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1. Introduction

Transition to the project-oriented management of enter-
prises with regard to international principles about the or-
ganization of production is carried out through the creation, 
implementation and improvement of informational tools for 
supporting the processes of project initiation [1]. In many 
businesses and organizations, a significant share of their 
activities has a project character, especially in the provision 
of safe working conditions [2].

Initiation of projects on safety is based on comprehen-
sive assessment of the level of hazard of industrial objects. 
Decision making on the initiation of projects implies an 
assessment of working conditions and the implementation 
of certain measures to improve labor protection. These 
measures define the needs for new equipment, technology, 
and technical-engineering means of safety. In this case, the 
problem of resolving social and everyday problems is always 
taken into account [3].

Two constituents predetermine the relevance of re-
search presented in the article. First, an information-an-
alytical management system is developed for the organi-
zational-technical object, which engages the enterprise’s 
employees in the management contour. Second, by applying 
a Markov model, we perform an assessment of the level of 
perfection of the object that makes it possible to solve the 
task on improving production system through the initiated 
projects.

2. Literature review and problem statement

The difficulties in the initiation and management of 
projects in organizational-technical systems are caused by 
the existence of a set of factors and their mutual depen-
dence [4]. Such systems lack models and methods for the 
representation of information about the dynamics of pro-
cesses [5]. The turbulence of environment and variability in 
the nature of processes over time does not allow us to select 
and examine in detail individual elements of the system 
[6]. The indicated peculiarities predetermine a necessity 
for studying phenomena in the organizational-technical 
systems, not by separate elements but for the project as 
whole [7].

Due to the indicated peculiarities, projects are weakly 
structured systems [8]. A set of factors of the system creates 
a complex “web” of connections and states, causes and con-
sequences that change over time [9]. The development and 
progress of projects in such multifactorial weakly structured 
system is not deterministic. Therefore, for the description 
and simulation of trajectory of the development of projects 
in the phase space of probabilities of states, it is proposed 
to apply phenomenological models [10]. The class of phe-
nomenological models includes Markov chains that allow 
representation of the connection between the output and 
input parameters without taking into account the physical 
essence of processes in the system. Markov chains reflect 
the structure of projects and are “configured” for certain 
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projects through determining the transition probabilities 
between states based on practical data [11].

A formation of the modern paradigm for creating con-
ditions of safety in industry is due to the adoption by inter-
national community of a series of international standards in 
the field of quality management, labor safety, environmental 
management and social responsibility [3]. Over the last few 
years, the problems on creating safe working conditions have 
become a popular subject of research and practical applica-
tions in the world. A search within the scientific-metrical 
base Google Academy for key words “Occupational health 
and safety projects” revealed hundreds of millions of web 
pages (Table 1).

Table 1

Number of web pages when searching within Google 
Academy for key words “Occupational health and safety 

projects”

Search attributes by key words
Search 

language
Number of web 

pages, mln.

(Occupational health and safety 
projects) & USA

en 110,1

भारत में आजीवन सीखने (India) in 56,3(1)

(Occupational health and safety 
projects) & India

en 16,4(1)

(Occupational health and safety 
projects) & England

en 76,7

(Occupational health and safety 
projects) & China

en 33,4(2)

终身学习在中国 (China) cn 1,46(2)

(Occupational health and safety 
projects) & Germany

en 29,9(3)

(Arbeitssicherheit und  
Gesundheit) & Deutschland

de 0,369(3)

(Projets en santé et sécurité au  
travail) et en France

fr 26,6

(Occupational health and safety 
projects) & Japan

en 25,3(4)

労働安全衛生プロジェクト(Japan) jp 6,37(4)

(Occupational health and safety 
projects) & Russia

en 18,3

(Occupational health and safety 
projects) & Korea

en 16,2

(Proyectos de salud y seguridad en 
el trabajo) & España

es 10,4

(Occupational health and safety 
projects) & Indonesia

en 8,11

(Occupational health and safety 
projects) & Ukraine

en 6,19(5)

(Проекти з охорони праці) & 
Україна

ua 1,2(5)

(Projets en santé et sécurité au  
travail) & Kanada

fr 3,08(6)

(Occupational health and safety 
projects) & Kanada

en 1,43(6)

Note: (N) – grouped data in different languages for one country N

It is clear that these projects had to be prepared for the 
implementation through their initiation. 

