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KPUTUYHOI iH(ppacTpykTypHu. OLiHKa YMOB BIIPOBA/PKEHHS CHCTEMH iHQOpMaIiHHOI Oe3reKH €
OIIHVM 13 HAWBAKJIMBIIINX MPUHIMIIIB JISUIFHOCTI KpUTHYHOI 1HYPACTPYKTYpH, 110 3a0e3redye
OTPUMaHHs KOMIUIEKCHOI 1H(opMallii Ipo MaTepialbHO-eKOHOMIUHI Ta ()iHAaHCOBI MOXITUBOCTI
00’€KTa KpUTHYHOI 1HYPACTPYKTYPH.

BukopucraHo MeTomM CHCTEMHOrO aHali3y, MaTeMaTHYHOTO MOJENIOBAHHS, aHAI3y Ta
cunTe3y. OCHOBHUMH pe3ylbTaTaMHy JIOCHIKEHHs €: c(popMOBaHO MOJIENb Ta METOIMKY TTPOBEICHHS
JIOCITIIDKEHHSI YMOB  BIIPOBA/DKEHHSI CHUCTEMH 3axWCTy iHQopMalii Ha O00’€KTi KPUTUYHOL
iH(paCTpyKTypH; BH3HAUEHO KOMIUIEKCHHMHM IOKA3HWK JPIsl OLIHKH YMOB BIIPOB3/DKEHHS CHCTEMH
3aXHUCTy iH(pOPMAILi; po3paxoBaHO OaraTo(aKTOpHY perpeciiHy MOJIelb, sKa BU3HAYAE 3B S3KH Ha
piBHI OIJHKM TIOTEHIiATy BHUPOOHMYOI CKJIaJ0BOI Ta 3aIllPONIOHOBAHO KOMIUIEKCHY CHCTEMY
3a0e3medcHHs iHpOpMAIIiHOT Oe3MeKH 00’ €KTa KPUTHYHOI iHQPaCcTPyKTYpH.

Knrouosi cnoea: kpumuuna ingppacmpykmypa, ingpopmayiina 6esnexa, KOMIIEKCHUU
NOKA3HUK, MAMEMAMUYHe MOOETO8aAHHS.
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MANAGEMENT OF AN INTEGRATED MODEL
OF INNOVATION IN MARITIME TRADE

Abstract. The article presents a model that will allow substantiating the sequence of
introducing a system of innovative activities with integrated management of an integrated model
of innovative activity. In order to identify the sequence of innovative activities, a study was made
of indicators of maritime trade in Ukraine for the period from 2016 to 2020 according to the
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State Statistics Service of Ukraine. The features of the formation of an innovative marketing plan
in the integrated model of innovative activity in maritime trade are considered. Using the
presented mathematical model, an analysis of a potential plan for the introduction of innovations
in various fields was carried out on the example of maritime trade in Ukraine, and their sequence
was determined. The proposed mathematical model can be used to identify the influence of a
certain set of factors on the result. The model can be applied to various types and categories of
activities, showing the degree of influence of each of the selected influencing factors on the
selected resulting attribute. The ability to select an arbitrary number of influence factors makes
it universal for use in different types of activities and at different stages of analytical work. The
article provides an example of the application of the developed mathematical model for the
maritime trade of Ukraine.

The obtained results indicate that the priority task in the field of innovation is the
modernization of liquid transportation (significance coefficient for the final result -0.09),
container transportation (significance coefficient -0.03), and packaged cargo (significance
coefficient 0). Conducting a study in the field of maritime trade is due to the increase in the level
of importance of this type of trade in modern conditions.

Keywords: maritime trade, integration, innovation, management, innovation marketing
plan, mathematical model, efficiency analysis.

Introduction. The modern conditions of maritime trade imply the constant
presence of innovative processes since international integration requires
infrastructure to match the capacities aimed at fulfilling the tasks of timely
delivery of raw materials and finished products. Maritime trade is characterized
by features associated to a fairly large extent with both technological innovations
and innovations in the management system, and in the system of information
support for activities in the field of maritime trade.

