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ABSTRACT

Context. The task of representation formalizing as well as possibility of further research of the scientific and applied problem of
perception subjectivization of the human-machine interaction objects by relevant interaction subjects, in the context of global prob-
lems of automation and intellectualization of the component processes and environments of human-machine interaction, is consid-
ered, investigated, and resolved in scope of current research. The object of research are processes of perception subjectivization of
the human-machine interaction objects by relevant subjects of same interaction. The subject of research are methods and means of
mathematical, computer, and simulation modeling. Objective — development of a method for researching the perception subjectiviza-
tion of the human-machine interaction objects by relevant subjects of the same interaction.

Method. The development of the “prism and rays method” (author’s name of the method) is proposed and performed, which
provides the possibility to resolve the scientific and applied problem of representation formalizing as well as possibility of further
research into the processes of perception subjectivization of the human-machine interaction objects by relevant interaction subjects
(of the same interaction).

Results. The results of the developed method — are corresponding models that represent and allow to investigate the researched
processes of perception subjectivization of the human-machine interaction objects by relevant interaction subjects (of the same inter-
action). The developed method provides the possibility of both formalization as well as further interpretation and investigation of the
researched processes of perception subjectivization of human-machine interaction objects. As a practical approbation, the developed
method has been applied for synthesis of the basic model of perception subjectivization of the object of complex (comprehensive)
support (one of the most highlighted examples of HMI/HCI) of software product(s), using the example case of an experimental task
of estimating the approximate processing time of client request by the department of customer-and-technical support of the given
software product.

Conclusions. The developed “prisms and rays method” solves the declared task of representation formalizing as well as possibil-
ity of further research of the scientific and applied problem of perception subjectivization of the human-machine interaction objects
by relevant interaction subjects, in the context of global problems of automation and intellectualization of the component processes
and environments of human-machine interaction. At the same time, the obtained results of experimental practical approbation of the
developed method confirm its effectiveness and efficiency in the context of solving relevant practical applied tasks of the scientific
and applied problem of human-machine interaction objects’ perception subjectivization.

KEYWORDS: human-machine interaction, object of interaction, perception subjectivization, impact factors, automation, intel-
lectualization.

ABBREVIATIONS

AAR is an After Action Revie Chr[[l.]'] is an i-th characteristic of the object at the en-
view;

Al is an Artificial Intelligence; trance j-th prism of perception;

ApHT is an Approximate Handle Time; [ . . . i
ANN is an Artificial Neural Networks: Chr[l. 0] 18 an io th original characteristic of the re
EI is an Emotional Intelligence; searched object at entrance of the 1-st perception prism;
HCI is a Human-Computer Interaction; n . -

HMI is a Human-Machine Interaction: Chr[n oc] 15 @ noc-th original characteristic of the ob-
ML is a Machine Learning; ject at the entrance of the 1-st perception prism;

MP is a Multilayer Perceptron; Fprpp() is a transformation function of the 1-st per-

PRM is a “Prisms and Rays Method”. . . . .
ception prism of the existing prism system;

NOMENCLATURE Fpi; j10) is a transformation function of the j-th prism
Chn;p is an i-th (original) characteristic of the re-  of perception;

searched object; Fpit,p () 1s a transformation function of the npr-th

Chr[[l]/ ~11'is an i-th characteristic of the object at the  (the last one, in case there are npr prisms in current prism

) ) i system configuration) perception prism of the existing
entrance (j—1)-th prism of perception; prism system;
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Fpr j1.RAc() is a subfunction of the j-th prism’s trans-

formation function, which returns the refraction angle
value of current prism depending on the value of the ar-
gument (current characteristic of the researched object);

Fprpj1-BWc () is a subfunction of the j-th prism’s

transformation function, which returns the bandwidth
value of current prism depending on the value of the ar-
gument (current characteristic of the researched object);

McPfCsDp() is a complex subjectivization function
(of the human-machine interaction object);

Oblehr[l]_._[noc]J is a set of objective (true, original)

characteristics of the researched human-machine interac-
tion object, where noc — count of these characteristics;

SbR;y is an i-th (subjective) characteristic of the per-

ception (subjective) of the researched object;
SbR; is an is-th subjective characteristic of the per-

ception of researched object (which corresponds to the io-
th original characteristic of the same researched object);

Subj[SbP[l] _[nSS]J is a set of subjective (relative,

modified) characteristics of the researched human-
machine interaction object, where nss — count of these
characteristics.

INTRODUCTION

One of the relevant areas of research nowadays is
HMI/HCI, which is a complex concept that combines an
extremely large variety of derivative problems, areas, and
tasks. With the active introduction of Al and ML tech-
nologies, some of the problems of HMI/HCI have gained
new opportunities in terms of conceptual approaches,
methods, and means of research and resolution. Despite
that, there are still a fairly significant number of relevant
scientific and applied issues in this area which require
both developing new and revision of existing methods and
means for solving them. One of such actual issues is the
task of representation formalizing (with the possibility of
further research) of the scientific and applied problem of
perception subjectivization of the HMI/HCI objects by
relevant interaction subjects, in the context of global
problems of automation and intellectualization of the
component processes and environments of HMI/HCI.
Since perception subjectivization problematic is ex-
tremely important, as it allows to understand the reasons
of (both existing and potential) “incompatibilities” of the
subjects — participants of the HMI/HCI, as well as, in gen-
eral, subjects of any other intersubjective interactions,
including the “human-human” class as well.

The object of research are processes of perception
subjectivization of the human-machine interaction objects
by relevant subjects of same interaction. The subject of
research are methods and means of mathematical, com-
puter, and simulation modeling.

The objective of the research consists in the devel-
opment of a method for studying the processes of human-
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machine interaction objects’ perception subjectivization
by the relevant interaction subjects, which will provide
the possibility of solving the declared task of representa-
tion formalizing (as well as possibility of further research)
of the scientific and applied problem of perception subjec-
tivization of the human-machine interaction objects by
relevant interaction subjects, in the context of global
problems of automation and intellectualization of the
component processes and environments of HMI/HCI.

1 PROBLEM STATEMENT

Let’s consider the formalization of the problem of
human-machine interaction object(s)’ perception subjec-
tivization in the form of a problem of multi-criteria multi-
functional cascade dependence. In such case, the input
variables of the problem are set of objective (true, origi-
nal) characteristics of the researched human-machine in-
teraction object: Oblehr[l] s Chitgsenes Chr[noc]J .

