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Abstract 

 
The existing models for regulating the dynamics of the creation of science-intensive products are very fragmented; they are based on 

various initial data and do not allow giving a comprehensive assessment of the feasibility of RandD for the creation of science-intensive 

products within a given time, especially in risk. 

Financial and economic risk; scientific, industrial and technological risk. Taking into account these types of risk, we introduce a method-

ical tool. This is a complex model for regulating economic dynamics designed for a probabilistic and cost description of the dynamics 

and results of the creation of science-intensive products. 

The model provides a complex tech-economic evaluation of projects to develop high-tech products in risk. This model has a universal 

character and can be used in all branches of economics of a technologically developed country. In practice, this complex model can be 

useful at the stage of selection of competing organizations designs with the purpose of evaluating their capacity to implement projects, as 

well as at the stage of adjusting the funding plan and cost estimates for the creation of science-intensive products. 

This model may be used in planning bodies to assess the capabilities of design organizations in the implementation of orders for the crea-

tion of science-intensive products. 
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1. Introduction 

In the context of high volatility of markets of mineral raw re-

sources, system forming nature of the mineral resources sector in 

the national economy, the forecast of developing sectors and com-

panies of the mineral resources (mining) sector becomes an im-

portant and at the same time difficult task. In this context the most 

adequate tool to forecast the development of sectors and compa-

nies of the mineral resources sector is scenario planning. 

Scenarios of developing mineral resources markets and mineral 

resources sector as a whole make it possible to choose the most 

probable basic strategy of the state in the area of natural resources 

management or sub-area of the mineral resources sector and to 

form a promising plan or a comprehensive program of its long-

term development. Such grand scenarios of developing markets 

and the complex make it possible to efficiently and reasonably 

develop companies that can develop their own development sce-

narios based on general benchmarks of the sector development. 

Scenario planning allows managers of all levels to adapt to vari-

ous variants of developing macro-economic parameters and events 

on the markets of mineral raw materials, and to have certain solu-

tions and alternative variants of development. 

The most important component of modern science-intensive pro-

duction is high-tech products, which are products created using 

new knowledge and technologies [1, 2]. The main stages of creat-

ing a high-tech product [3, 4, 5: 

- Research, Development, and Engineering (RDE); 

- development of technical specifications;  

- feasibility study; 

- both the Front End Engineering Design and the Design and De-

velopment (D and D); 

- prototyping and testing; 

- preparing working construction documentation (WCD) and cor-

recting it after tests. 

However, it seems possible to make a predictive assessment of the 

results at each stage in the creation of high-tech products and the 

entire project as a whole only at a probabilistic level, since this 

process has a very high degree of uncertainty due to the impact of 

multiple random factors. To achieve with a certain probability the 

required results at each of the above stages, the support of high-

tech production with personnel, materials, information and finan-

cial resources plays an important role. The organization of work, 

the intellectual and professional level of employees and other 

intangible resources also matter. Each of these resources contrib-

utes to the expected outcome of the project, thus improving, or, 

vice versa, lowering the probability of the release. The identifica-

tion and study of the patterns of time-honored economic processes 

of creating high-tech production, taking into account the afore-

mentioned risk factors for the purpose of justifying strategies for 

the optimal regulation of the economic dynamics of high-tech 

products, is the subject of this article.  

This article discusses the following issues: 

– approaches to the regulation of economic dynamics; 

– the principles of self-organization in economic dynamics mod-

els; 

– model of economic dynamics based on the principles of self-

organization; 
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– complex model of regulation of economic dynamics and as-

sessment of the possibility of its use at the stages of creating high-

tech products. 

 

1.1 Literature Review 

 
1.1.1 Development of Tools for Regulating the Economic Dy-

namics of the Creation of High-Tech Products in Russia 

 

The formation of economic dynamics-as an independent branch of 

the mathematical economy falls on the second half of the XX 

century (in the works of V.V. Leontiev and F. Ramsey, the authors 

of the first model of economic dynamics).  

In Russia, the systematic application of mathematical methods in 

the economy has being developed since the early 60s of the XX 

century when The Central Economic and Mathematical Institute 

of the Academy of Sciences of the USSR was established in 1963. 

The development tools in the field of economic dynamics took 

place under the guidance of academician L.V. Kantorovich. On 

the basis of this school, a corresponding subdivision was created 

within the Siberian branch of the USSR Academy of Sciences. 

