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Articles

Study on the Influence of Converters on Current in Mine Electrical Network:
A Case Study of a Mine in Vietham

Ho Viet Bun 2, Trinh Quyet Thang ?, Nhu Y Doa:*

aHanoi University of Mining and Geology, Hanoi, Vietnam
bHanoi College of Industry and Economics, Vietnam

Abstract

Inverters, soft starts, and power converters are all common in Vietnam's mining industry
today. The usage of these devices in the mine electrical network produces other current
components with frequencies other than 50Hz, which have undesired repercussions during
operation. The results for the leakage current of the electrical network show that at the time of
leakage before the inverter, the leakage current of the electrical network increases with a pulse
coefficient ky = 2.2 times and the current after the inverter fluctuates strongly and takes about 0.2s
to return to zero, which leads to the mistaken operation of the leakage protection relay in the mine
electrical network.

The research results provide the basis for calculating and selecting appropriate electrical
equipment to improve safety in underground mining.

Keywords: current, inverter, mine electrical network.

1. Introduction

Currently, in mining, many power electronic devices, including frequency converters,
are used to improve the working efficiency of machines. In addition, according to the results in
research (Kim, 2018; de Paula et al., 2015), it is shown that in the future, when the mine capacity
increases and the mining depth increases to ensure and improve the efficiency of power supply,
mining enterprises will use more and more of these types of devices. The conversion equipment is
usually a rectifier to convert AC into DC, an inverter to convert DC into AC, or both to provide
reasonable voltage for the loads in the electrical network (Do, 2018).

Using converters has many benefits such as: increasing power quality, reducing harmonics,
reducing voltage flicker during switching, reducing cable costs, reducing motor and cable heating.
In addition, converters can also provide DC power to DC motor load devices. Using single inverters
or external inverter stations causes harmonic problems, increases equipment losses, etc. and also
causes many other factors that lead to the mistaken impact of leakage protection devices in the
electrical network, causing unsafe mining operations (Zhao et al., 2016).

Many research projects have shown the influence of frequency converters on leakage currents
in industrial electrical networks in general and underground mine electrical networks in particular.

* Corresponding author
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In the study (Wymann et al., 2015; Nguyen et al., 2007; Beleiu et al., 2020) studied the effect of
high frequency current in the range of 50 Hz to 150 kHz on the operation of Residual Current
Devices (RCDs), the results of the study showed that type A and AC RCDs have increased
fundamental tripping current (50 Hz) in the presence of HF components, which poses a potential safety
hazard. In the study (Ngo, Do., 2022; Do, Ngo, 2021; Marek, 2017; Pontt et al., 2009) studied the effect
of high-order harmonics on electrical equipment in mining, the results of the study showed that high-
order harmonics negatively affect the operation of mine electrical equipment.

Through the above analysis, it can be seen that the use of power electronic devices generates
harmonics, increases losses on equipment, causes errors in measuring devices, etc. and also causes
many other factors that lead to the confusing effects of leakage protection devices. The content of
the article analyzes the impact of converters on current in the mine electrical network. The research
results are the basis for calculating the selection of suitable electrical equipment to improve safety
in underground mining in Vietnam. The research method is shown on the basis of theory and
simulation, the research results will provide recommendations to improve leakage protection in the
mine electrical network to ensure safety in mining.

2. Discussion and results

Mine power network model containing conversion equipment

The underground mine electrical network model containing converters to supply power to AC
and DC loads is shown in Figure 1 (Kim, 2018).
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Fig. 1. Mine electrical network containing conversion equipment

Figure 1 shows that in a mine electrical network containing converters, the electrical network
will include three types of current components: 50Hz alternating current component before the
inverter (BI), direct current component (DC) and alternating current component with a frequency
other than 50Hz after the inverter (Al). The general replacement diagram for an underground mine
electrical network containing converters is shown in Figure 2 (Nguyen et al., 2023).
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Fig. 2. Schematic diagram of the mine electrical network replacement containing
conversion equipment
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In the diagram, symbols R o, Rs, R ¢, Ca, Cg, Ccare the insulation resistance and phase
capacitance relative to ground of the network part before the inverter (BI); R ar, R sf, R ¢, C atf,
C st, C crare the insulation resistance and phase capacitance relative to ground of the network part
after the inverter (Al); R+, R ., C+, C_are the insulation resistance and capacitance between the
positive (+) and negative (-) poles relative to ground of the direct current (DC) network part; U fis
the secondary phase voltage of the area transformer; U o is the average value of the three-phase
bridge rectifier voltage.

The simulation model for general research is suitable for the underground mine electrical
network in Vietnam using inverter on Matlab-simulink software as shown in Figure 4, AC network
insulation resistance R=150k Q/phase, AC voltage frequency 50Hz, network voltage U=1140V,
in Figure 3.
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Fig. 3. Simulation model of mine power network using inverter

Based on the research model in Figure 3, the influence of the converter on the current in the
mine electrical network is studied. During the research process, the leakage current in the electrical
network when leakage occurs before the inverter with a 300k leakage resistor Qat 0.8s is also
studied. The survey results on voltage, current and leakage current before and after the inverter are
shown in Figures 4 to 8.
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Fig. 4. Voltage before inverter

Results in Figure 4 and Figure 5 show that the supply voltage and the electrical network have a
sinusoidal shape with an amplitude of 1140V. However, with the participation of the inverter in the
mine electrical network, the current in the electrical network is no longer sinusoidal, in addition to
the 50Hz frequency current, there are many other current components of 50Hz. When an electric
leakage occurs at 0.8s, the current amplitude before the inverter does not change much.
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Fig. 7. Output current from the inverter

The research results in Figure 6 and Figure 7 show that after the inversion process to convert
into AC voltage, the current amplitude after rectification suddenly increases with a peak amplitude
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of up to 52A after a period of 0.2s, the current stabilizes at an amplitude of 9A. After the electric
leakage occurs at 0.8s, the current after the inverter fluctuates strongly and takes about 0.2s to
return to zero.
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Fig. 8. Leakage current of the power network

The results for the leakage current of the electrical network in Figure 8 show that when a
leakage occurs, the amplitude of the leakage current increases suddenly with a pulse current value
of up to 0.4A and then stabilizes at an amplitude of 0.18A. Thus, it can be seen that at the time of
leakage before the inverter, the leakage current of the electrical network increases with a pulse
coefficient kw = 2.2 times the normal leakage current amplitude, which leads to the mistaken
operation of the leakage protection relay in the mine electrical network.

3. Conclusion

Converters such as inverters, soft starters, and power converters are commonly used in
mining in Vietnam today. In the future, when mining capacity increases and mining depth
increases to improve power supply efficiency, mining enterprises can switch to using inverter
stations. The use of these devices in the mine electrical network, in addition to the 50Hz alternating
current component, also includes current components with frequencies other than 50Hz. These
current components can cause confusion with the leakage protection relay. To improve operational
efficiency in mining, it is necessary to have measures to limit the impact of this current component
caused by power electronic devices.
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Spatial Knowledge Models
Irina A. Dubchak 2~
aRussian University of Transport, Moscow, Russian Federation

Abstract

The article explores the field of computer science and geoinformatics, which apply and
process spatial information. Spatial information serves as the basis for obtaining spatial knowledge
models. A general knowledge model is an ontology. When using spatial information, a spatial
ontology serves as a knowledge model. Spatial ontologies, which are models of spatial knowledge,
are considered. Spatial ontologies are created using spatial knowledge models. The taxonomy of
ontologies is shown. A dictionary ontology is described as a basic ontology, which is used in the
construction of complex ontologies. The concept of ontological information units is introduced.
The content of descriptive logic is revealed. The significance of an information field as a unifying
information model is shown. Examples of a spatial descriptor are given. A mechanism for obtaining
spatial ontologies based on spatial conceptual blending is considered. Conceptual blending in
geoinformatics is a transfer of the ideas of conceptual blending from psychology. The significance
of spatial relations for the formation of spatial ontologies is shown. An example of a spatial
ontology might be the result of conceptual blending or an electronic map. Generally, these models
may or may not be ontologies. The conditions for transforming spatial models into ontologies are
given. It is shown that a spatial model is an ontology if it contains knowledge. A formal description
of spatial composition and cartographic composition is provided.

Keywords: spatial knowledge model, ontology, spatial ontology, spatial conceptual
blending, cartographic composition, spatial composition, ontological modeling.

1. Introduction

Information sciences, particularly computer science and geoinformatics, use different types
of information models. The most important model in computer science and geoinformatics is the
knowledge model. A knowledge model has many forms of representation. The traditional form of
knowledge description is ontology (Chen et al., 2025). Ontology has a multi-level representation.
The lowest level of an ontology is a dictionary. A dictionary can be viewed as a set of thematically
related information units. If dictionary information systems form a single, consistent
terminological system, then such a dictionary is an ontology. The vocabulary units of ontology
vocabularies are ontological units. Complex ontologies are created based on dictionaries,
or systems of ontological information units. A dictionary-level ontology is called descriptive. This
ontology is constructed using descriptive logic. The term "descriptive logic" comes from the word
descriptor (Latin descriptor "describing"). Descriptive logic is interpreted as "describing and
consistent” logic. A descriptor, in one sense, is a phrase used to describe the semantic content of a
term or model. Another meaning of a descriptor is a dictionary. In linguistics, a descriptor, as a

* Corresponding author
E-mail addresses: iri-dubchak@yandex.ru (I.A. Dubchak)
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phrase, represents a linguistic information unit. In the field of knowledge, a descriptor is a linguistic
ontological unit. This information (geoinformation) unit is the basis for constructing linguistic
information constructs in an information field. A linguistic construct can describe knowledge. In this
case, the descriptor is an element of knowledge and ontology. The key to dictionary ontology is that it
provides a consistent foundation for constructing composite knowledge models. The large amount of
spatial information used to solve practical problems has led to the need to use it for cognition and
management. This situation has led to the need to construct spatial ontologies (Strader et al., 2024;
Bateman and Farrar, 2004). Spatial ontologies are a tool for cognition and knowledge acquisition in
geoinformatics. A distinctive feature of knowledge in geoinformatics is the use of not only spatial
ontologies but also geoinformation ontologies (Rosenberg, 2016). Spatial knowledge includes
geoknowledge, spatial relations, and spatial ontologies. Spatial knowledge is often represented visually:
digital images, electronic maps, and visual models. This article builds on the work of (Tsvetkov,
Kurdyukov, 2024), which focused on spatial ontologies.

2. Discussion and results

Basic Knowledge Models

Basic knowledge models are lower-level ontologies. Alexander's taxonomy (Alexander et al.,
1986) distinguishes three types of ontologies: static, epistemic, and dynamic. A static ontology is
interpreted as a dictionary ontology. It uses description logic. This logic is also called
terminological logic of concepts. It represents domain knowledge in a formalized form that
eliminates ambiguity. To link models into a single system, either a rule system or a unifying model
is used. Unifying models in computer science, geoinformatics, and the Earth sciences are the
information field (Tsvetkov, 2014) and the information space.

In an information field, a descriptor defines the semantic meaning of a model or group of
models within the terminological system of the knowledge domain being studied.
In geoinformatics, one example of a descriptor is conventional cartographic symbols. The formal
approach defines a descriptor as a description of a frame. Frames are also used to describe
knowledge. Description logic (Baader et al., 2008) uses the concepts of "concept” and "role,"” which
further links it to ontology and mathematical logic.

At the level of cognitive modeling, concepts are used to describe either categories or classes, for
example: "text models,” "point models,"” "linear models," and "areal models.” A role is a description of
the relationship between pairs of objects. For example, in urban settings, there is a binary relation
"City (A) is the parent of Street (B)" or a binary relation "Owner (X) owns House (Y)," where X and Y
can be substituted by arbitrary objects. Description logic formulates general statements such as
"every owner is a subject,"” "every real estate is owned," "every city is located in a country".

The basic knowledge model is the information unit — the descriptor. A descriptor is
associated with a word or sentence (phrase). By analogy with linguistic units, the concept of an
ontological unit can be introduced. A related set of information units creates a more complex
construct. For example, a set of related words creates a sentence. If such a sentence is free of
contradiction, it is an ontological unit. Ontological units can be combined or mixed. This
mechanism creates a new ontology if the resulting mixture is free of contradictions and united by a
single theme. An example is an electronic map, which "mixes symbols of three types, inscriptions,
and additional designations, all meeting the requirements of cartographic composition".
An electronic map may or may not be an ontology. Everything depends on the new knowledge
it contains. The basic knowledge model is an ontological information unit.

Mechanisms for constructing knowledge models.

Many geoinformation models have a visual representation. This visual representation has
morphology and semantics (Tsvetkov, 2025). This property of geoinformation models enables the
application of morphological and semantic modeling. Morphology can contain knowledge.
Morphological modeling can create a new type of knowledge, that is, an ontology.

Conceptual blending (CB) is an example of a mechanism for constructing spatial ontologies.
Conceptual blending can be interpreted as the blending of concepts. Concepts are a component of
ontologies. This mechanism was originally unrelated to ontologies and arose in psychology as a
cognitive technology. CB moved into the field of cognitive semantics, then into information
modeling. Conceptual blending was developed by J. Fauconnier and M. Turner (2008). The theory
of conceptual blending (Gregorcic, Haglund, 2021; Yoon, 2024) states that the relationships
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between cognitive situations are "blended" in the overall cognitive process of cognition. They view
concepts as a factor of cognition.

The theory of conceptual blending in ontology theory asserts that the blending of ontological
concepts creates a new ontology. In the modern understanding (Shahrokhi, 2024), this mechanism
creates new knowledge. In geoinformatics, this mechanism creates morphological and semantic
transformations. Conceptual blending uses the composition of morphologies. Cartographic
composition is an analog of such a composition. The process of creating maps can be viewed as
conceptual blending. It follows that a map constructed in this way is a spatial ontology.

A distinctive feature of morphological modeling is the presence of two approaches:
onomasiological and semasiological. An electronic map is created using onomasiological modeling.
In this approach, knowledge elements (information units) create a common complex knowledge
model. Another approach is to first blend and then extract knowledge elements. This is
semasiological modeling.

The description of spatial situations uses morphological representation as a set of images
depicting real objects.

Conceptual blending theory is associated with cognition, and therefore it is associated with
ontologies as tools for cognition.

Spatial ontologies are a broader concept than geoinformation ontologies. These ontologies
are developed exclusively in geoinformatics. Spatial ontologies can be developed in geodesy,
photogrammetry, cartography, remote sensing, image processing, geology, cadastral surveys, and
so on. Such ontologies are used in transportation management (Levin et al., 2018) and real estate
management (Gurgov, Kurdyukov, 2024). Spatial ontology is a type of information ontology
(Tsvetkov, Kurdyukov, 2025). Transportation ontology (Kudzh, Kurdyukov, 2024) can be
considered a type of spatial ontology.

Spatial Knowledge Models.

Spatial knowledge models have two main construction methods: informational and
ontological. A spatial knowledge model (SKM) can be viewed as a new information model or as the
result of ontological modeling and a special case of ontologies. A SKM in geoinformatics can be
considered a special geoinformation model. Both types of models belong to the information field
(Tsvetkov, 2014). A SKM in geoinformatics becomes an ontology if it contains knowledge.

