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 Abstract. The relevance of this study arises from the growing reliance on automated customs clearance systems that 
generate recommendations, alerts, and justifications in order to reduce processing time. However, the effectiveness of 
such systems depends on a scientifically grounded methodology for determining the optimal frequency of risk profile 
reviews and for improving quantitative risk assessment. The purpose of the study was to develop a mathematical model 
for verifying the accuracy of customs clearance using the apparatus of fuzzy logic in international cargo transportation. 
The research methods included the development of mathematical models and algorithms for their implementation. In 
particular, the mathematical apparatus of fuzzy logic was applied to determine the correctness of customs clearance of 
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development of the State Customs Service. L.M.  Ivasho-
va & L.I. Kyda (2020) analysed the current state of digital 
transformation within the Ukrainian customs system, em-
phasising key technological innovations that contribute to 
procedural simplification. The author highlighted major 
challenges and outlines prospects for improving customs 
administration through modern digital tools and informa-
tion systems. The study by I. Berestov et al. (2022) examined 
the digitalisation of customs control and cargo-clearance 
processes in railway transport. The researchers evaluated 
the impact of digital tools on accelerating clearance pro-
cedures and enhancing the efficiency of cargo-flow moni-
toring. In turn, R. Lemeha (2020) investigated automation 
and informatisation as priority directions for improving 
the administration of customs regimes in Ukraine. The 
publication discussed existing regulatory gaps and pro-
poses digital solutions aimed at strengthening transpar-
ency, control, and service quality in customs processes. 
Similarly, V. Lebid et al. (2020) evaluated the efficiency of 
simplifying customs formalities through digitalisation in-
itiatives. The study provided empirical evidence demon-
strating how digital services reduce processing time, min-
imise administrative barriers, and support overall trade 
facilitation. A more advanced methodological perspective 
is presented by N. Luo et al. (2023), who offered a compre-
hensive overview of customs risk-management methods, 
with particular emphasis on fuzzy-logic and neural-net-
work-based models for assessing risks faced by import-ex-
port enterprises. Building on this direction, Z.  Dong & 
M.  Tian  (2025) proposed a fuzzy-logic-based model for 
assessing risks in cross-border e-commerce logistics sup-
ply chains. The findings showed that fuzzy inference sys-
tems can more reliably evaluate dynamic and imprecise 
data compared to traditional deterministic models. In a 
related study, C. Zheng et al. (2025) developed a data-driv-
en model for optimising customs-clearance strategies for 
emergency supplies using machine-learning and cluster-
ing techniques. Their results highlighted how digital an-
alytics significantly reduce clearance time during crisis 
situations. Further exploring the technological evolution 
of customs systems, S.  Vijayakumar  (2025) investigat-
ed technology-centric and data-driven transformations 
in customs risk management. The author outlined how  

 Introduction
Risk management is a fundamental principle of modern 
customs control methods, as it enables the optimisation 
of costs associated with customs supervision. This prin-
ciple protects the majority of foreign trade operations 
from excessive bureaucratic control. It is appropriate to 
consider the customs risk management system as a set 
of instruments and management methods based on the 
principle of selectivity. Such a system reduces the number 
of customs control forms applied, while ensuring that the 
chosen measures remain sufficient for compliance with 
customs legislation. Under current conditions, there is a 
clear need to establish a customs administration system 
in Ukraine that is stable, prevents violations of national 
customs law, increases the collection of customs duties 
and taxes, and enhances the competitiveness of Ukrain-
ian production. Procedures related to risk management 
are concentrated customs control in processes. where the 
highest risk is the registration of customs declarations, 
which are registered for all goods. In response to the evolv-
ing geopolitical environment, Ukraine’s customs policy is 
undergoing significant transformation, accompanied by 
a documented increase in violations related to the reg-
istration of customs declarations for goods and vehicles, 
which underscores the need for strengthened control 
mechanisms and improved regulatory oversight (In 2024, 
customs authorities…, 2025). Therefore, the development 
of a methodology for maintaining the optimal frequency 
of review of this risk is relevant. One of the forms of cus-
toms control is, first of all, verification of the authenticity 
of customs declarations.