Subsequent work (Romanovskii I., Makarov V., Rubin A., Belen-

kii V., Znamenskii V.) completed the stage of formation of eco-

nomic dynamics as such [6, 7, 8, 9]. 

The results of the analysis showed that, to date, economic dynam-

ics is viewed, on the one hand, as an independent branch of the 

theoretical mathematical economy [6, 10, 11, 12, 13], and on the 

other, as a part of the emerging high-tech production lifecycle 

management system within the R and D framework for its creation.  

Subsequent work in the field of economic dynamics allows stating 

that there is a certain pattern in implementing the stages of the 

project for the creation of high-tech production. In particular, it 

was revealed that the statistical distribution of relative volumes of 

work is a logistic distribution [3]. The logistic model is currently 

considered to be one of the main economic dynamics standard 

models of high-tech production [14, 15, 16]. This distribution is 

often observed in the economy, production and engineering. Dis-

cussed are specific methodological approaches and models of 

development and manufacturing high-tech products [17, 18]. The 

main aspects of the probabilistic description of creating high-tech 

products based on the use of a logistic model are disclosed [19]. 

Among the other problems of self-organization of economic dy-

namics models of complex systems, the inductive method of self-

organization is considered. 

However, a wide range of high-tech items, the large number of 

parameters influencing the high-tech items creation costs, and 

many other factors necessitate the improvement of the toolkit for 

regulating the economic dynamics of the creation of such goods in 

the context of uncertainty of initial data base and their reliability. 

 

1.1.2 Development of Tools to Regulate the Economic Dynam-

ics of High-Tech Products Creation in the World Leading 

Technological Countries 

 

Consider in theses brief form methodical approaches to regulating 

the dynamics of creating high-tech products in the world leading 

countries.  

Boer [20] considered the financial aspects of the process of devel-

oping and implementing new technologies, problems and method-

ological approaches to the implementation of an integrated as-

sessment of various technological solutions and approaches to the 

selection of optimal among their many. 

Langdon, Ma and Wu [21] address the application of a flexible 

development methodology (agile methodology) to accelerate and 

enhance the effectiveness of innovative developments by increas-

ing the involvement and more effective use of the creative poten-

tial of the team. 

In Wingate’s work [22] the issues of effective application of the 

project management methodology were considered to ensure 

higher probability of successful implementation of innovative 

projects and optimization of resources in the process of their im-

plementation.  

Keeley, Walters and Pikkel [23] examined the issues of typologi-

zation of innovations and its application in the process of research 

and development in order to improve their quality and effectively 

regulate the dynamics of the creation of high technology products. 

Harris, Villadsen and Koble [24] analyzed the risks associated 

with the regulatory impact on certain economy branches in the 

long term, identified threats to economic subjects and proposed 

ways to identify assess and prevent the possible negative conse-

quences of such impacts. 

Ries [25] presented a comprehensive analysis of the numerous 

aspects that determine the effective implementation of innovative 

processes, the optimal allocation of resources and the productive 

organization of activities to improve innovation processes, as well 

as reduce the risks associated with them. 

Christensen [26] conducted a thorough analysis of the real laws 

that are characteristic of innovative development as an objective 

historical process and its impact on the activities of economic 

entities, including the phenomenon of "subversive innovation" and 

"closing" technologies capable of to have a fatal impact even on 

enterprises and companies occupying a leading position.  

Dodgson, Gann and Salter [27] discussed the problem of effective 

management of technological innovations, factors determining the 

probability of successful implementation of innovative technolog-

ical projects, ways to enhance the dynamics of the creation of 

innovative high-tech products. 

The analysis of these works showed that the main limitations in 

the use of methodical approaches to regulating the dynamics of 

the creation of high-tech products in technologically developed 

countries of the world are:  

- sectoral limitations; 

- the need to adapt to domestic economic realities; 

- focus on any single factor in the creation of high-tech goods and 

promoting it to the market [28, 29]; 

- difficulties in obtaining source data, etc..  

These restrictions significantly complicate the comprehensive 

assessment of the feasibility of implementing projects for the crea-

tion of high-tech products within a given time, especially at risk, 

including in relation to Russian enterprises [30, 31, 32]. 

Thus, the models for regulating the economic dynamics of the 

creation of high-tech production in sufficient measure and from 

systemic positions have not been considered in the world scientific 

and technical literature. 

