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Summary

Introduction. In the conditions of rapid urbanization, the share of people living in
megacities is growing. Urban development creates its own microclimate and its own
unique circulation of air masses. Road transport is the biggest polluter of the city, the
number of which is growing over the years, especially in the current environment, when
it has become more accessible. As a result, its impact on human health is becoming more
tangible. Urban canyons are the main functional unit of the metropolis. The study of the
impact of urban canyons on the ecological situation in the conditions of dense construction
of the metropolis is an extremely urgent task. Simulation divergent wind fields in urban
areas is an extremely difficult task, because the structure of urban development is uneven.
In this regard, the architectural planning urban piece was presented a set of elementary
fragments — street canyons with appropriate spatial and geometric characteristics. The
practical significance of the results is to understand the future state of the environment
in urban canyons. Purpose. The aim of the work is to model and quickly assess the
concentration of pollutants in street canyons in the projects of environmental management
of the metropolis. Results. Based on the recommended model, the air dynamics of the
level of the transport level of the atmosphere by the main flows, the concentration of
the period of the day, the amount of pollutants reaches a critical level, exceeding the
maximum allowable values. Conclusions. The proposed model will allow to model the
level of pollution of street canyons of cities, as well as to determine the critical values
of traffic intensities at which the concentration of pollutants will exceed the maximum
allowable values. The obtained results can be used to build a forecast of daily pollution of
roadside ecosystems and management of the ecological state of the metropolis.

Key words: management, transport, pollution assessment, transport flow, project,
modeling of pollution fields.

© Bakulich O.0., Samoylenko E.S., Holodenko V.O., 2021
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Anomauisn

Bcemyn. B ymosax weuoxoi ypoanizayii spocmae wacmxa mooet, uio Hcueyms y meea-
nonicax. Micokuii po36umox cmeopioe 61acHull MikpOKIiMam i C6010 HeNOBMOPHY YUp-
KYZIAYII0 NOGIMPAHUX MAC. AGMOMObINTbHUL MPAHCNOPpM € HAlOINbUWUM 3a0PYOHIOBAYEM
Micma, KilbKiCmb K020 3 POKAMU 3DOCMACE, 0COONUBO 8 CYHACHUX YMOBAX, KONU BIH
cmag Oinbuw docmynHum. Y pe3yivmami ybo2o 1020 6naus Ha 300p08 s TOOUHU CIMAE
giouymuiwum. MicbKi KaHbUOHU € OCHO8HOIO (DYHKYIOHANLHOI OOUHUYEI0 Me2ANOiC).
Buesuenns ennugy micbkux KaHbllOHI8 HA eKOLORIYHY CUMYAYI0 8 YMOBAX WINbHOL 3a0)-
008U Me2anoiicy € Ha036UYAIHO AKMYATIbHUM 3a80anHAM. Modentoeanms nouie 3aopyo-
HEHHSI ammMochepHo20 nogimpsi ypOAaHi308aHUX MEPUMOpIl € HA036UHALIHO CKAAOHUM
3a60aAHHAM, OCKITbKU CMPYKMYPA MICbKO20 PO3GUMKY HEPIGHOMIpHA. Y 36 °A3KY 3 yum
y cmammi npedcmaegneno 0e3niu enemeHmapHux Qpazmenmis — eYIUYHUX KAHbUOHIE
3 GIONOBIOHUMU NPOCMOPOBO-2OMEMPULHUMY XapakmepucmuKkamu. [Ipakmuune 3ua-
YeHHs pe3ybMamie Noisaeac 6 OYiHyi ma NPo2HO3Y8AHHI CMAHY amMochepHo20 Nogi-
mpsi 8 micokux xawuvtionax. Mema. Memowo pobomu € mooentosanHs U OnepamueHa
OYIHKA KOHYeHmpayii 3a0pyOHIOI0UX PeHOSUH 8YIUYHUX KAHBUOHAX Y NPOEKMAX eKo/0-
2IYH020 MeHedwcmenmy mezanoiicy. Pesynemamu. Ha ocnogi 3anpononosanoi mooeni
BU3HAUEHO OUHAMIKY PIiHS 3a0PYOHEHHS AMMOCHEPHO20 NOGIMPS MiCH MPAHCNOPM-
HUMU NOMOKAMU, YCMAHOBIEeHO Nepiodu 000U, KOAU KOHYEeHMpayis 3a0pyOHI0I0UUX
PeUOBUH 00CA2AE KPUMUYHOSO DIGHS, NEPeGUUYIOUU SPAHUYHO OONYCTNUMI 3HAYEHHS.
Bucnoeku. 3anpononosana mooens dacmes 3mM02y MOOent08amu pigeHs 3a0pyOHeHHs
BYIUYHUX KAHBUOHIE MICT, @ MAKOMC BUSHAYAMU KPUMUYHI 3HAYEHHS IHMEeHCUBHOCmel
MPAHCHOPMHUX NOMOKIG, NPU AKUX KOHYEHMPayis 3a0pyOHIOIOUUX Peuyosut Nnepesu-
wysamume 2paHuyHo Ooonycmumi sHavenus. Ompumani pe3yiomamu Mojcyms Oymu
BUKOpUCMAH] 0718 N006Y 008U NPOSHO3)Y U0OEHHO20 3A0PYOHEHHS eKOCUCIEM NPUOOPOXHC-
Hb020 NPOCMOPY U YAPAGTIHHA eKONOTYHUM CIAHOM Me2anoicy.

Knwwuogi cnosa: ynpasninna, mpancnopm, oyinka 3a0pyOHeHHs, MPAHCHOPMHULL
HOMIK, NPOeKm, MOOEN08AHHA N0 3a0PYOHEHHSL.

Introduction. Today, the level of air pollution is one of the key factors determin-
ing the quality of living conditions in megacities. In many cities, the concentration of
pollutants significantly exceeds the maximum acceptable values [1; 2]. As a result,
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the health of the population is deteriorating and there are significant economic losses
that are directly related to human health, disease and disability. The main sources of
pollution of urban areas are traffic flows, the specificity of which is manifested in their
close proximity to residential areas, territorial distribution, ground location. The fields
of concentration of pollutants formed in the surface layer of the atmosphere have an
spatiotemporal heterogeneity, which is explained by both dynamic (intensity, traffic
flow, meteorological conditions) and static (geometric characteristics of street can-
yons, terrain, the presence of greenery, regulated intersections, spatial orientation of
the street, etc.) factors [3; 4].

Assessment of air pollution is conducted in two directions: field observations and
mathematical modeling. The construction of mathematical models is based on the
results of theoretical and experimental study of the patterns of distribution of pollutants,
which allow to build fields of pollution and reflect their spatiotemporal dynamics. Thus,
modeling of pollution fields will allow to make operative forecasts of concentration of
pollutants in street canyons of cities and by traffic control, to prevent critical situations
in which the level of pollution exceeds the maximum allowable values, and thus to man-
age the ecological state of the metropolis.

Purpose. The aim of the work is to model and quickly assess the concentration
of pollutants in street canyons in the projects of environmental management of the
metropolis.

Analysis of recent researches and publishing. There are different approaches to
solving the problem of scattering of pollutants in the atmosphere and modeling of pol-
lution fields, in particular: analytical solution of the equation of turbulent diffusion,
numerical modeling of turbulent flows, Lagrange models, Gaussian models, statistical
models, models of urban canyons: STREET (Johnson et al., 1973); Canyon Plum Box
Model (Yamartino et al., 1986); Operational Street Pollution Model (Berkowicz, 1996).
To date, there is no generally accepted model for the dispersion of pollutants due to its
complexity [5].

To determine the level of pollution in cities, there is a class of semi-empirical models
based on a priori parameterization of the conditions of transport and scattering of pol-
lutants. Among these models, the most well-known are: California Line Sours Disper-
sion Model (CALINE-4) and Danish Operational Street Pollution Model (OSPM). The
CALINE-4 model was created by the California Department of Transportation, based
on the Gaussian torch model. The stability class of the surface layer of the atmosphere is
determined using modified Pasquil-Gifford curves. This model requires a small amount
of input information, which ensures its simplicity and widespread use. However, the
simulation results can be considered only approximate, as this model does not take into
account the features of urban development, terrain, meteorological characteristics [6; 7].

The OSPM model is focused on determining the concentration of pollutants from
traffic flows in street canyons, taking into account meteorological conditions, geometric
characteristics of street canyons: different street configurations, width, height, building
density, also the model takes into account mechanical turbulence created by vehicles.
The main disadvantage of OSPM is the inability to take into account the deformation of
the wind flow depending on the configuration of buildings.

Main material. Determination of the concentration of pollutants in street canyons
from traffic flows is proposed to be based on the methodology of the Operational Street

9
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Pollution Model. The model is based on the Gaussian type of scattering of pollutants in
combination with the characteristics of the road network of cities [8].

Modeling of pollution fields in cities is a rather difficult task, as the structure of urban
development is heterogeneous [9]. Therefore, it is advisable to present an architectural
and planning fragment of urban development with a set of elementary street canyons
with appropriate spatial and geometric characteristics.

The street canyon is a typical architectural and planning element of the city, which
is an elementary area with buildings along the carriageway between the nearest cross-
roads. The space between buildings is an elementary ecosystem, the level of pollution
which determines the level of ecological safety of the canyon. Street canyons of the
city have different spatial and geometric characteristics: width, length, spatial orienta-
tion of the canyon, continuity and composition of buildings (weighted average height
of buildings, density of buildings, average angle of rotation of buildings to the axis of
the street). There are also symmetrical and asymmetrical street canyons. The following
zones are distinguished in the street canyon: the windward side, which is characterized
by a minimum level of pollution due to the inflow of clean air; the inner part and the
leeward side, for which the maximum level of pollution is observed [10; 11].

When modeling the level of pollution, a distinction is made between wind speed and
direction at the level of the roof of buildings, which is determined by the global trans-
fer of air masses and wind speed at the street level. There is also a recirculation zone,
which is characterized by the inflow of pollutants from another part of the street canyon
and is determined by the length of the turbulent vortex, the geometric parameters of the
canyon [11] Figure 1.

recirculation zone
boundary

road axis

leeward zide
windward side

Fig. 1. The main parameters of the street canyon
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The concentration of pollutants is determined within the street canyon and is equal
to the sum of the concentration of direct scattering of pollutants ( C, ), the concentration
caused by air recirculation in the street canyon ( C, ) and the urban background concen-
tration (C,) [6; 7].

C=C,+C +C,. 1)
The concentration of direct scattering of pollutants from the traffic flow is equal to:
2 Qdx
C, == l—=, 2
¢ \/; UWo, (x) @

where O — intensity of pollutant emissions from “efficient” transport flow, mg / m * s;

U, — wind speed at street level, m/c;

W — width of the street canyon, m;

o, (x) — the parameter of the vertical variance at a distance x from the emission
source;

The wind speed at street level is determined as follows:

In(h,/ z,)

"In(H/z,)

where U, — wind speed at the roof level, m/s;

z, — effective size of inequality, m, z,=0.6;

h,— effective height of a loop after movement of the car, m, #,=2;

H — average height of street canyon buildings (on the windward and leeward side of
the canyon), m;

p — the ratio of the height of buildings on the leeward side to the average height of
buildings on the street canyon;

@ — the angle of the wind direction at roof level relative to the axis of the street, rad;

The parameter of the vertical dispersion of pollutants at a distance x from the emis-
sion source is determined by the following formula:

U =U (1-0.2psing), 3)

X
X, @)
where o, — vertical turbulence dispersion, m/s;

x — is the distance from the source to the calculation point, m

5, =y(0.1U,) +5,,, (5)

where o,,, — turbulence variance caused by vehicle traffic, m/s;

G, =0.3 /% , (6)

where N — traffic intensity, bus/s;

V — average speed of traffic flow, m/s;

S — the average area occupied by the vehicle, m?;

Thus, the concentration of pollutants from direct scattering perpendicular to the wind
direction to the axis of the street is determined:

c.(x)=0

w
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cdz\ﬁ Q ynl1470m | 7)
n Wo, hU.

The calculation of the concentration of pollutants in the recirculation zone of the
street canyon is carried out depending on the length of the turbulent vortex:

[, =2rH, ®)
where » — an indicator that depends on the wind speed (for wind speeds <2m/c
U. .

r="7/, in other cases r=1).
The concentration from the recirculation of pollutants within the street canyon is
determined as follows:

-1
o QL
W-(o,-+o,-1)
where /_, [, [, — geometric characteristics of the recirculation zone;

o,, o — the rate of dispersion of pollutants through the upper and side of the street
canyon, respectively, m/s.

©

o, =(0,1U,) +(0,40,,)’ , (10)

o, =JU’+c,, . (11)

Based on this model, an estimate of the concentration of pollutants in the street can-
yons of the city can be performed, taking into account the daily dynamics of traffic inten-
sity. Emission intensities are estimated on the basis of the concept of “efficient transport
flow”, ie a model flow, the technogenic effect of which on the environment is equivalent
to the action of a real transport flow containing a similar number of vehicles. “Efficient”
traffic flow is a statistical set of “efficient” vehicles of the respective categories [12].

Therefore, the obtained results can be used in modeling the level of pollution in the
street canyons of cities and streets of the metropolis, which will allow to perform oper-
ational forecasts of air pollution and timely environmental measures to normalize the
environment.

Figure 2 shows the daily course of the concentration of the main pollutants, namely
carbon monoxide and nitrogen oxides in one of the most typical street canyons (I. Maz-
epa Street). The wind speed at the roof level is 5 m/s.

Thus, at the established intensities of traffic flow and wind speed of 5 m / s, the
dynamics of the concentration of pollutants in the street canyon in the period from 8:00
to 20:00 was determined [13]. Thus, in the morning periods, when the greatest traffic
intensities are observed, the concentrations reach the maximum allowable values.
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Fig. 2. Dynamics of the level of carbon monoxide concentration
during the day (I. Mazepa Street)
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Fig. 3. Dynamics of the level of nitrogen oxides concentration
during the day (1. Mazepa Street)

Conclusions. The main models of pollutant scattering in the atmosphere are ana-
lyzed. A model of urban street canyons (OSPM) is proposed to determine the daily
dynamics of the concentration of major pollutants in the street canyons of the metropo-
lis. The proposed model will allow modeling critical pollution levels both for individual
sites and for the network as a whole. Therefore, the obtained results can be used in mod-
eling the level of pollution in the street canyons of cities, which will make operational
forecasts of air pollution and timely environmental measures to reduce the concentra-
tion of pollutants.
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MEXAHI3M YITPABJITHHA EKOJIOTTYHUMHU PU3UKAMHU
HA TPAHCIHIOPTHHUX HIAIIPUEMCTBAX
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Anomauisn

Bcemyn. [Ipobnemamuyi pusux-meHeoncMennmy ma YnpasiinHs eKoL0TUHUMU PU3U-
Kamu Ul pusuKamu npocKmie npucesieHo 6azamo HayKosux npayb, 3 02140y Ha 6UCOKULL
pisenv akmyanvrocmi numanus. Peanizayis memoois i mooenei pusuk-meHeoicmMennmy
EKONIO2IYHUX PU3UKIE NPOEKMIE MPAHCNOPMHUX NIONPUEMCIE Nepeddayae onpayro-
6anHs wimKoi nocaioogHocmi Oitl i GUKOHAHHS 3A60AHb, U0 KOMMIEKCHO ii ghopmy-
romvb. 3 02nsdy Ha 3MIHU THCIMPYMEHMAPilo YAPAGIIHHS eKOLOSTYHUMU PUSUKAMU NPO-
EKMIB MPAHCNOPMHO20 NIONPUEMCMEA MA U020 MEXAHI3MY, SUHUKAE HeOOXIOHICMb
ymouHeHHs U opmanizayii ocoonusocmetl yHKYioHy8anHs ma cKkiaoHuxie. Mema.
Onpayro8anms Mexanizmy ma npaKmudHux 3acad Ynpaginusa eKoI02IYHUMU PUSUKAMU
NPOEKMI8 MPAHCHOPIMHO20 NIONPUEMCMEA 3A0s1 CIPYKMypusayii npoyecisé i niogu-
wenns eppexmusrnocmi meneddcmenmy. Pesynemamu. Y pobomi pozenanymo u npo-
AHANI308AHO GNIUE XAPAKMEPUCUK NPOEKMY MPAHCNOPMHO20 RIONpUEMcmea (Hans-
HICMb YU 8I0CYMHICMb NPOEKMHO20 0Q)ICYy HA MPAHCNOPMHOMY NIONPUEMCINGI; PIGeHb
HPOEKMY, MaACUimad nPoEKmy; MepMIiHU peanizayii npoexmy, pieeHb YYACHUKIE Npo-
€EXMY; Xapaxkmep NOCMABLEHO20 3a60ANHS 8 NPOEKMI, NPUYUHA GUHUKHEHHS NPOEKIY)
HA po3no0in cyxnchHosux 0008 s3Ki6 U000 pusux-menedsicmenmy. Hagedeno mexarizm
PUBUK-MEHEONHCMEHNY NPOEKMIE MPAHCHOPMHO20 NIONPUEMCMEA 13 3A3HAYEHHAM
CMpYKmypHux Komnounenmis. Bucnoexu. Onpaybogano memoouyni 3acadu ynpasninus
PpUBUKAMU NPOEKMIE MPAHCIOPMHUX NIONPUEMCIE OO0 B3AEMO38 A3KI8 MidIC XAPaK-
MEPUCTNUKAMU NPOEKMY Ui HASIGHICINIO PUSUK-MEHeONCePa SIK UleHA KOMAHOU NPOEKMY
Yy BIONOBIOANLHICNIO MeHedwcepa NPOEKMY 3a YNPAGIIHHL NPOEKMHUMU PUSUKAMU.
Busnaueno cucmemamusosani enremeHmu MexaHizmy pusuUK-MeHeoNCMeHmy mpa-
CHNOPMHO20 NIONPUEMCMEBA, Ceped AKUX — 3MICI CUCMEMU, Y3a2albHeHd Memd CUC-
memu, OCHOBHI NPUHYUNYU CUCTeMU, 00 €Kmu cucmemu, cyo’exmu cucmemu, iHCmpy-
MeHmMU pusuK-meneodcmenmy, pesyiomam. Ha naw noenso, 3 oensndy na nepexio 00
YUPKYIAPHOL eKOHOMIKU, OOYLTbHUM € 6paxXy8aHHs ii npuHyunie (0OIPYHMOBAHICMb,
npo30picmb, Ie2IMUMHICb, A0EK8AMHICIb, KOHMPOLbOSAHICMb, JO2IYHICMb I NPOAK-
MUBHICMb, CIMPYKMYPHA 008EPUIEHICID) Y MEXAHI3MI PUSUK-MEHEONCMEHMY NPOEKMNIE
MPAHCNOPMHO20 NIONPUEMCEA.

Knwowuogi cnoea: pusuxu, exonoziuni pusuki, pusuK-meHeoicMenm, npoexkm, nionpu-
EMCB0, MPAHCNOPMHE NIONPUEMCTNEO.

© Kic L.P, 2021
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AT TRANSPORT ENTERPRISES
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Summary

Introduction. Many scientific papers are devoted to the issue of risk management
and environmental risks and project risks, given the high level of relevance of the issue.
Implementation of methods and models of risk management of environmental risks of
projects of transport enterprises involves the development of a clear sequence of actions
and tasks that comprehensively form a certain sequence. Given the changes in the tools
of environmental risk management projects of the transport company and its mechanism,
there is a need to clarify and formalize the features of their operation. Purpose.
Elaboration of the mechanism and practical bases of ecological risk management
of projects of the transport enterprise for the structuring of processes and increase of
efficiency of management. Results. The paper considers and analyzes the impact of the
characteristics of the project of the transport company (presence or absence of the Project
Office at the transport company; project level; project scale; project implementation time,
level of project participants, nature of the task, project reason) on the distribution of
risk-management responsibilities. The mechanism of risk management of projects of the
transport enterprise with indication of structural components is resulted. Conclusions.
Methodical bases of risk management of transport enterprises projects on the relationship
between the characteristics of the project and the presence of a risk manager as a member
of the project team or the responsibility of the project manager for project risk management
are processed. Systematized elements of the mechanism of risk management of the
transport enterprise are determined, including the content of the system, the generalized
purpose of the system, the basic principles of the system, objects of the system, subjects
of the system, tools of risk management, result. In our opinion, given the transition to a
circular economy, it is advisable to take into account its principles (validity, transparency,
legitimacy, adequacy, controllability, logic and proactivity, structural perfection) in the
risk management mechanism of transport projects.

Key words: risks, environmental risks, risk management, project, enterprise,
transport company.

Bceryn. Pusuk-MeHeDKMEHT, SIK 1 3arajioM MUTaHHs ¢(eKTUBHOCTI YIIPaBIiHHS MIPO-
€KTaMH, € BOKIMBUM HAYKOBUM HANpPsIMOM OCTaHHIX JECATHIITh. Peanizallis MeTomiBi
MoJieTiel pH3UK-MEHEPKMEHTY €KOJIOTTYHUX PU3UKIB MPOEKTIB TPAHCIIOPTHHUX MigIpH-
€MCTB Tiepei0auae OmnpaIroBaHHs YiTKOT MOCIIIJOBHOCTI Jifi 1 BUKOHAHHSI 3aBJaHb, 10
KOMIUIEKCHO 11 popmytoTh. [1Jis 3a0e3meueHHs HaNeKHOTO PiBHA €()EeKTHBHOCTI PH3HK-
MEHEPKMEHTY HEOOX1THO TPOIPALIOBATH MEXaHi3M YIpaBIiHHs MPOEKTaMHU Ta PU3U-
KaMH y cepi TpaHCTIOPTY 3 YpaxyBaHHSM BIUIMBY iX XapaKTEPHCTHK.

I[MocTanoBka npodaemu. HasBHICTB pi3HOMaHITHUX METOAUK, ITIAXOiB, METOJIIB
PHUBHK-MEHEIKMEHTY €KOJIOTIYHUX PU3UKIB K Ja€ MOKIUBOCTI 010 €PEeKTUBHOTO
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YOpaBIliHHS HUMH, TaK 1 nependadae HasBHICTh MEPEIIKOJ], 10 MalTh YIpaBIIiH-
CBKHI XapakTep, NPaKTHYHHH TOIIO, SKi 3[aTHI 3aMIKOJAUTH OTPUMAaHHIO 3aIliaHo-
BaHOro pe3yabTaTy. OMHUM 13 BaXKJIMBUX 3aBJaHb € aHAJI3 1 BIOCKOHAJICHHS Mexa-
HI3MYy 3aCTOCYBaHHs 1 TpaHcdopMalii iHCTpyMeHTapito, IHITUX KOMIIOHEHTIB, IO
€ CKJIAIHUKaMH TIPOLIeCy i CUCTEMH PU3HK-MEHEIDKMEHTY TPOEKTIB TPAHCTIOPTHOTO
MiJIPHEMCTBA.

AHani3 ocraHHiX gocaimkens i myGaixauii. [IpoGnemaruii ymnpaBiiHHS pU3H-
KaMH, €KOJIOTIYHUMH 30KpeMa, nmpucBatwin npami O.0. bakymiq [1; 2], C./J. bymryes
[3], H.C. bymyesa [3], C.B. Boiitko [4], O.b. lanuenko [5], B.O. 3anopa [1; 4-6],
B.I. 3103108 [7], T.A. KostyH [8; 9], M.A. Iloctan [10; 11], C.B. Pynenxko [9], H.C. Cxko-
neHKo [12], a TakoX iHIII HAYKOBIII.

C.[. bymyes Ta H.C. Bymyesa [3], po3misinarount ynpasiaiHHS IPOEKTaMH B YMOBaX
nepexoay 10 IHUPKYISPHOI EKOHOMIKH, 3ayBaXKyIOTh Ha JOTPUMAaHHI NMEBHUX MPHHIIU-
miB, AKi, BIAMOBiAHO, MarOTh OyTH BpaxoBaHi mpu pusuk-menemkmenti. C.B. Boiitko
it B.O. 3anopa B.O. [4], mocaimkyoun pi3HOMaHITHI aclIeKTH YIPaBIiHHS ITiAPHEM-
CTBaMH, MPUAUISIIOTh yBary W YIpaBIiHHIO PH3UKAMHU SK BRKIMBOMY EJIIEMEHTY CHC-
TEMH MEHEeKMEeHTY rocromapcebkoi mismbHOCTI. O.b. Jlanuenko ta B.O. 3anopa [5]
TPYHTOBHO JOCIIKYIOTh HMPOIECH YNPABIIHHA PU3WKAMH Ta 3MiHAMH B IPOEKTaX
1 mpolecax NPUHHATTA YIPaBIIHCHKUX pillleHb. Y poOoTi [6] cTpaTeriunuii aHami3 pos-
TIATAETHCS K 0a3UC YIPABIIHHS IMPOEKTAMH IAMIPUEMCTBA Ta HOTO PO3BUTKY. OmHAK
NOUIMPEHHS! NPUHIMIIB TUPKYISIPHOI €KOHOMIKH, MOLIIBHICTh MPOBEACHHS MEBHUX
METOIOJNOTIYHUX 3MIH Yy PHU3UK-MEHEIKMEHTI 3yMOBIIIOIOTH CHCTEMaTH4YHE OIpa-
[IOBaHHS MEXaHIi3My YNpPaBIiHHA PU3UKAMHU IPOEKTIB TPAHCIOPTHUX MiIANPHEMCTB.
B.I. 3ro3t0H [7] nmpucBaTHB IpalLio po3podLi Mozaenel i MeToAiB yIpaBIliHHs €KOJIOriy-
HAMH PU3UKaMH B IIPOEKTaX po3BUTKY TpaHcmopty. H.C. Ckomenko [12] y mparti npoa-
HaJli3yBajia 0cOOMMBOCTI POPMYBaHHS KOMILIEKCHOTO MEXaHi3My PH3HK-MEHEKMEHTY.

OpHak MOMMPEHHS MPUHIINIIB UPKYISIPHOT €KOHOMIKH, JOITBHICTD TPOBEIEHHS
NEBHUX METOJUYHUX 3MiH 3 ypaxXyBaHHSIM Cy4aCHHX TEHJICHIIIH 3yMOBIIIOIOTh CUCTEMa-
TUYHE OTPALFOBAHHS 3acaj] i MeXaHi3My yNpPaBJIiHHS PU3MKaMH IIPOEKTIB TPAHCIIOPT-
HUX MIAITPUEMCTB 3aIsI HOTO PO3BUTKY M YIOCKOHAJIEHHS.

Dopmy/TIOBaHHS Hijiel cTaTTi. MeTOI0 CTaTTi € ONpalloBaHHS MEXaHi3MYy Ta Mpak-
THYHUX 3acaj] YIIPaBIiHHSA €KOJIOTITHUMHI PU3UKAMHU MTPOEKTIB TPAHCIIOPTHOTO MiATIPH-
€MCTBA 33U CTPYKTYpH3allii MpOoIeciB i MiIBUIIEHHS e()eKTHBHOCTI MCHEPKMEHTY.

Bukian ocHoBHOro Marepiauy. OJHUM i3 BaXIMBHX aCIEKTiB peaizallii MpOeKTiB
TPAHCHOPTHUX IMIANPUEMCTB € 3’SICOBYBaHHS HOTO TepMiHy. TepMiH MPOEKTY € BU3HA-
YaJbHUM JJIS1 PO3yMiHHS HEOOXiIHOCTI BCTAHOBJICHHS PiBHS €KOJOTIYHHX PH3HKIB SK
Ha OTNEPAaTHBHOMY PIiBHI, TaK 1 Ha TAKTHYHOMY W CTpaTeTiyHOMY PiBHAX. 3a3HAUYNMO,
IO TPaIULIHHO 32 TPUBAIICTIO MIPOEKTU CTAHOBIATH TPU rpynu: 1 Tpyna — KOPOTKO-
CTPOKOBI IPOEKTH 3 TPUBAIICTIO JI0 TPHOX POKIB; 2 IpyIa — IPOEKTH CEPEAHBOCTPOKOBI
3 TPUBANICTIO BiJl TPHOX JI0 II’ATH POKiB; 3 rpyIa — JOBrOTPHBAJI IPOEKTH, TPHUBATICTh
SKHX CTAHOBHUTH MOHAJ 5 pokiB. OTKe, HA HAIly AYMKY, A5 KOPOTKOCTPOKOBHX IPO-
€KTIB IOPEIYHNM € BU3HAUYCHHS CKOJIOT1YHUX PU3UKIB HAa ONIEPAaTUBHOMY PiBHI, 32 HEOO-
X1IHOCTI — Ha TAKTUYHOMY W CTpaTeTidyHOMY piBHSX. ISl cepenHbOCTPOKOBUX MPOEK-
TiB BapTO BU3HAYATH €KOJIOTIYHI PU3UKHU Ha OMEPATUBHOMY, TAKTUYHOMY PIBHSX, a 3a
HEOOXIHOCTI — HAa CTPATEriyHOMY. YMOBH «HEOOXIJHOCTI BU3HAUCHHS» CKOJOTIYHUX
PU3HUKIB Ha Pi3HUX PIBHAX MOTPEOYIOTH OKPEMOTO JIOCITIKeHHS i1 00TpyHTYBaHHS. s
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JIOBTOCTPOKOBHX TPOEKTIB BXKIIUBUM € BU3HAYCHHS €KOJOTTYHHX PU3UKIB Ha BCiX PiB-
HsX. BiMOBiqHICTH AOIIIBHOCTI BU3HAUYEHHS €KOJIOTYHUX PU3HKIB HA PI3HUX TOPU30H-
Tax HaBeJeHa B TaOmi 1.

OxpeMUM acleKTOM, TaKHM, 1[0 MOTPeOy€e YBaru, € BU3HAYCHHS MOCA0BUX 0Ci0, sKi
MAaIOTh Peaji30ByBaTH PU3UK-MECHE/DKMEHT CKOJIOTIYHUX PU3HKIB IIPOEKTIB TPAHCIIOPT-
HUX MIITPUEMCTB. 3PO3yMLIIO, III0 0CO0O00, SIKa YIPABIISIE MPOEKTOM, € HOTO KePiBHUK,
OJTHAK CKJIAJ] KOMaH¥ MPOEKTY MOxke OyTH pizHUM. OIHUM i3 YICHIB KOMaHIH MOXE
OyTH pU3HMK-MEHEIKED, MPOTE MOXKe OYTH 1 TaKHii CKJIaI, Jie 3rajlaHa mocaja He nepe/-
OaueHa.

Tabmuns 1
TpuBajicTh NPOEKTIB TPAHCIOPTHHUX MiANPHEMCTB
i BU3HAYEHHSA eKOJOTiYHUX PU3NKIB HA Pi3HUX TOPU30HTAX

TpuBagicTb TpuBaJjicTh NPOEKTY

Topusonru 10 3 pokiB Bin 3 10 5 pokis Ginbue 5 pokis
OnepariBHUI piBEHb + + +
TaxTnyaUl piBeHB +/- + +
Crpareriyauii piBeHb +/- +/- +

+ — IPOBOJMTHCS BU3HAYCHHS PiBHS €KOJIOTTYHUX PH3UKIB;
+/- — BU3HAYCHHS PIBHS €KOJIOTTYHUX PU3HKIB IIPOBOAUTHCS 32 HEOOX1THOCTI.

BomHovac BaXIIMBOIO €, SIKIIO HE HASBHICTH OKPEMOI IMOCAJN PU3HK-MEHEIKepa
Ha TPaHCIIOPTHOMY MiANPUEMCTBI, IO € JOPSYHUM JUISl BEJIMKHX MiAMPHEMCTB, TO, 5K
MiHIMYM, HasBHICTh BI/IMOBIANBHOI 32 PU3UK-MEHEKMEHT 0coOu. 3a3HadeHa ocoba
i 9ac peanizallii MPOEKTY TPAHCIIOPTHUM MiANPHEMCTBOM MOXKe OYTH BiIOBiIaIb-
HOIO 32 YIPABJIIHHS €KOJIOTIYHUMH PH3UKaMU. BiJ] 40T0 K 3aJ1eKHUTh HAsIBHICTDh PH3HK-
MEHE/Kepa SIK OKPEMOTO 4jieHa KOMaHIu a0 K BIAMOBIZAIILHOTO 32 PU3HK-MEHEK-
MeHT y TpoekTi? JKOpCTKHX YMOB Ha Iei BUIAJ0K HEMAE, OIHAK, Ha HAIIy JYMKY, MH
MOKeMO c(hopMyBaTH MepesTik OCHOBHUX 13 HUX. [10 TaKMX YMOB BiTHOCSTHCS HASBHICTh
YH BiJICYTHICTh TIPOEKTHOTO 0(iCy Ha TPAHCIIOPTHOMY MiJNPHEMCTBI; PIBEHb IIPOEKTY;
MacmTab IpO€EKTY; TEPMIHU peai3alii MPOEKTY; PiBEeHb YYaCHUKIB MPOEKTY; XapaKTep
MOCTaBJICHOTO 3aBJaHHS B MPOEKTI; MPUYMHA BUHUKHEHHS TPOEKTY. 3ayBaXKMMO, IO
MEpeNTiK YMOB HE € KOPCTKUM i MOXke OyTH 3MiHEHHH 1 JOTTOBHEHHH.

Po3srnssHeMo okpeMi 3 yMOB jaeTaibHiiie. HasBHicTh mpoekTHOrO O(icy Ha TpaH-
CIIOPTHOMY MIANPUEMCTBI Ma€ MicIle B TOMY BHITAJIKY, KOJIU MiANPHEMCTBO PETYISPHO
i aKTUBHO pealizye pI3HOMaHITHI NMpOeKTH. TakuM YHMHOM, BUHHKA€E HEOOXiIHICTBH
y CTPYKTypH3allii MPOEKTHOI NisUTBHOCTI ¥ YiTKii OpraHi3oBaHOCTI MPOIIECy, 110 3aTeH
3a0e3MEeYUTH camMe MPOEKTHUH odic. B ymoBax BijicyTHOCTI 0dicy € HEOOXiHICTh yTOY-
HEHHS BCiX €TaIliB YIpaBIiHHs MPOEKTOM, TOYMHAKOYH 3 HOTO iHIIiallii Ta 3aKiHIYHOUYH
3aBEPIICHHSM, [II0 3yMOBJIIOE€ HASBHICTH BUILOTO PiBHS HEBU3HAYEHOCTI U Y OLIBIIOCTI
BUTIA/IKIB BUTPaYaHHs OiIbIIOT KUIBKOCTI Yacy Ha pearizaiito etamiB. HasBHicTb mpo-
€KTHOTO 0(icy MOJIETIIYE Ta CIPOIIYE MPOIIEC OpraHi3allil yIpaBaiHHS MPOEKTOM.

VYpaxoByroun, 10 BUKOHYBATHUCS MOXKE HH3Ka MPOEKTIB OJHOYACHO a00 K BOHH
MOXYTh peajli30ByBaTHCsl SIK MPOTpaMa, TO PiBEHb NPOEKTY BIUIMBAE HAa €(EKTHB-
HICTh YNpaBIiHHS HUM Ta EKOJIOTIYHHMH pU3UKaMH. BiamoBimHo, mix vac peadiza-
1ii MporpaMu BapTO JOBIPUTH YNPABIiHHA €KOJOTTYHHMH PH3MKaMHU 0€3MOCEepeHbO
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pu3HK-MeHepkepy. [1in yac peamizamii moprdento MPOEKTIB y KOMaHAl TPOEKTY Ma€e
OyTH SIK MiHIMYM PHU3HUK-MEHEKEp, a Y BUNIAJIKYy HABHOCTI CKJIaTHUX MPOEKTIB MOXKE
Oyt 3arpeOyBaHa HasBHICTh JEKIBKOX (axiBIiB. B yMoBax ymnpaBiiHHS OZHUM IPO-
€KTOM (YHKIIIT 3 YIPaBIiHHS €KOJIOTIYHUMH PU3UKaMH MOXKE B3SITH Ha cebe HOro Kepis-
HUK, OJIHAK 33 BHUCOKOTO PIiBHSI CKJIAJHOCTI MPOEKTY ¥ JOBrOTPUBAIOCTI HASBHICTH
pPH3HK-MEHeKEpa € He0OX1THOIO.

Macitad npoeKTy TakoX BU3HAYa€ PO3MOJLT BiMOBIIaIBHOCTI MO0 YIIPABIIHHS
pU3MKaMu. Y BHIAJKY peajizallii MaJioro 3a MacTadoM MPOEKTY BIMOBIIaTH 32 MOJTi-
TUKY YIPaBJIiHHS €KOJIOTIYHUMH PU3UKAMH MOXKE HE JIMIIE PU3UK-MEHEIDKEP, a i KepiB-
HUK TipoekTy. Lo %k 10 TpOEKTIB cepeaHboro MacmTady Ta BEIHKOTO, TO B TaKOMY
BUMAJKY OLITBII JOPEYHOIO € HASBHICTh PU3MK-MEHEIKEpa B KOMAHI MPOEKTY TpaH-
CIIOPTHOTO MiJIIPHEMCTBA.

TepMinu peanizaiii MPOEKTY SIK HOTO XapaKTEePUCTHUKA OMOCEPEIKOBAaHO BH3HAUa-
I0Th CKJIQJIHICTh PU3HK-MEHEDKMEHTY. OIHAK SKIIO PO3MISAATH CePEeIHBOCTPOKOBHI
1 IOBTOCTPOKOBHIA MPOEKTH SIK CKIIATHIIII 32 KOPOTKOCTPOKOBUI 1 Taki, 10 MOTPEOYyIOTh
BUKOPHCTAHHS, HAPHUKJIIAJL, HOpCaT-METOAMKH [T BU3HAYECHHSI €KOJIOT1YHIX PH3HKIB,
TO PiBEHb CKJIAJHOCTI MPOEKTY 3pOCTAE, IO CBITYUTH NMPO HEOOXiJHICTH OLIBII KOMITE-
TEHTHOTO Tinxoxy. ToOTO y BHIAJKy KOPOTKOCTPOKOBOTO MPOEKTY MUTAHHIM PH3HK-
MEHEPKMEHTY MOKE OIIKyBaTHCSI HE JIMIIEe PU3UK-MEHEIDKEp, a I MEHEDKEP MPOEKTY,
a y BHIIQJIKy CEPEIHbOCTPOKOBOTO MPOEKTY Ta JOBIOCTPOKOBOTO 0a)KaHOO € TMO3HILis
PU3HK-MEHEKEepa B KOMaH Ii IPOEKTY.

Taka O3HaKa MPOEKTY, K «PiBEHb YYaCHUKIBY», BIUIMBAE Ha (DOpMyBaHHS KOMaHIH
MIPOEKTY, a TAKOXK 0OE3MOCEPEIHBO Ha JOMUIBHICTh HAsBHOCTI WieHA KOMAaHINA PU3HUK-
MeHepKep. Y Takid cUTyallii, KOJH piBeHb YYaCHUKIB MPOEKTY MIiCIIEBUH a00 kK TEPUTO-
platpHMA, IPY TOMY IO W MPOEKT pealizyeThes B IMii JIOKaIii, TO i BiAMOBINANBHICTD
HIOJIO0 YIPABITiHHS €KOJOTIYHUMHU PH3HKAMHU MOXe OpaTH Ha ceOe MEHEKEp MPOEKTY,
SKIO BiH 00i3HAHMI 3 OCOONUBOCTSIMH YIpaBIiHHS HAMU. [lepkaBHUI, a TUM Oinblie
MDKHApOJIHHUH PiBEHb YYaCHHKIB MPOEKTY MOXKE 3yMOBUTH HAasIBHICTh Came PH3HK-
MEHe/Kepa B KOMaH/li POEKTY, 3 ONNISAY Ha Te M0 MpoOieMaTuka yIpaBJIiHHS €KOJIo-
TYHUMHU pU3MKamMu HaOyBae Bce OLTBIIOT aKTyaTbHOCTI.

XapakTep IMOCTaBJICHOTO 3aB/JaHHS B IPOEKTI K HOTO 03HAKa BU3HAYAE PiBEHb aKTy-
ANBHOCTI MMUTAHHS YIPABIIHHS €KOJIOTIYHUMHU PU3HKAMHU LTS IPOEKTY TPAHCIIOPTHOTO
miAnpueMcTBa. SIKIIO MOCTaBJICHE 3aBAaHHSI CTOCY€EThCS, HAPHKIIA, MAPKETHHTOBOTO
aCTeKTY JiSUTBHOCTI, TO PiBEHb aKTyaJbHOCT] PU3UK-MEHEDKMEHTY €KOJOTTYHUX PU3U-
KiB MOke OyTH MiHiMajabHUI. BogHouac mocraBieHe 3aBIaHHS MOXeE OyTH HaJ3BH-
YaifHUM a00 MPOEKT IHHOBAIIMHKUM, 110 Nepeadadae HassBHICTh €KOJOTIYHUX PU3UKIB
1 HEOOX1THICTh YIPABIIHHS HUMHU. Y TaKMX BUIIAJKaX MMO3UIlisS pU3UK-MEHEKepa € 0e3-
3alepeyHOI0 SIK WICHA KOMaH/IU TIPOEKTY.

Cepenl IprYUH BUHUKHEHHS TIPOEKTY MOXKYTh OyTH SIK peopraHizallisi U peiHKu-
HIPUHT, TaK i Ha/J3BHYaifHa cuTyaris Tomo. [IpuunHa BHHUKHEHHS MPOEKTY TaKOX
€ OJHIEI0 3 YMOB, IO BU3HAYAIOTh CKJIAIHICTh NMPOOIEMAaTHKH PU3NK-MEHEIKMEHTY
€KOJIOTIYHUX PH3MKIB. 3a HaJ3BUYAMHOI CUTYyaIlli UM MiJl Yac peaizailii MOXXJIHUBOC-
Tell MiINpUEMCTBA IOJO PO3BUTKY HEOOXIJHICTh YNPABIIHHS EKOJOTIYHUMH PHU3U-
KaMH € BHCOKOIO, IO Tepeadadae HasBHICTh NMEPCOHANY, SKHH Oe3rnocepeqHbo Ori-
KY€TBCSI MM TUTAHHSAM. SIKIIO MPUYMHOK BUHUKHEHHS TPOEKTY € peopraHizailis Ha
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TPAaHCTIOPTHOMY HiANPUEMCTBI, HAIIPUKIIA]I, TO B IbOMY BUIAJIKYy 32 YIPaBIiHHS PU3U-
KaMU MOXE BiJIITOBIIaTH W MEHEIKEP MPOEKTY.

VY Oyap-skOMy BHIIAJIKy Mae OyTH 3a0e3Me4eHO KOMIIETeHTHHH MiJIXiJ O yIpas-
JIHHSA EKOJIOTIYHUMH PU3UKAMH MPOEKTIB TPAHCIIOPTHOTO IMiIPUEMCTBA, a HAsBHICTb
3a3HAYCHOI MPOOJIEMATUKKU Ta HEOOXIAHICTh YIPABIIHHS HEI HAJCKHUTh JI0 BIIMOBI-
JATBHOCTI KePiBHUIITBA MiAMPUEMCTBA Ta MPOEKTY. MEHEHIKMEHT TPaHCIIOPTHOTO il
MIPUEMCTBA Ta TIPOEKTY MAIOTh BH3HAYUTH, SIKUM YMHOM SIKHAWMKpalle, BiIOBIIHO JI0
YMOB, 1110 CKJIAJKCS, Peali30ByBaTH PU3UK-MCHEHDKMEHT SKOJIOTTYHUX PU3UKIB.

Bu3HaunMo cucTeMaTH30BaHI €IeMEHTH MEXaHi3My pPU3HK-MEHEIKMEHTY TpaH-
CTHOPTHOTO MiJIPHEMCTBA.

| KomnoneHTH MexaHi3My pH3HK-MeHe’KMeHTY TPAHCIIOPTHOTO MiANIPHEMCTBA |

| 3MicT cucteMu TUIaHYBaHHS, OpTaHi3allist, KOHTPOJIb, pearyBaHHs IO/I0 YIPABIIiHHA PU3UKAMU |

VY3aranpHeHa MeTa | (opMyBaHHS Ta GQyHKIIOHYBaHHS €()eKTUBHOI CHCTEMH YIPaBIIiHHSI PU3UKAMH HPOEKTIB 13
CHCTEMH 3a0e3MeYeHHsIM MOXKIIMBOCTI a/ianTanii BiZIMOBIAHO MPOTHO3HUX 3HAYCHb PU3HKIB

OCHOBHI IPUHIMIHN | JOTIYHICTh Ta IPOAKTUBHICT, CTPYKTYpHA JOBEPIICHICTh, BPaXyBaHHS 30BHIIIHIX BIUIUBIB,

CHCTEMH OOIPYHTOBAHICTb, TPO30PICTh, JIETITUHMHICTb, aA€KBATHICTh, KOHTPOJIbOBAHICTh TOILO.
| O06’exTH cucTeMu | PH3UKHM MPOEKTIB TPAHCIIOPTHHUX ITiIIPUEMCTB |
| Cy0’exTn cucteMu | BUIIE KEPIBHUITBO, (haxiBIli 3 pH3HK-MEHEIXKMEHTY Ta 1HIII CIiBPOOITHUKI |
IHCTpYMEHTH pH3HK- TPaAULIAHI METOAN PU3UK-MEHEHKMEHTY, a TAKOXK CUTYaIliHUI METO,
MEHEDKMEHTY 1110 32CTOCOBYETHCSI HA PI3HUX FOPH30HTAX 3 BU3HAYCHHSM MPOTHO3HOTO 3HAYCHHS PUSHKY

3a0e3MeyeHHs eq)eKTI/IBHOCTi CUCTEMHU PUBUK-MEHEPKMEHTY TPAHCIOPTHOTO HiZ[l'IpI/I€MCTBa

Pesynbrar . .
IUIIXOM i TpaHcopMarii BiOBITHO 10 CUTYyaIil

Puc. 1. Ocnogni cucmemamu3oeami enemeHmu Mexamizmy pusuK-meHeoHCMeHny
MPAHCNOPMHO20 NIONPUEMCmMeEa (cpopmosarno agmopom)

3a 3MICT CUCTEMHU PU3HK-MEHEIPKMEHTY TPAHCHIOPTHOIO MiANPUEMCTBA IPUIMAEMO
OCHOBHI (D)YHKIIIOHAJIbHI CKJIaTHUKH, Cepell IKUX — TPaaulliiHi QyHKIii, a came IJIaHy-
BaHHS, OpraHi3ailisi, KOHTPOIb 1 pearyBaHHs.

3ayBakuMo, 110 HA pUC. | BU3HAYMIIM caMe y3arajJbHEHYy METy CHCTEMH, OCKIIbKH
3 4yacoM BOHa Moxe OyTH ckoperoBaHa Ta copmyiaboBaHa 3a kputepisimu SMART
(amrn. specific, measurable, assignable, realistic, time-related — ykp. KoHKpeTHa, BUMi-
pIOBaHa, IOCSDKHA, pealicThyHa, oOMexeHa B yaci). OCHOBHUM acmekToM € came (op-
MyBaHHS W (DyHKIIOHYBaHHS €(DEKTHBHOI CHCTEMH YIPABIiHHS PU3UKAMH TMPOEKTIB
TPAHCIIOPTHOTO MiIPUEMCTBA i3 3a0€3MeUeHHSIM MOXIIMBOCTI afarnTarii BiAITOBiTHO
JI0 IPOTHO3HUX 3HAYECHb PU3HKIB.

Cepen OCHOBHUX IIPUHLHUIIIB 3a3HAYAEMO CaMi Ti, 10 CTOCYIOTHCS IEPEXOLY 10 LIUP-
KYJISIPHOT €KOHOMIKH: JIOTIYHICTh 1 IPOAKTHBHICTh, CTPYKTYPHY OBEPIICHICTh, ypaxy-
BaHHS 30BHIINIHIX BIUIMBIB, OOTPYHTOBaHICTh, IPO30PICTh, JIETITUMHICTh, aJIeKBaTHICTb,
KOHTpOoNboBaHicTh. OqHaK nepeadadaeMo OUIbIIY KITBKICTh MPHUHIMIIIB, IO € 3arajioM
TPagULiHHIUMH K 7SI CHCTEMU MEHEDKMEHTY, TaK 1 I CHCTEMH PU3UK-MEHEIPKMEHTY
30KpeMa.
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Sk 00’€KTH CHUCTEMH PU3HK-MEHEIKMEHTY TPAHCIOPTHOTO MiANPUEMCTBA BH3HA-
YEHO PU3UKHU MPOEKTIB TPAHCIIOPTHUX IiJIPUEMCTB, a Cy0’€KTaMH € BUINE KEpiBHU-
ITBO, CIEIIANICTH 3 PU3UK-MECHEKMEHTY ¥ 1HII CHIBPOOITHHUKH, SIKI THM YU 1HIIAM
YHHOM MAIOTh CIIPABY 3 PU3HKaAMHU.

Sk IHCTPYMEHTH PH3HK-MEHEPKMEHTY 3a3HauaeMo TPaJuIiliHi, Ti, II0 3a3BUYai
3aCTOCOBYIOTHCS B YIPABIiHHI PU3MKAMHU, & TAKOXK CUTYAIIHHUI MeToA, SIKui Monudi-
KOBaHO 3 OISy HA HEOOXiJHICTh BUKOPUCTAHHS Ha Pi3HUX PiBHSIX, TOOTO ONEpaTHB-
HOMY, TAKTUYHOMY Ta CTPaTETidHOMY.

Sk 1 Mery cuctemmu, Tak i pesyiasrar c(popMyIbOBaHO B y3arajJbHEHOMY BHIIIAII
3 ypaxyBaHHS OCOOJIMBOCTEH pOOOTH TPAHCHOPTHUX MIAMPHUEMCTB 1 IXHIX MPOEKTIB,
110, SIK 3a3HAYAJIOCS PAHIIIE, XapaKTePU3YIOThCs YHIKaIbHICTIO. OTiKE, pe3yJbTaT Mae
OyTH yTOYHEHWH i KOHKPETH30BaHUH Y KO)KHOMY OKPEMOMY BHIIAJKY, TOOTO Tix dac
po0OTH CHCTEMU PU3HK-MEHEHKMEHTY IIEBHOTO i JIPHUEMCTBA 3 YPaXyBaHHIM 0COOJH-
BOCTeH HOTO MPOEKTIB.

BucnoBku. 3a pe3ynpTaramMyl MPOBEICHOTO TOCHTIIHKEHHS TPOaHATI30BaHO BILIUB
XapaKTePUCTUK TIPOEKTY TPAHCIOPTHOTO IIANPHUEMCTBA HA JOMUIBHICTH HAsIBHOCTI
(haxiB1s 3 pU3UK-MEHEDKMEHTY B IIPOEKTHIM KoMaH/1i 00 3K BiJIIOBIAaJIbHOTO 32 yIIpaB-
niHHsA pu3ukamu. Cepell yMOB 1 XapaKTePUCTHK IPOEKTY TPAHCTIOPTHOTO i AIPHEMCTBA
Taki SIK HasBHICTb UM BiACYTHICTh MPOEKTHOTO o(icy, piBeHb i MacITald NPOEKTY, TEP-
MIHU HOT0 peaizalii, piBeHb YUYaCHHKIB, XapaKTep IMOCTABIEHOTO 3aBJaHHS B ITPOEKTI,
a TaKoXX IIPUYMHA HOr0 BUHUKHEHHS.

