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UPGRADING OF ECONOMIC SIMULATION METHODS  

FOR INCREASING EFFICIENCY OF INVESTMENTS 

Purpose. The main aim of research is improving the investments effectiveness during the development both 

specific industrial enterprises and economic sectors as whole. Methodology. Through the use of analysis and 

synthesis methods, as well as methods of mathematical and economic modeling, the authors managed to improve 

methodological approaches to assessment the performance of the investments effectiveness. Findings. Efficient 

mechanism for estimation rational level of the investments usage depending on major factors was created and tested. 

The approach allows defining rational correlation between basic components of investment process (revenue 

growth, investment volume and time of investment project implementation). Originality. Authors have developed 

the new economic and mathematical approach with aim of rational distribution of financial resources during the 

period of capital deficit. This approach is based on solving the problem of vector optimization with the use of set 

function. Application of proposed approach is up-to-date because of unstable economic situation in Ukraine. 

Practical value. Using economic and mathematical approach, one can define the rational options of investments 

during development both single enterprise and the overall branches of economics. The developed instrument of 

rational options determination in investments usage considerably simplifies process of making decision for 

perspective investor. It minimizes many options of investments up to several more promising investments that 

enable to ensure the maximum effect to their owners. Developed approach also can be used in forming process of 

principles of highly efficient national economy. 

Keywords: rational investment; set function; vector optimization; revenue growth; investments volume; time of 

project implementation; highly efficient national economy 

 

Introduction 

One of the ways of increase the economy 

effectiveness on the whole and individual 

enterprise in particular is considered to be 

investing, namely special purpose funding of 

enterprises in certain sectors of the economy that 

are usually associated with technical and 

technological re-equipment of the enterprise or the 

expansion of production capacity. 

In this case, there is always a problem related to 

the more efficient use of investment. The necessity 

and importance of investments in the real sector of 

the economy is explained that it facilitates the 

acceleration of pace of development in the 

productive sphere. But the assessment of 

investments effectiveness is a complex of scientific 

and applied issues. Its solution is connected with a 

number of additional studies, including the 

consideration of possible options for the 

implementation of investment procedures and the 

maximum effect achievement. Therefore, the 

current line of research is related to the 

improvement of the theoretical foundations of 

rational use of investment. 

Recent research analysis 

Many researchers and leading scientists pay 

their attention to the use of investments in 

expanding of production and investing activity on 

the whole, but only studies with application of 

economic and mathematical methods are devoted 

to the investment process improvement with the 

possibility of exhaustive search of funds usage [3-

5, 7-8, 11, 15-18]. Many scientists made a 

significant contribution in this area: Vitlinskiy 

V. V., Velikoivanenko G. I., Kryuchkova V., 

Yegorova N. Ye., Smulov A. M., Luginin O. Ye., 
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Shelobaev S. I., Monakhov A. V., Bosov A. A. and 

others. At the same time a part of the work reveals 

the general nature and features of simulation use in 

applied problems of economics [3-5]. And another 

part of the research is devoted to the use of 

economic and mathematical methods and relevant 

mathematical models [7-9, 11, 14-16]. It is also 

important an opportunity to use the developments, 

obtained by the authors during the analysis and 

improvement of the main provisions of «high 

national economics». This is discussed 

increasingly by different reputable scientists in 

recent years. [12-13]. At this there is a lack of 

developments, which would give the possibility to 

connect the main components of the investment 

process and help to choose the best alternative use 

of investments. 

Purpose 

Development of economic and mathematical 

approach for determining the optimal ratio between 

the components of the investment process - 

investments volume, profit margins and the 

implementation time of certain projects, the choice 

of the most appropriate and effective option for 

their use. 

Methodology 

The formation of economic and mathematical 

approach is proposed to realize with the set 

function usage that gives an opportunity for the 

formulation and solution the problem of vector 

optimization regarding the assessment of 

investments objects effectiveness. In this case, the 

objects will be considered as independent one, i. e. 

projects financing on one of the objects does not 

affect the results of financing and implementation 

period for other objects. Next we describe the 

efficient algorithm for object of rational 

investments usage in independent objects or 

independent lines of activities. When forming the 

mathematical description of the proposed approach 

one should use basic mathematical expressions and 

dependences [2, 10]. 

Findings 

Then the algorithm of forming the 

mathematical part of the proposed economic and 

mathematical approach was described 

consecutively. 

The n objects is considered (factories, 

workshops, farms, etc.) and for each object the list 

of projects is indicated for its improvement Qi, 

1,i n  is indicated. 

The project wij, which belongs to the list Qi, is 

characterized with three indicators сij  volume of 

costs for project implementation wij, tij is the time 

of project implementation wij, bij  revenue growth 

after the project implementation. 

