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Annotation: Mutual investment fund „Sberbank Asset management“ according to the 
rating of Mutual Funds on profitability takes a leading position. Under the management of 
this company there are four funds: the fund, shares, the MICEX index, and fund „Russian 
oil“. Funds are managed in accordance with the requirements of Russian legislation to 
investment funds, the composition and structure of their assets and other requirements. At 
the same time, the current Russian legislation in the field of investment funds often does not 
take into account the problems of risk management when forming optimal portfolios in 
terms of the acceptable ratio of profitability and risk, which leads to lost profits or financial 
losses of the shareholders of such funds. For the optimal portfolio, you can use the methods 
of regression analysis and linear programming. In the first case, the study examined the 
dependence of the variables X and Y, for which the estimated and estimated value of the 
investment share was taken. In the second case, the investment portfolio was optimized in 
order to reduce its risk level at a given level of expected returns on two parameters: 
covariance and diversification of its financial assets using elements of linear programming. 
Based on the results of the regression analysis, regression equations were obtained for the 
projected and estimated value of the unit in relation to the retrospective data of four funds: 
„Balanced“, „Shares“, „Russian Oil“ and „MICEX Index“. This allowed us to calculate 
the share of each fund in the portfolio, the profitability and risk of the portfolio, using 
EXCEL. At the same time, the forecast value for 5 years ahead was considered as the value 
of profitability, and the standard deviation of the yields of assets as a risk. The results of 
the calculations were as follows: the non-optimization portfolio received has a return of 
55.39% per annum with a risk level of 4.83%. The portfolio can be optimized using linear 
programming methods. The Markovets model was used as an optimizing one, using the 
built-in Lagrange function. The results of calculations showed that the level decreases 
55,39-49,44 = 5,95% and the level of risk is reduced by 4,83-3,17 = 1,66%. The received 
result of calculations can be considered, as quite satisfactory, as the general level of risk 
on a portfolio has decreased. 
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Introduction: The subject of the study is the composition and structure of the assets 
of four mutual investment funds managed by the joint-stock company Sberbank Asset 
Management. The aim of the research is to find the optimal structure of the investment 
portfolio, which includes the financial assets of four funds that minimize the risk of the 
portfolio, given its expected return. 

Materials and methods: The dynamics of the value of investment units of four 
mutual investment funds was measured monthly, starting from 06.02.2015. to 06.12.2017. 
Based on the historical data for this period, four regression equations were constructed that 
establish the relationship between the projected unit value and its estimated value for the 
period from 2015 until 2022. Using the calculated data of the four regression equations, the 
parameters of the initial portfolio (non-optimization) were determined. A dispersion-
covariance analysis tool was used to calculate: the share of each of the four funds in the 
total portfolio value, the initial levels of its risk and the expected return. Next, based on the 
methods of linear programming, a model was constructed for the formation of an optimal 
investment portfolio. Based on the results of the calculations, a new portfolio structure was 
obtained, which reduced its risk and somewhat reduced its expected return. However, the 
obtained result can be considered satisfactory, since the overall risk of the portfolio has 
decreased. 

Results: As a result of the conducted research and obtained calculations with a certain 
probability, it can be argued that even if the rigid Markovtz optimization conditions are not 
met (the normality of the profit distribution or the utility function of the investor should be 
quadratic), a deliberate change in the portfolio structure that reduces its overall risk is 
possible. 

Discussion: If the initial data strongly do not correspond to at least one of the 
conditions for using the Markovets models, for example, the normality of the distribution of 
profitability, then the main parameters of this model should be adjusted taking into account 
the crookedness and excesses of the curve of the normal distribution of the yield of the 
portfolio under study. 

Implications: By evaluating the risk of a specific asset from an investment portfolio, 
you can either consider this asset in isolation from other assets, or consider it an integral 
part of the portfolio. An asset that has a high level of risk when it is considered in isolation 
can be practically risk-free from a portfolio position and with a certain combination of 
assets in that portfolio. 

