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O6’cxmom docaidxcenis € npoyec NidsUeHHs KOHKYPenmocnpomoxcnocmi nopmie. Q0num 3 naubirvul npo-
OReMHUX MICUb € HAditiHicMb HAOAHUX NOPMAMU NOCY2, AKA NAUBAE HA KOHKYPEHTNOCTPOMONCHICb NOPMIS.

B x00i docridncenis 6uxopucmosyeaiucs memoou KitoKicHoi 0yinii MoIAUBOCME HAIHOT NOCMABKU, MEMOOU
00UUCTIOBANIS NAPAMEMPIE IHPPACMPYKMYPU Ma CYNePCMPYKmMypu NOPmie, Memoou Po36’a3anus 3 GUKOPUC-
manmsm meopii Macosozo 00CAY206Y6anIs.

IIposedeno ananis docuioncenv i podim MiNHAPOOHUX OPLAHI3AUTTL 3 NUMANHD BUSHAUCHHSA YUHNHUKIE 6UOODY
KAIENMYPOI0 NOPMIE, BPAX06YI0OUU 3MIHY NPIOPUMEMIs Ha Kopucmv nadiiunocmi cepgicy. Ilopmu cv02001i 6 upomy
CeNCl PO32NAOAIOMbCS AK BY3NU 8 LOZICMUMHUX TaNHUI02ax. Y KPUMeEPIiax, 3a SKuMu Ianuiozu nocmasox po3poois-
10MBCS, OUTHIOIOMBCS MA GUOUPAIOMBCS, NPIopUmMem Haod yiHoW Ma YACOM MPAHIUMY HAOAEMBCS HAOTIHOCTI.

Busnaueno, wjo cnpomodicuicms nopmie 3 sabeaneuenis HaditHoCmi cepeicy NoGUHNA PO32AL0AMUCS 3 NO3UUTU
CMEOPenst I0N0GIOHUX NOMYNCHOCMEU Y CKAAOL eIeMEHNIE IHDPACMYKMYPU | CYNepCmpyKmypu nopmis, a maxoxic
mpydosux pecypcis. /s koxcnozo eremenmy (npuuaiu, ckiaou, 0oiadnanis, dokepu) y 6idibpanux anpobosanux
Memooax u3HAUeH0, 3a PAXYHOK 4020 3abesneuyemvcs nadiinicmo. Tax, nompibue uucio nPULALie GUSHAUAEMBCSL 3
YPaxysannam ix piunoi nponycxkuoi 30amuocmi, w0 00rpyYHMoSYEMvbCs 3 YPAXYSAHHAM KOeDiyienmy UKOPUCTNAHIL
NPULANY 6 YACT, 3ACTNOCYBANHS AK020 D0360AE 3Abesneuumu HaAdiHiCmy HASGHOCE He0OXI0N0T KIAbKOCMI npuyuaiie.

Hadiunicms nasenocmi neobxionoi emuocmi ckiadie UsHAYAemvest 3 ymosu sabesneuenis besnepebiiiinoi 06podxu
promy. Heobxionuil ckaad nepesanmanicysaiviozo 001aonanis saiexrcumn 6id ymoe oopodxu ¢promy. Haditinicmo
y 3abesneuenni mpyoosumu pecypcamu moxce oymu 3abesneuena ypaxysannsm ocoOIUeoCmi opeanisauii npaui
8 NOPMAX, NOE’I3aH0T 13 HepezYAAPHUM NONUMOM HA NPAUIBHUKIE Y HACTI00K Nepepusuacmozo i nenepedbauyeanozo
npubymmsi cyoen i 6aHMamxicie y nopm.

