
Copyright © 2020 for this paper by its authors. This volume and its papers are published under 
the Creative Commons License Attribution 4.0 International (CC BY 4.0). 

Neural Network Technologies of Investment Risk 
Estimation Taking into Account the Legislative Aspect 

Anzhelika Azarova1[0000-0003-3340-5701], Larysa Azarova1[0000-0002-2631-8151], Liliia 
Nikiforova1[0000-0002-7034-607X],Veronika Azarova1[0000-0001-7441-5725], Olena Teplova2[0000-

0001-8763-891Х], Natalia Kryvinska3[0000-0003-3678-9229] 

1Vinnytsia National Technical University, Vinnytsia, Khmelnytske shose 95, Ukraine 

azarova.angelika@gmail.com, azarova.larusa@gmail.com, 
nikiforovalilia@gmail.com,nikolazarova14@gmail.com 

2Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University, Vinnytsia, Ukraine  

Teple@yandex.ua 
3Comenius University in Bratislava, Bratislava, Slovakia 

Natalia.Kryvinska@fm.uniba.sk 

Abstract. The article proposes conceptual bases of formalization of the invest-
ment risk estimation process by means of mathematical and computer modeling 
on the basis of neural network technologies. The methodological approach to 
investment risk estimation has been improved. It allows identifying project risk 
and investment feasibility with using of Hamming neural network accurately 
and reasonably, reducing the cost of investment making decision and allows 
self-learning specialized network. The structural hierarchical model of the in-
vestment risk estimation process has been improved. It allows decomposing and 
simplifying the formalization procedure as well as allows simultaneous estima-
tion of the financial ratio of the enterprise and its proposed investment project. 
The proposed mathematical model was verified and its adequacy was checked 
by comparing the results obtained on the basis of the application of existing 
methods and the approach developed by the authors of the article. This revealed 
the significant advantages of the method proposed in the article. The proposed 
approach was successfully implemented to estimate the investment risk of 20 
domestic enterprises and projects. 

Keywords: Investment risk, investment project, neural network technologies, 
Hamming neural network, Beaver’s coefficient, Z-Score model, Lis’s model, 
Taffler’s model, Fulmer’s model, Springgate’s model, Chesser’s model, Depal-
yan’s model. 

1 Introduction  

Any field of human activity especially the economy and entrepreneurship is burdened 
by the risk posed by uncertainty, conflicts, variability of goals over time. The problem 
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of risk and conflict is inherent in the economy. This is due, in particular, to the fact 
that the economic process is future-oriented. The external environment in which busi-
ness organizations of various forms operate becomes qualitatively different: new risk 
factors appear, the degree of its risk increases. Scientifically based methods of risk 
estimation and consequently economic feasibility of investment projects (IP), their 
selection from existing alternatives are becoming increasingly significant. The lack of 
reliable information base poses a risk to investment decisions. There is always the 
possibility that a project which was considered attractive will be unprofitable in prac-
tice or will not bring the expected profits. This is, in particular, as a result of deviation 
of the actual values of indicators from those planned in the investment project, inac-
curate structure of the investment model, the absence of significant and the presence 
of insignificant evaluation parameters. 

The analysis of the state of real investment processes in Ukraine revealed a number 
of unresolved practical problems among which the main ones are: the focus of inves-
tors on obtaining a one-time fast profit; outflow of national capital; banks' disinterest 
in long-term crediting; low efficiency of the investment market; insufficient activity 
of public administration in financing business proposals; imperfection of legislation. 

Since the beginning of Volodymyr Zelensky’s presidency a lot of changes have 
been made in the legislation of Ukraine, in particular in the field of investments, both 
foreign and domestic. On October 3, 2019, the parliament passed a number of laws to 
stimulate investment: the law on concessions and the law on the lease of state and 
municipal property (new version) [1, 2]. Also, before January 1 of this year, the law 
on amendments to some legislative acts of Ukraine to stimulate investment activity in 
our country came into force. In addition, a law on the principles of government sup-
port of new investments in Ukraine was adopted [3]. It defines the principles of gov-
ernment support of new investments, determines the status of the State agency for 
support of these investments. The purpose of this law is to strengthen Ukraine's eco-
nomic attractiveness for domestic and foreign investors, increase employment and 
improve the quality of ukrainian citizens’ life. However, it should be noted that since 
2014 Ukraine has become less attractive for investment due to the state of undeclared 
war in Donbas, not to mention the dangerous coronavirus which contributed to the 
suspension of normal economic activity in many sectors of the economy which signif-
icantly reduces investment in our country. 

