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MODELING OF MANAGEMENT OF INTELLIGENT SYSTEMS IN TRANSPORT

The article considers topical problems of modeling control processes in intelligent systems in transport.
Management of such systems also involves control and monitoring of the processes of their design and
maintenance. The article proposes an ontological model of process control of intelligent systems in
transport. The proposed ontological model is necessary for the formation of a common understanding of
the essence of the subject area, which is the transport sphere (transport systems, transport enterprises,
vehicles and transport infrastructure). The proposed ontological model contributes to the presentation of
knowledge in a form that is convenient for their processing in the intelligent system of transport; ensuring
the possibility of obtaining and accumulating new knowledge.

The proposed ontological approach provides multiple use of knowledge and previously developed
ontologies. The proposed approach allows the use of modern multi-agent technology, when each agent has
its own ontological model. The considered ontological approach to modeling of management of intelligent
systems allows to pass to automatic control of processes in these systems (in the presence of the
corresponding restrictions).

The developed ontological model of the subject area is planned to be expanded and supplemented with
new components, imposing appropriate restrictions. The OWL software code obtained from the simulation
results in Protégé can be further used within the knowledge base of the intelligent system, processing this
information in various software applications, including Java applications.

Keywords: management, design, intelligent system, multi-agent technology, information resources,
knowledge base, modeling, ontological model.

Introduction. The use of modern information and intelligent technologies, various models of
processes that occur in different subject areas (SA), contributes to the solution of existing problems of
intellectualization of solving problems in different SA (in particular, in transport).

To avoid situation where the costs of designing and maintaining intelligent system (IS) exceed the
benefits of its use, it must be manageable and viable. To do this, the processes of designing and
maintaining IS (including IS in transport (IST)) should be replaced by the IST process management
process. This means solving problems, in particular, designing and maintaining IST using special
high-level control mechanisms [1].

The development of IS management systems should be based on the principle that all design
decisions that affect the characteristics of IST should be improved in the process of accumulating
experience in its use.

In our time, the problems of development, use and maintenance of IS in various SA (including
transport) remain relevant and not fully resolved.
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The paper proposes the use of ontological approach for formalized description of the IST
processes, including the processes of its design and maintenance.

Analysis of recent research and problem statement. Conceptual information resources (InRes)
of IS, including knowledge bases, have declarative and structural representation. These InRes can be
represented in the form of appropriate models (for example, semantic network, production or
hierarchical model, frame or graph model) [2 — 5].

The structure of the model is defined by some meta-information, and each term in it belongs to
some class defined by this meta-information.

Meta-information of conceptual InRes can be considered as: its ontology; the grammar that
generates this resource; scripts for dialogue with the user when editing this resource; the basis of the
query language for this resource from the IST side. Conceptual InRes IRk is pair:

IRk = <MIn, Cont>, where MIn is meta-information and Cont is the actual content of this resource.

Nowadays, technologies in which the IS problem solver is built from agents are becoming
increasingly popular. These are the so-called multi-agent technologies [6, 7].

In [8], agents are represented as declarative-procedural InRes. In [9], the solver consists of set of
blocks, and each block consists of message ontology and set of productions. Moreover, each solver
consists of the following InRes:

network of agents that determines which agents are included in the solver;

control graph that allows agents to find recipients of messages they send,;

distribution scheme that sets restrictions on the parallelization of agents when executing the solver
in multiprocessor environment.

In [10], it is shown that the user interface model can also be represented as declarative InRes,
consisting of: task models; SA models; user models; presentation models; dialogue scenario models.

In [11], the behavior of interface is completely defined by declaratively presented model of the
interpretation process.

The conceptual system of InRes is included in its meta-information and allows presenting InRes in
form that is understandable to those who manage it (the manager) through the process of visualization
(in the form of semantic network or text).

To include experts from different SA into the management process, each InRes is associated with
its own formally presented conceptual system.

