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Abstract 
 
Proposed and studied the effects on the dynamic and static models of applied 
research within an innovation project, taking into account the schedule of research 
funding. 
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A significant number of scientists have examined various aspects of R&D 

management. Thus, the relationship between the cost of research and the ultimate 
profit of industrial enterprises, has been considered in M. Brenner and B. Rushton 
[1], which was found a statistical relationship between sales growth and the level 
of investment in R&D. C.Griliches [2] also showed a positive effect of increasing 
funding for research productivity. Works of D.A. Novikov and A.L. Sukhanov [3] 
devoted to models and methods for complex evaluation of applied research  
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projects reflect the specific research projects at the university. In the works of C. 
Griliches and E. Mansfield [4, 5] concerning the role of R&D, it is considered 
examples of innovation in the industry. However, models to explain the 
mechanisms of action of applied research on the effectiveness of the innovative 
project has not been developed yet. Therefore, research aimed at the creation of 
analytical, probabilistic models that adequately describe the observed relationship 
between applied research and innovation project efficiency and have prognostic 
properties remain relevant. 

The proposed model is based on the following idea. It is assumed that the 
main purpose of the innovative project is the embodiment of an innovative idea 
into a concrete product or service, providing a return on investment and profit. 

 
A hypothesis – the decision to achieve innovative ideas that can be as 

correct as incorrect. This hypothesis, based on existing technological limitations, 
confirmed or refuted on the research phase of the project. According to the 
research it is made the decision on closing or continuing work. 

It is proposed the following formula for the expectation of profit innovation 
project: 

rcrpPRC ij
i j

iji −⋅= ∑ ∑
= =2,1 2,1

)()( ,     (1) 

where 1 1( )P P A=  – priori probability of truth verifiable hypotheses on the 
research stage (characterizes the fundamental feasibility of innovation and does 
not depend on research); 

2 2 1( ) 1P P A P= = −  – probability of false hypotheses; 

( ) ( | )ij j ip r P B A=  – conditional probability of a correct assessment of the 

innovation feasibility ( )(1)( 1112 rprp −= , 21 22( ) 1 ( )p r p r= − ) characterizes 
correctly assess the feasibility of innovations depends on the completeness and 
thoroughness of applied research, which in turn depend on the amount of research 
funding r ); 

r – costs of applied research within the innovative project; 

ijc  – possible values of the profit or loss in the final stages of the project. 

Products )()( jiiji BAPrpP ∩=  in formula (1) are equal to the probability 

of the intersection of events ji BA ∩ . 
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Model is getting a more concrete form after selecting functions )(11 rp  and 
)(22 rp . In this paper it is assumed that for small values (in the beginning of the 

research) probabilities 11( )p r  and 22 ( )p r  grow slowly as the initial stage of the 
research carried out, procurement of equipment, development of methods, etc., 
and the results appear later. 
Based on research of A. Jablonski [6], J. Martino P. [7],  E. Jantsch [8],  T. 
Modise [9], Thomson [10] and analogy of applied research and learning and 
growth in the thought, the changes in probability )(11 rp  and )(22 rp   can be 
described by s-shaped curve, for example, Pearl logistic function or the Gompertz 
function. 
At the same time, in many cases, it is reasonable assumption of equality 

)()( 2211 rprp = , thus: 

0
11 22

0 0

( ) ( ) ( ) ,
(1 ) r

pp r p r p r
p p e λ−= = =
+ − ⋅

 

where 11 22 0(0) (0)p p p= = – initial probabilities of correct decision;  

λ – parameter characterizing the shape (slope) of the curve (4) in the region 
of intense growth. 

r – costs of applied research within the innovative project; 

ijc  – possible values of the profit or loss in the final stages of the project. 

Products )()( jiiji BAPrpP ∩=  in formula (1) are equal to probability of 

the intersection of events ji BA ∩ . 