3anpononosano eusnauenis CRPUSMAUCUX SANMANICONOMOKIE NOPMY 3 YPAXYEANUHAM 000AMKOBUX NPOOANCIE
i 10sabHOCME KAIEHmypu ma xkpumepiil ehexmuenocmi 3a80anus 6UHAYEeHHs KIIbKOCmi doKepis, ceemenmayii
cyonosaacnuxis. Y niocymxy 6 po6omi po3pobieno Haykoeo-memoouunuil npooyKm, npuoamuuil 01 GUKOPUCTLAHHS
K NOCMAUANGHUKAMU, MAK 1 3AMOGHUKAMU NOCAY2 3 00CMABKU BAHMANCIE.

Kmouosi crosa: 1aditnicms mpancnopmuux nociye, MOPcoki nopmu Yxpainu, KoHKypeHmocnpomMoNcHicmy
nopmy, inppacmpykmypa ma cynepcmpyxmypa nopmis.
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1. Introduction

The functioning of the seaports of Ukraine is provided
by the Ukrainian Sea Ports Authority (USPA). Its mission,
according to the charter of this enterprise, is to promote
the development of the sea transport infrastructure of
Ukraine and increase the competitiveness of Ukrainian
seaports.

In order to ensure compliance with the requirements
of the ship-owner until the time the ships are in the
port and the cargo owner until the time and volume of
cargo transit, the responsible port operator must have
adequate resources, especially berths, warehouses, transship-
ment equipment, dockers. And the supply chain operator
is confidence in their sufficient availability. Therefore, the
need to formulate methods for the quantitative assessment
of reliable supply capabilities is urgent, and the task of
the proposed suitable tools for this is relevant.

This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by,/4.0)

2. The ohject of research
and its technological audit

The object of research is the process of increasing the
competitiveness of ports. One of the most problematic places is
the port services provided, which affects port competitiveness.

The need to ensure the reliability of seaports in the
cargo delivery chains is connected with the fact that the
proposals for determining the adequate characteristics of
the infrastructure and superstructure of the port operator
have a number of features. These features are based on the
authors’ own research, as well as, in particular, selected
from the sources used in the work.

3. The aim and ohjectives of research

The aim of research is determination of the ability of
ports to ensure adequate reliability of the service in terms
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of volume and term, which should be considered from
the standpoint of creating appropriate capacities as part
of the infrastructure elements and superstructure of ports
and port operators.

To achieve this aim, it is necessary to complete the
following objectives:

1. To substantiate the need to ensure the reliability
of seaports in the chains of cargo delivery.

2. To develop proposals to determine the adequate cha-
racteristics of the infrastructure and superstructure of the
port operator.

4. Research of existing solutions
of the prohlem

The study [1] summarizes the latest works of more
than ten other researchers, provides the following port
attributes related to port services and affect the decision
of ship lines and shippers on the choice of ports:

— infrastructure and superstructure of ports;

— geographical position;

— port efficiency;

— port relationships (call frequency);

— quality and costs of ancillary services, such as pilo-

tage, towing, customs, etc.;

— efficiency and costs of port management and admi-

nistration;

— availability, quality and costs of logistics activities

with added value (for example, warehousing);

— availability, quality and costs of port community

systems;

— port security and environmental profile;

— port reputation;

— reliability, power, frequency and costs of domestic

transport services.

Competitive factors that are close in meaning are listed
and characterized from the point of view of specialized
ports, in particular, container ones [2], and as a justifica-
tion of the World Bank’s ports reforming tools [3].

In addition, it notes that, taking into account customer
service expectations, they are moving towards increased
flexibility, reliability and accuracy, ports are increasingly
competing not as places for processing ships, but as nodes
in supply chains. That is, the criteria for choosing ports
apply to the entire network in which the port is located
as only one of its elements, and ports are selected that will
help minimize the amount of costs at sea, in the port and
internal, including the inventory considerations of shippers.

As a result, when choosing a chain and an appropriate
port of travel, directors can choose more expensive ports
and/or types of inland transport if the additional costs
associated with ports and inland transport are offset by
savings in the following logistics costs:

— time costs for the goods;

— costs associated with inventory management;

— indirect logistics costs associated with the overall

quality of the transport chain, and the ability of vari-

ous participants to configure operations in accordance
with customer requirements.

