (Science,
Technology, Engineering, Mathematics) 3 eKkoJOriYHMMH JUCHHIUTIHaMH. BoHa ¢dopmye
CUCTEMHE MHUCJICHHS Ta 3JaTHICTb NPOEKTYBAaTH 1HHOBAIIMHI pIIIEHHS JUIs 3MEHIICHHS
HETraTUBHOTO BIUIMBY IMOPTOBUX ONepalliil Ha ToBKiuis [8].

OcHoBHI npodecii, MOB’s3aHUX 13 MPUIIOPTOBOIO 1HGPACTPYKTYPOIO, BianosiaHo 10 JIK
003:2010 npencraBneHi B Tadmui 1.

Tabmuus 1 — Ilepenik KoaiB Ta Ki1aciB nmpodeciii mpuropToBoi iHPpacTpyKTypu

| Ne||  Hasampodecii || KomKIIsaOK 003:2010 | TIpuMiTKH |
TexHik 3 ekcruryaTarii Ta 8112 «PobiTHHKH 3 Kinac «PobiTHuKY 3
1 PEMOHTY MOPTOBOTO 00CITyroByBaHHS Ta PEMOHTY 00CITyroByBaHH,
yCTaTKYBaHHS yCTaTKYBaHHS» eKCIUTyaTalfii. . .»
. . 3114 «Texniuni (axiBii B ramysi [Ipodecia TexHiuHOTO
daxiBellb 3 JIOTICTUKU Ta . A
9 IPAHCHODTHOLO eJIEKTPOHIKHU Ta TEIIEKOMYHIKaIliii» HanpsMy
PaHetop — 260 3113/3115 «Texuiuni
MEHEKMEHTY . .
(baxiBIi-MeXaHIKI»
Omneparo . [Ipodecia TexHiuHOTO
patop 8114 «Onepatopu KpaHis, pod
3 MEePEeBAHTAKYBAIbHUX - ) . . HaMpsMy
) i 1OMHHUKIB, J1€010K, KOHBEEPIB»
MaluH (KpaHiBHUK)
3115 «TexHiuHi paxiBii —
4 TexHik 3 MOPCHKOT'O Ta MexaHikuy abo 4112 «TexHiuni [Tpodecis TexHIUHOTO
PIYKOBOT'O TPAHCHOPTY CI1y>k00BI11, 1110 00CITYTOBYIOTh Hanpsmy
TPAHCIIOPTHI 3aCO0M»
ITpodecii
Hucneruep nopty / AreHT P b
5 3412 «/lucnetuepu TpaHCIOPTY» aJIMiHICTPaTUBHO-
3 MOPCHKHUX MTEPEBE3CHb .
JIOTICTUYHOT'O XapakTepy

Ili ¢axiBui MaroTh BOJOAITH IHTETPOBAHUMH KOMIIETEHTHOCTSMM: IM(PPOBUMH,
€KOJIOTIYHUMH, KOMYHIKaTUBHUMH, 1H)KEHEPHO-TEXHOJOTIYHUMHU Ta npaBoBuMHU [3]. s neskux
3 HUX HEOOX1JIHO MPOJIOBKEHHS HaBYaHHs Ta OTPUMAaHHS BUIIOI OCBITH 3a (paxom.

B VkpaiHi niAroToBKy KajpiB JJi1 MOPCHKOI raly3i 311HCHIOIOTh:

o YopHoMmopcrekuilt Mopebkuii (haxoBuii konex OHMY (UM®K OHMY);

e Opnecpkuil MOPChKHM (paxoBHil KOJEK TEXHIYHOTO (BIIOTY;

o XepcoHchkuil Mopebkuil paxoBuit konemk HYK im. anmipana Makaposa,

e MuxkonaiBcekuii (paxoBHil KOJIEIK MOPCHKOTO TPAHCIIOPTY;

e Mapiynonbcbkuii  MOpchbKuUM  (haxoBHH KoJemkK (TepeMilleHui 3aKiaj, IMpaLioe

JTUCTAHITIHHO).

BinbicTe 3akiajiB OCBITHM aKTUBHO BIPOBA/KYIOTh COIiajibHE NMapTHEPCTBO, TyajbHY
dopMy HaBYaHHS, CHUMYJALIWHI TpEeHAXXEepH, MDKHApOJIHI cepTUdikalii Ta MNapTHEPCHKi
nporpamu [6].

Po3srnsaaroun couiajgbHe MapTHEPCTBO y cucTeMi (haxoBOi MEpeiBHINOiI OCBITH CIiJ
3a3HAYUTH IO 1€ B3a€MOJIIS 3aKJIaiB OCBITH, pOOOTO/ABIIIB 1 MICIIEBOT BN Ul CTBOPEHHS
€IMHOTO OCBITHBO-BUpOOHHUYOro mpoctopy [1]. Jns mnpunopToBoi 1HPPACTPYKTypH Taka
B3a€EMOJIISl € HE JIMIIE OCBITHIM, a i €KOHOMIYHUM IHCTPYMEHTOM pPO3BUTKY perioHy. Iloptu
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BHKOHYIOTh POJb 3aMOBHHMKIB OCBITHIX MOCJYr, Hajaamum iHQopMalio Mmpo MmoTpedy y
(daxiBIsIX MEeBHUX KBaii(ikaiiid, a KoJeMKi — BHCTYNAalOTh BHPOOHUKAMM JIOJCHKOI0
Kanmitany, 3a0e3Meuytoud rajry3b KOMIIETCHTHUMH MpaliBHUKaMU

