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YAOCKOHAAEHHS MEHEAJKMEHTY SIKOCTI B TPAHCIIOPTHIV AOTICTULII
BHYTPIIIHbOTI'O BOAHOTO TPAHCIIOPTY VKPAIHU

In the context of developing transport systems, the role of effective quality managementin logistics
processes is growing. This is particularly relevant for inland water transport, which is recognized in
global practice as one of the most efficient and environmentally balanced modes of transportation.
The aim of this article is to substantiate the theoretical and methodical foundations and to develop
approaches for improving quality management in the transport logistics of Ukraine's inland water
transport. The conducted study demonstrates that improving quality management in the transport
logistics of Ukraine’'s inland water transportis a key factor in enhancing the efficiency of the national
transport system, optimizing logistics flows, and ensuring the competitiveness of river transport. The
article substantiates a comprehensive approach to quality management improvement, which includes:
standardization of logistics processes and implementation of international quality management
systems; digitalization of transport management, document flow, and real-time monitoring of vessel
and cargo movements; integration of inland water transport into multimodal logistics chains;
modernization of infrastructure and logistics hubs; strengthening of safety and environmental
standards; and harmonization of the legal and regulatory framework with European standards. The
proposed mathematical algorithm for improving quality management enables a systematic assessment
of the integral quality indicator, determination of the effectiveness of managerial measures,
optimization of resource utilization, and informed decision-making regarding the developmentofriver
logistics. Its flow-based implementation ensures real-time monitoring and adjustment of processes,
increasing the reliability of transport operations and the coordination of logistics activities. The value
of this research lies in its comprehensive approach to the assessment and management of transport
service quality on Ukraine's inland waterways, combining standardization, digitalization, infrastructure
modernization, and integration into the international transport space.
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B ymoBax po3BUTKY TPAHCMOPTHUX CUCTEM 3POCTAaE POJib eQPeKTUBHOIO yripaBiHHS SIKiCTIO J10ri-
cTu4YHux npoueciB. OcobsmBoOT akTyasbHOCTI Le HabyBae 4151 BHYTPILLIHbOro BOAHOIro TPaHCrnopTy,
SIKWIA y CBITOBIVi NpakTuLi pO3rnsaaeTbCs IK OANH i3 HaribinbL e peKTUBHUX Ta eKoJIoriYHOo 36anaHco-
BaHux BUAiB nepese3eHb. MeTolo cTaTTi € 06rpyHTYBaHHSI TEOPETUKO-MEeTOANYHUX 3acas Ta PO3-
POO6SIEHHSI HanNPsIMIiB YAOCKOHa/IeHHSI MeHEeAXKMEHTY SIKOCTi y TPaHCMOPTHIV lorictuyi BHYTPiLLHbOro
BOAHOro rpaHcnopTty Ykpaiuun. lfposeaeHe AOCiA)XXeHHS eMOHCTPYE, L0 YAOCKOHa/IeHHSI MeHe/ -
JKMEHTY SIKOCTi Yy TPAHCMOPTHIN JIOriCTULi BHYTPIiLLIHbOro BOAHOIro TpaHCNopTy YKpaiHU € KJ1l040BUM
YUHHUKOM MiABULLEHHS1 e(PeKTUBHOCTI PYHKLIOHYBaHHSI HAaLiOHasIbHOI TPAHCMNOPTHOI cucremu, orn-
TUMI3ayii 1oricTUYHNX NOTOKIB Ta 3abe3rne4yeHHsI KOHKYPEeHTOCIPOMOXHOCTI piYKOBUX NepeBe3€eHb.
Y cratTi o6rpyHTOBaHO KOMM/IEKCHUA NiAXia A0 yAOCKOHaNeHHSI MeEHEA)XMEHTY IKOCTi, sknii nepes-
6ayae: ctaHgapTNU3aLilo IOricTUYHNX NPOLECiB Ta BPOBaA)XeHHS MiDKHapO4HUX CUCTEeM YripaBJliHHS
fAKiCTIO; UM pPoBiI3aLilo ynpaBniHHS NnepeBe3eHHSIMU, LOKYMEHTOO00iroM Ta MOHITOPUHI PyXY CYAEH i
BaHTaXiB; iHTerpayito BHYTPiLIHbOro BOAHOIro TPaHCNopTy Y MyJibTUMOAaJIbHi IOriCTUYHI naHUiorn;
MoaepHi3auito iHppacTpyKTypu Ta 1oricTu4HUX BY31iB; NOCUIJIeHHS CTaH[4apTiB 6e3nekn Ta eKoJsiori-
YHOT BignoBiganbHOCTI; rapMOHi3aLito HOpMaTUBHO-NIPaBoOBOi 6a3u i3 eBpornericbkuMy cTaHgapTa-
Mun. 3anpornoHoBaHN MaTeMaTUYHuA aJiropuTmM yAOCKOHaNIEHHSI MEHEAXXMEHTY IKOCTI fO3BOJISIE
CUCTEMHO OLiHIOBaTH iHTerpasibHu nokKa3HuUK sikoCTi, BU3Ha4YaTu e(peKTUBHICTb yrpaB/liHCbKUX 3a-
xouniB, oNnTUMI3yBaTN BUKOPUCTAHHSI PECYPCIiB Ta NnpuiiMaTv o6rpyHTOBaHi pilleHHS Lo 40 PO3BUTKY
JIOriCTUKN BHYTPILWHBbOro BogHoro tpaHcnopty. Moro norokosa peanisauis 3a6e3neqyye KOHTPOb i
KOpuUryBaHHsI NPoLecCiB y pexxumi peasibHOro 4acy, nigBuLLyiouYn HagiiHiCTb nepeBe3eHb Ta y3roa-
JKEeHicTb norictnyHux onepadin. LJiHHicTe gocnif)XeHHs nonsira€ y KOMjieKCHoMYy nigxoni [0 ouyiHku
Ta ynpaBJliHHSA AKICTIO TPAHCMNOPTHUX MOCJYr Ha BHYTPILLHIX BOAHUX LAsIXax YKpaiHu, Lo noeaHye
cTaHpapTu3auito, ungposisauito, iHppacTpyKkTypHy MOAEPHI3aLilo Ta iHTerpauyiio y Mi>KHapoaHUNI
TPaHCMNOPTHUN NMPOCTIp.

