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EKOHOMIKA
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RESEARCH OF THE REGULARITIES OF “GREEN” ENERGY
AND THE WORLD TRENDS OF ITS DEVELOPMENT
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Summary

Introduction. The article analyzes the causes of the global energy crisis and the
role of green energy in its emergence, examines the patterns and global trends of its
development, as well as the technological and socio-economic features of its spread.
In the 70s of the XX century, green energy, based on the use of new technologies for
the production of electricity from renewable sources, gained serious popularity as
part of a growing environmental movement. But it wasn't until the beginning of the
21st century that a real breakthrough was made in this area, which may eventually allow
these technologies to displace fossil fuels (coal, oil and natural gas) as the main source
of energy. Purpose. The main goal of the article is to find an answer to the question
of to which extent it is possible to achieve the energy transition in the near future, as
well as to carry out a critical analysis of published calculations of humanity energy
consumption humanity in 2050, based on the need to significantly reduce the gap in the
per capita energy consumption of the population of developed countries. Results. The
authors researched the prerequisites and prospects for the development of renewable
energy and considered the world experience of using renewable energy during the new
Fourth Industrial Revolution, the feature of which, unlike the previous three, is a special
account of the anthropogenic impact of activities on the environment. It is shown that
the development of technologies of RES can be a driver of innovative modernization
of the economy and a source of formation of a truly green economy, characterized by
high-tech solutions, energy independence and reduced impact on the environment.
Conclusions. Today, the energy problem is one of the most relevant for all mankind.

© Kosharska L.V., Brednyova V.P., Nikiforov Yu.O., 2022
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Traditional sources such as oil, gas and other fossils are gradually becoming more
scarce, expensive and, of course, environmentally. This is why solar panels, wind and
solar farms, hydroelectric plants, as well as bioreactors are becoming so popular today
as emerging sources of alternative or green energy, which will be discussed in more
detail below. The production of electricity from RES is growing in various countries of
the world, and this trend will continue in the future, so research in this direction must
be continued.

Key words: energy crisis, green energy, energy transition, industrial revolution,
renewable energy sources.

JOCJIIJ)KEHHSI BAKOHOMIPHOCTEM 3EJIEHOI EHEPTETHKH
TA CBITOBI TEHJAEHIIII if PO3BUTKY

JL.B. Komapcebka', B.I1. Bpeansosa?, }0.0. Hikigopos®
'K.T.H., ToueHT Kapenpu « TexHiuHe 00CITyroByBaHHS i PEMOHT CYACH»,

Ooecwvrutl HayionanbHull Mmopcokuil yHisepcumem, Odeca, Yxpaiua,

ORCID ID: 0000-0001-5575-3745
2k.T.H., mpodecop kapenpu «HaprcHa reomeTpist Ta imkeHepHa rpadikay,
Ooecwvra Oeporcasna akademis Oyoienuymea ma apximexmypu, Odeca, Yrpaiua,
ORCID ID: 0000-0002-3005-2384
*k.T.H., mpodecop, 3aBimyBau kadenpu « TexHiuHE 0OCTYrOBYBaHHS | PEMOHT CyICHY,

Ooecvruti HayionanbHul Mopcvkuti ynisepcumem, Odeca, Yxpaina,

ORCID ID: 0000-0002-8901-6935

Anomauisn

Bcemyn. Y cmammi ananizyromscsa npuduHu c8imogoi enep2emuyHol Kpuzu ma poiv
3elleHol eHepeemuKy y il GUHUKHEHHI, 00CAIONCYIOMbCA 3aKOHOMIPHOCME ma C8imosi
it nowupenns. ¥ 70-x poxax XX cm. 3enena enepeemuxa, 3aCHO8AHA HA BUKOPUCTIAH-
HI HOBUX MEXHON02Il UPOOHUYMEA eleKMmPOoeHepeii 3 GIOH0BII08ANHUX dceper, HabyLa
Ceplio3HOi NONYIAPHOCII AK YACMUHA eKOL02IYH020 PYXY, Wo 3pocmac. Ane nuuie Ha
nouamxy XXI cm. y yiti eanysi 6y10 3p0obIeHO CNPABIHCHIN NPOPUB, KU, MONCIUBO,
32000M 003601UMb YUM MEXHONLOZIAM GUMICHUMU BUKONHE NAAUGO (8V2inif, Hagmy
ma npupooHUll 2a3) AK 0CHO8HO20 eHep2oHocis. OCHOBHOI0 Memolo cmammi € NOULYK
8i0N06I0I HA NUMAHHS, HACKINbKU MONCIUBO 00CANU eHepeonepexody 8 HaAubIUNCUi
MEePMIHU, A MAKOHC NPOBEOCHHS. KPUMUUHO20 AHANI3Y ONYONIKOBAHUX Pe3yIbmamis i
Ppo3paxyukie nompedbu modcmaa 6 enepeii y 2050 p., suxoosuu 3 HeoOXiOHOCME 3HAYHO-
20 CKOPOYEHHS PO3PUBY 8 OYUOBOMY eHEP2SOCNONCUBAHHS HACELEHHS PO3ZGUHEHUX KPAIH.
Pezynomamu. Aemopamu 0ocrioxceni nepedymosu i nepcneKmusu po3sUmKy 8i0H06-
JII0BAHOI eHepeemuKy ma po32IsAHYMO C8IMOULl 00CBI0 BUKOPUCHIAHHA 8IOHOBNIO8AHOT
eHepeemuxu y nepiod Hoeoi Yemeepmoi npomuciosol pesonioyii, 0coonusicmio sKoi, Ha
BIOMIHY 8I0 MPbOX NONEPEOHIX, € 0COONUBUL OONIK AHMPONOSEHHO20 6NIUBY QiSIbHOC-
mi Ha 0oskinna. Ilokazano, ujo po3euUmox mexHon02il 8i0HO6II0BAHUX Oxcepell eHepaii
Modce bymu Opaieepom IHHOBAYIUHOI MOOepHI3ayii eKOHOMIKU ma Odcepenom Gopmy-
BAHHA «3€1EHOI» EKOHOMIKU, WO XapaKmepu3yemscs 8UCOKOI0 MEXHON02IUHICIIO, eHep-
2eMUYHOI0 HE3ANIeHCHICMIO MAa MIHIMANbHUM BNAUBOM HA HABKOIUWIHE cepedosulie.
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Bucnoexu. Enepeemuyna npobrema cb0200Hi € 00HIEIO 3 HAUAKMYATbHIWUX 01 8CbO-
20 moocmsa. Tpaouyilini Odxcepena, maki sax Hagma, 2a3 ma iHWi KONAIUHY, ROCHYNO-
80, CIalOmMsb 00PONCHUMU i, 38UUALIHO JiC, 3A80AIOMb BEIUYE3HOT WUKOOU HABKOIUUUHBOMY
cepedosunyy. Came momy consuni bamapei, 6impoei ma 2iOpoerekmpoCmanyii, a makoxic
biopeaxmopu cmaroms HACMINLKU NONYIAPHUMU CbO20OHI. Bci 6onu sionocamuvcs 00 anb-
mepHamusHux abo 3elleHux oxcepeil eHepeii, npo wo Umumemsca Hudxcye. Bupooruymeo
enexmpoenepeii 3 B/[E 3pocmae 6 pisnHux kpainax ceimy, i ys meHOeHYisl 8 NepCcneKmuei
30epexcembest, MomMy 00CHIONCEHHSL 8 YbOMY HANPSIMKY HeOOXIOHO Npo0osiCy8ami.

Kntouosi cnoea: enepeemuuna Kpusa, «3eleHa eHepeemuray, eHepeemuyHull nepe-
Xi0, npomuciosa pegonroyis, 8i0Ho6m08awi ddxcepena enepeii (BUE).

Introduction

The modern society lives in an unstable, and unpredictable world. The 21st century
imposed on the world a challenging environmental agenda addressing which holds a key
to the prosperous future of humanity. The “green transformation” became a buzz word
in the energy sector and has been gaining enormous momentum and gathering support
worldwide. Green energy is defined as produced in a process using alternative sources,
inexhaustible or renewable, as compared to fossil fuels. Furthermore, green energy
solutions produce significantly less greenhouse gases and other harmful substances
whereas requiring much lower service costs after commissioning. The effectiveness
of green energy is largely determined by geographical location allowing easier
implementation of solar farms in regions with intense solar radiation. Such traditional
renewable organic materials as wood, peat, etc. are not environmentally friendly when
used as energy sources or in other words are not green due to production of carbon
dioxide. Another good example of green energy technologies that releases carbon back
into the atmosphere is processing of organic waste. Implementation of wind and solar
solutions is impossible without significant subsidies at the expense of traditional energy,
making transition to these types of energy in market economy hard to achieve. Despite
the fact that many countries followed Italy in abandoning nuclear energy and shutting
down the power plants, more than thirty countries worldwide are still operating nuclear
power plants. Belgium, Germany, Spain, Switzerland, Taiwan implement a long-term
policy of abandoning nuclear energy, etc. [1, pp. 14-21; 2-4 etc.].

Formulation of the problem

Technically, climate change could be regarded as the result of an increase in
concentration of greenhouse gases or an increase in emissions into the atmosphere.
The task of reducing this concentration should include development of natural carbon
depositing ecosystems to compensate for the negative consequences of anthropogenic
emissions from the burning of fossil fuels. The purpose of this study is to analyze
the global energy crisis and energy redistribution during the fourth industrial revolution,
to identify the priority directions for the development of alternative green energy
and renewable energy sources. The authors used the following research methods:
the method of theoretical analysis, the method of comparison and generalization
of information. Analysis of recent studies and publications shows the high significance
of the problem under consideration.



PO3BUTOK TPAHCIIOPTY
Ne 4(15), 2022

Main material discussion

It is generally acknowledged that production of efficient energy is one of the main
factors of economic growth, labor productivity as well as individual quality of life. The
energy consumers vary from private households to large industrial parks. As a result
of population growth and industrial development, energy consumption in the world
has increased more than fourteen times over the past hundred years [5, c. 10-20; 6; 7,
pp. 16-17; 10, pp. 256-276 etc.].

One of the notable phenomena of recent years has been the energy transformation,
that combines technologies for increasing of energy efficiency and technologies for
the use of energy produced by renewable energy sources which allows for simultaneous
development in several directions. The use of alternative energy accelerates
the modernization of the economy, increases the level of economic security of national
economies, which fundamentally changes the quality of economic growth. Development
of alternative energy sources is a powerful driver for innovation and the basis for
the formation of a low carbon green economy of the future, characterized by high-tech
solutions, energy security and reduced impact on the environment. Alternative energy
sources also reduce dependence of the national economies on fossil fuels.

Oil and gas sources will gradually disappear replaced by the RES. To the most
explored sources of renewable energy belong solar, wind, water, including sewage,
tides, natural water bodies waves, geothermal sources, land, air, water, biological mass,
biological gas. The amount of energy obtainable from the above sources could easily
cover all the current energy needs of the mankind. A number of researchers believe
that rendering green energy cheaper than traditional energy is unrealistic in the next
15 years. One of the reasons is a high cost related to the localization of generating
facilities, requiring creation of supporting industrial base driving the investments up.
Another problem with implementing a green energy is related to potential significant
losses to the providers of conventional utility services. In this connection, it is crucial
to harmonize ecological and economic aspects of the green energy, as well as choose
an optimal energy supply model. Traditional energy sources keep playing a dominant
role in the world energy balance as well as in individual countries. Fossil fuels have
the advantage of the established transportation routes as well as offer significant benefits.
However, as available resources begin to run out, the cost of their production increases.
On the other hand, the cost of alternative energy sources is falling due to large-scale
investments in innovative technologies. According to the calculations of the U.S. Energy
Information Administration (EIA), in 2020, 40% of energy in the country was
obtained from non-fossil fuel sources. In Europe, the production of solar electricity in
2020 increased by 60% compared to 2019.

Economic benefits from implementing alternative energy sources include creation
of new jobs, stabilizing energy cost by reducing dependance on currency fluctuations
and supply chain disruptions through increasing localization, however due to the limited-
service life of the equipment new challenges arise, mainly related to high cost of recycling
as well as ecological impact at the expense of the future generations. On the other hand,
to the main disadvantages of fossil fuels belong constantly depleting deposits, releasing
of greenhouse gas emissions including carbon monoxide, soil and water pollution, oil
spills, etc. The following trends have emerged as possible solutions: gradual transition
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to a post-industrial society based on the development and widespread of information
technologies, improving standards of education and culture.

The peculiarity of the Fourth Industrial Revolution 4.0 [8, pp. 5-14; 11, pp. 8-22;
12; 13; 14 etc.], unlike the first three, is a major shift into focus of the environmental
problems and alternative energy sources.

Below is the list of the most common and rapidly developing types of green energy:

1. Hydropower is the most common type of a green energy, with approximately 54%
of all generating capacity in the world and China as a world’s leader of hydroelectric
power production. The main source is the potential of a water flow.

2.Wind energy ranks second in terms of production scale. Technological advances
and the use of new composite materials have contributed to increasing the service life
and reducing the cost of wind turbines. One of the advantages of the wind energy is that
it can be effectively used in sparsely populated areas by installing windmills parks. It is
important to note that windmills require practically no ordinary fuel for their operations.
According to a study by the Massachusetts Institute of Technology, in case of a full
scale transition to a wind energy, half of the entire territory of Great Britain will have to
be used for the installation of wind turbines. According to Bill Gates, one of the ways
to deal with this problem is increase the capacity of batteries by a factor of twenty.
Unfortunately, he notes, it is highly likely that this is not possible.

3. Solar energy is the fastest-growing type of green energy and the third largest in
the world in terms of RES-based production in 2021. The solar energy is at its peak
of efficiency in the equatorial countries. The largest solar power plant is located in
the United Arab Emirates and produces enough electricity to reduce the carbon footprint
equivalent to eliminating 200,000 cars.

4. Bioenergy is the fourth largest type of green energy. The production of electricity
and heat is based on the innovative use of traditional biomass sources, such as agricultural
by-products and household waste. In this case, energy, both electrical and thermal, is
produced from organic fuel. Biofuels of the second generation include products obtained
by pyrolysis, i.e., rapid conversion of mass into liquid. China, Great Britain, and India
are leaders in bioenergy production. Brazil, Germany, the USA, and Sweden are also
actively developing these technologies.

5. Geothermal energy is a rapidly developing type of renewable energy source.
A geothermal plant produces electrical energy from the thermal energy of underground
sources (for example, geysers). The largest producer of geothermal electricity in
the world is Iceland. Prominent positions in this area are occupied by Indonesia, Italy,
Mexico, the Philippines, and the USA.

In our study, we emphasize the impact that several consecutive systemic worldwide
crises have on the economy in general and the energy sector in particular. Modern
energy sector is at a crossroads, urgently requiring serious qualitative shifts in approach
to existing problems. The importance to study and understand these problems and their
role in the global economy have been repeatedly discussed at various conferences,
summits, and forums.

The world's most powerful energy accumulation and storage systems based on
lithium-ion batteries are being created in California, USA. The Gateway Energy Storage
facility with capacity of 250 MW, and the Moss Landing facility, will have a significant
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capacity to store and send energy to the grid with maximum capacity for four hours
during periods of high demand [13-15]. Another problem is the possible shortage
of various metals and materials necessary for the development of renewable energy.

The global transformation of energy systems will be carried out along 4 axis: energy
efficiency, decarbonization, digitalization, decentralization. Energy transition is aimed
at solving the climate problem by abandoning coal, oil, natural gas and expanding the use
of green energy sources. Analysis of forecasts supporting energy transition shows that
the most important condition for achieving these goals is the preservation of energy
inequality between the developed and the developing world. The countries of Central
and Eastern Europe (CEE), due to their substantial socio-economic differentiation, show
significant differences in the scale and structure of energy supply. The development
of green energy sector in the region is actively supported by state programs. The
aim of this article was not to describe and consider all existing aspects and problems
of the energy transition but to focus on the question if energy transition can be achieved
at all and to which extent.

There are currently wide debates dedicated to the future of thermonuclear energy.
Despite significantly higher efficiency of nuclear power plants compared to conventional
energy sources, numerous challenges arise from the differences in nuclear power
generation strategies of different countries.

Conclusions

The transition to innovative, and sustainable energy means a transition to
a fundamentally different energy system in order to address a number of various
challenges and factors. The timing of the energy transition will have to be realistically
assessed. Despite the significant progress in the field of new technologies and increasing
energy efficiency, the full realization of the energy transition by 2050 is highly unlikely.
The transition to green energy is being actively lobbied by the European Union
and the United States. At the same time, 85% of the world's energy balance and 75%
in EU countries are still accounted for by hydrocarbons. And for one billion people on
earth, firewood remains the main source of heat and fuel for cooking. The current trend
is still dominated by electricity produced from fossil fuels preventing the “green energy
wave” from completely replacing oil and gas producers with solar farm and windmills
as a reliable base of a large-scale energy transformation in the coming years.

Despite the foregoing, the discussion of issues related to alternative energy sources,
research and development, is still of great interest around the world. Therefore, research
in this direction needs to be continued.
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Anomauin

Y emammi posensaoaromucs cyuacni npobremu 3anobicannsn 3a0pyoHenHs. nogimpsi 8
npoyeci excnayamayii cyoHa. Brxazani npobnemu 3ymoeneni mum, wo 8UKUOU 8y2reKuc-
J1020 2a3y Cnpusiioms 2100aIbHOMY NOMENIIHHIO, A 2a3U OKCUOI8 CIPKU I OKCUdie azomy
WBUOKO NEPEMBOPIOTOMbCS HA KUCIOMHI PeUOSUHU, AKI 6NIUBAIOMb HA XIMIYHULL CKIAO
MOPCHKUX, NOBEPXHESUX 600 MA IPYHMY, WO MAE HACTIOKYU ONIsL OP2AHI3MIG, AKI HACens-
fomb niOKUcieHy 600y. Bci ¢hizionociuni i (hepmenmamusui npoyecu € wymiueumu 00
B00HEB020 NOKAZHUKY I, OMIICEe, MOJNCYMb MAMU 6ETUKUL 6NIUE, HANPUKIAOD, HA pich
MIKPOOPEAHIZMIB, @ MAKONC HA OLIbUWIUX MEAPUH, HANPUKLAO, GNIUBAIOYU HA GIOYYmMMsL
i opeanu HIOXY JHCUBUX Opeaniamie. B menepiwniil uac HayioHaIbHI MA MIJICHAPOOHT eKO-
JI02IUHI HOpMU BUBHAYAIOMY HEOOXIOHICMb NOKPAWEHHSI CIAHY HABKOMUWHBO20 Cepeo-
osuwya. Ilposedenuii ananiz nonepeorix 00CtiodNcensb i nyoniKayiti ceiouums npo me, wo
NUMAHHAM GUSHAYEHHS ONMUMATLHO2O0 CHOCODY 3anobieanHs 3a0pyOHeHHs NOGIMps 8
npoyeci excniyamayii cyoua ne npudileHo HanedxdcHol ysazu. 3 02180y Ha NPOcHO3YEAHHS
OUIKY8aANHSA 30IMbULIEHHS 2I100ATBHUX MOPCOKUX nepese3eHb npubnusno Ha 3 % ua pik 3
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2021 no 2030 pix uepe3 exoHoMiuHe 3pOCMAHHS MA CHPUSHHS MOPCLKOMY MPAHCHOPMY,
yeil npocHo3 opmye HeoOXIOHICMb AHANIZY MA 3ACMOCYB8AHHS OI€6UX 3ac0bi6 3anodican-
Hs 3a0pyonenns nosimps. Memoro cmammi € ananiz OUHAMIKU 3a0pyOHeHHs NOGIMPs 8i0
CYOHONIABCMBA | BUBHAYEHH] ONMUMATLHO20 CNOCOOY 3anobicants 3a0pyOHenHs HOGi-
mps1 8 npoyeci ekcniyamayii cyoHa. A makodc ananiz HOpMamusHo npagosoi basu, wo
pe2ynoe NUMaHHs 3ano0ieants 3a0pyOHen s NOSIMps I aHAi3 ICHYIOUUX Cnocobis 3ano-
Oieanns 3a6pyoHenHs nosimps 8 npoyeci excnayamayii cyoua. Pesynomamu. 3anponono-
BAHI 3aX00U MA HAOAHI PEKOMEHOAYIT w000 6UOOPY ONMUMATLHO20 CROCODY 3aN0bIeaHHs
3a6pyOHenHs nosimps 6 npoyeci excniyamayii cyoua. Bucnoeku. Taxkum uunom, npodne-
MU 3anobiearnHs 3a0pyOHeHHsl ROGIMpPs 8 NPOYeCi eKCNIyamayii CyOHa NOBUHHI 6UpiuLy6a-
MUCSE @ KOMIJIEKCI, 3 YPAXYBAHHAM 020, W0 HAUeDEeKMUBHIUUMU, MEeHUL GUMPATNHUMU,
MAKumMU, Wo He NOMpeOyroms 3HAYHOI MOOepHI3ayii camo2o cyOHa, € HACMYnHI cnocoou
3ano00ieanHs 3a0pYOHEHHs NOGIMPSL: OHUUECHHS BIONPAYbOBAHUX 2a318, IX PeYupKYIAYIs,
nonepeowsi 00pobKa NAUuea i 3aCMoCy8anHs eMyIvCiti 600U ma naiusd.

Knrouosi crosa: 3anobicanns, 3abpyonenns, ammocgepa, CyOHONIA8cmeo, CyoHo,
excnayamayis, MAPIIOJI, IMO.
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Summary

The article considers modern problems of air pollution prevention during ship
operation. These problems are caused by the fact that carbon dioxide emissions contribute
to global warming, and sulphur oxide and nitrogen oxide gases are rapidly transformed
into acidic substances that affect the chemical composition of sea, surface water and
soil, which has consequences for organisms inhabiting acidified water. All physiological
and enzymatic processes are sensitive to the hydrogen index and can therefore have a
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major impact, for example on the growth of microorganisms, but also on larger animals,
for example by affecting the senses and olfactory organs of living organisms. Currently,
national and international environmental regulations define the need to improve the
state of the environment. The analysis of previous studies and publications shows that
the issues of determining the optimal way to prevent air pollution during ship operation
have not been given due attention. Taking into account the forecasted expectation of
an increase in global maritime traffic by about 3 % per year from 2021 to 2030 due
to economic growth and the promotion of maritime transport, this forecast creates the
need to analyze and apply effective means of preventing air pollution. The purpose
of the article is to analyze the dynamics of air pollution from shipping and determine
the best way to prevent air pollution during ship operation. As well as analysis of the
regulatory framework governing the prevention of air pollution and analysis of existing
ways to prevent air pollution during ship operation. Results. Measures are proposed
and recommendations are given for choosing the best way to prevent air pollution
during ship operation. Conclusions. Thus, the problems of preventing air pollution
during ship operation should be solved in a complex, considering the fact that the most
effective, less costly, such that do not require significant modernization of the ship itself,
are the following ways to prevent air pollution: exhaust gas purification, recycling, fuel
pretreatment and the use of water-fuel emulsions.
Key words: prevention, pollution, atmosphere, shipping, ship, operation, MARPOL, IMO.

Beryn. CynHomaBcTBO Ma€e JIOBTY iCTOPIiI0 BarOMOTO BHECKY B TOPTIBJIO Ta €KOHO-
Mi4He 3pOCTaHHs B ychoMYy CBiTi, 1 B 2021 porii Ha Hporo npunaznaio 80 % mepeBe3eHs Bij
3arajpHOro 00’ emy cBiToBoi TopriBmi (UNCTAD 2021). OuikyeTbes, 1110 TI100anbHi MOp-
CBbKI IIepeBe3CHHs OyIyTh 30LblIyBaTucs npuoim3Ho Ha 3 % Ha pik 3 2021 mo 2030 pixk
4yepe3 eKOHOMIYHE 3POCTaHHsI Ta CIPHSIHHI MOPCHKOMY TPAHCHIOPTY JUISl ITOM’SIKIIICHHS
kniMarnaaux 3MmiH (ICS, 2021). CynmHOIIIaBCTBO TAKOXK € JIKEPEIOM 3a0pyJHEHHS, Ha SIKe
npunajgae 15 % 3aranbHux Bukuais NO, (oxcuais asory), 13 % SO, (okcunis Cipku)
i3 % CO, (Bymiexucnoro rasy) y Bcbomy cBiti (Smith et al., 2015). Bukunu CO, cnipu-
AT II00ATLHOMY TIOTEIUIHHIO, a rasu SO, i NO, MBUIKO IEPETBOPIOIOTLCS HA KUC-
JIOTHI PEYOBWHH, SIKI BIUIMBAIOTh HA XIMIYHMH CKJIa]| IPYHTY Ta MOBEPXHEBHX BOJ, IIO
Ma€e HaCJIiIKY JUIs OPraHi3MiB, SIKI HACEJISOTh Hiakucieny Boay (Jagerbrand et al., 2019).

IMocTtanoBka mpo6GiaeMu. Bukuau BYIIIEKHCIIOrO Ta3zy CIPHAIOTH TIOOATEHOMY
MOTETUTIHHIO, & Ta3W OKCUJIB CIPKH 1 OKCHIIB a30Ty HIBHJKO TIEPETBOPIOIOTHCS HA KUC-
JIOTHI PEYOBHMHU, SKi BILUTMBAIOTh Ha XIMIYHHUHA CKIIaJl MOPCHKHX, IMOBEPXHEBUX BOJI
Ta IPYHTY, 0 MA€ HACIIJIKH JJISl OPTaHi3MiB, sIKi HACEISIOTh MiJIKKCIIeHy Boay. Hampu-
Knaj, 6araro (i3ioNorivHuX 1 GepMEHTATUBHUX NPOIIECIB € YYTIUBUMHU JI0 BOJHEBOTO
MOKA3HUKY 1, OTKE, MOXKYTh MaTH BEJIMKWHN BIUIMB, HANPHKIIAJ, HA PICT MIKPOOPraHi3-
MiB, a TAKOXK Ha OUTBIIMX TBAPWH, HATIPUKIIA]], BIUIMBAIOUU HA BIAUYTTS i OPraHU HIOXY
KMBHX OpraHi3MmiB. B TemepimHii yac HallioOHaJIbHI Ta MIXXHAPOJHI €KOJIOTIYHI HOPMH
BHM3HAYAIOTh HEOOXIAHICTh MOKPAIICHHS CTaHy HABKOJIMIIHBOIO CEPEIOBHINA, a Mepe-
Baru BiJI CKOPOYCHHS BUKHJIIB BiJ CYIHOIUIABCTBA OyJIM pO3paxoBaHi MPOBIJIHUM Hay-
KOBIISIMU MOPCBKOT rary3i.

AHaJi3 ocTaHHIX gocaiKkeHb i myosikanii. B nanuii yac muraHHAM 1OCITIIHKEHHS
3ano0iraHHs 3a0pyIHEHHS MOBITPs B MpOIIECi eKCIUTyarallii Cy/lHa MPUCBSIYEHO MK
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psaa nyOmikamii [1, 2, 3, 4]. AHani3 1ux MyOJiKaiiii CBiIYUTh PO T, 10 MUTAHHAM
BU3HAYCHHS ONTHMAJLHOIO CIOCOOY 3amoOiraHHs 3a0pyIHEHHS MOBITPsS B MpoIieci
eKCIUTyarTallii cylHa He MPUAUICHO HAJIEKHOI yBarn. 3 OISy Ha MPOTHO3YBaHHS OYi-
KyBaHHS 301IbIICHHS TNIOOAILHUX MOPCHKHX TNepeBe3eHb MprOim3Ho Ha 3 % Ha pik
32021 mo 2030 pik uepe3 eKOHOMIYHE 3pOCTaHHSI Ta CIPUSIHHS MOPCHKOMY TPaHCIIOPTY,
el nmporHo3 GopMye HEOOXIAHICTh aHAJli3y Ta 3aCTOCYBaHHS JIEBHX 3aco0iB 3amo0i-
raHHA 3a0pyJHEHHS MOBITPS.

@opmyJaoBaHHs mijeil crarrti. MeTolo cTaTTi € aHaji3 JUHaAMIiKW 3a0pyJTHEHHS
MOBITPS BiJl CYTHOIIJIABCTBA 1 BU3HAYCHHI ONTUMAJILHOTO CIIO0CO0Y 3ano0iranHs 3a0py/i-
HEHHSI MOBITPS B MPOIIECI eKCITyaTallii CyIHa, JJis OAAIBIINX JOCIiIKEHb 1 pO3POOKHU
BIJITIOBITHUX 3aXOJIB IIO/I0 3HMKEHHS IIKIIJTMBUX BUKHIIIB B aTMOC(EpHE TOBITPS Bif
CYTHOTUIaBCTBA.

Bukian ocHoBHOro marepiajay. HeMOXIHMBO MEPEOIiHUTH POJIb OKEaHY K BaK-
JIMBOTO KpUTepist cTabimizamii KiIimMary Ta MiATPUMKH KUTTS Ta OJaronomydds JIronek,
a TaKOX SIK Pecypcy, IKUH HeoOX1IHO 3aXUIIaTH Ta marpumysary. [Ipote, pi3Hi OmiHKK
crany CBITOBOTO OKeaHy TIOKa3yI0Th, IO 0i0JOTiYHI pecypcH MPUOEPEKHIX MOPCHKUX
paiioHIB MPOAOBKYIOTh JETPAayBaTH [5], a 3 ypaxyBaHHSIM OYiKYBaHOTO 30UIBIICHHS
moncta 10 2050 poky mo 9,7 minbsipaa sronei [6], HeraTUBHUM BIUIMB HA MOPCHKE
CepeIOBHIIE 3HAYHO 3POCTE.

B xoHTeKCTI cTaoro po3BUTKY MOPCHKOTO TPAHCIIOPTY, Ha JIOAATOK JI0 3aXOJIiB MO0
MiHiMi3alii 3a0pyJHEHHsI OKEaHiB BiJi OEperoBHX JDKEpelN, OCOONMBI Jii BKUBAIOTHCS
1111010 CKOpPOUEHHS 3a0pyIHEHHSI 3 CYIIeH, 3aXUCTY arMOC(EpHOTO MOBITPS IIUISIXOM BIIPO-
BaJDKEHHSI HOBHX JIIMITiB Ha BUKHJIM CIPKH, YIIPaBIIiHHS OAJIaCTHIMH BOJIaMH; KOHTPOJIIO
3a IMepeBe3eHHsIM HEOE3NMEeYHMX Ta MIKIUIMBUX PEYOBHH; 30€peKEHHS MPHOESPEKHUX
Ta MOPCHKUX Pai{OHIB, Yy TOMY YHCIIi 32 MEKaMH JIii HAI[IOHAIBHOT FOPUCIHKIIIT [7].

MopchKi cylHa € CyTTEBIM YHHHUKOM 3a0py/IHEHHS atMocdepr. Y308 OCHOBHUX
CYITHOTUIaBHUX NUISXIB TYCTI XMapy BUXJIOIHUX ra3iB TATHYTHCS HA COTHI KiJIOMETPIB,
X 4iTKO BHUJHO 3 JIITAaKIB Ta CymyTHHKIB [8]. BUXJIONHI ra3u Cy/ieH MiCTATh:

* BYNJIEKHCIUH ras,

*  OKCHJH a30Ty,

* OKCHJH CIpKH,

* JpiOHOMMCIIEPCHUI MU 1 JIETFOY1 OPTaHiYHI CTIOTyKH.

[MpuumHY 3 IKUX MOPCHKI Cy/IHA € CYyTTEBUMH 3a0pyIHIOBaYaMU aTMOCQepH, oS-
raroTh y HACTymHOMY (pHcC. 1).

[Mo-nepiue, e MOB'I3aHO 3 THM, IO CYJHOBI JIBUTYHH JY’KE€ TIOTY>KHI 1 CIOXKHUBAIOTh
BEJINYE3HY KUIBKICTh MaJHBa.

[Mo-ppyre, 116 MaNIWBO — Ma3yT, AeNIeBe MaIbHE 3 BACOKUM BMICTOM CipKH, IO €, O
CyTi, BixomaMu HadTonepepoOKy.

ITo-Tpete, MOPCHKI CyqHa, Ha BiAMIHY BiJ aBTOMOOLTIB a00 €ICKTPOCTaHIIH, He
B JIOCTAaTHINA Mipi 00JjaJHaHI CUCTEMaMU OYHMIICHHS BUXJIOIHUX Ta3iB, OCKLIBKH i
npoOIeMi 1o IEBHOTO Yacy He MPHIUTSIOCS HAaJIeKHOI YBary.

Oxcui a30Ty Ta IBOOKUC CIpKH KOHIIEHTPYIOThCS, HacamIepen, y OesrnocepenHiit
ONMM3BKOCTI Bifl JUKEpENl BUKHIIIB 1 HAKOMMYYIOTHCS B3IOBXK CYJIHOIUIABHUX Maplpy-
TiB (puc. 2). ToOTO iX BIUIMB Ha HABKOJIMIIHE CEPEOBUIIE MAE CyTTEBO BUPAKECHUI
JIOKAJIbHUM Xapakrep.
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Puc. 1. Ilpuuunu 3abpyoHenns ammocgepu cyonamu

A ocb JIpiOHOIUCTICPCHUI TTHIT TOBOIUTHCS 1HakIe. «[1o Bcili mpubepexHiit cMy3i
LIMPUHOIO JI0 TPHOXCOT KUIOMETPIiB TOJIOBHUM (PaKTOPOM HEraTHBHOTO BILIMBY CYIAHO-
BHX BUXJIOIIB HAa HABKOJUIITHE CEPEIOBHILE € caMe TBEP/l YaCTUHKU. BoHu 3a0pyaHI0-
10Th aTMOc(epy Ha Habarato OUTBIIUX TEPUTOPISLX, HIXK YCi 1HII iHTpemieHT [9].
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Puc. 2. Iliosuwena konyenmpayis okcuoie asony ma 0800KUCY CipKu
63008iC CYOHONIABHUX MAPWPYMIE
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3 1 ciuns 2020 poky MixxHapoHa MOpChKa OpraHizailisi 3a00pOHUIIa BHKOPHCTAHHS
MaJIMBa 3 BUCOKHM BMICTOM CipKH.

3riZiHO 3 HOBUMH HOPMAaTHBaMH CyJHaM 3a00pOHEHO CHAIIOBATH OYy/Ib-sIKE MOPCHKE
MAJMBO 13 BMiCTOM cipku toHan 0,5 % 6e3 101aTKOBOTO OUMIIICHHS BUXJIOMHUX ra3is [10].
MixkHapoaHa HOPMAaTHBHO TpaBoBa 0aza, MO PETYIIOE MUTAaHHS 3ano0iranHs 3a0pya-
HEHHSI TIOBITPSA 3 CY/JICH:

*  MixHapoaHa KOHBEHIIIS Mpo 3anodiranHs 3a0pyaHeHH:o 3 cynen (MARPOL);

* Tlompaeku a0 [domarky VI MARPOL (pesomonis MEPC.203(62) — Enepro-
e(heKTUBHICTH;

* Tlompaeku no Jomarky VI MARPOL (pesomtonis MEPC.278(70)) — Cucrema
300py JaHMX IIOJ0 CIIOKUBAHHS Ma3yTy CyOHAMU;

* KepiBHiI NpUHIMIIK 1IOJ0 PO3POOKH IUIAHY YINPABIiHHS eHEeproe(eKTUBHICTIO
cynen (SEEMP) nHa 2022 pik ( pezosntonisst MEPC.346(78));

* KepiBHi npuniunu 2022 1moa0 aJMiHICTPaTUBHOI MEPEBIPKU JaHUX PO CIIO-
JKUBAaHHS CYJJHOBOTO Ma3yTy Ta eKCILTyaTal[iifHOT IHTEHCHBHOCTI BYIVICIIO ( PE3OIIOIis
MEPC.348(78));

* KepieHi npuniumnum 2022 poKy moao po3poOku Ta yrpasiiHas 6a3zoro ganux IMO
po criokuBaHHsA Ma3yTy ( pesoitonis MEPC.349(78));

*  Hupxynap MEPC mono momanss maHux no cuctemu 360opy mganmx IMO mpo
CIIOXMBAHHSA TaJIBa CyJHAMH 3 JepKaBH, ska He € yuyacHukoM [logatky VI MARPOL
(MEPC.1/Circ.871/Rev.1);

* 3pazok (opmary i MiATBEP/PKEHHS BiAMOBIIHOCTI 3TIHO 3 MpaBWwioM 5.4.5
Honarky VI MARPOL ( MEPC.1/Circ.876).

BigoMo "oTwpu OCHOBHI CIOCOOW BiAIOBiAaTH HOBHM HOPMAaTHBaM Ta 3HU3HUTH
BUKH]IU OKCHUJIB Cipku B arMmochepy (puc. 3):

1. Ilepexin Ha manuBO 3 HU3BKUM BMicTOM cipku. Lleil mepexin He BUMaratume Bif
CYQHOBJIACHUKIB BEJIMKHX TPOIIOBUX BKJIAJIEHB 1 3aliMe JIUIIIE KiJTbKa THIB — HA 3aMiHy
MacJja Ta peryjIfoBaHHS ABUTYHA I pOOOTH Ha MaJNBi 3 HU3bKUM BMICTOM CipKH.

2. Ilepexin Ha anbTepHATHBHE NAIMBO 3 HU3BKUM BMICTOM CipKH, HAIIPHKIIA[, CKpa-
ruiennit npupogauii ra3 (CIII). Ckparuienuit npupoaHuii Ta3 — 1€ B NAINBA, SKe HE
MicTuTh cipku. Cynna Ha CIII" ckopodyroTh BUKHAN OKCHIIB a30Ty Ha JIEB'STHOCTO BiJl-
COTKIiB, @ OKCHIIB CipKH Maif’ke Ha CTO BiJICOTKIB.
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Puc. 3. Cnocobu 3nudsicenns uxudie okcuoie cipku ma OpioHOOUCHePCHO20 NULY

20



PO3BUTOK TPAHCIIOPTY
Ne 4(15), 2022

3. YcraHOBKa CHCTEM OYHMIIEHHS BUXJIOIHUX Ta3iB, TAKOXK BIJIOMHX SIK CKpyOepH.
CkpyOepu npu3HAYCHI JJIsl BUJAICHHS OKCHJIIB CIpKH 13 BHXJIOITHUX Ta3iB CYIHOBOTO
JIBUTYHa, TeHepaTopa abo KoTia.

4. 3HWKEHHS MIBUIKOCTI XOdy. 3a JaHUMHU HE3aJIeKHOTO JOCIIAHHUIIBKOTO LEHTPY
Delft, mpu 3HM)KSHHI IIBUAKOCTI CYACH Ha TPUALATH BIJICOTKIB OOCST BUKHUIIB Y TIEPiOJT
3 2021 o 2030 poKu CKOPOTHTHCS Ha JIBi 3 MOJIOBUHOIO TIraTOHHHU.

B cBoto wepry, criocoOu 3HWKEHHsI BUKUIB BYITICKHCIIOTO a3y MOIIEHO Ha KOH-
CTPYKTHBHI Ta eKcIuTyaralliiHi. JJo KOHCTPYKTHBHHX BiTHOCSTBCSL:

* BukopucraHHs HOBUX KOHCTPYKIIIHHUX MaTepiaiB

* Buxopucranns eHeprii coHIIS

* Buxopucranus eHeprii BiTpy

*  OnTuMi3alis 00BOIIB KOPITyCy

* BuxopucraHHs HOBUX CYITHOBUX MOKPHUTTIB

» Cucrema NOBITPSHOTO 3MAICHHS IT1IBOJHOT YACTHHH KOPITYCY

* 3acrocyBaHHS TiOpPUIHOI EHEPTETUYHOT YCTAHOBKH

*  YIocKoHaJEeHHS TOJOBHOTO JBUTYHA

*  YIoCKOHaJCHHS JIOTIOMIXXHHX CUCTEM

» 3acTocyBaHHS CHCTEM YTWIIi3allii TEIUIOTH

Jlo excrutyaraiiiiHiuX BiJJHOCSATHCS:

» [lnanyBaHHS MapUIpyTy Cy/lHA 3 ypaxyBaHHSM 4acy, BUTPATH IajuBa Ta TiApo-
METEOPOJIOTTYHIX YMOB

* [ligBumeHHs e)eKTUBHOCTI BUKOPUCTAHHS MPOMYJILCHBHOT CUCTEMH

*  YrockoHaJeHHS! BAKOPUCTAHHS CYITHOBOTO BAaHTa)KHOTO MPOCTOPY

*  OnTuMizaris TudepeHTy i 0caaKu CyaHa

e 3HIXEHHS HMIBUIKOCTI

Jlo HaHOLIbIII Ji€EBUX SKCILTyaTAI[IHUX BIJTHOCATHCS:

» [lnanyBaHHS MapHIpyTy Cy/JHA 3 ypaxyBaHHSM 4acy, BUTPATH IajuBa Ta Tipo-
METEOPOJIOTTYHIX YMOB

* [ligBumeHHs e)eKTUBHOCTI BUKOPUCTAHHS MPOMYJILCHBHOT CUCTEMH

e 3HIXEHHS MIBUIKOCTI

A TakoXk, crocoOW 3HW)KEHHSI BUKHIIB OKCHJIIB 30Ty MOJIUISIOThCS HA KOHCTPYK-
TUBHI Ta eKcIuTyaTamiiiHi. /10 KOHCTPYKTHUBHUX BiJTHOCSATHCS:

 [ligBumieHHs THCKY BIIOPCKYBaHHS MAJINBA

*  OnruMizarnis GopMu KaMepH 3ropsiHHS JUISl OTPUMAaHHSI MAKCHMAJIBHO OTHOPIJI-
HOT cyminmi

» 3acrocyBaHHS PEIHUPKYISIIT (IEPENyCKy) YaCTHHHU BiANIPaIbOBaHKX Ta3iB depe3
OXOJIO/IKYBau Y BITYCKHHH TPyOOIPOBiJI

* BuxopucranHs emynbcii BOIH 1 manusa

* 3acTocyBaHHS HEHTPAIi3aTOPIB JIsl OUUIIICHHS BUXJIOIHUX ra3iB

» IlepeBenenHs pobOTH ABUTYHA HA MPUPOAHUN Ta3

Jlo excrutyaraiiiiHuX BiJHOCSATHCS:

* OOMexXeHHS BUKOPHCTaHHS OCHOBHHX JIBUTYHIB

* 3acTtocyBaHHs 0araro()yHKIIOHAIBHUX MTPUCAJIOK JI0 MaJTuBa

» Tlonepenns o6poOka nanvBa

*  3HIKCHHS MaKCUMaJIbHOT TEMIIepaTypH UKLy
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Onrtumizanis KyTa BUNIepeIlKeHHs YIIOPCKyBaHHS ManBa
3MiHa mapaMeTpiB HalyBHOTO TIOBITPS

Jlo HaHOUIBII JIEBUX SKCILTyaTaI[IHHUX BIHOCATHCS:

OOMexeHHsSI BUKOPUCTaHHSI OCHOBHHX JIBUTYHIB
3acrocyBanHs OaratoyHKI[IOHAIBHUX TMPUCATIO0K J0 MaInBa
[Nonepenns 06poOka mamnvBa

BucHoBkn. TakuMm 4yrHOM, TpoOIeMHU 3amo0iraHHs 3a0pyaHEHHs MOBITPSA B IMPO-
Heci eKkcruryaralii cyJHa MOBHHHI BHPIIIYBATHCS B KOMIUIEKCI, 3 ypaxyBaHHSM TOTO,
0 Hale(EeKTHBHINIMMHU, MEHII BUTPATHUMH, TAKHMH, IO HE MOTPEOYIOTh 3HAYHOI
MOJICpHI3allii caMoro CyjlHa, € HACTYIHI CIIOCOOHM 3armo0iraHHs 3a0pyJaHEHHS IOBi-
TpsI: OUMIICHHS BiANPAIbOBaHUX Ta3iB, IX PEIUPKYISAIis, monepeHs o0poOdka naiusa
1 3aCTOCYBaHHsI €MYJIbCIH BOJM Ta MaJMBa. 3 OpTaHi3alliifHuX 3aX0/liB, 3ACTOCOBYETHCS
3HW)KEHHSI IIBUIKOCTI X0y 1 BBOJUTHCS 0OMEKEHHSI BHKOPUCTAHHS OCHOBHHUX JIBUTY-
HiB B akBaTOpisix MOpTiB. CyIHO, K TPaBUII0, OYKCUPYETHCS JIO MPHYAITY Ta BHBOITUTHCS
Ha 30BHIIIHIH peii]] 32 JOMOMOT0I0 OYKCHUPIB.
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AHAJII3 ABTOHOMHUX HAJABOAHUX CYAEH JJIs BUPIINIEHHSA
SAJAY T'TAPOTI'PAOTIYHOI'O MOHITOPUHIY

B.O. €Epmosienko
acripanT kadeapu «IIporpaMoBaHOi eEKTPOHIKH €JICKTPOTEXHIKH Ta TEICKOMYHIKAII,

Hayionaneruii ynieepcumem xopabnedyoyeannst imeni Aomipana Maxaposa, Muxonais, Ykpaina,
ORCID ID: 0000-0002-0353-891X

Anomauisn

Bemyn. Y naw wac numanus asmomamuszayii baeamvox npoyecie HaOysae wupo-
K020 nowupenns. Pobomuzosani cucmemu 3 OUCMAHYIIHUM KEPYBAHHAM € BANICIUBOIO
8IX010 PO36UMKY Yb020 Hanpsamy. Buxkopucmanus 0ponie ma pobomis y pisnux cghepax
OIsLIbHOCMI NOG 'A3aHe Nepul 3a 6ce 3 eNUKUM NONUMOM HA ThAKE anapamu, momy 6aea-
Mo 00CAiJHCEHb 8I00YBAIOMBCS 3 3ACMOCYBAHHAM NOOIOHUX cucmem. Tiopoepaghisn ne
CMAna BUKIIOYEHHAM, 0€ 3ACTOCYBAHHS AGMOHOMHUX anapamie € aKkmyaibHuM NUman-
HAm. Mema cmammi nonseae y npogedeni 02110y ma aHanizy agmoHOMHUX HA0BOOHUX
CYOeH, ICMOPUYHO 8ANCTUBUX eMAaNni6 iX CINBOPEHHS MA BUABUMU OCHOBHT 0COONUBOCTI
ix koncmpyxyii. J{ocrioumu sacmocyeannss AHC y eanysi ciopoepaghiunux 00caiodxicersy
0711 supiwients 3a0ay monimopunzy. Pesynomamu. Pozensinymi i ananizosani noHsammsi
Aemonomuux HA0BOOHUX CYOeH, OCHOBHI emanu ix cmeopents ma euxopucmarnnss AHC
y eiopoepaghiunux docnioxcenusix. Bucnosxu. Y pezynomami nposedenozo 00cioxncer-
Hsl ABMOHOMHUX HAOBOOHUX CYO€EH, PO32IAHYMO PO NUMAHL: KAIOYO8i emaniu po3poo-
ku AHC, npoananizoeano 2on06Hi Xapaxmepucmuky KOHCMPYKYitl ma O00CaiONCeHO
numanns akmyanviocmi suxopucmarnuss AHC y ciopoepaghiunux docnioscenusix. Pos-
BUMOK YIEL 2any3i npu3eie 00 HASIBHOCMI PIZHUX 8apiayiil KOPNYCi8, PIHOMAHIMHOCMI
KOPUCHO20 HABAHMANCEHHS, Wo 003605¢ suxopucmosysamu AHC y pisnux oocnio-
Huybkux miciax. Ianyszo eiopoepagii € 00Hi€0 3 OCHOBHUX, V SKill AKMUBHO 3ACMOCO-
syriomvcst AHC, ye dae 3mo2y npoeooumu 00CrioONCeHHs. MOPI6, OKeaHie ma pivox, npu
3mMeHuenni ginancoeux sumpam. /lemanvHa 3tiomka penvey i moyni ciopoepagpiuni
Oami, OMPUMAaHi 8i0 MAKUX KOMNJLEKCI8, BNAUBAIOMb He MIIbKU Ha 2iopoepadiio, a i
Ha 6CI 2any3i AKi N08 'a3aHi 3 60OHUM cepedosuwyem. Tlooanvuui 00cHiodNceHHA Y YboMy
Hanpsimi, 003605Mb 3MIHUMU 2I0POSPAPTUHI OOCTIONCEHHS Y HOBUL, THHOBAYIUHULL OIK.

Knrouoei crosa: Aemonommui Ha080OOHI CyOHa, 2i0poepaghis, MOHIMOPUHE, OUCMAH-
yiliHe Kepye8anHsl, eleKmpoO08usyH, CYOHO, HABI2aAYis.

© €pmoaenko b.0., 2022
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ANALYSIS OF AUTONOMOUS SURFACE VEHICLES
FOR SOLVING HYDROGRAPHIC MONITORING TASKS

B.O. Yermolenko
Postgraduate Student at the Department of “Programmable Electronics,
Electrical Engineering and Telecommunications”,
Admiral Makarov National University of Shipbuilding, Mykolaiv, Ukraine,
ORCID ID: 0000-0002-0353-891X

Summary

Introduction. Nowadays, the issue of automation of many processes is becoming
widespread. Robotic systems with remote control are an important milestone in the
development of this direction. The use of drones and robots in various fields of activity
is primarily associated with a high demand for such devices, so many studies are
conducted using such systems. Hydrography was not an exception, where the use of
autonomous devices is a topical issue. Purpose of the article is to review and analyze
autonomous surface vehicles, the historically important stages of their creation, and
to identify the main features of their design. Investigate the application of ASV in the
field of hydrographic research to solve monitoring problems. Results. The concept of
autonomous surface vessels, the main stages of their creation and the use of ASV in
hydrographic research are considered and analysed. Conclusions. As a result of the
study of autonomous surface vessels, a number of issues were considered: the key stages
of the development of ASV, the main characteristics of structures were analyzed, and
the question of the relevance of using ASV in hydrographic research was investigated.
The development of this field has led to the presence of different variations of the hulls,
a variety of payloads, which allows the use of ASV in various research missions. The
field of hydrography is one of the main ones in which ASV is actively used, it makes
it possible to conduct research of seas, oceans and rivers, while reducing financial
costs. Detailed surveying of the terrain and accurate hydrographic data obtained from
such complexes affect not only hydrography, but also all areas related to the water
environment. Further research in this direction will allow changing hydrographic
research in a new, innovative direction.

Key words: Autonomous surface vehicles, hydrography, monitoring, remote control,
electric motor, ship, navigation.

Beryn. Tema aBromarmzawii Oararbox mpolieciB HaOyBae IIUPOKOTO TMOIIMPEHHS.
PoGoTu3oBaHi cucTeMH 3 AUCTaHLIHHUM KEPYBAaHHSM € Ba)KIMBOIO BiXOI PO3BHUTKY
IBOTO HampsMy. BukopucTaHHsl pi3HOTO poly APOHIB Ta poOOTIB y Oaratbox cdepax
JiSUTBHOCTI TTOB’sI3aHE TEPII 32 BCE 3 BEIMKUM MOMUTOM Ha TakKi anapaTy, TOMY BeJIHKa
KUTBKICTh JOCIHIKEHb BiZIOYBaIOThCS 3 3aCTOCYBaHHAM MoAiOHNX cucteM. [1nporpadis
HE cTajla BUKJIIOYCHHSM, JI¢ 3aCTOCYBaHHs MOMIOHMX amapaTiB Hapasi € akTyaJbHUM
MUTaHHSM.

lNpporpadis xapakTepu3yeTbes sIK raly3b HayKH, SKa OB’ si3aHa 3 BUMIpIOBaHHIM
Ta ONMUCOM (i3UYHHUX EJIEMEHTIB 1 MPOIIECIB OKEaHiB, MOPIB, PiYOK, 03ep Ta OeperoBux
30H. OTpHMaHHI 1aHi BUKOPUCTOBYIOThCS Y HABITalliHHUX IIJIAX Ta IJIsI T ATPUMKH BCiX
CTPYKTYp OB’ si3aHHX 3 MOpeM. J[ist 3a0e3nedeHns Oe3neku Ta epeKTUBHOCTI HaBirarfii
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CyJieH rigporpadist TAKOXK € OCHOBOIO Oy/Ib-SKOT 1HIIOT isSIIBHOCTI OB’ 513aHOT 3 MOpEM,
a came: eKCIUTyaTallisi pecypciB, 0XOpOHa Ta YIpPaBJIiHHS HABKOJIHUIIIHIM CEPEIOBHILEM,
JeNTiMITalliss MOPCHKOTO KOPJOHY, HalllOHAIBHI 1HQPACTPYKTYPH MOPCHKHX MPOCTOPO-
BUX JJAHUX, YTIPaBIiHHS MPUOEPEKHOI0 30HOI0, MOpPChKa 000pOHa Ta 6e31eKa, MOAEIo-
BaHHS MOBEHEH 1 3aTOIJICHHS IyHaMi, MOPChKI Hayku [1].

MocranoBka mnpodsemMu. 3i CTPIMKUM PO3BUTKOM TEXHIKH, HOBITHI METOIH
Ta 3aC00M MPOBEJCHHS JTOCIIIHKSHb MTPUXOAATh HA 3aMiHYy OUIBIII 3aCTapiiuM Ta JOPO-
ruM iHcTpyMeHTaM. [TuTaHHs sk mBuaIIe 1 e)eKTHBHINlC BUKOHYBAaTH MEBHI 3ajadi
HaOyBa€ akTyaJIbHOCTI y cycIiibeTBi. POOOTH30BaHI MPHUCTPOT MIMPOKO BUKOPUCTOBY-
I0ThCA Y pi3HUX chepax sk BUPOOHUITBA TaK 1 Hayku. OJJHUM i3 TaKHX 3ac000M € ABTO-
HOMHE HaJIBOJIHE CY/HO.

AHaJji3 ocTaHHix podiT i my6sikaniil. ABTOHOMHI HAJBOJHI KOMIUIEKCH MOXYTh
3aCTOCOBYBATHCh NIPH BUPIIICHHI IIUPOKOTO CIIEKTPY 3aBlIaHb Yy Pi3HUX chepax, TaKux
SIK iIH)KEHEepHI pOOOTH, JOCHTIPKEHHS TOPTOBHUX 30H, MATPYJIIOBAaHHS BOJAHUX aKBaTOpii,
HaBirailiiHi poOOTH, BIHCHKOBI IIUJTi, EKOJIOT1YHI Ta TixporpadiuHi gociikeHHs. Bak-
JBa OCOONMBICTH TMOJISITAE Y BIZICYTHOCTI Oy/Ib SIKOTO €Kimaxy Ha OOpTy, a Bce yIpaB-
JIHHS BiIOYBa€ThCs aBTOMATHYHO a0O0 MUCTaHIHHO. BOHM MOXYTh OyTH OCHAIIEHI
PI3HUMU BUJaMH KOPHUCHOTO HAaBaHTAKEHHS, TAKHMMH SIK TiIpOoKaTop (OI4HOTO cKa-
HYBaHHsI), KaMEpH Ta 0araTonpoMEHEBI €XOJOTH. TpH BaXXIIMBI mepeBard GOPMYIOTh
MIOITUT Ha cy/iHa 0e3 eKiNaXy: HIKYi BUTPATH HA BUKOPUCTAHHS, O1ITbIIa BUTPUBAIICTh
1 3HIDKEHHSI PU3HKY JUIS )KUATTS JTIOJICH.

@opmyawoBaHHs 1ideii crarTi. Mera cTaTTi monsrae y 31iHCHEHHI ODISY Ta aHa-
73y aBTOHOMHHX HAJIBOJHUX CYJIEH, ICTOPUYHO BaKJIMBUX €TaIliB iX CTBOPEHHS, BUS-
BUTH OCHOBHI 0COOJMUBOCTI 1X koHCTpyKIii. Jlocmiautu 3actocyBanns AHC y ramysi
rizporpadiuyHUX TOCIiKEHb JJIsl BUPIMICHHS 337129 MOHITOPUHTY.

