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Abstract. It is considered relevant to assess the potential of modern normative and technical support for programs/ life cycle projects
of complex technical systems, which is based on system, process and project approaches, as well as on risk-oriented thinking, which
is an integral condition for achieving (maintaining) competitiveness not only of products produced by the organization, but also the
competitiveness of the organization itself.

To develop the procedure for evaluation of expediency of normative and technical documentation use in the field of project management
and system engineering as a basis for the development of enterprise standards for science-intensive products life cycle ensuring.

For the analysis of the existing array of information materials for this problem, such criteria were proposed and substantiated, which
allowed to perform a criterion analysis, involving a comprehensive analysis of the information material content, identification of
criteria significant for the organization, and subsequent expert evaluation of sources of scientific and technical information.
According to the results of the criterion analysis of the array of normative and technical documents that can be used by the domestic
science-intensive sector of industry, the concepts of building of the programs/projects life cycle for the life cycle of complex technical
systems were determined and recommended depending on the nature of the organizations’ activities.

The approach proposed allows to choose the basic concepts of normative documents as possible analogues for their use based upon
the peculiarities of the enterprise’s activity and the specifics of the science-intensive product.

Keywords: complex technical system; normative and technical documentation, life cycle; system approach; process approach; project
approach.

Introduction resources, particularly in time sense, in order to develop

both the design and production technologies. On the other

Maintenance and evolution of competences in the
development of complex technical systems (CTS) is an ur-
gent problem for domestic science-intensive production. In
order to maintain the competitiveness, the enterprises of
science-intensive engineering should constantly solve two
oppositely directed problems. On the one hand, enterprises
(which are CTS themselves) should solve scientific and
technical, as well as design and technological problems of
the increasing complexity of their products (CTS) in order
to ensure their market advantages - but this requires greater
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hand, in order to meet the same, constantly changing mar-
ket needs, taking into account the pressure from competi-
tors, it is necessary to solve the problems of maximally
shortening the terms of bringing the developed products to
the market in order not to lose the projected advantages of
their products (CTS). In global practice, an important com-
ponent of the task of highly effective CTS creation is the
use of project management and system engineering metho-
dology.

Problem actuality

In recent decades, in order to ensure the competitive-
ness of the CTS, the world engineering community has de-
veloped and refined a significant amount of normative and
technical documentation (NTD), which contains recom-
mendations and regulations in the field of project manage-
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ment and system engineering and which promote more ef-
ficient work of science-intensive products creators. In par-
ticular, such documentation may include the following:

1. General methodological guidelines:

— Guide to the Systems Engineering Body of
Knowledge (SEBoK version 2.6., 2022).

— A Guide to the Project Management Body of
Knowledge (PMBOK Guide). Sixth Edition.

2. International normative documentation, in partic-
ular ISO 21500 series standards, NATO standards (AAP-
20 and AAP-48, and others), rules and standards of the aer-
ospace industry AS9100, EASA, FAA, FAR, SAE ARP,
and others, as well as ASTM, ANSI.

3. Domestic normative documents, first of all,
DSTU standards (particularly DSTU V-P 15.004:2019,
DSTU 15288:2016, DSTU 24748-1:2018, DSTU 24748-
2:2015, DSTU 24774:2016, DSTU 16326:2015, DSTU V-
P 15.213:2019 DSTU STANAG 4107:2018, DSTU STA-
NAG 4107:2019, etc.).

For the organizations, that are systematically en-
gaged in the CTS creation, the problem of determining the
predominant areas of use of these and other normative and
technical documents is relevant and important, and choos-
ing those of them, that most correspond to the current situ-
ation, type and kind of the product, allow to use the avail-
able scientific technical basis and professional compe-
tences to achieve competitive advantages. Particularly, this
concerns the definition of the structure and content of the
characteristic periods of the life cycle of CTS pro-
grams/projects. On this base the appropriate corporate
(“brand”) standards and regulations are developed, adapted
to the specific conditions of the organization's activities
and the products created.

