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INTRODUCTION 

 

The key to successful activity of complex socio-economic and technical systems is their 

constant updating, adaptation to the changing conditions of the external environment, and 

appropriate self-regulation of the internal structure, processes, and technologies. Scientific and 

methodological developments offered in the monograph, measures for strategic development, the 

use of modeling and information technologies, project and program management technologies will 

all contribute to the improvement of existing processes and the development of new ones. This is 

what determines the relevance of the studies presented. 

 

The monograph was prepared by the author team:  

Beskorovainyi V., Kolesnyk L.; 

Beskorovainyi V., Russkin V.; 

Chumachenko I., Davidich N., Galkin A.; 

Iastremska O.; 

Konashchuk V.; 

Kononova I.; 

Kovtun T., Finohenova I.; 

Molokanova V.; 

Nevlyudov I., Starodubcev N., Vlasenkov D., Andrusevich A.; 

Petrenko V., Ustinov A., Fonarova T., Bushuiev K.; 

Rach V., Medvedieva O., Zhuk Ju.; 

Samoylenko I., Romanenkov Yu., Zieiniiev T., Lebedchenko V.; 

Shendryk V., Parfenenko Yu., Pavlenko P., Boiko O., Shendryk S.; 

Timofeyev V., Khrustalyova S., Khrustalev K., Yakushyk I. 

 

The publication is recommended for undergraduate and graduate students, specialists in 

economics, management, information technology and project management higher education 

institutions. 



7 

DOI: https://doi.org/10.30837/MMP.2021.007  
 

INTERVAL MODEL OF MULTI-CRITERION TASK OF 

REENGINEERING PHYSICAL STRUCTURES OF DISTRIBUTED 

DATABASES  

Beskorovainyi V., Kolesnyk L. 

 
An interval mathematical model of a multicriteria task of reengineering physical structures 

of distributed databases is proposed. The model is built on the basis of the Kolmogorov-Gabor 

polynomial and the universal utility function of partial criteria. It provides an assessment of options 

for interval values of cost indicators, access time and network traffic. The use of the universal 

function of general utility makes it possible to more accurately take into account the preferences 

of the decision-maker. The use of a rational S-like utility function of partial criteria allows to 

reduce the time complexity of the procedures for calculating estimates. Practical application of the 

proposed model will improve the efficiency of automated design technologies for distributed 

databases. 

 

INTRODUCTION 

Distributed databases (DDBs) are becoming the most important elements of 

modern control systems, monitoring systems, CADS systems, and other objects from 

various spheres of human activity. In modern companies, geographically distributed 

data processing centers are created, consisting of a large number of computers, united 

in high-speed networks containing both distributed and parallel systems [1]. The 

volumes of data stored in distributed environments tend to grow rapidly, which, 

regardless of the principle of building control systems (fragmentation or replication), 

leads to the problem of managing them. At the same time, the costs of creating and 

the efficiency of DDB functioning largely depend on their physical structures, which 

determine the physical implementation of the information structure of databases on 

computer networks [2]. 

Changes in technologies, element base, operating conditions or functional 

requirements for DDB at a certain stage lead to the need to reengineer their 

https://doi.org/10.30837/MMP.2021.007
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infrastructure, which is based on information and computer networks. At the same 

time, DDB (as geographically distributed objects) is characterized by the dependence 

of their functional and cost characteristics on the topology of local bases (LB) [3]. 

This requires solving a complex of combinatorial optimization problems taking into 

account a variety of functional and cost indicators.  

Modern technologies for the design of physical structures DDB are based on 

the theory of aggregate-decomposition and block-hierarchical approaches. Their use 

assumes the division of DDB descriptions as a design object according to the degree 

of detail into hierarchical levels and aspects, and the design process into groups of 

procedures associated with obtaining and transforming descriptions with respect to 

the selected levels and aspects. In the future, the obtained descriptions in the form of 

mathematical models are aggregated to obtain solutions for the project as a whole.  

The main theoretical results were obtained for solving partial one-criterion 

problems of the synthesis of physical structures of DDB, taking into account various 

types and architectures of databases and computer networks, partitioning strategies 

and data access protocols under conditions of definite goals and data [2]. Taking this 

into account, the scientific and applied problem of increasing the efficiency of DDB 

computer-aided design technologies by developing multi-criteria mathematical 

models for the synthesis of their physical structures under conditions of incomplete 

definition of goals and data is urgent.  

 

1. BASIC MODEL OF MULTI-CRITERION TASK OF 

REENGINEERING PHYSICAL STRUCTURES OF DISTRIBUTED 

DATABASES 

The task of reengineering the physical structures of DDB is considered in the 

following setting. Given: a set of users of a distributed base I { i }= , i 1,n= , 

connected by a computer network G ( I , R )=  (where ijR [ r ]= , i, j 1,n=  is an 

adjacency matrix that defines a set of direct connections between elements and nodes 

of a computer network); many information resources (IR) in the form of files, funds 
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and J { j }= , j 1,m= ; IR volumes are jl [ l ]= , j 1,m= ; the intensity of incoming 

requests from each node of the computer network to each of the IR are ij[ ]λ λ= , 

i 1,n= , j 1,m= ; the volumes of requests to the IR from the nodes of the computer 

network ija [ a ]= , i 1,n= , j 1,m= ; costs of storing IR in the nodes of a computer 

network ijc( x ) [ c ( x )]= i 1,n= , j 1,m= ; ( ijx [ x ]=  matrix displaying the 

placement of IRs on the nodes of a computer network; ijx 1=  if the j-th IR is stored 

in the i-th network node; ijx 0=  - otherwise); tc  - the cost of transferring a unit of 

information; ijd [ d ]=  - the amount of information transmitted when updating the 

IR from network nodes; ijz [ z ]=  - matrix of IR updates ( ijz 1= if the j-th IR is 

updated from the i-th node of the computer network; ijz 0=  - otherwise); X { x }=  - 

the set of valid implementations of the physical structure of the DDB. 

It is necessary to determine the best option of the physical structure of the DDB 

from the many permissible ox X∈  (the number of local bases (LB), the distribution 

of IR over the LB ijx [ x ]= , the placement of LB over the network nodes, the amount 

of storage devices for storing LB, the throughput of channels between elements and 

nodes of the computer network.  

Optimization criteria: 

– the cost of x  - implementation of the physical structure of DDB: 
n m n m n m

ij ij t ij ij ij t ij ij x Xi 1 j 1 i 1 j 1 i 1 j 1
c( x ) c ( x )x c ( )x c d z minα β

∈= = = = = =

= + + + →∑∑ ∑∑ ∑∑ , (1) 

where Taijijij λα =  – the total volume of requests to the j-th IR from the i-th node of 

the computer network ( ijλ  and ija  – the intensity of requests and the volume of a 

request to the j-th IR from the i-th node of the network;  T   – time interval over 

which cost estimates are made), i 1,n= , j 1,m= ; ijβ − the total volume of responses 

to requests to the j-th IR from the i-th node of the network, i 1,n= , j 1,m= ; 
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– access time to information resources in the x -implementation of the physical 

structure of DDB: 
n

tr pr qp rp
ij ij ij ij ij x Xi 1

1t( x ) [ t ( x ) t ( x ) t ( x ) t ( x )] x min
n ∈=

= + + + →∑ ,   (2) 

where tr
ijt ( x )  – time of request transmission from the i-th node to the j-th IR,  

i 1,n= , j 1,m= ; pr
ijt ( x )  – waiting time in the queue for a request from the i-th node 

by the j-th IR; qp
ijt ( x )  – processing time of a request from the i-th node by  

the j-th IR; rp
ijt ( x )  – time of transmission of a response to a request from  

the i-th node via the j-th IR; 

– volume of transmitted information at x -implementation of the physical 

structure: 
n m n m

ij ij ij ij ij x Xi 1 j 1 i 1 j 1
v( x ) ( )x l z minα β

∈= = = =

= + + →∑∑ ∑∑ .   (3) 

At the same time, it is required to ensure the completeness of the database by 

distributing all IRs (with possible duplication) over local databases 
n

ij
i 1

x 1
=

≥∑  

j 1,n∀ =  and fulfilling the restriction on the time of access to the information 

resources of the database *t( x ) t≤  (where *t  is the maximum admissible value of the 

access time to the IR).  

In the process of design or reengineering, the costs of implementing the 

physical structure (1), the time of access to information resources (2) and the amount 

of transmitted information (3) for each of the implementations of the physical 

structure of DDB x X∈  are determined with some error, which must be taken into 

account when choosing the final solution. The use of the apparatus of fuzzy 

mathematics [4] to take into account the errors of the calculated estimatesc( x ), t( x ) 

and v( x )  in the procedures of automatic generation and estimation, due to the high 

time complexity, is ineffective. For this purpose, we use the apparatus of interval 
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analysis [5-8], which allows obtaining solutions of sufficient accuracy with much 

lower computational costs.  

 

2. INTERVAL ESTIMATION OF CHARACTERISTICS OF PHYSICAL 

STRUCTURES DDB 

In the proposed basic model of the multi-criteria problem of reengineering of 

physical structures DDB, we use the interval representation of characteristics 

c( x ) c ( x );c ( x )− + =   , t( x ) t ( x );t ( x )− + =    and v( x ) v ( x );v ( x )− + =    of the 

options x X∈ . In this case, each of the characteristics will be represented not by one 

machine number, but by two that define its boundaries. For some values of 

characteristics a , b  and c  the rules for performing operations of classical interval 

arithmetic [5]: "If c ;c a ;a b ;b− + − + − +     =      , a a ;a− + ∈   , b b ;b− + ∈    then 

a b c ;c− + =   , where   is the symbol of the arithmetic operation from the set 

{ , ,*,/}+ − ". In this case, the results of operations of addition, subtraction, division 

and multiplication over intervals are given by the relations: 

[ ] [ ]a b a b ;a b− − + + + = + +  , 

[ ] [ ]a b a b ;a b− + + − − = − −  , 

[ ] [ ] { } { }a b min a b ,a b ,a b ,a b ;max a b ,a b ,a b ,a b ,− − − + + − + + − − − + + − + + ⋅ = ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ 

[ ] [ ] [ ]a / b a 1 / b ;1 / b+ − = ⋅   .    (4) 

The main problems of classical interval arithmetic are solved in extended 

interval arithmetic [7, 8]. It is known that the width of the resulting interval in interval 

calculations depends on the order of operations. 

The basis of numerical methods implemented in interval arithmetic is a 

property called "monotonicity of inclusion" [5]. 

Let us have intervals a ;a− +   , b ;b− +   , c ;c− +   , d ;d− +   . Then the 
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following feature of monotonicity of the inclusion is confirmed: 

a ;a с ;с , b ;b d ;d

a ;a b ;b с ;с d ;d .

− + − + − + − +

− + − + − + − +

       ⊂ ⊆ ⇒       
       ⇒ ∩ ⊆ ∩       

   (5) 

This feature allows to carry out iterative procedures for approximating the sets 

of solutions for tasks with interval (imprecise) data. As a result, the cardinality of the 

sets is determined by the width of the input data intervals and the capabilities of the 

iterative procedures [6].  

 

3. FORMATION OF A GENERALIZED CRITERION FOR EVALUATING 

THE EFFECTIVENESS OF DECISIONS 

The combinatorial nature of the tasks of reengineering the physical structures 

of DDB involves the use of automatic quantitative evaluation of options from many 

acceptable x X∈ . A utility theory is used as a methodological basis for constructing 

estimates, according to which the value of its usefulness ( )P x  can be determined for 

each of the alternatives x X∈  [9, 10]. At the same time for all ,x y X∈ :  

x y P( x ) P( y )↔ = ;  x y P( x ) P( y )↔ > ;  x y P( x ) P( y )↔ ≥



.  (6) 

Formally, the task of choosing the best option for a DDB physical structure 
ox X∈  can be reduced to the task of optimizing of the type:  

 o
x X

x arg max P( x )
∈

= .     (7) 

Let us introduce the notation for the selected optimization criteria:  

1 x X
k ( x ) c( x ) min

∈
= → ,  2 x X

k ( x ) t( x ) min
∈

= → ,  3 x X
k ( x ) v( x ) min

∈
= → .   (8) 

For scalar estimation of options, it is proposed to use a universal utility 

function built on the basis of the Kolmogorov-Gabor polynomial [11], which, taking 

into account the selected set of partial criteria, will have the form: 
3 3 3 3 3 3

1 1 1
i i ij i j ijl i j l

i i j i i j i l j
P( x ) ( x ) ( x ) ( x ) ( x ) ( x ) ( x )

= = = = = =
= λ ξ + λ ξ ξ + λ ξ ξ ξ∑ ∑ ∑ ∑ ∑ ∑ ,   (9) 

where i ij ijl, ,λ λ λ  – weight coefficients of partial criteria ik ( x ) , 1 3i ,=  and their 
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products  i ij ijl0, 0, 0λ ≥ λ ≥ λ ≥ ; i( x )ξ  – utility function of the partial criterion  

ik ( x ) , 1 3i ,= . 

Quantitative evaluation of weight coefficients of partial criteria can be carried 

out by classical expert methods [8] or using the technology of comparator 

identification [10, 12]. To narrow the set of search solutions to the task, it is advisable 

to pre-isolate or parallel with generation the formation of a subset of effective 

(Pareto-optimal) variants. 

To assess the utility of the values of partial criteria, we use the glue function, 

which has advantages in terms of accuracy and the number of computer operations 

to calculate it by comparison with the Gauss, Harrington and logistic functions [11]: 

1 1 1

2 2 2

1 1

0

1 1 1
1

1

i
i i i i

ia

i ia
i

i ia
i i i i i

ia

ia i

k ( x )a ( b ) b / b ,
k

k ( x ) k ;
( x )

k ( x ) ka ( a ) ( b ) b / b ,
k

k k ( x ) ,

ξ

      ⋅ + ⋅ − +          
 ≤ ≤= 

    − + − ⋅ + ⋅ − +      −     

 < ≤

 (10) 

where ia ik ,a  – normalized values of function component gluing point coordinates, 

0 1iak≤ ≤ , 0 1ia  ; 1 2i ib ,b  – parameters, nonlinearities of the initial and final 

components of the function. 

 

CONCLUSIONS 

An interval mathematical model of the task of reengineering physical 

structures of DDB based on universal functions of general utility and utility of partial 

criteria is proposed. It allows to make a generalized assessment of options taking into 

account the indicators of cost, speed and network traffic in the presence of interval 

uncertainty of functional and cost characteristics. The use of universal utility 

functions allows more accurately taking into account the preferences of the decision 
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maker and reducing the time complexity of evaluation calculation procedures. The 

direction of further research may be the development of effective methods for 

optimizing the physical structures of DDB in conditions of incomplete certainty of 

goals and data. 
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DIRECTED SEARCH OF VARIANTS IN TECHNOLOGIES FOR 

REENGINEERING OF CORPORATE COMPUTER NETWORKS  

Beskorovainyi V., Russkin V. 

 
The formalization of the multicriteria task of system reengineering of a corporate computer 

network is proposed. It presupposes structural, topological, parametric and technological 

optimization of the network in terms of a complex “effect-cost” indicator. The parameters of the 

quality of the variants are detailed in the form of particular criteria of costs, efficiency, reliability 

and survivability. This allows us to reduce the multicriteria task to a traditional optimization task 

with a scalar criterion. The proposed approach to the formation of a subset of effective ones 

already at the stage of generation of feasible variants can significantly reduce the time and 

capacitive complexity of methods for solving the task of network reengineering. For the final choice 

of the reengineering variant by the decision maker, it is proposed to reduce to the required size the 

subsets of effective alternatives using the known combined method. 

 

Introduction 

The effectiveness of corporate computer networks (CCN) is largely 

determined by the way they are structured. Variants of network structures can be 

implemented on different sets of elements, different architectures and channels for 

organizing connections between elements and nodes [1]. Changes in the 

requirements for the functional characteristics of existing CCNs, improvement of 

technologies and information processing facilities at a certain stage lead to the need 

for their modernization. Fundamental changes in the structure, topology, parameters 

and technology of networks functioning are implemented in the process of their 

reengineering [2].  

The most important features of CCN, which are taken into account  

in their reengineering projects, include [3]: close interconnection of structural, 

topological, parametric and technological optimization tasks and the complexity of 

their joint solution; the combinatorial nature of the most tasks of the  

https://doi.org/10.30837/MMP.2021.015
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problem and the lack of effective methods for their solution; incomplete certainty of 

the initial data and purposes of creation; the complexity of  

functioning technologies does not allow the use of analytical methods for their 

analysis. 

The process of reengineering involves many specific tasks of system design of 

CCN [4-5]: 1Task  - selection of principles of CCN construction; 2Task  - selection 

of network structure; 3Task  - determination of topology of elements and links; 4Task  

- selection of functioning technology; 5Task  - determination of parameters of 

elements and links; 6Task  - evaluation of efficiency of permissible network design 

variants s S∈  and selection of the best of them os S∈  (where S  - many permissible 

variants of network reengineering). 

When solving CCN optimization tasks as large-scale objects, an approach is 

used that involves sequentially decomposing their goals, functions and tasks and then 

aggregating them at the appropriate levels to generate variants of their construction 

as a whole.  

Most CCN system design tasks belong to the class of combinatorial, accurate 

solutions of which has non-polynomial temporal complexity [4]. This  

creates computational tasks in many practical tasks. In view of this, the  

scientific and applied task of improving the efficiency of CCN  

reengineering technologies by developing effective methods of system  

optimization, using procedures for allocating effective solutions and targeting  

variants. 

 

1. BASIC STATEMENT OF THE REENGINEERING TASK  

In the early stages of reengineering, the task of optimizing the CCN 

construction variant is formalized in terms of "condition-target." The conditions 

define the initial data and limitations of the task, and the goal is the best version of 

building a network from a set of permissible os S∈ , according to a set of specific 
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efficiency criteria ( ) ( ) ( ) ( )1 2 mK s { k s , k s ,..., k s }=  [6]. The functional  

effect of using CCN is generally a non-decreasing function of the r 

esources (cost) Q( s ) F [ C( s )]=  spent to achieve it (where Q( s )   

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

the network variant; F is an operator that displays a resource utilization  

strategy).  

Under conditions of specified restrictions on effect indicators Q( s ) Q*≥  and 

(or) costs C( s ) C*≤ , the task of network reengineering can be presented in the 

form: 

o

s S
s arg max[Q( s ) / C( s ) :Q( s ) Q*,C( s ) C*]

∈
= ≥ ≤ ,   (1) 

where Q*, C*  are marginal levels of the generalized estimates of the effect and costs 

of CCN reengineering. 

Specific cases of task (1) are the tasks of selecting an variant that maximizes 

the given effect under conditions of given resource restrictions C( s ) C*≤  or an 

variant that minimizes the given costs to obtain a given level of effect Q( s ) Q*≥ . 

The most essential and general requirements for CCN are efficiency, 

reliability, economy and survivability.  

The basic CCN reengineering task is considered in the following setting. The 

existing version of the network construction s S′∈ , as well as the set of: users 

I { i }= , oi 1,n= , and their characteristics (territorial location, the need to perform 

information and computational work); typical nodes U { }Ω ω=  and links C { }Ω ω=

, on the basis of which the network is synthesized; places of possible placement of 

its nodes G { g }= ; acceptable technologies for its functioning { }Γ γ= .  

It is necessary to determine the CCN reengineering variant s S∈ : the number 

of network nodes Un ; their types iX { x }ω= , Ui 1,n ,= Uω Ω∈ ; location of nodes
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g
iY { y }= , Ui 1,n ,=  g G∈ ; set and types of links between  

elements and nodes ijR { r }ω= , oi, j 1,n ,=  Cω Ω∈ ; subsets of users associated  

with each of the nodes and the technology of their functioning iZ { z }γ= ,  

Ui 1,n ,=  γ Γ∈ . At the same time, the desired goal is to extremize the set of 

particular performance criteria for the selected CCN reengineering  

variant os S∈ : 

– costs  

U
1 U n ,X ,Y ,R,Z

k ( s ) C( n ,X ,Y ,R,Z ) min= → ;   (2) 

– efficiency (access time) 

U
2 U n ,X ,Y ,R,Z

k ( s ) ( n ,X ,Y ,R,Z ) minτ= → ;   (3) 

– reliability  

U
3 U n ,X ,Y ,R,Z

k ( s ) ( n ,X ,Y ,R,Z ) maxψ= → ;   (4) 

– survivability 

U
4 U n ,X ,Y ,R,Z

k ( s ) ( n ,X ,Y ,R,Z ) maxµ= → .   (5) 

Reengineering costs (2) include the costs of creating new nodes and 

connections between users and nodes. The access time to network resources (3) 

includes the time spent at all stages of the process, including the waiting  

times, processing and transmission of requests and responses between  

elements and nodes. To evaluate it, it is proposed to use its average, weighted average 

or maximum value for all network users. As an estimate of the  

reliability (4), it is proposed to use the probability of the network being in a  

working state. For the indicator (5), it is proposed to use the estimates of the structural 

and functional survivability of the network, obtained on the basis of the  
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analysis of its topological structure, as well as the reliability of its elements and 

connections.  

Detailed the indicators in the form of particular criteria (2) - (5) allows us to 

reduce the multicriteria CCN reengineering task to the traditional optimization task 

with a scalar criterion of overall utility [7-9]: 

4

i i
i 1

P( s ) ( s )η ξ
=

= ∑ ,                                            (6) 

i

i i
i i i

i i

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

γ

ξ ξ
−

+ −

 −
= =  

− 
  i 1,4=                  (7) 

where iη  is a weighting factor taking into account the importance of a particular 

criterion ik ( s ) , i 0η ≥ , 
4

i
i 1

1η
=

=∑ ; i i( s ) ( k ( s ))ξ ξ=  is a particular criterion utility 

function ik ( s ); ik ( s )  – value of a particular criterion; i ik ( s ), k ( s )− +  –  

respectively, the worst and the best value of the particular criterion; iγ – parameter 

that determines the type of dependence (7): at i 1γ =  – linear; at i0 1γ< <  – convex 

up; i 1γ > – convex down. 

Regardless of the method for solving the task, it is advisable to preliminary 

select a subset of reengineering variants that are effective ES S⊂  by criteria ( )ik s , 

i=1,4 . 

 

2. FORMATION OF SUBSETS OF EFFECTIVE REENGINEERING 

VARIANTS 

The set of valid CCN reengineering variants consists of disjoint subsets of 

effective ES  and ineffective NS  variants: 

 N ES S S=  ,  N ES S = ∅ ,  N ES S>> .      (8) 
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A CCN reengineering variant Es S∈  will be called effective (Pareto-optimal, 

non-dominant) if on the set of feasible variants S  for the selected particular criteria

( )ik s , i=1,4  (2)-(5) there is no variant s S∈  for which the inequalities are satisfied 

[9]: 
E

i ik ( s ) k ( s )≥ , если ik ( s ) max→ ,    (9) 

E
i ik ( s ) k ( s )≤ , если ik ( s ) min→     (10) 

and at least one of them was strict.  

In the tasks of multi-criteria choice, the set of admissible variants S { s }=  is 

considered to be given. Depending on the dimension of the task S , various methods 

and algorithms are used to select a subset of effective variants: discrete choice, 

weighting method, pairwise comparisons, methods based on Karlin and Hermeyer 's 

theorems, evolutionary search based on genetic algorithms [10-12].  

The subset of effective solutions ES  based on Karlin's theorem is determined 

by combining variants o
is , i 1,m= , that optimize each of the local criteria ik ( s )  

with solutions to the parametric programming task [13]: 
m

i i i i
i 1

{ : 0 i 1,m, 1}λ Λ λ λ λ
=

∈ = > ∀ = =∑ ,    (11) 

m
o
i i is S i 1

s arg max { P( s ) ( s )}λ ξ
∈ =

= = ∑ .     (12) 

The subset of effective variants based on Hermeier's theorem is determined by 

combining variants o
is , i 1,m=  that optimize each of the local criteria ik ( s )  with 

solutions to the parametric programming task [13]: 
m

i i i i
i 1

{ : 0 i 1,m, 1}λ Λ λ λ λ
=

∈ = > ∀ = =∑ ,    (13) 

 o
i i is S i

s arg max{ P( s ) min ( s )}λ ξ
∈

= = .     (14) 

In this case: the methods of discrete choice and pairwise comparisons, due to 
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the high time complexity, are applicable only on relatively small sets of feasible 

solutions S { s }= ; evolutionary, weighted methods, including methods based on 

Karlin and Hermeyer theorems, have a lower adjustable time complexity, but in the 

general case, they allow to single out only incomplete subsets ES   

(Pareto fronts) [14].  

To reduce the time and capacitive complexity of methods for solving the CCN 

reengineering task, it is proposed to form a subset of effective ES  already at the stage 

of generation of feasible variants S .  

 

3. CHOOSING THE BEST VARIANT BY THE DIRECTED SEARCH 

METHOD 

The analysis of the dependences of the envelopes of local extremes of the 

functions of partial cost criteria 1k (s)  (2), efficiency 2k (s) (3), reliability 3k (s)  (4) 

and survivability 4k (s) (5) on the number of network nodes Un  made it possible to 

reveal such features [16]:  

– functions (3) - (5) have the best values at Un = 1 ;   

– on the segment 1 ≤ ≤U U maxn n  (where U maxn  is the maximum effective 

number of network nodes), the utility functions of the particular criteria (7)  

indicators of efficiency 2 U(s,n )  and survivability 4 U(s,n )  are  

one-extreme; 

– the utility function of a particular criterion of reliability indicators 3 U(s,n )  

is monotonically decreasing; 

– the envelope of local extremes, the utility function of the private cost 

criterion 1 U(s,n )  can be multi-extremal.  

To solve the task of forming a subset of effective CCN reengineering variants, 

this requires the use of methods that allow taking into account the possible multi-

extremality of the general utility function UP(s,n ) (6) on a segment. The utility 

functions of particular criteria (7) for the indicators of efficiency (3), reliability (4) 
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and survivability (5) decrease in the initial segment 1 ≤ ≤U U maxn n . In order for at 

least one solution to task (1) to exist, it is necessary that its constraints are satisfied 

at least for. With this in mind, to solve the task, it is proposed to use modifications 

of the directed search method with the addition of a procedure for calculating the 

value of the additive convolution of partial criteria UP(s,n ) (6) [16]. 

The proposed procedure for forming a subset of effective CCN reengineering 

variants ES  includes the following sequence of steps. 

1. Setting the initial values of the number of nodes Un = 1 , variant number

i := 0  set of effective variants ES = ∅ . 

2. Transition to a new variant i := i +1. Generate a variant is S∈  and calculate 

estimates of cost indicators 1 ik ( s ) (2), efficiency 2 ik ( s ) (3), reliability 3 ik ( s )  (4), 

survivability 4 ik ( s ) (5). 

3. Compare an variant is  with each variant E
js S∈ Ej = 1, S . If at least one 

variant from ES  dominates on js , exclude from further consideration and go to step 

4. Otherwise, add is  to the subset of effective ES  and remove from the subset ES  

all js  that are worse than is  for all indicators (2) - (5). 

4. If the termination conditions for the used method of forming the set of 

feasible reengineering variants S  are not met, go to step 2; otherwise, go to step 5.. 

5. If the best values of all indicators (2) - (5) for the value Un  are  

worse than for Un 1− , go to step 6; otherwise U Un : n 1= + , i := 0 , and go  

to step 2.  

6. Completion of the procedure: highlighted a subset of effective CCN 

reengineering variants ES . 

For the final choice of the CCN reengineering variant by the decision maker, 

it is advisable to reduce the subset of alternatives ES  to the required size using the 

well-known combined method [16]. For the final selection of the best CCN 
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reengineering variant from the subset of effective ones, the well-known multicriteria 

selection methods can be used [7-9].  

 

CONCLUSIONS 

The formalization of the multicriteria task of reengineering of a corporate 

computer network is carried out, which assumes its structural, topological, 

parametric and technological optimization according to the complex indicator 

"effect-costs". Detailing the quality indicators of variants in the form of  

particular criteria of costs, efficiency, reliability and survivability allows us to reduce 

it to a traditional optimization task with a scalar criterion. The proposed approach to 

the formation of a subset of effective ones already at the stage of generation of 

feasible variants can significantly reduce the time and capacitive complexity of 

methods for solving the task of network reengineering. For the final  

choice of the reengineering variant by the decision maker, it is advisable to reduce 

the subset of effective alternatives to the required size using a known combined 

method. 

The direction of further research can be the development of effective methods 

of directed enumeration of reengineering variants for situations of incomplete 

determination of goals and data. 
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INFORMATION SUPPORT OF SIMULATION OF VEHICLE FLOW 

DISTRIBUTION IN URBAN PROJECTS OF SUSTAINABLE 

DEVELOPMENT 

Chumachenko I., Davidich N., Galkin A. 
 

Modeling vehicle flows is impossible without the introduction of IT. The study is aimed at 

developing models for the choice of routes, considering the individual characteristics of drivers, 

which are determined by the type of nervous system. On the basis of the analysis, the factors 

influencing the choice of the route by the drivers were identified. To fix the values of the obtained 

factors, a survey was carried out using a specially developed questionnaire. The type of the driver's 

nervous system was determined using a typological questionnaire. On the basis of the data obtained 

during the survey of drivers of vehicles, models were developed for changing the proportion of 

correspondence carried out along alternative routes of movement when driving drivers with 

different types of nervous systems. Based on the results obtained, it is possible to model the 

transport network, rationalize the development and planning of traffic flows, which are possible 

through the introduction of information technologies.  

 

INTRODUCTION 

The effective development of modern society is inextricably linked with the 

development of computer and information technologies [1]. IT that can be used in 

everyday design activities help to solve the problem of projecting the most adequate 

information systems [2]. The general principles of construction and operation of 

transport systems are analyzed through the prism of IT implemented in them. 

Successful creation and operation of transport system development projects can only 

be accomplished by the consistent implementation of the principles of constructing 

a program-targeted management mechanism, which makes it possible to refine the 

management methods in the transport development system in a new way [1]. 

Improving the quality of transportation services for urban residents is impossible 

without the creation of a management system with adaptive properties, which implies 

the implementation of the principle of compliance of supply with the needs of 

transport services, taking into account the external and internal conditions of 

https://doi.org/10.30837/MMP.2021.025
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functioning of the city transport system [2]. This corresponds to the directions of 

development of Smart infrastructure of cities. The pace of development of modern 

cities, the steady growth of urban freight transport have exacerbated a number of 

problems, such as the creation of a rational road organization system, road quality 

assurance and environmental protection. At present, the growth rates of freight 

transport are far ahead of the growth rates of new construction and reconstruction of 

existing transport highways in cities. As a result, there is a need to address traffic 

management issues to ensure the safety of road users, reduce load on the road 

network, and improve the environmental situation [3]. The functioning of the 

transport system can be improved by rationally distributing freight flows across 

sections of the city's road network [4]. System management, efficient organization 

of traffic flows, optimal planning of urban industrial Smart infrastructure and 

identification of possible scenarios for its development are required to manage the 

transport system and make optimal decisions in the field of transport planning [5]. 

The city's transport model, which is used to support managerial decision-making in 

strategic transportation planning, is an optimal tool for quantifying the proposed 

transport network development options, comparing them further, and making 

reasonable conclusions about the feasibility of investing in urban industrial 

infrastructure development projects. One of the most important links in the design of 

urban transport systems is to determine the patterns of formation of traffic flows and 

their distribution on sections of the street and road network. Transport flows are a 

special physical phenomenon that has its own patterns and characteristics that cannot 

be applied to each car individually. 

The state of flows is generated by the collective movement of drivers of 

transport units meeting their travel needs [6]. The goal of the driver may be to 

minimize travel-related losses, such as driving time, energy costs, and maximize 

safety with the slightest deviation from comfortable conditions. It should also take 

into account the possibility of traveling on several routes [7]. For each route of the 

alternative variants, the driver generates a utility function. Its researchers represent a 

linear dependence on the characteristics of alternatives [8]. The driver evaluates all 
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variants, taking into account many random influences. The current time resource, 

health state, weather conditions, etc. are taken into account. As a consequence, the 

driver makes decisions independently of other road users [9]. In addition, the 

researchers find that the driver, most often, associates the degree of danger of a 

situation with the degree of complexity of driving and decision-making in it. To some 

extent, a criterion is associated with safety, which gives an assessment of the driver's 

efforts to drive. It may be necessary to consider the psychophysiological features of 

drivers in this situation as well [10]. Psychophysiological characteristics of drivers, 

along with the purpose of the trip, age and skill of driving, determine the collective 

behavior of traffic participants, which underlies the formation and distribution of 

traffic flows [11]. The individual qualities of the driver play an important role in the 

parameters of the movement of vehicles [12]. According to the researchers, this factor 

is currently under-researched. Scientists propose to combine the individual 

characteristics of people with the same properties of the central nervous system. In 

their view, this grouping will reduce the loss of individual features compared to the 

use of total characteristics. These emotional properties and qualities of temperament 

are considered by researchers to be common indicators of a tendency to danger. 

According to scientists, the properties of the nervous processes form certain 

combinations that determine the type of nervous system or the type of higher nervous 

activity [13]. It consists of a set of basic properties of the nervous system that is 

characteristic for certain individuals — the strength, balance, and mobility of the 

processes of excitation and inhibition. These properties of the nervous system cause 

the adaptation of the animal organism to the surrounding conditions, i.e. the perfect 

interaction of the organism as a system with the external environment, ensure the 

existence of the organism flows [11]. The researchers highlight the four most 

pronounced types of nervous system, and their connection with temperament. 

Researchers define four classic types of temperament, depending on the basic 

characteristics of the nervous system: strong, balanced, lively — sanguine; strong, 

balanced, inert — phlegmatic; strong, unbalanced type with predominance of 

excitation — choleric; weak type — melancholic. They understand the type of 
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nervous system as congenital, weakly affected by changes in the  

environment and upbringing. In their view, the properties of the nervous system form 

the physiological basis of temperament, which is a mental manifestation of the 

general type of nervous system. As researchers have proven, the strength and  

stability of the nervous system determine the behavior and actions of the  

driver [12-17]. Therefore, the choice of the route of movement depends on the type 

of nervous system and his temperament. As a result, the development of urban 

industrial Smart Infrastructure should take these features into account when choosing 

drivers' routes.  

 

THE PURPOSE AND METHODOLOGY OF THE STUDY 

The purpose of the study was to develop and evaluate statistical models that 

describe the change in the proportion of freight transport correspondence that is 

implemented along the route with the relevant parameters during the process of 

freight transportation in an urban environment. The studies were conducted during 

the following stages: 

1) conducting a full-scale survey to determine the age and temperament of the 

drivers, as well as their chosen route of movement between the origin and destination 

points; 

2) determination of routes parameters chosen by drivers for movement 

between the origin and destination points; 

3) statistical processing of the received data for determining the connection of 

change of the share of freight transport correspondence, which is realized on the route 

of movement, from the parameters of the route. 

Determining patterns of choice of the movement route by drivers should be 

based on information about the routes that drivers choose when moving between the 

origin and destination points. To solve this problem, a corresponding questionnaire 

was developed, which is presented in fig. 1. 
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Fig. 1. Questionnaire survey for drivers on driving directions  

 

The questionnaire survey was based on the ability of drivers to act as experts 

and was carried out at the Kharkiv transport companies performing cargo 

transportation. At the beginning of the survey, the questionnaire included the driver's 

age, driving experience and the car make. The type of nervous system was also 

determined for taking into account the individual characteristics of the respondents 

using a typological questionnaire [17]. The survey involved 400 drivers, of whom 

259 had a sanguine temperament, 60 had a phlegmatic temperament, 47 had a 

melancholic temperament, and 34 had a sanguine temperament. In the second stage, 

the drivers were asked to choose the traffic routes they chose to drive along the city's 

road network between the different areas of origin and destination. Thus, surveys 

were conducted for thirty sets of points of origin and destination that had different 

locations in the Kharkiv city [18]. An example of the routes obtained is given in 

Table 1. For the defined routes, surveys of its parameters and traffic conditions were 

conducted using previously proposed methods [18]. Test results examples for drivers 

with "choleric" type of nervous system are shown in Table 2. Similarly, data were 

generated from the results of the survey for drivers with other types of nervous 

system. 

Thus, after processing the survey results, the data necessary to determine the 

patterns of choice of traffic routes by the freight transport drivers were obtained. 

After determining the initial data for the simulation, models were developed for 
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changing the proportion of transport correspondence, which is implemented on 

alternative traffic routes, while controlling drivers with different types of nervous 

system. 

Table 1 

Driving directions chosen by drivers 
Origin-

destination 
points 

Route 
number 

Route 

Serhiia  
Hritsevtsa str. 

– Liudviha 
Svobody av. 

1.1 
Serhiia Hritsevtsa str. – Moskovskyi av.– Pavlivska square – 

Klochkivska str. – Nauky av. – Liudviha Svobody av. 

1.2 

Serhiia Hritsevtsa str. – Moskovskyi av.– Traktorobudivnykiv av. – 
Krasnodarska av. – Khalturina str.– Saltivske highway – 

Semyhradska str. – Vesnina downhill – Sumska str. – Derevianko 
str. – Askharova str. - Liudviha Svobody av. 

1.3 Serhiia Hritsevtsa str.– Kiltseva road – Liudviha Svobody av. 

1.4 
Serhiia Hritsevtsa str. – Moskovskyi av.– Armianskyi av.– 

Konstytutsii square – Sumska str. – Derevianko str.– Akhsarova str. 
– Liudviha Svobody av. 

1.5 

Serhiia Hritsevtsa str. – Moskovskyi av.– Feiierbakha square – 
Marshala Bazhanova str.– Pushkinska str. -Yaroslava Mudroho str. 
– Sumska str.– Derevianko str.– Akhsarova str.- Liudviha Svobody 

av. 

1.6 
Serhiia Hritsevtsa str.– Moskovskyi av.– Akademika Pavlova str.– 
Semihradska str.– Vesnina downhill – Sumska str. – Derevianko 

str.– Askharova str.– Liudviha Svobody av. 

Druzhby  
Narodiv str.– 

Marshala 
Konieva str. 

2.1 
Druzhby Narodiv str.– Lesia Serdiuka str. – Akademika Pavlova 

str.– Heroiv pratsi str. – Shevchenko str. – Pavlivska square – 
Kontorska str.– Marshala Konieva str. 

2.2 
Druzhby Narodiv str.– Komandorma Korka str. – Akademika 

Pavlova str. – Moskovskyi av. – Pavlivska square – Kontorska str. – 
Marshala Konieva str. 

2.3 

Druzhby Narodiv str. – Lesia Serdiuka str. – Akademika Pavlova 
str.– Heroiv pratsi str. – Shevchenko str. – Belhorodskyi downhill – 

Darvina str.– Pushkinska str.– Skrypnyka str. – Rymarska str.– 
Klochkivska str.- Kontorska  str. – Marshala Konieva str. 
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Table 2 

The surveys results of the routes of movement of the drivers with a "choleric" 

type of nervous system 
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Serhiia 

Hritsevtsa 

boul. – 

Liudviha 

Svobody av. 

43 

24 

1,79 63 41 2 315 47 

34 

1 0,029 

24 1,00 53 27 2,5 300 50 10 0,294 

36,5 1,52 56 39 2,5 310 48 14 0,441 

25,9 1,08 48 32 2 354 52 1 0,029 

25,5 1,06 58 26 2 401 50 2 0,059 

32 1,33 55 35 2 355 55 6 0,176 

Druzhby 

Narodiv 

str.– 

Marshala 

Konieva 

str. 

19,2 

14,5 

1,32 43 27 2 548 47 

34 

13 0,382 

14,5 1,00 47 19 2 173 53 11 
0,324

3 

19,6 1,35 45 26 2,5 225 51 9 0,265 

 

MODELS OF CHANGE OF TRANSPORT CORRESPONDENCE SHARE 

REALIZED ON ALTERNATIVE ROUTES OF MOVEMENT, AT 

MANAGEMENT OF DRIVERS WITH DIFFERENT TYPES OF NERVOUS 

SYSTEM 

Based on the correlation and regression analysis methods, the problem of 

mathematical description of the change in the freight transport share of 

correspondence, which is realized along the route of movement, was carried out. The 
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regression coefficients were calculated using the least squares method [19]. The 

calculations results of the parameters of the model change in the proportion of 

correspondence, which is realized on alternative routes of movement, when driving 

with a "choleric" type of nervous system, are given in table. 3. The model is as 

follows: 

kratmkratm
xo LLVVK l ⋅−⋅=∆ 18,047,0 ,                             (1) 

where kratm VV  - ratio of speed of movement on a route to speed of movement on the 

shortest route; kratm LL  - the ratio of the route length to the shortest route length. 

 

Table 3 

Characteristics of the model change in the proportion of correspondence 

realized on alternative traffic routes when driving with a "choleric" type of 

nervous system 

Factors Symbol 

M
ea

su
re

m
en

t 
bo

un
da

ri
es

 

C
oe

ffi
ci

en
t 

St
an

da
rd

 e
rr

or
 

Student's  
t-test 

Confidence 
intervals of 

model 
coefficients 

Actual Calcu-
lated 

Lower 
bound 

Upper 
bound 

The ratio of the 
speed of the route to 
the speed of the 
shortest route 

kratm VV  0,68-1,75 0.47 0.22 2.17 2.02 0.02 1.17 

The ratio of the 
route length to the 
shortest route 
length 

kratm LL  1-1,86 –0.18 0.21 2.83 2.02 –0.35 –0.01 

 

Of all the factors studied, only four were found to be significant, forming two 

relationships. This is evidenced by the calculated values of Student's t-test, which is 

greater than the table value, as well as the absence of zero in the confidence interval 

of each factor of the model. 

After the development of the regression model of changes in the proportion of 

correspondence that is realized on alternative traffic routes, when driving with a 
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"choleric" type of nervous system, its statistical evaluation was conducted. The 

multiple correlation coefficient of the model was 0.99, and the average 

approximation error was 10.6%. The results obtained allowed to draw a conclusion 

about the admissibility of using the obtained model for modeling traffic flows in an 

urban environment taking into account the human factor. 

The calculations results of the parameters of the model change in the 

proportion of correspondence, which is realized on alternative routes of movement, 

when driving with a "sanguine" type of nervous system, are given in table 4. 

 

Table 4 

Characteristics of the model change in the proportion of correspondence 

realized on alternative traffic routes when driving with a "sanguine" type of 

nervous system 

Factors Symbol 

M
ea

su
re

m
en

t 
bo

un
da

ri
es

 

C
oe

ffi
ci

en
t 

St
an

da
rd

 
er

ro
r 

Student's  
t-test 

Confidence 
intervals of 

model 
coefficients 

Actual Calcu-
lated 

Lower 
bound 

Upper 
bound 

The ratio of the 
speed of the 
route to the 
speed of the 
shortest route 

kratm VV  0,68-
1,75 0.23 0.12 2.89 2.04 0.05 0.50 

The ratio of the 
route length to 
the shortest 
route length 

kratm LL  1-1,86 –0.07 0.11 2.64 2.04 –0.13 –0.01 

 

The model is as follows: 

kratmkratm
sang LLVVK ⋅−⋅=∆ 07,023,0 .                       (2) 

Of all the factors studied, only four were found to be significant, forming two 

relationships. This is evidenced by the calculated values of Student's t-test, which is 

greater than the table value, as well as the absence of zero in the confidence interval 

of each factor of the model. 
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After the development of the regression model of changes in the proportion of 

correspondence, which is realized on alternative routes of movement, when driving 

with a "sanguine" type of nervous system, its statistical evaluation was conducted. 

The multiple correlation coefficient of the model was 0.99, and the average 

approximation error was 9.28%. The results of calculations of parameters of model 

change of a correspondence share realized on alternative routes of movement, at 

management of the driver with a "phlegmatic" type of nervous system, are given in 

table 5.  

Table 5 

Characteristics of the model change in the proportion of correspondence 

realized on alternative traffic routes when driving with a "phlegmatic" type of 

nervous system 

Factors Symbol 

M
ea

su
re

m
en

t 
bo

un
da

ri
es

 

C
oe

ffi
ci

en
t 

St
an

da
rd

 
er

ro
r 

Student's  
t-test 

Confidence 
intervals of 

model 
coefficients 

Actual Calcu-
lated 

Lower 
bound 

Upper 
bound 

The ratio of the 
speed of the route to 
the speed of the 
shortest route 

kratm VV  0,68-
1,75 0.14 0.13 2.13 2.02 0.04 0.29 

The ratio of the 
route length to the 
shortest route 
length 

kratm LL  1-1,86 –0.05 0.15 2.34 2.02 –0.11 –0.01 

 

The model is as follows: 

kratmkratm
fleg LLVVK ⋅−⋅=∆ 05,014,0  .                                 (3) 

Of all the factors studied, only four were found to be significant, forming two 

relationships. This is evidenced by the calculated values of Student's t-test, which is 

greater than the table value, as well as the absence of zero in the confidence interval 

of each factor of the model. 

After the development of the regression model of changes in the proportion of 

correspondence, which is realized on alternative routes of movement, when driving 
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with a "melancholic" type of nervous system, its statistical evaluation was conducted. 

The multiple correlation coefficient of the model was 0.98, and the average 

approximation error was 12.47%. The results obtained allowed to draw a conclusion 

about the admissibility of using the obtained model for modeling of traffic flows in 

an urban environment taking into account the human factor. The results of 

calculations of the parameters of the model change in the proportion of 

correspondence, which is realized on alternative routes of movement, when driving 

with a "melancholic" type of nervous system, are given in table 6. 

 

Table 6 

Characteristics of the model change in the proportion of correspondence 

realized on alternative traffic routes when driving with a "melancholic" type 

of nervous system 

Factors Symbol 

M
ea

su
re

m
en

t 
bo

un
da

ri
es

 

C
oe

ffi
ci

en
t 

St
an

da
rd

 
er

ro
r 

Student's  
t-test 

Confidence 
intervals of 

model 
coefficients 

Actual Calcu-
lated 

Lower 
bound 

Upper 
bound 

The ratio of the 
speed of the route 
to the speed of the 
shortest route 

kratm VV  0,68-
1,75 0.48 0.18 2.62 2.02 0.021 0.65 

The ratio of the 
route length to the 
shortest route 
length 

kratm LL  1-1,86 –0.02 0.14 2.14 2.02 –0.05 –0.001 

 

The model is as follows:  

kratmkratm
melan LLVVK ⋅−⋅=∆ 02,048,0 .                     (4) 

Of all the factors studied, only four were found to be significant, forming two 

relationships. This is evidenced by the calculated values of Student's t-test, which is 

greater than the table value, as well as the absence of zero in the confidence interval 

of each factor of the model. 
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After the development of the regression model changes in the proportion of 

correspondence, which is realized on alternative routes of movement, when driving 

with a "melancholic" type of nervous system, its statistical evaluation was conducted. 

The multiple correlation coefficient of the model was 0.98, and the average 

approximation error was 9.3%. The obtained results allowed to draw a conclusion 

about the admissibility of using the obtained model for modeling freight transport 

traffic flows in an urban environment taking into account the human factor. 

 

ANALYSIS OF THE CHANGE IN THE PROPORTION OF 

CORRESPONDENCE, WHICH IS REALIZED ON ALTERNATIVE 

ROUTES OF MOVEMENT, WHEN DRIVING WITH DIFFERENT TYPES 

OF NERVOUS SYSTEM 

To analyze the common influence of factors on the proportion of traffic 

correspondence, which is implemented on alternative routes of traffic, when driving 

with different types of nervous system, a comparison of changes in the 

correspondence proportion depending on the parameters of the route was made. 