Key words: standardization of logistics processes; quality management systems; transport management;
document flow; monitoring of vessel movements; cargo; multimodal logistics chains; infrastructure; logistics hubs;
quality; safety standards.

KnrowoBi caoBa: cmandapmu3ayis 102iCMuYHUX NPOYEeciB; cucmemu ynpaBainHa akicmio; ynpaBaitHs nepeBe-
3eHHAMU; OOKYMEHMO006I2; MOHIMOPUHE PYXy cyoeH; BAHMAXCi; MYAbmuMOOanbHI 102ICMUYHI AAHYIO2U; IHPacm-
Pykmypa; Aoeicmuyri Bysau; skicme; cmaHdapmu 6e3nexu.

PROBLEM STATEMENT

In the development of transport systems, the role of
effective management of logistics process quality is
increasing. This is particularly relevant for inland water
transport, which in global practice is considered one of
the most efficient and environmentally balanced modes of
transportation. For example, in terms of energy expen-
diture for transporting one ton of cargo over a distance
of 1 km (MJ/t-km), there is a significant difference
between transport modes: inland water transport — 0.3 —
0.4 MJ/t-km; rail transport — 0.6-0.8 MJ/t-km; road
transport — 1.2-1.8 MJ /t-km. Moreover, energy efficiency
directly affects the carbon footprint of transport
operations. According to data from the European
Environment Agency, inland water transport emits 30—
359 CO,/t-km,; rail transport — 45—60 g CO, /t-km; road
transport — 90— 120 g CO, /t-km. The high efficiency of
inland water transport is also explained by the significant
cargo capacity of barges and the possibility of forming
large convoys of vessels. Considering these characte-

ristics, the development of inland waterways in European
Union countries is a key component of building a sustai-
nable transport system, as it not only reduces the load on
road and rail networks but also lowers greenhouse gas
emissions and enhances the efficiency of supply chains.

In Ukraine, inland water transport possesses consi-
derable development potential, owing to the extensive
network of river routes, particularly in the basins of the
Dnipro, Danube, and Southern Bug rivers. However, the
current state of the river transport system is characterized
by several systemic challenges, including underdeveloped
infrastructure, limited investment resources, technological
obsolescence of the fleet, and insufficient integration of
logistics processes within the national transport system.
Enhancing the efficiency of inland water transport thus
depends largely on improving the management of logistics
process quality, which contributes to greater reliability of
transport operations, optimized resource utilization, and
the establishment of competitive advantages in the
transport market.
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ANALYSIS OF RESEARCH
AND PUBLICATIONS

Contemporary scientific research (notably initiated by
B.V. Burkinsky, N.M. Andreeva, V.F. Hryshchenko [1],
A.V. Tserkovna, A.M. Rakhimi [8], L.I. Raicheva [7],
A.Ya. Kazarezov, Yu.Yu. Verlanov, and O.Yu. Verlanov [3])
pays considerable attention to the development of
transport logistics, the management of logistics service
quality, the digitalization of transport processes, and the
formation of integrated transport and logistics systems.
At the same time, the issue of quality management in the
field of inland water transport in Ukraine remains
insufficiently studied, particularly regarding the integration
of modern logistics management principles, international
quality standards, and the requirements of sustainable
transport system development.

