%X/ 3epHoBi npoaykTH i kombikopmu, Vol.22, 1. 1 (85) / 2022

PI3HUX peyenmyp KOMOIKOpMIE, 00380A€ 3p00UMU BUCHOBOK PO MOJICIUGICIY | OOYINbHICb NOULYKY ONMUMATLHO2O NOJIOICEHHS
pezynioyo2o opeany 01a noodadi napu 0o 3miutyeaua npec-neinem. Ilpu yvomy neobxiono, wob npoOyKmusHicms npeca npasmyid
00 MAKCUMYMY 8 3ANeNHCHOCI 8i0 NONOJCEHHs pe2ynioiouo20 opaany nooayi napu Ha npec, a Maxodic eIUduHY NOMOYHO20 HABAH-
Masdcents 0BUZYHA 20106HO20 NPUBODY, U0 8 OCHOBHOMY BUIHAUAE eHepeOEMHICIb npoyecy, Oyna odomedicena 6 3a0anomy 0ianazomi
3HAueHb npu oOHYNIHHI 6i0N0BIOHOI peyenmypu kKombikopmy: [Ipupicm uacy 3anoeHenHs KOIOHU OXOI00NCEHH MIdC YUKIAMU PO36a-
HMAdCYBANLHO20 NPUCIPOIO, WO XAPAKMePU3ye npoOYKMUSHICMb npecd - 2PAHYIAmopd, Modice 6ymu 6UKOPUCMAHULl 015 Onocepeo-
KOBAHOT 11020 OYIHKU Ma 6UKOPUCMAHUL K GUXIOHUL NOKA3HUK V CUCIEMI KePYBAHHS NPOYEeCOM SPAHYI6ANHS. Aneopumm nouyKky
ONMUMATILHO0 PEXCUMY SPAHYIAYIT CKIA0AEMbCA 3 080X YACMUHN: AN20PUMMY NOKPOKOBO20 3aNYCKY (nepeseoenHs CUCmeMi 6 30HY
NnowyKy) ma aneopummy HOULYKY ORMUMANLHO20 PedCUMY 2panyisayii. 3anpononosano eukopucmogyeamu cucmemy SMART-
INDIVIDUAL, sxa ochawena mooynem 3 pe2yio8anHam MOHIMOPUH2Y napamempie 001a0HAHHA 34 NACNOPIMHUMU XAPAKMEPUCTU-
kamu. Ilpu ybomy cucmema 6ede apxie i KOHMPOIOE MEPMIHU 0OCIY208Y8ANHSL.
KniouoBi ciioBa: npec-rpaHyJisitop, NpoAyKTHBHICTb, cTabinizanis, onTumisauis, aJropuT™ NOLUIYKY, TEXHOJIOTis
SMART.
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FORECASTING GRAIN CARGO HANDLING AT PORT
ELEVATORS SOUTH-EASTERN REGION OF UKRAINE

Abstract

The results of a study of the state and possibilities of increasing the capacity of grain transshipment in the ports of Ukraine
and substantiation based on the developed trend models of forecast volumes of grain cargo transshipment in Berdyansk and Mariu-
pol seaports of the South-Eastern region of Ukraine until 2025 are presented. The studies established the characteristics of grain
cargo flows in the seaports of Ukraine, the SWOT analysis revealed the strengths and weaknesses, advantages and threats of the
Mariupol Sea Trade Port, developed trend forecast models for grain transshipment volumes in the ports of the South-Eastern region
of Ukraine and substantiated the forecast volumes of transshipment grain cargo until 2025. A rather uneven loading of the Mariupol
port during the year is shown. August and all summer months are especially critical, when both industrial and agricultural goods
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need to be exported from the nearby region at the same time. The urgent need to increase the capacity of elevators for the ports of
Chornomorsk, Reni and Olvia, as well as the ports of the Sea of Azov, in particular, the construction of a new elevator in the port of
Mariupol, which is a timely strategic decision, has been substantiated. It was noted that at present most of the country's seaports are
expected to increase the transshipment of food cargo of all kinds. To predict the volumes of transshipment of grain cargo at the Ber-
dyansk and Mariupol seaports, based on the analysis of data from the state enterprise "Administration of the Sea Ports of Ukraine",
forecast models (trends) are proposed that contribute to the growth of production capacity and competitiveness of agricultural prod-
ucts of the adjacent agro-industrial region. It is shown that the forecast for the next 2-4 years is optimistic — subject to a good grain
harvest, the transshipment of grain cargo by 2025 in the Berdyansk and Mariupol ports can reach 2,000 and 1,300 thousand tons,
respectively, that is, increase compared to 2021, respectively, 5 and 1.3 times. The conducted SWOT-analysis made it possible to
identify and evaluate the factors influencing decision-making on the possibility of developing the Mariupol seaport. On the basis of
analytical data, a long-term forecast was made for the further development of the transport and logistics component of the seaports
of the South-East region of Ukraine, which will expand and improve port services aimed at increasing its throughput. Among the
most important measures is the construction of an elevator in the Mariupol seaport, which will help increase the quality and safe
transportation of agricultural products in the chain from the producer to the end consumer. The main measures aimed at increasing
the competitiveness of the Mariupol port were identified, including: construction of complexes for transshipment of grain, containers,
vegetable oil; dredging, construction of hydrotechnical bank protection structures; reconstruction of berths 2-4 and 14-15 of the
port; reconstruction of the nearby railway station Mariupol-Port.