In the case of initiation, an idea of the project is trans-
formed into the vision of the project. It is the vision of 
the project that implies building up a correct model of the 
project, as well as the product of the project. At this stage, 

available methods and means for the transformation of re-
sources into products/services under conditions of existing 
constraints are selected, and requirements to the level of 
competencies of project team are created [12].

Project decisions at this stage are worked out in the co-
operation from all stakeholders of the project [13]. Practical 
transition to the implementation of the project-led manage-
ment with regard to the global nature of the problem should 
be carried out based not on the intuitive solutions, but based 
on the theoretical prerequisites, essence, regularities and 
laws [8, 14].

Resolving contradictions between the requirements to 
the efficiency of systems for the initiation and management of 
projects and tasks on supporting project decision making is 
possible through the use of information systems [15]. Known 
mathematical models do not make it possible to represent 
parameters of the projects that are not available for direct mea-
surement [16, 17]. Research is scientifically and practically im-
portant since it is aimed at solving relevant problem of project 
management. The essence of the problem is in the creation of 
feedback between a managed object and the community of em-
ployees. The feedback is implemented using the surveys from 
the community of employees. This is what enables adjusting 
a Markov chain to the description of a particular object [18].

A representation by using Markov chains of technical 
or social systems is based on the structural and paramet-
ric similarity of the originals of these systems with their 
representations – Markov models [2]. The peculiarities of 
implementing the paradigm of “lifelong learning” were in-
vestigated due to the cognitive properties of Markov chains 
in article [10]. The development of a Markov model for the 
activity of an engineer on labor safety was carried out in pa-
per [11]. Article [14] presents, using a Markov model, an or-
ganizational-technical system of changes in the conditions of 
patients in the projects for the provision of medical services. 
General questions on modeling the project management by 
using a Markov models are highlighted in [16]. One can also 
note the effectiveness of applying Markov models to assess 
quality of an educational institution [18]. The mentioned 
examples are combined by the existence of decomposition of 
the examined systems into certain discrete states with the 
construction of a graph for the transitions between these 
states. The differences in the mentioned models manifest 
themselves in various approaches for determining condition-
al transition probabilities between discrete states. That is, 
the identification of Markov chains with discrete states and 
time to represent various objects is determined by the meth-
ods for computing the transition probabilities [8].

3. The aim and tasks of the study

The aim of the study is the development of informa-
tion-management system for the assesment and initiation of 
projects using a Markov chain.

To achieve the set aim, the following tasks were to be 
solved:

– to develop a model for assessing the level of perfection 
of organizational-technical system based on a Markov chain 
by discrete states that reflecting the degrees of risk of the 
system: R1 – low risk; R2 – medium risk; R3 – high risk;  
R4 – extreme risk;

– to devise a technique for the identification of a Mar-
kov model by conducting a survey that will enable “tuning” 
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the Markov chain to represent the properties of a specific 
object;

– to perform the formalization and improvement in the 
tool provision of the initiation of projects with the construc-
tion of a general basic management scheme, in which Markov 
model is a part of the control loop;

– to explore practical aspects in evaluating effectiveness 
of the initiation and implementation of projects under condi-
tions of actual enterprise.

4. Creating a model for evaluating the level of perfection 
of the production system

Let us accept a hypothesis on that the degree of per-
fection of any production system can be represented using 
a generalized indicator of the system quality, which corre-
sponds to the level of risk that existing within the object. We 
shall understand risk to be the level of uncertainty in events 
or conditions whose occurrence negatively or positively af-
fects the goals of activity [17, 19]. 

The cause of risk occurrence may include a set of factors, 
namely:

– working conditions in the workplace; 
– shortcomings of organizational-technical character;
– external natural factors; 
– psychological climate with the collective;
– engineering and technical means of safety;
– sanitary conditions, etc.
An assessment of the degree of perfection for such sys-

tems, as a rule, can be performed only by using phenome-
nological representations. One of these approaches is the 
application of Markov chains. 

