Izvestiya Vysshikh Uchebnykh Zavedeniy. Applied Nonlinear Dynamics. 2022;30(4)

Article DOI: 10.18500/0869-6632-2022-30-4-480-494

Postulates of the cognitive theory of thinking and their consequences

V. A. Antonets

National Research Lobachevsky State University of Nizhny Novgorod, Russia
Federal Research Center Institute of Applied Physics,
Russian Academy of Sciences, Nizhny Novgorod, Russia
E-mail: antonetsva@gmail.com
Received 9.12.2021, accepted 22.01.2022, published 1.08.2022

Abstract. Purpose of the work is to create a theoretical model of the thinking process, considered as a set of
operations for the formation of cognitive generalizations of the level of categories (concepts). Method for creating a
theoretical model is based on the approach used in natural sciences. It involves the selection of a small number of
reliable facts, which are accepted as true on the basis of their evidence. On the basis of these facts, established in
various scientific disciplines, the axioms of the proposed theory are formulated. Further, from the accepted axioms,
they are logically deduced in the form of consequences: a) already known results that could be obtained in various
fields of science, including those differing in the content of research, and therefore previously perceived as not
related to each other; b) predictions of new connections and patterns in the study area. Results of the work are
that it was possible to propose a version of the postulate dynamic theory of thinking, in which the main variables
are the number of concepts formed, lost, realized and unconscious by the subject. The introduced postulates and
variables made it possible to consider two types of models at the moment. Balanced integrodifferential models that
describe the accumulation of the volume of conscious and unconscious concepts, as well as combinatorial models
that describe the interactions of concepts. Conclusion. The proposed version of the dynamic thinking model made
it possible to construct reasonable theoretical descriptions of the process of spontaneous language acquisition by
bilingual children in a bilingual environment and a person’s ability to compare semantically heterogeneous objects
with each other. The logical scheme of the approach and the concepts used in it made it possible to connect some
facts known in psychology and in an explicitly compact formulation of the difference in the structure of scientific
and artistic generalizations of the picture of the world.
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Introduction and problem statement

The purpose of the work was to propose, by analogy with the natural sciences, a theoretical
model of thinking based on the logical analysis of a small number of selected reliable facts from
different fields of science. On the basis of these facts, statements used in the theory as axioms
are formulated. Such a theory should have two properties that theories in the natural sciences
usually have.

First, its logical consequence should be an explanation of the connection between known
facts that previously seemed independent. That is, from the point of view of this theory, a certain
set of disparate facts turns out to be only the manifestation or implementation of fundamental
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laws in specific conditions.

For example, the theory of gravity explains the orbits of planets, and the fall of objects to
the Earth, and not the fall of the Moon and artificial satellites on it, and the tides of the oceans
and seas, and the heterogeneous distribution of matter in the visible part of the Universe.

Consequently, explanations of some already known properties of thinking should be obtained
logically from the introduced postulates.

Secondly, the logical consequence of the theory should be the prediction of properties and
relationships between the studied objects and processes, and even the prediction of the existence
of yet unidentified objects and their properties. Such a prediction makes it possible to plan new
studies, the results of which may be both consistent with the model, and limiting the scope of its
application or even refuting it.

The formal model of thinking proposed by the author affects exclusively cognitive processes.
It does not include any description of its neural mechanisms, nor descriptions of the psychophysiological
processes that support it, nor the evolutionary mechanisms of its formation. It also does not
consider any meaningful aspects of cognitive activity.

The model considers cognitive processes exclusively as a set of operations, consciously or
unconsciously carried out by the subject as an acceptor, carrier, user and creator over conscious
or unconscious knowledge. At the same time, knowledge is understood as a set of concepts formed
during the accumulation of life experience and training. Since the cognitive differences between
humans and higher primates are not of a qualitative nature [1], the author consciously uses the
term "subject"and not "human"as long as possible.

