
Инженерно-строительный журнал, №3, 2016 МЕТОДЫ 
 

doi: 10.5862/MCE.63.5 

Бурлов В.Г., Гробицкий А.М., Гробицкая А.М. Управление строительным производством с учетом 
показателя успешного выполнения производственного задания // Инженерно-строительный журнал. 
2016. № 3(63). С. 77–91. 

Сonstruction management in terms of indicator  
of the successfully fulfilled production task 

Управление строительным производством с учетом 
показателя успешного выполнения  

производственного задания 
 

V.G. Burlov, 
A.M. Grobitski, 
Peter the Great St. Petersburg Polytechnic 
University, St. Petersburg, Russia 

Д-р техн. наук, профессор В.Г. Бурлов, 
аспирант А.М. Гробицкий, 
Санкт-Петербургский политехнический 
университет Петра Великого, Санкт-
Петербург, Россия 

A.M. Grobitskaya 
Grodno State Agrarian University, Grodno, Belarus 

Канд. филол. наук, доцент А.М. Гробицкая 
Гродненский государтсвенный аграрный 
университет, Гродно, Республика Беларусь  
 

Key words: management; manager’s decision; 
model; feedback; problem; graph 
 

Ключевые слова: управление; решение 
руководителя; модель; обратная связь; 
проблема; граф 
 

Abstract. The article considers the model of the administrative decision based on synthesis It 
allows knowing the results of task implementation in advance. With this model it is possible to create 
conditions for a guaranteed solution to the task. The authors have built a schematic diagram for obtaining 
a management decision. The article shows how to form the concept of maintaining the social system 
based on feedback, following  the integrity conservation law. The authors provide the technique that links 
three basic components (situation, situation monitoring, problem solving) in the process of taking an 
adequate decision in the construction area. The indicator for the impact of the successfully implemented 
industrial task on the task implementation has been calculated. 

Аннотация. В статье разрабатывается модель управленческого решения на основе синтеза, 
что позволяет заранее знать результаты выполнения задач. На основе такой модели становится 
возможным гарантированное выполнение задачи. Построена структурная схема получения 
управленческого решения. Показано, как с применением закона сохранения целостности 
формируется концепция поддержания функционирования социальной системы на основе 
обратной связи. Приведена методика, увязывающая три базовых компонента – обстановка; 
мониторинг обстановки; работа по устранению проблем – при принятии адекватного решения в 
строительстве. Выполнен расчет влияния показателя успешного выполнения производственного 
задания на вероятность выполнения задания. 

Introduction 
The formation of management functions is one of the most difficult issues in construction. As U.R. 

Ashbee notes, “The natural criterion of management efficiency is the degree of correspondence of 
managing impacts on the states of a management object in every cycle of management. There is a 
deviation of the state of the management object from the required state in real-life management” [1]. 

The construction process is managed on the basis of the manager’s decision. The literature on the 
issues of forming an administrative decision suggests only the results that are aimed at the formation of 
mathematical methods to validate the decision, rather than the mathematical model of the administrative 
decision [2, 3]. 

The works [4–7] are devoted to the problem with the definition of the most important indicator, 
according to which one can determine reliability of a construction company (a contractor). Actually, the 
researchers concluded that the lowest price is not a central indicator that must be used when selecting a 
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contractor. The main criterion for the reliability of the contractor is to provide the required standard of 
work within the time limits set and within the approved budget [4]. In [5] the method of multicriteria 
analysis to select a contractor and evaluate tender bids, based on the utility theory, is considered. The 
process of analytic hierarchy with many criteria is considered in [6]. Some authors believe that success of 
the project depends on the price, time, cost and quality of work, while others believe that it is something 
more complex. In [7] the system for measuring success of construction projects is developed. 
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Any activity is based on a person’s decision and in well-known publications the methods of 
justification are used [8–12]. In solving management tasks one can use necessary and sufficient 
conditions. The necessary conditions are the ones under which it is assumed that the process satisfies 
certain properties. This approach is valid only when the process exists by definition. However, a 
necessary condition does not guarantee us activity goal achievement. In [8] the authors present the 
building process in the framework of a Markov process of a "birth and death" type, followed by probability 
distribution calculation. The process of searching for optimal management decisions is discussed in [9]. 
We find an algorithm for developing a model of managing a construction company, using logical and 
analytical methods of the quantitative analysis. 

