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Modern society life is inextricably linked with the digital environment. A consequence is the
transformation of ergatic systems into digital ones. The result is the emergence of new types
of man-machine interaction. The essential feature of such interaction is to minimise human
involvement in the ergatic system functioning. According to this, the issues of organising the
safe and effective functioning of digital ergatic systems have priority importance. In this regard,
the aim was to study the features of man-machine interaction in an actual digital ergatic sys-
tem. We chose an ergatic system for research. The main elements of the system were stu-
dents (70 people of the first-year study) and teachers (5 people) of the Simon Kuznets Kharkiv
National University of Economics, as well as the digital system “Personal training systems the
Simon Kuznets Kharkiv National University of Economics” (PTS). This digital system is an
adapted model of the Moodle digital system. The study found out that the key components that
determine the safety and efficiency of the digital ergatic system are the operator's digital
mindset, digital tools and digital devices. The study of these components in the system made it
possible to establish that it had a balanced state. It is substantiated the optimal form of man-
machine interaction in the system. It is mixed learning. It is shown that the tendency to
minimise the human role in a digital ergatic system does not always have the expected
positive result, which determines the need for further research on this issue. In addition, we
analysed the difficulties arising in the design of digital systems. The main reason for this is a
lack of developers awareness of the ergonomic and cognitive aspects of man-machine
interaction. It is shown that the development of critical thinking and intuition in students is
closely related to the individual trajectory of learning. For this, it is essential to update
interdisciplinary knowledge. In this case, it is necessary to familiarise students with current
concepts and system-forming principles, which are the basis of human factors engineering. It
was substantiated that the application of current concepts and system-forming principles in
training will allow optimising man-machine interaction. The positive results will be evidence
even at the stage of designing digital systems.
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Introduction

The digital environment is an integral part of modern life. Moreover, today it is
impossible to imagine both labour and daily activities without it. The digital
environment makes it possible to perform a huge range of actions from simple (send
or receive an e-mail, check the status of a bank account, find out the weather
forecast, etc.) to complex (develop a training course, create an online shop, make an
order, receive the services, etc.). Thus, the usage of the digital environment has
many positive results for society. However, there are also many problems. The most
difficult problem is that the work of humans in a digital environment generates new
types of man-machine interaction, which are poorly studied today. Hence, the
mechanisms and consequences of their influence on humans, the level of their safety
and efficiency are not clear. An example is e-learning systems. On the one hand,
there is an individual approach to the organisation of the learning process (free
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choice of disciplines, training schedule, etc.). On the other hand, there is no or
insufficient contact with the teacher, a lack of knowledge about the rational
organisation of working time and place in conditions of free planning, etc. As a result,
there are situations of overstrain, poor-quality learning of knowledge, deterioration of
physical and mental well-being due to prolonged work at the computer, etc.

Thus, it can be stated that today a new environment of human activity has
been formed — the digital environment. But the issues of safety and efficiency of
interaction between man and technics in the digitalization conditions are poorly
studied today.

1. Literature review

Study the problem of man-machine interaction in the digital environment
should start with an analysis of the concept of “digital environment”, its components
and their place in it. The most common is the following definition: a digital
environment is an integrated communications environment where digital devices
communicate and manage the content and activities within it [1]. The definition shows
that the concept is broad and includes both devices that transmit and receive
information and various types of software for working with it. That is why the digital
environment is the basis for Industry 4.0 and digital ecosystems (Fig. 1).
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Fig. 1. The digital environment components

Key components of the digital environment are Industry 4.0 and digital
ecosystems. But what are they? Industry 4.0 is the massive introduction of cyber-
physical systems into the production and service of human needs, including everyday
life, work and leisure. A digital ecosystem is a distributed, adaptive, open socio-
technical system with properties of self-organisation, scalability and sustainability
inspired by natural ecosystems. Both Industry 4.0 and digital ecosystems are the
next stage in the development of ergatic systems, the main feature of which is to
minimize the role of humans in their functioning. As a result of the transformation of
ergatic systems into digital ergatic systems, human participation in their work has
decreased. However, making essential decisions to ensure the safety of ergatic
system functioning remains with a human [2-10].