Fig. 2-3 show the dependencies of the change in the proportion of transport 

correspondence, which is realized on alternative traffic routes, when driving with 

different types of nervous system. 

Analysis of fig. 2-3 showed that the highest proportion of correspondence is 

in drivers with melancholic type of nervous system. Researchers have determined 

that a melancholic is a person with a weak nervous system, his nervous processes are 

unbalanced, can be mobile or inert. He is prone to fluctuations, can not make decision 

for a long time, as it is very difficult for him to choose any of the possible options. 

He adapts badly to new living and working conditions, often retreats to difficulties 

and does not even try to overcome them. Drivers with the sanguine type of nervous 

system are constantly in doubt, practically do not perform any maneuvers on the road 

and are afraid of neighboring cars on the road. This determines the high value of the 

proportion of correspondence that is realized on alternative routes of travel, 

depending on the ratio of the length of the route to the shortest route length. Drivers 
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with the melancholic type of nervous system choose the traffic routes with the least 

number of cars and practically does not change it. Analyzing Figure 3, it can be seen 

that the value of the share of correspondence is increasing with the value of the ratio 

of speed on the route to the speed on the shortest route for the same reasons. 

 

 
Fig. 2. The schedule of change of the correspondence share realized by alternative 

movement routes, at management of drivers with different type of nervous system 

depending on the ratio of the length of the route to the length of the shortest route: 

 - melancholic;    - choleric;   - sanguine;   - phlegmatic.   

 
Fig. 3. The schedule of change of the correspondence share realized by alternative 

movement routes, at management of drivers with different type of nervous system 

depending on the relation of speed of movement on a route to speed of movement 

on the shortest route: 

 - melancholic;    - choleric;   - sanguine;   -  phlegmatic. 
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Less important is the proportion of correspondence in drivers with the choleric 

type of nervous system. Choleric as well as melancholic are emotionally unstable 

people, prone to stormy outward expression of their own feelings.  

Researchers determine that choleric is always an impulsive and nervous person, his 

actions are often dictated by emotions. Usually choleric is able to work hard, but 

quickly gets tired due to the increased excitability of the nervous system.  

Choleric is also a courageous and determined person, he is proactive and  

not inclined to go carefully on the road. Drivers with choleric type of  

nervous system are estimated to have a smaller but relatively high  

proportion of correspondence, compared to drivers with the melancholic  

type of nervous system, as they are also emotionally unstable, but confident  

drivers. 

Even smaller is the proportion of correspondence among drivers with the 

sanguine type of nervous system. Sanguine people are mobile people  

who are characterized by a quick change of mood. They perform well in conditions 

of busy traffic on the roads, but are poorly resistant to a monotonous irritant.  

A lively urban movement is more suitable for them, rather than a boring suburban 

ride. They perfectly perform tasks that require high ingenuity. Therefore,  

drivers with sanguine type of nervous system have a low share of correspondence, 

because they do not "go from one extreme to another", but rather assess the traffic 

situation. 

The smallest proportion of correspondence is in drivers with the phlegmatic 

type of nervous system, because it is usually a calm and slow person, not prone to 

constant change of emotions and to their extremely rapid manifestation.  

Phlegmatic have a balanced nature, it is difficult to get them out of balance. They are 

generally slow, so before making any decision, they prefer to think it over  

quietly - and only then act. Drivers with the phlegmatic type of nervous system are 

calm balanced drivers who prefer a quiet ride and live on the principle  

"more haste, more waste". 
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CONCLUSIONS 

The use of psychophysiological studies methods allowed us to assess the type 

of nervous system and driver's temperament. This made it possible for the first time 

to determine the degree of influence of the street and road network parameters on the 

choice of drivers with different nervous systems type of the traffic  

route when transporting goods in cities. In contrast to the existing approach to 

planning the parameters of the transport process, it is assumed that  

the type of nervous system of drivers, which influences the choice of the movement 

route, was taken into account when considering the organization of  

the freight transport movement. It was found that the parameters of traffic on 

different routes have a differentiated influence on the driving of different 

temperaments. As a result, it is advisable to plan the parameters of the  

freight traffic flow taking into account the type of driver's nervous system. The 

models presented show the value of the proportion of freight transport 

correspondence that will be implemented along the route with the appropriate 

parameters. Their use will allow to predict the load on the road network by trucks. 

As a result, there is an opportunity to assess the impact of industrial infrastructure on 

the state of the urban transport system. This can be one of the elements of smart cities 

infrastructure.  

Such approach to the formation of freight traffic allowed to take into  

account the human factor and the parameters of the road network. However,  

it does not fully monitor the formation of freight flows. It only takes into  

account the type of driver's nervous system. In fact, the choice of the  

route is also influenced by the driver's age and qualifications. The  

measurement results allow the organizers of the transport process to identify  

possible routes for drivers with different types of nervous systems. Therefore,  

the models presented can be used for route design and vehicle planning, taking  

the human factor as a variable to increase the efficiency of the transportation  

process.   
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The obtained models of change in the correspondence share of freight transport 

realized by alternative traffic routes, managed by drivers with different nervous 

system type, can be used in designing traffic routes in cities in which the parameters 

of the transport process and drivers are consistent with the range of changes of 

models factors. The diversity of the data range presented by the factors considered 

covers the real data of freight transportation in the Ukrainian cities. According to the 

analysis, the results presented can be applied in any city or transport system if the 

variation data is similar or included in the proposed model. In this case,  

the models must take into account specific city restrictions. The presented approach 

extends the knowledge gained in solving the problems of organizing the transport 

process and monitoring the formation of freight traffic flows in cities, and introduces 

new principles of urban development planning using Smart infrastructure 

technology. 
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SOCIAL AND LABOUR FEATURES OF ENTREPRENEURSHIP 

ACTIVITY: STRATEGIC ASPECT 

Iastremska O. 

 
The section considers the peculiarities of the use of human capital in entrepreneurial 

activities, modern features of the formation and support of social and labour relations. It is 

proposed as their basis to use an organizational culture, which consists of a culture of contracts 

and a culture of joint actions. As the main types of culture contracts are allocated: lobbying, active 

(infrastructural), corrupt, fairway (redistribution), transformational. The culture of joint actions 

is aimed mainly at the internal environment of the enterprise, focused on the staff, its personal 

characteristics, individual and group needs. Types of contract culture are dependent on the types 

of strategic management centers and the criteria of which are proposed to be used to motivate 

managers of different levels of management. 

Keywords: social and labour relations, organizational culture, culture of joint actions, 

culture of contracts, motivation, strategic centers of management. 

 

INTRODUCTION 

Effective activity of enterprises depends on many factors, among which in 

modern conditions, the vast majority of practitioners and scientists distinguish 

correctly formed social and labour relations. This determines the objective need for 

further research of the peculiarities of the course of entrepreneurial activity on the 

basis of rational use of human capital, organizational culture and its components, 

depending on the composition of managers, their characteristics, methods and styles 

of management used. 

Analysis of the results of enterprises of different industries makes it possible 

to conclude that there are certain differences in their management depending on the 

formed organizational culture in the internal and external environments. Its existence 

is confirmed by a number of studies that have a social orientation and strategic 

context. Therefore, there is a need for additional research of these important 

problems in the present, since their existence does not allow to fully use the available 

https://doi.org/10.30837/MMP.2021.042
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labour potential of employees at enterprises in accordance with their qualifications 

and representation in the total number of personnel, which reduces the efficiency of 

its work. Therefore, existing developments on these problems require further 

development both theoretically and practically. 

 

1. THE USE OF HUMAN CAPITAL IN ENTREPRENEURIAL 

ACTIVITIES 

The driving force of economic development is the innovative nature of 

entrepreneurship. One of the directions of government policy of the state in the 

economic sphere is focused on the development of small and medium-sized 

businesses through the liberalization of the regulatory regime (licensing, permitting 

and controlling activities, etc.) and the introduction of minimal regulation of business 

activities, the application of the declarative principle in the process of business, the 

transition from direct subsidization to financial and credit support for small and 

medium businesses through partial compensation from the budget of interest rates on 

bank loans [20]. In recent years, more and more attention has been paid to improving 

the regulatory framework for promoting the development of entrepreneurship in 

Ukraine. Much attention is paid to the problem of entrepreneurship development in 

scientific research, in particular A. Smith, R.Cantilion, J. Schumpeter, 3. Varnaliy, 

D. Bogynya, L. Vorotin, V. Geyts, V. Kolot, V. Sizonenko, O. Savitsky and other 

scientists. These publications consider various aspects of entrepreneurial activity: 

theoretical and organizational problems, state regulation of entrepreneurship 

development, connection with the process of formation of the middle class, 

motivational mechanisms of entrepreneurial activity. Despite the extensive research 

of domestic and foreign scientists, the theory, methodology and mechanism of 

promoting the development of entrepreneurial activity, the social aspects of 

entrepreneurship, the use of human capital of the population in entrepreneurial 

activity are not paid enough attention. 

R. Apresyan considers entrepreneurship as a socio-organizational and 

transformative activity, which is a kind of creativity and in this sense is one of the 
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key forms of social activity in general [2]. The authors of the scientific study [1] 

define entrepreneurship as a special, creative type of economic behavior, which 

forms the necessary basis for achieving economic success. A. Shapiro notes that in 

almost all definitions of entrepreneurship, we are talking about such behavior, which 

includes an element of the initiative; organization or reorganization of socio-

economic mechanisms, in order to be able to benefit from the available resources and 

specific situation; taking responsibility for a possible failure, that is, the willingness 

to risk [15]. This definition combines economic, personal and managerial 

approaches. Taking into account the social and economic aspects of the above 

definitions, it is advisable to highlight such provisions through which 

entrepreneurship deserves attention: 

- due to the entrepreneurial activity of the population is provided with quality 

goods and services, while the main stimulus of the entrepreneur is his own economic 

interest; 

- entrepreneurial activity acts as the main mechanism for ensuring 

employment and reducing unemployment of the country's population; 

- the introduction of entrepreneurial activity in all spheres of human activity 

provides prerequisites for the formation of a competitive economy of Ukraine; 

- business entities replenish the country's budget; 

- entrepreneurship is capable of innovation and risk at its own expense, and 

entrepreneurs are a powerful engine of innovative development in various spheres; 

- entrepreneurship is the main source of formation of the middle class in the 

country [20, p. 101]. 

Thus, based on the provisions presented, it can be argued that the phenomenon 

of entrepreneurship requires detailed analysis not only in the economic, political 

aspects, but, which is especially important, and in the socio-cultural. 

Modern economic conditions, characterized by a high degree of independence 

of the functioning of individual entrepreneurs, as well as the wide introduction of 

market relations in the process of interaction of all production and economic systems, 

cause the need for a more complete and effective use of their existing potential in 
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order to increase the economic level of the development of society as a whole. 

Achieving this goal depends primarily on the three most important components: 

substance production conditions, personal production conditions (educational and 

cultural level of employees) and their combination in the process of work. At the 

same time, the role of a personal factor in interaction with substance factors of 

production is especially growing. In the course of entrepreneurial activity, its 

participants enter into certain social relations, that is, relations regarding their 

organizational position, image and way of working life, as well as the conditions for 

the formation and development of the individual [16]. They are manifested in 

establishing communication links between participants of entrepreneurial activities 

and in determining their organizational position, which directly affects the formation 

of interests and behavior of individual groups of employees, as well as the results of 

their activities. How harmoniously social entrepreneurial relations fit into a complex 

macro system of market, environmental, political and other relations depends on the 

success, stability and perspective of entrepreneurial activity. 

In the process of doing business, the main functions of the entrepreneur should 

be the ability to innovate and productive use of capital. In modern conditions, income 

can be obtained not only from production, commodity or cash capital. On this 

ground, the theory of human capital appeared, and among the factors of production 

that create income, began to include creative, entrepreneurial, human abilities. The 

authors of the concept of "human capital production" treat human capital as a stock 

that produces labour services in standard units of measurement and consists of the 

qualities and abilities of the person involved in the production of human capital itself, 

and that part of human capital, whose services are offered in the market to the 

employer and which is an investment in the production of other objects and services 

[20, p. 101]. In the context of this theory, a scientific study [4] hypothesizes the 

merger of "labour" and "capital" in the process of creative activity. It is this merger 

that should be considered the basis of the emergence of the theory of labour capital, 

the implementation of which is able to ensure the productive use of the labour 

potential of an economically active population in market conditions 
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Labour theory K. Marx essence of economic relations between workers and 

capitalists reduced to alienation and exploitation of labour capital. It defines labour 

as a form of commodity that belongs to the free person of the hired worker and is 

alienated from the employee by its purchase and sale on the market, takes the form 

of variable capital and belongs to the capitalist as an integral part of the aggregate 

capital [20, p. 102]. In this context, O. Buzgalin notes a stable relationship: the more 

innovative the potential of employees is developed, the more they are able to 

implement management functions as an unchecked creative activity [4]. That is, the 

exploitation is removed by itself as the creative content of the work develops. An 

employee performing creative functions is inherently able to perform and functions 

characteristic of the entrepreneur, in particular the functions of managing the public 

process of production. In the post-industrial economy, human capital weighs more 

than money, technology or other resources embodied in physical capital in the form 

of industrial, commercial, banking or financial capital. The use of human capital in 

entrepreneurial activities to date has not been paid enough attention. In the concept 

of entrepreneurial management, the position of which is used by developed countries, 

the organization is considered as a community of entrepreneurs. In such 

organizations, a new type of manager is formed - a manager-entrepreneur. Managers 

should consider each employee, subordinate as an entrepreneur, capable of creative 

work, the result of which should be innovation. In the situation of entrepreneurial 

management, every employee of the organization, despite the position, tries to 

improve skills, develop professional abilities. Therefore, human capital in the 

process of entrepreneurial activity receives a motive for self-growth [20, p. 102-103]. 

The modern level of development of productive forces, industrial relations, 

and the formation of the foundations of information society in the context of 

globalization is objectively determined by the main element of effective production 

of human goods and services, its mental and physical potential, its expanded 

reproduction. Such a process will take place and dynamic movement with the 

primary creation of appropriate conditions for the genesis of domestic human capital 

at both micro and macro levels. The growth of the role and importance of human 
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potential in the formation of information society necessitates the establishment of an 

adequate economy, where the defining role will belong to intellectual labour 

potential. In this regard, it is legitimate to ask questions about the formation of the 

economy of human capital, the development of scientific and theoretical foundations 

of its formation, justification of recommendations for the introduction of competitive 

organizations of different levels into the practice [20, p. 92]. 

In modern economic theory, the concept of human capital is widely used in 

the study of industrial relations, the development of socio-economic systems [20; 3; 

8; 10]. Each scientific school gives its essential characteristic of this concept, its 

vision of its place and role in the system of economic categories. According to the 

authors of scientific research [20, p. 92 - 93], human capital must be investigated 

both from the side of productive relations and production. In the first case, human 

capital is the reserves of mental and physical energy, their use in the process of life, 

expanded reproduction of opportunities for work, especially entrepreneurial activity, 

in the process of the genesis of the economic system. Human capital on the part of 

production relations expresses relations between people about the effective 

formation, distribution, exchange and use of labour potential, property relations on 

the elements of reproduction in order to ensure comprehensive human development, 

increase productivity, family income. 

An important element of the theory of human capital economics is that it 

involves a free person who has the opportunity to make his own choices in a multi-

aspect market space. In this regard, human education, labour productivity and income 

can be expressed in the form of such interdependence: investment in human capital 

(in particular, in education) - the formation of human capital (increasing the quality 

of labour potential) - the result of labour activity (increasing productivity) - salary or 

profit as an expression of the market value of the use of human capital [20, p. 93]. 

During the 20th century, the productivity of physical labour increased 50 

times. But on this, the potential for its increase has exhausted. In the 21st century, 

the main factor is increasing the productivity of mental labour. Its representatives in 

developed countries are already outnumbered by other workers. Thus, in the United 
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States at the end of the 20th century, they made up almost 40% of the country's 

workforce [20, p. 94]. The analysis of economic activity of employees of 

entrepreneurial structures in Ukraine allows to identify three main behavioral types 

in the field of labour. The first behavioral type is business-oriented workers, which 

would allow them to realize their abilities and achieve material well-being. The 

second behavioral type is the orientation of employees to conscientious fulfilment of 

their duties without any special manifestations of initiative. The third type is when 

employees are profit-oriented without much effort. It is about those who are not 

interested in what they are doing and who do not have a desire for a career [9]. The 

future of the national economy will depend on productivity, first of all, 

representatives of the first group. In the conditions of the formation and development 

of the market economy, there is a gradual transition from hierarchical management 

with a rigid system of administration to relationships that take into account the 

growth of the role of the worker's personality in the process of labour. In this regard, 

management must be built on the knowledge of its motivational settings, the ability 

to form and direct them in accordance with the tasks of the enterprise. Therefore, 

there is an objective need to develop new approaches to prioritizing values and 

changing the concept of personnel management of enterprises, the main thing in 

which workers (in the internal environment) and consumers of products (in the 

external environment). It should be borne in mind that personnel as a management 

object have their own specific features, namely: 

1) people have their own interests, needs, will, goals, react differently to 

managerial actions; 

2) their management is carried out in the conditions of complex interaction of 

individual, group and collective goals; 

3) high level of uncertainty of the controlled environment, and hence the 

degree of risk of managing it; 

4) in addition to scientific approaches, intuition and partial case are of great 

importance in personnel management. 
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As the main functions of social management of entrepreneurship, which is 

precisely the influence on the behavior of staff, it is necessary to highlight the 

following: satisfaction of the interests of staff (increasing the level of their wages, 

professional growth, career movements, solving social problems); determining the 

need for personnel; provision of personnel; organization of the labour process; 

stimulation of staff work; evaluation of personnel use; career guidance of workers; 

recruitment and recruitment; labour adaptation; business evaluation of personnel 

during reception, certification, selection; creation of working conditions; motivation 

of work activity and personnel behavior; professional development of personnel; 

social development of personnel; labour movements; insurance; conflict and stress 

management [16; 6]. 

One of the most important problems of the formation of the human capital 

economy is the implementation of an expanded reproduction of domestic managers-

entrepreneurs, people who would always be in an active creative search for ways to 

increase production efficiency, able to work with subordinates, and not only perfectly 

know the modern economy. The presence of such intellectual labour potential is 

primarily determined by the talent for this complex work, and by the system of 

continuous learning throughout the whole process of life [20, p. 94]. 

The poor quality of human capital may become in the future the main obstacle 

to the economic development of Ukraine, because investments in human capital are 

extremely small, and the economic policy sector is aimed at the old technological 

institutions of industrial society. Education expenditures in the mid-1960s accounted 

for 5% of GDP, and today they make up a little more than 3% (however, with the 

simultaneous growth of private investments). It should be noted that, for example, in 

the EU countries this figure is twice as high [20, p. 94-95]. 

It should be emphasized that the main purpose of investments in human 

capital, from the human point of view, is to increase personal income, which should 

be a natural result of investments in their education, vocational training, health, 

culture. Personal development requires considerable time and material resources, but 
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then these assets, like physical capital, should provide a person with higher and more 

stable income [20, p. 95]. 

It is necessary to develop an appropriate system for stimulating both hired 

workers and employers to continuously improve knowledge and professional skills 

at the state level. Everyone should not only theoretically, but also necessarily know 

and feel in practice how simple work differs from complex work. Workers who do 

work that require greater mental and physical energy are expected to receive wages 

or profits many times higher. Appropriate stimulation systems should be aimed at 

achieving optimally high final results of economic activity of each organization  

[20, p. 95]. 

In Ukraine, the process of de-qualification of labour potential continues. The 

number of employees who upgrade their skills was in 2004 about 8% of the average 

number of employees. Extremely low amounts of funding for professional training 

of hired employees demonstrate data on labour costs: the average monthly cost of 

professional training of one employee is 1.9 UAH, which is slightly more than 0.3% 

of total labour costs [20, p. 95]. Employers are practically not responsible for 

ensuring the proper level of qualification of their employees. The long-term state 

policy on the development of the national labour potential has not been formed; there 

are no forecasts on the demand for professions and the development of their content. 

The problem of professional education in production remains difficult. The average 

frequency of professional development of employees is once every 12 years. 

Therefore, it is urgent to form in Ukraine systems of continuous training of personnel 

throughout the labour life. To do this, it is necessary to improve the regulatory and 

legal framework for professional training of personnel, including directly in 

production [20, p. 96]. 

The future of Ukraine is primarily connected with the development of human 

capital. To get on the trajectory of sustainable economic development, it is necessary 

to accumulate creative, intellectual forces, to identify gifted youth who are able to 

quickly and constructively respond to the requirements of time, and to help them 

master modern knowledge. The need to create a qualitatively new social and 
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psychological climate that would contribute to socio-economic innovations and 

greater self-realization of a person in our country, the development of the human 

capital economy [20, p. 98-99]. 

In developed countries, investments in human capital are growing at a 

particularly rapid rate. In the United States in 1970 - 1990 biennium human capital 

increased faster than physical capital. In addition, already in 1990 total expenditures 

on education, health and social security in this state exceeded production investments 

more than three times [20]. According to the calculations of the famous American 

theorist E. Denison, investment in human capital gives a return of 5 - 6 times more 

than investment in material production. The World Bank, on the example of a survey 

of 192 countries, concluded that only 16% of economic growth in transition 

economies is due to physical capital, 20% - natural capital, the rest 64% are 

associated with human and social capital [20, p. 94]. 

The effectiveness of investing in human capital is an integral condition for the 

formation of a competitive economy of countries with a market economy. This is 

especially important for Ukraine in the development of market relations, where the 

decisive role belongs to entrepreneurial activity, because at all levels of management 

in our society there has still not been a reorientation of priority to the human factor 

of economic growth in relation to material and material. 

The specificity of human capital and investments invested in it is primarily due 

to the fact that it cannot be formed without direct participation of its owner, this 

applies to both material costs and time and mental and physical energy. The 

effectiveness of investing in the future is explained not only by obtaining certain 

"dividends" in the form of experience, professionalism, high qualification of the 

person, but also material return on him (wages, profits, income as a whole). In this 

regard, investing in human capital is a prerequisite for the growth of its labour 

potential at any level. Professional training, even in the absence of material expenses 

that can be financed by the state or the enterprise, that is, to be free of charge for the 

consumer, but it requires time and difficult work from it [20, p. 107]. 
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According to the authors of the scientific research on the socio-economic 

problems of entrepreneurship development [20, p. 107 - 108], the analysis of the 

effectiveness of investments in human capital at the enterprise level begins with the 

assessment of the costs for them and the expected benefits from their implementation 

(fig. 1.1). 

 

 
 

Fig. 1.1. Analysis of the effectiveness of investments in human capital 
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capital, quantitatively determining the projected return is quite difficult. After all, the 

return occurs only with a certain time lag, which is a deterrent for investors who want 

to make investments and almost immediately get their "dividends" [20, p. 108]. 

As a rule, researchers of investment efficiency in the field of human capital 

turn to the technique of analysing "cost-benefit" [7]. The essence of this method is to 

compare the value of benefits and the value of costs and their cost estimation, taking 

into account the time factor (it is first necessary to bring these two indicators to one 

point in time, applying the discounting method). If the current cost of benefits 

overlaps expenses, investment can be considered profitable. This analysis of the 

effectiveness of investment projects regarding human capital can be used by all 

investment entities. Of course, any calculations cannot be accurate and common to 

everyone. This is especially true for the effectiveness of investing in human capital. 

After all, the production activity involves not knowledge as such, but specific living 

and very different people, whose level of education is only approximately reflected 

in diplomas, certificates and duration of training and the intensity of the use of 

existing knowledge depends on a set of socio-economic motivating and demotivating 

factors. Therefore, it is necessary to distinguish between the task of economic 

assessment of human capital and investment in it, on the one hand, and the task of 

creating organizational, economic and social conditions for its effective use on the 

other [20, p. 108-109]. 

In the UK in 1991, the project "Investments in People" was introduced, which 

proved itself an important initiative in approving those enterprises that invest in the 

training of their employees. The program provides employers with a national 

standard for analysing preparation needs, and companies wishing to be recognized 

as investors must meet this standard. This helps to maximize business efficiency by 

connecting the training and development of employees with the goals of the 

organization. The standard is based on four basic principles: 

- top manager takes measures to develop all employees to achieve business 

goals; 
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- the employer regularly reviews the purpose of its business and plans to 

achieve it through the development of the skills of individual employees and teams; 

- the employer is engaged in the preparation and development of people all the 

time, while they work, from the moment of recruitment; 

- the employer calculates investments in training and development and 

assesses the impact of training on improving production efficiency [20, p. 109]. 

Achieving a sufficient level of productivity, and therefore quality and 

competitiveness, mainly depends on entrepreneurial structures. It is necessary to 

realize that the main and decisive efforts should be carried out at enterprises. First of 

all, we are talking about the reorganization of the enterprise management system, an 

integral part of which should be the subsystem of management of productivity and 

quality of human capital. Important attention in this case should be paid to the policy 

of training and professional development of personnel, taking into account the 

following principles [6]: 

1. Higher management of the enterprise should be directly involved in the 

education process. Managers should be competent, as each of them is responsible not 

only for their official growth and their professional qualities, but also for the 

development of human resources. The role of the manager is to help and support 

employees, as well as to encourage the acquisition of new knowledge. 

2. It is necessary to create special training programs in accordance with the 

general strategy of the business entity. At the same time, it is possible to organize 

training in two ways: horizontal (training in certain issues of different subdivisions) 

and vertical (training in certain issues of a particular unit, including management). 

3. The result of the training is subject to careful assessment. The priority 

qualitative benchmarks in this case are professionalism (ability to understand in 

special areas), communication (ability to use new forms of communication, listen to 

and understand the interlocutor, use business terminology), technical skills (ability 

to work with new equipment, new software). 

In the process of learning, it is necessary to create conditions that would allow 

us to unlock and develop human potential. Therefore, it is necessary to use interactive 
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forms of teamwork of those who learn, thereby creating an atmosphere in which 

people try to learn from each other, exchange practical experience, and strengthen 

informal contacts. 

An important aspect of the problem of effective use of human capital in 

entrepreneurial activities is also the creation of programs and methods to improve 

the quality of work life. High quality of work life is characterized by the following: 

work should be interesting; performers must receive a fair reward and recognition of 

their work; supervision by the management should be minimal, but always carried 

out when it is necessary; performers must participate in making decisions that affect 

their interests and related to their work; must be provided with a guarantee of work. 

The current state of the economy of Ukraine requires the development of 

scientific and theoretical foundations of the economy of human capital, where it 

would be assumed that the evolutionary way of radical reforms in the existing 

economic system. The emphasis should be focused on the expanded reproduction of 

domestic human capital, and especially managers-entrepreneurs who carry out the 

process of effective production of goods and services, which will allow to ensure the 

proper level of welfare of the population, comprehensive human development. 

According to the modern new entrepreneurship paradigm, which is focused on 

the human industry [16], the enterprise is a place where it gets the opportunity to 

meet its interests and needs. The dynamism of modern processes determines the 

mobility of all business entities. This requires a person to be highly qualified and 

mobility. A new style of management gives the worker freedom of action, releases 

initiative and creative opportunities. This approach in management is implemented 

by forming an appropriate entrepreneurial culture. 

 

2. ENTREPRENEURIAL CULTURE: CONTENT, FUNCTIONS, 

MODERN FEATURES 

The phenomenon of entrepreneurship culture takes a special place in the 

concept of entrepreneurial society. Considering entrepreneurial activity as a process 

carried out by individuals, enterprises or organizations regarding the development of 
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natural resources, production, purchase, sale of goods or the provision of services in 

exchange for other goods, services or money, it should be borne in mind that this 

process should end with the mutual benefit of business partners. Moreover, this 

process, at whatever practical level it exists, is closely related to the cultural 

environment consisting of an external culture (society) and the internal culture of 

business partners. As business partners can act as private entrepreneurs, and firms, 

organizations. Business relationships, conducting commercial operations are carried 

out with certain structures, subjects of market relations, which also have a certain 

level of business culture. Such institutions contain banks, wholesale and market 

sellers, specialized firms and institutions (legal, accounting, audit, etc.), educational 

institutions, marketing firms, advertising agencies, transport agencies, insurance 

companies, utilities, suppliers, communications and information, etc. In this regard, 

the level of the culture of entrepreneurial activity acts as an integrated factor of 

business efficiency. The phenomenon of culture can have a direct, often the most 

unpredictable impact on the result of business, achieving its intermediate and final 

goals. Thus, the formation of entrepreneurial culture is one of the most important 

long-term strategic tasks of both entrepreneurs and the state in the construction of 

civilized market relations. 

The term "culture" refers to the most ambiguous concepts. Famous German 

psychologist R. Rüttinger notes: "Not only to observe and analyse the culture, but 

also to understand it means to grab hold of the cloud first. Culture and its associated 

perceptions of values are not rigid concepts, such as organization of structure and 

process, managing political and business directions of strategy and budgets. Culture 

is the softest material of all that exist. But "soft" is "solid" on thriving 

enterprises [18]. This remark can be extended to the macro level, that is, the culture 

of entrepreneurship. 

In the scientific literature there is no single definition of the concept of "culture 

of entrepreneurship". Some researchers understand under the culture of 

entrepreneurship a system of symbols, ceremonies and myths that inform members 

of the organization important ideas about values and beliefs, others - a more or less 
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stable conjuncture of forces that prompts the entrepreneur to specifically respond to 

certain circumstances [14]. According to V.G. Makeeva, the culture of 

entrepreneurship is a set of patterns of behavior, value system, social norms, 

fundamental principles and social institutions that focus subjects on certain forms of 

economic activity in the system of entrepreneurship, which ensure the transfer of 

accumulated experience and contribute to the stability of entrepreneurship in time 

[14, p. 12]. Kredisov V.A. believes that entrepreneurial culture is a complex of 

interacting factors, including the experience of the past and present time, structural 

characteristics, the views of managers, rules and norms of economic behavior of 

entrepreneurs [12, p. 168]. Gitelman L.D. considers entrepreneurial culture as a set 

of values, beliefs, attitudes, as well as the general moral climate that help employees 

understand the purpose of the organization as a whole, the mechanism of its 

functioning and thereby create norms of activity and behavior, the rules of following 

them [5, p. 76]. Thus, the culture of entrepreneurship reflects the level of 

development of entrepreneurial activity, attitude to the legality, to the quality of 

products, to financial and production obligations, to the dissemination of business 

information, to the employees of the enterprise, etc. Given the above definitions, it 

is advisable to highlight such components of the content of the concept of "culture 

of entrepreneurship": 

1) the entrepreneur's understanding of business values (each entrepreneur in a 

certain way sees the goals of the business and has his own scale of values, according 

to which he judges about consumers, customers, the needs of his product, the quality 

of the goods, the expected income); 

2) rules and norms of behavior in the planning and implementation of 

business activities arising from ideas about business values (maintaining contacts 

with customers, identifying their desires, actively offering the goods they need, after-

sales service); 

3) specific behavior of the entrepreneur, during which he in practice 

implements the rules and norms of cultural behavior [14, p. 12-13]. 
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According to R. Ryvkina, the culture of entrepreneurship should be considered 

in the field of its intersection with economic culture. The author gives the following 

definition of economic culture: "For all the features of economic cultures of different 

countries, the same structural patterns are preserved everywhere. For example, 

economic culture is always and everywhere a kind of intermediary between the 

complex of political, legal, economic and other conditions of a country and the 

economic behavior of subjects of its economy. It will not be an exaggeration to say: 

the development of the economy is a total result of the actions of millions of people, 

regulated by both the external institutional conditions of their activities and the 

peculiarities of the economic culture of the people themselves [17]. Three main 

functions of market culture are distinguished in the scientific literature, which are 

essentially related to the prerequisites for the emergence of a culture of 

entrepreneurship [17; 18]: 

1) with the help of economic culture, values and norms necessary for the 

development of the economy are chosen or strengthened, traditions are accumulated; 

2) on the basis of economic norms and values, accumulations of economic 

experience and transfer to new generations occur; 

3) new forms of economic culture and new principles of management are 

formed at leading enterprises. 

It is the successful implementation of the third function of economic culture 

that depends on how purposefully the economic and social systems stimulate the 

development of entrepreneurship, its culture and ethical norms. At the same time, 

ethical norms of doing business can never be imposed on such independent subjects 

of economic relations as entrepreneurs. They are produced gradually and are 

determined by practical realities - the need to increase the viability and long-term 

competitiveness of the enterprise. 

The most fully entrepreneurial culture is characterized by the following 

functions: 

- protective (serves as a kind of barrier to penetration of undesirable trends and 

negative values characteristic of the external environment); 
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- communicative-integrative (provides survival in this socio-economic 

environment, stability and stability); 

- regulatory (includes informal, unwritten rules that indicate how 

entrepreneurs should behave in the process of carrying out their activities); 

- conservative (creates forces of internal stability and resistance to external 

influences by representing traditional samples of entrepreneurial work); 

- adaptive (facilitates the mutual adaptation of workers to the organization and 

organization of workers); 

- developing (related to the educational, educational effect, resulting in an 

increase in human capital, that is, increasing the knowledge and skills of workers, 

which the company can use to achieve its goals); 

- broadcast (transmits information as a whole); 

- innovative (contributes to the creation of new samples, more adapted to the 

changed circumstances); 

- quality management (contributes to improving the quality of goods and 

services of the business entity, producing a more attentive attitude to work); 

- orientation to consumers (takes into account the goals, requests, interests of 

consumers, which contributes to establishing more stable and consistent relations of 

the enterprise with customers); 

- evaluating (creates methods and criteria for assessing actions, thus forming a 

regime of regulated and ranked behavior); 

- goal setting (forms reference, idealized values that act as incentives and goals 

for the formation and selection of goals in entrepreneurial activities); 

- reproductive (preserves and reproduces values of different shapes and types, 

passes them from generation to generation) [14; 13]. 

The process of emergence, formation and development of the culture of 

entrepreneurship is very complex. The formation of the culture of entrepreneurship 

is based on such basic principles [22, p. 168]: 
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1. The principle of consistency defines the treatment of culture as a system of 

interconnected elements, the change of which is possible only by changing each 

element. 

2. The principle of complexity determines the consideration of culture, taking 

into account the influence of psychological, social and organizational and economic 

factors. 

3. The principle of nationalism implies the formation of a culture of taking into 

account national features, mentality, customs of the region, the country in which the 

organization is located and the subject of entrepreneurship. 

4. The principle of historicity determines the need for conformity of the  

system of values of the organization and practice of interpersonal relations with the 

basic modern human values, as well as taking into account their dynamics in  

time. 

5. The principle of science assumes the need to use scientifically grounded 

methods and solutions in the formation of a culture of entrepreneurship. 

6. The principle of value orientation, that is, the basic orienting role  

of the value system for the whole system, which determines the culture of 

entrepreneurship. 

7. The principle of scenario, that is, the presentation of all recommendations 

that determine and regulate the relations and actions of the staff of the  

organization in the form of a scenario that describes the content of the  

activities of all its employees, attributes to them a certain character and style of 

behavior. 

8. The principle of efficiency assumes the need for a purposeful influence on 

the elements of the culture of entrepreneurship and its attributes in order to achieve 

the best socio-psychological conditions of the organization's personnel and its 

success in entrepreneurship. 

According to R. Ruttinger [18], the process of emergence and formation of the 

culture of entrepreneurship and so-called subcultures (its variants and varieties) has 

the following prerequisites: 
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1) a certain culture or subculture occurs after a certain time in any association 

of people; 

2) each culture forms unwritten norms and mutual expectations that affect the 

behavior of the team and individual individuals. In this connection, culture can be 

characterized as the basis of adopted norms of behavior, which a group of people 

with a common past conveys to new members of the group by language and infant 

means; 

3) people are more willing to develop and form the culture of the group, which 

they are members of, and not only passively perceive and reflect the culture due to 

the formed traditions. 

According to the authors of the scientific work [11] L. Kolesnikova and 

V. Perekrestov, the development of culture forms a circle of norms and rules formed 

at micro and macro levels (fig. 2.1). In this model of the process of emergence and 

development of the culture of entrepreneurship, researchers consider the culture of 

market relations and culture in a broader context as a result of summing up millions 

of behavioral characteristics at the micro level, which in turn are determined by the 

level of development of the culture of entrepreneurship and the culture of society at 

the macro level. In turn, the cultures of individual organizations form a  

holistic phenomenon that characterizes a specific system of norms and rules or 

culture of interaction between organizations, characteristic of this  

particular area, region and country as a whole, forming what is called the  

culture of market relations and the culture of entrepreneurship. In reality,  

the culture of entrepreneurship is not a monolithic phenomenon. Within  

this process, various subcultures develop, and informal ones develop along  

with formal norms. At the same time, acting as part of an economic culture,  

it does not correlate with it as a part of the general, but rather permeates it 

through, being inherent in other elements of a broader system - the general culture  

of society, which includes the spheres of law, politics, religion, morality, art and  

science [11]. 
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Fig. 2.1. Emergence and development of entrepreneurship culture 
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4. Justification and design of each event. 

5. Substantiation of design parameters of each event on transformation of 

elements of the existing culture of entrepreneurship. 

6. Implementation of proposals for the formation of a progressive culture. 

7. Analysis of the effectiveness of the proposed measures. 

The tasks of the formation of the culture of entrepreneurship are given in 

fig. 2.2 [22]. 

 

 
Fig. 2.2. The task of formation of the culture of entrepreneurship 
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2. Universal values. General ideas about the meaning of life, about the place 

of a person in the universe and its purpose, about nature, duty, the desire for justice 

- all this affects economic activity, and therefore the development of the culture of 

entrepreneurship. 

3. National-cultural and religious-cultural stereotypes of the way of life of a 

particular country. Cultures of different countries that form different systems of 

values significantly affect the culture of entrepreneurship and ultimately on the 

behavior of entrepreneurs. One culture approves of riskier behavior, the other - more 

cautious. In some cultures, the process of solving means more than the result. Some 

cultures encourage a firm and unambiguous position in decision making, while others 

value a tendency to compromise. 

4. Cultural examples of economic ideas and economic behavior. In one society, 

the attitude to technology, even in the areas necessary for the survival of people, is 

quite restrained, and in the other - much attention is paid to the constant improvement 

of technology and technology. 

5. Norms and patterns of interaction between business entities, methods of 

reproduction and translation of these models, i.e. rules of conduct of a certain 

business professional group (traders, financiers, industrialists). 

6. Value-motivational attitude to labour, wealth, accumulation (work ethic). 

The dominance of commercial and financial intermediary activity over production, 

the departure of national wealth abroad - all this is a destabilizing factor in the 

development of entrepreneurial culture. 

7. Spatial factor - features of the landscape, climate, location of the country, 

size of the general and agricultural territory. 

8. Environmental dynamics [14; 5; 13; 24]. 

The research conducted in the 80’s of the 20th century by Dutch scholar-

sociologist Herbert Hofsted, has proved a role of national-state and ethnic factors in 

the development of entrepreneurial culture. Hofsted built a four-component model 

of values that allows describing the types of cultures of entrepreneurship [14; 13; 
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22]. According to this model, entrepreneurial culture can be characterized by the 

following components. 

1. Distance of power. 

The "distance of power" component determines the degree of encouragement 

of inequality in the distribution of power among members of cultural community. 

The distribution of power in culture essentially provides a balance of forces seeking 

greater inequality and forces fighting for its reduction. The consequence of inequality 

is a divergence in the social status of individuals, welfare, power, rights. In the 

culture of entrepreneurship with a small distance of power, the concept of "welfare", 

"authority" and "power" evoke positive associations and are a consequence of the 

individual's personal abilities, rather than his belonging to a certain group. The 

"distance of power" factor also affects management activities in organizations. Thus, 

managers of enterprises where the distance of power is insignificant, often use 

democratic or liberal management styles, do not recognize strict control over the 

actions of subordinates [14, p. 26-27]. 

2. Indicator of avoidance of uncertainty. 

The "avoidance of uncertainty" component shows the degree of perception and 

reaction of culture to the uncertainty and complexity of the surrounding world. If, for 

example, uncertainty does not cause strong fear and concern, then such an 

entrepreneurial culture is characterized by emotional openness to external changes 

and high readiness for risk. In this case, hope for success, self - confidence, not fear 

of possible difficulties and losses, and prevail. The influence of the component 

"avoidance of uncertainty" on entrepreneurial activity is manifested in insignificant 

structuring of tasks, a small number of written prescriptions, a flexible management 

style [14, p. 27-28]. 

3. Individualism - collectivism. 

The component "individualism - collectivism" shows the degree of integration 

of individuals into a group (cultural community). Individualistic culture emphasizes 

the importance of personality, its interests and well-being. In a collectively oriented 

culture, all aspirations are aimed at satisfying group interests. Such a culture is 
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dominated by a sense of duty towards a collective, group or partner of a higher rank. 

The actions and thinking of an individual are more determined by belonging to a 

particular group, the relationship from which is built, as a rule, on a moral basis. In 

such a culture, the group cares for its members, and they, in turn, give all their 

strength to its benefit. The policy of organization with collectivist culture is based on 

the principles of loyalty and sense of duty [14, p. 28-29]. 

4. Masculinity – femininity. 

The component "masculinity - femininity" reflects the tendency of the bearers 

of cultural community to adhere to the "masculine" or "feminine" style of behavior, 

due to the traditional notion of the social role of man and woman. The desire for 

social contacts, care, improving the quality of life - all these are characteristics of the 

"female" style of behavior. In business organizations, where the "male" style 

prevails, a strong focus on success, more importance is given to the interests of the 

organization and there is a tendency to an authoritarian method of decision making 

[14, p. 30]. 

In the development of the theory of G. Hofstede V.V. Tomilov determined the 

dependence between the type of organizational structure of the subject of 

entrepreneurship and the type of entrepreneurial culture according to the component 

"masculinity - femininity" (table 2.1) [22]. 

Thus, the process of formation of culture is influenced by many factors, and 

each country has its own priorities: religious or national aspect, socio-economic or 

political processes, etc. Given this, we can conclude that the culture of 

entrepreneurship is part of the socio-cultural system. Entrepreneurship is carried out 

to meet the needs of people living in a particular society that forms their basic views, 

values and norms of behavior. Ignoring these realities is impossible, so success or 

failure in entrepreneurship directly depends on how fully the factors of the socio-

cultural environment are taken into account (ethical and religious norms: worldview, 

morality, religious views, beliefs; cultural principles and values: national culture and 

art, customs and traditions, attitude to cultural and historical heritage; lifestyle: life 

goals and values, behavior, relationships, consumer priorities) in the activity of the 
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enterprise. Since the process of development of society is evolutionary, the culture 

of entrepreneurship develops together with the evolution of economic, social, 

cultural realities. However, the full identity between the development of the culture 

of entrepreneurship and the history of society cannot be. Having arisen and started 

to form under certain conditions, entrepreneurial culture becomes a fairly 

autonomous system that develops according to its internally determined laws. 

External influences can only stimulate the development of the culture of 

entrepreneurship in one or another direction, encourage it to adapt to changing 

circumstances. At the same time, the culture can be greatly modified: on the basis of 

old ideas, new, more adapted to the changing circumstances, more appropriate to 

certain needs of business entities. 

 

Table 2.1 

Organizational structures of enterprise management taking into account the 

type of entrepreneurial culture 

No. 

Type of 
organizational 
management 

structure 

Organizational 
form of 

management 

Type of 
entrepreneurship 

Strong 
culture 
("male" 

style) 

Weak 
culture 

("female" 
style) 

1 Linear Individual-
private, corporate 

Small business + - 

2 Functional Corporate Small, medium 
business 

- + 

3 Line-staff 
(divisional) 

Corporate, state Medium business - + 

4 Linear-functional Individual-
private, state 

Medium, big 
business 

+ - 

5 Matrix Shareholder, state Medium, big 
business 

- + 

6 Network Shareholder, state Medium, big 
business 

- + 

 

Based on the peculiarities of the process of formation and  

development of entrepreneurial culture, the following properties should be 

distinguished: 
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1) generality - the ability to cover all kinds of actions carried out by business 

entities, that is, entrepreneurial culture is the form in which economic acts are 

enshrined; 

2) informality - the lack of connection between the functioning of 

entrepreneurial culture and the official rules established by the order, that is, 

entrepreneurial culture acts in parallel with the formal economic  

mechanism; 

3) accumulativeness - the propensity of carriers of the culture of 

entrepreneurship (cultural community) to the perception of ever invented ways and 

objects of activity; 

4) modification - the ability to enrich or update their cultural  

traditions in order to adapt to the external environment and internal  

integration; 

5) effectiveness - the ability to function productively due to more carriers of 

culture and due to their energy; 

6) ambivalence - the ability of regulators of the culture of entrepreneurs to call 

out the duality of experiences, which allows to use the norms and values of culture 

on the principles of free choice; 

7) stability - the ability of the formed values of culture and ways of their 

implementation to acquire the character of traditions and to maintain stability for 

several generations [14, p. 22; 13, p. 55-56]. 

The culture of entrepreneurs, their business ethics is also manifested in 

relations with society, which is determined by participation in solving economic, 

social and environmental problems. The problem of social responsibility of 

entrepreneurs in modern society is of increasing importance [23]. There is no single 

content of social responsibility for all entrepreneurs. Without taking into account the 

legal provisions in the field of social responsibility its content, each business entity 

can determine in its own way. The content of social responsibility differs depending 

on the characteristics of business entities, namely: their size, manufactured goods, 

competitive strategies, production processes, marketing methods, goals,  
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managers, etc. Despite the fact that social responsibility has different  

content and forms for individual industries and entrepreneurs, the main  

obligations exist for all entrepreneurs - these are obligations of entrepreneurs in 

relation to society, which extend to many areas. Saniakhmetova highlights the 

following basic requirements of social responsibility of entrepreneurs in modern 

society:  

– increase the efficiency of entrepreneurs (to be more efficient and 

progressive, to produce the best goods and services, to guarantee the quality of 

consumer goods); 

– full responsibility of business entities to interested groups of persons 

(shareholders. workers); 

– greater responsibility of entrepreneurs for the welfare of the whole 

society [19]. 

Social responsibility of entrepreneurs is becoming increasingly important in 

Ukraine, as entrepreneurs are becoming an increasingly influential force in society 

during the development of market conditions of management. Entrepreneurs should 

not only strive to achieve the goal of profit, but also anticipate high standards of 

social responsibility. The formation of a new strategic thinking of  

entrepreneurs is necessary, that is, the formation of entrepreneurial culture in 

accordance with the basic values of society. It is also advisable to provide  

certain measures of encouragement that stimulate social responsibility of 

entrepreneurs. 