The model assumes that at each moment of time the conscious and unconscious knowledge
of the subject includes:

e a finite number of images of specific objects that can be represented by modalities that a
person may not have [2|;

e a finite number of generalized categories or concepts to which the subject refers these
specific objects;

e a finite number of symbolic representations of concepts in a communication system.

Symbolic representations of concepts (language) can be sound (acoustic communication and
articulate oral speech), visual (gestures, pictures, signs, letters, words), tactile (Braille, etc., etc.).

The postulates of the theory should be formulated in such a way as to ensure the introduction
of formal variables (quantities) and to define mathematical operations on them that would allow
describing some processes of cognitive activity and logically deducing consequences.

Each of the entered formal variables needs a name. To do this, you will have to choose well-
known words of the language, which in the historical process of formation and use of this language
are already loaded with some meanings. Therefore, there may be disputes of a terminological
nature, which are common for many fields of science, and not in substance.

In the meantime, in an unsettled situation, the terms generalization, concept, category and
concept will be considered identical by the author. In meaning, they do not necessarily have to
coincide with other scientific entities, historically previously designated by the same words.

1. Methodological notes

1.1. Changing the accepted methodology of thinking research. Traditionally,
philosophers and psychologists are engaged in the study of thinking. Philosophers have formulated
various modern problem statements [3-5].

Psychologists have extracted and introduced into scientific circulation the vast majority
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of empirical data in the field of thinking research. They have carefully worked out the issues of
setting up a psychological experiment, including ethical aspects [6]. They also own the main part
of definitions and developed concepts that are quite successfully used in various types of practice.
They even developed methods of psychological manipulation (control) |7], creating the impression
of possession of prediction methods.

It is difficult for a representative of other sciences to master this voluminous scientific
section of psychological science and get involved in solving the problem of thinking, which in
psychology is designated as the most difficult problem of modern science in general. However,
there are three encouraging considerations.

Firstly, not all of this volume of previous knowledge may be required, since its composition
obviously contains facts and connections identical from the point of view of the future theory.

Secondly, some definitions and concepts of the psychological science of thinking, introduced
by psychologists for one and a half to two centuries of their professional scientific activity after
marking the boundary with philosophy, may turn out to be symptomatic, that is, not general, not
essential for theory. Some may turn out to be completely wrong. Therefore, when constructing a
theory, one should not necessarily adhere to these definitions and concepts, but modify them, fill
them with other content, or even reject them. At least, this is the methodological experience of
physics in relation to such fundamental concepts as hydrogen, ether, etc.

Thirdly, there may not be enough knowledge from other sciences in this arsenal to solve the
problem. That is, within the framework of canonical psychology, which has little formal knowledge
generalization methods, the problem may turn out to be unsolvable. Therefore, many experts
recognize the need for an interdisciplinary approach in such cases [8].

1.2. About terminology and interpretation. The author uses the term "thinking"conditionally
only to designate the field of modeling. Clarification of the content of the term will occur as
the approach develops and applies to specific tasks. This situation is known, for example, in
physics. When creating quantum mechanics, it took more than 25 years to develop a probabilistic
representation of the wave function, the equations for which have already been formulated [9-12].

The same can be attributed to the use of the term "consciousness". Nevertheless, thanks
to the formulated approach [13| and the use of an explicitly allocated observable ("number of
categories"used by the subject in the process of thinking), it is possible to introduce quantitative
variables that characterize thinking as a certain set of operations on a set of categories (concepts).

1.3. the methodology of caricature. The first step that will have to be taken is to try
to modify the methodological approach so that it accommodates postulates based on facts, logical
consequences of accepted postulates, as well as hypotheses that allow experimental verification.

At the same time, the author will adhere to the recommendation [14] and consider not
too complex models. They, like caricatures, will not give details, but will give a vision. The
famous physicist Ya.l. Frenkel, the author of the theory of the expanding Universe, owns the
words: «Theoretical physicist... he is like a cartoonist who must reproduce the original not in all details, like a
photographic apparatus, but simplify and schematize it...» [15].

