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Contemplation as the Research Subject in Psychology”
Garnik V. Akopov
Samara State Academy of Social Sciences and Humanities, Russian Federation

Abstract

Social and historical processes in modern Russia determines the high relevance of the
scientific and methodical study of the phenomena of contemplation (global — dynamic and social —
personal balance (imbalance)).

Concept of "contemplation" is studied in the system of modern psychology categories.
Actualization of problems in contemplation complements the new scientific understanding of the
well-known opposition “conscious-unconscious”. Contemplation as a term of Philosophy can be
compared to a relevant psychic phenomena which potentially can be a process, condition or
properties of a subject (individual, personality, individuality).

Further comparison of psychological (intentional) contemplation notion with the basic
mental processes (attention, memory, perception, sensation, affect, thought, imagination, action,
etc.), mental health (including special) states and the properties of the individual personality,
individuality. Contemplation as the mental phenomenon considerably supplements the
phenomenon of activity and expands the range of individual and psychological characteristics of
personality.

Comparing contemplation to the phenomena of the altered state of consciousness:
meditation conditions, mystical conditions and other.

Keywords: contemplation; consciousness; unconscious; activities; personality; meditation.

Introduction

The dynamics of events, the speed of technical, economic, social, organizational changes
become so high that we can speak about "the dynamic stress" or a stress of insuperable lag in
quickly changing life. Rate of changes can significantly exceed possibilities of individual or group
adaptation of the personality and social groups. Social and psychological consequences of non-
optimal speed excess of globalization over opportunities of social and personal designing and self-
designing (information glut, fast and continuous change of social, professional, family,
interpersonal, etc. roles, multiple identification, polyethnization, multiculturation, manipulization,
makiawelization, etc.) are found in "sophisticated" crime, narcotization, depression, psychosomatic
diseases, mental imbalance. Psychological differentiation is aggravated with each new generation
which organically appropriate quickly updating birth environment with the corresponding artifacts
not always and not fully fitting into the world image of previous generations. In analogy with
A.P.Nazaretyan's hypothesis of technical and humanitarian balance (Nazaretyan A.P., 2008) it is
possible to state a hypothesis of global — dynamic and social — personal balance (imbalance).

* The support of the article is provided by the RHF grant. Project number 12-06-00595
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In the applied (practical) plan psychological technologies (psychopractice) of existing today
consultation, diagnostics, maintenances, correction, etc. do not often give desirable effect. A series
of demo researches allowed to assign contemplation as the mental phenomenon which
considerably supplementing the phenomenon of activity and expand the range of individual and
psychological characteristics of personality. Contemplation consideration as actualized
unconsciousness organically connects it with processes, conditions and properties of
consciousness. As S.L.Rubenstein noted: "Greatness of the person, his activity is shown not only in
deed but also in contemplation, in ability to comprehend and treat correctly the Universe, the
world, the life".

Contemplation is a rarely used in modern psychology term which has categorical status.
A broad response is associated with the word combination “sensual contemplation”. After works by
Karl Marks it was “neglectfully” returned to sensualism, it also wasn’t accepted by “grandiose”
prospects of economic, social and political practice, metaphorically indicated as “Pandora’s Box” in
one of the works by M.K. Mamardashvili.

Constitutive growth of the scientific interest and confidence Agafonov, Akopov, Allahverdov,
Zinchenko, Petrenko, etc.) to the problem of consciousness during the last years make it possible to
hope that contemplation will take its deserved place in the categorical system of theoretic and
applied psychology and modern science. In definite contexts (binarity, dichotomizm) not activity
and consciousness give one of the basic oppositions in moderm Psychology of consciousness but
activity and contemplation in any diachronic plan, which is deduced from dialectical discourse
“subject and consciousness” (Akopov, 2010).

As there are some prospects of interpretation of the term “contemplation” let’s notice some
established meanings of words.

In Ozhegov’s dictionary (Ozhegov, 1964) contemplation (contemplate, contemplator,
contemplative) is defined as passive observations, inactivity.

More extensive field of meanings is in Dahl’s dictionary: to contemplate is “to examine
attentively and continuously, observe, look intently, go deep into the subject, learn it, admire it //
consider sth carefully with mentality and spirit”. “Contemplating the nature, we contemplate the
majestic creator” (Gurevich, 1993).

In concise encyclopedia in Philosophy there procedural and resultant aspects in three groups
of meanings of consciousness; superficial and inner, perceptual and notional ways of
contemplation; “empirical, non-conceptual, irrational comprehension of reality”, etc. (Ilyin, 2006).

In Encyclopediain Philosophy contemplation is defined as “direct connection of the
consciousness to the subject”, “entering through the phenomenon outward to its inward” or (in
dialectical materialism) “integral awareness preceding conceptual and logical thinking”
(Encyclopedic Dictionary of Philosophy, 1989).

In one of the new dictionaries of philosophical terms “essence contemplation” is defined with
the help of the term “ideation” (phenomenology by E. Husserl) which is interpreted as
“consciousness orientation on “general” (“essence”, “eidos”, “a priori”) and also method of
contemplation of the general”. In this case the term “essence contemplation” is much alike as
“categorical contemplation” and “ideation” (Dictionary of philosophical terms, 2007).

There is a very interesting statement in this dictionary which cites S.L. Rubinstein
“contemplation is a reciprocal action of the subject and object realities” (Dictionary of
philosophical terms, 2007).

If we compare the previous definitions and characteristics of contemplation with the notional
system of Psychology we will have the following results. Contemplation as a term of Philosophy can
be compared with a relevant psychic phenomena which potentially can be a process, condition or
properties of a subject (individual, personality, individuality). Being characterized as a reflection it
can both acquire and lose activity (freedom, intentionality, orientation, mediation, etc.) being an
equal phrase “the subject reality” and “the object reality” (S.L. Rubinstein). Inversing from outward
to inward and vice-versa contemplation can pay its “attention” to different subjects, objects,
phenomenon, essence, processes, conditions, etc. making and destroying typologies, classifications,
connections, disconnections, whole and its component parts, compositions and deconstructions.

At the same time contemplation doesn't have clearly visible, audible, tangible, etc. content
(image) being often synchronously with stimulating and supporting visual, sound, kinaesthetic,
etc. background. In these terms contemplation can be defined as actualized unconsciousness, i.e. in
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contemplation the work of unconsciousness is shown to consciousness in forms of nonverbal
(internal) languages.

It is to be mentioned that the source, means and “tool” of the contemplation is not only visual
system: certain correlations of sounds (noise of wind and forest, pipe, long songs, symphonic or
other compositions, etc.) intra corporal and superficial and muscular harmonious sensations (light
satiation, feasible physical tension, primary exhaustion etc.), quiet long movement, flight and so
on. Contemplation in synchronism can be characterized as being free from history, not being
worried about the future in present.

From age-specific psychological point of view contemplation has dominant role
(A. Ukhtomsky) during age and other crises especially in babyhood, youth and declining years.

Some illnesses are “good” for contemplation actualization (see the tale by L. Tolstoy
“The death of Ivan Ilyich”) which helps to show hidden contexts and other meanings. It is very
important to differentiate the contemplation and experience here. In this case the initial
characteristic is emotions. For contemplation emotions are not obligatory if they and in most cases
are not appropriate.

The character of correlations between contemplation and psychological processes is rather
complicated. Contemplation is congruent to attention but it is doesn’t coincide with it
(nondirectional concentration, pensiveness). Contemplation can be turned from the present to the
past and vice-versa disorienting the memory. It can be the sensing of reality and irreality blending
perception with imagination. Being alien to mediation the contemplation doesn’t think but at the
same time it comprehends the essence. Not taking up (responding) any of the emotions mentioned
in the science contemplation perhaps has the majesty of Giaconda by Leonardo da Vinci and at the
same time absence of motivations and obvious (visible) activity.

Equalizing the realities of the subject and object (L.S. Rubinstein) contemplation is an
opposition (antinomy) to the activity confirming or destroying the unity of activity and
consciousness. Contemplation is opposed to pragmatism (utilitarianism, lucre, commitment, etc.)
not only in one of its types — aesthetic contemplation(I. Kant). In its “fixed” opposition to any
vector of motion (activity) contemplation is illuminating. At the same time it is not flash of
inspiration or insight as both of them are final phases of purposeful search, expected solution of the
settled problem. Contemplation is absolutely free as it can’t be regulated.

According to V.F. Petrenko and V.V. Kucherenko «concentrating «here and now» by sight a
majestic mountain ridge or looking at the horizon of the great ocean we feel practically the same as
a person who was standing here and contemplating centuries ago. At this moment the past, present
and future (in sense of an unborn man) are combining together and we feel chasm of eternity”
(Petrenko, Kucherenko, 2007).

Freedom or fortuity (spontaneity) are expressed in possibility of this condition to be
actualized or not as well as its semantics.

Correlating contemplation to the phenomena of the altered state of consciousness (ASC)
makes it possible, in our opinion, to put contemplation to class of ASC as an unusual condition of
consciousness if the last is defined as a version ASC. In this case in the class of ASC contemplation
ranks not coinciding with other known phenomena (meditation, trance, prayer, seclusion, mantric
and jantric contemplation, etc.). At the same time some ASC are closely connected with
contemplation stimulating ar generating each other (see conditions Samadhi, Vipassana)
(Petrenko, Kucherenko, 2007).

In this regard, the conclusion to which come V.F.Petrenko and V.V.Kucherenko, in our
opinion, can be carried not only to meditation conditions, but also to contemplation. Congruous
quality of contemplation and meditation is connected with «change of forms of a categorization of
the world, oneself, others, with removal of the subject-object opposition of "me" and the world»,
i.e. «duality removal» (Petrenko). However, at all similarity of the designated mechanisms
(decategorization, opposition change of quality “me” — “not me”), the contemplation condition
unlike meditation not obligatory and not often associated with disappearance of "me", «its
dissolution in common consciousness of the world». Contemplating "me" is at the same time and
«in itself» and «in object» (world), it is safe though with poorly distinguishable borders that is
apparently more common for the western mentality, in comparison to the east. More general
mechanism of regulation of conditions in one and in the other culture is a presented by us context
of factorial structure of consciousness, the mechanism of a contact ratio (communication, semantic
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communication) and freedom (a choice, creation) in a combination with internal or external life
plans. General for both cultures (West-East) predictors of contemplation are situations of extreme
restrictions in external communication (various forms of a privacy). Processes of inward
communication in this case in autocommunication or transcommunication forms (according to
Kabrin) are equally possible but are not equally probable for the designated cultures. Other ratio in
case of extreme restriction of the external freedom which is subjectively accepted in one mentality
(East), and only more or less limited in the other (West). Here the border between meditative
(trans) and contemplate conditions, in our opinion, lies. As the confirming examples alternative to
examples from Buddhist literature, it is possible to bring the contemplating character from the
store "White nights" by F.M. Dostoyevsky, or early literary etude "Contemplation" by F. Kafka.

More differentiated cross-cultural researches of the contemplation (meditativeness)
moments in ornamentalistics, architecture, in gardening, in long-drawn-out songs and in other
genres of musical folklore, poetry etc. will allow to define variety of modus and the structures
imprinted as organic conscious and unconscious additions in different types of human activity.

If we continue the comparison we will note that contemplation is also not the same as
mystical conditions. According to the book by W. James who, as P.S. Gurevich (Gurevich, 1993)
said “is still unsurpassed on penetration into secrets of mystical experience” it is possible to draw
the following main conclusions. One of main differences is that a psychological basis of mysticism
makes «aspiration to have direct contact with supernatural» while for contemplation it is not so
obligatory. P.S.Gurevich points at four main characteristics or criterion of mystical experiences by
James. Some of them coincides with contemplation manifestations, for example, «impossibility to
state own feelings and impressions in usual language since as mystical experience has no concrete
analogs in terrestrial life» (Gurevich, 1993). The meditating (contemplating) person can’t give the
definite answer expressing the experience. Certainly, it is possible to find certain words as I.A. Ilyin
did it in his wonderful sketches: «The person indulges in easy and free looking; happiness of pure
and disinterested contemplation is given to him; it enters a certain God's theater, ancient as the
world and mellow as its Creator», etc. (Ilyin, 2006). But transfer of the "true" contents demands
other sign means not usual speech.

Other characteristic of mystical experience — «intuitiveness, as a special form of cognition ...
the moments of an inward enlightenment» (Gurevich, 1993). According to this, P.S.Gurevich while
characterizing «ancient gnosis» mentions contemplation, all-inclusiveness and intuitiveness of
reality comprehension (Gurevich, 1993). That is, intuitiveness which is common for mysticism does
not have anything in common with contemplation which also can be a form of cognition, an
enlightenment, etc. The third sign — short duration which is quite general both for mysticism and
for contemplation though time, in our opinion, in these conditions is necessary for estimating a
little differently.

Very important sign of mystical experience is «the will inactivity» (Gurevich, 1993).
Contemplation is also characterized by a "stop" of previous processes, lack of an action and
movement vector. Difference is, in our opinion, only in a mystical condition at least a part of
previous expectations remains while contemplation doesn't have this, since it is always one-staged
(at the beginning), situational, unexpected (sudden); and it (contemplation) isn't obligatory unlike
mysticism, looks for «mysterious communication with the God and the world» (Gurevich, 1993).

As a certainly general characteristic of mysticism and contemplation it is necessary to admit
with the conclusion by P.S.Gurevich: «a certain ocean consciousness in which differences between
the individual and the world are removed. They disappear in unlimited integrity» (Gurevich, 1993).

It is possible to claim that both cases have psychopractice of finding of alive (rational and
irrational) experience whether it is perception and comprehension of the world, or the private
relation, or system of the relations.

And if the mysticism this purposeful "immersion" in other consciousness or unconsciousness
contemplation is spontaneously found point (area) of a convergence of consciousness and
unconsciousness.

Thus, putting the category of contemplation in subject area of modern psychology allows to
study the corresponding phenomena both in theory-methodological and in applied plans and, in
particular, in the annex to such branches of psychology, as age-specific psychology, pedagogical,
clinical, personality psychology, ethnic, crosscultural psychology, etc.
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Abstract

A student under stress can become tired, sick and unable to concentrate or think clearly. This
study examined the perceived impact of stress on the academic achievements of Biology students in
Education District IV of Lagos state. The research design used is the descriptive survey design
method. One hundred Biology students were randomly selected using ballot method from four
schools in education District IV. Four research questions guided the study. The research
instrument used for collecting data is the Stress Assessment Scale for students (SASS). Simple
mean method was used to analyze data collected. Some of the findings are that students experience
stress most at the end of the term and that students perceive stress as having negative impact on
academic achievement. It was recommended that teachers should pace their work adequately in
order not to rush students at the end of the term. Also students should be taught stress
management skills.

Keywords: Academic achievement; Biology students; Perceived impact; Stress.
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Introduction

Academic achievement is the level of performance in school subjects as exhibited by an
individual. It is the outcome of education, the extent to which a student, teacher or institution has
achieved their educational goals (Wikipedia, the free encyclopedia, 2011). It is generally regarded
as the display of knowledge attained or skills developed in the school subjects. Academic
achievement is commonly measured by examination scores or continuous assessment scores, but
there is no general agreement on how it is best tested. Usually, students’ class work are quantified
on the basis of marks which could either be high or low which means that academic achievement
could either be good or bad

Several factors can impact on academic either positively or negatively. These factors could
either be intellective or non-intellective. Intellective factors refer to intelligent quotient or ability of
the individual. Some of the non-intellective factors include level of mastery of foundational
learning skills. Such as ability to concentrate, remember, think logically (Edublox, 2011) amount of
time spent on watching television (Khamsi, 2007) vision, organizational skills, study habits, peer
pressure, passion (Wiki. Answers, 2011) exercise, nutritional skills (Hammer, Grigsby and woods,
1998). Stress has also been identified as a factor that can have an impact on a student’s academic
performance.

Stress is a common element in the life of every individual, regardless of race or cultural
background (Garret, 2001). Stress is a part of human nature. Weinberg and Gould (2003) defined
stress as a physical, mental or emotional tension. It can be caused by both good and bad
experiences. Stress is an ineffective and unhealthy reaction to change. Stress describes a force
which affects human beings physically, mentally, emotionally, socially and spiritually. (Akinboye,
Akinboye and Adeyemo, 2002), it is the body’s response to any undesirable demand. Stress
describes physical trauma, strenuous exercise, metabolic disturbances and anxiety, which
challenges the body’s is homeostasis (well-being). Stress describes the wear and tear that stressors
cause in the human body including the distortion of mental and behavioural patterns. Stress also
describes how people react to the demands placed on them to causing them worry and also
incapacitating their ability to cope. Stress describes the perturbation of the body’s homeostasis
generating biochemical parameters such as ephinephrine and adrenal cortisols, physiological
parameters such as elevated heart rate and blood pressure, behaviuoral characteristics such as
anxiety, depression, worry, fear, tension etc. (Akinboye, et al, 2002).

When people feel stressed by something going on around them, their bodies react by
releasing adrenaline into the blood. Adrenaline gives people more energy and strength which can
be a good thing if their stress is caused by physical danger. But this can also be a bad thing if their
stress is in response to something emotional and there is no outlet for this extra energy and
strength. The body doesn’t distinguish between physical and psychological threats. When an
individual is stressed over a busy schedule, an argument with a friend, a traffic jam or mounting
bills, the body reacts just as strongly as if the individual was facing a life or death situation. If an
individual has a lot of responsibilities and worries, his emergency stress response may be “on” most
of the time (Marcos and Tillema, 2006). Long term exposure to stress can lead to serious health
problems. Chronic stress disrupts nearly every system in the body (Changing minds.org, 2011).
It can raise blood pressure, suppress the immune system, increase the risk of heart attack and
stroke; contribute to infertility and speed up the aging process. Long term stress can even rewire
the brain leaving an individual more vulnerable to anxiety and depression (Tepas and Price, 2001).
Kaplan and Sadock (2000) opined that learning and memory can be affected by stress.