Bu3HaueHO crcTeMaTH30BaHI KOMIIOHEHTH MEXaHi3My PU3UK-MEHEIKMEHTY TpaH-
CHOPTHOTO MiANPUEMCTBA, CEpel SIKUX — 3MICT CHUCTEMH, y3arajibHeHa MeTa, OCHO-
BHi MPUHIUIHN, 00 €KTH i Cy0’ €KTH CHCTEMH, IHCTPYMEHTH YIPABIiHHS PU3UKaMU Ta
pe3ynsrar. B ymoBax mepexomy A0 LHMPKYJISIPHOI €KOHOMIKH IiJ] 4ac PU3HK-MEHEIXK-
MEHTY €KOJIOITYHUX PU3HKIB IOPEYHO BPaXOBYBAaTH il IPUHIMIIK. 3T1IHO 3 IPUHLUIIAMA
MUPKYISPHOI €KOHOMIKH, PU3UK-MEHEKMEHT Mae OyTH OOIpYHTOBAaHUM, IIPO30PHUM,
JETITHMHUM, aJeKBaTHUM, KOHTPOJILOBAHUM, JIOTIYHUM 1 MPOAKTUBHUM, CTPYKTYPHO
JOBepIICHUM. TakoX Ba)JIUBUM € BpaXyBaHHS 30BHIIIHIX BIUTUBIB.
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Anomauisn

Bcemyn. Obpanns mopcokozo nopmy sk 06°ckma, 0e 8UKOPUCO8YEMbC eKOL02IC-
MuyHUl NIOXi0, NOSCHIOEMbC MUM, WO came MOPCbKi nopmu 6 6y0b-saKiil Kpaiui € il
HAUNOMYNCHIUWUM T BUPOOHUYUM, | MPAHCNOPMHUM, | MOP2I8ETbHUM NOMEHYIALOM.
Came mopcoki nopmu 3abe3neyyroms MpanCNOPMHY He3ANeNHCHICMb KPaiHu, € Hal-
BANCIUBIULOIO JIAHKOK 11 308HIWHbOI MOP2IGNE 1l Hecymb KOMEPYIUHI i cmpameziuHi
NnepcnekmusU 3 BUKOPUCMAHHA T MPAH3UMHO20 nomeHyiany. Aoanmayis MOPCbKO20
nopmy 00 8UMO2 YUPKYIAPHOI eKOHOMIKU 0a€ 3M02y toMy NOKpAWUmMU 8lACHI cmpa-
me2iuHi nepcneKmusu, po3UUpumy MpaH3umHi MOXCAUBOCMI U UCIMYNAmu 8 poii
gopsapoa 306HiHbLOT MOpeisi peciony abo Kpainu 6 yinomy. Mema cmammi — po3po-
OUmMuU KoHYenyiio eKon02iCMuHol MoOeli MOPCLKO20 NOPMY, SIKA HAIYYE U eKONO2IUHI,
U1l eKOHOMIYHI, | COYIaNbHI KOMNOHEHMU, NOZUMUGHO BNIUBAE HA CIMAHOBUULE BCIX MPLOX
i nokpawye ix. Pezynomamu. O0Tpynmoeano HeobOXiOHiCMb po3ensoamu MOPCbKull
nopm He K OKpemy cucmemy abo ob’e€km, a 8paxosygamu, wo MpAaHCNOPMHA CUC-
mema MopcbKo20 NOPMY HEPO3PUBHO NOB A3AHA 3 MPAHCHOPMHOIO CUCTHEMOI0 Micma,
De2IOHY, MA€ MICHULL KOHMAKM [ 3ALENHCHICMb 13 MPAHCNOPMHUMU CUCTEMAMU BAH-
MAXNCOBAACHUKIB, BAHMANCOCNONCUBAYIB, CYOHONJIABHUX [ MPAHCNOPMHUX KOMNAHIL,
3 Mazicmpanbuum mpancnopmom. Po3pobneno asmopcwvky konyenyito exonocicmuuroi
cucmemu MOPCbKO20 NOPMY, AKA IPYHMYEMbCA HA €KONO2TUHUX, eKOHOMIYHUX I coyi-
ANbHUX CMpamezisax, wo 3MiCHO8HO pPO3UUPIOIOMbCSA OIS KOJCHOL 3i cmpamezii, mae
871ACHULL 6NIUB HA KOJXHCHY 3 HUX. Chopmynbo8ano eumocu 00 QYHKYIOHYBAHHA eKOO-
2icmudnux mooeneu. 3anponoHosaHo OONOSHUMU HAABHI HAYKO8I pO3POOKU 3 eKOLOo2ic-
MUYHUX MoOenell, came 01 MOPCbKO20 NOPMY, KOMINOHEHMAMU MOOibHOCHI 1l be3neu-
nocmi. Bucnoeku. Ilokazano, mpaouyitinuti npose cy4achux nioxoodie 0o exonoizayii
Ha piGHI BUPOOHUYMBA, A came. OYUCHI CROPYOU, MAL0BIOXOOHI MeXHON02ll, npucmpoi
3 nepepodKU 8i0X00i8, eKON02TUHI MaAmMepiaiu, Maio 3a0pyOHIOIOYl MEXHOI02I mowo,
HA PiGHI MOMUBAYIUHUX 30X00i8 | NPUHYUNIE — NPUHYUN «3AOPYOHIOBAY CHIAYYEY,
epexmusna gopma iiozco peanizayii — HaA6HI NIAMENCI 30 BUKOPUCIAHHA NPUPOOHUX
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pecypcis i 3a6pyonents cepedoguya € HeOOCKOHATUMU ma Manoegdexmuguumu. Pozpo-
O1eHO eKoNo2ICMUYHY MOOeNb MOPCLKO20 NOPMY K MPAHCROPMHO20 00 €Kma, sKa 0ac
3MO02y pe2yno8amu eKoN02iYHy 1 N02ICMUYHY cumyayii U y MOpCbKoMy HOpmy, i 8 MpaH-
CNOPMHUX cucmeMax Micma, pe2iony ma 36 sI3aHux i3 MOPCbKUM NOPMOM GUPOOHUKIE
8aHMAdICI8, 6anmasicoympumysadis. Pospobnena exonocicmuuna mooenb MOpPCbKO20
nopmy GU3HAYAEMBCA YIMICHICMIO Ul PO30LIbHICIIO, HATBHICMIO 38 3Ki8, Op2aHi3ayiclo,
[HMe2POoBaHUMU BTIACMUBOCIIMU MA SGIAE COO0I0 B3AEMON0S A3aHY CYKYNHIcCmb ii
CKAAOHUKIG, IX yHKyil il KepieHni eniusu.

Knwuoei cnoea: nozicmuka, exonozis, mpancnopm, MOPCbKUli Nopm, eKOHOMIKA,
eKo0eCmpyKMUBHUU 8NIUE, CUCMEMA, eKOI02ICIUKA, MOOeb.
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Summary

Introduction. The choice of the seaport as an object where an ecological approach
is used is explained by the fact that the seaports in any country are its most powerful
in terms of production, transport and trade. It is the seaports that ensure the country's
transport independence, are the most important part of its foreign trade and carry
commercial and strategic prospects for the use of its transit potential. The adaptation
of the seaport to the requirements of the circular economy allows it to improve its own
strategic prospects, expand transit opportunities and act as a foreign trade forward of
the region or the country as a whole. The purpose of the article is to develop the concept
of the ecological model of the seaport, which includes both environmental, economic
and social components, has a positive impact on the situation of all three and improves
them. Results. It is justified to consider the seaport not as a separate system or object,
but to take into account that the transport system of the seaport is inextricably linked
with the transport system of the city, region, has close contact and dependence with
transport systems of cargo owners, cargo consumers, shipping and transport companies
with trunk transport. The author's concept of the ecological system of the seaport is
developed, which is based on ecological, economic and social strategies, which are
meaningfully expanded for each of the strategies, has its own influence on each of
them. Requirements for the functioning of environmental models are formulated. It is
proposed to supplement the existing scientific developments on environmental models,
namely for the seaport, with components of mobility and security. Conclusions. It is
shown that the traditional manifestation of modern approaches to greening at the level
of production, namely: treatment plants, low-waste technologies, waste processing
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devices, environmental materials, low-polluting technologies, etc.; at the level of
motivational measures and principles — the principle “the polluter pays”, the effective
form ofits implementation — the available payments for the use of natural resources and
environmental pollution are imperfect and inefficient. An ecological model of the seaport
as a transport object has been developed, which allows to regulate the ecological and
logistical situation both in the seaport and in the transport systems of the city, region
and seaport-related cargo producers, cargo holders. The developed ecological model
of the seaport is determined by the integrity and separation, naivety of connections,
organization, integrated properties and is an interconnected set of its components, their
functions and controlling influences.

Key words: logistics, ecology, transport, seaport, economy, Eco destructive influence,
system, ecology, model.

Beryn. BuMoru nupKynsipHOT eKOHOMIKY CTaBIISITh HOBI 3aBIaHHs iepe]] cy0’ eKTaMu
rocrnionaptoBants. J1o poOOTH MOPCHKHX IMOPTIiB 3aBXKIW CTABUIJIMCS BUMOTHU BiAIO-
BIIHOCTI, 5IKi HEOOXIHO BUKOHYBATH, 100 3aJly4aTH BaHTaXi, CIIOKHBAYIB MOPTOBUX
MOCIYT, MaTH 3B’S3KH 3 IHIIMMH TEPUTOPISIMU i JepkaBamMu. MOpCBKi TOPTriBeJbHI
opTH OyAb-AKO1 Aep)KaBH € CKIaTHUKAMH i TPAHCIIOPTHOI CHCTEMH, IPOMHCIOBHMH,
KOMEPIIHHUMU 1 TOPTiBEILHUM IICHTPaMU, 3B’ I3KaMU MiX iHIIUMU JIepKaBaMH, TEpH-
TOPISIMHU, IIEHTPAMH PO3IIOJITY BAaHTAXIB 1 IEHTpaMu iHPOpMAIIifHOTO 3a0e3eueHHS.

HupkyssipHa eKOHOMIKa CTaBHTH Mepe]] MOPCHKUMU TTOPTaMH 3aBIAHHS SKOHOMIiY-
HOTO, €KOJIOTIYHOTO W COLIAJIBHOTO PO3BUTKY, IO 3yMOBIIOE 3POCTAaHHS BHUTpAT Ha
OpraHi3allifo HaBaHTa)XYBAIbHIX, PO3BAHTAKYBaJIbHUX 1 CKJIQJCEKUX POOIT, Ha BIPO-
Ba/DKCHHSI OTICPAaTUBHUX 3MiH Yy IUX TEXHOJOTISX 1 3a0e3leueHHs HaJIiiHOCTI TpaH-
CIOPTHO-TEXHOJIOTIYHOTO O0JIaIHAHHS OCHOBHOTO BHPOOHHYOTO TPOIIECY MOPCHKOTO
MOPTY, 10 MOPCHKUX ITOPTIB TAKOXK BHUCYBAIOTHCS €KOJOTIYHI BUMOTH 3 00OB’SI3KOBUM
BHUKOHAHHSIM YCIiX MPUPOJHO-OXOPOHHUX 3aXOJiB, TUIATEXKIB TOIIO, SIK JUIS OYy/Ib-SIKOTO
cy0’€KTa TOCTIOIapIOBaHHS.

IMocTanoBka mpo6jeMu. Y 3araibHii OiTBIIOCTI MiJXO0iB MOPCHKUI TIOPT MpH-
WHATO PO3MISAATH K OKPEMHIl Cy0’€KT TOCIONapIOBaHHS, K 3aMKHEHY CHCTEMY
1i B EKOHOMIYHHUX, 1 B €KOJIOTIYHHUX, 1 B COLIANIBHUX HOCiKeHHsIX. Hacnpasai Mop-
CHKHI TIOPT Ma€ BJIACHY TPAHCIIOPTY CHCTEMY, sika O€3M0CcepeHbO B3aEMOJIIE 3 TPaH-
CIIOPTHUMH CHUCTEMaMH MiCTa, TPAHCIIOPTHUMHU CHCTEMaMH BUPOOHUKIB, BiJIIPaB-
HUKIB, 3aMOBHHUKIB BaHTaXIiB, MiCBKHUM 1 MaricTpaJlbHUM TPAaHCIOPTOM. BiTuu3HsHI
peadnii Taki, 0 B OUIBIIOCTI BUITAJIKIB BAHTAXI TPAHCIIOPTYIOTHCSI B MOPCHKUN MOPT
M0 3aJI3HUYHUX KOJNIsIX, SIKi MPOJIOXKEHI Yepe3 KYpPOPTHI 30HU, 30HH BiANOYUHKY,
Y3I0BX MOPCHKOIO Y30€pexiKs, y ISIKUX MiCTaX MOPChKI IIOPTH 3HAXOAATHCS B IICH-
Tpi MicTa.

Ha nymKy aBTOpiB, HEKOPEKTHO OKPEMO PO3IIISIaTH MOPCHKHUI TOPT, 00 BiH € Yac-
THHOIO MICTa, BiH € JIAHKOIO 1 30yTOBOTI0, 1 30BHIIIHLOCKOHOMIYHOTO JIAHIIIOra LIJI0r0
periony. MOpChbKHiA TIOPT Yy BITYM3HSIHOMY BUIIAJKY JIOCHThH YACTO BUCTYIIA€ B POJIi Mic-
TOYTBOPIOBAJILHOTO MiAIPUEMCTBA, BiJl HACIIAKIB JiSUIbHOCTI SIKOTO 3aJICKUTh PIBEHb
TPAHCIOPTHOI HACHMYCHOCTI MICIEBHX Marictpalieii 1 JOpir, piBeHb PO3BUTKY TpaH-
CHOPTHOI iH(PACTPYKTYPH TEPUTOPIi, PIBEHD COLIIATHPHOIO CTAHOBHUIIA HA LI TEPUTO-
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Hatinpocriie — Oyb-sIKUil BaHTaXX caM 110 c00i IepeMillaTics B IPOCTOPI HE MOXKE,
BiH 3aBXJIM HAa YOMYCh TPAaHCIOPTYETHhCA. TOOTO iCHYIOTH JOPOTH, MO SIKUX BaHTaX
MEPEBO3UTHCS, 1 TPAHCIIOPTHI 3aCO0M, Ha SIKUX BaHTaXX MEPEBO3UTHCS.

Po3noBcromkeHnM cepenl HayKOBIIIB € TiJIXiJl, KOIU €(PEeKTUBHICTh TPaHCIIOPTHOTO
npoliecy BUMIPIOETBCS PO3MipoM MPHOYTKY, BUKOHAHHSAM TepMiHiB nocradanHs. [Ipo-
OJeMa TaKoro MiJXOy MOJISTaE B TOMY, IO B OUTBIIOCTI HAYKOBUX MyOJiKamili He Bpa-
XOBYBAJIU €KOJIOTIYHUH CKJIaJHUK TPAHCIIOPTHOTO MPOIIECY, SKHW 3aJIeKUTh HE TITbKH
BiJ] EKOHOMIYHUX YMOB 1 BUMOT, a i BiJl poO0OYOTo CTaHy TPaHCIIOPTHHUX 3ac00iB 1 0PI,
BiJl TEPMiHYy €KCIUTyaTalii TPaHCIOPTHOrO OOJIQJHAHHS, BiJ] HOro €KOJOriuHOi 0e3-
MEYHOCTI, sIKa, /IO pedi, HanpsMy 3aJIe)KUTh BiJl TEPMiHYy eKCIUTyaTallii TpaHCIIOPTHOTO
3ac00y i1 poKy HOro BUPOOHMIITBA. 3arajioM TpaHcopTHa cdepa, To0To i 3acodu TpaH-
CTIOPTY, 1 MPOIIECH TPAHCIIOPTYBAHHSI, i TEXHOIIOT1, € JHKEPEJIOM EKOIECTPYKTHBHOT Aii.

AHaJji3 ocTaHHIX AocaimkeHb i mybsikaniif. OcTaHHIM yacoM ocoOnMBa yBara
MPOBIIHOT HAYKOBOI JYMKH CIPSIMOBaHA Ha JOCHIHKEHHS «IIUPKYISPHOI EKOHOMIKHY
(«circular economy»), MOXKIIMBOCTI BIPOBAKCHHS 11 KOHIIETIIIT, TPUHIIMIIIB, PO3POOKY
METOJIB 1 MiJIXO/IB 10 BUKOPUCTAHHS MPOMHUCIOBUMHU 00’ €KTaMH TOCIIOAAPIOBAHHS Ta
MPaKTHYHOI peaizarii.

M. I'yp’esa [1] 3poOunia 3rpyryBaHHS HasBHUX TOHSTH «IUPKYJSpHA €KOHOMIKay
3a mepiofaMu ii CTAaHOBIICHHS: IV100aibHa ekoHOMiuHA Moxenb (2004 p.); JisuTbHICTH
(2007 p.); HoBmii Tpenn 4.0 (2013 p.); ekoHoMiuHa moneib (2015 p.); BupoOHUUA cuc-
tema (2016 p.); ekoHOMIYHA JisUTBHICTB, iHCTpYMeEHT (2017 p.); dinocodis, ekoHOMIKA
(2018 p.) [2, c. 12]. Exkcrieptu Oxcdopacbkoro yHiBepcutery y 2019 pomi mposenn
iHTepB toBaHHs 3 yuacHukamu Platform for Accelerating the Circular Economy (PACE)
[3], Ha OCHOBI SKOTO 3pOOHIM TaKe TIYMAYCHHS MOHATTS «IIHUPKYISPHA SKOHOMIKay:
«... EKOHOMIKa 3aMKHYTOTO IIUKIY SIBIISIE COOOI0 PEreHEepaTHBHUHN 32 CBOIM 3alyMOM
THUI CKOHOMIKH, SIKHH Ma€e Ha MeTi 30epeKeHHs SKoMora OLTbIIOT IIHHOCTI MPOAYKTIB,
iX CKIIaIOBHX YaCTHH i MaTepialliB, Y€ 3pOCTAHHS HE CTUMYIIOETCS i HE 3aJICKUThH
BiJl BUKOPHCTaHHS 00OMEKEHHUX pecypciBy [2, ¢. 9].

T. KoBTyH y nochimpkenHi [4] mokaszana, o MUPKY/ISIpHA EKOHOMIKA € TIePeXiTHOI0
JI0 EKOJIOTIYHOT eKOHOMIKH. LIpKynsapHa ekoHOMIKa Mae 11’sITh Oi3HeC MojeseH, ypo-
MIEHS CKJIATHOCTI, B3aEMOJIISI MK HUMH 3a0€3MeUy€eThCS HAa MPHUHIMIAX 1HAYCTpialib-
HOTO MeTa0oJIi3My Ta CUMO103y, 3a0€3ICUeHHsI peCypcaMHu BiI0yBA€ThCS B KACKaJIHOMY
PEKUMI, a came: BIIXOIH OJJHOTO BUPOOHUIITBA € CUPOBHHOKO JIJIsl 1HIIIOTO, M0 3a0e3Ie-
qye 3MEHIICHHSI IECTPYKTUBHOTO BILTMBY Ha AOBKiUIsA. Y myOmikamii T. KoryH 3a3Ha-
YHJia TAaKOX, IO BIPOBADKCHHS NMPHHIMUIIB IUPKYISPHOI €KOHOMIKM BHCYBa€ HOBI
BUMOTH JI0 JIOTICTUYHUX cUcTeM. Hacammepen BinOyBaeThcst 00’ €THAHHS 3BHYAHUX
MPOIIECiB MPSMOTO JIAHIIIOTA TOCTAYaHHS 31 3BOPOTHUMH JIOTICTHYHUMH TIPOLIECAMH.

IMuTaHHSIMH BIIPOBAPKEHHS €KOJOTIYHUX KOHIICTIIIN 1 IMiIXO/IB Y JIOTICTUYHUX CHC-
temax 3aiimanucs C.JI. Jxoucon, [1.®. Byn, J.JI. Bopanoy, Mepdu-ma. P. ITons [5],
H. bBamtnaperen [6], 1. Tyndep [7; 8], M. I'tonbeman [9], . Bebep [10; 11], I. Kymer-
mrraiiep [ 12]. AHaui3 HayKOBHX 37100y TKiB BUIIIEHA3BAHUX aBTOPIB JIa€ 3MOTY 3pOOUTH
TaKl y3arajbHEHHS: MO-TIepIIe, CYyTO JOTICTHYHI MPUHIIMIIA € OCHOBOIO SKOJIOTICTHKH,
a HE HaBIIAKW; IO-IPyre, Cy4acHICTh BUMAra€ MPUCYTHOCTI €KOJIOTil B JIOTiICTUYHHUX
JIAHITIOTaX.
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Birumsnsni vaykoBii O. Musx i b. ['peunn [13] omyOmikyBaiu pe3yasraTd J10CIi-
JUKEHHS BIPOBAJKCHHS MPHHIUIIB EKOJIOTICTHKH Ha BITYU3HSIHOMY MiATPHEMCTBI;
MOKAa3aJii Ha PI3HUX PIBHSIX YIPaBIiHH TICHI B3a€MO3B’ 13K MPH BIPOBAPKEHHI SHEP-
TOOMIAJHAX TEXHOJOTH y TaKuX MiAPO3AlIaX TisSUIBHOCTI MiJANPHEMCTBA, SK MOCTa-
YaHHs, BAPOOHHUIITBO, 30yT; BU3HAYMIIM TPAKTHYHY I[IHHICTh €KOJIOTICTHKH B IIAPHHAX
JISUTBHOCTI TIPOMKCIIOBOTO MiNPHUEMCTBA; TPOaHANI3yBall 30BHIMIHI () BHYTpIIIHI
YHMHHUKY BIUTMBY Ha MPOLIECH PECTPYKTYypH3allii 0i3HECY MPOMHCIOBOTO i JIIPUEMCTBA
Ha 3acajlax eKOJOTICTUKH.

B. I'peunn y poborax [14; 15; 16] omyOnikyBaB pe3yJabTaTd OMUTYBaHHS 3apyOik-
HUX 1 BITYM3HSIHUX BUPOOHHKIB MO0 3aIPOBAKEHHS Y BAPOOHHYHIA TPOLIEC MIPHHITHU-
IiB €KOJIOTICTHKH, JIe €KOJIOTiCTHKA € OPTaHIYHUM CKJIaJJHHKOM 3arajibHOi BUPOOHUUIOT
cTparerii (ipMu 1 cTpaTeriero ii ToAaNbIIOro PO3BUTKY.

Ha cropinkax xypHany «Possutok Tpancmoptry» T. KoBryn y poborax [22; 23]
MIPOBOJIMJIA BHYTPIIIHE JOCIIHKEHHS €KOJIOTICTUUHUX CHCTeM. Tak, y myOumikarii [22]
aBTOP JIOCII/IMIA 3MIHH B CTPYKTYPI 1 TPUBAIOCTI KHUTTEBOTO UKy POCKTY EKOJIOTIC-
TUYHOT CUCTEMH 3aJISKHO Bijl Or0 SKOJIOTIYHOI OpieHTAIlil Ta piBHSA €¢(EKTUBHOCTI, Jie
KpHUTepieM epeKTUBHOCTI 00paHO JUCKOHTOBAHHWU TEPMiH OKYIHOCTI, 3 ypaXyBaHHIM
cnenupivHuX 0coOIMBOCTEH MOTOKIB KOUITIB YIPOJOBX JKUTTEBOTO LHUKIY TPOEKTY
EKOJIOTICTHYHOT CHCTEMH. Y TIpalli TaKoXX Ha3BaHO (pa3u KUTTEBOTO MUKITY MTPOEKTY EKO-
JIOTICTUYHOI CHCTEMH, KOKHA (ha3a HarpsMy MOB’si3aHa i BITaCHUM €KOJIOTTYHHM CTaHOM
i HacTynHa ()a3a HacTa€e TUTBKH TOI1, KOJIX B CUCTEMI BifIOyJacs €KOJIOTiYHA piBHOBAra.

VY po6oti [23] T. KoBryH mpoBena ¢peiiMoBe MOJACITIOBAHHS MPOMYKTIB TPOEKTY
EKOJIOTICTHYHOT CHCTEMH W PO3po0miIa MOJENb 1 MEpEeKy MPOAYKTIB MPOEKTY EKOJIO-
TICTUYHOI CHCTEMH, K1 € TIOXiTHUMU BiJ] 3MICTy Ta KOHQIryparii IpoayKTiB MPOEKTY.
Kondirypartis mpoaykTiB (a3 )KUTTEBOTO IUKITY MIPOEKTY IMOJIATAa€ B MPEACTABICHHI 1X
CYMICHOI CTPYKTYPH 3 BU3HAYCHHSAM IMPUUNHHO-HACIIIKOBUX 3B’ A3KIB MiXK XapaKTepucC-
THUKaMH, [I[0 BU3HAYAIOTh 3MICT MPOIYKTIB.

VY mpani 1. Azapogoi [17] 3pobnena komruiekcHa otiHka OJIeCbKOro MOPCHKOTO ITOPTY
Ha 0a3i KOHIICTIIIT CTaJIoro PO3BUTKY. ABTOpP MpoaHasi3yBaB AisIbHICTH O€CHKOr0 MOp-
CBKOTO ITOPTY 33 TAKMMH HAIPSIMAMH, sIK eKOHOMIYHHUH, COIIaJIbHUM 1 CTpaTeriuHui aHai3
JUSTBHOCTI TTOPTY; MICTOYTBOPIOBaIbHA (DYHKIIIS TiSUTLHOCTI MOPTY; €KOJIOTIYHUN aHaI3
JistmbHOCTI opTy. TakuM YrHOM, y TyOuikarii [. A3apoBoi ONpHITIOMHEHO HAYKOBE JA0CITi-
JDKEHHS 11010 MOPCBKOTO TIOPTY, SIKE OXOILTIOE ¥ TISUTbHICTH CaMOTO TIOPTY, 1 collialibHe
CTaHOBHUIIIE B MOPCHKOMY ITOPTY, i €KOJIOTIYHHI CKIIIHUK, CaMe 32 TAKUMHU MOKa3HUKAMH
PEKOMEHYETBCS JIOCIIKYBATH BUPOOHUYY MisUTbHICTE MOPCHKHX IOPTIB, SIKi BUCYBAE
KOHIIETIIIisI CTAJIOTO PO3BUTKY JI0 TAKMX 00’ €KTIB KPUTUUHOT iH(PpacTpykTypu. Y myOimika-
1ii [17] Ginblie HAyKOBHUX MOLTYKIB CIIPSIMOBAHO B TUIOMIMHY MiCTOYTBOPIOBAJIBHOT MicCii
MOPCBKOTO TIOPTY, CaMe €KOJIOTT4HI TIPOOIeMH JOCIiIKEHO IOCUTH KOPOTKO.

Ocob6auBoOCTAMU p0o30Yy/IOBU MOPCHKHX JIOTiCTHYHHX CHCTEM HPHUCBSIUCHO Mparli
C. Kpmxkanoscekoro [18], B. Ukamorma [19], FO. Backkora [20], b. Ko3ups [21] Ta
iH. Y XOHIH 13 IMX POOIT HE PO3MIANAETHCS BIPOBAPKEHHS CKOJIOTTYHUX MPUHIIHITIB
Yy MOPCBHKHX TOpPTax i JIOTICTHYHUX CHCTEMaXx.

®opmyawBaHHA Wijel cTarTi. MeTa cTaTTi — CIHparOYKCch Ha paHillle BUKIAJICHI
HayKOBi 37100yTKH, PO30yAyBaTh Cy4yacHy KOHIICTIIIIO €KOJIOTICTHYHOI MOJENi Mop-
CBHKOTO TIOPTY.
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Bukian ocHoBHOro marepiasy. Exonorictuasa Mojiess MOPChKOTO IMTOPTY MOBUHHA
BiJIIIOBiIaTH BUMOTaM CHCTEMH €KOJOTIYHOTO MeHeMKMeHTy. CHucTemMa eKOJIOTiYHOTO
MEHEPKMEHTY BIPOBAKY€EThCS JACPKaBHUM MiJIPUEMCTBOM «AJMIiHICTpalisi Mop-
CHKHUX TIOPTIB YKpaiHW» Ha MiAMOPSIKOBAHUX MiATPUEMCTBAX BiAMOBIITHO JO BUMOT
MmikHapogHoro crangapry ISO 14001:2015 Environmental management systems —
Requirement with guidance for use («CrucreMa €KOJIOTTYHOTO MEHEIKMEHTY — BUMOTH
Ta HACTAaHOBH IIOJI0 3acTOCyBaHHs») [24] i HamioHamsHOTO cTranmapry JACTY ISO
14001:2015 [25]. i cranmapTH BIPOBAKYIOTHCS B IisUIBHICTH MOPCHKHX TOPTiB
3 METOI0 BJOCKOHAJIEHHS YIPaBIiHCHKOT iSTTHHOCTI 3 OXOPOHH HAaBKOJIHIITHHOTO Cepe/i-
OBMINA, CKOPOYCHHS 1X MIKIJTMBOTO BIUIMBY Ha JOBKLLIS, O€30raHHOTO BUKOHAHHS
MIPUPOTOOXOPOHHOTO 3aKOHOMABCTBA U MiABUIIICHHS MIKHAPOIHOTO IMIJKY BITUH3HS-
HUX MOPCBHKUX TOPTIB.

Jlorictuuni cuctemu (nani — JIC), y IKUX ypaxoBYIOThCS €KOJIOTi4HI BUMOTH, TOOTO
iX cTpyKTypa Jae 3MOory 3HWKYBaTH IIKiIJIMBUN BIUIMB Ha HABKOJIMITHE i BUPOOHIYE
cepenoBule, 3 e(heKTUBHIUM BHKOPHUCTAHHSM €HEPTii Ta pecypciB TEOPETUYHO, PO3-
MONUIAIOTHCS. Ha oTHpH Tpymw: 1) tpancmoptHi JIC; 2) BHyTpimHbOCKIanCHKi JIC;
3) norictuuHa HepyXoMicTh; 4) norictuuHe TuianyBaHHs [14, c. 172]. TocnomgapcTBo
MOPCBHKUX TOPTiB 00’€llHy€e Ha BJIACHIH TEepUTOpii BCI BHIW TPAHCIOPTY, CIIPHSE
MEPETBOPEHHIO TPAHCIIOPTHOTO KOMILIEKCY TOPTY B CKIIAJOBY YaCTUHY CKJIAJHOI
BUPOOHUYO-TPAHCIIOPTHOI CHCTEMH BCi€l KpaiHH, BIUNIMBAE Ha €()EKTUBHHUN PO3BUTOK
MPUICTIINX TIPOMUCIOBUX Ta arpapHUX PETioHiB. B ymMoBax BHCOKOI BapTOCTi IpH-
POAHO-EHEPIeTUYHUX PECYpPCiB BUHHKAE 3aBOAHHA 1X PalliOHAJBLHOTO BUKOPHUCTAHHS
MOPTOBUMH KOMIUIEKCAMHU.

HupkynspHa eKOHOMiKa CTaBUTh IIepe]] MOPCHKIMHE TTOPTaMH 3aBJaHHS €KOHOMid-
HOTO, €KOJIOTIYHOTO W COLiaJIbHOTO PO3BUTKY, LIO 3yMOBJIIOE 3pOCTaHHsS BHTpAT Ha
OpraHi3alio HaBaHTAKYBAIBHUX, PO3BAHTAKYBAIBHUX 1 CKIIAICEKUX POOIT, Ha BITPOBa-
JOKCHHS OTICPaTUBHUX 3MiH Y ITUX TEXHOJIOT1sIX 1 3a0e3neueHHs HAIiHOCTI TPAaHCTIOPTHO-
TEXHOJIOTIYHOTO 00JIaJHAHHS OCHOBHOTO BUPOOHHYOTO TPOIIECY MOPCHKOTO MOPTY, JI0
MOPCBHKHX IMOPTIB TAKOXX BHCYBAIOThCS €KOJIOTI4YHI BUMOTH 3 00OB’SI3KOBUM BHUKOHAH-
HSIM YCiX MPUPOIHO-OXOPOHHHX 3aXO/iB, TUIATEXKIB Ta iH., sIK JJIs Oyb-IKOTO Cy0’€KTa
MPOMUCIOBOCTI. TakuM YWHOM, CIIMPAFOYNCh HA HAIPalboBaHi 3M00YTKH B JDKepenax
[13; 15, c. 214], po30yayeMo €KOJIOTICTHYHY KOHIICIIiF0 MOPChKOTro nopty (puc. 1). 3a
aBTOPCHKOIO 33 TyMKOI0, €KOJIOTiCTHYHA KOHIICTIIIiSI MOPCHKOTO TIOpTy (pHc. 1) moBHHHA
CKJIQJIaTHCS 3 YOTUPHOX CTPATEriii: mepIina — CKOPOYCHHsI BUKUIIB IIKiJJIMBUX PEYO-
BUH SK Y MEXax caMOro MOpTY, TaK i B HABKOJMIIHE cepefoBuine. s crpareris mae
JIBA HANPSIMU: TIEPIINN ITOB’S3aHO 3 JIOTICTUYHOIO ONTHMI3aIli€0 BUPOOHHYUX MPOIIe-
CiB 3 METOIO 3Be/ICHHsI HaHIBellb HETATHBHOTO BILUIMBY IIIyMiB, BiOpatii, 3a0pyaHioBauiB
MOBITPSI, 0COOTMBO MAPHUKOBUX T'a3iB Ta 030HOPYHHIBHUX; APYTHUH — ITOB’ SI3aHO 3 PEITH-
KIIIHTOM BifxofiB. [Ipyra crpareris Oinbllie CTOCY€EThCS peCypco30epeKeHHs 1 CKOPO-
YeHHsSI CIOXMBAHHSA HEBIIHOBIIIOBAJIFHMUX 1 YaCTKOBO BIJHOBIIOBAJBHUX PECypCiB,
BUPIIIYBaTH SKY MPOTOHYETHCS ABOMA TiIXOIaMU: TO-TIEpIIe, YIPOBAKEHHSIM JIOTiC-
TUYHUX TPOLECIB, CIIPSIMOBAHUX HA BUKOPUCTAHHS ajJbTEPHATUBHHX JKEpe eHeprii,
MO-JIpyTe, eKOJIOTOOPi€EHTOBAHE JIOTICTUYHE YIIPABIIiHHS YaCTKOBO-BiTHOBITIOBAIEHUMHU
pecypcamu, HapUKIIaa, BOAHUMH, 36MEILHUM JUISHKaMUA. MoOXHa CKa3aTH, 110 Mepiia
1 Apyra cTparerii OB CXMIIBHI IO CYTO €KOJIOTTYHOTO HATIOBHEHHS 1 CIIPSIMOBAHOCTI.

30



PO3BUTOK TPAHCIIOPTY
Ne 4(11), 2021
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Puc. 1. Exonocicmuuna konyenyis MOpcbKo2o nopmy
IDicepeno: pospobneno asmopom 3a [13, 15, 17, 22]

Tperst cTparerist CTOCYEThCSl BIIPOBAHKEHHSIM €KOHOMIYHUX 1 JIOTICTHYHHUX TPUH-
[UITIB YIPaBIiHHSI BUPOOHIHYUMH MPOIIECAMU B MOPTY, 10 OLIBIIOT KOHKpPETH3aIlil i€l
CTparerii BapTo BiTHECTH BJOCKOHAJCHHS TPAaHCIIOPTHUX MAapHIPYTiB MiX BUPOOHU-
KaMH, BaHTaKOTOCTaqyaIbHUKaMU i MOPCHKHM TIOPTOM, pO3p0oOKa ONITUMAIIBHOTO TPaH-
CTIIOPTHOTO CIIONYYSHHSI MiX BaHTa)XOMOCTAYaJbHUKAMH 1 CTPYKTYPHHMH MiAPO3Ii-
JIaMH MOPCBHKOTO TOPTY B KOMOiHAIIi1 3 iHQpacTpyKTYpHUMH IIUISTXaMHU MaricTpaibHOTO,
MICBHKOTO Ta CIEI[iaIbHOTO TPAHCIIOPTY, CTBOPEHHS CKOPOYCHUX MapIIpPyTiB TOCTABKH
BaHTaXIB y MOPCHKHH MOPT, 110 3MEHIITYE BUTPATH TU3EIBHOTO MATNBA TA BUKUIIB BYT-
JIETI0, TTHITY, BAKKAX METAJIiB, KUCIOTHHUX Ta3iB, OKCHJIIB a30Ty U JIETYYHX OPraHiyHHX
CTIOJIYK, 3MEHIIICHHSI HABAaHTa)XEHHsI Ha TPAHCIIOPTHI Marictpali Micta. TpeTs crpare-
rist, BlacHe, OibIlle MiCTUTh JIOTICTHYHI BUMOTH i ITiIXOIH.

UeTBepTa CTpaTErisi CTOCYEThCS COIIaIbHUAX TTOKA3HUKIB, @ CaMe: MiBUIICHHS PIBHS
OCBITH MPAIiBHUKIB MOPCHKOTO TIOPTY, OKpaIeHHS MPodheciiHNX HaBUYOK, aBTOMATH-
3allii BApOOHWYMX MPOLIECIB, MOMUPEHHS BXKUBaHHS IHTEPHET PECYPCiB y BUPOOHUYNX
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nporiecax, COILIANBHOTO 3aXUCTY IPAIiBHUKIB, aKTHBHOI y4YacTi MpPalliBHUKIB MOPTY
B TOCIOAAPCHKINA 1 SKOHOMIYHIM TisSIBHOCTI, a HE TUIBKM y4acTi B PO3MOALII J0XO-
JIiB; OIIaJJIUBE BUKOPHCTAHHS MPUPOTHUX PECYPCIB 1 3aXUCT HABKOJIUIIHBOTO CEpel-
OBHIIIA; OIIAJJTNBE TIOBO/PKEHHS 3 BIJIXOIaMH, X COPTYyBaHHS, BTODHHHE BUKOPHCTAHHS;
MOOUIBHICTD MpaliBHUKIB, MIBUIIEHHS KBamidikarii, iHpopMarlliifHa piBHOBara cepen
POOITHUKIB TIOPTY, MEAMYHE CTPaXyBaHHS.

VY ny6mikarii [26] T. KoBryH nporonye mij ekonorictuaHoro cucteMoro (aami — EJIC)
PO3YMITH JIOTICTUYHY CHCTEMY SK CYKYIHICTh €JIEMEHTIB-JIAHOK, B3a€MO3B’SI3aHUX
y TIpOIIeCi YNPaBIiHHSA PyXOM NPSMHUX 1 3BOPOTHUX JIOTICTHYHHX IMOTOKIB, III0 BPaxo-
BY€ €KOJICCTPYKTUBHHH BIUIMB Ha MOBKILIA. CIIUpalounch Ha 1€, aBTOPH MPOIIOHYIOTh
JI0 EKOJIOTICTUYHUX MOJIENEeH CydyacHOTO MOPCHKOTO TMOPTY, Yepe3 sKi 3a0e3MeuyeThest
pETyIIOBaHHsI €KOJOTIYHOT CHTyalil i JIOTICTUYHUX 3aBAaHb MOPTY K 00’€KTa TpaH-
CTIIOPTHOI Tay3i, 33/1aTH BUMOTH, a came:

— OTpUMaHHS TOBHOI M aJeKBaTHOI €KOJIOTIYHOI iH(pOpMAIlil 11010 EKOJIOTIYHOI
CHUTYyallii Ha TEPUTOPii MOPCHKOTO MOPTY 1 MPUIIETIINX JI0 HHOTO PAOHIB;

— MOJeTbh NOBUHHA (OPMYBATH JOCUTH TIOBHY MHOKHHY aJbTEpPHATUBHHX CIICHA-
piiB, sIKi IPYHTYIOTHCSI HA MOHITOPHHTY 1 IPOrHO3YBaHHI HasiBHOT €KOJIOT1YHOT CUTYAIIil
fi IHTEerpaJbHOI OIIHKY PE3YNIBTAaTIB IIbOTO MPOTHO3Y;

— MOJeNbh NOBHHHA TOTYBaTH HAyKOBO OOTPYHTOBaHI pillIeHHS H MOXKIIHBOCTI
0o0OpaHHS pallioHAILHUX PETYITIOBAILHUX 3aXO0/IiB, Y TOMY YHUCII i OTIEpaTUBHUX, 31 3HHU-
JKCHHSI HETaTHBHOTO Ta PYHHIBHOTO BIUTUBY €KOJIOTICTHYHOT CUCTEMHU Ha HABKOJUIIHE
cepeIoBHIIE 1 3amo0iranHs omy.

CkJiaiHe MpOCTOPOBE CEPEIOBUIIIE MOPCHKOTO IOPTY OPMYETHCS B ITPOIIEC] PO3BU-
TKY BUPOOHHYHUX, TEXHIYHUX, COIIaTbHUX, EKOJIOTTUHUX 1 TEXHOJOTIYHUX BUMOT CyJac-
HOCTI ¥ 3arajioM sBIIsi€ COOO0 CreNU(IUHMIA BHUJI OTOYCHHS, SIKHH MPOTHCTABICHUN
NPUPOTHOMY HABKOJUIIHBEOMY CEpeOBHILY. MOPCHKHUI MMOPT XapaKTePH3YEThCS BUCO-
KOI0 KOMIAKTHICTIO, IIUTBHICTIO OCBOEHHS TEPUTOPIH 1 KOMYHIKAIIHHOO HACHYEHICTIO
TepuTOopii. EKOHOMIUHMIA MPOCTIp MOPCHKOTO MOPTY MOKHA PO3AUTUTH HA MiJICUCTEMH
BUPOOHUIITBA i CIIOXKMBAHHS, a 3B’S13KOM MK HUMU Oy/ie TPaHCIOPT sIK, BIACHE, MOP-
CBKOTO TIOPTY, TOOTO BHYTPINIHIN TPaHCHOPT, 1 30BHIIIHIN, HA SIKOMY BaHTaxi MpHOY-
BalOTh JI0 MOPCHKOTO TOPTY 1 3 SIKOr0 BUBO3AThCs. KojkHa 3 mificucTeM, K 1 TPaHCIIOPT,
HaIpsIMy BUKOPUCTOBYE MPHUPOIHI PECypCcH i yTBOPIOE BIIXOMU: MaTepialibHI BIIXOIH,
TOOTO BiJIXOJM Y BUDIJISA/II MarepiajibHUX CyOCTaHIIIN, IKi BUKHIAIOTHCS B MOBITPS, CKH-
JIAIOTHCSL Y BOJOWMM, PO3MILIYIOThCS Ha 3eMJIi a00 3aKOMYIOTHCS B 3E€MITIO; BiIXOIH
EHEPreTUYHI y BUIVISAL TeIlla, IIyMiB, MarHiTHUX IOJIIB, BiOpalliid, paaioaKTHBHOCTI,
BUITPOMIHIOBAaHHS TOIIIO.

VY 3anpornoHoBaHii EKOJOTiCTHYHIN MOjeni MOpPCHKOrO TOPTY (YHKIIOHYIOTH
rOCIO/IapIooYi cy0’€KTH, BIIACHE, CAMOTO IOPTY, MiIPUEMCTBA pi3HOI GopMU BIac-
HOCTI ¥ IJILOBOTO MpU3HAYEHHs. BaHTa)kHI NMEPEeBE3CHHS IIMX CKJIAJHUKIB €KOJIOTIC-
TUYHOI CUCTEMH 3HAYHO BIUTMBAIOTh HA CKOHOMIYHY, COIiajbHY Ta CKOJIOTIYHY CHUTY-
aIfiro B CaMOMYy MOPCBKOMY TIOPTY ¥ CHUTYAIlit0 MiCTa, JIe PO3MIIIIEHO MOPCHKHIT MOPTH,
i cutyamito teputopii. TakuM YWHOM, BiJi pOOOTH IMX TOCIOJAPIOIOYUX Cy0’€KTiB
(bopMyeThCs piBHOBara €KOJOTIYHOT 1 TPaHCIOPTHOI Oe3Neku 3a YMOB €(EKTHBHOTO
(YHKIIIOHYBaHHS BCI€l CHCTEMU. 3 0ararboX JOCIIKCHb CKOHOMIYHHUX 1 COI[IaJIbHUX
SIBUIII, BIACTUBOCTEH NMPUPOTHUX 1 TEXHOTEHHUX KaracTpod, po3mominy 30MTKiB Bij
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HUX MOXKHA 3pOOUTH BUCHOBKH, 10 80% €KOJIIOTIYHMX 30MTKIB BUHUKAIOTH i3 20% BaH-
TaXHUX mepeBe3eHs [27, ¢. 131].

Y pobori [26] T. KoBTyH HaBeeHO MPUHIIMIHN, 32 AKUMU (QYHKIIOHYIOTh €KOJIO-
TICTUYHI CHCTEMH, a caMe: JIBa MPHHIUI eKOJIoTii (MiHIMANBbHUI piBEeHb CIOKHWBaHHI
pecypciB 1 MiHIMaIbHUHN JEeCTPYKTUBHHN BIUTMB Ha JOBKULIS; 1 CiM MPUHIUIIIB JIOTiC-
TUKH: HEOOX1THUH TOBApP/TIPOYKT, HEOOX1HOT AKOCTi, Y HEOOXiHIH KIIBKOCTI, 3 HEO0-
XIIHUM piBHEM BUTpaT (Ma€ThCsl Ha yBa3i MiHIMaJbHHM PiBHEM BUTpAT), ¥ HEOOXis-
HOMY MiCIIi, y HEOOX1THHI Yac, HeoOXiTHOMY crioknBaueBi. CTOCOBHO €KOJIOTiCTHIHOT
MOJIEJIi MOPCHKOTO MTOPTY aBTOPH BBAXKAIOTh HEOOXIAHUM JIOJaTH TaKi KOMIIOHEHTH, SIK
3pYYHICTH/MOOUIBHICTE 1 OE3MEUHICTh.

J1o MOHATTS MOOITBHOCTI €KOJIOTICTHYHOI MOJIEII MOPCHKOTO MOPTY HPOTOHYEThHCS
JOJYYUTH YaCTOTY TOi3/I0K, 3aBaHTAXKCHICTh TPAHCIIOPTHUX 3ac00iB, HAWOLIBIITY Yac-
TOTY TIOT3/I0K, SIKa CIIOCTEPIraeThCs B Uaci 3a 100y, CE30HHICTh, YMOBHU CEPEIIH, MAETHCS
Ha yBa3l MOBEHI, CHITOBI 3aMETH, OXEJIEeIUIls; MOOLIBHICTh MPOXOKCHHST TPAHCIIOP-
TOM BYJIUISIMH W JIOpOTaMU TEpUTOPii abo MicTa, MOOUIBHICTh MOCTauYaHHS, IO SKOI
aBTOp IMIPOTIOHYE 3aJyYHUTH BiJNPaBICHHS pecypciB, HarmiB(aOpuKariB, FOTOBOT TPOITYK-
ii MPOMHUCIOBUMH MiAMPUEMCTBAMH MICTa, IO PO3TAIIOBaHI B reorpadiyHux Mexax
MOPCBHKOTO TIOpTY ab0 Ha TEepUTOpii, Ky MOPCHKHH MOPT OOCIYrOBYE; MOOLIBHICTD
TPaH3UTY MaTepiajbHUX TMOTOKIB, SKi MMPOXOASATH TEPUTOPIEIO I[HOTO MOPCHKOTO MOPTY
3aJIeKHO Bij rpadika mocradaHHsl.

Indopmartiiina MOOUTBHICTh, SIKA 37aTHA IMIBUAKO JaBaTH MPABIUBY 1 3BaXKCHY
iH(pOpPMAIIiIO OI0 CTaHy JIOPIT, 3aBaHTAKEHOCTI MapIIPYTiB, KITBKOCTI TPAHCIIOPTHUX
OJIMHUIII Ha HUX Y KOHKPETHUI MOMEHT 4acy. [HdopmaniliHi MOTOKH, SIKi IUPKYIIOIOTH
B €KOJIOTiCTHYHIN CHCTEMi MOPCBHKOTO TOPTY, K BHYTPIIIIHI, TaK 1 30BHIIIHI, YTBOPIO-
10Th 1H(opMaliliHy cucTeMy MOOUILHUX TPOLIECIB K CTPYKTYPY, sIKa BMIIIye 00’ €KTH,
MPOIIEYPH, IIPOLIECH, TEXHOJIOTIT i TIEPCOHA, 110 3’ €THAaHI iH(POPMAIIITHAM ITOTOKOM.

Exomorictuyna Mozenb MOPCBKOTO TOPTY, TaKAM UYHHOM, SBISIE COOOIO
B3a€MOIIOB’sI3aHy CYKYIHICTb 11 CKIIaHUKIB, X (QYHKIIT if KepiBHI BIUTUBH, sSIKa BU3HA-
Ya€EThCs IUTICHICTIO M PO3MIIBHICTIO, HAIBHICTIO 3B’SI3KiB, OpraHi3alli€ro, IHTEIpOBa-
HUMU BJIACTUBOCTSIMH. L[ITICHICTD 1 pO3ALIBHICTh €KOJOTICTUYHOT CHCTEMH MOPCHKOTO
MOPTY O3HAYAE, IO BOHA SIBIISIE COOOI0 €IMHY CUCTEMY, a 3 IHIIOTO OOKY, y Hii MOXKHA
BUJIUJISITH M aHAUTI3yBATH MMiJICHCTEMH TPAHCIIOPTHUX 00’ EKTIB.

SIK MOKa3HUK MUIBHOCTI W PO3AUILHOCTI €KOJOTICTUYHOT CUCTEMH MOYKHA 3aIpOoIio-
HyBaTH BUKOPHUCTOBYBATH CTYIiHb BKJIIOYEHHS MiACHCTEM y cucTeMy 7. Crmparouuch
Ha pe3yJIbTaTH, 0 BUKIAJICHO B MoHOTrpadii [27, c. 140] 3 mocuaaHHSAM Ha JpKepesa
[28; 29; 30], aBTOpH IPONOHYIOTH NMPUIHATH YMOBH, SKIIO:

T > 0 — nigcucTeMa BKIIFOYEHA JI0 €KOJIOTICTHYHOT CUCTEMH MOPCBKOTO TIOPTY i po3-
IJISIIAETHCS B HOTO reorpadivHiil TepuTopii B Horo Mexax;

T <0 — migcucremMa HE HAJIEKHUTD EKOJIOTICTHYHIA CUCTEMI MOPCBKOTO HOPTY;

T = 0 nONOKEHHs MiJICHCTEMH HE BU3HAYEHO.

Taxkwuii miaxia 1a€ MOXKIJIMBICTh aHATI3yBaTH i OLIIHIOBATH 3aMKHEHHI Ta PO3IMKHEHHI
BJIACTHBOCTI €KOJIOTICTUYHHUX CUCTEM IIPOMHUCIIOBHX 1 MYHIIIUITATbHUX 00’ €KTIB.

BucnoBku. LupkynsipHa ekoHOMIKa Mae JiBl IPUHIIUIIOBI OCOOIUBOCTI B MPOIIEY-
pax eKOJIOTIYHOTO YIpaBIiHHS MOPIBHIHO 3 monepenHimMu. [lepina ocoOmuBiCTh mos-
rae B TOMY, IO BCi MPOIEAYPH €KOJIOTIYHOTO YIPABIiHHS MOCTIIOBHO HAOIMKAIOThCS
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1o yHiikarii, MaloTh CTaHAapTHUIA HAOIp NiH, sIKi BiZIOYBarOTHCS B KOHKPETHIH MOCITi-
JIOBHOCTI. SIKIIO paHillle CTaHAapTU3AIIl MiISIrajgo CTaHOBUIIE BUPOOHUYOT CUCTEMH,
TO 3apa3 cTaHAapTH3allii MiJIATaloTh MPOLECH, SKI XapaKTepU3yIoTh TIEpeXiJ OJHOTO
CTaHy CHUCTEMH B IHINHWH, [0 Kpallle MiJisirae J0CTIKSHHIO 3 TOUKH 30Dy JIOTICTHY-
HOTO TAXO.Y.

Jpyra ocoOIuBICTh TONISITa€ B TOMY, IO SIKIIO PaHIlle BKUBAIMCS 3aXOAW HIONO
TOTO, MO0 OMHHYTH a00 BOEPETTHCS BiJ] €KOJIOT1YHO HECTIPUSITIIMBUX 3MiH Y BUPOOHU-
4iif CHCTEeMi, HalPUKJIaJl, MOPCHKOTO TIOPTY, TO 3apa3 aKIEeHT POOUTHCA Ha TOMY, 1100
3MiHM B BUPOOHUYMX CHCTEMax HE MaJlll HECTIPUATINBI TeH/ICHIIIi PO3BUTKY IOJIIH.

