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Abstract 
The management problem is especially important due to the risk of enterprise bankruptcy under a market 

economy. Management by a business risk and to economic stability and safety of enterprise. Now, different 

methods are used in order that to prevent enterprises’ bankruptcy on the basis of prognoses and safety of risk 

methods, among from that, maybe, would be marked the following to those: method of DuPont, model of 

Altman, model of Olson, statistical methods well-known as the “Winnings” methods. The practical use of 

these models gave us a high result in case of small and middle enterprise. In every model the used discoveries 

are undertaken from the documents of the official financial reporting. 

The article analyzes mathematical methods and algorithms used to evaluate financial stability of an 

enterprise, such as the Altman Z-Score model. The models are designed to evaluate enterprise bankruptcy 

risks. The central concept is evaluation of the enterprise bankruptcy risk and presentation of an automated 

risk calculation system. 

 

 

Introduction 

In order to evaluate the enterprise bankruptcy 

risk it is needed to use logical probability modeling 

to check validity of the hypothesis regarding the 

structure and nature of the integrated enterprise 

financial status indicator, i.e. to select relevant eco-

nomic indicators and prove the possibility to evalu-

ate financial status of an enterprise using these: 

1. Calculate reliability / unreliability of each indi-

cator and combination thereof in case of possi-

ble financial statuses of an enterprise based  

on the logical relations between the selected  

economic indicators. 

2. Show the impact of the weighted share of each 

indicator and a combination thereof has on the 

anticipated financial status. 

3. Calculate the risk of financial instability and  

develop measures for its elimination. 

4. Use the modeling approach to select the optimal 

scenario for financial development of the enter-

prise and use such scenario to monitor financial 

stability of the organization. 

5. Use the actual data to evaluate financial stability 

and forecast the bankruptcy risk. 

Now, different methods are used in order that to 

prevent enterprises’ bankruptcy on the basis of 

prognoses and safety of risk methods, among from 

that, maybe, would be marked the following to 

those: method of DuPont, model of Altman, model 

of Olson, statistical methods well-known as the 

“Winnings” methods. The practical use of these 

models gave us a high result in case of small and 

middle enterprise. In every model the used discov-

eries are undertaken from the documents of the 

official financial reporting. 

Contents 

Enterprise bankruptcy risk is evaluated using 

Altman 5-factor model. The indicator calculated 

using the Altman model above is: 

 54321 6.03.34.12.1 KKKKKZ   (1) 

where: 

K1 – Working Capital / Total Assets; 

K2 – Retained Earnings / Total Assets; 
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K3 – Earnings before Interest and Taxes / Total 

Assets; 

K4 – Market Value of Equity / Book Value of 

Total Liabilities; 

K5 – Sales/ Total Assets.  

Altman model defines probability of bankruptcy 

using the following scale (Table 1). 

Table 1. Probability of bankruptcy 

Z 
Probability of 

bankruptcy 
Z 

Probability of  

bankruptcy 

Z < 1.8 Very high 2.71 < Z < 2.99 Medium 

1.8 < Z < 2.7 high Z > 3 Low 

 

In authors’ opinion at prognostication bank-

ruptcy effectively calculation of Z – score by means 

of logic – probability model should be used. 

As already mentioned above, a logical probabil-

ity model is developed using 4 stages: 

1. Definition of the question, development of a 

structural design of the system. 

2. Definition of the logical function. 

3. Definition of the polynomial of the probability 

functional. 

4. Calculation of probabilities for the system indi-

cators. 

1. Development of the structural design 

The Altman model presents evaluation of  

probability of bankruptcy in the form of a system 

comprising 5 indicators. Relations between these 

indicators can be schematically represented as 

shown in figure 1. 

2. Definition of the logical function 

Let us assume the logical function for an opera-

tional status of the system that is represented in the 

shortest manner: 
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Define Bull difference by X1 argument. As a re-

sult of transformations we will receive the value of: 

 

543

542

32

xxx

xxx

xx

 (3) 

Let us represent it as a function of probability 

using the following formula: )1)5((  XZP
xix

. Let 

us then use the orthogonalization method described 

above. 
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In accordance with the logical probability 

method it is a necessary and sufficient condition 

that: 1,5 iQR ii ,5.0 .  