In these costs, it is also possible to take into account
the increase in revenues of the clientele of transport from
increased sales in the markets due to the quick response
to the demand of their customers already due to fast and
reliable delivery.

That is, the decision on the choice of port and type
of inland transport, supply chain managers are increas-
ingly based on reliability and ability accounting instead
of considering only costs.

Almost all of the above port selection factors in a par-
ticular delivery chain are explicitly or implicitly used in
the formula for determining the competitiveness of one
port compared to another, described in the report of the
secretariat of the United Nations Conference on Trade
and Development (UNCTAD) [4] back in 1992. They are
concentrated in spending money and time for ship-owners
and cargo owners, taking into account the corresponding
risks. The following formula allows to compare the com-
petitiveness of one port with the competitive positions of
another in the processing of a specific consignment or
category of cargo, which is delivered by specific ships to
a specific destination or specific destination.

The competitiveness of C,; port «i» for cargo <«a»
when using it compared to port «j» is determined from
the expression:

¢ _ [RmiCmi+ Rm2Cm2+ RUCH1+ R2Ce2]j
" TRm\Cm1+ Rm2Cm2+ RUCA + Re2Ce2]i

(1)

where Cm1 — cash costs for the ship-owner, counting on
a ton of cargo handled. Cm1 include: port charges; other
expenses associated with servicing the ship, in linear ships —
the costs of loading and unloading, etc; Cm2 — cash costs
for the shipper, counting on a ton. This indicator includes
all port charges related to the cargo, all transportation
costs from the port of shipment through the port to the
final destination or vice versa, and all turnaround costs;
Ct1 — time spent for the ship-owner, counting on a ton
of cargo handled. Include all the monetary time costs of
the ship at the port, as well as the difference in travel
time to the port being compared; Ct2 — time spent for the
cargo owner, counting on a ton. This includes all the time
spent for the cargo owner for the entire transportation
period, as well as the time spent in the port to receive
various services; Rm1 — cost of risks for the ship-owner;
Rm2 — cost of risks for the cargo owner; Rt1 — risk of
time loss for the ship-owner; Rt2 — risk of time loss for
the cargo owner.

A positive calculation result encourages you to send
the consignment considered to this port. By performing
these calculations, it is possible to develop measures to
retain existing cargo. If they are insufficient to meet their
needs, it is possible to attract cargo of customers with
a negative value of C; from competing ports. To do this,
it is necessary to influence the factors that form the va-
lue Cm1, Cm2, Ct1, Ct2, Rm1, Rm2, Rt1, Rt2.

Also, do not underestimate the loyalty of individual
service buyers in their individual suppliers. Their conside-
ration in the formula for determining the competitiveness
of the port can by introducing appropriate coefficients.

In [5], citing a study conducted by Erasmus University
Rotterdam, regarding the study of the criteria by which
supply chains are developed, evaluated and selected, it
is shown that priority is given to price and transit time
reliability, which is called the most important criterion.
And the main factor that the ship-owner will take into
account, and which, accordingly, the chain manager should
take into account when choosing the port of call, there
is a risk of time loss for the ship-owner [4].

;18
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Among the literature sources identified in the resources
of the world scientific periodical devoted to studying the
problems of infrastructure and port superstructure, one can
single out [1, 2], in which there is a lack of consideration
of the competitiveness of ports. Most authors analyze the
right aspects of a competitor:

— running strategies, hypotheses, chances [2];

— agreement of strategies, understanding of strengths

and weaknesses, potential reactions [3];

— analysis of market share, understanding of financial

stability [4].