BukJiiaa ocHOBHOTo Matepiajty. ABTOHOMHUE a00 O€3MIIOTHUN HAIBOTHUI anapat
- Il aBTOMAaTH30BaHa CHUCTEMa, SKa PYXaE€ThCsl BOJHOKO TOBEPXHEIO 0€3 MPHCYTHOCTI
eKinaxxy Ha 0opTy. 3 MMOSBU MEPIIUX JOCIIAHUX 3pPa3KiB IMOYaBCS CTPIMKUI PO3BUTOK
i€l ramysi ta Oymo po3poOieHo Oararo pillleHb SIKi BiAPI3HSIOTHCS TPU3HAYCHHSM,
pO3MipamMu KOpIyCy Ta CHCTEMaMU KepyBaHHs. PO3BUTOK IIi€T rajiy3i CATHYB BEITMKHX
00epriB, Oarato KpaiH BUKOPHCTOBYIOTh aBTOHOMHI HAJIBOJHI CyIHA ISl BUPIIICHHS
3aJ1a4 Pi3HOT'O CTYIMEHIO CKJIaJHOCTI.

CIA axkTHBHO TIPOBOJWMIIM IOCHiKCHHS y Lil cdepi. Came TOMy MOXKHA BBa-
JKaTU IO iCTOpisi CTBOPEHHS po3poOoK mounHaeThest 3 1993 pomi xomu Oyino po3po-
oneno nepme AHC, sike Oymo BuroroeieHe y MaccauyceTcbkoMy TeXHONOTTYHOMY
InctutyTi 3a mporpamu Sea Grant, Ta Majo Ha3By Artemis (muB. puc. 1). Lle cymHo
€ KoImi€r pudanbChKoro Tpayiepa B Maciutadi 1/17, Oy oOnamHaHUM €JIEKTPOIBUTY-
HOM Ta PYJIbOBUM YITPABIIHHSM 3 CEPBOABUTYHOM, JIJIsl GYHKIIIH HaBiraiii Ta KOHTPOIIO
TaKOX BCTAHOBHJIM MiKpompotiecop i nudpoBuii komrnac. OCHOBHA 3aJ1a4a Cy/iHa MoJis-
rajga B MPOBEACHHI JOCIIPKEeHb Ta TECTYBaHHI CUCTEM YITPABIIHHS ISl TONANBIIOTO
po3Butky AHC. Takox Oys10 BCTAHOBJIEHO €XOJIOT, IO 1aJI0 3MOT'Y BUKOHYBAaTH OaTnMe-
Tpu4He KaprorpadyBanHs Ha piuili Yapne3 y KeMOpumxki Jie 1 MpOXOAMIH TECTyBaHHSI.
lonoBHA iHHOBAIIISA TOJISTada y po3MIpi ILOTO0 KOMIUIEKCY. I3 HenmomikiB Artemis cimij
3ayBaKUTH HEBEJIMKY IIBHJIKICTh PYXY, HEBEIHKE KOPUCHE HABAHTAKEHHS Ta HEMOXKITHU-
BICTh PYXaTHCh Y CEPEIOBUIIAX OUIBIINX HiXK HEBEJUKA PiUKa.
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Puc. 1. Asmonomne Hadgoone cyoHo Artemis

ITosiBa AHC Artemis cTajo BEJIMKUM KPOKOM AJISl PO3BUTKY 1 HOAAJIBLIMX JOCHi-
JDKeHb y wiil ramysi. HanpamroBanHs orpumani mig dac #oro po3poOku namu 3mory
CTBOPHUTH HacTyIIHE aBTOHOMHE HaaBozaHe cynHo ACES [2].

Takox BaknuBUi npukiaj, ue po3podnenuit y 2004 poui aBTOHOMHE HaJBOIJHE
cynHo SCOUT(Surface Craft for Oceanographic and Undersea Testing) (qus. puc. 2).
Kopnyc y Bursiai Gaiinapku, sikuil BUpoOJeHUH i3 MONieTHIIEHY BUCOKOI IIIJIBHOCTI,
KepyBaHHS OyJo peani3oBaHoO 3aBASKHA BOyZOBaHOMY OOPTOBOMY KOMII IOTEpY 3 CHCTe-
mamu Wi-Fi ta pagio mogeMHuM 3B’s3K0M. Pyx 31ilicHIOBaBCS 3 3aCTOCYBaHHSM €JI€K-
TPOABUTYHY Ta CEPBOABUTYHY Ul 3MiHH HalpsIMKY pyxy. | 0JI0BHa imest — 11e CTBOPUTH
BiTHOCHO HEJOPOTrY MmaTdopMy Ul IIBUIAKOTO PO3ropTaHHs Micii [3].

Puc. 2. Asmonomne naosoowne cyono SCOUT
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Cnin 3a3HaunTH, 110 Y €BpOMNi HAYKOBI Ta JOCTITHUKK Takok po3poomsum AHC.
3 1998 poky y Himeuunni novyascs mpoekt Measuring Dolphin. Byno nocrasneno 6araro
3a/1a4, 30KpeMa TeCTOBHUI 3pa30K MOBUHEH OyB MaTH aBTOMATUYHE KEpYBaHHSI, 3aXUCT BiJl
BIUTMBY HAaBKOJIMIIIHBOTO CEPEIOBUIIA Ta HaBiraliiiHi cucreMu. [Iporotun OyB 3poOneHuit
y BUIVISII KaTaMapaHy 31 CKJIOBOJIOKHA, 1€ JIaJi0 3MOTY T IBUIIIMTH KOPUCHE HABAHTAXKEHHSI
Ta 3MCHIIMTH BPA3JIMBICTh BiJl BIUTMBY HABKOJIHUIIIHLOTO CeperoBHIia. s pyxy 3acTocy-
BaJI TIOPUIHY CHICTEMY KHBIICHHSI SIKa CKIIA/IA€ThCS 3 aKyMYJISITOPIB Ta JIBUTYHA BHYTPIlll-
HBOTO 3TOPaHHS ISl 3apsIIKH, TAKOK CYJHO MAJIO aBTOMUIOT. [Iyist OTpUMaHHS TAaHUX TPO
pyx OyJio CTBOpEHa cHCTeMa Ha OCHOBI CYITyTHHKOBOTO HaBiraiiiHoro rnepenasada DGPS
Ta BCTAHOBJICHI I'iIpOaKyCTUYHI ITTMOWHHI CEHCOPH IS IPOMipy IInOuHH [4].

[HImOI BaXJIMBOIO Ta IIKAaBOIO PO3POOKO0 MOXKHa BBaxkaTH mpoekT ASIMOV
(Advanced System Integration for Managing the coordinated operation of robotic Ocean
Vehicles). 3amouyarkoBanuii Komicieto €Bporeiicbknx CHiBTOBApHCTB Ta MPOTrPaMoro
Mast II1. TonoBHOIO i7ie€10 BOTO TOCIAHUIIBKOTO MPOEKTY OyII0 MOETHAHHS ABTOHOM-
Horo HajBogHoro komruiekcy DELFIM (nuB. puc. 3) 3 ABTOHOMHUM MiZIBOXHUM CY/[I-
HOM JIs 300py Ta nepeaadi JaHux. Take MmoeaHaHHS 3a0€3eUyBajio MIBUAKHUH 3B’ 130K
Ta mepeaavy oTpuMaHux aanux ta komann Big AHC no ATIC, i nmoganeiny nepemaqy
MYHKTY YOPaBIiHHS KU pO3MIIY€EThCs Ha iHIIOMY cyHi a6o 6epesi. DELFIM Ttakox
BUKOPHUCTOBYETHCS SIK HE3aJICKHHUN PUCTPIH, SIKUA PyXaeThCsl B aBTOHOMHOMY PEXHMI
10 3aJiaHiil TpaexTopii [S].

Puc. 3. Asmonomne naosoone cyono DELFIM

Y BIHCBHKOBIH TajTy3i TaKOX MPOSBISUIM iHTEPEC 10 aBTOHOMHUX HAJIBOJHUX araparib.
JlaGoparopis nporuminaoi oboporn BMC CIHIA crBopuna y 1954 portii mpoekT mpoTH-
MminHorO Karepy. o 1960 x pokiB BMC 3acTocoByBaia karepu-MillieHi Ha 0a3i «aBiariifHo-
PATYBATLHHUX» YOBHIB C TUCTAHIIIHHUM KePyBaHHSM IS MIPOBEICHHS HABYaHb 31 CTPLIKO.
Hapmani mommT Ha mpoTHMiHHI OE3MIOTHUKH IS 3aCTOCYBaHHS y IHIIMX HeOe3MedHnx
MICIsIX TPOIOBXKYBaB 3pocTari. Po3poOka Ta BUKOPUCTAaHHS OE3ITUIOTHUX HAIBOAHUX KOMII-
JIEKCIB ITPOJIOBXKYETHCS Ta PO3BUBAETHCS MTPOTATOM OCTaHHIX pokiB. Crorogni BMC CIHA
BUKOpUCTOBYIOTE psin AHC Taki sik Oe3MiIOTHUKKM — MillleHi, Bkimodaroun Mobile Ship
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Target (MST), a Takoxx High Speed Maneuvering Seaborne Target (muB. puc. 4) [6]. Hapasi
AHC mmpoKo BUKOPHUCTOBYIOTBCSI TAKOXK JIJIS OXOPOHH Ta MaTpPYJIFOBaHHI MOPTIB Ta KOPJO-
HiB. po3mmproBascs acopruMeHT AHC Ta criekTp iX 3acTOoCyBaHHS 1711 BIHCHKOBHX ITOTPEO,
3poouBii AHC yHiBepcaibHUM 3aC000M PO3BIJIKH Ta OTPUMAHHS JTaHHX.

Puc. 4. Biticoxose AHC High Speed Maneuvering Seaborne Target

ABTOHOMHI HaJBOIHI 3aCO0M HEBEIMKOIO PO3MIpy HAOHMparTh MOMYJISIPHOCTI
cepen po3poOHMKIB Ta KopucTyBadiB. Lle HOBHiT eram po3Butky AHC sxuit Hacam-
Iepea MOB’s3aHUN 3 PO3BUTKOM TEXHOJOIH B IloMy. BigHocHO Majii po3mipu
Koprycy(repeBakHo 10 1 M) y moeaHaHHi 3 MoxIuBocTsMu Outbinnx AHC mo3Bosise
MIPOBOJIUTH JOCHTI/PKEHHS Y BXKKOJIOCTYITHUX YMOBaX Ta pOOUThH MPOBEACHHS JOCIi-
HULBKUX Micii Outbi edextuBHUMH. Cepell TaKUX pillieHb CIif BualLIuTH Apache 4
(muB. puc. 5) [7] Ta nocaigauibkuii Komruieke 1-Boat bs-3 [8], BaxxinBuMU IepeBaraMmu
SIKUX € CaMe HEBEJIMKA PO3MIPHICTD Ta MOXKJIMBICTh BUKOHYBATH [TOCTABJICH] 3a1a4i.

Puc. 5. Asmonomne naosooue cyono Apache 4

3a ocTaHHI pOKH aBTOHOMHi HaABOJIHI KOMIICKCH MPONIIIIM OB U IIJISIX PO3BUTKY
Ta TECTyBaHb. AHaJIi3 icTopil po3pOOOK aBTOHOMHMX HaJIBOIHHX CYIACH JIEMOHCTPYE
ocobnuBocCTi siki nputamanHi Bcim AHC.
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IcHyroTh Oe3miu Bapialliii 30BHIIIHBOTO BUIIISIY, Ta SIKi BiAPI3HSAIOTBCS (PyHKIIIO-
HAJILHUMH OCOOJIMBOCTSIMU B 3aJISKHOCTI BT iX mpu3HaueHHs. OCHOBHI XapaKTepuc-
TUKW aBTOHOMHHX HaJIBOJHUX CYJCH CKJIaJaf0ThCH 3:

1. Kopnyc. IcHytoTh 6e3miu BapiaHTiB KOPITYCiB SIKi YMOBHO MOYKHA PO3JIUIMTH Ha
TaKi IPyIU: )KOPCTKI HaJyBHI KOPITyCH, KasiKi (OJJHOKOPITYCHI), KaTamapaHu (ToBiiiHi
KOPITyCH) 1 TpuMapaH# (TIOTPiiHI KOPITYCH).

2. EHepreTudHa CHCTEMa Ta CHCTEMa YIIPABIiHHA. [CHYIOTh €NEKTPOJABUTYHH abo
JBUTYHU BHYTPIIIHBOTO 3TOPSHHS. YIPaBITiHHS 3/IIHCHIOETHCS 3aB/ISKH KEpMOBOT ycTa-
HOBKH. [CHYIOTb BapiaHTH KOJIM yIIPaBIIiHHS BiI0OYBA€ThCSI 3aB/ISKH ICKIJTHKOX JBUTYHIB
3aKpITUICHUX HA KOPIYCi.

3. Cucremu 3B’s13Ky. CHCTEMH JAMCTAHIIHHOTO OOMiHY iH(pOPMAIIIEO 31 CTAHIIIE0
KepyBaHHS, Ta CHCTEMH 3B’ SI3Ky B CEpEelIMHI CaMOro Cy/IHa.

4. Cuctremu GNC. OauH i3 rOMOBHHX KOMIIOHEHTIB. BOPTOBHI KOMIT 10TEp 3aBISKH
SIKOTO BiJIOyBa€ThCS KEPyBaHHS.

5. OGnamuanus ans 300py nanux. Jlo cKiajay 3a3BU4ail BXOMATH HaBIralliiHi
Moayni, Ta nepudepiline oOagHaHH: KaMepH, T1iIpoJIOKaToOpH, COHapH. BcraHopmto-
€THCSI B 3aJIC)KHOCTI BiJ LiJICH siKi OyyTh BUKOHYBATUCH [9].

Cepen 3araJibHUX IepeBar HEOOX1IHO BUIIIMTH TaKi:

* BITHOCHO HEBEIMKA PO3MIPHICTh y MOPIBHIHHI 3 3BUMaliHUMH CyJIHAMH;

* MOJIIMBICTDh OPIEHTYBaHHS y MMPOCTOPI 3aB/ASKH CHCTEMaM HaBirarii,

* Ounpricte AHC MaroTh aBTOMIJIOT Ta PYXalOThCS y aBTOMAaTHYHOMY PEXKUMI;

* [epejiava IaHWX Ha MYHKT YIpaBIiHHS.

JocimkeHHs IEeMOHCTPYE PsiJi HEJIOMIKIB, SIKI Hapasi € MpuTaMaHHi 6araThboM 3pas-
KaM. 30KpeMa BaXJIMBUMU MUTAHHIMH SKI HEOOXIHO JOCIIIKYBaTH €: 4ac Ha po3-
TOpPTaHHS JOCHIITHUIBKOT Micii 3 3actocyBanHsM AHC; 1iHa po3poOku Ta moOymoBH;
Ta CUCTEMa aBTOIIIJIOTY.

3acrocyBanHsi y rigporpadiunux misx. [igporpadis Ta nociimKeHHs y bOMY
HarpsiMi BIUTUBAIOTh Ha PO3BUTOK Oararbox cdep. [aHi siki OTpUMYIOTH IIiJ] 4ac TpoBe-
JICHHSI TifporpadivHuX JOCHiPKEHb BUKOPUCTOBYIOTHCS JJIsI OLIIHKH CTaHy €KOJIOTi1, aHa-
T3y aKBaTopii, CKIIAIAHHS KapT ISl CyIHOIUIABCTBA Ta iH. [iporpadis sk ramysi TiCHO
OB’ s3aHa 3 CYTHOTIABCTBOM. Ba)KIIMBICTh MPOBEJICHHSI aHANI3Y BOTHHX PECYPCIB, TAKUX
SIK: OKEaHH, MOPs1, PIYKH, Ia€ 3MOTY TIPOTHO3YBATH 3MiHH y CHTYAIIii 1 pearyBaT Ha HUX.

[Tix gac rigporpadiyHUX JOCIIKEHb CTABISITHCS Pi3HI 3a/1a41, 30KpeMa: BUMIpIOBaHHS
NPUILUIMBIB 1 BIATUIMBIB, BU3HAYCHHS TNIMOMHU [UISIXOM 30H/IyBaHHS, aHaJ3 3aMyJICHHS,
OIJISIT MiJIBOAHOT MOBEpXHI. TpaauiiiHuMu 3aco00aMu JIJ1s IPOBEICHHS TixporpadiuHux
JIOCII/PKeHb BUKOPUCTOBYIOTBCS CY/THA, Ta CKIIaJHE OONaIHAHHS Take K Oararorpome-
HEBI €XOJIOTH, OJIHOTIPOMEHEBI €XOJIOTH, COHApH OIYHOTO CKaHyBaHHS, CHCTEMH OTpH-
MaHHs Ta 00pOOKH JaHUX, BCE 1€ pOOUTH JOCITIHKEHHsI BKpai (JiHAHCOBO BUTPATHHM.

Ipencrapneni pe3ynbrard aHamizy, JeMOHCTpYIOTh 1m0 AHC 3 camoro mouatky
CTBOPEHHSI 3aCTOCOBYBAaJMCh caMe y Timporpadii, okeanorpadii i € HoCisIMH pi3HUX
CEHCOpIB, NaTUWKiB, OONagHAHHS JUIsl NMPOBEJACHHS aHaNi3y Ta JOCHTIKCHHS 1HGOp-
Marlii pizHoro xapakrepy. To0To, MoxHa BBaxkaTH 1o nmoHsATTs AHC ta rigporpadis
noB’si3aHi ouH 3 onHUM, i AHC BucTynae BaXIMBUM iHCTPYMEHTOM JIJIsl BUKOHAHHS
3aga4 rigporpadiunoro Monitopunry. Hapaszi AHC mMoxyTs BupimryBaTH Maike Bci
3aj1a4i 3 MpoBeNeHHs rigporpadiunoro MoHitopuary, rpynu AHC cripsMoBytoThes Ha
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IHTEHCHBHI JIOCIII/DKEHHS OKeaHiB y peanbHoMy 4aci. BripoBamkenus AHC Benukoi
JAIBHOCTI TaCTh 3MOT'Y 3MEHIIIUTH BUTPATH Ha 1ocmipkerHs [10].

OOnanHaHHS SIKE€ 3aCTOCOBYETBHCS JJIsi OTPUMAHHS TiJporpadiyHUX JaHUX HE
3aifiMae Takui BeJIMKUN 00’€M 1 11e J03BOJISE€ BCTAHOBIIOBATH MOro Ha ruiardopmax
AHC. ABTOHOMHWUIT pyX 10 3aJJaHOMY MapIIpyTy Ja€e 3MOTy Oiblll €()eKTUBHO BHKO-
HYBAaTH MOCTABJICHHI 3aB/IaHHs, a IBHJKA Mepe/ladya CUTHAITY JO3BOJISIE OTPUMYBATH
JlaHl y peaJbHOMY Yaci.

JocrimpkeHHs y rany3i aBTOHOMHUX HaJIBOIHUX CYICH MPOJOBXKYIOTHCS 1 Haall, BCE
OlTbIIIe HAyKOBIIIB | BUPOOHUKIB POOJISITH CBili BHECOK. PO3p00IIsIIOTHCS pi3HI KOHCTPYK-
1ii Kopmycy sIKi BiJMOBIJAIOTh HOBITHIM BUMOTaM. TeHJEHIIT PO3BUTKY 0a3yrOThCs
Ha J0/IaBaHHI HOBITHIX TEXHOJIOTIH y INepeaadi JIaHWX, HaBiramii Ta CyImyTHUKOBOMY
3B’SI3KY, JOJIaBaHHI COHSIYHUX IMaHeNel /ISl MOKPAaIeHHs 3aracy XoIy Ta 3MEHIICHHS
BIUIMBY Ha HABKOJIMIIIHE CEPEIOBUIIIE.

BucHoBku. Y pesynbrari NpOBEACHOTO JOCTIJKEHHS ABTOHOMHHUX HaJBOJHUX
CYlIeH, PO3MISHYTO Psiji MUTaHb: KIO4YOBI eTamu po3podku AHC, mpoaHanizoBaHO
TOJIOBHI XapaKTEPUCTUKH KOHCTPYKIIN Ta JOCIHIIPKEHO NMUTaHHS aKTyaJbHOCTI BHKO-
pucranast AHC y rimporpadiuHux mocmijpkeHHIX. Po3BUTOK i€l ramy3i Mpu3BiB /10
HaAsBHOCTI PI3HHUX Bapialliii KOpITyciB, pi3HOMAHITHOCTI KOPUCHOTO HaBaHTaKEHHS 110
no3poitsie BukopructoByBard AHC y pi3HHX JocmiTHUIBKHX Micisx. [amy3s rinporpadii
€ OJTHIEI0 3 OCHOBHHX Y sIKill akTHBHO 3acTocoByIOThcst AHC, 11e 1a€ 3MoTy IpOBOTUTH
JOCIIJKEHHSI MOPiB, OKEaHiB Ta PiuoK, IpW 3MeHIIeHH] (iHaHCOBUX BHUTpar. JeTanbHa
3HOMKa penbedy i TouHi rimporpadiuHi JaHi, OTpUMaHi BiJl TAKUX KOMILIEKCIB, BILTH-
BAaIOTh HE TUILKU Ha Tigporpadito, ane H Ha BCl iHIII Tany3i, SKi MOB’sA3aHi 3 BOTHUM
cepenoBuiemM. [Tomanbii AOCTIKESHHS Y I[bOMY HAIPsIMi, JaJyTh 3MOT'Y 3MIHUTH TiJI-
porpadivHi TOCHiPKEHHS Y SKICHO HOBUH, IHHOBaIiHHUI OiK.
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APPROXIMATE ESTIMATION OF PROPULSION
FOR HIGH-SPEED DISPLACEMENT VESSELS
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Summary

The classification of the main ship modes of the movement, from the point of view
of international documents and the principles of the classical theory of ship design, is
described in this article. A comparison is made of the requirements for the term “high-
speed vessel”, from the point of view of the SOLAS convention, and the provisions of the
design theory regarding the speed mode of the vessel. Various methods for classifying the
types of vessel movement are described, using relative speed and depending on the type
of forces applied to the hull of a high-speed vessel. For further research, a transitional
mode of motion was chosen, namely the first half of the range of relative velocities
from 6io F, =1 to F, =2. A schematic description of the main components of the
resistance of the environment to the movement of the ship is presented. An assumption
is made about the quantitative composition of the types of water resistance for ships of
the transitional mode of motion. When calculating the water resistance, the change in
the area of the wetted surface of the vessel is taken into account when moving at a high
relative speed. An analysis of various forms of ship hull contours for different speeds
has been carried out. Based on the experience of shipbuilders, a drawing is proposed
showing the effectiveness of using various forms of frames, depending on the relative
speed. Using the method least squares, a formula was derived to estimate the residuary
resistance of ships moving at a relative speed 6i0 F, =1.The formula is based on a
wealth of experience gained in various test tanks. A comparison of the test results of two
yacht models with water resistance values obtained using several calculation schemes
is proposed in this paper. The test results of the models of the two yachts were compared
with the results of statistical calculations and with the results of calculations according to
the scheme, using specific data from the experimental pool. The calculation of the power
of the main engines of high-speed vessels was carried out, followed by a comparison of
the calculated and real values. As an example, the calculation of the power of the main
engines for several high-speed ferries was carried out.

Key words: propulsion, transitional mode, resistance of water.
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MNPUBJIN3HA OIIHKA XOJOBOCTI BUCOKOHIBUJAKICHUX
BOJOTOHAXHUX CYAEH

0.0. Kanidoabscbkmuii', B. Pyxxkiepo?
'K.T.H., motieHT Kadenpu «Kademapa Teopii i mpoekTyBaHHs KOPadIst
imeni po¢. FO.J1. BopobiioBay,
Oo0ecvkuil HayionanbHull Mopcokull yHieepcumem, Odeca, Ykpaiua,
*Ph.D., nocmigaux ING/IND 01, Bigmin imxenepii,
Vuieepcumem Meccinu, Meccina, Imanis

Anomauisn

Y ecmammi onucano knacugixayiro ocHOBHUX pedicumie pyxy CyOeH 3 no2nidy Mixc-
HAPOOHUX OOKYMEHMI68 ma NPUHYunie Kiacuuoi meopii npoekmysanHs. 3pobrene
NOPIGHANHS 8UMO2 00 MEPMIHY «UUBUOKICHE CYOHO», 3 THOUKY 30PY MINCHAPOOHOI KOH-
senyii COJIAC, i nonosicenvb meopii nNPoexkmy8aHHs CMOCOBHO WBUOKICHUX PEeXCUMI8
pyxy cyona. Onucani pisni cnocobu xknacugixayii munie pyxy niag3acobig 3a 6i0HOC-
HOM WBUOKICMIO MA 3A1eACHO 80 GUOY CUIL, NPUKAAOEHUX 00 KOPNYCY WEUOKOXIOHO020
cyoua. /s nodanbuto2o 00CaiONHCEHH 0OPAHO NEePeXiOHULL Pedlcum pyxy, a came nepuLy
nonosuny dianaszony eiOHocHux wieuokocmetl 6id F, =1 oo F, =2. Hasedeno cxe-
MAMUYHULL ONUC OCHOBHUX CKAAO0BUX ONOPY cepedosuna pyxy cyonda. 3pobneno npu-
NYWeHHS NPO KIIbKICHULL CKAA0 8UOI8 ONOpYy 600U OJist nepexionozo pesicumy pyxy. Ilpu
PO3PAXYHKAX ONOPY 800U 6PAXOBAHA 3MIHA NLOWT 3MOUEHOI NOBEPXHI CYOHA, NPU pyCi 3
8EUKOI0 8IOHOCHOIO WeUOKicmro. [Iposedeno ananiz piznux ghopm 06600i6 Kopnycy st
pizuux weuoxocmeu. Ha ocnoei 0oceidy cyoHo0y0ienuKie nponoHyembcsi PUCYHOK, WO
HOKA3Y€ e(heKMUBHICIMb BUKOPUCTIAHHSA PI3HUX (DOPM WNAHZOYMIB 3A/LENHCHO 8I0 BIOHOC-
Hol weuokocmi. Memooom HatMeHwUXx K8adpamie UBCOeHO YopmyLy 3 MEmo OYiHKU
3aMUWKOB020 ONOpY CcyOeH, 3 6i0HocHoI0 weuokicmio F, =1. @opmyra sacnoséana na
bazamomy 00c8i0l, OMPUMAHOMY y PI3HUX O0OCTIOHUX Oacelinax. Y pobomi nponouy-
E€MbCsL NOPIGHAHHSL PE3YIbMAmie sunpo0ysans 080X Mooenetll AXm i3 3HAYeHHAMU ONo-
Py 800U, OMPUMAHUMU 3 BUKOPUCAHHAM KIIbKOX PO3PAXYHKOBUX cxem. Peszyrbmamu
8UNPOOY6arb MoOenell 080X XM NOPIGHIOBANUCS 3 Pe3VIbMAMaMU CIMAMUCIIUYHUX PO3-
PAXYHKI6 ma pe3yibmamami pO3PAaxyHKi@ 3d CXemMor 3 GUKOPUCIAHHIAM KOHKPENHUX
Oanux 00caioHo2o bacetiny. [Iposedeno po3paxynok nomysicHOCMI 08U2YHI8 WEUOKOXIO-
HUX CYOeH 3 NOOANbUUM NOPIGHAHHAM PO3PAXYHKOBUX MA PealbHUX 3HAYeHb. AK npu-
K140 NPOBe0eHO PO3PAXYHOK NOMYHCHOCIE 08USYHIG OJIsl KIILbKOX WEUOKICHUX HOPOMIG.

Knrouoei cnosa: xooxicmo, nepexioHuil pexcum, Cynpomus 00u.

Introduction. Preliminary calculation of the water resistance to the movement
of the vessel, at the first stages of the project, is extremely important, as it is associated
with further improvement of the shape of the ship's contours, assessment of the weight
load, layout of the premises. Currently, there are many programs for this type
of calculation. These programs are based on model test data in towing tanks, data on real
ships, approximate formulas, such as the Admiralty formula. If it is possible to compare
several types of calculations, then there are additional opportunities for analysis. The
formulas obtained using statistical analysis, based on data from a large number of tests
in the towing tanks, take into account many parameters of ship hulls: relative length,
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block coefficient, the ratio of the vessel's width to its draft, and much more. It becomes
possible to compare the calculation results using a statistical formula and real data
obtained in the towing tanks for a real ship. Calculations of water resistance for ships
of the transitional mode of motion are specific. When moving at relative speeds of this
mode, the trim appears the area of the wetted surface changes. The choice of the type
of propulsion is also related to the expected speed of operation of the vessel and, as
a result, the required power of the main engine. The purpose of this article is to compare
different variants for calculating the resistance of water to the movement of vessels in
a transitional mode.

The various modes of movement of the vessel. The title of this article requires a more
detailed analysis of the terms “high-speed” and “displacement”. For an approximate
evaluation of the various modes of movement of the vessel, the Froude number based

on volume = ﬁ usually are used.

Three modes are distinguished in the theory of ship design. These modes are
determined by the nature forces maintain. If the weight of the vessel A is completely
balanced by the hydrostatic force, this mode is called displacement A =yV', F, <1 With
further increase of the speed of the vessel the bow rises, the bottom of the vessel will
be moved with angle of attack to the surface of the water. Additional force directed
perpendicular to the bottom of the vessel arises. This force can be decomposed into
two components: hydrodynamic resistance of water and the hydrodynamic lift force
Y. The transitional mode begins. The weight of the ship is balanced by two forces:
the hydrostatic and hydrodynamic A =yV, +Y, 1 < F, <3. The hydrostatic force vV,
is created by the submerged in the liquid part of the body of craft V;. The transitional
mode has been little studied, because the elements of displacement and planing are parts
of the forces. Another difficulty for the study is a variable position of the vessel relative
to the water at various speeds. A further increasing of speed leads to a further growth
of hydrodynamic force, emersion of vessel and accordingly reducing of the hydrostatic
force. The “planing mode” is the regime when hydrodynamic lift forces Y fully support
the weight of the craft A=Y, F, <3.

Introduction. Preliminary calculation of the water resistance to the movement
of the vessel, at the first stages of the project, is extremely important, as it is associated
with further improvement of the shape of the ship's contours, assessment of the weight
load, layout of the premises. Currently, there are many programs for this type
of calculation. These programs are based on model test data in towing tanks, data on real
ships, approximate formulas, such as the Admiralty formula. If it is possible to compare
several types of calculations, then there are additional opportunities for analysis. The
formulas obtained using statistical analysis, based on data from a large number of tests
in the towing tanks, take into account many parameters of ship hulls: relative length,
block coefficient, the ratio of the vessel's width to its draft, and much more. It becomes
possible to compare the calculation results using a statistical formula and real data
obtained in the towing tanks for a real ship. Calculations of water resistance for ships
of the transitional mode of motion are specific. When moving at relative speeds of this
mode, the trim appears the area of the wetted surface changes. The choice of the type
of propulsion is also related to the expected speed of operation of the vessel and, as
a result, the required power of the main engine. The purpose of this article is to compare
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different variants for calculating the resistance of water to the movement of vessels in
a transitional mode.

The various modes of movement of the vessel. The title of this article requires a more
detailed analysis of the terms “high-speed” and “displacement”. For an approximate
evaluation of the various modes of movement of the vessel, the Froude number based

on volume £ = ﬁ usually are used.

Three modes are distinguished in the theory of ship design. These modes are
determined by the nature forces maintain. If the weight of the vessel is completely
balanced by the hydrostatic force, this mode is called displacement A = vV, F, <1 With
further increase of the speed of the vessel the bow rises, the bottom of the vessel will
be moved with angle of attack to the surface of the water. Additional force directed
perpendicular to the bottom of the vessel arises. This force can be decomposed into
two components: hydrodynamic resistance of water and the hydrodynamic lift force Y.
The transitional mode begins. The weight of the ship is balanced by two forces:
the hydrostatic and hydrodynamic A =yV, +Y, 1 < F, <3.The hydrostatic force yV,
is created by the submerged in the liquid part of the body of craft V. The transitional
mode has been little studied, because the elements of displacement and planing are parts
of the forces. Another difficulty for the study is a variable position of the vessel relative
to the water at various speeds. A further increasing of speed leads to a further growth
of hydrodynamic force, emersion of vessel and accordingly reducing of the hydrostatic
force. The “planing mode” is the regime when hydrodynamic lift forces Y fully support
the weight of the craft A=Y, F, <3.

International Code of Safety for High-Speed Craft [1], and some national rules [2]
give another definition of modes.

“Displacement mode” means the regime, whether at rest or in motion, where
the weight of the craft is fully or predominantly supported by hydrostatic forces.

“Non-displacement mode” means the normal operational regime of a craft when
non-hydrostatic forces substantially or predominantly support the weight of the craft.

“Transitional mode” means the regime between displacement and non-displacement
modes.

For simplicity, the first half of the transition regime, 1< F, <2, is classified as
a displacement mode, and it can be assumed that the hydrostatic forces predominantly
or fully support the weight of the vessel. This separation allows further facilitate
the solution of problems of designing ships.

The Registro Italiano Navale [3] defines ship as speed if its velocity m/s
v, >3, 7V where Vis displacement volume.

max —

Mode of the movement of the vessel is characterized by the Froude number based

F, = —Y— > v=313F, V"« -
on volume " [ T . The value ™~ [z is obtained by equating

the right sides of these two equations. Hence, the vessel can be regarded as high when
' _>1,18

NN

Total resistance and its components. In the design of the ship surface of the speed
vessels, the optimal ratio of the main dimensions and the coefficients of the hull should
be carefully selected. These options have a paramount influence on the propulsion
of the vessel, its stability and displacement. The issue is particularly relevant for
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transitional mode boats, because in these conditions the resistance of the water increases.

The residuary resistance plays a major role in the total resistance by increasing
the wavemaking component. Such parameters as the form of contours, relative length,
bottom deadrise angle, narrowing of the aft, need attention.

Total resistance and its parts are shown on the Fig. 1.

The experimental experience. Regarding resistance of high-speed vessels, large
experimental experience exists.

In the transitional mode, at low values of the load coefficient ¢» = %, V-shaped
forms and combined (mixed) forms are preferred. At low speeds V-shaped forms yield
combined. The recommendations for the using U-shaped and V-shaped forms are
offered, Figure 2 [4]. In the same paper noted that at the beginning of the transitional
mode, the option with combined forms: “hard” chine at aft and “soft” chine at the bow
are preferred. It is necessary to clarify that in this mode, hydrodynamic lift force appears
and therefore it is necessary to design the flat portions of the bottom at the stern, for its
effective use.

Among the works that have been devoted to the transitional mode, are the following
below.

In 1963, Beys published a study of a series of geometrically similar models with

relative length % =2,5-6,0, Dandson Laboratory of the Stevens Institute of Technology.
Lindgren, Williams presented results of the research of the series of 9 models of high-
speed round bilge displacement vessels in the Swedish State Shipbuilding Tank (SSPA).

L
Length displacement ratio was assumed to be _I 6, 7 and 8; relative width 5 =3.0,3.5
and 4.0. Block coefficient was assumed constant ¢, = 0.4 for all models, and the relative
length L ranged from 4.6 to 8.2. Speed range of Froude number was F, = 0.4-1.2.

B

Total resistance
i ! Resistance of parts (screw,
| _rudder)
Resistance bare hull e ) (Appendage resistance)
| | Air resistance
_ I avemaking resistance

Viscous resistance

! _r’__':_‘""'—"':n'c tional resistance

Rf Rw

{Pressure resistance)
I —\—‘—‘[’—Form resistance

Residuary resistance

Rf Ro

Frictional resistance

Fig. 1. Total resistance and its components
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Fig. 2. Application of frames with different shapes at different relative speeds

A very useful work Marwood and Bailey was published in 1976. They conducted
tests in the British National Physical Laboratory in relation to a systematic series of

22 models varying relationships % and g, while maintaining constant ¢, = 0.397
and ¢, = 0.693. The speed changes in the number range £, = 0.3-1.2.

Brown diagrams are used to determine the residuary resistance of vessels

with % = 3,5-7,4, g =3,1-44, ¢, = 0,29-0,54 at the end of the displacement mode
and transitional mode. The data cover ships with the U- and V-shaped contours.

Volodin diagram is built on the basis of large experimental data and help to determine
the residuary resistance for round bilge speedboats depending on the length displacement
ratio for different number F, . The calculation of the frictional resistance produced by
the wetted surface of the body corresponding to the static position of the ship.

Nordstrom series of tests is made on the basis of 14 round bilge models,

the characteristics of which were as follows: % = 4,83-6,94, g = 3,16-3,57,

¢, =0,373-0,410, ¢, = 0,576-0,599, x, = -1,79-2,88%, % = 2,67-2,7, half angle
of entrance i, = 15,1-22,5°.

The systematic Groot series published in 1951, according to test 31 models of high-
speed round bilge boats. The geometrical characteristics of hulls are as follows:

%=3,53-10,09, §=2,72-6,58, ¢,=0,293-0,560, ¢,=0,463-0,791, x,=-11,5-3,09%,
% =2,75. Materials widely used at present in the development of forms of speedboats.

Series 64 — test of 27 models of high-speed round bilge boats in Taylor towing tank,
1965. During the tests, the relative length, the beam draft ratio, the block coefficient

_ L B o
varied. Models have 5 =8434-18264, = =2.4 ¢ =0,35-0,55, ¢, =0,63, = =2,6-3,0,
. WL
i, =3,7-7,8°.

The estimation of propulsion. The data have been obtained from various sources
(Brown, Volodin, Nordstrom, Groot, SSPA and NPL), were analyzed to estimate
the approximate value R and its dependence on the parameters of transitional regime

A
vessels. A series of tests included a large range of values %, g, ¢,¢, » and various forms
of hull, with the U- and V-shaped contours, vary the half angle of entrance [5]. Results

of the study based on the relative residuary resistance % and values 1:% shown on
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Figure 3 [6]. The residuary resistance is quite a large part, on the average, about 70%
of the total resistance in the transitional mode.

Using the method least squares, Formula (1) was obtained. This formula allows us to
estimate relative resistance at a relative speed F, = 1.

) -en()

Evaluation of water resistance R, in the design of high-speed vessel is very important

T . . . . . R, R,
because it is directly linked with the choice of main engine power ¥ =7~ =", where
v — speed of the vessel, n — efficiency propeller, open water; 1, — efficiency, gearing;
n, — efficiency, hull; ng — efficiency, shafting; n, — efficiency, propulsive.

The value n, is maximized rational choice of the type of propulsion, depending
on the given design speed. Figure 4, average data of [7] is shown. At speeds less than
40 knots, the use of a propeller is possible for more high-speed vessels fully cavitating
propeller is preferred. Some ships equipped a combination of the jet propulsion
and propeller («Isola di Stromboli»). This option gives opportunity to vary the speed
of quality in the operation of the vessel.

-
é 007 - -
{1 5 'L
0.05
004
003
002
ol
0 = —
El ) 11 .F—f_lf:'”‘* 13
Fig. 3. Relative residuary resistance R, onl= L ,at Fo=1
N7 y
The most common method of calculation — a breakdown of the total resistance RT

into two components: the frictional resistance Ry = (p pzizﬂ (Cr — frictional resistance
coefficient of a body, p — the density of water) and residuary resistance Ro.

Changes in average draft, while moving in the transitional regime, entails a change
in the wetted surface area p. This change can be taken into account by using the Bunkov
researching [8]. The study involved a test series of 37 models of high-speed monohull
vessels with “hard” chine and combined (mixed) forms and transom stern. During

the tests the relative centre of gravity (measured from transom) and the load coefficient

A .
of models ¢, = — varied.
Y

B3
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Fig. 4. Efficiency propulsive values for different types of propulsion

. . . . L . .
The following calculation scheme is possible: £, = /= w R, —residuary resistance
— {f — frictional resistance coefficient of a body with considering roughness allowance

— Q — wetted surface area, Bunkov test results _, R =¢, % o — frictional resistance
—>R, =R +R,.

For definition of frictional resistance coefficient (f is possible after calculation
Reynolds number, R, = 5, where v =1,2x10°m’ / sek — viscosity of water.

Air resistance is determined by the expression R, = 0,5¢p, (v+v, )’ S, . In this formula
c — air resistance coefficient, for high-speed vessels — 0,4-0,6; p, =1,226 -kg / m’ —
density of air; v — vessel speed; v, — the projection of the wind speed in the direction
of movement of the vessel, m/s (the plus sign to the headwind, the minus sign — for
passing); S — area exposed to wind, m”.

The value of air resistance, for example, for ship «Volcan de Tauro» is 3% of the bare
hull resistance. With greater accuracy air resistance is determined using the results
of wind tunnel models.

To check the effectiveness of method, test calculations were carried out, Table 1. The
information about the movement of the ferry “Guizzo” against the wave is in the article [9].

Table 1
Power of engine of high-speed monohull ferry
Name ship Speed, kn. Power of engine, m“"t Error, %
real calculation
Guizzo 40 28.0 28.0 0
Albayzin 40 21.6 21.0 2.8
Isola di Capri 29 9.4 10.0 2.8
Pegasus One 36 24.0 29.0 17

In table 2, the main dimensions of two yachts are recorded. The general arrangement
of one of these yachts is shown in Figure 5. Models of these vessels were tested in
the Vienna Model Basin. The first of these yachts belongs to the class of high-speed
vessels; the relative speed of the vessel is F, =1,2. The second ship has a relative
speed of F, =1 which is typical for the beginning of the transitional mode of motion.
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For more information on the designation of the navigation area for these yachts, see
the article [10].

Table 2
Main dimensions of two yachts

Length | Width | Draftd, . Speed v, | Power of main engines,
L ,m B, m m Displacement, t Kkn KW

34 7.48 2.57 310.1 16 2 x 1000

48 10.09 2.68 590 16.5 2x 1200

In order to compare the results of calculations: tests of models in the towing tank,
calculations made according to the scheme described above and calculations using
formula (1), Figure 6 was constructed. It can be seen from the graph that the calculations
made using the scheme and the test results in the towing tank are practically the same.
The results of calculations by formula (1) differ from the test results by 15%.

Fig. 5. Part of the general arrangement of Yacht (length 34 m)

E 160 Test result for
- 140 Yacht 34 m
2 120
hy ﬁ-‘ + Calculation by
100 / 7 scheme for Yacht
30 34m
50 ~ ,/ * Calculation by
) / fYorn:}llula4(1) for
40 - acht 34 m
50 V = == Test result for
= Yacht 48 m
0

10 12 14 16 18 4 Calculation by
v kn scheme for Yacht
) 48 m

Fig. 6. Results of tests and calculations according to the scheme and formula (1)
Conclusions. As a result of calculating the water resistance according to the scheme

Ro L -2,96
and using the formula [Xl - 4’89[W ] , results were obtained that make it possible
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to evaluate the accuracy of these methods. The error in applying both methods can range
from 0 to 17%. When applying the calculations by scheme, it is necessary to carefully
choose the graph for calculating the residuary resistance. The parameters of the models,
on the basis of the tests of which such a graph is built, should correspond as much as
possible to the parameters of a real vessel.
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Summary

The purpose of the research is to develop methods for analyzing the maneuvering
modes of ship propulsion systems based on the theory of dynamic similarity.
Methodology. On maneuvers, all components of the complexes operate in transient
modes, significantly influencing each other, therefore, the analysis of the operation
modes of any component is considered in unity with the others. The necessity of
transition to generalized mathematical models is substantiated. The dynamic similarity
criteria are found. There is a possibility of broad generalization of research results.
Results. A mathematical model and a method for calculating the transient modes of
electric ships propulsion complexes have been developed. The generalized dimensionless
parameters of the complex are found. The expediency of conducting research in relation
to these parameters and dynamic similarity criteria are substantiated. A technique for
conducting researchusing the provisions of dynamic similarity theory has been developed.
The possibilities of using the technique are illustrated by the example of calculating the
maneuvering characteristics and assessing the loads on the electric power plant when
the electric ship enters circulation. The possibility of using the developed technique in
the search for ways to improve complexes maneuverability is shown. Scientific novelty.
The use of dynamic similarity criteria and generalized dimensionless parameters makes
it possible to cover a large class of ships in research. Electric ships with equal values of
similarity criteria and equal values of generalized parameters will have the same laws
of change of regime indicators and equal values of maneuvering quality indicators. It
becomes possible to level the influence of inaccuracies in the assessment of external
factors on the results of research. Practical significance. The recommendations,
analytical ratios, diagrams for assessing the quality of maneuvering, developed on the
basis of the theory of similarity, cover a whole series of electric ships and are ready for
use. They contribute to the construction of electric ships with predictable maneuvering
properties. Bible 15, Tab. 2, Fig. 1.

Key words: electric ship’s propulsion complex, dynamic similarity, analysis of
maneuvering modes.
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Anomauis

Mema docnioxcens y po3podyi memooie aHAi3y MAHEBPEHUX PEXHCUMIB CYOHOBUX NPO-
NYIbCUBHUX KOMNILEKCIB HA OCHOGT meopii Ounamiunoi noooou. Memoouka. Ha manespax
6CI CKIA00BL KOMNILEKCI8 NPAYIOIOMb HA NEPEXIOHUX PeNCUMAX, ICMOMHO 8NIUBAIOYU OOHA
HA OOHY, MOMY AHA3 pexcumie podomu 6YO0b-KOi CKIA00680I pO321A0AEMbCS 8 EOHOC-
mi 3 inwumu. OOIPYHMOBAHO HeOOXIOHICHb nepexody 00 Y3a2anbHeHUX MamemMamuyHux
Molenet. 3natideno kpumepii OuHaMiuHoi no00du. 3'961€MbCL MOJICTUBICb WUPOKO-
20 y3azanvHeHHs pesyibmamie oociiodxcens. Peynomamu. Po3pobieno mamemamuymy
MoO0enb ma mMemoo pO3PAXYHKY NepexiOHUX PexiCumie nponyibCUBHUX KOMNLEKCI8 eleK-
mpoxooie. 3natideno yzaecanvheni be3po3mipni napamempu Komniexcy. QOIpyHmoeano
O00oYiNnbHICMb NPOBEOeHHsSI OOCAIOINCEHb CIMOCOBHO YUX NAPAMEMPIE ma Kpumepiie OuHa-
Miunoi nooobu. Po3pobneno memoouxy npogedenHsr O0CHiOdHCeHb 13 SUKOPUCHAHHIM
NO0JICEeHb Meopii OuHamiunoi nooodu. IIpoiniocmposano MOICIUBOCIE GUKOPUCHIAHHSL
MemOOUKU HA NPUKAAOL PO3PAXYHKY MAHEBPEHUX XAPAKMEPUCMUK MA OYIHKU HABAHMA-
JHCeHb HA eleKmpOoeHep2emuyty YCMAaHOo8Ky HpU 8UX00i e1eKmpoxo0y HA YUPKYVIAYIIO.
Tokazano moocaugicms UKOPUCTNAHHA pO3POOTIEHOI MeMOOUKY NpU NOULYKAX WLIAXIE
noxkpaujeHHs manespenocmi komniekcie. Haykoea noeusna. Buxopucmauns xpumepiis
OUHAMIYHOL NO00OU MA Y3a2anbHeHUX 0e3PO3MIPHUX NAPAMEMPIE 0AE MOJNCIUBICIb 0XO-
numu 00CAIONCEHHAMU BeTUKULL KAcC cyOeH. Enekmpoxoou 3 piGHUMU 3HAYEHHAMU KPU-
mepiie no00oOU Ma PisHUMU SHAYEHHAMU Y3A2ATIbHEHUX NAPAMemPI8 MAMUMYMb OOHAKOGL
3aKOHU 3MIHU PENCUMHUX NOKAZHUKIB MA PIBHI 3HAYEHHS NOKAZHUKIE AKOCMI MAHE8P)8aH-
H51. 3'67151€MbCsL MONCIUBICINb HIBETIOBAHHS GNJIUBY HEMOYHOCTIE OO0 OYIHKU 308HIULHIX
YUHHUKIG HA pe3yibmamu 0ociiodxcens. IIpakmuuna 3nayumicms. Pospobneni Ha ocHo-
81 meopii nodibnocmi pexomenoayii, anarimu4ni cniegionoulenHs, oiaepamu Oisl OYiH-
KU NOKA3HUKIG SIKOCMI MAHEBPYBAHHSA OXONIIOIOMb Yl cepii enexmpoxodis, 20moei 00
3ACMOCY8anHs, Ma CNpusioms no6y008i e1ekmpoxoois i3 3a30a1e2i0b NPOSHO308AHUMU
Mmanesperumu enacmugocmamu. bion. 15 maon. 2, puc. 1.

Knrouogi cnoea: nponyinbcughuil KOMRIEKC eiekmpoxood, OUHAMIYHA nododa, ana-
J1i3 MAHEBPEHUX PEeNCUMIB.

Relevance of research and problem statement. Electric propulsion is a stable

trend in the development of modern shipbuilding. Its most important advantage over
the traditional ship propeller drive is the ability to provide high maneuverability for
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ships that are equipped with power plants of this type. It is these propulsion systems
that ensure the safety of maneuvering operations. If, at the same time, the complex
also includes active propulsion control means, the vessel’s maneuvering properties can
hardly be overestimated.

Propulsion electric power plants, most often, are designed on the basis
of asynchronous frequency-controlled propulsion motors. They can be made both
according to the classical version, and according to the version of the Azipod propulsion
and steering complex (in this case, the rudder is not needed). In turn, propulsion electric
power plants are part of a single ship electric power system that provides power to both
the electric propulsion system itself and general ship consumers of electricity. Thus,
the ship's propulsion complex is a complex system that combines many components
with the most diverse physical processes occurring in them. An enlarged block diagram
of such a propulsion complex is shown in Fig. 1.
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Fig. 1. Structural diagram of the electric ship s propulsion complex
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The complex includes: heat engines D with frequency rotation regulators DR,
synchronous generators G with voltage regulators GR; frequency converters FC;
asynchronous propulsion motors M; propellers P; thrusters’ voltage converters VC,
propulsion motors M, and propellers P_; rudder R and hull. (In each specific case,
individual elements may be absent in the block diagram.)

When maneuvering the ship, all these components operate almost continuously
in transient modes, while exerting a significant influence on each other. That is why
the analysis of the maneuvering operation modes of any element of the ship's propulsion
complex must be considered in unity with all other components.

The issues of designing modern electric ships with high maneuverability and the tasks
of improving the control of propulsion electric power plants of ships in operation are
currently very relevant. Moreover, the need to assess the maneuverability of newly
built electric ships arises already at the initial stages of their design or modernization,
and improving the efficiency of the maneuvering operations of existing ships is
undoubtedly relevant at any stage of their life cycle.

The State of the Issue. The methods of mathematic modeling of electric ships’
transient and steady operation modes during maneuvers are widely used in the process
of designing and developing recommendations to find best ways of controlling
the complexes. At the same time, there arise a number of problems, the solution of which
results in essential difficulties.

The first problem is that in the vast majority of studies, the propulsion electric power
installation is considered [ 1, 2] in isolation from a single ship propulsion complex. Transient
processes in each element of the complex are described by mathematical equations in more
or less detail, depending on the goals of the research. As a rule, such a description is based
on the assumption that the rest of the objects that make up the complex operate in a steady
state, and the influence of the environment is taken into account approximately [3, 4, 5].
However, the mathematical description of any real object corresponds only more or less
approximately to the real processes occurring in the object. Insufficient mathematical base
as the basis for describing the interaction of an object with the environment significantly
reduces the reliability of the results obtained. The results of experimental studies are most
often used to obtain reliable information about these processes [3]. However, such tests are
expensive, and represent a special case (or special cases). The validity of the distribution
of these results on other objects (even on objects of the same type) is problematic and is
often associated with a low degree of accuracy.

At the same time, when analyzing complex systems, which undoubtedly include
the ship's propulsion complex, there inevitably arises the question of the necessary
and sufficient degree of accuracy in describing the processes occurring in each component
of this complex. This accuracy, first of all, depends on the stated goals and criteria for
assessing the quality of the operation of the complex, as such, and its components,
in particular. And each of the factors influencing the behavior of the complex can be
significant for some quality criteria and completely insignificant for others. This situation
becomes even more complicated when the system includes objects that are completely
different in nature of the physical processes occurring in them. In such cases, the task
arises in leveling (reasonably) the influence of inaccuracies in the assessment of certain
parameters on the calculation results.
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In the vast majority of cases, studies of the electric ships’ maneuverability relate to
individual devices of the ship's propulsion complex [6, 7] and to specific maneuvers
[8,9, 10]. Their purpose is to build the trajectory of the vessel motion, assess the loads on
certain components of the complex, create and construct simulators for ship complexes,
etc. With this approach, each individual component is separated from a single propulsion
complex and is considered on the assumption that all other parts operate in a steady
state. However, such an assumption is valid only for steady-state operating modes, and,
as for transient ones, it leads to significant inaccuracies.

Second problem. The goal and end result of any scientific research is the possibility
of generalizing the results obtained and the prospects for predicting the behavior
of the objects under study (and objects similar to them), at least in typical and in the most
typical situations. Research should cover the widest possible class of objects (the widest
possible class of ships). They should contribute both to the creation of new electric
ships with predetermined properties, and to an increase in the efficiency of the operation
of already existing ones.

The solution of all these problems is possible on the basis of the theory of dynamic
similarity. Considering a dynamically similar ship propulsion complex, identifying
the criteria of dynamic similarity and complex generalized parameters, we can:

—cover with the results of research a wide class of ships of the type under consideration;

— neutralize the influence of a low degree of accuracy in determining a number
of physical parameters and interactions on the final results of research and on
the recommendations being developed (they can be easily corrected after clarifying
the values of these parameters and interactions);

— develop, in the form of ready-made analytical expressions or diagrams,
recommendations for the design and control of propulsion systems with predictable
performance indicators.

The development of a methodology for constructing such studies is the goal of this work.

Analysis of dynamically similar propulsion complexes. As can be seen from
Fig. 1, the complex includes a large number of components with different physical
principles of operation. These parts are connected to each other by an automatic control
system with a large number of feedbacks. The main parameters connecting the power units
and control signals are: M, and ®,,—torque and angular velocity of the heat engine; U .and
I .—generator voltage and current; U, , 1, , M, and o,,—voltage, current, torque and angular
speed of rotation of the propulsion propelling motor; M, and P, — propeller torque
and thrust; M, ®,,, P,, — torque, angular velocity and propeller thrust of the thrusters; o
and y — the relative frequency and voltage at the output of the converters; P/D — the pitch
ratio of the thruster propeller.

Even the general view of the block diagram gives an idea of the degree of complexity
of the mathematical model that describes the transient operation modes of the complex.
One of its variants, as applied to the classical layout of a propulsion electric power
plant, is given in [12]. This model includes a large number of differential and algebraic
equations. It follows from it that hundreds of parameters influence the nature
of the course of transient processes, the indicators of the maneuvering quality. These are
both the design parameters of the propulsion system, and the parameters determined by
the conditions for performing maneuvers, and the parameters of control actions. Such
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a situation does not allow us to assess correctly the degree of influence of each parameter
separately and also does not allow assessing the degree of influence of the effects of these
parameters’ interactions. Moreover, it is impossible to predict the influence of these
parameters on the maneuvering quality indicators, and it is impossible to predict electric
ships’ maneuvering characteristics, as well.

It should also be remembered that in the process of studying maneuvering modes,
the results of any calculation performed in relation to any particular electric ship are only
partial. This is the solution of a separate specific problem (calculation of any maneuver)
in relation to a specific electric ship in certain external conditions and in a specific
situation. The scientific value of such calculations is not great. It is worth changing any
design parameter of the electric ship or the conditions for performing the maneuver,
and the result of the calculation will be different.