Po3po06nieHo KOHIEMIIiF0 eKOJOTiCTHYHOI MOJENi MOPCHKOTO TOPTY, sika Hallivye
B3a€MOIIOB’s13aH1 MK COOOI0 YOTHPH CTpaTeETii: JIBl €KOJOTIUHi, eKOHOMIYHY ¥ COIli-
aNbHy. 3aIpONOHOBAHO BUMOTH JIO €KOJIOTICTUYHOT MOJIEN MOPCBKOTO TTOPTY, 4epes3 Ky
3a0e3Meuy€eThCsl PETYIIOBAHHS SKOJIOTIYHOT CHTYAIil 1 JIOTICTUYHUX 3aB/IaHb MOPTY 5K
00’eKTa TPaHCHOPTHOI rajy3i, a came: TMOBHA U ajekBaTHa iH(OpPMAIlT 00 EKOJIo-
TiYHOI cUTyalii Ha TEpPUTOPii MOPCHKOTO TOPTY W MPHIETINX JO0 HhOTO PaliOHIB; Ha
OCHOBI MOCTIHHOTO MOHITOPUHTY E€KOJIOTIYHOT CUTYyallii MojieTb POpMYe TOCHThH TIOBHY
MHOXKHMHY aJIBTepPHATUBHHX CIIEHAPIiB Ta OI[IHIOE PE3YJABTAaTH [[LOTO MPOTHO3Y; PE3Yiib-
TaraMu poOOTH MOJIENTi € HAYKOBO OOTPYHTOBAHI pillIeHHS i MOKITMBOCTI 0OpaHHsI palli-
OHAJIBHUX PETYIIOBAILHUX 3aXOJIiB 31 3HIKCHHS HETATUBHOTO Ta PYHHIBHOTO BIUIUBY
EKOJIOTICTHYHOT CHCTEMH Ha HaBKOJUIITHE CEPEIOBHILE 1 3aIT00iranHs iomy.

3anpornoHOBaHo BXKE HAsSBHI MPUHIMIK (DYHKIIOHYBaHHS €KOJIOTICTHYHHUX CHCTEM,
a caMe: MiHIMQJIbHUH PIBEHb CIIOKUBAHHI PECYpCiB i MIHIMAIBHUI JNECTPYKTUBHHN
BIUIMB Ha JOBKIJUIS, HEOOXiTHHN TOBAp/MIPOMYKT, HEOOXIMHOI SIKOCTi, y HEOoOXiaHil
KiJIbKOCTI, 3 MiHIMAQJTBHUMH BUTpaTaMH, Yy HE0OXiTHOMY MiCIIi, Y HEOOX1THHIf yac, HeoO-
XIJJHOMY CIIO)KMBa4€B1 — JIOTIOBHUTH KOMIIOHCHTaMHU 0€3MEeYHOCTI i MOOIIBHOCTI.

JloBeneHo, 1110 SKOJIOTICTUYHA MOJIEIb MOPCHKOTO MOPTY € H IITICHOIO PO3/IICHOI0
cucTeMaMu. SIK TOKa3HMK HIJBHOCTI ¥ PO3MIIBHOCTI €KOJOTICTUYHOI CUCTEMH 3aIpo-
MOHOBAaHO BUKOPHUCTOBYBATH CTYIiHb BKJIIOYEHHSI ITIZICUCTEM Y CHCTEMY.
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Summary

Introduction. Some mathematic models of project management encounter the
need for determining the maximum radius of hypersphere immersed into a polyhedral
region. The modern mathematic tools of the optimization theory in conjunction with
application of computer technology allows for solving nonlinear optimization problems.
However, linearization of complicated nonlinear problems keeps being permanently
feasible. Such a simplification enables using exact classic methods of optimization
solution as opposed to approximate ones for nonlinear optimization. We have to set a
task of rigorous mathematic reduction (linearization) of a polydimensional nonlinear
optimization problem on immersion of a maximum-radius hypersphere into a convex
polyhedral region. Let us have a closed polyhedron provided by a system of linear
algebraic inequalities. The maximum-radius hypersphere is to be placed into the closed
polyhedron region. Purpose. The article provides analysis of a model on determining
the maximum radius of hypersphere placed (immersed) into a polyhedral region (a
convex set restricted by straight lines) that enables taking account of a big set of factors
including the following: Project Integration Management, Project Scope Management,
Project Quality Management Project Time Management, Project Cost Management,
Project Communication Management, Project Procurement Management and Project
Risk Management. Result. The model has proposed rigorous mathematic reduction
(linearization) of a nonlinear optimization problem on placing a maximum-radius
hypersphere into a convex polyhedral region, to a linear optimization problem. Thus,
the problem on placing the maximum-radius hypersphere within a polyhedron shall be
formulated as a linear optimization problem. Conclusions. It has been rigorously proven
that the problem on immersing the maximum-radius hypersphere into a polyhedron can
be represented as a linearization problem. The problem has been reduced to a classical
linear optimization problem soluble by known methods. The proposed approach is
generalized on an arbitrary finite dimensionality problem.

Key words: project lifecycle, hypersphere, polyhedron, linear optimization.
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Anomauisn

Bcemyn. 'V Oeaxkux mamemamuyHux Mmooensx YNpAaeniHHA NPOEKMAMU BUHUKAE
nompeda 6CMAHOBNIEHHs MAKCUMATbHO20 paoiycy cinepcgepu, 3amypenoi 6 noiie-
opanvuy 2anyzs. Cyyachuti MameMamudrut anapam meopii onmumizayii cymicHo i3
3ACMOCYBAHHAM KOMN TOMEPHUX MEXHON02Il 0A€ 3M02Y PO38 A3y8amu HeIHIlHI 3a0ayi
onmumizayii, ane 3a624cou iCHye OOYiNbHICMb JiHeapu3ayii CKIAOHUX HETHIIHUX 3A0aXy.
Take cnpowjennsi 0ae 3mMo2y 8UKOPUCMOBYBAMU MOYHI KIACUYHI MemooUu ONmumisa-
YIliHO20 p036 513Ky, HA GIOMIHY 610 HAbIUdICEeHUX, O HeainiliHol onmumizayii. [locma-
BUMO 3AB0AHHS CIMPO2020 MAMEMAMUYHO20 386e0eHHs (iHeapu3ayii) baeamosumipHol
HeNiHIUHOL 3a0aui onmumizayii npo 3aHypenHs. 2inepcgepu MaAKCUMATbHO20 Paodiycy
8 ONYKJIy OLIAHKY muny noniedpy. Hexail maemo 3amxHenull noniedp, nooanuil cucme-
MO0 NIHIUHUX aneebpaiunux HepisHocmetl. Y OiAHYI 3aMKHEeH020 Noaiedpy HeoOXiOHO
posmicmumu 2inepcghepy maxcumanoHo2o padiycy. Mema. Y cmammi npoananizosano
MOOeb YCMAHOBIEeHH MAKCUMAIbHO20 padiycy zinepcepu, posmiweroi (3anypeHoi)
VY noniedpanbHy OLAHKY (ONYKIY MHOJICUHY, OOMEMNCEHY NPAMUMU JIHIAMUY), KA 3a6e3-
neyye 8paxy8anHs GeiuUKOl MHOJNCUHU (DaKmMopis, ceped AKUX — YNpPAelinHA iHmespa-
yiero (Project Integration Management); npeomemna dinsnka npoexkmy (Project Scope
Management),; ynpasninns sxicmio (Project Quality Management), ynpaeninus uacom
(Project Time Management); ynpasninnus eapmicmio (Project Cost Management),
ynpaeninusa komyHikayisimu (Project Communication Management); ynpaeuinus KOHmp-
akmamu (Project Procurement Management); ynpaeninna puszuxamu (Project Risk
Management). Pezynomamu. Y mooeni 3anponoHosano cmpoze mMamemamuyme 3ge-
OenHsl (nineapuzayis) HeniHiHOL onmumizayiinol 3a0aui npo pozmiwents 2inepcgepu
MAKCUMATBHO20 padiycy 6 ONYKay OLIAHKY Muny nonieopy 00 3a0aui JiHiHOI onmumi-
sayii. Taxum uunom, 3a0aua npo posmiujents cinepcghepu Hatlbiibulo2o padiycy 6 noi-
eopi opmynroemvca Ak 3adava niniiHoi onmumizayii. Bucnoeku. Cmpozo 0ogedero
MOHCIUBICIND JiHeapu3ayii 3a0aui npo 3aHyPeHHsL 2inepchepu MakCUMaibHo20 padiycy
v noniedp. 3adauy 36e0eHo 00 KAACUYHOI 3a0aui TiHiUHOI onmumizayii, axa modce obymu
D038 °A3aHA BI0OMUMU MemMOoOaMU. 3anponoHO8anuil NiOXio y3a2aibHIOEMbCs HA 3A0a4i
008INbHOI CKIHYEHOT 8UMIPHOCHI.

Knrouoegi cnosa: sicummesuil yuka npoexmy, einepcgpepa, noiaiedp, aiHiuHa onmu-
Mizayis.
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Introduction. In the modern information society, most ideas are implemented
through the use of the project management methodology. This specific approach ensures
reasonability of both the time and the resources expenditure. The project management
methodology keeps being developed and improved. The range of project management
methods is rather wide. The model approach is ever more frequently included in the
methodology.

Problem statement. Many mathematic models describing stages of project manage-
ment encounter the task of mandatory use of as many certain factors as possible.

Modeling of lifecycle of a project, particularly of a project on using agile methodolo-
gies, frequently encounters the need for taking account of a set of factors a part of which
is determined in the PMI PMBOK standard as 9 function areas of the management:

1) Project Integration Management;

2) Project Scope Management;

3) Project Quality Management;

4) Project Time Management;

5) Project Cost Management;

7) Project Communication Management;

8) Project Procurement Management (contracts) and;

9) Project Risk Management.

This approach contributes to avoiding a sudden and premature finish of a project
without achieving its objective, except for cases when it is decided to stop implementing
a project prior to its scheduled finish.

In this situation, we can see appearance of the need to resolve the problem of max-
imizing the coverage of the project management area with such factors, provided that
there are some effective constraints. Such approach can be modeled as determining the
maximum radius of a hypersphere placed (immersed) into the polyhedral region (a con-
vex set restricted by straight lines).

The state of the art review. Modeling in the area of project management is used in
many researches. Thus, the article proposes a model of evaluating competences of orga-
nizations acting in project, program and project portfolio management [1].

The model of efficient formalization of processes interacts on the project level. The
effect of project portfolio complexity on the procedure of such formalization has been
analyzed in the article on the level of portfolio [2].

At the same time, modern mathematical tools of the optimization theory [3; 4; 9] in
conjunction with using computer technology allows for obtaining approximate solution
of nonlinear problems. However, it is always reasonable to linearize complex nonlinear
problems. Such simplification allows for using accurate classic methods of optimization
solution as opposed to approximated ones for nonlinear optimization [10; 16].

Research objective. The objective of the research consisted in rigorous mathematic
reduction (linearization) of a nonlinear optimization problem on placing a maximum-ra-
dius hypersphere into a convex polyhedral region, to a linear optimization problem.

Statement of basic material. Let us consider the general statement of the problem.
Development of an IT project provides for formulation of hypotheses each of which is
to be described and analyzed, contributing to adaptation of the project to customer’s
requirements and taking account of as many factors as possible to facilitate its efficient
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implementation. The stage of project formation includes grounding the need for involv-
ing a set of factors containing, in addition to those indicated above (according to PMI
PMBOK standard), the following: possibility of technical realization, environmental
impact, market efficiency, institutional acceptability, social aspects, financial and eco-
nomic value. It is a difficult problem to determine the elements of such a set. For its
solution, it has been proposed to use a problem on placing a maximum-radius hyper-
sphere into convex polyhedral region, reduced to a linear optimization problem.

In the finitely measurable real linear space R" consisting of a set of factors having

effect on efficient implementation of the project, let us have a closed polyhedron €2,
provided by a system of linear algebraic inequalities

a,x,+a,x,+...+a,x <b,

Ay X, + 0y X, +...+a,, x, <b,,

---------------------

a x+a,x,+...+a, x <b ,

x,20,x,20, ..., x,20.

In the region Ql c R", we need to place the hypersphere with the biggest radius.

For R?, it will be a circle, and for the three-dimensional space R3? — it will be a

sphere. For a two-dimensional case, let us perform a graphic interpretation of the prob-
lem (Fig. 1).

x+a,x, <b,

m2 m

x 20, x,20.

¥

Fig. 1. Graphic interpretation of the problem

Let us have X, X, — as coordinates of the center of circle, and X, — as its radius.
We introduce designations for boundaries of semi-planes provided by inequalities of
the system ®, : @, X, +a,, X, =b,. The normal equation of boundaries of the semi-plane

provided as a;X, +ad,Xx, < b, 100ks as follows:
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-siqn(b,)a,, ‘4 -siqn(b,)a,, 0
> > 1 > > » TP =
\/an +a, \/an +a,

We know that inserting coordinates of a point into a normal straight-line equation

shall be its deviation & from the straight line. As the circle center point C(x,,X,) is to

be located in semi-plane @, X, +4a,, X, < b, , its deviation

_sian(ba,  =sian(b)a,

8 1 X, =D
Ja& +a Ja&& +a
and the circle radius constitute the inequality
d+x,<0.

We have the following statement: semi-plane 4,X, +4a,, X, < b, is sure to comprise

a circle with center at point C(x,,x,) and with radius X3, in case of completing the
inequality

a,x, +a,,x, + x,\/(a,)’ +(a,)’ <b,

1

In view of this, the problem on maximum-radius circle located in polyhedron shall
be formulated as a linear optimization problem [3; 4; 9].

W, = x; > max

2 2

ayx, +a, X, +x3\)(a”) +(a,)” <b,
2 2

ay X +ay X, +x3\/(a21) +(ay)” <b,,

Q,:

2 2
auX +a,,Xx, +x3\/(am1) +(a,,)” <b,,
—-x,+x,<0,

-x, +x, <0,

x 20, x,20, x;=20.

Model example No. 1
Polyhedral region is specified by the system of linear inequalities

=5x,+12x, <60,
| 7x +24x, <168,
V4w, -3x, <24,

12x, +5x, <120,

x,20, x,=0.
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We need to find coordinates of the center and the radius of the circle biggest in area

and placed in region €2 .

According to the procedure proposed, we set up a linear optimization problem, i.e.
a standard problem of linear optimization. The target function and the set of constraints
shall look as follows:

W, = x; = max

—5x, +12x, +13x; <60,
Tx, +24x, +25x, <168,
| 4x —3x,+5x; <24,
Pl 12x, +5x, +5x, <120,

—x, +x,<0,

-x, +x, <0,
x,20, x,20, x; =20.

For solving the problem using a simplex method, we move to canonical form of the
problem [16]:

W, = x; - max
=5x, +12x, +13x,+ x, =60,
Tx, +24x, +25x; +x,=168,
4x, —3x, +5x; +x,=24,
12x, +5x, +5x; + x, =120,

- X, +x; +x, =0,

- X, +x; +x, =0,
x, 20, i=12,..,9.

Thus, we have an acceptable reference plan to start solving with use of the simplex
method:

X,=[0,0,0, | 60,168, 24, 120, 0, 0 |,
We carry out calculation by the common simplex method (Table 1).
The respective graphic interpretation of the solution is given on Fig. 2.

From the last simplex table, we obtain the optimum solution X" =3 , X" =3 and

x;pt =3 . Therefore, the maximum-radius circle that can be placed within the polyhe-

dron has a center at point C( 3, 3 ) and radius R =3.
The proposed approach can be generalized on an arbitrary finite dimensionality
problem. Let us, e.g., consider a four-dimensional case.
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Table 1
a; Q3 Qs Q4 Qj @ asg Qs ag
| Basis o B 0 0 1 0 0 0 0 0 0
a, 0 60 -5 1z 13 1 0 0 0 i 0
a; i 163 7 24 25 0 1 0 0 0 o
a: i 24 4 -3 5 i i 1 0 0 0
ar 0 120 12 5 12 0 0 0 1 i 0
g i o -1 o 1 0 0 0 0 1 0
2q 0 o 0 -1 1 0 0 0 0 0 1
a; |#ixg=0 o o -1 0 0 0 0 0 0
a, 0 60 B 1z 0 1 0 0 0 13 0
a; i 163 12 24 0 0 1 0 0 25 o
a: i 24 9 -3 0 i i 1 0 -5 0
ar 0 120 25 5 0 0 0 0 1 -13 0
ay 1 o -1 o 1 0 0 0 0 1 0
2g 0 o 1 -1 0 0 0 0 0 -1 1
a; | WiEny=0 -1 o 0 i i 0 0 1 0
a, i 60 o 20 0 1 0 0 0 -5 -3
a, 0 168 0 56 0 0 1 0 0 7 -3
a: i 24 o & 0 i i 1 0 4 -3
2 0 120 o 30 0 0 0 0 1 1z -23
ay 1 o o -1 1 0 0 0 0 i 1
a, 0 o 1 -1 0 0 0 0 0 -1 1
a; | WiE)=0 o -1 0 i i 0 0 0 1
a, 0 0 0 0 0 1 -5/14 0 0 -152 | 247
a, 0 3 o 1 0 0 1456 0 0 12 | —an
a: i & o o 0 i —328 1 0 134 | -394
2 0 a0 o o 0 0 -15/28 0 1 1344|7571
ay 1 3 o o 1 0 1456 0 0 1/2 w7
a, 0 3 1 0 0 0 1456 0 0 -18 7
a; | Wiks=3 o o 0 i 1456 i 0 1/ 37
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=5x, +12x, <60,
x, A 7x,+24x, <168,
Ly Q:
4x,—-3x, <24,
12x, +5x, <120,
x, 20, x,20.
I—) ' ! X
«

Fig. 2. Graphic representation of the biggest-radius circle inscribed in polyhedron Q,

Model example No. 2
The polyhedron is given by the system of linear inequalities:

X —2x,+4x,-2x, <6,
5x,+6x,—4x,-2x, <2,
x;20, j=12,3,4.

We need to fine coordinates of the center and the radius of the circle biggest in area

9 -

and placed in region Q2 .
We set up a linear optimization problem respectively that shall look as follows:

W, = x; — max
X —2x,+4x,—2x,+5x; <6,
5x,+6x,—4x,—2x,+9x;, <2,
—x, + x5 <0,
-x, +x;, <0,

—X; +x, <0,

-x, +x, <0,
x;20, j=1,2,3,4,5.
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Canonical form of the linear optimization problem
W, = x; = max
X, —2x,+4x,—-2x,+5x,+x, =6,
S5x,+6x,—4x,—2x,+9x,+x, =2,
—x, +x,+x; =0,
—X, +x, +x, =0,

—X; + X, +x, =0,

-x, +x,+x, =0,
x;20, j=1,2,...,1L
Thus, we have an acceptable reference plan
on[ 0,0,0,0,0] 6,2,0,0,0,0 ]6Q2

We carry out calculation by the common simplex method. (Table 2).

Table 2
al (%] Q3 a4 a3 [#]] a7 23 ae o I a2l
| Basis o R ] ] ] i 1 i ] ] i ] i
ay i} & 1 - 4 2 5 1 o o 0 o 0
as i} 2 5 & —4 -z 2 0 1 o 0 o 0
az a o -1 o o 0 1 0 0o 1 0 i} n
as a o o -1 o 0 1 0 0o 0o 1 i} n
2w i} o o o -1 0 1 0 o o 0 1 0
an i} o o o -1 1 0 o o 0 o 1
A, | Eg=0 o o 0 -1 0 0o 0o 0 i} n
au a & 1 3 4 z o 1 o o -5 o 0
as a 2 5 15 — -2 o 0 1 0o ] i} n
az a o -1 1 o 0 o 0 0o 1 -1 i} n
as 1 o o -1 o 0 1 0 o o 1 o 0
au i} o o 1 -1 0 o 0 o o - 1 0
an a o o 1 o -1 o 0 0o 0o -1 i} 1
A | wirg=0 o -1 0 o 0 0o 0o 1 i} n
ag 0 & 1 0 7 2 0 1 0 0 -z -3 o
as ] z 5 0 11 = o o 1 o & -13 o
az o o -1 0 1 o o o 0 1 o -1 o
as 1 o o 0 -1 o 1 o 0 o o 1 o
az o o o 1 -1 o o o 0 o -1 1 o
an ] 1] 1] o 1 -1 0 o u] 0 i] -1 1
4, | wrg=0 o 0 -1 o o o 0 o o 1 o
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Table 2 (Continued)
2 as as a as an a1 as a0 au | au
| Basis | o F i 0 i i 1 0 0 0 i i i
as o & 1 0 0 5 0 1 o 0 2 4 -7
a1 o z s 0 o 9 0 o 1 0 & - | 1
as 0 0 1 a 0 1 0 0 0 1 0 0 -1
as 1 0 0 0 0 1 1 0 0 0 0 0 1
ax ) 0 0 1 0 -1 0 0 0 0 4 0 1
as 0 0 0 0 1 1 0 0 0 0 - 1
A | wixa=0 0 0 0 4 0 0 o 0 o o 1
au o & 10 0 0 0 0 1 o = 2 4 2
as o 2 14 0 0 0 0 0 1 = & - -2
a4 o 0 A i 0 1 0 0 o 1 0 0 -1
as 1 0 -1 0 0 0 1 0 0 1 0 0 o
a ) 0 1 1 0 0 0 0 0 1 1 0 o
as o 0 A 0 1 0 0 0 o 1 -1 o
A | wra=0 - 0 0 0 0 0 0 1 0 0
a2 2 0 0 0 0 0 1 |-s7 [ 487 |7 | &7 | 27
a) 0 17 1 0 0 0 0 0 1a [ -oa| a7 [-27 |-w7
a4 0 17 0 0 0 1 0 0 14 | saa | a7 [-27 |-a7
as 1 17 0 0 0 0 1 0 1a | saa | a7 [-27 |-w7
as 0 17 0 1 0 0 0 0 14 | saa |-a7 [-27 |-17
as 0 17 0 0 1 0 0 0 1a | saa | a7 |-97 |-w7
A, | Wixa= 17 0 0 0 0 0 0 1a | saa | a7 |-20 |-
an 0 24 o 0 o o 0 e | -sue| -38 |-1az] 1 12
al 0 13 1 0 0 0 0 1za | 1za | -34 | 15 0 0
a4 0 13 o 0 0 1 0 vz | owza | 4 | s 0 -1
as 1 13 0 0 0 0 1 1z | 1za | 14 | s 0 0
ax 0 13 o 1 0 0 0 1z | wza | 14 | -ss 0 0
as 0 1 i ] 1 i 0 e | -6 -18 [-34 0 12
A, | Wixg= 13 0 0 0 0 0 vz | wza | 1w | s 0 o
The last simplex table provides the optimum solution
o %, %, 1, %, %, 0,0,0,0, 3 0 |. The maximum-radius hypersphere that can

be immersed into polyhedral region Q2 has its center at point C (%, %, 1, %) and

. _1
radius R = 3

Conclusions. Therefore, the project lifecycle modeling processes need to take
account of a set of factors a part of which is represented in detail in PMI PMBOK
standard. The proposed model based on a problem of placing a maximum-radius hyper-
sphere in a polyhedron allows for taking account of the said factors and can be reduced
to a classic linear optimization problem soluble by known methods. The polyhedron
region is specified by a system of linear inequalities. In this case, the problem on the
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maximum-radius circle placed within the polyhedron is formulated as a linear optimi-
zation problem. Thus we can determine the maximum number of factors that must be
taken into account while developing lifecycle of a certain project.
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Anomauisn

Bcemyn. Ulnaxom nidsuuenns epekmusHocmi 6UCOK00Oepmosux OU3eIbHUX 08U2y-
nie (BO/) € onmumizayia pobomu enemenmie cucmemuy MawjeHHs — 3MEHUEHHS HACO-
cHux sumpam. ITiosuweni gumpamu Ha nPUBi0 MACASHUX HACOCI6 NO8 S13aHi 3 POOOMOI0
08USYHA HA BUCOKOG A3KUX MACNAX, pOOOMOIO HeNpoSpimo2o 08USyHA 1 eKCIyamayis
08ueyHa i3 3a0pyoHenum macisHum ginempom. Ha cmyninv 3a0pyOHenHss MOMOPHO20
MAcna 8NIUBAE PEXHCUM POOOMU OU3ENbHOSO 08USYHA, KIIMAMUYHI YMOBU eKCHILYama-
yii, AKicmb OU3EeNLHO2O NATUBA, MAPKA 3ACMOCO8Y8AHO20 MOMOPHO20 Macia. Mema.
Cmamms npucesuenHa CmMeHO08UM OO0CTIONCEHHAM POOOUUX NAPAMEMPI6 MACTAHUX
Ginompis i ix éniuey Ha eKCniIyamayitiHi NOKA3HUKU MACISIHO20 HACOCA 8 WUPOKOMY
dianazoni uacmom obepmanns. Pe3yrbmamu GuUKOHAHUX OO0CHIONCEHb HABEOEHO
¥ 8uensoi epagiunux sanedcnocmen. Y cmammi npedcmagneno 3aiedxicHOCmi gumpamu
MOMOPHO20 MACA 8 HANIPHY MA2ICMPans, JIHII0 31U8Y Ma 3HAYEHHST NPOOYKIMUBHOCMI
MACASIHO20 HACOCY NPU GUKOPUCTNAHHT HOMUPLOX PIZHUX MoOenell MACTAHUX Qinbmpig:
@M 009-1012005, WL7133, SM 108 i M-019 (3a6pyonenuit). J{ooamxoso ompumano
3ANENCHOCMI MUCKY NICTSE MACTAHO20 HACOCA, NICAsS MACIAHUX Dilbmpie | 3HAUeHHs
NAOTHHA TMUCKY HA MACTAHUX DITbmpax 6i0 yacmomu 00epmants 6xXionoeo 8any mac-
020 Hacocy. Bucnoeku. Y cmammi nicis nposedenns excnepumeHmanbHux 00ci-
02iCeHb KOHMYpPY no0ayi i OYUCHKU MOTMOPHO20 MACIA CUCTEMU MAWEHHS 3 BUKOPUC-
MAHHAM YOMUPLOX MOOelell MACIAHUX (Pinbmpie muny «Spin-on» HaAMu OMPUMAHO
epaghiuni 3anexicnocmi eUMpamu MOMoOPHO20 MACAA MACIAHUM HACOCOM 00 20106HOT
MacnAHOT mazicmpani 1 00 JiHii 31usy. /Jo0amKo8o GU3HAYEHO GNAUE OOCTIONCYBAHUX
DpedcUMi6 Ha po3noodil MUCKY MOMOPHO20 MACIA, WO CMBOPIOEMbCA MACIAHUM HACO-
COM, MUCKY 8 HANIpHill mazicmpaii, nepenady MAcIsiHO20 MUCKY HA O0CHIONHCYBAHUX

© Kypnocenko /I.B., CaBuyk B.II., Bisioycos €.B., 2021
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MAcCIAHUX Qinempax i 3 Ypaxy8auHAM po3piodcenHs Ha Ainii ecmoxmysanus. Ilpeo-
CMasaeni 3a1eACHOCmi 0aomb MONCIUBICMb 30TUCHUMU OYIHKY pOOOmMU 3aN00iAHCHO20
KIAnamy MAcasHoi cucmemu i Cmany Qinempyiouoco eiemenny.

Knwuogi cnosa: sucokoobepmosuii ousenvHuil 08USYH, CUCMEMA MAUeHHs, MOMO-
PHe MACN0, MACTAHUL HACOC, MACTAHUU Pintbmp.

STUDY OF THE INFLUENCE OF THE CHARACTERISTICS OF SPIN-ON
OIL FILTERS ON THE OPERATING PARAMETERS OF THE OIL SYSTEM
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Summary

Introduction. By increasing the efficiency of high-speed diesel engines is to optimize
the operation of the elements of the lubrication sytem to reduce energy consumption
for pumping fluid. Increased energy consumption for the drive of oil pumps associated
with the operation of the engine on high-viscosity oils, operation of an cold engine and
operation of the engine with a dirty oil filter. The degree of contamination of the engine
oil is influenced by the operating mode of the diesel engine, the climatic conditions of
operation, the quality of the diesel fuel, and the brand of the used engine oil. Purpose.
This article is devoted to a bench study of the operating parameters of oil filters and
their influence on the performance of an oil pump in a wide range of rotational speeds.
The results of the studies performed are shown in the form of graphical dependencies.
This article presents the dependences of the engine oil consumption in the pressure line,
the drain line and the oil pump performance when using four different models of oil
filters: FM 009-1012005, WL7133, SM 108 and M-019 (contaminated). Additionally,
the dependence of the pressure after the oil pump, after the oil filters and the value of
the pressure drop through the oil filters on the rotational speed of the input shaft of
the oil pump were obtained. Conclusions. In this article, we have obtained graphical
dependences of the oil consumption of engine by an oil pump, to the main oil line and
to the drain line. Experimental studies were carried out using four models of “spin-on”
oil filters. Additionally, the influence of the investigated modes of the distribution of the
engine oil pressure, which is created by the oil pump, the pressure in the pressure line, the
oil pressure drop across the investigated oil filters and taking into account the vacuum on
the suction line, was determined. The presented dependences make it possible to assess
the operation of the oil system safety valve and the condition of the filter element.

Key words: high-speed diesel engine, lubrication system, engine oil, oil pump, oil
filter.
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Beryn. OnuuM 31 NUIAXIB MiJBUIICHHS €(PEKTUBHOCTI BUCOKOOOECPTOBUX JH3EIIb-
HUX ABuryHiB (manmi — BO/I) € ontumizarisi poOOTH €JIEMEHTIB CUCTEMHU MalleHHS,
a caMe 3MEHIICHHS] HACOCHHUX BHUTpar. [iIBUIIIEH] BUTPATH HA MIPUBIJ] MaCJISIHUX HACO-
CiB TIOB’s13aHi 3 POOOTOI0 JBUTYHA HA BUCOKOB’S3KHMX Macjiax, HEMpPOTPITOro JBUTYHA
(mBUTYHa, y SKOTO HECIpaBHA CHCTEMa OXOJIOKCHHS) Ta EKCILIyaTalli€lo JBUTyHa 13
3a0pyJHEHUM MaciISHUM (iIBTPOM. 32 PEKOMEH/IAIIEI0 BUPOOHUKA JU3CIIBHOTO JIBU-
r'yHa 3aMiHa MaclITHUX (iIBTPIB 3MIHCHIOETHCS TIPU KOXKHIN 3aMiHI MOTOPHOTO Macia,
a came npu 500 ronm. HampaioBanHi. Ha cTymiHb 3a0pyaHEHHS MOTOPHOTO Macia
BIUIMBAE PEXKUM POOOTH TU3EILHOTO BUTYHA, KIIIMaTHYHI YMOBH €KCILTyaTallii, siIKicTh
JIM3ENFHOTO MAIKMBa, MapKa 3aCTOCOBYBAHOTO MOTOPHOTO Macia.

IMocTanoBka nmpoodaemMu. [[ONiTEHIM HAIPIMOM HAyKOBUX JOCIIKSHBD IIOJO ITiJI-
BUIICHHS €(EKTHBHUX MMOKA3HWKIB JBUTYHIB BHYTPIIIHBOTO 3ropstHHs (mani — JIB3)
€ BHBYCHHS BIUIMBY YMOB €KCIUTyaTamii Ha 3a0pyIHEHHsS MOTOPHOTO Macia, BHCHa-
JKCHHS TIPUCAJIOK, 3MiHa HOTO (hi3MYHUX BIACTHBOCTEW 3 METOIO KOpPETYBaHHS periia-
MEHTOBaHOI NIEPIOANIHOCTI 3aMiHH MOTOPHOTO Maciia Ta rnepeseaeHHs J1B3 3 mianoBo-
MOTIEPE/KYBAIBHO CUCTEMH TEXHIYHOTO 00CITyroByBaHHs i peMoHTy (nani — TOiP) na
CHCTEMY 32 peajbHUM TEXHIYHUM CTaHOM. BUKopucTaHHS MacisHUX QibTpiB 31 301Th-
IICHOIO TUIONICIO (BiIBTPYBAIILHOTO MaTepialy 3a0e3euye MOXKIUBICTh pOOOTH 3 TIOZ0-
BXKEHUM pecypcoM. J{Jsi BU3HAYSHHSI ONTHMAIBHUX CTPOKIB TEXHIYHOTO BUKOPHCTAHHS
MacJITHUX (UIBTPIB HEOOXIAHO IOCHIAMTU iX TOJIOBHI EKCIUTyaTalliliHI MOKa3HUKU
B CKJIaJli KOHKpETHUX cucteM MarieHHs BOJ] i BcTaHOBHTH 3a iX XapakTeprCTHKaMU
KpHUTEpii JOIIILHOCTI 3aMiHH.

DopMmyaOBaHHA Wijeil cTarTi. MeToro poOOTH € CTEHI0BI TOCTIIKSHHS POOOUHNX
napameTpiB MacJISTHUX (QUIBTPIB 1 IX BIUTMBY Ha eKCIUTyaTalliiiHi MOKa3HUKH MACISTHOTO
HACOCY B IIUPOKOMY JIiara3oHi 4acTOT O0epTaHHS.

Buxkiaa ocHoBHOTo Martepiany. BiBUeHHS BIUIMBY CKJIaJJOBUX €JIIEMEHTIB CHCTEM
MAIlleHHS] TPOHKOBHX JIBUTYHIB BHYTPIIITHHOTO 3TOPSIHHS, IO XapaKTePU3YIOThCS HasIB-
HICTIO B 1X CKJIaJIi HAYETUICHNX MACIISTHUX HACOCIB (THILY «Spin-ony») i MIOBHOMOTOYHUX
MacisiHUX (QimBTpiB, Ha eKCIUTyaTalliiiHi mapaMeTpl TaKuX CHCTEM, HEMOXIuBe 0Oe3
ypaxyBaHHsI 3MiHU ITapaMeTpiB MaclsiHUX QUIBTPIB y mporieci iX ekcruryararii [1]. Sk
¢binbTpyBaNbHUI Marepian y MacisiHUX (inbTpax 3a3BUYail BAPOOHUKHA BHKOPHCTOBY-
10Th (PUIBTPYBAILHUI TTAITIp, SKUH CKIIAAEThCS 3 HATYPAJTbHUX 1 CHHTETUYHHUX BOJIOKOH
(HampuKJIa/I, oJieCTepH, MOTiaMi/IH), IO MPOMUTYIOTHCS PI3HUME cMoliamu [2]. Y mipo-
eci excruryaranii Bii0yBaeThCsl IPUPOIHE 3a0pyaHEHHS (QUTBTPYBAIILHOTO Marepiaiy,
10 1 MPU3BOAUTH JIO 3MIHHU MPOIMYCKHOT 3AaTHOCTI (DiNBTpa Ta CIIPHYMHSE ITiJBUICHHS
nepenagy THCKY Ha HboMY. OCcOONHBICTIO KOHCTPYKIil QiBTPiB KapTPHIHKHOTO TUITY
€ HasBHICTh 3BOPOTHOTO (aHTUAPECHAKHOTO) Ta MepenyckHoro kianasis [3]. [Ipu3Ha-
YEHHSIM aHTUIPCHAXHUX KIIAIMaHIB € MPOTH/ISl CTIKAHHIO MOTOPHOTO Macia 3 (ijbTpiB
y TiepioJ] 3yNUHKW JIBUTYHA. [lepenyckHi KlamaHu MPU3HAYEHO JUIS PO3BAHTAKEHHS
GUIBTPYIOUMX €NIEMEHTIB i/l Yac MyCKy Ta poOOTH IBUTYHA HA XOJIOJHHX 1, BIITIOBIIHO,
B’SA3KMX Macjax 1 Juist 3a0e3MeueHHs IBUTYHA MAcjIoM MPH 3a0pyaHEHOMY (iIbTpyIO-
YoMy eJieMeHTi. MacIsiHu# (GiUIbTp BUKOHYETHCS B METAJIEBOMY KOPITYCi, III0 OCHAIIIEHO
NPUENHYBAIBHOIO Pi3p0010, Y B OE3KOPIYCHOMY BHKOHaHHI. J0MaTkoBO B cHCTeMax
MaIlleHHs BCTAaHOBJIIOIOTH 3a001KHI KJIallaHu, 110 3a0e3MeuyI0Th MATPUMKY 33JaHOT0
BUPOOHUKOM THCKY Macja B HamipHiid Marictpaii. ToMy LiJIKOM OUYeBUIHUM € TOH (BaxT,
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10 3aCTOCYBaHHS (MiJIBTPIB Pi3HUX BUPOOHUKIB 1 Pi3HI CTyINEeHI 3a0pyaHeHHS QinbTpy-
BaJIBHOTO €JIeMEHTa OyAyTh MPHU3BOAMTH JIO 3MIHH BHTPATH MOTOPHOTO Macja uyepes
HaITipHy MaricTpaib IBUTYHIB. HasBHICTh BUIIEBKa3aHUX €JIEMEHTIB Y CKIIa/li KOHTYPY
moJiayi Ta OYMCTKA MOTOPHOT'O Macjia CHCTEM MAICHHS TPU3BOAUTH 10 HEOOXIAHOCTI
PO3POOKH aJrOPUTMIB A1arHOCTYBaHHS 1X MpaIEe3aTHOCTI i, 30KpeMa, BU3HAYCHHS 1X
MPUMTYCTUMUX (TPAHUYHUX) TapaMeTpiB. AHANITHYHHN OMUC MapaMeTpiB MAacIsHUX
¢dineTpiB 1 1X 3aMiHa B MpOIECi eKCIUTyaTallil He OyAyTh TOCUTh TOYHHMH 0€3 ypaxy-
BaHHSI BUTPATHOI XapaKTEePUCTUKU (IIBTpa B peallbHUX YMOBAaX EKCILTyaTarlii Ta 0co-
OMMBOCTEH TEXHIYHOTO CTaHy MACIISTHOIO HACOCY W HaJlallITyBaHHS 3alo0iKHOTO Kiia-
na"y. BaknmuBuM acnekToM, M0 BH3HAYAETHCS YMOBAaMH CKCIUTyaTallii JAH3eIbHOTO
JIBUTYHA, € TEMIIEpaTypHHUHA PEKUM MOTOPHOTO MacJia Ta Horo B’sI3KiCHO-TeMIleparypHa
xapakrepuctuka (BTX).

po IRANTARYBATHIA
HPYVAIHY

onopia TpyOxa

Nianan

nepenvokmi KpHxa

clacMenr
i rpvnamsanii /
(ST ( ﬂ

EU TR S TRV R T ]

NUIbC
VI HIOBATRHC

Puc. 1. Koncmpyxyis macianoeo ginempy 6anounoeo muny [1]

Jnist mpoBeneHHS TaKUX JOCHTIKEHb Ha 0a31 XepCOHCHKOI Aep:KaBHOI MOPCHKOI aKa-
nemii criBpoOiTHHKaMu Kadeapu eKcIulyaTtauii CyIHOBHX E€HEpreTHYHHX YCTaHOBOK
CIPOEKTOBAHO ¥ BUTOTOBJIEHO CTEHJ JUISl AOCIHIIKEHHS eKCIUTyaTalliiHuX MapaMeTpiB
€JIEMEHTIB CHCTEMHU MAIIEHHs BUCOKOOOEPTOBUX IBUTYHIB BHYTPILIHBOTO 3rOPSHHS,
a caMme KOHTYpY Iojiayi i ounineHHss MoTopHOro Macia [4]. CTeHm0B1 ZOCIiAKeHHS TPo-
BOIMIIUCS 13 3aCTOCYBAaHHSAM LIECTEPEHHOTr0 MacistHOro Hacoca mozaeni 50-140301061
1 KOpITycy MaciisiHoro QinsTpy AnsenabHOro AsuryHa J[-246.4 BupoOHULTBA MiHCHKOTO
MOTOPHOTO 3aBOIY, IO 3aCTOCOBYETHCS B CKJIAAl JU3€Jb-TEHEPATOPHUX YCTAHOBOK,
y TOMY YHCIi # CyAHOBOTO BUKOHAHHA [5].

TexHiyHI TaHI MacaIHOro Hacoca [S] HaBeJAeHO B TabuwIi 1.

BupoOHHKOM YCTaHOBIIOIOTHCS HOPMATHBHI 3HAYEHHS THCKY B CHCTEMi MAalllEHHS
nsurysa J1246.4 0,25...0,35 Mlla npu HOMiHaIbHIN 9acTOTI 00epTaHHs KOJIiHYACTOTO
Basry 1500 xB™! (Ipu mporpiToMy ABHT'YHOBI 10 TEMIEPATYPH OXOJIOKYBAIBHOI PiTUHA
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85...95 °C) [6]. Llett TuCK MOBUHEH OOMEKYBATH 3aI001KHUI KJlamaH, 1110 BCTAHOBJICHO
B KOPITyCi MacisTHOTO (UIBTPY, IIUIIXOM HOTO pEeryIIOBaHHS.

Tabmaums 1
Texniuni 1ani macassnoro Hacoca 50-140301061
IMapametp 3HaueHHs
HowminanpHa yacTota o6epTaHHs Bay Hacoca, XB'! 2800
Tuck mMacia Ha BUXOfi 3 Hacoca, MITa 0,70...0,75
Howminaneaa 00’ emMHa rmogava, Jji/XB 43
IloTyKHICTB, 110 BUTPAYa€ThCS HA MPHBIT Hacoca, KBT He Oinpme 1,1

Y macnsHOMY QiIBTpi IEpenyCKHUH KiIanaH MOBUHEH BiAKPUBATHUCS NPH Iepenaii
Ha HbOMY THCKy Macna 0,13...0,17 Mlla [5].

2

T

&)

Puc. 2. Koncmpyxyis yemanoeku macianozo ginempa: 1 — xopnyc ginempy,
2 — piounHO-MacasHuil menioooMinnuk,; 3 —wmyyep, 4 — npokIaoKa piouHHo-
MACAAH020 MENTOOOMIHHUKA, 5 — NPOMUOPEHANCHUL K1anaH, 6 — nepenycKkHull Kianam
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SAx nociimHl GINBTPU BUKOPHCTOBYBaNHCs (DibTpH, PEKOMEHIOBaHI BUPOOHUKOM
JUIS 1ILOTO TUITY JABUTYHIB, a TX XapaKTEPUCTHUKU HABEJCHO B TaOMHMII 2.

Tabmuus 2
IapameTpu MacassHuX (QinbTpPiB

Ilo3navyennst macasiHux (pinbTpin
Mapamerpu OM

009-1012005 WL7133 | SM 108 | M-019
BuyTtpimmniil giametp 1 71,4 72,0 72,0 72,0
BryTpimmnii giametp 2 61,5 62,5 62,0 62,0
30BHINIHIN TiaMeTp 97,5 95,0 93,0 98,0
Bucora 117,5 181,0 142,0 128,0
CTyniHb OYHUCTKH, MKM <45 12
ITnoma ¢inprparii, M — 0,37
JudepeHuiiHuii TUCK BIIKPUTTS HEeperryc- 0.13..0,17 025 0.25 _
KHoOro knamana, MIla
TuCK BIIKPHUTTS aHTUIPEHAKHOTO KJIalaHa,
MTla 0,10 0,10 0,10 0,10
Tun npueHyBaNBHOI Pi3EOH 3/4-16 UNF

®OineTp Monmeni M 009-1012005 3HaxomuBcs B ekcrutyarailii 70 roauH BiJ 4acy
3allyCKy OU3ENLHOTO JIBUTYHA Ta (JAKTUYHO 3aCTOCOBYBABCS B MPOLEC MpPUIpAIIO-
BaHHs ABUTYHa. [IpM ekcrnepUMEHTaNbHUX JOCHTIKEHHSIX 3aCTOCOBYBaBCS (iIBTp
mozeni M-019, mio BHKOPHCTOBYBaBCs Mmicisg poOOTH Ha IBUTYHOBI MK Tepiofamu
periaMeHTHO1 3aMiHK MOTOPHOTO Macia. Yci iHmm (iabTpy 0 MOMEHTY BCTAHOBJICHHS
Ha JIOCJTITHUH CTEH/| B eKCIUTyaTallii He 3HAXOIMITUCS.

Excrutyarariifini mapamMeTpu CKJIAJHHKIB CHCTEMH JIOCHIKCHO 3 BHUKOPUCTAHHIM
MOTOpPHOTO Macia, mo Mae iHgekcoM B’si3kocti SAE 30. Temmeparypa MOTOpPHOTO
Macia miaTpuMyBanacs B Aiana3oni 84...85 °C.

JocimkeHHs TPOBOIUIIMCS NPY HE3MIHHHUX HaJlAIITYBaHHAX 3alI001KHOTO KJlanaHa
Ta MEPEnyCKHOrO MEPEeTHHY CTEHIOBOTO APOCENs, IO iMiTyBaB BUTPaTy MOTOPHOTO
Maciia yepe3 TpuOOBY3/IH i €JIeMEHTH ABUT'YHA.

lNpopaBniuHy cxeMy CTeHIy HaBeACHO Ha pHcC. 3.

Pesynbsrati mpoBeeHHX OCIIHKEHb HABEIIEHO Y BUIVISII TpadiyHUX 3aJICHKHOC-
Teil. Tak, Ha puCyHKax 4—7 TPENCTaBICHO 3aJEKHOCTI BHTPATH MOTOPHOTO Macia
B HaIlipHy Marictpaiib, JiHil0 3JIMBY Ta 3HAYCHHS MMPOXYKTUBHOCTI MACJISIHOTO HACOCY
[IPY BUKOPUCTAHHI YOTUPHOX Pi3HUX MoJiesel MacisiHUX GinbTpiB. OTpuMaHi 3HaUECHHS
BUTpPaTH MOTOPHOTO Maciia ipu AociimkerHi Ginsrpie @M 009-1012005, WL7133 Ta
SM 108 neMOHCTPYIOTh CXOXi 3aJ€KHOCTI. PO301KHICTE MiX MPOAYKTHBHICTIO Mac-
JISTHOTO Hacoca MPH MaKCUMAaIbHIM JOCHiKyBaHIdH 4acToTi OOepTaHHS MAacisHOTO
Hacoca CTaHOBHUTH 3,51 Ji/xB, 1m0 3adikcoBano Mixk Qinmerpamu @M 009-1012005 Ta
SM 108. AHasi3 BUTpaTHUX XapaKTePUCTUK Y HApHY MaricTpaib i B JIiHIIO 37IMBY MPU
BcTaHoBieHOMY (inbTpi @M 009-1012005 mae 3Mory 3poOHTH BUCHOBOK, IIO BEJH-
YMHA BUTPATH Macia B JIHIIO 3JIMBY 32 paXyHOK OUIBIIOrO HOTO TiAPaBIidHOIO OMOpY
MEPEBUIIy€E aHAJOriuHI 3HaYeHHs ¢inbTpiB WL7133 ta SM 108: 21, 25 n/xB nporu
20,03 n/xB Ta 17,94 n/xs.
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Puc. 3. I'iopasniuna cxema cmendy: D1, D2 — opoceni, PI1, PI2 — sakyymmemp
ma manomemp 6ionogiono;, GP — macnanuii nacoc; FM1, FM2 — eumpamomipu,
V1 — 3anobidicnuti knanan, V2 — 3-x xo0osuii knanau,; V3 — npomudpenaxcHutl Kianau
macasnozo ginempa,; V4 — nepenyckHuil K1anam Macisano2o Qitmpa;
F1 — ginompysanvuuii enemenm; T1 — mepmomemp (Pt100); PT — yughposuti damuux
mucky macna;, T — macaanuil 6ak; LO — noxasxcyux piens macia; H — enekmpuunuii
HazpisanibHULl elemMenm MOMOPHO20 MACld
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Yacrota o6epTaHHA Bany MacnaHoro Hacocy, xs™
Puc. 4. 3anesxcnicms npodyxmuenocmi MacisaHo20 HAcOca ® ma GUMPamu MOMOPHO2O

Macna 8 HanipHy Maciany mazicmpans A i ninito 31u8y m npu 6CMAHOBLEHOMY
macaauomy ginempi @M 009-1012005
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Puc. 5. 3anescnicms npodykmueHocmi Macisano2o Hacoca ® ma eumpamu MOmopHO20o
Macna 8 HanipHy MaciaHy mazicmpans A 1 1inilo 31u8y m npu 6CMAHOBLEHOMY
macnauomy ginempi WL7133
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Puc. 6. 3anedxcnicms npoodyKmugHOCHE MACIAHO20 HACOCA ® MA GUMPATIY MOMOPHO20
Macna 8 HanipHy MAciany mazicmpans A i 1inito 31u8y m npu 6CMAHOBLEHOMY
macaauomy @inempi SM 108
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Puc. 7. 3anesxcricms npodykmusHocmi Macisino2o Hacoca ® ma sUmMpamu MOmMopHO20
Macna 8 HanipHy MAciaHy mazicmpans A i ainiro 31u8y m npu 6CMAHOBLEHOMY
macasnomy ginempi M-019 (3adpyouenuii)
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JlonaTkoBO OTPUMAaHO 3aJIS)KHOCTI TUCKY MiC/Is MAaCISTHOTO HAacoca, MiCisl MACIISTHUX
GUTBTPIB 1 3HaYEHHS 3HWKEHHS TUCKY Ha MaclITHUX (igbTpax Bij 4acToTH oOepTaHHS
BX1JIHOTO BaJIy MacistHOro Hacoca. Lli 3ajeXHOCTi, 1110 OTPUMaHO 3 BHKOPHCTaHHIM
¢inerpa Moneni ®M 009-1012005, npencrasieno Ha puc. 8. Lli 3aiexHOCTI € THITO-
BuMH Ui GuneTpiB Moneneit WL7133 ta SM 108. TTopiBHSHHS IUX 3aJIeXKHOCTEH 13
pe3yipTaTaMy, MO XapaKTepU3yIoTh BUTPATY MOTOPHOTO Macia, YKa3yloTh Ha Te, 10
MOYAaTOK CIIPAIlbOBYBaHH 3alI001KHOTO KJlarnaHa NpuIaJiac Ha 3HaYeHHS YacTOTH 00ep-
TaHHs BXiHOTO Baiy MaciisiHoro Hacocy 1000 xB™'. Ile BupaeHO 3MEHIIICHHSIM HapoC-
TaHHS TUCKY, X04a ITiCJIs YaCTOTH 00epTaHHsI, 1[0 CTAaHOBHUTH 1250 XB™!, moyaTkoBa TeH-
JICHITisI HAPOCTAHHS TUCKY 30epiraeTbcst 0 yactotu odepranus 2500 xB™'. [Togaspiia
3MiHa HAPOCTAHHS TUCKY MOXKE TIOSICHIOBATHCS CIIPAI[bOBYBAHHSIM IEPEITyCKHOTO Kila-
MaHa MacasHOro (igETpa IpH Tepenaay TUCKy 1,75 Kr/cM?, 110 CroCTepiraeThCst micis
yacTotu obepranus 2500 xB™.

[HImy KapTHHY PO3MOALTY TUCKY MOXKHA CIIOCTEpiraTH Jjsi 3a0pyIHEHOTO (ibTpa.
Hacoc BuMymieHuid TpamfoBaTH MpU MiIBUIIEHUX ITapaMeTpax THCKY, BiJIOBIIHO,
MOMEHT CIpaIbOBYBaHHS 3armo0iKHOTO KilalmaHa 3MIleHO B HEpoOOody 30HY YacTOTH
obepTaHHsl MaCIISTHOTO HACOCY CTEHIy. MOMEHT CHpalbOBYBaHHS MEPEMYyCKHOTO Kila-
NaHa Bi/IMOBIZa€ 3HAYCHHIO Mepenaay THCKy 3,0 Kr/cm?, 1o BiAMOBiZAa€e 4acToTi 00ep-
TaHHs Bajy MacisHoro Hacoca 1250 xBl. Takum uyuHOM, (HIKCYEMO TOYATOK YMOB
eKCIUTyarTallii IBUTYHa, TIPH SIKOMY YacTKOBO JIO 3MallyBaHHX BY3JiB HAJXOJUTh HEO-
yuiene macio. Lle, 3BicHO, BIUTMBae Ha IHTCHCUBHICTh 3HOCY TPHOOBY3IIIB JBHUTIYHA,
0COOJIMBO MIANIUITHUKIB KOB3aHHS KOJIIHYACTOrO Bajly, PO3MOALUILHOIO Bajy Ta Taso-
TypOOHarsiraya.