An information ontology is an information model that contains knowledge and meets the
requirements for constructing ontology. Accordingly, a spatial ontology is a geoinformation model that
contains spatial knowledge. Spatial information models contain spatial relations (Savinykh, 2017).

Spatial relations are the basis for ontological modeling and the construction of spatial
ontologies. Thus, a spatial ontology is interpreted as a geoinformation model that contains
knowledge. There may be several geoinformation and spatial ontologies. The simplest
geoinformation ontology is a terminological system of cartographic symbols.

Spatial ontology and geoinformation ontology can be epistemic, dynamic, or combined.
When describing stationary objects such as maps, epistemic technologies, including vocabulary
ontologies, are used. An epistemic ontology describes spatial situations. When studying dynamic
processes such as traffic flows, dynamic ontologies or transport ontologies are used. Both
ontologies are varieties of information ontology or ontology in the information field. A spatial
knowledge model is often an epistemic ontology.

Conceptual blending as a procedure and spatial ontology.

Conceptual blending can be compared to classification since it has two meanings. The result
of classification is a classification model. CB and classification as a technology describe certain
processes. CB and classification as a result denote constructed models. CB as a result describes a
spatial model, which is always an ontology.

Conceptual spatial blending exploits morphological similarities and differences. Conceptual
spatial blending is feasible in the presence of figurative models. An important condition for
conceptual blending is the presence of spatial relationships between the objects being blended.
Spatial relationships are defined by a unified coordinate system.

In general, the process of conceptual mixing of figurative models (fm) can be represented in
the form of a formal expression (1).

SRA [fm1(x1, y1) STR fm2(x2, y2) STR fmn(xn, yn)]— CB(x, y) (1)
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In expression (1) (x1, yl) is the set of points belonging to the spatial image fml; SR is the
spatial relations; fm is the spatial images, the number of which is equal to n; STR is a set-
theoretical or logical operation; X, y is the set of points belonging to the result of conceptual mixing
CB. The set of spatial images fmn(X, y) in combination with STR and with the relations SR forms
the composition CB. Figure 1 shows examples of input spatial images fm1, fm2.

fm1l fml

Fig. 1. Example of spatial images of concentrically related figures.

Figure 1 does not show coordinate systems because the geometric centers are connected. This
spatial connection precludes the use of coordinate systems.
Figure 2 shows examples of conceptual blending during various blending operations.

s

CB2 CB3 CB4
Fig. 2. An example of conceptual blending across different operations

The following operations were applied to Figure 2:

CB1=fml ufm2 (2)
CB2=fmln fm2 (3)
CB3=fml - fm2 (4)
CB4=fm2 —fml (5)

Expression (2) describes the union of the images fml and fm2 and the resulting conceptual
blending result CB1. Expression (3) describes CB2 as the intersection of the images fml and fm2.
Expression (4) describes CB3 as the difference between the images fml and fm2. Expression (5)
describes the conceptual blending CB4 as the difference between the images fm2 and fm1.

In the given example, the spatial coordinates are defined such that the centers of the figures
coincide. In this case, there is no need to introduce coordinate systems. The general conclusion is
that conceptual blending creates a spatial composition as a new knowledge model.

Electronic map as a knowledge model.

An electronic map can be either a knowledge model or a spatial model. For example,
a photograph is a spatial model and is not a knowledge model. It is a reflection of reality, like a
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mirror. A knowledge model is something that contains something new, and this newness is
definitely knowledge.

Conceptual spatial blending (CB) as a spatial morphological procedure and conceptual
blending in digital map construction as a spatially stratified procedure differ. All the conditions of
spatial conceptual blending are preserved during digital map construction. In geoinformatics,
conceptual blending can be implemented through overlay (Overlay Spatial Analysis) (Kumar,
Akkinepally, 2024). This mechanism is used in the construction of digital maps in geographic
information systems. The general scheme for digital map construction is more complex. It can also
be interpreted as a process of conceptual blending of figurative basic cartographic models (fm).

A A SRA [fm1(x1, y1) STR fm2(x2, y2) STR fmn(xn, yn)]— EM(X, y) (6)

Expression (6) shows that the electronic map is realized with an additional parameter, order
A, and the same conditions as conceptual blending. The set of spatial models fmn(xn, yn) forms a
composition as the electronic map EM(X, y), which is a more complex version of conceptual
blending. The electronic map EM and conceptual spatial blending CB have similar construction
mechanisms but are qualitatively different. Additional conditions for constructing EM include four
components: the presence of order (A) between the original spatial images; the presence of
proportionality (Bolbakov, 2022) between spatial information images (this is not necessary for
conceptual blending); the presence of a system of spatial information units; and the presence of a
single coordinate system for all images.

In conceptual blending, the coordinate system can be replaced by non-fixed spatial
relationships, such as the relationship between the centers of figures.

To emphasize the difference between EM and CB, we introduce the concept of a cartographic
composition, which corresponds to expression (6). For conceptual blending, we introduce the
concept of spatial composition, which is described by expression (1).

The order between spatial images affects the hierarchy of their spatial arrangement during
conceptual blending. Many geographic information models are stratified and consist of layers.
For a knowledge model, such as an electronic map, the bottom layer typically contains the "world
ocean" layer. Next comes the "continents" layer, which represents areal objects. Next comes the
layer for state boundaries, which is a linear feature. Lakes and rivers are then added, and so on.
If the world ocean were superimposed on top, it would cover all objects, and the model would be
uninformative. This suggests that spatial blending is hot commutative, and it requires defining an
order using cognitive modeling.

The presence of proportionality between information images suggests that geometrically
proportionate objects, such as land parcels, cadastral plans, and so on, should be used in
constructing electronic maps. Proportionality is interpreted as equal scale. That is, objects of equal
scale should be blended. The state and a single plot of land or building cannot be confused.
Proportionality is achieved by creating maps of a specific scale.

The presence of a system of spatial information units implies the presence of a basic
vocabulary ontology in the form of a thesaurus or cartographic classifier. The spatial ontology
created by conceptual blending is a complex object to perceive. A cartographic composition is an
example. Reading it requires libraries of cartographic symbols and map design rules.

3. Conclusion

It has been shown that spatial relationships can be defined either through a coordinate
system or through tie points of geometric images, such as geometric centers. It can be concluded
that spatial blending offers an alternative to the coordinate system in the form of tie point
assignment. The spatial composition of a single conceptual blend is implemented according to the
principle of "figure-figure blending by tie points or by a common coordinate system." Cartographic
composition is implemented according to the principle of "{coordinate system-figure}; {coordinate
system-figure}; equal scales; {blending in a single coordinate system}." A prerequisite for creating
a cartographic composition is the presence of a stratified hierarchy between the spatial images used
to create the electronic map.
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This study examines two types of knowledge models: conceptual blending (CB) and electronic
map (EM). These spatial models are spatial ontologies. Conceptual blending technology is used in
both models, but with varying degrees of detail and under different conditions. Conceptual
blending technology can be defined as an ontological modeling technology. An electronic map, as a
knowledge model, uses a system of vocabulary ontologies. A photograph, like an image in a mirror,
is not an ontology because it does not have a vocabulary ontology.
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Abstract

The article explores the uncertainty of information space and cyber-physical space.
The content of information space and cyberspace is revealed. A new point of view on information
space is given. The difference between parametric information spaces and physical information
spaces is described. The importance of spatial information in modern society and business is noted.
Four types of different information spaces are identified. Virtual space is considered as one of the
types of information space. The coordinate system is considered as one of the types of information
space. The main purposes of information space are revealed. The analysis of information space
shows the objective existence of information uncertainty in it. The reasons for the emergence of
uncertainty in information space are shown. The relationship between the information field and
information space is noted. The difference between these entities is shown. The importance of
spatial relations as a prerequisite and as a factor of uncertainty in information space is noted.
The relationship between information space and cyber-physical space is substantiated. The main
function of information space is semantics or content. The main function of cyberspace is
communication and management. The content of several types of cyberspace is revealed. Social
cyberspace is highlighted. The article introduces the concept of partial information uncertainty.
Particular information uncertainty characterizes an object, a process, and a situation. The existence
of cognitive uncertainty is noted. The content of morphological uncertainty and semantic
uncertainty is revealed. The article introduces the concept of spatial uncertainty. The concept of
field uncertainty is introduced as a mass uncertainty characteristic of all objects in a given part of
the information field or part of the information space. A taxonomy of factors influencing the
emergence of uncertainty is provided.

Keywords: information space, cyberspace, types of information spaces, information
uncertainty, information field, partial uncertainty, spatial uncertainty, field uncertainty.

1. Introduction

The current state of societal development is characterized by the growth of informatization
(Bearman et al., 2023) and the expansion of digitalization. These general trends are well known.
However, the fact that spatial information is acquiring increasing importance in modern society is
rarely noted. The development of business and production is accompanied by the development of
various information spaces and the development of cyberspaces. Information spaces exist in two
types: parametric, in the abstract domain, and physical, associated with real space. Physical spatial
information is used in construction, transportation (Tsvetkov., Oznamets, 2020), regional
economics, and spatial economics (Curry, 2020, Tsvetkov, 2013). All areas encounter information
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uncertainty. Parametric spatial information is used in virtual models and virtual spaces. Cyber-
physical spatial information is used in both virtual spaces and physical spaces. It follows that
cyber-physical space connects abstract and physical spaces. This property is widely used in digital
twin technologies.

Society's development is characterized by the growth of information volumes, including
spatial information. The growth of information volumes creates the problem of big data (Himeur et
al.,, 2023, Levin, Tsvetkov, 2017). The growth of information volumes, for example, in
transportation is due to the increase in speeds (Connolly, Costa, 2020). Increasing speeds create a
vast control space. The growth in information volumes is driven by the use of new data collection
technologies, including mobile laser scanning (Gospodinov et al., 2024, Markov, Mitev, 2024) and
digital railways (Tsvetkov et al., 2019). This growth in information volumes is driven by the
increasing complexity of control situations (Connolly, Costa, 2020).

This growth in information volumes is driven by the use of cyber-physical systems (El-Kady
et al., 2023) and information flows obtained through the Internet of Things (Soori et al., 2023).
Cloud technologies (Marinescu, 2022) also generate and utilize large volumes of data. All of this
increases the relevance of technologies that process and utilize large volumes of spatial
information. The growth in information volumes and the increasing complexity of information in
physical and parametric spaces entails increased information uncertainty.

2. Discussion and results

Implementation

Content of information spaces.

Information space is interpreted in various ways, and sometimes these interpretations are
contradictory. The simplest model of information space is a coordinate system in real space. This
model characterizes the information space as a shell for the objects it contains. This model
describes a physical information space. No one disputes this model. A complement to the model of
such a space is the model of the information field. The information field is analogous to physical
fields and abstract fields. Physical information space exists alongside the information field.

Information space is defined as a global sphere in which information is created, transmitted,
and consumed. This model is organizational and technological. Such an information space is not so
much informational as organizational. It includes physical and non-physical components. Physical
components include technical resources, physical infrastructure, physical networks, physical
devices, and physical data. Non-physical components of organizational information space include
information resources, software, algorithms, and interaction rules. Information space is defined as
a virtual space in which virtual models and processes that do not exist in the real world are created.
Virtual information space allows for arbitrary scales to be defined for a model of physical space.
It allows for events to be slowed down or sped up, and for viewpoints to be selected that are
difficult or impossible to select in ordinary space. Virtual information space allows for the flow of
time to be set forward or backward. Closely related to virtual information space is immersive space,
used in simulators and computer games.

There is a rare definition of information space as a coordinate system in abstract space
(mathematics) or as a phased abstract space. This information space is abstract and parametric.
Another definition of information space is the space in which mass media operate. This
information space can be called mass information space.

The key is that there are different types of information spaces. Each type of space has its own
spatial relationships. There is no single definition that describes all the different information
spaces. The dogma of one-dimensionality does not apply here. Large volumes of information and
the imprecision of measurements and descriptions create information uncertainty.

Analysis of cyberspace.

Cyberspace can be viewed as a modernization of information space. The emergence of the
"Internet of Things" led to the coining of the term "Internet of Things space” (Jiao et al., 2021). It is
this space that served as the foundation of cyberspace. The term "cyberspace" is polysemic and can
refer to various entities.

The concept of "cyberspace" has become polysemic. Cyberspace, as an information space,
denotes various entities. Therefore, it is necessary to clarify the specific cyberspace being discussed.
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A comparison of information space and cyberspace reveals that cyberspace is a specialized type of
information space.

Formally, the term "cyberspace™ was introduced by William Gibson in 1982 (Clute, 1984).
This term, coined in William Gibson's science fiction, describes cyberspace as a real digital
environment and a concept of virtual reality in which people interact with technology and with
each other. This generalized concept encompassed various entities.

The term "cyberspace" was officially adopted to denote the World Wide Web or Internet in
the 1990s (Lippert, Cloutier, 2021). This meant that cyberspace is an information space whose core
is a communications network. This interpretation of cyberspace was linked to its primary function:
communication. This type of cyberspace is transborder. Let's designate this cyberspace as
"cyberspace 1" or communication cyberspace.

The key aspects of this space are virtual reality and the information aspect. Virtuality is
expressed in phenomena similar to the real world, but with new capabilities. The information
aspect is expressed in the presence of information flows and data circulating in digital form.

In addition to communication in an open environment, the problem of information security
has arisen (Tariq et al., 2023). To ensure information security, a cyberspace has been created that
acts as a shell for another space or for a secure object. The key aspect of this space is ensuring
information security. Let's designate this cyberspace as "cyberspace 2" or security space.
It complements cyberspace 1.

The emergence of the Internet of Things has led to the inclusion of information collection and
control functions in cyberspace. A key aspect of this space is real-time control. We will designate
this cyberspace as "cyberspace 3" or management cyberspace.

The widespread influence of mass media, especially in interactive mode, has led to the
emergence of "social cyberspace.” One could continue analyzing the types of cyberspace, but it's
easier to refer to the work (Tsvetkov, 2025a), which identifies seven types of cyberspace, excluding
social cyberspace.

General conclusion: Information uncertainty is more present in cyberspace than in
information space.

Specific information uncertainty.

Information uncertainty is typically attributed to individual objects or processes. This
uncertainty is isolated or specific. It is simply defined as a state. An object's state of uncertainty is
characterized by contradictory, incomplete, or imprecise information. A situation's state of
uncertainty is characterized by the unpredictability of the situation's dynamics and the lack of
complete knowledge about the situation. Uncertainty of a situation and an object can be caused by
an excess of data that is difficult to analyze. Big data causes this uncertainty. These types of
uncertainty are object-specific or isolated. This category includes cognitive uncertainty, caused by a
low level of intelligence that precludes the subject's ability to analyze or make decisions. This is
subjective uncertainty.

The concept of a "state of uncertainty” should be accepted. However, the concept of an
"uncertainty factor" should be added to this characteristic. A state is a generalized concept. It states
the presence or absence of uncertainty. An uncertainty factor allows one to find a cause-and-effect
relationship between the uncertainty of a state and its causes. There are two other types of
informational ambiguity that are little discussed: morphological ambiguity and semantic ambiguity
(Tsvetkov, 2025b). Morphological ambiguity is independent of semantic ambiguity. Semantic
ambiguity and morphological ambiguity depend on situational ambiguity, that is, on the situation
in which the object finds itself.