We shall represent a model for evaluating the level of per-
fection in an organizational-technical system in the form of 
four discrete states, which correspond to possible probabilistic 
estimations of the degree in risk of the system: R1 – low risk;  
R2 – medium risk; R3 – high risk; R – extreme risk. To con-
struct a Markov model for the transitions of estimations in the 
risk degree as the states of production systems at an enterprise, 
we shall define basic transitions between these states (Fig. 1).

Fig. 1. Marked graph of a Markov chain that represents the 
levels of perfection in the organizational-technical system 
with transitions of the risk degree assessments between 

states of the system

General solution for a system of equations that describe 
the Markov chain, presented in Fig. 1, can be written down 
in the form [16]:

 (1)

where T is the sign of transposition of columns; πij are the 
transition probabilities. 

The sum of probabilities of all the states pi(k) at each step 
k is equal to unity [18]:

=

=∑
m

i
i 1

p (k) 1,       (2)

where pi(k) is the probability of ith state in step k; i∈ 
∈(1, 2,…, m=4).

By step k we understand a certain controlling influence 
that pushes the system into new state [18]. 

The amount of transition probabilities πij from certain 
state i∈(1, 2,…, m) into other states j∈(1, 2,…, m) is equal  
to unity [14]:

=

π = =∑ 
m

ij
j 1

1, {i 1, 2, , m},    (3)

where m=4 is the number of possible states of the system. 
If one defines all the πij elements in the transition pro- 

babilities matrix and accepts the values of initial proba-
bilities of states {p1(k), p2(k), … p4(k)} in a uniform Mar-
kov chain, the values of probabilities of states {p1(k+1),  
p2(k+1), … p4(k+1)} in the next k+1 step are determined from 
a system of equations (1) that describe the Markov chain, 
shown in Fig. 1. 

Thus, for “tuning” a Markov chain with discrete states 
and time to represent the properties of specific systems, it is 
necessary to determine all πij elements in the matrix of tran-
sition probabilities between various states [8].

5. Technique for the identification of a Markov model by 
determining experimentally the transition probabilities

To perform the set task, we used a method for direct cal-
culation of states Ri based on data on surveys of employees 
(the enterprise “Geleka-M”, Odessa, Ukraine) with the sub-
sequent solution of inverse problem on finding πij values of 
transition probabilities by the Monte Carlo method. At this 
stage, we set the goal to solve the following tasks:

– working out unambiguous questionnaire;
– defining convenient procedure for the survey;
– devising methods for the estimation of error in results;
– determining a sample scope.
The most effective are survey sheets (questionnaires) in 

which responses are reduced to unambiguous simple affir-
mations: Yes/No. The questions in the questionnaire were 
formulated in the following form:

a) how many times did you receive information from dif-
ferent sources regarding labor safety at the enterprise (k);

b) how do you assess risk at the enterprise (please choose 
only one option)

– low risk     (yes);
– medium risk    (yes);
– high risk    (yes);
– extreme risk    (yes).
As a result of the survey, in each questionnaire we obtain 

value of step k and one of the values Ri{i=1, 2, 3, 4}. Process-
ing results of the survey comes down to grouping the results 
by steps k. Then we define experimental values of frequency 
of each state in the form of ratio of the number of separate 
states to the total number of questionnaires in kth group. 

 

π1.2
R4R3R2

π2.3

π4.4π2.2π1.1

π3.2π2.1

R1 π3.4

π4.2

π3.3

π4.3

π1.3

T T

1.1 1.2 1.31 1

2.1 2.2 2.32 2

3.2 3.3 3.43 3

4.2 4.3 4.44 4

0p (k 1) p (k)

0p (k 1) p (k)
,

0p (k 1) p (k)

0p (k 1) p (k)

π π π+
π π π+

= ⋅
π π π+
π π π+
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The values of transition probabilities πij are found by solv-
ing the inverse problem of searching for values of transition 
probabilities by the Monte Carlo method [18]. 

Experimental verification of the questionnaire revealed 
that respondents often were unable to give a specific answer 
to the first question (a). It was therefore proposed to use 
another variant of this question in a fuzzy form:

a) how many times did you receive information from dif-
ferent sources regarding labor safety at the enterprise  (k).

If you do not remember, please choose one of the options:
– I have never heard; 
– several times (to 5); 
– many times (to 10); 
– more than 10 times. 
Respondents answered such questions more confidently.

