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Abstract. Time is considered as production resource, which determines   

the   need   for   its    effective use in connection with other production 

resources. The problem consists   in   the inconsistency of the results of the 

existing forecasting system of production which are founded on modern 

concepts of space and time. The theoretical positions of Galilean, A. 

Lorentz and G. Minkowski were   analyzed. A. Einstein's explanations 

regarding the use of the velocity of light in vacuum as a constant in the 

well-known dependency for the generalized four-dimensional space were 

studied. An attempt is made to solve   the   applied  problem  in space and 

time, taking as a constant, for example, standard or maximum possible, 

(calculated) productivity. 

1 Introduction  
Time in the road construction industry is a resource and its efficient use is an extremely 

urgent task. The analysis of the concepts of time which are realized within scientific 

knowledge shows that in the understanding of time, various components of the reality’s 

perception are organically intertwined. As a rule, each fundamental discovery in physics 

was accompanied by the development of a new model of time [1, 2]. 

Resources are analyzed in the form of capital, as a material factor (fixed and working 

assets) and human labor (which of course also includes non-material factors) [2]. It is 

suggested to use the production function as a digital model for the most universal analysis 

type of production systems [3]. Any savings ultimately leads to saving time, which 

increases the economic efficiency of business entities. In modern conditions, time as an 

economic category acts as a resource that follows the laws of market relations and largely 
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forms the basis of economic laws, largely determining the motives and goals of economic

activity of enterprises [2 - 4].

In the practice of introduction of innovative technologies the basic index of growth and 

average annual growth rate are usually used for a quantitative assessment of the dynamics 

of production. It is assumed that the growth of the volume of production over time occurs 

with unchanged parameters of the equations 
t

t xXX )1(0 �� or
xt

t eXX 0� , where � –  

production volume, � – average annual growth rate, t – time. This approach shows quite 

precisely the real economic dynamics if the production expands equally. In real conditions 

of modern production development, such an assumption would be an escape from the truth. 

The task of variability assessment of the influence of factors over time which is associated 

with the dynamics of average values is complex. It is necessary to make a quantitative and 

qualitative description of this part of the variability not only in connection with each of the 

factors under consideration, but also with the combinations of the factors under analysis,

and the variability of their values in time is interrelated [3, 5 -7]. The problem lies in the 

inconsistency of the existing system of result forecasting of innovative activities in the road

construction industry with the opportunities based on the modern concept of space and 

time.

2 Research background
Let us consider a generalized case. Let a certain amount of work for the period of time T�
is performed during the time �V with the productivity )(tQ . Then one of the economic 

relations can be presented as follows: 

                TtQV ���� )(     (1)

Where �V is the increment in the volume of work performed over period of time T� . 

We will consider T� as a small quantity in order to avoid the differential calculus. Let us 

pay attention to the fact that if we fix all the material factors of production, then it follows

from formula (1) that the amount of work performed �V is only a function of time.

For a fixed value of �V, equation (1) is an equation with two unknowns, namely )(tQ
and T� . As it is known, such an equation admits an infinite number of solutions

));(( ii TtQ � Ni� ; none of them is complete without T� . If �V const� , then the mutual, 

practically unlimited influence on each other becomes obvious. This fact is confirmed by 

the practice of introduction of innovations in organizational and economic systems.

Hence, we can make a conclusion. If )(tQ is determined by the power of physical 

factors’ use, then, influencing on �V through (1), it behaves exactly like a physical factors, 

i.e. it is a production factor. If time is a factor in production, then it should be taken into 

account during the planning of works. Time should be seen not only as "length" in the 

fourth dimension, but also as a factor that has a decisive influence on productivity.  

Let us consider in more detail the consequences drawn form this conclusion.