While the output (i.e., resulting) variables of the prob-
lem are set of subjective (relative, modified) characteris-
tics of the same researched object, but already within the
framework of its perception by the subject(s), in the con-
text of their existing human-machine (and/or computer, as
well as, in general — any other intersubjective) interaction:
Subj|SbR ), SbR 1., SbR 17 |

Let’s consider a set of multi-criteria multifunctional
cascade dependencies (given by some complex subjec-
tivization function, named as McPfCsDp(), representing
the processes of perception subjectivization of the re-
searched object (of interaction) by the relevant subjects
(of same interaction):

Subj\SbRY, 1551 |= McPICSDHOBC 1ot (1)

The main necessary criterion of the problem is the fi-
niteness of corresponding sets of both objective and sub-
jective characteristics (of the researched object), as well
as the previously agreed and defined dimension of the
multi-criteria multifunctional cascade dependence exist-
ing between these sets.

Problem limitations:

1. The complex subjectivization function McPfCsDp()
should provide the “many-to-many” relation type/scheme
between the sets of both objective and subjective charac-
teristics (of the researched object), because only such re-
lation type/scheme corresponds to the proposed method-
ology for HMI/HCI objects’ perception subjectivization
within the framework of current research (while the “one-
to-one” or “one-to-many” relation types/schemas doesn’t
correspond the declared principles of the proposed meth-
odology).

Expression (1) provides the possibility of representa-
tion formalizing of perception subjectivization of the re-
searched object(s) (of HMI/HCI, as well as any intersub-
jective interaction in general).

However, such format provides an exclusively basic
generalized representation. Thus, there arise a need for
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further, more deeper disclosure of the subjectivization
function itself, which would provide the possibility of not
only pure formalization, but also further research into the
complex processes of the perception subjectivization of
any object(s) in the context of both HMI/HCI, as well as
any intersubjective interaction in general as the most uni-
versalized approach.

The purpose of the research is to highlight the devel-
oped “prisms and rays method” (which is author’s name
of the method) for studying the processes of HMI/HCI
objects’ perception subjectivization, intended to solve the
declared task of representation formalizing as well as pos-
sibility of further research of the scientific and applied
problem of perception subjectivization of the human-
machine interaction objects by relevant interaction sub-
jects, in the context of global problems of automation and
intellectualization of the component processes and envi-
ronments of HMI/HCI.

2 REVIEW OF THE LITERATURE

HMI/HCI contains an extremely wide variety of dif-
ferent existing aspects and problems. For example, a re-
cent study [1] presented a sociolinguistic model of HMI
which provides opportunity for studying interaction of
technological capabilities, user cognitive awareness, and
language strategies, and is based on these three continua:
technological capabilities, user cognitive awareness, and
language strategies. At the same time, the author of an-
other recent study [2] analyzed the evolution of HCI in
the era of Al, examining the path of Al in the context of
this interaction from competitor to partner, emphasizing
the importance of preserving a human will in this partner-
ship between men and machines.

While, research [3] considers some aspects of modern
achievements in HMI, Al, and robotics. Meanwhile, au-
thors of another research [4] conducted a comprehensive
study in the context of the issues of building relationships
in HMI, namely, in the direction of confirming the con-
cept of the influence of self-disclosure on mutual under-
standing in coaching chatbots using psychophysiological
measurements. In another research [5], the author con-
ducted an ethnographic study which confirms the obvious
shortcomings in emotional interaction and social feedback
in the context of HMI, and therefore: the ability of ma-
chines to understand emotions and cope/manage with
complex scenarios still requires further development, im-
provement, and refinement.

The author of the work [6] studied the physiological
and psychological characteristics and limitations of hu-
mans in human-machine systems, as well as the rules of
human-human and human-machine interaction, applying
the results of fundamental research to the development of
human-machine systems in order to obtain safe, conven-
ient, and effective human-machine systems.

The team of authors of the work [7] investigates the
issue of probabilistic human-machine cooperation in the
context of product personalization, proposing a user inter-
action paradigm for recommendation and configuration

systems based on appropriate Pass Bayesian Reasoning
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and Suitability Probability Tables approaches. In work
[8], the author explores the interaction between humans
and Al using Al-artifacts that can understand the relevant
properties of their users (e.g., states, skills, needs) and
accordingly personalize the interaction in a way that pre-
serves transparency, user control, and trust.

The authors of research [9] conducted a comprehen-
sive review of the current state of the issue of EI, which
includes a review of main methods for measuring EI, as
well as the problems, which EI faces with.

At the same time, authors of research [10] substanti-
ated the need to improve adaptation mechanisms in hu-
man-machine systems, including: by using a functional
networks to solve ergonomic design problems, as well as
by combining functional and neural networks, which, in
aggregate, provides the properties of adaptive human-
machine interaction.

So, as it can be seen from the conducted review of ex-
isting researches, the issue of HMI/HCI is extremely rele-
vant and actual nowadays, and covers a whole range of
various aspects, tasks, issues and problems, most of which
have already been sufficiently well-disclosed and re-
searched, in particular, for example, the issue of HMI /
HCI personalization.

However, in the context of HMI/HCI object(s)’ per-
ception subjectivization, there is still a significant gap
among the conducted researches. In turn, this leads to the
emergence of a relevant task of representation formalizing
as well as possibility of further research of the scientific
and applied problem of perception subjectivization of the
human-machine interaction objects by relevant interaction
subjects, in the context of global problems of automation
and intellectualization of the component processes and
environments of HMI/HCI.

3 MATERIALS AND METHODS

The main concept of the proposed “prisms and rays
method” (for researching the HMI/HCI objects’ percep-
tion subjectivization) is to represent the complex subjec-
tivization function as a set of prisms (which, in turn, are
representing the existing defined impact factors, influenc-
ing the perception subjectivization of the object — by rele-
vant subjects of interaction with this object), which ap-
propriately modify the rays (which emanate from an
imaginary “light source” and pass through the object, rep-
resenting its characteristics), refracting those rays (due to
prisms’ refraction angle) and changing their intensity (due
to prisms’ bandwidth), and forming at the output of the
prism system spectral characteristics that corresponds to
the subjectivized perception of the researched object — by
each relevant subject (who acts as an “observer” of the
researched object).

Thus, the complex spectral characteristic of the object
of observation, passing through the perception prisms’
system, is changed (modified, or “’subjectivized”) accord-
ingly by this system, receiving at the output new values
(of this complex spectral characteristic) that reflect the
subjectivized perception of the object of observation — by
the appropriate relevant subject (observer).
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At the same time, each spectral component of the in-
coming “beam” of rays (at the exit of observation object)
necessarily and mandatory (without exception) passes
through each of the perception prisms.