These problems negatively represent Ukraine in the world investment market and 
are obstacles to the use of developed investment mechanisms used in countries with 
post-industrial economies. 

Thus, there is an objective need for scientific and theoretical substantiation of the 
concept and methodological principles of building mathematical methods and models 
of investment which will take into account the legislative, socio-economic aspect, 
strategic direction and provide an opportunity to increase investment activity and 
efficiency results. The generation of modern methodological principles requires the 
development of a qualitatively new methodological support for the implementation 
and stimulation of the investment process, i.e. the development of the concept of stra-
tegic investment of enterprises in an external environment that is not permanent. 



Thus, the development of information tools for investment risk estimation based on 
modern intellectual technologies is extremely relevant at the present stage of devel-
opment of Ukraine's economy. 

2 Literature analyses 

At the present stage of market economy development investment activity in Ukraine, 
despite some recovery in recent years, cannot be considered satisfactory. One of the 
reasons for this phenomenon is the difficulty of taking risks into account when evalu-
ating investment projects. This causes inaccuracies in investment decisions which, in 
turn, can not only deprive the investor of the expected return, but also cause him sig-
nificant losses. 

Thus, the problem of investment risk management is one of the most of current in-
terest. The processes of economic development in the crisis under the influence of the 
coronavirus in the world and in Ukraine have been exacerbated by uncertainty (de-
mand, prices) and competition. To survive in such conditions, business leaders need 
to introduce new technologies and technical innovations, make bold and unconven-
tional decisions and this increases the degree of economic risk. Therefore, you should 
learn to predict events, estimate the level and do not go beyond acceptable risk. Busi-
ness inaction caused by coronavirus quarantine restrictions around the world is also 
associated with the risk of untapped opportunities. 

The risk of both internal and external investors is acceptable and the investment is 
effective if the enterprise or project in which the investment can be made is profitable. 
Thus, we first analyze the models that predict the bankruptcy of enterprises that may 
be potentially investment objects. It allows to identify a potential threat to the timely 
formation of a system of measures to neutralize the negative trends in the financial 
situation in the enterprise. 

Modern economics has many different techniques and methods for forecasting fi-
nancial performance including the estimation of possible bankruptcy [4-8]. Most of 
them are focused on early diagnosis and prevention of signs of insolvency or bank-
ruptcy. 

For example, the paper [4] presents the results of intelligent information system 
development for enterprise bankruptcy risk estimation on the basis of fuzzy logic and 
neural network technologies synthesis. The developed information system allows 
making the current estimation of risk of bankruptcy of the enterprise and gives the 
chance to trace how it impacts to separate indicators’ changes. 

The paper [5] develops a genetic bankrupt ratio analysis tool using a genetic algo-
rithm to identify influencing ratios from different bankruptcy models and their influ-
ences in a quantitative form. 

Thе article [6] discusses the bankruptcy prediction model using random forest 
based on the most influential ratios needed to predict bankruptcy. These coefficients 
are selected based on a genetic algorithm that filters out the most important of the 
various existing bankruptcy models. 



The article [7] proves that the traditional practice of using a singular performance 
metric for classifier evaluation is not sufficient for imbalanced classification credit 
and bankruptcy risk. This paper proposes a multi-criteria decision making (MCDM)-
based approach to evaluate imbalanced classifiers in credit and bankruptcy risk pre-
diction by considering multiple performance metrics simultaneously. 

Note that the estimation of crisis symptoms of the enterprise and diagnosing the 
possibility of a financial crisis is carried out long before the detection of its obvious 
signs [8]. The key point of anti-crisis indicative planning of any organization is to 
determine the inclination of the enterprise as a whole as well as its structural units to 
bankruptcy. To do this, use the following basic mathematical models [9-16]: 2-factors 
model [9]. It is designed for the US economy. In Ukraine there are high inflation 
rates, other cycles of macroeconomics and microeconomics, levels of capital intensi-
ty, energy intensity and labor intensity of production, other taxation do not allow for a 
comprehensive estimation of the financial condition of enterprises and therefore sig-
nificant deviations in estimates in the model. 