 

2 Methods 

 
2.1 The Principles of Self-Organization in Economic 

Dynamics Models 

 
Economic dynamics is a continuous sequence of stages of creating 

a high-tech product. Characteristics of the main stages of creating 

high-tech production (the average relative duration of stages and 

their progress relative to the cost of the project) are given in Table 

1. 
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Table 1. Characteristics of the main stages of creating high-tech production. 

Characteristic 

Main stages 

Stage 1. 

RDE 

 

Stage 2. 

Front End Engineering De-
sign 

Stage 3. 

Feasibility 

study 

Stage 4. 

Prototyping and test-

ing 

Stage 5. 

WCD, and correcting it after 

tests 

Relative Stage Dura-

tion 
0.05…0.07 0.10…0.12 0.60…0.70 0.70…0.76 0.03…0.05 

Project Progress 0.12..0.15 0.15…0.22 0.30…0.35 0.30…0.35 0.05…0.07 

 

In accordance with these stages, the economic dynamics of the 

high-tech can be modeled as a multistage self-organization 

process, based on the following principles: 

- multiplicity. i.e. the multiplicity of models of the high-tech 

economic dynamics having different values of the relative du-

ration of the stage and the volume of work performed;  

- external addition, i.e. transformation of high-tech production 

at each stage of its creation on the basis of the initial data com-

ing from the previous stage and in accordance with the criteria 

of the next stage;  

- inconclusive decisions, i.e. choice of an optimal strategy for 

regulating economic dynamics with sufficient freedom for se-

lecting rational solutions at each stage of high-tech products 

creating, see Fig.1. 

 

 
Fig.1. The self-organization principles in high-tech economic dynamics models. 

 

In accordance with these principles, the high-tech economic 

dynamics formation at each stage is carried out simultaneously 

in to two opposite directions of self-organization:  

- requirements of a subsequent stage to the previous stage (a set 

of requirements – contour {T}); 

- initial data from its present stage going to the next one (a set 

of source data, or the {ID} – contour.) 

According to the formulated principles of self-organization, the 

creation of high-tech production is a multi-stage evolution 

technology. This means that high-tech should be developed on 

an incremental principle, so that the developer could use the 

initial data and knowledge gained when developing former 

versions of high-tech products. A multi-loop model of the high-

tech production economic dynamics based on self-organization 

is shown in Fig.2 

Self-organization principles 

Rationalization of the choice of a strategy for managing economic 

dynamics at risk 

Complex model of economic dynamics regulation 

The multiplicity 

of models princi-

ple 

External add-ons 

principle  

Inconclusive deci-

sions principle 

Models and algorithms of economic dynamics 
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. 

 
Fig.2. Multi-loop model of the high-tech production economic dynamics based on self-organization. 

 

The practice shows that the best success in creating high-tech 

products depends on a series of "small steps of self-organization," 

each of which includes a clearly defined result based on the intro-

duction of a set of mature technologies. The beginning steps of 

this process are the studies aimed at R and D, and experimental 

verification of ways and methods of using new scientific 

knowledge for the purpose of creating high-tech production. In 

this case, it is possible to make return to the previous successful 

step in case of failure: before using all the resources allocated for 

the high tech creations, the developer, founding on the laboratory 

and bench tests, has the opportunity to correct former mistakes in 

the project being implemented. Each high-tech production itera-

tion is finalized when the introduction of new scientific 

knowledge and technologies. 

In the practical implementation of the principles of self-

organization, the following provisions should be guided: 

- specifying requirements for the design of high-tech products that 

are posted on the time axis; 

- modular design with open architecture ideology; 

- use of the base product and pre-design allowing taking into ac-

count future changes in the project; 

Thus, self-organization in the models of the economic dynamics 

of the high tech products ultimately consists in choosing a rational 

economic dynamics strategy among the multitude of many, taking 

into account the multi-stage process of creating high-tech products. 

 

2.2 Models of Economic Dynamics of High-Tech Prod-

ucts Based On the Principles of Self-Organization 

 
Models of economic dynamics of high-tech products based on the 

principles of self-organization divided into two types: in condi-

tions of project funding sufficiency or insufficiency. 