Therefore, we will take this general position: the thinking machine is not too complex, but
it is difficult to see it because of the many modes and variety of content of its work, which are
manifestations of the psyche.

For example, it is difficult to imagine a person who does not understand how a car works.
The minimum is a cart with wheels, a motor, steering and a brake. Then there are thousands
of necessary and not very necessary parts that ensure the operation of this whole mechanism
and adapt it to certain conditions and needs. But if you start looking at all of them, then you
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certainly won’t know how the car works!
In addition, in our methodology we will not contrast natural and artificial intelligence, but
will focus on the presence of common features.

2. The main postulates, the motives of their choice and direct consequences

The central postulates of the proposed cognitive model of thinking are four statements
formulated by the author earlier [13].

2.1. Postulate Ne 1 on the spontaneous formation of generalizations. 7The
formation of basic generalizations in the form of categories (concepts), which the subject operates
in his cognitive activity, can occur spontaneously without the direct participation of consciousness
and without motivation in the process of accumulating life experience and perception of objects of
the surrounding world.

The proof of this possibility was demonstrated in [16]. In the experiment, a network of
16,000 computer processors connected to the Internet processed about 10 million digital images
taken on the YouTube service and independently trained itself to recognize images of cats. She
modeled a generalized image of a cat without a teacher and encouragement. The head of the
experiment Jeff Dean noted: “We never told the network during training: ‘It's a cat.” Thus, the machine
actually invented for itself a generalized concept (concept, category, — V. A.) “cats” [17].

Three conclusions follow from this result.

Firstly, no matter what definition we give of the ability to "think the computer network [16]
obviously does not possess it. It follows from this that the formation of the generalization
"category'"can occur spontaneously without the participation of consciousness and explicit
motivation. It does not follow from what has been said that a teacher cannot participate in the
formation of generalizations.

Secondly, this experiment proves that for the implementation of at least some elements of
cognitive activity (in particular, generalization), a biological neural substrate is not required.

Thirdly, during the experiment, the learning network dealt not directly with images, but
with their digital codes. Consequently, her ability to form concepts spontaneously and without
motivation extends not only to images, but also to other modalities of fixing life experience -
sounds, smells, tactile sensations, etc.

2.2. Postulate Ne2 on the nomination of categories. The concept (category, concept),
reflected linguistically, arises by awareness (consciousness) and assigning a name to a ready-made
concept (generalization) in one or another symbolic system, and only after nominating the concept
enters the circulation of conscious activity.

In other words, dictionaries of any language can contain only conscious and nominated
categories of objects, actions and signs. Otherwise, dictionaries simply could not be compiled.

In [13], this postulate was included by the author in Postulate # 1. However, the link shown
in [18-20] between the development of the oral speech system in children and the development of
their conceptualization systems made this statement stand out as a separate one.

2.3. Intermediate consequences and conclusions from postulates Nel and Ne2.

2.3.1. It follows from Postulates Nel and Ne2 that the cognitive processes of generalization
of information obtained during the accumulation of life experience by the subject, and awareness
and naming of the concept are relatively independent. Contrary to popular beliefs, generalization
is primary.

More than 100 years ago, V.,M.Bekhterev actually already formulated postulates Nel and
Ne2 in the work "What is suggestion?" [21]. He wrote: «...in addition to active perception, we perceive
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much of the surrounding passively, without any participation of our "l when our attention is occupied with
something, for example, when focusing on a thought, or when our attention is weakened due to one reason or
another, as is observed, for example, in a state of distraction.

In both cases, the object of perception does not enter the sphere of personal consciousness, but penetrates
into other areas of our mental sphere, which we can call general consciousness.

This latter is quite independent of personal consciousness, so that everything that enters the sphere of
general consciousness cannot be arbitrarily introduced into the sphere of personal consciousness by us».