Analysis of the design and nature, definition and in-
terpretation of the concept of «port competition» gives
the right to turn further conclusions: the idea of «port
competition», proposed by the authors in versatile terms
in [5-7], does not fully comply with the rules of system-
icity and complexity. They recommend only one of the
many port competition plans established by other authors,
each in its own field of study.

Almost all definitions consider the category «enterprise
competitiveness» as a constant, but it, like many other
economic categories, is not. Given these shortcomings, the
following definition of enterprise competitiveness is formu-
lated [8]. Under the competitiveness of the enterprise refers
to the complex characteristics of the enterprise, characte-
rizing its ability at any time and within the competence
to provide its competitive advantages and profitability.
It takes into account adaptation to constantly changing
conditions of the external and internal environment, and
also distinguishes the company from competitors and gives
market advantages of the products or services provided.

A study of the competitiveness of seaports [9] clari-
fies the definition of this category as port characteristics,
describes the market’s compliance with the requirements of
port users. These studies identify market positions (port
market share) and prevent market redistribution in favor
of competitors. From these positions, it is proposed to
assess the port’s competitiveness based on an integrated
indicator that takes into account the potential of a com-
plex port in its development dynamics. Also, a formalized
model of the redistribution of goods between ports, but
it does not describe the characteristics of port resources
and modes of transport to optimize the efficiency of their
development. It is necessary to evaluate the competitive-
ness of ports as the ability of ports to provide services
through the efficient use of their resources.

In [10], a competitive port strategy means a combina-
tion of management measures and actions that provide
a competitive advantage. The task of creating a competitive
strategy is being solved regarding the situation on the
market, taking into account the totality of external and
internal factors affecting the competitiveness of enterprises.
The authors of [10] recommend priority factors affecting
competitiveness: the quality of port services, the value of
port services, port management, the information system,
the psychological climate in the port, the relationship with
related organizations, and staff competence.

It is argued in [11] that in order to maintain competi-
tiveness and integrate major manufacturers and distributors
into the supply chain structures, the port should shift
its focus from the sea front to the logistics center and
develop it as a logistics center. However, methodological
aspects or the implementation of these provisions have
not been done.

Thus, the analysis results allow to conclude that the
consideration of Ukrainian ports in the system of all ports
operating in the supply chain requires a hierarchical mana-
gement system at the same time. This is a problematic
and not fully explored issue. In this work, a task has been
prepared, it solves many problems, that is, it offers many
methodological aspects of port competitiveness management
based on the analysis of available approaches.

5. Methods of research

The characteristics of the infrastructure and superstruc-
ture of a port operator are determined primarily by the
volume, structure and nomenclature of its cargo handling,
or expected cargo flows. The latter are proposed to be
found with the simultaneous selection and distribution
of selected cargo flows between the planned berths and
warehouses in such a way as to ensure maximum profit
for the development of the entire cargo turnover in the
billing period. To solve this problem, a mathematical model
of the problem is proposed [6].

The methods for calculating the parameters of the in-
frastructure and superstructure, described in [7], have the
necessary <«safeguards» against risks, the qualified use of
which will provide an acceptable degree of reliability of their
sufficiency.

6. Research results

6.1. Calculation of infrastructure parameters. The number
of transshipment complexes of moorings determines, first of
all, the number of fixed infrastructure objects — moorings
and warehouses.

The required number of berths is determined taking into
account its annual throughput, which is determined using
the berth utilization factor in time, can be determined, for
example, according to the recommendations of UNCTAD
or other sources. Its use allows to ensure the reliability
of the availability of the required number of berths:

Nb = Zliaptv

where / — the design type of ship; Zj,,, — the optimal num-
ber of simultaneously processed ships from the i-th cargo
group is determined in a simplified way as follows:

(2)

where Q; — the annual volume of processing of the i-th cargo;
P, — berth throughput at 100 % of its use:

P, =T, Piyi - Kyesis 3)
K,. — berth occupancy rate over time, the more inter-
changeable berths, the more it; 7, — the number of days
the berth operates per year; P, — daily berth throughput
on the i-th cargo; K,.; — coefficient taking into account
the simple weather reasons.