It is completely normal for secondary school students to experience stress. This is because
they deal with various pressures which cause stress. Causes of stress are referred to as stressors.
According to Shah, Trevechi, Diwan, Dixit and Anand (2012) stressors don’t cause anxiety or
tension by themselves instead stress results from the interaction between stressors and the
individual’s perception and reaction to those stressors. The amount of stress experienced may be
influenced by the individual’s ability to effectively cope with stressful events and situations.
Womble (2012) referred to stressors among students as “academic situational constraints”, A study
carried out by John Hopkins Boomberg School of Public Health (2006) identified five common
stressors in secondary school students’ life as school, family, friends, relationships and community.
Bolyn (2012) also added factors such as social pressures and physical appearance to the list of
stressors among students. Kelly, Kelly and Clanton (2001) asserted that the amount of sleep
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students have access to may cause stress and thus influence their academic performance. They
classified sleepers into three categories: (1).Short sleepers, individuals who, when left to set their
own schedule slept six or fewer hours (2).Average sleepers, individuals who sleep seven to eight
hours and (3) Long sleepers, individuals who sleep nine or more hours out of twenty- four.

The study found that people who were considered long sleepers reported less stress and
higher school grades. However, Womble (2012) noted that the study did not take into account that
some past researches on sleep suggest that people who sleep fewer hours at night may have
psychological maladjustment. Sleeping shorter amounts of time has been shown to increase anxiety
and stress which have been associated with academic performance (Kelly et al. 2001). These factors
cause students’ problems by causing shortened attention span and also increasing the number of
errors, students make in tests. David (2011) also emphasized that secondary school years should be
great experience but many demands and rapid changes can make them one of the most stressful
times of life. Students today face increasing amounts of school work, a rapidly changing
curriculum, assignment deadlines and examinations. Students worry about selecting careers and
post secondary programmes. They must balance school work with sports, hobbies and social life.

All the factors reviewed in literature can contribute to a secondary school student’s level of
stress. By themselves these constraints may have no effect at all on a student but when combined, a
student could perceive them as stressful and the stress factors could have a dramatic effect on a
student’s academic performance. With too many stress factors present and with limited resources
of time and energy, a student could easily become overwhelmed. Marcos and Tillema (2006)
emphasized that when stress is perceived negatively or becomes excessive, it can affect the health
of students and thereby placing their academic future in jeopardy. According to Malik and Rehman
(2012), high academic achievers are less vulnerable to stress.

In lieu of the negative effects of stressors among secondary school students, there is a need
for early intervention that can help to reduce stress or enhance students coping skills. Dziegielwski,
Turnage and Roest - Marti (2004) are of the opinion that if coping skills are effective in decreasing
stress and feelings of anxiety, students have greater chances for academic success. Thus the
purpose of this study was to find out the common stressors among Biology students, time of the
term Biology students experience stress most, the perception of Biology students on the impact of
stress on academic achievement and suggest ways to minimize or control stress among secondary
school students

Research Questions

The following research questions were framed to guide the study

1. What are the common stressor found among Biology students

2. What time of the term do students experience stress most

3. What is the perceived impact of stress on academic achievement of Biology students

4. What are the ways to minimize or control stress encountered by students in secondary
schools

Design
The research design used in this study is descriptive survey.

Participants

Participants in the study were one hundred (100) Senior Secondary School two students
randomly selected through ballot method from Education District IV in Lagos State.
Four secondary schools were randomly selected from this Education District. The mean age of the
participants was 15.6 years with their age range between 13 and 18years.

Instrumentation

Stress Assessment Scale for Student (SASS) was designed by the researchers and it was the
instrument used to collect data in this study. The SASS is a 39 item measure that assessed the
perceived impact of stress on the academic achievement of Biology students. The structured scale
items were in accordance with the research questions in the study. The scale comprised of section
A and B. Section A was designed to collect personal data from the respondents while section
B contained questions on the common stressors found among students, the time of the term
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students experience stress most, the perceived impact of stress on the academic achievement of
secondary school students and ways to minimize or control stress encountered by students. The
structured scale was constructed using four points ranging from strongly agree (SA) to agree, (A) to
disagree (D), and strongly disagree (SD). The instrument has the test retest reliability of 0.81.

Administration of the Instrument

The scale was administered with the permission of the principals in the four schools. Biology
teachers in the schools assisted the researchers in administering the instrument. Students were
encouraged to fill the scale truthfully since their responses were to be used for research purpose
only. 25 questionnaires were administered in each school to make a total of one hundred
questionnaire. The instrument was collected immediately after each administration.

Method of Data Analysis

Mean was used to analyze data. The mean response for each item was computed by
multiplying the frequency of each response made by the nominal values. The sum of the values
obtained by each item was divided by the total number of respondents to get the mean.
The decision rule was that if the mean for an item is above 2.5 it shows acceptance for the item.
If the mean for an item is below 2.5 it shows rejection for the item.

Results
Research Question One: What are the common stressors found among students

Table 1: Common stressors found among students

S/N | STATEMENT SA | A D SD | X REMARKS
1 Many demands, rapid changes can make |55 |30 |10 |5 3.4 | Accepted
biology one of the most stressful subject
2 I usually have conflicts with my parents, | 84 |10 |2 4 3.7 | Accepted
friends, sibling and have to cope with
unpredictable moods

3 I am mostly concerned about my |56 [30 |1 13 3.3 | Accepted
appearance
4 I am concerned about fitting in with my | 49 | 14 16 16 2.9 | Accepted
peer group and handle love relationships
and sexuality

5 Environmental conditions such as heat, | 78 | 12 6 4 3.6 | Accepted
cold, excessive noise pollution, poor
housing, traffic jam increase my stress level

6 Competition and fear of failure increase my | 58 |42 |0 o) 3.6 | Accepted
academic stress level

7 I have financial problems 24 |24 |12 |40 | 2.3 | Rejected

8 I usually have conflict with my classmates 30 |10 |12 |48 |2.2 | Rejected

9 I am stressed by excessive school work 50 |20 [20 |10 | 3.1 | Accepted

10 | Inadequate recreational facilities at home | 48 | 17 22 |13 3.0 | Accepted
and school causes stress to me

11 Overcrowded classes stress students 36 |14 39 |16 2.8 | Accepted

12 | I place unrealistic expectations on myself 49 |21 14 16 3.0 | Accepted

13 | The content of biology is too much so | 36 |14 39 |16 2.8 | Accepted
students are stressed
14 | I face competing time demands from my | 48 |17 22 |13 | 3.0 | Accepted
family and education
15 | My parents forced me to learn science 38 |19 3 40 | 2.6 | Accepted

Table 1 above revealed that the respondents accepted items 1 to 6 and 9 to 15. This showed
that they accepted that conflict with parents, friend, siblings, concern about their appearance, fear
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of failure, excessive school work, inadequate recreational facilities, overcrowded classes, the scope
of biology are stressors found among students. These findings are in support of the assertions of
John Hopkins Boomberg school of Public Health (2006) and Bolyn (2012). They found all these
factors as stressors among school students. The table further revealed that items 7 and 8 were
rejected by the respondents. This showed that the respondents did not accept financial problems
and conflict among their classmates as stressors found among students.

Research Question Two: What time of the term do students’ experience stress most?

Table 2

S/N | STATEMENT SA | A D SD | X REMARKS
16 At the beginning of the term 1 experience alot | 40 | 30 | 17 13 | 3.0 | Accepted
of stress because of the new leaning materials
introduced by my teacher

17 I experience a lot of stress at the beginning of | 40 | 31 | 14 15 | 3.0 | Accepted
the term when I have not made friend
18 I am usually stressed at the beginning of the | 38 | 40 | 12 10 | 3.1 | Accepted
term because of my studies
19 I experience more stress at the end of the | 50 |30 | 10 10 | 3.2 | Accepted
term than at the beginning or middle of the
term because of my studies

20 I am not usually stressed at the middle of the | 35 | 20 | 15 30 | 2.6 | Accepted
term because I would have made friends who
help with my school work

21 Teachers give so many tests, assignments and | 48 |24 |18 |10 | 3.1 | Accepted
notes at the end of the term which cause a lot
of stress

22 I am not usually stressed at the middle of the | 37 | 28 | 20 |15 | 2.9 | Accepted
term since I would have gotten used to class
routines

23 I don’t sleep well at the end of the term when | 45 |32 | 8 5 3.3 | Accepted
I have to prepare for examination

24 I am most stressed at
a. Beginning of the term 38 |29 |25 |8 3.0 | Accepted
b. Middle of the term 20 |15 |30 |35 | 2.2 | Rejected
c. End of the term 61 |29 |4 6 3.5 | Accepted

Table 2 above showed that the respondents accepted all the items except item 24b.
This implies that students accepted that they experience stress at the beginning of the term because
of the new learning materials introduced by their teacher and because they would not have made
friends. They accepted that they are most stressed at the end of the term, more stressed at
beginning of the term and least stressed at the middle of the term. These findings are in support of
Seyedfatemi, Maryam & Hagani (2007) who highlighted that new students at the beginning of the
term face academic demands, the need to adapt to new learning environments in terms of the
increased complexity of materials to be learned, the need to constantly self regulate and to develop
better thinking skills including learning to use specific learning techniques. Womble (2003) also
support out that students experience most stress at the end of term since they usually sit for their
examinations at this time. These examinations are the most important criteria that make up their
grades. Also, teachers rush to finish up the syllabus for the term just before examinations starts.
All these make the end of the term most stressful for students

Research Question Three: What is the perceived impact of stress on academic
achievement of Biology students in secondary schools?
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Table 3: Perceived impact of stress on academic
achievement of Biology students

S/N | STATEMENT SA | A D SD X REMARKS
25 An optimal level of stress enhances my | 4 12 38 35 1.6 Rejected
learning ability

26 I find it difficult to concentrate in class | 78 | 12 4 6 3.6 | Accepted
when I am stressed
27 I became sick and wunable to|54 |30 |10 6 3.3 | Accepted

concentrate when I am under pressure
28 I am usually disenchanted with school | 48 |39 |10 3 3.3 | Accepted
work when I face stress
29 I perform poorly in class when I am | 61 |19 |12 8 3.3 | Accepted
tired and all stress up
30 Stress makes me hopeless and this | 45 |15 39 11 3.1 Accepted
results in disengagement meat from
my school work

Table 3 revealed that the respondents rejected item 25 with an average mean score of 1.6.
The respondents disagreed that optimal level of stress enhances their learning ability. The table
further revealed that the respondents accepted items 26, 27, 28, 29, and 30 with mean scores of
3.6, 3.3, 3.3, 3.3 and 3.1 respectively. This implied that students find it difficult to concentrate in
class when they are stressed, pressure makes them feel sick, stress causes disenchantment with
school work, tiredness and stress makes students to perform poorly in class, stress leads to
hopelessness that in turn results in disengagement from school work.

From these findings, it is obvious that students perceived stress as a hindrance academic
performance. Womble (2003) noted that when the level of perceived stress is high, academic
performance is lower. Laura (2001) supported that for students to achieve optimal academic
performance they must overcome many obstacles caused by stress.

Research Question Four: What are the ways to minimize or control stress encountered by
students.

Table 4: Ways to minimize or control stress by students

S/N STATEMENT SA | A D SD | X REMARKS

31 I find it easy to deal with challenging 30 | 30 35 5 | 2.9 | Accepted
problems when I am in a relaxed state of
mind and body.

32 Relaxation, mediation, deep breathing 59 | 23 8 10 | 3.3 | Accepted
activates my body system by increasing
the feelings of joy

33 Opting for things that are most 80 | 10 7 3 | 3.7 | Accepted
important helps to reduce stress level
34 A cool and calm environment helps to 35 | 29 10 26 | 2.7 | Accepted
promote thinking ability
35 Getting enough sleep helps keep the 59 | 30 10 6 | 3.3 | Accepted
body and mind equipped to deal with
negative stressors

36 Eating well helps the body get theright | 54 | 30 10 6 | 3.3 | Accepted
fuel to function at its best and so
minimize stress
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37 Learning to solve everyday problems 45 | 30 7 18 | 3.0 | Accepted
give a sense of control that helps
minimize stress

38 Optimism (thinking positive) enables 78 | 12 6 4 | 3.6 | Accepted
one to cope with stressful situation
39 Good relationship with family members, | 55 | 30 10 5 | 3.4 | Accepted

friends and peers help to ease or reduce
stress while fostering a lasting
relationship

40 When I do my school work sequentially, | 50 | 23 8 10 | 3.3 | Accepted
stress is reduced

41 Regular exercise helps to minimize 35 | 29 10 26 | 2.7 | Accepted
stress

42 I feel less stressed when I manage my | 79 11 7 3 | 3.7 | Accepted
time properly

Table 4 above revealed that the respondents accepted all the items with the mean scores of
2.9, 3.3, 3.7, 2.7, 3.3, 3.3, 3.0, 3.6, 3.4, 3.3, 2.7, and 3.7. They accepted that relaxed state of mind,
doing things that are most important, getting enough sleep, eating well, optimism, having good
relationship with family members, friends and peers, working sequentially, regular exercise and
proper time management all help to minimize or control stress. These findings are in line with the
opinion of changing minds.org 2011 which stated that students can reduce the impact of stress by
learning how to manage stress, learning how to relax, taking a stand against over scheduling,
getting good night sleep, treating one’s body well, solving the little problems first, thinking
positively. When students learn stress coping or reduction skills, they adjust better to school life.

Recommendation

The following recommendations were made from the study.

1. Teachers should plan their lessons and sequentially execute their plan so that too much
work is not given to students at the end of the term.

2. Parents should encourage their children to sleep early enough so that their body and
mind would be in calm state. The body could be said to have an innate or natural ability that can
effectively manage stressors as a result of adequte sleep.

3. Students should also be encouraged to do their school work sequentially so that their
work would not pile up at the end of the term.

4. School administrators should organize seminars for students on stress management
periodically.

5. School administrator should also encourage the right teacher student ratio in the class.

Conclusion

This study has investigated common stressors found among students, the time of the term
students feel stressed most, perceived impact of stress on academic achievement and ways to
minimize or control stress among students. It has been revealed through the study that students
are stressed most at the end of the term, stress is perceived to have negative impact on academic
achievement. Also eating well, being optimist, having good relationship with family and friends
help to minimize or control stress.
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Abstract
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BBeanenue

[Tpobsiema 5BOTIOIUY YeJIOBEKA M YEJIOBEUECKOU ITUBUIN3AIUN SBJISETCA BEAYIENH BO BCEX
chepax HaydHOTO U procodckoro 3HaHuA. OT BApUAHTOB ee pelleHus 3aBUCUT Hallle HacToslee
u Oyaymiee. B mociieziHee BpeMsl B IICUXOJIOTUYECKOM U (pr10cohCKOM TyMaHUTAPHBIX TUCKypCax
HabJr0/1aeTcs YCTOUUUBBIA UHTEPEC K TEXHUYECKUM U UH>KeHEPHBIM JUCHUIUINHAM, CBA3AHHBIM C
KOHBEPIeHTHBbIMH, CeTeBbIMH U HH(POPMALMOHHBIMU TEXHOJIOTUAMY, (HOPMUPYIOIIUMU
HUCKYCCTBEHHYIO CpeZly JKU3HEJIeATEJIbHOCTH YeJOBeKa. YKJIOH B cdepy TEeXHOJIOTUH U
UHKEHEPHOTO TPy/la 00bACHAETCA 0KUJIJAaHNEM MOSBJIEHUs HOBBIX BO3MOKHOCTEN UeJI0BeYeCcTBa B
TOYKE TEXHOJIOTUYECKON CHHTYJAPHOCTU IIOATOTOBJIEHHOM pa3BUTHEM HACTOAIIEro HTama
TeXHOT€HHOU NMBWIM3AMM ¥ OJHOBPEMEHHO OIIACEeHUSAMH, CBA3AHHBIMU C BO3MOKHBIM
HETraTUBHBIM BJIMSTHUEM TEXHOJIOTUH Ha MCUXUYecKylo cdepy U 3/10pOBbe UesloBeka. Bmecre ¢ Tem
6a30BbIe MTPUHITUIIBI, JIEXKAII[Ee B OCHOBE TeEXHO-(QEeHOMEHA YeJI0BEKA, TEXHOHAYKH U TEXHOJIOTUH,
MPUBOJAIIYE K YHUKQAIbHBIM BO3MOKHOCTAM U€eJIOBEUYECTBA 1O IeJIeHANIPaBJIeHHOMY BIUSAHUIO Ha
MIPUPOAY U OOIIECTBO, M3YYEHBI HEIOCTATOYHO. MBI IO HACTOsAIIEe BpPeMs IIOXO MPEACTABIIsIEM
cebe TPUPOAY TBOPUECKOH W CO3UAATEIHLHOW AKTUBHOCTH U IPOAYKTUBHOCTH YeEJIOBEKA U
o0IecTBa B CO37JaHUM COBPEMEHHOI'O BapHUaHTa TEXHOTeHHOro Mwupa. IlombiTaemcs BOCIOJIHUTD
JIAaHHBIN TPO0eJ, UCIOJIb3ys IMOCTHEKJIACCUUECKUEe CUCTEMHBIE IIPEJICTABJIEHUS B IICHUXOJIOTUH,
CBA3aHHbIE, NPEXJe BCEero, ¢ CaMOOPTAHU3YIOIIMMHUCA CHUCTEMAMHU AayTOIO3TUYECKOTO THUIA, K
KOTODBIM TPAIUIMOHHO OTHOCATCS KUBble OPTaHU3MbI U COIIMAIbHAsA KOMMYHUKAIu [1, 2].