5. 1. Determining a sample size
The minimum number n of questionnaires that provides 

for the selected accuracy of measurements can be defined by 
accepting normal law of random variables distribution and 
maximum standard error of the estimation. Then, using the 
expressions known from mathematical statistics, one can 
determine the minimum number n of questions that allows 
for the required accuracy of measurement. 

Interval estimation of error in the surveys is carried 
out based on statistical data using confidence probability. 
For the normal data distribution law and extensive sample 
(n>30), total estimating characteristic of measurements is 
variance D and coefficient of variation kv:

=

= s = −
− ∑

n
2 2

i
i 1

1
D (x x) ;

n 1

s
=vk ,

x
 

where xi is the value of parameter that is evaluated, i= 
=1, 2, ..., n; x  is the arithmetic average of the value of the 
parameter. 

Confidence interval describes the interval of values xi, 
which includes true value хd of the measured magnitude with 
the assigned probability рd:

[ ] [ ]= ≤ ≤ = φ − s − φ − s d d

1
p p a x b (b x) / (a x) / ,

2
 

where φ(t) is the Laplace integral function, which is de-
termined by tabular data obtained as a result of solving 
integral:

−

φ =
π ∫

2
it t

2

0

2
(t) e dt.

2

The ratio of magnitude μ=b–x  to the R.M.S. deviation 
σ is the argument of this function:

t=μ/σ,

where t is the security factor. 
If we adopt confidence probability рd (most often, values 

0.9; 0.95; 0.9973 are taken), then the accuracy of measure-
ments (confidence interval 2μ) is determined based on rela-
tion рd=φ(μ/σ). A half of the confidence interval is equal to:

µ = s⋅ ϕ = sdarg (p ) t,  

where arg(рd) is the Laplace function argument, and at  
n<30 – of the Student function. 

Based on the accepted level of significance (1–рd), in the 
case of normal distribution law, one may find nmin sample, in 
which error exceeding the confidence interval will occur not 
more than once:

d
min

d

p
n .

1 p
=

−

In case when рd is equal to 0.95 or 0.9973, this sample 
will comprise 19 and 367 measurements, respectively. We 
accepted confidence probability to be рd=0,95. 

To conduct experimental measurements with the as-
signed accuracy, it is necessary to know the quantity of mea-
surements, at which the specified confidence level рd=0,95 
is ensured. In this case, the task is reduced to establishing 
the minimum sample size Nmin, at the assigned confidence 
interval 2μ and confidence probability. When conducting 
measurements, it is necessary to know their accuracy:

s
∆ = 0 ,

x

where σ0 is the arithmetic mean value of the R.M.S. devia-
tion σ, which is equal to σ0=σ/ n.

The confidence interval of measurement error Δ, similar 
for measurements, is:

sµ = s⋅ φ = s = 0
darg (p ) t .

t n  

In case Nmin=n we shall obtain:

s
= =

s ∆

2 22 2
в

min 2 2
0

k tt
N ,

where kv is the coefficient of variation, %; Δ is the accuracy 
of measurements, %. 

Let us accept that kv=2 % and t=2.0 by Laplace for 
рd=0.95 and find the dependence of volume of the minimum 
sample as a function of accuracy of measurement (curve 1,  
Fig. 2). It is known that the use of this dependence is recom-
mended at n>30 measurements. With fewer measurements, 
they apply the Student distribution. Under the same condi-
tions, let us find the minimum sample, substituting in the 
formula for calculating Nmin, instead of guarantee factor t, 
the value of the Student coefficient αst as a function of the 
number of measurements (curve 2, Fig. 2).

Fig. 2. Dependence of minimum sample Nmin on the assigned 
measurement error Δ

The obtained data allow us to determine required Nmin 
minimum sample size. As follows from Fig. 2, in the case 

 

Δ, %

Nmin

1

2
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of 64 measurements, the expected error is not larger than 
0.5 %. Reduction in the number of measurements leads to 
increased error. As an acceptable interval of error, one may 
select values 0.5...1 %, with a corresponding number of mea-
surements at 64…22. The midpoint of this interval ~0.75 % 
is provided at 30 measurements. We shall note that from the 
data of questionnaire survey, only 3 parameters are to be 
found, while the 4th one, taking into account the fact that all 
the events comprise a full group, will complement their sum 
to unity. That is why it is possible to accept the sample size 
in the quantity of 90 surveys. In this case, the error of values 
of transition probabilities will not exceed 0.75 %.

