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Abstract

Objectives: The article considers various methodological approaches to estimate the costs for creating high-tech products
used in the leading countries. Methods: HTP economic evaluation model proposed by the authors is based on modern
methods of assessing the costs for the HTP creation. In its economic essence, they are all based on a common methodology for
assessing the results and costs in their various combinations and modifications. However, the current assessment techniques
do not allow carrying out a comprehensive feasibility study of HTP. Findings: It has been specified that the existing
methodologies for estimating the costs do not allow making a comprehensive feasibility estimate of options for sharing of
new and traditional technologies when creating high-tech products. Specific peculiarities that are necessary to be considered
in economic evaluation of high-tech products have been found. A number of models for economic evaluation of high-tech
products have been suggested. These models are based on modern methods of estimating costs to create high-tech products
used in leading countries. According to their economic essence, they are all based on a common methodology for estimating
the results and costs in their various combinations and modifications that provides a comprehensive feasibility estimate of
high-tech products. The practical implementation of the proposed models allows conducting a feasibility assessment of the
sharing options for new and traditional technologies when creating high-tech products and choosing the options that ensure
rational use of budgetary funds allocated for these purposes. Applications/Improvements: These models are universal and
can be used in all sectors of the economy of the technologically developed country.
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HTP includes the steps of forming scientific, scientific-

1. Introduction

technological and industrial-technological groundwork.

High-Tech Products (HTP) are advanced technology
products created on the basis of the unique production
processes or products realizing their consumer features
with advanced physical and technical effects'.

Creating HTP is a very complex and expensive process,
which often begins from a “zero point” and involves the
formation of Technological Advance (TA), creation of
phantom, experimental products, and then prototyping
and serial products. Thus, for example, creation of TA for
carrying out Experimental Development (ED) to develop
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At the same time, groundwork phase absorbs about 10%
of the total budget expenditure to create HTP".

In general, the creation of HTP can be accomplished
both through the use of new technologies, and through the
sharing of traditional and new technologies. Therefore, a
certain period of time, during which traditional and new
technologies will be shared, is necessary. This should
provide the so-called synergistic effect providing either an
increase (increment) of performance indicators of HTP
functional problems or reduction of costs to perform the
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same functional tasks, the achievement of which in both

cases is not possible in the case of the use of traditional

and new types of technologies separately.

It is well known that the traditional way of making
any technical product is strictly regulated and provides
for several stages of development and implementation
of project documents (normative documents). Thus, the
main stages of traditional scheme of technical design are
the development and implementation of:

o technical specification (it specifies requirements for
the designed system and its components);

o technical proposal (it contains a feasibility study of
the possibility to create a system as a result of the
estimate of the requirements equation with available
technological and production capabilities);

o conceptual design (it includes the basic design
decisions and their feasibility study);

o technical design (further detalization of conceptual
design, in which the final shape, technical and cost
characteristics are determined);

o working documents (which allow
manufacturing HTP).

However, the design of HTP has a number of
distinctive features, related to the need of conducting:

o scientific and technical research on the justification
of the required level of the main HTP indicators;

o analysis of a significant number of possible options
for the technological implementation of individual
functional and technological blocks (FTB) to achieve
the required level of the main indicators of HTP and
their feasibility study considering the possibility of
sharing traditional and new technologies.

In addition, when designing HTP, it is necessary to
take into account a number of specific peculiarities, in
particular:

o uniqueness of the development of key technologies;

o high degree of technological risk;

o absence of prototypes (analog products);

o relatively unstable level of the development of the
necessary technological base;

o universal nature of most of the technologies used,
with the prospects of dual (military and civilian) use.

The presence of the developed base (scientific and
research, laboratory, industrial, experimental, testing,
etc.) is necessary to develop HTP. The development
conditions are often of unique and distinctive nature,
which requires the allocation of significant resources
(material, financial, etc.), on the effective use of which

starting
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the success and timeliness of the HTP creation largely

depends.

