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Abstract. Avionic industry in Russian Federation faces difficulties in organizing the reliable instrumental
support of development processes. State-wide active direction on digitalization of the economy doesn’t
facilitate the issue solving. The choice of software tools is an important component of success while developing
complex certifiable software such as aircraft onboard systems. The same situation could be observed in other
industries as well. Nowadays the Russian IT-market provides a sufficient amount of different software that can
cover the development lifecycle processes of complex certifiable software for avionics in a varying degree.
This article analyses the current situation on Russian software market and the impact of import substitution
policy of Russian Federation on software developers and consumers — industrial enterprises. Details of
regulation document DO-178C for onboard software development are considered to show the importance of
correct choice of project’s instrumental landscape. Certain types of specialized software tools for development
processes automating are considered. Authors identified the basic groups of tool functionality that provide
support for the development lifecycle of onboard software. The Russian and foreign PLM (Product Lifecycle
Management) and PDM (Product Data Management) systems and other software were examined for
compliance with the necessary functionality. For comparative analysis the method based on additive
verification of software by criteria was proposed. Research results allowed authors to make a conclusion about
current Russian software level in comparison with worldwide analogues. Also some prospects of Russian
software further evolution have received justification based on results of this research. Recommendations for
the directions of software development and completion are given. The analysis, presented in the article, can be
useful for avionic and other industries enterprises which need to choose some software for support the
development lifecycle processes in new and ongoing projects of complex systems development. Also specialists
who are interested in the current state of Russian IT industry can find some valuable information in this article.
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AHHOTanmsi. ABMalMOHHas oTpacib B Poccuiickoiit denepanuy CTalkuBaeTcst ¢ TPy JHOCTSIMH OpraHU3aluu
HHCTPYMEHTAIbHOW IOJICPIKKH IIPOLECCOB pPa3pabOTKH. AKTHBHBI Kypc TOCYyJapcTBa B CTOPOHY
nudpoBHU3aLMKM SKOHOMHUKH HE CIOCOOCTBYET PELICHHIO JJAHHOW mpobiiemMbl. BbiOop MHCTpyMEHTa SBISETCS
Ba)XHBIM KPUTEPUEM YCICIIHOW pa3paboTku cinoxHoro cepruduuumpyemoro I1O - G0pTOBBIX aBHAIMOHHBIX
cucteM. [Tono6OHas cuTyarus HabMIONAaeTCst U B JPYTHX OTPACIIX IPOMBINIIEHHOCTH. B HacTosImee BpeMs Ha
poccuiickom U T-prIHKe IpecTaBIeHO JOCTATOYHOE KOIMIECTBO IPOrPaMMHOr0 00eCIeueH s, CIIOCOOHOTO B
PA3IUYHOM CTENEHM TIOKPBHITh T€ HIM MHBIE MPONECCHl >KH3HEHHOTO IMKJIA Pa3spabOTKH  CIIOKHOTO
cepTUHUIUPYEMOro MpOrpaMMHOrO obecrieyeHuss B cdepe aBHOHMKH. B  pamkax [aHHOW CTaThu
aHAIM3UPYeTCs TEKYIasi CUTYaIUs HA POCCUICKOM PBIHKE IPOTrPAMMHOIO 00€CIIEUCHH S U BIIMSHUE IIOJUTHKI
nMnoprozaMemenus Poccuiickoii ®exmeparuu Ha pa3pabOTYHKOB IPOIPAMMHOIO OOECIIEUEHHS U €ro
noTpeduTeNeH - MPOMBIIUICHHBIX IpeanpusTuid. [leran HopmatuHoro nokymenta KT-178C ms pazpaborku
60pPTOBOTO MPOrpaMMHOI'0 00ECIIEUSHHs IOKA3bIBAIOT BAKHOCTh BHIOOpA HHCTPYMEHTAIBHOI Cpe/ibl IPOEKTa.
ABTOpPBI ONpEJENIIN OCHOBHBbIE TIDYIIbl (DYHKIMOHAIBHBIX BO3MOMKHOCTEH MHCTPYMEHTOB, KOTOpBIE
obecneynBaOT MOAAEPKKY JKU3HEHHOTO LHMKIA pa3pabOTKM OOPTOBOTO MPOTrpPaMMHOrO oOecreyeHHs.
Poccuiickue u 3apy6exusie PLM (Product Lifecycle Management) 1 PDM (Product Data Management)
CHCTEMBI, a TaKXkKe JPyroe IporpaMMHOE OOecleueHue ObLIM HMPOBEPEHBI Ha COOTBETCTBHE HEOOXOIUMOI
(GyHKIMOHANBHOCTH. JIJIsI CpaBHHTENBHOTO aHANN3a ObLI MpPEeIOXKEH METOX, OCHOBAHHBIH HAa aIIUTHUBHOH
BepH(HKALHU IPOrPAMMHOT0 00ECIIeUeHH S 10 3aJaHHBIM KPUTEPUsIM. Pe3ybTaTel HeCIe10BaHNH TO3BOITHIN
aBTOpaM CZeJIaTh BBIBOJ O COBPEMEHHOM YPOBHE POCCHHCKOTO MPOrpaMMHOr0 00ecreyeHus! B CPaBHEHUU C
3apyOe:KHBIMU aHanoramMu. Ha OCHOBaHMM pe3ysbTaTOB aHANN3a IONYYIIH OOOCHOBAHHE IIEPCIEKTHBBI
JanbHeHIIell YBOIIONUN POCCHIICKOTO MPOrpaMMHOro obecredenus. Takke pe3ynbTaThl aHAIN3a O3BOIHIN
c(hOpMyJIMPOBaTh PEKOMEHJIALMM [0 HANPABICHUAM Pa3pabOTKU U 1OPAOOTKH MPOrPaMMHOI0 00ECTICUSHUs.
U cucTeM. AHallU3, NPEJICTABICHHBIN B CTAThE, MOXKET OBITh MOJIE3EH AJI NPEANPUATUI aBUOHUKU U JIPYTHUX
oTpaciei, mepei KOTOPHIMH CTOAT 3a7adH BIOOpa IPOrpaMMHOT0 00ecTedeH s UL IOAIEPKKH MPOLIECCOB
JKU3HEHHOTO IIUKJIA Pa3pabOTKY B HOBBIX U TEKYIHX IIPOEKTaX Pa3pabOTKH CIOXKHBIX cucTeM. Takke NaHHbIE
O IpOAyKTaxX U BBIBOAbI MOILYT 6])1Tb TIOJIE3HBI CIICHUATIUCTAM, UHTCPECYIOLIUMCS TEKYLUIUM COCTOSIHUEM
poccuiickoit UT-ungycrpun.