5. 2. Processing the results of a questionnaire survey
In accordance with the aforementioned rules for con-

ducting a questionnaire survey and the defined quantity 
on the recommended sample, we conducted surveying of 
employees (Table 2).

Table 2

Results of a questionnaire survey

Number 
of step

Distribution of surveyed employees at the 
enterprise by states, the number of respon-

dents (December, 2014)

Total by 
steps, 
those 

surveyedр1 р2 р3 р4

0 0 0 2 0 2

5 2 9 7 6 24

10 5 13 10 8 36

30 4 10 8 6 28

Total 11 32 27 20 90

Based on the obtained experimental data, it is possible 
to assess the level of perfection of the production system in 
the form of probability distribution of states of risk at the 
enterprise (Table 3).

Table 3

Probability distribution of states of risk at the enterprise 
based on a questionnaire survey (December, 2014)

Number 
of step

Probabilities of states of risk at the enterprise

р1(k) р2(k) р3(k) р4(k)
Sum рі(k) 

by steps 

0 0 0 1 0 1,0

5 0,08 0,38 0,29 0,25 1,0

10 0,14 0,36 0,28 0,22 1,0

30 0,14 0,36 0,29 0,21 1,0

The data defined by the questionnaire survey about the 
probability distribution of states of risk reflect the existing 
level of technological maturity of the enterprise [4]. These 
results allow us to define transition probabilities of a Markov 
chain [18]. We shall note that in the case of projects imple-
mentation and production improvement, the assessment of 
risk level by employees will also be reflected in the question-
naire data.

5. 3. Comparison of the obtained experimental data 
with the results of simulation using the developed model 
of a Markov chain

Transition probabilities in the Markov chain were deter-
mined by experts who took into account the peculiarities 
of operation at the enterprise Geleka-M. Results that are 

given in Fig. 3 demonstrate that there is an urgent need for 
the initiation and implementation of a number of projects for 
creating normative (comfortable) conditions of safe work for 
the staff of the enterprise. 

The matrix of transition probabilities of the system is 
determined by experts:

π =i. j 0

0,75 0,15 0,1 0

0,1 0,65 0,25 0
.

0 0,25 0,45 0,3

0 0,15 0,25 0,6

   (4)

The level of perfection of production system in the co-
ordinates of the enterprise risk assessments can be explored 
over several steps, shown in 30 steps for the system devel-
opment trajectory in Fig. 3 where solid lines reflect results 
of the simulation, while bullets mark experimental data  
(Table 3), obtained when surveying the staff at the enter-
prise Geleka-M.

Fig. 3. Comparison of experimental data by questioning and 
results of the simulation in the coordinates of estimates of 

the degree of risk pi(k) and steps k: 1 – low risk; 2 – medium 
risk; 3 – high risk; 4 – extreme risk; рNе {N=1, 2, 3, 4} are 

experimental data

Constructing by transition probabilities (4) using a 
model for the trajectory of development of production sys-
tem and the representation of actual data allow us to draw a 
conclusion on reliability of simulation data. The production 
system is in the region of medium risk (Fig. 3). To improve 
the general level of safety at this enterprise, it is necessary to 
improve organizational component in the activities that deal 
with labor safety.

6. Development of information-management system for 
controlling the initiation of projects using  

a Markov model

The enterprise “Geleka-M” cultivates and produces 
champignons. The number of employees is 180. The initiator 
of projects is the Department of Labor Safety and Environ-
ment Protection. A list of recommended measures on labor 
safety is discussed at the general meetings of the enterprise 
staff, which is included in the employment contract between 
the enterprise and the labor collective. 

A basic management scheme includes the following ele-
ments:

pi(k)

1 

3 

2

4 

k

pi(k)

1 

3 

2

4 

k



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 1/3 ( 85 ) 2017

30

– temporary organizational structure (board) of the 
project at the stage of initiation (project, project team, proj-
ect environment, project’s customer); 

– a set of normative documents; 
– staff of the enterprise;
– methods for working out the type of measures for im-

proving the activities focused on ensuring safety of staff or 
aimed at improving working conditions (Fig. 4).