The author of [10] concludes that implementing the concept of sustainable development for socio-
economic systems is primarily connected with the strengthening of public administration and the creation 
of new centers for producing innovations. The authors in [11] offer to present the model construction in 
the form of two kinds of knowledge: formal and heuristic. In [12] an innovative technology of managing 
socio-economic systems of different hierarchical levels, based on a synergistic approach, allowing for the 
use of methods of nonlinear modeling and advanced software for computers, is offered. 

There are two approaches to the development of the system: an approach based on analysis and 
synthesis. The one based on synthesis implies the knowledge of the law, but the other based on analysis 
does not guarantee the desired result. According to the papers presented in the review there can only be 
a general analysis without detailed recommendations. However, [13] presented the approach to the 
development of a mathematical model for a management decision. 

Methods 
Difficulties of any process are incompliance of the received results with the demanded ones which 

is grounded in contradictory conclusions. To exclude contradictory conclusions, the axiomatic method is 
used [13]. 

The axiomatic method presupposes the existence of the following components: 

• basic assumptions and statements that are usually expressed in some basic principles; 
• basic notions, key words, axioms, rules of inference, theorems; 
• basic principles should characterize the core of the process under work. 

There are three components included in the activity: a person (his consciousness), the outside 
world (the object) and universal connection. Accordingly, these three components are reflected in the 
following three principles: 

• First – this is the principle of three-component knowledge. 

Component A. Abstract representation (A condition of the existence of a process. It answers the 
question “What?”). 

Component B. Abstract-specific representation (Cause-consequence relationships. (Methods). It 
answers the question “Why?”). 

Component C. Specific representation (Technologies. Algorithms. It answers the question “How?”). 

• Second – this is the principle of the world’s integrity. It is realized by the integrity conservation 
law referring to an object. 

This is a stable objective recurring connection of the object properties with the ones of its 
purposeful functioning. It is manifested in the mutual transformation of the object properties and the 
properties of its functioning for a fixed purpose [13]. 

• Third – this is the principle of the world’s knowability. It is realized by three methods of 
scientific knowledge: decomposition, abstraction, aggregation. Knowledge is reduced to the 
establishment of laws. This is the essence of the aggregate (aggregation). But this is possible only 
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through decomposition and abstraction. The reverse process is carried out while realizing. From 
the "aggregate" – a law, a specific object is created through abstraction and decomposition. 
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To solve a task, it is necessary to understand what the model of a correctly built system should be. 
This model will meet the demands of a particular situation. 

To describe the given model, one should understand what is meant by the notion “model”. 

A model is a description or representation of an object corresponding to the given object and 
allowing obtaining necessary characteristics of this object [13]. The model should have the following key 
features: 

• it is in objective accordance with the object (system) being perceived (learnt); 
• it substitutes the given object (system) in some particular relation; 
• it gives some information about this object, resulting from the research of the model and the 

corresponding rules of transmission “model – object” (prototype) [14]. 

The problem of correlation between a model and a modeled process is a topical problem in the 
course of modeling. The adequacy of a model can be estimated by comparing it with the standard or 
experiment results. 

There exist two approaches to the system engineering – analysis and synthesis [15]. 

While analyzing (solving the problem of choice) there is a set of physical elements and it is 
required to predict the possible result of the system functioning (some output characteristics). That is, it is 
necessary to form one variant of the system, another and so on. Having analyzed the result of functioning 
each of them, the variant that meets the conditions to the fullest is chosen. 

With synthesis there is a set of output characteristics of the projected system and it is required to 
define the quantitative and qualitative makeup of the system. 

That is, with analysis a task is solved “from the beginning” and the result is analyzed, whereas with 
synthesis a task is solved “from the end”, from the desired result, and the system with the required output 
characteristics is formed. 

The methods of decomposition, abstraction (mathematical interpretation) and aggregation take a 
central place in system modeling (Fig. 1) [16, 17]. 