KioueBble ciioBa: mOporpaMMHOe OOecIieueHre; aHali3 MPOrPaMMHOTO OOECIEUCeHHs; CpaBHEHHE
MPOrPaMMHOT0 00ECIIeUCHH s, POCCUIICKOE IPOrPaMMHOE 00ECTICUCHNE; JKU3HEHHBIN UKL, )KH3HEHHBIH UK
pa3paboTky; OOpTOBBIE CUCTEMbI; OOPTOBOE INPOrpaMMHOE  O0ECHEYeHHE; HMIIOPTO3aMEIICHHE;
cepTH(MHKAIS; YIPaBICHHE KU3HEHHBIM IIUKIOM Ipoaykra; PLM; yrpasienune qanusMu o npoaykre; PDM;
cnoxubie cuctembl; KT-178C; axauTUBHbBIN METO/I.

Jas nurupoBanus: openun H.K., I'ykoBa A.C., KpacHouekos /I.B. AHanu3 poccHiicKOro mporpaMMHOro
obecriedeHns I IOJNEPKKU KU3HCHHOIO IUKJIA Pa3pabOTKH OOPTOBBIX CHCTEM B YCIIOBHSX IOJUTHKU
ummnopro3amernenus. Tpyast UCIT PAH, Tom 32, Beim. 2, 2020 ., ctp. 175-190 (Ha anrnuiickom sizsike). DOI:
10.15514/ISPRAS-2020-32(2)-14

1. Introduction

In addition to the high requirements for the reliability and safety of developing software and
products, another huge problem in the production of certified products for domestic avionics is the
modern governmental policy on technological independence.
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Import substitution and digitalization become two main factors in the development of the Russian
economy today [1]-[3].

According to the Federal State Statistics Service (Rosstat), if the import substitution policy
implemented, the civil aircraft industry expected in 2020 to reduce import dependence from the level
of 60-80% to the level of 50-40% [4].

Developers who recently started to automate processes using foreign software are now forced to
seek for adaptable software again among Russian products. However, there is no credible
information — if there are fully functional qualified analogues of foreign-made software on the
Russian market in the form familiar to the user or not. Is the quality of the product or service that
provides it sufficient to develop safety-critical products?

Accordingly, the problem of developing certified software, in addition to meeting the requirements
and recommendations of numerous aviation documents (international standards, national standards,
guidelines, and qualification requirements acting in the industry), has significantly expanded by the
need to comply with the course of technological independence in the Russian Federation.

This article provides an actual overview and analysis of Russian software tools for lifecycle
management in the development of certified software. As well there is shown the comparison of
Russian software with foreign-made analogues traditionally used in the avionic industry in the
Russian Federation and abroad (such as Siemens, IBM, etc.).

The article also provides recommendations that may be in demand by enterprises from different
industries that need to migrate from foreign to domestic tool platforms, but first of all avionic
industry is main interest for this research.

2. Related work and background

2.1 Related work

Software analysis interests a large number of researchers throughout the Russian Federation and
affects different field of activity.

There are not many reviews of software for the avionic industry in the scientific sources available
to the general public — that is why the appearance of this review was influenced.

Among the scientific works devoted to the topic of comparative analysis of software, we can
distinguish the works of Khubaev G.N. [5][6], Shcherbakov S.M. [7], Boikov S.A. [8], Shirobokova
S.N. and Serikov O.N. [9], Lisetsky Yu.M. [10], Maslov Yu.G. [11], Zhukov A.G. [12],
Krakovskaya T.A co-authored with Tyurnev A.S. [13], Mukhina E.R. [14], Dzyuba E.A. co-
authored with Shibanov S.V. and Gerasina A.l. [15], Ozerkova A.V. co-authored with Trubaeva
A.L. and Lebedeva M.Yu. [16].

In their work, the authors used three types of methods for software analysis: methods of comparative
analysis of software using absorption matrices and graphs [5]-[9], methods of comparison based on
binary tables [11]-[13] and simple text reviews [14]-[16]. Separately we would like to highlight the
work [10], where author presented the algorithm for selecting the most optimal method for software
analysis based on the approach of pairwise comparison of methods.

Our article uses a method of comparative analysis based on additive verification by criteria for
selecting software, similar to the one proposed in [11] and adapted for the purposes of this work.
The choice of this method is due to the fact that in the case of analyzing tool samples for a small list
of parameters, it is quite visual, but at the same time it is not a labor-intensive method to reflect the
functional features of the software.

The data obtained as a result of the analysis should first of all be of practical significance for direct
users of software (developers, project managers, etc.). In the future, the authors would be interested
to develop this topic deeply and to compare software using the method proposed by G.N. Khubaev
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[5] and his followers, in order to obtain results for comparing both approaches to analysis and draw
conclusions about the applicability of different types of analysis methods.

2.2 Background

Work described in this article was started in GosNIIAS in 2018 in the scope of one of the research
and development projects.

First step was made in 2018 and consisted in identification and justification of criteria, which
configuration management process puts forward as a requirements for IT-landscape of certifiable
product development (especially in avionic industry) [17]. Set of selected criteria was used for
analysis of popular requirements management instruments. Results were published and reported
during SYRCoSE 2018 conference and some other scientific and practical events.

Next step touched upon the topic of requirements management and its importance for projects in
avionic industry [18].

Cursory review of lifecycle management software for certifiable aviation software development was
made by authors in 2018 and reported on conference III All-Russian Scientific and Technical
Conference «Modeling of aviation systems» [19].

Then special review of requirements management tools for development of safety-critical systems
was made by one of the authors and specialists from ISP RAS and published in 2019 [20]. Analytic
work was continued and its approach, details and results are described in this article.

3. Research method

In this paper the analysis based on additive comparison was chosen as the research method in order

to compare Russian and foreign software. Analysis consisted of the following steps.

1. Formulation of the problem. At this step some aspects and reasons of tools choice complexity
were formulated.

2. Overview of software and selection of two sets — Russian software and foreign software.
Software sets were based on the current state of the IT market, available for estimation from
open sources data in the Internet, and the authors’ knowledge on the current situation at some
domestic manufacturing enterprises, which were accumulated as a result of their professional
activity. During the software choosing main preferences were given to the software, which is
often used in avionic industry enterprises.

3. Selection of a list of functions for software examination. Functions for software examination
were chosen based on requirements, regulations and recommendation of industry standards and
best practices.

4. Analytic research publicly available from open sources data about software, empirical test
of tools which were available for authors. An analysis of the compliance of the tool with the
tested features was performed with:

e analytical research of information published in open sources available for everyone in the
Internet — websites of software developing companies, reference and help materials,

e interaction with software providers,

e attraction authors’ own practical experience with some of selected software.

