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Abstract — The subject of the study is the organizational and
economic relations arising in the process of introducing current
information technologies. The purpose of this article is to justify
the need for the introduction of modern information technologies
in the work of a high-tech company and to determine the opti-
mality criterion for the information technologies in the manufac-
turing of high-tech products. As a result of the study, it was
found that modern information technologies have significant
potential for accelerating innovative processes, therefore, the
investment indicators in the development of the digital potential
of a company are an important factor in its competitiveness in
the current conditions. Besides, the introduction of modern in-
formation technologies at high-tech companies also leads to other
positive effects in the economic and social spheres. Using the re-
search results, the optimality criteria for the information tech-
nologies in the manufacturing of high-tech products are substan-
tiated, which are based on the economic assessment of the results
of the influence of information technologies on the final result of
their use, the impact of information technologies on technological
operations of data processing and transfer in computing systems,
as well as the impact of information technology on the technolog-
ical processes of creating new product samples.

Keywords — high-tech products, information, information
technology, automation system, life cycle, optimality criterion,
computing systems.

I. INTRODUCTION

At the end of the last century, mankind has stepped into a
new stage of its development, which is called a post-industrial
society. This is a society in which physical labor gives way to
the leading position of intellectual activity. The key production
resources are knowledge, information, and scientific achieve-
ments [1, 2, 8]. Human capital and innovation, combined with

information technology — these are the main driving forces of
the new economy. These are information technologies and sys-
tems, along with advanced technologies of material production,
that can significantly increase labor productivity and the quality
of products with a significant reduction in the timing of manu-
facturing of products which meet the needs and expectations of
consumers. Information technology is a combination of meth-
ods, software tools and hardware, combined into a technological
chain that provides for the data collection, processing, storage,
display, distribution, transmission, use and the protection of
information using computer-engineering means (CEM). The
main goal of information technology is to obtain the infor-
mation of new quality, by processing primary data, on the basis
of which management decisions are developed.

The initial experience in the development and implementa-
tion of information technology, obtained in the 1980s, made it
possible to realize the need to integrate systems that imple-
ment various information technologies into a single complex,
which was called IACS — an integrated automated control sys-
tem. The emergence and implementation of IACS are clearly
associated with highly automated production complexes such
as flexible automated production. Further development
showed the feasibility of introducing IACS in high-tech com-
panies with low level of technological process automation. At
the beginning of the 21%%century, the creation of an integrated
information environment (I1E) within the company covering
all stages of the life cycle (LC) of products manufactured by
this company was significant achievement [3, 4, 6].

It was the idea of IIE and informational integration of the
life cycle stages that became the basis for the development of
the approach that received the name of Continuous Acquisition
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and Lifecycle Support in the USA — continuous information
support for supplies and life cycle. Here the key principle of
CALS is implemented: the information that once appeared at
any stage of the LC is stored in the IIE and becomes available to
all participants in this and other stages [1]. This helps avoiding
duplication, transcoding, and unauthorized changes to data,
eliminating errors associated with these procedures and reduc-
ing labor, time, and financial resource consumption.

Today, the idea of CALS was formed into a whole direc-
tion in the field of information technology and took shape in
the form of a series of international standards 1SO (Interna-
tional Standards Organization). In recent years, CALS meth-
ods and ideas and the information technologies based on them
(CALS technologies) have been used in Russia, primarily in
defense industry companies that supply high-tech products to
the foreign market.

Il. METHODOLOGY

It should be noted that the situation with domestic elec-
tronic business remains rather complicated. This is due to the
poor business activity of the Russian population. However,
there is confidence among the experts that this technology will
replace the already existing types of commerce. Currently, if a
company does not have a website on the Internet, it simply
does not exist in business. A corporate website can become a
powerful means of activating sales and, therefore, ensure that
the company achieves maximum profit. In this regard, the in-
fluence and impact of modern information technologies, in-
cluding technologies used on the Internet, on the development
of the economy are very strong.

Due to the widespread use of computer technology, wire-
less technologies, and technological process robots at high-
tech companies, we can talk about the use of wireless tele-
communication systems, large functioning databases and re-
mote (“cloud”) storages in the company management system,
about development and implementation of new software and
other digital technology tools. Given these changes, it has be-
come easier to keep accounts, calculate the production model,
while saving a significant amount of time and material re-
sources for the introduction of new technological processes.

Nowadays, computer and software knowledge is required
of not only entrepreneurs and managers, but also of all modern
people involved in the production, sale, and purchase of prod-
ucts and services. Knowledge of such programs as text editors,
graphic editors, spreadsheets, databases, and others, including
applications related to the organization of production process
management and electronic business is of the utmost im-
portance. The scope of e-business is significant and includes
management organization, electronic commerce, banking op-
erations, reengineering of business processes, insurance opera-
tions, operations on the stock exchange, etc.

There is significant potential for using modern information
technologies in the companies’ activities. These technologies
have significant potential for accelerating, for example, inno-
vative processes; therefore investment indicators in the devel-
opment of the digital potential of a company are an important
factor in its competitiveness in modern conditions. Besides,
the introduction of modern information technology at a com-
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pany also leads to the emergence of other positive effects in
the economic and social spheres.