Set of recommendations for transactions: These methods can be reduced to a set of 
recommendations for transactions with the portfolio, which are as follows: 

1) When analyzing the appropriateness of operations with a portfolio of securities, 
three tasks are posed: to achieve the highest possible yield, to obtain the minimum possible 
risk, to obtain an acceptable value for the combination „yield / risk“. 

2) Yield of the portfolio is determined by a weighted average formula, so the 
combination of high-yield financial assets in the portfolio ensures a high return on the 
portfolio. 

3) Adding a risk-free asset to the portfolio reduces the portfolio's profitability, while 
the risk of the portfolio decreases in direct proportion to the share of that asset. 

4) The combination of risk assets in a portfolio can lead to a reduction in risk 
compared to the possession of each of these assets individually, but the outcome depends 
not only on the risk of the assets being pooled, but also on the nature of the relationship 
between their returns. 
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5) If the return on the asset planned for inclusion in the portfolio changes unilaterally 
with its yield, the risk of the new combination may change in any direction in comparison 
with the risk of the initial portfolio. 

6) If an asset is added to the portfolio, the profitability of which varies in different 
ways with the portfolio return, then the risk of the new combination is usually reduced. 

7) If there are a choice of two assets with the same characteristics, however, the yield 
of one changes unilaterally, and the second one's yield is differently directed to the 
portfolio return, then from the position of minimizing the risk for inclusion in the portfolio, 
the second asset should be preferred. 

Summarizing the foregoing, we note that, while maintaining market trends, it is 
advisable to invest with the same structural distribution of assets that was in the formation 
of the portfolio. If certain negative trends appear on the market, then in this case it is 
recommended to restructure the portfolio using the methods described above separately or 
in combination. Recommendations for improving the management of the restructuring of 
the portfolio of financial investments are reduced, first, to the rationale for choosing the 
person responsible for portfolio management. And if at the first stage (when forming the 
portfolio) the fund manager plays a priority role in this process, then already in the medium 
and, especially, long-term periods, the emphasis in management should be shifted in favor 
of a full-time financial manager (analyst). And, finally, it should be recommended to 
increase the accuracy of forecasts - at medium terms this becomes possible. 
 

I. Mutual investment fund of Sberbank Asset management 
Mutual investment fund of Sberbank Asset management according to the rating of 

Mutual Funds on profitability takes a leading position. (Ratings of mutual funds from 
Investfonds, http://pif.investfunds.ru/funds/rate.phtml/ 16-11-2018) 

Under the management of this company are four funds: a balanced fund, a stock fund, 
the MICEX Index Fund, the Russian Oil Fund. Funds are managed in accordance with the 
requirements of Russian legislation to investment funds, the composition and structure of 
their assets and other requirements. At the same time, the current Russian legislation in the 
field of investment funds often does not take into account the problems of risk management 
when forming optimal portfolios in terms of the acceptable ratio of profitability and risk, 
which leads to lost profits or financial losses of the shareholders of such funds. To compile 
the optimal portfolio, you can use the methods of regression analysis and linear 
programming. In the first case, for the study, consider the zavimost of the variables X and 
Y, for which the estimated and forecasted values of the investment share are taken. Let us 
compose the regression equations for each fund. To determine the dependence of Y on X, it 
is necessary to calculate the parameters of the following linear function: 
 

 
                                                                                                         (1) 
 

 

Next, we need to solve the system of normal equations with respect to the parameters 
a and b: 
 

																			݊ ∗ ܽ ൅ ݔ∑ܾ ൌ  (2)         ݕ∑
 

																		ܽ ∑ ݔ ൅ ଶݔ∑ܾ ൌ ݕ∑	 ∗   ݔ
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Next, we construct a table of calculated data for estimating the linear regression as 
shown in Figure 1. 
 

 
 

Fig. 1. Calculated data for estimating linear regression 
 

The average value is determined by the formula: 

                       (3) 
 

The average quadratic deviation is calculated by the formula: 

                                   (4) 
 

By squaring the resulting value, we obtain the variance: 

                      (5) 
 

The parameters of the equation can also be determined from the formulas: 

                     (6) 

                      (7) 
 

Thus, the regression equations for each fund have the form shown in Figures 2-6. 