To give generality to the results of the analysis, one should use the concept
of an approximate dynamically equivalent complex [13] and reduce the model to
dimensionless units. This will allow converting the regime indicators to relative units
and identifying the dimensionless parameters of the electric ships’ propulsion complexes.

To do this, we introduce the concept of the basic operation mode and, accordingly,
the basic values of the mode indicators. As such (they are marked with the index "0"),
we take the values corresponding to the operation of the complex in the nominal steady
state, when the vessel is moving in free, deep, calm water in a direct course. Then
the relative values of regime indicators will be defined as the ratio of the current values
to the base values. They will be marked by a dash symbol. For example, the relative
electromagnetic moment of the generator

i, - Ms 1
L M

Such transformations are carried out with all regime indicators of the complex. The

exception is relative time. It is defined differently:

7=Yor, 2
L

where v, —is the speed of the ship, L — is the length of the ship, 7 — is the current time.
Below, as an example, the basic equations obtained, in this way, from the generalized
mathematical model of transient modes are presented here. These are the equations
describing the inertial components of the propulsion system [12].
The equation of the generating set motion:

0 _ v, (W, - 1) ©

where N, — is a dimensionless parameter

Ny =l “)
J p®peVo
J,,—is the moment of inertia of the engine and generator reduced to the heat engine shaft;
The dimensionless parameter N, — is a dynamic similarity criterion of the system:
heat engine — synchronous generator. Complexes with equal values of this criterion will
have the same (in relative terms) laws of change of regime indicators in relative time.
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Synchronous generator excitation current

a1,
ar

where N is the dynamic similarity criterion
s

Ug™~ q

=N, (K Ko, U, + KK T, - KoKy (Ug - (1-8T,,,)) - E), )

LU
N, = I (6)
LI 0V0
L — . is the inductance of the excitation winding; U, A and I — are the voltage and current
of the excitation winding; AU, —is the voltage dlﬁ”erence between generators operating

in parallel; K , K o K, —are gain coefficients of the automatic control system U, and U,

I, and I, - are the generator voltage and current according to internal d-g coordmates

K,, K,, K,=1, K, K,,, K, —are the generalized dimensionless parameters.

The equatlon of motion of the propulsion motor

e —
#:NM(MM_MP)S (7)
where: N, — is the dynamic similarity criterion
Ny =l (8)
Ju®y10vo

J,,—1s the moment of inertia of the propulsion motor.
Equations of an electric ship motion in the GXYZ coordinate system associated with
the ship:

- _ —
d; =C,vyQ, + Ny {Z KPj})ej_CRXBRPVZ_RX}; (9)
7
T G S K B Cab t B Ry (10)
dT C, e L e -

dQ, N, . ——
dTZ :NijVXVerNQ{ZK iy P +Cy XRBRPV +2k Prihy +(MPZ Moz)}:(ll)

where N, and N, — are the dynamic similarity criteria

Lz 810 .
Ny (m+k]1)v (12)
L3ZKP/ g0 . (13)

“ 2(J + hge)Ve
P, and K, — are the useful thrust of the propeller and its share in the total flow,

respectlvely, Z k,P,, — is the total thrust of thruster propellers; Zhlk Fuf s the total
torque of the tHruster propellers relative to the ship's center of gravity. R, and R, —are
the longitudinal and transverse components of water resistance to the vessel motion;
(M,, - M,, ) —is the moment of resistance to the turn of the vessel; X, — is the distance
from the center of the coordinate system to the rudder; p — is water specific density;
A, and X, — are the added water masses along the X and Y axes; J, — is the ship's
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moment of inertia when rotating around the Z axis; A, — is the added moment of water
inertia; B, — is the drift angle; P,,, A, and k,, — are the relative thrust, its shoulder
and the proportion of the thrust of the corresponding thruster at the maximum pitch ratio
in the total thrust of the propulsive propellers; generalized dimensionless parameters:

C, ="t (14)
m+x“

Pyas. (1-y)
Cop = M; (15)
Z KP/' PL’IO
14 %Vésc (1- \V)2
" 2 KyPy

The control system in the general case forms:

— two control actions on the frequency converter — by frequency a and by voltage y;

— voltage control signal y to the thruster drive voltage converter;

— control signal by propeller pitch to the mechanism of change of thruster propeller pitch;

— a control signal for the angle of the rudder blade.

A complete mathematical model is given in [14]. It allows for a comprehensive
analysis of the propulsion complex maneuvering modes. During the calculation,
the current values of the main regime indicators of its components are calculated.

When converting the original model into a system of dimensionless units, the criteria
for dynamic similarity and generalized dimensionless parameters of the propulsion
complex were identified. These are the parameters of the system “heat engines —
propulsion electric plant — propellers — rudder — ship's hull”. It is these parameters that
determine the current values of the relative performance indicators of all the components
of the complex and affect the numerical values of the main indicators of the quality
of maneuvering. Relationships for calculating these parameters and similarity criteria
are given in [14]. All further studies of the behavior of electric ships during maneuvers
should be carried out in relation to these parameters — in fact, to some “generalized”
parameters, which include in a certain combination both the design parameters
of the complex and the parameters of the environment. Complexes with equal values
of parameters will have the same laws of change in time of the main regime indicators.
The transition to dimensionless parameters greatly reduces the variable parameters in
the study of maneuvering modes.

The solution to the second problem, identified for research purposes, involves covering
the widest possible class of vessels, with the possibility of expanding and generalizing
the results of the study. To this end, it is necessary to calculate the numerical values
of the identified generalized dimensionless parameters for existing ships (covering as
many electric ships as possible) and determine the range of their values. Having considered
the behavior of the complexes in the entire range of changes in the values of these parameters,
it is possible to cover all vessels of the type under consideration by research.

Evaluation of the electric ships’ maneuvering characteristics is carried out according
to certain quality indicators. First of all, these are the inertial-braking characteristics,
the controllability of ships and the load on their electric power systems. In [12],

(16)
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a set of such indicators is proposed. They fully cover each component of the electric
power plant and the entire electric ship as a whole. However, despite the transition to
a system of dimensionless units, the number of generalized parameters still remains
large. This complicates the analysis of maneuvering modes, and if we take into account
that the number of maneuvering quality indicators themselves is more than forty [12],
the solution of the set tasks becomes unfeasible.

The way out of this situation is to identify the parameters that significantly affect
the indicators of the quality of maneuvering. In other words, from the set of parameters g,
i=1,..., n, it is necessary to select a subset of parameters q4,j=1,...p(p<n),the deviation
of Wthh from the calculated values Ag, determines the main part of the increment
of quality indicator J(Agq)=J(Aq). The scatter of the values of the remaining parameters
does not have a s1gn1ﬁcant effect on the indicator under study, and changes in their
values can be ignored.

The solution of such problems, as a rule, is carried out by the methods of screening
experiments, which makes it possible to rank all the parameters of the complex
and the effects of parameter interactions on the values of quality indicators. At the same
time, it should be taken into account that for each quality indicator there will be its own
set of significant parameters and significant effects of parameter interactions.

All further studies are carried out taking into account changes in these very
significantly influencing parameters.

Letusillustrate the possibilities of the considered approach in the analysis of the electric
ships’ maneuvering properties. As an example, below are the results of an analysis
of the maneuvering characteristics of an electric vessel when it enters circulation. A ship
with a classic version of the layout of the electric power plant is considered. In [15],
simplified analytical dependences of the main indicators of the quality of maneuvering
on the similarity criteria and generalized parameters of the complex were developed.
These dependences characterize the entry of the vessel into circulation:

— duration of circulation 7', ~and its evolutionary period T,

T =36,672+13 094N 7,375C,, +3,484C, + 4,563C, —4,344C

man. M16 21
-1,891N,C, | +2,281N,C  +3 953NXC61 -3,234N.C, 3 ,265C, +1 ,867C, , C. 5 (17)

T, =14,578 - 5,875N, —2,469C, . — 0,782C,, + 1,14IN,C,, .~ 1,106C,; (18)

X M16

— fuel costs for the maneuver G

man

G, ..=43,141 +11,019N - 6,725C, , + 3,533C, +4,693C, —4,636C,, —

M16
-3,251C,,—2,848N,C, +2,3N.C +4 038NXC61 3 138NXCMI, (19)
— relative decrease in the speed of the ship in steady circulation Av_;
Av_=0,375-0,296N,-0,019C,, - 0,021C,, - 0,03C,, ; (20)
— relative diameter of steady circulation D
D, =6,81+4909N +0,885C +1,224C, —1,21C,, —0,806C,,
+0,69N, C +1 045NXC61 0 815NXCMl 0 422CMM)CA21 (21)

Here: N,; C, .. C,; C; C,; C, 5 C,,; C,, — are generalized dimensionless parame-

M16’ 22° 7765 612 212 7»21’
ters of the electrlc ship’s propulsion complex
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where o, n @, — are angular speeds of rotation of the propulsion motor and the stator
magnetic field at rated frequency; 3, — is absolute slip of the M rotor; o, — is M relative
voltage frequency; r,, and r,, ,— are stator active resistance and the reduced active resistance
ofthe Mrotor; b, , ¢, ,d, , e, —are constant coefficients of the frequency-controlled induction
motor; C, P —is coefficient of the positional hydrodynamic force acting on the ship’s hull;
F, —is the reduced area of the submerged part of the ship’s center plane; p — is specific
water density; S, —is the reduced area of the rudder blade; m' —is coefficient of the positional
resistance moment; C°, ' — is coefficient of damping resistance moment.

These dependencies were obtained using the method of full factorial experiment.
The ranges of changes of parameter values and similarity criteria (from minimum to

maximum) are given in Table 1.

Table 1
Ranges of changes of parameter values
Parameter Value ranges
Minimum Average Maximum Project
N 0,06 0,13 0,20 0,132
C, .. 4,16 7,15 14,05 14,127
C, 2,7 34 4,1 3,372
C, 2,8 3,5 4,2 3,564
C, 16 21 26 21,19
C. 3 4 5 4,074
Cl 0,55 0,7 0,85 0,736
C,, 1,1 1,5 1,9 1,532

Having calculated the numerical values of these parameters using the above ratios, it
is possible to estimate the main parameters of the ship's circulation motion using ready-
made simple analytical dependencies (17)-(21). Let's consider this on the example
of an electric ship project with an electric power plant based on frequency-controlled
propulsion motors.

The main characteristics of the vessel project: length according to design waterline
52 m; width 15 m; draft 4 m; displacement 1700 tons; power of the main engines
2200 kW; movement speed, at the rated power of the propulsion electrical installation, 7 m/s.
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The power plant includes: two diesel generator sets, each of which contains a diesel
engine with an effective power of 1100 kW at 750 rpm and a generator with a power
of 100 kW at 750 rpm; frequency converters; two asynchronous propulsion motors.

Propulsion motors have the following main parameters: power 1000 kW; stator current
1100 A; power factor 0.835; torque 10670 Nm; angular velocity of rotation 93.67 s

Basic winding data: stator active resistance 0.00419 Ohm; stator reactance
0.0879 Ohm; rotor reduced active resistance 0.0359 Ohm; rotor reduced reactance
0.1319 Ohm; resistance reduction factor 34.336; magnetizing reactance 1.503 ohms.

The numerical values of the significantly influencing dimensionless parameters
of the project under consideration, calculated according to the above ratios, are presented
in the corresponding column in Table 1.

The results of calculations, according to the relations (17)-(21) of the selected
indicators of the quality of the maneuver, are given in Table 2.

Table 2
The main indicators of the quality of the maneuver
Quality indicators dg:::?ll()i’gnccailes nl::e)izl‘lf)td Error, %
1. Circulation time -7 20,5 22,521 9,8
2. Evolutionary period of circulation — T 13 13,388 3
3. Fuel costs for the maneuver - G, 30,5 31 1,5
4. Reducing the speed of the vessel on the circulation — A 0,55 0,455 17,3
5. Relative circulation diameter — D _. 3,75 4,13 10

Calculations of these indicators, performed using a complete mathematical model,
gave the results presented in the corresponding column of Table 2. It also shows the error
in the results obtained from analytical dependencies compared to those obtained from
the full mathematical model.

The given example clearly illustrates the possibilities of using the theory of dynamic
similarity in solving problems of analyzing the dynamics of electric ships’ propulsion
complexes. Inparticular, by calculating the basic dynamic similarity criteriaand dimensionless
parameters of the complex by the simplest ratios, it is possible to estimate in the first
approximation the quality indicators of maneuvering of electric ships’ propulsion complexes.

The use of the concepts of dynamic similarity makes it possible not only to evaluate
the main quality indicators of the maneuver execution, but also to find possible ways
to improve them. Let us illustrate these possibilities by the example of the analysis
of quality indicators characterizing the behavior of an electric power plant during
the maneuver “acceleration of the vessel — entry into circulation”.

As the main indicators for this maneuver, the following corresponding analytical
dependencies were selected and obtained:

—relative change in the angular velocity of rotation of propulsion motors and propellers

oA, =0,076-0,051N, - 0,029C,  —0,004C  +0,006C,,, +0,004C, . +0,016N.C, : (22)
—relative change in heat engine power
AP =0,227-0,129N, +0,131C,,, - 0,026C,, - 0,118N,C, .. —0,026C, C . —
-0,02C, C, +0,014C, C +0,015C, C —-0,015C,C,, +0,016C.C  —
-0,014C,C,,, - 0,014C, C,, ; (23)
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—relative change in propulsion motor current

AlL=0,205-0,138N, +0,116C,, .~ 0,012C,,— 0,011C, —0,013C,, —
~0,090N,C, .~ 0,011C,,; (24)

X~ Mle

— relative change in propulsion motor torque

AM,, = 0,147 —0,097N, +0,121C,,,.— 0,01C,, — 0,008C,, +0,009C,, —

M16

~0,01C,,— 0,088N,C

XTMl16 ° (25)

When comparing the last three indicators, attention is drawn to the identity
of the nature of the dependence of AP, Al and AM, indicators on the parameters
of the complexes. This corresponds to the physical relationship of the processes
occurring in the power plant — with an increase in the load on the propulsion motor
M, , the propulsion motor current /,, and the heat engine power P, increase accordingly,
and approximately equally. At the same time, the degree of an increase in the heat engine
power — the “last” link in this power chain — begins to be more significantly affected by
the effects of the parameter interactions that characterize the electric ship’s hull.

The main parameters affecting the performance of the power plant Aw,, AP, Al ,
AM,, are the power-to-weight ratio of the N, electric ship (contribution — 27...67%),
and the dimensionless parameter of propulsion motors — C, - (contribution 16...83%).
In addition to them, these indicators are significantly affected by the parameters
determined by the coefficients of the hydrodynamic forces of resistance to the movement
of the ship C,,, C,, and C,. Basically, the quality indicators of the M operation are
linearly dependent on the parameters of the complexes. The performance of the other
components of the complex is also significantly affected by the effects of parameter
interactions, and these effects are commensurate with the influences of the parameters
themselves.

Conclusions.

1. The use of the theory of dynamic similarity helps to increase the efficiency of design
processes and the results of the search for the best operating modes for electric ships’
propulsion complexes. The identification of dynamic similarity criteria and generalized
dimensionless parameters of propulsion complexes makes it possible to cover a large
class of ships with research. It seems possible to level the influence of inaccuracies in
the assessment of external factors on the regime indicators of the complex.

2. Opportunities are opening up to generalize the results of research. Complexes
with equal values of similarity criteria and generalized parameters will have the same
laws of change in regime indicators and equal values of performance indicators.
The identification of significant parameters and significant interaction effects allows
reducing the number of necessary experiments by a factor of ten in the course of further
research. Visualization appears in assessing the influence of one or another parameter on
regime indicators, and also the perception of the physical nature of the processes under
study is facilitated.

3. The transition to generalized dimensionless parameters makes it possible to carry
out parametric optimization and search for optimal control laws for propulsion systems
during maneuvers. This contributes to the construction of electric ships with predictable
maneuvering properties.
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OINTUMI3ZAIIA PO3SMIPHOI MOJEPHI3AIIT TACAKHAPCHKHX
CYJIEH 3 YPAXYBAHHHAM EHEPI'OE®EKTUBHOCTI
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Anomauisn

Exonociunicmv  6y0b-s11020 8upobHuymea — cy4acha 6umoed, sKad, y momy Yucii, Cmocy-
€embcsi Mopcbkozo cyononaascmeaa. Koeghiyienm enepeoegpexmusnocmi EEDI € noxasnuxom,
SAKULL OYIHIOE CRIBGIOHOWIEHHSL WUKOOU HABKOTUWHBOMY Cepe00sULyy ma pooomu, Ky 6UKOHYE
cyono. [irowa nopmamuerna oaza IMO y cghepi MidicHapoOHO20 CYOHONIABCMBA CNPSAMOBAHA
HA 3a0e3neyeH s NOCMYN0B020 HUIICEHHS OaHO20 NOKAZHUKA, WO Y KOMIIEKC] 3a0e3nedums
MEXHONOSTUHO MONCTIUBY MIHIMI3AYIH0 eKONOSTUHOZO BIIIUBY MOPCHKO2O CYOHONIABCMEA.

Ooun 3 eapianmie 3ab6e3neuenns donycmumoeo pisua EEDI € mooepnizayis, y momy
yucai, posmipna, 3a pesyromamamu axoi 30invuyemscs GT cyona, a ye, @ c6oio uepey,
niosuwye 00Csie MpAHCHOPMHOL pobomu CyOHa ma 3meHuLye 8ionoeionuil pieerv EEDI.

Y pobomi nposedero ananiz enepeoeghexmusHocmi cyoeH nPosioOHUX C8IMOBUX KOM-
NaHitl, AKU MONCHA 3ACOCO8Y8amu OJisl USHAYEHHS iX MOOepHi3ayitinoi npueabnu-
socmi. 3anponoHo8aro Mooenb OnMuUMI3ayii po3MIpHOL MOOEPHI3AYIT NACANCUPCHKO20
CYOHA 3 BUBHAYEHHAM O0BHCUHU 000AMKOBOL CeKYil 6 patloHi MiOenb-UNaneoymy cyo-
HA Npu iHMe2parIbHOMY PO327is0i eKOHOMIYHUX MA eKONO2IYHUX ACHeKmie nodaibulol
excniayamayii 0anoz2o cyoua. Bukonano excnepumenmanvua nepegipka mooeni, siKa
00Ipynmysana ii docmosipuicms ma npuoamuicmu 0Jis RPAKMUYHO20 GUKOPUCTNANHS
Y npoyecax npuUHAMMs piulers wooo Po3MIPHOT MOOepHI3ayii NAcaNCUPCLKUX CYOEH.

Knwwuogi cnosa: xoegiyicnm enepeoepekmusHocmi, MameMamuia Mooeb, Onmu-
Mizayis, MOOepHi3ayii, eKoNOSTUHICMb.

OPTIMIZATION OF PASSENGER VESSELS DIMENSIONAL
MODERNIZATION TAKING INTO ACCOUNT THE ENERGY EFFICIENCY

O.M. Shumylo
PhD, Associate Professor at the Department
“Ship Power Plants and Technical Operation”,

Odessa National Maritime University, Odessa, Ukraine,
ORCID ID: 0000-0003-0574-1954

Summary

The environmental friendliness of any production is a modern requirement, which,
among others, concerns the maritime shipping. The EEDI energy efficiency coefficient
is an indicator that evaluates the ratio of the vessels 'negative impact to the environment
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and the vessel transport work. The current regulatory framework of the IMO in the field
of international shipping is aimed at ensuring a gradual reduction of this indicator,
what in the complex will ensure technologically possible minimization of the maritime
shipping environmental impact.

One of the directions for ensuring the permissible level of EEDI is modernization,
including dimensional modernization, as a result of which the GT of the vessel
increases, and this, in turn, increases the volume of vessel transport work and reduces
the corresponding level of EEDI.

The paper analyzes the energy efficiency of the world's leading cruise companies’
vessels for determination their modernization attractiveness. An optimization model for
the passenger vessel dimensional modernization for the determination of the additional
section length in the middle frame area of the ship is proposed, based on an integral
consideration of the economic and ecological aspects of the vessel further operation.
An experimental study of the model was carried out and substantiated its reliability
and suitability for practical use in decision-making processes regarding the passenger
vessels dimensional modernization.

Key words: energy efficiency coefficient, mathematical model, optimization,
modernization, environmental impact.

IocTanoBka mpo6JjieMd U OWIAN JiTepaTypu. MiKHApOIHA MOpPChKAa OpraHiza-
uist (International maritime organization, nani IMO) BCTaHOBIIOE CHCTEMHI BUMOTH
10 3a0e3MeveHHs] eKOJOTIYHOCTI MOpChKUX cyneH. Kpyi3Hi macaxupchbki NaiiHepH
3aiiMaloOTh CepeJl HUX 0COOMMBE MICIE, OCKUIBKH JJISl HUX XapaKTepHO 3HAYHE CTIOXKH-
BaHHsI EJIEKTPOCHEPrii, apy, XOJIOMHOI 1 raps4oi BOAM, TeHepallis IKUX 00yMOBIIEHA
BUKOPHCTaHHSM BYIJIEBOMHOTO ManuBa. Came 1ell BUJ aJiiBa € OCHOBHHM JKEPEIIOM
3a0pyaHeHHs aTMOCchepH 1 301IbIICHHIM KiJIBKOCTI ITAPHUKOBUX Ia3iB.

[IpobneMu 3aXuCTy HABKOJIMIIHBOTO CEPEIOBHINA, 3 SKHMHU CTUKAIOTHCS 1 OOpeThCs
JIIOJICTBO HAa CYy4acHOMY €Talli CBOTO PO3BHUTKY, OTPEOYIOTh CHCTEMHOTO 1 HEBiIKIaI-
HOTO BHPpIIICHHSA. 3POCTaHHS CBITOBOI SKOHOMIKM OOYMOBIIIOE ITiJBUIICHHS BOJOTOH-
Ha)KHOCTI CBITOBOTO TOPTOBEIBHOTO (PIIOTY — 301IbIICHHS TOTYKHOCTI €HEProyCTaHo-
BOK 1 CIO)KMBaHHSI MTAJINBA, SIK PE3yJIbTaT — 3pOCTaHHS BUKHUJIIB BiJNPaIlbOBAHUX T'a3iB.

ot 3a0pyIHeHHS HABKOJIMILIHLOTO CEPEAOBHUIIA B CBITI, 110 MPHUIIAJA€ HA CYIHO-
w1aBCTBO cknanae 3% wna Bymiekucnui a3 (CO,), 15% oxcunis asory (NO,) i 13%
okcupiB cipku (SO, ) [1].

o 60poTs0u CBITOBOTO CIIBTOBAPHUCTBA 3 €KOJIOTIYHUMH 3arp03aMH aKTHBHO JIOJTY-
yuiack IMO, sika npuiinsia e B 1973 poiti Mi>kHapoIHy KOHBEHLIIO 010 3a100iraHHs
3a0pynHenns 3 cyaeH (The International Convention for the Prevention of Pollution
from Ships, MARPOL 73/78) [2] — ronoBHUH HOPMAaTHBHO-IIPABOBUH JOKYMEHT, IO
perIaMeHTye MPOLEAYPH 1 IPaBUIaMH, TIOB’s3aHi 3 3aXUCTOM Ta JIKBiJaIli€r0 3a0py/-
HEHHSI MOPCHKOTO CEpEelIOBHIIA 3 PI3HUX JPKEpeN 1 BCTAHOBIICHHS BiJIOBIIAIBHOCTI.
[IpaBuna, siKi OXOILTIOIOTH PI3HOMAHITHI JiKepena 3a0pyaHEHHsS 3 CYICH, MICTAThCS
B mectu noaarkax. Jlomarok VI BcTaHOBIIOE 110710 3ar00iraHHs 3a0pyIHEHHs aTMOC-
(depu 3 cyneH ski HaOpaiau yuHHOCTI 3 01.01.2005 p. 1 3aKpiIuIIOE TpaBHiia OOMEKEHHS
i 3ar1o0iraHHs MOBITPsI B pe3yJIbTaTi BUKUIIB OKCUJTY CIPKH, a30Ty Ta IHIIUX IIKITJTABUX
BHUKHIIB, BKIIFOYAIOUN TBEP/Ii YACTHHKH.
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3a ocTaHHI ABAALATH POKIB JIFOICTBO CTHKAETHCS 3 IIE OJHIEI0 HEOE3MEUHO 3arpo-
3010 — KJIIMaTW4Hi 3MiHH, CTaJIe IIBUINCHHS TEMIICPAaTypH TUIAHETH, SKI BUKIUKaHI
TEXHOTEHHUMH (haKTopaMH Pi3HOOIYHOI MisSTBHOCTI JIOMAHH. MOpChbKa CHITbHOTA 3a
ninepctBoM IMO He 3anMIIaeThCsl B CTOPOHI Bil BUPILICHHS [IUX BUKIUKIB: OylI0 Mpu-
HHATO BignoBinHe pimenHs komitery IMO no 3axucty Moperkoro cepenosuia (MEPS —
The Marine Environment Protection Committee), sike opopmiieHe y BUIIISIII PE3OITIOLIi
MEPS.203 (63). 3rigno 1iei pesomronii konseHnis MARPOL 73/78 15.07.2011 oyna
JoTIoBHEHa po3aitoM 1V, mo ckiamy sikoro Oyino momaHo mpaBwio 19 — 3acTocyBaHHS;
npaBuino 20 — nocsraytuii koedimieHt eneproedexruBaocTi EEDI (Energy Efficiency
Design Index); npaBuito 21— HeoOxiaHuii (MOTPiOHMIA, JOIYCTUMHIA) KOoe]iLlieHT eHepro-
edpexruBHocti EEDI; npaBuo 22 — man ynpasniHasa eneproedexruBHocTi (Ship Energy
Management plan, SEEMP); mpaBuno 23 — crnpusiHHS TEXHIYHOMY CITIBPOOITHUITBY
1 mepenaui Texuosoriit (Promotion of technical cooperation and technology transfer) [3].

OCHOBHI ITOJIOKEHHSI ITIOZT0 CTPYKTYPH, POPMYITH Ta IPAKTHYHIX ACTICKTIB 3aCTOCYBAHHS
EEDI HaBenieHo y HOpMaTuBHHX JTIOKyMeHTaX [4-11], 0 y CyKYITHOCTi CTBOPIOIOTh HOpMa-
THBHY 0a3y JJ1s BIIPOBA/DKEHHSI Ta OAAJIBIINX JOCIIDKEHb MUTaHb €HEProe()eKTUBHOCTI
CyaeH. 3 ypaxyBaHHSIM TEXHOJIOTTYHUX Ta TEXHIYHUX 0COOIMBOCTEH Pi3HUX 3a criewiaiza-
IO CyNIeH CIIifl BIA3HAUYUTH HU3KY POOIT, Y AKUX PO3NIAANIUCH BapiaHTH TpaHChopMarlii
6azoBoi Gopmynu EEDI. Tak, y [12] obrpyHTOBaHO Moan(ikoBaHMA BapiaHT (HOpMYITH
EEDI 3 ypaxyBaHHsAM crienudiku CyIeH-KOHTeHHepoBo3iB, y [13] — Tex came s maca-
xupcbkux Po-Po. OcobmuBocti 3actocyBannass EEDI s HoBux cynen BuknaneHo y [14].

OxpeMi IUTaHHS BIUIMBY CyAHOIJIABCTBA B 3araji Ta KOHKPETHOTO Cy/IHA Ha HABKO-
yuinHe cepegosuiie y koutekcti EEDI npoananizoBano y [15-22]. Hanpuknan, y [16]
npoaHaiizoBaHo BIuMB mBuaKocTi cynHa EEDI, y [20] BpaxoBaHO BIIMB HaBiramiiHux
ymoB Ha piBerb EEDI, musxu 3menmenns EEDI oxapakrepuzoBano y [21].

Tem He MeHIII, MPaKTHYHO He PO3MIIHYTO Y CyYacHill HayKOBIH JIiTeparypi MATaHHS 3MEH-
mensst EEDI y pesynbrari MozepHizartii CyaeH, a 11e € OOyH 3 TOJIOBHUX KPUTEpiiB MOZepHi3aLlii.

Po3mipHa MogepHi3aliss Maca)kMPChbKUX CyAEH, SK MPaBHIO, PO3MIAAAETHCS
BUKJIIOYHO 200 3 TeXHIUHUX MO3MIIiN (Hampukiaa, podoru [23,24), abo aHai3yeThCs
K KOMepIiifHuH npoekT ([25]) 3 mpruBoay HOTO eKOHOMIYHOT €()EeKTUBHOCTI JIs 3aMOB-
HUKa MoJepHi3allii. TeMm He MEHII, caMme iHTerpajbHe BpaxXyBaHHS KOMITIEKCY TEXHO-
JIOTIYHHX, EKOHOMIYHUX Ta €KOJIOTIYHHUX YMOB BIJIIOBia€ Cy4acHOMY MiIXOAY A0 pea-
mizauii Oynb-sKUX NPOeKTiB. TakuM YHHOM, pO3MipHa MOZIEPHI3aLlisl MACAKUPCHKUX (K
Oynb-SIKMX 1HIINX) CyJeH Mae 3a0e3neuyBaTy HeoOXiIHI piBeHb EKOJIOTIYHOCTI, 10 Bpa-
XOByeThCs 32 torioMororo EEDI — To0TO CIiBBiTHOIICHHS «IITKO/IA TOBKIJUIIO — KOPUCHA
po0oTa cyHa» MOBHHHO HE TIEPEBHIIYBaTH MPUITYCTUMIH piBeHb. Bee BHIIeBHKIIaIeHE
00yMOBITIOE aKTyaJbHICTh JaHOTO JOCIiIKEHHS.

Meta gocaimkenHsa. MeToro JOCTiKEHHS € po3poOka Momeni omTuMizamii pos-
MipHO{ MOZIepHi3alil HacaXUPCHKHUX CYJCH 3 ypaxyBaHHSAM €HeproepeKTuBHOCTI, TOOTO
MOJIEIII, sIKa 3a0e3Ieuy€e IHTerpaaTbHIA PO3IIISLT CKOHOMIYHHX Ta €KOJIOTIYHHUX aCIIEKTIB.

JocsrHeHHsI MeTH 0a3y€eThCs Ha TOCTIJOBHOMY PO3IIIS/Il HACTYITHUX MUTAHb!

1) mocmimkenns EEDI mns macakumpChKUX CyIEeH IPOBIIHUX CBITOBHX KOMIIAHIN
B cthepi kpyi3HOTO Oi3HECY;

2) po3poOka MaTeMaTHYHOT MOJEJNi Al BU3HAYECHHS ONTUMAJIBHOTO NMPOBEICHHS
po3MipHOi MoAepHi3auii (KoHBepcii) macaXMPCHKUX JIaHEPiB;

3) eKCIepUMEHTAIbHI JIOCIIIKSHHS MOJICII.
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BuznaveHHs Ta A0oc/iTKeHHs eHeproegeKTHBHOCTI MACAKUPCHLKHUX CyIEH.

Koedimient eneproedexrturocti EEDI moknmukannii CTUMYITIOBATH BUKOPHUCTAHHS
JIBUTYHIB, YCTAHOBOK 1 00JIaHAHHS, IIT0 B MEHIITIH Mipi 3a0pyIHIOIOTE TOBKILIA (TOOTO
ounpmr eneproedexTuBHuX). 3 01 cigas 2013 p., micis MOYaTKOBOTO €TaIry, o po3ITo-
gaBcs 3 01 mumast 2011 poky, Mo MPOEKTYETHCS MMOBUHHO MaTH €HEProe(EeKTHBHICTS,
BHu3HaueHy koediriearoM EEDI, o moBrHHA HE TIEpEBUIITYBATH IOy CTUMHM (TPaHIY-
HHMW, €TAJOHHUH) piBeHL eHeproedeKTUBHOCTI. L{eif piBeHs TOBMHEH ITiABHIIYBAaTHUCH
KOXHI TI’ATh POKiB, III0 CTABUTh 3a METY 3alpOBAKyBaTH HOBOBBEIEHHS, BUHAXO/H,
OCTaHHI JTOCIiPKEHHS HaYKOBO-TEXHITHOTO IMPOTPECY B TATy31 MOPCHKOI IHXKEHEPIi, SKi
3MIHCHIOIOTH BIUIMB Ha €PEKTUBHICTh BUKOPHUCTAHHS TaJIMBA, TOYMHAIOUH 31 CTadii TIPo-
€KTYBaHHS CyJHA.

Sk Bimomo, EEDI siBnsie co0ot0 BU3HaUCHE 3HAYCHHS JJIsI KOHKPETHOTO IMPOEKTY Cy/IHA,
SIKE PO3PAXOBYETHCS B rpamax fiokcuy Bymieio (CO,) y BiHOIIEHH] MICTKICTI Cy/HA Ha
MOPCBHKY MIITIO — HaliMeHIre 3Ha4eHHs] EEDI xapakrepnsye cynHo sk OuhIn eHeproedek-
tuBHeE. PiBenb ckopodenns Bukuis CO, (r/Tona-Muib) uis nepioro etary (hasu) ycra-
HOBJIeHO Ha piBHA10% 1 Oyze mocuieHo KOXKHI ITSITh POKIB, 00 BiIIOBIIATH Cy4acHOMY
PIBHIO PO3BHUTKY TEXHIKH IIOIO TTiIBUIIICHHS €HEProeeKTUBHOCTI i CKOPOICHHS BUKHJIIB.

3MmenmeHHs 3HadeHb koedimientis EEDI 6ynmu BcranoBieHi Ha iepion 10 2025 poky
1 1aJmi, KOJTU JJ1s1 BU3HAYCHHX THITIB Cy/IeH CKOpOUYeHHs rependoaseno Ha 30%, sike po3pa-
XOBYETHCSI HA OCHOBI KOHTPOJIbHOI (€TAIOHHOT) JIiHIi, IO ABJIsIE COO0I0 CepemHio edek-
THUBHICTH JUIA CyleH, ki moOymoBaHi B nepiox 2000 mo 2010 poxu. Koedimiear EEDI
Oymo po3po0iIeHO I HAHOUTBIMUX 1 HalleHEPTOEMHICHUX CETMEHTIB CBITOBOI TOPTO-
BEITLHOTO (MJIOTY 1 OXOILTIOE HACTYITHI THIIH CYJCH: TaHKEPi, OaIKepi, ra30BO3H, YHIBEP-
caJbHI CymHa, KOHTEHHEpoBO3HU, pedprkepaTropHi 1 koMOiHOBaHI cymHa. B 2014 pormi
MEPC npwifasiB orpaBku 10 mpaswi mis Bu3zHadeHHs EEDI, mo6 posmmputu cdepy
nii 1mporo KoedirmieHTy Ha: Ta3oBo3H, Po-Po, macaxupchki cynra. Lli monmpaBku o3Ha-
YasM, U0 THIU CYJIEH, SKi BiAmoBinaroTh 3a 85% Bukuais CO, CBITOBOTO CyIHOILIAB-
CTBa, BKIIFOUEHI B MXKHAPOIHHUNA PEKUM PETyIIOBaHHS.

3 2012 p. KomiteToM mo 3axucty mMopchkoro cymaormiaBctsa (MEPC) mpwuitasaTo
TIONIPABKY B HACTYIIHI KePiBHI JOKYMEHTH, 30CEPEHKCHUX HA PealTi3allito 000B’ I3KOBUX
MpaBujI 3 3a0e3ledueHHsT eHeproe(eKTHBHOCTI CylaeH B momatky VI mo KoHBeHIil
MARPOL 73/78 [2-10]:

— 2014, KepiBHUIITBO MO0 OOCTSKEHHS Ta cepTHdIKAIii 1HACKCY MPOEKTYBAHHSI
eneproedexkruBHocti EEDI 31 3minamu;

— 2014, KepiBHHITBO IIOAO METOMY PO3PAXyHKY MOCITHYTOTO (IOMYCTHMOTO)
IHIEKCY eHeproe(eKTHBHOCTI 711 HOBUX CYICH 31 3MiHAMHU;

— 2013, KepiBHUIITBO IIOAO PO3paxyHKy HOMyCTHMHX (peQEpeHTHHX) JIHIA I
BHU3HAUCHHS KoeQimieHTiB eHeproedexruBHOCTI EEDI;

— 2013, KepiBHHUIITBO IIOAO PO3PaxyHKy HOMYyCTHMHX (peQEpEeHTHHX) JIHIH IS
BHKOPHCTAHHS 3 1H/IEKCOM MPOEKTYBAHHS €HEPTOe(PEKTHBHOCTI JIJIsI KPYITHUX ITaCaXUp-
CBKUX CYICH 3 TPAIUIIITHOIO CHIIOBOIO YCTaHOBKOIO;

— 2013, TumyacoBi peKOMeHmaIii BU3HAYCHHS MiHIMAJIBHOI TOTYKHOCTI pPyXy
B HECIIPUATIMBHX YMOBAX;

— 2016, KepiBHUIITBO 3 PO3pOOKH IIIaHY YHPAaBIiHHA €HEProe(EeKTUBHICTIO CyITHA
(ship energy efficient management plan, SEEMP);
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— 2013, KepiBHUIITBO 3 BUKOPUCTAHHS IHHOBAI[IHHMX TEXHOJIOTIH MO0 3abe3re-
YeHHS eHeproeeKTUBHOCTI gocsTHyToro (mpoektHoro) EEDI cynen.

EneproedekTHBHICTE MOPCHKHX CY/ICH 3aBXK/IU I'paJia KIFOUOBY POJIb B IIPOLIEC] MTPO-
€KTYBaHHs, TOOYIOBY, eKcILTyaTallii i MojiepHizamii. SIKy TpaauiiiiHo BU3HAYAIHN KOe-
¢irieHTOM KOpUCHOT J1ii a00 BUTPATOO MaiKBa, X04a e(EeKTUBHICTh BUTPATH IMAJIKNBA
1 BU3HAUa€eThes K.K.J. i BeTMUUHM BiIirparoTh (yHIaMEHTAIbHY POJb Y BU3HAUCHHI
EHEPreTUYHOI 1 eKOHOMIUHOT €(DeKTUBHOCTI, aje HEe J03BOJIAIOTh BU3HAYUTH BILIHB
MAapPHUKOBUX Ta3iB, 1 HACAMIepPea JIOKCUIY BYTJICIIIO COZ.

TakuM 4YMHOM, TIepea CBITOBUM CIIIBTOBAPUCTBOM IIOCTA€ CYTTEBA JHUJIEMA:
nepiia — HeoOXiIHICTh 3a0e3MeYnTH 3pOCTaHHs TIO0ANBEHOI €KOHOMIKH, IO HEpOo3-
PUBHO TIOB’SI3aHO 31 3POCTaHHS BOJOTOHHAXKHOCTI CBITOBOTO (JIOTY 1, SIK HACHIJIOK
30UIBIIEHHSM MOTYKHOCTI CYJHOBHUX CHEPreTHMYHHUX YCTAHOBOK, JpYyra — 3MEHIIUTH
BILIMB NTAPHUKOBHUX rasis, Hacamnepen CO,, npu 3a0e31e9eH i 3pOCTaHHs €KOHOMIKH.
[HmMMYU cToBaMu, TIOTPIOHO BCTAHOBHUTH BIAMOBIMHUIA KPUTEPii, IO BUMIPIOETHCS
B YMOBHHX KOOPJHMHATAaX «IIKOJA-KOPHCTHY. Takuil kputepiii Oylio 3ampornoHOBaHO
IMO — e koedirient eneproedexruHocti cynen EEDI 1 HanaHi pekoMeHaIlil 111010
Horo kinbkicHOTO Bu3HaueHHs. OCHOBHUH ceHC (QOpMyIH, IO 3alpOIOHOBaHA JUIS
OIIIHKM HETaTMBHOTO BIUIMBY — IIIKOJa BU3HAYAETHCS MacOIO CO,, kopucth — Macorw
BaHTa)Xy MIOMHOKEHOIO Ha BiJICTaHb HOTO JOCTaBKH [11]:

EEDI =

maca CO,

Maca BaHTaXy'BiJCTaHb 1
[Ipasumo 20 pozminy Honarka IV Konsennii MARPOL 73/78 y BiamoBigHOCTI 1O
pesomonii 203 (62) KomiTteTy 3 Oe3riekn Ha MOpi BCTaHOBIIIOE HOPMH TTPH: BU3HAYECHHI
po3paxynkoBoro koedimieaty EEDI; aims BCiX HOBHX CyleH, KOHTPAKT Ha OyJIiBHUIITBO
axoro ykianeHo Ha 01 numHs abo Ha CyTTeBY HOTO MOIEpHi3aLlilo.
3navyenHs koeodinieara EEDI moBuHHO OyTH BH3HA4YE€HO U KOXKHOTO Cy[IHA, IO
BiOOPaKAETHCA Y BIAMTOBIAHUX CYNPOBOIKYBAIEHUX JOKYMEHTAX.
Pospaxynkosuii xoedinienr EEDI Bu3HagaeThes y BilMOBIAHOCTI 10 KEPiBHUIITBA
CXBaJICHOTO PE3OIIOLIEI0 KOMITETY IO 3aXUCTy MOpchKoro cepenosuma MEPS. 245
(66), 3rigHo 3 siKUM po3paxyHKoBa ¢hopmymna EEDI mae Bursin [11]:

M nME
[Hfj ](z Pug,  Crur, - SFCy, j"' (P - Crup -SFC )
EEDI =~ = N

S f.-Capacity -V, - f, ,(2)

nRTI neff’

M neff
(Hf/ ’ ZPRn, _quﬂ, 'PAEeﬁ;jCFAE -SFC _LZ][% R,/f Crur -SFCMEJ
j=1 i=1 i=1 i-1

f,- f.-Capacity -V, - f,

ne SFC,,; ,SFC,.— nutoMa e(eKTHBHA ToNoBHUX (iHAeKC ME), TOTIOMIXKHUX TBUTYHIB
(inmexc AE), r/(xBt/ron);

Capacity — daxTop, IO BH3HAYAETHCS HACTYIHUM YHHOM: IJISI CyXOBAHTAXIB,
HAJIMBHUX CYyZCH, Ta30BO3iB, BAHTAXHUX CyJeH TUly Ro-Ro, yHiBepcanbHuX CyneH ais
NepeBe3eHHs TeHePATbHUX BAHTAXKIB MPUAMAETHCS PIBHOIO JISABEHUTY, T; VIS TIACaXKHP-
CBKHX CYy/IEH, B TOMY YHCJIi BAHTXXOIACAKUPCHKi TOPOMH TIPUHAMAIOTHCS PIBHOIO BaJIO-
Bilf MICTKOCTI Cy/IHA, T; I KOHTeHHEpHUX cyneH — 70% Bij neaBenTy;
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Crug, » Crpp » Crp— K0 (iLieHTb KOpemsiii (Ge3po3MipHi) MK BHTPATOI MalnBa
1 KiIBKICTIO OKcHty Bynuitio C,, 110 YTBOPIOKTELCS MPH 3TOPSHHI BiAMOBITHOTO BULY
ManyBa B JU3eli, SKHH BU3HAYAE€THCS BMICTOM BYIJICLIIO;

V,,— WBUIKICTH CYJHA, IO 3a0€3Me4y€ThCS MAKCUMAIILHO JIOITYCTHMOIO HPOIYJIb-
CHBHOIO MOTY>KHICTIO ABUT'YHIB, By3JIH;

Pz — TOTYXHICTb NPUAMAETHCS PIBHOIO 75% BiI HOMIHAJIBHOI BCTaHOBIEHOI
MOTYKHOCT1 KO’)KHOT'O TOJIOBHOTO JBUT'YHA (i-T0) MIiCJIsi BUPaXOBYBaHHS IIOTYXHOCTI, 11O
HiJBOJUTKLCA JI0 BaIOT€HEPaTopis ( P,,,, ), KBT;

Py — TOTYXHICTb BU3HAYAETBCS JIMIIE Y Pa3i HAABHOCTI IPHUCTPOIB MPOBEIECHHS
JOAATKOBO1 TIOTYKHOCTI JI0 BAJIOIPOBOAIB (OKPIM TOJIOBHUX JBUTYHIB), IO BXOMIATH JI0
CKJIa/Ty TIPOITYJILCHBOTO KOMILIEKCY, KBT;

Peti;- — MOTYXKHICTh MPUIMA€EThCS PiBHOIO 75% BiA MOTYKHOCTI BpPOOJIEHOT 3 BHKO-

pHUCTaHHIM iIHHOBAI[IfHUX TeXHOJIOTiH (0€3 BUKOPHUCTAHHS MAJIMB) Ta BPAXOBYETHCS JI0
3arajxbHOI MPOMYIBLCUBHOI MOTY>KHOCTI, KBT;

P gy — TOTYXHICTB, 1O CKIafa€ 75% BiI MOTYXKHOCTI JIONOMDKHHMX JBHUIYHIB
B pe3yJIbTaTi BUKOPUCTAHHS IHHOBAI[IHUX TEXHOJIOTIN JIJIsl SMEHIIICHHS BUTPAT NalluBa
ZU3eNnb-reHeparopis, KBT;

f; — cymapHa MOTY>KHICTh JOTIOMIXXHUX JBUTYHIB, HEOOXiTHA I 3a0€3MMECUCHHS
BCIX CIIOKMBaUiB EIEKTPUIHOIO €HEPTI€I0 Ha XOAOBOMY pexnMi, KBT;

J; — nonpasounuii koedimieHT, 110 BpaxoBye crenudiuHi KOHCTPYKTUBHI €lIeMEHTH
Cy/Ha;

J, — KOe]ilieHT, 0 BPaXxoBye HEOOXIAHICTh (TEXHIYHMX 1 IPABOBUX) OOMEMKEHD
JEIBEUTY 1 pO3paxoBY€EThCs 32 PIBHSAHHAMH AJIS CyACH JIbOAOBOTO KIIACY;

f6 g Koe(illiEHT, IO BPaXOBY€ BIPOBAHKEHHS 1 3aCTOCYBAaHHS Ha Cy/IHI BiIIOBi-
HUX eHeproe()eKTUBHUX TEXHOJIOTIH;

f.— xoedilLi€eHT, 0 BPaxoBy€ BaJIOBHIl 00CAT BAHTAXXHHUX PHMIIICHB;

— XBHJIbOBHUH KOe(iLliEHT, 110 BPaXxOBY€ 3MEHIICHHS IIBUIKOCTI pyXy CyIHa Mpu

TOriPIIEHHI METEOPOIOT YHUX YMOB.

dopmyna (2) HOCUTH yHIBEpCaTbHHUN XapakTep AJsl BCiX THMIB cyneH. CydacHi Kpy-
i3H1 JaiiHepH, AKi 3aCTOCOBYIOTH NPOMYJIbCUBHI YCTAHOBKH 3 €ICKTPUYHHUMHU TPHBO-
JaMy, oONaJHaHWMHU CHHXPOHHHMHU ABHTYHAMH, MarOTh 00’ €IHaHY E€HEProCHCTEMY,
reHepaTopy (au3enbHi a00 TypOiHHI) SIKOT 3M1HCHIOIOTh KUBIICHHS TATOBUX JBUTYHIB,
JIOTIOMIDKHUX 3araJIbHOCYTHOBHX MEXaHI3MIB 1 CIEI[iaIbHUX CHUCTEM, OPIEHTOBAHMX
Ha 3a0e3rneyeHHs] nacaxupiB. TakuM unHOM Qopmyna (2) mMoxe OyTH HepeTBopeHa
i mojlaHa y HaCTyIMHOMY BUTJISII:

(T2 (2 Poas Croai SFCog |

EEDI = -
-fl-f;-fll GT waref

(( il Jen Poceps ) Crogi SFCDG:’)

»f;-f;-f; GwaI/re_'f

(X fin P Croai SFCog | o)
f;’ f;‘ -f; Gwa me

ac nDG — YHMCJIO JU3CJIb-TCHEPATOPI1B,
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pG

> P (hakTHYHA CyMapHa eKCIUTyaTalliiiHa MOTYKHICTh TU3eIb-TeHepaTopiB, KBT;

i=1
npG

> Py =0,75MCRy
i-1

Crpg,»Crog — KoedirieHTn Kopemnsii (0e3po3MipHi) MK BUTPATOIO TallWBa 1 Killb-
KicTIO OKeuy Byauinio C , 110 yTBOPIOIOTBCS TP 3TOPSHHI BIANOBIAHOTO BUY NaJIHBa
B JIN3€Ji, IKUH BH3HAYAETHCS BMICTOM BYIJICIIIO;

SFC)p; —nuToma e(peKTUBHA [T U3eTb-TeHepaTopiB, r/(kB/rox);

. PDG% - HOTY)KHiCTIT, sIKa TEHEPYETHCS 3 3aCTOCYBAaHHSAM €HEprii BiANpamboBaHIX
rasiB JIU3eNb-TeHePaTopiB;

Pejf — TOTYXHICTb, SIKa BUPOOJNSEThCS IHHOBALlIWHUMH €HEproe()eKTHBHUMU TIPH-
CTPOSIMH, 1 BUKOPUCTOBYETHCS JIJIsl SMEHILICHHS TIOTY>KHOCTI JIM3€JIb-TeHEPATOPiB, KBT.

Y BignosigHOCTI 710 TipaBmia 21 Oyiio BBeEHO MOHATTS SIK TpaHu4dHe (000B’sI3KOBE,
oOMexxyBaibHe) 3HaueHHs koedimienty (required EEDI), sike po3noBCIOMKYIOTECS Ha
BCi HOBI CyJlHa Ta CYJIHA, IO MMPOBEIH TIHOOKY MOJEPHi3aIlifo, TOMY IIe AaJl0 MOXIIU-
BiCTh MOPCHKHM a/IMiHICTPAIIisIM PO3TVISAATH iX K HOBI CymHA. 3TiHO 3 [IUM IPABUIOM
YMOBA sIKa TIOBUHHA BUKOHYBAaTUCh ITPH MPOEKTYBAHHI 1 MOJICPHI3aIlii CY/CH:

EEDI <[EEDI|, @)

e EFED] — PO3paxyHKoBe (nocsrHyTe, attained) 3HaueHHs KoedillieHTa eHeproedek-
TUBHOCTI; [ EEDI]| — nomnycrume (required), rpaHuvHe 3HAYEHHS Koe(ilieHTa eHeproe-
(EeKTUBHOCTI.

ITix erigoro MixkHapOIHOT MOPCHKO1 OpraHizairii 6ys10 MpOBEICHO KOMIUIEKCHI TOCITi-
JUKEeHHS, Ha 0a31 OTpIMAaHNX Pe3yJbTaTiB IKUX 3allPONOHOBAHO BU3HAYATH KOe]imieHT
EEDI y Bursai rpadiunoi ¢pyHKHii 3a1eKHOCTI HOTo Koe]imieHTy Bix neaseity abo
rpocc ToHaxy (gross tonnage GT), sAKki pekOMEHI0OBaHO 300pa)kaTv y BUTJISL €TaJIOH-
HUX JiHi# (reference lines) U pi3HUX THITIB CyACH (CYXOBaHTaXiB, OaJIKepiB, TAHKe-
piB, Ta30BO3iIB . KOHTEHHEPOBO3IB Ta iHIE). Pesomomis 231 (65) Komitery 1o 3axucty
HaBKOMMITHBOTO cepenouina (MEPC) 3arBepamna «KepiBHHIITBO 3 PO3paxyHKy €Ta-
JIOHHUX JIUTIH 711 BUKOPUCTAHHA NP BU3HAYECHHI KOe(ilieHTy eHeproeeKTUBHOCTI.
Etanonna minist (reference line) — 1e JiHis, Mo SBIIsIE COOOI0 YCEPEAHEHY KPUBY, SKa
BM3HAYEHA 32 1HAWBITyaJTbHUMH 3HAYCHHSAMHN KOHKPETHOI TPYITH CyAeH. 3a JOMOMOTOI0
anpokcumanii cimeiictBa EEDI kpuBHX 3 BUKOpHUCTaHHAM cTeneHeBoi (yHKii Oyio
OTPUMAHO PiBHSIHHA BUAY:

[EEDI|=a-b, %)
Ie a, ¢ — koediuientu [2];
b — aprymeHT QyHKUii, iK1 Mae 3HaYeHHs AeaBeita DW nist CyXxoBaHTaXHUX, pepu-
JKEpaTOPHUX CyAEH, KOHTeHHEepOBO3iB, TaHKEPiB, OalkepiB, cyneH Tuimy Ro-Ro i rpocc
ToHaXy GT 11t macaKUpChbKUX cyaeH. [ octaHHiX piBHSAHHS (5) MOXKHA MTEpenrcaTH
y BUIIISAI CTETeHeBOl (DyHKIIIT:
f(GT)=[EEDI]|=a-GT (6)

ne a=170,84, ¢c=0,214 — xoedimieHTH, SKi OTpUMaHi B pe3ybTaTi KOpesiiiHO-perpe-
cifiHorO anamizy [2].

PiBnsnHs (6) no3Bonse moOyaysarn 00MexyBanbHi kpusi Ha Bukuau CO,. [Ipasuno 21
Honarky VI Koneermii MARPOL 73/78 Bumarae Bif CyIHOBIACHHKIB 3MEHIIYBaTH

64



PO3BUTOK TPAHCIIOPTY
Ne 4(15), 2022

BenmunHy [EEDI] i nonoxeHHs 0OMexyBaabHOI KpuBoOi [EEDI|=(DWT,GT) KoxHi
IT’SITh POKIB Ha BEIMYMHY X, III0 BUMIPIOETHCS Y BITHOCHUX OJMHHUIISX.

st cymen, nepepaxoBanux y Ilpasmmax 2.25-2.31, 2.33-2.35 i 2.39 nepenbdadeHo
301IBLICHHST BUMOT 10710 00OMeXyBasibHOI KpuBOi [ EEDI |: 10-eTarHoro, KoXHi I’ sTh
pokiB 3meHmeHHs [EEDI| Ha BenuunHy KoedilieHTa X, 10 OTpHMAaB Ha3By Koedilli-

X, )[EEDI]. :
100 -

s koxHOTO eramy (¢a3n) nomycTuMe 3Ha4eHHs KoedimieHTy [ |:

eHrta 3MmeHIeHHs (reduction factor) [EEDI], = [1 _

X hasel
(£EDI)., =1~ "t | D]

phase0

phase2

[EEDI] = (1 - /Ylpgaezj[EED[]phasel (7)

bl

X ase
[EEDI]phase3 = (1 - lp(h)o : J [EEDI]phasd

X ase
[EED[]phase4 = (] - {Soé‘j[EEDl]phasﬁ

IIpaBuio 21 BCTaHOBITIOE BUMOTH IIIO/I0 TPAHMYHUX 3HAYCHB €TalliB TA TEMITiB 3MCH-
meHHs 3HaueHHs [EEDI|. Eranu ((a3n), siKi periaMeHTy0ThCs UM TIPAaBHIIOM, MalOTh
HACTYITHY TPHUBAJIICTh:

— mnovarkoBuit (phase 0) 3 01.12.2013 mo 31.12.2014;

— mepmwuii (phase 1) 301.01.2015 no0 31.12.2019;

— npyruii (phase 2) 3 01.01.2020 mo 31.12.2024;

— Tperiii (phase 3) 3 01.12.2025 i mami.

PiBustang (7) nae MOXIIHBICTH MOOYIyBaTH CIMEHCTBO MPaHUYHUX KPUBHUX KPHUBUX
JUTSL KOYKHOTO 31 3TaJlaHiX €TalliB.