THck macna, , urfom?
*10 urfem?®
e

500 1000 1500 2000 2500 3000

IAMEHHA Ha NIHII BCMOKTYBaHHA,

Poapi
P

-4
Yactota obepTadHA Bany MacnaHoro Hacocy, Xe!

Puc. 8. 3anedscnicmo mucky macnanozo nacoca ®, mucky 8 HanipHiti mazicmpanii m,
nepenady mucky A na macianomy @inempi @M 009-1012005 ma eaxyymy Ha ninii
6CMOKMYBAHHA MACAAHO20 HACOCY ¢
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Puc. 9. 3anexcuicmo mucky macnsanoz2o Hacoca ®, mucky 6 HanipHil Mazicmpanii m,
nepenady mucxky A na macasinomy ginempi M-019 (3abpyonenuii) i 6axyymy Ha niHii
BCMOKMYBAHHS MACTAHO20 HACOCA

T'os10BHOIO 3aMEXKHICTIO, IO XapaKTEPHU3Y€E MPOIYCKHY 30aTHICTh MacisHUX (isib-
TpiB, € 3aJISKHICTD Iepenay TUCKY Ha HUX Bif iX IPOMyCKHOI 3naTHOCTI. CyKyTIHI 1aHi
3alIe)KHOCTI TIpecTaBieHo Ha puc. 10.

%] L =

Nepenag MoKy, Krfcm?

=

=]

B 10 12 14 1a 18 20 22 24

Nogaya Macna B HanipHy Marictpans, nfxe
Puc. 10. 3anescnicmo nepenady mucky Ha inbmpax 3a1excHo 60 ix nponyckHoi

30amuocmi. ® — ¢inomp M-019 (3a6pyonenuit); ¢ — gpinomp WL7133;
m— O®M 009-1012005; A —SM 108
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BucHoBku. Y pe3ynbTari NPoBEICHOIT cepii eKCIIEPUMEHTANIBHUX A0CHIKEHb KOH-
TYpy Nofiadi i OYMCTKH MOTOPHOTO Maciia CHCTEMU MAIlleHHS 3 BUKOPUCTAHHSIM YOTH-
phOX MOJIeNIel MaclsTHUX (PUIBTPIB THITY «Spin-on» OTpHUMaHO rpadidHi 3aJeKHOCTI
BUTPATH MOTOPHOTO Maclia MACISTHAM HaCOCOM, JIO TOJIOBHOT MacJIsTHOT MaricTpali Ta 1o
ninii 371uBy. J{01aTKOBO BU3HAYECHO BIUIMB JIOCIIIKYBaHUX PEXKUMIB Ha PO3IIOILT THCKY
MOTOPHOTO MacJia, 0 CTBOPIOETHCS MACIISTHUM HACOCOM, TUCKY B HaIlipHil MaricTpali,
nepenajy MacisiHOTO TUCKY Ha JIOCHIDKYBAaHUX MACISHUX (QUIBTpax i 3 ypaxyBaHHIM
po3pipkeHHs (BakyyMy) Ha JiHIT BCMOKTyBaHHs. [IpeacraBieHi 3ajeKHOCTI Jal0Th
MOXKITHBICTh 3[IHCHUTH OI[IHKY POOOTH 3armo0iKHOTO KIlallaHa MAacysiHOT CHCTEMH Ta
CTaH QUIBTPYIOYOTO eNleMEHTa. 3aJIeKHICTh Iepenajay TUCKY Ha 3a0pyaHeHoMy (iIbTpi
mozeni M-019 odikyBaHO BiAPI3HAETHCS BiJI IHIIMX JTOCHTIKYBaHUX MoJeel (iIbTpiB
1 BKa3ye Ha HAasBHICTb IMiJIBUIICHUX EHEPTETHYHHUX YTpaT Ha MPUBIJ] MACIITHOTO Hacoca
NP 3aralbHOMY 3HW)KEHHI 1M0jIa4i MOTOPHOTO Maciia B HaIlipHY MaricTpallb CHCTEMHU
MarieHHs. HacTymHi JOCIipKeHHsT TOUIJIBHO MPOBECTH B HANpPsIMi BU3HAUCHHS KpH-
TepiiB JiarHOCTYBaHHS TEXHIYHOTO CTaHy CKJIQJHWKIB KOHTYPY TOJaui Ta OYUIICHHS
MOTOPHOTO Macja CUCTEM MaIICHHs.
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Anomauisn

Bemyn. Y cmammi posensioaromuvcs akmyanvHi numanusa 3a0e3neuenis 6e3asapii-
HOCMI CYOHOBOOTHHS, A MAKOIC BUPTULYIOTbCS NUTNAHHS NOPYULEHHS YMO8 NIABAHHS K
Kame2opii, aKka modxce 3anobiemu asapitiit cumyayii nio yac cyOHOnIa6cmea, anai-
3YIOMbC Kame2opii asapitinux nooditl 3a CMyneHem MmsdiCKoCmi oot | BUSHAYAIOMbCS
OCHOBHI NPUYUHU BUHUKHEHHs asapitunocmi. Memoto cmammi € 00CHIONCEHHS YMO8
be3nexu Mopeniascmea K hakmopy 6e3a6apiunocmi cyOH0800IHHS, A MAKONC NOULYK
WAXi6 NOOONAHHS NOPYUEeHb YM0o8 niasants. Pesynomamu. Misxcnapooni opeaniza-
yii' 3 numans Oe3nexu mopennascmea, maki sik MidchapoOna mopcvka opeanizayis
(IMO), Esponeticoxe acenmcmeo EMSA, Bepecosa oxopona po3sunHymux MopCcbKux
Ooeporcas, acoyiayii CyOHOBLACHUKIE MA [HWUX YUACHUKIE MOPCbKUX Nepese3eHb,
NOCMIUHO 00CAIONHCYIOMb NUMAHHS NIOSUWEHHSI KOHMPOTIO 3d 0e3neKol Ha MOpL.
Ipaxmuxa mopennagcmea noxkasye, wo Oitbwicmy a8apiinux 6UNAOKi6 Mpanisiemovcs
yepes npucymuicms 00cbkoeo gaxmopy. [liosuwenus keanigixayii matiOymuix ogi-
yepis HeoOXIOHO NPOBOOUMU WISIXOM 3ATYYEHHS CYOHONIABHUX KOMNAHIL 00 npoyecy
HABYAHHA 8 HABUANLHUX 3AKIA0AX, HAOAHHS Yeacu (Di3uyHOMY ma ncuxo@izionoeiu-
HOMY 300p08 10, CIMUMYNIOBAHH 3POCMAHNA npecmudicHocmi npayi. Bucnosxku. Taxkum
YUHOM, 00 NUMAHHSL 0e3a6aPItIHOCMI CYOHOB0OIHHS HEOOXIOHO NIOXOOUMU KOMNIEKCHO,
ypaxogyouu 308HIiuHI ma enympiwni paxmopu. Heobxiono e0ockonaniosamu Hopma-
MUBHO-NPABOBY 6A3Y, WO PeclaMeHmye YMO8U Oe3neuH020 CYOHONIABCNEA 3 MEeMmMOoi0
YimKO20 pO3YyMIiHHS Ol 07151 3a0e3neyeHHs 8iI0N0BIOHUX YMOE NIABAHHS 3 ODOKY CYOHO-
8020 exinasicy u aominicmpayii nopmis.

Knrouosi crosa: desnexa cyoHOB00IHHS, NOPYUIEHHSI YMO8 WIAABAHHS, MOPCHKUL
Mpancnopm, Jo0CbKull paxmop.

© JIucuii A.O., Hectepos O.10., [lepeneuyaes C.M., 2021
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Summary

Introduction. The article is devoted to topical issues of ensuring trouble-free
navigation, as well as issues of violation of navigation conditions, as a factor that can
prevent an emergency during navigation, the categories of emergency events are analyzed
according to the severity of events and the main causes of the occurrence of accidents
are determined. Purpose. The purpose of the article is to study the safety conditions
of navigation as a factor of accident-free navigation; search for ways to overcome
violations of sailing conditions. Results. International maritime safety organizations
such as the International Maritime Organization (IMO), the European EMSA, the Coast
Guard of the Developed Maritime Powers, shipowners' associations and other maritime
transport players are constantly investigating the issue of enhancing maritime safety
controls. The practice of navigation shows that the majority of accidents occur due
to the human factor. It is necessary to improve the qualifications of future officers by
involving shipping companies in the training process in educational institutions; paying
attention to the physical and psychophysiological health of seafarers; stimulating the
growth of prestige of labor. Conclusions. Thus, it is necessary to approach the issue
of accident-free navigation in an integrated manner, taking into account external and
internal factors. It is necessary to improve the legal and regulatory framework governing
the conditions of safe navigation in order to clearly understand the actions to ensure
appropriate navigation conditions on the part of the ship's crew and port authorities.

Key words: safety of navigation, violation of navigation conditions, maritime
transport, human factor.

Beryn. CyuacHe CyTHOBOIIHHSI 3aJIMIIIAETHCS MiSIBHICTIO JIFOMWHU B YMOBAX ITiJ[BU-
nieHoi HeOe3neKH. Y CTaTTi BUKIAAAI0ThC Pe3ybTaTh TOCHiKEHHS 3 aKTyaIbHOT IS
MoOpeTyIaBaHHs TeMi JIOACEKOTo (paKkTopy B CyTHOBOIIHHI. AKTYaJ bHICTh TEMH HOJATAE
B TOMY, IIO JIIOACHKUH (haKTop, SK MMOKA3y€e CTATUCTHKA aBapiiHOCTI Ha (JIOTi, YNHUTH
NepeBKHUIA BIUIMB Ha Oe3leKy MOpeIUIaBaHHs. AJie, HE3BaKAlOUM Ha BU3HAHHS
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CBITOBMM MOPCHKHMM CITIBTOBAPHCTBOM JIFOJACHKOTO (DAKTOPY SIK OJHOTO 3 OCHOBHHUX
1 MMO3UTUBHY MUHAMIKY 30UIBIICHHS JIOCII/HKEHb 13 1€l TeMH, MpodiieMa JIFICHKOTO
(dakTopy MOKH 3aJIHIIAE€THCSI HEBUPIIICHOIO.

IMocTranoBka mpoduemu. [IpoGiema Oe3rekn CyITHOIIABCTBA CHOTOIHI € aKTyallb-
HUM TUTAHHSIM Yepe3 BIUIMB JIFOICHKOrO (aKTOpy Ha aBapidHICThH cyiaeH. [IparHeHHs
CYTHOBJIACHHKIB OTPUMYBaTH HaANMpPUOYTOK MPHU3BOAMTH JIO 3POCTAHHSIM aBapiiHOCTI
Ha ¢uoti. [IuraHHs 3amydeHHs B mpodecito MopsKa BUMaralTh 0araroCTOPOHHBOTO
aHaJi3y ¥ iCTOTHHX 3yCHJIb YCIX 3alliKaBJICHUX CTOPIH.

AHaJji3 ocTaHHIX AochaixkeHb i myomikaniin. Huni nuranusaM gociimkeHHs 0e3-
aBapiHOCTI CYIHOBOJIHHS 3aiiMarOThes Oararo BiTUM3HSHUX [1; 5; 9] 1 3apyOiKHUX
aBTOpiB [4; 6]. AHani3 nuX poOIT TMOKa3ye, IO MUTAHHIM OE3MEKU CYIHOIUIABCTBA
MPUIISETbCSL OaraTo yBar, aje KOXKeH DPIiK TPaIUIEThCs BEJMYE3HA KIBKICTh aBa-
piii Ha MOpi, OLIBIIICTE 13 SKUX Yepe3 BILIUB JIFOACHKOTO (hakTopy. CBITOBI OpraHizaitii
3 MATaHb OE3MEeKK CYTHOBOIIHHS [7; 8] y IIOPIYHKUX peropTax HAJAAlOTh CYMHY CTaTHC-
THUKY, sIKa TIOKa3ye€, [0 ChOTO/IHI TaK i He BUPILIICHI TUTaHHs 3a0e3eYeHHs Oe3MEYHOTO
CYIHOILIABCTBA.

®opmyawBaHHsA 1ijeii crarTi. Meroro cTarti € BcebiuHmid aHami3 Oe3neku cya-
HOBOJIIHHSI, BU3HAUEHHS HEOOX1IHOCTI BUKOHAHHS YMOB IJIaBaHHS JUISI ITOTIEPEKEHHS
aBapiiHUX TOIM Ha MOpI; BUSBJICHHS BIUTUBY JIFOACHKOTO (hakTOpy Ha Oe3reKy Mope-
TUTaBCTBA.

Bukian ocHoBHoro marepiaity. 3a0e3rncueHHsT O€3MEKH MOPEIUIABCTBA € OJHIEI0
3 OCHOBHHX YMOB YCHIIITHOT KOMEPIIHOT JisUTbHOCTI CYJICH Y 30BHIIIHBOCKOHOMIUHIH
JUsUTBHOCTI. MI>KHApOIHUH KOIEKC MPOBEIICHHSI pO3CIIiyBaHb aBapiii Ta IHIUICHTIB Ha
MOpi BU3HAYA€E aBapito Ha MOPI SK MO0, IO € PE3yNIbTaTOM Oy/b-sKOT 3 TAaKUX MojiH [1]:

— 3aru0eni ab0 cepil03HOro MOpaHEHHS JIIOAWHH, 3aBIaHUX EKCIUTyaralieo abo
y 3B’S3KY 3 EKCIUTyaTalli€l0 CyJHa;

— yTpaTH JIIOIUHHU 13 CyJHA, 3aMOJiTHOT EKCILTyaTalli€l0 Cy/IHa;

— 3aru0erni, nepeadoauyBaHoi 3arudeni ado 3aJUIIeHHS Cy/IHa;

— TIOUIKOJDKEHHS CYITHA;

— TMOCaJKH CyJIHA Ha IPYHT a00 Mo30aBJIeHHs HOro MOXIHUBOCTI pyxy abo ydacTi
B 3ITKHEHHI;

— VIIKOJDKCHHS, 3aMOisTHOTO eKCIUTyaTalliero abo y 3B 3Ky 3 €KCIUIyaTalli€ro
CynHa;

— 30HMTKY HABKOJIMIIHEOMY CEPEIOBHIIY, BUKIIMKAHOMY YIITKOJKEHHSIMH CyJHa a00
CYJICH, Y CBOIO YEpry, 3aBIaHUX EKCILTyaTaIlier0 CyaHa abo CyIeH.

MixnaponHa Mopcbka opranizamis (mami — IMO), misuteHICTE siKOT 30cepekeHa
Ha MUTaHHAX 3a0€3MeUeHHs OC3IeKH Ha MOpI Ta 3aro0iraHHs 3a0pyJIHEHHIO 13 CyneH
HaBKOJIMIIIHBOTO cepenoBua, po3pobmna Kogeke IMO A.849 (20), sxkuil BU3Ha4ae
KaTeropii aBapiifHUX MOJIiH 3a CTyIeHEeM TSKKOCTI TTOJIIH, sIKi cTanmucs, a came [2]:

— JyXxe cepiio3Ha aBapis (karacTpoda) — aBapis, YHACIIJOK SIKOi cTajacs IMOBHA
3arubens cyaHa, 3aru0elts JIIoNUHI a00 cepiio3He 3a0pyIHEHHS MOPS;

— cepio3Ha aBapis — aBapis, 1110 He KBamiQiKyroTbes SIK Ty>Ke CepiHo3Ha Ta sika CIIpH-
YUHMWJIA TaKi HACIIIKH, sIK TOXexa, BUOyX, [MOcajJKa CyJAHa Ha MIUIMHY, HABaJ, IITOP-
MOBE TMONEPEIKEHHSI, JhOJ0BE MOIIKOIKCHHS, TPILIMHA B KOpPIyci abo mependadyBa-
HUH e(eKT KOpIycy TOIIO0; KOHCTPYKIIHE TTOIIKOKEHHS, Y PE3YIBTaTi SIKOTO CYITHO
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BTPATHJIO MOPEXiIHICTh, HAPUKJIA]], OTPUMAJIO TiIBOJHY MPOOOiHY, 3a3HAIIO MTOJIOMKY
TOJIOBHOTO JIBUTYHA, 3HAYHE MOLTKO/KEHHS )KUTIOBHX MPUMIIIIEHb TOIIO; 3a0pyIHEHHS
Mopsl (He3aJIeKHO BiJI KUTBKOCTI IPOOOiH); TIOIOMKA, YHACHIIOK SIKOi BHHUKJIA HEOOXiI-
HICTb OyKCHUpPYBaHHS a00 JOTIOMOTH OEperoBUX CIyXkO;

— IHIMJCHT Ha MOP1 — BUIAI0K a00 MOIis, BUKJIMKAHI EKCIUTyaTaIliero abo y 3B’ 3Ky
3 eKCIUTyaTalli€lo CyJHa, HACTIIKOM SIKOTO € CIIPUYMHEHHS 3arpO3U CyIHY abo JIIONuHI,
abo B pe3ynbTari SIKHX MOIJIM CTaTUCS CEpPHO3HE MOIIKOKCHHS CyJHa a00 MOPCHKOi
YCTaHOBKH a00 MOIJIO OyTH 3aBJjaHO 30MTKIB HABKOJIUIITHHOMY CEPEIOBHIILY.

[MopyuieHHst yMOB TUIaBaHHS € YaCTUHOO (POpManbHOT OLlIHKK Oe3IeKH, sika Xapak-
TEPU3YETHCS, SIK TPABIIIO, IMOBIPHICHOIO BenmnunHOO [3]. Hampuknan:

— 3a MEXKi MaHEBPOBOT CMYTH ITiJ] Yac MPOXOJKEHHS KaHAIY;

— BXIiJ B aKBaTOPIiO MOPTY Cy/IHA, BEJIMYMHA SKOTO HE BiAMOBIIa€ pO3paxyHKOBiH;

— IIBapTyBaHHS 3 HEIOMYCTUMOIO HIBUJKICTIO;

— IIBapTyBaHHs JI0 MpHYaNy CyIHA 3 HEBIINOBIJHOIO JOMYCTHMUM HaBaHTaXKCH-
HSM BOJOTOHHAKHICTIO;

— PYX CyIHa 3 0CaJKOIO, 110 HE BIOBIa€ ITUOUHAM TTOPTY.

[MopyuieHHIO YMOB IIJIaBaHHS Cy/EH SIK KaTeropii, Mo BilnoBigae 3a Oe3rneKy cya-
HOIUTaBCTBA, HEOOXITHO MPHUIUIATH MaKCUMAIIbHY YBary 4epe3 MOXIIMBICTh 3armo0irT
aBapifiHUM MOJISAM i Yac CyAHOIUTaBcTBa. ONTHMI3allisl TPAHCIIOPTHOTO TIOTOKY 0e3-
MOCePEIHBO 3AJICKUTH BiJl O€3MIEKHM MOPEIUIaBCTBA, a aBapiliHi CHTYAIlii, y CBOO Yepry,
3aBKIU TPU3BOISTH O HEMHUHYYMX €KOHOMIYHMX BHUTpAT 3 OOKY BCIX 3alliKaBIEHUX
y NepeBe3eHHI BaHTaXKy CTOpiH. SIckpaBuii mpukian — KoHTeiHepoBo3 Ever Given koM-
nanii Evergreen Marine B Cyeupkomy kaHaii 23 6epesnst 2021 poky, KA CIIPHYUHHB
3aTPUMKY B KaHaJl Maike Ha THXKIIEHb, CTBOPUBIIHN uepry 3 350 cyneH [4].

[TpobnemMoro ChOTOACHHS B MOPCHKOMY CYIHOIUIABCTBI € T, 1[0 YacTO MOPYIICHHS
YMOB TUTaBaHHS TPUXOBYE MEHEPKMEHT cy/iHa. Lle ToB’s13aH0 3 €eKOHOMIYHHM THCKOM
Ha TIEPEBI3HUKIB 3 METOIO OTPUMAaHHSI JI0JIaTKOBOTO MPUOYTKY. MOYKHA HABECTH OCHOBHI
MOPYIIEHHS, SIKi BUHUKAIOTh YHACIIJIOK HETPaBOMIPHOTO THCKY 3 OOKY 3alliKaBIeHUX
cTopiH [5]:

— HeIOTPUMAaHHS TEXHIKHM OE3IEeKH i/l 4ac MBAPTOBUX 1 OYKCHPHHX OTeparliii;

— IrHOpYBaHHS 3aKOHIB TiIpOAWHAMIKH MPH TUIABaHHI B OOMEKEHHUX YMOBaX, SIKi
MPU3BOATH /IO HABAIB 1 3ITKHCHB;

— 30UIBIICHHS BaHTaXXHOT MapK{ Cy/lHA MpPU ITHOPYBaHHI PO3pPaxyHKIiB MII[HOCTI
KOHCTPYKIIii;

— (hiKTUBHE BUKOHAHHS PO3PaxyHKIB MO0 BH3HAYCHHS METAIICHTPUYHOI BHCOTH
1 OCTIHHOCTI Cy/IHA.

[MopyuieHHsT YMOB TUIaBaHHS Ma€ BJACTUBICTb HAKOIMMYYBAaTH «KPUTHYHY Macy»
[6], ToOTO IepeTBOprOETHCs 3 aBapii B karacTpody. CTaTUCTHYHI aHI OKa3yl0Th, IO
HACJIIJTKOM 8 OpyIIeHb YMOB TUTaBaHHs € 1 aBapis, a 38 aBapiii — 1 karactpoda [7].

HesBaxkaroun Ha TeXHIYHHMH TPOrpec Ta aKTHBHUN PO3BHUTOK iH(OpPMAIiHUX TeX-
HOJIOTIH, CYTHOBOIIHHS € JIsUTbHICTIO B YMOBAax IiJIBUIICHOT HEOE3MEKU AJIs JKUTTS
monuuu. [IIBUAKKA pPO3BUTOK MOPCHKHX IOPTIB, MOCTiHE 301IbIIECHHS KiTBbKOCTI
CyleH 1 30UIbIIEHHS X JEABEWUTY, BOAOTOHHAXXHOCTI W INBUIKOCTI MPHU3BOMAATH JI0
YCKJIaIHEHHS JISUTBHOCTI CydacHOTrO CyAHOBO[IsA. 3a0e3MeueHHs Oe3MeKH MOpEIUIaB-
CTBa CTa€ HEOOXIJIHOI YMOBOIO OXOPOHH XHTTS ¥ cepeloBUINa Bijl 3a0pyJHEHHS Ha
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MOpi. AJNBTEpHATHBOIO HaBiramidHii aBapiHHOCTI € HaBiramiiiHa Oe3MeKy IJIaBaHHS,
TOOTO TaKWil CTaH CyJHAa B KOHKPETHUX OOCTaBMHAX, KOJHU 3a0€3MeUyeThCs MiHIMAIIb-
HUI PU3MK MOCAJKN CyJHAa Ha MUIHMHY, TOPKaHHs I'PYHTY, 3iTKHEHHS 31 IITYYHUM abo
MIPUPOHUM TIEPEIIKOION0, BUXOIY Cy/IHA 32 MEXi BCTAHOBJIEHOi 30HM abo0 akBaTopii
B pe3yJbTaTi HaBiraminHuX MOMHJIIOK.

JIroncbkuid (hakToOp TAKOXK MOXKE CIIPHYMHUTH MOPYIICHHS MpaBuil Oe3MeKu Mope-
TUTABaHHS, a caMe:

— BIJACYTHICTh IUCIUIUIIHU YICHIB €KIMaXKYy;

— HHU3bKa KBaJiQikamis Kajpis;

— HU3BKUI PIBEHb CAMOMEHEIKMEHTY,

— po3ymoBa Ta (i3UuYHA BTOMA;

— IICUXOJIOTIYHA M eMOlLiliHa HECTA0UIBbHICTH TOIIO.

TpamnsoThcsl BUMAAKHU, KOJIH KalliTaHU CyACH i3 0aratopidvHUM craxeMm poOoTH
B MEBHUX CTPECOBHMX CHUTYAIliSIX MiJ| BIUIMBOM €MOIIHHO-TICUXOJIOTTYHHX 1 TICUXO]i-
310J10T19HUX (PAKTOPIB YACTO MPUHMAIOTh MOMUJIKOBI PIIICHHS] B MUTAHHAX O€3MeKH
cynHoriaBcTBa. ToOTO MOBa HJe Mpo MPUCYTHICTH «JIOIChKoro (akropy». Jlrom-
CBKUH (haKTOP CHOTOJHI € TOJIOBHOIO MPUYMHOI0 0araThoxX aBapiil y Mopi, Takux sK
3ITKHEHHS CyJIeH, ocaKka CyJHa Ha MIJIMHY, 3a0pyaHeHHS MOps Touo. OCHOBHIUMH
NpUYUHAMHA BUHHKHECHHS aBapiiiHUX cuTyaliii €Bpormnelicbke areHTcTB0O EMSA BH3HA-
g0 Taki [8; 9]:

— TMOMMJIKOBI Ji1 ekinaxy (Jroacekuii gaxrtop) (67%);

— BiaAMOBH obOnagHaHHs (24%);

— Hebe3neuni peuoBunu (4%);

— morojaHi ymoBu (3%);

— T1pets ctopoHa (3%).

Jo npuuuH, sSKi CIPUYUHSIOTH TIOMHJIKH I1i]] YaC MOPETJIaBCTBa, HAJIEKATh TaKi:

— HenoJiKM iH(popMaliitHO-TeXHIYHOTO 3a0e3rneueHHs (BiCYTHICTH iH(opMallii,
iHpOpMaIliiiHe TepeBaHTaXEHHS, iH(popMaIliliiHa HETOUHICTD);

— 0OMEKeHHsI, 3yMOBIICHI TPOSBAMH 30BHIIIHIX YNHHHKIB (3aCBiYCHHS LIEHTPAIIb-
HOi yacTHHHU ekpaHa cynHoBui PJIC, iHIII nepemkou, BUKIUKaHI T1IpOMeTeopoIoriv-
HUMHU SIBUIIAMH);

— OOMEKeHHs1, BUKITUKaHI €MOI[ITHO-IICUXOJIOTIYHAM CTaHOM EKillaxy;

— HEIOCKOHAIICTh PECYPCiB MIATPUMKY i BUKOHAHHS PUHHATOTO PillICHHS.

HocmipkeHHst yMOB O€3IeKH IJIaBaHHS K (akTopy 0e3aBapiiHOCTI CyTHOBOMIHHS
MOKAa3aJio, 0, He3BKAIOYH Ha JIOCBIJ 1 KBami(iKaIlito CyTHOBOTO eKiMaxy, HEeMOXKIIUBO
HIiBEJIIOBAaTH JIIOACHKUH (DakTop, MIO CIPUYHMHSE OUIBIIICTh aBapiiHUX CHTYAIH i
Yyac BHUKOHaHHS pelicy. Ha nporiec npuiHATTA pillieHb M 9ac pewcy BIUTUBAIOTH TaKi
napamMeTpH, SIK po3yMoBa, eMolliliHa Ta (i3udHa BTOMa, aJanTailis J0 HOBOTO KOJEK-
TUBY i yMOB mpaii, ¢pycTpanis, aenpusaris Tomo. /1o NUsaXiB 3MEHIICHHS BIUTHBY
JIONCHKOTO (hakTOpy Ha aBapilHICTH Cy/IeH 32 YMOBH MOCTiHHOI durykTamnii nporo ¢ax-
TOPY 3aJIeKHO BiJl BIUIMBY BHYTPIIIHIX 1 30BHIIIHIX (aKTOPIB,IOLUIIBHO A0IATH HEOO-
X1IHICTh TOCTIHHOTO MiJBUINEHHS SKOCTI MiJArOTOBKM MaiOyTHiX (paxiBiiB. ChOroaHi
CIIOCTEPITa€ThCsl ICTOTHE 3HWIKEHHSI SIKOCTI IMiJITOTOBKH MOPSIKIB Y BCHOMY CBITi, aie
PIBEHb MiJATOTOBKH YKPaiHCHKHX MOPSIKIB 3aJIMIIAETHCS JOCUTH BUCOKUM 1 TOTHT Ha
BITUM3HSHUX MOPSKIB 3aBKIM MPUCYTHINA HA PHHKY CYTHOIUIaBHOI ramy3i. HeoOxinHo
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JIOJTy4aTH CyJHOIIIABHI KOMIIaHi1 JI0 poliecy HaBYaHHs MaiOyTHIX MOPSKiB, CTUMYJIIO-
BaTW MiIBUIICHHS MPECTIKY Ipalli Ha CyJAHAX [UISIXOM ITiBHICHHS 3apO0iTHUX TUIAT,
aJKe CIIOCTEPIraeThCsl Craj MOMyIsIpHOCTI MOPChKUX Npodeciid. CTaH cTpecy 3aBKan
NPUCYTHIN y IpoIieci BAKOHAHHS MOPSIKOM nipodeciiianx 0608’ s3kiB. [1ig yac npuiiomy
B 3aKJIaJIM MOPCHKOT rairy3i HeoOXiJJHO IPUAIISATH yBary K Gpi3sHuHOMY 37J0pPOB’O, TaK
1 mcuxodizionoriyHoMY, sike cripuaTuMme (HopMyBaHHS IPodeciiHO BAKIMBUX SIKOCTEH,
110, y CBOIO YEPry, CyTTEBO BIUIMHE Ha ()OPMYBAHHS YaCTKH JIFOJICHKOTO (haKToOpy cepen
IHIIIKX, [0 BIUIMBAIOTh HA aBapidHICTb.

BucHoBku. Takum unHOM, yceOIUHUHN aHai3 O€3MEKH CYTHOBOIIHHS ITOKa3aB HE0O-
XIIHICTh BUKOHAHHS YMOB IUIaBaHHsI JUIs 3al00iraHHs aBapiifHUM TONisSIM Ha Mopi,
I0 MOXKHA JIOCSTTH IIUISIXOM 3MEHIICHHS BIUIMBY JIFOICBKOTO (pakTopy Ha Oe3rnexy
MoperiaBcTBa. bopoTs0a 3 aBapiifHICTIO Cy/IeH MOBHHHA IMOYMHATHCS 3 BUIPABICHHS
MaJIeHBKMX HENOJIKIB, SIKi 3a3BHYail CTalOTh TOJOBHUMH Ta BCi pa3oM MOXYTb IpH-
3BECTH J0 KPUTUYHUX HACITIJIKIB Y BUDIIAI KaTacTpod. HeoOxiqHo mocTiiiHO BIOCKOHA-
JIFOBATH HOPMATHBHI JIOKYMEHTH, IO PETIAMEHTYIOTh YMOBH 0O€3IIE€YHOTO CYIHOTLIAB-
CTBa, JUIS YITKOTO PO3YMIHHS Jif 3 METOO 3a0€3MCUCHHS BiAMOBIIHUX YMOB TJIABaHHS
3 OOKy CYTHOBOTO €KiMmax<y i ajMiHiCTpalil MopTiB.
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Anomauisn

Bcemyn. Typoynenmuicmo 6 ammocghepi € 00HUM 13 OCHOBHUX (haAKMOPie puzuKy Oas
aesiayii. Benuxi guxopu, sKi UHUKAOMb Npu 0OMIKAHHI CKIAOH020 penvedy bepecogoi
Micyegocmi ma cmayioHapHux 6epe2osux Cnopyo, a MaKoiC K i AMMoc@epHuLl Cynym-
Hill CIiO 3a agianecyuum cyOHOM, € CepPUO3HOI0 3a2p03010 OJisl JIIMAbHUX anapamie, wo
30TlicHIOIOMb 31iMm ab0 nocaoky. AKmyanvHicmo. 3anexcHo 6i0 00CcmaguH AimanbHuil
anapam, KUl NOMpAnse y UXOPOSULi Cii0 3a CYOHOM, Modice 8i04yeamu CUbHi 30)-
PpeHHsl NIOUOMHOI CUNU, MOMEHMIB KPEHY, PUCKAHHA U maneaxicyioyoeo momenmy. Came
obMmedicen s Y GUXPOBIl be3neyi 8 OCHOBHOMY BUHAYAIOMb MIHIMANbHI OUCAHYIL MidiC
Kopabnem i AimaibHUM anapamom npu nocaoyi. 3nim i nocadka Ha nanydy agiaHOCHO20
KOpaons € HAUCKAAOHTWMUMU pedcumMamu nitomyeants. Memorw 0ocriodxcents € mooe-
JIHOBAHHS OOMIKAHHA HAOBOOHOI YaACMUHU CYOHA NOGIMPAHUM HOMOKOM I (hOPMYBAHHS
KO2EPEHMHUX CIMPYKMYP 810 1i020 Kopnycy t Ha0Oy0os (pyOoK, woai, CneyiaibHux npu-
cmpoig) nio yac pyxy cyOoHa, 1o2o weapmysants abo CMosHKU HA AKOPI, YPaxyeaHHs
BNAUGY XUMABUYT CYOHA HA (DOPMYBAHHSL Tl €8OTIOYII0 KO2EPEHMHUX CINPYKMYP amMmoc-
Gheproeo cynymuvoeo ciidy, oyinka napamempie niugy 30ypeHo20 nomoxy 6id cyoHa
Ha aimanbHozo anapamy. Memoou ma mexnonozii. I1io yac 0ocaiodicens 3acmoco8ano
CimKoGi Memoou po3s sa3aHHs NOUAMKOBO-KPAUOBUX 3a0ai NpUKIAOHOi aepoouHa-
miku (RANS: Reynolds-averaged Navier-Stokes) [2] i mexnonozii wmyunux Heupom-
Hux mepedic [3]. Ompumanuii pe3yrbmam He 8paxo8ye 8 A3K0i CMpyKmypu uxopie ma
«OYIHKU 36EpPXY» CMYNEHs Hebe3neYHOCI 8UXOPOB020 iy 0Jis IMATbHO20 anapamy
6 CynymHvomy crioi kopaons. 3 iHuoeo 60Ky, 8Uxopoeuil Ciio, KU OMPUMAHO CIMKO-
BUM MEMOOOM, Y CUTLY BUCOKOI CXEMOBOT 8 SI3KOCII, YDAXOBYIOUU PUXTIY CIPYKINYDY GUXO-
pis, 0ae 3moecy damu «OyiHKy 3HU3Y». 30Kpema, Ha puc. 6 Cnocmepicacmoves CRAUMmsL
BUXOPOB020 KIACMEPA (8UXOPI8 NPOMULENHCHO20 3HAKY) HA 3HAYHY BUCOMY BIOHOCHO
nosepxti mops. Bucnosku. 1. Cmeopero xomn romepy mooeib 06mikanHs HA0800H020
Kopnycy ma pyoxu cyoHa nogimpsanum nomoxom. 2. Ompumarno epapiuni sanexcHocmi
BNIUBY XUMABUYL CYOHA HA (DOPMYBAHHS CYRYMHBbO2O AEPOOUHAMIYHO20 CIOY 3 CYO-
HoM. 3. Buxonamno oyinky napamempis éniugy 30ypeHo20 nomoxy Ha 1imanvii anapamu
6 CYnymHboMy Clioi 8 ammocghepi 3a cyOHOM.

Knrouoei cnosa: asianecyui yuginohi cyoHa, suxopoguil ciio, OUHAMIKA TiMATbHO20
anapamy.

© Tepauu C.B., 2021
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Summary

Introduction. Atmospheric turbulence is a major risk factor for aviation. Large
vortices that occur around the complex terrain and stationary coastal structures, as well
as the atmospheric associated trail behind the aircraft carrier, are a serious threat to
aircraft taking off or landing. Relevance. Depending on the circumstances, an aircraft
that enters a vortex trail behind a ship may experience severe disturbances in lift, heeling,
Jerking, and pitch. It is the vortex safety constraints that mainly determine the minimum
distances between the ship and the aircraft during landing. Takeoff and landing on the
deck of an aircraft carrier are the most difficult modes of piloting. The purpose of the
study is to simulate the flow of the surface of the vessel by air flow and the formation of
coherent structures from its hull and superstructures (logging, masts, special devices)
during the movement of the vessel, its mooring or anchorage, taking into account the
impact of ship rocking on accompanying trace and assessment of the parameters of the
impact of the disturbed flow from the vessel on the aircraft. Methods and technologies.
The study used grid methods to solve the initial-boundary value problems of applied
aerodynamics (RANS: Reynolds-averaged Navier — Stokes) [2] and artificial neural
network technology [3]. The results does not take into account the viscous structure of
the vortices and the “top-down” assessment of the degree of danger of the vortex trail
to the aircraft in the accompanying trail of the ship. On the other hand, the vortex trace
obtained by the grid method, due to the high circuit viscosity, given the loose structure
of the vortices, allows to give a “bottom estimate”. In particular, in fig. 6 there is an
interweaving of a vortex cluster (vortices of opposite sign) at a considerable height
relative to the sea surface. Conclusions. 1. The computer has a model of the surface
of the surface hull and the cabin of the ship by air flow. 2. Graphical dependences of
the influence of the ship's wobble on the formation of the accompanying aerodynamic
track behind the ship are obtained. 3. The estimation of parameters of influence of the
disturbed trace on aircraft in the accompanying trace in the atmosphere behind the
vessel is executed.

Key words: aircraft vessels, vortex trail, aircraft dynamics.

Beryn. ¥V Ham yac yxe BioMo, 110 TypOyIeHTHICTh B aTMOc(epi € OTHUM i3 OCHO-
BHUX (aKTOpiB PU3MKY Ui aBiawii. Bennki BUXOpH, SKi BUHHMKAIOTh MpU OOTiKaHHI
CKJIaJIHOTO penbedy OeperoBoi MiCIIEBOCTI Ta CTallioHapHUX OEPETOBHUX CIIOPY/I, a TAKOXK
K 1 atMmocdepHuit cynmyTHiH ciif 3a aBianecyunm cynHoM (pani — AC), € cepio3HOIO
3arpo3010 Uil JiTaJdbHUX amaparTiB (gami — JIA), mo 3miicHIOITE 31T a0 MOCaAKy.
Bapto 3a3HaunTH, 110 B Cy4acHOMY CyAHOOyIyBaHHI Bce OiNIbII MPOEKTIB mependaya-
I0Th MOXKJIMBICTh TIOCA/IKH, Oa3yBaHHS i HaBITH OOCIYTOBYBaHHS TETIKONTEPIB: BEIHKI
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TPAHCIIOPTHI CyJAHA — JIJIsl JIOLIMAHCHKOTO CEPRBICY, MPOMUCIIOBI — JIjIsl PHOOIIOIIYKY Ta
IHCTIeK i, MaTpyiabHI — JJIsl Bi3yaJIbHOI PO3BIJKM ¥ IOCTAaHOBKH TiJPOAaKyCTUYHOTO
oOmagHanHs., OIHUM 31 NUISXIB MiABUIICHHS O€3IICKU MOJIbOTY € CTBOPEHHS MOJIEIIOIO-
YHX CUCTEM 1 KOMIUIEKCIB, IKi PealiCTUYHO BiJOOPaKaloTh BIUTHB TYpOYJEHTHUX TEUil
Ha JIA.

IMocranoBka npo6Jaemu. [cTopis aBianiiHUX KaTacTpod Omnucye Gararo MPUKIALIIB,
y AKHX IPHYMHOIO (paTambHOTO pe3yabrary cTajla HerOTOBHICTh ekinaxy JIA 1o cutya-
i1 TOTpaIUISTHHS B 30HU TypOyJIeHTHOCTI sicHoro Heba (nani — TAH). Jlo takux cutyamii
MOKHa BIJIHECTH TIOTPAIUISTHHS Y BUXPOBHIA CITiJl 38 PYXOMHUM CYIHOM, 3pYLICHHS BIiTpY,
armocdepni Buxopu. [Ipu 11bomMy 3aexHo Big o0cTaBuH JIA, 110 MOTpaIUIsSe B HHOTO,
MOKE€ BiJIUyBaTH CHIIbHI 30ypeHHS i JHOMHOT CHJIH, MOMEHTIB KpEeHY, pUCKaHHs i TaH-
raKyro4oro MoMeHTy. [lonepeuHuii NepeTHH BUXPOBOTO CIIiAy HeOe3NeYHUH 3 TOUKU
30py JMHAMIYHMX HaBaHTAKCHb 1 MOXKIIMBOTO TMOIIKO/DKEHHS KOHCTPYKIi JIA. Bigomi
BUTIAJIKW BTPATH JBHUTYHA B pe3yNbTari momajanHs y Buxpoeuit ciin [1]. Came oOme-
JKCHHSI y BUXPOBii Oe3melli B OCHOBHOMY BH3HAYArOTh MiHIMaJIbHI JucTaHmii Mixk JIA
NP TOCa/II i y MiJICyMKY MPOIMYCKHY 3JIaTHICTh JIETOBUINA. 3IIT i IOcajKa Ha naixyoy
aBiaHOCHOTO KOpaOMsl € HalCKIaJHIIUMH PEXUMaMHU MTOTyBaHHS. [Ipu 3ailicHeHH1
TaKWX OIepalliil JIbOTYHK BiIUyBa€ CUIIbHE HABAHTAXXECHHS, TOMY JJOCTOBIpHE MOJIEIIIO-
BaHHS [UX PSKUMIB € OJHHUM 13 BOXKJIMBHX 3aBJIaHb CydacHOi KopaOenbHOT aepoanHa-
MiKH Ta Teopii Oe3MeKH MOJILOTIB.

@opmyaoBaHHs nijei crarri. JlociikenHs nependavae po3s’ I3aHHsI HACTYITHUAX
3aBJIaHb:

— MOJICJTIOBaHHS OOTIKaHHS HAaJBOIHOI YACTHHHU CY/IHA MOBITPSHUM MOTOKOM i (hop-
MYBaHHsI KOTEPEHTHUX CTPYKTYP BiJI HOTO KOpIycy i HanOynoB (pyOoK, mori, crielialib-
HUX MPUCTPOIB) i Yac pyxy CydHa, HOro mBapTyBaHHS a00 CTOSHKHU Ha SKOpI;

— ypaxyBaHHs BIUIMBY XUTaBHIII CyJIHA Ha (OpMyBaHHs i €BOJIOLI0 KOTEPEHTHHX
CTPYKTYp aTMOC(hEpHOTO CYIyTHBOTO CITiAY;

— OIIiIHKa MapaMeTpiB BIUIMBY 30ypeHOT0o MOTOKY Bia cyaHa Ha JIA (Ha mpukmami
TBUHTOKPHITY ).

HaykoBa HOBHM3HA JOCHIPKEHHS TOJNSTAE B YIOCKOHAJCHHI Ta CTBOPEHHI HOBHX,
KOMIUIEKCHHUX IIIXO/IiB 10 MOJICIIFOBaHHS BILTUBY aTMOC(epHOI TypOyJIEHTHOCTI 3a Cy/I-
HOM Ha aepoInHaMIYHI XapakTepucTHKH JIA ¥ OI[IHKH [TUX XapaKTepUCTHK:

— OTpUMATH HOBi 3HaHHS PO XapaKTEPUCTUKU Tedii B aTMOC(epHiil 30HI aBiaHecy-
YHX CyJIeH, CTPYKTYPY 1 €BOJIOIII0 aTMOC(EPHOTO CYITyTHBOTO CITiTy 32 HUIMH 3 Ypaxy-
BaHHSAM BIUTUBY MPODLIIO BITPY, aTMOC(HEPHOI TYypOYICHTHOCTI i XUTABHIIL;

— BU3HAYHUTH aepOJAMHAMIUHI XapaKTEePUCTUKU JOCHTIHKEHOI MOJIENi TBUHTOKPHILY,
KM 311HCHIOE pyX Yy 30ypeHiii Tedii, 110 CTBOPIOIOTH aBiaHecyyi Cy/IHa.

Meroau Tta texmonorii. Ilim 4ac moOCHiIKEHHS 3aCTOCOBAHO CITKOBI METOIU
PO3B’sI3aHHS MOYaTKOBO-KpalioBHX 3a/1a4 npukiaaHoi acpoauHamiki (RANS: Reynolds-
averaged Navier—Stokes) [2] i TexHOJIOTIT IITy4YHUX HEHPOHHUX Mepex [3].

JlocTOBipHICTh pe3ynbTariB 00IPyHTOBY€EThCS BepH(DiKaIliero po3paXyHKOBUX METO-
JIiB 3a JOMOMOTOK METOIY MaKCUMYMIB THUCKY [4] Ta OTpUMaHMX Ha HOTO 0a3i KpUTe-
PpiiB, IPOBEACHHSAM TONEPEHIX MPUKIATHIX PO3PAXyHKIB 32 JOCTATHICTIO KUTBKOCTI
BY3JIIB pO3paxyHKOBHUX CITOK 1 pO3MIpIB PO3PaxyHKOBOI JUISHKH, BUOOPY TOMONOTIi
PO3PaxyHKOBHUX CITOK, OI[IHKOIO alipOKCHMAIlii Ta 301KHOCTI.
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Buxknan ocHoBHOro MatepiaJty. [IoBepXHs rBUHTOKPHITY MOJICITIOETHCS CYKYTTHICTEO
YOTHPHUKYTHHX TIaHENeH 3 pO3MOMUICHUMH Ha HUX JDKEpPeJIaMy i BUXOpaMH IOCTIHHOT
IHTEHCHBHOCTI B Meax maHenmi. Hecydi enemeHTH (ro3eisbKy, KOHCOJIEH, MexaHizaii
MOJICTIFOETHCS MTAHEIISIMHU 31 IIMATKOBO-JIIHIMHUM IO XOP/Ii PO3NO/IJIOM 3aBUXPEHOCTI Ta
[IMaTKOBO-TIOCTIMHUM PO3IOJUIOM JKEPEN i CTOKIB. [ BHHTOKPHI YMOBHO MOMIIIEHO
B «3aMOpOKEHE» TI0JIe MIBUAKOCTEH, sIke OOUUCIICHE 3a JIOTIOMOTOI0 PillleHHS KPaioBoi
3ajadi Jyis piBHSAHHS PefiHonbaca:

ouu. - 9 ou, ouj
T R B K s !
P o ot o PO K| o gy [P ()
ouj, . .
1€ p—— — 3MiHEHHs KiJIbKOCTi pyXy rasy;
X .

J
pf; — Iisl 30BHIIIHIX CHIL;

P, — CUIM TUCKY;
ou; , ouj

po — ITisl 3yCHJIb 32 PaXyHOK B’SI3KOCTI;
X
J

i

—puil’; — TypOyneHTHI HaNPYKEHHS.

[TapameTpu MOBITPSHOTO MOTOKY Ha MOBEPXHi BOAM OyAyTh iCTOTHO BIUIMBaTH Ha
Teuil HaBKOJIO KopaOisi. BapTo 3a3HaumnTy, o0 HasBHI MyOikalii Ha IO TEMY OIMHUCY-
I0Th B OCHOBHOMY TiJIbKH BUITAJKHU MOTEHIIHOTO MPODIiIIO BITPY, KO BEPTUKAILHUH
CUJIOBHH CKJIaJHUK BiJCYTHiH (10otV, =0 ), A€ XapaKTepHCTHKU TypOyJeHTHOCTI MOXKHA
OTPHMAaTH BUKIIOYHO NUIIXOM YHCEIBHOTO MOAETIOBAHHS 33/adi B HECTalliOHApHIN
MTOCTAHOBIII [5], VIS 40ro HEOOXiIHI BEJIMKI OOYHMCIIOBAIBHI MOTYKHOCTI, HIX Ti, SIKi
HaBEIEHO B JOCIIIKEHHI.

VYpaxyBaHHS BIUIMBY XMTaBHIli, CTIHKOCTI Ha KypcCi Ta KepOBaHOCTI KOpalis BUKO-
HAHO B CIpOIIeHii moctanoBui [6]. Take pilleHHS NPHUIHATE yepe3 Te, MO0 MpsMe
YrcelbHE MOJIEIIOBAHHS [[LOTO SBHIIA BUMAra€ BUKOPUCTAHHS TEXHOJOTIH CITOK, sIKi
neQOopMyIOTECS, Ta pealizalii HO4aTKOBO-KpalOBUX YMOB MpH PO3B’s3aHHI HecTalli-
oHapHO 3amadi 1t cucteMu piBHsAHL HaB’e-CTokca, ocepenHeHoi 3a PeitHonbacom
(URANS: The Unsteady Reynolds-Aver aged Navier-Stokes), Tomy yac po3paxyH-
KiB 3HayHO 30inbmyeThes. [Ipu mboMy Moxe OyTH 3HM)KEHA TOUHICTH PO3pPaxyHKiB Ta
icCHy€ HMOBIPHICTb BiICyTHOCTI MOKJIMBOCTI CTBOPUTH JIOCUTH TOBHY 0a3y 3a BiTHOCHO
KOPOTKHUH 4ac.

Came 1e Jae MOXJIMBICTH PO3B’SI3aHHSI OaraToaMCUMILIIHAPHOL 3agadvi, sKka
00’eHye MeToau Teopii kopabms, nuHaMiky atmocgepu (CITKOBI METOAM), aepomau-
Hamiky JIA (Ha mpukiIagl TBUHTOKpHIY) y 30ypeHOMY TOTOLI (MaHEIbHI METOAH),
YrceIbHI METOIU PO3B’SI3aHHS TOYATKOBO-KpalOBHX 3a/1a4 (METOAM CKiIHYEHOTO 00’ €My
Ta TPaHUYHHUX €JEMEHTIB), MPUKIAJAHY MaTeMaTHKy W TEXHOJOTIl ITyYHUX HEHIOHO-
Bux Mepex (LITHM).

Brok-cxema 3ampormoHOBaHOTO METOAY Ta MOTro iHTerpauii B mporpaMHe 3abesme-
YeHHS HaBeICHO Ha puc. 1.

[Ipu po3B’s3aHHI MOENTIOBAHHS 3a/1a4i BUXOPOBOTO CIIiAY 3a JONOMOTOIO AUCKPET-
HUX BHXOPIB Y JOCIIIKEHH] 3aCTOCOBaHO BUXOpH PeHkiHa, Ipodifb MIBUIKOCTI SKUX
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CXEMaTHYHO 300paXEHO Ha PHC. 2, 3 AAPOM CTAIOI 3aBUXPEHOCTI O, Pajaiycy a, 1o
BUKJIFOYA€ 0COOIMBOCTI B IEHTP1 BUXOPY. [y BHYTPILTHIX TOYOK BUXOPY CIPABE/IJIHBE

piBHsHHA [7]:

U—iv=—r
2mi
Moaean
HAIEMHOTO MIAPY
aTMocdepn

—

J‘ dz,

—,
K(n) 20 (z-z,)

2

Anpoxcnmania
mannx (HITHM)

Poapaxynor

Y PEHOTo Mo
meRIKocTeR Big AC
(RANS, URANS)

Pospaxynor
AOTATEOBHY CHI
Ta MOMEHTIB, SIKi

aiwTL BA
reJiikonTep v

5 3

Pospaxynor pyxy
rEHATORPHIY B
3ol AC

iy peromy noai

*

HEBHAKOC TE

]

Biavanizamia Ta

HapameTpn
AnHAMIKE MOpH

obpobra
peivabTaTis

Puc. 1. Obyucniosanvhuii MoOYIb PO3PAXYHKY PYXY 2BUHMOKPUNA
6 mypOyieHmHill 30HI KOpaosa

. . . .. dz, ;
e K (ro) — OKPYKHICTB i3 paiycoM 7, 310Bxk Hei dO,=—2,(z, =7,e™), BHY-

L 2mi . 0
TPIITHIH IHTETpaNT CTAHOBUTUME —— , TOJI PIBHSAHHSA (2) MaTHMe BUTJISIIL:

2
u—iv= o _ —lmrie_ie. 3)
2miz 2

I' = ona®* >0 /1

®=0

™0

Puc 2. Ilpoghine weuoxocmi (euxop Penkina)

SIxio Touka z = re” 3HAXOAUTHCS 1032 KOJIOM pajliycy a, TO BHYTpillIHiil iHTerpan:
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dzy, 1 11

—_— = —+ dz, =
K(ro)zo(z—zo) Z kL% 272
1 1 :
=;[lnzo‘K(ro)—ln(z—zo)‘K(ro)]=;[2m—0],

. . o a2ni ona® T 1 . -
3BIIKU U —jV=——-——=—"=—"—=———j¢ ", TOOTO Te came, K Ul
2n 2 z 2niz  2mi z 2nr
TOYKOBOTO BUXOPY, SKHH Ma€ Taky >k HUPKYIsLito. Hanpsim mBHIKOCTI BU3HAYA€THCS
MHOKHHKOM —ie " . TIpu I' > 0 BeKTOp IIBMIKOCTi HANPABIEHHH y CTOPOHY 3pOCTAHHS

0 (mepneHIUKYISPHO 1O 7).

