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Abstract. In the context of the digital transformation of the economy, the effective development of
corporate information systems of research and production holdings of aerospace instrumentation is
becoming one of the decisive factors in ensuring the high quality of domestic avionics. This article is
devoted to the analysis of the influence factor of digitalization and informatization processes in science-
intensive industries of modern aerospace instrumentation, as well as the definition of a qualimetric model
for assessing its impact on the quality of domestic avionics products in the current economic and
technological conditions. The influence of the level of development of corporate information systems of
aerospace instrumentation enterprises on the quality of domestic avionics products is assessed in the article
on the basis of the corresponding hierarchy of quality indicators. The proposed model of the influence of the
level of development of corporate information systems on the quality of aerospace instrumentation products
assumes the choice of the form of the integral criterion depending on the external requirements for the

efficiency of the assessment, the sensitivity of the system of quality indicators.

1 Introduction

The economic and technological course towards the
digital transformation of the country's industrial sphere
has found its direct expression, first of all, in the
development of various industrial information systems
and automation complexes. This is primarily manifested
in:

- rejection of the "blind" copying of ready-made
organizational and technical patterns for the creation
(deployment) of systems for informatization of
enterprise management bodies, offered by Western
developers;

- orientation of basic software solutions for
informatization of  enterprises, automation of
technological processes to the Russian system of
standards for organizing production, taking into account
the specifics of domestic industrial relations;

- ensuring technological independence, the
possibility of development and information security of
domestic developments of software and technical
solutions, which in practice is expressed in the
possession of all the components of the required
software technologies: from the initial logical and
algorithmic models to the compiled code of software
components.

In modern works on informatization (digitalization)
of production, automation of technological processes,
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such as [1, 2, 3], the term “corporate information
system” (CIS) is used to denote the integral essence of a
computer system for processing and storing information,
which to the greatest extent covers various aspects of the
life of enterprises.

Today, the effectiveness of the functioning of the CIS
is increasingly affecting the provision of the required
quality level of aerospace instrumentation products. The
methods of modern qualimetry make it possible to
quantitatively describe and evaluate the constructive
effect of the development of the CIS of aerospace
instrumentation enterprises, which is brought into the
quality of domestic avionics products.

2 Principles of formation and
development of corporate information
systems

The main principles of the modern approach to the
formation and development of the CIS of instrument-
making enterprises include:

1. Activity. This principle is expressed in the constant
consideration of the fact that the CIS and its constituent
subsystems are in continuous development. Today, the
functionality of instrument-making enterprises subject to
automation is constantly expanding; ideas about the
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possibilities of information technology are changing in
almost all areas of human activity, etc.;

2. Specificity. In the presence of basic software and
organizational and technical solutions for automating
business processes of an enterprise, the proposed
approach prioritizes taking into account the narrow
specifics of management organization at each specific
enterprise. In fact, this principle denotes the research
nature of the final, concretized development of applied
functionality for the CIS of a separate instrument-
making enterprise;

3. Prototyping. Feasibility on a competitive basis.
ideal organizational and organizational-technical
patterns, abstractly described by developers of software
solutions, in the form of prototypes of applied functional
adapted to the conditions of a particular enterprise;

4. Pragmatism. Focus on the targeted efficiency of
the processes of formation and development of corporate
information systems, i.e. focus on gaining an increase in
the target activity of the instrument-making enterprise.
This principle, in a sense, is the opposite in meaning to
the term "academic".

5. Progressiveness. Postulating as a natural fact of
the impossibility of achieving the goals of automation at
a time, denying the one-act nature of the implementation
of ideal digitalization models in enterprises that have
developed in the pre-digital era. The formation and
development of CIS, with the current level of coverage
of the functionality of instrument-making enterprises, is
a multi-stage process that affects not only the technical
and organizational aspects of the life of enterprises, but
also the psychology of each of their employees.

The basic concept in the formation and development
of corporate information systems for an aerospace
instrumentation enterprise within the framework of the
proposed approach is an adequate modeling of the entire
set of enterprise business processes, detailed and taking
into account the specifics of their implementation in each
specific case. Unlike other known approaches, the
proposed approach does not use the current, artificially
postulated organizational formalisms as a basic
conceptual model. As practice shows, these formalisms
are rather unstable grounds for the design and creation of
CIS of high-tech instrument making enterprises [4, 5].