Systems designed to support decision-making pro-
cesses, in particular advisory and expert systems, are 
gaining particular relevance. The name of these systems 
fully corresponds to their purpose: at the user’s request, 
they “issue” recommendations in a situation that arises 
during the analysis of objects. The system should issue 
recommendations at the level of an experienced person, 
an authority in his field. An expert system is not intend-
ed to replace a person who makes decisions, although 
in extreme cases such a replacement is possible. The use 
of expert systems and adequate methods of object iden-
tification for the needs of customs clearance of goods 
and customs control is an important and priority area of  

goods. It was shown that the identification of customs clearance objects using fuzzy logic apparatus allows to automate 
the processing of information that is given in the customs declaration, the consumer documents and technical 
documentation. And which is submitted to the customs authorities with the control of the legalness of the classification 
of goods using the apparatus of fuzzy logic. Recommendations were developed for the use of the fuzzy logic apparatus 
in an automated expert system to determine the correctness of customs clearance of goods. This system was intended 
to enhance control over the correctness of goods classification during customs clearance and to prevent evasion by 
participants of foreign economic activity from paying taxes in full and from complying with non-tariff regulation 
measures through violations of declaration rules for goods crossing the customs border of Ukraine. It was also aimed at 
reducing the time of customs clearance, providing direct solutions to complex and contradictory classification problems 
arising during clearance, and avoiding errors in the classification of goods

  Keywords: information automation; risk management; non-tariff regulation; logistics operators; transport 
monitoring
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digital ecosystems, automated control algorithms, and AI-
based tools enhance supply-chain security in global trade. 

The literature review confirmed that, in the practice of 
customs clearance, a number of systemic problems per-
sist due to the absence of an effective mechanism for de-
termining the physical, chemical, and other characteris-
tics of goods crossing the customs border of Ukraine. The 
classification process is complicated by the large volume 
of input information, inaccuracies in primary data, lim-
ited decision-making timeframes, the extensive number 
of explanatory letters issued by the State Customs Service 
(SCSU), and an insufficient level of specialised knowledge 
in certain fields. This highlights the need to improve ap-
proaches to goods classification, particularly through the 
automation of relevant procedures, which would contrib-
ute to increasing the accuracy and efficiency of customs 
control. The aim of the work was to design a model for the 
digitalisation of customs clearance processes using fuzzy 
logic in international freight transportation.

 Materials and Methods
The object of this study was the processes of customs 
clearance of declarations in the context of international 
carriage of goods. The subject of the work was the math-
ematical model of control of the correctness of filling 
out customs declarations with the apparatus of fuzzy 
logic. The method of identification of objects of customs 
control is aimed at implementing a single algorithm for 
automated processing of information contained in cus-
toms documents (cargo customs declaration; accompa-
nying documents; technical documentation at the level 
of customs authorities with control over the correctness 
of the classification of goods; with the issuance of vari-
ous recommendations, warnings; and also in substanti-
ating the established position for the regular personnel 
of customs authorities who carry out customs control 
and customs clearance of goods). Within the framework 
of the study, the regulatory and legal basis of customs 
regulation was analysed, in particular the provisions of 
the Law of Ukraine No. 2697-IX (2023), which defines the 
structure and content of the Ukrainian Classification of 
Goods for Foreign Economic Activity (UKTZED). An ap-
proach based on the application of fuzzy logic was se-
lected, as it makes it possible to take into account not 
only precise quantitative data but also qualitative ex-
pert assessments. The practice of human decision-mak-
ing was analysed, since individuals often operate with 
vague concepts such as “high”, “low”, “near”, “far”, “fast”, 
and “slow”, which reflect the subjective perception of 
information. The choice of fuzzy logic was justified by 
its ability to formalise and process such qualitative ex-
pert knowledge while preserving important information 
derived from professional experience, and at the same 
time ensuring objective data processing within expert 

systems. The use of this approach enables the effective 
handling of qualitative and incomplete data under con-
ditions of limited time. Goods were considered as a set 
of fuzzy statements with corresponding degrees of truth 
within the interval [0; 1], which made it possible to rep-
resent expert knowledge in a formalised manner. On the 
basis of fuzzy logic operations (conjunction, disjunction, 
and negation), mathematical models and algorithms 
were developed to determine the assignment of cus-
toms control objects to specific UKTZED subcategories. 
The practical implementation of the methodology was 
demonstrated through examples of classifying motor 
vehicles under heading 8703 and motor gasolines under 
heading 2710, which confirmed the potential to increase 
the accuracy, objectivity, and efficiency of customs con-
trol by automating classification procedures.