Next, we determine the linear coefficient of pair correlation by the formula: 

                      (8) 
 

Thus, the relationship between the dependent random variable and the independent 
random variable is determined and how close it is. 

Determine the coefficient of determination, raising the coefficient of pair correlation 
in a square: formula:   

 
=    (                                 )2                                                                 (9) 
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Consider an increase in the value of a share in a balanced fund. These data are shown 
in Figure 2. At the same time, in Figure 2 the parameters of the linear regression equation 
approximating the obtained series of dynamics are immediately derived. 
 

 
Fig. 2. Increase in the value of a unit of a balanced fund 

 
Consider an increase in the value of a share in the shares of a stock fund. These data 

are shown in Figure 3. At the same time, in Figure 3 the parameters of the linear regression 
equation approximating the obtained series of dynamics are immediately derived. 

 
Fig. 3. Increase in the value of the share fund unit 

 



 
 
 
 
 
 

Годишник на БСУ                                                                               том XXXVIII, 2018 
 

58 

Consider the increase in the value of a share in the shares of the Russian Oil Fund. 
These data are shown in Figure 4. At the same time, in Figure 4 the parameters of the linear 
regression equation approximating the obtained series of dynamics are immediately 
derived. 
 

 
Fig. 4. Increase in the value of the fund unit „Russian Oil“ 

 

Consider an increase in the value of a share in the shares of the MICEX Index Fund. 
This and the data are shown in Figure 6. In this case, in Figure 6, the parameters of the 
linear regression equation approximating the resulting series of dynamics are immediately 
derived. 
 

 
Fig. 6. Growth in the value of the fund unit „MICEX Index” 
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On the basis of the data obtained, we shall compile, based on the regression equations, 
the forecast for the growth of the value of the units for the next five years. Calculations are 
conducted in Excel and put them in special tables for each fund. Next, you need to calculate 
the share of each fund in the portfolio, based on the maximization of profits while 
maintaining a reasonable level of risk. Issues related to the distribution of the share of 
assets in the investment portfolio are considered by a number of authors, offering the 
following recommendations: the portfolio should consist of several assets; mathematics of 
the formation allows for various algorithms based on the expected return and risk 
calculation in the form of the standard deviation of the yields of assets. In our case, all 
necessary calculations are made in Excel, which include: calculations of expected returns 
and calculations of the standard deviation of the yields of assets included in the portfolio. In 
this case, as the value of profitability, we will consider the forecast value for five years 
ahead. 

The results are summarized in Table 1, sorting by increasing risk. 
 

Table 1 
Risks and returns of funds 
 
№ of fund Fund σ Е(r ) Return/risk Structure, % 

1 Shares 0,1312 2,1 16,0061 32,4 
2 Balanced 0,2127 2,994 14,0762 28,5 
3 MICEX 0,2294 1,789 7,7986 15,7 
4 Russian oil 0,3533 4,085 11,5624 23,4 

         Total 100 
 

Table 1 shows that the least risky fund is the fund of shares, the most risky fund is the 
Russian Oil Fund. The MICEX Index Fund is relatively risky at relatively low profitability, 
but this does not mean that its presence in the portfolio becomes redundant, since we 
operate with data that are essentially probabilistic. Based on the yield / risk ratio for each 
fund, we form the portfolio structure, in proportion to the yield / risk ratio. The resulting 
portfolio consists of investments in funds in the following ratio: the Fund „MICEX Index“ 
should invest 15.7% of the total investment, the fund „Russian Oil“ should invest 23.4% of 
the total investment, a balanced fund should be invested 28.5% of the total amount of 
investments, 32,4% of the total amount of investments should be invested in the fund of 
shares.  

The main principles for the formation of an optimal investment portfolio are: 
- security of investments (stability of income, invulnerability in the market of 

investment capital);  
- profitability of investments with a minimum level of risk;  
-  growth of investments;  
-  liquidity of investments. 
Let's consider what portfolio yield will be received as a whole.  
 