Found results for both sets were added into the table. Table consists of tools in rows and

functions in columns. The following notation was chosen in the table:

e + - function is supported by tool,

e — - function is not supported by tool,

e — - function is not supported by tool, integration with third-party tools is required.
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5. Counting the formulas for analysis and visualization of data on the diagrams. For counting
and visual analysis “+” value was taken as 1, “—” value was taken as 0, “—, I value was taken

as 0.5. Data from the table was examined in two projections with formulas (1) and (2):
n

Vj = 1,m: function; = Z Xij (¢Y)
i=1
m
Vi = 1,_n: tOOli = Z xij (2)
=

Where:
e nisasize of tools set (with letter i as index),
e m s a size of functions list (with letter j as index),
* x;; are values from the table cells,
e tool; is summed value for each tool,
* function; is summed value for each function.
6. Fixing conclusions and recommendations.

4. Comparative analysis of software

4.1 Formulation of the problem

Before considering the tools for managing the software development lifecycle it is necessary to refer
to the aviation regulation document DO-178C [21] and its Russian analogue Qualification
requirements part 178C [22] as an example of tools choice complexity.
DO-178C defines the rules for the organization of onboard aviation software development processes
which are necessary for successful achievement an acceptable level of confidence in product safety
and to confirm this level by passing certification and obtaining special aviation certificate. DO-178C
defines such important goals like change management and quality management for all of the
lifecycle phases.
Regulation document DO-178C specifies the processes of onboard development lifecycle: their
definition, input and output data, recommended activities, criteria for the transition between them
and many other useful details. But DO-178C does not prescribe the developers of certified software
the preferred models of software development lifecycles and the interaction between them. Perhaps
this is the reason why the choice of tools becomes such a time-consuming decision for airborne
systems software developers, causing numerous disputes, questions and consequences Ommnoka!
Hcrounuk cebliiku He Haiien.. In the case of the wrong choice of tool, the cost of resources for
changing the IT-landscape and subsequent changes in the project can be very significant especially
on the last stages because of the need for certification to start the whole project from almost the very
beginning with new set of software. This inevitable decision will cause the loss of pace and the
competitive advantage in the market as a result.
In this work we wouldn’t analyze tools for compliance with DO-178C requirements. Partly this work
was done in other articles of authors [17][18][20].
The next sections of this article describe some packages of Russian software that partially or fully
cover the entire software development lifecycle. As well there is maid a comparison of chosen
software tools functionality on a set of features with foreign analogues.
For the other parts of aircraft processes such as level of hardware or level of the whole system the
developer should analyze lifecycle processes by himself. All of conclusion from this article could
be applicable for other levels of processes after some analysis and adaptation if it needs. For
179

example, lifecycle processes for airborne hardware with regulation document DO-254 [24][25]
aren’t significantly differ from software lifecycle processes.

Product lifecycle management systems (managing product data) support the full cycle of product
and software development and have advanced functionality compared with single-process targeted
tools.

Systems, supporting the full cycle of product and software development, include such software
groups as Product Data Management systems — PDM systems, Product Lifecycle Management
systems — PLM systems, and Collaborating Lifecycle Management systems — CLM systems.
During the analysis two sets of domestic and foreign PLM/PDM systems were formed. Chosen
systems cover a similar functional basis of the lifecycle processes. And also a list of functions was
selected, which must be automated by tools. The results of the analysis are given below (Table 1).

4.2 Overview of software and sets selection

This subsection contains briefly overview of some CIS-made but in general Russian systems.
Complete description could be found on developers sites. These systems will be analyzed below.

4.2.1 T-FLEXDOCs PLM

T-FLEX DOCs software is a scalable solution for product lifecycle management (PLM) and
enterprise organization [26]. The solution is based on a set of software T-FLEX
CAD/CAM/CAE/CAPP/PDM/CRM/PM/MDM/RM/ — a set of software supplied by one
manufacturer — Russian company «Top Systems». It makes possible to organize a single
environment for design and technological document flow, design and production preparation.

The solution «T-FLEX DOCs» includes the following capabilities:

Engineering Processes and Design Management; General Office and Desk Workflow; Enterprise
Knowledge Management and Archive; Project Management, Cost and Resource Planning; Mail and
Tasks, Workflow Management; Integration with ERP Systems; Managing Company Product Range,
Corporate Data and Classifiers; Product Structure Management, Bill of Materials, Configurations
and Versions; Integration with Major MCAD Systems; Customized Information Systems.

4.2.2 Full Lifecycle Management System: «Digital enterprise» (TIS: Digital enterprise)

It is domestic protected system for managing the full lifecycle of products «Digital enterprisey,
developed by Russian Federal Nuclear Center — «Rfyats-Vniieft» [27].

The software product «Digital enterprise» includes:

Complex of software for digital enterprise resource management, digital enterprise personnel
management, production management system, performance management system based on BI-
solutions, project and program management, integration platform, regulatory and reference
information management, portal services, product lifecycle management, PDM system, protected
operating system «Synergy 1.0».

4.2.3 Soyz PLM

Soyuz-PLM is a system for managing engineering and technical information throughout the product
lifecycle, developed by Russian company — «Programsoyuz» [28]. Soyuz-PLM is a software
package designed to solve various problems of engineering data management in the field of
mechanical engineering, instrumentation, architecture, construction and related fields.

The main features are dynamic configuration of the data model as the enterprise develops, the ability
to work in a geographically distributed environment, access differentiation and management, and
the design of text-based technical documentation for PLM data, integration with external
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applications, management of processes and regulated procedures, document management, secure
storage of engineering data.

4.2.4 IPS PLM (Intermech Professional Solutions)

A universal information system for product lifecycle management based on enterprise-level
INTERMECH solutions designed to manage engineering data and provide information support for
a product at various stages of its lifecycle [29]. Currently, IPS PLM is used in various industries —
mechanical engineering, instrumentation, industrial and civil construction, nuclear industry, and the
military-industrial complex. The software was developed by Belorussian company «Intermechy.

4.2.5 Appius-PLM

Integrated information system for product lifecycle management and ERP regulatory framework on
the 1C platform: Enterprise 8.3, developed by Russian company «Appius» [30]. Appius-PLM - the
solution for managing entire enterprise as a single complex, created based on experience in the
development and implementation of CAD/CAM/CAPP/PDM/PLM systems, which allows
including design and technological divisions in a single information space of the enterprise, with a
single database.

4.3 Selection the PLM/DPM tools for comparison

Among Russian systems, supporting the full cycle of product and software development —
PLM/PDM systems we can distinguish the following set: T-FLEX DOCs, Full lifecycle
management system «Digital Enterprise» (TIS: Digital Enterprise), APPIUS PLM, Lotsman PLM,
Lotsia PLM, Soyuz PLM etc. Also it was decided to include in the analysis the Belorussian software
IPS PLM, as the most common system in the CIS countries. The following tools were chosen for
the set TOOLS 1: T-FLEX DOCs [26], Full lifecycle management system «Digital Enterprise» [27],
Soyuz PLM [28], IPS TDM| PDM| PLM | Workflow (Automated Control Systems for Design and
Technological Preparation of Production) [29], APPIUS PLM [30].