B po6ori [3] 6ymo 3milicHeHo aHami3 (aKTOPiB, IO BIUTMBAIOTH HA KOHKYPEHTO3AT-
HICTh KPYi3HHMX KOMITaHi{, B SIKOMY, Ha jKajb, HE TIPUIICHO YBaru €KOJOTI4HIA TpH-
BaOIMBOCTI 1, 30KpeMa HE BpaxoBaHO (hakTOpy €(PEeKTHBHOCTI BUKOPUCTAHHA ITalMBa
1 3MEHIIICHHS KUTHPKOCTI TAPHUKOBHUX BUKUIIB. 110 Micito BUKOHYE KOoe]iIlieHT eHeproe-
(heKTHBHOCTI, IO B PO3IIAAETHCA 1T pOOOTi. Y 3B’S3Ky 3 UMM BHHHKIIA HEOOX1THICTh
MIPOBECTH IPYHTOBHY OIIIHKY BiJIITOBITHOCTI 3Ha4YeHB KoedimienTiB EEDI cyneH npoBi-
HUX KOMITaHiH, po3paxoBaHuX 3a Gopmyioro (3), CydacHIM BUMOTaM, 10 HOPMYIOTHCS
mpasmiio 21 Homarky VI Konsennii MARPOL 73/78.

3 MeTor0 BU3HAYEHHS BiJIOBITHOCTI €HEpProepeKTUBHOCTI KPYi3HHUX JTaHEPiB HAN-
OUTBIIMX CBITOBMX KOMMaHiil HOBiTHIM BuMoram mpasuia 21 Jlomatky VI Konsenmii
MARPOL 73/78 Gyno npoBeneHO BiAMOBITHUI aHami3, IO TPYHTYBaBCS Ha 3aCTOCY-
BaHHI piBHAHG (4) 1 (7). Ha puc. 1 i 2 npezacraBneni pe3yabTaTH TaKHUX PO3pPaxyHKIB
JUTS aitHepiB 16 HaWBIMOMIMMX KPYi3HUX KOMIIAHIH, /e TTOKa3aHo, 10 BCi CyaHA Bill-
MOBIIAal0Th HOpMaM €HeproeeKTUBHOCTI ISl BCTAHOBICHOTO IEPIONy BBEACHHS IO
eKcInTyaTartii. 3okpema, HaOinbImwii koedimient EEDI matoth cymaa: Queen Elizabeth
(1965 p.) xommnanii Gunard Line, Amsterdam (2000 p.) xommanii HOLLAND LINE,
Oceania Regatta (1998 p.), Oceania Insignia (1998 p.), Oceania Nautica (1998 p.),
Oceania Sirena (1998 p.), Oceania Riviera (1998 p.) kommnanii Oceania. B Toit xe gac
CJIT AKPECIUTH, 10 CyAHA OCTAHHIX POKIB CIIOPYIKEHHS MaroTh Koedirient EEDI,
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10 3HAYHO MEHINIE HIK JOMyCTHUMI, PErIIaMEHTOBaHI 0OMEXYBAJILHOO JIIHIEI 1 MiCs
2025 poKy CIIOpYIKCHHS.

HeoOxigHO 3a3HaunTH, 10 HU3KA CY/IEH, HE3BAXKAIOUN HA Te, 1[0 BOHU CIIOPYIKEH1
Ol ABagIATH POKiB TOMY, MarOTh KoedimieHT eHeproedexruBHOCTI EEDI, cyTTEBO
MEHIINH Hi’K BAMOTH npaBuia 21 1i1st TpeTroi das3u (Ipu ToMy, 110 BOHA Ha0Upae YnH-
HocTi micist 2025 p.). Moga iine npo naiiHepu (puc.1 i puc.2): Carnival Miracle (2004)
xommanii Carnival, Queen Mary 2 (2003) xommanii Gunard Line, Hamburg (1997),
Deutschland (1988), Amadea (1991), Amera (2002) xommnanii PHOENIX, Seven Seas
Voyager (2003) xommanii Regent Seven Seas, Brilliance of the Seas (2002) xommna#nii
Royal Coribbean, Mein Schiff 1 (1996) xomnanii TUI.

MonepHizanis CyaeH TpaAuLiifHO BBaKanachk qye e(eKTUBHUM iHCTPYMEHTOM ITiJI-
BUIIIEHHSI KOHKYPEHTO3/IaTHOCTI CYITHOIUTABHUX KOMIIaHiH, OCOONMBO THX, AKi 3aiiMa-
I0ThCSL Kpyi3HUM Oi3zHecoM. B po6oTi [3] mpoBeneHo MOCiKEHHS MO0 BU3HAUCHHS
ONTHUMAIBHUX PO3MIpiB IMOXOBKCHHS CYICH MPH MPOBEACHHS PO3MIPHOI MOIEpHizarii.
Came Takwii BU iepeoOiaHaHHs (KOHBEPCii) cyAeH 3i 301IbIIIEHHSIM PO3MIpiB Bilirpae
0CO0IMBY poOJb B MPOBEICHI MOJAEpHi3alii, OCKUIBKM NPU LBOMY CTBOPIOETHCS HOBE
CYIHO, SIK€ BiAPI3HAETHCS BiJl NPOTOTHITY MOPEX1THUMHU SKOCTSMH, TEXHIKO-CKOHOMiY-
HUMH, TEXHIKO-SKCIUTyaTalliIiHUMHU 1 0€3MIEKOBUMU XapaKTEPUCTUKAMHU.

Monenb BU3HAYCHHS ONTUMAJIBHOTO PO3MIPY JAOAATKOBOI CEKINii MIsl MOIEpHi3allii
HacaXUPCHKOTO CyIHA

Otxe, MOIEpHI3aLis TACKUPCHKUX CyACH 3a0e31euye OiIbII BUCOKHH piBeHb KoMQOop-
TabebHOCTI, 1, 5IKa HACNIIOK, OUThII BHCOKMI NMpHOyTOK. Po3mipHa MonepHizawis maca-
JKHUPCHKOTO CY/IHA Mependadae He TUTBKH MiIBUIICHHS KOM(OPTAOEIBHOCTI CY/IHA, a, IePIIl
3a BCe, MiZBUIICHHS po3Mipy cyaHa GT, Ta BIAMOBIIHOT MACaKUPOMICTKOCTI Ta 3pOCTaHHS
PUOYTKY 3a paXxyHOK HE TUIBKU IABHITICHHS CTAaTyCy CyOHA. 3BUYaiHO, 10 OCHOBHOIO
METOI0 PO3MIPHOI MOZEpPHIi3allii TACaKUPCHKOTO Cy/THA € KOMEpIliiHa MeTa, TOOTO OTpH-
MaHHS ITiIBUIIEHOTO NPHOYTKY BiJl eKCIUTyaTalii cy/IHa He3alIeKHO Bill ()OpMH L€l eKCILTY-
aranii. ToOTo HaBUTH SKIIO CYyTHOBJIACHUK HAJIA€ ONEPATOPOBI 1€ CyIHO Y TaliM-4apTepHy
opeHIy, To BimoBiaHa craka F'~" (GT') 3anexuth Bin posmipy cymma EEDI.

Ane K y CydyaCHHX yMOBaX €KOJIOTIYHI aClIeKTH MarOTh HE MEHIIHIA MPIOPUTET, HIXkK
KOMepIiiiHi. 3 ypaxyBaHHSIM 3BOPOTHOTO 3B’S3Ky MK KOoe]ilieHTOM eHeproe(ekTHs-
HocTi EEDI ta GT, po3MipHa MoJepHi3allis rnepeadadyae i 3MEHIICHHS €KOJIOT1IHOTO
HaBaHTaKEHHS Ha 30BHIITHE CEPEIOBHUIIE 3a paXyHOK 30LIbIIEHHS 3HaMeHHHKaA Y (5),
aJie K 3a YMOBH, II0 BUKOPHCTOBYBATHMYTHCS Cy4acHI TEXHOJIOTT, sIKi 3a0e31e4yIoTh
BIUIMB HA KOEQILli€HT . , a TAKOX 33 BUTPATH MaJIMBA.

TakuM 4MHOM, €KOHOMIYHI pe3yJIbTaTH PO3MIPHOT MOJIEpHi3allil Tak caMe sIK i eKo-
JorivHi, € QyHKIISIMU Biji po3Mipy cyaHa GT, a IKIIO TOUHIIIe, BijI 301IbIIEHHS pO3Mipy
cynHa Ha BenmuuuHy AGT : Z(AGT) XapaKTepHu3ye 3aJIeKHICTh EKOHOMIUYHUX Pe3yibTa-
TiB po3MipHOI MoZepHi3allii Bix 30imbIIeHHsT po3Mipy cynHa Ha AGT , EEDI(AGT) —
piBHS eHeproe)eKTUBHOCTI BiJl ITi€l K BEITMIHHU.

30inbmieHHsT po3Mipy cyaHa AGT IOCSTaeThCcsl 3a PaxyHOK JOAATKOBOi CeKii
JOBXHHOIO x >0, siKa A7 KOYKHOTO KOHKPETHOTO Cy[AHA 3 ypaxyBaHHSM HOTo KOH-
CTPYKTHBHUX 0coOMMBOCTEN 00yMOBIToe Bemunay AGT (X) , TaKMM YMHOM, i €KOHO-
MiYHI TIOKQ3HUKH, i KOeIieHT eHeproeQeKTUBHOCTI € QYHKIISIMH BiJ X

Z(AGT) = Z(AGT (x)) = Z(x) ®)

EEDI(AGT) = EEDI(AGT (x)) = EEDI (x) )
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Puc. 1. Pesyrnomamu po3paxyHky koe@iyicnmis enepeoe@exmusHocmi i NOPIGHAHHS
ix 3 emanoHHUMU KpUSUMU 01 KpYisHux cyoen komnauiu AZAMARA i AIDA (a),
CARNIVAL (6), GUNARD LINE i CELEBRITY (), HOLLAND LINE (2),
MSC Cruises (0), NCL (e)

67



PO3BUTOK TPAHCIIOPTY

Ne 4(15), 2022
o
o L e
s II-|:':'I'I_
o
— & = sz e
B e Kooy '
. e S e g e 2
b ar —
a 6
L TR
s LT W
L . A
s ki
.“ Tl IO 1w
L —— . -
; ST d]
= - -
" o
B T
r el
[T 3 ‘
GT Wy [Li+] gt
A -
— - -
e : = -
a . il i ;
ot 4 ot igr=e @ - .
ol | o el = N =
e e e T it
SeafiBd S s iz
wt " yms
A (S
(17~ TS
6T
. .
Nwilne 9
=~ 2 - un
Ty i e N TR
Lo UL J— ' A
i W g "
L]
at
X

Puc. 2. Pesynomamu po3paxyHky koe@iyichmis enepeoe@exmusHocmi i NOPIGHAHHS IX
3 emanoHHUMU Kpusumu 0s kpyizuux cyoen komnanitt OCEANIA (a), PHOENIX (6),

PRIENCES cruises (8), P&O (2), REGENT SEVEN SEAS (0),
ROYAL CORIBBEAN (e), TUI ma SEABOURN ()
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3 ypaxyBaHHSM BHKIIQJICHOTO BHIIEC MPOMOHYETHCS TMPH ONTHUMI3amii po3MipHOi
MoOJIepHi3allii maca)kKupChKUX CYJICH BPaXOBYBAaTH SIK €KOHOMIUHI YWHHHUKH, TaK i Koedi-
LIEHT eHeproeeKTUBHOCTI, SIKUM, SIK 1 EKOHOMIYHI IOKa3HUKH, 3aJICKUTh BiJl pO3MIipy
nofatkoBoi cekiii cymHa AGT . Takuil iHTerpajdbHHH MiAXiJ JO3BOJUTH BpaxyBaTH
0araroacrneKkTHICTh €KOHOMIKO-CKOJIOTIYHMX BHMOT IIOAO MOJANBIIO SKCILTyaTarlil
CYJIEH TiCIIsA MOZICpHi3allii.

3 ypaxyBaHHSM I[JIbOBOTO BUKOPHCTAHHS JIOJATKOBOI CEKIIii, a came, CTBOPCHHSI
JIOJIATKOBHMX KAalOT, HEOOXIJHO BpaxyBaTH «KPATHICTHb» JOBKHHHU JOJATKOBOI CEKIIil
JIOBXHHI TJIaHOBaHKX KaroT 7 >0, T00TO:

X eZ". (10)
nC
Taka ymoBa 3a0e3neuyro KoMepIiiHy AOMIbHICTh KO)KHOTO CAHTUMETPY JOIaTKO-
Boi cekmii. Bapro BigzHauuTH, mo x=0 BUKIIOYEHO i3 pO3MISALY, IO BiJNOBIA€ YMOBI
BXe MPHUIHATOTO PillIeHHs PO 301IbIIEHHS PO3MIpY Cy/IHA.
3 iHMmoro OOKy 30iIbIIEHHS PO3MIpY Cy[THa Ma€ TIeBHI 0OMeKEHHS 3 TOYKH 30py KOH-
BeH1ii MARPOL 73/78 [ ], Tomy BBeZIeMO y pO3TIIsi] lS — IONYCTUMY TOBXXKHUHY JTOJIaTKO-

BOI CeKIIii, 110 BU3HAYAETHCA 3 ypaXyBaHHSIM BUMOT BKa3aHOI KOHBEHLi. TakuM YMHOM:

x<[. (11)

301i7bIIEeHHS CyAHA 32 PaXyHOK JIOJATKOBOI CEKIii 1moB’s3aHo 3 BuTparamu C(x) Ha

HPOEKTYBAHHSI, Ha IPOBEICHHS MOJIEPHI3allii g (), BCTAHOBJICHHS JJOJaTKOBOTO 00na-

HaHHs g,(x), 3a0e3reYeHHss yMOB MIIHOCTI Koprycy R . Yei 1i BUTpaTH, 3BUYAHO,
00MeXkeHI MOKIIMBOCTAMH (hiHaHCYBaHHS PO3MIpHOI MozEpHizanii R :

Clx)tg,(x)t+g () +g (x)<R (12)
B neskux Bumagkax JOIUIEHO PO3MISAIATH OKPEMi OOMEKCHHS M0 KOXHIM MO3UIIil
BHTpAT, OB’ 13aHUX O€3MOCEPEIHBO 3 PealTizallielo 3aX0/IiB 3 MOJICPHI3aIlii:

g,(0)=R, (13)
g,(0)=R, (14)
g, (=R, (15)

[IpoBenenns MoaepHizawii LUIAXOM 301IbILICHHS PO3MIPY Cy[JHA 3a paXyHOK J0Jar-
KOBOI CEKILii Mae CBOEI0 METOI0 OTPUMAaHHS CYJHOBJIACHHKOM JOJaTKOBOTO MPUOYTKY
MPOTATOM IIEBHOTO Iepiony dacy. SIK mpaBWIO LEH TEpPMiH BCTAHOBIIIOETHCA Y KOXK-
Hill cuTyalii OKpeMo 3 ypaxyBaHHSIM CIEHU(IKK CyqHa, HOro cTaHy Ta iHIMIHKX (aKTo-
piB. [Ipuiimaemo y nopanpemomy et tepmin sk 7. Lllopiuanii nogatkoBuil mpudyTOK
AP’ (x) IOB'sI3aHUHN 3 BUKOPUCTAHHAM JOaTKOBHX KalOT i B 3araJILHOMY BUIVIAII MOXKE
OyTH mpencTaBIeHnH SIK:

AP’ ()= (B + ) Ny~ (16)
ne P, — cepennili piunuii npuOyTOK Bijl OJHIET KarOTH MEBHOTO Kiacy (1o nepeada-
Ya€ThCS MOJIEPHI3AIIIEI0) TOB'A3aHAN 3 PO3MILIEHHAM MAcaXupiB, P, — cepenHii piu-
HUI PUOYTOK BiJl KIIBKOCTI ACAXKUPIB, epeadaYeHUXK KAIOTaMH, 10 PO3MISIA0THCS,
MOB'sI3aHUH 3 BUTpaTaMu Ha BIAMOYMHOK IPOTATOM PEHCY MacakupiB Ha CyaHi (pecto-
paH, po3Baru, Mara3uHu, TOIIO);

69



PO3BUTOK TPAHCIIOPTY
Ne 4(15), 2022

N, — KiIbKiCTh MaiTy0, Ha IKUX TUIAHY€EThCA PO3TALTYBAHHS KalOT y JIOJATKOBIM CEKILii;

X . . o
N, — — XapaKTCpU3lye€ KUIbKICThb KAalOT Y JOAATKOB1M CCKII1L.
n(‘

TakuM 9IHOM, TPOTITOM MPHUHHATOTO TEPMiHY pOo3TIAxy T A0AaTKOBUI TpHOYTOK
BiJT 30UTBITICHHS PO3MIpY CyIdHA CKJIAIaE:
AP(x)=T-AP'(x)=T-(P.+P,)-N, -—. (17)
nC
30inbIIeHHsT pO3Mipy Cy/IHA MPU3BOIUTH 10 JOAATKOBUX IIOPIYHUX EKCIUTyarallii-
mux Butpar AC, (X),, HalpUKIAJ, TEPII 32 BCE, 32 PAXyHOK 30iIbIIEHHS MOPTOBUX
300piB Ta IIIaT, SIKi BCTAHOBJIIOIOTHECS caMe 3a PO3MIpOoM CymHa (SK mpaBmiio, 3a NT Ta/
ab6o GT). TakuMm ymHOM, 3a TIEBHUI TIEPioj Yacy JOMATKOBI €KCIUIyaTaIliiHI BHTpATH
CKJIAJIAf0Th:

AC,,(AGT(x))=AC,,(x)=T-AC,,(x). (18)

OTxe, IPUKIHIEBUH EKOHOMIYHUIA pe3yJIbTaT MOIEPHi3alii MO 301IbLICHHIO PO3Mipy
MacaKUPCHKOTO cyaHa 0e3 BpaXyBaHHS AUCKOHTYBaHHS Moxe OyTH OAaHUH Y BUIJISL
Z(x)=AP(x)=AC,, (x) = C(x) — g,(x) — g, (x) — g5(x) . (19)

Tobto (19) hopmye OanmaHc ycix NMOTOKIB I'pOIIOBUX KOIITIB, SIKi ITOB’si3aHI came
3 MozepHizauiero. Came el BUpa3 NPOIMOHYETHCS BUKOPUCTOBYBATH B SIKOCTI KPUTEPIiIO
onTUMI3alii;

Z(x) = AP(x) = AC,, (x) = C(x) = &, (¥) — &, (¥) — g5 (x) = max . (20)

[TapameTp ynpaBiiHHS — 3MiHHA MOJEII — JOBXKHHA JOAATKOBOI CEKIIiT X.

Crin Bif3HAUWTH, MO MakcUMalbHe 3HaueHHS (20) He 00OB’SI3KOBO 3a0e3MeYnTh
HEOOX1THY €(PeKTUBHICTh CY/THOBIACHHKY.

Tomy crij BpaxyBaTH JIBI YMOBH: Tepllia — [Ie yMOBa OTPUMAaHHS CYIHOBJIACHUKOM
HIOPIYHOTO JIOJIATKOBOTO MPUOYTKY Ha TIEBHOMY PiBHI, JIpyra — 1€ JOIUIbHICTh IHBECTH-
HIHHUX pecypciB, CIPSIMOBAHUX HA JIaHY MOJEpHi3allifo. 3a3HaunMo, 110 BuTparu (12)
33 CBOEIO CYTHICTIO BIJTHOCSATHCS JO IHBECTUIIIHHUX BUTPAT, TOMY CKOHOMIYHA JIOLJIb-
HICTB 301IBIICHHS PO3MIpY CynHa Ma€ 0a3yBaTHCs Ha iX BpaxyBaHHI y BKa3aHOMY CEHCI.

OTxe, MOPIYHUIA MPUOYTOK BiJi BUKOPHCTAHHS JOJATKOBHX KAalOT Mae 3a0e3redy-
BATHU 33/IaHUH piBEHb AP™

AP’ (x)—AC), (x) 2 AP™ (1)
EdextuBHicTh iHBeCcTHILIH MOXKe OyTH BpaxoBaHO 3a JOIOMOTIOI0, HAPHUKIA,
Moka3HuKa peHTadenbHoCTi iHBecTunid ROI:

APDZEC  pope, (22)
Cx)+g(x)+ g, () +g5(x)

Je ROI™™ — MiHIMaJIbHO MPUITYCTUMHMIA PiBEHb pEHTA0EIBHOCTI (33a€THCS 3aMOBHUKOM
MonepHizaiii). Tak sk x>0, To 3HaMeHHUK Y (20) Tex 6imbm 0.

Otxe, (10)-(12), (20)-(22), dopMyrOTh OCHOBHY CTPYKTYpPY MOMAEII JJIsT OITUMI3aItii
pO3MipHOi oNTHMI3allii MACaXUPCHKOTO CyIHA. 3 ypaxXyBaHHSIM IPOIIOHOBAHOTO ITiJI-
XOAY — IHTETPATBHOTO PO3ITIAY CKOHOMIYHHAX HA €KOJIOTIYHHX aCTIeKTIB MOACPHI3aIlii —
nmoroBHUM (10)-(12), (20)-(22) oOMexxeHHSIM Ha 3MiHU y eHeproedexTuBHOCTI AEEDI,
SIKi 3a0€31eIyI0OTh BUKOHAHHS YMOB 3-1 ¢asu (3 2025 poky):
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AEEDI = EEDI |- EEDI(x) > 0 (23)
BinzHauumo, 1110 Mi>KHapoIHa MOPChKa OpraHi3ailisi perlaMeHTye HOPMHU €HEPro-
e()EeKTUBHOCTI HE TIJIBKHU JUII HOBUX CYJEH, ajie i JI0 CYJIeH, 110 3a3HaJIi TaKUX BHUJIIB
MojiepHi3alii sk nepeobnaaHaHHs (koHBepcis) 1 monepHizaniss CEVY. Pesomronisimu
koMiTeTy 3 Oe3neku Ha mopi MEPC 203.(62) i MEPC 251.(66) Oyino BHeCEHO BiAMO-
BigHi monpasku A0 po3autis I i II konsenuii MARPOL 73/78, B skux A CyjeH, 110
NPOWIITA MOJEPHI3AIIiI0, BU3HAYAIOTHCS TOAATKOBI BUMOTH IO/IO0 MIEPEPAXYHKY Koedi-
uienty EEDI i nopiBHSIHHI #0r0 3 JOIyCTUMUM 3Ha4eHHsM [ EEDI |,
3 ypaxyBaHHSM BUKJIaJICHOTO BUIIE:

AEEDI(GT(x)) = AEEDI (x) =[ EEDI |- EEDI (x) =
=k’""-170,84-(GT *+AGT(x)) "*"* — EEDI(x)

ne k7" — samxyrounii koedimienT mua 3-0i hasu. OTKe, IS TACAKUPCHKUX CyIEH
Bix 85,000 GT k*#" = 0,7, T06TO 6a30BMii IPUITyCTHMHUIT piBEHb €HEPrOe(EKTHBHOCTI
3menmryeTsest Ha 30% ([ ]).

Taxum yrHOM, (23) HaOyBae HACTYITHUN BUTTIS:

AEEDI(GT(x)) = AEEDI(x) = EEDI |- EEDI (x) =

24

25
= k> .170,84 - (GT *+AGT(x))**"* — EEDI(x) > 0 (25)
e
M NpG
— (T ) (X Poa Croa SFCo )~
L1, GT(x) 1.V,
neff
(X% Pocan ) Conas SFCo)
S 1.1, GT(x) Vs

_(Z,"i/lffeﬁi Pefﬁ CFDGi SFCDGi ) (24)

F S fi GT(X) £,V

Hana mMonenb 103BOJIsiE BU3HAYATH ONTUMAIBHUNA PO3MIp J0JaTKOBOI Ceklii maca-
KHUPCHKOTO CyAHA y MpoIleci MOAEPHI3allii 3 ypaxyBaHHSM 1HTETPaJIbLHOTO MiIXOAY 10
pO3IIIAly €KOHOMIYHMX Ta EKOJOTIYHHX ACIEKTIB IMOMAIbIIOl eKCIuTyarallii JaHoro
cymHa. Mojenb BiTHOCUTHCS 0 KJIacy HENHIMHMX MOIEJeH — KpHuTepii onTmMizalii
Ta OUTBIIICTh 0OMEXKEHB HE € JIIHIHHUMH QYHKITISIMU.

CyTHICTb KPUTEPiIO ONTHUMI3ALI] — EKOHOMIUYHHUH pe3yasTaT MOJAepHI3aLil 11 3a1a-
HOTO TIepioAy eKcIUTyaralii CyaHa Mmiciisi MoAepHi3alii, 0OMEXEeHHS BpaxoByIOTb HEO0-
X1IHICTD JOTPUMAaHHSI HOPMaTUBHUX BUMOT J0 pO3Mipy JOJATKOBOI CeKIii Ta eHeproe-
(hbeKTUBHOCTI Cy/HA, a TAKOX MOXKJIIMBI BUTPATH HAa MOAEPHI3allilo.

ExcnepuMeHTaNbHI J0CTiTIKEHHST MOAETi.

st excriepuMeHTaIbHOT IepeBipKU MOJIei Oy MPUHHATI QyHKIIOHATIBHI 3aJIeK-
HOCTI HAOMMKEH]1 10 pealbHUX HaHux (Tadm. 1).

Crin 3a3ra9nTH, 110 yMoBa (10) mependagae KpaTHICTh JOBKHUHH JTOAATKOBOT CEKITii
JOBXHUHI KaloTH (A1 IPUKIaLy IpUHHATO 3,5 M). AJie K Ha MPaKTHIIl i 9ac T0CIi-
JUKCHDb JOUUIFHUM € PO3IVISAAHHS TAKOTO OOMEKEHHSI SK TEePeBIpOYHOT YMOBH IIiCIISI
onrruMizanii. Hampukiman, mpu onTuMabHil 32 yciMa eKOHOMIYHIUMH, TEXHOIOTTYHUMHI
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Ta €KOJIOTIYHUMH YMOBaMH JIOBXKHHI JIOaTKOBOT CEKIlii, ajie He KpaTHOT 3aJaHo1 BEJH-
YUHH, KO BIIXUICHHS CKJIaJIa€ MIPUITYCTUMY JIOBXKHUHY, TO TOIUILHUM € KOPETyBaHHS
YMOB 3 JIOBXHHI KaloT (SIKI0, HAIPHKJIIaA, MoBa iae npo 10-25 cm).

Tabmaums 1
IpuiinaTi pyHkuioHaabHi 3a1€:KHOCTI Ta BUXiAHI 1aHi
Ilo3HaueHHs IpuiiHATi 3HAYEHHS YH 32JIeKHOCTI Opununi BUMipy
AP™mn 1000 THC. 10
RO min 1’1 -
AC;, (x) 500. x"7* THUC.J10.
T 10 pOKU
n, 3,5 M
/ 48 M
C(x)+ g, (x)+ g (x) +g,(x) 1031- x> THC. 101
R 10000 THC. J10J1
EEDI (x) 86,7 x 8
AP’ (x) 740 - x5 THUC. TOT

VY mpoleci eKCIepUMEHTAIBbHUX JIOCHIKeHb MOJENi 3MIHIOBaBCS piBeHb OOMe-
KEHb 110 (iHAHCYBaHHIO PO3MIpHOI MoxepHizauii Ry mexax 20000 Tuc. momn —
50000 tuc. gon. OnTuMansHUA PO3Mip AONATKOBOI CEKILii Ta OCHOBHI XapaKTEPUCTUKU
pe3ynbpTaTiB MOJepHi3alii HaBeeHO y Ta0. 2.

Tabmurs 2
BapiaHTH oNITHMAJILHOTO PillIeHHS TA BiANOBIIHNX MOKA3HUKIB

PO3MipHOI MofiepHi3awii Ay pi3HUX BUXITHUX YMOB

Ne R x Z(x) AEDDI ROI

1 50000 48 62942 7,58 2,68
2 30000 38 50709 7,05 2,69
3 20000 24 34010 5,57 2,7

Sk 6aummo, OLITBII TOILTBHNAM TIPH PO3MIpHOI MOAEPHIi3allii € MAaKCHMallbHA TIPUITyC-
TMa ii Benmn4amHa, TOOTO Ta, sIKa BiJNIOB1Ia€ yMOBaM JiI0YNX HOPMATUBHUX JTOKYMEHTIB
(BapiaHT 2), came 1eii BapiaHT 3a0e3Meuyl0 MaKCUMAaJIbHI 3HAYEHHS K €KOHOMIYHHX
MOKAa3HUKIB, TaK 1 Bi/ICTAaHb M JOCATHYTHM 32 pe3yJabTaTaMH PO3MipHOi MOIepHi3arlil
EEDI Ta iforo npumyctumum 3aadenHsM [EEDI].

Crnif 3a3HAYUTH, M0 Y JAaHOMY KOHKPETHOMY TMPHUKJIaAl «eKOHOMiYHa e(eKTHB-
HICTB» Ta «CHEPTOCPEKTUBHICTHY ONTUMATBLHOTO PIIICHHS TAPMOHIYHO AOTIOBHIOIOTH
OJTHA OAHY Ta HE cymepedars. To0TO 3a0e3rnedeHHs] eKOHOMIUHOT e()eKTHBHOCTI Bifl-
OyBaeThCs pa3oM i3 3a0e3meueHHsIM eHeproe()eKTUBHOCTI. AJle )X YMOBOIO IS IbOTO
€ HeoOXiHWI piBeHb (iHAHCYBaHHS MOJIEpHi3aiii, OTXKe 32 YMOB HEIOCTaTHHOTO
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PiBHS pecypciB €KOHOMIYHI TOKa3HHKH OUIBII ONTUMICTHYHI, HIXK KOEQII[iEHT eHep-
roe(eKTUBHOCTI.

Tem He MeHIIT HEOOX1THO MIZKPECIIUTH, IO Y eKCTIEPUMEHTAIbHAX PO3PaxyHKax He
BpaxoBaHi MoxJiuBi 3mMian y EEDI 3a paxyHOK, Hanpukiaj, 3MiH y TEXHOJIOTTYHOMY
o0Ja/IHaHHI Cy/lHA Ha SKiCHOMY piBHI. ToOTO y po3paxyHKax BpaXxOBaHO TUILKU BILUIUB
3MiHU po3Mipy cynHa GT Ta, siK HAaclIiZIOK, 00CAT HOTO TPAaHCIIOPTHOT POOOTH.

[omanpimi gociiKEHHs MATAaHHS PO3MIPHOI MOJIEpHI3alil Y KOHTEKCTI ii BILTHBY
Ha EKOJIOTIYHOMY piBHI TOB’sI3aHO caMe ¢ JaHUMH NMUTaHHSIMH, IO MOTPedye 3HAYHOT
KUTBKOCTI CTATUCTHYHMX JIAHWX IMOJI0 IIKOAH JOBKULTIO PI3HHUMH THIIAMH CYITHOBOTO
o0a HaHHS.

BucnoBku. Exosoriunicts Oynb-sIKOr0 BUPOOHUIITBA — Cy4acHA BUMOTA, SIKa, Y TOMY
YHCITl, CTOCYETBCSI MOPCHKOTO cynHoIuTaBcTBa. KoedimienT eneproedexrusrnocti EEDI
€ TIOKa3HUKOM, SIKAH OIIHIOE CITIBBIIHOIICHHS IIKOJAM HABKOJHUIIHBOMY CEPEIOBHIILY
Ta poOOoTH, SIKYy BUKOHYE cynHO. [litoua HopMaruBHa 6a3a y cdepi MiXKHAPOTHOTO CY/-
HOIUTABCTBA CHPSAMOBaHA Ha 3a0e3MeueHHsI OCTYITOBOTO 3HIKEHHS IAHOTO MOKa3HUKA,
0 y KOMIUIEKCI 3a0e3IMeUnTh TEXHOJOTIYHO MOXKIIMBY MIiHIMI3AIF0 E€KOJIOTIYHOIO
BIUIMBY MOPCHKOTO CY/ITHOILTABCTBA.

OnuH 3 BapiaHTiB 3a0e3nedeHHs nomyctumoro piHs EEDI € MmonepHizaiiis, y Tomy
YuCii, po3MipHa, 3a pe3yibTaraMu sikoi 30inbmyerbess GT cynHa, a 11e, B CBOIO Uepry,
MiABHITYE 00CAT TPAHCIIOPTHOT poOOTH Cy/IHA Ta 3MEHINYeE BinoBiguuii piseHs EEDI.

VY poboTi mpoBeneHo aHalli3 eHeproeeKTUBHOCTI Cy/IeH TPOBITHIX CBITOBUX KOM-
NaHild, AKUA MOXKHA 3aCTOCOBYBATH ]ISl BU3HAYEHHS 1X MOJCPHI3alliitHOT mpuBaOIm-
BOCTI; 3allPpOIIOHOBAHO MOJE/b ONTHUMI3aIlii PO3MIPHOT MOJEPHI3aAIliil MacaKUPCHKOTO
CyIHa 3 BH3HAu€HHSM JIOBXHMHHU JIOJIaTKOBOI CEKIlii CyJHa MPH 1HTErpalbHOMY pO3-
V111 EKOHOMIYHMX Ta SKOJIOTIYHHMX aCIICKTIB MOAAJIBIINOT eKCILIyaTallii JaHOTO CY/IHa;
BUKOHAHO EKCIIEPMMEHTAJIbHA MEPeBipKa MOJICII, sika OOIPyHTYyBasia 1i JOCTOBIPHICTH
Ta MPHIATHICTD IS TPAKTHYHOTO BUKOPUCTAHHS Y ITpoIiecax MPUHHATTS pillleHb 1010
PO3MIpHOT MOJIEpHi3allii MacaKUPChKUX CY/ICH.
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Anomauisn

Bcemyn. YV cmammi nasedeni ekchepumMenmaibHi po3paxyHKu Ho MoOeli 0OTpyHm)y-
BAHHS ONMUMATLHOT CIMPYKMYPU CYOeH NOCAYAHHS MOPCoKUX OYposux niamgopm i
CROPMHUX UmMpam npu 00CIY208Y8AHHI MOPCHLKUX OYPOSUX naamgopm ma OmpumaHHs
ONMUMATILHOT CMPYKMYpU Cneyianizoeanux cyoeH NoCmayaHHs nAam@opm, eapianmy
Mapuipymy pobomu yux cyoew, 8paxosyiouu 0100cem yacy ma HeCnpusmiugi no2oo-
Hi ymosu. Memoio cmammi € npoeedeHHst eKCNePUMEHMATbHUX PO3PAXYHKIE HO MOOeTi
00IPYHMYBAHHS CIMPYKMYPU | (hOPMYBAHHA NIAHY pOOOMU Ceyiani308aHUX CyOeH nocma-
YaHHSL NPpU 00CTIY208YBAHHI MOPCHKUX Oyposux niam@opm. Pesyiomamu. B pobomi
OMPUMAHA ONMUMATLHA CIMPYKMYPA CREYIANI308AHUX CYOCH NO 8AHMANCONIOUOMHOCT |
BU3HAYEHO iX pO3n0Oin 3a eapianmamu mapuipyniy pobomu. Bcmarnoagneno, ujo 6 nepioou
3 HUBLKUM NONUMOM HA 3a0e3nedents naampopm, 00Cmamusbo GUKOPUCHOBYBAMU OOUH
OyKcup Ha 8iOMiIHY 8i0 nepiodis 3 OiNbul BUCOKUM NHONUMOM HA 3abe3nedents. Busnauerno
ONMUMATILHUL MAPWPYM pOOOMU CReYIani3o8aHux cy0en 3 Kitbkocmi posenanymux. Ipo-
AHaniz08ano epekmusHicms BUKOPUCMAHHSL DI00JCENTy 4acy pobomu CneyianizoeaHux
cyoen. Bemanoeneno, o npu necnpusmaugux no200HUx ymMogax KilbKicms cyoeH 6 nepi-
00 HU3bKO20 NONUNY HA 3a0e3neyenist 3011bUyEmbCs 00 2-X OYKCUpie, ujo, 8 c8oio uepey,
30invuLye sumpamu Ha mparcnopmyeanus 1 m eanmaoicy. llpoananizogano éniue 8iooa-
JleHocmi bazu 610 naamgopm ma 6CMAaHOGIEHO, WO NPU CKOPOUEHHT 6I0CMaHi 0oyibHiuLe
BUKOPUCMOBYBAMU KOPOMKI MAPUpymu, sIKi 6KII04a0Omy @ cebe no 00Hill niameopmi.
Bucnosku. [lposedeni excnepumeHmanvHi po3paxyHKu niOmeeposICyioms O00Cmogip-
HICMb MOOENT OOTPYHMY8AHHSL CIPYKIYPU T (hOPMYSAHHS NILAHY pOOOMU CNeYiani308aHUX
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CYOeH nOCMayuanusi npu 00CIY208YBAHHI MOPCLKUX OYposuUx naam@opm ma il npudam-
HiCMb 015 GUPIULEHHS NPAKMUYHUX 3A60AHb.

Knwuosi cnosa: cneyianizosani cyoHa nocmayanHs, MpPAHCNOpMHe 3abe3nedeHHs
naamgopm, 0OLPYHIMY8aHHs CIPYKMYpPU CReYiani308aHUX CYOeH, NIAHY8aHHS poOOMuU Che-
YIani306aHUX CYOCH, 8apianm Mapupymis, 01004cem 4acy, HeCHPUSIIMAUGE RO20OHT YMOBU.

JUSTIFICATION OF THE STRUCTURE AND FORMATION
OF THE WORK PLAN OF THE OFFSHORE FLEET IN MAINTENANCE
OF EXTRACTION PLATFORMS

0.A. Kravchenko', S.S. Borovyk?, L.I. Tikhonina®
'Ph.D., Associate Professor at the Department
“Operation of the Fleet and Technology of Sea Transportation”,
Odessa National Maritime University, Odesa, Ukraine,
ORCID ID: 0000-0002-3085-7449
2Ph.D., Senior Lecturer at the Department
“Operation of the Fleet and Technology of Sea Transportation”,
Odessa National Maritime University, Odesa, Ukraine,
ORCID ID: 0000-0003-4168-8537
3Senior Lecturer at the Department
“Operation of the Fleet and Technology of Sea Transportation”,
Odessa National Maritime University, Odesa, Ukraine,
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Summary

Introduction. The article presents experimental calculations based on the model of
substantiation of the optimal structure of vessels supplying offshore drilling platforms
and the organization of their work. The performed calculations confirm the minimization
of transport costs when servicing offshore drilling platforms and obtaining the optimal
structure of specialized platform supply ships, the variant of the route of operation of
these ships, taking into account the time budget and adverse weather conditions. The
purpose of the article is to carry out experimental calculations based on the model of
substantiation of the structure and the formation of the work plan of specialized supply
vessels in the service of offshore drilling platforms. The results. In the work, the optimal
structure of specialized vessels in terms of carrying capacity was obtained and their
distribution according to the options of the work route was determined. It has been found
that during periods of low demand for the provision of platforms, it is sufficient to use a
single tug, in contrast to periods with a higher demand for provision. The optimal route
of operation of specialized vessels from the number considered was determined. The
efficiency of using the operating time budget of specialized vessels is analyzed. It has been
established that in adverse weather conditions, the number of vessels in the period of low
supply demand increases to 2 tugs, which, in turn, increases the cost of transporting 1
ton of cargo. The impact of the remoteness of the base from the platforms was analyzed
and it was established that when shortening the distance, it is more appropriate to use
short routes that include one platform each. Conclusions. The conducted experimental
calculations confirm the reliability of the model of substantiation of the structure and
formation of the work plan of specialized supply vessels in the service of offshore drilling
platforms and its suitability for solving practical tasks.

Key words: specialized supply vessels, transport support of platforms, substantiation
of the structure of specialized vessels, planning of operation of specialized vessels,
option of routes, time budget, adverse weather conditions.
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Beryn. O6¢nyroByBaHHS MOPCHKUX OYpPOBHX IUIATGOPM CKIATAETHCS 3 JACKLIBKOX
3aBJaHb, Cepell AKUX HAHBAXKIUBIIIMMU € BU3HAUCHHS KUIbKICHOTO 1 SKICHOTO CKJIaay
Creliani30BaHuX CYACH, a TAKOXK IJIaHyBaHHS X POOOTH MpPH MOCTadyaHHI IIaThopM
Ta JOCTaBKHM Ha Oeper HecnpaBHOTO OOJIaTHAHHS 1 TOPOXHBOI Tapu. OKpeMi A0CHia-
HUKH TaKi sk [1-6] 3BepTanucs 1o 1iei mpo0ieMu 3 IPOTO3HUIIISIMU Pi3HOTO THITY MOJIC-
JIei JUIs TUIaHyBaHHS po0oTH ouiopHOTo (IoTy pu 00cIyroByBaHHi miargopm. ABTo-
pamu poboTu [7, 8] HagaHO KIACH(IKAII0 TEXHIYHUX 3aCO0IB, 110 3aJy4arOThCS 0
o0namTyBaHHs POJIOBUII B IIeNb(aX MOPIB, a TAKOXK MPEJICTABICHO METOJ] BUSHAYCHHS
HEOOX1JTHOT KIIBKOCTI CYJIeH, 1[0 00CITyTOBYIOTh MOPCHKi OypoBi miardopmu. [Tutanus
pO3po0KHM MapuIpyTiB BUCBiTIEH B [9, 10]. Ane 3anummnucst 6e3 yBaru mUTaHHS po3-
POOKH Ta BU3HAYCHHS MapIIPYTy pOOOTH CYJCH JUISI ONITHMi3allii BUTPAT MO O0CIYTOBY-
BaHHIO I1aTGopM. 3a3HaueHi po3pOoOKH OPIEHTOBaHI Ha KOHKPETHY BUPOOHUYY CHUTYya-
IO Ta KOHKPETHY KOMIIaHi0, sIKa 3aiMa€eThCsi PO3pOOKOI0 POMIOBHII B IIENIb(}aX MOPIB.
IcHytoui po3poOKu Oy/IM BIOCKOHAJCHI B JOCTIKeHHI [11] 1UIAX0M BpaxyBaHHS YMH-
HUKIB, sIKI HE PO3MIIAJAIUCs B icHyrounX podoTax. Lle g03Bomuiio B mporieci ontumisza-
il OTpUMAaTH pe3yabTaTy, 0 B OUTBIIIN Mipi BiNOBIAAlOTh peaibHill CUTYaIlii 1 yMo-
BaM po0OTH OQIIOPHUX CYIICH. A TaKOXK, 3a0€3MeUHII0 0Ci0, KOTPi IPUUMAIOTh PIllICHHS
OLIBII TOCTOBIPHOIO iH(OPMAIIIET0.

@opmyJaoBaHHS 1ijdeii ctaTrTi. MeTo0 CTaTTI € IPOBEJCHHS EKCIIEPUMEHTAIbHUX
PO3paxyHKiB IO OOIPYHTYBAHHIO CTPYKTYPH 1 (POPMYyBaHHS TUIaHy pOOOTH CIIeliai3o-
BaHUX CYJICH MIOCTauaHHs MPU 00CIyroByBaHHI MOPChKUX OYpPOBHUX IIaT(opM.

Buxkian ocHoBHOTO MaTepiaJy. B icHyrounx po3po0kax y BUINIsAI MOieneH 3 1aHoi
npoOIeMH TOHATTS «e(PEKTUBHICTE» POOOTH CIIEIialli30BaHUX CYJCH MPaKTUYHO Bif-
CYTHS, amnpiopi MPUAMAEThCs, 110 MiHIMI3allisg BUTpArT 1 3a0e3mneuye eQeKTUBHICTh iX
poGotu. st BUmoOyBHOT KOMITaHIT 1i BUTPATH BIIHOCSTHCS 10 BUPOOHMYUX BUTPAT 1,
BiJINIOB1IHO, YMM BOHH MEHIIIi, TUM BHIIE IT1JICYMKOBHI MPHUOYTOK.

ExcriepuMeHTa bHI pO3paxyHKH TMPOBEAEMO JJIsl TPhOX BUAOOYBHUX TLIAT(HOpM.
Po3rnsitHeMo yac ruiaHyBaHHS po60oTH oiopHOTO BIIoTY — 6 MicsmiB. B sikocTi THMUa-
COBHX II€piofliB IIaHyBaHHs npuiiMeMo t=1 Micsup, 30 110, BianosiaHo, 7=6, (+=16 ).
KinbkicTh BapiaHTIB 3aJIKUTh Bijl KUIBKOCTI miardopM ajisi oociyropyBanHs. Hexait
posrsnaersess P=3,(p=13) mnardopm. C ypaxyBaHHAM TOTO, IO HA MPAKTHI TPHU
o0ciyroByBaHHI ratropM HalvacTiIie 3a/isHi pO3Bi3HO-30MpabHI BapiaHTH, TO Aaji
pO3mIsIaEMO caMe TaKy CYTHICTh BapiaHTIB. 3a CTPYKTYpOIO, BapiaHTH poOoTH (00xoxy
riatdopm) BKITFOYAIOTE B cede 3, 2 1 o oaHil miatdopmi (Tadm. 1). 3aranpHa KijdbKicTh
BapianTiB n=7,(i=1,7). V 1iii e TaOnuIi HaBeIeMO 3HAa4eHHs GIHAPHOTO MapameTpa
AP, o BinoOpaxae ydacThb Tiei uM iHIIOT IIaTGOPMHU B JaHOMY BapiaHTi MapuIpyTy
oéxoz[y iatgopm. Aip npuitMae 3HadeHHs 1, ko miargopma p BXOAWTH B BapiaHT

poGotu cyneH i. B inmomy Bunanky AP npuiimae 3nadenss 0.
Binibpani m=3,(j=1,3) BapiaHTiB crieniaii3oBaHUX CYyAEH 3 KOHKPETHHUMH TEXHIKO-
eKCIUTyaTaliiHUMU Ta eKOHOMIYHHMH XapaKTepucTUKamH (Taodi. 2).
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Tabmuns 1
XapakTepucTiuka BapianTiB po6oTu o IOPHUX cydeH

Homep BapianTa CyTb BapiaHTa AP

i=5

81



PO3BUTOK TPAHCIIOPTY

Ne 4(15), 2022

Iponowxenus Tabnuii 1

Homep BapianTta CyThb BapianTa AP
l
al=0
1
i=6 A2 =1
1
43=0
1
4l=0
1
i=7 A2 =0
1
43 =1
1
Tabmumsa 2
XapakTepUCTUKHU AJbTEPHATUBHUX OQIIOPHUX CYJEeH
XapaKkTepuCTUKH CyIeH Cyano 1 | Cyano 2 Cyano 3
BanraxonigiioMHicTh D joT 1600 2100 2800
IBuaKicTh VJ- , By3IL 12 12 12
J1060Bi BUTparu Ha X0o1Iy R}‘ , 1011 1000 1240 1410
Jlo00Bi BUTpaTH Ha CTOSHIT R;m 300 400 480
CraBka TaiiM-4apTepHOl OpeHaN R;?W, 11071/ 100y 750 900 1000
JlocTyrmHa KiUTBbKICTh 7S] OpEHAH, OfF 3 3 3

Bigznaunmo, 1m0 Xxof0BUl Yac peicy A BCIX CY[AeH QIHAKOBHH 4epe3 OIHAKOBY
eKCIUTyaTaliifiHy IBUAKICTb. BIo/KeT (akTHYHOTO Yacy T 'J MPUIMEMO JJIs BCIX CYIIeH

OIHAKOBUM, T ') =28 (j=13,t=16) ni6.

XapaKTepI/ICTI/IKI/I KOXKHOTO BapiaHTy poOOTH CITeIialli30oBaHUX CYJCH 3aJI€KaTh Bif
mapaMeTpiB CYZIHA, sSKe 3a MM BapiaHToOM Oyze TMpaIlfoBaTH, 1 XapaKTepHUCTUK BapiaHTy
(Bizcraneil Mix mIargopmamy i 6a3010, BIICTAHHIO MK IUIaT(GOpMamH).

Koxen BaplaHT i=1l,n 1719 KOHKPETHOTO 3 3 Cy/IeH XapaKTepU3y€eThCs IEBHUM YacoM
peiicy i @i= 1,7,/=13 3), SIKe BU3HAYAETHCS K CyMa CKIIQJIOBUX CJICMEHTIB 4acy poOoTH

cneulan{3OBaHHx cyaeH (Tabm. 3).
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Tabmuuug 3

Yac peiicy i ta CTPYKTYpa yacy peiicy mo Bapiantam Ta BUTpPaTH .
J 1o BapianTam J
Cynno 1 Cynno 2 Cynno 3

Bapiant |,y [T [ (s (B [F |t [t |4, |7
ai0. | mi6. |mi6. |mom. |mi6. |mio. |mi6. |mos. |mi6. |mi6. |mid. |moJr.
1 0,9 | 1,9 |1270] 1 1,1 | 2,1 |1680| 1 1,4 | 2,4 |2082
0,71 06 | 1,3 | 80| 0,7 | 0,75 | 1,45 |1168 | 0,7 1 1,7 | 1467
06 | 0,6 | 1,2 | 780 | 0,6 | 0,75 | 1,35 |1044| 0,6 1 1,6 | 1326
08 | 06 | 1,4 | 980 | 0,8 | 0,75 | 1,55 | 1292 | 0,8 1 1,8 | 1608
0503|0859 05]|04]|09]|78]05]| 06| 1,1 [993
04| 03] 07 |49 | 04 | 04 | 08 | 656 | 04 | 0,6 1 852
04| 03|07 |49 | 04 | 04 | 08 | 656 | 0,4 | 0,6 1 852

N[N [N [N

i . —
Burparu r j Ha BUKOHAHHS po0OTH 10 KOXKHOMY BapiaHTy i=1,7 JJIsi KOKHOTO Cy[lHA
J=13 BU3HAYArOTHCSl HOPMATUBAMH BUTPAT 110 CyJAHAX Ha X0y 1 cTosHII (Tabm. 3).
KoxHilt ruratrdopMi BiATIOBI1a€ IEBHUH TIONUT HA 3aBE3€HHS /10 0a3u Qtp Ta BUBE3E€HHS

BaHTAXIB BiJ 0a3u Qt’p . s mopanemmx po3paxyHKiB MpUiMeMO, 1110 ITONUT Ha 00CITyTo-
BYBaHHS TUIaTQOPM Mae J1Ba BapiaHTH — OJ¥H A ¢ =1,2,6 Ta iHme ans ¢=3,4,5 (Tabm. 4).

Tabmumg 4
XapakTepUCTUKA MONUTY HA 00CJYyroByBaHHS miIargopm
B nepioau =1,2,6 ra =3,4,5
MinimansHe 3HA4YCHHA NOIIUTY MakcrumaibHe 3HaYeHHS onuTy
[Tnarpopma Qtp min et 0P THC.T
Iepiomu =1,2,6
p=1 40 48
p=2 50 60
p=3 65 78
[Tnardopma Iepiomu =3,4,5
p=1 25 30
p=2 30 36
p=3 35 42

TakuM unHOM, c(hOpMOBaHI BCi BHXIIHI JaHi A1 Mozaem. HeoOXimHO BH3HAYNTH
ONITHMAJIBHY CTPYKTYPY (II0Ty Ta chopMyBaTH IUTaH-Tpadik podOTH crieriaaizoBaHux
CYJICH 110 00CITyTOBYBaHHIO TuIaT(opmM. Bin3aadmmo, o BiIOBIIHO IO CXEMH EKCITepH-
MEHTAJILHHUX JOCIIJKEeHb, Ha MEePIIOMY €Talli BIUTUB ITOTOJIHUX YMOB HE BPaXOBY€EThCH.

Y SKOCTI mapaMeTpy YIIpaBIIiHHS BUCTYIIAIOTh:

+ v;€Z *00,j=13,/=16 — 3minna, sKa BiAMOBiTa€ 32 BUGIP TOrO UM iHIIOTO THITY
CyaHa I TalM-4apTepHOl OpeHIH (3 ypaxyBaHHIM TPUBAJIOCTI OPEHIH) ISl TOAAIb-
ol poOOTH 3 00CITyTOBYyBaHHS IIaTHOPM;

. x;. € Zt00,i=17,j=13,t=1,6 — 3MiHHA, AKa BiJAMOBIJA€ 3a 3aKpilJICHHS CyIHA
TUITY j 32 BapiaHTOM POOOTH i B TPOMIXKOK 4acy # i BitoOpaxxae KiNbKiCTh TaKUX PEHCiB.
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LlinpoBa ¢yHKIIS onTUMI3aliitHOT Mojeni BimoOpaxkae TparHeHHsS 3a0e3MeYUTH
MiHIMi3aIlil0 BUTPAT Ha 0OCIyroByBaHHS IJIaTGOPM CIeliani3oBaHUMHU cynaMu. JlaHi
BUTPATH CKJIAJAIOTHCS 3 JBOX KaTeropiil: mepima Kareropis — ¢ BUTpPAaTH Ha TalM-
YapTepHy OpeHIy CYJIeH, Apyra — BUTPATH eKCILTyaTalliifHi Ha iX poOoTy.

MareMaTnyHa MOJIE/ b B KOOPUHATHIN (hOpMi Mae BUIIIS;

LinpoBa (GyHKIIIS:

1,.2,.3,.4, .5 1 3
750-30- [v +v1 +v1 +v1 +v1 ]+900-30-[v2 >

1,.2,.3,.4 5 1 1 1 1 1 1
+1000'30~[v3+v3+v3+v3 3j+1270[ 11 12+x13+x14+x15+x16j+

2 4
+V5+V +v2+v2]+

1 1 1 1 1 1 1 1 1
+1680[ 21 22+x23+x24+x25+x26]+2082[ 31 32+x33+x34+x35+x36]+

+

2.2 2.2 2 .2 2 2 2
+880- [xl1+x12+x13+x14+x15+x16]+1168 (x21+x22+x23+x24+x25+x

+1467- [ +

2 2 2 2.2 33
313 T3y g T35 36]+780[ XT3 ]
3
3

3.3 .3.3,3 .3 3.3 .3 .3 .3
+1044[21 92394 05 26]“326[31 Y30 T334 s x6]

+980‘[x4 +Xx 4 +

4 4 4 4
R PR RS VR E 16]“292[21 Yo tXos3 ™ 24 25 6
5

4 4 4 4 5 5
+1608[31 32+x33+x34+x35 36]+590[ 13 16J+

+

5 5 5 5 5 5 5 5 5
+780- [le+x22+x23+x24+x25+x26J+993-(x31+x32+x33+x +x +x 36

+490[ 6 6 +x6 +x6 +x6 ]+656[ 6 6 +x6 6 +x6 +x6 ]+

11 12 13714 16 21 *22 23 %2475 6
6 6 6 6 6 6 7.7 .,.7.,..7..7. .7
+852~{x31+x32+x33+x34+x35 36]+490 [ 11+x12+x13+xl4+x15+x16]+

7 7 7 7 7 7 7 7 .
+656- [ 21 22+x23+x24+x25+x26]+852 [ 31 32+x33+x34+x35+x36]—>m1n

OOMesxkeHHsI 32 00CSITOM TPaHCHOPTHOI POOOTH (MTOMUTY) ISl KOXKHOT TIaTHOpMH:
[Mepmra nnargopma, nepiuii nepion p=1, t=1

40000<1600- [x +x2 +xt ix ]+2100[ o 21+x4 +x2 ]+

1" 21 721
)
2,4 .5
+2800- [x3 133 1] <48000
ITepma mardopma, apyruit nepiog p=1, t=2
1,2 .4 .5 248
40000S1600-[x12+x12+x12 ]+2100 [ SRS Rt 22] 3

1 2 4 5
+2800- (x32 +x32 +x32 +x32 ] <48000
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[epmia miardopma, Tpetiit nepion p=1, t=3
1 2,4 5 1 2,4 .5
25000<1600- [xB X33 +x13J+ 2100-[x23 X5 TNy XS4 J + o

33 733 733

[lepma mnardopma, uerBeptuii nepiog p=1, t=4

+2800-[x1 +x2 +x§3Js3oooo

1 . 2,4 .5 1.2 4 5
25000S1600-[x14+x14+x14+x14]+2100-{x24+x24+x24+)€24]+ 5
5

1 2 4 5
+2800~[x34+x34+x34+x34] <30000
[lepma mmardopma, i’ aruit nepion p=1, t=5
1 2 4 5 1 2 4 5
2500031600-[x15+x15+x15+x15]+2100-[x25+x25+x25+x25]+

1 2 4 5
+2800- [x35 +x35 +x35 +x35J <30000

(6)

[epmra miardopma, moctuit nepion p=1, t=6

1 2,4 .5 1 2 .4 .5
40000S1600-[x16+x16+x16+x16J+2100-[x26+x26+x26+x26]+ o

1 2 4 5
+2800~{x36 +x36 +x36 +x36] <48000
Hpyra mnardopma, mepinuii nepiox p=2, t=1
1 3 4 6 1 3 4 6
50000S1600~[x +Xx +x11+xl1]+2100-{x21+x21+x21+x21]+

11" 711
®)

31

Hpyra nnatdopma, apyruii nepiog p=2, t=2

1 3 4 6
+2800- [x3 1+x +x3 1 +x3 1} <60000

1 . 3.4 6 1 3 .4 .6
50000S1600-[x12+x12+x12+x12]+2100-{x22+x22+x22+x22j+ N

1 3 4 6
+2800~{x32 X35 T3 +x32] <60000
Hpyra mnardopma, TpeTiit iepiog p=2, t=3
3,4 .6 j .