Beaver’s coefficient [9, 10]. It has a number of disadvantages. First, the normative 
values of financial indicators do not take into account the industry specifics of enter-
prises. Secondly, the efficiency of capital use in enterprises (turnover, profitability) is 
not taken into account. Third, the calculation of the Beaver coefficient is carried out 
in statics, not taking into account the transient external and internal environment of 
enterprise valuation. 

Altman’s Z-Score model [9, 11, 12]. In Ukrainian practice, numerous attempts 
have been made to use the Altman’s index to estimate solvency and diagnose bank-
ruptcy. However, differences in external factors that affect the functioning of the en-
terprise, significantly distort the probability estimates. The experience of using this 
model in some countries (USA, Canada, Brazil, Japan) has shown that to predict the 
probability of bankruptcy using a 5-factor model for 1 year can be accurate to 90%, 
for 2 years − up to 70%, for 3 years − up to 50%. 

Roman Lis’s model [7, 13]. External factors (the level of development of market 
relations, including the stock market, tax legislation, accounting regulations, econom-
ic stability) do not allow this method to fully reflect the situation for Ukrainian enter-
prises and be used to predict the probability of bankruptcy. 

Taffler’s model [14, 15]. It does not reflect the situation at ukrainian enterprises 
because compared to foreign counterparts the parameters reflecting the state of the 
economy are fundamentally different, in particular, the parameters of exchange activi-
ty. It does not allow productive using of Taffler's model to predict the probability of 
bankruptcy of Ukrainian companies.  

Fulmer's model [16]. According to the results of the model the following forecast 
can be obtained: the company is insolvent if H < 0; if H ≥ 0, it functions normally. 
Unfortunately, such estimates of the result are rather rough and cannot be reasonably 
used in the comparative analysis of bankruptcies of different enterprises. 

Springgate’s model, Chesser’s model, Depalian’s model. The models of Spring-
gate, Cheser and Depalyan are characterized by regression estimates of parameters 
that have other values in Ukraine which causes a significant limitation in the applica-
tion of these approaches in our country [13, 17, 18]. These models show fair results 



only in the conditions of foreign economies for which they were developed. The use 
of such models in Ukraine is not possible as there are significant differences between 
domestic accounting, financial and tax accounting and their international counterparts. 
In addition, the unstable activity of domestic enterprises leads to other estimates of 
the values of the studied multifactor models which significantly affects the results of 
calculations and the correctness of the conclusions about the financial condition of the 
enterprise [19, 20, 21]. 

An extremely important task of investment projects risk estimation is the calcula-
tion of future cash flows that arise from the sale of manufactured products. This is due 
to the fact that only the incoming cash flows are able to ensure the payback of the 
investment project. Therefore, they, not profit, are a central factor in valuation. In 
other words, the investment decisions risk estimation should be based on the study of 
income and expenses in the form of cash flows [22, 23, 24]. 

To estimate the effectiveness of investment projects most often are used such indi-
cators as net present value (NPV), internal rate of return (IRR), profitability index (PI) 
and payback period of the project (PP) [19, 20]. They use a measure of cash flow, not 
net income; the factor of change of money cost in time is considered. If NPV is cor-
rectly calculated, it allows choosing the project which maximizes the capital of the 
enterprise and its market value. However, this indicator has certain disadvantages: 

─ the difficulty of estimating future cash flows for the long term; 
─ incorrect estimating of future cash flows may, as a consequence, lead to the wrong 

investment decision; 
─ it provides for a constant level of discount rate throughout the project implementa-

tion period which, in turn, increases the risk;  
─ difficulties in setting the optimal discount rate. 

The main disadvantages of the IRR are that it sometimes gives unrealistic income 
rates and incorrect answers to the question of which of the two alternative projects 
should be chosen, especially if they differ in scale and duration of implementation. 
The significant disadvantages of the PP method are that it does not take into account 
the cost of invested capital [25, 26]. 