As for the perception prisms themselves, they have
two basic characteristics/properties, such as:

1. The bandwidth of the perception prism, which is re-
sponsible for the loss/gain coefficient of the intensity of
each individual (depending on its current spectrum) spec-
tral component (entering the prism), as a result of which,
at the output of this prism this spectral component re-
ceives a new intensity value;

2. The angle of refraction, which is responsible for
changing the value of the spectrum of the input spectral
characteristic itself, as a result of which, at the output of
this prism — this spectral characteristic receives a new
spectral value, which, in turn, directly affects its further
processing by the next prism of the existing cascade of
perception prisms.

Thus, each individual spectral component of the in-
coming “beam” of rays (representing the original “objec-
tive” characteristics of the object) passes through each of
the prisms of perception, enters the input of each separate
prism with the input values of its current spectrum and
intensity, and exits the same prism with completely new
values of its updated spectrum and intensity, with which
it, in turn, enters the input of the next prism of perception,
and so on, until it exits the last prism (of the entire exist-
ing system of perception prisms), representing the corre-
sponding subjective perception (subjective interpretation)
of these individual specific original characteristics of the
object, turning them from “objective” to “subjective”.

Original
characteristics of the
object

" of rays

beam

Incoming *

Accordingly, the resulting subjective perception of the
object is represented by a set of subjective characteristics,
the dominant one of which (i.e. the one whose output
ray’s intensity is maximal among all other rays of the
remaining resulting subjective characteristics’ “beam”)
actually represents this resulting subjective perception of
the object. So, the more rays from the perception prism
system fall into a specific output subjective characteristic,
and the greater is the intensity of these rays at the output
of the prism system, — the greater will be, accordingly, the
share of this specific characteristic in the resulting subjec-
tive perception of the researched object. In turn, this fea-
ture provides the possibility of using the proposed
“prisms and rays method” for solving the classification
problem(s) as well.

Figure 1 below represents a graphical interpretation of
corresponding simulation model of the proposed “prism
and rays method”.

It is important to note that the number of input charac-
teristics of the researched object does not necessarily have
to coincide with the number of output characteristics of
the subjective perception of the same object, because the
whole essence of subjective perception is that any subjec-
tive perception of an object is not, directly, this object
itself. At the same time, the existing spectral components
of the researched object(s)’ characteristics can either
merge with each other or be divided into subcomponents
due to the dispersion property (if such possibility is pro-
vided by the existing prism system, specific prisms of this
system, as well as clear conditions for such a scenario).

Subjective
characteristics of the
object
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Figure 1 — Graphical interpretation of the simulation model of proposed “prism and rays method”
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However, it should also be noted that the practical imple-
mentation of such a scenario requires additional refine-
ment (improvement) precisely in the context of the most
detailed coordination of all possible scenarios and condi-
tions of both the merging of characteristics as well as their
dispersion. That is why, within the framework of current
research, the “classical” option is considered, according to
which the number of output characteristics of the object’s
perception is equal to the number of input characteristics
of the same object. So, in this “classical” version/variant,
each output characteristic of the object’s perception could
represent, in essence, a subjective perception of a certain
input original characteristic of the same object. While the
whole subjective perception of the object itself is, actu-
ally, a set of subjective perceptions of each of its original
(objective) characteristics.

Thus, according to the developed simulation model of
the proposed “prism and rays method”, the system of per-
ception prisms, in fact, plays the role of the complex per-
ception function.

The main feature of the developed simulation model,
as well as PRM in general, is the possibility of combining
separate prisms in a prism system (in accordance with
various scenarios, situations, or conditions), as well as the
possibility of forming and preparing certain "templates"
of sets (or systems) of prisms that correspond to some
“classic” (known or frequently repeated) scenarios, situa-
tions, or conditions.

The general strategy for positioning: both the input
original characteristics of the research object and the
prisms of perception in the prism system, as well as the
impact factors within the corresponding prisms, consists
in the sequential placement of each of these elements ac-
cording to their decreasing priority within their groups,
that is: from the highest priority at the initial position of
the corresponding group — to the lowest priority at the
final position of the same group. While the priorities
themselves, in turn, may depend on the specific objectives
of researching the investigated processes of subjectiviza-
tion. At the same time, activation of each individual im-
pact factor from the pre-defined set of declared impact
factors within their prisms of perception is carried out in
accordance with a specific scenario(s) or so-called situ-
ational case(s).

Therefore, the next stage of implementation of the
proposed PRM is the development of an appropriate basic
mathematical model of perception subjectivization of the
HMI/HCI object(s).

Expression (2) represents the moment of passage of a
separate component characteristic’s ray (of the researched
object) through one separate specific prism of perception:

[j1_ [j-1]
il = For oy ). @)
At the same time, each individual transformation func-

tion works on the basis of the principle laid down by the
above-mentioned structural and functional feature of the
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corresponding prism of perception itself, relevant to this
transformation function.

This feature is common for absolutely all prisms of
perception, and lies in the basic properties of the prisms:
the bandwidth and the refraction angle.

Thus, the operation principle of absolutely all trans-
formation functions, which detail the function(s) itself,
can be described by expression (3) below:

. Fpr 4. BWAChY ™ |x cpdd 1.
T 2 S I

[i] i—1] i—1]
Fpp jpRAACHE ™ Jx iy ™.

3

In the context of expression (3), it is important to note
that the basic properties of prisms (namely: the bandwidth
and the refraction angle) act precisely as functions, the
arguments of which are the input characteristic(s) of the
researched perception object. Thus, both coefficients (the
bandwidths and the prism refraction angle) are not static
constants, but the dynamic ones, which provide greater
flexibility and adaptability of the proposed solution and
PRM-method in general.

Accordingly, any (arbitrary) resulting subjective char-
acteristic at the output of the model, which represents a
component characteristic of the corresponding subjective
perception of the researched object, is, in essence, the
result of performing a cascade of transformation functions
applied sequentially (by each of the perception prisms) in
relation to a certain input (separately taken) original char-
acteristic of this object.

Therefore, expression (4) below reflects the described
regularity pattern:

SbRisy = Fpr[npr{Fpr[npruf-{Fpr[l](C’“ﬁEﬂ )m @

where: npr — number of perception prisms of the exist-
ing prism system.

Thus, the possibility of declaring a complex subjec-
tivization function of the researched HMI/HCI object(s),
represented by expression (5) below, is provided:

McPfCsDp =

Fp’[npr] ( . ( . (Fpl’[l] (Chl"[[nljc] ))j}

where noc — the number of objective (true, original) char-
acteristics of the researched HMI/HCI object.