New types of man-machine interaction are a logical consequence of the
transformation of the ergatic system into digital ones. But they are insufficiently

191



BiokpuTi iHdpopmauiviHi Ta koMn'toTepHi iHTerpoBaHi TexHonorii, Ne 93, 2021

explored today. A detailed study of the features of the digital ergatic systems
functioning will improve the safety and efficiency of man-machine interaction.
Analysis of the literature on this issue made it possible to establish that the
transformation processes of ergatic systems are directly related to the level of
Industry 4.0 maturity [11-14]. There are five Industry 4.0 maturity models. In fig. 2
shows adapted versions of these models.
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Fig. 2. Models of Industry 4.0 Maturity According to [11] (Adapted Version)

The model | demonstrates a mature Industry 4.0, in which the operator and
digital technologies development go synchronously. It means that the professional
knowledge, skills and abilities of the operator and level of his digital mindset
correspond to the level of digital technologies development, which ensures the
efficiency and safety of man-machine interaction. Models 1l — V show different
variants of the immature Industry 4.0, in which the development of the operator and
digital technologies occurs asynchronously. It means that either the operator's
professional qualities do not correspond to the level of digital technologies used, or,
vice versa, the technologies are outdated in comparison with the level of knowledge
and training of the operator. In any case, it makes man-machine interaction
ineffective and unsafe.

Model | is an ideal variant of digital ergatic system development, to the
practical implementation of which should be strived. But in most cases, models Il - V
can be observed. Thus, a condition for effective and safe man-machine interaction in
a digital environment is a balance between operator's development and digital
technologies.

In addition, the safety and efficiency of man-machine interaction in the digital
environment also determine the level usage of digital technologies for performing by
the ergatic system of the assigned task. In this case, it is necessary to pay attention
to the advisability of minimizing human participation in the digital ergatic system
functioning, which is a priority task today. As mentioned earlier, human participation
in such systems functioning has significantly decreased, but it does not always have
the expected positive results [15-18].

Thus, the scientific problem is that the transformation of ergatic systems into
digital ones is inevitable, which leads to the emergence of new forms of man-
machine interaction, which are currently insufficiently explored on their safety and
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efficiency. The design of such interaction is an actual problem. The existence of the
human factor phenomenon in man-machine systems confirms this fact. As shown in
[19-21], the elimination or significant reduction of risks in ergatic systems is possible
only if the principles of human factors engineering are applied at the design stage.

2. Aims

Based on this, the task is to study the degree of human immersion in the
digital environment to optimize man-machine interaction using the example of the
digital ergatic training system.

The aim is to apply the principles and concepts of human factors engineering
and ergonomics to identify the most effective model for the functioning of digital
ergatic systems.

3. Methods and Results

Preconditions for the study of man-machine interaction in the digital
environment. We began the study of the man-machine interaction with the
investigating problems in the work of humans and technics in a digital environment. It
allowed us to identify the components that ensure the effective and safe functioning
of an ergatic system in a digital environment. Consider the reasons for the decrease
in the effective functioning of the ergatic system in the digital environment,
associated with both the operator (Fig. 3) and technics (Fig. 4).
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Fig. 3. Problems of an operator development in the digital environment
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Fig. 4. Problems of Technics Development in the Digital Environment
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The problems of an operator and technics development in the digital
environment have to be solved not separately but as a whole. For this, it is necessary
to identify the crucial components of a digital ergatic system that ensure its safe and
efficient functioning. Based on the literary search [3, 5, 7, 9, 11-14], three
components were identified — operator’s digital mindset, digital tools and digital
devices.

Operator’s digital mindset is a set of attitudes, behaviours, and beliefs held by
people or a group of people that influence curiosity about disruptive digital technology
in an organization. In other words, a digital mindset is the operator's readiness to
master and apply new technologies to accomplish the assigned tasks, the absence of
internal psychological barriers during working in a digital environment.

Digital tools are programs, websites or online resources that can make tasks
easier to complete.

Digital device is an electronic device that can create, generate, send, share,
communicate, receive, store, display, or process information (e.g. computers,
laptops, tablets, smartphones, etc.).