It is necessary to distinguish between the financial attractiveness of an individual 
project and the financial attractiveness of the enterprise that aims to implement this 
project, if it is an existing enterprise, and compare all the key points of such an enter-
prise with the key points of the investment project [27, 28, 29]. 

The complexity of the calculation of indicators and the need to take into account a 
large number of evaluation parameters requires the creation of an appropriate mathe-
matical model and method of its formalization to estimate the level of investment risk. 
This approach allows a combination of the most accurate models for assessing the 
probability of bankruptcy of the investment object and the effectiveness of the in-
vestment project [30, 31, 32]. 



3 Formal problem statement 

To estimate the investment  RX F→ 1*  risk it is necessary to take into account 
a large set of input parameters X*, output parameters R and their mapping function. 
The authors propose to decompose a complex investment problem into a sequence 
of simpler problems so that the solution of any lower-level problem determines 
certain parameters in the higher-level problem. The solution of the complex prob-
lem of investment risk estimation becomes possible when the solutions of all low-
er-level subtasks are obtained.  

4 Building the structural and mathematical models of 
investment risk assessment 

The peculiarity of the investment making decision process is the consistent implemen-
tation of the functional F. The task of the investment project risk estimation is to 
choose an adequate solution R from a set of decisions − possible levels of risk of the 
IP – Rj, nj ,1= . The authors propose to make a choice based on the classification of 
investment objects according to investment strategies on the basis of a set of Х eval-
uation parameters Хi, li ,1= . 

Taking into account all the above factors we offer the following general mathemat-
ical model for investment risk estimation: R = {Х*, X, Y, F1, F2, F3},where Х*={x*b} – 
is the set of primary input parameters, kb ,1= ; X={Xi} – set of evaluation parame-

ters, li ,1= ; Y={Yj} – generalized set of investment decisions, nj ,1= ; R={Rj} – 

generalized set of investment decisions nj ,1= ; F1 : Х*→ Х – function of transfor-
mation of primary input parameters into evaluation parameters of model; F2 : Х→ Y – 
generalization function; F3 : Y→ R – function of classification of investment objects 
according to investment strategies. 

To obtain the final result − risk level − R based on the set of primary input parame-
ters X* it is necessary to implement the above functions in the following sequence 

RYXX FFF →→→ 321* . 
Thus, the authors propose such a structural model of the process of estimation the 

level of investment risk which is shown in Fig. 1. 
The proposed structural model allows classifying IP according to three investment 

strategies which correspond to the following values of risks Rj: R1 − minimum level 
of risk: investment is appropriate; R2 − medium level of risk: investment is possible in 
case of application of risk reduction methods; R3 − high level of risk: investing is 
impractical. 

The proposed structural model allows classifying IP according to three investment 
strategies which correspond to the following values of risks Rj: R1 − minimum level 
of risk: investment is appropriate; R2 − medium level of risk: investment is possible in 



case of application of risk reduction methods; R3 − high level of risk: investing is 
impractical. 

 
Fig. 1. Structural model of the investment risk estimation process 



Using the method of pairwise comparisons Saati on the basis of questionnaires of 
employees of credit analysis departments of banking institutions in Vinnytsia was 
substantiated the limit values of evaluation indicators according to which you can 
divide the range of values of each of 10 evaluation parameters into three ranges: L − 
low, M − medium and H − high characteristic level of the indicator (Table 1). 

