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Abstract

Purpose: the article deals with unmanned aircraft system (UAS) ergodesign issues related to their analysis,
development, and evaluation, the main UAS ergodesign characteristics from the standpoint of ergodesign support for
their development and operation. Methods: analytical and comparative. Result: UAS design is a technical and
procedural complex with an anthropocentric orientation and connections. Their structure contains the actual design of
the subject system and the description of interaction procedures with it. The essence and peculiarity of a system object
ergodesign process is the design of not only subject but also the procedural composition of the system. It is singled out
the basic principles of UAS design — it is the anthropocentric orientation of its component design options based on the
operators’ activity system analysis and the organization of subject environment for UAS components relying on
functional comfort. Discussion: analysis, evaluation, development, and decision-making processes are based not only
on quantitative characteristics but also on factors that cannot always be quantitatively measured (psychological,
aesthetic, etc.). In some cases, at the first stage of UAS ergodesign, during the evaluation, when rigorous mathematical
methods (algorithms and formulae) cannot be applied, it is necessary to rely on experts™ professional judgments
provided that these judgments are based on specially designed and formalized procedures. Further UAS ergodesign
stages will be discussed in the following articles.

Keywords: analysis; development; ergodesign; ergodesign requirements; ergonomics; evaluation; indicators; unmanned
aircraft system

1. Introduction

The issue of the widespread use of unmanned
aircraft (UA) is rapidly becoming relevant in
Ukraine in light of global trends in aviation
development in general.

It is known that the unmanned aircraft itself
cannot perform its functions in isolation, except for
so-called automatic ones. And even automatic UA at
the time of activation require ground (basic)
servicing implying the existence of a system called "
unmanned aircraft system " (UAS). Its composition
is discussed below.

In general, the purpose of UAS operation is to
ensure a safe flight of a remotely piloted vehicle in
the designated airspace for some aerial application.
In doing so, UASs must operate in accordance with
the ICAO standards intended for manned aircraft
and other special standards reflecting differences in

operational and legal aspects as well as flight safety
aspects concerning manned-unmanned interaction.

In order to ensure UAS integration into the use of
the designated airspace, a remote pilot responsible
for a UA flight is required. Even if the autopilot is
used to help it perform its functions, the
responsibility of a remote pilot is not going to be
fully shifted on technical means in the near future.
Therefore, the ergonomic and ergodesign aspects of
UAS development are one of the key factors in their
effective use. Unfortunately, such aspects are quite
fully developed only for manned aviation systems
and are extremely insufficient for UASs.

2. Analysis of the latest research and publications

The analysis of UAS developments in recent years
[1, 2, 3, 10], the results of the research carried out by
the authors [4 - 7], reveal a strong tendency to
increase the size and weight of drones, their variety
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and intended purpose (although, there is definitely a
reverse trend towards miniaturization.)

From the standpoint of ergodesign support for the
development and operation of drones as a part of the
UAS, it is advisable to identify two main
components:

- unmanned aircraft (UA): power plants; glider;
onboard radio command system; on-board telemetry
system; on-board navigation system; air signal
receiving system; on-board power system; UA
control system; autopilot; other vital UA systems;
UA payload;

- ground control station (GCS): remote pilot's
workstation (WS); payload operator's workstation;
remote pilot’s post; payload control system; ground
radio command system for UA control; ground
telemetry  system; remote  pilot's  video
communication system; remote pilot's radio
communication system; starting and reload system
of a UA status in flight; parachute UA air delivery
system; UA storage and transportation system; UA
target data terminal; ground control station tracking
antenna; ground control station power supply
system; UA automatic landing system.

It is known that the basis of UA compliance with
its route is its flight according to a pre-designed plan
based on line segments connected through points
that are referred to as waypoints (WP). It ensures the
correspondence between the task of performing
patrol, surveillance or other aviation works (which
are route in nature) over objects and the actual UA
position in the air above an object.