The components cannot exist in isolation from each other. A connecting
element is needed to bring them together and ensure harmonious operation to
ensure the safe and effective functioning of a digital ergatic system. Ergonomics acts
as such a connecting element. The broad toolbox of ergonomics as a complex
science combining engineering, psychological, social and environmental approaches
makes it possible to solve the problem (Fig. 5).
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Fig. 5. The model of safe and effective functioning of a digital ergatic system

Thus, ergonomics ensures a balanced development of humans and technics
in a digital environment, which is a precondition for the safe and effective functioning
of the ergatic system, as well as the formation of a mature Industry 4.0.

Problems of man-machine interaction in the digital environment. The fea-
tures of the current stage of development are a paradigm shift (from analysis to syn-
thesis), the convergence of inorganics and the organic of wildlife. It is based on the
idea of convergence of info-, nano- and biotechnologies to create dynamic systems
and technologies of the new generation [22]. This idea is already the basis of ergo-
nomics and human factors engineering as scientific and practical disciplines. It is im-
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portant to take into account the influence of environmental stressors on: a) the fea-
tures of man-machine interaction; b) the psychophysiological factors and risks (tran-
sient condition, functional disorders and others); c) the sources of information in the
design of digital systems. To do this, you need to know: a) methods of research of
those cognitive abilities that affect the effectiveness of student learning; b) methods
of risks control and readiness for scenarios of their realisation. Accounting for the di-
versity of human factors requires the formalization of procedural knowledge and
modelling of interaction in the system "man — digital tools — digital device". These in-
terdisciplinary issues need to be covered systematically and teach the principles of
digital systems developers. For this, it is necessary to train the disciplines "Ergonom-
ics" and "Human factor engineering” [23].

Features of man-machine interaction in the digital learning
environments. Traditional education has many destabilizing factors. In particular,
these are a diversity of educational information and information perturbations. They
affect the student and teacher functional state. Besides, they determine the existence
of the human factor phenomenon, the study of which is necessary for solving current
safety problems. Accounting for possible changes in human’s physical, psychologi-
cal, physiological and cognitive capabilities will contribute to the design of more per-
fect digital systems and more effective man-machine interaction.

In addition, it is essential to find new approaches to building an individual
learning trajectory. Students training in the elements of cognitive ergonomics and
engineering psychology will also increase the effectiveness of training. It is necessary
to accounting individuality, i.e. learning style, features of cognitive and motivational
areas, functional state, etc. All this requires a broader use of recent information,
switching and educational technologies in the learning environment. So far as the
success of the student's self-education determines the reliability of his activity in the
future and the safety of the ergatic system managed by him.

Modern digital technologies already widely use the achievements of
neuroscience (neuroergonomics, neurobiology and others) and cognitive sciences
(cognitive ergonomics, cognitive computing and others). While learning in
engineering areas (industrial, military, bio, software) takes place in a breakaway from
the account the peculiarities of the organisation of man-machine interaction in the
systems "man — machine" and "man — machine — environment" determining their
ergonomic quality.

The conservative form of education contributes to the formation of mainly
divergent thinking. At the same time, in a row with a deep immersion in the
theoretical and specialised disciplines for future engineers, little attention is paid to
interdisciplinary links and systemic problems. Such an approach limits the
possibilities of information technology in the formation of the students creative
potential. In particular, the further development of their cognitive abilities and intuition
requires individualisation of learning, as well as achieving a balance of creative
(divergent) and critical (convergent) thinking, which contributes to the development of
nonlinear thinking in students. That is why a personal choice of information, its
processing means, display and analysis play a significant role in knowledge
formation.

Research of man-machine interaction in the digital environment. The
practical testing of the presented model gave interesting and some predictable re-
sults. We chose an ergatic system for research. The main elements of the system
were students (70 people of the first-year study) and teachers (5 people) of the Si-
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mon Kuznets Kharkiv National University of Economics, as well as the digital system
“Personal training systems the Simon Kuznets Kharkiv National University of Eco-
nomics” (PTS). This digital system is an adapted model of the Moodle system (Modu-
lar Object-Oriented Dynamic Learning Environment). It is a free web application that
implements the ability to create sites for online learning.