Among foreign systems with similar functions for the full cycle of product and software
development the following systems were chosen for analysis: Siemens Team Center PLM [31], PTC
Windchill PLM [32], Dassault Systemes Enovia [33], SolidWorks Enterprise PDM [34]. Also it was
decided to include integral solution from IBM - IBM Rational Collaborating Lifecycle Management
[35] to the foreign set. Because some components of this solution (such as DOORS / DOORS NG,
Change / Synergy, Team Concert, Rhapsody, Test RealTime and others) are most often used at
aviation enterprises in the Russian Federation either in separate way of using or in some varies of
integration (more rarely). These tools put together a set TOOLS 2.

4.4 Selection the list of functions for comparison

Industry regulations [21]-[25][37]-[41], national and international standards [42]-[45], best practices

and requirements from enterprises and users for PLM/PDM systems and separate types of tools,

accumulated by authors during their work way, were analyzed and gave a huge list of useful and

necessary functions for tools for the full lifecycle coverage. Some functions were chosen to make a

comparative analysis of systems in sets TOOLS 1 and TOOLS 2 — necessary features for

automation or support the full cycle of product and software development. These features made up

a list of parameters PLM/PDM PARAMS (short name of parameter for diagram put in braces):

e ability to integrate with CAD systems (short: CAD),

o reference data management (short: RDM),

e ability to make custom agreement processes with electronic signature and other types of
workflows (short: Workflow),
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e technological support of production (short: Prod.support),
e requirements management (short: RM),
e quality management (short: QM).

4.5 Comparative analysis

This chapter presents comparative analysis of selected tools from the sets TOOLS 1 and TOOLS 2
with selected criteria from the list of functions PLM/PDM PARAMS. Table 1 contains results of
experiments and estimation of software, which will be used below for counting with formulas (1)
and (2) and further visualization.

Table 1. Comparative analysis of PLM/PDM systems: functions

Name of software Russian | o\, | gpM | Workflow | F7°% | RM | oM
software support

Set TOOLS 1: Russian/CI S software
T-FLEX DOCs

Full  lifecycle = management
system “Digital Enterprise”
Soyuz PLM

IPS TDM| PDM| PLM |
Workflow

Appius PLM
Set TOOLS 2: foreign software
SolidWorks Enterprise PDM —

IBM Rational Collaborating
Lifecycle Management

+
I

+
|

4+ |+ [+
4+ |+ |+
4+ |+ [+
o+ |+ |+
o IS ) e
+
|

4
+
Ll
—
+
|
|

|
|
|
+
|

Dassault Systemes Enovia —
PTC Windchill PLM —

Siemens Team Center PLM —

+|+ [+
X
[o—
Ll
+ |+ [+
+|+[+] +

4.6 Counting and visualization

Then in first case tools score from each set was summed up for each parameter from the set of
functions. Here the formula (1) was used.
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Fig. 1. How many tools from sets TOOLS 1 and TOOLS 2 have functions from PLM/PDM PARAMS list
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On the Fig. 1 there is a comparison between two sets TOOLS 1 and TOOLS 2 by PLM/PDM

PARAMS — how many tools from each set have selected functions. Fig. 1 shows that there are some
more attractive features for product developers, whereas other features are very important as well.

In the second case values of features for each software were summed. Both sets TOOLS 1 and
TOOLS 2 were compared between each other and with some hypothetical Reference tool — how
many functions from PLM/PDM PARAMS list has each software from sets TOOLS 1 and TOOLS
2. Reference tool has all features - 6. Here the formula (2) was used. Fig. 2 shows that no one tool
from both sets has all features. And also it is seen on both Fig. 1 and Fig. 2 that in set TOOLS 1
(Russian software) more instruments have necessary functions than in set TOOLS 2 (foreign

software).
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Fig. 2. How many functions software from sets TOOLS 1 and TOOLS 2 covers

4.7 Intermediate conclusion

All of the listed software products have much in common by functionality. Foreign software, unlike
Russian, does not take into account the existing mentality and work culture of specialists in the post-
Soviet space and enterprises. Domestic software was created to solve problems and based on the
needs of only Russian enterprises, considering their specificity and the established regulatory
framework.

Because of this fact the functionality and technological processes in domestic PLM and PDM
systems are developed with better attention to local needs and rules. The built-in processes,
document flow, data formats, reports and etc. more closely correspond to Russian standards.

In order to support processes, which are common to all developers, and also domestic-specific
Russian processes, software from foreign vendors must either be integrated with Russian modules
or develop add-ons with similar functionality. All of these additional activities will lead to extra
costs and time losses during implementation of software that is already very expensive.

Nowadays Russian aviation enterprises solve the problems of supporting the full lifecycle of their
products. And these problems go beyond the design and technological preparation of production.
That is why Russian PLM systems are also growing dynamically. However, they are moving after
Russian enterprises - their development takes place and has a direction depending on the needs of
specific customers. The solutions of foreign vendors such as DASSAULT Systemes, Siemens PLM,
PTC, IBM and other foreign developers contain the experience of Western industrial enterprises,
which are much more advanced than domestic ones due to the earlier and balanced implementation
of approaches and practices of systems engineering [42]Ommuoka! McTOYHUK CCHUIKM He
HaligeH.[47].

Nevertheless, the teams of domestic developers deeply understand the need to automate the
processes of lifecycle and the provision of end-to-end technologies in their software. Today
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developers already add to their product lines such modules as, for example, requirements
management (T-FLEX DOCs, Soyuz PLM) or complaint management (T-FLEX DOCs). Also it
makes sense to highlight the software product 8D from ASCON [48]. 8D wasn’t included to the set
TOOLS 1 but nevertheless 8D is one of the few products in the Russian Federation in which quality
management support has appeared.

All these facts allow us to surely conclude that domestic PLM and PDM systems are ready to
correspond foreign analogues, and even bypass them according to a number of criteria. Moreover,
Russian software is closer to Russian production realities, which probably makes the introduction
of such software less “traumatic” for users.

5. Recommendations for choosing software

In the context of the import substitution policy in Russian Federation, it is necessary to consider
additional parameters besides to functionality when choosing software. The same additive method
as proposed in this article was used for analyzing and visualizing the result.
Some characteristics were chosen to estimate the readiness of Russian software to replace foreign
analogues from the point of view of the import substitution program for increasing technological
independence of Russian Federation. These characteristics made up a list of parameters
SUBSTITUTION PARAMS:
e registration in the Russian Register (Unified Register of Russian programs for electronic
computers and databases) [49];
e carning the certificate of FSTEC of Russia (Federal Service for Technical and Export
Control) [50];
e integration with other software tools or built-in software functions (CAD/ECAD systems,
workflow systems, configuration management systems, master data management systems,
ERP systems, etc.)
e Russian-speaking technical support;
e compliance with the statement of the problem — providing functions which cover
necessary aspects of lifecycle processes and features of foreign analogues;
e successful implementation to the aviation industry enterprises;
e successful implementation to the other industries enterprises.
Just to show the example of these recommendations applying here will be given one more analysis
— software tools from the set TOOLS 1 were taken for analysis with SUBSTITUTION PARAMS.
The results of the analysis are given below (see Table 2, Fig. 3 and Fig. 4).