This article sequentially considers the following issues:

o analysis of various theoretical and methodological
approaches to estimate costs for HTP creation used
in Russia and leading foreign countries;

o stages of HTP process engineering with cost estimate
for its creation in the sharing of new and traditional
technologies;

o functional and technological model of HTP;

o model of evaluation of performance readiness
(maturity), cost and risk of development of
technologies, considering HTP design peculiarities;

«  HTP technological design model.

2. Literature Review

The conducted analysis of a large number of international
publications on the problem revealed high interest
of researchers to the issue, which demonstrates its
importance and relevance.

Various authors have considered various aspects
of the problem and offered a variety of methodological
approaches to estimate costs for high-tech product
creation, and also solving issues related to this problem*™.

Publications of researchers from different countries
(the USA, China, Japan, France, Spain, Australia, the UK
and others) were analyzed, among which a number of
works presented below, in our view, should be highlighted.

Justification of rational decision-making in the process
of financing the development of high-tech products and
new technologies is considered in*~".

Problems and methodological approaches to cost estimate
and management in the creation of high-tech products
and new technologies in the framework of international
cooperation and collaboration are discussed in®.

Works of Woertman et al.’ are dedicated to the
problem of feasibility study and selection of the optimum
moment for transition from the old to the new technology
based on cost estimate for its creation and optimization.

Different approaches to issues of estimation of commercial
potential of new and emerging technologies, including those
based on the use of fuzzy sets, are offered in’.

Application of the Delphi method to estimate
commercial potential of new types of high-tech products
and new technologies is studied in". J. Cho and J. Lee
proposed a classification of factors determining the
economic feasibility of financing the creation of new
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high-tech products considering perspectives of their
application and potential success in the market."

The problem of price justification and cost control
in the development of high-tech products, considering
the need to ensure the effectiveness of its creation is
considered in'2

Issues of preliminary economic evaluation of the
effectiveness of research and experimental development
activities in the development of new types of high-tech
products considering possibility of the impact of various
uncertainty factors are discussed in".

Problems of estimation of new technologies and high-
tech products in the aspect of financing their development
on the basis of the approach with the use of real options
are considered in'*".

Generally, despite the wide range of works on the
considered issue and in-depth study of certain aspects
of the issue, in our view, methodological approaches
offered by the authors to the cost estimate for the creation
of high-tech products are characterized by a number of
restrictions (sectoral limitations, the need for adaptation
to the domestic economic realities, etc.), which impede
a comprehensive feasibility study of options for sharing
new and traditional technologies when creating HTP,
including those with regard to the Russian companies.

2.1 Regulatory and Procedural Documents

Review

At the end of the 20" century, HTP economic evaluation
was carried out in Russia mainly on the basis of industry,
interagency and national methods based on the concepts
and methods accepted in those years. It was carried out
according to indicators of saving total prime cost of works
carried out with the help of this type of HTP that were
compared with the investments ensuring this saving. All
HTP economic evaluations were calculated according to
their individual types associated with the production of
specific HTP products, as well as to the processes of their
development, absorption and modernization. The least
developed in economic theory at that time were issues
related to the assessment of commercial effectiveness
of new technologies implementation, as this issue was
hardly considered in terms of planning and the command
economy. In solving this problem, there were no reliable
statistical gauges and clear definitions of the used
categories, for example, the concept of “novelty” did not
have a clear assessment criterion.
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In 90-ies Russia began the transition to the methods
of economic evaluation of technologies generally
accepted in the world practice, based on the so-called
United Nations Industrial Development Organization
methodology (UNIDO)®. The spread of the UNIDO
methodology in the Russian practice has passed 3 main
stages. The first stage was associated with the introduction
of the “Integrated methodology for assessing the
effectiveness of measures aimed at accelerating scientific
and technological progress” The second stage was
connected with the introduction of the “Guidelines on
estimation of investment projects efficiency and their
selection for funding” in 1994. The beginning of the
third stage was the implementation of the second edition
of the “Guidelines on estimation of investment projects
efficiency and their selection for funding” in 2000. Despite
the significant differences between these methodological
recommendations, all of them determine the procedure
for evaluating the effectiveness of HTP, without regard for
the complex issues of commercial effectiveness of their
implementation on the market".