According the calculation, the weight of iX  

will be 375.0
1
xg . This results from the Altman 

Model. According to Altman model any economic 

indicator in the model is important for: 

X2 is higher than its  

allowed value – R2 

X3 is higher than its  

allowed value – R3 

X4 is higher than its  

allowed value – R4 

X1 is higher than its  

allowed value – R1 

X3 is lower than its  

allowed value – Q3 

X4 is lower than its  

allowed value – Q4 

X1 is lower than its  

allowed value – Q1 

X5 is higher than its  

allowed value – R5 

X5 is lower than its  

allowed value – Q5 

X2 is lower than its  

allowed value – Q2 

Fig. 1. Relations between the indicators used by the Altman 

model 
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Let’s transfer the equation into the Orthogonal-

normal dysfunctional function:  
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3. Definition of the probability polynomial 

The transformations will yield the polynomial: 

 
5432 2522 RRRRR   (13) 

4. Calculation of the probabilities for system 
indicators 

It presents: 1) share of each economic indicator 

gx1 in the financial stability of an enterprise; 

2) value of the economic indicator in defining reli-

ability of the system. 

Table 2. Calculation of the probabilities for system indicators 

Xi Ri Qi ix
g  

Ri = 0.5 

i

c

R

R




 ix

B  ix
Y  

Range 

ix
R  

ix
Y  

X1 0.90 0.10 0.375 0.1967 0.177039 0.01967 2 2 

X2 0.80 0.20 0.375 0.1010 0.080824 0.02020 3 1 

X3 0.70 0.30 0.375 0.5070 0.035469 0.01521 5 3 

X4 0.95 0.05 0.375 0.2940 0.279319 0.01470 1 4 

X5 0.99 0.01 0.125 0.0541 0.053559 0.00054 4 5 

Where: Ri – probability of reliability for Xi indicator; Qi – 

probability of unreliability for Xi indicator; 
ix

B  – role of Xi 

indicator in reliability of the system (the weighted share of the 

indicator in the improvement of system reliability); 
ix

Y  – role 

of Xi indicator in the worsening of system reliability. 

 

The xi share calculated above (Table 2) enables 

us to study reliability of the system when initial 

probabilities regarding reliability / unreliability of 

the system are not available. 

The weight of an element is calculated as: 
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The bigger the weighted share of the xi element, 

the higher its role in the probability of system reli-

ability. 

It can also calculate the weighted share for pairs 

of elements when 1,5 iQR ii ,5.0 . 

The highest uncertainty of the element status, 

i.e. dispersion is equal to 0.25. Table 3 shows that 

the pair x2x3 is the most uncertain. 

It follows from our calculations that the value of 

x4 has a higher share compared to other indicators 

in the evaluation of enterprise bankruptcy risk. In 

the Altman model there is: 

4X  

Meanwhile, we are dealing with a paradox with 

regard to the pairs that the worst and most unreli-

able pair is the combination of x2x3, which, in our 

opinion, requires additional research. 

Table 3. Weight of pairs 

Pairs )(ij
cR  ji xxB   )(

11
ij
cR  ji xxY   

x1, x2 0.0000001 0.965000 0.985000 0.020241 

x1, x3 0.760000 0.205000 1.000000 0.015241 

x1, x4 0.554400 0.410400 0.999400 0.034641 

x1, x5 0.760000 0.204800 0.985000 0.020241 

x2, x3 0.846000 0.846000 0.999950 0.352410 

x2, x4 0.630000 0.334800 1.000000 0.015241 

x2, x5 0.630000 0.334800 0.985000 0.020241 

x3, x4 0.0000001 0.964800 0.980000 0.035241 

x3, x5 0.760000 0.204800 0.980000 0.025410 

x4, x5 0.630000 0.334800 0.980000 0.0351190 

 

Field the receipt of such results is needed calcu-

lations a few different scenarios. On it we created 

the mini automated program for the calculation of 

risk of bankruptcy, in the algorithm of that there is 

a logical probability method. The enterprise bank-

ruptcy risk evaluation package is a part of a pro-

gram designed to financially analyze an enterprise. 

We have not aimed at analyzing algorithms used to 

calculate indicators of financial analysis. They are 

defined by the ratio method, using the available 

algorithms of direct calculation. Therefore, our 

attention has been focused on the structure, opera-

tional modes and specificities of the financial 

evaluation and forecast package that uses the logi-

cal probability method. The program is divided into 

below described stages. 