Table 2. Comparative analysis of Russian software: import substitution

Russian
. Certificate . Russian . Other
Name of software Regrlste of FSTEC Integration support Aviation industries

T-FLEX Docs + — + + + +
Full lifecycle

management system + + + + — +
“Digital Enterprise”

Soyuz PLM + — + + _ +
IPS TDM| PDM]

PLM | Workflow B + + + + +
Appius PLM + — + + + +

Similarly with the previous analysis Fig. 3 and Fig. 4 were formed. Fig. 3 shows how many tools
from set TOOLS 1 automate each feature from SUBSTITUTION PARAMS list. It is seen that not
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all instruments satisfied all parameters - some parameters are more difficult to satisfy than others.
Here the formula (1) was used.
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Fig. 4. How many features software from set TOOLS 1 covers

Fig. 4 shows how many features from SUBSTITUTION PARAMS list has each software from set
TOOLS 1. Instruments were compared between each other and with some hypothetical Reference
tool. It is seen that there is no real instrument in set TOOLS 1, which could satisfy all import
substitution parameters like Reference tool with 6 score. Here the formula (2) was used.

Some more facts should be carefully checked out and used as potential parameters for comparison
during choosing software: comparison with analogues, geographical location, staff for
implementation and history of successful implementations. Here is a short description of these facts
below as text just not to complicate the table and figures.

It is important to know during choosing a software if any comparisons with foreign analogues were
carried out. For example, what percent of the functions of a foreign analogue are covered by software
under review? And what plans for further development are existed — whether it is planned by
developer to cover 100% of the functions in the near future?

For nowadays situation with import substitution the aspect of geographical location is very important
as well. Enterprises should pay attention on it — if developer’s servers and software development
itself are located on the territory of the Russian Federation. For example, if the software was
developed by a foreign company, and then a company in the Russian Federation bought it — presently
software’s origin may become an obstruction to its implementation in Russian governmental
enterprises in the boundaries of import substitution.

Additional advantages to software developer while choosing software are a pool of partners or their
own experienced staff for implementation and training and a history of successful implementation
in the avionic industry or related industries.
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6. Conclusion

In Russian Federation not only avionic industry but also aerospace, nuclear, railway, automobile,
shipbuilding, medical and other industries have difficulties in automating development processes,
despite the active digitalization course of the state.

Choosing the toolset that will be used throughout the project is an important element in planning the
development of complex certified software. IT-landscape has a significant impact on the success
and cost of the entire project.

Software developers in the aviation sector do not have a common opinion about what should be an
ideal tool for managing the processes of software and product development and its entire lifecycle.
Some developers want to see a single platform to support development lifecycle and complete
automation of all processes. Another part of developers insists that more processes should be
controlled manually, because not all processes can be properly automated at the moment for various
reasons.

There is no consensus on this issue - regulatory documents usually do not impose the development
process or preferred lifecycle models by the developer, but only provide recommendations for the
organization of this process and its limitations.

At the time of writing this article, there is no ideal tool for solving problems of automation the
development processes in the industry, which has proven itself in practice in the Russian Federation
- the concept of unity of digital platforms is only at the beginning of its path.

But it is already being discussed at the state level, so we have chance to see its successful
implementation in the future.

As in the case of foreign software — it is not enough just to buy and install "boxed" Russian software—
it also requires huge labor costs for adapting processes, methodology, implementation and training
of enterprise personnel.

There is bit public information about the successful implementation of Russian systems in aviation.
There is only information published on the official websites of vendors that indicates the fact of
purchasing software. The last decade authors’ experience of interaction with Russian industrial
enterprises and software suppliers has shown that the purchase of software licenses does not
guarantee the use and successful implementation on the enterprise. Despite it at the same time the
project can be listed on the developer's website as an example of successful implementation because
of business interests.

However today there is a sufficient amount of software available on the Russian market that can
cover part of the software lifecycle processes in the development of complex certified software.
Many software developers are open to interaction with enterprises and users and, reviewing the trend
of recent years, are ready to refine their software in accordance with industry requests. For example,
important modules for requirements management and quality management have already appeared
in some Russian systems although previously these modules were missing.

Based on the results of the analysis, we can make a conclusion about the active development and
use of domestic Russian systems and tools with an insufficient level of integration between them.
The effectiveness of using an isolated tool decreases due to the need to convert, and sometimes re-
enter existing (in another system) source data. The same output can be noted for using the results of
work that require additional actions to transfer data to the system for further use.

Russian software covers the automation of technological processes of domestic Russian enterprises
better than foreign software. And today Russian software is not inferior to foreign manufacturers in
integration with design data. And it is pleased to note that some Russian analogues of CAD and
ECAD systems have been developed already.
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The results of the analysis and suggested recommendations given in this article should help
enterprises and organizations from various industries at the initial stages of choosing import-
substituting tools for automating enterprise development processes.

References / Cnucok nutepartypbl

[1] Decree of the Government of the Russian Federation of April 15, 2014 N 328 "On approval of the state
program of the Russian Federation" Development of industry and increasing its competitiveness",
available at: http://ivo.garant.ru/#/document/70643464/paragraph/1:0 (in Russian) / IlocranoBineHue
IpaButensctBa PO or 15 anpens 2014 1. N 328 "OO0 yTBepKIEHHH TOCYIapPCTBEHHON HPOTPAMMBI
Poccuiickoii ®eneparuy "Pa3BuTHe NPOMBIIUICHHOCTH U MOBBIIIEHHE €€ KOHKYPEHTOCHOCOOHOCTH" .

[2] Decree of the Government of the Russian Federation of March 2, 2019 N 234 "On the system for managing
the implementation of the national program" Digital Economy of the Russian Federation"
http://ivo.garant.ru/#/document/72190034/paragraph/1:0 (in Russian) / ITocranosienue IIpaBurenbcrBa
PO or 2 mapra 2019r. N 234 "O cucreme ynpaBieHus peanM3allieli HALMOHAIBHOM IPOrpaMMbl
"[udposas sxoHoMuKa Poccuiickoit ®enepannn’.

[3] Shelomanova P.A., Kuzmin R.A. The state program of import substitution in the Russian economy until
2020. Development and current issues of modern science, Magnitogorsk, no. 5(5), 2017, pp. 72-76 (in
Russian) / Ilenomanosa I1.A., Ky3smun P.A. T'ocynapcTBeHHass mporpamma HMMIIOPTO3aMEIICHUS B
poccuiickoii sxonomuke 10 2020 rozna. Pa3suTre 1 akTyalbHbIE BOIIPOCH COBPEMEHHON HaykH, no. 5(5),
2017 r., ctp. 72-76.