Bl

Puc. 3. Ilone weuoxocmeti nomenyitino2o euxopy

30ypeHy MBUAKICTH V' B Oyab-skiii Touri M mpocTopy Ha BiJCTaHi » Bij Bif-
pi3ka AB moreHuiliHOro BUXOpPY (pHc. 3) BU3HAYeHO 3a 3anexHicTio bio-Casapa [8]:
V., =4L7W(cos[31 +cosp, ),

ne ' — 3amana mUpKyIALis MBHIKOCTI; Bl Ta [32 — KyTH, ITiJ] IKHMH BAJMMI KiHIII Bif-
pisky AB 3 Touku M. Y nporpamaomy xomruiekci CARWAT 3MozenboBaHO TUHAMIKY
BHXOPOBOTO CJiy moOIm3y moBepxHi Mops 3a pekomeHnarismu [9; 10]. Cmin cknana-
€ThCS 3 N BUXOPIB 1 TaKO1 K KIJIBKOCTI A3epKaIbHO-BiIOOpaKEHIX BUXOPIB, IKi MOZEIIO-
I0Th YMOBH HempoTikaHHs. Bizyaizatito 3aiiicaeHo B Omori GRAF (puc. 4 ta puc. 5).

Ouinka pe3ynbrariB. OTpUMaHHH pe3y/bTaT HE BPAXOBY€E B’3KO1 CTPYKTYPH BHXO-
PiB Ta «OIIIHKK 3BEPXY» CTYyIEHs HeOe3MeYHOCTI BUXOPOBOro ciixy aist JIA B cymyT-
HBOMY CJi/1i KopaOis. 3 iHIIOTo OOKY, BUXOPOBHH CINiJl, SKHI OTPUMAaHO CITKOBUM METO-
JIOM, Y CHJIy BUCOKOI CX€MOBO{ B’SI3KOCTI, YPaxoBYIOUH PUXILY CTPYKTYpY BUXOPIB, a€
3MOTY JIaTH «OLIHKY 3HH3Y». 30KpeMa, Ha pUC. 6 CIIOCTEPIra€ThCsl CILTUTTS BUXOPOBOTO
KJactepa (BUXOPiB IPOTHIICKHOTO 3HAKa) Ha 3HAYHY BHCOTY BiJTHOCHO IIOBEPXHI MOPSL.

BucHoBku. OTxe, Ha OCHOBI BUKJIaICHOTO BUILIE MOXKEMO PE3IOMYBaTH TaKe:

1. CTBOpEHO KOMIT'I0TE€PY MOAEIb O0TiKaHHSA HAJABOIHOIO KOPIyCy Ta pyOKHU CyaHa
MOBITPSIHUM IIOTOKOM.

2. OrpumaHo rpadivHi 3aJIeKHOCTI BIUIMBY XUTABHIII CyIHA Ha ()OPMYBaHHS CyITyT-
HBOTO AaepOAMHAMIYHOIO CIIiy 3a cynHOM. 3. BukoHaHO OLIHKY mapaMeTpiB BIUIMBY
30ypeHOro IMOTOKY Ha JIiITallbHi arapard B CyIIyTHROMY CIIifli B aTMocdepi 3a CyTHOM
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200

dv ) . .
Puc. 6. Ilone = N6OPYY | RO3008MHCHBLOI KOMNOHEHMU (MPABOPYY) 3A6UXOPEHOCIII,
/7

po3pobneno 6 onoyi CohrStr (CARWAT) memooom RANS
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CTPYKTYPA il XAPAKTEPUCTUKH
MYJBTUMOJAJBHOI JOCTABKH 3 MNO3UILII IMD®POBI3AIIII
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Anomauis

Bcmyn. Hatibnuoscuuil yuac — ye nepioo yughposizayii mpancnopmmuoi 1o02icmuxu ma
JIAHYI02168 NOCMAYAHb, W0 BUMALAE CReYU@IUHOI CIMPYKMYpUu3ayii i MOOent08aHHs Mux
00 ’exmig i npoyecis, Axi paniute He 00CTIOdICY8ANUC i3 yiel mouku 30py. Lle € nepuum
emanom pyxy 8 0ik yugpogizayii, cymuicms K020 — Cmanoapmu3ayis Cmpykmyp He
minvKku OOKymenmis, a i 06’ekmie i npoyecie. J{na yugposizayii MyriomumooaibHux
00CmMaBoK HeobXiOHa yimka i0enmugikayis cmpykmypu i Xapakxmepucmux Myaiomu-
MOO0anbHol docmasku, moomo opmysanus cucmemnoi mooeni maxoi docmasxu. Ile,
¥ €800 yepey, 0acms 3M02Y po32140amu 00CMABK) He MiNbKU JIOKALHO 8 PAMKAX NeG-
HUX YU@posux piuieHv, a Ui IHMe2POBAHO MHONMCUHY O0CABOK MYIbMUMOOUALILHOZO0
onepamopa 3 Memoio NOwyKy 0dcepen ni08UUeHHS epeKmUsHOCMI, Hanpukiao, Ha
basi suxopucmanus egpexmy cunepeizmy. Memoro Ooocrioxcenns € hopmysans cuc-
MEMHO20 VABIEHHS MYIbMUMOOANbHOT 00CMABKU 3 YPAXYBAHHAM PI3HUX IT acnexmis,
VCMAHOBNIEHHA OCHOBHUX XAPAKMEPUCMUK O0CMABKU 5K IHMeZPAlbHUX 8eNUYUH HA
6a3zi il cucmemnoeo ysaenenus. Pesynomamu. [0enmughixoeana cmpyxkmypa mynvmu-
MOOANBLHOL 00CMABKU 8IONOBIOHO 00 6A2AMOACNeKmH020 N0y Ha Hei. Ak ymeopio-
BANILHULL eleMeHm 0715 NOOANbULO20 OOCAIONCEHHS 3 YPAXYBAHHAM cheyuiku yuppo-
sizayii obpana «onepayisy mpaHcnopmuo-mexHoI02iUHO20 NPoYecy, sKa mMoxce Oymu
BUKOHAHA DIZHUMU CYO €EKMamu mpancnopmuo2o purky. Ilo6yooeano ocHosHi modic-
AUBI sapianmu Qizuuno2o nepemiujerHs SAHMANCY Ma NYHKMI6 3MIH MPAHCHOPM-
Ho2o 3acoby. Ilocnioosnicmes onepayili NPONOHYEMbCSL YAGAAMU Y 6UTA0I CIMKOBOT
Mooeni, KA 0a€ 3M02y 3 YPAXYBAHHAM OCHOBHUX XAPAKMEPUCMUK KOJNCHOI onepayii —
yacy, eapmocmi 1l HAOTUHOCMI — BUBHAYAMU NIOCYMKOBI XAPAKMEPUCMUKY 00CABKU
6 yinomy. 3anpononosano 08a nioxoou 00 BUBHAYEHHS HAOTUHOCTI 00CMABKU 3ANENCHO
610 HaseHol cmamucmuynoi inghopmayii. Bucnosku. 3 ypaxyeanusam xapaxmepucmux
KOMCHOI KOMNOHEHMU aNbMepPHAMUBHO20 8apianma O00CMAsKU QOopmMyromscs 1020
nIOCYMKOBI NOKA3HUKU — 8ApMicMb, 4ac i HAOJIiHicMb, AKI € 6a3010 015 NPUUHAMMSL
piwenns wo0o subopy 6ionogioHo2o sapianma. 3mina xoua 6 00H020 eremenma 8 Yii
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cucmemi npu3800umsb 00 3MIHU Xapakmepucmux yciei oocmasku. Lle suxopucmogy-
€MbCSL 011 KOPUSYBAHHS BAPIAHMIB V) Npoyeci NOWYKY mo2o 8apianma, aKuil ou 6iono-
8i0as8 8UMO2aM, WO BUCYBAIOMBCAL.

Knrouosi cnosa: yupposizayus, cmpykmypa, HAOMIHICMb, MYIbMUMOOATbHA
00CcmasKa, Cimkoga mMooeib

STRUCTURE AND CHARACTERISTICS OF THE MULTIMODAL DELIVERY
FROM THE STANDPOINT OF DIGITALIZATION

V.V. Berestenko', S.P. Onyshchenko’
"Postgraduate of the department “Fleet operation and shipping technologies”,
Odessa National Maritime University, Odessa, Ukraine
2Doctor of Economics, Professor, Director of Educational
& Scientific Institute of Marine Business,

Odessa National Maritime University, Odessa, Ukraine,
ORCID ID: 0000-0002-7528-4939

Summary

Introduction. The near future is a period of transport logistics and supply chains
digitalization, which requires specific structuring and modeling of those objects and
processes that have not been previously studied from this point of view. This is the first
stage of the movement towards digitalization, the essence of which is the standardization
of structures not only for documents but also for objects and processes. For digitization
of multimodal deliveries clear identification of structure and characteristics, i.e.
formation of system model is necessary. This will allow not only to locally consider
delivery in the framework of certain digital solutions, but also to consider an integrated
set of deliveries for a multimodal operator in order to find sources of efficiency,
for example, based on the synergy. The purpose of the research is to form a system
structure representation of multimodal delivery taking into account its various aspects,
to establish the main characteristics of delivery as integral quantities on the base of
its system representation. Results. The structure of multimodal delivery in accordance
with the multifaceted view of it is identified. As a forming element for further research,
taking into account the specifics of digitalization, the “operation” of the transport-
technological process was chosen. The basic possible variants of physical movement of
cargo and points of the vehicle changes are formed. It is proposed to present the sequence
of operations in the form of a network model, which allows taking into account the main
characteristics of each operation — time, cost and reliability — to determine the final
characteristics of delivery as a whole. Two approaches to determining the reliability of
delivery depending on the available statistical information are proposed. Conclusions.
Taking into account the characteristics of each component of the alternative delivery
option, its final indicators are formed — cost, time and reliability, which are the basis
for the choice of the appropriate option. Changing at least one element in this system
changes the characteristics of the entire delivery. This is used to adjust the option that
would meet the requirements.

Key words: digitization, structure, reliability, multimodal delivery, network model
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Beryn. MynbruMozianbHi T0CTaBKH CTAHOBIISITH BATOMY YaCTHHY B CTPYKTYPi cydac-
HUX KOHTEHHEPHHX MepeBe3eHb, PU IbOMY 3pOCTAE KiJIbKICTh KOMITaHil, siki OepyTh
Ha cebe poilb MYJIBTHMOJANBHOTO orneparopa. KoHKypeHIisl B [bOMY CEKTOpi pUHKY
HACTUIbKH BUCOKA, 1[0 TPAHCTIOPTHI KOMITAHIT 3HAXOIATHCS B MOCTIHHOMY TOIIYKY JDKE-
pell KOHKYPEHTOCIPOMOXKHOCTI B TOMY YHCIIi 32 paXyHOK BUKOPHCTAHHS aJbTepHATHB-
HUX TEXHOJIOTIH SIK Y caMOMYy Tpolieci foctaBku [ 1], Tak i B Gi3Hec-nporiecax [2].

Y Takiii cuTyallii CTal0Th aKTyaJIbHUMH MTUTAHHSI T IBUIIICHHS €()EKTUBHOCTI POOOTH
MYJIBTUMOJIANIBHAX OTEpaTropiB 1 PO3pOOKH BiJNOBITHUX METONIB MIATPHUMKH TpU-
HHSTTS pillieHb MO0 BHOOPY KPaIIoTo s 33/IaHIX YMOB BapiaHTy MYyJIBTHMOJAIBLHOT
JOCTaBKH.

Kpim Toro, yxe He BUKITMKAa€e CyMHIBIB TOH (pakT, 110 HaHONMMK4Mii 4ac — 11e nepion
yughposizayii mpancnopmuoi nocicmukuy, JNaHIOTIB mnoctadanb [3]. Copobu pos-
pOoOKH «enekTpoHHHX ekcrieauTopiB» i neHi kpoku UNECE [4] B HanpsMi nudposi-
3a1ii B rajy3i aBlaJIOTICTUKH € MiATBEPKSHHIM 11b0T0. AJle IU(POBI3aIUsa HE JIHIIES
CTOCYETBCSI JJOKYMEHTAJILHOTO CYIIPOBOAY, a i BHUMarae criequdiuyHoi cTpyKTypH3aii
1 MOZIeTFOBaHHSI TUX 00’ €KTIB 1 IPOIIECIB, K1 PaHIIIE HE TOCHTIKYBAIMCA 13 1€l TOUKU
30py. Lle € mepimm eraromM pyxy B Oik ITU(POBI3allii, CYTHICTb SIKOTO — CTaHAapTH3aIlisl
CTPYKTYp HE TUTbKHU IOKYMEHTIB, a i 00’ €KTiB 1 MPOIECiB.

IMocranoBka mpoodaemu. [y nuposizailii MyJIbTHMOAAIBHUX JIOCTaBOK HEO00-
Xi/IHa TIepeayciMm viTka iieHTrdiKallis CTPYKTYpH i XapaKTePUCTHK MYJIBTUMOAATBHOT
JIOCTaBKH, TOOTO (hOpMyBaHHSI CHUCTEeMHOI Mozeni Takoi gocraBku. Lle, y cBoto yepry,
JIACTh 3MOTY PO3IVISIIATU JIOCTABKY HE TIJIbKHU JIOKAIBHO B paMKaX IEBHUX IU(PPOBUX
pillieHb, a i IHTErpoBaHO MHOKHHY J0CTAaBOK MYJIETHMOJAILHOTO OIleparopa 3 METO0
MOLIYKY JDKEped MiJBUIICHHS e(EKTUBHOCTI, HANpHUKIaJd, Ha 0a3l BUKOPUCTAHHS
edexTy cunepriamy [5].

AHaJii3 ocTaHHIX JocaiIKeHb i myouikamiii. /locraBka BaHTaXxiB € 00’ €KTOM Oara-
THOX JIOCHIJIKCHb, TIOB’S3aHUX, K MPaBUIIO, a00 3 ONTHMI3alli€l (Pi3UIHOTO MmepeMi-
IICHHS BaHTaxy [2; 6], a00 3 onTUMI3alli€l0 CKIaly NOCTa4aabHUKIB, TOOTO TUX KOM-
MaHil, SKi peanxi30BYIOTh KOHKPETHHH BapiaHT (i3MYHOTO MEpEeMIllleHHS BaHTaxy [5].
CTpyKTypi ¥ XapaKkTepUCTUKAM PI3HOTO BUIY JOCTABOK MPHUCBSIUEHO HU3KY CY4aCHUX
myOJiKamii, i1 TITBKH IesKi 3 HUX CIIAYIOTh NIISIXY IHTETrpajbHOTO PO3TIISTY BCiX acIek-
TiB 1I0CTaBKH. Y [6] MOCTaBKy BaHTa)KiB IPOITOHYETHCS PO3IVISIATH HA TAKUX PIBHSX:

® na «eeoepaghiunomyy pisni (ToOTO piBHI (HI3UUHOTO MPOXOHKEHHS BAHTAXKY Yepe3
KOHKpETHi reorpadivHi TOUYKH),

® Ha pigHi 610i6 Mpancnopmy B paMKax JOCTaBKH,

e Ha piBHI onepalliil mpancnopmuo-mexHoI02i4H020 npoyecy,

® Ha PiBHI KOHKpemHux nionpuemcme (Oprasizariiii), o 3a0e3ne4yoTh BAKOHAHHS
KOHKPETHHX Oneparii (Y4aCHUKH JOCTABKH).

VY [7; 8] cucteMy ToCTaBKH SK YHIBEpCAIbHY KaTETOPir0 pO3MISHYTO B TEPMiHaX TEO-
Ppii MHOXXHH SIK CYKYTTHICTD €JIEMEHTIB BIITOBITHUX MHOXKUH MPAHCHOPMHOL cucmemu
f cy6 exmig punKy mpancnopmuux nociye, IpuuoMy eJIeMEHTH TPAHCTIOPTHOT CHCTEMH,
BKJIIOUEHI JI0 CUCTEMH JIOCTaBKH, QOPMYIOTh 11 MeXHIKO-MexHON02TuHY niocucmemy,
TOJII SIK Cy0’€KTH PUHKY TPAHCIIOPTHUX MOCIYT — IHhopMayitino-3a6e3neuysanibiy nio-
cucmemy. el miaxix Bianmosinae migxoay [6] 3 ypaxyBaHHsM crieliu(iku mepeBe3eHb
MaCOBHX BaHTaXIB, SKi PO3MIAIAIOTHCS B IIUX HAyKOBUX mpamsx. JJocmimkenns [9; 10]
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PO3MISIAI0Th KOHKPETHI MPUKIAAH MYJIBTUMOAAIBHOT IOCTaBKH 3 TOUKHU 30py (i3uy-
HOTO TepeMilIeHHs BAHTaXy W IEMOHCTPYIOTh iX OaraTroBapiaHTHICTb, sIKa MPUPOTHUM
YUHOM BiZIOMBA€EThCS Ha OCHOBHUX XapaKTEPHCTUKaX. 3 IMO3ullii mpobiaemu nudpo-
Bizamii B [11] mpencraBieHa CTpyKTypa MyJbTUMOJAIBHOI TOCTaBKM Ha PiBHI (Pi3ud-
HOTO TIEPEMIIeHHS BaHTAXY, IO BUKOPUCTOBYE 3ATI3HHYHUHN TPAHCTIOPT, SIK PE3yJIbTar
aBTOPH 3aIIPONIOHYBAJIN BCi MOMKJIMBI CTPYKTYPH €KCITOPTHO/IMITOPTHHX TTOCTadaHb, Ki
€ aKTyaJbHUMU JJs iX Kpainu. Pobotu [12; 13] € npukiagaMu HayKOBOTO PO3LIISIAY
npobneMu nugpoBizalii B CEKTOpi KOHTEHHEPHHUX 1 MyJIBTUMOJAIBHIX IepeBe3eHb. Li
JOCIIPKEHHS PO3TIISIA0Th 17IC0IOT1UHI, FOPUANYHI Ta OpTaHi3amiiHi acTeKTH JIiHKH-
Taji3amii B 1ii chepi.

OTxe, BUCHOBKH, SIKi MOJKHA 3p0OWTH, Ha 0a3i aHATI3y HassBHUX JOCIIKEHb:

1) BIACYTHE YAGIeHHA Y3a2albHEHOi CMPYKMYpU MYIbMUMOOANbHOI 00CMAasKU
3 BUKOPUCTAaHHSIM MOPCBHKOTO TPAHCIIOPTY, SKE iHTErpalbHO BPaXOBYE pi3Hi acnexmu ii
Ppo32na0y y eueisoi, HeOOX1THOMY JUI MO0l HUQpoBi3alii mpoueciB opraxizamii
JIOCTaBKH;

2) OCHOBHI XapaKTEPUCTHUKH JOCTaBKH, SK MPABHIIO, PO3TISAAIOTHECA 3 TMO3MIIIT
@izuuno20 nepemiujerHs aHmaodicy i He BPaxoOBYIOTh 0ararbox AOAAaTKOBUX OTEparlii,
KpiM TOTO, OpPMYyBaHHS XapaKTEPUCTUK MYJIBTUMOAAIBHOT IOCTABKH Mae OyTH CKOOP-
JUHOBAHO 31 CTPYKTYPOIO JOCTABKH Y BUTTISAI, HEOOXiJHOMY JUIS MOJANIBIINX MPOLIECiB
uudposizauii (1. | BUCHOBKIB).

Lle BU3HAUa€ aKkTyaIbHICTH 3BEPHEHHS JIO Ii€i MPOOIeMH 3 TEOPETUIHOT TOYKH 30DY.

@opMmyaoBaHHA 1ijiel cTaTTi. MeTo IOCHiIKeHHS € (OPMYBaHHS CUCTEMHOTO
ySIBIIEHHS! MYJIBTHMO/IATHHOI JOCTABKH 3 YpaxyBaHHSIM pi3HUX ii acleKTiB i BCTAHOB-
JICHHSI OCHOBHUX XapaKTePUCTHK JOCTABKH SIK IHTErpaIbHUX BEJMYMH Ha 0a3i ii cuc-
TEMHOTO YSBIJICHHS SIK TEPUIMHA eTan moaaibinol nudposizaiii npoleciB opraxizariii
MYJIBTUMOJIAIIEHOT TOCTABKH.

Buxkiang ocHoBHOro marepiany. CucreMHe YSIBJ€HHSI MYJbTHMOIAJIbHOL
nocTtaBku. [IpuitmMmemo sk ocHOBHHUH Mimxim pesynsTarn [6—8]. Taka meKOMIIO3HITis
JIOCTaBKH 3a PI3HUMH PiBHSIMH JA€ 3MOTY OXOITUTH BCi 1i OCHOBHI acIleKTH, Bi/IITOBiIa-
FOUYM Ha MHUTAHHS «JIe», «IK» 1 «XT0». PO3BUTOK BHUCJIOBJICHOI i71eT AJI1 MYJIbTUMOIAIIb-
HO{ TOCTABKH 3@ y4acTIO BOJHOTO TPAHCIOPTY Ja€ 3MOTY OTPUMATH TaKy il CTPYKTypy
(puc. 1). KopoTko oxapakTepu3yemo ii.

MynbTIMOaIbHa TOCTaBKa Nepeadadae KOMOIHAIIF0 JEKITHKOX BB TPAHCIIOPTY.
3 ypaxyBaHHIM HasBHOCTI BOJHOTO TPAHCIIOPTY BUHHUKAIOTH SK MIiHIMYM JBa Ha3eMHi
nepeBe3eHHs (Y Iy’Ke PiKiCHIX BHITIQIKaX MOXKITMBE HA3eMHE IIEPEBE3CHHS MiX JJBOMa
MEPEBE3CHHSIMHU BOJHUM TPAHCIIOPTOM). 3TiIHO 3 po0oTOIO [8], O€3 HAIBHOCTI Ha3eM-
HUX TIepeBe3eHb JOCTaBKa 33 Y4acTIO BOAHOTO TPAHCIOPTY HE MOXKE BilOyTHCS, TOMY
10 TEPMiH «JIOCTaBKa» rependavae sk pe3yabTaT HasBHICTh BAHTaXY B TOUIl pU3HA-
YeHHs, 5IKa, SK MPaBWIO, HE € mopToM. KpiM Toro, mocraBka BaHTaXy MOYHMHAETHCS
BiJI MiCIISI TIOXOIKEHHS/BiAMIPaBICHHS, 110 TAKOX, SIK MIPABMWIIO, HE OPT. ToMy MyIbTH-
MOJIaJIbHA JI0CTaBKa B TIOBHOMY BapiaHTI Tependadae Ha3eMHE TMEPEBE3CHHS JI0 M Bijl
nopry. HazemMHMil CKIIaJHUK MyJIbTUMOJAIBHOI JOCTABKU 33 y4acTIO BOJHOIO TpPaH-
cnopty nependadae epeBe3eHHsT aBTOMOOUTBHUM 200 3aJIi3HHYHUM TPaHCIIOPTOM abo
X KOMOIHAIIIIO.
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Puc. 1. Cmpykmypa myremumo0anbHoi 00Cmasku (6aHmasic y KOowmeunepi)
3 BUKOPUCAHHAM 800HO20 MPAHCNOPIY

Bonna yacTiHa 1OCTaBKH 3MIHCHIOETHCS a00 MOPCHKUM, ab0 PIYKOBUM TpPaHCIIOP-
TOM, a00 KOMOIHAI[IEI MaricTpaibHOTO i (hilepHOTO MepeBe3eHb («MOpe-Mopey), abo
KOMOIHAIII€}0 MOPCBHKOTO i PIYKOBOTO TPAHCIIOPTY.

KoxHe mepeBe3eHHsI 1 mepeBajka B paMKaxX MYJIBTHMOJAIBHOI JTOCTaBKH Ma€
MEBHY TEXHOJIOTIIO, sika Tepeadadac BUKOHAHHS CYKYHHOCMI onepayiil y TOMY YWCIi
W opraHizaliifHOro xapaktepy. Y pe3ynbrari (OpMYyeThCS JIOTIYHA IMOCIHiZOBHICTH
ormeparliif, O BiJNOBIIAIOTh KOHKPETHIM MyJIbTUMOANbHINA mocrasii. Ille pa3 Bin-
3HAYMMO, [0 XapakTep IMX Omepalliid pi3HUM — Iie i, BIacHe, TEXHOJOTIYHI omnepariii
3 (hismuHOTO MEepemileHHs BaHTaxYy (cTadipyBaHHS KOHTEHHEPY, IepeBe3eHHS, HaBaH-
Ta)XCHHSI, BUBAHTXKCHHSI TOIIO), i OIepallii opraHi3aliiifHoro xapakrepy, HalpuKiIaI,
BUIaHHS JOKyMEHTIB, IepeBipKa BAHTAXy Pi3HUMH 1HCTAHIIISIMU, OpTaHi3alisi MUTHOTO
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odopmiieHHs ToI0. Pi3Hi onepaiii mpoiecy J0CTaBKH BUKOHYIOThCS MiAMPHEMCTBAM/
oprasizalisiMu, o GOpMy€e BEIHKY KiJbKICTh YYaCHHKIB IPOLIECY JOCTABKU. Y Tpari
[7] ykazyeTbcs, 110 1i YYaCHUKH BUOUPAIOTHCS 3 MHOKUHH JIOCTYITHUX HA PHHKY TpaH-
CTIOPTHHX TTOCITYT.

TakuMm unHOM, ieHTH(DIKOBaHA CTPYKTYpa MYJIBTHUMOIANBHOT JOCTaBKH BaHTAXIB
32 Y4acTIO BOIHOTO TPAHCIIOPTY 3 TOYKH 30pYy YYACHUKIB, OTIEepalliii, BUIiB TPAHCIIOPTY.
«leorpadiunmii» acmekT CTPYKTypH MYJIBTUMOAAIBHOI JOCTAaBKU 3 MO3UIIi MYyHKTIB,
y SKHX 3/11HCHIOETHCS HaBaHTaKECHHS/BUBAaHTKCHHSI/TIEpEBaKa, MOXe OyTH MpPEICTaB-
JICHUH TaKMMU OCHOBHUMHU BapiaHTamu (puc. 2).

O @ o & @
®—0 @ @@ @
O o —0 @ & O
e O 0 0 0 0 0O

Hascmta YactnHa Boaua yactuna Hazemua ysctuna
NOCTABKH JocTask JIOCTABKH

Puc. 2. I'eoepagiunuii acnexm cmpykmypu mMynemumMo0aibHoi 00CmagKu
(cmpykmypu nyHKmie 3MiHU mpaHCcnopmuo2o 3acooy)

[TpupoaHo, M0 MOXIIMBI OKPEMi BHUIIAQJKHA CTPYKTYp MYJIBTHMOAAIBHOI JOCTABKH,
SIKi He pO3IIISHYTI BUILE, alle PeACTaBIeHe OXOIUTIOE HalOTIbII 3arajbHi, SKi 9acTimre
BUKOPHCTOBYIOTHCS HA MPAKTHLI. Bi3HaunMo, 0 po3mIsiHyTa BHIIE CTPYKTYpa MyIlb-
THMOZAJIBHOI IOCTABKH € TIOBHOIO, TOOTO OXOIUTIOE BECh (PaKTUYHHN IUISX PyXy BaH-
taxy. [IpoTe Ha pakTHII 3aJI€KHO Bil TPAHCIIOPTHIX YMOB KOHTPaKTy (0a3zucy mocra-
YaHb) MAIOTh MICIle YCiUeHi BapiaHTH cucTeMH (pHC. 3), HAaIPUKIIaI, SIKIIO eKCIIOPT Ha
ymoBax FOB a6o immopt #Ha ymoBax CIF Tormro.

@ & 0 & 0 & ©

Exenopr FOB Excriopr CIF Exenopr DPU

Puc. 3. Meoici mynomumooanbHoi 00cmasKy 3a1excHo 8i0 MpaHCNOPMHUX YMO8
308HIUHLONMOP20BENLHO20 KOHMPAKNTY
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TakuM YHHOM, MYJTETHMOJIANIEHAN OTlepaTop Ha 0a3i iHopmallii 3a yMOBaMH 30BHIIII-
HBOTOPTOBEJILHOTO KOHTPAKTY BCTAHOBJIIOE MEXKI 1 BIJIOBIIABHICTh 332 JOCTABKY B iX
MexKax.

XapaKTepucTHKU MYJIbTHMOAAJIbHOL JOCTaBKU Ha 0a3i ciTkoBoi Mojesi TpaH-
cnopTHUX omnepamiii. Tpa uniiHUMU XapaKTePUCTUKAMU OyIb-SKOi TOCTABKU BaH-
TaXiB € yac docmagku i eapmicms docmasku. [Ipu 1pOMY, SIK MPABUIIO, KPUTEPIEM
BUOOpY BapiaHTa JOCTABKH 3 MOXKJIMBUX AJBTCPHATHB € BAPTICTh, & Yac BHUCTYIAE 5K
oOMeKeHHs. 3 ypaxyBaHHSM Pi3HUX MiAXOIIB IO BHUIIICHHS CTPYKTYpH MYJIBTHMO-
JAJTLHOT IOCTAaBKH SIK €JIEMEHTH MOXKYTh BUCTYIIATH SIK YYaCHUKHU 00CITyTOBYBaHHSI, TaK
i okpemi omeparii [8]. Y mocCHiKeHHI Ha IIbOMY €TaIll SK €JIeMEHT JO0CTaBKH IpH-
HMaeThcs OKpeMa orepallisi, 0 TPYHTYETbCS Ha BUMOTrax IuQpoBizallii mporecis.
Bapto 3a3HaunTH, 110 MOCTIJOBHICTH onepaniii (OCHOBHUX i JIO/IaTKOBUX ), OB’ SI3aHUX
13 TPaHCIIOPTYBaHHAM, POPMYE BIAMOBIAHUN cimKkosull epagik (CITKOBY MOJIEINb), SIKUH
BiI00parka€e TEXHOIOTIUHMI B3a€EMO3B’ 130K orepartiii i3 MHOkuHA {2 | ypaxoByroun ix
MOCIIIIOBHUM a00 mapayeabHUi XapakTep.

Jlo OCHOBHUX ormepalliii MPUUHATO BIJHOCUTH Omepallii, MoB’s3aHi 0e3MmocepeHbO
3 QI3UYHUM MEPEMILICHHIM BaHTaXYy [5; 7], A0 JOAATKOBUX — Omepallii, AKi HE Mepe/-
OayaroTh Oe3rmocepenHe MEPEeMIlICHHS BaHTaXYy, ajie € HEOOXIMHUMU JUIs HOro 3.ii-
cHeHHs1. JIo ocTaHHIX BiIHOCSTBHCS, 30KpeMa, TPAHCIOPTHO-EKCIIEAUTOPCHKI omepartii
i yce, 110 MOB’S3aHO 3 OpraHi3aliiHUMK acriekTamMu JocTaBku [8]. Takum 4YuHOM,
JUTSL KOXKHOT MYJIETHMOJIANIBHOT JOCTABKH MOXe OyTH TOOy/IOBaHa CITKOBA MOJICNb JUIS
OIIIHKH Ta YIPABJIHHS YaCOM JIOCTaBKHU. 3T1IHO i3 CYTTIO OOYJI0BU CITKOBUX MOJICIICH,
BUJIUISIIOTHCS TIEBHI TOJIIT B MPOIIEC] TOCTABKH, SKi OB’ s13aHi 3 BAKOHAHHSM CYKYITHOCTI
orepartii.

Hexaii BupmineHo / Takux omepaiiif, iX MOCHIJOBHICTh 3a/laHa y BHUIVISAALI rpada.
KoxHa oneparist CiTKOBOi MOJIeNi XapaKTepusyeTbes: f; — BapTICTIO BUKOHAHHSA OIle-
pauii, T; —vacom BukoHaHHs onepauii, [ € (2 .

VY cyuacHHUX yMOBax 3HayHa yBara MpUALTSIETHCS TAKOMY (DaKTOPY, K «HAOIUHICIbY
noctaBku [5]. TpakTyBaHHS IIbOTO TepMiHA, K MPABWIIO, IOB’S3aHE 3 IMOBIPHICTIO
TOTO, IO 3asIBJIEHI XapaKTEPUCTUKH JOCTABKH — Yac 1 BapTiCTh — OyayTh BUKOHaHI. Tak
SIK BapTICTh MiCIs YKIIaJIeHHs JJOTOBOPY BXKE HE MiUIsTaE 3MiHi, TO (PaKTUIHO IS MYJTb-
TUMOJAJTBHOI TOCTaBKH TUIHKH Yac € OCHOBHUM (hakTopoM HaaiiHOCTi. Tomy BBenemo
lIe OIHY XapaKTepHCTUKY omepaiii: [/, — HapilidicTs BukoHaHHs onepauii, [ €.

HaniitHicTh BUKOHAHHS OIEpailii OI[iHIOEThCS B KOHTEKCTI 4acy, a camMe WMOBIPHICTh

v rlll.lr:.k'.lil
TOTO, 110 (hAKTHYHMI Yac BUKOHAHHS omeparii I}

(nmaHOBMIA) Yac:

HE NICPCBUIIIUTH HOpMaTI/IBHI/II\/'I

N
f =P ST, (1)
Taxox BapianToM (opmanizanii HaniHOCTI BUKOHAHHS Oleparii Moxe OyTH:
‘F,r =P( ?l}r.h:mm _ ?.f| < {1;- ), o

ne U,f =) — gonmyctuMme BiAXWIeHHS (HaKTHUYHOTO Yacy Bia 3asiBICHOTO Jis KOH-

KpEeTHOI orepartii.
Ha ocHOBI noOka3HUKIB eleMeHTiB (omepalliit) GopMyIOThCs MiJICYMKOBI ITOKa3HUKH
MYJIBTUMOAAIBHOI TOCTAaBKH (pHC. 4).
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Yac pocranis

r=3% T,

|h=ﬂ"],_r

HapifimicTs AocTasKcn

= Pyl _ o
I=P(r*" -T|s o)

Crnenndixa pagmky, MyDKTH BiIDpasicnni, OpHINAICONE, TYNKTH
nepeRAiHMBANEH, inmi ocob/inpocTi 10CTABKR

Puc. 4. @opmysans niocymrko8ux nOKA3HUKIE 00OCMABKU 8AHMANCIE
Ha basi cimkoeoi mooeni

Bapricte mocraBku BaHTaxXy B KoHTekHepi R, sika (opmyerscs oreparopom
Yy BUDSIII €IMHOT CTaBKH, 0a3yeThCs Ha CYKYIHOCTI BapTOCTEeH yCIX omepariii,
OB’ sI3aHUX 13 JIOCTABKOIO BAHTAXKY:

R= }.L' B Z er ’ (3)
fed
ne R, — ue Butparu no /-oi onepaiii B pamkax MHOKMHH {1} , siKa BKJIIOYa€E B cebe
BECH MEPEIIK OMEpALlilf, OB’ sI3aHUX i3 KOHKPETHOIO JOCTABKOK; Kjp — L€ KOedilieHT,
0 BiZOOpaXkae «TPyAOBUTPATI Oleparopa it HopMy HOTo MpHuOyTKY.
Yac mocraBku T QopmyeTbes Ha 6a3i mexnonoeiunoi nociioosHocmi onepayiti
docmagku B paMKax CITKOBOi mMozeni. TakuMm 4MHOM, Yac MOCTaBKU (POpPMYyeTbCS SIK
TPUBATICTH OTIEpaIiii KPUTHIHOTO IIJISXY 3a3HAYEHOTO CITKOBOTO rpadiky:

T=3>T,, (4)

vell,,
ne ﬂm — [} — MHOXHHA KpUTHYHHMX OIepaliii y pamMkKax CIiTKOBOTO rpadika

JOCTAaBKH BaHTaXYy, /, — TPUBANICTH IIUX ONEPALLil.
BusHaunMo HaAiHHICTE JOCTABKHA B TAKUH CIIOCIO:

I =P(C)=P(T%" <TY (5)

. o Lo
ne C — 11 1oiist, AKa MoJIArae B TOMY, IO Yac A0CTaBKU GakTudnuii 1 han e nepe-
BuIlye 3asBieHoro vacy 71 . Takox Bapiantom ¢opmanizanii HamiiHOCTI TOCTaBKH
MOe OyTH:
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I=P(C)=P(

Tr.llm.wu _ ;r‘| < U.;-] R (6)

ne oy =0 — gomycTrMe BiAXWICHHS (PaKTHYHOTO Yacy Bix 3asBieHoro. dakruy-
Huit vac gocraskn TP BusHauaeTbes Ha 6asi aHAI3Y TOBEIHKHM OKPEMHIX YACOBHX
KOMITOHEHT KOYKHOT JIAHKH JJOCTABKH. 3yIMHUMOCS Ha I[bOMY OibIll AeTanbHO. OIiHKa
HaIHHOCTI MYJIBTUMOAANBLHOT JOCTaBKH 0a3zyeThcst Ha iH(GOpMALil PO «MOBEHIHKY
Yacy BUKOHAaHHs KoyKHOT onepanii I y pamkax Bianosigaoi MuHoxuHH £2 . [Tpu 1ipomy,
SKIIO JJISl OIIIHKH Yacy JOCTaBKHU (6) BUKOPHUCTOBYIOTHCS TIJBKH Ti omepartii, siki (op-
MYIOTh KPUTHYHHMH LUIAX CITKOBOTO Tpadika, TOOTO HanexaTh MHOXHHI ﬂﬂ'.r’ —Q,
TO JUISl OLIHKHA MOXKJIMBUX 3HAYE€Hb T Panm HEOOXiTHI BIJIOMOCTI MPO TPHUBAIICTH yCiX
omnepauiii. Lle moB’s3aHo 3 THM, IO TPH 30UTBLICHH] Yacy BUKOHAHHSI ONepaliii Kpu-
THYHOrO HULIXy [, (akTUuHUI yac TP 3GinbIIyeThCs Ha CyMapHe MepeBUILCHHS
Yyacy BUKOHAaHHS [IUX OIlepalliii; aje Mpy NepeBHUILEHH] pe3epBiB Yacy (XapaKTepUCTUKU
J000BO1 MOJIeIT1) HEKPUTHYHUX OTepaliil TAKOK Bi10yBa€eThCs 301MbLICHHS (PaKTHYHOTO
yacy 7™ 3 ypaxyBaHHsM HEIOCIILOBHOIrO XapaKTepy MHOKHHH ONEpALliii aHami3
MOKJIMBHMX 3Ha4eHb IOBUHEH 3[iICHIOBATHCS Ha 0a3i CiTKOBOI MOJENi 3 BUKOPUCTaHHS
Cy4acHUX MPOrpaMHUX MPONYKTiB (Hanpukian, MS Project).

Sk npaBuIto, A7 KOHTEHHEPHHUX MEePEeBE3eHb OCHOBHI ONEpaLlii KpUTUYHOTO IIUIAXY
ciTkoBOrO rpadika — 1e oneparii, ki MOB’43aHi 3 (i3UYHUM IEPEMILICHHSIM BaHTAXY,
TOMY IO OIIBIIICTD 1HIIKMX onepauiii ado BiI0yBalOTHCs apaJIeNbHO 3 IPOLECOM epe-
MilleHHsI, a00 MepeyIoTh eTanaM NepeMilleHHs. BUHITOK MOXYTh CTaHOBHTH 1HOZI
MUTHI OIVISIIU Ta, SIK PE3yNIbTaT, 3aTPUMaHHs KOHTEeWHepa 3 BaHTaXKEM Y CHIIY Pi3HUX
npu4rH. Alle B HOpMalbHIM cuTyanii (ToOTO BaHTaX JerajJbHHUN, MOXOIKEHHS HOTo
BCTaHOBIICHO TOIIO) Wi omepamii He TIPU3BOIATH 0 3aTPUMOK ab0 3pHBY BCHOTO IMPO-
LECY TOCTaBKH.

KoxHa omepaisi TpaHCHOPTHO-TEXHOJIOTIYHOTO MPOLIeCy, Y TOMY YHCHIi i onepartii
KPUTUYHOTO [UIAXY B paMKax CITKOBOI MOJEIi, XapaKTepU3yOThCsl HMOBIPHICHOIO TPH-
pozoro ix TpuBanocti. Sk nmpasuio (i Ha 1€ BKa3yloTh 0araTo JOCHiIKEHb), 4YaC BUKO-
HaHHS OMepalii MiAMOPsIAKOBYEThCS HOPMAIBHOMY 3aKOHY PO3MOALTY, IO 32 HasB-
HOCTI CTaTUCTUYHMX JAAaHUX Ja€ 3MOTY BCTAHOBHTH MapaMeTpPH 3aKOHY W BH3HAUaTH
HMOBIPHOCTI Jialia30HiB Pi3HUX 3HAYEHb.

3 ypaxyBaHHAM BHUILECKa3aHOTO:

pibaxm _ D b )
velly,

Ie T:{f“"'”” — (hakTUUHMI Yac BUKOHAHHS ONepaliil KpUTUYHOTO LUIIXY MEPEKHOTO
rpagika TpaHCIIOPTHO-TEXHOJIOTIYHOTO TpoLecy. 3 ypaxyBaHHIM (4):

s -
rm"=r,. ®)
TpuBamicTs KOXKHOI oTiepariii KpUTHIHOTO IUIAXY IPOIIECY JOCTaBKH BAHTAXKY B KOH-
TeHHepi € He3aJIeKHOIO BUITaIKOBOIO BETMYMHOIO. TaK sIK MOBa He po T00yTOK Momin

(He3aNeXHUX TOJii), KOXKHA 3 SKHX T0B’A3aHa 3 THUM, mo T4 <7, To 5K OLiHKA
Ha/IIHHOCTI MOXKe OyTH NPUIHSTA BETUYNHA:

I, = P(TP™™ <T ) veQ,. )
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puponno, mo (8) i (9) ne € MaTeMaTH4HO PIBHOI[IHHUMH, aJIe, 10 CYTi TPAHCIIOPTHO-
TEXHOJIOTIYHOT'0 IIPOLIECY AOCTABKH BaHTaXKy B KOHTEIHepax, BenuurHa T BU3HauaeThCs
SIK CyMa TPUBAJIOCTEH orepamiid KpUTUIHOTO NUIAXy (4), ToMy i HaIilHICTh 32 9acoM
MOB’513aHa 3 HAAIAHICTIO KO’KHOI KOMIIOHEHTH KPUTHYHOI'O LUISXY MPOLECY AOCTaBKH
I, =P(T¥" <T)veQ,,,
Tomy B ogameinoMy came (9) Oyzae BUKOpHCTaHA SK OIiHKA HAIIHHOCTI TOCTaBKH.

Binznaunmo, mo (8) Moke 3aCTOCOBYBaTHCS B TUX BHUIIaJKaX, KOJM MOBa Hie mpo
BapiaHTH AOCTAaBKH, SIKi 4aCTO BUKOPHCTOBYIOTHCS, 1 MOJKHA OLIHUTH Ha 0asi craruc-
TUKU UMOBIPHICTb IS ciei cucmemu inmezpogaro. TakuM YMHOM, 3aJISKHO BiJI HAsB-
HUX CTaTHCTUYHHX JIAHUX MOXYTh OyTH 3aCTOCOBHI ab0 minxin (8), ado (9).

BucnoBku. Orxe, ineHTH(]IKOBaHA CTPYKTypa MYJIBTUMOJAAIBHOI BiIIOBITHO JIO
0araroacrmeKkTHOro Horigy Ha Hei. SIK yTBOPIOBaJIbHMM €JIEMEHT Ul MOAJIBIIOTO
JOCHIDKEHHsST 00paHa «oIeparis» TPaHCHOPTHO-TEXHOJIOTIYHOTO MpOLECy, IKa MOXeE
OyTH BHKOHaHa Pi3HMMHU Cy0’€KTaMHu TpaHCHOpTHOro puHKY. [locnmimoBHicTe omepa-
Uil TPOMOHYETHCS YABIATH Y BUIVISII CITKOBOI MOJIETI, SIKa A€ 3MOTY 3 ypaxyBaHHIM
OCHOBHHUX XapaKTEPUCTHK KOXKHOI omepallii — vacy, éapmocmi il Haditinocmi — BU3HA-
YaTH MiACYMKOBI XapaKTEPUCTUKH JTOCTABKH B ILJIOMY. 3allpOIIOHOBAHO JIBA ITiIXOIH
JI0 BU3HAYCHHS HAIIHHOCTI JOCTaBKHU 3aJICXKHO BiJ HAsIBHOI CTAaTUCTHYHOI 1H(OpMAITii.

BigzHaunmo, 110 Ha MpakTHLI 3 YpaxyBaHHSIM XapaKTEPUCTUK KOKHOI KOMIIOHEHTH
AJIBTEPHATHUBHOTO BapiaHTa 10CTaBKHU (OPMYIOTHCS HOTO IMiICYMKOBI TOKa3HUKU — Bap-
TiCTb, Yac 1 HAIHHICTB, sSIKi € 023010 I MPUHHSTTS PIlIEHHS 100 BUOOPY BiIIOBI-
HOTO BapiaHTa. 3MiHa X04a O OIHOTO €JIeMEHTa B I[iii cMCTeMi MPU3BOAUTH A0 3MIHU
XapaKTEepUCTUK yciel nocTtaBku. lle BUKOPUCTOBYETHCS Ul KOPUTYBAaHHsS BapiaHTIB
Y IpOIIECi MOITYyKy TOTO BapiaHTa, SKUK O BiAIIOBiAaB BUMOTaM, 1110 BICYBAIOTHCS.

[Tigxizm, o0 IPONOHYETHCS, BIIMOBIIa€ BUMOTaM MOAAIBIIIOTO TOCIiPKEHHS MUTaHb
uudposizauii MyIsTUMOAATIBHAX AOCTABOK 3 OPI€HTALEI0 HE Ha reorpadidi MyHKTH
i KOHKPETHI KOMIIaHii, a mepeayciM Ha omepallii — OCHOBHI Ta JIOTTOMIXHI, sIKi € 623010
JUTS TTOJANTBIIIOTO PO3IVISIAY BapiaHTIB iX peajizarii.

a (9) BiamoBimae iHTErpajbHIA CYTHOCTI Yacy JOCTaBKH.
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Anomauin

Bemyn. 3naunuii o6cse nepesezens HANUBHUX BAHMAIICIE MOPCLKUM MPAHCIIOPIOM
I (hi3uKO-XIMIUHI 61ACMUBOCMI YUX PEUOBUH 3YMOGIIOIOMb CREYUDIKY npoyecy mpan-
cnopmyeanHs ma eudip 8i0n08iOHOT MmexHoa02li, AKa 3abe3neyye aKicHy 00CmAasKy npu
2apaHmy8aHHi MaKCuManibHo2o piens 6esnexu. Heobxiowicmov eupiutenns yiei npo-
bnemu aKkmyanizye 3anpo8aoNCeHHs IHHOBAYIIHUX MEXHONOIUHUX PiuileHb Y Yill cgepi.
OO0HuM 13 HUX € GhreKCUmanKu, sIKi YMOICIUBTIOIOMb Nepese3eH s Oe3neyHUx pPiOKUx
BAHMADICIB PI3HO20 NOXOONHCEHHA | NPUSHAYEHHS Y B8EIUKOMOHHANCHUX KOHMeUHepax
i 30amui 3abe3neyumu epekmusHy opeanizayiio npoyecy nepesezetv, y Momy YUcii
i MynbmumooanvHux. Memoro cmammi € 00Cai0NCeH S 0COONUBOCMEN BUKOPUCIAHHS
@rnexcumankie K cy4acHoi MexHono2ii nepese3eHHs: HATUBHUX 8AHMANCI8 MOPCbKUM
MPAHCHOPMOM | (POpMYSanHs CREYUDIUHUX OPaAHI3aAYIUHO-MEXHOIOSTYHUX 3aX00i6
wo0o ix sacmocysanua. Pesynemamu. Y 0ocniosceni eusnaieno ponv HATUBHUX 8AH-
masicié y 3a2anvHomy 00csa3i MidCHapoOHoi Mopcokoi mopeieni ma ix cneyugixy. Ha
OCHO8I 00CNIOMNCEHHST HAABHUX CNOCO0I8 | MEXHONOIUHUX CXeM Nepe@e3eHHs HAIU6-
HUX 8AHINANCIE MOPCLKUM MPAHCNOPMOM (MAHK-KOHMEUHepis, YuCmepH, MaHKepHUux
cyoen), ix nepesaz i HeOONIKI6 008e0eHO DOYINbHICMb BUKOPUCTNAHHA (DIeKCUMAHKIB.
Buznaueno ix xoncmpykmugHi ocobnueocmi, mexHiko-eKCnayamayiiuti xapakxmepuc-
MUKy i GUMO2U, SKUX HEOOXIOHO 0OMPpUMY8AMUCs 3a0Js1 3a0e3NeUeH sl HALENHCHO20
piens be3nexu npu GUKOPUCAHHI. YCcmaHoeieHo Ccy4acHi menoeHyii, aKi xapakxmepHi
OJIf1 CYYACHO20 CBIM0B020 PUHKY (DeKCUMAHKI8, NPUOiIeHO yeazy 0COONUBOCMAM
VHOPMYSBAHHA | cmanoapmusayii npoyecise oyinku ix akocmi it Haditnocmi. 3a pe3yib-
mamamu Q0CAIONCeHHsT MEXHIKO-eKOHOMIYHUX NOKA3HUKI@ PIZHUX 8Udié mapu, npu-
3HAueHoi 011 nepese3eHb HANUBHUX BAHMANCIE MOPCLKUM MPAHCHNOPIMOM, HOPIGHAHO
ix ocHo8HI excniayamayiuni xapaxmepucmuxu. Buokpemneno nepesazu ma HeooniKu
@nexcumankie. Oxapaxkmepuzo8aHo MeXHONO2II0 Npoyecy Nepeee3eHHs BAHMANCY
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i cghopmosano 3a2anvhy MEXHONOSIYHY CXeMy Nepede3eHb HATUBHUX GAHMANCIE 13
BUKOPUCMAHHAM (DILeKCUMAHKIE NpU eKCHOPMHO-IMNOPMHUX onepayisx. 3anponono-
BAHO KOMNJIEKC OP2aHi3ayitiHO-MexXHON02IYHUX 3aX00i8, CNPAMOBAHUN HA NOOATbULUL
PO3BUMOK | NPOCYBAHHA YIEI MEXHON02iT nepese3eHHs HATUBHUX 8AHMANCIE MOPCLKUM
mpancnopmom. Bucnoeku. Buxopucmanmns grexcumankie sk cy4acHoi mexnonoeii
nepese3eH s HANUBHUX BAHMAINCIE MOPCLKUM MPAHCHOPMOM CHPAMOBAHO HA NiO8U-
wents egheKmuBHOCI Yybo2o Npoyecy, 3a0e3neyUents HAAeHCHO20 PIGHSL eKOL02IUHOCHI
Ul MAKCUMATbHO20 PiBHA De3neKu.