 Results
Significant challenges exist in the classification and iden-
tification of goods, as there is currently no effective and 
reliable system for determining their physical, chemical, 
and other properties when crossing the customs border of 
Ukraine. Goods are classified according to the UKTZED, 
established by the Law of Ukraine No. 2697-IX (2023). The 
main problems of correct classification: a large volume 
of input information; inaccuracy (inaccuracy) of primary 
data; short deadlines for making a decision on assigning 
a commodity code; a large number of information letters 
from the SCSU; lack of a sufficient level of knowledge in 
some areas, including specific knowledge (chemical in-
dustry, light industry, mechanical engineering, electron-
ics, agriculture, etc.) (Chupailenko et al., 2023). Automa-
tion of the process of classification of goods would solve 
a number of issues that arise in the process of customs 
clearance. Fuzzy logic enables the processing of infor-
mation that contains expert knowledge and experience, 
which are difficult to formalise into precise numerical val-
ues. As a result, expert systems based on fuzzy logic can ef-
fectively integrate quantitative and qualitative data, assess 
information objectively, and make decisions under time 
constraints, making them particularly relevant for mod-
ern complex systems (Mishchenko et al., 2020; Kostiana et 
al., 2021). The mathematical apparatus of fuzzy logic is at 
once the most adequate, it allows to maximally shorten 
the transition from a verbal, verbal, qualitative description 
of an object, which characterises human thinking, to nu-
merical quantitative assessments of its state. This makes 
it possible to formulate on this basis simple and effective 
algorithms to model human thoughts and human ability 
to perform tasks. The possibility of identifying objects of 
customs control for commodity item 8703, according to 
the Ukrainian Classification of Economic Activities (object 
class “passenger car”), can be considered using the math-
ematical apparatus of fuzzy logic (Table 1).
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Table  1 presented a structured set of classification 
characteristics used to identify motor vehicles within the 
UKTZED and summarised key technical and function-
al parameters that determine the correct assignment of 
a product to a specific tariff heading when performing 
customs clearance procedures. The provided character-
istics encompass several essential classification criteria. 
These include the general category of the vehicle, such 
as passenger cars and other motor vehicles, as well as 
its functional purpose, for example, vehicles equipped 
for temporary human use. The type of engine, whether 
spark-ignition, compression-ignition, or other types, is 
also considered, along with the engine cylinder capaci-
ty, which serves as a critical parameter for tariff differ-
entiation. Additionally, the condition of the vehicle, par-
ticularly whether it is new, is taken into account. Table 1 
demonstrated a clear hierarchical structure, progressing 
from broad product categories to more detailed techni-
cal specifications that influence tariff classification. Such 
structuring is fundamental for ensuring accurate product 
identification during customs control, the correct appli-
cation of customs duties and excise tax rates, consistency 
and transparency in the classification of motor vehicles, 

and compliance with the principles of the Harmonised 
Commodity Description and Coding System. Given its 
systematic presentation of determining characteristics, 
the table serves as a practical reference for both customs 
authorities and foreign trade operators, supporting the 
effective and legally compliant performance of customs 
procedures.

The object of identification “car” can be represented 
as a set of characteristics expressed as fuzzy statements. A 
fuzzy statement is a sentence about which one can judge 
the degree of its truth or falsehood at a given time. The de-
gree of truth or falsehood of each fuzzy statement takes 
on a value from the closed interval  [0; 1], where 0 and 1 
are the limiting values ​​of the degree of truth and coincide 
with the concepts of “false” and “true” for “clear” state-
ments. A fuzzy statement that has a value of the degree 
of truth equal to 0.5 is called indifference, since it is true 
to the same extent as it is false. Compound sentences are 
formed from simple sentences using the logical opera-
tions of negation, conjunction, disjunction, implication, 
etc. Thus, the conditional car of commodity heading 8703 
can be written as a set of vague sentences that meet cer-
tain characteristics (Table 2).

ã1 “Cars and other motor vehicles”
ã12 “Motor vehicles equipped for temporary human consumption”
ã13 “Other transport means”
ã21 “Spark-ignition internal combustion engine with a cylinder capacity exceeding 2,200 cm3 but not exceeding 3,000 cm3”
ã22 “Compression-ignition internal combustion engine (diesel or semi-diesel)”
ã3 “Another engine”
ã4 “New”

Table 1. Characteristics determining for classification of product

Source: developed by the authors

Unclear statement ã1 ã12 ã13 ã21 ã22 ã3 ã4

Degree of authenticity 0.9 0.7 0.9 0.6 0.4 0.6 0.9

Table 2. Characteristics of heading 8703

Source: developed by the authors

The features relevant for classifying products in the 
subcategories 8703 23 11 30 and 8703 23 19 30 have been 
identified. To determine whether a product belongs to the 
specified product groups, the following characteristics are 
important: ã4, ã21, ã22, ã3, ã13. A concise, generalised state-
ment characterising the proposed product subcategories 
can be formulated as follows:

Ã8703231930
 = (ã13 & ((ã21Uã22) Uךã3)) &ã4;

Ã8703231130
ã4.              (1)& ((ã3ךU (ã21Uã22)) &ã13ך) = 

The degrees of truth for the first and second fuzzy 
statements are determined. Using the definition, they can 
be written as follows:

Ã8703231930
 = (ã13 & ((ã21Uã22) Uךã3)) &ã4;

Ã8703231930
 = (ã13& max(max(ã21, ã22),ךã3)) &ã4;