In [12], the means of managing (creating, editing, modifying) declarative InRes (ontologies,
knowledge bases, etc.) is the semantic network class editor, which:

interprets meta-information (meta-information is created by knowledge engineer);

generates interface for managing this InRes.

The purpose and tasks of the research. The purpose of the article is to discuss the problems
associated with IST management processes (in particular, their design and maintenance), as well as
possible methods for their solution using multi-agent technology and ontological modeling of the
corresponding SA.

Materials and methods of research. All IST components and connections between them can be
represented as appropriate models (semantic networks, ontological models, etc.). In particular, IST can
be represented as:

InS = <KB, TS, CI>,

where KB is the knowledge base (and other InRes - databases, ontologies, meta-ontologies, etc.),
TS is the problem solver that implements the functionality of the system, CI is the user interface.

The goals of managing these components of IST are distinct and, to certain extent, independent.
This causes the presence in the architecture of the control system of IS the presence of the following
subsystems: InRes control; problem solver control; user interface control.

Based on this, in IST control (management) system, there should be components that support the
following types of control:

manual control (iterative change by person of IS properties);
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automatic control (changing the properties of IS without human intervention);

automated control (mixed type of control) [13].

Manual management of IS components brings their content in line with the content perceptions of
users who manage these components. These users (SA experts, knowledge engineers, 1S developers,
designers, ergonomists, cognitive psychologists, etc.) will be called managers.

In table 1 presents the problems of manual control of IS and ways to solve them.

Automatic management of IS. The problems associated with the automatic control of IS are

presented in table 2. The first of them has already been considered in table 1.

Table 1. Problems related to manual control and methods for solving them

Ne Problem Solving
1 Heterogeneous classes of control objects: Declarative representation of relationships between
InRes, problem solvers, user interfaces different control objects (using process and process

control models, interface models, etc.)

2 Achieving consistency in IS management | Representation of InRes to each user-manager in terms
(IS components are interconnected and of its formally represented conceptual system

their independent management can disrupt
these ties)

3 Heterogeneous composition of the group Reduction of the problem of manual management of IS
of user-controllers for each class of control | to the problem of manual management of declarative
objects InRes (in other words, representation of all IS
components in the form of declarative InRes, in
particular, using ontologies and meta-ontologies)

Table 2. Problems associated with automatic control and methods for their solution

Ne Problem Solving

1 Heterogeneous classes of control objects: Use of systems of rules and mechanisms with feedback
InRes, problem solvers, user interfaces
2 Heterogeneity of the states of the control Use of internal mechanisms (embedded in 1S) together
object (automatic control during the with external mechanisms

periods of operation of the object and
between these periods)

3 Achieving consistency between automatic | Use of meta-information in mechanisms of external

control mechanisms and manual control automatic control
mechanisms

4 Different Degrees of Uncertainty in Use of problem-dependent control mechanisms along
Automatic Control Problems with problem-independent ones

The heterogeneity of classes of control objects (in particular, components of IST can be objects)
does not contribute to finding common, problem-independent solutions for automatic control
problems. Therefore, problem-dependent solutions are also used.

For automatic management of knowledge bases, problem-dependent mechanisms are used (for
example, for the ontology of diagnosing the technical condition of vehicle, for the ontology of
innovation and investment activities, including transport enterprise).

An example of such automatic feedback control mechanism is iterative algorithm for inductive
knowledge base formation, which consists of two asynchronous processes:

1) processing incoming examples from the training sample and transferring the result (set of
alternative knowledge bases) to the second process;

2) choosing from many examples of the best knowledge base and updating the working
knowledge base.

An example of problem-independent mechanism for automatic user interface management is
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mechanism for automatic adaptation to user data and characteristics. This mechanism generates visual
representation of the interface based on the dynamic characteristics of the user. Problem solvers can be
automatically controlled by both problem-dependent and problem-independent mechanisms.