This fact reduces the practical value of methods
and instruments of economic evaluation of HTP and
technologies currently used. Consequently, the relevance
and the uncertainty to the full extent require further
research the scientific problem under consideration.

Assessment of technologies readiness (maturity) is the
main objective of the set of specialized organizations in
the leading countries®*. In Europe, for example, there
is the European Technology Assessment Group (ETAG)
unifying five European research institutes and performing
assessment and analysis of technologies for the European
Parliament?.

The most developed and perfected in the methodical
plan are issues of technology maturity assessment in the
US. For this purpose, the United States uses the concept of
“Technology Readiness Level” (TRL). This characteristic
is a readiness measure of technology, which is used by
US government agencies to evaluate new (developing)
technologies (materials, components, spare parts, etc.)
before their introduction in the generated output.

Data of technology readiness assessment level were
originally developed by NASA in the 80s of the last
century*** and included 7 levels. Further, this approach
was refined and generalized, and then it was admitted to
the US Department of Defense (hereafter - US DoD).
The demand for technology readiness level assessments is
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prescribed by DoD policy documents D.5000 Series® in

the course of procurement for the Ministry.

The main purpose of the use of technology readiness
levels is to support management decision making in the
process of their development and implementation. In
general, technologies readiness level assessment is aimed
at ensuring of:

o common approach to determine the status of
technology;

o+ risk management in the creation of technology;

o decision-making support in the implementation
of funding programs for technology development,
transfer and deployment of technologies.

The US DoD document® introduced a special verbal
and numerical scale, by means of which the current level
of development of any technology can be assigned to one
of 9 levels of technology readiness, traditionally referred
to as TRL1 - TRL9.

The problem of development of technologies and
their assessment as well as issues relating to dual-use of
technologies, is widely seen in a number of international
documents, research reports, collective and individual
research. An analysis of the various aspects of the
development of dual-use technologies is presented in the
report of the European Commission?.

2.2 Development of Tools for Cost-benefit

Analysis of Technologies in Russia
Until the 70s of 20" century, cost-benefit analysis of
new technologies in Russia was characterized by the
dominance of approaches based on prime cost category.
Typical view of cost-benefit analysis model was as follows:
AS, S-S (1)

E L ¢ — max,,

(I)ZAH
[}

Ho _K/b

where S, and S_ are total prime cost of goods (works)
according to the base and evaluated technology options;
K, and K are investments according to the base and
evaluated options.

Since the late 80s of the last century to the present, the
tools for cost-benefit analysis of technologies are based
on the use of the concept of alternative cost and UNIDO
methodology. This methodology focuses on the use of the
following key indicators:

o net present value (other interpretations of this index
is the integral effect, net present value, present value
of an annuity);
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« yield index of discounted investments (index of
profitability of discounted investment);

o internal rate of return, and others.

The monograph' revealed the main aspects of
evaluation of HTP cost parameters, considered the
principles to be guided by and disclosed the essence
of the concept of “effective use of financial resources”.
The considerable attention of the monograph'is paid
to the tool for estimation of realization cost of planned
measures to create HTP with different amounts of initial
data in terms of financial, technological and technical
and economic risks. The theoretical basis for determining
the accuracy of forward-looking assessments of cost
indicators is presented and formulation and solution of
the problem of their verification are given.

Currently, while preparing planned documents, as
a rule, various options for creating HTP products are
considered, which differ by characteristics, terms of
forming purchases and their volume?. The complexity of
cost estimate of implementing the planned measures to
create HTP products is due to"

o diversity of HTP types, produced during events
implementation at different stages of its life cycle;

o different period of pre-emption of measures cost
estimate (from one year to ten years or more);

o large number of factors affecting the cost of creating
HTP;

o different composition and different degree of
reliability of input data used to estimate the cost of
the measures;

o wide range of varying the duration of the
implementation of activities, which can reach ten or
more years.

These factors make it necessary to improve the
existing cost-benefit analysis tools to create HTP in an
environment of uncertainty of a significant amount of
initial data.