Ã8703231930
 = min(min(ã13,max(max(ã21, ã22),ךã3)),ã4);

Ã8703231930
 = min(min(0.9, max(max(0.6, 0.4), 1 – 0)),

0.9) = 0,9.                                          (2)

Ã8703231130
;ã4& ((ã3ךU (ã21Uã22)) &ã13ך) = 

Ã8703231130
;ã4& ((ã3ך,max(ã21, ã22))ã13& maxך) = 

Ã8703231130
 = min(min(1 – ã13, max(max(ã21, ã22),ךã3)), ã4);

Ã8703231130
 = min(min(1–0.9, max(max(0.6, 0.4), 1 – 0)),

0.9) = 0.1.                                           (3)

So, based on the calculation results, it can be con-
cluded that a car with the given characteristics is far more 
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appropriately classified under code 8703 23 19 30 rather 
than under code 8703 23 11 30. The Table 3 is completed 

following the procedure for determining product codes in 
accordance with the UKTZED. 

Code Product description

8703 Motor vehicles and other motorised transport vehicles, designed primarily for the transport of persons (other 
than motor transport vehicles of heading 8702), including trucks, vans and racing cars:

8703 10 18 00 - - others

……………. - other compact tools with an internal combustion engine with spark ignition and with a crank-rod 
mechanism:

8703 21 10 00 - - - new ones
8703 21 90 - - - what was used:

8703 21 90 10 - - - - no more than 5 years
8703 21 90 30 - - - - more than 5 years

8703 22 - - with a side volume of engine cylinders over 1.000 cm3, but not more than 1,500 cm3:
8703 22 10 00 - - - new ones

8703 22 90 - - - what is the meaning of the word:
8703 22 90 10 - - - - no more than 5 years
8703 22 90 30 - - - - more than 5 years

8703 23 - - with a lateral volume of engine cylinders over 1,500 cm3, but not more than 3,000 cm3: - - - new
8703 23 11 - - - - motor vehicles equipped for temporary human consumption:

8703 23 11 10 - - - - - with engine cylinder volume over 1,500 cm3, but not more than 2,200 cm3

8703 23 11 30 - - - - - with an engine cylinder volume of more than 2,200 cm3, but not more than 3,000 cm3

8703 23 19 - - - - others:
8703 23 19 10 - - - - - with engine cylinder volume over 1,500 cm3, but not more than 2,200 cm3

8703 23 19 30 - - - - - with a volume of more than 2,200 cm3, but not more than 3,000 cm3

Table 3. The structure of the product respectively UKTZED (extract)

Note: Hyphens in the structure of the UKTZED are used to indicate the hierarchical level of product classification. Each additional 
hyphen represents a lower-level subheading within the corresponding product category and specifies the characteristics of the goods
Source: developed by the authors

Table  3 contained systematic information on the 
product nomenclature of vehicles under the UKT FEA 
code 8703, which covers passenger cars and other motor 
vehicles designed primarily for the transport of passen-
gers. This structure presented a hierarchical division of 
product positions based on the key technical characteris-
tics of vehicles, including the type of engine and method 
of ignition, the presence of a crank mechanism, engine 
cylinder capacity, classification into new and used, and 
breakdown by service life (up to 5 years and over 5 years). 
It reflects that each basic code (e.g., 8703, 8703 21, 8703 22, 
8703 23) comprises a number of subcategories that specify 
the technical parameters of the vehicle. This hierarchical 
structure is typical for the UKT FEA and enables accurate 
tariffing as well as the correct determination of tax rates 

depending on the vehicle’s configuration, technical con-
dition, and age. The positions regarding vehicles are pre-
sented in particular detail, including those with a spark-ig-
nition (gasoline) engine, with an engine displacement of 
up to 1,500 cm3, 1,500-2,200 cm3, and 2,200-3,000 cm3, and 
those which are new as well as used. Such detailing is im-
portant for customs clearance, as different subcategories 
are subject to varying rates of customs duties, excise du-
ties, and other taxes. Table 3 also demonstrates the logic 
of vehicle classification in customs matters, progressing 
from a general code to the most detailed description of the 
goods. The possibility of identifying objects of customs 
control for commodity item 2710, according to the UK-
TZED (object class “motor gasoline”), is examined using 
the mathematical apparatus of fuzzy logic (Table 4).