An example of problem-independent mechanism in problem solver is the automatic parallelization
of the functioning of agents on multi-agent platform [7]. In accordance with the multi-agent approach,
IST management can be carried out at the following levels:

IST subsystems (components) operate in parallel with each other and are launched for execution
through the control subsystem based on information about the user's authority;

agents within each IST subsystem interact with each other asynchronously using communication
subsystem based on the control graph (control tree, goal tree, decision tree, etc.);

parallelization of agents within IST is controlled by the agent distribution scheme of this IST;

uniform load on the nodes of the computing farm (server, client computers, multiprocessor
systems) is achieved by the balancing algorithm.

An example of problem-dependent mechanism is the automatic control of problem solver of expert
system for technical diagnostics of transport objects (vehicles, infrastructure transport objects) [14].

The solver control mechanism, when the results of monitoring the knowledge base, performed
every time it is changed, makes it possible to reduce the set of tested hypotheses during processing
(technical diagnostics) by the solver of each detail (each vehicle node, transport infrastructure object
or part thereof, etc.) by based on rigid system of rules.

The consistency of the mechanisms of automatic and manual control is carried out through the use
of meta-information in the mechanisms of external control.

Using meta-information allows you to:

present InRes in form understandable for user-managers;

managing users to monitor the process of automatic InRes management (for example, knowledge
bases) of the corresponding IS.

With low degree of uncertainty in the automatic control task, the automatic control mechanism is
built on the basis of system of rules, and with high degree, it is necessary to use automatic control
mechanisms with feedback.

Iterative methods of inductive knowledge formation and automatic adaptation to the characteristics
of IS users are built on the basis of feedback mechanisms, and the mechanisms for automatic
parallelization of the functioning of agents and automatic adaptation to data are implemented on the
basis of rule systems.

Automated management of IS. The problems associated with the automated management of IP are
presented in table 3. The first two of them have already been considered in table 1 and table 2.

Table 3. Problems associated with automated control and methods for their solution

Ne Problem Solving

1 Heterogeneous classes of control objects: Manual adjustment of the results of automatic control.
InRes (knowledge bases), user interfaces, Teaching systems to solve problems.

problem solvers
2 Heterogeneous composition of the group Representation of InRes to each user-manager in terms

of user-controllers for each class of of its conceptual system Use of problem-dependent
control objects control mechanisms together with problem-independent
ones.
3 Combining manual and automatic control Reduction of the problem of manual control of IS to the
mechanisms problem of manual control of its InRes

Sharing the mechanisms of manual and automatic control provides the opportunity: the user-
manager to correct the results of automatic control; show the solution of particular problems that are
generalized by automatic control mechanisms and used by the solver.

An example of automated control task is the task of debugging technical knowledge bases, where
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monitoring the knowledge base regarding selection of diagnostics (states) of transport objects
(vehicles or transport infrastructure objects) reveals errors and inaccuracies in this knowledge base.
The mechanisms of inductive formation of knowledge bases determine the options for eliminating
these errors and inaccuracies, and the SA expert who manages the knowledge base chooses from these
options those that he considers the best.

Complex ontology of designing IS of technical objects (in IST — dynamic transport). Let's consider
some aspects of building complex knowledge structure in IST using complex ontology as formal
theory of knowledge interpretation.

Complex ontology of design, as complex system of knowledge, integrates the analysis and
interpretation of heterogeneous information and involves the development of algorithmic and software
tools for representing ontological knowledge and working with such knowledge. Among the directions
for creating IST ontology system, one should highlight, in particular: organization ontology; project
ontology; research-topic ontology.

The implementation of these areas is associated with the solution of problems of representation,
search and processing of information using ontological knowledge [15, 16].

In the work, ontological model of managing the processes supported by IST (including the
processes of its design and maintenance) was chosen as the model of the ontology of SA.

The model of IST is based on complex ontology and makes it possible to formalize control
processes in such dynamic SA as transport. SA under consideration consists of technical, transport
facilities (vehicles, equipment, etc.), transport infrastructure facilities (buildings, stations, bridges,
railways, repair depots, etc.), as well as links between all these objects.