MaTrepuaJjbl 1 METOABI

OCHOBHBIM METO/IOM, UCIIOJIb30BAHHBIM B IAHHOU CTAaThe, MOCIYKUJI TEOPETUIECKUU aHAIN3
po6JIEMBI 3BOJIIONMHU YeJIOBEKA M IICUXHKH B YCJIOBUAX PAa3BUTHUs TEXHOTEHHOW CPEIbI C TOUKHU
3peHUs IMOCTHEKJIACCUYECKON ICUXOJOTUM OCHOBAHHOM HA IOJIOKEHUAX SIHCTEMOJIOTUYECKOTO
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KOHCTpyKTHBU3MA [3—5]. B pabore paccmaTpuBaioTcsi mpo6JieMbl CaMOOPTaHU3AIMUU U
(pYyHKIIMOHUPOBAHUA IICUXUKHU YeJIOBEKA B TEXHOTEHHOU cpejie.

JlaHa aBTOpcKas WHTepHpeTalnys BO3HUKAIONIMX B TEXHOTEHHOU cpeJle, 4YeJOBeKe U
oOIecTBe SBJIEHWH AayTOIMO3THUECKOH CaMOOPraHU3aIlid U OPUEHTHUPYIOIIHX MEKCHCTEMHBIX
B3auMoziericTBUi. [loKkazaH MeXaHU3M UX KOHCTPYHPYIOIIETO BJIUSAHHUA Ha Pa3BUTHE IVIOOATbHOU
TEXHOTEHHOU Cpe/ibl M 4esioBeKa. MICIob3yloTesl CUCTEMHBIE U METOJIOJIOTUYECKUEe IMOAXOAbl U
uJlen KOHCTPYKTUBU3Ma, U3JIOKeHHble B paborax B. M. ApmwunoBa, B.T. Bymanosa, ®. Bapersi,
JI.C. Bemrorckoro, ®. Kampsr, B.E. Kimouko, E.H. Kuaasesoit, C.II. Kypaiomosa,
B. A. Jlektopckoro, H. Jlymaua, ¥. Marypanbl, I. Pora, K. Iluaxke, B.C.Crénuna, X. ¢oH
®épcrepa, I'. XakkeHa u ap.

OOcy:kaeHue

C TOYKH 3peHHs KJIAaCCUYEeCKOW eCTEeCTBEHHOW HAyKH >KHBasg CHCTEMA 3TO JOBOJIBHO
CTpaHHas Belllb, CyTh KOTOPOI COCTOUT B IOSBJIEHUH IIOCJIE POKIAEHUSA CAMOIIOIEP;KUBAIOIIETOCS
IUKJIMYECKOTO TIporecca («BUXpsA CaMOOPraHU3aIMK»), BeIYyIIero K BO3HUKHOBEHUIO
CYIIIECTBYIOIIEN BO BpEMEHH U IIPOCTPAHCTBE GUKCUPOBAHHOHN OpraHU3aI[UH NCTOPUYECKOTO THUIIA,
MIPOSIBJIAIONIEN CBOMCTBA JMHAMUYECKOW CHCTEMBI C IIEPEMEHHBIMU CTPYKTYPOH, GYHKIIUAMU U
anmemenTtaMu. Takue cucrembl XauHl, (o Dépcrep (Heinz von Foerster) otHocmnm k
KUOepHETUUECKUM CHCTeMaM BTOpOTO Iopsaka (Habsomarompe cucrteMbl) [6], a YmOepTo
Martypana (H. Maturana) u ®pancucko Bapesa (F. Varela) — k ayromoatuueckum cucremam [7, 8].

CyTh CyllIeCTBOBAHHUs JAHHBIX CHCTEMHBIX O0Opa30BaHUM 3aKJIOYaeTcs B HEIPEPHIBHOM
PEKYPCHUBHOM IIpOIiecce CAaMOBOCITPOU3BEAEHHU TIelel (ceTell) mpoIeccoB MOPOK/IAIOIINX UX U UX
3JIEMEHTHI, HAa3bIBAEMOM ayTOI033UCOM («autopoiesis» — caMONOpOXK/IeHHEe, CaMOCOTBOPEHUE,
CaMOTIPOU3BOJICTBO).

[Ipu 5TOM BO3HHKAET CUCTEMHOE €TUHCTBO (ayTOIIO3THYECKAS CUCTEMA), CYIIECTBYIOIIEE KaK
pe3yJIbTaT HEMPEPHIBHOTO MUKJINYECKOTO U3MEHEHHS B 30HE CBOETO CYyIeCTBOBAHUS 3aMKHYTBIX
Ha TIOpOXKJeHue caMoe ce0s IIpOIeccOB Pas3IWyHOU (usndeckod, HHOOPMAIUOHHOU U
MEHTAITLHOU MPUPO/IBI.

MatypaHa u Bapesia onpefie/IfioT ayTOIO3THYECKYIO CUCTEMY CJIEIYIOIINM 00pPa3oM: — «3TO
CHUCTEMa OpraHHU30BaHHasA (ompezesieHa KaK €IWHCTBO) KaK CeTh IPOIIECCOB IPOU3BOJICTBA
(TpaHchopManuu U pas3pylleHHs1) KOMIIOHEHTOB, KOTOpPbIE ITPOU3BOAAT 3TH KOMIIOHEHTHI.
OnHOBpEMEHHO KOMIIOHEHTHI HMEIT CJIeaymIlnue xapakrepuctuku: (i) B 1mporecce
B3aWMOJIEHCTBUI U MMPEBPAIEHNH MEXKIY COO0 OHU MOCTOSHHO PEreHEPUPYIOT U PEATTU3YIOT CETh
mporieccoB (OTHOIEHHI), KoTopas uX co3zgana; u (i) oHM cocTaBiasloT ee (cucreMy) Kak
KOHKDETHOE CETEBOE €UHCTBO B IPOCTPAHCTBE, B KOTOPOM OHH (KOMIIOHEHTHI) CYIIECTBYIOT,
yKa3bIBasg Ha CHEIHMUKAIIUI0 TOIOJOTHYECKUX JIOMEHOB B €€ pean3allii B KauyecTBe TaKOU
cetu» [9].

BakHBIM I HAac CJIEACTBHEM ayTOINO33UCA SIBJISIETCS TIOSBJIEHHE U IPOSBJIEHUE
n30UpaTebHbIX, CEJIEKTUBHBIX CBOMCTB KUBOM CHCTEMBI [0 OTHOIIEHHUIO K cebe U Cpesie CBOero
cymiectBoBaHus. CucTeMa He MOJKET IPOIyCKaTh B 30HY CAMOOPTaHW3aI[Ud CBOUX BHYTPEHHUX
omepaluil Te BO3IEHCTBUS CPEbl, KOTOPbIE MOTYT IIPUBECTH K HAPYIIEHUIO ITUKJIOB ayTOII033HCA.
ITo TpUBeNeT K ee THOeNH. B CHly 3TOr0 BO3HUKAET MOHATHE ONEPAIMOHATBHON 3aMKHYTOCTU
ayTOIIO3THYECKUX CHUCTEM, B COOTBETCTBHU C KOTOPHIM B JJaHHBIX CHCTEMAaxX MOTYT CyIeCTBOBATh
JIVIIb TOJIBKO T€ OIlepaliiy, KOTOpbhle BEAYT K CAaMOBOIIPOU3BOJCTBY CHUCTEMBI M PACIITHPEHHIO
obJylacT ee cCyIIecTBOBaHUA. [lo 3TUM NpPUYMHAM ayTOIOITHYECKas CHCTeMa He pearupyer
HETIOCPE/ICTBEHHO Ha HecHelMUUecKyl0 aKTHBAIIMIO CO CTOPOHBI BHeIIHel cpenbl. Ee pa3Butue
OTIpeieIsieTCss MPENMYIIECTBEHHO BHYTPEHHUMU 3aKOHOMEPHOCTSAMH U MIPUYHHAMU, JIEKAIIUMU
BHYTPU CcHCTeMbl. Takas cucTeMa IIPEJICTaBJIseT CO0OI0 OTHOCHTEJIBHO W30JIMPOBAHHBIA OT
OKPY>KaIoIIel CpeIbl 10 Kay3aJIbHOU CTPYKTYpe (pparMeHT peayibHOCTH. BHEITHAS cpeja He MOKET
W3BHE OIpENeJUTh CBOHCTBA JAHHOH aBTOHOMHOM CHCTEMbBbI, IIpOpPBaTh €€ Kay3aJIbHYIO
HEIIPOHUIIAEMOCTH [10]. 3amMeTUM, 4TO OomepanmuoHaIbHASA 3aMKHYTOCTh HE O3HAYaeT WU3O0JISIHI0
CHCTEMBI OT CPEIbI, 8 TOBOPUT JIUIIH 00 0COOBIX OTHOIIIEHUSIX CUCTEMBI C OKPY?KAIOIINM MUPOM.

AyTOIIO3THYECKUN XapaKTep CUCTeMOTeHe3a U (GYHKIIMOHUPOBAHUSA KUBBIX OPTAHU3MOB, I10-
BUMMOMY, IIPOHU3BIBAET BCE YPOBHH CTPYKTYPHON OpTraHU3alMHU KUBOW MaTepuu (TOTasbHas
ayTOIO3TUYHOCTh). DTO BeAeT K IIOSABJIEHUIO y JKUBOTHBIX U 4YeJOBeKa (POPM ICUXHUYECKOTO
OTPaKEHUsI W pPearupoBaHWsA B BuAe WH(GOPMAIMOHHOTO AayTOMO3THYECKOTO IIPOIiecca,
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COIIPOBOKJIAEMOTO IIOSIBJIEHHEM MEHTAJIbHBIX MOHATUMHBIX CTPYKTYp U CYOBEeKTHBIX GOpM
OpraHu3aliy TPaHUI[ IICUXUYECKOTO, COXPAHAIOIINX OIEePAallMOHAJIBHYI0 W30JIMPOBAHHOCTD
cucTeMbl OT MUpa. Bo3HUKaeT BHYTpEHHUH CyOBEKTUBHBIN MUD KaK JAMHAMHYECKUN KOHCTPYKT,
BeQyIIUN K COXpAaHEHHIO OMOJIOTMYECKON U ICUXUYeCKON OpraHU3aliH YeJoBeKa B Cpesie ero
JKU3HeJIeATeIbHOCTU B paMKax II0BeJIeHUsA OPTaHU3yeMOro ¢ IO3UIIUM COXpaHeHUs JIMHUY KU3HU.
AyTomnossuc cyObeKTHOU KOMIIOHEHThI OPTaHM3Ma BeJIeT K CO3/aHUI0 U BBIOOPY KOHCTPYKTOB,
BEJIyIINX K IIPOJIOJIKEHUIO CYIIeCTBOBAHUS CHUCTEMBI BO BPEMEHH, MOPOKIAET CMBICT U IEJH
)ku3HU. TakuM o00pa3oM MOXKHO IIPEAIOJIOKUTh, YTO BO3HUKHOBEHHE CO3HAHUA U (popm
MeHTaJIbHOTO (MH(pOPMAIMOHHOTO) TO3HAHUSA U PearupoBaHus, OSABIEHNE CyOBEKTUBHOTO MUPA
SIBJIAIOTCA 3aKOHOMEPHBIM CJIEZICTBUEM ayTOIIOTUUYECKOTO XapakTepa (QYHKIIMOHUPOBAHUS BCEX
CHCTEM JKHUBOTO OpraHU3Ma.

Co3HaHUe 4YesIOBeKa TaK)Ke IPOsABJISAET Bce INPU3HAKU ayTONO3THUYECKON CHCTEMBI, U BCe
OCHOBHBIE €r0 CBOWCTBA MOTYT OBITh H3JIOKEHBI B TEPMUHAX AyTOIOSTUYECKOHN KOHIENIUU B
paMKaxX CHHepreTH4ecKUX MU KuOepHeTHYeCKUX IIpeJICTaBJIeHNN, KOTOpBbIE JIOBOJIBHO IIOJTHO
IIpe/ICTaBJIeHbl B HAyYHO-NIPAKTUYECKHUX OCHOBAHUAX GuIocoduu 3IHUCTEMOJIOTUYECKOTO
KOHCTPYKTHUBHU3MA [11, 12, 13]. AyTONO3THYECKOE CO3HAHWE WU30MPATESIbHO CO3/A€T U HCCIIENyeT
¢dusnueckue U colaabHble MUPBIL, TOPOXKJAsd B MEHTaJIbHOM IIPOCTPAHCTBE YesIOBeKa UX aHAJIOTU
B cyOBEKTUBHOU (doOpMe, UCIOJIB3ys B CBOEH KOHCTPYUPYEMOH JEHCTBUTETHHOCTU TOJIBKO T€ UX
aCIeKThI, KOTOPBIE MOTYT YCHJIUTH ayTOMIOATUYECKHE CBOMCTBA OPTaHU3MA.

Kpusoe 3epkaso ayromossuca ¢GopMUpyeT CyObeKTUBHBIN MHUp, CO/AEp:KaHUE KOTOPOTO He
OTpa’kaeT palMoHAJIBHO M OecrpucTpacTHO (0OBEKTUBHO) DU3WUYECKHN MHUpP, a HAIPABJIEHO Ha
CO3/laHWe U TPOJIOJDKEHWE HCTOPUM JeWCTBYIOIIEH JIMYHOCTH OITMCHIBAEMOU CYOBEKTOM U
¢dukcupyemoii B  ombiTe  OHWOJIOTUYECKOW  CHCTEMBbI. AHAJOTMYHO U  COIMAJIbHBIE
KOMMYHUKAIIHOHHBIE CUCTEMBI, OyZIyYH ayTOMMO3THIECKUMU I10 CBOEH CYTH, TAKIKe MUIILYT UCTOPUIO
o0I11ecTBa, BEAYT K YCUJIEHUIO BEKTOpA JKU3HH, BBICTYIAIOT B KAaYECTBE KAaTaJIM3aTOPa Pa3BUTHUS
YyeJIoBeueCKOU IUBIIN3AIUH.

BaxxHBIM  cjleICTBHEM — ayTONO33MCAa  KUBBIX OPraHU3MOB  fABJAETCA IPU3HAHUE
KOHCTPYUPYIOIIIETO XapaKTepa YeJOBEYECKOTO CO3HAHUA W IICUXUKHU [14, 15]. Ilcuxudeckoe
coZieprKaHue SBJAETCA LUKJINYECKU BOCHPOU3BOAAMIUM cebsf B cpelle MO3Ta JAWHAMUYECKUM
MEHTAJbHBIM KOHCTPYKTOM. B HeM oTpakamoTcs Bce TpaHM OIbITa CyObeKTa, Beaylue K
MOSBJIEHUIO, COXPAHEHUIO U Pa3BUTUIO JINUHOCTH, CTAHOBJIEHUIO WHJUBUAYAJIbHOCTU. YesloBek
KOHCTPYHUPYET MUP, KOHCTPYHUPYS ce0s1, 1 UMeET JeJI0 TOJIBKO C KOHCTPYUPYEMBIMU (pparMeHTamMu
peasibHOCTU. Bce UTO He KOHCTPYHpYeETCs, BBIXOAUT U3 cepbl HAIIEro MO3HAHUA U MTOHUMAaHUA.
VIMeHHO ¢ ayTOMO033WCOM HAIIUX MEXaHNU3MOB IIO3HAHUS MHpPA U CBSA3aHBI MPOOJIEMBI 0OyJeHUs
YeJiOBeKAa U B3aUMOINOHHMAaHUsA. YesoBeK, OyAydyd ayTONOITHYECKON CHCTEMOU, MOXKET
B3aMMO/IEHICTBOBATh C APYTHMH CHCTEMaMH TOJIPKO B HEPa3PYIIAIOIINX €ro ayTomod3uc (opmax
COZIEICTBUSA W B3aUMHON opueHTanuu. VIMEHHO B 3THX crmocobax M (opmax MeKCHUCTEMHBIX
HepaspylIaloIUX B3aUMOJENCTBUIN  OlpeiesiseMbIX U JIOIyCKAeMBbIX  AayTOIIO3TUYECKUM
XapaKTepoM CHCTEMHOM OpraHM3al[UM YeJIOBeKa U JIeKaT MeXaHU3Mbl ero BO3/IeUCTBUA Ha
MIPUPOAY, CKPBITHI MCTOKH TEXHOJIOTUUECKHUX BO3MOXKHOCTEH U MOTYIeCTBA YeIOBeUecTBa.
PaccmoTpuM 3T0 HEMHOTO TOAPOOHEE.