The research included three stages. The first stage is to assess the balance of
the ergatic system development. The stage included:

1) assessment of proficiency level of the digital technologies by students and
teachers;

2) training teachers and students to work in the PTS system;

3) verification of participants provision with digital devices to participate in the

study.
At the first stage of the study, the following results were obtained (Table 1).
Table 1
Ergatic System Components
Component Realisation

Ne Component Name

P Students Teachers

Digital mindset 100%" 100%"
Digital tools PTS PTS

3 Digital devices 100% 100%

" — the percentage of students who have the required level of proficiency in
digital technologies, and passed the train to work in the PTS system;

" — the percentage of teachers who have the required level of proficiency in
digital technologies, passed the train to work in the PTS system and received a certif-
icate;

™ _ the percentage of students and teachers who have the necessary digital
devices to work in the PTS system (computers, laptops, tablets, smartphones), as
well as constant access to the Internet.

According to the results, the ergatic system had a balanced state since all
components develop synchronously and the level of their development had high
indicators, which is a precondition for the safe and effective functioning of the
system.

At the second and third stages of work, we investigated the ergatic system
functioning in two modes, which differed by using digital tools and digital devices to
perform the assigned tasks. At the second stage, we used a combined form of
training: 50% of the material are tasks for consideration in the classroom
accompanied by a teacher, and 50% are tasks for independent study. Students
performed classroom tasks and independent ones using the PTS system. Students
sent reports with completed tasks for verification through the PTS system. To ana-
lyse the students’ progress, we created in the PTS system a grade book in which we
recorded grades for completed tasks. At the third stage, we used distance learning:
students studied the material by themselves in a mode suitable for them. They had to
send reports on the completed tasks in a set time. As in the second stage, to analyse
the students’ progress, grades for completed tasks were recorded in a grade book.
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At the end of the second and third stages, students and teachers passed the
sociological surveys to determine the degree of their satisfaction with each form of
learning and identify negative aspects of their work.

Based on the results of the second and third stages of the research, we built
graphs of students’ progress for mixed and distance learning (Fig. 6).
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Fig. 6. Students’ progress in cases of mixed and distance learning

Thus, we concluded that there were no significant differences in students'
progress under mixed and distance learning. However, the analysis of subjective
assessments of students and teachers satisfaction with different learning forms
showed that mixed one was better perceived than distance one (Fig. 7).
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Fig. 7. Histogram of student and teacher satisfaction with mixed and distance
learning

According to the opinion of students and teachers, the reasons that led to low
satisfaction with distance learning were following:
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1) insufficient level of direct contact between student and teacher, due to
which, on the one hand, students spent much more time studying new material, and,
on the other hand, teachers more often returned work to students for revision;

2) insufficient level of intragroup interaction, which determines mutual aid of
students in the study of material;

3) insufficient level of student’s knowledge about the rational organisation of
working place and time management, due to which there were cases of overwork,
sleep deprivation, poor-quality learning of the material, etc.;

4) the PTS system faults;

5) insufficient level of technical equipment.

The significance of these factors is in Fig. 8.
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Fig. 8. Diagram of the significance of the factors that caused low satisfaction with
distance learning

Thus, the main reason for the dissatisfaction of students and teachers with
distance learning is the insufficient level of direct contact between students and
teachers. Consequently, the level of safe and effective functioning of an ergatic
system in a digital environment sets in with mixed learning.

The research of man-machine interaction in the PTS system, operating based
on the Moodle digital platform, showed the following results:

1) the essential components of the digital ergatic system, which determine the
safety and efficiency of its functioning, are identified. These are digital mindset, digital
tools and digital devices;

2) the ergatic system had a balanced state since essential components
developed synchronously and had high indicators;

3) empirically established that mixed learning is better in comparison to
distance one because it provides the safety and efficiency of the ergatic system in a
digital environment;

4) to optimize the ergatic system functioning in a digital environment, it is
necessary to assess the balance of operator and technics participation in it; since the
tendency to minimize human involvement in the digital ergatic system does not
always have positive results.
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Conclusions

Modern life is inseparably linked with the digital environment. The result is the
transformation of ergatic systems into digital ones and the emergence of new types
of man-machine interaction. According to this, the issues of organising the safe and
effective ergatic systems functioning in the digital environment have gotten priority
importance.

