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ɾʫʨʥʘʣ ʚʢʣʶʯʝʥʦ ʜʦ "ʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, ʚ ʷʢʠʭ ʤʦʞʫʪʴ ʧʦʙʣʽʢʫʚʘʪʠʩʷ 

ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʨʦʙʽʪ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʠʭ ʩʪʫʧʝʥʽʚ ʜʦʢʪʦʨʘ ʽ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ"   

ʥʘʢʘʟʦʤ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʚʽʜ 16.07.2018 ˉ775 (ʜʦʜʘʪʦʢ 7). 
 

ɿʘʪʚʝʨʜʞʝʥʠʡ ʜʦ ʜʨʫʢʫ ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦ  ʁʈʘʜʦ  ʁ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ (ʇʨʦʪʦʢʦʣ ˉ 13 ʚʽʜ 11 ʛʨʫʜʥʷ 2020 ʨ.). 

ʉʚʽʜʦʮʪʚʦ ʧʨʦ ʜʝʨʞʘʚʥʫ ʨʝʻʩʪʨʘʮʽʶ ʞʫʨʥʘʣʫ ʉʝʨʽʷ ʂɺ ˉ 22696-12596ʈ ʚʽʜ 04.05.2017 ʨ. 
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O. AVRUNIN, O. VLASOV, V. FILATOV  

MODEL OF SEMANTIC INTEGRATION OF IN FORMATION SYST EMS 

PROPERTIES IN RELAY DATABASE REENGINEERING PROBLEMS  

The subject of research is methods of semantic integration of subject areas of heterogeneous information systems and distributed 

databases. This class of systems are created on the basis of database technologies, are widespread and used in all areas of economic 

activity. Such systems are characterized by high complexity of design, maintenance and modification. The purpose of the research is 

the development of a subject area model based on the semantic properties and relationships of data elements; development of effective 

technology of integration of information resources of heterogeneous computer systems on the basis of technology of management of 

database systems; research and formalization of classes of inhomogeneity of data structures aimed at solving the problem of 

determining the types of information objects. Development of tools for the design and maintenance of application problems for the 

integration of heterogeneous information systems and distributed databases. Results: the analysis of existing methods and models of 

integration of subject areas on the basis of semantic properties and connections of data elements is carried out;  developed an effective 

mathematical model, technology and algorithm for semantic integration of information resources of heterogeneous computer systems 

for relational databases;  investigated and formalized classes of inhomogeneity of data structures aimed at solving the problem of 

determining the types of information objects;  the model is developed and means of the logical description of properties of 

information objects for definition of border of the considered subject area are investigated. Conclusion: the article considers a 

formalized infographic model of the subject area, which focuses on the semantic relationships between information objects of 

databases. An axiomatic approach to the description of the subject area is formulated, which allows to consider the problem of 

modeling the relations of the elements of the subject area in the form of a set of rules that determine the existence of data elements. 

On the basis of the analysis of structures and models of databases of information systems the general approach to construction of the 

universal technology focused on the decision of problems of management of heterogeneous information resources of computer 

systems is defined. 

Keywords: data model; data semantics; database; data integration; heterogeneous information system. 

Introduction  

 

Database-based information systems have gone from 

cumbersome systems organized as shared systems to 

flexible distributed intelligent information systems. 

Among the many factors that contribute to such progress 

are the improvement of the basic tools of database systems 

- programming and data management systems. This, in 

turn, is based on the achievement of theoretical research in 

the field of data modeling, methods of designing logical 

and physical structure, non-procedural data processing 

languages.  

Research conducted by the authors of the article is 

aimed at creating systems for integrating and managing 

information resources of distributed computing systems. 

Integration means the management of heterogeneous 

information, which will allow organizing access to 

heterogeneous data contained in the generated structures  

data files and databases.  

The solution to the problem of integrating 

heterogeneous information resources begins with attempts 

to integrate heterogeneous databases (DB). The direction 

of integrated or federated heterogeneous information 

systems appeared in connection with the need to share 

data based on different models and managed by different 

database management systems (DBMS). One of the 

options for solving the problem of integrating 

heterogeneous databases is to provide users with the 

ability to see the global schema of the domain. A global 

schema view is usually implemented in some data model, 

and supports automatic conversion of global data 

manipulation statements to statements understood by the 

corresponding local DBMS.  With the strict integration of 

heterogeneous data, local systems lose their autonomy.  

Since users of information systems often do not agree to 

lose local autonomy, nevertheless wanting to be able to 

work with all local DBMS in one language and formulate 

queries with simultaneous indication of different local 

databases, recently much attention has been paid to 

research in the field of multi-databases. Systems of this 

class do not support the integrated database global 

schema, and special methods are used to access objects of 

local systems. As a rule, in this case, only data sampling is 

allowed at the global level, which allows you to maintain 

their autonomy. 

As a rule, it is necessary to integrate heterogeneous 

data distributed in a computer network. This makes 

implementation much more difficult.  In addition to its 

own integration problems, it is necessary to solve all the 

problems inherent in distributed DBMS: global 

transaction management, network query optimization, etc. 

For the external presentation of integrated and multi-

databases, the relational data model is most often used. 

Therefore, the inclusion of a local relational DBMS into 

an integrated system is much easier and more efficient 

than the inclusion of a DBMS based on another data 

model. 

 

Features of solving the problem of semantic 

integration 

 

Among the reasons leading to the disagreement of 

information resources are the following: 

1. Heterogeneity, distribution and autonomy of 

information resources of the system. The heterogeneity of 

resources can be syntactic or semantic (either different 

types of semantic rules are used, or different aspects of the 

domain are detailed and / or aggregated). A purely 
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realizable heterogeneity of information resources is also 

possible, due to the use of different computer platforms, 

operating systems, database management systems, 

programming systems, etc.  

2. Needs for the integration of information system 

components.  Obviously, the most natural way to organize 

a complex information system is its hierarchically nested 

construction. More complex function-oriented 

components are built from simpler components that could 

be designed and developed independently, which creates 

heterogeneity.  

3. System reengineering.  After the creation of the 

initial version of the information system, the process of its 

continuous alterations inevitably follows, due to the 

development and change of the corresponding business 

processes. 

4. Solving the problem of legacy systems.  Over time, 

any computer system becomes an object of attention for 

the organization that operates it, since it constantly has to 

solve the problem of embedding outdated information 

components into a system based on new technology and 

solving new problems. 

5. Extension of the life cycle of the information 

system.  The longer the information system functions, the 

more needs arise to change and / or add components 

designed and developed to meet new challenges. 

There is no problem if from the very beginning the 

information system is designed and developed as an open 

system, when all components are interoperable.  

Unfortunately, in practice, such an implementation is 

difficult to achieve. For various reasons, there are needs 

for the integration of independently and differently 

organized information and computing resources. 

The development of views on information resources 

is their representation in the form of a set of typed objects 

that combine the ability to preserve information content 

(their state) and information processing due to the 

presence of certain methods applicable to the object. 

The main conclusion from the above analysis is that 

the problems of integrating heterogeneous information 

resources are relevant when considering the functioning of 

information resources, and at the same time it is required 

to use reasonable combinations of architectural, 

information and organizational solutions. 

 

General approach to semantic modeling in data 

integration 

 

By a data model we mean a formalized 

representation that allows you to implement data 

interpretation in accordance with the specified 

requirements. The concept of a model is closely related to 

the concept of abstraction. The abstraction of a system is a 

model of this system, in which some details are 

deliberately omitted [1]. 

The most general and rigorous concept of a model is 

defined in mathematics. By the model we mean the basic 

set of objects O  and the set of relations D  on O . Thus, 

the model M  can be represented by the pair  

 ,M O D=< >.                     (1) 

In contrast to a mathematical model, models in 

information technology must include not only structural 

but also operational specification. For modeling a subject 

area, the most acceptable abstraction is algebraic systems 

that combine, in addition to a set of objects O  and 

relations between objects D , also a set of operations 

(functions) W defined on the main set O . In this case, the 

model views can be specified by three elements  

 , ,M O D=< W>.                             (2) 

To formalize the presentation of databases, the term 

"model" is usually used, implying a triplet , ,O D< W> 

given the definitions introduced. Although, for a more 

detailed presentation of data semantics, this model will 

include rules describing possible states of the domain. It is 

not possible to present a database in a strict mathematical 

form, and even more so, some fixed subject area is not 

possible due to the severity of abstractions in the 

description of the mathematical model. That is, in a 

mathematical model it is impossible to express the 

meaning of objects from ,R D  and W. In reality, when 

designing, it is possible to use several types of models. 

Each model is defined by different types of relationships 

between objects of the subject area [2]. 

One way to establish links between objects is to 

categorize them. Objects of the same category are 

considered similar, and the similarity characteristics are 

usually specified by the category properties. In accordance 

with the level of requirements for data categorization, 

models are divided into two types: strongly typed - in 

which it is assumed that all objects should be assigned to a 

category; weakly typed ï not bound by any assumptions 

about categories [3ï4]. For example, in the TEACHER 

category, with a strongly typed model, all objects must 

have the same type of structure, which in this case cannot 

be true, since full-time, part-time workers, payroll, etc. 

Unlike strongly typed models, weakly typed models 

provide data and category integration. It is convenient to 

provide the realization of such possibilities using the 

predicate calculus. Many models use predicate calculus to 

represent knowledge that is not implemented by the 

underlying means of the model. Modeling using predicate 

calculus assumes working with linear texts, and can be 

written both in the usual mathematical notation and in 

programming languages such as PROLOG or DATALOG. 

Thus, predicate calculus is not overly complex and poorly 

structured.  With this approach, the emphasis is placed on 

ensuring the universality of the description tools without 

regard to artificial restrictions on the typing and 

categorization of data. The model defines the rules 

according to which the data is structured. However, 

structural specifications do not provide a way to fully 

interpret the semantics of the data and how it is used. 

Operations on objects and data must also be defined. For 

example, the objects of the model, depending on the 

allowed operations, can be added, removed or changed, 

and also, using operations on data, the values of objects 

that are not explicitly specified in the model can be 

obtained [5].  

Considering the domain model, we define the 

properties that it displays. Let's distinguish two classes of 
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properties: static and dynamic. Static properties include 

properties that are invariant in time, they are always valid 

and unchanged. Dynamic properties are characterized by 

possible changes in the subject area. Any model must 

represent these two classes in some way. We will assume 

that the set of objects is determined by the requirements of 

the subject area. The choice of acceptable 

implementations of objects or links between them is set by 

specifying restrictions in the form of a set of rules that 

determine the dependencies between objects and possible 

extensions of the domain, that is, a set of output 

(calculated) objects. 

Using the previously introduced designations, we 

define a model M  as a set of objects O , a set of rules L , 

and a set of operations W. The rules will be set in the 

form of implications (the symbol " "«  is read as "if-

then")   

 1 2, ,..., nO O O O« , (3) 

where iO  are domain objects of 1i n= ·. 

Rules (3) determine that if all objects iO  are 

included in the set O , then O  must also be included in 

.O  The rules L , generating additional objects iO , with 

the help of operations W (in this case, the operation of 

adding) specify an extended set of objects S , including 

both specified and derived objects. Thus, the model can be 

defined as  

  , , ,M O L S=< W>.             (4) 

Definition. The database ( , )DB O L  is a set of 

objects O  reflecting the properties of the subject area and 

a set of integrity L  constraints that determine the 

acceptable state of the database. In this case, the operating 

specification is determined by the data model used in the 

development of the database structure. The extension of 

the carrier O  built according to the given rules L  will be 

called the semantics of the database in the notation S . 

Two databases are equivalent if the rules 1L  and 2L  

determine a one-to-one correspondence between 

semantics 1S  and 2S . 

Example 1. Let a set of objects be given: 

O=(Full name, Subject, Grade), and a set of rules, 

L=(Average mark «  Full name, Assessment; 

Number of passed exams «  Full name, Subject). 

Then, taking into account the fact that the presence 

in the S  an object "Average mark" depends on the 

presence in O  the objects "Full name", "Grade", and 

"Number of passed exams" depends on the presence in O  

the objects "Full name" and "Subject", you can build an 

extension:  

S=(Full name, Subject, Grade, Average mark, 

Number of passed exams), reflecting all possible objects, 

both static and obtained as a result of performing 

operations on a set O . Obviously, to assess the 

information state of the subject area, it is necessary to 

analyze the set S . 

In the considered context of the representation of the 

data model, we will define how a set of objects in the 

domain O  ï let's call it a carrier, a set of rules L  ï 

integrity constraints. In this case, such restrictions are 

understood as the semantic properties of the carrier, which 

adequately reflect the dependencies between the objects of 

the subject area. 

Example 2. Let the database 1DB  be defined by the 

set 1O =(Full name, Subject Grade) and a set of rules:  

1L =(Average mark « Full name, Grade; Number 

of passed exams « Full name, Subject),  

and 2DB  is defined by the set 2O = (Full name, 

Mathematics, Physics, History) and a set of rules: 

2L = (Average mark « Full name, Mathematics; 

Average mark « Full name, Physics; Average mark « 

Full name, History; Number of passed exams « Full 

name, Mathematics, Physics, History). 

Accordingly, the extensions for 1DB  and 2DB  will 

look like  

1S = (Full name, Subject, Grade, Average mark, 

Number of passed exams), 

And accordingly 

2S = (Full name, Mathematics, Physics, History, 

Average mark, Number of passed exams). 

It is intuitively clear that for 1DB  and 2DB  can be 

reflected the same information if you detail some objects, 

in particular, clarify what is included in the "Subject", 

what is a set of objects "Mathematics," "Physics", 

"History" and how to get the "Grade" object. 

If in the rules for 1DB  and 2DB  add the rules from 

'
1L  ʠ 

'
2L . 

'
1L = (Mathematics, Mathematics, Physics, History 

« Subject), 
'
2L = (Subject « Mathematics, Physics, History; 

Grade « Full name, Mathematics; Grade« Full name, 

Physics; Grade « Full name, History), then the 

extensions 1S  ʠ 2S  would be the same, that is, 

1 2S S= = (Full name, Mathematics, Mathematics, 

Physics, History, Subject, Grade, Average mark, Number 

of passed exams). 

Thus, having carried out the decomposition in the 

first case, the "Subject" object, and in the second, 

generalized the "Mathematics, Physics, History" object, 

performing the aggregation of the "Grade" object, using 

the appropriate rules 
'
1L  and 

'
2L  for this, we come to the 

conclusion about the equivalence of 1DB  and 2DB . In 

what follows, we will require that, when defining a set L , 

all objects of the subject area be detailed by the rules of 

generalization, decomposition or aggregation [6ï7]. 
 

Research and development of a model for integrating 

subject areas of information systems 

 

In the general case, generalization can be represented 

as an abstraction, in which a set of objects with common 

semantic properties is considered as one generalized 

object. In turn, decomposition is an abstraction in which 

one object can be replaced by a set of independent objects, 
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the totality of which expresses the semantics of the 

original object. In addition, an abstraction of the 

aggregation type is possible, in which an object is 

constructed from other objects and represents a semantic 

refinement or extension of the original object. On the 

other hand, an aggregate can act as an object that connects 

other objects, the semantic individuality of which in the 

considered subject area is not obvious [8ï10]. 

Considering such an abstraction, many individual 

differences between objects can be ignored.  So in the 

example, a lot of names of objects can be abstracted as a 

generalized object "Subject". This abstraction neglects 

individual differences between subjects, such as the fact 

that subjects have different names, are read by different 

teachers and listened to by different students.  In turn, 

"Grade" is an aggregated object that includes semantically 

identical values for pairs of objects of the type "Full Name 

ª Mathematics", "Full Name ª Physics", "Full Name ª 

History", which is expressed by additional rules 

(extension rules). 

The correctness of operations in the analysis and 

construction of the semantics of the database is 

determined by the assumption that each representation of 

a domain element and a set of requirements are complete 

and consistent [11-13]. This means that all objects are 

defined and that no additional detail is required within the 

views. Thus, the following conditions must be met: 

1. The set of objects is complete in terms of the 

requirements of the subject area. 

2. All objects have unique names (exclusion of 

homonymy). 

3. Generalization of identical objects is not required 

(exception of synonymy). 

Data research has mainly dealt only with aggregation 

(for example, Codd normal forms), and generalization has 

been largely ignored. The reason was that in simple 

models, generalization could be dispensed with by 

choosing a specific approach each time that was 

appropriate for a given case. Artificial intelligence 

research on knowledge bases, by contrast, has mainly 

dealt with generalization (e.g. Quillian's semantic 

networks), while aggregation has not been used. The 

opposite abstraction of decomposition was not considered 

at all when describing data structures [14]. 

The combination of the principles of generalization 

and aggregation decomposition can extend the data 

representation model using the methods used in artificial 

intelligence [15, 16]. 

When analyzing the structure of a database schema, 

it is essential to be able to explicitly represent the types of 

abstractions. This allows you to ensure that the naming 

conventions for objects are consistent with the database 

media. In particular, explicit naming of objects provides 

the following capabilities: 

- applying operations to modified objects; 

- replace a set of objects with a generalized or 

decomposed representation; 

- specify the specification of links between objects 

Let's go back to the extension rules from 
'
1L  and 

'
2L . 

As a result of applying these rules, objects that were not 

explicitly specified, but actually present in the subject area 

("Subject", "Grade", "Mathematics", "Physics", "History") 

were included in the semantics. Objects included in the 

data carrier, as well as those obtained as a result of object 

detailing (generalization, decomposition, aggregation) and 

constituent elements of semantics are called extensional 

objects.  

In addition to the rules expressing generalized, 

decomposed, and aggregated objects, when describing a 

subject area, rules can be specified that define a set of 

calculated objects. Such objects are initially absent in the 

medium and are formed as a result of performing final 

functions, using simple or complex arithmetic operations, 

logical values, etc. [18ï21]. An example of obtaining 

calculated objects is discussed above.  

So the set L  contains the rules "Average score « 

Full name, Grade", "Number of passed exams « Full 

name, Subject", while the objects "Average score" and 

"Number of passed exams" obviously cannot be present in 

the DB extension, but they can  be obtained as a result of 

performing arithmetic operations on the values of the 

objects "Full Name", "Grade", "Subject". Objects that are 

not explicitly specified in the database media, but obtained 

(calculated) based on the rules for expanding the database 

and constituting the elements of the database semantics, 

are called intensional objects. Thus, when obtaining the 

semantics of the database, it is necessary to take into 

account two types of rules: generating extensional and 

intensional objects. For greater detail of the subject area, 

the rules that generate various types of objects will be 

divided into two sets 
extL  and 

intL  extensional and 

intensional, respectively [22]. 

It should be noted that if the division of rules into 

extensional and intensional is of practical importance, 

namely, during their formation, different construction 

logic is used, then the general inference logic is used in 

the construction of semantics, after which the operation of 

combining elements 
extS  and 

intS  is performed. The 

division of semantics into two types enhances the clarity 

of the process and in some special cases may be of 

practical importance. 

Analyzing the set S , one can draw attention to the 

obvious redundancy of objects, that is, the simultaneous 

presence in syntactically different S  objects expressing 

the same semantics, thus, the third condition for the 

adequacy of the representation of the semantics of the 

subject area is violated, namely the emergence of 

synonymy. 

Synonymy can arise mainly in the construction of 

extensional semantics, since it is during generalization, 

decomposition or aggregation that semantically 

unambiguous objects can arise, and synonymy can be 

between one object and the union of many objects. For 

example, the "Supplier" object expresses the same as the 

"Address" Ç "Name" objects.  

To exclude such a situation, when forming the rules 

for generalization, decomposition and aggregation, we 

will add compensating (excluding) rules of the form  

{× Supplier «Address, Name}. (Here the symbol "×" 

denotes the absence of an element in the set.) Moreover, it 

is obvious that the simultaneous presence of mutually 



                                                                                                                                                           ISSN 2522-9818 (print) 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 2020. ̄  4 (14)  ISSN 2524-2296 (online) 

  

9 

exclusive objects violates the logic of representing the 

subject area.  

In this case, it is possible to construct an intensional 

semantics 
intS  for any variant of extensional semantics 

extS  according to the given intensional rules 
intL . This 

fact indicates the need to consider separately two types of 

rules when building a domain model ï extensional and 

intensional rules. In turn, the general semantics S  in the 

model should reflect one state of the subject area at a 

particular moment in time. Although during the operation 

of the system the ability to dynamically change S  

depending on changes in the requirements of the  

subject area or users must be taken into account,  

this issue is resolved at the stage of managing the 

database. 

Thus, based on the introduced notation, the 

representation of model (4) will be written as  

 
int( , , , , )extM O L L S= W . (5) 

To confirm the correctness of the considered 

examples, describe the subject area, we describe the 

formal modeling apparatus based on the logic of first-

order predicates. 

 

Formal model for representing data semantics 

 

Declarative specifications, formulas of propositional 

calculus, or first-order predicate calculus can be used as a 

means of defining the structural component. Data objects 

that meet the specified conditions constitute the valid state 

of the database [23ï25]. 

We will consider a database as a set of predicates. In 

this case, the predicate will be considered as a functional 

statement. In contrast to arithmetic and logical functions, 

where the range of values and the range of changes in type 

arguments is the same, that is, homogeneous, the range of 

values of a function for predicates is logical, and the range 

of changes of arguments is subject. Thus, the predicate is 

a non-homogeneous function and can be used to simulate 

[26]. 

In predicate logic, an atomic formula is an 

elementary object with a truth value. An atomic formula 

consists of a symbolic notation for a predicate and a term. 

In general, the predicate can be represented as a formula 

( )p t , where p  is the designation of the predicate, and t  

is the term. The number of terms determines the 

dimension of the predicate, that is, in this case, the 

predicate p  is unary. Essentially, a predicate is a function 

that returns a Boolean value, true or false, depending on 

the value of a term.  

In the context of database theory, the predicate will 

be considered as an information component that reflects 

the value of the corresponding object.  In other words, if 

A  is some data object, then 

 
,

( )
,

True t A
p t

False t A

Íë
=ì

Îí
.              (6) 

This representation can be used to describe the 

semantics of data. For example, for a relational model, 

when the structure of an information component (table) is 

defined by a relation of the form 

 1 2 ... nDomA DomA DomAr= ³ ³ ³ ,               (7) 

where iDomA  ï set of valid attribute iA  values or attribute 

domain ( 1 )iA i n= · , r represents a set n  of tuples in O 

(A_1, A_2, ..., A_n) media expressing the semantics of the 

database. 

In this case, the predicate model represents the 

conjunction of a finite set of predicates corresponding to 

the relation scheme of a relational database presented in 

the form 

 1 1 2 2( ) & ( ) &...& ( )n nP p t p t p t= ,          (8) 

where ( )i ip t is a predicate corresponding to property (6) 

and 1 i n¢ ¢, Pï a set of objects expressing data 

semantics. Then the support can be represented as a set of 

unary predicates: 

 1 1 2 2( ( ) & ( ) &...& ( ))n nO p t p t p t ,              (9) 

where predicate ( )i ip t   corresponds to property (6), 

1 i n¢ ¢ and displays the values of the corresponding 

objects of the subject area. Letôs fix some alphabet J 

containing constants, variables and predicates For a unary 

predicate p, a formula ( )p t  will be called a positive literal 

l , and a formula × ( )p t  a negative literal ×l . A base 

literal is a positive or negative literal that does not contain 

variables.  Thus, the set (9) will represent the extension, 

and will be written as 

 2( , ,..., , )i nO l l l .                       (10) 

The semantics of the database will be determined by 

a set of rules of the form 

 2{ , ,..., , )i mL l l l l= « ,         (11) 

where 2, ,...,i ml l l l«  are literals and  1m² . 

The rule can be read as the expression " if 2, ,...,i ml l l  

is executed, then 
'l  is executed and expresses the 

intensional properties of the data. The condition for 

allowing objects in semantics S  is that if all literals 

2, ,...,i ml l l  are included in O , then l  can be included in 

S . If this condition is not met and the literal being 

defined as l  is included in S  without defining literals 

2, ,...,i ml l l , then data consistency may be violated. The 

main condition for correctness is the compatibility of 

objects in S . Compatibility consists in the absence of the 

same positive and negative literal. 

Thus, for the predicate model, we will also consider 

two types of rules defining extensional 
extL  and 

intensional 
intL , and the general set of rules, respectively, 

as 
int extL L L= Ç . It is assumed that the elements O  may 

change depending on the data requirements, and it is 

necessary to adjust the rules describing the subject area, 

no matter what the relationships between objects, their 

details, and possible final operations are. However, the 

data semantics should automatically change in accordance 

with changes in O  and L . Modification of a set O  is 
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defined by the operation of adding or deleting a literal l , 

at execution of which S  remains the same. 

In other words, adding a literal means that l  must be 

present in the semantics of the modified database, and 

deleting means that l  should not be included in the 

semantics of the modified database, and the simultaneous 

presence of positive and negative literals is not allowed 

[27ï30].  

 

Algorithm for calculating database semantics 

 

Based on the introduced concepts and assumptions, 

we can conclude that the information content O  can be 

expanded in accordance with its semantics S  by means of 

the given rules L . Thus, the problem of calculating 

semantics S  arises, and S  must be calculated with each 

change of O  elements. Letôs consider the calculation 

algorithm S . 

Algorithm: 

Input data: Database ( , )DB O L . 

Output data: database semantics S . 

Method: calculate the literal sequence S  according 

to the following rules. 

1. 0S  is O . 

2. 1iS+  is iS  plus a set of literals il  such as in L  

there is a certain rule il l«  ʠ  il SÍ . As 

0 ... ...iS S S A= Ì Ì Ì Ì and A  of course, finally there 

will be achieved such i, that 1i iS S+= . That is 
1 2 ...i i iS S S+ += = =. 

3. Thus, there is no need to perform calculations 

after iS , if 1i iS S+= . 

Algorithm is finished. 

Letôs consider an example illustrating the above 

algorithm. 

Let { , }O A B=  and  

{ , ;L A B C= « ;C A« , :B C D« , , ;A C D B«

, ;D E G« , ;B E C« , , ;C G B D« , , }C E A G« . 

Consider 
0 ,S A B= . For calculating 1S  find rules that 

have on the right side either separately literals A  or B , 

or a pair ,A B  together. There are two such rules C A«  

and , ,A C D B« . Attaching literals C  and D  to 0S  and 

we believe that 
1 , , ,S A B C D= .  

To calculate 2S , look for the right-hand sides of the 

rules contained in 1S . We find , ,C G B D« , thus 
2 , , , ,S A B C D G= .  To calculate  3S ,  we are looking  for  

rules in which the right-hand sides contain literals 
, , , ,A B C D G either separately or together. These 

requirements are met by the rules , ,C E A G« .  

Thus, we have 
3 , , , , ,S A B C D E G=  ï the set of all 

literals. Therefore, further computation will not change the 

semantics, since 3 4 ...S S S= = =. As a result, the 

semantics of the original database ( , )DB O L  corresponds 

{ , , , , }S A B C E G= .  

Let two databases 1 1 1( , )DB O L  and 2 2 2( , )DB O L  are 

given. We will say that 1DB  and 2DB  are equivalent (in 

designation 1 2DB DB¹ ) if their semantics 1 2S S S=  are 

equal. To check the equivalence, it is necessary for each 

rule X Y«  from the set of rules 1L  to check whether the 

left parts of these rules are contained in 2S ; in this case, 

algorithm 1 can be used to calculate the semantics. If it 

turns out that some literals in 1L  do not belong 2S , then 

obviously 1 2S S¸ . If every literal from the left side 1L  

belongs to 2S , then every literal from 1S  will also belong 

2S , and if the converse statement is also true, then the 

statement 1 2S S=  is also true.  

Thus, when comparing two databases, it is necessary 

to compare their semantics.  Moreover, if its semantics did 

not change during modification, then we can  

assume that the information content also remained 

unchanged. 

 

Conclusions 

 

The article deals with a formalized infological model 

of the subject area, which is focused on semantic relations 

between information objects of databases. The main 

components of the domain model are highlighted and 

formal definitions are given to the basic entities: a set of 

information objects, the relationship between information 

objects (rules of logical existence), a support system for 

structural and information integrity. An axiomatic 

approach to the description of the subject area is 

formulated, which allows us to consider the problem of 

modeling the relations of the elements of the subject area 

in the form of a set of rules that determine the existence of 

data elements. Based on the analysis of structures and 

models of information systems databases, a general 

approach to the construction of a universal technology 

focused on solving problems of managing heterogeneous 

information resources of computing systems is 

determined. 
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ʄʆɼɽʃʔ ʉɽʄɸʅʊʀʏɽʉʂʆʁ ʀʅʊɽɻʈɸʎʀʀ ʉɺʆʁʉʊɺ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ 

ʉʀʉʊɽʄ ɺ ɿɸɼɸʏɸʍ ʈɽʀʅɾɽʅʀʈʀʅɻɸ ʈɽʃʗʎʀʆʅʅʓʍ ɹɸɿ ɼɸʅʅʓʍ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʪʝʛʨʘʮʠʠ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ. ʊʘʢʦʛʦ ʢʣʘʩʩʘ ʩʠʩʪʝʤʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ ʙʘʟ 

ʜʘʥʥʳʭ, ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʦʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ. ʎʝʣʴʶ ʧʨʦʚʦʜʠʤʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣ̫ ʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʚʷʟʝʡ ʵʣʝʤʝʥʪʦʚ 

ʜʘʥʥʳʭ; ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʛʨʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʤʠ ʙʘʟ ʜʘʥʥʳʭ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʬʦʨʤʘʣʠʟʘʮʠʷ ʢʣʘʩʩʦʚ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨ 

ʜʘʥʥʳʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʩʨʝʜʩʪʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʠʥʪʝʛʨʘʮʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ. ʈʝʟʫʣʴʪʘʪʳ: ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʠʥʪʝʛʨʘʮʠʠ ʧʨʝʜʤʝʪʥʳʭ 

ʦʙʣʘʩʪʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʚʷʟʝʡ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʭ; ʨʘʟʨʘʙʦʪʘʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʪʝʭʥʦʣʦʛʠʷ ʠ ʘʣʛʦʨʠʪʤ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʪʝʛʨʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ; ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʬʦʨʤʘʣʠʟʦʚʘʥʳ ʢʣʘʩʩʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥr ʭ ʦʙʲʝʢʪʦʚ; ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʨʝʜʩʪʚ ʣʦʛʠʯʝʩʢʦʛʦ 

ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɺʳʚʦʜ: ʚ 

ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʬʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʩʝʤʘʥʪʠʯʝʩʢʠʝ 

ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʙʘʟ ʜʘʥʥʳʭ. ʉʬʦʨʤʫʣʠʨʦʚʘʥ ʘʢʩʠʦʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʙʣʝʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʥʦʰʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ 

ʚʠʜʝ ʥʘʙʦʨʘ ʧʨʘʚʠʣ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʭ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨ ʠ ʤʦʜʝʣʝʡ ʙʘʟ ʜʘʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʝʥ ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ ʜʘʥʥʳʭ; ʩʝʤʘʥʪʠʢʘ ʜʘʥʥʳʭ; ʙʘʟʘ ʜʘʥʥʳʭ; ʠʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ; ʛʝʪʝʨʦʛʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ. 

ʄʆɼɽʃʔ ʉɽʄɸʅʊʀʏʅʆɰ ɯʅʊɽɻʈɸʎɯɰ ɺʃɸʉʊʀɺʆʉʊɽʁ ɯʅʌʆʈʄɸʎɯʁʅʀʍ 

ʉʀʉʊɽʄ ɺ ɿɸɼɸʏɸʍ ʈɽɯʅɾʀʅɯʈʀʅɻʋ ʈɽʃʗʎɯʁʅʀʍ ɹɸɿ ɼɸʅʀʍ 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜʠ ʩʝʤʘʥʪʠʯʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʝʡ ʛʝʪʝʨʦʛʝʥʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʙʘʟ ʜʘʥʠʭ. ʊʘʢʦʛʦ ʢʣʘʩʫ ʩʠʩʪʝʤʠ ʩʪʚʦʨʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʡ ʙʘʟ ʜʘʥʠʭ, ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥ ̫ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʝʣʠʢʦʶ ʪʨʫʜʦʤʽʩʪʢʽʩʪʶ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʩʫʧʨʦʚʦʜʫ ʽ ʤʦʜʠʬʽʢʘʮʽʾ. ʄʝʪʦʶ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʥʘ ʧʽʜʩʪʘʚʽ ʩʝʤʘʥʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʟʚ'ʷʟʢʽʚ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ; ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʽʥʪʝʛʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʛʝʪʝʨʦʛʝʥʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʘʤʠ ʙʘʟ ʜʘʥʠʭ; ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʬʦʨʤʘʣʽʟʘʮʽʷ ʢʣʘʩʽʚ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʙ'ʻʢʪʽʚ; ʈʦʟʨʦʙʢʘ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʦʙʽʚ ʣʦʛʽʯʥʦʛʦ ʦʧʠʩʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʙ'ʻʢʪʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʜʦʥʫ ʨʦʟʛʣʷʥʫʪʦʾ ʧʨʝʜʤʝʪʥʦʾ 

ʦʙʣʘʩʪʽ. ʈʦʟʨʦʙʢʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʩʫʧʨʦʚʦʜʫ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʽʥʪʝʛʨʘʮʽʾ ʛʝʪʝʨʦʛʝʥʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʨʦʟʧʦʜʽʣʝʥʠʭ ʙʘʟ ʜʘʥʠʭ. ʈʝʟʫʣʴʪʘʪʠ: ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ ʽʥʪʝʛʨʘʮʽʾ 

ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʽ ʥʘ ʧʽʜʩʪʘʚʽ ʩʝʤʘʥʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʟʚ'ʷʟʢʽʚ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ; ʨʦʟʨʦʙʣʝʥʘ ʝʬʝʢʪʠʚʥʘ ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʽʷ ʽ ʘʣʛʦʨʠʪʤ ʩʝʤʘʥʪʠʯʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʛʝʪʝʨʦʛʝʥʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʨʝʣʷʮʽʡʥʠʭ ʙʘʟ ʜʘʥʠʭ; ʜʦʩʣʽʜʞʝʥʽ ʽ ʬʦʨʤʘʣʽʟʦʚʘʥʽ ʢʣʘʩʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʙ'ʻʢʪʽʚ; ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʽ ʜʦʩʣʽʜʞʝʥʦ ʟʘʩʦʙʽʚ ʣʦʛʽʯʥʦʛʦ ʦʧʠʩʫ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʙ'ʻʢʪʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʜʦʥʫ ʨʦʟʛʣʷʥʫʪʦʾ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. ɺʠʩʥʦʚʦʢ: ʚ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʘ 

ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʽʥʬʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʷʢʘ ʦʨ̔ ʻʥʪʦʚʘʥʘ ʥʘ ʩʝʤʘʥʪʠʯʥʽ ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ 

ʦʙ'ʻʢʪʘʤʠ ʙʘʟ ʜʘʥʠʭ. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʘʢʩʽʦʤʘʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʧʠʩʫ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʥʫʪʠ ʧʨʦʙʣʝʤʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʥʦʩʠʥ ʝʣʝʤʝʥʪʽʚ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʧʨʘʚʠʣ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʽʩʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʜʘʥʠʭ. ʅʘ 

ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨ ʽ ʤʦʜʝʣʝʡ ʙʘʟ ʜʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʠʟʥʘʯʝʥʦ ʟʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʫʥʽʚʝʨʩʘʣʴʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ, ʦʨʽʻʥʪʦʚʘʥʦʾ ʥʘ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʫʧʨʘʚʣʽʥʥʷ ʛʝʪʝʨʦʛʝʥʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʜʝʣʴ ʜʘʥʠʭ; ʩʝʤʘʥʪʠʢʘ ʜʘʥʠʭ; ʙʘʟʘ ʜʘʥʠʭ; ʽʥʪʝʛʨʘʮʽʷ ʜʘʥʠʭ; ʛʝʪʝʨʦʛʝʥʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ. 
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V. BESKOROVAINYI 

COMBINED METHOD OF RANKING OPTIONS IN PROJECT DECISION SUPPORT 

SYSTEMS 

The subject of research in the article is the process of ranking options in project decision support systems. The goal of the work is to 

create a method for ranking options to improve the efficiency of decision support systems by coordinating the interaction between 

automatic and interactive procedures of computer-aided design systems. The following tasks are solved in the article: review and 

analysis of the current state of the problem of ranking options in design decision support systems; decomposition of the problem of 

project decision support; development of a combined method of ranking options, which combines the procedures of technologies of 

ordinalistic and cardinalistic ordering; development of a method of minimax selection of options from a set of effective for the 

procedure of expert evaluation. The following methods are used: systems theory, utility theory, optimization and operations research. 

Results. As a result of the analysis of the modern methodology of decision support, the existence of the problem of correct reduction 

of subsets of effective design options for ranking, taking into account factors that are difficult to formalize, knowledge and experience 

of the decision maker (DM), has been established. The decomposition of the problem of supporting the making of design decisions 

into the tasks of determining the goal of designing an object, forming a universal set of design decisions, identifying sets of admissible 

and effective decisions, ranking and choosing the best design option for decision makers has been performed. A combined method for 

ranking options has been developed, which combines the procedures of ordinalistic and cardinalistic ordering technologies and allows 

you to correctly reduce subsets of effective design solutions for ranking decision makers. A method of minimax selection of options 

from a set of effective ones for the expert evaluation procedure of decision makers has been developed, which allows improving the 

quality of the assessment. Conclusions. The developed method expands the methodological foundations of automation of processes 

for supporting multi-criteria design decisions, allows for the correct reduction of the set of effective alternatives for the final choice, 

taking into account factors that are difficult to formalize, knowledge and experience of decision makers. The practical use of the 

results obtained due to the proposed procedure for determining the set of effective solutions will reduce the time and capacitive 

complexity of decision support, and due to the use of the maximin procedure for selecting options in the synthesis of the estimation 

model ï to improve the quality of design solutions. 

Keywords: design automation; multicriteria evaluation; effective solutions; comparative identification; project decision support; 

utility theory. 

Introduction  

 

Increasing the requirements for the functional 

characteristics of anthropogenic objects, which are 

operated in various spheres of human activity, leads to the 

complexity of technologies and means of their design [1]. 

Within the methodology of the system approach to obtain 

effective and sustainable design solutions, it is advisable 

to jointly solve the problems of structural, parametric and 

technological optimization of objects at all major stages of 

their life cycles [2]. However, most of these problems are 

combinatorial in nature and are solved by a set of 

functional and cost indicators in terms of incomplete 

definition of goals and data [3-4].  

The most complex objects of design and 

management are organizational and technical systems, 

which are characterized by significant structural 

complexity and contain, along with traditional technical 

components, active (organizational) elements [5]. In 

territorially distributed technical and organizational-

technical objects (service systems, logistics, 

telecommunications, monitoring, etc.) cost and functional 

characteristics are significantly dependent on their 

topology (territorial organization) [6-7]. The processes of 

design, development planning or reengineering of such 

objects are even more complex due to the fact that they 

include in addition to the above traditional synthesis 

problems the problem of their topological optimization [8-

10]. This leads to the need to generate and analyze super-

powerful sets of alternatives. However, the vast majority 

of decisions generated using automatic procedures are 

inefficient, and the choice of the implementation of the 

design object is made by the decision maker (DM), who is 

able to analyze and make a choice among only a few 

options [11].  

At the same time, it is often not possible to 

substantiate a single scalar criterion for assessing 

efficiency, which would fully characterize the alternatives. 

Based on this, DM evaluates the effectiveness of the 

alternative as a whole based on the analysis of some set of 

contradictory criteria, each of which characterizes some of 

its partial properties [12-14]. Evaluation of the 

effectiveness of alternatives is traditionally carried out 

using the theory of utility. The decision-making process 

for choosing the best project option is carried out using 

the methods of individual or collective expert evaluation 

[15-17]. The above raises problems of coordination of 

interaction between automatic and interactive design 

procedures of computer-aided design systems. One of 

them is the problem of forming and correctly reducing the 

set of effective alternatives for the final choice, taking into 

account factors that are difficult to formalize, knowledge 

and experience of DM.  

 

Analysis of the problem and methods of its solution 

 

In the first stages of formalization, the essence of the 

problem of project decision-making can be represented by 

the logical expression "necessary 
os " or formally 

o, s<- > (where 
os  is the optimal project decision) [18]. 

In this case, the decision-making situation d  (formally 

d ,< ->) is usually not defined clearly enough. To move 
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to the decision-making task of the form, the problem is 

decomposed into a set of auxiliary problems of the form: 

"given d ,< ->, necessary od , s< >", i.e. 

od , , d , s<< -> < >>, or "given o, s<- >, necessary 

od , s< >", ie o o, s , d , s<<- > < >>. 

In the subsequent stages, the problem of making 

design decisions can be presented as a system Pr, 

consisting of the set of tasks [19]: 

 Pr Tasks, Rels=< >, 
i

Tasks {Task }= , i 1,6= ,      (1) 

where Tasks ï the set of tasks obtained as a result of 

decomposition of the problem; Rels ï the set of 

relationships between tasks that determine the scheme of 

their relationships on input and output data; 
1

Task  ï goal 

setting; 2
Task  ï formation of a universal set of design 

solutions 
US ; 

3
Task  ï selection of a set of valid solutions 

US SÌ ; 4
Task  ï selection of a subset of effective 

solutions 
E US S SË Ë ; 5

Task  ïdecisions 
Es SÍ  ranking; 

6
Task  ï choosing the best design solution 

o Es SÍ . 

The task of determining the goal 1
Task  is to 

establish the set and importance of indicators (partial 

criteria) of effectiveness i
k ( s ), i 1,m= , which 

adequately characterize the design solutions [6, 20]. It 

determines the relationship between functional 

j
k ( s ) Q( s )Í  and costly l

k ( s ) C( s )Í  characteristics 

i
k ( s ), i 1,m=  of the design solutions. The generalized 

functional effect Q( s ) of the object S in the general case 

is a non-decreasing function of the amount of resources to 

achieve it (cost) Q( s ) F [C( s )]=  (where Q( s ) and 

C( s ) are generalized scalar estimates of the effect and 

costs S; F is an operator that reflects the strategy of 

resource use, which is determined by the construction 

option of the S object).  

The problem of determining the universal set of 

design solutions 
US  ( 2

Task ) is combinatorial in nature 

and can have computational complexity from nO[ 2 ]  to 

O[ n!] . Its solution is carried out based on the specifics of 

the projected object and the design task. In practice, 

methods of directed search are widely used, which allow 

to significantly reduce the set of alternative solutions that 

are generated and analyzed in the process of designing 

objects [21]. 

The problem of determining the set of admissible 

solutions 
US SÌ  ( 3

Task ) is to remove from the universal 

set 
US of a subset of solutions S  that do not satisfy the 

constraint of the problem to be solved 
US S \ S=  [6]: 

*

j j
k ( s ) k²

¢   
j

k ( s ) Q( s )" Í , *

l l
k ( s ) k¢ l

k ( s ) Q( s )" Í . (2) 

The task of selecting a subset of effective design 

solutions 
ES SË  ( 4

Task ) is to remove from the 

admissible set 
US SË  of subsets of inefficient solutions 

E

S SË . Thus the variant of the design decision 
E Es SÍ  

is called effective if on a set S  of admissible design 

decisions there is no decision s SÍ  for which inequalities 

would be fair [22]: 

     E

i i
k ( s ) k ( s )² , if 

i
k ( s ) max­ , (3) 

             E

i i
k ( s ) k ( s )¢ , if 

i
k ( s ) min­                  (4) 

and at least one of them was strict.  

Depending on the features of the problem, methods 

are used to solve it: discrete choice, weight [23], pairwise 

comparisons, Carlin, Hermeyer [22], evolutionary search 

[24-26]. 

Methods of discrete choice and pairwise 

comparisons allow to correctly select subsets of effective 

solutions, but have a relatively high time complexity. 

A subset of effective variants 
ES SË  by the Carlin 

method is found by combining solutions o

i
s  and i 1, m=  

that optimize each of the partial criteria by solving a set of 

parametric programming problems [22, 27]: 

 
m

o

i i i
s S

i 1

s arg max { P( s ) ( s )}lx
Í

=

= =ä ,   (5) 

 
m

i i i i

i 1

{ : 0 i 1, m, 1}l L l l l
=

Í = > " = =ä , (6) 

where 
i
( s )x  ï the value of the utility function (normalized 

value) of the i -th partial criterion; 
i
l ï weighting factor 

of the i -th partial criterion.  

The subset of effective design solutions 
ES SË  by 

the Hermeyer method is determined by combining options 
o

i
s , i 1, m=  that optimize each of the local criteria by 

solving a set of parametric programming problems [22-

27]:  

 o

i i i
s S i

s arg max{ P( s ) min ( s )}lx
Í

= = ,  (7) 

 
m

i i i i

i 1

{ : 0 i 1, m, 1l L l l l
=

Í = > " = =ä .  (8) 

To reduce the time complexity of the methods of 

pairwise comparisons, Carlin and Hermeyer use 

procedures for selecting subsets of suboptimal Pareto 

solutions S¡ for which the condition is satisfied 
ES S S¡Ì Ì  [28]. They are implemented by the methods 

of "sector" or "segment" and provide for a set of 

acceptable solutions S { s }=  to pre-determine the best 

options for each of the partial criteria 
i

k+, i 1, m= . 

Hyperplanes are drawn through the points 
i

k+, i 1, m=  

lying on the boundary of the set of admissible solutions 

S { s }=  in the area of partial criteria.  Hyperplanes will 

divide variants into subsets that fall into a sector E

1
S S¡É  

or segment E

2
S S¡É , respectively, and those that are 

inefficient in the sense of (3)-(4):  
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E

1
S S S¡= ,  

E

1
S S¡ =Å; (9) 

 
E

2
S S S¡= ,  

E

2
S S¡ =Å. (10) 

Among evolution, the most popular method is based 

on a genetic algorithm with non-dominant sorting NSGA-

II [29]. It is used to determine the Pareto front on 

acceptable sets of ultra-large size and has the ability to 

give convergence to the front and a good distribution of 

solutions across the front. To accelerate the rate of 

convergence of genetic algorithms to the Pareto  

front, a method of reducing the number of target  

functions based on the principal components method is 

used [30].   

The ranking of solutions (
5

Task ) and the choice of 

the best design solution 
o Es SÍ  (

6
Task ) is based on the 

paradigm of utility maximization within the framework of 

ordinalistic or cardinalistic approaches [23]. When using 

the ordinalistic approach, the ordering of a small set of 

effective solutions 
Es SÍ  is carried out by DM. When 

using the cardinalistic approach, a generalized efficiency 

criterion P( s ) is formed; it is used for scalar evaluation 

and selection of the best design solution: 

 o

s SE
s arg max P( s )

Í

= . (11) 

At the same time, in both approaches, it is 

considered that each of the design solutions is assigned a 

value of some of its value P( s ), which determines their 

order [19]:  

s,v S" Í : s v P( s ) P( v )ª = ;  

                     s v P( s ) P( v )ª > ;                  (12) 

s v P( s ) P( v )ª ² .   

To solve these problems, methods of comparative 

identification [11, 19] or expert collective assessment  

[31-35] are used, which give quite satisfactory results on a 

set of effective low-power solutions. In this case,  

the model of generalized utility based on  

the Kolmogorov-Gabor polynomial is used as a universal 

one [11, 19, 36].  

 

Research results  

 

According to the results of the review of the current 

state of the problem of project decision support, it is 

established that: 

- most design tasks are multi-criteria and have a 

combinatorial nature; 

- the process of solving them involves the generation 

and automatic analysis of huge numbers of design 

solutions; 

- the vast majority of solutions generated in the 

design process are ineffective according  

to Pareto; 

- methods of allocating subsets of effective solutions 

have a high time and capacitive complexity and, based on 

the peculiarities of design tasks, give subsets of enormous 

power; 

- evaluation of the effectiveness of design solutions 

is traditionally carried out using the theory  

of utility; 

- the process of making a final decision is carried out 

using the methods of expert evaluation, in the process of 

which only a small number of project decisions can be 

analyzed.  

There is a need to correctly reduce subsets of 

effective design solutions for ranking, taking into account 

factors that are difficult to formalize, knowledge and 

experience of DM. 

The aim is to develop a combined method of ranking 

options in project decision support systems, which will be 

based on the procedures of ordinalistic and cardinalistic 

ordering.   

As a result of decomposition of the problem of 

obtaining stable and effective system solutions for 

complex design objects at the l -th (lower) level, we will 

highlight the tasks [6]: l

1
Task  ï definition of the principles 

of object construction; l

2
Task  ï choice of object structure; 

l

3
Task  ï determination of the topology of elements and 

connections; l

4
Task  ï choice of operating technology; 

l

5
Task  ï determination of parameters of elements and 

connections; l

6
Task  ï evaluation of efficiency and 

selection of design solutions.  

The scheme of system optimization of the object on 

the selected set of tasks can be presented in the form of a 

tuple [37]: 

 SysOptS   Tasks, InDat, Res, DesDec, ProcDec= < >,  (13) 

where: l

i
Tasks Task=< >, i 1,6=  ï an ordered set of 

tasks; InDat ï set of input data tasks; Res is a set of task 

constraints; DesDec is a set of design optimization 

solutions; ProcDec ï a decisive procedure that assigns a 

non-empty subset 2

i
{ DesDec }, i 1,6=  to each pair 

2 2

i i
<InDat , Re s >.  

The number of design solutions UCard (S ) 

increases nonlinearly with increasing dimension of the 

problem (the number of partial criteria for evaluating 

solutions m, the number of elements of the design  

object n , the number of types of elements,  

the number of possible locations of elements, etc.).  It is 

known that the power of a set of effective solutions is 

much less than the power of a set of acceptable solutions 
ECard( S ) Card( S )<< .  

Table 1 shows examples of increasing the capacity of 

the universal set of acceptable UCard (S ), subsets of 

effective design solutions )ECard (S  and reducing the 

relative capacity of the subset of effective solutions 

) /E UŭS=Card (S Card (S ) in the task of structural and 

topological optimization of a three-level centralized object 

on four indicators (m 4= ). 
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Table 1. Estimation of capacities of sets of admissible and effective design decisions   

n 15 20 25 30 35 40 

UCard (S ) 3,27Ŀ104 1,04Ŀ106 3,35Ŀ107 1,07Ŀ109 3,44Ŀ1010 1,09Ŀ1012 

ECard (S ) 7,53Ŀ102 9,12Ŀ103 5,7Ŀ104 1,18Ŀ106 2,06Ŀ107 8,79Ŀ107 

ŭS 0,023 0,0087 0,0017 0,0011 0,0006 0,00008 

To solve the problem of ranking solutions from the 

sets S { s }=  acceptable in design automation systems, a 

combined expert-machine method is proposed. It involves 

the sequential implementation of the following stages: 

selection on the set of allowable subsets of effective 

options 
ES SÌ , ECard( S ) Card( S )<< ;  determining 

the preferences of experts on the importance of different 

properties of options 
Es SÍ , which are assessed by 

partial criteria i
k ( s ), i 1, m= ; parametric synthesis of the 

generalized utility function P( s ); ranking of options 

using the synthesized generalized utility function 

P( s ) P( v )> ª s v Es,v S" Í ; selection on a subset 

ES  of a subset of some of the most effective options 
ES S¡Ì , Ecard( S ) card( S )¡<< ; determining the ranks 

of a subset of the most effective options.  

Taking into account the limitations of the problem 

and the use of directed search methods can significantly 

reduce the set of acceptable solutions S  relative to the 

universal set of solutions 
US , which leads to a 

corresponding reduction of the subset of effective 

solutions 
ES . However, in practice, the allocation of a 

subset of effective solutions 
ES SË , storage and 

processing of information about it is quite problematic.  

Based on this, it is proposed not to select a subset 
ES  of the set of acceptable solutions, but to form it in the 

process of generating options. This allows not only to 

significantly reduce the amount of memory to  

store the characteristics of options for a set of  

indicators i
k ( s ), i 1,m= , but also the computer  

time to install a subset of effective solutions. 

 

 

It is proposed to determine the advantages of DM by 

parametric synthesis of the generalized utility function of 

solution variants based on the Kolmogorov-Gabor 

polynomial. [11, 19]:  

 

m m m

i i ij i j

i i j i

m m m

ijl i j l

i j i l j

P( s ) ( s ) ( s ) ( s )

( s ) ( s ) ( s ) ...

lx l x x

l x x x

= = =

= = =

= + +

+ +

ä ää

äää

1 1

1

,   (14) 

 i i
ii

i i

k ( s ) k
( s ) k ( s )

k k
x

-

+ -

-
= =

-
,    i 1,m= ,        (15) 

where P( s ) ï generalized scalar assessment of the 

effectiveness of the solution 
Es SÍ ; m ï number of 

partial criteria; i
l, 

ij
l, 

ijl
l  ï coefficients of importance of 

criteria i
k ( s ), i ,m=1  and product of criteria i

k ( s ), 

j
k ( s ), l

k ( s ); i
( s )x< <0 1 , i ,m=1  ï the value of the 

utility function of the partial criterion ik ( s ), i ,m=1   for a 

solution s; 
i i i

k ( s ), k , k+ - ï accordingly, the value of the 

partial criterion for the solution s ,  the best and worst 

value of the criterion ik ( s ), i ,m=1 . 

Function (15) requires a minimum number of 

machine operations to calculate its values among common 

functions [20].  For a more accurate nonlinear (S- and  

Z-shaped) approximation of estimates of the usefulness of 

the values of partial criteria, it is proposed to use a 

universal gluing function, which is the best in terms of the 

complex indicator "accuracy-complexity" among the 

common [38]: 

 

a1 1 1

a

a

a2 2 2

a

k( s )
a(b 1) 1 b / b ,0 k( s ) k ;

k
( s )

k( s ) k
a (1 a )(b 1) 1 b / b , k k( s ) 1,

1 k

x

ë å õå õå õ
î æ ö+ - + ¢ ¢æ öæ öæ öæ öæ öî ç ÷ç ÷î ç ÷
=ì

å õå õå õî -
æ ö+ - + ³³ - + < ¢æ öæ öî æ öæ öæ ö-ç ÷î ç ÷ç ÷í

  (16)

where ( s ) k( s )x = ; ak , a ï normalized values of the 

coordinates of the gluing point, a0 k 1¢ ¢, 0 a 1; 

1 2
b ,b ï coefficients that determine the type of dependence 

on the initial and final segments of the function. 

The value 
i

k-, i ,m=1  for (15) should be 

determined on the whole set of admissible solutions 

S { s }= . Their definition only on a subset of effective 
ES  

leads to the fact that the worst values of the utility 

functions of partial criteria i
( s )x , i ,m=1  (15) and (16) 

will be equal to 0 [11]. In this case, the property of 

universality of the model constructed on the basis of the 

Kolmogorov-Gabor polynomial (14) disappears and it is 

transformed into the classical additive model.  

The number of summonds N  in model (14) is 

determined by the required accuracy of restoring the 

benefits of DM. To determine the parameters of model 

(14) we will use the technology of comparative 

identification [11, 36]. 
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The unreasonable choice of solutions for the 

parametric synthesis of model (14) reduces the accuracy 

of determining the advantages of DM, which is given by 

the values of the weight coefficients, 
i
l, 

ij
l, 

ijl
l,é.  To 

increase the accuracy of identifying the advantages of 

DM, we select among the effective subset of a given 

number of the best options 
ES S¡Ì  by criterion: 

 
i

i m
s SE

s arg max min ( s )x
¢ ¢

Í

¡=
1

. (17) 

DM on the basis of requirements to the design 

decision and subjective estimations forms the binary 

relation of strict advantage on pairs of options [39]:  

 { }R( S ) s,v : s,v S , s v¡ ¡= < > Í . (18) 

Given the possibility of scalar estimation of solutions 

(14), for relation (18) we make a system of inequalities: 

  P( ,s ) P( ,v ), s,v R( S )l l ¡> Í ,     (19) 

where l ï the desired vector of parameters of the 

generalized utility model (14). 

Letôs enter the notation:  

1 1 m 1
( x ) ( x ) ( x )x x x

+
Ö = , 1,1 m 1

l l
+

= , 
1 2 m 2
( x ) ( x ) ( x )x x x

+
Ö = ,  

                                    1,2 m 2
l l

+
= , é .                        (20) 

The maximum number of terms of model (14) is 
n

m n
N C 1

+
= - (where n is the given degree of the 

polynomial). Taking into account the accepted notation 

(20), model (14) can be presented in the classical additive 

form: 

  
N

i i

i 1

P( ,s ) ( s )l l x
=

=ä .        (21) 

Then the problem of parametric synthesis of the 

generalized utility function (21) is reduced to determining 

the vector of weight coefficients i
[ ]l , i 1,N= , which 

satisfies the formed system of inequalities and 

normalizing conditions: 

 
N

i i

i 1

1, 0,l l
=

= ²ä   1,i N= . (22) 

Taking into account (21) we present a system of 

inequalities (19) and equations (22), in the form: 

N N

j i i i i

i 1 i 1

( ) ( s ) ( v ) 0h l l x l x
= =

¹ - >ä ä ,  s,v R( S )¡< >Í ,  

                                              j 1,n¡= , (23) 

N

n 1 i i

i 1
S

( ) 1, 0h l l l
+

=

¹ = ²ä , 1,i N= , 

where n Card R( S )¡ ¡=  ï the power of the set of the 

established ratio of strict advantage (19). 

The first part of the system (23) are homogeneous 

inequalities defining the set of planes that pass through the 

origin, and the second part acts as a normalizing condition 

and defines the cutting plane. 

The obtained system of inequalities and equations 

(23) can have innumerable solutions or be incompatible (if 

there are contradictions in the advantages of DM). The 

problem of determining stable estimates of the vector of 

weights of model (21) can be reduced to finding the 

Chebyshev point [11, 19, 39].   

Letôs introduce an additional variable 
N 1
l
+

 in the 

system of constraints (23) and require that the conditions 

j N 1
( )h l l

+
¢ , j 1, n¡=  are satisfied. Then the search for 

the Chebyshev point of system (23) is reduced to solving 

the problem: 

N 1
minl

+
­ ; 

 
j N 1

N

n 1 i i

i 1

( ) 0, j 1, n ,

( ) 1, 0, i 1, N.

h l l

h l l l

+

¡+

=

ë ¡+ > =
î
ì

¹ = ² =î
í

ä
 (24) 

If the system of inequalities (24) is compatible, then 

the indicator variable is 

 
j

j
r min max ( ) 0

l
h l= ¢, (25) 

and the obtained solution 
ol  will be as resistant as 

possible to possible shifts of the constraint planes 

(variations of DM advantages). If the system of constraints 

(24) is incompatible, then r 0> . In this case, for the 

system of DM advantages, given by the binary relation 

R( S )¡ (18), there is no vector of weight coefficients of 

partial criteria i
[ ]l  that satisfies the conditions (24). 

At the next stage, the values of the generalized utility 

function oP( ,s )l  (21) are calculated for all effective 

variants 
Es SÍ  with the set values of weight coefficients  

o

i
[ ]l , i 1,N= . This allows the ranking of the whole set 

of effective options using the values of the synthesized 

generalized utility function.   

At the last stage, based on the quantitative evaluation 

of options oP( ,s )l , 
Es SÍ , a subset 

o ES SÍ  of a given 

number 
on  of the best options is selected. With 

o ECard( S ) Card( S )<<  . After that, DM, using the 

methods of expert evaluation or lexicographic 

optimization, makes the final choice of the best option 
o os SÍ .    

 

Conclusions  

 

In the process of analyzing the problem of project 

decision support, it was found that most design tasks are 

multi-criteria and combinatorial, and the final decision-

making processes are carried out using expert evaluation 

methods by analyzing only a small number of options. In 

practice, this leads to the problem of correctly reducing 

subsets of effective design solutions for ranking, taking 

into account factors that are difficult to formalize, 

knowledge and experience of DM. As a result of 
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decomposition of the problem of support of design 

decisions the tasks of definition of the purpose of 

designing of object, formation of universal set of design 

decisions, allocation of sets of admissible and effective 

decisions, ranking and a choice of the best design decision 

are allocated. 

To coordinate the interaction between automatic and 

interactive design procedures of automated design and 

control systems, a combined method of ranking options is 

proposed, which combines the procedures of ordinalistic 

and cardinalistic ordering technologies. It involves the 

sequential implementation of the stages of formation of a 

subset of effective options, determining the preferences of 

experts on the importance of individual properties of 

options, which are evaluated by partial criteria, parametric 

synthesis of generalized utility function, ranking options 

using synthesized generalized utility function, selection of 

subsets of multiple options and several ranks of the 

options selected in this way. Parametric synthesis of the 

generalized utility function, built on the basis of the 

Kolmogorov-Gabor polynomial, is proposed to be carried 

out using the method of comparative identification on a 

set of alternatives with maximum values of indicators. 

The developed method expands the methodological 

principles of automation of support processes for multi-

criteria design solutions, allows to correctly reduce the set 

of effective alternatives for the final choice, taking into 

account factors that are difficult to formalize, knowledge 

and experience of DM. The practical use of the obtained 

results due to the proposed procedure for determining the 

set of effective decisions will reduce the time and capacity 

complexity of decision support, and through the use of 

maximum selection in the synthesis of the evaluation 

model that is to improve the quality of design decisions. 
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ʂʆʄɹɯʅʆɺɸʅʀʁ ʄɽʊʆɼ ʈɸʅɾʋɺɸʅʅʗ ɺɸʈɯɸʅʊɯɺ ʋ ʉʀʉʊɽʄɸʍ 

ʇɯɼʊʈʀʄʂʀ ʇʈʀʁʅʗʊʊʗ ʇʈʆɭʂʊʅʀʍ ʈɯʐɽʅʔ 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʩʪʘʪʪʽ ʻ ʧʨʦʮʝʩ ʨʘʥʞʫʚʘʥʥʷ ʚʘʨʽʘʥʪʽʚ ʫ ʩʠʩʪʝʤʘʭ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ. ʄʝʪʘ 

ʨʦʙʦʪʠ ï ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʫ ʨʘʥʞʫʚʘʥʥʷ ʚʘʨʽʘʥʪʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʘ 
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ʨʘʭʫʥʦʢ ʫʟʛʦʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʡ ʽʥʪʝʨʘʢʪʠʚʥʠʤʠ ʧʨʦʮʝʜʫʨʘʤʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ.  

ʋ ʩʪʘʪʪʽ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: ʦʛʣʷʜ ʽ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ ʨʘʥʞʫʚʘʥʥʷ ʚʘʨʽʘʥʪʽʚ ʫ ʩʠʩʪʝʤʘʭ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ; ʜʝʢʦʤʧʦʟʠʮʽʷ ʧʨʦʙʣʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ; ʨʦʟʨʦʙʢʘ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʨʘʥʞʫʚʘʥʥʷ ʚʘʨʽʘʥʪʽʚ, ʷʢʠʡ ʦʙôʻʜʥʫʻ ʧʨʦʮʝʜʫʨʠ ʪʝʭʥʦʣʦʛʽʡ ʦʨʜʠʥʘʣʽʩʪʠʯʥʦʛʦ ʪʘ ʢʘʨʜʠʥʘʣʽʩʪʠʯʥʦʛʦ 

ʚʧʦʨʷʜʢʫʚʘʥʥʷ; ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʤʽʥʽʤʘʢʩʥʦʛʦ ʚʠʙʦʨʫ ʚʘʨʽʘʥʪʽʚ ʟ ʤʥʦʞʠʥʠ ʝʬʝʢʪʠʚʥʠʭ ʜʣʷ ʧʨʦʮʝʜʫʨʠ ʝʢʩʧʝʨʪʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʤʝʪʦʜʠ: ʪʝʦʨʽ ʾ ʩʠʩʪʝʤ, ʪʝʦʨʽʾ ʢʦʨʠʩʥʦʩʪʽ, ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ. 

ʈʝʟʫʣʴʪʘʪʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʽʩʥʫʚʘʥʥʷ ʧʨʦʙʣʝʤʠ 

ʢʦʨʝʢʪʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʧʽʜʤʥʦʞʠʥ ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʻʢʪʥʠʭ ʚʘʨʽʘʥʪʽʚ ʜʣʷ ʨʘʥʞʫʚʘʥʥ̫  ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʘʞʢʦ 

ʧʽʜʜʘʶʪʴʩʷ ʬʦʨʤʘʣʽʟʘʮʽʾ, ʟʥʘʥʴ ʽ ʜʦʩʚʽʜʫ ʦʩʦʙʠ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ (ʆʇʈ). ɺʠʢʦʥʘʥʘ ʜʝʢʦʤʧʦʟʠʮʽʷ ʧʨʦʙʣʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ ʥʘ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʦʙôʻʢʪʘ, ʬʦʨʤʫʚʘʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʤʥʦʞʠʥʠ 

ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ, ʚʠʜʽʣʝʥʥʷ ʤʥʦʞʠʥ ʜʦʧʫʩʪʠʤʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʨʘʥʞʫʚʘʥʥʷ ʪʘ ʚʠʙʦʨʫ ʆʇʈ ʥʘʡʢʨʘʱʦʛʦ 

ʧʨʦʻʢʪʥʦʛʦ ʚʘʨʽʘʥʪʫ. ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʨʘʥʞʫʚʘʥʥʷ ʚʘʨʽʘʥʪʽʚ, ʷʢʠʡ ʦʙôʻʜʥʫʻ ʧʨʦʮʝʜʫʨʠ ʪʝʭʥʦʣʦʛʽʡ 

ʦʨʜʠʥʘʣʽʩʪʠʯʥʦʛʦ ʪʘ ʢʘʨʜʠʥʘʣʽʩʪʠʯʥʦʛʦ ʚʧʦʨ̫ ʜʢʫʚʘʥʥʷ ʪʘ ʜʦʟʚʦʣʷʻ ʢʦʨʝʢʪʥʦ ʩʢʦʨʦʯʫʚʘʪʠ ʧʽʜʤʥʦʞʠʥ ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʻʢʪʥʠʭ 

ʨʽʰʝʥʴ ʜʣʷ ʨʘʥʞʫʚʘʥʥʷ ʆʇʈ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʤʽʥʽʤʘʢʩʥʦʛʦ ʚʠʙʦʨʫ ʚʘʨʽʘʥʪʽʚ ʟ ʤʥʦʞʠʥʠ ʝʬʝʢʪʠʚʥʠʭ ʜʣʷ ʧʨʦʮʝʜʫʨʠ 

ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʦʩʦʙʦʶ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʫʚʘʪʠ ʷʢʽʩʪʴ ʦʮʽʥʶʚʘʥʥʷ. ɺʠʩʥʦʚʢʠ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʨʦʟʰʠʨʶʻ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʧʽʜʪʨʠʤʢʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʧʨʦʻʢʪʥʠʭ 

ʨʽʰʝʥʴ, ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ  ʢʦʨʝʢʪʥʝ ʩʢʦʨʦʯʝʥʥʷ ʤʥʦʞʠʥʠ ʝʬʝʢʪʠʚʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚ ʜʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʚʠʙʦʨʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʘʞʢʦ ʧʽʜʜʘʶʪʴʩʷ ʬʦʨʤʘʣʽʟʘʮʽʾ, ʟʥʘʥʴ ʽ ʜʦʩʚʽʜʫ ʆʇʈ. ʇʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʧʨʦʮʝʜʫʨʠ ʚʠʟʥʘʯʝʥʥʷ ʤʥʦʞʠʥʠ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʯʫʚʘʪʠ ʯʘʩʦʚʫ ʡ 

ʻʤʥʽʩʥʫ ʩʢʣʘʜʥʦʩʪʽ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʢʩʠʤʽʥʥʦʛʦ ʚʽʜʙʦʨʫ ʚʘʨʽʘʥʪʽʚ ʧʨʠ ʩʠʥʪʝʟʽ 

ʤʦʜʝʣʽ ʦʮʽʥʶʚʘʥʥʷ ï ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʻʢʪʫʚʘʥʥʷ; ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ; ʝʬʝʢʪʠʚʥʽ ʨʽʰʝʥʥʷ; ʢʦʤʧʘʨʘʪʦʨʥʘ 

ʽʜʝʥʪʠʬʽʢʘʮʽʷ; ʧʽʜʪʨʠʤʢʘ ʧʨʠʡʥʷʪʪʷ ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ; ʪʝʦʨʽʷ ʢʦʨʠʩʥʦʩʪʽ. 

 

ʂʆʄɹʀʅʀʈʆɺɸʅʅʓʁ ʄɽʊʆɼ ʈɸʅɾʀʈʆɺɸʅʀʗ ɺɸʈʀɸʅʊʆɺ ɺ ʉʀʉʊɽʄɸʍ 

ʇʆɼɼɽʈɾʂʀ ʇʈʀʅʗʊʀʗ ʇʈʆɽʂʊʅʓʍ ʈɽʐɽʅʀʁ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʪʘʪʴʝ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʥʞʠʨʦʚʘʥʠʷ ʚʘʨʠʘʥʪʦʚ ʚ ʩʠʩʪʝʤʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ. ʎʝʣɹ ʨʘʙʦʪʳ ï ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʘ ʨʘʥʞʠʨʦʚʘʥʠʷ ʚʘʨʠʘʥʪʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʟʘ ʩʯʝʪ ʩʦʛʣʘʩʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʤʠ ʧʨʦʮʝʜʫʨʘʤʠ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʩʪʘʪʴʝ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʨʦʙʣʝʤʳ ʨʘʥʞʠʨʦʚʘʥʠʝ ʚʘʨʠʘʥʪʦʚ ʚ ʩʠʩʪʝʤʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ; ʜʝʢʦʤʧʦʟʠʮʠʷ ʧʨʦʙʣʝʤʳ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ; ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʨʘʥʞʠʨʦʚʘʥʠʷ ʚʘʨʠʘʥʪʦʚ, ʢʦʪʦʨʳʡ 

ʦʙʲʝʜʠʥʷʝʪ ʧʨʦʮʝʜʫʨʳ ʪʝʭʥʦʣʦʛʠʡ ʦʨʜʠʥʘʣʠʩʪʠʯʥʦʛʦ ʠ ʢʘʨʜʠʥʘʣʠʩʪʠʯʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ; ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʤʠʥʠʤʘʢʩʥʦʛʦ 

ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʦʚ ʠʟ ʤʥʦʞʝʩʪʚʘ ʵʬʬʝʢʪʠʚʥʳʭ ʜʣʷ ʧʨʦʮʝʜʫʨʳ ʵʢʩʧʝʨʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʤʝʪʦʜʳ: ʪʝʦʨʠʠ 

ʩʠʩʪʝʤ, ʪʝʦʨʠʠ ʧʦʣʝʟʥʦʩʪʠ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ. ʈʝʟʫʣʴʪʘʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʦʡ 

ʤʝʪʦʜʦʣʦʛʠʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʦʙʣʝʤʳ ʢʦʨʨʝʢʪʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʧʦʜʤʥʦʞʝʩʪʚ 

ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʝʢʪʥʳʭ ʚʘʨʠʘʥʪʦʚ ʜʣ ̫ʨʘʥʞʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʬʘʢʪʦʨʦʚ, ʪʨʫʜʥʦ ʧʦʜʜʘʶʱʠʭʩʷ ʬʦʨʤʘʣʠʟʘʮʠʠ, ʟʥʘʥʠʡ ʠ 

ʦʧʳʪʘ ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʷ (ʃʇʈ). ɺʳʧʦʣʥʝʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʧʨʦʙʣʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ 

ʥʘ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʣʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, 

ʚʳʜʝʣʝʥʠʷ ʤʥʦʞʝʩʪʚ ʜʦʧʫʩʪʠʤʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʨʘʥʞʠʨʦʚʘʥʠʷ ʠ ʚʳʙʦʨʘ ʃʇʈ ʣʫʯʰʝʛʦ ʧʨʦʝʢʪʥʦʛʦ ʚʘʨʠʘʥʪʘ. 

ʈʘʟʨʘʙʦʪʘʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʨʘʥʞʠʨʦʚʘʥʠʷ ʚʘʨʠʘʥʪʦʚ, ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʧʨʦʮʝʜʫʨʳ ʪʝʭʥʦʣʦʛʠʡ 

ʦʨʜʠʥʘʣʠʩʪʠʯʥʦʛʦ ʠ ʢʘʨʜʠʥʘʣʠʩʪʠʯʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʥʦ ʩʦʢʨʘʱʘʪʴ ʧʦʜʤʥʦʞʝʩʪʚʘ ʵʬʬʝʢʪʠʚʥʳʭ 

ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʨʘʥʞʠʨʦʚʘʥʠʷ ʃʇʈ. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʤʠʥʠʤʘʢʩʥʦʛʦ ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʦʚ ʠʟ ʤʥʦʞʝʩʪʚʘ ʵʬʬʝʢʪʠʚʥʳʭ 

ʜʣʷ ʧʨʦʮʝʜʫʨʳ ʵʢʩʧʝʨʪʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʃʇʈ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʦʮʝʥʠʚʘʥʠʷ. ɺʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ 

ʤʝʪʦʜ ʨʘʩʰʠʨʷʝʪ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʦʜʜʝʨʞʢʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʨʨʝʢʪʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ ʩ ʫʯʝʪʦʤ 

ʬʘʢʪʦʨʦʚ, ʪʨʫʜʥʦ ʧʦʜʜʘʶʱʠʭʩʷ ʬʦʨʤʘʣʠʟʘʮʠʠ, ʟʥʘʥʠʡ ʠ ʦʧʳʪʘ ʃʇʈ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʟʘ ʩʯʝʪ ʧʨʝʜʣʦʞʝʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʱʘʪʴ ʚʨʝʤʝʥʥʫʶ ʠ 

ʝʤʢʦʩʪʥʫ ʁʩʣʦʞʥʦʩʪʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʢʩʠʤʠʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʦʪʙʦʨʘ ʚʘʨʠʘʥʪʦʚ 

ʧʨʠ ʩʠʥʪʝʟʝ ʤʦʜʝʣʠ ʦʮʝʥʠʚʘʥʠʷ ï ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʘʷ ʦʮʝʥʢʘ; ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ; ʢʦʤʧʘʨʘʪʦʨʥʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ; ʧʦʜʜʝʨʞʢʘ ʧʨʠʥʷʪʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ; ʪʝʦʨʠʷ ʧʦʣʝʟʥʦʩʪʠ. 
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A. BONDAR, S. ONYSHCHENKO 

EXPERIMENTAL STUDIES OF A MODEL FOR OPTIMI ZING THE  PORTFOLIO OF 

A PROJECT-ORIENTED ORGANIZATION BASED ON THE ENTROPY CONCEPT 

The subject of the research is the optimization of the composition of the project portfolio based on the entropy concept. The aim of 

the study is to experimentally test the model for optimizing the portfolio of a project-oriented organization and substantiate its 

applicability in practice in management processes to ensure their effectiveness. Research objectives: forming a model taking into 

account the accepted value of the organization; formation of initial data on the organization and alternative projects; portfolio 

optimization by model and interpretation of results. Research methods: system analysis, functional analysis, operations research. 

Results. A model has been developed for forming a portfolio structure from projects of two categories ï operational and 

development; the optimization criterion is to minimize the discrepancy between the desired and actually provided value of the 

organization. The restrictions take into account the maximum allowable energy limit and the minimum allowable value limit. As a 

result of the study, the applicability and adequacy of the model for optimizing the portfolio structure of a project-oriented organization 

were substantiated.  The model makes it possible to obtain solutions on the optimal structure of a portfolio of projects in terms of its 

value under given resource constraints (in the form of a share of total energy and output energy) and energy entropy. The studies 

substantiated the possibility of adjusting the model in terms of the optimization criterion (maximizing value, minimizing energy 

entropy) and adding restrictions on the maximum permissible border of information entropy and energy efficiency. Conclusions. The 

model under consideration is characterized by wide practical application, taking into account its possible adjustment without changing 

the basic essence, taking into account the specifics of a particular field of activity or organization. The practical use of the main 

indicators of the entropy concept - information entropy, temperature, energy entropy, which characterize the state of organizations, 

allowing to identify hidden problems before they are reflected on the traditional indicators of organizational performance is 

demonstrated. Taking this into account, the structure of the project portfolio is being formed within the framework of the considered 

approach. 

Keywords: project; portfolio; model; energy entropy; information entropy; energy efficiency. 

Introduction  

 

The specificity of project-oriented organizations is 

that their current activities and development are carried 

out through projects [1]. The effectiveness of project-

oriented management is justified both in theoretical 

studies [2] and in applied works related to specific types 

of activities (for example, [3]).  

The project portfolio of these organizations forms 

the final result, which, in the context of modern project 

management methodology, represents the value of the 

organization [4, 5], which can be calculated both in the 

form of economic indicators and in the form of indicators 

characterizing, for example, the market status of the 

organization. 

The allocation of the organization's resources 

between portfolio projects and the formation of its optimal 

structure allows the organization to build its current 

activities and development in such a way as to maximize 

value under certain resource constraints and the desired 

state. 

The entropy concept of managing organizations [6-

11] puts forward new requirements that must be taken into 

account in the processes of optimizing a portfolio of 

projects in order to ensure not only economic efficiency, 

but also the sustainability of the organization [12] in the 

context of information and energy entropy. 

 

Analysis of recent research and publications 

 

A significant number of works are devoted to the 

problem of forming the optimal composition of portfolios 

of project-oriented organizations [13-20]. International 

standards for project portfolio management [13] set a 

certain benchmark for theoretical research.  

Most of the works, for example [14, 15], focus on 

ensuring the achievement of the strategic goals of 

organizations, which is the essence of the core value of 

portfolios. In some works (in particular, [16]), the 

dynamics of the state of the organization is taken into 

account and the portfolio of projects is also considered in 

the form of a dynamic structure. In [17], approaches were 

proposed to the formation of a portfolio taking into 

account risks.  