A key feature of the developed basic mathematical
model is its complete correspondence to the relevant form
of declared multi-criteria multifunctional cascade depend-
ence.
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The final stage of implementation of the declared
“prism and rays method” is the development of an appro-
priate algorithm of perception of HMI/HCI objects’ per-
ception subjectivization, which fully corresponds to the
previously developed simulation model, as well as the
relevant basic mathematical model.

Declaring the researched HMI
object Obj and identifying all its
original input characteristics
Chr[1]..[noc]
|
Preparation of output/resulting
subjective characteristics SbP[1]..[nss]
I
Definition of the prisms
system (with dimension npr)

|
Iterate over all input characteristics
< Chr[i] (i=[1]..[noc]) :
Variable-identifier of the current input
characteristic ChrCurr=Chr[i]

|
[lcralhc over ail perception _
prisms prj=[1]..[npr]

OO OJO

Figure 2 below represents a flowchart of the devel-
oped algorithm of HMI/HCI objects’ perception subjec-
tivization in the context of declared PRM.

® ® ®

Modification of the current
characteristic
ChrCurr=Fpr[prj](ChrCurr)
|

[

Adding the resulting modified characteristic
to the set of subjective characteristics
SbP[1]..[nss].add(ChrCurr)

|

[
Saving the obtained
subjective perception of the
rescarched object

Results output in any
convenient and/or provided
representation form

Figure 2 — Flowchart of the developed algorithm of HMI/HCI objects’ perception subjectivization in the context of declared PRM

Thus, the implementation process of the declared
PRM (for researching the perception subjectivization of
the objects of HMI) has been completely finalized.

In addition, it should be emphasized that the prisms of
perception are constructively synthesized from the rele-
vant impact factors, which, in an appropriate way(s), af-
fect the perception subjectivization of any investigated
object(s) — by the existing relevant subject(s) of interac-
tion with this object(s).

In turn, such a constructive feature of the fundamen-
tal-conceptual structure of the prisms of perception pro-
vides an additional, extremely relevant, feature of the
developed PRM, which consists in its capabilities for fun-
damental and comprehensive research of both: directly
the prisms of perception themselves, as well as the rele-
vant impact factors which, actually, form/construct these
prisms of perception. Because, it is the impact factors that
are the basic elements that forms the individual personal-
ized characteristics (of objects’ perception) of each sepa-
rate subject (interacting with this object).

Therefore, the key to understanding the individuality
of perception of any subject lies precisely in the study /
research of the impact factors which form individual (and
in many cases, even unique and unrepeatable) personal-
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ized systems of perception prisms of each separate indi-
vidual subject.

4 EXPERIMENTS

The experiment consists in the step-by-step execution
of all stages of the specialized developed algorithm of the
declared PRM, as well as in the usage of the developed
models (both simulation and basic mathematical ones) for
investigating the perception subjectivization of the ex-
perimental researched object of the investigated HMI /
HCL

At the same time, it is extremely important to deter-
mine (as accurately as possible) the original characteris-
tics of the researched object, as well as the system of per-
ception prisms in the context of the specific vector of per-
ception that will be investigated in any separate/specific
individual case of research.

In addition, it is equally important to clearly identify
the subjects of perception that are closely related to the
prism system, in order to (if necessary) further adjust the
prism system in the context of the selected subject(s) of
performed investigation/research.
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5 RESULTS

The main results obtained by the developed PRM —
are the corresponding simulation models that provide the
possibility of initial formalization of any problem of
HMI/HCI object(s)’ perception subjectivization, with the
subsequent possibility of a more detailed investigation of
the component processes of subjectivization of each indi-
vidual characteristic(s) of the researched object(s).

In particular, as a practical approbation of the devel-
oped PRM, a relevant scientific and applied problem of
synthesizing a basic model of perception subjectivization
of an object of software product’s comprehensive support
has been resolved, using the example of an experimental
case of estimating the approximate processing time for a
client’s request — by the customer-and-technical support
department of pre-defined software product.

Comprehensive support of software products is one of
the most highlighted examples of HMI/HCI, and includes
such mandatory components as:

— an object of interaction, or an object of support
(which is the supported software product itself, or the
processes related to its comprehensive support);

— interaction/support subjects (which interact with the
support object, and directly provide and implement the
components of its comprehensive support);

— as well as the impact factors that affect/influence the
perception subjectivization of the support object — by
relevant existing subjects, which, in turn, directly affects
executing by subjects their functional duties regarding the
comprehensive support of the supported object, as well as
the efficiency and the effectiveness of the relevant com-
ponents of such comprehensive support.

As a specific example of an experimental case, the
task of evaluating the ApHT indicator of a client’s re-
quest, received by the customer-and-technical support
service of a specific pre-defined supported software prod-
uct, by the employees of this service has been considered
in scope of current research.

The approximate time of client’s requests processing
by the customer-and-technical support service department
of software development companies — is an extremely
relevant and actual practical applied problem, as it pro-
vides the possibility(-ies) to rationalize resources, as well
as prevent the occurrence(s) of any problematic situations
related to the potential delays in processing client’s re-
quests. Unfortunately, there is still no any “one-size-fits-
all”-solution/mechanism for assessing this ApHT indica-
tor, since it involves a lot of human factors (some of
which will be presented, in particular, in the relevant
list(s) of provided prism factors described below in the
text), so most existing solutions are based primarily on
the empirical (i.e., heuristic) experience of relevant pro-
fessionals and specialists (i.e., experts) in this subject
area.

Thus, in this particular specific considered investi-
gated case: the researched “object” (of a defined software
product’s comprehensive support) — will be, in fact, the
client’s request (namely: its true ApHT indicator); the
subjects — will be employees, members of the customer-
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and-technical support team (of the defined supported
software product); the input characteristics of the object —
will be the data obtained from the request; and the output
characteristics of the resulting perception of the re-
searched object — will be, respectively, subjective ApHT
indicator(s).

The resolution of the given experimental exemplary
practical applied problem depends on several consecutive
stages, namely:

— determining the input characteristics of the object
(based on the data/information from obtained client’s re-
quest);

— identification of the perception prisms and the im-
pact factors;

— declaration of resulting characteristics (i.e. ApHT
indicators).

So, the first stage in resolving the declared practical
applied problem — is to determine the input characteristics
of the object of perception, which is carried out on the
basis of data/information contained directly in the ob-
tained client’s request, since this is the only existing
source of objective information at this stage/phase of in-
vestigation in the context of given task.