There are also difficulties in designing effective, reliable and resistant digital
systems, due to the lack of awareness of developers with ergonomic and cognitive
aspects of man-machine interaction. The development of critical thinking and intuition
is closely linked to the individual trajectory of learning. It is essential to update
interdisciplinary knowledge for its construction, which necessitates the acquaintance
with current concepts and system-forming principles used in human factors
engineering. Thus, the application of advanced concepts and system-forming
principles allows optimising man-machine interaction at the design stage of digital
systems.

In this regard, the aim was to study the features of the functioning of an actual
digital ergatic system. It was found out that the essential components that determine
the safety and efficiency of the digital ergatic system are digital mindset, digital tools
and digital devices. The research of the actual digital ergatic system by these
components revealed that it had a balanced state because its components
developed synchronously and corresponded to the model of mature Industry 4.0. In
addition, we substantiated the optimal form of man-machine interaction, in which the
safety and efficiency of the ergatic system are ensured. This form of interaction is a
mixed form of learning. It is also shown that the tendency to minimise the role of an
operator in the digital ergatic system does not always have the expected positive re-
sult, which determines the need for further research on this issue.
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IpuHUUIBI NIPOEKTUPOBAHUSA YET0BEKO-MAILIMHHOIO
B3auMoOJAercTBUA B LM PPOBOI cpeae

KunsHb coBpemMeHHOro obuiecTsa HepaspbIBHO CBS3aHa C UMAPOBON Cpesomn.
3aKoHOMEpPHbIM CNeaCcTBMEM 3TOro ABNAETCA TpaHCcopmauusa apraTu4ecknx cMcTem
B UM poBbLIE apratuyeckme cuctembl. PesynbtaTt — nosBneHne HOBbIX TUMOB Yero-
BEKO-MALUMHHOIO B3aMMOOENCTBUSA, KIHOYEeBOW OCOBEHHOCTbIO KOTOpPbIX SABNAETCHA
MUHMMU3aLUMS ponn YyerioBeka B paboTe cuctemMbl. B cBeTe aTOro, BONPOCHI OpraHu-
3aumm 6esonacHoro n aEKTUBHOIO (PYHKLMOHUPOBAHUSA LNMPPOBBLIX 3praTtuyecknx
CUCTEM UMEIOT CErofHsi MPUOPUTETHOE 3HAYEHME.

B cBA3M ¢ 9TMM Uenbio nccneaoBaHus ctano n3yvymTb OCOBGEHHOCTU YernoBeka-
MaLlMHHOINO B3auMMOAENCTBUA B peanbHOM uuppoBON a3pratnyeckon cucteme. B
KayecTBe TakoBOW BblOpaHa apratnyeckas cuctema, KnioveBble 3r1IeMEHTbI KOTOPOW —
CTyOeHTbl M npenogasaTenn XapbKOBCKOTO HaLMOHANbLHOMO 3KOHOMWYECKOro
yHuBepcuteta wumeHn CemeHa KysHeua, a Takke uudpoBass cuctema
“lNepcoHanbHbIe obyuvatoLme cucTeMbl XapbKOBCKOIro HauMOHanbHOro
9KOHOMUYeckoro yHusepcuteTa nmeHn Cemena KysHeua” (MOC). aHHaga undposas
cucTeMa — 9To aganTupoBaHHas mogernb umdpoBon cuctembl Moodle.