Key assumptions: 

1. Economic activities of objects is 

independent; 

2. Project wij is implemented regardless of 

other projects from the list Qi. 

Let’s introduce the list: 

 1 2, ,... nV V V  , 

where  Vi   Qi, i = n,1 . 

The list γ informs which projects will be 

implemented on the relevant objects. 

We will enter the list γ three relevant numbers: 

 
1

( )
i

n

i w V

B b w
 

    total revenue growth on n 

objects; 

С (γ) = 
1

( )
i

n

i w V

c w
 

   the total investments 

volume for the implementation γ. 

Т (γ) = 
ni1

max
iVw

max  implementation time of 

projects (program γ). 

Let’s denote through Г many possible option 

programs γ. It is obvious that Г is discrete set that 

contains: 

Qi
n

i
ПГ 2

1
 . 

Various γ, where |Qi| is a number of projects on 

i-object. 

We are considering vector optimization 

problem: 

( )
min

( )

В

С

  
 

 
     (1) 

Providing, that γ   Г. 

By solving this problem (1) we mean such set 

Г* Г , where each γ   Г* is an effective one, 

and any two programs from Г* between them are 

incomparable. 
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We enter the Lagrange function, which is equal 

to: 

     L B C      , 

where 0  , is Lagrange undetermined 

multiplier. We are remarking, that L is multi-factor 

function set, namely 

   1 2, ,... nL F V V V  . 

And the problem is considered with definition 

such V
*

i , i = n,1 , that when fixed   Lagrange 

function would be minimal. 

To solve this problem we use the necessary 

condition (1). 

    ni
L

iij VwB
i

,1;0* 





    (2) 

In ration (2) partial derivative is described with 

respect to measure on sequence  B , which tends to 

wij
 
 
 

. 

In our case we obtain: 

    * 0
ij i

ij ijB w V

L
B C

 


    


. 

From this we obtain, that set V
*

i  depends on   

and the result: 

 * : , 1,
ij

i ij i

ij

B
V w Q i n

C

  
      

  

     (3) 

Thus, if the lists of projects from Qi are ordered 

by ratio (described by it): 

1

1

ij ij

ij ij

B B

C C





 ,     i1,|Q | 1j   , 

We determine such j at given  , that 

ij

ij

B

C
  ,    

1

1

ij

ij

B

C





  . 

This value j will be a record  j  . 

And then 

    * : 1, ; 1,i ijV w j j i n             (4) 

It let determine * * *

1 2( ) ( ), ( ),... ( )nV V V         

program ( )   and accordingly all components of 

investment process: 

       , , ,B C T     , 

sorting 0  , we have an opportunity to construct 

dependences accordingly, which are presented in 

fig. 1 and fig. 2. 

Fig. 1 shows an algorithm for solving the 

problem (1) for a given investments volumes and 

obtaining a corresponding increase of revenue and 

time of the program realization ( )  . 

Findings and practical value 

For practical implementation of economic and 

mathematical models of investments effectiveness 

assessment the authors developed a special 

computer program in programming environment 

Maple 6 [6], «Rational investment». For example, 

the corresponding software implementation for the 

transport enterprise is presented, which consists of 

5 divisions (departments) and their activity does 

not connect between each other. Consequently, the 

investments volume and time realization of 

relevant projects for some workshops does not 

affect the similar figures for other ones. The 

number of events requiring funding is defined as 

follows: in the workshop no. 1 – three projects; in 

the workshop no. 2 – two projects, in the workshop 

no. 3 – five projects, in the workshop no. 4 – one 

project, in the workshop no. 5 – four projects. 
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They all combined in to the vector of events 

number accordingly workshops. The matrix C is a 

matrix of project costs in each workshop, T is a 

matrix of time expenditure on implementation of 

each project; B is matrix of revenue growth in the 

workshops in accordance with the implementation 

of projects. Principal dependences between the 

parameters of the investment process are presented 

in fig. 1 and fig. 2. They allow estimating the 

effectiveness of investments, depending on the 

selected financing algorithm. Next we present a 

fragment of a software implementation for the 

example, which is considered: 