Key words: region, seaport, grain cargoes, innovations. elevator, statistical analysis, trend model, forecast

Formulation of the problem

The development of the agro-industrial com-
plex and, first of all, the grain economy is one of the
areas that ensures socio-economic progress and deter-
mines the country's food security. According to the lev-
el and condition of the grain economy and the grain
market, they judge the efficiency of the functioning of
the economy of the agro-industrial complex and the
reliability of the country's grain forage supply.

In recent years, grain yields in Ukraine have
consistently exceeded the optimistic expectations of
experts. Increasing volumes have significantly actual-
ized the issue of preserving grain reserves in the coun-
try, and domestic agricultural producers have acutely
felt a shortage of high-quality storage capacities.

Storage of grain of different crops is an im-
portant stage in the implementation of international
transportation and transportation of products in the food
supply chain from producer to consumer. Therefore, it
is necessary to constantly assess the ability of seaports
to serve the flow of goods, especially grain, which, un-
der improper storage conditions, can quickly deterio-
rate.

Literature review

The availability of modern elevator capacities in
the seaports of Ukraine for the intermediate storage of
grain products that are exported is very important. This
allows you to temporarily accumulate the necessary
batches of grain and minimize costs in general, which
positively affects the export opportunities of ports [1].

According to the Elevatorist.com website [2],
certified elevator capacities in Ukraine are about 45-50
million tons. Currently, 65-70% of elevators are morally
and physically obsolete and do not meet modern re-
quirements for grain storage, acceptance and shipment
efficiency.

Against the backdrop of a record harvest of
more than 100 million tons, the shortage of elevators
exceeds 50%. According to various estimates for 2021, it
is about 30 million tons and will only increase with the
growth of yields. Given the trend of the last five years to
an increase in modern elevator capacities of about 1.5
million tons per year, the trend towards an increase in
grain storage capacities will continue in the next 3-5
years [2]. It is easy to calculate that with a projected
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grain harvest of 100 million tons in 2022 and beyond,
this deficit will only increase.

In addition to the construction of new trans-
shipment complexes, a very interesting alternative is the
transshipment of grain crops into containers in polypro-
pylene liners (liner-runs), which protect the cargo from
contact with the container and protect the container from
contact with the cargo. The absence of the need for addi-
tional transshipment (transshipment) of these cargoes
simplifies loading and unloading operations and signifi-
cantly expands the geography of deliveries [3].

It is known that the development of seaports
with the deregulation of cargo transportation is a big
problem. In this direction, studies have already been car-
ried out in order to increase the efficiency of the func-
tioning of the transport and technological system of the
seaport serving the industrially agrarian East Ukrainian
region [4]. A number of projects for the development of
Ukrainian ports have been developed, which embody
scientific approaches to the design and development of
domestic port facilities [5], taking into account all the
requirements of regulatory and technical documentation
and methodological literature [6, 7].

The general decline, which was observed due to
the stagnation of the Ukrainian economy over the past 5-
7 years, is almost over, and at present, an increase in the
transshipment of food cargo of all types is expected in
most of the country's seaports. This general trend can be
described by a predictive model — a trend, that is, a cer-
tain equation based on the statistical processing of a rela-
tively small amount of data. Extrapolation by trends can
also be used as the initial stage of a complex forecasting
technique that answers questions about the consequences
of continuing the previous development trend [8].

To compile a trend model, you need to select a
trend function, find its characteristics, check the adequa-
cy and accuracy. For trends that describe changes in indi-
cators over time (dynamics), polynomial, exponential and
S-shaped types of equations are most often used. The
resulting adequate trend model is further used for point
and interval forecasts [8, 9]. Regarding polynomial
trends, there are mutually accurate recommendations —
from the use of polynomials not higher than degree 3 [8,
10] to the use of polynomials of degree 6 [9]. Thus, for
the possibility of objective forecasting, it is necessary to
carry out a certain analysis of the choice of the corre-
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sponding trend equations.