Thus, it can be argued that the instrumental basis for 

the formation of the optimal composition of project 

portfolios in the form of models and methods has been 

sufficiently developed in modern research. 

Nevertheless, as mentioned above, the new entropic 

concept of managing organizations, which assesses their 

state by means of energy entropy [10-12], forms a new 

approach to optimizing the composition of the project 

portfolio.  In particular, ensuring high economic 

performance without a corresponding increase in control 

over the external environment (controlled part of the 

external environment) [11], which is expressed in a 

gradual decrease in information entropy, as well as an 

increase in the efficiency of the use of total energy 

(resources), will not lead the organization to the required 

stable state.  in a modern turbulent environment. 

In [12], on the basis of the entropy concept of 

management of organizations, a model was developed that 

allows one to determine the optimal composition of a 

project portfolio that meets the requirement of balance in 

terms of the value-entropy ratio.  Justification of the 

reliability and practical applicability of this model is 

impossible without appropriate experimental studies, 

which is the essence of this study. 

Thus, the aim of this study is to experimentally test 
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the model for optimizing the portfolio of a project-

oriented organization and justify its applicability in 

practice in management processes to ensure their 

effectiveness. 

 

Results 

 

The model for optimizing the composition of a 

portfolio of projects provides for the following 

management parameters: 

 { }iɗ
x = 1,0 ,i=1,ndev

, { }jɜ
x = 1,0 ,j=1,mcur

,    (1) 

selection of development projects and current activities 

from a variety of alternative options, 
i

T T
j

,   ï accordingly, 

the duration of the life cycles of these projects,  

i
ɗ=1,K-T 1,i=1,n+  and j

ɜ=1,K-T 1,j=1,m+  ï alternative 

options for starting projects of two categories under 

consideration. Taking into account that K is the end of the 

portfolio planning period, the values 
i

K-T 1+ , 
j

K-T 1+  

characterize the latest start of the project, so that its life 

cycle falls within the planning period of the portfolio K.  

After the implementation of projects of current 

activities, there are no qualitative changes in the state of 

the organization, after the implementation of development 

projects, certain "leaps" of the state are formed, for 

example, the information entropy decreases or the share of 

possible use of total energy increases (that is, the part of 

free energy that can be directed to the implementation of  

new projects). 

The objective function ensures that the discrepancy 

between the actual and desired V (t)*  values of the 

organization is minimized: 

 

ʂ-ʊ +1ʂ-ʊ +1K n m

iɗ iɗ jɜ jɜ

t=1 i=1 ɗ=1 j=1 ɜ=1
ʭ ,ʭ

ji

jɜiɗ

Z= (t) ʭ + (t) ʭ '(t)-V (t)min

2

dev cur *

dev cur

V V V ,
è ø

Ö Ö + ­é ù
é ùê ú

ä ä ä ä ä    (2)

where '(t)V   ï value provided by current portfolio 

composition, 
iɗ jɜ
(t), (t)V V , accordingly, the contribution to 

the value of organizing projects of each category. 

Condition for ensuring the minimum value 

boundary:

          

ʂ-ʊ +1ʂ-ʊ +1n m
l min

iɗ iɗ jɜ jɜ

i=1 ɗ=1 j=1 ɜ=1

ji

(t) ʭ + (t) ʭ '(t) V (t),t=1,K.dev cur
V V VÖ Ö + ²ä ä ä ä    (3)

Condition for the maximum allowable value of 

energy entropy: 

 
max( , , ) ( ), 1, .dev cur

i j
S t ʭ ʭ S t t Kq n ¢ =      (4) 

The formation and formalization of the energy 

entropy of an organization is presented in detail in [10], 

where the energy entropy of an organization is determined 

on the basis of its energy parameters and information 

entropy, which are formed as a composition 

corresponding to the characteristics of projects: 

iɗ jɜ
ʅ (t),ʅ (t) ï information entropy; 

( ), ( )
i j

U t U tq q  ï total energy; 

( ), ( )ex ex

i j
E t E tq q  ï output energy; 

( ), ( )in in

i j
E t E tq q  ï incoming energy. 

Limitations on available resources in the form of 

total energy (potential) and output energy:

 

ʂ-ʊ +1ʂ-ʊ +1n m

iɗ iɗ jɜ jɜ

i=1 ɗ=1 j=1 ɜ=1

ji

(t) ʭ + (t) ʭ (t),t=1,Kdev cur max
U U U ,Ö Ö ¢ä ä ä ä          (5) 

 

ʂ-ʊ +1ʂ-ʊ +1n m

iɗ iɗ jɜ jɜ

i=1 ɗ=1 j=1 ɜ=1

ji

(t) ʭ + (t) ʭ (t),t=1,Kex dev ex cur max
E E E .Ö Ö ¢ä ä ä ä             (6) 

Conditions for the selection of projects (that is, at least one project must be selected): 

             

ji
ʂ-ʊ +1ʂ-ʊ +1n m

iɗ jɜ
i=1 ɗ=1 j=1 ɜ=1

ʭ 1; ʭdev cur
1.² ²ä ä ä ä         (7)

In addition, from the many options for a  

project from the point of view of its start, only one  

should be selected (or none, therefore the sign "less 

or equal"):  

 

ʂ-ʊ +1ʂ-ʊ +1

iɗ jɜ

ɗ=1 ɜ=1

ji

ʭ 1,i=1,n; ʭ 1,j=1,m.dev cur¢ ¢ä ä   (7) 

 

ʂ-ʊ +1ʂ-ʊ +1

iɗ jɜ

ɗ=1 ɜ=1

ji

ʭ 1,i=1,n; ʭ 1,j=1,m.dev cur¢ ¢ä ä        (8) 

Model (1) - (8) provides the formation of a portfolio 

of projects in accordance with the conditions and criteria 

described above. 

Let us consider the application of this model to 

optimize the project portfolio of a specific organization 
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(the "Transmarine" company), which operates in  

the field of sea transportation, providing services  

for both cargo delivery and storage, and the formation of 

groupage shipments. The company has many  

branches, its own storage sites and warehouses, vehicles.  

In   accordance   with   the   current   composition  of  

the portfolio of projects, the forecast of the state and 

performance of the organization under consideration is 

characterized by the following indicators (table 1, fig. 1), 

the prospective period of consideration is 8 years. The 

energy parameters of the organization are considered in 

conventional units, 1 c.u = 1 million dollars. 

Table 1. Forecast of the energy parameters of the organization in accordance with the current composition of the project portfolio 

Time 
Total 

energy, U 

Input 

energy, 

Ein 

Output 

energy, 

Eex 

Informa tion 

entropy, H 

Energy 

efficiency, ɖ 

Temperature, 

T 

Energy 

entropy, S 

0 12       

1 13,5 5,5 4 2 1,125 0,3125 25,920 

2 15,5 6 4 2 1,148 0,3189 30,291 

3 16 5,5 5 2,5 1,032 0,2294 45,818 

4 17 6 5 2,5 1,063 0,2361 46,750 

5 18,5 6,5 5 2,5 1,088 0,2418 49,950 

6 19,5 6 5 3 1,054 0,1952 69,344 

7 20 5,5 5 3 1,026 0,1899 76,390 

8 21 6 5 3 1,050 0,1944 77,318 

 

Fig. 1. Forecast dynamics of the organization's energy parameters

Under the value of the organization, in this case, we 

take the growth of the organization's energy (profit), 

which is formed as the difference between the incoming 

and output energy flows. Thus, the value of the 

organization: 

 ( ) ( ) ( ), 1,8.in exV t E t E t t= - =           (9) 

On the basis of the predicted values of the dynamics 

of the organization's energy parameters 

( ), ( ), ( ), 1,8in exU t E t E t t= , the predicted values of the 

indicators of its state - information entropy, temperature, 

energy entropy - were calculated (fig. 2). 

It should be canceled that the forecast of the state of 

the organization, on the one hand, cannot be identified as 

"bad": in accordance with current projects, the information 

entropy gradually increases, respectively, the temperature 

decreases, while the energy entropy increases (fig. 2c), the 

reason for this is an increase in the total energy of the 

organization ( )U t  (fig. 1) despite the fact that the output 

( )exE t  and input ( )inE t  energies remain practically 

unchanged. Thus, in the organization there is an 

accumulation of "potential" energy, which is not 

converted into "kinetic" energy, which ensures the 

movement of the organization to new states in terms of 

value. Due to this, there is a general downward trend in 

energy efficiency on average ( )inE t . The value of the 

organization is also gradually decreasing (fig. 3). 
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                                                                a)                                                                                                   b) 

 

                                                                c)                                                                                                   d) 

Fig. 2. Forecasted values of indicators of the state of the organization 

 

Fig. 3. Forecasted dynamics of the organization's value

Thus, despite the apparent absence of problems in 

the organization, the entropic concept of management 

allows you to "reveal" the deep problems that lead to the 

growth of energy entropy, which can gradually "destroy" 

the organization. 

To avoid this, the organization should supplement its 

portfolio of projects to address these issues. For this, three 

alternative operational projects (current activities) and 

three development projects are proposed for consideration, 

their main characteristics are presented in tables 2, 3. Note 

that the energy parameters of projects reflect annual 

values (total for the year), and informational entropy and 

energy entropy refer to the beginning of each year. 

Therefore, their last (zero) value for projects refers to the 

end of the last year of the project life cycle. 

As the effect of development projects on the state of 

the organization (without limiting the generality), a 

decrease in information entropy was taken: 

 1 2 3
0,5; 1; 0,8.ʅ ʅ ʅD =- D =- D =-  (10)
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The main conditions that were taken into account 

when forming the project portfolio structure were the 

following: 

- minimum limit values of the organization 
min ( ) 2V t =  ,  

- the output energy of the organization can not 

exceed 40% of the total energy, i.e. 

,

( ( ) ( )) 0,4 ( )ex ex

i j

i j

E t E t U t+ ¢ Öä ; 

- the part of the total energy of the organization that 

is distributed between projects can not, respectively, 

exceed 60%, i.e. 
,

( ( ) ( )) 0,4 ( )
i j

i j

U t U t U t+ ¢ Öä . 

The following results were obtained for the given 

conditions: 

- all three alternative projects of current activity 

should be included in the portfolio, respectively, in 4, 4 

and 6 years of the period under consideration, that is, in 

the latest possible start.  This is due to the fact that, as 

previously indicated, the current activities of the 

organization are characterized by not bad indicators, the 

problem is, first of all, in the accumulation and non-use of 

total energy; 

- the first and third development projects should be 

started at the very beginning of the period in question in 

order to eliminate the problem of accumulating and not 

using common energy. The specificity of the second 

development project is that it does not provide for the 

receipt of input energy 
2

0inE = , although it provides the 

maximum reduction in information entropy (
2

1ʅD =-). 

Note that experimental calculations were carried out 

for two variants of the optimization criterion: the first 

corresponded to (2), the second (taking into account the 

accepted energy gain in the form of value) - maximization 

of the organization's value. The results were the same. 

Thus, despite the fact that in [12] it was declared as an 

optimization criterion the minimization of the discrepancy 

between the total value and the desired value, 

nevertheless, in cases where the value can be interpreted 

as an increase in energy, the approach implemented within 

the framework of this research. 

So, as a result of the formation of the structure of the 

project portfolio in accordance with the results of 

optimization, the predicted values of the results of 

activities and the state of the organization will be as 

follows (fig. 4). 

Comparison of energy efficiency for the current 

portfolio and for its new structure is shown in fig. 5, 

temperature in fig. 6. 

 

 

 

Fig. 4. Forecast values of the company's performance and condition for the proposed portfolio structure 
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Fig. 5. Comparison of energy efficiency for the current portfolio and for its new structure 

 

Fig. 6. Comparison of the organization temperature with the existing and new project portfolio structure

The proposed portfolio structure will provide the 

required level of value for the organization (and, 

moreover, not below its minimum allowable boundary). 

The increase in information entropy and energy entropy 

within the permissible limit is associated with the 

implementation of new projects, which naturally affects 

these indicators.  But after the implementation of projects, 

the energoentropy will reach a value lower than it would 

have been without new projects. The information entropy 

will return to the "before the new portfolio" level. The 

temperature increased significantly, which indicates a 

stronger control over the "external structure" of the 

organization [11]. So, the model made it possible to form 

a new structure of the project portfolio, which ensures the 

fulfillment of the necessary conditions and the 

achievement of the set result in relation to the value of the 

organization. 

Experiments at varying the initial data also 

confirmed the accuracy of the obtained optimization 

results and the adequacy of the model. In particular, 

changes were made in the current dynamics of 

information entropy and requirements for the lower 

boundary of value, which led to the priority of the 

implementation of projects of current activities and to the 

postponement of the implementation of development 

projects. 

 

Conclusions 

 

As a result of the study, the applicability and 

reliability of the model for optimizing the portfolio 

structure of a project-oriented organization was 

substantiated. The model makes it possible to obtain 

solutions for the optimal structure of a project portfolio in 

terms of its value under given resource constraints (in the 

form of a share of total energy and output energy) and 

energy entropy. The studies substantiated the possibility 

of adjusting the model in terms of the optimization 

criterion (maximizing value, minimizing energy entropy) 

and adding restrictions on the maximum permissible 

border of information entropy and energy efficiency. 

Thus, the developed model (1) - (8) is characterized 

by wide practical application, taking into account its 

possible adjustment without changing the basic essence, 

taking into account the specifics of a particular field of 

activity or organization. 

The practical use of the main indicators of the 

entropy concept [10-12] ï information entropy, 
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temperature, energy entropy, which characterize the state 

of organizations, allowing to reveal hidden problems 

before they are reflected on the traditional indicators of 

the effectiveness of organizations. 
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ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʄʆɼɽʃɯ ʆʇʊʀʄɯɿɸʎɯɰ ʉʂʃɸɼʋ 

ʇʆʈʊʌɽʃʗ ʇʈʆɭʂʊʅʆ-ʆʈɯɭʅʊʆɺɸʅʆɰ ʆʈɻɸʅɯɿɸʎɯɰ ʅɸ ɹɸɿɯ 

ɽʅʊʈʆʇɯʁʅʆɰ ʂʆʅʎɽʇʎɯɰ 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʩʢʣʘʜʫ ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ ʥʘ ʙʘʟʽ ʝʥʪʨʦʧʽʡʥʦʾ ʢʦʥʮʝʧʮʽʾ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʤʦʜʝʣʽ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʫ ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʾʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ ʚ ʧʨʦʮʝʩʘʭ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: ʬʦʨʤʫʚʘʥʥʷ 

ʤʦʜʝʣʽ ʟ ʫʨʘʭʫʚʘʥʥʤ̫ ʧʨʠʡʥʷʪʦʾ ʮʽʥʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ; ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʧʦ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʧʨʦʻʢʪʘʤ; 

ʦʧʪʠʤʽʟʘʮʽʷ ʧʦʨʪʬʝʣʷ ʟʘ ʤʦʜʝʣʣʶ ʽ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʘʥʘʣʽʟ, ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ. ʈʝʟʫʣʴʪʘʪʠ. ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʦʨʪʬʝʣʷ ʟ ʧʨʦʻʢʪʽʚ ʜʚʦʭ ʢʘʪʝʛʦʨʽʡ - 

ʦʧʝʨʘʮʽʡʥʠʭ ʽ ʨʦʟʚʠʪʢʫ, ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ - ʤʽʥʽʤʽʟʘʮʽʷ ʨʦʟʙʽʞʥʦʩʪʽ ʙʘʞʘʥʦʾ ʽ ʬʘʢʪʠʯʥʦ ʜʦʩʷʞʥʦʾ  ʮʽʥʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ. 

ʆʙʤʝʞʝʥʥʷ ʚʨʘʭʦʚʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫ ʤʝʞʫ ʝʥʝʨʛʦʥʪʨʦʧʽʽ ʽ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫ ʤʝʞʫ ʮʽʥʥʦʩʪʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʤʦʜʝʣʽ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʧʦʨʪʬʝʣʷ 

ʧʨʦʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ. ʄʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʨʽʰʝʥʥʷ ʧʦ ʦʧʪʠʤʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʡʦʛʦ ʮʽʥʥʦʩʪʽ ʧʨʠ ʟʘʜʘʥʠʭ ʦʙʤʝʞʝʥʥʷʭ ʧʦ ʨʝʩʫʨʩʘʭ (ʫ ʚʠʛʣʷʜʽ ʯʘʩʪʢʠ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʚʠʭʽʜʥʦʾ ʝʥʝʨʛʽʾ) ʽ ʧʦ 

ʝʥʝʨʛʦʝʥʪʨʦʧʽʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʜʦʚʝʣʠ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʠʛʫʚʘʥʥʷ ʤʦʜʝʣʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ (ʤʘʢʩʠʤʽʟʘʮʽʷ 

ʮʽʥʥʦʩʪʽ, ʤʽʥʽʤʽʟʘʮʽʷ ʝʥʝʨʛʦʝʥʪʨʦʧʽʽ) ʽ ʜʦʧʦʚʥʝʥʥʷ ʦʙʤʝʞʝʥʥʷʤʠ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʾ ʤʝʞʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʥʪʨʦʧʽʾ ʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ɺʠʩʥʦʚʢʠ. ʄʦʜʝʣʴ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʠʨʦʢʠʤ ʧʨʘʢʪʠʯʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʛʦ ʾʾ ʢʦʨʠʛʫʚʘʥʥʷ ʙʝʟ ʟʤʽʥʠ ʦʩʥʦʚʥʦʾ ʩʫʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʢʦʥʢʨʝʪʥʦʾ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ ʘʙʦ 

ʦʨʛʘʥʽʟʘʮʽʾ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʥʪʨʦʧʽʡʥʦʾ ʢʦʥʮʝʧʮʽʾ - ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʝʥʪʨʦʧʽʾ, ʪʝʤʧʝʨʘʪʫʨʠ, ʝʥʝʨʛʦʝʥʪʨʦʧʽʽ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʥ ʦʨʛʘʥʽʟʘʮʽʡ, ʜʦʟʚʦʣʷʶʯʠ ʚʠʷʚʣʷʪʠ ʧʨʠʭʦʚʘʥʽ ʧʨʦʙʣʝʤʠ ʜʦ ʾʭ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʪʨʘʜʠʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʡ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ ʚ ʨʘʤʢʘʭ ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʽʜʭʦʜʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʻʢʪ; ʧʦʨʪʬʝʣʴ; ʤʦʜʝʣʴ; ʝʥʝʨʛʦʝʥʪʨʦʧʽʷ; ʽʥʬʦʨʤʘʮʽʡʥʘ ʝʥʪʨʦʧʽʷ; ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʄʆɼɽʃʀ ʆʇʊʀʄʀɿɸʎʀʀ 

ʉʆʉʊɸɺɸ ʇʆʈʊʌɽʃʗ ʇʈʆɽʂʊʅʆ-ʆʈʀɽʅʊʀʈʆɺɸʅʅʆʁ ʆʈɻɸʅʀɿɸʎʀʀ ʅɸ 

ɹɸɿɽ ʕʅʊʈʆʇʀʁʅʆʁ ʂʆʅʎɽʇʎʀʀ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʧʦʨʪʬʝʣʷ ʧʨʦʝʢʪʦʚ ʥʘ ʙʘʟʝ ʵʥʪʨʦʧʠʡʥʦʡ ʢʦʥʮʝʧʮʠʠ. ʎʝʣʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʤʦʜʝʣʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʘ ʧʦʨʪʬʝʣʷ ʧʨʦʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʝʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʧʨʦʮʝʩʩʘʭ ʫʧʨʘʚʣʝʥʠ̫ ʜʣ̫ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʧʨʠʥʷʪʦʡ ʮʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʨʦʝʢʪʘʤ; ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʨʪʬʝʣʷ ʧʦ ʤʦʜʝʣʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʄʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʝʨʘʮʠʡ. ʈʝʟʫʣʴʪʘʪʳ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʨʪʬʝʣʷ ʠʟ ʧʨʦʝʢʪʦʚ ʜʚʫʭ ʢʘʪʝʛʦʨʠʡ ï ʦʧʝʨʘʮʠʦʥʥʳʭ ʠ ʨʘʟʚʠʪʠʷ, ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʠʟʘʮʠʠ ï 

ʤʠʥʠʤʠʟʘʮʠʷ ʨʘʩʭʦʞʜʝʥʠʷ ʞʝʣʘʝʤʦʡ ʠ ʬʘʢʪʠʯʝʩʢʠ ʦʙʝʩʧʝʯʠʚʘʝʤʦʡ ʮʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. ʆʛʨʘʥʠʯʝʥʠʷ ʫʯʠʪʳʚʘʶʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʛʨʘʥʠʮʫ ʵʥʝʨʛʦʥʪʨʦʧʠʠ ʠ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʛʨʘʥʠʮʫ ʮʝʥʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʦʩʥʦʚʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʠ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʦʨʪʬʝʣʷ ʧʨʦʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʝʰʝʥʠʷ ʧʦ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʦʨʪʬʝʣʷ ʧʨʦʝʢʪʦʚ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʝʛʦ ʮʝʥʥʦʩʪʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʧʦ ʨʝʩʫʨʩʘʤ (ʚ ʚʠʜʝ ʜʦʣʠ ʦʙʱʝʡ ʵʥʝʨʛʠʠ ʠ ʠʩʭʦʜʷʱʝʡ ʵʥʝʨʛʠʠ) ʠ ʧʦ 

ʵʥʝʨʛʦʵʥʪʨʦʧʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʙʦʩʥʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʤʦʜʝʣʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ 

(ʤʘʢʩʠʤʠʟʘʮʠʷ ʮʝʥʥʦʩʪʠ, ʤʠʥʠʤʠʟʘʮʠʷ ʵʥʝʨʛʦʵʥʪʨʦʧʠʠ) ʠ ʜʦʧʦʣʥʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʛʨʘʥʠʮʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʥʪʨʦʧʠʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺʳʚʦʜʳ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʠʤ 

ʧʨʘʢʪʠʯʝʩʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʡ ʝʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʩʫʪʠ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ 

ʢʦʥʢʨʝʪʥʦʡ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʠ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʥʪʨʦʧʠʡʥʦʡ ʢʦʥʮʝʧʮʠʠ ï ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʥʪʨʦʧʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ, ʵʥʝʨʛʦʵʥʪʨʦʧʠʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʦʩʪʦʷʥʠʝ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʧʦʟʚʦʣʷʷ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʧʨʦʙʣʝʤʳ ʜʦ ʠʭ ʦʪʨʘʞʝʥʠʷ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʨʛʘʥʠʟʘʮʠʡ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʨʪʬʝʣʷ ʧʨʦʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʧʦʜʭʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʝʢʪ; ʧʦʨʪʬʝʣʴ; ʤʦʜʝʣʴ; ʵʥʝʨʛʦʵʥʪʨʦʧʠʷ; ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʵʥʪʨʦʧʠʷ; ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
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N. VERESHCHAKA 

OPTIMIZATION OF INFRASTRUCTURE PROJECT PRODUCT PARAMETERS  

The subject of the research is the means of determining the optimal set of parameters for the products of infrastructure projects. The 

aim of the study is to increase the efficiency of the implementation of infrastructure projects through the use of the developed model 

for substantiating the optimal parameters of their products. To achieve this goal, the following tasks have been solved: determination 

of the main options for "autonomy" of infrastructure projects; formalization of the dependences of the time, value and economic 

characteristics of infrastructure projects on the parameters of their products (infrastructure object) and the development of a 

conceptual model for optimizing these parameters; development of a mathematical model for optimizing the parameters of products of 

this category of projects. The following methods are used: system analysis, functional analysis, operations research. Results: it was 

found that the parameters of the product of infrastructure projects, on the one hand, ensure its commercial relevance, on the other 

hand, they determine the characteristics of the project (cost, risks, life cycle duration, etc.), which forms a complex system of 

requirements and restrictions for product parameters. As a result of the study, a conceptual and corresponding mathematical model for 

optimizing the parameters of an infrastructure project product has been developed for two situations: 1) for a situation of an 

"autonomous" infrastructure project, in which the infrastructure object being created does not imply commercial use, or its creation 

and commercial use is carried out within the framework of one project; 2) for a situation of two interconnected by means of a project 

infrastructure object - the creation of an object and its management (commercial use). Modeling is based on formalized dependences 

of the value, time and economic characteristics of the project on the parameters of its product. Conclusions: the model allows to 

determine at the initial stage of project development, within the possible range of variation, that set of parameters of its product that 

provides maximum value for stakeholders both when creating an infrastructure object and in the future when managing (operating) it. 

Keywords: value; autonomy; infrastructure object; model. 

Introduction  

 

Infrastructure projects are an integral part of the 

development of a city, region, country, and their main 

purpose [1] is to provide the necessary conditions for the 

life of citizens, including electricity and gas supply, 

transport links, etc. 

The product of infrastructure projects is an 

infrastructure object that can be described by a certain set 

of parameters. This product, on the one hand, must satisfy 

the interests of stakeholders, on the other hand, the 

parameters of the project product determine its cost, the 

duration of certain stages of the life cycle, etc. Thus, the 

need to balance the "needs to be obtained" with "how to 

get it" leads to the formulation of the problem of 

optimizing the parameters of the products of infrastructure 

projects.   

In [2], it was suggested that all projects can be 

divided into two categories from the point of view of the 

certainty of the project product: the first category is 

projects in which the product parameters are clearly 

known and set; the second category is projects in which 

product parameters are set as a result of a comprehensive 

analysis of possible options within specified limits.  

Infrastructure projects can fall into both categories. 

But more often the second way is used when only a 

thorough study and analysis of a certain conceptual option 

allows setting the required set of parameters. For example, 

when deciding on the modernization of the port terminal, 

it is necessary to decide on what capacity should be 

calculated, what depths at the berths should be provided, 

what should be the lengths of the berths, whether a 

railway line is needed and how long, etc. Thus, at the 

stage of initiating an infrastructure project, the parameters 

of its product are established. For this, appropriate models 

can be used that take into account the "all consequences" 

for a specific set of product parameters.  

Analysis of literature and research 

 

The development of a modern theoretical basis for 

project management is aimed not only at the sectoral 

specialization of projects, but, first of all, at the 

development of new concepts and methodologies (for 

example, [3-5]), which give impetus to the development 

of appropriate methods and models. Research is carried 

out related to transport and logistics projects (for example, 

[6-8]), and, naturally, special attention is paid in modern 

works to infrastructure projects (for example, [9-14]). 

Particular attention is paid to the value of infrastructure 

projects and, in particular, in [11, 12], the contribution of 

an infrastructure project to the development of modern 

socio-economic systems is studied. In [9, 10], time 

management methods for infrastructure projects were 

proposed based on a hybrid methodology that combines 

classical and new approaches to the implementation of the 

stages of the project life cycle. The stakeholder 

management of such projects was studied in [12]. 

Despite the relevance of the study of issues related to 

infrastructure projects, it should be noted that almost no 

attention is paid to the products of these projects, 

although, as mentioned earlier, for many such projects at 

the initial stages there is a need for additional research to 

justify the best (optimal) set  parameters of the 

infrastructure facility. In particular, in [2], a similar 

approach was used to optimize the product parameters of 

the fleet replenishment project, in [15] - to optimize the 

parameters of the port terminal development project.   

Taking into account the above, we believe that this 

idea can be used as the basis for research in the framework 

of the development of infrastructure projects. 

Thus, the purpose of this study is to increase the 

efficiency of the implementation of infrastructure projects 

through the use of the developed model for substantiating 

the optimal parameters of their products. 

É N. Vereshchaka, 2020 
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Results 

 

Conceptual model for optimizing product 

parameters of an infrastructure project. The specificity 

of infrastructure projects is that they can have varying 

degrees of autonomy. At the same time, the concept of 

"autonomy", that is, independence, isolation of a project, 

is not necessarily associated with the entry of this project 

into a portfolio or program. In this case, the lack of certain 

autonomy for the infrastructure project means, first of all, 

that the project is the basis for the implementation of the 

other projects, the products of which depend on the 

product of the infrastructure project. For example, as a 

result of many infrastructure projects, a tangible "product" 

is created (an infrastructure object: a bridge, a road, a 

ferry crossing, a port terminal, etc.), the management of 

which is a separate project for the company (companies), 

which receives the right to manage (operate) this object.  

Thus, in such situations, there are two separate 

projects, the composition of the stakeholders of which, 

generally speaking, may overlap (for example, the future 

operator company participates as one of the investors in 

the infrastructure project), fig. 1. 

At the same time, the characteristics of an object 

created in an infrastructure project affect the results of the 

project for managing this object. Such a "tandem" of 

projects is an example of the lack of complete autonomy 

for an infrastructure project in terms of the dependence of 

the parameters of its product and the product of an 

interconnected project. Let us characterize this thesis in 

more detail. 

As a result of implementation of the infrastructure 

project the object of infrastructure (product of the project) 

with parameters  { }iP i=1,n  is created. The composition 

of this set includes both quantitative and qualitative 

characteristics of the object (for example, reliability, 

durability, etc.) and is determined by the specifics of the 

infrastructure object. 

 

Fig. 1. Infrastructure project and related infrastructure facility management project

The value, as you know, is a universal characteristic 

of the project implementation results from the point of 

view of stakeholders, and for each of them the value of the 

project can vary significantly (the achieved high value for 

one stakeholder may not mean high value for another 

stakeholder at all); in addition, the "measure" of value can 

also be different for each stakeholder (for example, for 

one - the costs of the project, for the other ï increasing the 

attractiveness of the region, for the third ï the financial 

result, etc.). Thus, different levels of stakeholders of 

infrastructure projects have different levels of project 

value, which are the corresponding "reflectors" of the 

project results from the point of view of stakeholders' 

goals. Naturally, the value of an infrastructure project kC  

depends on the parameters of its output product (that is, 

according to the results of the implementation of the 

infrastructure project): 

 1,...,( ) ( ), 1, ,k k k nʉ ʉ P ʉ P P k K= = =                (1) 
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where ʂ is a number of stakeholders in the infrastructure 

project; iP ,i=1,n  ï infrastructure project product 

characteristics; n ï the total number of allocated 

characteristics of the project product. So, if the qualitative 

characteristics of the infrastructure facility are lower than 

the required (planned) ones, then, naturally, the project 

goal cannot be considered achieved, and, consequently, its 

value in fact decreases. (1) allows to take this into account, 

moreover, (1) allows, for example, on the basis of factor 

analysis, to establish what exactly and how influenced the 

decline in value, if it happened. 

The product (infrastructure object) obtained as a 

result of the implementation of an infrastructure project 

becomes an object of management (operation) in the 

corresponding project, which further determines the 

characteristics of the product of this project 
* , 1,jP j J=  

(where J is the number of distinguished characteristics of 

the product of the infrastructure object management 

project) and its value * , 1,lʉ l L=  for each stakeholder: 

 
* *

1,...,( ), 1,j j nP P P P j J= = ,                  (2) 

 
* * * * * * *

1 1 1,..., 1,...,( ,..., ) ( ( ),..., ( )),

1, ,

l l J l n J nʉ ʉ P P ʉ P P P P P P

l L

= =

=

  (3) 

where L is a number of stakeholders in the infrastructure 

facility management project. For example, the depths 

reached at the berths and on the approach channels to the 

port (characterized within the set of parameters of the 

infrastructure project { }iP i=1,n  product) determine the 

characteristics of the transport service (services) provided 

at a given port terminal (in particular, services for loading / 

unloading on ships of a certain size, which  the terminal 

can receive at the berth, which is included in the set of 

parameters for the product of this project - the project for 

managing the infrastructure object ï { }* 1,jP j J= ). 

Thus, the relationship between products and results (in the 

form of value) of an infrastructure project and an 

interconnected infrastructure project management project 

is identified. The conceptual model for optimizing the 

parameters of an infrastructure project product is as 

follows (fig. 2). 

 

Fig. 2. Conceptual model for optimizing product parameters of an infrastructure project
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A model for optimizing product parameters for 

an infrastructure project.  Naturally, the parameters of 

the project product cannot be of an arbitrary level, and for 

each project, taking into account its specifics, certain 

restrictions are formed: 

 min max, 1, ,i i iP ʈ P i n¢ ¢ =         (4) 

where min max,i iP P  characterize, respectively, the 

minimum and maximum permissible boundaries of the 

project product parameters. Note that in some cases, 

individual parameters of the products of infrastructure 

projects may be interrelated. For example, a certain depth 

of an approach channel without its corresponding width is 

meaningless. Therefore, this kind of relationship should be 

taken into account in the form: 

 1( ,..., ), ,
v

v v vʈ ʈ P P v U
j

= Í           (5) 

where vU  is a set of project product parameters that 

depend on other parameters, vj  is the number of 

parameters affecting a specific parameter vP . 

Varying the parameters of the product of an 

infrastructure project P allows to vary the main 

characteristics of this project, and, above all, the cost of 

the project (the size of the required investments) I :  

 ( )1 2( ) , ,..., .nI P I P P P=             (6) 

The project implementation time T is also 

determined by a set of product parameters: 

 ( )1 2, ,..., .nʊ ʊ P P P=                 (7) 

Project risks also naturally depend on product 

parameters. If from the whole variety of project risks at 

the stage of their aggregated consideration, we single out 

the risks of an increase in implementation time ʊD , an 

increase in investment costs ID , and a change in value 

towards deterioration kʉD  (for example, if the value is 

the increase of attractiveness, then there is a decrease in 

value; if the value is a decrease in cost, then it excesses, 

etc.). Thus, the parameters of the project product 

determine the magnitude of the risks: 

 
( ) ( )

( )

1 2 1 2

1 2

, ,..., , , ,..., ,

, ,..., , 1, .

n n

k k n

I I P P P ʊ ʊ P P P

ʉ ʉ P P P k K

D =D D =D

D =D =
   (8) 

Each project is associated with certain restrictions in 

terms of cost, time, risks, etc., therefore, based on the 

above dependencies, the following system of project 

restrictions is formed: 

- by project costs (size of investment) 

 ( ) max
1 2( ) , ,..., ;nI P I P P P I= ¢                 (9) 

- by implementation time 

 ( ) max
1 2, ,..., ;nʊ ʊ P P P ʊ= ¢    (10) 

- by value 

 ( ) min
1 2, ,..., ( ) , 1, ;k n kʉ P P P ʉ k K² ¢ =    (11) 

- in terms of acceptable risks 

 

( )

( )

( )

max
1 2

max
1 2

max
1 2

, ,..., ,

, ,..., ,

, ,..., , 1, .

n

n

k k n k

I I P P P I

ʊ ʊ P P P ʊ

ʉ ʉ P P P ʉ k K

D =D ¢D

D =D ¢D

D =D ¢D =

   (12) 

For a situation of a completely autonomous project, 

the presented system of restrictions is complete, reflecting 

the basic requirements and characteristics.  

For a project that is associated with a subsequent 

management (operation) project, the constraints associated 

with the further commercial operation of the 

infrastructure facility should be taken into account. For 

example, with a relatively insignificant increase in 

investment, the parameters of the approach channel for 

ships of significant size can be achieved, but further entry 

of ships into the port is not advisable due to, for example, 

the lack of the ability to process such size of shiploads in 

the port, or the demand for such a size parties in the 

region, etc. That is, the commercial operation of the 

infrastructure object imposes its own limitations that must 

be taken into account. Otherwise, the created 

infrastructure facilities are either used ineffectively, or 

their use is generally not advisable and these facilities 

gradually replenish the set of abandoned facilities.  

Thus, restrictions are formed on the parameters of 

the project product associated with its further commercial 

operation: 

 
min * max *( ) ( ), 1, , 1, ,i j i i jP P ʈ P P i n j J¢ ¢ = =      (13) 

which are established through the presence of relationships 

between the products of projects (infrastructure and 

management): 

 
* *

1 2( , ,..., ), 1,j j nP P P P P j J= =      (14) 

and based on the constraints on the product parameters of 

the infrastructure facility management project:  

 
*min * *max , 1, .j j jP ʈ P j J¢ ¢ =       (15) 

The optimization criterion, as a rule, is one of the 

value indicators [15], for example, the one that most 

closely matches the mission and the main goal of the 

project (that is, the value from the standpoint of the main 

stakeholder). If the project is autonomous (that is, it 

provides for both the creation and management of an 

infrastructure facility), then the indicator of economic 

efficiency (for example, the NPV of the project) acts as 

the "main" value. For such projects, the system of 

restrictions can also be supplemented with restrictions 
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related to efficiency (for example, profitability, payback 

period, etc.): 

 ( ) *
1 2, ,..., ( ) ,nɽ ɽ P P P ɽ= ¢ ²                 (16) 

where ɽ ï used performance indicator, and ɽ* ï its 

limiting border ï maximum or minimum, depending on the 

essence of the selected indicator. 

So, the model for optimizing the parameters of the 

product of an autonomous infrastructure project includes 

the following restrictions: (4), (9) ï (12), (16) objective 

function (the value of the first stakeholder is conditionally 

selected as the main one): 

 ( )
1 2

1 1 2
, ,...,

, ,..., max .
n

n
P P P

Z ʉ P P P= ­        (17) 

If the project is partially autonomous, then the model 

for optimizing the parameters of the infrastructure project 

product includes constraints (4), (9) ï (13), and objective 

function (17). 

As a result of optimization, the parameters of the 

project product 1 2, ,..., nP P P  are established, which 

characterize its certain physical characteristics (length, 

width, depth, height, etc.), operational characteristics 

(throughput, operating costs, service life before capital 

repairs, etc.), as well as quality characteristics (reliability, 

etc.).  

 

Integral consideration of infrastructure project 

products and infrastructure facility management 

project. 

In situations where the future operator of an 

infrastructure facility acts as one of the investors in the 

project for the creation of this facility (which is typical for 

such projects), his interests are represented in both 

projects, and, consequently, the integral optimization of 

the parameters of the products of both projects is logical 

for such a situation. In the above approach, the "interests" 

of an interconnected project when optimizing the 

parameters of an infrastructure project product were taken 

into account only as constraints (15). Integral optimization 

of these parameters is a separate task. 

Since each project has its own goals and limitations, 

the optimization of the parameters of the products of each 

project is formally carried out within the framework of a 

separate optimization model. Nevertheless, there are 

interests of the above-mentioned investor, which are 

associated with both projects. Thus, in addition to two 

optimization models for each project, a model can be 

formed that optimizes the integral interests of the  

investor with some integral constraints for the two 

projects. 

So, the model for optimizing the parameters of an 

infrastructure project product is formulated above.  

Letôs consider a model for optimizing product parameters 

of an infrastructure facility management project 

{ }* 1,jP j J= . 

For this project, generally speaking, investments may 

not be used, and the main investments are made in the 

process of creating an infrastructure facility. Nevertheless, 

many infrastructure facilities in the field of water transport 

(for example, port terminals) are characterized by the fact 

that construction and hydrotechnical works are carried out 

as part of the creation/reconstruction of the facility,  

that is, the "immovable" basis of the infrastructure  

facility is being created. At the same time, in  

the process of operating, the equipment is equipped with 

reloading equipment, which also requires certain 

investments.  

Therefore, in the most general case, we will assume 

that within the framework of the infrastructure object 

management project investments are 

( )* * *
1 2*( *) , ,..., .JI P I P P P=  If borrowed funds are used 

for investments, then corresponding costs arise 
* * *

1 2( *) ( , ,..., )inv inv JR I R P P P= , which are also 

determined by the terms of use of borrowed funds and 

shares of own funds (which is not emphasized in this 

work, since it goes beyond the scope of  

the study). 

In addition, the operating costs 
eR  of an object 

depend not only on the parameters of the object,  

but also on the parameters of the product (for example, 

transport services), but also on the intensity of  

operation, that is, on the demand Q , which depends  

on the parameters of the product, therefore it  

is fair:  

 
1 1 2

* * * * * *

2 1 2 1 2

* * *

1 1 2 2 1 2

( , ,..., )

( , ,..., , ( , ,..., ))

( , ,..., ) ( , ,..., ),

e ʝ

n

ʝ

J J

ʝ ʝ

n J

R R P P P

R P P P Q P P P

R P P P R P P P

= +

+ =

= +

   (18) 

where 1
ʝR  and 2

ʝR  accordingly, operating costs, which 

depend on both the "object" and the equipment/personnel 

associated with it. 

The income from the object 
* * *

1 2( , ,..., )e e
JD D P P P=  is also determined by the 

demand 
* * *

1 2( , ,..., )JQ P P P  and the parameters of the 

product (in this case, the service) 
* * *

1 2, ,..., JP P P . 

Accordingly, the profit of the operator of the 

infrastructure facility is formed as: 

 

* * * * * *
1 2 1 2 1 2

* * *
1 1 2 2 1 2

( , ,..., , , ,..., ) ( , ,..., )

( , ,..., ) ( , ,..., ).

e
n J J

ʝ ʝ
n J

ʇ P ʈ P P ʈ P D P P P

R P P P R P P P

= -

- -
 (19) 

It should be noted here that the above has been 

established 
*

1 2( , ,..., ), 1,j nP P P P j J= , however, some 

* * *
1 2, ,..., JP P P  are actually independent of 1 2, ,..., JP P P . 

Therefore, in (19), the parameters of the products of both 

projects are indicated as parameters on which the profit 

depends.  

The project of management (operation) of an 

infrastructure facility is certainly associated with certain 

risks, which, first of all, are manifested in a decrease in 

profits ʇD  due to an excess of planned operating costs 
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eRD  and a decrease in income DD . Thus 
* * *

1 2 1 2( , ,..., , , ,..., )n Jʇ P ʈ P P ʈ PD  is formed. 

As an optimization criterion, an indicator of the 

economic efficiency of projects can be used (as the main 

value for an operator for such projects), for example 
* * *

1 2 1 2( , ,..., , , ,..., )n JNPV P ʈ P P ʈ P, which is formed 

 from income, operating costs, investment costs (if any), 

as well as the share of own funds invested in  

this project. 

Thus, the model for optimizing the parameters of the 

product of the project of management (operation) of the 

infrastructure object is as follows: 

Objective function: 

 
* * *

1 2

* * *
1 2 1 2

, ,...,

( , ,..., , , ,..., ) ;max
J

n J

P ʈ P

NPV P ʈ P P ʈ P­   (20) 

The limitation on the capacity/throughput (other 

similar characteristic) of the infrastructure object, 
min max,M M  respectively, the lower and upper 

boundaries, are established on the basis of the  

concept and experience of the commercial use of this 

object: 

 
min * * * max

1 2 1 2( , ,..., , , ,..., ) ;n JM M P ʈ P P ʈ P M¢ ¢   (21) 

Limitation on the desired profit is 
minʇ  and its 

allowable decrease is 
minʇD : 

 
* * * min

1 2 1 2( , ,..., , , ,..., ) ;n Jʇ P ʈ P P ʈ P ʇ²          (22) 

      
* * * max

1 2 1 2( , ,..., , , ,..., ) ;n Jʇ P ʈ P P ʈ P ʇD ¢D     (23) 

Investment restriction, where 
maxI  is the maximum 

allowable level: 

 ( )* * * max
1 2, ,..., ;JI P P P I¢               (24) 

Restrictions on acceptable values of control 

parameters: 

 
*min * *max , 1, .j j jP ʈ P j J¢ ¢ =         (25) 

Two comments should be made on this model: 

1. When considered locally (that is, without taking 

into account the integral interests of the operating 

company in two projects), 1 2, ,..., nP ʈ P act as exogenous 

parameters, and only the parameters 
* * *

1 2, ,..., JP ʈ P  

of the product of this project are subject to  

optimization. 

2. When solving the problem, the duration of the 

project is not considered, a certain value of which is 

implied in (20). In (21) ï (23), the considered indicators 

are referred to the annual time interval, which is 

traditional. 

Integral consideration of two projects from the 

position of an investor-operator presupposes the presence 

of an "integrating" model, in which two local models are 

components.  

One of the approaches used in such situations is that 

the criteria of local models are transformed into 

constraints, the lower bound of which is determined either 

on the basis of a target task within the project, or on the 

basis of a solution corresponding to the optimal value 

when solving a local problem. For example, if, as a result 

of the solution according to model (20) ï (25), the value 

of the criterion for the optimal plan optNPV  is obtained, 

then as the lower bound in the integral model, the value 

can be used  

 min ,optNPV NPV=lÖ       (26) 

where 0 1<l< is a coefficient specifying the permissible 

decrease in the optimal value of NPV in the local  

model. A similar approach is used when determining  

the lower bound for the criterion in the local model  

for optimizing the parameters of an infrastructure  

project product min
1ʉ . The scheme of forming a model  

for the integral consideration of two projects 

(infrastructural, and an interconnected project for 

managing an infrastructure object) is as  

follows (fig. 3). 

Such an integral consideration of the two projects 

allows us to take into account the specifics of the 

commercial operation of the infrastructure facility at the 

stage of its actual design (fig. 4). 

The optimization criterion is the NPV indicator, 

taking into account the fact that the "trend" of projects is 

investment and provides for the commercial use of the 

facility: 

 
* * *

1 2 1 2( , ,..., , , ,..., ) max.n JNPV P ʈ P P ʈ P­     (27) 

Model control parameters are product parameters of 

both projects: 1 2, ,..., nP ʈ P, 
* * *

1 2, ,..., JP ʈ P. The 

limitations of local models are fully included in the 

integral design consideration model. Objective functions 

of two local models are transformed into integral 

constraints: 

 ( ) min
1 1 1 2 1, ,..., nZ ʉ P P P ʉ= ² ,       (28) 

 
* * * min

2 1 2 1 2( , ,..., , , ,..., )n JZ NPV P ʈ P P ʈ P NPV= ² . (29) 

In addition, integral restrictions provide for a limit 

on investment resources S: 

 ( ) ( )* * *
1 1 2 2 1 2, ,..., , ,...,n JI P P P I P P P S+ ¢ .    (30) 

The main risk of the investor is the "shortfall" in 

profit, which causes a decrease in the efficiency of 

investments, that is NPVD appears, and so there  

is a natural limitation on the acceptable level  

of risk: 

 
* * * max

1 2 1 2( , ,..., , , ,..., )n JNPV P ʈ P P ʈ P NPVD ¢D .  (31) 
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Since the parameters of the projects' products are 

interrelated (in any case, some of them), the model should 

take into account the functional dependence of these 

parameters: 

 
* *

1 2( , ,..., ), 1,j j nP P P P P j J= = .    (32) 

Note that the presented concept of forming an 

integral model can be used for other "trends" of projects, 

taking into account their specificity. This model is 

universal in nature, since the industry specificity is 

manifested only in the structure of indicators,  

and not in their essence. As a result of optimization 

according to model (27) ï (32), the values of  

the optimal parameters of project products (infrastructural 

and interconnected with it) are determined, at which the 

interests of the investor are ensured from the point of view 

of NPV, subject to existing restrictions, either external or 

related to the requirements of investors. 

 

Fig. 3. Scheme of the formation of a model of integral consideration of two interrelated projects 
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Fig.4. Accounting the specifics of the commercial operation of an infrastructure facility at the design stage

Conclusions 

 

In this study, a mathematical model has been 

developed for optimizing the parameters of an 

infrastructure project product for two situations: 1) for a 

situation of an "autonomous" infrastructure project, in 

which the created infrastructure object does not imply 

commercial use, or its creation and commercial use is 

carried out within the framework of one project; 2) for a 

situation of two interconnected by means of a project 

infrastructure object ï the creation of an object and its 

management (commercial use). Modeling is based on 

taking into account the dependences of the value, time and 

economic characteristics of the project on the parameters 

of its product. 

The model allows, at the initial stage of project 

development, to determine, within the possible range of 

variation, the set of parameters that will provide maximum 

value for stakeholders both when creating an 

infrastructure object and in the future when managing 

(operating) it. 

The model is universal and not tied to a specific field 

of activity, which makes it possible to develop it in terms 

of taking into account applied aspects, for example, a 

specific type of laws. 
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ʆʇʊʀʄɯɿɸʎɯʗ ʇɸʈɸʄɽʊʈɯɺ ʇʈʆɼʋʂʊʋ ɯʅʌʈɸʉʊʈʋʂʊʋʈʅʆɻʆ ʇʈʆɭʂʊʋ 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʟʘʩʦʙʠ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʜʫʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʝʢʪʽʚ. 

ʄʝʪʦʶ ʜʦʩʣʜ̔ʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʝʢʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʧʨʦʜʫʢʪʽʚ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʜʘʥʦʾ ʤʝʪʠ ʚʠʨʽʰʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: ʚʠʟʥʘʯʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʚʘʨʽʘʥʪʽʚ "ʘʚʪʦʥʦʤʥʦʩʪʽ" ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʝʢʪʽʚ; ʬʦʨʤʘʣʽʟʘʮʽʷ ʟʘʣʝʞʥʦʩʪʝʡ ʯʘʩʦʚʠʭ, ʮʽʥʥʽʩʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʝʢʪʽʚ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʧʨʦʜʫʢʪʽʚ (ʦʙ'ʻʢʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ) ʽ ʨʦʟʨʦʙʢʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ 

ʤʦʜʝʣʽ ʦʧʪʠʤʽʟʘʮʽʾ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦ ʾ ʤʦʜʝʣʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʜʫʢʪʽʚ ʜʘʥʦʾ ʢʘʪʝʛʦʨʽʾ 

ʧʨʦʝʢʪʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ. ʈʝʟʫʣʴʪʘʪʠ: 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʧʨʦʜʫʢʪʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʝʢʪʽʚ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʡʦʛʦ ʢʦʤʝʨʮʽʡʥʫ 

ʟʘʪʨʝʙʫʚʘʥʽʩʪʴ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ - ʦʙʫʤʦʚʣʶʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʝʢʪʫ (ʚʘʨʪʽʩʪʴ, ʨʠʟʠʢʠ, ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʽ ʪ.ʧ.), 

ʱʦ ʬʦʨʤʫʻ ʚ ʢʦʤʧʣʝʢʩʽ ʩʠʩʪʝʤʫ ʚʠʤʦʛ ʽ ʦʙʤʝʞʝʥʴ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʜʫʢʪʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦ 

ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʽ ʚʽʜʧʦʚʽʜʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʜʫʢʪʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʫ ʜʣʷ ʜʚʦʭ 

ʩʠʪʫʘʮʽʡ: 1) ʜʣʷ ʩʠʪʫʘʮʽʾ "ʘʚʪʦʥʦʤʥʦʛʦ" ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʫ, ʧʨʠ ʷʢʽʡ ʩʪʚʦʨʶʻʪʴʩʷ ʦʙ'ʻʢʪ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʷʢʠʡ  ʥʝ 

ʧʝʨʝʜʙʘʯʘʻ ʢʦʤʝʨʮʽʡʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘʙʦ ʡʦʛʦ ʩʪʚʦʨʝʥʥʷ ʽ ʢʦʤʝʨʮʽʡʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʧʨʦʝʢʪʫ; 

2) ʜʣʷ ʩʠʪʫʘʮʽʾ ʜʚʦʭ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙ'ʻʢʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʨʦʝʢʪʫ ï ʩʪʚʦʨʝʥʥʷ ʦʙ'ʻʢʪʘ ʽ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤ 

(ʢʦʤʝʨʮʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ). ɺ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ï ʬʦʨʤʘʣʽʟʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʮʽʥʥʽʩʥʠʭ, ʯʘʩʦʚʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʝʢʪʫ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʡʦʛʦ ʧʨʦʜʫʢʪʫ. ɺʠʩʥʦʚʢʠ: ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʫ 

ʚʠʟʥʘʯʠʪʠ ʚ ʨʘʤʢʘʭ ʤʦʞʣʠʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʘʨʽʶʚʘʥʥʷ ʪʦʡ ʥʘʙʽʨ ʧʘʨʘʤʝʪʨʚ̔ ʡʦʛʦ ʧʨʦʜʫʢʪʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ 

ʮʽʥʥʽʩʪʴ ʜʣʷ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʷʢ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʦʙ'ʻʢʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʘʢ ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ (ʦʧʝʨʫʚʘʥʥʽ) ʽʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʮʽʥʥʽʩʪʴ; ʘʚʪʦʥʦʤʥʽʩʪʴ; ʦʙ'ʻʢʪ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; ʤʦʜʝʣʴ. 

ʆʇʊʀʄʀɿɸʎʀʗ ʇɸʈɸʄɽʊʈʆɺ ʇʈʆɼʋʂʊɸ ʀʅʌʈɸʉʊʈʋʂʊʋʈʅʆɻʆ 

ʇʈʆɽʂʊɸ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʨʝʜʩʪʚʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʜʫʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʦʝʢʪʦʚ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ ʦʙʦʩʥʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʧʨʦʜʫʢʪʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ 

ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʚʘʨʠʘʥʪʦʚ "ʘʚʪʦʥʦʤʥʦʩʪʠ" ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ; ʬʦʨʤʘʣʠʟʘʮʠʷ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʨʝʤʝʥʥʳʭ, ʮʝʥʥʦʩʪʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʠʭ 

ʧʨʦʜʫʢʪʦʚ (ʦʙʲʝʢʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ) ʠ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʦʧʪʠʤʠʟʘʮʠʠ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ; ʨʘʟʨʘʙʦʪʢʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʜʫʢʪʦʚ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʧʨʦʝʢʪʦʚ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 

ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʝʨʘʮʠʡ. ʈʝʟʫʣʴʪʘʪʳ: ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʧʨʦʜʫʢʪʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʛʦ ʢʦʤʤʝʨʯʝʩʢʫʶ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï  

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʝʢʪʘ (ʩʪʦʠʤʦʩʪʴ, ʨʠʩʢʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʪ.ʧ.), ʯʪʦ ʬʦʨʤʠʨʫʝʪ ʚ 

ʢʦʤʧʣʝʢʩʝ ʩʠʩʪʝʤʫ ʪʨʝʙʦʚʘʥʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʜʫʢʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʜʫʢʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʘ 

ʜʣʷ ʜʚʫʭ ʩʠʪʫʘʮʠʡ: 1) ʜʣʷ ʩʠʪʫʘʮʠʠ "ʘʚʪʦʥʦʤʥʦʛʦ" ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʦʟʜʘʚʘʝʤʳʡ ʦʙʲʝʢʪ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʦʤʤʝʨʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʣʠʙʦ ʝʛʦ ʩʦʟʜʘʥʠʝ ʠ ʢʦʤʤʝʨʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʧʨʦʝʢʪʘ; 2) ʜʣʷ ʩʠʪʫʘʮʠʠ ʜʚʫʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʲʝʢʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʧʨʦʝʢʪʘ ï ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʤ (ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ). ɺ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʮʝʥʥʦʩʪʥʳʭ, ʚʨʝʤʝʥʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʝʢʪʘ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʝʛʦ ʧʨʦʜʫʢʪʘ. ɺʳʚʦʜʳ: ʤʦʜʝʣʴ 

ʧʦʟʚʦʣʷʝʪ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ ʦʧʨʝʜʝʣʠʪʴ ʚ ʨʘʤʢʘʭ ʚʦʟʤʦʞʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʘʨʴʠʨʦʚʘʥʠʷ ʪʦʪ ʥʘʙʦʨ 

ʧʘʨʘʤʝʪʨʦʚ ʝʛʦ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʢʘʢ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʙʲʝʢʪʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ (ʦʧʝʨʠʨʦʚʘʥʠʠ) ʠʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʥʥʦʩʪʴ; ʘʚʪʦʥʦʤʥʦʩʪʴ; ʦʙʲʝʢʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; ʤʦʜʝʣʴ. 
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I. ZACHKO, A. IVANUSA, D. KOBYLKIN  

HYBRID MANAGEMENT OF PROGRAMS OF TERRITORIAL SYSTEMS 

DEVELOPMENT PROJECTS BY MEANS OF CONVERGENCE MECHANISMS  

Introduction.  Implementation of program projects of social and economic development of the territories of Ukraine is inefficient, 

with overspending of the budget and completion not at the set time. This is due to the use of reactive project management 

methodologies that do not take into account the complexity of project implementation, the turbulence of the project environment. The 

lack of hybrid mechanisms for managing project programs of socio-economic development of territories based on the convergence of 

different methods of project management is an unresolved problem. The implementation of socio-economic development project 

programs is carried out using the mechanisms of financial regulation of territories on the basis of the "recipient-donor" model. 

Therefore, the development of mechanisms for hybrid management of project programs of socio-economic development of territorial 

systems based on the convergence of key methods of project management is an urgent scientific task. Purpose. The purpose of the 

work is to develop mechanisms for hybrid management of program projects of socio-economic development of the regions of Ukraine 

using the tools of financial regulation, public-private partnership and convergence of these mechanisms. Methods. The methods of 

hybridization and convergence of project management methodologies are used in the article. Results. Based on research, it is proved 

that the implementation of program projects of socio-economic development of territories requires the use of various components of 

project management through hybridization and convergence. The terminological base of project management has been expanded by 

introducing new definitions "hybrid project management of socio-economic development projects", "convergence of project 

management mechanisms". Processes of management of program projects of social and economic development of territories, on the 

basis of model "recipient-donor" are formalized. Conclusion. The analysis of current trends in the implementation of complex 

programs of socio-economic development projects has shown the ineffectiveness of existing project management methodologies 

associated with the lack of mechanisms for hybrid project management based on convergence of best practices in project management 

projects. A convergent model of hybrid management of projects of socio-economic development of territories by means of 

identification of the main challenges and problems in the life cycle of the regional system is developed, which takes into account 

indicators of project success in the program based on analysis of project management best practices. 

Keywords: hybrid management; convergence; program; projects of socio-economic development; management mechanisms; 

territorial systems. 

Introduction  

 

The implementation of programs for socio-economic 

development of territories takes place in a complex socio-

cultural multi-project environment with elements of 

turbulence, risks and uncertainty, as well as under the 

influence of external and internal political factors. 

In Ukraine, the implementation of programs of 

socio-economic development projects of territorial 

systems is inefficient in terms of compliance with the 

established budget, time frame, as well as the final 

expectations of the final stakeholders and project users. 

First of all, this is due to the use of classical project 

management methodologies that are not flexible in a 

complex multi-project environment and do not take into 

account the turbulence of the project environment. 

Most programs of projects of socio-economic 

development of territorial systems are implemented on the 

basis of the model "recipient-donor" with a load on local 

and state budgets. Best practices in project management 

with international experience are characterized by the 

convergence of different project management methods 

that form the methodology of hybrid project management 

using scientifically sound metrics of combination of key 

stakeholders in the investment phase of the project: 

government, regional government, community, 

international funding, funding, own funds of enterprises of 

the region, funds of public projects. 

The scientific works of many scientists, in particular 

V.M. Burkov, S.D. Bushuyev, V.D. Gogunsky,  

I.V Kononenko, H. Tanaka, O.B.Zachka, S.K.Chernova, 

I.V. Chumachenko and others are devoted to the issue of 

hybrid management of complex programs of projects of 

social and economic development of territorial systems. 

However, in the known literature there are relatively few 

works in which research would be focused on various 

aspects of such an important area of program management 

of socio-economic development projects in conditions of 

uncertainty as hybrid project management using 

convergence mechanisms.   

In particular, in [1-6] the peculiarities of 

identification and management of infrastructure projects 

are considered. The application of hybrid management 

methodology for infrastructure projects, features of their 

hybridization and problems of multilevel hybrid 

management are described. In [7, 10] the mechanisms of 

convergence of project management methodology and 

their system model are considered. The main standards 

and guidelines for project management, programs and 

project portfolios are described in [8-9]. Principles of 

formation of portfolios of projects of improvement of 

systems of safety, their theoretical approaches in 

management of safety of projects of development of 

difficult systems are described in works [11-13]. The 

study of the process of application of office project-

oriented management and formalization of factors 

influencing infrastructure projects is described in studies 

[14-15]. In [16] the peculiarities of the functioning of 

hybrid organizations and the processes of their 

management are described. Features of the functioning of 

hybrid peace projects are described in [17]. Selective 

linking in response to competing institutional logics in 

hybrid organizations is described in [18]. 

The main and general disadvantage of existing 
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research is the lack of implementation of a convergent 

approach with hybridization of key mechanisms of project 

management. The study of innovative methods of project 

management of territorial systems development projects, 

in particular, hybridization and convergence of best 

practices of project management requires a scientifically 

sound system of metrics for the success of such projects. 

There is a need to use analytical and experimental 

research to develop effective mechanisms for hybrid 

management of project programs of socio-economic 

development of territories based on the convergence of 

best practices of project management. 

 

Research methods are to apply the mechanisms of 

convergence of best practices in program management of 

complex projects, which will form a new paradigm of 

hybrid program management of projects of socio-

economic development of territories. 

 

Research results 

 

Based on theoretical research, it is proved that the 

implementation of programs of socio-economic 

development projects, which occurs under the influence of 

environmental turbulence and the dynamics of changes in 

multiproject environment, taking into account the different 

nature of factors, requires different components of project 

management through hybridization and convergence.  

The terminology base of project management has 

been expanded by introducing new definitions of ñhybrid 

project management of socio-economic development 

projectsò, ñconvergence of project management 

mechanismsò, which complement existing methodologies 

in terms of regional development program management 

and take into account best project management practices.. 

Definition 1. Hybrid project management of socio-

economic development projects is a combination of 

project management mechanisms with the integration of 

the values of key stakeholders of the program to the 

holistic mission of the territorial system, provided by the 

convergence of best practices of project management. 

Definition 2. "Convergence of project management 

mechanisms" - the formation of a set of methods and 

models of project management for the development of 

complex systems based on the integration of project 

management methodologies and best practices of project 

management in the focus of regional project programs. 

The existing processes of management of programs 

of projects of social and economic development of 

territories which are realized on the basis of model 

"recipient-donor" with identification of key stakeholders 

of an investment phase of the project are formalized: state 

bodies, regional authorities, community, and international 

financing funds, grant organizations, sponsorship funds 

enterprises of the region, funds of public projects. 

Literary and information analysis showed that most 

regional programs for the development of socio-economic 

systems are implemented in the model "recipient-donor" 

with a specific burden on local and state budgets (table 1).

Table 1. The "Recipient - Donor" model in the implementation of programs of projects for the socio-economic development of 

territorial systems 

Recipient (regional 

territorial system) 

Donor (investment fund of the socio-economic development project program) 

Local budget State budget 

Public-private 

partnership 

projects 

International funds 
Cross-border 

programs 

Territorial system 1 
11

K
 12

K
 13

K
 14

K
 15

K
 

é 
ij

K  
ij

K  
ij

K  
ij

K  
ij

K  

Territorial system n 
1n

K
 2n

K
 3n

K
 4n

K
 5n

K
 

where 
ij

K   is an attraction coverage ratio for the i-th territory of the j-th program project financing fund.

In the existing realities for successful application of 

the best practices of project management it is necessary to 

develop mechanisms of hybrid management of programs 

of projects of social and economic development of 

territories taking into account metrics of co-financing 

according to realities of the multiproject environment. 

For the most profitable and cost-effective 

implementation of projects of socio-economic 

development of territories with a high rate of return, it is 

necessary to diversify financial resources and stakeholder 

entities in order to strengthen convergence, including and 

private business and its interests. This approach diversifies 

not only the sources of funding, but also the risks that will 

be shared between different stakeholders and their interest 

to act more synergistically to address them, the possibility 

of more flexible solutions to funding irregularities, 

optimization of resource consumption, non-compliance 

with agreed deadlines, etc.  Such a mechanism is effective 

and feasible in the application of Ukrainian legislation and 

correlates with the paradigm of public-private partnership 

for Sustainable Development 2030 (People First PPPs), 

which allows to initiate such projects by both public 

authorities and private business.  

To date, there are a number of obstacles to the actual 

implementation and enforcement of such convergence 

methodologies through: 

- Low awareness of potential opportunities. 

- Lack of pilot projects. 

- Lack of experience in implementing similar 

projects in Ukraine in general in their full cycle. 

- Lack of qualified specialists and potential investors 

to finance and attract such projects. 

- Involvement of international technical assistance 

for project management and structuring. 
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Participation of private 

business

Participation of public 

authorities

Involvement of 

international experts

Launch and implementation of a pilot 

project

Projects based on best convergence 

practices in Ukraine

Diversification of sources of financing, diversification of risks, more flexible management of 

deadlines, overcoming irregular financing, optimization of resource consumption

Regulatory and legal 

framework

Convergence 

synergetics

 

Fig. 1. Model-scheme of factors influencing obstacles to the implementation of convergent methodologies in the management of 

territorial systems development projects

The model scheme is based on the launch and 

implementation of pilot projects for the development of 

territorial systems by means of convergence mechanisms, 

which is formed from the components of attracting private 

business, public authorities and the help of international 

experts. Let's represent the expression as a tuple (1). 

 ; ; ,Lz Ib Ia Ie=  (1) 

where Lz  ï launch and implementation of a pilot project; 

Ib ï private business participation; Ia ï participation of the 

public authorities; Ie ï participation of international 

experts. 

When implementing a pilot project for the 

development of territorial systems, the influence of factors 

of convergence synergetic and the requirements  

of the regulatory framework put forward for its  

regulation, projects are selected based on the best 

convergence practices in Ukraine, which is written by the 

expression (2). 

             

{ }

{ }

{ }

Sk

Jk Pk

Lz

û
î
=ü
î
ý

, (2) 

where Pk ï projects based on best convergence practices 

in Ukraine; Sk ï convergence synergetic; Jk ï regulatory 

and legal framework. 

However, it should be borne in mind that at this 

stage, the implementation of convergence projects is not 

possible without taking into account the ongoing process 

of diversification. It is accompanied by the financial 

component of the project;  overcoming the irregularity of 

funding;  emerging risks; flexible deadline management; 

optimization of resource consumption, which is described 

by the expression (3). 

 

{ }

{ }

{ }

Sk

Pk Dk

Jk

Ú , at this ; ; 1)( i in ink kDk k +Í , (3) 

where Dk ï the process of diversification of funding 

sources; overcoming its irregularity, the risks that arise; 

flexible deadline management; optimization of resource 

consumption. 

Project management of territorial systems 

development is a complex organizational and technical 

process. The process is complicated by the constant 

change in the impact of the project environment, the need 

to adapt different atypical (hybrid) approaches, project 

management methodologies, programs and project 

portfolios and the need to take into account  

in the planning process of this type of project  

convergence factors. On the basis of the system analysis 

the model of hybrid management of the program of 

projects of development of territories is constructed  

(fig. 2). 

The model is based on the parameters of the 

convergence coefficient. In the context of hybrid 

management, the convergence factor is a tool that 

provides processes for managing programs and projects 

for the development of territorial systems and their 

interaction with stakeholders.  
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Fig 2. Model of the structure of objects and subjects of hybrid management of the program of territorial development projects

The main stakeholders of the territorial development 

project implementation program will be the following 

components: government, community, international funds, 

and sponsorship and public-private partnership projects. 

Thus, formally stakeholders of the hybrid management 

program of territorial development projects can be written 

as an expression (4). 

 ; ; ; ;Sh Gv Lo If Sr Ph= , (4) 

where Sh ï stakeholders of the territorial development 

project program; Gv ï authorities; Lo ï local 

communities; If ï involved international funds;  

Sr ï sponsors; Ph ï public-private partnership  

projects. 

Whereas the parameters of the convergence factor 

directly depend on the application, in the process of 

planning and implementation of best practices in project 

and program management; standard structured projects 

and programs and their interaction with stakeholders so 

the process dependence of elements of hybrid 

management of the program of projects of development of 

territories is formed. We describe the formed dependence 

of the expression (5). 

 { }Kij Sh Pi ʇiÚ , (5) 

where Pij ï programs, territorial development project; ʇʽj 

ï best practices in project management, programs and 

project portfolios. 

The influence of the parameters of the convergence 

coefficient on the program of territorial development 

projects is carried out throughout the life cycle. However, 

the greatest impact with the maximum possible positive or 

negative consequences is carried out at the planning stage.  

The solution to this impact lies in the context of 

identifying the main challenges and problems faced by the 

project in the life cycle of the regional system. Taking into 

account these features and the impact of convergence 

coefficient parameters on the project, a convergent model 

of hybrid project management of socio-economic 

development of territories by means of identifying the 

main challenges and problems in the life cycle of the 

regional system (see fig. 3). 
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Fig. 3. Converged model of hybrid management of projects of socio-economic development of territories by means of identifying the 

main challenges and problems in the life cycle of the regional system, 

where F1 ï initiation phase; F2 ï planning phase; F3 ï implementation phase; F4 ï launching phase. 
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The model is based on the possible development of 

the project during the life challenge on the way to success. 

The model is built in the system of ordinates of the project 

life cycle time and the level of efficiency of the program 

of socio-economic development of the territorial 

development project. The hybrid impact of the project 

environment forms the problems of system functioning in 

the context of the regional component of project 

implementation and the impact of challenges of adaptation 

of the project and program management system. The 

regional component of implementation includes: features 

of the territory, turbulent environment, thermo-historical 

component, socio-economic component, etc.  We describe 

the regional component of the expression (6).  

              [ ]Rs SpÝ , at this ; ; 1)( i in inRs s s s +Í , (6) 

where Rs ï problems of regional systems; Sp ï success of 

the project of socio-economic development of territories by 

identifying the main challenges and problems in the life 

cycle of the regional system.  

Taking into account the challenges that arise in the 

life cycle of the implementation of programs of 

development projects in the conditions of hybrid 

management, we write the dependence (7),  

               [ ]ʉʘ SpÝ , at this ; ; 1)( i in inʉʘ ʘ ʘ ʘ+Í , (7) 

where ʉʘ ï the process of influencing the challenges of 

applying the provisions of the methodology of project and 

program management and their transformation into a 

process of hybrid project management of socio-economic 

development. It should be taken into account that the 

intensity of the impact of factors Rs or Ca success curve of 

the project will change throughout the life cycle and will 

form the appropriate level of effectiveness of the program 

of socio-economic development. Quantitative indicators of 

Si and Ca values will depend on both the regional features 

of the project implementation and the parameters of the 

convergence factor, and at different stages they will 

interact within 1 block of the process, or 2 or more at the 

same time. 

 

Conclusions 

 

The informational and literary analysis of current 

trends in the implementation of complex programs of 

socio-economic development projects in Ukraine showed 

the ineffectiveness of existing project management 

methodologies associated with the lack of mechanisms for 

hybrid project management based on convergence. 

A convergent model of hybrid management of 

projects of socio-economic development of territories by 

means of identification of the main challenges and 

problems in the life cycle of the regional system is 

developed, and takes into account indicators of success of 

projects in the program based on analysis of best practices 

of project management. 
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ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʽʚ ʬʽʥʘʥʩʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʧʫʙʣʽʯʥʦ-ʧʨʠʚʘʪʥʦʛʦ 

ʧʘʨʪʥʝʨʩʪʚʘ ʪʘ ʢʦʥʚʝʨʛʝʥʮʽʾ ʮʠʭ ʤʝʭʘʥʽʟʤʽʚ. ʄʝʪʦʜʠ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʛʽʙʨʠʜʠʟʘʮʽ ʪʘ ʢʦʥʚʝʨʛʝʥʮʽʾ ʤʝʪʦʜʦʣʦʛʽʡ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ. ʈʝʟʫʣʴʪʘʪʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʜʦʩʣʽʜʞʝʥʴ ʜʦʚʝʜʝʥʦ, ʱʦ ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʛʨʘʤ ʧʨʦʻʢʪʽʚ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ, ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪ ʧʨʦʻʢʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, ʰʣʷʭʦʤ ʛʽʙʨʠʜʠʟʘʮʽʾ 

ʪʘ ʢʦʥʚʝʨʛʝʥʮʽʾ. ʈʦʟʰʠʨʝʥʦ ʪʝʨʤʽʥʦʣʦʛʽʯʥʫ ʙʘʟʫ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʥʦʚʠʭ ʦʟʥʘʯʝʥʴ "ʛʽʙʨʠʜʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʛʨʘʤʦʶ ʧʨʦʻʢʪʽʚ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ", "ʢʦʥʚʝʨʛʝʥʮʽʷ ʤʝʭʘʥʽʟʤʽʚ ʫʧʨʘʚʣʽʥʥʷ 
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ʧʨʦʻʢʪʘʤʠ". ʌʦʨʤʘʣʽʟʦʚʘʥʦ ʧʨʦʮʝʩʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʛʨʘʤʘʤʠ ʧʨʦʻʢʪʽʚ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ, ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʝʣʽ "ʨʝʮʠʧʽʻʥʪ-ʜʦʥʦʨ". ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʨʝʘʣʽʟʘʮʽʾ ʩʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ ʧʨʦʻʢʪʽʚ 

ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʟʘʩʚʽʜʯʠʚ ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʜʽʶʯʠʭ ʤʝʪʦʜʦʣʦʛʽʡ ʧʨʦʻʢʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, ʧʦʚʷʟʘʥʠʭ ʟ 

ʚʽʜʩʫʪʥʽʩʪʶ ʤʝʭʘʥʽʟʤʽʚ ʛʽʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʢʦʥʚʝʨʛʝʥʮʽʾ ʢʨʘʱʠʢ ʧʨʘʢʪʠʢ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʛʨʘʤʠ 

ʧʨʦʻʢʪʽʚ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ. ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʚʝʨʛʝʥʪʥʫ ʤʦʜʝʣʴ ʛʽʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ ʟʘʩʦʙʘʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʩʥʦʚʥʠʭ ʚʠʢʣʠʢʽʚ ʪʘ ʧʨʦʙʣʝʤ ʚ ʞʠʪʪʻʚʦʤʫ ʮʠʢʣʽ ʨʝʛʽʦʥʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ, ʱʦ ʚʨʘʭʦʚʫʻ ʽʥʜʠʢʘʪʦʨʠ ʫʩʧʽʭʫ ʧʨʦʻʢʪʽʚ ʚ ʧʨʦʛʨʘʤʽ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʢʨʘʱʠʭ ʧʨʘʢʪʠʢ ʧʨʦʻʢʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʽʙʨʠʜʥʝ ʫʧʨʘʚʣʽʥʥʷ; ʢʦʥʚʝʨʛʝʥʮʽʷ; ʧʨʦʛʨʘʤʘ; ʧʨʦʻʢʪʠ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ; ʤʝʭʘʥʽʟʤʠ 

ʫʧʨʘʚʣʽʥʥʷ; ʪʝʨʠʪʦʨʽʘʣʴʥʽ ʩʠʩʪʝʤʠ. 