Represented basic diagram of managing the initiation of 
projects reflect significant differences in comparison with 
existing approaches. Generally, the activities concerning the 
implementation of projects (measures) on labor safety has a 
local nature. That is, projects are carried out without direct 
orientation towards specific result to improve the level of 
technological excellence. A formalization of processes we 
performed with the construction of a general basic manage-
ment scheme will allow scientific substantiation for assessing 
effectiveness of the projects. An improvement in instrumen-
tal provision of the initiation of projects is implemented by 
the introduction of a Markov model into the control loop.

7. Results of assessing efficiency of the initiation and 
implementation of projects

As is known, the existing distribution in the probabili-
ties of states of the system, which is described by a Markov 
chain, depends on the defined values of transition proba-
bilities, which actually transform the level of technological 
maturity of the enterprise or organization into tolerance to 
changes [18]. This distribution for the enterprise Geleka-M, 
obtained by using the devised Markov model and confirmed 
by data of the natural production test, is shown in Fig. 3. As 
can be seen, the production risk assessment in 2014 may be 
attributed to category p2 – medium risk. We established this 
tendency for a sustainable state of the system in steps k>10: 
р2>р3>р4>р1. Usually, such a characteristic of the system 
is not satisfactory, since probability p1 – of low risk – has 
the lowest value. It is necessary to perform certain changes 
in the system to improve the situation. 

Managing the production system can be achieved through 
those projects that will change the situation that exists.

In early 2015, some activities were conducted for the ini-
tiation of certain projects that were included in the strategic 
plan of the enterprise. The following major projects were 
implemented throughout 2015:

– Development and implementation of the project of ven-
tilation in production premises.

– Installing a thermal curtain at the incoming/outgoing 
gate of the workshop.

– Reworking and updating of new variants of job de-
scriptions.

– Implementation of the project on the systematic train-
ing of the staff at the enterprise and testing the knowledge 
on labor safety.

– Modernization of premises for sanitary needs of the 
employees.

– Providing the workers with means of individual pro-
tection.

In the beginning of 2016, there was an attempt at as-
sessing results of the implemented projects using a Markov 
model. The transition probabilities were determined by the 
method of questioning (see 5. 2). We received the following 
matrix of transition probabilities:

π =ij

0,75 0,1 0,15 0

0,35 0,5 0,15 0
.

0 0,4 0,5 0,1

0 0,1 0,1 0,8

Simulation results with these transition probabilities 
represent new position of the organizational-technical sys-
tem (Fig. 4).

As can be seen from Fig. 5, the sum of values р1+р2=0,67 
in step k=30 grew larger, reflecting substantial improvement 
in the evaluation by personnel of activities on labor safety. 
This improvement is due to the reduced share of workers 
who assess the risk as high p3 (from 28.6 % to 22.2 %) and 
of those who evaluate the risk as extreme p4 (from 22.4 % 
to 10.1 %). 

 

Fig. 4. Basic diagram of managing the initiation of projects
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With regard to these data, the implemented projects can 
be considered successful by the overall score. However, this 
does not mean that nothing else should be done. As the simu-
lation results, obtained using a Markov model, demonstrate, 
in the organizational-technical system of the enterprise the 
sum of р3+р4=32.3 % reflects possible reserves to improve 
activities aimed at reducing the level of hazard. The system 
is continuously developing, which leads to the continuous 
changes in the indicators of risk. In addition, it should be 
noted that the described projects were actually implemented 
under conditions when other players did nothing to improve 
working conditions and thus to provide for a resistance 
to obtaining positive results of the projects as a means to 
attract the best employees and contribute to staff turnover.