Figure 1 shows the manifestations of the positive effect in
the economic and social spheres generated by the introduction
of modern information technologies.

It follows from the analysis of the influence of modern in-
formation technologies on the development of economic rela-
tions that the main purpose of using modern information tech-
nologies is to assist management, respond promptly to market
dynamics, create, maintain, and deepen competitive ad-
vantage, implement reengineering and monitoring of the pro-
duction processes, improve the security of the company’s in-
formation resources. At the same time, information technology
is the most important constructive factor in the economic suc-
cess of a high-tech company.

Based on the analysis of the impact of modern information
technologies on improving the economic relations between
enterprises and organizations, the following conclusions can
be drawn. As a result of the use of modern information tech-
nologies, new characteristic features of economic relations
between enterprises and organizations have become the mani-
festations that reflect specific features by means of using:

e integrated procedures and tools based on digital
equipment;

e economic and mathematical models, methods, and
software tools;

e network communications and electronic document flow;

o virtual offices, in order to increase the independence of
employees of the company and the effectiveness of
contact with potential buyers of products;

o distributed databases and computing networks based on
wireless cloud technologies.

1. RESULTS AND DISCUSSION

To understand the essence of the issues of optimizing in-
formation technology used in a high-tech company in manu-
facturing of products, it must be borne in mind that in eco-
nomics an optimal solution is understood to be, as a rule, the
most reasonable solution providing the greatest profit for the
company. To apply the mathematical methods of optimizing
information technology, it is necessary to formulate optimiza-
tion criteria, which can be expressed numerically and form the
basis of all analytical and numerical solutions. The matter of
choosing an optimization criterion is one of the most im-
portant in optimization processes, at the same time it is among
of the most difficult ones.

Generally, the criterion for optimizing information tech-
nology is the economic indicator of production profitability.
However, in some cases, labor productivity, time expenditures
for the production of a unit of output, labor expenditures or
other parameters can be taken as the optimization criterion. At
the optimal value of the parameter, the optimization criterion
assumes the minimum (or maximum) value. Therefore, the
optimization problem is reduced to finding the extremum of
the objective function [11, 13].
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Fig. 1. Manifestations of the positive effect in the economic and social spheres generated by the introduction of modern information technologies

The statement of the problem of optimizing the infor-
mation technologies used by an industrial enterprise in the
manufacturing of high-tech products suggests the following
conditions:

(i) the availability of the optimization object — information
technology used by IACS of the manufacturing enterprise, and
the optimization goal. The wording of each optimization prob-
lem should require the extremum of one value at the working
values of the input, output, and control parameters processed
by the 1ACS;

(ii) the availability of optimization resources, which means
the ability to select the values of some parameters of the opti-
mized production;

(iii) the existence of material, financial, and time con-
straints in the manufacturing of high-tech products;

(iv) the possibility to quantify the optimized value, which
allows one to compare the economic effects of the choice of
certain control actions of IASU.

The classical foundations of optimization are determined
by previously developed methods for the study of functions in
mathematical analysis. Not just any function (x) should be
calculated in the process of optimization, transferring the tar-
get function (functionality F) to the minimum (maximum), but
only the one that fits the limitation system. A numerical indi-

cator of the functional F is used as an optimization criterion,
which expresses the marginal measure of the economic effect
of a decision made using information technologies. The calcu-
lated numerical indicators are used for a comparative assess-
ment of possible solutions (alternatives) and the choice of the
best one. Therefore, the following requirements must be im-
posed on the optimization criterion:

(i) reflect the impact of the assessment of the most signifi-
cant aspects of the information management process;

(i) make clear economic sense;
(iii) be calculated using computer technology;
(iv) be numerical.

The most common optimization problems are finding the
minimum (or maximum) of the functional F. In this case one
calculates value n of the variables xi, X, ..., Xn, Wwhen function
F (X1, X2, ..., Xn) takes on the extreme value F = min (max).
Figure 2 presents graphic display of the target function f(x)
with its minimum atxo.

It can be noted that the functional F at the point xo has a
local minimum that corresponds to such an informational pro-
cess, in which the best solution to the managerial problem is
realized in manufacturing high-tech products in accordance
with some predetermined criterion.
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Fig. 2. Graphic display of the target function f(x)

When setting the specific optimization problems, optimiza-
tion criteria should be written in the form of an analytical ex-
pression. In this case, the optimization criterion can be repre-
sented as a function of input, output, and control parameters,
which are also formed using information technologies:

Fmin = F (X1, X2, ...,Xn, Y1, Y2, ..., Yo, W1, Wa, ..., Wh),

where F — optimization criterion; X — controlled input parame-
ters; Y — output parameters; W — controlled regulating parame-
ters.

The presence of a mathematical model (provided that it re-
liably describes the technological and managerial processes at
the company) allows one to solve, by analytical or numerical
methods, the task of optimizing the information technologies
used at the industrial enterprise in the manufacturing of high-
tech products.