[4] Federal State Statistic Service (Rosstat), URL: https://www.gks.ru / @enepanbnas ciyxba
roCy/IapCTBEHHOMN CTATHCTUKM.

[5] Khubaev G.N. Comparison of complex software systems by the criterion of functional completeness.
Programmnye produkty i sistemy (Software & systems), no. 2, 1998, pp. 6-9 (in Russian) / Xy6aes I".H.
CpaBHEHHE CIIOXHBIX IIPOrPAMMHBIX CHCTEM 10 KPUTEPHIO (DYHKLIMOHAIBHON MONHOTHL. [IporpaMmHuble
MPOJYKTHI U CUCTEMBI, no. 2, 1998 r., cTp. 6-9.

[6] Khubaev G. N. Comparison of software products by the criterion of «Performance». Programmnye
produkty i sistemy (Software & systems), no. 4, 2008, pp. 27-33 (in Russian) / Xy6aes I'.H. CpaBHeHue
HPOrPaMMHBIX IPOIYKTOB 10 KpuTepuio «I[Ipon3BoanTensHOCTE. [IporpaMMHbIe IIPOAYKTHI H CHCTEMBI,
no. 4, 2008 r., ctp. 27-33.

[71 Shcherbakov S.M. The method of analysis of complex systems by the criterion of functional completeness:
expansion and adaptation. System Management. 2010. Ne2(8), pp. 1-20 (in Russian) / ll{ep6akos C.M.
MeTo/ aHaNH3a CIOKHBIX CHCTEM 110 KPUTEPHIO (DYHKIMOHAIBHOMN MOIHOTHL: PACIIHPEHHE U A/[ANTaIlHs.
CucremHoe ynpasieHue, Boi. 2(8), 2010 r., ctp. 1-29.

[8] Boykov S.A. Models and valuation methods of the functional completeness of information systems for the
state institutions in the social sphere. Business. Education. Law. Bulletin of Volgograd Business Institute,
no. 4, 2014, pp. 231-235 (in Russian) / BoiikoB C.A. Mojenn n MeTobl OLEHKH (yHKIIMOHAIBHON
HOJIHOTHI HH(GOPMALIMOHHBIX CHCTEM ISl FOCYJaPCTBEHHBIX YUPEXKACHHN B colMaibHOU cdepe. BusHec.
O6pazosanue. IIpaBo. Bectauk Bonrorpanckoro uHctuTyTa 6M3Heca, no. 4, 2014 r., crp. 231-235.

[9] Shirobokova S.N., Serikov O.N. Formal analysis of functional completeness of a system of video
analytics. Engineering Journal of Don, no. 1, 2019, pp.33-47 (in Russian) / Illupo6okosa C.H., Ceprukon
O.H. ®opmanu3oBaHHbli aHaIu3 (QyHKIMOHAIBHON MOJHOTHI CUCTEM BUJICOAHAIMTHKU. VHXKEHEPHBIi
BecTHUK [loHa, no. 1, 2019 r., ctp. 33-47.

Lisetsky Yu.M. Algorithm for comparing the methods of complex quantitative assessment of the quality
of complex systems. Programmnye produkty i sistemy (Software & systems), no. 4, 2012, pp.153-156 (in
Russian) / Jluceukuit FO.M. AJroputm cpaBHEHHS METOJOB KOMIUICKCHOMH KOJMYECTBEHHOI OLICHKH
Ka4yecTBa CJIOXKHBIX cucTeM. [IporpaMmHbIe MPOAYKTHI U CUCTEMBI, no. 4, 2012 r., ctp. 153-156.

Maslov Yu.G. About the methodology for software products comparison. Information Security, no. 2,
2007. pp.56-57 (in Russian) / Macno HO0.I'. O Meroauke CpaBHEHHS NPOrPAMMHBIX IPOIYKTOB.
Wudopmannonnas 6e3onacHocTs, no. 2, 2007 r.. ctp. 56-57

Zhukov A.G. Comparison of software products based on the analytic hierarchy. European researcher, no.
6, 2011, pp. 934-935 (in Russian) / CpaBHeHHe IPOrpaMMHBIX IPOAYKTOB Ha OCHOBE aHAIMTHYECKOH
uepapxuu. European researcher, no. 6, 2011, ctp. 934-935

Krakovskaya T.A., Tyurnev A.S. Comparative analysis of software products for marketing research.
Modern technologies, System analysis, Modeling, no. 1, 2007, pp.120-126 (in Russian) / KpakoBckas
T.A., Tropres A.C. CpaBHUTEIIbHBII aHAIIN3 IIPOrPAMMHBIXPOIYKTOB JUISl MAPKETHHIOBBIX UCCIIE0BAHU.
CoBpeMeHHbIE TEXHOJIOTHH, CUCTEMHBIH aHaIu3, MojieupoBanue, no. 1, 2007 r., crp. 120-126

[10

[1

[12

[3

187

Gorelits N.K., Gukova A.S., Krasnoshekov D.V. Analysis of Russian software supporting onboard systems development lifecycle in context
of import substitution policy. Trudy ISP RAN/Proc. ISP RAS, vol. 32, issue 2, 2020. pp. 175-190

[14]

[15]

[16]

[17]

(18]

(191

[20]

(21]
(22]

(23]

[24]
[25]

[26]
[27]
[28]

2
3

%)
—_ ==

)
—

9
0
1
2
33

34]
35]

188

=

[
[
[
[
[
[
[

Mukhina E.R. Comparative characteristics of software products allowing management accounting. Actual
problems of humanitarian and natural sciences, no. 9, 2014, pp.160-163 (in Russian) / Myxuna E.P.
CpaBHUTENIbHAS XapAKTEPUCTHUKA IPOIPAMMHBIX IPOIYKTOB, MO3BOJISIOIIMX BECTH YIPaBICHUYECKUI
yueT. AKTyasbHbIe IIPOOJIEMbI TYMaHUTAPHBIX U €CTECTBEHHBIX HayK, no. 9, 2014 r., ctp. 160-163

Dzyuba E.A., Shibanov S.V., Gerasina A.I. Comparative analysis of modern instruments supporting the
life cycle of information systems. In Proc. of the International Symposium «Reliability and quality», 2012,
pp. 420-426 (in Russian) / Tpyast MexayHapoaHoro cumnosuyma «HaznesxHocTb 1 kauectBo», 2012 .,
cTp. 420-426.

