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DICHOTOMYAPORIA
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Abstract. The purpose of the study is to identify the sources of the contradiction of
Zeno's Dichotomy aporia. The real instances of motion with separable parts were
analyzed. The knowledge acquired while observing the relation between the whole
movement and its parts was compared with Zeno's reasoning in the Dichotomy aporia.
Real examples of motion from the point of view of mereology (part-whole relation) and
elementary mechanics are investigated. It has been investigated that in the case of motion
analysis in the categories of parts of motion that begin with the whole motion, the
beginning of the motion of each of these parts is independent of the beginning of the
motion of other parts. In this case, the whole motion and the motion of all its parts begin
simultaneously. Similarly, it is justified that in case of the completed motion, all parts of
the motion are completed simultaneously with it, i.e. the completion of one part of the
motion cannot be a condition for the completion of the other part of the motion. It is
justified that in order to ensure the condition "before the last point of the path is reached,
the previous one must be passed" it is not necessary to break the path in steps that end
before the last point of the path. The mereological axiom about the integration of the
whole with its parts is justified, which allows, on the basis of formal approaches, to
prevent similar contradictions or eliminate them.

Keywords: aporia, Dichotomy, source of contradiction, infinite divisibility, “part-whole” relation,
mereology, axiom.

The essence of this cognitive problem lies in the following. Zeno of Elea tried to
justify the impossibility of motion. He argued that any distance the object moves is infinitely
divisible. Thus he concluded that all motion is impossible. Since such a conclusion
contradicts to everyday experience, it is important to find out the source of this contradiction.
The importance of finding the source of contradiction in any paradox, or aporia, is due to the
fact that the existence of contradictions, the sources of which have not been identified, is a
sign of the logic theory imperfection. Therefore, any unsolved paradox, or aporia, is a
manifestation of a cognitive problem, being a stimulus for seeking explanations that could
advance the theory of logic.

In more detail, the essence of this cognitive problem can be presented as follows. The
information about Dichotomy first appeared in Aristotle’s “Physics”. In such account, this
aporia calls for an explanation of at least three problems. The essence of the first cognitive
problem (the first variant of aporia) comes down to explaining how movement can start if you
cannot specify the “first distance” of it: “Zeno's arguments about motion, which cause so
much disquietude to those who try to solve the problems that they present, are four in number.
The first asserts the non-existence of motion on the ground that that which is in locomotion
must arrive at the half-way stage before it arrives at the goal” [1, P. 323].



In fact, before an object can travel the whole distance, it must travel a part of it, in
order to travel this part it must travel a part of this part. Because of the infinite divisibility of
this distance into halves, the motion cannot begin. This version of aporia is called regressive

(Fig. 1).
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Fig. 1 The regressive version of the Dichotomy Aporia

According to the second version of the aporia, it is necessary to explain how the
motion can be completed if its final part cannot be specified: “... Zeno's argument makes a
false assumption in asserting that it is impossible for a thing to pass over or severally to come
in contact with infinite things in a finite time” [1, P. 315]. In this case, contrary to the
previous one, it is asserted that the motion does take place: first an object travels a part (a
half) of the distance, then, to reach the goal, it has to travel a half of the half and so ad
infinitum. Thus there occurs an infinite number of parts of the motion, which cannot be
completed at all. This form of aporia is called progressive (Fig. 2).
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Fig. 2 The progressive version of the Dichotomy Aporia

The third cognitive problem is formulated by Aristotle during the reconstruction of
Zeno's aporia in the previous citation: how is it possible to pass over infinite things (parts of
the path) in a finite time interval?

One of the first critics of the Dichotomy Paradox was Aristotle, who argued that the
infinite number of the diminishing parts of distance corresponds to the same infinite number
of the diminishing time intervals. This explanation is constantly criticized. Thus the
objection is that Aristotle's explanation makes it impossible to understand how an infinite
number of partial events can be transformed into a finite event: “Against this form of the
argument Aristotle quite appropriately pointed out that the time span during which Achilles
chases after the tortoise can likewise be subdivided into infinitely many non-zero intervals,
so Achilles has infinitely many non-zero time intervals in which to traverse the infinitely
many non-zero space intervals. But this response can hardly be adequate, for the question
still remains: how can infinitely many positive intervals of time OR space add up to anything
less than infinity? The answer to this question was not provided until Cauchy offered a
satisfactory treatment of convergent series in the first half of the nineteenth century”
[2, P. 132].

The explanation for the lack of contradiction of the convergent 1/2” series became
popular because it has a limit that can be calculated. However, this approach has also been
criticized because the convergent series never completes, and therefore, using it, we cannot
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disprove the opinion that the motion cannot begin or end: “Usually, they try to get around the
paradox by arguing that the sum of an infinite number of these time intervals nevertheless
converges and therefore gives a finite time interval. However, this reasoning does not at all
touch one essentially paradoxical moment, namely, a paradox that can be reduced to the
following: some infinite sequence of events that follow one after another, a sequence whose
completeness we cannot even imagine (not only physically but also in principle), in reality
still must be completed”[3, P. 16].

One approach to eliminating contradiction is to accept the quantization of motion, and
consequently, of time and space [4]. There are several reasons for this approach: “On the
other hand, I believe that the theory that space is continuous is wrong, because we get these
infinities and other difficulties, and we are left with questions on what determines the size of
all the particles. I rather suspect that the simple ideas of geometry, extended down into
infinitely small space, are wrong. Here, of course, | am only making a hole, and not telling
you what to substitute. If I did, I should finish this lecture with a new law” [5, P. 166—-167].

The closest approach to solving the paradox (in author’s opinion) proved to be the one
suggested by Bertrand Russel. In his work “The Principles of Mathematics” he mentioned that
“the infinite regress consists merely in the fact that every segment of real or rational numbers
has parts which are again segments; but these parts are not logically prior to it, and the infinite
regress is perfectly harmless”(5, p. 350). This statement can be interpreted in such a way: the
object can be divided into infinite number of parts, but counting the number of objects, we
cannot count parts, because they have already been counted with the objects whose
constituents they are. Russel described the part-whole relation with the help of the conceptual
instrument of a set theory. At the same time, this relation can be more naturally described
with the use of mereology concepts. Bertrand Russel did not propose some formal means of
avoiding or eliminating such paradoxes. After all, when paradoxes were elicited in the naive
set theory (and its implementation became problematic), axioms were introduced for avoiding
contradictions during the thinking process. Such activities should be also implemented in this
case. Both this idea and the need to specify the crux of the paradox have been the reason for
determining the aim of this research.

The aim of the paper is the clarification of the knowledge of the sources of the
contradiction in Zeno's Dichotomy aporia. This being pursued, the following gnoseological
activities were included: 1) the real instances of motion with separable parts were analyzed,
and 2) the knowledge acquired while observing the relation between the whole movement and
its parts was compared with Zeno's reasoning in the Dichotomy Aporia.

Let us consider, first of all, real-world examples of motion, on the basis of which the
relationship between the whole movement and its parts can be analyzed. Take, for example,
familiar motion of a passenger train. The train moves from the point of departure to the final
stop. Passengers leave at the stops located at a distance of /16, I/8, 1/4, /2 from the departure
point. One passenger leaves the train at each stop. (The number of passengers leaving at a
stop is irrelevant in the analysis. However, let's take it for better understanding.) So the
model of motion (you can actually reproduce it) is like this. Before the last passenger leaves
at the final stop, it is necessary for a previous passenger to leave at a stop located at a half of
a distance (1/2). Before this passenger leaves, it is necessary that a passenger left at a distance
of I/4 from the beginning of the motion. This should be preceded by the exit of the passenger
at a distance of 1/8 from the start of the travel. And this will not happen if the train does not
pass the stop at a distance of 1/16 from the beginning of the motion (where the first passenger
must leave).

11



Let's analyze this model of motion. When passengers are traveling by train, no matter
what part of each passenger's journey, they all start moving at the same time. Moreover,
these are not different motions, but the motion of the same train. This fact is more clearly
visualized when depicting each part of the motion separately (Fig. 3). Such an image clearly
shows that each part of the motion begins simultaneously with the other parts of the motion
and with the motion as a whole. It is more accurate to say that the motion of the parts does
not begin at the same time, but that their onset is mutually identical and identical with the
whole motion (the motion of all parts and the whole occur as one motion). After all, starting
their motion simultaneously, all passengers do not perform motions that are independent of
each other (as it would be in the case of their travelling by different trains). Their motion is
the same motion of the train. Therefore, the motion of each part of the whole motion is at the
same time a manifestation of the whole motion.

/

172

1/4
1/8
/16

Fig. 3 Representation of the relation between the duration of the whole motion and its parts
(from the beginning of the motion); the parts of the motion are presented as independent

We now compare the observations described with Zeno's reasoning. Let us first
consider Zeno's reasoning that there exist conditional connections between the parts of the
described motion (the next part of the motion will not happen before the part of this part first
occurs). In each part of the motion (as itis clearly shown in Fig. 3) it is possible to
distinguish its beginning, duration and termination. Obviously, there exists such a
conditional relationship between the moments of completion of any part of the motion and
the completion of the previous part of the motion. However, there is no such connection
between the beginnings of the motion of the depicted motion parts; they all start together.
Therefore, on the basis of the conditional relation between the closing moment of the interval
of motion and the closing moment of its part, it is not possible to conclude that there is a
similar connection between the beginnings of these motions. Therefore, the mere fact of
existence of a conditional connection between the final parts of the motion of an arbitrary
period of motion and the part thereof cannot be the basis for the conclusion that it is
impossible to start the motion. Any other motion can also be taken as an example. For
example, to put a letter in a mailbox at the end of the journey, a post person must first put a
letter in the mailbox on her half way. But, before that, she must put a letter into a mailbox at
a quarter of her way, and so on. However, the post person's motion for one sixteenth, one
eighth, one fourth, one second of the whole distance and her motion for the whole distance is
one and the same motion. When the second hand of the clock passes the first second, this is
at the same time the beginning of the minute, the hour, the month, the year, the millennium
ete.

The example analyzed differs from the Zeno’s motion model in that it takes a finite
number of parts. In the case of infinite division, the whole infinite number of parts of the
motion must also begin as a single motion, and therefore, the grounds for the inability to
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begin the motion should not arise. The analyzed example, in which we compare parts of the
same motion, can be presented as a model of multiple independent motions. For example, we
can make a line of archers who fire at the same time, but every time each of them fires at a
distance shorter than the goal. Similarly, the motion of a train, which is left by one passenger
at each stage of motion, can be replaced by a corresponding number of trains, each carrying
one passenger and traveling the distance twice shorter than the previous one. Similar will be
the chord with an arbitrary number of sounds, each of which lasts twice shorter than the
previous one. Hence, it must be deduced that the beginning of an entire motion is at the same
time the beginning of an infinite number of parts of this motion, in which there is no first
part (the one that cannot be halved).

However, these considerations relate not only to the infinite number of points near the
infimum, ie the lower limit of the interval, but also to the supremum (the upper limit of the
interval). This is just the reversed situation. In this case, the post person does not put the
letters in the mailboxes, but collects them and carries them to the post office. They (these
letters) move together, this is the same post person’s motion, and they will complete the
motion at the same moment with the post person's motion being completed. The same is true
of passengers: one of them boarded the train in the middle of the road, the second one at a
distance of 1/4 to the end of the journey, the third one at a distance of 1/8 and so on. They all
complete (and will complete) the motion at the final station. Therefore, arriving at the
terminal station of the passenger who was the last to board the train is not a condition for
arriving at this station of the passenger who boarded the train in the middle of the road; they
will all arrive at the same time (Fig. 4).

)
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%
/16

Fig. 4 Representation of the relation between the duration of the whole motion and its parts
(before the motion completion); the parts of the motion are presented as independent

These considerations apply not only to the beginning and the end of the motion, but
also to any moment of motion during its duration. After all, at any station within the route
passengers board the train, and they will leave the train at different distances from the place
where they started their trip (the same being true about the passengers who boarded the train
at the departure station). Similarly, at each station there are passengers who leave the train
having covered different distances (from the place where they boarded the train). The fact
that the number of parts of motion that begin and end at each point in space and time of the
infinite universe is infinite (unlike the number of passengers on the train, the number of
letters with the post person, the number of mixed sounds in the chord), does not change
anything in these considerations. The duration of a second is the duration of the part of any
period (a minute, an hour, a year, a millennium etc.) that begins, lasts, or ends with this
second.

Therefore, the absence of a minimum distance, a minimum period of time (during
which the change occurs either at the beginning, in the middle, or at the end of the motion),
of the first or the last part in an infinite number of parts of any phenomenon does not
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contradict nature. Thus, in fact, Zeno's conclusion in the Dichotomy aporia about the absence

of the first or last parts of the motion does not imply impossibility of starting or ending the
motion.

In addition to the just considered objection to the alleged contradiction in the
Dichotomy aporia, other objections should be analyzed. In the case of the progressive
version of aporia, Zeno assumes that the motion has taken place (for a half path). Then there
should be no problems with traveling the whole distance. It is enough to pass the same
distance that the moving body has just passed. The linear dimension of such motion is
irrelevant. It may not be a half, but an arbitrary part of the distance (by repeating the motion
certain number of times, one can overcome any distance).

In view of the second argument, there also emerges a third objection to the aporia
analyzed. Zeno builds aporias in a similar way. All of them (including aporias about motion)
have the following structure: 1) let us assume that the motion exists, 2) from this assumption
there follows the conclusion that all motion is impossible. However, Zeno only declares that
he assumes the existence of the motion. If he really made such an assumption (that the object
is capable of moving to some distance), then the conclusion about the inability to move
would be refuted by the previously described counterargument concerning transfer of the
performed motion (and not of its part).

Another objection arises if one interprets the decrease in the distance traveled at each
subsequent step of motion as a consequence of a constant decrease in speed. At the same
time, everyone knows from school that motion can be not only slowed down according to the
laws of the convergent series, but it can also be uniform or accelerated. In the last two cases,
there is no problem with passing an arbitrary finite distance, as well as with the ability to
catch up with and overtake the object that moves more slowly.

For a more thorough analysis, let us consider the arguments for Dichotomy aporia
from the point of view of elementary mechanics. Therefore, let us compare the graphic
model of steady motion (at the level of the simple tasks on mechanical motion from

secondary school syllabi) (Fig.5) with the graphic model of the motion depicting Zeno’s
aporia.

e Time
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Fig.5. Graph of steady motion
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Fig.6. Graph of the motion according to Zeno’s Dichotomy Aporia
a) motion with the decrease in movement time periods b) motion with decrease in speed

When the motion is steady during every equal time period (they can be considered as
movement stages), the body covers the same distance. In this case this body can cover any
distance, and it does. When such a modelling of the mechanic motion is conducted, the
terminal point of every next stage of motion is by no means connected with the terminal
point of the whole movement. In other words, the condition of the end of the arbitrary
movement stage being located before the end of the whole movement is not imposed.

Let us consider the model of Zeno’s motion. The motion when the body covers the
part (a half) of the distance and each next distance is a half of the half can be realized in only
two ways: a) if the motion is steady, that is, the speed is constant; in this case constant
halving the distances can be achieved only by shortening the time intervals of movement
stages (as if the body is prohibited to move forward any longer, but the time period of the
next movement stage is shortened) (Fig.6a); b) if motion is decelerating, and the deceleration
law is the same as the law on the shortening the movement distance, that is, at each next
stage speed is halved, and the body covers the half of the previous distance (Fig.6 b).

In both cases of motion modelling shown in Fig.6, Zeno “forces” the body to move
stage by stage, and final points of these stages should be necessarily located before the end of
the whole motion. He argued that before the body approaches the terminal point, it must pass
all previous points. However, there is no obligation here, because the body will approach and
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pass all previous points even if the last point of the last movement stage is the final point of
the motion.

This substitution (explanation of the non-obligatory connection as obligatory) is
another source of the contradiction of Zeno's Dichotomy aporia. Therefore, the condition that
before approaching the terminal point it is necessary to approach and pass intermediate
points does not cause the condition that final points of all next motion stages must be located
only in the boundaries between the beginning and the end of the motion. In the aporia this
second condition is used, but is not openly manifested, as well as the fact that it probably
results from the first condition.

For creating a formal instrument for preventing the occurrence of the contradictions
like that of Zeno's Dichotomy aporia, let us analyze the mereological relation between the part
and the whole. Let us assume that the distance between the beginning and the end of the
motion equals 2 meters. After the first distance division two parts are given, and their length
is one meter each. Then let us divide every meter into decimeters and obtain 20 decimeters.
The next step of the division will be dividing each decimeter into centimeters. Then
centimeters are divided into millimeters and ad infinitum.

Thereby, there are different structural division levels: the first one is a subdivision into
meters; the second is the subdivision into decimeters; the third one is subdivision into
centimeters etc. For putting the parts together into the totality (the initial total distance), their
parts should be united as 2 meters, or as 20 decimeters, or as 200 centimeters, or as 2000
millimeters (and so on while uniting the parts of the parts). As a result of each of these uniting
processes, we will obtain the initial totality. The number of the parts at each level of
subdivision which being then united will make up the initial totality will be always finite (2
meters, 20 decimeters, 200 centimeters, 2000 millimeters etc.).Total distances obtained by
such uniting will always be finite and be equal to the length of the initially divided distance,
that is, 2 meters. Therefore, though the division can be infinite, the number of parts (at each
division level) is finite and no paradox occurs during their uniting into the whole. Moreover,
in this case no problem of the search for the first movement occurs.

The paradox occurs when the totality is united with its parts. When we add the parts of
initial total distance which are two sections with the length equal to 1 meter to 20 decimeters
which are their constituents, we will not obtain the initial totality (2 meters), because uniting 2
meters into the whole, we have united decimeters which are contained in (or which contain)
these meters as well. As a result of described unification of the totality with its parts, we many
times add together the same distances (or time periods): when we united decimeters, we
simultaneously added into the whole centimeters which are the parts of these decimeters, and
millimeters which are the parts of these centimeters, and the rest infinite number of the
distances, put one into another. Exactly as a result of the unification of the whole with its
parts and parts of these parts we obtain the infinite numbers of parts (body elements,
distances, time distances) which correspond not only with one whole which was initially
divided into parts, but infinite numbers of such totalities. A reverse “mechanical’ unification
of this infinite number of parts causes the paradox.

Let us create a symbolic (and simultaneously graphic) model of dividing into the parts.
Initial whole which will be divided to the parts is lettered “o” with a sub-index “t” (the first
letter of Latin word “totius” meaning “totality”), that is, O (Fig.7), noting that in the analyzed

example the totality stands for the initial distance. Therefore, the analyzed totality consists of
two parts (two meters). Let us designate these parts as of ; and of ; . Upper index marks the
distance whose parts are these parts.

Since this totality is an initial divisible distance, the upper index is 7. The sub-index
contains two numbers. First of them designates the level of division. As this is the first step of
the division, the first number in the sub-index is 1. Since we have obtained two parts as a
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result of subdivision of the totality into parts (2 meters), the second number of the sub-index
denotes the first meter (the first part) and is equal to 1, and another sub-index denotes the
second meter and is equal to 2 (in Fig.1 the levels of subdivision are marked with a dashed
line). A zero level is a level of the divided, that is, the total object.

O; k=0

Fig.7. Graphic model of the subdivision into parts

At the second level of the subdivision each of two meters is divided into decimeters.
The symbolic form of the parts of subdivision is created according to the general principle
o,l("]l, where i is a level of the distance subdivision which is a totality for this object; j is an
order number of the mentioned totality at the subdivision level #; k the level of subdivision
(i.e., at what step of the division the marked part is obtained); / is the order number of the
marked part at the division level k.Fig.7 shows that the first object (the first part) of the first
division level, that is, the first meter, contains three parts at the second level of subdivision
(literally, the first meter contains three decimeters instead of ten). In the same way it is shown
that the second meter contains two decimeters instead of ten. This is the obvious distortion,
but this conditional character of depicting (beginning from the second division level) occurs
due to difficulties caused by representing a large number of parts.

Each distance of the first level of ; is a part of the total distance % (which is subdivided
into parts). At the same time, each distance of the first level is the totality in reference to its
parts at the second level. Upper indices of the part co-inside with sub-indices of the totality.
For example, the fact that the distance 0;'11 is the part of the distance o;"; manifests itself in
the identity of the values of the upper indices (i = 2, j = 1) of marking the part of the distance
with the values of the sub-indices in the marking of the total distance (k=2,/=1).

The number of elements at each level g1, 2, 3, ¢» is a finite number (it belongs to the
set of natural numbers N and equals the maximum value of the index /, i.e. /max at each
particular level). In the analyzed example /max = 2 at the first level; /max = 5 at the second level,
Imax = 12 at the third level.
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For writing down the procedure of subdividing into parts and reverse uniting parts to
the totality, let us introduce the following symbolic signs: [ for dividing the totality into
parts, @ for uniting the parts to the totality.

The correct writing of the procedures of subdividing into parts and reverse uniting
parts to the totality.

The procedure of subdividing the totality into parts which are meters:

(initial distance) & meters = (meter), (meters).

The procedure of subdividing the totality into parts which are decimeters:

(initial distance) B decimeters= (decimeter;, decimeters, ... decimeter 20)

The procedure of uniting parts (which are meters) to the totality:

meter; ® meter,= (initial distance).

The procedure of uniting parts (which are decimeters) to the totality:

decimeter; ® decimeter; @©... ® decimeter20= (initial distance).

Incorrect writing of the procedure of uniting parts to the totality:

meter; © meter, @ decimeter; ® decimeter; ©... ® decimeter 2o = (initial distance).

As a result of the unification of the infinite number of the parts into which any
distance or time period can be divided (on the basis of the concept of infinite divisibility), the
infinite number of the parts can be obtained. However, those parts being united, we will not
obtain the totality, but the infinite number of such totalities. In this very case the quasi-
problem of searching for the first or the last movement occurs during the analysis of the
Dichotomy paradox.

If the number of the parts obtained at each level of division is designated by the
symbol g whose index will denote the subdivision level, the paradoxical, that is, incorrect
unification of the parts to the totality will look as follows:

q1(meters) @ g2(decimeters) @ gs(centimeters) ® g4(millimeters) @... & gm(parts of distances
at the level of subdivision m, m — o) = (initial distance).

For avoiding contradictions of the analyzed type in the process of thinking, the axiom
resembling the content of the absorption law about the union of sets should be introduced to
the operations with totalities and parts. It would say that if some subset S is a subset of the set
P, after the unification of these sets we will obtain the set S, i.e. if (S < P), (S U P)=S. For
example, if the set “furniture” is united with the set “fables’ (when it is said “tables and
furniture), it means the same as “furmiture”, since counting pieces of furniture, we are
counting tables as well.

The analogical mereological axiom of absorption (that is, the axiom for the operation
with the parts and totalities) can be formulated as follows:

The unification of the totality with its parts is equal to the totality.

Formally this axiom can be written down with the use of one of such three methods:

0 t —0,
1. "® o0p,="".

a,b cd _ _ab
2.0, ©® 0,5 =0y
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If we assume that x is the part of y in the formula y = Px,
3. y®x=ux.

For visualizing the source of the contradiction in the aporia of the infinite division into
the parts, the following example can be set. Let us assume that a tailor needs to measure the
waist of the customer for sewing a piece of clothing. Having measured the waist with the
meter, he obtained 7 dm. However, each decimeter contains 10 centimeters, and each
centimeter consists of millimeters (and so on ad infinitum). Therefore, for measuring the waist
he must add the whole number of the sections together, and, accordingly, it will be infinite.
The question poses why the tailor dos not act in this way, when he needs to measure some
dimensions.

The answer is that if we have a number of decimeters, it is not necessary to sum them
with their parts (centimeters), since all these parts have been taken into account during the
measurement in decimeters. Never the less, if we add the decimeter and its parts (centimeters)
together, the same elements will happen to be measured twice, and if the parts of these parts,
namely, millimeters, will be added to the sum, those same sections will be contained in the
sum of the measures thrice. When the number of the division levels reaches the infinity, the
total dimension will contain the infinite number of the same sections.

On the basis of the carried out research the following conclusions can be drawn:

1. Zeno's reasoning has the following structure: 1) we assume that the motion exists;
2) on the basis of this assumption we conclude that the motion is impossible. However, Zeno
only declared that he assumed the existence of motion. If he had actually assumed the
existence of the motion, he would have to start with the fact that the motion had already
taken place to a certain distance. In this case, by repeating the assumed motion an arbitrary
number of times, the object can be moved to the distance of any length (if the object is
moved infinitely, it can be moved to the infinite distance). So there should be no
contradiction.

2. In an arbitrary completed motion, it is possible to distinguish an infinite number of parts of
this motion which began with the beginning of the motion itself, an infinite number of parts
which ended together with the end of the motion, and an infinite number of events which
began, continued and ended in the period between the beginning and the end of this motion.
For the analysis of the beginning of the motion it is necessary to take the time intervals, sizes
and speeds of variable parameters being physically justified for each specific type of motion.

3. The use of the formulated mereological axiom on the unification of the parts to the
totality provides the opportunity for eliminating the contradictions of the infinite subdivision
to the parts as, for example, the Dichotomy, during the thinking process.
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ALGEBRAIC BACKGROUNDS FOR DATA STRUCTURES MODELS

Skobelev V.G.

Abstract. The main aim of the Algebraic Aggregate Theory is to present uniformly data
structures in mathematics and its applications in terms of Universal Algebra. In the given
paper are characterized three sub-algebras of the Algebraic Aggregate Theory. These sub-
algebras are the sub-algebra of ordered pairs, the successor sub-algebra and the algebra of
Semi-Boolean Systems. Some applications of the obtained results for solving mathematical
problems and software development are illustrated.

Key words: Semi-Boolean systems, data structures.

1. Introduction. Penetration of information technologies into all fields of mankind activity
caused the need to deal with a wide class of super complex applied problems. For effective
solution of the vast majority of these problems modern computers and/or clusters as well as the
development of the relevant data structures are necessary. The essential characteristics for these
data structures are that they should be accurately and uniformly characterized in terms of
mathematical models and also they must be the necessary tool for the elaboration of the effective
software. It is evident that Algebraic Systems are the most general mathematical models for data
structures, and, besides, they give the possibility to solve effectively verification problems in the
development process of IT-systems.

The development of data structures in Applied Algorithms Theory [1], as well as the
development of Table Algebras [2] and their generalizations [3], have revealed deep internal
links between data structures and classic Algebraic Systems (commutative and non-
commutative, both). These internal links are based on studying the structure of Boolean algebra,
Boolean rings and their generalizations (some short surveys of researches in this area are given
in [4, 5]). Especially, the papers [6, 7] should be noted, since they have stimulated intensive
researches of Semi-Boolean systems and their applications (see [9, 10, 11, 12, 13], for example).

During the last two decades, the theory of non-associative Algebraic Systems has been
developing intensively, primarily due to their successful application in solving problems of
information transmission and protection (see [14, 15, 16], for example). For this reason, the
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problem of construction of axioms systems for extensions of Semi-Boolean Systems intended for
efficient representation and processing of both associative and non-associative Algebraic
Systems is relevant. One of such constructions, formulated on the base of Universal Algebra, has
been proposed in [17]. Due to high complexity of this Axioms System, it is natural to carry out
its study in terms of sub-algebras defined by some of these axioms. This approach makes it
possible not only to examine in detail the properties of the Semi-Boolean System defined by the
proposed Axioms System but also, when it is necessary, to clarify and/or to detail the respective
axioms. Presentation of the results obtained in this direction is the main aim of the given paper.

2. Previous results. The Algebraic Aggregate Theory [17] assumes that we deal with some
non-empty set A, in which some element 0 is distinguished. There are defined on the set 4 the

€¢0 9

unary operation , the binary operator “(, )”, and two binary operations “+ ”and “-",

satistying the following Axioms System (it is supposed that a,b,c,a’,b’ € A):

a—a=0, ()
a+(b+c)=(a+b)+c, (2)
a+b=b+a, 3)
ata=a, “
(a+b)—c=(a—-c)+(b-0), %)
a—(b+c)=(a-b)—c, (6)
a+(b—-a)=a+b, (7
a+(a-b)=a, (8)
(a—b)—c=(a—c)=(b=c), ©)
a—(b—c)=(a-b)+(a—(a—c)), (10)
a’=b"=a=b, (11)
(a,b)=(d,bYy=a=d"&b=D". (12)

Axioms (1)-(12) imply that the element 0 can be interpreted as the empty set, the unary

€609

operation can be interpreted as a successor operation, the binary operator “( , )” can be

interpreted as an ordered pair, the binary operation “+” can be interpreted as the union of two
sets, and the binary operation “—" can be interpreted as the difference of two sets.

Due to this Axioms System, the relation of partial ordering “<”, and binary operations “LJ "
of the symmetric difference and “-” of the intersection have been defined in [17], as follows (it is
supposed that a,be A):

a<bsa-b=0, (13)
aAb=(a-b)+(b—a), (14)
a-b=(a+b)—(aAb). (15)

It is pointed in [17] that on the base of (1)-(15) the following identities can be proved (it is
supposed that a,b,c € 4):
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a—a=b-b, (16)

a+0=a, (17)
a-0=a, (18)
(a—b)+b=b, (19)
a—(b—a)=a, (20)
(a—b)—c=(a—c)-b, (21)
a=(a-b)+(a—(a-b)), (22)
a-b=a—(a-b), (23)
a-b=b—(b-a), (24)
a—(a-b)y=b—(b—a), (25)
a—(b-c)=(a—-b)+(a—c), (26)
a—(b+c)=(a—b)-(a—c). 27)

Unfortunately, the evidence of identities (16)-(27) has not been provided in [17]. The
difficulties encountered in finding evidence of these identities have been the main reason for
analyzing the subsystems of the Algebraic System presented above.

The following inductive approach for converting the operator “( , )” into an algebraic
operation on a suitable set has been proposed in [18].

Let A= UA(i) , where 4” = 4 and

n=0
n—1
A" = U{(x, W|xed? &ye A"y (neN). (28)
i=0
The axiom (12) can be extended from the set 4 onto the set A as follows:
(Y, %5, 1,1, € A, 1) = (X, 1) & X, =x, &y, =1,) . (29)
Due to (28) and (29), for any non-empty set A the sequence A, A" ,..., A" .. consists of

non-empty pair-wise non-intersecting sets, i.e. A is an infinite set for any non-empty set A4 . Thus,
for any non-empty set A the A-associated infinite magma M, =(A,o) can be defined, where

xoy=(x,y) (x,yeA). The following properties of this magma have been established:
1. (Theorem 1 in [18]). For any non-empty set A the binary operation in the A -associated

magma M, =(A,o) is a surjection o: AxA — OA(”) .
n=1

2. (Theorem 2 in [18]). For any non-empty set A the A -associated magma M, =(A,o) is a
cancellative magma.

3. (Proposition 4 in [18]). For any non-empty set A the A -associated magma M, =(A,o) is
not a quasigroup.

The interrelation between elements of the set A and rooted finite labeled as well as
unlabeled binary trees has been studied in [18]. The main result is that the language presented by
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all these unlabeled binary trees is some proper non-empty sub-language of the Dyck language
Ly, over the 2 -letters alphabet. Besides, it has been illustrated that the magma M, =(A,°) can
be used successively as some conceptual model in mathematics and its applications.

In [19] properties of the successor operation “°” have been studied. For this purpose, the
axiom concerning this operation has been clarified as follows (a™ (a€ A;neZ,) denotes the
element (...(a°)"...)° of the set A, such that the operation “*” is applied n times):

Axiom 1. For any element a e A the infinite sequence a,a’,a”,... consists of pair-wise
different elements of the set A4.

Axiom 2. For any elements a,b € A the following formula is true: ¢ =b>=a=»b.

Axiom 3. For any element a € 4 there exists some element b€ 4 and an integer neZ,,

such that ¢ =™, and besides b = ¢™ for each element ¢ € A and each integer m e N .
Let

Core(A)={ac A|(Vbe A)(neN)a#b")},
and
ClL(a)={a"|neZ } (acA).
Then
A= |J Cl(a).

aeCore(A)
Besides, due to Axiom 1, for any element a € 4 the mapping ¢ —n (neZ,) is an

isomorphism between the sequence a,a’,a”,... and the sequence 0,1,2...., i.e. the Mathematical
Induction technique can be applied as a mathematical proof on the set 4. We illustrate the value
of this factor by the following example.

Example 1. Let G=(N,T,P,S) be the CFG grammar, such that N ={S,U,V}, T ={«, [}
, and P consists of the following productions: S—aV|pU, U—>al|aS|pUU,
V— B BS|aVV (see [20], for example). It is necessary to prove that the language L(G)
consists of all strings with equal number of symbols « and £.

We consider the following three hypotheses:

H : S=w <& thestring we L(G) consists of the equal number of symbols o and £.
H,: U=w < thestring weT" consists of one more & than f3.

H,: V=w < the string weT" consists of one more S than « .

Let Core(A4)={a,b,c}, and the elements of the sets Cl (x)={x"|neZ, } (xeCore(A))
are interpreted as follows:
a” (nel,) 1s the proposition: the hypothesis H, is true for all strings we L(G), such

that d(w)=n+2 (since the minimal length of a string we L(G) derivable from § is 2);
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b™ (nel,) is the proposition: the hypothesis H, is true for all strings we 7", such that
d(w)=n+1 (since the minimal length of a string we 7" derivable from U is 1);

¢" (nel,) is the proposition: the hypothesis H, is true for all strings we T, such that
d(w)=n+1 (since the minimal length of a string we 7" derivable from V' is 1).

The basis of induction. We must prove that propositions x* (x € Core(A)) are true.

There exist only two accessible derivations of the length 2 from S: S=aV = af and
S = BU = o . Thus, the proposition ¢” is true. There exists only one accessible derivation of
the length 1 from U : U = « . Thus, the proposition »* is true. There exists only one accessible
derivation of the length 1 from V : ¥ => . Thus, the proposition ¢ is true.

Inductive hypotheses. Assume that propositions x™ (x € Core(A4)) are true for all
n=0,1,...k.

Induction. We must prove that propositions x**"° (x e Core(4)) are true.

Let us prove that the proposition ¢**"° is true.

Suppose, that S=w (d(w)=(k+1)+2). Then either w=aw,, or w=pw,, where
d(w)=d(w,)=k+2. Thus, either S = oV =aw,, or § = U= pw,.

Since V' =w, (d(w,) =k+2), then by Inductive hypotheses w, € 7" consists of one more

p than o, ie. w=aw, consists of the equal number of o and f. Similarly, since U=w,
(d(w,)=k+2), then by Inductive hypotheses w, € 7" consists of one more « than g, ie.
w= [w, consists of the equal number of ¢ and £.

Conversely, let the string weT" (d(w)=(k+1)+2) consists of the equal number of «
and f. Then either w=aw, and w, € T" consists of one more S than o, or w= fw,, and

w, € T" consists of one more ¢ than f.
Since d(w,)=d(w,)=k+2, then by Inductive hypotheses V= w, and U = w, . Therefore,

S=aV=aw and S = pU= pw,,1e. we L(G).

(k+1)o

Let us prove that the proposition b is true.

Suppose, that U=w (d(w)=(k+1)+1). Since the first step of the derivation is either
U=aS,or U= pUU , we get that either U = aS=aw,, or U = SUU = fw,w;.

Since S=w, (d(w))=k+1), then by Inductive hypotheses w, consists of the equal

number of & and g, i.e. w=aw, consists of one more « than S.
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Since U=>w, (d(w,)<k+1) and U=w, (d(w,)<k+1), then by Inductive hypotheses
each of the strings w, and w, consist of one more « than g, ie. w= Bw,w, consists of one
more ¢ than .

Conversely, let the string weT" (d(w)=(k+1)+2) consists of one more « than fS.
Then either w=aw, (d(w;)=k+1) and w, € T" consists of the equal number of o and £, or

w=pw,w, (d(w,),d(w;)<k+1) and each of w,,w, €T consists of one more « than f.

Using Inductive hypotheses we get that U = aS=>aw, and U = pUU = Sw,w;.
The proposition ¢“*"° can be proved similarly.

This example and examples in [18] are compelling arguments that considered Algebraic
System and its subsystems can be effectively used in different Solvers and Theorem Provers.

3. New results. It is assumed that for the sub-algebra A =(A4;{0,+,—}) (JA[>1) the
following three axioms hold:

Axiom 4. For any elements a,be A the following identities expressed only in terms of the
operation “+” are true:

a+(b+c)=(a+b)+c, (30)
a+b=b+a, (€2)
ata=a, (32)
a+0=a (33)
Axiom 5. For any elements a,be A the following identities expressed only in terms of the
operation “—"" are true:
a—a=0, (34)
(a—b)—c=(a—c)—(b—c), (35)
0-a=0, (36)
a—-0=a, (37)
a—(a-b)=b—(b—-a). (38)
Axiom 6. For any elements a,b,c € A the following identities are true:
(a+b)—c=(a—c)+(b—-c), (39)
a—(b+c)=(a-b)—c, (40)
a+(b—-a)=a+b, (41)
a+(a-b)=a, (42)
a—(b—-c)=(a-b)+(a—(a—c7)). (43)

Let us consider some consequences from the Axiom 4.
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Due to (30)-(33), the magma (A4,+) is some commutative idempotent monoid, and the

element 0 is the identity element of this monoid. The partial ordering relation “<” can be
defined on the set 4 as follows:
a<bsa+b=>bh. (44)

Due to (33), the element 0 is the least element of the poset (A4,<),i.e. 0<a for all a € 4. The partial

ordering relations “<”, “>" and on the set 4 can be defined in the usual way.
Proposition 1. For any elements a,b,c,d € A the following formula is true:
a<b&c<d=a+c<b+d. (45)
Proof. Since a <b then a+b=>b. Since ¢ <d then c+d =d . Dueto (30) and (31),
(a+c)+(b+d)=a+(c+b+d)=a+({(c+b)+d)=a+((b+c)+d)=
=(a+(b+c)+d=(a+b)+c)+d=(b+c)+d=b+(c+d)=b+d .
Since (a+c)+(b+d)=b+d,weget atc<b+d.
Q.E.D.
Corollary 1. For any elements a,b,c € 4 the following formula is true:
a<b=a+c<b+c. (46)

Proof. Due to (32), ¢ <c¢ for each element c € 4. Setting d =c in (45), we get (46).
Q.E.D.

The partial ordering relation “<” gives the possibility to define the following intervals on
the poset (4,<):

[a,b]={xeAla<x&x<b} (a,be A;a<bh), (47)
(a,b]={xed|la<x&x<b} (a,be A;a<b), (48)
[a,b)={xeAdla<x&x<b} (a,be A;a<Db), (49)
(a,b)={xe Ala<x&x<b} (a,be A;a<b). (50)

The operation “+” can be extended to the set of all intervals on the poset (A4,<). For
example, for any intervals [a,b] and [c,d] we set:

[a,b]+[c,d]={x+y|xela,b]&ye[c,d]}. (51)

In the case when the summands are defined by (48)-(50), or the summands are intervals of
different types their sum can be defined similarly.

Theorem 1. For any elements a,b,c,d € A the following inclusion is true:
[a,b]+][c,d]c[a+c,b+d]. (52)
Proof. Let z €[a,b]+][c,d]. Due to (51), z=x+y for some xe[a,b] and y e[c,d]. Due
to (47), the inequalities a <x, x<b, c<y and y <d are true. Due to Proposition 1, we get:
a<x&c<y=a+c<x+y=z,

x<b&y<d=z=x+y<b+d.
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Due to (47), the inequalities a+c<z and z<b+d imply that ze[a+c,b+d].
Since z e[a,b]+[c,d] implies that z e[a+c,b+d], the inclusion (52) is true.
Q.E.D.

The meaning of the Theorem 1 is as follows. The set S of all monoids (4,+) (| 4|>1)
that satisfy to the Axiom 4 can be partitioned into two subsets S and S'", where the subset
S consists of all monoids (4,+)e€S, such that for any elements a,b,c,d € A holds the
identity [a,b]+[c,d]=[a+c,b+d], and the subset S'" consists of all monoids (4,+)e S, such
that for some elements a,b,c,d € A holds the strict inclusion [a,b]+[c,d]=[a+c,b+d]. It is
evident that the structure of the elements of the subset S{" differs significantly from the
structure of the elements of the subset S{".

For any element @ € A the lower cone @’ and the upper cone " can be defined in the
usual way, i.e.

a" ={xeAd|x<a}, (53)
a*={xeAla<x}. (54)

It is evident that for eny element a € A4 the lower cone a" has the least element 0 and the
greatest element a, while for the upper cone @* we can guarantee only the existence of the least
element a.

The operation “+ " can be extended to the set of all lower cones as well as to the set of all
upper cones of the elements of the poset (A4,<) as follows:

a" +b" ={x+y|xea’ &yeb"}, (55)
a*+b" ={x+y|xea" &yebh"}. (56)
Theorem 2. For any elements a,b € 4 the following inclusions are true:
a’" +b" c(a+b)’, (57)
a®+b* c(a+b)". (58)

Proof. Let zea” +b". Due to (55), z=x+y for some xeca’ and yeb". Due to (53),
the inequalities x <a and y <b hold for any elements x €a” and y eb’. Due to Proposition 1,
the inequalities x<a and y<b imply that z=x+y<a+b, ie. ze(a+b)". Since zea" +b"
implies that z € (a+b)", then the inclusion (57) is true.

The inclusion (58) can be proved in a similar way.
Q.E.D.

The meaning of the theorem 2 is as follows. The set S of all monoids (A4,+) (] 4[>1) that
satisfy to the Axiom 4 can be partitioned into four subsets S{*, S, S{* and S{?. The subset

S® consists of all monoids (A4,+), such that for any elements a,be A the following two
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identities hold: @' +b" =(a+b)", and a" +b" =(a+b)". The subset S consists of all
monoids (A4,+), such that for any elements a,b< 4 holds identity a* +b" =(a+b)", and for
some elements ¢,d € 4 holds the strict inclusion ¢* +d” < (c+d)". The subset S consists of
all monoids (4,+), such that for any elements a,b € 4 holds identity a* +b" =(a+b)"*, and for
some elements ¢,d € 4 holds the strict inclusion ¢ +d" =(c+d)”. The subset S consists of
all monoids (4,+), such that for some elements a,be A holds the strict inclusion
a”" +b" < (a+b)", and for some elements ¢,d € A holds the strict inclusion ¢ +d" < (c+d)".
It is evident that the structure of the elements of the subsets S, S, S{¥ and S is
significantly different.

Let F, ={f,},., be the family of mappings defined as follows:

f.(x)=x+a (x€A). (59)

Due to (46), any f, (a€ A) is an isotone mapping. Due to Axiom 4, for any set A4
(|A]>1) the set F,={f,},., is a commutative monoid of isotone mappings. Moreover, each
mapping f, (a € A) can be naturally extended on intervals and cones of the poset (4,<).

Let us consider some consequences from the Axiom 5.
Due to Axiom 5, (4,—) is a non-commutative magma, and the element 0 is the left zero

and the right identity element of this magma.

Proposition 2. The magma (A4,-) is a non-associative magma.

Proof. Let's assume the opposite, i.e. that (4,—) is an associative magma. Then for all
elements a,b,c € A the following identity is true:

a—(b—c)=(a—-b)—c. (60)
Substituting b =0 and c=a in (60), and applying (36), (37) and (34), we get that for all a € 4
a—(0-a)=(a-0)—a<=a-0=a-a<=a=0.

We get contradiction to the assumption that | 4[> 1.

Thus, the assumption that the magma (A4,—) is an associative magma is false.
Q.E.D.

Proposition 3. For all elements a,b € A the identity (a—b)—a =0 is true.

Proof. Substituting ¢ =a in (35) and applying (34) and (36), we get that for all a,b € 4
(a-b)—a=(a—a)—-(b—a)<=(a—-b)—a=0—-(b—a)<=(a—b)—a=0.

Q.E.D.
Let us consider some consequences from the Axioms 4-6.
Proposition 4. For all elements a,b € A the following identity is true:
a—(a+b)=0. (61)
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Proof. Substituting b=a and c=»b in (40), we get that for all a,be A the following
identity is true:
a—(a+b)=(a—a)—>b.

Applying (34) and (36) to this identity, we get that for all a,b € A the identity (61) is true.

Q.E.D.
Theorem 3. For any elements a,b € A4 the following formula is true:
a+b=b<a-b=0. (62)
Proof. Let's assume that a+b=5b. Dueto (61), a—b=0, i.e. formula
a+b=b=a-b=0. (63)
is true.
It is evident that (41) can be rewritten as follows:
b+(a—-b)=a+b. (64)
Let's assume that a—b=0. Due to (64), a+b=>b, i.e. that formula
a—-b=0=a+b=>. (65)
1s true.
Formulae (63) and (65) imply that formula (62) is true.
Q.E.D.

Due to (44) and (62), the partial ordering “<”’on the set 4 can be defined as follows:
a<bsa-b=0.
Therefore, in terms of Sets Theory, binary operations “LJ ”and - ”defined by (14) and (15)
can be naturally interpreted as the symmetric difference and the intersection of sets, respectively.
It seems actual to investigate in details the following special generalization of the sub-
algebra A =(4;{0,+,—}) (| 4>1).
Let Atoms (JAtoms|>1) be some fixed finite or countable set, 7 be some fixed partition

of the set Atoms. The following sequence of sets can be defined:
Xy = <},

X, ={{x}|x, € Atoms},
X, ={S < Atoms | [S|=n&(Vx,,x, € S)(x; #x, = x, Z x,(mod 7))} (n=2).
Let

AU
i=0

The operation “+” on the set 4 can be defined as follows. For any x4 we set

J+x=x+D=x. For any SI,SZEUXI. the sum S, +S, is determined if and only if

i=1

x Z y(mod ) forall xe S, and yeS,. If the sum S, +, is determined, we set:

S +S8,=5US8,.
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It is evident that “+” is associative-commutative operation, and it is a partial operation if
and only if 7#0.
The operation “—"" on the set 4 can be defined by identity:
S =8,=8\S, (5.5,€4).

¢

on the set A4 can be defined by identity:
S-S, =8NS, (5.5,€4).

The operation

The relation < of partial ordering on the set 4 can be defined by the following formula:
S <S5, <8 S, (5.,5,€4).

In fact, in terms of this Algebra A =(4;{J,+,—}) (| 4[>1), under supposition that 4 isa
finite set, sub-algebras of the Nominative Sets Algebra have been investigated in [21]. Moreover,
it has been shown in [22] that if some linear ordering on the set Atoms is defined then quick
algorithms for implementation operations of this Algebra can be designed.

4. Conclusions. In the given paper some researches related with the development of the
Algebraic Aggregate Theory proposed in [17] are briefly presented. Examples considered in [18]
and in this paper are a compelling argument for the possibility to apply this theory as a
mathematical base for the construction and processing of data structures in mathematics and its
applications, as well as in different Solvers and Theorem Provers. The use of this theory as some
base in the study of nominative sets makes it possible to apply this theory effectively in the
development and verification of software.
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3ACTOCYBAHHS JIOT'TKA IHTEHIIMHOCTI
JIO AHAJII3Y CYB’€EKTUBHUX OHTOJIOTTH

Bacunsuenko A. A.

Abstract. Graham Priest’s logic of intentionality and Linda Brakel’s theory of primary
psychological attitudes have arranged conditions for logical and semantical analysis of
our deepest phantasies, wishes, strivings and beliefs. In this paper, I apply the logic of
intentionality to the study of subjective ontologies. Subjective ontologies are complexes
of unconscious presuppositions of agents concerning the existence and identity of their
emotionally significant intentional objects. It becomes clear that subjective ontologies
base on personal systems of internal objects and that they are built according to the
principles of the Platonist theory of ideas (gi61).

KunaiouoBi ciioBa: norika iHTEHIIIHHOCTI, TEOPist 00’ €KTHUX CTOCYHKIB, BHYTPIIIHI 00’ €KTH,
Cy0’€KTHBHI OHTOJIOT]

Jlorika iHTeHuiiiHOCTI, IOOYMOBaHa Ipemom Ilpictom [1], a TakoXk Teopis MEPBUHHUX
(«HECBIIOMMX») TICHXOJIOTIYHUX YCTaHOBOK, po3poOseHa Jlingow bpeiiken [2], cTtBopuim
nepeyMOBU ISl JIOTIKO-CEMaHTUYHOTO aHaji3y iHTEHI[IMHOCTI HAIINX MTMOMHHUX (aHTas3ii,
OakaHb, MPAarHEHb 1 MEPEKOHaHb 3 OIVIAMY Ha iX TPOEKTHBHY IMPHPOMY, IOCTIDKEHY Y
TIIMOWHHINA TICUXOJIOTIi, 30KpeMa B Teopii 00’€KTHUX CTOCYHKIB [3-4]. ¥V miii ctarti mm
3aCTOCOBYEMO JIOTIKY IHTEHIIIMHOCTI JI0 aHaNi3y Cy0 €KMUBHUX OHMOAO02IN — KOMIUICKCIB
HECBIIOMHMX MPHUITYIIEHb JI€BIIB, $KI CTOCYIOTHCS ICHYBaHHS Ta IJEHTUYHOCTI IXHIX
EMOIIIfHO 3HAYYIIHUX IHTCHIIHHUX 00’ €KTIB.

TeopeTH4HOI0 OCHOBOIO IMIJAXOJY aBTOpa JO IICHXOJIOTIl IHTEHIIHHOCTI € Teopis
00’€KTHUX CTOCYHKIB (object relations theory), sxa cpopmysanacs y npansgx Orro Panka,
Ponanma ®epbepna, Menani Kisitn, i Oyma Hamami po3BuHyTa B pobortax JloHamma
Binnikora, Jlxona boyn6i, Irnacio Marre bnanko, Tomaca Oraena ta iHmmx [auB. 3-4].
3rifiHO 3 Teopicro 00’€KTHUX CTOCYHKIB, MU BiI4yBa€MO €MOIlil HE JIUIIE I0JI0 aKTyaJbHO
NPUCYTHIX 3O0BHIMIHIX O00’€KTiB, a ¥ MIOJ0 HAIIMX BJIACHUX MEHTAJIbHUX YTBOPEHbD,
chopMOBaHNX Ha OCHOBI paHille iHTEpHATI30BaHMX 00 €KTIB HANIOTO JOCBiAY, HAIIPUKIA,
OaTbKiBChKUX (iryp Ta iHmUX 0cCi0; 1 Te camMe MOXKHA CKa3aTH IMOJ0 OO0 €KTIB HAIIUX
(danTa3ziil 1 HECBIIOMUX MEPEeKOHAaHb. MeEHTallbHI YTBOPEHHS, MPO SIKI HAEThCS, HA3UBAIOThH
BHYTpilHIME 00’exTtamu. Came Kpi3b BHYTpIIHI 00’€KTH, SKi CTAHOBJATH KBIHTECEHIIIO
HAIIIOTO TIOTIEPETHHOTO JIOCBITY, MU CIPUAMAEMO 30BHIIITHIH CBIT.

Ha ocHoBi joriku iHTeHIiHHOCTI [Ipicta B iHIIUX poOoTax aBTopa Oyna moOyaoBaHa
norika mpoektuBHOI iHTeHMmiWHOCTI (LPI), sika sBIsie co0O0  MYJIBTUMOJANBHY
MapaKOHCUCTEHTHY JIOTIKY 3 OCOONMBUM PI3HOBUIOM pPENeBaHTHOI iMILTIKamii (Tak 3BaHOIO
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«TPUTEPHOIO IMIUTIKaIieo») Ta piBHICTIO [5-7]. OcHoBHiI HoBoBBeAeHHs LPI B noriky
IHTEHIIIIAHOCTI TaKI:

1) Cepen iHTeHIIHHUX ormepaTopiB Ta npeaukaTie LPI € GopmaiibHi aHATOTH MEpBUHHHUX
(TOOTO, «HECBIOMHUX») YCTAHOBOK, TaKHMX SIK (paHTa3is, «XOTIHHS» (MIEPBUHHE OaKaHHS)
TOIIO.

2) TpurepHa iMITTiKaIliss MOJAETIOE TICUXOJOTIUHY Kay3albHICTh. [1est ¢popmanizalii mossrae
B TOMY, L0 NIEBHI MOJii (HAPUKIIAJ, IHTEHI[IIHI CTaHU) CIIPUYMHSIOTH 00 TPUBOJAATH Y
JII0 TIEBHI TpoIlecH (HANPHUKIAJ, 3aXMCHI MEXaHi3MHM), K1 MPU3BOJATH JIO IHIIUX TOJIN
abo cTaHiB.

3) Ha ocnoBi LPI noOynoBana akciomMmaTH4Ha Teopisl MPOEKTUBHOI ieHTH}IKAI, siKa Jla€e
3MOTy aHalli3yBaTu ()eHOMEHH MPOEKTUBHOT IHTEHI[IHHOCTI.

B pe3ynbrati X HOBOBBE/IEHB, JIOTIKA MPOEKTUBHOI IHTEHIIIMHOCTI HAJA€ MOKIIUBICTh
MaKCHUMaJIbHO NIEPEOPIEHTYBATH PECYPCH MOAAIBHUX JIOTIK 1 CEMAaHTUKHA MOJKJIMBUX CBITIB Ha
JIOCITI/PKEHHST Ta (popMaltizallifo cXxeM MepBUHHOTO (TOOTO, HECBIIOMOTO B CEHCI1 HAIEKHOCTI
110 Opoi0BOT CHCTEMU HECBIIOME») MHUCIICHHSL.

1. LPI: ocHoBHi BHU3HaYeHHS

3am1s MOBHOTH BUWKJIAJly HAaBEJAEMO B IbOMY PO3/iIi OCHOBHI BHU3HAYEHHS JIOTIKH
MMPOCKTUBHOI IHTEHITIHHOCTI (JIeTanbHie auB. [7]).

Po3rnsHpbMO MOBY HEpHIOrO HOPSAKY 3 MHOXKHMHOIO  KOHCTAaHT, #-MICHUMH
npenuKaTaMy, IHTEHI[IHHMMH orepaTopamMu Ta piBHICTIO. byaeMo mo3Hayatw iHTEHLIHHI
omeparopu MPONMCHUMH TpEIbKUMH JliTepamMHu. 30Kpema, Oynemo BxuBatu O s
no3HaveHHs (aHTasiil: skmo ¢ — repM 1 F — hopmyna, O, F o3Havae ‘f ¢panTazye, mo F’.