 

ɻʀɹʈʀɼʅʆɽ ʋʇʈɸɺʃɽʅʀɽ ʇʈʆɻʈɸʄʄɸʄʀ ʇʈʆɽʂʊʆɺ ʈɸɿɺʀʊʀʗ 

ʊɽʈʈʀʊʆʈʀɸʃʔʅʓʍ ʉʀʉʊɽʄ ʉʈɽɼʉʊɺɸʄʀ ʄɽʍɸʅʀɿʄʆɺ 

ʂʆʅɺɽʈɻɽʅʎʀʀ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤ ʧʨʦʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡ ʋʢʨʘʠʥʳ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʵʬʬʝʢʪʠʚʥʦ, ʩ ʧʝʨʝʨʘʩʭʦʜʘʤʠ ʙʶʜʞʝʪʘ ʠ ʟʘʚʝʨʰʝʥʠʝʤ ʥʝ ʚʦ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚʨʝʤʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʵʢʪʘʤ, ʥʝ ʫʯʠʪʳʚʘʶʪ ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ, 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʧʨʦʝʢʪʥʦ ʦʢʨʫʞʝʥʠʷ. ʆʪʩʫʪʩʪʚʠʝ ʛʠʙʨʠʜʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʘʤʠ ʧʨʦʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡ ʥʘ ʦʩʥʦʚʝ ʢʦʥʚʝʨʛʝʥʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʵʢʪʘʤ ʷʚʣʷʝʪʩʷ 

ʥʝʨʝʰʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤ ʧʨʦʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʭʘʥʠʟʤʦʚ ʬʠʥʘʥʩʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ "ʨʝʮʠʧʠʝʥʪ-ʜʦʥʦʨ". ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʤʝʭʘʥʠʟʤʦʚ 
ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʘʤʠ ʧʨʦʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʢʦʥʚʝʨʛʝʥʮʠʠ ʢʣʶʯʝʚʳʭ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʥʦ ʤʝʥʝʜʞʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ. ʎʝʣʴ. ʎʝʣʴ ʨʘʙʦʪʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʭʘʥʠʟʤʦʚ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʘʤʠ ʧʨʦʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʨʝʛʠʦʥʦʚ ʋʢʨʘʠʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʬʠʥʘʥʩʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʠ 

ʢʦʥʚʝʨʛʝʥʮʠʠ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ. ʄʝʪʦʜʳ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʛʠʙʨʠʜʠʟʘʮʠ ʠ ʢʦʥʚʝʨʛʝʥʮʠʠ ʤʝʪʦʜʦʣʦʛʠʡ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʵʢʪʘʤ. ʈʝʟʫʣʴʪʘʪʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤ ʧʨʦʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡ, ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʨʦʝʢʪʥʦ ʤʝʥʝʜʞʤʝʥʪʘ, ʧʫʪʝʤ 

ʛʠʙʨʠʜʠʟʘʮʠʠ ʠ ʢʦʥʚʝʨʛʝʥʮʠʠ. ʈʘʩʰʠʨʝʥ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʫʶ ʙʘʟʫ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʵʢʪʘʤ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʥʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ 

"ʛʠʙʨʠʜʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʦʡ ʧʨʦʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡ", "ʢʦʥʚʝʨʛʝʥʮʠʷ ʤʝʭʘʥʠʟʤʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʵʢʪʘʤ". ʌʦʨʤʘʣʠʟʦʚʘʥʘ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʘʤʠ ʧʨʦʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʪʝʨʨʠʪʦʨʠʡ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ "ʨʝʮʠʧʠʝʥʪ-ʜʦʥʦʨ". ɺʳʚʦʜʳ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʨʝʘʣʠʟʘʮʠʠ 

ʩʣʦʞʥʳʭ ʧʨʦʛʨʘʤʤ ʧʨʦʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʢʘʟʘʣ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʣʦʛʠʡ 

ʧʨʦʝʢʪʥʦ ʤʝʥʝʜʞʤʝʥʪʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʤʝʭʘʥʠʟʤʦʚ ʛʠʙʨʠʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʵʢʪʘʤ ʥʘ ʦʩʥʦʚʝ ʢʦʥʚʝʨʛʝʥʮʠʠ 

ʢʨʘʱʠʢ ʧʨʘʢʪʠʢ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʧʨʦʝʢʪʦʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʈʘʟʨʘʙʦʪʘʥ ʢʦʥʚʝʨʛʝʥʪʥʫʶ ʤʦʜʝʣʴ ʛʠʙʨʠʜʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʵʢʪʘʤ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡ ʩʨʝʜʩʪʚʘʤʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʩʥʦʚʥʳʭ ʚʳʟʦʚʦʚ ʠ 

ʧʨʦʙʣʝʤ ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʫʯʠʪʳʚʘʶʱʝʡ ʠʥʜʠʢʘʪʦʨʳ ʫʩʧʝʭʘ ʧʨʦʝʢʪʦʚ ʚ ʧʨʦʛʨʘʤʤʝ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʣʫʯʰʠʭ ʧʨʘʢʪʠʢ ʧʨʦʝʢʪʥʳʭ ʤʝʥʝʜʞʤʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʙʨʠʜʥʦʝ ʫʧʨʘʚʣʝʥʠʝ; ʢʦʥʚʝʨʛʝʥʮʠʷ; ʧʨʦʛʨʘʤʤʘ; ʧʨʦʝʢʪʳ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ; 

ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ; ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. 
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ɼ. ʆ. ɿʆʃʆʊɸʈʔʆɺ 

ʈʆɿʇʆɼɯʃɽʅɸ ʉʀʉʊɽʄɸ ɸɺʊʆʄɸʊʀɿʆɺɸʅʀʍ ʆɹʏʀʉʃɽʅʔ ʅɸ ɹɸɿɯ 

ʍʄɸʈʅʆɰ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ 

ʉʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʪʝʦʨʝʪʠʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ ʪʘ ʨʦʟʨʦʙʮʽ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ ʘʥʘʣʽʟʫ ʥʘ 

ʙʘʟʽ ʭʤʘʨʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʟʘʩʘʜʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʘʥʘʣʽʟʫ, ʱʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʫ ʨʦʟʧʦʜʽʣʝʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʥʘ ʙʘʟʽ ʭʤʘʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʚʠʙʦʨʫ ʾʾ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʾʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɿʘʚʜʘʥʥʷ ʨʦʙʦʪʠ: ʚʠʷʚʠʪʠ ʥʝʦʙʭʽʜʥʽ 

ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ ʥʘʜʘʪʠ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʘʥʘʣʽʟ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʦʩʪʘʚʠʪʠ ʢʦʥʢʨʝʪʥʽ ʟʘʜʘʯʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʦʞʥʦʛʦ ʽʟ ʥʠʭ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʜʣʷ ʾʭ ʚʠʨʽʰʝʥʥʷ. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ʝʣʝʤʝʥʪʠ ʪʘ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʦɦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʩʠʩʪʝʤʠ ʤʘʻ ʩʢʣʘʜʘʪʠʩʷ ʟ: ʻʜʠʥʠʭ ʽʥʽʮʽʘʪʦʨʘ ʦʙʯʠʩʣʝʥʴ ʪʘ ʮʝʥʪʨʘ ʦʙʯʠʩʣʝʥʴ, ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʽʟ ʢʣʽʻʥʪʘʤʠ, ʪʘ ʢʽʥʮʝʚʠʤʠ 

ʢʣʽʻʥʪʘʤʠ, ʱʦ ʦʙʨʦʙʣʷʶʪʴ ʨʝʟʫʣʴʪʘʪʠ. ʋʩʷ ʩʠʩʪʝʤʘ ʤʘʻ ʧʨʘʮʶʚʘʪʠ ʫ ʨʝʘʣʴʥʦʤʫ ʘʙʦ ʙʣʠʟʴʢʦʤʫ ʜʦ ʨʝʘʣʴʥʦʛʦ ʯʘʩʽ, ʱʦ ʤʘʻ 

ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʯʝʨʝʟ ʦʙʨʦʙʢʫ ʧʦʜʽʡ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʟʦʚʥʽʰʥʽʭ ʩʝʨʚʽʩʽʚ. ʂʘʥʘʣʠ ʟʚôʷʟʢʫ ʤʘʶʪʴ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʪʘ ʥʘʜʘʚʘʪʠ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʢʣʽʻʥʪʘʤ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ. ʂʽʥʮʝʚʽ ʢʣʽʻʥʪʠ ʤʘʶʪʴ ʙʫʪʠ ʜʚʦʭ ʪʠʧʽʚ: 

ʧʦʚʥʦʮʽʥʥʽ ʜʣʷ ʛʥʫʯʢʦʾ ʪʘ ʽʥʜʠʚ̔ ʜʫʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʪʘ ʩʧʨʦʱʝʥʽ ʜʣʷ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫʟʘʛʘʣʴʥʝʥʦʾ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ʫ ʤʦʙʽʣʴʥʦʤʫ ʘʙʦ ʜʝʩʢʪʦʧʥʦʤʫ ʙʨʘʫʟʝʨʽ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʨʦʟʨʦʙʣʝʥʠʡ ʦʜʠʥ ʽʟ ʚʘʨʽʘʥʪʽʚ ʪʘʢʦʾ ʩʠʩʪʝʤʠ, 

ʧʦʢʘʟʘʥʽ ʧʨʠʥʮʠʧʠ ʡʦʛʦ ʨʦʙʦʪʠ ʪʘ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ. ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʦʩʥʦʚʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʩʠʩʪʝʤ ʨʦʟʧʦʜʽʣʝʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ ʘʥʘʣʽʟʫ ʥʘ ʙʘʟʽ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʇʦʢʘʟʘʥʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʟʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʪʘʢʽʡ ʩʠʩʪʝʤʽ ʯʝʨʝʟ ʾʭ ʧʦʪʨʽʡʥʝ ʜʫʙʣʶʚʘʥʥʷ ʟʘʚʜʷʢʠ: ʣʦʢʘʣʴʥʦʤʫ ʩʭʦʚʠʱʫ, 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʟʦʚʥʽʰʥʽʭ ʙʘʟʠ ʜʘʥʠʭ ʪʘ ʬʘʡʣʦʚʦʛʦ ʩʝʨʚʽʩʫ. ʅʘʜʘʥʽ ʜʦʚʦʜʠ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʟʨʫʯʥʦʩʪʽ ʪʘ ʛʥʫʯʢʦʩʪʽ ʫ ʦʙʨʦʙʮʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʯʝʨʝʟ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʦʨʦʥʥʽʭ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʜʘʪʢʽʚ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʽʟ ʪʘʢʠʭ 

ʜʞʝʨʝʣ. ʇʦʢʘʟʘʥʘ ʝʢʦʥʦʤʽʯʥʘ ʚʠʛʦʜʘ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʠʩʘʥʦʾ ʩʠʩʪʝʤʠ. ʅʘʚʝʜʝʥʽ ʤʘʡʙʫʪʥʽ ʰʣʷʭʠ ʾʾ ʚʜʦʩʢʦʥʘʣʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʭʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ; ʨʦʟʧʦʜʽʣʝʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ; ʭʤʘʨʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʦʙʯʠʩʣʝʥʥʷ; ʝʢʦʥʦʤʽʷ ʨʝʩʫʨʩʽʚ 

ʪʘ ʢʦʰʪʽʚ; ʽʪʝʨʘʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ; Mathematica. 

ɺʩʪʫʧ 

 

ɼʦʩʷʛʥʝʥʥʷ ʩʫʯʘʩʥʦʾ ʧʨʠʢʣʘʜʥʦʾ ʥʘʫʢʠ ʻ ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʢʦʣʝʢʪʠʚʽʚ ʚʯʝʥʠʭ, 

ʜʦʩʣʽʜʥʠʢʽʚ ʪʘ ʽʥʞʝʥʝʨʽʚ, ʯʘʩʪʦ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ. 

ʇʨʠʤʽʨʦʤ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʨʦʙʦʪʠ 

ʧʦʪʦʯʥʦʛʦ ʨʦʢʫ [1-7], ʫ ʢʦʞʥʽʡ ʟ ʷʢʠʭ ʧʨʠʡʤʘʣʘ ʫʯʘʩʪʴ 

ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʩʧʝʮʽʘʣʽʩʪʽʚ, ʱʦ ʥʘʣʝʞʘʣʠ ʥʝ ʪʽʣʴʢʠ 

ʜʦ ʨʽʟʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʘ ʡ ʯʘʩʪʦ ʜʦ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʽʚ 

ʜʦʩʣʽʜʞʝʥʴ. ʅʘʦʯʥʦ ʚʠʜʥʦ, ʱʦ ʦʪʨʠʤʘʥʥʷ ʮʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʪʽʣʴʢʠ ʟʘʚʜʷʢʠ 

ʤʽʞʧʨʦʬʝʩʽʦʥʘʣʴʥʽʡ ʢʦʦʧʝʨʘʮʽʾ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ ʻ ʪʝ, ʱʦ ʢʦʞʝʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʚʠʯʥʽ ʫ ʡʦʛʦ ʦʙʣʘʩʪʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʨʦʟʨʦʙʢʠ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ, ʱʦ ʚʘʞʢʦ ʧʦʻʜʥʘʪʠ 

ʫ ʦʜʥʫ ʩʠʩʪʝʤʫ. ʊʦʤʫ ʧʽʜ ʯʘʩ ʚʘʞʣʠʚʠʭ ʘʙʦ 

ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʪʘʢʽʡ ʛʨʫʧʽ, ʱʦʙ 

ʦʨʛʘʥʽʟʫʚʘʪʠ ʨʦʙʦʪʫ, ʨʦʟʨʦʙʣʶʶʪɹ ʩʷ ʘʙʦ 

ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʚʟʘʻʤʦʜʽʾ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ. ʎʽ ʩʠʩʪʝʤʠ 

ʯʘʩʪʦ ʩʪʚʦʨʶʶʪʴʩʷ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʟʘʜʘʯʽ 

ʽ ʪʦʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʧʘʜʢʫ ʙʫʜʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚ 

ʩʠʣʫ ʙʽʣʴʰʦʾ ʨʽʟʥʠʮʽ ʫ ʟʘʜʘʯʘʭ ʢʦʤʘʥʜ ʪʘ ʾʭ ʩʪʨʫʢʪʫʨʽ. 

ʂʨʽʤ ʪʦʛʦ ʫ ʩʴʦʛʦʜʥʽʰʥʽʭ  ʫʤʦʚʘʭ ʣʶʜʠ, ʱʦ 

ʙʝʨʫʪʴ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ ʫ ʢʦʤʘʥʜʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ, ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʩʚʽʪʫ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʯʘʩʦʚʠʤʠ ʧʦʷʩʘʤʠ, ʪʘʢ ʽ ʟʥʘʭʦʜʠʪʠʩʴ ʫ 

ʦʜʥʦʤʫ ʤʽʩʪʽ ʘʣʝ ʙʝʟ ʤʦʞʣʠʚʦʩʪʽ ʙʫʪʠ ʨʘʟʦʤ ʽʟ ʽʥʰʠʤʠ 

ʫʯʘʩʥʠʢʘʤʠ. ʑʦʙ ʦʨʛʘʥʽʟʫʚʘʪʠ ʾʭ ʢʦʤʬʦʨʪʥʫ 

ʚʟʘʻʤʦʜʽʶ ʪʘʢʦʞ ʨʦʟʨʦʙʣʶʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʙʤʽʥʶʚʘʪʠʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʫ ʨʝʘʣʴʥʦʤʫ ʘʙʦ 

ʙʣʠʟʴʢʦʤʫ ʜʦ ʨʝʘʣʴʥʦʛʦ ʯʘʩʽ. 

ɿʘʜʘʯʽ, ʱʦ ʩʪʦʷʪʴ ʧʝʨʝʜ ʪʘʢʠʤʠ ʢʦʤʘʥʜʘʤʠ 

ʤʦʞʫʪʴ ʤʽʥʷʪʠʩʷ, ʘ ʟ ʥʠʤʠ ʟʤʽʥʶʻʪʴʩʷ ʡ ʨʦʟʨʦʙʣʝʥʘ 

ʩʠʩʪʝʤʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʪʨʘʪ ʢʦʰʪʽʚ ʥʘ 

ʥʝʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ.  

ʈʦʟʚʠʪʦʢ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʭʤʘʨʥʠʭ IaaS 

ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʧʽʜʽʡʪʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʟ 

ʽʥʰʦʛʦ ʙʦʢʫ ï ʥʝ ʢʫʧʫʚʘʪʠ ʪʘ ʚʦʣʦʜʽʪʠ ʜʦʨʦʛʦʶ 

ʪʝʭʥʽʢʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤʠ, ʘ ʦʨʝʥʜʫʚʘʪʠ ʾʾ ʥʘ ʧʦʪʨʽʙʥʠʡ ʯʘʩ ʫ 

ʧʦʪʨʽʙʥʦʤʫ ʦʙôʻʤʽ ʽʟ ʧʦʪʨʽʙʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʋ ʨʘʟʽ 

ʟʤʽʥʠ ʧʦʪʨʝʙ ʪʘʢʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʽ ʨʝʩʫʨʩʠ ʢʦʞʥʦʛʦ 

ʝʣʝʤʝʥʪʫ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʽʥʝʥʽ ʟʘ ʣʽʯʝʥʽ ʭʚʠʣʠʥʠ. 

ʉʦʙʽʚʘʨʪʽʩʪʴ ʚʦʣʦʜʽʥʥʷ ʥʝ ʁ ʻ, ʚʦʯʝʚʠʜʴ, ʟʥʘʯʥʦ 

ʤʝʥʰʦʶ ʪʘ ʧʨʠʥʦʩʠʪʴ ʥʘʡʙʽʣʴʰʫ ʝʢʦʥʦʤʽʶ ʢʦʰʪʽʚ ʫ 

ʨʘʟʽ ʯʘʩʪʦʾ ʟʤʽʥʠ ʟʘʜʘʯ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʽʩʪʦʪʥʫ ʟʤʽʥʫ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘʙʦ ʧʨʠ ʥʝʨʝʛʫʣʷʨʥʦʤʫ 

ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʽ ʯʝʨʝʟ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʣʶʯʝʥʥʷ ʷʢ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʮʽʣʢʦʤ ʪʘʢ ʽ ʦʢʨʝʤʠʭ ʾʾ ʝʣʝʤʝʥʪʽʚ. 

ʋʚʘʛʘ ʮʽʻʾ ʩʪʘʪʪʽ ʧʨʠʜʽʣʝʥʘ ʧʨʦʙʣʝʤʽ ʧʦʙʫʜʦʚʠ 

ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʚʠʧʘʜʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʪʝʨʘʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʛʨʘʤʠ [8-11] 

ʽʟ ʦʜʥʠʤ ʽʥʽʮʽʘʪʦʨʦʤ ʦʙʯʠʩʣʝʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫ 

ʷʢʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ʷʜʨʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʨʦʮʝʩʦʨʫ Wolfram Mathematica [12] ʥʘ ʙʘʟʽ ʭʤʘʨʥʦʛʦ 

IaaS ʩʝʨʚʽʩʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʪʘʢʫ ʚʘʞʣʠʚʫ ʩʢʣʘʜʦʚʫ ʜʣʷ 

ʚʽʜʜʘʣʝʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʷʢ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ  

ʥʘʛʣʷʜ ʟʘ ʧʨʦʮʝʩʦʤ ʨʦʟʨʘʭʫʥʢʽʚ ʽʟ ʤʠʪʪʻʚʠʤ 

ʩʧʦʚʽʱʝʥʥʷʤ ʪʘ ʨʦʟʨʘʭʦʚʘʥʫ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʢʽʥʮʝʚʠʭ ʢʣʽʻʥʪʽʚ, 

ʢʦʞʝʥ ʟ ʷʢʠʭ ʧʦʚʠʥʝʥ ʤʘʪʠ ʟʤʦʛʫ ʘʚʪʦʤʘʪʠʯʥʦʾ 

ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʥʷ ʫ ʙʣʠʟʴʢʦʤʫ ʜʦ 
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ʨʝʘʣʴʥʦʛʦ ʯʘʩʽ. 

ʄʝʪʦʶ ʮʽʻʾ ʩʪʘʪʪʽ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘʢʦʾ ʩʠʩʪʝʤʠ, ʚʠʙʦʨʫ ʾʾ ʩʢʣʘʜʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʾʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɿʘʚʜʘʥʥʷ ï ʚʠʷʚʠʪʠ 

ʥʝʦʙʭʽʜʥʽ ʾʾ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʥʘʜʘʪʠ  

ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʘʥʘʣʽʟ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ  

ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʦʩʪʘʚʠʪʠ 

ʢʦʥʢʨʝʪʥʽ ʟʘʜʘʯʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʦʞʥʦʛʦ ʽʟ  

ʥʠʭ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʾʭ 

ʚʠʨʽʰʝʥʥʷ. 

ɯʪʝʨʘʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ ʦʙʨʘʥʽ ʯʝʨʝʟ ʪʝ, ʱʦ ʾʭ 

ʦʩʦʙʣʠʚʽʩʪʶ ʻ "ʧʨʠʨʦʜʥʘ" ʟʜʘʪʥʽʩʪʴ ʜʦ ʟʙʝʨʝʞʝʥʥʷ 

ʩʪʘʥʫ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ï ʨʝʟʫʣʴʪʘʪʠ 

ʫʩʽʭ ʨʘʥʽʰʝ ʦʙʯʠʩʣʝʥʠʭ ʽʪʝʨʘʮʽʡ ʤʦʞʥʘ ʟʙʝʨʽʛʘʪʠ ʪʘ 

ʟʘʚʘʥʪʘʞʫʚʘʪʠ, ʪʠʤ ʩʘʤʠʤ ʧʦʚʥʽʩʪʶ ʚʽʜʥʦʚʣʶʚʘʪʠ 

ʟʙʝʨʝʞʝʥʠʡ ʩʪʘʥ ʧʨʦʛʨʘʤʠ ʜʣʷ ʧʝʚʥʦʛʦ ʢʨʦʢʫ 

ʘʣʛʦʨʠʪʤʫ. ʅʝʽʪʝʨʘʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʟʜʘʪʥʽ 

ʟʙʝʨʽʛʘʪʠ ʩʚʽʡ ʩʪʘʥ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʤʽʞʥʠʭ 

ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʘʥʘʣʽʟʫ, ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ. 

ʄʘʪʝʤʘʪʠʯʥʠʡ ʧʨʦʮʝʩʦʨ Wolfram Mathematica 

ʙʫʚ ʦʙʨʘʥʠʡ ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʶ ʧʦʙʫʜʦʚʫ ʟʘ ʢʣʽʻʥʪ-

ʩʝʨʚʝʨʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ: ʢʣʽʻʥʪ Mathematica ʪʘ  

ʷʜʨʦ WolframKernel, ʪʘ ʧʣʘʪʬʦʨʤʦʥʝʟʘʣʝʞʥʽʩʪʴ 

ʩʝʨʚʝʨʫ. 

ɺʠʢʣʘʜʝʤʦ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʘʢʦʾ 

ʩʠʩʪʝʤʠ ʪʘ ʨʝʟʫʣʴʪʘʪ, ʱʦ ʻ ʦʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ 

ʚʘʨʽʘʥʪʽʚ ʾʾ ʨʝʘʣʟ̔ʘʮʽʾ. 

 

ʉʢʣʘʜʦʚʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʦʙʯʠʩʣʝʥ ɹ

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʦʙʯʠʩʣʝʥʴ ʽʪʝʨʘʮʽʡʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʫ Mathematica 

ʧʦʟʥʘʯʠʤʦ ʧʨʦʙʣʝʤʠ, ʱʦ ʤʘʶʪʴ ʙʫʪʠ ʚʠʨʽʰʝʥʽ. ʎʝ 

ʙʫʜʫʪʴ, ʧʦ-ʧʝʨʰʝ, ʟʘʧʫʩʢ ʥʘ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ ʫ 

ʷʜʨʽ Mathematica ʻʜʠʥʠʤ ʽʥʽʮʽʘʪʦʨʦʤ ʦʙʯʠʩʣʝʥʴ ʪʘ 

ʘʚʪʦʤʘʪʠʯʥʠʡ ʥʘʛʣʷʜ ʟʘ ʢʦʨʝʢʪʥʦʶ ʨʦʙʦʪʦʶ  

ʷʜʨʘ ʽʟ ʩʧʦʚʽʱʝʥʥʷʤ ʽʥʽʮʽʘʪʦʨʘ ʦʙʯʠʩʣʝʥʴ. ʇʦ-ʜʨʫʛʝ, 

ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʝʨʝʜʘʯʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ ʢʽʥʮʝʚʠʭ 

ʢʣʽʻʥʪʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʦʙʨʦʙʢʠ ʥʘ 

ʪʘʢʠʭ ʢʣʽʻʥʪʘʭ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʧʨʦʙʣʝʤ 

ʩʬʦʨʤʫʣʶʻʤʦ ʟʘʜʘʯʽ ʫ ʚʠʛʣʷʜʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʝʣʝʤʝʥʪʽʚ ʟʘ ʥʘʧʨʘʚʣʝʥʥʷʤʠ. 

ɯʥʽʮʽʘʪʦʨ ʦʙʯʠʩʣʝʥʴ ʤʘʻ ʟʘʭʠʱʝʥʠʡ ʤʝʨʝʞʝʚʠʡ 

ʜʦʩʪʫʧ ʜʦ ʮʝʥʪʨʫ ʦʙʯʠʩʣʝʥʴ, ʫ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ 

ʟʙʝʨʽʛʘʻ ʜʦʢʫʤʝʥʪ Mathematica ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʚʠʚʦʜʫ 

ʧʨʦʤʽʞʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠ ʽʥh ʦʛʦ. 

ʎʝʥʪʨ ʦʙʯʠʩʣʝʥʴ ʥʘʜʘʻ ʟʘʭʠʱʝʥʠʡ ʤʝʨʝʞʝʚʠʡ 

ʜʦʩʪʫʧ ʜʣʷ ʽʥʽʮʽʘʪʦʨʘ ʦʙʯʠʩʣʝʥʴ, ʤʘʻ ʟʦʚʥʽʰʥʻ 

ʧʨʦʪʦʢʦʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ, ʤʠʪʪʻʚʦ  

ʩʧʦʚʽʱʘʻ ʧʨʦ ʟʙʽʡ ʫ ʧʨʦʮʝʩʽ ʦʙʯʠʩʣʝʥʥʷ, ʟʙʝʨʽʛʘʻ 

ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ, ʦʯʠʱʘʻ 

ʟʘʡʤʘʥʽ ʨʝʩʫʨʩʠ ʢʦʤʧôʶʪʝʨʘ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ 

ʦʙʯʠʩʣʝʥʴ. 

ʂʘʥʘʣ ʟʚôʷʟʢʫ ʽʟ ʢʣʽʻʥʪʘʤʠ, ʱʦ ʦʙʨʦʙʣʷʶʪʴ 

ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʝʜʘʻ ʫ ʙʣʠʟʴʢʦʤʫ ʜʦ ʨʝʘʣʴʥʦʛʦ ʯʘʩʽ 

ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ʪʘ ʧʨʦʪʦʢʦʣ 

ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʜʦ ʢʽʥʮʝʚʠʭ ʢʣʽʻʥʪʽʚ. 

ʂʣʽʻʥʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʦʙʨʦʙʣʷʶʪʴ ʜʘʥ̔  ʫ ʙʣʠʟʴʢʦʤʫ ʜʦ ʨʝʘʣʴʥʦʛʦ ʯʘʩʽ, 

ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʫ ʩʠʩʪʝʤʽ 

Mathematica, ʩʪʦʨʦʥʥʽʭ ʜʦʜʘʪʢʘʭ ʪʘ ʧʣʘʪʬʦʨʤʦ-

ʥʝʟʘʣʝʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʆʙʨʘʥʥʷ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʦʙʯʠʩʣʝʥʴ 

ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ: ʪʘʢʠʡ ʩʝʨʚʝʨ ʤʦʞʝ ʙʫʪʠ 

ʰʚʠʜʢʦ ʨʦʟʛʦʨʥʫʪʠʡ, ʰʚʠʜʢʦ ʟʤʽʥʝʥʘ ʡʦʛʦ 

ʢʦʥʬʽʛʫʨʘʮʽʷ ʥʘ ʪʫ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʧʦʪʨʝʙʘʤ ʧʦʪʦʯʥʦʾ 

ʟʘʜʘʯʽ, ʰʚʠʜʢʦ ʢʣʦʥʦʚʘʥʠʡ ʜʣʷ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʦʙʯʠʩʣʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʟʘʜʘʯ. ʋ ʷʢʦʩʪʽ ʧʦʪʫʞʥʦʩʪʝʡ ʙʫʚ 

ʦʙʨʘʥʠʡ ʦʜʠʥ ʽʟ ʩʚʽʪʦʚʠʭ ʣʽʜʝʨʽʚ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

DigitalOcean, ʜʝ ʙʫʣʠ ʨʦʟʪʘʰʦʚʘʥʽ: ʩʝʨʚʝʨ ʦʙʯʠʩʣʝʥʴ 

ʽʟ ʷʜʨʦʤ Wolfram Mathematica 11.3.0 for Linux x86 (64-

bit) [12] ʥʘ ʙʘʟʽ ʆʉ Ubuntu 20.04 LTS x64, ʩʝʨʚʝʨ ʙʘʟ 

ʜʘʥʠʭ MySQL 8.0.20 Community Server ʥʘ  

ʪʽʡ ʩʘʤʽʡ ʆʉ, ʚʝʙ-ʩʝʨʚʝʨ ʥʘ ʙʘʟʽ Apache 2.4.29 

(Ubuntu) ʪʘ ʬʨʝʡʤʚʦʨʢʫ Laravel 6 [14] ʥʘ ʪʽʡ  

ʩʘʤʽʡ ʆʉ. 

ɹʣʦʢ-ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʦʙʯʠʩʣʝʥʴ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

ʈʦʙʦʪʘ ʩʠʩʪʝʤʠ ʧʦʯʠʥʘʻʪʴʩʷ ʽʟ ʧʽʜʢʣʶʯʝʥʥʷ 

ʢʣʽʻʥʪʘ Mathematica ʥʘ ʢʦʤʧôʶʪʝʨʽ, ʱʦ ʽʥʽʮʽʶʻ 

ʦʙʯʠʩʣʝʥʥʷ, ʜʦ ʩʝʨʚʝʨʘ ʦʙʯʠʩʣʝʥʴ ʪʘ ʟʘʧʫʩʢ ʧʨʦʛʨʘʤʠ 

ʫ ʷʜʨʽ Mathematica ʥʘ ʚʠʢʦʥʘʥʥʷ.  

ʌʦʥʦʚʠʡ ʧʨʦʮʝʩ ʥʘʛʣʷʜʘʯʘ ʢʦʥʪʨʦʣʶʻ ʨʦʙʦʪʫ 

ʷʜʨʘ ʪʘ ʫ ʨʘʟʽ ʡʦʛʦ ʘʚʘʨʽʡʥʦʾ ʟʫʧʠʥʢʠ ʚʽʜʧʨʘʚʣʷʻ 

ʩʧʦʚʽʱʝʥʥʷ ʥʘ e-mail ʽʥʽʮʽʘʪʦʨʘ ʦʙʯʠʩʣʝʥʴ ʪʘ ʫ 

ʧʨʠʚʘʪʥʫ ʛʨʫʧʫ Slack, ʜʦ ʷʢʦʾ ʤʘʶʪʴ ʜʦʩʪʫʧ ʫʩʽ 

ʟʘʮʽʢʘʚʣʝʥʽ ʦʩʦʙʠ. 

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʥʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ʾʾ 

ʨʝʟʫʣʴʪʘʪʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʩʧʝʮʽʘʣʴʥʦ ʚʠʜʽʣʝʥʠʡ 

ʣʦʢʘʣʴʥʽʡ ʜʠʨʝʢʪʦʨʽʾ ʥʘ ʩʝʨʚʝʨʽ ʦʙʯʠʩʣʝʥʴ, ʘ ʬʦʥʦʚʠʡ 

ʧʨʦʮʝʩ ʬʘʡʣʦʚʦʛʦ ʥʘʛʣʷʜʘʯʘ ʾʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʚʘʥʪʘʞʫʻ, ʧʦ-ʧʝʨʰʝ, ʫ ʩʧʝʮʽʘʣʴʥʦ 

ʚʠʜʽʣʝʥʫ ʜʠʨʝʢʪʦʨʽʶ ʥʘ ʩʝʨʚʝʨʽ Dropbox ʯʝʨʝʟ web-

API, ʧʦ-ʜʨʫʛʝ, ʫ ʚʠʜʽʣʝʥʫ ʙʘʟʫ ʜʘʥʠʭ ʥʘ MySQL-

ʩʝʨʚʝʨʽ. ɸʥʘʣʦʛʽʯʥʠʤ ʦʙʨʘʟʦʤ ʧʨʦʭʦʜʠʪʴ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʪʦʢʦʣʫ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ï ʣʦʛ-

ʬʘʡʣʽʚ. 

ʆʙʨʦʙʢʘ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʦʙʯʠʩʣʝʥʴ ʫ 

ʙʣʠʟʴʢʦʤʫ ʜʦ ʨʝʘʣʴʥʦʛʦ ʯʘʩʽ ʥʘ ʢʣʽʻʥʪʩʴʢʠʭ 

ʢʦʤʧôʶʪʝʨʘʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʜʚʦʤʘ ʰʣʷʭʘʤʠ: ʧʦ-ʧʝʨʰʝ, 

ʯʝʨʝʟ ʢʣʽʻʥʪ Mathematica ʘʙʦ ʽʥʰʠʡ ʘʥʘʣʽʪʠʯʥʠʡ 

ʜʦʜʘʪʦʢ, ʱʦ ʦʙʨʦʙʣʶʻ ʬʘʡʣʠ, ʦʪʨʠʤʘʥʽ ʽʟ Dropbox ʫ 

ʣʦʢʘʣʴʥʫ ʜʠʨʝʢʪʦʨʽʶ ʢʦʤʧôʶʪʝʨʘ, ʧʦ-ʜʨʫʛʝ, ʯʝʨʝʟ 

ʙʨʘʫʟʝʨ, ʱʦ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʚʝʙ-ʩʝʨʚʝʨʫ, ʱʦ 

ʟôʻʜʥʫʶʪʴʩʷ ʽʟ ʩʝʨʚʝʨʦʤ ʙʘʟʠ ʜʘʥʠʭ. 

ʏʝʨʝʟ ʤʫʣʴʪʠ-ʢʣʽʻʥʪʥʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʱʦ ʚʽʜ 

ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʧʨʠʩʫʪʥʷ ʫ ʚʝʙ-ʩʝʨʚʝʨʽ, ʢʽʣʴʢʽʩʪʴ 

ʢʣʽʻʥʪʽʚ, ʱʦ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʯʝʨʝʟ ʙʨʘʫʟʝʨ, ʦʙʤʝʞʝʥʘ 

ʣʠʰʝ ʧʦʪʫʞʥʽʩʪʶ ʩʝʨʚʝʨʘ ʪʘ ʤʦʞʝ ʙʫʪʠ ʧʽʜʚʠʱʝʥʘ ʟʘ 

ʧʦʪʨʝʙʠ. ʂʨʽʤ ʪʦʛʦ, ʡ ʢʽʣʴʢʽʩʪʴ ʚʝʙ-ʩʝʨʚʝʨʽʚ, ʱʦ 

ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʻʜʠʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʪʝʞ ʦʙʤʝʞʫʻʪʩɹʷ 

ʪʽʣʴʢʠ ʧʦʪʫʞʥʽʩʪʶ ʦʩʪʘʥʥʴʦʾ. 

ɼʣʷ ʢʣʽʻʥʪʽʚ, ʱʦ ʧʽʜôʻʜʥʫʶʪʴʩʷ ʯʝʨʝʟ ʩʝʨʚʽʩ 

Dropbox, ʥʝ ʦʙʤʝʞʝʥʘ ʥʝ ʪʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʙʥʠʭ 

ʢʦʤʧôʶʪʝʨʽʚ-ʢʣʽʻʥʪʽʚ, ʘʣʝ ʡ ʢʽʣʴʢʽʩʪʴ ʟʘʧʫʱʝʥʠʭ 

ʜʦʜʘʪʢʽʚ, ʱʦ ʤʦʞʫʪʴ ʦʙʨʦʙʣʶʚʘʪʠ ʧʘʨʘʣʝʣʴʥʦ ʪʽ ʞ 

ʩʘʤʽ ʜʘʥʽ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. 
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ʈʠʩ. 1. ɼʝʢʦʤʧʦʟʠʮʽʷ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʦʙʯʠʩʣʝʥʴ ʥʘ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ

ʈʦʟʛʣʷʥʝʤʦ ʜʘʣʽ ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʠ 

ʜʦʢʣʘʜʥʽʰʝ.  

1. ɯʥʽʮʽʘʪʦʨ ʦʙʯʠʩʣʝʥʴ 

ʄʘʻ ʤʝʨʝʞʝʚʠʡ ʜʦʩʪʫʧ ʯʝʨʝʟ ssh-ʢʘʥʘʣ ʜʦ ʮʝʥʪʨʫ 

ʦʙʯʠʩʣʝʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʶʯʽʚ ʘʩʠʤʝʪʨʠʯʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥ̫, ʱʦ ʛʘʨʘʥʪʫʶʪʴ ʧʦʚʥʫ ʙʝʟʧʝʯʥʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʢʦʤʘʥʜ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜ ʩʝʨʚʝʨʘ 

ʦʙʯʠʩʣʝʥʴ.  

ʏʝʨʝʟ ʪʝ ʱʦ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʘ Mathematica 

ʚʠʚʦʜʠʪʴ ʫ ʩʚʽʡ ʜʦʢʫʤʝʥʪ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʥʷ 

ʨʽʟʥʠʭ ʦʧʝʨʘʮʽʡ: ʦʙʯʠʩʣʝʥʥʷ, ʧʨʦʪʦʢʦʣ ʨʦʙʦʪʠ, 

ʛʨʘʬʽʢʠ, ʧʨʦʤʽʞʥ̔ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ʽ ʪʘʢʝ ʽʥʰʝ,  

ï ʱʦʙ  ʫʥʠʢʥʫʪʠ ʾʭ ʚʪʨʘʪʠ ʫ ʨʘʟʽ ʟʙʦʶ ʚʢʣʶʯʝʥʝ 

ʘʚʪʦʤʘʪʠʯʥʝ ʟʙʝʨʝʞʝʥʥʷ ʬʘʡʣʫ ʦʜʥʠʤ ʟ ʜʚʦʭ  

ʩʧʦʩʦʙʽʚ: 

- ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʩʪʘʥʦʚʢʠ ʦʧʮʽʾ ʜʦʢʫʤʝʥʪʘ 

NotebookAutoSave [13] ʫ ʟʥʘʯʝʥʥʷ True ʥʘʩʪʫʧʥʦʶ 

ʢʦʥʩʪʨʫʢʮʽʻʶ: SetOptions[EvaluationNotebook[], 

NotebookAutoSave -> True], 

- ʯʝʨʝʟ ʨʫʯʥʝ ʟʙʝʨʝʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

NotebookSave [13] ʫ ʤʽʩʮʷʭ ʧʨʦʛʨʘʤʠ ʦʙʨʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʇʝʨʰʠʡ ʩʧʦʩʽʙ ʟʙʝʨʽʛʘʻ ʬʘʡʣ ʧʽʩʣʷ ʢʦʞʥʦʾ ʟʤʽʥʠ 

ʪʘ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʧʘʜʢʽʚ ʥʝʚʝʣʠʢʦʾ ʯʘʩʪʦʪʠ ʟʤʽʥʠ 

ʜʦʢʫʤʝʥʪʘ. ʗʢʱʦ ʞ ʧʨʦʛʨʘʤʘ ʛʝʥʝʨʫʻ ʙʘʛʘʪʦ ʚʠʚʦʜʫ ʫ 

ʜʦʢʫʤʝʥʪ, ʪʦ ʪʘʢʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʽʩʪʦʪʥʦ ʾʾ ʩʧʦʚʽʣʴʥʠʪʠ. 

ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʨʫʛʠʡ ʩʧʦʩʽʙ, ʪʘ ʟʙʝʨʽʛʘʪʠ ʜʦʢʫʤʝʥʪ ʢʦʞʥʠʡ ʨʘʟ ʧʽʩʣʷ 

ʚʠʚʦʜʫ ʚʘʞʣʠʚʦʛʦ ʧʘʢʝʪʫ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ, 

ʥʘʧʨʠʢʣʘʜ, ʧʽʩʣʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ʘʙʦ ʢʨʦʢʫ ʘʣʛʦʨʠʪʤʫ. 

2. ʉʝʨʚʝʨ ʦʙʯʠʩʣʝʥʴ 

ʅʘʜʘʻ ʢʣʽʻʥʪʘʤ ʟʘʭʠʱʝʥʠʡ ʤʝʨʝʞʝʚʠʡ ʜʦʩʪʫʧ 

ʯʝʨʝʟ ssh-ʢʘʥʘʣ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ 

ʚʠʢʣʶʯʥʦ ʟʘ ʢʣʶʯʘʤʠ ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ. ʎʝ 

ʟʘʧʦʙʽʛʘʻ ʚʠʧʘʜʢʘʤ ʚʪʨʘʪʠ ʘʙʦ ʟʘʛʫʙʣʝʥʥʷ ʧʘʨʦʣʽʚ 

ʜʦʩʪʫʧʫ, ʘʙʦ ʥʝʧʨʘʚʦʤ̔ʨʥʦʤʫ ʜʦʩʪʫʧʫ ʯʝʨʝʟ ʾʭ 

ʢʨʘʜʽʞʢʫ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʪʦʢʦʣʶʚʘʥʥʷ (ʣʦʛʫʚʘʥʥʷ) ʫ 

ʧʨʦʛʨʘʤʫ ʧʝʨʝʩʣʽʜʫʻ ʜʚʽ ʤʝʪʠ: ʚʠʷʚʠʪʠ ʧʦʪʦʯʥʠʡ ʢʨʦʢ 
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ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʡ ʚʠʟʥʘʯʠʪʠ ʯʘʩ ʽ ʤʽʩʮʝ ʧʦʤʠʣʢʠ 

ʫ ʚʠʧʘʜʢʫ ʟʙʦʶ ʚ ʨʦʙʦʪʽ ʘʙʦ ʧʨʠ ʘʚʘʨʽʡʥʦʤʫ 

ʟʘʚʝʨʰʝʥʥʽ. ʇʽʜ ʟʦʚʥʽʰʥʽʤ ʧʨʦʪʦʢʦʣʁ ʚʘʥʥʷʤ ʩʣʽʜ 

ʨʦʟʫʤʽʪʠ ʟʘʧʠʩ ʫ ʪʘʢʝ ʩʭʦʚʠʱʝ ʜʘʥʠʭ, ʱʦ ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʧʨʦʛʨʘʤʠ ʦʙʯʠʩʣʝʥʥʷ: ʩʪʦʨʦʥʥʽʡ ʬʘʡʣ, ʙʘʟʘ ʜʘʥʠʭ, 

Elasticsearch, ʽʥʰʠʡ ʢʦʤʧôʶʪʝʨ ʽ ʪʘʢʝ ʽʥʰʝ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʘʢʦʛʦ ʤʝʭʘʥʽʟʤʫ ʦʙʨʘʥʠʡ ʚʘʨʽʘʥʪ 

ʟʘʧʠʩʫ ʫ ʬʘʡʣ ʯʝʨʝʟ ʪʝ, ʱʦ ʪʘʢʠʡ ʩʧʦʩʽʙ ʜʦʩʪʘʪʥɹʦ 

ʥʘʜʽʡʥʠʡ, ʧʽʜʪʨʠʤʫʻ ʣʝʛʢʝ ʜʫʙʣʶʚʘʥʥʷ, ʪʘ ʥʝ ʧʦʪʨʝʙʫʻ 

ʥʝʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ ʩʠʩʪʝʤʠ. ʋ ʥʘʟʚʫ 

ʬʘʡʣʫ ʚʢʣʶʯʝʥʦ ʜʘʪʫ ʡ ʯʘʩ ʽʟ ʪʦʯʥʽʩʪʶ ʜʦ ʛʦʜʠʥ, ʥʘ 

ʤʦʤʝʥʪ ʟʜʽʡʩʥʝʥʥʷ ʟʘʧʠʩʫ: : "log_" + ʜʘʪʘ ʫ ʬʦʨʤʘʪʽ 

"ʈʽʢ.ʄʽʩʷʮʴ.ɼʝʥʴ_ɻʦʜʠʥʠ" + ʨʦʟʰʠʨʝʥʥʷ "txt". ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʢʦʞʝʥ ʯʘʩ ʩʪʚʦʨʶʻʪʴʩʷ ʥʦʚʠʡ ʣʦʛ-ʬʘʡʣ, ʪʘ 

ʟʘʧʠʩ ʧʝʨʝʥʦʩʠʪʴʩʷ ʜʦ ʥʴʦʛʦ. ʊʘʢʘ ʥʘʟʚʘ ʫʥʽʢʘʣʴʥʘ ʫ 

ʨʘʤʢʘʭ ʜʠʨʝʢʪʦʨʽʾ, ʘ ʬʘʡʣʠ ʽʟ ʥʘʟʚʦʶ ʫ ʪʘʢʦʤʫ 

ʬʦʨʤʘʪʽ ʜʘʪʠ ʣʝʛʢʦ ʩʦʨʪʫʚʘʪʠ ʪʘ ʰʫʢʘʪʠ ʩʝʨʝʜ ʥʠʭ 

ʧʦʪʨʽʙʥʠʡ. ɯʟ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʮʝ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʢʦʞʝʥ ʯʘʩ ʚʠʜʘʣʷʪʠ ʘʙʦ ʧʝʨʝʥʦʩʠʪʠ ʚ 

ʘʨʭʽʚ ʩʪʘʨʠʡ ʣʦʛ-ʬʘʡʣ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʥʘʦʯʥʦ ʙʘʯʠʪʠ, 

ʱʦ ʧʨʦʛʨʘʤʘ ʧʨʘʮʶʻ, ʜʠʚʣʷʯʠʩʴ ʫ ʜʠʨʝʢʪʦʨʽʶ 

ʧʨʦʪʦʢʦʣʶʚʘʥʥʷ ʨʦʙʦʪʠ.  

ʃʦʛ-ʬʘʡʣ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʧʨʦʛʨʘʤʦʶ ʜʣʷ ʜʦʟʘʧʠʩʫ 

ʫ ʨʝʞʠʤʽ ʩʧʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ (read shared mode), ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʯʠʪʘʪʠ ʮʝʡ ʬʘʡʣ ʩʪʦʨʦʥʥʽʤʠ ʜʦʜʘʪʢʘʤʠ ʜʣʷ 

ʘʥʘʣʽʟʫ ʧʽʜ ʯʘʩ ʟʘʧʠʩʫ. ʋ ʮʴʦʤʫ ʬʘʡʣʽ ʟʙʝʨʽʛʘʶʪʴʩʷ: 

- ʯʘʩ ʧʦʜʽʾ ʩ ʪʦʯʥʽʩʪʶ ʜʦ ʤʽʣʽʩʝʢʫʥʜ, 

- ʥʘʟʚʘ ʧʦʜʽʾ, 

- ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʫʩʧʽʰʥʽʩʪʴ ʾʾ ʟʘʧʫʩʢʫ ʘʙʦ 

ʟʘʚʝʨʰʝʥʥʷ. 

ʇʦʪʨʽʙʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʟʘʧʠʩʫ 

ʧʨʦ ʫʩʧ̔ ʰʥʽʩʪʴ ʢʦʞʥʦʛʦ ʝʪʘʧʫ ʧʦʜʽʾ ʦʢʨʝʤʠʤ ʨʷʜʢʦʤ, 

ʘ ʥʝ ʧʘʢʝʪʥʠʡ ʟʘʧʠʩ ʧʨʦ ʚʩʶ ʧʦʜʽʶ ʮʽʣʢʦʤ ï ʫ 

ʧʨʦʪʠʚʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʩʝʨʡʦʟʥʦʤʫ ʟʙʦʾ ʨʷʜʦʢ ʧʨʦ 

ʚʩʶ ʧʦʜʽʶ ʤʦʞʝ ʟʦʚʩʽʤ ʥʝ ʟʘʧʠʩʘʪʠʩʷ ʫ ʣʦʛ-ʬʘʡʣ, ʪʠʤ 

ʩʘʤʠʤ ʨʦʟʰʠʨʶʶʯʠ ʦʙʣʘʩʪʴ ʧʦʰʫʢʫ ʧʦʤʠʣʢʠ ʜʣʷ 

ʨʦʟʨʦʙʥʠʢʘ. 

ʊʝʢʩʪ ʢʦʜʫʻʪʴʩʷ ʫ UTF8, ʪʦʤʫ ʱʦ ʮʝ ʜʦʟʚʦʣʷʻ 

ʟʙʝʨʽʛʘʪʠ ʨʘʟʦʤ ʽʟ ʟʚʠʯʘʡʥʠʤʠ ʩʠʤʚʦʣʘʤʠ ʪʘʢʦʞ 

ʩʧʝʮʽʘʣʴʥʽ, ʱʦ ʯʘʩʪʦ ʧʦʣʝʛʰʫʻ ʯʠʪʘʥʥʷ ʜʣʷ ʥʘʫʢʦʚʮʷ. 

ʇʨʦʛʨʘʤʘ ʫ Mathematica ʥʘʣʘʰʪʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦ ʜʦʜʘʻ ʢʦʞʥʠʡ ʨʷʜʦʢ ʫ ʬʦʨʤʘʪʽ StandardForm, 

ʚʠʧʝʨʝʜʞʘʶʯʠ ʡʦʛʦ ʜʘʪʦʶ ʡ ʯʘʩʦʤ ʫ ʬʦʨʤʘʪʽ "ʜʜ-ʤʤ-

ʨʨʨʨ ʯʯ:ʭʭ:ʩʩ.ʤʩ". ʌʦʨʤʘʪ StandardForm ʛʘʨʘʥʪʫʻ, ʱʦ 

ʫʩʽ ʩʠʤʚʦʣʠ ʙʫʜʫʪʴ ʜʨʫʢʦʚʘʥʠʤʠ ʪʘ ʩʝʨʝʜ ʥʠʭ ʥʝ ʙʫʜʝ 

ʩʣʫʞʙʦʚʠʭ ʜʘʥʠʭ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʬʦʨʤʘʪʫ Wolfram Mathematica. 

ɿʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʾ 

ʽʪʝʨʘʮʽʾ ʧʝʨʝʩʣ̔ ʜʫʻ ʜʚʽ ʤʝʪʠ: ʟʘʭʠʩʪʠʪʠ ʚʞʝ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʚʽʜ ʟʙʦʾʚ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ 

ʥʘʩʪʫʧʥʠʭ, ʪʘ ʩʪʚʦʨʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʫʯʥʦʾ ʟʫʧʠʥʢʠ ʡ 

ʟʘʧʫʩʢʫ ʧʨʦʛʨʘʤʠ ʫ ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʘ ʪʘʢʦʞ 

ʧʦʥʦʚʣʝʥʥʷ ʾʾ ʨʦʙʦʪʠ ʧʽʩʣʷ ʘʚʘʨʽʡʥʦʛʦ ʟʙʦʶ. ʑʦ 

ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʚʽʜʤʦʚʦʩʪ̔ ʡʢʽʩʪʴ ʧʨʦʛʨʘʤʠ ʚ ʮʽʣʦʤʫ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʟʙʝʨʽʛʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʫ 

ʟʦʚʥʽʰʥʽʡ ʧʘʤôʷʪʽ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʙʝʟ ʪʨʫʜʥʦʱʽʚ 

ʧʝʨʝʥʦʩʠʪʠ ʨʝʟʫʣʴʪʘʪʠ (ʯʘʩʪʢʦʚʦ ʘʙʦ ʚʩʽ) ʽ 

ʧʨʦʜʦʚʞʫʚʘʪʠ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ ʥʘ ʽʥʰʠʭ 

ʢʦʤʧ'ʶʪʝʨʘʭ.  

ɽʢʩʧʦʨʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟʨʘʟʫ ʜʚʦʤʘ  

ʰʣʷʭʘʤʠ: ʬʫʥʢʮʽʻʶ DumpSave [13] ï ʫ ʬʘʡʣ ʜʘʤʧʫ 

ʜʣʷ ʥʘʡʰʚʠʜʰʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʫ 

Mathematica, ʪʘ ʬʫʥʢʮʽʻʶ Export [13] ï ʫ ʪʝʢʩʪʦʚʦʤʫ 

ʬʦʨʤʘʪʽ ʜʣʷ ʦʙʨʦʙʢʠ ʩʪʦʨʦʥʥʽʤʠ ʜʦʜʘʪʢʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ʟʘʧʠʩʫʶʪʴʩʷ ʜʦ ʦʢʨʝʤʦʛʦ 

ʬʘʡʣʫ, ʘ ʥʝ ʜʦʜʘʶʪʩɹ̫  ʫ ʦʜʠʥ (ʫ ʢʽʥʝʮʴ). ʋ ʦʩʪʘʥʥʴʦʤʫ 

ʚʠʧʘʜʢʫ ʟʙʽʡ ʧʽʜ ʯʘʩ ʟʘʧʠʩʫ ʜʦ ʬʘʡʣʫ ʟʨʦʙʠʪʴ ʡʦʛʦ ʥʝ 

ʧʨʠʜʘʪʥʠʤ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʢʨʽʤ ʪʦʛʦ ʬʘʡʣ ʜʘʤʧʫ 

ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʠʡ ʣʠʰʝ ʦʜʠʥ ʨʘʟ ʚ ʩʠʣʫ ʩʚʦʻʾ 

ʧʨʠʨʦʜʠ ʪʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʤʦʜʠʬʽʢʦʚʘʥʠʡ, ʣʠʰʝ 

ʧʝʨʝʟʘʧʠʩʘʥʠʡ ʟʥʦʚʫ. ʊʨʝʙʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘ ʧʦʪʨʝʙʠ 

ʝʢʩʧʦʨʪʫʚʘʪʠ ʤʦʞʥʘ ʪʘʢʦʞ ʽ ʚ ʽʥʰʽ ʧʣʘʪʬʦʨʤʦ-

ʥʝʟʘʣʝʞʥʽ ʬʦʨʤʘʪʽ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʬʫʥʢʮʽʻʶ 

Export. 

ʄʝʭʘʥʽʟʤ ʟʙʝʨʝʞʝʥʥʷ ʧʦʚʠʥʝʥ ʟʘʟʜʘʣʝʛʽʜʴ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʘʚʪʦʤʘʪʠʯʥʝ ʨʦʟʜʽʣʝʥʥʷ ʟʘ ʟʥʘʯʝʥʥʷʤʠ 

ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʯʠʩʣʝʥʴ, ʱʦʙ ʫʥʠʢʥʫʪʠ 

ʧʣʫʪʘʥʠʥʠ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʥʷ 

ʚʠʜʽʣʝʥʦʾ ʜʠʨʝʢʪʦʨʽʾ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ, ʥʘʟʚʘ ʷʢʦʾ 

ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʙʯʠʩʣʝʥʴ, ʜʝ 

ʧʝʨʝʙʫʚʘʶʪʴ ʧʘʧʢʠ ʟ ʣʦʛ-ʬʘʡʣʘʤʠ, ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʽʪʝʨʘʮʽʡ, ʟʘʛʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʝʢʩʧʦʨʪʦʚʘʥʠʤʠ 

ʛʨʘʬʽʢʘʤʠ ʡ ʪʦʤʫ ʧʦʜʽʙʥʝ. ʂʨʽʤ ʪʦʛʦ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʥʘʜʘʪʠ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʤʦʞʣʠʚʽʩʪʴ ʟʩʝʨʝʜʠʥʠ ʧʨʦʛʨʘʤʠ 

ʜʦʜʘʚʘʪʠ ʚ ʢʽʥʝʮʴ ʥʘʟʚʠ ʜʠʨʝʢʪʦʨʽʾ ʢʦʨʦʪʢʫ ʩʪʨʦʢʫ 

ʜʝʷʢʦʾ ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ: ʧʨʦ ʪʠʧ ʤʘʡʙʫʪʥʽʭ 

ʦʙʯʠʩʣʝʥʴ, ʜʦʜʘʪʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʪʘʢʝ ʽʥʰʝ. ɿ 

ʧʨʘʢʪʠʢʠ [15], ʥʘʡʤʝʥʫʚʘʥʥʷ ʚʠʛʣʷʜʫ 

"Param1Val1_Param2Val2_..._AdditionalStr" ʟʨʫʯʥʝ ʜʣʷ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ ʦʜʥʽʻʶ ʧʨʦʛʨʘʤʦʶ 

ʦʜʥʽʻʾ ʟʘʜʘʯʽ ʽʟ ʨʽʟʥʠʤʠ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʄʠʪʪʻʚʝ ʩʧʦʚʽʱʝʥʥʷ ʧʨʦ ʟʙʽʡ ʫ ʧʨʦʮʝʩʽ 

ʦʙʯʠʩʣʝʥʥʷ. ɺʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ ʫ ʷʜʨʽ Mathematica 

ʯʘʩʪʦ ʧʝʨʝʚʠʱʫʻ ʜʝʢʽʣʴʢʘ ʛʦʜʠʥ ʪʘ ʥʘʚʽʪʴ ʜʥʽʚ. ʇʽʜ ʯʘʩ 

ʦʙʯʠʩʣʝʥʴ ʷʜʨʦ ʤʦʞʝ ʘʚʘʨʽʡʥʦ ʟʘʚʝʨʰʠʪʠʩʴ: ʯʝʨʝʟ 

ʥʝʩʪʘʯʫ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ, ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʙʦʶ ʫ 

ʘʣʛʦʨʠʪʤʘʭ Mathematica, ʟʙʦʶ ʫ ʨʦʙʦʪʽ ʤʝʨʝʞʽ ʪʘ 

ʽʥʰʦʛʦ. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʟʨʫʯʥʦ ʤʘʪʠ ʤʝʭʘʥʽʟʤ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʧʦʚʽʱʝʥʥʷ ʧʨʦ ʪʘʢʫ ʩʠʪʫʘʮʽʶ. 

ʂʦʥʪʨʦʣʶʚʘʪʠ ʮʝ ʟʩʝʨʝʜʠʥʠ ʤʘʪʧʘʢʝʪʫ ʥʝʤʦʞʣʠʚʦ, ʙʦ 

ʷʜʨʦ ï ʦʩʥʦʚʥʠʡ ʡʦʛʦ ʮʝʥʪʨ ʦʙʨʦʙʢʠ ʢʦʤʘʥʜ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʽ ʤʘʡʞʝ ʚʩʽ ʦʧʝʨʘʮʽʾ ʧʨʦʭʦʜʷʪʴ ʟʘ ʡʦʛʦ 

ʫʯʘʩʪʽ. ʊʦʤʫ ʨʦʟʨʦʙʣʝʥʦ ʩʪʦʨʦʥʥʽʡ ʜʦʜʘʪʦʢ ʥʘ ʙʘʟʽ 

bash-ʩʢʨʠʧʪʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʘʧʫʩʢ ʪʘ 

ʟʘʢʨʠʪʪʷ ʷʜʨʘ Mathematica ï ʧʨʦʮʝʩʫ WolframKernel. 

ʁʦʛʦ ʽʜʝʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʦʜʘʚʘʥʥʷ ʬʦʥʦʚʦʾ ʟʘʜʘʯʽ, ʱʦ: 

- ʧʨʠ ʟʘʧʫʩʢʫ ʷʜʨʘ ʦʜʥʦʢʨʘʪʥʦ ʩʪʚʦʨʶʻ ʬʘʡʣ "~ 

/mathkernel.run", ʱʦ ʤʽʩʪʠʪʴ PID ʧʨʦʮʝʩʫ 

WolframKernel ʦʪʨʠʤʘʥʠʡ ʢʦʤʘʥʜʦʶ "pgrep 

WolframKernel", ʪʘ ʚʽʜʧʨʘʚʣʷʻ ʩʧʦʚʽʱʝʥʥʷ ʥʘ e-mail ʪʘ 

ʫ Slack [16], 

- ʧʨʠ ʟʘʚʝʨʰʝʥʥʽ ʫʩʽʭ ʷʜʝʨ ʚʠʜʘʣʷʻ ʮʝʡ ʬʘʡʣ ʪʘ 

ʚʽʜʧʨʘʚʣʷʻ ʽʥʰʝ ʩʧʦʚʽʱʝʥʥʷ ʥʘ e-mail ʪʘ ʫ Slack. 

ɼʣʷ ʚʽʜʧʨʘʚʢʠ e-mail ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Mailutils 

3.7, ʜʣʷ ʚʽʜʧʨʘʚʣʝʥʥʷ ʩʧʦʚʽʱʝʥʥʷ ʫ Slack ï ʩʪʚʦʨʝʥʠʡ 

ʜʦʜʘʪʦʢ ʫ Slack ʪʘ ʨʦʟʨʦʙʣʝʥʠʡ bash-ʩʢʨʠʧʪ ʜʣʷ 

ʨʦʙʦʪʠ ʽʟ ʡʦʛʦ ʚʝʙ-API. 

ɺʘʞʣʠʚʠʤ ʟʘʫʚʘʞʝʥʥʷʤ ʻ ʪʝ, ʱʦ ʜʦ ʦʜʥʦʛʦ 

ʩʝʨʚʝʨʫ ʦʜʥʦʤʦʤʝʥʪʥʦ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʦʜʠʥ 

ʢʣʽʻʥʪ-ʽʥʽʮʽʘʪʦʨ, ʧʨʦʛʨʘʤʘ ʷʢʦʛʦ ʫ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ 

ʤʦʞʝ ʟʘʧʫʩʢʘʪʠ ʜʝʢʽʣʴʢʘ ʷʜʝʨ ʜʣʷ ʧʘʨʘʣʝʣʴʥʠʭ 

ʦʙʯʠʩʣʝʥʴ. ʊʦʤʫ ʩʠʛʥʘʣʦʤ ʘʚʘʨʽʾ ʩʣʫʞʠʪʴ ʟʘʢʨʠʪʪʷ 
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ʫʩʽʭ ʧʨʦʮʝʩʽʚ ʷʜʨʘ, ʘ PID ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʝʥʝʚʦʛʦ ʧʨʦʮʝʩʫ. 

ʆʯʠʩʪʢʘ ʟʘʡʤʘʥʠʭ ʨʝʩʫʨʩʽʚ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ 

ʧʨʦʛʨʘʤʠ. ʅʘʧʨʠʢʽʥʮʽ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʟʘʢʨʠʚʘʻʪʴʩʷ 

ʷʜʨʦ Mathematica, ʱʦʙ ʟʚʽʣʴʥʠʪʠ ʦʧʝʨʘʪʠʚʥʫ ʧʘʤ'ʷʪʴ 

ʜʣʷ ʽʥʰʠʭ ʜʦʜʘʪʢʽʚ ʥʘ ʩʝʨʚʝʨʽ. ɼʣʷ ʮʴʦʛʦ ʩʣʫʞʠʪʴ 

ʬʫʥʢʮʽʷ Quit [13], ʱʦ ʧʽʜʪʨʠʤʫʻ ʧʦʚʝʨʥʝʥʥʷ ʢʦʜʫ 

ʟʘʚʝʨʰʝʥʥʷ ʦʪʦʯʝʥʥʶ ʯʝʨʝʟ ʩʚʽʡ ʘʨʛʫʤʝʥʪ. ʇʨʠ 

ʟʘʢʨʠʪʪʽ ʷʜʨʘ ʛʫʙʣʷʪʴʩʷ ʚʩʽ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʽ 

ʜʘʥʠʭ, ʷʢʽ ʚ ʥʴʦʤʫ ʙʫʣʠ, ʽ ʥʝ ʙʫʣʠ ʟʙʝʨʝʞʝʥʽ ʚ 

ʟʦʚʥʽʰʥʽʡ ʧʘʤ'ʷʪʽ ʯʠ ʧʦʪʦʯʥʦʤʫ ʜʦʢʫʤʝʥʪʽ 

Mathematica.  

3. ʂʘʥʘʣ ʟʚôʷʟʢʫ ʽʟ ʢʣʽʻʥʪʘʤʠ, ʱʦ ʦʙʨʦʙʣʷʶʪʴ 

ʨʝʟʫʣʴʪʘʪʠ 

ɼʣʷ ʘʥʘʣʽʟʫ ʪʘ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʥʷ 

ʽʪʝʨʘʮʽʡ ʜʦʜʘʪʢʘʤʠ ʥʘ ʩʪʦʨʦʥʥʽʭ ʢʦʤʧôʶʪʝʨʘʭ ʬʘʡʣʠ 

ʮʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʚʠʥʥʽ ʟʙʝʨʽʛʘʪʠʩʷ ʥʘ: 

- ʥʦʩʽʾ, ʜʦʩʪʫʧʥʦʤʫ ʟʦʚʥʽ (ʟ ʤʝʨʝʞʽ LAN ʪʦʱʦ), 

- ʽʥʰʦʤʫ ʢʦʤʧôʶʪʝʨʽ ʫ ʤʝʨʝʞʽ LAN, ʟʦʚʥʽʰʥʴʦʤʫ 

ʩʝʨʚʽʩʽ ʪʦʱʦ. 

ʇʝʨʰʠʡ ʚʘʨʽʘʥʪ ʻ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤ, ʥʘʜʽʡʥʠʤ ʪʘ 

ʧʨʦʟʦʨʠʤ ʜʣʷ ʜʦʜʘʪʢʘ, ʙʦ ʣʦʛʽʯʥʦ ʪʘ ʬʽʟʠʯʥʦ ʚʽʥ ʥʝ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʙʝʨʽʛʘʥʥʷ ʫ ʟʚʠʯʘʡʥʽʡ, ʥʝʜʦʩʪʫʧʥʽʡ 

ʟʦʚʥʽ, ʜʠʨʝʢʪʦʨʽʾ. ɼʨʫʛʠʡ ï ʙʽʣʴʰʝ ʧʽʜʭʦʜʠʪʴ ʧʨʠ 

ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʟʚʝʨʥʝʥʴ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ ʽʟ 

ʩʪʦʨʦʥʥʽʭ ʢʦʤʧ'ʶʪʝʨʽʚ. ʃʦʛʽʯʥʦ ʚʽʥ ʪʘʢʦʞ ʥʝ 

ʚʜ̔ʨʽʟʥʷʻʪʴʩʷ ʜʣʷ ʜʦʜʘʪʢʘ, ʘʣʝ ʬʽʟʠʯʥʦ ʟʥʘʯʥʦ 

ʩʢʣʘʜʥʽʰʠʡ ʽ ʯʝʨʝʟ ʮʝ ʙʽʣʴʰ ʥʝʥʘʜʽʡʥʠʡ. ɸʣʝ ʚʽʥ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʽʛʰʠ ʦʜʠʥ ʨʘʟ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ 

ʟʦʚʥʽ, ʦʙʨʦʙʣʷʪʠ ʾʭ ʨʽʟʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʥʝ 

ʪʫʨʙʫʶʯʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʜʦʜʘʪʦʢ ʪʘ ʨʦʟʚʘʥʪʘʞʠʪʠ 

ʩʝʨʚʝʨ ʚʽʜ ʟʚʝʨʥʝʥʴ ʽʟ ʤʝʨʝʞʽ. ʊʘʢʦʞ ʦʩʪʘʥʥʽʡ ʚʘʨʽʘʥʪ 

ʜʘʻ ʙʽʣʴʰʫ ʛʘʨʘʥʪʽʶ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʧʨʠ ʬʽʟʠʯʥʽʡ 

ʘʚʘʨʽʾ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʛʽʙʨʠʜʥʠʡ 

ʧʽʜʭʽʜ ï ʜʘʥʽ ʪʘ ʧʨʦʪʦʢʦʣʠ ʨʦʙʦʪʠ ʟʙʝʨʽʛʘʶʪʴʩʷ 

ʣʦʢʘʣʴʥʦ ʙʝʟ ʜʦʩʪʫʧʫ ʽʟ ʟʦʚʥʽʰʥʽʭ ʩʠʩʪʝʤ. ʉʧʝʮʽʘʣʴʥʦ 

ʩʪʚʦʨʝʥʠʡ ʜʦʜʘʪʦʢ ʥʘ ʙʘʟʽ bash-ʩʢʨʠʧʪʽʚ: 

- ʜʫʙʣʶʻ ʾʭ ʫ ʩʭʦʚʠʱʝ Dropbox ʯʝʨʝʟ web-API,  

- ʜʦʜʘʻ ʾʭ ʚʤʽʩʪ ʧʽʩʣʷ ʨʦʟʙʦʨʫ (ʧʘʨʩʠʥʛʫ) ʜʦ ʙʘʟʠ 

ʜʘʥʠʭ MySQL ʥʘ ʩʪʦʨʦʥʥʴʦʤʫ ʩʝʨʚʝʨʽ.  

ɸʚʪʦʤʘʪʠʯʥʝ ʚʠʷʚʣʝʥʥʷ ʧʦʷʚʠ ʥʦʚʠʭ ʬʘʡʣʽʚ 

ʟʘʩʥʦʚʘʥʝ ʥʘ ʩʣʫʞʙʦʚʦʤʫ ʩʠʩʪʝʤʥʦʤʫ ʜʦʜʘʪʢʫ 

inotifywait [17], ʱʦ ʧʨʠ ʛʝʥʝʨʫʚʘʥʥʽ ʩʠʩʪʝʤʦʶ ʧʦʜʽʾ 

ʟʘʢʽʥʯʝʥʥʷ ʟʘʧʠʩʫ ʜʦ ʬʘʡʣʫ ʪʘ ʡʦʛʦ ʟʘʢʨʠʪʪʷ ʟʘʧʫʩʢʘʻ 

ʚʠʱʝ ʦʧʠʩʘʥʫ ʦʙʨʦʙʢʫ. ʂʣʶʯʦʚʘ ʯʘʩʪʠʥʘ ʩʢʨʠʧʪʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʙʨʦʙʢʫ ʧʦʜʽʾ, ʥʘʩʪʫʧʥʘ: inotifywait -m -r 

-q --format "%f" -e close_write "$DIR" | while read FILE, 

ʜʝ "$DIR" ï ʰʣʷʭ ʜʦ ʜʠʨʝʢʪʦʨʽʾ ʜʣʷ ʥʘʛʣʷʜʘʥʥʷ. 

ʂʦʣʠ ʦʙʯʠʩʣʝʥʥʷ ʦʜʥʽʻʾ ʽʪʝʨʘʮʽʾ ʟʘʡʤʘʻ ʟʥʘʯʥʠʡ 

ʯʘʩ ʫ ʜʦʜʘʪʢʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʢʣʶʯʠʪʠ ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʩʧʦʚʽʱʝʥʥʷ ʫ Slack ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʜʦʜʘʚʘʥʥʷ ʬʘʡʣʫ ʫ 

ʜʠʨʝʢʪʦʨʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʽʪʝʨʘʮʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʞʥʽʡ 

ʟʘʮʽʢʘʚʣʝʥʽʡ ʦʩʦʙʽ ʙʘʯʠʪʠ ʧʨʦʛʨʝʩ ʨʦʟʨʘʭʫʥʢʫ. ɸʣʝ 

ʪʘʢʫ ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, 

ʷʢʱʦ ʯʘʩ ʦʙʯʠʩʣʝʥʥʷ ʽʪʝʨʘʮʽʾ ʤʝʥʰʝ 15 ʭʚʠʣʠʥ, ʙʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʠʭʦʜʷʪʴ ʜʫʞʝ ʯʘʩʪʦ ʪʘ ʥʝ ʤʘʶʪʴ 

ʩʝʥʩʫ. 

ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʚʽʩʫ Dropbox ʜʣʷ 

ʜʫʙʣʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ ʪʘ ʬʘʡʣʽʚ 

ʧʨʦʪʦʢʦʣʫ ʨʦʙʦʪʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʚʦʛʦ ʚʣʘʩʥʦʛʦ ʩʝʨʚʝʨʫ ʜʣʷ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ 

ʥʘʩʪʫʧʥʽ:  

- ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʽʟ ʧʨʠʩʪʨʦʻʤ ʢʦʨʠʩʪʫʚʘʯʘ 

ʧʨʦʭʦʜʠʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʫ ʬʦʥʽ ʪʘ ʤʘʡʞʝ ʤʠʪʪʻʚʦ, ʧʨʠ 

ʮʴʦʤʫ ʬʦʨʤʫʻʪʴʩʷ ʣʦʢʘʣʴʥʘ ʥʝʟʘʣʝʞʥʘ ʢʦʧʽʷ ʜʘʥʠʭ, 

ʱʦ ʟʘʚʞʜʠ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʘ ʟʚʝʨʥʝʥʥʷ ʜʦ ʥʝʾ ʥʝ 

ʥʘʚʘʥʪʘʞʫʶʪʴ ʩʝʨʚʝʨ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʩʝʨʚʝʨ Dropbox,  

- ʜʣʷ ʜʦʩʪʫʧʫ ʧʦʪʨʽʙʝʥ ʣʠʰʝ ʜʦʜʘʪʦʢ Dropbox ʘʙʦ 

ʙʨʘʫʟʝʨ ʥʘ ʩʤʘʨʪʬʦʥʽ, ʧʣʘʥʰʝʪʽ, ʥʦʫʪʙʫʮʽ, ʢʦʤʧôʶʪʝʨʽ 

ʪʦʱʦ.  

4. ʂʣʽʻʥʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʦʙʨʦʙʣʷʶʪʴ ʜʘʥʽ 

ɿʘʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ, ʱʦ 

ʦʧʠʩʘʥʽ ʚʠʱʝ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ, ʟʜʽʡʩʥʶʶʪʴ ʘʥʘʣʽʟ 

ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ʦʜʥʠʤ ʟ ʜʚʦʭ 

ʰʣʷʭʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʷʢ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘʢ ʽ 

ʥʝʜʦʣʽʢʠ. 

ʇʝʨʰʠʡ ï ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧôʶʪʝʨʽ ʽʟ ʆʉ 

Windows 10 ʽʟ ʧʽʜʢʣʶʯʝʥʦʶ ʜʠʨʝʢʪʦʨʽʻʶ Dropbox, 

ʯʝʨʝʟ ʦʜʥʦʡʤʝʥʥʠʡ ʢʣʽʻʥʪ, ʫ ʷʢʦʩʪʽ ʚʽʜʜʘʣʝʥʦʶ 

ʜʠʨʝʢʪʦʨʽʾ ʪʘ Wolfram Mathematica 8, ʱʦ ʧʨʠ ʧʦʷʚʽ 

ʥʦʚʠʭ ʬʘʡʣʽʚ ʫ ʥʽʡ ʯʠʪʘʻ ʾʭ ʪʘ ʦʙʨʦʙʣʷʻ. ɹʝʟʧʝʢʘ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʙʫʜʦʚʘʥʠʭ ʤʦʞʣʠʚʦʩʪʷʭ ʢʣʽʻʥʪʫ 

Dropbox. 

ʁʦʛʦ ʧʝʨʝʚʘʛʠ ʦʯʝʚʠʜʥʽ: ʜʦʩʪʫʧ ʜʦ ʚʩʽʭ 

ʚʙʫʜʦʚʘʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʨʦʮʝʩʦʨʫ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʩʦʙʠ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ, 

ʟʤʽʥʘ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʤʦʞʝ ʙʫʪʠ 

ʧʨʦʚʝʜʝʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʪʘ ʫ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʟʘ 

ʧʦʙʘʞʘʥʥʷʤ ʢʦʨʠʩʪʫʚʘʯʘ, ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʢʠ ʙʫʜʴ-

ʷʢʠʤ ʽʥʰʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʟʘ 

ʧʦʙʘʞʘʥʥ̫ ʤ ʢʦʨʠʩʪʫʚʘʯʘ.   

ʅʝʜʦʣʽʢʠ: ʧʦʪʨʽʙʥʝ ʩʪʦʨʦʥʥʻ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘ ʜʦʩʪʫʧ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ ʻ 

ʪʽʣʴʢʠ ʥʘ ʪʦʤʫ ʢʦʤʧôʶʪʝʨʽ, ʜʝ ʚʦʥʠ ʦʪʨʠʤʘʥʽ. 

ɼʨʫʛʠʡ ï ʨʦʟʨʦʙʣʝʥʠʡ ʚʝʙ-ʜʦʜʘʪʦʢ, ʟʘʩʥʦʚʘʥʠʡ 

ʥʘ Laravel (ʚʝʨʩʽʷ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ PHP 7.4), ʱʦ 

ʦʙʨʦʙʣʶʻ ʟʘʧʠʪʠ ʥʘ ʦʪʨʠʤʘʥʥʷ ʚʝʙ-ʩʪʦʨʽʥʦʢ ʯʝʨʝʟ 

ʙʨʘʫʟʝʨ ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʥʘ API-

ʟʘʧʠʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʦʥʦʚʣʝʥʥʷ 

ʜʘʥʠʭ ʯʝʨʝʟ ʤʝʭʘʥʽʟʤ ajax. ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʟʘʩʥʦʚʘʥʘ 

ʥʘ ʢʣʘʩʠʯʥʦʤʫ ʧʽʜʭʦʜʽ: ʚʭʽʜ ʟʘ ʣʦʛʽʥʦʤ ʪʘ ʧʘʨʦʣʝʤ,  

ʦʙʨʦʙʢʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ cookie ʪʘ ʩʝʩʽʡ, ʧʨʦʪʦʢʦʣ 

ʟôʻʜʥʘʥʥʷ HTTPS. 

ʁʦʛʦ ʧʝʨʝʚʘʛʠ: ʜʦʩʪʫʧ ʻ ʫ ʢʦʞʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʱʦ ʤʘʻ ʜʦʩʪʫʧ, ʽʟ ʙʫʜʴ-ʷʢʦʾ ʯʘʩʪʠʥʠ ʩʚʽʪʫ ʯʝʨʝʟ ʙʫʜʴ-

ʷʢʠʡ ʧʨʠʩʪʨʽʡ, ʱʦ ʤʘʻ ʚʩʪʘʥʦʚʣʝʥʠʡ ʙʨʘʫʟʝʨ, ʪʘʢʦʞ 

ʚʽʜʩʫʪʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʣʽʻʥʪ ʥʘ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ï 

ʫʚʝʩʴ ʘʥʘʣʽʟ ʧʨʦʭʦʜʠʪʴ ʥʘ ʚʝʙ-ʩʝʨʚʝʨʽ. 

ʅʝʜʦʣʽʢʠ: ʜʫʞʝ ʤʘʣʠʡ ʩʧʝʢʪʨ ʘʥʘʣʽʪʠʯʥʠʭ 

ʦʧʝʨʘʮʽʡ, ʷʢʠʤʠ ʤʦʞʣʠʚʦ ʦʙʨʦʙʣʶʚʘʪʠ ʜʘʥʽ, ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʘ ʜʣʷ ʦʙʨʦʙʢʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʪʽʣʴʢʠ ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʧʨʦʛʨʘʤʦʚʘʥ̔  ʥʘ ʚʝʙ-

ʩʝʨʚʝʨʽ ʘʣʛʦʨʠʪʤʠ ʘʥʘʣʽʟʫ. 

ʆʢʨʝʤʦ ʪʨʝʙʘ ʟʫʧʠʥʠʪʠʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ ʪʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

PHP, ʬʨʝʡʤʚʦʨʢ Laravel, ʉʋɹɼ MySQL ʦʙʨʘʥʽ ʪʽʣʴʢʠ 

ʯʝʨʝʟ ʪʝ, ʱʦ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʚʦʥʠ ʚʠʷʚʠʣʠʩʷ 

ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤʠ ʟʘ ʰʚʠʜʢʩ̔ʪʶ ʨʦʟʨʦʙʢʠ ʪʘ 
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ʨʦʟʛʦʨʪʘʥʥʷ. ʊʘʢʦʛʦ ʞ ʩʘʤʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʤʦʞʥʘ 

ʜʦʩʷʛʪʠ ʙʫʜʴ-ʷʢʠʤʠ ʽʥʰʠʤʠ ʘʥʘʣʦʛʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ. 