In recent decades, Ukraine has confidently en-
tered the top five world grain exporters, which allows our
state to steadily replenish its gold and foreign exchange
earnings [11]. These achievements would not have been
possible without the proper development and well-
functioning of seaports. Their further development is a
strategic task that requires deepening research to find
reserves to improve the efficiency of seaports for grain
transshipment, in particular, the promising South-Eastern
region of Ukraine. The above determined the purpose
and objectives of our research.

The purpose of the research was to study the
state and possibilities of increasing the capacity of grain
transshipment in the ports of Ukraine and substantiate, on
the basis of the developed trend models, the forecast vol-
umes of grain cargo transshipment in Berdyansk and
Mariupol seaports of the South-Eastern region of Ukraine
until 2025.

According to the objectives of the research, it
was to establish the characteristics of grain cargo flows
in the seaports of Ukraine, to identify the strengths and
weaknesses, advantages and threats of the Mariupol Sea
Port, to develop trend forecast models of grain trans-
shipment volumes in the ports of the South-Eastern re-
gion of Ukraine and to substantiate the forecast volumes
of grain cargo transshipment to them up to 2025.

Materials and methods of research

The research materials were statistical data on
the performance of the ports of Ukraine for 2015-2021
for the transshipment of all types of cargo and, in particu-
lar, grain cargo. The work used graphic-analytical and
statistical methods of research, mathematical description,
modeling and evaluation of the results of the analysis.

In the tasks of approximating observational data
(volumes of grain transshipment) and compiling trend
mathematical models (equations), the MS Excel 2007
environment was used, in particular its procedure
"Search for a solution" (Excel Solver), by which the em-
pirical coefficients in the equations were determined by
the least squares method (LSM) trends models.

The adequacy of the obtained trend models and
their suitability for forecasting the volumes of grain
transshipment was carried out according to a simplified
method [10], which provides for their assessment accord-
ing to statistical criteria:

— the index (coefficient) of determination R? and
the correlation coefficient r.,, showing the tightness of
the time series of observational data with the trend curve
on the Chaddock scale;

— the autocorrelation coefficient of M. Ezekiel
and K. Fox r,; and the Durbin-Watson D-test DW, which
allow assessing the absence of autocorrelation of residu-
als;

— the average relative approximation error A,
which gives an estimate of the accuracy of the forecast.

To detect autocorrelation of residuals based on
the Durbin-Watson D-test, such an algorithm was used.
The formulas given in [10] were used to calculate the
values of the autocorrelation coefficient r,, and the D-
criterion DW. Further, according to special tables [12],
for a given number of observations n, the number of in-
dependent variables of the model m and significance
level a=0.05, the critical values of the D-criterion were
determined — its lower d; and upper limit da.

When the condition DW > d2 is met, it is con-
cluded that there is no autocorrelation of residuals (in
case of negative autocorrelation of residuals, not DW, but
4-DW is compared with tabular values). The closer the
actual value of the Durbin-Watson criterion to 2, the
greater the confidence in the absence of autocorrelation
in the residuals and the possibility of using the found
trend in forecasting.

Results and discussion.

Characteristics of grain cargo flows. The vol-
umes of cargo transshipment passing through the Mariu-
pol port over the past 7 years, plotted according to [13] as
a percentage, are given in table 1 and table 2.

According to table 1 and table 2, it is obvious
that the loading of the Mariupol port during the year is
rather uneven. August and all summer months are espe-
cially critical, when both industrial and agricultural
goods must be exported from the nearby region at the
same time. Therefore, in order to meet the growing de-
mand for the export of grain cargo through the logistics
system of the industrial and agrarian region of Eastern
Ukraine, it is proposed to build a new elevator on the
territory of the Mariupol Commercial Sea Port with a
total capacity of up to 2 million tons of grain per year.
The construction of an elevator in the port will help re-
duce the queues for idle transport for unloading grain, to
a greater extent in the summer.

Table 1 — Results of the total transshipment of all types of cargo through the port of Mariupol,%