UesioBek B Ipollecce TPYAOBOU JIeSITEJIBHOCTH I1eJIeECO00pa3HO BO3JEUCTBYET HA TPHUPOLY,
U3MeHAA DU 3TOM OJHOBPEMEHHO ayTOIO3TUUECKUU MUP CBOEH JEeHCTBUTEIBHOCTU U CTOSAIIYIO
3a HUM (Qusnueckyto (60 WHYIO [JPYIyI0) peaJbHOCTh. 3aMeTHUM, UTO ueJioBeuecKas
JIeATEJIbHOCTh TakKe (PYHKIHMOHUPYET B paMKaXx HW B BUJe IMOJJIEP>KUBAIOIIETO cebs
ayTOTIO3THYECKOTO Tpoliecca. AyTOIMOATUYECKUN XapaKTeP UYeJIOBEUECKOH IeATEJIbHOCTH U ee
pe3yJibTaTa — MUpA JIEHCTBUTEIPHOCTH, 00yCIaBJINBAET UX HECTYUaHHBIH XapakTep. MbI )KUBEM B
CTPOTO OpPraHM30BaHHOM M OpPraHU3yeMOM HaMU U TEXHOJIOTHeH wmupe. Mup Hairen
JIEUCTBUTEILHOCTH KOHCTPYUPYETCA U OPTaHU3YeTCsA I0 3aKOHAM, O0eCHeYMBAIONIAM Halle
CaMOBOCIIPOH3BeZIEHNE U CyllecTBOBaHUE. CIIeZICTBUEM H3JI0KEHHOTO MOJKET OBITh BBIBOJ O TOM,
4yTo JII00OBle U3MEHEHHUs B MUPe Hallel JelCTBUTEJIbHOCTH, BO3HUKAIOIUE B CIJIy AaKTHBHOCTH
JIEUCTBYIOIETO CyOBEKTa, M COIPOBOXKJIAMOIINE WX U3MeHEeHHsA (U3NUEeCKOH peaslbHOCTH,
OTPQKAIOT TMPOIECChl KOABOIIOIHUHN AyTOMOITHYECKUX CHUCTEM, KOHCTPYUPYEMBIX HAIINM
CO3HAHUEM U BOIUIOIIEHHBIX B KU3Hb C MOMOIIBIO TeXHOJIOTUH. OHU IPEJICTABIEHBI CyOBEKTY
HENOCPEZICTBEHHO B O0BEeKTHOU (OOBEKTHBHOU) (opMe ¢ peayibHO OTPpaKaeMbIMU B HUX
ayTONO3THYECKU CONPS?)KEHHBIMHU 3JIEMEHTAMH 00bEKTUBHOTO (KOHCTPYHUPYEMOI'0) MUPA.
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W3 aToro ciemyer, 4TO YeJIOBEK HE MOXKET CBOOOIHO BO3AEHCTBOBATh HA DU3UUECKUN MHUD,
MPOU3BOJIBHO HU3MeHss ero. KoHcTpyupymooiias, TBOpUYecKas aKTUBHOCTh IOPOXKIAET TOJIbKO
CUCTEMBI, TOJJEP>KUBAIOIIINE ayTOIOI3UC OpraHM3Ma U IICUXUKU. TexXHOreHHas cpefla, Kak
MPOAYKT JesATeJIbHOCTH UYeJIOBeKa, TakKUM o0pa3oM, Bcerga OTpakaeT B cebe pe3ysIbTaThl
KOHCTPYHPYIOIIETO U MPeoOpasyIolero MUp OIbITa YesjoBeka. OHa COAEPIKUT B CBOUX ITPOIYKTaX
BOIUIOIIIEHHBIE B HUX CHCTEMHbBIE CBOMCTBA, MO3BOJIAIONINE HCIIOJIH30BaTh UX B JIAJIbHEHIIIEM B
KayecTBe UCKYCCTBEHHBIX 3JIEMEHTOB JIJII KOHCTPYUPOBAHUSA HOBBIX CHCTEMHBIX ayTOMOITUUECKUX
eIUHCTB  0OoJjlee  BBICOKOTO  TOPSIIKA,  TOJJIEP’KUBATh  IIPOIECCH  AyTOIMO3TUYECKOUH
camoopranusanuu. Co3gaHne UCKyCCTBEHHOTO MUPa, 0 KOTOPOM TaK MHOTO TOBOPST B IOCJIE/HEE
BpeMsI B CBSI3U C TOTAJILHBIM IPOHUKHOBEHUEM TEXHUKH U TEXHOJIOTHUHU B JKU3Hb UEJIOBEKA, B CBOEH
OCHOBE TaK)Ke CBA3aHO C IIPOSBJIEHUEM KOHCTPYHPYIOIIMX CIIOCOOHOCTEH desI0BeKa,
MIPOHU3BIBAIOIIUX BCE YPOBHH €r0 MCUXUUECKOH opranu3anuu. CriocoOGHOCTh K KOHCTPYHUPOBAHHUIO,
U3MEHEHUI0 B HY)KHOM HampaBJIeHUH OOBEKTOB U MHpPa JIEUCTBUTEJILHOCTH SIBJISIETCS
MPOJIOJIPKEHHUEM ayTOIIOITHYECKON OpraHU3aIluy YejloBeKa, KOTOPBIH, U3MEHS MUP, BBOJIUT €T0 B
TPaHUIIBI CBOETO ayTON033uca. MIHKeHepHas /eTeIbHOCTh B CUCTEMHOM IIP€EJICTaBJIEHUU COCTOUT
B CO3/IaHUHM 3JIEMEHTOB IOJIJIEPKUBAIOIUX IENTA CAMOBOCIIPOU3BO/ICTBA II00AIBHOTO CHCTEMHOTO
OpraHU3Ma, BKJIIOUAIONIETO TexHOoOuochepy MIaHeThl 3eMJisd. ATU 3JIEMEHTHI, MIPE/ICTaBIEHHbIE B
BUJIe IPOAYKTOB, apTedaKTOB U TEXHOJIOTUH, 00J1a/Ial0T YHUKAJIbHBIMH €IMHUYHBIMU CBOUCTBAMU,
SIBJISISICH OTPayKEHHEM IIPOIECCOB CAMOOPTaHU3AIIUH X CO3/IaTeseH.

CriocoOHOCTh K IOPOKAEHUIO TOJBKO AyTOIMO3THYECKUX ITPOIECCOB U CHCTEM ITpUCYIIast
YeJIOBEKYy W JIelKalllasd B OCHOBE WHIKEHEPHOU JeATEJTbHOCTU, He CTOJIb 0e300uHasi BEIb Kak
MO’KET MOKa3aThCsd Ha TMEPBBIA B3IVIsAA. HOBBIe ayTONOATHYECKHE CHUCTEMBI B IIPOIIECCE CBOEU
SBOJIIOIMY W CAMOOPTaHU3AIlMH MOTYT paboTaTh B paMKaX COOCTBEHHBIX BHYTPEHHUX OITMCAHUU,
co3faBasi HekomMGOpTHBIE, a IIOPOI0 OIlACHbIE YCJOBHA I CyIIeCTBOBAHUSA UYeJIOBEKa.
HoBas cucreMHasi CyIIHOCTh MOXKET HCIIOJIb30BaTh UeJOBeKa KAaK PacXOJHbIM BJIEMEHT B IENH
MPOIIECCOB CBOET0 CAMOBOCIIPOU3BEIEHUS, ITOCTYIIAsA C HUM B JIOTUKE ayTOI033MCa, KOTOPasi MOKET
COBCEM HE COOTBETCTBOBATH MOPAJIHHBIM M 3THYECKUM BO33PEHUAM YeIOoBeuecTBa. 3aMETHUM, UTO
HAIlld BO3MOXKHOCTU BJIMSIHHS Ha IPOIECCHl AyTONO33HUCA JOBOJBHO OTPAHUYEHBI. YIIPABJIATH
caMOOpraHu3amyed Herocpe/CTBEHHO HEBO3MOXKHO, TaK KaK 3TO BBI30BET K JKU3HU 3al[UTHHIE
MeXaHU3Mbl CHCTEMbBbI, OTPAaHUYHUBAIOIINE BHEIIHEE BMEIIATEJIbCTBO. MOMKHO  TOJIBKO
OPUEHTUPOBATh KOHCTPYHPYIOIIME MEXaHU3Mbl CHCTEM C IEJIbI0 IOJIydeHUsA TpebyemMoro
noBezieHus1. [IpuMepoM JIeCTPYKTUBHOTO BJIMSIHUSI Ha YeJIOBeKAa MEXaHW3MOB ayTOII033HCa MOTYT
OBITH HEOJIHOKPATHO ONHCAaHHBbIE cUCTeMHBIE 3(@EKThl, BO3HUKAWIIUE B ceTH IHTepHET B
pesyJibTaTe JAeUCTBUSA KOMMYHUKAIIMU, ITPOSBJIAIONIER CBOMCTBA COITUMAJIBHOM ayTOIO3THYECKOH
cucreMel [16].

OCHOBHBIM MEXaHHU3MOM, JIEXKAIIIMM B OCHOBE KOHCTPYHPYIOIINX BO3MOKHOCTEH YeJIOBEKa,
sBisercss cos3HaHwe. Ilo wmHenuro E.H. K#sA3eBoll  «co3HaHme —  3MepKeHTHas,
CJI0KHOOPTaHU30BaHHAs M aBTOHOMHAs CETh BJIEMEHTOB» [12, €. 55], KOTOpas MOPOKJAaeT KBana
B BHUJI€ YYBCTBEHHBIX M MEHTAJIBHBIX 00Pa30B, OMUCHIBAIOIINX KOHCTPYUPYIOIIUH OIBIT YEJTOBEKA.
IIporeccyl caMoopraHu3ald CO3HAHUA OXBATBIBAIOT U YBA3BIBAIOT BOEJUHO MO3T UeJOBEKAa, €TO
TeJIO U OKpyKeHHe. VX mosiBJleHHe CBSI3aHO C BO3HUKHOBEHHEM «IIETENb ITUKIUYECKOU
MIPUYUHHOCTU», B KOTOPBIX IMPOSBJISIETCS CaMOJIOCTPAaUBaHUE CHUCTEMbI, CO3/JaHHE Pean3yeMOoTro
obpaza Oyxmyimiero. Bo3HUWKamoIUe W PACTBOPSIOIINECS B CO3HAHUM BapUAHTHI OY/IyIIEro
MPOSIBJIAIOTCS B TBOPYECTBE, MBINIEHUHU U (paHTa3UAX desoBeka. OTpaHUIUTEISIMU CIIOHTAHHOU
aKTUBHOCTU CO3HAHUS, BEAYIIUMH K BHIOODY (PUHAIBHOTO Pe3yJIbTaTa, SIBJASIOTCA MeXaHU3MbI
penyKnuu [17], KOTOphIE CO3/Ial0T WJLIIO3UI0 Pas3JieJIbHOTO CYII[eCTBOBAHHs UeJIOBEKAa U MHPA,
KOTOPBIA IIpeJICTaBjeH CyObEeKTy B BHJe HE3aBHUCAIIEH OT HEro «0O0bEKTHBHOU PeayTbHOCTH».
Bo3HuKaeT BOBMOKHOCTh IIPOBEPKU «COOTBETCTBUS» MOJEEH CO3HAHUSA 00BEKTUBHOMY MUPY, B
Ipollecce KOTOpPOH OTOWparwTcss HauboJsiee aJeKBaTHble C TOYKH 3PeHHsA obecredeHus
JKU3HECTIOCOOHOCTH BAPUAHTHI.

Jlrobas ayTomosTHUYecKass CHCTeMa CO3/IaeT B IIPOIlECCe CBOEH JKUBHENEATETHLHOCTU
HWCKYCCTBEHHYIO Cpely, IMOPOXKAIIIYI0 ayTOIMOITHYECKHUe eJUHCTBA 0oJiee BBICOKOTO YPOBHS,
KOTOpbIE TIOCJIe POXKEHNS HAaUMHAIOT BKJIIOYATDH B IUKJIBI CBOET0 KOHCTUTYUPOBAHUS 3JIEMEHTHI
MPEAbIAYIUX CHUCTEM, peaqu3ys OOIUH BEKTOp NPOAODKeHWsA Ku3Hu. Crenudukron
COBPEMEHHOTO TEXHOJIOTUYECKOTO STala PpPa3BUTHUS YeJIOBEYECKOW ITMBUINU3AIUM SBJISIETCS
WHTEHCUBHBIA POCT TEXHOTE€HHOU CpEJIbl U IMOSIBJIEHUE MEPBBIX MPU3HAKOB €€ CAaMOOPTraHU3aIlHH.
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Ocobyio poJsib B BO3HUKAIOIIEM €IMHCTBE YeJIOBEKA U TEXHOJOTMU HWrPaeT KOMMYHHKAIWA,
OIIpeZesIAONIasl MIPOIECChl MEKCUCTEMHBIX OPHUEHTAIUH U CONPSKEHUN YesIoBeKa M CUCTEMHBIX
5JIEMEHTOB BKJIIOYAEMBIX B II€IIH OTHOIIIEHUH.

Bynyuyn ayTomoaTHuecKOW CHCTEMOU YeJIOBEeK CYIIeCTBYeT B HepPa3phIBHOM IIpoOIleCce
CTPYKTYPHOTO COIIPS?KEHUS CO CPEIOU CBOErO CYIIeCTBOBAHUSA, KOTOPAs /10 IOCTIETHETO BPEMEHN
ObLIa TOJBKO HMCTOYHUKOM HYKHBIX JIJIs CAaMOBOCIIPOM3BOZICTBA M CYIIECTBOBAHUS OpraHU3Ma
BelecTB U nHQOpMaIuu.

[TosBieHMe Ha IUIaHETe 3eMJIs UCKYCCTBEHHOU TEXHOTEHHOU Cpeflbl ¢ HEPBHON CHCTEMOU U
MO3TOM B BH/Ie ceTU VIHTEpHET COIPOBOKAAETCS MPOIeCCaMU ee OPTaHU3alNU U 3BOJIIOINH,
MpeBpAIeHNEM B HOBYIO ayTOIIO3THYECKYIO CHCTEMY IJIAaHETAPHOTO Maciitaba — TexHobuos [12], B
obecrieueHnu TMpolecca (PYHKIHMOHUPOBAHUA KOTOPOTO YYaCTBYIOT BCE JKUTENH IUJIAHETHl Kak
[I0JTb30BATENIH, BCTYIAION[NE B KOMMYHHUKAIIUIO C CEThI0. AKTUBHBIM OPTaHU3YIOIIUM (PaKToOpoM
9TOro 0Opa30oBaHUs ABJAETCA NUKINYecKas peKypcuBHasg KOMMYHHKANUsA B WHGOPMAIMOHHO-
KOMMYHUKAIIHUOHHOHN cpefie ceT VIHTepHET, a HCIIOJHUTEIbHBIMU 3JIEMEHTAMHU — YeJIOBEK U
yIIpaBJisieMble TIOCPEJICTBOM U C TOMOIIBI0 KOMITBIOTEPHBIX TEXHOJIOTHUH MAalTUHBI 1 MEXaHU3MBI.

TexHOOMO/ CTAHOBUTCS CAMOCTOSITEJIBHBIM CHCTEMHBIM OOBEKTOM, B KOTOPOM DOJIb
VH/IUBUYAJIbHOTO YeJIOBEUECKOT0 pasyMa IIOCTENEHHO YXOAUT Ha BTOpPOH IutaH. YesoBek
OTHE/sAeTCS OT TPHUPOABI, CTAHOBUTCA SJIEMEHTOM 5BOJIIOIMOHUPYIONIETO HCKYCCTBEHHOTO
TeXHOreHHOTo Mupa. OMHOBPEMEHHO HAOJIIOAETCS U HAYaJI0 aKTHUBHOTO ITPOIECCa BHEAPEHUS B
YeJIOBEUECKOe TeJIO TEXHOJIOTUH MOANDUIUPYIONINX YeIOBEUECKU OPTaHU3M, CBA3BIBAIOIIUX €T0
C CUCTEMaMU MOHUTOPHWHTA M KOHTPOJIA. MHAWBUAyasTbHOE MOBEJEHNE W aKTHBHOCTH UeJIOBEKA
TEPSIOT OIpeJesIAollee 3HAUeHNe /IS MIPOIECCOB Pa3BUTHUA TexHOOMOAa. YesoBeK CTaHOBUTCA
PeryJupyeMbIM U PETYIUPYIOIINM 3JIEMEHTOM HOBOTO IJIAHETAPHOTO CUCTEMHOTO eInHCTBA [18].

PasBuTHe CyIECTBYIOIUX W TIOSBJIEHHE HOBBIX KOMIIBIOTEPHBIX U WH(MOPMAITTOHHBIX
TEXHOJIOTUH, HCIOJIB3YIOIIUX CeTeBble TEXHOJIOTUM U CETEBOE COZEpPKAHHE, CO3JAI0T Oasuc s
SBOJIIOIIUU TexHOOWoma. K HUM OTHOCATCSA TEXHOJIOTUH, OIMChIBaeMble B TepMmuHax NBICS-
KOHBEPTeHIIUH [19] U MHUPOKUN KOMIUIEKC T7100aJIbHBIX PUKJIAHBIX WHXKEHEPHBIX JUCIUIUINH U
MMPOEKTOB — «IIPOMBINUIEHHbIH HWHTepHeT» (industrial Internet) [20], «kubep-dusuueckue
cucrembl» (Cyber-physical Systems) [21], «IIpOMBIIIZIEHHOCTD 4.0» [22], «yMHBIH JOM», «yMHBIHA
ropon» [23], «padymHas cpema» [24], «MyabTUMOAAIbHbIE HHTEPHENCHI» [25], «<UMMeEPCHUBHBIE
cpenpl, UWHTEPdENCH U TEXHOJOTHU» [14], «TEXHOJOTHMH PaJU0YaCTOTHOU TOTAIHLHOU
nnentudpukanuu (RFID)» [26], «padymHasa maTepus» [27], MOMyJIsIDHBIA HBIHE B WHKEHEPHOU
cpefie «MHTEepHeT Bemel» [28] u T. 7.

Bce nmepeuncieHHOe oTpaXkaeT B3phIBOOOPA3HO PA3BUBAIOIIYIOCA TEHAEHIHNIO K TOTAIbHOMY
OXBaTy BCEIMPOHUKAIIINMH KOMIIBIOTEDHBIMHM CHCTEMAMU U TEXHOJIOTHUSIMU KOHTDPOJIA U
ynpaBjieHHs Bcex cdep | Cpel CYIIeCTBOBAaHUS U IKU3HENEATEJTbHOCTH YeJIOBeKa IIpHU
O/THOBPEMEHHOM TIOBBIIIIEHWN AaBTOHOMHOCTH ¥ HE3aBHCHMOCTH OT 4YeJOBeKa CcaMOU
HCKYCCTBEHHOU TeXHH4ecKoU cpenbl. Tak, Hanpumep, M. W. Maier npepsaraer apxuTeKTypHbIE
MPUHIUIBI CO37aHUA Kubep Pu3nuecKuxX CHCTEM OCHOBAHHBIX HA 5BOJIIOIMOHHBIX MPUHIUIIAX
pa3BUTHA [29] BKIIOYAIOIIHX IMATH KJIIOYEBBIX XaPAKTEPUCTUK:

— He3aBHUCUMOCTb QYHKIIMOHUPOBAHUSA KOMIIOHEHTOB CUCTEMBI;

— YIIpaBJIeHYeCKYI0 HE3aBUCUMOCTh KOMIIOHEHTOB CUCTEMBI;

— reorpauuecKkyo pacrpe/ieJIeHHOCTb;

— pa3BUBaIOIeecs NOBeIEHUE;

— BBOJIIOIIHOHUPYIOIIHE IIPOIECChl PA3BUTHA.