The methods of modern qualimetry make it possible
to quantitatively describe and evaluate the constructive
effect of the development of the CIS of aerospace
instrumentation enterprises, which is brought into the
quality of domestic avionics products. In their thematic
totality, the components of such methods are considered
within the framework of this article as an appropriate
qualimetric model.

The influence of the level of development of the CIS
of aerospace instrumentation enterprises on the quality
of domestic avionics products is assessed on the basis of
the corresponding hierarchy of quality indicators [6].
The estimates of each simplest indicator are further
collapsed into estimates of the summary and integral
quality indicators of aerospace instrumentation products
using appropriate weighting factors reflecting the
importance of each simpler indicator in the convolution
of a more complex summary quality indicator.

3 Mathematical model of the influence
of the level of development of the
corporate information systems on the
quality of aerospace instrumentation
products

The mathematical essence of this convolution consists in
the sequence of aggregation of the simplest (directly
assessed or measured) quality indicators {g;}, through

the summary indicators {;{, into the most complex

integral indicator: Qo = “quality of aerospace
instrumentation product”. Accordingly, the essence of
the quality assessment process according to the
described system of indicators consists in sequential:
direct assessment by experts (s) of the simplest quality
indicators {g; } and multi-stage convolution of the values

of the simplest indicators into consolidated {g;;| and
integral Qo. In turn, a direct assessment of the values of
the simplest indicators {c(q;)} proceeds from the fact

that:
Equations should be centred and should be numbered
with the number on the right-hand side.

c(gi)=¢-¢, (1)

where &' — some value of the quality indicator g; in the

ideal model for the implementation of an aerospace
instrument-making product, reproduced in the mind of
an expert during an assessment (an act of non-
instrumental measurement);

&— the current observed (registered) state of the

quality indicator q; for the version of the implementation
of the aerospace instrument-making product observed by
the expert.

Immediate values {c(q; )} relate directly to the ordinal
scale [0:10], which is described in detail and
substantiated in [OmuOKka! VMCTOYHUK CCHLIKH

He HaMaeH.]. All values of the assessment of the
summary {c‘lij} and the integral quality indicator Qo are

related to the scale [0:10], which ensures the unity of
such a “non-instrumental”, in the terminology of works
[7, 8] “soft” measurement in the system of product
quality indicators aerospace instrumentation. Within the
framework of the qualimetric model of the influence of
the level of development of the CIS on the quality of
aerospace instrumentation products, it is the
subjectively-fast nature of the soft evaluation of the
simplest indicators {g;} that ensures the ease and

efficiency of the entire procedure of qualimetric analysis
of the quality of the specified products. Obvious
disadvantages, namely, the subjectivity of the
assessment, is compensated by the repetitiveness and
repeatability of the assessment procedures as the quality
of these products improves.

It is the above approach to assessing the simplest
indicators that provides avoiding the methodological
"heavyness" of traditional methods for assessing the



E3S Web of Conferences 220, 01017 (2020)
SES-2020

https://doi.org/10.1051/e3sconf/202022001017

quality of aerospace instrumentation products.
Obviously, the summary indicators {g; | are calculated

according to the values of the simplest indicators {g;} of
the quality of aerospace instrumentation products, taking
into account the index of compositional importance
{w;}. The index of compositional importance w; is a
complex indicator, the value of which shows the
importance, weight, significance, etc. of this i-th
indicator g; in aggregated (convolutional) combination
with other indicators as part of a more complex summary
indicator. Local indices of compositional importance
{w; | are allocated - i.e. indices fixing the importance in
the composition of the closest aggregate indicator Q;,
and generalized indices of compositional importance
{ui} - ie indices fixing the importance in the
composition of the integral quality index of an aerospace
instrument-making product - Qo. At the same time, the

indicated types of compositional importance indices are
related by the following mathematical relationship:

Up=T1%,w. @)

wherep — the number of levels of aggregation of the
simplest indicators qgi when folding into a consolidated
(integral) quality indicator of an aerospace instrument-
making product - Qo.