Makeeva V.G. has developed a model of socially oriented entrepreneurship 

(fig. 2.3). In this case, social policy is considered by the author as a complex of 

socially responsible measures in the field of investment and employment, production, 

environmental protection, management, marketing. The purpose of social policy is 

to ensure that entrepreneurs by their activities contribute to the reduction of social 

contradictions, negative consequences of the market economy (unemployment, 

poverty, etc.) [14, p. 118]. 
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Fig. 2.3. Model of socially oriented entrepreneurship 

 

Reactive social policy assumes that an organization as an economic integrity 

is obliged to take care only of the effectiveness of the use of its resources. Thus, 

Nobel Prize winner M. Friedman noted that the real role of business is to use its 

energy and resources in activities aimed at increasing profits, provided that it adheres 

to the rules of the game and participates in open competition without running to 

fraud. Thus, an entrepreneur has the right to ignore the negative social effect that his 

activities can carry out on consumers and society, to make decisions, guided only by 

the goal of maximizing profit. Realizing the function of the owner, the entrepreneur 

must provide the greatest return on the resources used and will seek to maximize 

income. But on the other hand, as a business owner, seeking to ensure the long-term 

stability of the enterprise, he is forced to form his goals taking into account external 

influences. In this regard, at the second level of hierarchical needs, in addition to 

economic responsibility, the organization takes into account the human and social 

aspects of the impact of its business activity on employees, consumers, local 

communities, suppliers, information facilities, unions, associations. This multilayer 

ІІІ 
Reactive 

social policy 
(taking into 

account state 
regulation) 

ІІ 
Active social policy (taking into 

account in the management of the 
interests of society) 

І 
Proactive social policy (perspective planning 

taking into account the expected social needs or 
creating new social needs) 
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environment can greatly influence the achievement of the organization's goals, so 

entrepreneurs have to balance economic goals with the economic and social interests 

of these components. As a rule, the transition from reactive to active and further - to 

proactive social policy is carried out with the growth of the organization, due to the 

increase in resources and management experience. The proactive social policy is 

dominated by the strategic idea that the enterprise is prosperous to the extent that it 

is trusted by different members of society, as far as it takes into account their interests 

and rights in its policy [14, p. 118-119]. Thus, the real social responsibility of 

entrepreneurs lays, first of all, in such an organization of business that would provide 

employees with a stable property position, social protection the opportunity to 

receive education and spiritual growth. 

The formation and functioning of modern entrepreneurial organizations is 

based on their openness and social orientation. Each subject of market relations 

solves independently the issues of not only internal organization (microlevel of 

entrepreneurial culture), but also organization of the whole set of connections with 

the external environment (macro level of entrepreneurial culture). The success of 

solving these problems depends on the efficiency of business activities. Based on 

such provisions, a new managerial paradigm is also needed, which, as Drucker 

emphasized: a) is aimed at a person, in order to make people capable of effective 

joint actions; b) inseparable from culture; c) forms communication between people; 

d) assumes that the evaluation of managers cannot be limited only to production 

indicators, it must be multi-sided [25]. Thus, the new management paradigm 

significantly increases the importance of entrepreneurship culture. 

The advancement of science and technology, the widespread introduction of 

information and telecommunication technologies dramatically changed some 

features of the production process and its socio-cultural environment, caused 

significant changes in the culture of entrepreneurship. The transition to modern forms 

of production and management imposes on entrepreneurs such requirements, which 

can only meet the, who perceived and learned new cultural features. Therefore, in 

modern society, the question arises about the need for the formation of a specific 
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post-industrial culture of entrepreneurship. As the main features of such a culture, it 

is advisable to highlight such as: 

1. In the XXI century, the values and regulatory system of entrepreneurship 

culture are complicated. Thus, modern entrepreneurial culture gradually makes its 

object a reasonable attitude to nature, that is, there is a culture of environmental 

activity of the entrepreneur. 

2. In a post-industrial society, the main value is a person with his knowledge, 

qualifications, creativity, and skills. The post-industrial culture of entrepreneurship 

is associated with the change in the basic motivations of activity and the emergence 

of a new content of professional work - from abstract activity and the way to make 

money; it began to gradually turn into a form of self-expression. A person treats the 

profession as an opportunity to realize creative, personal potential. 

3. Globalization processes lead to the establishment of a new form of social 

organization based on information cultural stereotypes. Increasing the economic 

significance of scientific and information products has generated a new scheme of 

economic relations: fundamental scientific research - creation of technological and 

technical innovations - production of goods and services on the basis of advanced 

technologies - distribution of goods and services. Socio-cultural, political, economic 

conditions require reorientation of entrepreneurs on innovation, continuity of 

educational process in their activities [14, p. 20 - 21]. 

In recent years, in developed countries, the transition to a qualitatively new 

type of economic growth, which is called scientific-technical or innovative. It is 

characterized by: mass creative activity that changes the attitude to the forms of 

personality expression, risk, initiative, search; entrepreneurial behavior aimed at 

mastering high technologies; modification of property relations in large corporations; 

transforming nature of management. Accordingly, the entrepreneurial culture also 

changes. In this regard, it is necessary to strengthen the innovative components of 

entrepreneurial culture, characterized by a much higher educational level of 

entrepreneurs, creative environment, innovation, constant improvement, 

experimentation, readiness for risk, dynamism. According to Yu. V. Taranukha  
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[21, p. 83], an innovative type of entrepreneurial culture due not to the internal 

evolution of the organization. On the contrary, the transition to flexible, open 

organizations was a reaction to changes in the conditions of entrepreneurship. In the 

XIX and early XX centuries, ensuring mass demand for standardized products was a 

defining feature of farming. Under these conditions, only industry determinism, 

product specialization and rigid management structures could ensure a reduction in 

production costs as a decisive tool of competition. Changes that occurred later in the 

nature of demand - deepening differentiation of demand and the transition to its 

individualization - required an approximation to the needs of the consumer, which 

led, in turn, to a shift in the accents of competition in the field of non-price 

competition. Finding competitive advantages became possible only through a 

flexible response to market challenges. There was a need for flexible, open to the 

perception of market changes of the organization. This required not only the 

flexibility of management, but also the democratization of the entire entrepreneurial 

process, that is, a change in the culture of entrepreneurship. 

The culture of entrepreneurship manifests itself in the ability of organizations 

to rebuild their work on the basis of feedback. These transformations must 

correspond to the image of "civilized entrepreneurship." Today, at the level of 

household consciousness, there is still such an opinion in Ukraine that under market 

conditions, speculation is a type of legal entrepreneurial activity. Formally, 

Ukrainian entrepreneurs are focused on Western style of business relations. But in 

real behavior often demonstrate the so-called patriarchal tendencies [9]. To prevent 

these trends, first of all, it is necessary to change the conditions in which 

entrepreneurial activity is carried out, since the absence of a stimulating competitive 

environment is the main cause of the systemic crisis of the Ukrainian economy. The 

transformation of the culture of modern Ukrainian entrepreneurship into a civilized 

form should be carried out in the following areas: 

1. Sovereignty of state and business (termination of opportunities to use power 

for business; limiting the state's ability to interfere in the economic activities of 
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business entities; strengthening the financial independence of entrepreneurs by 

improving the macroeconomic conditions of its implementation). 

2. Increase of competitiveness of markets (creation of favourable conditions 

for competitive activity by reducing industry barriers, development of market 

infrastructure, intensification of scientific and technical policy and optimization of 

foreign trade policy; active implementation of antimonopoly policy both regarding 

the restriction of monopoly manifestations and alignment of economic conditions). 

Entrepreneurship undoubtedly plays an important role in the development of 

the economy and society. Thanks to the entrepreneurial initiative, new products and 

services are created, new ways of production and spheres of labour are introduced, 

new markets are opened. This indicates that entrepreneurship is not only a product 

of socio-economic development of society, but also requires constant and close 

attention to yourself from the latter. 

Thus, the theoretical provisions considered allow to define the culture of 

entrepreneurship as a set of behavioral characteristics inherent in both individuals 

and organizations or local economic systems. It characterizes their ability according 

to personal, organizational or systemic self-renewal. At the personal level, the culture 

of entrepreneurship is determined by psychology, sensations and perception, the 

system of human values, at the organizational and systemic levels - the structure and 

quality of horizontal and vertical ties. 

According to some experts [11; 9] today in our country created a specific 

market economy without competition, which is due to the lack of a real stimulating 

competitive environment, which, on the one hand, allows to enter the markets with 

minimal costs to new business entities, and on the other, forces non-competitive 

enterprises to leave the markets during bankruptcy procedures. The lack of a 

stimulating competitive environment is one of the fundamental reasons for the 

insufficient level of business development in Ukraine. This indicates the primary 

need to implement measures aimed at maintaining the stability of both the external 

and internal business environment. Particular attention in the study of the key 

problems of the internal environment deserves the effectiveness of the use of 
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Economic resources, the leading role among which are played by workers, since they 

are simultaneously both resources that are under the influence of the management 

system, and themselves have an impact on the progress of the enterprise development 

processes. In this regard, there is an urgent problem to investigate the state of human 

resources, to distribute the investigated enterprises into groups based on the results 

of their use. 

3. Recommendations on organizational and cultural support for the strategic 

reorganization of business activities at the enterprise in the strategic aspect 

Entrepreneurial activity should be susceptible to organizational and cultural 

relations in the internal environment of the enterprise and to relations with the 

external environment. Organizational and structural relationships are an 

organizational structure that, despite its level of adaptability, has a rigid and firm 

formal basis (hard structure), then organizational and cultural relations, i.e. 

organizational culture (or simply culture) as a component of susceptibility has a soft 

and informal nature (soft structure), which consists of That is, the set of 

organizational and structural relationships and organizational and cultural relations 

characterizes the processes of institutionalization of entrepreneurship at the micro 

level. 

In the process of implementing business strategies, business processes of the 

enterprise undergo certain changes, so the main goal of organizational culture is to 

promote their positivization, as a result of which business entities must receive a 

"new status quo." And in order to keep it for the required period of time, the company 

needs to pay constant attention to the development of constructive relationships 

between employees and between subjects of the external environment in order to 

achieve the stability of the functioning of the system "object - project - investor," 

increase its productivity and use of human capital as a leading production force, 

which is characteristic of post-industrial society. Becoming the way of its 

construction, social and economic relations in Ukraine at all economic levels, 

including microeconomic, however, as in European countries, will gradually become 

intangible, which is to prevail the goals of personal development and its creative 
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manifestation both in production and in consumption, over the tasks of multiplying 

material wealth. Therefore, the importance of organizational culture to increase the 

efficiency of business processes of the enterprise in general and its entrepreneurial 

activity in particular is gaining more and more importance. As for the latter, the 

culture of doing business is of dual importance: first, it has a direct impact on the 

activity of investment processes, and secondly, it itself is the object of investment, 

since it requires financial support for its development and acquiring a sign of 

adequacy to the rapidly changing conditions for the functioning of business entities. 

In addition, organizational and cultural relations have a socio-economic nature, 

manifested in the culture of contracts; culture of joint actions of personnel and 

subjects of the external environment. 

As for the latter, the culture of doing business is of dual importance: first, it 

has a direct impact on the activity of investment processes, and secondly, it itself is 

the object of investment, since it requires financial support for its development and 

acquiring a sign of adequacy to the rapidly changing conditions for the functioning 

of business entities. In addition, organizational and cultural relations have a socio-

economic nature, manifested in the culture of contracts; culture of joint actions of 

personnel and subjects of the external environment:  

– lobbying, which is typical for large enterprises or for entrepreneurial 

structures that carry out socially or environmentally important activities for the 

development of the industry or territory and need to lobby their interests and take 

them into account in the contracts concluded; 

– intensive entrepreneurial behavior is inherent in high-performance 

enterprises seeking to take the position of leaders and gain additional financial 

advantages. This behavior would be more correct to call the forehand, because it is 

characteristic of business entities seeking to make an economic breakthrough;  

– active infrastructure behavior is typical for small and medium-sized business 

entities seeking to obtain investments for investment in the infrastructure direction 

of their business development; 

– corrupt - can be inherent in enterprises of any type and is associated with a 

violation of the moral canons of doing business, which is a negative side of the 
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manifestation of the culture of contracts; 

– redistribution behavior is inherent in enterprises that are not effective enough 

and expect profitable contracts from highly profitable structures. This type of 

contract culture should be called fairy or niche, because such enterprises are satellites 

of large entrepreneurial contracts; 

– transformational - characteristic of economic entities that are in a state of 

change of ownership, transition to the production of new products, which are inherent 

in strategic transformations. As for entrepreneurial activity, they are actively engaged 

in it, but not in order to have super profits, but in order to get out of the difficult 

economic situation, so their culture of contracts is directed to the survival of the latter 

and obtaining the necessary investment resources under any conditions.  

In the process of investing, it is advisable to consider the culture of contracts 

as external, its core is obtaining investment resources from the environment, creating 

and successful functioning of the triple system "object - project - investor," so it 

basically has an orientation on efficiency and economic result based on rational needs 

and a limited-rational type of behavior. But the companion of economic efficiency is 

social achievements, which it is advisable to consider as an important and integral 

part of the investment results, which is a social and collective benefit. 

The culture of joint actions mainly focuses on the internal environment of the 

enterprise, the focus on the staff, its personal characteristics, and the satisfaction of 

individual and group needs, and through them - on achieving the expected economic 

results of entrepreneurial activity. Therefore, its basis is social needs, which are 

predominant, but in today's conditions are not prevalent, because the low level of 

material support of most hired workers still provides for the satisfaction of not only 

social, but primarily economic (rational) needs that are individualistic.      

Since the implementation of the formed strategies of entrepreneurial activity 

of the enterprise is usually associated with carrying out, to a greater or lesser extent, 

strategic organizational transformations, which it is advisable to carry out through a 

network of strategic business centers (SBCs), the peculiarities of the culture of joint 

actions should be the following: 

– prevalence of common organizational and cultural relations of enterprises 
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that perform a unifying function and have the highest value priority; 

– each type of SBC is inherent in its own culture of actions and internal 

relations in accordance with the level of independence, which it is endowed with a 

central control unit; 

– the culture of joint actions of each SBC should not contradict the general 

culture of the enterprise, but be its integral derivative part. 

Organizational and cultural relations, regardless of the level of hierarchy at 

which they appear and act, act in two forms: 

– internal in the form of beliefs, moral attitudes, ways of thinking and values; 

– external, which is transmitted through customs, traditions of the enterprise 

or SBC, group beliefs, rites, symbols. 

The core of culture is the values from which the mission, the system of goals, 

the tasks of the enterprise. An important point is that its common values do not 

contradict the personal values of the members of the team, which determine their 

behavior in specific situations. Therefore, the main purpose of creating and using a 

culture inherent in a particular enterprise is to harmonize the interests and goals of 

personnel with the mission, their integration and adaptation to the rapidly changing 

environment in accordance with the general economic, competitive and functional 

strategies of its development. 

The study of the formation and implementation of a culture of joint actions 

was paid attention to many researchers [1 - 12]. The vast majority of researchers 

consider organizational culture through a value system [16; 25]. By summarizing the 

proposals of most researchers and agreeing with the concept of culture as an integral 

characteristic, the type of enterprise culture can be represented as a system of 

common values, which include: 

– norms of relationships and behavior of staff; 

– appointment of the business entity; 

– employees' perception of common goals; 

– value benchmarks (care for staff, guaranteed employment, fair  

rewards, etc.); 

– image, both general and investment attractive. 
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Organizational culture influences the choice of a way to comprehend the 

surrounding reality and internal relations, regulates not only working relations in the 

team, but also has a certain impact on personal relationships of employees in their 

spare time, is reflected in the strategies and structure of the enterprise, the principles 

of management, which, in turn, are considered as tools of organizational culture. 

Since functions are an expression of the essence of any phenomenon, the 

culture of an enterprise should be considered through their aggregate. Analysing the 

research of scientists on the list of functions [14, 13], considering their aggregate in 

the context of this study, it is advisable to dwell on the following list: 

– integrative, the purpose of which is to harmonize the interests of the subjects 

of the internal environment of the enterprise with each other and with the external 

environment in the process of implementing business strategies as part of a set of 

strategic alternatives; 

– regulating, which is to adjust the behavior of personnel in accordance with 

the general values of the enterprise, strategic and tactical goals; 

– professional and educational, which provides for the promotion of a constant 

increase in the level of professionalism of employees of the enterprise, which is the 

key to achieving the set strategic goals; 

– educational, according to which the behavior of the personnel of the 

enterprise acquires an effective moral and ethical content and direction. 

All the proposed functions are simultaneously aimed at both the internal 

environment of the enterprise and the external one, as they allow to predict its 

behavior, which contributes to the formation of the subjects of market and power-

state relations of an active desire to cooperate with it. These functions also 

characterize micro-level processes of institutionalization of the enterprise and 

contribute to its established development in the chosen strategic direction. 

The organizational culture of joint actions is formed, on the one hand, as an 

objective result of many years of experience of the enterprise in successfully solving 

business problems, which is fixed in its organizational structure and management 

processes, and on the other - as a subjective result of the active influence of 

management style, power installations of managers-leaders. It is found in the existing 
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priorities of solving social problems; readiness for reasonable risks and innovations; 

using group forms of decision-making; focus on collective incentives; existing at the 

enterprise level of self-government, self-planning, self-organization, self-control and 

self-assessment of both individual subdivisions - SBCs and employees. 

The company should not adhere to a single type of organizational and cultural 

relations during its life cycle, they must be changed synchronously to fluctuations in 

the priorities of the entity regarding its interests in the internal and external 

environments, which will increase the susceptibility of the enterprise to socio-

economic changes, one of the types of which is the proposal of investment projects. 

At the same time, the process of developing cultural relationships should be 

controlled by top managers. The impact of organizational culture on the management 

system is carried out through strategies and the general concept of management, 

decision-making models, the limits of the distribution of power, methods and tools 

for assessing the results of work and behavior of personnel. 

Since it is advisable to use a network of SBC in the organization of its activities 

to gain some flexibility in accordance with the changing environment, each of them, 

depending on its type, should be inherent in its type of organizational culture. You 

can recommend the use of the following types of crops interaction centers with the 

central control unit (CU): 

– for dependent SBCs (discretionary, maintenance, implementation), that is, 

centers of the first kind, - bureaucratic; 

– for SBC relative to independent (expenses, income, profit), that is, the 

second type, - organic; 

– for SBC of the third kind, independent (capital investments, venture capital, 

investments), - entrepreneurial; 

– in general, for the enterprise in the process of forming and implementing 

strategies, - participative. 

Thus, cultures of individual strategic units together form a holistic 

phenomenon characterizing a specific system of norms and rules or culture of 

interaction between subdivisions (joint actions), characteristic of a particular entity. 

The process of life of each proposed type of organizational and cultural relations. 
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Regarding the investment of entrepreneurial activity, the basis for the 

formation of an effective organizational culture should be investment transparency: 

internal contributes to the development of constructive working relationships, and 

external - the openness of the enterprise for cooperation, adaptation to changes in 

public needs, that is, transparency is the key to the formation and established 

functioning of the triple system "object - project - investor". 

That is, the culture of joint actions has a socio-economic nature, as well as 

entrepreneurial activity in general. In order for the organizational and cultural 

relations of the enterprise to contribute to the implementation of strategies for its 

functioning, namely investment, they must have the following features: 

– to focus on the consumer strategies, in this case, on the investor; 

– integrate the interests of the subjects of the internal and external environment 

of the enterprise; 

– regulate partnership relations on a moral and legal basis, which is of 

particular importance at the pre-investment phase of the implementation of 

investment project proposals; 

– pre-design models of personnel behavior in unordinary situations; 

– create conditions for full self-realization of employees, constant professional 

development of the most capable persons in order to increase human capital; 

– promote internal and external popularization of the brand field of the 

enterprise; 

– create conditions for research of business processes and the level of quality 

of work life of employees together with leading scientists and consulting firms; 

– increase the importance of top managers as leaders of the culture of joint 

actions. 

The implementation of the proposed features of organizational culture will 

mitigate the implementation of strategic transformations, which in most cases 

accompany the implementation of strategies and essentially should be generated in 

the process of its formation. In turn, strategic reorganization significantly affects the 

use of the main production resource - human capital, and at the same time its success 

depends on the level of personnel perception of necessity and feasibility of 
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transformations. 

An important component of organizational and cultural relations, which 

constitute one of the components of the susceptibility of the enterprise to the 

reorganization of entrepreneurial activity, is the motivation of staff to fruitful work, 

the perception of organizational transformations, which are a companion to the 

implementation of introduced general economic, competitive, functional strategies 

and, first of all, one of the main - entrepreneurial. The process of motivation 

formation is associated with the implementation of measures that would have a direct 

connection with the achieved results and based on the existing active needs of staff, 

taking into account the interests of employees as the main productive force of 

enterprises in the post-industrial society. In the theory of management, motivation 

for high-performance work is understood as a managerial process for the formation 

of such a system of labour motives of the object of management, that is, personnel 

that ensures the effectiveness of labour behavior in accordance with the goals set by 

the subject of management. 

As the results of the author's own research prove, the structure, hierarchy, 

strength, orientation of motives and the corresponding behavior of specific persons 

are formed under the influence of factors such as the achieved standard of living, the 

structure of values that a person prefers, the norms of labour morality, ideological 

attitudes, some other individual characteristics of a person, such as religious beliefs, 

gender, age, marital status, level of education. 

In general, the process of motivation of labour is under the influence of factors 

of economic, psychological, value influence and regulation of labour activity, which 

is advisable to supplement the necessary elements of coercion. In order to identify 

the features of material, labour and status motivation, the author conducted a survey 

of managers of industrial enterprises of medium and higher levels of management. 

The choice of these positions is due to the fact that in the process of investing on the 

persons occupying them, there is the greatest responsibility for the success of the 

implementation of business strategies. Their competence, professionalism and 

interest are the key to achieving the expected values by indicators of economic 

efficiency of investment. The results of the survey on the question of the most 
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significant factors for work demonstrate that the overwhelming influence have the 

ability to meet material needs, as answered by 70.5% of managers of the middle level 

of management and 75.9% of the highest, the second place first of them gave the 

factor of freedom (53.6%), and the second - career opportunities (58.6%),  

the third - opportunities to develop skills and abilities (43.9%) and career growth 

(37.0%) respectively, the fourth - the degree of freedom (22.9%) and opportunities 

to participate in decision-making (30.6%), fifth - respect from colleagues  

(17.2% and 18.5%) and the sixth - the ability to make decisions independently 

(16.3%) and develop skills and abilities (17.9%). 

Regarding the rewards that managers of higher and middle levels of 

management consider to be preferable for themselves, according to the results of the 

survey, they received their following types (in order to reduce the significance): 

salary increase (76.1% and 80.0%), bonuses (59% and 65.6%), the possibility of 

promotion (34.2% and 37.1%), additional payments to wages (31.5% and 28.0%), 

further training to disclose its potential (23.2%) and the possibility to form the goals 

of the organization (19.9%), instructions to do difficult work (10.3% and 9.5%) and 

others. 

The biggest difficulties that managers of middle and higher levels of hierarchy 

have to face in the management process are: frequent changes in laws (73.2% and 

78.1%), insufficient awareness of legal issues (37.5% and 48%), lack of employees 

of the required qualification level (28.2%) and lack of work experience (30%), lack 

of qualified consultants (26.2% and 20%), lack of economic knowledge (26%), etc.  

The analysis of the results of the questionnaire made it possible to conclude 

that managers consider the opportunity to meet material needs in their work; this puts 

material motivation first in importance. The second is the status motivation, which is 

confirmed by their desire to make a career and participate in setting goals and 

generating managerial decisions, and the third, respectively, occupies the labour. In 

addition, the results indicate the significance for respondents-managers of all levels 

of current motivation, since the overwhelming types of rewards the respondents 

called salary increase, bonuses and surcharges. However, the vast majority of 

respondents understand that the action of long-term motivation factors is the most 
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promising, that is, the possibility of further training, advanced qualification, 

delegation of additional rights and powers, promotion, so the importance of strategic 

(long-term) motivation is not overwhelming, but significant and significant. 

Since according to the results of the survey, material motivation is preferable, 

it is advisable to determine the amount of the fund of material promotion of SMC 

depending on the peculiarities of its work in accordance with the developed system 

of criteria given in table 3.1.  

Table 3.1 

Conditions and trends of changes in reward indicators of strategic 

management centers personnel 

Type of SMC Bonus terms Tendencies of changes in premium 
indicators 

1. Discretionary 
centre of 
management 

1. Targeted use of allocated 
resources. 

1. Compliance or saving the cost 
estimate of operating costs. 

2. Service centre 2. Non-transporting operating 
expenses estimate 

2. High level of labour and executive 
discipline 

3. Implementation 
centre 

1. Lack of downtime of the 
structural subdivisions of the 
enterprise due to the fault of this 
centre. 

1. Increase the time of effective 
operation of the equipment. 

4. Cost centre 1. Execution of the production 
program on the volume and 
structure of production. 

1. Execution of the planned volume of 
production. 

5. Revenue centre 2. Non-transportation of the 
planned cost of production 

2 Reduction or compliance with the 
planned cost of all types of products. 

6. Profit centre 1. Implementation of the sales 
plan for certain types of products. 

3. Compliance with high quality 
products 

7. Capital 
Investment Centre 

2. Any compensating increase in 
costs is allowed 

1. Achieving or increasing the planned 
volume of product sales 

8. Venture Centre 1. Achieving the planned volume 
of gross profit 

1. Compliance with planned values of 
profitability indicators 

9. Investment Centre 1. Implementation of the plan of 
capital investments. 

1. Compliance with the cost estimate. 

 

According to the given system, a small number of criteria are offered for each 

center (an average of 2-3 for each SMC). This offer is of fundamental importance, 

because when they increase, the visibility of the bonus system connection with the 

main results of SMC activity is lost. 

The size of the fund of financial incentives should depend entirely on the 
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parameters of economic efficiency of SMC and the enterprise as a whole, taking into 

account the contribution of each center to the results of its work. Therefore, it is 

advisable to divide all centers into three groups depending on the level of 

independence at the disposal of economic resources, which they are endowed with a 

central control apparatus, namely: non-self-sustaining, whose activities are 

completely subordinated to the enterprise; relatively independent, which the 

company sets planned tasks and a certain range of restrictions in the use of resources 

allocated to them; independent, which the company provides complete freedom of 

action and establishes only a limited range of indicators of the final results of their 

activities.  

To award SMC teams of the first group, who do not have a dos-dad level of 

independence at the disposal of financial funds, namely discretionary, service, 

implementation, central management apparatus; it is advisable to allocate a certain 

amount of funds from profit, the amount of which depends on the achievement of the 

indicators of the established quantitative value. It is also advisable to include general 

economic services of the management apparatus, the criteria for the work of which 

are the implementation of the financial plan and non-transportation of the estimate 

of operating costs. If at least one of these conditions fails, it is impractical to make a 

positive decision about the bonus of the centre. 

Stimulation of the centers of the second group, which include SMC expenses, 

revenues and profits, when performing the established indicators, it is advisable to 

carry out the central control apparatus within the specified amounts, which can be 

increased in accordance with the achievement of the indicators of the established 

quantitative values: 

– for cents of expenses - for reducing actual costs; 

– for revenue centers - for exceeding the amount of income; 

– for profit centers - for increasing the amount of profit received. 

Strategic centers that are part of the third group, which is characterized by a 

high level of independence in making managerial decisions on almost the whole 

range of economic issues related to their own functioning (capital investment centers, 

venture capital and investments), it is advisable to make bonuses completely at the 
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expense of the additional funds earned by them according to the final results of their 

activities without restrictions from the central management apparatus. 

The most important component of the creation of a premium system is the 

justification of the sizes of bonuses in order to ensure that the size of the promotion 

of the value of the labour contribution of the team is consistent. When solving this 

problem, the following factors should be taken into account: 

– the value of a specific indicator for solving production problems; 

– the number of simultaneously used indicators, their initial quantitative 

parameters and objectively existing possibilities for further improvement; 

– labour intensity increase per unit. 

– In the process of using several premium indicators, most of the bonus should 

account for an indicator whose improvement requires more labour effort or is more 

important for the implementation of the strategy. If it is impossible to compare the 

complexity of achieving certain indicators, it is advisable to use the method of expert 

assessment. 

Of particular importance in the process of strategic reorganization is the 

solution of the problem of motivation of top managers of the enterprise and SMC in 

order to increase their interest in the success of its implementation in accordance with 

the selected set of strategic alternatives for the functioning of the business entity. 

Recently, large foreign companies Oracl, Chevron, LUKOIL, Yukos, Tatnafta, 

Gazprom use a wide range of methods to stimulate their work, among which are the 

most popular phantom programs for the sale or provision of option shares, a model 

of economic and shareholder value added to the business entity, which are modern 

modifications Their amount is a percentage of the actual amount of economic profit 

of the enterprise or its business unit expected (established or required).  

Taking into account the above proposals, you can propose the following 

provisions on the material motivation of top managers. 

1. All types of rewards should be divided into: 

basic, which includes the amount of wages, which must be unchanged and do 

not depend on the results of the enterprise or SMC; 

– additional short-term - bonuses and bonuses that should be used as a reward 
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for the result of achieving the expected values of criteria and constitute a percentage: 

from the accounting value of the enterprise or unit, which is the difference between 

their assets and liabilities, or from net profit; 

– additional long-term - transfer of ownership share of the enterprise, 

application of option programs, insurance of managers from charges in case of 

violation of duties, provision of long-term loans that may be interest-free or with 

preferential interest, the reduction of which is advisable to put in line with the change 

in the index of criteria of the enterprise or SMC. 

2. For managers of the highest level of management of the enterprise, it is 

advisable to apply the same signs of bonuses as an increase in the accounting value, 

as well as the cost or strength of its brand. 

3. For managers of the middle level of management, namely SMC, it is 

advisable to apply the following features: for SMC discretionary and service - the 

volume of services or manufactured products; for SMC sales - the value of the brand 

of products, the volume of its sale; for SMC expenses, income and profits - the brand 

value of products, the volume of gross or net profit; for SMC investments - the 

strength of the product brand, the accounting value of the centre,  

gross profit, the return of the invested capital; for venture SMC - gross profit taking 

into account the level of risk; for SMC investments - value and strength of brand 

products, accounting value of the centre, net profit, profitability of invested  

capital. 

The practical use of recommendations for the implementation of  

motivation of the personnel of the enterprise as a whole and its business units - the 

strategic of business centers in the process of strategic reorganization will  

reduce the resistance to the proposed changes, which will contribute  

to the implementation of the formed strategies of functioning and development of the 

enterprise, the effective use of investment resources of the system  

"object - project - investor". 

 

CONCLUSIONS 

Social and labour relations in the process of entrepreneurial activity should be 
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maintained on the basis of a sustainable organizational culture, which has a strategic 

basis. 

An important component of the development of entrepreneurial activity, 

taking into account its social orientation, is organizational and cultural relations with 

subjects of the external and internal environment, having a dual meaning, which is 

that organizational culture as has a direct impact on the activity of investment 

processes, It itself is the object of investment, because it requires financial support 

for its development and the acquisition of a sign of adequacy to the rapidly changing 

conditions for the functioning of business entities. Organizational and cultural 

relations have a socio-economic nature, manifested in the culture of contracts and the 

culture of joint actions of personnel and subjects of the external environment. 

The main types of contract culture of the enterprise, which should be 

considered to a greater extent as a system of its behavioral relationships with the 

environment of life, are: lobbying, active (infrastructural), corrupt, fairway 

(redistribution), transformational. The main goal of the culture of contracts is to 

obtain investment resources from the environment, the creation and successful 

functioning of the triple system "object - project - investor," so it should mainly be 

focused on efficiency and economic result, based on rational needs and a limited-

rational type of behavior.  

The culture of joint actions is aimed mainly at the internal environment of the 

enterprise, focused on the staff, its personal characteristics, individual and group 

needs, and through them - at achieving the expected economic result of 

entrepreneurial activity. Therefore, its basis is social needs, which are overwhelming, 

but not the most important because of the low financial security of most workers. In 

its essence, the culture of joint actions performs integrative, regulatory, vocational 

and educational functions.  

The main types of culture of interaction between SMC and CA should be 

chosen according to the level of their independence in relation to management 

decisions: for centers of discretionary, service and implementation can be 

recommended bureaucratic; for SMC expenses, income, profit - organic; for centers 

of investment, venture capital and investment - entrepreneurial, and in general for 
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the enterprise in the process of formation and implementation of strategies - 

participative. A set of types of cultures of individual centers form a holistic 

phenomenon that characterizes a specific system of norms and rules or culture of 

interaction between subdivisions (joint actions), characteristic of a particular 

business entity, which indicates the level of its institutionalization. 

Based on the results of the survey of personnel of industrial enterprises, we 

can conclude that in the present conditions, material stimulation is the most effective 

tool of motivation. To motivate employees of each SMC, it is advisable to use criteria 

that take into account the level of independence of the centers and the results 

achieved. Most of the award should account for the most important or time-

consuming indicator for the implementation of the strategy. To motivate top 

managers of the enterprise and its business units, it is advisable to use indicators of 

their accounting value, as well as the cost and strength of brands as one of the types 

of investment resources in the post-industrial economy. 

 
REFERENCES 

1. Ageev A., Grachev M., Kuzin D. Entrepreneurship: the strategy of the new generation // 

International Economics and International Relations. - 9991. - № 3. - P. 121. 

2. Apresyan R. Value controversies of entrepreneurship // Social sciences and modernity. - 1993. 

- № 2. - P. 23. 

3. Becker S.G Human behavior: an economic approach. Selected works on economic theory. – 

М., 2003. - 672 с. 

4. Buzgalin AV, Kolganov AI Global capital. – М., 2004. - 245 с. 

5. Gitelman LD Transformational Management: A Textbook. - М., 1999. - 496 с. 

6. Grachev MV Superframes. Personnel management in an international corporation. - М., 1993. 

- 207 с. 

7. Grishnova OA Labour Economics and socio-labour relations: Textbook. - К., 2004.  

- 535 с. 

8. Grishnova OA Human capital: formation in the system of education and training. - K .: Society 

"Knowledge", KOO, 2001. - 254 p. 

9. Dyba MI, Danyliuk IV Theoretical and practical aspects of entrepreneurship // marketing in 

Ukraine. - 2001. - № 2. - P. 22 - 23. 



90 

10. Dobrynin AI, Dyatlov SA. Tsyrenova ED Human capital in a transitive economy: formation, 

evaluation, efficiency. 1999. - 309 с. 

11. Kolesnikova L., Perekrestov V. Organizational structures and culture of entrepreneurship // 

Questions of economics. - 2000. - № 8. - P. 15 - 30. 

12. Kredisov VA Entrepreneurship - a decisive factor in the development of countries with 

economies in transition. - Kyiv: Knowledge of Ukraine, 2003. - 327 p. 

13. Lafta JK The effectiveness of organizational management: A textbook. - М., 1999. - 320 с. 

14. Makeeva VG Culture of entrepreneurship. - M .: INFRA-M, 2002. - 218 p. 

15. Entrepreneurship / MG Lapusta, AG Porshnev, Yu. L. Starostin. - M .: INFRA-M, 2000. – 

448 p. 

16. Entrepreneurship. Socio-economic management / Ed. NV Rodionova, O. О. Chitanava. - M .: 

UNITI-DANA, Edinstvo, 2002. - 383 p. 

17. Ryvkina R. Economic sociology of transitional Russia. People and reforms. - М .: Дело, 1998. 

- 315 с. 

18. Ruttinger R. The culture of entrepreneurship. - М., 1992. - 357 с. 

19. Saniakhmetova N. Signs of entrepreneurship // Entrepreneurship, economy and law. - 2001. - 

№ 8. - P. 6 - 8. 

20. Socio-economic problems and prospects for business development: Monograph. - Donetsk: 

LLC "South-East, LTD", 2006. - 430 p. 

21. Taranukha Yu. V. Enterprise and entrepreneurship in a transforming economy. - M .: 

Publishing House "Business and Service", 2003. - 368 p. 

22. Tomilov VV Culture of entrepreneurship. 2000. - 368 с. 

23. Taranukha Yu. V. Enterprise and entrepreneurship in a transforming economy. - M .: 

Publishing House "Business and Service", 2003. - 368 p. 

24. Tomilov VV Culture of entrepreneurship. - SPb: Piter, 2000. - 368 с. 

25. Uzunov V. Entrepreneurial activity as a form of production relations of a market economy // 

East. - 2001. - № 1 (38). - C. 6 - 11. 

26. Finagina OV Culture of entrepreneurship and the development of market relations in Ukraine 

// Problems of improving the efficiency of enterprises of various forms of ownership: Sb. 

scientific tr. / Redcol. Buleev IP (ed.) And others - Donetsk: NAS of Ukraine. Institute of 

Industrial Economics, 2004. - P. 175 - 181. 

27. Khrutsky V. Abstract of Peter Drucker's article "Labour and management in the modern world" 

// Russian Economic Journal. - 1993. - № 5. - P. 74.  



91 

DOI: https://doi.org/10.30837/MMP.2021.091  
 

RESEARCH OF THE INFLUENCE OF THE PERFORMANCE TERM ON 

THE COST OF THE INNOVATION AND INVESTMENT PROJECT 

Konashchuk V. 
 

The methodological foundations of microeconomic analysis of the project form of 

innovative-investment activity are developed in the article. The concept of acquiring of time the 

properties of an economic resource in the process of implementing an innovation and investment 

project is proposed. The concept of production function of project innovation-investment activity 

introduced by the author has been clarified and improved. It has been established that the choice 

of the term for the implementation of the innovation and investment project is actually the 

chronological placement of the contracting resource required to carry out work according to the 

corresponding organizational and technological scheme. This choice is influenced by subjective 

and objective factors. The latter are the main criterion for the above selection. This is a criterion 

for minimizing the economic value of the project, which should be understood as the future value 

of the costs of its implementation, including implicit costs. The structure of economic value of the 

project is analyzed in detail, the procedure of formation and interdependence of its components is 

defined. As a result, it is established that the economic value of the project is formed by two 

resources - the contract resource and time, therefore magnitude economic value depends primarily 

on the parameters of the value of these resources - specific value added and interest rate. 

Optimization of term of realization of project on the criterion of minimization of him economic cost 

allows choose the rational for these economic terms method of realization of project. He envisages 

also the rational placing of the invested money in time. It can improve the indexes of estimation of 

efficiency of long-term innovative-investment projects that will add arguments to the supporters of 

expediency of their realization. 

Keywords: innovation-investment activity, project, contracting and time resources, 

production function of project activity, economic cost of the project. 

 

INTRODUCTION 

Universally recognized, that the state and dynamics of socio-economic 

development in the modern world in large part are determined by a scale and intensity 

of innovative-investment activity of economic subjects [1, p. 14, 2].  

https://doi.org/10.30837/MMP.2021.091
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In the economically developed (or rich) countries innovative-investment activity 

usually is higher, and vice versa, in countries poor (or those that develop) this activity 

is subzero comparatively [3, 4, p. 18]. One of important reasons of such state there 

is a lack of accessible at price capital in poor countries [5, p. 86]. Why this reason is 

important? Innovative-investment activity comes true mainly in form corresponding 

projects. A question about expedience of realization of that or other project decides 

on the basis of comparison of charges on realization of project and profits that 

generated them. It is good worked out within the framework of financial management 

and project analysis methodology [6, 7]. As in poor countries the cost of capital is 

high, rate of discount accordingly too high. For long-term capital investments, for 

example, in industrial assets, the high rate of discount will result in worsening of 

indexes of estimation of efficiency of project. The near to the zero of NPV will not 

add to enthusiasm to the supporters of expediency of investments in innovative 

development of productive base, an effect from that will be remote in time. But also 

in rich countries can take place analogical problems. Especially it touches the 

projects of investing in an ecological capital, social development, infrastructure and 

others like that. Only part of effect from realization of many such projects generates 

a money stream. That is, such crypto-profitable projects are characterized by a latent 

from the point of view of financial materialization public utility, and theirs NPV too 

subzero is an. It complicates or and does impossible a decision about expedience of 

their realization. 

However, some reservations about the reliability of NPV and other indicators 

indicate that a more rigorous approach is needed to determine them.  

After all, for the calculation of income cash flow is usually used probabilistic data. 

They reflect future developments that will be influenced by many variables. 

Similarly probable are the data for calculating the cash flow of costs that will also be 

made in the future (planned investments), although the methodology developed in 

the framework of project management allows to minimize this deficiency in the 

project implementation process [8, 9]. But this is not the only reason. The amount of 

cash flow of a long-term innovation investment project depends to a certain extent 
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on the manner and timing of implementation of the project. The application of a 

microeconomic analysis methodology to study the economic nature  

of project activity allows us to better understand this dependency and how it affects 

NPV and other performance indicators of long-term complex investment  

projects. 

 

1. INTERDEPENDENCE OF PARAMETERS OF IMPLEMENTATION 

OF INNOVATION AND INVESTMENT PROJECT 

The project activity combines two integrated economic resources - contractor 

(material and human resources of the contractor in combination with the ability to 

perform contract work) and time (combination of time as a physical resource and the 

ability to increase capital over time). This is done by chronologically allocating the 

required amount of contract resources in accordance with the organizational and 

technological scheme adopted for the project. The result of project activities is the 

creation of new value as an object of the project, in fact, achieving the goal of the 

project implementation process. Given this, we can define a general view of the two-

factor production function of the project: 

S = F (R, T),     (1) 

where S is a quantitative characteristic of the project (or the amount of contract work 

on the project); R is the amount of contracted resource involved in  

the project implementation; T is possible duration of project  

implementation (quantitative description of time required for project 

implementation) [10, p. 768]. 

In fig. 1 shows the project isoquant – a graphical view of the  

production function of the project or project activity (production, which is a set of 

services and works on the project implementation) in the coordinates "contracting 

resources R – time resource (possible duration of project implementation)  

T" [11, p. 219].  
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Fig. 1. Isoquant project [5] 

 

It is similar to the curve of the production function of traditional production. 

The logical explanation for this kind of project isoquant is the following. Each project 

work requires a certain amount of time and a certain amount of contracting resources. 

You can speed up your work by increasing the number of performers, and vice versa. 

The interconnectedness of the work can affect this pattern (for example, a significant 

increase in the amount of contracting resources can only slightly reduce the duration 

of the project), but it cannot change it dramatically. 

The production function of the project describes a number of organizational 

and technological schemes of project work, each of which is designed to mobilize 

time and contract resources in an amount sufficient to implement the project 

(performance of certain volumes of contract work). In other words, each isoquant 

point characterizes a certain quantitative combination of time and contract resources. 

For each project there is a certain set (map) of isoquants, but only one of them (closest 

to the origin) represents the efficient use of resources for the best organization and 

technology of work for each organizational and technological scheme of their 

implementation (or for each combination of resources). It is a set of technically 

effective organizational and technological schemes for the technological level of the 

corresponding contract activity achieved in the world practice. 
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The production function of the project has the following properties. 

1. Mutual substitution of factors of production - contractual and time 

resources. This means that the contracting resource can be replaced by time and vice 

versa, thus changing the volume of the contracting resource flow (that is, its amount 

involved in each individual work period) in certain ratios (and to a certain extent). 

These ratios are determined by the second property. 

2. Complementarity of factors of production. The presence of both of the 

above properties (mutual substitution and complementarity) is explained by the fact 

that contracting and time resources, as noted, are combined by allocating the required 

volume  of the contracting resource in time depending on the given duration of 

project implementation and in accordance with the adopted organizational and 

technological scheme. 

3. All points of the isoquant of a particular project are hypothetical except one 

(it is determined only after the project implementation process is completed). 

4. A cost-effective organizational and technological scheme for the execution 

of the contract work on the project will not necessarily be technically efficient (it will 

not necessarily belong to the isoquant closest to the origin). For example, in the case 

of low labor costs, the cost of acquiring more technologically backward contracting 

resources may be lower than acquiring fewer advanced ones [12, p. 76]. 

To overcome the impact of the fourth feature on the validity of further 

research, we introduce the concept of local technical effectiveness of organizational 

and technological schemes of project implementation, which should be understood 

as the best opportunity of potential contractors in terms of organization and 

technology to perform works on the project. Since the isoquant of technically 

efficient organizational and technological schemes may not be available for the 

implementation of a specific project, we will consider local technically effective 

organizational and technological schemes as the closest to the beginning of the 

isoquant coordinates. Due to the fact that the technological level of contracting 

activity in a certain sense is a consequence of the dynamics of the price situation in 

the resource markets, a cost-effective organizational and technological scheme for 
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the implementation of a particular project will always be locally technically effective 

scheme. 

Suppose that in fig. 1 shows the closest to the origin coordinates of an isoquant 

of a project. Then T0 and T1 are the limit values the duration of the project: for any 

number of R > R0 it is not possible to execute the project during T < T0. At the same 

time, involving the minimum amount of contractual resource R1, taking into account 

the organizational and technological continuity of the project implementation 

process, the project can be implemented no longer than T1. Further minimization of 

the amount of contracted resources involved makes it impossible for the 

organizational and technological continuity of the project implementation process. 

Thus, the rational owner of the project will choose the term of its implementation in 

the range from T0 to T1. 

The criteria for choosing the project implementation deadline can be both 

objective and subjective factors. But in our opinion, the criterion of minimizing the 

economic value of the project should be a priority. 

 

2. FORMATION OF THE COST OF AN INNOVATION AND 

INVESTMENT PROJECT 

The economic value of the project will mean the future value of the aggregate 

of all costs of the project owner for its implementation, including implicit ones. All 

of these costs are related to contracting works, because in a physical dimension, a 

project is a set of interrelated works that are performed in a certain sequence. So the 

project implementation process is the process of contractors performing works whose 

scope, regardless of the technology used and the duration of the project 

implementation, is set. In this case, the actual amount of contracting work may differ 

from the planned (given) due to the probabilistic nature of future planning of 

processes and other factors, but due to the procedures and methods of planning, risk 

insurance, etc., worked out within the framework of project management 

methodology, this does not fundamentally affect the nature of the scope of work on 

the project. Therefore, if the planned volume of contracting works Spl = const, then 
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the total amount of contracting resource (reserve of contracting resource) required 

for the project implementation is a constant value. However, the amount of 

contracted resource involved in each individual time period (the volume of 

contracted resource flow) depends ultimately on the duration of the project [13, 

p. 854]. Then, in the general form, the economic value of the project (the economic 

value of the contracted work C) can be determined by the following formula: 
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where w is the economic cost of the project; Qn is the unit price of the nth contracting 

resource, which is the value added, created by the unit of the nth contracting resource 

(specific value added); N is number of different contracting resources involved in 

this project; T is term of project implementation; qnt is a quantitative characteristic of 

the executive (labor) component of the nth contracting resource involved in the t 

period; mnt is the cost characteristic of the supply (material) component of the nth 

contracting resource involved in the t period; r is the interest rate. 

As can be seen from (2), the contracting (mainly labor) component of 

contracting resources plays an important role in shaping the economic value of the 

project. This is due to the characteristic feature of project-oriented production. Unlike 

conventional production, in which the share of the labor component is constantly 

reduced through capitalization due to mechanization, automation and robotization of 

production processes, the labor component in project-oriented production will 

always be key, it is much more difficult to capitalize due to the specifics of 

contracting work (in particular, through high proportion of organizational, 

managerial, creative and other components of heuristic character). 

Also, the formation of the economic value of the project is significantly 

influenced by the chronological location of contract work. This is primarily due to 

the change in the value of money over time. Assuming that we have the best 
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conditions to finance the project - full pre-payment for contracting, the formula for 

determining the economic cost of implementing the project is somewhat simplified: 

∑
=

+⋅+=
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where C is the economic cost of the project; Qn is the unit price of the nth contracting 

resource, which is the value added, created by the unit of the nth contracting resource 

(specific value added); Rn is the total amount of labor component of the nth 

contracting resource; Mn is the total cost of the material component of the nth labor 

resource; N is number of different contracting resources involved in this project; T is 

term of project implementation; r is the interest rate. 

It should be noted that the cost of the temporary resource will become clear if 

the project owner borrows funds to finance the project. If you use your own funds, 

the cost of the temporary resource will remain implicit. 