B o0630pe B. A. BopoauHa mpencTaBIeHO OMMCAHHWE TEXHOJIOTUYECKOro 06asmca WHTEPHETa
Bemer (Internet of Things — 10T) 1 comyTCTBYIOIITUX €My TEXHOJIOTHUNA «OOJIAYHBIX» U «TYMaHHBIX»
BBIYHCJIEHUH, OTPAKAIOIIUX SBOJIIOIUI HWH(GOPMAIMOHHO-CETEBBIX U KOMMYHHKAIMOHHBIX
TexHosioru#l [28]. OcCHOBHBIMU NpPOOJEMaMHU, IO MHEHHUIO aBTOPA, SABJIAIOTCA <«TEXHHUYECKHE
pobJieMBbl Iepexojia Ha MpPoToKoJ IPv6, mpobsiembl KnubepOe30ImacHOCTH, OTCYTCTBHE CTAH/IAPTOB
obOecreynBaOIUX 3alIUTy JIMYHOM WHGOpMAIUU, VIIpaBJI€HUE YCTPOUCTBAMU CETEBOTO
TIOZIKJTIOUEHUS U BOIIPOCHI 3JIEKTPOTTUTAHUS JATIUKOB» [28, c. 181].

BmecTte ¢ Tem ciefyeT 3aMeTHTh, UTO 3TO JJIEKO HE CaMO€ BAa)KHOE B TAKUX CJIOXKHBIX
cucTemMax, 00JaJal0INX MOTEHIIMAJIOM U BO3MOXKHOCTSMH ayTOMO3TUYECKOU CaMOOpPTaHU3AI[UM.
[Ipo6GsieMbl CKpBITOTO YIpaBJ€HUS U BEPOSATHOCTh NOABJIEHUS 3(PDEKTOB AeCTPYKTUBHON
IUKJINYECKON CaMOOPTAaHU3AIUN B COIMMOTEXHUUYECKUX CHCTEMax ¢ aOCOJIIOTHON MaMAThIO Oosiee
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CEPbE3HbI M OIIaCHbI, YEM TEXHHUYECKAA pea/sin3aliid TOTAJIbHO-CBA3aHHOI'O MHUpPaA. Cucrema c
abCcoJIIOTHOM IIaMATbIO, 3JIEMEHTOM KOTOpOfI CTaHOBUTCA MHTEPHET Bemeﬁ, CO3Ja€T yCJI0BUA JIA
II0ABJICHHUA OIIACHBIX JJIA O6H.[€CTBa M YeJIOBEKA COCTOSIHUI TEXHOC(I)epr. BakHBIM 3JIEMEHTOM B
OTHOIIIEHUSAX ¢ TEXHOTEHHOU CpeHOﬁ CTAaHOBUTCA peayin3anvd IIPUHOUIIA ITPEJOCTOPOXKHOCTHU [30,
31], B COOTBETCTBUU C KOTOPBIM HEO6XOILI/IM KOHTPOJIb 3a TEXHOJIOTUAMU B IIPOLECCE UX PA3BUTHUA C
OEJJIbIO OII€EHKH UX COOTBETCTBUA IIOJIOKEHHNUAM TEXHO U OMO2TUKH.

3akIIoueHue

Pa3BuTHEe TEXHOTEHHOTO 3Tama SBOJIIOIUK YeJOBEUECKOH IUBMIM3AIUKU TECHO CBA3AHO C
TOTQJIBHBIM ayTOIOATUUYECKUM XapaKTEPOM CO3U/IATEILHOU JIEATEIHbHOCTH YeJIOBEKA, BEAYIIUM K
CO3ZIJaHUI0 OPTraHMU30BAaHHOU HBOJIIOIMOHUPYIOMIEN TEXHUYECKON Cpenbl, IpuoOpeTaromnei
CBOMCTBA CAMOOPTaHU3YIOIIETOCS eJUHCTBA — TEXHOOMO/1a, IEHUCTBYIONIEro KaK eIUHBIN OPraHu3M,
BKJIIOUAIOITUH 3JIEMEHThI HEOMOJIOTMYECKOH MPHUPO/Ibl. Bo3HUKalOIie B HEM I[eIH OTHOIIIEHHUH, B
CWIy WX CaMOOPTAaHU3YIOIIEroCcs XapakKTepa, YCKOJIb3aI0T OT HEMOCPEJACTBEHHOTO KOHTPOJIS
co3jiaTesiel, YTO MOKeT IIPUBOAUTh K HETATUBHBIM 110 OTHOIIIEHHIO K YeJIOBEKY (IpyIIiaM JIroei)
addexram. 3amaya ryMaHUTAPHOTO 3HAHUS B HACTOSIIMH MOMEHT COCTOHUT B HEOOXOJMMOCTH
TIIATEJIPHOTO  aHaJIu3a W HaydyHO-Gmwiocopckoil  pediieKCUU  CHUCTEMHBIX  KauyecTB
3apOXKAAIOIIErocss Ha HAIKMX IJ1a3aX TeXHOOMOTUUYECKOTO 3Tara YeJOBEUYEeCKOU ITUBUIM3AIUHA U
omocdepsr 3eMutH.

Tpebyercs TpoBe/IeHNE DKCIIEPTU3HI TJIO0ATBHBIX MTOCIIE/ICTBUN N3MEHEHHUH, BO3ZHUKAIOIIUX
B TEXHOTEHHOU cpejie, 0COOEHHO B ee MHTeP(MENCHBIX 3JIeMEHTaX, 00eCIeunBaIOIINX ITPOIECCHI
MEKCHCTEMHBIX OTHOIIIEHWH W WHTErpamyio 4dejoBeKa B TEXHOOHOTHUYECcKyio cpeay. OcolOyio
Ba’KHOCTh B CBSI3W C TPOSIBJIEHMEM OITMCAHHOTO BBIIIE 3(P@deKTa TOTATLHOU ayTOMOITHYHOCTU
mpuoOpeTaeT M3ydyeHHe IPOIeccoB (POPMUPOBAHUsSA KYJIBTYPHBIX Cp€Jl, BOSHHKAIOIINX B PaMKax
BHYTPHUCETEBBIX  KOMMYHUKaInuil. VIMeHHO  37lecb  BaXHO  BBIJIEJINTD U OIEHUTH
CUCTEMOOOpa3ywIue MUKIUYECKHE IPOIlecChl KOMMYHUKAIIUM, WX OIepaIllMOHAJIbHBIA COCTaB,
bopmupyomul AUCKypCHbIE TI0JISI, OIPEAEAIONINE CUCTEMHBIE CBOMCTBA BO3HHUKAIOIINX
COITMATbHBIX TPYTII U UX YJIEHOB.
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AnHoTtamusA. CtaThs MOCBsIeHa TpobJieMe KO3BOIOINN TEXHOTEHHOU CPeJIbl, YeJloBeKa U
conuyMa. PaccmarpuBaercst BIMSTHHE Ha YeJIOBEKa U OOIIECTBO HOBBIX HH(POPMAIIMOHHO-CETEBBIX
TexHOJIOTUHA. TloKas3aHO BO3HUKHOBEHHE TEXHOOHMOTHUECKOIO 3TAala SBOJIOIUU YeJIOBEYeCKOH
[IUBIJIN3AIAH.
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Abstract

The Drama Theory is an important branch of game theory invented by an English
mathematician Nigel Howard (1934—2004). The study was done to find a rational conflict
resolution strategy in the early 9os of the last century. Unfortunately, N. Howard didn't manage to
finish his work; the theoretical part of his Drama Theory requires further logical-mathematical
modernization and development. The article is the first step in this direction, which features the
logical structure of Drama Theory and new theorems have reapproved its basic theorems.

Keywords: drama theory; dilemma; conflict resolution; formalization; proof.

BBenenue

B usBectHolUl pabore Confrontation Analysis. How to Win Operations Other than War
Haiipken XoBapy mpeicTaBWil JIeTAIbHOE MaTEMaTUYECKOe JI0KA3aTeIhCTBO OCHOBHBIX TEOpPEM
Teopuu Ipamst (T/]) [1]. C 3To¥ 11€71b10 OH HCITOJIb30BAJ SI3bIK TeOpUH MHOKecTB. OyHako T/] He
SIBJISIETCSA CAMOJIOCTAaTOYHOU TeOpHel aHaiu3a M paspelieHus KOHQPIUKTOB HU (HOPMAJIBHO, HU
KOHIIENTyJIbHO. B  yacTHOoCcTHM, 3Ta Teopwsi He BKJIIOYaeT Takue (yHZaMeHTaIbHbIE
KOH(JIUKTOJIOTUYECKE KOHCTPYKTHI, KaK IMOHATHSA KOHQJIMKTA, CHHEpPrM3Ma U aHTaroHU3Ma.
B aToii cBA3M mpescTaBiisieT 6e3ycJ0BHBIA MHTepec 00o0menune T/ B TepmuHax 6osee 6oraroi
Teopun. Iy Takoro o0oOIieHuss Tpebyercsi Gojiee YHUBEPCAJIBHBIN S3BIK, YeM SI3BIK TEOPUHU
MHOKECTB, BKJIIOUAIOIIUN Tak)Ke S3bIKM JIOTMKM W Teopuu rpadoB. B mpejjaraemoii craThe
OCHOBHBbIE TeopeMbl T/] dopMasn3yoTcs B TepMHHAX JIOTMKHA BBICKAa3bIBAaHWH. TakoW Mmoaxo
MI03BOJISIET YBEJIMYUTD YUCJIO OCHOBHBIX TeopeM T/] u GoJiee TIOJTHO PACKPBITh €€ MOTEHIUAN KaK
HCCJIEZIOBATEIbCKOM TPOrpaMMbl. B KauecTBe TEOPETUUYECKOTO OCHOBAHUS IPEAJIaraeMoro
060011IeHUsI UCTIOJIB3YETCSI ABTOPCKAs eANHAsA TEOPUS aHAIN3A U pa3pelleHus KOHQINKTOB [2; 3;
4; 5; 6; 7; 8; 9; 10; 11]. JIuuHocT M TBOpUecTBY Ipodeccopa Haimkena XoBap/ia mocBsineHa
crenuasibHas pabora [12].

I'maBHBIE onipeae/ieHUA, TEOPEMbI U JOKa3aTe/IbCTBA

Hatiken XoBapa copMyTupoBas 10Ka3aTEIbCTBO OCHOBHBIX TeopeM T/ B sI3bIKE TEOPHUU
MHOKecTB. OJTHAaKO 3TO He eJWHCTBEHHAas BO3MOXKHOCTb IIOCTPOEHHS JOKA3aTeJbCTB B 00JIACTH
aHaJu3a U pa3pelieHus KOHGINKTOB. MOKHO TaK»Ke MCII0JIb30BaTh SA3bIK JIOTUKU BbICKA3bIBAHUU
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u Teopun rpados. I[locienHre BO3MOKHOCTH OCOOEHHO YAOOHBI TOTZA, KOTAA HeOoOXOAMMO
OJTHOBPEMEHHO IPUMEHATH Pa3HbIe UCCIIE/I0BATETBCKIE METOBL.

Huxe popmynupyercs pparmeHT sorunyeckoit dopmanusanun 7/] B BIjie CaMOCTOSATETBHOMN
YacTU eMHON TeopUM aHayju3a U paspelneHus KoHGaukToB. Obcyxaenue T/] niad IpOCTOTHI
dopmManuzanyy  OrpaHUYEHO TPYNIONH, COCTOAIIEH TOYHO U3 JBYX TepOeB JIpaMbl,
CUMBOJIN3UPYeMbIX OykBamMu A u B (repoéi apambl — ydacTHHK KoHGiukra). O000IeHue
OTIpe/ieJIEHUH U TeOpeM Ha OOJIbIIIEe YKCIIO TEPOEB APaMBbl He MIPECTABIISAET HUKAKHUX JJOTUYECKUX
TPYZIHOCTEM.

OnHO U3 OCHOBHBIX YTBep:KJeHHH T/[ COCTOUT B TOM, YTO JJI UCCIAEAOBAHUA JUHAMUKU
KOHGJIMKTa He 00s53aTeJIbHO aHAJIU3WPOBATh BCe €ro BO3MOXKHbIE creHapuu (mcxonap). Kak
noctyiaupoBas Haiimken XoBapa, Bea HeoOxoaumass mHGpoOpManusa 0 KOHQIINKTE COJEPKUTCS B
MIO3UIUAX, 3aHUMaeMbIX repossMH KoHpumkTa. [1o corsameHuio, MO3UIMU TepoeB KOH(IINKTA,
HasbIBaemoro B T/] rpaMoii, MpUHATO JETUTh HA IBA BU/IA — OCHOBHBIE U 3allacHbIE.

Onpeaenenusn Teopuu /IpaMbl

Onpepaeneld @GorogHas no3uyus eepos dpamvl obo3Hauaem ez2o0 AuvHoe BudeHue
cnocoba peweHus KOHPAUKMA; OHA 8KAOHAem 8ce Oellcmeus, KOmopbvle Kak cam 2epotl, max u
€20 conepHuUKuU 00s3yromes cogepwums (WU He cogepuums), Umobdbl 00CMUSHYMb Henaemo20
peweHus.

JIJ1s1 IPOCTOTHI JIOIYCTHM, UTO CHMBOJIBI A M B 0003HAYalOT HE TOJIBKO T'E€POEB, HO U WX
OCHOBHBIE TIO3UIUU Takke. Eciu Ga3ucHBbIE MO3UIIMU ABYX M 0oJjiee TEPOEB COBMAJAIOT, TOT/AA
BO3HUKAeT O0beAUHEHHas IO3UIHs; B IMPOTHBHOM CJIydyae Tepou MPHUAEPKUBAIOTCA Pa3HbBIX
no3uruii. ITycth KOHBIOHKIUS A&B 0603HavaeT enHYI0 (00IIyI0) MO3UITUIO TepoeB A u B.

Onpepened iBenachas nosuuyus tx, X = A, B,..., eepos X cozdaemcsi memu
delicmeusmu, Komopvle OH cobupaemcs 8binoAHUMb (WU He 8bINOAHUMD) 8 MOM cAyUae, ecau
e20 0CHO8HAas no3uyus He bydem npuHama opyaumu 2eposimu Opambl.

Kak mpasuiio, repou paMbl aHOHCUPYIOT CBOU 3allacHble ITO3UIIMU B BUJlE CAaHKIUH (Yyrpo3s),
KOTOpblE OHHM HaMepeBalOTCS MPUMEHHTh, €CJIU UX OCHOBHBIE TO3UIUU He OyAyT NPUHSATHI
JpyruMu TepossMmu. OCHOBHOE Ha3HaueHHE 3allaCHOM IO3UIIUU TePOS COCTOUT B TOM, YTOOBI
OKa3aTh JaBJIEHUE Ha JPYTHX F€POEB C IEJIbI0 MPUHATHS €0 OCHOBHOU 1o3uIluK. OOBIYHO, HO HE
BCer/ia 3allacHas MO3UIUs Teposi HauMeHee MPEeAIIOYUTAeMbIN UCXO0/ B BEKTOPaX IPEeAIIOYTEHNH
€ro COTIEPHUKOB.

ITyctb f1 ¥ fz 0603HAUAIOT 3aMacHble MTO3UIUK TepOEeB A ¥ B COOTBETCTBEHHO. BaskHeliiee
noHsaTre T/] — MOHATHE YTPOKAIOIIETo OYAyIIEero, KOTOPOE BBOAUTCS CJIEAYIONINM OIIPeeIeHUEM.

OnpepeneBn depoxarwwee 6ydywee — ucxod paspeweHus KoH@aukma,
CUMB0AU3UPYIOWULL UCNOAHEHUE 8CeMU 2ePOSIMU C80UX 3ANACHBIX NO3UYULL.

ITycets t = (fa & f5) 0603HaUaeT yrposkaroliee OyayIee repoes apaMbl A u B.

PeasibHas gpaMa yacTo pacrmajzaeTcs Ha YacTH, Ha3bIBaeMble JpaMaMu-anu3onamu. Kakaas
JlpaMa-3TU30/T COXPAHAIOT CTPYKTYpPY 00IIel apaMbl. [[JIsi TPOCTOTHI pA3IMUUe MEXKIY APaMOU U
ee OT/IeJIbHBIM 3TIU30/I0M B HACTOSIIEH CTaThe UTHOPUPYETCS.

On p e A e n eddipemamuueckas Mooeab KOHPAUKMA npeodcmasasem ynopsaooueHHY0
nocaedosamenvHocms Opam-anu3odos D, n = 2, nepsas u3 xomopwvlx 0603HAUAeM HAUAA0
obwell Opamvl U NocaeOHsS — ee CUHep2emu1ecKoe UAU AHMA20HUCTUYeCcKoe pelleHue.

CTaOWJIPHOCTh TIO3UITUH TEPOEB JpaMbl 3aBUCUT OT YOEIUTETbHOCTH HUX OOeIaHuil u
CAHKITUH.

OnpepaeneH.n@bewdiuas u yeposvl (camxuuu) eepoes Opamvl NPUBHAOMCA
ybedumenvHbiMUu (HAOEHCHBIMU, UCKPEHHUMLL), 8CeMU OCMAAbHLIMU 2epoamu Opambvl, ecau OHU
€co0meemcmaym ux peanbHbM NPEONOUIMEeHUSM.