The expected return on the investment portfolio is defined as the weighted average of 
the expected returns on assets included in the portfolio: 

 
Еሺ	ݎ௣	ሻ	ൌ	ߑ	Еሺݎ௜ሻ		ܳ௜ ,                   (10) 
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where: Е ( ݎ௜ሻ		is the expected return of the i  asset included in the portfolio, ܳ௜ is the share 
of the value of the i asset in the total value of the portfolio (at market value at the time of 
portfolio compilation). 

In our case: Е(ݎ௣	)=2,1*0,324+2,994*0,285+1,789*0,157+4,085*0,234=2,7697, or 
276,97% 

This value is obtained for a time period of five years. 
 

II. Annual return of the portfolio 
 

By dividing by five, we get the expected value of the annual return of the portfolio:  
276.97% / 5 = 55.39%, which is quite acceptable.  

Accordingly, the monthly growth of the portfolio can be obtained as follows:  
276.97% / 60 = 4.62%  
Now we estimate the risk of the portfolio received.  

The risk of the portfolio as a whole is measured by means of the variance and the 
standard deviation according to the formula: 

 
   ),                   (11)	௜௝ݒ݋=  ඥሺΣΣܳ௜ܳ௝ܿ	௣ߪ
 

where ܿݒ݋௜௝  –  yield covariance for securities i and j;  ܳ௜	и		ܳ௝and  j are the shares of the  
i-th and j-th securities in the portfolio, respectively. The coefficient of variation is 
calculated by the formula: 

 ௝  ,                    (12)ߪ௜ߪ௜௝݌  =  ௜௝ݒ݋ܿ
 

Where, ݌௜௝ – coefficient of correlation between the yield of i and j of the unit. 
 
Calculate the correlation coefficients using Excel, taking their values into Table 2. 
 
Table 2 
Coefficient of correlation 
 

Coefficient of correlation Values 

ρ  12  0,9680  
ρ  13  0,9924  
ρ  14  0,9783  
ρ  23  0,9705  
ρ  24  0,9735  
ρ  34  0,9673  

 
Now calculate the coefficients of variation: 
 
covଵଵ=  pଵଵσଵσଵ= 1,0*0,1312*0,1312=0,01721 
 
covଵଶ= 	pଵଶ  σଵσଶ= 0,9680*0,1312*0,2127=0,02701 
 
covଵଷ= 	pଷଶσଵσଷ= 0,9924*0,1312*0,2294=0,02987 
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covଵସ= 	pଵସ  σଵσସ= 0,9783*0,1312*0,3533=0,04535 
 
covଶଶ=		pଶଶσଶσଶ= 1,0*0,2127*0,2127=0,04524 
 
covଶଷ=		pଶଷσଶσଷ= 0,9705*0,2127*0,2294=0,04735 
 
covଶସ=		pଶସσଶσସ= 0,9735*0,2127*0,3533=0,07315 
 
covଷଷ=		pଷଷσଷσଷ= 1,0*0,2294*0,2294=0,05262 
 
covଷସ=  pଷସσଷσସ  = 0,9673*0,2294*0,3533=0,07839 
 
covସସ= 	pସସσସσସ  = 1,0*0,3533*0,353=0,12482 
 
Next, we determine the risk of a portfolio by the formula: 
 

δр = (ΣΣ Q୧Q୨cov୧୨) =  
(32,4*32,4*0,01721+32,4*28,5*0,02701+…+23,4*23,4*0,12482)=  482,7038  

 

Returning to the original dimension, we get: 
 

482,7038/(100*100)=0,04827 or 4,83%. 
 

Comparing the obtained value with the smallest (see Table 1), equal to 0.1312, we see: as 
a result of diversification, the portfolio risk became less in 0,1312 / 0,0483 = 2,7 times.  

Let's make a general conclusion: The resulting portfolio has a yield of 55.39% per 
annum with a risk level of 4.83%. 

Optimization of the investment portfolio in order to reduce its risk level at a given 
level of profitability is carried out on two parameters: covariance and diversification of its 
financial assets using elements of linear programming.  

