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Abstract 

The article highlights topicality of an issue related to assessing economic security of retail companies, which face 

hazards and threats under contemporary unstable economic conditions, for making decisions concerning ensuring a 

high level of the economic security, efficiency, and sustainable development of a company in general. The authors have 

developed a model of forming a database for assessing economic security of retail companies using mathematical 

modelling in order to avoid difficulties in the process of forming the database. Application of mathematical methods 

enables to create the more informative database, which will be used to conduct a more thorough analysis. This allows 

to make effective managerial decisions regarding ensuring a high level of economic security of a retail company. A 

methodical tool of M. Pohozhykh and M. Safronova underlies the model of forming the database for assessing 

economic security of a retail company applying methods of mathematical modelling. The methodical tool consists in 

modelling an n-dimensional geometric shape, namely a n- dimensional parallelepiped, taking into account properties of 

the Euclidean space. The model of forming the database for conducting an assessment is an outcome of the scientific 

research. 
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1. Introduction 

Nowadays, retail companies function under unsustainable and dynamic economic conditions. Therefore, an issue of 

assessing a level of economic security of a company is of particular importance. Results of an assessment enables 

managers to make managerial decisions regarding ensuring a high level of economic security of a retail company, its 

efficiency, and sustainable development of a company in general. 

A dataset, which contains several indicators being formed according to models of the presentation, underlies a process 

of obtaining reliable estimates. Thus, there is a need to research a matter of implementing a contemporary method for 

the formation of the database used to assess a level of economic security of retail companies. 

The formation of the database for examining economic processes is grounded in certain methods, particularly expert 

evaluation, indicator, and matrix methods. Domestic and foreign scientists, namely S. Illiashenko (2003), R. Datskiv 

(2004), B. Greer (1986), V. Babenko (2013, 2017, 2018), N. Vnukova (2002), S. Dovbnia and N. Hichova (2008), A. 

Tkachenko and O. Reznikov (2010), V. Kovalenko (2016), et al., have applied the mentioned methods for the 

formation of the database in the process of assessing economic security of a company. Regardless of the considerable 

amount of scientific papers, an issue of the formation of the database used to assess a system of economic security of 

retail companies requires further examination. 

Intensification of the current market processes leads to rapid expansion of methods of mathematical modelling. The 

use of these methods fosters enhancing economic analysis, which increases efficiency of companies in different sectors, 
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𝑖=1 

including retail companies (Shorikov, 2014), (Maliarets, 2017). 

Mathematical methods and models allow systematizing economic information, indicating disadvantages in current 

information, and developing requirements to preparation of new information or correction of current data. 

Development and application of mathematical models conduce to determination of ways for improving a system of 

economic information oriented towards accomplishment of particular goals (Totsenko, 2002). 

2. Materials and Methods 

The authors have developed the model for the formation of the database used to assess a system of economic security 

of retail companies, using mathematical modelling. The model for the formation of the database used to conduct an 

assessment is an outcome of scientific research. 

The authors have experienced difficulties related to the formation of the database in the process of assessing a level of 

economic security of retail companies. These difficulties are caused by a large amount of data and the repeating value 

of a numerical expression of different economic indicators. To form the database used to determine a level of economic 

security of a company, the authors propose to apply mathematical methods. Application of these methods enables to 

form a more informative database, which may be used to conduct a more thorough analysis. This will allow making 

effective managerial decisions regarding ensuring a high level of economic security of a retail company. 

The methodical instrument of M. Pohozhykh and M. Safronova best corresponds to the article’s purpose among a 

significant number of mathematical models for the presentation of information (Pohozhykh and Safronova, 2018). This 

instrument is based on modelling a n-dimensional shape, namely a n- dimensional parallelepiped, and takes into 

account properties of Euclidean space. The above-mentioned scientists apply the model for the formation of databases 

for problems of optimum planning activity of a company. The considered methodical instrument is adapted for the 

formation of the database used to assess a system of economic security of retail companies. 

The scientists have proposed to apply an aggregate criterion – an integral indicator and expanded system of local 

indicators (by functional components of economic security) – to assess a system of economic security at a retail 

company (Shumilo, 2015). The authors propose to mark a general level of economic security at an enterprise with the 

value A. The general level is described by п indicators Аi, і = 1, 2,…, n. Economic security of a retail company as a 

system consists of determined m discrete elements (functional components of economic security – financial, market, 

commodity, intellectual, personnel, technical, technological, political, legal, and information security) 𝑎𝑗, j = 1,2,… 

m, i.e. 𝐴 = ∑𝑚 𝑎𝑗. A level of economic security in terms of each functional component 𝑎𝑗 is expressed by n indicators 

𝑎𝑗𝑖 , at the same time respective і indicators of all the m components have a common purpose і = 1,2,… n. Since the 

indicators of each functional component of economic security by units of measurement (i.e. the indicator as well as 

𝑎𝑗 and А are expressed in terms of the same unit of measurement) are homogenous (they are measured in terms of 

monetary units х – hryvnia, the United State dollar, or another unit), we have the following conditions: 

1)  

2) ∀𝑗 ∈ {1,2,… , 𝑚}: 𝑎𝑗𝑖 ∈ 𝐴𝑖, 𝑖 = 1,2, … , 𝑛 (i.e. units of measurement of aji and Аi coincide); 

3)  

4)  (a “floating ruler” model). 