Ecu repoit ApamMsbl JiIeKJIapupyeT HEKOTOPYIO MO3UITHI0 (OCHOBHYIO WJIH 3aIlaCcHYI0) U B TO JKe
caMoe BpeMsl OH UMeeT BO3MOKHOCTh OTHOCTOPOHHHUM 00pa30M YJIyUIIIUTh €€, 3TO 03HAYaeT, YTO
€r0 peasIbHbIE MPEAIIOYTEHHS HE COOTBETCTBYIOT €r0 COOCTBEHHOU AeKIapariuu. B aTom cirydae ero
obernaHus ¥ yTPO3bl HE MOTYT CUUTAThCS HAZIEXKHBIMU.

Onpepaened Mlesuyuu, dekrapupyemvle 2eposmu Opambvbl. COOMBEMCMBYIOM UX
PeanvHbM NPednoUmeHUAM, ecAl U MOAbKO eCcAl MU 2epouU He UMEHT NO3UYUOHHBIX OUAEMM.
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Teoperuku T/[ nenAT Bce MHO3HWIMOHHBIE AWJIEMMBI Ha JABa Kiacca: (1) JiBe JAUIEMMBI
coTpyaHuYecTBa (cuHeprusma) u (2) 4yeThipe AUIeMMbl KOH(PPOHTAIUK (aHTarOHK3Ma) COTJIaCHO
CJIETYIOIIIUM OTIPEe/IeIEHUSIM.

JlvyileMMBbl COTPYHUYECTBA BKJIIOYAIOT BCe KOHQJIMKTBI, B KOTOPBIX T€POU JIPaMbI
OTCTaMBAIOT COBMECTUMBIE TTO3UIIMH U TEM CAaMbIM CIIOCOOHBI CPOPMYTUPOBATH EAUHYIO TTO3HUITUIO
JUIST PEIIIEHUsI CBOEH IpaMBbl.

AunnemMmMa cOTpy 4gH WapelcATciraKusaemes ¢ ouremmotil compyoHuuecmasda 6
omHoweHuu napmuepa B, ecau A umeem u3 06veduHeHHol no3uyuu ¢ B no xpaitineil mepe 00HO
00HOCMOPOHHee YAyHuleHUe.

OAnnemma pgo.Blegwin A cmaakusaemes ¢ dunemmoil dosepust 8 OMHOWEHUU
napmuepa B, ecau B umeem u3 ob6veduHeHHOll no3uuyuu ¢ A no kpaiiHeil mepe O0OHO
00HOCIMOPOHHee YayHuleHue.

ITycte Is m Ip 0003HAYAIOT OJTHOCTOPOHHHE YJIYUIIEHHS, KOTOpPble Tepou A u B Moryr
MOJIyYUTh U3 00beinHeHHOU To3uniuu (A&B); CDa, TDa, CDp, TDg — mujIeMMBI COTPYHUYECTBA U
JloBepusi repoeB A U B cooTBeTcTBeHHO. Torma ciemyromiue ¢GOpPMYyJIbl BBIPAXKAIOT JIOTHYECKOE
CoZleprKaHue JIWIEMM COTpPyJHHUYEeCTBA U JIOBepHsA JJIsI JIByX repoeB A u B corjiacHo
BBIIIIENIPUBE/IEHHBIM OIPE/IeIEHUM:

CDA=TDp=(A&B) Y (4 & - (I, & A & B)).

CDs=TDs=(A&B)Y (Is& - (I3 & A & B)).

JlusteMMa cOTpy/IHUYeCTBa /JIsl Teposi A (TeM caMbIM JWIeMMa J0Bepus 1l B) ykasbiBaer
Ha TO, YTO S5TOT TepOll HMeeT OJHOCTOPOHHee YyJIydllleHue I4, KOTOpOe HEeCOBMECTHMO C
o0beITUHEHHON TO3UIlMel o0oux repoeB (A & B). AHaJOTUYHO OIpeAessieTcs AuieMMa
COTpyZHUYECTBa JiA Tepos B (aunemMma soBepusi jyig reposid). Takum oOpaszoM, AHIEMMBI
COTPYZTHUYECTBA U JJOBEPHs B3AUMHO OIIpeie/IIeMbl B TEDMHUHAX JAPYT ApyTa.

C J1oTUYecKOM TOUKH 3PEeHUsI, PEIlIeHHe JUIEMMbI COTPYIHUYECTBA (JIOBEPHSI) MIPU YCIOBUH
COXpaHeHHsI TepossMu A U B o0mieil MO3UNMH O3HAYAET KOHCTPYHPOBAHHE BO3MOKHOTO
KOHTPIIpUMEpPa — HOBOTO BapHWaHTa OOIeld IMO3WITUH, HCK/IIOYAIOIEeHd CyIecTBOBAaHUE JaHHOM
JIMJIEMMBI. B 4acTHOCTH, UCK/IIOUEHUE JaHHOH AWJIEMMSbI I Tepos A (AueMMbl JTOBEpUS IJIS
reposi B) TpeOyeT moka3zaTesIbCTBA BRITTOJTHUMOCTH 001el mo3uiuu: ((—Ih & A & B) = (Ix & A & B))
= (A & B). AHAJIOTUYHO UCKJIIOUEHUE JUJIEMMbI COTPY/THUYECTBA I reposi B (uyieMMBbl oBEpUs
JUIst reposi A) TpebyeT ToKa3aTeIbCTBA BHITOTHUMOCTH 0011el no3urun: ([ & A& B)= ([ & A &
B))=(A & B).

JlusieMMbl KOHGPOHTAIIUM OTHOCATCA KO BCeM KOHQJIMKTAM, B KOTOPBIX T'€pOHU JApamMbl
OTCTaMBaIOT HECOBMECTUMBIE MO3UIN. KOHKPETHBIN B/l HECOBMECTUMOCTH OIPEAEAETCS BUAOM
JINJIEMMBI T€POEB JpaMbl. BhIsIBJIeHHE JUJIEMM, UX aHAJIN3 W pas3pelleHHs COCTaBJsAET IJIaBHOE
TeopeTuueckoe cozep:kanue T/].

OAvnemma ybexpeHus ( ¢ o dapoking amanrugaemes ¢ Ounemmoll
ybedxcdeHus 8 omHoweHuu conepHuka B, ecau B npednouumaem yezpoxcarowee 6ydywee, a He
nosuyuio A.

OAvnnemma MCKYLWeHNSH ( o Tliepoid e emascygaemes ¢ OJunremmotl
UCKyweHUs 8 OMHOWeHUU conepHuka B mozda, koeda nosuyus B 015 A no kpaiiveil Mepe makdice
npednoumumenvHa, Kaxk u yzpoxcarouwjee byoywee t.

Annewmma y . d'epailblA cmanxkugaemcs ¢ oOunemmoil Yyzpo3vl 8 OMHOWeHUU
conepHuka B moada, xo2da A He moxcem ybedums B 8 cepvearocmu ceoux yzpo3 (Hanpumep, no
motil npuuuHe, 4o A umeem 00HOCMOPOHHee yayvweHue I u3 yspoxcarouje2o 6yoywezo t).

Mo3sMUuMOHHAA onnemma (Avnemma B blH Y X Aleepo# QAr 0 p €
cmaaxkueaemcs € NO3UUUOHHOU OunemMmoll 8 OMHOWeHUu conepHuxka B moeda, xozda A
npednouumaem no3uuuio B ceoeil cobcmeeHHO1l.

Cnenyromrue GopMyabl 0003HAYAIOT CTPYKTYPY AMIEMMbI YOEKAEHU 1 IBYX TepoeB A 1 B
COOTBETCTBEHHO:

DDs=BY (t&-A).

DDz=AY (t&-B).

Tepoit A cTaHOBUTCA CYyOBEKTOM JIMJIEMMBI yOEKIAEHU, €CJTH €T0 COTIEPHUK B IIpeAIoYnTaeT
NPUHATHIO TO3UIMU A BBIINOJIHEHUE YTPOXKAKOIIEero Oyaymiero t. AHaJIOTHYHO A Tepos B.
3HAUYUT, ISl pelIeHUus UIeMMbl YOeXKJeHUs JIOCTaTOYHO CKOHCTPYHPOBATh KOHTPIIPUMED,

104



European Journal of Psychological Studies, 2014, Vol.(3), N2 3

OTIPOBEPTAIINN €e WCTUHHOCTh. /[JIsT 3TOTO Tepolo A HeOoOXOJMMO JI0Ka3aTh BBIIIOJIHHUMOCTD
JIF060TO OTHOTO U3 KOHTPIPUMEPOB: (B & —t) unu (A & B); 1 repoio B — BBIIIOJTHUMOCTD JII000TO U3
KOHTpHpUMepOB (A & —t) wiu (A & B).

lepoit A cTaJIKMBaeTcs ¢ JUJIEMMOUN HCKYIIIEHHUs TOTZa, KOTJAa TO3UIUsS ero ONIoHeHTa B
MIPEJICTaBJISIET /I HETO OHOCTOPOHHEE YJIydllleHHe, OCHOBAaHHOE Ha OTPHUIIAHUU YTPOKAIOIIETO
oyaymero t. ITo 3To¥ MpuYrHE TEPOHl A He CIIOCOOEH PENTUTEIFHO OTBEPTHYTH ITO3UITUI0 CBOETO
MpoTHUBHUKA (OOBIYHASA AWJIEMMa IIPH COBEPIIEHUHM TEPAKTOB). SHAYUT, CJIEAYIOITHE (POPMYJIbI
CUMBOJIU3UPYIOT HAJTMUHE UJIEMMbI UCKYIIIEHHA JJIs TepoeB A U B:

ID,=AY (-t&B).

IDg=BY (-t&A).

C JIoTUYeCKOW TOUYKH 3peHUs, pellleHHe AWJIEMMBbl HCKYIIEHHS O3HAYaeT IIOCTPOEHUeE
OIIPOBEPTAIOIIETO ee KOHTPIIpuMepa. JIJ1d ycTpaHeH!s JUJIeMMbI HCKYIIIEHHSA TePOI0 A JOCTaTOUYHO
JIOKa3aTh BBITTOJTHUMOCTD JIF0O0OTO OTHOTO U3 ceAylomux KouTprnpumMepoB: (A & t) wim (A & —B).
AHaJIOTUYHO JIUIS1 yCTPAHEHUS TUJIEMMBI HUCKYIIIEHUS TEPOI0 B IOCTaTOYHO TOCTPOUTH JII0O0H OJTH
U3 CIIEIYIONTUX KOHTpIpuMepoB: (B & t) wiu (—A & B).

lepoii A crajKuBaercss C JWIEMMOH Yrpo3bl TOT/Ia, KOT/IA CIOCOOEH IIOJIyYHUThb
OJTHOCTOPOHHEE YJIyUIlleHHE U3 HEUCIIOJTHEHUSI YTPOXKAIOIIEro OYAyIIero t.

Cnenyromiue GoOpMyJibl BIPAKAKT COJEPIKAHUE JIUJIEMMBI YIPO3BI I TepoeB A U B mnpu
YCJIOBHH, YTO KPOMEe HUX UMEIOTCS U JPYTHe TePOU CO CBOMMU HO3UIUSAMH (B IIPOTHBHOM CJIydae
JIMJIEMMa YTPO3bl CTAHOBUTCS TPUBUAJIBHO SKBUBAJIEHTHOM JMJIEMME UCKYIIIEHU):

THDs=AY (~t&C), rne C+B.

THDg = BY (-t&C), tne C+ A.

C JloTMYeCcKOW TOYKHA 3pEeHHs pelleHrue JWIEMMbl YTpO3bl O3HAYaeT IIOCTPOEHUE
OTIPOBEPTAOIIETO ee KOHTpIpuMepa. /i yCcTpaHeHUs JUJIEMMBI YIPO3bl Tepol0 A J0CTaTOYHO
JIOKa3aTh BBIITOJTHUMOCTD JIFOOOTO OZTHOTO U3 CJIEIYIOINX KOHTPpIpuMepoB: (A & t) win (A & —O),
rae C # B. Jlyis ycTpaHeHHsI JUJIEMMBI YIPO3bl TepOI0 B JIOCTaTOYHO JI0OKAa3aTh BBIIIOJTHUMOCTH
JIF0OOTO OZTHOTO U3 CJIEAYIOMINX KOHTpIpuMepoB: (B & t) unu (B & —C), roe C = A.

I'epoii A crajnkKuBaeTcs C IO3WIMOHHON JUJIEMMOM TOTZa, KOT/Ia BBIHYKJIEH IIPU3HATh
TTO3UITAIO CBOETO COIIEpHUKA B 60Jiee mpeaIiouTUTETbHOU, YEM CBOIO COOCTBEHHYH0. DTO O3HAYAET,
YTO IO/ IaBJIEHUEM Pa3IUYHBIX 00CTOSTEIBCTB repoil A NMPUHYKAEH OTKAa3aThCs OT peayn3aliiuu
CBOEU MO3UITUH U IIPSIMO HUJIU KOCBEHHO I0/I/IepKaTh UCIIOJTHEHHE MIO3UIINY Teposi B.

Cnenytoiye GopMyJIbl BBIPAKAIOT COAEPIKaHUE MO3UITMOHHOMN JUJIEMMBI JJIsl TepoeB A U B:

PD,=AY (-A&B).

PDg=BY (=B &A).

C Jloruyeckodl TOYKU 3PEHUS PellleHHe MO3UIMOHHOU JAUJIEMMbl O3HAuYaeT IOCTPOEHHeE
OIIPOBEPTaIIEero ee KOHTpIpuMepa. /[yis ycTpaHEeHUsA JJAHHOU JWUJIEMMbI Iepoio A JOCTaTOUYHO
MO/IEPHU3UPOBATh COOCTBEHHYIO ITO3UIINIO; AHAJIOTUYHO JJIsl yCTPAHEHUS TO3UITMOHHOU JINIEMMBbI
repoio B I0CTaTOYHO yCOBEPIIIEHCTBOBATH CBOIO ITO3UITHIO.

On p e e n e Hie0 Opambl Ha3bleaemcs NO3UMUBHO-CUHeP2eMUYECKUM, ecal 00w as
Nno3uyusn 2epoes Heco8MeCmuMa ¢ Yy2sporcarwum o6yoywum; 8 NPpOMueHOM cayudae uUcxoo Opambl
Ha3bl8AEMCcsa He2amueHO-CUHep2emuUueckuM; 6ce UCX00bl, He SBAAWUECS CUHep2emuiecKu
NO3UMUBHBIMU UAU HE2AMUBHbIMU UCX00aMU, NONAOAM 8 pa3paod AHMA20HUCTMUHYECKUX.

OnpepenedH e cepou A u B omecmausarom obwyro no3uyurwo (A & B), oHu
0bpasyrom eouHy KOMaHoy.

Hanuume enmuuoii (0OIei) KoMaHAbI O3HAYaeT CHMMETPHUYHOCTh, TPAH3UTUBHOCTbD H
pedJIeKCUBHOCTD TO/IJIEPIKKU BCeMU ee wieHaMu. B camom zene, u3 (A & B) ciaenyer kak (A — B),
TaKk u (B — A). 3Hauurt, obmas no3umus (A & B) repoeB A 1 B rapaHTHPyeT CHMMETPUYHOCTD FX
B3auMHOU mojiep:kku. 13 (A — B) u (B — A) BeIBOAWMAa Kak uMIUIHKanus (A — A), Tak u
umiutukanus (B — B). 3Hauut, obmas nos3unusa (A & B) repoeB A U B rapaHTHUpyeT TaKKe
TPAH3UTUBHOCTH U PeDIIEKCUBHOCTD UX MO/IJIEPIKKH.

OnpepeneHiEecu 8pou A u B He umerom Hu 00HO20 OOHOCMOPOHHE20 U/uau
COBMeCMHO20 2apaHMUPOBAHHO20 YayuleHus obweil no3uuyuu (A & B), ona npedcmasasem 0as
HuxX cmabuwabHoe NO3UMUBHO-CUHep2emu1ecKoe peuweHue KoH@dauxkma.

JlaHHOEe ompeesieHre BOCITPOU3BOIUT 3HAMEHHUTHIN KPUTEPHUH panioHaIbHOCTH J[3x. Hamma.
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On p e ae n elo. Heobxodumbim ycaroguem 803HUKHOBeHUS duremm compydHuuecmasa u
dosepusa s819emcesa Haauuue Yy 2epoes A u B obwetl nosuyuu (A & B).

CorsiacHO JaHHOMY OIpe/IeJIeHHI0, €CJIA TePOU He 3aHUMAIOT 00IIel TO3UIUY, OHU HE MOTYT
OBITH CyOBEKTAMU JTUJIEMM COTPYTHHUECTBA U IOBEPHSI.

Onpepene Al eHeobxodumbvim ycrosuem B03HUKHOBEHUSL Ounemm  ybexcoeHus,
UCKYUWEeHUS, YePO3bl U NOSUYUOHHOU OUNeMMbl 1815e1MCs HECOBMECMUMOCTMb No3uyull 2epoes A u B.

CorJiacHO JaHHOMY OIIPE/IEJIEHHIO, €CJIH MTO3UIUN T€POEB COBMECTUMBI, OHU HE MOTYT OBITh
cyOBEKTaMU JTUJIEMM YOEK/IeHU, HCKYIIIEHUs, YTPO3bI U IIO3UIIHOHHOMN INJIEMMBI.

Teopemsl Teopuu /Ipambl

T e o p e a &cau 210601t 00uH us 2epoes (A uau B) uau onu oba seasromesn cybvexmamu
Junemmbl YbexrcoeHusR, uUx NO3UUUU HECOBMECTNUMDbL

(1) DDA (AY - B)

(i) DDg¥ (BY -A)

(iii) DD+ & DD (AY -B)=(BY -A).

Jloxazameavcmeo. Umiuukaruu (A — —B) u (B — —A) CHUMBOJIU3UPYIOT IO3HIUH,
HaxOZAIIHUeCs B OTHOIIEHUH KOHTpamo3uiuu. Cae1oBaTeIbHO, OHH — SKBHUBAJIEHTHbBIE TTO3UITUH.