Morphological figurative ambiguity arises when the object model is a visual image and there
is a lack of information in its clear description or interpretation. For example, an object may have
the shape of a circle or an ellipse. There is morphological ambiguity of reciprocity or spatial
relationships. It is expressed in the fact that the intersection area of objects, due to their
morphological ambiguity, may have different shapes and different sizes. An example of
morphological figurative ambiguity is topological ambiguity. A topological model expresses the
main properties from a topological perspective and excludes secondary properties. The main
properties are structural relatedness and the possibility of topological transformation. Topology
excludes properties such as metric dimensions and area. Topology precludes coordinate
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referencing of figures. Topological models contain metric and coordinate uncertainty. This
determines the content of topological uncertainty.

Semantic uncertainty exists in semantic modeling and appears in processes that use
semantics. One approach to assessing it is the Dempster-Shafer theory [3csf] or DST. It is called
"Mathematical Theory of Proofs," but is actually a theory of assumptions and reasoning. It is
permissible within certain conditions that allow the application of this theory.

Spatial or Field Uncerta

Uncertainty in information space differs from individual uncertainty. It has a number of
additional factors. One cause of information uncertainty in cyberspace and information space is the
problem of polysemy and terminological relationships. In cyberspace and information space, an
additional cause of uncertainty arises in the form of uncertainty in the relationships between
spatial objects. Spatial relationships can determine the uncertainty factor. For example, a train is a
clearly defined object. A railroad track is a clearly defined object. A station is a clearly defined
object. However, the train's arrival at the station may not be precisely determined due to stochastic
factors during travel.

Closely related to uncertainty in information space is field uncertainty. Field uncertainty is a
mass uncertainty characteristic of all objects in a given part of a field or part of space. Field
uncertainty, which translates into uncertainty in information space, can be caused by interactions
in the field that cause uncertainty in space.

An example is the Heisenberg Uncertainty Principle. This is a fundamental law of quantum
mechanics, stating that it is impossible to simultaneously measure certain pairs of quantities, such
as the position and momentum of a particle, with absolute precision: the more precisely one is
known, the less precisely the other. This is not a limitation of our instruments, but a property of the
very nature of quantum objects (their wave-particle duality). The uncertainty principle
mathematically describes the lower limit for the product of the uncertainties of these quantities.

For information space and the information field, for cyberspace, there is spatial uncertainty
that complements object or situational uncertainty. This uncertainty is determined by spatial
relationships and spatial interactions. This uncertainty is determined by the fundamental
properties of matter, such as the Heisenberg Uncertainty Principle or the "Law of Chiral Purity."
The "law of chiral purity" is a fundamental observation in biology that life preferentially utilizes one
of the mirror isomers (enantiomers): all amino acids in proteins are "left-handed" (L-amino acids),
while sugars in DNA/RNA are "right-handed" (D-sugars). This property, called homochirality or
chiral purity, is critically important for the functioning of biomolecules (proteins, DNA), but its
origin and mechanism of occurrence in early life remain a mystery. Recently, this law has been
studied in cybernetics and computer science for the possibility of cloning or the "purity" of cloning.

An example of spatial certainty and uncertainty is shown in Figures 1 and 2.

S

Fig. 1. Spatial Definition
Figure 1 shows three defined sets related by the relation

C=AB (1)
The definiteness of sets is shown by solid lines. Set C is uniquely defined as the intersection of
distinct sets A and B.
Figure 2 shows a spatial situation with uncertainty. The uncertainty of sets is shown by the
dashed boundaries of the sets.
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The definiteness of sets is shown by solid lines. Set C is uniquely defined as the intersection of
distinct sets A and B.

Figure 2 shows a spatial situation with uncertainty. The uncertainty of sets is shown by the
dashed boundaries of the sets.

A —>AlL A2 (2)
B —»B1, B2 (3)
C—C1,C2,C3,C4(4)

The resulting uncertainty is expressed through the set C. The intersection set is not uniquely

defined and is estimated using the formulas.
C1=Al nB1 (5)
C2=A2 nB2 (6)
C3=A1 B2 (7)
C4=A2 nB1 (8)

Spatial uncertainty creates ambiguity in the description and representation of a portion of
space. Spatial uncertainty can be represented as a discrete set of dimensions. Depending on the
context, each of the expressions (5-8) has a most probable meaning. This uncertainty is resolved
through additional contextual analysis.

3. Conclusion

There is no single definition that describes different information spaces. Analysis shows that
four types of information spaces must be distinguished: physical, organizational, virtual, and mass.
These types of spaces have different dominant spatial relationships and different primary
processes. Cyberspace, as an information space, denotes different entities. It is necessary to clarify
in each case which cyberspace is being discussed.

Information uncertainty is usually attributed to individual objects, situations, or processes.
Itis simply defined as a state. This uncertainty is called individual and can be: object uncertainty,
procedural uncertainty, and situational uncertainty. The state of individual uncertainty is
characterized by contradictory, incomplete, and inaccurate information. Uncertainty in
information space and cyberspace differs from individual uncertainty. Uncertainty in the physical
field and information field differs from the individual uncertainty of objects.

Spatial relationships in information space or cyberspace can cause uncertainty. Interactions
in information space or cyberspace can cause uncertainty. Cognitive relationships in information
space or cyberspace can cause uncertainty.

Uncertainty research has not yet led to a standardized concept of morphological uncertainty.
Figurative morphological uncertainty visually reveals confidence intervals and uncertainty zones.
Spatial uncertainty creates ambiguity in the description and representation of a part of space.
Spatial uncertainty allows for the application of morphological assessment methods. Spatial
uncertainty is related to field uncertainty. Field uncertainty allows for quantitative and functional
assessments. Spatial uncertainty can be represented as a discrete set of sets.
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Abstract

The article studies the application of analytical data visualization tools to support
management decisions in the company based on the literary analysis and expert survey.
A comparative analysis of visualization tools is carried out according to the criteria of convenience
for analysts and management, the possibilities of interactive analysis and adaptation to specific
tasks of business informatics. It has been demonstrated that the use of modern data visualization
tools in business analytics allows organizations to enhance the transparency of business processes,
optimize the decision-making cycle, and improve the efficiency of information resource use. Taken
together, this is seen as an important factor in strengthening a company's competitive position and
increasing the effectiveness of its digital transformation strategy.

Keywords: data visualization, business analytics, Bl systems, data-driven management,
management decisions.

1. Beegenue

CoBpeMeHHBIN OU3HEC CTAJTKUBAETCS C HEOOXOAMMOCTHIO IPUHUMATH PEIIEHUSA B YCJIOBHUAX
BBICOKOU HEOITPE/IEJIEHHOCTH, BO3PACTAOIINX OO0BEMOB MAHHBIX M KECTKOU KOHKYPEHITUU, YTO
yCIJINBAeT POJIb OW3HEC-aHAJUTHKH KakK KJIIOYEBOTO HHCTPYMEHTA YIPABJIEHHSA HA OCHOBE
JIAaHHBIX. B 9TO# CBA3M TpaIMIIIOHHBIE METO/IBI OTYETHOCTH, OCHOBAHHBIE HA CTATUYHBIX TAOIUIIAX
U pa3poO3HEHHBIX HCTOYHMKAX WHGOpMAIHU, IIepecTaloT obecreynBaTh TpeOyeMylo CKOPOCTb,
HaIVIZTHOCTh M IVIyOWHY aHain3a Il MeHe/)KMEHTa pPa3HBIX YPOBHEH. ITO 0O0YyCJIOBIMBAET
1epexo/i K IPUMEHEHHUI0 COBPEMEHHBIX aHAJIUTUUECKUX UHCTPYMEHTOB BU3yaIU3alluy TaHHBIX U
Bl-cucrem, MHTETPUPOBAHHBIX ¢ KOPIOPATUBHBIMHU MHGOpMannoHHbIMU cucremamu (CRM, ERP,
CHCTeMBl y4éTa U MapPKETHUHTOBOM aHAJIUTUKU), YTO II03BOJIAET (OPMHDPOBATH IIEJOCTHOE
IIpeJ/icTaBJIeHNe O JAEeATEJbHOCTH KOMIIAHWH, OIEPATUBHO BBIABJIATH OTKJIOHEHUS U OLIEHUBATb
BJIUSIHUE YIPABJIEHUECKUX PpEIIeHWH. AKTyaJIbHOCTh TAaKOTO TIOAXOAA IOATBEPIKAETCSA
HCCIeIOBAaHUAMHU B 00acTH OU3Hec-aHAJIUTHKH, IU(pPoBOil TpaHchoOpMaIuu U YIPABIEHUA
93¢ PEeKTUBHOCTRIO, T7le TOAUEPKUBAETCA 3HAYNMOCTh BU3YAJIBHBIX AIIOOPAOB U MHTEPAKTUBHBIX
OTUETOB JJII MOHUTOPDUHTA KJIIOUEBBIX ITOKa3aTesiel, aHaIn3a IOBeJleHUs KJIMEHTOB U OIeHKU
peHTabesbHOCTU Ou3Hec-uHUNMaTuB (Psa3amnos, 2025).

2. O6cyxkaeHue

OrmpeniesieHo, YTO OCHOBHBIE NMPOOJIEMBI KJIACCHUECKOTO MOAXO0JAa K AHAIIMNTHUKE CBA3AHBI C
BBICOKOH TPYZOEMKOCTBIO ITOATOTOBKA OTYETHOCTH, PUCKAMHU OIIHOOK IMPHU PYYHOH 00paboTKe
JAaHHBIX, SaHaSZ[I)IBaIOHIeﬁ HH(I)OpMaHHeﬁ u HU3KOH AOCTYITHOCTBIO AHAJINTUKU AJIA
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HellpodecCHOHANBHBIX Tosib30BaTesiell (Copoknua, ®emopsk, 2022). OtaenpHOU 3azaueit
ABJIAETCA HEeIOCTaTOYHAsA BU3yaJbHAS WHTEPIIPETUPYEMOCTh CJIOXKHBIX IOKa3aTesell (HampuMmep,
CBA3KM (UHAHCOBBIX U omnepanuoHHbIX KPIl), uTo 3aTpy/iHAeT BBIABJIEHHE CKPBITBIX
3aKOHOMEPDHOCTE U KOMMYHHUKAIUIO pe3yJbTaToB aHaim3a wMexzay WT-cnenunanucramy,
QHUIUTUKAMU W OW3Hec-TIoApa3/eseHus M. B KauecTBe peleHus 00O3HAUYEHHBIX ITPOOJIEM
000CHOBBIBAETCA 11€1eCO00PAa3HOCTh BHEJPEHUS AHAJIUTUYECKHX WHCTPYMEHTOB BHU3yalH3aIuu
JaHHbIX U Bl-miatdopm, obecrneunBammUX aBTOMATHU3UPOBAHHYIO WHTETPAlUIO JIAHHBIX,
IIOCTPOEHNE HHTEPAKTUBHBIX JANIOOPOB, IMOJAJIEP)KKY MHOTOMEPHOTO aHAIM3a W aJlalTall{Io
IIpe/ICTaBJIECHUN 1I0Ji TOTPeOHOCTH PpAa3JIMYHBIX pOJiel B CUCTEMe YIOpaBJeHUs, YTO
paccMarpuBaeTcd Kak BaXKHBIM 3jeMeHT TmocTpoeHusa WT-apXUTeKTypbl IpeAnpUATHS
(UnpsimeHko u ap., 2017).

B paborax 1o Ou3HEC-aHAJTUTHKE OTMEYAeTCs, YTO OIopa HCKIIOYUTEILHO Ha
TPaIUIIMOHHBIE METO/ bl OTYETHOCTU B BHUJIE CTATUYHBIX TAOJIMIT M pa3po3HeHHBIX Excel-daiinos
NPUBOJUT K 3amas3/lblBalolllell peakluu Ha U3MeHEHUs BHeIIHed U BHYTPEeHHeU CpeJbl,
WHDOPMAIIMOHHOU TE€perpy3Ke MeEHE/PKEPOB M  IOBBIINIEHHOMY PHCKYy OIIHOOK IIpH
uHTepupeTanuu AaHHbIX (CTapeix, 2023). OTO OrpaHUYMBAET BO3MOXKHOCTU OIIEPATHBHOM
peasim3anuyl  YIPaBJIE€HUECKUX PpENIeHUA U CHIKaeT S(P(EKTHBHOCTh  HCIIOJIb30BAHUSA
HAKOIUIEHHOHM KopropaTtuBHON wH@opMmanuu. B To ke Bpemsa paszsutue Bl-mmardopm u
CHEeIMAJIU3UPOBAHHBIX HWHCTPYMEHTOB BU3yIM3allMM /JAHHBIX II03BOJIAET IEepedTH OT
(¢parmeHTapHOUN aHAJIMTUKY K 11€JIOCTHOMY, UHTETPUPOBAHHOMY IIPEJICTABJIEHUIO O JIeATeIbHOCTU
KOMIIAaHUH, IIO/JIep>KUBasd CIlEHAapUM HWHTEPAKTUBHOIO aHaiuza, MoHuTtopuHra KPl u
MO/IeJIMPOBaHUsA BapuaHTOB pa3BuTus (TeHneHIun pa3BuTus..., 2025).

Jlna comocTaBieHUsA TPAJUIIMOHHOIO IIO/IX0/la K aHAJIUTHKE U IOJX0/1a, OCHOBAHHOTO Ha
HCIIOJIb30BAHUN  COBPDEMEHHBIX HHCTPYMEHTOB BH3yaIM3allUM, PpPAacCMOTPUM  KJIIOUEBBIE
MIOKa3aTesIH, BIUAIIINE Ha KaYeCTBO M CKOPOCTh IPUHATUSA YIIPABJIEHUYECKUX pelleHuil B cdepe
ousHec-aHauTuku (Tabsua 1; I'yass, llykasoBa, 2019).