 
Figure 1. The schematic structure of taking a management decision 
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Decomposition is a scientific method in which the research of a system (model) is totally replaced 
with the research of its separate subsystems (sub-models), done allowing for their mutual influence on 
one another, and, if possible, the full reflection of integral qualities of the system [16, 17]. 
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Aggregation is a scientific method in which the multitude of elements (subsystems) of a model 
(system) is replaced with the elements called aggregates, which the aggregated model is built upon. This 
model has a substantially smaller number of dimensions than the original one, but it reflects well enough 
the qualities of the system in its essence [16, 17]. 

In the building process a manager encounters external challenges that need to be detected and 
neutralized. Problems arise with a certain average frequency: 

• Problems occur with the frequency equal to PMt∆  – the average development time of the 
problem (Fig 2a). 

• To neutralize the problem, the manager must be due to identify it, and the problem should be 
identified until the next one arises. The problems are identified with the frequency equal to 

PItΔ  – the average identification time of the problem (Fig. 2b). 
• After identifying the manager starts neutralizing a problem with the help of resources. 

Problems are neutralized with the frequency equal to PNt∆  – the average neutralization time 
of the problem (Fig. 2c). 

 
Figure 2. Diagram of problems: 

a) the rate of problem occurrence; b) the time of problem identification; c) the time of problem 
neutralization 

At present schemes, based on the analysis approach, are used, i.e. a launched process with input 
and output (Fig. 3). In the scheme like that, disturbances are not taken into account. Thus, if disturbances 
affecting the process are not taken into account, the process breaks down. In order to avoid such a 
course of events, the authors have formed the concept of maintaining a social system based on feedback 
led by a manager (Fig. 4). 

An approach based on the analysis of the model, as mentioned above, does not allow an adequate 
response to changing situations. Because of this, the deadlines of construction are often not met. An 
approach based on the synthesis of the model, which the authors suggest, allows forming a process with 
predetermined properties, hereby this guarantees achievement of the management objective. The model 
based on synthesis allows a significant reduction of time expenditures due to the fact that the objective 
feedback has been built [18]. 
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Figure 3. The concept of the social system based on the analysis approach 

 

 
Figure 4. The concepts of maintaining the social system functioning based on feedback 

 

Applying the integrity conservation law, the concept of maintaining the social system functioning 
based on feedback is formed (Fig. 4) [13, 19]. 

Figure 5 is a scheme of the gnoseological meaning for the object integrity conservation law. This 
representation of a substantiated sufficiently objective development of the system’s image and modes of 
application allows considering it as a certain set of ordered elements located "beneath the surface of the 
cone." The cone generators “are described” by the law of the system’s integrity conservation and define 
directions of specifying the synthesis [20]. 

 
Figure 5. Scheme of the gnoseological meaning for the object integrity conservation law 
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The first level describes the abstract level of representation of the theory, which includes: basic 
concepts of the theory; basic dependencies of achieving a result by the system; basic logical rules of 
deployment of the theory. 
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The second level characterizes the abstract and specific level of representation of the theory's 
main concepts, which include (conditions of the required changes of the system’s state, or conditions of 
the transition from one state to another on these sets): methods for validating the system’s model; 
methods for validating the use of the system; methods for estimating the efficiency of the system’s use. 

The third level characterizes the particular level of representing the basic concepts of the theory, 
which include (the technology of required changes of the system’s states, the conditions for transition 
implementation); possibilities of the system (economic, social, technical); system’s operations (types, 
methods and forms); mechanisms of balancing the capabilities and system’s operations in order to 
achieve the desired performance. 

General Approach 
The integrity conservation law allows creating an adequate model of the process control, 

depending on varying socio-economic conditions, based on establishing a formal analytical dependence 
( )PNPIPM t,t,tP ∆∆∆= f  between the three basic components where PMtΔ  is the average time of  

problem occurrence; PItΔ  is the average time of problem identification; PNtΔ  is the average time of 

problem neutralization of a; P  is an efficiency indicator for  implementing administrative decisions [13]. 