Buznaunmo Pl-monens aiis Hamioi MoBU sik cTpykTYpy <D, B, S, Z, a, I, R, 6>, ne D —
00J1acTh 00’€KTIB; B — HEMTOPOXKHS MHOXKUHA HOCITB IHTCHIIIMHUX CTaHIB, Taka, mo B € D; § —
MHOKHMHA CHTYaIliid, 800 «MOKJIMBHUX CBITIB»2; Z — MHOKMHA «PETYISITUBHUX» CUTYaIlil (1110
BHM3HAUAIOTh Kay3allbHi 3aKOHOMIPHOCTI), Taka, mo Z C S; a € S — Tak 3BaHa «aKTyalbHa
cutyanis»; / — MHOXHHA «IHTCHIIHHUX CHUTYyamii» (SAKi MICTATh 3MICTH TMPOIMO3HMIIHHIX
YCTaHOBOK), Take, mo [/ € S, Z N1 =@, a &€ I; R € Z x U x U — Tak 3BaHe «TpUTepHE
BigHOomeHHs» (e U = S\ I, Oynemo HaszuBatu U «MHOXHHOIO PEAIbHUX CHUTYAIii»), 1 0 —
(dyHKIIiS IeHoTaIlii, Taka, 1o:

— SIKIIO ¢ — KOHCTaHTa, TO J(c) € D;

— ko P — n-apHuii npeaukar i w € S, 1o §(P, w) — napa <6 (P, w), 6 (P, w)>, ne 6" (P, w)
C D" OynemMo Ha3uBaTH excmencioHanom Py w (MHOXHHA N-OK, Ha SKAX P iCTHHHUH Y
w), a 0 (P, w) € D" HazBeMo anmu-excmencionaiom Py w (MHOXHMHA n-0K, Ha SIKUX P
XUOHUH y W);

— gxmo ¥ — iHTeHuiiiHui oneparop, To (V) — yHkuisd, Mo BigoOpaxkae KoxeH b € By
BinHomenns Cy® € S x [ («BiTHOIIIEHHS THTEHIIIMHOT KOMIUIEMEHTAPHOCTI»: THTYITHBHO,
Cy"(w,w’) KO i TinbKK AKImo W peanisye Bei W-ycTaHoBKM b y W).

1 @anTasis (phantasy, TepMmin 3anpoBapkeHo Menani KustiiH) — me 6a3oBa HecBioMa KOTHITHBHA
YCTaHOBKA; MuB. 2, 105-134].

> M BXKMBA€MO TEPMIHH «CHTYALlish» T2 «MOXKIIUBHIA CBITY» K CHHOHIMH. MieTbcst mpo MOMKIMBI CBiTH
«3 TpoBAJIaMU Ta TaropOamm»; TOOTO, 1€ TaKi CTaHW pedeH, sIKi He BUMAaraloTh BUUEPITHOCTI y CEHC1
3aKOHY BUKJIIOYEHOTO TPETHOI'0 Ta MOXKYTh OYTH CYIIEepEWINBUMH.
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OKkpiM TOTO, BUCYHEMO JIBl YMOBH JI0 PEAIbHUX CUTYaIlil:

—  skmo P — n-apuuii npeaukar i w € U, 10 6 (P, w) N 6 (P, w) = @ (B pealbHUX CUTYaLisX
eKCTEHCIOHAT 1 AHTHUEKCTEHCIOHAJ] B3a€EMOBHKIIIOYHI, TOOTO BHKOHYETHCS 3aKOH
HECYTEPEeYHOCTi);

— qus npeaukary icuyBanus E, sxmo w € U, 1o 6 (E, w) U 6 (E, w) = D;

—  TOAIOHMM YMHOM, JUIs IIPEAUKATa PIBHOCTI =, akmo w € U, 10 6 (=, w) € {<d,d > d €
D} id6"(=, w) U 6 (=, w) =D x D (B pealbHUX CUTyalisX PiBHICTH Ta iCHYBaHHS MOBOISATH
ceOe KJIIAaCMYHUM YHHOM, TIPUYOMY IX CKCTCHCIOHa M ab0 aHTHUEKCTCHCIOHAIH €
OJIHAKOBHMMH B ycCix curyanisax w € U).

Posrnsaemo Pl-momens M. Hacammepen, BH3HA4MMO OINHKY e SIK BiJOOpa)KeHHS
MHOKHMHU 3MiHHKX Yy D. Jlami, Bu3Ha4MMo (QYHKIIIFO JCHOTAIT JJIs1 BCIX KOHCTAHT 1 3MIHHUX:
SIKITIIO ¢ — KOHCTaHTa, BU3HAYAEMO O.(C) SIK d(c); SKIIO X — 3MIHHA, BU3HAYAEMO Oc(X) 5K e(X).
Tenep miist Oyab-KOTO PEUYEHHSI A MOBU MU MOKEMO 3a1aTH HOHATTA W k. A (A icmunno B
cuTyallii w 3a OmiHKH e) Ta W Ik, A (A xubno B cutyauii w 3a OIIHKU e). BuzHaueHHs
ICTUHHOCTI Ta XWMOHOCTI Uil aroMapHUX (GOpMyJ, KIACHYHUX OIEpPaTopiB 1 KBAHTOPIB
3IIACHIOETLCS 3BUUalHUM YnHOM [1, /0-11]. BusHaueHHs JUtsl IMITTIKAIlii BiIPI3HAETHCS Bij
[IpicroBoro:

wike" A— B < we€ ZingBeix v, u € S, Takux, mo R(w, v, u), akmo v Ik." Atou I+." B
wlike A— B & weE Zinnda nesakux v, u € S, Takux, mo R(w, v, u), vk, Aiult." B
BusznaueHHs JJ1s IHTCHITIMHUX ONIEpaTopiB TAKOXK € BIIMIHHUMHU BiJl BU3Ha4YeHb [IpicTa:
wlke” W, A & i Beix v, Takux, mo Co’® (w, v), v Ik." A
wike W, A & ana geskux v, Takux, mo Cy?® (w, v), v Ik, A

Haxnanemo Ha C 101aTKOBY BUMOTY:

— Jlns Oyap-sikoro HOCIsS b, Oyab-siKoTo iHTeHIiHOTO oneparopa ¥ i Oynp-sikoi curyamii w
€ S: KO 11 IESKOTO 3aMKHEHOTo pedeHHs A w I ¥, A, To icHye cuTyaris v, Taka,
o Cy’(w, v) (npunyun peanizayii inmenyitinux cmanis).

Bynemo rosoputH, 1mo 3amkHeHa Gopmyna F € 3aearvroznauyworo Ha Kiaci cuTyarii
W, SKIO 1 TUIbKK AKIIO Uit Oyab-akoi w € W, w I A. Tak, 3aranbHO3Ha4yIla Ha MOJENi
dopmyna — 1e Taka, siKka € ICTHHHOIO Y BCIX CHTYyallisiX Moieni. 3aMKkHeHY Gopmyiny A Oynemo
HA3MBATH KOHMUHeeHmMHOM Ha Kiaci cuTyamnid W, sxmo i Tinbku skmo adi F, ani ~F He €
3arajibHO3HAYyIuMu Ha W. Excrpamomoroun mi AediHimii, MO)KeMO TaKOK TOBOPHTH TIPO
3arajJbHO3HAUYIIICTh 1 BUMAAKOBICTh Ha Pl-mMonmeni Ta Ha kiaci Mojeneil. AHAIOTIYHUM
YMHOM, MOKEMO TOBOPHUTH IMPO GariOHicmb YMOBHMBOJy Y IMEBHIA cuTyanii (JoKaibHa
BaIHICTB), HA KJIaci CUTYaIliil, Ha MOJEJi i Ha KJIaci MOJIeNeH.

Tenep My MOKEMO BBECTH «TPUTEPHY IMILTIKaIio». [y Oyab-sSKUX 3aMKHEHUX PEUYCHb
A, B:

wike A B wlir,” A— BiA, B cxontuarenTaumu Ha U

wlike A B &S wik, A— BiA, B e xoHTnHreHTHUMHE Ha U
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s nedinimiss Buxmouae U-taBrosorii (yHiBepcasibHi peanbHi ictuHu) Ta U-
cynepedHocTi (yHIBepcaibHI peanbHi XHOM) 3 Yuclia Kay3aJlbHUX 3B’S3KiB, MIO 1X MOJIEIIOE
TpUTepHa IMILTIKAILis.

Ha BigHOmeHHs: R HeoOX1IHO HAKIIACTH JIOJAATKOBY BUMOTY:

— Jlnst Oynb-skuX 3aMKHEHUX peveHb A i B Ta Oyap-skux curyaniii w € Z, v € U:
akmo w ik " A— BivIF" A to ichye curyauis u, taka, mo R(w, v, u) (npunyun
peanizayii MOMCIUGUX NPoYecis).

Sxmo maemo R(w, v, 1), To OyIeMO TOBOPHUTH, IO U € NIOCYMKOBOK CUMYayicio MO0
v, 1V € cmapmogoro cumyayicio oo u.

3. IneHTHYHicTB TA icHYBaHHS y JIOTini iHTeHUiifHOCTI

Jlorika MpOEKTHBHOI IHTEHIIMHOCTI, TaK caMo fK 1 Jiorika iHTeHmiiHocTi [Ipicta, mMae
JIBa PI3HOBUJM KBAHTOPIB: 30BHIIIHI Ta BHYTPIlIHI. 30BHINIHIA €K3UCTCHIINHUN KBAaHTOP 3
BUMAara€ MaifHOTIaHCBKOTO TJIiyMadeHHS: ‘Ix A(X)’ Tpeba po3yMiTH HE SK BUCIOBIIOBAHHSI
po iCHyBaHHsS 4y OyTTsd NEBHOro 00’ekTa 3 pucoro A, a sk tBepmkeHHs «llloch (skuiich
00’exkt) Mae pucy Ax».3 CTBEep/KCHHs ICHYBaHHS BBOJSTH SBHO, 3a JIOTIOMOTOO
ex3ucTeHniiHoro npenukata E. Ha momady mo ocHOBHOI 30BHINIHBOI KBaHTH(IKalii, mapy
BHYTPIlIHIX KBaHTOPIB BM3HAYAIOTh HACTYMHUM 4uHOM: 17X A(X) & Ix (E(X) A A(X))
«Jlesikuii icHyrounii 06’ext Mae pucy A»; i VEX A(x) & Vx (B(x) D A(x)) «byab-sxuii
icHytounit 00’ext mMae pucy A» [1, 14].

[HIIOI0 MPUMITHOIO OCOOJIMBICTIO JIOTIKM IHTEHLIHHOCTI € HAasBHICTh IHJCKCOBAHHMX
IHTeHIiItHNX omepaTtopiB. KoxkeH omeparop penpe3eHTye MeBHY MCHXOJOTIYHY yCTaHOBKY,
gKa mepeadavae MPOMO3UIIHHUEN 3MicT. [HIAEKC omepaTopa BKasye Ha HOCIS iHTEHIIHHOCTI
(mieBmst). ToOTo, sikmo ¢ o3Havae iM’ss, a F — ¢opmyma, Y. F o3Hauae «c ¥, mo F»
(manpuknan, «IBan 60iThCs, IO BiH HE CKJIaAe icnuT», «Mapis xode, 1100 BOHA 3BUIbHHUIIACA 3
pobotmy, «IleTpo BipuTh, 1110 HA Mapci € JKUTTsD» TOIIO).

Sxmo 00’eKTaMHM KIACMYHOTO MAaWHOHTIAHCHKOTO YHIBEPCYMY € pedi, sSKi MOXKHa
MOMHUCIIUTH a00 YSIBUTH, TO YHIBEPCYM OO €KTIB CEMAaHTHKH IHTEHLIHHOCTI CKJIAJAa€ThCs 3
pededd, pucu Ta/ab0 BIIHOIICHHS SKUX € MPOMO3UIIHHUMH 3MICTAMH TICUXOJIOTTIHUX
ycTaHOBOK JieBIiB. OCKITbKH cepesl 3rajjaHiX PUC 1 BITHONIEHb € OHTOJOTIUHI (HampUKIa,
IICHTUYHICTh Ta ICHYBAaHHS), CEMAaHTHKA IHTEHIIIMHOCTI BiIKpUBAE NUIAX JO pPENSTHUBI3AIlil
OHTOJIOTI1: OHTOJIOTIYHI BIACTUBOCTI PEJIATUBI3YIOTHCA CTOCOBHO JII€BIIIB Ta IXHIX YCTaHOBOK.

Posrnsapmo mpukinaz. [Ipumyctimo, mo [BaH BBakae paHINIHIO 3ipKy Ta BEUIpHIO 3ipKy
pizauMu  00’exktamu. [leil ¢dakT ekcmmiKkyeThcs B JIOTINI IHTEHIIHHOCTI 3a JOMOMOTOO
HACTYITHOTO BHCJIOBITIOBAHHS:

@ IV Bi~(p = h),

ne B — omeparop mepexoHaHHs, i o3Ha4yae «IBaH», p — panimHs 3ipka (Phosphorus), h —
Beuipus 3ipka (Hesperus), (@ — akTyalbHHU CBiT, I O3Hayae iCTHHHICTH 3a OY/b-IKOI

3 Mu BXXHBAEMO CIIOBO «XapaKTEPUCTHUKa» ab0 «pHcay y 3HAYCHHI «HE OHTOJIOTiYHA BJIACTUBICTH a00
Tpom». ToOTO, pUCH TOAUIAIOTHCS Ha «3BHYAHI» Ta OHTOJOrIYHI; 1O Ipyroi rpynu Hajexarsb,
HaNpUKIaJ, aKTyaJlbHO ICHYBaTH, OyTH MOXJIMBUM, OyTH aOcTpakTHUM Towlo. Jlorika iHTeHUIHHOCTI
no0yZoBaHa TAKUM YMHOM, 10 XapaKTEPUCTUKU B Hil 3a3BHYai BUPAXKAIOTHCS MPEAUKATAMH, TOMI SIK
OHTOJIOT1YHI BIACTUBOCTI BU3HAYAIOTHCS CIICHiaIbHIUMH JIOTIKO-CEMaHTUYHUMU 3ac00aMu, HapUKIIa/l
KBaHTOpPaMH, OIIEPaTOpPaMH TOILIO.
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orinku. CeMaHTUYHO II¢ BHCJIOBJIFOBAaHHS O3HA4ae, IO PAaHINIHSA Ta BEYIpHA 3IpKH €
BIZIMIHHUMH Y BCIX CBiTax, SIKi peayi3yloTh epekoHaHHs [BaHa:

y Oyab-1KOMy CBiTi w, Takomy, mo Cs(@, w): w IF" ~(p = h),

ne Cp' — BiIHOLIEHHS iHTEHIIHOT KoMIuieMenTapHocTi: Cp'(@, W), AKIIO ¥ TUIBKK AKIIO W
peainizye Bci mepekoHaHHs [BaHa B akTyanbHOMY CBITi.

TakuM YWHOM, TOPSIA 3 IMECHTUYHICTIO (YacOMPOCTOPOBHX) OO’€KTIB B aKTyallbHOMY
cBiTi a00 B #Oro KOHTPHAKTUYHHMX albTEPHATHBAX, CEMAHTHKA IHTCHIIIHHOCTI Hamae
MOJKJIMBICTh TOBOPUTH TPO INEHTHYHICTH y PI3HUX MOXIMBUX CBITaX, TOOTO pO3IIISAAaTh
JIOJIATKOBI «IOKaNIbHI» IEHTHYHOCTI, KOKHA 3 SIKUX TOB’SI3aHA 3 KOHKPETHHM Ji€BIIEM 1
KOHKPETHOIO MPOTIO3UIIIIHHOI0 YCTaHOBKOTO.

[ToniOHO 11€HTUYHOCTI, B CEMAHTHIl IHTEHLIHHOCTI PEISTUBI3YEThCS N ICHYBaHHS.
Hampuximan, [epiaok XonMmc He iCHYe B aKTyaJlbHOMY CBiTi, OJIHAK BiH iCHY€ B YSIBI yUTaya
Muxkomu. Sxmo s — [lepnok Xoamc, m — Muxkona, E — npeaukar icuyBanus, I — omepatop
ySBH, TO BUCIIOBIIFOBAHHS ITPO ICHYBaHHS X0JIMca B ysABi MUKOJIM 3aITUIIEThCS TaK:

@ I+ L E(s).
A0o0, B TepMiHax IHTEHIIHHOT KOMIJIEMEHTAPHOCTI:
y Oyb-gKOMy CBiTi w, Takomy, mo C"(@, w): w I E(s).

IHmmmu cnoBamu, BucioBoBanHs «lllepmokx XomMe icHye» Oyae iCTHHHHAM B yCiX THX
MOXKIIUBUX CBITaX, K1 peanizytoTh ysiBy MUKOJIH.

TakuM 9uMHOM, MOPSIZ 3 ICHYBAHHSM 4YacOTNPOCTOPOBUX O0’€KTIB B aKTYaJIbHOMY CBITI
9 B HOTO KOHTP()AKTUYHUX aIbTEPHATHBAX, CEMAHTUKA IHTCHIIIHHOCTI JIa€ 3MOTY TOBOPUTH
Ipo IiCHYBaHHS y PI3HUX MOXJIMBUX CBITaX, TOOTO pO3IJSNATH JIOJATKOBI <JIOKAIBHI»
PI3HOBU/IM ICHYBaHHS, KOXXEH 3 SKUX IIOB’SI3aHHH 3 KOHKPETHUM JI€BIEM i KOHKPETHOIO
MPOIO3UIIIHOI0 YCTaHOBKOIO.

4. ®anTtasii Mipanau: [pexpacuuii [Ipunn Ta inmi

PensTuBizaiiiss OHTOJNOTIYHUX TPEIUKATIB y CEMaHTHUIl IHTEHI[IHHOCTI Jae 3MOTY
3aCTOCOBYBATH JIOTIKY IHTCHIIMHOCTI IS €KCIUTIKAIlii Ta aHaji3y KOMIUICKCIB HECBITOMHUX
OHTOJIOTTYHUX MPUMYIICHb JIEBIIB — CYO €KMUBHUX OHMOAO2IH. 3 CEMAHTHYHOTO TOTIISIY,
cy0’€eKTHBHI OHTOJIOTI] — 116 YMOBH, 5IKi OOMEXKYIOTh Bapiailii 00’€KTiB, iX puC Ta CTOCYHKIB Yy
MOJIMBUX (IHTEHITIHHO TOCSKHHX) CBITaX.

JlokanbHa 1IGHTUYHICTD MOXKE BiflirpaBaTH 3acaJHUYy POJib y CBITOCIIPUUHSATTI 0cO0H,
SKIIIO BOHA TIOB’S3aHa 3 EMOIIIHHO HABAHTAKCHUM NpEIUKaTOM. [neHTudikarmis 3a
npenukaroM (auB. Hamp. [8, 68 ff]) € omHielo 3 QopMalbHUX O3HAK TEPBUHHOTO (TOOTO,
«HECB1IOMOT0») MHCIEHHS, MOPAJ 13 3aMIlICHHSIM 30BHIIIHBOI PEATbHOCTI MEHTAILHUMH
oOpa3aMu, 3TyIIEHHSM, 3MIIIEHHSIM, HasBHICTIO CYIEPEYHOCTEH Ta BIICYTHICTIO 4acOBOTO
BuMipy (muB. [9]). ImenTudikaris 3a eMOIIHHO HABAaHTAXKEHUM TPEIUKATOM MOPOJIKYE
npoexmueny ¢hanmasiio (0a30Ba TICpBUHHA KOTHITUBHA YCTaHOBKA, JuB. [2, 105-134]) mnpo
BHYTpilIHIi 00’exT. DaHTa3is nMpo BHYTpimIHINA 00’ekT — 1e (GoHOBa (haHTa3is MOMANBIINX
MPOCKIIIH.
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Posrnsiuemo mpukiian. YaBiMo codi MipaHly, pOMaHTHUYHY JiBUMHY, SIKa KOXAa€ CBOTO
HapeueHoro EnBina, otoToknroroum noro 3 IlpexpacHum [lpuniem, skuii € BHYTpIIIHIM
00’ektom Mipangu. Ilpeaukar «Oytn Hapeuenum (MipaHau)» Bimirpae pojb E€MOIHO
HABaHTA)XCHOT MIJICTaBU IeHTU(DIKAIIIT; MOIOHI IPEANKATH, SKI aKTHBI3YIOTh (aHTa31k0 Mpo
BHYTPILIHI 00’€KT, HA3WBAIOTHCS «MITKOBUMM». BHYTpIMIHIA 00’€KT MOKe MaTH AEKUIbKa
MITOK; Hampukiaaa, Mipanzia Moke BoJHOYac OTOTOXkHIoBatu 3 [IpexkpacHum [Ipuniiem cBoro
cyciza Aprypa 3a MpeIuKaToM «rapHui 1 J1to0’ sa3Hui». CKIaJoBUMH dacTHHaMu (aHTasii
PO BHYTPINIHIA 00’€KT € TAKOK HECBIZIOME YSIBJICHHS MPO iICHYBAaHHS BHYTPIIIHHOTO 00’ €KTa
Ta HOTo yHIKaJIbHICTh. CeMaHTHUHO (aHTa3isd SK MPOIO3UIliiiHAa YCTaHOBKA O3HAYAE, M0 BCi i1
KOMIIOHEHTH (MPONOo3Hullii) OyayTh ICTHHHHMH B yCiX MOKJIMBHX CBITaX, sIKi peai3yloTh IO
(anTaziro.

[Ipoananizyemo curyaiiiro Mipanau 3a IOTIOMOTOFO JIOTIKH MPOSKTUBHOT IHTCHITIHHOCTI.
3rifIHO 3 TEOpi€r0 MPOEKTUBHOI ieHTU(]IKaLlli, 3 KOXKHUM BHYTPILIHIM 00’€KTOM IMOB’sI3aHa
NEeBHA CYKYIHICTh PHC, MPUIUCYBAHUX IIbOMY 00’ €KTY NMEPBUHHHUM IIPOIECOM, 1 CYKYIHICTb
yCiX TaKWX pUC BU3HAYa€ 00 €KT 0 JHO3HauHO (MuB. [7, 208-209].

Slkmo m — Mipanma, P — mnpeaumkar, 1o T03HA4Yae TOBHY CYKYIHICTH pHC,
NPUIIMCYBAaHUX TEPBUHHUM IpouecoM Mipanau BHyTpiltHbOMY 00’ekty «lIpexpacHuit
[Mpunty, a @ — omepatop danrazii, To QaHTaziss Mpo iCHyBaHHS BHYTPIIIHBOTO 00’€KTa
Mipanau mae Take GOpMYITIOBaHHS:

Ix @, (E(x) A P(x)). (E10)

Lle BucnoBmrOBaHHS ommcye (aHTasio, mo icHye BHyTpimHIH 00’exT (IIpexkpacHuit
[Tpuni), skuii Mae Bei pucu 31 ckinany P. O0’exr, sikuii Bu3HavaeThest antasziero (EIO), mu
HA3MBAEMO M-BHYTpIilIHIM P-06’ekToM i mo3Hauaemo oby,’.

OnHO3HAUHICTh BHYTPIIHBOTO 00’€KTa, 30KpeMa, O3HA4Yae, 10 Yy «CBITI daHTa3iil» €
TUIBKHA OJWH TakUW OO’€KT, TaK IO BUKOHYETHCS MPUHYUN CUHSYTAPHOCHI 6HYMPIUHBO2O
00 ’exma:

Vx @, (P(X) = (x = 0by")), (SI0)

Je = — 1ie MaTepiaibHa eKBIBAICHIIS. 3 0JTHO3HAYHOCTI BHYTPIIHBOTO 00’€KTa HE BUILTUBAE
HecylepewnBicTh Horo puc. Hampukian, moxHa daHTazyBaTH MPO «KPYIIIUH KBaapar» abo
«OKUBUX MEPILIBY.

BuznaunMo iHTeHIilHUN omeparop cy0’eKTUBHOTO cnpuiHATTSA. Cy0O’eKTHBHE
CHpUUHATTA — I€ IHTerpajbHa TEpIeNnTHBHA YCTAaHOBKA: BOHAa 00’€qHye (parMeHTH
(danTazii, yaBy, MepeKOHAHHS 1 3HAHHS, BPaXOBYIOUH IIPH [[OMY iHJUBITYaIBHICTh CY0’ €KTa
— HaNpWKIaJ, OCOOWCTI TPHITYIIECHHS, YHEepeILKeHHs Ta imo3ii. Iges cy0’eKTUBHOTO
CHOPUUHATTS TOJSTae B TOMY, IO KOXEH CIpHHAMAae pedi y CBiii BmacHuil cmoci6. s
JIOBITLHOTO cy0’ekTa s 1 NOoBUIbHOI Gopmynu F, BBeaemo nosHadeHHs [[F «s cy0’€KTHBHO
crpuiimae, mo F».

Sk MM BX€ 3a3Hayaid, IPOCKTUBHY IACHTU(IKALII0 NPUBOIITE B IO «MITKOBI» PUCH,
abo mapkepu. Ha BinmMmiHy Bim cykymHOCTI P, sika He 00OB’SI3KOBO € HECYNEPEWIMBOIO Ta
MPUJATHOIO 70 aKTyami3allii, MiTKa MiJIa€ThCsl CIOCTEPEIKCHHIO B aKTyalbHUX 00 €KTax;
BIJINOBIZIHO, MITKM MaroThb OyTH HecynepewuBUMHU. Teopis NpoeKTUBHOI igeHTH]iKalii
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MOCTYIIIOE NPUHYUN NPOEKMUBHOI (hanma3zii, 3riHO 3 IKUM IS Oyab-sSK0i MiTKOBOT pucu T
(HampuKIan, «rapHUi Ta JI00'I3HUI 1 U1 OyAb-IKO1 peryIsTUBHOI CHUTYaIlii4

7 IFY VX (I T(X) ¥ @ (X = 0bw” A E(0bn®) A Yy (P(y) = (y = 0bi")))). (PP)

Lle#t mpuHIMT CTBEPDKYE, IO CIIPHUHATTS MITKOBOI PUCH MPHU3BOIUTH 10 aKTHBI3alil
KOMIUIEKCHOI MMPOEKTUBHOI (paHTa3ii, yaCTHHAMU SAKOi € 30KpeMa (aHTa3ii Mpo ICHYBaHHS Ta
CHUHTYIISIPHICTh BHYTpIilIHbOTO 00°ekTa. Hacmiakom (PP) € nactynuuil npunyun npoexmusHnoi
i0oenmucpixayii (3a mpeAUKaTOM):

7 IF VX (T T(X) — O (X = 0by?)). (PT)

ToOT0, CIpUMHATTS Cy0’€KTOM MITKOBOT PUCH CBOT'O BHYTPIIIHBOTO 00’ €KTa B AEIKOMY
30BHIITHBOMY 00’€KT1 IPOBOKYE (paHTA310 PO TOTOKHICTh MIXK IIMMU IBOMA 00’ €KTaMH.

5. Cy®’exTuBHa onrtosoris Mipanau: [Ipexpacuuii IIpunn Ta inommi

[Mpunnun npoextuBHOi panrtazii (PP) cemanTnuHo 03Havae HacTymHe: BCi 00 €KTH, fKi
MalOTh CIIUIBHY MITKOBY PHCY i3 TEBHUM BHYTPIIIHIM OO0’€KTOM, Y MOXIMBUX CBITax
(danTa3iil JTiEBIS OTOTOXKHIOIOTHCS MK co0oro. Skmio B jeskii cutyarii w Mipanna
cnpuiimae EfBiHa sk CBOTO HapedeHOTo, TO B ii CHCTEMI HECBIZIOMOTO BHHUKAE (haHTa3is, 0
BHyTpimHiA 00’ekt [Ipexpacumii [Ipunn icaye, mo Exsin € Ilpexpacamm [Ipuaiiom i mo
inmoro [Ipekpacnoro Ilpunma Hemae (EnBiH € €IuHUM HOCIEM YCiX XapaKTEpUCTHUK
[Ipexpacnoro Ilpunna). 3 iHmOro 00Ky, cpuiHATTA Mipanao ApTypa SIK «rapHOTo i
7100’ I3HOTOY» TOPOKYE aHANOTTYHY (haHTa3zito mpo e, mo [Ipekpacuuii [lpuni icaye, ApTyp
e Ilpekpacaum Ilpuniiom ta iHmoro IIpekpacuoro Ilpunna Hemae. fAxmio i ABi danTazii
aKTUBYIOTBCS BOJHOYAc, Mipanaa (danTasye, mo EnBiH i ApTyp «HacmpaBlIi» € OIHi€0 i
Ti€I0 3K 0C00010. 3BICHO, 1€ CYNEPEUUTh PEATLHOCTI, ajie paHTa3il He MalOTh y3TrOKyBaTHUCS
3 peaJIBHICTIO.

Pamme, y ¢aHTa3isix CTBOPIOIOTHCSA YsIBHI allbTCPHATHBH aKTyaJlbHOMY CBITY —
ajbTepHATUBHI OHTOJIOTIi. CipoOyeMo TIIHOIIIE PO3iI0PATHCh Y TOMY, SIKY OHTOJIOTIHO CTBOPIOE
npoekTuBHA (hanTazis MipaHy.

(1) 3-momix ycix 00’ekTiB, mO MawTh MiTKOBI pucu IIpekpacnoro [lpunna, mnumre
[Ipexpacuuii [lpuni icHye y ¢anrazisx Mipanan Ta B ycix cBiTax ii NepBUHHHUX
yctaHoBOK. EnBiH 1 ApTyp, OesnepeyHo, MalOTh aKkTyallbHE iCHYBaHHsS, aje y CBiTax
MEPBUHHUX YCTaHOBOK MipaH/an BOHHM iCHYIOTH TUTbKH K [Ipexpacumii [Tpuni.

(2) Yci 06’extn, mo MarTh MiTKOBI prucu [IpekpacHoro [Ipunna, y hanTasisx (a oTxke, y Beix
CBiTaX MEPBUHHMX YCTAHOBOK MipaHan) BUSBISIOTHCS OJHIEI0 W Tieto k ocoboro. [lis
Hac, HEUTpaJIbHUX CIOCTEpIraviB, 10 MELIKAIOTh B aKTyallbHOMY cBITi, EnBiH 1 ApTyp —
pizui moan; «Easin» 1 «Aptyp» — TBepai mecurnatopu, a «lIpexpacumii [Tpuniy —
M’SIKHH JIECKPHUIITOP, SKUH MOXKE XapaKTepU3yBaTH PIi3HUX JOJEH y pi3HMX cBirax. 3
MOTJISITY TIEPBUHHOTO MUCJIEHHS MipaHau, HaBmaku, «EaBiH» 1 «ApTyp» — 1€ JBa IMeHI
onHiel i Tiel sk ocobu, [IpexpacHoro Ilpunia.

4 Jlng niedt aHamizy TCHXOJOTIYHHMX YCTaHOBOK JOCTaTHbO po3risaaTd Pl-momemi 3 opHi€ero
PEryJISITUBHOIO CHUTYyali€lo. PerynsTuBHa cUTyalisi MICTUTh IEBHI Kay3albHI 3aKOHOMIPHOCTI, SKi €
HE3MIHHMMHU Ha BCiii Mofeni; TOoOTO, BOHA BU3HAYA€ Kay3aJbHHH IOPSAOK, IO JIGKUTh B OCHOBI
TICUXOJIOTTYHUX TIOJIiH, 110 iX MM ITparHemMo npoanainizysatu [7, 207].
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(3) Bynp-sixa MmiTkOBa puca (HAIPUKIAJ, «TapHUH 1 JI00 SI3HUI») 3 MOTISAY 30BHIIIHBOTO
crioctepiraya — He OiumbIne, HOK mpocto puca. [lpore y ¢anrasii Mipanau € numie onuH
00’eKT 13 Takoro xapaktepuctukoro — lIpekpacHuii [Ipunn. ToOTo, y cBiTax MEepBUHHUX
ycTaHOBOK MipaHy 1ieit onuc (GpyHKIIOHYE SIK TBEPAUH IECUTHATOP.

Mu po3riasHyIM OCHOBHI OCOOIMBOCTI OHTOJIOTI, BH3HA4E€HOI NEPBUHHUMU
ycraHOBKaMH Mipanau, 0a30By poiib cepea SKuX Mae (paHTaszis SK KIF0UOBa KOTHITHBHA
YCTaHOBKA CHCTEMH HecBiloMoro. OJHAaK HE MEHII BaXKJIMBO MPOAHATI3yBaTH OHTOJIOTIIO,
CTBOpPEHY BTOPHHHUMH YCTaHOBKAMH, CEpeJl IKUX KIIFOYOBOIO € Cy0’€KTUBHE CIIPUUHATTS. SIK
MU BXKE€ 3a3Hadasiv, (aHrasii € CKJIAQZOBOI0 YaCTHHOIO CYO €KTHBHOTO CHPUHHSTTS; OJHAK
BOHHM JIOMIHYIOTh HaJl CIPUMHATTSM JIMIIE TOJI, KOJIU JIIOAXHA BTpayae MOYYTTS PEanbHOCTI,
HANpUKIIaJ YBI CHI Ta y NCHUXOTMYHUX cTaHax (muB. [7, 209]). 3a3Buuaii ke (anTasii €
OUTBIIIO YW MEHIIOI MIPOIO TIPUCYTHI Yy CBITOCIIPUUHSATTI, ajie BOHM HE KEPYIOTh HaMHU.
BpaxoByroun 11€, TpoaHami3yeMO OCOOJMBOCTI OHTOJOTil CYO’€KTHBHOTO CIPHAHSITTS
Mipannoro Ensina Ta Aprypa.

(1) V cBitax cy0’ektuBHOTO crnpuitHaTTss Mipanan Ilpekpacuuii [IpuHii BogHOUYAC icHYe
(3rigHO 3 (paHTa3i€r0 MPO BHYTPIIHINA 00 €KT) 1 HE iCHYE (3r1ITHO 3 MOYYTTSAM PEATbHOCTI).
[Ipu upomy, sikmo Mipanga He BTpayae 3B’S30K i3 pealbHICTIO, BiH pajile He iCHYE, HIK
icaye. [Ipore ¢anrasis npo [Ipekpacuoro [Ipunia, xo4 Ou it y BUTICHEHOMY BUTJISI, BCE
OJIHO 3aJIMIIAETHCS MPUCYTHHOIO MPUHANMHI Ha repudepii cy0’€KTUBHOTO CHPUUHSTTS.
[Ipu upomy [pexpacumii [Ipuni y wiii GpanTtasii 3aBsIKK 3TYIIEHHIO MOXKe HaOyBaTu puc i
Engina, i Aptypa, i B TaKOMY BUTJISII 3aJTUIIAETHCS IPUCYTHIM Ha niepudepii CIpUiHATTS
B CHJTY CBO€1 eMoIliliHOT 3HauymocTi. Hatomicts EnBin i ApTyp, siKi Tak caMo BOJHOYAC 1
ICHYIOTb, 1 HE ICHYIOTb, paJlilie iICHYIOTh, HDK HaBIaKH.

(2) Tax camo Engin 1 ApTyp, sIKi 3riIHO 3 MOYYTTSIM pEaIbHOCTI, pUTaMaHHOMy MipaHni,
CIIPUUMAIOTBCS SIK Pi3HI 0COOH, BCE K, B CHJIy NMpHCYTHOCTI (banTasii mpo [IpekpacHoro
[Tpunia Ha nepudepii cyd’€KTUBHOTO CIIPUUHSITTS, MAIOTh Y CBITaX I1i€1 yCTAHOBKH I0Ch
CIilbHE (X04a B PEabHOCTI MOXKYTh OyTH 30BCIM 1 HECXOXKMMH OJHWH HA OJTHOTO): BOHH
o0uBa ynMoch cxoxxi Ha [Ipekpacnoro [Ipunna.

(3) Crompatourick Ha CBO€ TOYYTTS peajbHOCTI, MipaHaa CHpUiiMae MITKOBI pHCH
[Ipexpacuoro IlpuHna (Hampukmiam, «rapHUi 1 J100 A3HUI») MUIKOM PEATICTUYHO — SIK
M’siki eckpuntopu. [Ipote B cuity HeoaminHOT niepudepiitnoi mpucytHocTi danTasii mpo
[Ipekpacuoro [IpuHia, i prcH 3aJIMINAIOTHCS [IHHICHO HAaBaHTaXCHUMU. MipaHja Moxe
nomivaTH, MmO peanbHi ocobu EnBiH 1 ApTyp € He HACTUIBKH JIOCKOHAIUMH, SIK
[Ipexpacuuii [lpuni — nepunii ToMy, IO BiH HE € TAPHUM 1 JII00 SI3HUM, a APYrUil TOMY,
mo BiH He € HapedeHUM Mipanau. | Titeku cam [lpuHI, TOMpM HEpEaTbHICTh, €
JIOCKOHAJIUM HOCIEM YCiX CBOiX XapaKTepUCTHUK.

(4) Tlouyrtst Ta GaxkanHst MipaH i MOKYTh OYTH CHPsSIMOBaHI 1 HA 30BHIIIHI, 1 HA BHYTPIIHI
00’exTH. SIKmIo, sk 1e TparuseTses, Mipanga BiauyBae mo0oB a0 Ensina abo Aprtypa
4yepe3 3MilleHHs 3 BHYTpImHbOro 00°ekta, TO IlpexkpacHmii IlpuHnm mae He mwmmie
OHTOJIOTTYHY MEPIIICTh y (haHTa3iiX, a i MpuBiIed OyTH MEePBUHHUM 00’ €KTOM ii MOYYTTIB
Ta 6axans (7, 211-212].

Axmo Mipanaa neBHOIO MIpolo ycBiomitroe cBoi ¢aHTazii Ta SKIO, TIOHAJ] Te, BOHA
3HA€TBbCA Ha moe3ii uu ¢irocodii, — BOHA JETKO MOXKe JaTth co0l paxy y BHUCIOBIICHHI
OHTOJIOTII CBOTO CBITOCIIPUHHATTA. BoueBuap, pesynpraTroM Oyae rapHa KiacudHa Teopis, B
axiii [Ipexpacuuii [IpuHi Mae Bcio moBHOTY OyTTS B ineasibHOMY cBiTi, a EaBin 1 Aptyp —
naire TiHi abo HemockoHat konii [IpuHia. BusiBisieTbes, IepBHHHE MUCIICHHS, OCHOBY SIKOTO
CKIaMaTh (aHTa3ii, HAaKUJA€ Ha Halle CBITOCHPUUHATTS cTapy J00py IJIaTOHIBCHKY
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KapTUHY, B SIKiii BHYTPIIHI 00 €KTH € eijocamu, a peaybHi pedi Ta 0coO0U MOCTAIOTh IXHIMU
OUTBIIT Y MEHIII BIATMMH €K3eMILTI(iKaIlISIMH.

6. BucHoBku

CemaHTHKa IHTEHIIMHOCTi, PO3IJISHYTa B OHTOJIOTIYHIM MNEPCHEeKTHBI, Ja€ 3MOTy
YTOYHUTH MEHTAIBbHUN Crmoci0 OyTTs K «OyTTs B IHTCHLIHHO MOXIMBOMY CBiTi». Mu
MOKEMO aCOIIIFOBATH 3 KOKHUM Cy0’€KTOM 1 KOXKHOO TPOTIO3HIIIHHO0 YCTAHOBKOIO OKPEMHI
criocid OyTTs, Hampukian «OyTTs y danTazissx Mipanam». Y MOXIMBHUX CBITaX CEMaHTHUKH
IHTEHIIMHOCTI OYTTS TIAYMAauuThCS SK BIACTHUBICTh, BHpaKeHa (POpPMANbHUM IMPEIUKATOM
ICHyBaHHSI, 1 JIUIIE B aKTyaJllbHOMY CBiTi OyTTsl TOB’S3aHO 3 AaKTyaJlbHUM iCHYBaHHSIM,
03HAKOIO SIKOTO € YacOompoCTOpoBa BTUICHICTh. BHyTpimHI 00’€KTH — 1€ CYKYIHOCTI
BIIACTMBOCTEH 1 TPOTIIB, SIKi «ICHYIOTB)» JIMIIEC B MOXJIMBUX CBITaX; X0ua y CIPUHHSITTI JIEBITIB
BOHM MAalOTh CTAaTyC MapTUKYJApiA, B IIHCHOCTI BOHU € CYO €KTMBHHUMH («IIPHUBATHUMMN»)
YHIBEpCAIisIMH.

Ha npuxiazi ¢anTasiit Mipanan My po3TiIsiHYIIH, SK JIOTIKa TIPOSKTHBHOT IHTEHIIIHHOCTI
3aCTOCOBYETBCS, 3 OMIAAY Ha TEOPiI0 OO0 €KTHHX CTOCYHKIB, O aHali3y CyO’€KTUBHUX
OoHTOJIOTIH. Mwu 3’dcyBayiv, 10 CyO €KTHBHI OHTOJIOTii 0a3ylOThCcsl Ha IHAWBIIYyalbHUX
cucTeMax BHYTPIMIHIX 00’€KTiB 1 OyIyrOTbCS 3TiAHO 3 MPHUHIUIIAMH TUIATOHIBCHKOI Teopil
efI0CIB.
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KOHLENIISI TEOPII JIOTTKY BITHOIIEHD
13 CYB’€EKTHO-IPEJUKATHHUM 3AIIACOM BUCJIOBIB

Irop Ayusax

BukoHaHO JOCIIPKEHHS, 3 METOI0 MOOYJ0BH KOHIICIIIii TeOopii JIOriKK BiHOIICHb, SKa
MaTHME CHHTAaKCUC MaKCUMaJlbHO HaONMKEHHH 10 CHHTAKCUCY HPUPOAHOI MOBH.
[ToOynoBaHO KOMIIOHEHTH 3a3Ha4yeHoi Teopii, 10 MalOTh Taki 0COOIMBOCTI. 3a OCHOBY
JIOTIYHOI Teopii B3sITO KOMOIHOBaHY JIOTIKY KIiaciB, 10 Jaae 3Mory: 1) dopmanbHO
BHKOHYBAaTH BUBOJIH, SIKi IPYHTYIOTHCSI Ha BITHOIIICHHSX MK MHOXKMHAMHU, 2) 30epiratu y
(dopMalbHOMY ~ 3amHCi  CTBEp/KYBaJbHHX  BHCIOBIB ~ HPUPOAHOI  MOBH  iX
cy0’€KTHO-TIPEIMKATHY CTPYKTYpy. Ha BiIMiHY Bifl JIOTiKH MPEINKATIB, KBAHTU(DIKYIOTh
HE Ty (pOpMYITy, SKOIO 3alUCYIOTh JIOTIUHY CTPYKTYPY CTBEPIUKYBaJIBLHOTO BHCIOBY, a
JWINe Ti BUPA3H, SKUMH TTO3HAYCHO CyO’€KT 1 mpemukaT BUCIOBY. Komu iHpopmamiero
po 00’€KT € sIKeCh BH3HAYEHE HOro BIJHOIICHHS 0 1HIIOro (iHIIMX) 00’€KTiB, TO
dbopManbHHMI 3amuC 3raJlaHOrO BiHONIEHHS Mae Taky (QOpMy: 3aMiCTh CHMBOIA
BJIACTUBOCTI B OJHOMICHOMY NpeAMKaTi (TyT TepMiH ‘“Tpenukar” B CEHCl JIOTIKH
MIPEAMKATIB) 3aMUCYIOTh BHpa3, KU MICTHUTHh CHMBOJ BiJHOIIEHHS 1 CMMBOIM, SKHMHU
MO3HAYaI0Th Ha3BM 00 €KTIiB, 0 AKUX € Iie BigHomeHHs. [lokazaHo, 110 A5 BUKOHAHHSA
BHBOJIIB Ha MiICTaB1 BITHOIICHD JJOCTATHHO ()OPMAIBHOTO arapaTy JIOTIKH KIIACIB.

KarouoBi cjoBa: norika BiHONIEHB, Cy0’€KTHO-TIpEAMKATHA CTPYKTypa BHUCIOBY, KOMOIHOBaHa
JIOTiKa KJIaciB, MOBa JIOTIKH.

CyTtp mi3HaBaJIbHOI TPOOJIEMH, pE3yJAbTATH MOCIHIKEHHS AKOi BUKIAJCHO B Il
nyOJiKalii, mojisirae y CTBOpeHH1 KOHLENIIii Teopii JIOT1KM BiTHOLIEHb, MOBA AKO1 30epirana 6
Cy0’€KTHO-TIPEIMKATHY CTPYKTYpy PpEYCHHS, a BITHOMICHHS JIOTIYHOTO BUILTUBAHHS
IpyHTYyBanocst 0 Ha iHcTpyMmeHTapii Teopii MHOXuH. Taka QopmanbHa cuctema Oyna 0
JIOCTYIHIIIOO JyIs HedaxiBIliB 3 JIOTIKM, BoJHOYAC ii MOXKHA OyJI0 O BUKOPUCTOBYBATH H st
aBTOMATH3aIlil MipKyBaHb.

l'osoBHOIO TiICTaBO¥O JJIST JIOCHI/DKEHHS, PE3yJbTaTH SKOTO BHUKIIAJIEHI B IIIH
nyOmikaiii, crajga TOMITHA HEBIMOBIAHICT CHHTAKCUCY MOBH JIOTIKM TPEIUKATIB
CHUHTAKCUCOBI MPUPOIHOT MOBHU. AHaI3 BIJHOIIECHHSI MK HUMU (CHHTaKCcHMCaMu) MaB Ou OyTH
TEMATHUKOIO0 OKPEMOTO HaNpsMY JOCIIPKEHb IPUHAWMHI Yepe3 Te, 10 MPUPOJTHI MOBU MArOTh
BIIMIHHOCTI y TIpaBHJIaX CHHTAKCHCY. AJie, B OYy/b-SIKOMY pasi, IpUpOJIHA MOBa CIIpsSIMOBaHA
Ha TIO3HAYCHHS 1 COPUHHATTS caMe JIOTTYHHX 3B’S3KIB. 3Ba)KArOUW Ha IIe, CIIO’KUBAYEBi 3HAHb
3 noriku Oyno 0 HaW3py4Himie, SKIo O CTPYKTypa JIOTIYHUX (hopMatizMiB Oyi1a MakCHMaJIbHO
MOJKJIMBO HAOIM)KEHOIO 0 CTPYKTYPH NMPUPOIHOMOBHUX CUHTAKCUUHUX 3B’ SI3KIB.

[TincTaBy JUIst TOCTIPKEHh MOJKHA JIETAli3yBaTH HU3KOI MipKyBaHb. CyTh MEPIIOTO
(HE B MOPSIIIKY SIKOICh BXKIIMBOCTI, Y XPOHOJIOTi1) MIpKyBaHHsI TIOJIATa€ B TOMY, YU TIOTPiOHO,
00 JIOTiYHA CTPYKTypa CTBEP/KYBAILHOTO BHCIIOBY BIIIOBiTala TeMa-peMaTH4Hii (TOOTO
MOBHII) CTPYKTYpi peueHHs. Y TpaJuIlidHIi CHIIOTICTHUII, SIK 1 B HAHOUIBIT HAOIMKEHOMY 10
Hei cyyacHOMY KOMOIHOBaHOMY YHMCIIEHH1 KJIaciB (MPaKTHYHO HE3aCTOCOBYBAHOMY BHACIIIOK
MEHIIINX BUPAKAIBHUX MOMJIMBOCTSH BiJ JIOTIKHM TIPEIUKATIB), Taka BIIMOBIAHICTE OyJa.
AJpke cy0’eKT BUCIOBY (Te, PO MO CTBEP/DKYIOThH) BIANOBIaB TeMi pEUEHHS, a MpeauKar
BHCIIOBY (T, IO CaM€ CTBEP/DKYIOTh MPO O0’€KTH IMO3HA4YEHI Cy0’€KTOM BHUCIOBY) — peMi
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pedeHHs. Y JOTili MpeIrKaTiB BiMOBHWIIMCS BiJl 1i€i BiIMOBIAHOCTI CUHTAKCUYHOI OyIOBH.
Toro6 ®pere Tak OOIPYHTOBYBAB JOIUILHICTH Takoi BimMosu. Peuenns “Ilin Ilmaresmu
IpEeKH TIEpPEeMOTIU TiepciB”’, Ha HOro AyMKYy, Ma€ OJIHAKOBUU 3micT sik 1 peueHHs “Tlifg
[Inatesmu nepcu Oynm nepemoskeni rpexamu”. Ha mymxy Totmo6a ®pere Toil 3MicT, kuii
Tpeba hopmalizyBaTH B IIUX PEUCHHSX, € OJTHAKOBUM, a, OT)KE, BI/ITBOPCHHSI BITHOIICHHS MK
cy0’€KTOM BHUCIIOBY 1 IPEANKATOM BHUCIOBY (1100 BiJIPI3HUTH TEPMIH npeduxam TPaauliiHol
JIOTIKH BiJ TepMiHa npeduxam JOTIKU TPENUKaTIB, MEPIINil 3 HUX Ha3UBATUMEMO Npeouxam
6UC06Y) HE € ICTOTHUM JUIs JorigHoro anamizy. Jani [orn06 ®pere 3a3HaumB, M0 MOYATKOBO
BiH HaMaraBcsi CTBOPHTH (OpPMaIbHY MOBY, B SIKiH CyO’ €KT 1 mpeauKaT BHUCIOBY Oynu O
(hopMaIbHO PO3PI3ZHIOBAHUMH, OJTHAK, 1€ TIEPEIIKOJ[KAIIO JIOCATHEHHIO HOro BIIACHUX IUTeH. 3
mipkyBanHsaMu Toro6a ®pere mOA0 HEAKTYAJIBHOCTI BIATBOPEHHS Cy0’ €KT-TIPEAUKATHOI
CTPYKTYpPH CTBEPUKYBAJILHUX BHCJIOBIB MPUPOJIHOI MOBH Y MOBI JIOTTYHOTO YHCIICHHS BaKKO
noroauTrck. Hacammepen, 1ie yCKIaaHIOE COPUHHATTSA JIOTTYHOTO anapaTy CloKHBadaMH, SKi
He € (axiBIsIMU B ranysi joriku. Kpim Toro, 3rinHo 3i 3pazkom npukiaiy mnpo [lnatei moxxHa
CTBEpPKYBATH, IO BUCIIB “A € KepIBHUKOM B’ € TOTO)XHHMM BHCIOBY “B € mimternium A4”,
Toal sk 1e € BuBim. IlogiOHO 11O 1HOTO, BiAKUAAIOUW CYO’EKT-TIPEUKATHY CTPYKTYPY
BHCJIOBY, MH BiTKHJaEMO Oe3rocepe/iHi BUBOIM TPAAUITIHHOT JIOTIKH.

Jpyruii  apryMeHT WIOJI0 JONUIBHOCTI TOMIYKY JOCKOHANImoi ¢opMu Teopii
BIZTHOIICHB € TaKUM. Y TIPUPOJHOMY MOBJICHHI, &, OT)KE, i MOBJICHHEBOMY MHCJICHHI, JIFOIIHA
He (HOPMYITIOE TyMKY B TaKOMY BUTJISIIL, B IKOMY 11 OyIyIOTh Yy JIOTIIli IpeAMKaTiB. 3arajabHa
CTPYKTypa BHCJIOBY B JIOTIII NPeIUKaTiB € Tako. CrouyaTKy Ha3MBalOTh KUIBKICTh KOKHOT'O
BUIY 00’€KTiB, IPO BIJHOIICHHS MDK SKAMHU CTBEPDKYBATUMETHCS y BHUCIOBI (HANpUKIIAI:
JUISL BCIX X, JUIS JIGSIKOT KiIBKOCTi ) 1 T. JI.), @ MICJSI I[LbOTO PO3TAIIOBYIOTh BUPA3, B SKOMY
3adikcoBaHO BiHOLIEHHS MK UMUK 00’ ekTamu. OTKe, KUBKICTh (3adikcoBaHa KBAHTOPAMH )
CTOCY€TBCS BCHOTO BHCIIOBY UM HaBITh TOCTIZOBHOCTI BUCIIOBIB, TOOTO HUIOTO MipKyBaHHs. B
pealbHOMY MOBJICHHI MU HE OyayeMoO JAYMKY BiIMOBIIHO A0 Takoi cTpykTypi. KinbKicTh
00’€KTiB, PO SKI MH CTBEP/HKYEMO, TIO3HAYAEMO Pa30M 13 HA3MBAHHSAM IUX 00 €KTIB, TOOTO
KBAaHTOPH PO3MIllleH] Ol MOHATh, a HE Meped peueHHSIM (UM HU3KOI pedeHb). Oxpim
YCKIIQJHEHHSI KOPHCTYBaHHS TakuM (OpMalIi3MOM KOpHUCTyBayaMH-He(axiBLSAMH, Le
BUKJIMKA€ TAaKOX 3allepPEeYeHHs B 3B’SI3KYy 3 OOMEKEHHMH BHPAKATBHUMHU MOKIHBOCTSIMU
Takoi soriyHoi MoBH. 30kpema, [laniens boneBak Bim3HauWB, 10 mpoOiieMa KOPEKTHOL
kBaHTH(]IKAIlil He HAJICKUTH JI0 PO3B’SI3aHUX 1 € OJHIEIO 3 MPoOIEeM cydacHoi Joriku. Bin
HaBIB YMMaJO MPHUKIAIB CTBEP/UKYBAIBHIX pEYeHb 3 PI3HUMHU BapiaHTaMH KBaHTHQiKaii,
KOPEKTHHUH JIOTTYHUI 3amuc SIKUX BUKJIMKae TpyaHoul. Cepel TakuX — BHUCJIOBH, SKi L€ B
X1V cr. ananizyBaB bypinan, nanpuxiaz: “YKoaHa monnHa He 6auuTh KOKHOTO ocna”, “KiHb
A € 6impmmM Bin koxHO1 moguan” [2, P. 83]. ¥V 60-x, 70-x pokax XX cT. yBary 6ararbox
JIOTIKIB TPUBEPHYIM PO3ralyKyBaHl KBAaHTOPH, KOPEKTHHH JIOTTYHMHA 3alUC SIKUX TaKOXK
BHKJIMKA€E TPYAHOILI, 5K ¢ €, CKaXiMO, B pedeHHI: “Jliep BiI KOXKHOTO IIEMEHI 1 KaIliTaH Bij
KO>KHOTO TOJIKY 3YCTPUINCh Ha MUPHIiN KoHpepenuii” [2, P. 112].