To simplify the analysis of project activity, let's consider a hypothetical project 

that is implemented using the same type of contracting resource for period T on the 

condition of full prepayment of contracting works. If you use the value of the given 

interest rate, given the condition of prepayment of works, we will have: 

C = (QR+M) r',     (4) 

where C is the economic cost of the project; R is the total amount of labor component 

of the same contractual resource; Q is specific value added of the same contractual 

resource; M is the total cost of the material component of the same contractual 

resource; r' is converted interest rate, r' = (1 + 𝑟𝑟)𝑇𝑇. 

By the way, this simplification is not far from reality, since the components of 

the economic value of any project involving different types of contracting resources 

can always be reduced to one type of resource, namely:   

- the labor component – R = ∑ 𝑅𝑅𝑛𝑛𝑁𝑁
𝑛𝑛=1 ; 

- the specific value added – Q = ∑ 𝑄𝑄𝑛𝑛𝑁𝑁
𝑛𝑛=1 𝑅𝑅𝑛𝑛/∑ 𝑅𝑅𝑛𝑛𝑁𝑁

𝑛𝑛=1 ; 

- the material component – M = ∑ 𝑀𝑀𝑛𝑛
𝑁𝑁
𝑛𝑛=1 . 
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In formula (4) M = const and R = const because Spl = const. The value of Q is 

formed in the contract market and, subject to the price policy adjustment of the 

project owner, is accepted for the project, provided that its implementation period 

allows a rational way to use the contract resource. If necessary, forcing the works or 

extending them, Q may deviate significantly from the market value. In the general 

case, the market value of Q is the basis for determining the contractual value of Q, 

taking into account the impact of the duration of contracting: 

Q = f(T).      (5) 

This impact, in turn, is determined on the basis of the ratio of supply and 

demand of contracting resources within a specific project for each possible term of 

its implementation. But the mechanism of formation of the above demand for 

contracting resource should be the subject of separate research. Then, given (4) 

and (5), we have: 

C = F(T;r).       (6) 

Therefore, all things being equal, the economic value of the project depends 

on the duration of the project and the interest rate. That is, changing the amount of 

time resource (spent on the project implementation) determines some of the volatility 

of the economic cost of the project. But on what basis does the project owner decide 

to use a time resource? What objective factor is most influential in making this 

decision? Obviously, it is the interest rate that determines the value of the time 

resource. 

It should be noted that the value of the material component of the contracting 

resource M is deterministic, since it is formed on the basis of prices drawn up in the 

relevant adjacent markets (for example, markets for laboratory tests and tests, 

equipment, construction materials etc.), and its impact on time can be to some extent 

neutralized by logistics. Usually, the project owner makes the most important 

decisions on the price and timing of the project in the course of the agreements with 

the contractors, ie operating in the contract markets. Then the decisive role in shaping 

the economic value of the project will have its variable component - added value: 
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CD = QR(1 + 𝑟𝑟)𝑇𝑇,      (7) 

where CD is the added value of the economic value of the project; Q is specific value 

added of the same contractual resource; R is the total amount of labor component of 

the same contractual resource; T is project implementation term; r is the interest rate. 

The decision to use the time resource rationally is to decide whether it is 

appropriate to replace it with a contractual resource (or vice versa). Suppose that the 

project owner has the ability to attract an additional amount of the contracting 

resource ΔR at the same price Q, and thereby reduce the project implementation time 

by of ΔT. Then the value added in the economic value of the project will be: 

C'D = QR(1 + 𝑟𝑟)(𝑇𝑇−∆𝑇𝑇),     (8) 

where C'D is the value added after shortening the project implementation period; Q is 

the price (unit value added) of the same contractual resource that has not changed; R 

is the total amount of labor component of the same contractual resource; T is project 

implementation term; ΔT is the magnitude of the project implementation deadline; r 

is the interest rate. 

As can be seen from (8), a higher interest rate will lead to a more significant 

effect (for value added) of replacing the time resource with a contractor, regardless 

of ΔR. Although ΔR and ΔT are interrelated, there is only R in the formula, which is 

constant (using a larger of the contractor's workforce R+ΔR over a shorter duration 

of T-ΔT will not change the contractor's R required to complete the project). Thus, 

the decision on the appropriateness of replacing the time resource with the contract 

resource depends largely on the interest rate. You should also pay attention to the 

possibility of attracting additional contractual resources in this case at a constant 

price Q. Obviously, such opportunities can occur in real economic situations. But in 

the general case, when attracting more contracting resources to perform the project 

work in order to shorten the period of its implementation, the cost of contracting 

resources may increase, as noted above (5). This is explained, in particular, by the 

fact that the specific value added is, firstly, the price of the contract resource (demand 

factor for it in the project), and secondly, characterizes the contractor's costs for the 
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work, i.e. the supply factor of the contract resource in the project. In the second case, 

the dependence (5) is a priori, and through the mechanism of interaction of supply 

and demand of the contract resource in the project, the same type of dependence is 

formed in the first case. All this confirms the dependence (6). 

To sum up, it should be noted that the formalization of the project, like any 

systemic economic interaction, is rather conditional. However, it allows us to better 

understand the rational ways of implementing projects and the interdependence of 

the parameters of their implementation. Reinforcing the considerations set out in this 

work with appropriate techniques and software will enable you to put this 

understanding into practice. 

 

CONCLUSIONS 

1. Project implementation time is a more important parameter. It not only 

determines the physical time limits of the project, but also in some way affects the 

cost of its implementation. 

2. Optimization of the project implementation period according to the criterion 

of minimizing its economic value allows you to choose the way of realization of the 

project rational for these economic conditions. It also provides for a rational 

allocation of invested capital over time. This can improve the performance evaluation 

of long-term innovation-investment projects (especially with a high level of 

innovation) and crypto-profitable projects, which will give arguments to supporters 

of the feasibility of their implementation. 

3. The interest rate has a significant impact on the choice of project 

implementation parameters. Therefore, this study is more relevant for developing 

countries. In these cases, central bank interest rates are often several times or an order 

of magnitude higher than central bank interest rates in rich countries. This leads to 

high the cost of capital and has a very negative impact on the investment process. In 

such circumstances, it is difficult to ensure high efficiency and effectiveness of the 

project, so governments and central banks must ensure the availability of investment 

capital. 
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4. This study has the prospect of further development in theoretical and 

practical aspects. The production function of the project and new indicators for 

determining the value can form the basis of a chronological methodology for 

managing innovation and investment projects and innovative development of 

enterprises. 
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EDUCATION AND ECONOMIC SECURITY 

Kononova I. 

 
The relevance of the study of issues related to education in ensuring economic security at 

the state level is substantiated. The main views of scientists on the essence of economic security 

are studied. The educational aspect of economic security by its components is considered, which 

allowed to reveal the content of the concept of "educational security" and to form its author's 

definition. The main problems of the impact of education on economic security are identified. The 

characteristics of types of economic systems are given. The role of education in the security 

dimension is traced depending on the type of economic system. The need to take into account 

education and its important role in ensuring the economic security of the national economy is 

noted. 

 

INTRODUCTION 

At the present stage of development of the national economy of Ukraine, the 

development of education is one of the most important areas of state policy of 

Ukraine. Based on the fact that education is a strategic resource for socio-economic 

development of society, improving the well-being of people, this issue must be given 

sufficient attention. It is the presence of internal and external problems that pose 

many threats to the development of the national economy that necessitates increased 

attention to issues related to the role of education in shaping economic security. 

The issue of economic security as an element of security is important for any 

modern state throughout its existence. Recently, we can talk about the dominance of 

globalization trends in the economy and in other spheres of life. These objective 

transformations are accompanied by the rapid development of global markets, the 

operation of which provides a wide range of opportunities for existing and potential 

market participants, and on the other hand - insufficient knowledge leads to 

significant risks and dangerous trends that may pose a potential or real threat to 

economic security. Thus, in modern conditions, when the globalization of Ukraine’s 

https://doi.org/10.30837/MMP.2021.103
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economy to the world is happening at a fairly fast pace, the study of the relationship 

between education and economic security becomes especially relevant. 

 

1. EDUCATIONAL SECURITY AND ITS PLACE IN ECONOMIC 

SECURITY 

Today, the problem of preparing entrepreneurs for the realities of the modern 

post-industrial world is quite acute - increasing the amount of available information 

and digitalization in almost all spheres of life as an individual and the population as 

a whole. Despite the awareness of the relationship between the state of the education 

system and the security sector, its specification remains insufficiently developed in 

methodological terms. This situation is explained, among other things, by the lack of 

international experience applicable in the domestic context.  

For example, in the United States, education is one of the main components of 

the worldview of Americans, which leads to constant attention to the problems of 

education. The formation of the intellectual potential of the state, which is a 

necessary condition for ensuring the dynamic development of the economy on an 

innovative basis, largely depends on the development of the education system meets 

the needs of the state, how protected it is and resistant to external and internal 

destructive influences. 

Regarding the study of the role of education as a factor of economic security, 

I. Musienko, B. Danylyshyn, V. Kutsenko, O. Pometun, A. Sadovenko, 

L. Maslovska, V. Sereda, T. Tymochko, etc. paid attention to this scientific problem. 

Recently, however, scholars have increasingly focused on the role of education in 

terms of creating favourable conditions for the development of the national economy 

and ensuring its economic security. This is due to a paradigm shift in favour of a 

post-industrial or knowledge-based economy. It is about providing key conditions 

for the preservation and increase of human capital, improving the state of protection 

of the state and society against current and potential threats is emphasized in the 

leading countries of the world. 
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According to I. Musienko, in economically developed countries, education is 

equal to the material production of the economy, which makes a significant 

contribution to increasing national income and wealth. Thus, education acquires no 

importance in solving problems of social stability, national and economic security of 

the state, because the education of the nation in a broad context - is the source of its 

self-development, the basis of social consolidation and national stability  

[1, p. 129-130].  

Regarding the fact that education is an important component of economic 

security, the main threats can be identified, which have a high potential for 

actualization in case of delay in overcoming the negative trends in education. First, 

it is a threat to economic growth and competitiveness. Second, it is a threat to military 

security; third, it is a threat to information security; fourth, it is a threat to the global 

interests of the state. Thus, the economic security of a country is now closely linked 

to human capital, and the strength or weakness of a country’s human capital is 

determined by the state of the education system.  

In order to study the essence of the concept of "educational security", its 

semantic analysis was conducted, which allowed to understand the full depth of the 

meaning of this phrase, obtained by combining and layering the content of the two 

concepts "education" and "security". 

As for the concept of education, in the explanatory dictionary of the Ukrainian 

language it has several of the most common interpretations. In particular, education 

can be interpreted as a set of knowledge acquired in the learning process, or the level 

and degree of this knowledge, education. Secondly, education can be understood as 

raising the level of knowledge, learning or directly the process of learning [9]. It 

should be noted that these interpretations reflect the content of education for each 

individual, ie are mostly applied at the personal level.  

At the state level, the concept of education reflects the general level of 

knowledge in society or in the state, or is applied to the system of educational 

activities or the system of institutions through which these activities are carried 

out [9]. In our opinion, from the point of view of protection of economy from external 
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threats, education should be defined as the system of educational actions carried out 

through the corresponding establishments and establishments directed on 

maintenance of various spheres of national economy according to their needs by the 

qualified experts possessing a sufficient level. Acquired competencies (certain 

knowledge, skills and abilities), due to which the task of forming and accumulating 

the intellectual potential of the state is solved. 

By combining the content of the concepts of "education" and "security" into a 

single complex concept, the concept of educational security can be formed. At the 

macro level, educational security applies to an object such as the state. In view of 

this, educational security provides protection of the education system from internal 

and external threats and dangers, which increases its ability to provide the national 

economy with qualified professionals in accordance with its needs, which will, on 

the one hand, create conditions for accelerated economic development formation of 

the intellectual potential of the state, and on the other hand, will be the basis for 

solving social problems, in particular, improving the quality of life. 

According to the legal interpretation of the essence of the concept of economic 

security - a state of the national economy that allows maintaining resilience to 

internal and external threats, ensure high competitiveness in the global economic 

environment and characterizes the ability of the national economy to sustainable and 

balanced growth [2]. 

O. Lepikhov defines economic security as a state of the economic system, 

which is characterized by stability in relation to the influence of internal and external 

actions that threaten society. According to E. Buchwald, economic security is a 

qualitative characteristic of the economic system that determines its ability to 

maintain normal living conditions, sustainable provision of resources for economic 

development, as well as the consistent realization of national and state interests.  

 

2. EDUCATIONAL ASPECT OF ECONOMIC SECURITY 

It is interesting to study the relationship between the concepts of educational 

security and economic security. 
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Regarding the importance of education in determining the economic security 

of the national economy, the only indicator related to education, which is used in the 

process of calculating the economic security of the state, is the amount of 

consolidated budget expenditures on education in% of GDP. This, in our opinion, 

does not allow to adequately assessing the educational security of the national 

economy, which is unacceptable, given the significant role that education plays in 

modern conditions. 

According to the Human Development Reports ranking of the United Nations 

Development Program (UNDP), in 2020 Ukraine ranked 74th in the Human 

Development Index (HDI). It is worth noting that a year ago Ukraine was on the 88th 

position in the ranking. And for the period from 1990 to 2019, the value of HDI in 

Ukraine increased from 0.725 to 0.779, increasing by 7.4% [12-14]. The World Bank 

notes that this figure is higher among countries with similar levels of economic 

growth, but at the same time it is lower than in Europe and Central Asia. To solve 

this problem, large investments are needed in education, health care and social 

protection. 

But according to The Global Competitiveness Report 2019, published on the 

website of the World Economic Forum, Ukraine ranked 85th among 141 countries, 

while in 2018 it ranked 83rd. In 2012, Ukraine in the GCI was 73rd out of 

144 countries, in 2013 fell to 84th position out of 148 countries, after 2014 rose 

immediately to 76th place out of 144 countries, but then rolled back to 79th position 

from 140 countries, and in 2016 - to the 85th position out of 138. In 2017, the country 

rose to 81st place in the ranking of 137 countries. According to the report, ICT 

implementation has deteriorated slightly from 77th to 78th place, macroeconomic 

stability from 131st to 133rd place and innovation opportunities from 58th to 60th 

place, with in this regard, Ukraine managed to rise slightly in such indicators as 

education - from 46th to 44th place [12-14]. 

When comparing the ratings of human capital development and the economy, 

it is obvious that in our country there is a significant gap between the high rates of 

human capital development and its unrealization in economic activity. These ratings 
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indicate that human capital and the education system as a key factor in its 

preservation and development are the most important resource for the future success 

of Ukraine's economy, and therefore they should be the engine of positive change in 

the socio-economic sphere.  

Table 1 

The value of education in characterizing the types of economic systems 

Signs 
Type of economic system 

Pre-industrial Industrial Post-industrial 
The orientation of the 
economy 

Satisfaction of needs 
by own forces thanks 
to own production 

Getting the 
maximum economic 
result 

Introduction and 
wide application of 
innovations 

Method of 
management 

Natural production Commodity 
production 

Development of 
services 

The predominant 
sphere of the 
economy 

Agrarian sphere Industrial sphere Information sphere 

Fundamentals of 
social welfare 

Products of own 
production 

Cargo Knowledge, 
information 

The main factor of 
production 

Labour, land Capital, 
entrepreneurship 

Information, 
knowledge 

The main way of 
working 

Manual Mechanized and 
automated 

Computerized 

Management 
principle 

Indivisible 
domination 

Leadership Coordination and 
balance of interests 

Political regime Authoritarianism Representative 
democracy 

Direct democracy 
(self-government) 

The main value Physical power Money Knowledge, 
information 

The role of education The privilege of the 
leading stratum of 
society 

Increasing the 
availability of 
professional 
education as a 
guarantee of well-
being 

All-encompassing 
education, a call to 
lifelong learning 

Attitudes towards 
educational security 

There is no need Being in the 
embryonic state 

Declaring priority 
and increased 
attention 

Note: supplemented by the author based on sources [1; 3; 4; 10] 

 

In the security dimension, the role of education can be traced depending on the 

type of society or economic system. As noted in the textbook on economic theory, 

edited by V. Bazylevych, according to the theory of institutional change of the 
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American economist D. North, the criterion of socio-economic development is 

technological change. According to this criterion, it is advisable to distinguish three 

economic systems: 1) pre-industrial or agricultural; 2) industrial and  

3) post-industrial [11]. Table 1 shows the main characteristics of these types of 

economic systems. 

Thus, we can conclude that during the domination of the pre-industrial 

(agrarian) economy, the economic system was focused on meeting the needs of their 

own forces through their own production. In view of this, the dominant mode of 

management was subsistence production, concentrated mainly in agriculture. The 

main factors of production were labour and land. At the same time, mostly hard 

manual labour of unskilled workers was used. The most massive was the stratum of 

peasants engaged in agriculture. The leading stratums in society were the clergy and 

feudal lords. The political system was characterized by authoritarianism based on 

undivided domination. The main value was physical power. In the pre-industrial 

economy, education was not given due attention. It was perceived, rather, as a 

privilege of the leading stratum of society. 

In an industrial economy, the orientation of the economic system to obtain 

economic benefits through the production of goods in demand in the market has 

changed. In view of this, the dominant mode of management was commodity 

production, concentrated mainly in the industrial sphere. The main factors of 

production are capital and entrepreneurial skills. At the same time, manual labour 

was replaced by mechanized and automated labour, which required higher 

qualification of workers. The most widespread was the stratum of workers working 

in industrial enterprises. Entrepreneurs can be considered the leading stratum in the 

times of the industrial economy. The political system is characterized by a 

representative democracy based on leadership. The main value is money. In an 

industrial economy, the deepening division of labour has led to the need for workers 

to receive appropriate qualifications for vocational education. In view of this, in the 

industrial economy there is a question of increasing the availability of vocational 

education as a guarantee of economic development. 
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As for the post-industrial economy, which is called the knowledge economy, 

its main direction is the introduction and widespread use of innovation in all spheres 

of life. The greatest development in the post-industrial economy should be the service 

sector, and therefore knowledge and information acquire an extremely important 

role, because it is the basis of social welfare (as a specific commodity) and the main 

factor of production (as a resource). The post-industrial economy involves the use of 

computerized labour, which requires highly skilled workers. The leading stratum 

should be formed by scientists and scholars, and the role of the main social 

institutions should be played by educational institutions. The main value is 

knowledge and information. Given this, education is beginning to be understood as 

a major component of this type of economic system.  

Given the different role of education in different types of economic systems, 

there is a different attitude to educational security. Thus, if under the conditions of 

the pre-industrial type there was no need for educational security, then within the 

industrial type certain indicators of educational development within various methods 

are proposed to be used as indicators in determining the level of economic security 

(most often its social component).  

At the present stage of development, Ukraine is dominated by the industrial 

type of economy with elements of transition to post-industrial. Thus, Reznichenko 

K. analysing the National Doctrine of Education Development, cites such main 

directions of education development in accordance with modern requirements as: 

transformation of Ukraine's economy into a knowledge economy, in particular, 

through the development of lifelong learning and lifelong learning; creation of an 

industry of modern teaching aids, training of qualified personnel capable of creative 

work, professional development; development and implementation of knowledge-

intensive and information technologies competitive in the labour market [7]. 

The penetration of information technology and new media into the economy, 

social life and defence determines the importance of computer literacy and media 

education as part of educational projects and programs. Given the further growth of 

the destructive potential of cyberattack, with the strengthening of the role of various 
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information systems and the development of the Internet of Things, the urgent task 

is to train professionals capable of adequately protecting information systems of 

critical infrastructure (including some of the most socially significant private 

structures) such as telecom operators, transport and banking service providers, etc.) 

and government agencies. Thus, as rightly noted in the work of Musienko I., today, 

the extremely important issue of the educational aspect of security in the political 

and legal conceptualization of national interests of Ukraine, which is one of the most 

important national priorities.  

In such conditions, in our opinion, limiting the impact of education exclusively 

on the social component of economic security of the economy is ineffective. 

Regarding steps in this direction, it should be noted that the Cabinet of Ministers at 

a meeting on March 17, 2021 approved the allocation of 110 million hryvnas from 

the state budget to create centres of creative economy, which should stimulate 

economic activity in the regions, prioritize smart entrepreneurship and reduce 

unemployment and youth emigration. It is planned that they will include the creation 

of laboratories, IT schools, the development of micro-manufacturing, creative spaces 

for learning and coworking [15]. 

Thus, education directly affects the level of social security, providing the 

population and promoting the development of human capital in the country. In 

addition, education has an indirect impact on other components of security through 

a system of training and retraining of employees involved in various activities, 

increasing their efficiency, performing the most advanced tasks, as well as training 

in-demand professionals who will have a sufficient level of income improving the 

demographic situation in the country, stopping the outflow of specialists abroad, as 

well as improving the proportions between consumption and savings. 

 

CONCLUSIONS 

Summarizing the results of the study, it is possible to form a definition of 

educational security as a state of the national economy in which it is able to train 

professionals with sufficient skills and are in demand in the labour market, and on 
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this basis to improve quality of life and its development, which will contribute to the 

solution of priority tasks not only in the social, but also in the production, 

demographic, energy, foreign economic, financial, innovation and investment, 

macroeconomic and food spheres.  

The study found that educational security should protect the education system 

from internal and external threats and dangers. It is due to this protection that the 

ability of the education system to provide the national economy with qualified 

specialists in accordance with its needs in them increases. This, in turn, will allow to 

form the intellectual potential of the state and create conditions for accelerated 

economic development; solve key social problems (improving the quality of life, 

education, reducing unemployment, etc.); to create a basis for solving problems in 

the production, demographic, and other spheres of economic development of the 

national economy. 
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CONVERGENCE IN ECOLOGICAL SYSTEM PROJECTS 

Kovtun T., Finohenova I. 

 
The article substantiates the feasibility of convergent management of environmental 

systems projects, which is based on the convergence of values, systems, methodologies and 

approaches. The convergence of economic and environmental values is due to changes in the 

worldview of mankind from consumer attitudes to nature to environmentally-oriented development, 

which meets the objectives of the Concept of Sustainable Development. Convergence of systems is 

the creation of environmentally-oriented economic systems, which include environmental systems, 

which is a tool for implementing a circular model of the economy, which aims to achieve 

sustainable development goals. Management of ecological systems is based on the convergence of 

methodologies of design, logistics and Ecological management, as well as the convergence of 

general management and scientific and natural approaches. 

 

INTRODUCTION 

Sustainable development is one of the main problems of civilizational 

development, on which depends not only the future of mankind, but life on the planet 

as a whole. In recent years, the significant factors of human development have been 

the high growth rates of material production and population, which has led to an 

imbalance of economic, social and environmental aspects of life and an increase in 

anthropogenic growth.  

The whole history of mankind is characterized by a continuous increase in the 

scale of consumption of natural resources. Modern production attracts as many 

resources as have been used in all previous millennia. Every 10 years the extraction 

and consumption of mineral resources doubles, every 12 years - energy capacity, 

every 15 years - the volume of industrial production, the number of equipment 

increases twice as fast as the population [1]. As a result, there is a global ecological 

crisis, which manifests itself as a tense state of relations between humanity and 

https://doi.org/10.30837/MMP.2021.114
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nature, which is characterized by the mismatch of the degree of development of 

productive forces and production relations to the capabilities of the biosphere.    

Despite the enormous scale of the damage that humanity is doing to the 

biosphere, at the beginning of the 21st century, economic development continues to 

be largely based on the further extensive use of natural resources. In general, the 

growth of the world economy is about 3% per year, and the growth rate of 

productivity of living matter on the planet is less than 1% for the same period [2]. 

That is, there is a threefold imbalance between technical and natural growth.   

Today, the biosphere is unable to cope with the consequences of human 

activity, it has begun irreversible changes. Current research shows that the natural 

assimilation potential no longer ensures the restoration of the status quo of the natural 

environment - in many ecosystems significant changes have begun, which are caused 

by human activity and may be irreversible in the foreseeable future.  

To reduce the burden of human activity on the environment requires a change 

of man-made type of civilizational development to another paradigm. The problem 

of future humanity in general has come to the forefront of scientific research and 

public consciousness in general.  

Since the second half of the twentieth century, there has been an intensive 

search for a new strategy for the survival of mankind in conditions of limited natural 

resources and deterioration of natural living conditions. The way out of the current 

situation is the application of the Concept of Sustainable Development, which is a 

natural reaction of the world community to existing threats and presupposes the 

harmonious coexistence of nature and society, which requires the consideration of 

ecological and human line and economic activity.   

 

CONVERGENCE OF VALUES IN ACHIEVING THE GOALS OF 

SUSTAINABLE DEVELOPMENT 

The concept of sustainable development was adopted in 1992 in Rio de Janeiro 

at the United Nations Conference on Environment and Development, which was 

attended by governments and experts from 179 countries. The conference adopted a 
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number of important documents defining the strategy of human development on the 

basis of sustainable development, including the "Agenda for the XXI century" 

("Agenda 21"), which formulates the concept of sustainable development as meeting 

the needs of the present but does not jeopardize the ability of future generations to 

meet their own needs [3]. 

The concept of sustainable development has recently been introduced by 

Ukraine. Thus, sustainable development is defined in the "State Strategy for Regional 

Development until 2027", as one in which the needs of the current generation can be 

met without reducing the future opportunities of generations, forming a relationship 

between the competitiveness of the economy and quality of life" [4]. 

Today, there are already numerous developments of scientists, which are the 

basis for the formation of the scientific and methodological foundations of the theory 

of steel development. Prominent contributions to the study of theoretical and 

practical avenues of steel development were made by such scientists as G. Daley, 

I. Huyt, A. David, W. Galperin, V. Heets, D. Hilder, K. Hoffman, A. Granberg, 

K. Errow, J. Jalilo, S. Montfred, L. Onisto, A. Atkisson, B.V. Burkinsky, 

V.N. Stepanov, S.K. Kharichkov, A.B. Weber, B.M. Danilyshyn, S.I. Dorohuntsov, 

J. M. Mayer, J. E. Rauch, A. Filipenko, L.G. Melnikov, L. Hens, etc.  

The formation of the Concept of Sustainable Development was influenced by 

prominent Ukrainian scientists S.A. Podolinsky and V.I. Vernadsky. It is the work 

of S.A. Podolinsky [5] became the basis of a new economic theory, considered from 

the angle of energy processes. His ideas were later developed by V.I. Vernadsky in 

the doctrine of the biosphere and noosphere [6]. 

The essence of the Concept of Sustainable Development lies in the triad of its 

main aspects: economic, social and environmental. Among the existing approaches 

to the implementation of the ideas of sustainable development, the most famous is 

the Venn diagram, proposed by Edward Barbier in 1987, which reflects the 

convergence (approaching) of economic, environmental and social components of 

human development. 
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Convergence (from the Latin con - together, verger - direction, descent) - a 

process, convergence, convergence of properties, signs, which arises as a result of 

evolution in the phenomena between them independent, insane [7]. The term is used 

in various sciences, in particular: economics, biology, political science, brain 

activity, etc. 

For example, in biology, convergence is the appearance in unrelated organisms 

of similar traits that arise as a result of the adaptation of these organisms to the same 

living conditions; in linguistics, convergence is the coincidence of two or more 

phonemes in one sound as a result of the historical development of the phonetic 

system of language [7]; in economics, convergence is a gradual convergence in terms 

of per capita income of rich and developing countries [8]. 

The concept of sustainable development is based on the convergence of 

worldview values of mankind, which reflect various aspects of civilizational 

development, namely the economic, social and environmental components. The 

change of worldview took place in the direction of convergence of these values, 

because at the present stage of human development it became clear that achieving 

only economic goals and building a technocratic society will lead to environmental 

and social catastrophe. 

The convergence of values is reflected in the formulation of the components of 

sustainable development, which show how each of the aspects reflects not only its 

own, but also characteristic of other components of values.  

The economic component means the optimal use of limited resources and the 

use of environmental nature, energy and material-saving technologies, including the 

extraction and processing of raw materials, the creation of environmentally friendly 

products, minimization, processing and processing.  

The social component of sustainable development is human-oriented and 

aimed at maintaining the stability of social and cultural systems, including the 

reduction of the number of destructive conflicts between people. An important aspect 

of this approach is the equitable distribution of wealth among people on a global 

scale.  



118 

From an ecological point of view, sustainable development must ensure the 

integrity of biological and physical natural systems, including the  

man-made environment - the anthroposphere. Of particular importance is the 

viability of ecosystems, on which depends the global stability of the entire  

biosphere. 

Determining the progress of countries in achieving its goals is an  

important task on the way to implementing the Concept of Sustainable Development. 

The list of sustainable development goals was officially approved in the  

Resolution of the UN General Assembly in 2015 [9]. The Sustainable  

Development Goals, which are currently being pursued by all countries of the world, 

set development indicators and include 17 goals (SDGS) and 169 specific  

goals to be achieved by 2030. All goals focus on six areas of change:  

education, gender and inequality (SDGS 1, 5, 7–10, 12–15, 17); health,  

well-being and demography (SDGS 1, 2, 3, 4, 5, 8, 10); reducing carbon emissions 

and sustainable industries (SDGS 1-16); food, land, water and the oceans  

(SDGS 1-3, 5, 6, 8, 10-15); cities and communities (SDGS 1–16); digitization  

(SDGS 1–4, 7–13, 17). 

To assess the achievements of countries on the path of  

sustainable development, the Sustainable Development Goals Index (SDGI)  

was created by experts from SDSN and Bertelsmann Stiftung, which  

publish reports of the index, calculated for 165 countries, including Ukraine,  

based on 100 countries. related to the implementation of 17 goals  

(table 1) [10].  

Ukraine's achievements can be considered satisfactory, as Ukraine ranked 36th 

in 2020 with an SDGI value of 75.5, which exceeds the average regional level of 

SDGI, which is 71.4 (fig. 1) [10]. 

In the list of goals of sustainable development it is easy to single out the 

ecological component, which is presented in the tasks of up to 12 goals out of 17 

stated (fig. 2). 
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Table 1 

Achieving sustainable development goals: Ukraine 2020 

Sustainable Development Goals (SDGs) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

                 

                 

Current assessment of goal achievement  Dynamics of goal achievement 

 - the goal is achieved   - supported 

 - challenges remain   - moderate improvement 

 - significant challenges   - stagnation 

 - main challenges   - reduction 

 - no information   - no information 

 

 
 

  

Fig.1. Level of achievement of sustainable development goals: Ukraine 2020 
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Fig. 2. Ecologization for the purpose of sustainable development 

 

SDGS 1. Ubiquitous eradication of poverty in all its forms 

SDGS 2. Eliminating hunger, ensuring food security,  
improving food and promoting sustainable development  
of agriculture 

SDGS 3. Ensuring a healthy lifestyle and promoting 
well-being for all at any age 

SDGS 5. Ensuring gender equality and expansion rights  
and opportunities of all women and girls 

SDGS 6. Ensuring availability and rational use of water  
resources and sanitation for all 

SDGS 7. Providing access to inexpensive, reliable, 
sustainable and modern energy sources for all 

SDGS 8. Promoting a steady, inclusive and sustainable  
economic growth, full and productive employment  
and decent work for all 

SDGS 9. Creating a strong infrastructure, promoting  
comprehensive and sustainable industrialization and innovation 
implementation 

SDGS 11. Ensuring openness, safety, vitality and resilience  
of cities and settlements 

SDGS 12. Provision of rational models of consumption  
and production 

SDGS 13. Taking urgent measures to combat climate change  
and its consequences 

SDGS 14. Conservation and rational use of oceans, seas  
and marine resources in the interests of sustainable  
development 

SDGS 15. Protecting, restoring land ecosystems and  
promoting their effective use, rational forest management,  
combating desertification, stopping and reversing the process  
of land degradation and ending the process of biodiversity  
loss 
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Among the goals of sustainable development are those that implicitly reflect 

the strategy of greening, but to achieve which it is necessary to solve tasks that are 

directly aimed at greening the economy and society (SDGS 1; 5; 8; 9; 11). There are 

also goals that are entirely devoted to the greening of the economy or society in the 

process of achieving sustainable development (SDGS 2; 3; 6; 7; 12; 13; 14; 15) [11].  

The set goals and corresponding tasks have a complex character and provide 

convergence of three value components of sustainable development, which proves 

the need to take measures for greening and implementation of ecological values of 

modern worldview in all spheres of human life.  

Issues of ecologization of the economy and society are studied in numerous 

scientific works of V.T. Andrushko, A.A. Golovko, O.E. Grydzhuk, A.M. Deyneko, 

N.M. Duda, L.D. Zagvoyska, I.I. Koblyanska, V.R. Kovalishina, 

Ya.V. Kotlyarevsky, M.S. Kravets, V.S. Kravtsiv, Ya.V. Kulchytsky, 

I.P. Magazinshchikova, L.I. Maksymiva, L.G. Melnik, O.V. Melnikova, 

E.V. Misshenina, T.V. Olyanishena, A.M. Polovsky, E.P. Semenyuk, 

V.M. Senkivsky, I.M. Synyakevych, Yu.Yu. Tunitsa, T.V. Ustik, I.E. Yarova and 

other scientists. 

The concept of "ecologization" is interpreted quite widely, but always leads to 

a decrease in the negative impact of human activity on the environment (table 2). 

In the monograph "Ecologically Oriented Logistics Management of 

Production", edited by E.V. Mishenin [15], the term "ecologization" is used in such 

interpretations as "ecologization of production", "ecologization of products", 

"ecologization of production technologies", "ecologization of social production", 

"ecologization of economic activity", "ecologization of agro-industrial complex", 

etc. 

Thus, the ecologization of almost all spheres of human life is a prerequisite for 

the survival of mankind and the planet as a whole, as modernity has demonstrated 

the severity of environmental problems that have arisen as a result of anthropogenic 

impact on the environment. 
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Table 2 

Interpretation of the concept of "ecologization" 
Ecologization 

V.S. Kravtsiv [12] 

The process of penetration of ideas, knowledge, laws of ecology, ecological thinking into 

science, production, life of society, state. 

L.G. Melnyk [13] 

The process of permanent environmental improvement, which is aimed at eliminating 

ecodestructive factors, and, accordingly, the need for special nature protection measures. 

A.A. Sadekov [14] 

The process of creation, development and use in the production of scientific, technical, 

technological, administrative, legal and socio-economic innovations, as a result of which 

increases the biosphere compatibility of both individual economic systems, types of products, 

and the economy as a whole.  

 

Ecologization of economic activity is associated with the organization of an 

optimal aggregate resource and material cycle from the development and production 

of raw materials to the utilization of waste consumption [16]. In this context, the 

formation and development of integration connections between enterprises of 

different industries, the formation of network entrepreneurial structures for the 

purpose of complex and rational use of resources (waste of one production is used as 

raw materials in other industries) and environmental protection. 

Issues of ecologization of production activity are associated with a decrease in 

the nature of production. Greening is accompanied by a shift in the centre of 

economic analysis from costs and intermediate results to the final results of economic 

activity; the process of ecologization has a systemic nature and connection with the 

economic aspects of management [17]. 

Ecologization can be viewed as the direction of the development of society 

and the economy, which, first, changes the outlook of man and allows to eliminate 

the contradiction between the needs of life and the quality of the environment, to 
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achieve a harmonious coexistence of society and nature, secondly, as a system of 

intravlinear interventions that [11]. 

Ecologization is not some abstract phenomenon that is artificially implanted 

in the economy and society. It has reasonable preconditions for the emergence and 

stages of development, which depend on changes in the conditions of existence and 

ecological consciousness of mankind (table 3). 

Table 3 

Stages of ecologization [13, 17] 
1) prerequisites for ecologization - reducing the impact of negative factors per unit area (1950 

- 1690), 

2) stage of control over environmental pollution, mass construction of ecological structures 

(1970s), 

3) stage of pollution prevention and waste reuse, application of low-waste technologies 

(1980s), 

4) stage of increasing the efficiency of Ecological management within the Concept of 

Sustainable Development, replacement of environmentally hazardous substances and 

processes with more efficient analogues, reduction of energy and material consumption of 

goods and services (1990s), 

5) stage of lifestyle ecologization (present). 

 

Ecologization has led to the emergence of a modern ecological direction of the 

economy - ecological or green economy, which is based on the concept of sustainable 

development and has become a new paradigm of economic relations in contrast to 

the existing economic model. 

The issue of ecological economics is considered in the works of such scientists 

as M.R. Aurora, M.S. Andersen, Lester R. Brown, L.N. Bobilov, L.G. Melnik, 

L.A. Musina, V.G. Potapenko, А.А. Tkachenko, K.E. Boulding, H. Daly, 

R. Costanza, J. Martínez-Alier, R. Muradian, H. George and others.   

By definition of L.G. Melnyk [13], ecologization of the economy is a 

purposeful process of economic transformation associated with reducing the 

integrated eco-destructive impact of production and consumption of goods and 
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services per unit of total social product, which is carried out through a system of 

organizational activities and transformation of environmental activities.  

The concept of "green economy" was first used in the work "Blueprint for a 

Green Economy", which focuses on the economy of sustainable development [18]. 

Later, the international phrases "green economy", "green industry", "green markets", 

"green employment", "green technologies" and other terms with the adjective 

"green" began to be widely used.  

The United Nations Environment Program (UNEP) released a report in 2011 

entitled Towards a Green Economy: Towards Sustainable Development and Poverty 

Eradication, according to which green (ecological) is an economy that provides a 

long-term increase in human well-being, allowing future generations to avoid 

significant risks to the environment [19], ie satisfies the conditions of sustainable 

development. A simpler understanding of the green economy is to reduce emissions 

of pollutants into the environment through the integrated use of raw materials, 

materials and electricity, ie an economy that meets the interests of society as a 

whole [20]. 

The priority areas of the green economy, according to UNEP, are: efficient use 

of natural resources, conservation and increase of natural capital; pollution reduction; 

low carbon emissions; prevention of loss of ecosystem services and biodiversity; 

income and employment growth [21]. 

Proponents of the green economy believe that the current economic system 

(brown economy) is not perfect. The development of scientific and technological 

progress has led to an increase in living standards, but has negatively affected the 

environment. Comparative analysis of market and environmental economic systems 

is presented in table 4. 

According to experts, in the short term, the green economy is able to provide 

GDP growth, increase per capita income and employment at the same or even higher 

rates than the traditional brown economy. In the medium and long term, the green 

economy will overtake the brown one and will also give much more advantages in 

terms of environmental protection and reduction of social inequality. 
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Table 4 

Comparative analysis of brown and green economy models 
Characteristics Brown economy Green economy 

General principles an economy based on extensive 

consumption of natural 

resources without their 

recovery, an open production 

cycle and significant emissions 

of waste into the environment 

an economy based on rational 

models of consumption and 

production, introduction of 

ecological technologies, reduction 

of consumption of natural 

resources and emissions of waste 

into the environment 

Outlook mechanical, static, atomistic dynamic, systemic, evolutionary 

Academic position disciplinary  

(economics) 

interdisciplinary (economics, 

ecology) 

Management object economic systems ecological and economic systems 

The main macro goal growth of the national economy sustainability of the socio-

ecological-economic system 

The main micro-goal maximum profitability maximum utility 

Beneficiaries modern generation modern and future generations 

Technologies highly productive resource-, material- and energy-

saving 

Technological style fourth  

(scientific and technological 

revolution) 

fifth  

(information revolution) 

 

Various tools are used to implement the concept of green economy in the 

world. Its goals must be achieved by attracting public and private investment. UNEP 

notes that the transition to a green economy requires 1-2% of world GDP to be 

invested in ten key sectors: agriculture, housing and utilities, energy, fisheries, 

forestry, industry, tourism, transport and transport resources [21]. 

In the developed countries of the world, in order to achieve the goals of 

sustainable development, the policy of resource conservation has been implemented 

for the last decades. Today, European countries use 50-70% of production and 
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consumption waste, planning in the future to completely stop the disposal of waste 

at landfills. Ukraine, as an integral part of the world economy, will also gradually 

implement resource-saving measures. According to the Concept of Sustainable 

Development, Ukraine seeks to achieve the goals of sustainable development 

through the implementation of certain tasks set out in [22] (table 5). 

 

Table 5 

Perspective tasks of achieving the goals of sustainable development of Ukraine 
Tasks  

of sustainable 
development goals 

Task  
performance 

indicators 

Values of indicators 
2015           2020          2025       2030 

1 2 3 

Goal 6. Clean water and proper sanitation 
Task 6.3 
Reduce discharges of 
untreated wastewater, 
primarily through the 
use of innovative water 
treatment technologies 
at the state and 
individual levels 

▶ Indicator 6.3.1. 
Reduce discharges of 
untreated wastewater, 
primarily with the use 
of innovative water 
treatment technologies 
at the state and 
individual levels 
Volumes of discharges 
of contaminated 
(contaminated without 
treatment and 
insufficiently treated) 
wastewater into water 
bodies, million cubic 
meters, m 

 

▶ Indicator 6.3.2. 
Share of discharges of 
polluted (polluted 
without treatment and 
insufficiently treated) 
wastewater into water 
bodies in the total 
amount of discharges, % 
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Task 6.4. 
Increase the efficiency 
of water use 

▶ Indicator 6.4.1. 
Increase the efficiency 
of water use Water 
capacity of GDP, cube. 
m of used water per 
1000 UAH of GDP (in 
actual prices) 

 

▶ Indicator 6.4.2. 
Water capacity of 
GDP, % to 2015 level  

Goal 7. Affordable and clean energy 
Task 7.1. 
Expand infrastructure 
and upgrade networks 
to ensure reliable and 
sustainable energy 
supply based on the 
introduction of 
innovative technologies 

▶ Indicator 7.1.2. 
Technological 
consumption of electric 
energy in distribution 
grids, % 

 

▶ Indicator 7.1.3. 
Heat loss in heat 
networks, %  

Task 7.3. 
Increase the share of 
energy from renewable 
sources in the national 
energy balance 

▶ Indicator 7.3.1. 
Share of energy 
produced from 
renewable sources in 
total final energy 
consumption, % 

 

Task 7.4. 
Increase energy 
efficiency of the 
economy 

▶ Indicator 7.4.1. 
Energy intensity of 
GDP (primary energy 
consumption per unit of 
GDP), kg. E. on 1 USD. 
United States for PCS 
2011 

 

Goal 8. Decent work and economic growth 
Task 8.2. 
Increase production 
efficiency on the basis 
of sustainable 
development and 
development of highly 
technological 
competitive industries 

▶ Indicator 8.2.3. 
Material capacity of 
GDP (the ratio of the 
volume of intermediate 
expenditure from the 
tables of "expenditure-
output" types of activity 
that produce material 
products to the total 
volume of GDP) 
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Goal 11. Sustainable development of cities and communities 
Task 11.5. 
Reduce the negative 
impact of pollutants, 
including on the 
environment of cities, 
by using innovative 
technologies 

▶ Indicator 11.5.2. 
The total amount of 
emissions into the 
atmospheric air of 
pollutants from 
stationary sources, 
conditionally brought to 
carbon oxide, taking 
into account the relative 
aggressiveness of the 
main pollutants, % to 
the level of 2015 

 

 ▶ Indicator 11.5.3. 
The total amount of 
emissions into the 
atmospheric air of 
pollutants from mobile 
sources, conditionally 
brought to carbon 
oxide, taking into 
account the relative 
aggressiveness of the 
main pollutants, % to 
the level of 2015 

 

 ▶ Indicator 11.5.4. 
The number of cities in 
which the average daily 
concentrations of the 
main pollutants in the 
air exceed the average 
daily maximum 
allowable 
concentrations, units 

 

Goal 12. Responsible consumption and production 
Task 12.1. 
Reduce the resource 
capacity of the 
economy 

▶ Indicator 12.1.1. 
Resource capacity of 
GDP (share of the value 
of natural resources per 
unit of GDP), % to the 
level of 2015 

 



129 

Task 12.2. 
Reduce food losses in 
production chains 

▶ Indicator 12.2.1. 
The share of post-
harvest losses in the 
total production of grain 
crops, % 

 

 ▶ Indicator 12.2.2. 
The share of post-
harvest losses in the 
total production of 
vegetables and melon 
crops, % 

 

Task 12.4. 
Reduce waste 
generation and increase 
the amount of recycling 
and reuse based on 
innovative technologies 
and industries 

▶ Indicator 12.4.1. 
The volume of 
generated waste of all 
types of economic 
activity per unit of 
GDP, kg per 1000 
dollars. United States 
for PCS 2011 

 

▶ Indicator 12.4.2 The 
share of incinerated and 
recycled waste in the 
total amount of waste 
generated, % 

 

Goal 14. Conservation of marine resources 
Task 14.1. Reduce 
marine pollution 

▶ Indicator 14.1.1. 
The share of discharges 
of contaminated sewage 
in the total volume of 
discharges to the marine 
environment, % 

 

 

Economic growth will inevitably lead to an increase in the use of natural 

resources and waste, which in turn will intensify the anthropogenic invasion of the 

natural environment. Understanding of the sensitivity of the implementation of the 

relevant consumption and production in the country is, but the resolution of these 

issues requires a well-established and long-lasting political and economic effort, 

focused both on production, and on consumption [22]. 

An integral part of economic activity is the generation of waste - any 

substances, materials and objects generated in the process of human activity and have 
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no further use at the place of formation or detection and which their owner must 

dispose of by disposal or disposal (according to Law "On waste" d.d. 05.03.98 № 

187/98-VR, with changes and additions made by the Law of Ukraine № 554-IX d.d. 

13.04.2020) [23]. 

At present, humanity produces 2,000 times more organic waste than all of 

nature [24]. To meet the needs of one person in everything necessary, about 20 tons 

(according to some data 45 tons) of various raw materials are extracted per year. At 

the same time, only 1-2% (according to more optimistic estimates, up to 6%) of used 

resources is transferred to finished products [25]. Thus, more than 90-95% of primary 

raw materials are converted into waste generated at all stages of production and 

consumption. As a result, the product itself turns into waste, so we can say that 

everything ends with the formation of waste.  

Waste retains its original material substance and a certain part of its residual 

value. Therefore, waste can and should be considered as a source of material 

resources with a certain residual value, which allows to use them in further activities 

in the form of raw materials and to form a logistical flow of secondary material 

resources. 

Waste generation accompanies all stages of the product life cycle (Table 6). 

Recycling of material resources is an objective necessity, which is due 

primarily to the limited natural resources and pollution of the environment by human 

waste. The use of waste as a secondary raw material saves primary raw materials and 

materials. For example, the use of 1 ton of waste paper saves 3.5 cubic meters. m of 

wood, 1 ton of secondary polymer raw materials - 0.7 tons of primary polymer raw 

materials; 1 ton of worn tires - 0.33 tons of synthetic rubber, 1 ton of secondary textile 

raw materials - 0.7 tons of natural or synthetic fibres [26].  

Today, the average level of waste use as a secondary material resource is about 

a third. At the present stage of development of processing technologies, only highly 

liquid and cost-effective wastes are involved in economic circulation; for example, 

scrap ferrous and non-ferrous metals, high-grade waste paper brands, slag, textile 

products, polymeric materials, and polymeric materials.  
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Table 6 

Waste generation during the product life cycle 
Stage of the product life cycle Waste generated 

Design and development of a 

prototype product 

- waste paper; waste raw materials; remnants of 

prototypes. 

Product production - technological waste of raw materials; rejected 

products. 

Sales of goods - containers and packaging; waste technological 

operations that accompany the process of storage, 

transportation and sale of products; products that 

cannot be sold. 

Product operation - waste from operation and storage of the product. 