FORMULATION OF THE ARTICLE'S
OBJECTIVES

This article aims to substantiate the theoretical and
methodical foundations and propose approaches for
enhancing quality management in the transport logistics
of Ukraine's inland water transport.

THE PAPER MAIN BODY

Within the scope of this study, quality management in
the transport logistics of inland water transport is
considered both in a narrow and a broad sense (referring
to a focus on specific operations and services versus the

comprehensive management of the entire logistics system
[3D.

In the narrow sense, quality management is a syste-
matic process of planning, organizing, controlling, and
continuously improving logistics operations for cargo
transportation and associated services, aimed at com-
plying with established standards, enhancing the efficiency
and reliability of transport operations, and meeting
consumer needs.

In the broad sense, quality management involves the
integrated management of the entire logistics system of
inland water transport, including: the organization of
transport flows and routing of shipments; management of
port and terminal operations; coordination of interactions
among carriers, ports, freight forwarders, and cargo
owners; monitoring compliance with safety, environmental,
and technological reliability standards; tracking the
efficiency of transport infrastructure and fleet utilization;
implementation of international quality management
standards and digital logistics systems.

This allows us to assert that, in the context of the
contemporary development of transport systems, there is
a need to improve quality management in the transport
logistics of Ukraine's inland water transport due to: the
necessity to enhance the effectiveness and coordination
of logistics operations; the optimization of transport
flows; the assurance of reliability and safety in transport
operations; and the adaptation of the national transport
system to European management standards (see Table 1).

Table 1. Factors necessitating the improvement of quality management in the transport logistics
of Ukraine's inland water transport

Reason for the need
to improve quality
management

Characteristics of the reason
determining the need for quality
management improvement

Significance for the
development of inland water
transport logistics

The need to increase
the effectiveness
and coordination of
logistics operations

operations.

Includes improvement of transport
planning processes, reduction of
cargo handling time, cost
reduction, and increased
productivity of logistics

Contributes to increasing the
economic efficiency of
transportation, reducing
operational costs, and
enhancing the competitiveness
of inland water transport in the
transport market.

Optimization of
transport flows

chains.

Involves improving the
management of freight flows,
coordinating interaction between
ports, terminals, and carriers, as
well as integrating inland water
transport into multimodal logistics

Ensures rational distribution of
transport flows, reduces
congestion at individual
transport hubs, and improves
the efficiency of logistics
supply chains.

Ensuring reliability
and safety of
transport operations

and manage risks.

Associated with the need to
comply with technical,
technological, and organizational
standards for cargo transportation,
improve navigation safety, control
the quality of logistics operations,

Increases the trust of market
participants in river
transportation, ensures stability
of transport operations, and
minimizes the risks of cargo
damage, accidents, and delays
in logistics processes.

European practices.

Adaptation of the Determined by Ukraine’s
national transport European integration processes
system to EU and the need to harmonize the
requirements regulatory framework,

management approaches, and
quality standards of transport
services in accordance with

Promotes the integration of
Ukraine’s inland water
transport into the European
transport space, the
development of international
logistics corridors, and the
increase of investment
attractiveness of the sector.

Source: created by the authors based on [1—2; 4; 7—8].
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It is worth noting that the current state of inland water
transport logistics in Ukraine is characterized by several
systemic problems that limit the efficiency of the
associated logistics processes.

In particular, despite the fact that as early as 2011 a
modern River Information System (RIS) was introduced and
tested on Ukraine's inland waterways, particularly on the
Dnipro River, which provides the collection, processing,
and analysis of data from all elements of navigation, the
current level of coordination among key participants in the
logistics chain (shipping companies, port operators,
freight forwarders, and other market participants) remains
insufficient.

As a result, most river transport operators report
significant problems related to transport planning, cargo
handling, and operational productivity in inland water
transport logistics (see Table 2).

Based on the data presented, it is evident that
problems in Ukraine's inland waterways significantly affect
transport planning, cargo handling, and the productivity
of logistics operations, resulting in numerous delays at
various stages of the logistics process.

On the Dnipro River, vessel waiting times at locks are
a common occurrence due to their technical wear and
ongoing maintenance works. In 2022, major repairs were

carried out on certain navigable locks and the control point
of the Kyiv Lock was modernized. However, the scope of
these works was limited by funding constraints,
administrative challenges, and the onset of the full-scale
war, so the situation regarding vessel waiting times
remained largely unchanged. A similar situation is observed
on the Southern Bug, although the scale of the problems
is smaller. The lock infrastructure is limited and often
outdated. As of 2025, vessels continued to experience
delays at the affected waterways.