Kntouosi cnoea: nanugni 6anmaoici, mexHono2is nepeseseHHs, MOPCbKUL MpaH-
cnopm, ghnexcumank, mpancnopmy8aHHs.

USE OF MODERN TECHNOLOGIES OF BULK CARGO TRANSPORTATION
BY SEA TRANSPORT
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Summary

Introduction. The significant volume of bulk cargo transportation by sea as well
as physical and chemical properties of these substances determine the specifics of the
transportation process and the choice of appropriate technology that ensures the quality
delivery and the maximum level of safety. The need to solve this problem actualizes the
introduction of innovative technological solutions in this area. The use of flexitanks is
one of the solutions, which allows to transport safe liquid cargo of various origins and
purposes in large containers. Flexitanks are also able to ensure effective organization of
the transportation process, including multimodal one. The aim of the article is to study
peculiarities of the use of flexitanks as a modern technology of transportation of bulk
cargo by sea and to form specific organizational and technological measures for their
use. Results. The role of bulk cargo in the total volume of international maritime trade is
identified in the study. Its specifics is studied. Based on the study of existing methods and
technological schemes of transportation of bulk cargo by sea (tank-containers, tanks,
tanker vessels), their advantages and disadvantages, the reasonability of the flexitanks
use has been proved. Their design features, technical and operational characteristics
and requirements that must be met to ensure the appropriate level of safety when using
are defined. Modern trends, which are typical for the modern world market of flexitanks
are noted. The attention to the features of standardization of processes and estimation of
their quality and reliability is paid. According to the results of the study of technical and
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economic indicators of different types of containers intended for transportation of bulk
cargo by sea, their main operational characteristics are compared. The advantages
and disadvantages of flexitanks are singled out. The technology of cargo transportation
process is characterized. The general technological scheme of bulk cargo transportation
using flexitans at export-import operations has been formed. A set of organizational and
technological measures aimed at further development and promotion of this technology
of transportation of bulk cargo by sea is proposed. Conclusions. The use of flexitanks
as a modern technology for transportation of bulk cargo by sea is aimed at improving
the efficiency of this process, ensuring the appropriate level of ecological compartibility
and maximum safety.

Key words: bulk cargo, transportation technology, sea transport, flexitank,
transportation.

Beryn. Ha cydacHoMy eTtami MOPCHKHMM TPAHCIIOPTOM IIEPEBO3HMTHCS OljIbIle HIX
80% CBITOBHX BaHTaKHHX IOTOKIB, IO ITiIKPECIIOE HOTO 3HAYYIIICTh Y CHCTEMI TIIO-
OabHUX TPAHCIIOPTHHUX MIEPEBE3EHb 1 COLIaTbHO-eKOHOMIYHOMY PO3BHUTKY KpaiH.

3a oninkamu Kondepennii OOH 3 toprisini ta pozsutky (UNCTAD), y 2019 pomi
o0cAru Mi>KHApOTHUX MOPCHKUX mepeBe3eHs 3pociu Ha 0,5% i caraymu 11,07 mapa. T.
[Ipu 11bOMy HaJHMBHI BaHTaXKi CTAHOBHJIM MaiKe TPETHHY BCiX BaHTAXXHHUX IMOTOKIB
(28,6%) [1].

Bapto Bkazaru, 110 y 3B’S3Ky 31 3pOCTaHHSM CBITOBOTO MOIKUTY Ha Pi3HOMAaHITHI
PiKi pedoBHHU (Xap4oBi MPOMYKTH, JOOPUBA, TEXHIYHI MacJia Tomo) HabyBae aKTyallb-
HOCTI NUTaHHS HAHOIIbII TOBHOTO Ta CBOEYACHOIO 3a/I0BOJICHHS IOTPEO 1010 Iepe-
BE3CHHS HAJMBHUX BaHTAXIB 13 3a0€3Me4eHHsIM HAJIEKHOTO CEPBICY W rapaHTyBaHHIM
MaKCHUMAaJIbHOTO PiBHS O€3IEKH.

HayxoBii [2; 3] cipaBeaiMBO BiJ{3HA4alOTh, IO MiABUINCHHSA €(PEKTUBHOCTI Iepe-
BE3eHb BAHTAXIB MIOB’S3aHO HE JIMIIIE 3 TEXHIYHUM YIOCKOHAJIICHHSM PyXOMOTO CKJIa Ty
i BaHTaXXHO-PO3BAHTAXKYBAIBLHHUX 3ac00iB, a 1 3 YIIPOBAHKEHHSIM MPOTPECUBHHUX TEX-
HOJIOTi{, ONTHUMI3aIli€l0 MPOIIeCy JOCTABKH.

3a3HauMMo, IO 3HAYHUI OOCAT MEpPEeBE3CHb HAJIMBHHUX BAaHTaXKIB MOPCHKHM
TpaHCIOPTOM 1 ()i3UKO-XIMIUHI BJIACTHBOCTI I[UX PEYOBHUH OOYMOBIIIOIOThH CIICIIH-
¢iky mpoliecy TpaHCIOPTYBaHHsI Ta BHOIp cydacHOI TeXHOJIOTIT, 31aTHOT 3a0e3e-
YUTH SKICHY JOCTaBKY BaHTaXiB MPH 0€3yMOBHOMY BUKOHaHHI BUMOT O€3IIEYHOTO
MOpEIUTaBaHHA.

IMocTanoBka mpodsemu. JlocimipkeHHS HAsIBHUX CIIOCO0IB IIepeBE3CHHS HAJTMBHUX
BaHTaXIB MOPCHKUM TPAaHCHOPTOM (i3 BUKOPHCTAHHSM TaHK-KOHTCHHEPIB, IIHCTEPH,
TaHKEPHHX CYICH TOIIO), iX mepesar 1 He0IiKiB (HEOOXiIHICTh TOBEPHEHHS 3BOPOTHOT
Tapy Ta il OUUIIEHHS; BUCOKA BapTiCTh MOPCHKOTO PpaxTy, HAsIBHICTh IITPAQHUX CaHK-
il 32 NepeBUILICHHS TEPMiHIB BUKOPUCTAHHS YCTaTKyBaHHs; HEOOX1IHICTh BUKOHAHHS
JIOJATKOBUX BAaHTAXKHHUX OIEpaliid Mpy MYJIbTHMOAAJIBHUX IEPEBE3CHHAX TOIIO) ajo
3MOTY JIHTH BHCHOBKY IIOJO JOLIJHHOCTI BUKOPHCTAHHS albTepHATHBH — (hriekcu-
TaHKIB, SIKI YMOXJIMBJIIOIOTh IEepPEeBE3eHHs OC3MEUHUX PIJAKUX BAaHTaXIB Pi3HOTO IOXO-
JOKEHHS 1 IPU3HAYCHHS (K XapyoBHX, TaK 1 XIMIYHMX) y 3BHYAHUX BEIMKOTOHHAXK-
HUX KOHTEHHepax i 31aTHi 3a0e3neun T e)eKTUBHY OpraHi3alliio mpolecy rnepeBe3eHb,
y TOMY YHCII # MyJbTUMOJIATBHUX.
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AHaJgi3 ocTaHHIX AocaiKeHb i myomikaniii. J1ocmiHkeHHIO TEOPETHYHHX 1 TIpaK-
TUYHHUX aclleKTiB (pyHKLIOHYBaHHS MOPCBKOTO TPAaHCHOPTY, MUTaHHSAM EKCIUTyaTawii
MOPCBKOTO (JIOTY i TEXHOJOTIi IepeBe3eHb NPUCBIYCHO Mpalli 3apyOiKHUX 1 BITUM3-
HSHUX HayKOBITiB.

ABtopamu [4—0] mpuaieHO yBary OCHOBHUM acIEKTaM YNPAaBIiHHS IiSUTbHICTIO
(h0Ty B TpaHCHOPTHO-TEXHOJNOTIYHMX CHCTEMax, 3aKJIaJICHO TEOPETHYHHU Oaswuc
(TOHATTS. ¥ TEXHOJOTIYHI CXeMH) TMEePeBE3eHHsS BaHTaXiB, C(POPMOBAHO IMPOIO3UIIiT
LIO/I0 ONTUMI3alii po6OTH MOPCHKOTO TOPTOBEIBHOTO (IIOTY.

HaykoBusiMu po3mIsSiHYyTO TEOPETHYHI acmeKTH (QOpMyBaHHS CHCTEM 3MIMIaHOl
JOCTaBKM MAacoOBHX BaHTaXIB 3a y4acTIO MOPCHKOTO TPAaHCHOPTY 4Yepe3 ypaxyBaHHS
B PO3pOOJIEHOMY KOMITJIEKCI MOJIeNel TEXHOIOTIYHUX MpoIeciB [7], mociimKkeHo cre-
uugiky # 0coOmMBOCTI (OPMyBaHHS CUCTEMH JIOCTaBKM BaHTaXiB, (OpMaizoBaHO
npotiec i opranizaitii [§—9]; BU3HAY€HO TEXHOJIOTIYHI aCIIEKTH ITEPEBE3CHHS HATUBHUX
BaHTaxiB [10; 11].

ABTOpaMH HHU3KH AOCHiKeHb [ 12—13] akieHTOBaHO yBary Ha AOLIIBHOCTI PO3BU-
TKy KOHTEHHEPHHX [1€PEBE3EHb PI3HUMU BUJAMU TPAHCIIOPTY, Y TOMY YHCJII MOPCHKUM,
1 cTpaTeriuHoMy xapaxTepi mpouecy (0coOIMBO «y TPAaHCKOHTHHEHTAJIBHOMY Cepel-
OBHIIII»); 3aIPOIIOHOBAHO ONTHMI3aIliiHYy MOJIeTIh BUOOPY TEXHIYHUX 3ac00iB KOHTEH-
HEPHUX IIEPEBE3CHb.

Onnak cneungika TPaHCIOPTYBaHHA HAJIMBHUX BaHTaXiB, PO3BUTOK Cy4YacHUX
TEXHOJIOTIN NepeBE3eHHS B MOPCHKOMY CYIHOIUIaBCTBI NOTPeOYyIOTh JOAATKOBOI yBaru
JOOTIPaLOBaHHsI Li€l mpobieMu.

dopMyTIOBaHHS 1iJTel cTaTTi. MeTOo0 CTaTTI € OCIIHKEHHS 0COOIMBOCTEH BUKO-
pucTaHHs (ICKCUTAHKIB SIK Cy4acHOI TEXHOJIOTi] HMEepeBE3CHHS HAJIMBHUX BaHTAXIB
MOPCBHKHM TPAaHCHOPTOM 1 (pOpMyBaHHS CIIEIU(IYHUX OPTaHi3aliifHO-TEXHOJIOTIYHNX
3aXO0/iB OO IX 3aCTOCYBaHHS.

Buknaa ocHoBHOro marepiany. HanuBHi BaHTaxi 3a1€XHO Bif (i3MKO-XIMIYHHX
BJIACTHBOCTEH, TEXHIYHUX YMOB TPAHCIIOPTYBaHHS 1 30epiraHHs MPUHHATO PO3IOMIi-
JSITH Ha Taki BUAH, K cupa HadTa i HadTompomyKTy; XiMiuHI HAIMBHI BaHTaXi; 3pi-
JDKEH1 Tasu, sIKi MepeBO3SAThCS HAIMBOM; XapyuoBi HAJMBHI BaHTaXi. Y MIKHApOIHIH
knacudikarlii ocTaHHI He BUIUISIOThCS 1 BKITIOUEHI JI0 KaTeropii XiMiqHuX.

KoHcraryemo, 10 3 BUKOPUCTAHHSAM (DICKCHTEXHOJIOTIH BHUIAETHCS MOXKIUBUM
TPAaHCIOPTYBAaHHS TaKUX HAJMBHHUX BaHTaXIB!

XapyoBi NPOAYKTH — POCIMHHI 1 TBAPHHHI KUPH, KOHLIECHTPATH COKiB, CHPOIIH, BUHA,
MaToKa, Xap4oBi J00aBKH, papMalleBTUYHI MacJia TOIO;

XiMI4HI BaHTaXi — TEXHIYHI Maca, MPUCAIKH Ta J0OABKH, MHIOYi 3aCO0H, TIIIEpYH,
nesiki Buau (ap0O, yopHMIIa, 100pHBa TOLIO.

KoncTpykTBHO (heKCHUTaHK sBIIsT€E COOOI0 BKJIAMHWHA €TACTUIHHHA ITOTIMEPHHUH
pesepByap (o1HO UM Gararopa3oBUil) AT CTAHJAPTHOTO ABAALSTH- Ta COPOKA(PyTOBOTO
ISO-xonTeitaepa (20 DV, 40 DV, 40 HC), sxuit mae emuicts Big 14 tuc. no 24 TwHc.
mitpiB (puc. 1).

3a3HauuMO, 110 000JIOHKA EMHOCTI CKJIAJa€ThCs 3 ACKUIBKOX IIApiB: 30BHILTHBOTO
(TamMiHOBaHA TOJIMPOIIJIEHOBAa TKAHMHA) 1 BHYTPIIIHBOTO, SIKAW CKIAIAETHCA 3 YOTH-
PBHOX MIAPIB MOJIIETUICHOBOI TUTIBKY.
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1 — rHy4YKa eMHICTh (OJTHO- UM OaraToraposa);

2 — 3IMBO-HAIUBHUH IPHUCTPIH;

3 — 3aXMCHHMH KOXYX, SIKMU 3aXHILIac Bia AeeKTiB
KOHTEHWHEpY Ta MEePEeIIKO/Kae BUMIAPOBYBAHHIO 3aMaxiB;

4 — 3axuCHI OHNOpH AT YTPUMAaHHS (ICKCUTAHKY
BCEepeIMHI KOHTEWHEpy NPH BiAKPHTIH MOJIOBUHI IBEpeii;

5 — BEJIMKOTOHHAKHUI KOHTEHHEP

Puc. 1. Koncmpyxmueni ocobausocmi pnekcumanxy
Lowcepeno: [14]

Buxoasiun 3 KOHCTPYKTUBHUX OCOONHBOCTEH, BHOKPEMIIIOIOTh TaKi BUAH (pieKcH-
TaHKIB:

® OJIHONIAPOBI — BUTOTOBJISIOTHCS 3 MONIETUIICHY TOBIIWHOK 1 MM;

e OararomapoBi — CKIQJalOThCA 3 JEKUIBKOX MOJIMEPHUX MIapiB TOBIIUHOIO
Omu3pko 125 MIKpOH (SIK MiHIMYM OJIMH 13 HUX — BHYTPIIIHIA — TOBHHEH OyTH MONieTH-
neHoBuM). OnHAK, 32 pe3ybTaTaMH Cy4aCHUX MPAKTHK BUKOPUCTAHHS, BAPTO HATOJIO-
CUTH Ha 00epeXHOMY MOBOKCHHS 3 HUMH, OCKUIBKH TIiJ] 4ac 3aBaHTAXKEHHS 111 IIapu
MOXYTb 3a9€MUTHCS MiXK COOOI0, CHIPUYHHHBIIH ITOIIKO/[KEHHSI.

KoHcTpykuiero mependadeHO TakoXK 3JIMBO-HAJIUBHHUM TPHUCTPil, 3aXUCHI OMOpPHU
Ta KOXyX. BillmOBiAHO 1O TEeXHONOTi] BHKOpUCTaHHS, (PIEKCHTAHK YCTaHOBIIOETHCS
B CTaHJApPTHUHN ABaIIATH(YTOBUH KOHTEHHEP, 0 SKOTO MPUETHYETHCS IUIAHT 1 3aImyc-
Ka€eThCs €NEKTPOHACOC IS 3alIOBHEHHS €MHOCTI PiIMHOIO 10 HEoOXimHOTOo piBHSA. 3a
HEOOXiTHOCTI IOJATKOBOTO 3aXUCTY BAHTAXY BiJI TEMIIEpaTypHUX KOJIUBaHb MOXKE OyTH
CTBOpEHMI 0COOMMBUI 3axuCcHU map. Po3dBaHTakeHHS 3MIHCHIOETHCS 3a JOIMTOMOTOIO0
Hacocy (pimMHa MOke OyTH po3irpiTa 3 BUKOPHUCTaHHAM Mapy U enextpukw). [licis
3aKiHYEHHS IIi€] oneparii OAHOPa30BUi (IEKCUTAHK YTHITI3YETHCS.

3ayBakHMO, IO BCi MPUCTPOi MAIOTh CBITOBY CTPAXOBKY, SIKa PO3IMOBCIOKYETHCS
Ha X OJHOpa30BE 3aCTOCYBaHHS, ajieé HE MOIIMPIOETHCA 32 YMOB MOBTOPHOTO BHKO-
pHUCTaHHSI.

Bapro Bkazaru, mo ekcruryaraiiisi (UIEKCUTaHKIB HeE Iependadae 3acTOCYBaHHS
JIOJIATKOBUX TPHUCTPOIB i He moTpelye crielialbHUX HAaBUYOK. Alle iCHYIOTh IEBHI
BHAMOTH, SIKHX HEOOXiTHO JTOTPUMYBATHCS 331 3a0e3MeUeHHs HAJIEKHOTO PiBHS Oe3-
MeKW TpH X BUKOpUCTaHHi. Cepel OCHOBHUX 13 HUX:

BUKOPUCTAHHS B TU(PYTOBUX KOHTEHHEPIB, TEPMiH EKCILTyaTallil IKUX HE Tepe-
BUIIY€ TPU POKHU;

3arajdbHUN TEXHIYHUH CTaH KOHTeHHepy (BiACYTHICTH nedopMariiii, TpiluH, HaTiii-
HICTh BYX JUIS TiAHOMY TOIIO);

HEIONYIICHHS IIOPYIISHHS BUMOT II[0/I0 MAKCUMAJIBHOTO PiBHs 3aBaHTa)keHHs. BaH-
Tax, SIKHH TPaHCHOPTYEThCS TAaKUM YMHOM, HE Ma€ TMEepPEeBUIIYBaTH IOIMYCTHMY Macy
OpyTTO BiAMOBITHOTO KOHTEHHEPa (Ha OCHOBI MPAaKTUYHOTO AOCBI Ty 3aJI€KHO BiJl IILTh-
HOCTI PiIMHU PEKOMEH/Iy€ThCS 3aBaHTAXXEHHA He Oinble HiXK 24 THC. 1y KOHTEiHep,
Maca OpyTTo siKoro po3paxoBaHa Ha 30 T1);
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JOTPUMAaHHS PiBHS HOMIHAJIBHOI €MHOCTI (pJIEKCHTAHKY (32 JaHUMH BHUMiproBada
BUKOPUCTAHHS PIIMHU), MO JACTh 3MOTY YHUKHYTH TiJJpaBIiYHUX KOJIWBAaHb BAaHTAXKY
Ta CIIPUYMHEHUX IIUM SIBHILEM TMOIIKO/KEHb KOHTEIHEpA.

Bapro xoHcTaryBaTH, IO Cy4acHWU CBITOBHH PUHOK (PIEKCHTaHKIB CTPIMKO PO3-
BUBAETHCH, JeMOHCTpYIour 3a 2019 pik 3pocTaHHS KiJIbKOCTI MEpeBe3eHb 13 X BHKO-
puctanasMm Ha 12%, 1o 280 Tuc., a 3a octanHi 10 pokiB — Oubine HiK y 10 pa3sis.
[Ipu uboMy Ha PHHKY TPAIIOIOTh K BUPOOHHMKH (HaiiOiLnbmii 3HaxonsThes B CILIA,
Benukobpuranii, Typeuuunni), Tak i oneparopu oonaananus (Trans Ocean Distribution
Limited, Stolt Nielsen Transportation Group i Hoyer Global) [1].

3 METOI0 YHOPMYBaHHS 1 CTaHJapTH3Allii TIPOLIECiB HA CYYacCHOMY CBITOBOMY PUHKY
(hIeKCUTAHKIB JIOTh €MHI CTAHAAPTH OLIHKHU iX SKOCTI W HAaIIHHOCTI — «3Bij] MpaBUII
JUTSL BUPOOHMIITBA, CKCILIyaTallii Ta TeCTyBaHHs (MICKCUTAHKIBY», PO3pOOIICHHUH 1 3ampo-
BaJpKEHUM MiXKHApPOIHOIO acoliallito koHTeiiHepHux BiacHukiB (COA). JJokymeHTOM
BU3HAYCHO OCOOIMBOCTI MiIOOpY BIAMOBITHOTO KOHTEiHEpa; KpUTepil TeCcTyBaHHS
(riekcuTaHKy 3 KOHTEHHEPOM 1 MaTepiaiB, sIKi BAKOPHCTOBYIOTHCS MTPH HOTO BUPOOHU-
LTBi; MapKyBaHHS KOHTeWHepa 3 (IIEKCUTaHKOM; JIii B pa3i BAHUKHEHHS HaJI3BHYAHHOT
CHUTYyallil Ta CTpaxXyBaHHS; HABYaHHS IIEPCOHAITY.

JocmikeHHsT TEXHIKO-eKOHOMIYHUX TMOKa3HHUKIB PI3HUX BUAIB Tapu JUisl MepeBe-
3€Hb HAIMBHUX BaHTAXIB MOPCHKUM TPAHCIIOPTOM Jaji0 3MOTY TIOPiBHATH iX OCHOBHI
eKCIUTyaTaliiiHi XxapakTepucTHKH (Tadmums 1).

Taommis 1
IlopiBHAHHS TEXHiK0-eKOHOMIYHMX MOKA3HMKIB Pi3HUX BUIB TapH
JJIs1 iepeBe3eHb HAJMBHUX BAHTAKIB MOPCHbKHUM TPAHCIIOPTOM

XapakTepucTHKH ®nexkcutank | Boukn | IBC-koHTeiiHepn
O0’eM OIMHMUIL, T 23000 27 600-1000
Yac 3aBaHTa)XECHHS, TOJ,. 1 2 2
Yac miaroToBKu, To. 0,5 3 3
KinbkicTs oneparopis, ocid 2 3 3
Bnaacha maca, kr 140 54-66

Lorcepeno: cghopmosano asmopamu na ocrosi [14; 15]

Criuparouuch Ha Il pe3ysbTaTH W aHaNi3yIo4H CBITOBI NMPAKTUKU IIOAO 3arpoBa-
JDKEHHS 1i€T TEXHOJIOTIi B MOPCHKOMY CYIHOIUIABCTBI NP ITEPEBE3CHH] HAJTMBHUX BaH-
Ta)kiB, BAOKPEMIIIH 11 IIEBHI TIepeBar Ta HEJOMIKHU (Tabmus 2).

3a3HauuMO, 10 TEXHOJIOT1sI epeBe3eHHS HATMBHUX BaHTAXKIB 32 JJOMOMOTOIO (PIIeK-
CUTAHKIB SBJI€ COOOIO CYKYITHICTh MOCIIZOBHHUX B3a€MOIOB’SI3aHUX OIEpallid, sKi
BUKOHYIOThCSI TIOETaHo (OUIhIN a00 MEHII OHO3HAYHO) Ta 3[aTHI rapaHTyBaTH e(eK-
TUBHY, OC3MEYHY JIOCTABKY B MYHKT MPU3HAYECHHS.

ToOto, sik i OyIb-sIKy 1HIITY TEXHOJIOTIIO IPOLIECY TIEPEBE3CHHS BAHTAXKY, ii XapaKTe-
PU3YIOTh TPH O3HAKHU: PO3AUICHHS MPOIECY NMEPEeBE3CHHS, KOOPAMHALIIS Ta €TalHICTh,
OJTHO3HAYHICTh Aii [9, c. 113].

TexHoJOTiYHa cXeMa TepeBe3cHb HAIMBHUX BAaHTAXIB 3 BUKOPHCTAHHAM (DIeKCH-
TaHKIB IPH €KCIIOPTHO-IMIIOPTHHX OTEepalisx HaBeleHa Ha puc. 2.
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Tabmur 2
IlepeBaru Ta Heq0JiKM BUKOPUCTAHHS (IeKCUTAHKIB
NpH nepeBe3eHHi HAJMBHUX BAHTAXKIB
IlepeBarn Henoaiku

— 3am00iraHHs pU3UKaM 3a0pyTHEHHS 3aJIMIIKAMH 1HIIIOTO BAaHTAXY
B O/IHOPA30BHX yCTAHOBKaX;

— e)eKTUBHE BUKOPHCTAHHS KOPUCHOTO 00’ €My KOHTEHHepa IopiB-
HSHO 3 IHIIMMH BHJAMH TapH, IO Ja€ 3Mory BignpaButu Ha 40%
OiIbIlle HATMBHOTO BaHTAXy B KOKHOMY KOHTEIHEpi, HIXK TP aHa-
JIOTIYHOMY TpaHCHOpPTyBaHHI B Ooukax abo kaHictpax, Ha 50% —
MOPIBHSAHO 3 TPAaHCHOPTYBAaHHAM y IUIAMKax I HA 15% — B IBC-
KOHTeHHepax;

— MiHIMI3aIlis BUTpAT Mpalli Ta 9acy Ha TEXHOJOTiYHi ¥ JOTiCTHYHI
omepanii (ycraHoBKy (20—30 XBuiMH), 3aBaHTa)XKEHH:, PO3BaHTAa-
sxeHHst (30—40 XBWIMH) TOLIO), NMPU I[bOMY CIIENiajbHI HaBUYKH
TIEPCOHAY /I BUKOHAHHS TaKHX il He TOTPiOHi;

— HeBeNHKa Maca (QIeKCUTaHKY (3 KpituteHHsIMH Omm3bKo 140 kT a60
0,7% Big Baru epeBe3eHOr0 BAHTAXKY ), IO JTA€ 3MOTY 3HH3UTH Bap-
TicTh PpaxTy Ha | TOHHY BaHTaXYy;

— CKOHOMHICTb PO3MILICHHS OPOXHIX (bneKcmaHKiB (y mesxux
BUMNajKax posmimenHs 100 MOPOXHIX NPUCTPOIB 3a BapTICTIO
JIOPIBHIOETECS OHOMY TaHK-KOHTEHHEPY), MOKIMBICTE TPHBAJIOTO
30epiraHHs MOPOXKHIX MPUCTPOIB HA BIAKPUTHX IUIOIIAIKaX 1 CKIa-
nax;

— 3Ha4YHa €KOHOMisl Ha BapTOCTI TApH 3 pO3paxyHKy Ha IIOBHUH KOH-
teitaep (no 50% nopiBHsAHO 3 IBC-KOHTEHHEpaMu Ta O0UKaMHu);

— BIJICYTHICTb BUTpAT, ITOB’13aHKX i3 IOBEPHEHHSM Tapu W OYHIICH-
HSIM;

— 3MEHIICHHS BTPAaT MpH BUBaHTaxkeHHI B 10 pasiB (3a yMOB BHKO-
pucranus ¢rexcnrankis — 0,1%, 6o4ok abo uucTepH — 1%);

— YHHUKHCHHSI HpOMl)KHI/IX TePEBAHTAKEHb, MOXXJIMBICTD JIOCTaBKH
BaHTAXy «BiJ ABEPEH 10 IABepei» NMpH MyIbTUMOAAIBHUX IEpeBe-
3EHHSX

* HEMOXJIHMBICTh BUKO-
pHCTaHHs Ui Tepe-
BE3€HHsI HeOe3MeUHUX
BaHTaXiB (BHOyxoHEOe3-
MEYHUX T'a3iB, HAPTO-
MPOIYKTIB, AEAKUX
KHCIIOT);

*  HEOOXiMHICTH OLIb-
101 KiJTBKOCTI Totepe-
THIX TiATOTYBaHb IS
eKCIUTyaTarlii TopiBHSIHO
3 TaHK-KOHTEHHepaMu;

* HEOOXiAHICTh
ypaxyBaHHS IOCUTb
BHCOKOI BapTOCTi PoOiT
3 OYMIICHHS y BUMAJIKY
MOXJIMBHX MPOJIMBIB
BaHTaxy 3 uiexcu-
TaHKy Ha OOpTy cyaHa

1 pU3UKY IICYBaHHS
IHIIHUX BAaHTAXIB;

* HasBHICTb €KO-
JOTIYHUX TIPO-

OJ1eM, SIK1 ITOB’sI3aH1

3 000B’SI3KOBOO YTHITi-
3aIli€f0 BUKOPUCTAHUX
OIHOPa30BUX (IEKCH-
TaHKIB

Iicepeno: chopmosano asmopamu Ha ocrosi [14; 15]

- - —————————
| KoHcynpTaIis KirieHTa Ipo MOKIINBICTD
| NIEPEBE3EHHS BAaHTAXY BO (ICKCUTaHKaX

.___lI_____________'

TpunGanus Houﬂaqa Ycranoska Bignpaska
T — KOHTeifHepa Ha (irekcuTaHKy Ha BaHTaXy B
. N\ . .
p yGy — TepMiHan — TepMiHa = opT
BUpOOHHKA 200 BUPOOHHKA 200 BUPOOHHKa 200
ormeparopa omeparopa ormeparopa
AV 4
Binnpaska B Po3BaHTaXyBaIbHI TpancnopTyBaHHs BaHTa)KHl
ITyHKT ¢— onepauii B nopry — B I10PT K—  Omcpanu
IIPU3HAYCHHSA MPU3HAYEHHS TIPU3HAYCHHSA

Puc. 2. 3acanvua mexnonociuna cxema nepeee3eHb HajalueHux 8aHMAHCIB

3 GUKOPUCMAHHAM (PleKCUMAaHKie
Ioicepeno: cpopmosano agmopamu
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Ha oco6nuBy yBary yepe3 HU3KY KOHCTPYKTHBHHX OCOOJTMBOCTEH 3aCITyTOBY€E e(eK-
TUBHICTH 1X BUKOPHCTAHHS [TPU MYJIBTUMOIATIbHHUX IMIEPEBE3CHHSX (3aBISKHA YHUKHEHHIO
JIO/IATKOBHX OTEpaIliid 3 MEPeUBY PiIUHH MPU 3MiHI TUITY TPAHCIIOPTY), IO JIA€ 3MOTY
OINITUMI3YyBaTH BUTPATH U MiIBUIILY€E PiBeHb OE3MEKH.

JocmikeHHsT CBITOBHX TPAKTHK 3aCTOCYBaHHsSI (DIEKCHUTAHKIB JIa€ 3MOTY KOHCTa-
TYBaTH, 10 JUIS TOAAJIBIIOTO PO3BUTKY Ta MPOCYBAHHS Ii€1 TEXHONIOTIi MepeBe3eHHS
HAJIMBHUX BaHTa)KiB MOPCHKHM TPAHCIIOPTOM CHPHUSATHME pealli3allii KOMIIEKCy opra-
HI3aMiHO-TEXHOIOTIYHUX 3aX0/IB, a caMe: 301ILIIEHHI0 OOCSTIB 1 M ABUIIIEHHS SIKOCTI
BUPOOHUITBA (PICKCUTAHKIB; MiJABHIICHHIO PiBHS JOBipH 3 OOKY BaHTa)KOBJIACHHUKIB
1 MepeBi3HUKIB JI0 HAIAHOCTI Ii€l Tapu; 3MEHIICHHIO PU3UKIB MPOTIKaHHS, MOIIKO-
JDKEHHS Ta JedopMarii KOHTEHHepiB; YHOPMYBaHHIO 3aKOHOMAaBYOi 0a3u y cdepi
BUPOOHUIITBA Ta 30yTY (IICKCHUTAHKIB; 3aITPOBAKEHHIO METOJIKH OI[IHKH EKOHOMIYHO1
e(EKTHBHOCTI BUKOPHCTAHHSI TEXHOJIOT1I /IJIsl 3aCTOCYBaHHS iHBECTOPaMH, BiIIIPaBHU-
KaMH, OTpPUMYyBa4aMH BaHTaXiB TOIIIO.

BucHoBku. CrierugiuHicTh BJACTUBOCTEH HAJMBHUX BAaHTaXIB 1 3HAYHI 0OCSTH
iX mepeBe3eHb MOPCHKUM TPAHCIIOPTOM aKTyalli3ylOTh NMUTAHHS €(EeKTHBHOCTI U Oe3-
MIEYHOCTI IIePeBe3CHb 1 MPOOIeMy BUKOPUCTAHHS CyYacHUX iIHHOBAI[IMHUX TEXHOJIOTIH.
OHi€I0 3 HUX € (JICKCUTEXHONOT1sl. 3aBIsSKH TEXHIKO-CKOHOMIYHUM TiepeBaraM (iek-
CUTaHKH CTaHOBJATH albTEPHATUBY TPAAWIIMHAM LUCTEPHAM 1 TaHK-KOHTEHHEpaMm
1 31aTHI MiABUINATH €(DEKTUBHICTh NMEPEBE3CHHS, 3a0€3MICUUTH HAJICKHHUH PIBEHb CKO-
JIOT1YHOCTI i MaKCUMaNTbHUH piBeHb Oe3neku. OHAK PO3BUTOK 1 MPOCYBaHHS ITi€l TeX-
HOJIOTIT TIePEBE3CHHS HAJIMBHUX BaHTAXXIB MOPCHKHM TPAHCIIOPTOM IOTPeOy€E 3ampopa-
JOKEHHST KOMIUIEKCY OpraHi3al[iiHO-TeXHOIOTTUHUX 3aX0/IiB 1 MEXaHI3MiB X peaizailii,
10 CTAHOBUTHME TIEPCIIEKTUBH MOJAIBIINX JOCHTiPKEHb.
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E®EKTUBHICTb POBOTHU CYAEH
3AJIEKHO BI IIBUAKICHOTI'O PEXKUMY

B.I. I'naBarcbkux
acHCTeHT Kadeapu «YTIpaBIliHHS JIOTICTHYHIMHU CUCTEMaMU Ta IIPOEKTaMu»,

Ooecokuil HayionarbHull Mopcokull yHieepcumem, Odeca, Ykpaiua,
ORCID ID: 0000-0003-0488-2808

Anomauisn

Bcemyn. Y cmammi po3ensuymo ModiCIugicms eKCHiyamayii cyoeH Ha MAamux weuo-
KOCMAX 0151 OOCACHEHHS CYMMEBO20 IMEHUICHHS PIBHS CIONCUBAHHSA NATbHO20 Md, 5K
HACTIOOK, 3MEeHUIeHHS eKChyamayiinux gumpam. Yac 0ocmaexu 6aHmaicy € 00HUM i3
HAUBANCTUBIUUX NOKAZHUKIG AKOCMI OIIbHOCIE CYOHONIA8HOI Komnanii. Jlociiodcero,
AKUM YUHOM WEUOKICHULL Pedcum excniyamayii cyoHa eniueac Ha Yyac 00CmasKu 6au-
maoicy i pobomy CyOHONIABHOL KOMNAHIL 8 YILOMY.

s ompumanns eunepnnoi 06 €kmuHol iHhopmayii ma O0CHIONCEHHS, 3A80AHHS
BUKOPUCMAHO DazamoxpumepianvHull ananis, a eusHavena muodxcuna Ilapemo cmae
00CMYNHOI0 051 0CO0U, WO NPUUMAE piulenHs, NPU NAAHYBAHHI eKCHIyamayiiHo2o
pedxcumy cyona. Y poss’sazanni 3a80aHb 0a2amoKpumepianbHo20 aHAizy nepeoycim
NOBUHHI OYMU BUSHAYEHI Ul ONUCAHT HADOPU PiuleHb, I3 SIKUX 6apmo 30icHI08amu uoip.
Pobrsauu maxuil 6ubip, ocoba, wo npulimae pitierHs, Modce UKOPUCTAMU 000AMKO8]
Kpumepii ma MIpKy8aHHs ab0 NOKAA0AmMuUcs Ha ¢80l npoecitini 3HauHs, 00c6i0 ma
inmyiyiro.

Hopwmu eumpam nanusa 8cmanosnioromvcs HA mMenio-mexHon02IuHUX BURPoOY-
BAHMAX 01 WKIPHO20 CYOHA OKpemMo Ha X00y U Ha cmosuyi. Hopmu eumpamu naiusea
3anedxcamsy 6i0 KAIMAMUYHUX YMOG. Y 3uMOBUll nepiod sumpavacmvcs nawusea oinvule,
OCKINILKU BOHO UMPAYAEMbCS HA NPO2PI8 6AHMANCHUX NOMIUeHb, 1eDI00K [ naryOHUX
MexaHizmie — na 6—8% Oinvbuie NOPIGHAHO 3 AIMHIMU.

Bumpamu na nanuso € conoenoio cmammero gumpam npu UKOPUCAHHI MOPCbKO20
mpancnopmy. Tomy eenuxe 3HaAUeHHs MAE POZPOOKA KOMNAEKCY 3AX00i6, CHPAMOBAHUX
HQ 3HUICEHHS eumpam naauéa npu excnayamayii cyoew. Ilpu nnanysanui pobomu
CyOeH y mpamnogomy CyOHONIABCMEI OJil NEPeBEe3CHHs BANCKUX MACOBUX BAHMAICIE
NPOBOOUMBCSL PO3PAXYHOK OVHKEPYBAHHSL.

Exonomiunuil eqpexm peiicie 3anescums 6i0 OA1IAHCY MidIC KIIbKICMIO NePege3eHo20
sanmaoicy ma 3anacamu nanuea. Mae cenc ckradamu nian OyHKepy8aHHs CYOHA HA
pelic 3 ypaxy8amHam ycix 0coOnusocmer Mapuipymy i MONCIUSUX NOPMIG OYHKepy-
sanus. [lpu yvomy eapmo dpamu 00 y8azu Yinu Ha NATUBO 6 KOICHOMY HOPMY, BKIIOUA-
oYU 8apmicms 00CMAKU 00 OOpNy CYOHA, MPUBALICIb OYHKEPYBAHHS, MONCIUBICHb
NONOGHEHHS NATUBOM HA 308HIUHLOMY pelldi, Oe He NOMpIiOHA ONAama NOPMOBUX 300-
pis, wo Oitomsb Ha Micyesiti MUMHIL, eKON02IUHIN, M IHWI CneYianibHi 6UMO2U.

TIynxm npo npaso cyOHOBIACHUKA HA 3AX00NCEHHSL 8 NPOMINCHULL NOPM 015 OYHKepY-
BaHMs 6apMO GKIIOYAMU 8 pelicosutl apmep. Taxodc cyOHOBIACHUKAMU 8DPAX08YEMbCS

© I'aBarcbkux B.1., 2021
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MOJUCTUBICING eKOHOMIT Nanuea 6i0 pyxy CyOHA 3i 3HUIICEHOI WBUOKICMIO, WO Modice
0amu 3HAYHULI eKOHOMIYHUL epeKm K y mpamnoeomy, mak i 6 JiHIUHOMY U mopeo-
8EIbHO-NPOMUCTIOBOMY CYOHONLABCMEI.
Y pobomi obrpynmosano memoouxy eubopy ingecmuyiinoco npoexmy npuooaHis
CYOHa-banKepa 3 02150y HA MONCIUBICTND 1020 eKCIIyamayii Ha Pi3HUX WEUOKOCMX.
Knwuogi cnoea: cyono, wieuoxicmo, gumpamu nAIuea, MOPCoKuil mpaHcnopm, cyo-
HONIABHA KOMNAHMIS.

EFFICIENCY OF VESSELS DEPENDING ON SPEED MODE

V.I. Glavatskhih
Assistant of the Department of Logistics Systems and Projects Management,

Odessa National Maritime University, Odessa, Ukraine,
ORCID ID: 0000-0003-0488-2808

Summary

The article considers the possibility of operating vessels at low speeds to achieve a
significant reduction in fuel consumption and, consequently, to reduce operating costs.
Cargo delivery time is one of the most important indicators of the quality of the shipping
company's activity. It is investigated how the speed mode of operation of the vessel
affects the time of cargo delivery and the work of the shipping company as a whole.

Multicriteria analysis is used to obtain comprehensive objective information and
study the problem, and a certain Pareto set becomes available to the decision maker
when planning the operational mode of the vessel. In solving the problems of multicriteria
analysis, first of all, the sets of decisions from which to make a choice should be defined
and described. In making this choice, the decision makers may use additional criteria
and considerations, or rely on their professional knowledge, experience and intuition.

Fuel consumption rates are set on heat-technological tests for each vessel separately
on the move and in the parking lot. Fuel consumption rates depend on climatic conditions.
In winter, more fuel is consumed, as it is spent on heating cargo spaces, winches and
deck mechanisms — 6-8% more than in summer.

Fuel costs are the main item of expenditure when using maritime transport. Therefore,
it is important to develop a set of measures aimed at reducing fuel consumption in the
operation of ships. When planning the operation of vessels in tramp shipping for the
transportation of heavy bulk cargo, the calculation of bunkering is carried out.

The economic effect of flights depends on the balance between the amount of cargo
transported and fuel reserves. It makes sense to make a plan for bunkering the ship for
the flight, taking into account all the features of the route and possible ports of bunkering.
This should take into account the price of fuel in each port, including the cost of delivery
to the vessel, the duration of bunkering, the possibility of refueling on an external raid,
which does not require payment of port dues, local customs, environmental and other
special requirements.

The clause on the shipowner's right to enter the intermediate port for bunkering
should be included in the voyage charter. Shipowners also take into account the
possibility of saving fuel from the movement of the vessel at low speed, which can give
a significant economic effect in both tramp and liner and commercial and industrial

shipping.
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The method of selection of the investment project for the purchase of a bulk carrier
was substantiated in the work taking into account the possibility of its operation at
different speeds.

Key words: vessel, speed, fuel consumption, maritime transport, shipping company.

Beryn. OnauM i3 HalBaXXITMBIIUX (pakTOPiB, 110 BILIMBAE HA €(PEKTUBHICTD CKCILTY-
aTailii MOpchKoro (JIOTy, € HIBUAKICTD PyXy CyaeH. Bix BUOOpy IBHIKOCTI Cy/IcH 3aiie-
JKUTh Yac JIOCTABKH BAaHTAXIB 1 Taca)XHUPIB, IPOBi3HA 3IATHICTH CY/ICH, & TAKOXX BUTPATH
MajKnBa, COOIBAPTICTh TOCTABKU BAHTAXKIB 1 KIJIBKICTh IIKITMBUX BUKHU/IIB.

IlocTanoBka mpo6aeMu. 3HaUYHUI BIUIMB Ha TOKa3HUKU €(DEKTUBHOCTI POOOTH Cy/I-
HOIUTABHUX KOMITAHIH MalOTh XapaKTEPUCTHKH BAHTAXKOIIOTOKIB, KOH IOHKTYpa GpaxTo-
BOTO PUHKY, OCOOJMBOCTI HaBirailii Ta MorojiHi yMoBH, 0COOIMBOCTI pOOOTH CYMIKHUX
BUJIIB TPAHCIIOPTY ¥ HU3KA iHIMX (akTopiB [1]. BuTparu Ha manuBo € TOJOBHOIO CTAT-
TEI0 BUTPAT MPU BUKOPUCTAHHI MOPCBHKOTO TpaHCHOPTY. ToMy Bennke 3Ha4CHHA Ma€e
PO3po0Ka KOMITIEKCY 3aXOJiB, IO CIPSIMOBAHI HA 3HIKCHHSI BUTPAT MAJIMBA NPU EKC-
TuTyaTaii cysieH.

Yac 10CTaBKH BAaHTAXKY € OJHUM 13 HAaHBaKIMBIIINX TIOKA3HUKIB SKOCTI JISUTBHOCTI
CYIHOIUIaBHOI KomrmiaHii. Ekcruryaraiis CyJeH Ha 3HHXKCHUX IIBUAKOCTSX JIa€ 3MOTY
JOCATTH CYTTEBOTO 3MEHIICHHS PIBHS CHOKMBaHHS MalbHOTO Ta, SIK HACIIIOK, 3MEH-
HICHHS eKCIUTyaTallifHuX BUTpaTr. ToMy mpu BHOOpI ONTHMAaIbHOI IIBUAKOCTI PYXY
CyZIeH BaKIMBHUM € JOTPUMaHHS OallaHCy MK 9acOM JIOCTaBKH BaHTAXy i €KOHOMid-
HUMH MTOKa3HUKaMH eKCIUTyaTallii cyaHa.

[MparunenHs 3a0e3MeYNTH He3aJIeKHICTh 30BHIITHBOT TOPTiBIIi BiJl KOH IOHKTYpH (ppax-
TOBOTO PUHKY CTHMYJIFOE€ KOKHY MOPCBHKY KpaiHy 3/iHCHIOBATH IepeBE3CHHS Ha CBOIX
cynHax. Po3BHTOK HallioHaIBHOTO (IIOTY Ja€ 3MOTY €KCHOPTYBATH TOCIYTH MOPCHKOTO
TPAHCIIOPTY ¥ OTPUMYBATH 3HAYHI MPUOYTKH, SIKi, Y CBOIO Yepry, CIPUSIOTh PO3BUTKY
MibkHapoaHOi Toprieii. Jlo cneunpidyanx 0coOIMBOCTEH MOPCHKOTO CYIHOILIABCTBA
BIZIHOCSITh MIDKHAPOIHHWI XapakTep HOro IisUTbHOCTI, Oararoraiy3eBy CIPSIMOBaHICTh
po0OTH, BHCOKHMH CTYIiHb JWHAMIKH. MiKHapOIHHH XapakTep MOpCBHKOro Oi3Hecy,
Horo nuHaMi3M, HEOOXiJHICTh (PYyHKIIIOHYBaHHS MOPCHKOTO CYJIHOILUIABCTBA Y B3a€EMO-
Iii 3 1HIIMMHU BUJAMHU TPAHCIIOPTY Ha OCHOBI O€3MEpepBHOIO PO3BUTKY TEXHOJIOTIH Ta
VIPaBIiHHS CHPHUSIIOTH NPOLECY MIBUIKOTO PO3BUTKY Taiy3i, 0OyMOBJICHOMY 30BHIII-
HiMH Ta BHYTpilmHIMH (akrtopamu. J[ins mMopcekoro Oi3Hecy XapakTepHa HasBHICTh
JKOPCTKOT KOHKYPEHIIil, y sIKii MepeBara 3HaXOAUThCS Ha CTOPOHI KOMIIaHiH 1 KpaiH, 1110
3IHCHIOIOTH TIEPEBE3EHHsI HAOUTBIIT €(hEeKTUBHO i MAKCUMAITBHO BJIOCKOHAITIOIOTH TEX-
HOJIOTIYHI Ta YIPaBIiHCHKI aclieKTH cBO€i poOoTH. KoxkeH ydacHHK MOPCHKOTO Oi3HECY
JIi€ B paMKax €JIMHOTO PHHKY MOPCBKHX MEPEBE3€eHb, OTIKE, KOHKYPYIOUHU 3 OLTBII JIMHA-
MIYHUMH MApTHEPaMH, 3MYIICHHH MiATPHUMYBAaTH CBOI CTaHJApTH Ha PiBHI CBITOBHX.
ITo3urii Ykpainu K MOPCBHKOI JA€pKaBH, IO CKIIAIKCS, 1 TOAAJBINI HAMPsIMH iX 3Mill-
HEHHS| BUMararoTh ypaxyBaHHsI IIOOAILHIX TEHJICHIIIH CBITOBOI MOPCHKOT TOpTiBii [2].

3a ocTtaHHI pokn YKpaiHa MpakTHYHO BTpATHIIA CTaTyC MOPCHKOI JiepkaBu. YacTka
CyZeH TiJ yKpaiHCBKHM IparopoM y 30BHIIIHBOTOPTOBENFHUX IMEPEBE3CHHIX YKpa-
THCBKHMX BaHTaXiB HE nepeBuinye 4—5%. BikoBa cTpykTypa yKpaiHCHKOTO TOPrOBOTO
GIoTY CBITYHTH TIPO TE, IO CIIOCTEPIraeThCs MEPCIEKTUBA HOTO 3HAYHOTO CKOPOUYCHHS
HaAMOMMKIMMU poKaMu: Ouble Hix 62% cyneH MatoTh Bik 20 1 Oiiblie pokiB.
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AHaJ1i3 CBITOBOT MOPCHKOT TOPTiBIII Ta 0OCSATIB MEPEBE3CHb BAHTAXKIB MOKA3y€ POJIb,
10 3POCTAE, MOPCHKOIO TPAHCIIOPTY, SIKMI € BUJOM MacoBOIO TPAHCIIOPTY, SIKHM 3/1a-
TEH JI0 OCBOEHHS BEJIMKHUX KUIBKOCTEH BaHTaXiB. PO3BUTOK CBITOBUX TOCIOAAPCHKHUX
3B’sI3KIB, 3pOCTaHHS OOCSTIB CBITOBOTO BaHTKOO00ITY, PO3IIMPEHHS AisIBHOCTI TpaHC-
HaIlOHAJIFHUX KOpITOpalliid, BUCOKa TPOBi3HA CHPOMOXHICTh 1 HHU3bKa cOOIBapTICTH
nepeBe3eHb MOPCHKUM TPAHCIIOPTOM BiJIHOCHO IHIIMX BUJIIB TPAHCIIOPTY CTBOPIOIOTH
OCHOBY 1HBECTHIIIHOI MPUBAOINBOCTI Tay3i.

Mopcbkuii (0T Mae MOTEHIla)I 1HBECTHIIIMHOT MPUBAOIMBOCTI I BITUU3HSIHUX
MIPOMHUCIIOBO-(IHAHCOBUX TpyI. PO3BHTOK TOPTOBEIBHO-IIPOMHUCIIOBOTO CYAHOTLIAB-
CTBa MOXK€ CTaTH OCHOBOIO €KOHOMIYHOTO 3pOCTaHHSI YKpaiHH Ta IiJBUILCHHS PiBHA
il exkoHOMi4HOI Oe3meKkH. Y CydaCHHX yMOBaX e(EeKTHBHUI EKOHOMIYHHH pPO3BHTOK
KpaiHH 0araro B YOMy BH3HAYa€ThCsl HASBHICTIO TOHHAXKY, IO € IOCTATHIM JIsl 3a0€3-
MEYCHHS HEe3aJICKHOCTI HAIllOHAIBHOT 30BHINIHKOT TOPTiBi [3]. Ile 0co0MBO BayKIMBO
JUIsL KpaiH, IO eKCIOPTYITh CHPOBHHY i MPOMYKIIIO HE3aBEPIICHOTO BUPOOHHIITBA.
Vki1agaHHsT TOBrOCTPOKOBUX KOHTPAKTIB JACTh 3MOTY IiJIBUIIUTH KOHKYPEHTOCIPO-
MOJKHICTh HAI[IOHAJBHOTO CY/JHOIUIABCTBA HA CBITOBOMY ()PaxTOBOMY PHHKY Ta Iij-
BUIIUTH KOHKYPEHTOCIIPOMOXKHICTh YKPalHCHKOi €KCITOPTHOI MPOAYKIii Ha CBITOBHX
TOBapHUX PUHKAX.

®opmyawBaHHA nijiel crarti. Mera cTarTi — pO3NISHYTH MOXIIMBICTD €KCILTya-
Talii Cy/leH Ha MalluX MBUAKOCTSX JUIS JOCSTHEHHS CYTTEBOTO 3MEHIIICHHS PIBHS CIIO-
JKUBaHHS MMAJTBHOTO Ta, SIK HACHIJIOK, 3MEHIIIEHHS eKCIUTyaTal[iiHUX BUTPAT.