IST design is carried out at various levels of abstraction (detailed reflection of elements, properties,
characteristics, etc.). Such structure can be implemented with varying degrees of detail, depending on
the characteristics of the design tasks.

The creation of formal system that describes the behavior of controlled complex dynamic object
(which is IST) is carried out on the basis of conceptual model of the essential properties of studied SA,
which determines construction of dynamic knowledge base of IS and provides the possibility of formal
and rigorous definition of concepts and patterns of natural classification.

Conceptual model of ontology. The system that describes the knowledge base during the
functioning of IST in real time contains elements that provide ontology modification based on
standard procedures of complex ontology and meta-ontology. Building conceptual model of IST
ontology involves the following steps:

1. Formalization of complex ontology:

Modernization of the classical model.
Modernization based on the system concept.
2. Formalization of meta-ontology:
Model based on the concept of the system.
Model based on formal theory.
3. Formalization of theoretical models of knowledge engineering:
Model "Field of knowledge".
Model "Pyramid of knowledge".
4. Formalization of ontology axioms:
Axioms of identification.
Axioms of planning.
Axioms of computation.

Obijects in this ontological model are systematized according to the functional feature of their
properties, which are part of the class hierarchy. Links determine the structure of system, and elements
determine the function of nodes in this structure. Structure can be refined into more detailed
descriptions of specific classes of model objects by separating properties (at each level of model).

The considered classification can be refined (renamed, extended, supplemented by derived classes)
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depending on the task of information processing and changes in knowledge about IST. For example,
class INFORMATION STRUCTURE in property classification can be refined by highlighting the
properties STRUCTURE BY MANAGEMENT and STRUCTURE BY DATA. This will entail
allocation in classification of components within the class INFORMATION COMMUNICATION of
subclasses of communications COMMAND TRANSMISSION and DATA TRANSMISSION, which
can be assigned appropriate designations.

When formalizing the task of building ontology knowledge base, the interpreted characteristics of
the system improve and simplify its use for managing IST (including its design and maintenance),
especially in emergency and extreme situations.

The ontology model used describes the computer interpretation (construction of formal system
models) of SA related to the formalization of the task of monitoring the functioning of IST and
modeling emergency and extreme situations that arise during operation.

Ontological model of SA. The development and formalization of complex ontology when creating
design and maintenance management system IST involves formal representation based on the
conceptualization of knowledge of SA model, which describes set of objects and concepts, knowledge
about them and relationships between them.

Subject area Dsa is part of reality to be reflected on the basis of intelligent technologies in order to
obtain new information about its properties. Dsa is interpreted as part of the real world that has
semantic localization (spatial, temporal, functional, etc.).

Considering the semantic space of studied SDsa, it is necessary to perform semantic localization of
its subdomains SDsa; (i=1, ..., n). SDsAa = {SDsAy, ..., SDsA, ..., SDsAp}.

Semantic localization in IST is associated with definition of the boundaries of individual Dsa
subdomains (SDsa;) in SDsa semantic space that encompasses them. At the stage of knowledge
formalization, the components of subdomains included in SA Dsa can be considered as set P of their
semantic properties Pj;:

OMspsus = {Pll, P12, ..., Pints ..., OMspsm = {Pnla Pra, ... an}-

In this case, there is intersection of sets of semantic properties of different SDsa;

OMspsar N... N OMspsai N...N OMspsan # {0}

Which allows us to write down the criterion for the localization of Dsa in semantic space

OMSDSA]_ Nn... N OMSDSAi Nn...N OMSDSAn = {0}

Necessary criterion for the existence of SA Dsa is the distinguishability of its properties in
presented semantic localization. For the set of properties P of model of SA Dsa under study, its unique
identification follows. At the same time, the properties remain identical to themselves for time that is
sufficient to construct SA Dsa model and use it in IST knowledge system.