JAIT «MTII YopHOMOpPCHK» € MpPOBIJHUM IAPTHEPOM OCBITHIX 3aknagiB OjecbKoi
obnacti. [Topt Hamae cryaeHTaM Micls MPAKTHKH, MPOBOJUTH CITUIbHI CEMIHAPH Ta €KOJIOTIYHI
imimiatuBu («Green Port»), Gepe ywyacte y ¢opmyBaHHI 3MicTy OCBITHIX mporpam [9]. Lle
JI03BOJISIE  CTYACHTAM 3aCBOIOBAaTH pEajbHI TEXHOJOTIYHI MpPOIECH, a MiANPHEMCTBY —
dhopMyBaTH KaapOBHI pe3epB 1 MABUITYBATH €PEKTUBHICTh MiATOTOBKH IIEPCOHAIY.

Cepelr OCHOBHUX HalPSMKIB COLIaJIbHOIO MAPTHEPCTBA MOXKHA BUIUINTH:

e CmijibHy po3poOKy OcCBiTHiX cTranaaprtiB i mporpam. IlpencraBHuku mopTiB OepyTh
aKTUBHY ydYacThb y (hopMyBaHHI HaBYANbHUX IUIaHIB, BU3HAYAIOTh KOMIETCHTHOCTI, HEOOXiTHI
IUIsL Cy4acHOTO MpalliBHUKA IPUTIOPTOBOI iHYpaCTPyKTypH.

e Ilpodeciiina opienraunis mousoai. Il «MTII YopHOMOpPCHK» € aKTUBHMM YYaCHUKOM
npodopieHTaIMHUX 3ax0/11B — «JIHIX Kap’epu», spMapkax BaKaHCIH, JHAX BIAKPUTHX ABEPEH,
TOLLO.

e ConianpbHa BiINOBiAAJBHICTH i cTaauii po3BUTOK. [lopTu MiATPUMYIOTH €KOJIOTIYHI Ta
OCBITHI TpOrpamMH, CHpPsSMOBaHI Ha (OPMYBaHHS EKOJOTIYHOI CBIZIOMOCTI CTYJEHTIB i
BUKJIa/Ia4iB, PO3BUTOK KOPIIOPATUBHOI KYJIBTypH O€3MeKH Iparii.

Y  npaktuyHii miommHi  comiambHe maptHepctBo JII  «MTII  YopHOMOpPCHK»
pearizyeTbes uepes:

e yKJIaJaHHA Yyroa npo cmiBonpamw Mk UYM®OK OHMY Ta noproBumu
HiANPUEMCTBAMU;

* YYACTh NPEACTABHUKIB MIANPUHEMCTB Y KBAJiQIKANIHMX KOMICISIX, TPOBEACHHS
TPEHIHTIB, cepTU(IKALIHIX KypCiB;

e CHCTeMATHYHE CTA)KyBAHHS BUKJIA/JIa4iB Ta MaiicTPiB BUPOOHMYOr0 HABYAHHS Ha
BUPOOHUIITBI, 1110 3a0e3Meuye akTyani3allio 3MIiCTy OCBITH

3acToCcyBaHHA TaKHX IIJXOMIB JIO3BOJIIE CTBOPUTH CTIHKY MOJENHh B3a€EMOJIl MiX
OCBITOIO, HAYKOIO Ta BUPOOHHUIITBOM, 10 3a0€3ME€YUTh KOHKYPEHTOCTIPOMOXKHICTh YKPATHChKUX
¢axiBLiB y MI)XHAPOJHOMY MOPCHKOMY CE€PEIOBHILI.

BucHoBku. [lingroroska ¢axiBiiB NPUIIOPTOBOI IHPPACTPYKTYPH € KIFOUOBUM YMHHUKOM
CTaJIOT0 PO3BUTKY MOPCHKOT €KOHOMIKHM Y KpaiHu, 0co0auB0 OJ1eCHKOr0 PETIOHY.

CyuacHa ocBiTa Mae OyTH MpPaKTUKOOPIEHTOBAHOIO, IM(POBI30BAHOIO Ta EKOJOTIYHO
BignosiganeHo0. ComiansHe naptHepcTBo Mk UMOPK OHMY ta [T « MTII YopHOMOPCHK» —
€ TPUKIAAOM €(pEeKTUBHOI B3aeMOJIi OCBITH 1 BHpPOOHHMITBA, 110 QopMmye mnpodeciiiHo
KOMITETEHTHHX, €KOJIOTTYHO CBIJOMMX 1 MOOUIBHUX (haxXiBI[IB HOBOT'O MTOKOJIIHHS.
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3MICT
MEPEMOBA 4
FOREWORD 5
CEKIIIA:
ITH @OPMAHIﬁHI TA IHTEJIEKTYAJIBHI 3ACOBH HA MOPCBKOM Y
TPAHCIHIOPTI
SECTION

INFORMATION AND INTELLIGENT TOOLS IN MARITIME TRANSPORT

METOJA HAPAJIEJIBHOT'O MOHITOPUHI'Y POBOYOI'O ITPOLECY B
OUJIIHAPI CYAHOBOI'O M3EJA (TUCK Y HOWJIIHAPI +
BIBPOAKYCTHUKA) 7
Bapoaneu» P. A., Minuee JI. C., Kyuepenxo I0. M., Kupunawm O. 1L,
Anekcanoposcvka H. 1.