ã1 “Easy children for other purposes”
ã21 “Fuel for active engines”
ã22 “Aviation gasoline”
ã23 “Other gasolines containing lead”
ã31 “With octane number less than 95”

ã32
“With an octane number of 80 or less with a content of not less than 5 wt.% of a high-octane oxygen-containing additive or 

ethyl tert-butyl ether or its mixture”
ã4 “Other”

Table 4. Characteristics determining for classification of product

Source: developed by the authors

Table 4 showed the systematisation of the classifica-
tion features of goods used to determine their belonging 

to the relevant UKTZED codes during customs clearance. 
The table presents the symbols of the characteristics of 
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goods that are decisive for their correct identification in 
accordance with the requirements of the Harmonised 
Commodity Description and Coding System (World Cus-
toms Organization, n.d.). The presented classification fea-
tures cover the following groups of characteristics:

  functional purpose of the goods (for example, “for 
other purposes”);

  type and characteristics of fuel, in particular gaso-
line;

  octane number, which is a key parameter for the 
classification of petroleum products;

  content of additives, including high-octane oxy-
gen-containing components (ethyl tertiary-butyl ether 
(ETBE) and other additives).

Each of the above characteristics is assigned a specif-
ic symbol, which facilitates subsequent analysis and the 
use of data in customs practice. For instance, subgroups 
representing different types of gasoline are distinguished 
by octane number and impurity content, allowing the 
product to be unambiguously attributed to the corre-
sponding commodity subheading. The structure of the 
table demonstrates a logical approach to the classifica-
tion of goods, progressing from a general characteristic, 

such as the product type, to narrower characteristics that 
specify the physical and chemical properties. This format 
of presenting information is particularly valuable in the 
customs control process, as it helps prevent errors in de-
termining the commodity code, enables the reasonable 
application of the appropriate duty and excise tax rates, 
ensures a consistent approach to the classification of 
petroleum products, and facilitates accurate and trans-
parent tariff regulation. Owing to its clear structure and 
the generalisation of essential classification indicators, 
the table can serve as a reference tool both in academ-
ic research, such as a thesis, and in the practical activ-
ities of customs authorities and foreign trade entities. 
Therefore, in accordance with the UKTZED, the compa-
ny’s trade code: 8703 23 19 30 is a railway vehicle with 
an internal combustion engine with spark ignition and a 
crank-rod mechanism, new, other, with engine cylinder 
volume over 2,200 cm3, but not more than 3,000 cm3. The 
object of identification “motor gasoline” can be consid-
ered as a collection of abstract, vague expressions. Thus, 
the conditional motor gasoline of heading 2710 can be 
represented as a set of fuzzy expressions corresponding 
to specific specifications (Table 5).

Source: developed by the authors

Vague expression ã1 ã21 ã22 ã23 ã31 ã32 ã4

Degree of ownership 0.85 0.3 0.4 0.8 0.3 1 0

Table 5. Characteristics of heading 2710

The features relevant for classifying the company 
in the subcategories 2710 11 41 11 and 2710 11 41 19 are 
identified. To determine the company’s assignment, the 
following abstract indicators are significant for the spec-
ified social groups: ã32, ã21, ã22, ã23, and ã1. A complex 
fuzzy statement can then be formulated to summarise the 
proposed social subcategories:

Ã2710114111
 = (ã32 & ((ã22Uã23) Uךã21)) &ã1; 

 Ã2710114119
ã1.   (4)& ((ã21ךU (ã22Uã23)) &ã32ך) = 

The degrees of truth for the first and second fuzzy ex-
pressions are determined. Using the definition, they can 
be written as follows:

Ã2710114111
 = (ã32& ((ã22Uã23) Uךã21)) &ã1;

Ã2710114111= (ã32& max(max(ã22, ã23),ךã21)) &ã1;
Ã2710114111

 = min(min(ã32, max(max(ã22, ã23),ךã21)),ã1);
Ã2710114111

 = min(min(1, max(max(0.4, 0.8), 1 – 0.3)),
0.85) = 0,8.                                          (5)

Ã2710114119
;ã1& ((ã21ךU (ã22Uã23)) &ã32ך) = 

Ã2710114119
 = ã32& max(max(ã22, ãך) = 

;ã21)) &ã1ך,(23
Ã2710114119

 = min(min(1 – ã32, max(max(ã22, ã2 = 3),ךã21)), ã1);
Ã2710114119

 = min(min(1 – 1, max(max(0.4, 0.8), 1 – 0.3)),
0.85) = 0.                                              (6)

Therefore, taking into account the calculation re-
sults, motor gasolines with the specified characteristics 
are more appropriately classified under code 2710 11 41 

11 rather than under code 2710 11 41 19. In accordance 
with the UKTZED, the corresponding company codes are 
identified and shown in Table 6.