1 3 .4 .6 1
30000S1600.[x13+x13+x13+x13j+2100-[x23+x23+x23+x23 )

1 3 4 6
+2800- [x33 +x33 +x33 +x33 ] <36000
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pyra miatdgopma, 4eTBepTHii niepion p=2, t=4

1 3 4 6 1
30000S1600-[x14+x14+x14+x14j+2100-[x

1 3 4 6
+2800-[x34+x34+x34+x34j£36000

Hpyra muiatgopma, ’atuit nepion p=2, t=5

30000£1600-[1 o +xt 6]+2100-[x1 bx

55515 25

357357 X35T X35

Hpyra muiatrdopma, mocTuii nepiox p=2, t=6

+2800-[x1 e xd 120 ]S36000

1 3 4 6 1
SOOOOS1600-(x16+x16+x16+x16j+2100-[x

1 3 4 6
+2800- [x% +x36 +x36 +x36] <60000

Tpets mnardopma, nepumii nepiog p=3, t=1

6500031600-[1 X2 4x3 7]+2100-{x1 tx

T Mt 21

1
311313113

Tpers rardopma, apyrwii epion p=3, t=2

+2800-[x X2 4y 7]£78000

12 712 712 712 22

65000s1600-(x1 x2 x tx] ]+2100-[x1 +

3p T3y T3y X3y

Tpets mnardopma, Tpetiit nepiox p=3, t=3

+2800-[x1 X2 4 4x! ]378000

35000£1600-[1 X2 xS 7]+2100-[x13+x

13333 2

1 2 3 7
+2800~[x33 +x33 +x33 +x33] <42000

Tpers rardopma, YeTBepTHH TIepion p=3, t=4
1 ,.2,3 7 1
35000£1600-[x14+x14+x14+x14]+2100-[x
1 2 .3 .7
+2800- [x34+x34 +X34 +x34] <42000
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26"

3 .4 .6

Y4404

3.4 .6
25T %5705

3 .4 .6

262626

2 3 7
211791

2,3 .7

XA~ t+X

20 1)

2 3 .7
23T %931%)3

]+

]+

j+

]+

]+

]+

(11)

(12)

(13)

(14)

(15)

(16)

2 3 .7 ]
+X5, XS XS, |+
2472470470y (17)
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Tpers mnardopma, ' situid epiox p=3, t=5

1 2 .3 7 1 2 3 7
35000S1600-[x15+x15+x15+x15J+2100-(x25+x25+x25+x25}+

(18)
1 2,3 7
+2800- [x35 AECT RECP R J <42000
Tpers mnardopma, moctuii nepion p=3, t=06
1 2,3 .7 1 2 3 7
65000 < 1600-{xl6+xl6+xl6+xl6]+2100~[x26+x26+x26+x26]+ o

1 2 3 7
+2800~{x36 +x36 +x36 +x36] <78000

OO6MexeHHS 10 OIOKETy Jacy CyIeH:
JUTSA TIEpIIoTo cyaHa j=1
xl x2 X3 X4 X x0 x! <28V t=1T
L9 x1t+1,3 xlt+l’2 x1t+1,4 x1t+0,8 xlt+0’7 x1t+0,7 xlt_28 vl,t LT (20)
IUISL APYTOTO CyaHa j=2
ol 12 3 A4 D .0 ! vt =TT
2.1 x2t+l,45 x2t+l,35 x2t+1,55 x2t+0,9 x2t+0,8 x2t+0,8 x2tS28 v2,t—l,T 21
IUTS TPETHOTO CylHa j=3
ol x2 X3 x4 3D +1-x0 +1-x] <28-vL 4=1T
2,4 x3t+1,7 x3t+1,6 x3t+1,8 x3t+1,1 x3t+1 x3t+1 x3t_28 v3,t LT (22)

OnTumizariis mpoBoauiacs 3a gornomoroto Iomyk pimrenns Excel.
B pesynbrari ontuMizailii oTpMaHa HACTYITHA CTPYKTypa (UIOTy 1 HOTo po3mofiTy
3a BapianTamu po6oTH (Tabm. 5).

Tabuuug 5
Crpykrypa ¢uioty i iforo po3noainy 3a Bapiantamu podoTu

Ctpykrypa duiory, 3MiHHI
Yac 1 2 3 4 5 6
v, 1 1 0 0 0 1
v, 0 1 0 0 0 1
v, 1 0 1 1 1 0
Posnozinenns cyneH, 3MiHHI
Cynxo 1
Cxema 1 0 0 0 0 0 0
Cxema 2 3 7 0 0 0 7
Cxema 3 16 16 0 0 0 16
Cxema 4 0 0 0 0 0 0
Cxema 5 0 0 0 0 0 0
Cxema 6 0 0 0 0 0 0
Cxema 7 0 0 0 0 0 0
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[MponomxeHHs Tabnui 5

CtpykTtypa duory, 3MiHHI
Yac | 1 2 3 4 | 5 | 6
CynHo 2
Cxema 1 0 12 0 0 0 12
Cxema 2 0 2 0 0 0 2
Cxema 3 0 0 0 0 0 0
Cxema 4 0 0 0 0 0 0
Cxema 5 0 0 0 0 0 0
Cxema 6 0 0 0 0 0 0
Cxema 7 0 0 0 0 0 0
Cynno 3
Cxema 1 9 0 7 7 7 0
Cxema 2 4 0 2 2 2 0
Cxema 3 0 0 4 4 4 0
Cxema 4 0 0 0 0 0 0
Cxema 5 0 0 0 0 0 0
Cxema 6 0 0 0 0 0 0
Cxema 7 0 0 0 0 0 0

AHai3 pimeHHst 103BOJsA€ 3p0OUTH HACTYITHI BUCHOBKH:

1) B mepioau vacy t = 1,2,6, T00TO mepioau 3 OLIBII BUCOKAM TOMUTOM Ha 3a0e3-
HeYeHHs I1aTdopM, CITiJi OPSHAYBATH B TaliM-4apTep i BAKOPHCTOBYBATH 2 OyKCHpa;

2) B mepioau yacy t = 3,4,5, TOOTO B mepioan OLTBIIT HU3LKOTO TTOMHUTY, JOCUTH BUKO-
PHCTOBYBATH OIUH OyKCHP;

3) 3 po3mnsHYTHX 7 BapiaHTIB poOoTH cyneH (00xomy miuardopMm), ONTHMaTbHIMHE
€ HACTYIIHI BapiaHTH (puc. 1).

Bapiaum i=2

—

Bapiaum i=3

Puc. 1. Onmumanvui eapianmu pobomu cyoen

3HaueHHs IUILOBOI (YHKIII CTaHOBIATH 424 845 101., TaKMM YHHOM, YyCepe-
HEHI BUTpATH Ha JIOCTaBKY | T BaHTaXIB B IJIOMY IO CUCTEMIi IMOCTABOK CTAHOBJISTH
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2,74 non./t, ne cymapHa KUIbKIiCTh BCIX BaHTaXIB, IO MEPEBO3ATHCS (110 MIHIMAJIbHIN

Me3Ki) CTAaHOBUTE Qtp X — 155000 .

. T m n . .
CymMapHi BUTpaTu g % }3}?114_1,\,t'Jr y Yy Rl.'xl.t=424845 Jom.
1=1=1 t=1j=li=1

[Ipore, 3a0e3medenHs MiHiMI3allil BUTpAT B paMKax MOJIETi MOXe He 3a0e31euyBaTi
«peanbHy» iX MiHiMi3alifo. ToMy oTpuMaHe pimeHHS TO KOXKHIiH 3 MO/esi TOBHHHO
OyTH MTPOaHaIIi30BaHO 3 TOYKH 30pY €()EeKTUBHOCTI POOOTH KOXKHOTO CYTHA.

OniHIMO EKOHOMIUHY JOUIJIBHICTE OTPUMAHOTO ONTHMAJILHOTO BapiaHTy 3a0e3re-
YeHHsI BUJOOYBHUX IUIaT(HOPM 3a JTOTIOMOTOFO CITIBCTABJICHHS Yacy poOOTH Cy/IeH OTpH-
MaHOMY B PE3yNBTaTi PillleHHs ONTUMAILHOTO TUTaHy i3 eKCIDTyaTaliifHAM TepiooM

%tinxl
; t _ —
=L Lo =13t (3)

ne 0<B<l — xoediuieHT, KU BigoOpaskae IOMyCTUMY MEXY BUKOPHCTAHHS OIOIKETY
Yacy OpeHJI0BaHUX CYIIEH 1 3aJ]a€ThCsl 0CO0OI0, siKa MpHiiMae pilieHHs (3riJHO 3i cTa-
TUCTHKOIO POOOTH MOMIOHKX CyJeH B moniOHMX yMoBax). Hampuknazn, B=0,75 o3Hauae,
IO CyAHA, SIKi BAKOPHUCTOBYIOTHCS! Ha 3a0€3MeUeHH] MocTayaHHs M1aThopM MEHI, HiK
75% cBoro OIOMKETY Yacy, BUSHAIOTHCS K HEE(PEKTUBHO BUKOPUCTOBYBAHI.

3rigHo pPo3paxyHKiB, ONTHMAIGHOMY IJIaHY BiIIIOBiAalOTh HACTYIIHI 3HAUYCHHS VIS
yacy poOOTH cyleH Ta Koe(ilieHT, o BiqoOpaxkae IOMyCTUMY MEXY BUKOPHCTAHHS
OIOIKeTy Yacy OpeHI0BaHUX CyAeH (Tabd. 6).

Tabmuisg 6
EdexTuBHicTh 01013K€eTY Hacy
Bapiantu Yac poGotu cyneH no nepioaax, 1io
1 2 3 4 5 6
Cynno 1 22 28 0 0 0 28
CynHo 2 0 27 0 0 0 27
CygHo 3 28 0 26 26 26 0
) KoedimienT 3
Bapiantu
1 2 3 4 5 6
Cygso 1 0,785 1 0 0 0 1
CynHo 2 0 0,964 0 0 00 0,964
Cygzo 3 1 0 0,928 0,928 0,928 0

Sk MOKa3yIOTh PO3paxyHKH, MPAKTUYHO JJIsl BCIX CYJICH 1 BCiX TUMYACOBHUX TIepio-
IiB, BUKOpUCTaHHS Oro/pkeTy "acy 92-100%, mo € qyke BHCOKHM ITOKa3HUKOM. ToMy
MOJKHA BBa)KaTH, 1[0 OTPUMAHE PIllICHHSI € SKOHOMIYHO JOILIBHUM.

YMmoBa (25) 3abe3nedye «pallioHadbHE)» BHUKOPUCTAHHS OIOMKETY Yacy OpeHJ0Ba-
HOTO CYJIHA, III0 BU3HAYAETHCS OUIbINE HYISI 3HAUCHHSIM CyMapHOTO 4acy HOro po0oTH
B aHaJIi30BaHOMY Tepiofi. SKIo npy nepeBipili BAHUKHYTh CUTYaIlil, Ko yMoBa (25)
HE BUKOHY€ETHCS, TO BUXI/IHI JJaH1 MOBUHHI OyTH BiJIKOPUTOBAHI 3 ypaxyBaHHIM PE3YIlb-
TaTiB aHaJi3y OTPUMAHOTO PIllICHHS, SIKIIO 1Ie HeOOXiTHO.
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BiazHauumo, 110 Ha MEPIIOMY €Talli eKCIIEPUMEHTAILHUX PO3PaXyHKIB HE BPax0OBy-
BaJI MOXJIMBUH HETaTUBHUH BIUIMB MOTOAHUX YMOB. I, ipy OOKETI Yacy CyjieH, 1110
MPAKTUYHO TIOBHICTIO BUKOPUCTOBYETHCS, B pa3i BUHUKHEHHS HECIPHUSTIMBUX TOTOJI-
HUX YMOB BiJICYTHSI TPaKTHYHA MOXKITUBICTh TAHMMH KUTBKICTIO 1 CKJIaZOM ()JIOTY BUKO-
HaTH BCi yMOBH MOCTABOK.

BiamnorizaHo 10 IpONOHOBAHOTO MiIXO/TY, CIUPAIOYHCH Ha ICHYI041 po3po0ku [ 12-14],
JI0 OOJTiKYy HETaTUBHOTO BILUIMBY MOTOTHMX YMOB, HEXall 4ac pelciB B CepeAHbOMY 301JThb-
mryerses Ha 10%, T06T0 monpasounnii koediunient /, =L1. Binnoiaui sHauenns Buxi-
HUX JaHUX HaBeIeHO B Tadi. 7.

Tabmuis 7
Yac peiicy Ta BUTpaTH 3a BapianHTamu
3 ypaxyBaHHSIM NONPaBOYHOro KoedimieHTa
Cynno 1 Cynno 2 Cynno 3

Bapianrt

o6xoy t;., 16 r}, JIOI. t;. , 16 r;. , JOIL. t;' , 6 rj. , JIOIL.
Cxema 1 2,09 1397 2,31 1848 2,64 2290
Cxema 2 1,43 968 1,595 1285 1,87 1614
Cxema 3 1,32 858 1,485 1148 1,76 1459
Cxema 4 1,54 1078 1,705 1421 1,98 1769
Cxema 5 0,88 649 0,99 858 1,21 1092
Cxema 6 0,77 539 0,88 722 1,1 937
Cxema 7 0,77 539 0,88 722 1,1 937

B pesynbrari onTuMizaliii OTpUMaHa HaCcTYIIHA CTPYKTypa (UIOTY 1 HOTo pO3IMoainy
3a BapianTamu poootu (Tadm. 8).

Tabmuma 8
CrpykTypa ¢uioTy i iioro po3noaia 3a Bapiantamu po6oTu
3 ypaxyBaHHSIM NMONPABOYHOro KoedimieHTa

Crpykrypa duiory, 3MiHHI
Yac 1 2 3 4 5 6
1 0 0 2 2 2 0
; 1 1 0 0 0 1
. 1 1 0 0 0 1

PosmozinenHs cyneH, 3MiHHI

CynHo 1

Cxema 1 0 0 13 13 13 0
Cxema 2 0 0 3 3 3 0
Cxema 3 0 0 6 6 6 0
Cxema 4 0 0 0 0 0 0
Cxema 5 0 0 0 0 0 0
Cxema 6 0 0 0 0 0 0
Cxema 7 0 0 0 0 0 0
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[IponowxenHs Tadnuii 8

CTpykTypa ¢Jiory, 3mMiHHi
Yac | 1 | 2 3 | 4 | 5 | 6
Cynno 2
Cxema 1 0 0 0 0 0 0
Cxema 2 4 4 0 0 0 4
Cxema 3 12 12 0 0 0 12
Cxema 4 0 0 0 0 0 0
Cxema 5 0 0 0 0 0 0
Cxema 6 0 0 0 0 0 0
Cxema 7 0 0 0 0 0 0
CynHo 3
Cxema 1 9 9 0 0 0 9
Cxema 2 2 2 0 0 0 2
Cxema 3 0 0 0 0 0 0
Cxema 4 0 0 0 0 0 0
Cxema 5 0 0 0 0 0 0
Cxema 6 0 0 0 0 0 0
Cxema 7 0 0 0 0 0 0

B pesynbrari pimmeHHs 3ajadi 3 ypaxyBaHHSIM IONPaBOYHOrO KoegilieHTy Oyiu
OTpHMaHi HACTYIIHI pe3yJIbTaTH:

1) B mepioau vacy t = 1,2,6, TOOTO mepiony 3 GBI BUCOKUM IONUTOM Ha 3a0e3MeueHHs
iargopm, SIK 1 paHillie, c1iJ OpeHIyBaTH B TaiiM-4apTep i BUKOPHUCTOBYBATH 2 OyKcupa;

2) B epioau yacy t = 3,4,5 uncio HeoOXiTHUX CYJCH 30UIBIIHIIACS JI0 2-X, 110 301J1b-
LIMJIO YCepEeAHEH] BUTPATH Ha TOCTaBKy | T BaHTaxYy;

3) 3 po3mIHYTHX 7 BapiaHTiB poboTH cyneH (00xony miardopM), ONTHMATbHUMH
3aJMINAOTHCS TIEepIi TpH BapianTH (AuB. puc. 1);

3HayeHHS LUIb0BOI (YHKII CTaHOBUTH 512 734 1oy, TaKUM YHMHOM, yCepel-
HEHI BUTpPaTH HA JOCTaBKY 1 T BaHTaXiB B IJIOMY II0 CHCTEMi IIOCTAaBOK CTAHOBJISATH
3,31 mom./T, cymapHi Butparu 512 734 mom.

AHaJIOTIYHO BHKIIQJICHOTO paHiiie, OyI0 MpoBeIeHO aHai3 eeKTHBHOCTI BUKOPHC-
TaHHS OIOKETY Jacy cyzieH (tadm. 9).

Tabmug 9
EdexTuBHicTh 0101:KeTy Yacy 3 ypaxXyBaHHSIM BILJIMBY IIOTOAHMX YMOB

Bapiantu Yac pobGotu cyneH no nepioaax, 1io
1 2 3 4 5 6
Cynno 1 0 0 39 39 39 0
CynHo 2 24 24 0 0 0 24
Cynno 3 28 28 0 0 0 28
) KoedimienT 3
Bapiantu
1 2 3 4 5 6
Cynno 1 0 0 0,696 0,696 0,696 0
CynHo 2 0,857 0,857 0 0 0 0,857
Cynno 3 1 1 0 0 0 1
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TakuM 4HHOM, 301IBLIEHHS TPUBAJIOCTI PEICiB ITiJ] BIUIMBOM MOTOJHUX YMOB OOIpYH-
TYBajJ0 HEOOXIiJHICTh BUKOPHCTAHHS JONATKOBHX CY/ICH, ajle B IJIOMY, ¢(EKTUBHICTh
BUKOPHUCTaHHS OIOJDKETY Yacy CYJICH SIK 1 paHille 3aimaeTbest BUCOKOIO (Big 70-100 %).

BigznaunMo, mo 3rifHO 3 NPUHHATHM BUXITHHUMH JaHAMH ONTHMAJTbHUMHU
3'sBIIHCS BapiaHTh podotH 1, 2, 3, mo nependadarors 00xiz 2 1 3 mnardopm. [Ipoana-
Ji3y€eMo, SIK BIUTMBAE BiJICTaHb BiJl 0a3u 110 TuiaTGopM Ha ONTHMANBHI BapiaHTH pOOOTH
cyneH (MapuipyTiB 00xoay ruiatgopm). Y Mpoleci eKCIepUMEHTAIbHUX JTOCIIIKEHb
3ICHIOBAJIOCS BapifoOBaHHS JAIBHICTIO 0a3H Ha BEIMYHHY B IPOMIXKKY 25-90 MUIb sIK
B CTOPOHY 3MEHIIICHHS, TaK 1 B Oik 30unbIIeHHs. BUCHOBKH, siki Oynu 3po0iieHi miciis
PO3paxyHKIB BiJOOpaXkarOTh IEpeBary KOPOTKHX BapiaHTIB 00xomy (10 OmHIM muiar-
¢dopmi) mpu BiTHOCHIN OMM3BKOCTI 0a3u Bia miardopm i mpoBmumx (mo 2 abo 3 miar-
(dhopMH) TIpH BiTHOCHIM BiJiIaIeHOCTI 0a3u Bij miatdopm.

BucnoBku. TakuM yuHOM, B poOOTi Oyny MpOBE/IEH] Ta MpeCTaBIeHi pe3ylbTaTH
EKCIIEpPUMEHTAIILHUX PO3PaxyHKIiB 10 MOZIEI1 OOTPYHTYBAaHHS CTPYKTYpH 1 (GOpMYBaHHS
IUIaHy poOOTH CIIeliali3oBaHUX Cy/eH MMOCTa4aHHs MpH OOCIYyroByBaHHI MOPCHKUX
oypoBux miargopm. OTpuUMaHi pe3yabTaTH MIATBEPIKYIOTh MOXKJIHBICTH OTPHUMATH
ONTUMAJIBHY CTPYKTYPY CHEIiali30BaHUX CY/ICH M0 BAHTAXOIIIHOMHOCTI 1 BU3HAUYNTH
X po3Mmojii 3a BapiaHTaMH MapuipyTy poOoTH. BcTaHOBIIEHO, 10 B MEPIOAX 3 HU3b-
KM TIOITUTOM Ha 3a0e3rnedeHHs miar$opM, JOCTaTHLO BUKOPUCTOBYBATH OIMH OYKCHUD
Ha BiIMIHY BiJ mepiofiB 3 OiIbII BUCOKHAM IOMMTOM Ha 3a0e3NeueHHs. 3 ypaxyBaH-
HSIM HECHPUSATINBHUX ITOTOAHUX YMOB KUIBKICTh CyA€H B TEPiOJ HU3BKOTO MOIMUTY Ha
3a0e3revyeHHs 30UIBIIYEThCS JI0 2-X OYKCHPIB, 1110, B CBOIO Yepry, 301IbIITy€E BUTPATH HA
TpaHcnoptyBaHHs 1 T BaHTaxy. OmiHKa e()eKTUBHOCTI BUKOPHCTAHHS OIOIKETY 4acy
po0OTH criemiaTi30BaHUX CYACH J03BOJIIIA CTBEP/KYBATH, IO CYIHA EKCIUTYaTYIOThCS
e(heKTUBHO. A TaKOXK MPOaHATI30BaHO BIUIMB BiJIaCHOCTI 6a3u BiJ miar¢)opM Ta BCTa-
HOBJICHO, IO TP CKOPOYCHHI BiJICTaHi JOIUIbHIIIE BUKOPHCTOBYBAaTH KOPOTKI MapIll-
pyTH, SIKi BKIIIOYAIOTh B ceOe Mo oxHid miatdopmi. OTKe, MpoOBEeNeHI eKCIIeprUMEH-
TaJbHI PO3PaxyHKH MiATBEPKYIOTh JOCTOBIPHICTH MOJIEINi OOTPYHTYBAHHS CTPYKTYPH
1 popMyBaHHS TIaHY POOOTH CIEIialli30BaHUX CYJCH MOCTaYaHHs MPH 00CITyrOByBaHHI
MOPCBKHX OypOBHX IIIATGOPM Ta Ti IPUIATHICTH JUIsl BUPILICHHS MPAKTUYHUX 3aBJIaHb.
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Summary

In modern conditions, the role of information technology for safe navigation is
growing. The article works out a method for calculating the compass error through
the interaction of the MATLAB software environment and the MS Excel software
environment. Modern navigation requires new approaches to solving the problem of
calculating the compass error for celestial bodies. To implement these approaches, the
author developed an algorithm and wrote the code in the above software environment.
The MATLAB software environment allows you to take data from an electronic
astronomical almanac and process it automatically according to the algorithm. Great
importance is attached to the signs of parameters A and B. The program code contains
the conditions for selecting a sign for parameter A by latitude, for parameter B by the
local time angle and declination.

The work used an almanac in the format in MS Excel. Analyzing the almanac,
an algorithm was developed that starts from the winter and summer solstice, that is,
2 declinations, 2 points, from which the direction of the declination graph changes from
growth to descending and vice versa.

The solstice is the moment in time at which the center of the Sun passes either through
the northernmost point of the ecliptic, which has a declination of +23° 27", or through
its southernmost point, which has a declination of -23° 27",

The algorithm uses 5 dates: the solstice of last year, 2 solstices of the year in which
the observation took place, the day of observation and the last day of the year. Data
on the Sun on the day of observation are combined into matrices, from which are then
selected the required value.

Key words: compass error, MATLAB, solstice, declination, true bearing (TB).

CYYACHHM METOJ PO3PAXYHKY IIOITPABKH KOMITACY
IO HEBECHHUM TIJIAM 3 BUKOPUCTAHHAM CEPEJOBHUIIA MATLAB

O.I'. Kynparuii
crapmmii BuKiIagad kapeapn « CyTHOBOAIHHS 1 MOPCHKOT OE3MEKm»,
Ooecvkuil HayionanbHuli Mopcvkul yHisepcumem, Odeca, Yrpaiua,
ORCID ID: 0000-0003-3519-504X

Anomauisn

B cyuacnux ymosax 3pocmac ponv ingpopmayitinux mexnonoeiti 011 be3neunoi Hasi-
eayii. Y cmammi onpaybo8yemuvcsi Memoo po3paxyHKy HONPAGKU KOMRACY uepe3 83d-
emooio npoepamnozo cepedosuya MATLAB ma npoepamnoeo cepedosuusa MS Excel.

© Kurpaty O.G., 2022
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Cyuacna magicayis nompedyc HOBUX Ni0X00i8 00 p038’A3aHHA 3a0adi PO3PAXYHKY
nONpasKu KoMnacy no nebecnum miram. [na peanizayii yux nioxoodie asmopom 6yno
PO3PO0NEHO anzopumm i NPORUCAHO KOO Y 8Ule 3a3HAUEHOM) NPOSPAMHOMY Cepedosi-
wi. IIpoepamne cepedosuue MATLAB 0o3soas€ bpamu 0ami 3 eneKmpoHHO20 ACMpo-
HOMIYHO20 anbMAHAXY i ONpaybosysamu ix 6 AdemMOMaAmMUYHOMY PeXcumi 32i0HO aneo-
pummy. Benuxe 3nauenns npudineno snaxam napamempie A i B. B npoepammnomy kooi
NPONUCAHO YMO8U 8UOOPY 3HAKY OJiA napamempy A 3a wiupomoro, 01 napamvempy B 3a
micyesum yacosum kymom LHA ma cxunennsam DEC.

Y pobomi 6yno euxopucmano anemanax y gpopmami ¢ MS Excel. Ananizyrouu ano-
Mawnax, 6yno po3pobrenHo aneopumm, wjo GIOUMOBXYEMbCs 8I0 3UMOB020 | NIMHbO2O
COHYecmosiiHs, Moomo 2 cxXunenus, 2 mouKu, 8i0 AKUX 3MIHIOEMbC HANPAM 2papixy
CXUNeHHs 8I0 3POCMAHHSA HA CNAOAHHSA | HABNAKU.

Conyecmosinus — momenm uacy, y axuti yenmp Conys npoxooums abo yepe3 Hali-
RIBHIYHIWLY MOYKY eKTINMUKU, Wo mae cxunenns +23° 27’ abo uepes Hatiniedenuiuty it
MOYKY, o mae cxunents -23° 27",

B ancopummi euxopucmosyromscs 5 0am: COHYeCmosHHA MUHYIL020 POKY, 2 COHYec-
MOSIHHSL POKY, 8 AKOMY 8i00ynacs obcepsayis, Oelb obcepsayii i 0OCMAHHI 0eHb POK).
Jani no Conyio 6 denb obcepsayii KOMOIHYIOMbC 6 Mampuyi, 3 AKUX NOMimM eudbupa-
€mbCsl HeoOXiOHe 3HAUEHHS.

Kniouogi cnosa: nonpaska xomnaca, MATLAB, conyecmosints, cXuienHs, cnpas-
arcniii nenene (CII).

Introduction and problem statement

Nautical astronomy (Celestial navigation) as a subject is going through difficult
times, electronic navigation instruments displace the need to use it to determine
the location of the vessel, but according to the Bridge Procedure Guide, the determination
of the correction of the magnetic and gyroscopic compass must be carried out regularly.

It is important to pay attention to the requirements prescribed in the STCW
Convention, in Table A-II/1 [1], and Section B-II/1 for the level of ship operation
and management. These tables summarize the minimum requirements for competence,
which include skills in nautical astronomy.

Determining the compass error by celestial bodies is a standard procedure carried
out by the navigator regularly, in the presence of a cloudless sky. Figure 1 below
shows the algorithm for calculating the true bearing on the star using the MS Excel
and MATLAB environments.

Considering the Earth stationary, the celestial sphere is given a rotation inverse to
the daily rotation (from E to W).

As a result, all the bodies distant from the celestial equator by the magnitude
of the conjugation of & describe the daily parallels. This is the visible movement
of luminaries due to the rotation of the Earth, convenient for presenting the physics
of phenomena and solving problems. During the daily movement, the rapid line zn,
the meridian observing the true horizon remain stationary.

The beginning of the stellar day is taken as the moment of the upper culmination
of the point spring equinox.
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Analysis of recent research and publications

Section B-II/1 for the level of operation and management of the response [1] notes
such requirements for training: correctly adjust sextant for adjustable errors, determine
corrected reading of the sextant altitude of celestial bodies, accurate sight reduction
computation, using a preferred method, calculate the time of meridian altitude of the sun,
calculate latitude by Polaris or by meridian altitude of the sun, accurate plotting
of position line(s) and position fixing, determine time of visible rising/setting sun by
a preferred method, identify and select the most suitable celestial bodies in the twilight
period, determine compass error by azimuth or by amplitude, using a preferred method,
nautical astronomy as required to support the required competence, that required above

Training in celestial navigation may include the use of electronic nautical almanac
and celestial navigation calculation software. [1]

Works of Aleksyshyn V.G., Dolgochub V.T., Belov O.V. [4] and Kudryavtsev V.G.,
Mikhailov V.S. [21-23] are devoted to modern theoretical and practical research in
the field of nautical astronomy. But they do not highlight the possibilities of modern
information technology.

The purpose of the work: to assess the possibilities of interaction between
the software environment MATLAB and MS Excel for calculating the compass error by
celestial bodies.

Tasks:

1. Develop an algorithm for calculating the compass error by the Sun

2. Create a program code for calculating the compass error in MATLAB, which
takes basic values from MS Excel

3. Test the program code by calculation 4 examples

Modern method of calculating the compass error

Development of an algorithm for calculating the correction of a compass for the Sun

Using the explanation of the Norie’s Nautical Table for parameters A, B and C,
the corresponding patterns are analyzed. [2] Figure 1 below shows the algorithm for
calculating TB finding on the star using the MS Excel and MATLAB environment.

Parameter A is determined by latitude and local time angle, respectively, the calculation
formula: A = |tg lat/tg LHA|. Parameter B is determined by declination and local time
angle, respectively, the calculation formula B = [tg DEC/sin LHA|.

And then determine the sign of these parameters by MATLAB function sign().

The program code for calculating the compass error for the Sun in the MATLAB
environment

GMTh=**; m=**; s=*, GMTm=m+s/60; % using Greenwich meridian time

long:***'********; %E/W

OB=***; %0bserved bearing

DAY=xlsread('2022 Nautical Almanac.xlsx','nautical almanac','O10");

MONTH=xlsread('2022 Nautical Almanac.xlsx','nautical almanac','O12');

Today=datetime(2022,MONTH,DAY,GMTh,m,s)

Datel=datetime(2021,12,21,12,0,0); %winter solstice in 2021

Date2=datetime(2022,06,21,12,0,0); %summer solstice in 2022

Date3=datetime(2022,12,21,12,0,0); %winter solstice in 2022

Lastday=datetime(2022,12,31); %lastday in 2022
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START

Given: date, time, DR coordinates,

observed azimuth
A 4

Creation matrices GHA and declination, select appropriate values with regard to the

observation date and the dates of solstice (for declination)
v

\ CALCULATE LHA AND ESTIMATED PARAMETERS \

— v N

if LHA ¢[90:270] C=A+B B=|tg DEC_i/sin LHA|*sign(DEC_i)
A=|tg lat/tg LHA|xsign(lat)
else
CALCULATE Z
A=|tg lat/tg LHA|xsign(-lat)
end = arig ﬁ

C>0?
LHA>180?

No

C<0?
LHA>180?

C<0?
LHA<180?

C>0?
LHA<180?

fourth quarter (NW), TB=360-Z (Az=360-Z), CE=TB-OB

L [ END }

Fig. 1. CE calculation algorithm (declination selection can be simplified
for other celestial bodies)

GHA degreesl=xlsread('2022 Nautical Almanac.xlsx','nautical

almanac','C16:C21";

GHA degrees2=xlsread('2022 Nautical Almanac.xlsx','nautical

almanac','C23:C28");

GHA degrees3=xlsread('2022 Nautical Almanac.xlsx','nautical

almanac','C30:C35");
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GHA degrees4=xlsread('2022 Nautical Almanac.xlsx','"nautical
almanac','C37:C42");

GHA _degrees5=xlIsread('2022 Nautical Almanac.xlsx',nautical almanac','C44");

GHA minutesl=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','D16:D21");

GHA minutes2=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','D23:D28");

GHA minutes3=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','D30:D35");

GHA minutes4=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','D37:D42");

GHA_minutes5=xlIsread('2022 Nautical Almanac.xlsx','nautical almanac','D44");

GHA=[GHA_ degrees1+GHA minutesl./60; GHA degrees2+GHA minutes2./60;
GHA degrees3+GHA minutes3./60; GHA_degrees4+GHA minutes4./60; GHA
degrees5+GHA minutes5./60];

GHA_gt=GHA(GMTh+1,1) %GHA FOR GIVEN TIME

DEC degreesl 6=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','G16");

DEC _degrees7 12=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','G23");

DEC _degrees13 18=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','G30");

DEC degreesl9 24=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','G37");

DEC degrees25=xlsread('2022 Nautical Almanac.xlsx','nautical almanac','G44");

DEC_minutesl=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac',' H16:H21");

DEC minutes2=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac',’H23:H28");

DEC _minutes3=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','H30:H35");

DEC_minutes4=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac',’H37:H42');

DEC_ minutesS=xlsread('2022 Nautical Almanac.xIsx','nautical almanac','H44");

if Today>Datel && Today<Date2

DEC=[DEC degreesl 6-DEC minutes]1./60; DEC degrees7 12-DEC
minutes2./60; DEC degrees13 18-DEC _minutes3./60; DEC degrees19 24-DEC
minutes4./60; DEC degrees25-DEC_minutes5./60]; % before summer solstice

elseif Today>=Date2 && Today<Date3

DEC=[DEC degreesl 6+DEC minutesl./60; DEC degrees7 12+DEC
minutes2./60; DEC degrees13 18+DEC minutes3./60; DEC degrees19 24+DEC
minutes4./60; DEC_degrees25+DEC_minutes5./60]; % after summer solstice

elseif Today>=Date3 && Today<=Lastday

DEC=[DEC degreesl 6-DEC minutes1./60; DEC degrees7 12-DEC minutes2./60;
DEC degrees13 18-DEC minutes3./60; DEC degrees19 24-DEC minutes4./60; DEC _
degrees25-DEC_minutes5./60]; % after winter solstice

end
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DEC gt=DEC(GMTh+1,1) %DEC for given time (without minutes taking in
account)
dif gha=(GHA(12,1)-GHA(1,1))/11
dif dec=(DEC(25,1)-DEC(1,1))/24
if GHA_gt+dif gha*(GMTm/60)>360 GHA wm=GHA_gt+dif
gha*(GMTm/60)-360
else GHA wm=GHA gt+dif gha*(GMTm/60) %GHA with minutes taking in
account
end
DEC wm=DEC gt+dif dec*(GMTm/60);
DEC i=DEC_wm
if GHA_wm+long>360 LHA=GHA_ wm-+long-360
else LHA=GHA wm-+long %local hour angle calculation
end
if LHA >270
A=abs(tan(lat*pi/180)/tan(LHA *pi/180))*(-sign(lat))
elseif LHA<90
A=abs(tan(lat*pi/180)/tan(LHA*pi/180))*(-sign(lat))
else
A=abs(tan(lat*pi/180)/tan(LHA *pi/180))*sign(lat)
end
B=abs(tan(DEC _i*pi/180)/sin(LHA*pi/180))*sign(DEC 1)
C=A+B
Z=abs(atan(1/(cos(lat*pi/180)*C))*180/pi)
if C>0 && LHA>180 %first quarter
TB=Z
elseif C<0 && LHA>180 %second quarter
TB=180-Z
elseif C<0 && LHA<180 %third quarter
TB=180+Z
elseif C>0 && LHA<180 %fourth quarter
TB=360-Z
end
CE=TB-0OB % compass error
Data is taken from the electronic almanac in MS Excel format (Fig. 2).
Therefore, after taking values from MS Excel MATLAB constructs matrices GHA
and DEC, from which the appropriate values will be selected in CE calculations.
Examples of calculating the compass error by the Sun
Examples that given in this paragraph have same given values, but different date, to
illustrate the changes of Sun declination.
Example 1.
Given:
Today = datetime 21-May-2022 04:30:24 (before summer solstice)
lat=25° N
long=156°E
OB=273°
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C16 - 4
Sun day M aries
GHA ded ination month 12 GHA
n n -
o 1T9 183 =23 68 5 repriiion oorrere of Groemech . ] a0 242
1 1684 100 &7 1 114 2686
k4 208 18 15 (1] 120 2m OHF § wr F 19 21
3 224 184 &3 3 144 38
4 239 181 6.1 4 150 340
5 254 1TH (1] 5 174 36.5
[ PO 175 2 58 8 [ 180 300
T 284 172 55 postion 7| 204 414
8 200 160 5.4 8 | 210 429
9 314 166 52 = 9 | 234 464
10 a8 1a 3 ah Lab 45 450 N 10 240 488
11 244 10 49 LCII'IQ. W0 100 W 1 P4 513
Fig. 2. Nautical Almanac 2022
Solution

GHA gt = 240.8531
DEC gt= 19.8284
GHA_wm = 248.4528
DEC i= 19.8242
LHA = 44.4528

A= -0.4753

B:
C:

0.
0.

5148
0395

Z= 87.9517

TB = 272.0483
CE=-0.9517

Answer: CE =-0.9517°.
Example 2.

Given:

lat =

25°N

long= 156°E

OB=276°

Today = datetime 22-Jun-2022 04:30:24 (after summer solstice)
Solution

GHA gt =239.5090

DEC gt =23.4357

GHA wm = 247.1079

DEC i= 23.4356

LHA = 43.1079

-0

4982

101



PO3BUTOK TPAHCIIOPTY
Ne 4(15), 2022

B= 0.6343
C= 0.1361
Z= 829658
TB =277.0342

Answer: CE=1.0342°

Example 3.

Given:

lat =25°N

long = 156°E
OB=225°

Today = datetime 22-Dec-2022 04:30:24 (after winter solstice)
Solution

GHA_gt =240.4095
DEC gt= -23.4378
GHA_wm = 248.0069
DEC i=-23.4377

A= -0.4828
B= -0.6240
C= -1.1068
Z= 449123
TB =224.9123
CE =-0.0877

Answer: CE =-0.0877°

Example 4.

Given:

lat= 25°N

long= 156°E

Today = datetime 31-Dec-2022 04:30:24 (last day in year)
OB=225°

Solution

GHA gt= 239.3013
DEC gt=-23.4378
GHA wm = 246.8987
DEC i=-23.4377

A= -0.5018
B= -0.6369
C= -1.1387
Z= 44.0974
TB =224.0974
CE =-0.9026

Answer: CE =-0.9026°
According to the test program code is working according to algorithm, without any
problem.
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Conclusions

The algorithm was created in accordance with the Norie’s Nautical Tables. It can
be used for other celestial bodies just by changing the value localization in function
xlsread() and simplified the declination selection procedure.

The program code in MATLAB takes in account summer and winter solstice
and changes of declination sign, also defines the signs of parameters A and B by latitude
sign and declination sign respectively.

In article was explained how to calculate true azimuth (true bearing) according to
the sign of parameter C and LHA value.

Therefore, proposed method of compass error calculation using MATLAB and MS
Excel environments is very effective and can be use in marine practice.
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Anomauis

Bcmyn. Posymuuii nopm euxopucmosye nepeoosi mexmono2ii 01 asmomamusayii
onepayiil ma NOKpAweHHs N02ICMUKU. WMyYyHUll ihmenekm, 8enuki Oawi, Inmepnem
peuell ma oOnokuelin. Buxopucmanus makux mexHoN02ci 3HUINCYE KLIbKICMb aeapiil,
niOBULYE NPOOYKMUBHICHb MA 3HUNCYE eKCIyamayiuni sumpamu. A ye npu3eo0ums
00 nidBUWeHHS eKOHOMIYHOI eheKmUsHOCmI ma AKocmi 00Cy208Y8anHs, WO CAPUSE
nIOBUWEeHHIO KOHKYpeHmocnpomodcHocmi. Pesynemamu. He ousnauuce ma mo, wo
Oinbuticms NOPMIs 8NPOBAOICYIOMb ABMOMAMU3AYi0 ma inghopmamuzayiro 0st NOKpa-
WeHHs npoyedyp ma onepayiti, npome auuie 0esaKi 3 BUKOPUCIMAHHAM DYHKYIU iHme-
JIeKMYanbHUx nopmis. Ananiz oxcepen 0036015€ SUOLIUMU OCHOBHI NPobemuU, 3 AKUMU
CIUKAIOMbCA NOPMU HA WIAAX)Y 00 MO20, Wob cmamu po3ymMHumu nopmamu. Pozymmi
NOpMU MOJICHA PO32A0AMU SIK NOPMU, KL ABMOHOMHO GUKOHYIOMb NOPMOSI onepayii
ma onmuMmizyloms J02ICMUYHI NOMOKU, 3ACMOCO8YIOUU HOBI Ma nepedosi MexHOoN02Il.
Iumenexmyanvuuii nOpm MOJNCHA BUSHAYUMU SIK NOPM, AKUL 3AUMAEMbCS AGMOMAMU3A-
yi€ nopmosux cnopyo ma Cmae aemMOHOMHUM NOPMOM 3 IHIMEe2POBAHUM YRPABLIHHAM
iHghopmayiero, payioHAIbHUM RPULIHAMMAM PilieHb Ma eQekmusHUM GUKOPUCMAHHAM
pecypcie 3a 0onomoeoio mexuonocii 4IR. Y oanomy oocrioxcenni oxapaxmepuso8ano
CYMHICMb «PO3YMHUXY» NOPMIE, 8CIAHOBNIEHO OCHOBHI nepesazu ma mpyoHowyi y npo-
yeci mparncghopmayii nopmia y po3ymui nopmu. Y3aeanoHenHs icHyi04020 00¢8idy (op-
MYBAHHS POZYMHUX NOPMIB O036075€ CMBOPUMU NePULl KDOKU Y pO3podYyi meopemuyHol
bazu 011 po36UMKY NOpmMie y OAGHOMY HANPAMKY. Bcmanoeneno ocnosui emanu mparc-
dopmayii nopmie y posymni. Bucnoexu. Yxpaini neobxiono 3zazoaneziob po3pooumu
00podICHIO Kapmy ma 3abe3neyumu HeoOXiOHull 6100xcem ma pecypcu OJisl CMEOPEHHS.
PO3YMHUX NOPMI6 HA OepircasHomy pieHi. Ilepexio 00 «po3yMHUXY NOPMIE 3 Memoro
8NPOBAOICEH s THHOBAYII 3a OONOMO20I0 ABMOMAMU3AYLL MaA IHMENEeKMYANbHUX CUC-
mem nopmogux onepayiil € 0cooaudo 0oYinbHUM 015 Yrpainu, axa npacue nioguuumu
NPOOYKMUBHICMb MA KOHKYPEHMOCNPOMONCHICIb HA MINCHAPOOHOMY DIGHI.

Knwuosi cnosa: posymnuii nopm, mpaucgopmayis, nioguuenHs epexmugHocmi,
wmy4Hull inmenexm, besnexa.

© Pewerkos /.M., Bonaaprok M.A., Onumenxo C.I1., 2022
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Summary

Introduction. The smart port uses advanced technologies to automate operations and
improve logistics: artificial intelligence, big data, the Internet of Things and blockchain.
The use of such technologies reduces the accidents, increases productivity and lowers
operating costs. This leads to an increase in economic efficiency and quality of service,
which contributes to an increase in competitiveness. Results. Although most ports are
implementing automation and informatization to improve procedures and operations,
only a few are using smart port functions. Analyze the sources allows to highlight the
main challenges that ports face on the way to becoming smart ports. Smart ports can be
considered as ports that autonomously perform port operations and optimize logistics by
applying advanced technologies. An intelligent port can be defined as a port that is engaged
in the automation of port facilities and becomes an autonomous port with integrated
information management, rational decision-making and efficient use of resources with
the 41IR technologies. This study characterizes the essence of "smart" ports, identifies the
main advantages and difficulties in the transforming process of ports into smart ports. The
generalization of the existing experience in the formation of smart ports creates the first
stage in the theoretical base for the ports development in this direction. The main stages of
the transformation of ports into smart ones have been established. Conclusions. Ukraine
needs a road map for the smart ports’ creation of the state level. The transition to "smart"
ports to innovate through automation and intelligent port operations systems is relevant
for Ukrainian ports to increase productivity and competitiveness at the international level.

Keywords: smartport, transformation, efficiency improvement, artificial intelligence,
security.

Beryn. IloproBa cdepa nocTiiiHO nepedyBa€ y CTaHi pO3BUTKY, 1 SIKILO paHillle OCHO-
BHUI aKIIEHT Y PO3BUTKY MOPTiB HaOyBaB Y JIOTICTUYHOMY UM TEXHOJIOTTYHOMY KOHTEKCTI,
TO OCTaHHi POKHU came iHpopMaLiiiHi, a SKIIO TOYHIlIe, IHTeJeKTYalIbHI TEXHOJIOTI1 (op-
MYIOTh IIAaTOpMy [UISl Cy4acHOTO MOPTY Ta HOro e(peKTUBHOTO (PyHKLIIOHYBaHHS. ToMy
i 3’IBUJIOCH TTOHSATTS «IHTEJIEKTYaJIbHUIM MOPT». [HTeneKTya pHuid (pO3yMHUIT) OPT - 11e
ABTOMATH30BaHUI MOPT, SIKMH BUKOPUCTOBYE AHATITUKY JaHUX Ul MPUHHATTSA HalKpa-
LIMX MOXJIMBHUX PillICHb Ta €()EeKTUBHOTO BUKOHAHHS ycix onepauiil. Takuii mopT BBaka-
€THCsI €(PEKTUBHILINM, IPOAYKTUBHILIMM 1 KOHKYPEHTOCIIPOMOXKHIIMM [1].
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Po3ymMHMIT IOPT BUKOPHCTOBYE TEPEAOBI TEXHOJIOTIT JyIsl aBTOMATH3aIlii omeparii
Ta MOKPAIIEHHS JIOTICTUKHU: IITyYHUH 1HTENEKT, BeNUKi AaHi, [HTepHeT peueit Ta O10K-
yeiH. BUKOpUCTaHHS TaKMX TEXHOJOTIH 3HWUXKYE KiJIBKICTH aBapii, MiJABHUIIYE IPO-
JTyKTUBHICTH Ta 3HIDKYE EKCIUTyaTalliliHi BUTpaTH. A 1€ MPU3BOAWTH IO IiABHUITICHHS
€KOHOMIYHOI €()eKTHBHOCTI Ta SKOCTI 00OCIYyTOBYBaHHS, IO CIIPHUSE ITiIBUMICHHIO KOH-
KypEeHTOCTIPOMOXHOCTI. Takok iHII TepeBard BKIIOYAIOTh CKOPOUEHHS 4Yacy OdiKy-
BaHHS BaHTaKHHUX OIIEpallili, MOKpAIIEHHs BiICTEKEHHS, IPOITYCKHOI CIIPOMOXXHOCTI
Ta HaBITh OMOMOTY y CIPOILLEHHI MUTHUX HPOLEAYP.

Po3po0Oka iHTeneKTyanbHOTO MOPTY BUXOIUTH 3a PAMKH IPOCTOTO BIPOBAHKECHHS
Ta 3aCTOCYBaHHS IepeJOBUX TeXHOMOTiH. [laHi mopTH BUMaraoTh iHTerpauii iHpopma-
1ii, KOHBEPreHLii CUCTEM Ta B3a€MO3B'SI3KY MK PI3HHUMHU CHCTEMaMH, 0OJaJHAHHSIM,
o0'extamu Ta 6i3Hec-o0'ektamu [2]. Lle Bumarae cmiBpoOITHHLTBA Ta MapTHEPCHKUX
BIJTHOCHH 3 OararbMma 3alliKaBICHHMMH CTOPOHAMH, TAKHUMH SK OIEpaTOpaMu IMOPTiB,
CYIHOBJTACHHKAMH Ta BAaHTa)KOBJIACHUKAMH.

IocTranoBka mpodnemu. Ha nanuii yac He iCHY€E YHIBEPCAIBHOTO IMiIXOAY JI0 PO3-
POOKH iHTETEKTYaIbHUX MTOPTiB, OCKUJIBKHA TEXHOJIOTTYHUH PiBEHb 1 MPOILYKTUBHICTB ITOP-
TiB 1HIWBITya bHI, TOMYy HEOOXIJHO 3aCTOCOBYBATH IHAMBIMyaTbHUIN IiAXi] O BU3HA-
YeHHS HAlPAMKIB Ta OIIHKY PU3WKIB 3aCTOCYBAHHS IHTENEKTYAIbHIX IIOPTOBUX CHCTEM.

Buxopucranus mepemoBoro AOCBiAY B Il Tady3i JO3BOJIUTH MOpTaM YKpaiHu
MIBUIIEC TIEPEHTH y CBOIH poOOTI HAa HaAWKpalli CBITOBI CTaHAAPTH Ta CIPHATHME
iXHPOMY CTiiKOMY pO3BUTKY [3]. ToMy BHBUEHHS iCHYIOUOTO TOCBiAY y BIIPOBAKEHHI
IHTEJIEKTyaTbHIX CHUCTEM Ta TpaHCQOpMaIlii MOPTiB Y PO3YMHI ITOPTH € aKTyaIbHOIO
HayKOBOIO IIPOOJIEMOIO, KA Ma€ SIK TEOPETUYHY TaK 1 IPaKTUYHY 3HAYYILICTb.

Criyt 3a3Ha9UTH, 110 HA JTAHWH Yac JOCTATHS KUTBKICTh Ty OTiKalliii mprcBsideHa mpooiemam
PO3BUTKY Ta (hYHKIIOHYBaHHSI PO3yMHHX TIOPTIB, aJie 3K OLTBIIICTb 3 HUX OIMUCYIOTh IPOOIeMU
KOHKPETHHX TIOPTIiB Ta MepeayMOBH iX TpaHchopMalii y po3yMHi noptd (Hampuknaj [4-8]).
Jesiki myOmikanii po3nsiIaloTh TEXHONOTIYHI acleKTH (DYHKUIOHYBaHHS PO3YMHHX TIOPTIB
(manpukan, [9-11]), abo 1mdpoBizaiiiro MOpchkoro Oi3Hecy Ta Jiorictuku B3arami ([12-14]).
V3araJibHeHHsI ICHYFOUOIO JIOCBIly Ta BCTAHOBJICHHSI IIEPEBAr, SIKi HAJAlOTh PO3yMHI TOPTH,
Ta OCHOBHHX BHKIIHKIB, 3 SIKUMH 3yCTPIUatOThCsI TIOPTY Ha NULIXY 1X 1MpoBizartii, € HeoOxis-
HIM Ji71s1 GOpMYBaHHS MIEPIINX €TAITIB TEOPETUYHOI 0231 PO3BUTKY PO3yMHHX IOPTIB.

Hias crarti. ToMy MeTor0 AaHOTO AOCHIHKEHHS € y3araJlbHEHHS 1CHYIOYOTO
JIOCBiMy TpaHc@opmallii MOPCHKUX TOPTOBEIBHUX MOPTIB Y PO3yMHI (IHTETEKTyalbHi)
HOPTHU Ta BCTAHOBJICHHSI OCHOBHUX 3aB/laHb (D)YHKI[IOHYBaHHsI Ta IIepeBar TaKUX IIOPTIB.

i Ta yMoBH €Ta/I0r0 PO3BUTKY MOPCHKHUX MOPTIB 3TriTHO KOHIENILii «PO3yMHMii
nopt». 3rigHo 3 [HcTpyMeHTapiem nopToBoi pedopmu CeitoBoro 6anky PPIAF3 [15], odi-
Ky€ThCS, 110 I'ATh TAKWX YMHHWKIB BIUIMHYTH Ha TIOPTH Y MaitOyTHROMY (Talu. 1).

TakuM 4MHOM mepes] MOPTaMu CTOITh 3aBAAHHS MiABUIEHHS €()EeKTUBHOCTI Ta Mpo-
JYKTHBHOCTI TIpH OJHOYACHOMY 3a0e3ledeHHi 0e3MmeyHOro poOoYoro cepeqoBHINa
Ta MiHIMi3alil IIKOAM IOBKULIIO, OTXE, €(PEeKTUBHICTh, KOHKYPEHTOCIPOMOXKHICTb,
Oe3neka, HaJiiHICTh, €KOJIOTIYHICTbh, IHKIIO3UBHICTH [ 16] — OCHOBHI BUMOTH JI0 TIOPTIB
y MaiiOytapomy. Hampukian, aBToMaTH3alisi MOpTiB 3a TOTMOMOTOIO pillleHb, 3aCHOBA-
HHUX Ha TEXHOJIOTil 4eTBepToi nmpomucioBoi pesomromii (4IR), Takux sk 5G, mryyHuit
IHTEJIEKT, pajapHi JaT4YHMKH, 3a0€3MeUyrOTh Oe3neuHe poOoUe CepeioBUINE NPU OHO-
YacHOMY ITiBUILECHHI €(EeKTUBHOCTI Ta MPOAYKTHBHOCTI. [HINMMM MPHUKIIaJI0M € HUPPOBI
JBITHUKH, 110 BUKOPUCTOBYIOTH BIpTyajbHY pEaJIbHICTD Ta BEJIMKI JaHi, sIKi MOXKYTb
3HU3WUTU BUTPATH Ha OyMiBHHUIITBO Ta EKCIUTyaTallil0, a TaKOX CKOPOTHUTU KUTBKICTh
MTOMIUIOK BHACIIZIOK BIUIHBY JIFONICEKOTO (hakTopy [17].
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Tabmuns 1
OcHoBHi (pakTOopH BILVIUBY HA MOPTH y MaliOyTHBOMY (3TinHoO [15])
CyTHicTh

3pocTranHs 00cAry MiKHApPOAHOI TOPTiBII Ta MOAANbLIE
3pOCTaHHA MI00ali3alii BAPOOHUITBA, POIIMPEHHS
reorpaigyroro Macmraly NIOOATBHAX JIOTICTUIHHX
CHCTEMa Ta JIOTICTHYHOI JOCSKHOCTI

HeoOXiaHiCTh Mi/IBUIIEHHS TPOYKTHBHOCTI
KOHTEHHEPHUX TEPMiHANIB Ta 3p0CTar04a PoJib
iH(pOpMaLiHHIX/IHTENEKTYAIbHUX TEXHOIOTIN

[omwyk crpareriqaux ueHTpis. OTpUMaHHs 10XO1Y
[EPEBaJIOYHOTO By3J1a 3 JIONIOMOTOKO MOABIHHHUI
00poOKY KOHTeHHEPiB. BHYTpiliHi KOHTEHHEPHI
TEPMiHaIM 3aMiHIOOTh AisJIbHICTE IIOPTY, ITiABULIECHHS
iHTepMOAaIbHOI E)EKTUBHOCTI

Heo0ximHicTh cTBOpEHHS 0e3MeuHOi Ta EKOJIOTITHO
YHCTOT, HU3bKOBYIVICIIEBOI CHCTEMH CYJHOILIABCTRA,
y TOMY YHCIIi, HOPTOBOI CKJIaI0BO1

KoHcominaris cepes MOPCHKUX NEPEBI3HUKIB
Ta T0sIBa TTI00AIBHOTO CEPEIOBUIIA OCTaYaIbHHKIB
JOTICTHYHUX MOCIYT

DaKTOPH BILIUBY

1 |ITocunenns rmo6ansHoi
KOHKYpEHII11

2 |Hosi Texnoorii

3 |3mina mMozeneii cucteM
po3mnoaiTy

4 | 3pocraroue 3HaYEHHS
HHUTaHb OXOPOHH JOBKIJIA
Ta OXOPOHH Mpalli

5 | 3miHa mo3umii 3ariKaBiIeHuX
CTOpIiH

He nuBnsunck Ha TO, 110 OUIBIIICTH MOPTIB BIPOBAXKYIOTh aBTOMATH3AIIII0 Ta iHPOP-
MaTH3aIIi0 IS TOKPAIEHHsI IPOLIEAYP Ta OIepaliiid, MPOTe JIMIIIE esKi 3 BUKOPUCTAHHSIM
(YHKLIH iHTENIeKTYaIbHIX TIOPTiB. AHANI3 JPKEPEN JO3BOJISIE BUIIUTHUTH OCHOBHI IPOOIIeMH,
3 IKUMU CTHKAIOTHCS ITOPTH Ha IIISIXY 0 TOro, 00 CTaTH PO3yMHUMH TopTaMu (Tadi. 2).