Repair, product service - defective products; products of their part which are 

not subject to repair. 

Product disposal and waste 

disposal 

- products that have expired or are damaged; 

substances; materials. 

 

Waste is often more hazardous than primary raw materials and can contain 

lead, mercury, chlorine, nickel, cadmium and other very dangerous toxic chemicals. 

Therefore, it is necessary either to use waste as a source of valuable elements, or, if 

this is not possible, to dispose of them properly. Burning, burying in soil or water, 

leaving waste on an open surface is very dangerous, as it causes irreparable damage 

to the environment.  

Unfortunately, such methods of waste disposal have been used by mankind for 

many years, but gradually came the realization of the imperfections of existing 

methods of waste management. In the late 70's - early 80's, the best methods were 

identified to reduce the amount of waste (in descending order): prevent the formation 

and reduce their amount; processing (including composting); waste treatment; burial 

in the ground [27]. Today's level of development of recycling and recycling 

technologies allows waste to become a source of regeneration and reuse of valuable 

resources.  
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The need to optimize the work with waste that has the potential of secondary 

material resources, led to the concept of integrated waste management, the basic 

principles of which are: 

- reduced waste sources (reduction of unnecessary emissions before they enter 

the waste stream); 

- expedient processing (return of the product to the production chain); 

- extraction of the maximum possible benefit from resources (incineration of 

waste to obtain energy); 

- safe disposal of waste that cannot be used at the current level of scientific 

and technological development [28]. 

Some authors claim in their works [25, 29] that the main provisions of the 

concept of integrated waste management coincide with the concept of 3R (reduce, 

reuse, recycle) - minimization of waste, their secondary use and return to the 

production process as secondary raw materials. They even offer a new concept - 3LR, 

which takes into account the factor of logistics of waste management and more 

accurately meets the challenges and opportunities of today.  

Thus, the implementation of the concept of integrated waste management is 

possible under the conditions of the implementation of a circular model of the 

economy, which is based on the convergence of sustainable development goals. 

 

USING A CONVERGENT MODEL OF CIRCULAR ECONOMY TO 

ACHIEVE SUSTAINABLE DEVELOPMENT GOALS 

Ecological economy includes ecologically-oriented types of economy that 

reflect possible ways of greening: circular economy, bioeconomy, low-carbon 

economy, digital economy, common economy, blue (blue) economy, etc. An 

important place in this list is occupied by the circular economy, which aims to 

maintain the value of products, materials and resources for as long as possible by 

returning them to the production cycle while minimizing waste generation, ie reduces 

the eco-destructive impact on the environment. 
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For the first time the development of efficient current and secondary use of 

products and recycling is identified as a promising direction of economic 

development in the Report of the Club of Rome "The Limits to growth" [30], 

published in 1975 and contains the results of analysis of possible civilization the 

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 - An EU action plan for the Circular Economy" [31], which 

substantiated the concept of circular economy. 

The works of such authors as N. Batova, D.V. Valko, M.A. Vetrova, 

I.I. Koblyanska, E.V. Mishenin, N.V. Pahomova, К.К. Richter, P. Sachek, 

I. Tochytska, C. Cialani, Y. Kalmykova, F. Krausmann, A. Murray, G. Roos, 

L. Rosado, K. Skene, P. Ghisellini, S. Ulgiati, W. Haas, K. Haynes, M. Heinz, 

D. Wiedenhofer etc. 

The circular economy offers modern approaches and business models that can 

increase the resource and energy efficiency of production and consumption of goods, 

to reduce the negative impact on the environment.  

The processes of eco-destructive impact of mankind on the environment are 

grouped in the following areas: 

− pollution (chemical, noise, electromagnetic, thermal, radiation, biological, 

etc.); 

− disturbance of landscapes (digging canals, ditches, plowing soils, forming 

dumps, changing riverbeds, draining swamps, flooding areas, etc.); 

− direct impact on the human body (occupational injuries, occupational diseases, 

increased radiation background); 

− influence on the characteristics of man as a person (conveyor production, 

intensification of mental activity, etc.); 

− direct negative impact on flora and fauna (death of plants and animals from 

pollution of water bodies, air, transport, etc.) [25].  
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To determine the degree of eco-destructive impact on the environment allows 

a special indicator - the ecological footprint, which reflects the demand of the human 

population for natural capital, which may even exceed the ecological capacity of the 

planet to regenerate this capital. The term "environmental footprint" was coined in 

1992 by Canadian Professor William Reese. This is a conditional concept that 

reflects the human consumption of biosphere resources and is measured by the area 

(in hectares) of productive territory required for the resource provision of human life, 

as well as for the absorption and processing of waste. 

The concept of calculating the ecological footprint has spread rapidly  

thanks to the World Wildlife Fund's (WWF) Living Planet Report, which  

claims that the human footprint has exceeded the planet's biopotential  

by 20% [9].  

The ecological footprint in Ukraine is 3.19 hectares per person. Today, each 

person needs an average of 2.7 hectares to provide themselves with resources and get 

rid of waste, which is much more than the capacity of the planet. The ideal in the 

world is an eco-trail of 1.8 hectares, which reflects the real possibilities of the planet. 

Thus, Ukraine ranks 51st among 149 countries in the area used by one person to 

consume resources. The impact of the average Ukrainian on the environment exceeds 

the threshold by 1.88 times [24]. 

According to the UN report "World Population Prospects" [32] by 2030 the 

population of the planet will grow to 8.3 billion people, the middle class will be 

joined by at least 2.5 billion new consumers. To meet their needs, taking into account 

the consumption of primary resources, according to experts [33], four planets such 

as Earth by 2050. 

It is possible to reduce the consequences of eco-destructive impact on nature 

through the introduction of new concepts of life. There is a clear link between the 

concepts of sustainable development, green economy and circular economy. 

Ecological economy is one of the ways to achieve sustainable development, and 

circular economy is a specific tool for the transition to an ecological economy 

(fig. 3). 
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Fig. 3. The relationship between the concepts of sustainable development, 

environmental and circular economy 

 

The use of circular economy tools allows to achieve some goals of  

sustainable development directly, and some - indirectly. For example,  

achieving SDGS 12 (providing rational models of consumption and  

production) is impossible without the introduction of business models  

of the circular economy. And the achievement of SDGS 12  

will affect the achievement of other sustainable development  

SDGS, which implement the principles of environmental economics,  

namely: SDGS 6 (ensuring the availability and rational use of water  

resources and sanitation for all), SDGS 7 (providing access to affordable,  

affordable, affordable) modern energy sources for all), SDGS 11  

(ensuring openness, security, sustainability and sustainability of cities  

and towns), SDGS 13 (taking urgent measures to combat climate change and its 

consequences), SDGS 14 (conservation and rational use, and marine resources for 

sustainable development), SDGS 15 (protection, restoration of land ecosystems and 

promotion of their efficient use, rational forest management, desertification control, 

Sustainable development is one that meets the needs of the present, but does not 
jeopardize the ability of future generations to meet their own needs 

Ecological (green) economy provides a long-term increase in human well-
being without significant risks of eco-destructive impact on the 

environment, ie satisfies the conditions of sustainable development 

Circular (cyclical) economy aims to maintain the value of 
products, materials and resources for as long as possible by 

returning them to the production cycle while minimizing waste 
generation, ie reduces the eco-destructive impact on the 

environment 
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cessation and reversal of land degradation and cessation of land degradation and 

cessation).  

The methodological approaches that form the basis of the circular economy 

are not fundamentally new. The interdisciplinary modern concept of circular 

economy is the result of scientific research of scientists in the field of ecological 

(green) economy, industrial (industrial) ecology, economics of nature 

management, etc. 

The methodological basis of the circular economy is the paradigm of  

industrial (technological, industrial) ecology, the main purpose of which is to  

replace the existing, in most cases, the linear nature of the man-made system  

to a cyclic system, where waste is often used as energy for other products  

or raw materials. 

From the standpoint of industrial ecology, the ideal state of a man-made 

system is considered to be one in which the material and energy cycles of resources 

are closed, organized like natural ecosystems. This idea of closed cycles of  

resource turnover, supplemented by estimates of the value of natural capital, 

reflecting its importance and usefulness (and, consequently, potential losses from the 

extraction of resources with waste), forms the substantive basis of the circular 

economy. 

The peculiarity of the circular economy is determined by the fact that its 

implementation is associated with the formation of new business models to ensure 

more environmentally friendly resource use [35]. The model of the economic system, 

which corresponds to the principles of the circular economy, is a regenerative 

(restorative) system that focuses on the reuse of resources, components, products, 

and so on. 

The principles of the circular economy are implemented through five well-

known innovative business models, classified by Accenture specialists: circular 

suppliers, resources recovery, sharing platforms, product life extension, product as a 

service [36] (table 7). 
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Table 7 

Business models of the circular economy [37] 

Business 

model name 

Characteristics  

of the business model 

Companies 

conducting  

a business model 

Circular 

suppliers 

Provides delivery by the supplier of resources that 

are completely recycled or biodegradable and 

underlie the circular system of production and 

consumption. 

Ford, Fairphone, 3D 

Hubs, Desso, Toyota, 

Cisco 

Resources 

recovery 

Helps eliminate resource losses due to waste 

generation, and increases the profitability of 

production from reverse flows. 

Coca-Cola, Maersk, 

Michelin, Philips, 

Walt Disney World 

Resort 

Sharing 

platforms 

Serves to promote platforms for interaction between 

product users, individuals or organizations. 

Patagonia, BlaBlacar, 

Nearly New Car, 

BMW, Drivy, 

Daimler, Lyft 

Product life 

extension 

Provides preservation or improvement of the 

product which has been in use, at the expense of its 

repair, modernization, reconstruction or restoration. 

Bosch, Caterpillar, 

Volvo, Renault, 

Apple, 

BMA Ergonomics, 

Michelin 

Product as a 

service 

Serves as an alternative to buying a product, 

providing it for use, for example, through a lease, 

lease, etc., which increases the incentives to create 

durable products, extend its life cycle. 

Rolls-Royce, Mud 

Jeans, De 

Kledingbibliotheek 

 

Despite the diversity of circular business models, their use is aimed at: 

reducing the number of resources, materials and energy used in the production 
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process; use of environmentally friendly sources of resources; reducing the number 

of products consumed due to the transition from individual to shared use; extension 

of the useful life of products; reducing the amount of waste and their rational 

utilization [38]. 

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. In 

contrast to the traditional model of economy, which works on the principle of "take, 

make, use, waste", the circular economy offers a fundamentally new stable 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 logistics chains. In the 

process of developing the concept of circular economy, framework conceptual 

structures were formed - frameworks, which were transformed as the ideas of 

circularity became stronger: "3R", "4R", "6R" and "9R" (Table 8) [38].  

 

Table 8 

Characteristics of processes of frameworks of circular economy 
The level of 

circularity of the 
economy 

Framework Characteristics of the process 

1 2 3 
First level - 

useful use of raw 

materials 

4R, 6R, 9R Recover (recovery, return) - the process of collecting 

products and components at the end of use, disassembly, 

sorting and cleaning for the purpose of using in the next 

life cycles. 

3R, 4R, 6R, 

9R 

Recycle (recycling, processing) - the process of returning 

waste, discharges and emissions into the processes of 

technogenesis. Reuse of waste for the same purpose, as 

well as return of waste after appropriate treatment in the 

production cycle. 
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The second level is 

the extension of 

the service life of 

the product and its 

parts 

9R Refurbish (renewal, repair) - restoration and renewal of 

an old but serviceable product. 

6R, 9R Rеmanufacture (update, modification) - the process of 

restoring a product to bring it into working order by 

replacing or repairing major components or components. 

9R Repurpose (reorientation) - re-profiling, the use of a 

failed product, and its parts in a new product with a 

second purpose. 

9R Repair (repair, correction) - repair and maintenance of a 

defective product for use in accordance with the original 

purpose. 

3R, 4R, 6R, 

9R 

Reuse assumes that a product is reused for original or 

new purposes in its original form or with some changes 

and minor improvements. 

The third level is a 

smart production 

and use of products 

3R, 4R, 6R, 

9R 

Reduse (reduction, decrease) 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) - increasing the intensity of product 

use (for example, sharing). 

9R Refuse - reduction of excessive consumption of products 

due to the complete abandonment of their functionality 

by transferring their functionality to other products. 

6R Redesign is the process of developing next-generation 

products that use components, materials, and resources 

derived from the previous life cycle or previous-

generation products (redesign to use as many extracted 

components and parts as possible) without loss. 

 

The circular economy takes into account the biological and technical cycles of 

resources and the potential benefits that can be obtained at different levels of these 

cycles, it involves the transition from a linear economy to a closed cycle  
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economy, because the linear economy as a result, produce a large amount of  

waste. 

The Ellen McArthur Foundation transformed the principles of the circular 

economy into a model based on the 6R processes of the framework and considering 

technical and biological cycles (fig. 4) [39]. 

Within the limits of the biological cycle, this scheme envisages  

the following chain: non-toxic wastes, after use, fall back into  

the natural environment and become a nutrient medium for biological  

organisms, and then, as a result of further biological processes,  

are used as biochemical. The principle of functioning of the biological cycle 

corresponds to the concept of "cradle-to-cradle", which is based on the idea of waste-

free production. 

The technical cycle forms closed supply chains and consists of the following 

processes: maintenance; product reuse (reuse / redistribute); refurbishment of 

products and / or restoration of obsolete components (refurbish / remanufacture); 

recycle. 

The traditional linear economy is presented in fig. 4 as a vertical process  

in the middle, from resource extraction and production to waste disposal.  

Also presented are two cycles of circular economy - biological and  

technical substances. In the linear model, technical materials do not create a 

consistently closed consumption cycle, which generates a loss of valuable material 

and energy resources.  

The convergence of the principles of functioning of biological and technical 

systems is traced in the circular model. 

By analogy with biological systems, which are aimed at creating  

closed cycles, technical systems implement the restoration and reproduction  

of products, components, materials through reuse, repair, regeneration,  

recycling, etc. 
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Fig. 4. Model of circular economy proposed by the Ellen McArthur Foundation 
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The implementation of a convergent model of the circular economy is possible 

at the micro, meso and macro levels. At the micro level, the company takes into 

account the environmental factor in the supply of raw materials, production and 

marketing, waste management. At the micro level, the idea of a circular economy is 

embodied in closed micrologistics systems. In addition, eco-design (ecodesign) is 

carried out at the micro level, which takes into account the ecological component of 

supply, production and sales, and is a manifestation of environmentally-oriented 

management. 

At the meso level, eco-parks are being created - associations of producers of 

goods and services that want to improve the economic and ecological situation 

through joint management of natural resources and the environment. In this case, 

production is carried out in a closed system, which is similar to natural ecosystems, 

ie waste or by-products of one production chain are raw materials for another [40]. 

Eco-cities, eco-regions, etc. are created at the macro level. Thus, at the Meso- and 

macro-level ideas of the circular economy are embodied through closed logistics 

chains and the general ecologization of man-made systems. 

Thus, the convergent model of circular economy is a successful tool, the use 

of which allows to achieve sustainable development as a harmonious economic and 

social development of society in a safe environment due to the convergence of 

economic, social and environmental values. 

 

CONVERGENCE OF METHODOLOGIES OF LOGISTICS, 

ECOLOGICAL AND PROJECT MANAGEMENT IN PROJECTS OF 

ECOLOGICAL SYSTEMS 

Sustainable development necessitates the transformation of human economic 

activity from hostile to environmentally friendly. Each activity must be 

environmentally safe, its consequences should not adversely affect the current and 

future state of the environment. 

Logistics, as a sphere of practical activity, also makes a negative contribution 

to the current state of the environment. Thus, logistics should consider the issue of 
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ecologization in the context of its activities, which is possible due to the convergence 

of methodologies of logistics and ecological management. 

Logistics management is carried out on the basis of the basic principles of 

management with the implementation of the specifics of logistics. The question of 

logistic management is highlighted in the nautical works of such scientists as 

R. Ballow, D. Bauersox, G. Vardanyan, R. Voloshina, A. Gajinski, A. Kalchenko, 

E. Krykavsky, D. Lambert, S. Mocherny, Yu. Ponomarova, B. Palasyuk, V. Sergeev, 

J. Stock, I. Strutinska, L. Frolova and others. 

In scientific sources, logistics management is defined as "targeted influence 

on logistics flows in order to synchronize their interaction and achieve the effect of 

synergism" [41] or "A kind of administration of the logistics system, ie the 

performance of basic management functions (organization, planning, regulation, 

coordination, control, accounting and analysis) to achieve the goals of the logistics 

system" [42]. 

Given the current trends in the development of logistics and its transformation 

into Ecological management, logistics management is gradually being transformed 

into Ecological management through the convergence of logistics and Ecological 

management. 

Ecological management is a means of harmonizing relations between society 

and nature in the context of global trends in the greening of human life, the 

implementation of practical actions on the way to environmentally balanced 

management. The main issues of Ecological management, economic and social 

aspects of its formation and implementation are covered in the works of domestic 

scientists T. Galushkina, B. Danylyshyn, S. Bogolyubov, V. Zuev, S. Doroguntsov, 

V. Sakhaev, V. Shevchuk, I. Sinyakevich, Y. Shemshuchenko, E. Khlobystov, 

L. Hryniv, O. Veklych, etc. 

Ecological management is the process of preparation, adoption and 

implementation of decisions aimed at achieving environmental goals using various 

special and system-wide, administrative and economic methods and 

mechanisms [43]. 
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Ecologically-oriented management should be consistent with the scale and 

depth of penetration of problems into virtually all spheres of human life and be based 

on the laws of ecology – science that studies the laws of the  

relationship of organisms with the environment, as well as the organization and 

activity of systems of superorganismic organization (populations, species, 

biocenoses, and biosphere). Modern ecology studies, first of all, the objective laws 

of human existence and nature, the relationship between the development of 

ecosystems at all levels, it is a science of the problems of survival in the  

environment.   

Ecologically-oriented logistics management is a type of management activity, 

which involves taking into account environmental factors at all stages of spatial-

temporal planning, organization, control and regulation of the  

movement of material and informational sources, information. The  

purpose of ecologically oriented logistics management is to obtain an  

integrated ecological and economic effect as a result of optimization of flow 

processes. 

The works of foreign and domestic scientists such as A.U. Albekova, 

V.V. Borisova, R. Dannu, T. Dowie, L.M. Zaretska, A.A. Kizim, N.P. Koropova, 

I.I. Koblyanska, A.F. Kryachkova, A. McKinnon, V.P. Meshalkin, E.V. Mishenin, 

M.N Nekrasova, I.M. Omelchenko, N.V. Pakhomova, Р. Poist, J.-P. Rodrigo, 

D. Rogers, A. Tambovtsev, T. Tambovtseva, R. Tibbu-Lembke, D. Waters, 

L.A. Sosunova, T.N. Skorobahatova, D.V. Chernovova, etc. are devoted to the 

problem of ecologically oriented logistics management.  

The convergence of logistics and ecological management in logistics is 

associated with the use of a logistics approach in waste management and secondary 

material resources, the integration of efforts of suppliers and customers to produce 

environmentally friendly products. A significant influence on the development of 

ecological management in logistics was made by the publication in 1992 by the 

Board of Logistics Management of the USA of J. Stoke's monograph "Revers 

Logistics" [44]. 
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The basis of the modern period in the development of logistics is the 

integration paradigm, which is based on the unification of all performers of logistics 

functions into a single logistics chain. The integration paradigm takes into account, 

in addition to economic, ecological issues, the functioning of logistics systems. 

Thus, summarizing the above, it can be argued that conceptually the 

development of ecologistic is based on a change in logistics paradigms. Due to the 

convergence of economic and ecological values, to the basic seven rules of logistics 

it is necessary to add a minimal eco-destructive impact on the environment, which 

will jointly make up the "rules of ecologistics" (fig. 5). 

The concept of ecological logistics arose due to the convergence of two 

scientific areas - logistics and ecology. "Green logistics", "ecological logistics", 

"ecologistics" or " ecologically responsible logistics" are synonyms and  

have the same essence, as can be seen from the following definitions  

(table 9). 

 

 

 

 

 

 

 

 

 

Fig. 5. Rules of ecological logistics 

 

The analysis of the definitions of the terms "green logistics", "ecologistics", 

"ecological logistics", "ecologically responsible logistics" showed that today in 

general has already formed an understanding of the essence of these concepts, and 

there are significant differences. Most authors agree that logistics, taking into account 

the ecological factor, aims to minimize the negative impact on the environment from 

RULES OF ECOLOGISTICS 

- minimal eco-destructive impact on the environment 
 

 
RULES OF LOGISTICS 

− the required product (product)          – in the required place 
− of the required quality                        – at the required time 
− in the required amount                       – to the required consumer 

− with the required level of costs 
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the implementation of logistics activities [45, 48, 50] and propose the application of 

measures for the movement of energy resources [47, 48] for the ecologization of 

supply chains [46] to achieve the goals of sustainable development [49]. 

 

Table 9 

Definition of logistics taking into account the ecological factor 
Green logistics 

Ds. Rogers, R. Tibben-lembke [45] 
A set of actions to assess and minimize the environmental consequences of logistics 

activities. 
J.-P. Rodrigue, B. Slack, C. Comtois [46] 
Practice and strategy in supply chain activities that reduce the negative ecological and 

energy consequences of the distribution of goods and focus on cargo processing, waste flow 
management, packaging and packaging.  

Li Yanbo, Liu Songxian [47] 
A new scientific direction, which involves the use of advanced logistics technologies and 

modern equipment in order to minimize pollution and increase the efficiency of logistics 
resources.  

Ecologistics 
Yu. Chortok [48] 
Subsystem for managing product flows from the original source to the final consumer 

with a minimum level of eco-destructive impact on the environment. 
V.D. Gerami [49] 
Logistics activities based on the principles of sustainable development and taking into 

account the factors of environmental pollution, resource consumption, security. 
Ecological logistics 

Li Yanbo, Liu Songxian [47] 
System of planning, design and management with the use of advanced logistics 

technologies and methods of ecological design in the field of pollution reduction and resource 
consumption, which are dictated by ecological principles. 

Ecologically responsible logistics 
Haw-Jan Wu, Steven C. Dunn [50] 
Ecologically friendly logistics approach, in which the tasks of minimizing the overall 

environmental impact of the logistics system on the environment are added to the traditional 
management tasks.  
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The most complete and reflecting the convergence of  

logistics and environmentally-oriented management is the definition given in [51]:  

ecologically-oriented logistics - scientific and practical activities aimed at 

optimization and effective management of direct and reverse material and related 

flows (informational, financial, waste streams, harmful emissions, various natural 

resources and energy) in order to minimize the negative impact on the  

environment. 

The main principles of ecological logistics are: rationalization of the use of 

natural resources and enterprise resources; maximum use of production waste, 

containers and packaging; reduction of consumption of raw materials and materials 

with low possibility of processing or safe utilization; application of modern science-

intensive technologies and recycling technologies; increasing the level of ecological 

orientation and responsibility of logistics personnel [52]. 

Comparative characteristics of logistics and ecologistics are given  

in table 10. 

Table 10 

Comparison of logistics and ecologistics 
Characteristics Logistics Ecologistics 

Object logistics flows - material (direct) 

and related 

logistics flows - material (direct, 

rotary, reverse) and related 

Subject optimization of logistics flows 

from the standpoint of 

systematization 

optimization of logistics flows 

from the standpoint of system 

and environmental friendliness 

Methodological basis system, process, functional, 

logistical approaches 

system, process, functional, 

logistical, ecological approaches 

Logistics system 

 

linear closed 

Economic system 

 

brown economy green economy 
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Based on the principles of ecologistics, its contour is defined within the 

Concept of Sustainable Development, which reflects the goals aimed at the 

convergence of economic, social and ecological values: 

- economic - improvement of values of economic indicators of functioning  

of the enterprises owing to application of tools of ecological  

logistics; 

- social - the formation of conditions for safe production for society, distribution 

and use of products; 

- ecological - reduction of eco-destructive impact of logistics activities on the 

environment (fig. 6). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Outline of ecologistics within the Concept of Sustainable Development 

 

Thus, modern logistics within the Concept of Sustainable Development should 

be considered as an effective approach to the management of logistics flows in order 

to reduce the ecological damage to society and the environment, and can ensure the 

improvement of economic activities. 

From the standpoint of a systems approach, ecologistics is both an element of 

a higher-level system of the hierarchy and includes lower-level systems. Namely, 

The economic aspect is 
the improvement of the 

general economic 
indicators of activity due 

to the introduction 
of ecologistics 

The social aspect is the  
creation of safe conditions 
for logistics activities for 

society 

 
Ecological aspect - 
reduction of eco-

destructive impact of 
logistics activities on the 

environment 

  Sustainable 
 development taking 

into account the 
ecologistical 
component 
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ecological or green logistics is a subsystem of green economy and sustainable 

logistics, on the one hand, and includes in its composition such subsystems as 

resource conservation logistics, reversible logistics, logistics of waste resources, and 

other logistics. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. System representation of ecologistics 

 

Ecologically-oriented types of logistics differ in the objects of management. 

Since the object of management in logistics is always flows (material and related), 

and environmentally-oriented areas of logistics focus on managing the relevant 

material flows (table 11). 

Table 11 

Ecologically-oriented directions of logistics 
Direction of logistics Material flows are objects of management 

Resource saving logistics - resource flows (direct and reverse) 

Reversible logistics - return (including return) flows 

Logistics of return flows - return flows 

Waste logistics - waste streams 

Logistics of secondary resources - flows of secondary material resources 

               Economy 
 

Logistics 

         Sustainable economy Sustainable logistics 

Green logistics        Green economy 

    Circular economy Logistics of 
resource saving 

Reverse 
logistics 

Waste 
logistics 

The concept of sustainable development 
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Changes in the worldview of humanity, which are expressed in the 

implementation of the Concept of Sustainable Development, have led to a change in 

the logistics paradigm to an ecologistical one. There have been changes in the 

definition of a new type of logistics systems - ecologistical in the hierarchy of higher 

order systems. 

At the structural level, the ecologistical system is a subsystem of the system of 

a higher level of hierarchy, namely the ecological and economic system (Fig. 8). 

If the logistics system is an element of the anthroposphere - man-made 

environment, part of the biosphere, transformed by man for their own needs, the 

ecological system is part of the anthroposphere and noosphere, which covers the 

interaction of man-made environment with natural resource potential of 

bioresources. 

 

 

 

 

 

 

 

 

 

Fig. 8. Transformation of the logistics system into an ecologistical 

 

It is obvious that such a transformation is impossible without the creation of a 

qualitatively new model of human development, which will be based on a high level 

of spirituality and knowledge of the laws of existence and development of the 

universe. 

The modern concept of logistics, which is actively developing and has recently 

been influenced by ecologization and corresponds to the model of the circular 

economy, is the management of supply chains (logistics chains, Supply Chain 

 
 
 
 
 
 
 
 

Biosphere 
(noosphere) 

Anthroposphere 

Ecological and 
economic system 

Ecologistical 
system 

Technosphere 

Economic 
system 

Logistics 
system 
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Management) [53]. One of the directions of development of convergent ecologistic 

management is management of ecologistic chains. 

In a general sense, the logistics chain is a system of business processes that are 

implemented in the system of relations of interacting partner companies, integrated 

in the direction of flow from the source of raw materials to the final consumer [54]. 

As an object of management, the logistics chain is a complex meso- or macro-

logistics system, which includes micro-logistics systems of enterprises - participants 

in the chain, which are integrated with each other. 

Scientists such as Yu.V. Varenko, M.Yu. Hryhorak, L.M. Zaretska, 

E.V. Krykavskyy, I.I. Muhyna, A.V. Smirnova, C. Comtois, Robert D. Klassen,  

Su-Yol Lee, J.-P. Rodrigue, B. Slack, etc. Models of logistics chains with reverse 

material flows are presented in the works of such researchers as S.S. Ali, 

V.V. Bezkorovainy, E.M. Bukrinska, D.O. Gobov, M.N. Grigoriev, K.O. Dziubina, 

A.V. Dziubina, O.P. Dolgov, D.A. Karkh, O.W. Myasnykova, S.V. Potapova, 

A. Tambovtsev, T. Tambovtseva, S.O. Uvarov, V.A. Falovich, S.A. Shahnazaryan 

and others. 

According to the needs of logistics ecologization, it is necessary: 

First, to extend the logistics chain from the primary supplier and the final 

consumer to the natural environment, where waste products that have no further 

consumer value, even as a secondary material or energy source, must be returned to 

the environment [54]; 

Second, to take into account the reverse flows at each stage of the logistics 

chain from the extraction and processing of raw materials through production and 

distribution of finished products to their final use or disposal, considering the 

logistics chain as a feedback system [55]. 

Under the influence of the convergence of logistics and environmentally-

oriented management, the logistics chain will change its linear structure and turn into 

a Closed-loop Supply Chain, which is a complete supply chain with feedback.  
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To successfully achieve the goals of design and operation of environmental 

systems, the use of convergent logistics and environmental management is not 

enough, it is necessary to use the tools of modern project management methodology. 

Methodological principles of project management are presented in the works 

of famous domestic scientists: A.O. Biloshchytski, S.D. Bushuyev, N.S. Bushuyeva, 

O.S. Vanyushkin, V.O. Weismann, W.D. Gogunsky, A.B. Danchenko, 

Ye.A. Druzhinin, O.B. Zachka, K.V. Kolesnikov, I.V. Kononenko, K.V. Koshkin, 

I.O. Lapkin, O.M. Medvedev, V.A. Rach, S.V. Rudenko, S.K. Chernov, 

I.V. Chumachenko, A.V. Shahov, etc. 

A significant contribution to the development of project management 

methodology was made by the following foreign scientists: V.M. Anshin, 

R. Archibald, I.A. Babayev, V.N. Burkov, V.I. Voropaeva, O.F. Kwon, H. Tanaka, 

J.R. Turner, I.I. Mazur, D.A. Novikov, N.G. Olderogge, W.D. Shapiro, 

L.A. Tsitovich and others. 

Traditionally, project management was seen as a process of achieving a set 

goal for a certain period of time in accordance with the planned budget and the 

quality of the end result [56]. This approach reflects the historically formed sources 

of project management as one of the areas of solving local management problems. A 

modern view of project management as a methodology (art) of organization, 

planning, management, coordination of labour, financial and logistical resources 

during the project cycle, aimed at effectively achieving its goals, design and 

satisfaction of students 57 operating under the influence of a turbulent design 

environment. 

Project management methodology is a clearly defined and scientifically proven 

combination of logically related practices and methods that allow you to effectively 

plan, implement, monitor and control, as well as bring the project to success. The 

purpose of the project methodology is to allow you to manage a specific project by 

making effective management decisions.  

Currently, there are a significant number of types of project management 

methodologies, which can be both universal (PMI, IPMA, ISO 21500, Agile, P2M, 
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PRUNCE2) and applied in project management of almost all types, as well as 

environmental).  

The choice of project management methodology is a difficult task, as the use 

of the "right" methodology is one of the key factors in the success of the project [58]. 

Scientists see the solution of such a complex task in the convergence of project 

management methodologies. This question has recently been considered by such 

scientists as S.D. Bushuyev, N.S. Bushuyeva, S.I. Unknown, V.M. Burkov, 

M.S. Dorosh and others. In [59] it is determined that the main purpose of applying 

the convergence of methodologies is the synergy of elements of methodologies that 

are converted during the development of project management methodology, 

programs and portfolios. It is argued that an effective convergence mechanism can 

be the combination of the best elements of methodologies, which provides a good 

level of requirements for the quality of the management process (PRINCE-2; ISO 

9001; ISO 10004; ISO 10006; PMBOK; PMI) with methodologies that provide level 

requirements. competencies of project participants (ICB IPMA, NTC). 

In [60] convergence and integration are compared, it is argued that in contrast 

to the term "convergence" (convergence), "integration" (Latin integratio - 

restoration, filling) - is the unification of any elements or processes. In [61] it was 

determined that the integration and convergence of systems have common goals, but 

differ in their approaches. In the first case, the systems merge, retaining their 

independence, and in the second - they seem to merge and become an inseparable 

whole. In project management, integration is used in several subject areas, each of 

which has a specificity. 

The convergence of methodologies in project management is proposed to 

mean a systemically verified merger, integration of methodologies in compliance 

with the conditions of consistency of the elements of the combined 

methodologies [62]. 

An example of the convergence of project and environmental management 

methodologies is the GPM P5 Standard "GPM® Global P5TM" [63] (Personnel, 

Planet, Prosperity, Processes, Products). 



154 

The GPM P5 standard is a tool that allows you to bring portfolios, programs 

and projects in line with the organization's strategy in the field of sustainable 

development. The focus of the standard is the impact of project processes and results 

on the environment, society, financial performance of the organization and the local 

economy [63]. 

The main reason for creating the standard was the realization that projects and 

business processes are not implemented exclusively within the environment for 

which they are launched. Their impact on society and the environment in which they 

are implemented should be recorded as one of the dimensions  

of project success. The GPM P5 standard is a tool that allows  

organizations to achieve their goals of sustainable development during project 

implementation. 

The GPM P5 standard includes an "iron triangle", harmonizes it with social, 

economic and environmental aspects, as factors of the project environment, as well 

as processes and products with their relationships.  

Thus, it is reasonable to say that for the successful operation of ecologistical 

systems projects in order to achieve the goals of sustainable development requires 

convergence of methodologies of design, logistics and ecological management 

(fig. 9). 

 
Fig. 9. Convergence of project, logistics and ecological management 

methodologies 
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Analysis of scientific research on the issues of logistics systems project 

management, which were performed in the works of V.O. Andrievska, A.V. Bondar, 

K.I. Berezovskaya, T.A. Vorkut, T.A. Kovtun, I.O. Lapkina, N.M. Piddubna, 

S.V. Rudenko, K..L Semenchuk, V.I. Zyuzun, T.N. Shutenko, etc., showed, 

unfortunately, insufficient attention to ecological aspects in the implementation of 

logistics systems projects. 

The problem can be solved through the application of convergent project 

management, which is expressed in the convergence of values, systems, 

methodologies and approaches. 

 

CONVERGENCE OF SCIENTIFIC APPROACHES IN PROJECT 

MANAGEMENT ECOLOGISTICAL SYSTEMS 

Convergence of scientific approaches in project management of ecologistical 

systems is considered as convergence of management (system, process, scenario) 

and natural-scientific (physical, biological) approaches (fig. 10). 

Systematicity is a general property of matter, a form of its existence, and, 

therefore, an integral property of human activity, its results. The system approach 

presents the project as a being, object, economic unit, and not only as a management 

task aimed at achieving the set goals, given the constraints. 

 

 
Fig. 10. Convergence of scientific approaches in project management of 

ecologistical systems 
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Many scientific works are devoted to the study of systems, the authors of 

which offer different interpretations of the concept of "system", which in one way or 

another reflect the universality of the concept. One of the most successful is the 

definition proposed by M. Mesarovich and J. Takahara [64], according to which the 

system has many elements together with the connections between these elements and 

their features. Thus, it becomes obvious that the key words in the concept of "system" 

are "element" and "connection". 

An element is the simplest indivisible part of the system, considered from the 

point of view of the set goal and a specific task; connections are a connection between 

the elements that influence the behavior of the elements and the system as a whole. 

Types of functional elements and connections can be different. A system can consist 

of different local systems (subsystems) and at the same time be a subsystem of 

another or many other systems of a higher level of hierarchy. The elements of the 

system can be considered as subsystems, if their structure is studied [65]. 

There are many scientific publications, the authors of which focus on the 

application of a systematic approach to project management. The systems approach 

is characterized by the most complete view of the project and allows us to consider 

it as a set of interconnected elements that form a system that lives in a dynamically 

changing environment that changes both under the influence of the project and 

independently of it. In addition, the systems approach is one of the components of 

the knowledge structure of project management. 

The project is considered as a controlled system of actions to change the state 

of the object of influence during the life cycle of the system in [66], and also 

emphasizes that the project must be presented explicitly as a system generated by 

human activity. 

It is proposed to consider the task of project management as a complex active 

system [67]. In active project management systems, management entities have the 

properties of activity, including the freedom to purposefully choose their state. 

In [68] the basic principles of systemicity in project management are 

investigated, and the content of basic concepts "system" and "project" is compared 
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by semantic analysis of these concepts and selection of the most essential general 

characteristics of definitions. Due to the use of the principles of the systems 

approach, a number of categories of systems analysis are identified with the 

categories from the knowledge base of project management. 

From the standpoint of a systems approach, the project of ecologistical system 

is presented as a system, because it has all the properties characteristic of systems. 

First, it consists of elements and subsystems that form the internal 

environment. The internal environment of the ecologistical system project includes 

project participants (customers, investors, initiators, project team, etc.), primary and 

secondary and project resource potential, etc. 

Second, the elements of the system are organized into a structure by creating 

links between them. The project structures of the ecologistical system can include 

organizational structures (OBS-structures) of the project and its products, structures 

of works (WBS-structures) of the project, structure of project states, etc. 

Third, the design of the ecologistical system is located in the environment and 

interacts with it. The external environment of the project is divided into the 

environment of direct and indirect influence. The environment of direct influence 

includes competitors, partners (resource providers and consumers of services), 

controlling state bodies and public organizations, the environment of indirect 

influence - political, economic, social, demographic, climatic and other conditions in 

which.  

In [69] the internal and external environment of the project is divided into the 

project potential and the project environment, respectively. The design of an 

ecologistical system as a complex system has a large number of elements in the 

internal environment, between which connections are established. In addition, such 

projects are characterized by the presence of a large number of elements of the 

external environment, which form numerical links with the elements of the internal 

environment of the project. 
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Fourth, the project of ecologistical system has a system property - emergence, 

due to which it becomes possible to get the result - the products of the project. 

The process approach in project management along with system, project and 

scenario approaches will form the basis of the methodological basis of project 

management. The project is considered as a set of interconnected processes - a series 

of actions that lead to a certain result. 

The expediency of using the process approach follows from the definitions of 

the project itself, which are used in documents that are normative in nature or have 

the status of an international or national system of requirements (standards) in the 

field of project management, quality management processes. 

The process approach is recommended by the methodology PRINCE (Projects 

in a Controlled Environment) [70] and ISO 10006 "International quality control 

procedure for project management" [71]. The process concept of project 

management is that a complex integrated project management process is described 

by the processes of which it consists and their relationships. In this case, the 

processes are understood as actions and procedures related to the implementation of 

management functions, which corresponds to the interpretation of the concept of 

"process" by the International Organization for Standardization ISO [71]. 

The process approach is associated with the need to regulate and unify the 

actions of project managers, lead them to repetitive processes with a description of 

the input and output parameters (resources), as well as a set of actions that will turn 

the input into output. The process approach is tied to a specific subject area and 

allows formalizing the actions of the project manager [72]. 

Depending on the area of effort, project processes are divided into two groups: 

− project management processes that focus on the description and 

organization of work in the project and are identical for most projects; 

− product-oriented processes focused on the defined and product creation 

of the project, which are determined according to the life cycle of the project and 

vary depending on the applied area [73]. 
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Project management processes and product-oriented processes are 

superimposed and interact throughout the project. For example, the content of a 

project cannot be given in isolation from some basic concepts of how to create a 

product [73]. 

With regard to ecologistical systems projects, the first group of processes 

includes project management processes - the processes of initialization, planning, 

execution, control and closure, and the second group includes processes focused on 

the product of a particular phase of the project: project documentation, ecologistical 

system, services promotion of material flow (direct, reverse), a set of services for the 

revival of the ecosystem. 

The analysis of scientific research on the issues of process approach in project 

management showed the presence of different opinions on the identification of 

processes that make up a single contour of project management, and an ambiguous 

understanding of the essence of the project management processes themselves. 

However, it can be argued that, regardless of the differences in the identification of 

processes, they are all aimed at changing the state of the project. The process of 

changing the state of the project is characterized by such properties as irreversibility, 

direction, regularity. 

Irreversibility is the property of processes to proceed in a certain direction 

without the possibility of returning to the initial state. A project is a system that 

cannot return to its original state without some effort (additional work) and a change 

in one's life path. The project is asymmetric and non-cyclical over time and at every 

moment of time is at a certain stage of the life cycle. 

Orientation presupposes the possibility of the system to change in a certain 

direction. The direction of changes in the project follows from its definition as a task 

with certain initial data and the necessary results (goals), which determine the way 

to solve it. The very purpose of the project determines the direction of change of its 

states during the life cycle. 

Regularity is the property of the system to change in accordance with certain 

laws. The pattern of changes in the project can be traced in the action of the law of 
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causation, when under the same initial conditions, the same conditions of 

implementation and the same development of events, the same result is achieved. 

The presence of patterns allows us to make assumptions about the future 

effectiveness of the project. 

Thus, the process of changing the state of the project is its development. This 

statement follows from the definition of development as an irreversible, directed, 

regular change of material and ideal systems [74]. 

Project management of the ecologistical system can be represented as a set of 

management influences that ensure the development of the project in accordance 

with its life path or trajectory of development. Each impact must be directed 

(subordinated to the common goal of the project), irreversible (transfer the project to 

a new state) and natural (lead to certain consequences). 

It is possible to take into account the uncertainty of the future conditions of the 

project implementation due to the application of a scenario approach, which is related 

to the management decision-making processes in the project and assumes the 

presence of many alternative project options. 

The scenario approach has become especially popular in the last decade, which 

is due to the need to predict the results of economic activity of economic objects in 

a turbulent environment.  

The scenario approach is an approach in which the theoretical analysis of the 

system is carried out, which aims to identify possible variants of the development of 

events and to determine their consequences. The scenario is understood as a 

predictable or possible course of events, it differs from the forecast in that it is not a 

prediction of the future, based on already known trends and facts. 

The application of the scenario approach in project management allows to take 

into account the variety of project development trajectories by forming sets of 

parameters of the project states, different combinations of which allow to synthesize 

alternative variants (scenarios). Analysis of the effectiveness of project scenarios 

helps to increase the amount of information about the project, which, in turn, reduces 

the uncertainty of the conditions of its implementation. 
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Uncertainty implies the presence of incomplete and inaccurate information 

about the conditions of the project, including the related results. Changes in the 

conditions of implementation can lead to deviations from the determined trajectory 

of project development, ie to the emergence of risk situations. 

The application of natural science approaches in project management is due to 

the evolutionary development of human worldview, awareness of the universality of 

the laws of nature. "Nature is the great first organizer; and the man himself is only 

one of its organizational works", wrote A. Bogdanov. "The simplest of living cells, 

perhaps only at thousands of magnifications, far surpasses everything that can be 

organized by a person who is a student of nature and still very weak in terms of 

complexity and perfection of organization" [75]. 

The system approach is fundamental in the use of the biological approach in 

project management, the essence of which is to apply the principles and mechanisms 

of biological systems (creatures, organisms, populations, etc.) in the management of 

non-biological systems (projects), organizations. 

The founder of systems theory, Ludwig von Bertalanffy, singled out the 

general characteristics of any complex organization, both biological and social in 

nature, and defined the system as a complex of interacting elements. A.A. Bogdanov 

dealt with similar issues, creating a theory of organization. 

The application of the biological approach is observed in various spheres of 

human life, especially in the design of complex technical systems (for example, 

aircraft, helicopters, ships), the mechanisms of functioning of living beings (birds, 

insects, insects, fish) are used. The principles of construction of the elements of flora 

and fauna are applied to architectural objects.  

A clear manifestation of the biological approach to management is the concept 

of industrial metabolism. The basis of the synergetic approach is also samples of 

behavior of living beings and organisms. 

Scientists such as S.A. Podolinsky, V.I. Vernadsky, N.D. Kondratiev, 

N.F. Reimers, W.L. Inozemtsev , etc. The application of a biological approach to the 

management of an organization, the main postulate of which is the view of the 
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organization (enterprise) as a living being, is proposed in [76]. The similarity of the 

organization with a living organism and the expediency of the transformation of the 

laws and rules of life of living organisms into systems of the suprabiological level of 

the organization is emphasized in [77]. 

Recently, the application of different directions of the biological approach in 

project management has been observed. In the works of I.A. Babayev, 

S.D. Bushcheeva, G.D. Bushuyev, T.A. Kovtun considers the issues of the genetic 

approach as a kind of biological approach in project management. In [78] 

S.D. Bushuyev, D.A. Bushuyev, N.S. Bushuyeva, L.S. Chernova proposed a 

benchmarking model based on genetic mechanisms in project management. 

In [79] it is emphasized that the genetic approach is to apply biological analogy 

to projects, which is manifested in the use of terms, definitions, models and methods 

of genetics in project management. Through the prism of the genetic approach, the 

view of project management expands. The work [80] of D.A. Bushuyev is devoted 

to the study of immune mechanisms of management of projects for the development 

of organizations, which is carried out by analogy with living organisms. 

The natural-scientific approaches used in the convergent management of 

environmental systems projects include the physical approach, which involves the 

application of physical laws in the process of project activities. 

An attempt to combine physics and economics took place in the late 90's of 

the twentieth century, resulting in a new discipline "econophysics", the basics of 

which are described in the book "An Introduction to Econophysics" [81]. By that 

time, the economy had accumulated tasks that could not be solved within these 

sciences. To solve such problems, it was envisaged to use the apparatus and 

methodology of theoretical physics. In ecophysics, the main emphasis is on 

mathematical modeling of development and evolution, which in the long run can lead 

to the construction of the economy in the image and likeness of the exact and natural 

sciences.  

The application of the universal laws of physics to describe economic 

phenomena and patterns is a new, little-studied scientific direction, but it allows 
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researchers to understand those aspects of organizational management  

that were previously incomprehensible. Since the design of the ecologistical  

system is a complex stationary system of the suprabiological level of the 

organization, it can be assumed that the process of its management is  

subject to some general laws of system management, reflected in the physical 

approach. 

Thus, to increase the success of ecologistical systems projects, it is proposed 

to use the types of convergence presented in table 12. 

Table 12 

Types of convergence in projects of ecologistical systems 
Type of convergence Elements of convergence Convergence result 

Convergence of values Economic, social and 

environmental values 

The concept of sustainable 

development 

Convergence of systems Logistic, ecological system Ecologistical system 

Convergence of 

methodologies 

Methodologies of project, 

logistics, ecological 

management 

Methodology of convergent 

project management of 

ecologistical systems 

Convergence of approaches General management and 

natural science approaches 

Models and methods of 

convergent project 

management of ecologistical 

systems 

 

Each type of convergence leads to a certain result: 

− the convergence of values, which arose due to the change of the 

worldview paradigm of mankind, led to the emergence of the Concept of sustainable 

development, 

− convergence of systems based on the principles of logistics and 

ecological management has led to the creation of ecological systems, 

− the convergence of methodologies of design, logistics and ecological 

management has led to the creation of a new methodology of convergent project 

management of ecologistical systems, 
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− convergence of general management and natural science approaches 

allows to develop models and methods of convergent management of projects of 

ecological systems. 

The types of convergence presented in environmental systems projects are 

interrelated. The convergence of economic and ecological values, which is the basis 

of the Concept of Sustainable Development, encourages the creation of a new type 

of systems - ecologistical. When managing ecologistical systems projects, it is 

proposed to apply a new methodology of convergent project management, which is 

based on the convergence of methodologies of project, logistics and economic 

management, within which the convergence of general economic approaches is 

carried out. (fig. 11). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Convergence in project management of ecologistical systems 
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CONCLUSIONS 

Today's realities require the application of convergent project management of 

ecologistical systems based on the convergence of values, systems, methodologies 

and approaches. The convergence of economic and ecological values is due to 

changes in the worldview of mankind from consumer attitudes to nature to 

ecologically oriented development, which meets the objectives of the Concept of 

Sustainable Development. Achieving the goals of sustainable development is 

possible due to the change of the linear model of the economy to a circular one, which 

aims to maintain the value of products, materials and resources for as long as  

possible by returning them to the production cycle while minimizing waste 

generation.   