When modeling IST processes, functional completeness and logical integrity of model are of great
importance. The functional completeness of SA Dsa model does not imply the most complete
reflection of the properties of objects, but only the fixation of those properties that are necessary and
sufficient for solving the tasks of IST management (including its design and maintenance).

The criterion for the functional completeness of the SA model depends on the class of tasks being
solved and requires the determination of the criterion for the depth of detail SA. The formal statement
of problems allows us to highlight the features of the current situation, the modeling of which is
necessary and sufficient for choosing solutions for the design and maintenance of IST.

The complex ontology that is used in the development of the IST management system (in
particular, its design and maintenance) can be based on various formalizations.

Formalization of the ontology of SA. The conceptual foundations for formalizing ontologies of
various SA were considered in [14, 17, 18]. In [14, the allocation of classes of terms, relations and
transformations corresponding to physical and abstract entities for solving SA problems (in our case,
in transport) is described.

The SA representation serves as signature for the development of subject knowledge model. Let us
define ontology of SA Dsa as:
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Ont(DsA)s = <T(S), R(S), Ax(S)>,

where S (Subject) is set of SA Dsa objects, T(S) is finite set of classes of terms (concepts) of SA
Dsa that have features that make up their distinctive feature in ontology; R(S) — finite set of relations
between term classes; Ax(S) is finite set of axioms (functions, interpretations) defined on ontology
classes and relations.

A natural constraint imposed on the sets T(S), R(S), and Ax(S) is their finiteness and non-emptiness.
The elimination of the emptiness of the sets R(S) and Ax(S) makes it possible to use hierarchical
system of concepts interconnected by various relationships.

Concepts are organized in hierarchies, the links within which are structured in such way as to carry
out logical conclusion based on the transition from the general to the particular and vice versa.

Theoretical aspects of "knowledge engineering" when interpreting the behavior of complex object
(technical, transport, intellectual, etc.): determine the basis for the formation of dynamic models "field
of knowledge" and " pyramid of knowledge "; require clarification; should be focused on strategies for
presenting and interpreting information in complex systems.

Let's consider these questions on the examples of complex ontology implementation when building
the " field of knowledge " and "pyramid of knowledge " models.

The "field of knowledge" model is informal description of the main concepts and relationships
between them, identified from the knowledge system of the studied SA. The formation of the "field of
knowledge" is carried out at the stage of structuring and is the first step towards the formalization of
knowledge. When designing and maintaining IST, the “field of knowledge” model should be
considered as complex dynamic structure.

One of the directions for the implementation of modern trends in the construction of the "field of
knowledge™ model is associated with the concept of ontological engineering — one of the approaches
to the semiotic modeling of SA [19].

The semiotic model of the “field of knowledge” of SA Dsa can be represented as follows:

SMps. = <Sin, Sem, Pr>,

where Sin is the syntax; Sem is the semantics; Pr is the pragmatics.

The operational model of SA Dsa within the framework of the semantic structure is represented as:

OMps, = <Sc, Sf>,

where Sc is the conceptual structure; Sf is functional structure.

The “field of knowledge” model is being improved on the basis of applied semiotics methods
within the framework of the situational management approach [20]. The implementation of the
approach to the formalization of the "field of knowledge" based on semiotic modeling opens up new
possibilities for using complex ontology in formalizing the knowledge of complex systems.

The “pyramid of knowledge” model can be represented by the following interpretation:

F: Pkn — Pkn*,

where Pkn = (S, T, R, St); Pkn* = (S, T*, R*, St*); S is the set of SA objects; T* — meta-concepts of
higher level of abstraction than T; R* — meta-relations; St* are meta-strategies.

An example of implementation of "pyramid of knowledge" is the interpretation of procedural
component of IST knowledge base. The implementation of information transformation mechanisms in
the “pyramid of knowledge” model depends on the complexity of current situation and is determined
by different functional structures. One example of such structure is information flow when choosing
the preferred solution in the IST process management system (including design and maintenance).