Then the linear programming problem will look like this.  
Suppose we have a given level of profitability, equal to 55% per annum.  
It is required to find such distribution of shares of the units entering into the portfolio, 

at which the lowest level of risk will be achieved. 
In theory, one of the methods for solving such a problem, called the diversification of 

Markovts, is proposed.  
The diversification of Markovets is based on the use of linear programming methods. 

In this case, the objective function and constraints are formed, and on their basis the built-in 
Lagrange function. 

 

The objective function of this task. 

 min                   (13) → (௜௝ݒ݋ΣΣ  ܳ௜ܳ௝ܿ)=ଶ݌ߪ
 
Restrictions: 

1) Average portfolio return 
  ௜                   (14)ܳ  (௜ݎ) ср  =Σ Еܧ

2) The normalization condition for the distribution 
Σ  ܳ௜=1                    (15) 
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To solve this problem, it is necessary to form the Lagrange function: 

L  =ΣΣ  ܳ௜ܳ௝ܿݒ݋௜௝  +  λ  1  (  Σ Е(ݎ௜) ܳ௜  -  ܧср)+  λ  2  (Σ  ܳ௜ -1),               (16) 

Where 	λ௜  ( i =1,2) – multiplier of Lagrange 
A portfolio minimizing risk is determined by solving a system of equations: 
ப		୐

ப		ொ೔
  = 0 

ப		୐

ப		λ೔
  = 0,                     (17) 

where: i = 1,2.  
We rewrite the problem for our case if i, j = 1,2,3,4: 

 
The objective function is equal to: 
L  =  ܳଵଶ  ܿݒ݋ଵଵ+  ܳଶଶܿݒ݋ଶଶ  +  ܳଷଶܿݒ݋ଷଷ+  ܳସଶܿݒ݋ସସ+ 
    + 2 ܳଵܳଶܿݒ݋ଵଶ+ 2 ܳଵܳଷܿݒ݋ଵଷ+ 2 ܳଵܳସܿݒ݋ଵସ+ 2 ܳଶܳଷܿݒ݋ଶଷ+ 2 ܳଶܳସܿݒ݋ଶସ  
    + ܳଷܳସܿݒ݋ଷସ+  	λଵ ( Е (ݎଵ)	ܳଵ  +  Е (ݎଶ)	ܳଶ  +  Е (ݎଷ)	ܳଷ  +  Е (ݎସ)	ܳସ - ܧср)  

    +	λଶ ( ܳଵ ൅ ܳଶ൅ܳଷ ൅ ܳସ - 1)                                                                                (18) 
 
Partial derivatives are equal to: 

ப		୐

ப		ொభ
  = 2 ܳଵσ	ଵଵ ൅ 2	ܳଶσ	ଵଶ ൅ 2	ܳଷσ	ଵଷ ൅ 2	ܳସσ	ଵସ+ 	λଵ	ܧଵ ൅		λଶ ൌ 0	; 

ப		୐

ப		ொమ
  = 2 ܳଵσ	ଵଶ ൅ 2	ܳଶσ	ଶଶ ൅ 2	ܳଷσ	ଶଷ ൅ 2	ܳସσ	ଶସ+ 	λଵ	ܧଶ ൅		λଶ ൌ 0	; 

ப		୐

ப		ொయ
  = 2 ܳଵσ	ଵଷ ൅ 2	ܳଶσ	ଶଷ ൅ 2	ܳଷσ	ଷଷ ൅ 2	ܳସσ	ଷସ+ 	λଵ	ܧଷ ൅		λଶ ൌ 0;	 

ப		୐

ப		ொర
  = 2 ܳଵσ	ଵସ ൅ 2	ܳଶσ	ଶସ ൅ 2	ܳଷσ	ଷସ ൅ 2	ܳସσ	ସସ+ 	λଵ	ܧସ ൅		λଶ ൌ 0;	 

ப		୐

ப		஛భ
  =  ܳଵE	ଵ ൅	ܳଶE	ଶ ൅ ܳଷE	ଷ ൅ ܳସE	ସ- 		ܧ௔௩ ൌ 0; 

ப		୐

ப		஛మ
  =  ܳଵ ൅	ܳଶ ൅ ܳଷ ൅ ܳସ ൌ 0	ሺ19ሻ.	         