2.3 Development of Methodology and Tools
for Cost-benefit Analysis of Technologies
in Highly Developed Countries

In highly developed countries, the development of

methods for the economic evaluation technology was

mostly carried out similar to their development in the

Russian practice, but usually ahead. Scientists from

the United States achieved the greatest success in the

development of technology assessment methods.
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If we omit the minor nuances in the evaluation of
technologies by various agencies and organizations in the
USA, then in all cases there is the same problem, which can
be formally represented as a reflection of set of emerging
and existing Tech technologies in TRL numerical system
using a verbal numeric scale VN_Scale_TRL based on the
general theory of measurement®

Probl:Tech TRL, 2)

VN _Scale _TRL

where, Probl is the identification of the estimated
problem,

Tech=<Tech,, Tech,,..,Tech > - a set of estimated
problems,

TRL:<Tech1, Techz,...,Techn > - numerical grading
system,

VN _ Scale _ TRL - verbal numeric scale for assessing
the TRL technologies readiness level; Table 1,"

n — a number of assessed technologies.

Using this approach, any HTP product can be
represented as a set of technologies:

To assess the currentlevel of readiness of HTP** product
technologies in general during the process of developing
or determining the level of readiness of scientific and
technical basis for the creation of the product at the stage
of making a decision about the opening of ED, one of the
following rules is used:

TRL,,, = %Zn:TRL,- or TRL,,¢; = miin{TRLl.,i =1,n}, (4)
i=l

The main drawback of this approach to determine
the level of technology maturity is obvious enough: it is
not valid enough, because it is based on subjective expert
evaluation.

However, the majority of international experts believe
that a simplistic approach to evaluate the technology
readiness level, used above, has played a crucial role
at certain stage of birth of the methodology relating to
this approach. For the present stage of development of
the knowledge economy and terms of unifying complex
heterogeneous technologies into the system, the existing

VVSTd—=fTechl +Tech, +...+Tech,, (3)

Table 1.

methodology for assessing technological maturity should
be improved.

Verbal and numeric scale for evaluating the level of readiness of TRL technology

Level of readiness of Description of the technology development

technologies

First level of
readiness (TRL 1)

Second level of
readiness (TRL 2)

Third level of
readiness (TRL 3)

Fourth level of
readiness (TRL 4)
Fifth level of
readiness (TRL 5)

Sixth level of
readiness (TRL 6)
Seventh level of
readiness (TRL 7)
Eighth level of
readiness (TRL 8)
Ninth level of
readiness (TRL 9)

The lowest level of readiness of the technology.

Scientific studies go into applied research and

development. As an example, we consider the study of basic properties of paper studies.

Invention of new technology begins. The basic principles of technology and proposals for practical applica-
tion are determined. Practical applications are the nature of proposals and not always backed up by detailed
analysis and research. Examples are limited by analytical studies.

Analytical and laboratory research aimed to confirm assumptions about the technology elements are actively
conducted. As an example, we can bring the case when elements have not been determined yet and are not
integrated into a single technology.

Studies of combined into a whole specially manufactured in a laboratory mock-up equipment are conduct-
ed. As an example, we can consider layout functional test in the laboratory.

Precision of technology simulation increases significantly. The main elements of technology are combined
with real elements for the purpose of providing testing in the laboratory. As an example, we consider a
well-integrated laboratory model.

System model or its layout shown in the laboratory or simulated conditions close to reality. Representative
prototype demonstration under conditions close to actual may be considered as an example.
Demonstration of technology (system) prototype in real conditions. Demonstrating in the air, on the ground
or in space can be seen as an example.

Technology in its final form has been tested in real conditions and is ready for widespread use. An example
is the test and system evaluation in HTP products, with aim to check meeting specified requirements.
Technology is tested in practice and showed good results in the HTP products.

Vol 9 (28) | July 2016 | www.indjst.org
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3. Methods

The process of HTP technological design as opposed to the
traditional understanding of design as a process associated
with the development and practical implementation of
regulatory and design documentation has some specific
features. They involve implementation, balancing and
synergistic combination (arrangement) of FIB (sub-
systems, components, elements), separate and distinct
for the purpose intended, into a single constructive-
technological scheme - a single structure. Technological
design procedure contains types and number of FTB, the
level of their technological elaboration, synergies between
them, as unknown parameters, to achieve the required
values of high-tech product indicators.