Ille oguu aprymeHT Iyisi MOOYMOBH JIOTIKH BIiTHOIIEHH Y BHIJIAII IITY4HOI MOBH (Y
BHUpa3ax sKOi BIATBOPIOETHCS CyO’ €KT-TIpeMKaTHA CTPYKTypa PEUEHHS MPUPOTHOI MOBH) €
takuM. Kot Mmu popMysTrOEMO pedeHHs, TO BIACTUBICTh MIO3HAYAEMO K MHOXHHY. BuHUKae
NUTAHHSA: YOMY MH HE MOXKEMO TO3HAUYMTH SIK MHOKMHY TakoX 1 BiHomeHHs? CBOro 4acy
Binssim MinTo 3ayBaxuB, 1m0 i B CepelHOBIUYi, i B HOTO Yac iHTEpIpeTallis Ha3B O3HAK SIK
Ha3B KJIACiB BHKJIMKaNa AWCKycii (Xodya Ui TPAKTHKU BHBEJCHHS II€ JKOJHOI pOJli He
Bigirpae) [3, P. 5]. PosrnsHpMO mpukiaa. Skmo mMu BizbMeMoO Ui aHamnmizy pedeHHs “Bei
KaBYHHU € AT0JIaMU”’, TO 1 KagyHu, 151200u — 11e HA3BU MHOXKUH 00’ €KTiB, 1 TAKUH BUCITIB MOXKHA
aHAJII3yBaTH B KaTETOpisX BIAHOIIEHb MK MHOKMHamu. OnmHak y pedeHHi “Bei kaByHH €
3eJE€HUMH”’, CIIOBO 3eneri € Ha3BOI0 O3HAKM, a HEe MHOXXHUHHM 00’eKTiB. PallioHaJIbHUM €
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BUCHOBOK TIPO  JIONUIBHICTH HE3HAYHOTO CIIOTBOPEHHS — Ha3By O3HaKd Tpeda
MPOIHTEPIIPETYBATH K MHOXKHHY OO’€KTIB 3 III€I0 O3HAKOIO 1 B TaKOMY pasi Bci momiOHi
pEUCHHS TaKOX MOYKHA aHATI3yBaTH B KaTErOpisiX BiTHOIICHh MK MHOKUHAMH (11 BIIaCHE 1 €
MOBCIOJTHOIO MPAKTHKOO JIOTIKIB). OHaK, BUHUKAE MUTAHHS, SKIIO B pedeHHi “Bci kaByHH €
arogamMu” (B SIKOMY 1 Ha3By 00’€KTa KagyH, 1 Ha3By 00 €KTa s200a MU IHTEPIPETYEMO SIK
MHOKMHH) TICHsI 3aMiHM CIIOBA 5200u Ha Ha3BYy O3HAKW (3e1eHi), MH BCE OJTHO MOKEMO
IHTEpPIPETYBaTH TMPUKMETHHUK SK MIACTaBYy IS BUOKPEMJICHHS MHOXHHH, TO YOMY MH HE
MOKEMO 3pOOHTH TaKe XK MICIs 3aMiHU CIIOBA sf200a Ha Oitbuutl 6i0 ocipka (SIK 1€ € B peUeHH1
“Bei xaByHM € OutbiuMHU Bif oripkiB” (y ceHCi maroms Oinvwutl 00’cm)). TlozuTuBHa
BIJINOBI/Ib Ha Il MUTAHHS € JOCTATHBOKO IMIJICTABOIO YISl TOTO, MO0, pOo30YJA0BYIOYH MOBY
(hopManbHOTO YUCIICHHS, 3aMTUCYBATH B CUMBOJILHOMY TO3HAYEHHI BIIHONICHB TUTLKH Ha3BY
BitHOIIEHHS (Oinblue) 1 Ha3By 00°€KTa/00’€KTIB, 10 SKOTO/SKMX BCTAHOBJICHE 1€ BITHOIIICHHS
(ocipku) (IHTEpIIpETYIOUN YBEeCh el BUpa3 (Oinbuui 6i0 02ipKig) TAKOXK SIK MHOKUHY). Taxuii
(dhopMabHHIA 3aTFIC MOBOIO JIOTIKH BiAIMIOBi/IaB OM CHHTAKCHCY IPUPOJIHOT MOBH, a, OTKe, OyB
O0u OakaHUM.

[lle opnHi€ro miACTaBOIO Ui TMOIIYKY CHOCOOIB MOOYJIOBH Teopii BiJHOIIEHB,
IPYHTOBaHOI Ha CyO’€KT-PEIUKATHI CTPYKTYpi CHMBOJBHOTO 3alUCy CTBEPIKYBAITBHUX
peveHb MPUPOAHOI MOBH, € TakuM. Y Apyrid monoBuHi XIX CTONITTSA, KOJIM OCOOIHMBO
aKTyaJbHOIO cTajia mpobiieMa (popMaIbHO-JIOTTYHOTO 3aIMCy BUBOJIIB HA Mi/ICTaBi BiTHOIICHD
(1 B cepenoBuIll MaTeMaTHKIB, 1 B cepeoBuIi (inoco(chKux JOTiKiB), Ha0yla MOUTHMPEHHS
iZies, MO B OCHOBI BHWBOJIIB Ha IMiJCTaBi BiJIHOIICHb JIGKUThH MPHUHIMII TOTOKHOI 3aMiHU.
Vnerbes mpo BUBOIM, B AKHX MPEINKATOM BHCIOBY B OJHOMY 3 3aCHOBKIB € BiITHOIICHHS JO
SIKOTOCh 00’€KTa (BUY 00’ €KTiB). SIK MpUKIIaJ MOKHA HABECTH TAaKUH BUBI/I;

3acHOBKH: YCi KaByHU € OUTBIIMMH BiJ OTipKiB. Bci OTipKM € YacTHHOIO 3€lIeHUX IUIOIB
OBOUYIB.

BucHoBOK: Yci KaByHU € OUIBIIIMMH Bil YACTHHHU 3€JICHUX TLIO/IIB OBOYIB.

VY npyromy 3acHOBKY HaBEIEHOTO BHMBOJY BCTAHOBIJICHO TOTOXHICTh BCIX OTIPKiB i
YacTHHU 3eJIeHHX OBOoUiB. Ha miif mijcTaBi, BHACHIOK 3aMiHM B MEPHIOMY 3aCHOBKY CJIOBa
02IipKu HA YACMUHA 3eeHUX 0804i6, OTPUMAHO BUCHOBOK. CripaB/i, CyTb BUKOHAHOTO BUBOIY
MOJISITa€ B 3aMiHI HA3BM MHOXKHHHM 00 €KTIB, JIO SIKOi BCTAHOBJICHE BIJIHOIICHHS B MEPIIOMY
3aCHOBKY, Ha Ha3BYy TOTOXHOT MHOKMHHU 00’ekTiB. OpHaK, fnani JeKiapyBaHHS MPUHIIUITY
TOTOKHOCTI SIK OCHOBH BHBOJIIB CIIpaBa HE MiNUIa — He Oyl0 po3poOiieHO (OpMaTbHOTO
THCTPYMEHTApiIO JUIsl BUSBIICHHS BiIHOIIEHb TOTOXHOCTI, &, OTXKe, i (OPMaIbHOTO METOIY
BUKOHaHHs BMBOIIB. BoaHovac, Habyna po3BUTKy pospobiena T'ornobom Ppere, [xysermnie
[Teano, beptpanom Paccenom teopist oK MpenukaTiB, B Ky Oyla iHKOPIIOpOBaHA JIOTIKa
BifHOIIEHb ABrycta ne Moprana. ToMy, JOCTIDKEHHS B HONEPEAHBO 3raJJaHOMY HaNpsIMKy
noOynoBH Teopii BigHOMIEHb NPUNUHWINCH. CydacHHH pPIBEHb PO3BUTKY MaTeMaTHYHOTO
THCTPYMEHTApIIO JIOTIKH JIa€ IMiJCTaBW JUIs TPHUIYIICHHS, 10 3a/aya, SIKYy CTABUIH Tepel
co0Ooto soriku XIX cromnirts (0O0rpyHTYBaHHS (POPManIbHOTO MiIXOAY JO BUKOHAHHS BUBOJIIB
Ha IiJCTaBi BIJHOIIEHh HAa OCHOBI TPWHIMITY TOTOKHOI 3aMiHM), € pPO3B’s3HOK. TOXK,
BUHHUKAE JyMKa, YOMY O He cripoOyBaTtH ii po3B’s3aTH.

Ha migcraBi BUKOHAHOTO aHAN3y CTaHy JOCHDKEHb MIOJI0 3aJCKJIapOBaHO1
ni3HaBaIbHOI MpoOieMH MoXHa cOpMyTIOBaTH TaKy MeTY JOCHIDKEHHS: 3 sCyBaTH
MOJIUBICTh TIOOYZ0BH (DOPMATBLHOTO TIAXOAY JUUISi BUKOHAHHS BUBOJIB Ha IIJICTaBi
BiJTHOIIIEHB, KEPYIOUUCh MPUHIUIIOM TOTOXHOI 3aMinu. JlocsarHeHHS 1iei MeTu (y BUTISAL
cnenudivHOTO PO3MIMPEHHSI TEOPii CHIIOTICTUYHUX BHBOJIB, BUKOHYBAHUX 32 JIOTIOMOTOIO
IHCTpyMeHTapiro ~ KoMOiHOBaHOT  JIOTIKM  KjiaciB) gamo O  3mory  30epertu
cy0’€EKTHO-TIPEIMKATHY CTPYKTYPY Y CUHTAaKCcHC (OpMyT OTPUMAHOT JIOTIKH BiHOIECHb. [lyis
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JIOCSATHEHHS ITOCTaBJICHOT METH BUKOHAHO TaKi ITi3HABAJIbHI Jii: 1) BUSIBICHO BUIM 3aCHOBKIB,
Uit KX Tpeba oOrpyHTyBaTH (opMaibHI TpaBWia BHUBOJAIB Ha TIJACTaBl BiIHOIICHD,
2) oOrpyHTOBaHO 3rajaHi (hopMaabHi paBuUiia BUBOIIB HA MMiJCTaBi BITHOMICHD (JJ1s1 YACTHHH
BH/IIB BUBOJIIB).

Hacamnepen BukoHaiiMo mepiie 3aBlaHHS — 3’CYHMO BHIM 3aCHOBKIB, JUIS SKHX
MaroTh OyTH BUSBIICHI BiIHOIIEHHS JIOTIYHOTO BUIUIMBAHHS. 32 OCHOBY Bi3bMEMO CTPYKTYpY
CUJIOTiCTUYHOTO BHMBOJY. lleil BHBIN ToNisirac y BCTAHOBJICHHI BIJHOILIECHHS MDK JBOMa
MHOKMHAaMHU Ha IIJICTaBl BIJHOLIEHHS! KOKHOT 3 HUX J0 TPeThoi. CTPYKTYpy TaKWX BUBOJIB

MOJKHA TOJIATH Y BUIJISIIL: S —m, m—p E s—p (HaUPUKIA, YCi KAGYHU MAIOMb YEPEOH)
M AKOMb;, YCI 02IPKU MAIOMb 3€/1eHy M SAKOMb, omice, 8Ci kagyHu He € ocipkamu). CHMBOJIaMHU
S, m, p CIPONICHO MO3HAYEHO MHOKHHH 00’ €KTIB, BUOKPEMIICHUX 32 BIAMOBITHUMH O3HAKAMH
(e MmoxHa Oyino O jgeranpHIiIIE 3amucaTH Tak: S(x), TOOTO 00’€KT X 3 03HAKOI S; TMOAI0HO
M(x), P(x)).

KoxHy 3 MHOXHWH (BHOKPEMJICHHMX 3a O3HAKOI0) y BHCIIOBI MOJYKHAa 3aMIiHUTH Ha
MHOKHMHY, BHOKPEMJICHY 3a BIJHOIICHHSM JIO SIKUXOCh 00’e€kTiB. Hampuknam, y BHCIOBI
JKooen kasyn ne € ocipxom (y CUMBOJIBHOMY BUTJISIZII CHPOIICHO II€ MO>KHA 3amlucaru
s He € m) 3a(hiKCOBAHO BITHOIICHHS MDK JBOMa MHOXXHHAMHM, KOKHA 3 SIKHX BHOKpPEMJICHA 3a
BracTuBicTi0. BojHouac, y BucnoBi Koowcen kagyn € oinvuum 6i0 ocipxa (y CUMBOILHOMY
BHTJISI/II CITPOIIICHO 1€ MOXHA 3anucatu s € Rm, ne R € cuMmBosiom BiHOTIICHHS) 3a()iKCOBaHO
BIJTHOIIIEHHSI MDXX JIBOMa MHOKHHAMHU, OJIHA 3 SIKUX BUOKpEMJICHA 3a BJIACTUBICTIO (S), a iHIIa
— 32 BITHOIIIEHHSM JI0 MHOHHU 00 €KTiB (Rm1), BAOKpEMIIEHHUX 3a BIACTUBICTIO (/).

BinmosigHo 10 Toro, 1mo B ¢popMysax 3aCHOBKIB KOKHA 3 MHOYKWH, BUOKPEMIICHUX 32
BJIACTUBICTIO, MOXE€ OyTH 3aMmiHEHa Ha MHOKMHY, BHOKPEMJICHY 3a BIJHOIICHHSM,
OTpUMYEMO HaOIp BCiX MOJKJIMBUX 3aCHOBKIB (2 OTXKE ¥ BHBOJIB), SIKI PO3MOALUIMMO BiIpasy

Ha TPH IpyIu:

1. BuBosu, Juisi BUKOHAHHS SIKUX JOCTAaTHBO IHCTPYMEHTApil0 KOMOIHOBAHOI JIOTIKU
kiaciB. lle pi3HOBUIM 3aCHOBKIB CIJIOTICTHYHHMX BHWBOJIB — BCi BOHHU TiAMANAIOTh TIif
nediHililo CHIOTICTUYHOTO BHBOAY (y 3aCHOBKAX BITHOIICHHS KOXHOI 3 ABOX MHOXHH JIO
TPETHOT; y BUCHOBKY MIOBUHHO OYTH BiTHOIIIEHHS MK ITAMH JIBOMA MHOKHHAMM ).

1.1 | s—m, m—p. 1.5 | s—Rm, Rm —p.
1.2 | Rs—m, m—p. 1.6 | Rs — Rm, Rm — p.
1.3 | s—m, m—Rp. 1.7 | s — Rm, Rm — Rp.
1.4 | Rs—m, m—Rp. 1.8 | Rs — Rm, Rm — Rp.

2. BuBogu Ha mingcTaBi 3amillleHHsT BJIACTUBOCTI Yy BiIHOIIEHHI (3aMillleHHS Ha3BU
MHOXHHHU 00’€KTiB y BUpa3i BIAHOIICHHS Ha MiJCTaB1 MPUHIUIY TOTOKHOCTI). Hampuknaz, y
pasi 3acHOBKIB 2.1 (s — Rm, m — p) y Bupasi BigHomeHHs: Rm MokHa 3aMiHUTH m HA p (KO
JOTPUMAaHO PUHIIMITY TOTOKHOCTI, (hOpMaIIbHI MPOSIBU SIKOTO, BIacHE, Tpeba OOTpyHTYBATH).

2.1 | s—Rm,m—p.

22 |s—mRm—p

2.3 | Rs—Rm, m—p.

2.4 | s—m, Rm—Rp.

3. BuBoju Ha mincraBi KoMmo3utlii BiHomeHb. Lle BUBOM, BUKOHYBaHI 3a MPAaBHIOM
TPAH3UTUBHOCTI, YW IHIIMUMHU MOKJIUBUMHU MOAIOHUMH TIPABHIIAMHU.
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3.1 | s—Rm, m—Rp.

3.2 | Rs—m, Rm —p.

3.3 | Rs—Rm, m —Rp.

3.4 | Rs—m, Rm—Rp.

[epmra rpyna 3acHOBKIB HE CTOCYETHCSI BUBOJIB Ha MiACTaBi BigHOmeHb. OTpUMaHHs
BUCHOBKIB Yy pa3i 3aCHOBKIB TPEThOI I'PYHNH OMMCYEThCS 3aKOHOM TpaH3UTUBHOCTL. Tomy,
MPEMETOM JIETATBHINIOTO JOCTIIKEHHs TIOBUHHI CTaTH HAacaMIIepe ] BUBOIH IPYroi rpymu, a
JUTSL TIHOTO JIOCTATHLO OOTPYHTYBAaTH (POPMaIIbHI IIPABHIIA JIJISI OJTHOTO JIOBUTLHOTO 3 BapiaHTIB
3aCHOBKIB (iHIII1 BapiaHTH MOXHA OTPUMATH BHACIIIOK 3BUYAaHHOT 3aMiHM CHMBOJIIB).

BisbmMemo uIsi momanbIIoro aHamnmily 3acHOBKM y Bl § — Rm, m — p. Tpeba
BUOKPEMUTH Pi3HI BapiaHTH IIMX 3aCHOBKIB, /Ul KOXKHOTO 3 SKHUX MOTpiOHE OOTrpyHTYBaHHS
MOJIMBOCTI OTPUMaHHA TOTO UM IHIIOTO BHCHOBKY. Hacammepen inmetbcs mpo
kBaHTH(]iKamito MHOXUHK 00’ekTiB m. Ilepen cumBosiom m (1 B mepuioMmy, i B JIpyromy
3aCHOBKY) MOXe OyTH KBaHTOp “Bci”, “dacThHa”, “dIKach KUTBKIiCTh, TOOTO YacTUHA abo BCi”,
KUIBKICTh, BUpaxkeHa 4yuciaoM. OCKUIbKH pe3yabTaTH BUBEACHHS i3 3aCHOBKIB, SIKI MICTSATh
KBaHTOp ‘“‘dKach KiIbKiCTh (4acTMHa abo Bci)”, € MOEIHAHHSM PE3YyNbTaTiB BHUBOJIB 13
KBAaHTOPOM Y 3aCHOBKY “dacTHHA” 3 pe3yJbTaTaMH BHBOMIB 13 KBAHTOPOM Y 3aCHOBKY “BCi”,
TO, HacamIiepe]l JOIUIBHO IMpOaHali3yBaTH BHBOJIM 3 KBaHTOpaMu ‘“‘dactuHa” 1 “Bci”. VY
TaKOMY pa3i Ma€EMO YOTHPH BapiaHTH 3aCHOBKIB:

l.s—RVm, m—p. 2.5 —RVm, dm —p.
3.5 —Rdm, m—p. 4. s —Rdm, dm —p.
I3 nmx 4oTHPHOX BapiaHTIB 3aCHOBKIB BI3bMEMO JUIsl aHAJI3y MEPILNNA:

3acHOBKH: g — RVm

m-—p
BucnoBok: s—R?

CyTh HacTynmHOI Ti3HAaBaJIBHOI 3ajadi, sIKy Tpeba po3B’s3aTH, IMOJSITAaE B:
1) oOrpyHTYBaHHI —4M MO’KHA IIOCh BUBECTU 3 IMX 3aCHOBKIB, 2) SKIIO MOKHA BHBECTH, TO
o came, 3) 3HaXo/DKeHH1 (popMaTbHOTO METOIy BUKOHAHHSI JIBOX TIOTIEPE/IHIX 3aB/IaHb.

Y mnonanemioMy BUKIaNi Tpeba Oyne BXKUBATH PiAKO BHKOPUCTOBYBaHi OyleBi
¢ynkmii. Tomy BBemeMoO Taki MO3HA4YCHHS. SIKINO, IS TPUKIANy, BUIHCATH TMOCTIIOBHO
3HAYEHHS ICTHHHOCTI KOH FOHKIIIT BIJIMOBIIHO 7O 3HaueHb aprymentis 11, 10, 01, 00, To,
otpumaemo psig uucen 1 0 O 0. IIpoiHTeprnpeTyeMo 110 MOCTIOBHICTh 3HAYEHb SIK OJHE
YHCJIO B JBIMKOBIH CHCTEMi YHCJICHHS 1 TIepeBeeMO HOTO B JECATKOBY CUCTEMY YHCICHHS —
otpumaemo 8. T1oibHO0, criTbHA U3 FOHKITISI BUSBUTHCS (DYHKITIEIO 3 THIECKCOM 6, U3’ FOHKITIs
— 3 iHgekcom 14, dyHKIIs, sSika B YCiX YOTHPHOX BHIAJKAX TOEJHAHDb 3HAYCHb HE3aJEKHUX
3MIHHUX Ma€ 3HaueHHs 1, Matume iHjeke 15 (TakuM yuHOM Bei 16 qBoaprymeHTHUX (QYHKIIH
oTpuMaroTh iHjgekcu Big 0 g0 15). [Noznauatumemo (yHKIIT iXHIM 1HIEKCOM, BITUCAHUM B

KpY)KaJblle, HAIPUKJIA KOH FOHKIIIO T03HAYaTHMEMO CHMBOJIOM (8).

[Tin wac amamizy Apyroro 3aCHOBKY MH BCTAHOBIJIIOEMO BIJHOIICHHS BCHOTO OOCSTY
MHOKMHU M JI0 00CATY MHOXHUHM p. BigHolieHHs MK JBOMa MHOXUHaMu (m 1 p)
OTIMCYIOTBCSl TBOAPTYMEHTHUMHU OyneBUMH (yHKIissMU. [I’ATHaAIATHOM JBOAPTYMEHTHUM
OyneBuM (yHKIIsSIM (LIICTHAIIATA — 1€ CYINEPEYHICTh) BIAMOBIIAE I’ SATHAAUATH BHIIB
BiJTHOIIIEHb MDK JIBOMa MHOKWHAMH, 1, BIATMIOBITHO, I’ ATHAANSTH CTBEP/KYBAILHUX BUCIIOBIB
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MPUPOIHOT MOBH. 3-TI0CEpE]l HUX aKTyaJbHUMH ISl aHATI3Y (1€ BUITAIKU, KOJIH KOIHA 3 JIBOX
MHOXHH HE € TIOPOKHBOIO) € aecsaTh. Lli BuCiIOBM (MOZaHO N1Ba BapiaHTH (POPMYIIOBAHb) 1
BIMOBiHI M OyneBi (QyHKIIi MOJaHO HMKYE (BIIMOBIAHICTE MK BHCIOBaMH, OYyJIEBUMH
(GYHKIISIMU 1 BITHOIIEHHSIMU MK MHOKMHAMH 3pYYHO TIPOCTEKUTH Ha Jiarpamax BeHHa):

Lo, @p
Ycim=VYecip Ycim iTinbku m € p

2. | »

. | | > m@p

VYcim =Yactuna p VYci m, ane He TUIBKU m, € p

4. m @ p

5.1 m ®p
Yactuaa m = Ycip Yactuna m 1 TUIBKA m € p

O Im@p

T m®p
Yactuna m = Yactuna p | Yactuna m, aje He TUIBKU M, € p

A »
VYcim =Yactuna p Ycim iTinbku m He € p 9 | @ p
Yeim=Vcip Ycim, ane He TUIBKY M1, He € p 10. | ., ®p

Ha miacraBi ananmizy BiJHOLIEHb MK MHOXHWHAMU M 1 p y JPYroMy 3aCHOBKY
3po0JIEHO BHCHOBOK IpO BHJ KBAaHTOpa MepeA p Yy IIyKaHOMY BHCHOBKY. MoxkHa
chopMyInIoBaTH TpU MpaBUiIa:

L. ((m Np) =) — ((s © RVm), (Vm D p) & D),

e € {®...0}, D e {®, D}.

2.((mNp)#D A (mNp)#D) — ((s O RVm), (Vm @ p) E (m O RVp)),
ne® e {®...®}, D e {®,®, @, B}.

3.(((m Np) #D) A ((m N p)= D)) — (s © RYm), (Vm @ p) & (m @ R3Ip)),
ne e {®...®}, D e {©, @, @, ®}.

Bukonane pociiKeHHS MIATBEPIKYE MOXKIIMBICTh CTBOPESHHS TEOPIi BIHOIIICHD, SKa
TPYHTYETBCS HA aHai3i BIMHONICHb MDK MHOKMHAMHU 1, BOJHOYAC, BHUKOPHCTOBYE MOBY
CHUMBOJIIB 13 CHHTAKCHCOM, OJIM3HKUM JI0 CHHTAKCUCY CTBEP/KYBAILHUX BUCIOBIB TPUPOIHOT
MOBH.

1. Frege G. Begriffsschrift und andere Aufsitze. — Hildesheim, Ziirich, New York: Georg
Olms Verlag, 1993. — 124 s.

2. Bonevac D. A history of quantification / Handbook of the History of Logic. — Vol. 11.
Logic: A History of its central Concepts. — Amsterdam: Elsevier, 2012. — P. 64—127.

3. Minto W. Logic, Inductive and Deductive. — New York: Charles Scribner's Sons, 1915. —
373 p.
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JIOT'IKA B MATEMATHULI 1 IHOOPMATHULI

Kpusnii C.JI., 'orepuax I'.1.

Anomauis. TIpomOHY€eThCS KOPOTKHI OMJISAA 3aCTOCYBAHHS METOJMIB MAaTEMAaTHYHOI JIOTIKH B
MaTeMaTuIl Ta iHpopmaThili. 30Kpema, JIOTiYHi MPOoOJIeMHU 3 BUKOPUCTAHHIM aKCiOMU BUOOpPY B
MaTeMaTHIli, Ta MpoOJIEeMH 3aCTOCYBaHHS METOJIB MaTeMaTHYHOI  JIOTikM B iH(opmaTwHIi.
JletanpHilie po3riisIa€Thesi 3B 30K JIOTIKM Ta aBTOMATIB 3 JICMOHCTPAIIE€K TAKOro 3B’S3Ky Ha
npukiaa. Apupmeruku [pecOyprepa. KopoTko mpeacraBieHO 3aCTOCYBaHHS JIOTIKH A0 3aja4
Bepudikalii nporpaMHOro 3a0e3ledeHHs, MpoOieM yIpaBliHHA 0a3aMy JaHHX Ta 3HaHb,
BUKOPUCTaHHS JECKPUNTUBHUX JIOTIK IS iX NMPOEKTYBAaHHS, PO3MapajeNiOBaHHSA IMpOrpaM Ta
Teopii irp

Abstract. A short survey of applications of logical methods in mathematics and informatics is
presented. In special case the problems in mathematic deal with using of Choice Axiom and using
logical methods in informatics. More details are considered connections with finite automata and
logics with demonstration of application automata to Presburger’s arithmetic..A short survey the
applications of logics methods to verification of programs, control in data bases and knowledge
bases and using description logics for their developing, parallelization of programs and game
theory.

Knrwouoei cnosa: norika, noriuni npodiemMu, aBToMaTH, 0a3u JaHUX Ta 3HaHb, JITHTBICTHKA.

Beryn. TpaaumiiiHUM 3acTOCYBaHHSIM MAaTE€MaTUYHO! JIOTIKM SIK METaMOBH Oyio
OOTPYHTYBaHHS akCiOMaTUKH Teopii MHOKUH. [li3Himie, B 3B 3Ky 3 PO3BUTKOM HAYKH MPO
00YMCIICHHSI Ta KOMIT'IOTEpHOI TEXHIKH, MOTpeOM B METOAAaX MaTeMaTH4HOi JIOTIKM CTalu
nepmomiaHoBuMu. Lli moTpebu crnpusiii iHTEHCHBHOMY PO3BUTKY SIK KJIACHYHOI JIOTIKK
(mpomo3uiliiHOT JIOTIKM Ta JIOTIKM MPEAUKATIB), TaK 1 HEKJIACHMYHOI JIOTIKH (JIMHAMIYHOI,
MOJANILHOI, TEMIIOPAILHOT Ta IHIIKMX JIOTIK). B pe3ynbTari [hboT0 pO3BUTKY BUHHUKIIA BEIUKa
KUIBKICTh PI3HOTO pOMy JIOTiK, sKi € abo y3araJbHEHHSMH BIIOMHX JIOTIK, a0o
MOAUQIKAIISIMH IUX JIOTIK.

B naniii po0GOTi MPONIOHYETHCS KOPOTKUN OTJISAJ] CTaHy CIpaB B 00JacTi 3aCTOCYBaHb
MaTeMaTHYHOT JIOTIKH i, 30KpeMa, B MaTeMaTuIli i B OUTbIIii Mipi B iHGOpMATHIII.
1. Jloriuni mpo0jemMn B MaTeMaTHIL

HeoOxigHicTh aKCIOMAaTHYHOTO OOTPYHTYBAHHS OCHOB TEOpii MHOKUH CIPUYUHHIIO
MOSIBY aKCIOMaTHYHOT CHCTEMH, BiZIOMOT Mij1 Ha3Boto akciomatuku Llepmeno-Dpenkens (L1D).
L5 akciomaTHKa JaBaya CTpore oOrpyHTYBaHHS TEOPii MHOKHH 3 OJTHOTO OOKY 1 CIIpHUMHHIIA
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IIaJICHy KPUTHKY 1, HaBiTh, HECHPUUHATTA ACIKMMHU BIIOMUMH MaTeMaTHKaMH IIi€i
akciomaTuku. /IMCcKycii Ha II0 TeMy cepesl MaTeMaTHKIB IPOIOBKYIOTHCS 1 10 1Iboro vacy [1].

OCHOBHUM 00’€KTOM KpuUTHKH B akciomaruii [[® crasa akcioma BHOOpY Ta
eKBIBAICHTHI 1 axciomu nogunoi ynopsoxosanocmi (teopema llepmeno) 1 icuysamms
MAKCUMATILHO2O JlaHYyl02a B YacTKOBO YIOpsAKoBaHid MHOXxwuHI (nema [lopna). bymo
BCTAHOBIICHO, 110 akciomaruka 1@ He moBHA, OCKUILKM BOHA HE JaBajia BIAMOBIII Ha Taki
MpOCTi MUTaHHSI SIK ICHYBaHHsS HEBUMIpHMX 3a JleOeroM MHOXWH IIMCHMX YuceNn , SK
MOBHICTIO YHOPS/IKYBaTH  KOHTHHYYM, SIK€ MICIIe KOHTHHYYMY B HIKaJli TOTYXHOCTEH
(amediB) i T.. Kpim Toro, akcioma BuOOpY BU3Baja KPUTUKY B 3B 53Ky 3 ii HacIigKamMu, SKi 3
Hei BUIUIMBAIOTH. [IpUKIagoOM Takoro HacHinKy € modpe Bigomuii napadoxc bauaxa-
Tapcovkoeo, 3rimHO 3 SKUM KyJs pajaiyca R po30HMBaeThCsS Ha CKIHUEHHE YMCIIO YaCTHH, 3 SKUX
0e3 TIepeTUHIB 1 MMyCTOT MK YaCTMHAMU CKJIQJIal0ThCs JIBI KYJIi TOTO X pajiyca R [2].

B pe3ynpTari mmX IUCKYCil Ta KPUTHKH TOSBHIACS AKCIOMU OeMepMiHOBAHOCMI, SIKY
3anponoHyBan Muuenbcbkuii 1 LlTteitnrays y 1962 pomi. Hacmigku 1iei akciomu, sk
MpaBWJIO, CylepeuaTh akcioMi BHOOpPY, ajie BOHU OUIbIIE Y3TOJKYIOTHCS 3 MPHUPOJIHOIO
iHTyimiero. [lg akcioma pama MOMXIJIHMBICTH PO3B’S3aTH  0araTto Takux MpoOieM, sKi He
MiZIaBaucsl PO3B’SI3aHHIO 32 JIOTIOMOTOI0 akciomu BuOOpy. [lmst hopmymnroBaHHS akciomu
JIETepMIHOBAHOCTI MOTPIOHO BBECTH JIESKi TIOHSATTSI.

Hexaii A - MHOXHHA, SKa CKIQUA€ThCS 3 HECKIHYCHHUX IOCIIIOBHOCTEH
o=(agp,aj,...a,, ...) HaTypanbHuX 4rcen. KoxHa Taka mociioBHICTh Bu3Hadae rpy G, IBOX
rpasuiB I i I, sika mae Takuii BUTIIS:

_ rpaBenb | muIe cBo€e HaTypajIbHE YHUCIIO dy;

_Tpasens I, 3Ha104M Xijg @y, TUIIE y BIAMOBIAb CBOE YNCIO ;-

_ rpaBeub l, 3Ha104M Xif @;, THIIE Y BIINOBIIH CBOE YUCIIO d2;

_TpaBeus ll, 3Haroum Xxim a, mnHIe y BiANOBIAb CBOE YWCIO @3 1 Tak Jaii [0
HECKIHYEHHOCTI.

B pesynbTati rpu OTpUMYEMO HECKIHYEHHY TIOCIIOBHICTh O SIKIIO 1151 MOCITIIOBHICTh
HaJIe)KUTh MHOXHHI 4, TO TpaBellb | mepeMarae B rpi, iHAKIIE TIEPEMOKIIEM I'PU CTA€ TPaBellb
II.

Cmpamecieto 6 epi Tuny G4 Ha3WBa€ThCA NOBUTbHA (QYHKIIA f, BU3HAYCHA HA MHOXKHUHI
BCIX CKIHYEHHUX TIOCIIJJOBHOCTEH HATypajdbHUX 4YHCEN (0 SKUX BITHOCUTBHCSA 1 ITyCTa
MOCIIIOBHICTh A0BKUHU (), 31 3HAYEHHSMH B MHOXWHI HatypanbHuX umcen N. Ctpareris f
HA3UBAETLCS BUSPAUHOIO 015 epasysi I, SKmo f*a@; € A nns NOBUIBHOT TOCTITOBHOCTI
HaTypaJlbHUX yucel on=(a,as as,...). OTKe, crpareris f BUrpamiHa Juisl rpaBIis [, Ko BiH
Ma€ BUTpAIIHYy CTPATETiio 3a JOBUIBHOI IpH cynepHuka. Muoowcuna A i epa G4 Ha3HBAIOTHCS
AeTepMiHOBAaHMMHU, SKIIO oauH 3 TpaBmiB | abo Il mae Burpammy crparerito B pi Gyu.
[lpuknagamu aeTepMiHOBAaHWX MHOXKHH € BCi CKIHUEHHi 1 3/1iUeHHI MHOXXWHH, OepiBChbKi
MPOCTOpH, OOPETICBChKI MHOXKHHHU.

Axcioma nerepMmiHoBaHocTi. Koocna — muodcuna  muny  mMHOdCuHu A
demepMiHosana.

Kopucryrounce akciomarukoro [[® He BrmaeTthcs mnoOyayBaTH HEIETEPMIHOBAHOT
MHOXXHHHA 0€3 3aCTOCyBaHHS akciomMu BHOOpY. A 3 JIOTIOMOTOIO0 aKCiOMH BHOOpY TaKy
MHOKMHY MOJKHa MoOymyBaTH. SIKy 3 IIMX JBOX akCiOM TOTPIOHO TPU3HATH 32 OCHOBHY,
JIoTiKa BIAMOBI/1 HE A€ 1 IUCKYCisl TPOJAOBKYETHCS.
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2. Jlorika B inopmaruui Ta npodJieMu ii 3acTocyBaHHsI

Meroan mMareMaTH4HOI JIOTIKM B iH(pOpMaTHLl i, 30KpeMa, B NpOrpamMyBaHHi, MarOThb
MIMPOKE 3acTOCyBaHHS (auB. Hanpukiam, [3]). OcHOBHUME 00JIACTSIMH 3aCTOCYBaHb JIOTIKU B
iH(pOpMAaTHUIlI BHUCTYIAIOTh:

—meopia iep ma acenmuux cucmem (3aCTOCYBaHHS PI3HOTO THUMY JIOTIK st
dbopmamizarii mpaBus TpH, ii cTparterii, apeHu, Ha sKiid BigOyBa€eThcs Tpa, Ta aHAII3 TPH 3
METOI0 TIOLIYKY BUIPALIHOi cTparerii, a B Teopii MyJIbTHAreHTHUX CHUCTEM 3a JOIIOMOIOI0
JIOTIKM OTIMCYETHCS MOBEJIIHKA 1 B3aEMO/Tisl CYKYITHOCTI areHTiB B cucteMi) [27, 28];

—cneyugixayis i gepugpixayiss  npoecpamHozo 3abe3neuents (JIOTika BUKOPUCTOBYETHCS
JUIL ONHCY OYIKYBaHOI TMOBEMIIHKA TporpaMu Ta (YHKIIIOHYBaHHS caMoOl MpOrpamH,
YIpaBIIHHS TPOIIECOM BUKOHAHHS Tporpamu) [4,5];

—po3n0dineni i napaneavbii npozpamu ma npoyecu ynpaenintis (HeKIaCU4Hi JOTIKH, AKi
BpPaxOBYIOTh YaC Ta PO3TATYXKEHICTh 4acy, a TaKOXK OMHCYIOTh IMPOIIECH, IO B3aEMOJIIIOThH
MiX co0or0) [6,7];

—cucmemu ynpaeninua 6azamu Oanux (TIepeBipKa HeCylmepeuyHocTi 0a3u MaHWX Ta
JIOTIYHOTO CJTiTyBaHHS 3anuTiB) [8];

—po3pobka 6a3 3Hanb Ha 0CcHOGI aocik (po3poOKa Ta mMoOyq0Ba Ha OCHOBI IIJIOT HU3KH,
SIK TIPAaBUJIO, HEKIIACUYHUX (JIECKPUIITUBHHX) JIOTIK KOPEKTHUX 0a3 3HaHb IS 300pakKeHHS
OKpeMoi mpeaMeTHOI 00MacTi Yu NEeKUTBKOX MPEeIMETHUX 00JacTeil, MaHIIMyNALis TaKuMH
bazamn) [9];

—NpoeKmy8anus xaposepa i po3podxa enexmpounux mepexc (omuc i Bepudikaris
KOPEKTHOI TOBEIHKA eNeKTpoHHUX cuctem) [10,23];

—eKCnepmHi cucmemu ma cucmemu wmyyHo2o inmenexkmy (po3poOka Ha OCHOBI JIOTIK
NpaBUJI Ta JaHUX U TaKUX CUCTEM, sKi 37aTHI KOHKYPYBAaTH 3 CHCTEMaMH HAaTypaJbHOTO
iHTenekry) [11];

—awnaniz ma 06poOKa NPUPOOHUX MO8 Ma NPUPOOO MOBHUX meKcmie (CMHTAKCUIHUN Ta
CEeMaHTHUYHUI aHaJi3 peueHb MPUPOTHOT MOBH, NPE/ICTABICHHS CEHCY LIUX PEYCHb y BUTIISAI
bopMynT TiAXOAMIOT JOTIKM Y JIOTIK, BHSBJICHHS CYNEPEYHOCTEH B TPUPOAO MOBHHX
TEKCTax, 3aCTOCYBaHHS B MHTBicTHIN) [12,29];

—noeiune npoepamyséanus (JOTIYHE TPOTPAMYBAHHS € OYCBUIHHMM 3B’SI3KOM MDK
KOMIT TOTEpHUMHU OOYHMCIICHHSIMU Ta JIOTIKO0) [25].

2.1. Jlorika, aBToMaTH, irpu, Bepudikaunis

Oco6muBuit edekT JoTikn B iHGOPMATHIII IPOSIBUBCS B 1i 3B 3Ky 3 TEOPi€I0 aBTOMATIB.
Ilett 38’5130k OyB HACTUILKH MEPEKOHIIUBUM, IO iCHYBaJla JIyMKa TPO Te, 0 3a JOTIOMOTOI0
JIOTIKM 1 aBTOMATiB MOHa PO3B’s3aTh mpoOneMy Bepudikalii mporpaMHoro 3ade3rneueHHs.
[TincraBoro Oymo Te, MmO MPOOIEMYy BHKOHYBAHOCTI (POPMYIT NESIKHX IIUPOKO Y)KUBAHHUX Y
MpOrpaMyBaHHi JIOTIK, 30KpeMa, IiHIHHUX TeMITOpaJbHUX JOTIK 1 JIOTIK PO3TaIy>KEHOTO Yacy
MOJKHA 3BECTH JIO MpOOJeMH aKIenTalii CKIHUEHHHMMH aBTOMAaTaMH CTPYKTYp, Ha SKHX
BUKOHYIOTbCS (POPMYIIH LUX JIOTiK. Ba)JIMBOIO 0COOIMBICTIO TAaKOTO B3a€MO3B SI3KY OYIO Te,
0 MOJIeNb, Ha SIKii mepeBipsiiacs BUKOHYBaHICTh (popmyit i cami Gopmymn 300pakyBanucs
OJIHMM 1 THM CaMHM THIIOM aBTOMaTiB. A TepeBipka BUKOHYBAHOCTI (HOPMYI 3BOJMIACH JIO
NEepeBIPKH IYCTOTH MOBH, fKa aJTOPUTMIYHO PO3B’sA3yBaHa sl CKIHUEHHMX aBTOMATIB,
NpUYOMY IS TepeBipKa BUKOHYBAjacs B aBTOMATHYHOMY PEXKHUMi. 30Kpema, sl JOBUTbHOT
dopmynu miHiiHOT TemmopanpHOi soriku (JITJI) MokHa moOymayBaTH CKiHUEHHHN aBTOMAT,
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KU aKIenTye BCl NUIAXH (HECKIHUEHHOT JIOBKMHM), Ha KX BUKOHYEThCS JaHa Gopmyna.
Lleit 3B’5130K CKJIagae OCHOBY cUCTeM TecTyBaHHS Ha Mozeni (model checking). [Tiznimre Taki
cuctemMu Oyiu po3poOJieHi AJisl BUpa3HilluX TeMIopanbHux jorik [13,21,22].

[ikaBuii i 3BOPOTHHIA 3B’S30K, SIKHH Ma€ Miclle MK JIOTIKOIO 1 aBToMaramu. bararo
BJIACTUBOCTEH JICIKUX JIOTIYHUX MOB OYJIM BCTaHOBJICHI 3a JOMOMOTOI aBTOMATIB.
Hampukman, moBeaeHHS pO3B’S3YBAaHOCTI MOHAJMYHOI JIOTIKH TIEPIIOTO TOPSAKY Ta
TEMITOPATBHUX JIOTIK BUKOHYBAIOCS 3a JOTIOMOTOI0 CKIHYCHHHMX aBToMaTiB (aBToMatiB broxi,
Mrosiepa, aBTomatiB Haja nepeBamu). Lli BmactuBocTi Oynu BcraHoBieHi 1me B 60-70 poku
MuHysoro cromtts [19,20].

BukopucToByrouM 3B’S30K TEMIIOPAIBHUX JIOTIK 3 TEOPIEI0 AaBTOMATIB, CTaJlo
MOJKIIUBHUM CTPOTO crienn(ikyBaTH irpu Ta MPOBOMTH iX aHATI3 3 METOIO TIONIYKY BUTPAITHOT
cTpaterii B Tpi. 3a OCHOBY TaKOTO TUITYy irop O0epeThcst onrcana Buiie rpa G4 IBOX yUaCHUKIB
3 NMEeBHUMH OOMEKeHHSIMH. TUTIOBUMHU OOMEKEHHSIMHU € YMOBa CKiHYEHHOCTI rpu abo ymoBa
ICHyBaHHsI BUTPAIIIHOT CTpaTerii A OJHOTO 3 I'paBlliB, a00 iICHYBaHHS BUTPAIIHOI cTpaTerii
JUTSL KOSKHOTO 3 TpaBliB. [1oi0HMM YMHOM BHUKOPUCTOBYIOTHCS MOAAIBHI JIOTIKH JUTSI OMUCY
KOPEKTHOI  TOBEHIHKM areHTiB B  MYJIbTHAreHTHi  cucremi. Haiwacrtime Tyt
BUKOPHUCTOBYIOThCS JIMHAMiYHa Jiorika Ta TemmopanbHi joriku LTL i CTL, cum6io3 saxux
JIO3BOJISIE TIOB’SI3aTH MK COOOK0 JIii 1 9ac, MPOTATOM SKOTO areHTH B3a€EMOJIIOTH B CHCTEMI.
Ie Tako J1a€ MOKIMBICTh 3aCTOCOBYBATH AJITOPUTMH TIEPEBIPKU HA MOJIeNi JJisi Bepudikarlii
MPaBUIILHOCTI B3aeMoii areHTiB. s imroctpartii HaBeaemo TpukiIaa dopmaiizaimii ITpua 3
BUKOPUCTAHHSM JIOTIKO-aBTOMATHOTO ITiIXO/TY.

Ilpuknao 1. Apena epu. Hexaii P={1,2} — MHO)XuHa rpaBiiB, X={a,,a,...,a,} — CKIHYCHHA MHOXHHA
XOZiB (mii), sIKi MOKYTb POOMTH IpaBLi.

ApEHOIO TpH HazMBaeThCs ckinuennmii rpad G=(W',W2R,s,), 1e W' MHOKHMHA TI03MIIii TpaBIIst i B Ipi, i
€eP.

Hexait W=W'U W?, sigsomenns nepexozis R: WXX—W € 4acTKOBOIO QYHKIIi€10, iKa HA3UBAETHCH
dYHKLIE XOMiB, a Sg — II0YaTKOBa BepIlnHa I'py. [T03HaYNMO MHOXKUHY Oe3M0cepeHiX HAIlla/IKiB BEPIIUHU S

€EWisk s={s’ € W| (sas") € R pna gesxoro a € X}. BBaxkaeTbcs, 1110 Bci MO3ULiI S1 § He € MyCTUMHU
MHOXHHaMH, BCiX MO3ULiH Ha apeHi CKiHUeHHe YMCJI0, ajle LIMKJIaM JI03BOJISIETbCS NOBTOPATH OJHY i Ty
caMy TMO3ULiI0 HECKIHUEeHe YMCJI0 pasiB i cTpaTerieto nepenbadyeHo 36epexeHHs iHPopMalil npo 4yucao
MOBTOPEHbB MO3UIL.

Ha apeHi rpa Bursidzae ax noknagaHHA QIIIKH y BEPIUHHY S. SIKLO rpaBellb / Ma€ MO3UIIIO Sy
(To610 89 € W), TOo nmami BiH BUOMpae XiJ a, AKkuil oMy MiOXOAWTH, 1 BUKOHYe el XiA. BukonaHus xomy
o3Hayae, MO (Qimka 3 MO3MIUI §) MEPEeHOCHThCS B MO3ULIK0 §° Taky, mo (sp,a, s’) € R. A pani rpa
HNpOJOBXKYETbCA 3 mo3unii s’. ®opmanbHO rpa Ha apeHi G sBisie co0O0 HECKiHUEHHE pedpo, ske €
MO3HAYEHUM LIIAXOM S0,0,514 ..., A€ (8j,aj, Sj+1) € R.

LlikaBumu € ymoeu nepemocu B Tpi. Hexait Plays o3Hauae MHOXHHY BCiX TpaBIiB Ha apeHi G.
Bignowenns < (Plays x Plays), sxe € noBauM 6iHapHAM ped)IeKCHBHUM 1 TPAH3UTHBHUM BiTHOIIEHHSAM,

O3HaYae BiJHOLICHHS TiepeBary rpasiis i € P. Toi mepeBaru rpaBiiiB MPeCTaBISIOTHCS Y BUNJISAI CKIHICHHOTO
aBromata Mrojiepa M=(A,fr)), a BAKOHAHHS TAKOr'O aBTOMaTa OMKCYE CBOJIOLII0 TPH 1 BIJHOLICHHS MEpeBaru
TakuM 4yuHOM. Hexaill inf(g) o3Hayae MHOXKMHY CTaHIB aBTOMATa, SIKi HECKIHYEHHO YacTO MPOXOAATHCS HA ¢,
TO6TO @ =T10,1)... , Ae 1; € A. Hexail 0 =rg,ap,01a;...1 O’ =rp,a0’,81r1 ... — ABL TpH, Toai O < P’ Toxi 1 Tinbku

tomi xomu inf{g) L' inf(g), ne @ = toti..., @ =101 ..., a £ < B(A)XB(A), B(A) — Gyzean MHOKHHE
CTaHIB aBTOMATa, 0 SKOI'0 HE BXOAUTH I1yCTa MHOXHUHA.

Jam BuOupaeTbcss MiAXoIsla JOrika, B TepMiHax fKOi (OPMYIIOIOTHCS YMOBU 3aKiHYEHHS IpH,
BUTpAILHI CTpaTerii, HaToBi cUTyawii TOLIO.

Kpim cuctem mnepeBipku Ha MoOjeni (YeKepiB) PO3BUBAIOTHCS CHUCTEMHU TMOIIYKY
JOBEJICHb B JIOTTYHMX MOBax (mpyBepu). Jlekinbka Takux cucteM Oynu moOyaoBaHi Uis
Joriku mpenukaTiB nepmoro nopsuaky (cucrema CAJl B Incrutyri kibepHetukn HAH
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VYkpainu, cucrema VAMPIR B yniBepcuteri M. Manuectep Ta iHmii). OCHOBHUM MPaBUIOM
BUBEICHHS B IIUX CHCTeMax OyJo MpaBHIIO PE3OJIOIIN, MPOCTOTa peajizamii SKoro crpusiia
HOro MIMPOKOMY 3aCTOCYBaHHIO. 3aCTOCYBAaHHs HpaBWJIa PE30JIIOLINA BHUMAarajio po3B’s3aHHS
npobsieMu yHiikarii apryMeHTIiB B Tpenukarax, a Iisg mpoosiema Jyuisi HaWOUTBII y)KUBaHUX
aCoOLIaTHBHO-KOMYTaTHBHUX TEOPIiil MEpIIOr0 MOPSIKY 3BOJMIIACS O PO3B’SI3aHHS CHUCTEM
TMiHIMHUX 1i0()aHTOBUX PIBHSAHB HaJl MHOKMHOIO HaTypalbHUX uncen. [Ipobrema moOymoBu
PO3B’sI3KIB TakUX cucTeM (a, oTxe, 1 mpobiema yHidikalii B miIOMy) HaJEKUTh KIacy
cknaanocti NP. Is cknagnaicts 00Mexye cdepy 3acTocyBaHb MPYBEPIB.

2.2. Jlorika, aBTOMATH, JiHiliHi 00MeKeHHs

Jnst imroctparii  B3a€MOJIIT JIOTIKM 1 aBTOMATIB PO3TJISHEMO pO3B’S3aHHS 3ajiadvi
BUKOHYBaHOCTI (opmyn apudmeruku [IpecOyprepa. B mpomy Bumagky 3a KOXHOIO
aToMapHoio (GopMyJso0 OyAyeThCcsl CKIHUEHHHI aBTOMAaT O€3 BHXOJIIB, KM akIenTye BCi
moznemi 1iei Gopmynu. Apudmernka IIpecOyprepa (AIl) siBise coGor0 JOTIYHY MOBY IS
(OpMyIIOBaHHS BJIACTUBOCTEH IIMX HATYpalbHUX YHMCEN, SIKi BUPAKAIOTHCS JIHIHHUMHU
0OMEKEHHSIMHU.

B o3nauenni Al BuxopuctoByerbest andasit sMmiHEuX X = {X,),..., Z, X;, ¥2,...}, ABi
koHctanTH 0 1 1 (HymeapHi onepartii) i GiHapHa oreparis 10aBaHHs +.

O3uauenns 1. Tepmom AIl nazusacmocs
a) oosinbna 3minna i3 X i koncmanmu 0, 1;
0) sxkwo t; it; mepmu AIL mo t; + t; mearc mepm AIL

Amomapmnoro gopmynoio All masusacmvcsi  pignicms  ab0 HepigHicmb MidC 080MA
mepmamu, moomo eupazut =1t abot <t', det, t’— mepmu AIL

D@opmynor AIl nazusaemuvcs

8) doginba amomapua popmyaa All,

2) sxwo Ci C' popmyau AIl, mo CAC', Cv C'— ghopmyau AIL;
0) sikwgo C ¢popmyna AIl, mo —C,IAxC, VxC - popmyau AIL

Hanpuxian, Bupasu x + 2y =3z+ 1 i 2x + 1 <y — atomapni popmynamu All. Iepma 3
ux Gpopmyis Moke OyTH 3anucaHa sk x +2y - 3z - 1=0.

BinbHi 1 3B's13aHi 3MiHHI y ¢opmynax All BH3HaAuUalOThCA CTAaHAAPTHUM CIOCOOOM:
3MiHHA X Ha3WBAEThCS 38'a3anorw0 y ¢opmyni C, SKIIO BOHA 3HAXOTUTHCA B oOjacTi il
KBaHTOpa ICHYBaHHS a00 3arajgbHOCTi. B mpoTmiexHOMy BHUMAAKy 3MiHHA HAa3MBAETHCA
BUIHHOIO.

Ob6nactio inTeprpetamnii ¢opmyn All € mMHOXMHA HarypanbHUX umcedl N, B AKii
cumBosu 0, 1, +, =, < MarTh CBiM 3BHYAHUNA CEHC. Po38'si3xom abo moldennio gpopmynu
C(x;, ..., x;) Ha3UBAETBHCS BEKTOpP C =(cy,...,C4) € N9, sikuii 3a10BosbHsIE popmyni C (ToOTO
dopmyna C(cy,...., ¢;) ictuHHA). Sxmo ans 3apaHoi Gopmymu AIl  C icHye po3B'd30K, TO
rOBOpATh, MmO L Gopmyna BUKOHYyeThbess. Hexait C(xj,...., x,) — atomapHa ¢opmyna All,
BUIbHI 3MIHHI SIKO{ HaJle’)kaTh MHOXKUHI X = {X, ..., X;}. [Ipu moOyq0Bi CKIHYUEHHOTO aBTOMaTa
A= (A, X,f, ap, F), mo akuenrye poss'sizku ¢dopmynu C, BUKOPHUCTOBYETHCS MABIHKOBE
MOJ/IaHHS HATYpaJbHUX YHCell, TOOTO 300pakeHHs uncen cioBamu B andasiti {0, 1}.

Hampuknan, gucino 13 B TakoMmy mojganHi € aBilikoBuM ciioBoM 1011, a mapa (13, 6)
HaOyBae BUTIISAY

1011
0110.
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CuMBonm BXigHoro andapiry aBTOMaTra — 1€ MOPO3PsIHI JABIHKOBI BEKTOPH, 3 SIKUX
OymyeTbcsi IBIKOBE MOJAaHHS 7-KH HATypadbHHUX 4mcen. Tak mig mapu (13, 6) cumBoiamu
andaity OynyTh BekTopu-croBmumku z; = [1,0], z» = [0,1], zz = [1,1], z4 = [1,0].
KopucTyrounch MM IMOJaHHSM, HaBEACHWH HW)KYE AITOPUTM JUIsl JOBUIBHOT aTOMapHOT
dopmynu All, sixka € mHIHHUM OOMEXEHHIM a;X; +...+ as,x, < b, Oyaye CKiHUCHHHH
nerepminoBanuii apromat (JICA) 6e3 BUX0/iB, SIKUW aKIENTye PO3B'SI3KH IIbOTO 0OMEKEHHSI.
Lle oOMexeHHsI 3aIMCY€EThCSI B CKOpOUYeHOMY BUTJIsAI (a,x) < b, 1€ (a,x) 03HaYae CKaIsApHUI
JN00YTOK BEKTOpIB a=(ay, ...,aq) 1x=(xy, ..., Xq).