Buknaa ocHoBHOro marepianay. AHani3 e(EeKTHBHOCTI JIOBFOCTPOKOBHX KalriTa-
JIOBKJIaJIeHb, /IO SKMX BIJHOCATHCS 1HBECTHIIIMHI MPOICCH B rajly3i CYIHOILIABCTBA,
MOB’sI3aHUI 31 3HAYHUMU TIEpioflaMU Yacy W BUMarae I'pyHTOBHOI OI[IHKH MalOyTHiX
IMOBIpHICHUX YMOB, sIKi HEOOXiHI JJ1s1 OTprMaHHs TpUOyTKy. CYyTHICTH TaKOTO aHaJi3y
3BOAMTHCS JI0 BU3HAYCHHS JOIIJIBHOCTI TOTO UM IHIIIOTO BapiaHTa iHBECTHUIIHOTO MPO-
eKTY 3 TO3UIIi} MOPIBHSHHS Cy4YacHHX i MalOyTHIX BHTPAT KOMIIaHii 3 IEPCIIEKTUBOIO
OTpPHMaHHS PUOYTKIB.

MeronoMm, MO HAKOLIBII IUPOKO BUKOPUCTOBYETHCS JJISl KUIBKICHOTO aHAaIi3y
Ppe3yNbTaTiB MPOEKTHOI MisIIBHOCTI, € METOJ «4UCTOi cydacHOi BapTocTi» (Net Present
Value, NPV). Lleii meTox 6a3yeThcst Ha TUCKOHTHUX OOYMCIICHHSIX JIOXOJIB 1 BUTPAT, 110
OB’ s13aHi 3 peaizalli€ro MPOEKTY Ta MPUBE/CHI JI0 ASIKOT0 MOMEHTY 4acy, sIK PaBUIIo,
JI0 TIOYATKY TPOEKTY.

HacnigkoM HecTaOiTbHOT €KOHOMIYHOT CHUTYAIlll y CBITI € MIHJIMBI YMOBH [isUIb-
HOCTI B Taiy3i MOPCHKHX MepeBeseHb. 1100 3amumarncss KOHKypeHTOCTIPOMOKHUMH
Ha PUHKY, OJIBIIICT CYIHOIUIABHUX KOMMAHId 3MYIICHI BXKMBAaTH 3aXOIH 3aJUIs IiJ-
BUIIICHHS €(DEeKTUBHOCTI BUKOPUCTAHHS CHEPreTUYHUX pecypciB [4]. YacTkoBo 1e
OB’ s13aHO 3 KOJIMBAHHSAMH I[iH HA HAQTy 1 abHO-MaCTHIIbHI Marepianu. ToMmy Oararo
yBard MepeoBUX CYJIHOIUIABHUX KOMIIaHIM CIIPSMOBAaHO Ha PO3POOKY 3axXoJiB IIOI0
3MEHIIICHHS BUTpaT Ha NajuBo. J[0 HUX MOXKHA BITHECTH TaKi: 3aXOIU 3 Oprasizarfil
nepeBe3eHb (Mepepo3noAia CyAeH; 00’ €HaHHS MapIIpyTiB; 3HMKEHHS EKCIuTyaTa-
LIAHOT MIBHIKOCTI; MPUIMHEHHS OOCIYTOBYBaHHS MEHII PEHTA0EIbHUX HAIPSMIB),
3aX0[M 3 TEXHOJOTIYHOTO MOKpalleHHs (yIOCKOHAICHHS KOHCTPYKIII KOpITyCy; HOBI
TEXHOJIOTIi JIJIsl CyTHOBUX JIBUTYHIB; BUKOPHCTAHHS aJIbTEPHATHBHUX JKEpeIl eHeprii;
KOMII FOTEPH1 TEXHOJIOT11).
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Jani po3rissHeMO OfWH 13 HaWOUThII €(EKTHBHUX 3aXOJiB 3HIKCHHS BUTpAaT Ha
MAJIMBO, 1110 TOJISTaE B 3HUKCHHI €KCILIyaTaliiHOT IBUIKOCTI pyxy cyaeH. st nporo
MPOBEACMO aHaJII3 3aJICKHOCTI BUTPAT MaIKMBa BiJl IIBUIKOCTI PyXy CYJIHA.

OCHOBHHMM CKJIQJIHUKOM BHJIATKiB, IO iCTOTHO BIUIMBAIOTh HA OTPHUMaHHS TpH-
OyTKy IpH BUKOPUCTAHHI KOXKHOTO CY[Ha, € BapTICTh CIIOXKHUTOTO B peiici manmpa. s
BUJIATKOBAa YaCTHUHA CTaHOBUTH /10 60% Bix 3arajbHUX BUTPAT i MOXKE 3MIHIOBATUCS
B IIMPOKHX MEXax 3aJieKHO BiJ] YMOB eKCIUTyaTalii Ta Jiil ekimaKy 3 HiITpUMaHHS
palioHaTbHUX TEXHOJOTIYHUX PeXUMiB. EKOHOMIIO MaIMBHO-CHEPTETUYHUX PECYPCiB
Ha Cy/HaX BapTO BBa)KATH BAXKIIMBUM KOMIUICKCHUM 3aBJaHHSM, [0 BUMarae ehekTus-
HOT'O BUPILICHHS HE TUIBKU TOMY, IO MPH [IbOMY 3a0€3MeUy€eThCsl MAKCUMYM MTPUOYTKY,
a mepenyciMm i3 Tiel MPUYMHY, 10 PAlliOHAILHO BUTPAYaOThCs HETIOHOBIIIOBaHI CHEpre-
TUYHI peCypcH, 3MEHIIYEThCS 00CAT BUKUAIB B atMochepy MPOAYKTiB 3ropsiHHs, 30e-
piraeTbest €KOJIOTIYHO YUCTE CepeloBUINE Ha BOAHUX murixax. OTke, 31 3MEHIICHHIM
BUTpAT MaJIMBa 32011/ KYETHCS MOTOPECYPC TOJIOBHUX JIBUT'YHIB Cy/IHa, TCHEPATOPHUX
arperariB CyTHOBUX €JICKTPOCTaHIIIH, 3HUKY€EThCSI TEIUIOHATIPYKEHICTh JIeTallel 1 By3-
JIIB CYTHOBHMX MAIIIUH 1 MEXaHi3MiB, 3MEHIIIYIOThCS BUTPATH MacTHJjIa TOIIO [5].

ExoHoMisl manuBa mpu eKcIuTyatallii cyHa Moke OyTH 3/1iliCHeHa KiJIbKOMa ILIs-
xamu. OJIVH 13 HUX TOJISITA€ B OHOBJICHHI (JIOTY JOCKOHAIUMHE CyJTHAMH HOBOTO TTOKO-
JHHSA, SIKI OCHAIIEHI Cy4acHMMH EKOHOMIYHMMHU ABWTYHamHu. Llei muisx mo’s3aHuit
3 3aJIy4CHHSM 3HAYHMX IHBECTHUIIH. [HINMUI IIISX SKOHOMIT MajuBa MPU EKCILTyara-
il cyaHa nmonsrae y BUOOpi Ta 3a0e3MeueHH] ONTUMAIIBHIX PEXXUMIB POOOTH CYTHOBOI
JIN3ENTbHOT YCTAaHOBKH, a8 TaKOXK MPOBEICHHI PI3HUX OpraHi3aliiHO-TeXHIYHUX 3aXOJIiB
HIO/I0 €KOHOMIii MaJIMBHO-CHEPTEeTUYHUX PEeCypciB. 3HWKEHHs IIBUAKOCTI X0y MpH
eKCIUTyaTallii CyJHa 1a€ 3MOTY CYITHOBJIACHUKY CKOPOTUTH EKCILTyaTalliiiHi BUTPaTH MO
CYJIHY, III0 IIUPOKO 3aCTOCOBYEThCS Ha MpakTHii. OJHAK BapTO BpaxoByBaTH, IO HAJ-
MipHE 3HIKCHHS IIBUJIKOCTI MOXKE MPU3BECTH JIO0 BTPATH KIIIEHTYPH Ta, SIK HACITIJIOK,
JI0O MOXKJIMBOT'O 3MEHIIICHHS A0X0AiB. TOMy 3HaYHUI IHTEPEC CTAHOBJIATH JIOCIIKCHHS
3aJIC)KHOCTI BUTpAT MaJKMBa BiJl €KCILIyaTaliiHOT MBUAKOCTI cyaeH. OI[IHUMO 3aJIeK-
HICTh €KCIUTyaTaI[lfHOT IIBUAKOCTI i BUTpAT MajMBa CyHAMH-ITPETEHACHTAMH 32 JIOTIO-
MOTOI0 perpeciiiHoro aHamizy Ta moOyIoBH JiHIH TpeHay. JJochmimKyroun 1o 3a1ex-
HICTh, MOXHa Oy7ie 3pOOUTH BUCHOBKH IPO T€, SIK caMe 3MiHa MIBHUAKOCTI PyXy CyIHa
BIUIMBAE HA BUTPATH MAJINBA, a OTXKE, 1 Ha EKCIUTyaTalliiiHi BUTPaTH.

o6 mocnmiauTh 1O 3aJIeXKHICTh, CKOPUCTAEMOCS €BPOIEHCHKOI MIXXHAPOIHOIO
ba3or0 maHux AIS [6] 3HaUeHb BUTpAT MajuBa 3a MIBUAKOCTIMH Ui cynHa «Achilles
Bulker» (tabmuris 1).

Tabmums 1
Butparu najuBa 3ajexHo Big mBuaAKoOCTI 1 cynHa «Achilles Bulker»
HIBuakicTs cynna, | Burparn nanusa Ha | LlIBuakicTs cynna, Butparn nanusa
BY3JI. X011y, T/100. BY3JI. Ha X011y, T/100.
1 2 3 4

14,5 23,4 7,975 8,99
13,775 21,2 7,25 8,13

13,05 19,09 6,525 7,41
12,325 17,16 5,8 6,80

11,6 15,4 5,075 6,30
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3akiHuyeHHs Taoi. 1
1 2 3 4
10,875 13,81 435 5,90
10,15 12,38 3,625 5,60
9,425 11,1 2,9 5,38
8,7 9,98

Ha mincraBi cTaTHCTHYHOTO aHANI3y OTpMMaHa Taka 3aJIeKHICTh BUTpAT MajlnuBa Ha
100y () Big mBUAKOCTI cyaHa (V):

y a
qxod :[V_j *(qmax _qmin)+qmin’ (1)

max

Jie mocTiitHuii napamerp d=2,507849 Bu3HAUEHO 3a JOMOMOTOK METOJY HalMEH-
IIMX KBaJPaTiB;

— MaKCHMaJlbHa IIBUJIKICTH CYy/IHA, BY3J1.;

— BUTPATH IaJMBa IPU MaKCUMAJIbHIN MIBUJIKOCTI, T//100.;

— BUTPATH NAIKMBA MPU MiHIMabHIA MIBUAKOCTI, T/100.

3a ¢opmynoro (1) i TphOX IHIIUX OOpPaHUX CYACH 3HANICHO 3aJIC)KHICTh BUTPAT
MajuBa BiJl IBUKOCTI PyXy CYJIEH.

Ha puc. 1 npejicraBieHO MOPIBHAHHS 3aJIKHOCTEH BUTPAT MMAJUBa BiJl IIBUIKOCTI
PYXy IUIsl CYACH, IO PO3MISIA0THCS.
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Puc. 1. Ilopienanns 3anexcHocmell 8Umpam namusd 8i0 WeUOKocmi pyxy 0Jis CyOeH,
WO Po32IAOAIOMbCSL

[Ipu mociimkeni 3aBHaHp 0araTOKpUTEPialbHOTO aHANi3y BHUYEPIHA 00 €KTHBHA
iH(opMarlist cTae JOCTYITHOIO U 0co0H, 110 pUHMAE PIillIeHHs, KO 3HA/IeHO MHO-
xuny [lapero. Jlani Ha migcTasi indopmariii mpo mEHOXKHHY [lapeTo oco0a, mo npuiimae
pileHHs, Mae 3poOWTH CBil OCTAaTOUYHWI BHUOIp OAHOTO 3 PO3B’S3KIB, M0 HE MOXKHA
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nokpamuty. Po6ssiun Takuii BUOip, ocoda, mio NpuiiMae pillieHHs, MOYKE BUKOPHCTATH
JIOJIATKOB1 KpHUTEPil Ta MipKyBaHHs, a00 MOKIAgaTUCsA Ha CBOi mpodeciiiHi 3HaHHS,
JOcBig Ta iHTYimifo. OTXe, MpU PO3B’sI3aHHI 3aja4i 0araTOKpUTEpialbHOTO aHalizy
neperyciM MOBUHEH OyTH BU3HAUCHHI Ta ONMCAHUN HA0Ip pillieHb, i3 TKUX BapToO 31ik-
CHIOBaTH BHOip. Pa3oM i3 MOHATTAM pillieHHS BUKOPUCTOBYIOTHh TaKOXK TEPMiHH «allb-
TEPHATUBA», «BapiaHT», «IIaH» abo «crpareris» [7].

OueBHIHO, 1110 HaMKpaIux 3Ha4eHb NPV 1 HallMeHIIO01 TPUBAJIOCTI peiicy OTHOYACHO
JOCSATTH HEMOXUIMBO. OIHUM 13 IMX KPUTEPiiB HEMUHYYE JOBENETHCS MOCTYITUTHUCS,
SIKIIIO HAMATaTUCS MOKPALTUTH iHIIHA. OTXKe, 1€ € TUITOBOIO 3a/1aueio 0araToOKpUTepiaib-
Hoi onrtumizattii. [1lo6 po3r’s3aru 1o 3a1auy Tpeba 3HalTH MHOXUHY [lapeTo — onTu-
MaJIbHUX 3HaueHb. [IJis BU3HAUCHHS Ii€1 MHO)KWHH BUKOPUCTAEMO HATIISIHUM Tpadid-
HU# croci0 MpeICTaBICHHS 3aJIC)KHOCTI 3HaYeHb KPUTEPIiB OJHE BiJ OXHOTO [8].

[MpoBenemMo po3paxyHKH, y SIKUX OyJeMO BpaxoByBaTh 3MiHY BUTpaT MalbHOTO
3aJIeKHO BiJI MIBHIKOCTI. BU3HAUYMMO 3HaYeHHS cepeJHbO3BAKEHOTO TaHM-4apTepHOTO
eKBIBaJIGHTa 1 MpPEACTAaBUMO OTPHUMaHi pe3yJsTaTH B Tabnuii 2 Ta Ha puc. 2. 3 pos-
paxyHkiB 1 puc. 1 BugHO, mo cynHy « Weco Josefine» 3 Touku 30py Makcumizanii 3Ha-
4yeHHs TaliM-uapTepHoro exBiBaneHTa (TUE) Burignime 3a Bce pyxartucs 31 HIBUIKICTIO
11,04 By3miB, TOMY IO JUIS IIi€i MIBUAKOCTI 3HAUYEHHS CEPEIHHOIO TaHM-4apTEPHOTO
€KBIBaJIEHTA € HAWOUIBIINM 1 CTAaHOBUTE 8658,63 1071./100. AHAIOTIYHO BU3HAYAIOTHCS
HaOLTBII eEeKTUBHI, 3 OIVISy Ha 3HAYCHHs TaM-4apTepHOTO CKBiBaJICHTA, HIBHUJIKO-
cti i cynHa «Achilles Bulkery» — 12,3 By3niB, cynna «Bar» — 11,2 By3niB i 9,6 By31niB
st cynHa «Theoxehia». Ha puc. 2 mpeacraBieHo MOpiBHSHHS 3HAYCHb CEPEIHHO3BA-
JKEHOTO TalM-4apTEPHOTO SKBIBAJCHTA 3aJIC)KHO BiJ IIBUIKOCTI PYXY VIS BCIX CYICH-
NIPETEH/ICHTIB.
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Achilles Bulker ——-BAR IIBUAKICTE, B3I
_______ Theoxehia —--—Weco Josefine

Puc. 2. Ilopisnanns 3anexnchocmeti THE 6i0 wieuoxocmi 0ist cyOeH,
Wo po32n0aomvCcs
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Tabmuus 2
3MiHa cepelHbO3BAKEHOI0 TAIM-4apTEPHOT0 €KBiBaJIeHTA
3aJIesKHO Bi/l IBUKOCTI pyXy cydeH

«Achiﬁgél ]l;?llker» Cymuao «Bar» Cynno «Theoxehia» «Weccoyfl1 (;ls(()eﬁne»
IH-Bl/lIl- HI.anl- IH.Bl/lL[- IH-Bl/lIl-
cyma, 10J1./100. cynna, 10J1./100. cynua, 10J1./100. cynua, 110J1./100.
BY3JIL. BY3JI. BY3JI. BY3JI.

14,5 6721,39 14 5 681,60 12 5232,17 13,8 8 533,97

13,775 | 6 826,57 | 13,3 5 890,83 11,4 5439,67 13,11 8 645,64
13,05 | 6882,29 | 12,6 6 045,24 10,8 5589,01 12,42 8 704,57
12,325 | 6887,48 | 11,9 6 143,73 10,2 5678,93 11,73 8 709,39

11,6 6841,02 | 11,2 6 185,13 9,6 5 708,09 11,04 8 658,63
10,875 | 6 741,71 | 10,5 6 168,22 9 5 675,05 10,35 8 550,69
10,15 | 6 588,30 9,8 6 091,69 8,4 5 578,30 9,66 8 383,89
9,425 | 6 379,42 9,1 5954,15 7,8 5416,24 8,97 8 156,41

8,7 6 113,65 8,4 5 754,16 7,2 5187,17 8,28 7 866,28
7,975 | 5789,49 7,7 5490,16 6,6 4 889,28 7,59 7 511,41
7,25 5405,32 7 6 160,54 6 4 520,67 6,9 7 089,54
6,525 | 4959,47 6,3 4 763,59 54 4 079,33 6,21 6 598,24

5,8 4 450,14 5,6 4 297,52 4,8 3563,16 5,52 6 034,90
5,075 | 3 875,48 4,9 3 760,50 4,2 2 969,94 4,83 5396,73
4,35 323354 | 4,2 3 150,61 3,6 2 297,38 4,14 4 680,76
3,625 | 2522,34 3,5 2 465,91 3 1 543,15 3,45 3 883,83

2,9 1 739,86 2,8 1 704,52 2,4 704,89 33 3 002,59

3 tabnuui 2 BuAHO, MO B cygHa «Weco Josefine» 3HadeHHS cepemHbOro TaM-
YapTepHOTO €KBIBAJICHTA Ha BCIX IIBUAKOCTSX MOPIBHSIHO 3 1HIIUMH CyTHAMU € Haii-
BUIIMMU. AJIe 1€ 1l HE € JOCTATHBOIO IMiJICTABOIO JUIi OCTATOYHUX BUCHOBKIB IIOJO
BHOOPY IHBECTHIIIHHOTO MPOEKTY. [HTEpec MpecTaBIIsie TOCIiIKEHHS 3aJIe)KHOCTI 3Ha-
yeHb NPV Bij BUOOpY MIBUAKOCTI PyXy CYICH.

Hust cynna «Achilles Bulker» y Tabnmiii 3 npencTaBieHi pe3yabraTd pO3paxyHKiB
3HaueHb NPV 1 cepennboi TpuBajocTi pedcy npu BHOOpI Pi3HHX HIBHIKOCTEH PyXy
CyaHa.

AmnarnoriuHo po3paxoBaHo 3HaueHHS NPV Ta cepenmHboi TpuBajocTi pelcy mpu
BHOOPI Pi3HUX MIBUAKOCTEH JUIS TPHOX 1HIIUX cyAeH. Ha puc. 3 300pakeHo 3aieKHICTh
3HaueHb NPV Bij cepelHbOro X0/I0BOTO Yacy B OJJHOMY HANPSMKY JJIsl BCIX CyJCH-TIpe-
TEHIECHTIB.

300pakeHHs Ha pHC. 3 Ja€ 3MOry HoCHiauTu MHOKUHY [lapeto mis 3amadi 6arato-
KpHUTEpialibHOT ONTUMI3AIli] 3a IBOMa KPUTEPISIMU (CEPEAHIM XOIOBHM YaCOM B OTHOMY
HaNpsMKY Ta 3arajJbHUM 3Ha4eHHSIM NPV mpoekry npunadaHHs cynHa), MO Ja€ MOXK-
JUBICTH 0c001, 110 MpUAMaE pillieHHs], 3pOOUTH OOTPYHTOBaHUH BHOIp IHBECTHIIIHHOTO
MPOEKTy NPUAOAHHS CyJdHA 3 OIVISAY HAa MOXJIMBICTH €KCIUTyaTallil CylIeH Ha pPi3HHX
IIBHUJIKOCTSIX.
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Tabmumsa 3
3B’s30k NPV i cepennboi TpuBanocri peiicy cynna «Achilles Bulker»
IIBuAKICTH PyXy CyAHA, BY3JL TpusBanicTs peiicy, aio. NPV, tuc. noJ.
14,5 75,13 119542
13,775 77,56 1326,24
13,05 80,25 1395,53
12,325 83,26 1 401,98
11,6 86,65 1 344,21
10,875 90,49 1 220,70
10,15 94,87 1 029,91
9,425 99,93 770,13
8,7 105,84 439,61
7,975 112,82 36,47
7,25 121,20 -441,30
6,525 131,43 -995,79
5,8 144,23 -1629,21
5,075 160,68 -2 343,88
4,35 182,61 -3142,22
3,625 213,32 -4 026,71
2,9 259,39 -4 999,84
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Achilles Bulker ——-BAR

Theoxehia —--

— Weco Josefine

Puc. 3. lopiensnns 3anexcnocmei NPV 6i0 cepednbozo x0006020 wacy

8 0OHOMY HANPAMKY

OueBuAHO, IO SAKIIO OpaTH OO yBard JHIIE MOKa3HUK CepPeIHbOT TPHUBAJIOCTI XOA0-
BOTO 4acy, To BapTo obparu cynHo «Achilles Bulker» i BukopucToByBaru Horo Ha
MaKCHMaJIbHI IIBUKOCTI, IPU LIbOMY CEpeIHSI TPUBAIICTh XOIOBOTO Yacy B OIXHOMY
HanpsIMKy Oyae craHoBuTH 24 nobu. Skimo Oparu 1o yBaru nuine mokasHuk NPV, To
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BapTo obOparu cyaHo «Theoxehiay # omepyBaTn HMM Ha MIBUAKOCTI 9,6 BYy3IiB, IpH
BOMY CEpelHs TPUBANICTh XOJOBOTO 4Yacy B OIHOMY HAaNpsSMKy CTaHOBHTHUME IIpH-
6mu3Ho 36 116. 1106 BrOpaTy mpoeKT i3 OLIbII 30aIaHCOBAHUMU TTOKa3HUKAMU CEPEe/I-
HBOTO XOJIOBOTO 4Yacy Ta 3arajbHOro 3HadeHHS NPV mpoekry, HeoOXiTHO JOCTiTUTH
mHOXuHY [lapero [9].

Ha puc. 3 MmoxHa mo6auynT MHOYKHHY ONTHMAIILHIX 3HAUYCHb KPUTEPiiB 3a1ayi Oara-
TOKpPHUTEPiaIbHOT ONTHMI3allii: BOHA MMO3HaUEHa KUPHOIO JIiHi€l0. Pemra To4oK, 10 He
HaJIeKaTh J0 1€l MHOXMHU, HE € ONTUMaNbHUMU 3a [lapeTo i, oTKe, HE CTaHOBIAThH
MPaKTUYHOTO iHTEepecy Juid 0co0H, 10 NpuiiMae pimeHHs. MHOXWHA ONTHMAaIbHUX
3HaueHb KPUTEPIiB CKIAAETHCS 3 TPHOX YT, KOXKHA 3 SIKUX BIJIIOBIa€ OMHOMY 3 TPHOX
cyneH. Anamizytoun ayry I, mo Bignosimae cyaHy «Achilles Bulkery, moxHa 3po-
OWTH BUCHOBOK, III0 MPOEKT MPHUI0AHHS [LOTO CyIHA MOXE PO3TIISAATHCS JIUIIE TOI,
KOJIH HEOOXiJTHO 3a0e3MeYnTH MAaKCHMAIBHO KOPOTKI CTPOKH JOCTaBKH BaHTaXy. AJe
B IIMPOKOMY Jiana3oHi CepeHiX 1 MOBUIbHUX MBUAKOCTEH cyaHO «Achilles Bulker
MOKa3y€e TOTaHi MOKa3HUKH SKOHOMIYHOI eeKTHBHOCTI. [IpoekT mpumbaHHs cygHa
«Weco Josefine» B3arani Bumsgae HenpuBadIuBUM, 00 noka3Huk NPV € HaliMeHIITM
cepesl CyJIeH-NIPETeH/ ICHTIB, X04a CTPOKH JOCTAaBKH BaHTAXy B HHOTO MaJi. SIKio aHa-
mizyBatu ayru [ i I11, To MOXKHa IIATH BUCHOBKY, IO MPOEKT MPUAOaHHs cyqHa «Bar»
€ HalOUIbII e()eKTUBHUM, SKIIO ICHYIOTh OOMEXEHHS 1010 TOT0, 11100 peiic y cepel-
HHOMY TpHBaB He Oinbiie 33 ai0. SIKIo HiTKUX 00MEKEHb Ha TPUBAIICTh IOCTABKH BaH-
TaXKiB KJIIEHTH HAKJIAJAaTH HEe OyAyTh, TO HAHOLIBII €(PEKTUBHUM 3 CKOHOMIYHOI TOUKH
30py € MPOEKT mpuadaHHs Ta ekciuiyaramii cyaHa «Theoxehia», BuKopucTaHHs oro
Ha MBUAKOCTI 12,3 By3IiB; MpH BOMY CEPEAHS TPUBANICTH XOIOBOTO Yac B OTHOMY
HarpsIMKy Oy/ie HaliO1LIBIIO0 1 CTAHOBUTH MPHOIU3HO 36 1i0.

[pu BuOOpi cymHA TaKOXK BapTO MPHUIUIMTH yBary JTOBXHHI Jlialia30Hy IBUIKOCTEH,
Ha SIKUX BUKOPHCTaHHS CyIHA € ONTHMAJBHUM. SIKIO BUKOPUCTAHHS CyIHA € OITH-
MaJIbHUM Yy HIMPOKOMY Jiara3oHi MIBUAKOCTEH, TO CYIHOIJIaBHA KOMITaHis B MaiOyT-
HBOMY MOXKE 3a0e3IeYUTH JONATKOBY THYYKICTh B Y3TOJDKEHHI ()PaXTOBHUX CTaBOK
1 CTPOKIB JOCTABKH BaHTAXIB Yepe3 MOXIHMBICTh e(PEKTUBHOI eKcInTyarallii cyieH Ha
PI3HUX MIBUAKOCTSIX, IO € Iy’KE BAKIMBUM B YMOBAaX HECTIMKOT KOH FOHKTYpHU (hpaxTo-
BOTO PUHKY.

BucnoBku. Yac 10cTaBKy BaHTaXy 3 MOPTY BiANPABICHHS B TIOPT NPU3HAYCHHS Ta
PiBEHb JOXOMIIB CYTHOIUIABHOI KOMIIAHIT Bil €KCIUTyarTallii Cy/lIHa € B3a€MOIIOB’ I3aHUMHU
nokasHuKam. [ToKpalieHHs! OHOTO 3 HUX HEMHHYY€E CIIPUYHHSIE MOTIPIISHHS 1HIIOTO.
[IpoBeneni qociiKEHHS MOKa3au, 0 €)EeKTUBHICTh MPOCKTIB MpUAOAHHS i eKCILTY-
arailii cyjeH-0ankepiB Moxke OyTH CYTTEBO IMOKpallleHa 32 PaxyHOK OOIPYHTOBAHOI'O
BUOOpY HMIBHIKOCTI pyXy cyneH [10].

Excryarariisi cyJjeH Ha MalliX MIBUIKOCTAX A€ 3MOTY JIOCSTTH CyTTEBOTO 3MEH-
HICHHS PiBHS CIIOKMBAHHS MaJBHOTO Ta, SIK HACIIIOK, 3MEHIICHHS eKCILTyaTamiiHuX
BUTpAT. AJie, 3 IHIIIOr0 OOKY, Yac JOCTaBKH BAaHTAXY € OJHHMM 13 HalBaXKJTUBIIIHMX MTOKa3-
HUKIB SKOCTI JISUTBHOCTI CYJHOIUIABHOT KOMIIaHii.

3 npoBeNeHUX PO3PAXyHKIB BUIHO, 1110 BUOIP TOTO YU IHIIOTO CyJAHA 3aJICKHUTh BiJ
TOTO, Ha SIKAX IMBUIKICHUX PEKUMaX IJIAHYETHCS SKCIUTyaTyBaTu 1i cyaHa. Ha pisHux
HIBUJIKICHUX PEKUMAX JIiIepaMu MOXKYTh CTaBaTy Pi3Hi Cy/IHA.
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Anomauisn

Bemyn. Bypxauguti po36umox cimogoeo mparcnopmy 3a604€ HenonpagHoi uwKkoou
OQ0BKINIIO 8Cb020 THOCMEA 3eMHOL Kyii. MopchKuil i piukosuii mpancnopm pooums ceil
6HecoK y numanHi xapoouizayii 0o 18% 6i0 3a2anbnozo 00cAzy WKIOMUBUX SUKUOIE
6 ammocpepy. Mema. OcrosHa mema HAYKOBO-00CAIOHOI pobomu agmopie cmammi
RIONOPSAOKOBAHA 3HUICEHHIO WKIOAUBUX BUKUODIB 8 ammoc@epy CyoeH MOPCbKo2o mda
piukogozo mpaucnopmy. Buxopucmana memoouxa po3kpumms mMemu 3aCHO8AHA Ha
aHanimuyHii i npakmuunii 00CcaAioHuybKiti pobomi. Pesynomamu. Y cmammi npoge-
O0EHO aHANIMUKY KPAWUX C8IMOGUX MEXHON02Il w000 3HUNCEHHS WKIONUBUX SUKUOI8
V BURYCKHUX 2034X 8 amMoc@epy CyOHOBUX OU3ENi8, NPOGEOEHO AHANL3 HAYKOBO-00CHIO-
Hoi pobomu [ynaticokozo incmumymy Hayionanvrnozo ynisepcumemy «Odecobka mop-
cvka akademisay ma HB® «Exo-Aemo-Tumany, Yxpaina.

Ilpomseom ocmanmix 6 poxie Ha cyonax Yxpaincvkoeo OyHalicbko2o naponiascmea
npogeodeHo 8UNPOOYBAHHA NATUBHUX KAMANI3AmMOpie pisHux mooudixayii, npooykyii
HB® «Exo-Asemo-Tumany, Ykpaina 3 konmponem Yxpaincokoeo ayoumopa «Hayroso-
docionoeo incmumymy « OXOpOHU HABKOTUWHBO2O CEped08UULA A eKOHOMIT natusay,
M. Kuis. Ompumanuii mamepian 00CniodiceHb Ha CYOHAX NAPONIABCMBA 048 NO3ZUMUBHI
pesynomamu i nokazas 3uudicenHs oxcudy azomy NOx na 38%, oxcudy eyeneyro COx
00 50%, Oioxcudy syaneyio 7%, BUKUOU CAHCI 3a NOKAZAHHAMU OUMOMEDPY 3HUSULUCA HA
55%, exonomia nanusa cmanosuna 0o 10%. Cam nanuerull Kamanizamop KacemHo2o
muny € 00Cums CKIAAOHOI KOHCMPYKYicto. Y memaiegy 00010HKY NAAUBHO20 KamMai3a-
mopa 6MOHMOBAHO XIMIUHI peaceHmu Pi3HUX OKCUOI8 MeMAlia, W0 pecmpyKmypyons
Ou3zeilbHe NAIU60 HA MONEKYIAPHOMY pieni. Kamanizamop ycmaHo8moemobcsa HaA 2HY Y-
KUX 38 S13KaX nepeo HACOCOM 8UCOKO20 MUCKY, pecypc Kamanizamopa 500 m nanusa 0o
3AMIHU 8 HbOMY XIMIYHUX peazenmis. Bionyckua yina xamanizamopa 3anexcumov 6io
HOMYAHCHOCTT 08USYHA, HA AKUU 6IH NAAHYEMbCA 00 6CMAHOBNIEHHS MA 3HAXOOUMbCS
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6 dianazoni 6i0 400 y.o. (aemomobineruti mpancnopm), 10 000 y.o. (cyonosi 0gueynu
nomyoicHicmio 0o 3 muc. kBm).

Pozenanymo mexnonozii suxopucmants y 08USyHaAX 6HYMPIiHb020 320PAHHS ABMO-
MOOBINbHO20, 3ANI3HUUHO20, PIYKOBO20 U MOPCbKO20 MPAHCHOPMY NANUBA POCTUHHOZO
noxoooicenns. Hasedeno ananiz moxiciugo2o 8UKOPUCAHHS 24308020 NAIUBA HA CYOHAX
piuKosoeo romy Ykpaincoko2o 0yHAlCbKO20 NAPONIABCMEA.

bBinvu demanvHo po3ensnymo numarHs 6UpOOHUYMEA 60OHIO 3 BUKOPUCHIAHHAM OCHAH-
HIX THHOBAYTIHUX MEXHON0CI, PO3POOIEHUX ) CIMBOPEHHT S0EPHUX PeaKmopie OCMAHHbO2O
NOKOMIHHS, SIKI YCRIWHO THMe2POBAHL Y UPOOHUYT XIMIUHT MOOY, WO 0aromb 3MO2y OMpU-
myeamu 2ioponiasmy 6 nepezpimitl 600smitl napi 0o 800° C 3 ompumanHam 600HIO Ui KUCHIO.
Cobisapmicmb 00H020 NiMpa 800HIO 13 3ACMOCYBAHHAM Yi€l MEXHON0IH He nepesuuye
1,6 y.0., o doae nosHutl npiopumem UPOOHUYMEBA BOOHIO 8 NPOMUCTIOBUX 0OCALAX.

He3zeaocarouu na ycnix eupoOHUYmea 600HI0O 3a HOB0I0 MEXHOAO0IEI0, A8MOPAMU
cmammi po3Kpumo cepuiosni HeOONIKU NPU CRAIO8AHHI 600HIO 8 MENI08UX MAUUHAX
(O8ucyHaxX 6HYMPIUHBLO2O 320PAHHS, 2A308UX Mypoinax i komaax). OCHOBHUI HeOO0NiK
Cnanio6anns 600HI0 — ye Hassnicms 3akucy asomy N0y 6unycKnux 2azax meniosux
MAWUH, KU € NAPHUKOBUM 2A30M 13 BUCOKUM CHYNEHeM 32YOH020 BNIUBY HA OOBKILIAL.
Bucnoexu. Ompumanuii docnionuyvkutl mamepian chitvHoi pobomu [[yHaticbko2o
incmumymy HY «OMAy i3 HB® «Exo-Aemo-Tumany, Ykpaina ompumas ceoe cxea-
JIEHHA HA BHYMPIWHIX 800HUX winaxax €sponu. [lanusni kamanizamopu nouanu Kyny-
samu Inois, Typewuuna, Kazaxcman.

Y ecmammi 3pobneno konkpemui npono3uyii w000 10KAN3aAYll 3aKUCy a3omy npu 320-
PAMHI 600HI0. Y3a2a1bHEHO 00CBI0 BUKOPUCTIANHSL A8AH2APOHUX TNEXHOLO2IH OO0 BUKOPUC-
MAHHA A0EPHUX THMESPOBAHUX CONbOBUX PEAKMOPIE 0715 OMPUMAHHS NPOMUCTIOB020 BOOHIO.

Knrouosi cnosa: naykomicmii mexnono2ii 3HUNCEHHS WKIOAUBUX UKUDIE 8 AMMOC-
Gepy 3 6UNYCKHUMU 2a3aMU CYOHOBUX OU3eNi8, AOEPHI Peakmopu 3 HUbKUM 30a2ayeH-
HAM YPaHy, NATUBHUL KAmaiizamop, 2i0poniasma.
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Summary
Introduction. The turbulent development of world transport causes unjustifiable
harm to the health of all humanity of the Earth's population. Marine and river
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transport contributes up to 18% of the total amount of toxic discharges into the
atmosphere. Purpose. The main goal of scientific and investigative work of the
authors of this article is to reduce waste discharges into the atmosphere of ships of
maritime and river transport. The article uses the methodology of the statement of
purpose based on the analytical and practical research work. Results. This article
analyzes the world's leading technologies for reduction of hazardous emissions in
exhaust gases of marine diesel engines, analyzes scientific and research work of the
Danube Institute of the National University “Odessa Marine Academy” and NVF
“Eco-Auto-Titan”’, Ukraine.

During the last 6 years on the vessels of the Ukrainian Danube Shipping Company
the testing of oil catalyzers of different modifications, products of NVF “Eco-Auto-
Titan”’, Ukraine under the control of the Ukrainian auditor “Scientific-research Institute
“Environment protection and fuel economy”, Kyiv was carried out. The material
obtained during examinations of vessels used for water heating had positive results
and showed nitrogen oxide NOx reduction by 38%, carbon monoxide COx reduction by
50%, carbon dioxide reduction by 7%, soot emissions by dimmometer measurements
decreased by 55%, fuel economy reduced by up to 10%. The cassette-type fuel catalyst
itself'is a very complex construction. Chemical reagents of different metal oxides, which
restructure diesel fuel at molecular level, are built into metal shell of the catalytic
converter. The catalyst is installed on flexible links before the high-pressure pump,
the catalyst life is 500 tons of fuel before the chemical reagents are replaced in it.
Release price of the catalyst depends on the power of the engine, which it is planned
for installation and ranges from 400 c.u. (automobile transport), 10 000 c.u. (marine
engines up to 3 thousand kW).

The article describes technologies of internal combustion engines of automobile,
railway, river and sea transport using rosin-based fuels. The analysis of possible use
of gas fuel on the vessels of the river fleet of the Ukrainian Danube Shipping Company
is given.

In more detail the production of water heating with the use of the latest innovative
technologies developed in the creation of the latest generation of nuclear reactors
is considered, the reactors are successfully integrated into the production chemistry
modules to produce hydroplasma in superheated water vapor up to 800° C. with the
production of aqueous and acidic hydrogen. The cost of one liter of water with the use
of this technology does not exceed 1.6 c. u, which gives full priority to the production of
industrial volumes of water.

In spite of the success of water production with the new technology, the authors of
the article revealed serious shortcomings in combustion of water in thermal machines
(internal combustion engines, gas turbines and boilers). The main disadvantage of
water-combustion is the presence of nitrogen oxide N0 in the exhaust gases of thermal
machines, which is a greenhouse gas with a high degree of harmful effect on the
downdraft.

Conclusions. The obtained investigative material of the joint work of the Danube
Institute of Scientific and Production Enterprise “OMA” with scientific and production
company “Eco-Auto-Titan” Ukraine received its seizure in the internal waterways of
Europe. The coal-powered catalyzers began to be purchased: India, Turkey, Kazakhstan.
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This article contains specific suggestions on the localization of nitrogen oxide during
water combustion. It summarizes the experience of using avant-garde technologies on
the use of nuclear integrated salt reactors for obtaining industrial water.

Key words: science-intensive technologies to reduce harmful emissions into the
atmosphere with exhaust gases from marine diesel engines, nuclear reactors with low
uranium enrichment, fuel catalyst, hydroplasma.

Beryn. 3abpynHeHHs TOBITPSHOTO OKeaHy IUIAHETH — OZIHA 3 aKTyaJbHUX MPOOieM
JIIONICTBA, sIKa MPU3BeJa 10 HE3BOPOTHUX IMPOIIECIB cepel iCHYBaHHSI BCIX KUBHX 1CTOT.
[ToBeHi, mocyxa, 3HWKEHHS KHUCHIO B MOBITPSAHINA Maci Ta HACMYCHHSI MOBITPS OTPYH-
HUMU BKJIIOYEHHIMH 3 BEJTMKUM MPUCKOPEHHSIM KPOKYIOTh IIaHeTor0. PaHHI porHO3u
BUCHHUX MO0 3MIHHU KJIIMaTy B 4aci BUSBUJIIUCS HE KOPEKTHUMH, HAOIMKCHHS TTAPHIKO-
BOTrO e(eKTy 3HaYHO HAOIN3UIIO HAC JI0 TO0aTBHOT KaTacTpodu.

IMocTtanoBka mpodsemn. BunyckHi ra3u CymHOBHUX JHM3ENIB MOMIMPIOIOTHCS Ha
MOPCBKHIA 1 piuKOBHIA (IIOT, sIKi 3a0pYIHIOIOTH MPOAYKTaMHU 3TOPSHHS NOBITPs npHrbe-
PEXHHUX MICT MOPCBHKOTO Y30epekksl Ta BHYTPILIHIX PIYOK, 10 MPOTIKAIOTh yCepenuHi
Oararpox JiepkaB. 3a0pynHEeHHs aTMOc(hepr BHITyCKHUMU T'a3aMHU JIBUTYHIB BHYTpilll-
HBOTO 3TOPSIHHS MPU3BOJUTH JI0 PI3KOTO 30UIBIICHHS 3aXBOPIOBaHb OPraHiB JTUXaHHS
HACEJICHHS IJIaHETH, 3HUIIYETHCS POIIOYiCTh 3eMEITb CLITBCHKOTOCTIONAPCHKOTO PU3HA-
YeHHs1, THHE (ayHa Ta uiopa JOBKIUIS JIIO/ICTBA.

AHaJIi3 ocTaHHIX TOCHiIKeHb i mydJikaniit. Y poOoTi J0CIIKSHHS IPOBOIMINCS
3a JBOMA HAIPSIMAMH:

— 00po0OKa aHATIITUYHOTO MaTepialy 11010 BAKOPUCTAHHS SKOJIOTTYHO YUCTUX ITAJIUB;

— y3araJbHEeHHS JIOCIiAHAIBKOT poOOTH, IO TIPOBOIUTHCSI ABTOPAMH CTATTI HA CYII-
HaX MOPCHKOTO Ta PIYKOBOTO (PIIOTY, @ TAKOK HA aBTOMOOUTLHOMY TPaHCIIOPTI.

AHaMITHYHI JOCII/PKEHHST Oa3yBajiMCsi HAa BUBYCHHI W y3arajibHEHHI OCTaHHIX
HAyKOBHX Mpalb y rany3i BUKOPUCTAHHS Ta30MOMiOHOTO MainBa sl TEIJIOBUX JBH-
T'YHIB, BKIIOUQIOYHM CYJHOBI JIM3€Ni Ta JBUTYHW aBTOMOOUIIB, JITaKiB, 3aJi3HUYHOTO
TpaHcnopTy. [IpoBeneHo aeTanpHMIA aHANI3 HayKoBHX mparb: Paguenko P.B., Mokpy-
muaa O.C., Tronenu B.B. Bogens B enepreruili. €karepunOypr : Bua-Bo Ypaibchbkoro
yHiBepcutety, 2014; BuBUeHO MaTepianu €Bponeichkoi KoMicii «BogHeBa crpareris
JUIsl HelTpanpHoro KitiMaty €Bponm», bproccens, 2020. Otpumano HOBY iH(opMailito
OOH i3 3a0pyaHeHHs aTMOC(HEPHOT0 MOPCHKOTO CYIHA TPAHCIIOPTY, HACTAB Yac BKJIIO-
yuTucs B 60poThOy 31 3MiHOIO KitimMary. JXKenepa : Bugasauireo OOH, 2019. IIpoana-
JII30BaHO HU3KY MyOMiKalii 100 BUKOPUCTAHHS BOJHEBOIO IMajMBa Ha TPAHCIOPTI,
3HAN/ICHO MPIOPUTETHI HANIPSIMUA OTPUMAHHS BOJHIO, HAJaHO OI[IHKY MOXKIIMBOCTI pO3-
BUTKY CYTHOBOI EHEPIreTHKH JUIsl poOOTH Ha MeTaHi. Takok BUKOPUCTOBYEThCS Oararo-
piYHUIT JOCBI HAYKOBO-AOCHTITHOI POOOTH aBTOPIB CTATTI IIOAO 3HWIKEHHSI ILIKiIH-
BUX BUKHUJIIB HA MOPCHKOMY Ta PIYKOBOMY TPAHCIOPTI i3 3aCTOCYBAaHHSM IaJHBHUX
katarnizaropiB HB® «Exo-Apro-Tutan», Ykpaina. Jlocnigauiipka podoTa y3araibHeHa
i omy0OJikoBaHa B HAyKOBHX (DaXOBHX BUIAHHSX. YCI BUNPOOYBAaHHS KOHTPOIIOBAIINCS
YKPaiHCHKMMHU Ta 3apyOlKHUMH ayJUTOpaMH 3 MiJATBEPIKCHHSM ITOKa3HHUKIB JOCHTi-
JDKEHb — cepTUdiKaTamMu.

@opMmyaoBaHHA Wijell crarTi. Meroro po0OTH € 3HAXOMKEHHS ONTHMAaJIb-
HUX PIIICHb y HPOIEC] TOCTIIKCHHS NIKIIJIMBUX BUKUAIB B arMocdepy B raszax, IIo
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BiJIXO/ISITh, CYTHOBUX JM3EIIB, sIKi MOTIM O OyTH 3alpOIOHOBaHI B MOAAJBIIOMY CY/I-
HOBJIaCHUKaM. Pi3HOMaHITHICTh HAYKOMICTKHX TEXHOJIOTIH, 0 MPOIIOHYIOTHCS HAYKO-
BHMH KOJICKTHBAMH, Ha *aJlb, HE 3aBX/IM BIIMIOBIIae Oe3Meli MOperiaBaHHs, CKOHOMIIT
nepeBe3eHb, YIPABIiHHIO i TEXHIYHOMY OOCITyTOBYBaHHIO 1HHOBAIiHHMX TE€XHOJIOTiY-
HUX YCTaHOBOK. J{OoCIipKeHHsI TeMU MOTpedy€e BUCOKHMX MPO(ECiHUX 3HAHDb, PETEIlb-
HOi TIEpEeBIPKU TOCTABICHOTO EKCIIEPUMEHTY W OOOB’SI3KOBOTO HE3aJEKHOTO ayJAHTY
TPEThOI CTOPOHHU.

Bukian ocHoBHOro Mmarepiajy. OcTaHHIM 4acoM CBIT 00OaUYUB Macy poOOUHX Hay-
KOMICTKHX TEXHOJIOTIH 31 3HMKEHHS IIKIJIMBUX BUKHUIIB B aTMochepy y Biampaibo-
BaHMX Ta3ax JBUTYHIB BHYTPIIIHBOTO 3rOPSHHS TPAHCIOPTHHX 3ac00iB. AMepHuKa Ta
kpainu [liBIeHHOT AMEPHUKH aKTHBHO ITOYaJIM TIEPEXOIUTH Ha CyMIllll MainBa i3 3acTo-
CYBaHHSM POCJIMHHUX OJIiH 1 CITUPTIB, 10 JaJI0 KOHKPETHI pe3y/IbTaTH 010 3HIKEHHS
okeuay azory NOX, okcuay Byriemio COX, JeTIounx KapOOHIB y BHIVISII Caxi, Jio-
keuy Bymiemo CO, [1, ¢. 10]. OcranHili NOKa3HUK 3HU3UBCS HE3HAYHO, HAJl HUM TIpa-
IIOIOTh BEJIMKI HAYKOBI CBITOBI LIEHTPU €BpOIU I AMEpHKH, ajie, Ha Kajlb, CYTTEBUX
Pe3yNBTaTiB, sIKi MOTJIU TIOCIYXXHTH HaJalli CTBOPEHHSIM p0O00YO0T TEXHOJIOTI, MOKH 1[0
Hemae. JIJis1 MOPCBHKUX 1 pIYKOBHX CYJICH PO3POOJICHO TEXHOJOTII0 3HIKCHHS JTIOKCHTY
BYIUVICIIO 32 BiJJOMOIO METOJMKOIO, B OCHOBI 5IKOi pO3pOOJIEHO Ta 3aTBEPKEHO cepe/l-
HBOPIYHMI ekcruTyaTaniiauid koedinieHt eneproedexruHocti CEKE 3 mapamerpamu
MOHITOPHHTY:

CO, = A°E, (1)

ne CO, — YMICT JIOKCHY BYTJICIIIO, T;

A — aKTHBHICTh pOOOTH Cy/HA, TOHHO-MMUJIb;

E — eneproeekTHBHICTB, BUTPATH NAMBA, T/TOHHO-MHJIb.

Le#t xoedimnient Buznaueno IMO s cynmen Oymisni micnst 1 mumast 2015 p., e
B cynoBoMy cBimontBi CEKE BpaxoByBaTMMeThCS THUIIOPO3MIp CyAHA, PO3PaxyHOK
CO,. lo cynen crapoi copyau OyayTh 3aCTOCOBaHI 301IbIIEH] TIOPTOBI 300pH 31 3HHU-
JKEHHAM TIOTY)KHOCTI Ha poOo4nX pexumax 3 MeToro 3MenuienHs Bukuais CO,. Cynna
HOBOI CIIOPYAM OCHALICHI Cy4aCHHUMH JABUT'YHAMH 3 €JIEKTPOHHUM YHPaBIiHHIM IpPO-
1ecy mojayi Ta TOpiHHA NaJuBa, SKIIO MOPiBHATH JBa ABUTYHH onHiel Mapku: RND 90
Sulser Bumrycky 70 mm i cygacauii RT-flex 90 Sulser, To crane odeBUIHUM, IO BUKUIH
CO, y HoBoMy nBHIYHi Oy1yTh 3Ha4YHO HIKYMMHK. HoBuIA IBUIYH i€l TiHiMKY BUTpadae
160 r va kB1/rox, a crapwuii — 240 r Ha KkB1/ron, npakTHYHO NP OAHAKOBIN eQeKTUBHIH
MOTY>KHOCTI 3 X0A0M nopuHg 2500 MM LMTIHAPOBA MOTYXHICTh CTaHOBUTH 5720 kBT
1 MOMHOXEHa Ha 8 HWITIHAPIB, iX eeKTHBHA CyMapHa NOTYKHICTh Oyae Ne= 45760 kBT.
PisHuns B roguHHIN BUTpari manuBa B HUX craHoBuTHMe (45760 x 240 = 10,982 T,
45760 x 160 = 7,322 1) maibke 4 ToHHU nanuea [2, c. 10].