[To3urueii, mpoTUBOpPeYAIel 000N U3 YKazaHHBIX UMILUTUKamui, Oyzer (A & B). KoHbIOHKITHA
no3uruu (A & B) c omnpeniesieHHEM JUIEMMBI YOEXKIeHUs JIs JIIOOOTO M3 TePOEB B OT/AETbHOCTH

I /11 000MX BMECTe IOPOXK/IaeT MMPOTHUBOpeUHe [/1asee o603HavaeTces Kak Q |:

() DDs & (A& B)" Q

(i) DD & (A& B)" Q

(iii) DDA & DD & (A& B)V Q.

[To mpaBwIamM JIeYKIUM, €CJIU TOCBUIKH (OIpesiesieHUus] JTUIEMMBbI YOeKIeHUsl TePOEeB)
HecoBMecTUMBI ¢ mosunueid (A & B), 3HauumT, nportuBopevamas el mo3urusas (A — —B),
yTBEPKAAIOIasi HECOBMECTUMOCTh IIO3UIUK TrepoeB A u B, mpezicTaBiser AeAyKTHBHOE
(HE0OX0MMOE) CIE/ICTBUE TUIEMMBI YOEXKIEHUS JIF0O0TO OHOTO MM 000uX repoeB BMecte. QED

T e o p e R.aEcau aobott 00un u3 2epoes (A uau B) seasemces cyboexmom ounemmul

UCKyweHusa, ux no3uuuu cosmecmumsl; ecau OHU oba seaqaomes Cy6’6€KTTlClMU Junemmbl
UCKyweHud, ux nosuyuu, Kpome moeo, 9K8UBA/1IEHIMHLBL.

(1) IDA" (AY B)

(i) IDgY (BY A)

(iii) IDs & IDg Y (A = B).

Jloxazameavcmeo. Kaxknas nz umiutukaiuil (A — B) u (B — A) B OTIEIbHOCTH YTBEPIK/IaeT
COBMECTHUMOCTD ITO3UIUH repoeB A 1 B. BMecTe 00e MMILTUKAIUHN YTBEPKAAIOT CHMMETPUYHOCTD U
TeM CaMbIM SKBHUBAJIECHTHOCTH ITO3UIUHA TepoeB A u B. Ilo3urniuei, mpoTUBOpeYaIneil MMILTHKAITUN
(A — B), oyner nosurusi (A & —B). Ilo3unueii, mpoTuBopevarieir uMIuTukanuu (B — A), Oyzer

(—A & B). Koubronknuu no3unuii (A & —B), (—A & B) ¢ onpeeeHneM AUIeMMbl UCKYIIIEHUS JIJIS
JIF0OOTO U3 TEPOEB B OT/IEILHOCTH WJIH JIJISI 000UX BMECTE ITOPOXK/IAI0T IIPOTHBOPEYHE:

() IDs & (A & -B)V Q
(i) IDs & (B-A & B)V Q

(iii) IDs & IDs & {(A & -B)=(-A & B)}V Q.

CnenoBaresibHO, MO TpaBWIaM AeAyKiuu uMmiumkanuu (A — B), (B —» A), a Taxke uX
KOH'BIOHKITHA, (A = B), Ipe/ICTaB/IAIOT IeAYKTUBHBIE CIEACTBUA JUIEMMbI UCKYIIEHUS JIJIs1 JTF0O0TO
OTHOTO MK 000uX repoeB BMecte. QED

B oTsinuue oT JUIEMMBI YOEKAEHN, HEOOXOAUMbIM yYCJIOBUEM BO3SHUKHOBEHHSA KOTOPOH JIJIst
OT/IeJIbHBIX T€POEB M MX KOAJIUITUU SABJISAETCS OHO U TO JKE YCJIOBUE HECOBMECTUMOCTH MO3UITUH (A
— —B), muieMMa UCKYIIEHUs IS KaKJIOTO Teposi TpebyeT 0cob0To yCIOBUA HECOBMECTHMOCTHU:
UCTUHHOCTH KOHBIOHKINU (A & —B) A/1s1 reposi A M1 UCTUHHOCTU KOHBIOHKITNY (—A & B) /11 repost
B. Kpome Toro, amineMMma WCKYIIeHHs O0OJafaeT CBOeOOpa3HBIM CBOUCTBOM aITUTHBHOCTH:
CYMMHUPOBaHME YCJIOBUH HECOBMECTUMOCTH JIJISI OTAEIbHBIX T€POEB IPUBOAUT K BOSHUKHOBEHHIO
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OTHOIIIEHUs B3aWMHOTO HCKJIIOUYEHUs KaK OOIIero ycjaoBUsA HECOBMECTUMOCTH IO3UIUN Bcex
repoeB.

U3 teopemsb! 2(iii) /IONOJHUTENIBHO CJEAyeT, YTO 00a repos MOTYT OBITh OJHOBPEMEHHO
cyOBEKTaMU JINJIEMMBI UCKYIIIEHHUS.

T e 0 p e B.aDdun u mom d#ce 2epoil, omcmausarOWuil 8010 NO3UYUI, He MoXcem Obimb
00HOBpeMeHHO cYbveKmom ounemm ybexrcoeHus U UCKYLWeHUS.

/Jlokazameavcmeo. Jlomyctum, Tepodl A, OTCTAaWBAWOIIUKA CBOKIO TIO3WIIUIO, SBJISETCS
O/THOBPEMEHHO CyOBeKTOM amiaeMM yoexxaeHus DD, u uckymenus ID4s. Torma u3 TeopeM 1 U 2

cnenyer (A & DDy & ID4) Y &, uTO 03HAUYaeT HEBO3MOXKHOCTh /IS Teposi A OBITh CyOBEKTOM

YKa3aHHBIX JUJIEMM B OJTHO U TO 3Ke BpeMsA. AHAJIOTUYHO U 115 reposi B: (B & DDj & IDs) W &.
QED

Teopewma H3:A gpmoaHumocmu nosuyuu 11006020 2epos caedyem AOHCHOCTD
(HEeB803MOHCHOCMb) KOHBIOHKUUU Owtemm YbexcoeHus u uckyweHus, cybseKkmom KOmopbiX OH
00HOBPEMEHHO A6AeMCAL.

Jloxazameavcmeo. CorylacHO TeopeMe 3 HU OJUH Tepoil He MOXKeT ObITh OJTHOBPEMEHHO

CyOBEKTOM JTUJIEMM yOEXK/I€HUS U UCKYIIIEHUs, TaK KaK UCTHHHO (A & DDy & IDA) V' & niisi repos A
u (B & DDy & IDA) " & pna reposi B. I3 (A & DDa & IDA) W & BeiBoiuMO (DD4 & ID4) V' —A,
OTKy/Ia 110 3aKOHY KOHTpano3uiuu cienyer A " —(DDy & ID4). AHanornyHo A1 reposi B: u3 (B &

DDs & ID4) W & BeiBogtuMO (DDp & IDp) U —B, 0TKyzAa MO 3aKOHY KOHTPAIIO3UIUU cieayer B U
—(DDg & IDg). QED

Teopema 5. Ecau o0uH 2epoil seasemces cybovexmom ownemmol ybexcoeHus, a Opyaoil 2epoti
- cybvexmom OunemMmuvl UCKYWeHUs, Mo 0aHHas kKombuHayus Ounemm Hecogmecmuma c
nosuyueil 2eposi, cmasie2o cybveKmom ounemMmol UCKYULeHUSL.

/Jloxazameavcmeo. Jlommyctum, repoii A ABisercs cyObeKTOM auaeMMbl yoexaeHus DDy, a

repoii B — cybpekrom awminemMMmbl uckymenus IDp. Torma cienyer (B & DDy & IDg) W . U3
JIOTYII[EHUs, YTO TepOil A ABJIAETCS CyOBEKTOM JWUJIEMMBbI HCKYIIEHUs, a repoil B — cyObekTom

JIIEMMEI yoexxaenus, ciaenyer (A & DD & IDA)YW . QED

T e o p e Mmal3 @BvinoaHumocmu nosuyuu 2epos B caedyem snoxcHocmv KOHBIOHKUYUU
Oounemm DDy u IDp; u3 ucmuHHocmu no3uyuu 2epost A caedyem N0HCHOCMb KOHBIOHKYUU JU1emMM
DDB u IDA.

/Jloxazameavcmeo. CorsiacHoO TeopeMe 5 Jjisi repos A, CTaBIIero CyObeKTOM JUJIeMMBbI
ybexxieHns, ¥ repos B, cTOJIKHyBIIErocs ¢ JUJIEMMOU UCKYIIIeHUs, cripaBeyTuB BoIBOA (B & DDy &

IDg) (. VI3 Hero cieayeT 3aKOHHOCTh BbIBoga (DDs & IDp) W —B, U3 KOTOPOTO MO 3aKOHY
KOHTPAIIO3UIIUHN CJIelyeT UCTUHHOCTH BbiBoAa B ! —(DD4s & IDg). AHAJIOTUYHO HA OCHOBAaHUU
TEOpPEMBI 5 JIOKa3bIBAETCS CIpaBeITUBOCTh BbIBOAA (DDp & ID4) ' —A, U3 KOTOPOTO II0 3aKOHY

KOHTPAIIO3UIIUH cyieayeT UCTUHHOCT AV —(DDg & ID4). QED

Teopemalepdu A u B zaHumarom oony u my xe nosuuurw (A & B), ecau y Hux
omcymemayrom ounemmbl YyoercoeHUs U UCKYWEHUSA.

/Jlokazameavcmeo. JlomycTuM, y TepoeB A W B OTCYyTCTBYIOT AWJIEMMBI YOE€XJIeHUS U
uckymeHus. Torga ueruHHa caeayomas KOHbIOHKIUA: —DDy & —IDay & —DDp & —IDp, koTOpad
HecOBMeCTHMa ¢ uUMIUTHKainuein (A — —B). B aTom ciydae cripaBe/IIMB BBIBOJ] M3 OTCYTCTBHUS

JIJIEMM yOeKIeHUs W UCKYyIIeHus o01ed mo3uruu repoeB: (—DDy & —IDs & —DDg & —IDp) ' (A
& B). QED

T e o p e maJlo&Bueckoe ompuyaHue duremmvl compyoHuvecmsa 041 00HO20 2epost
(Ounemmput dogepus 045 Opy2020) IKBUBANEHMHO NPUHAMUIO 060UMU 2epoamu 0bwetl no3uyu.

Jloxazameabcmeo. JIomycTuM, repoil A siBjisieTcsl CyObEeKTOM JHJIEMMbI COTPYHUUECTBA U
repoit B — cy6bekToM auteMmbl noBepus. Torya uctuaHO: CDs = TDp= (A& B) > (Ia & - (Ia & A
& B)). Orpurnianue JuIeMMbl COTPYAHUYECTBA Ui A (IyIeMMBbl OBepUs 1Jisi B) SKBUBaJIEHTHO:
—CDs = —TDp = ((—Is & A & B) v (I1 & A & B)) = (A & B). AHQJIOTHYHO /I CUTYyaI[lH, KOT/Ia Tepoi
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B aBnsercs cyObeKTOM JIUJIEMMBI COTPY/IHUUYECTBA, a Tepoil A — cyOBEKTOM JMJIEMMBI JI0BEPHS.
B arom ciryaae umeet mecto: —-CDp = —TDa= ((—Ip & A& B) v (I3 & A & B))=(A & B). QED

Teopema 9. Ecau y eepoes A u B, 3aHumarowjux obwyro nosuyutro (A & B), omcymemeyrom
Junemmbl compyoHU1ecmaa, Yy HUX omcymcmayom u duremmsbt 008epusi.

/Jlokazameavcmeo. Jlomyctum, y repoeB A u B, 3aHuMatomux oo6mryio mo3unun (A & B),
OTCYTCTBYIOT AWJIEMMBI COTpyAHU4YecTBa. VI3 Teopembl 8 ciiefyer, UTO Tak Kak repou A u B
3aHUMAIOT OOINYI0 MO3UIUI0, UX OJHOCTOPOHHHE YJIYUIIEHUS SABJISAIOTCA €e HeoOXOIUMbIMU
2JIeMEeHTaMH | 110 3TON IPUYNHE HU OJMH U3 HUX He fABJIAETCA CyOBeKTOM JIMJIEMMBI 0BEpHUs (Bce
AOBEPSIIOT APYT Apyry). QED

Teopema 10. Ecau ecepou A u B 3anumarom obwyro no3uuuro (A & B) u y Hux
omcymcmesyom Junemmbl compyoHuvecmsea, 3ma no3uyus npedcmasasem cmabuavHoe
NO3UMuBHO-CUHep2emMuU4ecKoe peweHue KoHPaukma.

/Jloxaszameavcmeo. Ilycts Trepou A u B 3aHUMalOT o60my0 no3unui (A & B) u y HHX
OTCYTCTBYIOT JIUJIEMMBI COTPY/IHUYECTBA. TOr/ia COTJIacCHO TeopeMe Q HU OJMH U3 HUX He ABJIAeTCsA
CcyOBEKTOM JIJIEMMBI JIOBEPUS, TAK KAaK HUKTO U3 HUX He UMeeT OJHOCTOPOHHUX YJIYUIIEeHUH U3
nanHou noszunuu. Ilo onpezaenennio 9 nosunus (A & B) mpezicTaBisieT B 3TOM CIyvae CTaOMIbHOE
[IO3UTUBHO-CUHEpreTH4ecKkoe pemleHue koHdaukra. QED

Teopema 11. Jlosuueckoe ompuyaHue NO3UYUOHHOU Ounemmbvl IKBUBANEHIMHO
ymaeeprcOeHUI0 NO3UYUL TN020 2epost, KOMOopblil 1815emcs ee cybseKmom.

Jlokazameavcmeo. Ilo omnpegeneHuio, NO3ULMOHHAA JuWieMMa [Uii repod A
cuMmBosu3upyercsi kKak (A — (—A & B)), nnsa repos B kak (B — (—B & A)). Ux orpunanus
5KBUBAJIEHTHBI NO3UIUAM A 1 B cootBeTcTBeHHO. QED

Teopema 12. Ecau 2epou A u B obpasyrom eduHyro komaHdy, HU 00UH U3 HUX He MOXcem
O6biMb CYO6BEKMOM NOUYUOHHOU OUAEMMDL.

/Jloxaszameabcmeo. JlomyctuMm, repou A u B o0pasyioT enuHyr KomaHay. Torga oHU
oTcTanBaT 0010 TO3UIUI0 (A & B). I3 TeopeMsbl 11 CJIeIyeT, UTO B 9TOM CJIydae HU OJMH U3 HUX
He MOKeT ObITh CyOBEKTOM MO3UITHOHHON ArieMMbl. QED

Teopema 13 (OcHoBHaa Teopema Teopuu [Ipamsl). Ecau eepou A u B pewuau
OJunemmul compydHuuecmsa (dosepus), ybexcoeHus U UCKYweHUS, OHU €o30anu eOUuHYIO
KomaHdy, omcmausarowyro obwyro nosuyuro (A & B), komopas npedcmasasem cmabunvHoe
NO3UMuBHO-CUHep2eMuU4ecKoe peueHue KoH@daukma.

Jloxazameavcmeo. Ilyctb Tepo A U B pemwim AuIeMMBbl COTpyAHUYECTBa (10BepHs),
yOexxIeHus U ucKyleHus. Torga corsiacHo ompeziesieHno 8 u TeopeMe 7 repou A U B 3aHUMAIOT
obmyio mosunuio (A & B) wu o0pasyioT eauHyl KoMaHay. Hu OguH U3 JaHHBIX TepOEB B
OT/IEJIBHOCTU WM 00a OHU BMECTE He MMEIOT YJIydIllleHu u3 o01eit nos3uruu. 113 Teopem 9, 10, 12
U OIpeJIeJIEHUs] 9 TaKXKe CJIeyeT, 4TO B 3TOM ciydae obmas mos3urus (A & B) mpencrasiser
cTabMIIbHOE TTO3UTHUBHO-CUHEPTreTUYeCKoe pelieHre KOHGIINKTa, KOTOpoe 00a reposi OTCTauBaIOT
10 BHYTPEHHEMY yOeXK/IeHHI0 U 6e3 BCAKOTro BHelTHero fjapyienusa. QED

3akJIoueHue

HccnenoBanHaa Bepcusa 1/] mosyuwiia HaszBaHue T/]1. Kak cienyer u3 ee aHajim3a, OHa
COJZIEP?KUT U3OBITOUHBIE AUIEMMbI, KOTOPble MOKHO 0e300J1e3HeHHO yaaInTh. Hanpumep, BMecTo
JIJIEMM COTPYAHUUYECTBA M JIOBEPUS MOKHO TIOJIb30BATHCS TOJIBKO JIFOOON OAHON n3 Hux. Eciu
IPOAOJDKUTE paboty Hazg T/I1 B yKazaHHOM HaIpaBJIEHHH, OKAXKETCsA, YTO MOXKHO CO3/1aTh OoJiee
KoMnakTHYyI0 Bepcuto Teopuu Ipamsr T/I2 co cierka oTimyHbIME OT Bepcun T/[1 cBoiicTBaMu [10,
485-508]. Ho Takas pabora — 3a1a4ya OyayIero.
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AnHoramusa. Teopusa JlpamMbl — Ba)kKHOE OTBETBJIEHHE TEOPUH WUrP, H300pETEHHOE
aHIJIMACKUM MaTeMaTukoM Hatipkenom XoBapaoM (1934—2008) A1 panuoOHATIBLHOTO
paspeleHusi KOHQJIUKTOB B Hauajie 90-X rofoB Iponuioro Beka. K coxkanenuro, H. XoBapa He
CMOT 3aKOHUYHUTb CBOIO paboTy: Teoperwdeckas dacTb Teopuu [Ipambl Hy»KJaeTcsi B JIOTHKO-
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Seven Paradoxes of Voting Systems:
Pitfalls in Collective Decision Making
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Abstract

Some peculiarities of a group decision making are discussed. Certain undesirable but
unavoidable features are inherent to all voting procedures, i. e. to the elections.