 

ɼʝʤʦʥʩʪʨʘʮʽʷ ʨʦʙʦʪʠ 

 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʨʦʙʦʪʠ ʧʦʙʫʜʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʦʙʨʘʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟʘʜʘʯʽ ʦʙʯʠʩʣʝʥʥʷ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʤʧʫʣʴʩʫ ɽʡʨʽ ʫ ʦʜʥʦʤʽʨʥʦʤʫ 

ʧʣʦʩʢʦʰʘʨʫʚʘʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʝʪʦʜʦʤ 

ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ [9]. ʋʚʝʩʴ ʧʨʦʮʝʩ ʦʙʯʠʩʣʝʥʥʷ 

ʚʝʜʝʪʴʩʷ ʜʣʷ ʚʽʜʨʽʟʢʫ ʥʦʨʤʦʚʘʥʦʛʦ ʯʘʩʫ t=[0, 10] ʪʘ 

ʥʦʨʤʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ x=[0, 1], ʢʨʦʢʦʤ ʤʦʜʝʣʶʚʘʥʥʷ 

h=0.02. 

ʈʦʟʛʣʷʥʝʤʦ ʦʙʯʠʩʣʝʥʥʷ ʽʪʝʨʘʮʽʾ ˉ17 ʜʣʷ ʚʽʜʨʽʟʢʫ 

ʯʘʩʫ t=[8.5, 9.0]. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʽʪʝʨʘʮʽʷ 

ʜʣʷ ʚʽʜʨʽʟʢʫ ʯʘʩʫ t=[0, 8.5] ʨʝʟʫʣʴʪʘʪʠ ʚʞʝ ʦʪʨʠʤʘʥʽ, 

ʟʙʝʨʝʞʝʥʽ ʣʦʢʘʣʴʥʦ ʪʘ ʚʽʜʜʘʣʝʥʦ. ʈʠʩʫʥʢʠ, ʱʦ 

ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ ʦʪʨʠʤʘʥʽ ʫ ʦʜʥʘʢʦʚʠʡ ʯʘʩ.  

ʅʘ ʢʣʽʻʥʪʽ-ʽʥʽʮʽʘʪʦʨʽ ʦʙʯʠʩʣʝʥʥʷ ï ʚʠʚʽʜ ʫ 

ʜʦʢʫʤʝʥʪʽ Mathematica ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2. ʊʘʢʽ ʞ 

ʩʘʤʝ ʩʪʨʦʢʠ ʟʘʧʠʩʫʶʪʴʩʷ ʜʦ ʬʘʡʣʫ ʧʨʦʪʦʢʦʣʫ 

ʨʦʙʦʪʠ. 

 

ʈʠʩ. 2. ɺʠʚʽʜ ʫ ʜʦʢʫʤʝʥʪʽ Mathematica ʥʘ ʢʣʽʻʥʪʽ-ʽʥʽʮʽʘʪʦʨʽ ʦʙʯʠʩʣʝʥʥʷ

ʅʘ ʩʝʨʚʝʨʽ ʦʙʯʠʩʣʝʥʥʷ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ 

ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʫ ssh-ʢʦʥʩʦʣʽ ʫ ʪʦʡ ʞʝ ʯʘʩ ʙʫʜʝ 

ʥʘʩʪʫʧʥʠʡ ʚʠʚ̔ ʜ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3. ɺʠʜʥʦ, ʷʢ 

ʬʘʡʣʦʚʠʡ ʥʘʛʣʷʜʘʯ ʦʪʨʠʤʫʻ ʩʧʦʚʽʱʝʥʥʷ ʧʨʦ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʬʘʡʣʫ ʨʝʟʫʣʴʪʘʪʽʚ ʽʪʝʨʘʮʽʾ, ʱʦ ʤʘʻ 

ʥʘʟʚʫ ʚʠʛʣʷʜʫ "B1_Airy_NL_Tt*.*-*.*.txt", ʜʝ ʟʽʨʦʯʢʠ 

ï ʮʝ ʮʠʬʨʠ, ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʚʘʥʪʘʞʫʻ ʾʭ ʜʦ ʩʝʨʚʽʩʫ 

Dropbox ʨʘʟʦʤ ʽʟ ʜʦʜʘʚʘʥʥʷʤ ʟʘʧʠʩʽʚ ʜʦ ʙʘʟʠ ʜʘʥʠʭ. 

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʧʨʦʭʦʜʠʪʴ ʦʙʨʦʙʢʘ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʟʤʽʥʠ ʬʘʡʣʽʚ ʧʨʦʪʦʢʦʣʫ ʨʦʙʦʪʠ. 

 

ʈʠʩ. 3. ɺʠʚʽʜ ʫ ssh-ʢʦʥʩʦʣʽ ʬʘʡʣʦʚʦʛʦ ʥʘʛʣʷʜʘʯʘ ʥʘ ʩʝʨʚʝʨʽ ʦʙʯʠʩʣʝʥʴ

ʆʜʠʥ ʟ ʢʣʽʻʥʪʽʚ, ʱʦ ʦʙʨʦʙʣʶʻ ʨʝʟʫʣʴʪʘʪʠ 

ʦʙʯʠʩʣʝʥʴ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʬʨʘʛʤʝʥʪ ʚʠʚʦʜʫ ʫ 

ʜʦʢʫʤʝʥʪʽ Mathematica, ʱʦ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 4 ï ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʬʫʥʢʮʽʾ ʙʫʜʫʻʪʴʩʷ ʛʨʘʬʽʢ 

ʚʠʭʽʜʥʦʾ ʭʚʠʣʽ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʪʘ ʦʪʨʠʤʘʥʦʾ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ (ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ) ʥʘ ʧʦʚʥʽʡ ʦʩʽ 

ʤʦʜʝʣʶʚʘʥʥʷ t=[0,10]. 
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ʈʠʩ. 4. ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʢʣ̔̒ ʥʪʽ ʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʧʨʦʮʝʩʦʨʽ Mathematica

ʌʨʘʛʤʝʥʪ ʚʠʚʦʜʫ ʚʝʙ-ʢʣʽʻʥʪʫ, ʦʪʨʠʤʘʥʠʡ ʫ 

ʙʨʘʫʟʝʨʽ ʢʦʤʧôʶʪʝʨʘ, ʥʘʚʝʜʝʥʠʡ ʥʠʞʯʝ ʥʘ ʨʠʩ. 5: 

ʟʚʝʨʭʫ ï ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʣʽʚʦʨʫʯ ï 

ʧʨʦʪʦʢʦʣ ʨʦʙʦʪʠ, ʧʨʘʚʦʨʫʯ ï ʛʨʘʬʽʢ ʤʦʜʝʣʴʦʚʘʥʦʾ 

ʬʫʥʢʮʽʾ.

 

ʈʠʩ. 5. ɺʠʚ̔ʜ ʦʙʨʦʙʣʝʥʠʭ ʥʘ web-ʩʝʨʚʝʨʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʨʦʪʦʢʦʣʫ ʨʦʙʦʪʠ ʫ ʙʨʘʫʟʝʨʽ ʥʘ ʢʣʽʻʥʪʽ

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ 

 

ʇʝʨʩʧʝʢʪʠʚʘʤʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʙʘʯʷʪʴʩʷ ʥʘʩʪʫʧʥʽ ʧʨʦʛʨʘʤʥʽ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʟʙʝʨʝʞʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʥʘ 

ʟʦʚʥʽʰʥʻ ʩʭʦʚʠʱʝ ʫ Dropbox, ʯʝʨʝʟ ʧʦʧʝʨʝʜʥʻ 

ʰʠʬʨʫʚʘʥʥʷ ʘʩʠʤʝʪʨʠʯʥʠʤʠ ʢʣʶʯʘʤʠ. ɼʣʷ ʙʽʣʴʰ 

ʨʝʪʝʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʨʦʙʦʪʠ ʷʜʨʘ Mathematica ʥʘ 

ʩʝʨʚʝʨʽ ʦʙʯʠʩʣʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʠʡ ʧʘʨʘʤʝʪʨ ʷʢ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ.  

 

ɺʠʩʥʦʚʢʠ 

 

ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʽ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʽ ʧʨʘʢʪʠʯʥʽ 

ʦʩʥʦʚʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ ʘʥʘʣʽʟʫ ʥʘ ʙʘʟʽ ʭʤʘʨʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ: ʢʣʽʻʥʪʘ-ʽʥʽʮʽʘʪʦʨʘ 

ʦʙʯʠʩʣʝʥʴ, ʮʝʥʪʨʘ ʦʙʯʠʩʣʝʥʴ ʥʘ ʙʘʟʽ ʷʜʨʘ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʘʢʝʪʫ Wolfram Mathematica, ʢʘʥʘʣʽʚ 

ʟʚôʷʟʢʫ ʽʟ ʢʣʽʻʥʪʘʤʠ, ʱʦ ʦʙʨʦʙʣʷʶʪʴ ʨʝʟʫʣʴʪʘʪʠ, ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʘʡʣʦʚʦʛʦ ʩʝʨʚʽʩʫ Dropbox, ʩʝʨʚʝʨʽʚ 

ʙʘʟʠ ʜʘʥʠʭ ʪʘ ʚʝʙ-ʩʝʨʚʝʨʫ; ʪʘ ʢʣʽʻʥʪʽʚ, ʱʦ ʘʥʘʣʽʟʫʶʪʴ 

ʪʘ ʦʙʨʦʙʣʶʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʧʘʢʝʪʫ 

Mathematica ʘʙʦ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʙʨʘʫʟʝʨʽ 

ʢʦʤʧôʶʪʝʨʘ ʘʙʦ ʩʤʘʨʪʬʦʥʘ. 

ʇʽʜʭʦʜʠ, ʦʧʠʩʘʥʽ ʫ ʩʪʘʪʪʽ, ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʣʠ, ʧʦ-ʧʝʨʰʝ, ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ 

ʟʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʥʷ ʯʝʨʝʟ ʾʭ ʧʦʪʨʽʡʥʝ 

ʜʫʙʣʶʚʘʥʥʷ: ʣʦʢʘʣʴʥʽ ʬʘʡʣʠ ʥʘ ʩʝʨʚʝʨ̔ ʦʙʯʠʩʣʝʥʴ, ʾʭ 

ʢʦʧʽʾ ʟʘʚʘʥʪʘʞʝʥʽ ʜʦ ʩʝʨʚʽʩʫ Dropbox ʪʘ ʟʘʧʠʩʠ ʥʘ 

ʩʪʦʨʦʥʥʽʡ ʩʝʨʚʝʨ ʙʘʟʠ ʜʘʥʠʭ. ʇʦ-ʜʨʫʛʝ, ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ 
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ʦʙʨʦʙʣʷʪʠ ʜʘʥʽ ʨʽʟʥʠʤʠ ʟʘʩʦʙʘʤʠ ʪʘ ʥʘ ʨʽʟʥʠʭ 

ʩʝʨʚʝʨʘʭ, ʱʦ ʤʘʶʪʴ ʜʦʩʪʫʧ ʜʦ ʜʠʨʝʢʪʦʨʽʾ ʫ ʩʝʨʚʽʩʽ 

Dropbox ʘʙʦ ʙʘʟʠ ʜʘʥʠʭ, ʪʘ ʟʨʦʙʠʪʠ ʧʘʨʘʣʝʣɹ ʥʠʤʠ ʚʩʽ 

ʧʨʦʮʝʩʠ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʢʽʥʮʝʚʠʭ ʢʣʽʻʥʪʘʭ, ʙʝʟ 

ʧʦʙʫʜʫʚʘʥʥʷ ʯʝʨʛʠ ʟʘ ʧʨʽʦʨʠʪʝʪʦʤ ʪʘ ʦʯʽʢʫʚʘʥʥʷ. ʇʦ-

ʪʨʝʪʻ, ʥʘʣʘʛʦʜʠʪʠ ʢʦʤʬʦʨʪʥʠʡ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ 

ʜʠʩʪʘʥʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʫ ʦʙʯʠʩʣʝʥʴ ʪʘ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʙʦʾ ʚ ʨʦʙʦʪʽ ʷʜʨʘ, ʪʘ ʥʘʛʣʷʜʘʪʠ ʟʘ 

ʧʨʦʛʨʝʩʦʤ ʪʘ ʦʙʨʦʙʢʦʶ ʨʝʟʫʣʴʪʘʪʽʚ ʯʝʨʝʟ ʙʫʜʴ-ʷʢʠʡ 

ʩʤʘʨʪʬʦʥ ʘʙʦ ʧʣʘʥʰʝʪ. ʏʝʨʝʟ ʽʪʝʨʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ 

ʧʨʦʛʨʘʤʠ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʧʝʨʝʨʠʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʫ 

ʩʝʨʝʜʠʥʽ, ʷʢʱʦ ʧʨʦʛʨʘʤʘ ʜʘʻ ʚʦʯʝʚʠʜʴ ʥʝʚʽʨʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʥʝ ʦʯʽʢʫʶʯʠ ʾʾ ʟʘʢʽʥʯʝʥʥʷ, ʱʦ ʤʦʞʝ 

ʝʢʦʥʦʤʠʪʠ ʚʽʜ ʛʦʜʠʥ ʪʦ ʪʠʞʥʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʩʢʣʘʜʥʦʩʪʽ ʟʘʜʘʯʽ. 

ɽʢʦʥʦʤʽʯʥʘ ʚʠʛʦʜʘ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʠʩʘʥʦʾ 

ʩʠʩʪʝʤʠ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʤʘʢʩʠʤʘʣʴʥʽʡ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʧʨʘʮʽ ʜʦʩʣʽʜʥʠʢʽʚ ʯʝʨʝʟ ʤʽʥʽʤʽʟʘʮʽʶ ʥʝʚʠʨʦʙʥʠʯʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʯʘʩʫ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʦʣʦʜʽʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʩʠʩʪʝʤʠ ʻ ʟʥʘʯʥʦ ʤʝʥʰʦʶ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʨʝʘʣʴʥʦʶ ʪʝʭʥʽʢʦʶ ʪʘ ʟʚʝʜʝʥʘ ʜʦ ʯʘʩʫ 

ʨʝʘʣʴʥʦʛʦ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʯʘʩ ʪʘ ʚʠʪʨʘʪʠ ʥʘ ʾʾ 

ʤʦʜʠʬʽʢʘʮʽʶ ʥʘʡʤʝʥʰʽ. ʅʘʡʙʽʣʴʰʫ ʝʢʦʥʦʤʽʶ ʢʦʰʪʚ̔ 

ʦʧʠʩʘʥʘ ʩʠʩʪʝʤʘ ʜʘʩʪʴ ʧʨʠ ʥʝʨʝʛʫʣʷʨʥʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʙʦ ʫ ʨʘʟʽ ʯʘʩʪʦʾ ʟʤʽʥʠ ʟʘʜʘʯ, ʱʦ 

ʩʧʨʠʯʠʥʷʶʪʴ ʽʩʪʦʪʥʫ ʟʤʽʥʫ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ.
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ʈɸʉʇʈɽɼɽʃɽʅʅɸʗ ʉʀʉʊɽʄɸ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʍ ɺʓʏʀʉʃɽʅʀʁ ʅɸ 

ɹɸɿɽ ʆɹʃɸʏʅʆʁ ʀʅʌʈɸʉʊʈʋʂʊʋʈʓ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʨʘʟʨʘʙʦʪʢʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ 

ʘʥʘʣʠʟʘ ʥʘ ʙʘʟʝ ʦʙʣʘʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʥʘ ʙʘʟʝ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʝ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʚʳʙʦʨʫ ʝʝ 

ʩʦʩʪʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɿʘʜʘʯʘ ʨʘʙʦʪʳ: ʚʳʷʚʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʨʦʚʝʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʘʥʘʣʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʧʦʩʪʘʚʠʪʴ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʠ ʦʙʦʩʥʦʚʘʪʴ ʚʳʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ. ɺ 

ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʜʝʢʦʤʧʦʟʠʮʠʠ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʵʣʝʤʝʥʪʳ ʠ ʢʘʞʜʦʛʦ 

ʵʣʝʤʝʥʪʘ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥɹr ʝ ʢʦʤʧʦʥʝʥʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʜʦʣʞʥʘ 

ʩʦʩʪʦʷʪʴ ʠʟ: ʝʜʠʥʳʭ ʠʥʠʮʠʘʪʦʨʘ ʚʳʯʠʩʣʝʥʠʡ ʠ ʮʝʥʪʨʘ ʚʳʯʠʩʣʝʥʠʡ, ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʩ ʢʣʠʝʥʪʘʤʠ, ʠ ʢʦʥʝʯʥʳʤʠ ʢʣʠʝʥʪʘʤʠ, 

ʢʦʪʦʨʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ. ɺʩʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʚ ʨʝʘʣʴʥʦʤ ʠʣʠ ʙʣʠʟʢʦʤ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ, ʯʪʦ ʜʦʣʞʥʦ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʯʝʨʝʟ ʦʙʨʘʙʦʪʢʫ ʩʦʙʳʪʠʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʚʥʝʰʥʠʭ ʩʝʨʚʠʩʦʚ. ʂʘʥʘʣʳ ʩʚʷʟʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʣʠʝʥʪʘʤ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ. ʂʦʥʝʯʥʳʝ ʢʣʠʝʥʪʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʜʚʫʭ ʪʠʧʦʚ: ʧʦʣʥʦʮʝʥʥʳʝ ʜʣʷ ʛʠʙʢʦʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʠ ʫʧʨʦʱʝʥʥʳʝ ʜʣʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ ʦʙʦʙʱʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʤʦʙʠʣʴʥʦʤ ʠʣʠ ʜʝʩʢʪʦʧʥʦʤ ʙʨʘʫʟʝʨʝ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʨʘʟʨʘʙʦʪʘʥ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʪʘʢʦʡ ʩʠʩʪʝʤʳ, ʧʦʢʘʟʘʥʳ ʧʨʠʥʮʠʧʳ ʝʛʦ ʨʘʙʦʪʳ ʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ. 

ɺʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʠ ʘʥʘʣʠʟʘ ʥʘ ʙʘʟʝ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʦʢʘʟʘʥʦ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʯʝʨʝʟ ʠʭ ʪʨʦʡʥʦʝ ʜʫʙʣʠʨʦʚʘʥʠʝ ʙʣʘʛʦʜʘʨʷ: ʣʦʢʘʣʴʥʦʤʫ ʭʨʘʥʠʣʠʱʫ, ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʥʝʰʥʠʭ ʙʘʟʳ ʜʘʥʥʳʭ ʠ 

ʬʘʡʣʦʚʦʛʦ ʩʝʨʚʠʩʘ. ʇʨʝʜʦʩʪʘʚʣʝʥʳ ʜʦʚʦʜʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʜʦʙʥʦʩʪʠ ʠ ʛʠʙʢʦʩʪʠ ʚ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣɹʪʘʪʦʚ ʙʣʘʛʦʜʘʨʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʦʨʦʥʥʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʟʘʛʨʫʟʢʫ ʜʘʥʥʳʭ ʠʟ ʪʘʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʇʦʢʘʟʘʥʘ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʚʳʛʦʜʘ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʠʩʘʥʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʢʘʟʘʥʳ ʙʫʜʫʱʠʝ ʧʫʪʠ ʝʝ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ; ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ; ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ; ʵʢʦʥʦʤʠʷ 

ʨʝʩʫʨʩʦʚ ʠ ʜʝʥʝʛ; ʠʪʝʨʘʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ; Mathematica. 

THE DISTRIBUTED SYSTEM OF AUTOMATED COMPUTIN G BASED ON CLOUD 

INFRASTRUCTURE  

The article is devoted to theoretical research and development of a distributed system of automated calculations and analysis based on 

cloud infrastructure. The subject of the research is theoretical and practical principles of building automated calculation and analysis 

systems based on client-server architecture in a distributed infrastructure based on cloud technologies. The purpose of the article is to 

develop and substantiate practical recommendations for the formation of automated computing system infrastructure, the choice of its 

elements and their components. Tasks of the study is to identify the necessary structural elements of the system of automated 

calculations and provide for each of them an analysis of components and functional load, set specific tasks for the construction of 

each of them and substantiate the choice of tools for their solution. The methods of system analysis to decompose a complex system 

into elements and each element into functional components were used during the study. The study found that the system infrastructure 

should consist of: a single computing initiator and computing center, customer communication channels, and end customers who 

process the results. The entire system must run in real time or near real time mode that must be achieved through the handling of 

operating system events and external services events. Communication channels should be as versatile as possible and provide 

customers with ample opportunities to access data. The end customers should be of two types: powerful for flexible and individual 

data processing, and simplified for the integrated environment of generalized data processing in mobile or desktop browsers. 

According to the received recommendations one of variants of such system is developed, principles of its work and results are shown. 

Conclusions. The theoretical and practical foundations for the implementation of a system of distributed automated computing and 

analysis based on cloud technologies have been developed. An increase in the reliability of storing the simulation results in such a 

system through their triple duplication is shown due to: local storage, using of external databases and external file service. Arguments 

are given to increase the convenience and flexibility in processing the results due to the possibility of using third-party analytical 

applications that support getting data from such sources. The economic benefits of using the described system are shown. The future 

ways of its improvement are given. 

Keywords: cloud technologies; distributed infrastructure; automated cloud calculations; saving resources and funds; iterative 

algorithms; Mathematica. 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʦʧʠʩʠ / Bibliographic descriptions 

ɿʦʣʦʪʘʨʴʦʚ ɼ. ʆ. ʈʦʟʧʦʜʽʣʝʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʦʙʯʠʩʣʝʥʴ ʥʘ ʙʘʟʽ ʭʤʘʨʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 2020. ˉ 4 (14). ʉ. 47ï55. 

DOI: https://doi.org/10.30837/ITSSI.2020.14.047 

Zolotariov, D. (2020), "The distributed system of automated computing based on cloud infrastructure", Innovative Technologies 

and Scientific Solutions for Industries, No. 4 (14), P. 47ï55. DOI: https://doi.org/10.30837/ITSSI.2020.14.047 



 ISSN 2522-9818 (print) 

ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2020. No. 4 (14) 

  

56 

ʋɼʂ 005.8:004.942 DOI: https://doi.org/10.30837/ITSSI.2020.14.056 

ʉ. ɻ. ʂɯʁʂʆ 

ɸɼɸʇʊʀɺʅɽ ʋʇʈɸɺʃɯʅʅʗ ʇʆʈʊʌɽʃʗʄʀ ʇʈʆɭʂʊɯɺ ɽʅɽʈɻʆɿɹɽʈɽɾɽʅʅʗ 

ʅɸ ʄɽʊɸʃʋʈɻɯʁʅʆʄʋ ʇɯɼʇʈʀɭʄʉʊɺɯ 

ʅʘ ʩʴʦʛʦʜʥʽ ʘʢʪʫʘʣʴʥʦʶ ʻ ʧʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʬʝʣʷʤʠ ʧʨʦʻʢʪʽʚ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ, ʦʙʤʝʞʝʥʦʩʪʽ ʨʝʩʫʨʩʽʚ ʽ ʨʠʟʠʢʽʚ. 

ɺʠʨʽʰʝʥʥ ̫ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʫʩʢʣʘʜʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʙʝʟʣʽʯ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʧʦʪʦʢʽʚ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʚʠʤʦʛ, 

ʮʽʣʝʡ ʽ ʩʪʨʘʪʝʛʽʡ ʧʦʚʝʜʽʥʢʠ ʦʢʨʝʤʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʪʘʢʦʞ ʜʠʥʘʤʽʢʫ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʪʦʱʦ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʪʪ ̔ʻ ʘʜʘʧʪʠʚʥʽ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʬʝʣʷʤʠ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʬʝʣʝʤ ʧʨʦʻʢʪʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʱʦʜʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ɺʠʨʽʰʫʶʪʴʩʷ  

ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ:  ʘʥʘʣʽʟ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʪʘ ʘʜʘʧʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ; ʦʧʠʩ ʦʩʥʦʚʥʠʭ 

ʧʦʣʦʞʝʥʴ ʤʝʪʦʜʦʣʦʛʽʾ ʧʨʝʜʠʢʪʠʚʥʦʾ ʘʜʘʧʪʘʮʽʾ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʧʦʨʪʬʝʣʝʤ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʧʨʦʻʢʪʽʚ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ; ʜʝʪʘʣʴʥʠʡ ʨʦʟʛʣʷʜ ʝʪʘʧʽʚ ʤʝʪʦʜʫ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ; ʨʦʟʛʣʷʜ ʨʝʟʫʣʴʪʘʪʽʚ ʦʮʽʥʶʚʘʥʥʷ ʚʘʞʣʠʚʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʧʨʠ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʧʨʽʦʨʠʪʝʪʽʚ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ; ʦʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʇʨɸʊ 

"ɼʥʽʧʨʦʩʧʝʮʩʪʘʣʴ". ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʤʝʪʦʜʠ ʧʦʨʪʬʝʣʴʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʝʢʩʧʝʨʪʥʦ-ʘʥʘʣʽʪʠʯʥʽ 

ʤʝʪʦʜʠ. ʆʪʨʠʤʘʥʦ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ: ʇʨʦʚʝʜʝʥʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ. ʆʧʠʩʘʥʽ ʝʪʘʧʠ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʱʦʜʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʈʦʟʛʣʷʥʫʪʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʨʦʛʨʘʤʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʇʨɸʊ 

"ɼʥʽʧʨʦʩʧʝʮʩʪʘʣʴ". ɺʠʩʥʦʚʢʠ: ʇʦʙʫʜʦʚʘ ʩʠʩʪʝʤʠ ʤʝʥʝʜʞʤʝʥʪʫ ʧʨʦʻʢʪʽʚ ʪʘ ʧʨʦʛʨʘʤ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧ̔ʜʧʨʠʻʤʩʪʚʘʭ ʧʦʪʨʝʙʫʻ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʧʨʝʜʠʢʪʠʚʥʦʾ ʘʥʘʣʽʪʠʢʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʷʢʦʩʪʽ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʙʘʣʘʥʩʫ ʟ ʧʦʜʘʣʴʰʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʘʜʘʧʪʠʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʣʘʥʫʚʘʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʟʤʽʥʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽʰʝ ʬʦʨʤʫʚʘʪʠ ʪʘ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʧʦʨʪʬʝʣʴ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʪʘ 

ʩʧʨʠʷʪʠ ʧʽʜʚʠʱʝʥʥʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʨʪʬʝʣʴ ʧʨʦʻʢʪʽʚ; ʧʨʝʜʠʢʪʠʚʥʘ ʘʜʘʧʪʘʮʽʷ; ʫʧʨʘʚʣʽʥʥ̫ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷʤ; ʤʝʪʘʣʫʨʛʽʡʥʝ 

ʧʽʜʧʨʠʻʤʩʪʚʦ, ʧʣʘʥʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

 

ʄʝʪʘʣʫʨʛʽʡʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʚʝʣʠʢʠʤʠ 

ʩʧʦʞʠʚʘʯʘʤʠ ʝʣʝʢʪʨʠʯʥʦʾ ʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ [1], ʪʦʤʫ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʝʤʦʞʣʠʚʦ ʙʝʟ 

ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʥʦ ʾʧʨʦʛʨʘʤʠ ʽ ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ 

ʟʘ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʟ 

ʦʙʦʚ'ʷʟʢʦʚʦʶ ʢʦʦʨʜʠʥʘʮʽʻʶ ʾʭ ʟ ʧʨʦʛʨʘʤʦʶ ʨʦʟʚʠʪʢʫ 

ʦʩʥʦʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɻʦʩʪʨʦʪʘ ʚʠʨʽʰʝʥʥʷ ʮʠʭ 

ʧʠʪʘʥʴ ʜʣʷ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ ʚʠʢʣʠʢʘʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ.  

ɿʘʛʘʣʴʥʘ ʤʝʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʨʪʬʝʣʝʤ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʧʨʦʢ̒ʪʽʚ, ʷʢʽ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ: ʦʧʪʠʤʽʟʘʮʽʷ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ; ʤʽʥʽʤʽʟʘʮʽʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ; ʦʧʪʠʤʽʟʘʮʽʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʽʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʪʘ 

ʧʨʦʛʨʘʤʘʤʠ ʩʪʘʻ ʦʩʥʦʚʦʶ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʨʦʟʚʠʪʢʫ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʆʜʥʘʢ, 

ʦʩʦʙʣʠʚʦʩʪʽ, ʧʦʚôʷʟʘʥʽ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʨʘʭʦʚʫʚʘʪʠ 

ʙʝʟʣʽʯ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʧʦʪʦʢʽʚ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, 

ʚʠʤʦʛ, ʮʽʣʝʡ ʽ ʩʪʨʘʪʝʛʽʡ ʧʦʚʝʜʽʥʢʠ ʦʢʨʝʤʠʭ ʧʽʜʨʦʟʜʽʣʽʚ 

ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʪʘʢʦʞ ʜʠʥʘʤʽʢʫ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʧʨʠʟʚʦʜʷʪɹ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʤʽʥʠ ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʨʪʬʝʣʷʤʠ ʧʨʦʻʢʪʽʚ ʽ ʧʝʨʝʭʦʜʫ ʜʦ ʘʜʘʧʪʠʚʥʠʤ 

ʬʦʨʤʘʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

 

ʊʨʘʜʠʮʽʡʥʽ ʧʨʦʮʝʩʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ 

ʚʢʣʶʯʘʶʪʴ ʝʪʘʧʠ ʧʣʘʥʫʚʘʥʥʷ, ʚʠʢʦʥʘʥʥʷ, 

ʤʦʥʽʪʦʨʠʥʛʫ, ʢʦʥʪʨʦʣʶ ʽ ʦʮʽʥʢʠ ʧʨʦʻʢʪʫ. ʗʢʱʦ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʦʮʽʥʢʠ ʙʫʜʝ ʚʠʷʚʣʝʥʦ, ʱʦ ʱʦʩʴ ʧʽʰʣʦ ʥʝ 

ʪʘʢ, ʮʝ ʥʘʚʯʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʤʘʡʙʫʪʥʽʭ 

ʧʨʦʻʢʪʘʭ. ɿʛʽʜʥʦ PMBOK [2] ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʬʝʣʝʤ 

ʧʨʦʻʢʪʽʚ ʤʘʻ ʥʘ ʫʚʘʟʽ ʷʢ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʚʩʽʭ 

ʧʨʦʻʢʪʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʦʢʨʝʤʦ, ʪʘʢ ʽ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʩʽʻʾ ʩʫʢʫʧʥʦʩʪʽ ʧʨʦʻʢʪʽʚ, ʱʦ 

ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʦʨʛʘʥʽʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ 

ʨʠʟʠʢʠ ʩʧʽʣʴʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʽʚ ʽ ʬʦʨʤʫʚʘʪʠ 

ʟʙʘʣʘʥʩʦʚʘʥʽ ʧʦʨʪʬʝʣʽ ʚ ʷʢʦʩʪʽ ʝʬʝʢʪʠʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ ʦʨʛʘʥʽʟʘʮʽʾ. 

ʇʨʠ ʮʴʦʤʫ, ʦʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʨʪʬʝʣʝʤ ʧʨʦʻʢʪʽʚ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʻ: 

ʬʦʨʤʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ; ʨʦʟʧʦʜʽʣ 

ʨʝʩʫʨʩʽʚ ʤʽʞ ʧʨʦʻʢʪʘʤʠ ʧʦʨʪʬʝʣʷ; ʬʦʨʤʫʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʢʘʣʝʥʜʘʨʥʦʛʦ ʛʨʘʬʽʢʘ ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʻʢʪʽʚ ʧʦʨʪʬʝʣʷ; ʦʙʣʽʢ ʚʧʣʠʚʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ 

ʫʧʨʘʚʣʽʥʥʽ ʧʦʨʪʬʝʣʝʤ ʧʨʦʻʢʪʽʚ. 

ʊʦʤʫ, ʦʩʢʽʣʴʢʠ ʤʝʪʦʶ ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʬʝʣʝʤ ʻ 

ʚʠʙʽʨ ʥʘʡʢʨʘʱʦʛʦ ʥʘʙʦʨʫ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ 

ʧʽʜʪʨʠʤʫʶʪʴ ʧʽʜʧʨʠʻʤʩʪʚʦ ʚ ʜʦʩʷʛʥʝʥʥʽ ʩʪʨʘʪʝʛʽʯʥʠʭ 

ʮʽʣʝʡ, ʩʪʨʘʪʝʛʽʷ ʧʦʚʠʥʥʘ ʩʪʠʤʫʣʶʚʘʪʠ ʧʽʜʛʦʪʦʚʢʫ 

"ʥʘʩʪʫʧʥʦʛʦ ʮʠʢʣʫ ʧʦʨʪʬʝʣʷ". ʄʦʞʝ ʪʨʘʧʠʪʠʩʷ ʪʘʢ, 

ʱʦ ʩʪʨʘʪʝʛʽʷ ʥʝ ʷʩʥʘ, ʥʝ ʛʦʪʦʚʘ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʥʝʩʪʘʙʽʣʴʥʘ ʽ ʪʦʜʽ ʧʦʪʨʽʙʥʦ ʧʝʨʝʭʦʜʠʪʠ ʜʦ 

ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʬʝʣʝʤ ʧʨʦʻʢʪʽʚ [3]. 

ɼʽʡʩʥʦ, ʫ ʪʠʧʦʚʦʤʫ ʧʨʦʻʢʪʽ ʧʽʩʣʷ ʝʪʘʧʫ 
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ʽʥʽʮʽʶʚʘʥʥʷ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʫʯʘʩʥʠʢʠ ʟʥʘʶʪʴ, ʱʦ ʽ ʢ̫ 

ʧʦʪʨʽʙʥʦ ʨʦʙʠʪʠ, ʱʦʙ ʟʘʟʥʘʯʝʥʘ ʤʝʪʘ ʙʫʣʘ ʜʦʩʷʛʥʫʪʘ, 

ʪʦʤʫ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʠʤ ʧʨʦʻʢʪʦʤ ʟʜʘʻʪʴʩʷ ʧʨʦʩʪʽʰʠʤ. 

ʋ ʧʨʦʻʢʪʽ, ʷʢʠʡ ʥʝ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʫʩʧʽʭʫ ʧʨʦʪʷʛʦʤ 

ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʩʚʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʚʠʥʠʢʘʻ 

ʧʦʪʨʝʙʘ ʚʧʨʦʚʘʜʠʪʠ ʽʥʰʝ ʨʽʰʝʥʥʷ. ʊʘʢʽ ʧʦʪʨʝʙʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʦʚʦʣʝʥʽ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ [4]. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ [5] ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʽʩʥʫʶʯʽ 

ʧʨʘʢʪʠʢʠ ʧʦʨʪʬʝʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚ ʙʫʜʽʚʝʣʴʥʽʡ 

ʩʬʝʨʽ ʽ ʨʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʢʦʥʮʝʧʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʬʝʣʝʤ. 

ɸʚʪʦʨʠ ʥʘʛʦʣʦh ʫʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʘʜʘʧʪʠʚʥʦʛʦ 

ʟʤʽʥʠ ʧʦʨʪʬʝʣʷ ʽ ʧʣʘʥʫʚʘʥʥʷ ʧʨʠ ʟʤʽʥʽ ʧʨʦʬʽʣʶ 

ʨʠʟʠʢʫ ʧʨʦʻʢʪʽʚ ʧʽʩʣʷ ʾʭ ʟʘʧʫʩʢʫ.  

ɸʚʪʦʨʠ ʚ ʨʦʙʦʪʽ [6] ʘʢʮʝʥʪʫʶʪʴ ʫʚʘʛʫ ʥʘ ʪʦʤʫ, 

ʱʦ ʧʨʠ ʦʮʽʥʮʽ ʨʠʟʠʢʽʚ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʧʨʦʻʢʪʽʚ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʧʨʷʤʢʠ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ 

ʟʘʭʦʜʽʚ. ɺʦʥʠ ʚʚʘʞʘʶʪʴ, ʱʦ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʦʮʽʥʢʠ 

ʨʠʟʠʢʽʚ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʧʨʦʻʢʪʽʚ ʥʝʦʙʭʽʜʥʦ: 

ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʜʽʷʣʴʥʦʩʪʽ ʧʦ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʤ ʧʨʦʻʢʪʘʤ; ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʩʥʦʚʥʽ 

ʝʪʘʧʠ ʘʣʛʦʨʠʪʤʫ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʢʽʥʮʝʚʫ ʝʬʝʢʪʠʚʥʽʩʪɹ  ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʧʨʦʻʢʪʽʚ; 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʟʘʻʤʦʜʽʶ ʩʧʦʞʠʚʘʯʽʚ, ʝʥʝʨʛʦʢʦʤʧʘʥʽʡ ʽ 

ʜʝʨʞʘʚʠ ʚ ʧʨʦʮʝʩʽ ʚʠʷʚʣʝʥʥʷ ʪʘ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ; 

ʚʠʟʥʘʯʠʪʠ ʥʘ ʟʘʢʦʥʦʜʘʚʯʦʤʫ ʨʽʚʥʽ ʤʝʪʦʜʦʣʦʛʽʶ ʦʮʽʥʢʠ 

ʨʠʟʠʢʽʚ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʧʨʦʻʢʪʽʚ. ʇʨʦʙʣʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʥʘ ʤʝʪʘʣʫʨʛ̔ ʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʘʢʦʞ ʚ ʨʦʙʦʪʽ [7]. ɸʚʪʦʨʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʮʽʷ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʨʠʟʠʢʘʤʠ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʘʥʘʣʽʟʽ ʛʨʦʰʦʚʠʭ ʧʦʪʦʢʽʚ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʘ ʨʠʟʠʢʦʚʘ 

ʧʦʜʽʷ ʟʥʘʭʦʜʠʪʴ ʩʚʦʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʬʽʥʘʥʩʦʚʠʭ 

ʨʝʟʫʣʴʪʘʪʘʭ ʧʽʜʧʨʠʻʤʩʪʚʘ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ PMBok [2] ʘʜʘʧʪʠʚʥʽ 

ʞʠʪʪʻʚʽ ʮʠʢʣʠ ʧʨʦʻʢʪʽʚ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʝʘʛʫʚʘʥʥʷ ʥʘ 

ʚʠʩʦʢʽ ʨʽʚʥʽ ʟʤʽʥ ʽ ʚʠʤʘʛʘʶʪʴ ʧʦʩʪʽʡʥʦʛʦ ʚʠʩʦʢʦʛʦ 

ʩʪʫʧʝʥʷ ʟʘʣʫʯʝʥʦʩʪʽ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ. 

ʇʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ ʘʜʘʧʪʠʚʥʽ ʤʝʪʦʜʠ ʻ ʪʘʢʦʞ 

ʽʪʝʨʘʪʠʚʥʠʤʠ ʽ ʽʥʢʨʝʤʝʥʪʥʠʤʠ, ʘʣʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʠʤ, 

ʱʦ ʽʪʝʨʘʮʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʫʞʝ ʰʚʠʜʢʦ ʽ ʬʽʢʩʦʚʘʥʽ ʟʘ 

ʪʝʨʤʽʥʘʤʠ ʽ ʚʘʨʪʽʩʪʶ. 

ɸʜʘʧʪʠʚʥʠʡ ʤʝʥʝʜʞʤʝʥʪ ʤʘʻ ʬʦʨʤʫ ʽ ʤʝʪʦʜʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʜʘʶʪʴ ʩʠʩʪʝʤʽ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ 

ʧʘʨʘʤʝʪʨʠ, ʩʪʨʫʢʪʫʨʫ ʢʝʨʫʶʯʦʾ ʧʽʜʩʠʩʪʝʤʠ ʽ 

ʨʝʛʫʣʷʪʦʨʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚʥʫʪʨʽʰʥʽʭ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʘ ʘʙʦ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ, ʘ ʪʘʢʦʞ ʚʽʜ 

ʟʤʽʥ ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ [8]. ɺ ʘʜʘʧʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ 

ʜʦʜʘʻʪʴʩʷ ʱʝ ʦʜʠʥ ʢʦʥʪʫʨ, ʢʨʽʤ ʚʩʽʭ ʽʥʰʠʭ, ʷʢʠʡ 

ʥʘʤʘʛʘʻʪʴʩʷ ʟʨʦʟʫʤʽʪʠ, ʱʦ ʮʝ ʟʘ ʦʙ'ʻʢʪ, ʷʢʠʤ 

ʫʧʨʘʚʣʷʻʤʦ, ʧʦʙʫʜʫʚʘʪʠ ʙʽʣʴʰ ʪʦʯʥʫ ʤʦʜʝʣʴ ʽ ʙʽʣʴʰ 

ʘʜʝʢʚʘʪʥʦ ʧʨʠʢʣʘʜʘʪʠ ʜʦ ʥʴʦʛʦ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ. 

ɺʽʜʧʦʚʽʜʥʦ ʘʜʘʧʪʠʚʥʝ ʧʣʘʥʫʚʘʥʥʷ ï ʩʠʩʪʝʤʘ 

ʧʣʘʥʫʚʘʥʥʷ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʢʦʨʝʛʫʚʘʥʥʷ ʧʣʘʥʽʚ ʧʨʠ 

ʟʤʽʥʽ ʷʢʠʭ-ʥʝʙʫʜʴ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʦʤʫ 

ʟʜʽʡʩʥʶʻʪʴʩ̫ ʜʽʷʣʴʥʽʩʪʴ, ʱʦ ʧʣʘʥʫʻʪʴʩʷ [9]. 

ʇʨʦʮʝʩʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʘʢʪʠʚʥʠʤʠ ʽ ʧʘʩʠʚʥʠʤʠ [10] (ʨʠʩ. 1). ʆʩʥʦʚʥʘ ʤʝʪʘ 

ʧʘʩʠʚʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ï ʚʢʣʶʯʠʪʠ ʧʨʦʮʝʩ 

ʥʘʚʯʘʥʥʷ ʚ ʽʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʜʦ ʫʧʨʘʚʣʽʥʥʷ. 

ɯʥʬʦʨʤʘʮʽʷ, ʦʪʨʠʤʘʥʘ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮ̔ʾ  ʧʨʦʻʢʪʫ, 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʥʘʩʪʫʧʥʠʭ ʽʪʝʨʘʮʽʷʭ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʨʠʟʠʢ ʽ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, ʧʦʚ'ʷʟʘʥʽ ʟ ʢʦʞʥʦʾ 

ʽʪʝʨʘʮʽʻʶ, ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʯʥʦ ʟʤʝʥʰʝʥʽ. ʇʘʩʠʚʥʝ 

ʘʜʘʧʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʯʘʩʪʠʥʘ 

ʛʥʫʯʢʦʛʦ ʧʽʜʭʦʜʫ (agile). 

ʄʝʪʘ ʘʢʪʠʚʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ï 

ʥʘʚʯʠʪʠʩʷ ʰʣʷʭʦʤ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʟʥʘʯʘʪʠ ʢʨʘʱʫ 

ʩʪʨʘʪʝʛʽʶ ʫʧʨʘʚʣʽʥʥʷ.  

ʇʨʦʮʝʩ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʛʝʥʝʨʘʮʽʾ ʛʽʧʦʪʝʟʠ, ʷʢʘ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʠʙʽʨ ʢʽʣʴʢʦʭ ʘʣʴʪʝʨʥʘʪʠʚ ʩʪʨʘʪʝʛʽʾ. 

ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ï ʩʪʚʦʨʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʤʦʜʝʣʝʡ. ʅʘ 

ʧʨʘʢʪʠʮʽ ʮʽ ʤʦʜʝʣʽ ʟʘʟʚʠʯʘʡ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ 

ʛʨʘʬʽʢʠ ʧʨʦʻʢʪʫ ʟ ʥʘʙʦʨʦʤ ʨʠʟʠʢʽʚ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʽʪʝʨʘʮʽʾ. ɺʩʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʤʦʜʝʣʽ ʩʣʽʜ 

ʦʮʽʥʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʮʴʦʛʦ ʘʥʘʣʽʟʫ ʻ ʪʨʠʚʘʣʽʩʪʴ, ʚʘʨʪʽʩʪʴ, 

ʡʤʦʚʽʨʥʽʩʪʴ ʜʦʪʨʠʤʘʥʥʷ ʪʝʨʤʽʥʽʚ ʽ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ 

ʽʪʝʨʘʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʚʠʙʨʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʠ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ. 

ɼʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʻʢʪʘʤʠ ʥʘʚʝʜʝʥʦ ʫ [11]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʪʝʨʘʮʽʡ, 

ʘʜʘʧʪʠʚʥʘ ʤʦʜʝʣʴ ʫ ʘʚʪʦʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʷʜʫ ʬʘʟ, ʷʢʽ 

ʧʦʚʪʦʨʶʶʪʴʩʷ ʚ ʮʠʢʣʽ, ʽʟ ʮʠʢʣʦʤ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ 

ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʢʦʞʥʦʛʦ ʮʠʢʣʫ. ʂʦʞʝʥ ʮʠʢʣ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʥʝʧʦʚʥʦʤʫ ʪʘ ʦʙʤʝʞʝʥʦʤʫ ʨʦʟʫʤʽʥʥʽ 

ʨʽʰʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʝʥ ʮʠʢʣ "ʚʯʠʪʴʩʷ" ʥʘ 

ʧʦʧʝʨʝʜʥʽʭ ʮʠʢʣʘʭ ʽ ʧʣʘʥʫʻ ʥʘʩʪʫʧʥʠʡ ʮʠʢʣ, 

ʥʘʤʘʛʘʶʯʠʩʴ ʩʭʦʜʠʪʠʩʷ ʜʦ ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʰʝʥʥ̫. 

ɸʚʪʦʨʦʤ ʪʘʢʦʞ ʚʚʝʜʝʥʦ ʧʦʥʷʪʪʷ Adaptive Project 

Framework, ʱʦ ʚʢʣʶʯʘʻ ʜʚʽ ʯʘʩʪʠʥʠ: ʥʘʩʪʨʦʶʚʘʥʥʷ 

ʧʨʦʻʢʪʫ ʪʘ ʚʠʢʦʥʘʥʥʷ ʧʨʦʻʢʪʫ.  

ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʻʢʪʽʚ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ 

ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʠʪʠ 

ʧʝʨʝʭʽʜ ʩʘʤʝ ʜʦ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ. 

ʑʝ ʦʜʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʟʘ 

ʨʝʘʣʽʟʘʮʽʻʶ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʮʝ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ 

ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ ʨʝʘʣ̔ʟʘʮʽʾ ʧʨʦʻʢʪʽʚ.  

ʅʘʷʚʥʽʩʪʴ ʚ ʦʙôʻʢʪʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʧʦʪʨʝʙʫʶʪʴ ʧʨʦʛʥʦʟʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʢʣʘʜʘʻ ʩʚʦʾ 

ʦʩʦʙʣʠʚʦʩʪʽ ʥʘ ʤʝʪʦʜʦʣʦʛʽʶ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʧʨʦʻʢʪʘʤʠ. ʋ ʨʦʙʦʪʽ [12] ʤʦʜʫʣʽ, ʱʦ ʚʠʢʦʥʫʶʪʴ 

ʟʘʚʜʘʥʥʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ 

ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʚʢʣʶʯʝʥʦ ʫ ʩʢʣʘʜ 

ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ. ɺ ʨʦʙʦʪʽ [13] ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʚ ʙʫʜʽʚʝʣʴʥʠʭ ʧʨʦʻʢʪʘʭ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʥʦʟʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ.  

ʂʨʽʤ ʪʦʛʦ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʝʣʠʢ̔ 

ʙʘʛʘʪʦʥʘʮʽʦʥʘʣʴʥʽ ʢʦʥʩʘʣʪʠʥʛʦʚʽ ʬʽʨʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʧʽʜʭʽʜ, ʱʦ ʤʘʻ ʥʘʟʚʫ ʧʨʦʛʥʦʟʥʘ ʘʥʘʣʽʪʠʢʘ ʧʨʦʻʢʪʽʚ 

(PPA), ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʮʽ ʚʝʣʠʢʠʭ 

ʜʘʥʠʭ ʚʠʢʦʥʘʪʠ ʦʮʽʥʢʫ ʨʠʟʠʢʽʚ ʧʨʦʻʢʪʫ, ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʽ ʚʠʟʥʘʯʠʪʠ 

ʥʝʛʘʡʥ̔  ʚʠʧʨʘʚʣʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʧʦʣʽʧʰʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʝʪʘʧʽ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʧʨʦ̒ʢʪʫ.  
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ʊʦʙʪʦ ʧʽʜ ʧʨʦʛʥʦʟʥʦʾ ʘʥʘʣʽʪʠʢʦʶ ʧʨʦʻʢʪʫ 

ʨʦʟʫʤʽʶʪʴʩʷ ʢʽʣʴʢʽʩʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʽ ʤʝʪʦʜʠ, ʷʢʽ 

ʦʨʛʘʥʽʟʘʮʽʾ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʧʨʦʻʢʪʫ ʽ ʦʪʨʠʤʘʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʽʜʜʘʯʽ ʚʽʜ ʚʝʣʠʢʠʭ ʽ ʩʢʣʘʜʥʠʭ ʧʨʦʻʢʪʽʚ, 

ʷʢʠʤʠ ʻ ʧʨʦʻʢʪʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ 

ʧʽʜʧʨʠʻʤʩʪʚʽ. 

ʄʝʪʘ ʩʪʘʪʪʽ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʧʫʙʣʽʢʘʮʽʡ, ʧʨʠʩʚʷʯʝʥʠʭ ʪʝʦʨʽʾ ʦʨʛʘʥʽʟʘʮʽʾ ʽ 

ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʚʽʜʩʫʪʥʷ ʤʝʪʦʜʦʣʦʛʽʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʜʣʷ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʚʠʙʦʨʫ ʨʝʘʣʽʟʘʮʽʾ ʥʘ 

ʥʠʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʧʨʦʻʢʪʽʚ.  
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ʈʠʩ. 1. ʇʦʨʽʚʥʷʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʬʝʣʝʤ ʧʨʦʻʢʪʽʚ

ɺ ʫʤʦʚʘʭ ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʋʢʨʘʾʥʠ, 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʽʩʥʫʻ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʥʝʦʙʭʜ̔ʥʽʩʪʶ 

ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ 

ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʽ ʥʝʜʦʩʢʦʥʘʣʽʩʪʶ 

ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʫ 

ʚʠʛʣʷʜʽ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʬʝʣʷʤʠ 

ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʚ ʷʢʠʭ ʧʦʚʥʦʶ ʤʽʨʦʶ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʙʝʟʣʽʯ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʧʦʪʦʢʽʚ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʚʠʤʦʛ, ʮʽʣʝʡ ʽ ʩʪʨʘʪʝʛʽʡ ʧʦʚʝʜʽʥʢʠ 

ʦʢʨʝʤʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ 

ʪʘʢʦʞ ʜʠʥʘʤʽʢʘ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. 

ʊʦʤʫ ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʱʦʜʦ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ 

ʜʦʟʚʦʣʷʣʠ ʙ ʟʜʽʡʩʥʶʚʘʪʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʡʥʠʡ ʚʠʙʽʨ 

ʧʨʦʻʢʪʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʟʘʚʜʘʥʴ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʧʣʘʥʫʚʘʥʥʷ ʨʝʘʣ̔ʟʘʮʽʾ ʧʨʦʻʢʪʽʚ ʚ 

ʨʽʟʥʦʤʫ ʯʘʩʦʚʦʤʫ ʘʩʧʝʢʪʽ, ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʪʘ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʫʟʛʦʜʞʝʥʴ, ʱʦ ʽʩʥʫʶʪʴ ʤʽʞ 

ʧʨʦʻʢʪʘʤʠ, ʘ ʪʘʢʦʞ ʤʝʭʘʥʽʟʤʠ ʬʽʥʘʥʩʫʚʘʥʥʷ. 

ʅʘʫʢʦʚʘ ʛʽʧʦʪʝʟʘ ʜʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʧʦʙʫʜʦʚʘ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 

ʤʝʥʝʜʞʤʝʥʪʫ ʧʨʦʻʢʪʽʚ ʪʘ ʧʨʦʛʨʘʤ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 
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ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʷʢʘ ʙʫʜʝ ʙʘʟʫʚʘʪʠʩʷ 

ʥʘ ʧʨʝʜʠʢʪʠʚʥʽʡ ʘʥʘʣʽʪʠʮʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʷʢʦʩʪʽ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʡ ʚʢʣʶʯʘʪʠ 

ʚʟʘʻʤʦʟʘʣʝʞʥʽ ʘʜʘʧʪʠʚʥʽ ʩʠʩʪʝʤʠ ʧʣʘʥʫʚʘʥʥʷ, 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʟʤʽʥʘʤʠ ʜʦʟʚʦʣʠʪʴ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʽʰʝ ʬʦʨʤʫʚʘʪʠ ʪʘ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʧʦʨʪʬʝʣʴ 

ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʪʘ ʩʧʨʠʷʪʠ ʧʽʜʚʠʱʝʥʥʶ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ.  

 

ʇʨʝʜʠʢʪʠʚʥʘ ʘʜʘʧʪʘʮʽʷ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʧʦʨʪʬʝʣʝʤ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʧʨʦʻʢʪʽʚ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ 

 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜʦʣʦʛʽʷ ʧʨʝʜʠʢʪʠʚʥʦʾ 

ʘʜʘʧʪʘʮʽʾ [14] ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʬʝʣʷʤʠ ʧʨʦʻʢʪʽʚ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʘʜʘʧʪʠʚʥʠʭ 

ʩʠʩʪʝʤʘʭ ʧʣʘʥʫʚʘʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʟʤʽʥʘʤʠ ʪʘ ʜʦʟʚʦʣʷʻ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʩʢʣʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʽ ʚʠʨʦʙʥʠʮʪʚ, ʘ ʪʘʢʦʞ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʦʮʽʥʢʠ 

ʷʢʦʩʪʽ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ, ʚ ʫʤʦʚʘʭ 

ʦʙʤʝʞʝʥʦʩʪʽ ʨʝʩʫʨʩʽʚ ʽ ʨʠʟʠʢʽʚ ʟʜʽʡʩʥʶʚʘʪʠ 

ʬʦʨʤʫʚʘʥʥʷ ʽ ʚʽʜʙʽʨ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʽʚ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʧʨʠ ʫʟʛʦʜʞʝʥʥʽ ʧʨʽʦʨʠʪʝʪʽʚ ʙʽʟʥʝʩ-

ʩʪʨʘʪʝʛʽʾ ʽ ʩʪʨʘʪʝʛʽʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʇʝʨʰʠʡ ʤʦʜʫʣʴ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ (ʜʠʚ. ʨʠʩ. 

1) ʟʜʽʡʩʥʶʻ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʱʦʜʦ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʟ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ 

ʥʘʩʪʫʧʥʠʭ ʟʘʚʜʘʥʴ: ʚʠʷʚʣʝʥʥʷ ʨʠʟʠʢʽʚ ʧʨʦʻʢʪʽʚ ʪʘ 

ʧʨʦʛʘʣʠʥ ʚ ʢʦʥʪʨʦʣʽ ʥʘ ʨʘʥʥʴʦʤʫ ʝʪʘʧʽ, ʧʽʜʚʠʱʝʥʥʷ 

ʡʤʦʚʽʨʥʦʩʪʽ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʚ ʦʙʣʘʩʪʽ ʷʢʦʩʪʽ ʽ ʙʽʟʥʝʩ-

ʮʽʣʝʡ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣ ʁ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʚʠʪʨʘʪʘʤʠ ʜʣʷ ʧʨʦʻʢʪʽʚ, ʷʢʽ ʩʭʠʣʴʥʽ ʜʦ 

ʨʠʟʠʢʫ ʧʝʨʝʚʠʪʨʘʪ ʪʘ ʽʥ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʙʘʟʘ ʜʘʥʠʭ ʫʩʧʽʰʥʦ ʟʘʚʝʨʰʝʥʠʭ ʧʨʦʻʢʪʽʚ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ (ʮʝ ʤʘʻ ʦʩʦʙʣʠʚʝ 

ʟʥʘʯʝʥʥʷ ʪʦʤʫ, ʱʦ ʜʝʷʢʽ ʧʨʦʻʢʪʽ ʘʥʘʣʦʛʽʯʥʽ ʘʣʝ 

ʚʠʢʦʥʫʶʪʴʩʷ ʜʣ̫ ʨʽʟʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ/ʮʝʭʽʚ).  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʤʦʜʫʣʶ ʧʨʝʜʠʢʪʠʚʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʦʙ'ʻʢʪʠʚʥʫ ʦʮʽʥʢʫ 

ʚʥʫʪʨʽʰʥʴʦʾ ʩʢʣʘʜʥʦʩʪʽ ʽ ʤʦʞʣʠʚʦʩʪʝʡ ʧʦ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʻʢʪʽʚ ʧʦʨʪʬʝʣʶ, ʘ ʪʘʢʦʞ ʟʨʽʣʦʩʪʽ ʽʩʥʫʶʯʠʭ ʟʘʩʦʙʽʚ 

ʢʦʥʪʨʦʣʶ ʽ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥ ̫ ʧʨʦʻʢʪʘʤʠ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ. ʇʦʨʽʚʥʶʶʯʠ ʧʦʪʦʯʥʽ ʨʽʚʥʽ ʟʘ ʫʩʽʤʘ 

ʝʣʝʤʝʥʪʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʟ ʥʝʦʙʭʽʜʥʠʤʠ 

ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʨʽʚʥʷʤʠ, ʜʘʥʠʡ ʤʦʜʫʣʴ ʤʦʞʝ 

ʜʦʧʦʤʦʛʪʠ ʚʠʷʚʠʪʠ ʢʦʥʢʨʝʪʥʽ ʧʨʦʛʘʣʠʥʠ, ʧʨʠʭʦʚʘʥʽ 

ʧʝʨʝʰʢʦʜʠ ʽ ʚʽʜʩʫʪʥʽ ʝʣʝʤʝʥʪʠ ʫʧʨʘʚʣʽʥʥʷ ʚ ʪʘʢʠʭ 

ʢʘʪʝʛʦʨʽ̫ʭ, ʷʢ ʙʶʜʞʝʪʫʚʘʥʥʷ, ʧʣʘʥʫʚʘʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ 

ʨʠʟʠʢʘʤʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʻʢʪʥʦʛʦ ʦʬʽʩʫ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʧʽʜʧʨʠʻʤʩʪʚʫ ʚʠʟʥʘʯʠʪʠ ʢʦʥʢʨʝʪʥʽ 

ʧʦʣʽʧʰʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ 

ʧʽʜʚʠʱʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʫʩʧʽʭʫ ʧʨʦʻʢʪʫ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

ʌʦʨʤʦʶ ʚʠʨʽʰʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʧʨʦʪʠʨʽʯʯʷ 

ʧʨʦʮʝʩʫ ʨʝʘʣʽʟʘʮʽʾ ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʽ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʝʥʝʨʛʦʝʢʦʥʦʤʽʯʥʠʭ ʟʚ'ʷʟʢʽʚ 

ʤʽʞ ʧʨʦʮʝʩʘʤʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʻ ʤʝʭʘʥʽʟʤ ʧʨʝʜʠʢʪʠʚʥʦʾ 

(ʧʨʦʛʥʦʟʥʦʾ) ʘʜʘʧʪʘʮʽʾ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʊʫʪ ʚʠʢʦʨʠʩʪʘʥʦ ʜʨʫʛʠʡ ʤʦʜʫʣʴ ʧʨʝʜʠʢʪʠʚʥʦʛʦ 

ʘʥʘʣʽʟʫ.  

ʇʦ-ʧʝʨʰʝ, ʮʝ ʧʨʝʜʠʢʪʠʚʥʘ ʘʥʘʣʽʪʠʢʘ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʷʢʦʩʪʽ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʙʘʣʘʥʩʫ. ʇʦ-ʜʨʫʛʝ, ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ 

ʜʠʥʘʤʽʯʥʦʤʫ ʘʥʘʣʽʟʽ ʪʘ ʬʦʨʤʫʚʘʥʥʽ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ 

ʧʽʜʧʨʠʻʤʩʪʚʽ ʤʘʻ ʩʘʤʝ ʙʣʦʢ ʘʜʘʧʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚ'ʷʟʢʫ, ʱʦ ʟʜʽʡʩʥʶʻ ʢʦʥʪʨʦʣʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʽ 

ʢʦʥʪʨʦʣʴ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʨʦʛʨʘʤʠ ʪʘ 

ʮʽʣʝʡ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʱʦ ʙʫʣʦ 

ʚʽʜʽʙʨʘʥʦ ʜʦ ʧʦʨʪʬʝʣʶ [15].  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ 

ʮʝ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʦʨʤʘʪʠʚʽʚ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʩʠʩʪʝʤʦʶ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʥʘ 

ʦʧʪʠʤʘʣʴʥʫ ʧʦʙʫʜʦʚʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʟ 

ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪ ʁ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʫʤʫ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ, ʥʘ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʟʘʛʘʣʴʥʦʾ ʧʦʤʠʣʢʠ ʧʨʦʛʥʦʟʫ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʥʘ ʘʥʘʣʽʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ ʜʣʷ ʧʨʦʛʨʘʤʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ 

ʢʦʨʝʛʫʚʘʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʫʻʪʴʩʷ ʛʥʫʯʢʠʡ ʘʜʘʧʪʠʚʥʠʡ 

ʤʝʭʘʥʽʟʤ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʘʢʪʠʚʽʚ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʚʠʩʦʢʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʫʟʛʦʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʪʨʘʪʝʛʽʾ ʪʘ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ.  

 

ɽʪʘʧʠ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 

 

ʈʦʟʛʣʷʥʝʤʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ 

ʧʣʘʥʫʚʘʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʫʧʨʘʚʣʽʥʥʷ ʟʤʽʥʘʤʠ ʥʘ ʫʩʽʭ 

ʝʪʘʧʘʭ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮ̔ ʾ ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ.  

1) ʧʝʨʰʠʡ ʝʪʘʧ ï ʚʠʟʥʘʯʝʥʥʷ ʮʽʣʝʡ ʽ ʧʨʽʦʨʠʪʝʪʽʚ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 

(ʨʠʩ. 2). ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ ʚ ʙʽʢ 

ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨ̔ ʦʨʠʪʝʪʽʚ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʣʽʪʠʢʠ ʽ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʥʘʧʨʷʤʢʽʚ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɽʥʝʨʛʝʪʠʯʥʘ 

ʩʪʨʘʪʝʛʽʷ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʙʫʜʫʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʧʜ̔ʧʨʠʻʤʩʪʚʘ, ʥʘ ʘʥʘʣʽʟʽ ʬʘʢʪʦʨʽʚ ʪʘ ʨʝʟʝʨʚʽʚ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʫʨʘʭʫʚʘʥʥʽ ʚʠʤʦʛ ʫʯʘʩʥʠʢʽʚ 

ʨʠʥʢʫ ʧʘʣʠʚʘ ʽ ʝʥʝʨʛʽʾ, ʽʥʪʝʨʝʩʽʚ ʚʠʨʦʙʥʠʢʽʚ ʽ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʚʠʤʦʛ ʫʯʘʩʥʠʢʽʚ 

ʨʠʥʢʽʚ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʧʨʦʤʠʩʣʦʚʦʾ ʧʦʣʽʪʠʢʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʽ ʩʪʽʡʢʦʛʦ ʨʦʟʚʠʪʢʫ ʡʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʩʪʘʥʫ, ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʛʘʣʫʟʽ 

ʋʢʨʘʾʥʠ.  
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ɽʥʝʨʛʝʪʠʯʥʘ ʩʪʨʘʪʝʛʽʷ ʙʝʟʫʤʦʚʥʦ ʧʦʚôʷʟʘʥʘ ʟ 

ʝʬʝʢʪʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʬʦʨʤʫʚʘʥʥʷʤ 

ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʱʦ ʧʦʚʠʥʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʮʽʣʝʡ, ʟʘʚʜʘʥʴ, ʧʨʠʥʮʠʧʽʚ ʽ ʧʦʢʘʟʥʠʢʽʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ 

ʨʦʟʚʠʪʦʢ ʤʝʪʘʣʫʨʛʽʾ ʥʘʜʘʻ ʜʠʥʘʤʽʢʘ ʮʽʥ ʥʘ ʧʝʨʚʠʥʥʝ 

ʧʘʣʠʚʦ ï ʝʥʝʨʛʝʪʠʯʥʝ ʽ ʪʝʭʥʦʣʦʛʽʯʥʝ. ʊʦʤʫ ʧʨʠ ʦʮʽʥʮʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʘʨʽʘʥʪʽʚ ʬʦʨʤʫʚʘʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʛʨʘʤʠ ʧʦ ʝʢʦʥʦʤʽʾ ʧʘʣʠʚʘ ʽ ʝʥʝʨʛʽʾ ʜʣʷ 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ  

ʨʽʚʝʥʴ ʮʽʥ ʽ ʪʘʨʠʬʽʚ ʥʘ ʧʘʣʠʚʦ ʪʘ ʝʥʝʨʛʽʶ, ʧʦʧʠʪ ʽ 

ʧʨʦʧʦʟʠʮʽʶ ʥʘ ʧʨʦʜʫʢʮ̔ʁ  ʽ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʽ 

ʨʝʩʫʨʩʠ, ʜʦʩʪʫʧ ʜʦ ʨʠʥʢʫ ʨʝʩʫʨʩʽʚ ʽ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ  

ʪʦʱʦ. 

ʅʘʡʙʽʣʴʰʽ ʧʨʦʙʣʝʤʠ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʽ ʬʦʨʤʫʚʘʥʥʽ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʧʦʣʽʪʠʢʠ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʧʨʽʦʨʠʪʝʪʽʚ ʽ ʮʽʣʝʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ʇʨʽʦʨʠʪʝʪʠ 

ʻ ʙʘʟʦʚʠʤ ʧʦʥʷʪʪʷʤ ʽ ʩʪʨʫʢʪʫʨʥʠʤ ʝʣʝʤʝʥʪʦʤ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʣʽʪʠʢʠ ʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ 

ʥʘʡʢʨʘʱʽ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʥʘʧʨʷʤʢʠ ʽ 

ʬʦʨʤʠ ʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʨʝʛʫʣʶʶʪʴ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʽʦʨʠʪʝʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚ ʘʛʨʝʛʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʦʩʥʦʚʥʽ 

ʥʘʧʨʷʤʢʠ ʪʘ ʚʽʜʤʽʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʪʨʘʪʝʛʽʾ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ 

ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʧʝʨʽʦʜ. ʇʨʠʢʣʘʜʘʤʠ ʧʨʽʦʨʠʪʝʪʽʚ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʩʪʫʧʥʽ: ʩʪʽʡʢʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʘʤʠ; ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʫʤʦʚ ʜʣʷ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ; ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʨʠ ʟʥʠʞʝʥʥʽ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ; 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʦʱʦ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ 

ʤʝʪʘʣʫʨʛ̔ʡʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ. ʇʽʜ ʝʬʝʢʪʠʚʥʠʤ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʨʦʟʫʤʽʻʪʴʩʷ ʡʦʛʦ 

ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʟ ʧʦʟʠʮʽʾ ʜʦʩʷʛʥʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʨʝʘʣʽʟʘʮʽʷ ʢʦʤʧʣʝʢʩʫ 

ʟʘʭʦʜʽʚ ʘʙʦ ʜʽʡ, ʱʦ ʚʞʠʚʘʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʗʢ ʪʦ ʚʠʜʥʦ ʟ ʩʭʝʤʠ, ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʠʭ 

ʧʨʦʙʣʝʤ ʤʦʞʣʠʚʝ ʣʠʰʝ ʥʘ ʙʘʟʽ ʛʣʠʙʦʢʦʛʦ ʽ ʚʩʝʙʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʫʩʽʭ ʧʨʦʮʝʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʪʘʢʦʞ 

ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʜʘʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʝʢʦʥʦʤʽʯʥʠʭ 

ʪʝʥʜʝʥʮʽʡ, ʷʢʽ ʙʫʜʫʪʴ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʨʦʮʝʩ 

ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʩʪʽ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʅʘ ʨʠʩ. 2 ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʧʨʽʦʨʠʪʝʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʡʦʛʦ ʤʝʪʨʠʢʠ ʪʘ ʽʥʜʠʢʘʪʦʨʠ ʟ ʟʘʟʥʘʯʝʥʥʷʤ ʥʘʧʨʷʤʢʫ 

ʟʤʽʥʠ (ʟʙʽʣʴʰʝʥʥʷ/ʟʤʝʥʰʝʥʥʷ) ʧʨʠ ʷʢʦʤʫ ʜʘʥʠʡ 

ʧʨʽʦʨʠʪʝʪ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʣʽʪʠʢʠ ʥʘʙʫʚʘʻ ʚʘʞʣʠʚʦʩʪʽ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʨʽʦʨʠʪʝʪʫ, ʷʢʠʡ ʧʦʚ'ʷʟʘʥʠʡ ʟʽ ʩʪʽʡʢʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʝʥʝʨʛʦʨʝʩʫʨʩʘʤʠ ʤʝʪʨʠʢʘʤʠ ʻ 

ʥʘʩʪʫʧʥʽ: ʜʝʬʽʮʠʪ ʬʦʨʤʫʚʘʥʥʷ ʧʨʠʙʫʪʢʦʚʦʾ ʯʘʩʪʠʥʠ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ; ʩʪʫʧʽʥʴ ʟʘʣʝʞʥʦʩʪʽ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚʽʜ ʥʘʜʽʡʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ; ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ; ʨʽʚʝʥʴ ʨʘʮʽʦʥʘʣʴʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʧʽʜʧʨʠʻʤʩʪʚʘ; ʨʽʚʝʥʴ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. 

ɯʥʜʠʢʘʪʦʨʘʤʠ (ʪʦʙʪʦ ʢʦʣʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ 

ʪʨʝʥʜ), ʷʢʽ ʧʜ̔ʚʠʱʫʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʮʴʦʛʦ ʧʨʽʦʨʠʪʝʪʫ 

ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʻ ʪʘʢʽ: 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʽʚ ʟʨʦʩʪʘʥʥʷ ʧʦʩʪʘʚʢʠ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ; 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʽʚ ʟʨʦʩʪʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ; ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʽʚ ʟʨʦʩʪʘʥʥʷ  

ʟʘʧʘʩʽʚ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ; ʟʙʽʣʴʰʝʥʥʷ ʢ̔ʣʴʢʦʩʪʽ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʟ ʷʢʠʤʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʝʨʝʙʦʾ 

ʧʦʩʪʘʚʦʢ; ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʽʚ ʟʨʦʩʪʘʥʥʷ ʚʠʨʦʙʣʝʥʦʾ 

ʧʨʦʜʫʢʮʽʾ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ ʦʩʥʦʚʽ ʝʬʝʢʪʠʚʥʦʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ ʣʝʞʠʪʴ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʥʘʙʽʨ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚ 

ʧʦʣʽ ʟʦʨʫ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʦʩʢʽʣʴʢʠ  

ʟ ʯʘʩʦʤ ʧʽʜ ʚʧʣʠʚʦʤ ʪʠʭ ʯʠ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ 

ʬʦʨʤʫʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʽ ʚʽʥ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʚʦʻʯʘʩʥʦ ʨʝʘʣʽʟʦʚʘʥʠʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘ ʩʪʘʣʦʛʦ ʩʦʮʽʘʣʴʥʦ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ɸʥʘʣʦʛʽʯʥʦ ʤʝʪʨʠʢʠ ʪʘ ʽʥʜʠʢʘʪʦʨʠ ʥʘʚʝʜʝʥʦ ʜʣʷ 

ʽʥʰʠʭ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʢʣʘʜʽʚ ʧʨʽʦʨʠʪʝʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʪʨʘʪʝʛʽʾ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʪʨʘʪʝʛʽʾ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʦʮʽʣʴʥʦ 

ʧʨʦʚʦʜʠʪʠ ʚ ʜʝʢʽʣʴʢʘ ʢʨʦʢʽʚ: ʚʠ̫ ʚʣʝʥʥʷ 

ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʝʥʝʨʛʦʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʙʣʝʤ 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ; ʚʠʙʽʨ ʙʘʟʦʚʠʭ 

ʥʘʧʨʷʤʢʽʚ, ʟʘ ʷʢʠʤʠ ʜʘʣʽ ʙʫʜʝ ʩʬʦʨʤʦʚʘʥʠʡ ʧʦʨʪʬʝʣʴ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʧʨʦʻʢʪʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʫ 

ʚʘʞʣʠʚʦʩʪʽ ʪʘ ʨʘʥʞʫʚʘʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʪʨʘʪʝʛʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʪʥʠʭ ʤʝʪʦʜʽʚ. ʋ 

ʧʦʨʪʬʝʣʴ ʙʫʜʫʪʴ ʚʥʦʩʠʪʠʩʷ ʷʢ ʦʢʨʝʤʽ ʧʨʦʻʢʪʠ 

ʧʨʦʛʨʘʤʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʪʘʢ ʽ ʧʨʦʻʢʪʠ ʢʦʪʨʽ 

ʚʟʘʛʘʣʽ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʪʦʯʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ.  

2) ʜʨʫʛʠʡ ʝʪʘʧ ï ʧʣʘʥʫʚʘʥʥ̫ ʽ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ʆʙ'ʻʢʪʘʤʠ 

ʧʦʨʪʬʝʣʶ/ʧʨʦʛʨʘʤʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ 

ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʻ ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ, 

ʚʠʨʦʙʥʠʮʪʚʦ (ʪʝʭʥʦʣʦʛʽʷ) ʽ ʢʦʤʫʥʘʣʴʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ. 

ʆʩʥʦʚʦʶ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʧʣʘʥʫʚʘʥʥʷ  

ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʻ ʧʦʙʫʜʦʚʘʥʽ  

ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʤʝʭʘʥʽʟʤʽ ʪʘ ʚʽʜʧʦʚʽʜʥʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʦʙʣʽʢʫ ʽ ʢʦʥʪʨʦʣʶ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʙʝʟʧʝʨʝʨʚʥʝ ʦʮʽʥʶʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ 

ʧʨʦʮʝʩʘʭ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʣʘʥʫʚʘʥʥʷ 

ʚʠʜʘʪʢʦʚʦʾ ʽ ʧʨʠʙʫʪʢʦʚʦʾ ʯʘʩʪʠʥʠ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʡʦʛʦ ʷʢʦʩʪʽ ʽ 

ʙʝʟʫʤʦʚʥʦ ʙʘʛʘʪʦʨʽʚʥʝʚʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 
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ʆʩʦʙʣʠʚʫ ʨʦʣʴ ʫ ʚʠʷʚʣʝʥʥʽ ʨʝʟʝʨʚʽʚ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚʽʜʽʛʨʘʻ ʜʠʥʘʤʽʯʥʘ ʦʮʽʥʢʘ ʷʢʦʩʪʽ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ, ʪʦʤʫ ʱʦ ʩʘʤʝ ʚʽʥ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝʦʙʭʽʜʥʽ ʝʬʝʢʪʠʚʥʽ ʝʥʝʨʛʦʝʢʦʥʦʤʽʯʥʽ 

ʟʚ'ʷʟʢʠ ʧʨʦʮʝʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʜʘʻ ʟʤʦʛʫ 

ʧʝʨʝʚʝʨʪʽʪʠ ʮʽʣʽʩʥʽʩʪʴ ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʧʦʣʽʪʠʢʠ. ɺʥʫʪʨʽʰʥʽ ʨʝʟʝʨʚʠ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʠʭʦʚʘʥʽ ʫ ʥʝʝʬʝʢʪʠʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʜʘʪʢʦʚʦʾ 

ʯʘʩʪʠʥʠ ʙʘʣʘʥʩʫ ʘʙʦ ʥʠʟʴʢʽʡ ʯʘʩʪʮʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʧʨʦʜʫʢʮʽʾ ʪʦʱʦ. ɺʟʘʛʘʣʽ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʟʘ 

ʷʢʠʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʰʫʢ ʧʨʦʻʢʪʽʚ-ʢʘʥʜʠʜʘʪʽʚ ʥʘ 

ʚʢʣʶʯʝʥʥʷ ʜʦ ʧʦʨʪʬʝʣʶ ʻ ʚʠʥʷʪʦʢ ʥʝʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʫʩʫʥʝʥʥʷ ʚʪʨʘʪ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʦʾ 

ʝʥʝʨʛʽʾ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚ̔ ʪʘ 

ʽʥʰʝ. 

ʌʦʨʤʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʪʘʢʠʡ ʧʦʨʷʜʦʢ 

ʚʽʜʙʦʨʫ ʧʨʦʻʢʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ, ʷʢ ʚʧʣʠʚ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢ ʽ ʨʠʟʠʢʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʛʘʨʘʥʪʦʚʘʥʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜʙʠʚʘʻʪʴʩʷ 

ʯʝʨʝʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʨʦʙʥʠʯʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʚʠʪʨʘʯʝʥʠʭ ʥʘ ʾʭ ʜʦʩʷʛʥʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦ, 

ʪʝʭʥʽʯʥʦ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʦʙʩʷʛʽʚ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʫʤʦʚʘʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʦʾ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʘʞʣʠʚʫ 

ʨʦʣʴ ʪʫʪ ʚʽʜʽʛʨʘʻ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ 

ʨʝʘʣʽʟʦʚʘʥʦʩʪʽ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ʆʩʥʦʚʦʶ 

ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʻʢʪʫ, ʘ ʪʘʢʦʞ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʥʘ ʮʽʥʥʦʩʪʽ ʧʨʦʛʨʘʤʠ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʦʩʪʫʧʥʽʩʪʴ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ, 

ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʦʩʚʦʻʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ 

ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ. ʇʦʙʫʜʦʚʘ ʘʜʘʧʪʠʚʥʠʭ  

ʤʝʭʘʥʽʟʤʽʚ ʧʨʽʦʨʠʪʝʟʘʮʽʾ, ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʧʦʨʪʬʝʣʶ ʧʨʦʻʢʪʽʚ ʧʝʨʝʜʙʘʯʘʻ ʨʝʛʫʣʶʚʘʥʥʷ 

ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʧʨʦʮʝʩʽʚ)  

ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʘʣʽʟʘʮʽʾ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʧʨʦʻʢʪʽʚ ʜʣʷ ʚʠʪʨʠʤʫʚʘʥʥʷ 

ʦʩʥʦʚʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʪʝʤʧʽʚ ʟʨʦʩʪʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. 