 
, , , , , ,1 t= 3 [ ], , , ,[ ]w

,1 1
[ ] [ ] [ ] [ ] 1 3 7  

, , , , , ,2 t= 2 [ ], , , ,[ ],w
,1 1

w
,1 2

[ ] [ ] [ ] [ ] 4 9 12  

, , , , , ,3 t=
9

5
[ ], , , ,[ ], ,w

,1 1
w

,1 2
w

,1 3
[ ] [ ] [ ] [ ] 9 18 15  

, , , , , ,4 t=
7

4
[ ], , , ,[ ], ,w

,1 1
w

,1 2
w

,1 3
[ ]w

,2 1
[ ] [ ] [ ] 13 25 19  

, , , , , ,5 t=
3

2
[ ], , , ,[ ], ,w

,1 1
w

,1 2
w

,1 3
[ ]w

,2 1
[ ] [ ] [ ]w

,5 1
15 28 24  

, , , , , ,6 t=
10

7
[ ], , , ,[ ], ,w

,1 1
w

,1 2
w

,1 3
[ ],w

,2 1
w

,2 2
[ ] [ ] [ ]w

,5 1
22 38 26  

, , , , , ,7 t=
5

4
[ ], , , ,[ ], ,w

,1 1
w

,1 2
w

,1 3
[ ],w

,2 1
w

,2 2
[ ]w

,3 1
[ ] [ ]w

,5 1
30 48 32  

, , , , , ,8 t=
20

17
[ ], , , ,[ ], ,w

,1 1
w

,1 2
w

,1 3
[ ],w

,2 1
w

,2 2
[ ]w

,3 1
[ ]w

,4 1
[ ]w

,5 1
47 68 33.7  

Fig. 1. Determination algorithm for the volume 

of revenues and realization time for a given 

volume of investments, where the dependence of 

the total revenue growth (a), the total volume of 

investments (b) and the projects realization time 

(c) on the change of Lagrange multiplier 

Fig. 2. Determination algorithm for the necessary 

investments and realization time for a given 

volume of revenue growth, where a), b), c) are the 

dependences of the total volume of revenue, 

volume of investments and realization time 

respectively 
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, , , , , ,9 t=
11

10
[ ], , , ,[ ], ,w

,1 1
w

,1 2
w

,1 3
[ ],w

,2 1
w

,2 2
[ ],w

,3 1
w

,3 2
[ ]w

,4 1
[ ]w

,5 1
57 79 37.7  

10 t= 1 [ ], , , ,[ ], ,w
,1 1

w
,1 2

w
,1 3

[ ],w
,2 1

w
,2 2

[ ], ,w
,3 1

w
,3 2

w
,3 3

[ ]w
,4 1

[ ],w
,5 1

w
,5 2

68, , , , ,

90 44.2,
 

11 t=
7

9
[ ], , , ,[ ], ,w

,1 1
w

,1 2
w

,1 3
[ ],w

,2 1
w

,2 2
[ ], ,w

,3 1
w

,3 2
w

,3 3
[ ]w

,4 1
[ ], ,w

,5 1
w

,5 2
w

,5 3
, , , ,

77 97 46.3, ,
 

12 t=
11

15
, , ,

[ ], , , ,[ ], ,w
,1 1

w
,1 2

w
,1 3

[ ],w
,2 1

w
,2 2

[ ], ,w
,3 1

w
,3 2

w
,3 3

[ ]w
,4 1

[ ], , ,w
,5 1

w
,5 2

w
,5 3

w
,5 4

,

92 108 47.8, ,

 

13 t=
13

20
[ ], ,w

,1 1
w

,1 2
w

,1 3
[ ],w

,2 1
w

,2 2
[ ], , ,w

,3 1
w

,3 2
w

,3 3
w

,3 4
[ ]w

,4 1
, , , ,[, , ,

[ ], , ,w
,5 1

w
,5 2

w
,5 3

w
,5 4

] 112 121 50.8, , ,
 

14 t=
3

10
[ ], ,w

,1 1
w

,1 2
w

,1 3
[ ],w

,2 1
w

,2 2
[ ], , , ,w

,3 1
w

,3 2
w

,3 3
w

,3 4
w

,3 5
[ ]w

,4 1
, , , ,[, , ,

[ ], , ,w
,5 1

w
,5 2

w
,5 3

w
,5 4

] 162 136 53.3, , ,
 

 := nn 14  

14 options for possible investments usage were 

obtained; from them the most appropriate one is 

defined programmatically on the optimality 

criterion. Thus, the main objective of the study to 

improve the assessment method of investments 

rational usage was achieved. 

It is also possible to use the proposed algorithm 

to determine correlation only two out of the three 

main components of investment activity, for 

example by type of two-parameter optimization 

[1]. But the proposed economic and mathematical 

approach enables to solve such problem by fixing 

the numerical value of one out of the three 

components and the variation of the two others. It 

allows us to consider various options for the 

investments usage and choose the most appropriate 

one based on the condition in view. 