Regarding the Danube, problems are more often
associated with safety under wartime conditions and
technical navigation constraints in certain sections, which
depend on water levels and sedimentation. Reduced water
levels in summer and autumn limit fairway depth, forcing
vessels to reduce draft or even suspend navigation in some
areas. High water levels during floods complicate vessel
maneuvering and worsen safety conditions, while after
heavy floods, riverbeds may become silted, restricting
passage for vessels with deep drafts.

Delays on the Dnipro River waterways also occur
during cargo handling at river ports, where vessels must
wait for available berths or handling equipment. For
example, during periods of active grain exports (May-
October), barges at the river terminals of Kherson and

Table 2. Impact of inland waterway problems in Ukraine on transport planning, cargo handling,

and logistics operational productivity, 2025

Impact
Inland Problems / limitations Impact on transport Impact on on log@stics
waterway planning cargo handling operational
productivity
Dnipro * Worn locks Inability to Delays at Reduced logistics
(Kremenchuk, Kaniv) |accurately forecast |lockslead to | efficiency due to
« Limited lock capacity | vessel transit times | cargo idle time | vessel idle time,
* Major repairs in 2022 | through locks, and queues at | unpredictable
constrained by limited | which complicates | berths. delays, and
funding the scheduling of congestion at
* Destruction of the transport operations. storage facilities.
Kakhovka lock
(2023)*
« Lack of official
statistics on vessel
waiting times
Southern * Limited and outdated | Transport planning | Cargo Productivity of
Bug lock infrastructure becomes difficult transportation | logistics
« Insufficient during the summer— | may be operations
modernization and autumn period due | suspended or | declines due to
funding to changes in depth | vessel draft irregular
* Seasonal shallowing | and current velocity. [ must be navigation,
of the riverbed reduced, waiting times,
* Floods and heavy resulting in and maneuvering
precipitation decreased under difficult
cargo volumes. | conditions.
Danube « Technical limitations | Transport planning | Restrictions on | Logistics
of locks and fairway is complicated by barge draft and | productivity
* Sedimentation in seasonal water level | possible decreases due to
certain river sections fluctuations and suspension of | the need to
« Seasonal fluctuations | draft limitations. navigation reduce cargo
in water levels lead to delays [ loads and wait
« Security challenges in cargo for favorable
under wartime handling. navigation
conditions conditions.

Note

* In June 2023, the dam and hydropower plant of the Kakhovka HPP were destroyed, which disrupted navigation from the dam to

the Dnipro delta and the Black Sea, i.e., in the direction of Kherson Oblast and further to the Black and Azov Seas.

Source: Data from the State Service of Maritime and Inland Water Transport of Ukraine.
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Table 3. Current transport flows on Ukraine's inland waterways ctartei:

. Impact
Inland Seasonality of Peak load Oft-season load on infrars)tructure
waterway cargo flows .
efficiency
Dnipro Main High load on locks | Significant reduction in | Peak loads overload
navigation: and port terminals cargo turnover and vessel | infrastructure, while off-
May—October utilization season underutilization
reduces capacity
efficiency
Southern Main Moderate load on Very low utilization; Infrastructure efficiency
Bug navigation: locks and berths navigation limited during | is seasonal and uneven;
May—October low water levels (river navigation stops during
(depending on depth on some sections low water periods
water level)* decreased from 3 m to
1.65 m since the 1990s)
Danube Navigation: High load during Reduced cargo turnover | Infrastructure is partially
May—October | peak transportation | caused by riverbed underutilized in the off-
periods and due to | shallowing and seasonal | season; draft limitations
depth limitations water level fluctuations reduce productivity

Note

** The dependence on water level is significant, despite dredging works carried out independently by the company "NIBULON" on the river.
Source: created by the authors based on [1; 4—6; 7] and State Service of Maritime and Inland Water Transport of Ukraine.

Mykolaiv arrive at the berths earlier or later than the
planned accumulation time of grain batches in 80% of
cases. This results in vessel idle time (ranging from 12 to
36 hours in 2025) and generates additional logistics costs

for carriers and cargo owners.

part of the river fleet in southern Ukraine was physically
lost. This can be explained by the fact that, as of February
2022, most river carriers were preparing to open the
navigation season, and a significant number of vessels were

located in southern ports, including Mykolaiv and Kherson.

The flow of transport on Ukraine's inland waterways

is uneven (see Table 3). Inland river cargo flows in Ukraine
are highly seasonal-navigation is limited by climatic
conditions, including fluctuations in water levels and ice
cover, and is concentrated during the main navigation

period (typically May-October). In
contrast, during the off-season,
vessel utilization and cargo
turnover on river transport
decrease significantly.