The Table 6 presented a multi-level structure of the 
classification of petroleum products under code 2710, 
which covers petroleum distillates and motor gasolines. 
The differentiation of product subcategories is based on 
their physico-chemical properties, which directly influ-
ence their applicability, environmental impact, energy 
performance, and the regulatory requirements for their 
transport and taxation. The structure illustrated a clear 
sequence of classification levels, beginning with the gen-
eral product category 2710, which covers petroleum and 
bituminous mineral products, and then narrowing to sub-
category 2710 11, which includes light distillates such as 
motor gasolines. Further subdivisions are made according 
to the purpose of the product (for other purposes, special 
gasolines, or motor gasoline), the type of gasoline (avia-
tion, leaded, or unleaded), the presence or absence of 
lead, octane rating, and the content of high-octane oxy-
genated additives, such as ETBE. This hierarchical struc-
ture ensured the accurate assignment of each product to 
the appropriate tariff heading based on its essential char-
acteristics. Special gasolines are intended for laboratory, 
technical, or specific industrial applications, whereas mo-
tor gasolines are designed for use in internal combustion 
engines. This distinction affects taxation, customs pay-
ments, and labeling requirements. Leaded gasolines form 
a separate category because their use is strictly regulated 



Digitisation of the processes of customs clearance...

Bulletin of the National Transport University. 2025. Vol. 29, No. 2

100

or prohibited due to environmental concerns, while un-
leaded gasolines are classified independently in compli-
ance with international emission standards. The octane 
number serves as a primary classification criterion, de-
fining the fuel’s resistance to detonation. Fuels are distin-
guished, for example, between those with less than 95 oc-
tane and those with 80 octane or less. The octane number 
determines the suitability of fuel for specific engine types 

and ensures compliance with quality and environmental 
regulations. Subcategory 2710 11 41 11 additionally spec-
ifies a requirement of at least 5 wt.% of a high-octane ox-
ygen-containing additive or ETBE. Such additives are sig-
nificant because they increase the octane rating, reduce 
the toxicity of exhaust gases, modify key physico-chemical 
parameters of gasoline, and influence the taxation system, 
particularly excise duty rates. 

Code Social experience

2710
Petroleum or petroleum products derived from bituminous dust (minerals), including white; products, not 

otherwise specified, containing 70 wt.% or more of oil or oil products derived from bituminous dust (minerals), 
because these oil products are the main structural components of the products; manufactured oil products:

2710 11 - - easy to read:
…………….. - - - for other purposes

- - - - special gasolines:
2710 11 25 00 - - - - - others

- - - - others:
- - - - - motor gasoline:

2710 11 31 00 - - - - - - aviation gasoline
- - - - - - others, containing lead:

- - - - - - - 0,013 g/l or less:
2710 11 41 - - - - - - - - with octane number less than 95:

- - - - - - - - - with an octane number of 80 or less:

2710 11 41 11 - - - - - - - - - - with a content of not less than 5 wt.% of high-octane oxygen additive or ethyl tert-butyl ether or its 
mixture

2710 11 41 19 - - - - - - - - - - others

Table 6. Structure of UKTZED (part)

Source: developed by the authors

Therefore, fuels containing these additives are classi-
fied separately. Classification based on octane rating and 
additive content is crucial for several reasons:

1. Internal combustion engines are designed to oper-
ate with fuel of a specific octane value, and using unsuita-
ble fuel can lead to detonation, reduced engine efficiency, 
and mechanical damage, making proper classification es-
sential.

2. Environmental and regulatory requirements, such 
as modern Euro emission standards, demand high-octane 
fuel with minimal harmful impurities. The presence or ab-
sence of lead alters the environmental impact of the fuel, 
while oxygenated high-octane additives ensure compli-
ance with environmental regulations.

3.  Fiscal and customs considerations are influenced 
by additive content, as substances like ETBE affect ap-
plicable excise duties, and different octane categories are 
taxed differently. Correct classification ensures accurate 
calculation of customs duties and taxes.

4. Market value is also affected, with high-octane fu-
els and additive-enriched gasolines differing significantly 
in price and market characteristics, influencing customs 
valuation.

The Table  6 thus presented a detailed and logically 
structured classification system for petroleum products, 
enabling precise identification based on physico-chem-
ical characteristics. Distinctions between subcategories 
are grounded in parameters that determine the quality, 
safety, application area, and tax regime of each fuel type. 

For this reason, characteristics such as octane rating and 
the presence of high-octane oxygenated additives are es-
sential for correctly determining the tariff code under UK-
TZED. Therefore, in accordance with UKTZED, the com-
pany’s product code: 2710 11 41 11 – light diesel, for other 
purposes: motor gasoline, with an octane number of 80 or 
less, with a content of no less than 5 wt.% of high-octane 
oxygen additive or ethyl tert-butyl ether or its mixture. The 
mathematical model of digitisation of customs clearance 
processes using fuzzy logic in international freight trans-
port is presented, which will significantly improve the ac-
curacy of declarations and speed up customs procedures.