Taosauma 1. CpaBHHUTENbHASA XapaKTEPHCTHUKA TPAJUIIMOHHOTO IIOJIX0/Ia U WCIIOJIb30BAHHUSA
WHCTPYMEHTOB BU3yaJIn3aluM JAHHBIX

ITokazaresb TpasuITMOHHBIHA TOIXO/ IToaxox c Bu3yasmsanuen
CkopocTtb nosydyeHusi | Huzkas: ajurenpHas pydHasi | Beicokas: omepaTHuBHBIE
yIIpaBJIeHYECKOH MOJATOTOBKA OTUYETOB Jambop/ibl B peXuMe OJIU3KOM
uHdopMaIun K peaJlbHOMY BPEMEHH
HarnsagHocts u | Huskas: neperpy>keHHble | Boicokas: rpaduxy,
UHTEPIIPETUPYEMOCTh TaOJIAIBI, CJIOKHOCTD | IMarpaMMbl,  UHTEPAKTUBHbBIE
JIAHHBIX BOCHPHUATHS MMaHeJu
Puck OIIINOOK nipu | [loBbIllIeHHBIN U3-32 PYYHBIX | CHU)KEHHBIN 3a CUET
06paboTKe JaHHBIX omeparui aBpTOMaTU3alyd 3arpy3ku U
O0OHOBJIEHHUS JaHHbBIX
HoctynHocte  aHanutuku | OrpaHnyeHHasd, TpebyeT | Pacmupennas:
JUIA MEeHeIKMeHTa yJacTus aHAJIUTUKA- | CaMOOOCITy;KUBaHUE,
«IEPEBOTYUKAN WHTEPAKTUBHAasA QUIbTPAITUS
[rybuna aHammusa u | Orpannyennasi, ¢okyc Ha | Pacimmpennasi: CIleHapPHbBIH,
BBISIBJIEHUE OITHCATEILHOU CTaTHUCTHUKE MHOTOMEPHBIM U BU3yaJIbHBIN
3aKOHOMEPHOCTEH aHaIn3
CkopocTh  peakiuu  Ha | 3alasjablBaronias OmnepartuBHas 3a CUET
M3MEHEHH IoKa3arejei MmoHuTopuHra KPI B mambopaax
ITognep:xka KysbTyphl | Ciabast, anasmmtuka | CuibHas, aHAJIUTHUKA
yIOpaBJeHuss Ha OCHOBE | BOCIPUHUMAETCS KaK | MHTETPUPYETCA B €XKeJHEBHbBIE
JIAHHBIX BcomoraTeabHast GyHKITU yIpaBJeHUYECKHE TPAKTUKH

Takum oOpaszoM, mpobsiema @QparMeHTapHOW U  3alla3AbIBAIOIIENd aHAJUTUKA B
opraHu3anusax TpeOyeT KOMIUIEKCHOTO PeIeHHs, OCHOBAaHHOTO HA BHEJAPEHUU COBPEMEHHBIX
WHCTPYMEHTOB BU3yaJIM3allid JAaHHBIX W HWHTETPUPOBAHHBIX Bl-maTdopM, M0O3BOIAIONINX
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00ecCIieuynuTh IeJI0CTHOE M HAIJIATHOE IMPEJICTaBJIeHNe O KJIFOUEBBIX IMOKA3aTesAX JAeSATeIbHOCTA U
YCKOPUTH ITUKJI IPUHSATHUSA yIIPaBJIeHYECKHUX perteHni. Ha ocHOBe aHan3a myOinKamnui B 061actu
Ou3Hec-aHUIUTUKA HW IUGPOBOH TpaHCGHOPMAIMU IPEAJIOKEHa XapaKTEPUCTHKA OCHOBHBIX
TEH/IEHIIUA BHEAPEHUS BU3YaJbHO-aHUINTUYECKUX PENIEHUH B KOPHIOPATHUBHYIO IPAKTUKY

(Tabsuna 2; YamteiruHa, KoToBeHKO, 2024).

TabGauna 2. KioueBble TEHJIEHIUM Pa3BUTHUSA UHCTPYMEHTOB BU3yaJIM3al[UM JAHHBIX U UX

MPENMYIIECTBA /I OU3HEC-aHATUTUKU

TenpeHys

[IpenmyItiiecTBa NCIOJIb30BAHUS

Wurerpanmsa  mwiatopM  aHAJIUTUKA €
KOPDIIOPAaTUBHBIMU  cHcTeMaMH  (CHUCTEeMBI
IIJIAHUPOBAHUA pecypcos, yIIpaBJIeHUSA
B3aMMOOTHOLIEHUAMHU C KJINEHTaMU, CUCTEMBI

y4€Ta U MAPKETUHTOBOW aHATUTUKH)

KoHcosmmanus JJaHHBIX W3 Pa3pO3HEHHBIX
HMCTOYHUKOB B €JUHYIO aHAJIUTHYECKYIO CPEJy,
¢dopmupoBanue LIEJIOCTHOH KapTUHBI
IeATEeJIbHOCTH  KOMIIAHUM W CHIJKEHHE
TPY/IOEMKOCTH ITOATOTOBKH YIIPaBJIEHYECKUX
OTYETOB

Pa3BuTre MHTEPAKTUBHBIX MH(POPMAIIMOHHBIX
naHesed U naHejiell MOHUTOPHUHTA

CokpamieHue BpeMeHHM Ha  ITIOJIyYE€HUE
aKTyaJIbHOU uHdopManuy, MOBBIIIIEHUE
AOCTYITHOCTH aHAJIMTHUKU [JIA MEHEIXMEHTAa
0e3 yJacTHs CIIEIUAJIFICTOB o
I/IH(i)OpMaHI/IOHHBIM TEXHOJIOTUAM, IMOAJEPIKKa
CaMOO6C.TIY)KI/IBaHI/IH u HHTepaKTHBHOﬁ
umpTpany JaHHBIX

[IpumeHeHHE MHOTOMEPHOTO
yIJIyOJIEHHOH JIeTaTu3aI[un

dHa/JIu3a U

YriybsieHne aHaau3a 3a CUET JeTaTu3aruu
rokasartesiel 10 YpOBHSA IPOAYKTOB, KJINEHTOB
Hu KaHaJIOB, BBIABJIEHHE CKPBITBIX
3aKOHOMEPHOCTEN U (PAaKTOPOB, BIUSIONINX HA
KJIIOUEBbIE ITIOKa3aTesIn

Hcnosnbp3oBanue BU3YIN3AIUN
KOMMYHHUKaLIUU Pe3yJIbTaTOB aHAIN3A

IS

IToBrIIIEHTIE HaryIAaAHOCTU CJIOZKHBIX METPHK,
yoporeHue  OoOCYyKIeHUsI  aHAJIUTHYECKUX
BbIBOJOB MEXay AHAJINTUKAMU u
noapasaejI€eHuAMU KOMIIaHHH, CHUKEeHUue
pUCKa HEBEpHOW WHTEpPIpeTalu JaHHbBIX
PYKOBOJZICTBOM

BHeI[peHI/Ie ABTOMATHU3UPOBAHHBIX  CUCTEM

MOHUTOPHHTA KJIIOYEBBIX ImokasaTtejeH

OnepatuBHOE BBIIBJIEHUE OTKJIOHEHUH,
MOJIJIEP?KKA PEryJIAPHOTO KOHTPOJIA IIeJIEBBIX
ToKasaresen, yCUJIeHUEe KyJbTypPBI
yIIpaBjeHUs Ha OCHOBE JIAHHBIX Ha BCeX
YPOBHSIX OpraHU3aIuU

Pa3BuTre 001aUHBIX MIATHOPM AHATUTUKU U
CEPBUCOB IO TPEOOBAHUIO

CHmxeHMe 3arpaT Ha WHQPACTPYKTYpPY U
MO/JIEPKKY,  ObIcTpOoe  MaciITabupoBaHUE
QHWIUTUYECKUX  pelleHuid, obecreueHue
7ocTynna K WH(POPMAIMOHHBIM MAHEIAM I
pacrpe/ieJIEHHBIX U y/IaJIEHHBIX KOMaH/|

VHTerpanus BU3yaJIu3alUM C MPEIUKTHBHOMN
AHAINTUKOH ¥  MOJAENSMU  MAIIUHHOTO
00yJeHUs

ABTOMaTI/ISI/IPOBaHHOG BbIABJICHHUE TPEHJOB U

aHOMaHHﬁ, BHU3yaJIbHOE npeacraBja€HUE
IIPOTHO30B u COE€HApUeEB, IIOBBIIIIEHHE
000CHOBAaHHOCTHU CTpaTEru4eCKux u

TAKTUUECKUX YIIPABJIEHYECKUX PEIIeHUN

Ha ocHoBe aHasn3a JUTepaTyphl 10 OU3HEC-aHAJTUTUKE U YIIPABJIEHUIO Ha OCHOBE JAHHBIX

yCTaHOBJIEHO,

YTO COBpE€MEHHbl€ HHCTPYMEHTDI

BU3yIM3au HUHQMOPMAIUN BBICTYIIAIOT

KJIIOUEBBIM 3JIEMEHTOM IOBbIIIEHUA (P (PEKTUBHOCTH YIIPABJIEHYECKUX PElIeHN B KOMIIAHUAX.
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BusyanbHbIll (opMaT mpezcTaBiIeHUA IIOKasaresjell I103BOJIAET He TOJIBKO YIIPOCTUTH
BOCIIPUSATHE CJIOKHBIX MacCHBOB JIAHHBIX, HO U 00eCHeYUTh UX OIEPATUBHYI0 HWHTEPIIPETAIUIO
PYKOBOAUTEISIMU U CIIeNHaINCTaMu 6e3 yIyIyOI€éHHON O/ITOTOBKY B 00JIaCTH aHAJIUTHUKHU.

Onupascy Ha NOPUHIOUIBI CHCTEMHOTO aHAIW3a WU KOMIUIEKCHOM OIleHKH (HaKTOpOB,
BJIMSTIONIUX Ha JIESATEIbHOCTh OPTaHU3ANNHU (UHAMUKA TPOJAK, 9 (PEKTHBHOCTh MapKETHHTOBBIX
MepOIPUATHH, IOBeJIeHHe KJIMEHTOB, CTPYKTypa 3aTpar), aHAUINTUYeCKHEe MaHeJIU U OTYETHI
HaIJIA/IHO JIEMOHCTPUPYIOT B3aMMOCBA3U MEK/y KJIIOUEBBIMHU IIOKA3aTeAMU U CIeHApUAMU
pasutua curyauun (MapsAmeHko U Ap., 2017). VHTerpanus BU3yaJbHBIX HHCTPYMEHTOB C
KOPIIOPAaTUBHBIMH HMH(MOPMAIIMOHHBIMU CHCTEMaMU II03BOJISIET aBTOMATHU3UPOBATh OOHOBJIEHUE
JIAaHHBIX U 3aIlyCK aJITOPUTMOB IlepecyéTa IoKa3aTesel, YTo COKpalllaeT BpeMeHHbIe 3aTpaThl Ha
MIO/IFOTOBKY OTYETHOCTH M CHI?KAET PUCK OITHUOOK pyaHOM 06paboTku (CyHraTys/UTnH, 2025).

Takoii moaxos obecrneyrnBaeT peayiM3alyi0 KOHIEMIIMA THOKOTO YIIPaBJIEHUSA, KOT/Ia
PYKOBOJIUTENIH TIOJIyYAIOT BO3MOXKHOCTh CBOEBPEMEHHO PEarupoBaTh HA OTKJIOHEHUs 3HAYEHUH
IoKa3aTesed, OIEHUBATh MOCJIEACTBUA MPUHUMAEMBIX PEIIeHHUH W KOPPEKTHUPOBATh IUIAHBI HA
ocHOBe ¢akTuueckoll wHOPMAINY, IIPEACTaBJIeHHOM B HamiAAHOU ¢opme. BusyaibpHble
Jlambop/ipl, OTPaKAIOI[Ue CTPYKTYPY BBIPDYYKH, JAHWHAMHUKY CIPOCa, 3arpy3Ky pecypcoB U
JIOCTIKEHUE IIeJIEBBIX OPUEHTHUPOB, CIIOCOOCTBYIOT 60JI€€ TTOJTHOMY HCITOJIb30BAHHIO MTOTEHIIHAIA
HAKOIUIEHHBIX JAHHBIX U (OPMHUPOBAHUIO YCTOUUYHMBON TPAKTUKHU YIPABJIEHUS HA OCHOBE
JI0Ka3aTeJIbHOU aHATUTUKU.

3. PegyabTaTsl

B pamkax uccienoBaHus MPOBEEH OIPOC CPEIN 34 KOMIIAHUM, B pe3yJIbTaTe Yero MOJIyueHbl
cyleyrole JlaHHble. B OOJIBITMHCTBE OpraHU3AaIllMi IPH IOATOTOBKE OTUETOB IO-IIPEKHEMY
ucronab3ytor Excel — 48 % pecrioHIEeHTOB BBIOpasiM 3TOT BapwaHT. TeM He MeHee, COBpEMEHHbBIE
Bl-rtatdopMmbl y:Ke HCIONMB3YIOT 34 %, a KOMOWHUpOBaHHBIN mnoaxon — 18 %. Ilosmydenme
yIIpaBJIeHUYECKOU WHMOPMAIUUA YaCTO OCTAETCS MEIJIEHHBIM: 44 % OTMETWJIN HU3KYI0 CKODPOCTD,
TOJIBKO 30 % JOCTHIJIM BBICOKOTO YPOBHS OIIEPAaTUBHOCTU. Bojiee MOJIOBUHBI YYaCTHUKOB (54 %)
XOTs1 ObI YACTUYHO HCIIOJIb3YIOT WHTEPAKTUBHBIE MAIOOP/bl /yisi MoHUTOpUHTa KPI, HO BCE emmé
MHOTO TeX, KTO WX HE WHCIIOJIb3yeT BoBce — 46 %. Hawubosiee mnomysisipHbIE WHCTPYMEHTHI
Busyanusanuu — Tableau u Power Bl (42 %), ogHako 28% KOMIIAaHWM BU3yaJIU3alUI0 He
MpuUMeHSIOT coBceM. OOHOBJIEHHE JAHHBIX B QHAJIUTUYECKUX CHUCTEMAaxX IPOUCXOAUT B PEKUME
peaJIbHOTO BpPEeMEHH TOJIBKO y 30 % opraHusaiuii, Jaiie Bcero (42%) maHHbIE OOHOBJISIOTCS
€KeJIHEBHO. BOJIBIIIMHCTBO COTPY/IHUKOB HMMEIOT CPEJHHH ypOBEHb IIOATOTOBKU K paboTe C
WHCTPYMEHTAMU BU3yanusanuu (48 %), a MpoJIBUHYTHIN YpPoBeHb Y 32 %. IT0oJIHYyI0 MHTErpamumio
aHAJIMTUKYU C KOPIIOPATUBHBIMHY CHUCTEMAaMU PeaTn30BaIu 46 % KoMITaHul, y 36 % WHTETPHUPOBAHO
HECKOJIbKO CHUCTeM, a Y 18 % Tosibko ogHa. CaMbIii BBICOKUH MOKa3aTeab BHEAPEHUS IePEI0BhIX
TEXHOJIOTHH — HCII0JIb30BaHHE MHOTOMEPHOTO aHAIN3a U METO/IOB MAITMHHOTO 00ydYeHuss — 56 %.
B TO ke Bpems 18 % KoMIIaHUI HEe UCIIOJIB3YIOT TaKHUe MOo/X0/ibl BoBce. OCHOBHAsA Iperpaja Juist
Pa3BUTHS — CONPOTUBJIEHWE OPTraHU3AIIMOHHBIM H3MeHeHUusM (50 %), /ajiee UAYT HEIOCTATOK
oromkera (26 %) u kommereHnuu (24 %). Jlugupywoiiee 4ucio (54 %) OTMETUIU CHJIbHYIO
TpaHcgOopMaIUIo KOPIIOPATUBHOM KYJIBTYPHI B CTOPOHY yIIPaBJIEHUA HAa OCHOBE JIAHHBIX.