Thus, among the main input characteristics, following
ones could be distinguished, in particular, such as:

— request’s original priority set directly by the client
himself;

— problematic area of the supported product (system,
subsystem, area, environment, node, interface, etc.);

— type of request (not working, delay in opera-
tion/functioning, unstable operating/functioning, incorrect
operating/functioning, how exactly should it work, can it
work differently, need it to work differently, etc.);

— scale of the request (classified based on a gen-
eral/total number of affected users);

— receipt date and time of the request (to identify
whether it is “business hours” or not);

— availability of all necessary (according to previously
agreed/defined request-filling templates) information/data
from the client at this stage of entering the request into the
customer-and-technical support service department/team.

In turn, among the main prisms of perception and im-
pact factors, in the context of solving the given experi-
mental practical applied problem, the following ones
could be highlighted:

1. Professional prism, where the relevant impact fac-
tors could be:

1.1. employee’s current position (within current place
of work);

1.2. employee’s experience in scope of the current
project;

1.3. employee’s experience in scope of the current
company;

1.4. employee’s experience at the relative global mar-
ket;

1.5. employee’s experience working with the given
problematic area of the product;

1.6. employee’s experience working with the given
specific type of request;
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1.7. presence of any specific features of working with
this separate given client;

1.8. experience working with this separate given client
and/or its specifics/features;

1.9. having experience working with similar requests;

1.10. having the necessary/needed level of general
education (eruditeness, intelligence, specialized educa-
tion, certification, etc.).

2. Organizational prism, where the relevant impact
factors could be:

2.1. the reliability of the information/data contained in
the request;

2.2. availability and serviceability of access to the cli-
ent’s environment (if required);

2.3. day of the week and time of the day (to identify
whether it is ”business hours” or not);

2.4, availability and serviceability of all necessary
hardware;

2.5. availability and serviceability of all necessary
software;

2.6. availability and serviceability of all the material
and technical equipment necessary for the organization of
the workplace;

2.7. skills for effective use of all needed and available
hardware;

2.8. skills for effective use of all needed and available
software;

2.9. skills for effective use of all needed and available
material and/or technical equipment;

2.10. availability and completeness of all necessary
technical documentation (functional requirements, knowl-
edge base, requests archive, frequently asked questions,
etc.);

2.11. skills for effective use of all needed and avail-
able technical documentation;

2.12. availability and accessibility of all necessary
teams (of the development company) and their relevant
and necessary representatives;

2.13. availability and completeness of all necessary
protocol (procedural, as well as situational) documenta-
tion;

2.14. skills for effective use of all needed and avail-
able protocol (procedural, as well as situational) docu-
mentation;

2.15. the presence of clear criteria for assessing the
quality of work, and the complete/full familiarity of the
customer-and-technical support department’s employee
with these criteria.

3. Motivational prism, where the relevant impact fac-
tors could be:

3.1. personal intangible level of motivation of the
given employee of the customer-and-technical support
department/team (to what extent the resolution of this
separate/specific client’s request/problem is a “personal
challenge” for this employee, without the presence of any
other additional material and/or non-material incentive);

3.2. the employee's sense of its personal image and
reputation;
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3.3. the employee’s personal well-being (in all as-
pects);

3.4. the employee’s favorability level of any interac-
tion conflictedness (since the presence of any conflicts
between subjects negatively affects the level of their mo-
tivation, as well as the level of their interaction quality,
efficiency and effectiveness);

3.5. personal, intangible level of motivation of the
employees of other departments/teams involved in proc-
essing the current given client’s request;

3.6. availability of material incentives (bonuses, al-
lowances, etc.);

3.7. availability of corporate/organizational incentives
(rating system, opportunity for promotion and career
growth, etc.);

3.8. the presence of a positive reaction, feedback, ap-
proval from the client;

3.9. presence of a “team spirit”, ability and desire to
work in a team;

3.10. the employee’s sense of corporate image and
reputation;

3.11. presence of a punitive mechanism for poor per-
formance of functional duties (financial penalties, demo-
tion, dismissal, etc.).

4. Communication prism, where the relevant impact
factors could be:

4.1. completeness and clarity (i.e., quality) of the in-
formation contained directly in the obtained client’s re-
quest itself;

4.2. level of proficiency in the language of the cli-
ent/request (since very often nowadays the companies of
customers/users, the software development companies,
and the customer-and-technical support depart-
ments/teams may be located in completely different coun-
tries, even overseas);

4.3. openness to communication, understanding of its
importance, and absence of individual / personal commu-
nication complexes and/or problems;

4.4. client/user availability for communication;

4.5. availability of necessary members of other in-
volved teams to enable communication with (and be-
tween) them;

4.6. availability and accessibility of all necessary
channels and means of communication;

4.7. skills in using existing channels and means of
communication (both for “external” and “internal” com-
munication);

4.8. personal communication characteristics of the
given employee of the customer-and-technical support
department/team;

4.9. personal communication characteristics of the cli-
ent/user;

4.10. personal communication characteristics of the
rest members of other involved teams of the development
company.

It is also important to note that each of the impact fac-
tors can bring both negative and positive connotation to
the perception subjectivization of the researched object,
depending on the context and prerequisites.
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That is why, in order to simplify the understanding of
the exact connotation of each separate impact factor, in
practice, when designing/synthesizing basic simulation
models (of HMI/HCI objects’ perception subjectiviza-
tion), it is recommended to use not only single impact
factor(s), but instead — a pairs of the “protagonist-
antagonist” type for each separate impact factor, which
will ensure the most unambiguous understanding of the
connotation of this impact factor during simulation mod-
eling of almost any arbitrary investigated situational
case(s).

The final stage of solving the declared experimental
practical applied problem — is declaration of the output /
resulting characteristics (i.e. ApHT indicators).

To do this, the ApHT indicator(s) are presented in the
format of a compliance coefficient(s) of the resolution
time of obtained client’s request (with given type / class /
priority), regulated by the relevant customer-and-
technical-support contract/agreement concluded with each
separate client.

In this case, the following possible values of the out-
put/resulting characteristics of the subjective perception
of the ApHT assessment process (by a relevant em-
ployee(s) of the customer-and-technical support depart-
ment/team of the supported software product development
company) based on the received client’s request have
been proposed/highlighted in scope of resolving the de-
clared practical applied problem:

—<0.5, which means that the obtained client’s request
will be processed more than twice faster then the expected
processing time;

—[0.5—1] — from expected time to twice faster;

— [1-1.5] — from the expected time to one and a half
times longer;

— [1.5-2] — from one and a half times longer than ex-
pected — to twice longer then expected;

—>2 — more than twice longer then expected.

Thus, the identification of all necessary components,
carried out at the previous stages of solving the given
practical applied problem, makes it possible to obtain the
necessary basic model of perception subjectivization of
the object of software product’s comprehensive support,
using the example of an experimental case of estimating
the approximate processing time of client’s request by the
customer-and-technical support department/team em-
ployee(s) of a defined software product.