 Discussion
The results obtained in this study demonstrated that the 
proposed fuzzy-logic-based model significantly enhanc-
es the efficiency, adaptability, and analytical capacity of 
customs procedures, particularly under conditions of un-
certainty that are inherent to global logistics chains. The 
developed mathematical model for verifying the correct-
ness of customs declarations has practical significance 
and can be used in customs control methods. This distin-
guishes the work from other developments, which have a 
number of shortcomings. The results of the present study 
align with the I.M. Kveliashvili & T.S. Totska (2021) conclu-
sions, indicating that the strategic objectives of customs 
authorities focus on the implementation of innovations 
and information and communication technologies, the 
improvement of procedural formalities, and the adoption 
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of management decisions grounded in the rule of law and 
aimed at ensuring customs security. The findings corre-
late strongly with the trends identified in contemporary 
transport-systems research. As emphasised by E.M. Dem-
chenko & O.E. Dorosh (2023) and Yu.O. Osipchuk (2024), 
the ongoing transformation of logistics networks is driven 
by digital integration, smart transport systems, and au-
tomated data exchange. The present study supports this 
perspective by showing that customs clearance is also 
increasingly dependent on digital ecosystems that must 
process heterogeneous, dynamic, and often incomplete 
transport information. The methodological foundation of 
the model aligns with earlier works on fuzzy-logic appli-
cations in transport analytics. Yu.O. Kovtunov et al. (2020) 
demonstrated that fuzzy methods improve the algorith-
misation of interactive monitoring processes by compen-
sating for uncertain or incomplete data. In this research, 
fuzzy inference is similarly applied to classify customs-re-
lated risks, interpret inconsistent documentation, and 
integrate diverse data flows coming from transport moni-
toring systems and logistics operators. A close conceptual 
match is also seen with studies analysing digital customs 
risk-management systems. V.F.  Tyshchenko  et al.  (2022) 
highlighted the use of fuzzy algorithms within automated 
system for customs clearance of goods and vehicles/auto-
mated system for risk analysis and management for con-
structing complex risk profiles. The results of this study 
extend those findings by offering a generalised fuzzy-logic 
model suitable for real-time customs clearance, enabling 
dynamic adjustment of risk indicators and prioritisation 
of consignments. This strengthens the argument that 
fuzzy logic provides a more human-interpretable and flex-
ible alternative to purely statistical risk models. The work 
further aligns with M. Ishchuk et al. (2024), who examined 
the modernisation of the Ukrainian Customs Service, 
particularly emphasising automated risk analysis and 
the growing role of AI-based tools. The model developed 
in this study contributes to that modernisation pathway, 
proposing an adaptable decision-support mechanism 
that reduces manual workload, increases transparency, 
and supports harmonisation with European Union digi-
tal-customs standards. As noted in the analysis of infor-
mation and communication technology-based customs 
systems in Korea by S.-B.  Kim & D.  Kim  (2020), digital 
transformation improves transparency, accelerates cus-
toms processes, and enhances institutional efficiency. 
The findings of the article reinforce this conclusion: the 
fuzzy-logic model reduces subjective decision-making, 
strengthens rule-based processing, and enables faster 
identification of potentially risky shipments. From the 
standpoint of logistics and transport-operations optimi-
sation, the results are consistent with studies demonstrat-
ing the robustness of fuzzy-logic decision tools.

A. Pálková & J. Mašek (2024) showed that fuzzy mod-
els effectively evaluate uncertain transport parameters 
and assist in selecting optimal logistics solutions. In the 
current research, fuzzy decision rules support the inter-
pretation of ambiguous cargo characteristics, varying 

routes, and mixed transport conditions – factors that di-
rectly influence customs-risk scoring. Similarly, advanced 
fuzzy-logic techniques used in logistics modelling, such 
as those applied by D.P.  Moreno-Palacio  et al.  (2023) to 
freight tour optimisation, validated the relevance of fuzzy 
constraints in environments with variable or unpredicta-
ble demand. The proposed model leverages comparable 
fuzzy-logic logic structures to manage unpredictability 
in international cargo flows and irregularities in customs 
documentation. In turn, B. Chen et al. (2021) developed a 
machine-learning model aimed at detecting HS-code mis-
classification in customs declarations. The study demon-
strated that the application of data-driven algorithms en-
hanced the accuracy of customs control procedures and 
reduced the risk of classification errors. Finally, the results 
resonate with broader risk-assessment studies in trans-
port and supply-chain systems. D. Muzylyov et al. (2024) 
demonstrated the effectiveness of fuzzy methods for eval-
uating operational uncertainty in agricultural logistics 
chains. This reinforces the argument that fuzzy logic is a 
versatile tool applicable across different sectors of freight 
movement – including customs clearance, where risks are 
multidimensional and dynamic. Overall, the results of this 
study confirm that incorporating fuzzy logic into the digi-
tal architecture of customs-clearance processes offers sev-
eral significant benefits:

  enhanced processing of uncertain, incomplete, or 
contradictory data;

  greater flexibility and transparency in risk-assess-
ment procedures;

 better integration with modern transport-monitor-
ing and ICT platforms;

  higher overall efficiency and reduced clearance 
times;

  alignment with global trends in digital customs 
transformation.