Month
vear Jan Feb | March || April || May June July | August | Sept || Octob | Nov || Decem
2015 || 64.44 || 66.58 | 88.03 || 74.30 || 89.40 | 68.37 | 83.73 || 87.63 | 86.95 || 100.00 || 42.93 | 48.39
2016 || 46.58 || 37.40 | 47.21 || 57.31 | 72.48 | 85.69 | 94.59 [ 100.00 || 86.26 || 77.16 | 70.58 | 53.08
2017 || 41.02 || 47.02 | 55.72 || 65.71 | 100.00 | 78.18 | 82.06 | 33.99 | 46.52 || 93.28 | 62.94 | 69.33
2018 || 77.24 || 60.53 || 88.16 || 81.84 || 87.49 || 100.00 | 96.26 || 81.18 || 85.48 || 91.13 | 64.71 || 83.57
2019 | 43.41 || 49.11 || 71.98 || 51.14 || 66.62 || 46.43 | 69.70 || 100.00 || 95.44 || 91.58 | 65.95 || 89.38
2020 || 72.35 || 74.34 | 70.56 | 73.17 | 62.48 || 71.01 | 87.38 || 100.00 || 89.39 || 71.70 | 80.88 || 69.45
2021 || 72.80 || 80.91 | 73.59 || 90.95 || 84.62 || 63.59 | 63.44 || 92.13 | 100.00 || 76.79 | 77.86 | 78.00
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Table 2 — The results of the total transshipment of grain cargo through the port of Mariupol,%
Month >
Year : E
Jan Feb || March || April || May June July | August | Sept | Octob | Nov || Decem z
2015 || 50.13 || 7.90 || 20.73 || 28.95 | 22.37 | 0.00 25.84 || 100.00 | 78.50 | 69.86 | 30,89 || 83.37 8:
2016 || 17.74 || 19.81 || 43.42 || 43.87 || 56.65 | 39.10 || 67.55 | 100.00 || 56.45 || 48.31 | 47.15( 61.13 %
2017 | 28.00 || 47.80 || 38.09 || 21.27 || 31.72 | 16.62 | 39.49 | 100.00 || 45.10 | 37.94 | 23.25 | 61.78 G
2018 | 34.88 || 56.56 ||100.00| 54.10 || 50.82 | 12.57 || 93.33 | 84.56 || 82.38 || 49.04 | 49.45 (| 86.72 O
2019 | 31.90 || 27.14 || 30.76 || 23.48 || 30.76 | 5.89 50.33 || 100.00 || 76.92 | 68.45 || 60.84 || 55.37 %
2020 | 31.37 || 28.34 || 52.66 || 48.61 || 27.62 | 8.96 61.76 || 100.00 || 51.22 | 34.38 || 25.68 || 16.38 q
}_
2021 || 27.29 || 31.01 || 22.45 || 37.63 || 33.33 | 37.74 || 46.60 | 100.00 || 73.42 | 74.94 | 33.67 || 54.21 Iz
i
_ The particles of each seaport of Izmayil Berdyansk Mariupol O
Ukraine as a percentage of the total volume of 018% 282% 1.94% @
transshipment of grain cargo for 2021 are ' ' ' _ %
shown in fig. 1. It can be seen that the main Chornomorsk Myko'f’})y'v @
ports reloading more grain cargo in Ukraine 29,09% Ny /-25'8“’ O
are the ports of Chornomorsk, Mykolaiv, Yu- 8
zhny and Odesa. The ports of Mariupol and o
Berdyansk, although they are not competitors ﬁhgg(f/)“ z
of these powerful ports, play an extremely im- ' 0\ w
portant role in servicing the nearby region of _ %
South-Eastern Ukraine. On the part of agricul- Olvia Odesa
tural enterprises, there is a certain demand for 5,14% 11,65%
the services of these ports, which makes it pos- . ) /
sible to optimize transport and logistics costs Reni Pivdennyy
1,72% 19,39%

in the overall supply chain.

On fig. 2 shows how the shares of
grain cargoes have changed in the seaports of
Ukraine over the past 7 years as a percentage
of the total volume of transshipped cargo.

Fig. 1. Shares of Ukrainian seaports in total volume
of grain cargo transshipment in 2021

seaports can be divided in terms of grain transshipment

Over the past 7 years, the share of grain cargo in
the total volume of transshipped cargo has increased sig-
nificantly in the ports of Berdyansk (by 64.5%), Reni
(35.8%), Chornomorsk (by 27.4%) and Olvia (by 20.5%)
. and grew in the ports of Mariupol (by 9.3%), Kherson
(by 7.2%) and Mykolaiv (by 3.9%). Against the back-
drop of a drop in the flow of grain cargo in the ports of
Izmail (by 1.1%), Yuzhny (by 2.0%) and Odesa (by
7.9%) over 7 years, it was possible to increase

volumes — with large volumes in the range of 5-16 mil-
lion tons per year (Mykolaiv, Chornomorsk, Yuzhny and
Odesa) and significantly more than 3,000 thousand tons
(all the rest 6 ports are indicated in figure 3). There is
also a large variability in grain transshipment volumes
over the years. For example, we can note the increase in
the volume of grain transshipment in Chornomorsk from
5 to 15 million tons, that is, three times.