4. 3axaoueHue

Takum 06pa3oM, IpUMeHeHHe COBPEMEHHBIX HHCTPYMEHTOB BU3YyaJIU3alliH JIAHHBIX B cepe
OM3HeC-aHUINTUKN T[I03BOJIAET OPraHU3aIUAM I[OBBICUTH IIPO3PAYHOCTh OW3HEC-TIPOIIECCOB,
ONTUMH3UPOBATh IUKJ NPUHATHUS PEIIEHHH ¥ YBEJIHUYUTh Pe3yJIbTATUBHOCTh HCIIOJIb30BAHUA
MHGOPMAITMOHHBIX PECYpPCOB. B COBOKYITHOCTM 3TO pacCMaTPUBAETCS KaK BaXKHBIM (DAKTOP
YKpeIUIEHUS KOHKYPEHTHBIX IMO3UINI KOMIIAHUM U TOBBIMIEHUA 3(PPEKTUBHOCTH peaTn3aliiuu
cTpaTterun nUpPoBoH TpaHchOpMAaLHH.
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AHa/In3 NpUMEeHEeHUs HHCTPYMEHTOB BU3ya/IN3allui JaHHBIX
®ununn Pycianosuy Jlanrapaopos 2, Ospra MuxaisiopHa [lepmuHoBa 2 -
aMUPIA — Pocculickuii TeXHOJIOTUYECKUN YHUBEpcUTET, MockBa, Poccutickas ®eneparus

AnHOTamua. B cratee wu3ydaercd DIpUMeHEHHE AHAJIUTHYECKUX HHCTPYMEHTOB
BUBYQJIU3AIlUU JAHHBIX JUIA TOJJEPKKU YIPaBJIeHYECKUX pelleHUH B KOMIAHHUU Ha OCHOBE
JIUTEPATYyPHOTO aHaJM3a M JKCIEPTHOro ompoca. IIpoBefieH CpaBHUTENBHBIN aHAIU3
WHCTPYMEHTOB BU3yaIH3aIlUN TI0 KPUTEPUSIM y/A0OCTBA JJIsi AHAJIUTHKOB M MEHEKMEHTA,
BO3MOYKHOCTSAM WHTEPAKTUBHOTO aHAIM3a W aJalTalliy Mo, crenuduyuecKre 3a7adyu OU3HeC-
nHdopmaruku. [lokazaHo, 4YTo IpuMeHeHNEe COBPEMEHHBIX UHCTPYMEHTOB BU3yTU3AIIUH JAHHBIX
B cdepe OW3HEC AHAIUTUKHU IO3BOJISIET OPraHU3AIUSAM IIOBBICUTH IPO3PAYHOCTh OHU3HEC
IIPOLIECCOB, ONTUMU3UPOBATh IUKJ TMPUHATUA peEIIeHud U YBEJUYUTh pPe3yJIbTaTUBHOCTD
HCII0JIb30BaHUA NH(OPMAIIMOHHBIX PECYPCOB. B COBOKYITHOCTH 3TO paccMaTpHBaeTcs KaK BaXKHBIN
(haxkTOop yKpemeHUs1 KOHKYPEHTHBIX MO3UIIUM KOMIIAHWH ¥ IMOBBIMIEHUsA 3(PGheKTHBHOCTU
peau3anuu crpareruu udpoBoi TpaHchHOpMaIU.

KiroueBsble ¢jI0Ba: BU3yTU3anusa JaHHbBIX, OM3HeC-aHAUTHKA, BI-cucremsl, ypaBiieHue
Ha OCHOBE JIAaHHBIX, yIIPABJIEHUECKUE PEIIEHUS.
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Development of Dynamic Geoinformatics
Viktor Ya. Tsvetkov 2. *
aRussian University of Transport (RUT-MIIT), Moscow, Russian Federation

Abstract

The article explores a new direction in geoinformatics — dynamic geoinformatics.
The diversity of spatial data and temporal problems motivates the differentiation of applied
geoinformatics. Dynamic geoinformatics is a development of applied geoinformatics and studies a
special area of dynamic processes and dynamic states. The article shows the place of dynamic
geoinformatics in the system of sciences. The structure of dynamic geoinformatics is studied.
The significance of two types of monitoring in dynamic geoinformatics is shown. Dynamic
geoinformatics uses a system of models and a system of technologies. The main theory of dynamic
geoinformatics is spatial and temporal analysis. It includes the study of information uncertainty.
An important technology of dynamic geoinformatics is geoinformation monitoring. It includes
state monitoring and process monitoring. These types of monitoring allow the formation of models
in three-dimensional and analytical form. Models facilitate decision-making and compress
information in conditions of large volumes. The main theoretical direction of research in dynamic
geoinformatics is associated with the study of spatio-temporal processes and the identification of
functional dependencies in a spatial environment. The information field and information space are
used as auxiliary models in dynamic geoinformatics. The primary goal of dynamic geoinformatics is
to generate new knowledge. Dynamic geoinformatics is applied in high-speed and intelligent
transport. It is essential for unmanned transport systems.

Keywords: dynamic geoinformatics, applied geoinformatics, spatial monitoring, temporal data.

1. Introduction

The development of dynamic photogrammetry (Blume et al., 2020) contributed to the
emergence of dynamic geoinformatics (Raev, 2022). Dynamic geoinformatics is a development of
applied geoinformatics (Elbshbeshi et al., 2023). The main research focus in dynamic
geoinformatics is the study of spatio-temporal processes and patterns in the environment.
The information field and information space are auxiliary models used in dynamic geoinformatics.
Dynamic geoinformatics is constantly evolving, driven by the needs of society, science, and
technology. The development of dynamic geoinformatics depends on the areas of its application.
These areas include transportation, Earth exploration from space, and artificial intelligence.
Dynamic geoinformatics, like classical geoinformatics, is a spatial science (Gospodinov, 2022).
The object of study is processes and states in space. Dynamic geoinformatics is primarily the
science of dynamic spatial processes. Research in the field of intelligent UAVs falls within the field
of dynamic geoinformatics (Tsvetkov, Oznamets, 2020).

* Corresponding author
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2. Results and discussion

The place of dynamic geoinformatics in the system of sciences.

Dynamic Geoinformatics is a development of applied Geoinformatics. It is related and
interacts with transport Geoinformatics, ballistics, logistics Geoinformatics, space Geoinformatics,
Earth exploration from space, cadastre, ecology, land use, and military operations. The place of
Dynamic Geoinformatics (DG) among other sciences is shown in Figure 1. Logistics Geoinformatics
(Ndayishimiye, 2023) occupies an intermediate position between applied Geoinformatics and
dynamic Geoinformatics. Transport Geoinformatics is most closely related to DG. Transport poses
special challenges for Dynamic Geoinformatics. Dynamic Geoinformatics in the field of transport
studies fast and slow processes. Fast processes include the movement of vehicles. Slow processes
include changes in the state of the transport infrastructure.

- - Applied Geoinformatics
Geoinformatics of

transport

Logistics
geoinformatics

Exploration of Earth
from space

- Cadastre
Dynamic

Geoinformatics

Land use Ecology

Space geoinformatics Military operations

Trajectory Abrasion Process
LT L Transport law
measurements research monitoring
LK . ] —
Spatial modeling Knowledge Obtaining
extraction geoknowledge

Fig. 1. The place of dynamic geoinformatics among other sciences.

Modern transportation includes intelligent transport (Gong et al., 2023), cyber-physical
transport systems (Levin, Tsvetkov, 2018), and unmanned vehicles, transport robots, digital
transport (Tsvetkov et al., 2019), and digital twins (Attaran, Celik, 2023). All modes of transport
are studied using dynamic geoinformatics.

Dynamic geoinformatics is applied in Earth exploration from space. It is used to monitor the
dynamics of the Earth's surface based on remote sensing data. DG, as part of space monitoring,
is used for global control of vehicles, primarily maritime transport.

Dynamic geoinformatics is used in land use, cadastral surveys, and ecology. In these areas,
it is used to monitor the state of the environment and the Earth's surface. Dynamic geoinformatics
is used in conjunction with space geoinformatics to study the motion of celestial bodies. DG is used
in combat operations to monitor the position of enemy forces and identify hidden changes in the
situation of their armed forces. Dynamic geoinformatics has two levels of implementation:
the technology level (LT) and the knowledge level (LK).

The technology level includes specific or frequently used technologies. The knowledge level
contains research results in the form of process models or knowledge models. Examples at the
technology level include technologies for trajectory measurements of ballistic and tactical missiles;
coastal abrasion monitoring; monitoring of transport processes; and transport law. Transport law
is considered in connection with the development of digital transport and digital law. At the DG
knowledge level, spatial modeling, knowledge extraction in the form of ontology models,
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and spatial knowledge extraction in the form of spatial ontologies are noted. Dynamic
geoinformatics is aimed at obtaining spatial knowledge (Lin et al., 2020) and geoknowledge.

Modern dynamic geoinformatics uses spatial dynamic models (Rosenberg, Tsvetkov, 2010).
Dynamic geoinformatics develops spatial monitoring (Shahzaman et al., 2010), which supports the
management of dynamic infrastructure. Spatial monitoring in dynamic geoinformatics is based on
geoinformation monitoring and uses temporal data. Dynamic geoinformatics uses two types of
monitoring: state monitoring and process monitoring. Geoinformation monitoring of states uses
temporal labels and time series. Geoinformational process monitoring reveals temporal functions.

Characteristics of dynamic geoinformatics

Geoinformatics applies five basic classes of models: data models, object models, process
models, spatial situation models, and knowledge models. Dynamic geoinformatics applies the same
classes of models, but the main classes of DG are the class of process models and the class of
situation models. Dynamic geoinformatics applies spatial logic (Dolgy et al., 2021) to the study of
complex situations involving the movement of unmanned vehicles. Modern dynamic
geoinformatics applies spatial analysis and logic to the study of the movement of transport modes:
digital railways, cyber-physical transport systems (Pundir et al., 2022), unmanned vehicles (Dolgy
etal., 2021), high-speed transport, and transport robots.

Qualitative analysis in dynamic geoinformatics revealed the presence of dynamic
geoinformatics categories. Categories in dynamic geoinformatics can be considered the most
general concepts that divide the DG research area into subdomains. The boundaries of categories
are fuzzy and overlap. This situation necessitates the use of fuzzy set theory. Categories in dynamic
geoinformatics are a means of knowledge generalization. A common category in dynamic
geoinformatics is the "information field." Studying these categories reveals the state and
development trends of dynamic geoinformatics. Categories in dynamic geoinformatics help explore
its structure. Figure 2 shows the categorical structure of dynamic geoinformatics.

Data Geoinformatics
Geodada Applied Geoinformatics
Temporal data D_ynamic . Monitoring
Geoinformatics
Process models Time series Situation models
Temp_orary Temporal L Knowledge
functions patterns

Fig. 2. Structure of dynamic geoinformatics

Modern dynamic geoinformatics uses automated measurement systems to collect data. Initial
spatial data is transformed into geodata. The time factor is important for dynamic geoinformatics.
This is reflected in the use of temporal data, which is not used as extensively in other types of
geoinformatics. In modern dynamic geoinformatics, information is collected using a variety of
sensor systems.

Dynamic geoinformatics is based on the integration of dynamic process research, applied
geoinformatics methods, dynamic photogrammetry methods, spatial monitoring methods, spatial
management methods, and informatics.
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Informatics is the methodological basis for information processing. Currently, a large amount
of information is received visually. This creates the need for intelligent processing of sensory data.
The cognitive factor is taken into account through the use of information reception technologies.

Monitoring is an important component of dynamic geoinformatics. In monitoring,
the primary object of observation is a spatial complex, including objects, situations, processes,
process patterns, and interaction models. Based on observations and monitoring, time series,
process models, and situation models are created. Monitoring results are stored in spatial
databases or geodatabases. Monitoring in dynamic geoinformatics is used to study the condition of
right-of-way.

Models of information situations are also important for dynamic geoinformatics.
The dynamics of object movement are assessed relative to spatial information situations.
In dynamic geoinformatics, two types of information situations are qualitatively distinguished:
moving (dynamic) and external (stationary). A moving information situation represents the
immediate surroundings of an object. It moves along with the object. For a transport object, this
includes a railway track and objects adjacent to the route: crossings, trees, other vehicles, and
animals. For an aircraft or an incoming missile, this is the potential impact zone around the object.

Dynamic geoinformatics uses spatial logic to study complex spatial situations. Dynamic
geoinformatics observes and analyzes the movement of vehicles. The main object of study in
dynamic geoinformatics is a complex model that includes a moving object and a dynamic situation.
Space-based dynamic geoinformatics is used to monitor the Earth's surface and space objects.

The volume of data in space-based dynamic geoinformatics is significantly larger than in
stationary geoinformatics systems. This is due to the large flow of counter-information along the
path of a moving object. This counter-information includes not only the visible or immediate area
but also information hidden several kilometers away that can affect the object's movement. For this
reason, a number of moving objects (unmanned vehicles, cyber-physical transport systems) have
built-in onboard computers.

The large volumes of data that onboard computers must process are processed using artificial
intelligence methods. This is the only option for controlling high-speed objects. This also creates a
connection between dynamic geoinformatics and artificial intelligence. This connection leads to control
theory being included in dynamic geoinformatics to a greater extent than in applied geoinformatics.

A contemporary feature of dynamic geoinformatics is its consideration of the digital
transformation of society and mobile objects.

Since the scale of information situations studied in dynamic geoinformatics is very large, it is
necessary to use models to support situation analysis. The main support models are various spaces:
Such support models for dynamic geoinformatics include information space (Hughes et al., 1997),
cyberspace (McCarthy, 2018), information field (Tsvetkov, 2014), and transport cyberspace.

DG uses various types of modeling. Geoinformation modeling (Samoilenko et al., 2021) and
information modeling are the most important types of modeling. Newer types include
onomasiological modeling and semasiological modeling. Information interactions are also
important for dynamic geoinformation systems due to the highly dynamic nature of situations.
Types of information interactions in dynamic geoinformation systems are divided into object-
based, subject-based, and situational. Monitoring moving objects in dynamic geoinformation
systems primarily examines the dynamics of movement and, secondarily, the dynamics of state.
This is an operational task. The tactical task consists of identifying patterns in the object's
movement. Overall, dynamic geoinformation systems examines a spatial complex, including
objects, situations, processes, interactions, as well as the connections and relationships between
them. All of this together forms the basis for developing a spatial ontology.

The construction of spatial models utilizes a semiotic approach. This involves using
information units as a vocabulary ontology. For moving objects, the semantics of the object are
considered first and foremost, followed by its morphology. The processing results in the creation of
digital maps and digital models.

Dynamic geoinformatics utilizes complex spatial and temporal analysis. Complex analysis
includes qualitative analysis, comparative analysis, system analysis, situational analysis, logical
analysis, correlative analysis, semantic analysis, and cause-and-effect analysis. Complex analysis
in dynamic geoinformatics utilizes spatial and environmental information. The results of the
analysis are stored in databases. The analysis identifies latent variables, reveals tacit knowledge,
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and makes predictions. The overall result of the analysis is the acquisition of new knowledge
about movement patterns.

A prerequisite for the functioning of dynamic geoinformatics is the use of a unified global
coordinate system. Many types of applied geoinformatics make do with local coordinate systems.
In these cases, research is conducted in a single local spatial zone. The global coordinate system of
dynamic geoinformatics allows for the comparison of observation results obtained in different
spatial zones. The primary information system in dynamic geoinformatics is a geographic
information system (GIS). Technically, a GIS simplifies the interaction of attributes with spatial
data. GIS reduces the user's workload when analyzing situations and traffic patterns.