When calculating the required warehouse area, the
reliability of its availability is ensured by the following.

In the case of the traditional use of the composition for
transit cargo (technological storage), the required storage
capacity is determined from the conditions for ensuring
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uninterrupted processing of the fleet by the methods set
forth in the standards for technological design of sea-
ports (STP), which take into account:

— characteristics of the cargo;

— loading and direction of movement of ships;

— type of shipping;

— feed mode of railway rolling stock [8].

Ships should not stand in anticipation of freeing up
storage space when unloading them or awaiting cargo at
loading. In the latter case, the storage capacity should
allow to concentrate the necessary amount of cargo in it.

The prerequisites for the calculation are as follows:

— the warehouse capacity E, is especially sufficient

to accommodate the cargo in an amount equal to the

load of the ship Qs

— the necessary supply of capacity for the placement

of goods in the event of a mismatch in the approach

of ships and the import (export) of the composition

by adjacent modes of transport L;

Em =K0‘Q5+Li (tOHS), (4)

where K, — the coefficient of complexity of cargo flow, takes
into account the need for an additional reserve of the storage
capacity for cargoes, ensures the best loading of the ship, as
well as the divergence of the destination of a specific cargo
lot and a specific port of the ship on this voyage.

STP gives recommendations on the value of K. depend-
ing on the characteristics of the cargo flow and destina-
tion ports from 1.1 to 1.6. If the terminal includes several
berths, K.=1 for all but one berth. The reserve capacity
for the mismatch of the transport mode:

Li :tn'l_[day) (5)

where ¢, — the norm of the reserve capacity in days; Iz, —
daily berth throughput, t/day. L; should not exceed 1.5Q;.

The capacity of the group’s of n warehouses, where each
v warchouse has a capacity E,, y=1n, can be defined as:

E:kiEy, (6)

v=1

where k& — decreasing coefficient, taking into account the
time mismatch in the warehouses of the maximum cargo
balance, is 0.9 for n=2, 0.8 for n=3 and 0.75 for n>3.

If the composition is used for commercial storage, the
warehouse area can be determined on the basis of the
methods of technological design standards for packaged
units and long goods warehouses, which take into account:

— the amount of cargo and its storage time are needed,;

— the general expeditionary area of the warehouse is

also provided for useful [9].

In this case, the storage capacity during the passage
of cargo to and from the sea should not be less than that
determined from the fleet processing conditions.

The usable area or the area occupied directly by goods,
racks, stacks is determined as follows:

Ezu w0 aj 'ts,

son B Qe Q)
q7[7 q?{” ql[‘

where E,, — the warehouse capacity equal to the size of the

established stock of the type of cargo in the warehouse Q,,

Quw=Quay'tst; Qaay — the average daily consumption of
a given cargo; i — estimated shelf life, days; ¢, — load
rate per 1 m? of warehouse useful area, g,=q.-Kf.

The area of the expeditionary (receiving S, and load-
ing S)) sections of the warehouse where sorting, packag-
ing and other work is performed are determined by this
calculation:

Qr'Kr'tr q,'Kr'tr
- 365.qn'1 B qzm ’

S, (8)
QK q-K-t

S - - ’
! 365- Gt ot

)

where Q,, Q; — the annual warehouse turnover from the
receiving and loading of goods; 7, ¢; — the corresponding
values of the daily turnover:

e Q9
9 =365 4~ 255’

K,, K; — unevenness coefficients for the receiving of
goods (3)—(7) and the loading of goods from the ware-
house (1)-(3); T,, t; — the time spent on goods in the
corresponding expeditionary sections; g1 — the floor load
of these sections is taken equal to 0.25 of the operational
load on the useful area of the warehouse.