 
Presenting the system of equations in the matrix form:  
 

ଵܧ ଵସݒ݋ଵଷ 2ܿݒ݋ଵଶ 2ܿݒ݋ଵଵ 2ܿݒ݋2ܿ 1 

 
* 

ܳଵ  

 =  

 0  

ଶܧ ଶସݒ݋ଶଷ 2ܿݒ݋ଶଶ 2ܿݒ݋ଶଵ 2ܿݒ݋2ܿ 1 ܳଶ  0  

ଶܧ ଷସݒ݋ଷଷ 2ܿݒ݋ଷଶ 2ܿݒ݋ଷଵ 2ܿݒ݋2ܿ 1 ܳଷ    0  

ଶܧ ସସݒ݋ସଷ 2ܿݒ݋ସଶ 2ܿݒ݋ସଵ 2ܿݒ݋2ܿ 1  ܳସ  0  

  ଶ 0 0  λଵܧ ଶܧ ଶܧ ଶܧ
 
 срܧ

1 1 1 1 0 0  λଷ  1  

 
Fig. 7. Matrix representation of the Lagrange system (common form) 
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If we denote matrix by H and vector in the left by A and vector in the right by G, we 
gain a matrix equation: 

Н * А=  G                     (20) 
 

Below, on the figure 8, is the matrix representation of the equation (20) in the table 
form with the data from the equation system and the target function (18-19). 

After solving the problem we obtain the required distribution vector: 

А = Н - 1 * G 
 

0,03442  0,05402  0,05974  0,0907   2,1  1  

 * 

Qଵ 

 
= 

00 
0,05402  0,09048  0,0947  0,1463  2,994  1  Qଶ 00 
0,05974  0,0947  0,10524  0,15678  1,789  1  Qଷ 00 
0,0907   0,1463  0,15678  0,24964  4,085  1  Qସ 00 
2,1  2,994  0,789  4,085  0  0  λଵ 555 
1  1  1  1  0  0  λଷ 11 

 

Fig. 8. Matrix form of the Lagrange system (numerical form) 
 

Multiplying the matrix by table, we get: 

Ат  ={17,2;20,6;45,6;16,6} – required distribution of the shares of divvies in the 
optimized portfolio. 
 

Table 3. Comparison of structure of the basic and optimized portfolio 
 

Stock 
number 

Stock  σ  ۳ሺ࢏ܚሻ 
Return 
to risk  

Basic 
portfolio 
share, % 

Optimal 
share, % 

1  Shares  0,1312  2,1  16,0061  32,4  17,2  
2  Balanced  0,2127  2,994  14,0762  28,5  20,6  

3  
MICEX 
Index 

0,2294  1,789   7,7986  15,7  45,6  

4  Rosneft  0,3533  4,085   11,5624  23,4  16,6  
Total 100,0  100,0  

 
 

III. Return of the optimized portfolio. 

Now we can calculate the return of the optimized portfolio: 
Е(	ݎ௣) = 2,1*0,172+2,994*0,206+1,789*0,456+4,085*0,166=2,47186,или 247,2%. 
This value is vital for the 5-year long period. Dividing by 5, we obtain the expected 

value of the annual return of the portfolio: 
247,19% / 5 = 49,44%. 
 
Hence, monthly portfolio growth is: 
247,19% / 60 = 4,12%. 
 
Now we calculate the optimized portfolio risk: 

 =(17,2*17,2*0,01721+17,2*20,6*0,02701+…+16,6*16,6*0,12482)	௣=ඥΣΣQ௜Q௝cov௜௝ߪ
=317,6554 
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Returning to the basic dimension we get: 
317,6554/(100*100)=0,0317 
 
In the percentage risk is equal to 3.17%.  
Cncluding, one can say that portfolio can be optimized, but the return goes down by 

55,39 - 49,44 = 5,95%, and the risk goes down by 4,83 -3,17=1,66%.  
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