Tabmuus 2

IIpo6iemMu po3BUTKY «pO3yMHUX» NOPTIB (y3araabHeHHd [3-5, 16])

IIpobaema

3micT npobiemu

1 | 306inbIIeHHs PO3MipiB
CyIeH

* [IpobnemMu CTPYKTYpHUX 3MiH IMOPTIB AJIS IPHIHOMY
BEJIMKUX Cy/IeH

* HeoOxiaHicTh MakCHMi3yBaTH €()eKTHBHICTh IOPTOBHX
ormepanii s 00poOKH CyeH 3HAYHOTO PO3Mipy

* HeoOxiqHicTh MOKpaIIeHHs TOPTOBOI iHPPaCTPYKTypH,
orepariid, 00'€KTiB Ta TPAHCIIOPTHHX 3aC00IB

2 | HeoOxigHicTh
MABHILIEHHS
e(eKTHBHOCTI
MOPTOBHUX OIlepalii

* HeoOxiqHicTh ONTHUMI3aLil TOPTOBHUX Ta TEPMIHAIBHUX
MPOIIECiB Tt 00POOKH 301IbIICHUX OOCSTIB BAHTAXKIB

* HeoOximHicTh BiicTE)KEHHS BaHTaXIB y PEKUMI peabHOTO
4acy JUIs ONTUMI3aIlil MOPTOBUX OIepalliil Ta 3a0e3CUCHHS
HACKPi3HOT BUIUMOCTI

* [TigBumeHHs e(heKTUBHOCTI Ta MPOXYKTUBHOCTI Tpalli

B IIOPTY 200 Ha TepMiHai

3 | OOMexeHHS
B 00CITyrOByBaHHI Ha
BHUMOTY

* [ToTouHwmii CTaH MOPTIB HE B 3MO31 BPaxyBaTH MIBUIKI 3MiHA
cepe MOPTiB Ta BUMOT KOPHCTYBadiB

* BificyTHICTh MOXIIMBOCTI BITOPATUCS 3 OC3TFOIHUMU
HpoLecaMH 3a YYacTIO aBTOMATH3alil, pOOOTOTEXHIKH

Ta iHTepHETY peuen

* HeoOxiqHicTh PO3IMIMPEHHS 30HN KOHTPOJIIO 338 PaXyHOK
BUKOPHCTAHHS BIIAJICHOTO MOHITOPUHTY

4 | OOMexeHHs
CYMICHOCTI 3 1HITMH
TPaHCTIOPTHUMH
3acobamu

* [ndopmartist mpo MOPCHKY JIOTICTHKY MOTpedye
B32€EMO3B’S3KIB 3 IHIIUMH BHJIAMU TPAHCIIOPTY

* HeoOximgmicTs 00MiHY iH(OpMaIi€to 3 IHITUMHI
TPAHCIIOPTHUMH CHCTEMH Ta B32EMO3B'SI30K 3 BHYTPILIHIM
TPaHCIIOPTOM
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[Mponowxenus Tabmuiti 2

Ipobaema 3micT nmpobaemn

5 | BnuuB Ha JOBKIIISA * Exornoriuni npo0iieMu, BUKJIMKaHI isUIBHICTIO TTOPTIB,
CYITHOBHMH Ta IOPTOBUMH BifX0AaMu, HaTOBUMH
BIIXOIaMHM Ta CTIYHUMHU BOJAMH

* HeoOxigHicTh OyAiBHUIITBA €KOJIOTIYHO YUCTOTO MOPTY,
SIKMH BUKOPHCTOBYE EKOJIOT1YHO YHCTY €Heprifo abo green

TEXHOJOTI1
* HeoOxinHicTh ckopoueHHs BUKUAiB CO,
6 |HeoOxigHicTh * HeoOxinHicTh 3a0e3meueHHs Oe3MeKd Y MUPOKOMY CeHCI,
MOCHJICHHS ()I3MYHOT | OCKLIBKH MOPT € BEJITUKUM reorpa(piqHuM IMyHKTOM, 1€
Ta KibepoOesnexu 30epiratoTbcsi HeOe3neyHi BaHTaxi (y TOMY YHCil BUOYXOBi
B TIOPTax PEYOBHHH, XIMIUHI pEIOBHHH)

* HeoOXiHICTh YiTKO BU3HAYCHOT MOJITUKN KiOepOe3neku
MOPTIB BiJI Kibeparak

3 2000 poky 70 TEnepilHbOro Yacy MOPCHKI MOPTH MOYaJIX BIIOCKOHAIIOBATH CBOT
oTiepalliiiHi CHCTEMH, MalOYH y SIKOCTiI METH TIPAarHEHHS CTaTH «PO3YMHHUMHU TTOPTAMID).
HoBe 6adeHHsI iHTENEKTYalIbHOTO MOPTY 0a3y€eThCs HA 1HTENEKTYaIbHUX Ta IHHOBAITIH-
HUX TEXHOJIOTISIX 3 HU3bKMM BIUIMBOM Ha HaBKOIUIITHE CEPETOBHIIE.

[Mixxixg «po3yMHUI MOPT» MOXKE BIUIMHYTH HA 3arajlbHy €KOCHCTEMY MOPCBHKOTO
MOPTY 32 PaxyHOK Oe3rmepepBHOr0 30mMpanHs iH(GOpMallii MPo AISUTBHICTE MOPCHKOTO
MOPTY 3 BUKOPUCTAHHSIM [HTEpHETYy pedell Ta MPUAHATTS PIlICHb 3 BUKOPHCTAHHIM
TEXHOJIOTIH MITYYHOTO IHTENEKTY Ta BEIUKUX HaHuX. Lle# migxim Moxe 3a0e3meunTu
CTIHiKy cucTeMy 30epiraHHsi JaHUX Ta JIO3BOJIUTH PI3HUM OpraHi3allisiM OTPUMYBaTH
JOCTYTI JIO BIAMIOBITHUX JAaHUX HA OCHOBI y3TO/PKEHOT MOJICTII YIIPaBIiHHS, SIKa JIOTIO-
MOYKE ONTHMI3yBaTH ONEpaIliiHi CHCTEMHU Ta MiABUINUTH eheKTUBHICTh [3]. V [13]
BU3HAUYECHHSI KOHIIEMIT «PO3yMHOTO TMOPTY» 30CEpPEIKEHO Ha TPHOX OCHOBHHX C(e-
pax: eKCIuTyarallisi, BAKOPUCTAHHS €HEPrii Ta HaBKOJIMIIIHE cepeoBulle. BaximsicTh
CTIO)KMBAHHS €HEPril B MOPCHKHX TIOPTaX IMOB'sI3aHa 3 BACOKUMHE TOTpedaMu B eHeprii
JUTsL IOPTOBUX orepaiiii. EdexTnBHEe BUKOpUCTaHHS eHEprii € mpobieMoro Juis mop-
TiB, OCKUIBKY 301/IbIIICHHS CITOKUBAHHS €HEPril 03HaUa€ 30UIBIICHHS BUKUIIB BYTJICITIO
Ta 301IBIICHHS eKCIUTyaTalliiHUX BUTpaT. JIpyriuM eJIeMEHTOM BH3HAUCHHS iHTENEKTY-
aJIbHOTO TIOPTY € eKoJoriuHMi acrekT. Pi3ui iwimiarusu, Taki sk ECOPORT, PRISM
ta GREEN Efforts, cripsiMmoBaHi Ha BU3HAYCHHS Ta BCTAHOBJICHHS IMOKa3HHUKIB €KOJIO-
riYHOT e(heKTUBHOCTI JUIsI IIOPTOBOT BN/, 1100 JOTIOMOTTH iM 3MEHIIUTH Ta YCYHYTH
BIUIMB Ha HABKOJIMIIIHE CEPEOBUIIIE.

Tperiii HaMPSMOK KOHIIEMIIIT PO3YMHOTO MOPCHKOTO TIOPTY — Orepaltii (eKcIutyarartis).
OCHOBHUMH OTIEpaIlisIMH B TIOPTY € HABAHTA)KCHHS T4 BUBAHTAKEHHS BAHTAXKIB 13 CYJICH
Ha CKJIQJW TOWO. Y JAHIFOXKKY ITOCTAaBOK OIEpAIifHUX CHCTEM Y MOPCBHKHX IMOpTax
MOXKHA ONITHMI3YBaTh KiJibka 00JacTel MmiIBUIIEHHSI ¢(DEKTHBHOCTI 1 pe3yJIbTaTUBHOCTI
MOPTOBMX OIEpallii, 110 TOMOMOXKE CKOPOTUTH BUTPATH, Yac Ta TPYAOBUTpATH [4].

OcCHOBHi MOKJIUBOCTI Ta MepeBarv po3yMHHUX MOpTiB. Po3ymHi mopTn MoXHa po3-
DJISJATH SIK TIOPTH, SIKi aBTOHOMHO BUKOHYIOTH MOPTOBI OMepallii Ta ONTHMi3yIOTh JIOTiC-
TUYHI MTOTOKH, 3aCTOCOBYIOYM HOBI Ta MEPEIOBi TEXHOJOTII. TaKHM YMHOM, IHTEIEKTY-
IBGHHAN TTOPT MOXKHA BH3HAYKTH SIK TIOPT, SIKMH 3aiiMacThCsl aBTOMATH3AIIIEI0 TOPTOBUX
CTIOpY/l T2 CTA€ aBTOHOMHHM ITOPTOM 3 IHTETPOBAaHUM YTIPaBIIiHHSIM iH(OpMaIlieto, pario-
HAJTLHAM MIPUHHATTSM pillleHb Ta €()eKTHBHUM BUKOPHCTAHHSIM PECYPCIiB 32 JOMOMOTOI0
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texHonorii 4IR. [HmmMu cnoBamu, 11e TOPT, KK ONTHUMI3Y€E CBOIO JisUTBHICTB 32 paxy-
HOK 3aCTOCYBaHHSI IIEPEIOBUX TEXHOJIOTIH Ta MOKpaIeHHs 0i3HeC-IPOoIIeCiB, THM CAMUM
3HWKYIOUM BUTPATH Ta 4ac 0OpOOKH, IMiJBHIIYIOYH MPOAYKTHBHICTh Ta €(EKTUBHICTD
MOPTY Ta 3BOMSYM JI0 MiHIMyMY BIUIMB Ha HABKOJIMIIHE cepenoBuiie (puc. 1).

| OCHOBHI XapaKTepuUCTUKN PO3BMHEHOTO IHTENEKTyanbHOro NopTy |

= L2 L35

lMoeHaHHs TeXHoMoriM O6MiH iHbopmaLlieto |HTerpaLis 3 HaBKOMMLIHBOIO
Ta 36opy/po3noginy 3 onepartopamu, TEpUTOpIELD PO3YMHOTO MOPTY
[AaHux Ta iHpopmavyji MOPTOBOIO CMINBHOTOK (micTo, obnacrb, kpaiHa) Ta
ONS ynpaBniHHs Ta BCiMa 3aLlikaBneHMMu iHTENEKTYanbHUMN TPAHCTOPTHUMM
onepawisiMi BCepeauHi CTOpOHaMu iHpacTpykTypamm (aBTOMOBIMbHI,
Ta 3a Mexamu nopty 3ani3HNL, pidKu)

Puc. 1. Ocnosni xapakmepucmuxu po3guHeH020 iHMeleKmyaibH020 NOPHY

Mera iHTENEKTyaJbHUX MOPTIB — 3aJIOBOJLHUTH TOTPEOU KOPHUCTYBAdiB IOPTY,
3a0e3MEeYUBIIH OLTBII BUCOKY €()EKTUBHICTh POOOTH, TIPO30PICTh, OE3MEKyY Ta 3axXHIIe-
HICTh Y BIANOBIIHOCTI JI0 TeHEepaNbHOI JiHIl pO3BUTKY Ta (QYHKIIOHYBaHHS CHCTEMH
CYIHOILUIABCTRA y mijtomy [18-20] (Tadm. 3).

Tabmuuug 3
KonkpeTHi nepeBaru, siki 3auikaBjeHi CTOPOHM MOKYTh OTPHMATH 32 10NIOMOT0I0

iHTeJIeKTYyaIbHOrO0 NOpTY (y3arajabHeHHs [1-15])

IlepeBarn

[TpuckopeHHs TPaH3UTHOTO Yacy 0OpOOKHM BaHTAXKIB 3a PaxXyHOK MOKpAIICHHS
MOPTOBUX OTEpaIliit

CKOpOYCHHS BUTPAT Ta 4acy Ha 00pOOKY BaHTaXy

ITpuckopeHHs yacy BiANOBIJI 3alliKaBICHUX CTOPIH CBOIM KIIiEHTaM

CKOpOYCHHS TAllepOBOTO IIOTOKY 33 PaXyHOK EIIEKTPOHHOTO 0OMiHY iH(pOpMAIli€ro

[TokpaiieHHs BiJICTE)XeHHs Ta onepaniiHol eeKTHBHICTI

OnTrMi3amis NOB'I3aHMX 3 MTOPTOM IIPOIIECIB, TaKi K HABaHTAKEHHS, PO3BaHTaKEHHS,
yKJIagaHHg abo 30epiraHes TOII0

CrpusiHHS CIIPOIEHOMY poO04YOMy Iporecy

HananHs kJli€HTaM ONepaTuBHUX JJAHUX NPO CTAaTyC BaHTaxy, poOounii cTan
IOPTOBUX CHOPYJ

o[ 0 [N N N |AR|W (N -

31aTHICTh HAJaBaTH MOCIYTH Ha 3aIIUT 3a JIOTIOMOTOI0 aHAITI3y BEIHKUX JaHUX

—
<

[MoninmieHHs TIaHyBaHHS PUYATIB, IIEPEBAHTAXKYBAJIBHOTO 00IaHAHHS, YMOB
30epiraHHs

p—
—

BusiBneHHs pi3HUX pPU3HKIB HA MOPCBKOMY TPAHCHOPTI, TAKMX SK HECTIPHSTIHUBI
TIOTO/THI YMOBH 200 BHICOKI PiBHI 3a0pyTHEHHS

12

[ToninuieHHs Ta onTUMI3allisi BHYTPILIHBOI Ta 30BHINIHBOI CIIBIIpali

Po3ymui moptu Ginbin eekTHBHI, iIHHOBAIIIHI Ta OPI€EHTOBAHI HA MOCIYTH KOPHC-
TyBadiB, III0 JIO3BOJISIE iM BUKOPHCTOBYBATH BCi HAasBHI Y HUX MOMKJIMBOCTI Ta pecypcu
JUISL CTAJIOTO YIIPaBIIiHHS ONEPAIlisIMU Ta IOPTOBUMH ITOCITyraMu. Taki MOPTH CTaHyTh
MTOCTIMHO CTIMKVMH Ta KOHKYPEHTOCITPOMOXHUMH TIpH €(heKTUBHOMY YIIpaBIiHHi [5].
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Haiikpamni cBiTOBi MpakTHKHU y po3poodili iHTeIeKTyaJbLHUX MOPTIB.

Kumaii. Kutaii pocyBa€e IMiJIOTHI TMTPOEKTH MO0 OYIIBHHUITBA IHTEIEKTYaTbHUX
mopTiB B 11 moprax Ha AepKaBHOMY PiBHI B YOTHPHOX 00JIACTSAX, BKIIOYAIOUN 1HTECIICK-
TyaJIbHy poOOTY TOPTiB, MOKPAIIECHHS YIPaBIiHHA O€3MEKO0, IHTETPaIliio JIOTiICTHKH
Ta IHHOBAIIli Oi3HEeC-Moenel. 30KkpeMa, ypsia po3po0IIse TOBHY aBTOMATH3AIIIO IT1LTHO-
BHX TOPTIB, TakuXx K CsMmens, [lingao ta [llanxait, 3 MeTor0 3poOHUTH iX HaHKpaIuMu
Y CBITI B CEKTOPI IHTENIEKTyaIbHUX TIOPTOBHUX OTICPAITii.

Jnst cTBOpeHHS cTabiIbHUX Ta €()EKTUBHHUX IHTEICKTYyalbHUX TOPTIB IIAHY€EThCS
MPOCYBAaTH IHTENEKTYallbHI TIOPTH IIISIXOM 320XOYCHHS PO3BUTKY TEXHOJOT1H, CTHMY-
JIFOBAHHS y4acTi YpsIy 1 MPUBATHOTO CEKTOPY Ta Y3TOMKEHHS 3 TIOPTOBOO TaTy33k0 K
IOETAITHAN MiIXis.

Himeuuuna (Iamoype). Yupammiaas nopty ['amOypr 3amyCTHIIO BIacHHM TMpo-
ekt SmartPORT. Ilpoekr ckmamaeTscsi 3 ABOX acmekTiB — «smartPORT morictuka
ta «SmartPORT enepreruxa» [21].

«SmartPORT moricTukay MmoeaHye B 001 EKOHOMIUHI Ta €KOJIOT1UHI aCTIEKTH Y TPHOX
IMiJICEKTOpax: TPAHCIIOPTHUHN TOTIK, iHQpacTpyKTypa Ta ToBapHMHA TOTIK. [IeBHA iHTe-
JIEKTyaJlbHa Mepexka € ONePeTHLOI0 YMOBOIO 15l €(HEKTHBHOTO TPAHCIIOPTY Ta MOTOKY
TOBapiB 3a PaxXyHOK: a) BUKOPHUCTAHHS ONTHUMAJIBHOTO 300py JAaHWX Ta IIIBHIKOTO
oOMiHYy iH(pOpMaIli€ro; Ta 0) HagaHHS MTePEBI3HIKAM Ta areHTaM MOXKITUBOCTI 00MpaTH
HanO1TBIT e(PEKTHUBHI TPAHCTIOPTHI 3aCO0M TS TPAHCTIOPTYBAHHS CBOIX TOBApIB.

Eneprernunnii acnexkt SmartPORT 3ocepemkennit Ha TphOX OCHOBHHX cdepax:
BIIHOBJIIOBAaHUX JDKEpeNiaX €Heprii, eHeproe(eKTHBHOCTI Ta MOOUTBHOCTI. 3aBISIKH
«SmartPORT eneprii» € MOXIHBICTE OOMEKHUTH 3aJICKHICTh MMOPTY BiJ €ICKTPOCHEP-
Tii, IO BUPOOIAETHCS TPATUITIHHAMHA CIIOCO0aMH, a TAKOXK CKOPOTHUTH BUKUIU T4 3MCH-
IIUTH BUTPATH.

3aBmsIKM cUCTEMI, B sIKiH BCi TIOB'SI3aHi 3 TTIOPTOM PECYPCH, TaKi SK CyIHA, BAHTAXHI
aBTOMOOLTI, KpaHH, TPAHCTIOPTHI TOTOKH, poOoYa CHiIa i T. M., IHTErpOBaHI B PEKHUMI
peanbpHOTO 4acy, BapTiCTh eKCIUTyarallii MopTy 3HIDKYEThCs Ha 75% Ta mporryckHa
CIIPOMOXKHICTB TIOPTY 3pocTae Ha 15%

Cinzanyp (TYAC). llopt TUAS y Cinramypi — 11¢ TpO€KT pO3yMHOTO METaropTy,
SKUH TIaHyeThes 3aBepmuth 10 2040 poky. Bin peamisyerbes y wotupu etanu. Ilicus
3aBEPIICHHS BiH 3MOXke 00poOmsiTH 10 6,5 MutH. koHTeliHepiB TEU Ha pik [22]. TUAS —
1€ TIOPT, KK OyB TOOYTOBaHUI 3 METOIO CTAaTH MTOBHICTIO aBTOMAaTH30BaHUM Ta PO3BU-
Ba€THCS 3 METOIO0 OJTHOYACHOI peai3allii iHTeIeKTyaTbHIX TEXHOJIOTIH, TaKUX SK €KO-
JIOTIYHO YHCTI TEXHOJIOTii, OC3MITOTHIKH Ta TEXHOJIOTI BIJICTE)KEHHS CYICH, a TaKOX
pOOOTH30BaHI TEXHOJIOTII IS TEPMIHAEHUX JIOTICTHIHHUX CHCTEM.

Y MaiiOyTHbOMY ONTHUMAalbHE MOPTOBE OOCIYTOBYBaHHS JIO3BOJIUTH CKOPOTHUTH
3aTPUMKH Ta Yac OYiKyBaHHS CYJIEH 32 PaXYHOK BHKOPUCTAHHS CHCTEMH CBOEYACHOTO
puoyTTs. [lopt CiHramyp mokpamme Ha3eMHi oTiepariii 3a JOTIOMOTOI0 CBOiX BHYTPIIII-
HIX TEpMiHAJIB Ta CKJIaIiB OPOXKHIX KOHTEHHEPIB 3 BHKOPUCTAHHSAM IHTEICKTYaTbHUX
TEXHOJIOTIH Ta ITOKPAIIHB JIOTICTHKY BaHTaKIBOK, 1110 TTPHOYBAIOTH 33 IOTIOMOTOIO BiJl-
MOBITHUX CHCTEM MOHITOPHUHTY. [TOpT TakoX BUKOPUCTOBYE II0O0ATBHY CHCTEMY TTO3U-
mionyBaHHs (GPS) ms MoHiTOpHHTY pyXy Ha i i3HUX KOJISAX 10 TOPTY.

Hacrymmauit eran — rie crBopenns digital PORT, 110 103B0 TS ONITUMI3yBaTH ITOPTOBI
peCypcH Ta MiIBUIIUTH €()EKTUBHICTD 32 PaXyHOK BHKOPHUCTAHHS MITYYHOTO IHTEIICKTY,
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0 3a0e3MeYnTh CBOEYACHICTh OMepaliil y mporecax npoxomy cyaeH. [lopran digital
PORT Takox 3M0xe OOMIHFOBATHCS JAHUMH 13 CHCTEMaMH [TOPTOBOI CITIJIBHOTH, TAKUMH
sk Portnet Ta Jurong Port Online, aj1st oTpuMaHHs BiINOBIAHOI iH(QOpMAITii, BKIFOYAI0UN
JICKJIapyBaHHs oIepailiii 13 HeOe3MeUHUMH BaHTa)KaMHU Ha TIOPTOBUX TEPMiHAJaX.

Hioepnanou (Pommepoam). Hinepnannym — niepia KpaiHa y CBiTi, sIKa YCIIIIHO PO3-
PpOoOMITa aBTOMATHYHUI TepMiHaN 0€3 y4acTi IFOMUHU. JJOpOKHS KapTa «pO3yMHOTO MOPTY»
nopty PoTTepaam BKITtoua€e Tpu OCHOBHI HANPSIMKH: TIPOTyMaHa JIOTICTHKA (3pOOHTH ITOPT
PorTepnam niziepoM po3yMHOT JIOTICTUKY; 3a0€3MeUeHHS CTINKOCTI, HaAIMHOCTI Ta edek-
TUBHOCTI JIAHIIOXKKIB TIOCTABOK; aKIICHT Ha PUHKY KOHTEHHEPIB), «PO3YMHA» CHEPreTUKa
Ta MPOMUCIIOBICTh (AKIEHT Ha ONTHMABHO MPAIIOI0YOMY Ta CTIHKOMY Ha(TOXIMiYHOMY
KJIacTepi, JOCIiKEHHS 3 BIIPOBAPKEHHS CTIIKOI €HEPreTUKH y 0ararbox BiJJHOIICHHSIX,
TaKHX SIK BAPOOHHIITBO, BUKOPUCTAHHS Ta 30epiraHHs), a TAKOXK MepCIeKTUBHA TIOPTOBA
iH}pacTpykTypa (OnTUMI3aIlisl T0AaHOT BAPTOCTI MOPTOBOI TEPUTOPIT 38 PaxyHOK MOp-
CbKOI iH(PACTPYKTYpH Ta BOMHHX IUIXiB; OYIIBHHUIITBO Ta PO3BHTOK IOPTIB 3 METOIO
3HWKEHHS! IIKOX TIPHPO/Ii Ta HABKOJIHUIIHBEOMY CEPEIOBHIILL, JTFOMISIM Ta MiITPHEMCTBAM).
Komnu 6yniBHHITBO 1i€T cuctemMu Oyzie 3aBepIleHO, OUIKY€EThCS, 1110 opT PoTTepaam craHe
MIEPIIUM Yy CBITi IIOPTOM 31 IITYYHUM THTEJIEKTOM.

Cnonyueni IlImamu Amepuxu. Ilopr CaBaHHa 3aCTOCYBaB TEXHOJIOTiI0 aBTOMa-
TH3allii IPOIECIB Y CBOIN MisJIBHOCTI IICJIS BCTAHOBJICHHS aBTOMAaTHU30BaHOI CHCTEMHU
ynpasiiHag aktuBamu TepMinany (ATAMS) y 2008 pomi. ATAMS nokpamus npoiec
nepeaayi KOHTEHHEPIB Ta A03BOJIMB OyTH aBTOMAaTHYHO BHSBJICHI Ta 11CHTH(IKOBAHI.
Tepminan y mopty X''fOCTOH Ma€ MOXJIMBOCTI elleKTpoHHOro oOMminy manumu (EDI),
BKITIOUAIOYM KOMITIOTEPU30BaHi CUCTEMHU KepyBaHHs 3amacamu. Lli cucremMu MOXyTb
OyTH BKITIOUCHI JIJTSI Bi/ICTE)KEHHS pO3TalIyBaHHS Ta CTAHy OKpeMHX KoHTelHepiB. [Topt
OxuteH; Ma€e BCeocshKHE MU(PPOBE MPENICTaBICHHS, BEO-TIOpTal, IKUH Hanae iHpopMma-
10 TIPO TepMiHAJIH, BAHTAXI1 Ta KOHTEHHEPHI CyJJHa Ha OfHii ruiatdopmi 6e3 HeoOxXi-
HOCTI TIeperIsiIaTh AeKiibKa BeO-caiitiB. [lopran nmoeaHye aaHi 3 KIIFOYOBHUX MOPCHKUX
TEPMIHAIB, BKJIIOUAIOYM CTAaTyC BaHTaXy, 300pakeHHS 3 KaMmep y peajbHOMY Yaci
Ta po3KiIa] CyAeH. [HIm oaaTKoBi (GyHKIIT BKIFOYAIOTh OIUIATY TEPMiHAIBHUX 300piB,
3yCTpiyl 3 TajJeKOOIMHUKAMU Ta OHOBJICHHSI CTATyCy BaHTaxy [2].

Amnani3 iHpopMarlii mpo MiArOTOBKY HAIliIOHAILHHUX ITPOEKTIB PO3BUTKY PO3YMHUX TIOP-
TiB JJO3BOJISIE BUIIIUTH BUHUKAIOU1 ITPOOJIEMH Ta JIii, IKi BUMAraroTh MiATPUMKH (TalI1. 4).

Texniuna cTparterisi A8 po3yMHuX moprtiB. [lopTtu € cxiagHuM omepariitHuM
CEPEIOBHIIEM, IO CKIAJAEThCS 3 PI3HUX 3alliKaBICHUX CTOPIH, SKHUM HEOOXiIHO
MpaIoBaTi pa3oM, MO0 MakcUMi3yBaTH e(pEeKTHBHICTH BCHOTO JIAHIIOXKKA MOCTABOK.
OnudpyBaHHs MOPTIB TAKOXK € CKJIAJHUM 3aBIaHHSM, 1 3alliKaBJieHI CTOPOHU MAarOTh
MPaIIOBaTH Pa3oM, OCKUIBKH MalOTh TicHI BifHOCHMHU. Came TOMY BKpail MOTpiOHMIHA
MMOKPOKOBHH MiX1J] 10 BIPOBAHKCHHS 1HTEJICKTYalbHUX MOPTIB [6].

Ha puc. 2 mokaszaHo eramnu peanizallii cTparerii TeXHOJIOTiT iHTEIEKTYalIbHIX ITOPTiB
3rigHo 3 aHaiizoMm Boston Consulting Group (BCG). Lli kpoku aHaJOTI4HI MOKPOKO-
BOMY MiIXO/Y, IO BHKOPHCTOBYETHCS JIJISl PO3POOKH 3arajbHOI CHCTEMH. Y IIbOMY 3BiTi
MPOTIOHYEThCsI Oi3HEC-CTpATeTis Ta TEXHIYHA CTPAaTeTisl.

[Mo-nepie, Ha eTari «IOTIEPETHHOTO MJIAHYBAHHS BU3HAYAETHCS CTPATETIsI PO3yM-
HUX TOPTIB KpalHH BIAMOBIAHO JIO HAIIOHAJIBLHOI CTparerii pO3BUTKY MOPTIB. [HaKIiIe
Ka)Xy4d, KpaiHa Mae€ 3a3[alieri[b BU3HAYUTH TeHEPAILHUNA IJIaH YU JIOPOXKHIO KapTy
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po3BHTKY TOpTY. [1OTiM CITii PO3POOUTH CTPATETi0 «PO3YMHOTO MOPTY» y Wil KpaiHi
BIJIIIOBIIHO JIO TEBHOI JOPOXKHBOI KapTu abo reHepanbHOro Iany. [lo-mpyre, eramn
«IJIaH» BKITIOYAE MEPEBIPKY MOTOYHOTO CEPEIOBHINA, CUCTEMH Ta 00'€KTIB TIOPTOBOTO
0i3Hecy (BKIJIIOYAIOUM MOPTOBI OIepaliii), a TaKoK po3poOKy IJIaHy i rpadika MpoeKTy
Jutst OyiBHUIITBA PO3YMHOTO TIOPTY.

Tab6muma 4
IIpo0nemu, AKi BUHMKAIOTH Y X0Ai MiATOTOBKY HALIOHAJLHUX NMPOEKTIB PO3BUTKY
PO3YMHUX NMOPTiB, Ta BianoBigHi aii (y3araabHenus [7-12])

Ipo6aemn Hii
* HeedexTuBHiCTS, 110 30epiraerses * axuimary Ta 0OMiHIOBATHUCS
* CknaHicTh 3a0e3Me4eHHsT TOYHOCTI JaHUX iH(pOpMaIi€ro PO MepeoBUN TOCBI IS
Yyepe3 HeNOCTATHICT iH(pOpMaIiHHIX IHTENIEKTyaIbHUX TTOPTiB
CUCTEM » OpranizoByBaT# ceMiHapu
* HenocrarHiii piBeHb 3B'S3KiB 3 HapOIIyBaHHs MOTEHIIATY It 3MIITHEHHS
3 iH(OpMALlIHHIMH CUCTEMaMH 1HIIIAX MOTEHITIaTy Ta TEXHIYHUX HaBUYIOK
oprasizarii ITOPTOBOTO TTEPCOHATY
* HeoOxigHicTh po3p0o0KH IPOIyMaHOT * BcraHOBUTH MilIHI BiTHOCUHH
cTparterii OyIiBHUIITBA TIOPTY Ta NETAIEHOTO 3 MIXKHAPOJTHUMU OpTaHi3amisiMu
TUTaHy » CrangapTtusanis 6i3Hecy, IpaBHi
* HeoOXiHiCTh TIOCHIICHHS KaJIpOBOTO Ta TEXHOJIOTiH, HEOOX1THMX ISt
MTOTEHI[iaTy ITOPTY IHTENIEKTyaIbHUX TIOPTiB
* HeoOxigHicTh 3a0e3eYeHHs * [TixroToBKa TOCITITHUIIEKUX MPOEKTIB
(iHaHCYBaHHS 3 HaIlIOHAJIBHOTO OIO/KETY a00 KOHCYJBTaliHHUX MOCITYT JJIs
IHTENIEKTyaIbHUX TTOPTiB
* [liArOTOBKA MUJIOTHUX MPOEKTIB TPO TE,
SK caMe PO3BMBATH PO3yMHI IIOPTH Ha PiBHI
JIep>KaBu
YB'a3aTu BupiwwmTy,
. BuaHaunTy
cTparerito kynysaTvt Bukopucrati
60nb0Bi TOuKM, Creoputu .
PO3YMHOT0 ToTOBY THYYKUA
) SKi MOXYTb nopTconio ) o
nopTty 13 TexXHonori noxiga no
BUNPaBUTY MOXNUBUX ,
3aranbHo ) abo cTopUTM ynpaBniHHs
) TexHonorii pilLeHb A
cTparerieto iHavBiAyanbHe pu3nKamy
PO3YMHNX )
nopty ) pilLEHHS
ropris

Puc. 2. Emanu peanizayii mexuiunoi cmpamezii po3ymHux nopmie

[Mo-TpeTe, eTan «anami3» 30upae iH(OpPMaLiO Ta aHANI3y€e MPOOJIEMU Ta BUMOTH
NOTOYHOTO Mopty. [licist aHaIi3y BUKIHMKIB, TpoOJieM Ta BUMOT, Ki TOTpeOyIoTh MOKpa-
HICHHS, MOXKHA 3HAaWTH JpKepesa mpolieM Ta mporaduHd. binemricte mpobnem € abo
CTPYKTYPHHMH, [0 HAJIEKATh JIO SIKOICh YaCTHHU (Bi3WYHOI omepallii, 800 MOBEIiHKO-
BUMH, BUKJIMKAaHUMHU THUM, 10 KOPUCTYBadi MOPTY BBAXKAIOTh 3a Kpallle pOOUTH IIOCh
neBHUM 4iHOM. [lo-uyeTBepTe, Ha eTami «au3aliH» po3podmseTses moaens TO-BE ms
CTBOPEHHS 1HTENIEKTYaIbHHUX MOPTIB 1 JOKIaIHO BU3HAYAIOTHCs QyHKii [7].

BumipioBanHsi BIUIMBY INepexoay Ha iHTeJeKTyaJbHi mopTu. Po3ymHi moptu
MOXYTh 3a0€3MeUYUTH YHCICHHI TNepeBard MiJABUIIEHHS KOHKYpPEHTOCIIPOMOXKHOCTI
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MOPCBHKOT JIOTICTHKH, 1 HABITh MiJBUIEHHS 3araibHOi ¢)EeKTUBHOCTI yIPaBIiHHS JIaH-
MIO)KKaMU TocTaBOK [8]. OdiKyeTbcsi HACTYIHI pe3yNbTaTH MEpPeXoqy Ha «pPO3yMHI
MOPTHY, SIKI CJTiJ] BAMIPIOBATH B paMKaX BiJICTEXKECHHS BIUTUBY pedopm (Tadm. 5).

Tabuuug 5
Bincre:keHHs BIUIMBY PO3pO0KHM iHTeJIeKTyaIbHUX NMOPTIB (y3arajbHeHHd [5-11])

ExonomiuHi moOKa3HUKHA

ConiaJbHi TOKa3HUKH

Exosoriuni mokasHuKH

« [TinBUIIEHHS
KOHKYPEHTOCIPOMOXKHOCTI
KpaiHU YM MOPTIB IUITXOM
oOMiHy iH(pOpMaLi€ro ITpo
TTOPTH MiX 3aIiKaBICHUMHI
CTOpPOHAMH, CPEePoro
MOPCBKOI JIOTICTUKH YU
TPAHCKOPIOHHUMU KpaiHaMu
TOLIO

* 3abe3medeHHs 3B'I3HOCTI
BCIX pecypciB (BaHTaxiB,
Jofiei, oOmagHaHHs, 00'€KTIB
TOIIO) y HOPTY Ta 30BHIMIHIX
pecypciB (CyaeH, 30BHIIIHIX
BaHTa)iBOK, MOCTIB, TpadiKy
TOIIO) 11032 TIOPTY

* BHEecok He TIBKI

y YTPHMaHHS ICHYIOUHX
KJIIEHTIB, ajie i 3aIy4eHHs
HOBHX KITI€HTIB 32 PaXyHOK
TiBUIICHHS PIBHS
3aJI0BOJIEHOCTI

e [TinBuIeHHs HaMIHHOCTI
MMOPTOBUX MOCTYT BHACIIIOK
PO3LIMPEHHS MOXKIIMBOCTEH
IIOO 3aIrro0iraHHs

* MOXITUBICTB
MPOTHO3YBaHHS

Ta 3arno0iraHHs aBapisiM

* TexXHOJIOTis IBUIKOTO
pearyBaHHS i 9ac
MZITOTOBKH 0 CTUXIHHUX
JIMX, TAKKUX SIK 3eMJICTPYCH,
emigeMii Ta cTpaliku

* MOXITUBICTh 3a0€3MCYUTH
BHIMMICTh PECYPCIB Y TOPTY,
a TaKOXK HaMIMHICTE JaHUX
npo Oi3Hec-TpaH3aKIii,
HaIpHKJaJ, 3a JOIOMOI 00
KibepOe3nexu mopTy abo
TEXHOJIOTIT OJIOKUEIH

* BukiroueHHsI pu3nKy
HEIACHUX BUIIAAKIB Ha
BUPOOHHIITBI TOPTOBHKIB
3a paXyHOK BIPOB/KEHHS
B IIOPTY 0e3MLITOTHOL
aBTOMAaTHUKHU

* 3anobiraHHs aBapisim

3 BUKOPUCTAHHAM
aBToMaru3ailii poooTH,

3 BUKOPUCTaHHSAM
JUCTAaHLIHHOTO KepyBaHH:,
OE3ITIIOTHUX CHUCTEM,
pOOOTIB, IITYYHOT'O IHTEIEKTY

* 3HM)KEHHS BILIMBY

POOOTH MOPTY HA AOBKIJUIA
3a PaxXyHOK ITiJ[BUIICHHS
e(eKTuBHOCTI Hioro podoTn

* CKOpOUYeHHS

3aToOpiB Y MOpTax

Ta TepMiHaJax Ta MOB'I3aHUX
3 HUIMH BUKHJIIB 32 PaXyHOK
MiHiIMi3alil yacy O4iKyBaHHS
CYJIeH Ta BaHTa)XXKiBOK

* [TigTpumka Ginbmoi
iHTepMoAaJIbHOT iHTerpanii Ha
KOPHCTB OLUTBIII €KOIIOTIYHO
0e3MeYHOTO MOy 3a
BUJIaMH TPaHCIIOPTY

y IOBiJOMJICHHI TTOPTIB i3
BHYTPIIIHIMHU paifoHaMH

* 3HW)KEHHS PU3UKIB
€KOJIOTIYHHX 30UTKIB,
CIIPHYMHEHHUX NOPYIICHHIMA
6e3mexu B mopTax

* CKOpOUYCHHS BUKHUIIB
MApPHUKOBUX Ta3iB 3a
paxyHOK ONTHUMI3aIlii
BHYTPILIHEO00'€KTOBOTO
TPAHCHOPTY Ta BAaHTAXKHO-
PO3BaHTAXKYBAILHUX POOIT

* OnTuMi3alist po3MIlIeHHS
00JIaHAHHS Ta 3HIDKCHHS
€HEeProCrOKUBaHHS

bararo 3 meBanx ESPO mpiopuTeTiB € akTyaabHUMH 1 IJIS YKPAiHCHKOI MTOPTOBOL
rany3si. YactuHy 3 HUX yke npornucano y nporpami «Ukrainian Ports are Going Green»
po3pobiieHoi (axiBmsiMu AaMiHICTparii MOPChKHX TMOpPTiB Ykpainu [23]. Iami 3Ha-
W BimoOpakenHs y bimiit kanu3i (White Paper) mpiopuTeTiB y MOPCBKi ramy3i, Ky
ITITOTYBAB KOMITET 3 JIOTICTHKH €Bpomneiichkoi Oi3Hec-acoriarii [2].

YV Crparerii po3BUTKY MOPCHKHUX ITOPTiB Ykpainu Ha mepioxn 10 2038 poky nependadeHo
«BIIPOBADKCHHS CMapT-iHQPACTPYKTYpH (HOBITHIX TEXHOJIOTIH, 110 CIPHSIIOTh aBTOMATH-
3arii Ta poOOoTH3alIii MepeBaHTAKYBATEHUX MPOIIECIB MOPCHKUX TEPMIHAIIB), €KOJIOTTIHO
0e3IMeYHNX TEXHOJIOTIH, CIIPSIMOBAHMX Ha 3MEHIIIEHHS IIKiIMBUX BUKUIIB BiJl BUPOOHH-
YHX MPOIIECIB y TTOPTAX Ta OTPUMAHHS SHEPTii 3 aIETepHATUBHMX JpKepern [23].

VY pesynbrari 3abe3nedeHHs 30aJaHCOBAHOTO PO3BUTKY Ta €()eKTHBHOTO BHKOPHC-
TaHHS TIOPTOBUX TOTY)KHOCTEH Ha IHHOBAIIMHIN OCHOBI OUIKY€ThCS CTilike (DyHK-
[IOHYBaHHS MOPCHKHX TIOPTiB YKpaiHW BIiAIMOBITHO 10 KOHIIEHIH «CMapT-IOPT»
(3acToCyBaHHsS HOBITHIX TEXHOJIOTiH), «eHeproeeKTHBHUN MMOPT» (3MIMCHEHHS
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3aXO0JliB 3 pecypco30epeeHHs, BI/IHOBICHHS Ta PalliOHAaJbHOTO CIIOXHBAaHHS pecyp-
CiB) Ta «3eJIeHU MOpT» (3MEHIICHHS! HETATUBHOTO BIUIMBY HA HABKOJIUIIHE TIPUPOHE
CepENOBHUIIIE).

BucHoBkH. Y 1aHOMY JOCIIIKSHHI 0XapaKTEPU30BaHO CYTHICTh «PO3YMHHXY MOP-
TiB, BCTAHOBJICHO OCHOBHI IepeBard Ta TPYJHOII y Iporieci TpaHchopmallii mopTiB
y PO3YMHI MOPTHU. Y3arallbHeHHs ICHYIOUOTO JIOCBiIYy (GOpMyBaHHS PO3YMHHUX IMOPTiB
JIO3BOJISIE CTBOPUTH TEPILi KPOKU Y PO3POOIL TeoOpeTHUHOT 0a3u Il PO3BUTKY MOPTIB
y TAaHOMY HanpsIMKy. BCcTaHOBIIEHO OCHOBHI eTanu TpaHc(hOpMAIlil MOPTiB y PO3yMHi.

[Mepexin 10 po3yMHHX MOPTIB CTaHE KIIFOYOBOIO BU3HAYAIBLHOIO TEH/ICHIIIEIO Y CBITO-
Bill iHAyCTpii BAHTRKHHUX MIEPEBE3CHB Ta CYJIHOTUIABCTBA HAMOMIDKIYMMHU pokamu. OUiKy-
€Thest, 110 2024 poKy pUHOK IM(POBHX iHTEIEKTYIBHUX MTOPTIB AOCSTHE 5,3 MIIP. J01a-
piB. Jlekinbka MopriB, B OCHOBHOMY B A3ii, €Bpomni Ta [liBHIuHIi AMepHIIi, 3HAXOSTHCS
B aBaHTap/i PO3BUTKY IHTENEKTYaJbHUX TOPTIB, BUKOPHCTOBYIOYM TOETHAHHS HOBUX
Ta MePEI0BUX TEXHOJIOTIH JUIs I IBUIIICHHS TPOyKTUBHOCTI Ta €PEKTUBHOCTI. «P0o3yMHI»
MOPTH, IO IHTETPYIOTh HU(PPOBI3AILIO0 i BHKOPHUCTOBYIOTH HOBI TEXHOJIOTIT, CTAaHYTh KITIO-
YOBUMHU TPABISIMU y CBITOBil TOPTiBIIi B Mipy TOTO, SIK CBIiT BCTymnae B 41R.

Buxopucranus rexnonorii 4IR no3Bosisie mopram cTaTé OUTBIN iHTENEKTYaIbHIMH,
JIO3BOJISTIOYH PI3HUM 3aIliKaBJICHUM CTOPOHAM - OTIepaTopaM TepMiHaIliB, BAHTAXKOBJIAC-
HUKaM Ta CY[JHOIUIABHHUM KOMIIaHisIM MTPUHAMATH ONTHMAJbHI PIMICHHS, YIOCKOHAIIO-
BaTH MPOLIECH Ta ITiIBUIIYBaTH e()EeKTHBHICTH MOPTOBUX Orepaii [8].

Mopchki mopTty YKpaiHu MOYMHAKOTH OCBOKOBATH IIM(POBI TEXHOJIOTIT Ta TEXHOJOTIT
aBToMaru3aiii. OgHak 0OMeXEHHsS JOporoi iHQPacTPyKTypH Ta BHCOKOIIBHAKICHOTO
ITUPOKOCMYTOBOTO 3B'SI3KY MOKH IO CTPUMYIOTH IIEH MpoIiec.

VYkpaini HeoOXiHO 3a37aleTib PO3POOUTH JOPOXKHIO KapTy abo TreHepallbHU TUTaH
Ta 3a0e3Mme4nTH HeoOXiTHUH OIOKET Ta PECYpCH JUIsl CTBOPEHHS PO3YMHHX TIOPTIB Ha
JepkaBHOMY piBHi. [lepexis 710 «pO3yMHHX» MOPTIB 3 METOIO BIIPOBAIXKEHHS iIHHOBA-
IIif 3a JOIOMOTOK aBTOMAaTH3allil Ta IHTEIIEKTyadbHUX CHUCTEM MOPTOBUX OIepariiit
€ 0cOOJIMBO JOIUILHUM JUTsl YKpaiHu, sKa MparHe MiBUIIUTH MPOAYKTHBHICTh Ta KOH-
KypEHTOCTIPOMOXKHICTh Ha MKHApOTHOMY piBHI [23]. Bu3HaueHHs TaKUX MPiOPUTETIB
Ta poboTa o0 X peaizallii came 3apa3 IyKe BaKJIMBa, OCKUIbKH YKpaiHa, sk 1 €C,
NPOXOJUTH €Tall 3HAYHHUX 3MiH, ajie TMPIOPUTETH JOBTOCTPOKOBUX IMPOEKTIB MAroTh
CIPUSITH PO3BUTKY MOPCHKUX TIOPTIB.
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Anomauisn

Bemyn. Ha cbo200HiuHill Oenb konabopayis 6umoe Kii€enmis i noaimuku 83aemo-
Oii eneMenmis nany2a NOCMAYausb YCKIAOHIOE Npoyecu, wo 8i00y8aromvcs ecepe-
Ouni inmezposanoeo nanyroea. Cb0200HI 8Xce CKIAOHO YAGUMU JIAHYI02 NOCHAYAHb
CROJCUBUUX MO8Api8 6e3 oucmpud romopis, po3nodiibyux YeHmpis, Onmosux 0as.
Vei yi yuacnuxu npoyecy nocmavanns 6ukoHyroms QyHKYii, nos si3ami 3 nepepooKor
sanmasicie. Hasenicmo 6 nanyioeax nocmauanus nynkmie nepepooxu (I111) dozeonse
3MEeHWUMY 8UMPAmMuU YCix y4acHuxis. 3a paxyHox eubopy mpancnopmuux 3aco6ig (13)
PAYIOHATLHOT BAHMANCHOCME 8 TAHKAX IAHYI02I8 nocmadans, wo nepedyroms 11 ma
toyms Onicis, 00CA2AEMbCS NIOBUWEHHS MEXHIKO-EKCIIYAMayiiHuX ROKA3ZHUKIE pobo-
My MpaHcnopmy, maxux sx pigenv 3aganmasicenus 13, 3aeanvruii npoodie mowo. Kpim
EKOHOMIYUHUX (HaKkmopis, wo 00IPYHMOBYIOMb OOYILIbHICIb HASAGHOCMI NPOMINCHUX
NYHKMIB 8 NaHYI03i NOCMA4aHb, CIi0 8IO3HAYUMU | eKOLI02IUHY CKIA008Y, W0 Ni080OUMb
0o 3enenoi nozicmuku. Omoce docniodicenns i eusuenns Qyuxyionysanns I111 3acny-
208y€ ocobnusoi ysazu docnionuxie. Mema. Jlane 00cniodicents CRPIMOBAHE HA GUSE-
JeHHsl pakmopis, wo enausaioms Ha yac nepedysanns T3 y I1I1 eanmaoicis. B pobomi
NPONOHYEMbCA (hopmanizayis npoyecis, wo 8i00yearmovcsa 6cepeOUuHi MaKux NyHKmie 3
VPAXy8aHHAM 0cOOAUBOCIEl MA NPIOPUMEmi8 npu 00CIY208Y8AHHI BAHMANCONONOKIE
32I0HO 3 iCHyOUUMU 8UMO2amu makux nyHkmis. Pezynomamu. 3a donomozcor aunanizy
JimepamypHux 0xcepei UABILEHi Memoou opmanizayii pearbHux npoyecie 8 06ciyeo-
eyeanni 13 y I111 sanmaoicie. [Ipoananizosano icnyroui Kpumepii oyinku YHKYionysan-
HsL MAKUXx NyHKmMig. 3anponoHosano Memoouxy usHauents yacy ovikyeanus T3 obcry-
eosyeanns 6 1111 3 ypaxysanusam ocoonugocmelt peanbHux npoyecise, ujo 6i00y8ar0mucs.
Bucnosku. 3anpononosana memoouxa suznawenHs uacy nepeoyeanus T3 y Il san-
maoicie. Ananiz oisinonocmi I111 sanmadicie nokazas, o iCHye 8iOHOCHUL npiopumen 6
obcnyeosyeanni T3. Ompumani pe3yiomamu CManosIsimy inmepec 5K 0715 NePeGi3HUKIE
8 NUMAHHAX NIAHY8AHHA pobomu mparcnopmy, max i ons I11 eanmadcis.

Knrouosi cnoea: nynxkm nepepobxu, mepminai, 8aHMagic, 4ac 00CIY208y8aHH, YdC
OYIKYBAHHS, Npiopumem, asmomoOibHULL MPAHCROPM.
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Summary

Introduction. Today, the collaboration of customer requirements and the policy of
interaction between elements of the supply chain complicates the processes occurring
within the integrated chain. It is difficult to imagine today the supply chain of consumer
goods without distributors, distribution centers, wholesale bases. All these supply chain
participants perform functions related to the cargo handling process. The availability of
cargo-handling facilities in the supply chain can reduce the costs of all participants. The
resulting increase in transport performance, such as vehicle load levels, etc., is due to the
selection of vehicles of a rational load capacity at the supply chain links upstream and
downstream of the cargo-handling facilities. In addition to the economic factors justifying
the existence of intermediate points in the supply chain, there is also an environmental
component leading to green logistics. Therefore, the research and study of the functioning
of cargo-handling facilities requires special attention of researchers. Purpose. This study
aims to identify factors affecting the time vehicles spend at cargo-handling facilities. The
paper proposes to formalize the processes taking place inside cargo-handling facilities,
taking into account the peculiarities and priorities in servicing cargo flows in accordance
with the existing requirements of such facilities. Results. By means of analysis of literature
sources the methods of formalization of real processes in the maintenance of vehicles at the
cargo-handling facilities are revealed. The existing criteria for assessing the functioning
of such facilities are analyzed. A methodology for determining the waiting time of service
vehicles at cargo-handling facilities is proposed, taking into account the peculiarities of real
processes. Conclusions. The methodology for determining the time of stay of vehicles in
cargo-handling facilities is proposed. Analysis of the activities of cargo-handling facilities
showed that there is a relative priority in servicing vehicles. The obtained results are of
interest both for carriers in matters of transport planning and for cargo-handling facilities.

Key words: cargo-handling facilities, terminal, cargo, service time, waiting time,
priority, road transport.

Beryn. Ha chorommimHii JeHR B YCbOMY CBITI CIIOCTEpITacThbesl 30UTBIICHHS

MTOTUTY Ha TOCTaBKY BaHTaXIB: SIK B PETiOHAIILHOMY, Mi’)KMiCBKOMY, TaK 1 B MI>XKHapO/I-
HOMY CHOJy4YeHHI. B TO# e gac CTpiMKHM PO3BUTOK PUHKOBHX BITHOCHH B CETMEHTI
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PHHKY aBTOMOOIIbHUX NEpEBE3CHb BIUTMHYB HA YTBOPEHHSI HOBUX aBTOTPaHCIIOPTHHX
MiANPUEMCTB, 1110 TPU3BENIO IO YTBOPESHHS KOHKYPEHII MiXK TPaHCIIOPTHHUMH KOMITa-
HisIMH. YTBOpPEHI TEHACHIIT NPU3BOAATH 10 HEOOXITHOCTI OMEPATUBHOIO Ta SIKICHOTO
BUKOHAHHS JIOTICTUYHMX OIEpallili Ha BCIX JIaHKax JIaHIIora rnocradadb. OJHaK ore-
parii, mo BimOyBaroThest B [1I1 BaHTaxiB, 32 4acOM 1 XapaKTepOM BUKOHAHHS JTOCHTh
4acTo HOCATh cToxacTuuHui xapakrep. [1I1 BaHTaxiB MOXKYTh OyTH SIK TyHKTH HAaBaH-
Ta)kKeHHs (BaHTKOBIJIPABHUKH), TAK 1 TyHKTH PO3BaHTAKEHHS (BAHTAXKOOACPKyBadi).
Yacto B Takux [1I1 BaHTaXIB MOXE BiIOyBaTHCH 1 Oe3mocepenHs nepeBaika BaHTaxKiB
3 ogHoro T3 Ha iHINWIA, a OT)KEe TakKi MYHKTH CTalOTh MPOMDKHAMHU ITYHKTaMH B JIaH-
1031 ocTayanb. Taki TepMiHANKA BUKOHYIOTh OUTbII mmpiri QyHKIii, aHiX 3BHYAiiHI
III1, a omke 1 dopmaizailis MPOIECIB, 110 BiAOYBalOTLCS B CEPEAMHI TAKOi CKJIaJHOT
CHCTEMH CTa€ HAJCKJIQJHUM MHUTaHHIM. BUXOJS1UM 3 IHOTO MOYKHA CTBEPIKYBATH, IO
BiJl IKICHOT oprasi3ariii mpoiiecis, mo BigOyBatoThcs B 111 BaHTaxiB 1 Oyae 3anexaTu
e(heKTUBHICTh (PYHKI[IOHYBaHHS BCHOT'O JIAHI[FOTA TIOCTA4YaHb.