[IpoBeneHo cmiigbHY HayKOBO-AOCHIAHY poOoTy JlyHailcbKOro iHCTHTYTy Halli-
oHanbHOTO YyHiBepcutery «OMA» 3 HaykoBo-BHpoOHHUYOIO (ipmoro «Eko-ABro-
Turtan», Ykpaina npotsaroM 6 pokiB, HU3KY IOCIHIDKEHb SIK B YKpaiHi, TaK i 3a Kop-
JIOHOM, BKJIIOYAIOYM aBTOAOPOXKHIHM, piukoBHH 1 Mopchkuid TpaHcmoprt. I[Ipemmer
JOCTIIKeHb MOJIATaB Y 3HIKECHHI IIKIAJMBUX BUKHIIB Y Ta3ax, [0 BUXOAATH, BUTPAT
NaJMBa JBUTYHIB BHYTPIIIHBOTO 3rOPSHHS 3 BUKOPHCTAaHHSIM KaTallizaTopa IajuBa,
KW, Ha BIJIMIHY BiJi KaTaii3aTOpiB OYHIIEHHS BUXJIOIHUX Ta3iB, YCTAHOBICHHUX Ha
BUIIYCKHOMY TpakTi [BUTYHIB, YCTaHOBIIOETHCSI Ha OEH3WHOBHX JIBUTYHAaX Iepen
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KapOopaTropoM, a Ha JU3eNIbHUX ABUTYHAX — Mepe/l MaTuBHAM BUCOKOTO THCKY. Cama
cxema Jiae 3MOr'y poOUTH OTHOYACHO MOPIBHSIHHS HA YCTAHOBKAX i3 IBOMA IBUTYHAMU
3 MIJKIIOUYEHUM KaTajai3aTopoM i 06e3 Heoro [3, ¢. 12]. Cxema 00CIyroBy€eThCS cydac-
HUMH €JICKTPOHHUMH TIPUIIAJIaMU: TUMOMIpOM i razoanaiizaropom Testo-350, a Takox
JI0 YCTaHOBKH, 110 BUIIPOOOBYETHCS, IMiKIIOUAETHCS 1HIUKATOP KOHTPOIK OCHOBHHMX
1 HEeTPSIMUX TOKAa3HHUKIB pOOOTH JBHUTYHA, 10 JIA€ MOKIMBICTh KOHTPOJIIOBATH HABaH-
TaXXyBaJIbHI PEXKUMHU POOOTH, SIKi MOCTIHHO 30iraroThes 3 MOKa3HUKAMHU ra3oaHaiza-
Topa it numoMipy. Uepes MipHHIi 6a40K QiKCYEThCS BUTpATa MaIMBa HA KOXKHOMY po0o-
YOMY pEXHMi, IO Ja€ 3MOTY 3 JOCTATHHOIO TOYHICTIO BU3HAYATH €KOHOMIIO TIAJINBa,
sIKa JIONATKOBO PO3PaXOBY€ETHCS aHAITUIHUM HUIsixoM. [lepen modaTkom BUIPOOYBaHb
MPOBOAUTHCS MaTEMAaTUYHE MOJIENIOBaHHS 3a nporpamoro «Juzenb — RK», y 1o npo-
rpamy BBOJSITHCSI JaHI BCHOTO MPOIIECY JUIsl OTPUMAaHHS IPOTHO30BAaHHUX IMOKA3HUKIB
BUIPOOYBaHb, IO JIy’KE BAXKIUBO 3 YpaxyBaHHSM Pi3HUX DPIiBHIB TEXHIYHOTO CTaHY
BUIPOOYBAaHUX JIBUTYHIB, 1100 HE JAONMYCTHTH aBapiiiHy cutyarito [4, 1tr.]. Sk mpa-
BHJIO, yCi BUMPOOYBaHHS (PIKCYIOTHCSI TPETHOIO CTOPOHOIO — HE3AICKHUM MIXKHAPOJI-
HUM ayJTUTOPOM, SIKUH yCi OTpUMaHi MOKa3HUKH 3a 3a37aJieTi/ib 3aTBEPPKEHOI0 TPO-
rpaMoro MiATBEPIKYE cepTrdikaTtom.

Cyzno
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IIPUBATHA OpraHizanis

- 4. Bujgaua cBigoTCTBa
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cepenubopiune EKEE 3
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Puc. 1. Cxema monimopuney cyona wjooo eusnauenus koeiyienma CEKE
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3aranpHa cXeMa YCTaHOBKHU IaJIMBHOTO KaTajizaTopa Ha «IlopToBmii-22»
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Puc. 2. Poboua cxema ycmanosxu nanusnoeo kamanizamopa I1K na C/[BC: ITITH —
naaueoniokauysanvruil Hacoc, 1K — nanuenutl kamanizamop, V = 5 1 — mipuuil 6auox
nanuea, eon. C[B3 — 2onosnuii cyoHosuil 08UcyH BHYMPIUHbO20 320PSHHS

[ManuBHwmii karamizatop BupoOHHITBAa HB® «EK0-ABTO-TuTan», YKpaiHa, CHiIbHO
3 JynaiicbkuMm iHcTHTyTOM HY «OMAY» NpOoXOOuTh YAOCKOHAJIEHHS 3 ypaxyBaHHAM
3MiHH SIKOCT1 O€H3WHIB, aBiaI[ifHOTO Ta3y, IU3EJIbHOTO MaIuBa TOO0. BiH € KOMITAKTHOIO
T HAPAYHOIO KOHCTPYKIUEO 3 PI3HUMHU BHIAMH XIMIYHHAX PEAareHTIB, 3 ypaxXyBaHHAM
Pi3HUX MOTYXKHOCTEH BUIIPOOYBaHHUX IBUTYHIB HOTO pO3MIpH TPOXHU 3MiHIOIOTHCS. BiH
JIETKO BCTAHOBJIIOETHCS HA THYYKUX 3’ €IHAHHSX ITif] KAlIOTOM JIETKOBUX 1 BaHTa)KHUX
MAIlIMH i KOMIIAKTHO MOHTY€EThCS Ha CyAHOBHX ABUTYHax. LlinoBuii mianazon [1K Bapi-
toethes Big 400 y.o. 1o 10000 y.0. 3 TpuBanicTIO poOOTH HOTO 10 HACTYITHOI 3alIPaBKU
pearenTamu, 6iin3bko 500 TOHH TU3ENBHOTO MaJUBa Ta OCH3MHIB.

Ha puc. 3 B po3pi3i moka3zaHuil Karajai3aTrop KaMEpPHO-KaCETHOTO THUITY, A0 CKJIaIy
SIKOTO BXOJISITH TUTAHOBI (DiIBTPU-aKTUBATOPH TOHKOTO OYMIICHHS, aKTHBHI €JIEMEHTH
XIMIYHOTO KaTaizaTopa Ta IpaHyJbOBaHHH Karajizarop. Y Mepiliii Kamepi 0CilaroTh
BaXKi (Ppakiiii, 10 MOTPANUIK B AJTUBO, @ TAKOXK BiJIOYBAE€THCS CEICKTUBHE OYHMIICHHS
JIU3EFHOTO TaTiBa Bijl CIpUUCTUX 3’€JHAHB 1 cMOJ. Y JAPYTili KaMepi MajuBO KaTai-
TUYHO OOPOOIISETHCS UITXOM KOHTAKTy HOTO BYIJIEBOAHEBUX MOJIEKYIT 3 BHCOKOIIOPHC-
TOI0 aKTHBHOIO NMOBEPXHEIO TPaHYJILOBAHOTO KaTali3zaTopa, 10 CKJIaay SKOr0 BXOISThH
CTIOJIYKH METAJIB 1 KaTaJliTAYHO aKTUBHUX OPTaHIYHUX BKJIIOYEHb. [1icTs IbOro maauBo
00pOOIIAETHCSI HA MOJICKYJISIPHOMY PiBHI TaOJIETKAaMHU-TIPUCAIKAMU, COJIIMU METaJiB,
K1 TiJl BILIMBOM BHCOKHX TEMIIEPATyp 1 THCKY B KaMepi 3TOPSIHHS JBUTYHA y BUIIISAL
MOJIEKYJ METaTy OCiJaroTh Ha TIOBEPXHI JAeTajel HMIIHAPO-TIOPIIHEBOT Ipynu. Y Tpe-
Till Kamepi 3a paxyHOK 3aCTOCYBaHHSI TUTAHOBHX CKJISTHOK aKTHBaTopiB Moau(ikoBaHe
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NajJuBO MIiJANAEThCS JOJATKOBIM akThBallii Ta crabimizyerhcs. Edexr karamituunHol
00poOKu manuBa 30epiraerbcst npotsaroM 30—40 ¢, Mo IIJIKOM IOCTaTHLO Ui Clia-
JIIOBaHHS HOTO B KaMmepi 3ropsiHHs auryHa. KomruiekcHa o0poOka manuBa 3011b01yE
MOBHOTY HOTO 3rOPSIHHS, 32 PaXyHOK YOrO 3MEHIIYETHCS BUTpaTa MajuBa Ta BHXJIOI
B arMocdepy IIKiUIMBUX PEUOBHH 13 BiANPAIlbOBAHUMH T'a3aMH.

Puc. 3. [lanusnuii kamanizamop KamepHo-Kacemuo2o mumny

Ha BunpoOyBaHHSX, 110 MTPOXOISATh B YKPATHCHKOMY JyHalCHKOMY HapOILIaBCTBI,
MAJMBHUN KaTaji3arop Mmoka3yBaB cTaOijlbHE 3HIKCHHS IIKIJUIMBUX BUKHUJIB y Ta3ax,
110 BIAXOMAATH, TOJIOBHUX NBUTYHIB: NOX — 35%, CO — 50%, BUKUIM TBEPAMX YACTHHOK
(caxa) — 50%, CO, — 7%, exoHoMis namuea cranosmia 10 10%, yci mokasHuku Oyino
MiATBEP/PKEHO HE3AICKHUM aymuTopoM [HCTUTYTY ekojorii Ta eHepro30epekeHHS
Vkpainu Ha cyanax YAIT: «Kamitan XXugkosy» y 2017 poi [5, c. 54], piBHO uepe3 pik
OyJ10 TIPOBEICHO BUNPOOYBaHHS HA OJHOTUIHOMY CymHi «Mexanik CiHIIOBY 13 MOTi-
OHMMHU PSKUMaMH HaBaHTAXXCHHS JBUTYHIB, ¢ 3HWKCHHS IIKIJIMBUX BUKHUIIB 3a(]ik-
COBAHO JIMIIIE Ha PiBHI MOMEPEIHLOTO CyIHa [6, ¢. 54].

[IpoBeneni BUNpoOyBaHHS PI3HOTO aBTOTPAHCIIOPTY B YKpaiHi i 32 KOPJOHOM ITiJI-
TBEP/UKYIOTh CTaOLIbHICTh 3HMKCHHS IIKIJJUBUX BHKHJIB y BiANpalbOBaHUX Ta3ax
Ta €KOHOMio nanuBa. DiHamOM 3HAYYHIOTO JOCATHEHHS CTANW PE3yJbTaTd BHUIIPOOY-
BaHb Karanmizatopa Jlynalicekum inctutyTroM HY «OMA» Ha pubanbcpkoMy ceifHepi
iHA1ChKOT KoMMaHii B [HAIHChKOMY OKeaHi, sIKi MaJii YUCTOTO XOA0BOro yacy 12,5 mi6
i 3a0e3neunnn cTabinbHy ekoHoMito manuBa 17,5% 3 dikcalliero pe3ynbTrariB MixKHa-
ponHumM ayautopoMm kommanii «Enggsol Engineering India» 3 Bumauero ykpaiHChbKii
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CTOPOHI MIATBEPKYIOUYOro cepTudikaTa, M0 MOCIYKUIO MPOCYBAHHIO MaJIHMBHOTO
Karajizaropa Ha puHoK [Hnii [7, p. 1].

HynaticekuMm iHctuTyToM HY «OMAY Hanpukinmi 2020 poky y3arajbHEHO BECh
JIOCBIJ] CITUTBHOT pOOOTH 11010 3HUKEHHS HIKIUTHBUX BUKHUJIIB B aTMOC(Epy 3 BUKOPHUC-
TaHHAM HanuBHUX KatanizaropiB HB® «Exo-ABro-Tutan» [8, ¢. 38].

3a po0OOTOI0 IHCTUTYTY 3 MUJIBHOIO YBAarow crocrepiraia MixkHapoaHa AyHalcbka
KOMicisi, sika nBiui Ha 3acimanHax y 2016, 2020 pokax posmisjgana MUTaHHS 1010
BUKOPUCTAHHS KaTalli3aTopa Ha PiYKOBHX CYy/Nax, sKi MPAIIOI0Th HA BHYTPIIIHIX piv-
kax €C [9, c. 11].

Posmmmpene crhinbHe 3acimanas MikHApOQHOT AyHaWChKOT KOMicii Ta eBporiei-
CHKUX CY/JIHOBJIACHHUKIB 32 y4acTI0O MDKHAPOJHUX EKOJIOTIYHHX IHCTHTYTIB 1 TpOMa-
CHKUX OpTraHi3amiil miroTyBaio Mporpamy MoeTarmHoro 3HIKEHHS IIKiJUIMBUX BUKHIIB
B arMocdepy 3 piuKoBUX cyeH. [Iporpama BKIIOUYa€E KOHKPETHI 3aXO0JIH 3 IEKOpOOHi3a-
11iT BUKUIB, METa — 3HIKCHHS CEPeIHbOI TeMIeparypu uianetH [ 10, ¢. 32].

ExornoriuHi cydacHi BUMOTM OCTaHHIMH POKaMH BU3HAYHIIM MacIITaOHUH Hepexin
CBITOBOTO TPaHCIIOPTY Ha ra3oBe MAJMWBO Pi3HUX MAPOK, aje 3/1e0iIbIIOr0 BUKOPUCTO-
BYETBCS TPUPOIHUI ra3 — METaH, MPOMaH-0yTaH, €TaH SK Y 3p1XKEHOMY, TaK i B KOMIIPH-
MOBaHOMY cTaHi 3 THCKOM 220 Oap. YkpaiHChKe JyHaHChKE MTapoIUIaBCTBO MPAKTHYHO
BECh CBill (IOT TOTYBaJIO MEPEBECTH Ha CKparuieHuid Mmetal 10 2023 poky. Lle piukosi
Cy/IHA, SIKi MPAIoTh Ha AUISHIN piuky JlyHal, 110 OXOIUTIE 8 KpaiH i3 JOBKUHOIO
cynHoruiaBcTBa B 2230 KM, sIKi TOBUHHI MaTH 3alpaBHi CTaHIIii Ta cepBicHEe 00CIyro-
BYBaHHS, ajie IIc IIUTAaHHA I1l¢ OBHICTIO HE BUpIIIeHE HU3KOIO KpaiH [IpumayHalchKux
KpaiH, oo OyJe CTPUMYIOYNM (aKTOpOM MO0 BUKOPUCTAHHS HOBHX TEXHOIOTIH piy-
KOBUM (pioToM. 30epiraHHs piIkoro MeTaHy 3 Temreparyporo -162°C y cyaqHOBHX Kpio-
TaHKaX BUMararuMe 3Ha4HOTO TiepeoOiaHanHs Ta (JiHAHCOBHUX BUTPAT, HE KAXKYYH BIKE
PO MOJICPHI3AIif0 CYTHOBUX JIBUTYHIB il BAKOPUCTAHHS METaHY.

[Mepexin Ha ra3oBe MaNMBO HE YCYBa€ OCHOBHY MpoOiieMy, MTOB’s3aHy 3 BUKHJIAMH
napuukoBoro rasy CO, (miokcuay ByIEN0). 3a HU3KOK OLIHOK JlepiKaBHOTO KoMi-
TeTy 31 cTaructuku P®, wactka Bukunis CO, y 2019 p. Bix cnanoBaHHs IPUPOTHOTO
ra3y B 3araJibHOMy o0csi3i craHoBmia 24,7%. OnHa TOHHa YMOBHOTO rasy IpH clia-
JMOBaHHI BUKKAAE B atMocdepy B eksiBanenTi 1,603 T CO,, nu3enbHe NanMBo BUKH-
nae B armocdepy 2,172 T CO,. el MOKa3HUK MOBHICTIO MEPEKPECITUTE TIEPCTIEKTUBY
BUKOPHCTAHHS ra3dy B TEIUIOBHX JBHTYHAX CBITOBOTO TpaHCIOPTY. Buxoasuu 3 Bulle-
BUKJIaJIeHoT0, KepiBHUITBO TOB Y/IIT 3MiHMIIO CBOE PillIEHHS Ta MiJMKACAIO TPOTOKOI
HamipiB 3 ANGLO-BELGIAM CORPORATION ABC 111010 BCTaHOBJICHHSI JABUTYHIB
Ha 1mroBxadi-Oykcupu BiAnosigHi 10 EURO STAGE V 100 3HMXEHHS IIKITUBUX
BUKHUIB B arMocdepy. Apurynu komnanii ABC 31aTHi pairoBaTy Ha BOJIHI Ta PiIKOMY
NaJIMBi; nepeodnaHaHHs BiOyBaTHMeThcs Ha KinmificbkoMy cyaHOOYIiBHOMY-CYIHO-
peMoHTHOMY 3aBoji. CaM npoekT oriHeThest y 90 mMuH. eBpo [11, ¢. 12].

HeBumnaakoBo Ha 3acizanni komitety npu OOH y 2020 pori 3po6neHo 3ayBa)keHHS,
10 MOPCBHKUH 1 pIYKOBHIA (IIOT MOCTIHHO 30UIBIIYE YaCTKY BUKHU/IIB TAPHUKOBOTO T'a3y,
e TOB’s3aHO 31 30LIBIICHHSM MOPCHKHX 1 PIYKOBUX II€PEBE3CHb, 3 HAPOIIYBaHHIM
KUTBKOCTI CYJ/IEH 13 ABUT'YHAMH MiABUINEHOT MOTYKHOCTI [12, ¢. 5].

OCHOBHOIO aJBTEpHATHUBOIO BCIM BWJIaM MallMBa, [0 BUKOPHCTOBYETHCS HA TpaH-
CTIOPTi, € BOJICHb. BOJICHb KOPHUCTYEThCS TOCTATHIM IMOMUTOM Y €BpOIi W Y BCHOMY
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cBiTi. loro MoXXHa BHKOPHCTOBYBAaTH SIK CHPOBHHY, TaJHBO a00 GHEProHOCIH i cxo-
BHIIA, & TAKOXK OE3J11Y MOXJIMBUX 3aCTOCYBaHb Y MPOMUCIOBOCTI, TPAHCIOPTI, €HEp-
rerunti Ta OyniBauuTsi. o Baxmuso, BiH He Buaie CO, i Maike He 3a0pynHIOE
MOBITPS TIPU HOTO BUKOPUCTAHHI. TakiM YHHOM, BiH NPOTIOHYE PIilIEHHS IS JeKap-
OoHi3alii TPOMUCIOBUX TPOIECIB i CEKTOPIB EKOHOMIKH, y SIKHX CKOPOYCHHSI BUKH-
JIB BYIJICIFO € HEBIAKJIATHUM 1 BOKKOAOCSIKHUM. Yce 1€ pOOUTh BOACHD HEOOXITHUM
JUIS. TATPUMKH 3000B’s13aHb €C 11070 MOCSITHEHHS BYIVICIICBOI HEUTPAIBLHOCTI J0
2050 poxy Ta r100aJIbHUX 3yCHJIb 100 peanizallii [lapu3bkoi yroau, nparuiydu HyJabo-
Boro 3abpynHeHHs [13, c. 64]. HoBi HanpsiMu Hayky y BUPOOHHIITBI BOJHIO TTOB’s3aHi
3 aTOMHOIO €HEePreTHKOo. BioMo, 1110 MpH MoaibioMy HarpiBaHHI eperpiToi Bojs-
Hoi napu 10 temmeparypu 3000-3500°C My OTpUMAaEMO TiAPOILIA3MY, 110 CKIaIa€ThCs
3 BOJHIO Ta KHCHIO, 3p03yMiJlo, 1110 MOAIOHAa TEXHOJOTish BUPOOHHIITBA BOTHIO B MPO-
MUCIIOBOMY BUPOOHHIITBI Oyzie BKpaii HepeHTa0enbHO. Y 3B s3KY 3 UM po3poliieHa
HOBA sIJIEPHA TEXHOJIOTiS 3 IHTErPOBAaHUM PEAKTOPOM Ha PO3ILIABICHHUX COJISIX KOMITaHil
Terrestial, e peakTop yerBeproro nmokominHsa IMSR, sikuit npaitoe Ha HU3bKO30araue-
HOMY 235 ypaHi 3 koedirienTom koprucHoi aii 50%. PeakTop iHTerpoBaHuii 1s1st BUPOO-
HUIITBa BOJHIO 32 TexHonorieto SRNL Savannah River National Laboratory 3 riopuanoi
cipku. KitowoBUM eTaroM peakiii € eeKTpOXiMidHe PO3MICTUICHHS BOIU 3 BUKOPHC-
TaHHSM JICTIOAPH30BAHOTO JIOKCHIY CipKU enektpodiizepa [14, c. 22]. BupoOHHUIITBO
BOJIHIO 13 3aCTOCYBaHHSIM Ili€i TeXHOJIOTIT 00X0auThCs 3a cobiBapTicTio B 1,6 $3a 1 1
npu t 800° C. TIpioputerHicth TexHOmorii SRNL Hesanepeuna it Moxe OyTH 3 yCIiXoM
3aCTOCOBaHa JIsl IIIMPOKOTO BUPOOHMIITBA BOIHIO, aJIC OCTAHHIM YacoM 3’ SIBHJIUCS HOBI
HAyKOBI 3arepeveHHs He Ha KOPUCTh BUKOPHUCTAHHS BOJHIO B CYYacHil €HEPreTHII.
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Ha >xanb, npu cnanroBaHHI BOJHIO OCTAHHIM 4acOM 3ITKHYJIHCS 3 MpoOiIeMoro,
sKa MOB’s13aHa 3 BUKUIaMK B aTMocdepy 3akucy azoty N,O 3 noTeH1ianoM rinodab-
noro noremtinns [1I'TI, mo gopisHioe 298, mo y 298 pasis nepesumrye I[1I'T1 Byre-
kucioro rasy [15].

BucnoBkH. Y cTarTi pO3KpUTO U JNOCIIIHKEHO OCHOBHI HampsMHU JekapOoHizamii
BUKHWJIIB B aTMOC(epy NpH CIaJIOBaHHI PI3HUX BUJIIB MAJIKBA, IOKa3aHO MEBHUIA 00CsT
HayKOBO-JIOCIIHOT poOOTH aBTOpIB CTAaTTi 3a TMporpamoro JIyHalCbKOTO iHCTHTYTY
HY «OMA» ta HB® «Exo-ABro-Tutan», Ykpaina. Po3kpuro cyTTeBy HecTady cria-
JIFOBAHHS BOJIHIO 3& 3HAYHOTO 301NBIICHHS BUKHJIB B atMochepy 3akucy a3oty N,O,
SIKMI MOYKe OyTH JIOKaJTi30BaHHH 13 3aCTOCYBaHHAM SIEPHOT eHepreTuku Ha CBITOBOMY
MOpPCBHKOMY (JIOTi 3 BUKOPHCTAaHHSM MapOBUX TYpOiH, a TAKOXK Ha TEIUIOBHX Ta eJIeK-
TPUYHUX CTAHIISIX. ABTOMOOUIBLHUI 1 3aTI3HUYHUN TPAHCIIOPT JAOIIBHO MEPEBECTH Ha
€JIEKTPOCHEPTII0 3 BACOKOEMHUMH aKyMYJISATOPAMHU.

Bonenb ik OCHOBHE MaJIMBO CyYacHO! €HEPreTHKH MOXKE YCIIIIHO BUKOPHCTOBY-
BaTHCS 3a YMOBHU HAJIHHOTO BIJUIUICHHS 3aKuCy a30Ty B abcopOepi. Cydachi abcop-
Oepu naroTh 3Mory a0 90% ynoBIIOBAaTH 3aKUC a30Ty 3 MPOAYKTIB 3rOpSHHS MaJIMBa,
KOHCTPYKIIIHHO BOHU MOIIISIOTHCS Ha JBa THUIIM: MOBEPXHEBI Ta 0apOOTaXHi, OCTaHHI
YCIIIIHO 3aCTOCOBYIOTHCSI HA MOPCHKOMY (MJIOTI Y BUTIISIL CKPYOepiB.
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Anomauisn

Bcmyn. AemomobineHuti mpancnopm — 0OuH i3 HAUNOWUpeHiwux i Hatoo-
CcmynHiwux 6udie mpancnopmy 6 Hawiii Kpaiwni. /s 1ioeo Hopmanvroi ma Haoiunol
pobomu nompibue saxicne naiuso. CKkpanieHuil 8y2ne800Hesull edas € Halldeuies-
wum oocmynHum odxcepenom nanuea. Coo2o0ni aemozaszozanpaghi cmanyii ioHe-
ceni 00 00’exmie niosuwenoi nebesnexku. Tomy sunuxia nompeba 8 nposedenHi
00Cni0dCeHb 6NAUBY YUHHUKIB, WO Npu3800ams 00 asapitHux cumyayii. Mema.
Memoro pobomu € ananiz Hebe3nek nio 4ac po3pusy asmMoYUCmepHu 3 ypaxy8anHIm
KOMRJIEKCHO20 OO0CNIONCEeHHS YUHHUKIB, WO 8NAUBAIOMb HA HUX. /1A docsacHeHHA
nocmasnenoi memu cghopmynrbo8aHi Maki 3a80AHHA. AHANI3 YUHHUKIB, SAKI GNIU-
8aOMb HA BUHUKHEHH:A a8apitiHoi cumyayii nio 4ac npogeoeHHs MexHONO02IUHUX
onepayiti 3 a8MOYUCMEPHOIO, KilbKICHA OYiHKA napamempie yOapHOi Xeuni npu
subyxax nanugHo-nogimpanux cymiweu. Pesynomamu. I[Iposedeno ananiz wunHu-
Ki8, Wo npu3eo0sims 00 pYUHY8AHHSA AO0 NOPYUIEHHS 2epMeMUYHOCIE YUCTEPHU:
niosuujeHHs MUCKy napu CKpanieHoz2o 8y2i1e800He8020 2a3y 6 YUCMepHi 00 Kpu-
MUYHO20, MEXAHTYHUL, KOPO3IUHUL 3HOC [ TI00CbKUL YUHHUK. Pexomenoosano nepe-
K 3ax00i6 013 3anobicanus, nokanizayii asapii. Illpoananizoeano yunHuKu, o
no8’A3aHi i3 3aAN08UM BUKUOOM GENUKOI KIIbKOCMI CKpAnieHux 8y2le800Hesux
easig. [Iposedero oyinky napamempis yoaproi xeuni ma ii Haciioxie y pasi 00podic-
HbO-MPAHCNOPMHOI NPUSOOU 3 ABMOYUCMEPHOIO 31 CKPANLeHUM 2a30M. 3a pe3yib-
mamamu KilbKiCHOI OYiHKU napamempis YOapHoi Xeuui 8U3HAYeHO UMOBIpHICMb
VPAadXsCeHHs 3 BUKOPUCMAHHAM npobim-@yuxyitl. Bucnoexku. Hageoeni pesynomamu
00Ci0NCEHb MOXHCYMb BUKOPUCMOBYBAMUCA NIO 4aC BUPIUIEHHA NUMAHbL Oe3neuy-
Hol excniayamayii 00 ’exmis, 08 A3aHUX 31 CKPANJIEHUMU 8)2/le800HEBUMU 2A3AMU.
Lle dacmb 3mo02y 6usHayumu nOmMeHYIUHI 3a2po3u npu eudYXax i noxicedxncax Ha
00’ ckmax asmozazo3anpasHux cmManyit i po3pooumu 3axo0u wooo 3anodicamnis
BUHUKHEHHIO WKIOIUBUX 6NAUBIE HA O0BKILIA.

Kntouosi cnoea: cxpanienuil 8yenegooHesull 2a3, asmo2d303anpasHd CMAaHyis,
YOapHa X6uis, HAOIUUWKOBUL MUCK, IMRYIbC a3y CMUCHeHHS, YUHHUKU.

© Yepnosa O.T., Kpusenko I'M., 2021
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Summary

Introduction. Road transport is one of the most common and affordable modes of
transport in our country. High-quality fuel is required for its normal and reliable operation.
Liquefied petroleum gas is the cheapest available source of fuel. Nowadays, gas stations
are classified as high-risk facilities. Therefore, there is a need to conduct research on
the impact of factors that lead to emergencies. Purpose. The purpose of this work is to
analyze the hazards during the rupture of the tanker, taking into account a comprehensive
study of the factors affecting them. To achieve this goal, the following research objectives
were formulated: analysis of factors influencing the occurrence of an emergency situation
during technological operations with a tank truck; quantitative assessment of shock wave
parameters during explosions of fuel-air mixtures. Results. The analysis of the factors
leading to destruction or disturbance of tightness of the tank was carried out: increase
of steam pressure of the liquefied petroleum gas in the tank to critical value mechanical,
corrosion wear and the human factor. The list of measures for the prevention, localization of
accident was recommended. Factors related to the volley release of large amounts of liquefied
petroleum gases were analyzed. The shock wave parameters and their consequences in the
event of a traffic accident with a liquefied gas tanker were assessed. Based on the results
of the quantitative evaluation of the shock wave parameters, the probability of damage
was determined using probit functions. Conclusions. These research results can be used to
addpress the safe operation of liquefied petroleum gas facilities. This will make it possible to
identify potential threats from explosions and fires at gas stations and to develop measures
to prevent harmful effects on the environment.

Key words: liquefied petroleum gas, gas station, shock wave, gage pressure,
compression phase momentum, factors.

Beryn. YBifimoBmy B epy HEpeIOBUX TEXHOJIOTIN, JTIONWHA BXKE HE YSBIIIE CBOTO
ICHyBaHHS 0€3 KOPUCTYBAaHHS TEXHIKOIO, SIKa 3HAYHO TTOJICTIITYE YMOBH KHUTTS Ta Tparli.
SxicHa poboTa TPaHCIIOPTY MOXKE OyTH 3iHiCHEHA TiITHKU MTPH BUKOPHUCTAHHI SIKICHOTO
nanuBa. Y Hall 9ac HaWTOIMPEHIIIMMHA BUIaMU TlaBa € OSH3WH, AU3eNbHE MaINBO,
Ma3yT Ta iHII aJsTepHATHBHI BUAM €HEPTIi, ajle 0COOIMBE MiCIe 3aliMae CKparIeHUI
BYTJICBOAHEBHH Ta3, MO € HAHOUIBIT JOCTYITHUM HUHI.

[ToTpiOHO BiAMITHTH, IO KOXKHA aBToTrazo3ampaBHa craHmis (gam — AI'3C)
€ JDKepeNoM BUKHUAY 3a0pyIHIOIYNX pedoBHH. [Ipu 1ipOMy 3a oCcTaHHI pOKH CYTTEBO
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30inmpmmnacs kinbkicte AI'3C, po3ramoBaHuX y IPUMICEKiM CMY3i, JKUTIOBUX KBapTa-
nax, 0e3mocepeaHbo 01l BEMMKMX TOPTOBHX 1 PO3BAKAIBHUX KOMILIEKCiB. KibKicTh
AT'3C, mo mocTiiHO 3pocTae, a TaKoK 00’€MH TPaHCHOPTYBaHHs aBTOIMCTECPHAMH
ra3oBOro NajMBa NepeadadaroTh HEOOXIIHICTH JAETANBHOTO IMiJXOMY A0 BUBYCHHS iX
BIUIMBY Ha HAaBKOJHIIHE cepenopuuie. Lle macTh 3Mory criporHo3yBarty, siKi YHHHHKH,
10 NIOB’5I3aHi 3 BUHUKHEHHIM aBapiilHUX CUTYallill, CIPUYMHSIOTh HETATUBHHUI BILUIHUB
Ha JIOBKULISL Ta 3MOXKYTh ITPU3BECTH JI0 TPABMYBaHHS ¥ 3aruoeni moaeit. O1xe, 10CITi-
JOKEHHS YUHHMKIB, 110 IPU3BO/IATH 0 BAHUKHECHHS aBapiiiHUX CUTYAI[iH, a TAKOXK 3aI10-
OiraHHs HacJiJIKaM 1 MPOTHO3YBAHHS HACIJIKIB aBapiil € akTyaJbHUM.

MocranoBka mpo6aemu. Croromni AI'3C BimHeceHi 10 00’€KTIB MiJBUIICHOT
HebOe3neku [ 1], amke 30epiraHHs CKparyieHUX BYIVICBOJHEBUX Ta3iB, 3JMBaHHS 3 aBTO-
MOOUIFHUX LUCTEPH 1 3allOBHEHHS OaJOHIB € HeOesneynuMu. HempoTpuMaHHS BUMOT
0e3redHol eKcIiTyarallii MoJke MPU3BECTH JI0 BAHUKHEHHS BUOYXIB 1 TOXKEXK, SIKi € TIPH-
YHHOIO 3a0py/IHEHHS HABKOJIMIIHBOTO CEPEJIOBHUINA, TPABM 1 3arudeni JIroeH.

Bapto 3BepHyTH yBary, mo mija 4ac apapii i3 I[UCTEPHOI0 MOXJIMBHI 3aJIMOBUIH
BUKUJI BEJTUKOT KiJIbKOCTI CKpaIuIeHHX BYIJIEBOJHEBHX Ta3iB, IO € 0COONMBO HeOE3-
neyHuM. ToMy HEOOXiHO MPOBECTH ACTalbHHUU aHaNi3, sIKi YUHHUKH BIUIMBAIOTH Ha
BUHUKHEHHS TOXEK, BUOYXiB, IMOB’S3aHUX 13 TEXHOJIOTIYHUM CEPEIOBHUIIEM — CKpa-
TUIGHUM BYTJICBOJJTHEBUM ra3oM, y BUIAJKy BHHUKHEHHS aBapiiiHuX cutyariii. Lle mactep
3MOT'Y TIPOBECTH HEOOXI/IHI 3aX0/IM Ta 3MEHIIIMTH HMOBIPHICTh BUHUKHEHHS HeOe3meu-
HUX CHTyaliil. Y bOMY NOJNATAE MPAKTHYHE 3HAUYCHHST aBTOPCHKOTO JIOPOOKY.

AHaJi3 ocTaHHix gocaimkeHb i myOmaikaniii. bararo HaykoBuX po0iT nmpHCBIYCHO
npoOemi 3a0e3neueHHs Oe3MeKH, cepell IKUX BapTo BLAMITHUTH Tpalli Ta JOCHTiPKEHHS
B.C. Pauechroro, I.I. Masypa, O.M. Isannosa, .M. binusceroro, B.®. CToempkoro
u inmux [2; 3; 4; 5].

Tak, y npansx [6; 7] 3a3Ha4ueHO, 10 B pa3i BiIMOBH MOTCHINMHO HEOE3MEUHUX
00’€KTIB yJIapHa XBUJIS € OJIHUM 13 YMHHHUKIB, 1[0 YPa)katOTh, aJIe HEIOCTATHLO OI[IHIO-
IOTBCSI H aHAITI3YIOThCSl HeOE3IEKH, OB’ s13aHi 31 crenr(ikolo TEXHOIOTIYHUX ONepallii
31 CKparuIeHUMH BYTJICBOJHEBUMH Ta3aMu. BapTo 3BepHYTH yBary, 1o 3aJI0BUI BUKU]T
BEJIMKOT KIJIBKOCTI CKPAIUIEHNX BYIJIEBOJHEBUX I'a3iB € OCHOBHOIO HEOE3IEKOO il Yac
aBapii i3 nuctepHoro [8]. Tomy moTpiOGHO MpoaHaNi3yBaTH BIUIMB YNHHUKIB HA BUHHK-
HEHHS yIapHOI XBWJI Y BUITAAKY aBapii, 110 MOXe TPU3BECTH JI0 3HAYHUX 30UTKIB.

®opmyawoBaHHS Hijei crarTi. MeToro poboTH € aHami3 HeOe3MeK i1 9ac pO3pHUBY
ABTOILIMCTEPHH 3 YpaxyBaHHIM KOMIUIEKCHOTO JTOCII/KCHHS! YAHHHKIB, [0 BIUIWBAIOThH
Ha HUX. J{7s1 TOCATHEHHS MOCTaBiIeHOI MeTH c(hOpMyNbOBaHI Taki 3aBAaHHS JOCHi-
JOKEHb:

— aHaJTi3 YNHHHKIB, SIKi BIUTMBAIOTh Ha BUAHHKHEHHsI aBapiitHOT CUTYaIlii miJ] 9ac mpo-
BE/ICHHS TEXHOJIOTIYHUX OMepalliii 3 aBTOIMCTEPHOIO;

— KUJIBKICHA OIliHKa OCHOBHUX NapaMmeTpiB yJapHOi XBHWJII MpH BUOyXaxX MalUBHO-
MOBITPSIHUX CyMilIIeH.

HoBuzHa mossirae B KOMIUIEKCHOMY JOCJI/DKEHHI YMHHUKIB, 110 BIUIMBAIOTh Ha
(dbopmyBaHHs ynapHoi xBuUIIi ipu BUOyxax. Pe3ynbrati HaykoBoi poOOTH JalyTh 3MOTY
BYACHO PO3POOMTH 3aXO[H MO0 3armo0iraHHs BUHUKHEHHIO INKIJJIMBUX BIUIMBIB Ha
JOBKUUISI, BU3HAYMBIIK TOTEHIIHI 3arpo3u Tpu BUOyxax 1 Moxexax Ha 00’eKrax

ATI'3C.
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Buxnan ocnoBHoro marepiany. AI'3C mpusHadeHa i IpUHMaHHS CKPAIICHOTO
BYIVICBOJHEBOTO ra3y 3 aBTOMOOLIBHHUX ITUCTEPH, HOro 30epiraHHs Ta BiAmycky. Ha
BY3Jly NMpHAMAaHHS BiJOYBa€ThCs 3IMBAHHS CKPAIUICHOTO Ta3y 3 aBTOMOOUIBHUX IIHC-
TEPH y CTallloHapHi pe3epByapu. [IpoBeneMo aHasi3 MOKJIMBUX aBapiMHUX CHUTYaIlil
11X HaCIJIKIB Ha MPUKJIA/li MPUHMaHHS CKPAIUIEHOTO BYTJICBOJAHEBOTO ra3y i3 MUCTEPH.
Heb6esnexn Ha AI'3C 3yMoBIeHI HasiBHICTIO ycepenuHi oOagHaHHs 1 TpyOOIpOBOIiB
TEXHOJIOTIYHOTO CEpPEIOBHUIIA, IO XapaKTepU3y€eThCs OLIble BHOYXOMOXKe:KoHeOe3mey-
HHUMH BJIACTUBOCTSIMH, HI’K TOKCHUHUMU [9].

TexHOMNOT1YHI oneparlii 31 CKparuIeHUMH BYTJIEBOJTHEBHMH Ta3aMH € HEOC3TCUHUMH,
OCKUIbKU € BHCOKAa WMOBIPHICTh BUHUKHEHHS BHOYXIB 1 MOXKEXK, IO MPU3BOAATH JIO
3a0py/IHEHHST HABKOJMITHBOTO CEPEJIOBHUIIA, TPaBM i 3arubeli JitojieH, 3aBJaroTh 3Ha-
YHHMX MarepiajibHUX 30UTKIB, HEraTUBHO BIUIMBAIOTH HA 37I0POB’s HaceseHHs. [IpoaHa-
JIi3yeMO, SIKI YUHHMKH BIUTMBAIOTh Ha BUHUKHEHHS aBapiiiHOI CUTYyAIlil IiJ] 4ac mpoBe-
JICHHSI TEXHOJIOTYHUX Omepallii 3 aBronucTepHoro. OIHUM 13 OCHOBHUX YNHHHUKIB, 1110
NPU3BOJIUTE JIO PYHHYBaHHS a00 OPYIIEHHS TEPMETHYHOCTI UCTEPHHU, € ITiJIBUILCHHS
TUCKY Mapu CKPAIUICHOTO BYIJIEBOJJHEBOTO ra3y B IIUCTEPHI 10 KpUTHYHOTO. Take mij-
BUIIIEHHSI THCKY MOXE BiJIOyBaTHCS 3a MiIBUIICHHS TemIieparypu B nuctepHi. Ctan
BHYTPIIIHBOT MOBEPXHi pe3epByapa aBTOLUCTEPHU XapaKTEPU3YEThCS TAKUMU YHMHHU-
KaMH: MEXaHIYHUM 1 KOPO3IHHUM 3HOCOM. 3HAYHY POJIb BiIIirpac i JTFOACHKUN YHHHUK,
aJKe IOMHITKK 00CITYTOBYIOYOTO MEPCOHATY MOXKYTh ITPU3BECTH JI0 TPAHCIIOPTHOT aBa-
pii 3 pyliHyBaHHSIM pe3epByapa IIICTEpHH, BUOYXyY a0 Moxexi. ABapii TpaHCIIOPTHOTO
XapakTepy, 0 MOXYTh MPU3BECTH JI0 MOPYIICHHS] TePMETUYHOCTI UCTEPHU W BUTI-
KaHHS CKPAIJICHOTO BYIJIEBOJTHEBOIO Ta3y, TAKOX 3aJIeXkKaTh Bijl 30BHIIIHIX YHHHUKIB.

Jlns 3amo0iraHHs, JTOKajIi3allii apapii HOTPiOHO MPOBOIUTH TaKi 3aXOMIH:

— IOTPUMaHHS BUMOT Oe3MEeYHOT eKCILTyaTallii UCTEPHHY;

— Y BUNAJKYy MiJBHUIIEHHS THCKY B IIMCTEPHI 10 KPUTHYHOTO TEPMIHOBO BXKHTH
3aXOJIH IIOJI0 OXOJIOKCHHS;

— MOHITOPUHT CTaHy BHYTPIIIIHBOI MIOBEPXHI pe3epByapa aBTOLUCTEPHU 3 BUKOPHC-
TaHHAM HEOOX1JTHUX METOJIB KOHTPOJIIO;

— 3aXHCT TePUTOPII Bil HeOe3MeuHO1 Aii aTMOC(hEpHUX YHHHUKIB (OJTMCKaBKO3aXHUCT);

— IepioIMYHA IepeBipKa 3HaHb MEPCOHAITY, HABYAHHSI 1 CTa)KyBaHHs HOBUX IPAIliBHHKIB;

— MPOBE/ICHHS HABYAILHUX TPEHIHTIB.

VY BUMajKy BUINMBY CKPAIUICHOTO BYTJIEBOJHEBOTO Ta3y HOTO JIOKai3allisi He epe-
OavyeHa. 3MEHINIUTH HIBHIKICTh BHUIIAPOBYBAHHS BHJIMTOTO CKPAIUIEHOTO BYIJIEBO[-
HEBOTO ra3y, a TaKoX JIOKaJli3yBaTH yTBOPEHY BHOYXOHEOE3NEUHY XMapy € TEeXHIYHO
HEMOXKJIMBO. BUIlleHaBeZeHe MiJKpeciioe, MO HEeAOTPUMaHHS Oe3NMeYHHX YMOB €KC-
TUTyaTalii MUCTepH MOXKE ITPU3BECTH JI0 3HAYHOTO 3a0pYIHEHHS TOBKIJUIS, HEraTHBHOTO
BILTMBY Ha 3/I0POB’S HACEJICHHS.

[MpoBenemo OLIIHKY MapaMeTpiB yAapHOT XBWIII Ta ii HACHIAKIB y pa3i JOPOKHBO-
TPAaHCHOPTHOI IPUTO/U 3 ABTOIIUCTEPHOIO 31 CKPAIJICHUM Ta30M. J{J1sl KibKiCHOT OI[iHKH
napameTpiB MOBITPSHOT yAapHOT XBHJII MpH BUOYXaxX MAIMBHO-TIOBITPSHUX CyMilllel
(TITIC) po3srsgaeThCsi YaCTKOBAa poO3repMeTH3alis ado TOBHE pyHHYBaHHs o01aj-
HaHHS, 10 MICTUTh TOPIOYY PEUOBHHY B Ta30MoiOHIN abo pinkii ¢dasi. [punmyctumo,
IO B pe3yJbTari aBapii cTaBcs pO3PUB aBTOLUCTEPHH 31 CKPAIUICHUM BYIJICBOTHEBHM
ra3oM, ToOTO MMOBHE pyHHYBaHHS.
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OCKUIBbKY HA/ITHIITKOBUIA TUCK IOBITPSIHOT yIapHOT XBHJII i iMITyJ1bC (pa3u CTHCHEHHS
€ OCHOBHMMHM YWHHHKaMH, IO BIUIMBAIOTh HA WMOBIPHICTh pyHHYBaHb IIPOMHCIOBUX
Oy/iBeNb 1 TpaBMyBaHHS MOBITPSIHOIO XBHJICIO JIFOJMHH, TO PO3IISTHEMO iX BIUTUB IPH
MMOBHOMY pYHHYBaHHI aBTOIMCTEPHH.

Bu3Haunmo mapamMeTpu MOBITPSIHOT yIapHOT XBWIII, a caMe: HAJTMIIKOBUI THCK Ta
iMIynbe a3y CTUCHEeHHs Ha Biactadi 100 M Big Micis aBapii 3riIHO 3 METOJHMKOIO,
HaBeieHoo B mipatli [10]. 11 OiHKY MOXIMBUX HACIIIIKIB MPUIMAEMO, 110 B PE3YIIb-
TaTi BUKUIy Ta3y B MeXax 3aliMaHHs BHJIMIOCS BCE MAJIUBO, [0 3HAXOJUIOCS B IIUC-
TepHi. 3aliMaHHs XMapH IPU3BENIo 10 BUOyXy. Maca roprodoro rasy M =10 T, muroma
TETI0Ta 3ropsAHHs manusa g =4,64-107 JIx/kr; cepeius KOHIEHTpallis rasy ¢ =150 r/m’,
CTeXiOMETpUYHA KOHIIEHTPAIlisl PE4OBMHH B CyMilli 3 oBiTpsam ¢, =0,077 kr/m*; mBua-
KicTh nomym’st v =200 M/c; mBHIKICTH 3BYKy B ToBiTpi C,=340 M/C; CTyNiHb pO3UIN-
PEHHS IPOIYKTIB 3rOpsIHHS 6=7.

HapnumkoBuii THCK MOBITPSHOT YIapHOT XBHJII BU3HAYAETHCS 38 3aJICIKHICTIO!

Ap=p. - Py (1)

ne p_— 6e3p03MipHHUI THCK;
P, — arMocdepHuii THCK, 1a.
Immysbe a3u CTUCHEHHS JOPIBHIOE:

I=1I, '(po)z/3 -E" /G, (2)
ne [ — 6e3po3mipHui iMITyIIbC (pasu CTUCHEHHS,
E — edexTrBHUI eHepreTHYHMH 3amac MaJIMBHO-TIOBITPSHOI cyMiri, JIx;
C, — WBMIKICTB 3BYKY B IOBITPi, M/C.
Besposmipuuit Tuck p, =min(p, ,p, ).

V2 G—lj 0,83 0,14
— 2 . . 9 _ 9 , 3
Py [COZJ ( o R, R 3)

nev, — MIBUJIKICTH TTOITyM 51, M/C;
G — CTYHIiHb PO3IIMPEHHS MPOAYKTIB 3TOPSHHS;
R _— Ge3po3mipHa BincTanb Bij nenrpa xmapu II1C.

p xzzexp(—1,124—1,661nRx+0,26(1nRx)2). (4)
Be3po3mipuuii iMmysbe (a3 CTUCHEHHS:
I =min({ ,I ). 5
A _(0—1]' 1_04'(0—1) v, ]).[0.06, 0,01 0,0025 ©
o, c ’ s )\cC, R, R> R’ )
I, = exp(—3,4217—0,898lnRx —0,0096(1nRX)2). (7)

EdexTuBHnii eHepreTHUHMIA 3anac MaJIUBHO-IOBITPSHOT CyMillli — L1€ OWH 13 OCHO-
BHUX mapametrpiB BuOyxy IIIIC. Bennumna e(eKTHBHOrO €HEPreTUYHOTO 3aracy
MOJBOIOETHCSI MIPH PO3paxyHKy mnapameTpiB BuOyxy xmapu IIIIC, mo nexuts Ha
MOBEPXHI 3EMJII.
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EdexruBnuii eHepreTMIHMI 3am1ac NaTMBHO-NOBITPAHOI CyMillli IIPH ¢, > ¢, BU3Ha-
Ya€eThCSI 32 TAKOKO 3aJIEKHICTIO:
E=2-M,-q,c,/c,, (8)
ne M, — maca pe4OBHHH, 1110 TOPUTh, Y XMapi, K;
¢, — TIUTOMA TEIIOTA 3rOPsIHHS naanBa, KJ[K/Kr;
c,,— CTEXiOMETpHYHA KOHIIEHTPallisl PEIOBUHH B CYMIllli 3 TIOBITPSAM, KI/M’;
C,— KOHIEHTpALlisl Ta3y, 0 FOPUTh Y XMapi, KI/m>.
Jns 3ananoi Bincrani 7 = 100 m 6e3po3miphna Bifcranb R_Bix nenrpa xmapu I1I1C:

R.=r/(Elp,)", ©)

Jie 7 — BIZICTaHb BiJ| MicIsg aBapii.

3uaiiuoBum 6e3po3mipHi Benuuud P11, obuncmroemo 3a 3anexunoctamu (1) i (2)
HaJJTMLIKOBHH THUCK Ta IMITYNbC a3y CTUCHEHHsI IOBITPSAHOI yIapHOi XBUIIi HA Bi/ICTaH1
100 M Bix micus aBapii npu mBHAKOCTI ropinHs 200 M/c.

3a pesynpTaraMH PO3PaxyHKIB HAJIMIIKOBHHA THCK TOBITPSHOI ymapHOi XBMII
Ap =2,9-10* TTa. Imnynbce dasu cruchenns [ =2,05-10* Ia-c.

BusHaunMo HMOBIpHICTh HaHECEHHs 30MTKIB JIOBKULIIO Ta TpaBMYBaHHs IONEH
3a JOMOMOror0 mpodiT-gyHkuii. [Ipu npoMy po3mITHEMO HMOBIPHICTH MOIIKOMKECHB
CTIH MPOMUCIIOBUX OY/IiBEIb, 10 MIIATAIOTh iX BIIHOBJICHHIO 0€3 X 3HECEHHs, 1 IMO-
BIPHICTh pyHHYBaHb IPOMHUCIIOBHX OyIiBeNb, M Yac SKUX OymiBIi MiUIATalOTh 3He-
ceHHI0. Bu3HaunMMo MMOBIpHICTh TpaBMyBaHHS MOBITPSHOIO XBHUJICIO JIIOIWHH, & CaMe:
IMOBIpHICTB yTpaTH JIFOABMH Opi€HTAIII1 B MIPOCTOPI; pO3pUBY OapabaHHUX IMEPETUHOK
y Jtoniet 1 BiAKuJaHHs Jrofed XBuiero TucKy. OTpuMaHo Taki 3HaueHHS MPpo0iT-QyHK-
uiii: Pr = 6,77, Pr,=4,44, Pr,=-1,90, Pr,=3,06, Pr,=-2,82.

3a po3paxoBaHUMH BEIWYMHAMHE MPOOIT-PYHKIIT, 3riTHO 3 TaOMUIIEel0, HABEACHOO
B nipati [10], Bu3Ha4€HO HMOBIPHICTh ypakeHHSA. IMOBIpHICTh TOMIKOPKEHb MPOMHC-
noBux OyniBesb craHOBUTH 90%, pyliHYBaHb IPOMHUCIIOBHX OyaiBenb — 28%, po3puBy
OapabaHHUX TIEPETHHOK y Jrofe — 2,5%. IMOBIpHOCTI IHIIMX KPHUTEPIiB ypaskeHHs
ONHM3BKI 10 HYJIS.

BucHoBknu. [IpoBeneHo aHasi3 YMHHUKIB, SKI BIUIMBAIOTh HA BUHUKHEHHS aBapii,
MOB’SI3aHUX 13 3aJMIOBUM BHKHIOM BEJIHMKOI KIJIbKOCTI CKPAalUIEHHX BYTJIEBOJAHEBUX
raziB. 3a pe3ynbTataMH KiTbKICHOI OLIIHKM MapaMeTpiB yAapHOI XBHJII mpHu BHOyXxax
NAJIMBHO-TIOBITPSHUX CyMillled BU3HAYEHO 3 BUKOPUCTAHHAM NpoOiT-QyHKHiK iMo-
BipHiCTh 30UTKIB. HaBeieHi pe3ynbTaTi AOCHiKeHb MOXKYTh BUKOPUCTOBYBATHUCS TIi]T
yac BUpIIICHHS MUTaHb Oe3MeYHOT eKCIuTyaTalii 00’ €KTiB, MOB’A3aHUX 31 CKpaIICHUMH
BYIVIEBOJHEBHMHU razami. Lle 1acTb 3MOTy BH3HAUMTH MOTEHLIHHI 3arpo3u Ipu BHOY-
Xax 1 MOXKekax Ha 00’€KTax aBTOra3o3alpaBHUX CTaHIIIN 1 PO3POOUTH 3aXOAU ILIOZ0
3ar00iraHds BUHUKHEHHIO IIKIUIMBUX BIUIMBIB Ha JOBKULIA. Iloganbmn qOCiIiKEHHS
nependayaTh KOMIUIEKCHY OLIIHKY TEXHOJIOTIYHUX yTPaT CKPaIICHHX BYTJICBOAHEBUX
rasiB mij yac ix 30epiraHHs Ha aBTOra303aNpaBHUX CTAHIIISIX.
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