Ozerkova A.V., Trubaeva A.L., Lebedeva M.Yu. Comparison of software products that can be used in the
organization MUP KH "CHISTIC". New science: from idea to result, no. 4-1, 2016, pp. 65-68 (in Russian)
/ OsepxoBa A.B., Tpy6aesa A.JI., Jlebenea M.IO. CpaBHeHHe NPOrpaMMHEIX NPOIYKTOB, KOTOPHIE
MOTYT OBIT HcIIONb30BaHb! B opranmanuy MYIT KX "UMCTUK". HoBas Hayka: OT HI€H K pe3yJIbTary,
no, 4-1, 2016 r., ctp. 65-68.

Gorelits N.K., Gukova A.S., Peskov E.V. Criteria for software to safety-critical complex certifiable
systems development. Trudy ISP RAN/Proc. ISP RAS, vol. 30, issue 4, 2018, pp. 63-78. DOIL:
10.15514/ISPRAS-2018-30(4)-4

Krasnoshekov D.V., Gorelits N.K., Peskov E.V. Requirements management for software development in
the aviation industry. IT-Standard, no. 2, 2018, pp. 12-17 (in Russian) / Kpacromexos /I.B., I"opesmig
H.K., ITeckoB E.B. AcniekTsl ynpaBieHUSTpeOOBaHUAME P pa3paboTKe IPOrpaMMHOr0 0OecrieueHus B
aBuarMoHHo otpaciu. UT-Crannapr, no. 2, 2018 r., crp. 12-17

Gorelits N.K., Gukova A.S. Overview of lifecycle management software for certifiable aviation software
development. Abstracts of the III All-Russian Scientific and Technical Conference «Modeling of aviation
systems», 2018, p. 223 (in Russian) / Topemuy H.K., T'ykoBa A.C. O630p U CpaBHUTENbHbINA aHAIN3
HHCTPYMEHTAIBHBIX CPEJICTB JUIS YIIPABICHHS )KH3HEHHBIM IUKJIOM IIPH pa3paboTke cepTUGUIIPYEMOro
I1O. Tesuchl noknanos I Bcepoccuiickoil HaydHO-TeXHHYECKOM KoHpepeHimn «MoaenupoBaHue
aBHAIMOHHBIX cucTeM», 2018 r., cTp. 223.

Gorelits N.K., Kildishev D.S., Khoroshilov A.V. Requirement management for safety-critical systems.
Overview of solutions. Trudy ISP RAN/Proc. ISP RAS, vol. 31, issue 1, 2019. pp. 25-48 (in Russian).
DOLI: 10.15514/ISPRAS-2019-31(1)-2 / T'opemun H.K., Kunsaumres J1.C, Xopommios A.B. Ynpasnenue
TpeOOBaHMUSAMHU K OTBETCTBEHHBIM cucteMaM. O630p peurenuit. Tpyast UCIT PAH, Tom 31, Bbim. 1, 2019
T., cTp. 25-48.

Software Considerations in Airborne Systems and Equipment Certification (RTCA DO-178C), 2011.
Qualification requirements part 178C. Software requirements for onboard equipment and systems for
certification of aviation equipment. M., IAC, 2016, 131 p. (in Russian) / Ksanudukanmontsie TpeOoBaHus
KT-178C. TpeboBaHust K NpOrpaMMHOMY OO€CIEUEHUI0O OOpPTOBOW ammaparypbl M CHCTEM IpH
cepTuduKanny aBuanuoHHoi Texuuku. M., AP MAK, 2016, 131 ctp.

Solodelov Yu.A., Gorelits N.K. Certifiable onboard real-time operation system JetOS for Russian aircrafts
design. Trudy ISP RAN/Proc. ISP RAS, vol. 29, issue 3, 2017, pp. 171-178 (in Russian). DOI:
10.15514/ISPRAS-2017-29(3)-10 / Cononenos 10.A., TI'opeanny H.K. Ceprudunupyemas GoproBas
ornepanoHHas CUCTeMa pealibHOro BpeMenu JetOS 1U1st pOCCUICKHMX TPOEKTOB BO3/LYIIHBIX CY10B. Tpy bl
WCII PAH, Tom 29, Bbim. 3, 2017 1., ctp. 171-178.

Design Assurance Guidance for Airborne Electronic Hardware (RTCA DO-254), 2000.

Qualification Requirements part 254. Guidance on the warranty design of onboard electronics. M., IAC,
2011 (in Russian) / Ksamudpukanuonusie tpedoBanus KT-254. PyKOBOACTBO 110 TrapaHTHU
KOHCTPYHMpPOBaHHUS OOPTOBOIA 37IeKTpOHHOH anmapartypsl. M., AP MAK, 2011, 89 ctp.

T-FLEX DOCs PLM. Availavle at: https://www.tflex.com, accessed 10.05.2020.

Full lifecycle management system «Digital Enterprise». Availabe at:
http://vniief.ru/researchdirections/tisjaok/, accessed 10.05.2020 (in Russian) / CY TDKI[ «L{udposoe
MPEJIIPUATHEN ).

Soyuz PLM. Availabe at: http://www.programsoyuz.ru/products/system-soyuz-plm/, accessed 10.05.2020
(in Russian) / Coro3-PLM.

IPS TDM| PDM| PLM | Workflow. Availabe at: https://intermech.ru, accessed 10.05.2020 (in Russian).
APPIUS PLM. Availabe at: http://www.appius.ru, accessed 10.05.2020 (in Russian).

Siemens Team Center PLM. Availabe at: https:/new.siemens.com, accessed 10.05.2020.

PTC Windchill PLM. Availabe at: https://www.ptc.com/en, accessed 10.05.2020.

Dassault Systemes Enovia. Availabe at: https://www.3ds.com, accessed 10.05.2020.

SolidWorks Enterprise PDM. Availabe at: https://www.solidworks.com, accessed 10.05.2020.

IBM Rational Collaborating Lifecycle Management. Availabe at: https://jazz.net, , accessed 10.05.2020.



Topenui H.K., I'ykoBa A.C., KpacHomekos JI.B. AHanm3 poccuiickoro nporpaMMHOro o6ecreueH st st HOUIePHKKHU JKU3HEHHOTO LUK
Ppa3paboTKi GOPTOBBIX CHCTEM B YCIIOBHSX MOJUTHKN HMIOpTo3amentenus. Tpyost MCI1 PAH, Tom 32, Bemm. 2, 2020 1., ctp. 175-190

[36] Aerospace recommended practice. Guidelines for development civil aircraft and systems (SAE ARP
4754A), 2010

Guideline R-4754A on the development of civil aircraft and systems. M., IAC, 2016, 131 p. (in Russian)
/ PykoBoactBo P-4754A mno pa3paboTke BO3AYLIHBIX CY/IOB I'PaXKIaHCKOI aBManuu u cucrem. M., AP
MAK, 2016, 131 crp.