Ooecvkutl HayioHaNbHUL MOPCbKULl YHigepcumem (Yxpaina)

JUO®EPEHIIMHE HIECTUBITHE KOAYBAHHA SK IHCTPYMEHT
E®EKTUBHOI'O OBMIHY JAHUMU B ABTOHOMHOMY
CYJHOIIVIABCTBI 8
TI'onuapyk LIL., I'onosans A.1

Ooecvkutl HayioHanbHUL MOpCbKuUll YHigepcumem (Ykpaina)
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Howenko I'.T'., Hazoscvkui /1. A.

Xepconcvka oepacasna mopcoka akademis (Ykpaina)

BUKOPUCTAHHA METOAIB MATEMATHYHOI'O TIPOI'PAMYBAHHSA
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3aiiyeea T.B.

Xepconcvka oeparcasna mopcoka akademis (Yxpaina)

TEXHOJIOT'TI CYYACHOT'O EJIEKTPOHHOT' O BPSIZITYBAHHS Y BUMIPI
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CEJIEKIIIT HABITAIITHUX OB’EKTIB y CYJJHOBOMY
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AUTOMATED DIGITIZATION AND ANALYSIS OF SHIP’S LOGS VIA OCR

& NLP: OPERATIONAL ANALYTICS 26
P. Nosov

Odessa National Maritime University (Ukraine)

FORMAL APPROACHES TO DATA MANAGEMENT IN MARITIME
TRANSPORT SAFETY ANALYSIS PROJECTS 30
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MOPCBKHX CUCTEMAX: OI'JISII CYYACHUX TEXHOJIOT' T 41
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A. Romancha, 4. Simanenkov

Kherson State Maritime Academy (Ukraine)

Al IN SHIPS TECHNICAL INSPECTION: ANALYSIS OF REAL CASES 54
Samoilov O.0., Samoilov S.O., Seliversova S.R.
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ADAPTATION OF THE FORD-FULKERSON ALGORITHM TO IMPROVE
THE EFFICIENCY OF MARITIME TRANSPORTATION UNDER
CONDITIONS OF UNCERTAINTY 57
0. Sharko !, D. Stepanchikov 2, Sharko A.3, 0. Doroshenko *

'Kherson State Maritime Academy (Ukraine)

2Kherson National Technical University (Ukraine)

3Technical University of Liberec (Czech Republic)

OINTUMI3OBAHUI CITKOBUM AJITOPUTM OBPOBKH 30BPAKEHBb
JIJIA PO3MIBHABAHHSI MOPCBLKHUX OB’EKTIB Y HABITAIIMHUX
CUCTEMAX 3 OBMEXEHUMU PECYPCAMU 60
Hlamna A.B., lllamnuu C.B., bouuypa M.B., Cuoop A.l., Peym /I.T.
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DEVELOPMENT OF AN AUTOMATED ANALYTICAL SYSTEM FOR THE
LEVEL OF CYBERSECURITY IN THE MARITIME SECTOR 64
M. Shumskyi, P. Nosov

Odessa National Maritime University (Ukraine)

CEKI[IA:
ABTOMATH3ALIISI KEPYBAHHA MOPChKHM TPAHCIIOPTOM TA
ABTOHOMHI CY/IHA
SECTION
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AUTOMATION OF MARITIME TRANSPORT MANAGEMENT AND
AUTONOMOUS VESSELS

INEHTP BOKOBOI'O OIIOPY, HEHTP OBEPTAHHA 1 IIOJIOC
MMOBOPOTY 71
3inuenxo C. M.}, Toecmoxopuii 0. M.}, Toecmoxopuii K. 0., Kozauox IO. A.°

YXepconcvra oepacasna mopcvka akademis (Yrpaina)

2Software development Company N-LX LTD (Vkpaina)

IHTETPALISI CUCTEMU KOMIT'IOTEPHOI'O 30PY B AI-MOJEJIb
ABTOHOMHOI'O CYJHA 75
Kozauok IO. A.%, 3inuenxo C. M.2

Software development Company N-IX LTD (Ukraine)

2Xepconcwra depoicasna mopcoka akademis (Ykpaina)

ABTOMATHU30BAHA CUCTEMA KEPYBAHHAA PYXOM
BE3EKINA’KHOI'O ABTOHOMHOI'O CYJIHA B YMOBAX YACTKOBOI
HEBU3HAYEHOCTI HABITAIIIMHOT'O CEPEJIOBHUIIIA 79

Henuxiecvkuii J1.0.
Xepcouncvka oepacasna mopcoka akademis (Yxpaina)

MOJAEJIIOBAHHSI BUTPATU IIAJIMBA CYJIHOBUM JU3EJIbBHUM
I'EHEPATOPOM 3 BUKOPUCTAHHAM IHTEPHOJISAILIMHOI'O
MHOTI'OUYJIEHA JIATPAHXA 83
Camoiinoe C.0., Ilonueooa B. B.

