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Abstract. With the development of private equity market in Russia, the creation of a private 

equity fund (PEF) optimizing the distribution of investment resources in it remains a relevant 

task. The object of the study in this paper is PEF, the subject is an automated assessment of the 

value of PEF on the basis of the author's economic-mathematical model (EMM). The aim of 

this paper is to study the possibility of using the optimization software for this assessment and 

its application to the real PEF portfolio of projects. The optimization-based economic- 

mathematical model underlying the calculations makes it possible to identify the economic 

potential of the fund's portfolio (in the form of its net present value), which makes it possible to 

optimally allocate investments in projects of the real sector of the economy, taking into account 

the state of the regulatory environment and the interests of investors. As methods of the study 

in this paper are used: economic-mathematical modeling; numerical experiment using an 

optimization financial-analytical package of applied programs. The results of the research can 

be used by fund managers to solve operational, investment and financial problems from the 

standpoint of increasing the value of funds and optimal investment allocation in various sectors 

of the economy.  

1. Introduction 

The development of economic relations in Russia, aimed at expanding production, creating new jobs, 

diversifying the economy generates the need for the creation of private equity institutions. 

Accumulation of funds of investors who prefer to invest in companies in the real economy, and 

financing of growing companies whose shares are not traded in the stock market, is possible through 

private equity funds [1; 2]. In our opinion, in the conditions of the country's economy oriented to the 

development of the real sector, in the near future such a method of direct investment as the creation of 

PEF will become quite popular in various regions. Companies in the real economy will have access to 

an additional source of financing, especially when banking products or stock market instruments are 

not available to them. Thus, there is a need to develop and improve tools for assessing the value of 

PEF, as well as to create mechanisms for the effective management of such funds, taking into account 

the specifics of their creation and functioning. 

PEF in Russia is usually created in the organizational and legal form of a closed unit investment 

fund for qualified investors and an investment partnership for unqualified investors [3]. The regulator 
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establishes the main requirements for the subject of evaluation and the periodicity of such an 

assessment [4]. It is advisable to conduct an evaluation of PEF, regardless of the organizational and 

legal form, at least three times, using different approaches: at the stage of creation and monitoring, 

using a revenue approach; at the stage of closing PEF - comparative one [5-9]. The value of PEF can 

be determined by summing the values of all companies included in the portfolio of PEF and net 

present value (Figure 1). 

 

 

Figure 1. Illustration of the constituent elements of the cost of PEF. 

 

Currently, economic science offers myriad opportunities for assessing the effectiveness of 

investment and the formation of an optimal investment portfolio in the stock market. Despite the fact 

that the number of models for determining the optimal portfolio is large, the main ones are based on 

the paper of the American economist H. Markowitz [10], in which one of the first mathematical model 

of an optimal investment portfolio was proposed. Russian theories of optimizing investment portfolios 

in the vast majority are also based on foreign models of the formation of securities portfolios and 

derivative financial instruments [11-17]. 

The activity of PEF differs from the activity of funds of securities in the way that investments 

directly flow into the real sector of the economy, and not into securities. In this regard, in our view, it 

is necessary, in one way or another, to take into account the specifics of production and sales of real 

sector projects (capital productivity, depreciation of fixed assets, demand, etc.) included in the 

portfolio of PEF. In addition, it is obvious that a large amount of information needs to be processed 

due to a significant number of analyzed projects in the portfolio. Therefore, the development of 

automated methods for their analysis, allowing to maximize the portfolio NPV, taking into account the 

features of the creation and operation of PEF in Russia, are also relevant tasks. 

2. Meaningful statement of the problem 
Suppose that the portfolio of the fund includes projects for the production of (n) types of products 

(industries, areas of economic activity, etc.). These projects are characterized by different levels of 

their effectiveness, which, in particular, can be determined by the average profitability, the average 

capital productivity of fixed assets and / or other indicators. Suppose that the projects in the portfolio 

of PEF can be invested at different points of time. Moments of launching and termination of the 

projects are arbitrary and may not match with the closing time of the entire fund. It is assumed that 

PEF projects can be implemented for a long period (3-15 years), which is stipulated by Russian 

legislation. The payment to the managers of the asset management company are also taken into 

consideration. The fee amount is fixed in the fiduciary management agreement [18]. It is necessary to 

determine the optimal amount of investment in each PEF project in accordance with the criterion of 
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maximizing the discounted cash flow from operating and investment activities by the sum of all 

projects in the PEF portfolio. 