Ontological approach to IST design. The application of the ontological approach simplifies the
process of optimal design, allows solving the main tasks of modern design at various stages of creating
IST, and coordinating the parallel work of IST developers and the IST management system.

IST process management is process that includes, in particular, following steps:

Preparation of terms of reference for the development of IST and its monitoring.

Development of the SA model (with precise definition of the SA objects, their characteristics,
properties and relationships), its verification and testing.
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Development of IST architecture.

Development of the IST information base structure (knowledge base, database, ontology, meta-
ontology, etc.) and its dynamic modification.

When implementing these stages, the technology of parallel design is used, which provides direct
and feedback connection between the current and previous stages. When designing IST, it is advisable
to use the decomposition method. Based on the basic principles of IST optimal design, knowledge-
oriented information technologies are introduced into the design process using the example of
applying the concept of ontological knowledge bases.

Ontological knowledge bases contribute to the presentation of design process data in the form of
structure with clearly defined relationships between the various components of the process, the
integration of various design data, and the organization of links between various stages and design
tasks. By formal ontological model we mean triple:

Ou=<S§, R, Fun>,

where S is finite set of SA objects; R is finite set of relations between the SA objects; Fun is finite
set of functions (interpretations) defined on objects. Consider the IST design ontology, which contains
the concepts of SA, the interpretation of knowledge and relationships within this area.

Let us describe the ontological approach in the form of the following algorithm of actions:

1) compiling dictionary based on the terminology of SA for which IST is being designed;

2) using dictionary, obtaining ontology of SA that reflects the relationships between concepts;

3) verification by experts of the created ontology of SA, support and filling of the ontology.

The thesaurus of SA can be used as tool for standardization and formalization of knowledge, as
well as for providing access to users who solve IST process management tasks (including design and
maintenance).

Thesaurus of SA is designed to solve the following tasks:

classification and unification of the concepts of SA;

classification of methods and tasks of IST design;

construction of descriptions of methods and tasks of IST design in knowledge bases.

The IST process management ontology (including design and maintenance) uses thesaurus and is
required to:

develop and fix common understanding of the area of knowledge under consideration;

present knowledge in form that is convenient for their processing in IST;

provide opportunity to obtain and accumulate new knowledge;

provide the possibility of reuse of knowledge (including reuse of ontologies).

To represent the IST design ontology, the ontology description language OWL (Ontology Web
Language) [21] was chosen, which consists of the following components: classes, class properties, and
individuals (representatives of classes or properties). The construction of the IST ontology is
performed in the ontology editor Protégé [22].

The developed ontological model is represented as an ontograph. Protégé allows you to formally
check the ontological model (in particular, check for the absence of errors, the presence of all
necessary links and dependencies within the ontology).

Conclusions. The complex ontology used in IST is defined as semantically-oriented information
environment of conceptual generalization, which provides the possibility of integrating knowledge
while formalizing current information.

The main advantages of using the proposed ontological approach to managing IST processes, in
particular, are:

compact representation of the knowledge system of SA (specification and conceptualization);

the possibility of searching for information in the knowledge system of the obtained ontology
(obtaining reference and training information);

setting and solving the necessary applied tasks within the framework of SA (for example, tasks of
design and maintenance IST);

. 30iprnux nayxosux npaus J|YIT. Cepia « Tpancnopmnui cucmemu i mexnonoziiy. Bun. 39. 2022 p.
259



TH®OPMAIIINHI, TEJEKOMYHIKAIIMHI TA PECYPCO3BEPITAIOUYI TEXHOJIOI'TI

possibility of gaining new knowledge and development of IST (management system of IST);

the possibility of using modern multi-agent technology, when each agent has its own ontological
model.

The proposed ontological approach to IST control (management) allows moving to automatic
process control (if there are appropriate restrictions). In the absence of restrictions, but in the presence
of ontological models of individual agents, automated control is used.