Xepconcvka oepacasna mopcoka axademis (Ykpaina)

MOPIBHSUIBHUIL AHAJII3 HEWPOMEPEXEBUX MOJEJENA O]
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Oobepmo Canmana JI.E.
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CHCTEMH MIATPUMKH MPUHHATTA PIIIEHD OITEPATOPIB
MOPCBKOT'O TPAHCIIOPTY
SECTION
DECISION SUPPORT SYSTEMS FOR MARITIME TRANSPORT
OPERATORS

MULTICRITERIA SELECTION OF A PORT-APPROACH TACTIC UNDER
SENSOR DEGRADATION: THE DOVER CASE (DIGRAPH3/RUBIS) 92
D. Volkov, P. Nosov

Odessa National Maritime University (Ukraine)

DEVELOPMENT OF DECISION SUPPORT SYSTEMS BASED ON
DIGRAPH3 PYTHON FOR SHIPPING SAFETY PROJECT MANAGEMENT
TASKS 97
P. NosoVy, Tina Peri®?, Gojko Nizic?

10dessa National Maritime University (Ukraine)

2Faculty of Maritime Studies, University of Split (Croatia)

PROJECT MANAGEMENT APPROACHES TO NAVIGATION SAFETY IN
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NARROW PASSAGES BASED ON DIGRAPH 3 METHODS 102
P. Nosov
Odessa National Maritime University (Ukraine)

MOTION OF A LARGE SAILING VESSEL TAKING INTO ACCOUNT OF
THE NEW CONCEPT OF TURNING 108
O. Tovstokory, K. Tovstokory

Kherson State Maritime Academy (Ukraine)

BU3HAYEHHA KOOPAUHAT CYJHA B VYMOBAX TIJIYHIIHHA
CUTHAJIIB CYITYTHUKOBOI HABIT AL[IT 112
Hluwxkin O.B., Becenoecvkuit b.M.

Hayionanvnuii ynisepcumem «Ooecvka mopcoka akademisny (Ykpaina)

CEKIIIA:
BE3IEKA JKHTTEAIATIBHOCTI B MOPCBHKIH rAJ1Y31 TA MOPCBHKA
EKOJIOTIA
SECTION
LIFE SAFETY IN THE MARITIME INDUSTRY AND MARINE ECOLOGY
HAIIPSIMKH BIIPOBAJIZKEHHSA CUCTEM YIIPABJIIHHS
EKOJIOI'TYHUMMU TTPOIIECAMMU HA ABIAIIIAIIPUEMCTBAX YKPAIHU
B CYUACHHUX YMOBAX 117

Bbensaece M.O., Kanawnux I'.A.
Ykpaiucoka deporcasna nvomna akademis (Yrpaina)

3ABPYJHEHHSA MOPCBKOI'O CEPEJOBHUIIA CYJHOBUM CMITTSM:
AHAJII3 TPOTAJIMH JOJATKY V KOHBEHIII MARPOL TA
MMPOIO3UIIII OO0 MIHIMI3AIIT EKOJTOTTUYHHUX 3AT'PO3 120
byzaeuxko B.1., Ilanuenxo 1.M.

Xepconcvka Oeporcasna mopcvka akademis (Yxpaina)

PATYBAHHSA CYJIEH TA IHIIOT'O MAHHA 124
/yokin €.B., Ilanuenxo 1.M.
Xepconcovka oeporcasna mopcoka akaoemis (Yrpaina)

ANALYSIS OF ASPECTS OF POLLUTION OF ENVIRONMENTAL
COMPONENTS FROM APPLICATION OF PAINT MATERIALS ON SHIPS

OF THE SEA AND RIVER FIREFIGHTING FLEET, AS WELL AS DOCK
AND PIER ENGINEERING STRUCTURES OF SES OF UKRAINE 126
O. Kondratenko, O. Kovalenko

National University of Civil Protection of Ukraine of SES of Ukraine (Ukraine)

CIIOCOBA NMOKPAHIEHHSA 3ACOBIB OUUHIEHHSA HA®TOBMICHHUX
BOJl HA HA®TOHAJ/IMBHUX CYJHAX 130
Hozopneyskui /1.C. %, I'puyyx 1.B. %, Xyoakoe I.B. ', Yepnenro B.B.*

YXepconcvra oepacasna mopcvka axademis (Vrpaina)

2Hayionanvuii yrieepcumem Yepniciecoka nonrimexuika (Yxpaina)

CHARACTERISTICS OF POLYSTYRENE-STEEL COMPOSITE
MATERIALS INTENDED FOR RADIATION SHIELDING 134
Prokhorenko E.M. !, Lytvynenko V.V. !, Zakharchenko A.A. 2, Khazhmuradov M.A.2,
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Prokhorenko T.G. 3

YInstitute of Electrophysics and Radiation Technologies NAS of Ukraine (Ukraine)
2NSC «Kharkov Institute of Physics and Technology» (Ukraine)

3Kharkiv National Automobile and Highway University (Ukraine)

®AKTOPHA MOJIEJIb ABAPIi KOHTEMHEPOBO3Y EVER GIVEN VY
CYEILIBKOMY KAHAJII 138
Poccomaxa O. 1., Tomuarxoecokuii I'. I'., Poccomaxa O. A.