3. Solution of the problem 

To solve the formulated problem, a mathematical model of PEF in the form of a multiparameter linear 

programming problem was developed [19]. This model takes into account such features of PEF, 

distinguishing it from the portfolio of financial assets, such as the availability of restrictions on the 

level of demand for manufactured products, the ability to take into account the production features of 

PEF projects due to the existence of a corresponding group of required variables. In addition, the 

proposed model, through the complex structure of discounting factors, takes into account the effects of 

the duration of project operations, and also takes into account directly the interests of PEF 

management through an annual reward for managing its assets. The type of the proposed model and 

the presence of an end-user-oriented system of automated information processing in it make it possible 

to effectively apply this tool in real conditions for PEF, including a significant number of investment 

projects. In this paper we consider a particular case of the model presented in [19], when a number of 

risk components of PEF functioning are not taken into account. At the same time, these components, if 

there are appropriate methods, can be taken into account traditionally, in the discount rates of the fund 

projects. 

To perform calculations based on the proposed model, we used an optimization software package, 

described in detail in [20]. 

This complex is a set of automated information system for input, processing and analysis of input 

financial and economic information, a solver and a multiparameter graph analyzer for solving one- and 

multi-objective linear programming problems (MLPP). The package is targeted at different users. For 

a specialist in mathematics, it allows to create and correct mathematical models in the form of the 

MLPF, as well as to control the correctness of information entry. For an economist-analyst, for a 

businessman - in a convenient mode to create own configuration of the business project (allocating 

blocks of characteristics of assets, products, external environment of the project, financial block, etc.) 

and enter statistical and expert input information. And for both of them - to present the results of 

calculations both in the form of graphs of multiparameter dependencies, and in the form of Pareto-sets 

in the criterial space (two or three criteria). The package provides two modes of operation - 1) model 

designer; 2) the automated workplace of the financial analyst. The model constructor allows to create 

custom models in a visual mode, forming the model matrices block-by-block. In this case, the user is 

able to edit vector-matrix information, having in front of him as an image of the entire matrix, and its 

arbitrary blocks. The package is also equipped with a debugger, which allows to detect errors or 

inconsistencies in the input of numerical model information. The automated workplace of the business 

analyst, after the introduction of numerical information from the domain, allows to get the results of 

calculations and perform their graphical analysis. This mode of the package requires minimal training 

for the user - knowledge of the meaningfulness of the numerical parameters of the model, it gives an 

opportunity to students or specialists with a relatively small set of knowledge in the subject area to 

easily master the work with the package. 

When solving the tasks set in the paper, the key advantages of this complex are: 

● possibility of multi-parameter analysis of the linear programming problem (LLP) in a user-

oriented mode; 

● a visual editor of the diagrams of LLP, which presented block-by-block, that allows to minimize 

the errors of information entry into the model, especially in condition of large dimensions typical for 

the active PEF portfolios; 

● high speed of calculations (a graph containing information obtained by consecutively solving 100 

LLP is constructed within no more than one second); 

● construction and simultaneous parametric analysis of a large number of dependency curves from 

any model parameters in one and several figures; 

● flexible adjustment of the type of graphs (legend, labels, values in points); 
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● scaling of individual parts of graphs for more detailed analysis. 

4. Approbation of the economic-mathematical model 

The approbation of the proposed toolkit was carried out in relation to PEF created in the form of 

investment partnership managed by Patriot42 in the territory of the Kemerovo Region. The 

characteristics of projects with a specified minimum investment in each of them, presented in Table 1. 

 

Table 1. Main characteristics of portfolio of projects. 

 
 

With a minimum volume of investments in the projects of PEF portfolio (RUB 1,983 million), the 

estimated NPV was RUB 229 million. Then the cost of PEF will be determined as the sum of 

investment costs and added value – RUB 2,212 million. (RUB 1,983 + 229 million). 

 

Table 2. Results of calculation of optimal investments and portfolio NPV. 
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Table 2 shows the results of calculations that allow to maximize the value of the fund: the 

distribution of the additional volume of investments; NPV when additional investments are made, as 

well as total NPV with minimal and additional investments. 

Based on the data presented (Table 2), we can conclude that an additional optimal amount of 

investment in the portfolio of PEF in the amount of RUB 2 billion should be distributed between 

projects No. 1, No. 2 and No. 4. When implementing minimum and additional investments in the 

fund's portfolio, the cost of PEF will be the maximum possible amount of RUB 5,083 million (RUB 

3,983 + 1,100 million), And the return on assets for 7 years of the activity of the fund will be 27.6% 

(RUB 1,100 million / RUB 3,983 million). 