The uneven distribution of
transport flows during the
navigation period, as well as peak
load periods on infrastructure-
typically from June to September-
remains a significant issue (see
Table 4). There are also challenges
in ensuring the reliability and
safety of inland water transport
operations. The full-scale Russian
invasion in 2022 has considerably
complicated the functioning of
Ukraine's inland waterways.

The Ukrainian segment of the
Danube remained comparatively
safe for navigation. In contrast,
significant safety issues arose on
the Dnipro, caused by the mining
of certain river sections and the
constant threat of attacks on ports
and cargo handling terminals. A
substantial portion of the river
fleet remaining in Ukraine-
controlled waters was effectively
unusable by its owners. In addition,

Regarding transport on the Southern Bug, since itis a

less utilized transport artery (despite completed dredging
works) compared to the Dnipro and the Danube, the
reliability and safety of operations on this river remained
relatively stable.

Table 4. Transport reliability and safety on Ukraine's inland
waterways, 2022—2025

Inland Major safety . Impact on Remarks /
. Losses of river fleet S
waterway threats / issues navigation use Features
Dnipro * Mining of Part of the fleet remaining in Limited fleet Major safety
certain sections | Ukraine-controlled waters (e.g., | utilization under | challenges;
* Threats of downstream of the Kakhovka | Ukrainian control | serious impact on
attacks on ports | HPP, in Mykolaiv and Ochakiv) | (after Kakhovka | transport
and terminals is largely unused by its owners. | HPP) efficiency
Significant losses reported in
southern ports*
Southern * Limited No significant physical fleet Navigation is Smaller-scale but
Bug navigation safety [ losses recorded seasonal; systemic
in case of efficiency is problems; less
potential threats limited; utilized as a
* Seasonal navigation is transport artery
restrictions due to difficult on the
low water levels section between
and floods Nova Odesa and
Mykolaiv
Danube * Potential safety | No fleet losses Navigation is Safest inland
restrictions in relatively safe; waterway during
case of riverbed 24/7 navigation | wartime;
sedimentation or possible seasonality
low water levels affects cargo
volumes
Note

* One of the most promising river transport operators, Grain Transshipment, lost 31 vessels
in 2022, representing approximately 50% of its total fleet. One of Ukraine's largest river carriers,
NIBULON, whose fleet numbered 85 vessels before the full-scale war, lost three tugboats and
five non-self-propelled vessels. Asket-Shipping, which was just beginning to develop river
transport operations, also lost one of its two tugboats [6].

Source: created by the authors based on [1; 4—6; 8].
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Table 5. Adaptation of Ukraine's inland water transport to

European management standards

European legislation. Although Ukraine is
gradually implementing European direc-

tives and regulations-particularly concer-
ning transport safety, competition, and
environmental standards-progress remains
slow and uneven [7]. Regulatory gaps
hinder the integration of Ukraine's
transport system into the European

transport space, including incomplete
implementation of EU inland water
transport directives, lack of full harmo-
nization of vessel and equipment technical
standards, and limited adaptation to

environmental requirements.

In view of the above, the improvement
of quality management in the transport
logistics of Ukraine's inland waterways
should be pursued along the following

Level of
integration
Inland into the Main challenges in adapting
. Overall assessment
waterway European transport operations to EU standards
transport
system
Dnipro Medium Outdated lock and hydraulic Significant transport
infrastructure; need to modernize potential, but requires
vessel traffic management systems; | extensive
incomplete harmonization of legal modernization to meet
and regulatory framework with EU standards
European standards
Southern Low Limited development of Integration into the
Bug navigational infrastructure; European transport
insufficient investment; slow system is slow due to
implementation of European limited utilization of
standards due to low transport the river
volumes
Danube High Partial regulatory and technological | The most integrated
differences; further harmonization inland waterway in
of management and navigation Ukraine, forming part
systems required of international
transport corridors

directions [1;3—4; 7]:

1. Implementation of modern quality
management systems in logistics
processes through standardization,

Source: created by the authors based on [1; 5—6; 8].

Within the scope of this study, the authors also
highlight challenges related to the adaptation of the
national transport system to European management
standards, encompassing a range of institutional,
infrastructural, regulatory, and technological issues (see
Table 5). For Ukraine, this process is particularly relevant
in the context of European integration and the gradual
incorporation of its transport network into the broader
European transport space.

One of the key challenges is the insufficient harmo-
nization of Ukraine's legal and regulatory framework with

including the adoption of international
standards (ISO 9001, ISO 28000, ISO
14001) and internal quality control procedures at all stages
of the logistics chain.

2. Digitalization of transport and logistics manage-
ment, encompassing the digital management of transport
operations, documentation, and monitoring of vessel and
cargo movements.