Ooecvkutl HayioHanbHULL MOpCbKull yHigepcumem (Yxpaina)

MEASURES FOR LOWER DANUBE IN CONTEXT OF JOINT STATEMENT

ON GUIDING PRINCIPLES FOR THE DEVELOPMENT OF INLAND
NAVIGATION AND ENVIRONMENTAL PROTECTION IN THE DANUBE
RIVER BASIN 143
O. Rubel

Institute of market and Economic-Ecological researches of NAS Ukraine (Ukraine)

MIPATCTBO Y TIBIHEMCBKIN 3ATOILU: AKTYAJIbHI BUKJIUKHU
MOPCBKOI BE3ITIEKH TA CTPATEI'TI MPOTHUIII 148
Taxkcic A.B., Ilanuenxo 1.M.

Xepconcvka oepacasna mopcoka axademis (Ykpaina)

OINIEPATUBHE INPOITHO3YBAHHSA OKEAHOI'PA®IYHUX YMOB J1Jisd
3ABE3INEYEHHS BE3INEKH MOPEIOCIHOJAPCBHKOI JISIJIBHOCTI 150
Tyuxoeenxo 10.C.>%, Kywnip /I.B.Y, Mamuzin O.C.5, F'azemoe E.I°, Yenypna B.IO.*

Y Ooecoruii nayionansnuii ynieepcumem imeni 1.1, Meunukoea (Ypaina)

2 Incmumym mopcuvkoi 6ionocii HAH YVxpainu (Ykpaina)

3 riopomemyenmp Yoprozo ma Azoscvkozo mopie (Ypaina)

CEKIIA:
EKOHOMIKA MOPCBKOI'O TPAHCITOPTY:
CTAH TA IEPCIIEKTHBH PO3BUTKY
SECTION
ECONOMICS OF MARITIME TRANSPORT: CURRENT STATUS AND
DEVELOPMENT PROSPECTS

SWOT-AHAJII3 CTAHY 3ABE3IIEYEHHSI CTAJIOTO PO3BUTKY
ABIATIIJIMIPUEMCTB YKPATHA Y IOBOEHHUM MEPIO/] HA ITPUKJIAJI

Al <xAHTOHOB» 156
Kanawnux I' A., Kanawmnux-Pubanko M. A.

Ykpaincvka oeporcaena noomna akademis (Yxpaina)

THHOBAIIIMHA OPIEHTAIIISI PO3BUTKY INOPTIB 160
Mapkoea €.10.', Mapkoe M.M.?

YXepconcvruii  mopcokuii - gpaxosuti  konedxc pubnoi npomucnosocmi  (Vkpaiua)
2Xepconcoruii HaguanbHo-Haykoguil incmumym HayionansHnozo yuisepcumemy
Kopabnedyoyeanus imerni aomipana Maxapoea (Yxpaina)

CEKI[IA:
JIKOJICBKI PECYPCH MOPCHKOI THIYCTPII TA BILIUB JIFOJICBKOTO
YHUHHHKA
SECTION
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HUMAN RESOURCES IN THE MARITIME INDUSTRY AND THE IMPACT
OF THE HUMAN FACTOR

MATHEMATICAL MODEL OF THE FATIGUE INDEX
O. Koretsky, E. Appazov 164
Kherson State Maritime Academy (Ukraine)

ICUXOJIOITYHUM BILUIMB JIIOJCBKOIO YUMHHUKA B MOPCBHKIN
TAJIY3I 170
Jimmix M.C.

Kuiscokuii nayionanvuui ynisepcumem imeni Tapaca [llesuenka (Yrpaina)

CONCEPTUAL MODEL «GYROCOMPASS-PM» FOR SAFETY PROJECT
MANAGEMENT IN MARITIME TRANSPORT 172
P. Nosov

Odessa National Maritime University (Ukraine)

CTABJIEHHSI JIO YACY Y MIKKYJbTYPHIA KOMYHIKAIIII

MOPCBKHUX ®AXIBIIIB 179
Cmenanan A.A., /loopoeonsceka B.A.

Xepconcwvka deparcasna mopcoka akademis (Ykpaina)

CEKI]IA:
MEHE/UKMEHT PH3HKIB MOPCBKHX ITEPEBE3EHB TA JIOTICTHKA
SECTION
RISK MANAGEMENT IN MARITIME SHIPPING AND LOGISTICS

CEPEJI3EMHE MOPE: YHIKAJIBHICTb TF'EOI'PA®IYHOI'O
MOJIOKEHHSA TA POJIb Y CBITOBIM MOPCBHKIN TOPIIBJII 183
Ananveea B.1O., /looposonsvcoka B.A.