B xoge nccnenosaHus yCTaHOBMEHO, YTO KIHOYEBLIMU KOMMOHEHTaMU, onpe-
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aensaowmmmn 6e3onacHoCTb U 3P EPEKTUBHOCTb PYHKLMOHMPOBAHNA LMK POBOM 3pra-
TUYECKOWN CUCTEMBI, SABMISAIOTCA LUMPPOBOE MbILLNEHNe onepaTopa, UMdPOBON UHCT-
pyMeHTapumn u undgposble yctponctea. ViccnegosaHme cuctemsl NMNOC no aTuM Kom-
MOHEHTaM MO3BOSIUMO YCTAaHOBUTb, YTO OHA MMeeT chanaHCMpOBaHHOE coCTosiHME. B
paboTe obocHOBaHa onTMmarnbHasi bopma YenoBeKO-MaLLUMHHOIO B3aUMOAENCTBUS B
nccnegyemonm cucteme — KOMObUHMpoBaHHaa popma obyyeHus. MNMokasaHo, YTO TEH-
AeHUNA K MMHMMKU3aLUnK posiv Yenoseka B UM@POBON apratnyeckon cucteme He Bce-
raa UMeeT OXMAaeMbl NONOXUTENbHbIN pes3ynbTaTt, YTo onpeaenseTr Heobxoau-
MOCTb NPOBeAEHUN AanbHENLLMX UCCNeaoBaHNn NO JaHHOMY BOMPOCY.

Takke B paboTte npoaHanM3npoBaHbl TPYLAHOCTW, BO3HMKAKOLWME MpuU
NPOEKTUPOBAHNN LN POBbIX cucTem, obycnoBneHHble HegoCTaTOYHOM
OCBEOMJSIEHHOCTbIO  pa3paboTymMkoB C  3PrOHOMUYECKMMW U KOTHUTMBHbIMU
acrnektamu YerioBeKo-MalUMHHOIO B3aumoaenctBus. [lokaszaHo, 4TO passuTME
KPUTUYECKOTO  MBILWSIEHNA UM UHTYMUMWM Yy  CTYOEHTOB TECHO CBS3aHO C
NHOMBUAYaNbHOW TpaekTopuen obydeHns. [Ina ee NnOCTPOEHUS BaXXHa akTyanmsauus
MeXOUCUMNIMHaPHbIX 3HaHWN, YTo obycrnoBnMBaeT HeO6XOAMMOCTb O3HAKOMIEHUS
CTYOEHTOB C COBPEMEHHbBIMM KOHLENUMSAMN U CUCTEMOODPA3YIOLWUMN MPUHLMNAMM,
KOTOpble NMPUMEHSAITCA B UHXeHepuu 4venoBedvecknx paktopoB. OBOCHOBAHO, YTO
NPUMEHEHNE COBPEMEHHLIX KOHLUENUMA Uu cuctemoobpasyrowmx npuMHUMNOB B
oby4yeHnn no3BONUT B JdanbHEWWEM ONTUMU3MPOBATb YesIoBEeKO-MalUMHHOEe
B3aMMOAENCTBME €eLLe Ha CTaamm NPOEKTUPOBAHNSA LMGPOBbLIX CUCTEM.

Knroyeeble crnoea: uudpoBasi cpefa, onepaTtop, apratndeckad cuctema,
6e30nacHOCTb, NPOEKTUPOBaHME, OBydeHMe.

IIpuHUMIKY NPOEKTYBAHHS JIIOAMHO-MAIIMHHOI
B3aeMO/il y uM(ppoBOMY cepeaoBHUILi

XKuTTa cyyacHOro cycninbCTBa HEPO3PUBHO MOB’si3aHe 3 LMdpoBUM
cepenoBuieM. 3aKOHOMIPHMM HacCNiAKOM LbOro € TpaHcdopmauia epraTUdHuX
CUCTEM Y UNPPOBI epraTnyHi cuctemn. Pesynbtat — nosiBa HOBMX TUMIB SOLOMHO-
MaLUMHHOI B3aeMofii, KIo4YOBOK OCOBGMMBICTIO SIKMX € MiHiMi3auiss poni nioguvHu B
poboTi uUndpoBOi epratuyHOi cucTeMn. Y CBITAI UbOro, MNUTAHHA oOpradisauii
6e3neyHoro Ta epeKkTMBHOrO (PpyHKLiIOHYBaAHHSA LMPOBUX epraTuyHUX CUCTEM MatOTb
CbOrOAHI NPiIOPUTETHE 3HAYEHHS.