The state referring to achieving a goal by the object of management is the main component in 
solving practical management problems. In real life conditions the manager can find himself in two 
situations: 

• he is not ready for a particular situation; 
• he is not ready to solve a problem in the management process, which will require additional 

time resources from him. 

Taking into account these two basic situations in the model, it is necessary to distinguish four basic 
states: 

The first state is the one when the management object is at the beginning of the process under 
consideration. 

The second state is the one that characterizes the achievement of a management goal by the 
process (object). 

In the management process there can occur standard situations that are characterized by proven 
schemes, and emergency situations characterized by a problem that arises in management (a situation in 
which your possibilities are not adequate to the current situation and you have to look for resources to 
solve a problem). Accordingly, there appears the third basic state of the system (process) characterized 
by the fact of the problem’s manifestation – state 3 [13]. 

When the object (process) of management is in state 3, there appears the necessity of identifying 
the given problem. Naturally, the manager spends some time PItΔ  on the problem’s identification. This 
stage stipulates readiness for involving additional resources to solve the problem. Consequently, during 
the solution analysis the managed system moves into state 4 where the manager understands what 
resources, and how, should be used to achieve the management goal. In this state there appear two 
variants of the management process development: 

• the manager can solve the problem but it takes time, therefore he moves from state 4 into state 
2, where the problem is solved. 

There are two possible variants of the situation development in state 2: 

• while solving the problem, the manager spends unacceptably too much time, which is equal to 
failing the target task in the management process. This is characterized by moving from state 2 
into state 1; 

• the time spent on the problem’s solution is in acceptable limits, when the manager solves the 
management target task. 
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The situation of the system’s moving back into the initial state characterizes the manager’s talent to 

tackle a great number of problems. The frequency of transition from state 1 into state 2 
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( )+ζ  is equal to 

the value inverse to the average execution time of the target task, where ( )-ζ  characterizes the degree of 
readiness of the organization to solve the target management tasks and the frequency characterizes the 
average number of the execution plan failure. The authors believe that the status of a construction 
organization is an indicator of successful implementation of production tasks [13]. 

The frequency of moving from state 4 into state 2 is the value 







=

PN
2 Δt

1ν , PNt∆  is the average 

time of problem neutralization. The level of competence to solve unknown tasks depends on the 
correlation . 

This logic of reasoning allows constructing the following graph (Fig. 6) [21]. 

 
Figure 6. The state graph 

 

The main assumptions and presumptions [13]: 

• The information-management system (IMS) – the production management system – is under 
consideration. 

• Time intervals between the moments of detecting the facts of problem manifestation are 
random values. 

• The detected facts form a stream in time that is closely approximated to a Poisson arrival. 

• The time for processing the data on a desired feature is a random value. 

• The processes within the system data on the features are shared between the allocated forces 
and means, solving the corresponding target tasks in the production control. 

• The instance is considered where the stay period the desired features (facts) in the sphere of 
production management system is extremely limited and comparable to the time that is 
necessary for them to be detected, as well as for data processing and adequate action taking 
according to these features. 

• The system under discussion is meant to evaluate the potential opportunities of the production 
management system, depending on the situation. 

• The manager is always prepared to solve this class of problems. 

• The foundation of the status of a construction organization is an indicator of the successful 
implementation of production tasks. 

Main Correlations 
While developing a management solution, different models are reviewed. Dynamic models are of 

particular interest. The paper [22] does not reveal the problem of dynamic models to the full,extent, that is 
why it is necessary to make the Kolmogorov equation. 

2ν
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Against this background, the Kolmogorov differential equation system can be used [23, 24]: 
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To make the Kolmogorov differential equation for the function ( )tPi , n1,...,i = , the derivative 

( )
dt

tdPi  of the function ( ) ( )( )tSPtP ii = , , must be written in the left part of this equation, while in 

the right part of the equation there must be the product – ( )tPλ i
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signed “minus”, plus the sum ( )∑
=

⋅
n

1j
jji tPλ  of the products ( )tPλ jji ⋅  of the transition probability 

densities ijλ , corresponding to the arrows coming into the state iS , by the probabilities of the states 

, where these arrows come out from. Herein the transition probability densities ijλ , corresponding 

to the arrows absent on the graph, are equal to zero [23]. 