Dynamic geoinformatics is used to assess the dynamics of the impact of harmful pollutants.
Environmental assessments are performed in three ways. The first relates to the impact of
transport on environmental pollution. The second relates to the impact of industrial pollutants on
the environment. The third relates to the placement of housing and green spaces. Therefore,
dynamic geoinformatics addresses placement issues.

3. Conclusion

Dynamic geoinformatics emerged from applied geoinformatics as a unified group of methods
and tasks for studying spatial dynamic processes. The results of such research are temporal
functions or time series. Dynamic geoinformatics enables retrospective analysis and forecasting of
future processes. Dynamic geoinformatics primarily studies processes and, secondarily, the state of
observed objects. Dynamic geoinformatics of transport networks studies the state and deformation
of networks. It primarily studies the geometry and, secondarily, the topology of networks. Dynamic
geoinformatics of transport studies the movement of various objects: conventional trains, digital
railways, cyber-physical transport systems, unmanned systems, and transport robots. From space,
dynamic geoinformatics studies the dynamics of the Earth's surface state and processes on the
Earth's surface. In this area, it is closely related to space geoinformatics.

DG is the primary tool for analyzing the state and development of processes in geosystems.
The use of dynamic geoinformatics is an essential component of transport management.
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Improvement of the Process of Monitoring the Condition of Technological Equipment
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Abstract

In the context of industrial digital modernization, upgrading approaches to monitoring the
condition of technical units becomes crucial for enhancing the resilience and efficiency of industrial
enterprises. The use of intelligent analytical systems and industrial internet of things technologies
is particularly relevant, where the timeliness and completeness of information directly determine
the possibilities for preventing emergencies and rational allocation of maintenance resources.
The implementation of innovative monitoring tools allows for the restructuring of maintenance
processes, reduction of labor costs, and minimization of the likelihood of unplanned shutdowns.
This paper analyzes the main benefits of modernizing monitoring systems, including increased
productivity, extended intervals between repairs, and improved stability of production operations.
Special attention is paid to the difficulties faced by domestic enterprises in implementing such
projects: significant initial investments, the need for personnel retraining, compatibility issues with
existing control systems, and threats in the field of information security. Based on the study of
Russian experience and research data, practical recommendations are formulated for the
successful updating of monitoring processes. The material is of interest to specialists in production
asset management, IT experts, and managers interested in strengthening the operational resilience
of industrial facilities.

Keywords: equipment condition monitoring, predictive analytics, industrial internet of
things, production assets, scheduled maintenance, digital model, operational availability,
information security.

1. BeegeHue

B coBpemeHHBII IepHUOj, MOJIEPHU3ANINSA METOAOB KOHTPOJSA TEXHUYECKOTO COCTOSHUS
MIPOM3BO/ICTBEHHBIX AKTUBOB BBIJIEIAETCA KaK OJIMH U3 OIPEJEAIIINX BEKTOPOB Pa3BUTHUSA
OTeYeCTBEHHBIX ITPOMBIILIEHHBIX OpraHu3anui. JlaHHas TeH1eHIusA 00yCIoBIeHa TPEOOBAaHUAMHU K
MOBBIIIEHUI0 OTKa30yCTOMYMBOCTH, BO3PACTAIIEH IIEHOH IIPOCTOEB U YCHWIEHUEM POJIH
NpOodIWIAKTUYECKUX CTpaTernii B oOcaykuBaHUU. [lepexoi K MPOTHO3HBIM MOJENIAM O0COOEHHO
BOKEH JUId HAyKOEMKHX OTpacjed, IJle HCIPAaBHOCTb AKTUBOB HAIPAMYIO KOppeJIupyeT ¢
MTOKAa3aTesIAMU 6€30IMaCHOCTH U 9KOHOMUYECKOH pe3ysabTaTuBHOCTH (Knbep6e30macHOCTb. .., 2025).

2. O6cyxkneHue

CorslacHO  aHaJIMTUYECKUM  OIIEHKaM, CBBIIE 40 %  KPYIOHBIX  OTe4eCTBEHHBIX
MIPOMBIIIIJIEHHBIX OPTraHU3alui yKe IPUMEHSAI0T WX PacCMaTPHUBAIOT BO3MOXKHOCTh IPUMEHEHUA
WHTEJUIEKTyJIbHBIX CHUCTEM KOHTpoJyii Ha 0ase Texnosioruid IIoT. Idro cBA3aHO C TeM, UYTO
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COBpeMeHHble MeTO[bl HaOIoZieHNs O00ecreunBalOT HE TOJIBKO PETHUCTPAIUI0 aKTYaJbHBIX
[IapaMeTpoB, HO U IPOTHO3UPOBAHUE OCTATOYHOI'O SKCIUIyaTalMOHHOTO IOTEHIUaIa, YTO
CYIIECTBEHHO  yJIyd4lllaeT  yIIpaBjeHWe  JKU3HEHHBIM  IIUKJIOM  AaKTUBOB, yMeEHbIIAeT
HellpeIBUJIEHHbIE  PACXOAbl U  CIIOCOOCTBYeT DPAa3BUTHUIO IPOU3BOJICTBEHHON  KYJBTYDHI
(UccnenoBaume aedumnura..., 2025).

OnHako peasm3anyisl IPOEKTOB 10 BHEAPEHUIO YCOBEPIIEHCTBOBAHHBIX CUCTEM KOHTPOJIA
CONpsPKEHAa C KOMIUIEKCOM TPYAHOCTEN, KOTOpble TpeOyloT yueTa /A pe3yJIbTaTUBHOU
TEeXHOJIOTHYecKOU TpaHcopmanuu. B rpesictaBieHHON paboTe uccieyloTes Kak MOTeHI[UaTbHbIe
BBITO/IBI, TaK U BEPOATHBIE PUCKHU, a TaKKe IPeIaraloTcs MpPaKTUYeCcKHue Mephl i
OTeuecTBEHHbIX opranusanui (Biausauue nndpoBoil..., 2025).

K umeny BakHEHIIUMX IPEUMYIIECTB COBPEMEHHBIX pelleHUH OTHOCUTCA CYyIeCTBEHHOe
MIOBBINIEHUE JIETATU3AIUNA U PETYIAPHOCTH cObopa auarHocTuyeckor mHpopmanuu. K mpumepy,
IIOCTOSTHHOE HAOJII0/IeHre 32 BUOPAIIMOHHBIMH XapaKTEPUCTHKAMU, TEPMHUYECKUMU PEKUMaMHU,
YPOBHSIMU JIaBJIEHUS C IPUMEHeHueM OeCIIpOBOAHBIX CEHCOPHBIX CETEN 0OecIeunBaeT MoJydeHne
aKTyaJIbHBIX JIAHHBIX B DPEXUME PEIbHOTO BpeMeHH. lIpuMeHeHHMe MOAOOHBIX CHUCTEM HAa
OTEYEeCTBEHHBIX IIPOU3BO/ICTBAX ITO3BOJISIET OOHAPYKUBATh OTKJIOHEHUS HA 60—80 % panbIle 1Mo
CPaBHEHUIO C TPAAUIIMOHHBIMI METO/AMHU IIJIAHOBBIX MIPOBEPOK, YTO CIIOCOOCTBYET HEAOIYIIIEHUIO
cepbe3HbIX TOJIOMOK (MHTEerparus cucreM..., 2025).

3. PesyabTaTsl

MopepHu3anus KOHTPOJISI MUHUMH3HUPYET CyOhEKTUBHOE BIIMSHUE UeJIOBEYECKOT0 (haKTopa
Ha JIMaTHOCTUYECKHE IPOLEAYPHI, UTO UMEET 0co00€e 3HAUEHHE /IS CJIOKHBIX TEXHOJIOTHIECKUX
KoMIUIekcoB. Tak, cHucTeMBl IIPDOTHO3HONM AQHAJIUTHUKH CHOCOOHBI AaBTOHOMHO HCCJIEZIOBATH
CIEKTpaJIbHblE XapaKTEepUCTHUKU BHOpanuu, WAEHTHUUIMPOBATh 3apoxkziaroniuecs JedeKkTbl B
MOIIUITHUKOBBIX y3JIaX WM JucOajlaHC POTOPHBIX cuCTeM U (OPMHPOBATh IPOTHO3HBIE
3aKJIOueHnsA 0e3 CyOheKTUBHON TPAKTOBKU OIepaTopa. ITO CHUKAET PUCK IMPOIycKa Jie(eKTHBIX
COCTOSTHUH U HOBBIIIIaeT 000CHOBAHHOCTHh MpUHUMaeMbIx pemeHuil (Tabmuma 1; 9ddeKkTUBHOCTD
BHE/[PpEHHUA..., 2025).

Ta6auna 1. ComnocraBjieHHe MeTOJUK KOHTPOJIA /0 U IOCJe BHEAPEHUS CUCTEM ITPOTHO3HOTO
MoHHuTOpUHTa (MHTErpamus CUcTeM..., 2025)

KonTposmpyemsblii mapameTp TpagunuonHas CoBpemeHHas Addext
METOJINKA METOJINKA yiaydlieHus, %
(mepuopmueckuit/ (mocrostuubI/
py4YHOU c60p) IIPOTHO3HBIHN
aHaIN3)
PerynsapHoctb cO6opa 1pa3 B ITocrosiHHO, bosee 1000 %
BUOPOIMAarHOCTUYECKUX 1—3 mecana B peasibHOM
JTAHHBIX BpeMeHU
Cpok oO6Hapy:xkeHus 30—60 cyTok 90—-180 cyTok Yupexaaronuit
pasBuBaroierocs gedexra 710 OTKa3a 710 OTKas3a nepuoz
(Ha mpuMepe MOAIIUITHIKA yBeJINYeH
KauyeHu) B 2—3 pasa
Tpynosarparsl Ha cO0p 40 4eJIOBEKO-YacoB | 5 YeJ0BEKO-4acoB YmeHbleHnE
nHdopmaruu (Ha arperart B roj) Ha 88 %
BeposTHOCTh HEOOHAPYKEHUS 15-25% 2-5% CHumxeHUne
KPHUTHYECKOH HEHCIIPABHOCTH Ha 75—85 %

CoBpeMeHHbBIE TEXHOJIOTUUECKUE TIATHOPMBI AaI0T BO3MOKHOCTD PEeaIn30BaTh KOHIIEMIUIO
oOcaykuBaHuA 1O (HAKTUUECKUM I[I0KA3aTeaAM COCTOSHUSA, YTO 3aMEeTHO IIOBBIIIAET
paIMOHAJIbHOCTh HUCIIOJIB30BaHUA pecypca arperatoB. Hampumep, miaaT¢opMbl, UCIOIB3YIOIIHE
nudpoBble MOJEIN, AHAJIM3UPYIOT ONEpPallMOHHbIE MOKAa3aTeId, apXUB OTKA30B U HArpy304HbIe
PEKUMBI, YTO MO3BOJIIET TOUHO OIPEeZeIATh ONTHUMaIbHble MOMEHTHI /ISl 3aMeHbl KOMIIOHEHTOB.

34




European Journal of Technology and Design. 2025. 13(1)

Opranusanuy, BHeJIpUBIINE 0/I00HBIE CUCTEMBI, (PUKCUPYIOT POCT MPOAOIKUTEIFHOCTH PabOTHI
MeXK/y KalluTaJIbHBIMU peMoHTaMu Ha 20—40 % (Kubepbe30macHOCTb..., 2025).

Kpowme Toro, coepuHeHre cUCTEM KOHTPOJISA ¢ KOPIOPATUBHBIMU CUCTEMaMU IUIAHUPOBAHUSA
pecypcoB NpeNUpHUATHSA U YIpPaBJIeHUS OCHOBHBIMU (GOHAAMU I03BOJIAET aBTOMATHU3UPOBATH
MIPOIEAYPHl COCTaBJIEHUS PEMOHTHBIX TPaUKOB, 3aKa3a KOMIUIEKTYIOIUX U (POPMHUPOBAHUSA
HapsAZ0B. ABTOMAaTH4YecKass TeHepanus 3asgBKA B CUCTEMEe VYIPABJIEHUA TEXHUYECKUM
o0CIy’>KUBAaHHEM IIPU /JOCTIKEHUU BUOPAllMOHHBIMU NapaMeTpaMU IIpe/ieJIbHbIX 3HAUYeHUU
COKpalaeT a/IMUHUCTPATUBHBIE 33/IEPKKU U YCKOPSAET peaklUio peMOHTHBIX ciry:k0 (Tabiuma 2;
TpeHnppl..., 2025).

TabGauna 2. /[MHaMUKa KJIIOUEBBIX IIOKasarejled pe3yJbTaTUBHOCTH OOCIY>KHUBAHUA IIOCTIe
BHEJIPEHUs CUCTEM ITPOTHO3HOTO MOHUTOPHUHTA ([TpakTHueckue Keucsl..., 2025)

ITokazaresb HcxonHoe Yepes 2 roga nocie JlnHaMuka,
COCTOSIHHE BHeJIpEHUs %

Koaddunuent TEXHUYECKOTO 0.87 0.93 +7 %

ucroab3oBauus (KTH)

Cpennsas Hapaborka Ha otka3 (MTBF), 1200 1850 +54 %

4acoB

Jlonss aBapUMHBIX PEMOHTOB B 0OIIIEM 35% 12% —66 %

o6peme pabot mo TOuP

CobuttozieHre yTBEPKIEHHOTO TpaduKa 65 % 92 % +42 %

IJIAHOBBIX PEMOHTOB

MoaepHu3anus IPOIECCOB  KOHTPOJIA  CIIOCOOCTBYET TOBBINIEHUIO OIEPAIlMOHHOU
a¢ddeKTuBHOCTH OJrarofaps COKpAIIEHHWI0 HEMPOAYKTHBHBIX OCTAHOBOK W ONTHMH3AINU
MaTepHhaJbHBIX 3amacoB. CHCTeMbI, aHATU3UPYIOIIUEe HHGOPMAIIHI0 O COCTOSHHH, ITO3BOJISIOT
TOYHO TIpEeJICKa3blBaTh MOMEHTHI BBIXOZ[a M3 CTPOS OTBETCTBEHHBIX Y3JI0B, YTO YMEHBIIIAET
MoTpeOHOCTh B CTPAXOBBIX 3amacax W 00beM He3aBepIIeHHOTo peMoHTa. (OTedyecTBEHHbIE
KOMIIaHUHY, BHEJPUBIIIUE IPOTHO3HBIE PEIIEHUA, OTMEUAIOT CHIKEHHE PACXOJ0B HA CO/IEPIKAHUE
pe3epBoB 3amuacteit Ha 15—25 % (MccenenoBanue nedpunura..., 2025).

I[Tomumo »3TOrO, aBTOMATH3AIMSA IIpoHeayp cOopa W 00pabOTKH JaHHBIX CIIOCOOCTBYET
YMEHBIIIEHUIO OMEPAITMOHHBIX M3/IePKeK Ha IOJJIeprKaHue caMOd MHMPACTPYKTYphl MOHHTOPHHTA.
ITepexon Ha GeCIPOBOAHBIE IATIYUKU U 0OJIAUHbBIE TIAT(OPMBI /7T aHAJTUTUKHU ITO3BOJISIET COKPATUTD
3aTpaThl Ha pa3BEPTHIBAHHE U COIIPOBOKJEHUE CHCTEMBI KOHTPOJIA Ha 30—50 % OTHOCHUTEIHHO
K1accuueckux mpoBoiHbIX SCADA-cucreMm (Tabuna 3; AHaIU3 PIHKA..., 2025).