The general statement of the problems of the first kind is formu-

lated as follows:  

- Given: the agreed terms of the project, the cost of the project in 

stages and the full cost of the entire project, the set of initial data 

and requirements for work at each stage of the project;  

- The task is to determine a rational strategy for regulating eco-

nomic dynamics, both at each stage of creating a high-tech prod-

uct, and its overall cost, ensuring the maximum chance of project 

implementation: 

   
{ }

, arg max [ { },{ } , , ],n n n
S Z

P S t P S ID T t C





prC C
,





N

n

nCC
1 ,

,0 Tt 
                                        (1) 

where 
 tSP ,

 is the probability of project completion at a given 

time t; S* stands for optimal strategy for regulating economic 

dynamics; {Z} – ; Cn, prC
 – project cost at n–stage and the 

budget cost of the whole project; {IDn}, {Тn} – set of initial data 

and requirements at the nth stage of project implementation; Т is 

the agreed date of the project completion.  

The general statement of the problems of the second kind is for-

mulated as follows:  

- Given: the total cost of the project stages, the significance of 

each of them;  

- The task is to find such a distribution, taking in account a limited 

financial resource, for the stages of creating high-tech products (or 

components of high-tech production) in order to implement the 

project in the most compliance with the requirements of the cus-

tomer.  

Formulation of this problem is further considered for two variants 

of the project implementation: the first one - all stages of creating 

high-tech products are dependent on each other; i.e. the execution 

of the next stage is impossible without the execution of the previ-

ous stage; the second option is: all stages of the high-tech products 

creation are relatively independent and those products can be pro-

duced independently of each other.  

In accordance with the above provisions, the following probabilis-

tic and cost models of economic dynamics of high-tech production 

are considered. 

 

2.3 Probabilistic Models of Economic Dynamics 
 

2.3.1 Estimating the Probability of the Project Completion in 

Time 

 

The basis of the logistic model for the probabilistic description of 

creating high-tech products is the dependence of costs on main-

taining the lifecycle of the product from the intensity of its imple-

mentation: 

1
( ) exp 1 , 0 ,

a

pr

t
C t C a t T

T T

    
       

             (2) 

where )(tС  is the project cost at time point t; prC  is the total 

project cost; T is agreed terms of the project; a > 0 is the intensity 

of project implementation.  

According to this model, the project costs increases monotonically 

from zero to the value of prC
 (at t T ). The character of the C(t) 

dependence is determined by the a parameter. The dependence (2) 

can be used to estimate the probability of a project to be complet-

Stage 1 

{ID12} 

{Т21}  

Stage 2 
…. 

Stage N 

{ID23} 

{Т32} 

{IDN-1,N} 

{ТN,N-1} 

…. 

…. 

{Т}- a set of requirements of a following stage to the previous stage, {T}-contour  

{ID} – a set of initial data coming from proceeding stage to the following 

one 
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ed in t-time, when accepted 
1prC 

 , and we also consider the 

maximum maxT
duration for the project instead of time T. Then the 

expression for the probability of the project of the Q < t-time dura-

tion has the following form: 

.0,1exp)()( max

maxmax

Tt
T

t
a

T

t
tQPtp

a





























   
(3) 

where 
)(tp

 is the probability of completing the project in t-time, 

while Q is the current project timing.  

In this model, the main parameter regulating economic dynamics 

(the "regulator") is the project intensity performance. Since the 

determination of the a parameter, as well as the maximum time of 

project execution maxT
 based on expert data and high-tech pro-

duction design statistics, is a problematic task (in practice, it is 

possible that even with the maximum possible time a project may 

be not completed), it seems reasonable to use a simpler model of 

economic dynamics, presented below. 

 

2.3.2 Estimating the Likelihood of Project Implementation 

Taking Into Account the Productivity of Project Developers 

 

In this model, the pace of completion of the scope of work under 

the project is proportional to the remaining work and the project 

developers productivity. This assumption is consistent with the of 

high-tech production design practice. If the relative amount of 

work performed is presented as a probability of project implemen-

tation, then the economic dynamics can be described by the fol-

lowing expression:  

( )
( )(1 ( ))

dp t
ka t p t

dt
 

,         (4) 

where 0k  is the proportionality factor.  

Under the initial condition 0)0( ptp 
, the solution of this 

equation has the following form: 














 

t

dttkaptp
0

0 )(exp))1(1()(

,        (5) 

where 0p
 is the initial level of development of the project for a 

high-tech product creation. 