An unmanned GCS has to provide the effective
remote control of an aircraft in the first place. The
automatic control system in it is only a desirable
option, but not the main one. However, the practice
of modern unmanned flights indicates that their
"manual" piloting for a long time (5-10 hours) is
associated with excessive remote pilots” workload.
Therefore, as in manned aviation, there is a clear
need for further UA piloting process automation.

The control system allows UA operation
according to instrument flight rules and to some
extent under visual flight rules. For this purpose,
automatic, semi-automatic and manual modes are
used.

In the automatic mode, flights are performed
according to a pre-compiled plan with WPs beyond
optical visibility. Flight control is exercised via a
two-way telemetry line with the image of a terrain
map on a remote pilot's monitor.

In the semi-automatic mode, waypoint target
values are reached by a remote pilot.

From the ergodesign perspective, the main UAS
component is a remote pilot's station. It consists of a
remote pilot’s control unit (CU), a remote pilot's PC
desktop, a desk chair, a remote pilot's PC system
unit, flight information monitors, a light indication
unit, a dual-engine control unit, a manipulator, a
keyboard, a remote pilot's computer, and an UA
control stick.

In some cases, "manual" UA piloting can be
applied within the scope of optical visibility
according to the "see a UA from the side" method
when an onboard controller is switched off.
Command signals are sent via an additional radio
command line.

Existing workstation developments essentially
consist of a set of tools to ensure UA flight control.
However, the studies [4, 6] conducted at National
Aviation University with the authors’ involvement
have shown that:

- one monitor at a workstation is not enough;

- the use of manipulators such as a mouse makes
a remote pilot's job more difficult;

- remote pilot's station parameters in a sitting
position at the desk should be regulated;

- adequate indication of the status of vital UA
systems has to be provided.

In this regard, a new composition of a remote
pilot's station without the shortcomings noted above
is necessary. At such workstations, remote pilots can
work without being tired for a long time. The UA
workstation organization should also allow to
quickly obtain the required flight information and
information regarding the UA technical status. In
addition, it is advisable to use a trackball
manipulator instead of a traditional mouse. It makes
it easier to operate the computer equipment with a
remote pilot's left hand since the right hand is
usually busy controlling a UA.

The final functional UAS composition must also
meet the requirements mandatory for Ukrainian civil
aviation enterprises.

3. Aim of the research

To investigate the issues of the UAS design and
operation ergodesign support, to determine the basic
principles, stages, and procedures of UAS ergodesign
development as a technical and procedural complex
with an anthropocentric orientation.
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4. Research results

Ergodesign support for UAS design according to its
components must be based on the importance and
sequence of the main design stages. Therefore, the
result of ergodesign activity realization in the field
of UAS development is the project for a technical-
procedural complex showing anthropocentric
characteristics and connections, the structure of
which contains the actual UAS project and the
description of its controlling procedures (interaction
with them). All together, they form the ergodesign
model of a technical-procedural system. The
functional content of the model should be the
hierarchy of links "field of activity — functional area
— the role of an operator — workstation — algorithm
of activity — equipment", and the subject
representation of the UAS — system "AU — GCS —
WS" functional content. From the anthropocentric
standpoint, by the ergo-designer development of the
model the organization of the following activity is
ensured: "operator's behavior — justification of the
activity algorithm — WS development". In general,
the ergodesign development of the UAS technical-
procedural system should reflect the activity method
used in the ergodesign model.

While maintaining a single algorithmic basis, the
design synthesis process in the ergodesign of such
complex systems as UASs is significantly different
from a conventional ergodesign synthesis, although
it contains a number of its procedures. The main
essence of the system object ergodesign process is to
provide a much greater number of the complex and
diverse internal and external links between a
technical procedural system and an operator than in
case of designing an individual object directly
connected with the operator. The main feature of
the ergodesign, in particular of UASs, is the design
of not only subject but also the procedural
component of the system. Therefore, it is advisable
to use the systematic approach in UAS ergodesign
development. Understanding an object as a system
allows developing an extensive strategy for its
formation. The  peculiarity of  ergodesign
methodology in this aspect lies in the focus on the
integrity of the object and its determining factors. It
enables to discover all the diversity and complexity
of interconnections inherent in UASs and to present
them in real time. Therefore, not only the
comprehensive development of a wide range of
specific problems but also the anthropocentric
orientation of design solutions is the main feature of
a systematic ergodesign development. The design of