In particular, the corresponding simulation model is
presented below, at Figure 3.

The components of each of the perception prisms
(marked at Figure 3 by numbered elements 1.1-1.10, 2.1—
2.15, 3.1-3.11, 4.1-4.10) correspond to the same posi-
tions in the above-provided list of impact factors that are
part of the corresponding four perception prisms (namely:
professional, organizational, motivational, and communi-
cation), given above in the text, just as the input and the
output characteristics correspond to the same items in the
appropriate above-provided list(s) of elements of the cor-
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responding stages of solving the given practical applied
problem, described above as well.

In fact, in this case, the developed simulation model
operates in a classification mode, which is also available
for the developed PRM, where the resulting/output per-
ception of the object (i.e., the subjective ApHT indicator)
is presented in the format of the probabilities of each of
the categories (the resulting output characteristics). Ac-
cordingly, the category (the resulting output subjective
characteristic) that will gain the maximal value among all
others — will represent the result of the subjective percep-
tion of the researched object (in this case, the ApHT indi-
cator).

In particular, at Figure 4, provided below, there are
also examples of few specific experimental cases of simu-
lation modeling performed on the basis of a synthesized
simulation model (of this experimental research on the
assessment of ApHT indicator), which represent specific
situational cases (scenarios) based on the analysis of some
previously processed archived client requests (of this spe-
cific given researched supported software product, pro-
vided for investigation and resolution of this separate spe-
cific experimental practical applied problem).

The main objective of this experiment is to investigate
the possibility of using the developed “prisms and rays
method” and, in particular, the basic simulation models of
perception subjectivization of the researched object(s) (in
this particular case — the ApHT indicator, as such re-
searched object) synthesized by means of the developed
PRM, — as an environment for modeling procedures of the
AAR-methodology class, since this methodology is ex-
tremely effective for a better understanding of the re-
searched processes and their cause-and-effect relation-
ships, which, in turn, is quite relevant in the context of
investigating the relevant issues of perception subjectivi-
zation of the objects of HMI/HCI.

As examples of modeling, four specific situational
cases of processing client’s requests and subjective fore-
casting of the ApHT indicator (which was later compared
with the real one, after the request’s resolution has been
completely finalized), have been presented.

Each of these 4 experimental cases, provided below at
Figure 4, reflects precisely those key impact factors
(within the relevant perception prisms), established
through the AAR-interview with the subject, which, in
fact, played a major determining and/or decisive role in
the subject’s decision-making regarding the expected (by
this subject) value of the ApHT indicator when processing
this specific case.

The obtained results of modeling provided experimen-
tal cases of the investigated practical applied problem (of
client’s request(s) ApHT estimation) confirm the effec-
tiveness of the relevant simulation models synthesized by
means of the developed PRM in providing opportunities
and possibilities for modeling the processes of perception
subjectivization of the objects (as well as the processes)
of HMI/HCI — by the relevant existing subjects of this

interaction.
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Figure 3 — An example of a synthesized basic simulation model of perception/estimation subjectivization of the approximate process-
ing time for a client’s request by the customer-and-technical support department/team employee of the supported software product

The developed simulation model (of the object’s per-
ception subjectivization) is a fundamental component, or
a kind of “coordinate system” for a specific investigated
problem, which provides the possibility of further com-
plex research into the processes of perception subjectivi-
zation of HMI/HCI objects in scope of this specific “co-
ordinate system®.

In particular, it provides possibilities for modeling the
dynamics and tendency of perception subjectivization of
researched HMI/HCI object — by the same investigated
subject, changing only the parametric indicators (i.e.,
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bandwidth and refraction angle) of the perception prisms
for specific impact factors.

In this way, by selecting different experimental values
of the parametric indicators (i.e., bandwidth and refraction
angle) of the component perception prisms, it is possible
to achieve certain optimal results in which the resulting
subjective perception of the researched object (for exam-
ple, investigated subjective ApHT indicator) will be as
close as possible to the real object (i.e., real ApHT ob-
tained already from the results of final processing of ap-
propriate client’s request).
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Figure 4 — Examples of experimental cases of simulation modeling performed on the basis of a generalized subjective perception
model synthesized by the developed PRM

Thus, the developed “prisms and rays method” (for re-
searching the HMI/HCI objects’ perception subjectiviza-
tion) has been practically approbated on the example of
solving an experimental case of relevant practical applied
problem of estimating the approximate processing time
for a client’s request by the customer-and-technical sup-
port department/team employee(s) of a relevant supported
software product. In turn, the obtained approbation results
confirm the effectiveness and efficiency of the developed
“prisms and rays method” for researching both the scien-
tific and applied problem of HMI/HCI object(s)’ percep-
tion subjectivization, as well as the relevant derived prac-
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tical applied problems, both in the field of human-
machine interaction as well as in the context of any inter-
subjective interaction in general.

Besides that, the developed method provides addi-
tional possibilities for a comprehensive research of the
impact factors that directly affect the subjectivization of
the perception of HMI/HCI objects — by relevant subjects
of the same interaction.

6 DISCUSSION
In research [11] authors explore the role of digital twin
technology in many aspects of designing, modeling, and
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optimizing complex systems, as well as the possibilities
of integrating this technology into simulation, data ana-
lytics, machine learning, the Internet of Things, networks,
and human-machine interaction. In particular, as an ex-
ample of such integration, the human-machine interaction
model of an intelligent digital twin presented in [12] is
given, which improves user interaction by visualizing big
data in a way that makes it easy to understand and proc-
ess, including through the usage of new interaction meth-
odologies, thanks to which the user has full control over
the data flow, using gaze, gestures and a voice recognition
interface that will provide contextual information.

The research presented in work [13] is devoted to the
study of the problems of human perception based on text
information, where the authors carried out a comparative
analysis of methods like Decision Tree, K nearest neigh-
bors, Naive Bayes, and generalized linear models in the
context of human perception analysis based on text min-
ing using a precisely selected data set(s) of customer sup-
port discussions at one of the social networks. As a result
of the comparative analysis, it was found that the decision
tree algorithm is the best, followed by Naive Bayes.

At the same time, the work [14] investigates the issue
of personalized individual perception of Al chatbots by
users through the mediating role of the categories of use-
fulness and ease of use of the latter, based on cross-
temporal measurement of the relevant indicators using a
specialized questionnaire, using, among other things, par-
tial least squares structural equation modeling, as a result
of which a significant positive direct relationship between
the quality of an Al chatbot and its perception by a human
user during their human-machine/computer interaction
was confirmed, and the results of the indirect relationship
show that the expected usefulness and ease of use par-
tially mediated the relationship between the quality of Al
chatbots and their perception by the users (human).