Final probabilities of states can be obtained by solving the system of linear algebraic equations that 
result from the Kolmogorov differential equations if derivatives are equal to zero and the probability 
functions of the states  in the right parts of equations are changed correspondingly into 

the unknown final probabilities n1 P,...,P . To find the exact value n1 P,...,P , the normalizing condition 

1P...PP n10 =+++  is added to the equations. 

Let us make the system of the Kolmogorov equations for the state graph in figure 6: 
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Then the final probabilities can be obtained by solving the system of linear algebraic equations: 
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The system solution is as follows: 

( )iP t

( )jP t

( ) ( )1 nP t ,...,P t
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(4) 

The probability that the problem will be identified and neutralized by the management system is 
determined by the following correlation: 

.
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⋅⋅+⋅⋅+⋅⋅+⋅⋅+⋅⋅+⋅⋅+⋅⋅+⋅⋅
⋅⋅+⋅⋅+⋅⋅

=

 

(5) 

The concept of maintaining the social system functioning based on feedback suggested by the 
authors (Fig. 4) and the mathematical model of an administrative decision make it possible to coordinate 
two processes: 1 - the monitoring process; 2 - the process of solving a problem. As a result of this 
coordination, the risk of failing a task by a construction organization is reduced. In addition, this technique 
makes it possible to assess the status of the construction organization. Let us consider an example. 

Results and Discussion 
Let us consider a single-purpose network graph of constructing a secondary school for 300 

students as a process (Fig. 7) [25, 26, 27, 28]. 

 
Figure 7. A single-purpose network graph of constructing a secondary school for 300 students 

In every working process there appear problems (disturbances) that need to be promptly solved. 
Let us give the number of problems that may arise in this example: 
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• Structure erection (event 1-2, 2-3) – 15 problems. 
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• Roofing (event 3-4) – 4 problems. 
• Wire installation and assembling switchboards (event 2-10) – 6 problems. 
• Installation of plumbing flow pipes (event 2-16) – 4 problems. 
• Finishing work (event 4-7, 7-14, 14-21) – 6 problems. 
• Dismantling the plug (event 4-5) – 2 problems. 
• Installation and adjustment of elevators (event 4-15) – 8 problems. 
• Vertical layout (event 5-6) – 5 problems. 
• Installation of small forms (event 6-8) – 3 problems. 
• Road construction works (event 6-9) – 10 problems. 
• Greening (event 8-11, 9-13) – 5 problems. 
• Outdoor electrical works (event 6-12) – 6 problems. 
• Devices (event 6-17, 17-19) – 1 problem. 

Let us divide the graph into time intervals so that the beginning of an interval - this is the end or the 
beginning of an event and all events that fall within this interval should be considered as a single period 
of time with the definite number of problems (Fig. 8). 

 
Figure 8. Breakdown of the network graph into intervals 

As a result of the breakdown 16 intervals are formed. Each interval has its duration. The total 
duration of the construction according to a network graph makes up 81T =  days. We assume that in 
every job there appears a maximum number of problems at each interval. One working day is 8 hours (in 
further calculations let us convert days into hours, i.e 81T =  days 648=  hours.). Let us summarize in 
(Table 1) the results of breaking down the network graph. 

Table 1. Results of the breakdown of the network graph allowing for the number of 
problems 

Days 12 24 4 5 5 1 10 2 2 2 3 1 2 1 1 6 

Hours 96 192 32 40 4 8 80 16 16 16 24 8 16 8 8 48 
Number of 

problems,pcs. 15 25 14 26 29 29 43 37 32 29 26 19 19 18 11 6 

 
In managing the building process three processes are considered regardless of the situation: 

• The process of forming problems. 
• The process of identifying problems. 
• The process of problem solving. 