6.2. Superstructure parameter calculation. The number of
moving objects of the superstructure, in particular, trans-
shipment equipment, can be determined by the methods
described in the special literature [10].

The number of overhead cranes, loaders, stowing ma-
chines depends on the required number of technological
lines for ship work, which is determined based on the
following fleet processing conditions:

— linear ships, the calculation includes the time of

the ship’s stay according to the schedule;

— ships, the processing intensity of which is known,

stable and suits the clientele or can be determined as

a result of research;

— ships that should be processed as quickly as pos-

sible according to clientele requirements.

Determination of Nj — the average number of pro-
duction lines (t. 1.) for processing the design type of
a ship carrying cargo of the i-th group for each category.

1. For a linear ship Ny, it is determined on the basis
of the quantity of cargo Qs on the ship, its planned stay
at the port under cargo operations z. and the productivity
of one processing line P

24-Q,

Nli = 5
Ngpi tshi ) tc ) Ri

(10)

where ny — the number of processing shifts during the
day of the ship carrying the cargo of the i-th group; ¢y —
the average shift duration, h.

2. For ships of known processing intensity:

M,

Nj=——F~—
Mgy - Lo » P

; (1D

where M, — the daily intensity of loading and unload-
ing, t/ship-day.

;20
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3. For ships with the desired maximum speed of cargo
operations, N is determined from the conditions of the
highest concentration of technological lines per ship and
the complexity of processing each hold in the following
sequence [10].

For holds, the processing of which is carried out by
the number of t. 1. 7;>1, their average concentration limit
at each f-th hold n, is determined by the formula:

— (A=ky)-my -ty +ny-t,
YT A=k ty+t,

(12)

where k; — the coefficient of decrease in productivity
of each production line when they are concentrated on
one hold of the ship:

— at ny <L, ky=0; ny <1k, =0;

- at my=2 and 9</,<20m, k,=0,15 n,=2 and

9<1[,<20m, k,=0,15;

— at my=2 and [,>20m, k, =0, ;=2 and [,>20 m,

k;=0, [, — hatch length in meters;
ny and n, — the number of lines by which the f-th hold
of the ship is processed during the day and night, respec-
tively; T; ta t, — respectively, the duration of daylight
and night time. Taking into account the rules for changes
in the work of port workers, it is recommended that the
average daylight hours be 8 hours. In this case, for a hold
of length 9<1/, <20 m with a width => 8 m, during three —
shift operation, the concentration limit n;, <1.3.

The complexity of unloading (loading) of each hold is
determined:

})aw' '[(1_kdn)'td +tn:|y

Ty = (13)

where g, — the amount of cargo in the f hold of the
ship type [, tons; P,, — the average productivity of the
technological line for the implementation of ship work.

The time of unloading (loading) of each hold is de-
termined:

(14)

The smallest processing time of the estimated ship
type [ is determined:

Limin = max (¢ ). (15)

Estimated number of processing lines for processing
the ship:

nj
2
—_1
Ny=
tl min

; (16)

where n, — the number of holds in the estimated ship.

The required number of transshipment machines (cranes,
transshippers, loaders) is determined including taking into
account the time they were taken out of service for the
duration of the repair, reliably ensures the constant avail-
ability of the required number of transshipment equipment.

The number of boundary cranes N,, is determined by
the formula:

Ny =1.1-NNy-K g, (17)

where 1.1 — the factor that takes into account the re-
pair and maintenance of machines; K,; — the adjacency
coefficient of berths having a single line of crane tracks
decreases with increasing number of berths N,. With a fixed
number of N, and Nj, the average number of processing
lines for processing one ship:

Nuy=Ne/(1.1-Nj-Kaa)- (18)

It is the greater, the greater the number of berths in
the port division.