Since at present the share of international trade that is carried out by sea is
more than 80 %, and by 2050 the demand for maritime transport services is
expected to triple with a constant lack of supply of this type of service, leading
to a constant need for innovation in this area.

To introduce innovations, it is necessary to draw up a clear multi-level
innovation marketing plan, which will lead to the high-quality implementation
of innovative processes in the maritime trade industry. Innovative processes are
especially relevant during the period of active integration within the framework
of modern globalization processes since the formats of cooperation between
countries constantly require innovation. The creation of innovative marketing
plans is associated with the constant need to form qualitative and quantitative,
analytically sound algorithms that allow you to get the maximum benefit from
the implemented changes. The formation of a management system for an
integrated model of innovation activity in maritime trade is reduced to the
construction of a qualitatively substantiated, well-defined system of priorities for
innovation processes. This system of priorities can be reduced to the construction
of vertically and horizontally dependent innovation activities that form a
complete set of innovation marketing plans.

For the development of the innovative activity, the control system for this
process and the degree of integration are fundamentally important, which allows for
innovative transformations in various directions per unit of time. To build an
innovative marketing plan that meets all these requirements, it is necessary to make
a preliminary analysis, then select the necessary innovations and design changes in
specific resulting features that will change under the influence of the innovations
being introduced. An analysis of the effectiveness of innovation implementation can
be made using a mathematical model used for preliminary analysis.
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Analysis of recent research and publications. The importance of
innovation marketing planning has been extensively researched in the current
specialized literature. Authors such as Diaz and others view innovation modeling
as a separate process that requires an integrated research approach and clear
forecasting (Dias, Salmelin, Pereira, & Dias, 2018).

Shane pays special attention to the construction of the innovation
implementation algorithm itself, the methods of collecting and structuring the
information environment necessary for the formation of ideas about the
information environment necessary for the consistent promotion of the
innovation implementation process (Shane, 2008).

Adaptation of innovative processes to the conditions of real production
processes is of interest to many modern authors since in real conditions there are
many questions that have a qualitative dependence on how clearly the sequence
of innovations is defined, that is, the plan of innovative activities. Authors such
as Shane et al (Shane, 2008)., Aram et al (Aram, Baxter, & Nutkevitch, 2019).,
and Fragerberg et al. (Fragerberg, Mowery, & Nelson, 2006) consider various
technologies for introducing innovations, however, the general opinion for all
these authors is the need for a qualitative analysis before introducing innovations
and the existence of a clear plan for introducing innovations.

For the successful implementation of innovations, various methods for the
formation of marketing plans are proposed, in particular, a multi-level
innovation marketing plan is considered by such authors as Brem et al. (Brem,
Tidd, & Daim, 2019), Stefan (Stefan, 2021), Diaz, and others (Dias, Salmelin,
Pereira, & Dias, 2018). Also, special attention is paid to building a
communication system when introducing innovative solutions in enterprises,
Rogers and others (Rogers & Shoemaker, 1971) pay attention to intercultural
interactions, since specialists from various parts of the world are often involved
in high-quality innovation processes at present.

Maritime trade often involves trade between countries, that is, it is often
considered the most accessible type of trade between countries located at a
sufficient distance from each other, therefore, when considering maritime
trade, it is necessary to take into account all the features of international
business. Authors such as Hill (Hill, 2008), Honcharova and Metil
(Honcharova & Metil, 2022), Kunert (Kunert, 2018), McKinnon (McKinnon,
Button, & Nikamp, 2002), and others consider the features of transport
logistics in the cross-border movement of goods, which gives a certain
understanding of the features of the formation of innovations in transport
systems serving maritime trade.