this flow of cargo by 6.7%. At the same time, @ 100 T ™
the ports located on the Sea of Azov increased 5 2 go L R
the grain cargo traffic by 17.4%. = ! | ~—l T
The presented analysis shows that £ £ gg -~ Ll [[ )
there is an urgent need to increase the capacity = 2 ' s ‘ |
of elevators for the ports of the Sea of Azov,as  S's 40 T | T | N |
well as for the ports of Chornomorsk, Reni and s o 20 +pta = T4 |
Olvia. Therefore, investment development and E °© , || i ||
construction of a new elevator in the port of = 0 R I II .| |
Mariupol is a reasonable and timely strategic s T
decisign. ’ ’ Berdyaﬂ%{eni sk , l j ..l
Forecasting the size of transshipment ChomomOTRy i, e _. ii T
of grain cargo in seaports. To assess the Myko%zle\;son - ﬁ |
change in the flow of grain cargo passing Odesa ""-r:.'.jj'h-l_'___;' o
through the seaports of Ukraine, according to Pivdennyy 01\"&.\“
[13], we present in graphical form information Ma““¥zma il oo 2;)21 p.

on the transshipment of this type of cargo in
ports over the past 7 years (Fig. 3).
It is clearly seen that two groups of
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Fig. 2. Shares of grain cargoes of seaports of Ukraine in the total
volume of transshipped cargoes in 2015 and 2021
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Fig. 3. Dynamics of the annual transshipment of grain cargo in the seaports of Ukraine in 2015-2021

To predict the volumes of grain transshipment in
seaports, it is necessary to develop mathematical models
(trend equations) that accurately approximated the obser-
vational (reporting) data and could give close to real me-
dium-term forecast values of grain transshipment vol-
umes for the next few years. Due to the presence of a
significant number of different types of equations that
can be used as mathematical models (trend equations),
we analyzed all standard types of trend one-factor equa-
tions provided in MS Excel.

Such an analysis of the MS Excel approximation
(trend) lines, carried out for two ports of the Sea of Azov
(Mariupol and Berdyansk), showed that linear equations
give determination coefficients of 0.56-0.59, in exponen-
tial equations the determination indices (coefficients) are
0.55-0.61, for logarithmic — 0.56-0.59, which are con-
sidered low. Polynomial types of equations (trends) have
higher indices (coefficients) of determination: from 0.59
(a second-degree polinom) to 0.94-1.00 (for 4th—6th de-
grees of polynomials). However, despite the much great-
er accuracy of describing the volumes of grain trans-
shipment by polynomial trends within the studied years
2015-2021, forecasts for them for the next few years
give completely unrealistic results — either negative or
too large values. So, for example, the forecast for the port
of Mariupol for 2023 according to the 6th degree poly-
nomial gives an increase in grain transshipment volumes
by 75 times compared to 2021, which is nonsense.

Subsequent analysis of other types of equations
showed that the modified exponential equation [8] can be
used as temporary trend models

y =k +aexp(-bx) , (1)

where Yy — estimated value of grain transshipment, thou-

sand tons;
k, a, b — are empirical coefficients determined by
the least squares method;
x — the time factor (year).

The coefficients k, a, b in the proposed modified
exponential equation have a certain geometric content.
Thus, the graph of function (1) as t—oo approaches the
horizontal asymptote y = k. Most often, equations are

© “3epHOBI poayKTH 1 KOMOiKOpMu”, 2022

used as trends when a<0 (i.e., the asymptote is located
above the trend curve), and b<1 (i.e., when the incre-
ments in y are constant and decrease with increasing 1).

As practice shows, the use of the numerical val-
ue of the year as a time factor in trend time series can
lead to significant discrepancies between the observa-
tional data and the data predicted by the obtained equa-
tion. This is due to the significant remoteness of the cur-
rent values of years in relation to the initial ("zero") ref-
erence point of the time factor (years). Therefore, instead
of years, it is more expedient to take the ordinal numbers
of the time scale (series of years) as a time factor. Using
this approach and reporting (observational) data on annu-
al volumes of grain cargo transshipment in 2015-2021
[13], we obtained trend equations describing the general-
ized nature of deregulation changes in annual grain flows
in the ports of Berdyansk and Mariupol:

— for Berdyansk
y = 1388,89 — 1085,48 exp(0,188849x), R?>=0,589;  (2)

— for Mariupol
y = 25551,3 — 24758,9 exp(0,00471517x), R?=0,573, (3)

where x — serial number of the year (2015 year — 1; 2016
year — 2 etc).
R? — index (coefficient) of determination.

The numerical values of the empirical coeffi-
cients of the trend equations were determined by the least
squares method using the procedure “Search for solu-
tions”.

The assessment of the adequacy of the obtained
trend models and their suitability for forecasting the vol-
umes of grain transshipment was carried out according to
the above simplified method [10], for which the follow-
ing statistical criteria were calculated:

— correlation coefficient ry, to estimate the tight-
ness of a series of observed data with a trend curve;

— autocorrelation coefficient of M. Ezekiel and
K. Fox r,; and D-test of Durbin-Watson DW to assess the
absence of autocorrelation of residuals;

— the average relative approximation error A for
estimating the accuracy of the forecast.