A level of economic security of a retail company is determined in terms of monetary units (hryvnias) because the 

scientists have proven its embodiment in a turnover ratio, which is also expressed in terms of hryvnias.  

The authors face an economic problem concerned with a necessity of the formation of the database used to assess 

economic security in a retail sector. To fulfill this goal, the authors have structured economic security by functional 

components and taken in account units of measurement for the indicators. 

To solve the problem related to determination of the general indicator of a level of economic security at a company, 

the authors propose to select the local indicators (by functional components), which are expressed in terms of the 

same units. 

Applying geometric projection methods (Stoyan and Yakovlev, 1986; Sadkovyi et al., 2008; Komyak et al., 2012; 

Verkhoturov and Petrenko, 2005; Hrebennik et al., 2004), namely methods for positioning n-parallelepipeds 
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proposed by Ye. Mukhacheva and V. Kartak (Chub and Novozhylova, 2002; Novozhylova and Chernomorets, 1992; 

Hil et al., 1995; Stoian et al., 1998; Yevseieva et al., 1999), the authors have conducted mathematical modelling of 

the economic problem through the presentation of each functional component of economic security at a company in 

the form of a rectangular n- dimensional parallelepiped. Simultaneously, the general indicator is also presented in the 

form of a rectangular n-dimensional parallelepiped consisting of a set of parallelepipeds built according to the 

components of economic security (Mukhacheva et al., 2000). The model has been built according to the following 

stages: 

1. The correlation of the set of indicators by each functional component aji (a0i), j=1,2,..,m; i=1,2,..,n, with axes of 

a Cartesian coordinate system of Euclidean space 𝑅𝑛. 

2. The presentation of the functional components of economic security 𝑎𝑗, j = 1,2,…,m, in the form of 

n-dimensional parallelepipeds (a n-parallelepiped): 

 

where bji = kji xji , xji = aji 

3. Building a n-parallelepiped (Р0), which expresses a level of economic security at a company determined by the 

measured value А. 

 

where b0i = k0i x0i , x0i = a0i = Аi 

At the same time, all the objects are equally oriented and their rotations are eliminated. 

3. Results and Discussions 

Taking into consideration the above-mentioned requirements of Euclidean space and homogeneity of space (i.e. 

density p = const), А is presented as: 

𝐴 = 𝑝𝐴𝑉𝐴, 

where pA – density, VA – the volume of a n-dimensional shape. In this case 

– volume of the n-parallelepiped Р0 with sizes of one- 

dimensional edges k0і x0і, і =1,2,...,п. 

The geometrical essence of such operation is to transform lengths of the segment into the volume of п- dimensional 

parallelepiped. The economic essence consists in the presentation of a set of data characterizing economic security of 

a company in the form of a п-dimensional parallelepiped. 

Thus 

 
The geometric expression of initial density pj for all the т components will be the same: pj=pA=p, j=1,2,…,m. 

Therefore, each component  may be presented in such form: 𝑎𝑗 = 𝑝𝑉𝑗, 

Where – volume of the п-parallelepiped Pj with sizes of 

one- dimensional edges k jі х jі , і =1,2,...,п. 

That is to say,  

It is worth mentioning that the value А (a level of economic security of a company) equals a product of density and a 

sum of volumes of the n-parallelepipeds Рj (the functional components of economic security of a company) 
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Conditionality of the volume VA, of the n-parallelepiped for the general level of economic security and Vj, j=1,2,…, 

of the n- parallelepipeds (by the components of economic security) is ensured by coefficients k0i (k ji), i =1,2,...,n, 

namely their dimensionality:  

 

Moreover, 
 

There is a need to notice that p=const is a necessary term for solving the problem, economic interpretation of which 

consists in the formation of data expressed in terms of the same units of measurement. Additional conditions are as 

follows: 

1) 𝑘𝑗1 = 𝑘𝑗2 = ⋯ = 𝑘𝑗𝑛 or 2) 𝑘𝑗1 ≠ 𝑘𝑗2 ≠ ⋯ ≠ 𝑘𝑗𝑛. 

Let study possible geometry of shapes, taking into account additional conditions: 

a) if 𝑘𝑗1 = 𝑘𝑗2 = ⋯ = 𝑘𝑗𝑛 = 𝑘, we will obtain п-parallelepipeds, where 

 or  

 or , 

 or , 

then  or . 

That is to say, we may establish correlations (proportions) between relative sums of the indicators and products of 

the indicators in the general indicator А.  

b) if 𝑘𝑗𝑖1 ≠ 𝑘𝑖2 (∃𝑖1 ≠ 𝑖2 ∶ 𝑖1, 𝑖2 ∈ {1,2, … , 𝑛}), we will obtain п- parallelepipeds Р0, Р1,...,Рт with sizes of 

one-dimensional edges kjіх jі , j=0,1,2,…,m; і=1,2,…,п. Their density is determined by the following conditions: 

 
Hence 

. 