Analysis method

For the analysis of the existing array of information
materials for the above-mentioned problem, a number of
criteria were considered and substantiated (with a certain
conditionality), which allowed to perform the appropriate
criteria analysis, providing a comprehensive study of the
information material content, identification of criteria sig-
nificant for the organization and evaluation of the consid-
ered information on their base.

Of course, the products of the defense-industrial and
civilian sectors of industry have slightly different models
of presenting the life cycles of the CTS projects [1].

The main difference is as follows. For the CTS,
which are related to defense-technical and similar to it
products, the period of “justification of the need” and eval-
uation of the “technical feasibility” of the future CTS is
usually formed by the customer (as a rule, the department).
In this case, the potential system developer can decide to
start work on the creation of the CTS after the formal pub-
lication of a “request” by the structure that initiates such a
“request”, most often in the form of an RFP (Request for
Proposal).

For civil products, the task of “justifying of the
need” and assessing the “technical feasibility” of the future
CTS falls on the shoulders of the initiator-sponsor, investor
or actually the developer of the future CTS project. In this
case, a set of research, analytical, and expert works is car-
ried out, the result of which is, in particular, an assessment
of the market volume for the future CTS and an assessment
of the adequacy of possible costs required for the develop-
ment of a new CTS (see Fig. 1).
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Fig. 1. Activation scenarios for the formal start of
the project for the defense-industrial and civilian
sectors of production

Thus, it is possible to formulate the first of the crite-
ria for the analysis of the NTD array: whether the model of
the CTS LC presentation belongs to the following:

— to defense-technical and related products;

— to civil products;

— can be used regardless of the type of product.

In different NTDs, the model of the CTS LC is often
presented in different ways. Sometimes the attention is fo-
cusing on its various stages, phases and periods without
covering the entire CTS LC. It is not always taken into ac-
count such an important period of the CTS LC, as the “de-
materialization” of the system - disposal (an example of a
graphical presentation of models of the life cycle of a pro-
duct in different NTD is shown in the Fig. 2 and 3). In this
connection, the second criterion for analysis of the infor-
mation array is as follows:

— whether the model of the CTS LC provides con-
sideration of its full LC;

— whether the model of CTS LC provides considera-
tion of separate periods of LC (phases, stages).
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It is well known, that the greatest risks to the project
are found in its early periods. Thus, the third criterion can
be presented as an assessment of the level of information
detailing in the CTS LC model:

— high level of detailing;

— average level of detailing;

— small level of detailing.

Also, the following criteria can be attributed to the

criteria of analysis of information materials on the topic
“Management of CTS projects™:

— availability for use;
compliance with modern international practices;
compliance with corporate practices;
ability to develop, actualize and evolve.

A full set of proposed criteria for the analysis of in-
formation materials is given in Table 1.

Table 1. Simplified presentation of criteria for the analysis of information materials on the topic “Management of CTS

projects”
Criterion category Essence of the criteria Criterion designation
1.1. I-civili h factivi
Attribution of the CTS LC model to the General-civi 1.an sphete o act1\./1t.y
1 appropriate field of activit 1.2. Defense-technical sphere of activity
PPIoP Y 1.3. General-civilian and defense-technical sphere
. . 2.1 Full coverage of all the CTS LC period
1 f th h
2 Completeness o tc”igelfg)d coverage In the 2.2 Incomplete coverage of the CTS LC period
2.3 Fragmentary coverage of the CTS LC period
The level of information 3.1. High
3 presentation detailing in the CTS LC 3.2. Average
model 3.3.Low
o 4.1. Available (yes)
4 Availability f .
varablitty loruse 4.2. Not available (no)
5 Compliance with modern international 5.1. There is (specify the specific standards and directives)
practices 5.2. Absent
. . . 6.1. There i
6 Compliance with corporate practices 60, Agrsz:li Er}:);)
. Level of ability to development and 7.1. Outdated
actualization 7.2. In force