The developed ontology of SA is planned to be expanded and supplemented with new components,
imposing appropriate restrictions.

The program code in OWL obtained from the simulation results in Protégé can be further used
inside the knowledge base, processing this information in various software applications, including
Java applications.
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MOJAEJIIOBAHHS YIIPABJIIHHA THTEJEKTYAJIBHIMU CUCTEMAMMU
HA TPAHCIHOPTI

Y cmammi  posensoaiomves  axmyanvhi  npoOnemu  MOOENIO8AHH  HPOYECi@  VAPAGUIHHA 6
IHMENeKMYAIbHUX CUCEMAX HA MPAHCnopmi. YnpaeuiHus maxumu cucmemamu nepeodayac maxooic
KOHMPOTb | MOHIMOPIHE NPOYECIE IXHLO2O NPOEKIMYBAHHSL A CYRPOBOONCEHHA. B cmammi 3anpononoeano
OHMONO2IYHY MOOETb YAPAGTIHHS NPOYECAMU THMETEKMYAIbHUX CUCTEM HA MPAHCROPMI. 3anponorHoeana
OHMONOZIYHA MOOETb HeOOXIOHA ONsl (YOPMYBAHHS 3A2ANbHO20 PO3YMIHHSL CYMHOCMEN NPeOMemHOl
obnacmi, KOO € MPAHCROPMHA cepa (MPAHCROPMHI  CUCmeMl, MPAHCROPMHI  NIONPUEMCMEa,
MPAHCROPMHI  3aC00U MA MPAHCROPMHA  THPPACMpPYKmMypa). 3anponoHosana OHMONOZIMHA MOOelb
CHpUsiE NPeO0CmABIeHHIO 3HAHD ) 8UNA0L, AKULL € 3PYUHUM 051 IXHBbOI 0OPOOKU 8 IHMENeKMYAbHIlL CUCeMi
HA MPAHCROPMI, 3a0€3NeUeHHIO MONCIUBOCHT OMPUMAHHSL MA HAKONUYEHHSL HOBUX 3HAHD.

YV 3anpononoeanomy onmonoeiunomy nioxoodi zabesneuyemvcsi 6a2amopazoee SUKOPUCMANHSL 3HAHb
ma, pauiwe po3poOieHux, OHMONO2IU. 3anponoHosanull nioxio 0036019€ GUKOPUCTOBYBAMU CYUACHY
MYTLIMUA2EHMEY  MEXHON02I0, KOAU KOJMCHOMY dazeHmy 6I0nogioae c80si OHMONOIYHA MOOETb.
Posensanymuti  onmonociynuti nioxio 00 MOOen08AHH YNPAGTIHHS THMENEKMYATbHUMU CUCMEMAMU
00360751 nepeimu 00 ABMOMAMUYHO2O YNPAGTIHHS NpPOYecamu 6 uyux cucmemax (3a HAAGHOCMI
BIONOBIOHUX 0OMEDICEHD).

Pospobreny onmonoeiiny modenv npedmemmoi eany3i NIAHYEMbCSL POFUUPUMU A OONOGHUMU HOBUMU
CKIIA008UMU, HAKTABUIU 8iONOBIOHI 0bMmedscerHs. Ompumanull 3a pe3yrtbmamamu mooeniogarnts 6 Protége
npoepamuutl k00 OWL moocna nadani euxopucmogysamu 6cepeduni 6a3u 3HAHL [HMELEKMYATbHOL
cucmemu, 00pobIsIOUU YO THGOPMAYIIO 6 PIZHUX NPOSPAMHUX 3ACMOCYHKAX, 8 momy wuci, i Java-
3ACMOCYHKAX.

Knwuoei cnosa: ynpasninns, npockmyeanHs, IHMENEKMYAIbHA —CUCHeMd,  MYIbIMUASEHMHA
MexXHONO02IsA, IHopMayitini pecypcu, 6a3a 3HAHb, MOOENHOBAHHSA, OHMONOZIHA MOOEb.
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