However, the introduction of innovations in the transport industries
serving maritime trade should not harm nature, therefore, authors such as Koval
and others (Koval, Honcharova, Metil, & Stepanova, 2023), Trachenko and
others (Trachenko, u ap., 2021) pay special attention to the need to take into
account the environmental factor when developing plans for introducing
innovations in transport, which is especially important for maritime transport,
since pollution of the oceans and lack of energy resources are one of the main
global problems affecting the industry under study.

The purpose of the article is management of innovative activity of
maritime trade of Ukraine on the basis of an integrated model of innovation
activity in maritime trade. With the help of the presented mathematical model,
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an analysis of a potential plan for introducing innovations in various fields was
carried out using the example of Ukraine’s maritime trade and their sequence
was determined.

Formulation of the main material.

Methodology. To determine the sequence of studying the internal
processes of the object of innovation activity, it is necessary to build a system of
indicators that directly affect some selected resulting factor.

To build a mathematical model, it is necessary to choose an indicator that
will inform about the result of the activity, for example, for a certain company
engaged in servicing maritime trade, this can be the number of ships carrying
dry cargo, the number of container ships and several types of special ships. Let
us assume that the resulting factor is the net profit from the provision of services
for servicing maritime trade and denote it Y. Each of the types of ships, with the
help of which the indicated net profit is obtained, is denoted by A;, and the degree
of influence of the i-th type of ship on the overall result is denoted by «;, then:

n

v=][a=

In order to evaluate the influence of each of the selected factors, it is
necessary to take the logarithm of both parts of formula (1) with the subsequent
application of the property of the logarithm of the power expression (formulas 2
and 3), which will allow us to evaluate the influence of each of the selected
influence factors on the result.

InY =mA;"" +nA,%2 ++ A, + A" (2)

InY = anA; +a,lnA, + -+ a,_1In4,_1 +ayln i, (3)

Fig. 1 gives an idea of the degree of influence of the selected factors on
the resulting one through the values of the coefficients.

/ a; \
a; >0 al-.< 0
Has a positive effect Has a negative impact that

on the outcome ml.JSt. be identified and
eliminated

Fig. 1 — Assessing the impact on the result
Source: compiled by the authors

Thus, the factors influencing the resultant sign from the point of view of
the quality of influence are considered. The obtained coefficients indicate that
for factors with negative coefficients, it is necessary to continue research in order
to determine the directions of necessary innovations since a clear idea of
quantitative characteristics is required to form an innovative marketing plan,
which should be changed as a result of ongoing innovative activities.
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After working through the characteristics of the first level, it is necessary
to carry out actions similar to those of the first level for the attributes of the
second level. Formulas (4)-(6) show the model, in which the resultant attribute
is A, and the factor attributes are attributes of group B. For example, such factor
attributes as the quality of the rolling stock, the quality of port services during
loading and unloading, and the quality of the provided logistic support influence
the work of the container transportation sector in maritime trade.

k
a=] 8" 4)
j=1

In4; = InB," + n B, + -+ n B, +InB,"» (5
lnAi = '81 In Bl + ,len BZ + -+ ﬁn_lln Bn_1 + ﬁnln Bn (6)

The values of the coefficients ; obtained as a result of calculations can
be classified similarly to the previously obtained coefficients «; . Based on the
values obtained, subsequent decisions are made on the advisability of further
vertical analysis, that is, when each factor with a negative characteristic has a
number of subfactors studied in the same order. When performing similar
reasoning, a relationship of dependencies is built, a simplified model of which

is provided in Fig. 2.
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Fig. 2 — Model for building vertical links
Source: compiled by the authors

However, in most real processes there are not only vertical, but also
horizontal and intermediate links, which are characterized by varying degrees of
mutual influence, that is, they can be determined by determining the magnitude
of the correlation dependence.