3) ʪʨʝʪʽʡ ʝʪʘʧ ï ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʨʝʘʣʽʟʘʮʽʻʶ ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

ʉʘʤʝ ʪʫʪ ʤʠ ʙʘʯʠʤʦ ʨʦʟʛʣʷʥʫʪʽ ʨʘʥʽʰʝ ʤʦʜʫʣʽ 

ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʘʥʘʣʟ̔ʫ. ʇʝʨʰʠʡ ʜʘʻ ʦʙ'ʻʢʪʠʚʥʫ ʦʮʽʥʢʫ 

ʚʥʫʪʨʽʰʥʴʦʾ ʩʢʣʘʜʥʦʩʪʽ ʽ ʤʦʞʣʠʚʦʩʪʝʡ ʧʦ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʻʢʪʽʚ ʧʦʨʪʬʝʣʶ, ʘ ʪʘʢʦʞ ʟʨʽʣʦʩʪʽ ʽʩʥʫʶʯʠʭ ʟʘʩʦʙʽʚ 

ʢʦʥʪʨʦʣʶ ʽ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ. ɼʨʫʛʠʡ ʤʦʜʫʣʴ ï ʮʝ ʧʨʝʜʠʢʪʠʚʥʘ 

ʘʥʘʣʽʪʠʢʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʷʢʦʩʪʽ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ. ʇʦʙʫʜʦʚʘʥʽ ʧʨʝʜʠʢʪʠʚʥʽ 

ʤʝʭʘʥʽʟʤʠ ʜʦʟʚʦʣʷʶʪʴ ʛʦʪʫʚʘʪʠ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ 

ʪʦʜʽ, ʢʦʣʠ ʚʞʝ ʟ'ʷʚʣʷʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ 

ʽʥʜʠʢʘʪʦʨʽʚ ʪʘ ʩʠʛʥʘʣʠ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ 

ʨʘʥʥʽ ʦʟʥʘʢʠ ʥʘʩʪʘʥʥʷ ʚʘʞʣʠʚʠʭ ʧʦʜʽʡ ʚ ʝʥʝʨʛʝʪʠʯʥʦ ʾ

ʩʠʪʫʘʮʽʾ ʪʘ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʪʘ ʨʝʘʣʽʟʘʮʽʻʶ 

ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ, ʦʜʝʨʞʘʥʽ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʩʣʫʞʘʪʴ ʧʦʧʝʨʝʜʥʴʦʶ ʙʘʟʦʚʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʮʝʩʦʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʇʨʠ ʮʴʦʤʫ 

ʘʜʘʧʪʠʚʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ ʤʘʻ ʬʦʨʤʫ ʽ 

ʤʝʪʦʜʠ ʧʦʨʪʬʝʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʜʘʻ ʩʠʩʪʝʤʽ 

ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʽʜʩʠʩʪʝʤʠ 

ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʽ 

ʦʜʥʦʯʘʩʥʦ ʨʝʛʫʣʷʪʦʨʚ̔ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ 

ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʽʚ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʘʙʦ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ (ʮʽʥ ʽ 

ʪʘʨʠʬʽʚ, ʧʦʧʠʪʫ ʽ ʧʨʦʧʦʟʠʮʽʾ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʧʠʪʦʤʠʭ 

ʥʦʨʤ ʪʦʱʦ), ʘ ʪʘʢʦʞ ʚʽʜ ʟʤʽʥʠ ʩʪʨʘʪʝʛʽʯʥʠʭ ʮ̔ʣʝʡ ʽ 

ʧʨʽʦʨʠʪʝʪʽʚ.  

ʗʢ ʤʝʭʘʥʽʟʤʠ ʘʜʘʧʪʠʚʥʦʾ ʟʤʽʥʠ ʚ ʩʠʩʪʝʤʽ 

ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ: ʢʦʨʠʛʫʚʘʥʥʷ 

ʨʦʟʢʣʘʜʽʚ (ʪʘʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʽ 

ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʴʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʙʽʣʴʰʫʪ̒ɹ ʩʷ ʘʙʦ ʟʤʝʥʰʫʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʴ ʝʪʘʧʽʚ 

ʧʨʦʻʢʪʽʚ); ʟʤʽʥʘ ʧʨʽʦʨʠʪʝʪʽʚ (ʪʫʪ ʟʤʽʥʶʻʪʴʩʷ  

ʧʣʘʥ ʥʝʟʘʚʝʨʰʝʥʠʭ ʨʦʙʽʪ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ  

ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʧʦʧʝʨʝʜʥʽʭ ʝʪʘʧʽʚ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʽ ʥʘ ʦʩʥʦʚʽ ʜʠʥʘʤʽʯʥʦʾ 

ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ); ʧʝʨʝʨʦʟʧʦʜʽʣ  

ʨʝʩʫʨʩʽʚ ʽ ʽʥ. 

 

ʇʨʠʢʣʘʜ ʦʮʽʥʶʚʘʥʥʷ ʚʘʞʣʠʚʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʧʨʠ 

ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʧʨʽʦʨʠʪʝʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ 

ʧʽʜʧʨʠʻʤʩʪʚʘ 

 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʨʪʬʝʣʝʤ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʥʘ ʇʨɸʊ "ɼʥʽʧʨʦʩʧʝʮʩʪʘʣʴ" 

ʚʧʨʦʚʘʜʞʝʥʦ ʮʽʣʫ ʥʠʟʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, 

ʷʜʨʦʤ ʧʨʠ ʮʴʦʤʫ ʚʠʩʪʫʧʘʻ ʢʦʨʧʦʨʘʪʠʚʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʙʘʟʽ SAP ERP 

(ECC 6.0). ʎʝ ʜʦʟʚʦʣʷʻ ʇʨɸʊ "ɼʥʽʧʨʦʩʧʝʮʩʪʘʣʴ" 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʫ 

ʝʥʝʨʛʝʪʠʯʥʫ ʧʨʦʛʨʘʤʫ, ʷʢʘ ʦʭʦʧʣʶʻ ʥʘʩʪʫʧʥʽ 

ʥʘʧʨʷʤʢʠ: ʨʦʟʚʠʪʦʢ ʚʣʘʩʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʘʟʠ; 

ʨʦʟʚʠʪʦʢ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʦʙʣʽʢʫ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ; ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʩʧʦʞʠʚʘʯʘʤʠ, 

ʩʢʦʨʦʯʝʥʥʷ ʚʪʨʘʪ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ; ʤʦʥʽʪʦʨʠʥʛ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ; ʤʦʜʝʨʥʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ 

ʘʛʨʝʛʘʪʽʚ; ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ 

ʧʽʜʧʨʠʻʤʩʪʚʘ; ʟʘʣʫʯʝʥʥʷ ʧʝʨʩʦʥʘʣʫ ʚ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʫ ʜʽʷʣʴʥʽʩʪʴ. 
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ʋ ʩʢʣʘʜʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʻ ʤʦʜʫʣʴ ʦʮʽʥʢʠ 

ʚʘʞʣʠʚʦʩʪʽ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʽʚ 

ʧʦʨʽʚʥʶʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʟʥʘʯʫʱʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʦʙ'ʻʢʪʽʚ ʤʽʞ 

ʩʦʙʦʶ ʽ ʚʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʽʚ ʚʘʞʣʠʚʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʽ ʧʨʽʦʨʠʪʝʪʫ ʧʦʨʽʚʥʶʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ. 

ʉʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʝʣʠʢʦʛʦ ʢʦʣʘ 

ʟʘʚʜʘʥʴ, ʪʘʢʠʭ ʷʢ: ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ; ʧʨʽʦʨʠʪʠʟʘʮʽʷ 

ʢʨʠʪʝʨʽʾʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ; ʚʽʜʙʽʨ ʧʨʦʻʢʪʽʚ ʚ 

ʧʦʨʪʬʝʣʴ; ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʪʘ ʽʥʰʽ. ʅʘ ʨʠʩ. 5 

ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʧʨʽʦʨʠʪʝʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɼʣʷ 

ʦʮʽʥʢʠ ʚʘʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

ʽʻʨʘʨʭʽʡ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʘ ʧʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ 

ʩʫʜʞʝʥʴ ʝʢʩʧʝʨʪʽʚ ʟʘ ʰʢʘʣʦʶ ʧʝʨʝʚʘʛ ʧʨʦ 

ʧʦʨʽʚʥʶʚʘʥʠʭ ʦʙ'ʻʢʪʘʭ. ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʪʨʘʪʝʛʽʾ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʫ ʚʠʛʣʷʜʽ 

ʜʽʘʛʨʘʤʠ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦʾ 

ʘʣʴʪʝʨʥʘʪʠʚʠ. ʅʘʡʙʽʣʴʰʫ ʚʘʞʣʠʚʽʩʪʴ ʤʘʻ ʪʘʢʠʡ 

ʥʘʧʨʷʤʦʢ, ʷʢ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʽ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ, ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ.

 

ʈʠʩ. 5. ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʚʘʞʣʠʚʦʩʪʽ ʢʨʠʪʝʨʽʾʚ/ʘʣʴʪʝʨʥʘʪʠʚ ʧʨʠ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʧʨʽʦʨʠʪʝʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʩʪʨʘʪʝʛʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

 

ʈʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ, ʘʥʘʣʽʟʫʚʘʪʠ ʽ ʚʽʜʙʠʨʘʪʠ ʽʩʥʫʶʯʽ ʽ 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʧʨʦʻʢʪʠ ʟ ʤʝʪʦʶ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ 

ʟʥʘʯʫʱʠʭ ʟ ʥʘʷʚʥʠʭ. ʋ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʯʥʦ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʦʨʪʬʝʣʴ, ʱʦʙ 

ʥʘʧʨʘʚʠʪʠ ʦʙʤʝʞʝʥʽ ʨʝʩʫʨʩʠ ʥʘ ʥʘʡʙʽʣʴʰ ʧʨʽʦʨʠʪʝʪʥʽ 

ʮʽʣʽ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʝʪʦʜʽʚ ʧʣʘʥʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʚʠʨʦʙʣʝʥʥʷ ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ ʽ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʤʠ ʧʽʜʨʦʟʜʽʣʘʤʠ 

ʇʨɸʊ "ɼʥʽʧʨʦʩʧʝʮʩʪʘʣʴ".  

ɸʧʨʦʙʘʮʽʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʽ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʟʘʩʦʙʽʚ ʚ ʇʨɸʊ "ɼʥʽʧʨʦʩʧʝʮʩʪʘʣʴ" ʧʦʢʘʟʘʣʘ, ʱʦ 

ʤʦʞʣʠʚʝ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ 

ʥʘ ʦʩʥʦʚʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʛʨʘʤʘʤʠ ʽ ʧʦʨʪʬʝʣʷʤʠ 

ʧʨʦʻʢʪʽʚ. ʊʘʢ ʚ ʧʝʨʽʦʜ ʟ 2019 ʧʦ 2020 ʨʽʢ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʧʨʦʻʢʪʽʚ ʟ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʟʘʛʘʣʴʥʫ ʩʫʤʫ 1756 ʪʠʩ. ʛʨʥ. 

ɼʘʥʽ ʱʦʜʦ ʜʦʩʷʛʥʫʪʦʾ ʝʢʦʥʦʤʽʾ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʩʫʨʩʽʚ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1. ʋ ʧʨʦʛʨʘʤʽ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʇʨɸʊ "ɼʥʽʧʨʦʩʧʝʮʩʪʘʣʴ" ʥʘʡʙʽʣʴʰ 

ʢʘʧʽʪʘʣʦʤʽʩʪʢʠʤʠ ʧʨʦʻʢʪʘʤʠ ʻ ʧʨʦʻʢʪʠ ʟ ʦʥʦʚʣʝʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ.
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ʊʘʙʣʠʮʷ 1. ʇʨʦʛʨʘʤʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʇʨɸʊ "ɼʥʽʧʨʦʩʧʝʮʩʪʘʣʴ" 2019-2020ʨʨ. 

ɽʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʡ ʧʨʦʻʢʪ ʉʪʨʦʢ 
ɺʘʨʪʽʩʪʴ, 

ʪʠʩ. ʛʨʥ. 

ɽʢʦʥʦʤʽʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ 

ɺʩʴʦʛʦ 

ʟʝʢʦʥʦʤ-

ʣʝʥʦ, ʪʠʩ. ʪ. 

ʫʤ. ʧʘʣʠʚʘ 

ɺʘʨʪʽʩʪʴ 

ʟʝʢʦʥʦʤʣʝʥʠʭ 

ʝʥʝʨʛʦ- 

ʨʝʩʫʨʩʽʚ,  

ʪʠʩ. ʛʨʥ. 

ʫ ʪʦʤʫ ʯʠʩʣʽ: 

ʇʨʠʨʦʜ-

ʥʠʡ ʛʘʟ, 

ʤʣʥ. 

ʢʫʙ.ʤ 

ɽʣʝʢʪʨʦ-

ʝʥʝʨʛʽʷ,  

ʤʣʥ. 

ʢɺʪ*ʛʦʜ 

ʊʝʧʣʦʚʘ 

ʝʥʝʨʛʽʷ, 

ʪʠʩ. ɻʢʘʣ 

ʇʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʫ 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ 

ʱʦʜʦ ʩʢʦʨʦʯʝʥʥʷ 

ʧʨʦʤʽʞʧʣʘʚʦʯʥʠʭ ʧʨʦʩʪʦʾʚ 

ʜʫʛʦʚʠʭ ʧʝʯʝʡ (ʫ ʪ.ʯ. ʧʦ 

ʧʽʜʛʦʪʦʚʮʽ ʟʘʚʘʣʢʠ, 

ʟʘʙʝʟʧʝʯʝʥʥʶ ʨʦʙʦʪʠ 

ʜʦʧʦʤʽʞʥʠʭ ʤʝʭʘʥʽʟʤʽʚ)  

2019 - 0,252 1220  0.7  

ʇʨʦʚʝʜʝʥʥʷ ʪʝʧʣʦʪʝʭʥʽʯʥʦʾ 

ʥʘʣʘʜʢʠ ʪʝʨʤʽʯʥʥʦʾ ʧʝʯʽ ʪʘ 

ʢʽʣʴʮʝʚʦʾ ʧʝʯʽ ʢʦʚʘʣʴʩʢʦʛʦ 

ʮʝʭʫ 

2019 200 0,012 100 0,010   

ʇʨʦʚʝʜʝʥʥʷ ʪʝʧʣʦʪʝʭʥʽʯʥʦʾ 

ʥʘʣʘʜʢʠ ʫʩʪʘʥʦʚʢʠ ʩʫʰʢʠ 

ʢʽʚʰʽʚ "ʄɸʇɽʂʆ" ʉʇʎ-2 

2019 30 0,001 15 0,001   

ʇʨʦʚʝʜʝʥʥʷ ʪʝʧʣʦʪʝʭʥʽʯʥʦʾ 

ʥʘʣʘʜʢʠ ʫʩʪʘʥʦʚʦʢ 

"HELIOS" ʎɸʆʄ 

2019 140 0,008 70 0,007   

ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʫʩʪʘʪʢʫʚʘʥʥʷ 

2019 40 0,36 1745  1,0  

ʈʝʛʫʣʶʚʘʥʥʷ ʪʠʨʠʩʪʦʨʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʤʘʰʠʥ ɻʇɸ 

ʩʪʘʥʫ ʧʨʦʢʘʪʥʦʛʦ ʮʝʭʫ ʚ 

ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʥʘ 

ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ 

2019 50 0,216 1045  0,6  

ʇʨʦʚʝʜʝʥʥʷ ʪʝʧʣʦʪʝʭʥʽʯʥʦʾ 

ʥʘʣʘʜʢʠ ʢʘʤʝʨʥʠʭ ʧʝʯʝʡ 

ʢʦʚʘʣʴʩʴʢʦʛʦ ʧʨʝʩʦʚʦʛʦ 

ʮʝʭʫ 

2020 1060 0,094 530 0,081   

ʇʨʦʚʝʜʝʥʥʷ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʟʤʽʥʠ ʩʭʝʤʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

2020 180 0,56 3640   3,1 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʫʩʪʘʥʦʚʢʠ 

ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʘ ɻʂʈ ʜʣʷ 

ʧʦʪʨʝʙ ɻɺʉ 

2020 56 0,126 823   0,7 

ɺʩʴʦʛʦ  1756 1,377 9188 0,099 1,6 3,8 

ɺʠʩʥʦʚʢʠ 

 

ɸʥʘʣʽʟ ʪʨʘʜʠʮʽʡʥʠʭ ʪʘ ʘʜʘʧʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʧʦʢʘʟʘʚ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʥʦʟʥʦʾ ʘʥʘʣʽʪʠʢʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʧʨʦʻʢʪʫ ʽ ʦʪʨʠʤʘʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʽʜʜʘʯʽ ʚʽʜ ʚʝʣʠʢʠʭ ʽ ʩʢʣʘʜʥʠʭ ʧʨʦʻʢʪʽʚ, 

ʷʢʠʤʠ ʻ ʧʨʦʻʢʪʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ 

ʧʽʜʧʨʠʻʤʩʪʚʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽʶ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʨʪʬʝʣʷʤʠ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ 

ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʤ̒ʩʪʚʘʭ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʬʦʨʤʫʚʘʥʥʷʤ ʧʘʨʘʜʠʛʤʠ ʧʨʝʜʠʢʪʠʚʥʦʾ ʘʜʘʧʪʘʮʽʾ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤʘʭ 

ʧʣʘʥʫʚʘʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʫʧʨʘʚʣʽʥʥʷ ʟʤʽʥʘʤʠ ʪʘ 

ʜʦʟʚʦʣʷʻ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʜʣʷ ʩʢʣʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩ̔ʚ ʽ ʚʠʨʦʙʥʠʮʪʚ, ʘ 

ʪʘʢʦʞ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ, ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʩʪʽ 

ʨʝʩʫʨʩʽʚ ʽ ʨʠʟʠʢʽʚ ʟʜʽʡʩʥʶʚʘʪʠ ʬʦʨʤʫʚʘʥʥʷ ʽ  

ʚʽʜʙʽʨ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ  

ʧʨʠ ʫʟʛʦʜʞʝʥʥʽ ʧʨʽʦʨʠʪʝʪʽʚ ʙʽʟʥʝʩ-ʩʪʨʘʪʝʛʽʾ ʽ  

ʩʪʨʘʪʝʛʽʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ.  

ɼʝʪʘʣʴʥʠʡ ʨʦʟʛʣʷʜ ʝʪʘʧʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʨʝʘʣʽʟʘʮʽʾ ʧʦʨʪʬʝʣʷ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʥʘʩʪʫʧʥʽ ʚʠʚʦʜʠ:  
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- ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʦʟʚʦʣʷʻ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʭʽʜʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʥʦʨʤʘʪʠʚʽʚ 

ʦʪʨʠʤʘʪʠ ʧʝʚʥʫ ʩʠʩʪʝʤʫ ʧʦʭʽʜʥʠʭ ʜʠʥʘʤʽʯʥʠʭ 

ʥʦʨʤʘʪʠʚʽʚ ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʘʢʪʠʚʽʚ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ ʝʬʝʢʪʠʚʥʦʾ ʩʪʨʘʪʝʛʽʾ 

ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʨʠ 

ʚʽʜʙʦʨʽ ʧʨʦʻʢʪʽʚ ʜʣʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ; 

- ʨʘʥʞʠʨʫʚʘʥʥʷ ʮʽʣʝʡ, ʦʮʽʥʶʚʘʥʥʷ ʧʨʠʚʘʙʣʠʚʦʩʪʽ 

ʪʘ ʨʝʘʣʽʟʫʻʤʦʩʪʽ ʧʨʦʻʢʪʥʠʭ ʜʽʡ ʩʪʠʤʫʣʶʶʪʴ ʜʦ ʚʠʙʦʨʫ 

ʪʠʭ ʧʨʦʻʢʪ̔ʚ, ʷʢʽ ʙʫʜʫʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʮʽʥʥʠʤʠ ʜʣʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʤʽʥʽʤʽʟʫʶʪʴ 

ʨʠʟʠʢʠ; 

- ʚʩʽ ʧʨʽʦʨʠʪʝʪʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʣʽʪʠʢʠ ʧʦʚ'ʷʟʘʥʽ 

ʤʽʞ ʩʦʙʦʶ, ʚʠʙʽʨ ʢʦʥʢʨʝʪʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʧʽʜʩʠʣʶʻ ʾʭ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʥʘ 

ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʫ ʩʬʝʨʽ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʟʘ 

ʨʘʭʫʥʦʢ ʩʫʧʫʪʥʽʭ ʝʬʝʢʪʽʚ ʚ ʟʦʥʘʭ ʚʟʘʻʤʦʜʽʾ ʽ ʟʙʽʣʴʰʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʦʜʘʣʴʰʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ; 

ʆʩʥʦʚʥʠʡ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʧʨʽʦʨʠʪʝʪʽʚ ʪʘ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʣʽʪʠʢʠ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʪʨʝʙʘ ʨʦʙʠʪʠ ʘʢʮʝʥʪ ʥʘ ʨʘʥʞʫʚʘʥʥʷ 

ʧʨʽʦʨʠʪʝʪʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʮʽʣʝʡ ʚ ʨʘʤʢʘʭ  

ʮʠʭ ʧʨʽʦʨʠʪʝʪʽʚ, ʱʦ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ  

ʝʢʩʧʝʨʪʥʦ-ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠ ʚʽʜʙʦʨʽ 

ʧʨʦʻʢʪʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʨʘʤʥʦ-ʤʝʪʦʜʠʯʥʠʡ ʢʦʤʧʣʝʢʩ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʪʬʝʣʷʤʠ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ 

ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ 

ʩʫʢʫʧʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ, ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ, 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ, ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʪʘ ʤʝʪʦʜʠʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʽʟ ʤʦʥʽʪʦʨʠʥʛʫ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʷʢʦʩʪʽ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʙʘʣʘʥʩʫ, ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʨʝʘʣʽʟʘʮʽʾ  

ʧʨʦʻʢʪʽʚ ʪʘ ʧʨʦʛʨʘʤʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ 

ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʶʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʮʽʣʴʦʚʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʧʽʩʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʻʢʪʽʚ ʽ ʟʘʭʦʜʽʚ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʇʨɸʊ 

"ɼʥʽʧʨʦʩʧʝʮʩʪʘʣʴ" 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʐʝʤʝʪʦʚ ɸ. ʅ., ʌʝʜʦʨʦʚʘ ʉ. ɺ., ʂʫʟʥʝʮʦʚ ʉ. ɺ., ʃʷʧʠʥ ʈ. ʅ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʭʦʟ̫ʡʩʪʚʦʤ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʠ ʢʦʤʧʣʝʢʩʳ. 2016. ˉ 4 (33). ʉ. 41ï48. 

2. A Guide to the Project Management Body of Knowledge (PMBOKÈ Guide) ï Fifth Edition / USA. PMI, 2013. 589 p. 

3. Romano L. Adaptive portfolio management. Advances in IT Personnel and Project Management. 2017. P. 153ï177. 

DOI: https://doi.org/10.4018/978-1-5225-2151-8.ch006 

4. Wirkus M. Adaptive management approach to an infrastructure project. Procedia - Social and Behavioral Sciences. 2016. P. 414ï

422. DOI: https://doi.org/10.1016/j.sbspro.2016.06.206 

5. Erzaij K., Hatem W.A., Maula B. Applying Intelligent Portfolio Management to the Evaluation of Stalled Construction Projects. 

Open Engineering. 2020. No. 10 (1). P. 552ï562. DOI: https://doi.org/10.1515/eng-2020-0064 

6. Kurbanov F., Yessengeldin B. S., Yermanova A. A., Zhanseitov A. T. Features of risk assessment of energy saving projects. 

Bulletin of the Karaganda University. 2019. P. 338ï344. 

7. Tworek P. Integrated risk management in metallurgical enterprises ï Methodical approach. Metalurgija ï Sisak then Zagreb. 

2016. Vol. 55. P. 527ï530. 

8. ʊʠʭʦʤʠʨʦʚʘ ʆ. ɻ. ɸʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʢʘʢ ʦʪʢʨʳʪʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 2012. ˉ 9-2. ʉ. 495ï499. 

9. ʀʚʣʝʚ ɸ. ɸ., ʂʨʘʚʯʝʥʢʦ ɸ. ʖ., ʍʦʚʘʥʦʚ ɼ. ɻ., ʉʪʫʢʘʣʠʥ ʉ. ɺ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʨʦʛʨʘʤʤʥʦ-ʮʝʣʝʚʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʟʜʘʥʠʝʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʝʣʘ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʚʦʦʨʫʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ. ɺʦʦʨʫʞʝʥʠʝ ʠ ʵʢʦʥʦʤʠʢʘ. 2009. ˉ 2 (6). ʉ. 42ï50. 

10. Virine L. Adaptive Project Management. PM World Today. 2008. Vol. X, Issue V. 

11. Wysocki R. K. Effective Project Management: Traditional, Adaptive, Extreme. Seventh Edition. Wiley. 2014. 726 p. 

12. Filimonova, A. A., Kazarinov L. S., Barbasova T. A. A method of effective planning and control of industrial facility energy 

consumption. International Journal of Social, Behavioral, Educational, Economic, Business and Industrial Engineering. 2015. 

Vol. 9, No. 12. P. 2070ï2074. 

13. Omar N. S., Hatem W. A., Najy H. I. Predictive Modeling for Developing Maintenance Management in Construction Projects. 

Civil Engineering Journal. 2019. No.5(4). P. 892ï900. DOI: https://doi.org/10.28991/cej-2019-03091297 

14. ʂʽʡʢʦ ʉ. ɻ. ʇʨʝʜʠʢʪʠʚʥʘ ʘʜʘʧʪʘʮʽʷ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʧʦʨʪʬʝʣʝʤ ʧʨʦʻʢʪʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ 

ʧʽʜʧʨʠʻʤʩʪʚʽ. ʅʘʫʢʘ ʽ ʪʝʭʥʽʢʘ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ. 2020. ˉ 4 (41). ʉ. 133ï144. 

DOI: https://doi.org/10.30748/nitps.2020.41.16 

15. Molokanova V. M. , Orliuk O. P. , Petrenko V. O. , Butnik-Syverskyi O. B. , Khomenko V. L.  Formation of metallurgical 

enterprise sustainable development portfolio using the method of analyzing hierarchies. Naukovyi Visnyk Natsionalnoho 

Hirnychoho Universytetu. 2020. No.2. P. 131ï136. DOI: https://doi.org/10.33271/nvngu/2020-2/131 

References 

1. Shemetov, A. N., Fedorova, S. V., Kuznetsov, S. V., Lyapin R. N. (2016), "Modern problems and prospects for the formation of a 

model of energy management at the enterprises of the mining and metallurgical complex" ["Sovremennyye problemy i 

perspektivy formirovaniya modeli upravleniya energokhozyaystvom na predpriyatiyakh gorno-metallurgicheskogo kompleksa"], 

Electrical systems and complexes, No. 4 (33), P. 41ï48. 

2. A Guide to the Project Management Body of Knowledge (PMBOKÈ Guide) (2013) ï Fifth Edition, USA, PMI, 589 p. 



                                                                                                                                                           ISSN 2522-9818 (print) 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 2020. ˉ 4 (14)  ISSN 2524-2296 (online) 

  

69 

3. Romano, L. (2017), "Adaptive portfolio management", Advances in IT Personnel and Project Management, P. 153ï177. 

DOI: https://doi.org/10.4018/978-1-5225-2151-8.ch006 

4. Wirkus, M. (2016), "Adaptive management approach to an infrastructure project", Procedia - Social and Behavioral Sciences, 

P. 414ï422. DOI: https://doi.org/10.1016/j.sbspro.2016.06.206 

5. Erzaij, K., Hatem, W. A., Maula, B. (2020), "Applying Intelligent Portfolio Management to the Evaluation of Stalled Construction 

Projects", Open Engineering, No. 10 (1), P. 552ï562. DOI: https://doi.org/10.1515/eng-2020-0064 

6. Kurbanov, F., Yessengeldin, B. S., Yermanova, A. A., Zhanseitov, A. T. (2019), "Features of risk assessment of energy saving 

projects", Bulletin of the Karaganda University, P. 338ï344. 

7. Tworek, P. (2016) "Integrated risk management in metallurgical enterprises ï Methodical approach", Metalurgija ï Sisak then 

Zagreb, Vol. 55, P. 527ï530. 

8. Tikhomirova, O. G. (2012), "Adaptive management of entrepreneurial structures as open dynamic systems" ["Adaptivnoye 

upravleniye predprinimatel'skimi strukturami kak otkrytymi dinamicheskimi sistemami"], Basic research, No. 9-2, P. 495ï499. 

9. Ivlev, A. A., Kravchenko, A. Y., Khovanov, D. G., Stukalin, S. V. (2009), "Improving the processes of program-target planning 

and management of the creation of a scientific and technical reserve for advanced weapons" based on an adaptive approach 

["Sovershenstvovaniye protsessov programmno-tselevogo planirovaniya i upravleniya sozdaniyem nauchno-tekhnicheskogo 

zadela dlya perspektivnogo vooruzheniya na osnove adaptivnogo podkhoda"], Armament and economy, No. 2 (6), P. 42ï50. 

10. Virine, L. (2008), "Adaptive Project Management", PM World Today, Vol. X, Issue V. 

11. Wysocki, R. K. (2014), Effective Project Management: Traditional, Adaptive, Extreme, Seventh Edition, Wiley, 726 p. 

12. Filimonova, A. A., Kazarinov, L. S., Barbasova, T. A. (2015), "A method of effective planning and control of industrial facility 

energy consumption", International Journal of Social, Behavioral, Educational, Economic, Business and Industrial Engineering, 

Vol. 9, No. 12, P. 2070ï2074. 

13. Omar, N. S., Hatem, W. A., Najy, H. I. (2019), "Predictive Modeling for Developing Maintenance Management in Construction 

Projects", Civil Engineering Journal, No. 5 (4), P. 892ï900. DOI: https://doi.org/10.28991/cej-2019-03091297 

14. Kiyko, S. G. (2020), "Predictive adaptation in the management of the portfolio of energy saving projects at the metallurgical 

enterprise" ["Predyktyvna adaptatsiya pry upravlinni portfelem proektiv enerhozberezhennya na metalurhiynomu 

pidpryyemstvi"], Science and technology of the Air Force of the Armed Forces of Ukraine, No. 4 (41), P. 133ï144. 

DOI: https://doi.org/10.30748/nitps.2020.41.16 

15. Molokanova, V. M., Orliuk, O. P., Petrenko, V. O., Butnik-Syverskyi, O. B., Khomenko, V. L. (2020), "Formation of 

metallurgical enterprise sustainable development portfolio using the method of analyzing hierarchies", Naukovyi Visnyk 

Natsionalnoho Hirnychoho Universytetu, No. 2, P. 131ï136. DOI: https://doi.org/10.33271/nvngu/2020-2/131 

 

ʅʘʜʽʡʰʣʘ (Received) 28.11.2020 

 

ɺʽʜʦʤʦʩʪʽ ʧʨʦ ʘʚʪʦʨʽʚ / ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ / About the Authors 

ʂʽʡʢʦ ʉʝʨʛʽʡ ɻʝʥʥʘʜʽʡʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʇʨɸʊ ɽʣʝʢʪʨʦʤʝʪʘʣʫʨʛʽʡʥʠʡ ʟʘʚʦʜ "ɼʥʽʧʨʦʩʧʝʮʩʪʘʣʴ" 

ʽʤ. ɸ. ʄ. ʂʫʟʴʤʽʥʘ, ɻʦʣʦʚʘ ʧʨʘʚʣʽʥʥʷ, ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ; email: sergiy.kiyko@dss.com.ua; ORCID: https://orcid.org/0000-

0003-4676-5722. 

ʂʠʡʢʦ ʉʝʨʛʝʡ ɻʝʥʥʘʜʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʏɸʆ ʕʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʟʘʚʦʜ "ɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴ" 
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ɸɼɸʇʊʀɺʅʆɽ ʋʇʈɸɺʃɽʅʀʀ ʇʆʈʊʌɽʃɽʄ ʇʈʆɽʂʊʆɺ 

ʕʅɽʈɻʆʉɹɽʈɽɾɽʅʀʗ ʅɸ ʄɽʊɸʃʃʋʈɻʀʏɽʉʂʆʄ ʇʈɽɼʇʈʀʗʊʀʀ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʨʪʬʝʣʷʤʠ ʧʨʦʝʢʪʦʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʩ ʫʯʝʪʦʤ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ, 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ ʠ ʨʠʩʢʦʚ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦʪʦʢʦʚ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʪʨʝʙʦʚʘʥʠʡ, ʮʝʣʝʡ ʠ ʩʪʨʘʪʝʛʠʡ ʧʦʚʝʜʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʢʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪ.ʜ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʘʪʴʠ ʷʚʣʷʶʪʩʷ ʘʜʘʧʪʠʚʥʳʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʪʬʝʣʷʤʠ ʧʨʦʝʢʪʦʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʪʬʝʣʝʤ 

ʧʨʦʝʢʪʦʚ ʩ ʫʯʝʪʦʤ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʈʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʘʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʘʜʘʧʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʻʢʪʘʤʠ; ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʜʘʧʪʘʮʠʠ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ 

ʧʦʨʪʬʝʣʝʤ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʧʨʦʝʢʪʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ; ʜʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʵʪʘʧʦʚ ʤʝʪʦʜʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʨʪʬʝʣʷ ʧʨʦʝʢʪʦʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ; ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʚʘʞʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʧʨʠʦʨʠʪʝʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʧʨʝʜʧʨʠʷʪʠʷ; 

ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʥʘ ʏɸʆ "ɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴ". ʄʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: ʤʝʪʦʜʳ ʧʦʨʪʬʝʣʴʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ, ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʵʢʩʧʝʨʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʇʨʦʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʻʢʪʘʤʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʝʜʧʨʠʷʪʠʠ. ʆʧʠʩʘʥʳ ʵʪʘʧʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʨʪʬʝʣʷ ʧʨʦʝʢʪʦʚ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ 
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ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʥʘ ʏɸʆ "ɼʥʝʧʨʦʩʧʝʮʩʪʘʣʴ". ɺʳʚʦʜʳ: ʇʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ 

ʤʝʥʝʜʞʤʝʥʪʘ ʧʨʦʝʢʪʦʚ ʠ ʧʨʦʛʨʘʤʤ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʢʘʯʝʩʪʚʘ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʨʝʘʣʠʟʘʮʠʝʡ ʘʜʘʧʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʦʨʪʬʝʣʴ ʧʨʦʝʢʪʦʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʦʪʨʘʩʣʠ ʋʢʨʘʠʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʨʪʬʝʣʴ ʧʨʦʝʢʪʦʚ; ʧʨʝʜʠʢʪʠʚʥʘʷ ʘʜʘʧʪʘʮʠʷ; ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝʤ; 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

 

ADAPTIVE PORTFOLIO MANAGE MENT OF ENERGY SAVIN G PROJECTS AT A 

METALLURGICAL ENTERPRISE  

Today, the problem of creating and implementing methodological foundations for managing portfolios of energy saving 

projects at metallurgical enterprises is urgent, taking into account strategic goals, limited resources and risks. The solution to 

this problem is complicated by the fact that it is necessary to take into account the many interrelated flows of energy resources, 

requirements, goals and strategies of behavior of individual subdivisions of metallurgical enterprises, as well as the dynamics 

of production processes, etc. The subject of the article is adaptive methods of portfolio management of energy saving projects 

at metallurgical enterprises. The purpose of this work is to create methods for the formation and adaptive management of the 

project portfolio, taking into account the strategic goals of the metallurgical enterprise for energy saving and energy efficiency. 

The following tasks are solved: analysis and comparison of traditional and adaptive project management processes; description 

of the main provisions of the methodology of predictive adaptation in the management of the portfolio of energy-saving 

projects of the metallurgical enterprise; detailed consideration of the stages of formation and implementation of the portfolio of 

energy saving projects of the metallurgical enterprise; consideration of the results of the assessment of the importance of the 

criteria in substantiating the priorities of the energy strategy of the enterprise; discussion of the results of the formation of the 

energy saving program at PJSC "Dneprospetsstal". Research methods: portfolio management methods, forecasting methods, 

expert-analytical methods, risk management methods. The following results were obtained: The substantiation of expediency 

of use of adaptive management of energy saving projects at the metallurgical enterprise is carried out. The stages of strategic 

planning for energy saving and energy efficiency, the stages of formation and implementation of the portfolio of energy saving 

projects of the metallurgical enterprise are described. The results of the formation of the energy saving program at PJSC 

"Dneprospetsstal" were considered. Conclusions: Building a management system for energy saving projects and programs at 

metallurgical enterprises requires solving the problem of predictive analysis of energy consumption and fuel and energy 

balance with subsequent implementation of adaptive mechanisms for planning, monitoring and change management, which 

allows more efficient formation and implementation of energy saving projects and projects. to promote the increase of energy 

efficiency and competitiveness of the enterprises of the metallurgical industry of Ukraine. 

Keywords: project portfolio; predictive adaptation; energy saving management; metallurgical enterprise, energy 

consumption planning. 
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A METHOD FOR IMPROVING THE QUALITY INDICATORS OF A DISTRIBUTED 

FORENSIC INFORMATION SYSTEM  

Subject of research: the process of monitoring the quality indicators of a computer network of a forensic information system using 

methods for increasing the frequency resolution of acousto-optic spectrum analyzers. The aim of this work is the possibility of 

increasing the QoS indicators of a computer network by achieving the potential accuracy of estimating the frequencies of two 

simultaneously arriving radio pulses using the super-Rayleigh resolution method in acousto-optic spectrum analyzers (AOSA). The 

following tasks are solved in the article: analysis of various information systems of forensic examination and the tasks that they solve; 

analysis of the use of acousto-optic spectrum analyzers to determine the parameters of the transmitted signal in a distributed forensic 

system; derivation of an analytical expression for evaluating the potential accuracy of the frequency detuning value of two pulses. The 

following methods and models are used: models and methods of systems theory (based on the information approach), models and 

methods for constructing distributed systems and their components in accordance with various hierarchical levels of their organization 

and operating conditions; models and methods of theories of propagation and interaction of electromagnetic waves with wave 

structures of various physical nature. The following results were obtained: The analysis has established that forensic information 

systems are distributed in nature and impose high requirements on the quality of the functioning of telecommunications equipment of 

the corresponding computer networks (CN). To meet these requirements, it is necessary to improve the systems for monitoring, 

protecting and transmitting information in the corresponding CN, which is impossible without solving the problem of monitoring 

signal parameters. Research has been carried out on the use of AOSA to ensure control over communication channels of computer 

networks. It was found that most of the AOSA frequency resolution methods have limitations associated with the Rayleigh criterion, 

which significantly limits the potential for frequency separation of pulses. The use of the method of super-Rayleigh resolution of 

narrow-band pulses in terms of their arrival time is proposed. An analytical expression is obtained to estimate the potential accuracy 

of determining the value of the detuning in the frequency of two pulses. Conclusions. The forensic information system is a complex 

heterogeneous distributed system. To improve the efficiency of its functioning, it is necessary to control the parameters of the signal 

propagating in the network. The use of the super-Rayleigh resolution method in AOSA will increase the resolution of AOSA by 

increasing the frequency resolution of two non-simultaneous radio pulses of long duration. 

Keywords: distributed information system; computer network; acousto-optic spectrum analyzer; QoS indicators of computer 

networks; resolution; super-Rayleigh resolution. 

Introduction  

 

At the moment, in the modern world, there is a 

colossal amount of ready-to-use information and 

computing resources that were created at different times. 

Different approaches were used to develop them. Almost 

always, when developing a newer information system, you 

can find and use ready-made in their functions, ready-

made components that are already working. The problem 

is that compatibility requirements were not taken into 

account when creating them. These components do not 

understand each other; they cannot work together. It is 

desirable to have a mechanism or set of mechanisms that 

will make such independently designed computing 

resources compatible. The main task of such information 

and computing resources is, first of all, facilitated access 

to remote resources and control over the sharing of these 

resources (computers, files, data in a database (DB). Such 

resources include a variety of distributed information 

systems (DIS). 

A set of computers connected by communication 

channels can be considered as a software module 

(application), executed within a separate process. Users 

and applications work consistently in DIS regardless of 

where and when this interaction occurs. To do this, DIS 

must have characteristics such as hiding from users the 

differences between computers and how they 

communicate. Another important DIS characteristic is the 

way in which DIS provides a consistent user (and 

application) experience. DIS must meet the following 

requirements: - transparency; - openness; - flexibility; - 

scalability (extensibility). These requirements fix two 

essential points: the autonomy of the DIS nodes and the 

presentation of the system by the user as a single structure. 

In this case, the main DIS link is software. Diverse 

software is rapidly developing and penetrating into all 

spheres of human activity.  Forensic expertise is no 

exception. 

The distributed nature of forensic information 

systems and the importance of information processed by 

the system impose increased requirements both on the 

structure of the system itself and on the quality of data 

transfer between various subsystems. A large number of 

studies have been devoted to overcoming these problems 

[1-12]. 

A significant place in these studies is occupied by 

the analysis of the impact of the quality of 

telecommunications equipment on the functioning of DIS 

forensic examination. The studies carried out in these 

works have established that in order to increase the 

efficiency of the DIS forensic examination, it is necessary 

to ensure a high quality of functioning of the computer 

network of the information system, which is not possible 

without improving the corresponding equipment [9 - 17]. 

Consequently, the improvement of existing systems 

for the transmission of information and the design of new 

telecommunication systems is an urgent task to improve 

the quality of service for the entire IP of forensic 

examination.  

 

The purpose of this article is to analyze existing 

models and types of forensic information systems and the 
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possibility of increasing the QoS indicators of a computer 

network by achieving the potential accuracy of estimating 

the frequencies of two simultaneously arriving radio 

pulses using the super-Rayleigh resolution method in 

acousto-optic spectrum analyzers. 

1. To solve this problem, it is necessary to solve a 

number of specific problems: 

2. To analyze the various forensic information 

systems and the tasks they solve. 

3. To conduct an analysis of the use of AOSA to 

determine the parameters of the transmitted signal in a 

distributed forensic system. 

4. To obtain an analytical expression for evaluating 

the potential accuracy of the frequency detuning of two 

pulses. 

5. To develop a method to improve the efficiency of 

a distributed information system 

 

Main part  

 

1. Analysis of the construction and functioning of 

forensic information systems 

Forensic expertise, varied in form and content, is 

impossible without the use of a variety of sources of 

information. These are documents in various information 

systems, including databases. When selecting information, 

the principles of reliability, relevance, necessary 

sufficiency and completeness are observed. The principles 

of creating information systems include simplicity, 

openness, interactivity, structure, functional distribution, 

integration, security and automation. 

Expert systems are a line of research in the field of 

artificial intelligence for the creation of computing 

systems capable of making decisions similar to the 

decisions of experts in a given subject area [3]. The 

functioning of a database in forensic science is based on 

the principles of operational replenishment and relevance, 

sufficient speed in the search and processing of data, 

compliance of answers with search queries, as well as 

ensuring the protection of information. When 

investigating the situation of an emergency situation (ES), 

analyzing material evidence, as well as studying an 

investigative or operational situation, a systematic 

approach, game theory, queuing, fuzzy sets and other 

modern approaches to processing complex and diverse 

information are used. The decision in forensic 

examination is made in several stages: modeling, building 

scenes and processes; analysis of situations based on these 

models; forecasting their changes. Increasingly, modeling 

is carried out on the basis of three-dimensional models 

and even using the so-called augmented reality. In 

traceology and in image analysis, such a model makes it 

possible to unambiguously identify an object. The 

objectivity of the examination with such information 

support is fully realized. 

The use of a database in forensic science involves 

the collection, accumulation, storage, processing and 

analysis of information. When collecting information, as a 

rule, special equipment is used, scanners, digital cameras 

and video cameras, sound recording devices. In some 

cases, it is still not possible to digitize the information 

used in the examination.  In this case, bullet sleeves, casts 

of footprints, full-scale collections, etc. are used. Their 

accumulation, systematization, search and identification is 

also based on the database. As the main carrier of large 

amounts of information used to store these databases, the 

most effective use of hard drives. Sometimes database 

copies are stored on external hard drives or "in the cloud" 

on servers that provide access to them over the Internet 

around the clock.  Currently, there are many reference and 

information funds. The overwhelming majority of them 

are database-based and are automated information 

retrieval systems. Forensic institutions [3] use reference 

and information funds, built in relation to specific types of 

expertise, as well as for various objects or research 

methods. However, they are all implemented in the form 

of automated information retrieval systems based on a 

database, and are part of the forensic registration system. 

This system includes subsystems called forensic 

accounting. Accounts are classified by purpose and 

features of registration objects. 

Thus, the study showed that there are effective 

information systems in practically all areas of information 

support for forensic examination. These information 

systems have a distributed and heterogeneous nature and, 

in order to ensure the main indicators of the quality of 

functioning, they place high demands on the quality of the 

functioning of the telecommunications equipment of the 

corresponding computer networks (CN). After all, it 

cannot yet be stated that information systems for the 

provision of forensic expertise (ISPFE) have the 

properties of artificial intelligent systems that expert 

systems possess.  

To solve this complex problem, it is necessary to 

make efforts in all aspects of ISPFE functioning, including 

to improve the quality of QoS CN. The next section of our 

article will analyze possible ways to improve QoS through 

the use of modern methods for determining the parameters 

of the signal propagating in the network. 

 

2. Analysis of the possibility of using AOSA to 

determine signal parameters in a computer network. 

To successfully solve the problem of electromagnetic 

compatibility of a large number of currently existing 

various communication, radio navigation and radar 

complexes, it is necessary to determine the parameters of 

radio emission sources as accurately as possible, in real 

time. The task of measuring the parameters of propagating 

signals is complicated by the fact that modern radio 

engineering complexes during operation can change the 

basic parameters of radiation, such as: frequency, pulse 

duration, pulse repetition period, and many others. For 

operational recognition and determination of radio signal 

parameters, processing methods using acousto-optic 

interaction are increasingly used. This is due to the 

specific capabilities of such methods: parallelism, high 

speed and frequency of optical signal processing, etc. [4, 

17, 18]. 

The above possibilities are implemented in acousto-

optic spectrum analyzers (AOSA), which are 

distinguished by their simplicity of design and parallel 

processing of signals in a wide frequency band and 



                                                                                                                                                           ISSN 2522-9818 (print) 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 2020. ˉ 4 (14)  ISSN 2524-2296 (online) 

  

73 

practically in real time [4]. The advantages of using 

AOSA for solving spectral analysis problems and 

expanding the bandwidth of simultaneously analyzed 

frequencies necessitate a deeper analysis of the resolution 

of these devices. 

Analysis of a number of works [4, 7, 14, 17, 18] 

devoted to the theory of development of devices for 

acousto-optic conversion and signal processing allows 

stating the contiguity of such characteristics of frequency 

accuracy as the accuracy of reading the radio signal 

frequency and resolution for the class of devices under 

consideration. In this case, the resolving power of an 

acousto-optic spectrum analyzer is understood to be its 

ability to resolve two close frequency components of the 

analyzed spectrum or two adjacent in frequency radio 

emission [7, 14, 17]. Resolution is quantitatively defined 

as the minimum frequency interval between two radio 

emissions or spectrum components, at which they are 

reliably separated. The characteristic of the frequency 

readout accuracy allows one to judge with what accuracy 

the frequency interval between adjacent frequency 

components or the true value of each of them can be 

measured [4]. 

Indeed, in the practice of designing and constructing 

acousto-optic and, in particular, optical devices for 

spectral analysis, the resolution and frequency readout 

accuracy are determined by the parameters of the 

instrumental function formed by these devices and the 

selected resolution criterion. In most cases, to characterize 

the frequency accuracy of the device, the concept of the 

Rayleigh criterion is introduced, to determine which the 

case is considered when the input of an acousto-optic 

transducer is affected by two harmonic signals spaced 

apart in frequency by a value of ȹf [4, 17]. This happened 

historically, by analogy with the resolution of most optical 

instruments, for example, telescopes. In this case, two 

optical signals are formed in the focal plane of the device, 

the intensity distribution of each of which along the plane 

of the photodetector is described by an apparatus function 

of the form sin2 (x)/x2, and the linear distance ȹx 

between the maxima of zero orders is proportional to ȹf. 

According to the criterion under consideration, the 

resolution limit of two signals in a diffraction-limited 

optical system is reached if the maximum of the zero 

order of one signal coincides with the minimum of the 

first order of the second. Thus, the resolution limit and the 

accuracy of the signal frequency reading according to the 

Rayleigh criterion are ultimately determined by the device 

itself, namely, it is inversely proportional to the width of 

its instrumental function. 

The analysis of the resolution criterion considered 

above, given in [4], shows that it is, in essence, focused on 

qualitative observations, and the value of the resolution 

obtained on the basis of such a definition does not 

correspond to modern requirements for measuring 

technology. So, for example, the well-known opinion that 

the limit of the resolution and accuracy of the signal 

frequency reading is determined by the properties of the 

device and, in particular, by the width of the generated 

instrumental function, when investigating the procedure 

for restoring the input from an inaccurately known output 

turns out to be incorrect for a wide class of input signals 

with a finite spectrum. 

The inconsistency of the Rayleigh concept of 

resolution with the results of experiments with 

quantitative measurements led to a wide discussion of the 

very concept of resolution and an analysis of the 

corresponding criteria. The results of research in the field 

of the theory of resolution and presented in [4, 17, 18] 

allow us to say that the resolution limit and the accuracy 

of measuring the frequency reference becomes not a 

property of the device itself, and is determined, in 

particular, not by the width of its instrumental function, 

but by the accuracy of reading output process. In turn, the 

accuracy of recording the output signals under ideal 

experimental conditions is determined by fluctuation 

processes in the equipment. Therefore, only the 

fluctuation limit of resolution is insurmountable, due to 

objective physical phenomena (discreteness of the charge, 

the quantum nature of optical radiation, etc.). Thus, the 

frequency accuracy of existing acousto-optic spectrum 

analyzers, the choice of the parameters of photodetectors 

of which was based on the principles of Rayleigh 

resolution, can be significantly improved by using special 

procedures for recording and processing optical signals, 

taking into account their statistical properties due to the 

nature of their formation. 

Recently, in papers [17, 18] devoted to the problem 

of increasing the resolving power of acousto-optic 

spectrum analyzers, other physical principles have also 

been applied. For example, [17] proposed a technique for 

increasing the resolution of acousto-optic spectrum 

analyzers taking into account the nonlinear nature of 

acousto-optic interaction. In this case, the analysis of the 

acousto-optic interaction proceeding in acousto-optic 

spectrum analyzers was carried out without integration 

over time, which leads to smoothing of fluctuations. 

In most cases, the frequencies of radio pulses 

measured in AOSA are so close that it is not possible to 

distinguish them using either the Rayleigh criterion or 

other methods. But in pulsed radar there is a method of 

super-Rayleigh resolution of narrow-band pulses in terms 

of their arrival time. The basis of this method is the 

noiseless idealization of the signal mixture and its 

analytical representation by a polynomial, the degree of 

which is equal to the number of signal sources, and the 

roots are uniquely related to their parameters. 

 

3. Evaluation of the potential accuracy of 

determining the frequency detuning of two pulses.  

It is well known, that in most of the currently 

existing AOSA, the signal is sequentially read from a line 

of photosensitive elements. Thus, we can assume that 

there is a vector containing N measurements at points 

1
, ... ,

N
x x  of a random variable distributed according to 

Poisson's law { }1 2
, , ... ,

N
n n n n= . Each element of the 

measurement vector is characterized by mathematical 

expectation ( )M n
i

 and variance ()iD n , and. 

( ) ( )i i
M n n ,

i
D b= =  1, 2, ... ,i N= . 
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It is known [10] that 
i

b  are functions of the 

parameters , ,
i

a x D: 

 
( )( )
( )

( )( )
( )

2 2

2 2

2 2

i

Sin a x Sin a x
b

a x a x

å õ å õD D+ -
æ ö æ ö
= +æ ö æ öD D+ -æ ö æ ö
ç ÷ ç ÷

,    (1) 

where a  ï is the parameter characterizing the diffraction 

properties of the spectrum analyzer, and the unknown is 

the parameter D, characterizing the frequency detuning of 

the two analyzed pulses. 

In (1), the amplitude is assumed to be normalized to 

unity, since taking it into account in the future has no 

difficulties. 

Fig. 1, and fig. 2 show the possible form of the mean 

value of the vector n, determined by dependence (1) 

 at the values a p=  and ʘ = 0.5, respectively (the value 

D= 1).  

2 0 2
0

1

2

b i 10,( )

x i( )   

Fig. 1. The average value of the vector n at a p=  

If the samples are independent of each other, their 

joint distribution will have the form: 

 

 ( ) ( ), ,

1

N
P n P b n

i i
i

D =Ô
=

,           (2) 

where  

 ( ),
!

b n

i

i i

i

i ie b
P b n

n

-

= .        (3) 

It is required to determine the potential estimation 

accuracy of the parameter D. 

2 0 2
0

1

2

b i 10,( )

x i( )  

Fig. 2. Average value of vector n at ʘ = 0,5 

The potentially possible variance of the parameter 

D estimation is determined based on the Rao-Cramer 

inequality. It is equal to the reciprocal of the expected 

value (i.e., averaged over realizations) of the second 

derivative of the logarithm of the distribution function (2), 

taken with the opposite sign [14]:  

 2 2 2 2

1

( , ) / 1/ ( / ) /
N

i i

i

nP n b bs
D

=

=-µ D µD = µ µDä ,       (4) 

where the bar above the expression means the averaging 

sign, 

( )( )
( )

( ) ( )( )( ) ( )( )
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( )

( ) ( )( )( ) ( )( )

3
3

3
3

2
2

2 2 2 2

2

2
2

.
2 2 2 2

2

i

i i

i

i

i

i

Sin a x
b a x cos a x a Sin a x

a x

Sin a x
a x cos a x a Sin a x

a x

D+
è øD D D Dµ µD= + + - + +
é ùê úD+

D-
è øD D D D+ - - - -
é ùê úD-

Note that the expression for calculating the variance 

does not contain the second derivatives of bi. In practice, 

the true values of D are unknown, so they are replaced 

with appropriate estimates. However, here we do not 

consider the issues of obtaining estimates for the unknown 

parameter and for the purposes of analyzing the 

dependence of the potential accuracy on the value of the 

unknown parameter, we will assume that it is known 

exactly. 

We studied the dependence of the value of the root-

mean-square error in estimating the detuning of two 

pulses in frequency sD on the detuning D at various 

sampling rates of the parameter x. Discretization of the 

parameter x was carried out on the interval [ï

 2 p /a, 2p/a], i.e. 
2

4 /ix i aN
a

p
p=- + , where 

i = 1, 2, é , N;  where N is the number of samples on the 

selected interval. The research results for ʘ = p are 

shown in fig. 3 and fig. 4, and in fig. 5 and fig. 6 - for 

ʘ = 0.5. The number of samples was chosen equal to 10 

and 100.  

0 0.5 1
0

0.2

0.4

s j( )

D j( )  

Fig. 3. Dependence of  on the detuning value D at N = 10, 

ʘ = p 
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0 0.5 1
0

0.02s j( )

D j( )  

Fig. 4. Dependence of  on the detuning value D at N = 100, 

ʘ = p 

0 0.5 1
0

0.2

0.4

s j( )

D j( )  

Fig. 5. Dependence of  on the detuning value D at N = 10,  
ʘ = 0,5 

0 0.5 1
0

0.02s j( )

D j( )  

Fig. 6. Dependence of  on the detuning value D at N = 100, 

ʘ = 0,5 

Analysis of figs. 3 - 6 shows that the dependence of 

the root-mean-square error in estimating the detuning in 

frequency on its value is periodic. This is natural, since 

the terms in (4) are also periodic functions. However, as 

the value a decreases, the periodicity in the selected 

interval becomes less noticeable (figs. 1, 2), which 

explains the difference in the nature of the curves in figs. 

3, 5. With a small number of discrete (N = 10, fig. 3, 5) 

and a small detuning , the root mean square error 

of the estimated parameter is commensurate with its value. 

This means that reliable estimates are unlikely to be 

obtained under these conditions. With an increase in the 

number of samples on the selected interval (N = 100, figs. 

4, 6), the value of the root-mean-square error is less than 

10% of the value of the estimated parameter over the 

entire interval.  

4. The method of increasing the efficiency of a 

distributed information system  

The results obtained in the previous part of the 

article allow us to propose a method for controlling the 

frequency of the signal propagating in the ISPFE 

information transmission channels. As noted above, this 

method is based on the use of super-Rayleigh resolution of 

narrow-band pulses, which provides up to 12% increase in 

the frequency measurement accuracy in comparison with 

known methods. Thus, it is possible to propose a method 

for increasing the operability of a distributed information 

system, which is based on the use of AOSA, the optimal 

processing of a signal functioning in the ISPFE computer 

network, which leads to a significant improvement in the 

resolution and, in turn, leads to a decrease in information 

loss caused by electromagnetic problems, compatibility 

and synchronization of pulses in the investigated computer 

networks. 

 

Conclusions 

 

The article carried out studies of the forensic 

information system, which confirmed that this system is 

distributed and heterogeneous, which explains the 

complexity of the complete automation of this system. As 

part of the analysis, it was found that for the effective 

functioning of the forensic information system, it is 

necessary to fulfill rather stringent requirements for the 

computer network that provides information exchange. 

It is proposed to monitor the efficiency of the 

computer network of the forensic information system 

based on the determination of the main parameters of the 

signal, which ensures the transmission of information in 

communication channels. 

When monitoring the frequency of pulses 

propagating in communication channels, the article 

proposes the use of acousto-optic spectralizers, which 

provide fairly high frequency resolution values.  

As a result of the analysis of the classical (Rayleigh) 

approach to determining the resolution of AOSA, it was 

found that the frequency resolution can be significantly 

improved by applying special procedures for recording 

and processing optical signals, taking into account  

their statistical properties due to the nature of their 

formation. 

The article substantiates the possibility of using 

super-Rayleigh frequency resolution of pulses in  

acousto-optic spectrum analyzers. An expression is 

obtained for estimating the potential accuracy of the 

frequency detuning of two pulses.  Analysis of potential 

accuracy calculations shows that for the practical  

use of the idea of super-Rayleigh frequency resolution of 

pulses in acousto-optic spectrum analyzers, it is  

necessary to provide the required sampling  

frequency. 

The article proposes a method for increasing the 

efficiency of a distributed information system, which is 

based on the use of AOSA, the optimal processing  

of a signal operating in the ISPFE computer  

network. 
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ʄɽʊʆɼ ʇɯɼɺʀʑɽʅʅʗ ʇʆʂɸɿʅʀʂɯɺ ʗʂʆʉʊɯ ʈʆɿʇʆɼɯʃɽʅʆɰ 

ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ ʉʋɼʆɺʆɰ ɽʂʉʇɽʈʊʀɿʀ 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʧʨʦʮʝʩ ʢʦʥʪʨʦʣʶ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦ ʯʘʩʪʦʪʽ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʘ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ QoS ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ʟʘ ʨʘʭʫʥʦʢ ʜʦʩʷʛʥʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʪʦʯʥʦʩʪʽ ʦʮʽʥʶʚʘʥʥʷ 

ʯʘʩʪʦʪ ʜʚʦʭ ʨʘʜʽʦʽʤʧʫʣʴʩʽʚ, ʱʦ ʧʨʠʡʰʣʠ ʦʜʥʦʯʘʩʥʦ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʧʦʥʘʜʨʝʣʝʝʚʩʢʦʛʦ ʜʦʟʚʦʣʫ ʚ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ 

ʘʥʘʣʽʟʘʪʦʨʘʭ ʩʧʝʢʪʨʘ (ɸʆɸʉ). ʋ ʩʪʘʪʪʽ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: ʘʥʘʣʽʟ ʨʽʟʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʩʫʜʦʚʦʾ 

ʝʢʩʧʝʨʪʠʟʠ ʽ ʟʘʚʜʘʥʴ, ʷʢʽ ʚʦʥʠ ʚʠʨʽʰʫʶʪʴ; ʘʥʘʣʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʫʩʪʦʦʧʪʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʽ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ; ʚʠʚʝʜʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʨʘʟʫ ʜʣʷ ʦʮʽʥʢʠ 

ʧʦʪʝʥʮʽʡʥʦʾ ʪʦʯʥʦʩʪʽ ʚʝʣʠʯʠʥʠ ʨʦʟʣʘʜʫ ʧʦ ʯʘʩʪʦʪʽ ʜʚʦʭ ʽʤʧʫʣʴʩʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʤʝʪʦʜʠ ʽ ʤʦʜʝʣʽ: ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ 

ʪʝʦʨʽʾ ʩʠʩʪʝʤ (ʥʘ ʙʘʟʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ), ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʽ ʾʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʨʽʟʥʠʤʠ ʽʻʨʘʨʭʽʯʥʠʤʠ ʨʽʚʥʷʤʠ ʾʭ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ; ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʪʝʦʨʽʡ ʧʦʰʠʨʝʥʥʷ ʽ 

ʚʟʘ̒ʤʦʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʟ ʭʚʠʣʴʦʚʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ. ɹʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʚʩʪʘʥʦʚʠʚ, ʱʦ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʤʘʶʪʴ ʨʦʟʧʦʜʽʣʝʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʚʠʩʫʚʘʶʪʴ ʚʠʩʦʢʽ 

ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ (ʂʄ). ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʭ ʚʠʤʦʛ ʥʝʦʙʭʽʜʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ, ʟʘʭʠʩʪʫ ʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʚʽʜʧʦʚʽʜʥʠʭ ʂʄ, ʷʢʝ 

ʥʝʤʦʞʣʠʚʦ ʙʝʟ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ɸʆɸʉ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʪʨʦʣʶ ʥʘʜ ʢʘʥʘʣʘʤʠ ʟʚ'ʷʟʢʫ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʤʝʪʦʜʽʚ ʧʦʢʨʘʱʝʥʥʷ  

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ɸʆɸʉ ʤʘʻ ʦʙʤʝʞʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʨʠʪʝʨʽʶ ʈʝʣʝʷ, ʱʦ ʽʩʪʦʪʥʦ ʦʙʤʝʞʫʻ ʧʦʪʝʥʮʽʡʥʫ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʽʣʫ ʽʤʧʫʣʴʩʽʚ ʧʦ ʯʘʩʪʦʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʧʦʥʘʜʨʝʣʝʝʚʩʢʦʛʦ ʜʦʟʚʦʣʫ ʚʫʟʴʢʦʩʤʫʛʦʚʠʭ 

ʽʤʧʫʣʴʩʽʚ ʧʦ ʯʘʩʫ ʾʭ ʧʨʠʭʦʜʫ. ʆʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʨʘʟ ʜʣʷ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʡʥʦʾ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʨʦʟʣʘʜʫ ʧʦ 

ʯʘʩʪʦʪʽ ʜʚʦʭ ʽʤʧʫʣʴʩʽʚ. ɺʠʩʥʦʚʢʠ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ ʻ ʩʢʣʘʜʥʦʶ ʛʝʪʝʨʦʛʝʥʥʦʾ ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʩʠʩʪʝʤʦʶ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʛʥʘʣʫ, ʱʦ 

ʧʦʰʠʨʶʻʪʴʩʷ ʚ ʤʝʨʝʞʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʧʦʥʘʜʨʝʣʝʝʚʩʢʦʛʦ ʜʦʟʚʦʣʫ ʚ ɸʆɸʉ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 

ɸʆɸʉ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʜʦʟʚʦʣʫ ʧʦ ʯʘʩʪʦʪʽ ʜʚʦʭ ʨʘʜʽʦʽʤʧʫʣʴʩʽʚ, ʱʦ ʧʨʠʡʰʣʠ ʥʝʦʜʥʦʯʘʩʥʦ,  ʚʝʣʠʢʦʾ ʪʨʠʚʘʣʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʦʟʧʦʜʽʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ; ʢʦʤʧ'ʶʪʝʨʥʘ ʤʝʨʝʞʘ; ʘʢʫʩʪʦʦʧʪʠʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ; 

ʧʦʢʘʟʥʠʢʠ QoS ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʝʨʝʞ; ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ; ʧʦʥʘʜʨʝʣʝʝʚʩʢʠʡ ʜʦʟʚʽʣ. 

ʄɽʊʆɼ ʇʆɺʓʐɽʅʀʗ ʇʆʂɸɿɸʊɽʃɽʁ ʂɸʏɽʉʊɺɸ ʈɸʉʇʈɽɼɽʃɽʅʅʆʁ 

ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ ʉʋɼɽɹʅʆʁ ʕʂʉʇɽʈʊʀɿʓ 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʫʜʝʙʥʦʡ 

ʵʢʩʧʝʨʪʠʟʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʯʘʩʪʦʪʝ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʭ ʘʥʘʣʠʟʘʪʦʨʦʚ 

ʩʧʝʢʪʨʘ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ QoS ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ ʟʘ ʩʯʝʪ ʜʦʩʪʠʞʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʦʮʝʥʠʚʘʥʠʷ ʯʘʩʪʦʪ ʜʚʫʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʰʝʜʰʠʭ ʨʘʜʠʦʠʤʧʫʣʴʩʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ 

ʩʚʝʨʭʨʵʣʝʝʚʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʭ ʘʥʘʣʠʟʘʪʦʨʘʭ ʩʧʝʢʪʨʘ (ɸʆɸʉ). ɺ ʩʪʘʪʴʝ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʫʜʝʙʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʠ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʦʥʠ ʨʝʰʘʶʪ; ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʭ ʘʥʘʣʠʟʘʪʦʨʦʚ ʩʧʝʢʪʨʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʚʘʝʤʦʛʦ  ʩʠʛʥʘʣʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʝ 

ʩʫʜʝʙʥʦʡ ʵʢʩʧʝʨʪʠʟʳ; ʚʳʚʦʜ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʚʝʣʠʯʠʥʳ ʨʘʩʩʪʨʦʡʢʠ ʧʦ 

ʯʘʩʪʦʪʝ ʜʚʫʭ ʠʤʧʫʣʴʩʦʚ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ: ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʩʠʩʪʝʤ ( ʥʘ ʙʘʟʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ), ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʠʝʨʘʨʭʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʠʭ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʪʝʦʨʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʩ ʚʦʣʥʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪ:r ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩʫʜʝʙʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʠʤʝʶʪ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʝʜʲʷʚʣʷʶʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ (ʂʉ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ, ʟʘʱʠʪʳ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʂʉ, ʢʦʪʦʨʦʝ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸʆɸʉ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʷ 

ʥʘʜ ʢʘʥʘʣʘʤʠ ʩʚʷʟʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ ʨʘʟʨʝʰʝʥʠʷ ʧʦ ʯʘʩʪʦʪʝ ɸʆɸʉ ʠʤʝʝʪ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʠʪʝʨʠʷ ʈʵʣʝʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʟʜʝʣʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʧʦ ʯʘʩʪʦʪʝ. ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʩʚʝʨʭʨʵʣʝʝʚʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʫʟʢʦʧʦʣʦʩʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʧʦ ʚʨʝʤʝʥʠ ʠʭ ʧʨʠʭʦʜʘ. ʇʦʣʫʯʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʨʘʩʩʪʨʦʡʢʠ ʧʦ ʯʘʩʪʦʪʝ ʜʚʫʭ ʠʤʧʫʣʴʩʦʚ. ɺʳʚʦʜʳ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩʫʜʝʙʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʦʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʛʥʘʣʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚ ʩʝʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʩʚʝʨʭʨʵʣʝʝʚʩʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʚ ɸʆɸʉ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ɸʆɸʉ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ ʧʦ ʯʘʩʪʦʪʝ ʜʚʫʭ 

ʥʝʦʜʥʦʚʨʝʤʝʥʥʳʭ ʨʘʜʠʦʠʤʧʫʣʴʩʦʚ ʙʦʣʴʰʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ; ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʝʪʴ; ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ 

ʩʧʝʢʪʨʘ; ʧʦʢʘʟʘʪʝʣʠ QoS ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ; ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ; ʩʚʝʨʭʨʵʣʝʝʚʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ. 
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S. RUSANOVA 

MODELING THE IMPACT OF THE TR ANSPORT PROVISION OPTION ON 

PROJECT RISKS 

The subject of the research is the formalization of the influence of the option of transport provision of the project on its risks. The 

aim of the study is to improve the efficiency of project management processes by identifying and formalizing the risks associated 

with the transportation of the project. Tasks of the study: to characterize the impact of transportation on the project; to describe 

formally the dependence of expenses on options for transport provision of projects; to develop a formation scheme and a method for 

assessing the risks of excess costs and loss of time for the project under the influence of the transport option. The following methods 

are used: system analysis, functional analysis. Results: project risks are formed under the influence of many factors, and transport 

provision is one of the components of this set. The set of characteristics of the project, which are influenced by transport provision - 

cost, risks, duration, quality, and result, has been established and characterized. At the same time, the alternatives and variability of 

transport provision form a corresponding impact on the project risks. In this study, under the option of transportation, a combination 

of a specific type and type of vehicle, its characteristics (for example, carrying capacity) and conditions of use in the project 

(purchase, lease or service from project suppliers) are accepted. The transport provision of the project is considered for three levels: 

separate work, time period, and project as a whole. For each of the levels, the following is established: the volume of necessary 

transport services; the number of vehicles required; costs for each option of transportation. Mathematical expressions are obtained for 

the magnitude of the potential risks of the project in the form of time losses and additional costs associated with the options for 

transport provision. Additional costs are determined by the loss of time, the characteristics of the vehicle, the cost structure depending 

on the conditions for using the vehicles. Conclusions: The formalizations obtained make it possible to quantify the impact of 

transport options on project risks. These results are the basis for the further development of a model for choosing the optimal option 

for transport provision for the project, implying a set of specific vehicles, terms and conditions of their use in the project. 

Keywords: vehicle; risks; project; assessment; costs. 

Introduction  

 

Most of the projects being implemented are 

associated with the creation of material objects, which are, 

in fact, the products of these projects, which implies the 

formation of an appropriate logistics system and the need 

for transportation. Depending on the specifics of the 

transport infrastructure and the availability of vehicles, the 

parameters of the project product and the timing of its 

receipt, that is, the duration of the project life cycle, can 

be adjusted. For example, in infrastructure projects, the 

specifics of the terrain and transport infrastructure 

determine the parameters of the project product and the 

mode of work on the project. Thus, the development of 

the project and its planning should be carried out in 

accordance with the need to transport the logistics of the 

project. 

Transport provision, along with other processes in 

the project, allows for variation both by the type of 

vehicles and their characteristics, and by the condition of 

their use in the project.  By the terms of use in the project 

we mean the purchase of vehicles, their lease for the 

period of the project or the period of work related to 

transportation, or the receipt of services from project 

suppliers. Such combinations ï the type of vehicle, its 

characteristics and conditions of use in the project - form 

alternative transport options that affect the project as a 

whole. Establishing this impact on project risks is the crux 

of the problem addressed in this study. Despite the fact 

that the issues of transport provision of logistics and 

optimization of the parameters of the delivery of goods are 

sufficiently discussed and investigated in modern 

research, nevertheless, projects are characterized by 

specific structures and a system of requirements,  

which determines the specificity of the impact  

of transport provision on them. Note that this problem, 

despite its relevance for most of the projects being 

implemented, is practically not represented in modern 

studies.  

 

Analysis of literature and research 

 

The theory of project management is enriched with 

new approaches both in the global aspect (for example, 

[1, 2]) and in terms of individual areas of knowledge. 

The alternative options for transport logistics in 

terms of the characteristics of vehicles and their use on the 

example of sea transportation and large exporters was 

investigated in [3, 4], with the main focus on the 

exporter's transport costs. Projects related to the 

development of transport and infrastructure has certain 

specificity; therefore, this problem is actively addressed in 

modern research, for example, [5-11]. In addition, the 

development of the concept of project-oriented 

management determines the use of a project-based 

approach to the organization of cargo delivery [12]. 

Transport provision for projects of logistics systems is 

mentioned in [13] as an element that may or may not be 

included in the project product, but further this issue does 

not receive any development.  

Some works that relate to transportation issues in the 

project are related to field development projects (for 

example, [14]), but these studies are aimed at optimizing 

the routes of bypassing drilling platforms by specialized 

marine vessels, that is, in fact, they are considering the 

already selected option of transportation for the level of 

operational management of transportation processes. 

Any processes associated with projects correspond to 

one of the areas of knowledge in project management 

[15], and, in particular, risk and risk management is one of 

É S. Rusanova, 2020 
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them. Since the variation of transport provision 

determines not only the costs of the project, but also its 

risks, it should be noted that this issue, in principle, has 

not been studied in scientific works. The ideas of the 

formation of regularities in transport costs presented in [3] 

can be taken as a basis. 

 

Statement of the purpose of the article. Based on 

the foregoing, the purpose of this study is to improve the 

efficiency of project management processes by identifying 

and formalizing the impact of the transport option on 

project risks.  

Based on the goal, the objectives of the study are: 

1) to characterize the impact of transportation on the 

project; 

2) to describe formally the dependence of costs on 

options for transport provision of projects; 

3) to develop a formation scheme and a method for 

assessing the risks of excess costs and loss of time for the 

project under the influence of the option of transport 

provision  

 

Results 

 

So, each project allows for an alternative in 

transportation, and the choice of the best option should be 

carried out taking into account the interests of the entire 

project. In contrast to the problems of choosing transport 

provision in transport logistics, where, as a rule, the main 

criterion is transport costs provided that the necessary 

parameters of transport services are provided, the project 

arises (fig. 1): 

ʘ) additional requirements related to the timing of 

the project and project tasks, that is, taking into account 

the project life cycle and the duration of project work; 

b) the need to take into account the impact of 

transport services on the entire project, and, therefore, on 

its cost, risks, quality, and result. 

 

Fig. 1. Influence of transport provision on project characteristics
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Cost indicators, although they are dominant  

when choosing a transport option, nevertheless, each 

option contributes to the risks of the project,  

and in practice, the choice of the best option  

is based on a cost-risk trade-off. Therefore, it  

is important to assess the magnitude of the  

risks from the point of view of the entire project.  

As alternative options for transport provision of 

projects, we will consider the following combination 

,
g
k
ʉ b: 

- kind of vehicle 1,k K= , 

- type of vehicle 1, kg G= , 

- vehicle characteristics ( )1 2
, ,...,

k

g g g g
k k k kY
ʉ C C C= . 

Terms of use in the project: purchase of vehicles 

1b= , rental of vehicles 2b= , transport service as a 

service from suppliers 3b= . 

Note that the transport provision of the project 

involves three levels of consideration: work, time period, 

project as a whole. This decomposition is determined by 

the variety of projects, primarily in terms of scale and 

duration in time. Therefore, depending on the specifics of 

the project, one or another variant of the level of 

consideration of the transport provision of the project is 

selected.  

Risk assessment is carried out after the sequential 

solution of the following tasks: establishing the volume of 

necessary transport services, determining the number of 

necessary vehicles, determining the costs for each option 

of transportation. 

Establishing the volume of necessary transport 

services. The network schedule of the project (work 

, , 1, 1, 2, ,ijɸ i i n j n i j= - = )̧ is the basis for obtaining 

information about the volumes of required traffic, as a 

result, the following is formed: g
kij

Q ï the volume of 

transport services for a specific project work for each type 

and type of vehicle used in the project; ( , )
g
k

Q t t
t ta b  ï the 

volume of transport services for the project for a specific 

period of time ,t t
t ta b

è ø
ê ú

; 1,t= y y ï the number of 

allocated time intervals within the project life cycle;  

*
g
k

Q  ï the total volume of transport services  

for the project with a specific type and type of vehicle.  

Determining the number of vehicles required. The 

characteristics of the vehicle determine its "performance" 
g

kij
P  (carrying capacity) in the specific conditions of the 

considered transport service (transportation distances, 

empty/ballast trips/transitions, loading/unloading 

intensity, the need for additional stops, etc.): 

 ( ), 1, , 1, , 1, 1, 2, .
g g g

kkij kij k
P P ʉ k K g G i n j n= = = = - =  (1) 

Carrying capacity ( )
g g

kij k
P ʉ  determines the number 

of vehicles of each type and type g
kij

N  required to 

perform transport services for the project: 

, 1, , 1, , 1, 1, 2, .
( )

g
kijg

kkij g g
kij k

Q
N k K g G i n j n

P ʉ
= = = = - =  (2) 

 

If the conditions of transport services for works of 

one time interval ,t t
t ta b

è ø
ê ú

 are practically the same, that 

is , ,
g g

ijkij k
P P ɸ t t

t ta b
è ø= Í
ê ú

, the number of vehicles for 

the project time period (taking into account rounding): 

 

( , )
' ( , ) ,

( , , )

1, , 1, , 1, .

g
kg

k g g
k k

k

Q t t
N t t

P ʉ t t

k K g G

t t

t t

t t

a b
a b

a b

è ø
é ù=
é ù
é ù

= = t= y

     (3) 

In this case, the carrying capacity naturally depends 

on ,t t
t ta b

è ø
ê ú

. The total number of vehicles of each type 

and type for the project as a whole: 

1

1 2 1

* ( ) ( ) ( , , ) ,

1, , 1, .

n n
g g g g g g
k k kij k k k

i j

k

N ʉ N ʉ N ʉ t t

k K g G

t t

y-

a b
= = t=

è øè ø
é ù= =é ù
é ùé ùé ùé ù

= =

ää ä
 (4) 

The formalization of transport costs is summarized 

in table 1. 