The convergence of evidence from related works and 
the empirical findings of this study indicate that fuzzy-
logic-based customs models can serve as a foundational 
element of next-generation digital customs systems, es-
pecially in international freight transportation where un-
certainty, complexity, and operational variability remain 
critical challenges. The identification of objects of cus-
toms clearance with the calculation of fuzzy logic allows 
automating the processing of information provided in 
the cargo customs declaration, procurement documents 
and technical documentation, which is submitted to the 
customs authorities with the control of the right to classify 
goods with the help of unclear logicians. The automated 
system issues recommendations, approvals and recom-
mendations for customs clearance of goods, and also saves 
time for customs clearance. An automated expert system 
for determining the correctness of customs clearance of 
goods is intended to strengthen control over the accurate 
classification of goods, prevent cases of tax evasion and 
violations of non-tariff regulations by participants in for-
eign economic activity, reduce the time required for cus-
toms clearance, and enable the resolution of complex and  
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conflicting issues that arise during classification. Addi-
tionally, it minimises errors in assigning the correct com-
modity codes, ensuring compliance with customs proce-
dures and regulatory requirements.

 Conclusions
It is shown that the identification of objects of customs 
clearance with the calculation of the fuzzy logic algo-
rithm allows automating the processing of the informa-
tion entered in the cargo customs declaration, packaging 
documents and technical documentation. and which is 
submitted to the customs authorities with the control of 
the right to classify goods with the help of fuzzy logic. The 
automated system issues recommendations, approvals 
and recommendations for customs clearance of goods, 
and also saves time for customs clearance. A mathemati-
cal model for checking the correctness of customs clear-
ance with the use of fuzzy logic in international cargo 
transportation has been developed. Automated exper-
imental system for determining the correctness of the 
customs clearance of goods, which should provide: the 
purpose of control of the correctness of the classification 
of goods under customs duty permission; prevention 
of attempts by students to enhance external economic  

activity from paying taxes in full and from non-tariff ad-
justment measures when violations are committed dec-
laration of goods moving through the customs territory 
of Ukraine; the beginning of the customs clearance of 
the company; direct resolution of complex and very se-
rious problems with the classification of goods that arise 
during customs clearance; avoiding errors in the classifi-
cation of goods. The developed mathematical model for 
checking the correctness of customs clearance with the 
calculation of fuzzy logic must become a part of the risk 
management system that arises during the declaration 
of goods. It will also be possible to improve the risk man-
agement system by building a more balanced methodol-
ogy for determining the multiple value of the risk assess-
ment of customs procedures.
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  Анотація. Актуальність дослідження зумовлена зростаючим використанням автоматизованих систем 
митного оформлення, які формують рекомендації, попередження та обґрунтування з метою скорочення 
часу обробки вантажів. Водночас ефективність таких систем залежить від науково обґрунтованої методології 
визначення оптимальної періодичності перегляду профілів ризику та вдосконалення кількісної оцінки 
ризиків. Метою дослідження було розроблення математичної моделі перевірки правильності митного 
оформлення із застосуванням апарату нечіткої логіки в умовах міжнародних вантажних перевезень. 
Методи дослідження включали розроблення математичних моделей та алгоритмів їх реалізації. Зокрема, 
математичний апарат нечіткої логіки було застосовано для визначення коректності митного оформлення 
товарів. Показано, що ідентифікація об’єктів митного контролю із використанням нечіткої логіки дозволяє 
автоматизувати обробку інформації, поданої в митній декларації, супровідних документах і технічній 
документації, яка надходить до митних органів для контролю правомірності класифікації товарів. 
Розроблено рекомендації щодо використання апарату нечіткої логіки в автоматизованій експертній системі 
для визначення правильності митного оформлення. Запропонована система спрямована на посилення 
контролю за коректністю класифікації товарів під час митного оформлення, запобігання ухиленню 
учасників зовнішньоекономічної діяльності від повної сплати податків та дотримання заходів нетарифного 
регулювання шляхом порушення правил декларування товарів, що переміщуються через митний кордон 
України. Вона також орієнтована на скорочення часу митного оформлення, безпосереднє вирішення 
складних і суперечливих класифікаційних питань та уникнення помилок у класифікації товарів

  Ключові слова: автоматизація інформації; управління ризиками; нетарифне регулювання; логістичні 
оператори; транспортний моніторинг
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