INTERNATIONAL
STANDARD

TERNATIONA
STANDARD

INTERNATIONAL  1SO/1EC/
STANDARD IEEE
27482

INTERNATIONAL
STANDARD

G ARBUS iNDUS TRIE
Directive BAEHHA TA NOCTABNEHHA
HA BMPOSHALTBO

Alrcraft Project Mana

NATO PROGRAMME MANAGEMENT
FRAMEWORK

AEROSPACE Europeon Aviation Sajety Agency
STANDARD

Certification Specifications

COMMERCIAL
AIRCRAFT
PROJECTS

and
Acceptable Means of Compliance

for

Large Aeroplanes.

NATO STANDARD on

AAP4S

ECHNICAL
SPECIFICATION

Y ISO/IEC TS
24748-1

D SYSTEM LIFE GYCLE PROCESSES

NATO STANDARD

|
S

AAP-20

(NATO Life Cycle Model)

Develop new AIC [OnA) - Business
Process Definition - Milestones Model

PMBOK GUIDE

i
= e W W
ACUONARS A CTAMARPY YKPAIIOH
T — b
RCTY ISONECAEEE 15288:2016
RCTY 8.1 15.004:2015 (SONECAEER 16208:2016. 10T)
e s e v s boneersn st | prpansore e
CTARI KUTTEBOrO LUMKNY APOLIECU XUTTEBOIO
03EPOEHHA TA BINCHKOBOI TEXHIKH LMKNTY CHCTEM

R i PU——

Fig. 4. List of scientific and technical documentation sources
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On the basis of the proposed criteria, a qualitative
expert assessment analysis of about 80 STD sources was
conducted (see Fig. 4).

For the purpose of quantitative analysis of NTD, the
“expert assessment” method was used, which included the
following measures:

— formulation of the examination task — assessment
of expediency of the NTD using by organization special-
ized in the development of aviation equipment (AE) for
civil and military transport purposes, it plans to cover full
period of AE LC and consider in detail the presentation of
the processes of AE development;

— formation of an expert group of specialists with
specialized qualifications;

— organization and conducting of expert surveys;

— analysis and processing of expert (score) evalua-
tions received from experts;

— submission of evaluation results in the form of
consolidated criterion analysis of scientific and technical
documentation.

Analysis results

As a result of the analysis fulfilled, the expediency
of documentation using as a base during the enterprise
standards development regarding the formation of struc-
ture and content of the life cycle of science-intensive prod-
ucts was assessed (see Fig. 5). The results of the analysis
are shown in Table 2.

Other sources

Criteria for the analysis of scientific and technical
documentation :

= Status

= Attribution of €75 LC model to the appropriate field of activity
= Completeness of period coverage in CT5 LC model

= Level of information presentation detailing in CTS LC model

= Availability for use

= Compliance with modern intermational practices

= Compliance with carporate practices

»  Level of ability to develop and actualize

Fig 5. Visualization of procedure of the consoli-
dated criterion analysis of scientific and technical
documentation

According to the results obtained after the consoli-
dated criterion analysis of the concepts of CTS models, in-
vestigated in the considered information materials, in par-
ticular, three alternative concepts of the models were de-
termined:

— the concept of a three-level model of CTS LC:
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— the concept of sequential model of CTS LC:
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Each of identified alternative models is appropriate
for application in programs/projects of enterprises depend-
ing on their specialization and globalization of activities.
In particular, the three-level model of CTS LC can be rec-
ommended to global corporations that have to provide the
entire life cycle, and not only the “Production” stage, but
also the subsequent stages, up to the “Withdrawal” stage.
That is, the system approach in the three-level model of LC
creates the possibility of consumer confidence in the guar-
anteed ownership of long-term use products, which may
require not only “operational support”, but also, for exam-
ple, “modernization”. The two-level model of the CTS LC
can be recommended to such enterprises that are associated
or are directly part of global organizations, but their activ-
ities are limited, for example, only to the products produc-
tion or to the modernization of outdated (morally, physi-
cally) products. Finally, the single-level model of CTS is
recommended for enterprises that have a certain speciali-
zation, i.e., either develop knowledge-intensive products,
or manufacture products developed by an external organi-
zation, or engage in the restoration of knowledge-intensive
products, service, etc.