Xepconcoka deparcasna mopcoka akademis (Yxpaina)

YIPABJIIHHAA PU3UKAMHMU TIPU MOPCBKUX TIIEPEBE3EHHSX
BAHTAXIB Y KOHTEKCTI CTAJIOI'O PO3BUTKY 187
Ananvecea B.IO., Cmogoa T.A.

Xepconcoka deparcasna mopcoka akademis (Yxpaina)

YAPTEP TA KOHOCAMEHT: KOJII3Ii YMOB TA ITPABOBI MEXAHI3MHU

iX Y3roJ>KEHHSA 191
Momawescoxuii A/1., Ilanuenxo 1.M.

XepcoHncvka Oepoicasna mopcvka akademis (Yxpaina)

MOJAEJIIOBAHHSI  YIIPABJIIHHA  E®EKTHUBHICTIO MOPCBKHUX
MYJbBTUMOJAJIBHUX MTEPEBE3EHb MOTOAOM MONTE CARLO 194
AKuwuncoxuii 10.C.

Xepconcvka oeparcasna mopcoka akademis (Ykpaina)

PO3POBKA MATEMATHUYHOI MOJAEJII JISA BUBOPY
AJBTEPHATUBHUX MOPCHKHX IOPTIB B YMOBAX HA/I3BUYANHUX
CUTYAIIIHN B YKPATHI 198
Iopacim A.M., Cmyanin 1.0., Kneeyos K.M.

Xepconcvka oeparcasna mopcoka akademis (Ykpaina)
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MOPCBKE CTPAXYBAHHSA 201
Kyuepaeuit A.P., Ilanuenxo 1.M.
Xepcomncvka oepaicasna mopcoka axademis (Yrpaina)

HJIAXHW YAOCKOHAJIEHHSA POBOTH TPAHCIIOPTHO-
EKCIIEAUTOPCBKHX mIaAnPUEMCTB IIPH OPI'AHI3ALII
MYJIbTUMO/JAJIbHUX ITIEPEBE3EHD 204

Jebiov €E.M. L, JIedios L.T. %, Maszypenxo 0.0.?
'Hayionanvnuii mpancnopmuuii ynisepcumem (Ypaina)
2Vkpaincokuil depoicasruii yuigepcumem nayku i mexnono2iii (Yxpaina)

CEKILIA:
IIPOBJIEMHU EHEPIOE®EKTHBHOCTI TA PECYPCO3BEPE/KEHHA
HA MOPCBKOMY TPAHCIIOPTI
SECTION
ISSUES OF ENERGY EFFICIENCY AND RESOURCE CONSERVATION IN
MARITIME TRANSPORT

FLAME SPRAYING PARAMETERS AS A FACTOR IN THE RELIABILITY
OF RESTORED SURFACES OF SHIP MACHINERY PARTS 208

M. Ahieiev?, H. Prokofiev !, V. Tinkova?
1Kherson State Maritime Academy (Ukraine)
2University of Zilina (Slovakia)

HAYKOBI IIIAXOAU JO BHU3HAYEHHSA CARBON INTENSITY
INDICATOR (CII): HEPEBIPKA BIAIIOBIIHOCTI SEEMP PART III 212
Axkimoe O.B., Hazpubenvnuii 5. A.

Xepconcvka oeparcasna mopcoka akademis (Yxpaina)

BIZTHOBJIIOBAHI JIXKEPEJIA EHEPI'II YKPAIHU TA NMEPCHEKTUBMH iX
BUKOPUCTAHHS B CYJHOBIN EHEPTETHUIII 215
Anexcenxo B.JI., Canponos 0.0., @®ocmucx IL.I1., I'opoicuxo I0.B., Illynvea B.B.
Xepconcoka oeparcasna mopcoka akademis (Yxpaina)

3ABE3NEYEHHS TEXHIYHOI TOTOBHOCTI CYJHA 217
beneorwx B.B.

Inemumym  Biticokoso-Mopcokux Cun  HayionanvHozo yHisepcumemy «(Oodecvka
Mopcvka akademiny (Ykpaina)

OPIBUKO-MEXAHIYHI BJIACTHUBOCTI MJIACTU®IKOBAHOI
ENNOKCHUJIHOI MATPHIII 1JIS1 BAXUCTY 3ACOBIB TPAHCIIOPTY 221
Byxemoe A.B.', Cmpenvuenko B.IO. Y, Openin K.10.", 'onomenxo C.M. ?

YXepconcora oepocasna mopcvka akademis (Yrpaina)

2T EePHONINLCOKULL  HAYIOHANbHUL  MexHiuHull yHigepcumem imeHi lIeana Ilynios
(Vkpaina)

CTPYKTYPA CHCTEMM KOHTPOJIIO OYHUIIEHHA ITAJIMBA HA
MOPCBKHUX CYJHAX 222
Bpyonescokuii P.€.

Xepconcvka depaicasna mopcovka axademis (Yxpaina)

HIJIBUIIEHHSAA EHEPTOE®EKTUBHOCTI TA HAIIMHOCTI CYJIEH
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MIJIIXOM IHTETPAIII LIFEPO4 AKYMVYJSITOPIB TA COHSIYHOI
TEHEPAIII 225
Kaneunikos I'.€., Yuuyscko M.B.