In other words, we may establish correlations (proportions) between the relative indicators of a j functional component 

of economic security and the relative products of edges of a j п-parallelepiped, which geometrically describes the 

general level of economic security of a company А. Thus, the same sum may be presented in the form of different 

geometric shapes, i.e. we can identify indicators for each functional component of economic security carrying the same 

“value”. Such procedure supplements information, which discloses “qualitative” (verbal) distinctions of the functional 

components of economic security at a company and (or) their indicators. Geometry is determined by the value kjі хjі – 
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sizes of edges in terms of arbitrary units, j=0,1,2,…,m; і=1,2,…,п. 

Therefore, the economic problem concerned with the formation of the database used to assess economic security of 

retail enterprises may be reduced to the following mathematical problem. 

Mathematical problem. There is a need to position the п-parallelepipeds Pj (data are formed according to the functional 

components of economic security at companies) with the volumes Vj in the п- parallelepiped Р0 (the general level of 

security at a retail company) with the volume VА in such a way that . 

That is to say, it is necessary to minimize an area  under the condition that 𝑃𝑗  𝑃0, 𝑗 = 

1,2, … , 𝑚, 𝑖𝑛𝑡 𝑃𝑠 ∩ 𝑖𝑛𝑡𝑃𝑟 = ∅, 𝑠 = 1,2, … , 𝑚 − 1; 𝑟 = 𝑠 + 1, … , 𝑚. This condition is equivalent to another one: to 

maximize a fill ratio  of the area D. 

To express п-parallelepipeds in the numerical form, the authors have developed an algorithm for calculation of 

coefficients k ji ,i = 1,2,..,n; j = 1,2,...,m , when n=3, j=2. 

Let consider two parallelepipeds: P1 with sizes (edges) [k11x11, k12x12, k13x13] and P2 with sizes (edges) [k21x21, 

k22 x22, k23x23]. 

Coefficients k ji , i =1,2,3; j =1,2 meet the following conditions:  

1) k ji > 0, i = 1,2,3; j = 1,2 . 

2)  where ; 

3) let d1 and d2 be diagonals of parallelepipeds Р1 and Р2 respectively. Hence, the parallelepiped has the following 

properties: 

4)  

where a1 ( a2 ) – an angle between the diagonal d1 (d2) and its projection of the plane of the base. 

The above-mentioned terms lead to the formation of a certain system. Solving this system (under certain additional 

conditions) enables to compute unknown coefficients k ji , i=1,2,3; j =1,2. 

Let assume that we have determined sizes [k j1х j1, k j2х j2,...,k jn x jn ] , j=0,1,2,…m, of the п-parallelepipeds Р0 , 

Р1,...,Рт and the current balance in case of P А = P j. 

Applying the methods of positioning n-parallelepipeds proposed by foreign scientists Е. Mukhacheva, V. Kartak, L. 

Lins, S. Lins, and R. Morabito, we may obtain a tight package of the n-parallelepipeds Рj, j=1,2,…,m, which will 

correspond to a formed set of data used to assess a level of economic security by its functional components, in the 

n-parallelepiped Р0, which describes the general level of economic security of a retail company (Mukhacheva and 

Kartak, 2000; Lins et al., 2002). 

The optimal sequence of the formation of the database used to assess economic security of a company by each 

functional component аj, j=1,2,…,m conforms to the obtained sequence of positioning the n- parallelepipeds. 

Geometric features of these n-parallelepipeds are output data for making decisions regarding the formation of the 

database and conducting an assessment based on this database. 

It is expedient to consider the above-mentioned “floating ruler” case. The economic interpretation of such case 

implies a rapid change of several evaluative indicators by the functional component of economic security. Let 
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consider a case where at least one of the indicators in a particular r component changes, r ϵ{1,2,...,m}. 

Let assume that , where – a previous process, – a current process. In such case, the 

following changes can be observed: 

1) . If the volume remains the same, the value of density changes; 

2) . If the value of density remains the same, the volume changes; 

3) . That is to say, both the density and volume change. 

Existence of such changes stipulates the necessity for revision of the formed database for assessing economic 

security of a company. In the first case, a change of the density value (𝑝𝑟 ≠ 𝑝𝐴) gives rise to a need for the formation 

of a new database. In the second case, there is a need to reduce or add data (indicators). The third case leads to 

revision of the whole database and division of the indicators by the functional components of economic security of a 

retail company. 

4. Conclusion 

To optimize the formation of the database used to assess a level of economic security at a retail company, the authors 

have proposed the algorithm of mathematical calculations and gradual actions. Application of the proposed 

methodical instrument facilitates solving the economic problem through compiling the optimized balance of the 

evaluative indicators in terms of the same units of measurement and division of the indicators by the economic 

essence according to the functional components of economic security. In addition, the author have solved the problem 

related to division of the indicators, which are expressed in the same mathematical form but have different economic 

meanings. 

The developed methodical instrument may be used in the formation of the database for assessing economic security 

of retail companies in order to enhance quality of the database underling the process of analysing. 
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