The following mathematical properties of the indices
of compositional importance {w; | of indicators {g;} of
the quality of aerospace instrumentation products have
been determined:

- are defined on the unit interval of real numbers:

w, €(0:1), 3)
W, € R, 4)

- normalized within one composition into a summary
indicator:

ziZ:lWi =1 )

where z — the number of simpler indicators {g;  in the

convolution into a more complex composite indicator g;
of the quality of an aerospace instrumentation product.
The mathematical and logical submodel for establishing
and calculating the indices of the compositional
significance of the indicators {g;} in the consolidated
and integral quality indicators Qo is given in
[Omuoka! McToOYHHK CCHUIKH HE HalJAeH.].
The presence of the estimates of the simplest quality
indicators {c(q; )}, obtained from experts, and their

indices of compositional importance {w;} makes it

possible to link mathematically the indicated values of
the estimates with the values of the summary {c‘lij} and

integral estimates Qo of the quality of an aerospace

instrument-making product through the forms of the
integral quality criterion.

4 Integral criterion for assessing the
impact of the level of development of
corporate information systems on the
qguality of aerospace instrumentation
products

Assessment of the quality of aerospace instrumentation
products does not imply the use of a single, standardized
form of integral quality criterion. In the basic version, it
is supposed to use the integral form based on the additive
convolution:

Qo= wi-c(g) ©)

wherem’ - the number of simpler indicators as part of
their aggregated convolution into a more complex
indicator.

The disadvantage of the mathematical form (6) is
obvious: it allows the so-called "natural” compensation
for low values for some quality indicators {g; }due to

high values for other indicators in the composition. If
this drawback is significant within the framework of the
quality system of the technology for the development of
this or that product of aerospace instrumentation, then
the mathematical form of the integralcriterion
thatimplements the multiplicative convolution is used:

Qo = H:i'lwi c(g;) (M

Obviously, with this form of mathematical linking of
the simplest indicators {g;} with the summary {g;  and

integral Qo indicators of the quality of aerospace
instrumentation products, the system of these indicators
will be very "sensitive", i.e. zeroing at least one
elementary quality indicator will lead to zeroing and the
integral quality indicator. The combined forms of the
integral quality criterion for aerospace instrumentation
products will have intermediate mathematical properties:
1) additive-multiplicative:

Q=3 (T, -elar)) : ®)

j

i.e. assuming a multiplicative convolution in a number of
compositions of summary indicators from the simplest
indicators (level 1) to a certain level m’ with their further
additive convolution into an integral indicator Qo of the
quality of aerospace instrumentation products;

2) multiplicative-additive:

Q= H?;(Zim;lwi (o )jj : ©)

i.e. alternatively to option 1), which assumes additive
convolution in the compositions of summary indicators
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from the simplest to a certain level m’ with their further
multiplicative convolution into an integral quality
indicator.

The proposed model of the influence of the level of
development of the CIS on the quality of aerospace
instrumentation products assumes an independent and
justified choice of any form of integral criterion from (6)
- (9), depending on external requirements for the
efficiency of the assessment, the sensitivity of the system
of quality indicators, etc.

In the traditional practice of quality services, for
simplicity of mathematical descriptions, it is rational to
use a particular version of the additive form of the
integral quality criterion for aerospace instrumentation
products - the form of linear convolution:

Qo= Z?;lwiQi- (10)

As mentioned earlier, the values of the estimates
c(qi) are the result of the examination according to the
scale shown in [8], and the values of the compositional
importance indices, as normalized values, are determined
within the framework of the corresponding preparatory
procedures.

5 Conclusion

The need to develop a theoretically harmonious set of
principles and methods for creating an integrated
information system for aerospace instrumentation
enterprises, to ensure the improvement of the quality of
domestic avionics products is a current urgent task [9-
11]. A proactive approach to the creation of the specified
CIS is a fairly well-grounded scientifically and
practically tested coherent concept of building the
desired system. The construct of this approach is to
recognize the domination of the internal needs of the
design and production organization in automation and
digitalization of its management over the external causes
of initiation. [13-16]

Further directions for the development and
improvement of a proactive approach to the development
and creation of CIS of aerospace instrumentation
enterprises in order to improve the quality of avionics
products are: detailing the specific methodological
apparatus for designing specific software and hardware
solutions, developing narrowly focused methods for
automating technological processes in aerospace
instrumentation, creating standard software and
information solutions. This will open up broad prospects
for the implementation of the proposed approach in the
process of forming the CIS of various aerospace
instrument-making enterprises, the practice of the
corresponding instrument-making concerns, as well as in
the methodological apparatus of practical measures for
digital transformation of high-tech instrument-making
enterprises in the Russian Federation.
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