Not only people, but also animals are capable of generalizing the "category"type [1]. It
is known that pigeons are able to sort images into containing and non-containing trees of any
kind. And if we do not recognize the ability of animals to think logically, then we have to admit
that the spontaneous generalization of their life practice is the mechanism for the formation of
categories. And there is no reason to think otherwise about man, chimpanzees, bonobos and
gorillas. However, in relation to these species, their ability not only to generalize, but also to
nominate generalizations has been proven.

What has been said allows us to move to such an approximation that the subjects of cognitive
activity use both conscious nominated concepts and unconscious ones for its implementation
in different proportions. At the same time, the species Homo sapience has the highest ability
to realize and nominate. Higher monkeys have a lower one. It is even smaller in evolutionarily
lower species. Of course, even within the Homo sapience population, the ability to recognize and
nominate has a different level [18] with all the consequences that follow from this. The author
hopes that this statement will not be considered racist.

2.3.2. In [13], the set of areas of the functional space of cognitive activity of the brain,
where generalizations (concepts) are formed and stored, was defined by the author as a cognitive
loft. It follows from postulates Nel and Ne2 that a certain number of unconscious generalizations
can be stored in the cognitive loft of the subject, which can be used by the subject during active
actions and when making decisions.

This stock looks like an unconscious life experience. If such a reserve is capable of creating
a network of computers, then it is obvious that not only humans have it, but also animals.
About a person, we know that he can be aware of at least part of his life experience. We don’t
know this for sure about animals. This stock is a good candidate to be the "working body"of The
system 1 D. Kahneman, providing rapid (intuitive) decision-making [22].

2.3.3. Regardless of the way the unconscious generalization gets into the cognitive loft
of the subject (accumulation of one’s life experience or injection from the interlocutor), when
realized, these generalizations have an equivalent novelty for the subject of cognitive activity and
he perceives them as made by himself. V. M. Bekhterev understood this: «...the products of the
general consciousness can, under certain conditions, enter the sphere of personal consciousness, and the source
of their initial origin is not always even recognized by the personal consciousness» [21].

In everyday and professional (including scientific) life, this often manifests itself as disputes
about priority.

2.3.4. In the process of verbal communication, images of specific objects can be displayed /transmitted
only in the form of a logical intersection of the nominated generalized categories. As a result,
speech has limited accuracy in describing images of specific objects. Even technical terms, the
use of which is based on an agreement (convention) between professionals, although narrowing
the class of designated objects, never designate a unique object.

2.3.5. Cognitive loft of people with different socio-cultural and historical experiences can
have both similar and different types of generalizations. A small volume of similar concepts and
a large volume of different concepts may be the reasons for the emergence of communication
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barriers between representatives of different strata of society, countries and cultures.

As an example, here is a quote from [23]: «...our visual experience does not arise from direct
contact with reality, but is formed by a system of indirect conclusions. ...a person living in the ‘carpenter’s
world that is, in a culture where things are mostly created with a saw and an axe, gets used to interpreting
sharp and obtuse angles perceived by our retina as derivatives of rectangular objects (this, among other things,
is based on the convention of pictorial perspective). A person who grew up in a culture where ...rectangular
objects are much smaller, perceives the world differently and, in particular, does not understand the conventions
of visual perspective...».

This property of generalizations is the reason for the emergence of translational communication
barriers that manifest themselves in a variety of social activities from the interaction of representatives
of various strata of society to the intercultural interaction of countries and civilizations. The
proposed context makes it possible to see more clearly the severity of the communication problem
and indicates that its solution in each specific case should begin with the exchange of value
representations. [24].

2.4. Postulate Ne3 on the iterative mechanism of category formation. Further
iterations of generalizations from already formed generalizations (concepts) and the flow of new
information are possible in the cognitive loft. Both conscious and unconscious generalizations can
participate in repeated generalization.