3. Integration of inland water transport into multimo-
dal logistics chains through systems enabling interaction
between river, road, rail, and maritime transport.

4. Modernization of infrastructure and logistics hubs
of inland waterways, including upgrades to port infra-
structure, cargo handling terminals,

| C6 |

Direction: Implementation of  Direction: Digitalization of Direction: Integration of inland
modern quality management transport and logistics water transport into multimodal
systems in logistics processes management logistics chains
Specifics: Adoption of Specifics: Development of Specifics: Development of
international quality digital platforms for transport interoperability between river
management standards to management, electronic transport and road, rail, and
enhance transparency of document flow systems, and maritime transport.***
logistics operations, control  real-time monitoring of vessel
over transport operations, and and cargo movements.*
quality of transport services.
. The outlined directions enhance the quahty of transport services and the :
- competitiveness of Ukraine’s inland water transport system. :
Direction: Modernization of Direction: Strengthemng safety Direction: Harmonization of the
infrastructure and logistics and environmental standards legal and regulatory framework
hubs of inland waterways Specifics: Implementation of ~ with European requirements
Specifics: Improvement of  navigation safety management Specifics: Alignment of
transport service quality systems, risk control, and  legislation with EU standards to
through the upgrading of port compliance with environmental facilitate the integration of the
infrastructure, cargo handling transport standards. national transport system into
terminals, fleet, and navigation the European transport and
systems.** logistics space.

Figure 1. Improvement of quality management in the transport

Not logistics of Ukraine's inland water transport
ote

*Regarding quality, this will contribute to improving the timeliness of managerial
decisions and optimizing transport flows.

**Regarding quality, this will allow an increase in the throughput capacity of river
transport corridors.

***Regarding quality, this will enhance transport efficiency, reduce logistics costs,
and ensure more flexible management of cargo flows.

Source: created by the authors based on [1; 3—4; 7].

fleet, and navigation systems.

5. Strengthening safety and
environmental standards through
modern navigation safety systems,
risk management, and compliance with
environmental regulations for
transport operations.

6. Harmonization of the legal and
regulatory framework with European
requirements by aligning Ukraine's
inland water transport legislation with
EU standards.

It should be noted that the com-
prehensive implementation of these
directions is particularly important, as
it enables the improvement of trans-
port service quality and the enhance-
ment of the competitiveness of Uk-
raine's inland water transport system
(see Fig. 1).

Accordingly, the mathematical
algorithm for improving quality
management in the transport logistics
of Ukraine's inland water transport can
be expressed by the following relation-
ship:
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Q=f(Q1,Q2,Q3,Q4,Q5,Q6)

where:

— Q — integral indicator of quality
management in transport logistics;

— Q1 — level of standardization of
logistics processes;

— Q2 — level of digitalization of
transport and logistics processes;

— Q3 — level of integration of
inland water transport into multimodal
logistics chains;

— Q4 — level of modernization of
infrastructure and logistics hubs;

— Q5 — level of transport safety
and environmental responsibility;

— Q6 — level of harmonization of
the legal and regulatory framework with
European standards.

Direction: Implementation of
modern quality management systems in

(1),

Table 6. Step-by-step specification for applying
the mathematical algorithm for improving quality management
in the transport logistics of Ukraine's inland water transport

Algorithm
step

Step content

Mathematical representation

Assessment
of the
baseline
quality level

Determination of the
initial state of quality
management in inland
water transport logistics
based on the integral
quality indicator.

Q’= i w, Q)

where Q" initial integral quality level;

wi — weight coefficient of significance
0

of the i-th improvement direction; ~' — initial
quality indicator value for the i-th direction;
i=1...6 - number of improvement directions.

Formation of
management
measures

Development of a set of
measures to improve
logistics process quality
for each improvement
direction.

M= myy, my,, Sy
where Mi — set of management measures aimed at
improving the quality indicator for the i-th
direction; mil,mi2,...,min — individual measures

within the i-th direction; i=1...6.

Evaluation of
the effect of

Determination of
changes in quality

Q"= Q+4qQ,

where AQi — increase in quality level due to
t

logistics processes measures indicators as a result of Q

The integral indicator can also be implemented implemented measures; ' — quality indicator

f+1
defined as a weighted sum: management measures. | .y, at time t; ' — quality indicator before
6 implementation.
; ; 6
- : 2): Calculation Calculatl.on of the ) (1 "
Q Z Wi Q‘ (2); of the updated integral quality Q= Z wQ
i= c . =
where: ?Iﬂgztr;i management indicator. where wi — weight coefficient of significance of
. . - . o the i-th direction.

wi — weight coefficient reflecting |indicator ¢ i-th direction
the importance of the corresponding |verification Comparison of the Completion condition: Q"> Q@
direction; of target level | obtained quality level Adi dition: Q"'<@¢

6 achievement |with the target; decision justment condition: -
on completion or where Q* — target quality level of transport

Z w,= 1 — normalization condi- adjustment of the logistics management.