The outline of ecologistics within the Concept of Sustainable Development 

reflects the goals aimed at the convergence of economic, social and ecological 

values: economic - improving the values of economic indicators of enterprises 

through the use of ecological logistics tools; social - the formation of conditions for 

safe production for society, distribution and use of products;  

environmental - reducing the eco-destructive impact of logistics activities on the 

environment.  

Convergence at the level of values has led to convergence at the level of 

systems, which has led to the emergence of complex eco-oriented economic systems, 

which include ecologistical systems - logistics systems, which consist of elements 

interconnected through circular processes in the direction of management logistics 

flows. Ecologistic systems are a tool for implementing the  

principles of the circular economy in order to achieve the goals of sustainable 

development. 

Successful management of ecologistic systems requires the application of a 

new methodology based on the convergence of methodologies of design, logistics 

and ecological management, as well as models and management methods based on 

the convergence of general, natural and natural) approaches.  
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PROJECT-ORIENTED LEARNING IN THE CONDITIONS OF DIGITAL 

TRANSFORMATION 

Molokanova V. 

 

The article considers issues related to the implementation of project-oriented learning 

methodology in the context of the digital transformation of society. The problematic aspects of the 

implementation of project-oriented learning are revealed. It is highlighted that the human desire 

for self-realization can be successfully used in project-based learning. It is substantiated that 

project-oriented training requires systematic, step-by-step technology of development and 

implementation of projects instruments that are carried out in accordance with recognized rules 

and methods. The methodological bases of project-oriented learning of students and tools for 

assessing the management skills of future project managers are considered. An experimental study 

of the self-actualization of the project managers’ personality in the process of mastering the tools 

of project management is presented. The result of the study is the deepening of the theoretical 

foundations of modern project-oriented learning in conditions of distance learning. 

Keywords: project-oriented learning, personal development, talent realization, digital 

transformation of education. 

 
1. INTRODUCTION 

Problem formulation. The new millennium has witnessed the emergence 

numerous changes in educational processes as a result of information technology and 

the emergence of the concept of "knowledge economy", which examines the 

excellence of educational institutions in terms of talent in its human resources. The 

world scientific community has long questioned the feasibility of development, at 

the center of which is only material production. This necessitates a change in the 

general paradigm of human development from the ideology of accumulation of 

material wealth and competition for resources to the ideology of reasonable 

sufficiency and mutual assistance. In the process of implementing the new learning 

paradigm, project-oriented learning is very effective, allowing the most complete 

combination of academic knowledge with their practical application, as well as to 
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develop the soft competencies of future managers. In addition, the technology of 

project-oriented learning serves as a tool for human self-development. At the same 

time, the widespread use of information and communication technologies in the 

educational process has led to the emergence of new components in the education 

system, which open wide opportunities for improving the educational process. The 

most important components are the use of distance learning courses, the formation 

of virtual communities of practitioners, the use of cloud technologies for 

collaboration, and much more. The digital transformation of education is an open 

way to change educational processes, models in order to develop and realize human 

abilities. 

Analysis of recent researches and publications. Trends in global and 

national education are driving the growing importance of "soft management 

components" such as critical thinking, problem solving, collaboration, and various 

forms of communication that are created through a project approach [1, 2]. 

Analysis of recent research and publications. In 1984, David Kolb first 

proposed a model of step-by-step adult learning. The principle of Kolb's theory is 

that the "direct and concrete experience" of an adult is the basis for "observation and 

reflection." These "observations and reflections" are transformed into "abstract 

concepts" that provide a new content of active actions that can be "actively tested", 

which in turn gives a new experience, and then again in a circle. 

One of the important tasks of project training can be considered the study of 

self-actualization and self-development of people throughout life, as well as the 

creation of mechanisms for integrating the practice of self-development of the 

manager in the processes of daily activities. The modern economy creates conditions 

when, in order to remain competitive, enterprises are interested in innovative projects 

that can be successfully implemented under the conditions of introducing creative 

approaches to solving the tasks [4]. Regarding human resource management, the 

project management methodology is focused on research, evaluation and 

development of leadership qualities of the project manager, and building effective 

teams at all levels of the organization [5]. However, most motivation tools are based 
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on the premise that there is a contradiction between the group and individual 

motivation. This gives rise to the concept of mismatch of project implementation 

processes and self-realization of its employees, in addition, it is believed that the 

needs of managers are changing rapidly and they can not be predicted [6]. 

Psychological dictionaries, interpret this term quite ambiguously, different 

authors call the theory of self-actualization differently: self-actualization, self-

realization, integration, mental health, individualization, autonomy, creativity, 

productivity - but they all agree that all these are synonyms of realization of potentials 

of the individual, formation of the person in the full sense of the given word, namely 

formation of whom the person can really become [7]. 

One of the most common interpretations of the concept of "self-actualization" 

is revealed through the ability to become yourself [8]. However, for this, the 

individual must understand who he really is, get rid of illusions, complexes and 

develop creative abilities. [9]. 

The idea of self-actualization was conceptualized in the works of Kurt 

Goldstein. Man, according to Goldstein, is guided by the tendency to fully actualize 

the inherent opportunities, talents, "own nature" [10]. Goldstein linked the 

reproduction of the tendencies inherent in the individual to actualization with the 

inevitable conflict with the forces of the external environment. A normal and healthy 

organism, undergoing actualization, overcomes obstacles created by obstacles to the 

world. Goldstein identified the impossibility of self-realization as a major factor in 

mental illnesses. 

Karl Rogers contains much in common with Goldstein’s ideas in the concept 

of, "desire for self-actualization". Under the desire for self-actualization, Rogers 

defines "the desire for growth, development, the tendency to manifest and activate 

all the abilities of the organism to the extent that activation contributes to the 

development of the organism or personality" [11]. Rogers emphasized that self-

realization should be the goal of each individual; it is a direct pursuit of their own 

way, not following someone else's instructions. 
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Thus, each person has his "true self", or inner essence - this is the authenticity, 

which is already sufficiently developed and understood by the individual. To achieve 

authenticity or self-actualization, according to K. Rogers, a person must activate his 

personality, living in harmony with his inner essence [11]. Those who have failed to 

achieve self-actualization become neurotic, ill, and devoid of authenticity. 

The analysis showed that the current standards of project management do not 

give a holistic picture of the depth and potential of the project methodology as a tool 

for the value transformation of the world. 

The objective of the article is studying of the actual problem related to the 

formation of the educational programs for masters in project management, taking 

into account the digital transformation of learning processes. 

 

2. METHODICAL MATERIALS OF THE STUDY 

In the conditions of accelerating processes of globalization and the 

development of technologies in modern education, there is a radical change in the 

purposes and tasks of training. Employers are not now concerned about the lack of 

knowledge acquired by students, as this knowledge changes every year and becomes 

obsolete before students can master it. They are much more concerned about the lack 

of specialists who are able to improve their knowledge and skills in various fields 

because this is what they will have to do all their conscious life [13]. In many areas, 

priority is given to project-oriented training, which is aimed at forming the activity 

competence of future professionals. Working in teams to develop complex projects, 

students develop skills of a higher order, as they have the opportunity to put their 

knowledge into practice. The most common contradiction of educational processes 

is the contradiction between the mass nature of education and the need for the 

individual development of the individual in the learning process. This contradiction 

has become the driving force of innovation processes in education. To resolve this 

contradiction, training based on the use of modern digital technologies is offered all 

over the world, which is becoming a key means of ensuring the free development of 

the individual. The huge flows of information that anyone can get from the Internet 
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make education more accessible. Feedback between the teacher and students is 

carried out through the use of remote platforms, in order to individually assess the 

results achieved by students [14]. The use of digital applications allows you to 

quickly communicate with students and adjust their learning achievements 

automatically. The use of digital technologies also allows for the more productive 

implementation of project-oriented learning. 

During the preparation of masters in the specialty 073 "Project Management" 

at the Project Management Department of Dnipropetrovs’k Regional Institute of 

Public Administration (DRIPA, Ukraine), the main provisions for the development 

of behavioral competences are taught within the discipline "Project management" 

[15]. The content of the theme "Self-management and activation of creative activity" 

includes the following topics: the role of personality in project management; self-

management and means of project manager constant development; the role of 

creative activity and methods of its activation; gaming and non-traditional methods 

of creative search. In the process of interactive learning, students have to determine 

their scope of project activity with certain extension and generate the main idea of 

their projects for the development of future master's work. 

For future project managers, first of all, it is important correctly determine its 

propensity to a certain area of the project activity. In this regard, DRIPA paid 

considerable attention to the choice of the student future master's work theme. Since 

the first project always affects to the professional life of its developer and determines 

its future career growth. A properly selected project theme can be compared to 

connecting to a power plant that will best fit internal growth and the individual’s 

goals realization. In such case, the task of the teacher is guiding of student, asking 

him the right questions, lead him to a sense of understanding his inner vocation. Here, 

the instructor should be an adviser and coach who is ready to listen and understand 

carefully, and not to demand answers or frighten with bad marks. 

The choice of the theme of the master's work may related to the previous field 

of activity of the student. Nerveless, more often there are other cases when the student 

is interested in a new subject activity and chooses an appropriate theme, which in 
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this case gives more opportunities to apply a creative approach. Correct wording of 

the topic of the master's theme is a responsible issue and indicates the level of 

knowledge and scientific culture of the student and its headmaster. Stages of the 

creative process of determining the topic of the future master's work is given on 

table 1. 

Table 1 

Stages of the creative process of determining the master's work theme 

Project Management 

Methodology and 

Logical-Structural 

Analysis 

Stage 1. Preparation 

1.1. Intellectual-creative preparation 

1.2. The manifestation of social needs 

1.3. Choose an area of interest 

Stage 2. Formation of 

the concept 

2.1. Collection and analysis of information 

2.2. Define the purpose of the project 

2.3. Directed search of means 

Stage 3. Search phase 

3.1. Free generation of ideas 

3.2. Formation of alternatives to achieve the 

goal 

3.3. Select the optimal strategy for achieving 

the goal 

Stage 4. Detailed 

Planning 

4.1. Description of the general concept of the 

project 

4.2. Structuring the project 

4.3. Detailed project planning 

 

However, the most important results, according to the author, are that a person 

who has correctly defined the sphere of his interests becomes more active, striving 

for independent learning, capable of setting tasks for changing his behavior and 

performing them. Because of this awareness, self-management processes become 

effective and interesting for the individual. These features are the main prerequisite 

for the formation of leadership qualities and the ability to self-realization of project 

managers. The project manager's self-realization measure should be manifested in 

practical actions on the transformation of the environment through projects. Project 
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based leaning (PBL) methods better prepare students for self-solution of project 

tasks, prevent social passivity and apathy that may occur outside the training room.  

Thus, during master's work, students should demonstrate the skills of modern 

managerial thinking and system knowledge in project management, the ability to 

professional project activities that involves understanding their own potential in 

project management. 

 

3. RESULTS OF THE STUDY 

Based on DRIPA (Dnipro, Ukraine), an experimental study was carried out for 

the self-actualization of future project managers’ personalities after studying the 

course "Project Management". Theoretical and practical classes on project tasks were 

selected so that students could demonstrate the full range of behavioral 

competencies, their ability to professional project activities, and their propensity to a 

particular subject area in the field of project management. Training took place 

remotely using the corporate platform G Suite, using software MS Project MS 

Teams. 

Assessment of the formation of project skills in students was conducted based 

on behavioral competencies of project managers [16]. Competencies were taken from 

the list of behavioral competencies of the project manager according to IPMA and 

included the following qualities: self-government, personal integrity, personal 

communication, relationships and interaction, leadership, teamwork, conflicts and 

crises, ingenuity, negotiation, and results in orientation [16]. Based on the received 

data, personal profiles were constructed and the group profile of groups of students 

was calculated. In the study, the weights for all ten behavioral competencies of 

project managers were the same. The change in behavioral competencies of 

managers before and after training is shown in table 2. 

The analysis of obtained data suggests that after the training on the 

development of creative abilities, the desire of man to self-actualization is 

significantly increasing. Even considering that, the successful use of 

psychodiagnostic methods is directly dependent on the ability of the experimenter to 



179 

form an adequate attitude to the person, and that any method of diagnostics has a 

degree of error, one can suppose that the study showed that the desire of man to self-

actualization is an effective means of motivation the project activity. Based on 

personal aspiration for self-realization, it is possible to create effective tools for 

improving project teams. Nevertheless, the most important results, according to the 

author, are that a self-actualized person becomes more active, striving for 

independent learning, able to set tasks to change their own behavior and perform 

them. 

Таble 2 

Change of group project competencies 

Competences 
Percentage before 

learning % 

Percentage after 

learning % 

The difference in 

% 

Leadership 65 86 21 

Motivation 41 59 18 

Self-control 48 73 25 

Assertiveness 37 88 51 

Relaxation 33 81 48 

Openness 28 82 54 

Creativity 44 67 23 

Result orientation 12 36 24 

Efficiency 41 66 25 

Consultation 28 81 53 

Negotiation 55 73 18 

Conflicts &crisis 61 75 14 

Reliability 40 58 18 

Values orientation 48 81 33 

Ethics 38 88 50 

 

As a result, the involvement of students in the educational process becomes 

effective and interesting for the individual. This feature is the main prerequisite for 
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the quality and efficiency of higher forms of self-management and self-actualization, 

as the most important social features of the project manager.  

The degree of self-realization of the project manager may be manifested in the 

nature and practical realization of projects. In this case, such individuals who have 

achieved managerial skill in motivating performers through their own self-realization 

should lead the activities of each of the personalities. 

 

4. CONCLUSIONS AND PERSPECTIVES OF FURTHER RESEARCH 

Based on the analysis of the results of the study, the following conclusions can 

be drawn. 

1. The human desire for self-realization can be successfully used in project-

oriented learning. At the same time, the development of creative abilities and self-

actualization is an effective means of motivating project team members to achieve 

the overall goal of the project. 

2. Skills of self-actualization and self-learning become one of the most 

important elements of behavioral competence of project managers. They help project 

managers quickly find their place in the job market. Because Ukraine is in a state of 

reform, project management as a means of implementing change remains a very 

relevant specialty. 

3. Information learning technologies help distance-learning students to quickly 

develop basic competencies in digital literacy and find their direction for further 

improvement in the future field of activity. 

In the future, the author plans to continue studying the possibility of integrating 

the practice of self-development of project managers in the activities of an 

organization that is constantly self-improving. 
 

REFERENCES 

1. Abramo, G., D’Angelo, A. and Carloni, M. (2019). The balance of knowledge flows. 

Scientometrics 13 (1): 1-9. https://doi.org/10.1016/j.joi.2018.11.001. 

2. Framework for 21st century leaning. Retrieved from http://www.p21.org/our-work/p21-

framework. 



181 

3. Kolb, D. A. and Fry, R. (1975) Toward an applied theory of experiential learning. Theories of 

Group Process, London: John Wiley. 

4. Thomas, J. W. (2000). A review of research on PBL. 

http://www.bobpearlman.org/BestPractices/PBL.htm. (accessed 10.01.2018). 

5. Voogt, J., & Roblin, N. P. (2012). A comparative analysis of international frameworks for 21st 

century competences: Implications for national curriculum policies. Journal of Curriculum 

Studies, 44(3), 299–321.  

6. Larregue, J., Lariviere, V. and Mongeon, P. (2020). On the institutional and intellectual 

division of labor in epigenetics research: A scientometric analysis. Social Science Information 

59 (1): 117–43. https://doi.org/10.1177/0539018419898394. 

7. Seminozhenko V. (2008). Ukraine – 2015: Don't lose your future. V Semynozhenko, V.Geets. 

Day. 24 Jan., 4-10. 

8. Bushuyev, S.D., Bushuyeva, N.S. (2010). Mechanisms of formation of values in the activities 

of project-driven organizations. Eastern European Journal of advanced technologies. Vol. 1, 

№ 2 (43), 4-9. 

9. Leontyev D.A. (1997). An essay on the psychology of the individual. Moscow: 

Prosveshchenie, 164. 

10. Psychological dictionary (1996). Ed. V.P. Zinchenko, B.G. Meshcheryakova. Moscow: 

Prosveshchenie, 440. 

11. Buss, Allan R. A Dialectical Psychology (1989). New York: Irvington Publishers.  

12. Vakhromov E.E. (1995). The concept of self-realization as the basis of humanistic pedagogy. 

// Problems of education in the work of postgraduate students. IPI RAO. M., P. 149-153. 

13. . Rogers, Carl R. (1961) On Becoming a Person. Houghton Mifflin, 120.  

14. Bravo, G., Farjam, M., Moreno, F., Birukou, A. and Squazzoni, F. (2018). Hidden connections: 

Network effects on editorial decisions in four computer science journals. Journal of 

Informetrics 12: 101-112. https://doi.org/10.1016/j.joi.2017.12.002  

15. Work syllabus on discipline "Project management" (2020). Edited by V.M. Molokanovа. 

Dnepr: DRIPA. 18. 

16. Chen, K., Zhang, Y., and Fu, X. (2019). International research collaboration: An emerging 

domain of innovation studies?’ Research Policy, 48 (1): 149–168. 

https://doi.org/10.1016/j.respol.2018.08.005 

17. Individual Competence Baseline for Project, Programme & Portfolio Management; 4th 

Version. (2015). International Project Management Association, 415. 

 
  



182 

DOI: https://doi.org/10.30837/MMP.2021.182  
 

SIMULATION MODEL OF TECHNOLOGICAL PROCESS OF RADIO 

ELECTRONICS PRODUCTS ASSEMBLY ON THE BASIS OF FLEXIBLE 

SWITCHING STRUCTURES 

Nevlyudov I., Starodubcev N., Vlasenkov D., Andrusevich A. 

 
Modern technologies of assembling radio electronic products based on aluminum-

polyamide flexible switching structures (FSS) are a complex set of technological problems related 

to the development of new design technological principles for the design of technological processes 

(TP), ensuring their reliability, controllability [1-4]. The problem of providing the necessary levels 

of quality and technical excellence of manufactured electronic products aims at the use of effective 

methods of assembling elements of functional electronics on flexible boards-bases [5-7], at 

improving the methods of modeling TP assembly, which must provide high informativeness and 

reliability [8-11]. It is necessary to develop an effective mathematical support for modeling the 

functioning and evaluation of the reliability of TP assembly and installation of FSS-based 

electronic products. A simulation model of the technological process of assembling a type-forming 

electronic product on an aluminum-polyimide basis with the use of a mathematical apparatus, 

special instrumental and software tools (GPSS World) of the theory of mass service is presented, 

which made it possible to obtain a mathematical model of TP assembly of radio electronic products 

to determine the percentage of the output of suitable electronic products manufactured on the 

assembly process line 

 
INTRODUCTION 

During TP modeling of ET modules using mathematical apparatus and special 

tools (GPSS World), mass-service theory in general solves two problems [12-15]. 

Let's call them straight and reverse. 

A direct problem is to determine the estimation of the mathematical 

expectation of any indicator of a modeled technological system at a given time of its 

functioning. 

The inverse of the problem is to determine the estimate of the mathematical 

expectation of the time of operation of the system, during which any of its indicators 

reaches a given value. 

https://doi.org/10.30837/MMP.2021.182
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Solving these problems, especially the inverse problem, has its own 

peculiarities. Let us consider these features further on the example of modeling TP 

assembly of a sample-representative of ET modules on an aluminum-polyimide 

basis, the main technical characteristics of which are given in [16]. 

 

FORMULATION OF THE PROBLEM 

One of the main structural elements of the analyzed ET modules are crystals 

of integrated circuits (IS) or hybrid microsborders mounted on the surface of a 

flexible aluminum-polyimide carrier board [17]. 

Assembly of the electronic module begins after a random time. Operations are 

preceded by the preparation of a constructive element (CE), which includes input 

control. The duration of preparation depends on the degree of preparation for the 

assembly of the initial element base, from the elements of which the final product 

will be assembled. All different types of constructive elements of electronic product 

(CE) - n1 (hybrid microscaling, three silicon sensors (No. 1, No. 2, No. 3), connecting 

cables No. 1 and No. 2). The frequency of appearance of different CE and the average 

values of their preparation time (in minutes) are specified in Table 1 of discrete 

distribution. 

Table 1 

The frequency of CE and the average time of their preparation 

Structural element Connecting 

cable No. 1 

Connecting 

cable No. 2 

Sensor  

No. 1 

Sensor 

No. 2 

Sensor 

No. 3 

Micro-

composition 
Frequency, min 0,05 0,13 0,16 0,15 0,22 0,29 

Average time of 

preparation of CE, 

min 

10 14 21 25 22 28 

 

For the assembly of ET modules, operations are sequentially performed 

(placing CEs on the mounting table, positioning CEs relative to each other, installing 

CE using ultrasound micro-welding) with medium time  1T , 2T  and 3T , accordingly. 

After each operation during the time 1kT , 2kT , …, knT  interoperative control is 
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performed. Time of operations and control - random. Control does not pass 

(discarded) 1q , 2q , …, nq  products respectively.  

Defective products are sent to the point of final control (acceptance control) 

and are inspected. As a result, out of the total number of products that have not passed 

the control, %1+nq  are missing, and those %1 1+− nq  remaining ET modules are 

subject to re-execution of those operations after which they did not pass the control. 

If the electronic product is not controlled for a second time, it is permanently rejected.  

The initial data for building the model are as follows: 

n1 = 6; Exponential TP = Exponential 30; q1 = 12 %, q2 = 15 %; 

n = 6; Exponential (T1) = Exponential (30); q3 = 10%, q4 = 80 %; 

Exponential (T2) = Exponential (25); Exponential (T3) = Exponential (35); 

Exponential (Tk1) = Exponential (4); Exponential (Tk2) = Exponential (5); 

Exponential (Tk3) = Exponential (15); Exponential (Tк) = Exponential (8). 

In the end, we obtain a simulation mathematical model of TP assembly of 

products - ET modules - to determine the estimate of the mathematical expectation 

of the number of products manufactured on the assembly line for 8 hours. 

The model will allow to perform a generalized assessment of the reliability 

and stability of TP - to determine the relative number of suitable and rejected 

electronic modules, the average manufacturing time of one product. 

The results of the simulation are obtained with accuracy 01,0=ε  and confidence 

probability 99,0=α  [12, 13]. 

The process of assembling ET modules is a process that takes place in a 

multiphase open queuing system with waiting (fig. 1). There are also signs of a closed 

system - the flow of defects for reassembly, after the elimination of defects. 

We will present that preparation of CE and operations of assembly 1, 2 and 3 

(placement of CE on an assembly table, positioning of CE concerning each other, 

installation of CE by means of UZ-microwelding) are carried out on installations - 

single-channel devices (SCD) 1, 2, 3 and 4. respectively (on technological 

installations of control, placement and positioning, installation of UZ-
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microwelding). The point of final control (acceptance) can also be represented as 

SCD. The GPSS tools needed to simulate them are shown in fig. 1. 

CE preparation time and transaction execution time are set in minutes. Let’s 

take 1-unit mod. time = 1 min. 

 

 
Fig. 1. TP assembly of ET modules as a system of mass maintenance 

 

Let’s calculate the number of runs that need to be performed in each 

observation, i.e. carry out the so-called tactical planning of the experiment. Let the 

simulation results (query processing probability) be obtained with confidence 

probability 95,0=α  and accuracy 01,0=ε . We will perform calculations for the worst 

case, i.e. in probability 01,0=ε , because before the experiment p is unknown: 

 

16642
01,0

)5,01(5,058,2)1(
2

2
2

2 ≈
−⋅

⋅=
−⋅

⋅=
ε

α
pptN .   (1) 

 

CONSTRUCTING A DIRECT PROBLEM MODEL 

The direct problem model is given below. 



186 

; Model of the process of manufacturing parts of ET modules. Direct problem 

; Setting of the output data 

Timemod EQU 480; Simulation time, 1-unit mod. time = 1 min 

;                  Average time 

Tn_ EQU 35             ; between CE receipts 

T1 EQU 30               ; execution of the 1st operation, min 

Т2 EQU 25               ; execution of the 2nd operation, min 

ТЗ EQU 35               ; execution of the 3rd operation, min 

Tkl EQU 4                ; control after the 1st operation, min 

Tk2 EQU 5                ; control after the 2nd operation, min 

Tk3 EQU 15              ; control after the 3rd operation, min 

Tk EQU 8                  ; final control, min 

ql_ EQU .12               ; share of defects after the 1st operation 

q2 EQU .15                ; share of defects after the 2nd operation 

q3 EQU .10                ; share of defects after the 3rd operation 

q4_ EQU .80              ; share of final defects  

; Description of the time function of preparation of blanks 

Pod FUNCTION RN10, D6 

.05,10/. 18,14/. 34,21/. 56,22/. 85,28/1,25 

; The segment of simulation of assembly of ET modules  

GENERATE (Exponential(23, 0, Тn_ )) ; ЕRЕ Source 

; ERE preparation for ET modules 

QUEUE Pod                ; Stand in queue 

SEIZE Pod                   ; Start CE preparation 

DEPART Pod              ; Leave queue 

ADVANCE (Exponential (34, 0, FN$Pod) )         ; Preparation 

RELEASE Pod             ; Complete CE preparation 

; Simulation of the 1st operation 

Dcount ASSIGN 1,1     ; Code 1 - passes for the first time  

ASSIGN 2,1                   ; Code 1 in P2-sign of the 1st operation 
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Operl QUEUE Р2           ; Stand in queue 

SEIZE Konveer1             ; Start the 1st operation 

DEPART Р2                    ; Leave the queue 

ADVANCE (Exponential(23,0,Tl) )      ; 1st operation 

RELEASE Konveerl         ; End the 1st operation 

ADVANCE (Exponential(23,0,Tkl))                   ; Control of the 1st operation 

TRANSFER q 1_,,Sboi    ; Defect to the checkpoint  

; Simulation of the 2nd operation 

ASSIGN 2,2                       ; Code 2 in P2-sign of the 2nd operation 

Орег2 QUEUE Р2             ; Stand in queue 

SEIZE Konveer2                ; Start the 2nd operation 

DEPART Р2                       ; Leave the queue 

ADVANCE (Exponential(23,0,T2))                       ; the 2nd operation 

RELEASE Konveer2          ; End the 2nd operation 

ADVANCE (Exponential(23,0,Tk2))                     ; Control the 2nd operation 

TRANSFER q2_,, Sboi      ; Defect to the checkpoint 

; Simulation of the 3rd operation 

ASSIGN 2,3                         ; Code 3 in P2-sign of the 3rd operation  

Орегз QUEUE Р2                ; Stand in queue 

SEIZE Konveer3                  ; Start the 3rd operation 

DEPART Р2                         ; Leave the queue 

ADVANCE (Exponential (23,0,T3))          ; the 3rd operation 

RELEASE Konveer3            ; End the 3rd operation 

ADVANCE (Exponential(23,0,Tk3))          ; Control of the 3rd operation 

TRANSFER q3_,, Sboi       ; Defect to the checkpoint 

Endoperl TERMINATE      ; Counting of finished products 

; Segment of simulation of checkpoint operation 

Sboi TEST Е Pl, l, Endoper  ; If the second time, to the final defect 

QUEUE Kont                         ; To the queue at the checkpoint 

SEIZE Kontr                           ; Take the checkpoint 
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DEPART Kont                         ; Leave 

ADVANCE (Exponential(23,0,Tk))  ; Final control  

RELEASE Kontr                       ; Release the checkpoint 

TRANSFER q4_,, Endoper        ; To the final defect 

ASSIGN 1,2                          ; Code 2 in the P1 product will go a second time 

Metl TRANSFER,(Metl+P2) 

TRANSFER,Operl                    ; Repeatedly for the 1st operation 

TRANSFER,Oper2                   ; Repeatedly for the 2nd operation 

TRANSFER,Орегз                     ; Repeatedly for the 3rd operation 

Endoper TERMINATE             ; Defect calculation 

; Segment of simulation time task and calculations of simulation results 

GENERATE TimeМod              ; Simulation time 

TEST L X$Prog,Tgl,Metl 1        ; If the condition is met, then 

SAVEVALUE Prog,Tgl            ; X$Prog=Tgl the contents of the completion 

counter 

Met 11 TEST Е Tgl,l,Metl2    ; If the counter content is 1, 

then calculation of simulation results 

SAVEVALUE Nizd,(N$Endoperl/X$Prog) ; Number of finished products, 

pcs. 

SAVEVALUE Brak,  m(N$Endoper/X$Prog) ; Number of rejected products, 

pcs. 

SAVEVALUE Doljabrak,(X$Brak/(X$Brak+X$Nizd)) ; The total share of 

defect  

SAVEVALUE Doljaizd,(X$Nizd/(X$Brak+X$Nizd))  ; Share of finished 

products 

SAVEVALUE Nizd,(INT(X$Nizd)) ; Number of finished products (whole), 

pcs. 

SAVEVALUE Brak,(INT(X$Brak)) ; Number of rejected products (whole), 

pcs. 
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SAVEVALUE Sizd,((Acl-x$AC2)/N$Endoperl) ; The average assembly time 

of one product, min 

SAVEVALUE АС2,АС1  

Met 12 TERMINATE 1  

START 1000,NP                          ; Number of previous runs 

RESET                                         ; Reset statistics 

START 16641                             ; Number of main runs 

Let’s consider some features of the above software implementation of the 

model TP assembly of ET modules. 

The discrete Pod function is used to set the initial data - CE preparation time. 

This allows you to reduce the program compared to if you use the EQU command 

[12, 13]. In addition, the event part of the model is simplified, because in the 

simulation unit of the ERE preparation 

ADVANCE(Exponentiаl(23,0,FN$Pod)); Imitation of ERE preparation 

 

it is enough to specify only the reference FN$Роd to the function. 

Codes 1 and 2, written in parameter 1 of the transaction, serve as signs of 

failure of the product to control the first and second time, respectively. Sign 2 is the 

basis for sending the product to waste and excluding it from the assembly  

process. 

To count the number of finished and rejected products, the labels EndOper1 

and EndOper are introduced, respectively. Since these numbers are accumulated for 

all runs, to obtain the average values, they are divided by the number of runs X$Prog, 

rounded to the whole procedure INT and entered in the stored slots, Ilzd and Brak, 

respectively. Next, these average values are used to calculate the relative shares of 

finished Doljalzd and rejected Doljabrak products 

The average Sizd assembly time of one product is defined as the ratio of the 

absolute model time AC1 to the number of collected products for all runs, i.e. to 

N$Endope1. 
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This would be correct if there were no previous runs of the model. The model 

time of these runs should not be taken into account when determining the average 

assembly time of the product. 

It should be remembered after the previous runs. 

A command is entered for this 

 

SAVEVALUE АС2, АС1      ; Time of previous runs 

After the main runs, calculations are performed: 

 

SAVEVALUE Sizd, ((AC1-X$AC2)/N$Endoper1); The average 

manufacturing time of one part, min. 

 

With the help of the GPSS World software package, the process of assembling 

the ET-representative module was modeled. A snippet of the report is given  

below. 

 

SAVEVALUE RETRY VALUE 

PROG 0 16641.000 

NIZD 0 9.000 

BRAK 0 3.000 

DOLJABRAK 0 0.279 

DOLJAIZD 0 0.721 

SIZD 0 48.559 

 

As a result of solving the direct problem of simulation, we obtain that in 8 

hours Nizd 9 electronic modules will be assembled on the production line, the relative 

share of finished products will be Doljaizd = 0.721, and the average assembly time 

of one product Sizd = 48.559 minutes. This will reject Brak = 3 products, the relative 

share of which will be Doljabrak = 0.2279. 
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BUILDING A MODEL OF THE INVERSE PROBLEM 

The purpose of the inverse simulation problem is to determine the average time 

to manufacture a certain number of ET modules. To test the efficiency of the model, 

take the number of products obtained as a result of solving a direct problem, i.e.  

Izd = 9. The model for solving the inverse problem is given below. 

 

; Model of product assembly process. The inverse problem 

… 

; Simulation of the 3rd operation 

ASSIGN 2,3                              ; Code 3 in P2-sign of the 3rd operation 

Орегз QUEUE Р2                     ; Stand in queue 

SEIZE Konveer3                       ; Start the 3rd operation  

DEPART Р2                             ; Leave the queue  

ADVANCE (Exponential (23,0,ТЗ))                     ; 3rd operation 

RELEASE Konveer3                                            ; End the 3rd operation 

ADVANCE (Exponential (23,0,ТЗ)); Control of the 3rd operation 

TRANSFER q3_,,Sboi             ; Defect to a checkpoint 

TRANSFER,Met2                   ; Finished electronic products 

; Segment of simulation of checkpoint operation 

Sboi QUEUE Kont                    ; To the queue at the checkpoint  

SEIZE Kontr                              ; Take the checkpoint  

DEPART Kont                          ; Leave the queue at the checkpoint 

ADVANCE (Exponential(23,0,Tk))                 ; Final control  

RELEASE Kontr                       ; Release the checkpoint 

TRANSFER q4_,,Endoper       ; To the final defect 

TEST E Pl,l,Endoper                ; If the second time, the final defect 

ASSIGN 1,2                          ; Code 2 in the P1 product will go a second time 

Metl TRANSFER,(Metl+P2) 

TRANSFER,Operl                   ; Repeatedly for the 1st operation 

TRANSFER,Oper2                  ; Repeatedly for the 2nd operation 
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TRANSFER,Орегз                  ; Repeatedly for the 3rd operation 

Endoper TERMINATE            ; Defect counting 

; Segment of completion of modeling and calculation of results 

Met2 TEST L X$Prog,Tgl,Met3   ; If the condition is met, then 

SAVEVALUE Prog,Tgl                ; X$Prog=Tgl completion counter 

Met3 SAVEVALUE Nizd+,         ; Counting the number of finished products 

TEST Е X$Nizd,Izd,Terl  ; If Izd details are ready, fix one run 

TEST Е Tgl,l,Met4     ; If the counter counts 1, then the calculations of the 

simulation results 

SAVEVALUE Brak,(N$Endoper/X$Prog)    ; Number of rejected products, 

pcs. 

SAVEVALUE Doljabrak,(X$Brak/(X$Brak+Izd) ; The total part of the 

defects 

SAVEVALUE Doljaizd,(Izd/(X$Brak+Izd))  ; The share of finished products 

SAVEVALUE Brak,(INT(X$Brak)) ; Number of rejected products (whole), 

pcs. 

SAVEVALUE Tizd,(((Acl-x$AC2)/X$Prog)/60) ; Average time of 

production of Izd products, hours 

SAVEVALUE Sizd,((X$Tizd/Izd)#60)            ; The average production time 

of one item, min 

SAVEVALUE АС2,АС1            ; Time of previous runs 

SAVEVALUE X$Prog,0             ; Resetting the jack X$Prog  

Met4 SAVEVALUE Nizd,0         ; Resetting X$Nizd 

TERMINATE 1                           ; From the completion counter minus 1 

Terl TERMINATE                       ; Output of auxiliary transactions 

START 1000,NP                          ; The number of previous runs of the model 

RESET                                         ; Resetting statistics 

START 16641                              ; The number of main runs of the model 
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In the given software implementation of the TP model for solving the inverse 

problem, in order to reduce it, the text is excluded to the part that simulates the 

execution of the 3rd operation, because it is the same as in the program model for 

solving the direct problem. The only difference is that a command should be added 

to the source data to specify the number of products to be manufactured.: 

 

Izd. EQU 9   ;   Number of products to be manufactured 

 

Rounding to the whole number of rejected products is carried out after 

calculating the share of finished and rejected products. If not, the calculation of the 

shares will be incorrect. 

In the program of the model of the direct problem suitable products after 

execution of the 3rd operations were counted. Transactions imitating them were 

destroyed: 

 

Endoper1 TERMINATE      ; Counting of finished products 

 

In the program of the inverse problem model, suitable products must be sent 

to the segment of the organization to complete the simulation. For this purpose, the 

above block of calculation of finished products is replaced: 

 

TRANSFER,Met2      ; Finished products 

 

The simulation segment of the control point remains unchanged. Let's focus 

on the segment of modeling completion and calculation of results. 

The stored Nizd slot is used to count the current number of manufactured 

products. As soon as the condition X$Nizd = Izd is fulfilled, one run of the model is 

fixed. Izd is a user variable that specifies the number of products whose preparation 

time needs to be determined. 
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The model time of previous runs should not be taken into account when 

calculating the average manufacturing time of 9 ET modules. Therefore, it is stored 

in the stored slot, X$AC2, and during the calculations is subtracted from AC1: 

 

SAVE VALUE Tizd,(((Acl-x$AC2)/X$Prog)/60)   ; Average assembly time 

for Izd products, hours 

 

Using the GPSS World software package, the modeling process of the ET 

module was modeled. A snippet of the report is below: 

SAVEVALUE RETRY VALUE 

PROG 0 16641.000 

BRAK 0 3.000 

DOLJABRAK 0 0.279 

DOLJAIZD 0 0.721 

TIZD 0 7.266 

SIZD 0 48.559 

As a result of solving the inverse problem, we obtain that 9 products, the 

relative share of which will be Doljaizd = 0.721, will be made in Tizd = 7.266 hours, 

and the average assembly time of one product Sizd = 48.443 minutes. This will reject 

Brak = 3 products, the relative share of which will be Doljabrak = 0.279. 

 

ANALYSIS OF TP MODELING RESULTS FOR ET MODULES 

ASSEMBLING 

Thus, in the framework of this section, a stochastic model of TP assembly of 

ET modules was developed with the help of the mathematical apparatus of queuing 

theory, and simulation modeling of TP assembly operation was carried out with the 

help of GPSS World software. 

16641 runs of the model were performed in the GPSS World system. The 

initial values of the random number generator were set sequentially as follows:  

23, 731, 9722, 72685 (table 2). 
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In addition, the simulation was performed first during the operation of the 

assembly line 8 hours (480 min), and then 48 hours (2880 min). 

The obtained indicators are given in table 2. 

Such an indicator as the relative share of finished parts (1 and 3) differs by  

0 ... 0.001, and the average manufacturing time of one part (2 and 4) -  

by 0.075 ... 0.123 minutes. 

If the initial number of the random number generator changes, these indicators 

do not change significantly. 

Table 2 

Performance indicators of TP assembly of ET modules 

Indicators Initial numbers of the random number generator 
23 731 9722 72685 

Operating time of the assembly line 8 hours (480 min) 

finProduct 9,885 9,909 9,884 9,905 

shareFinProd 0,721 0,721 0,721 0,722  

defectProduct 3,821 3,833 3,823 3,821 

shareDefProd 0,279 0,279 0,279 0,278 

avTPrepProd 48,559 48,440 48,563 48,460 

∆ shareFinProd ∆1 = |0,721 - 0,722| = 0,001 

∆ avTPrepProd ∆2 = |48,563 - 48,440| = 0,123 

Operating time of the assembly line 48 hours (2880 min) 

finProduct 59,496 59,405 59,432 59,496 

shareFinProd 0,722 0,722 0,722 0,722 

defectProduct 22,890 22,855 22,850 22,890 

shareDefProd 0,278 0,278 0,278 0,278 

avTPrepProd 48,406 48,481 48,459 48,406 

∆ shareFinProd ∆3 = |0,722-0,722| = 0 

    ∆ avTPrepProd ∆4 = |48,481 - 48,406| = 0,075 

 

CONCLUSIONS 

Thus, for the operating time of the assembly line 8 hours (480 min) the relative 

proportion of finished parts (1 and 3) differs by 0.001, and the average manufacturing 
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time of one part (2 and 4) - by 0.123 min, for the operating time of the assembly line 

48 hours (2880 min) the relative proportion of finished parts (1 and 3) is the same 

(the difference is 0), and the average manufacturing time of one part (2 and 4) - 

differs by 0.075 min. The obtained indicators indicate the adequacy of the simulation 

results in the GPSS World system 

The offered mathematical model of functioning of TP of assembly of the 

electronic module-type representative allows to carry out forecasting of reliability 

and stability of TP - to define relative quantity of suitable products, average time of 

manufacturing of one product, average quantity of ET modules made for change. 
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MODELING OF ECONOMIC AND LEGAL SUPPORT OF 

INTELLECTUAL ENTREPRENEURSHIP 

Petrenko V., Ustinov A., Fonarova T., Bushuiev K. 

 
The authors study modern aspects of the formation and development of intellectual 

entrepreneurship, analyse the theoretical provisions on the legal support of intellectual 

entrepreneurship, establish the features of legislative and regulatory support for the regulation of 

legal relations in the field of intellectual entrepreneurship. As a result of the research, the priority 

types of enterprises in the intellectual sphere are identified and the main shortcomings of legal 

support that need to be addressed are formulated.  

 

І. INTRODUCTION 

The relevance of the study is due to the fact that in the information society, the 

results of intellectual activity play a priority role, occupying a significant share in the 

social product. Activation of innovative activity of scientific and industrial spheres 

is an important task and condition of formation of economic independence of 

Ukraine. Not only the production sphere but also market relations are undergoing 

qualitative transformations, as new objects with specific features and unique 

properties appear alongside traditional objects of exchange. 

The object of research is the relations that develop in the field of intellectual 

entrepreneurship. 

The subject of the research is normative legal acts and practice of their 

application, as well as scientific views, ideas, concepts of domestic scientists on the 

issues of law enforcement support of the introduction of intellectual property rights 

by entrepreneurship. 

The purpose of the study is to study the organizational, economic and legal 

aspects of intellectual entrepreneurship and directions of its further development in 

Ukrainian realities to obtain competitive advantages and increase the efficiency of 

enterprises in this field. 

https://doi.org/10.30837/MMP.2021.198
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Theoretical aspects regarding the definition of "intellectual property" are 

reflected in the works of such scientists as: Bazylevich V.D., Kraynev P.P., 

Rybalkin V.O., Ulyanov R.V., Chukhno A.A., Tsybulov P.M.  

The research mechanisms of intellectual property commercialization are 

devoted to the scientific works of the following economists: G.O. Androshchuk, 

O.B. Butnik-Siversky, K.A. Veselska, K.I. Dmitriv, N.O. Krikun, S.M. Makhnusha, 

N.M. Myronenko, O.P. Orlyuk, and A.Yu. Rykunich, V.B. Strutinsky, N.O. Shpak, 

O.S. Kharchenko, etc. [1] 

The main component of innovative entrepreneurship should be the acquisition 

of intellectual property rights, which is essential for understanding the interests of 

entrepreneurship, which if ignored by these legal requirements can lead to significant 

losses, loss of assets and bondage to owners of intellectual property rights registered 

their rights before those who tried to acquire these rights. The results of intellectual 

activity become objects of intellectual property rights only if they are recognized by 

the law of Ukraine as such, and their involvement in economic circulation 

significantly increases the efficiency of the production system as a whole. The right 

to use intellectual property rights means the legal possibility to remove from this 

object its useful qualities, the profits that it can bring as a result of its use, and other 

useful effects [2, p. 54]. 

The theory of entrepreneurship was developed through the works of such 

scientists as A. Marshall, R. Cantillon, A.R. Chervitz, Y. Schumpeter,  

I. Kirtzner, etc.  

The modern world is in a situation where a new type of society is formed, 

which is based on knowledge and information, which focuses on innovation 

management. The winner in the competition will be the one who was able to adapt 

their strategy, taking into account the strengths and weaknesses, to the development 

and implementation of innovations. Therefore, the study was conducted taking into 

account the following features:  

- dissemination of the knowledge economy in combination with the constant 

improvement of IT technologies and informatization of society; 
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- mutual penetration between social organizations, economic  

enterprises, scientific institutions, production and cultural sphere, the  

flow of knowledge from one sphere to another due to the speed of information 

exchange; 

- high rates of change lead to the lag of legal support for the activities of 

enterprises of intellectual and innovative spheres, significant contradictions in 

cultural, ethical, moral and legal regulation need to be resolved and studied by 

scientists. 

- the orientation of entrepreneurship in the knowledge economy to increase the 

market value of companies through intangible assets, which are due to the efficient 

use of intellectual capital. 

Thus, the relevance of the study is due to the understanding of the interests of 

intellectual entrepreneurship, the need to study the nature, features and directions of 

intellectual entrepreneurship in Ukraine, primarily through the acquisition of 

intellectual property rights to protect them in Ukraine and abroad, and through the 

introduction of modern flexible organizational management structures in the 

enterprise.  

 

IІ. RESULTS OF THE STUDY. 

Definition of the concepts "entrepreneurship" and "intellectual 

entrepreneurship" is presented in table 1. 

Table 1 

Definition of the concepts "entrepreneurship" and "intellectual 

entrepreneurship"* 
No. Definition Scientist 

1 He found that the discrepancy between supply and demand in the market 

creates an opportunity to buy cheaper and sell more expensive. The people 

who took the opportunity to profit from this, Cantillon called "entrepreneurs", 

which translated from French means "mediator" [3] 

Cantillon R. 
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End of the Table 1 

2 "Specialized layer of entrepreneurs" as a "highly qualified category 

of participants in production", which combine the necessary capital 

for production and labour; they compile or "construct" its general 

plan, exercise control over its secondary details" [4] 

Marshall A. 

3 Entrepreneurship is a brilliant, creative, bold, inventive innovation. 

Entrepreneur is the driver of economic transformation. It is he who 

carries out "new combinations", which means that he introduces 

innovations such as a new invention, a new production process, 

technological changes in the "old" production process, opening 

new markets or sources of supply, taylorization of works, 

improving material handling, and creation of new business 

organizations - ie any innovations in economic life [5] 

Schumpeter J. 

4 "Pure Entrepreneur" was not the owner: "The important point ... is 

that it is necessary to distinguish between ownership and 

entrepreneurship as completely separate functions. As soon as we 

accepted the hypothesis of the concentration of all elements of 

entrepreneurship in the hands of pure entrepreneurs, we 

automatically deprived the owner of the asset of a business role "[6] 

Kirtzner I. 

5 Identified four values that serve as the basis of intellectual 

entrepreneurship: vision and discovery (vision and discovery), 

ownership and accountability (ownership and accountability), 

integrated thinking and action (integrative thinking and action), 

cooperation and teamwork (collaboration and teamwork) [3] 

Chervitz A.R. 

(*compiled by authors) 

 

The term "intellectual entrepreneurship" is relatively new, and was first 

proposed in 2002 by American Professor A. Chervitz in the article "Intellectual 

Entrepreneurship. Vision in the context of the higher education system ". In his study, 
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A. Chervitz identified four values, which act as the basis of intellectual 

entrepreneurship (see Table 1) [3]. Thus, as can be seen from this definition, smart 

business needs to be viewed from different angles, from the generation of new ideas 

and innovations, from intellectual property and legal support, from marketing 

management, to the effective management and application of marketing tools, from 

personnel management. 

Let's consider in more detail the main directions for ensuring the activities of 

intelligent enterprises. 

Intellectualization of entrepreneurship is due to the fact that the product of 

entrepreneurial activity is an intellectual product. 

Intelligent product is a kind of innovation and has the following specific 

features: inalienability of knowledge in the sales process, increasing returns from the 

product (each subsequent copy of the product is significantly cheaper and more 

profitable), dominance in the product R&D costs, the presence of a network effect 

the next consumer of the product brings great value to all consumers), the ability to 

bring intellectual rent in the form of payments for its use (license fee) [7]. 