In the modern design practice, the necessary
functional and technological blocks are selected in two
ways: either from the set of existing blocks, i.e. already
well tested and used in the design and technological
schemes of other product types; or there is a need of full-
scale development of new technologies.

As a rule, the set of the proven technologies is
sufficiently representative and strong, unlike many of
the FTB, built on new technologies, directly determining
functionality and appearance of HTP ultimately. Usually,
these technologies are the object of emerging scientific
and technological base (NTB).

Consider the content of the stages of technological
design using the standard functional-HTP process model
shown in Figure 1.

Designed HTP

I T T T 1

s, s, S, So || Sy
1 1 New technologies ., Traditional 1
1 1 (full-scale testing) technologies |
2 2 (use of existing
I I technologies) || |
3 3 3
m p k
The first The second n-subsystem
technology technology technology
Ty L(Ty) 4Cy, Ty L(Tyy) ACy, T, L(T,) 4C,
Tiz LTy AC, Ty L(Tyy) AC,, T, LTy 4C,
Ty, L(Ty,) AC,, Do L(T3)  AC,, Ty, LT, 4C,

7

Figure 1. Typical functional and technological HTP model.

Formation of the options of functional and technological
HTP construction is as follows. The projected high-
tech products in accordance with its functional and
technological scheme may be represented as S, (n=1,N
) relating to independent subsystems for the technical
implementation of which the finite set of new and
traditional technologies is used:

T=(1, ) n=LN,m =,M,, (5)

nmmn

The main stages of technological design of HTP and
their outline are shown in Table 2.

Table 2. Main stages of process engineering

Stages  Synopsis

Stage 1  Updating of the list and volume of HTP tasks and demands to it

Stage2  Development of functional-technological HTP scheme, reflecting its composition with FTB (subsystems,
components, elements) and internal links between them, realized in the process of applying (operating) of
HTP

Stage 3  Formation of variants of functional and technological structure and the determination of required levels
of the main indicators of HTP (the rational part of the FTB is established based on their analysis, which
should be created, as well as the amount of necessary costs for the development of new technologies)

Stage4  The development of functional-technological scheme for each variant of building HTP (under the variance
of building HTP in this case refers to a structure comprising a set of independent technologies and provid-
ing the fullest possible verification of the main indicators of HTP)

Stage 5 Determine the need of a full-scale development of new technologies for each of the subsystems that com-
prising the variant of HTP

Stage 6  Assessing the current level of technologies that are supposed to to be used in the composition of each vari-
ance of functional and technological construction of HTP

Stage 7 Assessment of the necessary level of technologies development required for the implementation of the set of
indicators in relation to each variant of functional and technological construction of HTP

Stage 8  Assessment of the necessary level of funding for the creation of each variant of HTP
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where: m, is the amount of technologies, providing
the creation of n-sub-system of HTP. Generally, for each
S, -subsystem, the number of the necessary technology
can be different;

T, isone of m, technologies, used in n-sub-system;

L(T, ) - the level of development of T, technology
that is necessary for the implementation of the required
HTP indicators;

AC - costs required for the transition of T
technology from existing level to the level, that is necessary
for the implementation of the required HTP indicators.

Thus, HTPispresentedasasetof S, (n = 1, N ) subsystems,
each one of which includes a set of T technologies with
the current level of L(T ) development and the cost
AC  required for its transition from the current level to
the level that is necessary for the implementation of the
required HTP indicators.

To determine the need for the full-scale development
of new technologies for each of the subsystems that are
part of HTP variation, a separation of these subsystems
into two groups is provided:

o the first subsystem group includes new technologies (
S,.$,..8,) requiring the full scale development;

o the second sub-system group includes traditional
(already being used) technologies (S, ,,...S, ) with a
high level of technological study.

The above-mentioned separation is carried out to
assess the possibility of reducing the necessary financing
when creating HTP by the use of already existing blocks
(components) in subsystems, i.e. using opportunities of
unification of element base of high-tech products creation.