Thus, initially, the optimization problem is reduced to find-
ing the extremum (minimum or maximum) of the target func-
tion, then the optimal management solution is determined
from the possible solutions (alternatives) by means of the fol-
lowing expression:

Fopt = min {Fmin 1, Fmin2, ..., Fminn},

where Fmin 1, Fmin 2, ..., Fminn — numerical values of the func-
tional F, which expresses the marginal measure of the eco-
nomic effect of the decision made using information technolo-
gies; N — number of possible solutions (alternatives) concern-
ing the managerial impact of information technologies on
manufacturing the products.

When optimizing the information technologies used at a
high-tech company in the manufacturing of products, the fol-
lowing basic requirements should be put forward for pro-
cessing information flows [5, 9, 11]:

(i) guaranteed delivery of information to the relevant exec-
utors at the specified time and place in order to timely solve
the problems of managing production and economic systems;

(i) reliability and accuracy of information as the basis for
correctness of decisions;

(iii) security of information flows in accordance with ap-
plicable law with the use of hardware, software, and firmware
means.

It should be noted that in order to optimize and quantify
the effectiveness of possible options for designed or existing
information technologies, functional and resource criteria, as
well as criteria for saving social time, can be used. In addition,
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partial criteria for evaluating the effectiveness of information
technology can be used.

A feature of the functional criterion is that in this case, the
degree of achievement with a given information technology of
the desired characteristics of the information process that the
user needs is optimized. For instance, such characteristics in-
clude:

(i) data transfer rate, amount of memory for storing infor-
mation;

(ii) quality of generated graphic information;

(iii) probability of the correct transfer or transformation of
information;

(iv) level of noise immunity of transmitted information.

A feature of the resource criterion is that the quantity and
quality of resources required for the implementation of this
information technology are optimized. These resources may
include:

(i) software for information processes and process equip-
ment necessary for the successful implementation of industrial
production;

(ii) the number and level of training of IT personnel re-
quired for the implementation of information technology;

(iii) energy expenditures for the implementation of the in-
formation process or this technology;

(iv) the length of time required to implement the infor-
mation process with a given technology of its organization.

Resource efficiency criteria allow one to fundamentally
compare different types of information technologies. Besides,
they provide an opportunity to quantify the effect obtained as a
result of using these technologies in terms of their social use-
fulness in terms of saving various types of society’s resources.

The criterion of saving social time (proposed by Russian
scientists in the field of information technology) is one of the
most general measures for the development of the society; it
seems suitable for comparative quantitative assessment of the
effectiveness of various types of information technologies.
This is the most general indicator of technology of any kind
(production, social, or information).With the help of this crite-
rion, the most useful information technologies for the society
from the social point of view are identified, which save the
greatest amount of social time, freeing it for other purposes,
including for the development of the society.

Partial criteria for evaluating the effectiveness of infor-
mation technology options may include the following
[7, 14, 15].

Information processing timeliness indicator Kipy. In this
case, the criterion for assessing the timeliness of processing
information of input, output, and control parameters generated
using various options of information technology can be deter-
mined by the expression:

Kipt = Tp — T | T,
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where T,,, — the required time for information processing (cor-
responding planned reporting interval); 7, — actual time for
information processing.

The calculated ratio obtained for determining the timeli-
ness of information processing is applied in the range of val-
ues of K> 0.

Indicator of the quality and completeness of information
technology. Functional completeness Ky is used as such crite-
rion; the ratio of the areas of automated information pro-
cessing to the area of information processing for the function-
ing of the entire control system:

Qa
K ==,
fc Qy
where Qa — area of automated information processing of the
company; Qy — areas of information processing for the func-
tioning of the entire control system of the company.

This indicator determines the degree of use of information
technology at an industrial enterprise in the manufacturing of
high-tech products.

Indicator of satisfaction of information needs of the user.
This criterion is most often used in the analysis of various op-
tions for information processing technologies. In this case, the
criterion for evaluating options for data processing technolo-
gies can be determined by:

Cy
Kea= 2
sat Ccp )

where C, — cost estimate of satisfaction of information needs
of the user; C, — expenditures associated with development,
purchase, introduction, modification, and operation of data
processing technology.

When evaluating the effectiveness of options for data pro-
cessing information technologies, preference is given to a var-
iant with greater value of Ksy. The qualitative assessment of
information technologies is based on a variety of methods and
procedures for their application.

Due to the presence of a large number of economic charac-
teristics (parameters) that allow evaluation of the efficiency
(economic effect) of high-tech production, other private indi-
cators of the effectiveness of information technology options
can be used. At the same time, the actual economic effect at a
high-tech company should be determined on the basis of ac-
counting and cost-benefit comparisons for specific applica-
tions of information technology.

V. CONCLUSION

Thus, the optimality criteria for the information technology
in the manufacturing of high-tech products are determined
based on the economic assessment of the results of the influ-
ence of information technologies on the final result of their
use, the impact of information technologies on technological
processes of data processing and transmission in computer
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systems, and the impact of information technologies on tech-
nological processes of creating new product samples.
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