On the other hand, the market of innovations, competition and capital creates 

a sphere of intellectual activity, which is defined as the activity of a team of people 

to bring scientific and technical ideas, inventions to a result suitable for practical 

application and their implementation in the market to meet society's needs in 

competitive goods and services [8, p. 69]. 

It is important to identify how the innovation market, the smart product and 

the smart business are connected. Ensuring intellectual entrepreneurship and the 

environment that surrounds it are schematically presented in fig. 1. 

As can be seen from fig. 1, the infrastructure of intellectual entrepreneurship 

includes different types of enterprises, but according to the authors, it is intellectual 

entrepreneurship represented by venture enterprises and enterprises of patent support 

for the provision of services for registration of intellectual property rights. The latter 

is the least researched and, at the same time, important for the functioning of the 
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innovation market. Therefore, it is advisable to focus on their functioning and 

ensuring their effective operation.  

Thus, consider the activities of patent support companies to provide services 

for registration of intellectual property rights from the standpoint of the definition 

provided by A. Chervitz (see table 1). One of the values that serve as the basis of 

intellectual entrepreneurship, above all, in addition to generating new ideas, is the 

protection of intellectual property rights and legal support of this process.  

 

Fig. 1. Relationship of intellectual product with intellectual entrepreneurship and 

innovation market (authors' development) 

 

Objects of intellectual property rights include: literary and artistic works; 

computer programs; data compilation (database); implementation; phonograms, 

video grams, broadcasts (programs) of broadcasting organizations; scientific 
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discoveries; inventions, utility models, industrial designs; layout (topography) of 

integrated circuits; innovation proposals; plant varieties, animal breeds; commercial 

(brand) names, trademarks (signs for goods and services), geographical indications; 

trade secret [9, p. 68-69]  

The Decree of the President of Ukraine "On Sustainable Development Goals 

of Ukraine until 2030" [10] provides the main guidelines for achieving Ukraine's 

long-term sustainable development goals until 2030. The basis of structural and 

innovative transformations should be: the innovation axis of priority industries, 

which will be domestic leaders in the introduction of innovative technologies and 

around which modern clusters will be formed, the sector of start-ups, which in 

developed countries is mainly a leader in scientific and technological progress and 

development of the competitive environment of the economy, small and medium 

enterprises. The formation of positive development trends will take place through the 

development of intellectual entrepreneurship.  

The national strategy in the field of intellectual property for the period 2020 - 

2030 (hereinafter - the Strategy) defines the vision and prospects of the national 

intellectual property system, strategic goals, ways of their achievement and action on 

their implementation [11, p. 2].  

Despite the current achievements in the field of intellectual property (IP) in the 

past decades, Ukraine continues to face a number of problems: insufficient 

development of the results of intellectual creativity and innovation, which is the basis 

of a competitive digital knowledge economy; extremely low use of IP potential by 

small and medium enterprises; insufficiently effective level of public administration 

in the field of legal protection of IP, due to the incompleteness of institutional reform 

in this area; low level of interaction of state, professional and public institutions in 

the field of legal protection and protection of IP; high level of piracy and 

counterfeiting, which poses an increased risk to the economic security of the country 

and the health of domestic consumers; insufficient participation of owners of 

intellectual property in actions to protect intellectual property rights, which 

significantly reduces the effectiveness of measures to protect intellectual property 
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rights; incomplete process of establishing a specialized court on IP issues; patent 

trolling; lack of transparency in the activities of organizations for collective 

management of copyright and related rights; lack of consistent IP policy in the 

science and education system; low level of culture in the field of IP, etc. As a result, 

intellectual property in Ukraine is not yet considered as one of the key factors in the 

economic, social and cultural development of the country [11]. 

In Ukraine, attention to the development of innovation began in 1991-1998, 

with the adoption in 1991 of the first among the newly independent countries of the 

law "On scientific and scientific-technical activities", the introduction of tax benefits 

for scientific and technical activities, the deployment of the State Innovation Fund of 

Ukraine. However, since 1999, the abolition of tax benefits, the liquidation of the 

State Innovation Fund, the departure from the focus on programs of structural change 

in industry and the predominant focus on foreign credit borrowing. Despite the 

adoption of the laws of Ukraine "On Innovation" (2002) [12] and "On state regulation 

in the field of technology transfer" (2006) [13], "On priority areas of innovation in 

Ukraine" (2011) [14], the provisions of these laws relating to financial support for 

innovation and technology transfer were stopped by the following acts with no 

significant impact of the adopted laws on economic development. 

According to Article 42 of the Economic Code of Ukraine, entrepreneurship 

is an independent, initiative, systematic, at its own risk economic activity carried out 

by business entities (entrepreneurs) in order to achieve economic and social results 

and profit [15]. 

The main legal act in the field of intellectual property is the Civil Code (CC) 

of Ukraine [16], Chapter 75 "Disposal of intellectual property rights," Book four 

"Intellectual Property Right," as well as the provisions of the Economic Code of 

Ukraine, namely section 36 "Use of the rights of other management entities in 

entrepreneurial activity," Chapter 16 "Use of intellectual property rights in economic 

activity" [15]. 

Intellectual property law is a separate institution of civil law. Its norms are 

enshrined in the fourth book of the Civil Code of Ukraine - "Intellectual Property 
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Law" (12 chapters, combining 90 articles). According to Art. 418 of the Civil Code 

of Ukraine, the right of intellectual property - is the right of a person to the result of 

intellectual, creative activity or other object of intellectual property rights, defined 

by the Civil Code and other law. Even the placement of this institution in the Civil 

Code of Ukraine immediately after the book "Property Rights and Other Real Rights" 

once again testifies to the importance of the social value of intellectual property [16]. 

Special legislation in the field of protection of intellectual property rights, 

protection of competition, responsibility for the quality of goods and protection of 

consumer rights should also be taken into account. These are the following Laws of 

Ukraine: "On protection of rights to inventions and utility models" [17]; "On the 

protection of rights to marks for goods and services" [18]; "On protection of rights 

to industrial designs" [19]; "On protection against unfair competition" [20] and 

others.  

According to Article 8 of the Constitution of Ukraine in Ukraine, the principle 

of rule of law [21] is recognized and operates, so the regulatory and legal framework 

of Ukraine in the field of intellectual property is presented in fig. 2.  

 
Fig. 2. Legislation of Ukraine in the field of intellectual property 
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Table 2 considers the legislative framework in the field of protection of objects 

of intellectual property rights (OIPR). 

Table 2 

Legislative base of Ukraine in the field of OIPR protection* 
Name Contents 

Constitution of 
Ukraine 
Article 41 

Everyone has the right to own, use and dispose of their property, the 
results of their intellectual and creative activities. The use of property 
cannot harm the rights, freedoms and dignity of citizens, the interests of 
society; worsen the environmental situation and natural qualities of the 
land [21] 

Law of Ukraine 
"On Innovation 
Activities" 

Innovations: newly created and (or) improved competitive 
technologies, products or services, as well as organizational and 
technical solutions of production, administrative, commercial or other 
nature, which significantly improve the structure and quality of 
production and (or) social sphere. State support is provided to business 
entities of all forms of ownership that implement innovative projects in 
the country, and enterprises of all forms of ownership that have the 
status of innovative ones. The law establishes that the main purpose of 
state innovation policy is to create socio-economic, organizational and 
legal conditions for effective reproduction, development and use of 
scientific and technical potential of the country, ensuring the 
introduction of modern environmentally friendly, safe, energy and 
resource-saving technologies, production and implementation of new 
types of competitive products [12] 

Economic Code 
of Ukraine 

Innovative activity in the field of management is the activity of 
participants in economic relations, carried out on the basis of 
investments to implement long-term scientific and technical programs 
with long payback periods and the introduction of new scientific and 
technical achievements in production and other spheres of public life 
[15] 

Law of Ukraine 
"On Innovation 
Activities" 

Innovative activity is a set of measures aimed at creating, implementing, 
disseminating and implementing innovations in accordance with the 
Law of Ukraine "On Innovation" in order to obtain commercial and / or 
social effect, which are carried out by investing in objects of innovation 
[22] 

*(compiled by the authors) 

 

In the Law of Ukraine "On Development and State Support of Small and Medium 

Enterprises" in Art. 20, item 1 there is a question of the state support of subjects of small 

and average business in the field of innovations, science and industrial production [23]: 
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granting of financial support for formation of objects of infrastructure of support of small 

and average business in the field of innovations, science and industrial production , 

including business incubators, innovative business incubators, science and technology 

centres, technology transfer centres; promoting the development of venture 

entrepreneurship; creation of a system of economic incentives for economic development 

based on technological innovations; transfer of scientific products created at the expense 

of budget funds for its introduction into production; creating conditions for the 

involvement of small and medium enterprises in the conclusion of subcontracts in the 

field of innovation and industrial production; stimulating the attraction of foreign 

investments and the development of mutually beneficial international innovation 

cooperation; creating conditions for the spread of cooperation between small and medium 

enterprises and large enterprises [23]. 

The legal framework for venture financing in Ukraine is limited, as there are 

no special regulations that would regulate these relations. In 2012, the Verkhovna 

Rada of Ukraine adopted the Law of Ukraine "On Joint Investment Institutions" [24]. 

According to part 10 of Art. 7 of this Law, venture funds are non-diversified closed-

end mutual investment institutions that carry out exclusively private placement of 

securities among individuals and legal entities. 

According to the authors of the article [25, p. 59], the generally accepted 

obligation in world practice is to finance innovative projects. There is an urgent need 

for reorientation of Ukrainian venture funds, which unjustifiably enjoy a special tax 

regime and other preferences provided for them. It is necessary that business entities, 

in particular venture funds, and other participants in economic relations carry out 

their activities within the legal economic order, which will serve to meet the needs 

of not only individual entities, but also the society as a whole. It is for the country's 

economy to develop in an innovative way that the role of the state as a coordinator 

of all kinds of relations is crucial, because the spirit of law, which is formed, based 

on the priority of public interests, depends on its will. 

Also, Ukrainian venture funds do not take into account the nature of venture 

investment. This may lead to the fact that venture investors will still ignore the 
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organizational and legal forms stipulated by Ukrainian legislation and create funds 

in the countries and territories with the most favourable legal system [25, p. 59]. 

Fig. 3 provides a scheme of regulation of intellectual and innovative activities 

in Ukraine. 

 
 

Fig. 3. Scheme of regulation of intellectual and innovative activity (compiled by the 

authors) 

 

Entrepreneurs seek to conquer not only the domestic market of innovative 

products, but also foreign markets. Ukraine has a number of international agreements 

in the field of intellectual property, such as: the Paris Convention for the Protection 

of Industrial Property; Agreement on Trade-Related Aspects of Intellectual Property 

Rights (TRIPS); Madrid Agreement Concerning the International Registration of 

Marks; Patent Cooperation Agreement; Locarno Agreement Establishing the 

International Classification of Industrial Designs; Hague Agreement Concerning the 

International Deposit of Industrial Designs; Lisbon Agreement on the Protection of 

Appellations of Origin and their International Registration; Strasbourg Agreement 
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Concerning the International Patent Classification; Vienna Agreement Establishing 

an International Classification of the Figurative Elements of Marks; Nice Agreement 

Concerning the International Classification of Goods and Services for the Purposes 

of the Registration of Marks; World Copyright Convention; Berne  

Convention for the Protection of Literary and Artistic Works; Rome International 

Convention for the Protection of Performers, Producers of Phonograms and 

Broadcasting Organizations; Nairobi Treaty on the Protection of the Olympic 

Symbol; Protocol to the Madrid Agreement Concerning the International 

Registration of Marks. 

Valuation of intellectual property objects is a rather complex process, due to 

the need to take into account many factors that affect the final result. There are 

several approaches to the valuation of intellectual property objects: market 

(comparative analysis of sales), cost and revenue. The choice of one or another 

approach depends on the availability of the necessary information, the  

requirements of owners or buyers of intellectual property, the purpose of the 

assessment, the economic situation at the time of assessment [26, p. 53]. If OIPR is 

considered as part of the value of an existing enterprise, the assessment is to 

determine the amount of their contribution to the assets and profits of the enterprise. 

Then certain types of surplus assets are considered, and based on the analysis their 

most effective use is determined under the condition of sale on the open  

market. 

Valuation of intellectual property objects makes it possible to compensate for 

damages from the illegal use of intellectual property through insurance. Unlike 

compensation, which is based on judicial protection, insurance makes it possible to 

compensate for losses much faster, because the court decision does not mean that it 

will be immediately executed by the infringer. Therefore, compensation for damages 

through insurance is a more acceptable form of protection of property rights of the 

owner of intellectual property. But, unfortunately, the practical aspects of OIPR 

insurance remain unresolved by Ukrainian insurance companies, requires a 
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meaningful analysis of the possibility of introducing this type of insurance in the 

practice of innovative entrepreneurship and business. 

 

IІІ CONCLUSIONS 

Analysis of the legislation of Ukraine showed that it is characterized by 

incompleteness and inconsistency of legal regulation, does not take into account the 

specifics of objects and subjects of innovation processes, mandatory participation in 

them of material results of intellectual property, not disclosed issues of intellectual 

property a systematic approach to the formation of competitive advantages of 

business. 

The state should legislate benefits and other guarantees of economic security 

for enterprises and organizations engaged in the implementation of intellectual 

innovations in all spheres of society, which can give impetus to the emergence and 

development of intellectual entrepreneurship in Ukraine. 

The study obtained the following results: 

1. The essence of the concepts "entrepreneurship" and "intellectual 

entrepreneurship" is studied and clarified, it is proposed to use the definition 

introduced by A.R. Chervitz in four main areas, such as: problem solving and stages 

of generating new ideas; protection of intellectual property rights and legal support 

of intellectual entrepreneurship; effective management based on marketing 

principles; formation and development of human capital and personnel as the main 

intellectual resource of the enterprise.  

2. The connection between the innovation market, intellectual product and 

intellectual enterprise in the process of commercialization of intellectual product 

from the standpoint of process approach and its transformation into innovative 

products that can bring economic effect in the form of profit. 

3. The infrastructure of intellectual entrepreneurship, which includes different 

types of enterprises, is studied, it is emphasized that venture companies and patent 

support enterprises for the provision of intellectual property rights are the main 
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representatives of intellectual entrepreneurship, and they should focus further 

research.  

4. The legislative and legal environment in which the enterprises of intellectual 

and innovative sphere operate is analyzed. The legislation of Ukraine in the field of 

intellectual property is studied. The legal framework in the field of protection of 

objects of intellectual property rights (OIPR) is considered, taking into account the 

special legislation in this field. Problematic places faced by intellectual 

entrepreneurship have been identified. 

5. A critical analysis of the regulatory framework of venture financing in 

Ukraine. The limitations due to the lack of special regulations that would regulate 

these relations are shown. 

6. The scheme of regulation of intellectual and innovative activity is developed 

and it is shown that the cost estimation of objects of intellectual property gives the 

chance of realization of compensation of losses from illegal use of intellectual 

property by means of insurance. 

Thus, for the effective use of intellectual property, the state needs to  

provide authors with reliable protection of their rights, create favourable conditions 

for doing business, support the development of intellectual entrepreneurship, 

introduce preferential lending to small and medium businesses, banking system 

development, venture financing, improve the commercialization of  

intellectual property activities, to promote the emergence of innovative products on 

the market with the use of intellectual property, to improve the regulatory  

framework for innovation and investment activities, to protect the rights of  

investors. 
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MINIMAX RANKING METHOD FOR PRIORITIZATION PROBLEMS IN 

PROJECT PORTFOLIO MANAGEMENT AND BUSINESS ANALYSIS 

Rach V., Medvedieva O., Zhuk Ju. 

 
In the conditions of the Digital Economy, rapid turbulent changes in the environment, it 

becomes vitally important to constantly adjust the priority of previously planned activities, 

individual tasks and requirements for project solutions, and, first of all, in the field of IT, projects 

in portfolios, etc. This happens under conditions of increase in the volume of qualitative data, the 

processing of which at the initial stages of their appearance requires the use of expert methods. 

However, existing expert methods have been developed to work with small amounts of data. 

Therefore, the increased interest in the field of portfolio management and business analysis in the 

development of new universal methods to prioritize big meaningful data is quite justified. The 

minimax ranking method described in the work is based on taking into account the psychological 

features of the human brain perception of information about positive and negative emotions, the 

presence of a sensitivity threshold in identifying differences between two objects, stimuli, etc. 

Application of the method allows solving the problems of prioritizing projects of large strategic 

portfolios of companies. The use of the information obtained in this case makes it possible to 

conduct a business analysis to identify differences in the level of prioritization between groups of 

projects within the portfolio, both from the standpoint of their holistic perception, and by the 

totality of the given prioritization parameters. 

 

INTRODUCTION 

The modern world is developing in the Digital Economy trend. This is largely 

due to the effective work with rapidly increasing amounts of data (Big Data). At the 

same time, meaningful ("smart") data (Smart Big Data, SBD) and a decrease in the 

amount of "garbage" data and transaction costs, as well as an increase in the 

transparency and visibility of the processes of generating and processing data, are 

gaining more and more value [1]. This applies to all aspects of the life of socio-

economic systems (SES) of different scales from an individual, through a team, an 

enterprise to the commonwealth of states and world civilization as a whole. 

https://doi.org/10.30837/MMP.2021.215
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The main consumer of SBD are projects for the SES creation or innovative 

development, which at the design stage use technologies to develop a digital twin [2]. 

This significantly expands the possibility of multivariate generation and accelerated 

design, not only for the creation of new products that surpass the world's best 

analogues, but also to develop and research various SES business models. 

The key element of the digital twin development technology is the multilevel 

matrix (MDT) of requirements, targets and resource constraints (time, financial, 

technological, production, environmental, etc.) [1]. The matrix aims to ensure 

harmonization (rational "balancing") within the given criteria of a large number of 

target indicators both at the same level and at different levels of the SES description 

and different stages of their life cycles. The results of harmonization depend on the 

selected set of criteria and the option of their priority. These conditions determine 

the holistic vision of the functioning of the future SES, which is advisable to consider 

within the framework of the service model of the project [3]. The service model 

allows not only to "imagine" the future materialized product of the digital twin as 

functioning, but also to prioritize the criteria, requirements, indicators that indicate 

the achievement of exactly the values expected by the consumer, which are the base 

for the considered version of the project and determine the SES’s system model 

parameters. When implementing such projects, operational management of 

requirements and changes, continuous cascading and decomposition of targets and 

constraints in the MDT matrix are in use. Thus, indicators are constantly being re-

prioritized. In almost all areas of activity, such as economics, psychology, sociology, 

pedagogy, medicine, biology, etc., it is not always possible to collect quantitative 

data. Therefore, one has to resort to expert assessment, which operates experts’ and 

business analysts’ subjective opinions. At the same time, at those cases methods of 

pairwise comparison, without direct assessment and ranking, are applicable. The 

ranking method meets the requirements of a systematic approach, a holistic vision of 

all indicators (criteria) in the process of their prioritization. Nevertheless, a 

significant disadvantage of ranking is the impossibility to apply it in case of a large 

set of objects (more than 15-20). Increasing objects in a square increases the number 
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of connections between them [4]. Removal of this limitation is possible if to use the 

minimax ranking method, first described in [5] and successfully used for over 20 

years in the scientific school VARIORUM [6, 7, etc.]. 

 

1. THE ESSENCE OF THE MINIMAX RANKING METHOD 

The term ranking has a different context depending on the area and purpose of 

use. However, in all cases, the essence of ranking they consider as an operation of 

data distribution from one extreme value of indicators in a group to another extreme 

indicator - the distribution of individual units of the population in ascending or 

descending order of the studied feature [8]. In addition, ranking involves the 

arrangement of the SES elements by rank, by signs of significance and/or scale; 

establishing the order of location, place of persons, problems, goals and objectives, 

depending on their importance, weight. 

Nowadays the term with the root "minimax" is widely used to denote different 

rules, criteria, approaches, concepts, etc. For most specialists from different branches 

of knowledge, it is associated with the L.J. Savage criterion of regret [9], which in 

decision theory is known as the minimax criterion (minimax risk criterion) [10]. The 

minimax principle of optimal choice of parameters (minimization of the maximum 

deviation) is widely used to solve extreme problems [11]. There is a whole class of 

minimax estimation methods (methods of guaranteed or robust (stable) estimation), 

which are used to solve problems related to unique measuring systems, for which it 

is not possible to accurately determine the parameters of measurement error 

distributions [12]. In managerial accounting and financial management, there is a 

minimax method to differentiate production costs into variable and constant [13]. It 

is known to use the minimax method to solve the problem of hypervector ranking of 

systems [14]. Its idea is to choose instead of r particular criteria one that minimizes 

the scalar value of the vector component. In this case, the system with the maximum 

value of this criterion on the set of admissible systems serves as the optimal one.  

All of mentioned methods we classify as "hard", quantitative mathematized 

methods that operate on a set of numerical data. However, applied managerial 
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problems are characterized by the use of qualitative parameters, fuzzy criteria or data. 

In addition, the main load when ranking falls on the "soft" component of the system 

- personalities. Let us consider in more depth some of the psychological features of 

the personality, which are still not explicated in the minimax ranking method [5]. 

Until now, they have been used mainly intuitively, based on the practice of applying 

the method. 

The first feature is related to such a concept as "sensitivity threshold". 

According to the Oxford Explanatory Dictionary of Psychology, a differential (or 

difference) threshold is "a statistically determined point in the magnitude of the 

difference between the energy levels of two stimuli that is sufficient to detect that the 

two stimuli are actually different" [10]. Therefore, the farther energetically stimuli 

are from each other, the more noticeable the difference between them. 

The second feature concerns the perception of positive and negative emotions. 

From childhood, they inspire us by belief that a person should be "white and fluffy" 

(in terms of [15]). Therefore, a person reacts more emotionally to negative situations 

and focuses his/her attention on them. It was found that the average number of 

negative emotions (equal to 7) significantly exceeds the number of positive ones 

(equal to 2). Negative emotions last longer than positive ones [15]. Nevertheless, if 

a person stays in the zone of stable negative choice for a long time, this will lead to 

an increase in negative emotions. Therefore, it is necessary to switch to a positive 

direction, positive emotions [16]. A self-confident person directly expresses his/her 

positive and negative feelings [17, p. 250]. Positive and negative assessments reflect 

compliance with the internal norms of what the person assesses [17, p. 268]. At the 

same time, as established at the Ohio University, the brain remembers negative 

information better than positive. According to Clifford Nass, professor of 

communications at Stanford University, "Positive and negative information is 

processed in different brain hemispheres. Negative emotions usually involve more 

reflection and analysis, and this information is processed more thoroughly than 

positive" [18]. According to Rogers' principle, experiences that are perceived as 
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preserving or developing a person are evaluated positively, and those that contradict 

preservation or development are negatively evaluated [17, p. 392]. 

This gives a base to assume that, when ranking, less significant indicators, 

which in relation to more significant ones have a more negative connotation, will be 

found (differed, selected) faster than more significant ones. We have fixed this fact 

in the experimental verification of the applicability of the minimax method. 

However, to fix it in the form of a scientific statement, additional research is required. 

Let we consider the implementation procedure for the minimax method 

proposed in [5]. Initial indicators, objects, tasks, etc. (hereinafter objects) are placed 

in an arbitrary form in the ranking zone (the cloud in fig. 1a), under which there are 

sequentially located cells in a number equal to the number of ranking objects. In this 

case, the leftmost cell is for the least important object, and the rightmost one for the 

most important object. 

The decision-maker (DM) who carries out the ranking, based on the target 

setting of the ranking and the holistic subjective perception of each object, chooses 

the one that, in his/her opinion, is the least significant in the specific conditions set 

(in this case, for example, the object is a square). Then this object is moved to the 

leftmost cell (fig. 1b). From the objects remaining in the ranking zone, the decision 

maker selects the most significant object for the conditions under consideration, and 

transfers it to the rightmost cell (for example, a rhombus, fig. 1c). After these 

procedures, the first minimax ranking cycle is completed. Objects remained in the 

ranking zone, between which the energy levels of stimuli, that determine their 

difference, decreased. 

The second cycle begins by choosing the least significant object (for example, 

the circle in fig. 1d) from the remaining ones in the ranking zone, and then the most 

significant one (for example, the inverted triangle in fig. 1e). Then such cycles are 

repeated until the objects are completely transferred from the ranking area to the cell 

area. With an odd number of ranking objects, the latter automatically takes place in 

the center cell. Thus, a ranked series of objects is obtained (fig. 1f). Let we note that 
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the lowest rank 1 is assigned to the least significant object, and the highest rank is 

assigned to the most significant one. 

 

 
a) 

 
b) 

 
с) 

 
d) 

 
e) 

 
f) 

 
g) 

Fig. 1. Implementation stages of the minimax ranking method 

 

A holistic assessment of the sequence of ranked objects makes it possible to 

identify such objects, the sensitivity threshold between which does not allow 
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distinguishing them. In this case, these objects are combined into one cluster, which 

is assigned one average rank. In this way, the final adjusted ranked row of objects is 

determined (fig. 1g). 

Despite the ambiguous attitude to such a ranking on the part of the adherents 

of the "tough" approach, it is a known fact that "... employees of enterprises and 

organizations can always give very accurate assessments of the climate of their 

institutions ..." [19]. Moreover, such an assessment is inherently holistic, does not 

use individual characteristics of objects when comparing them. 

 

2. APPLICATION OF THE MINIMAX METHOD IN PORTFOLIO 

MANAGEMENT (SYSTEM-HOLISTIC APPROACH) 

Let's move on to considering the application of the minimax method in the 

context of portfolio management. Terminologically, in practice, the term 

"prioritization" is often used when it is necessary to form a balanced set of enterprise 

projects in accordance with its strategy and/or financial indicators, investment 

periods (short-term, medium, long-term), risk and profitability forecasts, and other 

organizational and technical aspects. Additionally, they try to take into account the 

economic indicators of individual projects, their net present value, payback period, 

internal rate of return, etc. Most often, it is the form that the task of prioritizing in a 

project portfolio is posed [20]. Here we note that all these indicators are predictive 

values, i.e. refer to NON-factors [21]. However, in conditions of instability and high 

turbulence of the economic, social, political, mental and physical components of the 

environment, it is advisable to use the approach to form a project portfolio, which is 

based on the concept of strategic unity - the correct location of objects related to each 

other [22]. Correct location presupposes alignment with each other of the three main 

components of any company effectiveness: the portfolio of projects (i.e., its future 

"currency") - with its goals; individual projects in the portfolio - among themselves; 

portfolios and goals - with an overall business context that is constantly changing. 

And the main tool that is used for the correct location is the information border - 

these are new business contexts that arise from multilateral communication and 
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encompass connections, information flows and relationships in a dynamic network 

environment [22]. There are many information boundaries in an organization. The 

main boundaries outline short-term, long-term goals, as well as goals by 

circumstance, which form the seven zones of intent and the outer zone where projects 

that are not related to any group of goals go (fig. 2). 

 

 
Fig. 2. Organizational intent chart and location of portfolio projects there 

 

Zones 1,3,6 – projects to achive a single goal; 

Zones 2,4,5,7 – projects to achive two and more goals 

Once the organization's projects have been positioned on the intent chart, the 

task appears to prioritize them in terms of sequence of execution. To make it, it is 

most expedient to use the minimax method. When implementing the method, one 

should not take into account information boundaries, as well as to consider all zones 

of intentions as one ranking zone. 

For the tasks to manage the implementation of portfolio projects, after 

prioritizing them, it is important to understand the existence or absence of a statistical 

difference between the zones of the intent chart at the same time. For this, it is 

advisable to use the Kruskal-Wallis H-criterion [23]. It allows one to establish that 

the level of the feature changes when transiting from zone to zone, but does not 

indicate the direction of these changes. For this, we formulate statistical hypotheses: 
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H0: There are only random differences in priority between the intent zone 

projects. 

H1: There are non-random differences in priority between the intent zone 

projects. 

Table 1 shows an example of the results of the minimax method application 

for 29 projects that fell into the zones of the chart of intentions (fig. 2).  

Table 1 

Ranks of projects in the organization's intent diagram 

Project No. 

in the zone 

Projects ranks 

zone 1 zone 2 zone 3 zone 5 zone 6 zone 7 

1 7 4 28 2 14 1 

2 9 27 10 6 16 3 

3 12 29 11 8 19 5 

4 13 - 15 - 20 - 

5 17 - 18 - 23 - 

6 21 - 22 - - - 

7 24 - - - - - 

8 25 - - - - - 

9 26 - - - - - 

 

Having implemented the algorithm for calculating the Kruskal-Wallis H-

criterion and choosing the tabular values for the significance levels p=0.01 and 0.05, 

let we construct the "significance" axis (fig. 3). 

 

 
Fig. 3. "Significance axis" for the Kruskal-Wallis H-test 
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As one can see, the empirical value of the criterion, equal to 12.7, fell into the 

zone of uncertainty. Therefore, it is expedient to reject the hypothesis about the 

randomness of the difference in the level of priority of projects (H0), but it is 

impossible to accept the hypothesis about the non-randomness of the difference (H1). 

In this case, it is advisable to carry out additional calculations to determine the 

pairwise difference between the zones. To do this, let we use the Mann-Whitney U-

test, which allows to identify the differences between small samples [23]. The 

essence of the above formulated statistical hypotheses will not change, we will only 

apply them for a specific pair of zones of the intention chart. Table 2 shows the results 

of a pairwise analysis of the results of calculating the Mann-Whitney U-test. 

As one can see, for five pairs of zones, a hypothesis about the existence of a 

difference between the level of projects prioritization in these zones (H1) is not 

rejected. This information is especially important when deciding on the reallocation 

of resources, when implementing the portfolio, between projects that are behind the 

schedule and directing them (if necessary) to successfully completing projects in 

another zone of these pairs. 

 

Table 2 

Accepted hypotheses based on the Mann-Whitney U-test in pairwise 

comparison of the degree of projects prioritization in different zones of the 

intention chart 
Projects No. 

in the zone 
9 3 6 3 5 3 

Zone № 1 2 3 5 6 7 

1 - Н0 Н0 Н1 Н0 Н1 

2 Н0 - Н0 Н0 Н0 Н0 

3 Н0 Н0 - Н0 Н0 Н1 

5 Н1 Н0 Н0 - Н1 Н0 

6 Н0 Н0 Н0 Н1 - Н1 

7 Н1 Н0 Н1 Н0 Н1 - 
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In this case, the prioritization of zones will be preserved, which is determined 

when forming a project portfolio. 

 

3. APPLICATION OF THE MINIMAX METHOD TO PRIORITIZE 

PROJECTS UNDER THE GIVEN SET OF CONSIDERATION ASPECTS 

(SYSTEM-ELEMENT APPROACH) 

In the business analyst professional standard BABOK, prioritization is 

considered as a process of determining the relative importance of an object 

(information, tasks, requirements, etc.) based on a preliminary assessment of its 

value, risks, implementation complexity or other clear criteria [24]. Therefore, the 

task arises to consider these clear criteria when determining the relative importance 

of an object. Additionally, the business analyst has to take into account various 

stakeholders’ views about the object. Most of the clear criteria deal with qualitative 

values. According to Antonio Nieto-Rodriguez, author of the book "Purpose as a 

project. How to successfully solve any problems using a project approach" [25], in 

order to prioritize strategic initiatives and projects, it is advisable for teams to take 

into account five aspects: the organization’s goal, importance in the time aspect, 

compliance with the strategy and resource availability, the presence of a competent 

project implementation team and efficiency, which determined by productivity and 

value formation [12]. As one can see, all aspects are qualitative. Let's consider step 

by step the application of the minimax method to solve this type of business-task. 

It is proposed to consider holistically each of N aspects, which should be taken 

into account in solving the task, for that purpose to apply the minimax method 

described in section 1. The procedure begins with determining for each object a 

finally adjusted ranked series from the position of the considered aspect of the weight 

coefficient. For this, the method proposed in [5] is used. This involves setting the 

weighting coefficient kmin from the perspective of the aspect under consideration for 

an object with a minimum rank. It is recommended to choose the value of this 

coefficient approximately equal to 0,2/n, where n is the number of objects in the 

adjusted ranked row. In this case, the maximum value of kmin should not exceed 1/n. 
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Then the number of ranking levels in the adjusted ranked series is calculated using 

the formula 

𝑚𝑚 = 𝑛𝑛 −  ∑ (𝐿𝐿𝑖𝑖 − 1)𝑘𝑘
𝑖𝑖=1 ,                                            (1) 

where k – the number of ranks that have two or more objects, Li – the number of 

objects at the i-th level of ranking. 

With this in the mind, the step between adjacent values of the weight 

coefficients in the adjusted ranked series is calculated. Under the condition of a 

uniform increase in the weight coefficient between the ranks, the calculation formula 

has the following form 

∆= 1 − 𝑛𝑛∙𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚
∑ (𝑚𝑚 − 𝑖𝑖)∙𝐿𝐿𝑚𝑚𝑚𝑚−1
𝑚𝑚=1

.                                                 (2) 

Then, for each rank of the adjusted ranked series, the weighting coefficient Kp 

is determined by the formula 

𝐾𝐾𝑝𝑝 = 𝐾𝐾𝑚𝑚𝑖𝑖𝑛𝑛  +  (𝑚𝑚− 𝑝𝑝) ∙ ∆ .                                           (3) 

The correctness of the calculation of the weight coefficients within the 

framework of the aspect under consideration is checked by summing  

them 

∑ 𝐾𝐾𝑗𝑗𝑛𝑛
𝑗𝑗=1 = 1 .                                                  (4) 

The described procedure is repeated for each aspect separately. As a result, for 

each object, one obtains a set of weight coefficients for each aspect 

(𝐾𝐾𝑗𝑗1, 𝐾𝐾𝑗𝑗2, . . .𝐾𝐾𝑗𝑗𝑧𝑧, . . . ,   𝐾𝐾𝑗𝑗𝑁𝑁).                                         (5) 

Finally, the integral weight coefficient of the j-th object in the set task is equal 

to 

𝐾𝐾𝑗𝑗
𝑝𝑝  =   

∑ 𝐾𝐾𝑗𝑗
𝑧𝑧𝑁𝑁

𝑧𝑧=1

𝑁𝑁
.                                                  (6) 

The described procedure is implemented in the MMRON software product. 

fig. 4 shows the program interface after the implementation of the procedure for 

combining adjacent objects into one group, which, according to the decision maker, 

have the same weight. In total, in the example under consideration, 55 objects were 

used, which were distributed between 42 levels. 
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Fig. 4. The result of combining adjacent objects with the same weight 

 

The result of the program is the calculation of the weight factors for each 

aspect of the task and the integral weight factor for each object. 

 

CONCLUSIONS 

The results of the research give a base to draw some particular conclusions.  

1. In modern conditions of rapid, turbulent changes in all life aspects, the 

number of states in socio-economic systems of various scales is increasing, which 

require prompt changes in priorities for previously planned projects, tasks, 

requirements, indicators, etc. (hereinafter referred to as objects). At the same time, 

the number of qualitative indicators of various origins is sharply increasing, which is 

practically impossible to obtain in a clearly defined quantitative form. Therefore, the 

methods of expert assessment and ranking, which are based on the subjective 

perception of experts and business analysts, are becoming very popular. However, 

existing methods cannot be effectively used when working with a large set of objects. 

2. The conceptual basis of the approaches to prioritize objects considered in 

the research from the standpoint of the system-integral and system-element 

approaches is a variant of the minimax ranking method, the foundations of which 

were developed at the beginning of the 21st century. The method bases on the 

psychological features of a person's work with knowledge that have been preserved 
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or arise from positive and negative emotions, as well as the existence of a threshold 

of sensitivity in the perception of the difference between two stimuli, objects. 

3. The method involves cyclical execution of procedures to select objects from 

a given set according to the "least significant - most significant" scheme, followed 

by their removal from the set and placing them on two opposite sides of a sequentially 

located set of cells equal to the number of objects in the population. The procedure 

is performed until the objects are completely transferred to the cells and the 

subsequent merging of the cells, between which the expert does not feel the 

difference in their importance. 

4. For the rational reallocation of resources between "lagging" and successful 

projects, it is necessary to have information about the existence or absence of a 

difference degree in the level of prioritization between groups of projects that are in 

different zones of the organization's intentions. For this, it is proposed to use the 

Kruskal-Wallis H-test and the Mann-Whitney U-test. The first makes it possible to 

get an answer as for the existence of a difference in the level of prioritization between 

all groups simultaneously, and the second - between a specific pair of groups. 

5. Based on the minimax ranking method, an approach has been developed to 

prioritize objects in several assessment aspects. The approach involves the 

calculation of weights for each aspect of ranking projects with the subsequent 

calculation of the integral priority as the arithmetic mean of the weight coefficients 

for all aspects. 

6. Computer implementation of the considered methods and approaches 

greatly simplifies and significantly reduces the work time for teams, experts and 

business analysts when solving tasks of prioritization in portfolio management and 

business analysis when working with big data arrays. 
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INNOVATION AS A FACTOR IN THE DEVELOPMENT OF SOCIO-

ECONOMIC SYSTEMS 

Samoylenko I., Romanenkov Yu., Zieiniiev T., Lebedchenko V. 

 
In order to determine the priority directions for the development of socio-economic systems 

at different levels of the economic system, a scientific research was carried out to ensure the 

innovativeness of socio-economic systems (on the example of machine building and aviation 

enterprises) by forming effective mechanisms for managing innovation and investment activities 

on the basis of the concept of implementing the Unified System of Innovation and  

Technological Development (USInTD). The main components of the organization of the USInTD 

work, which include: human capital management, are defined; organizational capital 

management; management of partnership relations capital (Government relations management)); 

change management system; management of intellectual property; implementation of management 

innovations (Enterprise asset management). It is determined that the introduction and  

development of the USInTD is one of the main factors of competitiveness of the enterprise in the 

long term, but the effect of the introduction of such an approach can be obtained only  

under the conditions of proper organization of the process both at the corporate level and each  

production unit. 

 

INTRODUCTION 

Against the background of the crisis in the national economy, the need to 

ensure the innovative development of socio-economic systems at different levels is 

of key importance. Innovation is becoming an important indicator of the 

effectiveness of public policy and a primary factor in ensuring economic  

security at various levels of the systemic hierarchy. The course of crisis phenomena 

in the country's economy tends not only to disrupt the stability of any  

socio-economic system (enterprise, social formation, etc.), but also to  

update it through the intensification of innovation and investment processes, 

introduction of new management technologies, financial and economic tools and low 

reforms. Thus, the foundation for ensuring the appropriate level of innovation  

https://doi.org/10.30837/MMP.2021.231
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of the socio-economic system in the national and international markets  

in today's conditions is the intensification of effective innovation and investment 

processes. 

Despite the presence of a wide range of diverse research, the development of 

theoretical and methodological provisions and practical recommendations  

for ensuring the innovation of the socio-economic system becomes a key  

factor in ensuring innovation and investment attractiveness of the country at the 

international level and a key factor for further integration into the world  

community. 

 

COMPARATIVE STUDY OF THE DEGREE OF INNOVATION OF 

UKRAINE 

Ukraine seeks to build an industrial-innovative, technological-innovative, eco-

innovative and sectoral-innovative model of the economy, the implementation of 

which should be accompanied by an increase in its competitiveness, innovation and 

ensure the transition to sustainable development. 

In the system of global coordinates in 2017 - 2018 Ukraine ranked 81st in 

global competitiveness index [1,2], in 2019 – 85th out of 141 countries. The 

indicators and the introduction of information and communication technologies - 

from 77th to 78th place, macroeconomic stability - from 131st to 133rd place and 

innovative opportunities - from 58th to 60th place have deteriorated. According to 

the Global Innovation Index (2017) – 50th place, (2018) – 43rd place, (2019) – 47th 

place in the ranking of the most innovative countries in the world. "Ukraine 

demonstrates the highest indicators of innovation in education and science  

(2019 – 44th place in the rating) and business (85th place in the rating). At the same 

time, institutions and infrastructure remain the least innovative (107 and 89 

respectively in the rating) "[3]. As a result, according to all indicators, the global 

innovation index of Ukraine is 37.4 out of 100 possible. 

At the same time, if you introduce an amendment to the purchasing power 

parity, then Ukraine consumes about 3.2 times more energy per unit of GDP than the 
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OECD average [4]. According to the source Enerdata. Global Energy Statistical 

Yearbook 2016 "The intensity of energy use per unit of GDP with constant parity of 

purchasing power" indicator of energy consumption intensity per unit of GDP in 

Ukraine exceeds the level: the UK - 4.8 times; Turkey - 3.8 times; Poland - 3 times; 

Belarus 1.8 times; the average value for the European Union is 3.8 times; the average 

value for the world - 2 times. 

Such data indicate the low capacity of the national economic management 

system and need to take into account the existing prerequisites and factors for the 

formation of a competitive, industrial and technological-innovative model of 

development. That is why raising the level of innovation and competitiveness is seen 

as a real resource for overcoming the crisis, stabilization and further growth of 

Ukraine's economy on an innovative basis. This is especially true of machine-

building enterprises, because the development of mechanical engineering is the key 

to intensifying scientific and technological progress, the restructuring of the 

economy. 

According to the analytical review of scientific publications [5-10], the main 

components of innovation were identified, which are: ensuring the accelerated pace 

of innovation development through the introduction of advanced technologies; 

maintaining the state of economic security and competitive positions in the 

innovation and investment environment, finding additional sources of funding and 

improving the efficiency of investment resources. 

Innovation is seen as a qualitative characteristic that reflects the receptivity, 

willingness and ability to innovate and take risks, the rapid assimilation and 

implementation of scientific and technological advances; forecasting new directions 

of development of science and technology and flexible response to changes in the 

external environment; readiness of personnel for effective development of scientific 

and technical innovations, formation of necessary objective socio-economic 

conditions for introduction of innovations from positions of the human factor [11] 

(I. Dovby). 
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Ligonenko L.O. interprets enterprise innovation as an important socio-

economic characteristic, foundation and intention of firm theory and modern 

management paradigm, systemic multifaceted complex concept that  

characterizes the company's ability to ensure innovative development as a result of 

management efforts to transform innovation potential as a result of  

innovation [12]. 

Researcher Prigozhin A.I. in a scientific publication [13] identifies the concept 

of "innovation" and "innovation receptivity", which means the ability of the 

enterprise to perceive innovations and innovations and the scientific potential of the 

enterprise as part of the concept of innovation potential. Therefore, the first is 

interpreted as the ability to apply innovations, the second - as the creation of 

innovation. 

At the same time, the etymology of "investment capacity" characterizes the 

investment opportunities of the industry (enterprises, organizations), unrealized in 

the current period for objective reasons: due to the high level of investment  

risks in the region; economic inappropriacy of resource costs; adequacy and 

suitability of the main production capital; accumulation of resources for promising 

projects; lack of a competent investment strategy; low qualification of  

managers" [14]. 

The symbiosis of the conceptual and terminological apparatus allows to obtain 

a logically structured definition of the "innovation and investment capacity of the 

enterprise," under which the ability of the enterprise to carry out activities on the 

basis of integration of innovative and investment processes with the involvement of 

all possible potential is seen. 

 

CONCEPT OF INNOVATIVE DEVELOPMENT MODEL 

In recent years, there has been a movement from the traditional model to the 

open innovation model. The discrepancies between the specified models are given in 

table 1. 
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Table 1 

Comparative characteristics of innovative development models 
Traditional model Open model 

The best specialists must work for us It is impossible to hire all the best specialists. 

It is necessary to use the work of such 

specialists regardless of their place of work 

To make a profit from R&D, you need to 

initiate, conduct and adopt them yourself. 

External R&D can be of significant value. 

Internal R&D is needed to complement this 

value or participate in IP sharing 

If we are the first to make a discovery, we will 

be the first to bring it to market 

You don't have to be a pioneer to profit from 

innovation 

We will win if we generate most of the best 

ideas in the industry 

We will win if we use both internal and 

external ideas better than others 

We need to control our IP so that competitors 

do not take advantage of our ideas 

We must profit from the commercialization of 

our IP by third parties; we should buy third-

party IP whenever it strengthens our business 

model 

 

The model of open innovation, in today's conditions, seems the most 

promising. During the formation of the corporate innovation system, the 

management of all types of strategic resources of the enterprise on the basis of 

complexity and systematics becomes demanding. Management of material and 

financial capital is not a weak point of Ukraine's leading enterprises. On the contrary, 

the management of human, organizational resources and capital of partnerships is 

much more vulnerable, which emphasizes the special relevance of the application of 

best practices. The modern model of open innovations is aimed not only at the 

formation of intra-corporate tools, but also at creating a comprehensive network of 

partnerships with development institutions, small and medium-sized businesses, 

foundations and foreign partners, universities, research institutes. 

To this end, a concept is proposed that contains all the tools of innovation and 

technology and provides a synergistic effect of their application. The beauty of the 
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proposed system is that it operates based on a platform for management of research and 

development (R&D), innovation management and energy management on the principle 

of system and complexity.  

 

INNOVATIVE ACTIVITIES IN THE FRAMEWORK OF THE 

IMPLEMENTATION OF INNOVATION AND TECHNOLOGY 

PLATFORM 

The development of USInTD involves the creation of a more effective structure 

of planning (based on previous experience), organization, control and decision-making 

on all issues of innovation development, including management.  

The formation of innovation infrastructure takes place in the direction of 

organizational allocation of specialized functions necessary for successful innovation 

development, including knowledge management systems, enterprise intellectual 

property management systems, R&D systems and more. Creation and development 

of the system of external innovation relations involves the organization of interaction 

of machine-building and aviation enterprises with all potential participants of its 

innovation projects: international industrial associations, Ukrainian and world 

research centres, financial institutions, small and medium innovative enterprises, 

universities, etc.  

Human capital management. The human capital in the USInTD management 

system, of all types of resources, belongs the least to the company and is therefore 

associated with considerable risks. This actualizes the task of building a system of 

constant transformation of human capital into more sustainable organizational 

capital. The main place and key functionality of such a transformation is the 

knowledge management system (Knowledge Management) based on the support of 

corporate information infrastructure. The call of the knowledge management system 

is the mobilization of ideas and knowledge within the enterprise, the formation of a 

convenient environment for the innovation process of the most free (within the policy 

of confidentiality) exchange of information between departments and individual 

officials.  
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Organizational capital management should include several innovation 

management and monitoring bodies with clearly defined functions. In addition, there 

must be a clear division of strategic and tactical levels with a balanced balance of 

their relationship. The latter is determined by the results of the required number of 

cycles "Planning - Execution - Study - Adjustment" in the self-development of the 

innovation system. At the corporate level, the strategy is determined, and at the level 

of subsidiaries and divisions, issues of tactical management are resolved. Strategic 

decisions must be initially discussed with the cross-participation of other interested 

strategic bodies of the enterprise with the participation of external experts and 

experts. At the tactical level, decisions should be generated by the company's 

structures separately, but then be approved by strategic bodies. 

Capital management partnerships. Given the current scientific developments 

in the economic field, the most successful are network formats of interaction. The 

direction of such cooperation as participation in the development and implementation 

of national technological platforms deserves special attention.  

Change management system. The monitoring process of the USInTD program, 

which aims to manage deviations from the planned results in the operational mode, is 

based on the use of a set of organizational and methodological tools and technologies to 

examine the intermediate and final results of the USInTD program in the regulated 

mode, and monitoring the implementation of the USInTD program on an on-going 

basis, taking into account regulated factors, using a step-by-step method of managing 

innovative projects "Stage Gate".  