AI-ICA((a,x) < b)
Bxio: aromapHa dopmyna (a,x) < b uax N.
Buxio: ICA A=(A,X.f,ay,F), sikuii akuentye Bci po3s'sizku popmynu (a,x) < b,
Memoo:
A fF=0 2= {b};
W= {b};
while W= J do
pick s from W;
addsto A;
if s= 0 then add s to F;
for all z from {0,1} do

=1/ 2(s~(a,z)) |
if j ¢ A then addjto W,
add (s,z,)) to f;
fi
od

od
return((A,X,f,a0,F)).

TepminanbHicTh 1 mpaBuibHICT anroputmy All-JICA, a Takox Horo 3acTocyBaHHsI 70
PIBHSIHB, MOXKHA 3HalTH B MOHOTpadii [14].

Ilpuknao 2. CkinyeHHn X-aBTOMAT, SIKMI aKIENTY€e PO3B'SI3KH JIIHIHHOTO 0O0OMEeXeHHs 2X - y < -1, Mae
andasir z;= [0,0], z, =[0,1], z; =[1,0], z4 = [1,1], moyarkoBuii cran -1, 3axnrounuii cran 0. OyHKIIiS TEPEXO/IiB

aBToOMaTa 3a1a€TbCi TaKUM I‘pa(bOM nepexomB:

21,74

Z1, 2y Z,Z o
> » » T
” 2 2 & ) Vk 0 15,72
Z4 & <1 L 41, £2
Z3 f 73,74

Puc. 2. ABromar, skuii akuenrye po3s’sa3ku Gopmyau 2x —y <-1.

[ToOynoBanuii aBromMaTr OyJe YacTKOBUM 1, B pa3i HEOOXiTHOCTi, HOro MOXHa
MIEPETBOPHUTH JIO0 TIOBHOTO JICTEPMIHOBAHOTO aBTOMATA.

Takuii aBTOMAT J1a€ MOKIIUBICTH PO3B’S3aTH 3aj1a4y PO30OUTTS 3a7aHOi MHOXXHUHHU N-
MIPHUX BEKTOPIB V BITHOCHO TiMepIUIONIMHM, 3a1aHoi GpopMynor (a,x) < b, mpudomy 1e
pPO3OUTTSI BUKOHYETHCS B JIIHIMHOMY 4aci 3a JOBKWHOIO JBIMKOBHX CIIB, SKi 300paXXylOTh
KoopauHatH Bektopis [30].

3. Jlorika B 0a3ax JaHUX, 3HAHb,JIHIBicTHII
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Ha Buxopucrtanns noriku B cydacHux Oazax npanux (bJl) € nexinbka mpuuwmn. Li
NPUYMHU  TOB’si3aHi 3 BBeleHHsM B bBJ[ wacoBux 3anexHocted. Ilpu 1mpomy
BUKOPUCTOBYIOThCSI TEMITOpalibHI JIOTIKM, $SKi 34aTHI omucyBaTH epoionito b/l B waci.
Hampukinan, Ha mifcTaBi 4acoBO-3aJIeKHUX NpaBmia oHOBJIeHHS b/l, abo nmesikux rimo0aibHuX
00OMeXeHHSIX, OB’ sI3aHMX 3 YacoM. BBenenHs Ta 06poOka yacoBo-3anexHoi indopmartii B b/1
notpe0ye BUOOPY XOpOILIOi TEMIOPaIbHOI MOBH, SIKa JJa€ MOKJIMBICTh MIPEACTABIISTH YacOBO-
3aJIeKHI 3HAHHS, JOCTYII O TaKUX 3HaHb Ta iX ocMucIeHHsA. OCTaHHE BHMAarae pO3BHUTKY
JIOTiKM Jii B yaci Ta moOy/J0BM HOBUX MOB MpOTpaMyBaHHs. SIKIO Yac BKIFOYAETHCS JIO
CHCTEMH IITYYHOTO IHTEJIEKTY, TO II¢ MPUBOJUTH IO HE MOHOTOHHOCTI JIOTIYHOTO aHaTi3y
CUTYaliil B mpoueci GyHKIIOHYBaHHS TaKO1 CHCTEMH 1 JUIs TPABUIBHOCTI 11 YHKIIIOHYBaHHS
MOTPiOHA TEeMIIOPAIbHOT 0231 3HAHD.

OcTaHHIM 4YacoM, 3aBASKH CYTTEBUM JIOCATHEHHSM B ULITYYHOMY IHTENIEKTI Ta
MaTemMaTHuHii siHrBictumi [15,16,17], akTMBHO pPO3BUBAIOTHCS cuUcTeMH 0a3 3HaHb. llei
PO3BHUTOK TaKOK CTUMYIIOETHCS MOTpeOaMM JIHTBICTHKH Ta MPOOJIeMaMu aHalli3y MPUPOJIO
MOBHHUX TEKCTIB 3 METOI0 JAO0OYBaHHS 3 IIMX TEKCTiB 3HaHb. Ha MbOMYy NUISIXYy BHHHMKIA 1
Moyvaju po3BUBATHUCS deckpunmuegHi noeixu (JJI), ski SBASIOTH cO00IO 11iJIe CIMEHCTBO JIOTIK.
Ili 7norikm MaroTh TeBHY cnenudiky 1 3HaTHI pPO3MMPATHCS, BUXOIIYH 3 TPOCTUX
pPO3B’sA3yBaHMX JIOTIYHUX MOB. JlocsArHeHHs B 00JacTi JECKpPUIITUBHUX JIOTIK Ta iX
3aCTOCYBaHb JeTajbHO onucani B MoHorpadii [9]

OCHOBY, 3 SIKOT IOYMHAETHCS PO3IIUPEHHS JECKPUIITUBHUX JIOTIK, CKIAa€e ampubymua
moea (AL), 3a JOTIOMOTOIO SIKOT ONMKCYIOTHCS TaK 3BaHI aTOMapHi KoHIenTH. [lepmum
PO3IIMPEHHSM ITi€] MOBH € MOBa, sika ftojae 1o AL atomaphi OiHapHi BimHOIIEHHs (pooi), AKi
BU3HAYAIOTHCSl HA MHOYKHHI KOHIICTITIB, onrcaHuX Ha MoBi AL. [TonmankIe po3mupeHHs MOBU
AL BinOyBaeThCsl IITSIXOM JI0aBaHHS KOHCTPYKTOPIB 3arepedeHHs 1 00’ €THaHHs KOHIICTITIB,
pa3oM 3 KOHCTPYKTOPAMHU YUCIOBUX 0OMeXeHb Ha poiii. B pesynbrati nicraote MoBy ALC,
sKa po3B’si3yBaHa 1 TOMY Ma€ ajJrOpUTMIuHy OCHOBY. Jlanmi HayTh YMCIEHHI PO3IIUpPEHHS 1€l
MOBH B HAIPSIMKY 3pOCTaHHS ii BHpa3HUX MOXKIMBOCTEH 31 30€pekKEeHHSM pO3B’sI3yBaHOCTI
npoOiemMu BUKOHYBaHOCTI opmyn. Ha ocHOBI Takux JIOTIK OynyrOThCsl 0a3u 3HAHB, Ha SIKUX
3acobamy Ti€i, YW 1IHIIOI 3 JIOTIK TEpPEeBIPSIETHCS HECYNEepeYHICTh Takoi 0a3W 3HaHb Ta
peainizailisi CUCTEMH JIOTIYHOTO BUBEACHHS HACHIJIKIB 3 MOOYJOBaHOI TAKUM YHMHOM 0a3u
3HaHb. HaBememo ocHOBHI o3HaueHHs J1JI.

Cunmarxcuc mosu AL BU3HAYAEThCS TAKMMHM CUHTaKCMYHUMU mpaBuiamu: Hexail C i D
JIOBUIbHI KOHIENTH 1 R aTromapHa posib (6iHapHEe BiTHOIIEHHS) Ha KOHIENTAaX, TOI1
C, D ::= A (aromapHU# KOHIIETIT),
& T (Mtop) (yHIBepcalTbHHUIA KOHIIENT),
& L (bot) (mycTHii KOHIIETIT),
& — A (3amepeueHHs] aTOMapHOTO KOHIIETITA),
& C(D (neperun),
& YV R.C (oOMexeHe 3HaUeHHS),
& JR. L (oOMexeHMI KBAaHTOP ICHYBaHHS).

HaBeneHuii CHHTaKCUC TPYHTYEThCS HAa TEOPETHUKO-MHOKHHHIA MOJENI CEMaHTHKH:
Hexait O — nmesika HermycTa 06macTh  iHTepnperarnii [, ska KOKHOMY aTOMapHOMY KOHIIETITY
1 .. see
NPUCBOIOE MHOKUHY 3Ha4eHb A' 3 oOsacti inTepnperariii O.

CimetictBo AL-MOB  yTBOpIOETBCS IIISIXOM  JIogaBaHHS 10 AL-MOBH  Takux
KOHCTPYKTOPIB.

3anepeuenns NOBUTBHOTO KOHIENTA 3 iHTeprperamicto —C' = 0"\ C'.

O6'conanns xoHuerTis 3 iHTepnperamieto (C U D)= C' u D",
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Iosnuii kéanmop icnyeanns 3 inrepnperariero (IR.C) = {a € O' |I(a,b) € R'AD €
ch.

Yucnosi obmesxcenna >n R(me menme) i <n R (me Oimpme), ne n € N, 3
IHTEpIIpeTaIieio

>nR'={a€0":b: {(ab)eR|>n}i<nR ={a€0"|{b:(ab) ER} <n}

BIJINOBITHO. 3 TOYKH 30PY CKJIQJHOCTI BHBEJCHHS MPHUITYCKAETHCS, IO 300pa)KeHHS
yucna n € ABiiikoBuM. Po3mupenns AL-moBH sikoro HeOyIb MiAMHOKWHOI KOHCTPYKTOPIB
Jla€ KOHKpeTHY MOBY. SIKio 10 MoBH AL 1071a€ThCsl KOHCTPYKTOP JJOTTOBHEHHS KOHLENTa, TO
nictaemo Jyioriky ALC. Sk 3a3aHavanocsl BWINE, ISl JIOTIKA SIBJISIE COOOI0  SIAPO BCHOTO
ciMeicTBa IECKPUNTUBHUX JIOTIK.

Ilpuknao 3. Hexait MHO)KMHHM aTOMAapHHUX KOHIICNITIB 1 aTOMAapHHUX POJICi MAIOTh BUTJIST
CN = {yHiB, (dakr, kad, ctyneHry, xkin-ct}, RN = {maey, maed, maekd, maect}.
Toni konuentamu ALC OynyTh

{Mmaey.pakr, maed.xad, Maekd.cTyI€HTH, MAECT.[CTYIEHTH N — KIH-CT]}.

CyTTeBHM TIpU BUKOPUCTAHHI JECKPUNTHBHUX JIOTIK € T€, 10 BOHM BUKOPUCTOBYIOTH
TepMiHoJOTio Aanoi nmpeamerHoi obnacti (TBox) pasom 3 mMHoxkuHOIO ¢akTiB (ABox), sKki
npeJcTaBieHi B i Tepminonorii. Ils oOcTaBuHa J1la€ MOMKJIMBICTH TOYHIIIE OMUCYBATH 1
NPECTaBISITA MPEIMETHY 00acTh. A Iie TOJIETIIye TPOIeC aHalli3y Takoi 00JacTi Ta Woro
JIOCTOBIPHICTb.

4. IlincymKu

[TigBoasum MiACYMOK 3a3HAYMMO, 110 Ha JIAHWUH Yac METOJIM MAaTeMaTU4HOI JIOTIKU B
iHpOpMATUIll  PO3BHBAIOTHCS B HANPSMKY 3aCTOCYBaHb, JI© BHHUKAIOTh DPI3HOTO POy
Moaudikarii BXKe ICHYIOUMX JIOTIK. AJie HE JWBJISYNACH HA TOW BIUIMB 1 MO3HMTHUB, SKHH
BHOCHWJIA 1 BHOCUTh MaTeMaTH4YHA JIOTika B iHPOpMATHKY, cdepa 3acTOCyBaHb ii METOJIB Ma€
oOMexeHui xapaktep. OCHO6HOI0 nepeuwtKodol0 TUPOKOTO 3aCTOCYBaHHS MaTeMaTHYHOI
noriku B iH(opmathmi € ckaagHicts ii aaropurmiB [18]. Hampukman, mnepesipka
BUKOHYBAHOCT1 TPOCTOi (OPMYJM JIOTIKM BHCJIOBIIOBaHb 3 TPbOMA 3MIHHUMH HAaJEXKHTh
kiacy ckiagHocTi NP, ckiagHicTh mepeBipkid BUKOHYBAHOCTI ()OPMYIT JECKPUIITHUBHOT JIOTIKA
ALC nanexwuts kiacy ckinagHocti PSPACE. HaBiTh KO CKIQIHICTh aNTOPUTMY HEBEITUKA,
TO CKJIQJHICTh NPOTPAaMHM YU CHUCTEMH MOXE MAaTH BEJIHMKI PO3MIPH i L€ CTa€ CYTTEBOIO
MEPENIKOI0I0 Ha IIISXY ITMPOKOTO BUKOPUCTAHHS JIOT1UHUX 3aco0iB. Ll mpobiema € omHier0
3 BXJIMBHUX MpoOieM iHPOPMATHKH, SKa Ma€ Ha3By MPOOIEMH KOMOIHamopHozo eudyxy. 3
I€I0 TPOOJIEMOI0 HaMarajiucs 1 HaMararThes OOPOTHCS PIZHUMU 3aco0amMu, ajle OCTATOYHOTO
il po3B's13aHHs O LBOTO Yacy HEMAE.

Ciiy 3a3HAYMTH, [0 IHTEHCHBHICTH JOCIIDKEHL B 00JacTi MareMaTHYHOI JIOTIKH
OCTaHHIM 4acoM moyvana cnajatd. [Ipo e cBiMYUTh 3MEHIIEHHS KUTBbKOCT1 MyOIiKarii, a
TaKOX Te, IO CepeJl MAaTeMAaTUYHUX MPOoOIieM 21-T0 CTOJITTS HE Ma€ kOHOT MPOOJIeMH, sKa
BijiHOCHJIacs O 710 001acTi MaTeMaTHYHOT JIOTIKHU (JuB. [24]).

[TeBHUiT Tporpec B pO3BUTKY METOIIB MAaTEMATHYHOI JIOTIKA CIIOCTEPIra€ThCcs B 001aCT1
HEYITKUX MHOXKHMH Ta HEUYITKOI joriku. Llsg o0yiacTh OCTaHHIM 4YacOM [OCUTh IHTCHCHBHO
PO3BUBAETHLCS 1 ICHYIOTH CIIPOOM 3aCTOCYBaHHS METOJIB KIACHYHOI JIOTIKM JUIS JOBEICHHS
TBEP/UKEHb B HEUITKIiH JIOTiII. 30KpeMa I1e CTOCYEThCS METOay pe3ororii [26]. CxmagHicTh
BIIPOBKEHHS METOJIIB KIIACHYHOT JIOTIKH B HEUITKY JIOTIKY IOJISITa€ B TOMY, 11O B il JIOTiIIi
METOJM MAaTEeMaTUYHOI JIOTIKM MOXKYTh NPAIIOBATH JIMIIEC IPH CYTTEBHX OOMEIKEHHSIX,
OCKUTbKH 0€3 HaKJIaIaHHS TaKUX 0OMEXKEHb BOHH HE Jal0Th MPaBUILHUX PE3y/IbTATIB.
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A new class of program-oriented logical formalisms is investigated — first-order logics with extended
renominations and predicate complement composition. Composition algebras and languages of such logics
are described; their semantic properties are investigated. For these logics, a number of logical consequence
relations is proposed and investigated, in particular, the logical consequence relations with undefinedness
conditions. Properties of these relations form the semantic basis for further construction of sequent-type
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KirouoBi ciioBa: jorika, npenukaT, KOMIIO3UIIiiHA anredpa, peHOMIHAIS, JIOTIYHUI HACIIIO0K

Amnapatr MaTeMaTHYHOI JIOTiKH € OCHOBOIO CyYaCHHMX MPOTPaMHUX CUCTEM (IuB., Hamp., [1]).
Jis 1mporo 3a3Buuail BUKOPUCTOBYETHhCS KJIAacH4YHA JIOTIKAa TpENWKaTiB Ta Oa3oBaHi Ha Hil
creniaiabHi Joriku. BogHouac kilacMuHa JIorika Ma€ HU3KY NPUHLUIOBUX OOMEXKEHb, 110 YCKJIAM-
HIOE 11 BUKOPUCTaHHs B iHpopMaTulli i nporpamyBaHHi. BoHa He1ocTaTHBO BPaxOBY€ YaCTKOBICTb,
BU HOBHUX, IPOTPAMHO-OPIEHTOBAHMX JIOTIYHUX (popManizmiB. TaKUMH € KOMITO3UIII{HO-HOMiIHATHB-
Hi soriku (KHJI) yacTkoBux KBa3iapHUX MpeAMKATiB (IUB., HAMp., [2, 3]). BaxiuBum pizHOBHIOM
MIPOTPaMHO-OPI€HTOBAHMX JIOTIK, SIKi YCHIITHO 3aCTOCOBYIOTHCS B CUCTeMax Bepudikaii mporpam, €
noriku ®noiiga-Xoapa [4,5]. Lli 7orikm BUKOPUCTOBYIOTH TOTANbHI TeEped- Ta MicIsA-yMOBU
(mpenukaTH), TOMy IocTana HpodjemMa iX PpO3IIMPEHHS Ha BHUIAJOK YAaCTKOBUX HpPEIUKATiB.
[TpoayKTHBHUM HaANpPSIMKOM TaKOTO PO3IIMPEHHsI € BBEJCHHSI CIeIialbHOI omeparlii (KOMITO3HIlii)
npenukatHoro jgonoBHeHHs [6]. KHJI 3 kxommosulli€ro mpeavkaTHOTO JOMOBHEHHS IOEIHYIOTh
moxknuBocTi KHJI kBaziapuux mpenukaris Ta norik ®mnoiiga-Xoapa, Taki HOBI JIOTiKH Ha3BaHO LC
[7]. LC npomosuniiiHoro piBHs BUBYaMCh B [7], peHoMminaTueHI LC — B [8]. CemMaHTHYHI BIACTH-
BocTi nepronopsakoBux LC mociimxeno B [9].

MeToro IpOTIOHOBaHOi POOOTH € TOCTIKEHHSI HOBHX KJIACIB MPOTPaMHO-OPI€HTOBAHHX JIOTIiK
— yuctux neprmonopsakoBux LC. XapakTepHOO iX 0COOIHMBICTIO € BHKOPHCTAaHHS PO3IIUPEHHIX
pEHOMIHAIIIN Ta CTICMiAIbHUX MPEANKATIB-IHAUKATOPIB HASSBHOCTI 3HaUEHHS JUTsl 3MiHHMX. ONHUCaHO
KOMIIO3UIIIfHI anredpy Ta MOBU TaKHX JIOTIK, JOCHIJKEHO iX CeMaHTH4Hi BIacTUBOCTI. J[ms mux
JIOTIiK 3alPOMOHOBAHO Ta JIOCHIHKEHO HU3KY BiJHOIIEHB JIOTIYHOTO HACIIJKY, 30KpeMa, BiIHOIICHb
JIOTIYHOTO HACIIJIKY 32 YMOB HEBU3HAYECHOCTI.

Jam B it pooori KHJI i3 po3mmpeHnMy peHOMIHAIISIMU Ta TpeIuKaTaMHU-iHIAKaTOpaMu
HassBHOCTI 3Ha4YeHHS 111 3MiHHUX Oymemo HazuBatu LKHIJI, ckopodeno 1L. Ha unctomy meprorio-
psankoBomy (kBanTtopHOMY) piBHI KHJI ta 1KHJI Gynemo nazuBatn YKHJI ta 1UKHIJI, Gynemo ix
takox noszHayaty L ta L19. 1KHJI 3 KOMIIO3MIIi€I0 NPeINKaTHOrO A0NOBHeHHs HasseMo 1LC.

Ha xBanTopHOMY piBHi 1LC nosnauatumemo L19€.

[TonsTTSI, SIKi TYT HE BUBHAYAEMO, TIyMauyuMo B ceHci [3, 7].
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1. Po3mupeni peHominauii

J1nist IoNeTIeHHsT YMTaHHs HAaraJlaéMo OCHOBHI BH3HAYCHHSL.
Jns ogno3Haynux dyskuiii mumemo f(d)!, skmo 3nadenus fd) BusHavene, ta fid)T, ko

3Ha4yeHHs f(d) HeBU3HAUCHE.
Hexait Vi A — MHOXWHH, 5IKi OyZIeMO TPaKTyBaTH SK MHOXKHHY MPEIMETHUX iMEH (3MiHHUX) 1

MHOXHHY TPEIMETHUX 3HAYCHbD.
V-A-imenna maoxuna (V-4-IM) — 1ie ogHo3HauHa QyHKIis BUrasay d: V—A.
IM nonaemo sk [vib>at,...,va—>an,...], 1€ ieV, a;€ A, vi#v; ipu i #].
Muoxuny BCix V-A-IM nosznagaemo "A.
Jns IM 3amamo oneparito ||« BUAAIICHHS KOMIIOHGHTH 3 IMEHEM X: d ||« = [V aed|v#x].
Onepariito BUIaJICHHS KOMIIOHEHT 3 iMeHamMu Z C V 3ajnaemo Tak: d||-z= {vi> aed|veZ}.
Oneparito po3mIMPeHoi peHoMiHaIii 1™ betnt> 1 VgLV 4 gyspaunmo Tak:
Vi X] eV, X, > Luy, > L] _
T T d)=d ||y, Uy, = d(x),....v, = d(x,)].

sV ] ooty }
Tyt yci vi, xi, uj € V; cienianbHuil cuMBOM L ¢ V 03Havae BiICYyTHICTh 3HAUCHHS.
Sxmio Tyt d(x;)T, TO KOMITOHEHTA 3 IMEHEM V; BIJICYTHS.

Taxy onepartito 1"~ = btn =4 pani crieno noswaaemo 1y

X
3okpema, Maemo 1, (d)=d ||,
Penominais r 3 BiICYTHIMH NTapaMeTpaMH i€ K TOTOKHE BinoOpaxkenHs: r(d) =d.

VI seesVig U] 5eees

Beenemo mis yi,..., yo no3uadenns y . Toai samicts 1) “m umemo r." .
V. Xy Lol XLc

Tpamuuiiina onepais peHominamii r [2] € OKpeMHUM BHIIaIKOM Omeparii s .

[Mopsimok map iMeH B MO3HAYEHHI oniepallii peHOMIHALll He Ma€e 3HaueHHs.
MIpHUKJIag, I~ — 1€ pi3HI HO3HAYEHHS 0OHiel 1l miel oc oreparl.

Hanpuxnan, 10", o7, 7" € pi3Hi o3Have 0 omneparii

x,z,1° x,1,z° 1,z,x
Po3mmpena peHoMiHaIisI MOHOTOHHA: SIKIIO d1 C d2, TO rf “d)c rv “(d,).

Oneparlis po3IMIMPEHOT PSHOMIHAIIIT acOIiaTHBHA Ta HEKOMYTaTHBHA.
Jiis po3mmpenoi peHoMiHatii MaeMo eJ'IiMiHaIIiIO TOTOXHHUX NEpPEeMEHyBaHb:

Z V u
r(d) =171 (d).
[MocmioBHE 3aCTOCYBAaHHS IBOX orepariii ™" Tar’>”' MoXHa MOJaTH y BUDIISI OIHIET.
y x,a,l,L y,c, L, L y
V s, Wit ( V,5,Z,0 U,5,V,W,Z,0
Hust koxHoro de’A maemo 17" (10277 (d)) =1,0""" (d), ne xoxui p, €{p} T2 q, €{q}

3a1a€MO TaK:
Y, AKWO X, =V, st AesKoro v, € {v},
q;> AKIIO X; =S, JUIS NEAKOTO § ; € {5},
p; =14 X, KO X, €{V,5,Z,t},
L, sxmo x, =z, nus geskoro z; € {Z},
L, sKmo x; =, 11s nesKoro ¢, € {t};

Y;» AKIWO @, =V, JUIs AeKOro v, € {v},

q;, SKWO @, =S, JIsL esKOro s, € {s },
g, =1 a,, AKWo a, {v,s,z,t},

1, akmo a, = Z,; [ ICSIKOTO Z; € {z},

1, AKmo @, =¢; Ay NEAKOTO ¢, € {t}.
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Tak BH3HaUeHy OIEpaIlii0 peHOMIHAIlil T HA3BEMO 3TOPTKOIO OTepalliii peHoMiHallil

p.q.y,L.L.L

> (BHYTpimHs, 1i 3aCTOCOBYEMO MEpIIO0) Ta I, ", (30BHIIIHS, 32CTOCOBYEMO JPYroK0); if

w,s,wit v,5,Z,0 14 u,s,w,t . .V,5,Z,[ _ULS, W, VTz
NO3HAYaeMO 177" <007 . Omxe, st koxkHoro de’ A g (127 (d) =177 o507 (d).

2. Kommno3nuiitni anreopun 1YKHJI

ITin V-A-kBaziapHuM TPEIUKATOM PO3YMIEMO YAaCTKOBY HEOJHO3HAYHY (YHKIIIO BHUIIISLY
P:"A—{T,F}. Tyr {T, F} — MHOKMHA iCTHHHICHHX 3HAYEHb.

MHOXWHY BCiX 3Ha4€Hb, SKi HEOJHO3HAYHHWN NpeauKaT P Moke MpuUiiMaTh Ha apryMeHTi
(manomy) de”4, nosnavaemo P[d].

B wiii po6oTi po3risiaaemMo HeOJHO3HAYHI (HeIeTePMIHOBAHI) IPEAMKATH PEISLIHOTO THITY —
R-nipeukatu. IX TpakTyeMo sk BifnosiaHoCTi (BigHomenHs) mix "4 ta MuoxunoI0 {T, F}.

Koxnmnii R-npenukat J MO>KHA ONHO3HA4YHO 337aTH 3a JOIIOMOIOK0 2-X MHOKUH. Lle:

— obnacts ictuanocTi 7(Q) = {d | Te Q[d]};

— obnacte xubHocTi F(Q) = {d | FeQ[d]}.

O6nacte HEBU3HAYCHOCTI R-TipeaukaTa O Bu3HavaeThes uepes 7(Q) ta F(Q) Tak:

L@ =TQVUFQ)=T(QNFQ).
Hnst T(Q), F(Q), L(Q) BxxuBaeMo Takox Ha3BU T-00yacTh, [-001acTh, L -007aCTh.
R-npenukatr Q MOHOTOHHHH, SKIO: d1 Cd2 = Q[di] < O[d2].
R-npenukar Q aHTUTOHHUH, AKmo: d1 < dx = Q[d1] 2 O[d-].
R-npenuxkar P:
— YaCTKOBHI OJIHO3HAYHUH, a00 P-mipenukart, sikio 7(P)NF(P)=J;
— ToTasbHuMit, a60 T-npenukar, axmo T(P)UF(P) ="4; toni L(P) = J;
— TOTaNbHUI OHO3HAUHMIA, a60 TS-npenukar, skimo T(P)NF(P)=J ta T(P)UF(P) ="4;
— HECIIPOCTOBHUIA (4aCTKOBO iICTUHHMIA), KIo F(P) = J;
— BUKOHYBaHUH, ko 1(P) # J;
— TOTOXHO icTuHHu# (n03H. T), sximo T(P) = "4 ta F(P) = &;
— ToTOKHO XUOHMI (103H. F), sxmo F(P) ="4 ta T(P) = &;
— BCIOJIM HeBH3Ha4YeHUH (1M03H. A ), saxmo 7(P) = F(P) = O,
— ToTanbHO ambiBaneHTHU (mo3H. Y), skmo T(P) ="4 Ta F(P) = "A.
V Bunanky P-nipeaukatiB Mmaemo 7(Q) = {d| Q(d)1=T}, F(Q) = {d | O(d)i=F}.
Maewmo 4 xouctantHi R-nipequkatu T, F, A, Y. Bonu BiamnoBizaoTe MHOXHHAM 3Ha4YeHb {77},

{F}, D, {T, F}, sxi R-npeauKat MOKe MPUHHATH HA KOHKPETHOMY JaHOMY.

[Mpemukatu T, F, A, Y MOHOTOHHI ¥ aHTHTOHHI, TIpH IboMmy T, F, A omHO3HAYHI.

Knacu V-A-kBasiapuux R-npeauKaTtis Ta P-ipeaukaTis nosHauumo Pr’ 4 ta PrP"

Knacu V-A-kBasiapaux T-npemukartis Ta TS-npeaukaris nosHauumo Pr1” ta Pr7S",

Knac Pr7S"! no neBHoi Mipu BUpokeHuid, yci TS-NpeuKaTH, 32 BAHATKOM KOHCTAHTHUX T
Ta F, HEeMOHOTOHHI I HEAHTUTOHHI.

Cnemianpai 0-apHi KOMTO3HLIT — npedukamu-inouxamopu Ez — BU3HA4YarOTh HASBHICTH y
BXIJHMX JaHUX KOMIIOHEHTH 3 BiAMOBITHUM z€ V. [Ipenukaru Ez 3a1a€Mo Tak:

T(Ez)={d|d(z)l}; F(Ez)={d|d(z)1}.

[Ipenukatu-iHaukaTopu £z TOTanbHI, OTHO3HAYHI, HEMOHOTOHHI, HEAHTUTOHHI.

Koxue xe V take, 1o x # z, HeicToTHE 114 Ez.

Maemo Exv—Ex=T, Ex& —Ex=F.

Taxum unaOM, B LKHJI MOKHA BUIUTATH KOHCTAHTHI TIPEKATH.

CemanTtiuna ocHoBa KHJI — kommosumniitai npexukarsi cuctemu surasany ("A, Pr', Cp), ne
Cp — MHOXMHA 0a30BUX Kommosuiii. KoxkHa Taka cuctema 3amae 1Bi anreOpu: anreOpy HaHHX
("4, Pr"*) ta xomnosuniitny anre6py npemukaris (Pr’ ™, Cg).
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Onumemo 6a3zoBi kommo3utrii 1YKHJIL.
Kommo3unii npono3uiiidiHoro piBHSA TPaJWIiiHO HA3UBAIOThH JIOTIYHUMH 3B’s3KaMu. BoHU €
aHajoramy CUJIbHHX 3B's30K KiiHi, ToMy iX Ha3uBaroTh KitiHieBUMH.

3a 6a30Bi JIOT14UHI 3B SI3KK R-TIpeIUKATIB Bi3bMEMO — Ta \, BOHH 3a/1al0ThCS TaK:
I(=P) = F(P); F(=P)=T1(P);
I(PvQ) = T(P)VT(Q); F(PvQ)=F({P)NF(Q).
[Toximgai KoMTIO3UTIIT —, &, <> BUpPAXKAIOTHCS Yepe3 0a30B1 KOMITO3HIIIT — Ta V:
])ékgz ::—1(—1}3\/—1£2); }D__;g? ::—ﬂlj\/gz; })€—>£2 ::(})——>£2)ék(£2'—)1)).
Kommnosuuist poswupenoi penominayii RY', : Pr’~"— Pr'™" 3amaetscst yMoBOIO:
RYT(P)d]=P[r} (d)].
R;ﬁ MO’KHA BU3HAYMTH Yepe3 061acTi icTMHHOCTI Ta XubHOCTi mpemukara R1' (P):

TRYL(P) = {de"d | 17 (d) eT(P)}; |

x,1

FRY(P) = {de"4 | 17 (d) eF(P)}.

x,1
1 IUIs omeparii peHoMiHAaI1, MOPSIAOK IIap IMEH B IMO3HAYEHH] KOMIIO3HUIIT peHOMIHAIII H
Sk i oreparlii peHOMiHaIli{, MOPsIOK map iMe O3HAYCHHI KOMIIO3UIIi1 peHOMiHAIlii He
Mmae 3HadyeHHs. Hanpuknax, R"7“, R”" ) R"”" — pi3ni no3HavyeHHs OHI€T i TI€T )K KOMITO3MIIIT.

x,z,17 x,1L,z9 1,z,x
Komnosuuii penominanii RY € OkpeMUM BUTIaIKOM KOMIO3HUIIIi Rgﬁ .
Penominamis R 6e3 mapameTpiB i€ K TOTOKHE BimoOpaxeHHs: R(P) = P.
[epronopsiKoBi JOTIKH XapaKTepU3yOThCsS HasABHICTIO |-apHUX KOMIO3MLIN KBaHTH(IKaLii
dx Ta Vx. 3a 6a30By Bi3bMEMO KOMITO3HUIIIIO Jx, TOJI KOMIO3HIliS VX € noxionow: VxP = —3x—P.

Kommosumis 3x 3agaeTses Tax:
T(3AxP)=U {d |dVx—>aeT(P)}; F(ExP)=({d|dVx—>ae F(P)}.

acA acA

Jlist 0651acTi HEBU3HAYEHOCTI OTPUMYEMO:
L (3xP)=TExP)NF(3xP)=({d|dVx>aec F(P)o L(P)}n J{d|dVx+>ael (P)}.

acA acA

s P-ipenukariB toai maemo L(IxQ) = {d |0(dVx—a)#T}nJ{d|dVx+> ael (P)}.

acA aeA
Tomy anst P-ipeinkaTtiB OTPUMY€EMO:
IxO(d)T < OdVx—b)T nnsa nesxoro beA ta Hemoxnubo AxO(d) = T.

BusnavanpHOt ocobmuBicTio LC € HasBHICTH crielialbHOi HEMOHOTOHHOI |-apHOi KoMmIo-
3UIIT npeduxamno2o donosuenus . KoMIO3uIliro ~ 3aaEMO Tak:

TCP)=L(P)=T(P)VF(P), FCP)=9D.
Toxi maemo L (TP)=T(P)UF(P).
Jmnst P-ipenukaTiB KOMIO3HITIO ~ MOKHA 3ajat [7] Tak:
(P)d) = HeBI/IZI;a::}II];,O sfj((li())T}’(d )1
Krnac P-nipenukatiB 3aMKHEHHH 110JI0 KOMITO3UIIH —, Vv, =, &, R;’i, dx, ~.
Boanouac kommo3utiiss ~ He 30epirae TOTanbHICTh R-IPEeINKATIB.
Teepaxenns 1. J1ns kosxnoro Qe Pr’ ™ maemo ~Q € PrP",;

nns kosxnoro Qe PrT" maemo ~Q = A..

Hacuaigok. Knacu T-npenukatis Ta TS-npeuKkariB He3aMKHEHI 070 .
Lle o3nauae, mo m1s 7-npeaukariB Ta 7S-npeaukaris LC He MaloTh cMuUCITy.
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B cuny nesamknenocti Pr7S" ta Pr7"! momo ~, a Takox BpaXoBYIOUH AyalbHicTh [2]
knacie PrP" it PrT" i Bupomxenicts PrTS", xopextno posraspatu mume LC R-npepukatis ta
P-nipenukaris.

B 3aranpHOMY BHUNaaky R-TpeuKaTiB AOLUIBHO PO3IIIAAATH JOTIKH YUCTOrO MEPLIONOPSAKO-
BOTO PiBHS L %tal 9V BHITQJIKy P-TipeIuKaTiB MaeEMO BiIIOBI/IHI JOTIKH L9 ta L,9°F

JI71s1 1iuX JIOTIK MA€EMO TaKi MHOKMHH 0a30BHX KOMITO3HIII:

—Cip={—,V R; ", Ax, Ex} nua L9, L9,

—Croc= {—,Vv,RV 'i, Jx, Ex,~ } s L19€, L1927,

Maemo uucmi nepuionopaokosi komnosuyitini cucmemu R-npemukaris (A, Pr’™, C1p) Ta
("4, Pr', Cioc);

BinnmoBinHi yucmi nepuionopsaoxkosi KoMnosuyitini KomMno3uyituni aneedpu R-npeaukaTis:

— A2 =(Pr", CLp);

—A19€=(Pr", Cioc);

Knac P-npenukariB 3amkHeHHH mono 0azoBux kommosuiii Cip Ta Cigc. Tomy B 4 19 1a
A19€ Bupinsemo Taki miganre6pu — UMCTi HEPIIONOPSAIKOBI KOMIIO3MIIiHHI anre6py P-IpeauKaris:

—A19P = (PrP"™, C1p);

— A19P = (PrP" C1oc);

OCHOBHI BJIACTUBOCTI MPOTIO3MIIIHHUX KOMIIO3MINM aHAJOTIYHI BIACTHBOCTIM KJIACHYHHUX
noriuaux 3B°s130K (muB. [10]). Lle komyTaTHBHICTS Vv Ta &; aCOIIaTUBHICTH V Ta &; TUCTPUOYTHB-
HICTh JUIA V Ta &; IJEMIIOTCHTHICTh Vv Ta &; 3aKOHUW TOTJMHAHHS; 3aKOHU Ji¢ MopraHa; 3HATTS
MOJBIMHOIO 3allepeueHHsl; 3aKOH KOHTPANO3HUIIii.

Maemo TpaaumiiiHi (auB. [10]) BIacTHBOCTI KOMMO3UIIH KBaHTH(DIKAIlil: KOMyTaTUBHICTh O/I-
HOTHITHUX KBaHTOPIB; 3aKOHU Jic MopraHa i KBAHTOPiB; HEICTOTHICTh KBaHTU(IKOBaHHUX iMEH:

Teepxenns 2. Komnosuuii —, v, RL7, 3x 36epiralote TOTaIbHICTh, MOHOTOHHICTH i aHTH-

TOHHICTH TPEIUKATIB.
Teepmxenns 3. Hexaii ze V neicrorne ms P. Toxi R (P) =R (P).
Teepmxkenns 4. Im’s xe V neicrorne mis R L " (P), aKmo x & {y}.
Teopema 1. BnactuBoCTi, OB’ s13aHi 3 KOMIIO3UIIIEIO PO3IMIUPEHOT PEHOMIHAIIIT:
R) R(P) = P — TOTOXHA peHOMIHAIIiS;
Ri) RITT(P)=R71(P);
R1U) Hexaii ze V neicrotne mist P; Toxi Ri;i (P)= R;:i (P);
Ri—) RY(—P)=—R2((P);
Riv) RYT(PV Q) =R (P)VRI(Q);
RIR) R} (R;”i (P))=R%7 o ’ ', (P) —3ropTka peHOMiHaIli.
3ropTKy KOMIIO3UIIA peHOMiHalii 3a7]aeMO 4Yepe3 3rOpPTKY Omepaliil peHoMiHaIi: IJs BCixX
PePr’ rade’d maemo R} o7 (P)(d) = (RTI(RTL(P))NA) = P(L 7 (d) = PG 17 (d)).
Ren) sikiio z HeicroTHe s P, to JyP =3zR}(P) — nepeiiMeHyBaHHs KBAHTOPHOT'O IM€HI;
R.3s) EIyRV T (P)=RY (EIyP) 3a yMOBH Y & {V,X,u} — npocta RI-nucTpuOyTHBHICTS;
R.3) RV " (3yP) = HZR;’Z o’ (P), ne z & {v,x,u} HeicToTHE 11 P — R3-1ucTpubyTHBHICTS.

EniMiHaum KBAaHTOPIB 0a3yeThCsl HA TAKMX BIACTHUBOCTSX.

Teopema 2. T(RLT(P)) N T(Ey) < T(RLT (3xP)) (T3vy)
F(RZ (3xP))  T(Ey) < F(RZT (P)) (Fav.)
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T(RIT(P)) c F(Ey) UT(RLT (3xP)) (T3u.)

v,L,y
F(RIT(3xP)) < F(Ey) U F(RET (P)) (F3u.)
TBepaxenns 5. BractuBocTi peHOMIHAMLIT IpeUKaTiB-1HANKATOPIB:
— RI"7 (Ez)=F; soxpema, R (Ez)=F;

— R (Ez) = Ey ; 30Kpema, R’ (Ez) = Ey;

x,L,y
— R;ﬁ (Ez)=Ez, axmo z ¢{v,u}; 30kpema: R’ (Ez)=Ez; R (Ez)=Ez.
VYci npeaukati BUTTSAY Rfﬁ (Ey) € TroTanbHuMU, 101 HUX L (R;:i (Ey)=9.

Teepaxenns 6. BracTuBocTi npenKaTiB-1HAMKATOPIB, NOB'A3aHI 3 iX KBaHTU(IKALIELO:
—dxEx=—3x—-Ex=VxEx=T,
—dx—Ex =—-IxEx=Vx—-Ex=F;
—dyEx==—-3y-Ex =VyEx=Ex;
—dy—Ex=—dyEx=Vy—Ex=—EXx.
Hasuicte B (L npenukariB-iHaukaTopiB £z fae 3MOry pi3HUMH crioco0amM 3aJaTd KOHC-
tanTHi npeaukaty T ta F. Haltnpocrimi nopanns: —Ezv Ez=T, ~Ez& Ez=F.
OnuieMo BIaCTUBOCTI, TOB’A3aH1 3 KOMIIO3HIII€I0 MTPEIUKATHOTO JIOTIOBHEHHSI.
Trepmkenns 7. 3riJHO BU3HAYCHb OTPUMYEMO:
F(="P)=T("P)= L(P)=T(P)NF(P);
Ir(="P)=F(P)=0;
L(="P)=L(CP)=T(P)VF(P).
Teepaxennsn 8. ~—Q0="0; ~0="0; TTTT0="0.
s Qe PrP" nonatkoso maemo: ~~Q0=0v 0.
Taxum yrMHOM, OaraToKkpaTHe 3aCTOCYBaHHS KOMIIO3ULIT ~ 3BOJUTHCA A0 1-KpaTHOTO Ta 10 2-
KpaTHOTO ii 3aCTOCYBaHHS.
Teepaxenns 9. Jlis ~ Ha koHcTaHTHI npeaukatu: ~A=T ta "T="F="Y=A.
T, sxmo A (d)T, T

npasi, s koxnoro de’A maemo ~ = -
Cripanal, 1 M) HeBU3HaueHe, ko A (d)d

IMpenukaru T, F, Y Totanbhi, Tomy ~T="F="Y = A 3rigHo0 TBep/>KeHHS 1.
Teepmkenns 10. Ov—-0v~Q0 =T; “(QOv-0v ™ Q)=A.

Crpasai, T(Qv—0 v ~Q) = Q)VFQWT(QUF(Q) ="4;
FOv=0Vv™0)=FONF(=ONF(TQ) = F(ONTOND = L.

I3 BU3HaUeHb OTpUMY€EMO BIAcTUBICT R | ™ -aucTpuOyTHBHOCTI:
R,7) RFICO)= "RYL(O).
3. MoBu 1YKHJI

Onuuremo mMou 1YKHJL. 3ayBaxumo, 1o i3 cMHTakcHYHOro morsmy mou Li9C ta L19F
OJIHAKOBI, iX BIJIMIHHICTb — y PI3HHX KJacax iHTepnperarid. AJdasiT MOBH:

— MHOXKMHA V TIpeIMETHHX IMEH (3MIHHHUX),

— MHOXKHMHA Ps IpeJMKaTHUX CUMBOJIIB — CUTHATYpa MOBH,

v,

—MmHOkHHA Cs = {—,Vv,RY", Ex, 3x, = } cuMBOJIiB 6a30BUX KOMIIO3HILii.

Jlamo iHIyKTHBHE BU3HAUCHHS MHOXHHU F7 POpPMYIT MOBH:
— KOXXHHH p € Ps Ta koxxauii Ex € hopMyIioro; Taki GopMylid aTOMapHi,
—nexant ®, VeFr; toni —DeFr, vOVYeFr, R;"zq) e Fr, Aax®eFr, " O e Fr.
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MHOXHHY HEICTOTHUX JUIsl p€ Ps iMEH 3a/1aMo 3a JIOTIOMOTOI0 BijoOpaskenns v : Ps— 2", Ilns
3a/1aHHS MHOKMHH FAPaHTOBAHO HEICTOTHUX JUIs (pOPMYJT iMEH TaKy V IPOJIOBXUMO Jio Vv : Fr—2":
V(=®@) = v(D);
v(v®Y) = v(®)nv(YVP);
V(R D) = (VP IV Viny Ut }) {Xi | VigV(DP)iel o}

V(Ex) = V'\{x};
v(IAxD) = v(D)U{x};
v(TD)=v(D).
3azamMo MHOXKUHY V'7C V TOTalnbHO HEICTOTHUX 1MEH, TOOTO iIMEH, HEICTOTHUX AJIs BCIX p € Ps:
V=N v(p)

pePs

Posumpena curnarypa mosu L12C —ne T = (V, Vr, Cs, Ps).

Teopema 3. Skmio xev(®), To x HeicToTHE s hopmyiu .

Iutepnperyemo MoBy L19C na komnosumiitaux cucremax CS = ("4, Pr', C1oc).

CuMBOIM 0a30BUX KOMIIO3HIIIN THTEPIPETYEMO SIK BIAMOBIHI KOMITO3UIii, CHMBOJIH EXx — sIK
BIJIMOBIIHI TIpeuKaTu-iHauKaTopu Ex. 3amaeMo TOTalbHE ojHO3HauHE [ : Ps — PrP"™, sxe po-
JIOBKKMO JI0 BioOpakeHHs inTepnperanii / : Fr— PrP":

[(—®) = ~((®)), [(vOW) = v(I(D), [(F)),
I(R: @) =R (1(D)), 1(FxD) = Ix(/(®)), I(TDP)= ~(/(P)).

Tpiiixy J = (CS, 2, [) Ha3BeMo inmepnpemayicio Mosu L1,

CkopoueHo iHTepnpeTalii MOBU MO3HAYAEMO SIK (4, /).

[Ipeamerne iM's x€ V HeicToTHe Ans popmynn @, K0 MpH KOXKHIHM iHTepnperanii J im's x
HEICTOTHE 15 ipenukara Oy,

Moy L1 Busnauaemo ananorigno mosi L19C, omyckaiouu MyHKTH, HOB’sI3aHi 3 CUMBOJIOM

Kouracu iHTepriperariii MOBM Ha3UBalOTh CEMaHTHKAMHU.

V Bunankax L1 ta L19€ maemo cemantuxu 1R, 1Rc Ta 1P, 1 Pc.

dopmyna @ HecpoCTOBHA (YaCTKOBO iCTUHHA) MpH iHTepnpeTanii J, mo no3H. J|=®, skio
npeaukar O — HecripoctoBHHA. @opmyna @ HeCIpOCTOBHA (YaCTKOBO ICTHHHA) B CEMAHTHIII O, 1110
no3H. “|=®, axmo J |= ® npu koxHil Jea.

®opmyna @ ToTOXHO icTUHHA NpH iHTeprpeTaii J (no3H. J [=iq @), sxmo Oy =T.

®opmyna @ TOTOKHO iICTUHHA B CEMaHTHIII & (1T03H. *|=iy @), sixmio J |=ig @ npu koxHil Jea.

SIkimo cemaHTHKa o 3adiKCOBaHa, TO 3aMICTh %=, %|=i¢ MUIIEMO |=, [=id .

dopmyna @ BUKOHYBaHa NpH iHTeprpeTarii J, skuio npeaukat Oy — BUKOHyBaHUH.

®opmyna @ BUKOHYBaHA B CEMaHTHIII O, AKI0 P BUKOHYBaHa IpH AesKiil Jed.

I3 BusHauens orpumyemo: J =iy ® = J|I=® Ta [=id D = |= 0.

B 1KHJI MHOXWHH HECTTPOCTOBHHUX 1 TOTOKHO ICTUHHUX (DOPMYJT HETTOPOKHI

Mpuxaan 1. 3riqHo Exv—FEx = T maemo %=iq Exv—FEXx.

Ha ocHoBI TBepKeHHS 9 0TpUMy€EMO

Hpuxnan 2. s Beix @eFrta Je LRc maemo (Ov—Ov "D );=Trta ~ (Ov—-DOVv D )= A .

Mpuxaan 3. {15t Beix @ eFr maemo %=y Ov—>Ov ™D (o — LRc uu 1Pc).

®opmynu, sIKi 3aBKIU IHTEPIPETYIOTHCS SIK KOHCTAHTHI MPEJUKATH, HA3BEMO KOHCTAaHTHUMH.
30Kpema, BUALIAeMO T-popmyin, F-popmyin, 1-popmymi. Hanpuknan, R;! (Ez) — r-popmyna.

Ha 1 YKHJI momwmpumo moHATTS Un-eKBIBaJCHTHUX QOPMYJIL.

Hexait R{}7" (@) — R-dbopmysa Taka, mo {i, w} € v(P). R-popmyiy R)S (D), yTBOpeEHy i3

X,5.0
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R:57 (@) cnpouieHHsM 30BHIIIHBOI peHOMIHALIT Ha 0OCHOBI BiacTuBocTei R, Ril, R1U, Hassemo

Rs-¢popmoro R-popmynu R;??fi (@) . Rs-dpopmu R-popmy Ha3BeMO Rs-ghopmyramu.
Skmo E — Rs-popma R-popmynu ¥, To s Beix inTepnperarniii J maemo Z; =Y.
Jus 1YKHJI BBeremo mousaTTS Un-ekBiBaJeHTHUX (HOpMyT, TOOTO (GOpPMYIT, €KBIBaJICHTHUX 3
TOYHICTIO JI0 HeozHauenux npeaMmetTHux iMeH. J{ins UKHJI moaiOHe MOHATTS po3risiHyTE B [4.
Hexaii Un c V — nesika MHOKWHA iMeH (3MIHHHUX ), 5IKi OyZIeMO TPaKTYBaTH K HEO3HAYCHI.
®opmymu W Ta E — Un-exsiBanenti, sxmo W, (d) ==, (d) nns Beix J = (4, ) ra de”A ||-vn.
Te, mo ¥ Ta E € Un-exBiBasieHTHUMH, 3arucyemo VW ~y;, E.

FXLZ0,W

Hexaii Rs-popmyna RI701'® raka: {7,5,y,u} cUn, {X,v,wiNnUn=9.

FXLZ00,W X.Z,W

Un-gpopma dpopmynu RL777 @ — e popmyna RiD '@ . Un-opmu Rs-popmya azsemo Un-
@opmynramu. Un-bopMynu MaroTh BUTJISL Ri’éq), e {(x,vinUn=9.
[MoustTs Un-hopmMu IpUPOAHUM YMHOM TOIIUPIOETHCS HA 3anepedeHHst Rs-popmyir.

Teepaxenns 11. ko V¥ — Un-popma popmynu @, to @ ~y, V.
Hacainok. fxmo Rs-dpopmynu ¥ ta = matots ogaakoBi Un-popmu, To ¥ ~u, E.

4. Binnomenns soriunoro Haciaiaky B 1YKHJI

Ha muoxunax gopmyn mos L€ Ta L19C Bu3HAYMMO HU3KY BiHOLIEHD JOTiYHOTO HACHIAKY.
CnouaTky 3a7aMo0 B1THOUIEHHS HACTIAKY A7 1BOX (popMy1 nipu (ikcoBaHill iHTeprperauii J:
— icTuHHICHHH, a0 T-Hachinok j=r: @ jJ=r¥ < T(D,) < T(\VJ);
— xubHicHUH, a60 F-Hachiaok J=r: O =r¥ < F(V,) c F(D.);
— CUIILHUH, 200 TF-HaciI0K j|=TF . ®J|=TFT <~ q)J|=T\I" Ta q)J|:F Y
— HECIIPOCTOBHICHUH, a00 [R-HacHinoK J=ir: @ |=rY < T(PHNF(Y)) = D.
BinnoBingHi BiAHOIIEHHS JOTTYHOTO T-HACIIIKY B CEMaHTHIII O 337]a€MO 32 CXEMOIO:
O %=t Y, saxmo D j=t ¥ ans koxuoi Jea.
BinHo1IEHHS JTOTTYHOTO HACTIIKY MOMKMPUMO Ha Mapy MHOXHUH (Popmy.
Hexaii nesika I', A, £ < Fr, Hexaii J — inTeprpeTaiis. Jlani mo3Hadaemo:
NT(O,) s (L), (1 F(0,) s F(E). (11(8,) ax L7(Z)),

fex

UT@®,) sk TV(Zy), UF(@O,) sk FF(Z), UL(@O,) ax LYEZ)).

A € IR-nacninxom I' pu inTepnperaunii J (mo3u. I' j|=r A), sxmo T7(T) N F(A)=D.

A € T-nacmigkom I ipu intepnperamii J (mo3H. I j=rA), sxkmo 77(I'y) = T(A)).

A e F-nacmiakom I” ipu inTrepnperanii J (mo3n. I j=rA), sxkmo F(Ay) < F-(T)).

A € TF-nacnigkom I” ipu intepnpetaii J (mo3u. [ j=7rA), sxmo [ j=rAta T j=rA.

BinnoBiiHi BiIHOMIEHHS JIOTTYHOTO T-HACIAKY B CEMaHTHIII ¢ 33/Ia€MO 32 CXEMOIO:

' %=t A, sxmo I" /=t A ms koxHoi Jea.

PosrnstHemo BinHOMmEHHS JorivHoro Hachiaky B LL. Hami o — e 1R, 1P, 1Rc, 1 Pc.

B koxuiii 3 1R, 1P, 1Rc, 1Pc MoxxHa 3amath 1Mo 4 BIiJHOIIEHHS, IO Aa€ 16 BiTHOIICHb
norigyHoro Hacmiaky. [Ipore Aesiki 3 UX BiTHOIIEHB TIOPOXKHI, a JesIKi — BUPOJIKEHI.

VY Bunaznky LR Ta 1P, K 1 y BUNAAKy BXKe TPAAULIAHUX ceMaHTHK R Ta P 31 3BHYaiiHUMU

Ri=ip = & 1a R|=r = R|=F = R|=1r, mo Tex mae 5 pizHUX BiHOIIEHS:
P|:

PEHOMIHALIISIMU, MAEMO
P—  P—. P Ri—

7 S o P e o P
CriBBIOHOIIEHHS MK IIMMH BIJHOIIEHHSMH TakKi K, SIK MK BIAMOBIIHUMH BITHOIIEHHSIMHU B

Tpaauniianx ceManTuk R ta P (nuB. [3]). ['padiuno 11e MOKHA TOJATH TaK:

P|:T
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/! N
= = Pl=rr Pl=ir
N /!