individual UAS components and systems should be
carried out taking into account the maximum
number of operators’ requirements. It ultimately
leads to the creation of a holistic system of the
subject composition of the elements of a specific
human activity environment (in particular - the
ability to satisfy the requirements to functional
comfort for all participants involved in UAS control
and servicing processes). Based on the fact that the
subject of ergodesign development is both the object
and the process, in UAS ergodesign development it
is distinguished subject and activity levels.
Depending on the priority of utility, beauty or
convenience issues in this process, it is
predominantly determined its utilitarian, aesthetic or
ergonomic aspects. A typological matrix of the UAS
design is formed when these levels and aspects are
combined.

As the ergodesign practice shows, for UAS
ergodesign development, the activity level and,
accordingly, the activity approach are necessary (and
usually sufficient). It greatly simplifies a specific
design process. Namely, it allows to solve the
problem of matching the mental, physical and
psycho-physiological capabilities of the operator
with UAS properties creating in such a way the
conditions for ensuring the operator’'s optimal
functional state in the process of their activity - the
state of functional comfort. In terms of the activity
approach, in the human-machine complex,
technology as a means involved in human activities
is treated through the prism of a human factor. In
this regard, the ergodesign focus should be on the
structure of activities and direct actions that have
their functions determining the operation of the
system as a whole. This approach makes it possible
to obtain the integrated characteristics of remote
pilots and UAS systems which are manifested in the
specific conditions of their interaction and to ensure
the fact that in systems "human — technology —
environment" the requirements to take the human
factor into account are considered. In accordance
with the general ergodesign rules, developing a
specific activity type and ensuring its optimization
involves determining the requirements for internal
means of activity.

Analyzing UAS systems, they include first of all
the experience, knowledge, abilities and skills of
operators (both remote pilots and other specialists),
their mental, psycho-physiological and personal
characteristics.

Equally relevant is the ergodesign development
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of external means of activity, for example, displays
devices and controls. They are of particular interest
to ergodesign professionals. Their function is to
create a high functional quality of external means of
activity by bringing to conformity internal means of
activity with their external analogues.

Another important factor is the cost of activity,
the number of physiological and psychological
resources ensuring that tasks are performed at a
given level. By determining the price of the activity,
you can predict the reliability degree of the entire
UAS. In this case, reliability means the probability
of the system to complete a task at a given time with
acceptable accuracy and preserve its operating
parameters.

UAS operators” capabilities are also crucial for
the successful implementation of activity tasks. In
ergodesign  development of unmanned aerial
systems, it is advisable to consider certain abilities,
in particular, professional suitability — the presence
in a person of the set of characteristics that
determine the effectiveness of tasks in a specific
professional activity, as well as professional
adaptation - the formation of relevant knowledge,
skills, and competences that make it possible to work
effectively in standard and emergency production
situations [8].

The adaptation process, in turn, needs to be
optimized both by the parameters of the effective
UAS functioning and according to the parameters of
the maximum use of the person's specific abilities in
its operation system.

In the future, for project situation optimization, it
is advisable to rely on a limited number of people —
a certain contingent of UAS users characterized as
optimal according to the range of physical,
physiological, psycho-physiological, and
anthropometric indicators, as well as the level of
training and preparation.

The aforementioned proves that for UAS creation
and efficient operation, the system-activity approach
serves as universal and basic. It should be applied to
the design of various UASs and their components
implementing it based on the ergodesign principles
of different levels that determine the specifics of the
design and operation of the basic UAS systems.

The results of research carried out in recent years
by the authors [4 - 6] enable us to arrive at the
following conclusions.

The main feature of UAS system ergodesign
development, along with the consideration of a wide
range of economic, development, design and other

aspects, is the anthropocentric orientation of project
activities, with the analysis of UAS staff"s activity as
its necessary basis. In this way, such a postulate as
the requirement of "human factor consideration" in
"remote pilot - UA" systems is explained.