= algorithm.
tion f9r the weight Coeff'C'e.ntS . Optimization |Maximization of the _ 6

Qi — value of the quality indicator |objective integral quality indicator| =~ | o mexQ= Z w;Q,
for the i-th direction of improvement in |function under resource Objective function - " ’

transport logistics management.

It should be noted that the outlined
mathematical algorithm for improving
quality management allows for a sys-
tematic assessment of the integral

constraints.

6
Z C<B
Resource constraints - =
where Ci — costs of implementing measures;
B — available modernization budget.

Source: created by the authors.

quality indicator, determination of the

effectiveness of management measures, optimization of
resource utilization, and making informed decisions
regarding the development of river logistics. The value of
the proposed algorithm lies in its real-time (streamlined)
implementation (see Table 6), which ensures control and
adjustment of processes in real time, thereby enhancing
transport reliability and coordination of logistics
operations.

It should be noted that the term "streaming im-
plementation” refers to the continuous and sequential
execution of the logistics quality management
algorithm, where all stages-assessment, planning of
measures, monitoring, and adjustment-are performed
as an ongoing flow of operations rather than as a one-
time process [2]. In the context of inland water
transport logistics, this means that the algorithm
operates in real time, and the processes of controlling
and adjusting operational quality occur dynamically: if
certain measures do not achieve the expected quality

increase (AQi), the system immediately proposes
adjustments to the measures or a reallocation of
resources. At the same time, a close connection with
digital systems is ensured, and it is precisely the
digitalization of processes-such as vessel monitoring,
electronic document flow, and transport management
systems-that makes streaming implementation
possible. This approach allows for rapid response to
changes in river traffic, ports, or navigation con-
ditions, thereby enhancing the reliability of transport
operations and the coordination among participants in
the logistics chain.

CONCLUSIONS

The conducted study demonstrates that improving
quality management in the transport logistics of Ukraine's
inland waterways is a key factor in enhancing the
efficiency of the national transport system, optimizing
logistic flows, and ensuring the competitiveness of river
transport.
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The article substantiates a comprehensive approach
to quality management improvement, which includes:

1. Standardization of logistic processes and
implementation of international quality management
systems.

2. Digitalization of transport management, document
flow, and real-time monitoring of vessels and cargo.

3. Integration of inland water transport into
multimodal logistic chains, enhancing synergy between
river, road, rail, and maritime transport.

4. Modernization of infrastructure and logistic hubs,
increasing the capacity of river corridors, and reducing
logistic costs.

5. Strengthening safety and environmental
responsibility standards, improving trust in transport
operations, and reducing risks to cargo.

6. Harmonization of the regulatory framework with
European standards.

The proposed mathematical algorithm for quality
management improvement enables a systematic
assessment of the integral quality indicator, evaluation
of the effectiveness of management measures, opti-
mization of resource utilization, and informed decision-
making regarding the development of river logistics. Its
streaming implementation ensures real-time monitoring
and adjustment of processes, thereby enhancing
transport reliability and coordination of logistic
operations.

The study's value lies in its comprehensive approach
to assessing and managing the quality of transport
services on Ukraine's inland waterways, combining
standardization, digitalization, infrastructure moder-
nization, and integration into the international transport
space. The implementation of the proposed measures can
increase the economic efficiency of river transport,
reduce operational costs, minimize risks, and ensure
compliance with modern European standards for
transport logistics management.

Prospects for further research include: the
development of cargo flow forecasting and route
optimization models based on artificial intelligence
and big data analytics, as well as the development
of a KPI system for monitoring the quality and safety
of transport operations on Ukraine's inland
waterways.

Jlitepatypa:

1. BypkuHcbkui B.B., Angpeesa H.M., Mpuwerko B.O.
KopurysaHHs obcaris nepese3eHHs BaHTaKiB MOPCbKUM Ta
BHYTPILUHIM BOAHWUM TPAHCNOPTOM YKpaiHU 3 ypaxyBaHHAM
BUMOT eKoJorisalii colianbHo BignosiganbHoro GisHecy.
ExoHowmikaTa cycninbcteo. 2022. Ne 43. https: / /doi.org/
10.32782 /2524-0072 /2022-43-52

2. Inbuenko T. (2025). YnpaBniHHSA AKiCTIO NOFICTUYHUX
nocnyr nignpuemcTea. EkoHomika Ta cycninbcteo, 2025.
Neo 72. https:/ /doi.org/10.32782 /2524-0072 /2025-72-
55

3. Kazapesos A.4., Bepnanos [0.10., Bepnaxos O.10.
OuiHioBaHHA NPOAYKTUBHOCTI MOPTIB HA OCHOBI KPUTEPIS
CTPYKTYPHOI BiNOBIAHOCTI BAHTAXKHOIrO NOTOKY NPOMYCKHiH
3paTHocTi nopry. My6niuHe ynpasniHHsA Ta perioHanbHWM
po3suTok. 2021. Ne 14. C. 913—934.