Next, the specification and assessment of the current
level of technology is carried out, which are suggested to
be used in the composition of each option of functional
and technological construction of HTP. Evaluation
of the current readiness (maturity) level of (,.S,...5,
) technologies is carried out through expert methods
using verbal and numeric scale which allows establishing
a correspondence between the degree of elaboration of
the technology required for the development of each
subsystem and its numerical evaluation. The scale allows
experts to clearly define at what level the technology is
currently.

Evaluation of technologies development level that is
necessary for the implementation of the set of indicators
in relation to each variant of functional and technological

n+lce

construction of HTP is performed similarly to assess the
current level of the technology maturity, with the only

Vol 9 (28) | July 2016 | www.indjst.org

difference that the level of development of each of the
technologies used for the implementation of the specified
requirements to HTP is determined by expertise.
Determining the funding needed for the transition
of each new technology from the current level to the
required level, is based on the following relationship:

Asz(Aa), Aaz‘ap—a,‘, 6)

where: a,
development;

a, - current level of technology development.

This dependence is based on the total sample for the
research background and allows calculating the required
cost for technology transition from the lower current
readiness level ¢, to the higher level a, needed to
provide the required HTP indicators.

The dependences obtained in such a way will consider
the differences in capital intensity of research for different
technologies.

A typical model to evaluate indicators of readiness

is the required level of technology

(maturity), cost and risk of development of technologies
can be applied for approximate calculations, taking into
account the HTP peculiarities, one of the content option
variance of which is presented in Table 3.

Table 3 lists the possible levels and stages of technology
development, technological risks for each level of
technology development, costs required for transition of
technology from the current low level to a higher level of
development &, which is required.

When using this reference model, relationship can be
represented as follows:

AC :‘ap—a,‘ct (7)

Then, the total costs required to develop HTP, will be
determined by the following formula:

n+l

M, M, M,
C=2AC, + D AC, +..+QAC, +AC,, +..+AC,

my =1 my=1 m, =1

(8)

where, AC, is costs necessary for transition of one

of the technologies included in the first sub-system, from

the current level of readiness to the required level for the

implementation of the specified requirements for HTP
indicators;

m, - a number of technologies used in the first
subsystem;

Indian Journal of Science and Technology I 7 -
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Table 3. Typical model of assessing the indicators of readiness (maturity), cost and risk of new HTP technologies
(variant) developing

Level of readiness (maturity) HTP technologies Technology Technology risk Costs for the
Development Stages development
of technology

Status of technology 1. Research of new phenomena, physical and Fundamental research Absolutely high C

1

development chemical effects and patterns.
2Evaluation of the possibility of creating new Exploratory research ~ Extremely high C,
technology.
3. The technology is on the stage of development. Applied researches Very high C,
Technology concept is defined
4. Technology comes to the stage of development. C,
Checking the layout efficiency in the laboratory.
5. The technology is ready for use in expeimental High C,
products.
6. The technology is ready for testing in experi- C,
mental products. Tests of experimental products
in conditions close to real.
7. The technology is tested on experimental prod- Medium C,
uct and is ready for implementation in HTP.
8. Technology (typical subsystems, modules and  Experimental Low C,
components) is tested in real conditions. HTP development
pilot product.
9. Technology is tested in practice and used in Very low C,
HTP.

AC,, - costs necessary for transition of one of the The basis of process engineering is a balanced system of

technologies included in the second part of the system
from its current level to the desired level of readiness;

m, - a number of technologies used in the second
subsystem;

AC, - costs necessary for transition of one of the
technologies included in 7 -system from its current level
to the desired level of readiness;

m, - anumber of technologies used in 7 -sub-system;

AC,,..AC - costs
(modernization) of each of the subsystems, used as part
of HTP.

Thus, the practical realization of the above proposed
stages of the design allows conducting technical and
economic assessment of the sharing options for new and
traditional technologies when creating HTP and selecting
the options to ensure the rational use of budgetary funds
allocated for these purposes.