And an integral measure of UAS ergodesign
perfection is the achievement of functional comfort
as a criterion for operators’ optimal psycho-
physiological state in the course of their work and
for the adequacy of UAS components and elements
with the person's individual capabilities.

Let's define several levels of ergodesign
principles of UAS development and operation
(depending on detalization, significance, etc.). The
main ones are the following:

- principles of operators™ activity organization
(fundamental) - ensuring optimal psycho-
physiological UAS staff's workload, muscle
strength, movements; correspondence between the
range of tasks and operators’ needs, versatility and
flexibility, the variability of their positions and
awareness levels, workstation maintainability and
adaptability;

- principles of designing operators’
workstation environment — compliance with the
optimal task  performance level by operators

(primarily by remote pilots) and with the
convenience level of conducting operations;
ensuring working posture optimization, the
regulation complexity of UAS elements, the

ergonomic organization level of the main working
surfaces, provision with additional elements to
support body parts, etc .

- layout principles of the main UAS
components — providing access for operators to
service UAS elements, the formation of task forces,
the optimal lighting level, access to cleaning, etc.

During UAS ergodesign development, it is also
necessary to rely on the identification and
organization of their components as a complete
integrated system of "human — UA — environment",
with a remote pilot as the main dominator and
component.

The Dbasic UAS design principles are
implemented by adherence to the lower level
principles, the importance of which is determined by
the specificity of each particular UAS type at each
stage of their development.

Let’s identify the main stages and their sequence.

The initial stage of UAS development should be
the ergodesign analysis of prototypes. UASs are not
mass industrial products. Usually, their production is
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small-scale or it can be even a single item. In this
case, as the main measure to justify project
operations for UAS development, the ergodesign
evaluation of prototypes is of utmost importance.

Modern research of the systems and objects of
different composition, content, and scope [9] allow
us to identify three main approaches that can
underlie the evaluation of complex systems:

- physicality;

- modeling ability;

- purposefulness.

However, analysis and evaluation processes
should be based not only on quantitative
characteristics but also on factors that do not always
have quantitative dimensions (ergonomic, aesthetic,
etc.). Therefore, decisions should be formed on the
basis of two components of development and
decision making: formal and creative [9].

It should be borne in mind that in many cases of
UAS ergodesign analysis and evaluation the result is
professional expert judgments. They should be relied
upon, provided that these judgments are obtained

through specially designed and formalized
procedures [10].
Operators” activity in  UAS object-spatial

environment is usually subdivided into performed
according to predetermined conditions and actions
(that is, algorithm-driven), and carried out based on
knowledge, skills, stereotypes, insightfulness formed
by previous experience, that is, heuristic
components.  Generally, the algorithm-driven
element is predominant. UAS personnel's activities
are also determined by the need to comply with the
requirements of various regulatory documents which
must be applied in aviation and strictly followed in
the process of UAS analysis and evaluation (the
operation of drones is completely governed by the
aviation operation rules). Taking these factors into
account, let us consider the problem of assessing the
UAS ergonomic quality level.

Among the ergodesign characteristics of such
complex objects, in terms of the "human factor"
ergonomic  characteristics are  the  most
important. UAS ergodesign quality indicators are
based on product ergonomic characteristics and
operators’ ergonomic properties. It is important not
to lose sight of the fact that that these indicators in
one way or another determine UAS technical
parameters, but the "human factor" as their basis is
embedded in the product design. Therefore, it is
advisable to correlate them with the benchmark,
ideal, ergodesign characteristics of the product. It

allows to establish the ergonomic quality level
revealed during the UAS ergodesign evaluation.

At the same time, in the process of UAS
ergodesign development, the main attention should
be paid not to individual indicators, but to their
structure, connections and to finding common
formal properties between them reflecting the
essence of such indicator interconnections. After all,
UAS development has to be carried out according to
a single performance criterion linked to all lower-
level indicators, with the help of which they are
formed into a single system and in relation to which
the role of each of them must be considered and
evaluated.