P|:

H

F

VY Bunmanky 1Rc ta 1Pc cutyauis Jemo iHma. JletaJbHO BIACTUBOCTI BiJHOIIEHB JIOTIYHOTO
Haciiaky =, Pl=r, Pl=r, T=rr, R=R, X=r, B=F, %=1r B cemanTukax Re Ta Pc 3i 3BUYaiiHUMU
peHoMiHamisMu onrcadi B [9]. B cemanTukax 1Rc Ta 1 Pc BIacTUBOCTI ITUX BiIHOIIEHH aHAJIOTIYHi.

Maemo 9 %#r 9 mns xoxuoro 9 ePs, Tomy %=1z # &, mpote *|= nyxe BUpomKEHE.

Maemo I'®=p “® T1a —~®X=rA, BomHowac @X|zr ~“® Ta — Dz d. Tomy
BigHomenns X=r ta X|=F Bxe cTaloTh pisHUMHU.

Otxe, B 1Rc Ta 1Pc, six 1 B Re Ta Pc, MaeMo § pi3HUX BIHOLIEHb JIOTYHOIO HACIIAKY, 13 HUX

ofiHe BigHOmeHHs |=/z BupomKeHe:
Pc|— Pc|— Pc|— Pc|—, . Rcj— Re|— Re|— Re|—
=i, = TR e YFw, S YFR e

I'padiuHo CiBBiIHOIICHHS MiXXK HUMU MOHA TIOJ]ATH TaK:

Rc|:T N Pc|:T

/ / N
Rl=rp — Pel=rp Pel=ip « Re=pp
Ny N\ /!

Rc|:F N Pc|:F

BinHoNIEHHS JTOT1YHOTO HACTIIKY 3a/1al0Th BiTHOUICHHSI JIOT1YHOI €KBIBAJIGHTHOCTI.
BinHomieHHs eKBiBaJIGHTHOCTI NP iHTEpIIpeTailii J BU3HAYaEMO 32 TAKOI0 CXEMOIO:
@ j~+ P, sxmio @ =¥ Ta ¥ =+ ©.
BiamoBiaH1 BIZHOIIEHHS JIOTTYHOI €KBIBAJIEHTHOCTI BU3HAYAEMO 34 TAKOIO CXEMOIO:
D %~ W, ko @ *=« ¥ ta ¥ 4=+ D.

Ocob6nuBe 3HaYEHHS Ma€ BiHOLICHHS J ~7F, ajuke O j~7r V¥ o3nauae, mo Pyrta W, — 1e ogun
1 Toi ke npenukat. Cnpasai, @ j~rr¥Y < T(Dy)=T(V,)) 1a F(Dy)=F(¥)).

Teopema eKBIBaJICHTHOCTI Ta TeopeMa 3aMiHM eKBiBaJICHTHUX B LRc Ta 1Pc (hopMyITIOIOThCS
TPaSUIIHHUM YHHOM (TYT *~77 — 1ie Xo~gp un Ponrp).

Teopema 4. Hexaii @' orpumana 3 ®@ 3aminor0 aeskux Bxomkenb Oy, ..., @, vHa ¥),..., ¥, .

Axkmo @y *~rr ¥, ..., D, *~r ¥, , T0 O~ D".

Teopema 5. Hexaii @ *~7¢ W, Toni O,T' =A< VY, ['|=<A ta I'|=A,® ST |=AWY.

BracTuBOCTI BiJHOIIEHB JIOTIYHOTO HACHIAKY B LRc Ta 1Pc aHAJIOTiIUHI BIACTUBOCTSM BiIO-
BiTHUX BifHOIIEHb B Rc Ta Pc (nuB. [9]). JIiis BCiX UX BiJHOIICHH MAEMO TaKi BIIACTHBOCTI.

M) TcA, AcXE = (I'=+A = AJ=+X) — MOHOTOHHICTb.

BnactuBocti aexommosuitii popmyn (okpim ~D ):

——i) =D, T = A & O, T |=« A;

—rR) [[=A, =0 S T|=:A, &,

VL) OV, T =A< O, T |=«Ata ¥, T |=+A;

VR) [[=A, OV < T'|=A, O, ',

—vL) 2(OVY), T = A < =D, =V, T |=+ A;

—VR) = A, =(PVY) S T |=A, D 1al |-« A, -,

Jnst P¢j=g nonatkoBo mMaemo:

=) =D, I Pc|=1R AT PC|:1R A, ©;
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—R) T =R A, —® & O, T = A.

Jexomno3zutist opmyn ~@ Mae 0coOIMBOCTI.

Teopema 6. /I 7“|=/r HeMOKIMBO KOPEKTHO 3a/1aTH YMOBH JeKOMIO3HILii hopmyn ~® .

Ile 3yMOBIIOE HEOOXINHICT MEPeXoy Bif ‘|=r 10 3aranbHIIIOro BigHONIIEHHS [=/&- HECTpO-
CTOBHICHOTO JIOTIYHOTO HACIIJKYy 32 YMOB HEBU3HAYEHOCTI, IO 3po0iieHo B [7,9]. B mpomy mani
BigHomeHHs =/ B Pc Ta 1Pc Tex HEKOPEKTHE, HOTo Jai po3risaatu He OyaeMo.

BracTtusocTi aekomnosuiii popmyn ~® ams =z, P|=F, X=r, R|=F taxi x, 1x B Rc Ta Pc:

“ir) TO,T FrA & Tl=rA, @, —-d;

TR TErA, 70 < O, |=rA ta—D, T |=rA;

—"rp) |:F A" < I,0,-D |=FA;

—7F) = O, T|=rA & I'|=rA,® Ta I'|=rA,—D;

") =rA, =@ < T=rA;

“g) TO,I|FrA & T'|=rA.

Jiis BiAHOIIEHD THUIY |=7 Ta THUITY |=F Ma€MO Pi3Hi BIACTHUBOCTI JeKOMIO3ULii popmyn ~O,
SKI HE MOXKHA TI0/IaTH SK CHUIbHY BJIACTUBICTH ISl BIIHOWIEHD THITY |=7F, IO 3yMOBJIEHO aCHMET-
PUYHOIO TIOBEIHKOI KOMITO3UIli ~ Mmoo obnacted icTUHHOCTI ¥ XHMOHOCTI. TOMy BIacCTHBOCTI
nexommosuiii popmyn ~@ ans BigHomens Tj=7r Ta %=rr oTpuMyeMoO, HO€aHYIOUM BiANOBiAHI
BJIACTUBOCTI BiJHOLIIEHb TUITY |=7 Ta TUNY |=F :

MONE |=TFA & o, |=TA Ta " @O, |=FA = F|=TA, D, D TaF|=FA.

r |=TFA, -0 & T |=TA, —® Tal’ |=FA, -0 & T |=TA Tal', ®, =@ |=F A.

r |=TFA, O < T |=TA, “® tal |=FA, ORR—SON} |=TA Ta —O,I" |=TA.

- O, T=rA & O, T'FrAta = O, ['|=rA < T'|=rA,® Ta T'|=rA,—O.

BrnacTtuBocTi €KBiBaJEHTHUX MEPETBOPEHb 1HIYKOBaHI BJIACTUBOCTAMHU npeaukatiB R, Ril,
RiU, Ri—, Riv, RiR, Ri3, Ri3s i3 Teopemu 1 Ta Bnactusictio R, 7. KoxHa 3 HuX 3anae 4 Bia-
CTUBOCTI JJIsl BiHOIICHHS JIOTIYHOTO HACIHIJKY, KOJHM BUAiNeHa GopMmyia uM ii 3amepedeHHs — B
NiBil YW TpaBii yacTwHi BigHOIICHHs. [Ipy KOXHIH iHTEpHpeTaii mpeIuKaTH, 110 € 3HAYCHHSIMU
BUAUIEHUX GopMy, 30iraroTbest. HaBenemo ais npukiagy BIacTUBOCTI, iHAyKoBaHI R ™.

R, 7L) RIT(CO),T=A e “RI(D),T = A;

R, "R T=ART(CD) ST [=A"R(D);

—R, 7)) ~RT(CD),T = A = RI(D),I[=A;

R, TR T=A R (D) ©T=A "R (D).

BrnactuBocTi €KBIBaJICHTHUX MEPETBOPEHb AJS BIAHOIIEHb THUITYy =77 T€X BIpHI, IpoTe iX

3aJIa€MO OTIOCEPEIKOBAHO, Yepe3 BiIMOBIIHI BIACTUBOCTI AJIS BiTHOIIEHb TUITY |=7 Ta TUTTY |=F.
Jlst BiTHOIIIEHb TUIIB|=T Ta |=F MA€EMO BIIACTHUBOCTI, TOB'SI3aHi 3 €liMiHAIII€I0 KBAHTOPIB.
r) IxD,T'|=A & R (D),Ez,I'|=«A 3a ymou zefu(l', A, IxD)).
IRuw) R (D), T[=A < RITH(D),Ez,T |=A 3aymosu z e fu(l,A, R (IxD)).
—3r) ['f=+ —3xD,A < T, Ez|=+—= R (D),A 3aymoBuzefu(l',A, IxD)).
—3RiR) == R;’i (ExD),A < T Ez|=+— R;i’,: (®),A 3aymoBu z € fu(l,A, R;’i (IxD)).
Jve) [, Ey |7+ Ix®,A < T, Ey |5+ 3xD, R (D), A .
IRVR) T, Ey =« A, R (3x®) < T, Ey[= AR, (IxD), R;:E (D).

—3vi) ~Ix®@, Ey, T [+ A < —3x®,—R} (D), Ey,I'|=+ A.
—3Ruvi) =R (FxD), Ey, T =+ A <& =RV (3xD),~RI™ (D), Ep, T |= A.

L w,L w, L,y
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BnacTuBocti E-po3mo/1iay Ta MepBICHOTO 03HAYCHHS

Ed)T[=A < T'[=AEy ta Ey,T = A.

EvV)T'|=+A < Ez,T'|=«A, ne zefu(T, A).

Po3rnsiHeMo BIaCTHBOCTI, MOB'A3aHi 3 peIUKaTaMU-1HAUKATOPaMH.

IIpu mepenecenni Gpopmynu —®D, sika 3aBXKAM iHTEPHpETYeThes K JeTS, 3 NMiBOI YaCTHHU
BiJTHOIIICHHS y TIPABY i HABMAaKH, MOXHA 3HIMATH —. 3B1JICH BIACTUBOCTI:

—g) —EY, [ [=ASTI=AEy;, I'|=A,—-Ey < Ey,T'|=A;

—RLE) —R;ﬁ (E2),T==A =T [=A, R;z (Ez); Tl==A, ﬁR;i (E2) < R;i (E2),T =+ A;

BrnactuBocti ciponieHHs nmpu peHoMiHaii £z:

Rip) RIV(Ez),T[=+A & Ez,T|=A 1a T|=A R (Ez) < T|=AEz (tyT z ¢ {v,u});

Rigy) RV (Ez),T|=+A < Ey,T'|=A 1a T|=A, R (Ez) < T |=«A, Ey;

x,L,y x,L,y
Elre) T'|=+ A, R} (Ez) < T |=+ A — eniminais g-popmymm:
Hagenemo BnacTHBOCTI, SIKI eapanmyioms HasBHICTh BIAHONICHHS JOTIYHOTO HACIIKY:
O) D, T |=A, D
CL) D, —D, T |=rA;
CRYT |=r A, @, —D;
CF) R (E2).T |=, A.
C7) I'l="D,A;
C=") =~ O,T |=rA.
Teopema 7. Maemo BIaCTHBOCTI rapaHTOBAHOI HASIBHOCTI BITHOIIEHHS JIOTIYHOTO HACTIAKY:
- C,CL,CF, C—~ nna’=r;
~C,CR,CF, C~ pna™=r;
~C,CF, C—=~ nana’=r;
~C,CF, C~ pna=p.

5. Binnomenns sorivnoro Hacaiaky B 1YKHJI 3a ymoB HeBU3Ha4eHOCTI

Hekopextricts BimHomeHs Tumy |=;z B LLC MOTHBYe mepexim A0 3arajibHIlIMNX BiIHOIIEHB
JIOTIYHOTO HACHIZKY 32 YMOB HeBHM3Ha4YeHOCTi. CIOYaTKy 3aJaMoO BiJIHOIICHHS HACIIJKYy 32 YMOB
HeBU3HaueHOCTI pu (ikcoBaHii inTepnpetamii J. Hexaii I, U,Ac Fr.

A ¢ IR-nacnmigkom I' 3a ymoB HeBusnauenocti U npu J, mo nosHaunmo U/T j=r‘A, sxiio
TN L UNnNF(A)=2.

A e T-nacnigkom I' 3a ymoB HeBusHauenocti U npu J, mo nosHaunmo U/T /=7t A, ko
™THNL™(Uy) T (A).

A € F-macminakom I 3a ymoB HeBm3HaueHocTi U mpu J, mo mo3naunmo U/T° j|:F'L A, SKI10
FA(A)ALO(Uj)  F(T).

BigHOeHHS n102iunoeo HACNiOKy 3a yMO8 HeusHayeHOocmi B CEMaHTHIl O BU3HAYAEMO 3a
Tpaguuiinoro cxemoro: U/T" %=t A, axuo U/I" j=t A nns Bcix Jea.

Otpumyemo Binnomenns =", 7|=r-, F|=r*, R=r*, K=¢".

Binnomenns “|=7¢" ta X|=7#- 6ynemo tpakrysatu six noximui Bin Fj=rt, Ll=rt, K=t K=rt

Sk i B cemanTukax Pc ta Re (nuB. [9]), cnisBignomenns mik =", 7j=r-, F|=r*, Pj=rrt, B=r",
R=pt, R=rp! inentiuni cnissignomennam Misk 7=, F|=r, 7|=r, T|=1r, *|=1, ®|=F, R|=1r:

V Bumaakax 1Pc ta 1Rc Ui BIAHOIIEHb TUMIB |=r Ta |=F CHPaBIIKYETbCA TEOpeMa IPo
eNMIHAIII0 YMOB HEBH3HAUYEHOCTI [9].

Teopema 8. W, U/T' 7=t A & W/T'P|=r- A, U, "U; W, U/T8=r'A & W/T ¥=r* A, U, U;

W,U/T|=r-A < W/T,U, U=t A; W, U/TR=r"A < W/T, U, “UR=F-A.
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Le osnauae, mwo Bignomenns *|=r-, F|=, K=r', R=¢" 1a F|=1r", Xj=rr" MoxHa npoMopeio-
BaTy 3a gonomoroio |=r, X|=r, *j=r, *|=p, ycynyBim ymoBu HeBu3HayeHocri.

BoaHouac uist [T HeModicau6o yCyHYTH YMOBH HEBU3HAYEHOCTI i THM CAMHUM TIPOMOJIEITIO-
BaTH |=r" 3a fonoMoroio ““j=z. ToMy BifHOIIEHHS |=/r" He MOXHA 3BECTH /10 BiHOMIEHHS |=/z.

TakuM 9MHOM, 13 BBEJICHUX BiIHOIICHB JIOTIYHOTO HACIIKY 32 YMOB HEBU3HAYEHOCTI JICTAITh-
HO PO3IIISAIATH AOLIIBHO JIMIIE BIAHOIEHHS [=/R" .

BiactuBocTi BimHOIIEHHS [=&- B cemaHTHuLi Pc neTanbHo omucadi B [7,9], i BIacTHBOCTI
OyayTh BIpHMMH i I BiJHOLIEHHS [=/z" B ceMaHTHLi LPC.

Seue Buainenns |-o6nacrteii B |=x* 1ae 3Mory poOMTH BiANOBIHY AEKOMIIO3HUIIIK0 GOPMYII:

) U=8/T|=r*A < U, 8/T |FrtA;

Vu) U,CDVS/F |=1RL A & U,CD,S/F |=1RL A Ta U,(D/r |:1Rl 3, ATa U,S/F |=1Rl (D, A;

~U) U,~o/T’ |=1RLA < U/, T |=1RLA TaU/T |:1RLA, o,

~)U/"O.T FrtA < U,®/T |FrtA.

BiacTMBOCTI €KBiBaJIEHTHHX IIEPETBOPEHD Ta EiMiHaLlil KBAHTOPIB 1A |=&" B cemanTuii LPc
TaKi Xk, K B ceMadTHii Pc (nuB. [8, 9]).

B cemantuui 1Pc yMOBH TrapaHTOBAHOI HAsBHOCTI |=/z MOPIBHSHHO 3 Pc pOLIMPIOIOTHCS
TIOB'SI3aHUMH 3 TIPEMKaTaMu-iHtuKaTopamu ymosamu CUF ta Cp, . ToMy OTpUMY€EMO Taki yMOBH:

Crr) U/ @, T * =t A, @;

Cur) U,/ D, T =t A;

Cur) U, @ /T # =gt A, @;

C'™) U/TH* =t A, " ;

CUF) U/RIT (Ez2), T =it A,

Cy.) U,RVI(Ey)/T =," A; 3okpema, U, Ey/T [=r-A.

w,L

L

BucHoBxku

JlocikeHo HOBI KIacH MPOTPaMHO-OPIEHTOBAHUX JIOTIYHUX (hOpMalTi3MiB — YUCTI MEPIIOIO-
PSAAKOBI JIOTIKK 3 KOMITO3UIIEI0 MPEIUKATHOTO AOMOBHEHHS. OCOOMMBICTIO MMPOMIOHOBAHUX JIOTIK €
BUKOPHCTaHHS PO3LIMPEHUX PEHOMIHAIINA Ta MPEeAUKaTiB-IHANKATOPIB HASBHOCTI 3HAYCHHS IJIst
3MiHHUX. ONMCaHO KOMITO3UIIHHI anreOpu 1 MOBM TaKHX JIOTIK, JIOCHIKEHO IiX CEeMaHTHYHi
BJIacTUBOCTI. JIJI LUX JIOTIK 3alpOIIOHOBAHO 1 AOCIIIPKEHO HU3KY BiIHOLIEHb JIOTIYHOTO HACIIJKY,
30KpeMa, BiIHOIICHb JIOTIYHOTO HACTIIKY 32 YMOB HEBU3HAUCHOCTI. BimacTuBOCTI 1{uX BiHOIIEHD —
CEMaHTUYHA OCHOBA MOAAJIBIIOT MOOYIOBH AJIS IIUX JIOTIK YMCIIEHb CEKBEHLIIHHOTO THITY.

Ha 11i#f ceManTH4HIi OCHOBI B HACTYITHUX CTATTAX IUIAHYETHCS MOOYI0OBA JUTS IPOITOHOBAHUX
JIOTiK HU3KH YHCJICHb CEKBCHIIIMHOTO THITY.
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AJI'OPUTMHU I POPMAJIBHI MOAEJII OBYUCJIEHDb

O.1. Ilposomap

Anorauis. Posrisigarorecs pizHi popmanbHi Moaerni oduunciens. [lokazaHo, sk 00UHCITIOIOTHCS
¢GyHKIIT HAa OCHOBI Takmx Mojenei. PoOMThCS BHCHOBOK MHpo Te, IO O3IJIHYTI (OpMaibHI MOJEN
O0YHMCIICHP MOKHA MOJICIIOBATH B pPaMKax THUX YW IHIIMX KaTeropid i OymyBaTH aOCTpakTHY Teopiro
0OYHMCITIOBAHOCTI 1 Bi/IMOBIIHI MOBH NPOrpaMyBaHHs Ha KaTeropHil OCHOBI.

Abstract. Different formal models of calculation are considered. It is shown how functions are
calculating on base of such models. It is concluded that the considered formal models of computation can
be described within certain categories and build an abstract theory of computability and the corresponding
programming languages on categorical bases.

Keywords: category, fuzzy set, A-calculus, recursive function.

1. Beryn

Posrnsnemo mpoctuii mpukinaa. Hexail MaemMo CKiHUEHHY MHOXXHHY M HaTypajdbHUX YHCEI.
HeoOxinHo 3HalTH MiHIMANbHUN eNeMeHT 1€l MHOXHUHH. [lpumyctumMo, 1m0 B Hac €
CEpeIOBUIIIe, SKE JI03BOJISIE OMHCYBAaTH JOBUIbHI CTPYKTYpH IaHHX, 30KpeMa MHOXUHY M Ta
MOHTTS. MIHIMQJIBHOTO eneMeHTa. KpiM IbOoro, B I[bOMY CEpEeNOBHUIINI € 3acO0M OMHUCaHHSA 1
BUKOHAHHSI alNTOPUTMIB HaJ CTPYKTypamH AaHuUX. ToJi B TakOMy CEpeIOBHUII MoOxe OyTu
3HaWICHUI MiHIMaTbHUHN €IEMEHT MHOKUHU M SIK €JIeMEHT BiNOBIIHOT CTPYKTYPH JaHUX.

Hanpuknan, MHOXMHY M MOXKHA ONMCAaTH BIAHOIICHHSM IpeNnopsaky <. 3a
BIIHOIICHHSIM TPEANOpsSAKY MOoOyayBaTH KaTeropito mnpeanopsaky (M, <). MiHiManbHUA
€JIEMEHT MHOKMHH M B ITbOMY BUIIQJIKy MOXHA 3HAHTH, SIK TOYATKOBUN 00’ €KT KaTeropii.

2. PexypcuBHi pyHKuIii

[TokazaTu anropuTMIYHY OOYMCIIIOBAHICTh (PYHKIIN NIISXOM ii HaJEKHOCTI 0 KJIacy 4acTKOBO
PEKypCUBHHX (YHKIIH JOCUTH CKIAHO, OKPIM HaimpocTimux GyHKiiid. KpiM TOoro, B KOXXKHOMY
KOHKPETHOMY BHUMAJIKY 1€ TOTpeOye moOyI0BM MaTeMaTHIHOI MoAeNi (GyHKIIT y BUTIISIII TepMa
13 oOumcmoBaHuX omepariii Haj 6azoBuMu Qyskiisimu. bazoBumu dyHkmismu, sk Bimomo [1],
HA3MBaIOTHCSl HAMITPOCTIII PYHKIIIT

o(x) =0, s(x) = x+ 1 Ta pyHKIii-CENEKTOPH (X1, ... , Xy) = X, A€ n>M> 1.
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. eee +
OCHOBHHMH OOYHCITIOBAHAMH OIEpallisiMi  OyIyTh ONepaTopu cynepnosuyii S,
npumimusHnoi pexypcii R ta minimizayii M.

Takum yuHOM, (YHKIlIS aNTOPUTMIYHO OOYHCIIIOBaHA, SIKIO ICHYE OMEPAaTOPHHUM TepM,
SIKAH 11 3a1ac.

BuHuKae MiTKOM 3aKOHOMIpDHE MHTAaHHS INPO MOJKJIMBICTh BHUKOPUCTAHHS KOHKPETHHX
ANTOPUTMIB 7Sl T0BEAeHHS (PyHIaMEHTaIbHUX pe3yabTaTiB Teopii peKypcuBHUX GyHKIIH. s
bOTO TMOTPIOHO TOYHO ONMCATH OCHOBHI KOHCTPYKIi airoput™my 1 mnepedopmyntoBaTu
(koHKpeTH3yBaTH) Te3y Yopua Uit OUIBII BY3bKHMX KJIAaciB aJrOPUTMIYHO OOYMCIIOBAHMX
(byHKIIHA.

JlomoBuMocs nani 3anucyBatu anroputMu B MoBi IlceBmoPascal, sika € cmpouienum
nianexktom MoBH Pascal. Oneparopamu 1iei MoBU OyIyTh HACTYIIHI:

<igeHTH(]iKaTop> = <BUpaA3>,

if <upasz> then <omepartop> | {<omepartop>, ..., <omeparop>}

else <omepatop> | {<omeparop>, ... , <omeparop>},

while <Bupa3z> do <omepartop>| {<omeparop>, ... , <omepaTop>},

for <upasz> to <Bupasz> <omeparop>| {<oreparop>, ... , <oreparop>}.

Konkperuzyemo te3y Yopua s kinacis [IPO, PO ta YPO BianosigHo.

1. Kmac ¢yHKIiiH, mo OOYMCITIOTHCA BCIOJM BHU3HAYCHHMH ajropuTMamMu 0e3
BUKOpUCTaHHS oriepaTopa while ... do. Ilei kinac onmucyeTbCcsi HACTYITHUM YHHOM:

1) BBaxatumemo, 10 HaWmpocTimi (yHKIIT OOYUCTIOIOTHCS BCIOJUM BU3HAYCHUMH
ajnropuTMaMu 0e3 BUKOpUCTaHHs ornepaTopa while ... do, a, oTke HalexaTh 70 1BOTO KJIacy.

2) Bcei ynxkii, ki 004UCTIOI0THCS BCIOAM BU3HAYEHUMH aJrOpUTMaMu 0€3 BUKOPHUCTAHHS
oneparopa while ... do 1 mpu iX 0OYUCIEHHI BUKOPUCTOBYIOTHCA (PYHKIIII, sIKI OOUUCITIOIOTHCS
BCIOJIM BU3HAYEHUMU alTOpUTMaMu 0e3 BUKOpHCTaHHs omepatopa while ... do Tex BimHOCHMO
JI0 IIbOTO KJIacy.

Takum YHUHOM, CIIpaBCAJInBa HACTYIIHA

Te3za 1. Knac ¢yHkuiil, 10 OOYMCIIOIOTHCS BCIOJU BHU3HAUYEHUMH QJITOpUTMaMH 0Oe3
BUKOpUCTaHHA oreparopa while ... docniBnazae 3 K1acom MPUMITUBHO PEKYPCUBHUX (DYHKITIHN.

2. Knac ¢yHkmiid, mo oOYHCIIOIOTHCS BCIOAM BU3HAUEHUMH anroputMamu. Lleil kiac
OTIHMCYETHCSI HACTYITHUM YHHOM:

1) Bcei [TP® nanexats 10 IbOTO KJIACy.

2) Bci ¢dynkmii, ski 0oOYMCIIOIOTBCS BCIOJM BH3HAYCHHMH alTOpPUTMaMH 1 TpH X
OOYHUCIICHHI BUKOPHUCTOBYIOThCS ~ (YHKIIIi, SKI OOYHCIIOIOTBCS BCIOJUM  BH3HAYCHUMU
QITOPUTMAaMH TEX BITHOCHMO JI0 IIbOTO KJIaCy.

Taxknm YUHOM, CIIpaBCJIMBa HACTYyITHA

Te3a 2. Knac ¢yHKItii, m0 00YUCIIOIOTHCS BCIOIM BU3HAYCHUMH aJITOPUTMaMU CITIBIIATA€E
3 KJIaCOM PEKYPCUBHUX (YHKITIN.
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3. Knac ¢ynkmii, mo oOYUCIIOIOTHCS JOBUIBHUMHU alropuTMaMu. Llei kiac onucyernest
HACTYITHUM YHHOM:

1) Bci PO nanexarsp 10 1IbOTO KJacy.

2) Bci ¢yHkIii, ki 0OUMCHIOIOTHCS JOBUIBHUMH QITOPUTMaMH 1 mpu ix oOYHCIeHHI
BUKOPHUCTOBYIOTHCSI (DYHKIII1, SIKi OOUUCIIOIOTHCS TOBUIbHUMH aJTOPUTMaMU TE€X BIIHOCUMO JI0
I[LOTO KJIACy.

Takum YHUHOM, CIIpaBCAJINBa HACTYIIHA

Te3a 3. Knac ¢yHKIii, 110 0OOYMCTIOIOTHCS JOBUIBHUMHU alTOPUTMAaMH CIIBIANa€e 3
KJIACOM YaCTKOBO PEKYPCHUBHHX (DYHKIIIH.

[Mpuknazn. ITokaxemo, mo sxmo rpadik Gy Bcroau BU3HA4YEHOI QYyHKIIT f(X1, ... , X») €
PEKYPCHUBHO MEPENUNMOI0 MHOKHUHOIO, TO (DYHKIIS fPEKypCHBHA.

HiiicHo, rpa¢ik Gy — 1e cykynHicTb (n+1)-ok Buay:

(@), .., 10 (), 8>,

ne fi, g — [IP®. Toxi 3HaueHHst QyHKIIT f B TOBUTBHIN TOYII MOKHA OOYHCIUTH 32 JOMOMOTOIO
HACTYITHOTO allTOPUTMY:
function f(x, ... , x)
begin
i=0
while f1(i) # x1v ... Vv fu(i) # X,
doi=i+l
f=2g0)

end,

oTke, QYHKIIIS f — peKypCHBHa.

TakuM 4YMHOM, 3 OJHOTO OOKYy MU MaeMoO anredpaidHuil TepM, sIK (OpMaibHy MOJEIb
00YuCIeHb (aNrOpUTM), 3 IHILIOTO — CHHTAKCUYHY KOHCTPYKIIi0 Ha MOBi [IceBnoPascal, sxa tex
€ (opmanabHOIO MOJEIUII0 OOYHUCIEHb (AIrOPUTMOM), ajne MAyKe HaOJIMKEHOI 10 MOB
nporpamyBaHHs. ToOTO, SKIIO OOMEXHUTHCH, HANpHUKIaJ, MHOXXHMHOIO HATypalbHUX 4YHCEN 1
BBECTH HANMPOCTIII JIOTTYHI Ta apupMeTHUHI omeparllii, 0OYMCIIOBaIbHI B paMKaX KJIACHYHOT
00YHCITIOBAIBHOT MAapaJurMu, TO MOXXHA TOBOPUTH IPO MOOYAOBY Teopii 0OYMCIIOBAIBHOCTI B
paMKax TOTO 4Yd iHIIOTO (opmalizmMy. 3a3HaYMMO TAaKOXK, IO 3rafaHi Buile (GopMaibHi MOJIETI
3a/1al0Th YaCTKOBO peKypcuBHI (QyHKIii abo, Ha migcraBi Te3w Yopua, aJIrOpUTMIUHO
o0uHCIIOBANIbHI (PYHKITIT.

3. A-uncJIeHHS

Psin ciimbHEX pHIC 3 MOBaMHM MPOTpaMyBaHHs Ta iX peaizaiiero Mae A-uucieHHs [2]. OCHOBHUM
00’€KTOM BHBUYEHHSI A-YHCJICHHS € MHOXKUHA A-TepMiB. LI MHOXKMHA BH3HAYAETHCS HACTYITHUM
YUHOM.

CumBOJIH A-4UCTICHHS.

1. Maui naTuHCBKI OYKBH 3 1HIEKcaMu a0o 0e3 HHX:

x’yazaxlﬂylazla
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2. CucBoun abcTpakTopa — A.
3. Tlapa cumBOIIB, SIKi HA3UBAIOTHCS Ty)KKAMHU.

Busnauanns A-tepma.

1. Kosxna 3MiHHa € A-TE€pMOM.
2. Sxmo M i N — A-tepmu, 10 (MN) — A-TepM.
3. Sxmo M — A-tepM i x — 3MiHHA, TO (Ax.M) — A-TepM.

Sk nerxo 6aunuTH, HACTYIHI BUpa3u OynyTh A-TepMaMu: xx, Ax.xx, Axy.yx. OCTaHHIHi 3 HUX
— e ckopoueHuit 3amuc A-tepma Ax.(Ay.(yx)). TooTo, My*)KH a0 CUMBOII A, SKi TOBTOPIOIOTHCS
B A-TepMax, sIK IPABUJIO HE MHUIITYThCS.

[IpaBuna BUBeaEHHS

Hac 1ikaBuUTh 0OYNCITIOBAIGHUN aCTIEKT A-YHCIICHHSI, IKUH BBOJUTHLCS 4Yepe3 TMOHSITTS A-
BH3HAYYBAHOCTI Ta MOHATTS -KOHBEPCIi Ta f-peaykiii. 3okpema:

1. o-xouBepcis. Sxmo yeFV(N), To Ax.M=A.y[y/x|M, ne FV(N) — MHOXWHa BCUX BUIbHUX
3MIHHUX Tepma N; [y/x]M — onepaTop miaCTaHOBKH 3MIHHOT y3aMIiCTh 3MIHHO1T XB T€PM
M (B 3arasibHOMY BUTIAJKY [/N/x]M — onepaTop miCTaHOBKH BUpasy NN 3aMicTh 3MIHHOT
X B BUpa3 M); CHMBOJI = 03Ha4Ya€ MOBHE CITIBIAIIHHS CHHTAKCUYHUX 00’ €KTIB.

2. pP-penykuis. Tepm Buny (Ax.M)N HazuBawTh f-penekcoM. fxmio [-penekc tepma P
3aMIHIOETBCA TepMOM [N/x|M, TO TOBOpSIThH, IO BiAOYBa€Ths 3BEPTAHHSA IHOTO
BX0 pKeHHs. CKiIHUeHHY a00 HECKIHUYEHHY IOCIIIOBHICTh 3BEpTaHb 1 3aMiH 3B’SI3aHUX
3MIHHUX Ha3UBaIOTh [-pelyKIli€ro. SIKIIo Taka MOCIiJOBHICTh CKIHYEHHA 1 IEPEBOAUTD

P B O, TO TOBOPATH, 110 TEPM P-penykyeTbes B TepM O 1 nuiiyts P> 0.
[Tpuknaa(S-peaykuii).

. (Ax((Axy)u) (Av.y) > g Ay (Av.v)y)us> (Av.v)ur> gu;
2. (Axxx) (Ax.xx) >p (Ax.xx) (Ax.xx) >g... .

B npyromy npuknazi peaykiiisi HECKIHYeHHa, X04 TEPM MPH IbOMY HE 3MIHIOETHCS.

JUiss BU3HAuUEHHS TOHATTS A-BU3HA4yBaHOCTI (QyHKLIH, Aeska mociigosHicts 0, 1', ...,
n'TepMiB, SKi HE MICTATh [-pelleKCiB, OTOTOXKHIOETHCS 3 HATYPaJbHUMH YHCIAMHU. 30KpeMma,
JIOCUTH BiTOMOIO € HyMepanis Yopya, Koy

0'=Axy.y, I'=Axy.xy, ..., n'=lxp.x"y.

Jlaii roBopsite, mo GyHKIisL f# N*—>Ne A-BU3HAYYBAHOI, SIKIIO iCHYe TepM F Takuil, mo st
BCHX 7], ..., €N Ma€ MiCIle peIyKIlis
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Fny..ng > g f(ny,..., ng).

Tak, HanpuKkIaa, MOKHA MMOKa3aTH, 10 (YHKIIS cligyBaHHS € A-BU3HadyBaHow. [lificHO, BoHa
A-Bu3HavaeTbess TepMoM  Auxy.x(uxy). lle MOXHa Jerko JOBECTH METOJIOM MaTeMaTHYHOT
iaykuii. Penykiis ans kpoky n = 0" BUTIISAIA€E SIK

Auxy.x(uxy) Axy.y= (Au(Ax(Ay. x(uxy) Axy.y> g
Ax(Ay. x((Axy.y)xy)) =Ax(Ay. x((Axy.y)x)y)) =
Ax(Ay. x((A(Ay.y))xy)) B pAx( Ay xy) =Axy.xy.

TakuMm 4UHOM,
FO'=Auxy.x(uxy) Axyy>p 1.

AHANOTIYHO BM3HAYAIOTHCS IHINI apudMeTndHi QyHKIIi i OyayrOThCS BIANOBIIHI JOBEICHHS.
3a3HaunMo, 1o IS A-BU3HAUyaHUX (YHKIIA Mae MiCIie TBEPIKCHHS, BIIOME K

Teopema (Kuimi). Hexait //N*—>N. Toxi f — A-Bu3HadyBaHa TOAi i TiTbKM TOI, KoMK f —
PEKypCHBHA.

Sk OGauumo, ans A-4yMCIEeHHS BHU3HAYeHAa MHOXKMHA HATypajJbHUX 4YHUCEN 1 MHOXHHA
PYKYpCUBHHUX (YHKIIIH, @ OT)KE €JIeMEHTAPHUX apu(PMETHIHUX OTIEpaIliid TaKUX, K, HATPUKJIIA],
JIOJaBaHHS 1 MHOKEHHS. ANTOPUTMH OOYHMCIICHHS TOBUIBHUX PEKYpCHUBHHUX (DYHKIIIF HA OCHOBI
A-9UCIIEHHSI MOXHA ONHMCATH CHHTAKCUYHUMHU KOHCTPYKIIISIMH, AHAJIOTIYHUMHU TPUBEIACHOMY
HIDKYE QITOPUTMY OOUYUCICHHS (DYHKITIS CITITyBaHHS.

function s(n)
begin
m' = Auxy.x(uxy)n'
s=m
end,

ne m' — A-TepM, B SIKUHM peayKyeThest TepM Auxy.x(uxy)n'.
4. HeuiTki Mmopgeni

B OGinapHiii norimi, SIK BiIOMO, ICTUHHICTb TBEP/UKCHHS (BHUCJIOBJIIOBaHHS) BUBOJIUTHCS HA
MiZICTaBl ICTHHHOCTI CKJIaJIOBUX TBEPKCHb (BHCIIOBIIIOBaHb). [101i0HE BUBEICHHS 33aJIa€ThCS Y
BUTJISI/II CXEMU: HaJl TOPU30HTAIHLHOK PUCKOKO 3aIMMCYIOTHCS BCI CKIIAJIOBI TBEPKCHHS, a i —
came TBEPJKCHHSL.

Hanpukian, npaBuiio modus ponens BU3HAYAETHCS HACTYITHOIO CXEMOTO:

YmoBa A
Imrutikaris A—>B
BucHoBok B
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B wewitkii norimi [3] BUKOPHUCTOBYEThCS y3arajbHeHE (HEUITKE) MPaBUIIO BHUBEICHHS
modus ponens BU3HAYa€ThCS HACTYITHOIO CXEMOIO BUBEICHHS:

YMoBa xnue A’
IMrutikaris KO X 1€ A,
TO y ue B
BucHoBok yue B’

ne A, A'/cX i B, B'cX — He4iTKi MHOXUWHHU, X, Y — TaK 3BaHIi JiHe@iCMuy4Hi 3MiHHI, SHAUCHHSIMHU
SKUX € HEUITKI BUCTIOBIIOBAHHS Ha MPHUPOIHINA MOBi1. BUCHOBOK HEUITKOTO MpaBUIIa BITHOCUTHCS
JI0 JIeSIKOI HEYITKOT MHOXXKHMHH B’', sika BH3HAYA€ThCSA KOMIIO3MIIIEIO0 HEUITKOI MHOXUHH A’ 1
HediTKo1 IMInTiKamii A—>B, TO0TO

B' = A (A—>B).

Heuitka immiikaniss A—B piBHO3HAYHA JIETKOMY HEYITKOMY BigHOmeHHI0O RCXXY 3 QyHKIi€0
HAJIEKHOCTI Lig(x,y). ToMy QyHKITiFO HAJICKHOCTI HEUITKOT MHOKUHU B’ MOXKHA MTOJIATH Y BUTIISTI

T

Up(y)= SU)I;{ﬂA' (xX)* pr 4,5 (x, ¥)}

pUIOMY LL4—5(X,Y)=Lr(X,y). 30KpeMa, KO0 7-HOpMa Mae THUIl Min, OCTaHHs (Gopmyna npuitmae
BUTJISIT

up(y) = su)r;{nﬁn[ﬂAv(X), Uy (X, )]}

st BU3HAYeHHsI HEUITKO1 IMILTIKAIlil HaifuacTilie BUKOPUCTOBYEThCS MpaBmiio Mamjadi,
SIKE 3a1a€ThCA SIK

Mg (X, y) =min((x), s15(¥)}.
ApudmeTrka HEUITKHX YUCell

B Teopii HEUWITKHX CHCTEM BHIUISFOTHCS HEUITKI MHOKHMHH, SIKIi BU3HAYAIOTHCS Ha OCI
TIMCHUX YKCeN 1 € HOPMAJIbHUMHU, BUIYKJIMMH, a TAKOK MAlOTh HEMIEPEpBHI (DYHKIII1 HAJIEKHOCTI.
Taxi HeUiTKi MHOKMHU HA3UBAETHCS HEUiMKUMU YUCTAMU.

OcHoBHI apudMeTH4HI omepallii — cyma, pi3HHIIS, MHOKCHHSI 1 JUICHHS JBOX HEUITKHUX
yucen A, AoCR 3a1a0TbCs 32 TOIIOMOIOX0 NPUHLMIY po3mupeHHs. Hampukian, cyma aBox
HeuiTkuX yncen 4, 1 A»(mo3Havaerbest A DA, = B) 00UUCITIOETHCS K

pp(y)= sup min{zy (x)), 1y, (X))}
y:);l;:%xz

HatypanbHi uyucna B 1[bOMY BHIIQJKy MOKYTh OTOTOXXHIOBATHUCH 3 HEUITKUMH TPUKYTHUMU
YHCIIaMU.
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ANTOopuTM OOYHMCIICHHS NOBUTHHUX (YHKIIIN HaJ MHOXHOK HATYPAJIbHHX YHUCENT MOXKE
OyTH OTIMCAaHWN HACTYIMHOK CUHTAKCUYHOIO KOHCTPYKIIIEIO:

function s(x, y)
begin
ifx is (a1, x, by) and y is (az, y , b2) then
s'is (a1+az, xt+y, bi+by)
s =xty
end,

ne (a1, x, by) ta (az, y, by) — HEUITKI TPUKYTHI YKCIA, SKi MOJCIIOIOTh HATYpallbHI YUCIlia X Ta )
BIJIIOBIIHO.

5. Kareropii

Kareropis £ [4] cknamaeTnes i3:

1. Cykymrocti 06’ektiB Ob = {a, b, c, ...};

2. CykynHocti MopdidmiB Mor = {f, g, h, ...};

3. Bcroau BusHaveHoro BigoOpaxeHHs F: Mor—0ObxOb;

4. YactkoBoro Binoopaxkenns K: MorxMor—Mor.
Ile BimoOpakeHHsI BU3HAUYeHE Ha mapax f 1 g MmopdizmiB Takux, mo F(f) = (a,b), F(g) = (b,c) 1
F(K(f,g)) = (a,c), mpuuomy, skuo F(f) = (a,b), F(g) = (b,c), F(h) = (c,d), o K(K(f,2),h) =
K(f,K(g,h)) (3aKOH acoIiaTUBHOCTI);

5. Jlnsa xoxHOTO 00’€kTa beOb icnye mopdizm 1, (F(15) = (b,b)) Takmii, mo a1 Oyab-
akux MophizmiB f, g Takux, mo F(f) = (a,b), F(g) = (b,c), K(1, g) = g, K(f, 1») =1.

BusnaueHHs ICTHHOCHUX 3HAYEHb frue 1 false

Hexaii J — xareropis 3 kiHueBuM o0’ektom 1. Knacudikaropom migo0’ektiB s J
Ha3UBAETbCs J-00’€kT QQ pa3oM 3 J-MopdizMoM frue:1—C) Takuil, 10 BUKOHYETHCS HACTYIHA
akcioma:

Q-akcioma. /{51 Oyap-sikoro MoHOMOPGI3MY f:a—>d iCHYe OJUMH 1 TUIBKU OAMH (€TUHMIA)

J-mopdizm yy: d—€, nns gxoro aiarpama

a d

! X
v [Tue

1 ]

€ IEKapTOBUM KBaJ[PATOM.
JlexapToBO 3aMKHYTa KaTeropis 3 KIacu(ikaropoM Mio0’ €KTIB HAa3UBAETHCS TOITOCOM.
B noBinmeHOMY TOMOCI MOPdi3M false:1—>C) BU3HAYAETHCS K €AMHUIA MOP]I3M, JIJIS SIKOTO
KBaJIpat
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0
0= 1

l o l Jalse

|l 0

JIEKapTOBUM.
Jloriuni pyHKIii B TOMOCI

Buxonsun 3 Toro, mo o061acTh 3Hau€Hb OyIb-IKO1 KIACHYHOI JOTiyHOT (yHKIII — 1Ie
nBoxeneMeHTHa MHOXHUHa 2 = {0,1}, TaKky QyHKIIIO MOXKHA PO3IJILAATH, SIK XapaKTEPUCTUUHY
GyHKIiIO nedakol MiAMHOXKWHU 11 oOnacti BH3HAYeHHsA. AO0O, IHIIMMH CJIOBaMH, SIK
XapakTepucTUyHy (¢yHKLiI0 o0pa3dy paeskoro MoHoMop¢izmy. Came 1e J03BOJISIE€ OaTH
BU3HAYEHHS JIOTTYHUX (DYHKIIIH 32 TOTIOMOTOIO Jiarpam B IOBUIbHOMY TOMOCI.

Hanpuknan, QyHkiis koH 10HKIIT A:Q2xQ—() BU3HAYA€THCS IEKapTOBUM KBaIpaTOM

<frue frue=
1 =)

frue M
|l———*0)

TOOTO € XapakTepoM J00yTKy MopdizmiB <true, true>: 1—->Q.

[a1m1 noriyHi GyHKIIT v, — Ta = BU3HAYAIOTHCS aHAJOTIYHO BIAMOBIIHUMH JIEKAPTOBUMHU
KBaJIpaTaMH.

CnpasennuBa

Teopema. Mopdizmu v, —, =, A BeayTh ceOe 3riJHO HACTYITHUX TaOIUIlh:

— true false A true false = true false v true false
false true true true false true  true false true true true
false false false false true true false true false

HarypanbHo-uncinoBuit 06’ €kT

NNO. HarypanbHo-uucinoBuii 00’ekT — 1e o0’ekr N pazoM 3 mapoio Mopdi3MiB
o s X S
1— N — N Takux, mo s 0yab-akoro odexta a i MopdpismiB 1—>a — a icHye equHuil Mophizm

h: N—a ni1st IKoro giarpama
N__ N
G/l l
a —p a

KOMYTYE.

Takum uyumHOM, HaTypajgbHe 4Yucio — Iie¢ MopdisM n:1—>N B TOomocax 3 HaTypajlbHO-
YUCIIOBUM 00’ €KTOM.

B Tomoci 3 NNO wmoxHa BHW3HauaTH apuMETHYHI ormepallii. 30Kpema, oreparis
JIOJIaBaHHSI BU3HAYAETHCS SIK €TUHUN MOP(I3M, ISl SIKOTO Jliarpama
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KOMYTYE.
OO6uncnenHsa cymu m + 0 HaTypaJIbHUX YHUCEIN 3BOAUTHCS 10 OOUUCIICHHS KOMIO3MIIIN

mo<ly, O> @ = mo1ly=m.
A, Hanpukiaa, o0uucieHHs m + 1 — 10 0OUMCICHHS] KOMITO3HUITIi
mo<ly, Onos> @ =m<ly, On> o Iyxs - @=m o<lpy, O> @ o5 =m os.

Anroputmu oOuncieHHss apupmeTnuHoi QyHKUii s(m) = m+1 Ha OCHOBI KaTeropHOTO
MiIX0Ty MOKHA ONTMCATH CHHTAaKCUYHUMHU KOHCTPYKIISIMUA BHILY:

function s(m)
begin
s=mo<ly, Oyos> @
end,

ne moOpes = 0 os. OcTaHHST KOMITO3HIIIS BIAMOBIIA€ OUHUII B KATETOPHIN IHTEpIIpETAIlii.

[lepeBarn OCTaHHBOTO MIAXOMYy 1O TOOYIOBH (OpMATBLHUX MOJIENECH aIrOPUTMIB
MOJIATAIOTh B TOMY, IO ITiJl HATYPaJIbHO-YHUCIIOBUM 00 €KTOM MOYKHa PO3yMITH BCE III0 3aBrOJIHO,
MMOYMHAOYH BiJl KJIACHYHUX MOJCIICH B KaTeropii Sef 1 KiHUar0un KaTEropi€ero T0BEIeHb, 00’ €KTH
akoi — dopmynu, a MopdPi3MU — GopManbHI BUBEACHHS OTHUX (GOpMyd 13 IHIIUX B AEAKii
CHCTEMI JISAYKTUBHOTO BHBE/ICHHSI.

6. BucnoBku

[To TunoBoMy A-4HMCIeHHIO J MOXKHA OOYyyBaTH AEKapTOBO 3aMKHYTY KaTteropito C(J). Icnye
KaTeropiss HE4iTKUX MHOXHUH. IcHye kateropis HeuTkuX (yHKIiH. IcHye Kareropis 4acTKOBO
pekypcuBHUX QyHKLIH. OTKe, PO3IIISIHYTI MOl 00YMCICHh MOXKHA PO3IJISIaTH B paMKaX THUX
YM {HIIUX KaTeropii i OyqyBaTH aOCTpakTHY TEOpil0 OOYUCIIOBAHOCTI 1 BiINOBIIHI MOBHU
nporpamMyBaHHs Ha KaTeropHii ocHoBi. Po3poOka mou Haskell € mepmmm kpokoMm B LbOMY
HaIpsIMKY.
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BCTYVYIIL

B 3amauax cnenudikarii, Bepudikaiiii 1 CHHTE3y peaKTUBHUX CUCTEM CYTTEBE 3HAUEHHSI MalOTh
JIOTIYHI MOBHM, TOOTO MOBH, B OCHOBI SIKMX J€XaTb pi3HI (parMeHTH JOTIK OJHOMICHUX
npeaukatiB. lle Taki JOTikM K MOHAIWYHI JIOTIKH JAPYroro MOpsSAKy, TOOTO JIOTIKH JIPYroro
MOPSAAKY 3 OJHOMICHHUMH TMpEAUKAaTaMHU, TUTIOBUM TpencTaBHUKOM skux € SIS [1] (MoHamnyHa
JIOTiKa JPYroro TOPSAIKY 3 OJHUM HACTYITHHKOM); W-YUCJICHHS [2], 1m0 0a3yroThcs Ha
BUKOPHUCTAHHI ONEpaToOpiB HAMMEHIIOI Ta HAHOUIBIIIOT HEPYXOMOT TOUKH; TEMIOPaIbHI JIOTIKA 3
niniiauM vacom (LTL) 1 posramyxernum wacom (CTL, CTL*) [3], 1, HapemTi, pi3H1 JOTIKH
MEePIIOTOo MOPSIKY, Cepell AKX HarOuTb monyssipHa jgorika MFO[<] [4], ToOTO J0TiKa MEepIoro
MOPSJIKY 3 OJTHOMICHUMH TPEIUKaTaMu, sKa IHTEPIPETYEThCS HA JNIHIKHUX CTPYKTypax, IHITUMHU
CJIOBaMHU, MOHA/IMYHA TEOPIs MEPIIOro MOPSAKY JIHIHHO YHOPSIKOBAHUX MHOXKHUH. Y Ci i JOTIKH
— 11€ PO3B’sI3H1 JIOTIKH, SKi MAlOTh Pi3HI BUPA3HI MOXKIUBOCTI (TOOTO KJjacu BIACTHBOCTEH, SIKi
BOHM OTMCYIOTH) 1, BIANOBIAHO, PI3HY YacOBY CKJIAQJHICTh PO3B’SI3HOI MPOLEAYpPH, 30KpeMa,
HpoIeTypH NEePEeBIPKU BUKOHYBAHOCTI (POPMYIIM HA MOJENI.

Jlis po3B’si3aHHA 3a/1a4 CUHTE3Y B [5, 6] Oynu 3ampornoHoBaHi HAITO OOMexeHi hparMeHTH
gorikn MFO[<], sxi 103BOJWIM OTPUMATH JOCTaTHHO €(EKTHUBHI anroputmu. B miii crarti
posrisgaroThest nBa (parmentu joriku MFO[<], siki CyTT€BO pPO3MIUPHIN MOMKIHMBOCTI MOB
cnenuikamii mpakTU4HO O€3 YCKIaJHEHHs mpoluenypu cuHredy. OauH 3 11X (parmMeHTiB
(morika LP) mae MOXIMBICTH XapaKTepu3yBaTH NOTOYHY IOBEHIHKY CHUCTEMH, BHUXOJSYU 13
MOBEJIHKK y MHHYJIOMY, a Apyruii (jorika LF) — BpaxoByrounm mNoTpiOHY IOBEIIHKY B
MaiOyTHROMY. BH3HaUaeThCs aBTOMAaTHA CEMAHTHKA ITUX JIOTIK, 1 JOCHIIKYIOThCS BJIACTUBOCTI
ABTOMATIB, SIKi BOHH CIelU}iKytoTh. OCKUIBKH B CTaTTi HE PO3MIAJAIOTHCS MUTAHHS B3AEMOIi
aBTOMara 3 MOro OTOYECHHSM, PO3TISIAETHCS aBTOMAaTHA MOJENb 0e3 BUXOIB, BXIAHHUHN aidaBiT
SKOi BiOmOBigae MOOYTKY BXITHOTO 1 BHXimHOTO andasiTiB Tpancx'tocepa. [Ipu BuU3HAUeHHI
ABTOMATHOi CEMaHTHKH JIOTTYHOI MOBHM BOHA, TaK CaMO SK 1 aBTOMAT, PO3TISIAETHCA SK
dbopmanizm I 3aBAaHHS MHOXHH HECKIHYEHHUX ciiB (HancmiB). HeoOximaH1 BIZOMOCTI 11010
MHOHWH HECKIHYEHHUX CJIIB ((®-MOB) HaBEICHO y HACTYITHOMY PO3/ILTI.
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HECKIHYEHHI CJIOBA I ABTOMATH

Hexali ¥ — ckinuennnmii andasir, Z — wMHOxMHa uimmx uucen, N' ={zeZ|z >0},
N~ ={zeZ|z<0}. Binobpaxxkennsa r MHoxkunu {1, ..., n} (n>0) B £ Ha3UBA€EThCS CIIOBOM
JOBXXUHU 7 B andaBiTi X i MO3HAYAEThCA G[C,...0G,, A¢ G; =r(i) mia ycix 1<i<n. CiaoBo
noxuHU 0 (MOpPOKHE CJIOBO) TMO3HA4YaeThcs €. BimoOpakeHHs u:Z —> Y Ha3HUBa€ThCA
JBOOIYHMM HAJCIOBOM (Z-ci0BOM) B anaBITi X 1 MO3HAYAETBCH +..0_»0_|G30(0e., 1€
c; =u(i), ieZ. Binobpaxenns [N —>3%X i g:N~ —I Ha3HBAIOTECA BiANOBIIHO
HAJICIIOBOM  (TIO3HAYAEThCS  G(G, -+, nAe ©; =1({), i€N') 1 3BOPOTHUM HajICIOBOM
(mo3HavaeTbesl ‘+-G_,G_ G, Ae ©; =g(i) mia ie N~ ). MHoxuHa ycix ciiB B andasiri X,

BKITIOYAIOUH [OPOKHE CIIOBO, O3HAYAETECS ¥, MHOKMHA YCiX HajacHiB — X, a MHOXKHHA ycix
3BOPOTHHX HAACHIB — X . MHOKHHY yCiX ABOGIYHIX HAACTIB B andasiri £ mosnaunmo L. Ha
MHEOKHHI X UX ®UX® BU3HAUMMO 3BHYAHMM UYMHOM (YaCTKOBY) ONEPAIil0 KOHKATEHALIil
«», SIKy HOIIMPUMO TAaKOX Ha MHOXHHHU CIiB 1 HajchiB. Hexait L, < z*, L, c *UX®, Toni
Li-L,={r-l|lrel,leL,}.