The required number of rear transshipment machines
(cranes, transshippers) for loading and unloading the i-th
group of cargoes in ships is determined:

1.15-Q;-K,
= o T D e (19)

24T, - P - K
where K, — a coefficient taking into account the volume
of i-th cargo group transshipped by the rear cranes; for
one line of rear cranes it is 0.65-0.7, for two lines —
K,=1.0-1.2; Q; — the volume of processing from the i-th
group of goods, tons; T, — the duration of the passage of
cargo through a berth or group of berths, specialized for
transshipment of the i-th group of goods, days; P’ — the
productivity of the rear crane (transshipper), which is part
of the technological line specialized in the transshipment
of the i-th cargo group, t/h; if the rear cranes operate
in the same circuit with the boundary, it is possible to
take PL =P,; K% — the utilization rate of cranes in time,
which transships the i-th group of cargoes or as a whole
for the port division.

The gross time of ships in the port also includes the
waiting time for the berth.

The ratio of the waiting time for the commencement
of cargo operations to the duration of cargo operations
with a universal ship is shown in Fig. 1 [11].

10

. /

8

7 / —o— | berth
/

6 / —&— 2 berth

5

4 4/ ﬁ =3 berth

3 == 4 berth

5 / er

‘l 4

04

01 02 03 04 05 06 07 08 09

Berth occupancy rate

Fig. 1. The ratio of the waiting time for the beginning of the freight work
the duration of the freight work with a universal ship

Dependency lines in Fig. 1 are less steep for bulk car-
riers, Ro-Ro ships and container ships.

6.3. Calculation of lahor parameters. Port labor costs
typically range from 40 to 75 % of the total operating
costs of general cargo terminals. Even in capital-intensive
container handling, the share of labor costs in total ope-
rating costs can reach 50 % [12]. In all Ukrainian ports,
most of the expenses also fall on wages.

The main problem underlying the organization of the
labor market in ports is the irregular demand for workers,
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which is a direct consequence of the intermittent and
to some extent unpredictable arrival of ships and cargo
at the port. Demand for labor depends on daily, weekly,
seasonal and cyclical fluctuations and, in addition, varies
by type of ship and type of cargo.

Overtime and additional changes to the working week
solve the problem of irregularity only partially. In the
vast majority of ports, the main workforce must still be
supplemented by casual workers, who may be pool workers.

The term «casua» port worker is used for professional
port workers working on a daily basis. These employees
are registered and enjoy an income guarantee or are con-
stantly employed by a pool agency. Their employment is
«random» in the sense that they do not work for one
employer, but can be distributed for different operators
for short tasks. According to Convention No. 137 of the
International Labor Organization (ILO), these workers are
«regularly available for work as dockers» and «depend on
their work as such for their basic annual income» [13].

Tables 1, 2 show the importance of the problems of
modern irregularity with data on the programmability
of demand for port labor and on the reasons for the use of
temporary workers in Italian ports in 2012, collected by the
Institut des Sciences de la Forét tempérée (ISFORT) [14].

Tahle 1

Programmability of demand for port work
in Italian ports by cargo category

Programming demand for dockers, %
No. Cargo
High Average Low
1 Ro-ro 31 42 27
2 Containers 35 39 26
3 General 5 27 68
4 Bulk 10 42 48
Tahle 2
Reasons to rely on temporary workers in ltalian ports
Gradation
No. Reasons From «often» | From «rare»
to «sometimes» | to «never»
Incompatibility of long-term plan-
1 |ning with maritime transport cha- 18 82

racteristics

Economic convenience of the ter-
minal operator

Difficulties for shipping companies

3 - . 27 73
to plan loading and unloading

4 U?predictable weather and sea con- 21 69
ditions

5 | Inadequate workers at peak demand 76 24

g A large number of ships arriving at 74 6

the port at the same time

Determining the number of dockers necessary in a pool
remains a <«balancing exercise» — as the work [12] says.
These words can be interpreted as an enumeration of many
options for the number of dockers in the pool and their
corresponding indicators characterizing the requirements of

market participants. Variants can be determined by a fixed
step between some minimum and maximum values. The
algorithm of such a solution can be cumbersome without
guaranteeing the optimality of the solution.