IMocTranoBka mpodaemu. Ha BinMiHy Bijx omnepariii TpaHCIIOPTYBaHHS, JIe MPOIEC
OINITHUMI3YETHCS 3a JOTIOMOTOK BiJIOMHX METONIB (BUPIIICHHS 3a/lad MapLIpyTH3aIlii,
TPAHCIIOPTHOI 3a1a4i ToIo), onepaiii B [1[1 BaHTaXIB 3aJIMIIAIOTHCS MPAKTUYHO HEO-
NTUMi30BaHUMU. KpuTepieM Takol onTrMi3allii Ma€e cTaTi 9ac 00poOKH BaHTaXKiB, 3MEH-
LICHHS SIKOTO TpU3Bene o ontumizamii podotu I1I1 Ta 3MeHIIEHHS HEMPOXYKTHBHUX
npoctoiB T3 mepeBizaukiB. OfHAK PU BUPIIIEHHI TAKOi 331a4i, HEOOXiJTHO BpaxyBaTH
napaMeTpu poOOTH MyHKTIB MEPEBAJIKH, 0COOJIMBOCTI BAHTAXKOIOTOKIB, 1110 HAIXOIATh
1o I, xapakTepUCTUKN PYyXOMOTO CKJIaTy Ta OCOOJIHBOCTI Bi/IHOCHH 3 TIEPEBI3HUKAMH,
IO BU3HAuUCHI B JOTOBOpAaxX Ha MepeBe3cHHs. BHU3HaueHHS IHMX MapameTrpiB i J0cCIi-
JDKEHHS 1X BIUTMBY Ha KpUTEpil eeKTUBHOCTI JO3BOIWIO O pallioOHANI3yBaTH MpPOIecC
nepepoOKH BaHTAXKIB.

AHaJi3 ocTaHHIX TociKeHb i my0ikamiit. Ha cboromHimmHii 1eHb OMUC MPoIeciB
MepepoOKH BaHTAXKIB B TEPMiHAIAX MPEJACTABICHUN B poOoTax OararbOX JIOCIIIHHUKIB.
CroctepiraeTbest iHTEpeC 10 BUBYCHHS TipolieciB (yHKIionyBaHHs [1I1 BaHTaXKIB came
BoxHOro Tpancnopty [1-3]. TToscHIOETBCS Taka 3alliKaBJICHICTh 33JJOBIMMH HPOCTOSIMHU
T3 B o4ikyBaHHI 00CITyTOBYBaHHsI, IO IPU3BOIUT JI0 3MEHIIIEHHS PEHTa0eIbHOCTI PyXO0-
MOTO CKJIa 1y, 301IbIIICHHS BUTPAT HA JOCTABKY Yepe3 MTpadu 3a MpoCToi TOIIO.

B po6ori [1] Bu3Ha4a€eThCs Mepestik HEOOXIHUX JIOTICTUYHUX TOCTYT JIJIsl KOMILIEK-
CHOTO OOCITYTOBYBaHHSI B TEPMiHaIaX. ABTOPaMH 3alIPOIIOHOBAHO MOKa3HUKH €(DEKTHB-
HOCTI Ta MOBHOTH HaJaHHS MOCIYT B TEPMiHANaxX, IO BUPAKAIOTHCSI KoedillieHTaMH
e(eKkTUBHOCTI. PaH)XyBaHHS O3BOJHIIO BCTAHOBUTH, IO CYMICHICTh Ta OJHOYACHE
BUKOHAHHS JICKITBKOX orepaliiii (HarmpuKiaa po3BaHTaKeHHs 1 0OpMIICHHS JJOKyMEH-
TiB) € HAHBKIUBIIIHM (HaKTOPOM JUIst KIi€HTIB. OIHAK Taki KpUTEPIi, IO BiTHOCATHCS
JI0 EKOHOMIYHOI TPy (HAapHUKIaJ, BUTPATH) 32 HallaHi MOCIYTH BHUSBHJINCH HE3HA-
gymMH. Peamizaiist bOTo IMi X0y MOXKE JTO3BOJIMTH TOJIETTIHTH MPOIeC MPUHHATTS
pilieHb. Al citiJl 3a3Ha4UTH, 110 PEe3yJIbTaTh OTPUMaHi Ha OCHOBI aHKETYBaHHS KOpHC-
TYBauiB MOCIYT KOHKPETHOT'O TEPMiHAy, po3TamoBaHoro B 1ok, oOMexye BHKO-
pHUCTaHHs OTPUMAaHHUX PEe3yNbTaTiB Ha iHIIUX 00’ €KTaX.

AHai3 JiTepaTypHUX PKEPEIT MO0 ONTHUMI3aIliT JOTICTHYHUX OIEPallii B JIAHITIOTY
MocTayaHb IMOKa3aB, 110 OCHOBHHMH HaNpsSMaMH PO3BUTKY TPAHCIOPTHUX MOCTYT
BHCTYNAIOTh TaKi MPOIECH, SIKI HampaBlieHi Ha YJOCKOHAJCHHS Ta MOKpaIlleHHS
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TPAHCIOPTHOI JIOTICTUKK B IIJIOMY: BIIPOB/DKCHHS PI3HOMAHITHHX aBTOMATH3alli,
sKi 0a3yl0ThCsS Ha MITYYHOMY IHTENEKTi, pO3BUTOK Pi3HOHAMPABICHUX CHUCTEM OJIOK-
4eifHy, BBEIEHHSI KOMIUIEKCHOI TOMITHKH JiIIPKATATI3AIli1, BIPOBAKSHHS HOBUX METO-
niB ouudpyBaHHs iHQOpMaIlii Ta BUKOPUCTAHHS XMapHHUX TEXHOIOTIH [4]. Ane Bci i
HaMpsIMKH € T0JaTKOBUMH 1 3MOXYTh AaTH MO3UTHBHUHN Pe3yabTaT TIJIbKU MiCIs TOTO,
SK CaM TEXHOJIOTTYHHI Tpoliec MepepoOKH BaHTaXKiB OyJ/ie ONTUMI30BaHUM.

OpnHiero 3 npoOsieM paiioHalizamii HaJaHHs TPAHCIOPTHUX MOCIYT € HEBPETYJIbO-
BaHa CUTYyaIlis cyMicHOi poootu I1I1 BaHTaXiB 1 BAHTa)KHOTO TpaHCcIopTy. OnTuMizaris
IIFOTO TPOIIeCy Aana O 3MOTy 30UTBIINTH MTPOAYKTUBHICTH POOOTH SIK aBTOMOOLITHHOTO
TPAHCHOPTY, TaK 1 caMHX ITyHKTIiB. Tak B poOOTi [5] mponoHyeThCs pillieHHs TpoOieMH
00CITyTOBYBaHHsI TPaHCHOPTHUX OAWHHIL 32 JOMOMOIOI0 0ararouijboBOi ONTHUMI3a-
uii. 3HaYymy¥MH TapaMeTpaMu Ipu HpoMY € 4ac 00poOku T3, HOro BaHTa)KHICTh, THIT
1 xapaxrepuctuku [1I1. 3anponoHoBana Mozens NepeBipsIach Ha pearbHOMY 00’ €KTi
nmocimkerHs. KputepieM eeKTHBHOCTI 3aITpOIIOHOBAHO Yac TOCTABKH BAaHTAXKIB.

Oco6a1Bo1 yBaru 3aciayroByloTb poOOTH, B SKHX Ipouec oOciyroByBanHs T3 omnu-
CYETBhCS 3a JOMOMOTOK METOJIB HEUiTKOi JIoriku [6], HeTpocodchkux MeTomiB [7],
Teopii MacoBoro oOcIyroByBaHHs Ta Teopii pos3knanis [8]. Li moxeni € Ginbir peartic-
tiuyauMU. J{s onucy pomkunu yepru T3 B 111 BaHTaxIB 3a3BHYail BAKOPUCTOBYETHCS
3axoH Jlittna [9]. Tak B po6ori [10] Ha mpukIagi TepMiHaTy KPOC-IOKIHTY MPOIOHY-
€THCS BHPIMICHHSA MUTAHHS BU3HAUCHHS MociaigoBHOCTI T3 Ha B'i3mi 1 BHI3I Ta MiaH
00cCITyroByBaHHs, 1100 3BECTH 10 MiHIMyMYy 4Yac BCHOTO Ipoliecy. BukopuctoByeTbes
JarpaH)keBa penakcaiis, sSK METOH, L0 IEPETBOPIOE CKIaIHYy 3ahady ONTUMi3alil
3 0OMEKEHHSMH IO HaOMMKEHOTO OUIBII POCTOTO BULY.

Crii po3yMiTH, [0 Ha MPaKTHII CrocTepiraeThest HasBHICTH yepr B I1I1 BaHTaxiB.
Henanexxne BuKOHaHHS TpadikiB BUKOHAHHS OIepalliii Ta HamMipHe odikyBaHHSI T3
NPU3BOIUTH 10 AONATKOBUX BUTPAT B sIBHOMY a00 ckputoMy BUIILi. Came TOMy cIio-
CTepiraerbesi 0COONMBHI IHTEpEC AOCHIJHHUKIB Y BUBYEHHI Ta GopmManizauii mpouecis,
1o BinOyBatoTecs B 111 BaHTaxiB.

@opmyiawBaHHA Tijieil crarti. OCHOBHOIO METOIO JIaHOI POOOTH € BU3HAUCHHS
ocobnmBocted ¢pynkuionysanus [1I1, BusBieHHsT GakTopiB, MO 00YMOBIIOIOTEH TOBE-
IIHKY B oOCIyroByBaHHI BaHTakomoTokiB B III1 Ta dopmamizyBatn 4ac OYiKyBaHHS
o0ciryroByBaHHs T3 B TakuX MyHKTax.

Buxkiaa ocHoBHOro marepiajy. B 3aranpHoMy BHNaAKy IMOCTaHOBKA 3afadvi Mpo-
1ecy nepepoOKH BaHTaKOMOTOKIB MOJISATAE B TOMY, 1[0 IPOTSITOM MIEBHOTO MEPioy Yacy
KOKHE JIKEPEIIO JOCTABKHU (BaHTaKOIOTIK) Ma€ CBOT XapaKTEpPUCTUKU — IHTCHCUBHICTh
HAJIXO/KCHHS, 9ac 0OCIIyrOBYBaHHSI, BAHTXKHICTh 13 TOIIO, 1 KOXKEH IMyHKT IpH3HA-
YeHHS Mae€ TEeBHI BUMOTH Ta XapaKTEPUCTHKH — IIepepoOHa CIIPOMOXKHICTD, KUTBKICTh
nocTiB Tomo. Kpurepiem epeKTHBHOCTI Ma€ cTaTH MiHIMi3allisi CyMapHOTO 4acy, 1o
BUTpayaeThes sk T3, mo nepedysatots B 11, Tak 1 podoTn camux myHKTiB. Pamionari-
3allisl JIAaHOTO KPUTEPito Oe3MOCepeIHhO BILUIMBAE HA BUTPATH YChOTO JIAHIIFOTA TIOCTa-
yanb. O4eBUIHO, IO MTPU HE3MIHHOMY 00Cs31 MarepialonoToKy, o npudysae ao I1I1
HasBHA KUIBKICTh MEXaHI3MiB Oyme 3MiMCHIOBaTH Oe3MOocepenHiii BIUIMB Ha CyMapHi
BHTpaTH Ha mpocTiit T3 Ta MexaHi3MiB.

B yMmoBax mpaktudHOi 0oOMexkeHOcTi mepepoOHoi crpomoxHocti TIIT i 3HAauHOT
HepiBHOMipHOCTI npuOyTTss T3 Ha 00CIIyroByBaHHS HEMUHYYe BHUHUKHEHHS 4depr T3
B OuiKyBaHHI 00ciyroByBaHHs. [Ipu mpomy, T3, 0 yTBOPIOIOTH Yepry, MalOTh Pi3Hi
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TEXHIKO-€KOHOMIUHI XapaKTepucTUKU. L[ 00cTaBrHA HABOIUTH JI0 TOTO, 110 Ta YM 1HINA
MTOCiAOBHICTh 00poOKH T3 CYyTTEBMM YHHOM BIUIMBAE Ha 3arajibHy BapTiCTh OOPOOKH.
VY takux ymoBax (popmaiizaris mporecy oociayroByBaHHs BaHTaxomnoTokiB B [1I1 3Bo-
JUTHCS IO HEOOX1THOCTI onTuMizallii yeproBocti 00pooku T3.

AJe, OCKIJIbKM TeXHOJOTis 00poOku TpaHcmopTHOi oxuHuni B III1 He 3anexuTsh
Big micusg T3 B uep3i, To i BUTpaTH Ha 0OCITyTOBYBAaHHS HE 3aJIeKaTh 1 BiJl MOPSAKY iX
oOciyroByBanHs. Toxi mijiboBa (PyHKIliSA JaHOT 3a/a4i Ma€ 3BOJUTHCS 0 MiHIMi3arlil
BTpar 4acy Ha ouikyBaHHS T3 modaTky oOcIyroByBaHHS:

Zn:W,emin, (1)

i=1
ne W, —4ac ouikyBaHHs oOciyroByBaHHs i-uM T3 3 uepru.

OTxe B pe3ynbTari BU3HAUCHHS palliOHAIBHOI YEPrOBOCTI 1 IOCITaeThCsl MiHiMi3a-
List cyKynmHuX BUTpaT Ha o0cimyroByBanHs T3 B [1I1 BanTaxis.

[Ipaktuka oOciyroByBanHs T3 y MyHKTax NepepoOKH TAKOK BKa3y€ Ha iCHYBaHHS
MEBHOTO NpiopUTeTy B 0OCIYyroByBaHHI pi3HMX BaHTa)komoTokiB. Ilix mpiopureTom
CJIiJ PO3yMITH NEpeBakHE MPaBo BUOOPY 3 UEprH i 0OCIYrOBYBaHHS 3asBOK, OJHOTO
KJIaCy IO BIJHOIICHHIO JI0 3asBOK iHmuX kiaciB. Omke T3, mo npubysators a0 111
0OCITyTOBYIOTBHCS HE B MOPSAKY 1X XpOHOJIOTIYHOTO MOMEHTY IpuOyTTs [11].

B 3aranbHOMY BUIIaIKYy, SIKIIO A0 0OCTYTrOBYBaHHS HaJIXOOUTh 3asBKa 3 IIEBHUM IIpi-
opureroM, To T3 crovyaTKy cTaHOBHTBCA OCTaHHIM B uepry. Ilepen tum, sik cratd min
00CITyroByBaHHs, Ma€ OyTH: 3aBEpLICHO Mpoliec 00CIyroByBaHHA Toro T3, sIKuii Bke 3Ha-
XOIMTBCS Ha TOCTY 1 KU BKe 1Movain 00CIyroByBaTu; MaloTh OyTu oOcmyxeHi Bci T3,
SIKI B)KE€ 3HAXOIWIIUCh B Yep3i, 10 MPHUi3Ay OCTaHHBOIO; a TAKOXK oOcimyxeHi Bei Ti T3, sxi
MpUiXaiy 10 MyHKTY MicIs JOCIiIKYBaHOTO 32 Yac HOoro ouiKyBaHHS, ajie sSKi Maiu Oilb-
LIMA TIPiopHUTET i ToMy Oynu oOciy»xeHi paHime. OTxe 3a yac O4iKyBaHHSI OOCITyTOBY-
BaHHS AociimkyBaHoro T3 icHye HMOBIpHICTb MPUOYTTSl aBTOMOOLTIB 3 OLIBII BUCOKUM
MPIOPUTETOM, IO CTaHYTh Mi 00CITyroByBaHHs paHime 3a T3, 0 po3mIsaaaeThesl.

BBenemo mosnaueHHs g onucy npoueciB B 1111 BanTaxkonotokis. IlpencraBumo
[II1 y Burnsai cucteMu MacoBoro oociayroByBanHs. [1ix BUMOToo B JaHOMY BUIAIKy
BBakaeMo T3, mo npulyB Ha oOciyroByBaHHs B 111 BanTaxiB. Hexaii:

k=12,..,r, 2)
e k — HOMEpH MPIOPUTETHUX KJIACIB BUMOT, IIO HAJXOMIATh B CHCTEMY MaCOBOTO
00CITyroByBaHHS.
Toxi ¢yHKIis po3momixy HMOBipHOCTEH TpHBaJIOCTI OOCIYroBYyBaHHS X, BUMOT
k -To TIpiopHUTETy MaTUMe BUTIISI:
G.(t)=P(X,<t),t>0. 3)
Hexait %, — iHTEHCHBHICTh HAJIXOIPKEHHS BHMOT A-TO TIPIOPUTETY, TOJAI HABAHTa-
JKCHHSI HAa CUCTEMY OOCIYTrOBYBaHHS BUMOT K-I'0 MpiopuTeTy Oy/ie MaTy BUIIISL:

pe = hy - M(X,) =2, [1dG (1), 4)
ne M(X,) — nepumii MOMEHT CTalliOHAPHOTO 4acy (g‘{iKyBaHHSI BUMOT.
Hexait W, — crauioHapHH# 4ac O4YiKyBaHHS BHMOT k-TO NPIOPHUTETY, TOHNI IUIA

BUIIAJIKY, KOJIM CyMapHEe HAaBaHTA)XEHHI Ha CUCTEMY OOCIYrOBYBaHHS YCiX MpiOpHUTET-
HUX KJ1aciB Oy/ie MEHIINM 32 OOUHHULIIO0, TOOTO:
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p=2p <1, 6))
. k=1 . .
TOAI OTpUMaeMo (OpMyITy JJs MEPIIOT0 MOMEHTY CTAaI[iOHAPHOTO 4Yacy OYiKyBaHHS
BUMOT k -TO TIPIOPUTETY:

S a2M(X2)
Jj=1

)

VY BUMNaaKy, KOIM CyMapHe HAaBaHTaXKEHHS Ha CHUCTEMY OOCIyrOoBYBaHHS yCiX Mpi-
OPUTETHHX KJaciB Oyjie OUIBIION 3a OJMHMIIKO, 3BICHO, HEOOXIIHO JOAATH KiIbKICTh
KaHaJliB 00CIIyroByBaHHs B CHCTEMY Tak, 1100 HAaBaHTa)XEHHsS Ha OIWH KaHaj CTajo
MEHILINM 33 OAMHUILIIO.

BucnoBxku. ['onoBHOI0 0cobnuBicTio ¢pyHkionyBanust [1I1 BanTaxis € poboTa 3 BaH-
Ta)KOTIOTOKAMH, 110 HAAXOAAThH 1 € PI3HUMHU 338 CBOIMH XapaKTEPUCTUKAMH Ta 4acoOM
HAJXO/KeHHsI. Taka HEOMHOPIAHICTh Ta CTOXAaCTHYHICTh IMPOIECIB NMPU3BOIUTH JIO
HEMHMHYYOI'0 BUHUKHEHHSI 4epr aBTOMOOLIIB B O4iKyBaHHI OOCIYrOBYBaHHs, IO TPH-
3BOJIUTDH JI0 3HWKEHHS €(EKTUBHOCTI (PyHKUIOHYBaHHS YCHOTO JIAHIIOTA MOCTauyaHb.
®dopmanizanis yacy ouikyBanHs T3 B 4ep3i 3 ypaxyBanuaM notpe0 [1I1 BanTaxiB nae
3MOTY CIUIaHyBaTh POOOTY YYaCHHUKIB JJAHOTO Mpoiecy. B mojaibimx T0CiKeHHIX
HEOOX1THO TpOBeCTH ampoOallifo 3alponoHOBAaHOT METOAWKMA Ha PeajlbHOMY 00’ €KTi
JUIS BU3HAYEHHs THIIIB ICHYIOUMX MPIOPUTETIB MOTOKIB, 3AiHCHUTH 30ip Ta 00poOKy
CTaTUCTUYHUX AaHUX MO Yac oOcayroByBaHHs T3 1 BU3HAYSHHS Yacy nepeOyBaHHs
B TaKMX ITyHKTaXx.

M(W,) (6)
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AHAJII3 €BPONEMCHKOTO JOCBIJY IPOEKTYBAHHSA
®YHKIIOHAJBHUX KJACUPIKAIIN MICBKHUX BYJIHUIb I TOPIT
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K.T.H., IOLIEHT KadeIpy MPOeKTYBaHHs JI0Pir, reoesii 1 3eMIIeyCTpolo,
Xapriscokuil HAYiOHATLHUL A8MOMODLIbHO-00POICHIU YHIBEpCUmem,
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Anomauisn

Bcemyn. B cmammi po3zensmymi numanHs 6nugy penveqhy Ha yMosu hopmysan-
HA QDYHKYIOHANbHUX 30H 3A0Y008U MA BYIUYHO-O0POHNCHbOI Mepexci Ha mepumopisnx
micm. BesymosHo, 3minu cmany penvegy 3HauHO 8NAUBAIOMb HA NPOYEC MPACYBAHHSL
MicbKux 8yauys i dopie npu npoekmyganui. llnanysanus 8yauuHO-00pPO’CHLOI Mepe-
JCI Ye 00Ha i3 HAUBANCIUBIUUX 13 CKIAOOBUX HA MepUmopii Micm, sKa noe a3aHa i3
penvepom micyesocmi. Penvegh 3HaUHO 6NAUBAE 3HAYHO BNAUBAE HA 3A2ATTLHY KOMNO-
3uyiro 3a6y0osu. Ocobnusa yeazsa NOBUHHA NPUOLIAMUCS BIAULINYBAHHIO NOBEPXHEGUX
cmokig. TlokpaweHHs yMo8 pyxy, YOOCKOHALEHHSI pOOOMU 8YIUUHO-O0PONHCHIX MeEPEXHC
MOXHCTIUBE 3 YPAXYBAHHAM X YHKYIOHATbHUX eracmusocmell i kiacugikayii. B nawiti
Kpaiui Oie nopmamusHul doxymenm [JBH B.2.3-5-2018, ¢ axomy 30itichioembcs po3-
nOOIN HA: MAZICMPANbHI 00POocU, MALICMPATbHE 8YIUYT 3A2ANbHOMICLKO20 3HAYEHHS 3
be3nepepsHUM ma pecyibo8aHuM PYXOM, MAZICMPAnIbHi 8YIuYyi PatioHHO20 3HAYEHHS,
Micyesi npomMuUcio80-cKIadcbKi oopoeu ma synuyi. Iputivarouu 0o yeaeu 3HayHy Kilb-
KiCcb 00pONCHbO-MPAHCNOPMHUX NPUL0O MA KOHMAIKMHUX CUmyayitl i3 ypaxy8aHHAM
3AKOPOOHHO20 00CBIQY, CHPAMOBAHO20 HA NOKPAWeHHs Oe3neku ma KoM@OopmHocmi
PYXy no mepumopii Micm, po32iAHymi NUMAHHA ) MIHpe2ioHi YKpainu npo 6HeCceHHs
BMIH W000 Kiacu@ixayii MicbKux gyauys i 0opie 3a ix YyHKYIOHATLHUM RPUSHAYEHHSIM.
Ananiz bazamopiuno2o 3ak0OpOOHHO20 00CE8I0Y, 0e BUKOPUCTOBYIOMbCS QYHKYIOHANbHI
Kracughikayii eynuys i 0opie c8iouumsb NPo NOUMUBHI XAPAKMEPUCTMUKU HA NPOMSA3i
mpusanozo wacy. Memorw cmammi € aHaniz 3aKOPOOHHO20 00CEI0Y 3 NUMAHb NPOEK-
myeanHs YHKYIOHANLHOL Kaacughikayii MicbKux eyiuys i 0opie, CnpamMo8aHull Ha y0o-
CKOHAIeHHSL 8YIUYHO-O0POACHIX Mepedic Y micmax Ykpainu.

Baoicnusum € posenso kpumepiie (yHKyioHanbHUX Kaacuikayiil, ki UKOPUCTOB)-
iombest y Esponeticokux Kpainax. Pesynomamu. Ananiz €sponeiicokux kiacugixayii
ma OCHOBHUX HOPM NPOEKMYB8AHHA NPOB0OUscs «Komimemom no micbKum mepumopisimy
Csimogoi’ dopoxcnvoi acoyiayii (PIARC), a makooic y pamxax npoepam €gponeticbkoi
Komicii euxonysascs cneyianvruti npoexm ARTISTS. Heooxiono giomimumu, wo €6po-
necvki Kiacughikayii 6 ROPIGHAHHI i3 NIGHIYHOAMEPUKAHCOKUMU 3HAYHO GIOPI3HAE OibuLa
PIBHOMAHIMHICMb QYHKYIOHATbHUX 03HAK Y PYHKYIOHAIbHUX Kaacuixayisx. Heobxiono
0cobnUBY Y8azy 36epHymu Ha Kaacugixayii micbkux gynuysb i dopie y Benuxoopumanii. L]e
nojsgeac 8 momy, Wo aHeilicbKa Kiacugikayis, a maxKoxic HOPMYBAHHS UEUOKOCTI PYXY
€ Matidce mpaouyiero i3 BUCOKUMU NOKAZHUKAMU De3neKu pyxy Hasims no €8poneticbkum
cmanoapmam. Taxoxc 6iOMiHHOW pucor y Kknacugbikayisx Auenii € ix payioHanvbHicmo.

© ®omenko I.P., 2022
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Pospobka yux ooxymenmis ma ix 3ameepodicents 30IUCHIOEMbCA y Micmax i 2pagcmeax.
YV komnemenyii micyesozo 3aKoH00aBCMBA 3HAXOOAMBCA BUMORU NO NPABUIAM 3A0Y008U
i akyeHmyemvcs ygaza 071 Kame20pil 8yauyb, HAUOLIbW XaAPAKMEPHUX MAd 8ANCIUBUX
v Oanomy myuiyunanimemi. Icnyrome xnacugikayii Benuxozo Jlonoona, oxpyea Cimi, a
maxooic kaacugixayii manux micm i epagpcme. Bucnosok. B bpumanii snauny ysazy npu-
oinsioms micyesiti mepexci i pospodyi kracu@ixayiv eyauysb i 0opie HeGenuKux micm i
Hacenenux nyHkmie. Aneniticbkuti 00c8io po3pooKU HOPM NPOEKMYBAHHSI MICYEBUX 8VTUlYb
MOodice 3HAUMU BION0BIOHE GUKOPUCMANHSL 8 HAWMIL KDATHI.

Knrouoei cnosa: perve, gynuuno-oopodcus mepeica, (hyHKYioHaIbHA Kiacugixa-
Yist, 3aKOPOOHHUL DOCEIO.

ANALYSIS OF EUROPEAN EXPERIENCE IN DESIGNING FUNCTIONAL
CLASSIFICATIONS OF CITY STREETS AND ROADS

H.R. Fomenko
PhD, Associate Professor at the Department of Road Design,
Geodesy and Land Management,
Kharkiv National Automobile and Highway University, Kharkiv, Ukraine
ORCID ID: 0000-0001-8789-7575

Summary

Introduction. The questions of the influence of the relief on the conditions for the
formation of functional zones of development and the road network in the territories of
cities are considered. Undoubtedly, changes in the state of the relief have a significant
impact on the process of tracing city streets and roads during design. The planning
of the road network is one of the most important components in the territory of
cities, which is associated with the terrain. The relief significantly affects the overall
composition of the building. Particular attention should be paid to the arrangement of
surface drains. Improving traffic conditions, improving the operation of street and road
networks is possible, taking into account their functional properties and classification.
In our country, there is a regulatory document DBN V.2.3-5-2018, which divides into:
main roads, main streets of citywide significance with continuous and controlled traffic,
main streets of regional significance, local industrial and warehouse roads and streets.
Taking into account a significant number of accidents and conflict situations, taking into
account foreign experience aimed at improving the safety and comfort of movement on
the territory of cities, the issues in the Ministry of Regional Development of Ukraine
on introducing changes in the classification of city streets and roads according to
their functional purpose were considered. An analysis of many years of foreign
experience, where functional classifications of streets and roads are used, indicates
positive characteristics for a long time. The purpose of the article is to analyze foreign
experience in designing a functional classification of city streets and roads, aimed at
improving street and road networks in Ukrainian cities.

1t is important to consider the criteria for functional classifications used in European
countries. Results. The analysis of European classifications and basic design standards
was carried out by the Committee on Urban Areas of the World Road Association
(PIARC), and a special project ARTISTS was carried out within the framework of the
programs of the European Commission. It should be noted that European classifications,
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compared with North American ones, are significantly distinguished by a greater variety
of functional characteristics in functional classifications. Particular attention should be
paid to the classification of city streets and roads in the UK. This lies in the fact that the
English classification, as well as the rationing of the speed of movement, is almost a
tradition with high rates of traffic safety even by European standards. Also a distinctive
feature in the classifications of England is their rationality. The development of these
documents and their approval is carried out in cities and counties. The competence of
local legislation is the requirements for building rules and focuses on the categories
of streets that are most characteristic and important in a given municipality. There are
classifications for Greater London, the City District, and also classifications for small
towns and counties. Conclusion. In Britain, much attention is paid to the local network
and the development of street and road classifications in small towns and settlements.
The English experience in the development of local street design standards may find
suitable use in our country.
Key words: relief, road network, functional classification, foreign experience.

IocTranoBka npo6aemu. OcoOIMBOCTI 3MiH IPUPOJHBOTO PENbEPY OOYMOBIIOIOThH
po3ranryBaHHsl (QyHKIIOHAJIBHOTO 30HYBAaHHS MICT Ha Tii, 4M iHIIH Tepuropii. bes-
YMOBHO, 3MiHHM CTaHy peibed)y 3HaYHO BIUIMBAIOTH HAa MPOIIEC TPACYBaHHS MiCHKHX
BYJIMIb 1 JOPIr TIPW NPOEKTyBaHHI. [IMaHyBaHHS BYJIMYHO-IOPOXKHBOT MEPEXKI 1€ O[HA
13 HaWBXKJIMBIIIHMX 13 CKJIAJIOBUX Ha TEPUTOPIi MICT, Ka IOB’si3aHa i3 penbeoM Mic-
neBocri. Penbed 3Ha4uHO BIUIMBA€E 3HAYHO BIUIMBAE HA 3araJibHy KOMITO3UIIIIO 3a0y/10BH.
Oco0nuBa yBara MOBHHHA NPHUALISTUCS BIAINTYBAHHIO MOBEPXHEBUX CTOKIB. SIK Ha
BYJIMYHO-JIOPOXKHIM Mepexi, Tak 1 paiioHax 3a0ylOBH, BUPILICHHS [UX MUTaHb 3Jii-
CHIOETBCS 32 JIOTIOMOTOI0 BEPTUKAIBHOTO [UIAHYBaHHS 3 BpaXyBaHHIM YCiX 3MiH MpH-
POMHBOTO penbedy, IKUH Mae HACTYITHI 0COOTHBOCTI:

— penbed i3 HE3HAYHOIO CKJIAIHICTIO Ta PO3UICHOBATICTIO;

— penbed 13 cepenHbOI0 CKIAIHICTIO 3 HASBHICTIO CEPEIHIX YXMIIB, TOPOUCTOCTI
Ta NIMOMHHOIT PO3WIEHYBATOCTI;

— JI0 CKJIAJTHOTO peibedy CIIi BiTHECTH TPCHKUMA.

B nporieci miianyBaHHS TEpUTOPIi MicT HEOOX1THO MaKCUMAaITLHO 30epiraTti mpupo/I-
Hill penbed 1 ocobnuBocTi NanAmadTy, BiAMOBITHICTE HOBOMY OYy/IiBHHUIITBY, UM PEKOH-
CTPYKIUil paiioOHiB.

BaxuBOI0 CKIIQI0BOIO € BYJTHYHO-IOPOXKHS MEpexka, sika IOBUHHA 320€3MeUTH, SIK
KOMQOPTHICTh Tak i O€3MeKy pyXy MpH NepeBe3eHHI MacaKUPIB Ta BaHTAXKIB. 3HAUHY
yBary cIiji NpuAiIATH QyHKIIOHATHHOMY MPU3HAYCHHIO 1 PO3BUTKY BYJIUYHO-IOPOXK-
HbOT MEPExKI.

AHaJi3 ocTaHHIX HoCaiIKeHb. 3HaYHE 3POCTaHHS PIBHS aBTOMOOLTI3alli Cympo-
BOJKYETBCS 3MIHOIO Y CKJIaJli TPaHCIIOPTHHUX MOTOKIB. Lle cnpusie cyTTeBOMy ycKiai-
HEHHIO YMOB Ta 0e3Mell pyXy, YTBOPEHHIO KOH(QIIIKTHUX cuTyalii. [lokpanieHHs yMOB
PYXY, YIOCKOHAJICHHS POOOTH BYJTHYHO-JOPOKHIX MEPEK MOMIIMBE 3 YPaxyBaHHSM ix
(YHKIIOHANBHUX BJIACTMBOCTEH 1 Kiacudikallii. 3HauHy yBary po3BUTKY 1 yIOCKOHa-
JICHHIO BYJMYHO-IOPOXKHIX MEPEX Yy MicTax MpHAUIIEThCs Y podoTax IBacenko B. B.,
Crenanuyka O. B., KoBansosa B. B., JTanno E. A., Beamto6uenko O. C. tain. [ 1-6]. Takox
PO3MISIAIOTHCS MUTAHHS MOJICpHi3allii TPaHCIOPTHO-IOPOXKHBOT IHPPACTYKTYPH.
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@opmyaOBaHHS Lijell cTaTTi. 3HaYHA KiITBKICTh JOPOKHBO-TPAHCIIOPTHHX 1 KOH-
GITKTHUX CUTYyaIlii Ha MIYbKUX BYJIHUIIIX TOTpPeOye MOKpAIIeHHS YMOB Ta KoM(opT-
HOCTI pyxy 1o Teputopii mMicT. IlpoexTyBanHs QyHKIIOHATFHUX KiIacudiKaimii y Kpai-
HaXx CBITy CBITYHTH PO MO3UTHUBHI pe3yJIbTaTH. METOIO CTATTi € aHaji3 3aKOPAOHHOTO
JIOCBiTy 3 THTaHb TPOEKTyBaHHSA (YHKITIOHATBEHOI Kilacudikamii MICBKHUX BYJIHIlh
1 TOpir, CIIpsSIMOBaHUH Ha YIOCKOHAJICHHS BYJTMYHO-TOPOKHIX MEPEXK ¥ MicTax YKpaiHu.

Bukaan ocHoBHOro matepiany. [ImanyBaHHS ByTHYHO-TOPOXKHBOI MEPEXKi, TeoMe-
TPUYHI CXeMH TIOOYIOBH, IIUTEHICTD, B3aEMO3B’ 130K 3 pebedoM 1 TanamadToM y mep-
CIIEKTUBHOMY PO3BUTKY MICT € BYKJIIBUM Y OJ1aroycTpoi, Oe3meri AT MEIIKaHI[iB MiCT.
AHai3 6aratopigHOTO 3aKOPIOHHOTO JOCBIAY, ¢ BUKOPHUCTOBYIOTHCS (DYHKITIOHATHHI
Kiacudikarii ByJIuIlh 1 JOPIT CBITIUTH PO MO3UTHUBHI XapaKTEPUCTUKH Ha MPOTS31 TPH-
BaJjioro 4yacy. B mammiit kpaini mie HopmaruBHUE nokymeHT JIbH B.2.3-5 [7], B sxomy
3MIHCHIOETHCS PO3MOIT HA: MariCTpalibHI JOPOTH, MaricTpaibHI BYJIHWIll 3arajabHO-
MICBKOTO 3HAUCHHS 3 Oe3MepepBHUM Ta PETYIbOBAHUM PYXOM, MariCTpaibHI BYJIHII
paroOHHOTO 3HAYCHHS, MICIICBI TPOMHUCIIOBO-CKIAACHKI JOpOTH Ta ByiuIi. [IpuiiMaroaun
JIO YBarW 3HAYHY KUTBKICTh JOPOKHBO-TPAHCIIOPTHHUX MPUTOM Ta KOHMIIKTHUX CHUTya-
MK 13 ypaxyBaHHSIM 3aKOPIOHHOTO JOCBiTY, CIIPSIMOBAHOTO Ha MOKPAIICHHS OE3MeKH
Ta KOM(OPTHOCTI PyXy MO TEPUTOPIi MICT, pO3DIIHYTI MUTAHHS y MIHPETiOHI YKpaiHu
PO BHECEHHS 3MiH MIOM0 Kiachdikamii MICBKHX BYJIHIb 1 JOPIT 3a 1X (QyHKIIIOHATE-
HUM Tpu3HadeHHAM. CITi 3ayBaXKUTH, IO MependadaeThCsl TAKOXK PO3IISTHYTH Ha KOTO
OyIyTh po3paxoBaHi 3MiHH, a IIe: aBTOMOOLTi, TPOMAACHKAN TPAHCHIOPT Ta 3MIITaHUi
pyX, MIIOXOAW Ta MAJIOMOOLIBHI TPYITH, BEJIOCUTICAUCTH, TKHM TPUAUIIETHCS B TETIC-
pimHiit 9ac ocobmBa yBara [6].

BaxxnmuBuM € po3misan KpuTepiiB QyHKITIOHATBHUX KIacH(iKallii, siki BUKOPHUCTO-
BYIOThCSI Y €BpONEHCHKUX KpaiHaX. AHali3 €BpONMEHChKUX Kiacudikamii Ta OCHO-
BHHUX HOPM IPOEKTYBaHHS MPOBOIUBCS «KoMiTeToOM 1o MicbKUM TepuTopism» CBiTo-
Boi mopokHbOi acoriarii (PIARC), a Takox y pamkax mporpam €Bponeichkoi KoMicii
BHKOHYBaBcs criemianbanid mpoekT ARTISTS [8, 9]. HeoOxiaHO BiqMIiTHTH, TII0 KOOPIH-
HatopoM npoekty ARTISTS 6yB yHiBepcuTeT mBencskoro micta Jlyamga. Okpim 11500
VHIBEPCUTETY Y POOOTI MpUHAMaIN ydacTh CIMHAANATH OpraHi3aIliif i3 BOCbMH €BpoO-
e ChKUX KpaiH, a came: benerii, ['epmanii, [Janii, ['perii, Benrpii, [Topryranii, Icmanii
Ta BenmukoOpuranii. MeToro mpoekra Oyia po3poOka koHIen i «CTiHKIX MaricTpairb-
HUX Bynuib» (Sustainable Arterial Streets), B sKilf mpeACTaBICHO TOKIATHUNA aHAII3
JOYNX €BPOMEHCHKUX HOpM. HeoOXimHO BIAMITHTH, 0 €BpoITelchbki Kiacudikarii
B MOPIBHSHHI 13 MBHIYHOAMEPUKAHCHKIMH 3HAYHO BiJIpi3HsE OUTBINA PI3HOMAHITHICTH
(GYHKITIOHATBHUX 03HAK Y QYHKITIOHATEHUX Kiacudikarisx [8].

Benukwuit vac 6yB moTpiOeH 1 poOOTH Hax kKiacudikarisMyd, Ha OCHOBI SKOTO i3
39 xputepiiB Oynu Bu3HaHI 14 OCHOBHHX, a TAKOX JTOMATKOBI SIKi BU3HAUMIIN apXiTCK-
TypHO-TUTaHYBaJIbHI XapaKTEPUCTHKH.

Ha ocHoBi anami3y kinacudikaiiii, sSKi JOTh y KpaiHaX yIaCHHIISIX MPOEKTY, ITOKa3aB
HACTYITHI OCHOBHI PE3ybTATH:

— KUTBKICTB KPUTEPIiB, SIKi BHKOPUCTOBYIOTH ISl PO3IIONUTY BYJHITH 1 JOPIT HA KaTe-
ropii — 6;

—  KUIBKICTH  KpHTEpiiB, fAKi  TO3BOJNSIIOTH BHIUINTA  JACSIKI  KaTeropii
BYJIUILIb — 8.
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Hnst nonoBHeHHsT Kiacu(ikaliii Y4acCHHUKH TPOEKTY 3allpOINOHYBaId BUKOPHCTO-
BYBaTH OKPIM OCHOBHHX 14 KpUTepiiB IOJATKOBI, SKi MOB'A3aHi 13 apXiTEeKTypHO-TLIa-
HYBaJbHUMH XapaKTEpPUCTHKaMU: Ha3Ba BYJUIIl, MOMIEPEYHUH Mpodink Bynuili; Gopma
3a0yZ0BH; O3€JICHEHHS, XapaKTep CEepeloBHINA BYJHI, XapaKTep MiICBKOTO cepe-
OBMIIIA; MPOCTOPOBA CTPYKTYpa; Bi3yalibHa BiCh, IPOCTOPOBA IHTErpallis; MOPQOIOTris
MICBKOTO CEpEIOBUINA; CTPYKTYpHA POJIb BYNHII; POJIb BYIHIN, SIK KOMYHIKaI[iifHOTO
KOpPHUOpa; POJIb BYJIMIN Ha PiBHI MICHKOTO paiioHa; BUKOPHUCTAHHS MPHIICTIIMX TEPH-
TOpiH 1 GPOHTY 3a0yAOBH; HAsSBHICTH HEHTPIB Ta iH.. HeoOXigHO MiIKpecnuTH, o
knacuikaii sKi iCHyIOTb, TOJIOBHIM YHHOM 0a3ylOThCsl HA OCHOBHUX TPAHCIIOPTHUX
KPHUTEPISIX Ta KPUTEPisSX OpraHizalii pyxy 3 BAKOPUCTAHHSIM CITIBBIIHOIICHHS (QYHKIIIH
«O0cCIyroByBaHHs pyxy — OOCIyTOBYBaHHS JOCTYIIY».

B uinomy inei crBopeHHs KOMQOPTHHX YMOB PYyXy SIK TPAHCIIOPTY, TaK 1 MILIIOXOJIB,
3a0e3MeueHHsT TIPIOPUTETHOTO MPOEKTYBaHHs BYJIWIb IMIATPUMYIOThCSl Oararbma rmpode-
CIHUMH 1 rpoMajchkuMu opraHizamismu [9]. HeoOxigHo 0coOIMBY yBary 3BepHYTH Ha
Kiacu(ikaii MiCbKUX BYJIUIIb 1 opir y BenukoOpuranii. [le nonsirae B Tomy, 1110 aHmmii-
CbKa Kiacu(iKallisi, a TaKoXK HOPMYBAHHSI HIBUJIKOCTI PyXy € MaibKe TPaUI€Ero i3 BUCO-
KAMH TIOKa3HUKaMy Oe3MeKu pyXy HaBiTh 10 €BponeichKiM cTaHgapraM. Takok BiiMiH-
HOIO PHCOI0 y Kiacudikalisx AHIIII € X palioHabHICTb. Po3po0ka 11X TOKyMEHTIB Ta iX
3aTBEPPKCHHS 3IMCHIOETHCS Y MiCTax 1 rpad)cTBax. Y KOMIETEHIIIT MICIIEBOTO 3aKOHO/AB-
CTBa 3HAXOJAThCS BHMOTH TIO MpaBHiIaM 3a0y/lI0BH 1 aKIEHTYETHCS yBara Juisi Kareropin
BYJIMIb, HAMOUIBII XapaKTepHUX Ta BAXJIMBUX Yy JAHOMY MYHINUIANITETi. [CHYIOTh Kia-
cuikanii Bemuxoro Jlonmona, okpyra CiTi, a Takoxk Kinacuikallii Maix MicT i TpagCTB.
[puknan knacudikanii MicbkuX ByUIb 1 opir Bemikoro JIoHIOHa CBiqUUTH, IO BOHA
JIy>Ke TIPOCTa 1 BUAUISAE YChoro Tpy Kiacu 3B'3kiB [ 10, 11]. Ls knacudikarrist 3aTBeppkeHa
«CrpareriyHUM KepiBHUIITBOM I10 IutaHyBanHIo JIoHnoHa» (Strategic Guidance for London
Planning Authorities PPGIS). «Crpareriuse kepiBHUIITBO» BKa3ye, 1110 PUBIACHEHHS KaTe-
ropiil MOBMHHO OYTH 3aCHOBAHO Ha (DYHKIIISIX, SIKi BUKOHYIOTh JIOPOTH TP 0OCITyTOBYBaHHI
PYXY TpaHCIIOpPTY i 3a0e3MedeHHi JOCTYITY JI0 MPUIIEIINX TepuTopiid. Pazom 3 TuM BHKOpHC-
TOBYIOTBCS 1 KUIBKICHI KpuTepii. Y kinacudikariii, sska BUKOPUCTOBYEThbCS y JIOHIOHI, 1S
3apaxyBaHHs BYJIMIII IO OJTHOTO i3 KJIacCiB 3B'I3KiB HEOOXIIHO 100 BOHA Majla BU3HAYCHUI
MOKa3HUK iHTEHCHBHOCTI PyXy aBTOOYCIB 1 BAHT2)KHHX aBTOMOOLITIB.

Crpareriuni mapuipytu (Strategic Routs) — BOHM BMIIIYIOTh MiChbKi HIBHJKICHI
JIOporH (motorways) Ha sSIKUX po3MillleHi iHQopMaIiiHO-BKa3iBHI 3HAKH i3 OJIAKUTHUM
koipopoM. Haiiaxxnmmsimi mapripyt (Primary Routs) Ha sikux iHdopmamiliHO-BKa-
31BHI 3HAKM MPEJICTABJICHI 3eJIEHOIO KOJILOPY, A0 TPETiX BiTHECEHI MPIOPUTETHI — Yep-
BoHi MapmpyTu (Red Routes). HeoOxiHO BiAMITUTH, O CTpaTETiYHI MapIIPyTH, SKi
3HAXOMATHCA Y BefeHHI Benmukoro JloHaoHa, MaroTh 03Haky abpesiaryporo TLRN [10].
Oco0IHBICTh «YEPBOHMX MAPIIPYTiB» CBIAYUTH MPO iX 0COONMBUI pexXUM pyXy Yy OyaHi
qHi 3 7:00 1o 19:00 ronunm. Y 1ieit yac 3a00pOHSIIOTHCS 3yIMHKK Ta MapKyBaHHS, 110
MIIKPECITIOETHCS CYLIJIBHOI YEPBOHOIO JIHIEID PO3MITKA HAHECEHOT Y3IOBXK OOpIIOp-
HOTO KaMiHHA. 32 YMOB IiJI01000BOT 3a00pOHY Ta 3yNHHKH a00 MapKyBaHHS MpHiiMa-
€THCSl HAHECEHHsI JIBIHOT 4YepBOHOI JIiHii. 3T1THO OIiHKaM, BIPOBA/XKECHHS TIPUIHHSATHX
4epBOHUX MapmpyTiB y JloHnoHi no3sonmio Ha 6,4 % 3Hu3utH Kinbkicts ATII, Ha
20 % 30LTBIIMTH MBUAKICTE PYXy TPAHCIIOPTHHUX MOTOKIB 1 Ha 10 % — MBUIKICT PyXy
aBTOOYCHHMX MapIpyTiB.
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BaxnuBoo yMOBOIO JUIsi TIPU3HAYEHHS MAaricTpaii 10 CTPATETiYHUX MapIIpyTiB
€ MepeBUIICHHS J0O0BOT IHTEHCUBHOCTI PyXy y JIBOX i3 TPhOX BKa3aHUX MOKa3HUKIB:

— aBTOOYCH MICBKOTO 1 Mi>kMicbKorO crionydenHs — 300;

— aBTOMOO1ITI 13 HEBENMKOIO BaHTaxKoIiAioMHicTIO — 3000;

— aBTOMOO1III 13 CepeTHBbOIO 1 BETMKOIO BaHTaxKoMaioMHicTIO — 1000.

Poznoninehi noporu Jlonmona (London Distributor Roads) — 11 moporu npu3HadeHi st
TOT3/I0K Mi>K OKpyTaMH i 3a0e3MeUeHHs 3B'3KIB 13 Tpad)CTBaMU, 1 3HAXOIATHCS B MEXKaX 3 TCPH-
Topieto Benukoro Jlonmona. OCHOBHONO (PYHKITIEIO IIMX JOPIr € 3a0e3MeYeHHs PyXy Beepe-
JIMHI MICTa, a TaKoXK 3a0e3MedyeThes JOCTYII JI0 IPHIIENUX TepuTopiit. Jloporu i€l karero-
pii CKJIanaroTh MepeBaXkarouy yacTuHy «Mepexi mpuopiTeTHoro pyxy aBrodycip» (London
Bus Priority Network). YMoBor0 npratHOCTI MaricTpalti o po3noAuTbHUX 1opir JIoHaoHa
€ TIOKA3HUKH JI000BOi IHTEHCUBHOCTI PYXY, SIKi TOBUHHI TIEPEBHUIITYBaTH J[BA i3 TPHOX:

— aBTOOYCH MICBHKOTO 1 Mi>kMicbKorO crionydenHs — 100;

— aBTOMOO1ITI 13 HEBENMKOIO BaHTaxKoIiAiomMuicTIO — 1000;

— aBTOMOO1III 13 CepeTHBOIO 1 BETMKOI BaHTaxomiaioMHicTio — 300.

MicreBi posnoniiabHi mia'i3Hi goporu B okpyrax (Local Distributor and Access
Roads). 1100 BigHecTH ByJUIl J0 PO3MOAUILHUX JOPIT OKPYTiB MOKAa3HUKH J000BOT
IHTCHCUBHOCTI pyXy MOBHUHHI ITEPEBUIIIYBATH J[BA i3 TPHOX:

— aBTOOYCH MICBHKOTO 1 MiXKMICBKOTO criony4yenHs — 30;

— aBTOMOO1ITI 13 HEBENMKOIO BaHTaKOIiIiHoMHICcTIO — 300;

— aBTOMOO1III 13 CepeTHBbOIO 1 BEMKOIO BaHTaxKoMaioMHicTIO — 1000.

Jnist mokparieHHs: yMOB pyXy Ha MiciieBux Bynuipsix (Access Roads) mo3BossieTbest
3aCIIOKOEHHS PYXY, a IPIOPUTET HAJA€ThCs MiloxinHomy pyxy [10].

B okpyrax Benukoro Jlonnona, ix 32 i Ciri, Hamiuyerses 1200 kM BigHEceHi 110
ronoBHUX Aopir (Principal Roads) 1 ix o3Hauae OykBa A Ha kaprax. B mizomy Ha rpymy
Jopir A mpuxoauthest 0mu3bko 30 % ychoro mpooiry aBTOMOOUILHOTO TPAHCIOPTY
B Mexax Benmkoro Jlongony. CymapHa MpOTSDKHICTE PO3MOAUTBHHUX JIOPIT JlocsATae
1600 kM i1 mo3HayaroThcst BOHU OykBamu B a6o C. BinbInicTh JIOHIOHCHKUX MaricTpa-
JIei e eBOJIIOLIiS CTAPUHHUX JOPIT, TOTMHEHUX MICTOM B XOZ1 HOTO PO3BUTKY.

Jlonpon xapakrepusyerbca HHU3BKUM mokazHukoM JITII, mo oGymoBneHo BBe-
JEHUMHU YMOBaMH PyXy TPaHCIIOPTY 1 OOMEKEHUMH MOKa3HWKaMH IIBHIKOCTI pyXy
(20-30 munb/rox) [10].

HeoOximHo 3BepHYTH yBary Ha kiacudikalito, mo npuidHsaTa B okpy3i CiTi, BoHa
HE3HAYHO BiJIPI3HAETHCS Bifl «JIOHIOHCHKOT». OcobnuBocTi knacugikanii B CiTi HaBe-
el B Tabimni 1.

Cnig BigMiTuTH, 1110 Maiixke 90 % noizaok y CiTi Mo TPYIOBUM LUIAM 311HCHIOETHCS
Ha TpoMaJickkoMy TpaHcnopti. CTparerisi pO3BHTKY Tiependadae 301UIbIISHHS MPOITyC-
KHOT 3/1aTHOCT1 TPOMaJICHKOTO TPAHCIIOPTY, & caMe MOAAJBIINI PO3BUTOK BYIHUIIb i3 Tpi-
OpPHUTETHHM PyXOM aBTOOYCIB.

B Bpuranii 3HauHy yBary NpuAUISIOTE MiclIeBil Mepexi i po3poOIli kinacugikarrii
BYJIUIIb 1 OPIl' HEBEJIMKUX MICT i HaceNeHuX MyHKTiB. Hanpuknaz, po3pobieHi i Air0Th
«Bxa3iBku 1o npoektysanHio nopir» (Highway Design Guide) micta Hopk. «Bkasisku
o npoektyBanHio Kopuyosna» (Cornwall Design Guide) rpadctea Kopuyost [11].

OcHoBoto s knacugikaiiii i HopM rpadcTB MyHIIUITATITETIB, Tak 3BaHUX «Mic-
1eBux MnociOHuKiB 3 mpoekryBanHs» (Local Design Guides) € mokyment «/loporu
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1 MIIOX1IH1 NIJISIXY )KUTIOBHUX TepuTopiit». CydyacHa OpuTaHChKa MiCTOOY/IIBHA 1 IPOCK-
THa TOJIITHKA BPAaXOBY€ TOCATHYTHI B HEBEJIMKUX MiCTaX 1 CUTBCHKiil MiCIIEBOCTI piBEHb
aBroMoOinizamii [10]. V 3B’s13Ky 3 IIIM 0COOJIMBY yBary NpuAUISIOTE O€3Meli pyxy, YuM
00yMOBJICHI MMOKa3HUKH PO3paxyHKoBOi mBuaAKocTi 20-30 mins/rox (32-48 xkm/rog).

Tabmuns 1
®yuxuii Bymnus Citi

Kac 3B’s13kiB e e
N Kareropii nopir CiTi
(Tier) pii nopir C

Crpareriuni goporu (Strategic Roads) nosuHHi OyTH roJ0BHIM KI1acoM
JIOPIT; SIK1 BUKOPHCTOBYIOTE U1l PyXy YCIX BHJIIB aBTOMOOLIEHOTO
Tier-1 TPAHCIIOPTY, siKUi B’Dkae B JIOH/OH 1 BHi3XKaE 13 HBOTO, 200
NepeMilyeThCS B HhOMY Ha Bijctanb 10 kM i Oinble. 3a6e3neqy}0TL
3B’S30K i3 HAIlIOHAJIFHOIO JOPOXKHBOKO Mepexero. TpaHcmopTHi QyHKIIIT
€ TOMiHYIOUYMMH.

Poznoxinsai goporu Jlonnona (London Distributor Roads) moBunHi
Tier-2 3aly4at i o6ciyroyBaru TO3/IKH MIXK OKPYTaMH 1 pyX 4epe3 TepHTOpito
okpyriB. TpancriopTHi GpyHKLIT € JOMIHYIOUUMH, ajie IPH LbOMY IOBHHHO
3JMCHIOBATHCS] 00CITYTOBYBaHHSI KOPHUCTYBaYiB MPHIIEIIINX TEPUTOPIH.

PosnozineHi noporu okpyrie (Borough Distributor Roads) o6ciyrosytors
Tier-3 TOI31KK B OKPY3i i 3 cycinHimMu Okpyramu. [loBuHHI epekTHBHO

3abe3nedyBaTh pyX TPaHCIOPTY i [OJABATH yCi BUAM 00CIyTOBYBaHH:
KOPUCTYyBa4yaM NPHJICIINX TEPUTOPIH.

Micuesi posnoainsHi goporu (Local Distributor Roads) 3a6e3neuyrors
MICIIeBI ITOT3IKH B MEXaX OKpyTa, IOYMHAIOYH 1 3aBepurytoun B CiTi,
BUKJIFOYEHHSIM € PyX aBTOOYCIB 1 BEJIOCUIIEUCTIB, KUl MOXe OyTH
TpaH3uTHUM. DyHKIIT 00CTyroByBaHHS MiCLIEBUX KOPHCTYBa4iB TEPUTOPIT
Tier-4 € TOMiHYFOYHMH TI0 BiJHOIIIEHHIO /IO TPAHCTIOPTHUX.