In this logistic function, the )(ta  parameter from the probability 

point of view characterizes the intensity of the project and is relat-

ed to the labor productivity. To determine the )(ta  parameter, 

we can use The Cobb–Douglas Production Function describing 

the production activity of the organization designing high-tech 

products: 

1b bY AK S  ,           (6) 

where Y is the cost of manufactured products; K stands for capital 

assets (buildings, constructions, devices and equipment, technolo-

gies, materials) valued in money; S - compensation of employees 

(at the R and D stage, labor compensation is a certain part of the 

cost of the project prC
 for the high-tech products creation); b is 

the elasticity figure characterizing the degree of influence of pro-

duction factors on output; 1A  is the scale factor characterizing 

the innovation level of the project and its rise in value in compari-

son with analogues and prototypes.  

The success of the project from the economic point of view is 

determined by its profitability: 

pr

Y
R

C


                          (7) 

The higher the profitability of the project, the more successful the 

project is completed. If R <1, then from the economic point of 

view, the project is unprofitable, and its implementation can not 

be recognized as successful. Therefore, to assess the pace of the 

project, we use an expression that takes into account the current 

profitability of the project:  

,
dY Y

a bm
Cdt C

 
          (8) 

where m is the rate of change in production assets. 

From the expression (8) it follows that with the increase in the 

qualification level of the personnel of the project organization, the 

volume and cost of production assets, the profitability of the pro-

ject raises labor productivity, and hence the probability of success-

ful implementation of the project in time. For a loss-making pro-

ject, the probability of its successful implementation within a giv-

en time will always be less than one. 

 

2.3.3 Estimate of Probability of Project Execution with Maxi-

mum Profitability 

 

In this model, an estimate of the )(Tp  probability of a project to 

create high-tech production with a given probability over time 

( ; ) ( )T p T a p T
 with the fixed budget of C is achieved on 

the basis of maximum profitability: 

max
,

))(,,(
wb

tpwbR 
          (9) 

where w is the share of the project budget which comes from the 

remuneration of scientific and engineering personnel, who carry 

out the main work on the creation of high-tech production. 

The solution of formulated problem can be found using the meth-

ods of nonlinear programming. To solve this problem in practice, 

it is necessary to find an explicit relationship between the remu-

neration and the project regulation parameters. In order to solve 

this problem, in practice, it is necessary to find a clear relation 

between the remuneration and the parameters in order to exclude 

the dependence of the task on the number of employees of the 

project organization N; this makes possible to use specific indica-

tors, 
,

N

C
,

N

K

N

Y

 that do not change the essence and the result 

of the solution of the problem and project regulation. 

In practice, there is often a situation where the achievement of the 

required technical specifications for high-tech production requires 

additional time, new materials, equipment and technology. The 

influence of these factors can be taken into account by adjusting 

the project cost, Сpr, and the project intensity a -parameter. 

 

2.4 Cost Models of Economic Dynamics 
 

In the process of creating high-tech production, there is often a 

situation where real financing is significantly less than planned, 

for one reason or another. In this case, high-tech developers need 

to solve the problem of allocating a limited amount of financial 

resources for the stages of creating high-tech products (or their 

components) [33].  

The general mathematical statement of this task is the following: 

- Known are: С (С = С1,С2,…,СN) - a set of costs for N stages of 

a high-tech product creation; yi - is the importance, or signifi-

cance, coefficient for each stage of the creation, equal to the rela-

tive cost of performing the stage: 
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1

i
i N

i

i

C
y

C





, 
 Ni ,1

.                       (10) 

 

In the course of the project, the actual amount of funding appeared 

less than the planned one. 1

N

F P i

i

C С C


 
; 

- The task is: find such a distribution of the allocated amount of 

financial resources, so that all work on the creation of high-tech 

production was carried out in full and in the required amount of 

time. 

In the conditions of insufficient financing of a project on creation 

of high-tech product, two strategic models of economic dynamics 

regulation are considered below.  

 

2.5 Model of Economic Dynamics for the Interrelated 

Stages of Creating High-Tech Products 

 
In this case, the optimal strategy S* for regulating the economic 

dynamics of high-tech production is established on the basis of 

maximizing the next objective function: 

1 2

1

( , ,... ) maxN i i

i

S x x x y x






 
,                     (11) 

1

i i F

i

y x С





,                        (12) 

 

where yi is the realized estimated cost of the project at a given 

level of its financing; xi= (1 if the i-th stage of the project is car-

ried out at a given level of funding). 

The search for an optimal strategy for regulating economic dy-

namics reduces to determining the values of the Boolean variables 

xi (x1, x2, ..., xN) at which the maximum of the objective function 

(11) is reached under the condition (12). The solution of this prob-

lem can be found using some type of a search tree algorithm. To 

do this, all stages of the project are sorted in order of importance: 

1 2 ... Ny y y  
. Then each xi variable, starting at x1, is 

sequentially assigned the value "1" until the condition (12) is vio-

lated. The set of these variables will be the solution of the original 

problem. 