Introduction of managerial innovations. During the organization of production 

activities, a significant number of foreign companies use advanced management tools and 

methods called Enterprise asset management (management of technical impacts on 

production assets). 

Effective management of the USInTD requires a set of indicators by which its 

results can be evaluated, compared with planned data, and appropriate management 

measures taken. The effectiveness of the USInTD should be measured using a system 

of key performance indicators KPI, which allows you to track the results of activities 
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in all areas of innovation of engineering and aviation companies within the USInTD. 

Table 2 shows and characterizes the system of indicators of innovative activity within 

the USInTD. 

Table 2 

System of key indicators of innovative activity of machine-building and 

aviation enterprises within USInTD 
Groups Directions Aspects QPEf Total 

Innovative 
activity 

within the 
USInTD 

Infrastructure 
and human 
potential 

development 

Innovation 
infrastructure 

Infrastructure costs 
12 

Staff engaged 
in innovation 

The share of staff engaged in 
innovation in the total number of 

staff 
8 

Implementation 
of 

developments 
and innovative 

projects  

Selection of 
ideas 

Number of projects / innovation 
proposals implemented after 

approval by the STC 
6 

The share of R&D expenditures in 
the company's revenue 12 

R & D The share of investment in 
innovative projects in the 

company's revenue 
12 

The results 
of innovative 

activities 
within the 
USInTD 

The growth of 
the 

technological 
level of the 
company 

 
Productivity 10 

Introduction SAIDI 
10 

Achieving 
strategic goals 

of the 
enterprise and 
state priorities 

Management Level of innovation 6 

The level of local content 
6 

Processes The share of net profit from the 
implementation of innovative 

projects in the total net profit of the 
enterprise 

18 

ITR rating 100 

Planning and implementation of R&D in the given system are considered as 

integral parts of the innovation process, which covers all phases of this movement - 

from outlining priority areas of research, organizing their completion, evaluation and 

accounting of the effect to use project results in practice. The best option for the 

result of R&D is, firstly, the current installation, the results of research and industrial 

operation of which are known, and secondly, the project passport for the 
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implementation of R&D results in the production activities of the enterprise. The 

project passport must be submitted to the governing bodies with a decision on its 

inclusion in the investment or production program of the enterprise. 

CONCLUSIONS 

In order to increase the influence of the degree of innovation on the 

development of socio-economic systems of the national economy, on the example of 

machine-building and aviation enterprises, it is proposed to put into operation the 

Unified system of innovation and technological development of innovative activity. 

Elements of implementation and organization of USInTD work are outlined, which 

include: human capital management (motivation, knowledge management, training 

of working staff); organizational capital management (innovation monitoring, 

innovation generation); capital management of partnership relations (public-private 

partnership, GR 20 system (Government relations management)); change 

management system (regulation of business processes, a set of organizational and 

methodological tools and technologies, roadmap for innovation, etc.); management 

of intellectual property (IP) (use, accounting, registration, protection, evaluation and 

disposal of IP objects); introduction of management innovations (Enterprise asset 

management), documentation of its tools; resources - information and analytical 

portal.  

The practical significance of the study is to improve the innovation and 

technological doctrine of innovative development of the socio-economic system (on 

the example of machine-building and aviation enterprises) by implementing a 

technological platform that creates a basis for accelerating transformational 

transformations of innovation space in Ukraine, its regions and businesses, 

comprehensive coherence of all its elements. 
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The study presents an analysis of the structural relationships of complex energy systems 

based on renewable energy sources and information processes that support their work. Modeling 

of information support of energy life cycle management in Microgrid is performed. First, the 

structural models of the life cycle of energy and information in Microgrid are considered, the 

analysis of information processes in the management of energy infrastructure. It is determined 

which models of process forecasting in energy systems and models of decision support in energy 

life cycle management in Microgrid have the greatest efficiency. 

 

INTRODUCTION 

In recent years, according to the International Climate Agreement [1], 

countries need to reduce greenhouse gas emissions and introduce the transition to a 

low-carbon, sustainable economy. Achieving these goals is possible through the 

implementation of energy efficiency strategies and energy production from 

renewable energy sources (RES), restructuring of energy systems taking into account 

the active use of RES. 

Since most RES can be used in a decentralized manner, the distributed 

principle of power generation and micro-grid (MG) is a good development and 

integration option for these systems. 

Due to their distributed structure, Microgrid networks are heterogeneous and 

complex systems that are equipped with a wide range of energy generation elements 

and are used by consumers of various types from industrial to domestic. Because the 

level of energy generation from renewable sources is difficult to predict and depends 

on meteorological conditions, Microgrid networks require the use of advanced 

control and adaptive control to fully realize their potential and ensure balance in the 

https://doi.org/10.30837/MMP.2021.241
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energy network [2]. The task of expanding the existing Microgrid networks and 

creating Microgrid clusters with decentralized management is urgent, which requires 

the development of appropriate information support. 

The growing number of measuring and control devices owned by Microgrid 

networks, as well as the challenges of improving the quality of Microgrid networks, 

the development of the Microgrid concept as a component of Energy 4.0 in Industry 

4.0, necessitated the development of models and tools for continuous monitoring, 

processing and analysis data at different stages of the Microgrid life cycle.  

Therefore, it is important to determine the typical structure of the energy 

system, analyse the life cycle of energy and information in it, analyse information 

processes in planning and management of energy infrastructure, identify models for 

forecasting and decision support in energy lifecycle management in Microgrid. 

 

1. STRUCTURAL MODELS OF THE LIFE CYCLE OF ENERGY AND 

INFORMATION IN MICROGRID 

Microgrid can be defined as a network of electricity distribution with its own 

energy resources, which is able to operate autonomously as a small electrical 

network [3]. Such networks are specially designed to operate in the low or medium 

voltage range using renewable energy sources such as solar panels and / or wind 

turbines, fuel cells, etc. and battery storage systems to meet local load requirements. 

Microgrid can operate in isolation or be connected to the main network through a 

macro station - a subscriber station. These characteristics make them suitable for use 

in rural or remote areas.  

Along with the growing development of renewable energy, the concept of 

multi-microgrids has emerged, which describes the idea of a cluster of interconnected 

microgrids. The purpose of this connection is to achieve firmness and stability 

through energy exchange and mitigate the impact of connecting distributed 

generation units to power systems. 

This paper considers a multi-microgrid that covers several microgrids. Each 

Microgrid can consist of several wind turbines and/or solar panels (EG), a battery 
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storage system (BESS), and local loads. All microgrids are connected to a 

distribution network, which is connected to the main network (Main GRID) at the 

point of joint connection. There is a connection between each of the networks both 

at the energy and information level. Through the measuring elements, each micro-

network can receive the provided data from the distribution network operator (DNO) 

and has the opportunity to share its own information with DNO or other micro-

networks. In this case, energy can be transmitted bilaterally between the DNO and 

each microgrid. Meanwhile, the DNO can exchange energy bilaterally with the main 

network. A typical scheme of such a system is shown in fig. 1.1. 

 
Electricity flow

Information flow

  
Fig. 1.1. A typical multi-microgrid scheme 

 

The large number of different generation systems that make up the multi-

microgrid can have a negative impact on the power supply due to fluctuations in 

voltage and power quality due to uncertainty in the generation process. For example, 
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weather conditions affect the energy potential of solar and wind power generation, 

and load needs can lead to energy shortages or surpluses, both at different times of 

the day and at different times of the year. Therefore, while distributed energy 

resources can potentially reduce the need for traditional energy system expansion, 

new challenges arise in ensuring the efficient operation, monitoring and control of 

microgrids. 

To solve them, various approaches can be used: the use of storage batteries to 

mitigate the peaks formed in these systems; use of intermittent renewable energy 

management models; stochastic methods of energy management in several 

microsets; demand response mechanisms based on consumer forecasts, etc. 

Within one Microgrid, there are electric and information flows that need to be 

effectively controlled. The fundamentals of information management are presented 

in Krcmar [4]. The authors define three layers of data that are relevant for information 

management: 

• the lower level determines the management of technical infrastructure, 

namely information and communication technologies. 

• the second level focuses on the management of information systems 

(e.g., data structure). 

• the upper level deals with the tasks of managing the results of systems. 

For example, the use of information to improve the transmission and distribution of 

electricity. 

In [5] it is proposed to consider Microgrid not only as energy technologies for 

the production, storage, distribution and consumption of energy, but also with a focus 

on the information component. Microgrid as a structure should be considered in 

addition to political, economic, social, technological, legal and environmental 

factors. It is assumed that the Microgrid can operate in the mode of connection to an 

external electrical network or in a stand-alone, island mode.  

The information flow in Microgrid allows the exchange of information 

between neighbouring networks and, for example, weather forecast, measurement 
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data or trade in external energy markets [6]. Flows from the information network can 

affect the physical flows in the micro grid: for example, information about the price 

of electricity affects the consumption or sale of electricity. External parameters, such 

as market characteristics of the equipment, affect the design of micronetworks.  

Fig. 1.2 shows a typical organization of the power grid system taking into 

account information flows.  

 

External factors: political, legal, environment, 
technological, social, economic

Energy technology

Communication  
infrustructure

Information systems

Information management

Power Grid
 

Fig. 1.2. Information levels of microgrid operation 

 

The following levels can be distinguished: I level of Energy Technologies, II 

level of Information and Communication Infrastructure, located above level I, which 

means that the basic IT is used for effective management of energy technologies of 

micronetworks. Level III - Information Systems, which may contain applications for 

control, planning and administration in the context of micronetworks. The upper IV 

level of "Information Management" considers management tasks, for example, 

matching demand with supply.  
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According to the proposed scheme, certain information processes take place at 

each level, which must be determined in advance when managing energy 

infrastructure facilities. 

 

2. ANALYSIS OF INFORMATION PROCESSES IN THE 

MANAGEMENT OF ENERGY INFRASTRUCTURE 

The process of transition from planning to implementation and management 

of the complex of energy networks takes place step by step. An example of such a 

process can be presented as a diagram in fig. 2.1. 
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Fig. 2.1. Microgrid implementation process 

 

Data Collection Process. This phase aims to gather information for a better 

understanding of loads, energy distribution, existing systems, production resources, 

energy costs and the historical sustainability of typical facilities. It is necessary to 

obtain information on the magnitudes and trends of possible energy loads, existing 

systems in the area, possible sources of energy generation, the presence of economic 

incentives, and the actual cost of electricity at the site, maps of power lines, grid 

control systems, and more. 



247 

Conceptual Design. At this stage, system requirements are formed, the existing 

conditions defined in the previous step are analysed. The conceptual design must be 

formed in accordance with these constraints. 

It is necessary to determine the power requirements, select the sources of 

generation and storage of energy, to analyse the compliance of generation and load. 

Also at this stage it is often necessary to simulate the operation of the network. It is 

important to define the microcontroller, communication and cybersecurity controls.  

Microgrid Technoeconomic Analysis. Carrying out a technical and economic 

assessment, which analyzes the capital costs of the system, savings opportunities and 

financial returns. 

Project Development. Preparation of technical and economic documentation, 

coordination of legal issues. 

Implementation. At this stage, it is necessary to develop, build, commission 

and test the project to ensure effective operation. 

Modern development of Microgrid networks is impossible without the 

introduction of information and communication technologies to achieve the tasks 

described above. The use of information systems as an intelligent superstructure over 

the communication infrastructure, which implements the measurement of energy 

networks and their management, is the main direction of development of energy 

management system Microgrid, aimed at improving energy efficiency and balancing 

electricity generation and consumption. 

Compared to traditional power grids, the developed information and 

communication infrastructure provides arrays of data that can be collected and 

processed in real time. It is subject to the requirements of reliability, safety, 

scalability and ease of management [7].  

Components of the information and communication infrastructure of the 

Microgrid network are sensors for remote monitoring of network parameters, 

distributed automatic control devices. The information and communication 

infrastructure that provides support for Microgrid management on the consumer side 
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includes devices for monitoring electrical load, voltage measurement, automatic 

measuring devices, and meters.  

The information and communication infrastructure exchanges data with the 

Microgrid computing platform, which is a layer of operational management at the 

system level. The computing platform consists of servers that support all  

processes of support for operational management of Microgrid, such as data 

collection from sensors in real time, implementation of network optimization and 

mode switching, Microgrid network scheduling, rapid response to changes in 

electricity demand, SCADA data analysis, correction of failures in the mode of 

operation of the network, automation of transmission and distribution of energy.  

The computing platform can be centralized or distributed, built on an agent  

approach.  

The link between the information and communication infrastructure and the 

automated network management system Microgrid is a set of software that 

implements various tasks of information support lifecycle management of the 

Microgrid network from its design to operation, the main of which are listed below: 

• planning the structure of the Microgrid network, including the selection of 

the optimal location of energy generation elements and their configuration 

parameters; 

• forecasting the demand for electricity, price tariffs and generation 

opportunities; 

• optimization of the power grid; 

• support for energy management decision-making; 

• providing data display for the end user in the web or mobile interface. 

The components of the main activities that ensure the implementation of the 

Microgrid concept - design and operational management were analyzed.  

The activity diagram of the Microgrid network design process is shown in  

fig. 2.2. 
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Fig. 2.2. Activity diagram of the Microgrid design process 
 

The main subprocesses of designing a Microgrid structure are defining  

goals, overall architecture, choosing the optimal Microgrid location if there are 

alternatives, configuring key elements, defining the architecture and software  

of the Microgrid network, and verifying that the designed architecture  

conforms to the goals. The diagram of activity of process of operative management 

of the Microgrid network in a normal mode within one day is shown in  

fig. 2.3 [8]. 
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Fig. 2.3. Microgrid online management activity diagram in normal mode 

 

In the operational management of the Microgrid network, such  

subprocesses are performed as monitoring of network and environmental  

data, forecasting electricity needs and possibilities of its generation from  

distributed sources, determining the amount of excess or shortage of  

generated energy and possible power source, optimizing network operation,  

Based on all the data from the previous stages, decisions are made on the  

regulation of network power, the amount of energy generated, determines  

the amount of excess energy that can be supplied to the centralized network,  

control signals are sent to the appropriate devices that control the Microgrid  

network. 
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The above processes are supported by the Microgrid energy  

management system [9, 10], the general architecture of which is shown in  

fig. 2.4. 
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Fig. 2.4. General architecture of the Microgrid energy management system 

 

Fig. 2.4 shows that information support for Microgrid facility management is 

provided through models of monitoring, optimization, data analysis, forecasting and 

developed appropriate software.  

Monitoring provides real-time data collection, verification and pre-processing 

of data, establishment of deviations from regulatory parameters, entry into the 
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database of operational data and aggregation of data at certain time intervals. The 

Microgrid performance monitoring model includes a set of data characterizing the 

current technical condition of the Microgrid and the main indicators of its operation, 

a set of meteorological conditions in the area where the Microgrid is installed, a set 

of factors influencing electricity demand, such as business schedule or factor 

seasonality, a set of forecast data of meteorological conditions. Data collection and 

processing can be performed using software agent technology that retrieves data 

according to a set schedule, for example, once an hour, or in the event of an event, 

such as a deviation from the set mode of operation of Microgrid. To accumulate 

monitoring data, it is advisable to use cloud platforms, such as Microsoft Azure, IBM 

Cloud, etc. 

Methods of linear and nonlinear programming, dynamic and stochastic 

programming, metaheuristic algorithms, multiagent and intelligent technologies are 

used to solve optimization problems. Due to the complexity of the structure of 

Microgrid and the peculiarities of its work, instead of classical optimization 

techniques, dynamic programming is used, which allows to discretize optimization 

problems and divide them into subtasks. Metaheuristic algorithms allow finding 

mechanisms for achieving optimal operation and control of micronetwork energy 

using genetic algorithms and algorithms of biological evolution. Stochastic 

programming methods are used as a method of detecting network elements with 

possible deviations in the parameters of operation in the future, often used in the 

subsystems of storage of electricity. 

The multi-agent optimization methods used in Microgrid allow distributed 

micronet management by agents that have autonomous behaviour and perform 

optimization tasks for various Microgrid elements, such as power generators and 

storage systems for specific purposes. The advantage of the agent approach is that 

the software agents communicate with each other and can adjust their own 

optimization goals depending on the set criterion for optimizing the performance of 

MicroGrid as a whole. 
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Forecasting is used to determine the performance of the Microgrid network for 

certain periods of time in the future, as well as to determine changes in network 

impact factors, such as climatic conditions, that affect the level of electricity 

generation from renewable sources. The following section analyses the effectiveness 

of Microgrid's energy consumption forecasting models. 

 

3. MODELS OF PROCESS FORECASTING IN ENERGY SYSTEMS 

The work of Microgrid is characterized by uncertainty, it cannot be formalized 

by a mathematical relation, so when studying the work of the network, forecasting 

techniques are widely used. Forecasting is most often used to solve such tasks in 

Microgrid as planning the needs for energy resources and the level of their 

generation, determining the peak periods of energy consumption, determining the 

possible failure of installed equipment, determining prices for energy resources in 

the future. The use of forecast data is used both in making operational decisions to 

optimize the load on the network and in making strategic decisions by energy market 

participants. This enhances the reliability of the power grid.  

Forecasting in Microgrid according to the periods of time for which the 

forecast is given is divided into the following categories [11]: 

• long-term - for a period of one to several years, used in strategic planning, 

network expansion by adding new energy sources, connecting new 

consumers; 

• medium-term - for the period from a week to a year, used for planning the 

maintenance of the network, the cost of purchasing fuel, estimating the 

profit from the sale of electricity to the general network; 

• short-term - for a period of one hour to a week, used to draw up energy 

generation schedules and assess consumer demand to manage the work of 

Microgrid; 

• ultra-short-term - for a period of several minutes to one hour, used to 

monitor the network in real time. 
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When building forecast models, the main thing is to achieve high forecasting 

accuracy. This is influenced by the chosen forecasting technique, factors influencing 

the projected indicator, as well as the parameters of the constructed forecasting 

model. Models for forecasting the generation and consumption of electricity can be 

divided into multifactor models and models based on time series. Multifactor models 

are based on cause-and-effect relationships, and time series forecasting models use 

historical data over a period of time to predict. Time series forecasting models are 

divided into categories: statistical models, models based on machine learning, and 

hybrid models. 

When optimizing the work of Microgrid, you should first  

formulate an optimization problem, which can be both multicriteria and meet such 

criteria: 

• maximum output power at a given time; 

• minimum operating costs; 

• maximum cycle of operation of excess energy storage systems; 

• minimum emissions into the environment, etc. 

The following are the results of a study of models of short-term forecasting of 

electricity consumption from Microgrid. The analysis of factors influencing the need 

for electricity by different types of consumers and the categories of input data for the 

forecasting process: 

• meteorological data - air temperature, humidity, wind speed, clouds, etc. ; 

• electricity consumption - historical data of electricity consumption; 

• calendar data - determine the seasonal factor; 

• work schedule data - for enterprises that work according to the established 

schedule in one shift or in several shifts; 

• other data that take into account the specifics of electricity consumption 

by a particular consumer. 

The process of short-term forecasting in general consists of stages, which are 

shown in fig. 3.1. 
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Fig. 3.1. Activity diagram of the short-term forecasting process 

 

First it is necessary to generate input data, pre-process them. The stages of pre-

processing are data cleaning from gaps, data normalization, and formation of an array 

of input data for the forecast model. To set the forecast input data, you need to 

download a previously built model that will adequately reproduce the need for 

electricity for future periods. When using the model, you need to calculate the 

prediction error, compare it with the allowable, and in case of exceeding the 

allowable value to make changes to the built model. Power consumption forecast can 

be performed both at the request of the user and automatically at set times. The 

prediction result must be saved in the database. 

The peculiarity of forecasting as a scientific problem is that there is no single 

universal forecasting model. A forecast model should be built for each electricity 

consumption object using archival data of this object.  

Analysis of literature studies has shown that the most commonly used methods 

for constructing prediction models are regression and autoregressive models ARMA, 

ARIMA, ARIMAX, SARIMAX, the method of constructing regression models using 
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fuzzy logic, the method of reference vectors SVM, the method of exponential 

smoothing, theories intelligence. 

Autoregressive forecasting methods are used when there is a linear 

relationship between the current value of the variable in the time series and past 

values. The use of the ARIMA model allows to build the predicted energy 

consumption of the model with high accuracy up to 97% with correctly selected 

regression model coefficients [12]. The SARIMAX model is used when seasonality 

is traced in the input data set, so it will give the most accurate results among 

autoregressive methods for forecasting electricity consumption. At the same time, 

the accuracy of the forecast model increases if not only parameters that directly affect 

electricity consumption, such as ambient temperature, but also the interaction of 

exogenous variables are used as input variables. [13]. 

The method of exponential smoothing is used to predict time series. The 

accuracy of forecasting when using this method depends on the choice of smoothing 

coefficients of the series, trend and seasonality, as well as the value of the data series. 

Analysis of the efficiency of the exponential smoothing method using power 

consumption data in the industrial sector showed from 81% to 96% accuracy for the 

model of linear exponential smoothing (Holt model), from 91% to 97% accuracy for 

the model with a damped trend depending on the data set [ 14]. When forecasting 

electricity consumption on the example of electricity consumption of university 

buildings, the forecasting accuracy for different types of models of exponential 

smoothing is approximately 88% [15]. 

Facebook's Prophet Library is also used to predict time series, which is based 

on a methodology for adjusting additive regression models, which uses functions that 

approximate the trend of the series, seasonal fluctuations and individual significant 

days, presented in the form of indicator variables. The result of comparing the 

accuracy of the Prophet model with the exponential smoothing model (Holt-Winters 

model) for long-term forecasting of electricity generation showed an accuracy above 

95% for both types of models, with the most accurate Holt-Winters model taking into 

account daily, weekly and annual seasonality. The use of the Prophet model for 
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forecasting electricity consumption by household consumers, presented in [16], 

showed that the forecasting error can be up to 12.5%, the accuracy of the model was 

influenced by the selection of parameters on which electricity consumption depends. 

The Prophet model does not establish a hidden relationship between power 

consumption and external factors, which reduces the accuracy of the forecast. The 

advantages of the Prophet model include less time to learn the model compared to 

machine learning methods. 

Since the process of electricity consumption is characterized by uncertainty, 

there are peak values associated with various factors, an effective method of 

forecasting electricity consumption is to build a fuzzy regression model [17], which 

shows the best results for short-term forecasting. The advantages of this method 

include the ability to replace large sets of forecasting data with sets of fuzzy 

inference, the ability to formalize the experience of experts on energy fluctuations, 

the versatility of the method with minor modifications for forecasts of different time 

periods [18]. The application of this method for medium-term forecasting of 

electricity consumption showed high forecasting accuracy of 96-98%, which has a 

slight deviation from the forecast values using ARIMA models and exponential 

smoothing [19]. 

Neural network models are widely used in forecasting power consumption, 

due to their ability to model nonlinear relationships between input and output 

variables, and allow to achieve high forecasting accuracy. Before using a neural 

network forecasting model, it is necessary to conduct its training, selecting the 

optimal parameters that will give the best forecasting accuracy. The learning process 

of the neural network in general is shown in Fig. 3.2 as a diagram of activity. 

The most commonly used types of neural networks for prediction are direct 

propagation neural networks FFNN, nonlinear neural networks with exogenous 

NARX inputs, radial-based neural networks RBF, recurrent neural networks RNN, 

neural networks learning by the inverse propagation algorithm short-term LSTM 

memory. 
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The vast majority of neural network models are effective if the inputs are 

properly selected and the models are configured. In [20], when using a neural 

network of the BPNN type for short-term prediction of power consumption, more 

than 90% is achieved, and it increases when the model of meteorological factors is 

included in the inputs. A study of the use of the NARX neural network for medium-

term prediction of power consumption conducted on a data set by the University of 

Malaysia showed that the accuracy for the NARX model is approximately 98%, 

which is more accurate than for time series, fuzzy time series and multiple linear 

regressions [21]. 
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Fig. 3.2. Neural network training activity diagram for prediction 

 

Among other types of neural networks, the LSTM model has advantages for 

short-term prediction of power consumption using data sets collected over a long 

period of time, as it can reproduce long-term time relationships in data sequences 
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[22, 23]. In comparison with NARX, SVM, SARIMA models for short-term 

forecasting of power consumption the LTSM model gives the best result [24]. 

Comparison of the accuracy of short-term forecasting models based on 

SARIMAX regression analysis, exponential smoothing, Prophet forecasting model 

and LTSM neural network was performed using archival data of electricity 

consumption at the Melitopol gas station for 2011-2013. Analysis of the time series 

of electricity consumption showed no trend and the presence of a seasonal 

component. There is an increase in electricity consumption in winter and at night. 

There is a correlation between the length of the day and electricity consumption, as 

well as the load of the gas station. The created data set for forecasting contains 

parameters - year, month, day of the week, hour of the day, the amount of electricity 

consumed for a period of one hour, the length of daylight, and the load of the gas 

station. The forecast is made every hour for a seven-day period.  

To study the prediction accuracy of autoregressive models, the SARIMAX 

model was constructed with parameters p = 0, d = 1, q = 3, P = 3, D = 1, Q = 3, m = 

12, using exogenous repressors: daylight length, load gas station. The model 

according to the best parameter of the information criterion Akaike AIC and 

Bayesian information criterion BIC, which are 86949.315 and 87127.726, 

respectively, was chosen. A recurrent neural network with long short-term LSTM 

memory was selected as the neural network for power consumption prediction. The 

LSTM model is constructed with the following parameters: 100 neurons in the LSTM 

layer, the Dense layer contains 1 neuron. The model includes an additional layer 

Dropout = 0.1, which prevents retraining of the neural network. 20 epochs of neural 

network training were performed, the parameter batch_size, which determines the 

amount of training data for one pass of the model, is equal to 100. 

An additive exponential smoothing model for short-term power consumption 

forecasting was constructed using a seasonal period of 24. A Prophet forecasting 

model was also built using a library from Facebook. 

All forecasting models are built in the Python environment using the 

appropriate libraries. A comparison of the accuracy of the developed models on a 
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test sample of data for a calendar period of one week. The results of the calculated 

forecasting errors are given in table 3.1. 

Table 3.1 

Comparison of forecasting errors of developed models 
Model type MAE, kWh RMSE, kWh MAPE, % 

SARIMAX 4.0 9.9 8.0 

Exponential model 

smoothing 

4.0 11.8 7.8 

Prophet 4.0 11.8 7.8 

LTSM 2.6 3.4 5.1 

 
According to the results of the analysis of forecasting models, it can be noted 

that all of them have acceptable forecasting accuracy with a MAPE value of less than 

10%. The most accurate result among the developed forecasting models was shown 

by the neural network model LTSM, which confirms the effectiveness of machine 

learning models in short-term forecasting of electricity consumption.  

The results of short-term forecasting, which determine the amount of 

electricity consumed for future periods of up to seven days, are used in the 

operational management of MicroGrid modes and are input to the management 

decision support system. 

 

4. MODELS OF DECISION SUPPORT IN ENERGY LIFECYCLE 

MANAGEMENT IN MICROGRID 

 

Today, different types of energy and different capacities can be used in one 

energy system, which emphasizes the importance of comparisons between 

alternative systems. Under these conditions, a comprehensive comparison between 

several energy systems is quite complex, requiring different knowledge bases, 

including technological, environmental, economic, social and political. In addition, 

different approaches can be used. 
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The right decision to determine the priority list of possible alternative solutions 

among energy systems is important for the implementation of a successful project, 

because the wrong choice of alternative solution can lead to negative consequences 

in the environment, economy and society. 

Fuzzy logic techniques are widely used to support decision-making in 

MicroGrid planning and operation management. A multicriteria method for selecting 

alternatives to the structure of a hybrid energy network with renewable energy 

sources, based on the evaluation of alternative structures using utility theory and 

using the method of expert evaluation to determine linguistic variable evaluation 

criteria, is proposed in [25]. Ranking of alternatives is carried out according to socio-

economic and energy efficient scenarios. [26] presents a multi-criteria decision-

making model for the optimal structure of Microgrid based on the gray cumulative 

similarity theory, which selects the criteria from the categories of efficiency, 

reliability of the power supply system and environmental protection. The expert 

evaluation method was used to calculate the weights of the sub-criteria. If alternatives 

to the Microgrid configuration are identified, a hierarchy analysis method is used to 

evaluate them and select the best solution for different scenarios.  

According to the above, it can be argued that: 

1. There is uncertainty about the problem of making decisions with hybrid 

information, which should be properly addressed. These problems are 

primarily related to the diversity of input information and the large 

number of evaluation criteria. 

2. Given that the ranking of energy systems is a promising activity, it is 

important to consider hybrid data with different types of uncertainties 

(quantitative and qualitative). 

3. It is necessary to reliably determine the key criteria and their possible 

different weights. In the decision-making process, the general list of 

ranked energy systems is determined according to a set of criteria in 

environmental, economic, social and other aspects. The impact of each 

criterion in different scenarios on the overall stability of the system is 
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different, which means that the weight of the criterion will be different 

in different scenarios.  

This paper proposes a decision-making process that includes five stages 

(fig. 4.1): the process of preparation for the ranking of alternatives, the formation of 

a system of criteria, collection and processing of data for criterion evaluation, ranking 

of alternatives. 

 

The process of preparing for the ranking of 
alternatives

• Formation of alternative systems for 
comparison

• Defining evaluation scenarios
• Formation of a committee of experts
• Formation of criteria for the selection of 

experts

Formation of a system of criteria 

• Forming a list of criteria

• Determining the weight of the criteria

Data collection and processing for criterion 
evaluation

• Collection of information on quantitative 
criteria from literature sources and 
reports

• Collection of information on qualitative 
criteria according to subjective data of 
experts

Ranking of alternatives

• Formation of alternative lists according 
to different scenarios

Methods of 
processing 

expert 
judgments

Fuzzy set 
methods

Fuzzy Best-
Worst 

Method

Models Of 
Ranking 

Alternatives

  
Fig. 4.1. Stages of the decision-making process to choose the optimal 

alternative solution 

At the first stage, methods of processing experts' judgments are used to form 

a committee of experts and criteria for assessing the competencies of the experts 

themselves. 
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In step 2, the fuzzy set method is used to filter the key criteria according to the 

experts' preferences for the importance of each criterion for a particular scenario. 

Step 3 uses the fuzzy best-worst method (FBWM) to convert the linguistic judgments 

of the experts into a consolidated weighing result. In step 4, FBWM is again used to 

convert subjective judgments about the effectiveness of qualitative criteria into 

numerical data. In step 5, alternative ranking models are used to determine the 

priority list. 

A typical list of possible criteria for evaluating alternatives is presented in 

table 4.1. 

Table 4.1 

List of evaluation criteria 
Direction Name Type 

Technological 

 

Energy efficiency Quantitative 

Effective system operating time Quantitative 

Scalability Qualitative 

Reliability Qualitative 

Impact on the 

environment 

 

Depletion of the site by the resource is possible Qualitative 

Toxicity to humans Qualitative 

Impact on global warming Qualitative 

Land use Qualitative 

Waste generation Qualitative 

Economic 

 

Capital expenditures Quantitative 

Operating and maintenance costs Quantitative 

Possible sale Qualitative 

Social Social acceptance Qualitative 

Impact on public health Qualitative 

OTHER 

 

Decision support for Microgrid network management can be formalized in the 

form of deterministic rules for regulating its operation, which are determined by the 
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achievement of network performance indicators of the corresponding values [18]. 

These rules are transmitted to the controls in the form of control signals. They can 

be set as fuzzy inference rules that describe the production logic of Microgrid. 

Rule-based Microgrid control, in contrast to optimization tasks, allows flexible 

response to changes in network modes and prevents the situation of insufficient 

power generation due to the implementation of management decisions, but performs 

too drastic changes in the state of the network. A sharp change in the parameters can 

cause additional peak loads due to overcharging of the storage device, which must 

be taken into account when formulating rules that describe the operation of the 

network. 

 

Conclusions 

The development of modern energy directly depends on the introduction of 

renewable energy sources into existing energy systems and the creation of Microgrid 

based on them. Widespread use in Microgrid based on renewable energy sources, 

such as solar panels and wind turbines, determines the dependence of energy 

production on climatic factors, so the task is to control Microgrid modes and, if 

necessary, switch to island mode, where Microgrid does not give excess energy to 

general network. At the same time in the management process provide maintenance 

of voltage stability and quality of electric energy, and also try to reduce expenses.  

The energy management process is performed using appropriate information 

flows and models. Thus, the life cycle of energy in Microgrid is directly related to 

the life cycle of information and is provided by it.  

Poor predictability of the level of generation from renewable energy sources 

requires improvement of forecasting models. Various statistical and probability 

models do not provide a sufficient level of forecasting. The study proved that the 

greatest difficulty for forecasting is short-term forecasting based on historical data 

over a fairly long period of time. All existing models in this case need additional 

adjustment. The analysis allowed us to identify the most promising models for 

forecasting. 
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When determining the solution in the management of Microgrid there are 

problems of heterogeneity of input information and multicriteria. The proposed 

methods of overcoming diversity have proved their effectiveness and allowed to 

formulate new knowledge based on fuzzy rules used in the decision-making process. 
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AVAILABLE LIMITED INTERFERENCE 
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Modeling tasks play an essential role in the analysis and synthesis of  

economic end technical processes. These processes include, first of all, tasks of planning,  

control and management. Most economic systems operate in conditions when the  

requirements for the management processes are set in the form of a system of  

so-called target inequalities. In this case, if a system of inequalities is specified with  

respect to the object and the control goal, the violation of which is unacceptable, then the 

corresponding control law is called critical, and the control system that implements it is called 

critical. 

Keywords: modeling, process, identification, control, ellipsoidal estimation, criteria, 

algorithm. 

 

INTRODUCTION 

One of the fundamental problems of control theory is the problem of 

identification - determination or estimation of system parameters at different points 

in time. The quality of the solution to the identification problem significantly depends 

on the amount of a priori information about the properties of the object under study 

and the acting signals and noises. Most of the existing identification methods  

assume the presence of such information in the form of a known noise distribution 

density or information about the belonging of an unknown density to some class of 

distributions. This information makes it possible to unambiguously  

select an identification criterion and apply well-developed methods to find its 

extremum. 

However, there is often no information about the statistical  

properties of signals and interference, and the researcher has information  

only about their levels. This work is devoted to the study of such a  

case. 

https://doi.org/10.30837/MMP.2021.267
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PROBLEM ANALYSIS 

In problems of computer engineering and control, a situation often arises when 

a closed-loop control system, which is under the influence of an external disturbing 

signal (external, reference signal, interference, signals from other objects, variations 

in environmental parameters, etc.), must maintain the characteristics of the object. 

control (object output signal, control error, etc.) within some a priori set boundaries 

so that  

v(t, w) E t R≤ ∀ ∈ , 

where t is continuous or discrete time. In the event that violation of inequality is in 

principle unacceptable, for example, leads to catastrophic consequences, the control 

law that ensures the strict maintenance of this inequality is called critical, and the 

control system that implements it is called critical [1, 2]. 

In everyday practice, critical management tasks are encountered quite often, 

and among the most typical are the following: 

- in the tasks of air traffic control, the aircraft must constantly be inside a rather 

narrow air corridor, leaving the boundaries of which, in principle, is not 

permissible [3]; 

- a catalytic converter, the presence of which in a car is required by the 

legislation of most civilized states, works effectively only in situations where 

the characteristics of the air-fuel mixture are maintained within tight 

boundaries; 

- in telecommunication systems, the tracking accuracy by the communication 

satellite system is set in the form of a narrow error range [4]; 

- in biomedical systems, the control parameters of the controlled organism must 

be within the boundaries that guarantee stable vital activity. 

Since any real system is subject to the influence of many controlled and 

uncontrolled disturbances and disturbances, the purpose of the critical system is to 

maintain the output signals of the object within the specified boundaries, regardless 

of the nature of these disturbances. 
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In the general case, the problem of maintaining the output signals of the control 

object within the given boundaries arose quite a long time ago, and a number of 

approaches were developed to solve it. So, in [5] a statistical approach was proposed 

that maximizes the probability that the outputs of the object will not go beyond 

certain boundaries for arbitrary random inputs. There is a known method based on 

the set-theoretic approach [6-8], using the concept of a “target tube”, inside which 

the phase variables of an object under the influence of unknown but restrictive 

disturbances must remain. An efficient computational algorithm implementing this 

approach was proposed in [9], and in [10] the solution to the problem was extended 

to nonlinear multidimensional objects. 

In the general case, the goal of any feedback control system is to ensure the 

required behavior of an object by appropriate processing of input and output signals, 

calculation of control actions and their delivery to the executive bodies. The main 

problem in this case is the projection of the regulator itself, from a theoretical point 

of view, it is a formal algorithm, the result of which is the numerical value of the 

control signal.  

The synthesis problem splits into two relatively independent subtasks, the first 

of which is to determine the goal of control and its formal presentation - a criterion. 

The second subtask is to find a formal description of the regulator that provides the 

required value of this criterion. In addition to the main criterion, a number of 

additional subgoals are usually introduced into consideration, requiring, for example, 

that the closed-loop system be stable, the control signals or some functions from them 

would not be too large, the effects of noise and disturbances would be small, and the 

system itself would tend to the required state of some in a certain way.  

At the same time, when designing, many criteria and subgoals are usually 

considered, many of which are competing or even contradictory. Therefore, when 

designing, it is extremely important to be able to take into account the trade-off 

between different criteria. It is important to note that although to date, within the 

framework of control theory, many different criteria have been proposed, there is no 

universal criterion that takes into account all possible requirements for the quality of 
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processes occurring in the system. Therefore, the developer of the control system 

must choose a criterion or criteria that take into account his often subjective ideas 

about how this system should behave. Moreover, for an arbitrary criterion chosen at 

random, there is always a control algorithm that provides an extremum for this 

criterion. In practice, however, usually used criteria related to the accuracy of 

regulation or tracking, efficiency in terms of speed, performance, noise immunity, 

costs, stability, etc. These criteria usually represent some functions of the input and 

output signals or states of the control object, while the signals are usually assumed 

to be stochastic processes with some a priori given probabilistic structure. The most 

commonly used hypothesis is the Gaussian distribution of useful signals and 

interference. It is on this hypothesis that the popular LCG problem [11] is based,  2H

- the optimization problem [12] and the classical stochastic control theory [13-15]. 

In practical problems, Gaussian processes are not so common, and their use is mainly 

associated with mathematical convenience. 

The H∞  optimization problem [16, 17], which requires only that the signals of the 

object be square integrable and have limited energy, is associated with less 

restrictions on the statistical nature of the signals. 

Great flexibility in the design of control systems can be achieved by assuming 

that the signals belong to a certain functional space. Such a space can be determined 

by setting boundaries for the amplitudes, rate of change, energy, and other 

characteristics of the signals. Such a description of signals is much simpler than a 

statistical one, has a clear physical meaning and, in general, facilitates the process of 

designing a control system. 

The choice of the control criterion, or the objective function, is the starting 

point for the synthesis of the control algorithm itself, which provides the required 

value for this criterion. To date, control theory has developed three main approaches 

to the synthesis of control systems: 

- algorithmic methods, 

- optimization methods, 

- method of inequalities. 
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A number of methods are synthetic in the sense that they use  

combinations of these approaches. So, for example, algorithmic methods  

can use optimization procedures at separate stages of synthesis. Such algorithms 

were proposed, for example, in [18-20]. Some of the approaches, such as  

the zeros and poles placement method, do not apply to any of the approaches 

mentioned. 

Algorithmic methods are characterized by the absence of a single integral 

criterion. They are based on the execution of a sequence of stages, at each of which 

different, sometimes contradictory, subgoals are realized. In this case, the system is 

divided into subsystems, each of which is optimized according to its own local 

criterion. 

Optimization methods are much more rigorous from a mathematical point of 

view; as a result of their application, a certain general optimization criterion J  is 

minimized. Within this approach, two areas can be distinguished: analytical methods 

and parametric optimization. 

The main advantage of analytical methods is that the optimality of the obtained 

solution in the sense of the adopted criterion is guaranteed. The disadvantage is that 

the resulting algorithms are often complex, have a high order and, in the general case, 

can lead to instability of the system as a whole. This disadvantage is usually 

overcome by using less complex regulators, while providing insignificant loss of 

control quality. 

The inequality method is the most prominent representative of the 

multipurpose approach to the synthesis of control systems. It operates simultaneously 

with a variety of local criteria, providing each of them with a value no worse than a 

certain threshold value. In the original inequality method [21], all requirements for 

the quality of control processes are specified in the form of a system of inequalities 

of the form 

i iJ (p) i 1, 2,..., n≤ ε ∀ = , 
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where local criteria iJ : p  → 1J (p)  perform mapping; NR R→ ; p P∈ ,  

1 2 Np (p ,p ,..., p )=  – N  - dimensional vector of controlled variables; iε  - selectable 

threshold values of individual objective functions. 

In this case, the control goal is considered achieved if all the n  inequalities of 

the given system are satisfied. 

In our opinion, today the inequality method is the most promising approach 

that allows one to take into account a variety of very diverse, often contradictory 

requirements for the control system, and minimizes the element of subjectivity 

associated with the construction of a single local optimization criterion. At the same 

time, this method requires its further improvement and development, determined by 

the need to work under conditions of uncertainty about the object and the 

environment (adaptive properties), non-stationarity, nonlinearity, the need to develop 

control actions in real time. 

 

FORMULATION OF THE PROBLEM 

Consider a dynamic object described by an autoregressive (ARX) model 

tmtm1t110ntn1t1t ξubububyayay +++++++= −−−− 
,  (1) 

where iii ξ,u,y  are the output, input signals and noise at the moment of time i , 

respectively,  

ii δ≤ξ  ,    t,1,2,i = .    (2) 

This equation can be transformed to the form 

tt
T

t ξxΘy += ,    (3) 

where ( )T
m10n21 b,,b,b,a,,a,aΘ = is the vector of parameters; 

( )T
mt1ttnt1tt u,,u,u,y,,yx −−−−=   is a vector of generalized inputs. 

Taking into account (2), equation (3) can be rewritten as a pair of inequalities 

ttt
T

tt δyxΘδy +≤≤− ,    (4) 

defining the boundaries of the domain D, inside which the required parameters Θ  

must lie. Note that inequalities (4) define hyperplanes in space Θ  that bound the 
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domain of membership. The sequence of observations k21 y,,y,y 
 generates k pairs 

of hyperplanes, "cutting out" in space a certain area  kD , which is the area of 

estimates and is a polytope [1]. 

Each new observation changes this area, relative to which it can be noted that 

all points belonging to this area are equal in the sense that the best estimate cannot 

be distinguished among them. Therefore, for convenience, a certain "center" of the 

region is used [1, 2]. 

Obviously, the larger the volume of the obtained polytope, the lower the level 

of uncertainty  Θ . It can be seen from (3) and (4) that the type and size of the polytope 

depends on the choice of the vector of generalized inputs tx . When used as a metric 

in the parameter Θ  space of the Euclidean distance, the best choice tx  is associated 

with maximization tx , which ensures the maximum contraction of the boundaries 

of the polytope [3]. Thus, the problem of choosing a sequence of vectors  tx consists 

in minimizing the size of the region kD  after k steps. 

 

OBTAINING AN ESTIMATION ALGORITHM 

Formally, this can be represented as follows. Since the object is described by 

equation (3), and the noise satisfies condition (2), the vector of the sought parameters 

satisfies all inequalities 

( ) 2
t

2
t

T
t δxΘy ≤− .       (5) 

Therefore, as parameter estimates, only those that belong to the set 

( ) ( ){ }1mn2
t

2

t
T

tt Rˆ,xˆy:ˆˆM ++∈Θδ≤Θ−Θ=Θ ,   (6) 

which, from a geometric point of view, is a monotone nonincreasing sequence of 

convex polytopes tD : 





t

1k
t1tkt DMDM

=
−== ;     (7) 

{ }tt
T

tt δxΘ̂y:Θ̂D ≤−= .     (8) 
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The computation of estimates ( )Θ̂MΘ̂ tt ∈   is a complex problem, the solution 

of which can be greatly simplified by constructing a certain bounding set tM ( )Θ̂ . 

These constraints can be specified either in the form of parallelepipeds or in the form 

of ellipsoids, the center of which coincides with Θ . 

Consider an object identification algorithm (1) based on the ellipsoid method. 

The algorithm begins by constructing a sufficiently large ellipsoid 0M  in space 
1mnR ++  and containing all possible admissible values of the vector Θ . After obtaining 

the first observation 1y , an ellipsoid can be found constructed in accordance with (7) 

at the intersection 0M  of the convex polytope 1D . To accelerate the convergence of 

the algorithm, the ellipsoid should be optimized, for example, according to the 

criterion of its minimum volume or minimum trace. 

Let's denote the optimal ellipsoid as 1M . After obtaining the second 

observation 2y , we will find 2M , etc. in a similar way. Thus, a sequence of optimal 

ellipsoids can be obtained. At an arbitrary time, moment t, the ellipsoid is determined 

by expression (6) or, more generally, by the expression 

( ) ( ){ }2
tt

1
t

T
tt rˆPˆ:ˆM ≤Θ−ΘΘ−ΘΘ= − ,    (9) 

where tP  is the weight matrix defining the semiaxes of the ellipsoid; 2
tr  is a scalar 

value, recursively calculated by the formula 

( ) ( )
( ) tt

2
ttt2

tt
2

1tt
2
t λγ11

eλ1λ
δλrλ1r

−−
−

−++= − ,   (10) 

1r 2
0 >> ; 

t
T

1ttt xΘ̂ye −−= ; 

t1t
T
tt xPxγ −= , 

( ]0,1λ t ∈ . 

The estimation is corrected according to the formula 

( ) t
tt

t1t
t1tt r

λγ11
xP

λΘ̂Θ̂
−−

+= −
− ;     (11) 
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( ) 







−−

−
−

= −−
−

tt

1t
T
tt1t

t1t
t

t λγ11
PxxP

λP
λ1

1P ,     (12) 

where IP0 α= , I -identity matrix, 0α >> . 

The size of the optimal ellipsoid tM  calculated in accordance with (7) depends 

on the coefficient tλ . The optimal value tλ  can be obtained by minimizing tλ  the 

value 2
tr  (10). 

On the other hand, it makes sense to carry out the correction tλ only at those 

moments of time when the estimates of the sought parameters are refined, i.e., in 

cases when condition (5) is violated. 

Taking into account (10), this condition can be modified as follows: 

{ }tt βα,minλ = ,     (14) 

( )( )

( ) ( )
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2
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  (15) 

2
t

2
1t

2
t

t e
rδ

Δ −−
= . 

 

CONCLUSION 

Thus, an identification algorithm is obtained, which is described by relations 

(11), (12), (14), (15). The value chosen as the upper bound tδ  should not be closely 

related to the magnitude of the interference, since the estimates of the interference 

boundaries do not affect the estimates of the sought parameters. However, 

overestimation tδ  can lead to an increase in the size of the bounding ellipsoid, and 

underestimation can lead to a decrease (and even the appearance of negative values) 
2
tδ , which leads to a decrease or disappearance of the bounding ellipsoid. In the latter 
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case, you should either artificially increase the size of the ellipsoid tM , or increase 

the width by increasing the value tδ . 

The considered algorithm is some modification of the recurrent least squares 

method with exponential weighting of information. The computational procedure 

makes it possible to solve the identification problem without any special difficulties. 
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