An alternative to it is the proposal described in [15]
and contains the conclusion of the optimality criterion
and a solution method using the queuing theory. In this
work, in particular, it is proved that the profit of the port
will be the greater, the lower the total costs for the idle
time of ships, waiting for dockers (during the peak of ag-
gregate demand), and dockers, waiting for ships (decline
in aggregate demand). This conclusion at a substantial
level clearly agrees with the understanding of the port’s
marketing activities, the purpose of which is to satisfy
the client’s needs with benefit (minimum cost) for both
himself (the port) and the client.

6.4. Testing of the research results. The above justi-
fications of expediency and methods for determining the
necessary parameters are selected as a result of research
from reliable sources or our own work, links to which can
be considered part of a comprehensive proposal.

The use of open information from the capabilities of
the constituents of the cargo delivery chain is not always
advisable in connection with its reliability that they may
be contradictory, static and averaged for the indicated
purposes of use.

For example, the data with a total annual for 2018
from the capacity of the ports of Ukraine differs from
262 million tons from the USPA to 313 million tons from
the Center for Transport Strategies of Ukraine. For more
detailed information about the throughput of port ter-
minals, the Register of Ukrainian seaports is given for
bulk, dry cargo and containers with one value for each.
But the intensity of ship handling, which directly affects
these values, can vary hundreds of times for dry cargo,
depending on the name of the cargo on universal berths.
At specialized berths for dry cargo, the difference in this
indicator depending on the direction of movement (for
example, a change in coal exports for its import) is also
significant. And transshipment at container terminals of
other dry cargoes, including swift ones, leaves the pos-
sibility of using these data.

7. SWOT analysis of research results

Strengths. The strength of this research is the use of
a formalized model that allows to obtain current informa-
tion about competing ports, their optimal cargo turnover
and the synergetic effect for the entire supply chain.

Weaknesses. The weakness is that the methodology
does not take into account the criterion, minimizes the
time of delivery of goods from the supply chain.

Opportunities. The methodology allows to take into ac-
count many factors affecting the competitiveness of ports
and, if they change, it is possible to reproduce the cal-
culations in order to develop a competitive strategy in
the current planning and operational monitoring of the
consequences.

Threats. The threat to the research results is that the
conditions for the formation of cargo supply chains are
uncertain, therefore, to increase the reliability of calcu-
lations, it is necessary to consider the production and
financial risks of the port.
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1. It is shown that modern supply chains of goods,
including seaports, are faced with the need to introduce
administrative and industrial innovations. Considering the
practice of other states, it is noted that the classification
of port structures is based on two concepts — «infrastruc-
ture» and <superstructure» of the port. To the concept
of «infrastructure» give:

— port water area;

— approach channel;

— hydraulic structures;

— land plots and newly formed territories;

— systems ensuring the safety of navigation in the

port water area and approaches to it;

— access railways and roads, as well as communica-

tions;

— emergency rescue fleet, including ships for the elimi-

nation of emergency oil spills.

The objects of the superstructure include transship-
ment equipment, all buildings (covered warehouses, ad-
ministrative buildings and workshops) vehicles, port fleet,
computer networks, communications.

Summing up the above, it is possible to conclude that,
depending on which generation the port belongs to, what
kind of government system it uses, what type it belongs
to, it is influenced by the development trends of world
trade. As well as reforms carried out in the port indus-
try in dissimilar countries, and policies introduced by the
international community. As a result of this, the pattern
of determining the reliability of seaports in cargo delivery
chains under the new conditions of the global market envi-
ronment revolves.

2. It is proposed to determine the adequate charac-
teristics of the infrastructure and superstructure of the
port operator to solve by formalizing the calculations of
key indicators of port production, increasing the role of
personnel and the impact of the application of informa-
tion technologies.
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