 

2.6 Model of Economic Dynamics for Independent Stag-

es of High-Tech Production Creation 
 

In this case, the optimal strategy S* for regulating economic dy-

namics is set based on minimization of the objective function in 

the form of the mean square deviation of the actually allocated 

volume of resources from the planned volume: 

   
2

* * * *

1 2

1

, ,.., min
N

N i i F

i

S y y y C y C



 
             (13) 

under the following restrictions: 

* *

1

0; 1
N

i i

i

y y


 
,        (14) 

where 1 2( , ,.., )Ny y y y   
 is the vector of the al-

location of financial resources in new financing conditions. 

A new vector of allocation of financial resources is 

found from the condition of the minimum of the objective func-

tion (13) under constraints (14). To do this, we compose the La-

grange function and find its minimum with respect to 

*

iy
,, and l:  









 


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iNN ylyyySlyyyL
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From the system of equations: 
















0

0

dl

dL

dy

dL

i

,       (16) 

We get: 

* 1 1
/i iy y q

N N

 
   

  ,     (17) 

where q = СF / СN is the relative funding volume. 

To fulfill the 

* 0iy 
 condition, it is necessary that the funding 

volume is not below the permissible level: 

 max 1 iq N y q  
. 

With a funding volume of q below the permissible level, the iy

 

value will be less than 0, 

* 0iy 
. In this case the problem has 

no solution for all stages of the project. Therefore, one of them 

must be eliminated, and the corresponding iy

 coefficient is as-

sumed to be zero. Then you need to recalculate the importance 

factors of the remaining stages of the project. 

Here are some concrete examples of using models:  

Example 1. Choosing a strategy for regulating economic dynamics 

based on the optimal allocation of financial resources for R and D 

to create a new type of high-tech product in conditions of limited 

funding and determining the minimum permissible level of R and 

D financing.  

As a rule, technical specifications for R and D suppose a step-by-

step implementation of a number of specific tasks, for example: 

analysis of world experience in creating high-tech products; con-

ducting patent research; development of proposals on promising 

directions of research; development of Engineering Change Pro-

posals (ECP) for introduction to new types of high-tech produc-

tion; development of experimental (breadboard) products of high-

tech production, etc. To fulfill all the above tasks and achieve the 

R and D objectives, the required financial resources volumes for 

both the whole R and D and each of its specific tasks are justified. 

If the finance volume comes much lower than planned there is a 

need for efficient use of allocated funds for all tasks of R and D in 

the fullest volume and in the required time. 

The results of solving this problem using the above 

models are presented in Table 2. 
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Table 2. The solution. 

The share of the 

required volume of 
financial support, q 

The importance of the task factor 

Analysis of the world 

experience in creating 
high-tech products 

Development of 
research direction 

proposals 

 

Patent 

research 

Development of proposals 

for the implementation of 
the results 

Development of experimental, 

or "breadboard", products of 
high-tech production 

A B C D E 

1,0 0,1 0,3 0,1 0,2 0,3 

0,9 0,08 0,32 0,09 0,2 0,31 

0,8 0,06 0,31 0,09 0,22 0,32 

0,7 0,04 0,32 0,11 0,22 0,33 

0,6 0,01 0,32 0,11 0,22 0,34 

0,5 0 0,33 0,12 0,21 0,34 

0,4 0 0,43 0,02 0,2 0,35 

0,3 0 0,53 0 0,2 0,27 

0,2 0 0 0 1,0 0 

0,1 1,0 0 0 0 0 

 

From the data given in Table 2, it follows that the ultimate permis-

sible minimum funding level for R and D is q = 0.6. At the same 

time, the development of all R and D tasks can be carried out, in 

varying degrees. At q <0.6, simultaneous development of only 

problems B, C, D, E is possible. This funding capacity is main-

tained up to the q>0,3level of financing. At 0.2 <q <0.3, only 

problems B, D, E can be simultaneously developed, and for q = 

0.2 it is only A. 

The presented strategy of economic dynamics regulation based on 

the of financial resources allocation algorithm gives the single 

decision which is optimum by criterion of a minimum square de-

viation of the allocated resources compared to the planned R and 

D as a whole. 