The model, using which it is possible to formalize
some stages of technological design, in particular the
transition from the balanced system of requirements to
HTP indicators to the specific composition of FIB, is
presented in Figure 2.

necessary for revision

- 8 | volo (28) | July 2016 | www.indjst.org

requirements for HTP indicators

{
Forming a plurality of FTB

{

Establishing links between the FTB
i

Formation of the system of constraints

}

Directions for solving the problem
iy ¥

3. Optimizatior
of terms of
creation

1. Minimizing 2. Maximizing
costs efficiency

e i

Choice of a rational variant for process engineering HTP construction

Figure 2. HTP engineering process model.

Suppose we know a set ] of FTB types, and the number
of blocks of each type of z,(/ € /> zis an integer). Each FTB
of z-type has certain properties (parameters) X, = X, (zj),
iel,jeJ. inherent only to it. At the same time, there are
parameters (such as weight and size, power consumption)
associated with each block.
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The result of the interaction of FTB is manifested
as HTP properties that are described by functional
relationships of the following type:

Or = Or [xij (zj)], r=1,2, .., R. 9)

From the set of product indicators, the most important
are those that characterize the efficiency of its use (use in
the functional purpose):

W=Wlx,(z)), 1=12 .., L (10)
where, Wl[(xij (zj)] is the efficiency indicator of solving
I-functional task.

The above-mentioned condition (10) allows
concluding about the preference of a particular variant of
functional and technological product creation.

FTB parameters and indicators are restricted as
follows:

a,<x,(z) <qa, ,iel,jel, (11)
Bo<olx, @<, . iel,jel (12)

where, «,a, are allowable upper and lower limits of
variation of the parameter value, respectively (parametric
restrictions);

88, 8, are allowable upper and lower limits of
variation of the parameter value, respectively (functional
restrictions).

The total costs of product design in general terms can
be written as follows

C=Z Cz)+C,,,,J €/, z - integral (13)
j

where, C(zj )is FTB of z,-type creation costs;

C,onp ATe cOsts on aggregation technology of functional
and technical blocks as part of the products.

Expression (13) includesall necessary cost components
and reflects specificity of high-tech products, especially
their main indicators dependence on the composition
and coordination arrangements of FTB z; considering
their X, properties, which provides the appearance of
stable links between them in the form of the HTP product
structure by r-indicator. This means that the HTP product
can be characterized by different structures, focused on a
particular indicator.

When designing HTP, functional and technological
blocks are subject to additional requirements, in particular:
o standardization and unification of FIB and their

elements;
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o terms of the feasibility of using borrowed elements of
similar or different functional purpose.

Requirements for functional and technological blocks
from the backbone blocks, determining its fundamental
physical and technical novelty should be considered as
well. In addition, in the process of technological design,
the requirements on the part of the superior system, in
which the projected production is seen as an integral part,
must be considered.

The problem of determining FTB rational composition
of the designed product can be formulated using complex
criteria “efficiency - cost - feasibility”, adopted in modern
methodology of feasibility studies. In this case, the
problem of determining the FTB rational composition is
formulated in three versions:

1. Cost minimization.

It is necessary to find those values of 2, > 0 for which the
total costs for HTP designing are minimal, i.e., C(z) > min
under the following conditions:

a) the effectiveness of solutions /-problem should not
be less than specified (required) W, [xl.}. (z]) =W (=12
..., L) levels;

b) the terms of HTP creation must be less than the
predetermined value of T< T, .

2. Maximizing efficiency.

The optimization criterion is formed by the convolution
operator K from W, indicators, at the same time, demands
to the HTP from the superior system in the form of the
required values of efficiency W’ are considered. Operator
K is maximized: K (W, W’) - max for a given level of
costs for creation of HTP C(z) < C_, and terms of its
creation T< T .

3. Optimization of HTP creation timelines.

For a given (selected) cost amounts C(z)<C_, for the
design of HTP, its optimal parameters and terms of a
full-scale development of main (basic) technologies are
determined: W, > opt, T - opt.

Solution of the problem in any version of its
formulation provides receiving a rational number 2’ of
j-type FTB in the projected production.