Table 1. Ranges of change of estimation parameters Xi 

Param-
eter 

Name of parameter 
Ranges of change 

of parameter 
Characteristic level of 

parameter 

Х1 Beaver’s coefficient 
< 0,2 Low 

[0,21 − 0,4] Medium 
> 0,41 High 

Х2 Altman’s Z-Score 
< 1,8 Low 

[1,8 − 2,99] Medium 
> 3,0 High 

Х3 Profitability of sales 
(0 − 1,0] Low 

[1,1 − 1,4] Medium 
> 1,5 High 

Х4 Coefficient of solvency 
(0 − 1,0] Low 

[1,1 − 2,0] Medium 
> 2,1 High 

Х5 Coefficient of independence 
(0 − 0,3] Low 

[0,31 − 0,7] Medium 
0,71 і більше High 

Х6 
Level of professionalism of 

the investment object 

(0 − 4] Low 
[5 − 8] Medium 
[9 − 12] High 

Х7 
Decency of the object in-

vestment 

(0 − 4] Low 
[5 − 8] Medium 
[9 − 12] High 

Х8 NPV 
< 0 Low 

(0 − 500] Medium 
> 501 High 

Х9 IRR 
(0 − 15] Low 

[16 − 30] Medium 
> 31 High 

Х10 PP 
> 7 Low 

[3 − 7] Medium 
< 3 High 



5 Formalization of the mathematical model of the investment 
risk estimation process  

With the development of artificial intelligence systems and computerized information 
processing tools it becomes possible to productively solve the problem of investment 
risk estimation. Many experts in this field believe that neural network technologies 
are aimed at solving classification problems. Thus, the classification of investment 
entities and investment projects by level of risk is considered by the authors of the 
article as one of the successful applications of neural networks. 

The most productive means of neural technology for investment risk estimation is 
the Hamming network. It was developed by Richard Lippman in the middle of 1980’s 
[21-23]. The Hamming network implements a classifier based on the smallest error 
(Hamming distance) for binary input vectors which the authors of the article offer to 
describe the values of the evaluation parameters of the investment object. The Ham-
ming distance is defined as the number of bits that differ between the two correspond-
ing input vectors of fixed length. The first input vector is a quiet example − reference 
image − a training investment project, the other is a distorted image − any investment 
entity. The authors consider the vector of outputs of the educational set as a vector of 
classes − levels of risk which can be characterized by images − investment projects. 
In the process of learning the input vectors are divided into categories − the resulting 
solutions for which the distance between the sample input vectors and any input vec-
tor is minimal. 

The choice of the Hamming network among other similar networks is due to its 
following advantages. It implements the optimal minimum error classifier if the input 
bit errors are random and independent. A smaller number of neurons is required for 
the Hamming network to function because the middle layer requires only one neuron 
per class, instead of a neuron for each input node. Finally, the Hamming network is 
free of incorrect classifications that may occur, in particular, in the Hopfield network. 
In general, the Hamming network is both faster and more accurate than the Hopfield 
network and many other classification networks. 

Therefore, to formalize the processes of mapping the set X* to the set R of initial 
solutions − risk levels Rj the authors of the article propose to use the Hamming neural 
network. We implement the structural model of the investment risk estimation process 
built on the basis of the Hamming neural network as shown in Fig. 2. 

With the help of expert data and the spectral method of processing expert infor-
mation 5 reference images of Ep for the neural network were substantiated. They cor-
respond to three levels of investment risk Rj (Table 2). Sets 1 and 2 describe an in-
vestment strategy with R1 risk, sets 3 describe a strategy with R2 risk and sets 4 and 5 
describe a strategy with R3 risk. 

It’s known that the Hamming network works with the numerical values «1» and   
«-1» [21−23], so after obtaining the levels of indicators (high, medium, low) the au-
thors to apply the Hamming algorithm propose to encode the values of indicators in 
ordinary binary code. The code format should consist of two digits which allows you 
to encode 4 (22 = 4) possible values of the evaluation parameter. Note that the in-



vestment project is characterized by only three strategies )3,1( =jRj at the output of 

the model, i.e. there is a need to encode only three levels of indicators: low level of 
indicator (-1-1), medium (-1 1), high characteristic level of indicator (1 1). 

 
Fig. 2. Hamming network architecture for 24 input elements and 5 standards 

Table 2. 5 reference images Ep for investment strategies )3,1( =jRj  

№ standard Х1 Х2 Х3 Х4 Х5 Х6 Х7 Х8 Х9 Х10 Rj 
1 -1-1 -1-1 -1-1 -1-1 -1-1 -1-1 -1-1 -1-1 -1-1 -1-1 

1 
2 -1-1 -1-1 -1-1 -1-1 -1-1 -1 1 -1 1 -1 1 -1 1 -1 1 
3 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 2 
4 1 1 1 1 1 1 1 1 1 1 -1 1 -1 1 -1 1 -1 1 -1 1 

3 
5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

After the construction of the network a vector of coded 20 values of 10 evaluation 
parameters Хі (which characterize the investment attractiveness of a particular enter-
prise) is fed to its entrance. 