3BOPOTHE HAJICTIOBO g HA3WBAETHCA MpedikcoM Z-ClIoBa U, a HAJACIOBO [ — HOTO CydiKcoM,
Ko g -/ =u. CiaoBo r Ha3uBaeThes pedikcoM HAJICIOBA /, SIKIIO ICHYE Take HaJCIOBO /|, 0

[=r-1.

Muoxuny X® 6yneMo po3rIsaaTH SK TOMOJOTIYHMH MPOCTIp 3 TaK 3BAHOIO IPHPOJTHOIO
Tomosnoriero [7]. BixkpuTuMu MHOKMHAMH B 11ili Toromnorii € yci MHoxunu Burnsagy K -, e
K < ¥*. JlomoBHeHHS BiIKpHTOi MHOXHHM B X° Ha3HBA€THCA 3AMKHYTOI0 MHOXHHOIO.

3aMKHyTa MHOKMHA XapaKTePU3Y€EThCS HACTYITHUM TBEPKEHHSM [7].

TBepaxennsi 1. MHOXXMHA L 3aMKHYTa TOAI i TUTBKU TOJi, KOJHM KOYKHE HAJCIOBO, SKE HE
HAJIEXKUTh L, Mae cKiHdeHHUI npedike, kil He € npedikcoM HITKOTo HajcioBa 3 L.

IHmuMu cnoBamu, Oyzb SKe HAJICIIOBO, KOXKHHMH Mpedikc sIKoro € mpedikc Hajacuosa 3 L,
HaJICXKUTh L.

Hexaii R . HaliMeHIIa 3aMKHyTa MHOYKHHA, 1[0 BKJIIOYac R, HA3UBAECTHCA 3aMUKAHHAM
R imo3HavaeThcs R .

Jlist onrcy MHOKWH HAJICIIB PI3HOTO TUIY OyJIeMO BHKOPUCTOBYBATH PETYISPHI BUPA3U.
CriouaTKy BH3HAUMMO HaJ MHOXKMHAMH CIIIB OIepallii CKiH4eHHOI irepamii «*» 1 HeCKiH4eHHOT
iTepartii.

v * . .
Hexaii R c X", onepamis Itepamii Hal R BH3HA4YA€TbCS HACTYIIHUM  YHHOM:
* . .
R ={nry...r,|n=0,r, € R}, 3a3Ha4umo, mo »n =0 BiANOBiIa€ MOPOKHBOMY CIIOBY.

Heckinuenna itepairisi B 3aJ€XKHOCTI BIJ] THUIY pe3yabTaTy Mae Tpu Moaudikaiii: s

. . _ . X 7
HaJICITiB — «“», JUIA 3BOPOTHUX HAJCIIB — « *» 1 1yist Z-CtiB — «“».

R® = {roriry... | mnaycixi>0r; € R\ g};

R®={...nrro|maycixi>0r € R\e};
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VA .
R™={...mrronr... | anaycixi € Z r; € R\ g}.
PerynspHi Bupa3u i OMUCY MHOXHWH HAJCHIB, 3BOPOTHUX HAACHIB 1 Z-CIIB — II€
. . . . . — . . - VA
CKIHUEHHI1 00’€THaHHSI BiJIMOBITHO BUPA3iB BUTIISAY UR®, R™®U i ana Z-cnis R, wURS’ abo R,
ne R, Ry, R, i U — Bupasu, 1o nodyaoBaHi 3 CUMBOJIB aindaBiTy X 3a JOINOMOTOI0 Omepalliit
00’enHaHHs, KOHKaTeHalii (CMMBOJ KOHKaTeHallli OyleMO YacTo OMYyCKaTH) 1 CKIHYEHHOT
iTepartii.
Posrnsinemo Temnep aBTOMaTHY MOJIENb, III0 BUKOPUCTOBYETHCS JIIsl BU3HAYCHHS aBTOMATHOT

CEMaHTUKH JIOTIYHUX MOB B 3ala4ax CHHTC3Yy PCAKTUBHHUX CHCTCM. I[JBI LILOTO 3a3BHYail
BUKOPUCTOBYIOTHCA aBTOMATH HAJ| HECKIHYCHHUMH CIIOBAMHU.

Bu3navenns 1. Ckinuennuii Heininianpbauii X/Y-aBromat 4 — e uetBipka (X, Y, O, ),
ne X, Y, QO — CkiHYeHH1 MHOXMHH BIIMOBIIHO BXIJTHIUX CUMBOJIIB, BUXITHHX CUMBOJIB 1 CTaHIB, a
X4 OxXxY —> 2¢ — (ynkuis nepexosis aBToMara.
X/Y-aBTOMAaT A HA3WBAETHLCS KBA31IETEPMIHOBAHNM, SIKIIO I Oy/b siIkux g € O, x € X, y €
Y | x4(g,x,y)|<1. KBasinerepminoBani X/Y-aBTomMaT# 3py4HO PO3IJISAATH SIK JETEPMIHOBaHI
YaCTKOBI aBTOMATH 0€3 BUXOTY, 3 BXiTHUM ajidaBitom X = X x Y . Takuit aBTomat 4 = (X, O, d4),
ne 0, : OxX — (O — JacTkoBa QyHKIisI, Oy/IleMO HAa3UBATH X-aBTOMATOM.

bynemo BBaxaTH, 10 CHUMBOJM ai(aBiTy X — 1€ ABIMKOBI BEKTOPU JOBXKUHHU 71, 110
BIJTNOBIIa€ KOJYBAaHHIO aOCTPaKTHUX CHMBOJIIB HAa0OpaMy 3HA4YeHb JBIMKOBUX 3MIHHUX 13

MHOXKUHU Q= {X{,...,X,,} . LluM 3MIHHUM BiQOBIIAIOTH NpPEIMKATHI CHMBOJM Y JIOTIYHHX
crienuikaIisix aBTOMariB.

Busznauenns 2. X-atomat 4 = (X, O, 04) Ha3UBAETHCA IUKIIYHUM, SKIIO JJISI KOKHOTO
q € Q icHyOTb Taki 61,65 €X i ¢1,q, €0, mo ¢q; =06 ,4(¢,01) i ¢=0,(q2,65).

B noganemomy min X-aBToMatoMm OyneMo pO3yMITH IUKIIUYHUN X-aBToMAaT. Takuii aBToMaT
MO>KHA OJIHO3HAYHO OXapaKTepU3yBaTH B TEPMIHAX MPUITYCTUMUX HAJCITIB.

Busnauenns: 3. Hancnoso / =GG,... B andasiri £ NpUIycTUMO B CTaHi ¢ aBToMmara A,
SKIO ICHYE Take HaJACIOBO CTaHIB ¢yq,q,..., A€ qo = ¢, WO ans koxHoro i = 0, 1, 2, ...
9is1 =08 4(4;,0:41) -

Hancnoso / mpurmyctuMo Ui aBToMata A, SIKIIO BOHO MPHUITYCTUMO X04a Obl B OJIHOMY 3
fioro craHiB. MHOXHMHY yCiX HaJCHTIB, SIKi IPUITYyCTUMI JUist aBTomMara 4, mo3nadumo W(A).

BusnaueHnns 4. 3BOPOTHE HAJCIOBO ...G_p,G_;G( B an(aBiTi X NpeACTaBICHE CTAHOM ¢
2-aBTOMaTa A, AKIIO iICHY€ Take 3BOPOTHE HAJCIIOBO CTaHIB ...q_»q_1qo, A€ o =q , WO Ui
KOXHOTO i =—1,-2,-3,... BHKOHYETHCS O 4(q;,0,41) =iy -

TakuM 4MHOM, C KO)KHAM CTaHOM ¢ LUKJIIYHOTO X-aBTOMAaTa aCOLIIOIOTHCS JBI MHOKUHH
HAJCIIB: MHOXMHa W(g) ycix HajciiB, L0 NPUIYCTHMI B CTaHl ¢, 1 MHOXHHa P(q) ycix
3BOPOTHHX HAJICITIB, IO MPEICTABICHI CTAHOM (.

Busnauenns 5. Hexaif MmHOxuHa O craHiB X-aBTomMara A JIOpPIBHIOE {q,'*,q,}. Poouny
MHOXMH HanchaiB S(A)=W,....W,), ne W;=W(q;) (i=1,...,n) Ha3BeMO MNOBEIIHKOIO
aBTomara 4.
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JIOI'IKHA ITEPIIOI'O IMOPAAKY

MonauyHi JOTIKU MEPIIOro MOPSAKY BUKOPUCTOBYIOTHCS JUISl 3aBIAaHHS ®-MOB, IO JI03BOJISE
BCTAHOBHUTH TICHUM 3B’SI30K MDK JIOTIKAMH 1 aBToMaramu. /[0 HalOLIbI BUBYCHUX TaKHX JIOTIK
HaNeKuTh Jorika F1S (MoHaanyHa jorika nepuoro NopsaKy 3 OJHUM HACTYITHUKOM), Ta JIOTIKa
MFO[<], curnarypa sikoi MICTUTh JBOMICHUI NMpeIUKAaTHUI CUMBOJI <, IO IHTEPHPETYEThCA K
JTHIAHUHN TOPSIOK HAa HAaTypanbHUX yuciax. Hwkde Oyne posrisHyra came taka Jiorika (MFO).

Andasit 11i€1 TOTIKH CKJIAJAETHCS 13 CHMBOJIIB TaKUX THUITIB:

1) MHOXMHA 3MIHHUX V = {1, 1], 1,,...};

2) MHO>KMHA OJTHOMICHUX TIPeIUKAaTHUX cuMioniB Q = {Py, P, ..., Py}, m € N';
3) ABOMICHI IpeUKaTHI CUMBOJIU =1 < ;

4) ynapuuit pynkiionansauii cumon SUC;

5) noriuHi 3B’S3KH;

6) kBaHTOpH J Ta V;

7) DyXKH.

KpiM TOrO, MOAAaTKOBO BH3HAYAIOTHCS BITHOIIEHHS ! <f,, #; =,, @ TaKOX BBOIUTHCS
ckopouernast SUC(¢z) =t+1, SUC(SUC(¢))=¢t+2 1 1.n. Takum YHHOM, TEPMHU MAIOTh BHUTJIS]
(t; +k), ne t; €V, k € N. Aromaphi popmymu MoxyTs Oyt 1BoX THIIIB: F(T) abo TpT,, 1e P;
€ Q, pe{=<>52}, a 1,7,T, — Tepmu. Qopmynu OyayroThes 3 aroMapHUX (Gopmyn 3a
JIOTIOMOTOI0 JIOTTYHUX 3B’SI30K, KBAaHTOPIB, SKI 3aCTOCOBYIOTHCS JO MPEAMETHUX 3MIHHHX, 1,
MOXJIMBO, JyXOK. [To3nauenHst @(t,...,¢,,) BUKOPHUCTOBYEThCS JUIS BKa3yBaHHS TOTO, IO BCi

BUIBbHI 3MIHHI1 Y ()OPMYJI1 MICTATBECS Cepen fi,...,t, . PDopMyia, sika HE MICTUTh BUIBHUX 3MIHHHUX,

Ha3WBAETHCS 3aMKHYTOIO a00 peueHHsM. DopMylH IHTEPHPETYIOTHCS HA MHOXKHHI HaTypadbHUX
yucenn N.

MHuoxuHa HazachiB B andariti X (®-MOBa), IO 337a€ThCS PEUCHHSIM (O, BU3HAYAETHCS
HACTYITHUM YUHOM. MK OJTHOMICHUMH MPEIUKaTHUMU CUMBOJAMH B GOpPMYIi ¢ Ta ABIMKOBUMU
3MIHHUMH X[, X2, ..., X, HQOOPH 3HAUEHb SKUX KOIYIOTh CUMBOJIU aJ(aBiTy X, BCTAHOBIIIOETHCS

B3a€EMHO OJJHO3HAYHA Binnosinuicts. Hancnoso / € £ BusHauae HaGip npemukaris Pj, i = 1, 2,
..., M, ICTHHHUX Y TUX 1 TUIbKU TUX HOTO MO3UIISAX, B SIKUX i-i €JIeMEHT Ha00opy 3HAYCHb 3MIHHUX
nopiBHioe 1. Takum 4MHOM, HAJCIOBO [ MOXHA PO3TJISAATH SK IHTEpIpeTalio GopMmynu ¢, npu
AKIA KOKHUHM MpeTUKaTHii CUMBOJ, 1110 BIAMOBIAA€ 3MIHHIN X;, IHTEPIPETYETHCS MpeIuKaToM P;.
[cTUHHICTD pedYeHHs ¢ MpH il iHTeprperalii Oyaemo nozHayatu /|=¢ . Dopmyia ¢ BU3HAYAE ©

-MoBy L(¢) ={/ € XV |l |=0}.

JIOI'IKHX 3 OBMEXKXEHUMU KBAHTOPAMMU

Moierni TUCKPETHOTO Yacy, sIKi BAKOPHCTOBYIOTHCS Y OUIBIIOCTI JIOTIK, i30MOp(HI HATypaIIbHUM
yyciiaM, TOOTO BHM3HAUYaIOTh 4Yac, CKIHYEHHUM y MHHYJIOMY 1 HECKIHUEHHUH y MailOyTHbOMY.
Opmnak 0Oarato TBEp/DKEHb, IO BHUHUKAIOTH Yy TMpoleci moOyaoBu croenu@ikaiii CHUCTeMH,
BHPAXKAIOTHCS MPOCTIIIE 1 HATypabHIlIEe IPY BUKOPUCTAaHHI 3HAYCHbh 3MIHHUX B MOMEHTH 4acy,
1110 TIePEeYIOTh TOTOYHOMY.
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HaiiGinpmr mpocte 1 mpupojHe po3B’s3aHHsA IMi€l MpoOJIeMu MoJsirae y po3riisial 4acy,
HECKIHUEHHOTO B OOHM/BI OOKH, TOOTO 130MOp(PHOr0 MHOXKMHI IiMMX yucen. Lle Takox cyTTeBO
cripoiye TiepeTBOpeHHs (opmyn crnenmdikamii B Tpoleci CHHTE3a B HACHIOK iXHBOT
1HBapiaHTHOCTI BIAHOCHO 3CYBY y 4aci. Y IIbOMY BHUMQJKY JIs OMHCY CEMaHTHUKHU JIOTTYHUX
cnenudikanii BUKOPUCTOBYIOTHCS LMKIIYHI aBTOMAaTHI MOJeNi, (YHKIIOHYBaHHS SKUX HE
IpHB’si3aHE 70 KOHKPETHOTrO MOMEHTY 4acy. @parmentu soriku MFO, mo po3risaaioTbes B
MO JTAJIBIIIOMY, IHTEPIPETYEThCSI HA MHOXKHHI Z, IIUTUX YHCE.

Busnauennss 6. ®opmyna F(f), 3 €IMHOIO BUIBHOIO 3MIHHOIO /, Ha3UBA€ThCS K -
oOMexeHoto crpaBa (k € Z,), skumo i Oyab sikoro T € Z. 3HayeHHa Gopmynu F(T) Ha Beix
JIBOOIYHUX HAJCIOBAX, 3 OAHAKOBUMHU (T + k) -nipedikcamu, 30iraroTbesl.

Busnauennss 7. ®opmyna F(f), 3 €IMHOIO BUIBHOIO 3MIHHOIO f, Ha3MBAETHCS K -
oOMmexeHoto 31miBa (k € 7)), sxmo ans Oyap skoro t€Z 1€ Z 3HadeHHs popmynn F(t) Ha
BCIX JIBOOIYHUX HAJICIIOBAX, 3 0HAKOBUMU (T+ k) -cydikcamu, 30iraroThesl.

@®opmynu Burisiny Vi (t) HazuBaioThes Gopmynamu munynoro acy (P-popmynn), skmio
F(t) oomexena crpasa, i popmynamu MaitOyraboro vacy (F-dhopmynn), skmo F(¢) oOMmexeHa
37iBa.

Posrasinemo ¢parment noriku MFO, 110 BU3Ha4a€ThCs HACTYITHUM YHHOM.

VYci 3aMkHyTI Qopmynmu (pedeHHs) MaroTh Burisin ViF(¢t), ne F(t) — dopmyna, 3
OJIHIEI0 BUIPHOIO 3MiHHOK. TakuM uymHOM, 3aMKHYTI (opmymu Vi F (t)) Vv Vi, F,(t;) abo
—VtF (t) He Hanexath J0 (parMeHTy, o po3risnaerbes. Koxna miapopmyna dopmymu F(¢)
Ma€ He OUTBINI JBOX BUIBHMX 3MIHHHMX. YCl KBAaHTOPHI MiA(QOPMYIH 3 €IUHOIO BUIBbHOIO (y Iii
nindopmyni) 3MiHHOIO MaioTh Burian 3t (f <t+k)F(t;) abo Vit (ty <t+k)—> F(t), a
KBAaHTOpHI MiAGOpPMYyIH 3 JBOMa BUIBHHMH 3MIHHHUMU — 3t,(f) <t, <t+k)F,(t,) abo
Vi, (4 <ty <t+k)—>F5(t,), ne keZ. Bupasu (t;<t+k) i ({;{ <t,<t+k) B 1mx
KBaHTOPHHX MifAdopMyNax HA3UBAIOTHCS 0OMEKEHHSIMHU 00JacTi [ii KBAHTOPIB, a caMi KBAaHTOPH
— oOMexxeHMMHU. ATOMapHi (GOPMYIH BUTIILY T;PTo, A€ Tj 1 To — TEPMH, a p € {<, >, <, =2},
3yCTpiYaroThCsl TUTbKU B 0OMEXEHHAX 007acTi Aii kBaHTOpiB. KoxkHa Taka Gpopmyna piBHOCHIIbHA
dopmyni Burnsiny (4 <t, +k), ne k€Z. B ycboMy iHIIOMYy CHHTaKCHC LOTO (PparMeHry
BinoBiae cuHTakcucy Joriku MFO.

Mosga cnenmdikariii, siky HazBeMo MOBO LP, ckimamaerbcs TUTBKM 13 peUYeHb IHOTO
¢dparmenty. OgeBUAHO, MO (OPMYIU 3 OJHIEIO BUIBHOIO 3MIHHOK, SKi 3aJ0BOJILHSIOTH

HABEJICHUM BUMOTaM, 0OMekeHi cripaBa. Takum unHOM, MOBY LP cknanarote P-dpopmymnu.
Mogpeni (iHTepmperanii) s Qopmynmu F =ViF(¢) OyaeMo OTOTOXXHIOBATH 3

NBOOIYHMMHU HajcioBaMu B andasiti X, SKUH BHU3HAYAETHCS OJHOMICHHUMH NPEIUKATHUMHU
CHUMBOJIAMH, 1110 3YCTPI4at0ThCs y hopmyii F.
MHuoxuHy Bcex Mozened mist hopmymu F mosaauaumo M (F'). Kpim Toro, aist onmucaHHs

ABTOMATHO1 CEMaHTUKH (HOopMyiH F 3HAT00IATHCA 1€ JIB1 MHOKHHHU:
P(F) — muOoXuHa nipedikciB ycix mojeneit 3 M (F),
W (F)— muoxwuHa cydikciB ycix moaeneit 3 M (F').
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Hns dopmymu  F =Vi¢F(¢) BU3HAUMMO [BI aBTOMAaTHI CEMaHTHUKH: JIETEPMIHOBaHY 1

HeJeTepMiHOBaHy. JleTepMiHOBaHA CEMaHTHKA OJHO3HAYHO CTaBUTh Y BiAMOBIAHICTE hopmyni F
JETEpMIHOBAaHUN X-aBTOMaTr. HemerepmiHOBaHa CeMaHTHKAa — BIAMOBITHO HEACTEPMIHOBAHUU
Y-aBTOMaAT.

Po3rnsiHemMo crnioyaTky JeTepMiHOBaHY CEMAHTHUKY.

KoxHoMy 3BOpoTHOMY HacnoBy g € P(F') mocTaBUMO y BiANOBIAHICTH MHOKHUHY HAJICITIB
Sg=UeW(F)|g-le M(F)}, tobrO S, CKIAJae€TbCs 3 yCIX THX HAJCIIB, KOHKAaTCHALlis
KOXXHOTO 3 SKUX 3 mpedikcom g Biamosimae wmognem ans F. Ha3Bemo Taki HajaciaoBa
INPUITYCTUMHMH MTPOJIOBXKEHHAMU Tpedikca g.

Ha muoxuni npedikciB P(F) BU3HAYMMO BITHOIICHHS EKBIBAJICHTHOCTI TakK, IO JBa
npedikcu g, 1 g, EKBIBAJIECHTHI, SKIIO0 BOHU MAIOTh OJHY I Ty caMy MHOXHHY IPUITYCTUMUX
npoAoBXKeHb. Ll ekBiBaJeHTHICTh po30MBae MHOXHHY P(F) Ha KJIacu eKBIBaJIEHTHOCTI
B,P,...,P,, tak mo kiacy P, BigmoBimae craH ¢; ZX-aBTOMara, L0 cHenu(iKoBaHUH
opmysoro F. BusHaueHHs ¢yHkuii nepexonis mae BUIIsL: 8(¢;, ©) =¢; TOAL H TUIbKK TOA,
komu FoC P;. I3 upOro BU3HAYCHHS BiApasy BUIUIMBAE, IO (YHKUIA Mepexonis
nerepMmiHoBaHa. JlificHO, OCKUIBKM MHOXMHU B, P,..., P, TomapHo He IepeTUHAIThCA,

HAaBEJICHOMY CITIBBITHOIIIEHHIO MOKE 33/I0BOJIBHSTH TUIBKH €MHA MHOXKHHA Pj .

Posrnsnemo mnpukian moOymoBu 3a P-dopmynoro aBTomaTta, SKUH BU3HAYAETHCS
JIETEPMIHOBAHOIO CEMAHTHKOIO.

HMpuxaan 1.

Hexait F = VtF(t) , A€ F(t) = Eltl (tl <t+ Z)b(tl)vtz (tl < tz < t) —> a(tz) 1 2= {Cl,b,C} .
MoskHa Mmokasatu, 0 MHOXHHA Mojened 1 Gopmynu F 1opiBHIOE (Zba” UIZba* uba*)Z
U (Zha” UIZha" Uba")®a®.

3 mpOTO BHpa3y BUAHO, IO Mpedikcu 3 MHOKUHU P(F) MOXYTh 3aKiHUYBaTUCS TUIbKU

cnoBamu b, ba, aa, bc, ac, ca, cc. 3a3Ha4NMO, 1110 OCTaHHI YOTHPH CIIOBA BIIMOBIAAIOTH XX
HaBenemo po30uTTsi MHOKMHHM TipedikciB P(F') Ha KJIacH €KBIBaJICHTHOCTI:

P, — npediken, mo 3akiHuyloThCs cinoBamu i3 ca v b={aa,ba,b}, P, — npedikcu, 1110
3aKIHYYIOTHCS CIIOBaMHU 13 ¢c={ac,bc}, P3 — npedikcH, 10 3aKiHIYIOThCS CII0BaMU Cd, CC.
OueBHIHO, IO Ii YMOBH BH3HA4alTh po3ourrs {F, P, P} wuoxuaun P(F).

[ToOynyemo Tenep BiTHOLIEHHS MDK KJIacaMH PO30OHTTS, IO BHU3HA4Ya€ (DYHKIIIO MEpexoiB
aBTomata A(F). OckimbKM KOHKPETHI MHOXWHHU TpedikciB 13 P(F) He po3risaaroTbes,

BIZIHOIIICHHS MAalOTh OyTH TaKMMH, IO JUI KOXKHOTO G € X BifHOWIEHH PG C PJ BUKOHYETBHCS
TOJIi ¥ TUIBKK TOJI, KOJH 13 TOTO0, o g € P € npedikc aesikoi moeni st F, BUIIIUBAE, 10 G

Takox — npedikc moaeni i F. Lg BuMora 3a0e3neuyeThesl MIIIXOM BpaxyBaHHS 0OMEKEHb Ha
NPUITYCTUM1 (parMeHTH IBOOIYHMX HAJCIIB, MIO BH3HAYAIOTHCS MHOXHHOIO mozeneit M (F').

Tax nHanpuknaa, Pi(a v ¢) = &, OCKUIbKM clOBa caa,ccd,cac 1 ccc HE MOXYTh OyTH

(GparmenTamu ko101 Mozeni st F, a Pyb < P, ockinbkn npedikcu 3 MHOKHHU P3b Maroth
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sakinueHnst c¢hbb = {cab, ccb} i, oxe, HanexuTh TUIbKH P). B pe3ysbrarti HeoOXigHi BiHOIEHHS
matoth Burisigy Bac P, Bbc B, Pcc P, Pac P, bbc A, Bhcc P, Pbc H.

Te, mo Ki1acu po30OUTTS CKIIAJIAIOTHCS 3 €KBIBAJIEHTHHX Mpe]iKCciB, BUIUIMBAE 3 TOTO, IO
HABEJICH1 BIIHOIICHHA JJIsl YCIX mpedikciB, 10 HaleXaTh OJHOMY M TOMY K Kjacy po3OuTTH,

BU3HAYAKOTh OJHY 7| Ty K MHOXXUHY IIPUITYCTUMUX HTPOJOBKCHb. Takum YHMHOM, Ma€EMO aBTOMAaT
3 TPpbOMA CTaHaMU, HaBeJICHUU Ha puc. 1.

a,b
b
b
c
a,c
Puc.1

HenerepminoBaHy ceMaHTHKY CHOPMYITIOEMO CUMETPUYHUM OOPA30M.

Koxuwuit cydike / € W(F) Buznadae MHOXHHY P(/) TpUITyCTHMHX JIJIs HOTO MpedikciB,
toot0 P(/)={ge P(F)|g-l € M(F)}. Ha muoxuHi cydikciB W (F') BH3HAUNMO BiJHOIICHHS
eKBIBaJICHTHOCTI Tak, 110 JBa cydikcu /; i /, eKBiBaJeHTHI, SKIIO BOHH MalOTh OJHY H Ty XK
caMy MHOXXHHY TPUIYCTUMHX Juisi HUX TpedikciB. Ll exBiBaJIeHTHICTh pO30MBAE MHOXXHUHY
W(F) Ha kmach ekBiBaJeHTHOCTI Sp,S,,...,5,, KOXKHOMY 3 SKUX BIINOBiZae CTaH

cneuudikoBaHoro X-apromara. OyHKIliA NepexoiB BUBHAYAETbCA HACTYITHUM YMHOM: ISl G € X
d'(g;,0)= {ql-/}, ne {ql-j} — MHOXKHMHA BCIX TaKuX qj;» A SKUX BUKOHYEThCA B1/IHOIICHHS

GS,-/ C S;. ®opmyna F crermdixye E-aBTomar A(F) 3 MOBemiHKOW (S|,m.rS,), A6 S; —

3aMUKaHHS MHOXMHH S; Sk BUIUIMBAae 13 HaBEICHUX CEMAaHTHK, JCTCPMIHOBAaHHMU 1

He/leTepMIHOBaHUN aBTOMATH, sKi crerudikye Gopmyna F, cnabo ekBiBalIeHTHI, TOOTO MalOTh

OJIHY 1 Ty caMy MHOKMHY TIPUITYCTUMHX HAJICITIB, siIKa A0piBHIOE W (F).

Mpuxaax 2. Ilobynyemo mist gopmynu F i3 npukiaay 1 aBToMaT, IO BiANOBiAae
HesleTepMiHOBaHil cemanTHill. Haramaemo, mo muoxuna M (F) nns uiei popMmynn JTOpiBHIOE
(Tba* UTTba* Uba*)E U(Zba* USTba* Uba*) " ®a®. BusHauuMO pO3OUTTA  MHOXKHHH
cyhikciB W (F) Ha KiacH €KBIBaJICHTHOCTI y BiIMOBIIHOCTI 0 iX MOYaTKOBHX Bimpi3kiB. Lle
PO3OHTTS CKIIQIAETHCS 3 TPHOX KiaciB: Sy, S, , §3. Cydiken i3 S| MoOUMHAIOTHCS CIIOBaMH i3 ab
ta ¢bb, cydiken i3 S, — crnoBamu i3 bb, ne b=(avc), a cydikcu i3 §3 NMOYMHAIOTHCA

CUMBOJIOM b. Po30UTTS 3/1iICHIOBAJIOCS, BUXOASIYM 3 TaKUX K€ BUMOT, SIK 1 B MpUKIami 1, sKi
rapaHTyloTh, IO KJIACH CKJIQJAIOThCSA 3 €KBIBaJCHTHUX Cy(dikciB. bumpim Toro, me € Kiacu
€KBIBAJICHTHOCTI, OCKUIPKM HISKI JBa KJIACH HE MAIOTh OJIHY 1 Ty K MHOXXHHY MPHUITYCTHMHUX
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npedikciB. Tak, € mpedikc, 1m0 3aKiHUYeTbCA CHUMBOJOM ¢, NpUIycTUMUH 1t S, Ta S3 i
Henpunyctumuit s S, . Ilpedikc, mo 3akiHIyeTbCS CUMBOJNIAMU cc, IPUITYCTUMHUN and Sy 1

Henpunyctumuid gt S,. Takum uyumHoM, aBtomMar A(F) Mmae Tpu craHu. MHOXMHA

CHIBBITHOIIEHbh MDK KJIacaMu pO30OWUTTA, IO BH3HA4ae (YHKI[IIO MepexofiB aBToMarta A(F),
BUTJISZIA€ HACTYITHUM YHHOM.

ClSl gSl,bSl gS3, aSZ gSl,sz gS:J,,CSz gSl, CZS3 gSz,bS3 gS3,CS3 QSZ

Binnosinnuii aBTomat A(F) HaBeIeHUN Ha puc. 2.

Puc. 2.

Bume posrnsgaBcs dparment LP noriku MFO, MHOXMHA pedeHb SIKOTO CKIIAJTAETHCS 3
P-popmyn. Posrasimemo temep B nesikoMmy ceHci cumerpuuHuii ¢pparment LF s momanus F-
dopmyn. Cunrakcuc moBu LF cmiBnmagae 3 cuHTakcucom MoBu LP B ychomy, KpiM BUTIISAIY
oOMexxeHb 00macTi i kBaHTOpiB. Tak, yci KBaHTOPHI MiAGOPMYJIH 3 OJHIEIO BUTHHOIO 3MIHHOKO

MaroTh BuUrisn Jty (4 2t+k)Fi(¢4;) abo Vit (4 2t+k)— F(¢;), a xBaHTOpHI mindopmynu 3
JIBOMa BUTBHUMH 3MIHHUMU — 31, (t] > 1, 2t +k)F5(ty) abo Vi, (t; >t, 2t+k) —> F5(t,), ne
k € Z.. O6uBi po3risiHyTi aBTOMaTHI CEMaHTHKH JijIsi MOBU LP nmommuprorotees 1 Ha Moy LF.

Po3rnsiHeMo nmpuKIIaaM 3aCTOCYBaHHS JCTEPMIHOBAHOI 1 HEIETEPMIHOBAHOT CEMAHTHKH IS
BU3HAYEHHs X-aBTOMaTIB, 110 crenndikoBani LF-dopmynamu.

Mpuknan 3. F =Vit(a(t) = 3t (¢ > 1)b(t))) . X ={a,b,c}. [lobynyemo aBTomar A(F'), mo
cnenudikyeTbest popMyaor F BIIMOBIAHO 0 JETEPMIHOBAHOI CEMAHTHKHU.

®opmyna F BU3HAYa€ MHOXKHUHY Z-CIiB, B SKHUX IICJI KOXKHOTO CUMBOJIY @ 3YCTPI4a€ThCs
cumBoI b. DopmManbHO 11e BUpakaeThes y Bursini M(F)=(bvcva(av c)*b)Z , TOOTO Mo el

noOy/0BaHi 3 BiIPi3KiB JIBOX THIMIB: SIKI HE MICTATH CUMBOJIY @ Ta BiJIpi3KiB, SIKi MOYMHAIOTHCS
CHUMBOJIOM @ 1 3aKIHUYIOTHCSI CHMBOJIOM b.

Po36utTst MHOKMHM TipedikciB P(F') Ha KiIacu ekBiBaieHTHOCTI £ U P, BiANOBiiae JBOM
tunam npedikcis: 1) npediken, mo 3aKiHIYIOTHCS CII0BaMU 13 MHOXHHH bc*, T00TO {b, bc, bcc,
...}, abo npedikcu, sKi He MICTATH CUMBOJIY @, TOOTO MaroTh BUTIS (b v ¢) © i 2) npedikcw, 1m0
3aKIHYYIOTHCS CJIOBAMU 13 MHOKUHHU a (a Vv ¢)*.

P =(vecvalave)'h)™, Py=(bvevalave)'b)y aave). BNk =0,

MHOXWHU TPUITYCTUMUX TPOJAOBKEHb Mpe]iKCiB, IO BIAMOBIIAIOTh MM Kjacam
npedikCiB, MaIOTh TAKUW BUTJIS;

S;=(bvevalave)'b)®. S, =(ave)y'bbvevalavce) b)®.
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HeckiiagHo TIepeKOHATUCS Y CIIPAaBEUIMBOCT] HACTYITHUX BiIHOIIICHB.
Rvec R, Rach, PBave)c B, BbC A.

ABTOMAT, III0 BU3HAYAETHCS IMMH BiTHOIIEHHSIMH, HABEICHO Ha pUC. 3.
Muoxxunu W (1) ta W(2) nopiBHIOIOTh 3aMUKaHHSM BIAMOBITHO Sp 1 S5,

b, c a a,c

b
Puc. 3.

3a3Haunmo, 1o xo4a S; # S, , iXHi 3amukanHs 36iratotecs S) =S, =X®. B nHacmizok
qoro 11ei aBToMat A(F') He mpuBEICHU.

Mpukaan 4. [lns hopmynun F i3 monepeqHboro npukiany mobymyemo asromar A'(F),
BIZIMOBIZTHO 70 HEJETEPMIHOBAHOT CEMaHTHKH.

[Toxaxxemo, 110 po36uTTst MHOKMHE W (F') Ha KilacH €KBIBaJCHTHOCTI Ma€ BUTIIS:
S;=(vevalave)'b)'b(bvevalave)b)®,S=c"

Muoxunu S| Ta S, HE NEPeTHHAIOTHCS, TOMY, IO yCi HAJCIOBA MEPIIOi 3 HUX MICTATh
cuMBoJl b . MHOoxuHa mpumyctumux g S, npedikciB cmiBmamae 3 P(F), ockimbku yci
HAJCIOBa 3 S| MalOTh Cy(QiKC, SIKMH MOYMHAETHCS CHMBOJIOM b, TICIS SIKOTO KO>KHHH CHMBOII d
nepenye neskoMy cuMmBoiy b . i S5, IO CKIQAAETHCSA 3 OJHOTO HAJACIOBA, MOKAKEMO, IO
HisKe iHIIe HAJCIOBO HE MAac TaKOI MHOXMHHM NPHUITYCTHMHX npedikcis, sk Haaciaoso ¢”. Skmo

. . o . —®
HAJICJIOBO MICTUTh CUMBOJ b, TOJI JUIsl HBOTO MPUITYCTUMHUIA mpedikc BUrisay la, ne e X,
AKUH HE € TIPUIYCTUMUM U1t ¢”. SIKIIO HAACIO0BO MICTUTh CUMBOJ @, TO BOHO MICTHTh i CHMBOII
b, i, oke, Mae IpunycTUMUI TpediKe, SKUM HE € NPUIYCTUMUM JUIst ¢, 3aIMIIaeThes MOKa3aTy,

mo S; US, =W(F). JlonoBuenHs MHOXUHK X hEZ® nopiBHIOE (a v ¢)®, ogHak Hiskuii cydike
i3 W(F) He MoOxe MICTUTH a i He MicTuTH b, ToMy momoBHeHHst S; g0 W(F) nopiBHioe c”.
Hecknagno moGaumTH, IO BHKOHYIOTHCS HACTYNHI cHiBBiZHOmEHHA: XS| <S5, bS, S,
S, < S,, aS, z W(F), mo Binmosinae nenerepminoBanomy apromary A'(F), sikuil HaBeIEHO
Ha puc. 4.

a,b,c

Puc. 4.

JeTepmiHizallis I[bOTO aBTOMATa Ja€ aBTOMAT, OTPUMAaHUH Y IpUKIadl 3.

BHUCHOBKHA
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[Ipu po3B’s3aHHI 3aJa4 CHHTE3y aBTOMATHUX MOJIEJIECH BEJIMKE 3HAYCHHS Mae BHUOIp MOBH
crenudikarii, ska 03BOJsE CrenU]PIKyBaTH JOCTaTHHO IIMPOKHA KIJIAC aBTOMATIB TEBHOTO
BUTISIMY 1 3a0e3nedye TPUHHATHY CKIAIHICTh Tpolenypu cuHTedy. OYeBHIHO, IO YUM
MPOCTIIIE CHHTAKCHC MOBHU crenu@ikaiii, TUM MeHIle CKJIAIHICTh MNPOLEIypH CHHTE3Y.
Buxonsun i3 mux MmipkyBaHb B [5] sik MoBa crnenudikallii BAKOpUCTOBYBajIacs MiAMHOXXHHA L
noriku MFO, dopmynu skoi matote Burmsin ViF(f), ne F(f) — dopmyna, sika HE MICTUTh
KBAHTOPIB 1 CUMBOJIIB YHCIOBUX BiIHOIIEHb. Kjac aBToMarTiB, siKi MOKHA CIelu(pIKyBaTH III€I0
MOBOIO, CKJIaJalOTh aBTOMAaTH 31 CKIHUEHHOIO mam’sITTio. B [6] 19 MoBa po3mupeHa
KOHCTPYKIIIE€IO, SIKa MICTUTh OOMEXEH1 KBAaHTOPH, L0 A0 MOKJIMBICTh CHEIM(IKyBaTH JesKi
aBTOMATH, K1 HE € aBTOMAaTaMU 31 CKIHYEHHOIO maM’sTTio. OOUIBI i JIOTIKH IHTEPIPETYIOTHCS
HA MHOHUHI IIUTUX YUCEIL.

VY wmiii pob6oti posrmanyri na ¢parmentu LP 1 LF moriku MFO 3 oOmexeHumH
KBAHTOpPAMHM, sIKI TaKOX IHTEPHPETYIOThCS Ha LUMMX uyuciax. B sorimi LP moTounwii cran
CHUCTEMH OJHO3HAYHO BH3HAYAETHCS 1i IMONEPEAHbOIO MOBEAIHKOIO, a B Jjorimi LF — 1i
MaiiOyTHROIO MOBeiHKO. MoBa LP po3mmpioe Bupa3Hi MOKIMBOCTI MOBH 13 [6], MPaKTUYHO HE
YCKIIQHAIOYN AITOPUTMY CHHTE3Y. 3a3BHUail MiJ BHPA3HUMH MOXIIMBOCTAMH JIOTTYHOI MOBH
PO3YMIIOTh KJIaC BIIACTHBOCTEH, SIKIi MOXXHA BHPA3UTH Ii€l0 MOBOIO. Tyr minm BHpazHUMH
MO>KJIUBOCTSIMM MOBU PO3YMIETHCSI KJIaC aBTOMATIB, SKI MOKHa crenu@iKyBaTH I[I€0 MOBOIO.
Moga LF nae anprepHatuBHI MOXIUBOCTI /Ui cnenudikanii aBromartis. Lle 3pyuHo y Tux
BUIIA/IKaX, KOJIM BUMOTH, 1110 BU3HAYa€e crienudikaiis, BITHOCATHCS 10 MAaHOyTHBOTO, HAIPUKIIA],
«IiCHsl KOXKHOTO 3aluTy Mae OyTH peakilis Ha Hbporo». Te, mo yci pedeHHs 000X MOB
MOYMHAIOTHCA KBAaHTOPOM V7, 0OyMOBJICHO TUM, 1110 GopMynH crienudikaiii MaloTh ONUCYBaTH
BHMOTH JIO TTOBEIIHKK aBTOMAaTa y Oy/lb SKUH MOMEHT 4acy, TOOTO y KO)KHOMY HOTO CTaHi.
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We propose and investigate new classes of program-oriented logical formalisms — first-order logics of
partial quasiary predicates with equality and operation of predicate complement. We use similar operations
in different Floyd-Hoare program logics with partial pre- and post-conditions. The specific feature of the
proposed logics is the use of the special 0-ary compositions of weak =,, and strong equality =,,. We denote
these logics by LC= and LC=. We describe composition algebras and languages of the proposed logics.
Emphasis is made on the study of the interaction of the compositions of renomination and predicate
complement with equality. A number of logical consequence relations of the types |=p, |=r7, =+ for these
logics are considered. Properties of the introduced relations of logical consequence are investigated,
conditions that guarantee their validity are described, properties of decomposition of formulas are
formulated. On this semantic basis, a series of sequent-type calculi for the proposed logics is planned to be
constructed.

Key-words: logic, predicate, equality, composition algebra, logical consequence.

KurouoBi ciioBa: jorika, IpeivKkaT, piBHICTh, KOMITO3UIIiiHA anredpa, JJIOTTYHUI HACIIIOK.

[ToHATTS 1 METOIM MaTEMAaTUYHO] JIOTIKM 3aCBIAYYIOTh BUCOKY €(EKTHBHICTH IPH PO3B'sI3aHH1
IIMPOKOTO CHEKTpa 3ahad iHpopmaTtuku W mporpamyBaHHs (auB., Hanp., [1]). OcobnuBe wmicue
cepell HUX MOCiIaloTh 3a/1ai, OB’ s13aH1 3 PO3pOOKOI0 HAIIHHOTO MPOTrPAaMHOT0 3a0e3MeYCHHS, Hall-
nepiie, i3 modymoBoro cucteM crenudikaii Ta Bepudikamii nporpam. [lo HalMOMUPEHIUX JTOTiY-
HUX (GopMati3MiB, sKi YCIIITHO BUKOPUCTOBYIOTHCS B cHcTeMax Bepuikarii, Hamexarb JIOTIKH
dnoiina-Xoapa [2, 3]. Taxi joriku 6a3yroThCsl Ha KJIACHYHIHN JIOTIII MPEUKATIB, SIKa B HEJIOCTATHIN
Mipi BpaxoBy€e HEMOBHOTY, YACTKOBICTh iH(pOpMAIlii Mpo mpeaMeTHy o0nacTh. Tpaauiiitai JTOTiKu
®noiiga-Xoapa BUKOPUCTOBYIOTh TOTaJbHI MEpe- Ta MICIA-yMOBH, SKi ONUCYIOTbCS TOTAaJIbHUMHU
OJHO3HAYHUMH MpPEIUKaTH, TOMY OyJIO 3arnporoHoBaHo [4] y3araJbHEHHS LMX JIOTIK Ha BHUIAJI0K
YaCTKOBHX INpenukaTiB. OCHOBOIO TaKOTO y3arajJbHEHHS CTAJIO BBEACHHS CIEIiaJbHOI HEMOHOTOH-
HOT oneparlii (KOMIO3HIIIT) MPeINKaTHOTO JToNoBHEeHHs. Kommo3uiiiiHo-HoMiHaTuBHi jtoriku (KHJT)
YaCTKOBHMX KBa3iapHHUX MPEANKATIB, PO3MIMPEHI KOMITOZUIIEIO MMPEINKATHOTO JOTIOBHEHHS, HA3BAaHO
LC. Iponosumniiini LC aeranbHO onuicaHo B [S], peHOMIHATHBHI PO3IIISTHYTO B [6], JOCITIKEHHIO
yrcTux neprronopsakosux LC npucesyeno podory [7].

B maniit craTTi 3ampornoHOBaHO po3MMpHUTH nepmonopsaakosi LC cremiansHUMU Tpeanka-
TaMH piBHOCTI. Taki MpeauKaTH JAIOTh 3MOTY OTOTOKHUTH ¥ PO3PI3HUTH 3HAYECHHS MPEIMETHUX
iMeH. MoskHa BuIMTH [8] nBa PI3HOBUIM IMX MPEIUKaTIB: c1a0KOi PIBHOCTI Ta CTPOroi (TOUHOT)
piBHOCTI. e nmae BiamosigHi pizHoBuau LC: LC 3 mpenukaramu ciiabkoi piBHOCTI, sSIKi Ha3BEMO
LC=, ta LC 3 npeaukaramu cTporoi piBHOCTI, siki Ha3BeMo LC=.

B 1miii crarti ommcaHO KOMMO3MWIIiMHI anreOpu Ta MoBU nepmonopsakopux LC= ta LC=.
OCHOBHY yBary 30Cepe/DKEHO Ha BHBUYCHHI BIIACTUBOCTEH, TOB’S3aHHUX 3 IMpEIUKaTaMu CIaOKol
pIBHOCTI ¥ cTporoi piBHOCTI Ta 3 KOMIIO3UIi€0 mpenukarHoro aonosHeHHs. s LC= ta LC=
3aMpoIOHOBAHO 1 JIOCHIKEHO HU3KY BiJJHOIICHB JIOTTYHOTO HACTIIKY. BIacTHBOCTI 1TUX BiIHOIIICHH
€ CEMaHTUYHOIO OCHOBOIO TIOJIAJBIIOT TTOOYIOBH JIJIsl IPOTIOHOBAHKX JIOTIK YHCIEHb CEKBEHIIITHOTO
TUTTY.
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[TonsTTs, sIKi B B 11ili pOOOTI HE BU3HAYAIOTHCS, TIIYMa4UMO B CEHCI [5, 9].

1. Kommno3uuiiini ajaredpu Jorik 3 npeuKaTHUM /IONIOBHEHHAM Ta PiBHICTIO

Mu po3risgaeMo KBaziapHi MpenuKaTH pessmiiHoro Ty, abo R-mpenukaTtu. Lle dacTkoBi
HeoaHo3HauHi Gyukiii Burmsiny O : A — {T, F}, ne {T, F} — MHOXWHa iCTHHHICHIX 3HaueHb, 'A —
MHOKHHA BCiX V-A-IMEHHUX MHOXHH, V' Ta A — MHOKWHU MPEAMETHUX IMEH Ta 0a30BUX 3HAYCHb.

[Toznauaemo Q[d]| MHOKHHY BCiX 3Ha4€Hb, sIKI R-ipenukar () MoKe MpUIMaTH Ha apryMeHTi
de’A. Taka Q[d] moxe 6yTH oxiero 3 Muoxun &, {T}, {F}, {T,F}. Omxe, koxuuit R-mpeaukar Q
MOJKHA 3aJ]aTH 3a JOTIOMOT0I0 2-X MHOHH — 06mnacti ictunHocti 7(Q) Ta obnacti xubnocti F(Q):

Q)= {d| TeQldl}; F(Q)={d|FeQld]}.

O6mnacts HeBU3HaueHoCTI npeaukara Q 3agaetses Tak: L (Q)=T(Q)VF(Q)=T(Q)NF(Q).

R-tipenukar Q MOHOTOHHUH, sKIO: di Cdr, = QOldi] < O[ds].

R-npenukar Q 9acTKoBUil 0HO3HAUHMIA a00 P-tipeaukart, skmo 7{Q)NF(Q)=J.

R-peaukar Q ToTanbHUiA, a0 T-mpeaukar, skuio T(Q)UF(Q) ="A.

Jlnst oqHOo3HauHKUX GYHKIINA mami mumeMo f(d)d, skino 3HaueHHs f{d) BU3HAUYCHE, Ta MUIIEMO
Ad)1, axmo 3HaveHHs f{d) HeBU3HAUCHE.

Tomy nns P-npenukaris maemo 7(Q) = {d | Q(d)d= T} ta F(Q) ={d | Q(d)1=F}.,

Mosxna Buginutu 4 koHctantHi R-npenukata T, F, A, Y; BOHU BiJNOBiIalOTh MHOXXKHHAM

3Havenb {7}, {F}, D, {T, F}, axi R-npeaukat MoXe MPUUHATH HA BXITHOMY J1aHOMYy. Tomy:
T(T)=FF)="4, TF)=FT)=, T(A)=F(A)=@, T(Y)=FX)="4.
pemukatu T, F, A, Y moHoTOHHI, ipu 1ibomy T, F, A oJHO3HAYHI.
Knacn V-A-kBasiapuux R-npesmkatis Ta P-pexukatis mossaunmo Pr’  ta PrP .
CrerianpHa HEMOHOTOHHA |-apHa KOMTIO3HIISI TPEAUKATHOTO JOTIOBHEHHS ~ 3a/Ia€ThCS TaK:
TCQ=L(OQ)=TWQuFQ), F(CQY=42.

3incn L (TQ)=T(Q) VF(Q).

Maemo T(TQ)NF(TQ)=, Tomy ~ 30epirae OHO3HAUHICTh R-IIpeNKaTIB

Takum 9rMHOM, KJIacu P-TIpeIuKaTiB Ta R-TpeAnKaTiB 3aMKHEHI1 1I[0/10 KOMITO3HUIIi ~ .

Teepuxenns 1. QcPr’™ = ~QePrP"™; QePrT"™ = ~0=A.

3Bi/iCH BUILIMBAE, IO KJac 7-TpeInKaTiB HE3aMKHEHUH 010 ~ .

Lle o3nauae, mo mst 7-npeankaris LC He MarOTh CMHCITY.

Taxum grHOM, MOXHa posrisgaatu LC R-npenukariB Ta LC P-nipeaukaris.

LC R-npeauKatiB 4MCTOTO MEPIIOTIOPSAKOBOTO (KBAHTOPHOTO) PiBHS HA3UBAEMO L€,

LC P-HpeiKaTiB 4HCTOrO MEPIIONOPSIKOBOro piHs Hasuaemo L2

Ha penominatuBHomy piBHi LC R-ipeukatiB Ta P-peuKaTiB HA3UBAEMO L€ ta LR,

B rnorikax kBa3iapHMX NpPEJUKaTiB OTOTOKHIOBATH M PO3PI3HATH 3HAUCHHS MPEAMETHHX
iIMEH MOJKHA 3a JIOTIOMOTOI0 CriemianbHuX 0-apHUX KOMITO3UIIH — MmapaMeTprU30BaHuX 3a iIMEHAMHU
npeaukaris piBHOCTI. [IpupoaHO po3risiiaT qBa pi3HOBUIN LUX MPEIUKATIB:

— ¢11a0Ko{ (3 TOYHICTIO 10 BU3HAYEHOCTI) PIBHOCTI =y 1;

— cTporoi (TOYHOT) PIBHOCTI =y .

[Mpenukatu =, ,, Ta =, 3a4a€MO TaK:

T(=peyp) = 1d | d(0)L, d)d 12 d(x) = ()},

Fl=peyp) = 1d | d()b, d)d 2 d(x) = d(y)};

T(=pyy) = {d | d)L, dy)l rad(x) =d(y)} v {d|dx)T Tad(y)t},

FEpyy) = {d | dx)L, dy)L, d(x) = d(y)} v {d | d(x)L, d(y)T abo d(x)T, d(y)!}.
HeicToTHUM JUIs IPEMKATIB =, ) T =(y ) € KOXKHE z€ V\{x, }.
[IpenukaTy =y, ,; Ta ={,; CKOPOYEHO ITO3HAUYAEMO =y, TA =y, ;
sl =) T ={,) TAKOK BKUBAHUMU € TPAIUIIHHI TO3HAUEHHS X =) Ta X =).
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Takum 4yMHOM, =, Ta =), — 11€ Pi3Hi NO3HAYCHHS 001020 [ M0O20o Jic TIpeINKaTa.

AHAJIOTIYHO =, Ta =, — T€X Pi3HI IO3HAYEHHS OJJHOTO 1 TOTO K NPEJUKATa.

[Ipenukatu =,, TOTaabHI OJHO3HAYHI TA HEMOHOTOHHI.

[Ipenukaty =y, 4aCTKOBI OZIHO3HAYHI T2 MOHOTOHHI.

OkpeMuM BUIIAJIKOM TIPEAUKATIB =iy 3 TA =y 1, AKIIO X Ta ) — 11€ OJHE 1 T€ K NpeJMETHE iM’4,
€ IPEANKATH =y, Ta ={y;, K1 OyJI€MO MO3HAYATH =y, T =y, B TPAJULIAHOMY BUTIIA1 X =X Ta X =X.

Koxne ze V'\{x} HeicTOTHE WA =, Ta =\, .

s =, maemo T(=) = "4 taF (=) = 9, 3Bigku =, = T, 116 KOHCTAHTHUH TPEINKAT.

Jlnis mpeiuKatiB =, MaeMo F(=,,) = &, Taki =, — 4aCTKOBI KOHCTAHTHI MPESIUKATH.

KHJI 3 mpenmkaramu piBHOCTI MOXKHA BHIUISTH Ha PEHOMIHATUBHOMY W KBaHTOPHOMY
(uncTOMy MEpHIONOPSAIKOBOMY) PIBHAX. 30KpeMa, Ha PEHOMIHATUBHOMY PiBHI MaeMO PI3HOBUIH:

— L* 1a L™ (q1s R-npenuxaris);

— L*" 1a L®" (ans P-mpemmkaris).

Ha uncromy nepionopsiikoBomMy (KBaHTOPHOMY) PiBHI MaeMO TakKi pi3HOBUIH:

— L9 1a " (nnst R-mpenuKaria);

— L9 ra &P (nnst P-ipeinkaris).

Ha penominaruBHOMY piBHI MaeMo Taki pisHOBUIM LC 3 piBHICTIO:

— LR ra [R= (st R-nipeiuKaris);

— L*P 1ra L*=P (st P-npenukaris).

PisaoBuan LC 3 piBHICTIO HA YUCTOMY TEPIIOTIOPSIKOBOMY PiBHI:

— L9 Ta L9 (ans R-npemmkaris);

— 197 1a L2 (ans P-nipeiukaris).

s onucanux pizHoBuiB KHJI 3 piBHICTIO MaeMo Taki MHOKUHH 0a30BUX KOMITO3HIIIH.