Example 2. The choice of a strategy for regulating economic dy-

namics based on the optimal allocation of financial resources for 

the development of an experimental, breadboard, high-tech prod-

uct and the definition of the minimum permissible level of its 

financing. 

The results of the calculations are given in Table 3. 

 
Table 3. The calculation results. 

Share of required financing, q The importance factors of the high-tech production components (HTC) 

HTC-1 HTC-2 HTC-3 HTC-4 HTC-5 HTC-6 HTC-7 

 A B C D E F G 

1,0 0,1 0,2 0,2 0,1 0,1 0,2 0,1 

0,9 0,07 0,21 0,22 0,13 0,07 0,22 0,08 

0,8 0,06 0,22 0,2 0,14 0,07 0,24 0,07 

0,7 0,04 0,23 0,21 0,15 0,06 0,25 0,06 

0,6 0 0,24 0,22 0,17 0,06 0,25 0,06 

0,5 0 0,25 0,22 0,16 0,06 0,25 0,06 

0,4 0 0,26, 0,24 0,15 0,05 0,25 0,05 

0,3 0 0,35 0,20 0 0 0,45 0 

0,2 0 0 0,50 0 0 0,50 0 

0,1 1,0 0 0 1,0 1,0 0 1,0 

 

From the data given in Table 2, it follows that the ultimate permis-

sible minimum funding level for R and D is q = 0.6. At the same 

time, development, in varying degrees, of all components of high-

tech products can be carried out. When q <0.6, only B, C, D, E, F, 

G can be simultaneously developed. This funding capacity is 

maintained up to the level of financing. At 0.2 <q <0.3, only B, C 

and F can be created simultaneously, and for q = 0.2 only C and F. 

The calculation method based on the above models of regulation 

of economic dynamics is implemented on a computer in the inte-

grated application development environment Delphi 7 in the form 

of a software analytical complex for Windows and Linux operat-

ing systems. t can be used to justify the required financial re-

sources for planning and practical implementation of complex 

activities on creation of the high-tech production. 

2.7 Complex Model of Economic Dynamics Regulation 

 
Taking into account the considered features of the probabilistic 

and cost models used in Russia and the leading world countries, a 

comprehensive model for regulating the economic dynamics of 

high-tech production based on the principles of self-organization 

is proposed (Fig.3). 

The complex model is based on individual models that allow de-

termining: 

- the probability of execution of the project within the specified 

time, (p(T); 

- the probability of completing the project based on the productivi-

ty of project developers (p(a)); 

- probability of project execution with maximum profitability 

(p(Rmax)); 

- optimal strategy for regulating economic dynamics for inde-

pendent and interrelated stages of creating high-tech production 

(S*). 

Taking into account the p(T), p(a), p(Rmax), S* controls, S*, an 

optimal strategy for the economic dynamics of high-tech produc-

tion is selected, ensuring rational use of budgetary funds, minimiz-

ing risks and time for creating high-tech production. 
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Fig.3. Complex model of regulation of high-tech products economic dynamics. 
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The proposed integrated model of regulation of economic dynam-

ics is aimed at the feasibility study of the required values of indi-

cators of high-tech products and can find wide application in vari-

ous sectors of the Russian and world economy. 

3. Results 

In the article various regulation models of high-tech economic 

dynamics of production, used in Russia and the leading world 

countries are considered. It is stated that the existing models are 

very fragmented, rely on various initial data and do not allow to 

give a comprehensive assessment of the feasibility of performing 

R and D to create high-tech production for a given time, especially 

at risk. 

A number of high-tech features of the creation is stated, including: 

the uniqueness of development of the most important technolo-

gies; high degree of technological risk; absence of prototypes 

(analogue products); a relatively unstable level of development of 

the necessary technological base; the universal nature of most of 

the technologies used which have prospects for dual purpose. 

The types of risks that must be taken into account when selecting 

a model for regulating the economic dynamics of high-tech pro-

duction are defined; the main ones of which are:  

– financial and economic risk: the probability of lack of funding 

the of high-tech products development, and excess of actual costs 

over budgeted ones; 

– scientific and technology risk (the probability of a non-

fulfilment by high-tech developers of technology requirements, 

technology tasks for research and development work and the ter-

mination of works for scientific and technology reasons); 

– industrial and technological risk (associated with the aging of 

fixed production assets, loss of technology etc.) 