Using the formulas given in the sources [10, 8],
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Fig. 4. Trend models for the forecast of transshipment of grain cargo
in the seaports of the Sea of Azov for the period 2015-2025

the following values of the necessary statistical criteria
were obtained:

— for Berdyansk
ry =0,77; r,; =-0,147; DW =2,126; 4 =12,54%;

— for Mariupol
Iy =0,76; r,=-0,263; DW =2,432; A4 =19,44%.

An analysis of these data showed that for both
ports, the annual volumes of grain transshipment and
serial numbers of the considered 2015-2021 years have
correlations within 0.76-0.77, which is estimated as a
high level according to the Chaddock scale [10] (0.7-0.9)
and allows you to use trend models for forecasts.

The low values of the autocorrelation coeffi-
cients r,; indicate the possibility of using trend equations
for forecasts. However, the final conclusion was given by
a comparison of the Durbin-Watson DW criteria with
their critical limits d; and dz, determined from the table
[12] for the number of observations n=7, the number of
independent variables in the model m=1 and the accepted
significance level a=0.05. For these characteristics, the

which indicate the absence
of autocorrelation of resi-
Years dues.

Average  relative
approximation errors equal
to 12.54-19.44% do not
exceed the recommended
[10] allowable limits of 10-20%.

Thus, according to the set of requirements, con-
firmed by the corresponding statistical characteristics, the
trend models obtained by us can be used for point and
interval forecasts.

Using the obtained adequate equations (2)—(3),
graphs of changes in the annual volumes of transship-
ment of grain cargo and trend lines were constructed,
which are generalized and give an idea of the indicative
medium-term forecast values for the period 2022-2025
(Fig. 4).

From the data analysis of fig. 4, we can con-
clude that the trends in the transshipment of grain cargo
in the ports of the Azov Sea of Ukraine are now in the
process of growth. The medium-term forecast for the
next 2—4 years is optimistic — given a good grain harvest,
which will grow in these seasons, the transshipment of
grain cargo by 2025 in the ports of Berdyansk and Mari-
upol can reach about 2,000 and 1,300 thousand tons, re-
spectively, i.e. year by 1.5 and 1.3 times.

Table 3 — SWOT analysis of the Mariupol seaport as of 2021

STRENGTHS

WEAK SIDES

— Proximity to large places of localization of the
production of ferrous metals — directly within the

enterprises of Ukraine — MMK im. Ilyich and MK
"Azov-stal".

Internal
environment

mining, clay.
— Versatility of berths.
— Quality and speed of customer cargo handling.

city, next to the port, there are powerful metallurgical

— Proximity to large places of localization of coal

— Small depths of the approach sea channel;

— Limited capacity of the transport infrastructure
(railways and railway station, highways).

— Lack of specialized transshipment facilities for
grain and bulk (oil) cargo.

— The possibility of expanding the territory of the
port through close proximity to the residential areas of
the city and the recreational zone is limited.

OPPORTUNITIES

THREATS

— Expansion of additional volumes of processing

— Since 2014, there has been a difficult political and

GREEN, PROCESSING GRAIN: TECHNOLOGY AND QUALITY

[ ]

_ c|lgrain and sunflower oil. economic situation in the South-Eastern region of
s § — Use of a very favorable geographical location of [|Ukraine, where the port is located.
§ § the port for the export and transit direction of goods. — Slowdown in the economic development of the
2 S| — Renewal of technological equipment and appli- | region.
& | cation of new technologies. — Decrease in demand for metallurgical products in

the world markets.
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Fig. 5. Modern silos of the grain terminal of the Mariupol Sea Port [16]

SWOT-analysis of the Mariupol seaport.

Even under the most pessimistic scenario of the
development of events, the news about the construction
of new elevator capacities will encourage producers to
increase the sowing of grain crops and increase their ex-
port.

The analysis of the data of the map of elevators
of the South-East region, including port ones, given in
the source [14], showed that the capacities of the eleva-
tors existing in this region (Mariupol 20, Zaporiyia 21,
Berdyansk 12, etc.) are still not enough to meet all the
needs of grain producers and grain traders, especially the
Mariupol seaport. This can be seen from the SWOT
analysis of the Mariupol seaport.

When comparing the ports of the South-Eastern
region of Ukraine with the most competitive ports of the
Black and Azov Seas, it can be summarized that the Ma-
riupol port has the following weaknesses:

— small depth of approach channels;

— high wear of hydraulic structures and berths;

— high wear and tear of the port fleet, crane
equipment and other technological equipment;

— limited warehouse space;

— limited capacity of the transport infrastructure
(roads, railways and railway station).