The significance of each indicator (which is
mainly determined by the expert method) in their
overall range with respect to the UAS ergodesign
level criterion is also important.

It is known that the general quality criteria of
human-technical systems are accuracy, reliability,
specified system performance, and the level of an
operator's fatigue in the system [4, 8].

In this case, ergodesign indicators and criteria
can characterize the optimality degree of the “remote
pilot - UA” system in a broad, comprehensive sense.
Consideration should also be given to the fact that
there is some dependence between the UAS
ergodesign indicator optimum values and the system
performance criteria to which this object applies.

The final determination of UAS effectiveness
must be made according to the integral criterion.
However, in many cases it is impossible. If the
integral criterion cannot be applied, it is advisable to
use separate criteria (indicators) which are
determined by the expert methods as dominant.

The creation of new UASs should also be based
on the results of remote pilots” functional-
algorithmic  activity analysis. The authors’
experience shows that it is an effective means of
identifying "weak" points in a specific operational
process, in particular - redistribution of information
flows in the UASS, etc.

In general, the procedure for analyzing the UAS
ergo- quality level as the first (basic) stage of their
development can be presented in the following
sequence.

1. Based on the expert method of selection,
according to specific evaluation tasks, the dominant
UAS ergodesign criteria and their components are
selected.

2. Using particular reference samples, it is
determined the ergodesign parameters of UAS
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components (size, location of controls, display
devices, etc.).

3. Using instrumental methods, taking into
account ergonomic recommendations and expert
assessments, it is determined functional dependence
between ergodesign criteria and parameters to find
the ergonomic level values of UAS components (by
individual parameters).

4. Relying on the analytical method, it is
determined the interrelations of ergodesign
parameters with each other and their relationships in
general, primarily according to the ergonomic
criteria.

5. Based on the data obtained using the expert
methods, UAS ergodesign evaluation is carried out
according to each selected criterion (for example,
the quality of how controls are arranged — according
to the remote pilot's fatigue criterion).

However, the ergonomic level is usually
determined by several ergonomic criteria. Their
totality is determined by the complex ergodesign
criterion corresponding to the UAS ergodesign
level.

6. To find the complex criterion, the values of
individual criteria are previously determined
according to a number of ergonomic parameters.
Next, the interdependence between the single
criteria, the way they are expressed through one
another, and equivalent values between them within
the complex ergonomic criterion are identified. The
basis of the quantitative correlation between the
single criteria is that, for example, if the speed of the
reading process increases, its accuracy decreases,
etc. Thus, in order to make an evaluation by the
complex criterion, it is necessary to combine the
values of the individual ergodesign criteria with the
weight of each of them according to specifically
developed ergodesign procedures. Thus, the
complex ergodesign criterion will express the
maximum achievable ergonomic quality level for
this UAS type, and its ergodesign indicators will be
close to optimal.

Other stages of UAS design will be discussed in
the following articles.

5. Conclusions

The material presented in the article reflects the
impact of the two processes that are taking place
today, literally right in front of our eyes. First of all,
ergodesign is transformed into a separate industry
and is widely respected in today's design and
business environment as a powerful integrator of

manufacturers and users' interests in quality
improvement, the safety of products and their
operation efficiency (one can go online, type the
word "ergodesign" and make sure that Google will
respond with hundreds of links. And secondly, it is
even more rapid development of unmanned aircraft.
Perform the above-described operation with the
word "unmanned aircraft", the search engine will
return thousands of links).

Thus, in today's socio-economic conditions, UAS
creation is constantly developing, it is formed,
established and, most importantly, it is based only
on the authority of evidence-based knowledge.
There is a need for original project UAS ergodesign
studies with reliance on normalized indicators (new
standards are required), and manufactured UA
samples are essentially the prototypes of new models
that should be created using ergonomics knowledge
as a success factor in boosting the sales of products
due to their improving competitiveness.

The subjective criterion of qualitative UAS
ergodesign is the formation of a sense of functional
comfort in operators, when, for example, the
workstation is perceived as a system of functional
and object-space means that create comfortable and
safe conditions for work, and UA are equipped with
sufficient technical means to perform appropriate
operational processes. It is the approach to UAS
design that is promoted by the authors as the most
effective.