Table 1. Costs by options for project transportation 

Transport support costs of the project Transport support costs of work 
ijɸ

 

Transport support costs over a period of 

time ,t t
t ta b

è ø
ê ú

 

3b=  

* ( , * ),

1, , 1, ,

1,

g g g
kb k k

k

g
k

R ʉ Q

k K g G

g

= =

g= G

 

( , ),

1, , 1, ,

1, , 1, 1, 2,

g g g
kbij k kij

k

g
k

R ʉ Q

k K g G

i n j n

g

= =

g= G = - =

 

( , , , ),

1, , 1, ,

1, , 1,

g g g
kb k k

k

g
k

R ʉ Q t t

k K g G

t t

g
a b

= =

g= G t= y
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The end Table 1. 

2b=  

* ( , * , )

* ( , * )

* ( , ),

1, , 1,

g g g g
kb k k k

og g g
kb k k

rg g g
kb k k

k

R ʉ Q T

R ʉ Q

R ʉ T

k K g G

=

= +

+

= =

 

( , , )

( , ) ( , ),

1, , 1, ,

1, 1, 2,

g g g
ijkbij k kij

og g g rg g
ijkbij k kij kbij k

k

R ʉ Q t

R ʉ Q R ʉ t

k K g G

i n j n

=

= +

= =

= - =

 

( , , , )

( , )

( , , ),

1, , 1, , 1,

g g g
kb k k

og g g
kb k k

rg g
kb k

k

R ʉ Q t t

R ʉ Q

R ʉ t t

k K g G

t t

t t

a b

a b

=

= +

+

= = t= y

 

1b=  

* ( , * , , )

* ( , * )

* ( , )

* ( , ),

1, , 1,

g g g g
kb k k k

og g g
kb k k

pg g g
kb k k

g ginv
kb k

k

R ʉ Q T F

R ʉ Q

R ʉ T

R ʉ F

k K g G

=

= +

+ +

+

= =

 

( , , , )
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1, 1, , 1, ,

1, 1, 2,

g g g
ijkbij k kij
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kbij k kij

pg g g ginv
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k

R ʉ Q t F

R ʉ Q

R ʉ t R ʉ F

b k K g G

i n j n

=
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= = =
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( , , , , )

( , ) ( , , )

( , ),

1, , 1, , 1,

g g g
kb k k

og g g pg g
kb k k kb k

g ginv
kb k

k

R ʉ Q t t F

R ʉ Q R ʉ t t

R ʉ F

k K g G
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a b

a b

=
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Accepted designations: 
g

k
T ï vehicle rental period; 

og
kb

R  operating (maintenance) costs; , 2
rg
kb

R b=  payment 

of rent; ( , )
rg g

ijk k
f ʉ t , ( , , )

rg g
k k

f ʉ t t
t ta b , ( , )

rg g g
k k k

f ʉ T  

respectively, rental rates of vehicles for work duration ijt , 

time period and the project as a whole; ( )1,..,F F Fl=  ï 

conditions of financing when purchasing a vehicle; 

, 1
ginv
kb

R b=  ï investment costs; , 1
pg
kb

R b=  ï fixed costs 

of vehicles; 1,
g
k

g= G ï transport service provider index 

(for 3b= ). 

The main project risks associated with transport 

support are overspending (i.e. exceeding budget limits) 

and failure to meet the deadlines for project work and the 

project as a whole. At the same time, the loss of time can 

also be estimated as additional costs (including fines for 

delays in obtaining the project product, etc.). The risk is 

determined not only by the characteristics of vehicles (for 

example, an old ship implies a high risk of breakdowns 

and the need for unscheduled repairs), but,  

first of all, by the conditions of their use in the project. For 

example, when renting or purchasing vehicles,  

the project management system gets full control over 

transportation, but at the same time increases  

the degree of responsibility for the vehicle (for example, 

the need to pay for repairs). Let's look at this  

issue in more detail for each variant of transport support 

of the project from the point of view of the terms of use of 

vehicles. 

For the use case of transport services from suppliers, 

that is, for 3b= , the main risk is the risk associated 

 with the choice of the supplier. As a rule, the  

level of costs, in this situation, is relatively  

constant, and the main risk lays in the failure to  

meet the deadlines for the delivery of vehicles, etc., that 

is, delays in the provision of transport services.  

Thus, the main risk in this situation can be  

expressed in the form , 3, 1, 1, 2,ijbt b i n j nD = = - = for 

those works that use transport support, and the volume of 

transport services g
kij

Q  is compared to them, this 

generally involves the use of several types and types of 

vehicles. Therefore, within the framework of the transport  

service of a specific work, several types and types of 

vehicles can take part, and the possible increase  

in the time for performing the work is, in principle, a 

function of their characteristics, that is 

( , 1, , 1, ), 3
g

ijb ijb kk
t t ʉ k K g G bD =D = = =.  

When choosing the option of transport provision for 

3b=  the alternative arises, first of all, from  

the point of view of the company supplying transport 

services, so letôs supplement the characteristics of the 

vehicle with the index of belonging to a certain supplier ï 
g
k
ʉ
g

. Taking this into account, a possible increase in the 

time of project work under the influence of the transport 

factor has the form: 

 ( , 1, , 1, , 1, ), 3.
gg

ijb ijb k kk
t t ʉ k K g G b

g
D =D = = g= G =  (5) 

It should be noted that this value can be  

estimated at the stage of project preparation and the 

beginning of its implementation only by an e 

xpert way, where the experience of an  

expert on the results of transport services  

for similar projects serves as the initial  

information. 

An increase in the time of work execution by an 

amount ijbtD  allows in accordance with the network 

schedule of design work, taking into account time 

reserves, critical path, etc. to determine the impact ijbtD  

on the duration of the life cycle of the project T and, in 

particular, the time of receipt of the project product 
prod
b
ʊ , 

that is, to set the values ,
prod

bb
ʊ ʊD : 
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( , 1, 1, 2, ),

( , 1, 1, 2, ), 3.

prod prod
ijbb b

b b ijb

ʊ ʊ t i n j n

ʊ ʊ t i n j n b

D =D D = - =

D =D D = - = =
  (6) 

Any delays in the course of project work, as a rule, 

lead to additional financial costs for the project bRD : 

 
( , , ,

1, 1, 2, ), 3.

prod
b b b ijbb

R R T T t

i n j n b

D =D D D D

= - = =

     (7) 

Note that in (7) additional project costs RD  are, on 

the one hand, the results of an increase in the duration of 

the project, on the other hand, the result of not  

completing the project on time, that is, delays in receiving 

the project product 
prod
b
ʊ  and completing the project 

bʊD  (for example, penalties, loss of favorable time to 

market with the project product). Thus, not  

only direct costs, but also indirect ones, in  

the form of loss of commercial opportunities  

with the project product, form bRD , that is, (7) can be 

clarified: 

 

1 2

3

( ) ( )

( ( ), 1, , 1, ,

1, , 1, 1, 2, ), 3.

prod
b b b

g
ijb kk

g

k

R R T R T

R t ʉ k K g G

i n j n b

g

D =D D +D D +

+D D = =

g= G = - = =

  (8) 

For the option of leasing vehicles, that is for 2b=  

the main risk is associated with the excess of the planned 

costs for work, time period and project, respectively, by 

the values: 

( , )
og g g
kbij k kij

R ʉ QD , ( , )
og g g
kb k k

R ʉ QD , * ( , * )
og g g
kb k k

R ʉ QD . 

Moreover, the level of these values is specific for a 

particular type and type of vehicle, in addition, the 

characteristics of a vehicle 
g
k
ʉ  determine not only a 

possible increase in operating costs (for example, an "old" 

vehicle requires additional costs for fuel, lubricants, minor 

repairs, etc.), but also possible loss of time due to a 

malfunction of the vehicle, which, as in the above 

situation, leads to an increase in the duration of the 

project. In contrast to (5), for the situation with the rental 

of a vehicle, the increase in the duration of the work is not 

associated with suppliers, but exclusively with the 

characteristics of vehicles: 

 ( , 1, , 1, ), 2.
g

ijb ijb kk
t t ʉ k K g G bD =D = = =  (9) 

Taking into account the more complex cost structure 

for this option of transport provision, the risk of increased 

costs bRD  is associated with two components ï one is 

formed under the influence of a possible increase in the 

time for work 
tRD  (similar to the option 3b=  

considered above), the second - under the influence of risk 

factors associated with operating a vehicle temporary 

ownership) rRD .  

Thus, additional project costs in case of using rented 

vehicles: 

 

1 2

3

1 1

, 2,

( ) ( )

( ( ), 1, , 1, , 1, 1, 2, );

* ( , * ),
k

t r
b

prodt
b b

g
ijb kk

GK
g og g gr
k kb k k

k g

R R R b

R R T R T

R t ʉ k K g G i n j n

R R ʉ Q
= =

D =D +D =

D =D D +D D +

+D D = = = - =

D = x ÖDää

(10) 

where 0
g
k
x ² is a coefficient that reflects the share of 

possible increase in operating costs for each type and type 

of vehicle. Establishing this ratio goes beyond project 

management, but is determined by transport specialists, 

taking into account the specifics of each type and type. In 

general, this coefficient depends not only on the specifics 

of the type and type of vehicle, but also on its 

characteristics 
g
k
ʉ  (for example, the use of an old truck 

naturally has a great chance of causing an increase in 

operating costs, including for minor repairs, than a new 

one), that is ( )
g g
k k
ʉx . As * ( , * )

og g g
kb k k

R ʉ QD  is associated 

with each vehicle, then when forming the final value of 

additional costs in (9) this is taken into account as a sum 

for all vehicles. 

For the option of purchasing vehicles for the project, 

that is at 1b= , the risks of a possible increase in the time 

parameters of the project are similar for the option 2b= . 

At the same time, the risks of an increase in project costs 

are maximum, since in addition to the risks  

of an increase in operating costs as for 2b= , there is a 

risk of an increase in investment costs (for  

example, if a loan was used in foreign currency, and the 

exchange rate changed significantly during the 

implementation of the project; or due to the inability to 

complete the next payment on the loan, penalties are 

charged).  

Thus, additional project costs in case of using the 

purchase of vehicles: 

 

1 2

3

1 1

1 1

, 1,

( ) ( )

( ( ), 1, , 1, , 1, 1, 2, );

* ( , * ),

* ( , ),

k

k

t r inv
b

prodt
b b

g
ijb kk

GK
g og g gr
k kb k k

k g

GK
g g ginv inv
k kb k

k g

R R R R b

R R T R T

R t ʉ k K g G i n j n

R R ʉ Q

R R ʉ F

= =

= =

D =D +D +D =

D =D D +D D +

+D D = = = - =

D = x Ö

D = V Ö

ää

ää

 (11) 

where the coefficient 0
g
k
V ² determines the possible 

increase in investment costs, and in the general case it 

depends on the financing conditions, that is, it can be 

represented as ( )
g
k

FV . 

A diagram of the influence of the transport option on 

the project risks in terms of time and costs is shown  

in fig. 2. 
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Fig. 2. Scheme of the formation of risks of excess costs and loss of time for the project associated with various options for transport 

support of projects
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Conclusions 

 

Project risks are formed under the influence of many 

factors, and transport provision is one of the components 

of this set. At the same time, the alternatives and 

variability of transport provision form a corresponding 

impact on the project risks. A project transport option is a 

combination of specific types and types of vehicles, their 

characteristics (for example, carrying capacity) and the 

conditions for their use in the project (purchase, lease, or 

transport service from project suppliers). Mathematical 

expressions have been obtained for the magnitude of the 

potential risks of the project (in the form of time losses 

and additional costs) associated with the options for 

transportation. 

The results obtained are the basis for the further 

development of a model for choosing the optimal option 

for transport support for the project, implying a set of 

specific vehicles, the terms and conditions of their use in 

the project. 

References 

1. Bushuyev, S., Bushuiev, D., Bushuieva, V. (2020), "Project management during Infodemic of the COVID-19 Pandemic", 

Innovative Technologies and Scientific Solutions for Industries, No. 2 (12), P. 13ï21. DOI: https://doi.org/10.30837/2522-

9818.2020.12.013  

2. Dotsenko, N., Chumachenko, D., Chumachenko, I. (2019, June), "Management of Critical Competencies in a Multi-Project 

Environment, In ICTERI, P. 495ï500. 

3. Onishchenko, S. P., Siraev, A. R., Samoilovskaya, V. P. (2012), "Evaluation of the effectiveness of options for organizing 

transport provision of distribution systems" [" Otsenka effektivnosti variantov organizatsii transportnogo obespecheniya 

raspredelitel'nykh sistem"], Eastern European Journal of Advanced Technologies, Vol. 6, No. 3, P. 37ï43. 

4. Onishchenko, S. P., Siraev, A. R. (2013), "Optimization of transport support of systems of distribution of export production" 

["Optymyzatsyya transportnoho obespechenyya system raspredelenyya ®ksportnoy produktsyy"], Methods and means of 

management of development of transport systems, No. 1, P. 58ï72. 

5. Chen, Z. et al. (2019), "Research on Comprehensive Multi-Infrastructure Optimization in Transportation Asset Management: The 

Case of Roads and Bridges", Sustainability, No. 16, P. 4430ï4459. 

6. Gamez, E. A., Touran, A. (2009), "A Method of Risk ranking for International Transportation Projects", Proceedings of 7th 

International Probabilistic Workshop, Delft, The Netherlands, P. 187ï203, November. 

7. Owens, J. (2010), "Project Management for Complex Transportation Projects", Graduate Theses and Dissertations, 11627. 

DOI: https://doi.org/10.31274/etd-180810-1807 

8. National Academies of Sciences, Engineering, and Medicine (2009), Guidance for Transportation Project Management, 

Washington, DC: The National Academies Press. DOI: https://doi.org/10.17226/23028. 

9. B²nov§, H. (2013), "Methodology of transportation project management", Journal of System of Integration, No. 1, P. 30ï37. 

10. Lytvynenko, D., Malyeyeva, O. (2019), "A comprehensive method of balancing and harmonizing the interests of stakeholders in 

transport systems development projects", Innovative Technologies and Scientific Solutions for Industries, No. 3 (9), P. 91ï98. 

DOI: https://doi.org/10.30837/2522-9818.2019.9.091 

11. Abou-Senna, H., Radwan, E., Navarro, A., Abdelwahab, H. (2018), "Integrating transportation systems management and 

operations into the project life cycle from planning to construction: A synthesis of best practices", Journal of Traffic and 

Transportation Engineering (English Edition), Vol. 5, Issue 1, P. 44ï55. DOI: https://doi.org/10.1016/j.jtte.2017.04.006 

12. Pavlova, N., Onyshchenko, S. (2020), "Organization of transport companyôs project-oriented management (on the example of the 

freight forwarding company)", Management of Development of Complex Systems, No. 42, P. 23ï29. 

DOI: https://doi.org/10.32347/2412-9933.2020.42.23-28 

13. Andrievska, V., Bondar, A., Onyshchenko, S. (2019), "Identification of creation and development projects of logistic systems", 

Development of management and entrepreneurship methods on transport, No. 4 (69), P. 26ï37. 

DOI: https://doi.org/10.31375/2226-1915-2019-4-26-37 

14. Halvorsen-Weare, E. E., Fagerholt, K. (2011), "Robust Supply Vessel Planning", Network Optimization, Berlin: Springer, P. 559ï

573. DOI: http://doi.org/10.1007/978-3-642-21527-8_62 

15. A guide to the project management body of knowledge (PMBOKÈ guide) (2013), Project Management Institute, Fifth edition, 

589 ʨ. 

Received 03.11.2020 

 

ɺʽʜʦʤʦʩʪʽ ʧʨʦ ʘʚʪʦʨʽʚ / ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ / About the Authors 

ʈʫʩʘʥʦʚʘ ʉʚʽʪʣʘʥʘ ʉʝʨʛʽʾʚʥʘ ï ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʦʨʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʨʪʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʚʘʥʪʘʞʥʠʭ ʨʦʙʽʪ, ʆʜʝʩʘ, ʋʢʨʘʾʥʘ; email: rusanova20140909@gmail.com; ORCID: 

http://orcid.org//0000-0003-3624-6582. 

ʈʫʩʘʥʦʚʘ ʉʚʝʪʣʘʥʘ ʉʝʨʛʝʝʚʥʘ ï ʆʜʝʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʤʦʨʩʢʦʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʨʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʛʨʫʟʦʚʳʭ ʨʘʙʦʪ, ʆʜʝʩʩʘ, ʋʢʨʘʠʥʘ. 

Rusanova Svitlana ï Odessa National Maritime University, Senior Lecturer of the Department of Port Operating and Handling 

Technologies, Odessa, Ukraine. 

 

https://doi.org/10.30837/2522-9818.2020.12.013
https://doi.org/10.30837/2522-9818.2020.12.013
https://doi.org/10.30837/2522-9818.2019.9.091
https://doi.org/10.1016/j.jtte.2017.04.006
https://doi.org/10.31375/2226-1915-2019-4-26-37
http://doi.org/10.1007/978-3-642-21527-8_62


                                                                                                                                                          ISSN 2522-9818 (print) 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 2020. ˉ 4 (14)  ISSN 2524-2296 (online) 

  

85 

ʄʆɼɽʃʖɺɸʅʅʗ ɺʇʃʀɺʋ ɺɸʈɯɸʅʊʋ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ ʅɸ 

ʈʀɿʀʂʀ ʇʈʆɭʂʊʋ 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʬʦʨʤʘʣʽʟʘʮʽʷ ʚʧʣʠʚʫ ʚʘʨʽʘʥʪʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʻʢʪʫ ʥʘ ʡʦʛʦ ʨʠʟʠʢʠ. ʄʝʪʦʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʬʦʨʤʘʣʽʟʘʮʽʾ ʨʠʟʠʢʽʚ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʧʨʦʝʢʪʫ. ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ:  ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʚʧʣʠʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʝʢʪʫ; ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʦʧʠʩʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʠʪʨʘʪ ʟʘ ʚʘʨʽʘʥʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʝʢʪʽʚ;  ʨʦʟʨʦʙʠʪʠ ʩʭʝʤʫ ʬʦʨʤʫʚʘʥʥʷ ʽ ʤʝʪʦʜ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʧʝʨʝʚʠʱʝʥʥʷ ʚʠʪʨʘʪ ʽ ʚʪʨʘʪ  

ʯʘʩʫ ʟʘ ʧʨʦʝʢʪʦʤ ʧʽʜ ʚʧʣʠʚʦʤ ʚʘʨʽʘʥʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʤʝʪʦʜʠ: ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʘʥʘʣʽʟ. ʈʝʟʫʣʴʪʘʪʠ: ʨʠʟʠʢʠ ʧʨʦʻʢʪʫ ʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʙʝʟʣʽʯʽ ʬʘʢʪʦʨʽʚ, ʽ ʪʨʘʥʩʧʦʨʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ 

ʦʜʥʽʻʶ ʟʽ ʩʢʣʘʜʦʚʠʭ ʮʽʻʾ ʤʥʦʞʠʥʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʽ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʩʫʢʫʧʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʻʢʪʫ, ʥʘ ʷʢʽ ʚʧʣʠʚʘʻ 

ʪʨʘʥʩʧʦʨʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ï ʚʘʨʪʽʩʪʴ, ʨʠʟʠʢʠ, ʪʨʠʚʘʣʽʩʪʴ, ʷʢʽʩʪʴ, ʽ ʨʝʟʫʣʴʪʘʪ. ʇʨʠ ʮʴʦʤʫ ʘʣʴʪʝʨʥʘʪʠʚʥʽʩʪʴ ʽ ʚʘʨʽʘʪʠʚʥʽʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʫʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʚʧʣʠʚ ʥʘ ʨʠʟʠʢʠ ʧʨʦʻʢʪʫ. ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ  

ʧʽʜ ʚʘʨʽʘʥʪʦʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʡʥʷʪʘ ʢʦʤʙʽʥʘʮʽʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ ʽ ʚʠʜʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʡʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʘʧʨʠʢʣʘʜ, ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ) ʽ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʝʢʪʽ (ʧʨʠʜʙʘʥʥʷ, ʦʨʝʥʜʘ ʘʙʦ  

ʧʦʩʣʫʛʘ ʚʽʜ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʨʦʻʢʪʫ). ʊʨʘʥʩʧʦʨʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʝʢʪʫ ʨʦʟʛʣʷʥʫʪʦ ʜʣʷ ʪʨʴʦʭ ʨʽʚʥʽʚ: ʦʢʨʝʤʘ  

ʨʦʙʦʪʘ, ʧʝʨʽʦʜ ʯʘʩʫ, ʧʨʦʻʢʪ ʚ ʮʽʣʦʤʫ. ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʨʽʚʥʽʚ ʚʩʪʘʥʦʚʣʝʥʦ: ʦʙʩʷʛ ʥʝʦʙʭʽʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ; ʚʠʪʨʘʪʠ ʧʦ ʢʦʞʥʦʤʫ ʚʘʨʽʘʥʪʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʆʪʨʠʤʘʥʦ 

ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʚʝʣʠʯʠʥʠ ʧʦʪʝʥʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʧʨʦʻʢʪʫ ʫ ʚʠʛʣʷʜʽ ʚʪʨʘʪ ʯʘʩʫ ʽ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ,  

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʘʨʽʘʥʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɼʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʪʨʘʪʘʤʠ ʯʘʩʫ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʩʪʨʫʢʪʫʨʦʶ ʚʠʪʨʘʪ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ.  

ɺʠʩʥʦʚʢʠ: ʆʪʨʠʤʘʥʽ ʬʦʨʤʘʣʽʟʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʥʘ ʧʨʦʻʢʪ ʥʘ ʨʽʚʥʽ ʨʠʟʠʢʽʚ ʚʘʨʽʘʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʻʢʪʽʚ. ɼʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʙʘʟʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʱʦʜʦ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʻʢʪʫ, ʱʦ ʤʘʻ ʥʘ ʫʚʘʟʽ ʩʫʢʫʧʥʽʩʪʴ ʢʦʥʢʨʝʪʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʪʝʨʤʽʥʠ ʽ ʫʤʦʚʠ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʻʢʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ; ʨʠʟʠʢʠ; ʧʨʦʻʢʪ; ʦʮʽʥʢʘ; ʚʠʪʨʘʪʠ. 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ɺɸʈʀɸʅʊɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ 

ʆɹɽʉʇɽʏɽʅʀʗ ʅɸ ʈʀʉʂʀ ʇʈʆɽʂʊɸ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘʣʠʟʘʮʠʷ ʚʣʠʷʥʠʷ ʚʘʨʠʘʥʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʝʢʪʘ ʥʘ ʝʛʦ ʨʠʩʢʠ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʟʘ ʩʯʝʪ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʘʥʩʧʦʨʪʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʨʦʝʢʪʘ. ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ  

ʚʣʠʷʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʧʨʦʝʢʪ; ʬʦʨʤʘʣʠʟʦʚʘʥʦ ʦʧʠʩʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʦʚ ʧʦ ʚʘʨʠʘʥʪʘʤ  

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʝʢʪʦʚ; ʨʘʟʨʘʙʦʪʘʪʴ ʩʭʝʤʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʤʝʪʦʜ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʧʨʝʚʳʰʝʥʠʷ  

ʨʘʩʭʦʜʦʚ ʠ ʧʦʪʝʨʴ ʚʨʝʤʝʥʠ ʧʦ ʧʨʦʝʢʪʫ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʘʨʠʘʥʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʤʝʪʦʜʳ: ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ. ʈʝʟʫʣʴʪʘʪʳ: ʨʠʩʢʠ ʧʨʦʝʢʪʘ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜ  

ʚʣʠʷʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʠ ʪʨʘʥʩʧʦʨʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ. ʋʩʪʘʥʦʚʣʝʥʘ 

ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʝʢʪʘ, ʥʘ ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ï 

ʩʪʦʠʤʦʩʪʴ, ʨʠʩʢʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ, ʠ ʨʝʟʫʣʴʪʘʪ. ʇʨʠ ʵʪʦʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʩʪʴ ʠ ʚʘʨʠʘʪʠʚʥʦʩʪʴ  

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʬʦʨʤʠʨʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʠʩʢʠ ʧʨʦʝʢʪʘ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ  

ʧʦʜ ʚʘʨʠʘʥʪʦʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʥʷʪʘ ʢʦʤʙʠʥʘʮʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʠ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ  

ʩʨʝʜʩʪʚʘ, ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʘʧʨʠʤʝʨ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ) ʠ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʝʢʪʝ  

(ʧʨʠʦʙʨʝʪʝʥʠʝ, ʘʨʝʥʜʘ ʠʣʠ ʫʩʣʫʛʘ ʦʪ ʧʦʩʪʘʚʱʠʢʦʚ ʧʨʦʝʢʪʘ). ʊʨʘʥʩʧʦʨʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʝʢʪʘ ʨʘʩʩʤʦʪʨʝʥʦ ʜʣʷ ʪʨʝʭ 

ʫʨʦʚʥʝʡ: ʦʪʜʝʣʴʥʘʷ ʨʘʙʦʪʘ, ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʧʨʦʝʢʪ ʚ ʮʝʣʦʤ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʫʨʦʚʥʝʡ ʫʩʪʘʥʦʚʣʝʥʳ: ʦʙʲʝʤ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ; ʢʦʣʠʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ; ʨʘʩʭʦʜʳ ʧʦ ʢʘʞʜʦʤʫ ʚʘʨʠʘʥʪʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʇʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʝʣʠʯʠʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ ʧʨʦʝʢʪʘ ʚ ʚʠʜʝ  

ʧʦʪʝʨʴ ʚʨʝʤʝʥʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʘʨʠʘʥʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ  

ʟʘʪʨʘʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʪʝʨʷʤʠ ʚʨʝʤʝʥʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʩʪʨʫʢʪʫʨʦʡ ʟʘʪʨʘʪ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɺʳʚʦʜʳ: ʇʦʣʫʯʝʥʥʳʝ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʶʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʚʘʨʠʘʥʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʨʠʩʢʠ ʧʨʦʝʢʪʦʚ. ɼʘʥʥʳʝ  

ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʙʘʟʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʧʦ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʝʢʪʘ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʥʢʨʝʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʩʨʦʢʠ ʠ ʫʩʣʦʚʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʧʨʦʝʢʪʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ; ʨʠʩʢʠ; ʧʨʦʝʢʪ; ʦʮʝʥʢʘ; ʨʘʩʭʦʜʳ. 

 
ɹʽʙʣʽʦʛʨʘʬʽʯʥʽ ʦʧʠʩʠ / Bibliographic descriptions 

ʈʫʩʘʥʦʚʘ ʉ. ʉ. ʄʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʚʘʨʽʘʥʪʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʨʠʟʠʢʠ ʧʨʦʻʢʪʫ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 2020. ˉ 4 (14). ʉ. 78ï85. DOI: https://doi.org/10.30837/ITSSI.2020.14.078 

Rusanova, S. (2020), "Modeling the impact of the transport provision option on project risks", Innovative Technologies and 

Scientific Solutions for Industries, No. 4 (14), P. 78ï85. DOI: https://doi.org/10.30837/ITSSI.2020.14.078 



 ISSN 2522-9818 (print) 

ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2020. No. 4 (14) 

  

86 

UDC 519.68 DOI: https://doi.org/10.30837/ITSSI.2020.14.086 

Lb. CHERNOVA, L. CHERNOVA 

COGNITIVE MODELING OF KNOWLEDGE MANAGEMENT MECHANISMS IN 

THE TRAINING OF SPECIALISTS  

The subject of research in this article is knowledge management in the training of specialists in project-oriented organizations, in 

particular, higher education institutions. The purpose of the work is to develop a cognitive model of knowledge management for the 

formation of educational programs in the training system. Objectives of the study: to consider the concepts and mechanisms of 

knowledge management of organizations; to form a cognitive model of the knowledge management mechanism; to consider system 

indicators of cognitive model; to analyze the structural features of the cognitive model. The following methods are used in the work: 

project management methodology (knowledge management areas), system approach, cognitive and graph models. Results. The article 

provides a definition of "knowledge management", discusses the conditions under which the necessary knowledge and information 

will be available to perform tasks. The issue of consideration the specifics and features of the educational institution is discussed. 

Knowledge management methods are used in the construction of the educational process at the university. The main functions in the 

practical activities of the organization are given: mediation, export, internalization, cognition. Forms of practical implementation of 

knowledge management are also considered: educational organization, knowledge library and strategic awareness. The article also 

considers the possibility of the main provisions of the theory of knowledge management in the educational process, as improving the 

quality of training is the goal of any educational system. The article develops a cognitive model of the knowledge management 

mechanism, on the basis of cognitive analysis revealed useful patterns that reflect the influence of factors of different physical nature 

on the results of training. Conclusions. Cognitive modeling can be the key to rapidly improving the effectiveness of knowledge 

management in training. The classical approach to knowledge management requires a high level of employee involvement in relevant 

processes, as they need to identify knowledge, share it, record it and apply it. Cognitive modeling can reduce this requirement as it 

streamlines the processes of identifying, capturing, storing, and sharing knowledge. In addition, they increase the applicability of 

knowledge by offering appropriate context for the student. The accumulated experience of cognitive modeling of complex 

organizational management systems allows on a fundamental basis to approach the study of knowledge management mechanisms in 

the training of specialists. It is proposed to use the obtained results to configure knowledge management mechanisms in order to 

improve the quality of training. 

Keywords: knowledge management; cognitive technologies; educational process; educational programs; cognitive analysis. 

Introduction  

 

Currently, a new direction has appeared in 

management ï the theory of knowledge management. 

Knowledge management is a developing area of scientific 

and practical activities, the purpose of which is to 

systematize the work with intellectual resources (assets) 

and accumulated experience. We cannot manage 

knowledge in the traditional sense, but we can, according 

to B. Gates, create such conditions when the necessary 

knowledge and information will be available at the right 

time to the right people to perform the necessary tasks. 

Individuals' knowledge can be expanded and deepened, 

i.e. managed, for example, by building different formats 

of training with teachers, tutors or self-study. 

Cognitive knowledge management mechanisms can 

be the key to rapidly improving the effectiveness of 

knowledge management. Cognitive technologies allow to 

automate the processes of identification, fixation and 

exchange of knowledge. 

The choice of knowledge management methodology 

will be productive in the development of educational 

programs for higher education.   

 

Analysis of recent publications 

 

The existing publications investigate the methods, 

models and mechanisms of project-oriented management 

of educational activities of higher educational institutions 

[1]. 

Thus, in [2], factors that affect the results and 

possibilities of introducing key competencies into the 

activities of an organization are analyzed, and a general 

algorithm for the transition from direct to dual 

competence is proposed. 

The article [3] analyzes the influence of the 

requirements for scientific and pedagogical workers, 

enshrined in licensing conditions, on the parameters of the 

educational process in a higher educational institution. 

The degree of sufficiency of these factors for the 

preparation of a graduate competitive in the labor market 

is analyzed. A cognitive model based on indicators used to 

assess an educational institution during licensing and 

additional indicators characterizing a competitive graduate 

and student achievement during the educational process is 

proposed.  

The work [4] provides a brief overview of the 

cognitive approach to modeling and management. A class 

of management tasks is identified, for the solution of 

which it is advisable to use cognitive modeling. A method 

of forming a strategy for solving semi-structured problems 

based on cognitive models as applied to socio-economic 

systems is presented. Some directions of further 

development of the cognitive approach are indicated. The 

article [5] offers a functional diagram of the cognitive 

model. 

In knowledge management, artificial intelligence 

methods are also used: neural network [6] and ontological 

approaches [7]. The technologies of knowledge formation 

in the distance education system are being developed [8, 

9]. 

Thus, as a result of the analysis of the achievements 

of scientists in the field of knowledge management of the 
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system of training specialists [10 - 14], we found that in 

the project management methodology, the component 

associated with the management of knowledge itself is 

insufficiently studied 

 

The purpose of the work and problem statement. 

Today, one of the urgent problems is to apply the theory 

of knowledge management in the construction of the 

educational process in a modern university, taking into 

account the specifics and characteristics of an educational 

institution. Knowledge management should perform the 

main functions in the practical activities of the 

organization: the formal presentation and analysis of 

knowledge management mechanisms (KMMs), a toolkit 

of cognitive maps is used.  

The purpose of the work is to develop a cognitive 

model of knowledge management for the formation of 

educational programs in the system of training specialists. 

Research objectives: 

- to consider the concepts and mechanisms of 

knowledge management organizations; 

- to form a cognitive model of the knowledge 

management mechanism; 

- to consider the systemic indicators of the cognitive 

model; 

- to analyze the structural features of the cognitive 

model. 

The paper uses the method of using areas of 

knowledge in project management methodology for the 

introduction of project management mechanisms and tools 

into the practical activities of educational institutions. 

 

Presentation of the main material 

 

There is every reason to believe that knowledge 

management in university education should be understood 

as a process that combines the processes of training, 

education, professional development of staff and teachers, 

and the formation of specialist competencies. All these 

processes combine knowledge if we consider knowledge 

in its integral form. 

Researchers of the problem of knowledge in modern 

science consider it expedient to single out a type of 

knowledge that is complex in nature - the so-called living 

knowledge. They can be defined as personal knowledge 

based on understanding (theory) and skill (practice), 

which are constantly included in human activity and are 

the basis for its development (human competence). This 

knowledge is the source of the formation of new 

theoretical and practical knowledge and can be formalized 

and transferred for use by other people, i.e., there is a 

diffusion of knowledge.  

The knowledge management process should go 

simultaneously on three main objects: people, processes 

and technologies [10]. The object "people" involves the 

establishment of contacts and interaction between people 

with knowledge (these are students, teachers, employees, 

employers involved in teaching). The object "processes" is 

associated with the development of procedures for the 

exchange of knowledge, mechanisms for motivating and 

attracting people to participate in the exchange of 

knowledge (these are basic educational programs, 

advanced training, the creation and use of the possibilities 

of the educational environment of the university, the 

organization of the educational process based on modern 

scientific and educational  provision, research of teachers 

and students, monitoring the quality of education, etc.). 

The object of "technology" is focused on the development 

of technological infrastructure for the preservation of 

experience and communication (databases of libraries and 

electronic resources that support educational courses and 

disciplines, internal networks and other IT solutions in the 

university, the use of the latest educational technologies in 

the educational process). Knowledge management in 

relation to these three objects will provide a real 

opportunity to build a personal model of education for 

each student, when, given the same information sources, 

the student learns to choose what he needs to solve a 

specific problem. Explicit "traditional" knowledge, 

recorded in the educational program in "didactic units", 

combined with the implicit personal knowledge of the 

teacher, will become the basis for a new personal 

knowledge of the student. It is this approach that increases 

the value of an individual, since everyone becomes a 

bearer of unique knowledge and unique experience built 

using this knowledge. This once again emphasizes the 

subjectivity of knowledge. In this case, it is the 

development of human potential that will be the most 

important resource in the construction of an educational 

program, i.e. the educational program will create 

conditions for the development of the potential of each 

person.  

The formalization of implicit knowledge is an 

essential element of knowledge management. The task of 

reflecting tacit knowledge in various educational 

programs for the training of a specialist (from basic 

educational to the curriculum of a discipline or course) 

becomes extremely urgent. It can be solved with the help 

of mentoring, training or the formation of professional 

communities, that is, in the course of face-to-face 

synchronous communication. The importance of solving 

such a problem, which is to create conditions for the 

exchange of professional non-formalized knowledge in 

the company, is constantly emphasized in the manuals on 

knowledge management.  

We believe that the choice of knowledge 

management methodology will be productive in the 

development of educational programs for higher 

education. This is due to the fact that the process of 

knowledge management should go simultaneously on 

three main objects: people, processes and technologies 

[10]. The object "people" involves establishing contacts 

and interaction between people with knowledge (these are 

students, teachers, employees, employers involved in 

teaching). The object "processes" is associated with the 

development of procedures for the exchange of 

knowledge, mechanisms for motivating and attracting 

people to participate in the exchange of knowledge (these 

are basic educational programs, advanced training, the 

creation and use of the possibilities of the educational 

environment of the university, the organization of the 

educational process on the basis of modern scientific and 
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educational  provision, scientific research of teachers and 

students, monitoring the quality of education, etc.). The 

object of "technology" is focused on the development of 

technological infrastructure for the preservation of 

experience and communication (databases of libraries and 

electronic resources that support educational courses and 

disciplines, internal networks and other IT solutions in the 

university, the use of the latest educational technologies in 

the educational process). Knowledge management in 

relation to these three objects will provide a real 

opportunity to build a personal model of education for 

each student, when, given the same information sources, 

the student learns to choose what he needs to solve a 

specific problem. Explicit "traditional" knowledge, 

recorded in the educational program in "didactic units", 

combined with the implicit personal knowledge of the 

teacher, will become the basis for a new personal 

knowledge of the student. It is this approach that increases 

the value of an individual, since everyone becomes a 

bearer of unique knowledge and unique experience built 

using this knowledge. This once again emphasizes the 

subjectivity of knowledge.  In this case, it is the 

development of human potential that will be the most 

important resource in the construction of an educational 

program, i.e. the educational program will create 

conditions for the development of the potential of each 

person.  

The most important factor linking the organizational 

process in a production company, as well as the 

educational process in a University, is the presence of a 

certain experience in obtaining knowledge from the 

subjects of these processes (employees at the enterprise, 

students and teachers at the University), mastered in the 

process of obtaining systematic education. Therefore, they 

have more or less formed the ability to acquire knowledge 

and act in accordance with the task being solved (i.e., key 

competencies). This means that general approaches to 

their further education will be based on these 

competencies. Moreover, the level of their formation will 

ultimately determine the success of educational and 

professional activities.  

In modern conditions, knowledge management is of 

particular importance in the activities of any 

organizations, including educational ones. It contributes to 

the creation of a special culture of this organization - in 

particular, about that part of the corporate culture that 

encourages employees to constantly exchange important 

knowledge (this is both scientific discoveries and the 

tactics of communicating with a "difficult" client), to the 

creative growth of members of the professional 

community, to critical relation to one's own experience 

and "collective" knowledge, etc. It is this part of the 

culture that serves as the key to the successful 

development of an organization or university. ñIn the ideal 

world of business, every member of an organization has 

easy access to the knowledge of their colleagues. 

Employees willingly share their know-how, and the 

organization is developing rapidly thanks to the 

continuous flow of new knowledgeò- this is the picture 

painted by well-known researchers of knowledge 

management theory [11]. However, in the real world of 

business, the opposite happens most often: knowledge is 

not shared, but reliably stored and protected. How to 

convince people to share their knowledge? Knowledge 

management must answer this question. The way to solve 

this problem is to establish mutual connections between 

people and manage processes and technologies. 

Knowledge management should perform basic functions 

in the practice of an organization: mediation, 

internalization, exportation and cognition [15]. 

Mediation provides people with access to the 

knowledge available in the organization (institution), 

brings together those who are looking for certain 

knowledge and those who currently have such knowledge. 

Universities as educational institutions have always 

performed such an intermediary function: they collected, 

stored, created and provided access to the necessary 

knowledge to everyone who needed this knowledge.  

Export is the establishment of a link between 

previously unrelated knowledge by placing it in an 

external storage and further systematization based on 

certain criteria. At the same time, one should take care of 

the constant replenishment of knowledge, of the 

translation of implicit knowledge into explicit 

(formalized) ones. In the conditions of the university 

educational process, there is a mechanism for scientific 

conferences, laboratories, the work of project groups and 

teams, refresher courses, and other communities that solve 

the problem of exporting knowledge through its 

formalization. The main role in the implementation of the 

function of exporting knowledge in the university belongs 

to libraries, electronic databases and resources of various 

kinds, which are constantly being replenished and 

expanded. However, as practice shows, while there are 

certain difficulties for employees, teachers and students 

using these resources. The factors contributing to the 

occurrence of these problems require more detailed study.  

Internalization is a query-based knowledge 

extraction process. It will be ineffective until knowledge is 

presented to the user in a form that is convenient for his 

perception. To solve this problem, you can use the 

interpretation of data and information (for example, tables, 

graphs, brief summaries, etc.), as well as filtering 

knowledge (by analogy with the mechanism for presenting 

the required information through Internet search 

resources).  

Cognition is the transformation of knowledge into 

action, when, on the basis of the presented available 

knowledge, a solution corresponding to a specific task is 

developed. In this case, the authors consider cognition as a 

practical implementation of knowledge that participated in 

the three previous procedures. In our opinion, it is this 

aspect of knowledge management in a modern university 

that is most weakly expressed. This is objectively 

connected both with the relative remoteness of the results 

of education, and with the vastness and complexity of the 

range of tasks that have to be solved in the educational 

process, with the predominance of often intuitive 

solutions, which is the exclusive ability of human 

intelligence, while it is impossible to give any recipes and 

develop algorithms activities. At the same time, this is a 

very important process for the development of 
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professional competencies of a future specialist: after all, 

it is precisely situational tasks of a high degree of 

uncertainty that he will have to solve in the changing 

contexts of professional activity.  

These four functions are based on a knowledge 

management model in which the main task is to teach 

employees to share their knowledge. 

From the point of view of using the theory of 

knowledge management in a modern educational 

institution, the forms of practical implementation of 

knowledge management are attractive [6]. These include: 

Learning Organization, Knowledge Library and Strategic 

Awareness: 

The learning organization is the pinnacle to which 

educational institutions, including universities, are striving 

today. A learning organization is an organization that 

knows how to create, acquire and disseminate knowledge 

and changes its behavior in accordance with new 

information, with original opinions and modern thought 

patterns. Its mission is to develop a commitment to the 

innovative spirit of the entire organization - thus acquiring 

the ability to cultivate a collective knowledge that is less 

at risk of loss if employees leave. In a learning 

organization, activities are aimed at developing the 

intellectual potential of employees, self-training and 

advanced training mechanisms are used for the constantly 

changing context of activities and new professional tasks. 

We are seeing something similar at the present time in the 

university teaching community, when more and more 

employees appear who strive to constantly acquire new 

knowledge, learn, but they need this knowledge to solve 

specific problems, and not just "for the future". Thus, 

there is a real embodiment of the idea of continuous 

education, education throughout life. 

The "knowledge library" approach aims to improve 

the organization's ability to manage new projects and 

processes. It is based on the creation of a corporate 

knowledge base intended for the accumulation and 

dissemination of data on the most effective methods, as 

well as on previously implemented projects. In this case, it 

becomes possible to use these results in further projects 

(the experience of appointing a "chronicler" is also 

known, which describes everything that happens during 

the development and implementation of a project, another 

example is the creation of electronic resources available to 

all employees of a company or educational institution).  

Strategic awareness involves working with large 

amounts of information and the ability to shrewdly and in 

a timely manner to extract knowledge from these stores. 

At the university, such repositories can be created for 

interaction with employers, for the implementation of 

recurring projects or for the development of educational 

and methodological support of the educational process at 

departments, in directorates of educational programs, in 

dean's offices of faculties. This knowledge will 

undoubtedly be important in the development of 

interdisciplinary disciplines and courses, the number of 

which will constantly increase and the content will expand 

in connection with the transition to competence-based 

programs and new standards of higher professional 

education. 

Cognitive modeling methods are a fairly effective 

tool for analyzing poorly structured systems. The 

specified class of systems includes the systems of 

educational training of specialists. 

Thus, cognitive maps can be used to formally 

represent and analyze knowledge management systems 

(KMS) [16]. They are a way of displaying cause and 

effect relationships, which are usually represented as a 

directed graph: 

,G E W=< >, 

where { }1 2, ,..., nE e e e=  is a set of systemic factors called 

concepts; W ï a binary relation at a set E, which defines a 

set of links between its elements. 

Elements ie  and je  are considered to be related by 

the relation W, which is denoted as ie W je , if a change in 

the meaning of the concept ie  (cause) leads to a change in 

the meaning of the concept je  (influence). Thus, the 

cognitive model displays the concept ie  of a cause on an 

influence je . If we consider the concept of the intensity 

of influence, we come to the concept of a fuzzy cognitive 

map. It expands the concept of a traditional (clear) 

cognitive map and reflects the fact of differences in the 

intensity of mutual influence between concepts. Let us 

define the indicator of the intensity of influence in the 

form of a fuzzy matrix { }, 1, , 1,ijA a i n j n= = = , the 

elements of which determine the direction and intensity of 

influence between the concepts ie  and ie : 

( , )ij i ja e ea = , 

where ija  is a normalized indicator of the intensity of 

influence between concepts ie  and je .  

Thus, we have the characteristic function of the ratio 

A, which has a number of special properties [16]. Letôs 

note that [ 1; ] 1ija -Í , that is, the intensity indicator is 

characterized by an intermediate degree of positive or 

negative influence.  

Let us display the object under study in the form of a 

weighted directed graph, the vertices of which correspond 

to elements of the set E (concepts), and the arcs 

correspond to nonzero elements of the relation W, i.e. a 

causal relationships. Each arc has a weight given by the 

corresponding value ija . Letôs represent the relation W in 

the form of a cognitive matrix , , 1,ij iA j na ==  of 

dimension n Ĭ n (n is the number of concepts in the 

system), which is the adjacency matrix of the given graph.  

The current state of the system is determined by the 

values of all FCM concepts. The target state of the system 

is determined by a set of values for a set of target 

concepts. 

Here are the calculation formulas for the system 

indicators of the cognitive model [16]. 
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The consonance of the influence of the i-th concept 

on the system is calculated as the average value of the 

consonance of the influence of individual concepts: 
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where ijʩ ï the consonance of the influence of the i-th 

concept on the j-th concept. 

Consonance of the influence of the system on the j-th 

concept: 
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Dissonance of the i-th concept impact on the system: 
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where ijd  ï dissonance of the influence of the i-th concept 

on the j-th concept. 

Dissonance of the impact of the system on the j-th 

concept: 
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The intensity of the influence of the i-th concept on 

the system: 
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ijʘ  ï the intensity of the influence of the i-th concept on 

the j-th concept. 

Impact of the system on the j-th concept: 
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The main indicator is the centralization of the impact 

of the i-th concept: 
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A thorough analysis of the subject area is carried out, 

according to the results of which a set of factors 

(concepts) that have the strongest influence on decision-

making on knowledge management are identified (table 

1). The whole set of concepts characterizes the following 

aspects of the educational process: 

- individual characteristics of students; 

- informational and methodological support of the 

learning process; 

- learning outcomes; 

- external factors influencing the learning process. 

Table 1. Grouping and characteristics of cognitive model concepts 

No. Concept name Concept characteristics 

Individual characteristics of students 

1 Basic mathematical 

knowledge and skills 

Has a noticeable effect on the system. In the process of targeted training, this concept is 

subject to development, which can create the necessary conditions for achieving a tangible 

positive effect in training. 

2 Motivation It is considered as a significant factor in the learning process model. 

3 Cognitive style Determines the student's ability to successfully master the educational program, has a 

significant impact on the system. 

Information and methodological support of the learning process 

4 Qualification of teaching staff Significantly strengthens the system through the implementation of a scientifically based 

policy of personnel management and the introduction of innovative technologies for 

improving the qualifications of the teaching staff. 

5 Science school Creates conditions for preserving and developing traditions and maintaining the high status 

of the university. 

6 Innovation in the educational 

process 

The impact on the system is relatively small, since the power of the concept's influence on 

the system can be explained by the cyclical renewal of the methodological systems of 

education. At the same time, the renewal period can reach (depending on the specifics of 

the university) 3-4 academic semesters. 

7 Teaching staff income The impact on the system is manifested in many aspects.  This issue affects the interests of 

the teacher as the leading subject of the learning process and requires a delicate study. 

8 Study load (classroom hours) Relatively weakly affects the system, the differentiated approach of the administration to 

the definition of the teaching load of the teacher, taking into account the volume and quality 

of the scientific, methodological and educational work performed by him, will create 

conditions for the activation of individual work with students. On the contrary, strict 

normative methods of planning the workload will limit the teacher's opportunities in 

matters of professional development and level the conditions for the growth of the 

professional competence of university graduates. 
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End the Table 1 

Learning results 

9 Special mathematical 

competencies (knowledge 

and skills) of a graduate 

It forms the basis for the formation of students of professional competence, including 

mathematical knowledge, abilities, skills, ways of thinking and acting, as well as the ability 

to acquire new mathematical knowledge, abilities, skills, ways of thinking and activity, as 

well as the ability to acquire new mathematical knowledge and use them in further 

professional activities. 

10 Formation of professionally 

important qualities 

(knowledge and skills) of a 

graduate 

Allows the student to get a set of intellectual, personal, behavioral qualities of knowledge 

and skills that make it possible to act adequately in any situation. 

11 Readiness of the graduate to 

solve professional problems 

The key component of the system, which is interpreted as a set of knowledge and skills of a 

special kind, a way of performing professional activities, the integrated implementation of 

knowledge, skills, know-how and relationships in known or new work situations that allow 

you to set and achieve goals for transforming situations. 

External factors 

12 The demand for a university 

graduate in the labor market 

It can be assessed as a fairly balanced factor. The level of demand for university graduates 

achieved in the labor market has a positive effect on concepts 2, 5 and 7 and, as a result, 

corrects the vector of further improvement of the learning process. 

It should be borne in mind that the selected factors 

are interdependent. Therefore, the model of fuzzy 

cognitive maps is a fully connected graph. 

To formalize the procedures of cognitive analysis in 

knowledge management, it is necessary to present a 

sequence of procedures for transforming the initial matrix 

, , 1,ij iA j na ==  into a transitively closed cognitive 

matrix containing the information necessary to determine 

the system characteristics of the FCM [17]. 

Fig. 1 shows the graph of the network cognitive 

model of the knowledge management mechanism. 
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Fig. 1. Graph of network cognitive model of knowledge management mechanism

Based on the results of the analysis, it is possible to 

draw conclusions about the greatest positive effect from a 

coordinated change in the group of model concepts that 

provide a sustainable impact on the system through cause-

and-effect relationships. For example, in fig. 1 one can 

distinguish such sequences of influence of concepts: 

"3­ 1­ 9­ 11" ʠ "5­ 4­ 7­ 10".  

Critical analysis and assessment of the organization's 

knowledge management potential contribute to decision-

making in project management of the development of 

educational institutions. 

 

 

Conclusions 

 

The formal representation of the knowledge 

management mechanism in the form of a cognitive map 

allows to generalize and systematize the accumulated 

research experience in order to identify patterns and 

quantify the impact of the most significant factors in the 

training process. 

As a result of the cognitive analysis of the FCM, a 

group of factors (concepts) was identified, the coordinated 
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change (adjustment) of the characteristics of which can 

provide a significant increase in the quality of training. 

The results obtained can become the basis for further 

research on knowledge management mechanisms, which 

are considered as a promising direction in projects for the 

development of higher education. 
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ʂʆɻʅɯʊʀɺʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʄɽʍɸʅɯɿʄɯɺ ʋʇʈɸɺʃɯʅʅʗ ɿʅɸʅʅʗʄʀ ʇʈʀ 

ʇɯɼɻʆʊʆɺʎɯ ʌɸʍɯɺʎɯɺ 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʜʘʥʽʡ ʩʪʘʪʪʽ ï ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚ ʚ ʧʨʦʝʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ, 

ʟʦʢʨʝʤʘ, ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ. ʄʝʪʘ ʨʦʙʦʪʠ ï ʨʦʟʨʦʙʠʪʠ ʢʦʛʥʽʪʠʚʥʫ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ ʚ ʩʠʩʪʝʤʽ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ. ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: ʨʦʟʛʣʷʥʫʪʠ ʧʦʥʷʪʪʷ ʽ ʤʝʭʘʥʽʟʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ 

ʦʨʛʘʥʽʟʘʮʽʡ; ʩʬʦʨʤʫʚʘʪʠ ʢʦʛʥʽʪʠʚʥʫ ʤʦʜʝʣʴ ʤʝʭʘʥʽʟʤʫ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ; ʨʦʟʛʣʷʥʫʪʠ ʩʠʩʪʝʤʥʽ ʧʦʢʘʟʥʠʢʠ ʢʦʛʥʽʪʠʚʥʦʾ 

ʤʦʜʝʣʽ; ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʛʥʽʪʠʚʥʦʾ ʤʦʜʝʣʽ. ʋ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠ: ʤʝʪʦʜʦʣʦʛʽʷ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʝʢʪʘʤʠ (ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ), ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, ʢʦʛʥʽʪʠʚʥʽ ʽ ʛʨʘʬʦʚʽ ʤʦʜʝʣʽ. ʈʝʟʫʣʴʪʘʪʠ. ʋ ʩʪʘʪʪʽ ʥʘʚʦʜʠʪʴʩʷ 

ʚʠʟʥʘʯʝʥʥʷ "ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ", ʨʦʟʛʣ̫ʜʘʶʪʴʩʷ ʫʤʦʚʠ, ʢʦʣʠ ʧʦʪʨʽʙʥʽ ʟʥʘʥʥʷ ʽ ʽʥʬʦʨʤʘʮʽʷ ʩʪʘʥʫʪʴ ʜʦʩʪʫʧʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʚʜʘʥʴ. ʈʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʫʨʘʭʫʚʘʥʥʷ ʩʧʝʮʠʬʽʢʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʩʚʽʪʥʴʦʛʦ ʟʘʢʣʘʜʫ. ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ 

ʟʥʘʥʥʷʤʠ ʚ ʧʦʙʫʜʦʚʽ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ ʚ ʫʥʽʚʝʨʩʠʪʝʪʽ. ʅʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʚ ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ: 

ʧʦʩʝʨʝʜʥʠʮʪʚʦ, ʝʢʩʧʦʨʪʫʚʘʥʥʷ, ʽʥʪʝʨʥʘʣʽʟʘʮʽʷ, ʧʽʟʥʘʥʥʷ. ʊʘʢʦʞ ʨʦʟʛʣʷʥʫʪʽ ʬʦʨʤʠ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ 

ʟʥʘʥʥʷʤʠ: ʥʘʚʯʘʣʴʥʘ ʦʨʛʘʥʽʟʘʮʽʷ, ʙʽʙʣʽʦʪʝʢʘ ʟʥʘʥʴ ʽ ʩʪʨʘʪʝʛʽʯʥʘ ʦʙʽʟʥʘʥʽʩʪʴ. ʋ ʩʪʘʪʪ̔ ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ, ʪʘʢ ʷʢ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʻ ʤʝʪʦʶ 

ʙʫʜʴ-ʷʢʦʾ ʦʩʚʽʪʥʴʦʾ ʩʠʩʪʝʤʠ. ʋ ʩʪʘʪʪʽ ʨʦʟʨʦʙʣʝʥʘ ʢʦʛʥʽʪʠʚʥʘ ʤʦʜʝʣʴ ʤʝʭʘʥʽʟʤʫ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ, ʥʘ ʦʩʥʦʚʽ ʢʦʛʥʽʪʠʚʥʦʛʦ 

ʘʥʘʣʽʟʫ ʚʠʷʚʣʝʥʽ ʢʦʨʠʩʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʧʣʠʚ ʬʘʢʪʦʨʽʚ ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʛʦʪʦʚʢʠ 

ʬʘʭʽʚʮʽʚ. ɺʠʩʥʦʚʢʠ. ʂʦʛʥʽʪʠʚʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʝ ʩʪʘʪʠ ʢʣʶʯʝʤ ʜʦ ʰʚʠʜʢʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ 

ʟʥʘʥʥʷʤʠ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚ. ʂʣʘʩʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʟʘʣʫʯʝʥʦʩʪʽ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʫ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʮʝʩʠ, ʦʩʢʽʣʴʢʠ ʾʤ ʥʝʦʙʭʽʜʥʦ ʩʘʤʦʩʪʽʡʥʦ ʚʠʷʚʣʷʪʠ ʟʥʘʥʥʷ, ʦʙʤʽʥʶʚʘʪʠʩʷ ʥʠʤʠ, ʬʽʢʩʫʚʘʪʠ ʾʭ ʽ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ. ʂʦʛʥʽʪʠʚʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʝ ʟʥʠʟʠʪʠ ʮʶ ʚʠʤʦʛʫ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʫʧʦʨʷʜʢʫʚʘʪʠ ʧʨʦʮʝʩʠ ʚʠʷʚʣʝʥʥʷ, 

ʬʽʢʩʘʮʽʾ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʤʽʥʫ ʟʥʘʥʥʷʤʠ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʧʽʜʚʠʱʫʶʪʴ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʟʥʘʥʴ, ʧʨʦʧʦʥʫʶʯʠ ʚʽʜʧʦʚʽʜʥʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʪʝʢʩʪʫ ʩʪʫʜʝʥʪʘ. ʅʘʢʦʧʠʯʝʥʠʡ ʜʦʩʚʽʜ ʢʦʛʥʽʪʠʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʟʚʦʣʷʻ ʥʘ ʧʨʠʥʮʠʧʦʚʽʡ ʦʩʥʦʚʽ ʧʽʜʽʡʪʠ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥ̫ʤʠ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʷʢʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʫʧʨʘʚʣʽʥʥʷ ʟʥʘʥʥʷʤʠ; ʢʦʛʥʽʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ; ʦʩʚʽʪʥʽʡ ʧʨʦʮʝʩ; ʦʩʚʽʪʥʽ ʧʨʦʛʨʘʤʠ; ʢʦʛʥʽʪʠʚʥʠʡ ʘʥʘʣʽʟ. 

ʂʆɻʅʀʊʀɺʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄɽʍɸʅʀɿʄʆɺ ʋʇʈɸɺʃɽʅʀʗ 

ɿʅɸʅʀʗʄʀ ʇʈʀ ʇʆɼɻʆʊʆɺʂɽ ʉʇɽʎʀɸʃʀʉʊʆɺ 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ï ʫʧʨʘʚʣʝʥʠʝ ʟʥʘʥʠʷʤʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʧʨʦʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʛʥʠʪʠʚʥʫʶ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ 

ʟʥʘʥʠʷʤʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʚ ʩʠʩʪʝʤʝ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ. ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʥʷʪʠʷ ʠ ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʦʨʛʘʥʠʟʘʮʠʡ; ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʦʛʥʠʪʠʚʥʫʶ ʤʦʜʝʣʴ ʤʝʭʘʥʠʟʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ; ʨʘʩʩʤʦʪʨʝʪʴ ʩʠʩʪʝʤʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʛʥʠʪʠʚʥʦʡ ʤʦʜʝʣʠ; - ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʢʦʛʥʠʪʠʚʥʦʡ ʤʦʜʝʣʠ. ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜʳ: ʤʝʪʦʜʦʣʦʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ (ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ), 

ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ, ʢʦʛʥʠʪʠʚʥʳʝ ʠ ʛʨʘʬʦʚʳʝ ʤʦʜʝʣʠ. ʈʝʟʫʣʴʪʘʪ.r ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ "ʫʧʨʘʚʣʝʥʠʝ ʟʥʘʥʠʷʤʠ", 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʩʣʦʚʠʷ, ʢʦʛʜʘ ʥʫʞʥʳʝ ʟʥʘʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʷ ʩʪʘʥʫʪ ʜʦʩʪʫʧʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ. ʈʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ 

ʫʯʝʪʘ ʩʧʝʮʠʬʠʢʠ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ. ʇʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʚ ʧʦʩʪʨʦʝʥʠʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ. ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ: 

ʧʦʩʨʝʜʥʠʯʝʩʪʚʦ, ʵʢʩʧʦʨʪʠʨʦʚʘʥʠʝ, ʠʥʪʝʨʥʘʣʠʟʘʮʠʷ, ʧʦʟʥʘʥʠʝ. ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʬʦʨʤʳ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ: ʦʙʫʯʘʶʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, ʙʠʙʣʠʦʪʝʢʘ ʟʥʘʥʠʡ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ. ɺ ʩʪʘʪʴʝ ʪʘʢʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ, ʪʘʢ ʢʘʢ 

ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ ʣʶʙʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʩʪʘʪʴʝ ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʦʛʥʠʪʠʚʥʘʷ ʤʦʜʝʣʴ ʤʝʭʘʥʠʟʤʘ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʛʥʠʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʳ ʧʦʣʝʟʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ. ɺʳʚʦʜʳ. 

ʂʦʛʥʠʪʠʚʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʩʪʘʪʴ ʢʣʶʯʦʤ ʢ ʙʳʩʪʨʦʤʫ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʟʥʘʥʠʷʤʠ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʚʦʚʣʝʯʝʥʥʦʩʪʠ 

ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʮʝʩʩʳ, ʧʦʩʢʦʣʴʢʫ ʠʤ ʥʝʦʙʭʦʜʠʤʦ ʩʘʤʦʩʪʦʷʪʝʣɹ ʥʦ ʚʳʷʚʣʷʪʴ ʟʥʘʥʠʷ, ʦʙʤʝʥʠʚʘʪʴʩʷ ʠʤʠ, 

ʬʠʢʩʠʨʦʚʘʪʴ ʠʭ ʠ ʧʨʠʤʝʥʷʪʴ. ʂʦʛʥʠʪʠʚʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʵʪʦ ʪʨʝʙʦʚʘʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʫʧʦʨʷʜʦʯʠʪʴ 

ʧʨʦʮʝʩʩʳ ʚʳʷʚʣʝʥʠʷ, ʬʠʢʩʘʮʠʠ, ʭʨʘʥʝʥʠʷ ʠ ʦʙʤʝʥʘ ʟʥʘʥʠʷʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʧʦʚʳʰʘʶʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʟʥʘʥʠʡ, ʧʨʝʜʣʘʛʘʷ 

ʧʦʜʭʦʜʷʱʠʝ ʩ ʫʯʝʪʦʤ ʢʦʥʪʝʢʩʪʘ ʩʪʫʜʝʥʪʘ. ʅʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ ʢʦʛʥʠʪʠʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʙʘʟʝ ʧʦʜʦʡʪʠ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʟʥʘʥʠʷʤʠ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ ʟʥʘʥʠʷʤʠ; ʢʦʛʥʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ; ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ; ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʧʨʦʛʨʘʤʤʳ; ʢʦʛʥʠʪʠʚʥʳʡ ʘʥʘʣʠʟ. 
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ʈʆɿʈʆɹʂɸ ʉʀʉʊɽʄʀ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʈʋʍʃʀɺʆɻʆ ʂɽʈʋɺɸʅʅʗ 

ʇʈʆʎɽʉʆʄ ʈɽʂʊʀʌɯʂɸʎɯɰ 

ʇʨʝʜʤʝʪ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʫʭʣʠʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʨʝʢʪʠʬʽʢʘʮʽʾ. ʄʝʪʘ. ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʝʢʪʠʬʽʢʘʮʽʾ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʨʫʭʣʠʚʽ 

ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ ʥʘ ʧʨʦʮʝʩ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʨʦʟʨʦʙʣʝʥʽʡ ʩʠʩʪʝʤʽ ʧʨʠ ʦʩʥʦʚʥʠʭ ʟʙʫʨʝʥʥʷʭ. 

ɿʘʚʜʘʥʥʷ. ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʫʭʣʠʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʨʝʢʪʠʬʽʢʘʮʽʾ, ʨʦʟʨʘʭʫʥʦʢ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʨʦʟʨʦʙʣʝʥʽʡ ʩʠʩʪʝʤʽ, ʚʠʟʥʘʯʝʥʥʷ ʽ ʦʮʽʥʢʘ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʢʝʨʫʚʘʥʥʷ. ʄʝʪʦʜʠ. ʄʝʪʦʜʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ. ʈʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʨʝʢʪʠʬʽʢʘʮʽʾ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʜʠʩʢʨʝʪʥʽ ʽ ʥʝʧʝʨʝʨʚʥʽ ʨʫʭʣʠʚʽ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ. ɼʠʩʢʨʝʪʥʽ ʚʧʣʠʚʠ ʧʦʣʷʛʘʶʪʴ ʫ ʟʤʽʥʘʭ ʪʦʯʢʠ 

ʚʚʝʜʝʥʥʷ ʞʠʚʣʝʥʥʷ ʚ ʢʦʣʦʥʫ; ʥʝʧʝʨʝʨʚʥʽ ï ʚ ʟʤʽʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʪʨʘʪ ʧʦʪʦʢʽʚ ʞʠʚʣʝʥʥʷ, ʱʦ ʧʦʜʘʶʪʴʩʷ ʚ ʚʝʨʭʥʶ ʽ ʥʠʞʥʶ 

ʯʘʩʪʠʥʠ ʫʩʪʘʥʦʚʢʠ. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʘʜʠʮʽʡʥʽ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ ʰʣʷʭʦʤ ʟʤʽʥʠ ʚʠʪʨʘʪ ʪʝʧʣʦʥʦʩʽʷ ʚ ʚʠʧʘʨʥʠʢ ʢʫʙʘ ʽ 

ʟʨʦʰʫʚʘʥʥʷ. ʆʧʪʠʤʘʣʴʥʽ ʪʨʘʜʠʮʽʡʥʽ ʽ ʨʫʭʣʠʚʽ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ ʢʝʨʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ ʟʘ 

ʥʦʨʤʘʣʽʟʦʚʘʥʠʤ ʢʨʠʪʝʨʽʻʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʣʽʥʽʡʥʦʾ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ ʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʰʣʷʭʦʤ ʚʧʣʠʚʽʚ ʥʘ ʚʠʢʦʥʘʚʯʽ 

ʧʨʠʩʪʨʦʾ ʥʘ ʣʽʥʽʷʭ ʧʦʜʘʯʽ ʧʦʪʦʢʽʚ ʞʠʚʣʝʥʥʷ, ʟʨʦʰʫʚʘʥʥʷ ʚ ʢʦʣʦʥʫ ʽ ʪʝʧʣʦʥʦʩʽʷ ʚ ʚʠʧʘʨʥʠʢ. ʉʠʩʪʝʤʘ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʝʢʚʘʪʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʜʣʷ ʯʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ ʾʾ ʧʝʨʽʦʜʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʥʪʨʦʣʴ ʟʘ 

ʭʦʜʦʤ ʧʨʦʮʝʩʫ ʰʣʷʭʦʤ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʽʣʶ ʢʦʣʦʥʠ, ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ ʥʘ ʢʦʥʪʨʦʣʴʥʽʡ 

ʪʘʨʽʣʮʽ. ɿ ʤʝʪʦʶ ʧʽʜʪʨʠʤʢʠ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʟʘ ʨʽʜʠʥʥʦʶ ʽ ʧʘʨʦʚʦʶ ʬʘʟʘʤʠ ʧʝʨʝʜʙʘʯʝʥʦ ʩʪʘʙʽʣʽʟʘʮʽʶ ʪʠʩʢʫ ʚʚʝʨʭʫ 

ʢʦʣʦʥʠ, ʨʽʚʥʽʚ ʚ ʻʤʥʦʩʪʷʭ ʜʣʷ ʟʙʦʨʫ ʜʠʩʪʠʣʷʪʫ ʽ ʢʫʙʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʰʣʷʭʦʤ ʟʤʽʥʠ ʚʠʪʨʘʪ ʭʦʣʦʜʦʘʛʝʥʪʫ ʚ ʢʦʥʜʝʥʩʘʪʦʨ, 

ʜʠʩʪʠʣʷʪʫ ʽ ʢʫʙʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʅʘ ʧʨʠʢʣʘʜʽ ʨʝʢʪʠʬʽʢʘʮʽʡʥʦʾ ʢʦʣʦʥʠ ʜʣʷ ʧʦʜʽʣʫ ʩʫʤʽʰʽ ʤʝʪʘʥʦʣ-ʚʦʜʘ ʤʝʪʦʜʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʫʭʣʠʚʦʛʦ ʢʝʨʫʚʘʥʥʷ. ɿʙʫʨʝʥʥʷ 

ʧʦʣʷʛʘʣʠ ʫ ʟʤʽʥʘʭ ʚʠʪʨʘʪʠ, ʩʢʣʘʜʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʞʠʚʣʝʥʥʷ. ɺʠʩʥʦʚʢʠ. ɼʦʚʝʜʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʨʝʢʪʠʬʽʢʘʮʽʾ ʽ ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʭʽʤʽʯʥʽʡ, ʥʘʬʪʦʭʽʤʽʯʥʽʡ, ʥʘʬʪʦʧʝʨʝʨʦʙʥʽʡ, ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʙʽʥʘʨʥʦʾ, ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʾ ʨʝʢʪʠʬʽʢʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʝʢʪʠʬʽʢʘʮʽʷ; ʨʫʭʣʠʚʝ ʢʝʨʫʚʘʥʥʷ; ʧʨʦʛʥʦʟʫʶʯʘ ʤʦʜʝʣʴ; ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ; ʪʘʨʽʣʢʘ ʞʠʚʣʝʥʥʷ. 

ɺʩʪʫʧ 

 

ʇʨʦʮʝʩ ʨʝʢʪʠʬʽʢʘʮʽʾ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʽʚ 

ʨʦʟʜʽʣʝʥʥʷ ʨʽʜʢʠʭ ʽ ʛʘʟʦʚʠʭ ʛʦʤʦʛʝʥʥʠʭ ʩʫʤʽʰʝʡ, 

ʢʦʤʧʦʥʝʥʪʠ ʷʢʠʭ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʢʠʧʽʥʥʷ, ʾʭ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ, ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ [1]. ʉʫʪʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʦʣʷʛʘʻ ʚ 

ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʚʠʧʘʨʦʚʫʚʘʥʥʷʭ ʨʽʜʠʥʥʦʾ ʽ 

ʢʦʥʜʝʥʩʘʮʽʷʭ ʧʘʨʦʚʦʾ ʬʘʟ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ ʧʨʦʪʠʣʝʞʥʦ ʚ 

ʩʧʝʮʽʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ ʢʦʣʦʥʥʦʛʦ ʪʠʧʫ. ʇʽʜʚʠʱʝʥʽ 

ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʦʜʝʨʞʫʶʪʴʩʷ, ʽ ʚʠʩʦʢʘ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʦʮʝʩʫ ʨʝʢʪʠʬʽʢʘʮʽʾ ʚʠʟʥʘʯʘʶʪʴ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ [2]. 

ʅʘ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ 

ʨʝʢʪʠʬʽʢʘʮʽʾ ʷʢ ʦʙôʻʢʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʫ 

ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʩʧʨʷʤʦʚʘʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ. 

ʉʝʨʝʜ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʤʦʞʣʠʚʦ ʫʤʦʚʥʦ ʚʠʜʽʣʠʪʠ 

ʩʪʘʙʽʣʽʟʫʶʯʽ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ [3], ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ 

[4], ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ [5], ʝʢʩʪʨʝʤʘʣʴʥʽ [6], 

ʙʘʛʘʪʦʢʦʥʪʫʨʥʽ [7] ʪʘ ʨʦʙʘʩʪʥʽ ʩʠʩʪʝʤʠ [8]. ɰʭ ʦʙôʻʜʥʫʻ 

ʪʨʘʜʠʮʽʡʥʠʡ ʩʧʦʩʽʙ ʨʝʘʣʽʟʘʮʽʾ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ, ʷʢʠʡ 

ʧʦʣʷʛʘʻ ʚ ʟʤʽʥʘʭ ʚʠʪʨʘʪ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʦʪʦʢʽʚ. ʆʜʥʘʢ ʚʠʤʫʰʝʥʽ ʟʤʽʥʠ ʬʣʝʛʤʦʚʦʛʦ ʯʠʩʣʘ ʘʙʦ 

ʚʠʪʨʘʪ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ ʟʥʠʞʫʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʢʦʣʦʥʠ, ʘ ʟʙʽʣʴʰʝʥʥʷ ʧʘʨʦʚʦʛʦ ʧʦʪʦʢʫ ï ʟʨʦʩʪʘʥʥʷ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʦʜʽʣʫ. 

ʄʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʥʝ ʚʠʯʝʨʧʫʶʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʢʘʟʘʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʜʣʷ 

ʦʙôʻʢʪʽʚ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʫʩʧʽʰʥʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʝʥʦʛʦ [9] ʪʘ ʨʫʭʣʠʚʦʛʦ 

[10] ʢʝʨʫʚʘʥʥʷ ʰʣʷʭʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʜʞʝʨʝʣ ʨʝʯʦʚʠʥʠ 

ʽ ʝʥʝʨʛʽʾ ʚ ʧʨʦʩʪʦʨʦʚʦʾ ʦʙʣʘʩʪʽ ʘʧʘʨʘʪʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʜʘʥʠʭ ʜʽʡ ʜʦʟʚʦʣʷʻ ʚʧʣʠʚʘʪʠ ʥʘ ʚʥʫʪʨʽʰʥʽ ʧʨʦʮʝʩʠ 

ʦʙôʻʢʪʘ ʚ ʥʝʦʙʭʽʜʥʽʡ ʪʦʯʮʽ, ʷʢʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʽ ʚ 

ʧʨʦʩʪʦʨʽ, ʽ ʚ ʯʘʩʽ. ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʨʝʢʪʠʬʽʢʘʮʽʾ, ʚ ʷʢʽʡ ʨʘʟʦʤ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽ ʨʫʭʣʠʚʽ ʚʧʣʠʚʠ ʥʘ 

ʧʨʦʮʝʩ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

 

ɺ ʷʢʦʩʪʽ ʨʫʭʣʠʚʦʛʦ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʨʦʮʝʩ 

ʨʝʢʪʠʬʽʢʘʮʽʾ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʟʤʽʥʘ ʥʦʤʝʨʘ 

ʪʘʨʽʣʢʠ ʞʠʚʣʝʥʥʷ ʢʦʣʦʥʠ [11]. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʦʯʢʘ 

ʚʚʝʜʝʥʥʷ ʩʠʨʦʚʠʥʠ ʟʤʽʱʫʻʪʴʩʷ ʟʘ ʚʠʩʦʪʦʶ ʘʧʘʨʘʪʫ, ʘ 

ʧʝʨʝʤʽʱʝʥʥʷ ʥʦʩʠʪʴ ʜʠʩʢʨʝʪʥʠʡ ʭʘʨʘʢʪʝʨ. ɺʠʙʽʨ 

ʪʘʢʦʛʦ ʚʧʣʠʚʫ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʪʠʤ, ʱʦ ʡʦʛʦ ʟʜʽʡʩʥʝʥʥʷ 

ʥʝ ʧʦʪʨʽʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʤʘʪʝʨʽʘʣʴʥʠʭ ʘʙʦ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʤʘʻ 

ʤʽʥʽʤʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ. ɺ ʷʢʦʩʪʽ ʨʫʭʣʠʚʦʛʦ ʚʧʣʠʚʫ ʟ 

ʥʝʧʝʨʝʨʚʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʧʦʪʦʢʫ ʞʠʚʣʝʥʥʷ 

ʤʽʞ ʢʦʥʪʘʢʪʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʢʦʣʦʥʠ ʚ ʨʽʟʥʠʭ ʯʘʩʪʢʘʭ. 

ɺ ʥʘʧʨʷʤʢʫ ʨʫʭʣʠʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʨʝʢʪʠʬʽʢʘʮʽʾ ʧʨʦʚʝʜʝʥʦ ʽʤʽʪʘʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʽ ʩʪʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʝʢʪʠʬʽʢʘʮʽʡʥʠʭ ʢʦʣʦʥ, ʷʢʽ ʜʦʚʝʣʠ ʜʦʮʽʣʴʥʽʩʪʴ ʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʭʣʠʚʠʭ ʚʧʣʠʚʽʚ [12]. 

ʊʘʢʦʞ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʽ 

ʘʣʛʦʨʠʪʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ 

ʩʪʘʮʽʦʥʘʨʥʽ ʨʝʞʠʤʠ ʽ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ, 
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ʢ̫ʽ ʾʭ ʟʘʙʝʟʧʝʯʫʶʪʴ [13]. ʈʝʟʫʣʴʪʘʪʠ ʧʽʜʚʦʜʷʪʴ ʜʦ 

ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʦʤ ʨʝʢʪʠʬʽʢʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʫʭʣʠʚʠʭ 

ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ. 

ɺʽʜʦʤʠʡ ʩʧʦʩʽʙ [14] ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʝʢʪʠʬʽʢʘʮʽʡʥʦʾ ʢʦʣʦʥʠ ʟ ʜʚʦʤʘ ʧʦʪʦʢʘʤʠ ʞʠʚʣʝʥʥʷ 

ʰʣʷʭʦʤ ʟʤʽʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʪʨʘʪ ʧʦʪʦʢʽʚ 

ʩʠʨʦʚʠʥʠ ʚ ʢʦʣʦʥʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʥʠʭ 

ʛʨʘʥʠʯʥʠʭ ʤʘʢʩʠʤʘʣʴʥʦʾ ʽ ʤʽʥʽʤʘʣʴʥʦʾ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ 

ʟʨʦʰʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʪʨʘʪʠ 

ʪʝʧʣʦʥʦʩʽʷ ʚ ʢʫʙ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʾ 

ʚʠʪʨʘʪʠ ʧʘʨʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʥʠʞʥʽʡ ʩʝʢʮʽʾ ʢʦʣʦʥʠ.  

ʇʨʦʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʨʝʢʪʠʬʽʢʘʮʽʾ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ ʧʘʨʠ ʽ ʟʨʦʰʫʚʘʥʥʷ, ʷʢʽ 

ʧʨʠʡʤʘʶʪʴʩʷ ʧʦʩʪʽʡʥʠʤʠ ʟʘ ʚʠʩʦʪʦʶ ʢʦʣʦʥʠ, ʥʝ 

ʜʦʟʚʦʣʷʻ ʚʝʩʪʠ ʧʨʦʮʝʩ ʚ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ. 

ʇʨʦʮʝʩʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʽ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʢʦʞʥʦʤʫ 

ʢʦʥʪʘʢʪʥʦʤʫ ʧʨʠʩʪʨʦʾ ʘʧʘʨʘʪʫ ʤʘʶʪʴ ʨʽʟʥʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʽ ʚʽʜʥʦʰʝʥʥʷ ʚʠʪʨʘʪ ʧʘʨʠ ʽ ʟʨʦʰʫʚʘʥʥʷ 

ʜʦ ʚʠʪʨʘʪʠ ʞʠʚʣʝʥʥʷ ʩʫʪʪʻʚʦ ʟʤʽʥʶʶʪʴʩʷ ʟʘ ʚʠʩʦʪʦʶ 

ʢʦʣʦʥʠ ʥʘʚʽʪʴ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʪʦʢʽʚ ʩʠʨʦʚʠʥʠ ʩʪʘʙʽʣʽʟʦʚʘʥʦ. ʊʘʢʦʞ 

ʥʝʦʜʥʦʟʥʘʯʥʠʤ ʻ ʚʧʣʠʚ ʥʘ ʨʦʟʜʽʣʦʚʫ ʟʜʘʪʥʽʩʪʴ 

ʢʦʥʪʘʢʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʢʦʣʦʥʠ ʽ 

ʷʢʽʩʪʴ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ ʟʤʽʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʚʠʪʨʘʪ ʧʦʪʦʢʽʚ ʩʠʨʦʚʠʥʠ, ʷʢʽ, ʢʨʽʤ ʪʦʛʦ, ʤʘʶʪʴ ʨʽʟʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ. ʊʘʢʦʞ ʥʝʜʦʣʽʢʦʤ ʚʽʜʦʤʦʛʦ ʩʧʦʩʦʙʫ ʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʠʙʦʨʫ ʚʝʣʠʯʠʥ 

ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ ʧʘʨʦʚʦʛʦ ʧʦʪʦʢʫ ʽ ʟʨʦʰʫʚʘʥʥʷ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʚʘʪʠ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʾʭ ʦʧʪʠʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ˇʨʫʥʪʦʚʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʫʩʢʣʘʜʥʝʥʥʷ ʢʦʥʪʨʦʣʶ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ [12] ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʨʝʢʪʠʬʽʢʘʮʽʾ ʰʣʷʭʦʤ ʟʤʽʥʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʪʨʘʪ ʧʦʪʦʢʽʚ ʩʠʨʦʚʠʥʠ, ʱʦ ʧʦʜʘʶʪʴ 

ʫ ʚʝʨʭʥʶ ʽ ʥʠʞʥʶ ʯʘʩʪʠʥʠ ʢʦʣʦʥʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʠʪʨʘʪʠ ʽ ʩʢʣʘʜʫ ʩʠʨʦʚʠʥʠ. ɺʠʪʨʘʪʫ ʧʘʨʦʚʦʛʦ ʧʦʪʦʢʫ ʚ 

ʢʦʣʦʥʽ ʨʝʛʫʣʶʶʪʴ ʰʣʷʭʦʤ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʛʨʽʶʯʦʾ ʧʘʨʠ 

ʚ ʢʫʙ ʢʦʣʦʥʠ, ʧʨʠ ʮʴʦʤʫ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʧʘʨʠ ʚ 

ʢʫʙ ʢʦʣʦʥʠ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʪʨʘʪ ʧʦʪʦʢʽʚ ʩʠʨʦʚʠʥʠ 

ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ 

ʢʝʨʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʟʘ ʩʢʣʘʜʦʤ, ʚʠʪʨʘʪʦʶ ʩʠʨʦʚʠʥʠ ʚ 

ʢʦʣʦʥʫ, ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʘʨʠ ʚ ʢʫʙ ʢʦʣʦʥʠ ʽ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʢʫʙʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʈʽʚʝʥʴ ʢʫʙʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ ʩʪʘʙʽʣʽʟʫʶʪʴ ʰʣʷʭʦʤ ʟʤʽʥʠ ʚʠʪʨʘʪʠ 

ʢʫʙʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʪʠʩʢ ʫ ʢʦʣʦʥʽ ʩʪʘʙʽʣʽʟʫʶʪʴ 

ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʦʜʘʯʽ ʭʦʣʦʜʦʘʛʝʥʪʫ ʫ ʭʦʣʦʜʠʣʴʥʠʢ-

ʢʦʥʜʝʥʩʘʪʦʨ ʽ ʚʠʪʨʘʪʫ ʜʠʩʪʠʣʷʪʫ ʩʪʘʙʽʣʽʟʫʶʪʴ ʰʣʷʭʦʤ 

ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʜʠʩʪʠʣʷʪʫ. 

ʅʝʜʦʣʽʢʦʤ ʚʢʘʟʘʥʦʛʦ ʩʧʦʩʦʙʫ ʻ ʢʝʨʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʴʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʨʝʢʪʠʬʽʢʘʮʽʡʥʦʾ ʢʦʣʦʥʠ 

ʪʽʣʴʢʠ ʟʘ ʧʘʨʦʚʦʶ ʬʘʟʦʶ ʰʣʷʭʦʤ ʟʤʽʥʠ ʚʠʪʨʘʪʠ 

ʪʝʧʣʦʥʦʩʽʷ ʚ ʚʠʧʘʨʥʠʢ ʢʫʙʘ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʪʨʘʪʘ 

ʨʽʜʠʥʥʦʾ ʬʘʟʠ (ʟʨʦʰʫʚʘʥʥʷ) ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʝ ʥʘ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʽʚʥʽ, ʘ ʟ ʦʛʣʷʜʫ ʥʘ ʥʝʦʙʭʽʜʥʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʟʘ ʜʠʩʪʠʣʷʪʦʤ. ʂʨʽʤ ʪʦʛʦ, 

ʩʧʦʩʽʙ ʥʝ ʚʨʘʭʦʚʫʻ ʝʥʝʨʛʝʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʦʮʝʩʫ, ʪʘʢ ʷʢ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʥʝ ʤʽʩʪʠʪʴ 

ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ. ʋʩʢʣʘʜʥʝʥʥʷ ʤʦʜʝʣʽ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʦʧʪʠʤʘʣʴʥʠʭ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʢʦʣʦʥʠ, ʚʠʟʥʘʯʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʙʽʣʴʰʦʛʦ ʯʠʩʣʘ ʧʦʢʘʟʥʠʢʽʚ 

ʧʨʦʮʝʩʫ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. ʊʘʢʦʞ ʥʝ 

ʧʝʨʝʜʙʘʯʝʥʦ ʧʨʦʮʝʜʫʨʫ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʤʦʜʝʣʽ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʥʝʚʠʤʽʨʶʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ 

ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʚ ʟʥʘʯʥʠʭ ʤʝʞʘʭ ʽ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʚʪʨʘʪʠ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ, ʘ, ʟʥʘʯʠʪʴ, ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʽ ʟʤʝʥʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ. 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʝʢʪʠʬʽʢʘʮʽʾ ʰʣʷʭʦʤ 

ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ 

ʧʝʨʝʜʙʘʯʘʻ ʜʠʩʢʨʝʪʥʽ ʽ ʥʝʧʝʨʝʨʚʥʽ ʨʫʭʣʠʚʽ ʢʝʨʫʶʯʽ 

ʚʧʣʠʚʠ ʥʘ ʧʨʦʮʝʩ ʽ ʧʦʟʙʘʚʣʝʥʘ ʚʢʘʟʘʥʠʭ ʥʝʜʦʣʽʢʽʚ 

ʚʽʜʦʤʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʨʦʟʨʦʙʣʝʥʽʡ ʩʠʩʪʝʤʽ ʧʨʠ 

ʦʩʥʦʚʥʠʭ ʟʙʫʨʝʥʥʷʭ ʥʘ ʧʨʦʮʝʩ. 

ɿʘʚʜʘʥʥʷ ʨʦʙʦʪʠ: 

1. ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʦʤ ʨʝʢʪʠʬʽʢʘʮʽʾ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ: ʨʦʟʨʘʭʫʥʦʢ ʟʘ 

ʧʨʦʛʥʦʟʫʶʯʦʶ ʥʝʣʽʥʽʡʥʦʶ ʤʦʜʝʣʣʶ ʧʨʦʮʝʩʫ 

ʦʧʪʠʤʘʣʴʥʠʭ ʪʨʘʜʠʮʽʡʥʠʭ ʽ ʨʫʭʣʠʚʠʭ ʢʝʨʫʶʯʠʭ 

ʚʧʣʠʚʽʚ ʽ ʾʭ ʨʝʘʣʽʟʘʮʽʶ ʥʘ ʤʘʪʝʨʽʘʣʴʥʽ ʧʦʪʦʢʠ ʘʧʘʨʘʪʫ, 

ʧʝʨʽʦʜʠʯʥʫ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʤʦʜʝʣʽ ʟʘ ʚʠʤʽʨʶʚʘʣʴʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ ʱʦʜʦ ʧʦʪʦʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ, 

ʩʪʘʙʽʣʽʟʘʮʽʶ ʦʢʨʝʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʣʘʥʩʽʚ ʚʝʨʭʫ ʽ ʥʠʟʫ 

ʢʦʣʦʥʠ. 

2. ʈʦʟʨʘʭʫʥʦʢ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʨʦʟʨʦʙʣʝʥʽʡ 

ʩʠʩʪʝʤʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʫʭʣʠʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʨʝʢʪʠʬʽʢʘʮʽʾ, ʦʮʽʥʢʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ ʰʣʷʭʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʾʾ ʩʪʽʡʢʦʩʪʽ ʽ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ʢʝʨʫʚʘʥʥʷ. 

 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ 

 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʦʙʣʝʥʫ ʩʠʩʪʝʤʫ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʨʝʢʪʠʬʽʢʘʮʽʾ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʭʣʠʚʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ. 

ʇʨʦʮʝʩ ʨʝʢʪʠʬʽʢʘʮʽʾ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʢʦʣʦʥʽ 1, 

ʦʩʥʘʱʝʥʦʾ ʚʠʧʘʨʥʠʢʦʤ 2, ʢʦʥʜʝʥʩʘʪʦʨʦʤ 3, ʻʤʥʽʩʪʶ 

ʜʣʷ ʟʙʦʨʫ ʜʠʩʪʠʣʷʪʫ 4, ʢʝʨʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ 5, 

ʜʘʪʯʠʢʦʤ ʨʽʚʥʷ ʢʫʙʦʚʦʛʦ ʧʨʦʜʫʢʪʫ 6, ʨʝʛʫʣʷʪʦʨʦʤ 

ʨʽʚʥʷ ʢʫʙʦʚʦʛʦ ʧʨʦʜʫʢʪʫ 7, ʚʠʢʦʥʘʚʯʠʤ ʧʨʠʩʪʨʦʻʤ 8 

ʥʘ ʣʽʥʽʾ ʚʽʜʚʦʜʫ ʢʫʙʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʜʘʪʯʠʢʦʤ ʪʠʩʢʫ 9 

ʥʘʚʝʨʭʫ ʢʦʣʦʥʠ, ʨʝʛʫʣʷʪʦʨʦʤ ʪʠʩʢʫ 10 ʥʘʚʝʨʭʫ 

ʢʦʣʦʥʠ, ʚʠʢʦʥʘʚʯʠʤ ʧʨʠʩʪʨʦʻʤ 11 ʥʘ ʣʽʥʽʾ ʧʦʜʘʯʽ 

ʭʦʣʦʜʦʘʛʝʥʪʫ ʚ ʢʦʥʜʝʥʩʘʪʦʨ, ʜʘʪʯʠʢʦʤ ʨʽʚʥʷ 12 ʚ 

ʻʤʥʦʩʪʽ ʜʣʷ ʟʙʦʨʫ ʜʠʩʪʠʣʷʪʫ, ʨʝʛʫʣʷʪʦʨʦʤ ʚʠʪʨʘʪʠ 13 

ʜʠʩʪʠʣʷʪʫ, ʚʠʢʦʥʘʚʯʠʤ ʧʨʠʩʪʨʦʻʤ 14 ʥʘ ʣʽʥʽʾ ʚʽʜʚʦʜʫ 

ʜʠʩʪʠʣʷʪʫ, ʜʘʪʯʠʢʘʤʠ ʚʠʪʨʘʪʠ 15, ʩʢʣʘʜʫ 16 ʽ 

ʪʝʤʧʝʨʘʪʫʨʠ 17 ʞʠʚʣʝʥʥʷ, ʜʘʪʯʠʢʦʤ ʪʠʩʢʫ 18 ʚ ʣʽʥʽʾ 

ʧʦʜʘʯʽ ʞʠʚʣʝʥʥʷ, ʜʘʪʯʠʢʦʤ ʪʠʩʢʫ 19 ʚʥʠʟʫ ʢʦʣʦʥʠ, 

ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ 20ʘ ï 20n ʥʘ ʢʦʥʪʘʢʪʥʠʭ 

ʧʨʠʩʪʨʦʷʭ ʢʦʣʦʥʠ, ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʠ 21 ʢʫʙʦʚʦʛʦ 

ʟʘʣʠʰʢʫ, ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ 22 ʽ ʪʠʩʢʫ 23 ʥʘ 

ʢʦʥʪʨʦʣʴʥʽʡ ʪʘʨʽʣʮʽ, ʜʘʪʯʠʢʦʤ ʚʠʪʨʘʪʠ 24 ʽ 

ʪʝʤʧʝʨʘʪʫʨʠ 25 ʟʨʦʰʫʚʘʥʥʷ, ʜʘʪʯʠʢʦʤ ʚʠʪʨʘʪʠ 26 

ʪʝʧʣʦʥʦʩʽʷ ʚ ʚʠʧʘʨʥʠʢ, ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ 27 ʽ 28 
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ʪʝʧʣʦʥʦʩʽʷ ʜʦ ʽ ʧʽʩʣʷ ʚʠʧʘʨʥʠʢʘ, ʜʘʪʯʠʢʘʤʠ ʪʠʩʢʫ 29 ʽ 

30 ʚ ʣʽʥʽʷʭ ʧʦʜʘʯʽ ʽ ʚʽʜʚʦʜʫ ʪʝʧʣʦʥʦʩʽʷ ʚʽʜ ʚʠʧʘʨʥʠʢʘ, 

ʚʠʢʦʥʘʚʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ 31ʘ ï 31m ʥʘ ʣʽʥʽʷʭ ʧʦʜʘʯʽ 

ʞʠʚʣʝʥʥʷ ʚ ʢʦʣʦʥʫ, ʚʠʢʦʥʘʚʯʠʤ ʧʨʠʩʪʨʦʻʤ 32 ʥʘ ʣʽʥʽʾ 

ʧʦʜʘʯʽ ʟʨʦʰʫʚʘʥʥʷ ʚ ʢʦʣʦʥʫ, ʚʠʢʦʥʘʚʯʠʤ ʧʨʠʩʪʨʦʻʤ 

33 ʥʘ ʣʽʥʽʾ ʧʦʜʘʯʽ ʪʝʧʣʦʥʦʩʽʷ ʚ ʚʠʧʘʨʥʠʢ, ʜʘʪʯʠʢʘʤʠ 

ʚʠʪʨʘʪ 34 ʽ 35 ʢʫʙʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʽ ʜʠʩʪʠʣʷʪʫ. 

 

D ï ʤʦʣʴʥʘ ʚʠʪʨʘʪʘ ʜʠʩʪʠʣʷʪʫ, ʢʤʦʣʴ/ʛʦʜ; F ï ʤʦʣʴʥʘ ʚʠʪʨʘʪʘ, ʢʤʦʣʴ/ʛʦʜ; ʤʦʣʴʥʘ ʚʠʪʨʘʪʘ ʞʠʚʣʝʥʥʷ, ʢʤʦʣʴ/ʛʦʜ; Fl  ï ʤʦʣʴʥʘ 

ʚʠʪʨʘʪʘ ʟʨʦʰʫʚʘʥʥʷ, ʢʤʦʣʴ/ʛʦʜ; hy ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʘʨʽʣʢʘʤʠ, ʤ; j ï ʥʦʤʝʨ ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʠʩʪʨʦʶ; L ï ʤʦʣʴʥʘ ʚʠʪʨʘʪʘ 

ʨʽʜʠʥʥʦʾ ʬʘʟʠ, ʢʤʦʣʴ/ʛʦʜ; Nf ï ʥʦʤʝʨ ʪʘʨʽʣʢʠ ʞʠʚʣʝʥʥʷ, ʚʝʣʠʯʠʥʘ ʜʠʩʢʨʝʪʥʦʛʦ ʨʫʭʣʠʚʦʛʦ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ; P ï ʪʠʩʢ, ʄʇʘ; 

Q ï ʚʠʪʨʘʪʘ ʪʝʧʣʘ, ʢɼʞ/ʛʦʜ; q ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʞʠʚʣʝʥʥʷ, ʚʝʣʠʯʠʥʘ ʥʝʧʝʨʝʨʚʥʦʛʦ ʨʫʭʣʠʚʦʛʦ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ, 

ʢʤʦʣʴ/ʢʤʦʣʴ; t ï ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ; U ï ʨʽʚʝʥʴ, ʤ; V ï ʤʦʣʴʥʘ ʚʠʪʨʘʪʘ ʧʘʨʦʚʦʾ ʬʘʟʠ, ʢʤʦʣʴ/ʛʦʜ; ʦʙôʻʤ, ʤ3; W ï ʤʦʣʴʥʘ ʚʠʪʨʘʪʘ 

ʢʫʙʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʢʤʦʣʴ/ʛʦʜ; x ï ʤʦʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʽʜʠʥʥʽʡ ʬʘʟʽ, ʢʤʦʣʴ/ʢʤʦʣʴ; y ï ʤʦʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʘʨʦʚʽʡ ʬʘʟʽ, ʢʤʦʣʴ/ʢʤʦʣʴ; ɓ ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʦʜʠʥʠʮʶ ʝʬʝʢʪʠʚʥʦʾ ʧʣʦʱʽ 

ʪʘʨʽʣʢʠ, ʢʤʦʣʴ/(ʤ2Ŀʛʦʜ); ɖ ï ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʩʦʧʝʨʝʥʦʩʫ ʥʘ ʢʦʥʪʘʢʪʥʦʤʫ ʧʨʠʩʪʨʦʾ ʟʘ ʄʝʨʬʨʽ; Ű ï ʯʘʩ, ʩ.  

ʅʠʞʥʽ ʽʥʜʝʢʩʠ: d ï ʧʘʨʘʤʝʪʨ ʜʠʩʪʠʣʷʪʫ; f ï ʧʘʨʘʤʝʪʨ ʞʠʚʣʝʥʥʷ; fl  ï ʧʘʨʘʤʝʪʨ ʟʨʦʰʫʚʘʥʥʷ; i ï ʧʘʨʘʤʝʪʨ ʢʦʤʧʦʥʝʥʪʘ ʩʫʤʽʰʽ, 

ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ; j ï ʧʘʨʘʤʝʪʨ ʮʽʣʴʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʫʤʽʰʽ; pr ï ʧʨʦʬʽʣʴ; w, 0 ï ʧʘʨʘʤʝʪʨ ʢʫʙʦʚʦʛʦ ʧʨʦʜʫʢʪʫ; ʧʘʨʘʤʝʪʨ 

ʚʠʧʘʨʥʠʢʘ ʢʫʙʘ ʢʦʣʦʥʠ; ʪ ï ʧʘʨʘʤʝʪʨ ʪʝʧʣʦʥʦʩʽʷ. 

ʈʠʩ. 1. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʫʭʣʠʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʨʝʢʪʠʬʽʢʘʮʽʾ

ɺ ʨʝʞʠʤʽ ʢʝʨʫʚʘʥʥʷ ʥʝʧʝʨʝʨʚʥʦ ʢʦʥʪʨʦʣʶʻʪʴʩʷ 

ʥʘʜʭʦʜʞʝʥʥʷ ʫ ʢʦʣʦʥʫ ʦʩʥʦʚʥʠʭ ʟʙʫʨʝʥʴ, ʱʦ 

ʧʦʣʷʛʘʶʪʴ ʫ ʟʤʽʥʘʭ ʚʠʪʨʘʪʠ, ʩʢʣʘʜʫ, ʪʝʤʧʝʨʘʪʫʨʠ 

ʞʠʚʣʝʥʥʷ, ʪʠʩʢʫ ʚ ʣʽʥʽʾ ʧʦʜʘʯʽ ʞʠʚʣʝʥʥʷ [15]. ʊʘʢʦʞ 

ʚʠʤʽʨʶʻʪʴʩʷ ʪʠʩʢ ʚ ʢʦʣʦʥʽ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʦʰʫʚʘʥʥʷ. 

ɺʽʜʧʦʚʽʜʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʚʽʜ ʜʘʪʯʠʢʽʚ 15 ï 

18, 9, 19 ʽ 25 ʥʘʜʭʦʜʠʪʴ ʜʦ ʢʝʨʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ 5, 

ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻ ʽ ʟʘʩʪʦʩʦʚʫʻ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʢʦʣʦʥʠ. 

ɼʠʩʢʨʝʪʥʽ ʨʫʭʣʠʚʽ ʚʧʣʠʚʠ ʧʦʣʷʛʘʶʪʴ ʚ ʟʤʽʥʘʭ 

ʪʦʯʢʠ ʚʚʝʜʝʥʥʷ ʞʠʚʣʝʥʥʷ ʚ ʢʦʣʦʥʫ, ʥʝʧʝʨʝʨʚʥʽ ï 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʪʨʘʪ ʜʚʦʭ ʧʦʪʦʢʽʚ ʩʠʨʦʚʠʥʠ. 

ʇʝʨʝʢʣʶʯʝʥʥʷ ʥʦʤʝʨʘ ʪʘʨʽʣʢʠ ʞʠʚʣʝʥʥʷ ʤʦʞʣʠʚʦ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʢʨʝʤʠʡ, ʛʨʘʥʠʯʥʠʡ ʚʠʧʘʜʦʢ 

ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʩʠʨʦʚʠʥʠ ʤʽʞ ʪʘʨʽʣʢʘʤʠ. ɿ ʮʴʦʛʦ 

ʚʠʭʦʜʠʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʽʣʴʢʠ ʦʜʥʽʻʾ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ, ʚ ʷʢʽʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʘʙʦ ʜʠʩʢʨʝʪʥʽ, ʘʙʦ 

ʥʝʧʝʨʝʨʚʥʽ ʨʫʭʣʠʚʽ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʧʦʪʝʥʮʽʡʥʠʭ ʤʽʩʮʴ ʚʚʝʜʝʥʥʷ ʩʠʨʦʚʠʥʠ ʚ 

ʢʦʣʦʥʫ fN . 

ʆʜʥʦʯʘʩʥʝ ʢʝʨʫʚʘʥʥʷ ʜʚʦʤʘ ʧʦʢʘʟʥʠʢʘʤʠ ʥʠʟʫ 

ʢʦʣʦʥʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʦʮʝʩʫ ï ʚʠʪʨʘʪʘʤʠ ʢʫʙʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ ʽ ʪʝʧʣʦʥʦʩʽʷ ʚ ʚʠʧʘʨʥʠʢʫ ï ʩʢʣʘʜʘʻ ʩʫʪʪʻʚʽ 

ʪʨʫʜʥʦʱʽ, ʪʘʢ ʷʢ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʪʝʨʽʘʣʴʥʠʡ 

ʙʘʣʘʥʩ ʜʦʪʨʠʤʫʚʘʪʠʤʝʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ 

ʫʩʪʘʣʝʥʦʛʦ ʩʪʘʥʫ, ʘ ʚ ʧʝʨʝʭʽʜʥʦʤʫ ʨʝʞʠʤʽ ʢʫʙʦʚʠʡ 

ʟʘʣʠʰʦʢ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚʥʠʟʫ ʢʦʣʦʥʠ, 

ʥʘʢʦʧʠʯʫʚʘʪʠʤʝʪʴʩʷ ʘʙʦ ʚʠʩʥʘʞʫʚʘʪʠʤʝʪʴʩʷ. ʗʢʱʦ ʞ 

ʮʽʣʴʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʻ ʜʠʩʪʠʣʷʪ, ʪʦ ʡʦʛʦ 

ʦʧʪʠʤʘʣʴʥʠʡ ʚʽʜʙʽʨ ʪʘʢʦʞ ʤʦʞʣʠʚʠʡ ʪʽʣʴʢʠ ʧʽʩʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʢʦʣʦʥʠ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʟʙʫʨʝʥʥʷ, 
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ʱʦ ʥʘʜʽʡʰʣʦ ʚ ʢʦʣʦʥʫ, ʟʤʽʥʶʚʘʪʠ ʦʧʪʠʤʘʣʴʥʠʤ ʯʠʥʦʤ 

ʤʘʪʝʨʽʘʣʴʥʝ ʽ ʝʥʝʨʛʝʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʣʦʥʠ 

ʰʣʷʭʦʤ ʢʝʨʫʚʘʥʥʷ ʚʠʪʨʘʪʘʤʠ ʪʝʧʣʦʥʦʩʽʷ ʚ ʚʠʧʘʨʥʠʢʫ 

ʪF ʽ ʬʣʝʛʤʠ Fl, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʝʨʭ ʘʧʘʨʘʪʫ. ʊʘʢʽ 

ʟʤʽʥʠ ʚʠʪʨʘʪ ʨʽʜʠʥʥʦʾ ʽ ʧʘʨʦʚʦʾ ʬʘʟ ʟʘ ʚʠʩʦʪʦʶ ʢʦʣʦʥʠ 

ʤʘʶʪʴ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʩʫʪʪʻʚʦ 

ʧʦʢʨʘʱʫʶʪʴ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʢʝʨʫʚʘʥʥʷ. 

ɺʽʜʙʦʨʠ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ ʚʝʨʭʫ ʽ ʥʠʟʫ ʢʦʣʦʥʠ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ 

ʢʽʥʮʽʚ ʘʧʘʨʘʪʫ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʧʦʩʪʽʡʥʦʛʦ ʨʽʚʥʷ ʚ 

ʟʙʽʨʥʠʢʫ ʜʠʩʪʠʣʷʪʫ ʽ ʚ ʢʫʙʦʚʽʡ ʻʤʥʦʩʪʽ. ʂʦʥʪʫʨ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 6 ï 8 ʨʽʚʥʝʤ ʢʫʙʦʚʦʛʦ 

ʟʘʣʠʰʢʫ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ 

ʟʘ ʨʽʜʠʥʥʦʶ ʬʘʟʦʶ ʥʠʟʫ ʢʦʣʦʥʠ ʰʣʷʭʦʤ ʟʤʽʥʠ 

ʚʠʪʨʘʪʠ ʢʫʙʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʂʦʥʪʫʨʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʠʩʢʦʤ 9 ï 11 ʥʘʚʝʨʭʫ ʢʦʣʦʥʠ ʽ ʨʽʚʥʝʤ 12 

ï 14 ʚ ʻʤʥʦʩʪʽ ʜʣʷ ʟʙʦʨʫ ʜʠʩʪʠʣʷʪʫ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʟʘ ʧʘʨʦʚʦʶ ʽ ʨʽʜʠʥʥʦʶ ʬʘʟʘʤʠ 

ʚʝʨʭʫ ʢʦʣʦʥʠ ʰʣʷʭʦʤ ʟʤʽʥʠ ʚʠʪʨʘʪ ʭʦʣʦʜʦʘʛʝʥʪʫ ʚ 

ʢʦʥʜʝʥʩʘʪʦʨ ʽ ʜʠʩʪʠʣʷʪʫ ʚʽʜʧʦʚʽʜʥʦ. ɼʘʥʽ ʢʦʥʪʫʨʠ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʙʝʟʘʚʘʨʽʡʥʦʛʦ ʚʝʜʝʥʥʷ 

ʧʨʦʮʝʩʫ ʚ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ. ɿʘʚʜʘʥʥʷ 

ʨʝʛʫʣʷʪʦʨʘʤ 7, 10, 13 ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ. 

ʈʦʟʨʘʭʫʥʦʢ ʦʧʪʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʢʝʨʫʶʯʠʭ 

ʚʧʣʠʚʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʨʝʘʣʽʟʘʮʽʷ ʥʘ ʧʨʦʮʝʩ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ 5 ʽ ʥʝʣʽʥʽʡʥʦʾ 

ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ 

ʨʝʢʪʠʬʽʢʘʮʽʾ. 

ʄʦʜʝʣʴ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʩʠʩʪʝʤ 

ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʚʝʢʪʦʨʘʤ ʦʩʥʦʚʥʠʭ ʟʙʫʨʝʥʴ ʽ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ (ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʨʫʭʣʠʚʠʭ) ʚʝʢʪʦʨ ʚʠʭʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʦʧʠʩ ʢʦʣʦʥʠ ʚʢʣʶʯʘʻ ʤʦʜʝʣʽ 

ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʚʠʧʘʨʥʠʢʘ ʢʫʙʘ ʽ 

ʢʦʥʜʝʥʩʘʪʦʨʘ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʨʽʚʥʷʥʴ ʟʘʛʘʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ, ʤʘʪʝʨʽʘʣʴʥʠʭ ʙʘʣʘʥʩʽʚ ʟʘ 

ʦʢʨʝʤʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ, 

ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʨʘʭʫʥʢʫ ʬʘʟʦʚʦʾ ʨʽʚʥʦʚʘʛʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʩʦʧʝʨʝʜʘʯʽ ʥʘ ʪʘʨʽʣʢʘʭ, ʘ 

ʪʘʢʦʞ ʙʘʣʘʥʩʦʚʠʭ ʨʽʚʥʷʥʴ ʚʩʽʻʾ ʢʦʣʦʥʠ [16]. 

ʈʦʟʨʘʭʫʥʦʢ ʨʝʢʪʠʬʽʢʘʮʽʡʥʦʾ ʢʦʣʦʥʠ ʽ ʚʠʟʥʘʯʝʥʥʷ ʾʾ 

ʩʪʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʪʘʨʽʣʯʘʩʪʦ 

ʘʙʦ ʧʦʢʦʤʧʦʥʝʥʪʥʦ 

, , , , , ( , , , , , , , , , , , ).i i d w f f f f fl d iL V x y Q t f W Q P F x q N t P t th=   (1) 

ʈʦʟʨʘʭʫʥʦʢ ʽ ʨʝʘʣʽʟʘʮʽʷ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʢʝʨʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ ʟʘ ʤʦʜʝʣʣʶ 

ʧʨʦʮʝʩʫ ʽ ʦʙʨʘʥʠʤ ʦʧʪʠʤʽʟʘʮʽʡʥʠʤ ʢʨʠʪʝʨʽʻʤ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʠʭ ʦʙʤʝʞʝʥʴ ʥʘ ʷʢʽʩʪʴ xw,nz,min 

(ʘʙʦ xd,nz,min), ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ Wmin (ʘʙʦ Dmin), 

ʩʦʙʽʚʘʨʪʽʩʪʴ Qw,max ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ ʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ. 

ɺ [13] ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ ʽ ʘʣʛʦʨʠʪʤʠ ʩʪʘʪʠʯʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʝʢʪʠʬʽʢʘʮʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʨʫʭʣʠʚʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʟʘ ʥʦʨʤʘʣʽʟʦʚʘʥʠʤ 

ʢʨʠʪʝʨʽʻʤ. ʈʦʟʨʘʭʫʥʦʢ ʥʦʤʝʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʪʘʨʽʣʢʠ 

ʞʠʚʣʝʥʥʷ Nf,opt ʘʙʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʪʨʘʪ ʧʦʪʦʢʽʚ 

ʩʠʨʦʚʠʥʠ qopt, ʘ ʪʘʢʦʞ ʦʧʪʠʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʪʝʧʣʘ Qw,opt 

ʚ ʚʠʧʘʨʥʠʢʫ ʽ ʬʣʝʛʤʠ Flopt ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʦʜʥʦʯʘʩʥʠʤ 

ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʽ ʝʥʝʨʛʦʚʠʪʨʘʪ 

ʥʘ ʡʦʛʦ ʚʝʜʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʦʧʪʠʤʘʣʴʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ, ʪʝʧʣʦʚʠʡ ʧʨʦʬʽʣʽ ʢʦʣʦʥʠ, 

ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʢʦʞʥʦʤʫ 

ʢʦʥʪʘʢʪʥʦʤʫ ʧʨʠʩʪʨʦʾ ʢʦʣʦʥʠ ʽ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʜʝʬʣʝʛʤʘʪʦʨʘ 

, ,

min ,max , ,min

, , , , , , , , ,

( , , , , , , , , , , ).

f opt opt opt w opt d i i

f f f f fl i w w nz

N q Fl Q Q L V x y t

f N F x t P t P W Q x

=

= h
 (2) 

ɺ ʷʢʦʩʪʽ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʦʙʨʘʥʦ ʦʩʥʦʚʥʽ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʟʙʫʨʝʥʥʷ ʥʘ ʧʨʦʮʝʩ ʽ 

ʧʘʨʘʤʝʪʨʠ, ʚʝʣʠʯʠʥʠ ʷʢʠʭ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ: ʚʠʪʨʘʪʘ, ʩʢʣʘʜ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʪʦʢʽʚ ʞʠʚʣʝʥʥʷ, ʪʠʩʢ ʚ ʣʽʥʽʾ ʧʦʜʘʯʽ ʞʠʚʣʝʥʥʷ ʚ 

ʢʦʣʦʥʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʦʰʫʚʘʥʥʷ, ʧʨʦʬʽʣʽ ʪʠʩʢʫ ʚ 

ʢʦʣʦʥʽ ʽ ʝʬʝʢʪʠʚʥʦʩʪʝʡ ʢʦʥʪʘʢʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʘʧʘʨʘʪʫ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʞʠʚʣʝʥʥʷ ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ ʩʚʦʙʦʜʠ 

ʨʫʭʣʠʚʦʛʦ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ, ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, 

ʦʜʥʘʢ ʮʝ ʧʽʜʚʠʱʫʻ ʨʦʟʤʽʨʥʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ. 

ʂʦʥʪʨʦʣʴ ʟʘ ʧʨʦʮʝʩʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ (23) ʽ ʪʠʩʢʫ (22) ʥʘ 

ʢʦʥʪʨʦʣʴʥʽʡ ʪʘʨʽʣʮʽ. ʇʨʦʛʥʦʟʦʚʘʥʽ ʟʘ ʤʦʜʝʣʣʶ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦʚʠʥʥʽ ʟʙʽʛʘʪʠʩʴ ʟ 

ʚʩʪʘʥʦʚʣʝʥʦʶ ʪʦʯʥʽʩʪʶ ʟ ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ ʥʘʜʭʦʜʠʪʴ 

ʚʽʜ ʜʘʪʯʠʢʫ 23. ʗʢʱʦ ʮʷ ʚʠʤʦʛʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ 

ʚʠʧʦʚʥʶʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ [17]. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʥʝʚʠʤʽʨʶʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ï ʝʬʝʢʪʠʚʥʦʩʪʝʡ ʟʘ 

ʄʝʨʬʨʽ ʢʦʥʪʘʢʪʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɼʣʷ ʯʦʛʦ ʜʦʜʘʪʢʦʚʦ 

ʚʠʤʽʨʶʶʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʨʦʬʽʣʴ ʘʧʘʨʘʪʫ (20ʘ ï 

20n), ʚʠʪʨʘʪʠ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ (34 ʽ 35), ʧʝʨʝʧʘʜ 

ʪʠʩʢʫ ʫ ʢʦʣʦʥʽ (9, 19) 

, , , , , ( , , , , , , , , , , , ).i i i w f f f f fl d prL V x y t f W Q N q F x t P t t P th =  (3) 

ɿʤʽʥʘ ʪʦʯʢʠ ʚʚʝʜʝʥʥʷ ʩʠʨʦʚʠʥʠ ʚ ʢʦʣʦʥʫ ʘʙʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʪʨʘʪ ʧʦʪʦʢʽʚ ʩʠʨʦʚʠʥʠ, ʱʦ 

ʧʦʜʘʶʪʴʩʷ ʚ ʚʝʨʭʥʶ ʽ ʥʠʞʥʶ ʯʘʩʪʠʥʠ ʢʦʣʦʥʠ, 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʝʨʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ ʰʣʷʭʦʤ ʚʧʣʠʚʫ ʥʘ 

ʚʠʢʦʥʘʚʯʽ ʧʨʠʩʪʨʦʾ 31ʘ ï 31m. ʇʨʠ ʧʝʨʝʢʣʶʯʝʥʥʽ 

ʥʦʤʝʨʫ ʪʘʨʽʣʢʠ ʞʠʚʣʝʥʥʷ ʦʜʥʦʯʘʩʥʦ ʚʽʜʢʨʠʪʦ ʪʽʣʴʢʠ 

ʦʜʠʥ ʚʝʥʪʠʣʴ, ʧʨʠ ʧʝʨʝʨʦʟʧʦʜʽʣʽ ï ʜʚʘ (ʧʨʠ ʟʤʽʥʽ 

ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʦʜʠʥ ʟ ʥʠʭ ʚʽʜʢʨʠʚʘʻʪʴʩʷ, ʘ ʽʥʰʠʡ 

ï ʟʘʢʨʠʚʘʻʪʴʩʷ). 

ʆʧʪʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ ʬʣʝʛʤʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʽ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʝʨʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʪʦʯʥʫ ʚʠʪʨʘʪʫ ʟʨʦʰʫʚʘʥʥʷ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʜʘʪʯʠʢʘ 24, ʰʣʷʭʦʤ ʚʧʣʠʚʫ ʥʘ 

ʚʠʢʦʥʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 32. 

ʆʧʪʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ ʪʝʧʣʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʰʣʷʭʦʤ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʚ ʚʠʧʘʨʥʠʢ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʤʽʨʶʻʪʴʩʷ ʧʦʪʦʯʥʘ ʚʠʪʨʘʪʘ (26), ʪʝʤʧʝʨʘʪʫʨʠ 

(27, 28) ʪʝʧʣʦʥʦʩʽʷ ʜʦ ʽ ʧʽʩʣʷ ʚʠʧʘʨʥʠʢʘ, ʪʠʩʢ (29, 30) 

ʚ ʣʽʥʽʷʭ ʧʦʜʘʯʽ ʽ ʚʽʜʚʦʜʫ ʪʝʧʣʦʥʦʩʽʷ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʫʙʦʚʦʛʦ ʧʨʦʜʫʢʪʫ (21). ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʢʝʨʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʨʦʟʨʘʭʦʚʫʻ ʧʦʪʦʯʥʫ 

ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʚ ʚʠʧʘʨʥʠʢʫ, ʽ 
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ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʟʤʽʥʶʻ ʚʠʪʨʘʪʫ ʪʝʧʣʦʥʦʩʽʷ 

ʰʣʷʭʦʤ ʚʧʣʠʚʫ ʥʘ ʚʠʢʦʥʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 33. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ 

 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʜʘʧʪʦʚʘʥʦʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʫʭʣʠʚʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ [16] 

ʧʨʦʮʝʩʫ ʨʝʢʪʠʬʽʢʘʮʽʾ ʜʦʩʣʽʜʞʝʥʦ ʧʝʨʝʭʽʜʥʽ ʨʝʞʠʤʠ 

ʨʦʙʦʪʠ ʢʦʣʦʥʠ ʜʣʷ ʧʦʜʽʣʫ ʩʫʤʽʰʽ ʤʝʪʘʥʦʣ-ʚʦʜʘ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʽ 

ʦʩʥʦʚʥʠʭ ʟʙʫʨʝʥʥʷʭ ʥʘ ʧʨʦʮʝʩ ʟʽ ʩʪʦʨʦʥʠ ʚʠʪʨʘʪʠ, 

ʩʢʣʘʜʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʞʠʚʣʝʥʥʷ (ʨʠʩ. 2 ï 10). 

ʂʦʣʦʥʘ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʤʽʩʪʠʪʴ 18 

ʢʦʥʪʘʢʪʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʚʠʥʦʩʥʽ ʢʠʧôʷʪʠʣʴʥʠʢ ʽ 

ʜʝʬʣʝʛʤʘʪʦʨ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʥʦʣʫ ʚ ʞʠʚʣʝʥʥʽ 

ʩʪʘʥʦʚʠʪʴ 0,273 ʤʦʣ. ʯʘʩʪʢʠ. ʇʦʢʘʟʥʠʢʠ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʢʦʣʦʥʠ: 

Nf = 9, Qw = 6,4 ɻɼʞ/ʛʦʜ, D = 62,8 ʢʤʦʣʴ/ʛʦʜ,  

F = 229,3 ʢʤʦʣʴ/ʛʦʜ, tf = tʢʠʧ, Pf  = Pj=0 = Pj=18 =1 ʘʪʤ,  

tFl = tʢʠʧ, td = tʢʠʧ, ɓx = 3060,5 ʢʤʦʣʴ/(ʤ2Ŀʛʦʜ),  

ɓy = 142,82 ʢʤʦʣʴ/(ʤ2Ŀʛʦʜ). ʎʽʣʴʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʻ 

ʤʝʪʘʥʦʣ, ʘ ʧʨʦʜʫʢʪʦʤ ï ʜʠʩʪʠʣʷʪ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʷ ʟ ʢʨʦʢʦʤ ȹŰ, ʱʦ ʩʢʣʘʜʘʚ 

0,05 ʩ. ɺʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʽ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ: ʨʽʚʝʥʴ ʚ ʢʫʙʦʚʽʡ ʻʤʥʦʩʪʽ ʽ 

ʟʙʽʨʥʠʢʫ ʬʣʝʛʤʠ Uw = Ud = 0,3 ʤ; ʨʽʚʝʥʴ ʥʘ ʢʦʥʪʘʢʪʥʠʭ 

ʧʨʠʩʪʨʦʷʭ Uj = 0,04 ʤ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʪʘʨʽʣʢʘʤʠ  

hy = 0,2 ʤ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚʨʘʭʦʚʫʚʘʚʩʷ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ 

ʚʧʣʠʚʽʚ. 

ɺ ʷʢʦʩʪʽ ʨʫʭʣʠʚʦʛʦ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʦʙʨʘʥʦ 

ʟʤʽʥʫ ʥʦʤʝʨʘ ʪʘʨʽʣʢʠ ʞʠʚʣʝʥʥʷ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʧʦʯʘʪʢʦʚʠʡ ʨʝʞʠʤ (Nf = 8, Qw = 5,7504 ɻɼʞ/ʛʦʜ,  

Fl = 94,72 ʢʤʦʣʴ/ʛʦʜ) ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ ʘʣʛʦʨʠʪʤʘʤʠ 

ʩʪʘʪʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʽ ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʢʦʣʦʥʠ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʥʦʣʫ ʚ 

ʜʠʩʪʠʣʷʪʽ xd,nz ʩʢʣʘʜʘʻ 0,97 ʤʦʣ. ʯʘʩʪʢʠ. 

ʅʘ ʨʠʩ. 2 ï 4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ 

ʧʨʠ ʜʝʩʷʪʠʚʽʜʩʦʪʢʦʚʦʤʫ ʜʦʜʘʪʥʦʤʫ ʽ ʚʽʜôʻʤʥʦʤʫ 

ʟʙʫʨʝʥʥʽ ʟʘ ʚʠʪʨʘʪʦʶ ʞʠʚʣʝʥʥʷ. 

 

                                                                           ʘ)                                                              ʙ) 

ʈʠʩ. 2. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʟʘ ʢʘʥʘʣʘʤʠ "ʚʠʪʨʘʪʘ ʞʠʚʣʝʥʥʷ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʥʦʣʫ ʚ ʜʠʩʪʠʣʷʪʽ" (ʘ) ʽ "ʚʠʪʨʘʪʘ ʞʠʚʣʝʥʥʷ ï 

ʚʠʪʨʘʪʘ ʜʠʩʪʠʣʷʪʫ" (ʙ) ʧʨʠ ʜʦʜʘʪʥʦʤʫ ʽ ʚʽʜôʻʤʥʦʤʫ ʜʝʩʷʪʠʚʽʜʩʦʪʢʦʚʦʤʫ ʟʙʫʨʝʥʥʽ ʟʘ ʚʠʪʨʘʪʦʶ ʞʠʚʣʝʥʥʷ 

 

                                                                              ʘ)                                                            ʙ) 

ʈʠʩ. 3. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʟʘ ʢʘʥʘʣʘʤʠ "ʚʠʪʨʘʪʘ ʞʠʚʣʝʥʥʷ ï ʨʽʚʝʥʴ ʚ ʢʫʙʦʚʽʡ ʻʤʥʦʩʪʽ" (ʘ) ʽ "ʚʠʪʨʘʪʘ ʞʠʚʣʝʥʥʷ ï ʨʽʚʝʥʴ ʚ 

ʟʙʽʨʥʠʢʫ ʬʣʝʛʤʠ" (ʙ) ʧʨʠ ʜʦʜʘʪʥʦʤʫ ʽ ʚʽʜôʻʤʥʦʤʫ ʜʝʩʷʪʠʚʽʜʩʦʪʢʦʚʦʤʫ ʟʙʫʨʝʥʥʽ ʟʘ ʚʠʪʨʘʪʦʶ ʞʠʚʣʝʥʥʷ 

 

                                                                               ʘ)                                                          ʙ) 

ʈʠʩ. 4. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʟʘ ʢʘʥʘʣʘʤʠ "ʚʠʪʨʘʪʘ ʞʠʚʣʝʥʥʷ ï ʪʠʩʢ ʥʘʚʝʨʭʫ ʢʦʣʦʥʠ" (ʘ) ʽ "ʚʠʪʨʘʪʘ ʞʠʚʣʝʥʥʷ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

5-ʡ ʪʘʨʽʣʮʽ" (ʙ) ʧʨʠ ʜʦʜʘʪʥʦʤʫ ʽ ʚʽʜôʻʤʥʦʤʫ ʜʝʩʷʪʠʚʽʜʩʦʪʢʦʚʦʤʫ ʟʙʫʨʝʥʥʽ ʟʘ ʚʠʪʨʘʪʦʶ ʞʠʚʣʝʥʥʷ 
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ʅʘ ʨʠʩ. 5 ï 7 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ ʧʨʠ 

ʜʝʩʷʪʠʚʽʜʩʦʪʢʦʚʦʤʫ ʜʦʜʘʪʥʦʤʫ ʽ ʚʽʜôʻʤʥʦʤʫ ʟʙʫʨʝʥʥʽ ʟʘ ʩʢʣʘʜʦʤ ʞʠʚʣʝʥʥʷ. 

 

                                                                               ʘ)                                                          ʙ) 

ʈʠʩ. 5. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʟʘ ʢʘʥʘʣʘʤʠ "ʩʢʣʘʜ ʞʠʚʣʝʥʥʷ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʥʦʣʫ ʚ ʜʠʩʪʠʣʷʪʽ" (ʘ) ʽ "ʩʢʣʘʜ ʞʠʚʣʝʥʥʷ ï 

ʚʠʪʨʘʪʘ ʜʠʩʪʠʣʷʪʫ" (ʙ) ʧʨʠ ʜʦʜʘʪʥʦʤʫ ʽ ʚʽʜôʻʤʥʦʤʫ ʜʝʩʷʪʠʚʽʜʩʦʪʢʦʚʦʤʫ ʟʙʫʨʝʥʥʽ ʟʘ ʩʢʣʘʜʦʤ ʞʠʚʣʝʥʥʷ 

 

                                                                             ʘ)                                                           ʙ) 

ʈʠʩ. 6. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʟʘ ʢʘʥʘʣʘʤʠ "ʩʢʣʘʜ ʞʠʚʣʝʥʥʷ ï ʨʽʚʝʥʴ ʚ ʢʫʙʦʚʽʡ ʻʤʥʦʩʪʽ" (ʘ) ʽ "ʩʢʣʘʜ ʞʠʚʣʝʥʥʷ ï ʨʽʚʝʥʴ ʚ ʟʙʽʨʥʠʢʫ 

ʬʣʝʛʤʠ" (ʙ) ʧʨʠ ʜʦʜʘʪʥʦʤʫ ʽ ʚʽʜôʻʤʥʦʤʫ ʜʝʩʷʪʠʚʽʜʩʦʪʢʦʚʦʤʫ ʟʙʫʨʝʥʥʽ ʟʘ ʩʢʣʘʜʦʤ ʞʠʚʣʝʥʥʷ 

 

                                                                             ʘ)                                                          ʙ) 

ʈʠʩ. 7. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʟʘ ʢʘʥʘʣʘʤʠ "ʩʢʣʘʜ ʞʠʚʣʝʥʥʷ ï ʪʠʩʢ ʥʘʚʝʨʭʫ ʢʦʣʦʥʠ" (ʘ) ʽ "ʩʢʣʘʜ ʞʠʚʣʝʥʥʷ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 5-ʡ 

ʪʘʨʽʣʮʽ" (ʙ) ʧʨʠ ʜʦʜʘʪʥʦʤʫ ʽ ʚʽʜôʻʤʥʦʤʫ ʜʝʩʷʪʠʚʽʜʩʦʪʢʦʚʦʤʫ ʟʙʫʨʝʥʥʽ ʟʘ ʩʢʣʘʜʦʤ ʞʠʚʣʝʥʥʷ 

ʅʘ ʨʠʩ. 8 ï 10 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ ʧʨʠ 

ʧôʷʪʠʚʽʜʩʦʪʢʦʚʦʤʫ ʜʦʜʘʪʥʦʤʫ ʽ ʚʽʜôʻʤʥʦʤʫ ʟʙʫʨʝʥʥʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʞʠʚʣʝʥʥʷ. 

 

                                                                               ʘ)                                                          ʙ) 

ʈʠʩ. 8. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʟʘ ʢʘʥʘʣʘʤʠ "ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʚʣʝʥʥʷ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʥʦʣʫ ʚ ʜʠʩʪʠʣʷʪʽ" (ʘ) ʽ "ʪʝʤʧʝʨʘʪʫʨʘ 

ʞʠʚʣʝʥʥʷ ï ʚʠʪʨʘʪʘ ʜʠʩʪʠʣʷʪʫ" (ʙ) ʧʨʠ ʜʦʜʘʪʥʦʤʫ ʽ ʚʽʜôʻʤʥʦʤʫ ʧôʷʪʠʚʽʜʩʦʪʢʦʚʦʤʫ ʟʙʫʨʝʥʥʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʞʠʚʣʝʥʥʷ 
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                                                                               ʘ)                                                           ʙ) 

ʈʠʩ. 9. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʟʘ ʢʘʥʘʣʘʤʠ "ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʚʣʝʥʥʷ ï ʨʽʚʝʥʴ ʚ ʢʫʙʦʚʽʡ ʻʤʥʦʩʪʽ" (ʘ) ʽ "ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʚʣʝʥʥʷ ï 

ʨʽʚʝʥʴ ʚ ʟʙʽʨʥʠʢʫ ʬʣʝʛʤʠ" (ʙ) ʧʨʠ ʜʦʜʘʪʥʦʤʫ ʽ ʚʽʜôʻʤʥʦʤʫ ʧôʷʪʠʚʽʜʩʦʪʢʦʚʦʤʫ ʟʙʫʨʝʥʥʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʞʠʚʣʝʥʥʷ 

 

                                                                                 ʘ)                                                     ʙ) 

ʈʠʩ. 10. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʟʘ ʢʘʥʘʣʘʤʠ "ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʚʣʝʥʥʷ ï ʪʠʩʢ ʥʘʚʝʨʭʫ ʢʦʣʦʥʠ" (ʘ) ʽ "ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʚʣʝʥʥʷ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 5-ʡ ʪʘʨʽʣʮʽ" (ʙ) ʧʨʠ ʜʦʜʘʪʥʦʤʫ ʽ ʚʽʜôʻʤʥʦʤʫ ʧôʷʪʠʚʽʜʩʦʪʢʦʚʦʤʫ ʟʙʫʨʝʥʥʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʞʠʚʣʝʥʥ ̫

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʣʽʜʠʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʨʦʟʨʦʙʣʝʥʽʡ 

ʩʠʩʪʝʤʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʫʭʣʠʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʨʝʢʪʠʬʽʢʘʮʽʾ ʽ ʚʠʟʥʘʯʠʪʠ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʢʝʨʫʚʘʥʥʷ.  

ɿʤʽʥʠ ʦʩʥʦʚʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʧʨʦʮʝʩʫ ï 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʪʘʥʦʣʫ ʚ ʜʠʩʪʠʣʷʪʽ ï ʚ ʧʝʨʝʭʽʜʥʦʤʫ 

ʨʝʞʠʤʽ ʤʘʶʪʴ ʘʧʝʨʽʦʜʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʪʦʛʦ, ʟʘ ʷʢʠʤ ʢʘʥʘʣʦʤ ʥʘʜʽʡʰʣʦ ʟʙʫʨʝʥʥʷ (ʨʠʩ. 2, 5, 8). 

ʇʽʜʚʠʝɦʥʥʷ ʚʠʪʨʘʪʠ ʞʠʚʣʝʥʥʷ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʣʦʥʠ ʟʘ ʨʽʜʠʥʥʦʶ ʬʘʟʦʶ ʽ ʨʽʚʥʽ ʚ 

ʻʤʥʦʩʪʷʭ (ʨʠʩ. 3). ʈʝʛʫʣʷʪʦʨʠ ʨʽʚʥʽʚ ʟʙʽʣʴʰʫʶʪʴ 

ʚʠʪʨʘʪʠ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʫʩʪʘʥʦʚʢʠ (ʨʠʩ. 2). ɺʠʭʽʜ ʜʠʩʪʠʣʷʪʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʮʽʣʴʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʚ 

ʞʠʚʣʝʥʥʽ (ʨʠʩ. 5), ʧʨʦʪʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʪʨʘʪʘ 

ʢʫʙʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʟʥʠʞʫʻʪʴʩʷ. 

ɸʚʪʦʤʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʨʫʭʣʠʚʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʧʨʠ ʜʝʩʷʪʠʚʽʜʩʦʪʢʦʚʦʤʫ 

ʟʙʫʨʝʥʥʽ ʟʘ ʚʠʪʨʘʪʦʶ ʞʠʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ: ʜʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ 

ʟʘ ʢʘʥʘʣʦʤ "ʚʠʪʨʘʪʘ ʞʠʚʣʝʥʥʷ ï ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʤʝʪʘʥʦʣʫ ʚ ʜʠʩʪʠʣʷʪʽ" ʥʝ ʧʝʨʝʚʠʱʫʻ 0,26% (ʨʠʩ. 2). 

ʏʘʩ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 1 ʛʦʜʠʥʫ (ʨʠʩ. 2) ʽ 

ʩʧʽʚʩʪʘʚʥʠʡ ʟ ʯʘʩʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽ 

ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʟʙʫʨʝʥʥʷʭ ʥʘ ʧʨʦʮʝʩ [16]. 

ɺ ʷʢʦʩʪʽ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʥʦ 5-ʠʡ ʢʦʥʪʘʢʪʥʠʡ 

ʧʨʠʩʪʨʽʡ ʢʦʣʦʥʠ. ɼʦʜʘʪʥʽ ʟʙʫʨʝʥʥʷ ʟʘ ʚʠʪʨʘʪʦʶ ʽ 

ʩʢʣʘʜʦʤ ʞʠʚʣʝʥʥʷ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʜʘʥʽʡ ʪʘʨʽʣʮʽ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʣʝʛʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ï 

ʤʝʪʘʥʦʣʫ (ʨʠʩ. 4, 7). ɿʚʦʨʦʪʥʘ ʩʠʪʫʘʮʽʷ ʚ ʨʘʟʽ 

ʚʽʜôʻʤʥʦʛʦ ʟʙʫʨʝʥʥʷ, ʢʦʣʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʘʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʟʥʠʞʫʻʪʴʩʷ. 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʞʠʚʣʝʥʥʷ, ʷʢʝ 

ʧʦʜʘʻʪʴʩʷ ʚ ʢʦʣʦʥʫ ʫ ʚʠʛʣʷʜʽ ʢʠʧʣʷʯʦʾ ʨʽʜʠʥʠ, 

ʚʠʟʥʘʯʘʻ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʡʦʛʦ ʯʘʩʪʠʥʠ ʽ ʟʙʽʣʴʰʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʣʦʥʠ ʟʘ ʧʘʨʦʚʦʶ ʬʘʟʦʶ ʦʜʥʦʯʘʩʥʦ ʟʽ 

ʟʥʠʞʝʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʨʽʜʠʥʥʦʶ. ʇʨʠ 

ʧôʷʪʠʚʽʜʩʦʪʢʦʚʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʞʠʚʣʝʥʥʷ 

ʯʘʩʪʢʘ ʨʽʜʠʥʥʦʾ ʬʘʟʠ ʩʪʘʥʦʚʠʪʴ 0,741. ʊʘʢʠʡ ʩʫʪʪʻʚʠʡ 

ʚʧʣʠʚ ʥʘ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʨʝʢʪʠʬʽʢʘʮʽʡʥʦʾ ʢʦʣʦʥʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚ ʢʫʙʦʚʽʡ ʻʤʥʦʩʪʽ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʚ ʟʙʽʨʥʠʢʫ ʬʣʝʛʤʠ (ʨʠʩ. 9), ʽʩʪʦʪʥʦ 

ʟʙʽʣʴʰʫʶʯʠ ʚʠʭʽʜ ʜʠʩʪʠʣʷʪʫ ʧʨʠ ʟʥʘʯʥʦʤʫ ʧʘʜʽʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʪʘʥʦʣʫ ʚ ʥʴʦʤʫ (ʨʠʩ. 8). ʎʝ ʚʠʤʘʛʘʻ 

ʟʥʘʯʥʽ ʟʘ ʚʝʣʠʯʠʥʘʤʠ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ, ʱʦ ʧʦʣʷʛʘʶʪʴ, 

ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʚ ʟʤʽʥʘʭ ʪʦʯʢʠ ʚʚʝʜʝʥʥʷ ʞʠʚʣʝʥʥʷ ʚ 

ʢʦʣʦʥʫ ʽ ʚʠʪʨʘʪʠ ʭʦʣʦʜʦʘʛʝʥʪʫ ʚ ʢʦʥʜʝʥʩʘʪʦʨ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʜʝʢʚʘʪʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʩʪʘʪʠʯʥʠʭ ʨʝʞʠʤʽʚ 

ʧʨʦʮʝʩʫ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʫʭʣʠʚʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ, 

ʱʦ ʧʦʣʷʛʘʶʪʴ ʫ ʟʤʽʥʘʭ ʪʦʯʢʠ ʚʚʝʜʝʥʥʷ ʩʠʨʦʚʠʥʠ ʚ 

ʢʦʣʦʥʫ ʘʙʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʪʨʘʪ ʧʦʪʦʢʽʚ ʩʠʨʦʚʠʥʠ, 

ʱʦ ʧʦʜʘʶʪʴʩʷ ʚ ʚʝʨʭʥʶ ʽ ʥʠʞʥʶ ʯʘʩʪʠʥʠ ʢʦʣʦʥʠ, 

ʦʜʥʦʯʘʩʥʦ ʽʟ ʮʠʤ ʨʦʟʨʘʭʫʥʦʢ ʽ ʨʝʘʣʽʟʘʮʽʷ ʪʨʘʜʠʮʽʡʥʠʭ 

ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ, ʱʦ ʧʦʣʷʛʘʶʪʴ ʚ ʟʤʽʥʘʭ ʚʠʪʨʘʪ 

ʪʝʧʣʘ ʚ ʚʠʧʘʨʥʠʢʫ ʽ ʟʨʦʰʫʚʘʥʥʷ ʚ ʢʦʣʦʥʥʫ, 

ʨʦʟʨʘʭʫʥʦʢ ʦʧʪʠʤʘʣʴʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʟʜʽʡʩʥʝʥʥʷ 

ʢʦʥʪʨʦʣʶ ʟʘ ʧʨʦʮʝʩʦʤ ʢʝʨʫʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ 

ʧʽʜʚʠʱʠʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʽ 

ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ. ɿʘʚʜʷʢʠ ʢʦʥʪʨʦʣʶ 

ʦʩʥʦʚʥʠʭ ʟʙʫʨʝʥʴ ʥʘ ʧʨʦʮʝʩ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ 
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ʨʝʘʣʽʟʫʶʪʴʩʷ ʜʦ ʪʦʛʦ, ʷʢ ʮʽ ʟʙʫʨʝʥʥʷ ʚʠʢʣʠʢʘʶʪʴ 

ʟʥʘʯʥʽ ʟʤʽʥʠ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʽ ʧʦʢʘʟʥʠʢʽʚ ʢʦʣʦʥʠ; 

ʦʧʪʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʣʦʥʠ ʟʘ ʧʘʨʦʚʦʶ ʽ 

ʨʽʜʠʥʥʦʶ ʬʘʟʘʤʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʽʟ 

ʥʘʜʭʦʜʞʝʥʥʷʤ ʟʙʫʨʝʥʥʷ. 

 

ɺʠʩʥʦʚʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

 

1. ʈʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʦʤ ʨʝʢʪʠʬʽʢʘʮʽʾ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻ ʨʫʭʣʠʚʽ 

ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ, ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʽ ʧʝʨʝʜʙʘʯʘʻ: 

ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʱʦʜʦ ʧʦʪʦʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʨʦʬʽʣʶ ʫʩʪʘʥʦʚʢʠ; ʩʪʘʙʽʣʽʟʘʮʽʶ ʪʠʩʢʫ ʥʘʚʝʨʭʫ 

ʢʦʣʦʥʠ, ʨʽʚʥʽʚ ʚ ʻʤʥʦʩʪʷʭ ʜʣʷ ʟʙʦʨʫ ʜʠʩʪʠʣʷʪʫ ʽ 

ʢʫʙʦʚʦʛʦ ʧʨʦʜʫʢʪʫ; ʨʦʟʨʘʭʫʥʢʠ ʢʝʨʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ 

ʦʧʪʠʤʘʣʴʥʠʭ ʟʘ ʥʦʨʤʘʣʽʟʦʚʘʥʠʤ ʢʨʠʪʝʨʽʻʤ ʟʥʘʯʝʥʴ 

ʨʫʭʣʠʚʠʭ ʽ ʪʨʘʜʠʮʽʡʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ; ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʣʷʭʦʤ ʚʧʣʠʚʽʚ ʥʘ ʚʠʢʦʥʘʚʯʽ ʧʨʠʩʪʨʦʾ 

ʥʘ ʣʽʥʽʷʭ ʧʦʜʘʯʽ ʧʦʪʦʢʽʚ ʞʠʚʣʝʥʥʷ, ʟʨʦʰʫʚʘʥʥʷ ʚ 

ʢʦʣʦʥʫ ʽ ʪʝʧʣʦʥʦʩʽʷ ʚ ʚʠʧʘʨʥʠʢ. 

2. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʨʦʟʨʦʙʣʝʥʽʡ ʩʠʩʪʝʤʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʚ ʷʢʽʡ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʫʭʣʠʚʽ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ, ʜʦʟʚʦʣʷʶʪʴ 

ʚʽʜʟʥʘʯʠʪʠ ʜʦʧʫʩʪʠʤʽ ʚʝʣʠʯʠʥʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʢʝʨʫʚʘʥʥʷ ï ʯʘʩʫ ʨʝʛʫʣʶʚʘʥʥʷ, ʜʠʥʘʤʽʯʥʠʭ ʧʦʭʠʙʦʢ, 

ʧʦʢʘʟʥʠʢʘ ʢʦʣʠʚʘʣʴʥʦʩʪʽ. ʇʨʦʚʝʜʝʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ʽ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʚʦʜʷʪʴ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʫʭʣʠʚʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʨʘʟʦʤ ʽʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʧʨʦʩʪʦʨʦʚʫ 

ʢʦʦʨʜʠʥʘʪʫ ʥʘʜʭʦʜʞʝʥʥʷ ʚ ʢʦʣʦʥʫ ʞʠʚʣʝʥʥʷ, 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʤʘʪʝʨʽʘʣʴʥʝ ʪʘ ʝʥʝʨʛʝʪʠʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʫʩʪʘʥʦʚʢʠ ʰʣʷʭʦʤ ʟʤʽʥʠ ʚʠʪʨʘʪ 

ʧʘʨʦʚʦʛʦ ʽ ʨʽʜʠʥʥʦʛʦ ʧʦʪʦʢʽʚ ʫʩʝʨʝʜʠʥʽ ʘʧʘʨʘʪʘ. 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʩʪʘʮʽʦʥʘʨʥʽ ʨʝʞʠʤʠ 

ʧʨʦʮʝʩʫ, ʥʝʜʦʩʷʞʥʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʣʠʰʝ 

ʪʨʘʜʠʮʽʡʥʠʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ, ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʨʝʢʪʠʬʽʢʘʮʽʡʥʠʭ 

ʘʧʘʨʘʪʽʚ. 

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ 

ʭʽʤʽʯʥʽʡ, ʥʘʬʪʦʭʽʤʽʯʥʽʡ, ʥʘʬʪʦʧʝʨʝʨʦʙʥʽʡ, ʭʘʨʯʦʚʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʙʽʥʘʨʥʦʾ, ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʾ ʨʝʢʪʠʬʽʢʘʮʽʾ. ʇʦʜʘʣʴʰʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʶʪʴ ʚ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʫʭʣʠʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʨʝʢʪʠʬʽʢʘʮʽʾ, ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʦʤ ʩʢʣʘʜʥʦʾ ʨʝʢʪʠʬʽʢʘʮʽʾ. 
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ʽʥʩʪʠʪʫʪʫ. 2017. ˉ3. ʉ. 32ï40. 
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ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ʇʆɼɺʀɾʅʆɻʆ 

ʋʇʈɸɺʃɽʅʀʗ ʇʈʆʎɽʉʉʆʄ ʈɽʂʊʀʌʀʂɸʎʀʀ 

ʇʨʝʜʤʝʪ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʨʝʢʪʠʬʠʢʘʮʠʠ. ʎʝʣʴ. ʇʦʚʳʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʝʢʪʠʬʠʢʘʮʠʠ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʜʚʠʞʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʮʝʩʩ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʦʩʥʦʚʥʳʭ ʚʦʟʤʫʱʝʥʠʷʭ. ɿʘʜʘʯʠ. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʨʝʢʪʠʬʠʢʘʮʠʠ, ʨʘʩʯʝʪ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʦʮʝʥʢʘ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ. ʄʝʪʦʜʳ. ʄʝʪʦʜʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʨʝʢʪʠʬʠʢʘʮʠʠ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʜʠʩʢʨʝʪʥʳʝ ʠ ʥʝʧʨʝʨʳʚʥʳʝ ʧʦʜʚʠʞʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ɼʠʩʢʨʝʪʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʠʟʤʝʥʝʥʠʷʭ ʪʦʯʢʠ ʚʚʦʜʘ ʧʠʪʘʥʠʷ ʚ ʢʦʣʦʥʥʫ; ʥʝʧʨʝʨʳʚʥʳʝ ï ʚ ʠʟʤʝʥʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʩʭʦʜʦʚ ʧʦʪʦʢʦʚ 

ʧʠʪʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʜʘʶʪʩʷ ʚ ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ ʯʘʩʪʠ ʫʩʪʘʥʦʚʢʠ. ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʜʦʚ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʠʩʧʘʨʠʪʝʣʴ ʢʫʙʘ ʠ ʦʨʦʰʝʥʠʷ. ʆʧʪʠʤʘʣʴʥʳʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠ 

ʧʦʜʚʠʞʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʫʧʨʘʚʣʷʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʟʘ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ 

ʢʨʠʪʝʨʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʣʠʥʝʡʥʦʡ ʧʨʦʛʥʦʟʠʨʫʶʱʝʡ ʤʦʜʝʣʠ ʠ ʨʝʘʣʠʟʫʶʪʩʷ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʣʠʥʠʷʭ ʧʦʜʘʯʠ ʧʦʪʦʢʦʚ ʧʠʪʘʥʠʷ, ʦʨʦʰʝʥʠʷ ʚ ʢʦʣʦʥʥʫ ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʠʩʧʘʨʠʪʝʣʴ. ʉʠʩʪʝʤʘ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʝʢʚʘʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʜʣʷ ʯʝʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʝʝ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʟʘ ʭʦʜʦʤ ʧʨʦʮʝʩʩʘ ʧʫʪʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʢʦʣʦʥʥʳ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʥʘ ʢʦʥʪʨʦʣʴʥʦʡ ʪʘʨʝʣʢʝ. ʉ ʮʝʣʴʶ ʧʦʜʜʝʨʞʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʧʦ ʞʠʜʢʦʡ ʠ ʧʘʨʦʚʦʡ ʬʘʟʘʭ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʜʘʚʣʝʥʠʷ ʚʚʝʨʭʫ ʢʦʣʦʥʳ, ʫʨʦʚʥʝʡ ʚ ʝʤʢʦʩʪʷʭ ʜʣʷ ʩʙʦʨʘ ʜʠʩʪʠʣʣʷʪʘ ʠ ʢʫʙʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʜʦʚ ʭʣʘʜʘʛʝʥʪʘ ʚ ʢʦʥʜʝʥʩʘʪʦʨ, ʜʠʩʪʠʣʣʷʪʘ ʠ ʢʫʙʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʅʘ ʧʨʠʤʝʨʝ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ 

ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʠ ʤʝʪʘʥʦʣ-ʚʦʜʘ ʤʝʪʦʜʘʤʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʚʠʞʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɺʦʟʤʫʱʝʥʠʷ 

ʩʦʩʪʦʷʣʠ ʚ ʠʟʤʝʥʝʥʠʷʭ ʨʘʩʭʦʜʘ, ʩʦʩʪʘʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʠʪʘʥʠʷ. ɺʳʚʦʜʳ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʨʝʢʪʠʬʠʢʘʮʠʠ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ, ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʙʠʥʘʨʥʦʡ, ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʢʪʠʬʠʢʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʢʪʠʬʠʢʘʮʠʷ; ʧʦʜʚʠʞʥʦʝ ʫʧʨʘʚʣʝʥʠʝ; ʧʨʦʛʥʦʟʠʨʫʶʱʘʷ ʤʦʜʝʣʴ; ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ; ʪʘʨʝʣʢʘ 

ʧʠʪʘʥʠʷ. 

 

DEVELOPMENT OF A SYSTEM OF AUTOMATIC MOBILE CONTROL OF THE 

DISTILLATION PROCESS  

Subject. System of automatic mobile control of distillation process. Objective. Improving the productivity and energy efficiency of 

the distillation process by developing an automatic control system that provides mobile control effects on the process, as well as the 

study of transients in the developed system during major disturbances. Tasks. Development of a system of automatic mobile control 

of the distillation process, calculation of transients in the developed system, definition and evaluation of quality control indicators. 

Methods. Methods of simulation digital modeling of automatic control system operation. Results. A system of automatic control of 

the distillation process has been developed, which provides for discrete and continuous mobile control actions. Discrete effects are 

changes in the point of introduction of feed into the column; continuous ï in changing the ratio of the flow rates of feed flows 

supplied to the upper and lower parts of the installation. Traditional control effects are also used by changing the heat carrier flow rate 

in the cube evaporator and irrigation. Optimal traditional and mobile control effects are calculated by the computing control device 

according to the normalized criterion using a nonlinear predictive model and are realized by influencing the actuators on the supply 

lines of feed flows, irrigation in the column and the heat carrier in the evaporator. The system involves the use of an adequate 

mathematical model, for which its periodic identification is performed and the process is monitored by additional measurement of the 

temperature profile of the column, temperature and pressure on the control plate. In order to maintain the material balance in the 

liquid and steam phases, it is planned to stabilize the pressure at the top of the column, the levels in the distillate and the cubic product 

receivers by changing the flow rates, of refrigerant to the condenser, distillate and cubic product. Using the example of a distillation 

column for separating a methanol-water mixture, the operability of the proposed automatic mobile control system is studied by digital 

simulation methods. The disturbances consisted of changes in the flow rate, composition, and temperature of the feed. Conclusions. It 

is proved that the use of the developed system allows to increase the technical and economic indicators of the distillation process and 

to improve the quality of management. The results can be used in the chemical, petrochemical, oil refining, food industries to control 

and optimize the processes of binary, multicomponent distillation. 

Keywords: distillation; mobile control; predictive model; transient responses; feed tray. 
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DR. ADEPOJU ADEOBA ASAOLU 

DETERMINANTS OF CAPITAL STRUCTURE IN NIGERIAN OIL AN D GAS 

SECTOR 

Subject matter: The Oil and Gas sector no doubt is Nigeriaôs topmost foreign exchange earner and determines the countryôs gross 

domestic products (GDP) as well as the yardstick for Nigeriaôs national annual budget metrics. The prime of place of this sectorôs 

performance makes its funding (capital structure) very vital to the respective companies and overall performance of the economy. 

Goal: This study therefore examines the determinants of capital structure decisions in the Oil and Gas sector. Tasks: Ultimately, the 

outcome of this study would benefit the Oil and Gas companies in making their capital structure decisions on preferred source of 

capital (loans or equity or a combination), the sector as a whole in terms of capacity and the regulatory authority in their assets 

performance monitoring. Method: The investigation has been performed using panel data procedure for a sample of seven Oil and 

Gas companies listed on the Nigerian Stock Exchange during 2008ï2019. The study uses leverage as the dependent variable and five 

explanatory variables namely, liquidity, size, tangibility, non-debt tax shield and profitability. The study employed infoview (9.0) 

statistical software which assisted greatly in the understanding of the behaviour of variables used and the final results. Results: The 

results show that Liquidity has a negative relationship with leverage unlike other variables that have positive and relationship with the 

dependent variable. The relationship established between liquidity and leverage confirms that most of the companies under review 

look inwards in their financing activities (and may consider external financing for critical expansion and tax savings), our findings 

further reveal that the relationships between the variables is in tandem with the pecking order theory. Conclusions: The research 

concludes that there exists a relationship between leverage (capital structure) and the various determinants above. The research 

recommends that policy makers should consider the restructuring of the equities market to pave ways for more participatory financing 

especially now that the investorsô confidence is gradually building up, develop the bonds market and also seek flexible conditions for 

accessing loans especially to the larger firms in the oil and gas industry. 

Keywords: capital structure decision; liquidity; size; tangibility; Non-Debt Tax Shield (NDTS) and profitability. 

Introduction  

 

Capital Structure succinctly put refers to the 

framework through which a corporation finances its 

assets, using the combination of debt, equity, and hybrid 

securities. Capital structure is very important to a firm 

because it guarantees its fluidity either in financing its 

existing operations or in expanding its frontiers. A firm 

may not be able to achieve its objectives without the right 

financing mix. However, one important consideration in 

the selection of the best-fit capital structure for any firm is 

its level of efficiency, that is not just pooling funds 

together to finance a companyôs assets or capital, but it 

has to be at optimal level. This is the capital structure that 

minimizes a firmôs cost of capital, maximizes market 

value, and increases shareholderôs wealth (Pouraghajan & 

Malekian 2012).  

Broadly speaking, capital structure is viewed 

differently from one firm to another. It is the assignment 

of debt and equity into a firmôs financing profile. While 

debts are funds generated by borrowing, equities represent 

funds generated from sale of stocks. It could also be 

described as various combinations of debt and equity or 

hybrid securities for maximum value derivation at 

minimal overall cost. 

To decide the capital structure therefore certain 

variables are to be taken into consideration.  In the light of 

this, many theories (for example pecking order, trade-off, 

and free cash flow theories, among others) are in place to 

help financial managers achieve the ultimate goals of the 

firm.  

The risks associated with equity appear higher to 

investors than the risks lenders take for creating debts. 

Overall, in term of measures of risks and costs, equity is 

higher than debt. 

While some firms promote either of debt or equity, 

others opt for optimal mix of debt and equity. Firm 

specific factors (internal factors/ factors native to each 

firm) and macroeconomic factors could influence the 

combination of debt, equity and hybrid securities of firms. 

The justifications for choosing any of the options depend 

on perceived inherent benefits. A good consideration for 

debt is tax shelter enjoyed because interests on loans are 

tax deductible, others may choose equity due to ódouble-

barrelô benefits of capital appreciation and bonuses, 

among other benefits. One thing common to capital 

structure strategies is that firms crave for efficiency, hence 

the essence of optimal capital structure, that is, capital 

structure decision that delivers maximum value or returns 

at minimal cost. 

A major objective of a firm is the maximization of 

the wealth of its owners through positive returns on their 

invested funds. In their quest to achieving this feat, firms 

perform their financing and investment decisions in the 

most effective and efficient ways.  This in effect suggests 

that the ability of a firm to attain an optimal mix of debt 

and equity could positively affect the performance of the 

firm and supports the maximization of shareholdersô 

wealth. 

One challenge that firms face is the need to make 

correct financing decisions in respect of the right mix of 

debt and equity.  