According to the same results of the criterion analy-
sis of CTS models conceptions, it was determined, that
common for organization of science-intensive areas of ac-
tivity is the need to regularize the CTS according to gener-
ally recognized rules and approaches: systemic, process
and project, as well as on the basis of risk-oriented think-
ing. It is just on this basis of compliance with such approa-
ches, a number of standards were determined as not actual.
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Table 2. Consolidated criterion analysis of scientific and technical documentation
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defense-tech- no | ISO 24748-1 yes 10
15.2001 standard . coverage age date
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General-
GOST R RF civilian and Full Aver- .
defense-tech- no AAP 20 yes valid 20
53791 standard . coverage age
nical spheres
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DSTU 15288, General-
DSTU 24774, National civilian and Full total new
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Continuation table 2

1 2 3 4 5 6 7 8 9 10
European | General-civil-
. Aver- total, .
ECSS-M-30A Space ian sphere of | Full coverage yes no valid 50
. age fundamental
Agency activity
Standard
f the De-
DoD 5000, TP Defense-tech-
partment . . . .
MIL-STD- of De nical sphere Full coverage High | no | considerable no valid 70
1E f activi
88 fense of of activity
the USA
Defense-tech-
AAP-20, NATO n?c?;sse hzc‘r:e Full coverage High es total, funda- no new 95
AAP-48 standard p . & & Y mental basic
of activity
General-
Series AP Airb ivili I let ia-
er.l e A 1rous crviian feomprete High | yes | considerable a\.]la actually 90
series AM standard sphere of coverage tion
activity
. General-
. Boeing o .
Boeing civilian Aver- . avia-
manage- Full coverage no | considerable . actually 70
management sphere of age tion
ment ..
activity
NASA General-
Syst: NASA ivili Aver- .
){S em‘s crviian Full coverage ver no | considerable | space | actually 75
Engineering | handbook sphere of age
Handbook activity
General-
civilian and
PMBOK® - F t .
fanage defense-tech- ragmentiaty Low | yes | considerable no actually 60
management ment . coverage
nical spheres
of activity
The General-
PRINCE2® civilian and
.. manage- .
Practitioner ment defense-tech- | Full coverage Low | yes limited no actually 25
Training nical spheres
Manual of activity
Criterion analysis of scientific and technical infor-
. mation according to proposed and substantiated criteria
Conclusions

The proposed approach for evaluation the expedi-

ency of existing normative and technical documentation
use in the field of project management and system engi-
neering in the development of enterprise standards for en-
suring the life cycle of science-intensive products.

and subsequent expert assessment of sources of scientific
and technical information was performed.

Alternative models of the life cycle of complex tech-
nical systems were proposed, appropriate for use in pro-
grams/projects of enterprises depending on their speciali-
zation and globalization of activities.
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List of abbreviations Boeing — aerospace corporation
(https://www.boeing.com),
AE — aircraft equipment, ECSS — European Cooperation for Space Standardiza-
LC — life cycle, tion - joint efforts of the European Space
NTD - normative and technical documentation, Agency, National Space Agencies and Euro-
CTS - complex technical systems, pean Industry Associations to develop and
NATO - North Atlantic Treaty Organization, maintain common standards ,
Airbus — aircraft building company NASA - National Aeronautics and Space Administ
(https://www.airbus.com), ration,
RFP - Request for Proposal.
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quaCHe HOpMaTI/IBHO-TeXHi‘IHe 3a0e3nevYeHHs l'[pOCKTiB CRJIAQIHHUX TeXHIiYHHUX
CHUCTEM