The neural network identifies the standard that is closest to the vector fed to its in-
put. The number of this standard Ep allows you to classify the resulting decision to 
assign the appropriate level of risk )3,1( =jRj . 



Therefore, the method of formalization of the proposed mathematical model for es-
timating the level of investment risk by means of the Hamming neural network is as 
follows: 

1. The input is given the values of the primary indicators )23,1(* =bX  which are 

used to calculate the evaluation parameters )10,1( =iX i  based on the relevant 
dependencies. 

2. The values of the evaluation parameters Х1…Х10, using the appropriate ranges of 
values presented in table 1, are described by a specific characteristic level (L − 
Low, M – Medium, H − High). 

3. Each evaluation parameter described by a certain characteristic level is assigned a 
corresponding binary code. 

4. The input vector of the Hamming network have to be formed (coded combination 
of 20 digits «1» and «-1»). 

5. The Hamming neural network identifies the closest to the input vector standard 
among those described in table 2, the number of which is issued at the network 
output. In this case, each of the standards corresponds to a certain level of invest-
ment risk Rj. 

Thus, with the help of the above method it becomes possible to unambiguously 
classify the object of investment, determine its investment strategy, level of risk and 
decide on the feasibility of investing.  

6 Implementation of the model 

Consider the process of investment risk estimation in the mathematical model pro-
posed by the authors, formalized using the apparatus of the Hamming network, on the 
example of «Enterprise №1». 

For the computer implementation of the proposed Hamming network, the authors 
of the article have developed a corresponding software product «INVESTOR» based 
on which the value of the parameters Xi was calculated (as illustrated in Fig. 3) to 
estimate the level of investment risk of  «Enterprise №1». 

Based on the developed software product «INVESTOR», the values of the parame-
ters Xi, the linguistic terms corresponding to them, as described in table 1, as well as 
the corresponding Hamming codes given in table 2, were evaluated. We reduce all 
these data to the table 3. 

This input signal (20-digit Hamming code provided in table 3) was applied to the 
input of the Hamming neural network which on the basis of the compiled software 
product identified the nearest input vector standard (among those described in table 
2), the number of which was obtained at the output. 



 
Fig. 3. Screen form «INVESTOR» for entering parameters х*b  to evaluate parameters Xi 

Table 3. Values and coding of parameters Хi for «Enterprise №1» 

Xi Value Term 
Code of the Hamming net-

work 
X1 0,875 H 1 1 
X2 13,37 H 1 1 
X3 1,27 M -1 1 
X4 16,8 H 1 1 
X5 0,95 H 1 1 
X6 10 H 1 1 
X7 High H 1 1 
X8 1355 H 1 1 
X9 28 M -1 1 
X10 3,3 M -1 1 

Thus, the level of investment risk of «Enterprise №1» which is described by a coded 
set of values − 20-digit code (see table 3) − using the software product «INVESTOR» 
is evaluated by the standard №4. That is, the level of investment risk of this business 
entity is minimal (see table 2). 

Similarly for another 14 analyzed enterprises using the software product 
«INVESTOR» were formed input vectors of the Hamming network (coded combina-
tion of 20 digits «1» and «-1») as indicated in table 4. It was identified the closest to 
the input vector standard among those described in table 2, the number of which is 
issued at the network output. This number uniquely identifies the investment decision 
for a particular entity (Table 4). 

Thus, each investment decision corresponds to a certain level of investor risk 
)3,1( =jR j  for each of the analyzed companies. Reference numbers №1, №2 corre-

spond to a high level of risk − R3, therefore investing in such an object is impractical; 
standard №3 corresponds to R2 − the average level of risk, investment is possible in 
the case of risk reduction methods; the numbers of standards №4, №5 correspond to 



R1 − the minimum level of risk which indicates the feasibility of investing in such an 
object. 