It is required during the time T to perform the following volumes of various works:

kVVV ...,, 21 with the use of machines nMMM ..., 21 . We indicate the productivity of the

machines nMMM ..., 21 when performing various works ijq (the i -th machine at the j - th 

type of work). Working hours of each machine in different jobs here are ijt . The costs in

conventional monetary units caused by the use of the i -th machine at works of the j- th type 

per unit of time will be indicated as ijp . 
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Then at ijq ; �ij = const we get the following linear problem: 
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This problem is set and solved under the assumption that the values of p; q; t are

constants during the performance of the volume of work.

Now let us suppose that in this model p and q are functions of t, what is an absolute 

requirement for innovative development. This circumstance changes the model 

qualitatively. First, it is not linear any longer and therefore it cannot be solved by widely 

used methods. Secondly, the efficiency of planning will be completely different, because 

now   ���
�� �constij tijp p

ijijijij tptp
)(

)min()min( . There is no doubt that in mathematical 

terms, the study of such a model is important for sufficiently accurate forecasting, since it 

meets the real conditions of the innovation process to a much greater extent. It is also clear 

that such a study is much more complicated than the research presented in the linear form 

[8 - 10].

The purpose of the study is to show the opportunities of assessment of time influence on 

the innovation process in interdependence with the main production resources (in space and 

time).

3 Materials and methods 
Let us study one of the simplest examples of the use of time as a factor of production.

Let us suppose that the productivity (the amount of work performed per unit of time) is 

known, which is a variable in time:

                                             0
2

00 )( btatQ �� ,                                                (3)

where 0b - productivity in moment in time 00 �� tt , and 0a characterizes the speed 

of productivity changes (i.e. the curve gradient )(0 tQ ). Let the amount of work be carried 

out over time 0T . Then the amount of work performed is determined by the integral: 

      � � �����
0 0

0 0
00

3
00

0
2

00 .
3

)()(
T T

TbTadtbtadttQV                      (4)        

Let us set the problem. We need to perform the same work in time 01 TT � by means of

changing the productivity. How can we determine the coefficients of the productivity 

equation?

We will present this equation in the form  .)( 1
2

11 btatQ �� Since the change in 

productivity begins with the change in the material and intellectual basis, we will assume 
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that 1b in equation 1
2

11 )( btatQ �� we already know: ).0(11 Qb � Let’s note that there is a 

lot of freedom in choice, because the productivity of work in time can be determined not 

only by the magnitude 1b , but by the magnitude 01 �a . 

Fig. 1. Presentation of equal areas of curved trapezoids Sv. 

Let us show how you can determine the coefficient 1a . Let us have two productivities: 

)(0 tQ and )(1 tQ . 0
2

00 )( btatQ ��  - initial productivity. The coefficients of this equation 

are easily determined, for example, by the least squares method )(1 tQ  - new performance.

In Figure 1 vS is the area of curvilinear trapezoids, which in our case are equal, since 

their area coincides with the volume of work performed during the times 0T and 1T , 

although in our research we do not always assume their equality. The amount of work done 

with productivity )(0 tQ is determined by means of the integral  
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TbTaTbTaTbTaV ������ ,                         (5) 

since the areas of the trapezoids (volumes of work) are equal.  

If this were not so, then in equation (3) there would appear an additional numerical 

coefficient, which does not lead to a complication of the solution. From equation (3) we 

get:

                                        �
�
�

�
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�
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3
00
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3

3 TbTbTa
T

a .                                    (6) 

Therefore, the equation of the "new" productivity will be presented as follows: 

                                   
32
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This productivity allows us completing the same amount of work for the period of time

01 TT �

4 Discussion 
Taking into account the fact that spatial and temporal characteristics are mutually 

dependent [11, 12, 13, 14], let us first of all consider the Galilean coordinate system of 

space and time, in which the four-dimensional pseudo-Euclidean space is presented by a 

linear element [12]:

2 2 2 2 2 2 ,ds c dt dx dy dz� � � �                                           (8) 

where �zyx ,, spatial coordinates, and t  temporal coordinate, � – velocity of light. In 

the special theory of relativity, inertial reference systems, as a rule, are specified by the 

Galilean coordinate system, in classical mechanics they are specified by the Cartesian 

coordinate system [12]. The transition between different Galilean coordinate systems is 

carried out by means of the Lorentz transformation [13]. It should be noted that the Lorentz 

transformation is an analogue of orthogonal transformations in Euclidean space.