Keywords: voting; elections; collective decision making.

Introduction

Choice, or decision making, is a critical operation in any activity of a human entity — will it be
either one person, or several persons in a group, or pack of individuals in organization larger than
what we normally think of as a group. The vital importance of choice has had attracted attention of
many researchers and thinkers, and by now one can say that knowledge and understanding of
choice nature form a “theory of decision making".

The most general definition of choice is as the purposeful tapering (narrowing) of a set
(variety) of alternatives. The great variety and diversity of components of a choice procedure, -
sets of alternatives, human entities (subjects) making decision, and purposes, needs and desires of
the individuals, has led to a tree-like construction of the theory. One of its branches is the theory of
multi-sided decision making, focusing on the specific effects emerging in cases when the final
decision is a result of interweave of individual decisions of different persons. This branch has its
twigs corresponding to various degrees of concordance between the decision makers. The subject of
this paper is the case when a common consent exists between individuals about their ultimate goal,
but their opinions about preferences between alternatives (means of achieving the goal) differ.

Procedures of collective decision making

Let us focus our attention on the election procedures only.

Let X = { x4, x», ... ,xx } be a ballot-list with names of candidates. Let the electorate consist of
N voters. Let C; (X) be a “choice” of i-th voter on the set of alternatives. The function C; (X )
describes preference of i-th voter, and it may be either just x;, a name of the most preferable
candidate, or an enumeration of all candidates in the order of preference (if it is requested by rules
of voting).

After act of voting we have a set of N voting-papers with voters’ choices in them : C; (X),
Cy(X), ... ,Cx(X). If all voters have the same preference, there is no problem. But as a rule, they are
different. Then we have problem: How to define the “common choice” when we have a collection of
different personal choices?
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This may be done by using a certain procedure of converting a set {C; (x)}/" into one
“common” choice Co(X):

Co(X) = f{ CuX), Co(X), ... ,Ci(X), ... ,CN(X) }. (1)

Here f is an algorithm of the conversion. This function is called an election procedure.

A question arises: what are properties of decisions obtained by an election procedure? This is
a task of purely formal study of the formula (1), and this problem was attacked by several
mathematicians of the last century [1].

The main difficulty stemmed from the fact that various election procedures can be applied to
the set of voting—papers. After considering various particular cases some general and specific
properties were found of the collective decision making. These findings represent something that
can be named a theory of voting systems.

The fundamental discovery was that election procedures, besides of their commonly desirable
property — to produce ultimate “common” decisions, possess and other intrinsic, latent,
undesirable properties which sometimes make result of voting look as “strange”, “unjust”,
“useless”, ”incorrect”, etc. The main results of studying such cases may be presented as seven
paradoxes of voting systems [2]. We will present them in the order typical of Russian folktales and
American thrillers: the further a story goes, the more terrifying it is.

Seven paradoxes of voting systems

Paradox 1. The truth can not be found by voting. In other words, a collective decision (even
unanimously accepted) is not surely right and correct. The history knows many cases when one
man possessed the truth and all the others were mistaken: Galileo with his rotating Earth, Jordano
Bruno burned on a bonfire for his heresy, Kopernik, et al. The point is that each voter is a human
being, a subject, whose characteristic (and distinctive from an object) property of ability to estimate
anything is accompanied by a liability to mistakes and errors in his estimations. And a collective of
individuals is also a human entity, a subject, -- with the same property. Was the collective right or
wrong, this will be proved a ft e r the decision is implemented in reality.

There is one important virtue in voting: the collective decision is statistically (!) more reliable
than the individual one. This is due to mutual compensation of extreme opposite opinions. It is
especially clearly seen on the averaging quantitative measurements in statistics, which leads to
decreasing the variance of the position parameter estimate.

Thus, the most important peculiarity of the voting is that although it is designed to
approximate the truth, its main role in social systems consists in the coordinating actions of a
group after making decision: every member of the group is obliged to follow the decision, even if
he/she personally has voted against it.

Paradox 2. Although the election procedure is intended to arrive to a decision, it may
result in not making it. The point is that any procedure presupposes a fulfillment of certain
conditions. If any of them is not observed, the procedure looses its applicability, and the situation
remains indefinite as before voting. And this is typical of any procedure of collective choice.

For instance, the procedure of “simple majority” prescribes accepting alternative by obtaining
50% + 1 vote. But if the even number of voters divides exactly in to equal parts — the decision is not
made. Sometimes they decide to grant the chairman with more than one vote — to overcome this
situation. But if the number of voters is odd, and voters have divided exactly to the “50%+1”
proportion, then how to proceed if the chairman belongs to a lesser half? Was he given more or less
than 1 additional vote?

In case of “qualified majority” of 2/3 (as in the rules of awarding with scientific or academic
degrees by expert boards in Russia), the number of members attending the board meeting is often
not a multiple of three, and sometimes a shortage of voices is a very small part of lacking one. Even
the instruction from the Higher Attestation Commission, to round result in favor of the defender,
did not fully removed ambiguity — to round or not to, if the shortage is more than one half?

Even a rule of “unanimous opinion” can hover, and that often happens in some organizations
(parliaments, UNO, etc.) keeping to this rule.

Paradox 3 (Condorcet’s). This paradox exhibits itself when preferences of votes make up a
circle. For example, let three fractions in parliament come up with their own variants of a bill: a, b,
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and c. Or three chaps are arguing whose girlfriend is better. If any of these trios have their
preferences as C,=(a>b>c), C.=(b>c>a), C;=(c>a>b), then they are in the paradox of Condorcet.
Any procedure of voting will either finish without coming to a decision (because under such
preferences there is no most preferable variant), or, — after applying a forcibly stopping rule (like
the Olympic comparisons in pairs), — the result depends on the order of considering alternatives

(see Fig. 1).

European Journal of Psychological Studies, 2014, Vol.(3), N2 3

) & B, B, Bs

P's
P1 1 2 3 | &b
P, 3 1 2 C2(B)
Ps 2 3 1 Cs(B)

Fig. 1. The Condorset Paradox

Sometimes the Condorcet paradox is not essential (for instance, when the cycle appears in
the low part of the alternatives chain, it will not affect the choice of the leader). But if it is essential
(i.e. all of the potential leaders are involved into the cycle), the way out of it is to induce one of
voters to change his preferences between unimportant for him alternatives (this is called “black” or

Graph of

Preferences

“white” PR). The cycle disappears, and the single solution appears (see Fig. 2.).
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Fig. 2. Variants of the paradox
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lower alternatives
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Paradox 4. Under any majority voting procedure, the minority can win. It turns out that
there are many legitimate possibilities for a minority to win under the majority voting system. Let
us consider some of them.

o First one is the recognition of elections to be legitimate even if the attendance of voters is
lower than 50%. This automatically gives a right to make decisions to a minority of the electorate.
Perhaps there is nothing wrong with it: your ignoring voting means that you are indifferent to
outcome of elections, then let the interested minority to decide.

But minority can win even under 100% attendance of voters, and by several different ways.

¢ One of possibilities emerges with the “splitting votes”. For instance, let one party have 60%
of electorate, and another one — 40%.If the first one nominates two equally good candidates, and
the second one puts forward only one candidate, the last one wins and the major party looses.
Reasons why the party of majority does this, could be various, but the result is fatal. (See Fig. 3).

< 100 % >

30 % 30 % 40 %

\ 4
A

1 60% 0% —*

Fig. 3. Splitting votes

But minority can win under 100% attendance even without splitting votes, and again — and,
again, with options.

e Let we have a majority voting system with a rule of 2/3. If in the end the minority has won,
hence at the last stage of voting it obtained 2/3 of votes. But if every elector in the last stage was
elected on the same 2/3 basis, then a situation is possible as shown at Fig. 4, when minority wins
(in this example 4/9 against 5/9).

But for realization of such a possibility it is necessary to satisfy three conditions:

T
TN/

Fig. 4. Multy-staged elections

(1) elections must be multi-staged, and at each stage decision is made by majority, (2)
minority must obey a discipline of voting imposed by their leaders (imagine what happens if one of
voters would exchange places with the other party); (3) minority must be numerous enough — for
ensuring its majority at the last stage (imagine that in our example a minority is not 4 but only 3
voters). But it must be noted that the necessary proportion of minority could be arbitrarily small, if
the additional levels of elections are admissible. For instance if in our example to add one more
level, then winning proportion of minority is descended from 4/9 (44.4%) to 8/27 (33.7%).

This scheme has not only a theoretical interest: multistage elections are used in real life. Say,
two-staged election procedure of presidential elections in the USA already 4 times of 43 has
brought to power candidates from minority (Bush beat Gore with only 48% of votes in the
Primaries). The same scheme guaranteed to Soviet leaders being permanently elected for many
years in a row, in spite the ballot was “direct and secret”.
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But minority can win even under one-stage elections!

¢ An example of this gives an election procedure in Australia. Elections there are one-stages
physically: every voter fills in a ballot-paper only once. But in contrast to other systems an elector
must not simply nominate the most preferable candidate, but rank all candidates in the order of
his/her preferences. The election procedure is as following. From all ballot-papers they extract
candidates with the first priority. If any one of them collected majority — he becomes a member of
parliament. But if there is no candidate with majority (remember splitting votes?), then they took
candidates with second priority (do you see multistage procedure — not physically but
algorithmically?) and again define whether somebody took the majority. And so on. What a party of
minority is doing? They ask their followers to take part in voting and oblige them to put their
candidate at the last line of the list. (Do you see a condition of voting discipline for a minority?)
The expectation is that splitting votes between other parties at upper levels will bring the procedure
to the bottom line, and we all are there, and majority of other voters have put us in the last priority.
This gives us a majority of votes. This is why minor parties are presented in the Australian
Parliament.

Paradox 5 — of overwhelming majority. Many believe that, under the election rule “one
person — one vote”, the more votes were given to an alternative the more democratic is the decision
made. This is a delusion! Perhaps this impression is based on the fact that politicians feel
themselves the more sound and confident the larger part of electorate supports them, and to the
larger extent they counted to be representative of people.

The paradox consists in psychologically understandable impression based on the prevalent
concept of “Us and Them”, of “own and alien”, but this has nothing to do with the concept of
democracy.

Let us show it on a simple example. Let the maximally “democratic” election procedure be
accepted, with only two rules:

(1) Under any number N of voters, a decision is taken only if “pro”s are not less than N -- 1,
and “contra” is only one. (Note that N may be any, and even very large, number).

(2) Every voter is voting “pro” if the alternative is not harmful to him personally (and, of
course, he does it with even more enthusiasm if it is beneficial to him).

It looks like impossible to suggest more “democratic” procedure. But if a society approves this
procedure for making collective decisions, - it bids farewell to the democracy. From now on, the
chairman may (if he wants to) realize by this procedure any decision he likes. The next example
reveals it explicitly.

Let us apply the procedure to deciding whether we all shall pass from a state to another one.
Let “a state” be the presence of a certain sum of money in everyone’s pocket. To pass to another
state means to take some money from one person and to distribute it somehow between the others.

Then the theorem holds: It is possible to come, by this procedure, from any initial state to any
pre-designed state by a finite number of steps.

To be definite, imagine that I would like to transfer all your money in one pocket. First step:
“Who is for taking money from a (named) person and sharing it between all the others?”. The result
is evident. To accelerate the process, the chairman can suggest to transfer all money from a
(named) person directly to the target one. The procedure will work perfectly. Sooner or later, the
purpose will be achieved, and in fully legitimate way.

Do not think that this example is artificial. What is worse, in practice the procedure may be
accompanied by liquidation of those discontented, as during Stalin’s purges in the past century.

The essence of this paradox lays in the fact that this procedure makes legitimate sacrificing
interests of one person for the sake of interests of all others. But the others ignore that everyone of
them will become the next victim.

Thus, voting by majority and democracy — are simply different things.

Democracy has several definitions, including those containing general elections as an
indication of it. But the essence of democracy is not concentrated in the secret and direct general
elections (exactly that was one of the clauses of Stalin’s “the most democratic” Constitution).
Decisions may be made collectively or individually; but democracy consists in defending basic
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human rights (on life, on property, on freedom) of any minority — in the process of implementing
the decision.

Paradox 6 — of the unanimity. If the key indication of democracy is a defense of interests of
everyone, then the only democratic voting system is the unanimous decision-making: everyone can
defend own interests already at the stage of making decision, just by saying “no” to a disliked
alternative.

In fact, such procedure is applied in many highly responsible situations: the rule of veto in some
parliaments; in Security Council of UNO; the next Pope is elected by cardinals only unanimously; the
verdict of jurors; decision making in joint-stock companies with unlimited responsibility, — are just a
few examples. In professional facilitating of the applied systems analysis (solving problems) it is
strongly recommended to use this procedure in each act of collective choice [3].

But paradoxical situations happen under this procedure, too.

(1) Sometimes the unanimity principle (all are “pro”) is substituted by the principle of
consensus (nobody is “contra”); but they are quite different things: the abstainers are treated
identically to the “pro”s, the absent ones are not taken into account at all. A dramatic example was
the decision of the UN Security Council to start military operations in Korea under the aegis of
UNO - in absence of the Soviet representative.

(2) Second paradoxical situation emerges when a desired alternative can no-wise collect
100% of votes. There are at least three ways of trying to overcome this difficulty.

First one is a search for a compromise settlement, In Fig.5 it is seen that unanimity is
impossible because an alternative acceptable for all parties does not exist (circles outline acceptable
alternatives for each one of them). The way out of this may be in persuading someone to concede
by slightly extending a set of acceptable alternatives, i.e. to agree on compromising (dotted line).

Fig. 5. Scheme of the one-sided compromise

The second way can be called “a ladder principle”. We can try to achieve the goal unattainable
in one step, by doing one by one several small steps toward it, but each step — unanimously. (The
idea is that small steps are easier agreed than the large one.) Sometimes it becomes evident on a
middle step of the “ladder” that the pursued final solution does not worth to make (like in Ackoff”s
example with the bill on the capital punishment for murder [4]),

The tirird way — to stop making unsuccessful collective voting and to apply to an
authoritative and respectful person for his decision or advice.

Paradox 77: The Arrow’s Theorem of Impossibility. Arrow has obtained the most general
theoretical results about collective choice, and was awarded by Nobel Prize in Economics for his
findings. The most famous of them became his “Theorem of Impossibility”. The question was:
“Could something consistent be said about all voting procedures?” (See formula (1) at a beginning
of the paper). The answer was “No” to all procedures; but one can try to say something definite
about procedures “good”, “acceptable”, “reasonable”, i.e. satisfying certain sensible conditions.

The reasonable conditions, expressing our understanding of what is the “right”, ”just”, good”
choice, were only four (in the original paper there are some other ones, but they are of purely

technical — about numbers of alternatives and voters):

115




European Journal of Psychological Studies, 2014, Vol.(3), N2 3

(1) All individual choices Ci(X) have to be taken into account somehow, not compulsory with
equal weights, but the extreme form, Co(X)= = C,(X) ( “the dictator’s choice”), is undesirable.

(2) Condition of monotony of f(.). Any alternative, accepted by a certain number of votes,
must not be rejected by a larger number of votes in its favor.

(3) Condition of independency of alternatives. If changes in an individual preferences did
not touch on certain alternatives, then in a new collective ordering they must keep their ranks.

Let us give an illustrating example to this condition. Let us come back and extract a one
voting-paper from the ballot-box and return it to the voter “for second thinking”. He changes his
mind about two alternatives and swaps their places in his list. The corrected paper is returned in
the urn and the counting is repeated, It might (usually not) change the final result, but if it does (in
case of unstable situation when one vote makes the difference), then it is fair that in the new
ordering the positions of only those two candidates are changed, and ranks of all the others remain
unchanged.

(4) Condition of sovereignty. For any pair of alternatives there are such two sets of individual
preferences, under which the orderings of the alternatives are opposite.

This is the part “If...” of the Arrow’s Theorem. The part “Then...” proclaims the statement
receiving name “Theorem of Impossibility”:

The given requirements are incompatible; i.e. there is no procedure satisfying all four
conditions simultaneously.

That was a sudden surprise (the conditions look so natural and necessary!), and gave rise to
hot debates, especially after paraphrasing the Theorem:

For any election procedure there exists such a set of alternatives, on which the choice can
not be made, but the “dictator’s choice” is an exclusion.

It produced a great noise around the Theorem: “Science proved weakness of democracy!”,
“Science shows inevitability of the dictatorship!”, etc. Today the dust has fallen down (many years
have passed), and the following comments may be made:

a) Although you may not like it, this is an intrinsic, inherent and unavoidable property of
elections, proven mathematically.

b) The Arrow’s Theorem is a statement about voting, not about democracy. They are different
things, and its political interpretation is substitution of concepts, confusion of means and purposes.

¢) Failure to arrive to a decision results in losses; the loss can be tolerable or inadmissible.

d) If the loss from not making decision is tolerable, we prefer to make decisions collectively,
by voting; this gives important dimension to our common activity.

e) If the loss from failure to make decision can not be accepted, we have to exclude the very
possibility of not making decisions. And there is the only way to do so — to use a one-sided
(“dictator’s”) decision making.

f) The individual choice for a collective problem is neither good nor bad in itself.
Everything depends on circumstances. For instance, decline from authoritarian subordinations in
the army leads only to lowering its fighting efficiency (as in the Soviet Army with its sharing power
between commanders and commissars since 1918 up to 1942). And in an ordinary life we often
resort to opinions of a wise man or experts in ambiguous situations.

g) Consideration of properties of voting systems has nothing to do with politics. It is just a
rigorous logical study of peculiarities of the algorithms of transformation of a set of individual
preferences into one preference agreed to be a collective one. How to exploit the knowledge in real
life — this is the politicians’ and managers’ affair.
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