While optimal capital structure is important in 

harnessing the frontiers of a firm, the same goes for 

existing firms wishing to expand their frontiers in order to 

remain competitive. Applying the right decision is critical 

not just for the maximization of returns to the various 

organizational stakeholders, but also because of the 

impact such a decision will have on the organizationôs 

capability in dealing with its competitive environment 

É Adepoju Adeoba Asaolu, 2020 

 



 ISSN 2522-9818 (print) 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 2020. ˉ 4 (14)  ISSN 2524-2296 (online) 

  

105 

(Ogebe, Ogebe & Alewi, 2013). 

The financial manager would therefore have to 

determine the best combination of equity and debt that 

would enhance the wealth of the shareholders and 

minimize the cost of capital. Ramadan and Ramadan 

(2015) revealed that most profitable firms rely less on 

borrowing to finance their cash needs and this invariably 

supports the pecking order theory which confirms an 

inverse relationship between borrowing and profitability 

of the firms. Lemma and Negash (2014) on their part 

found out that a more profitable firm tends to adjust its 

capital structure more regularly than the less profitable 

ones. The right combination chosen by the financial 

manager is crucial to guaranteeing the going concern 

status of a firm, because employing a wrong mix could 

seriously hinder the performance and survival of the 

business (Onaolapo & Kajola, 2010).  

Whenever a firm has to contend with financial deficit 

that impacts on its financial condition, the manager is 

expected to make a managerial decision that would help to 

maintain the viability of the firm. Sources of capital 

include retained earnings, debt, and equity; retained 

earnings are the cheapest funding source as it does not 

have explicit costs in the same way as funds obtained 

externally. When the firm uses debt to finance investment, 

it increases costs and the firm is exposed to a financial 

risk. Therefore, right decisions should be taken on the 

firmôs debt structure, maturity, decision on mixed debt to 

certain parties or to the investor, and other types of debt 

contracts (Morellec, 2001).  

If a firm uses equity as part of its capital structure, 

either ordinary share or preferred share, then the 

shareholders of those stocks are the owner of the firm. 

Unlike stocks, debt has a due date. Repayment of stocks is 

not necessarily required since stocks are liquidated if the 

firm goes bankrupt or in extreme cases if firms wind down 

by the compulsion of law. Issuing new stocks may reduce 

the authority of the old owners in the firm, this is however 

expected to be properly managed such that existing owner 

do not feel threatened. The cost of the issuance of stocks 

is the dividend which will be distributed to shareholders. 

Furthermore, interests paid on debt can be  

treated as tax-deductible expenses, but dividend payment 

on common stock and preferred stocks are not tax-

deductible.  

The concept of capital structure takes its root from 

the curtain-raising work of Modigliani and Miller (1958) 

on capital structure irrelevancy hypothesis which is based 

on an unrealistic Arrow-Debreu environment (complete 

market, absence of transaction and bankruptcy costs and 

no taxes) which have opened the door to plethora of 

researches that present the real world scenarios; this paper 

is therefore intended to contribute to this topic which is 

fundamental to finance. On the whole, there is yet to be a 

universally acceptable model on this crucial subject. Most 

of the researches conducted on capital structure concluded 

that there is an optimal capital structure that is affected by 

a variety of internal and external factors.  

This study therefore is an attempt to contribute to the 

subject of capital structure by researching into the 

determinants of capital structure and by extension its 

importance in arriving at optimal capital structure 

especially in the Oil & Gas sector.  

Issues of capital structure have been widely revised 

in Nigeria. However, literature on capital structure on Oil 

& Gas reported mixed / inconclusive findings. The 

conflict in findings is believed to be as a result of different 

methodologies used, the period of research and paucity or 

incomplete data, among other reasons. The methodology 

used in this study and the approach is therefore designed 

to reduce the gap identified as stated above in earlier 

studies. 

 

Theoretical bases 

 

This section addresses issues relating to capital 

structure theories and their impacts on returns/ 

performance. The prime of place of capital structure is 

such that firms need to constantly dissect their portfolios 

of debt, equity, and hybrid securities to finance assets, 

operations, and future growth. In reality however, capital 

structure may be highly complex with numerous sources. 

Two schools of thought are captured in the extant 

literature namely; relevance or traditional theory and the 

irrelevancy theory. There are several definitions allotted to 

the concept of capital structure, for example, Jensen and 

Meckling (1979) define capital structure as the sources of 

financing, particularly the proportions of debt 

(leverage/gearing) and equity that a business uses to fund 

its assets, operations and future growth. In a similar vein, 

Ross (1997) defines capital structure as the combination 

of debt and equity in long term financing of a company's 

operation. Capital structure according to Pandey (2004) is 

the proportionate relationship between long-term debt and 

equity. Equity is also defined to include share-capital, 

share premium, reserves and surplus (retained earnings). 

Equity is a good source of capital to business, specifically, 

funds from the stock market has been a source of capital 

for the corporate sector.  Horne (2002) defines capital 

structure as the proportion of debt instruments, preferred 

and common stock on a companyôs balance sheet. Broadly 

speaking capital structure can be classified into two 

categories namely; Pure Equity Capital Structure which is 

when a firmôs assets are financed by equity only (no 

borrowing), the capital structure is termed as pure equity 

capital structure and the firm is called an unlevered firm. 

Secondly, Mixed Capital Structure, here firm employs 

both equity and debt capital to finance its assets, the 

capital structure is termed as mixed/hybrid capital 

structure and the firm is called a levered firm.  

The specific mix of debt and equity which 

maximizes the value of a firm is called the optimal capital 

structure. The current trend is that most companies have 

mixed capital structure because of two main advantages of 

debt financing: (i) lower cost and (ii) interest payments 

being tax-exempted. However, excessive leverage may 

prove to be counterproductive because of high probability 

of bankruptcy. 

In the foundational theory (genesis) of capital 

structure, David Durand (1959) in one of his earliest 

works identified two extreme approaches (views) namely 

net income (NI) approach and net Operating Income 
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(NOI) Approach. These theories were based on the 

following assumptions: perfect capital markets (no 

information, transaction and bankruptcy costs), no 

corporate taxes (relaxed later on), no growth in operating 

income (constant EBIT), 100% dividend pay-out ratio, 

firmôs capital structure changeable by selling debt to 

repurchase stock on by selling stock to retire debt, 

homogeneous expectations of investors and cost of debt 

(Kd) remaining constant irrespective of the debt level in 

the capital structure. 

As earlier said, the theory of capital structure which 

has its origin in the irrelevance theory of capital structure 

by Modigliani and Miller (1958) with its attendant 

unrealistic assumptions has caused researchers to test the 

MM claims and juxtapose same with real world situation 

bearing in mind the relationship between capital structure 

and firm specifics in different countries and different 

sectors due to the prime of place of capital structure to the 

firms. This has invariable culminated in various other 

theories such as the pecking order theory, the static trade 

of theory, the agency costs theory and bankruptcy theory, 

dynamic trade-off theory, substitution theory, neutral 

mutation, cash-flow, signaling and market timing of 

capital structure. 

Quite a number of existing literatures on capital 

structure hinge on the determinants of capital structure. 

Booth, Aivazian, Demirguc-Kunt and Maksimovic (2001) 

in their investigation of the determinants of capital 

structure across ten developing countries, opine that the 

firmôs capital structure decisions in developing economies 

are affected by the same factors that affect that of 

developed economies. Pandey & Singh (2015) in his study 

analyzed the firm-specific and country-specific 

determinants of capital structure for firms in four 

developing countries and asserts that firm specifics affect 

the individual capital structures of the different firms as 

well as the country specifics. 

 

Fig. 1. Schematic Presentation of Capital Structure Theories  

Authorsô Modification (Tewara, 2016)

There are quite a number of factors that determine 

capital structure which could be narrowed down to market 

forces, industry type, and size of the firm, government and 

internal policies of the firm. Floatation and other direct 

costs, ownership structure, profitability, corporate tax and 

bankruptcy costs (Tewara, 2016). 



 ISSN 2522-9818 (print) 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 2020. ˉ 4 (14)  ISSN 2524-2296 (online) 

  

107 

 

Fig. 2. Factors determining Capital Structure / Conceptual Framework  

Source: Authorôs adaptation (Tewara (2016). 

The data used in this empirical analysis were sourced 

from the Nigerian Stock Exchange (a very trusted source 

of data in Nigeria), while firm specific reports were 

extracted from the annual report/ audited financials of the 

firm used in the study. It is comprised of seven (7) leading 

Oil & Gas firms in Nigeria and the data was collated over 

the period of eleven (11) years, that is, 2008-2019. The 

period covered pre and post-global financial meltdown 

which invariably gives a true reflection of the mean 

performances of the firm under review. 

 

Methodology /Model Specification 

 

As earlier stated, the objective of this study is to 

identify the effects of liquidity, size, tangibility non-debt 

tax shield and profitability on capital structure decisions 

of the listed companies in Nigerian oil and gas industry. 

The dependent variable used is the leverage of the selected 

firms, while the explanatory variables were liquidity 

(measured by current ratio), size, tangibility, non-debt tax 

shield and profitability. Panel data analysis is used to 

generalize the results (Eriotis, Vasiliou, Ventoura-

Neokosmidi, 2007). This will enable us consider the 

effects of such data to estimate the results. Pooled least 

square is used to estimate the association between the 

studied variables. Thus, the following model emerged in 

the following functional form: 

 ,  ,  ,  ,( ).LV F LQ SZ TN NDTS PR=  (1) 

The econometric form of equation 1 is represented 

as:  

 
0 1 2 3

4 5 .

it it it

it it

LV LQ SZ TN

NDTS PRit

a a a a

a a m+

= + + + +

+ +
 (2) 

A priori expectations: 1 2 3 4 5, , , , 0a a a a a>  (non-

negativity assumption). 

Table 1. Explanation & bases of variables 

Variable Factor used Signalling property 

1 2 3 

Leverage Ratio (LV) Leverage ratio is the firmôs ratio of total debt 

(short term and long term) to total assets 

Leverage ratio assists with the evaluation of a 

firmôs debt situation/ level. Its importance stems 

from the fact that firms depend on the mixture of 

debt and equity to finance their existing or proposed 

operations. Therefore, a good knowledge of the 

amount of debt or debt instruments held by the firm 

is useful in evaluating whether it has the capacity to 

meet up with its debt obligations when they fall due 

and to hint ahead of when to raise the red flag 
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The end Table 1 

1 2 3 

Liquidity (LQit) Current ratio, that is, liquidity of firm i in 

year t 

Liquidity is a measure of a firmôs financial strength. 

The going concern status of any organization is 

guaranteed by it. It is an important explanatory 

variable for leverage. A firm with sufficient liquidity 

is likely to make the best capital structure decision 

Size (SZit) Size of firm i in year t; total assets of the 

firm per year. 

It is also a good explanatory variable for leverage 

ratio. Large firms are able to hold more debt rather 

than small firms, because large firms have higher debt 

capacity. According to Rajan and Zingales (1995), 

larger firms are likely to be more diversified and fail 

less often. Thus, size may be an inverse proxy for the 

probability of bankruptcy 

Tangibility (TNit)  Tangibility of firm i in year t (measured 

as the ratio of total net fixed assets to total 

assets Fixed asset Total Assets 

The agency cost theory models suggest that the 

conflict between lenders and shareholders create an 

incentive for shareholders to invest in a sub-optimal 

way. A measure of tangibility employed in Huang and 

Song (2002) is fixed assets divided by total assets 

Non-debt tax shield 

(NTDSit) 

Non-debt tax shield of a firm i in year t 

(measured as ratio of annual depreciation 

to total assets) 

Annual depreciation Total Assets 

Non-debt tax shields are other items apart from 

interest expenses, which contribute to a decrease in tax 

payments, such as the tax deduction for depreciation. 

According to Modigliani and Miller (1958), interest 

tax shields create strong incentives for firms to 

increase leverage. Therefore, where there are non-debt 

tax shields, they would serve as substitutes for the tax 

benefit of debt financing (DeAngelo and Masulis, 

1980).  

Profitability (PRit) Profitability of firm i in year t (measured 

by the ratio of Total Earnings Before 

Interest and Tax to total assets, that is, 

Earnings Before interest and Tax (EBIT)  

Total Assets) 

There are conflicting effects of profitability on 

leverage for example, Myers and Majluf (1984), using 

the pecking order, predicts a negative relationship 

between profitability and leverage. The reason is that 

the pecking order theory suggests firms will use 

retained earnings first as investment funds and then 

move to bonds and new equity only if necessary. 

Therefore, it is believed that profitable firms tend to 

have less debt. Jensen (1986) predicts a positive 

relationship if the market for corporate control is 

effective. However, if the market is ineffective. Jensen 

(1986) predicts a negative relationship between 

profitability and leverage. A measure of profitability 

equals earnings before interest and tax divided by total 

assets 

Source: Authorôs compilation (2019)

Results 

 

In order to realize the objective of the study, two 

general methods are used in the empirical analysis of data. 

The preliminary analysis (which comprises of the 

descriptive and correlation analysis) of the data is first 

conducted to provide background analysis on the data and 

to generate the initial characterization of the data used in 

the study. Thereafter, the panel multiple regressions were 

conducted using the ordinary least square (OLS) method. 

The data were analyzed using E-view 8.0 econometric 

software. The results are presented below: 

Table 2. Descriptive Statistics of All Variables 

Variables LV  LQ TN PR SZ NDTS 

1 2 3 4 5 6 7 

 Mean 0.577 0.943 0.354 0.122 16.833 0.148 

 Median 0.669 0.900 0.300 0.091 17.640 0.036 

 Maximum 1.010 1.980 0.911 0.673 20.890 0.759 

 Minimum  0.030 0.041 0.001 -0.277 11.760 0.001 
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The end Table 2. 

1 2 3 4 5 6 7 

 Std. Dev. 0.277 0.354 0.175 0.153 2.239 0.221 

 Skewness -0.538 0.377 1.070 1.177 -0.632 1.786 

 Kurtosis 2.054 4.987 4.585 5.730 2.587 4.715 

 Jarque-Bera 5.382 11.854 18.636 34.119 4.637 41.202 

 Probability  0.067 0.003 0.000 0.000 0.098 0.000 

 Sum 36.354 59.414 22.290 7.685 1060.520 9.316 

Sum Sq. Dev. 4.753 7.782 1.905 1.458 310.852 3.032 

 Observations 63 63 63 63 63 63 

Source: Computation by the Author, 2018.  

Correlation Analysis. 

The initial patterns of relationship among the variables can be observed based on the correlation among the 

variables.  

Table 3. Pearson Correlation Statistics 

 LV  LQ TN PR SZ NDTS 

LV  1.000000      

LQ 0.030534 1.000000     

TN 0.139117 -0.026132 1.000000    

PR 0.202960 0.260333 0.477206 1.000000   

SZ 0.260248 -0.275628 0.088462 -0.209232 1.000000  

NDTS 0.117204 -0.146347 -0.027904 -0.209716 0.052574 1.000000 

Source: Computation by the Authors, 2018.  

Table 4. Pooled Regression Result 

Dependent Variable: LEV  

Variables Coefficient Std-Error  T-ratio  Prob. 

C 
0.5192 0.4439 1.1695 0.2472 

LQ -0.0650 0.1112 -0.5835 0.5619 

TN 0.1846 0.2506 0.7365 0.4645 

PR 0.2958 0.2530 1.1690 0.2474 

SZ 0.0005 0.0235 0.0218 0.9827 

NDTS 0.2369 0.2104 1.1262 0.2649 

AR(-1) 0.4035 0.1186 3.4038 0.0012 

R-squared 0.2111 
   

ř 0.1265 

F-statistic 2.4971 

Source: Computation by the Authors, 2018.

Discussion of results 

 

There are limitations in terms of methodological 

weaknesses in timing or period, mode of analysis and the 

method of estimation. Attempts are made in this study to 

use stronger methodology that captures the relationships 

between the dependent and independent variables used, 

for example, model pooled regression analysis applied in 

this study is good and has the capacity to resolve the 

issues of omitted variables. Also, the study relies on 

secondary data from the Nigerian Stock Exchange, 

therefore likely errors from this background are possible. 

However, the integrity of the Nigerian stock exchange 

where data were obtained minimizes such. 

A corollary of above point is data constraints or 

incomplete data availability in capital structure studies in 
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emerging capital markets like Nigeria, but it has been 

greatly managed in this study as data were collated for the 

period they were complete. This also goes for the 

problems of omission of variables. Lastly, to resolve the 

limitation of simultaneity, the models employed presents 

greater depth. 

The table 2 above presents the results for the 

descriptive statistics for all the variables. The dependent 

variable LV has a mean value of 0.57 with a maximum 

and minimum value of 1.00 and 0.02 respectively. The 

standard deviation 0.27 is low and suggests that LV over 

the years exhibits low deviation from the mean. Our 

findings from above results show that the discrepancies 

from the mean for independent variables are  

very large. It suggests that the variables over the years 

exhibit high deviation from the means. None of the 

kurtosis is equal to 3, an indication that the distribution is 

not normal. All the variables except (LV and SZ) Jarque-

Bera are statistically significant at 5%. This also shows 

both normality and non-normality of the variables 

distribution. 

From table 3, the co-efficient of correlation of all the 

variables are examined. However, of particular interest to 

the study is the correlation between the dependent variable 

(LV) and the explanatory variables. As observed, positive 

relationships/association exist between LV & LQ 

(r=0.0305), LV & TN (r=0.1391), LV & PR (r=0.2029), 

LV & SZ (r=0.2602) and LV & NDTS (r=0.1172, the 

coefficient of all the independent variables are low 

indicating that an increase in each of the variables may 

also be associated with an increase in LV. 

On the association among the independent variables, 

we can observe that a positive correlation exist between 

the following variables: LQ and PR; TN and PR; TN and 

SZ; SZ and NDTS. However, a negative correlation was 

found between: LQ and TN; LQ and SZ; LQ and NDTS; 

TN and NDTS; PR and SZ; PR and NDTS. All the 

coefficients are quite low. It is important to note that 

correlation analysis does not necessarily imply the 

existence of functional relationship but a mere association. 

This suggests that there might be multicollinearity in the 

model. 

Lastly, the results from pooled regression analyses as 

presented in table 4 above show adjusted R-square of 

approximately 13%, indicating that about 13% change in 

dependent variable (LV) is explained by changes in the 

explanatory variables (LQ, TN, PR, SZ and NDTS).  The 

f-statistic value of 2.50 is significant at the 5% level, 

which implies that the independent variables put together 

were able to explain the dependent variable (LV). The 

Durbin Watson statistic of 2.2092 (å2) shows that there is 

no serial correlation in the estimated model, thus making 

it amenable for policy perspectives. On the basis of the 

individual statistical significance of the model, as shown 

by the probability value, the result reveals that TN, PR, 

SZ, NDTS and LQ are not significant determinants of 

leverage.  In terms of the a priori sign, tangibility (TN), 

profitability (PR), size (SZ) and non-debt tax shield 

(NDTS) were correctly signed (positive), therefore the 

positive sign exhibited by the coefficients indicate that 

increase in the variables will enhance the choice of oil and 

gas companiesô capital structure. However, liquidity (LQ) 

was wrongly signed (negative) contrary to our a priori 

expectation, this means that there exists a negative 

relationship between liquidity and leverage in developing 

countries due to high level of corruption, political risk, 

severe information asymmetry, agency cost and the fact 

that the market is less developed. Furthermore, we 

discovered that tangibility was positively and 

insignificantly related to leverage. The implication is that 

tangibility is not a strong factor that influences leverage of 

listed oil and gas companies in Nigeria.  Profitability was 

found to be positively related to leverage, although not 

significantly, the implication of this is that stable 

profitability is a strong weapon against insolvency and 

bankruptcy. Also, it was found that the size  

of the chosen firms was positively related to leverage. 

Growth trajectories in terms of size, profitability follow 

the same direction and invariably with high  

level of profit stability in a firm, the likelihood of 

bankruptcy is slim. Non-debt tax shields was discovered 

to be positively and insignificantly related to leverage. 

However, we do not support excessive leverage because 

of its implications in the likely event of bankruptcy.  

Arising from our findings, the significance of the 

studies cannot be overemphasized; it offers guidance 

platform to oil and gas sector in the selection of their debt-

equity mix, that is, capital architecture. Also, it could be a 

ready working tool in the hands of the regulatory bodies 

regulating the Oil and Gas sector in Nigeria. We are also 

of the opinion that the applications of our findings have 

the capacity to reduce the information asymmetry between 

various stakeholders in the sector. 

On future direction of research, we suggest 

expansion of the scope in terms of increasing the sample 

size, period covered and the number of performance 

indicators. This could as a matter of fact include unquoted 

oil and gas firms. Also, we strongly recommend the 

application of dynamic programming to explore optimal 

capital structure (because capital structure cannot be static 

in terms of its determinants and direction of optimality). 

This is because it has the capacity to break  

down complex problems as found in capital structure into 

sub-problems. It also could prove a vital tool in 

determining optimal capital structure at every stage of 

firmsô growth. 

 

Conclusion and recommendation 

 

The result of our study reveals that all our 

explanatory variables are not significant determinants of 

leverage. However, the positive relationships of TN, PR, 

SZ, NDTS and LQ to leverage emphasize the importance 

of the variables. This also conforms with the pecking 

(hierarchy) order theory that good returns on investment 

(ROI) or equity (ROE) makes firms consider looking 

inwards more for their financing because of easier access 

to funds, equity is also used to spread risks among 

shareholders and firms might require some debt financing 

for expansion or diversification purposes, especially for 

their perceived higher capacity to contain debt and 

minimal threat to their going concern status due to well 
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diversified huge assets. It appears to be the reason why 

mergers and acquisitions in the oil and gas industry in 

Nigeria have so far been successful to great extents. The 

values of the selected companies are quite huge at the 

stock exchange, hence the positive relationship with 

leverage, this supports the trade-off theory that argue that 

larger firms have higher borrowing (debt absorbing) 

capacity. Nigeria is a developing country with attendant 

information asymmetry and existence of moral hazard 

couples with adverse selection. 

Policy makers should increase the level of 

information distribution, develop the capital market more 

to reduce imperfection and set a reasonable liquidity 

threshold appropriate for firms and guide them on best 

approaches to liquidity management. They may also 

consider the restructuring of the equities market to pave 

ways for more participatory financing especially now that 

the investorsô confidence is gradually building up. 

Secondly, better development of bond market will be a 

good one for oil and gas companies because it fits well 

into their production cycle. Also, we suggest more flexible 

conditions for accessing loans to the larger firms because 

of their high absorptive capacities in debt repayment; this 

is to counter the present high interest paid and not so 

friendly tenor of facilities given. However, we do not 

support excessive leverage because it could be sine qua 

non to bankruptcy. Therefore, there should be a proper 

balancing of financing options or optimal capital structure 

for oil and gas industry with guaranteed maximized 

returns at minimized cost. 
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ʌɸʂʊʆʈʀ, ʑʆ ɺʀɿʅɸʏɸʖʊʔ ʉʊʈʋʂʊʋʈʋ ʂɸʇɯʊɸʃʋ ɺ ʅɸʌʊʆɻɸɿʆɺʆʄʋ 

ʉɽʂʊʆʈɯ ʅɯɻɽʈɯɰ 

ʇʨʝʜʤʝʪ: ʅʘʬʪʦʛʘʟʦʚʠʡ ʩʝʢʪʦʨ, ʙʝʟʩʫʤʥʽʚʥʦ, ʻ ʥʘʡʙʽʣʴʰʠʤ ʜʞʝʨʝʣʦʤ ʥʘʜʭʦʜʞʝʥʴ ʽʥʦʟʝʤʥʦʾ ʚʘʣʶʪʠ ʚ ʅʽʛʝʨʽʾ ʽ ʚʠʟʥʘʯʘʻ 

ʚʘʣʦʚʠʡ ʚʥʫʪʨʽʰʥʽʡ ʧʨʦʜʫʢʪ (ɺɺʇ) ʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ ʻ ʢʨʠʪʝʨʽʻʤ ʜʣʷ ʧʦʢʘʟʥʠʢʽʚ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʨʽʯʥʦʛʦ ʙʶʜʞʝʪʫ ʅʽʛʝʨʽʾ. 
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ʅʘʡʚʘʞʣʠʚʽʰʝ ʤʽʩʮʝ ʚ ʜʽʷʣʴʥʦʩʪʽ ʮʴʦʛʦ ʩʝʢʪʦʨʘ ʟʘʡʤʘʻ ʡʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ (ʩʪʨʫʢʪʫʨʘ ʢʘʧʽʪʘʣʫ), ʱʦ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʧʦʢʘʟʥʠʢʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʘʥʽʡ ʽ ʟʘʛʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʢʦʥʦʤʽʢʠ. ɿʘʚʜʘʥʥʷ: ɺ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʨʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʥʝʩʫʪʴ ʢʦʨʠʩʪʴ ʥʘʬʪʦʛʘʟʦʚʠʤ ʢʦʤʧʘʥʽʷʤ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʢʘʧʽʪʘʣʫ ʱʦʜʦ ʧʝʨʝʚʘʞʥʦʛʦ 

ʜʞʝʨʝʣʘ ʢʘʧʽʪʘʣʫ (ʧʦʟʠʢʠ, ʚʣʘʩʥʠʡ ʢʘʧʽʪʘʣ ʘʙʦ ʾʭ ʢʦʤʙʽʥʘʮʽʷ), ʩʝʢʪʦʨʘ ʚ ʮʽʣʦʤʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʦʪʫʞʥʦʩʪʽ ʽ ʨʝʛʫʣʶʶʯʦʛʦ 

ʦʨʛʘʥʫ ʧʽʜ ʯʘʩ ʤʦʥʽʪʦʨʠʥʛʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʚʦʾʭ ʘʢʪʠʚʽʚ. ʄʝʪʦʜ: ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʮʝʜʫʨʠ 

ʧʘʥʝʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ ʚʠʙʽʨʢʠ ʟ ʩʝʤʠ ʥʘʬʪʦʛʘʟʦʚʠʭ ʢʦʤʧʘʥʽʡ, ʱʦ ʢʦʪʠʨʫʶʪʴʩʷ ʥʘ ʥʽʛʝʨʽʡʩʴʢʽʡ ʬʦʥʜʦʚʽʡ ʙʽʨʞʽ ʧʨʦʪʷʛʦʤ 2008-

2019 ʨʨ. ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʨʝʜʠʪʥʝ ʧʣʝʯʝ ʚ ʷʢʦʩʪʽ ʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ ʽ ʧ'ʷʪʴ ʧʦʷʩʥʶʶʯʠʭ ʟʤʽʥʥʠʭ, ʘ ʩʘʤʝ 

ʣʽʢʚʽʜʥʽʩʪʴ, ʨʦʟʤʽʨ, ʚʽʜʯʫʪʥʽʩʪʴ, ʙʝʟʜʦʚʛʦʚʠʡ ʧʦʜʘʪʢʦʚʠʡ ʟʘʭʠʩʪ ʽ ʧʨʠʙʫʪʢʦʚʽʩʪʴ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ 

ʩʪʘʪʠʩʪʠʯʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ infoview (9.0), ʷʢʝ ʜʫʞʝ ʜʦʧʦʤʦʛʣʦ ʚ ʨʦʟʫʤʽʥʥʽ ʧʦʚʝʜʽʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʟʤʽʥʥʠʭ ʽ 

ʦʩʪʘʪʦʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ: ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʣʽʢʚʽʜʥʽʩʪʴ ʤʘʻ ʥʝʛʘʪʠʚʥʠʡ ʟʚ'ʷʟʦʢ ʟ ʢʨʝʜʠʪʥʠʤ ʧʣʝʯʝʤ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʟʤʽʥʥʠʭ, ʷʢʽ ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʠʡ ʟʚ'ʷʟʦʢ ʽʟ ʟʘʣʝʞʥʦʶ ʟʤʽʥʥʦʶ. ɿʚ'ʷʟʦʢ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʤʽʞ ʣʽʢʚʽʜʥʽʩʪʶ ʪʘ 

ʣʝʚʝʨʠʜʞʝʤ, ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʤʧʘʥʽʡ ʫ ʩʚʦʾʡ ʬʽʥʘʥʩʦʚʽʡ ʜʽʷʣʴʥʦʩʪʽ ʜʠʚʣʷʪʴʩʷ ʚʩʝʨʝʜʠʥʫ ʩʝʙʝ (ʽ 

ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠ ʟʦʚʥʽʰʥʻ ʬʽʥʘʥʩʫʚʘʥʥʷ ʜʣʷ ʢʨʠʪʠʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʝʢʦʥʦʤʽʾ ʧʦʜʘʪʢʽʚ), ʥʘʰʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘʢʦʞ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʟʤʽʥʥʠʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʘʥʜʝʤʽ ʟ ʪʝʦʨʽʻʶ ʽʻʨʘʨʭʽʾ. ɺʠʩʥʦʚʢʠ: ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʩʥʦʚʢʫ, ʱʦ ʽʩʥʫʻ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʣʝʚʝʨʠʜʞʝʤ (ʩʪʨʫʢʪʫʨʦʶ ʢʘʧʽʪʘʣʫ) ʽ ʨʽʟʥʠʤʠ ʜʝʪʝʨʤʽʥʘʥʪʘʤʠ, ʟʘʟʥʘʯʝʥʠʤʠ ʚʠʱʝ. ʋ 

ʜʦʩʣʽʜʞʝʥʥʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ, ʱʦʙ ʜʠʨʝʢʪʠʚʥʽ ʦʨʛʘʥʠ ʨʦʟʛʣʷʥʫʣʠ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʶ ʨʠʥʢʫ ʘʢʮʽʡ, ʱʦʙ ʧʨʦʢʣʘʩʪʠ ʰʣʷʭʠ ʜʣʷ 

ʙʽʣʴʰʦʛʦ ʧʘʡʦʚʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʟʘʨʘʟ, ʢʦʣʠ ʜʦʚʽʨʘ ʽʥʚʝʩʪʦʨʽʚ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʻ, ʨʦʟʚʠʚʘʪʠ ʨʠʥʦʢ ʦʙʣʽʛʘʮʽʡ, ʘ 

ʪʘʢʦʞ ʰʫʢʘʪʠ ʛʥʫʯʢʽ ʫʤʦʚʠ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʢʨʝʜʠʪʽʚ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʙʽʣʴʰʠʭ ʢʦʤʧʘʥʽʡ.  ʫ ʥʘʬʪʦʛʘʟʦʚʽʡ ʛʘʣʫʟʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʽʰʝʥʥʷ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʢʘʧʽʪʘʣʫ; ʣʽʢʚʽʜʥʽʩʪʴ; ʨʦʟʤʽʨ; ʨʝʘʣʴʥʽʩʪʴ; ʧʦʜʘʪʢʦʚʠʡ ʱʠʪ ʙʝʟ ʙʦʨʛʫ (NDTS) ʽ 

ʧʨʠʙʫʪʢʦʚʽʩʪʴ. 

ʌɸʂʊʆʈʓ, ʆʇʈɽɼɽʃʗʖʑʀɽ ʉʊʈʋʂʊʋʈʋ ʂɸʇʀʊɸʃɸ ɺ ʅɽʌʊɽɻɸɿʆɺʆʄ 

ʉɽʂʊʆʈɽ ʅʀɻɽʈʀʀ 

ʇʨʝʜʤʝʪ: ʅʝʬʪʝʛʘʟʦʚʳʡ ʩʝʢʪʦʨ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʡ ʠʥʦʩʪʨʘʥʥʦʡ ʚʘʣʶʪʳ ʚ 

ʅʠʛʝʨʠʠ ʠ ʦʧʨʝʜʝʣʷʝʪ ʚʘʣʦʚʦʡ ʚʥʫʪʨʝʥʥʠʡ ʧʨʦʜʫʢʪ (ɺɺʇ) ʩʪʨʘʥʳ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʛʦʜʦʚʦʛʦ ʙʶʜʞʝʪʘ ʅʠʛʝʨʠʠ. ɺʘʞʥʝʡʰʝʝ ʤʝʩʪʦ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʪʦʛʦ ʩʝʢʪʦʨʘ ʟʘʥʠʤʘʝʪ ʝʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ 

(ʩʪʨʫʢʪʫʨʘ ʢʘʧʠʪʘʣʘ), ʷʚʣʷʶʱʝʝʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʘʥʠʡ ʠ ʦʙʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʢʦʥʦʤʠʢʠ. ɿʘʜʘʯʠ: ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʥʝʩʫʪ ʧʦʣʴʟʫ ʥʝʬʪʝʛʘʟʦʚʳʤ ʢʦʤʧʘʥʠʷʤ ʧʨʠ 

ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʦ ʩʪʨʫʢʪʫʨʝ ʢʘʧʠʪʘʣʘ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʢʘʧʠʪʘʣʘ (ʩʩʫʜʳ, ʩʦʙʩʪʚʝʥʥʳʡ ʢʘʧʠʪʘʣ 

ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʷ), ʩʝʢʪʦʨʘ ʚ ʮʝʣʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʦʨʛʘʥʘ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʚʦʠʭ ʘʢʪʠʚʦʚ. ʄʝʪʦʜ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʜʫʨʳ ʧʘʥʝʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʚʳʙʦʨʢʠ ʠʟ ʩʝʤʠ 

ʥʝʬʪʝʛʘʟʦʚʳʭ ʢʦʤʧʘʥʠʡ, ʢʦʪʠʨʫʶʱʠʭʩʷ ʥʘ ʅʠʛʝʨʠʡʩʢʦʡ ʬʦʥʜʦʚʦʡ ʙʠʨʞʝ ʚ ʪʝʯʝʥʠʝ 2008-2019 ʛʛ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʨʝʜʠʪʥʦʝ ʧʣʝʯʦ ʚ ʢʘʯʝʩʪʚʝ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʧʷʪʴ ʦʙʲʷʩʥʷʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʘ ʠʤʝʥʥʦ ʣʠʢʚʠʜʥʦʩʪʴ, 

ʨʘʟʤʝʨ, ʦʩʷʟʘʝʤʦʩʪʴ, ʥʝʜʦʣʛʦʚʘʷ ʥʘʣʦʛʦʚʘʷ ʟʘʱʠʪʘ ʠ ʧʨʠʙʳʣʴʥʦʩʪʴ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ infoview (9.0), ʢʦʪʦʨʦʝ ʦʯʝʥʴ ʧʦʤʦʛʣʦ ʚ ʧʦʥʠʤʘʥʠʠ ʧʦʚʝʜʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ 

ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ: ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʠʢʚʠʜʥʦʩʪʴ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʚʷʟʴ ʩ ʢʨʝʜʠʪʥʳʤ 

ʧʣʝʯʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʚʷʟʴ ʩ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʉʚʷʟʴ, 

ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʝʞʜʫ ʣʠʢʚʠʜʥʦʩʪʴʶ ʠ ʣʝʚʝʨʠʜʞʝʤ, ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʘʥʠʡ ʚ ʩʚʦʝʡ 

ʬʠʥʘʥʩʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʤʦʪʨʷʪ ʚʥʫʪʨʴ ʩʝʙʷ (ʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʥʝʰʥʝʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʜʣʷ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʠ ʵʢʦʥʦʤʠʠ ʥʘʣʦʛʦʚ), ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʪʘʥʜʝʤʝ ʩ ʪʝʦʨʠʝʡ ʠʝʨʘʨʭʠʠ. ɺʳʚʦʜʳ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʣʝʚʝʨʠʜʞʝʤ 

(ʩʪʨʫʢʪʫʨʦʡ ʢʘʧʠʪʘʣʘ) ʠ ʨʘʟʣʠʯʥʳʤʠ ʜʝʪʝʨʤʠʥʘʥʪʘʤʠ, ʫʢʘʟʘʥʥʳʤʠ ʚʳʰʝ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʠʨʝʢʪʠʚʥʳʤ 

ʦʨʛʘʥʘʤ ʨʘʩʩʤʦʪʨʝʪʴ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʶ ʨʳʥʢʘ ʘʢʮʠʡ, ʯʪʦʙʳ ʧʨʦʣʦʞʠʪʴ ʧʫʪʠ ʜʣʷ ʙʦʣʴʰʝʛʦ ʜʦʣʝʚʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʩʝʡʯʘʩ, ʢʦʛʜʘ ʜʦʚʝʨʠʝ ʠʥʚʝʩʪʦʨʦʚ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʪʝʪ, ʨʘʟʚʠʚʘʪʴ ʨʳʥʦʢ ʦʙʣʠʛʘʮʠʡ, ʘ ʪʘʢʞʝ ʠʩʢʘʪʴ ʛʠʙʢʠʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʢʨʝʜʠʪʘʤ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʰʝʥʠʝ ʦ ʩʪʨʫʢʪʫʨʝ ʢʘʧʠʪʘʣʘ; ʣʠʢʚʠʜʥʦʩʪʴ; ʨʘʟʤʝʨ; ʨʝʘʣʴʥʦʩʪʴ; ʥʘʣʦʛʦʚʳʡ ʱʠʪ ʙʝʟ ʜʦʣʛʘ (NDTS) ʠ 

ʧʨʠʙʳʣʴʥʦʩʪʴ. 
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T. KOVTUN 

A MODEL OF CLOSED C IRCUITS FORMING IN A LOGISTICS SYSTEM WITH 

FEEDBACK  

The subject of the research in the article is the reverse flows of material resources within the circular processes of closed supply 

chains of the logistics system with feedback. The aim of this article is to develop a model of the formation of reverse material flows 

using the processes of circular economy, which will achieve maximum efficiency of the logistics system. To achieve this aim it is 

necessary to solve the following tasks: to determine the essence and study the evolution of the circular economy through changes in 

the frameworks that form it; develop a graphical model of a logistics system with feedback, which is based on the implementation of 

circular processes; develop a mathematical model of the logistics system with feedback and conduct experimental calculations 

confirming its adequacy. Methods of systems analysis, operations research, namely linear programming (distribution problem is 

solved by the simplex method) are used to solve the tasks set in the study. The following results were obtained: the essence of the 

circular model of the economy, the evolution of its economic frameworks and the processes that are part of them were studied; the 

graphical model of the logistics system with feedback was presented by means of circular processes; a mathematical model of the 

logistics system with feedback was created. Conclusions. The concept of a circular economy is based on the principles and objectives 

of the concept of sustainable development and emphasizes the need to close logistics systems, i.e. to create logistics systems with 

feedback. The tools for the implementation of its concept are closed supply chains, which include direct and reverse material flows. 

Closed circuits are created through the use of circular processes, which create logistics loops that provide feedback between the 

participants in the chain and allow you to organize the reverse flow of products, their components, raw materials and materials. The 

application of operations research methods allows to create a mathematical model of the task of optimizing return material flows and 

to distribute material resources by loops, so that the total cash flows of the logistics system reach the maximum value and 

ecodestructive impact on the environment by creating return flows of secondary material resources was minimal. 

Keywords: circular process; closed logistics chain; logistics loop; reverse material flow. 

Introduction  

 

At the beginning of the XXI century, the problem of 

unsustainable development of modern civilization has 

acquired a new qualitative state and reached its limit. An 

economy built on the principles of technocracy and non-

equivalent socio-natural exchange is incapable of ensuring 

long-term sustainable development for humanity. Today, 

the biosphere is unable to fight human activity, it has 

begun irreversible changes. Mankind produces 2,000 

times more organic waste than all of nature [1]. It has 

already become clear that the contradictions between the 

ever-growing needs of society and the limited capabilities 

of nature threaten the continued existence of man as a 

species. 

A harmonious alignment of the components of 

sustainable development that ensures economic growth, 

social stability and environmental balance in the long term 

can be achieved thanks to the introduction of the 

principles of circular economy, which has recently 

received increased attention from specialists around the 

world. The transition to a circular economy is becoming 

global, and the benefits of implementing this concept are 

becoming increasingly apparent. According to experts, in 

2025, the circular economy can annually provide an 

increase in the income of the global economy of more 

than 1 trillion US dollars. In addition, the transition to a 

circular economy will create huge opportunities for 

modernizing production and introducing industrial 

innovations, ensuring annual GDP growth of 7% [2]. 

The existing linear model of the economy is not 

perfect, as it constantly requires the involvement of 

additional primary resources, which, passing through the 

man-made system, produce a large amount of waste. The 

circular economy takes into account the biological and 

technical cycles of resource circulation and the potential 

benefits that can be obtained at different levels of these 

cycles, it involves the transition from a linear model of the 

economy to a closed cycle economy [3]. Ideally, the 

formation of a closed model of the circular economy 

should lead to compliance with the principle of zero 

waste, which is possible through the introduction of 

mechanisms of reverse (reverse) logistics and the creation 

of environmentally-oriented closed logistics chains. 

 

Analysis of recent research and publications 

 

The study of the essence of the circular economy, its 

processes and business models is currently given some 

attention by scientists, but it cannot be considered 

sufficient, because this concept is not just a new direction 

of scientific thought within economics, but is an 

interdisciplinary approach, the main task of which is to 

create a theoretical basis for changing the worldview of 

mankind to a more humane in relation to the environment.  

For the first time, the circular economy was 

recognized as a promising direction of economic 

development in the Report of the Club of Rome "The 

Limits to growth" [4], published in 1975 and contains the 

results of analysis of possible civilization  potential 

population growth, scale of use of natural resources, 

environmental problems. 

In 2015, the European Commission addressed the 

European Parliament and the Council of Europe, socio-

economic and regional committees with a report "Closing 

the loop ï An EU action plan for the Circular Economy" 

[5], in which the concept of circular economy was 

substantiated. The modern concept of logistics, which is 

actively developing and has recently been influenced by 

greening, taking into account the principles of the circular 
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economy, is the management of supply chains (logistics 

chains) - Supply Chain Management.   

Such scientists as Yu. V. Varenko, M. Yu. Hryhorak, 

L. M. Zaretska, E. V. Krykavsky, I. I. Mukhina,  

A. V. Smirnova, C. Comtois, Robert D. Klassen,  

Su-Yol Lee, J.-P. Rodrigue, B. Slack, etc. disclose the 

issues of applying an ecological approach to logistics 

chain management in their works. Models of the logistics 

chain with reverse material flows are presented in the 

works of such researchers as: S. S. Ali,  

V. V. Bezkorovainy, E. M. Bukrinskaya, D. O. Gobov,  

M. N. Grigoriev, K. O. Dzyubina, A. V. Dzyubina,  

O. P. Dolgov, D. A. Karkh, O. V. Myasnikova,  

S. V. Potapova, A. Tambovtsev, T. Tambovtseva,  

S. O. Uvarov, V. A. Falovich, S. A. Shahnazaryan etc. 

The importance of taking into account environmental 

requirements in the optimization of logistics structures by 

solving in conjunction with traditional logistics problems 

of optimizing return material flows from consumers to 

places of production or disposal within the reverse 

logistics is noted in [6]. In [7], the scope of activity, which 

is identified as logistics of recycling and utilization, is 

defined within logistics, and its goals and main logistic 

functions are outlined. In [8] the necessity of transition to 

the closed-loop economy is noted and the issues of 

transformation of logistics systems are considered, the 

conditions of realization of logistics of interaction of 

system participants in the conditions of construction of 

circular economy are revealed, the structure of closed 

supply chain is developed. In [9] the peculiarities of direct 

and reverse material flows are considered, the expediency 

of introduction of reverse logistics tools into the logistics 

activity of the enterprise is substantiated, the basic models 

of reverse material flows functioning in modern economic 

conditions are formed, the peculiarities of return and 

utilization recycling are revealed. In [10] the key 

parameters of the closed loop of the supply chain are 

investigated, the need to coordinate the reverse logistics 

strategy with the life cycle of the product, seasonality of 

demand for it, with the pricing strategy for refurbished 

goods and the level of after-sales service; the conditions 

for allocating part of the closed loop of the supply chain 

for outsourcing are outlined. In [11] an integrated and 

generalized scheme of logistics network with feedback, 

due to which it is possible to reach a compromise between 

costs in this network and eco-destructive impact on the 

environment, presents a mathematical model for solving 

integrated multicriteria multi-link direct and inverse 

logistics. The paper [12] presents mathematical models 

and methods for solving problems of transport route 

optimization in closed logistics systems, taking into 

account many topological and logistical constraints, 

including a proposed solution for network optimization for 

transporting direct and reverse product flows, which will 

increase the efficiency of closed logistics systems. 

Despite the existing research on the organization of 

direct and reverse flows within the reverse logistics, 

traditionally these tasks are considered separately, which 

does not allow for general optimization of material flows 

and achieve a synergistic effect for participants in the 

logistics system. 

The aim of this article is to develop a model of the 

formation of reverse material flows using the processes of 

circular economy, which will achieve maximum 

efficiency of the logistics system. To achieve this aim it is 

necessary to solve the following tasks: 

1. Define the essence and explore the evolution of 

the circular economy through the change of frameworks 

that form it. 

2. Develop a graphical model of the logistics system 

with feedback, which is based on the implementation of 

circular processes. 

3. Develop a mathematical model of the logistics 

system with feedback and conduct experimental 

calculations confirming its adequacy. 

 

Task solving 

 

Circular processes in the model of circular 

economy.  

There are two approaches to defining the essence of 

a circular economy: resource-oriented (flow-oriented) and 

economic-oriented (systemic).  

According to the flow approach [13-16], the circular 

economy is based on the use of closed flows of materials, 

energy and waste, which can be achieved through the 

reuse of product, components, raw materials and supplies. 

The systems approach [17-19] presents the circular 

economy as a model of the economic system, which is an 

element of the man-made system and is based on the reuse 

of materials, which will preserve natural resources, and 

considers creating value for system elements. 

The most commonly used and taking into account 

the above approaches to determining the essence of the 

circular economy is the interpretation of the circular 

economy provided by experts of the Ellen MacArthur 

Foundation [2], according to which the circular economy 

is an economy that has a renewable and closed character, 

provides for the creation of a continuous development 

cycle that preserves natural capital and increases its 

value, increasing the return on resources by optimizing 

their use. 

The circular economy is an alternative to the 

traditional linear economic mechanism, as it is 

characterized by a closed nature of resource use and 

recovery.  Unlike the traditional model of economy, which 

works on the principle of "take, make, use, waste", the 

circular economy offers a fundamentally new sustainable 

model based on the principle of "take, make, use, repair or 

recycle, reuse". The circular model is a good way to save 

resources and materials, reduce the negative impact on the 

environment and sustainable economic growth.  

In modern conditions, the transition to a circular 

economy is possible due to the closure of the resource 

cycle and the creation of closed supply chains. This 

opportunity first appeared due to the introduction of 

recycling ï the process of returning waste to the 

production process, which was one of the first processes 

of the circular economy. In the process of developing the 

concept of circular economy, the framework conceptual 

structures were formed - frameworks, which as the ideas 

of circularity were transformed: "3R", "4R", "6R" and 
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"9R" [20; 21]. Stages of evolution of the circular economy 

and their corresponding circular processes are presented in 

table 1 [13]. 

Table 1. Characteristics of circular economy framework processes 

The level of 

circulation of the 

economy [20] 

Framework Process characteristics 

First level - 

useful 

use of raw materials 

4R, 6R, 9R Recover (recovery, refund) ïthe process of collecting products and components at the 

end of use, disassembly, sorting and cleaning for use in subsequent life cycles. 

3R, 4R, 6R, 9R Recycle (recycling, processing) ï the process of returning waste, discharges and 

emissions into the processes of techno genesis. Reuse of waste for the same purpose, 

as well as the return of waste after appropriate treatment in the production cycle. 

The second level is the 

extension of the 

service life of the 

product and its parts 

9R Refurbish (update, repair) - restore and update an old but serviceable product. 

6R, 9R Rʝmanufacture (update, modification) - the process of restoring the product to bring it 

into working order by replacing or repairing major units or components. 

9R Repurpose (reorientation) - repurposing, using a product that has failed and its parts in 

a new product with a second purpose. 

9R Repair (repair, correction) ï repair and maintenance of a defective product for use in 

accordance with the original purpose. 

3R, 4R, 6R, 9R Reuse implies that a certain product is reused for original or new purposes in its 

original form or with some changes and minor improvements. 

The third level - smart 

production and use of 

products 

3R, 4R, 6R, 9R Reduse (reduction, diminution) involves the reduction of the use of resources and 

energy at the stages of planning and production of the product, and the reduction of 

emissions and waste at the stage of its use. 

9R Rethink (rethinking) ï increasing the intensity of product use (for example, sharing). 

9R Refuse (refusal) ï reduction of excessive consumption of products by completely 

abandoning their functionality by transferring their functionality to other products. 

6R Redesign ï the process of developing next-generation products that would use 

components, materials and resources extracted from the previous lifecycle or products 

of the previous generation (redesign to use as many extracted components and parts as 

possible without losing functionality). 

Implementation of circular economy frameworks 

involves the transformation of business interactions, in 

particular, through the implementation of economic 

strategies of industrial symbiosis and industrial 

metabolism, according to which the interaction between 

elements of the man-made system can be carried out at the 

micro, meso and macro levels in cascade resources, when 

waste from one production is a raw material for another, 

thus ensuring the reduction of eco-destructive impact on 

the environment. 

 

Graphic model of a logistics system with feedback 

To create a model of a closed logistics system 

(logistics system with feedback), which includes closed 

(complete) logistics chains; we use participants and 

processes used in the model of circular economy, which is 

proposed by the Ellen McArthur Foundation [2]. 

According to this model, the main participants in closed 

circuits are: resource provider, (RP), parts manufacturer 

(PM), product manufacturer (PM), service provider (SP), 

consumer / user (CU), collection center (CC), repair 

center (RC), sort center (SC), utilization center (UC).  

Eco-oriented closed logistics chain consists of two 

chains: forward and reverse, depending on the direction of 

material flow. Participants in the direct chain may not be 

in the reverse, and vice versa. There are participants in 

both the forward and reverse chains. The conditional link 

that divides the complete chain into direct and reverse is 

the consumer / user of the product. Within a complete 

logistics chain, the direct chain begins with the natural 

environment and the resource supplier and ends with the 

consumer / user of the product, the reverse chain begins 

with the consumer / user of the product and ends with the 

recycling center and the natural environment. 

The implementation of the concept of a circular 

economy, which is based on the creation of closed 

logistics systems, which requires the closure of logistics 

chains by creating feedback systems, has led to the use of 

processes that are not typical of linear logistics chains. 

Among the processes of circular economy should be noted 

processes related to reverse logistics and involved in the 

organization of reverse flows to create feedback in a 

closed logistics chain: recover, recycle, refurbish, 

remanufacture, repurpose, repair, reuse. Due to these 

processes, which can be called circular, there are  

logistic loops between the participants in the logistics 

chain, providing feedback in closed logistics chains  

(fig. 1). 

The largest number of logistics loops is created by 

the process of recycle (recycling, recycling) ï ten loops. 

The process of returning waste, discharges and emissions 

into the production cycle can be carried out by almost all 

elements of the environmental chain. 

The repair process (repair, maintenance) creates a 

single logistical loop, as the repair and maintenance of a 

faulty product for use in accordance with  

the original purpose requires the participation of the repair 

center. 

The repurpose process creates three logistic loops, as 

the path of the failed product to the product manufacturer 

goes through the collection center or collection center and 
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repair center, and parts of the product move through the 

disassembly center. 

The recover process creates two loops in the logistics 

chain, because after disassembling the products, the 

products and their components can go to the parts 

manufacturers and product manufacturers. 

The processes of refurbish (update, repair) and 

remanufacture (update, modification) create two loops, as 

products from consumers can come to the repair center 

through the collection center, and directly. 

 

 

Fig. 1. Logistics system with feedback 

The reuse process creates two loops because it 

involves reusing the product for original or new purposes 

in its original form or with some changes and minor 

improvements. 

In addition to the reverse processes in the circular 

economy model, there is a process of utilization, which 

aims to safely recycle waste that cannot be used in 

another, more efficient way. 

 

Mathematical model of a logistics system with 

feedback 

The essence of the mathematical model is the 

formation of reverse material flows, which allow to close 

the supply chain through the organization of circular 

processes and achieve the maximum value of the total 

cash flow from their implementation. To solve this 

problem, the method of linear programming of economic 

and mathematical modeling (distribution problem) is used. 

Assume that the movement of material flow is 

carried out from link i  to link j  of the logistics  

chain. The designations of the chain links  

are as follows: { }; ; ; ; ; ; ; ; ;
E RP DM PM SP CU CC SC RC UC

i I I I I I I I I I I= ; 

{ }; ; ; ; ; ; ; ; ;
E RP DM PM SP CU CC SC RC UC

j J J J J J J J J J J= , where 

{ }; ; ; ; ;
E RP DM PM SP CU

I I I I I I , { }; ; ; ; ;
E RP DM PM SP CU

J J J J J J  ï sets of 

participants in the direct logistics chain, { }; ; ; ;
CU CC SC RC UC

I I I I I , 

{ }; ; ; ;
CU CC SC RC UC

J J J J J  ï sets of participants in the reverse 

logistics chain. Chains begin and end with the following 

elements: RP
I ( RP

J ) ï first participant in the direct 

logistics chain (resource provider), ʉUI  ( CU
J ) ï last direct 

chain participant and first reverse chain participant 

(consumer / user), UCI  ï last participant in the reverse 

logistics chain (utilization center), 
E

I  ï natural 

environment. 

The objective function of the mathematical model is 

the total cash flows from the organization of the reverse 

(recycling and utilization) flow of material resources in 

the logistics chain 

  
1 1

max
I J P L

pl pl u

ij ij i i

i I j J p l

UC RC

CU RP

CF cf x cf u
= = = =

å õ
= Ö + Ö ­æ ö

ç ÷
ä ä ää ,     (1) 

where 
pl

ij
x  ï the amount of product (material flow) 

coming from the link i ( );
CU RC

i I I=  and enters the link j  

of the logistics chain ( );
RP RC

j J J=  through the loop l  

( )1;l L=  of the circular process p ( )1;p P= ; 
pl

ij
cf  ï cash 

flows generated by the movement of a unit of material flow 

from the link i ( )1;
CU UC

i I I
-

=  to the link j  of the logistics 

chain ( );
RP RC

j J J=  through the loop l  ( )1;l L=  of the 

circular process p ( )1;p P= ; i
u  ï the amount of 

products that are disposed of from the link i ( );
CU RC

i I I=  of 

the logistics chain; 
u

i
cf  ï cash flows generated by the 

disposal of a unit of material flow in the chain i  

( );
CU RC

i I I=  of the logistics chain. 

- Restrictions: 

- for the return or utilization of all products entering 

the links of the reverse logistics chain, taking into account 

that 
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1 1

I P L
pl

ij j

i I p l

RC

CU

x a
= = =

=ä ää ,              (2) 

where j
a  ï the number of products that arrive in the link 

j  ( );
CU RC

j J J=  of the reverse logistics chain, we will 

accept that j i
a b= ;  i j" = , then 

    
1 1

J P L
pl

ij i i

j J p l

RC

RP

x u b
= = =

+ =ä ää ,               (3) 

where i
b  ï the number of products that come out of the 

link i   ( );
CU RC

i I I=  of the reverse logistics chain. 

- on non-exceeding the capacity of the links of the 

reverse logistics chain 

    
1 1

I P L
pl

ij j

i I p l

RC

CC

x g
= = =

¢ä ää ,         (4) 

where j
g  ï the number of return products in which there 

is a need for the link j  ( );
Cʉ RC

j J J= of the logistic chain. 

- for the needs of the links of the direct logistics 

chain in the reverse material flow 

 
1 1

I P L
pl

ij j

i I p l

CU

RP

x h
= = =

¢ä ää ,     (5) 

where j
h  ï the number of return products in which there is 

a need for the link j  ( );
RP CU

j J J=  of the logistic chain. 

- for the maximum volume of product utilization in 

the links of the direct logistics chain  

 j dj ij
u k x¢ Ö,       (6) 

where dj
k  ï utili zation coefficient in the link j  of 

material flow ( );
RP CU

j J J=  received from the link i  of the 

direct logistics chain ( );
E SP

i I I= .  

- for the maximum volume of product utilization by 

the links of the reverse logistics chain 

 

J J

j r I j

j J j J

RC SP

E
CU RP

u k x u
= =

å õ
¢ -æ ö
ç ÷

ä ä ,         (7) 

where r
k  ï utilization coefficient in the reverse logistics 

chain. 

Due to the use of the proposed mathematical model 

it is possible to solve the problem of optimization of 

reverse recycling and utilization of material flows in the 

logistics system, which will achieve the maximum value 

of total cash flows from the introduction of circular 

processes. 

Experimental calculations of the corresponding 

distribution problem, which were performed by the 

simplex method, confirmed the adequacy of the model and 

allowed to distribute the material flows in the same way as 

presented in table 2. 

Table 2. Logistics loops of reverse logistics chains 

Circular  process Logistics loop Reverse material flow (tone) 

1  recover 11 CU CC SC PM  

  600 600 600 600  

 12 CU CC SC DM  

  0 0 0 0  

2 refurbish/remanufacture 21 CU RC PM   

  0 0 0   

 22 CU CC RC PM  

  0 0 0 0  

3 reuse 31 CU CC SP   

  0 0 0   

 32 CU CC RC SP  

  1000 1000 1000 1000  

4 repurpose 41 CU CC PM   

  0 0 0   

 42 CU CC RC PM  

  0 0 0 0  

 43 CU CC SC DM  

  600 600 600 600  
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End the Table 2. 

5 repair 51 CU CC RC CU  

  2000 2000 2000 2000  

6 recycle 61 CU CC SC RP  

  500 500 500 500  

 62 CU CC RP   

  0 0 0   

 63 CU RC CC SC RP 

  0 0 0 0 0 

 64 CU RC CC RP  

  0 0 0 0  

When solving the problem, all the restrictions were 

met and the maximum value of the objective function 

(total cash flows) was reached - 43602.5 USD. At the 

same time, logistics loops were created, providing 

feedback within closed logistics chains, within five 

circular processes: recover, reuse, repurpose, repair, and 

recycle. The utilization process is also taken into account 

(fig. 2). 

 

 

Fig. 2. Experimentally obtained closed logistics system

Conclusions 

 

The concept of a circular economy is based on the 

principles and objectives of the concept of sustainable 

development and emphasizes the need to close logistics 

systems, ie to create logistics systems with feedback.  The 

tools for implementing the concept of a circular economy 

are closed supply chains, which include direct and reverse 

material flows. There are closed chains due to the use of 

circular processes: recover, recycle, refurbish, 

remanufacture, repurpose, repair, reuse, which create 

logistics loops between the participants in the logistics 

chain. Logistics loops provide feedback between the 

participants in the chain and allow you to organize the 

reverse flow of products, their components, raw materials 

and materials. 

The use of economic and mathematical modeling 

methods allows you to create a mathematical model of the 

problem of optimizing return material flows and distribute 

material resources in loops that are created within the 

circular processes of the logistics chain, so that the total 

cash flows of the logistics system reach the maximum 

value, and the eco-destructive impact on the environment 

due to the creation of return flows of secondary material 

resources is minimal. 
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ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʩʪʘʪʪʽ ʻ ʟʚʦʨʦʪʥʽ ʧʦʪʦʢʠ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʤʝʞʘʭ ʮʠʨʢʫʣʷʨʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʤʢʥʫʪʠʭ 

ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʴ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ. ʄʝʪʦʶ ʜʘʥʦʾ ʩʪʘʪʪʽ ʻ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ ʟʚʦʨʦʪʥʠʭ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʜʦʩʷʛʪʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: ʚʠʟʥʘʯʠʪʠ 

ʩʫʪʥʽʩʪʴ ʪʘ ʜʦʩʣʽʜʠʪʠ ʝʚʦʣʶʮʽʶ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ ʯʝʨʝʟ ʟʤʽʥʫ ʬʨʝʡʤʚʦʨʢʽʚ, ʱʦ ʾʾ ʫʪʚʦʨʶʶʪʴ; ʨʦʟʨʦʙʠʪʠ ʛʨʘʬʽʯʥʫ 

ʤʦʜʝʣʴ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ, ʷʢʘ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʮʠʨʢʫʣʷʨʥʠʭ ʧʨʦʮʝʩʽʚ; ʨʦʟʨʦʙʠʪʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ ʪʘ ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʱʦ 
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ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʾʾ ʘʜʝʢʚʘʪʥʽʩʪʴ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ, ʘ ʩʘʤʝ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʨʦʟʧʦʜʽʣʴʥʘ ʟʘʜʘʯʘ ʚʠʨʽʰʫʻʪʴʩʷ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʦʤ). 

ʆʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: ʜʦʩʣʽʜʞʝʥʦ ʩʫʪʥʽʩʪʴ ʮʠʨʢʫʣʷʨʥʦʾ ʤʦʜʝʣʽ ʝʢʦʥʦʤʽʢʠ, ʝʚʦʣʶʮʽʶ ʾʾ ʬʨʝʡʤʚʦʨʢʽʚ ʪʘ ʧʨʦʮʝʩʽʚ, 

ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʾʭ ʩʢʣʘʜʫ; ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʨʢʫʣʷʨʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʯʥʫ ʤʦʜʝʣʴ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟʽ 

ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ; ʩʪʚʦʨʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟʽ ʟʚʦʨʦʪʥʠʤ ʚôʷʟʢʦʤ. ɺʠʩʥʦʚʢʠ. ʂʦʥʮʝʧʮʽʷ 

ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʪʘ ʮʽʣʷʭ ʢʦʥʮʝʧʮʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʥʘʛʦʣʦʰʫʻ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʤʠʢʘʥʥʷ 

ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʪʦʙʪʦ ʩʪʚʦʨʝʥʥʽ ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ. ɯʥʩʪʨʫʤʝʥʪʦʤ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ 

ʚʠʩʪʫʧʘʶʪʴ ʟʘʤʢʥʫʪʽ ʣʘʥʮʶʛʠ ʧʦʩʪʘʚʦʢ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʧʨʷʤʽ ʪʘ ʟʚʦʨʦʪʥʽ ʤʘʪʝʨʽʘʣʴʥʽ ʧʦʪʦʢʠ. ɺʠʥʠʢʘʶʪʴ  

ʟʘʤʢʥʫʪʽ ʣʘʥʮʶʛʠ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʮʠʨʢʫʣʷʨʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʣʦʛʽʩʪʠʯʥʽ ʧʝʪʣʽ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ  

ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ ʣʘʥʮʶʛʘ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʦʨʛʘʥʽʟʫʚʘʪʠ ʟʚʦʨʦʪʥʠʡ ʧʦʪʽʢ ʧʨʦʜʫʢʪʽʚ, ʾʭ ʢʦʤʧʦʥʝʥʪʽʚ,  

ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʟʘʚʜʘʥʥʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʟʚʦʨʦʪʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʨʦʟʧʦʜʽʣʠʪʠ ʤʘʪʝʨʽʘʣʴʥʽ ʨʝʩʫʨʩʠ ʟʘ ʧʝʪʣʷʤʠ, ʪʘʢʠʤ ʯʠʥʦʤ,  

ʱʦʙ ʟʘʛʘʣʴʥʽ ʧʦʪʦʢʠ ʛʨʦʰʦʚʠʭ ʢʦʰʪʽʚ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʜʦʩʷʛʣʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʘ ʝʢʦʜʝʩʪʨʫʢʪʠʚʥʠʡ  

ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʟʘʚʜʷʢʠ ʩʪʚʦʨʝʥʥʶ ʟʚʦʨʦʪʥʠʭ ʧʦʪʦʢʽʚ ʚʪʦʨʠʥʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʙʫʚ  

ʤʽʥʽʤʘʣʴʥʠʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʮʠʨʢʫʣʷʨʥʠʡ ʧʨʦʮʝʩ; ʟʘʤʢʥʫʪʠʡ ʣʦʛʽʩʪʠʯʥʠʡ ʣʘʥʮʶʛ; ʣʦʛʽʩʪʠʯʥʘ ʧʝʪʣʷ; ʟʚʦʨʦʪʥʠʡ ʤʘʪʝʨʽʘʣʴʥʠʡ ʧʦʪʽʢ. 

 

ʄʆɼɽʃʔ ʌʆʈʄʀʈʆɺɸʅʀʗ ɿɸʄʂʅʋʊʓʍ ʎɽʇɽʁ ɺ ʃʆɻʀʉʊʀʏɽʉʂʆʁ 

ʉʀʉʊɽʄɽ ʉ ʆɹʈɸʊʅʆʁ ʉɺʗɿʔʖ 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʪʘʪʴʝ ʝʩʪʴ ʦʙʨʘʪʥʳʝ ʧʦʪʦʢʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʨʘʤʢʘʭ ʮʠʨʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʟʘʤʢʥʫʪʳʭ ʮʝʧʝʡ ʧʦʩʪʘʚʦʢ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʪʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʮʠʨʢʫʣʷʨʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʦʧʨʝʜʝʣʠʪʴ ʩʫʱʥʦʩʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʵʚʦʣʶʮʠʶ ʮʠʨʢʫʣʷʨʥʦʡ ʵʢʦʥʦʤʠʢʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʦʙʨʘʟʫʶʱʠʭ ʝʝ ʬʨʝʡʤʚʦʨʢʦʚ; ʨʘʟʨʘʙʦʪʘʪʴ ʛʨʘʬʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, ʢʦʪʦʨʘʷ 

ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʚʥʝʜʨʝʥʠʠ ʮʠʨʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ; ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʴʶ ʠ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʩʯʝʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʝʝ ʘʜʝʢʚʘʪʥʦʩʪʴ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ, ʘ ʠʤʝʥʥʦ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

(ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʦʤ). ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʠʩʩʣʝʜʦʚʘʥʘ ʩʫʱʥʦʩʪʴ 

ʮʠʨʢʫʣʷʨʥʦʡ ʤʦʜʝʣʠ ʵʢʦʥʦʤʠʢʠ, ʵʚʦʣʶʮʠʠ ʝʝ ʬʨʝʡʤʚʦʨʢʦʚ ʠ ʧʨʦʮʝʩʩʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ; ʩ ʧʦʤʦʱʴʶ ʮʠʨʢʫʣʷʨʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ; ʩʦʟʜʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ  

ʤʦʜʝʣʴ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʦʙʨʘʪʥʦʡ ʚʷʟʢʠ. ɺʳʚʦʜʳ. ʂʦʥʮʝʧʮʠʷ ʮʠʨʢʫʣʷʨʥʦʡ ʵʢʦʥʦʤʠʢʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʠ 

ʮʝʣʷʭ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʤʳʢʘʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʪʦ ʝʩʪʴ  

ʩʦʟʜʘʥʠʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ʀʥʩʪʨʫʤʝʥʪʦʤ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ ʚʳʩʪʫʧʘʶʪ ʟʘʤʢʥʫʪʳʝ ʮʝʧʠ 

ʧʦʩʪʘʚʦʢ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʧʨʷʤʳʝ ʠ ʦʙʨʘʪʥʳʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʧʦʪʦʢʠ. ɺʦʟʥʠʢʘʶʪ ʟʘʤʢʥʫʪʳʝ ʮʝʧʠ  

ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʮʠʨʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʝʪʣʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʨʘʪʥʫʶ 

ʩʚʷʟʴ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʮʝʧʠ ʠ ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʙʨʘʪʥʳʡ ʧʦʪʦʢ ʧʨʦʜʫʢʪʦʚ, ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʳʨʴʷ ʠ  

ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʟʘʜʘʯʠ  

ʦʧʪʠʤʠʟʘʮʠʠ ʦʙʨʘʪʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʠ ʨʘʩʧʨʝʜʝʣʠʪʴ ʤʘʪʝʨʠʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʦ ʧʝʪʣʷʤʠ, ʪʘʢʠʤ  

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʱʠʝ ʧʦʪʦʢʠ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʠʛʣʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ 

ʵʢʦʜʝʩʪʨʫʢʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʙʣʘʛʦʜʘʨʷ ʩʦʟʜʘʥʠʶ ʦʙʨʘʪʥʳʭ ʧʦʪʦʢʦʚ ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

ʙr ʣʦ ʤʠʥʠʤʘʣʴʥʳʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʨʢʫʣʷʨʥʳʡ ʧʨʦʮʝʩʩ; ʟʘʤʢʥʫʪʘʷ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʮʝʧʴ; ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʧʝʪʣʷ; ʦʙʨʘʪʥʳʡ ʤʘʪʝʨʠʘʣʴʥʳʡ 

ʧʦʪʦʢ. 
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T. MOMOT, M. KARPUSHENKO, TANG LINLIN  

MODERN APPROACHES FOR INTEGRATED REPORTING PREPARING IN 

UKRAINE  

In modern conditions, the possibilities of Accounting Reporting do not meet the tasks of contentment the information needs of users 

of accounting data, which are aimed at obtaining evidence of the stable and sustainable functioning of both the business entity and the 

region where it operates, and the state as a whole. The subject of the article is the different approaches to the preparation of integrated 

reporting and features of the formation of indicators. Integrated corporate reporting defines a single format for providing interested 

consumers with information about the company's activities, risks and potential for quality services, covers financial and non-financial 

reporting and discloses the effectiveness of economic, environmental and social activities of the company, ensuring transparency of 

information on business risks and management. At present, enterprises in Ukraine compile a report that combines financial indicators 

and indicators that characterize some important social aspects ï Management Report. The paper considers the concept of cost 

reporting, the key idea of which is to achieve greater informativeness of accounting indicators through corporate reporting and the 

development of standards of non-financial information that reflects the industry specifics of the enterprise. The purpose of the work 

is a detailed consideration of the essence of integrated reporting, problems of its compilation, analysis of existing approaches to the 

formation of indicators of integrated reporting of different companies taking into account the needs of users, justification of indicators 

included in integrated reporting. The study used a set of methods and approaches, such as dialectical, synthesis and comparative, 

systemic. The article solves such tasks as analysis of functions and components of integrated reporting, analysis of the Management 

Report and indicators that form it, determining the features of its preparation by different companies, the basic principles of integrated 

reporting in accordance with the international standard of integrated reporting. The obtained results are a detailed analysis of the 

indicators of the management report and the introduction of prerequisites for the effective formation of such indicators. Conclusions: 

Further development of integrated reporting should focus on such important aspects as the development of a system of financial and 

non-financial indicators, methods of obtaining information, generalization of various management systems (management accounting, 

monitoring, analysis of financial stability) in the preparation of internal integrated reporting. 

Keywords: integrated reporting; management report; financial reporting; social reporting; non-financial indicators. 

Introduction  

 

In modern requirements it is very important to focus 

on contentment the information needs of different groups 

of users of credentials in order to make informed and 

timely management decisions while ensuring stable and 

sustainable operation of both business and regional 

development, state stability in general, which led to the 

search other concepts and models of reporting 

information. 

In modern conditions, the image of enterprises is 

very important, which consists of many factors. 

Stakeholders pay attention first of all to the reliability of 

enterprises, which is measured not only by the criteria of 

economic efficiency, but also the ability to solve social 

problems of both their own workers and the region. 

Indeed, a very important indicator of the enterprise is its 

social activity; as such events are not only evidence of 

enterprise development, but also the ability to provide 

certain benefits to society.  

 

Analysis of the problem and existing methods 

 

Social events should be reflected in corporate non-

financial social reporting, the purpose of which is to 

provide information on social activities to stakeholders. 

Non-financial reporting should reflect the social 

responsibility of the business, ie what measures the 

company takes to inform the public about the 

environmental and social measures. According to 

Davydyuk T.V. corporate social responsibility is a 

philosophy of long-term development that allows you to 

harmoniously combine successful business with basic [7]. 

But there is also a need for aggregate information, both 

financial and social, that is integrated into integrated 

reporting. Problems of integrated reporting have been 

studied in the works of such scientists as Serafeim G. [8] 

Robert G.E. [9], Ioana D., Adriana T. [9], Adams K.A. 

[10], Lee K.W. [11], Martin K. [12], Kuzina R.V. [6], 

Kostyrko R.O. [3], Gnilitskaya L.V. [2], Bezverkhy K.V. 

[1], Davidyuk T.V. [7], Karpushenko M.Yu. [4, 5] and 

others. 

Integrated reporting is a relatively new phenomenon 

in the world of corporate reporting, which has gained 

significant momentum over the past ten years. It is a 

process based on integrated thinking that results in the 

organization's periodic integrated report on value creation 

over time and related messages on aspects of value 

creation.  

According to Bezverkhy K.V. the purpose of 

integrated reporting can be defined as providing 

information to all interested users to make management 

decisions about the company's ability to create value in 

the short, medium and long term, as well as providing 

information to stakeholders about the capital used and 

influenced by the entity [1].  

According to R. V. Kuzina, the task of integrated 

reporting is to strengthen accountability and responsibility 

for a wide capital base (financial, industrial, intellectual, 

human, social), understanding the relationship between 

them [6].  

According to R. A. Kostyrko, the purpose of 

integrated reporting is to provide financial and non ï 

financial information on the distribution of financial 

capital, taking into account key factors that affect the 

potential of an enterprise to create value over a certain 

period of time, which allows interested users to assess 
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future economic benefits [3].  

In our view, from a stakeholder perspective, an 

integrated report is a concise statement of how an 

organization's strategy, management, performance, and 

prospects in the context of its external  

environment create value in the short, medium, and long 

term. 

 

Goals and objectives of the study. The purpose of 

the article is a detailed consideration of the essence of 

integrated reporting, the problems of its preparation  

and justification of indicators included in integrated 

reporting.  

 

Materials and methods of research 

 

The theoretical and methodological bases  

of the study were the scientific works of leading  

domestic scientists and foreign economists on the 

problems of forming a system of integrated  

reporting in enterprises. During the study such  

general and special economic methods as: abstract-logical 

(to systematize the available theoretical material), 

empirical (for a comprehensive assessment  

of the development and improvement of reporting), 

comparative analysis (when comparing integrated 

reporting of enterprises), graphical (to visualize results) 

were used. 

 

Research results and their discussion 

 

In foreign practice, the components of integrated 

reporting are regulated by international standards, such as 

Sunshine standards; GRI; AA1000; ISO 26000, SA8000. 

Among them, the most well-known list of quantitative 

indicators is the system of GRI indicators, which is used 

in the formation of social reporting of any format, as well 

as Progress Reports [4]. Integrated reporting, as evidenced 

by most researchers, performs a number of important 

functions, and contains in accordance with international 

standards the following components of integrated 

reporting (fig. 1): 

Summarizing recent research, it can be stated that 

integrated corporate reporting defines a single format for 

providing interested consumers with information about the 

company's activities, risks and potential for quality 

services. It covers financial and non-financial reporting 

and discloses the performance of economic, 

environmental and social activities of the enterprise, 

which ensures the transparency of information  

in terms of business risks and their management. 

Integrated reporting contains information  

on financial, industrial, intellectual, social and natural 

capital and focuses on the strategic course and future 

prospects.  

Taking into account the modern needs of the time, 

the main prerequisites for the formation of integrated 

reporting are as follows: 

1) society's attitude to value has changed, which in 

turn leads to a change in the level of expectations  

from corporate reporting. There is a growing need  

on the part of financial market participants to understand 

the impact of the business model of the enterprise  

on the creation of added value in the future. There is a 

need to provide financial and non-financial information to 

all stakeholders in order to ensure transparency of the 

enterprise; 

2) the traditional form of corporate reporting on 

performance indicators does not meet modern 

requirements in connection with the historical valuation of 

the enterprise. The new approach should be based on 

current value, the forms of which vary over time, and 

recently the actual fair value. The existing model does not 

adequately reflect intangible assets ï most intangible 

assets created "within" the company do not pass the test 

for recognition of assets in accordance with  

IFRS and therefore are not shown on the company's 

balance sheet; 

3) integrated reporting provides reliable information 

for business evaluation by investors, partners, 

management and analysis of the company's  

impact on capital, which will have a decisive  

impact on strengthening the role of business  

in society; 

4) the need to disclose information on the areas of 

sustainable development strategy of the enterprise,  

the implementation of which will contribute  

to the growth of value added in the short, medium and 

long term.  

The most interesting position of integrated reporting 

is the concept of cost reporting, the key idea of which is to 

achieve greater informativeness of accounting indicators 

through corporate reporting and development of standards 

of non-financial information that reflects the industry 

specifics of the enterprise. Based on this, the authors 

proposed a three-level model of integrated  

reporting, which determines the interaction and 

responsibility of all participants in the process of 

compiling, disseminating and using reporting information 

(fig. 2). 

The practical implementation of the three-tier 

reporting model leads to the transition from the concept of 

financial reporting to the concept of integrated  

reporting, which aims to combine financial  

information, environmental impact on business and social 

aspects in a clear, interconnected and comparable  

format.  

Sustainability information in the form of 

environmental and social data is a relatively new area that 

is increasingly being reported by more and more firms 

around the world. Not only the number of companies 

reporting sustainability information is growing,  

but also the number of investors using this information. 

Although sustainability data can be relevant at  

any time, it is often argued that they are primarily 

informative about the long-term prospects of  

the business.  
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Fig. 1. Functions and components of integrated reporting 

  

Fig. 2. Three-level model of integrated reporting

At present, enterprises in Ukraine compile a report 

that combines some financial indicators and indicators that 

characterize some important social aspects. It is for the 

integration of financial and social indicators into one 

report as part of the reporting for 2018 in Ukraine was 

introduced Management Report, which together with the 

financial statements forms integrated reporting. This 

report must be prepared by large and medium-sized 

enterprises and reported annually. The Ministry of 

Finance of Ukraine by order of 07.12.2018 approved the 

Guidelines for the preparation of the Management Report 

(hereinafter ï guidelines) [16], which identified ten areas 

that should contain this report (fig. 3): 

Analyzing the components of the Management 

Report, we can conclude that it contains a very wide list of 

indicators that reflect the financial components, 

environmental components, social components, 

development prospects, corporate governance, enterprise 

development, innovation and research and others.  