Micresi mig’igai qoporu (Local Access Roads) 006¢iyroBytoTs MiciieBUX
KOPHCTYBa4iB TEPUTOPIi 1 TIIBKY OB’ SI3aHUH 3 IIUM MICLEBHH PyX.

B okpemux BHUIIaIKax JIOITyCKAEThCS BIAIITYBAHHS MiCIIEBUX aBTOOYCHHX
MapILpyTiB.

AHTITICHKUH TOCBiJ pO3pOOKH HOPM ITPOEKTYBAHHS MiCIIEBHUX BYJIUI MOXKE 3HAUTH
BIJIITOBITHEC BUKOPHUCTAHHS B HAIIIH KpaiHi.

Takum gmHOM A7 3a0e3redeHHs] KOM(OPTHOTO TepeMIlIeHHS MO MICEKUM BYIIH-
M HEeOOXiTHO B TIpoIleci iX MPOEKTyBaHHS 3HAYHY yBary CJIiJ MPUALIATH OCOOIMBOC-
TIM penbedy MictieBocTi. [liIroToBKa cxeMH BYIUYHO-IOPOXKHBOI MEpeKi HEBiI €MHO
OB’s13aHa 13 il TUIaHyBaJIbHOI KOMITO3HMi€r0. CIi IPUIUNTH yBary 3B’S3Ky BYJIHYHO-
JIOPOXKHBOI Mepexi 13 hopMyBaHHAM (YHKITIOHATFHIX 30H Y MicCTaX, SIKi IOB’3aHi i3 THMA
YH [HITUMY 3MiHaMHA penbedy. BaykmBruM € qocsrHeHHs rapMoHil penbedy i3 ocoommBoc-
TSIMHU 3a0y/I0BH 1 JTaHAIAG THOMY TIPOEKTYBaHHIO 3 BUKOPUCTAHHSM EIEMEHTIB IM3aiiHYy.
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Anomauisn

Bcemyn. Heo0xionow ymosor sunepeisncaibHo20 po3gumiy MyTbmMuUMoOaibHOi 102ic-
MUYHOI MOOeni 00CMABKU BAHMANICIB, OP2AHIZAYIT HA CYHACHOMY MEXHONIO02IYHOMY DIGHI
2100aIbHUX | MICYEBUX MOBAPHO-MPAHCROPMHUX NOMOKI6 € CIMAAUL PO3GUMOK MOPCHKUX
HOpmMig K CKIA0080i MPAHCNOPMHOL IHOPACMPYKMYPU, W0 3 €OHYIOMb MPAHCNOPHI-
HO-00POJICHITl KOMNAEKC YKpainu i3 c8imo6o mpanHCHOPMHO-I02ICIUYHOIO CUCEMOTO.
Mema. Cmammsl CHpIMOBAHA HA BUSHAYEHHST YUHHUKIB, W0 GNIUBAIOMb HA epeKkmus-
HICMb OBLIbHOCIE MOPCLKUX HOPMOBUX TNEPMIHANIB, (POPMYSAHHS NPONO3uYit Wo0o y0o-
CKOHANeHHsL OIIbHOCIE NOPMOBUX KOMNIEKCI8 Ma OKPeCleHHs CIMpame2iunux opieHmu-
Pig 30a1aHCO8AH020 PO3GUMNKY, eheKMUBHO20 BUKOPUCHIAHHS ROPIOBUX NOTTYHCHOCTHELL.
Pesynomamu. [Ipoananizosano eanmanicoobie 3a ycima auoamu mpancnopmy, 3p001eHo
aKYyeHm came Ha nepeseseHHi BAHMANCI8 MOPCLKUM MPAHCHOPIOM, W0 00380JUNLO CUC-
memMamu3y8amu YUHHUKU, W0 6NIUBAIOMb HA 00CA2U NepepodKU BAHMACI8 HA NOPIMOBUX
mepminanax. J{ociiodiceno mexHiko-mexHono2iuHi acnekmu niosuuyeHHs: eqreKmueHoc-
mi HAOAHHA NOCye 3 nepepoOKU 8AHMANCI8 Y po3pizi (OyHKYIOHYBAHH KOHMEUHEPHUX
mepminanie. Chopmosano 0CHOBHI HANPAMKU MOOEPHI3aYii KOHMEUHEPHO20 MEPMIHATY
xkomnanii TIC ma 8uznaueHo mexuiko-eKCcniyamayititi napamempu MooepHizayii mexuo-
Jo2iunoi ninii konmeunepnozo mepminany TIC. [lemanizosano cmpameziuni opienmupu
U000 HANPAMKY 30ANAHCOBAHOZ0 PO3GUMK) MA eHEKMUBHO20 BUKOPUCMAHHSA NOPMOBUX
nomyscrnocmeti. Bucnosku. Po3eumok KonmetiHepHux MOpCbKUX Nepese3eHdb € KIlo408UM
YUHHUKOM NIOBUWEHHSL eDeKMUBHOCMI C8IMO060T MOpei6ii, YOOCKOHAICHHSL YNPAGIIHHSL
JIaHYI02aMU NOCMABOK Y C8IM0goMy macumaoi, are nompedye 3HAUHUX iHeecuyii y
Gopmyeanns 6ionogionoi nozicmuunoi ingppacmpyxkmypu. lpaxmuuna peanizayis exo-
HOMIYHUX MA MEXHIKO-MEXHONO0IYHUX PileHb 003601UMb 3a0e3neyumu 3a2aibHy npo-
NYCKHY CNPOMOMCHICIb MOPCbKUX NOpmMie YKpainu, edekmusny 63a€mo0it0 mpancnop-
my 3 aKYeHmoM Ha MYIbIMUMOOANbHI nepese3eHHs, NIOBUWEeHHS DIieHs eheKmugHoCmi
BUKOPUCMAHHSA NEPEBAHMANCYBATLHUX KOMNIEKCI8 Y MOPCbKUX nopmax Yxpainu 0o 70%;
QyHKYIOHY8AHHA MOPCOKUX NOPMI6 HA THHOBAYIUHIU OCHOBI GIONOBIOHO 00 KOHYenyill
«CMAPM-NOPMY, «eHepeoeheKMUBHUL NOPM» MA «3eeHUL HOPIMY.

Knrouoei cnosa: mpancnopmua inghpacmpykmypa, nOpmoeuil mepmina, Myabvmu-
MOOAIbHI Nepese3eH s 8AHMANCI8, KOHMEUHEPHI MOPCHLKI Nepege3ents, A02iCmuita
iH(hpacmpykmypa, 102icmuKa, nOpmMosi NOMYHCHOCHIL.

© lllkypenko O.B,, Bynnuk B.A., Ilepeniuxo M.€., 2022
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Summary

Introduction. A necessary condition for the anticipatory development of the
multimodal logistics model of cargo delivery, the organization at the modern
technological level of global and local goods and transport flows is the sustainable
development of sea ports as a component of the transport infrastructure connecting the
transport and road complex of Ukraine with the world transport and logistics system.
Purpose. The article is aimed at determining the factors affecting the efficiency of sea
port terminals, forming proposals for improving the operation of port complexes and
outlining strategic guidelines for balanced development, effective use of port facilities.
Results. Cargo circulation by all types of transport was analyzed, emphasis was placed
on the transportation of cargo by sea transport, which made it possible to systematize
the factors affecting the volume of cargo processing at port terminals. The technical and
technological aspects of improving the efficiency of the provision of cargo processing
services in the context of the functioning of container terminals have been studied. The
main directions of the modernization of the container terminal of the TIS company
were formed and the technical and operational parameters of the modernization of the
technological line of the TIS container terminal were determined. Strategic orientations
regarding the direction of balanced development and effective use of port capacities
are detailed. Conclusions. The development of container shipping is a key factor in
increasing the efficiency of world trade, improving the management of supply chains on
a global scale, but it requires significant investment in the formation of the appropriate
logistics infrastructure. The practical implementation of economic and technical-
technological solutions will ensure the overall capacity of seaports of Ukraine; effective
interaction of transport with an emphasis on multimodal transportation, increasing the
level of efficiency in the use of transshipment complexes in seaports of Ukraine up to
70%;, operation of sea ports on an innovative basis in accordance with the concepts of
"smart port", "energy-efficient port" and "green port".

Key words: transport infrastructure, port terminal, multimodal cargo transportation,
container sea transportation, logistics infrastructure, logistics, port facilities.
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Beryn. Cranwuii po3BHTOK MOPCBKHUX MOPTIB, IO 3’ €THYIOTh TPAHCIIOPTHO-IOPOXKHIH
KOMIIJIEKC YKpaiHH i3 CBITOBOIO TPAHCIIOPTHO-JIOTICTUYHOIO CUCTEMOIO, € HEOOX1THOIO
YMOBOIO BHIIEPEKAIBHOTO PO3BUTKY MYJIBTHMOJIANBHOT JIOTICTUYHOT MOZIEN JIOCTaBKH
BaHTaXIB, OpraHi3allii Ha Cy4aCHOMY TEXHOJIOTIYHOMY PiBHI IMIOOATBHHUX 1 MiCIIEBUX
TOBapHO-TPAaHCIIOPTHHUX MOTOKIB, pO3POOJICHHS, BIIPOBAKEHHSI 1 BIIOCKOHAJICHHS Opra-
Hi3alliHHO-TTPABOBUX MOJEJCH Iep)KaBHO-IIPUBATHOTO MAPTHEPCTBA, I1HBECTHUIIIHHUX
MEXaHi3MiB, TPaHCIIOPTHOTO CEPBiCY, IO TPYHTYETHCS Ha KPAIIOMy CBITOBOMY JIOCBIJIi
Ta BI/AMOBiIa€ MOPCHKIiH JOKTpHHI YKpainu Ha nepion o 2035 poky [1].

VYkpaiHa ik MOpCBKa JiepkaBa Ma€ CIpUSTIMBE reorpadivyHe po3TallyBaHHS, MOCIIae 3Ha-
YHE MICIIC B CHCTEMI MDKHAPOTHUX BIJTHOCUH BHACIIZIOK MOCHJICHHS [T00AIi3allii CBITOBOT
TOPTIiBJI, IHTErpallii B €BPOATIAHTUYHNIA SKOHOMIYHHUI TIPOCTIp, CTAMX TPAIHIINA PO3BHTKY
MOpETUIaBCTBA Ta MIOPTOBOI JisSUTBHOCTI HAIIIOT JAeprKaBH, JOCSTHEHb Y cepi MOPCHKOT OCBITH
Ta Hayku. Tak, YkpaiHa Mae HaiOuIbIny cepeln aepkaB A30Bo-UopHOMOpPCHKOTo OaceliHy
JIOBKHHY MOPCBKOTO y30epexoks (2759,2 kioMeTpa) i oHaa 72 THC. KM? BUKITFOYHOT MOpP-
CBbKOT €KOHOMIYHOT 30HH. YKpaiHa BOJOJIE€ HAUTIOTYKHIIIAM TTOPTOBUM TMOTEHINIAIOM Cepert
yeix nepxaB YopHoro mopst. Ha cBiToBoMy pUHKY TIpalli MOpsIKIB YKpaiHa mpencTaBieHa
BHCOKOKBAJTI(DIKOBAHUMH KaJIpaMH Ta Ma€ BUCOKWI PEUTHHT cepell KpaiH-MoCTaqalbHUKIB
CTapIIIOro KOMaHIHOTO CKIIAJTY, IO TPAITFOE ITiJT IHO3EMHUMH IPATIOpaMH.

IMocranoBka nmpodaemu. BaxkniuBuM eeMEeHTOM iHPPACTPYKTYpH MOPCHKHX BaH-
Ta)XKHUX MIEPEBE3EHb, 30KPEMa, MYJBTUMOJIATBHUX, € TIOPTOBI KOMILUIEKCH (TepMiHANIN),
e(hekTuBHE (PYHKI[IOHYBaHHS SIKUX B YMOBaXx I7100aJtizailii TOBApHUX PUHKIB T4 HEBIIHH-
HOTO 3pPOCTaHHS OOCATIB MEPEBE3CHb BAHTAXKIB MiXK A3i€l0 Ta €BpOIOIO € 3alOPYKOI0
BUKOPHUCTAHHSI TPAH3UTHOTO IMOTEHIiany YKpaiHu, (GOpMYyBaHHS MYJIBTHMOIAITBHUX
TPAHCHOPTHO-JIOTICTHYHUX CHCTEM, PO30YIOBU MEPEKi MiXKHAPOIHUX MYIETHMOIAITb-
HUX MapuIpyTiB 4epe3 YKpaiHChKy TEPUTOPIIO, pealizailii iIHHOBAI[IHHUX TEXHOJIOI1d-
HUX pillleHb y cepi JOCTaBKH BAHTAXKIB 3 METOIO 3HWKEHHSI JIOTICTUYHUX BUTPAT TOILIO.

OnHUMH 3 BOXIHMBIIIMX YAHHHUKIB KOHKYPEHTOCIPOMOKHOCTI MOPCHKHX TIOPTOBUX
TEpMiHAJIB € 3aIPOBaHPKEHHS MPOTPECUBHUX TEXHOJIOTiH 0OPOOKHM BaHTaXKIB Ta CyJleH,
OCHAIlICHHS THGPACTPYKTYPHUX O0’€KTIB CydaCHHMMHM 3aco0aMM MEXaHisallii, IiJiBu-
HICHHS PIBHSI CEPBiCy MOCIYT, 10 HAMAIOTHCS.

OTxe, PO3BHTOK Ta MOJIEpHi3alis 1HQPaCTPyKTypH MOPCHKUX MOPTOBHX TEepPMiHa-
7B, HAPOUIYBAaHHS MMOPTOBHX TMOTYKHOCTEH € HEOOXiTHOIO YMOBOIO MOCiIaHHs YKpai-
HOIO TIPOBITHOTO MiCIlsl HA PUHKY CBITOBHUX JIOTICTHYHHX MTOCIYT.

AHaJii3 ocTaHHIX AociixxKeHb i myouikaniii. Haykosiii mpoOieMaruili mo/o 10cii-
JOKEHHS iHPPaCTPYKTYPH BAaHTXKHHX MEPEBE3EHb MPUCBSATHIIN CBOI HAYKOBI Mpalli TaKi
BueHi, sk: O.0. Hemuyk, A.A. Ocramuyk [2], T.I. Jloryrora, M.M. [Tontopanbkuii [3],
O.L Ilnatonos [4], P.B. Bepuuropa, A.M. Okopoxos, [1.C. Llympos [5] Ta iH.

HayxoBisimMu y mipaiti [6] Oyi10 J0CTiIKEHO 0COOIMBOCTI (hOPMYBaHHS TPAHCIIOPTHO-
JIOTICTHYHUX IICHTPIB Ha 3acajax Jep KaBHO-NPUBATHOTO MapTHEpCTBa. Y [7] mpoaHa-
J30BaHO PO3BUTOK JIOTICTHYHOI iH(pacTpykTypu B ymoBax €Bpointerparii. [Ipote
HEJIOCTaTHHO BHCBITICHHMH 3aIUINAIOTHCS OKPEMi MUTAaHHS €QEeKTUBHOTO (PyHKIIiO-
HYBaHHSI Ta PO3BHTKY MOPCHKHX IOPTOBUX KOMIUIEKCIB SIK €lIeMEHTY iHPpacTpyKTypu
MYJIBTUMOJIANIbHAX BaHTKHUX TIEPEBE3CHb.

DopmyawBaHH wineii crarTi. [{ink poGoTu nonsrae y BU3HauYeHHI YHHHUKIB, 1110
BIUIMBAIOTH Ha €(DEKTHUBHICTh AISUTBHOCTI MOPCHKUX TIOPTOBUX TEPMiHAIIB, (hOpMYBaHHI

142



PO3BUTOK TPAHCIIOPTY
Ne 4(15), 2022

MIPOIO3MIIiH 100 YIOCKOHAJICHHS MisJIbHOCTI MOPTOBMX KOMILJICKCIB Ta OKPECIICHHI
CTpaTeriyHuX OpPiEHTUPIB 30aTaHCOBAHOTO PO3BUTKY, €()EKTUBHOTO BUKOPUCTAHHS MIOP-
TOBUX IOTYHOCTEM.

Buknan ocnoBHoro marepiauy. [1opt € onHi€r0 i3 OCHOBHUX JIAHOK YCHOTO TPaH-
CIIOPTHOTO JIAHITIOTA BiJl BUPOOHUKA J0 KIHIIEBOTO CIIOXKMBaua. BianosigHo 10 3akoHY
VYkpainu «IIpo Mopchki TOpTH YKpaiHim» MOPCHKHI MMOPTOBHUHA TEPMiHAI SIBJISE COOOIO
TEPUTOPIlO, Ha SKI PO3TAOBAHMIA KOMILJIEKC TEXHIYHUX 3aCO0IB 1 CIIOPYI [T BUKO-
HaHHS oOIepaliid, MOB'I3aHUX 3 TEPEBE3CHHSIM 1 TEepepOoOKOI0 BaHTaXIB, a TaKOXK
00po6OKoro cyieH. Jlo 1ux omnepaliiii BiJHOCATHCSA: MPUIOM-BIIITPaBKa, HABaHTa)KCHHSI-
BHUBAaHTaXXCHHS, 3aBE3CHHI-BUBE3CHHS, COPTYBaHHs 1 30epiraHHS BaHTaXiB, a TaKOX
00CITyroByBaHHs CyJieH. EKcIUTyaraiilo MOPCHKHX TEPMIHATIB 31MCHIOIOTH MOPTOBI
orepaTopu — cy0’€KTH TOCTIOAAPIOBAHHS, IO MPOBOJISTH BAHTAXXHO-PO3BAHTAKYBaJIbHI
po0oTH, 0OCITyroByBaHHS Ta 30€piraHHs BaHTaXIB, 00CIyrOByBaHHS CYJICH 1 Macaxu-
PpiB, a TAKOX 1HIII, OB’ sI3aHi 3 I[MM, BUJHM FOCIOAAPCHKOT TisUTBHOCTI [§].

[Ipoanamnizyemo 3arajbHUAN BaHTa)X00OIr 3a yciMa BHJIAMH TPAHCHOPTY, AWHAMIKA
SIKOTO TIpeJICTaB/IeHa Ha pHc. 1.

3aranbpHUN BaHTaXO000IT 3a yciMa BUaaMu TpaHcrnopty y 2017 poii 3pic Maiike Ha
9% y nopiBHstHHI 3 2015 pokom, ane mounnaroun 3 2017 poKy crocTepiraeTbes 3HU-
JKCHHSI BAaHTa000iry, 30kpema y 2021 porii Bi ckiaB 289,6 Miapa. Tkwm, mo Ha 15,7%
Mmemiie 3a 2017 pik, Ha 8,3% 3a 2015 pik Ta Ha 0,2% 3a 2020 pik.
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B BanTaxo00ir 3a BCiMa BUIAMHU TPAHCIIOPTY, MIIPA. TKM

Puc. 1. 3aeanvnuii 06cse sanmasicoodicy 3a 6cima 8udamu mpaHcnopmy
3a 2015-2021 pp., mapo.mxm

Lcepeno: nobyoosarno asmopamu 3a danumu https.//ukrstat.gov.ua/operativ/imenu/menu_u/tr.htm.
Jlani Hagedeno Oe3 ypaxysaHHs mum4aco8o oKynosanoi mepumopii Aemonomnoi Pecnyoniku Kpum,
M. Cegacmononsi ma 4acmuHu MuM4aco8o OKYHo8anux mepumopii y Howeywxii ma Jlyeancoxi
obnacmsx

BanTaxxo000ir y po3pizi OKpeMHUX BHUAIB TpaHCHOPTY 3MiHIOBaBcs y 2021 pomi
y nopiBHsiHHI 3 2020 pOoKOM TakuUM YHHOM: HaiiOiunbiie 3poctanHs Ha 11,4% 3adik-
COBaHO y TIEPEBE3CHHAX aBTOMOOIIBHUM TPAaHCIOPTOM, JPYTe MICIle TOCiIae aBiallii-
Hul — Ha 9,5%, BIANOBITHO TpeTe Micie 3ali3HuYHMN — 2,7%, YeTBepTe — BOTHUI —
2,5%, 3a TpyOONPOBITHUM TPAHCIIOPTOM CIIOCTEPIraeThCs 3MeHIIICHHs Ha 14,6%.
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[Ipoanamnizyemo mepeBe3eHHs BaHTaKiB MOPCHKUM TpaHcnopTtoM. Ha puc. 2 HagaHo
JUHAMIKy 00CATIB MepeBe3eHHS BAHTAXKIB MOPCHKUM TPaHCIIOPTOM 32 BUJAMH CIIONY-
yenHs 3a 2015-2021 pp.

2021
2020 2299 |
2019 | 2,16
2018 | 3,49
2017
2016 | 771
2015 | 1,75
0% 20% 40% 60% 80% 100%

B@BanTax0006ir MOPCHKOT0 TPAHCIIOPTY 3@ BUAAMH CIIOJIYYEHHSI, 3aKOPIOHHE, %
B BanTa)x006ir MOPCHKOro TPAaHCIIOPTY 3a BHAAMH CIIONydYeHHs,kaboTaxkHe, Yo

Puc. 2. JJunamixa obcsz2ié nepegezeniss 6anmagicie MOpCbKUM mMpancnopmom
3a sudamu cnonydenus 3a 2015-2021 pp.

Jicepeno: nobydosarno asmopamu 3a Oanumu hitps.//ukrstat.gov.ua/operativimenu/menu_u/tr:htm.
Jlani Hasedeno 6e3 ypaxy8aHHs MUMHACO80 OKYnoganoi mepumopii Asmonomuoi Pecny-
oniku Kpum, m. Cesacmononst ma uacmunu mumydaco8o oKynosanux mepumopiu y /loneyvkii
ma Jlyeancwkiti oonacmsx.

AHalti3 TepeBe3eHHsI BaHTa)KiB MOPCHKHM TPAHCIIOPTOM Y PO3pi3i iX BWAIB CBil-
YUTh, IO TEPIIC MiClle 3aliMarOTh METaJIH, Ha APYroMy — XJiOHi. BiamosigHo 10 BuaiB
CTIONyYeHHS HAaOUTbIIY MUTOMY Bary CKJIaJaroTh 3aKOPJOHHI ITepeBe3eHHs BaHTaXKIB.

Ha puc. 3 BimoOpaxkeHO CIiBBIAHOIICHHS 00CSTY NEepEeBE3CHHS BAHTaXIB MOPCHKUM
TPAHCIOPTOM Ta BaHTa000ir y auHamini 3a 2015-2021 pp.
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B O6csr nepeBeseHHs BAHTAXKIB MOPCHKAM TPAHCTIOPTOM, THC. T
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== BauTax)006ir MOPCHKOTO TPAHCIIOPTY, MIH. TKM

Puc. 3. Jlunamixa obcszcy nepegezenis 6anmanicié MOpPCbKUM Mpancnopmom
ma sanmaoicoodie 3a 2015-2021 pp.

Ihicepeno: nobyoosarno asmopamu 3a Oanumu htips://ukrstat.gov.ua/operativimenu/menu_u/trhim.
Jlani HasedeHo 6e3 Ypaxy8aHHs MUMYACOB0 OKYHO8AHOI mepumopii Aemonomuoi Pecny-
onixu Kpum, m. Cegacmonona ma 4acmunu mumyacoo oKynoeanux mepumopiti y JJoneywxiii
ma Jlyeaucokii obracmsx.
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OOcsr mepeBe3eHHsT BaHTaXIB MOPCHKUM TpaHcnoproM y 2021 poli cKOpoTHBCS
B 1,8 pasu (3 3292 no 1852 tuc.t) y nopiusiaHi 3 2015 pokom. OjHa 3 TOJOBHUX MPH-
YHMH 3MEHIICHHsI 00CATIB MepeBe3eHHS BAHTAXIB YKPAiTHCHKUMH CYJTHOIIABHUMHU KOM-
MaHisIMU — He3aIOBUTEHUI CTaH 1X GIoTy, 66% sikoro Mae Bik Oinbine 30 pokiB

ToMy Hajgam IOCHIHKEHO TEXHIKO-TEXHOJIOTIYHI aCleKTH MiJABUINCHHS ¢(EKTHB-
HOCTI HaJaHHS MOCIYT 3 MEepepoOKH BaHTaXIB B YacCTWHI (PyHKIIOHYBaHHS KOHTEH-
HEPHUX TEPMiHAJIB, BPAXOBYIOUM PO3TMOBCIO/DKEHHS CaMe IUX MOPTOBHX KOMILICKCIB
y moprax YKpaiHH K JIAHOK JIOTICTHYHOTO JIAHI[IOra MOCTABOK €KCIIOPTHO-IMIOPTHOT
Ta BHYTPIIIHBOT MPOAYKIIii, IO CIIy€E came Yyepe3 MOPChKi MOPTH.

[MoproBa cucrema Ykpainu Haiuye 18 MOPCHKHX MOPTiB, 13 3 IKUX 3HAXONATHCS Ha
KOHTHHEHTAIIBHIH TepuTopii YKpaiHu, i 5 mOopTiB — Ha THMYAaCOBO OKYIIOBaHii TepuTOpii
AP Kpum. 3aranbHa NOTYKHICTh KOHTHHEHTAJIBHUX MOPTIB Ta TEPMiHATIB CTAHOBHUTH
313,3 muH. T. [9].

Hait6inpmmMu Mopcbkumu mopramu Yikpainu € IliBnennnii, Oneca, Muxonais
ta YopHOMOPCHK, Ha sIKi punagae onu3bko 80% 3aranbHOT MoTyKHOCTI. KittouoBumMu
repeBaraMu IUX MOPChKUX MOPTIB € HASIBHICTh TNIMOOKOBOAHMX ITiIXOIIB, IO JO3BOJIS-
I0Th 00CITYTOBYBATH BEIIMKOTOHHAXKHI MOpCHKi cyaHa [10].

Mpotsarom 2013-2019 pp. oOcsiru nepeBaiky B MOPTax YKpaiHHU 3aJIMIIAIOTHCS BiJl-
HOCHO CTa0iJTbHUMH, OCHOBHHMH PYIIISIMU € €KCIIOPTHA Ta iMIOPTHA TOPTiBis. Box-
HOYAC CIIOCTEPIraeThCsl TCHICHIIIS IO 3MEHIIICHHS TPaH3UTHUX 00csTiB. Lle BUKIMKaHO
MMOBHUM TIPUTIIMHEHHSM TpaH3uTy 3 Pocilickkoi deneparii. Obcsru kaboTaKy 3aiuiia-
IOThCSI HE3HAYHUMH, aJie MOTEeHIial MoKe OyTH 301TbIICHUH TicTs aKTHBI3alii pidKo-
BUX TiepeBe3eHsb [10].

Konreiinepuuii repminan TIC — HOBITHIH KOHTeHHEpHUH TepMiHan YKpaiHu, MoJep-
HI30BaHUH JUIs IpUiioMy Ta 00pOOKK HAWOITBIINX CYIEH, SIKi TUIBKU MOXYTh YBIHTH
B HopHe Mope 1 sIKi He MOKe TIPUIHATH KOJIeH IHIINH MOpT B YKpaiHi; Mae HaiTOBIIHH
i camuii mmOokoBomHMI (16 M) KOHTEHHEepHMI TpUYan B KpaiHi, a TaKoX 3JaTHHH
BHMBaHTa)XyBaTH HaBaJIouHi BaHTaxi [11].

B ymoBax 3pocratodoi koHkypeHuii «TIC-KT» sBnse coGoro oauH 3 Hail-
OUTBII TIMOOKOBOJHMX, CyYaCHHX 1 IIBUAKO3POCTAIOUMX KOHTEHHEPHHUX TEpMiHAIiB
B Kpaini. ¥ 2017 poui Bin 006pobuB 124,9 tuc TEU, B 2018 poui — 1724 tuc. TEU,
B 2019 — 220,7 trc. TEU, npoTe #oro IpoeKTHa MOTyKHICTh — B 2 pasu Ginsie. Horo
BaHTa)X0OOIT 32 OCTaHHI KUJIbKa POKIB 301IBIINIIACH K MiHIMYM B 2,5 pa3u. 3a 9 pokiB
po6oTH, 1o xoBTeHb 2020 POKy BKIIIOYHO, KOHTEHHEPOOOIT TepMiHaly CKIaB OJIH3bKO
900 tuc. TEU [11].

Konreitnepuuit Tepminan TIC-KT Bocenu 2020 poky 3MiHUB JIOTOTHII Ta Ha3By Ha
«DP World TIS Pivdennyi». OHoBIeHHS (pipMOBOTO CTHIIIO CTaJlO JIOTIYHHM IPOJIO-
BKEHHSM IHTerpaii TepMiHary 10 ciM’1 OJIHOTO 3 HAWOUIBIIMX IOPTOBHUX OIEPaTOpiB
y cBiti DP World, sikuit B wepBHi 2020 poky craB cniBBiacaukoM TIC-KonTeliHepHMiA
tepminan. Tenep y xommanii Oyne yHikanbHa JUis YOpHOMOPCHKOTO PETiOHY MPOIIO-
3UINS: MPsIME CHOAY4YeHHs MiX TepmiHamamu B Koncranii, Spummke ta IliBaeH-
HOMY 3 BHKOpHCTaHHsIM BiacHoi dinepHoi Mepexi UniFeeder. B cuneprii 3 mocBizom
DP World 3 ycyHeHHS By3bKHUX MICIlb B JIOTICTUYHUX JIAHIFOXKKAX, 1€ JaCTh MOMKJIH-
BICTH BiJIIIPaBIISITH BaHTaXi 110 KIOYOBHX st CXiiHOT €BPOITM TOPrOBUX MapIIpyTax,
BUKoprcToBytour aktuBu DP World B PymyHii ta Typeuuuni [12].
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Hanani cdhopmMoBaHO OCHOBHI HaNpsIMKH MOJIEpHI3allii KOHTEHHEPHOTO TepMiHaTy
kommadii TIC Ta BU3HAa4E€HO TEXHIKO-eKCIUTyaTaliliHi mapaMeTpu MOJIepHi3allil TeXHO-
JIOT1YHOI JiHiT KoHTeiHepHOTO TepMinany TIC 3amis JOCSTHEHHST OOCATIB MepeBaIKy
B 650000 TEU Ha pik. Tak, po3paxoBaHO, IO MIiCTKICTh IUIONIAJA0K KOHTCHHEPHOTO
tepminany mae cranoButd 50000 TEU; nepeBaika 3/1iiCHIOBATUMETHCS 3 BUKOPUCTAH-
HSIM JIEB’ATH MPUYATLHUX KOHCOJILHO-KO3JIOBUX KpaHiB THITy Super-Post-Panamax st
NepeBaHTaXCHHS KOHTEHHEPIB 3 CyJHA Ha CYyIly; /Ul 3a0e3leveHHs MmoTpiOHOT MicT-
KOCTI KOHTCHHEPHOTO TepMIiHAIy CJIiJI YBECTH B €KCILIyaTallio 15 KOHTeHHEpHUX CeK-
TOPHHUX MaiIaHYUKiB (IITa0EIiB); HA KOXKHOMY KOHTEHHEPHOMY MaiiIaHYMKy MTOBUHEH
po3mimyBarucs mradens 3 3504 xoHTeiiHepiB (MOBKMHA 1ITAa0CNs — 73 KOHTEHHEPH,
HIMpHHA — 8 KOHTEHHEpIB, YHCIO SIPyciB — 6); MepeBaHTaKyBalbHI POOOTH Ha CIIpo-
EKTOBaHOMY KOHTEHHEpPHOMY TepMiHaii 3aiiicHioBaruMe 20 MmiTHOMHO-TPaHCIIOPTHUX
MAIlIMH: MTOPTAILHIUX MOCTOBHX MTHEBMOKoicHUX KpaHiB RTG — 10 of., piucTakepiB —
10 ox. OTxe, peainizailis 3apOIIOHOBAHUX 3aX0/IiB /103BOIUTH kommaHii TIC npoBecTu
MOJIEPHI3aIlil0 TEXHOJOTIUHOI JIiHIT KOHTEHHEPHOTO TepMIHAY JUIsl TOCATHEHHS 00Cs-
rie nepeBaikd B 650000 yMOBHUX KOHTEHHEpIB Ha PiK 3 METOIO PO30YIOBH Mepexi
MDKHApOTHUX MYJIBTUMOAIBHUX MapIIPyTiB Yepe3 TEPUTOPi0 YKpaiHu.

OnHa 3 TONIOBHHX TepeBar KOHTEHHEPHOrO TepMiHaTy IMOJsTae y iHTerpaii i3 3ai3-
HUYHOIO IHQPACTPYKTYPOIO 1 TEXHOJIOTIUHICTB, 110 3a0e3Meuy€e BUCOKY IIBUKICTH 00pOOKU
BaHTaXiB. J{0 TOro 5k KOMITaHisI OJTHIEIO 3 MEPIITHX 3aTyCTHIIA PETYISIPHI 3aTi3HIYHI KOHTEH-
HEpHI nepeBe3eHHs 1o Ykpaini npsiMo 3 TepmiHaiiB TIC 1 Bianpaeise 15 perynsipHuX KOH-
TeHEePHUX TOT3/1iB MO 11’ SITH HanpsiMKkax — B J{Hinpo, Kuis, Xapkis, TepHorine Ta YepHiris.

O06csiru epepoOKY BaHTaXKIB HA TOPTOBHUX TEPMiHANIAX 3aJI€KaTh BiJl HU3KU 30BHIII-
HIiX Ta BHYTPIIIHIX YHHHUKIB, 0 BiZI0OpaXeHO Ha puc. 4.

YUHHUKMH, 1O BIVIMBAIOTb HA OBCSTI' IEPEPOBKH
BAHTAKIB HA IOPTOBUX TEPMIHAJIAX

A 4 r———————— === | T I
| ‘ I'eorpadiune posrairyBaHHs | | BapricTh onepaitiii 3 |
| opTy | | 06pOOKH CyJIeH Ta BAaHTDKIB |
| ColialbHO-eKOHOMiYH U | | | B
3 | PO3BUTOK KpaiHn | IporyckHa 31aTHICTH H
o | | | npUYaIiB | v
B | ‘ HasiBHi BanTakHi 6asu ‘ | | | T
H | | | OcCHAIIEHICTh TepMiHAaIIB | P
Lfl _>| ‘ Xapaxrep BaHTa)KOIIOTOKIB | | cyl(a(:—:;l(z;z:;?fﬁamn | l;l
H | _ | | HaBaHTaXXyBaTbHO- H
I I PiBeHB CyZIHOBHX IIOPTOBHUX | I PO3BaHTAKYBATEHUX POOT | I
300piB | |
g | | TIpoayKTHBHICTE y
" | PO3BUTOK TPaHCIOPTHO- | | HAaBaHTa)KyBaAILHOTO | "
H I JIOTiICTUYHOT CUCTEMH KpaiHn | | obnagHaHHS | H
H Thens Al | . — |
" | Pisenb rapudis 3a | | IunoBauiini iHdopmariiini | ;II
X | ANBTEPHATHBHUMHI CXEMaMM | | texnonorii'y cdepi o6po6Ku
JIOCTaBKH | . | K
" | | BaHTAXIB Ta CyleH "
| HasBHa Meperxa | | |
MIKHAPO/HUX MapLIPyTiB | Pienb pozBuTKy |
| | | | noricruunoi iH(ppacTpyKkTYpH |
| ‘ IcHyroua MUTHaA cucTeMa ‘ I | nopty I
L=————=

PIBEHb KOHKYPEHTOCITPOMO>XHOCTI ITIOPTOBOI'O
TEPMIHAJIY (IIPUBABJIUBICTH IOPTOBUX KOMILUIEKCIB)

Puc. 4. Knacugixayis wunHuxie, wo eniusaoms Ha 00cseu nepepooKy 6aHmMAadiCie
HA NOPMOGUX MePMIHANAX
Lbrcepeno: cknadeno agmopamu
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3a3HaueHi Ha puc. 4 YMHHUKU OKpiM Kiacudikamii Ha 30BHINIHI Ta BHYTPILIHI,
JIOpeuHO 00’eaHaTH y neMorpadiyHi, €KOJOTIYHI Ta TEXHOJIOTIYHI, 10 PEryJIIOITHCS
Jep>KaBHUMH Ta MICIIEBIMHU OpraHaMH YIPaBJIiHHS Ta BIUTUBAIOTH HA AISUTBHICTH MOP-
TOBUX TEPMIiHAIIIB.

30kpema, BHYTPIIIHI YMHHHUKH TepedyBaroTh y cepi BIUIMBY ITOPTOBOI aJMiHiCcTpa-
il Ta oreparopis, caMe BOHM BILUTUBAIOTH HA OOCSTH BAHTAXXOMOTOKIB, IO 3aTyYar0ThCS
B TIOPT, Ta IPHBAOIMBICTh HOPTOBMX KOMIUIEKCIB JIJISl IIEPEBI3HHUKIB TA BAHTAYKOBJIACHHKIB.

VYkpaiHi ik MOPCBKIii JiepkaBi citij] 3a0e3neYnTH KOHKYPEHTHY pUBaOIUBICTh iH(-
PacTPyKTypH MOPEroCIoapChKOro KOMIUIEKCY B IIIIOMY Ta IMOPTOBOTO TOCHOAApPCTBA
30KkpeMa. BomHouwac, BTpaTa 3a yacu HE3aJIC)KHOCTI POJIi TIPOBIIHOT CYTHOIUTABHOT Kpa-
1HM TOB’sI3aHa HE JIMINE 13 3MCHIICHHIM (DJIOTY Ta BIICYTHICTIO 1HBECTHIIIH y BiApO-
JUKEHHS CyTHOOYIyBaHHS, a i 3 TOTipIIEHHSIM KOHKYPEHTOCIPOMOXKHOCTI MOPCHKUX
MOPTIB JIep>KaBH BHACIIIOK HEIOYIrOl I[IHOBOI IMOJITHKH, HEIOCTATHLOTO (DiHAHCY-
BaHHS PO30yIOBH 1HPPACTPYKTYpHU MOPCHKHX TOPTIB, BIICYTHICTIO IiJIECTIPSMOBAHOT
MOJITHKY 100 IHHOBALIHHOTO pehOpMyBaHHS MIOPTOBOTO KOMILIEKCY.

Kommaniero «/lenoiim» Oyso npoBeieHo mIo0aibHe TOCTIPKSHHS BITHOCHO TCHACHIIIH
y TIOPTOBIH 1HAYCTpIi Ta mpescTaBIeHo pe3yibrari. PO3BUTOK MOPTOBOT iHAYCTpIl, 30KpeMa
PO3MOIiT BAHTAKOTIOTOKIB, KOHKYPEHTHI ITO3HIIiT YYaCHUKIB JIaHIIIOKKY CTBOPEHHSI IIIHHOC-
Tell y IOPTi 3aJIeKUTH BiJl HU3KU JeMOTpa(iyHNX, TEXHOJIOTIYHHX, EKOJIOTIYHUX YHHHHKIB.
3 onmHOTO OOKY, Ha PO3BUTOK TIOPTOBOI r'ajly3i B CBITI Ta YKpaiHU Ma€ BIUIMHYTH CIpAmesis
MEPUMOPIATLHOLO PO3GUMKY YePe3 CUHEPTII0 MiXK TTOPTOM Ta MICTOM Ta CTBOPEHHS KJlac-
TepiB. B 1npoMy HampsiMKy HEoOXiTHO akKIeHTyBaTH yBary Ha TOIIYKY I[IHHOCTEW TOpTy
JUTSL CYCTIUTBLCTBA Ta Oi3HECY Ta Mepexoiy J0 CUCTEMH YIIPABIIHHS MOPTOM 32 MOJICIIIIO
«TMOPT-NICHITIOpAY. 3 1HIIOT CTOPOHH, 3pOCTaHHS HEPIBHOMIPHOCTI Ta 3MiHA OanaHCy cuil
MOXYTh CHPHYMHHUTH TIEPEOPIEHTAIIII0 Tamy3el, 3MiHy TOPTiBNi Ta SK HACTIJOK BILIMHE
Ha 3aBaHTA)KEHHS MDKHAPOHUX Ta BITYM3HIHUX TIOPTIB, & TAKOXK MPU3BEC 10 3HIKCHHS
Tapr(iB HA OCHOBHUX KOHTEHHEPHUX MapIpyTax. Takox CIIiji 3BepHYTH yBary Ha po3IId-
PCHHSI BUKOPHCTAHHsI aBTOMaru3allii Ta po0oTu3aliii, o cupustuMe GOpMyBaHHIO OLITBII
CHJIBHHX Ta e(DeKTUBHUX KIIACTEPIB, sIKi OyIyTh KOHKYPYBaTH MiX COOOIO.

Hapmani (puc. 5) neramizoBaHo cTpareriuHi OpieHTHPH LIOA0 HaNpsMKy 30anaHco-
BaHOTO PO3BHUTKY Ta €(EKTHBHOTO BUKOPUCTAHHS MIOPTOBUX MOTYKHOCTEH, SIKi MOXKHA
OXapaKTepU3yBaTH HASIBHICTIO TPOOJIEM, 1110 MOTPeOYIOTh PO3B’I3aHHS, 3aBIaHb Ta OYi-
KyBaHUX pe3ynbraris [13].

Sk Oyno 3a3HaveHoO Ha pucC. 5, 30alaHCOBAaHUN PO3BUTOK Ta e(DEKTHBHE BUKOPHC-
TaHHS MOPTOBUX MOTYKHOCTEH 3aJICXKHTh BiJl KOMIUIEKCY OpraHi3aliiiHo-eKOHOMIYHUX
Ta TEXHIKO-TEXHOJIOTTUHUX PillleHb. 30KpeMa, CJIijl 3BepPHYTH yBary Ha Taki HaIIPsIMH:

— TapMOHI3alis TUIaHIB PO3BUTKY MPUIIOPTOBOI HPPACTPYKTYpH (3aTi3HHYHHX
[UISIXiB, TPUIIOPTOBUX 3ai3HUYHHUX CTaHIII, aBTOMOOUILHUX JIOPIT), BHYTPIIIHIX BOJ-
HUX IUISAXIB Ta MPOIYCKHOI CIIPOMOKHOCTI MOPCHKHUX MOPTIB YKpaiHu 3 mporpaMamu
PO3BUTKY TPAHCIIOPTHOI iHGPACTPYKTYPH 3arajbHOACPKAaBHOI'O Ta MICIICBOTO PiBHS;

— BUpOOJICHHSI AI€BUX MEXaHI3MIiB IHBECTYBaHHS Y PO3BHTOK MPUIIOPTOBHX 3aIi3-
HUYHUX CTaHIH, MiJ i3HUX 3aI3HAYHUX IUIAXIB Ta enekrpudikaiii MarictpaibHUX
[UISIXIB B HAIIPSIMKY MOPCHKUX TOPTiB YKpaiHu;

— mepenpoidroBaHHS ICHYIOUMX TOPTOBUX IOTYXXKHOCTEW 3 TepeBAIKM BaHTa-
XKIiB, 0 HE 3a/(isTHI Y BAPOOHHUOMY TpoIieci a0 BUKOPUCTOBYIOTHCS Y Hee(PeKTUBHUH
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CTPATEI'TYHI OPIEHTHUPHU 35AJTIAHCOBAHOI'O PO3BUTKY TA EGEKTUBHOI' O
BUKOPUCTAHHSA NOPTOBUX IMMOTYKHOCTEM

1.Po30anancoBaHiCTh  PO3BUTKY IEPEBAHTAXYBAIbHUX  IOTYXHOCTEl Ta  MPUIIOPTOBOI
iH(pacTpyKTypH.

2.HemocraTHili  piBeHb  BHMKOPHCTaHHS IIOTEHIialy  iCHYIOUHX  IIepeBaHTa)KyBaldbHUX

v

= MOTY>KHOCTEM, 0COOIMBO J€ PXKABHUX CTHBIJOPHUX KOMIIaHiil - MOPCHKMX TOPrOBEJIbHHUX ITOPTIB.
S y
N = 3.BigcyTHICTh OCTaTHBOI KUIBKOCTI IIMOOKOBOJHMX SIKIPHHUX MiCllb, HEOCTATHIH piBeHb Ta
E | HEBIIMOBIAHICTh TIMOMH B OKPEMHX MOPCHKMX IOpTax Ta Ha KaHajlax [aclOPTHAM
=) XapaKTEPUCTHKAM.
=
| 4.ITOBiJIbHE OHOBJICHHS OCHOBHMX (DOH/IIB Ha JAEPKABHMX MiANPHEMCTBAX TOPTOBOT rary3i.

5.HeBiANOBiAHICT TEXHIYHOTO DIBHSI OCHOBHHX (OHIIB CyYaCHHMM BHUMOTaM ILOJO HaIaHHI
MOCIIYT 13 3AiHCHEHHs onepaLiii 3 00CTyroByBaHHS BaHTaXiB, CyIEH, PyXOMOI'O CKJIaJly TOLLO.

1.T'apMoOHi3allist TUIaHiB PO3BUTKY MPUIIOPTOBOT iH(PPACTPYKTYPH, BHYTPILIHIX BOJHUX LUIAXIB Ta
[~ IPOIyCKHOI CIPOMOKHOCTI MOPCHKHX IOPTiB YKpaiHH 3 IporpaMaMH PO3BHTKY TPaHCIIOPTHOI
iH(PACTPYKTYPH 3arallbHOJEPKABHOI'O Ta MiCLIEBOTO PiBHS .

| 2.BupoGIieHHS JIi€BUX MEXaHI3MiB iHBECTYBaHHS y PO3BUTOK IIPUIIOPTOBOI iHPpacTpyKTypH.

3.0HOBJIEHHS! OCHOBHMX (DOHMIB JEepiKaBHUX CTHBIIOPHMX KOMIIaHil Ta nepenpodintoBaHHA
iCHYIOYMX TIOPTOBUX IOTY)KHOCTEH 3 TEpEBAIKM BAHTAXiB, 10 HE 3ajisHi y BUPOOHHYOMY
IIPOLEC], HA CIelialli30BaHi NePeBaHTAXKyBaJIbHI KOMIUIEKCH HAa YMOBAX JEpKaBHO-IPHBATHOI'O
IapTHEPCTBA .

4.MonepHizauis Ta OyJiBHULTBO IMOPTOBHX HOTY)XXHOCTEH Ul €)EeKTUBHOTO BUKOHAHHS POOIT 3
00CIIyroByBaHHS BaHTaXiB, IIaCaXKHPIB Ta CyNEH B MOPCHKHX IOPTaxX Y KpaiHu.

MMPOBJIEM

5.OHOBJICHHSI BITYM3HSHOIO CIICLiali30BaHOro (GJIOTY I NMPOBEACHHS IHONIOTIMOIIOBAIBHHX
POOIT Ta CTBOPEHHS NNIHOOKOBOAHIX MOPCHKUX TEPMiHATIB.

v

6.CtBOpeHHs iH(PACTPYKTYpH UL MOMJIMBOCTI HpHIIMAaHHS Ta OOCIyroByBaHHS CyHEH, sKi
BHUKOPHUCTOBYIOTb 3PIDKEHHH a3 sIK CyIHOBE MAJINBO.

v

7.BnpoBapkeHHsT cMapT-iHPpacTPyKTYpH, €KOJIOTIYHO Oe3MeYHNX TEXHOJIOTIH, CIPSIMOBaHUX Ha
| SMEHILUCHHs WIKIiIIMBUX BUKUAIB BiJl BUPOOHMYMX IPOLECIB y MOPTAaX Ta OTPUMAHHS €HEPril 3
aIbTePHATUBHUX JIKEPEII .

L]
3AXO01HU, CIIPSIMOBAHI HA PO3B’S13AHHS

1.BBenieHHS B eKCIUTyaTalil0 HOBHX Ta MOJEPHI30BaHUX IEPeBaHTAKYBAIBHUX KOMILIEKCIB
1 3araJIbHOI0 MOTYXHICTIO He MeHie 100 MIIH. TOHH Ha piK; CTBOPEHHs OJIM3bKO 4,7 THC. podo4nX
MicClb Ha MiANPUEMCTBAX MOPTOBOI Taly3i Ta CyMDKHUMH 3 HEro chepaMu AisuIbHOCTI .

»| 2.3a0e3MeueHHs B MOPCHKUX TIOpTax YKpainu eeKTUBHOT B3a€MOJIIl BULIB TPAHCHIOPTY, 30KpeMa
M1 Yac 3/1iiCHEHHS MyJIbTUMO/IAIbHAX IIEPEBE3CHb.

> 3.1"apM0Hi3a.1.1?ﬂ (YHKIIOHYBaHHS Ta PO3BUTOK iH®pacmyETypn MOPCBKUX MOPTIB YKpainu,
IPHIIOPTOBOI IH(PACTPYKTYPH 3 INIAHAMU PO3BUTKY TEPUTOPIH.

> 4.3nificHenHss OymiBHMLTBAa Ta MOJEpHizamlii mioHaiiMeHme 15 101aTKOBUX IIMOOKOBOIHHX
[IPUYANIB VISl IPHIIMAHHS BEJIMKOTOHHAXKHHX CY/ICH.

5.Po3mupeHss Ta 30LIbLICHHS IIPOIYCKHOI CIHPOMOXHOCTI CYIHOIUIABHHX KaHAIIiB; YyTBOPEHHI
%1 HOBUX TIIMOOKOBOAHHMX SKIDHUX CTOSHOK (MiCIh) Ta CTOSHOK JUIl BaHTQXHMX TPAHCIIOPTHUX
3ac00iB Ha MigX0/ax J0/Ha TEPUTOPii MOPCHKHX IOPTiB YKpaiHH.

v
OYIKYBAHI PE3YJIbTATU

6.3a0e3neueHHs (YHKIIOHYBaHHST MOPCHKMX IOPTIB HAa IHHOBaUiifHiii OCHOBI BiIOBIZHO 1O
KOHILICNIIH «CMapT-IopT» (3aCTOCYBAaHHS HOBITHIX TEXHOJIOTIH), «eHeproeeKTHBHUII MOpPT»
(3mificHEHHS 3aXO[iB 3 pecypco30epeKeHHs, BiJHOBICHHS Ta pPal[iOHAIBHOTO CIIOXKHUBAHHS
pecypciB) Ta «3eleHHi MOPT» (3MCHLICHHS HETaTHBHOIO BIUIMBY Ha HABKOJMIIHE HPHPOIHE
CepeJIOBHIIIE).

Puc. 5. Cmpameziuni opicumupu w000 Hanpamxy 30a1aHCOBAHO20 PO3GUMKY
ma eghekmueHo20 GUKOPUCHAHHS NOPIMOBUX HOMYHCHOCTET
IDicepeno: cknadeno asmopamu Ha ocrosi [13]

croci0, Ha creriani3oBaHi MepeBaHTaXyBaJbHI KOMIUIEKCH 13 3ay4eHHSIM MPUBATHUX
IHBECTHII Ha yMOBaX JIep)KaBHO-NPUBATHOTO TAapTHEPCTBA i3 CTBOPEHHSM JIOAAHOT
BapTOCTi B MOPCHKUX MOPTax YKpaiHH;
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— MOJIEpHi3allisi Ta OyTIiIBHUIITBO MOPTOBHX MOTYKHOCTEH (0COOIMBO CTPATETIYHOTO
3HaueHHS) 17151 €()EKTHBHOTO BUKOHAHHS POOIT 3 00CIIyTOByBaHHSI BAHTAXIB, TACAKUPIB
Ta CyACH B MOPCBKUX IIOpPTax YKpaiHu;

— OHOBJICHHS BITYM3HSIHOTO CIIEIiali3oBaHOro (UIOTY /sl IPOBECHHS JTHOTIOTIIHU-
OJIOBaIBHHUX POOIT; CTBOPEHHS IMMOOKOBOIHIX MOPCHKUX TEPMiHAIIIB;

— OHOBJICHHSI OCHOBHUX (DOHIIB Jiep>KaBHUX CTUBIJIOPHUX KOMIIaHil 3a paxyHOK
IHBECTUI[IHHUX KOIITIB, 30KpEMa 3aIy4eHHX Ha YMOBaX JEp:KaBHO-IPHUBATHOTO MapT-
HEpCTBA;

— CTBOpPEHHS 1HPPACTPYKTYPH JJIsI MOXKIIMBOCTI MPUHAMAHHS Ta 00CIyroByBaHHS
CYJIEH, SIKi BAKOPHUCTOBYIOTb 3p1JKEHUI r'a3 K CYITHOBE MAJIMBO;

— BIPOBA/DKEHHS CMapT-iHPpacCTpyKTypH (HOBITHIX TEXHOJOTIH, IIO CHPHUSIOTH
aBTOMAaru3allii Ta pobOTH3aIli] MepeBaHTaKYBAIBHUX MPOIIECIB MOPCHKUX TEPMIHAIIB),
€KOJIOTTUHO OEe3MeYHUX TEXHOJIOTIH, CIPAMOBAHUX HA 3MEHIIICHHS IIKIJIMBUX BUKHUJIIB
BiJl BUPOOHHYHMX MPOIIECIB y MOPTAX Ta OTPUMAHHS €HEPTii 3 albTepPHATHBHUX JHKEPEI.

[pakTryHa peaizallisi BUILCHABSCHUX 3aXOiB 3 OKPECICHUX HAMPSIMIB JIO3BOJIMThH
3a0€3MEeUNTH 3arallbHy MPOIYCKHY CIIPOMOXKHICTH MOPCBHKHX TIOPTIB YKpaiHW B 0OcCs3i
Omu3bko 300 MITH. TOH 4epe3 BBEACHHS B EKCILTyaTallif0 HOBUX Ta MOJICPHI30BaHUX Tepe-
BaHTAXXYBAILHAX KOMIUIEKCIB 3arajlbHOI0 MOTYXKHICTIO He MeHIe 100 MITH. TOH Ha piK;
e(heKTUBHY B3a€MOIIF0 TPAHCIIOPTY 3 aKIIEHTOM Ha MYJIBTHMOAJIbHI TIEPEBE3CHHS; ITiBU-
IICHHS PiBHSI €(DEKTUBHOCTI BUKOPUCTAHHS ITEPEBAHTAKYBAJIBHIX KOMIUICKCIB Y MOPCHKHX
noprax Ykpainu 110 70%; ¢pyHKIIIOHyBaHHS MOPCHKUX MTOPTIB Ha iHHOBAIIiHHIH OCHOBI BiJl-
MOBIIHO 10 KOHIICHIIIH «CMapT-TIOPT», «CHEProe(EeKTHBHUIA TIOPT» Ta «3CTICHHUI TTOPT».

BucHoBkH. PO3BUTOK KOHTETHEPHUX MOPCBHKUX IIEPEBE3EHB € KIIFOUOBUM YHHHUKOM
MiABHIICHHS €()EKTHBHOCTI CBITOBOT TOPTIBIII, yIOCKOHAJICHHS YIIPaBIiHHsI JIAHIFOTAaMH
MOCTAaBOK Yy CBITOBOMY MacIiTadi, ane noTpedye 3HAYHHX 1HBECTHIIH y GopMyBaHHS
BiAMOBiTHOT JToTicTHYHOT iH(pacTpyKTypu. KoHTeliHepHI TepMiHaU BiirparoTh Bax-
JIUBY POJIb B PO3BUTKY TPAHCIIOPTHOI rajy3i 1 eKOHOMIKH B Ifiyiomy. Bijm piBHS KOH-
KypEHTOCIIPOMOKHOCTI KOHTEHHEPHUX TEPMIHAJIB 3aJIC)KHUTh Miclle YKpaiHH Ha CBITO-
BOMY PHHKY TPAHCIIOPTHHX ITOCIIYT.
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