Guidelines and Methods for Conducting the Safety Assessment Process on Civil Airborne Systems and
Equipment (SAE ARP 4761), 1996

Guidelines R-4761 for Methods for Conducting the Safety Assessment Process on Civil Airborne Systems
and Equipment, IAC, 2010, 242 pp. (in Russian) / PykoBoxnctBo P-4761 mno meronam OuEHKH
0e301acHOCTH cUcTeM M OOPTOBOTO 00OpYJOBAHMS CaMOJICTOB TpaxciaHckoi aBuauuu. M., AP MAK,
2010, 262 ctp.

[40] Integrated Modular Avionics Development Guidance and Certification Considerations (RTCA/DO-297),
2005

[41] Guidelines R-297 for integrated modular avionics development and qualification. M., AP MAK, 2015,

123 p. (in Russian) / PykoBoAcTBO MO BompocaM pa3pabOoTKU M KBaJM(HKALMH HHTETPHUPOBAHHON

MoayJbHO# aBuonuku P-297. M., AP MAK, 2015, 123 ctp.

ISO/IEC/IEEE 15288 System engineering — System life cycle, 2015.

ISO 10007 Quality management — Guidelines for configuration management, 2017.

ISO/IEC 12207 Systems and software engineering — Software life cycle processes, 2008.

ISO/IEC/IEEE 29148 Systems and software engineering — Life cycle processes — Requirements
engineering, 2011.

[46] Koverninskiy I.V., Kan A.V., Volkov V.B., Popov Yu.S., Gorelits N.K. Practical experience of software
and system engineering approaches in requirements management for software development in aviation
industry. Trudy ISP RAN/Proc. ISP RAS, vol. 28, issue 2, 2016, pp. 173-180. DOI: 10.15514/ISPRAS-
2016-28(2)-11
Gorelits N.K., Peskov E.V. Analysis of system engineering approaches for complex systems development
in aviation industry. Abstracts of the III III All-Russian Scientific and Technical Conference «Modeling
of aviation systems», 2018, p. 231 (in Russian) / T'openun H.K., TleckoB E.B. AHanu3 noaxonoB
CHCTEMHOI MH)XCHEPHH NPH pa3paboTKe CIOKHBIX CHCTEM B aBHALMOHHON oTpaciu. Te3HChl JOKIaI0B
111 Beepoccuiickol HayYHO-TEXHHUYECKO# KoH(pepeHn «MoienMpoBaHie aBUAIIMOHHBIX cucTeM», 2018
r., cTp. 231.
Ascon 8D. Quality management. Available at: https://ascon.ru/products/1248/review/, accessed
10.05.2020 (in Russian) / 8D. YnpapieHue ka4ecTBOM — ACKOH.
[49] Unified Register of Russian programs for electronic computers and databases. URL:
https://reestr.minsvyaz.ru (in Russian) / EnuHblii peecTp pOCCHICKMX MporpaMm Ijs 3JIEKTPOHHBIX
BBIYUCITHTENIBHBIX MAIIMH 1 633 JTaHHBIX.

[50] Federal Service for Technical and Export Control. URL: https://fstec.ru (in Russian) / ®enepanbHas
ciryx0a M0 TEXHUYECKOMY H SKCIIOPTHOMY KOHTPOJTIO.

[37

38

[39

[47

[48

Information about authors / UHcpopmayumsa 06 aBTopax

Natalia Kirillovna GORELITS — engineer of 1 category in department of Advanced systems and
avionics integration, received her specialist’s degree in applied math and computer science in
Lomonosov Moscow State University in 2010. Main research interests: system engineering,
requirements management, implementation of methodologies, processes and tools, support of the
complex systems lifecycle management and certification processes.

Harames Kupmmnosaa 'OPEJIUL] — wmxenep 1 kareropum mojapasneneHusi [lepcriekTHBHBIX
pa3paboTOK M KOMIUIEKCHPOBAaHHSA aBHOHHMKU. OHa 3alIMTHIA JUIUIOM CHENUANINCTa B 00JacTH
MPUKJIAHOM MaTeMaTUKH U MHPOPMATHKH B MOCKOBCKOM T'OCYAApCTBEHHOM YHHBEPCHUTETE UM.
M.B. JlomorocoBa B 2010 roxy. O61acTh Hay4HBIX HHTEPECOB BKIFOYAET CUCTEMHYIO HHXEHEPHIO,
ylpaBieHue TpeOOBaHUSIMU, BHEJPEHUE METOAOIOTUI, IPOLECCOB U UHCTPYMEHTOB, HOAAEPKKY
IPOLIECCOB KU3HEHHOT'0 IIUKJIA pa3pabOTKU U CepTU(GUKALUY CIOXKHBIX CHCTEM.

Aleksandra Sergeevna GUKOVA - engineer in department of Advanced systems and avionics
integration since 2018, works on the software implementation at the enterprises of the Russian

189

Gorelits N.K., Gukova A.S., Krasnoshekov D.V. Analysis of Russian software supporting onboard systems development lifecycle in context
of import substitution policy. Trudy ISP RAN/Proc. ISP RAS, vol. 32, issue 2, 2020. pp. 175-190

Federation since 2010. Her research interests include system engineering, software for lifecycle
support, certification of civil aircraft and avionics equipment, digitalization.

Anexcannpa CepreesHa 'YKOBA — umxkenep moapasnenenus IlepcneKTHBHBIX pa3paboTOK U
KOMILIEKCHpPOBaHUS aBUOHUKHU ¢ 2018 roja, 3aHuMaeTcs BHEAPEHUEM IPOrPaMMHOI0 00eCcIeueHus
Ha npeanpustusx PO ¢ 2010 ropa. Cdepa HaydHBIX HHTEPECOB BKIIOYAET CHCTEMHYIO HHKCHEPHIO,
BHEJPEHUE MPOrpaMMHOro oOecHedeHHs I MOLAEPKKU JKU3HEHHOTO IHKIA, CepTU(PUKALUIO
rpa’kJaHCKUX BO3IYIIHBIX CyJ0B U OOPTOBOIO aBUAILIMOHHOTO 000PY10BaHNUS, U(POBU3ALUIO.

Dmitry Vladimirovich KRASNOSCHEKOV - leading engineer in department of Advanced systems
and avionics integration. His activities and research interests are related to the implementation of
development processes under certification requirements in the production of avionics.

JOmvutpuii  Bragumuposna KPACHOIIIEKOB —  Bemymmii  HWHXeHEp  HOApa3IeNeHHS
[lepcrieKTUBHBIX pa3pabOTOK M KOMIUIEKCHPOBAHUS aBHOHHMKH. Ero nesTenpHOCTs M HaydHBIS
HHTEPECH! CBA3aHBI ¢ IOCTAHOBKOM MPONECCOB pa3pabOTKU B paMKax TpeOOBaHUH cepTHHUKAINI
IIPH [IPOU3BOACTBE ABUOHHKHU.

190