Ta6smna 3. DKOHOMHUYECKUI pe3yJIbTaT OT BHEJPEHUS CUCTEMBI IPOTHO3HOTO MOHUTOPUHTA HA
OPEAIPUATAN €O 100 eIWHUIIAMH Bpamamiierocsi ob6opyzoBaHus (pacyeTHBIH IPUMED)
(UccnemoBanue neduIura..., 2025)

IToka3zarenb o ITocne JlnHaMuka,
BHEJpEeHUA BHEJpEeHUA %

T'opgoBble pacxo/pl HA aBapUTHbIE PEMOHTHI, 12.5 4.5 —64 %

MJTH pyo.

T'omoBbIe YOBITKU OT IIPOCTOEB, MJIH PY0. 8.0 2.5 —69 %

Pacxonp! Ha coziepkaHNe pe3epBOB 3aM4acTe, 5.0 3.8 —24%

MJTH pyo.

CyMMapHBIU FOZ0OBOI S5KOHOMUYECKUU — = 15.0 —

pe3yJibTaT, MJIH Pyo0.

TpyaHoCTU MOAEPHU3AIINHU IIPOIECCOB KOHTPOJIS

1. CyiiecTBeHHbIE TepBOHAYAIbHBIE BJIOKEHUS

OnxHOM M3 OCHOBHBIX MPOOJIEM SBJISAIOTCS 3HAYUTEJIbHBIE CTAPTOBBIE KAITUTAJIOBJIOMKEHUSA B
anmnapaTHO-IIPOrPaMMHbBIN KOMILJIEKC, CEHCOPHBIE YCTPOMCTBA, CUCTEMBI CBSI3U U UHTETPAIIMOHHbBIE
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pabotel. CpenHAA CTOMMOCTh IIJIOTHOTO TIIPOEKTAa IO IIPOTHO3HOMY MOHUTODHHIY JJIA
IIPOMBINIJIEHHOTO MIPEANPUATHSA cpeJiHero Maciitaba B Poccun onieHnBaeTcs B iMana3oHe OT 2 /10
10 MWUIMOHOB pyOsed. [[jid MHOTHMX OpraHusanui, OCOOEHHO B YCJIOBUAX CEep:KaHHOHU
VHBECTUIIMOHHON TOJIUTHUKH, TaKHe pACXOAbl MOTYT IIPE/CTABJIATh Cepbe3HOe IPEeNATCTBUE
(UccnenoBaume aedumnura..., 2025).

2. [TorpebHOCTD B 0O0y4EeHUU U PA3BUTUU KBAIN(DUKAIIUY ITepCOHAIA

ITepexos, Ha cOBpeMeHHBbIE CHCTEMBI KOHTpPOJA TpeOyeT OT HH)KEHEPHO-TeXHUYECKUX
CHEI[UAINCTOB OCBOEHHUS HOBBIX HWHCTPYMEHTOB aHAIM3a JIAHHBIX M IPUHIIUIIOB IMPOTHO3HOU
aHaIUTUKU. OKOJIO MTOJIOBUHBI OTEUEeCTBEHHBIX KOMIIAHUHN CTAJIKUBAIOTCA C HEOCTATKOM KaJ[pOB,
CIOCOOHBIX KOPPEKTHO WHTEpPIpeTHpoBaTh AaHHble 1I0T U MpuUHUMAaTh Ha UX OCHOBE pelleHUsd.
Jlns  ycHemHOW peay3alyiil IIPOEKTa HEeOOXOAWMO IIPOBOAUTH KOMILUIEKCHOE OOyd4eHUe,
coueTarIlee TEXHNIECKHUE U aHUTUTHYeCKUe KoMmrneTeHIun (BiausHue nudpoBoii..., 2025).

3. CiioxkHOCTH coBMelleHus ¢ AelicTBytoieit UT-ctpykrypoit u ACY TII

MHorHe OTeYeCTBEHHbIE IMPOU3BOJICTBEHHbIE OOBEKTHI  00JIAAIOT  HEOJTHOPOIHOM
UT-undpacTpyKTypoul, COCTOAIEN U3 CHUCTEM PAa3JIMYHBIX IOKOJeHuW. VHTerpauus HOBBIX
wiathopM MOHUTOpHHra ¢ yHacaenoBaHHbIMU SCADA-, MES- u ERP-cucremammu Hepeako
BBI3BIBAET 3HAUNTEJIbHBIE TEXHUUECKHE 3aTPYAHEHUA, TPEOYET CO3/IaHUS CHEIUATBHBIX IITI030B U
aJlanTEPOB, YTO YBEJTUUUBAET CPOKU U 010 KeT mpoekTa (TpeHasl..., 2025).

4. Yrpo3sl nH(POPMAIIOHHOM 6€3011aCHOCTH

CucteMbl IPOMBIIJIEHHOTO KOHTPOJIS, IOJKJIIOUEHHblEe K KOPIOPATUBHBIM CETAM U
1006aJIbHOM MHMPACTPYKTYpE, CTAHOBATCS NMOTEHINAIBHBIMU O00BEKTaMU JJI1 KUOEPHETHIECKUX
atak. B wmuHyBmeM romy OGosee 40 % OTEUECTBEHHBIX IPOMBIILIEHHBIX KOMIIAHUHN
perucTpupoBajgId HHIOWIEHTHI, CBA3aHHbIEe C HECAHKIIMOHUPOBAHHBIMHM IONBITKAMHU JOCTyIa K
cucreMaM cOopa OIepalMoOHHBIX JaHHBIX. [Ina obecreueHus 3al(UIeHHOCTH TpebyeTcs
BHEJIpEHUE CIIeNNATU3UPOBAHHBIX CPEJICTB, TAKUX KAaK CErMEHTAIus CeTell ONepalOHHBIX U
MHGOPMAITMOHHBIX TEXHOJIOTUH, KpUNTOrpaduvecKas 3alluTa JAHHBIX C JATIYUKOB U CTPOTHUU
KOHTPOJIb IIpaB AocTyma (BubporeHTp, 2025).

JIJ1 yCIeIIHOTO COBEPIIEHCTBOBAHUA IIPOILIECCOB KOHTPOJIA COCTOSAHUA TEXHOJIOTUYECKOTO
000pyA0BaHUSA OTeUeCTBEHHBIM KOMIIAHUAM IIpeJJIaraeTcs:

IIpoBectu ayaut pevicrBytomieit cucrembl TOuP u UT-uHpacTpyKTypsl — ONIpENENIUTHh
HauboJlee Ba)KHblE aKTHUBBI U IpobOJIeMHBblE YYaCTKU B IIpoIljeccax cOopa MJaHHBIX JJIA
(dopMupoBaHUsa TPUOPUTETOB BHE/IPEHUS.

— BpIiOuparh MOAyJBHBIE W MacIITaOMpPyeMble pelIeHUus — OTAaBaTh IPEAIOYTEHHE
w1atgopMaM ¢ OTKPBITBIMU UHTepdeicaMu MTPOrPaMMHUPOBAHUS, CIIOCOOHBIM K MHTETPAIlUH KaK C
OTeYeCTBEHHBIM, TaK U ¢ 3apy0eKHBIM IPOrPaMMHBIM obecniedeHreM (AHaIM3 PBIHKA..., 2025).

— OO0ecreuynTh TOITAMHOE TIOBBIIIEHWE KBUTH(UKAIIMK IIepCOHAIa — pas3paboTaTrh
MIPOTPAMMBI TIE€PENOATOTOBKU I CJIy:KO IJIaBHOTO MeXaHWKa W DHEPTeTHUKAa, AaKIEeHTHPYA
BHHMAaHHe Ha paboTe C aHAIUTHYECKIMU aHEJIIMU U HHTEPIIPETAIUH IPOTHO3HBIX JAHHBIX.

— BHenpATh BcTpoeHHBIE Mepbl MHGOPMAIIMOHHOW 3allUThl — paccMaTpUBATh BOIIPOCHI
0e30MacHOCTH /IaHHBIX He Ha JTalle IIOCT-BHEJIPeHUs, a KaK HeOoTheMJIEMYI0 4acTb
IIPOEKTUPOBAHUSA APXUTEKTYPHI CHCTEMBI MOHUTOPHHTA (BubpomeHTp, 2025).

— HauuHaTh ¢ NWIOTHBIX IPOEKTOB — PEAIM30BaTh CUCTEMY Ha OTPAHUYEHHOM KOJIMYeCTBe
HanboJsiee 3HAUMMBIX €IMHUIl O0OPYAOBAHUA /JisI OTPAOOTKU TEXHOJIOTHH, OIEHKH TOYHOCTHU
IIPOTHO30B U pacyeTa pakTUIecKoro skoHoMuueckoro addekra (ITpakTuueckre KeHCHL..., 2025).

CoBepIIIEeHCTBOBAHHE ITPOIECCOB KOHTPOJISI COCTOSTHUSA TEXHOJIOTHUYECKOTO0 O0O0pYy/IOBAHUSA
MIPEZICTaBJIAET COO0OM HEe MPOCTO TeXHHYECKOe OOHOBJIEHUE, a CTPATETHMUYECKYI0 MOTPEOHOCTH 1A
COBPEMEHHBIX IPOMBIIJIEHHBIX MPEANPUATHN, CTPEMAIIUXCA K YCTOUYHMBOMY Pa3BUTHIO B
yCJIOBUSIX IU(PPOBON SKOHOMUKHU. BHe/peHUe crcTeM TPOTHO3HOW aHamuTHUKU U [1oT mo3Bosser
pyHIaMeHTaIbHO M3MEHUTHh IIOAXOJ, K YIIPAaBJIEHWI0 AKTHUBAMH, CJieJIaB ero YIIpe:KJalollnM,
SKOHOMUYECKH 0O00CHOBAHHBIM ¥ OPUEHTHPOBAHHBIM Ha MaKCUMAaJIbHOE UCIIOJIb30BaHNUE pecypcea.

OnHuM u3 HauboJiee 3HAYUMBIX IPEUMYIIECTB ABJIAETCA IEPeXos OT 3aTPATHOU MOJETH
«peMOHT 1O (aKTy» WIN «PEMOHT IO perJlaMeHTy» K ONTHMaJIbHOM MOJieJI1 «PEMOHT IO
HeoOxonumocTH». Korzja c60p 1 aHaiu3 TaHHBIX O COCTOSHUU OepyT Ha ce0s MHTeJIEKTyaIbHbIe
CUCTEMBI, WHXKEHepbl II0Jy4al0T BO3MOKHOCTb COCPEJIOTOUMTBHCA Ha aHAIN3e IepBONPUYNH
OTKAa30B M ONTHUMU3AIMU KOHCTPYKI[MM, a He Ha pPYTUHHBIX 3aMepax. IJTO He TOJIBKO
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IIpeZOTBpaIaeT aBapuH, HO U CO3/Ia€T OCHOBY /U IIOCTOSHHOTO YJIyYIIEeHUs HaJIe’KHOCTH
(MHTerpanyis CUCTEM..., 2025).

KauecTBo ympaBsieHHs TPOU3BOACTBEHHBIMH aKTUBAMU TaKiKe CYIIECTBEHHO BO3pacTaeT
Oyaromapss CKBO3HOW [HM(POBU3ANHMHU JIAaHHBIX. EjauHasa 1wiatrdopMa, aKKyMYJIHPYIOIIas
WHOpPMAITUI0O ¢ JaTYUKOB, HCTOPHUI0 PEMOHTOB U OKCIUIyaTallUOHHbIE HArpy3KH, CO3/aeT
«1poBOH ciiez1» 0OOPYZIOBAaHUSA HA TPOTSKEHUHM BCETO JKU3HEHHOTO NHKJIA. JTO IMO3BOJISET
CTPOUTDH TOYHBIE POTHO3HbBIE MOJIENTA, ONITUMU3UPOBATh CTPATETHIO OOCTYKHUBAHUSA VI KAXKOTO
KOHKPETHOTO aKTHBA M 00OCHOBAHHO MPUHUMATh WHBECTHIIMOHHBIE PEIIEHUs TI0 MOJAEPHU3AINU
wiu 3aMmeHe (Kubepbe30macHOCTh CUCTEM..., 2025).

Poct onepanmonHo# 3(pPEeKTUBHOCTH U CHUKEHUE OOIIeH CTOUMOCTH BJIAJIEHUSA — €Ille OJTHO
KJII0YeBoe mpeumMyinecTBo. CoBpeMeHHbIe CHCTEeMbl MOHUTOPHHTA MIOMOTAIOT HE TOJIBKO U30eraTh
JIOPOTOCTOSIIIIUX ITPOCTOEB, HO W ONTHUMH3UPOBATh JIOTUCTUKY 3allaCHBIX YacTel, IJIAaHUPOBaHHE
pecypcoB ciy:xk6 TOuP u sHepromorpebsieHre obopymoBaHus. OcoOEHHO aKTyaJbHO 3TO JJIA
KalmMTAJIOEMKUX OTpacjel, TI/ie aake HeOOJIBIION IMPOIEHT YJIydIlleHus ToKa3aTesied Jaaer
3HAYUTEIbHBIN (UHAHCOBBIN pe3yabTaT (McenenoBanue gedumura..., 2025).

Onnako mudpoBas TpaHchOpMaIus MOHUTOPHHTA — 3TO HE TOJIBKO IPEUMYIIeCTBa, HO U
KOMILJIEKCHbIE BBI3OBBI. BBICOKME TIepBOHAYaJIbHbIE WHBECTHUIIMHM B allapaTHYI dYacTb,
MMporpaMMHOe ObOecriedeHre W WHTErpamuio MOTYT OBITh ONpPaBAaHbl TOJIPKO MPU ITPABUILHOM
pacuete Bo3BpaTa Ha uHBecTUIUH (ROI) 1 BpIOOpE peleHuH ¢ ICHOH IOPOKHOUN KapTOW Pa3BUTHSA
(UccnenoBanue gedunura..., 2025).

PazBuTHE KOMIIETEHIIMI IIEpPCOHAIA — €llle OJJUH KPUTHUYECKUU (akTop ycrnexa. VIH:KeHepbl U
TEXHOJIOTH JIOJDKHBI HAyUUTHCA «JIOBEPATh [JAHHBIM» W TPUHUMATh peIIeHUs Ha OCHOBE
PEKOMEH/IAINI aJITOPUTMOB, UTO TpeOyeT M3MEeHEeHHs He TOJIBKO HABBIKOB, HO U IPOU3BOZCTBEHHOMN
KyJIbTYpPBIL. [IpeoosieHne CKelcuca 1 IeMOHCTPAIUS IIOHATHBIX YCITENTHBIX KEHCOB BHYTPU KOMITAHIH
— BaKHAA 3a71a4a /I/Is1 pyKOBoiuTestel mpoekTa (Bimsanue udpoBoii..., 2025).