To study the mutual influence between some horizontally connected links
of the planned innovation marketing plan, selected in pairs, you can apply the
study of the correlation between indicators. If the resulting correlation
coefficient is from 0 to 0.3, then the relationship is very weak, if from 0.3 to 0.5.
then the connection is weak, if from 0.5 to 0.7, then the connection is average,
however, all these connections have no influence and are not taken into account
due to the small degree of mutual influence. If the obtained correlation
coefficient is from 0.7 to 0.9, then the degree of relationship is high. and with a
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correlation coefficient of 0.9-1, it is very high. Hence. horizontal relationships
should be taken into account in the innovation marketing plan when obtaining a
correlation coefficient between these factors of at least 0.7.

After performing a preliminary analysis, during which vertical and
horizontal relationships are identified, a draft innovation marketing plan is
formulated. The essence of managing an integrated model of innovation activity
is to form a marketing mix in such a way that the innovation policy is based on
specific data obtained in the course of the study, and the behavioral concept of
the object of innovation activity reflects not only the possibilities of supply but
is clearly based on demand data for goods or services placed on the market.

Results. Maritime trade in the field of foreign trade of Ukraine occupied
and occupies one of the main positions since Ukraine’s trading partners are
located in various parts of the world. Consider the structure of transportation of
various types of goods by sea for 2016-2020 (Table 1).

Table 1
Transportation of goods by sea, thousand tons
Type of 2016 2017 2018 2019 2020
goods
Dry bulk 52.7 32.5 30.0 30.0 7.5
Liquid bulk 996.9 638.5 672.4 819.6 418.5
Tare-piece 1666.2 1408.4 1175.5 1270.6 920.0
In 37.5 8.0 0.4 0.001 0.001
containers
Other 279.2 165.7 13.7 0.001 0.001
Total 3032.5 2253.1 1892.0 2120.2 1346.0

Source: compiled by the author based on the materials of the State Statistics Service of
Ukraine (2022)

See Table 1 for cargo. the tonnage of which is not significant, we show 1
t in the corresponding cells, since the transportation of these goods was carried
out for small private entrepreneurs and does not exceed the specified amount. To
perform calculations, you must first enter the designation system (Table 2) and
write down the mathematical model (7&8).

Table 2
Designation system

Type of goods Designation
Dry bulk
Liquid bulk
Tare-piece
In containers
Other
Total
Source: compiled by the authors

<|Oo|O|d|r|o

InY = InD* +InL* + InT* + InC* + In0%s (7)

or
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InY = a;InD + aylnL + asInT + a,InC + aslnO (8)

After taking the logarithm of the initial values and building a linear
dependence model, the following values of the model coefficients (8) will be
obtained:

a; =—0,09,a, =0,12,a5; =0,a, = —0,03, a5 = 0,34.

The obtained values of the coefficients indicate that it is necessary to make
innovations, first of all, in the liquid cargo trade industry, and then in the field
of cargo transportation in containers, then innovations are needed in the field of
packaged cargo. Further studies are needed after the economic measures have
been taken.

Conclusions. Since maritime trade is currently attracting special attention
due to its importance, innovations in this area can increase its effectiveness. In
order to determine the sequence of innovations, it is necessary to assess the
degree of influence on the resulting feature of each of the components that affect
the final result. The article presents a mathematical model and a fundamental
algorithm for conducting such a study.

A delivery analysis element is also presented, which demonstrates how the
sequence of actions can be structured in determining in which order innovations
should be made. Determining the degree of influence on the final result of each
of the factors of influence makes it possible to build an innovative marketing
plan in such a way that such results are achieved in the shortest possible time,
increasing rather than reducing the final result.

The resulting mathematical model was applied to identify the sectors of
maritime trade in Ukraine that are most in need of innovation. According to the
results of the research, three sectors of the industry showed negative results: bulk
cargo, container transportation, and packaged cargo, the coefficients of influence
of which on the overall result of maritime trade are -0.09, -0.03, and O,
respectively. Thus, it is possible to determine the necessary sequence of
innovations in the selected trade sector.
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BikTtop KOBAJIb, Ipuna TOHYAPOBA, Hatauxis INCEHKO