This postulate means that the flow generalized to the level of concepts consists of information
coming not only from the outside world, but also from the pool of concepts stored in the cognitive
attic. When creating abstract theories that represent a high level of generalization, this pool is
most important.

The system mentioned in [16]was not concerned with generalizing images, as a person does,
but with generalizing codes. So, a generalization of the "category"type is also code.

In humans and animals, already at the first step, external and internal receptors convert
physico-chemical effects into streams of electrical and chemical signals, which then undergo several
processing iterations.

Since the generalization "category"is a code and in this sense the result of generalization
does not differ from the results of the primary processing of the external sensory stream, repeated
iterations of generalization are possible for generalizations.

Therefore, the author further uses the idea that generalizations arise in two ways. Firstly,
due to the generalization of conscious or unconscious information received by an individual from
the outside during the accumulation of life experience and / or training. Secondly, due to further
iterative operations on the formed primary generalizations, which generates new concepts of a
higher level.

In the broad sense of the word, life experience can be considered a set of spontaneously
obtained generalizations (life experience in the narrow sense of the word) and learning outcomes.
One of the fundamental differences between the accumulation of life experience and learning is
that learning requires strong motivation.

2.5. Intermediate consequences and conclusions from postulates Nel, Ne2 and
Ne3.

2.5.1. Work on the re-generalization of concepts stored in the cognitive attic, as well as
in the case of primary generalization, can occur spontaneously. However, consciousness somehow
stimulates iterations of generalization, simulating the tension coming from the real external world.
It also selects the "successful and unsuccessful"results of iterative generalizations. This will be
considered an unconditional sign of the "ability to think".
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2.5.2. Repeated iterations of natural generalizations from different fields of activity can
lead to the emergence of virtual plausible generalizations (chimeras), that is, to the manifestation
of imagination, which ensures the creative process of the development of the technogenic, social
and artistic worlds.

The first archaeologically recorded artistic chimeras are about 40 thousand years old, when,
probably, the brain of Homo sapience became capable of "repeated iterations"and imagination [25].

This is how the mechanism of the appearance of chimeras was described in the psychology
course of the Voronezh Orthodox Theological Seminary (!) in the middle of the 19th century (!).
«...Although the creativity of fantasy, as a free transformation of ideas, does not hesitate to strictly follow the
law of truth, however, by showing off ideas taken from reality, it already adjoins the real world. It only expands
reality to plausibility and possibility... Fantasy can create a winged horse, but only when we already have an
idea of a horse and wings...» [26]. In particular, in the virtual world, there can be complete freedom
of will. In [27-29], a neural model of combining two concepts into a single one is given.

2.5.3. The creative act is performed in the virtual world and only then is realized and
separated from the author as text, image, etc.

2.5.4. There are so many connections between neurons that the virtual world of imagination
may turn out to be more than a part of the real natural, social and man-made world reflected by
the subject.

2.5.5. In the cognitive loft, the generalization of information flows from internal sensors
can occur, that is, the formation of proprioceptive (motor) and vegetative generalizations that
have all the properties of generalizations of the external flow. In particular, the suitability for
participation in secondary iterative generalizations linking the physical and mental states of an
individual.

If we recognize that proprioceptive images exist, then sport is one of the forms of the ability
to think, although training allows you to form standard movements in various individual sports
and standard combinations in individual and collective confrontations.

2.6. Postulate Ne4 on the multiplicity of consciousness systems. A person has at
least two relatively independent systems of consciousness.

The arguments and motives in favor of this postulate are as follows.

We are not only aware of the world around us and ourselves, but also realize that we know
how to do it. This is more than passing Gallup’s "mirror test"for self-awareness [30], used to
assess the self-awareness of animals.

No matter how we define consciousness, its mechanism is based on the same substrate as
the mechanism for the formation of generalizations of the "category"type - on the use of a neural
network. Therefore, the mechanism of consciousness itself is a code and works with codes. Only
in this way is one consciousness able to realize the presence of another.