TexHuUeckass MHTETrpamus 4YacTO CTAHOBUTCA CAMBIM CJIOKHBIM STaroM. Pa3zHOPOIHOCTH
CHUCTEM, YCTapeBIIHE ITPOTOKOJIBI CBSI3M U HEOOXOAUMOCTh obecreueHusi OecriepeOOHHOCTH
TEKYIero IMPOU3BOJICTBA TPEOYIOT TIATEIbHOIO IUIAHUPOBAHUS W TIPUBJIEUEHUS OIBITHBIX
uHTerpaTopoB. OMMOKKM HA 3TOM 3Tale MOTYT IIPUBECTH K TOMY, UTO JOPOTOCTOSIIAs CHUCTEMA He
OyZieT mpeAoCTaBIIATh 1EeJIOCTHYIO KapTuHY (TpeHsl..., 2025).

Haxonen, wuHpopManuoHHas 0€30MacHOCTh B 3MOXy IOJKIOYEHHOTO IPOU3BOJICTBA
CTAaHOBUTCS 33/1a4ell HOMep OINH. Y I3BUMOCTD B CUCTEME MOHUTOPHUHTA MOJKET CTaTh TOUKON BXO/a
JUIS aTaK{ Ha KPUTHYECKYI0 TEXHOJIOTHYECKYIO MHGPACTPYKTYPY. I[loaToMy mocTpoeHre Oe30macHoOM
apXUTEKTYPbhl, PETYJISPHBIA ay/IUT U CO37[aHNEe WHIUAEHT-MEHEKMEHTa JIOJDKHBI OBITh HE
JIOTIOJTHUTEJIbHBIMHU OTITUSAMHU, a 00513aTeIbHBIMU 3JIEMEHTaMH IpoekTa (BubporeHTp, 2025).

Il yCIIENTHOTO  COBEPIIIEHCTBOBAHUS  IPOIIECCOB MOHUTOPHUHTA  ITPOMBIIILJIEHHBIM
KOMIIAaHUAM PEKOMEH/YeTCs MPUIEPKUBAThCs (pUyIocopum «OT MPOCTOTO K CI0KHOMY». Hauath
MOKHO C KOHTPOJISI 0a30BbIX IIapaMeTPOB Ha KPUTHYECKOM 000PY/IOBaHMH, 3aTeM 100aBUTH OoJiee
CJIO’KHYIO aHAJIUTHKY, a TIOCJIE — MHTETPUPOBATh IaHHBIE B CUCTEMY YIIPABJIEeHHUs aKTHBaMU. Takou
UTEPATUBHBIN IOAXO/ MO3BOJISAET HAKAIUIUBATh SKCIIEPTU3Y, JEMOHCTPHUPOBATH OBICTPBIE TTOOEBI
1 MUHUMHU3UPOBATh pUCKHU ([IpakTUUECKHE KEHCHI..., 2025).

4. 3axaoueHue

B oeJIoM, COBEPIIEHCTBOBAHME MOHUTOPHHIA OTKpPBIBAET Iieped, IIPOMBIINIJIEHHBIMU
OpefIpUuATUAMU [OyTh K IPUHIUINMAJILHO HOBOMY YPOBHIO YIPaBJIAEMOCTH, HAJEKHOCTU U
SKOHOMUKH MPpou3BojicTBa. OHO MO3BOJISIET HE TOJIBKO IIpeAOTBpaIiaTh c60M, HO U HAKaIIUBAaTh
JIAaHHBIE I 0JITOCPOYHOHN ONTUMHU3AINN KOHCTPYKIIUHA U TEXHOJIOTHYECKHX IpolieccoB. OTHAKO
JUIsL ycrexa HeoOXOJ[UMO paccMaTpHUBaTh S3TOT IPOIECC He KaK Pa3oBYKD 3aKYIKy <«YMHBIX
JIATYUKOB», 4 KaK KOMIUIEKCHYIO TPAaHC(HOPMAIIHIO ITPOIIECCOB, KOMIIETEHIIMH M TEXHOJIOTHYECKOMN
ApXHUTEKTYPhl MPEANPUATHA. TOJIBKO TAaKOW IIOAXOJ[ MPEBPATUT MOHUTOPHUHI COCTOSHUS W3
HWHCTPpYMEHTA JUATHOCTHUKU B CTpaTeI‘I/I‘-IeCKI/Iﬁ AKTUB KOMIIQHUU.
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CoBeplilleHCTBOBaHHE PO ECCAa MOHUTOPUHTIA COCTOAHUS
TEeXHOJIOTUIeCKOro 000pyA0BaHUA

Unbsa JImutpuesuu Pequenko 2, Osbra AnekcanposHa Eiaruna 2
aMUPIA — Poccuiickuii TeXHOJIOTUUECKUI YHUBepcUTeT, MockBa, Poccutickas ®enepanus

AHHOTamuA. B KOHTeKCTe NPOMBINUIEHHONW IUMPOBOH MOAepHU3AIUH, OOHOBJIEHUE
IIO/TXO/TOB K MOHUTOPHHTY COCTOSHUS TEXHUYECKHX Y3JI0B IIPUOOPETAET pelIarollee 3HaUeHHe 11
IIOBBIINIEHUA YCTOI>JI‘JPIBOCTPI u 3(1)(1)6KTI/IBHOCTI/I IIPOMBIIIJICHHBIX HpeILHpHHTHﬁ. OcobeHHO
AKTYaJIbHO HCIIOJIb3OBAHHE HHTE/IVICKTYyaJIbHBIX aHAJIUTHYECKHUX CUCTEM H TEXHOJIOTUH TaM, Tae
CBOE€BPEMEHHOCTD u IIOJIHOTA I/IH(l)OpMaI_II/II/I HaIIpAMYIO OIIpeacIAnT BO3MOXHOCTHU
MpeAOTBPAIleHUs] aBapUA ¥ PAIMOHAJIBHOTO PpACIpPENEJIEHUsI PECYPCOB HA TEXHUYECKOE
o0cIy>KUBaHHE. Buenpenue VHHOBAIlMOHHBIX CPEZCTB MOHUTOPHHTA II03BOJIAET
PeCTPYKTypUpPOBaTh IPOIECChl TEXHUUYECKOTOo OOCTYy:KHWBAaHUSA, CHU3UTh TPYA03aTpaThl U
MHHUMU3UPOBATh BEPOATHOCTh HE3AIUIAHMPOBAHHBIX OCTAaHOBOK. B nmanHONl  pabote
AHAJIM3UPYIOTCA OCHOBHBIE IIPEUMYyIecTBa MOJEPHU3AIUM CUCTEM MOHUTOPUHIA, BKJIIOYAA
NOBBIIIIEHNE TIPOU3BOJAUTEJBHOCTH, YBeJIMUEeHNEe WHTEPBAJIOB MEX/y PEMOHTAMU U yJydllleHUe
CTAaOWJILHOCTH TPOU3BOJICTBEHHBIX omepanuii. Ocoboe BHUMAaHUE VAENSAETCA TPYAHOCTSM,
C KOTOPBIMH CTAJIKMBAIOTCA OTEUYECTBEHHbIEC IIPDEANIPUATHUA IIPpU pea/in3alliid TaKHX IIPOEKTOB:
SHAYUTEJIbHbIEC II€pBOHAYaJIbHbI€ HWHBECTHUIIUU, HeO6XOI[I/IMOCTI) IIEpEnoAroTOBKHU II€pCOHAaJIA,
HpO6JICMBI COBMECTHMOCTHU C CYLIECTBYKIONHMMM CHCTEMaMHU YIIpaBJI€HUA W YIPO3bI B obJsiactu
nadpopMaruoHHOW  Oe3omacHocTH. Ha  OCHOBe  HW3y4eHHSI  POCCHUMCKOTO  OMBITA |
HCCIea0BaTEJIbCKUX AdaHHBIX C(l)OpMy.HI/IpOBaHBI IIPpAKTU4YECKHE PpEKOMEHJallkd II0 YCIEHIHOMY
O0OHOBJIEHUIO TIPOIECCOB MOHUTOPHHTA. MaTepuas IpezcTaBisAeT HHTEPEC IS CIEIUATUCTOB 110
YIIPaBJIEHUIO  IMPOU3BOJICTBEHHBIMH  akTUBaMu, WT-CHeNHUaincToB W PYKOBOJAMTENEH,
3aWHTEPECOBAHHBIX B ITOBBIIIEHUHN OMIEPAIIIOHHON YCTOHYHUBOCTH ITPOMBIIILIEHHBIX OOHEKTOB.

KirroueBble cJIOBa: KOHTPOJIb COCTOSIHHSL OOOPY/IOBaHUsA, IIPOTHO3HAs AHAJIUTHKA,
IIPOMBIIIJIEHHBI MHTEPHET Bellleld, POU3BO/ICTBEHHbIE AKTUBBI, PEIVIAMEHTHOE OOCJIy’KUBaHUE,
udpoBast MoJiesb, SKCIUTyaTal[HOHHAs TOTOBHOCTh, HH(MOPMAaIMOHHAsI 6€30I1aCHOCTb.
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A Review on the Design, Fabrication, and Analysis of Exoskeletons:
Industrial, Medical, and Safety Perspectives

Jerin Sreejesh 2, AlJdasim 2, Abu Thahir & Jose K Jacob 2. *
aUniversal Engineering College, Vallivattom, Thrissur, India

Abstract

Exoskeletons are wearable robotic devices intended to augment or restore human function in
industrial, medical, and safety-critical contexts. To address editorial requests, this revised review
replaces generic language with evidence-based statements and integrates ten references with in-text
citations. Drawing on recent laboratory and field studies, we summarize design choices, actuation
and control, safety and compliance, and practical evaluation. For industrial applications, passive
shoulder exoskeletons consistently reduce deltoid/trapezius activity during overhead work; effects
are task-specific below shoulder height. In rehabilitation, trajectory-tracking accuracy within a few
degrees is achievable with appropriate sensing and impedance control. We conclude with
implementation guidance that emphasizes task selection, assistance tuning, and risk management.

Keywords: exoskeletons, industrial ergonomics, rehabilitation robotics, human-machine
interaction, safety, compliance, evaluation.

1. Introduction

Exoskeletons span passive, hybrid, and powered systems for the upper and lower limbs.
Industrial devices aim to reduce exposure to biomechanical risk factors, particularly during
overhead or sustained postures, whereas rehabilitation devices assist patients with neurological or
musculoskeletal deficits. Despite rapid progress, translation beyond pilots requires a consolidated
view that links design to measurable outcomes and safety. This review integrates recent
experimental findings with practical design and compliance considerations, using numbered
citations in the journal’s style.

2. Results and discussion

Classification and design overview

By application, devices are broadly (i) industrial support systems and (ii)
medical/rehabilitation systems. By actuation, devices are passive (spring/elastic), powered
(electric, pneumatic, hydraulic), or hybrid. Rigid frames provide precise kinematics and high load
capacity, while soft exosuits prioritize comfort and portability. Design choices follow a task-driven
analysis of joint torques, allowable mass, and range of motion; rehabilitation systems typically
favor more degrees of freedom with careful alignment and back-drivability, whereas industrial
supports minimize complexity and focus on fit, donning/doffing, and durability (de Looze et al.,
2016; Maurice et al., 2019).

* Corresponding author
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Evidence for industrial applications

Field and laboratory studies quantify physiological exposure reduction when passive
shoulder exoskeletons (PSEs) are used for overhead work. In slaughterhouse packaging work,
a randomized crossover study (n = 26) reported bilateral reductions in anterior and medial deltoid
(~10—29 %) and upper trapezius (~22 %) activity versus no device (Dalbgge et al., 2024).
In cleaning tasks, a spring-loaded PSE reduced total shoulder EMG by ~17 % and decreased
perceived effort in the shoulder/arm/back by ~16—23 % (Pacifico et al., 2023). Two-height drilling
experiments showed ~29-58 % reductions in upper-limb muscle activity with two different passive
devices (Kong et al.,, 2023). Fatigue-oriented trials indicate that support partially mitigates
fatigue-induced changes while maintaining task precision (Bock et al., 2023). Model-based
simulations of the Exo4Work system demonstrate reduced shoulder and elbow loading for tasks
above shoulder height but highlight that assistance can increase non-target loads at or below
shoulder height, underscoring the need for task matching (van der Have et al., 2022).

Evidence for rehabilitation

Lower-limb and upper-limb rehabilitation exoskeletons emphasize accurate sensing and
compliant control to ensure safety and comfort. Recent controllers achieve trajectory-tracking
errors on the order of a few degrees with response times in the 100—200 ms range using
impedance/admittance strategies and multimodal sensing (Ramella et al., 2024). Actuator
selection for modular lower-extremity robots typically balances torque density, back-drivability,
and heat with brushless DC motors and series elasticity for safety (Kavalieros et al., 2022).

Actuation and control

Electric motor drives remain the dominant choice for powered joints due to compactness and
control fidelity, while pneumatic actuators appear in soft suits where low mass is prioritized. Passive
shoulder supports rely on preloaded springs or elastic elements to offload arm weight; assistance
tuning is critical — over-compensation can increase antagonist activation during dynamic lowering
phases (Ramella et al., 2024). Human-in-the-loop adaptation using EMG, IMUs, and task context is
an active research area for personalization (de Looze et al., 2016; Maurice et al., 2019).

Safety, risk, and compliance

Risk management follows a structured process: hazard identification, risk estimation,
protective measures, and verification/validation. Relevant standards include I1SO 12100
(machinery safety), 1SO 14971 (medical risk management), 1SO 13482 (personal care robots), IEC
60601 (medical electrical safety), and ASTM F48 guidance for exoskeletons. Industrial
deployments should monitor strap pressures, thermal buildup, electrical safety, and emergency-
stop performance, while confirming that exposure reductions do not introduce compensatory loads
to other joints (van der Have et al., 2022; Maurice, 2019).

Evaluation and implementation guidance

The passive shoulder exoskeleton is most effective when used for overhead or above-shoulder
tasks, where it reduces shoulder and elbow loading and helps prevent strain. However, during
below-shoulder or prolonged low-level activities, the device can actually increase stress on the
shoulder and knee, making its assistance counterproductive (van der Have et al., 2022).

When using passive upper-limb exoskeletons, it is recommended to begin with moderate
assistance and ensure that arm-lowering movements remain comfortable; spring settings should
then be adjusted carefully to prevent over-support, which can increase antagonist muscle activation
and discomfort (Ramella et al., 2024).

A structured familiarization period is essential to ensure safe and effective integration of
passive shoulder exoskeletons. Progressive exposure, such as gradually increasing wear time across
one to two weeks, helps workers stabilize movement patterns, adapt ergonomically, and build
acceptance of the device (Dalbgge, 2024; De Bock, 2023).

Evaluation of passive exoskeletons should incorporate mixed outcomes, including EMG or
exposure proxies, task performance, user-reported effort and discomfort, as well as overall
acceptability, to provide a comprehensive understanding of their effectiveness (Dalbgge et al.,
2024; Kong et al., 2023; Pacifico et al., 2023).

Integrate devices within existing ergonomics programs alongside engineering and
administrative controls; reassess risks regularly (van der Have et al., 2022; de Looze et al., 2016).
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3. Conclusion

Evidence from recent field and laboratory investigations shows that when matched to the
right tasks and tuned appropriately, passive shoulder exoskeletons reduce shoulder muscle activity
and may mitigate fatigue in overhead work. Rehabilitation devices achieve accurate, compliant
assistance when sensing and control are carefully designed. Successful adoption depends on task
selection, individual fitting, assistance tuning, and adherence to formal risk-management and
compliance processes.
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