To sum up, UAS design is a new and advanced
technology associated with the design and operation
of high-quality and high-tech products, it is a new
type of design activity in contrast to traditional
ergonomic product design. In a broad sense, its
purpose is to ensure UAS effectiveness in all
application fields, which is achieved through the
combination and synergy of such design and
operation aspects as the convenience, safety,
comfort and aesthetic perfection of facilities and
operating conditions for operators.

Some steps in this direction have already been
made, in particular, based on the authors’ research
results, the draft national standards required for the
UAS evaluation and examination such as “Design
and ergonomics. Unmanned aircraft systems.
Quality Indicator Nomenclature” and “Design and
Ergonomics. UA remote pilots’ workstations. The
Nomenclature of Quality Indicators” have been
developed and submitted for UAS state registration.
The next step is «Design and ergonomics.
Unmanned aircraft systems. Rules for quality level
assessment”.
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Merta: y crarTi pO3IISHYTO NMUTAaHHS eprofu3aiiHy KoMIuieKkciB Oes3minoTHux mnoBiTpsiHux cyneH (KBIIC),
MOB’sI3aHI 3 iXHIM aHaNi3yBaHHSIM, TIPOCKTYBaHHAM W OILIHIOBAaHHSAM, OCHOBHI eproan3aiiHepChbKi
xapakrepuctuku KBIIC 3 mosuriéi eproamsaiiHepchkoro 3abe3medeHHS MPOSKTYBaHHS W eKCIUTyaTarii.
MeToau: aHaTiTHIHUNA, TOpiBHAIBHUN. Pe3yabTat: mpoektyBands KBIIC — me TexHidHO-TIpOIIeCYambHUH
KOMIUJIEKC, 10 Ma€ JIOAWHOLUEHTPHUYHY CHPSMOBAHICTD 1 3B'SI3KH, CTPYKTYpa SKHX MICTUTb BIIACHE MPOEKT
MPEIMETHOI CHCTEMH Ta OMNMC MpoLexyp B3aeMonili 3 Hew. ['onoBHHMH 3MicT 1 0coOiMBicTH mpolecy
eproau3aiiHy CHUCTEMHOIO O0’€KTy — L€ MPOEKTYBAaHHS HE TUIBKM HPEAMETHOIO, aje N IpOoLEecyalbHOro
ckimany cucremu. OcHoBHI npuHImMIU npoekrtyBanHs KBIIC — aHTpononeHTpHchbka OpiEHTOBaHICTh
MPOEKTHUX BUPILICHH iX €EMEHTIB Ha OCHOBI CHCTEMHOrO aHalli3y AisJIBHOCTI OMEpaTopiB Ta OpraHizaris
npeaMmeTHoro mpocropy ckimamoBux KBIIC 3 mosurii ¢yHKIiiHOTO KoMbopTy. OOroBopeHHs: IpoIecH
aHaJi3yBaHHS, OLIHIOBaHHS, BUPOOJICHHS Ta MPUHHATTS pillleHb 0a3ylOThCS HE TIIBKM Ha KIIBKICHUX
XapakTepUCTUKaX, ajie i HAa YNHHHUKAX, II0 HE 3aBXKAW MAIOTh KUIbKICHI BUMipH (IICHXOJOTIYHI, €CTETHYHI
ToII0). Y MEBHUX CUTYAIlisAX HA MEPIIOMY eTalli eproausaitHnepcrkoro npoekryBanHs KBIIC — oniHtoBaHHI, —