Yepracoxuii Oepaicasruil mexuHonociunuil ynisepcumem (Yxpaina)

3ABE3INEYEHHS EKOJIOI'MTYHOCTI POBOTHU CYJHOBUX JU3EJIIB
HIJISIXOM HNEPEINTYCKY BUITYCKHUX I'A3IB 229
Kyponamnux O.A.

Hayionanvnuii ynisepcumem «Ooecvka mopcoka akaoeminy (Ykpaina)

INOBEPHEHHSA BITPOEHEPTETUKH B CYJHOILIABCTBO.
EKOHOMIYHHWM TA ONEPAIIIMHAMI OTJISI ] 233
Mamenxo 11. I1.

Xepconcovka depocasna mopcovka akademis (Yxpaina)

CBITOBE CYJIHOBYAYBAHHSI: AHAJII3 PHUHKY AJWTHUBHUX
TEXHOJIOT'Ti 237
Hizinyani JI. B.Y, Poccomaxa O. 1.2, Anexcanoposcvka H. L, Poccomaxa O. A.?,
Jimosa C. M.X, Paboua T. B.3, Hoesa B. M.}

! Haguanvro-nayxosuii mopcoruii inoicenepro-mexuiunuii incmumym (Yxpaina)
ZHaganleo-Haykoguﬁ iHcmumym mopcwvkozo ¢hnomy (Vrpaina)

300ecvruii nayionanvruii Mopcokuil yuisepcumem, Biticvkoea axademis (Ykpaina)

HNIJIBUILIIEHHST E®GEKTUBHOCTI INPOLECY MAIIIEHHS
HIAIUITHUKOBUX BY3JIIB CYJIHOBUX JIU3EJIIB
Pazinkin P.O. 242

Hynaticokuu incmumym Hayionanvrnoeo ynieepcumemy «Odecbka MOPCbKa akaoemisy
(Vkpaina)

3ABE3INEYEHHSA EKOJIOTTYHUX TMOKA3ZHUKIB CYIHOBUX JAU3EJIIB

Y CHEIIAJIBHUX PAMOHAX KOHTPOJIIO 3A BUKHUJIAMHA 245
Cacin C.B., Kyponamnuk O.A.

Hayionanvnuii ynisepcumem «Odecvka mopcoka akaoeminy (Ykpaina)

3ABE3IIEYEHHSA BIAITOBIJJHOCTI CYJHOBHUX JAU3EJIIB
MIDKHAPOJHUM EKOJOI'TYHUM HOPMAM MOAO BHUKHUAIB
OKCHUAIB CIPKHN 249

Cazin C.B., Pycnax /[.10.
Hayionanvnuii ynisepcumem «Odecvka mopcoka axademisny (Ykpaina)

AHAJII3 METOJAIB MNIABUINEHHSI MAJHUBHOI EKOHOMIYHOCTI
CYJAHOBUX JU3EJIIB 254
Camapin O.€.

Xepconcvra depoicasna mopcoka akademis (Yxpaina)

CYUYACHI TEHJAEHIII 3ABE3NEYEHHSI EHEPTOE®EKTHUBHOCTI
CYJHOBHUX JIBUT'YHIB 257
Camapin O.€.

Xepcomncvka oepacasna mopcoka akademis (Ykpaina)

NIABUIIEHHS EHEPIOE®EKTHUBHOCTI CYIAEH 3A JOIIOMOI'OIO
IMPUCTPOIB KEPYBAHHSI IOTOKOM 260
Illeoponoces O.B., Coyenxo B.B., Konosanoesa I'. B.

Xepconcvkuil  HA8UANbHO-HAYK06020  iHcmumym  Hayionanonoeo  yHigsepcumemy
Kopabnebyoysanns im. aom. Makaposa (Ykpaina)
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3ABE3IIEYEHHS EKCIUIYATAIIMHUX ITOKA3HHUKIB MOTOPHHX
MACTHWJI CYIHOBUX JIU3EJIIB 264
Yumwmup B.1., Pazinkin P.O.

Jlynaticoxuii incmumym Hayionanvrnozo ynisepcumemy « Ooecoka Mopcoka akademisiy
(Vkpaina)

CEKIIIA:
CYYACHI ITIXOAH Y IIITOTOBII ®AXIBI[IB MOPCBhKOI
IHOYCTPII JUIA IT CTAJIOr O PO3BUTKY
SECTION
MODERN APPROACHES TO THE TRAINING OF MARITIME INDUSTRY
SPECIALISTS FOR ITS SUSTAINABLE DEVELOPMENT

IH) KUHIPUHI' TA YIPABJIIHHA NPOUHECAMU CYJIHOPEMOHTY VY
NPO®ECIMHIA MIANOTOBII MAMBYTHIX ®AXIBIIB MOPCBHKOI
TAJIY3I 269
Azeee M.C.Y, /Izuzap A.K.%, Capcenébace b.C.?