While, in the work [15], modern aspects of human-
machine interaction in the field of systems engineering
are investigated, due to the active intervention into this
area of ML, Al, autonomous systems, and the issue of
how these technologies change whole this activity field,
positioning people not only as end users, but also as criti-
cal components in extensive software ecosystems, explor-
ing the complex interaction between technical and human
factors that affect the mutual perception of subjects (hu-
man and machines) on both sides of their joint human-
machine interaction.

Thus, existing researches confirm the relevance of the
researched issues and the significant both pure scientific
as well as scientific-practical interest of scientists, re-
searchers and professionals in the field of HMI/HCI and a
large number of its constituent components and derived
scientific-applied problems and tasks, one of which is, in
fact, the issue of perception subjectivization of the
HMI/HCI objects by the relevant subjects of this interac-
tion.

At the same time, the research of this specific compo-
nent of HMI/HCI requires additional actualization and
updating, since there is a certain lack of attention of re-
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searchers (scientists, and/or professionals) to this compo-
nent, which, nevertheless, is one of the basic, fundamental
and conceptual components of HMI/HCI, since it pro-
vides the possibility of formalizing the fundamental basis
of the manifestations of any further HMI/HCI problems
and issues, the root cause of which, in a global sense, is,
among other things, different perception subjectivization
of the same HMI/HCI object by various subjects (of this
interaction) as all these subjects could perceive this same
object in completely different ways, which is due to the
individual properties of each subject to personalize and
subjectivize their own perception of the objects (both
HMI/HCI objects, as well as any other objects in general
case).

In turn, the developed “prisms and rays method” pro-
vides needed possibility(-ies), carrying out both prelimi-
nary formalization of the researched processes of percep-
tion subjectivization of HMI/HCI objects, as well as the
possibility of further processing, researching, and model-
ing of these processes, thereby filling the existing gap in a
scope of fundamental understanding of the root causes of
an extremely large number of derivative HMI/HCI prob-
lems, caused, precisely, by differences in the individual
personalized perception(s) of the same HMI/HCI objects
by different subjects.

As a prospect for further research and practical appli-
cation of the developed MPR, authors see the potential of
its use in solving both scientific-applied and practical-
applied problems of automation and intellectualization of
software products’ comprehensive support, where the
perception subjectivization of the support objects plays
one of the key roles both in the context of the quality of
customer support services (and/or any other parts of com-
prehensive support) and in the context of the effectiveness
of intersubjective interaction of those subjects who di-
rectly implement and provide such comprehensive sup-
port of software products.

CONCLUSIONS

The “prism and rays method” (author’s name of the
method) has been developed to study the perception sub-
jectivization of the objects of HMI/HCI. The main scien-
tific and applied problem solved by the developed method
is the problem of representation formalizing as well as
possibility of further research of the scientific and applied
problem of perception subjectivization of the HMI/HCI
objects by relevant interaction subjects, in the context of
global problems of automation and intellectualization of
the component processes and environments of HMI/HCI.
The input data of the developed method are the original
(i.e. objective) characteristics of the researched object of
perception. While, the output results of the developed
method is the subjective perception of the researched ob-
ject, represented by the subjectivized values of its objec-
tive characteristics.

The main feature of the developed method is its ability
to conduct fundamental and comprehensive research not
only on the processes of interaction objects’ perception
subjectivization, but also on the perception prisms them-
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selves, and therefore on relevant impact factors which
form the subjective personalized perception and vision of
the same objects by different subjects of interaction.

A simulation model (of HMI/HCI objects’ perception
subjectivization) has been developed, key feature of
which is the possibility of combining individual prisms in
a relevant prism system in accordance to various scenar-
ios, situations, or conditions, as well as the possibility of
forming and preparing certain “templates” of prisms sets
(or systems) which correspond to some “classic” (known
or frequently repeated) scenarios, situations, or condi-
tions.

Also, a basic mathematical model (of HMI/HCI ob-
jects’ perception subjectivization) has been developed, the
main feature of which is its complete correspondence to
the declared form of the relevant multi-criteria multifunc-
tional cascade dependence. In addition, a specialized al-
gorithm of HMI/HCI objects’ perception subjectivization
has been developed, which provides possibility of further
automation (including computer modeling) of the re-
searched processes.

The scientific novelty consists in development of the
“prism and rays method” (author’s name of the method)
for researching the perception subjectivization of
HMI/HCI objects, which provides possibility of solving
the declared scientific and applied task of representation
formalizing as well as possibility of further research of
the scientific and applied problem of perception subjec-
tivization of the HMI/HCI objects by relevant interaction
subjects, in the context of global problems of automation
and intellectualization of the component processes and
environments of HMI/HCI.

The practical significance consists in development
of: a simulation model, a basic mathematical model, and
the algorithm of HMI/HCI objects’ perception subjectivi-
zation processes, which provide the possibility of com-
prehensive research and modeling of these processes, as
well as lay the foundations for ensuring the possibilities
of further computer/software implementation and model-
ing of these processes by developing (on their basis) ap-
propriate dedicated specialized software.

Prospects for further research consist of two key ar-
eas of potential improvement and expansion of applica-
tion area of the developed “prism and rays method”. In
particular, the first direction is the encapsulation of ANN,
including, possibly, a MP, especially at the initial stage,
taking into account the constructive similarity of the de-
veloped simulation model (of objects’ perception subjec-
tivization) with the structure of the MP itself, but not only
limited to it, but also considering and investigating the
prospects for encapsulating other neural networks — into
the simulation models, synthesized by the developed
PRM, which will provide opportunities and possibilities
for increasing the level of automation and intellectualiza-
tion of the scientific and applied potential of the devel-
oped method. While the second direction will provide the
possibility of research and further disclosure of the entire
inherent scientific and applied potential of the developed
method, not being limited exclusively to a narrow direc-
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tion of research in the context of only the HMI/HCI ob-
jects’ perception subjectivization, but instead — investigat-
ing the potential of the developed PRM in the context of
the perception subjectivization of any objects in any envi-
ronments of any intersubjective interaction, such as, for
example: socionics, conflictology, psychology, and an
extremely wide variety of other relevant areas of intersub-
jective interaction, both in the context of relevant scien-
tific and applied as well as derivative practical applied
problems.
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METOJ «IIPU3M TA IPOMEHIB» JJIsA I[OC.JIIIDKEHHH"CYB’€KTI/I]3"13AIIIi CIIPUHATTSA
OB’€EKTIB JIIOAUHO-MAINIUHHOI B3AEMO/11

IMykau A. . — kaHJ. TexH. HayK, acucTeHT Kadenpu ABroMmaTn3oBaHux Cucrem Ympasninus [HetutyTy Komm roTepHux
Hayx ta Indopmauiitnux Texnonoriit HanionaneHoro YHiBepcurery «JIbiBcbka IlomiTexHikay, JIbBiB, YkpaiHa.