Fig. 2. Geometric interpretation of Lorentz transformation 

According to Minkowski theory, the location of an event is also specified by four 

coordinates: three spatial and one temporal [14, 15]. The following coordinates are 

commonly used: 1 2 3, ,x x x y x z� � � , where �, �, z are rectangular Cartesian coordinates 

of the event in some inertial system and x°=ct, where t – time of event, � – velocity of light 

in vacuum. The geometric properties of four-dimensional space are determined by the 

expression of the squared distance between two events (intervals) 2s : 

                                             
2 2 2 2 2( )s dx dx dy dz� � � ��

,                                         (9)

It can be seen from the given dependences that for the solution of applied problems in 

space and time it is very important to explain the role of the factor c, i.e. the velocity of 

light. It is advisable to refer to the remark of A. Einstein. “In order to give the concept of 

time a physical meaning, we need some kind of processes that would make it possible to 

establish a connection between different points in space. The issue about the type of 

processes that are chosen with this definition of time is insignificant. It is beneficial for 

theory, of course, to choose only those processes for which we know something definite. 

The propagation of light in emptiness is suitable for this purpose to a much greater extent 
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than any other process that could become an object of consideration thanks to the research 

of Maxwell and Lorentz ”[16].

In system (6), c, the velocity of light in vacuum is a constant. Consequently, in order to 

solve the applied problems, it can be replaced by a constant that satisfies most the 

requirements of the process under analysis [12]. For example, in our problem, you can take 

the standard one, or maximum possible, (or calculated) productivity. 

Then in order to solve the problem of modeling the production process in a generalized 

four-dimensional space, expression (7) can be presented as:

                
2 2 2 2 2

1 2( )s dx dx dx dy� � � ��
,                                         (10) 

where x1 – fixed assets; 2x  – working capital (labour and materials); y  – amount of 

work. Then tQx i�� , where Qi – productivity at ideal (or, for instance, normative one) 

conditions, t – time, q – productivity, characterizing the system in the planned process.

The Lorentz transformations are an analogue for the Minkowski metric of orthogonal 

transformations that change from one orthonormal basis (a basis consisting of mutually

orthogonal vectors) to another or a generalization of motion concept in Euclidean space.

The general transformation group consists of combinations of spatial reflections in time 

and transformations, which, from a physical point of view are the transformations of the 

transition from one inertial system to another one [13].

The transformations in the plane of pseudo-Euclidean metric are a specific feature of the 

transformation, which is very important for our study. The zero of coordinate system 

coincides at the initial moment of time in both systems [13]. Then the direct quasi Lorentz 

transformations for the solution of the problem in three-dimensional space and time will 

look as follows:                                         
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The obtained mathematical expressions allow us to proceed to prediction calculations of 

a process in space and time [17, 18].

5 Conclusion  
It was specified that in mathematical terms the study of a model, including costs, 

productivity and time, is a necessary condition for sufficiently accurate forecasting, since it 

meets to a much greater extent the real conditions of the innovation process. It is shown that 

time can be considered as an production resource, which causes its effective use in 

interdependence with other production resources. On the basis of research of theoretical 

provisions of the works of  Galilean, G. Lorentz and G. Minkowski, as well as A. Einstein's 

explanation about the constant, i.e. the velocity of light in a vacuum in a generalized four-

dimensional space, the assessment of the influence of the innovation process in space and 

time is suggested. At the same time, the authors suggest using the standard or maximum 

possible (calculated) performance as a constant. As a result, it was found that the quasi-

Lorentz transformation and the generalized Minkowski space make it possible to simulate 

the management of an innovative process in a four-dimensional space that combines a 

physical three-dimensional space of resources with the time factor.
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