Xepconcvra oepacasna mopcvka axademis (Yxpaina)

2Mopcora axademisn  Kacniiicokoeo Oepaicasnozo  yHigepcumemy mexHonozii ma
inorcunipuney im. L. €cenosa (Kazaxcman)

REASONING THE USING AUTHENTIC VIDEOS AND Al VIDEO MAKER

ON MARITIME ENLISH LESSONS 272
I. Afanasiievska

Kherson State Maritime Academy (Ukraine)

MPIOPUTETHI HANIPSIMKH PO3BUTKY HAYKOBOI JISITBHOCTI HIIIT
XJIMA B YMOBAX PEJTOKAIIIT 275
benw A.IL, Ilemposecokuii A.B.

Xepconcwbka oepacasna mopcoka axademis (Ykpaina)

MOBHA MIAINOTOBKA ®AXIBI[IB MOPCBKOI T'AJIY3l B YMOBAX
BOEC€HHUX BUKJIUKIB: CYHYACHI HIAXOAU TA CTPATEI'TA CTAJIOI'O
PO3BUTKY 280
T'ayenxo JI. B.

Hayionanvnuti mpancnopmuuii ynisepcumem (Yxpaina)

ENHANCING LANGUAGE INSTRUCTION EFFECTIVENESS WITH THE

HELP OF MARITIME ENGLISH TEACHERS’ LIFELONG LEARNING 284
O. Diahyleva 1, A. Yurzhenko?, O. Kononova 2, Yu. Bevzenko 2

1Kherson State Maritime Academy (Ukraine)

2Maritime Applied College of Kherson State Maritime Academy (Ukraine)

NIATOTOBKA  JTOKEPIB-MEXAHI3ATOPIB SIK CTPATEITYHUH
HAITPSAIM  3ABE3IIEYEHHSI KAJAPOBOI'O ITOTEHIIAJIY TIOPTIB
YKPAIHU 289
Jlpomawxo O.A.

Yoprnomopcokuii mopcokuil gaxosuii konedxr O0ecbko20 HAYIOHATLHO2O MOPCLKO20
yHieepcumemy (Ykpaina)

CARGO OPERATIONS BY USING THE SHIP’S CKANES AND SHIP’S
STABILITY 292
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V. Zhmur
Kherson State Maritime Academy (Ukraine)

DEVELOPMENT OF OPEN MARITIME SIMULATOR DATASET (OMSD)
FOR VARIOUS MACHINE LEARNING WORKFLOWS

P. Kochubei, V. Mateichuk, E. Appazov

Kherson State Maritime Academy (Ukraine)

HIAIOTOBKA dAXIBIIIB MOPCBKOI'O TPAHCIIOPTY 3
BUKOPUCTAHHSM HTYYHOI'O [IHTEJIEKTY HA 3AHATTIAX
AHIJIINCBKOI MOBHU

Menvnuxoea A.C.

Biooxpemnenuti cmpyxmypruti niopo30in «Mopcokuil ¢haxosuii koneddc XepcoHcvkoi

depatcasHoi mopcokoi akademiiy (Vkpaina)

AHAJII3 BIUIMBY TEXHIK AYIMEHTALII HA NPOJAYKTUBHICTDH
MOZEJII LITYYHOTI'O 30PY IIPU BUBHAYEHHI PAKYPCY CYJIHA
Ilawenxo O.J1.

Hayionanvnuii ynisepcumem « Odecvka mopcoka axademiay (Yxpaina)

MOXKJ/INBOCTI BUKOPUCTAHHSI CTOPOHHBOI'O I3 3 ECDIS IIPA
HABYAHHI Y JTMUCTAHIIHHOMY PEKHMI

Ilempoeécvkuit A.B.

Xepconcvka oepacasna mopcoka akademis (Ykpaina)

OCOBJIMBOCTI NIAIOTOBKHU OAXIBLIB IPUIIOPTOBOI
THO®PACTPYKTYPH B 3AKJIAJTAX ®AXOBOI INIEPEJIBHIIIOI OCBITH
Tkau H.A.

YopHomopcokuil mopcokutl ¢axosuii koneox: O0ecbko2o HAYIOHATbHO2O0 MOPCHLKO20
yHieepcumemy (Yxpaina)
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Penakiiist He Hece BIAMOBIAAIBHOCTI 32 MPO(ECIHHO-3MICTOBHY Ta METOIUYHY
KOPEKTHICTh MaTepiaiiB, M0 MyOIiKYIOThCS, a TAKOX 32 KOPEKTHICTh MOCHJIaHb.

306ipka martepiajis

V MixHapoAHOI HAYKOBO-NIPAKTHYHOI KOH(epeH il

IIPOBJIEMH CTAJIOTO PO3BUTKY MOPChKOI TA/TY31

PSDMI - 2025

BianoBinansHuii 3a Bunyck Annazos E. C.
Texniunuii pegakTop, koMl orepHa Bepctka Paoyn T. O.
XepcoHChKa Jiep:kaBHa MOpPChKa akazaemis, 2025

[Migmucano o apyky 01.12.2025 p. ®opmat 84x108/32.
[Tamip odcernuit. Apyx uudposuii.
Ym. napyk. apk. 20,75.
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