C.I'. KpuBoBa, O.€. 3y6ansoB, K.O. 3Bopuxin, C.I. Tpy6aueB

Anomauia. AKmyanbHUM 86aHCAEMbCS OYIHKA NOMEHYIANY CYUACHO20 HOPMAMUBHO-MEXHIYHO20 3a0e3neueHHs 0I5l NPospam/npoeK-
Mi8 HCUMMEBO2O YUKTY CKAAOHUX MEXHIYHUX CUCTEM, KU 3ACHOBAHULL HA CUCIEMHOMY, NPOYECHOMY | NPOEKMHOMY Ni0X00ax, a
MAKOIIC PUBUK-OPIEHMOBAHOMY MUCTIEHHI, WO € HEGIO 'EMHOIO YMOBOK QOCACHEHHS (30epedCceHHsl) KOHKYPEHMOCNPOMOICHOCI He Tulie
nPOOYKYIl, Wo GUNYCKAEMbCS OPeAHI3aAYIcio, ale il KOHKYPEHMOCHPOMONCHOCMI camol opeanizayil.

Po3pobumu memoouxy oyiHKu OOYITbHOCMI UKOPUCMAHHA HOPMAMUBHO-MEXHIYHOT QoKyMenmayii 6 061acmi npoEKmHo20 ynpas-
JHHA | cucmemnoi inocenepii 8 aAkocmi 6a3060i npu po3podyi cmandapmis nionpueEMcmea 3 3a0e3nedeHts HCUmme8020 YUKIY HayKo-
EMHOI nPOOYKYi.

s ananizy naseHo2o macusy inopmayitinux mamepianie 3a 0aHoi0 NPOOIEMOIO 3aNPONOHOBAN] MA 0OTPYHMOBAHI Kpumepil, sKi
003601UNU BUKOHANU KpUMeEPIaTbHULL AHANI3, AKULL nepedbauysas cebiuHUll aHaiz 3smicmy iHghopmayitino2o Mmamepiany, 8UA61eHHs
SHauywux Oia opeanizayii Kpumepiie ma HACMYNHOI eKChepMHOI OYIHKU 0dicepel HAYK0BO-MeXHIUHOT iHghopmayii.

3a peszynbmamamu KpumepianbHO20 aHANI3Y MACUBY HOPMAMUBHO-MEXHIYHUX OOKYMEHIMIB, SIKI MOJCYMb OYmu 8UKOPUCAHT GIMYU3-
HAHUM HAYKOEMHUM CEKIMOPOM NPOMUCTO80CTI, OVIU 8USHAYEHT KOHYENYii n06Y006U JICUMMEBO20 YUKILY NPOSPAM/NPOEKMIG HCUMME-
6020 YUKTY CKIAOHUX MEXHIYHUX CUCTEM MA PEKOMEHO0BAHI 6 3ANEHCHOCMI 610 Xapakmepy OLLIbHOCME OpeaHi3ayill.
3anpononosanuii nioxio 00360.15€ obupamu 6a306i KOHYenyii HOPMAMUGHUX OOKYMEHMIB, SIK MOICTUBL AHANO2U OJIsl BUKOPUCAHHS X
8UX00AYU 3 0CcOOAUBOCMEN OISLILHOC NIONPUEMCMEA MA CREeYUDIKU HAYKOEMHO20 NPOOYKNLY.

Kniouosi cnosa: cknaona mexuiuna cucmema, HOpMAmMueHO-MexXHIYHA OOKYMEHMAYIs; JHCUMMEBUI YUK, CUCIEMHUTL NIOXIO, npoye-
CHUll NiOXI0; NPOEKMHULL NIOXIO.
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