Cr-={—, v, R, =y} — I L 1a LR:P;

Cr=={—, Vv, R], =} — s L™= 1a L*";

_ Vo~ _ RC= RC=P,
Cre==1{—,Vv, R, 7, =g} —mma L™ T1al ;

_ Voo~ _ RC= RC=P,
Cre=={—, Vv, RL, 7, =g} —mma L™ " 1al™

Co-={=, Vv, RL, 3x,=,} — s L9 1a 197"
Co=={— v, RL, Ax,=,} — w1s L& 1a L&,
Coc-={—, v, RL, 3x, ~, =} — s L& 1a L7,
Coc=={—,Vv, R, 3x, 7, =} — s LY 1a [OF,
Crucno Haragaemo (auB. [9]) BU3HAUEHHS KOMIO3HIIN —, v, RY, Jx.
I(=P) = F(P); F(=P)=T1(P);
I(PvQ) = T(P)VI(Q); F(PvQ)=F(P)NF(Q);
T(3AxP) = {d | dVx+> a€T(P) nns nesikoro acA};
F@AxP)={d | dVx+> acF(P) nns Bcix acA}.

Kommosuuito RY 3amaemo ymosoto: R (P)(d)=P(r%(d)) ans seix de’A.

CemantuuHoro ocHoBoro KHJI € KOMMO3HIIMHI CHCTEMH BHIJISTY (VA, PerA, Cp), ne Cp —
MHOXKHMHA 0a30BHX Komro3uilid. KojkHa Taka KOMITO3HIIIIHA CUCTeMa 3aJIa€ JIBi aireOpu: anredpy
(anreGpaiuny cucremy) nanux (' 4, PrV_A) Ta KoMMo3uIiitHy anre6py npeaukatis (' A4, P C B).

Maemo peHOMIHATUBHI KOMITO3ULIKHHI CUCTEMH R-TIpeIMKaTiB Ta P-IIpeInKaTiB 3 piBHICTIO:

(4, P, Cro); ("4, P, Cro)y ("4, P, Cpeo); (P4, PrT, Crea)s
("4, PrP", Cpo); ("4, PrP"™, Cro); ("4, PrP™™, Cac-); ("4, PrP"™, Creo).
BinnoBiiHi peHOMIHATHBHI KOMITO3UITiHHI anreOpu R-IpeuKaTiB Ta P-peANKaTiB 3 PiBHICTIO:
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A =4, P, Cro); A= ="4, Pr', Cro);
ARC= = (4, P Cre): AR = (V4 PP Crew):
AR =4, PrP" Cro); AR = ("4, PrP"| Cro);
AR = (4, PrP", Cre); AR = ("4, PrP", Creo).
UucTi nepimonopsAKOB1 KOMITO3UITIHHI CHCTeMH R-TIPEUKATiB Ta P-TIpeIMKaTiB 3 PiBHICTIO:
("4, Pr', Cpo); (T4, PP, Coo); (P4, PP, Coco); (A, PP, Cocs);
("4, PrP", Coo); ("4, PrP™, Coo); ("4, PrP™™, Coc-); ("4, PrP™, Coco).
UucTi nepuonopsiAKOB1 KOMIO3HIIIKHHI anreOpu R-nperKatiB Ta P-peIuKaTiB 3 piBHICTIO:

A9 = ("4, PP, Cpo)y A% =4, P’ Cop);
A% = ("4, P, Coco); 49 = ("4, Pr"™, Coc);
A% = ("4, PP, Cpo); A" = ("4, PrP"™, Coo;

A% = (T4, PrP"™, Cpen); A0 = ("4, PrP", Cpco).
Anreopu A9 ARP 4907 49F ¢ BinmoBimmo migaaredpamu anreop A9
Anrebpu A%, AP, AR AR ¢ Bignosinso minanreGpamu anre6p 4%, A%, AR, 4RE,

A%, 497, 49=,

CTHCIIO OXapaKTEePU3yEMO BJIACTUBOCTI KOMITO3HIIiH onurcanux Buie kiacie KHJI 3 piBHicTIO

BrnacTuBoCTI Mpono3uIiHHAX KOMIIO3UINM aHAIOTIYHI BIACTHBOCTSIM MPOIO3UIIIHHUX 3B'SI30K
KJIaCU4HO1 JIoriku. BracTuBocTi koMmosuiliii kBanTu(ikaiii, He TOB'S3aHi 3 pPEHOMIHAIi€0, B
IIJIOMY aHAJIOTi4Hi BiIMOBITHIM BIACTHBOCTSIM KBaHTOPIB KIIACHYHOI JIOTIKH.

BrnactuBocTi, MoB’s13aHi 3 KOMIO3HIISIMA peHOMIHAI] Ta KBaHTU(IKAIlii, aHATOTI4HI BijMmO-
BITHMUM BJIACTUBOCTSM TPaIUIIfHOT JOTiKM KBaziapHux mnpenaukariB (aus. [9]). 3okpema, 1€
BimactuBocti R, RI, RU, R—, Rv, RR, Ren, R3s, R3.

Jlis ommcy B TIEpUIONOPSIKOBUAX JIOTIKAaX BIACTHBOCTEH eNiMiHaIi KBAaHTOPIB JOAATKOBO
BUKOPUCTOBYIOTH crieiasibHi 0-apHi KOMIO3MIIi — MpeauKaTH-1HANKaTOpH Ez, sIKi BU3HAYAIOTh Ha-
SIBHICTH Y BXIJIHUX JJAaHUX KOMIIOHEHTH 3 BiJNOBIIHUM iMeHeM z€ V. Tlpenukatu £z 3a1a10ThCs Tak:

T(Ez)={d|d(z)l}; F(Ez)={d|d(z)T}.

[Ipenukaru-inaukaTopy £z TOTanbHi, OJJHO3HAYHI, HEMOHOTOHHI.

Koxne xeV take, 1m0 x # z, HeICTOTHE 171 Ez.

JletanpHilie po3rissHEMO BJIACTHBOCTI, ITOB’s3aH1 3 IPESIUKATAMU PIBHOCTI Ta KOMITO3HIIIEO
MPEIMKATHOTO JJOTTOBHEHHS.

HasiBHicTh mpeiuKkaTiB CTPOTOil piBHOCTI JAa€ 3MOTY 33/1aTH KOHCTAHTHI IPEUKATH:

Teepuenns 2. =, =T 1a =, v—=,=T;

“"T=F=4; “A=T 1a 7Y =A.

PosrisineMo Terep BJIaCTUBOCTI KOMITO3UINT ~ .

I3 BusHadeHs s koxkaoro QePr’ # maemo: F(=~P)=T("P)= L(P)=T(P)"F(P);

I(="P)=F(CP)=0; L(=P)=LCP)=T(P)UF(P).

I3 BU3HauYEeHb AJI9 KOKHOTO QePerA OTPUMYEMO:

T("3IxP)= L (3xP); F(CIxP)=0;, L(TIkP)=T(ExP)UF(IxP).

Teepmxenns 3. s koxuoro QePr” ' Maemo oOv—-0v~Q0 =T.

Hacuinox 1. Jliist koxnoro QePr’ ™ maemo —(Qv—0v~0)=F 1a ~(Qv—-0v~0)=A.

Teepmxenns 4. 1) Jlns xoxwuoro Qe PrP”™ maemo: ~~0=0v—0.

2) Jlns koxuoro Qe Pr’ ™ maemo: “—Q="0; ~T0="0; TT0="0.

I3 BU3HaUeHb OTpEMYy€eMO BiacTuBicTh R™ -mucTpuOyTuBHOCTI:

~\ DT (~D\_ ~DV

R™) Rz (CP)="R:(P).

PosrnsHeMo nito KoMImo3uIii ~ Ha NpeANKATH-IHINKATOPU Ta MPEIUKATH PIBHOCTI.

[Ipenukatu =,, Ta £z € TOTaIbHUMU. 3TiHO TBEP/UKEHHA 1 oTpuMyemo: ~ =, =A; ~Ez=A.
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Teepaxenns S. Maemo Take MOJAHHA: ~ =, =—Ex V—Ey VA= —Exv—Eyv ™ =,.
T, sxmo = (d)T,
HeBH3Ha4eHe, Akmo = _(d)i

Crpaggi, 1t KOKHOTO d € "4 maemo: ~ =y(d) = {

B T, sxmo —Ex(d)v—-Ey(d)=T, _
| neBusHauene, ko Ex(d)& Ey(d)=T —ExX(d)v =EY(d) v A (d).

ITpenukaTh =,, MOKHA [TOJATH YEPE3 NPEIUKATH =, Ta £Z.
Teopema 1. Maemo =, = (=, & Ex & Ey) v (—Ex & —Ey).
3 iHmoro 00Ky, HasgBHICTh A Ta EZz 1a€ 3MOTY MOJATH =y, YEPE3 =, .
Teopema 2. Maemo =, = (= & (A Vv EX) &(AV EY)) vV V(A &—EX) Vv (A& —EY).
Jnst =, Ta =,, MA€EMO BJIaCTUBOCTI PE(PIEKTUBHOCTI, CHUMETPUYHOCTI, TPAH3UTUBHOCTI.
RfP) KoxHuii mpenKaT BUTISITY =y, € HECIIPOCTOBHUM;

KOXKHUH TPEeIUKaT BUTIISLY =,, € TOTO)XHO iICTHHHUM, TOOTO =, = T.

4

SmP) [Ins koxxnoro d eV A maemo =,(d) = =(d) Ta =(d) = =,x(d).
TrP) Ins koxHoro de’ 4 maemo: =y (d)=TT1a=,(d)=T = =(d)=T;

= (d)=Tras(d)=T==.(d)=T.
3B1/ICH OTPUMYEMO:
Hacaimox 2. KoxxHuii mpeayukar BUIIALY =y, & =), —> =, HECIIPOCTOBHUH;
KO>KHUH NpeUKaT BUTIALY =,y & =, —> =,. TOTO)KHO ICTUHHHH, TOOTO =, & =,. > =,- = T.
Hasenemo BracTuBOCTI peHOMIHAIIIT TPEIUKATIB PIBHOCTI.
RD) Maemo R{7Y (=) == Ta RUT (5y) ==

V,Z,w v,Z,w
3a yMOBH ) & {i/} MaeMo Rg:j (=y) ==y T2 joj (=) ==
3a yMoBH X,y & {i} maemo RI(=,)==, 1a Rl(=,)==,.
Jliist mpetMKaTiB piBHOCTI MAEMO BJIACTHBICTh 3aMiHH PiBHUX.
ER) Jlns koxkunx PePr” ta de”A maemo: =,(d)=T = Rlzz: (P)(d)=RZ*(P)d);

.y
=o(d) = T= R (P)(d) =R (P)d).
2. MoBH JIOTIK 3 MPeANKATHAUM JONOBHEHHAM Ta PiBHICTIO

Onumremo moBu LC 3 piBHICTIO. JeTaJIbHO PO3TIISTHEMO MOBY L9,

Andagit MOBH:

— MHOXHUHA V ipeIMeTHHUX iMeH (3MIHHHX ),

— MHOXHWHA Ps nMpeInKaTHUX CUMBOJIB (CUTHATYpa MOBH),

—muaoxkuHa Cs = {—, v, R],3x, ~, =} CUMBOJIIB 0a30BUX KOMIIO3UIIIM.

JlaMo 1HIYKTHBHE BU3HAYEHHS MHOKHUHU F7 popMys MOBH:

— KOJKHUM p € Ps Ta KO)KHUH =,,, € GOPMyYJI010; Taki OPMYIH HA3BEMO aTOMAPHUMH;
— nexail ®, YeFr; toni —DPeFr, vO¥YeFr, R2® e Fr, Ix®eFr, “® e Fr

Tl Mo L9 3amamo MHOXHHY VrC V iMeH, HEICTOTHHX UIsi BCIX pePs — MHOKHHY
TOTaIbHO HEICTOTHUX [9] iMeH. MHOXWHY HEICTOTHHX [UIi pe€Ps iMeH 3amamo BiIOOpaKEHHSM

v:Ps—2", rtom V.= (N v(p). dns BU3HAUEHHA MHO>KUHM I'apaHTOBAHO HEICTOTHUX 1t D eFr
pEPs

iMeH TaKy Vv IpoIoBKYyeMO 10 v : Fr—2":
V(=D) = v(D); v(vdY¥) = v(D)nv(V);

V(R;f,’fff,’;:q)) = (V@)U {vi,.c, v D)\ x| vigv(D), i€ Ln §};
V(Ex®D) = v(D)U{x}; v(TD)=v(D);
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V(=y) = V\x, ).
Posummpena curnarypa mosu —1ie X = (V, Vr, Cs, Ps).
Teopema 3. fxmio xev(®P), To iMm’s1 x HeicToTHE 7151 popmynn .
s noBinbHOI I € Fr BBOAUMO TaKi O3HAYCHHS:
—o(I') — e MHOMHA BCiX p € Ps, ki BXOAATH 110 ckinanxy D el’;
—nm(I") — e MHOKMHA BCixX x€V, aKki Girypytots y hopmymnax O el’;
—v([) =N v(D), fu(l)=Vr\nm().
Oel’
Iateprperyemo Moy L2 na kommosumiitaux cucremax CS = ("4, Pr’™, Coc=).
3amaeMo ToTanbHe oxHO3HAauHe [ : Ps—Pr’ ) ske MPOJIOBKUMO JIO BiJIOOpaskeHHsI iHTEp-
nperartii dopmyn I : Fr—Pr’

(@) = =(I(D)), I(vOY) = v(I(®), I(T)),
I(R/®)=R;(/(®)), 1(3x®) = Ix(I(D)),
I(C®) = ~(I(D)), I(=y) ==y-

Tpiiiky J = (CS, 2, ]) Ha3BeMo iHTeprperaiieio Mosu L2,

CKopoueHO iHTepIIpeTailii MOBU MO3HAYAEMO SIK (A, 1).

[Ipenukar /(®) — 3nauenns Gopmynu O npu iHTepnperanii J — noznaunmo D,

[Mpeametne iM's x€V HeictoTHe st popmynn P, SKIIO MpH KOXKHIKA iHTepnperamii J iM's x
HeicToTHE JUIst npeaukara O,

Mosa L9~ BusHauaeThes aHAIOTIMHO MOBI L , JINILIE 3aMICTh CUMBOJIIB =y, TUILEMO =y .

[ToiOHUM YHHOM OITUCYEMO MOBH JIOTIK L*1a LRCZ, OIYyCKAKOYM ITYHKTH JJIs Jx.

Ipu BusHauenni moB L=, L2, L™ L® omyckaemo myHkTH, 1e ¢irypyiors crMBOIH
KOMITO3HUIIiT MPEINKATHOTO IOTIOBHEHHS.

Mo>xHa BUAITUTH 3aralibHi KJIacH R-iHTepIipeTaniii Ta miakiacu P-intepnperaniid. Taki kiacu
iHTeprpeTaniii Ha3uBalOTh CEMAaHTHKAMH, 1X TT03Ha4YaeMo R Ta P.

Hexaii o0 — nesikuii kimac iHTeprpeTaniii (ceMaHTHKa).

®opmyna @ HecnpocTOBHA (YAaCTKOBO icTHMHHA) mpu iHTepnpetanii J (mo3H. J|=®), sxmo
npeankat @, — HECIIPOCTOBHHUIA.

®opmyna @ HECTPOCTOBHA B O, 0 MO3HaYaeMo “|= @, skio J |=® npu KoxkHii Jea.

®opmyna @ TOTOKHO icTUHHA ipH iHTeprpeTaltii J (mo3H. J |=;,; @), sxmo @, =T.

®opmyna @ TOTOKHO icTHHHA B @, (103H. “[=;¢ ®), sixino J |=;¢ ® npu kosxkHiit Jea.

SIkIo ceMaHTHKa o, 3aikcoBaHa, TO 3aMicTh =, “[=;; nmmeMo =, =y .

dopmyna @ BUKOHYBaHa NpH iHTeprpeTaii J, Ko npeaukat @, — BAKOHYBaHUH.

®opmyna @ BUKOHYBaHA B a., K10 O BUKOHYBaHA MPH JesiKil Jea.

Teepmkenns 6. J |=,® = J|=D; =, D = [=D.

Mpukaan 1. Maemo *Fx=x 1a *=x=y<>y=x (TyT . — R uu P).

IMpuxaan 2. Maemo *Fiyx=x ta *Fyx=y<>y=x (Tyr 0. — R uu P).

3TiJTHO TBEPJUKCHHS | OTpUMYEMO:

Teepuxenns 7. Jlna xkoxsoi intepnperanii J Maemo: (=), =A; (T Ez);=A.

0C=

3TiTHO TBEP/KEHHS 3 OTPUMYEMO:
Teepmkenns 8. s koxuux ® € Fr ta intepnperamnii J Maemo
(OVv—DOV~D );=T; =(Ov—-OV~D ),;=F;, 7 (Ov—-DOVv~D),;=A.
Hacuainok 3. /lns koxuHoi @ € Fr maemo =y Ov—®v ~® (1yr o0 — R uu P).
Jus dhopmanizaiiii GyHIaMEHTATBLHOTO MOHSTTS JIOTIYHOTO HACHTIJKY B JIOTiKax KBa3iapHUX

MPEIMKATIB 3apPONIOHOBAHO (IUB. [9]) HU3KY BiMOBIIHUX BiJIHOIICHB.
Crnouatky 3a/1aM0 BiTHOIICHHS HACTIKY Ui ABOX (hopmyn mpu ikcoBaHii inTepnperamii J.

93



1) Ictunnicuuit, ado T-nacninok j=r: @ jJ=r¥ < (D)) < T(VY)).
2) XuOnicuuit, abo F-nacninok j=r: @ J=r¥ < F(¥,)) < F(D,).
3) CHHBHHﬁ, abo TF-HaCJ'IiI[OK J|:TF2 (DJ|:TF\P = (DJ|:T1P Ta (DJ|:F VY.
4) HecripocToBHicHHIA, a00 /R-HacHinok j=r: @ j=rY < T(D)NF(VY,)) = D.
5) IlyansHuii 10 IR, a60 DI-racmifok j=p;: ® j=p;¥ < F(®,)UT(¥)) ="4.
BianoBigHi BiIHOLIEHHS JIOTIYHOTO HACHIIKY B CEMAHTHIIl Ol 3371a€EMO 33 CXEMOIO:
@ “=. P, sixuo @ jj=. ¥ mst koxuoi Jea.
B 3aranpHOMY BUIIaZIKy JIOTiK KBa3iapHHUX MPEIUKATIB MOXKHA PO3rIsiAaTu ceMaHTuku R, P, T,

TS; npu upomy cemanTuku P ta T nyanbHi, ceManTHkH R Ta TS aBTOAYaNBHI.

B 3aranpHOMY BUMAIKy JIOTIK KBa3iapHUX MPEIMKATIB 3a3HAYCHI BiTHOIICHHS JOCIIKEHO B

[9]. Cepen mux BimHOMmEHD Maemo we 5 pisuux: ' =, ' =1, F1=r, "=, X=rr.

BinHomIEHHS JTOTTYHOTO HACTIAKY 1HAYKYIOTh BiTHOIIEHHS JIOTTYHOI €KBiBAJIGHTHOCTI.
BinHouieHHs ekBiBaIGHTHOCTI TP iHTepIipeTailii J BH3HAYAEMO 32 CXEMOIO:
O~ VW, axmio @ =¥ Ta ¥ )=« ©.
BigHomeHHs JOr1YHOT €KBIBAJICHTHOCTI P~1R, P~T, P~F, P~TF, R~TF BU3HAYAEMO TaK:
D “~, W, sikiio @ =, ¥ ta ¥ 4=, @.
[Ipu pomy: @ “~ ¥ < O j~ ¥ st koxHOT Jea.
Oco0uBe 3HaYeHHS Ma€ BigHOMEHHS j ~7r. D jy~7r ¥V o3Hauae, mo @, ta WV, — 1ie oauH 1 Toi

xe npeaukar. lle BurumBae 3 HactynHoro: @ j~rp ¥ < T(D))=T(V,) ta F(Dy)=F(P)).

OCHOBOIO €KBiBaJICHTHHX MEPETBOPEHb (HOpPMYIN € Teopema eKBiBaJeHTHOCTI. BoHa dopmy-

. R P P P P .
JIIOETHCS ISl BITHOIIEHD ~ ~7F,  ~7F, ~R. 18" ~rTa ~p TEOpEMa HEBIpHA.

Y, ..

Teopema 4. Hexaii @' orpumano 3 popmynu © 3aMiHOIO JesIKUX BXOKEeHb D, ..., D, HA

. V. ko @ “~, W, ..., @, *~ P, 10 @ *~, D'

BinHomIeHHS TOT1YHOTO HACTIAKY MOIIUPIOIOTHCS HA MAPH MHOXKHUH (DOPMYIL.
Hexaii nesixa I, A, X < Fr, Hexait J — iHTeprpeTantis. Jlami mo3Havaemo:

NTO,) sx T(Z), NF@O,) s F'(Z), UTO,) ax T7(Z), UF@O,) sx F(Z)).
0eX 0ex 0ex 0ex

A € T-macnigkom I npu inteprperanii J (nosu. I f=7A), sxmo 77(T)) < T (A)).
A € F-nacnigkom I ipu intepnperauii J (nosu. I' j=rA), sxmo F(Ay) < F(T)).
A € TF-nacnigkom I” ipu intepnperanii J (mo3H. [ =77 A), sxmo I j=rAtal j=rA.
A € IR-nacnigxom I' npu inteprperanii J (mos3n. I = A), axmo T (T'y) N F (A= D.
BinmoBigHi BiIHOIIEHHS JIOT1YHOTO T-HACIHIJIKY B CEMaHTHIII 0L 33/1a€EMO 32 CXEMOIO:
@ “=1 VP, ko @ =1 ¥ s koxuoi Jea.
Teopema 5 (3aminm ekBiBasieHTHUX ). Hexait @ ~W, Topi:
O TFAS VY, TFEA TEAOSTFAVY.
Tyt ~— onHe 3 R~TF, P ~TF, P ~ig; |=— OIlHE 3 BiJTHOIICHB R|=TF, P =75, F [=1z.
Haranaemo (nuB. [9]) OCHOBHI BJIACTUBOCTI BiJHOIIEHb JIOTIYHOTO HACTIJKY JJISI MHOXXHH

dopmysr. Hagari, sikimo iHime He 3a3HadeHe, |= — e oxaue 3 \|=rx, "= ' =1, T =r, C=0.

M)Hexait 'cAtaAcX, toni I'|FA =A =X (MOHOTOHHICTB).
Hexommnosutist popmyit:

—) —DP,FA < O, T |=A.

—rR) [=A, ——D < T [FA,O.

vp) OV, 'A< O, T'=Ata W, T"'|=A.

VR) TFA, OVY ST |=A, O, Y.

—vy) =(OVY),I'=A < -0, -V, T |=A.

—VR) [FA, =(DVY) & T |EFA, —DPTal|=A, VY.
Jns P |=/z TakoX) MaeMo (11e HEBIPHO ISt R|=TF, P =77,
—|]_) —|(D, FP|:1R AT P|:1R A, .

P P
|:Ta |:F):
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—R) T7ER A, =@ < @, T =z A,

BrnactuBoCTi €KBIBaJCHTHHX IEPETBOPEHb, TOB'S3aHI 3 PEHOMIHAINIEI0, OTPUMYIOThCS Ha
ocHoBi BiactuBoctei R, RI, RU, RR, R—, Rv. KoxHa 3 HUX nipoayKye 4 BiMOBITHI BJIACTUBOCTI
JUTSL BIIHOIIEHHS JIOTIYHOTO HACIIAKY, KOJIH BUAUJICHAa GopMyIia UM ii 3anmepedeHHs 3HaXOIUThCS Y
JBil 9M MpaBiil YaCTUHI IIHOTO BiTHOIICHHSI.

JUnist mepuIonopsAKOBUX JIOTIK MaeMO BJIACTHBOCTI eNiMiHAIll KBaHTOPIB, MEPBICHOTO O3Ha-
yeHHs Ta E-po3noainy (auB. [9]); BoHH cripaBmKyr0ThCs Takox it LC Ta JIOTiK 3 piBHICTIO.
BnacTuBocTi eniMiHaii KBaHTOPIB:

3p) IxD,T'|=A < R (D), Ez,T' |=A 3a ymoBu zefu(l', A, IxD));

3Ry) R (3x®@),T' =A< RI(D),Ez,T = A 3a ymosu z e fi([,A, RY (D)) ;

—3r) I'==3IxO,A < T, Ez|=—= R (D),A 3a ymou zefu(l', A, IxD));

—3RR) I'|=— RY (3xD),A & T, Ez|=— RIS (®),A 32 ymosu z € fu(T,A, R (D)) ;

z

Avp) T, Ey |=3x®, A < T, Ey |=3xd, R* (D), A ;

>y

ARvR) T, Ey [ A, R (3x®) < T, Ey [= A, R} (3xD), R (D) ;
—3v) =3P, Ey, T |FA & —xD, =R (D), Ey,['[=A;

—3Rvy) =R} (IxD), Ey,T|=A < =R (IxD), =R} (D), Ey,T" |=A.

BrnactuBocti E-po3noiny Ta mepBiCHOrO O3HAYEHHS:

Ed)TFA < T'FAEytaEy,T'|=A;

Ev)T =A< Ez, T |=A, ne zefu(T, A).

lapaatyrore (auB. [9]) HasBHICTE TOrO YH IHIIOTO BIJHOIICHHS JIOTIYHOTO HACIIIKY
BrnactuBocti C, CL, CR, CLR. JInst yciX BiIHOIIEHb Ma€EMO:

O) O, T FA 0.

JloJ1aTKOBO rapaHTyIOTh HASBHICTh BiJTIOBITHOTO BiJIHOIICHHS TaKi BIIACTUBOCTI:

CL) ®, -, T ’|=7 A;

CR)T P |=p A, @, —®;

CLR) @, —~®,T "=z A, W, -,

BnactuBocti C, CL, CR, CLR cnipaBIlKyIOTbCs JJIs1 JIOTIK 3 PiBHICTIO.

3ayBa)KuMo, 110 BiJJHOIICHHSI, SIKI MM TTO3HAYAEMO OJIHUM CUMBOJIOM (HAtp., P|=T), pizni B LC
Ta B JIOTIKaX 3 PiBHICTIO, ajie 3 KOHTEKCTY Oy/ie 3p03yMisIo, Mpo sIKe BiHOMICHHS ii/1e MOBa.

3. Oco6.1uBOCTI BiTHOIIEHDb JOTIYHOT0 HACJTIIKY B JIOTiKaX 3 PiBHiCTIO

PoszrisineMo 0coOaMBOCTI BiTHOIIEHB JIOTTYHOT'O HACIIJKY, MOB’s3aH1 3 HASBHICTIO MpEAUKa-
TiB piBHOCTI. ONHIIIEMO BIACTHBOCTI, TIOB’sI3aHi 3 MPEUKATaMH CJIA0KO1 piBHOCTI.

Ha ocHOBiI Sm MaeMo BIIaCTHBOCTI:

Smp)x=y,'FAx=y,y=x,[ |FA;

Smp)I'[FA, = x=y & T|FA,—-x=y,~y=x.

Tr iHayKY€E BIACTUBOCTI:

Tr)x=y,y=z,T|FAc S x=y,y=z,x=2,T|=A (1yr |=—1e "= un "}=1);

Trr) T[FA, —x=y,~y=z T |=A —x=y,—y=z,—x=z (ty1 |= — e |51z un *]=).

Cropasni, T(x=y)NT(y=z) = T(x=y)NT(y=z) N T(x=2z).

Teopema 6. Tr. HeBipHa aust |=7; Trg HeBipHA AJs |=7.

Hus d=[x—a,z—=b] maemo deF(x=y)UF(y=z)=F(x=y&y=z); npore deF(x=z),
ToMy deF(x=z)UF(x=y)UF(y=z)= F(x=y & y=z& x=z) > x=y & y=z |#grx=y & y=z & x=2z.
Ipore O =¥ < ¥’ |=r—®, Tomy —x=yv—y=zv—ax=z'|#rwx=yv-y=z. Bommouac
x=y&y=ZP|=Tx=y&y=Z&x=Z, —|x=y\/—|y=zv—|x=ZP|=F —X=yV-oay=z.
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TakuM YHHOM, TPAH3UTHUBHICTH CIIabKoi PIBHOCTI MOPYIIYeThCs s BigHoueHs * |=¢ ta ©|=r,
TOMY U JUIs P|=TF Ta R|=TF. Tomy B KHJI 3 =, 11l BiJHOLIIEHHS HEKOPEKTHI.

Hacuainok 4. /s KHJI 3 =,, KOpEKTHUM 3aJIMIIAETHCS JIMIIE BlAHOLIEHHS P =1r.

Buactusicts RD iHIyKye BIaCTHBOCTI peHOMIHAIT PiBHOCTI [1st BigHOMmEHHS © |=z.

RDy) RY(x=y).,T =rA < x=y, T =rA 3aymoBux,ye{i};

R (x=y).I"lFrA < z=y, T =rA 3aymoBuy & {ii};
RIS (x=y),T PlFrA < z=u, T =R A.

V,zZ,Uu

RDR) I'*l=,, R¥(x=y),A < T''[=rA,x=y 3ayMOBUX,y & {ii};
=g B (x=y),A < TP=rAz=y 3aymoBuy ¢ {ir};
FP|:1R Ru vy(x:y)’A = FP|:1RA,Z:LI.

V,Z,u

Biactusicts ER iHIYyKY€E BIACTUBOCTI 3aMiHU PIBHUX JIJISl BiTHOIICHHS P|=1R :
ER) x =y, R H(D).T FrA < x=y,R (D), R (P),T FrA;
ERg) x=y,I’ ‘ R Rvuz(q))A < x=y0 ’ IRRVUZ((D)RgZ((D)A

Buactugicts Rf inykye criemianbHy yMOBY HassBHOCTI BiHOUICHHS ' |=/¢ :
CRf:) T P|=1Rx =X, A.
Onumemo BnactuBocti KHJI, mos’s3ani 3 mpeankaTtamMu CTporoi piBHOCTI.
Hani |=— ue oane 3 =17, "=, "1, "l=R TE.
s BigHomens tuny 7, F, TF 3HiMaru 3amepedeHHs, rnepeHocsdyn —® 3 JBOi 4acTUHU
BiJIHOIIIEHHS y TpaBy sk @ i HaBMaKW, B3arami Kaxkydd, He MoxkHA. [IpoTe 116 MokHA poOUTH 1St
MpeInKaTiB CTPOToi piBHOCTI:
ER)ITE—x=y, A x=y,'|FA Ta —x=y,[[FAST [Fx=y,A;
ERig) [==R; (x=y),A & Ri(x=y).I'=A 1a =R (x=y),I'|FA & I'=R (x=y),A.
BrnactuBocri, ingykoBani Sm Tta Tr:
SmS)x=y,'FA=x=y,y=x,['|=A
TS)x=y,y=z,T'|FA < x=y,y=z,x=z,' |FA
Brnactusicts RD iHAyKy€e BIacTHBOCTI peHOMIHALIi PIBHOCTI.
RDS)) Ri(x=y),[|=A < x=y,['|=A 3aymoBux,y¢{u};
R (x=y).T=A < z=y,['|=A saymoBuy ¢ {u};
Rf”(x »I=A < z=u,l'|FA

RDSR) T=R! (x=y),A & F|:xEy,A 3a YMOBH X, ) & {il };
[=R(x=y),A & [=z=y,A 3aymoBuy ¢ {u};
=R (x=y),A & Tl=z=uA.

Brnactuicts ER iHIyKYy€ Taki BIACTHUBOCTI 3aMiHU PiBHHX:

ERSL) F,xsy,R” "(D)=A o Tx= y,R” (D), Rf (@) =A

ERSy) [Lx=yl= R;’j (D),A < Ix=y= R;‘f (D), ngz (CD),A )

Bnactuicts Rf iHlyKye yMOBY HassBHOCTI KOKHOTO 3 R|:TF, P|=TF, P|:T, P|=p, P|=1R:

Crp) ' Fx=x,A.

[MincymoByroun, B KHJI 3 =,, MaeMo Taki BIaCTUBOCTI BiAHOLIEHHS P =g

— IEKOMIO3MINT —, —R, VL, VR;

— eKBIBAJICHTHUX ITepeTBOpeHb Ha ocHOBI R, RI, RU, RR, R—, Rv;

— eniMinanii kBaatopi J;, ARy, Ivg, IRvg;
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— E-posnoziny Ed ta nepsicHoro o3nauenns Ev;

— TIOB’s13aHi 3 npeaukaTaMu ciadkoi piBHOCcTi Smy, Trp, RDy, RDg, ER|, ERg;
M . . . P

— BracTuBOCTi C Ta Cre- TapaHTOBAHOI HASIBHOCTI BITHOIICHHS ~ |=g .

ITomi6HI BIACTUBOCTI BIHOIIICHHS P|=1R maemo B KHJI 3 =,,; BIAMIHHICTB TUIBKH B 3aMiH1
CHMBOJIIB =, HA CHMBOJIU =y, 10 JIa€ TaKi BJIaCTHBOCTI:

— TIOB’s13aHi 3 npeauKaTaMu cTporoi pisHocTi SmS, TrS, RDS;, RDSg, ERS;, ERSg;

— pnactuBocti C Ta Cry rApaHTOBAHOI HASBHOCTI BiHOMICHHS © |=1 .

BractuBocri BigHOIIEHD R|=Tp, P|=Tp, P|=T, P|=F B LEs:

— JIGKOMITO3UITiT OPMYIT ——1, ——R, VL, VR, VL, VR

— eKBIBAJICHTHHX mepeTBopeHb Ha ocHOBI R, RI, RU, RR, R—, Rv;

— emiminanii kBaaTopiB Jr, IRy, —3Ir, —=IRg, Vg, IRVR, =3IV, =IRV;

— E-posniofiny i nepBicHOTO O3HAYECHHS,

— OB’ sA3aHI1 3 =,, B1acTUBOCTI Er g, ERr g, SmS, TrS, RDS;, RDSg, ERS;, ERSg;

Takosx BIaCTMBOCTI TapaHTOBAHOI HAIBHOCTI JIOTTYHOT'O HACHIJIKY:

- C, CL, Crs s P|=T;
~C, CR, Cremns "=}
~C, CLR, Cre st =1
— C, CRf JJIS1 R|:TF .

B LC BiaHOIIEHHS JIOTTYHOI0 HACHIiKy BBOJUMO Tak, K onucaHo Buiie. [Ipore kommnosumis
MPEIMKATHOTO JOMOBHEHHS Mae crienudidai 0cOOIMBOCTI, MO Bi0OpaXkaeThcs Ha BIACTHBOCTSIX
BiJIHOIIIEHB JIOT1YHOTO HACHiIKy. 3MicToBHUMH B LC € e R-cemaHTHKa Ta P-ceMaHTHKA.

Jlnst BigHomenns “[=; pedIeKCHBHICTD MOPYIIYETHCS AK B TPAAMIIIHIX OriKaX KBa3iapHAX
npeankaris, Tak i B KHJI 3 piBrictio Ta 8 LC. Crpasai, 1ist [OBITbHOTO pePs MaeMo p £k p
(6epemo JeR Taxy, mo p; = Y). ToMy BUPOIKEHE BiHOLICHHS "|=j; Mai1i He po3rismaeMo.

Hnsa KHIJI 3=, BinHomenna tunis 7, F, TF and nap ¢Gopmysl HETpaH3UTHBHI (Teopema 6).
Tomy nnst LC= kopeKTHUM MOKe OYTH JIMIIE BIIHOIICHHS = |=/z.

Bignomenns noriyHoro Hachiaky B LC geransHo fmociikeHo B [7]. 30kpeMa, MOKa3aHo, 110
BimHomenns =z B LC KOPEKTHO BBECTH HEMOXKIHBO. [IPHUMHOIO 1bOTO € HEMOKIHBICTD KOPEKTHO
3aJlaTd YMOBHU JIEKOMTO3UIIIT (hopMyn BUrsiny ~ @ . 3yMOBIEHO 1€ THM, IO JEKOMIO3uIlis ~ @
BHUMarae mojanHs 00J1acTi HeBu3HadeHocTi popmynu O vepes ii 061acTi ICTHHHOCTI Ta XUOHOCTI 32
JIOTIOMOTOFO JIKTIIE M Ta U. Sk moka3aHo B [7], 11e HEMOXJIHBO.

Taxum unaoM, mig LC BigHOIIEHHS r |=/x HeanekBaTHe. ToMy BiX P |=/z MOITLHO TIEpEHTH 70
3arajIbHINIOrO BiHOIMICHHS |=z HECIPOCTOBHICHOTO JIOMYHOTO HACIIAKY 33 YMOB HEBU3HAUECHOCT.
BigaomenHs |=1Rl B LC mocaimkeno B [5-7].

HeanexBaTHicTh BigHOIIEHHS P|=1R B LC poOuTts #oro i HeagekBatHum 1 B LC= Ta B LC=.
Bpaxosytoun, mo B LC= BimHomenns tunis 7, F, TF Tex HeanekBatHi, LC= 1m0 meBHOI Mipu
BHPOJUKEHA, [UIsl Hel MOYKE TIPAIIOBATH JIHIIE BiHOIMICHHS |=5 .

Ctucio onumemo Biguomienus tumiB 7 ta F' B LC ta LC=. 1le BigHOIICHHS P |=ri R|=T, K1
TakoX Oy/IeMO MMO3HAYATH |=7, TA BIJHOIICHHS r [=r1i R|=F, SIK1 TAKOXK TIO3HAYATUMEMO =

Jlns mux BigHOomeHs B LC Ta B LC= crnipaB/kyr0ThCsl BiJIOBIIHI BJIACTUBOCTI JIEKOMITO3HIIIT
(hopMyJ1, eKBIBJICHTHUX MEPETBOPEHb, CNIIMiHAIlT KBAHTOPIB, E-pO3MOJIiIy Ta MEPBICHOTO O3HAYCH-
Hs, K1 MatoTh Micue uig Tpaauniianx KHJI (muB. [9]). CripaBmkyroThCsl TAKOK YMOBH, SIKi rapaH-
TYIOTh HasBHICTH TOTO YH iHIIOTO BiJHOIICHHS JOTigHOTO Hachiaky. Bomnouac B LC T1a B LC=
3 ABISIOTHCS (IUB. [7]) HOBI BIIACTUBOCTI, TIOB’sI3aH1 3 KOMITO3HIII€I0 TTPEIUKATHOTO JIOTIOBHEHHSI.

JIyis BiTHOIIIEHB |=7 JOJJATKOBO MAEMO HACTYITHI BIIACTUBOCTI.

YMoBa rapanToBaHOi HAsIBHOCTI |=7:

C—|~) ﬁ~q), I |:TA.

JHexomnosuist popmyn tumy ~ D :
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~LT) ~(D,F |=TA = |=TA,(I),—|(D.

- RT) T |:TA, O & CD, T |:TA Ta ﬁq), r |:TA.

-~ El) r |:TA, -0 < T |:TA.

BrnactuBicts =~ g — e pakTH9HO enmimiHamia " .

JIJIs BiTHOIIIEHB |=F T0JIATKOBO MAEMO HACTYITHI BIACTHBOCTI.
YMoBa rapaHTOBaHOI HAsIBHOCTI |=F

CY) I'l=,~®,A.

Jexomnosuuist popmyn tuny ~ D :

-~ RF) T |:FA, - O & F, (D, —D |:FA.

-~ LF) —|~q), I |:FA < T |:FA, d Ta I |:FA, —D.

~El) ~CD,F |=FA < T |:FA.

BrnactuBicts ~ g — e pakTHUHO enmimiHaIia .

Sk BUTUIMBa€E 3 IMX CHIBBIJHOIICHB, JJIS BIJHONICHb THIY |[=r Ta TUMY |=F MaeMO pi3wi

BJIACTUBOCTI Aekomno3uuii Gopmyn Burimsiny ~ @, iX ne MoodcHa TONATH SIK CIIJIBHY BIACTHBICTDH
. . R R R ..
JUIs BifHOMIEHb THNY |[=77. lle o3nawae, mo B LC ta B LC= BimHomeHus “|=r, "|=p, |=rF pi3Hi,
2oL . : R R R
BOJIHOYAC B TPAJAMIIMHIH JIOTII KBa3iapHUX MPEAUKATIB MAEMO ' |=7 = "|=F = "|=7p.

BrnactuBocti nexommnosuii ¢popmyn Burisiay ~ @ Ui BiIHOMIEHD TUIY [=77 OTPUMYEMO, TIO-

€JIHYIOYH HaBEJICHI BUIIC BiJNOBI/IHI BIACTUBOCTI /I [=7r Ta [=p: ~LrTa ~ g, ~rr1a C~, C—~

Ta—|~LF, —|~E1Ta—|~RFZ

“irr) O =rA & TlErA, O, —D tal |=rA;

- RTF) r |:TFA, RO (D, r |:TA Ta —ﬂ), T |:TA;

-7 115) =@, T|=rrA < T'l=pA,® 1a T'|=rA, —D;

- re) T [FrA, =@ < T|=rA1al, @, —® [FrA.

3Bincu BurumBae, mo B LC= yei signomenns =1, *|=¢, *|1=1r, K=, X|=r, X|=1r € pisanmu.

B LC= Tako BUKOHYIOThLCSI HABEJICHI BUIIEC BIACTUBOCTI, TIOB’A3aHi 3 MPEJUKATAMH CTPOTOi

piBHOCTi. HOBMMU € BiiHOIIIGHHSI, SIKi TIOB’A3YIOTh ~ Ta MPEIUKATH CTPOTOi PIBHOCTI.

3rizHo TBepKEHHs 7 ~ =y, = A A1 KoxkHOI J, 3Biaku 1(~ =) = F(7 =) = .
3BijicM YMOBH TapaHTOBAHOI HAasBHOCTI [=7 Ta TapaHTOBAHOI HAsBHOCTI = :

C-_) “x=p,T FrA;

C-_o)TIFrA, “x=y.

ITpu B3aemHil 3aMiHI [=7 Ta [=F Ma€MO BJIACTUBOCTI COPOLICHHS — eMIMIHALT ~ = :
El._) Tx=pI'FrA < T'lErA;

El._y) I'FrA, " x=y < T'I=rA.

IMizcymoByioun, B LC= mMaemo Taki BracTHBOCTI BimHomens =7, *|=p,
CrinpHi 1 R|=T, R|=F, P =7, P |=F BIACTHBOCTI:

— IEKOMITO3UIIiT GOPMYT ——p, ——R, VL, VR, VL, —VR;

— eKBIBAJIGHTHHX TiepeTBopeHb Ha ocHOBI R, RI, RU, RR, R—, Rv,R™;
— enmiMinanii kBaatopi J;, ARy, =3I, =IRR, Ivg, IRV, =3IV, =IRv;

— HOB’sA3aHi 3 =, BnactuBocTi Err, ERr g, SmS, TrS, RDS;, RDSg, ERS;, ERSk.
Jn1st BiHOIIEHD |[=7 JOJATKOBO MAEMO:

— BIACTUBOCTI ~ L1, ~ RT, = E1 ACKOMITO3HUIIT hopmyit Bursiy ~ @ ;

— BiactuBicTh El._, enmiMiHamii ~ =,,.

P_ P_
|_T9 |_F'

=R

. . .. P ~

BnactuBocti rapanroBanoi HasiBHOCTI BigHowmenus ~ |=r: C, CL, Cry, C—=, C-_, .
. . o R ~

BuractuBocrti rapanToBanoi HasiBHOCTi BigHotteHns ' |=r: C, Cry, C—=", C-_, .

JJis BiTHOIIIEHB |=F T0OJIATKOBO MAaEMO:
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— BIIACTUBOCTI — ™ Rp, — LF, gl AeKommosullii Gopmyn tuny ~@ ;

— BractuBicTh El _; emiMiHamii ~ =,,.

. . .. P ~
BractuBocti rapantoBanoi HassBHOCTI BigHomeHHs  [=r: C, CR, Crs, C™, C-_, .
. . . R ~

BractuBocti rapantoBanoi HassBHOCTI BigHomeHHs ' |=p: C, Crp, C™, C-_,.

. - R__R__ P__P
Taxi > BIaCTUBOCTI BIAHOIICHD  |=7, " |=F, ' |=1,  |=r Maemo B LC, ane npu npoMy OIyCKaEMO
BJIACTUBOCTI, B IKMX (PIrypyIOTh CUMBOJIU NPEINKATIB CTPOrOi PIBHOCTI.

BucHoBku

B poboti gociimkeHo HOBI MpOrpamMHO-OpPIEHTOBAHI JOTiYHI (OpMaTi3MU — KOMIIO3UITIIHO-
HOMIHATHBHI JIOTIKH 3 TIPEJMKATaMH PIBHOCTI Ta KOMITO3HUIIIEIO MPEANKATHOTO JOTOBHEHHs. Taki
JIOTiKM 3 TIpeauKaTamu ciabkoi piBHOCTI Ha3BaHo LC=, a 3 mpeaukatamu cTporoi piBHOCTI — LC=.
PosrssayTo kommosutiiiai anreopu LC= Ta LC=, mocmipkeHO BIACTHBOCTI 1X KOMITO3UIIIH, OIHU-
CaHO MEPIIONOPSIKOBI MOBH IHX JIOTiK. OCHOBHY yBary 30Cepe/PKeHO Ha BHBUCHHI BIIACTHBOCTEHH,
MOB’s13aHUX 3 MPEIUKaTaMU PIBHOCTI Ta KOMIIO3HUINEI0 MPEIUKATHOTO JIOTIOBHEHHS. BBemeHo Ta
JOCTIPKEHO HU3KY BiAHOIICHB JIOTTYHOTO HACHiAKY B nepionopsakosux LC= ta LC=, po3rinsnyro
ix ocobmmBOCTI. 30KpemMa, BCTAaHOBJICHO MEBHY BUpPOKeHIcTs LC=, s SK0T KOPEKTHUM € JIHIIE
BIIHOIIEHHST HECIIPOCTOBHICHOTO JIOTIYHOTO HACHiAKy 3a YMOB HEBHM3HAa4e€HOCTi. BractuBocCTi
BiJTHOIIECHB JIOTIYHOTO HACIIJKY € CEMAaHTUYHOIO OCHOBOIO 1moOynoBu B LC= BiamoBinHuX mepiio-
MOPSIKOBUX YHCJICHb CEKBEHIIIMHOTO THITY, IO TUIAHYETHCS 3MIMCHUTH B HACTYITHUX POOOTAaX.
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BITHOIIIEHHS JIOTTYHOI'O HACJIIIKY B KOMIIO3UIIMHO-HOMIHATUBHHUX
JIOI'TKAX 3 IPEAUKATHHUM JOITOBHEHHAM

MxineasK O.C.

We study software-oriented logics of partial predicates with new special non-monotonic operation ~
of the predicate complement. We denote these logics by LC. Such operations are used in various versions of
the Floyd-Hoare program logic with partial pre- and post-conditions. We describe first order composition
algebras and LC languages. For LC, a number of logical consequence relations and logical consequence
relations under the conditions of undefinedness are specified. Properties of the defined relations are
investigated, differences and the relationship between them are given. For the introduced relations, we
describe the conditions for their guaranteed presence, the decomposition conditions for formulas and the
properties of quantifier elimination. The theorem of elimination of the conditions of undefinedness for the
relations |=7" and |=¢" is proved.

Keywords: logic, predicate, composition algebra, logical consequence.

Kuiouogi cJjioBa: jiorika, npeInMKaT, KOMIO3HUIiHHA anre0pa, JIOTYHUE HACTIJIOK.

Posmmpenns cdepu ix 3acrocyBanHs iHPOpMALIHHUX TEXHOIOT1H BUBOIUTH HA MEPIIUii IJIaH
3ajjady CTBOpPeHHS €(eKTHBHUX 1 HaIIfHMX 1 TporpaMHUX cucTeM. Lle sickpaBo 3acBiIUyIOTH
HeJaBHI JkaxyMBi aBiakaTacTpodu 3 mitakamu Boeing 737 MAX 8. B ocHOBI cyyacHHX MpOrpam-
HUX CHCTEM JIS)KHUTh anapar MaTeMaTH4HO1 JIOTiKK (AMB., Hanp., [1]). 3a3Bud4aii e Knacu4yHa JIoTika
[2] mpenukatiB Ta 6a30BaHi Ha Hill crenianbHi Joriku. BogHovac kiiacuvHa jorika mae [3] HU3KY
MPUHIUIIOBUX OOMEKEHb, 10 YCKJIAaIHIOE ii BUKOpUCTaHHA. ToMy 0COOJIMBOI aKTyalbHOCTI Haly-
Bae mpoOsieMa MoOyJ0BH HOBHUX, MPOIPaMHO-OPIEHTOBAHUX JOTIYHHUX (GopManizMmiB. Takumu €
Kommnosuniitno-aominatusHi oriku (KHJI) yactkoBux kBasiapHUX MpeAnKatiB (AuB., HAMp., [3-5]),
OymoBaHI Ha OCHOBI CHUIBHOTO JJsl JIOTIKM ¥ MpPOTpaMyBaHHS KOMITO3UIIIHHO-HOMIHATUBHOTO
X OTY.

BaxmuBuM pi3HOBHIOM IMPOrPaAMHO-OPIEHTOBAHUX JIOTIK, SKi YCITIIIHO 3aCTOCOBYIOTHCS B
cucremMax Bepudikalii mporpawm, € noriku ®noiiga-Xoapa [6]. Lli 70TiKH BUKOPUCTOBYIOTH TOTAIbHI
nepea- Ta MicHsi-yMoBH (TIPEIMKATH), TOMY BUAAETHCS AOIUIBHUM PO3IIUPUTH Taki JIOTIKM Ha
BUMAJIOK YAaCTKOBUX MpPEAHKaTiB. [I[pOTyKTHBHUM HANpPSMKOM TaKOTO PO3MIMPEHHS € BBEACHHSA [7]
crnerianbHoi omepanii (komno3swuinii) npeaukaTHoro jormoBHeHHs. KHJI wacTkoBUX mpeaukatiB 3
KOMITO3UITIE0 TIPEJMKATHOTO JIOTIOBHEHHS 3ampornoHoBaHo B [8], ix wazeano LC. JlocmikeHHIO
npono3uniitnux LC npucesuena podota [8], LC penominaTuBHOTO piBHS onucaHo B [9].

Metor naHoi poOOTH € BHBUEHHS CEMaHTHUYHHMX BJAcTHUBOCTEH mnepiuonopsakoBux LC.
Onucano xommosuuiiHi anredpu Ta MoBu LC. 3ampornoHOBaHO HU3KY BiJHONIICHH JIOT1YHOTO
Haciaiaky B LC Ta BiHOWIEHb JIONYHOIO HACHIJIKY 3a YMOBM HEBHM3Ha4deHOCTI. JlocmimxeHo
BJIACTUBOCTI LIUX BIJHOIIEHb, BCTAHOBJIEHO CIIIBBIJHOMIEHHS MK LIMMHU. J[J1s1 BITHOLIEHb TUMIB |=7
Ta |=F JOBEJCHO TeOpeMy MO eNiMiHaIlil0 YMOB HEBH3HAUEHOCTI, BOAHOYAC IS BiIHOIICHb THITY
|=r e 3poOuTH HEMOXIHBO. /[ MPOMOHOBAaHWX BiJHONICHH OMMCAHO YMOBH iX TapaHTOBAaHOI
HasBHOCTI, HAaBEIEHO BIACTUBOCTI IEKOMITO3UIIiT (hopMyII Ta enimMiHaiii KBaHTOPIB.

[TonsTTS, SIKI TYT HE BU3HAYAIOTHCS, TAYMAadlMO B ceHci [3, 4].

1. Komno3uuniliHi cHcTeMH Ta MOBH JIOTIK 3 IPeAUKATHUM /IOTIOBHEHHSAM
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[lin V-A-kBaziapHUM TPEIUKATOM PO3YMIEMO YaCTKOBY HEOJHO3HAYHY (DYHKIIIO BUTIISTY
P:"A—{T,F}. Tyr {T, F} — MHOXWHA iCTHHHICHUX 3HaYeHb, A — MHOXHHA BCIX V-A-iMCHHHX
MHOXWUH. B 11iif poO0Ti MU PO3TIIAIa€EMO HEOJHO3HAYHI (HEIETEPMIHOBAHI) IPEANKATH PEIISIIIIHHOTO
Tuny, a00 R-npenukaTiH. MHOXUHY BCIX 3HAa4€Hb, K1 HEOJAHO3HAUHUN Mpenukar P Moxe npuiiMa-
TH Ha apryMenTi (anomy) de’A, nosnagaemo P[d].

Koxxnuit R-npeaukar O MOKHA OJIHO3HAYHO 33/1aTH 32 TOTIOMOTOI0 2-X MHOYKHH:

— obnacte icturHOCTI T(Q) = {d | TeQ[d]};

— obmacte xubHOCTI F(Q) = {d | FeQ[d]}.

Oo6nacTs HeBU3HAUYCHOCTI R-nipeaukarta () Bu3HavaeThes uepes 7(Q) ta F(Q) rak:

L =TQVF(Q) =T(QNF(Q)-

V-A-xBaziapuuii R-nipenukar Q:

— YaCTKOBHUH OIHO3HAUHMI a00 P-nipeaukar, ko 7(Q)NF(Q)=J;

— ToTanbHHI, 260 T-npeaukar, skmo T(Q)UF(Q) ="4; tomi L(Q) = .

Hus P-npenukari numemo Q(d)!, sxmo 3unauenuss Q(d) Busnauene, ta numemo Q(d)T,
sKi1o 3HaueHHs QJ(d) nesuzHavyene. ToMmy sl P-ipeinkaTiB MaeMo

Q) ={d| 0l =T}, HQ)={d| QD =F}, L(Q)={d|O)T}.

Knacn V-A-kBasiapuux R-mpemukatis ta P-nipeaukaris mosaagumo Pr’  ta PrP"™,

Maemo 4 koncrantaux R-npemukaru T, F, A, Y:

N(T)=FF)="4, TF)=FT) =0, T(W)=F()=9, T(Y)=F()="4.

OnumiemMo kommo3uiii R-mpeaukatiB. Kommoswiii NpoOMO3HIHHOTO PIBHS TpaguliiHO
Ha3BaHO JIOTIYHUMU 3B’ sI3KaMu. 3a 6a306i NOT14HI 3B’ I3KH BI3bMEMO — Ta V, BOHH 3aJ1al0ThCS TaK:

T(=P) = F(P); F(—P)=T(P);
I(PvQ)=T(P)VT(Q); F(PvQ)=F(P)NF(Q).
Komnosunii —, & € noxionumu, BOHA BUPAKAIOTHCS Yepe3 0a30Bi KOMIO3ZHIIIT —, V:
P&Q = —(=Pv—Q); P>Q=-PvQ.