Conclusions 

Thus, an original economic and mathematical 

approach to the assessment of the rational 

investments usage in the form of formulating and 

solving the problem of vector optimization of the 

total investments ratio, the total volume of revenue 

(income) and the implementation time of funded 

projects was proposed. In order to conduct 

theoretical studies on the rational use of 

investments the authors have developed the 

relevant computation program. The result is an 

effective economic and mathematical apparatus for 

analysis implementation of investment 

performance. 
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УДОСКОНАЛЕННЯ МЕТОДІВ ЕКОНОМІЧНОГО МОДЕЛЮВАННЯ 

ДЛЯ ПІДВИЩЕННЯ ЕФЕКТИВНОСТІ ВИКОРИСТАННЯ 

ІНВЕСТИЦІЙ 

Мета. Головною метою дослідження, що було проведено в роботі, є підвищення ефективності інвестицій 

при розвитку, як безпосередньо промислових підприємств, так і галузей економіки в цілому. Методика. За 

допомогою використання методів аналізу та синтезу, а також методів математико-економічного 

моделювання, авторам вдалось удосконалити методичні підходи до оцінки показників ефективності 

використання інвестицій. Результати. В результаті дослідження було створено та апробовано дієвий 

механізм, що застосовується для оцінки ступеню раціональності використання інвестиційних коштів в 

залежності від основних факторів. Це дозволяє визначити раціональне співвідношення між основними 

складовими інвестиційного процесу, а саме: приростом виручки, обсягом інвестицій та часом реалізації 

інвестиційного проекту. Наукова новизна. З метою раціонального розподілу фінансових ресурсів в період 

дефіциту капіталу авторами розроблено економіко-математичній підхід, в основу якого було покладено 

вирішення задачі векторної оптимізації за допомогою використання функції множин. Застосування цього 

підходу особливо актуально в зв'язку з нестабільною економічною ситуацією, в якій сьогодні опинилась 

Україна. Практична значимість. В результаті використання розробленого авторами економіко-

математичного підходу можна визначити раціональні варіанти використання інвестицій при розвитку, як 

окремих підприємств, так і галузей економіки в цілому. Розроблений інструмент визначення раціональних 

варіантів використання інвестицій значно спрощує процес прийняття рішення для потенційного інвестора. 

Він дозволяє скоротити величезну кількість варіантів вкладання інвестиційних коштів до декількох 

найбільш перспективних інвестиційних проектів, що здатні надати їх власнику максимальний ефект. 
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Розроблений підхід також може бути використаний у процесі формування основ моделі високоефективної 

національної економіки. 

Ключові слова: раціональне інвестування; функції множин; векторна оптимізація; приріст виручки; 

обсяг інвестицій; час реалізації проекту; високоефективна національна економіка 
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СОВЕРШЕНСТВОВАНИЕ МЕТОДОВ ЭКОНОМИЧЕСКОГО 

МОДЕЛИРОВАНИЯ ДЛЯ ПОВЫШЕНИЯ ЭФФЕКТИВНОСТИ 

ИСПОЛЬЗОВАНИЯ ИНВЕСТИЦИЙ  

 Цель. Основной целью исследования, проведенного в данной работе, является повышение 

эффективности инвестиций при развитии, как конкретных предприятий промышленности, так и отраслей 

экономики в целом. Методика. С помощью использования методов анализа и синтеза, а также методов 

математико-экономического моделирования, авторам удалось усовершенствовать методические подходы к 

оценке показателей эффективности использования инвестиций. Результаты. В результате был создан и 

апробирован действенный механизм, который может применяться для оценки степени рациональности 

использования инвестиционных средств в зависимости от основных факторов. Это позволяет определить 

рациональное соотношение между основными составляющими инвестиционного процесса, а именно: 

приростом выручки, объемом инвестиций и временем реализации инвестиционного проекта. Научная 

новизна. С целью рационального распределения  финансовых ресурсов в период дефицита капитала 

авторами разработан экономико-математический подход, в основу которого было положено решение задачи 

векторной оптимизации с использованием функции множеств. Применение данного подхода особенно 

актуально ввиду нестабильной экономической ситуации, в которой сегодня оказалась Украина. 

Практическая значимость. В результате использования разработанного авторами экономико-

математического подхода можно определить рациональные варианты использования инвестиций при 

развитии, как отдельных предприятий, так и целых отраслей экономики. Разработанный инструмент 

определения рациональных вариантов использования инвестиций значительно упрощает процесс принятия 

решения для потенциального инвестора. Он позволяет сократить множество вариантов вложения 

инвестиционных средств до нескольких наиболее перспективных инвест-проектов, которые способны 

принести их владельцу максимальный эффект. Разработанный подход также может быть использован в 

процессе формировании основ модели высокоэффективной национальной экономики. 

Ключевые слова: рациональное инвестирование; функции множеств; векторная оптимизация; 

прирост выручки; объем инвестиций; время реализации проекта; высокоэффективная национальная 

экономика. 
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