Fig. 5. Results of the new probability distribution of states 
of the production system in the coordinates of estimates of 

the degree of risk pi(k) and steps k: 1 – low risk; 2 – medium 
risk; 3 – high risk; 4 – extreme risk

8. Discussion of results of the implementation of a system 
for the initiation of projects

In the practical implementation of the management 
system for the initiation of projects on labor safety (on the 
example of enterprise “Geleka-M”), the basic contradictions 
of this activity were revealed:

– result of activity on the initiation of the projects is de-
termined in the external environment, not localized within 
the production area or a workshop;

– the system, which is made up of workshops of the enter-
prise, and the external environment is a weakly structured 
system – there are too many links, standards, structural 
features, rules, customs and traditions in it, as well as purely 
human relations, which are quite difficult to take fully into 
account;

– often it is almost impossible to receive feedback in 
order to assess effectiveness of specific measures aimed at 
creating safe working conditions at the enterprise;

– there is a need to overcome the resistance of middle 
managers at the enterprise to top management policy to 
conducting projects for improving working conditions; it is 
a common phenomenon in the production environment as a 
consequence of assumed concept about this activity as ineffi-
cient – “you should not change what is functioning”.

The indicated objective and subjective factors form the 
field of interests and contradictions that have to be taken 
into account when initiating the projects.

Theoretical part of the study is based on the hypothesis 
that the degree of perfection in any production system can 
be represented by using a generalized indicator of the system 
quality, which corresponds to the level of risk that exists 
at the object. We understand risk to be the level of uncer-
tainty of events or conditions whose occurrence negatively 
or positively affects the goals of activities [17]. The results 
obtained do not contradict the accepted hypothesis. It is 
demonstrated that the level of risk that exists at the object 
can be determined by using the survey of the employees. A 
phenomenological reflection for the assessment of degree 
of perfection for different systems is a Markov chain. It is 
proven that the use of Markov chains is applicable to reflect 
the properties of production systems about the degree of 
perfection of a production system.

Research results may serve as a basis for the creation 
of models of management objects that contain its organi-
zational structure and reflect parametric properties of the 
system for obtaining information needed for decision mak-
ing regarding the initiation of projects. The devised method 
of building information management system to control the 
process of initiating projects, where a Markov model is a 
part of the control loop, might make a contribution into 
development of activities related to enhancing technological 
maturity of organizations in the field of project management.

9. Conclusions 

The study was conducted as a theoretical basis for the 
substantiation of a general basic management scheme of the 
project initiation.

1. We devised a model for estimating the level of perfec-
tion of organizational-technical system based on a uniform 
Markov chain with discrete time and states that reflect the 
degree of risk in the system: R1 – low risk, R2 – medium risk, 
R3 – high risk, R4 – extreme risk. It is proved that the trajec-
tory of development of a production system allows drawing 
a conclusion about reliability of simulation data. It is shown 
that at first production system is in the region of medium 
risk. To improve the general level of safety at the given enter-
prise, it is necessary to improve organizational component in 
the activity that deals with labor safety.

2. We developed a method for the identification of a 
Markov model by using a method of direct measurement 
of probabilities in the states of the system by questionnaire 
survey that allows “tuning” a Markov chain to represent the 
properties of a specific object. We proposed practical recom-
mendations as for determining the sample size – number of 
questionnaires, which provide for the selected accuracy of 
measurements. It is demonstrated that the minimum sample 
size does not exceed 90 surveys. In this case, at confidence 
probability рd=0.95, error of determining the values of tran-
sition probabilities would not exceed 0.75 %. This magnitude 
is absolutely acceptable.

3. We proposed a structure of the information-manage-
ment system to control the process of project initiation, in 
which a Markov model is part of the control loop. The key 
process that creates conditions for the practical implemen-
tation of information -management systems is to determine 
values of transition probabilities of a Markov chain through 
the technique of questioning.

4. We examined practical aspects of assessing effective-
ness of the initiation and implementation of projects under 
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conditions of existing enterprise. An evaluation of results 
of changing the probability distribution in the states of pro-
duction system in the coordinates of estimates of the degree 
of risk during the year of the study demonstrated significant 
improvement in the evaluation by personnel of the activities 
that addressed labor safety. This improvement occurred due 
to a decreasing share of workers who assessed the risk as 

high (from 28.6 % to 22.2 %) and those who evaluated the 
risk as extreme (from 22.4 % to 10.1 %). Judging by these 
data, the executed projects may be considered successful. 

In the present study we resolved a relevant task on the 
formalization, improvement and implementation of meth-
odological and instrumental techniques for managing the 
project initiation.
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