Since the neural network is unusually large, the presence of a volume in it to accommodate
an additional mechanism of consciousness should not seem impossible.

2.7. Consequences of the postulates Ne 1, Ne 2, Ne 3 and Ne 4.

2.7.1. If there is awareness of the existence of consciousness, then there is a structure
reflecting consciousness. Since consciousness and its reflecting structure can be realized only
on the basis of the same substrate and its similar organization, they should be approximately
equal. So we are not dealing with a situation of "consciousness — reflecting structure but with a
situation of "consciousness — consciousness that is, the existence of at least two approximately
equal consciousnesses.
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2.7.2. Generally speaking, there can be more than two consciousnesses. Apparently, there
is a dynamic process of interaction of consciousnesses, in different situations leading to the
predominance of one or the other.

2.7.3. Generally speaking, each of the consciousnesses may prefer different samples of
generalizations stored and formed in the cognitive attic. This can lead to a change in human
behavior when the prevailing consciousness changes. Priming of the behavioral order may be
associated with the impact on the competitive dynamics of consciousness.

2.7.4. The dynamic state, characterized by the absence of the predominance of one of the
consciousnesses over the other, leads to pathological bifurcation.

2.7.5. The situation "consciousness — consciousness"makes possible an internal dialogue,
similar to the dialogue between two people, when "the soul speaks to the soul, and not to the
ears" [31].

3. Introduction of formal variables

We can distinguish three numerical characteristics for each subject of cognitive activity at
any given time.

The first is the number of concepts CM formed during the accumulation of life experience
and training. The part of CM that relates to life experience is formed without motivation. Training,
of course, requires considerable motivation, which many subjects may lack.

The second is the number of actual concepts (generalizations) contained in memory, C*,
formed as a result of life experience. It is the difference between the number of formed (made)
CM and forgotten (lost, lost) concepts C", which are subsets of CM, by virtue of their origin

ch=cM-c*

Note: part of the concepts from C* may be conscious (CAt), part —
is not (C47). The set of C* contains all the concepts that the subject consciously and/or
unconsciously operates with at each moment of time when perceiving the surrounding and inner
worlds, as well as when making decisions about personal actions and intersubject transactions.

The third is the number of different symbolic representations of concepts CS, which can
be sound (acoustic communication and articulate oral speech), visual (gestures, pictures, signs,
letters, words), tactile (Braille, etc., etc.) and are represented by other modalities that a person
may not have.

Next, we will assume that Homo sapience is the champion in terms of C, in evolutionarily
low animals C® is vanishingly small, and in higher monkeys — in the gap between man and them.

Let’s focus on the person in more detail. In a dictionary of any purpose, you can see that
the words given in it usually do not denote a specific object from the flow of external information,
but serve to designate (nominate) several categories of objects from CM and, respectively, cA
and C. Therefore, the inequality is valid:

CS < oA,

Each word from C® from the dictionary corresponds to a subset of the nominated concepts
from C*. Each meaningful statement is a logically and grammatically ordered subset of C*, which
corresponds to a combination of intersections and unions of subsets of CS. Since C5 < C#, their
mapping to each other is not one-to-one. This leads to semantic ambiguity and, as a consequence,
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to mutual understanding of the subjects. In oral speech, due to several iterations of communication,
this ambiguity can sometimes be overcome. The result of reading a written speech is always the
reader’s interpretation. It is very difficult to make an unambiguously understood text.

In agreement with [13] , the location of the sets C* and C® is the cognitive loft.