YIPABJIIHHS IHTET' POBAHOIO MOJIEJIIO IHHOBAIII
Y MOPCBKI TOPT'IBJII

AHoTauis. Y cTaTTi NpeAcTaBIeHO MOZENb, sKa JO3BOIUTH OOIPYHTYBATH MOCIIIOBHICTD
BIPOBA/DKEHHSI CHCTEMH 1HHOBAI[IMHOI AISUTBHOCTI 3 IHTErPOBAHMM YIPABIIIHHIM IHTEIPOBAHOIO
MOJIEJIJTIO IHHOBAIIHOI AISUTBHOCTI. 3 METOK BU3HAYEHHSI MOCITIZIOBHOCTI 1HHOBALIMHOI JisSUTbHOCTI
NPOBEJICHO JIOCHIKEHHS TIOKa3HUKIB MOPCHKOI TOpriBii Ykpainu 3a nepion 3 2016 o 2020 pokw 3a
nannmu  JlepxkaBHoi ciay:xkOM cratucthkd Ykpainu. Po3misiHyro ocoOnmuBoCTi  (popMyBaHHS
IHHOBAIIIHHOTO MAPKETHHIOBOI'O IJIAHY B IHTErPOBaHil MOJIENi 1HHOBAIIHOT MisTBHOCTI B MOPCBKIit
TOpriBii. 3a JOMOMOrO MPEACTABACHOI MATEMATHYHOI MOJCII Ha TPHUKIAAI MOPCHKOI TOPIiBIIi
VYkpaiHu NpoBeleHO aHaji3 MOTEHI[IHHOro IUIaHy BIPOBa/HKEHHs IHHOBALIN y pi3HUX cepax Ta
BU3HAYEHO iX MOCIIiIOBHICTb.

3amponoHoBaHa MaTeMaTH4Ha MOJENb MOKe OyTW BHKOPHCTAHA IS BHSBJICHHS BIUIMBY
MEBHOI CYKYIHOCTI (pakTopiB Ha pe3ynbrar. Mozenb Moke OyTH 3aCTOCOBaHA JI0 PI3HUX THIIIB 1
KaTeropii isuIbHOCTI, OKA3yIO4H CTYITIHb BIUIUBY KOXKHOIO 3 00paHux (pakTopiB BIUIMBY Ha 0OpaHy
pe3yNbTyIOUy O3HaKy. MOXIMBICTH BUOOPY JOBLIBHOI KUTBKOCTI ()akTOpIB BILIMBY POOHTH HOro
YHIBEPCAILHUM JUIsl BUKOPUCTAHHS B PI3HUX BHJAX JISUILHOCTI Ta HA PI3HUX erarax aHaliTHYHOI
poboTh. Y cCTarTi HaBEAEHO NPUKIAJ 3aCTOCYBaHHS PO3POOJIECHOI MaTeMaTH4HOI MOJENi JUist
MOpPCBHKOI TopriBii Ykpainu. OTpuMaHni pe3ylibTaTd CBi4aTh Ipo Te, IO MPIOPUTETHAM 3aBIaHHIM
y cepi IHHOBAIH € MOZIEpHI3allisl HATMBHUX TMepeBe3eHb (KOS]IIiEHT 3HAUYIIOCTI YISl KIHIIEBOTO
pe3ynbrary -0,09), KoHTeliHepHUX nepeBe3eHpb (koedimieHTt 3nauymocti -0,03), TapHIX BaHTAXIB
(xoedirient 3nauymocti 0). [IpoBeneHHsT DOCTIHKEHHS B Taly3i MOPCHKOI TOPIiBJi 3yMOBIICHO
T IBUILIEHHSIM PIBHS 3HAYYIIOCTI IIbOTO BU/IY TOPTiBIIi B CY4aCHUX YMOBAX.

Kouoei cnoea: mopcoka mopziens, inmezpayis, iHHO8AYiT, MEHEOHCMEHN, MAPKEMUH208ULL
NIaH THHOBAYIL, MAMEMATNUYHA MOOEb, AHATL3 eDEeKMUBHOCI.
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