5. Conclusion 

The results of modeling and numerical analysis of considered PEF allow to draw the following 

conclusions, which should be taken into account when creating and making investment decisions: 

- to maximize the cost of PEF it is required to attract an additional investment in the amount of 

RUB 2 billion; 

- to recommend the management company to allocate an additional amount of investment between 

projects No. 1, No. 2 and No. 4; 

- in case of attracting additional volume of investments in the amount of RUB 2 billion the 

estimated value of the fund in seven years will be RUB 5,083 million (RUB 3,983 + 1,100 million). 

The application of the proposed toolkit (an optimization economic-mathematical model and a 

package of applied programs for its automated analysis) to evaluate the cost of PEF, in our opinion, 

will facilitate the end user - the investment analyst, the PEF manager, etc. - to take optimal investment 

decisions, which will contribute to the development institutions of direct investment, increasing the 

volume of direct investment in the real sector of the economy. 

6. References  

[1] Skvortsova A 2009 Direct investment funds as a source of investment in crisis conditions Meat 

technologies 4 10-13 

[2] Kazak A, Uzvovych L, Pirogovskiy O 2010 Direct investment funds as a way to increase 

company value Finance and credit 43 (427) 10-13 

[3] Fedulova E, Emokhonova Yu 2017 Optimal organizational and legal form of functioning of 

private equity funds for qualified investors Finance and credit 4 (724) 233-248  

[4] Manuylenko V 2012 Mutual investment funds - an innovative direction of collective investment 

in the Russian financial market Finance and credit 5 (485) 59-67 

[5] Emokhonova M 2017 Optimal approaches to the evaluation of the value of private equity funds 

at the stages of their creation, monitoring and closure Bulletin of National University of 

Economics and Management 4 131-145 

[6] Kudryavtseva E 2014 Direct investment fund as an object of valuation Management of 

economic systems: electronic scientific journal 10 (70) 13-15  

[7] Nesterenko E 2012 Methods for assessing the value of venture capital Economics: yesterday, 

today, tomorrow 5-6 29-143  

[8] Hitchner J 2008 Three approaches to assessing the value of business Maroseyka 304 

[9] Gurfova A 2015 Methodical approaches to business valuation. Social sciences 7-1 (10) 73-78 

[10] Markowitz H 1952 Portfolio Selection Journal of Finance vol 7 1 77-91 

[11] Ershov S 2016 Formation of an effective portfolio of projects and G. Markowitz's model 

/Science, Technology, Engineering: perspective developments Collection of scientific works on 

the materials of the I International scientific and practical conference of students, 

undergraduates and post-graduate students pp 133-141  

[12] Ramazanov D 2010 Economic-mathematical model for minimizing the risk of developing 

depleted oil deposits Economic Analysis: Theory and Practice 13 58-62 



International science and technology conference "Earth science"

IOP Conf. Series: Earth and Environmental Science 272 (2019) 032133

IOP Publishing

doi:10.1088/1755-1315/272/3/032133

6

[13] Manevich V, Nikolaev L, Ovsienko V, Savelev V 2010 Modified model of Tobin and analysis 

of monetary factors of dynamic processes in the Russian economy Economic Science of Modern 

Russia 2 7-24 

[14] Kazarov B, Bagdasarova M, Golovanov O 2013 Formation and optimization of the securities 

portfolio using a mathematical model Kant: Economics and Management 2 62-65 

[15] Axelson U, Stromberg P, Weisbach M 2009 Why are Buyouts Levered The Financial Structure 

of Private Equity Funds. Journal of Finance vol LXIV (4) 1549-1582  

[16] Humphery-Jenner 2012 M.: Private Equity Fund Size, Investment Size, and Value Creation 

Review of Finance 16 (3) 99-835 

[17] Efimova K, Valyaeva G 2016 Application of fundamental models for effective investment 

Actual problems of modern science, technology and education 2 (1) 107-110  

[18] Bobrov E 2010 Features of the management agreement of the joint-stock investment fund and 

the trust management agreement for the mutual fund property: the main differences Bulletin of 

the Moscow University of the Ministry of Internal Affairs of Russia 3 105-108  

[19] Emokhonova Yu, Medvedev A, Pobedash P, Fedulova E 2018 An optimization mathematical 

model of fund portfolio Fundamental research 2 72-76 

[20] Medvedev A, Pobedash P, Smolyaninov A 2013 Decision support system for managing regional 

economic development based on the linear problem of mathematical programming International 

Journal of Applied and Fundamental Research 12 110-115  