4. Examples of application of the proposed approach

4.1. A model of speech development in a bilingual environment. In accordance
with [18-20], it is assumed that language acquisition represents the related processes of the child’s
acquisition of concepts about the surrounding world (concepts) and their nomination (naming) in
the mastered concepts. This process takes place in a competitive bilingual environment, where the
most important parameters are motivation and time spent in a particular environment [32,33].

ds T
s, — = — LG+ Fy [=T1 +y1151 — y1259] ,
dt 25,
dS T
‘523272 — 1% Sy + Fy [—TQ + '\{2151 — YQQSQ] .
dt T2,

Here 115, and t19, are characteristic times of spontaneous learning of new elements of the first
(S1) and the second (S2) languages (usually — days, weeks), and tog, and tag, — characteristic
times of destruction of the fraction of elements of the languages S1 and Ss or their transfer from
active working memory to passive «storage» (usually — months, years); Fy — nonlinear functions,
are stepwise character with threshold values 77 and 75 for languages S7 and Sa, respectively; v;;
— coefficients of influence of language S; on activation of language acquisition .S;. The analysis of
the equations allowed us to find the conditions and modes of dominance of one of the languages
and the establishment of true bilingualism [32,33].

4.2. A model for matching semantically dissimilar objects in exchange transactions.
In the works [24,34] it is assumed that the concept of any object is a logical intersection (product)
of concepts that are significant for it, not always conscious properties of the object. The model
also assumes that an object cannot have some absolute abstract value, but can only have value
in relation to another object. That is, we are talking either about an exchange transaction,
or about the possibility of the loss of an object that generates this or that damage. We will
assume that when evaluating, the subject consciously or unconsciously takes into account only a
finite number of characteristics of the object. It is known [35] that a person has the ability to
quantify the subjective significance of any of the features of a particular object. Then each of the
i objects being compared S; can be described by the significance vector of its properties (features)
w; = (Wj1, Ws2, ...Win, ). The vector can be normalized so that ||w;|| = 1.

Then, in accordance with the opinion of the subject, which can be both intuitive and based
on measurement or reasoning, for each ¢ th object, a vector of the expression of the properties of
the object that are significant to it is formed v; = (vi1, vi2, ...Vim). It cannot be normalized, since
the subjectively assessed severity of the object’s characteristics may be higher or lower than the
requirements or expectations. As a result, an integral estimate ¢; of the subjective value of the ¢
object under consideration can be formed, expressed by the scalar product: ¢; = (w;, v;).

This makes it possible to compare heterogeneous semantic objects with each other, for
example, goods in a store. Since ¢; does not depend on the nominations of significant characteristics
of the objects being compared, not only tangible, but also intangible objects can be exchanged.
For example, it can be a paid transfer of rights, compensation for material and moral damage, a
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bribe, etc.

Given that the evaluation of ¢; is subjective, a mutually beneficial transaction between

subjects A and B is possible only if two inequalities are observed simultaneously: ga4 < qaB
and ¢pp < qpa. Here gqa4 and qpp are subjective integral estimates by the participants of the
transaction of "their"objects, and gap and gpa are "strangers". In [24,34], the problem of basket
exchange transactions, each of which contains many objects, is considered.

1.

3.

Conclusion

The introduction of the observable — "the number of categories (concepts)"used by the
subject in the process of thinking allows us to describe thinking as a set of operations
on a set of categories. This means that in accordance with the canons of experimental
psychology [6], the empirical question of the dynamics of generalizations at the "category
(concept)"level is compared to the non-empirical question of the work of thinking.

This allowed us to get not only obvious, but also quite unexpected conclusions that will
help formulate new tasks and new interpretations of known facts. In particular, the logical
scheme of the approach and the idea of the observed "category (concept)"used in it made it
possible to formulate explicitly compactly:

e the idea of conscious and unconscious "categories (concepts)";

e the difference between the structure of scientific and artistic generalizations of the
world picture;

e hypothesis about the multiplicity of consciousnesses.
The proposed approach allowed us to describe in quantitative variables:

e the process of spontaneous language acquisition by bilinguals in a bilingual environment
as the dynamics of a set of "categories";

e is a mechanism for matching semantically dissimilar objects.
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