These productions allow more fully and correctly
considering inter-level hierarchical technological ties
arising between different FTBs, taking into account their
degree of technological development.
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4. Results

The article describes a number of specific features that
must be considered performing economic evaluation of
HTP, the main ones are:

o uniqueness of key technologies development;

o high degree of technological risk;

» absence of prototypes (analog products);

» relatively unstable level of the necessary technological
base development;

o universal nature of most of the used technologies
with the prospects of dual (military and civilian) use.
Considering these characteristics, we suggest the HTP

economic evaluation model, including:

» functional and technological HTP model, which is a
list of relatively independent subsystems (FIB), for
the technical implementation of which a finite set of
new and traditional technologies is used;

o indicators assessment model of readiness (maturity),
cost and risk of development of technologies,
considering features of HTP design and comprising
the following stages of development of technologies:
a) fundamental research aimed at obtaining new

scientific knowledge about natural phenomena, physical

and chemical effects, as well as the laws and regularities
that can be used in HTP creation;

b) exploratory research aimed at developing new
principles and technological bases for HTP creation;

c) applied research aimed at creation of technological
blocks, parts and structural elements for HTP products;

g) experimental development on the creation of HTP
products;

o HTPmodeloftechnological design which allows taking
into account the system of technical requirements
for HTP indicators and selected strategies for HTP
creation (minimizing costs, maximizing eﬁiciency
and optimization of timelines of HTP construction)
selecting a rational option of HTP constructing.
Practical application of the proposed models allows

conducting a feasible study of sharing options of new

and traditional technologies to create HTP and select
the options to ensure the rational use of budgetary funds
allocated for these purposes.

5. Discussion

Traditional methods and means of engineering design
do not allow considering the above-mentioned aspects
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of high-tech product creation to a full extent. Therefore,

it was necessary to distinguish process engineering in a

separate type of HTP designing. Its main task is to study

a rational set of functional and technological blocks that

provide the required performance levels of designed HTP.

When planning the creation of HTP, it is necessary to
know:

o firstly, what level of readiness the technology
underlying the creation of HTP are on;

o secondly, what problems should be addressed at the
scheduled time interval, using the created HTP;

o thirdly, whether the existing (alternate) option of
HTP can solve the similar problems;

o fourthly, what kind of characteristics of prospective
HTP product should be for solving the specified
tasks with the minimum cost for the implementation
of its life cycle and how they can be achieved - by
the modernization of existing HTP products or
developing a new generation product.

The division into these options for the development
of a new generation product and upgrading the existing
HTP products is caused by a number of circumstances
and, above all, the practical needs of the feasibility
studies in a minimum volume of input data. Under these
conditions, value characteristics of the prospective HTP
product have not yet been proved, but it is known that the
development of product with the improved characteristics
will be carried out by means of sharing traditional and
new technologies. As a result of this, it is planned to
implement in a perspective HTP product either the whole
possible set of new technological solutions (technological
advance), or part of them. This situation takes place when
developing long-term plans to create HTP, and in the case
when the development of long-term planning documents
do not impose strict requirements on the values of long-
term HTP product characteristics, and only ranges of
their possible values are known.

The most important problem that is solved in the
process of HTP creation is the justification of planned
volumes of funding and timing of events for its creation.
A concrete result of this study should be the efficient use
of financial resources allocated for the creation of HTP.

Further development of the methodology and tool of
economic evaluation of HTP should, in our opinion, be
based on the following principles: low cost, high efficiency,
performance equivalence assessment and objective utility
of technologies. In modern conditions, the major among
them are the criteria of low cost and high efficiency.
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6. Conclusion

HTP economic evaluation model proposed by the
authors is based on modern methods of assessing the
costs for the HTP creation, used in the leading countries.
In its economic essence, they are all based on a common
methodology for assessing the results and costs in their
various combinations and modifications. However, the
current assessment techniques do not allow carrying out
a comprehensive feasibility study of HTP.

Models of economic evaluation of technologies and
HTP, proposed in the article, are universal. They can be
used in all sectors of the Russian economy.

For the wide practical use of the developed tool,
the further research is needed to address a number of
issues that have not been considered in the article (risk
assessment of new technologies development, efficiency
of their import substitution, taking into account measures
on the standardization and others).

The practical application of the main stages of
process engineering is aimed at the feasibility study of
the required values of high-tech production indicators by
combining both new and traditional technologies, which
is a prerequisite for the work on standardization and
import substitution.
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