In the construction process network diagrams are used. As a mathematical model of the 
administrative decision is lacking, network diagrams are impossible to join, they are joined at the verbal 
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level. This joining leads to the breakdown of a plan, and the “mathematical apparatus” suggested by the 
authors allowed building a mathematical model of the administrative decision and to link three most 
important processes in the organization of building on this basis. Due to this mathematical model a 
guarantee to achieve the implementation of the plan is provided. 
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Let us draw the network diagram of problem identification (Fig. 9) and the network of problem 
neutralization (Fig. 10). 

 
Figure 9. The network diagram of identifying a problem by the construction manager 

 

 
Figure 10. The network diagram of problem neutralization by the construction manager 

 
For the graph in Figure 6 let us make up a system of algebraic equations of Kolmogorov. The 

system of Kolmogorov equations (2) for the graph of states in Figure 6: 

( ) ( ) ( ) ( )
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where λ  is the frequency of problem manifestation; 

1ν  – the frequency of the analysis of factors influencing the neutralization of a problem; 

1ν  – the frequency of activities aimed to neutralize a problem; 

+ζ  – the frequency of performance of the task plan; 

−ζ  – the frequency of the average number of the failed plan execution. 

The solution of the system with algebraic equations of Kolmogorov (2) is the expression (4). 

The probability that the problem will be identified and neutralized by the management system is 
defined by the correlation (5). 

The efficiency indicator of the model of the management process, depending on the varying socio-
economic environment, will serve the analytical dependence: 

( )−+= ζ,ζ,ν,νλ,P 212 f  , (6)  
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where 
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λ  – is the value 







=

PMΔt
1λ , where PMΔt  – is the average development time of a problem; 

1ν  – is the value 







=

PI
1 Δt

1ν , where PIΔt  – is the average identification time of a problem; 

2ν  – is the value 







=

PN
2 Δt

1ν , where PNΔt  – is the average neutralization time of a problem; 

+ζ  – is the value 





=+

T
1ζ , where T  – is the duration of solving a task; 

−ζ  – the frequency of failure of the implementation of the plan task; 

2P  is the indicator of efficiency from the implementation of management decisions. 

According to the example, we have: 

648T =  h.; 24NP =  – the average number of problems; 
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Let us assume the conditions:  

;
8

ΔtΔt PM
PI =  1<

Δt
ΔtΔt

PM

PNPI +
. 

Let us substitute all the values in expression (5) and find the probability of solving the task 2P  

taking into account the frequency ( )−ζ , which characterizes the average amount of failure in the plan 
execution, which underlies the status of a construction organization and shows success of the 
implementation of production tasks. 

If 
50
1ζ =− , then 5.0P2 = . 

If 
100

1ζ =− , then 667.0P2 = . 

If 
150

1ζ =− , then 75.0P2 = . 

If 
200
1ζ =− , then 8.0P2 = . 
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If 
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250
1ζ =− , then 833.0P2 = . 

If 
300

1ζ =− , then 857.0P2 = . 

Calculations show that with increasing amounts of successfully implemented production tasks, the 
probability 2P  increases, and consequently the status of the organization increases (Fig. 11). 

 
Figure 11. The graph showing the dependence of probability 2P (probability of task solving)  

on frequency −ζ (indicator of the status for a construction company) 

Conclusions 
1. The analysis showed that there are no mathematical models of management solutions in the 

known publications. 

2. In the production process a manager has to deal with three processes: the process of forming  
a problem (certain inconsistencies), the process of identifying a problem (recognition of the situation) and 
the process of neutralizing a problem (implementing the solution). 

3. Network diagrams of the construction industry are added up and verbally agreed on, because 
of the lacking mathematical model for a management solution. This methodological approach leads to the 
breakdown of the plan. 

4. The mathematical tool suggested by the authors allowed constructing a mathematical model 
of the management solution, and hereby linking three most important processes in the construction 
organization. This mathematical model guarantees the implementation of the plan.. 

5. The methodological possibilities of the developed approach are confirmed by the numerical 
experiment. The example showed the dependence of the probability of the manufacturing task 
implementation – 2P  on the frequency of breaking down the plan of implementing a production task by 

the organization under consideration −ζ . Therefore, a frequency like that should be viewed as a 
fundamental indicator of the status for a construction company. This indicator shows reliability and 
accuracy of performing the obligations by a construction company while constructing an object. 
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