Tasks 1–4 are realized at the financial planning 

stage, and the last two tasks are solved based on the 

actual data and therefore, they are realized in the 

real time. The first three are accessory, and yet, 

necessary tasks. Their solutions are used to realize 

Chartered capital + additional capital 

assets 
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Task 4 (Modeling Financial Status of an Enterprise) 

of the primary research objective. Results of the 

task allow us to develop possible development 

strategies for the enterprise and evaluate them using 

definite criteria, as well as plan measures to finan-

cially strengthen the enterprise. They also make it 

possible to check validity of various hypotheses 

regarding financial development of the enterprise, 

i.e. show its possible financial statuses under vari-

ous financial and economic scenarios. Outcomes of 

tasks 5 and 6 will help us evaluate and forecast 

financial status of the enterprise using the actual 

values; while task 7 aims at combining the esti-

mated values using actual values with the values we 

selected at the modeling stage. This will enable us 

to develop a program of measures to approximate 

financial situation with the scenario selected at the 

modeling stage (Fig. 2).  

 

Fig. 2. The general structure of the program package 

In order to solve the task “Calculation of prob-

abilities of events for allowed values of each eco-

nomic indicator covered by the complex financial 

stability evaluation indicator” it is necessary to 

solve the following tasks (Fig. 3). 

Probability of indicator reliability (acceptance of 

allowed values) and unreliable (values less than the 

allowed values) values is calculated. These data are 

used to calculated the weighted impact of an indica-

tor on system stability. According to the algorithm, 

possible indicator combinations are calculated for 

system indicators. These are further used to select 

combinations that are logically allowed (Fig. 4). 

 

Fig. 3. Program package for calculation of probabilities of 

events for allowed values of each economic indicator covered 

by the complex financial stability evaluation indicator 

 

Fig. 4. Calculation of scales of influence of factors 

Structure of the program package calculating 

impact of allowed value probabilities for each eco-

nomic indicator. 

Results of the calculations allows us to define 

conditions needed for a system to operate in a sta-

ble manner. To this end, shortest ways for a finan-

cially stable operation of the enterprise are calcu-

lated and orthogonalization is used to choose one 

shortest way from the multitude of the selected 

ways (Fig. 5). 

 

Fig. 5. Program package evaluating financially stable operation 

mode for an enterprise 

Detection of the shortest 

ways to a financially 

stable operation of an 

enterprise (SFDI) 

Definition of financially stable operation  

of an enterprise (SFD) 

Selection of one acceptable 

shortest way from the multi-

tude – definition of system 

reliability using 

orthogonalization method 

(SFD2) 

Calculation of the impact indicator triplets have  

on the stability of the system (FZ3) 

Calculation of impact  

any indicator has on  

the stability of the  

system (FZ1) 

Calculation of the weighted impact of allowed  

value events for each economic indicator on  

the financial status of an enterprise (FZ) 

Calculation of the  

impact indicator pairs 

have on the stability of 

the system (FZ2) 

Calculation of probabilities of events for allowed 

values of each economic indicator covered by the 

complex financial stability evaluation indicator (EDA) 

Calculation of weighted 

impact of an indicator 

on system stability 

(EDA2)  

Calculation of indicator 

reliability probability 

(EDA1) 

Calculation of indicator 

reliability probability 

(EDA3) 

Selection of logically allowed combinations 

from the total number of possible combinations 

of system indicator statuses (EDA5) 

Calculation of the num-

ber of possible combina-

tions of system indicator 

statuses (EDA4) 

Structure of program package used to evaluate financial 

stability of an enterprise based on logical probability 

method (LAM)  

Calculation of probability impact 

of events for allowed values of 

each economic indicator on the 

financial status of an enterprise 

(EZ) 

Evaluation of Financial 

status of an entreprise 

based on actual data 

(FMS) 

Calculation of probabilities of 

events for allowed values of each 

economic indicator covered by 

the complex financial stability 

evaluation indicator (EDA) 

Establishment of a financially 

viable mode for an enterprise 

(SFD) 

  

 

Estimation of financial 

status of an enterprise 

based on actual data 

(FMP) 

Development of enterprise 

development strategies based 

on scenario model (SCS) 
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Detailed structure of the program package 

evaluating financial stability of an enterprise based 

on logical probability model may be represented in 

the following manner (Fig. 6). 