4. Kyzsk B.B. YnpaBniHHSA OricTUMHUMU NpoLecamMu
B YKpaiHi: npob1eMu Ta LXK po3B'A3aHHA B yMOBaX BOE-
HHOro ctaHy. ExkoHomika Ta cycninbctBo. 2023. Ne 55.
URL: https:/ /doi.org/10.32782 /2524-0072 /2023-55-
13

5. Mypagcbkuii A. Hinpo Ha naysi: LLlo BinbyBaeTbcs
3 piuYKOBUMM NepeBe3eHHAMU nif yac BivHu. LTC. 2024,
URL:https:/ /cfts.org.ua/articles /dnipro_na_pauzi_-
scho_vidbuvaetsya_z_richkovimi_perevezennyami_-
pid_chas_viyni_2023 (naTa 3BepHeHHs: 22.04.2025).

6. Hibynon. CyaHonnasnui noteHuian MNisgeHHoro
Byry, 2015. URL: https:/ /www.nibulon.com /sudnoplav-
nyj-potentsial-pivdennoho-buhu/ (mnata 3BepHeHHSs:
22.04.2025).

7. Paiuesa J1.I. EBpoiHTerpauiMHuii iIHCTUTYLLiOHAIbHUI
BEKTOP €KOHOMIYHOrO PO3BUTKY BOLHOIO TPAHCMOPTY.
MignpuemuuyTeo Ta iHHoBauii. 2023. Ne 26. C. 19—23.

8. LlepkoBHa A.B., Paximi A. M. BHyTpilwHii BogHUH
TpaHcnopT Ykpainu: npobaemu Ta nepcnekTuen. PuHkosa
eKOHOMiKa: cyyacHa Teopisi i npakTika ynpasiHHs. 2023,
T.21. Ne 3(52). C. 504—528.

References:

1. Burkynskyi, B.V., Andreeva, N.M., and Hryshchen-
ko, V.F. (2022), "Adjustment of cargo transportation
volumes by sea and inland waterways of Ukraine taking
into account the requirements of greening socially
responsible business”, Ekonomika ta suspil'stvo, vol. 43.
https:/ /doi.org/10.32782 /2524-0072 /2022-43-52

2. lichenko, T. (2025), "Quality management of
logistics services of an enterprise”, Ekonomika ta
suspil'stvo, vol. 72. https:/ /doi.org/10.32782/2524-
0072,/2025-72-55

3. Kazarezov, A.Ya., Verlanov, Yu.Yu., and Verlanov,
0.Yu. (2021), "Assessment of port productivity based on
the criterion of structural compliance of cargo flow with
port capacity”, Publichne upravlinnya ta rehional'nyy
rozvytok, vol. 14, pp. 913—934.

4. Kuzyak, V.V. (2023), "Management of logistics
processes in Ukraine: problems and solutions in martial
law", Ekonomika ta suspil'stvo, vol 55. https: / /doi.org/
10.32782/2524-0072 /2023-55-13

5. Muravsky, A. (2024), "Dnieper on pause: What ha-
ppens to river transportation during the war”, TST-S,
available at: https:/ /cfts.org.ua/articles /dnipro_na_-
pauzi_scho_vidbuvaetsya_z_richkovimi_perevezen-
nyami_pid_chas_viyni_2023 (Accessed 22.02. 2026).

6. Nibulon (2015), "Navigation potential of the
Southern Bug", available at: https: / /www.nibulon.com /
sudnoplavnyj-potentsial-pivdennoho-buhu/ (Accessed
22.02. 2026).

7. Raicheva, L.I. (2023), "European integration institu-
tional vector of economic development of water trans-
port", Pidpryyemnytstvo ta innovatsiyi, vol. 26, pp. 19—
23.

8. Tserkovna, A.V., and Rahimi, A.M. (2023), "Inland
Water Transport of Ukraine: Problems and Prospects”,
Rynkova ekonomika: suchasna teoriya i praktyka uprav-
linnya, vol. 21. no. 3 (52), pp. 504—528.

Ompumano pedaxyicio xypuary / Received: 11.03.26
Hpopeyensobano / Revised: 22. 03.26
CxBanreno 0o dpyxy | Accepted: 09.04.26

IHBecTuuli: noaxsTka 1a gocsig N /2026