Tecawk B. M. — n-p TexH. Hayk, npodecop, 3aBigyBau kadeapu ABromaTu3oBaHux CucrteM YmpasiiHHsA [HCTHTYTY
Komm’rorepuux Hayk Ta Indopmaniiinux Texnosoriii HanionansHoro VYHiBepcutery «JIbBiBebka Ilomirexnika», JIbBiB,
VYkpaina.

AHOTANIA

AKTyanpHicTb. Po3risiHyTO 3amady (opmManizamii npeacTaBIeHHs 3 MOXIIMBICTIO MOJABIIOrO AOCIIKEHHS HAYKOBO-
MPUKIIAAHOT TPo0JIeMHu cy0’eKTHBI3alil CIPUIHATTS 00 €KTIB JIIOAMHO-MAIIUHHOT B3a€MOJIIT — cy0’€KTaMu 1€l B3aemomii, B
KOHTEKCTI r1o0anbHOi MpoOieMaTHKH aBTOMAaTH3allil W iHTeNnekTyami3auii CKIaJoBHUX MNPOLECIB Ta CEPEIOBHIL JIFOIUHO-
MaIIMHHOI B3aeMoil. O0’€KTOM JOCHiIKeHHs € MpolecH cy0’ eKTHBI3allli COPUAHSITTSA 00’ €KTIB JTHOJANHO-MAIIMHHOI B3a€e-
Mogii — cy6’extamu 1iei B3aemonii. IIpeqMeToM A0CJiZKeHHS € METOIM Ta 3aCO0M MAaTEMaTUYHOI0, KOMII IOTEPHOr0, a Ta-
KOXX IMiTaifHOro MOJAETIOBAHHSI.

Metow poGoTH — pO3pOOJICHHS METOAY JUIs JOCHIDKeHHS CyO’eKTUBI3allii CHPUHHATTS OO0 €KTIB BiANOBITHUMHU
cy0’€KTaMH JIFOJJHHO-MAaIINHHOT B3a€EMOJIIT.

MeTtopa. 3anponoHOBaHO PO3POOIJICHHSI METOY «IIPH3M Ta MPOMEHIB» (aBTOPChKA Ha3Ba METOAY ), IO 3a0e3Meuye MOXKIH-
BiCTh BHPIILICHHS HAyKOBO-TIPHKIIAAHOT 3a7a4i Gopmaiizaiiii npecTaBICHHS 3 MOKJIUBICTIO MOJAIBIIOTO AOCIHIPKEHHS TPO-
1eciB cy0’eKTUBI3aLI] CIPUAHATTS 00’ €KTIB JIFOJMHO-MAIIMHHOT B3a€EMOIiT BiAMOBIIHUMHU CY0’ €KTaMH 1€l B3aeMOii.

PesyabTaTu. Pesynpratamu poOOTH po3po0JICHOr0 METOAY € BiAMOBIMHI MOJENI, 0 PENpe3eHTYIOTh Cy0’ €KTHBI3AIIIO0
CHPUHUHSATTS JOCHIiAXKYBAaHOTO 00’ €KTa JIIOANHO-MAIIMHHOI B3a€MOZIT BiANOBIAHUMHU Cy0’ekTaMu 1iel B3aeMoaii. Pozpobinennit
MeTOJI 3a0e3reuye MOKIMBICTh K (opmaizallii, Tak i MoAANBIIOl IHTEpIIpeTallii Ta AOCHIIKEHHS TPOLECiB cy0’ eKTHUBI3AIT
CIIPUAHATTS 00’ €KTIB JIFOJMHO-MAIIMHHOT B3aeMozii. B sikocti ampoodarii, po3po0iaeHnii MeTo/1 3aCTOCOBAHO JIsi CHHTE3Yy 0a-
30BO1 MoJIeni cy0’eKTUBI3alil COPUAHATTSA 00’ €KTa KOMIUIEKCHOI MATPUMKH (SIK OJHOTO 3 HAMOLIBII MONIMPEHUX TPUKIAIIB
JIIOMHO-MAIIMHHOI B3a€MOJIT) IPOrpaMHUX NMPOAYKTIB, Ha MPUKIIAJI EKCIIEPUMEHTANIBHOIO KeHCY OLIHKY MPUOIU3HOTO Yacy
OMPAIIOBAHHS KJII€EHTCHKOTO 3aITUTY BIAIIIOM KIIEHTCHKOI Ta TEXHIYHOI i ATPHUMKHU MPOTPaMHOTO IPOAYKTY.

BucHoBku. Po3po0neHuii MeTos BUpIIy€e MOCTaBiIeHy 3a1a4y Gopmaiizalii npecTaBIeHHs 3 MOXKIIUBICTIO TTIOAAJIBIIOTO
JOCIIKEHHS. HayKOBO-NIPUKIAAHOI NpoOiIeMHU CyO’eKTUBi3aLii CHPUMHATTS 00 €KTiB JIIOAMHO-MAIIUHHOI B3aeMoOAil —
cy0’ekTami 11i€i B3a€MO/Iii, B KOHTEKCTI M100anbHOT poOieMaTHKKU aBTOMAaTH3allil i iHTeJeKTyai3amil CKiIaJoBUX MPOLECIiB
Ta CepeIOBHIIL JIIOJJMHO-MAIIMHHOT B3aeMo/Iiil. BoHOUac, OTprMaHi pe3yabTaTH eKCIEPUMEHTANBHOI arpobarii po3pobieHoro
METOAY HiATBEPIKYIOTh HOTO JI€BICTh B KOHTEKCTI BHPIIICHHS MPHUKIAJAHUX MPAKTHYHUX 33]a4 HAyKOBO-TIPHKIAIHOT MPO-
61eMatuky cy0’eKTHBI3ali] CIPUHHATTS 00’ €KTIB TIOJUHO-MAIMHHOI B3a€EMOI].

KJIFOUOBI CJIOBA: nouHO-MalInHHA B3aEMOIis, 00’ €KT B3aeMOii, Cy0’eKTUBI3allis CIPUAHSTTS, (JAKTOPH BILTUBY,
aBTOMAaTH3allisl, IHTEJIEKTyasi3alis.
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