Outdated technological equipment reduces the
efficiency of loading and unloading cargo, and also in-
creases the risk of accidents. Of the 60 portal cranes
available in the Mariupol port, 30 of them are older than
30 years, 16 cranes are older than 20 years. More than
40% of forklifts are operated beyond the standard period.

To mitigate these risks, separate technological
lanes are being built in the Mariupol port for new and the
introduction of obsolete (subrogation) equipment.

The final SWOT analysis of the Mariupol sea-
port is given in Table. 3.

The main measures aimed at increasing the
competitiveness of the Mariupol port should be: con-
struction of complexes for transshipment of grain, con-
tainers, vegetable oil; dredging, construction of hydro-
technical bank protection structures; reconstruction of

14

port berths No. 2-4,
14-15; as well as
the reconstruction
of the nearby rail-
way station Mariu-
pol-Port. The said
works on moderni-
zation of transship-
ment of grain car-
goes are already
underway.  Thus,
according to [15],
the construction of a
modern grain termi-
nal continues in the
Mariupol Commer-
cial Sea Port, the
decision to build
which was made
back in 2016 [16].
But due to a number
of objective rea-
sons, the deadlines for implementation were delayed. At
present, the project is more than 60% completed and the
modern grain transshipment complex (Fig. 5) is sched-
uled to be completed in March 2022.

Conclusions

1. A fairly uneven loading of the Mariupol port
during the year has been shown. August and all summer
months are especially critical, when both industrial and
agricultural goods need to be exported from the nearby
region at the same time. The urgent need to increase the
capacity of elevators, the ports of Chornomorsk, Reni
and Olvia, as well as the ports of the Sea of Azov, in par-
ticular, the construction of a new elevator in the port of
Mariupol, which is a timely strategic decision, has been
substantiated.

2. It is shown that at present most of the seaports
of the country are expected to increase the transshipment
of food cargo of all kinds. To predict the volumes of
grain cargo transshipment at the Berdyansk and Mariupol
seaports, based on the analysis of data from the state en-
terprise "Administration of the Sea Ports of Ukraine",
forecast models (trends) are proposed that will contribute
to the growth of production capacities and competitive-
ness of agricultural products of the adjacent agro-
industrial region. It is shown that the forecast for the next
2-4 years is optimistic — subject to a good grain harvest,
the transshipment of grain cargo by 2025 in the Ber-
dyansk and Mariupol ports can reach 2,000 and 1,300
thousand tons, respectively, that is, increase compared to
2021, respectively, 5 and 1.3 times.

3. The conducted SWOT-analysis made it pos-
sible to identify and evaluate all the factors influencing
decision-making on the possibility of developing the Ma-
riupol seaport. On the basis of analytical data, a long-
term forecast was made for the further development of
the transport and logistics component of the seaports of
the South-East region of Ukraine, which will expand and
improve port services aimed at increasing its throughput.
Among the most important measures is the construction
of an elevator in the Mariupol seaport, which will help
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increase the quality and safe transportation of agricultural including: construction of complexes for transshipment
products in the chain from the producer to the end con- of grain, containers, vegetable oil; dredging, construction
sumer. of hydrotechnical bank protection structures; reconstruc-
4. The main measures aimed at increasing the tion of port berths No. 2-4, 14-15; as well as the recon-
competitiveness of the Mariupol port were identified, struction of the nearby railway station Mariupol-Port.
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IMPOIHO3YBAHHS IEPEBAJIKW BEPHOBHUX BAHTA’KIB HA
IHOPTOBHUX EJEBATOPAX ITIIBAEHHO-CXITHOI'O PEI'TOHY YKPAIHU