In the above models the dynamics of funding for innovative research phase 
of the project is not considered. Only the total amount of funding for the entire 
study period is taken into account. However, the graph flow of funds, possible 
breaks in the financing and collateral breaks regression in the applied research 
have a significant impact on the effectiveness of research. Therefore, it has been 
proposed the following dynamic model for research innovation project as a 
system of differential equations: 
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where 0
0

0 0

( , , )
(1 )r

pLg r p
e p pλλ −=

− +
, 

)(tr  - funds received for research at the time t from the beginning of 
financing; 

)(tv  - rate of flow of funds (€ / month); 

1T  - time constant, which determines the rate of approach 

11 22( ) ( ( )) ( ( )) ( ( ))p t p r t p r t p r t= = =  to a given (static) value ),,( 0 λprLg . 1T  
characterizes the complexity of research. 

As applied to the financing of innovative applied research project value 

1T  determines how fast the current value of the probability )(tp  approach to a 

given (static) value of the probability ),,( 0 λprLg corresponding to the amount of 
financing r . It is obvious that the proposed model (as in real-life situations) for 
any amount of funding will not achieve the probability 1)( =tp  for a finite time. 
Therefore, we can assume that the successful completion of applied research is 

characterized by achievement a sufficiently high-end level of probability kp p=

, for example, pk = 0,95 or pk = 0,95. 
In the proposed model a violation of the regularity of financing is in the 

absence of funding for research, for some period of time. This assumes that this 
time is slowing down, forgetting and decreased performance (regression) 
research. Process of forgetting as effectiveness regression of applied research is a 
complex and poorly formalized, firstly been described by Hermann Ebbinghaus in 
1885 [11]. He proved that the volume of information stored in the memory 
decreases over time and this process can be described by an exponential curve. 

In [12] it was proposed to limit the bottom constant decreasing 
exponential function describing forgetting events: 

 

( ) ktR t e const−= + ,    (2)   
 
where 
R- share stored information,  
t- time from the moment of remembering,  
k- rate of forgetting.  
In accordance with this model, there is a certain level of residual 

information, irreducible over time. 
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To take into account the efficiency of regression in the absence of 

research funding the model (1) was amended, based on an analogy with the 
process of forgetting information. The new model of the termination of funding 
probability )(tp , describing the research effectiveness decreases exponentially 

from the achieved value )( 1tp  to some residual value that is less than )( 1tp . 

Exponential decay occurs with exponent 
зT

1
 (time constant зT ). 

 

It was supposed that the residual performance can not be less than the 
initial value 0p . Therefore in model, the residual value is determined by the 

formula { })(,max 10 tpppост ⋅= μ , where 10 << μ . In the simulation, the 

values of 3,0=μ and 3=зT  (i.e. regression occurs 3 times slower than the 
increase in efficiency) were used. 

 
Exponential function (2) describing the regression or forgetting when

21 ttt << : 

рег

1 ( )остp p p
T

= −& , 

where регT  - quantity that characterizes the rate of regression (decreasing the 

probability of making correct decisions )(tp ); 
pост- residual (minimum) level of research effectiveness. 

 
The article discussed a payment option to lack of funding research on the 

range ],[ 21 tt  by increasing the intensity of the funding rate 
2

1

tT
tTv

−
−

⋅  instead of

v on the range ],[ 2 Tt , where T – the duration of the research phase. 
The simulation results based on regression and different position without 

funding period are shown in Figure 1. The presented data shows that taking into 
consideration the regression of research effectiveness within intervals without 
funding fundamentally change the dependence of prolonging research depending 
on the position of the break in funding. 

 
 



 

1050                                                                                                  Elena Shomova 
 
 
 

 
Figure 1. Delay closure of research because of the break in funding. 
 
 
The closer the break to the planned date of expiry of the research phase 

duration the higher desired final level of efficiency. This is explained by the fact 
that the approach to the planned date of expiry stage achieved greater efficiency 
and, consequently, increases the absolute value of regression and its compensation 
after the resumption of research requires more time. 

 
 
Conclusion 
 
Proposed static and dynamic models of changes in the efficiency of applied 

research within an innovative project depending on the schedule of funding. 
Results of simulation allow evaluating the impact of research funding 
irregularities on their effectiveness. 
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