 

Fig. 6. Structure of the program package evaluating financial 

stability of an enterprise based on logical probability model 

After defining the conditions necessary and suf-

ficient for an enterprise to operate in a financially 

stable way it is possible to model financial status of 

an enterprise under various assumptions (hypothe-

ses), evaluate results of each hypothesis, select the 

acceptable versions (including taking into account 

an expert’s conclusion) and develop a package of 

organizational and technical measures needed to 

achieve the objectives. Modeling is realized using 

the scenario method.  

Universal scenario-modeling program package 

is integrated in Excel (Scenario). It is needed to 

adapt it taking into account specific conditions of 

a given task and make it possible to launch it when 

developing the software. 

Modeling of planned decisions based on the 

scenario principle is a representation of centralized 

planning and management system. The mechanism 

used to formulate a realized plan in Excel is effec-

tively used in the formation of strategic and current 

plans of a company. 

The essence of a scenario-modeling of financial 

status of an enterprise is the following. A task is 

recommended to be solved by the software. How-

ever, its solution without a program drawn in  

advance is also possible. In such case the task will 

be solved in a semi-automated manner. Let us look 

at both modes. In both modes various scenarios of 

financial stability of an enterprise is calculated our 

polynomial formula. In the first scenario, in order 

to carry out multivariant calculations using the Sce-

nario software, we input initial values into the cells 

selected in advance. The formula is written in the 

cell that is to produce the result. In our case, on the 

page called “sheet” we select the range with the 

initial data and select Tools / Scenarios. A dialogue 

window will appear (Fig. 7). 

 

Fig. 7. Dialogue window after Tools/Scenarios has been 

clicked 

Clicking on the OK in the dialogue window will 

produce another dialogue window (Fig. 8). In the 

Scenario Name field we write the title of the plan 

scenario. In the Changing Cells field the system has 

already written the address of the range we se-

lected, including values of the variable indicators. 

After clicking the OK button another dialogue 

window will appear (Fig. 8) where we will write 

estimated values of the variables. After clicking the 

Add button, we will again see the dialogue window 

entitled Scenario Manager. Input the plan scenario 

title and click the OK button. Write new values of 

the variables in the Scenario Values window, etc. 

After plan scenarios have formed it has to click  

the Summary button. A new sheet under the name 

Scenario Summary will be created showing results 

of multivariate calculations. 

 

Fig. 8. Dialogue window to input variable values 

The Scenario Manager window shows names in-

stead of cell addresses. Names are written in case 

EDA SFD FZ 

EDA1 

EDA2 

EDA3 

EDA4 

FZ1 

FZ2 

FZ3 

SFD1 

SFD2 

LAM 

S C S FMS FMP 

EDA5 
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cells are given names. In order to give a name to 

a cell or range is has to select Insert / Name / De-

fine and write a name in the dialogue window that 

appears. 

Below it can find a program developed  

by authors, which carries out multivariant calcula-

tions using the Scenario software. The software 

focus in this case is on the calculation of a multi-

variant plan. 

Let us make a 5-column, 2-row table on the 

Sheet page. 

Range 2:2 shows initial values of the variables, 

while Cell E2 contains the calculation formula. Let 

us design a form that will write the initial values. In 

order to write a change in the value with a definite 

step size we will use the Spinbutton element (Table 

4). 

Table 4. The management elements on the form and their 

functions 

Element Program name Function 

SpinButton SpinButton1 
modify X1  

probability values 

SpinButton SpinButton2 
modify X2  

probability values 

SpinButton SpinButton3 
modify X3  

probability values 

SpinButton SpinButton4 
modify X4  

probability values 

SpinButton SpinButton5 
modify X5  

probability values 

SpinButton SpinButton6 
modify X6  

probability values 

SpinButton SpinButton7 
modify X7  

probability values 

SpinButton SpinButton8 
modify X8  

probability values 

CommandButton CommandButton1 Launch the program 

Label  Labeling 

Conclusions 

The programs are written in the form program 

module. The declaratory part thereof shows the 

changes used by various programs in the module.  

To the article a fragment is driven by us to the 

created CAS of management of process of estima-

tion of risk of safety of bankruptcy of enterprise. 
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