Table 4. Coding of evaluation parameters Хі and determination of Rj solution based on Ham-
ming neural network for 15 business entities 

Business entities 

Evaluation parameter 
Х1 Х2 Х3 Х4 Х5 Х6 Х7 Х8 Х9 Х10 
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Enterprise №1 1 1 1 1 -1 1 1 1 1 1 1 1 1 1 1 1 -1 1 -1 1 4 R1 
Enterprise №2 -1 1 -1 1 -1-1 -1-1 -1-1 -1 1 -1 1 1 1 1 1 1 1 3 R2 
Enterprise №3 -1-1 -1-1 -1-1 -1 1 -1 1 -1 1 1 1 -1 1 -1 1 -1 1 2 R3 
Enterprise №4 -1 1 1 1 -1 1 -1 1 -1 1 1 1 1 1 -1 1 -1-1 -1-1 3 R2 
Enterprise №5 -1 1 -1 1 -1 1 -1 1 -1-1 -1-1 -1-1 -1-1 -1-1 -1-1 1 R3 
Enterprise №6 1 1 1 1 1 1 1 1 -1 1 -1 1 1 1 1 1 -1 1 1 1 5 R1 
Enterprise №7 -1-1 -1-1 -1-1 -1-1 -1-1 1 1 -1 1 1 1 1 1 1 1 2 R3 
Enterprise №8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1-1 -1-1 -1-1 4 R1 
Enterprise №9 -1 1 -1 1 -1 1 -1 1 -1-1 1 1 1 1 -1 1 -1-1 -1 1 3 R2 

Enterprise №10 -1-1 -1 1 -1-1 -1-1 1 1 1 1 1 1 -1 1 -1 1 -1-1 4 R1 
Enterprise №11 1 1 1 1 1 1 1 1 -1-1 -1-1 -1-1 1 1 1 1 -1-1 4 R1 
Enterprise №12 1 1 1 1 -1 1 1 1 -1-1 -1 1 -1 1 1 1 -1 1 -1-1 3 R2 
Enterprise №13 -1 1 -1 1 -1-1 -1 1 1 1 1 1 1 1 1 1 -1 1 -1 1 3 R2 
Enterprise №14 1 1 1 1 -1-1 1 1 -1 1 -1 1 1 1 -1 1 -1-1 1 1 1 R3 
Enterprise №15 1 1 1 1 1 1 1 1 -1 1 -1 1 -1 1 -1-1 -1-1 1 1 2 R3 

The results obtained for the analyzed 15 enterprises on the basis of the author's ap-
proach were compared with the results obtained for these enterprises according to 
traditional approaches − models of Lis’s and Taffler's bankruptcy forecasting as well 
as the method of «Raiffeisen Bank Aval». This allowed proving the adequacy and 
verifying the mathematical model built by the authors. In contrast to traditional ap-
proaches the approach proposed by the authors allows much more accurate and faster 
with the help of appropriate software to estimate investment risk. 

7 Conclusions 

The conceptual approach proposed by the authors has significant advantages over 
existing alternative methods: 

(1) accuracy of estimation; 
(2) taking into account a wide range of different evaluation parameters; 
(3) speed; 



(4) the ability of self-learning. 

Using the proposed mathematical model of investment risk estimation (formalized 
using the Hamming network) allows to eliminate errors in evaluating the investment 
project, take into account a wide variety of different primary indicators, investor re-
quirements for profitability and payback period project, conduct a simultaneous as-
sessment of bankruptcy, reduce the time to make a final decision on the feasibility of 
investing. 

The main scientific result of the study is the development of conceptual founda-
tions for the formalization of the process of estimation the investment risk level by 
means of mathematical and computer modeling based on neural network technolo-
gies. 

The methodological approach to investment risk estimation has been improved 
which, unlike existing approaches, allows using Hamming neural network to accu-
rately and reasonably identify project risk and assess the feasibility of investing, re-
duce the cost of such process and allows self-learning specialized network. 

The structural hierarchical model of the investment risk estimation process has 
been improved which carries out its decompositional division and simplifies the for-
malization on the basis of the mathematical apparatus of the Hamming neural net-
work. It also allows to simultaneously assessing the financial ratio of the entity and its 
proposed investment project. 
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