Taking into account the stated features and risk factors, models for 

the regulation of economic dynamics of high-tech production 

based on the principles of self-organization are suggested, includ-

ing: 

– models based on the probability of project execution (probabilis-

tic models), including: 

a) done in time; 

b) taking into account the productivity of the project de-

velopers; 

c) maximum profitability; 

– models that take into account the risk of underfinancing the 

project, for the interconnected and independent stages of creating 

high-tech production (the cost models). 

Practical examples of the use of models are given.  

The developed complex model of economic dynamics regulation 

in the high-tech production allows choosing the necessary type of 

model under risk conditions and corresponding regulation parame-

ters.  

Application of the proposed models makes it possible to carry out 

a technical and economic assessment of options for creating high-

tech production and to choose options that ensure the rational use 

of budget funds allocated for these purposes with maximum effi-

ciency of project implementation in risk. 

4. Discussion 

In modern scientific studies the economic dynamics is considered 

mostly as an independent branch of theoretical mathematical eco-

nomics and rarely as part of an emerging system of lifecycle man-

agement of high-tech R and d for its creation. However, the fea-

tures and risks of creating high-tech production are not fully taken 

into account [34, 35]. That is why in this article it was necessary 

to emphasize and explore the economic dynamics as a part of the 

lifecycle management system for creating high-tech products. The 

subject and the main object of this article is the identification and 

study of the regularities of the flow in time of the economic pro-

cesses on creating high-tech production, taking into account the 

above-mentioned features and risk factors, with the aim of justify-

ing and selecting the optimal strategy for regulating economic 

dynamics. 

This article discusses the following issues: 

– theoretical and methodical approaches to regulating the econom-

ic dynamics of high-tech production, used in Russia and the lead-

ing foreign countries; 

– the principles of self-organization in economic dynamics mod-

els;  

– models of economic dynamics based on the principles of self-

organization;; 

– A complex model of economic dynamics regulation and assess-

ment of the possibility of its use at the stages of creating high-tech 

products. 

It is stated that with the optimal regulation of economic dynamics 

it is necessary to take into account the following provisions: 

– the creation of high-tech production is a multi-stage process of 

gradual improvement; 

– high-tech products should be developed on an incremental prin-

ciple, so that the developer could use the initial data and 

knowledge gained when developing former versions of high-tech 

products. 

– The practice shows that the best success in creating high-tech 

products depends on a series of "small steps of self-organization," 

each of which includes a clearly defined result based on the intro-

duction of a set of mature technologies; 

– the possibility to return to the previous successful stage (step) in 

case of failure: in this case, before using all the resources allocated 

for the creation of high-tech production, the developer, based on 

the results of lab studies and bench tests, has the opportunity to 

correct available miscalculations and errors in the project being 

implemented; 

– each high-tech production iteration is finalized when the intro-

duction of new scientific knowledge and technologies. Additional 

functions can be also welcome to the iteration as well. 

In practice, the implementation of economic dynamics, the follow-

ing guidelines should be followed: 

– specifications for the projected high-tech products spread along 

the time axis; 

– modular design with open architecture ideology; 

– use of the basic product and the pre-design, taking into account 

the future possible changes in the project;;  

– maximum use of available scientific and technological and in-

dustrial-technological backlogs ("mature" scientific knowledge 

and production technologies, unified modules, blocks, standard 

technical solutions, materials and substances).  

The need to take into account the above provisions in the planning 

and practical implementation of economic dynamics is caused by 

a number of circumstances; and, above all, the practical need for 

carrying out feasibility studies of economic dynamics in condi-

tions of a minimum amount of initial data. 

5. Conclusion 

In this article, the process of creating high-tech is presented as a 

multi-stage multi-loop process, based on the formulated principles 

of self-organization: 

– multiplicity (i.e. the multiplicity of models of the high-tech eco-

nomic dynamics posses different values of the relative duration of 

the stage and the volume of work performed); 

– transformation of high-tech production at each stage of its crea-

tion on the basis of the initial data coming from the lower stage 

and in accordance with the requirements. and - the criteria im-

posed by the higher stage (the principle of external supplementa-

tion); 
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– multi-stage selection of the optimal strategy for the regulation of 

economic dynamics with sufficient freedom of choice of rational 

solutions at each previous stage (the principle of nonterminal deci-

sion decision.) 

The main principle of further improvement of the methodological 

tools for regulating the economic dynamics of high-tech produc-

tion should be to achieve a minimum costs and / or maximum 

efficiency at given costs. 
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