Anomauin

Haseodeno pezynomamu 00CAiONCEHH CIMAHY MA MONCIUBOCMEU 30LTbULIEHHS NOMYAICHOCIEU NEePEeBAIKU 3ePHA
y nopmax Ykpainu ma oOIpyHmy8amnHs Ha OCHOGI pO3POOAEHUX MPEHOOBUX MOOenell NPOSHOZHUX 00Cs2i8 nepesanKu
3eprogux sanmadicig y beposmcoromy ma Mapiynonvcoxomy mopcokux nopmax Ilisoenno-Cxionoco peciony Yxpainu
00 2025 poxy. V docnidocennax CmanosieHo Xapakmepucmux nomoKie 3epHOSUX 8aAHMAICI8  MOPCbKUX nopmax Y-
painu, y SWOT-ananizi eusigieno cunvhi ma ciabki cmopoHu, nepesazu ma 3a2po3a Mapiynoiscoko2o MOpCbKo20 mop-
2i6eIbH020 NOpmYy, po3podaeHo Mmpendosi npocHosHi modeni 0ocseie nepesanku sepua y nopmax Iliedenno-Cxionozo
peziony Vkpainu ma o6rpyHmosano npocHo3ui 00csa2u nepesaniku Ha Hux 3epHoeux eanmaicie 00 2025 poxy. Ilokazano
docums HepieHoMipHe 3asanmadicents Mapiynonscokozo nopmy npomsizom poky. Ocobnauo KpUmMuyHUMY € CEpneHd i
6Ci IiMHI Micayl, KOIU 3 NPULE2NI020 Pe2ioHy 00HOYACHO NOMPIOHO BUBO3UMU | NPOMUCLO6I | azpapHi sanmadici. O0Ipy-
HMOBAHA HA2AbHA NOmMpeda 6 HapOWyEanHi NOMYdICHOCmel eneeamopie oasi nopmie Yopnomopcok, Peni i Onveis,
maxooic nopmie A306cvK020 Mopsi, 30Kkpema OyOieHUYMEA HOB020 elesamopy 6 nopmy Mapiynons, wo € c80€euacHuUM
cmpame2iyHum piutennam. Biomiveno, wo napasi y 0itbuiocmi MOpCoKuUx nopmie Kpainu o4ikyemvcs 3pOCmMaHius nepe-
BAIKU XAPUOBUX BAHMANCIB 6CIX 6U0I8. [[1a NpoeHO3y8aHHA 00CA2i6 nepesanku 3epHosUx anmasicie Ha bepoancokomy
ma Mapiynonbcokomy MopcbKomy nOpmie, 0CHOBI AHAI3Y OAHUX 0epIHCABHO20 NIONPUEMCcmEa « AOMiHicmpayis Mopco-
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Kux nopmie Yxpainuy 3anpononoeani npocHo3ni mooeuni (mpenou), saKi Cnpusmumyms 3pOCMAanHI0 UPOOHUYUX NOMY-
JHCHOCMEN MA KOHKYPEHMO30AMHOCMI CLbCbKO20CN00APChKOL NpoOYKYii npuie2io2o azponpomuciosozo peziony. Ilo-
KA3aHO, Wo NPO2HO3 HA HAUOIUdNCHT 2-4 pOKU € ONMUMICMUYHUM — 3 YMOB XOPOULO20 BPOICAIO 3EPHOBUX, NEPEeBANKa
3eprosux sanmaoicie 0o 2025 poxy y Beposaucvromy ma Mapiynonvcokomy nopmax modce docsemu 8ionogiono 2000
ma 1300 muc. moun, moébmo 3pocmu nopisuano 3 2021 poxom eionogiono y 1,5 ma 1,3 pasu. IIposedenuii SWOT-
aHaniz 003601U8 GUOLIUMU A OYIHUMU YUHHUKY, WO 6NIUBAIOMb HA NPUUHAMMA DIUeHb 3 MONCIUBOCMI PO3BUINKY
Mapiynonscokoco mopcvkozo nopmy. Ha ocHogi ananimuunux OaHUux CKia0eHo nepCHeKkmueHull NpoeHo3 NoOdIbUL020
PO38UMKY MPAHCHOPMHO-TO2ICMUYHOL CK1a0080i Mopcokux nopmie Iliedenno-Cxionozo pezionwy Ykpainu, wo 00360-
JUMb POSUWUPUIMYU MA NOTINUWUMYU NOCTY2U NOPMY, CNPAMOBAHI HA NIOSULEHHs 11020 NPOnYcKHoi cnpomoxcrocmi. Cepeo
HauobLIbW BAXHCIUBUX 3aX00i8 € OYOieHUYMBO enesamopy 8 MapiynonbcbKomy MOPCbKOMY ROPMY, WO Chpusmume 30i1b-
WIeHHI0 AKICHO20 Mma De3neyH020 MPAHCHOPMYBAHHA A2papHOi NPOOYKYIL 8 naHyoey 8i0 8UPpOOHUKA 00 KiHYe8020 CHo-
arcusaya. Busnaueno ocnosHi 3axo0u, cnpsamoeani Ha ni08UWEeH . KOHKYDEHMOCHpoMmodcHocmi Mapiynonbscokoeo nop-
my, cepeo sKux: 0yOiBHUYMBO KOMNIEKCI6 3 Nepesanio8aHHts 3epHd, KOHMelHepis, oii; OHOno2aubnosanvii pobomu,
0Y0i6HUYMBO 2IOPOMEXHIUHUX OEPe203aXUCHUX CROPYO; peKoHempyKyis 2-4 ma 14-15 npuuanie nopmy,; peKoHCmpyKyis
npuneznoi 3anisnuunoi cmanyii Mapiynono-Ilopm.

KirouoBi cjioBa: perioH, MopchbKuii IOPT, 3¢PHOBI BaHTa:Ki, iIHHOBaIii. e1eBaTOP, CTATHCTHYHMIA aHATI3,
TPEeHI0Ba MOJe/b, IPOrHO3.
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