y pa3i HEMOXIMBOCTI BHKOPHCTAaHHS CTPOTHX MAaTeMaTHYHUX METOMIB (aJropuT™miB, (Gopmyn) Tpeda
MOKJIaIaTHCA Ha CyMKEeHHS (axiBIiB-eKCIIEPTiB 32 YMOBH, IO ILi CY/PKEHHS OTPHMaHi 3a JOIMOMOTIOI0
crermiansHO po3pobneHnx i QopmamizoBanux mponenyp. [lomanpmii eranu eprogmsaitny KBIIC Oyne
PO3IIIHYTO y HACTYIIHHUX CTaTTSX.
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Leab: B cTaThe paccCMOTPEHBI BOMPOCH! 3proan3aiiHa KOMIUIEKCOB OecnoTHBIX Bo3ayHbIX cynoB (KBIIC),
CBSI3aHHBIE C MX AHAIN30M, NPOCKTUPOBAHWEM U OLEHKOW, OCHOBHBIE 3PrOAM3AUHEPCHKUE XapPaKTEPUCTUKU
KBIIC ¢ mosuiuii 3promu3aifHEpCHKOTO OOECTICUEHHS] TMPOCKTUPOBAHMSA U JKCIDTyaTanmud. MeToabl:
aHAJIUTHYECKUH, cpaBHUTENbHBIN. Pe3yabTar: mpoextupoBanue KBIIC — 3To TexHMUECKO-IIpolecCcyaabHBINA
KOMIUIEKC, MMEIOLIMA YEIOBEKOLEHTPUYECKYIO HANpPAaBICHHOCTb M CBS3H, CTPYKTypa KOTOPBIX COJCPKHUT
COOCTBEHHO TIPOCSKT MPEAMETHON CHCTEMBI M OIMCAHWE TPOIECAYP B3aMMOICHCTBHA ¢ Hel. [ TTaBHBIN CMBICT U
0COOEHHOCTB TIPOIIECcca AProJii3aiiHa CUCTEMHOT0 00BEKTa — 3TO MPOSKTUPOBAHKE HE TOJIBKO PEMETHOTO, HO U
IIpoLIeCCyabHOTO cocTaBa cucteMbl. OCHOBHbIE NMpUHIHIEI TpoekTupoBaHust KbBC — anTpononenTpuueckas
OPUEHTUPOBAHHOCTh MPOEKTHBIX PELICHUH UX 3JEMEHTOB Ha OCHOBE CHUCTEMHOIO aHalld3a AEATEIbHOCTH
OTIepaTOpOB W OpraHu3anus MPEAMETHOro mpocTtpaHcTBa cocrapmsiiommx KBBC ¢ mosurmm
¢yHKUHOHANBEHOTO KoMdopTta. Odcy:KaeHue: MpoLecchl aHajln3a, OLEHKH, BBIPAOOTKH U MPHHATHS PELICHUI
0a3upyroTCs HE TOJNHKO HAa KOJWYECTBEHHBIX XapaKTePUCTUKaX, HO M Ha (DakTopaxX, HE BCErla HMMEFOIINX
KOJIMYECTBEHHBIE U3MEPEHUs (IICHXOJIOTHIECKHE, ICTETUUECKHE U T.11.). B olpenenéHHbIX CUTyarusax Ha IIepBOM
aTare sprojusaiinepckoro npoektupoBanus KbIIC — omneHuBanny, — B Cllydae HEBO3ZMOXKHOCTH HCIIONB30BAHUS
CTPOTHX MaTeMaTHYECKHX METOIOB (aliropHTMOB, (JOpPMYIT) CIEAyeT IoJaraThCsl Ha CY>KACHHS CIIEHUaIHCTOB-
9KCTIEPTOB TIPU YCIOBHH, YTO 3TH CYXACHHA TOJTyYeHBl C IOMOIIBI0 CIENWAbHO pa3pabOTaHHBIX H
(dopmanmzoBaHHBIX Tipoueayp. JanpHelmue stamsl sproauzaiiHa KBIIC OymyT paccMOTpeHBI B CIIETYIOIINX
CTaThsIX.

KiroueBble cjoBa: aHajiu3, KOMIIJICKC OECITHIIOTHOTO BO3AYHIHOro CyJHaA, IIOKa3aTCjii OLICHUBaHHA,
MIPOCKTUPOBAHUC, 3p1"0).'[PIBaI>iH, apro;:[maﬁﬂepcm/le Tpe6OBaHI/I$l, SpProHoMuKa
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