Y 3B’A3Ky 3 UMM METOK AOCMIOKEHHS CTano BUBYUTU OCOONMBOCTI MOOUNHM-
MaLUMHHOI B3aeMofil y pearnbHii UMpPOBIN epraTuyHin cuctemi. B gakocTi Takol
obpaHa epratmyHa cucTemMa, KIOYOBiI €feMEeHTUM SAKOI — CTyaeHTM | BuKnagaui
XapKiBCbKOro HaLioHaNbHOro eKOHOMIYHOrO yHiBepcuTeTy iMeHi CemeHa KysHeus, a
TakoX uudgpoBa cuctema "llepcoHanbHi HaByanbHi cucTemMu XapKiBCbKOro
HauiOHanNbLHOro eKoHoMi4YHOro yHiBepcuteTy iMeHi CemeHa KysHeus" (MHC). Bubpa-
Ha uMcpoBa cuctema — Ue agantoBaHa moaesnb umdposol cucmet Moodle, gka €
BilbHUM BeOB-00A4AaTKOM, WO peanisye MOXIMBICTb CTBOPKOBATU CalTh AN OHNaWH-
HaBYaHHS.

Y xogi [OCnigpKEHHs1 BCTAHOBMIEHO, WO KHOYOBUMU KOMMOHEHTaMu, LWO
BM3HavyaloTb 0e3neky i eqeKTUBHICTb (PYHKUIOHYBaHHSA LMAPOBOI epratuyHoi
cuctemMu, € Undpose MUCIIEHHA onepartopa, UMGPOBUN IHCTPYMEHTapin i unudposi
npuctpoi. HocnigxeHHa cuctemm [MMHC 3a uumMM  KOMMNOHEHTaM  O03BOMWNO
BCTAHOBUTK, WO BOHa Mae 36anaHcoBaHun cTaH. Y poboTi obrpyHTOBaHa
onTumaribHa dopmMa naMHO-MaLIMHHOI B3aemMofii y JocnimkyBaHin cuctemi —
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KombiHoBaHa dopma HaB4vaHHSA. [lokasaHo, WO TeHAeHUiss Ao MiHiMi3auil poni
noavHn B UMAPOBUIA epraTUydHin CUCTEMi He 3aBXOWM Mae OYiKyBaHWA MO3UTUBHUN
pesynbTaTt, WO BU3HA4Yae HeOoOXiOHICTb MNpoBeAeHHs noganblunMX OOCHioKEHb 3
AAHOro NUTaHHS.

Takox y poboTi npoaHanizoBaHi TPyAHOLLUI, WO BMHWUKAKOTL MNig 4Yac NpOeKTy-
BaHHA UMPOBMX CUCTEM, WO OOYMOBNEHI HEQOCTATHLOK MOIHGPOPMOBAHICTIO PO3-
POBHMKIB 3 €PrOHOMIMHUMM | KOTHITUBHUMM acrnekTammn fntogMHO-MaLUMHHOT B3aEMOZIT.
[Moka3aHO, WO pPO3BUTOK KPUTMYHOIO MWCIIEHHA Ta iHTYIUil y CTyOeHTiB TiCHO
NoB’sA3aHUN 3 iHAMBIQYaNbHOK TPAEKTOPIED HaBYaHHA. [na 1l nobyaoBu Baxnvea ak-
Tyanizauig MixgucuunniHapHuUx 3HaHb, Wo obyMoBnOE HEOBXIOHICTL O3HANOMINEHHS
CTYAEHTIB 3 Cy4aCHMMU KOHLENUiSIMU i CUCTEMOYTBOPHOYMUMI MPUHLMNAMU, SKi 3aCTO-
COBYIOTbCA B iHXeHepil noacbknx YnHHUKIB. OBrpyHTOBAHO, LLO 3aCTOCYBaHHA Cy-
YaCHUX KOHUENMLUIN i CUCTEMOYTBOPOYNX MPUHLMMIB Y HABYaHHI 40O3BONUTL Yy noaa-
NbLLUOMY ONTUMI3yBaTK JOAUHO-MALUMHHY B3aEMOAi0 We Ha cTafdil NpOoeKTyBaHHSA
LMPPOBUX CUCTEM.

Knroyoei cnoea: uupoBe cepeposuile, onepaTtop, epraTMyHa cucTema,
Gesneka, NPOEKTYBaHHS, HaBYaHHS.
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