Just R-ipenukaris maemo L (—Q) =L (Q); L(Pv0)=(L(P)NT(0)U(L(Q)NT(P)).

1-apna komnosuuis RY penominauii R-npeaukaris 3amaetsest ymosoo R (P)[d]= P[rl(d)].

Tyt r% — omepailist peHOMiHaii Ha V-4-iMEHHUX MHOXHHAX [3, 4].
BusHagansHUMU /1715 TIEPIIOTIOPSAKOBHX JIOTIK € 1-apHi KOMIO3HLIT kearmugixayii. Ix Ta Vx

3a 6a3oBy Bi3bMeMO Jx, 3a7aMo ii Tak:
TExP)=U{d|dVx>aecT(P)}; FExP)=({d|dVx>ac F(P)}.

acA acA
Toni L (IxP)=T(IxP)NF(TxP)= N {d|dVxt>ac F(P)u L(P)}n U {d|dVx>aecl (P)}.
aeAd acA
3okpema, st P-npenukatie L(IxQ) = {d | OQ(dVx—>a)# T} |J{d|dVxi> ael (P)}.
acA acA

Tomy ans P-npeaukarie IxQ(d)T < O(dVx b)T ans nesikoro beA ta Hemoxmo IxQ(d) = T.
Kommosunis Vx € noxionow: VxP = —3x—P.
Xapakrepaa ocoOmuBicTh LC — HasBHICTH crenianbHOI HEMOHOTOHHOI |-apHOI KOMITO3HUIIiT
MPEIUKATHOIO JOIIOBHEHHS ~ . KoMmosuriiro ~ MoKHa 3a1aTH TaK:
TCP)=L(P)=T(P)VF(P)=T(P)nF(P), FCP)=J.
Toxi maemo | (TP)=T(P)UF(P).

T, sxmo Q(d)T,

Jlnst P-ipeaukatiB ~ MokHa 3a7atu tak: (T Q) d) = HesmsHauene, ko O(d)L.

Kunacu P-tipeaukariB Ta R-TpEeANKATIB 3aMKHEHI 1010 KOMIO3HL#i —, v, RY, Ix0, ~; Tomy

Il KJIaCH 3aMKHEHI I00 MOXIJHUX KOMITO3HIiN —>, &, VxP.
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Bonnouac ~Q € P-mpeaukaToM A 10BUTBHOTO O ePr’™, TOMY KJIac 7-TIpeJMKaTiB He3aMK-
HeHuil mono ~. Omxke, anst T-npenukatie LC He MaloTh cMUCITY.

TakuMm yuHOM, J1aii 03risAaaeMo 3aranbHuil kinac LC — jorikn R-ipeIuKaTiB 3 KOMIIO3HIII€10
~, ta ix miakmnac LCP — LC P-npenukaris.

LC mnpomno3uniiHoro, peHOMIHATUBHOTO, YUCTOTO MEPHIONOPSIKOBOIO PIBHIB HAa3MBAEMO
PLC, RLC, QLC. LC P-npenukariB BianoBigaux piBHiB HazuBaemo PLCP, RLCP, QLCP.

Muoxunu 0a3oBux komnosuiiii PLC, RLC, QLC — 1e BiAmOBIAHO MHOKHUHU

CPLC = {j V,~} 5 CRLC = {—|, V, R;,~} ; CQLC = {—|, vV, R;,'V, Elx} .
Maemo Taki koMmmo3uiiiiai cuctemu B jorikax PLC, RLC, QLC:
("4, PP, Cpre); (Y4, PP, Cree); (P4, PP, Core).
BiamosigHO oTpuMyemMo KoMmo3uIliliHI aredpu R-nipenukaris B jorikax PLC, RLC, QLC:
A= (P, Cpre); A= (P, Crue); 42 = (P, Cope).

Knac P-mpenukatiB 3aMKHEHMH 000 ~, TOMY B A" [‘C, ARLC, AQ%C MOKHA BHIIIUTH
miganreopu APECE ARLCP - 4OLCP 5 yociem PrPY ™,

Hagenemo ocHoBHi BiactuBocti kommosuiid LC. He moB’si3ani 3 =~ BIIACTUBOCTI MPOIIO3HU-
MIHHUX KOMIIO3HMINIM, KOMITO3UIiH peHoMiHalii Ta kBaHTH(ikalii B LC aHalOri4HI BIACTUBOCTSIM
X KOMITO3UIIIH y TpaJUIIfHNX JOTiKaxX KBa3iapHUX MpeaukaTis (aus [3-5]).

Ha npomo3umniiiHoMy piBHI BIaCTHBOCTI KOMIO3UIIT ~ ommcaHo B [8]. 30kpema:

~—P="P; T~"P="P; ~P=""P.

Jlnst P-ipeAMKaTiB JOAATKOBO MaeMo ~~Q=Q0v—0.

Maemo F(—~P)=L(P)=T(P)NnF(P), T(—P)=<; L (- P)=_L(CP)=T(P)VF(P).

3Bincu T(T3xP)= L (IxP); F(CIxP)=9;, L (TAxP)=T(ExP) U F(3xP).

BrnactuBicte R™ -auCTpuOYTHBHOCTI:

R™) R (TP)="Rz(P).

Hig ~ Ha KoHCTaHTHI npeaukaT Taka: ~(A)=T; T(T)="(F)="(Y)=A.

Onumemo moBy QLC — unctux nepmonopsiakosux LC. Andasit MoBH:
— MHOXHUHA V TIpeIMeTHUX iMeH (3MiHHHX);
— MHOKMHA Ps IpeANKaTHUX CUMBOJIIB (CUTHATypa MOBH);

—MHOX)MHA Core ={—V,”, R; ,dx} cumBOIIiB 6230BUX KOMITO3UIIIH.

3amamo MHOXUHY Fr popmyir MoBu. Maemo Ps C Fr, naii 3a1aeMo iHIyKTHBHO:
O, YeFr=—®,vO¥,”®,R®,Ixd e Fr.
Posmmpena curnarypa mosu— e X = (V, Vr, Corc, Ps).
Tyt Vrc V' — MHOXUHA TOTAJIbHO HEICTOTHUX IMEH. MHOXHHY HEICTOTHUX Ul pEPs iMeH

3agamo BizoOpaxennsm v : Ps — 2, Toni V.= v(p). Ana BU3HAUEHHS MHOXXMHU FapaHTOBAaHO
pEPs

neictotrux s ® € Fr iMeH Taky v ipooBikyeMo [4] 1o v : Fr—2"; npu upomy v(TD)=v(D).
Hnsa nosinbHoi ' < Fr no3Haunmo o(I”) MHOKMHY BCix pePs, ki BXoaaTh 1o ckinaxy ®el’;

no3Haunmo nm(I") MuOXkUHY BCix x€ V, ki dirypytots y popmynax @ el Toxi fu(I') = Vy\nm(T).
[HTepniperyeMO MOBY Ha KOMMO3HWIIHHUX cuctemax CS = (VA, P, Corc). Jna uporo

3aJ1aMO TOTaJIbHE OJIHO3HAYHE BiIoOpakeHHs [ : Ps —>PrV_A, sIKE MPOAOBKUMO 10 [ : Fr — P

1(=®) = =(/(®)); I(vOY) =Vv(U(®), [(V)); I(TD)="(I(D));
[(RI®)=RL(I(D)); [GxD) = In((D)).
Inmepnpemayis moBu curHatypu X — 1e J = (CS, Z, ); CKOpO4eHO iHTepIIpeTallii mo3Ha4aeMo
(4, I). IIpenuxar J(P) nozHaunmo @ ;.

[Toni6HUM unHOM, omyckarouu MyHKTH Juid Jx, onucyemo MoBy RLC. ITpu omuci mosu PLC
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OITyCKA€EMO ITYHKTH U1 Ry Ta 3x, a TAaKOXK MOHSTTS, 0B’ I3aHi 3 HEICTOTHICTIO IMEH.
Buninennst knaciB nmpeaukariB BUALISE BIANOBIIHI KIAcH IHTEpHpeTalid, sIKIi HA3UBAIOTh
[3, 4] cemanTukamu. 30Kpema, 1ie R-ceMaHTHKa, P-ceMaHTHKa, T-CeMaHTHKA.
Knac T-npenukaTiB He3aMKkHeHMH mono ~, Tomy anst LC T-cemaHtuka manozmicmosHa.
3microBaumu 111 LC € R-cemanTuka Ta P-ceMaHTHKa, iX mo3nadaemMo R¢ ta Pc.
dikcyroun piBeHb PO3IIIAAY, OTPUMYEMO CeMAHTHKU Rpc Ta Ppc, Rrce Ta Pre, Roc Ta Poc.
BrnactuBocti kommno3utiiii LC MokHa TT0JIaTH 13 BUKOPHUCTAaHHSIM (POPMYJT MOBH.
Hasenemo 1115 mpukiiaxy OCHOBHI BJIaCTUBOCTI, OB’ A3aHi 3 PEHOMIHAILIEIO.
R) R(CI))] = CDJ;
z,v _ pVv .
RI) RZ¢ (@), =Rz (P);
z,v _ pv .
RU) R} (D) =R;: (D), , ne zev(D);

,X
R—) RY(—®); =—RY (D), ;
Rv) RU®VY),; =Ry (D), v R (V)
RR) RY (R} (®)); =R} o% (@),
R™) RI(T®), = "RI(D),
Ren) Ip(®); =3z R} (D), ne zev(P);
R3s) RY (Iy®), = RU(D),, Ke y & V,%};
R3) RY(3y®),; =3z RY oY (D), ne z € fu(RY (Fyd)).

2. BixnomenHs Jiorivnoro Hacaiaky B LC

Ha muaoxunax ¢opmyn moBu LC MokHa BU3HAYUTH HU3KY BITHOLIEHB JIOTIYHOTO HACIIIKY.
3okpema, Ha MOBY LC mpupoHUM YHHOM TOIITUPUMO Bifiomi [4] BiTHOIIIECHHS P|=,R, P|=T, P|=F, P|=TF,
Ri=rp. Taxi BizHomenns 8 LC 6yaemo nosuauarn *“|=, =1, "|=r, "=rr, =1, %=, =15 TIpu
IOMY iCTOTHI 0COOJIMBOCTI BHOCHUTH HOBA KOMIIO3HIIiSI PEAMKATHOTO JOTTOBHEHHSI.

Hexait nesika I', A, £  Fr, Hexait J — inTeprpeTarris. Jlai no3Hadaemo:

e(]ET(GJ) ax T7(2)), eﬂzF(eJ) ax FO(2), emzuej) ax L7(Z)),

€. €. €.

UT®,) sx T7(Z), UF@®,) asx F(Z), UL®,) ax L7(Z)).

Y Bumanky ¥ = & maemo: T7(2)=F (Z)=1E) =3, T°E)=F () =1"=)="4.
A e T-naciigkom I ipu inTepnperanii J (nosn. I' j=rA), sxkmo T (C) = T7(A)).
A € F-nacniakom I ipu inrepnperanii J (nosn. T j=¢A), sxmo F(Ay) < F(T)).
A € TF-nacnigkom I” ipu intepnpertauii J (mo3u. I j|=7r A), axmo I j=rAtal j=rA.
A € IR-nacrigxom I' npu inteprperanii J (mos3n. I =z A), axmo 7(T')) N F (A= D.
BianoBiHi BiIHOLIEHHS JIOTIYHOTO T-HACTIKY B CEMAHTHUII Ol 33Ja€EMO 33 CXEMOIO:

@ *=1 W, ko O =t W wis koxHoi Jea.
Teepaxenns 1. Hexait popmymu B ' Ta A He MaroTh Bxomkens ~ , Tomi I “ A.
BizeMeMo Je R Taky, mo 3, = Y s Bcix 3ec(lNUA), Toxai I j[#r A, 3Biaku FRC|¢1R A.
3okpema, 3BiIcH OTpuMyeMo mapagokcanbae 3 £ 9 mwis KoxHOrO Y€ Ps.
s Beix @ eFrraJeRemaemo F(TO,)=T(-"d,)=9. 3Biacu:
Hpukaan 1. Maemo I' = ~®, —~® X=;A, T ¥= ~®, =~ X = A.
Hust Beix DeFr, JeRe maemo T(D) zT(CD,)=L(D ), F(P)z F(="D,)=L(D ;). Tomy
Hpukaaa 2. Maemo @ *Jzr ~® ta —~® "2, @, Tomy it O % ~® ta D X, D.
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. R R R R . e
Takum unraoM, B LC BigHOMICHHS =, = =1, " |=r ' |=rF Pi3Hi, BOAHOYAC B TpamMLiiiHil

- - R R R R R
JIOTII KBa3iapHUX MPEAUKaTiB |= = 1a " |=r="|=r="|=7r. [Ipu mpomy B LC "=z # &, npote
o . ~ R

Mae J1y’Ke BUPODKEHHH Xapakrep: AKIo B popmyiax i3 I ta A Hemae Bxomkenb ~ 1o I ‘|z A.

BrnacTuBocTi HOBUX BiiHOIIIEHB JIOTiYHOTO HachiaKy B LC, B sikux He QirypyoTh CHMBOIA
. : P_ P_ P_ P_  R_

aHAJIOTiYHi Bi/IMOBIIHMM BIACTHBOCTSIM BifHOWIEHb |—/R, |[=7: |=F, |=7F, " |[=1F, ONKCAHUM B [3-5].

[TincymoByrouH, 3Be/1IeMO PE3YJIbTATH 1010 HASIBHOCTI JIOTTYHOTO HACTIIKY B TaOJIHIIIO.

Tabmuns. HassBHICTD BiIHOIIEHHS JIOTTYHOTO HACTIJIKY

01 P2 P3 P4 Ps Qe ®7
Pol=pp + + + + + +
PC|: _ _ + + _
PC|:TF _ _ _ + + — —
Re=pp - - - - - +
RC|: _ _ _ _ + _
RC|: _ _ _ _ + + _
Re =rp _ _ _ _ + _ _

TyT Asns BIANOBIAHOTO BiIHOMIEHHS JIOTIYHOTO HACIIAKY TaKi CKOPOYEHi MO3HAYEHHS:

01 OV (&) |FD & (Sv—-9) @2 =D, D, T |=A,
o3 ==Y, Y, A Q4: D, 0, T ==Y, ¥, A,
¢s: O,I'=D,A Qs: I, D [="D,A 07 I,=" D=0, A.

Teopema 1. Mixx po3rissHyTHMH BiTHOIIEHHSMH JOTiyHOTO Hacmiaky B LC maemo Taki cmiB-
BIJIHOIIIEHHS (TYT 3aMICTh C BKUBAEMO CTPUIKY —>):

Remy 5 Py
/ / N

LT - Poleye < Rol=pe
N N /!
Ry s Py

BupopkeHe BifHOIIeHHs “|=j; nani po3risgatu He Gyaemo.

Hapauni, skio iHie He 3a3Ha4eHe OKpeMo, OyJeMO BXKHUBATH TaKi TTO3HAYCHHS:

=, — OJIHE 3 BiI[HOH_IeHB PC|ZIR> Pc =r, Pc =r, PC|:TF, RC|:T, Rc =r, Rc =17

s[5« — OllHE 3 BIIHOWICHD =k, JI=T, JI=F, JI=TF;

P0|:* — ontHE 3 Pc|:1R, Pc|:T, PC|:F, Pc|:TF; RC|:* — onHE 3 =7 RC|:F’ 7,

=r—omme 3 "l=r, “=r; [=r—omue 3 =r, “=p; [Fre—omme 3 M=, M=,

BinHo1IEHHS JTOTTYHOTO HACTIAKY 1HYKYIOTh BiTHOIIEHHS JIOTTYHOI €KBiBAJIGHTHOCTI.

Hexait ®, §€Fr. BigHoleHHs €KBIBaJICHTHOCTI PH 1HTEpHpeTalii J 3a1aeMo 32 CXeMOIO:
D~ W, axmio @ =¥ Ta ¥ = O.

Oco0nuBe 3HaUEHHST MA€ BiIHOIICHHS j~77 CTPOTOi EKBIBAJICHTHOCTI:

RC| RC|:
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O ,~rY & N(O,)=T(Y)1aF(©,;)=F(¥) < ©,=Y,
3a1a€MO BiXHOIICHHS ' ‘~7p Ta X~y
O nppe W, ko @ g~1r'¥Y st koxHo1 J€Pg;
() RC~TF W, akmo O ;~7r¥ nus xoxnoi JeRc.
3rigno Pec Re st Beix @, W eFr maemo @ Xnpp W = @ Pnpp WP,
BoHouac (auB. Tabmmiio) HeBipHO, o D Peirp W = @ Bnpp P,
Teopema exBiBaneHTHOCTI 115t LC (hOpMYITIOETHCS TaK:

Teopema 2. Hexait @' orpumana 3 ® 3aMiHo0 Aeskux BXxompkeHb @y, ..., &, va ¥y,..., ¥, .
* * * * Re Pc

HKHIO (Dl ~TFE lPl 5 eens (Dn ~TF an , TO () ~nrq)' (TYT ~1Fr — e L~TF qu C~TF).

Teopema ekBiBaJICHTHOCTI JOBOJIUTHCS IHAYKIIEIO 32 MOOYI0BOIO (hOPMYIIH.

Teopema 3 (3aminm ekBiBaieHTHUX). Hexaii © “~r WV, TOmi:
O I AV T A TEADODST =AY
RC| RC|_

Jlocminumo Binmomenus =, “I=r, "[=r, "=, =p, ®l=gp.

BrnactuBocti, B sfkMX He (irypye KOMMO3HWIiS NPEAUKATHOTO JOMOBHEHHSA, B LILIOMY
AHAJIOrIYH1 BIAIIOBIIHUM BJIACTUBOCTM [3, 4] BIZOMMX BiJIHOIICHb P|=1R, P|=T, P|=F, P|=TF R|=TF.

M)TcAtaAcX = (T'=+A= A= X)— MOHOTOHHICTh

BrnactuBocti gexommosuitii opmyi:

) —D,=A & O, =A.

—R) [[FA,——D < T|=A, .

vp) OV, T [FA < O, TFATa VW, T |=A.

VR) T=A, VY < T= A, D, Y.

—vr) 2(OVY), = A & -, Y, T = A

—VR) = A, —=(DVY) & T = A, D 1al |= A, VY.

Jlnst “/=/x mogaTKOBO MaEMO:

—1) =D, T = A & T =1 A, .

—) TR A, - < O, T = A.

BractuBocTi — Ta —R HEBipHI IS P =7, Fr, P ‘=15, RC|=T, RC|=F, RC|=TF.

Horumu ms BigHomniens B LC € crienugivHi BIACTUBOCTI JIEKOMIO3HUIIT B IKuX (pirypye ~ D .

b

PC|

Teopema 4. J[1s1 *“|=z HEMOXIHBO KOPEKTHO 3a/aTH YMOBH AEKOMIIO3HILT hopmyT ~@ .

Hexait @,Y¥,9€Fr; JePc. Maemo ~0,0 /=Y < L(COINT @, NF W, 0 <
< TO,)VF®O,)NT(D,)NF(Y,)=<. Hexaii nperuxar o. yTBOPEHO 3a JOIOMOIO0 V Ta — i3
JESIKUX Oly,..., O, Toai T(a) ta F(o) mogarThes yepe3 00J1acTi ICTHHHOCTI i XUOHOCTI MpeArKaTIB
O, .., Oy 32 JOTIOMOTOFO JIUIIE M Ta .

[Ilykaemo TeopeTHKO-MHOXHMHHY QyHKI0 fX, Y), OymoBany i3 M Ta U TaKy, 10 32 YMOBH
XNY =0 maemo XUYNL=0 < AX,Y)N L =. Mae BUKOHYBaTHCh yMOBa:

TO)VFO)INT(D,)NF(Y,))=0 < f(T0,),FO)NNT(DP,)NF(V,)=3.

[Ipote i3 X, Y takux, mo XNY = &, 3a 10MoMOrorw M Ta \U MOYKHA OTPUMATH JIKIIIE 4 Pi3HUX

MHOXHHE: O, X, Y, XUY. Tomy mnsa f(7(0,),F(0,)) maemo nume 4 Bapiantu: &, 7(9,)), F(9,),

T(3,)UF(S,). KoneH 3 HAX HE BIIAIITOBYE 3a3HAYCHY YMOBY.

Jexommosuitis ¢dopMyn HeoOXigHa TpH MOOYA0BI CEKBEHIIIHHOTO YHCIICHHS, sike (opmarizye
BIJIMOBIIHE BiIHONICHHS JIOTYHOTO HACHiKYy. Jlist P ‘|=/r Taka JIEKOMITO3HUIIisI BAMArae ssBHOTO BHUIi-
JIEHHS 00J1acTi HEBU3HAYCHOCTI, aJKE YMOBA IS j|=; HE J]a€ 3MOTH TIOJIaTH 00JIaCTh HEBU3HAYCHO-
CTi uepe3 00JacTi ICTHHHOCTI Ta XHOHOCTI 3a JIOMOMOTOIO JIniie M Ta \U. SIBHe BUAIIECHHS 001acTi
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HEBM3HAYEHOCTI 03HAYAE TIEpexij Bil PC|=,R IO 3arajbHIMIOTO BlAHOIIEHHS |=1Rl HECTIPOCTOBHICHOTO
JIOTIYHOT'O HACITIJIKY 32 YMOB HEBU3HAYCHOCTI, 110 3p00JieHO B [8].

Bigromenss “|=/& maii 3a3BHUail po3rIsLIATH HE OyIEMO.

PO3rIIIHEMO BIaCTHBOCTI Aekomno3uiii popmyn ~® misa =1, *I=p, *|=r, *|=p.

~® ta =~ ® MOXyTh OyTH B JiBiil YaCTHHI Ta B IPaBiil YaCTHHI BIIHOUICHHS TUIY |=7 Ta
TUIY |=F — BCHOTO 8 KOMOiHAITi.

- LT) ’”CI),F |:TA =0 |:TA, (D, —D.

- RT) I |:TA, O & q), T |:TA Ta —|(D, I |:TA.

-7 RF) T |:FA, b < F, (D, -0 |:FA.

_'~LF) —|~(D, I |:FA =0 |:FA, D ta I’ |:FA, —0.

Hacrymni BractuBocTi — ™ gy Ta ~ g (PAaKTUYHO € BIACTUBOCTSMH CIIPOIICHHS.

-~ El) r |:TA, -0 < T |:TA.

~El) ~CD,F |:FA = |:FA.

Sanummnuck 2 KOMOiHAIi, SKi JAIOTh BIACTUBOCTI TapaHTOBAHOI HASBHOCTI BiJHOIICHHS
norigyHoro Hacmiaky. [s Beix JERe maemo F(T®,)=T(="d,) = 3Bigku:

C™) I'l=,"D,A.

C-) IL,="d =7rA.

3ayBaxumo, 110 ananoriyHa 10 C~ BIACTUBICTH JUIS [=7 — 1€ BIACTUBICTh ~ 1, aHAJIOTIYHA
no C—"" BIACTUBICTH ISl [=F — 1€ BIIACTUBICTb — ~ [f.

Ha BigMiny Bin j|=s, 1U1st j|=7 Ta j|=F 007aCTI HEBU3HAYCHOCTI MOJICHA TIOAATH Yepe3 obmacTi
ICTUHHOCTI Ta XMOHOCTI 32 JIOMOMOTOI0 JIUIIEe M Ta U, TOOTO MOoJicHa eNiMiHYBaTH 00JIacTi HeBU-
3HaueHocTi. Lle 3acBimuyots ~ 11, T RT, 0 RF, T LF, T El  El-

J1j1s1 BIHOIIIEHE RC|ZTF Ta PC|=TF cutyaris iHma. L{e 3yMOBIEHO acUMETPUYHOIO MTOBEIIHKOO
KOMITO3UIliT ~ 111010 o0nacTel iCTUHHOCTI ¥ XUOHOCTI. )1 BiTHOIIEHD TUIY [=7 Ta THITY |=F MAEMO
pi3HiI BiacTUBOCTI Jexommosuiii Gopmyn Burimsmy ~ @, gki HE MOXHA IMOAATH SIK CHUIBHY
BIIACTHBICTbH JIJISl BIIHOIICHb TUMY |[=7p. JI7151 HUX MaeMo:

~(D,1" |:TFA = ~(D,1" |:TA Ta ~(I),F |:FA =T |:TA, (D,ﬁq) Tal |:FA.

T |:TFA, -0 < T |:TA, —~® Tal |:FA, -0 < T |:TA Ta F, q), —D |:FA.

T |:TFA5 O < T |:TA, “® Tal |:FA, O & q), T |:TA Ta —ﬂ), T |:TA.

—|~(D, F|:TFA = —|~CD, F|=TA Ta —|~(D, F|ZFA = F|=FA,Q) Ta F|:FA, —0.

TakuM YUHOM, CEKBEHIIIMHE YHCIICHHS ISl BITHOIICHHS |=7F Ma€e OyTH MOE€HAHHSAM YHCIICHb
s BigHomenb ' |=rA ta ['|=pA: ansa BcranoBneHus [ |=7r A OyayemMo 1Ba BUBEACHHS, Iepiie 3
HUX BcTaHOBIIOE [ =7 A, a apyre BuBeaeHHs BCTaHOBIIOE [ [=7A.

PosrisineMo BIacTUBOCTI, SIKi TapaHTYIOTh HASBHICTD BiJIHOIIEHHS JIOTTYHOTO HACIIJIKY.

Jnist yCixX po3TrIIIHYTUX BiJHOIIEHB JIOTIYHOTO HACIIAKY MAa€MO BIACTHUBICTh:

O) D, I'|=:A, .

JloaTKOBO rapaHTyIOTh HAsBHICTh BiJIIIOBIIHOTO BiIHOIICHHS TaKi BiJIOMi BIIACTUBOCTI.

CL) ®, -, T =7 A,

CR)T ™=r A, @, —O.

CLR) @, —~®,T *=rzA, ¥, V.

OTxe, MaEMO TaKi BIIACTHBOCTI TaPaHTOBAHOI HASIBHOCTI BITHOIIEHHS JIOTIYHOTO HACIIIKY:

~C, CL, C—~ mst "=r;

—C, CR, C~ musa "=¢;

~C, CLR mnst "=rp;

—C, C—~ s X=p;

~C, C~ s =g,
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—C s RC|=TF.
Po3rnsHeMo noB’s13aHi 3 PEHOMIHAIIEIO BIACTUBOCTI €KBIBAJICHTHUX IEPETBOPEHb /sl BIAHO-
meHs jjorigHoro Hachinky B LC. Koxxna 3 HaBenenux Buie BiactuBoctelt R, RI, RU, RR, R—, Rv,
R™, R3, R3s npoxaykye 4 Binmosinui Bractusocti mst Bigsomens ‘=7, "=r, *=r, |

—F
BuieHa hopmyra 4 ii 3anepedeHHs 3HAXOJUThCS Y JIIBil UM NpaBiil YaCTHHI I[bOTO BiIHOIICHHS.

HaBenemo TyT BiacTHBOCTI, iHAYKOBaHI R™, iHII BIacTUBOCTI ()OPMYITIOIOTHCS aHAJIOTTYHO
PC| RC| RC|

=p, KOJIU

L)

BiJIMIOBIIHUM BJIACTUBOCTSM [4] 1y1st P =7, P =7, R|=TF. Haui |=« — onHe 3 PC|=T, =F.

R~ RI(CD),T=A < “RI(D),T|=A.

RYR)T=AR (CD®) < T'l=ATR(D).

—R™) =R (C®),[|=A & —"RI(D),T = A.

—RTR) T A, =R (CD) < T=A,—"R(D).

Jnist BiTHOIIIEHD THITY |=77 BIACTUBOCTI €KBIBAJICHTHUX MEPETBOPEHb TEXK BipHI, MpOTE iX 3a-
TAEMO 0nocepedKo8aHo, 4epe3 BIAMOBIIHI BIACTHBOCTI JJISi BIIHOWICHD THITY |=7 Ta TUIY |=£. [IpH
poMy BpaxoByemo: [ |=rpA <= ['|=rAtal |=pA.

BrnactuBocTi eniMiHaIii KBaHTOPiB, E-pO3IMOIUTY Ta TIEPBICHOTO O3HAYSHHS ISl BiHOIICHD

PC|=T, RC|=T, PC|=F, Rc|:]7 aHAJIOTIYHI BIAMOBIAHUM BIACTHBOCTSM [4] IS BiJHOIIIEHD P|=T, P|=F, R|=Tp.

=F,

Teopema 5. Hexait ®eFr; ', A Fr; Toni:

31) 3a ymoBu zefu(T', A, IxD)) maemo IxD,I' = A < R} (D), Ez [ [=. A,

IRy) 32 ymosn z € fu(T, A, RE (Fx®)) RI (D), =, A & REF(D),EzT |- A;
—3R) 3a ymoBu zefu(T', A, IxD)) maemo I |- —3IxD, A < T, Ez|=.— R] (D),A
—3RR) 3a ymoBH z € fu(l,A,RE (3x®)) T |=.— RY (3xD),A < T,Ez|=.— R (D),A
IVR) [LEy =@, A & < T, Ey = 3x®, Ry (D),A .

IRvR) T, Ey = A, RE (3x®) < < T,Ey|=. AR (EIxCD),Rg’;(d)).

—3vy) =D, Ey, T |= A & & —3xD, =Ry (D), Ey,T |- A.
—3RvL) =R} (3x®), Ey,T = A & & —RY (Ixd),—RY (D), Ey, T|= A.

Teopema 6. lns1 I', A < Fr maemo:
EdI'=A < I'[=AEy ta Ey,I'|=A.
EV)T |FcA < Ez, T = A, ne zefu(T, A).

3. BigHomEeHH JOTiYHOT0 HACIAKY 32 YMOB HEBU3HAYEHOCTI

Hasricts B LC HOBOT KOMIO3HUIIIT NPEANKATHOTO JIOTIOBHEHHSI MOTUBYE J0 PO3IJISY HOBHX
BiJIHOIIICHB JIOTIYHOTO HACIIJKY, SIKIi BpaXOBYIOTh OCOOJIMBOCTI 11i€i kommo3wuiii. TakuMu € BiHO-
HICHHS JI02IYH020 HACTIOKY 3A YMOBU HEBU3HAUEHOCMI.

Hexait I, U, Ac Fr. A € HecipocToBHICHUM HachinkoM ' 3a ymoB HeBu3HadeHocTi U mpu
inrepnperauii J, mo mosuaunmo U /T =" A, sixio T7(T)) N L7 (U) N F(A) =D

A € HeCTIpOCTOBHICHHUM JIOTTYHUM HaciiakoM [ 3a ymoB HeBu3HaueHocTi U, 10 MO3HAYNMO
u/r |=1Rl A, sxmo U/T J1=Hgl A niist KokHOT iHTeprperantii J€ Pe.

Bignonrennas |=1Rl nociipkene B [8]. SAxmio U = J, To MaeMo BijioMe BiTHOIICHHS PC|=1R .

BupopkeHe BiTHOIICHHS R|=1RL, SIKE BIATTOBIZIA€ BUPOJKCHOMY R”|=1R, TYT HE PO3TIISAAAEMO.

VY3aranbHeHHAMHU BifjoMux [3,4] BiAHONIEHb TUNY |=7, |=F Ta |=7p AN TPAAUIIIHHUX JIOTIiK
KBa3lapHUX MpPEAMKATIB € TMPOMOHOBAHI B Iiii pOOOTI BiAHOMIEHHS ICTUHHICHOTO XMOHICHOTO Ta
CTPOTOTO JIOTIYHOTO HACHIIKY 32 YMOB HEBU3HAYEHOCTi. MU BBOJIUMO:
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— ignomenns =7 ta *|=;" noriunoro T-HacmizKy 3a yMOB HEBU3HAYCHOCTI;

— BIIHOIIEHHS P|=FL Ta R|=FL JIOTIYHOTO F-HACHIIKY 32 YMOB HEBU3HAYEHOCTI;

— BIIHOIIEHHS P|=TFL Ta R|=TFL noriudoro TF-nacniaky B LPC 3a yMOB HEeBH3HAUEHOCTI.

— BigHOIIEHHs JloriyHoro 7-Hachiaky B LC 3a yMOB HEBH3HAUYCHOCTI;

A e T-Hacmigkom I 3a ymoBu HeBm3HaueHocTi U mpum iHTepmperarii J, 10 MO3HAYUMO
U/T j=r" A, sxkmo T (T)) L (U)c T7(A)).

A e F-nacmigkom [’ 3a ymoBu HeBm3HaueHocTi U mpu iHTepnperanii J, 1m0 MO3HAYUMO
U/T j=A, sxumo FO(A) N L7(U)) < FX(T)).

A € TF-nacmiakom I' 3a ymoBu HeBusHaueHocti U mpu iHTepmpertauii J, 10 MO3HAYUMO
U/T J=r7 A, sxmo U/T J=r"A ta U/T jJ=A.

Sxmo U = &, To maemo Bu3HadeHHs BigHomeHs [ J=7rA, " J=rA, T =z A B LC.

BiamoBiaHi BiAHONICHHS JOTIYHOTO T-HACIJIKY 32 YMOBHM HeBH3HaueHOCTI U B CEMaHTHII o
3aJ1aeMo 3a TpajauiiiiHoo cxemor: U/ O‘|=TL A, sxmo U/T J|:Tl A nyst koxkHOI Jeal.

A € noriuaum T-Hacmigkom [ 3a ymoBu HeBuzHaueHocTi U B cemanTuili Pe, 110 mo3HAYNMO
skmo U/T J1=TL A s koxxHoi Je Pe.

Skmo U = &, To MaeMO BU3HAYEHHS ‘=7, P ‘I=r, P ‘Fre Y Er

Teepaxenns 2. U/T P|=TFL A< U/T P|=Tl AtaU/T P|=Fl A;

U/TR=ptA & U/IT = Ata U/TR=7 A

Jlis S € Fr1a JePcmaemo T7(S)) N F(S))=D ta F7(S;)NT7(S,)=. 3Biacu otpumyeMo

Trepaxenns 3. [ nosineaux ', U, A < Fr ta Je Pc Maemo:

U/TJ=F"A = U/T =" A; U/TJ="A = U/T J=x"A.

Teepmukennusi 4. 1) U/T |=x" ¥, =¥ 1a U/, —® [=" A;

)T P, =¥ ta @, —® “j#r A, Tomy U/T Tl W, =¥ ta U/ D, —D "2 A;

HU/D, D =P, =¥ 1a U/ D, -0 =", -, tomy U/D, - |=7" P, —¥;

4 U/ D, —D "z ¥V, —¥; U/ D, —D P ¥, -F; U/ D, =D e ¥, -0,
Teopema 7. CriBBiIHOIIEHHS! MIX BiJHOIICHHSIMH |=1RL, P|=Tl, P|=Fl, P|=
R|=T,v:l 1JICHTUYH] CIIIBBIJHOLIECHHIM MIX PC|=1R, Pc| PC|

RC| RC| Rc

—F, |:TF-

1l R_ 1L R_ L
5 |_T7 |_Fa
. Pc_ ¢,  Rc_ Rep_

o R e O e P

=TF:

9 9

Rk 5 Pt
/ / N
R|:TFL - P|:TFL |=1RL
N\ N /
Rl Pyt

CopMyITIOEMO TEOpeMy 3aMiHI eKBIBAICHTHHUX TS BIAHOIICHD [=1, |=7", [=77.
Teopema 8. 1) Hexaii ® "~ tomi maemo (“|=. — e “j=r", F|=¢" un “|=7s"):
U/O,T =AU/, T A,
U/TP= A0 < U/T AP,
U, ®/TP =A< U ¥/T = A.
2) Hexait @ “~77 ¥, Toni maemo (¥|=. — e “=+,
U/O, T =AU/, TR =A;
U/Tf= A 0 o U/T =AW,
U,®/T =A< U,¥/T = A.
L Pt Pyl R LR

. . . P
JlocaiiuMo BIIACTUBOCTI BITHOIICHD ~ [=7, ' |= =75, =

_ 1 R_ 1\,
—F 4YHU |—TF)-

1 R_ 1
=F =F, =¥ -
Oco0MBOCTI IIUX BiJTHOLIEHB MPOSIBISIIOTHCS BXKE HA MPOTMO3UIIIMHOMY PiBHI.
s MmEOKHHU popmyn X < Fr BUKopucTaeMo no3HadeHus » = {—® |deX}.
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Toni nosuasaemo () 7(=6,) sx T7("Z)), N F(=0,) sk F'(Z)), N L(=0,) sx L"(Z)),
0ex 0ex

0ex

UT(=6,) sk T°(%)), 9Uz F(—0,) ax F7("%)), eUzJ_ (—=6,) ax L7(%)).

0ex
Maevo L7 (U,)= 1 L(8,)= N (T(®,)"F(8,) = N T©,)~ N F6,)= UT®,) U F(O,).
0eU 0cU 08U 8eU 08U 08U

Taxum unnoM, 11 R-npeaukatis L7 (U,)=U TO0,)nUT(0,)= U F(O,) n U F(-06,).
0eU 8eU 6eU 6eU

3BiJIcCK BU3HAYAJIbHE TBEPKCHHS:
1 1
Teopema 9. /=7 MokHa 3BeCTH JI0 J|=7; J|=F MOXHa 3BECTH JIO J|=F .

Maemo U/T JJ=7" A < T'(TCHNL(U) = T9(A) < TTHN U TO,)~ U T(=0,) = TV(A) <
0eU 08U

() T(A) v U TO,)0 U T(=0,) < I(I) S TUA)UT(UHUT('U) < T =AU, U;

U/FJ|ZFLA R Fﬂ(AJ)ﬁ_Lﬁ(UJ)gFU(FJ) R Fﬂ(AJ) U F(G,)m U F(—|9,) QFU(FJ) R
0eU 6eU
F(A)SFUT)u U FO,)u U F(=0,) < F(A) < FAT)UF (U)UF ("U)) < T, U, U J=rA.
06U 6cU

[ToniOHMM ciocoOOM OTPUMYEMO 3arajbHIII TBEPAKECHHS:

W,U/T =/"A & W/T =AU, "U; W,U/TJ=-"A & W/T,U, U /="A.

Mu otpumanu ¢pyHIaMEHTABHY TEOPEMY PO ENIMIHALII0 YMOB HEBU3HAUEHOCTI:

Teopema 10. W, U/T’|=/"A & W/T'’|=7A,U, "U;

W, U/T*=/"A & W/TR=/A U, U;
W, U/TP=A & W/, U, U A
W, U/TR="A & W/T,U, U= A

Hacaizok 1. U/T ="A & T'™=,A,U,U; U/T®="A & T*=A,U,U;

U/T =7 A © TILU, U =A; U/TR=7A o T,U, UX=rA.

Teopema 10 nae 3mory chopMyItoBaTH BIACTHBOCTI €MiMiHAIT YMOB HEBU3HAYEHOCTI y

BITHOIIIEHHSX P|=Tl, P|=pl, R|=TL, R ZFL:
ElUD) W,U/T =" A & W/T =AU, 7U; W, U/TR=A e W/TR=/A,U,7U;
ElUp) WU/T =A< W/T,U, U =7 A; W, U/ TR =A< W/T, U, UR = A
Taxum unsom, Bin '|=r", *|=¢", X=7", *|=+" moxmua nepeiitu 10 Rel=r, %)

Hacainok 2. U/T =+ A < I'™|=;A, U, U 1a I,U, U=+ A.

U/T¥=ptA & T™=;A,U,"U 1a I, U, UX="A.

OTXe, BiIHOLUICHHS THITY |=75  MOYHA 3BECTH JIIIE 10 CYKYIHOCTI BiXHOMIEHb THITY |=7 Ta
THITY |=F, @ HE JI0 €IMHOTO BiHOMICHHS THITY [=77. Te % came Oy10 wis *|=z Ta *|=7z: npoBenenus
JIEKOMITO3HMIT (hOPMYIT BUMArae mofanus =7 uepes “‘|=r ta™|=p, a *|=7 — uepes “|=r ta "=
[TincymoByrOUH, OTPUMYEMO:

Pci_  Pc
|_T’ |

- -7 —F-

. P_ L P_ L R_L1R_L1__P_ 1L R_ 1
Teopema 11. Binnowenns " =7, ' |=¢, |=r, |=F Ta'|=1F , |=rF MOXHa MPOMOJEIIOBATU

3a jonomoroio =7, =g, %=1, ®|=p, yeynyBum ymoBu HeBH3HAUCHOCTI.

BoaHouac miis BigHOIIEHHS |=1RL HEMOICIUBO TAKUM CIOCOOOM YCYHYTH YMOBU HEBHU3HAYe-
HOCTI 1 TUM CaMUM IIPOMO/ICITIOBATH |=1Rl 3a JIOIIOMOTI'OIO PC|=1R. Ile dakTHyHO BKE BUILUIMBAE 3
TeopeMu 4; Oe3mocepeiHe JOBEICHHS aHAIOTIYHE JOBEACHHIO TeopeMu 4. TakKiuM YHHOM:

Teopema 12. B LC BinHOIICHHS |=IRL HE MOKHA 3BECTH JI0 BIIHOIIEHHS P “I=z.

. . P_ L P_ LR_LR_1LP_ 1 R_ 1
VYkakeMo OCHOBHI BIACTUBOCTI BITHOWEHD ' |=7, " [=F, " |=7, |=F , |=rF, =17 -

: . 1 P_ 1 P R R
Hapauni, skiio iHme He 3a3Ha4eHe OKPeMo: |=«~ —OJHe 3 =7, [=r, |=r, |=F;
_ 1 P L R_ L. _ L P_ L R_ 1 _ 1 P L R_ L
|—T — OJHC 3 |—T 5 |—T N |—F — OJHC 3 |—F 5 |—F 5 |—TF — OJHC 3 |—TF 5 |—TF .
N . 1 1 .
M) Hexait TcA,UcW,aAcZ; ToniU/T' =~ A= W/A|=." X — MOHOTOHHICTb.
MaeMo Taki BIaCTUBOCTI TapaHTOBAHOT HASBHOCTI JIOTIYHOT'O HACIIIKY.
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Cip) U/D,T|=1A, @;

Cur) U, /D, T =" A;

Cur) U@ /T =LA, ©;

C—") U/="®, T |=r" A.

C) U/ITE#A"D.

JloaTKOBO rapaHTyIOTh HAsSBHICTh BiJIIIOBIIHOTO BiIHOIICHHS TaKi BIACTHBOCTI.

CLyU/®,—®D,I" P|=Tl A; 1e piBHOcHIbHE TakoMy: @, —D, T PC|=TA, U, U;

CR) U/T =" A, ®, —®; e piBrocuisHe Takomy: I, U, "U = A, @, .

Brnactugicts C copmynboBana sk Crx Ta posmupena BiactuBocTsiMu Cyyr, Cyg. BiaactuBocTi
C~, C—",CL, CR 1yt y3aranpHeHi U1 BiJHOIIECHB JIOTIYHOTO HACIIAKY 32 YMOB HEBU3HAYEHOCTI.

BractuBocTi IEKOMITO3HINI JIOTIYHMX 3B'S30K aHAJIOTIYHI HABEIEHUM BHIIE BIAIIOBIIHUM
BJIACTUBOCTSM IS PC|=T, P°|=F, P"|=TF, R"|=T, R"|=F, RC|=TF; BOHH BHKOHYIOTBCS ISl YCIX BiJHOIIECHB
p_ L P_ L R_1LR_LP_ 1LR_ 1

[ S P S G e o s

) U/—D,T=A < U/O,T|=5A.

) U/T A, @ < U/T=SA, .

v) U/ OV, T =A< U/O,T|=A ta U/, T =SA

VR) U/T=5A, 0V < U/T=5A 0,9,

) U/=(®VY), T = A< U/—D, -, T =" A.

—VR) U/T = A, (VYY) < U/T|=SA,—® ta U/T|=SA, Y.

Hnst |=1Rl JIOJIATKOBO MA€eMO [ 8] BIACTHUBOCTI —|, Ta —gR.

BrnactuBocrti nekomnosuii, B skux Qgirypye ~@ :

) U/~OT = A & U/T = A 0, —®;

“r) U/T =A@ < U/O,T=f"A ta U/=®,T =1 A,

—“r) U/T|F A, =0 < U/T,0,—® =7 A;

—~ ) U/ @, T='A < U/T|=A® ta U/T = A, —®;

) U/T|EA =0 < U/T A

) U/OT|="A < U/T = A

Jlns eix Bigpomens =", *|=, *l=r", f=r" Moxna cdopmymoBaTu:

C-HU®/TESA "D ;

C . .)U®/ @, T=>A

st |=FL C-. — okpemuii Bunagok C~ ; uist |=TL C-. e noxiguoto Bix EIUt, ~rr, C. s
|=TL C .. —okpemuii Bunagok C—""; i |=;rL C .. e noxiaHoto B ElUg, =7 1f, C.

) -~ . . 1
BnactuBocti nexommosuiii popmyn Burisay ~ D pisui IUTS BIIHOWICHb THIY |=7 Ta THITY
1 . 1 . e~ .
|=F", TOMY JUTSI BITHOIIICHb THITY |=7# BJIACTHBOCTI JIEKOMMO3UIiT ~@® He MOXKHA MMOJATH SK CIiJIb-
HY BJIACTHBICThH JIJISL BIJHONICHb TUMY |=77. TOMY BIIACTHBOCTI JCKOMIIO3HMINI Ta TapaHTOBAaHOI
. . . . 1L
HASBHOCTI JIOTTYHOT'O HACIIJKY JUIsl BIIHOIICHb THIY [=75 MOXHA 3a/IaTH OIOCEPEIKOBAHO, Yepe3
BIJIMOBiAHI BIACTUBOCTI IS BiTHOIIEHb THITY |=Tl Ta TUITY |=FL.
[ToB’s13aH1 3 peHOMIHAINIE BIACTUBOCTI €KBIBaJCHTHUX MEPETBOPEHB ISl BITHOIICHB r |=Tl,
R_ L P_ 1 R_ 1 U . . N P P R R
=7, , "[FF momiOHi 10 BIAMOBIAHUX BIACTHBOCTEN I * =1, * =g =1, |=F.. KokHa 3
. ~ . . o P_ 1
BrnactuBoctedt R, RI, RU, RR, R—, Rv,R™, R3, R3s nae 6 BiANMOBIAHUX BIACTUBOCTEH AN ' |[=7,
P_ L R_ 1 R_ L . o .
|=F, "|=r, "|=F , kKonu BuaineHa GpopmMyia uu ii 3anepevdeHHs] 3HaX0AUThCA Y JIiBIM UM MpaBiii yac-
THHI I[,OTO BiJTHONIECHHS a00 BXOJUTH JIO YMOBH HeBHU3HaueHOCTi. BpaxoBytoun BiactuBocti ElUt
ta EIUf eniminariii yMOBM HEBH3HAUCHOCTI, SBHO BUITMCYBATH 2 BUITQJIKU, KOJIH BHJIIJICHA (opMyJia
4 1i 3amiepeyeHHs BXOIUTh 10 YMOBH HEBH3HAUYECHOCT1, HEMAE MOTPEOH.
. .~ L P_ L P_ 1R
Jnst mpuKIiIaay BIacTUBOCTI, iHAYKOBaHI, R~ (=« —omue 3 ' |=r, |=r, |=

1l R 1
=F):

—F 5
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R U/RI(TD), T A < U/TRI(D), T |=A;
R R U/T AR (C®) < U/T=5A"RY(D);
R U/=RI (D), T |="A < U/~"RUD),T|="A;
~ _1 Vo~ _ L ~pV
—RTR)U/T AR (D) & U/TFTA="R (D).
BrnactuBocti enimiHamii KBaHTOPIB, £-pO3MOJLTY Ta MEPBICHOTO O3HAYEHHS ISl BIAHOLICHD
P_ 1 R_1 P_ 1 R_ | e . - . Pe_  Re_  Pe_  Re
=7, "=r, |FF, "|FF momiOHi 10 BIAMOBITHUX BIACTUBOCTEH u1st =7, " =1, | |
Hagenemo mis nmpuximany BnactuBocTi Jp, Ta IRVR.
31) 3a ymoeu zefu(U, T, A, 3x®)) maemo U/Ix®, T = A < U/R}(®),Ez,T’ = A

IRvg) U/T, Ey[=" AR} (3x®) < U/T,Ey[= A, RY (Ix®), R (D) .

|: =F =F.

BucnoBknu

Hocmimkeno nepmronopsiikoBi LC — JOTiKM 9aCTKOBUX TMPEAMKATIB 3 KOMIIO3UIIIEI TIPEIU-
KaTHOTO AonoBHeHHs ~ . [lonmiOHi omeparllii BUKOPHCTOBYIOThCS B PI3HUX BapiaHTax Jiorik dnoiina-
Xoapa 3 4aCTKOBUMHU Tepesi- Ta micisi-ymMoBaMu. OnucaHo KOMIO3uIliitHi anredpu i mou LC. 3a-
MPOIIOHOBAHO HU3KY BiAHOIIEHH JOriyHOTO Hachiaky B LC (tumiB |=r, [=r, =15, |=z) Ta H0OTi4HOTO
HACITIZIKY 33 YMOBH HEBH3HAYCHOCTI (THIIB [=7, |=¢", [=7#"). JIOCTiKEHO BIACTHBOCTI KX BiTHO-
II€Hb, BCTAHOBJICHO CIIBBIIHOIIEHHS MK HUMH. [ 3a1IpONIOHOBAHUX BiTHOIIEHb OMUCAHO YMOBHU
iX rapaHTOBAaHOT HAsIBHOCTI, HABEJICHO BJIIACTUBOCTI JICKOMIIO3UIIiT pOpMYJT Ta eiMiHaIlii KBaHTOPIB.
JIJis BiIHOIIGHD TUTIIB |=7 Ta |=F OBEIEHO TEOPEMY NIPO SIIMIHAIIID YMOB HEBU3HAYCHOCTI, 1110 JIa€
3MOI'y 3BECTH Pzt P |=Fl, R|=TL, R|=Fl no P ‘I=r, P “I=r, RC|=T, RC|=F. BonHouac |=IRL HEMOKJIUBO
3BecTH 10 *‘|=/z. oHas Te, s *“|=/z HEMOXKIINBO KOPEKTHO 3a/aTH YMOBH ICKOMMO3HIi ~® .

Bce 1ie 3acBiguye icrotHy BigminHicTh LC Bif TpaauiiiHoOI JTOTiKA KBa3iapHUX MPEUKaTIB

Jlist mocnipKeHnX BiAHOMICHD JIOTYHOTO HachiaKy B LC Ta BiHOIIEHB JIOTIYHOTO HACHIJIKY
3a yMOB HEBU3HAYECHOCTI MJIAHYETHCS 100Y/10Ba NEPIIONOPSIKOBUX YUCICHb CEKBEHIIIIHOTO THITY.
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ON THE OPEN INDUCTION PRINCIPLE

Ievgen Ivanov
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In [1] a property (total predicate) P on a poset E is called inductive, if it satisfies
Vy(Vx(x > y = Px) = Py) and is called open, if for each chain X in E, if X is nonempty and

has the least upper bound x and P(x*) holds, then P(x) holds for some x € X.

Raoult’s open induction principle [1, Theorem 3.3], which generalizes in a certain way
the principle of Noetherian induction, states that on a (directed-)complete partial order an
inductive and open property is true everywhere. Some discussion and applications can be
found in [2-4].

In this talk we propose the following converse statement.

Theorem. A poset such that each inductive and open property on it is true everywhere
is a dcpo.

We show the relation of this statement and the open induction principle to some other
induction principles proposed in the literature, such as variants of real induction [5].

1. Raoult J.-C. Proving open properties by induction / J.-C. Raoult // Information
Processing Letters 29. — 1988. — P. 19-23.

2. Coquand T. A note on the open induction principle / T. Coquand / Tech. rep.
Goteborg University. — 1997.

3. Schuster P. Induction in algebra: a first case study / P. Schuster // Logical Methods
in Computer Science. — Vol. 9. —2013. - P. 1-19.

4. Berger U. A computational interpretation of open induction // U. Berger /
Proceedings of the 19th Annual IEEE Symposium on Logic in Computer Science. — 2004.

5. Clark P. The instructor’s guide to real induction / P. Clark // Mathematics Magazine
92.-2019.—-P. 136-150.

115



Yaroslav Kokhan
Institute of Philosophy, National Academy Of Sciences, Kyiv, Ukraine

e-mail: yarkaen@gmail.com

CORRECTION FOR A-CONVERSION IN FUNCTIONAL LOGIC
Yaroslav Kokhan

As we know, the type-free (i. e., the richest) A-calculus is inconsistent [ 1] (Curry's paradox proves
this inconsistency). The cause of this situation is the incorrectness of the axiom (f), which is
following:

Af(x)(a) = fla).

Here the one and the same object treated and designated as an individual, say, Axf(x)
(individuals have no arguments) and, at the same time, as a 1-ary function, which has values of
the form ...f...(a). This is an immediate contradiction: to have arguments as a function and to have
no arguments as an individual.

We can solve this problem, if we extent both predicate logic and set-theoretic theory of
functions to functional logic (or function logic [2]), in which functions treated as n-ary (as n = 0)
functions-in-intension that are ambiguous in general case (1. e., their graphs are partial multimaps).
The atomic formulas have in functional logic the form s = t, which is read "the object s is a value
(if they exist) of the function ¢ with arguments (if it has them)". The logical relation =~ is called
representation and is the generalization of equality at the case of ambiguous functions. In formal
languages of functional logic, the i-th value of the function £ at arguments a1, ... , an is designated
by the term 'f(ax, ... , an)' (if the value is unique, then i = 0) and the very function /) with argument
places x1, ..., xn (the function /% with no arguments) is designated by the term 'f*1-.*n' (the term
'fA'; here 'A' denotes the empty list of arguments). A value of the function ¢ can be as well
designated by the term '(¢)".

In #ype-free functional logic, the incorrect formula (f) can be replaced by the following
correct—and more general—formula:
i/ .
(r) =~ 1),

(where i, j > 0) or, in the case of 1-valued functions and individual variables, by the following
formula:

(f)° = f(a).

Both these formulas are deduced (for any i, j = 0) from the following theorem of the type-free
functional logic:

fr=(@ef~g
So we can replace the type-free A-calculus by any one of calculi of type-free functional logic, which
contains no contradictions and paradoxes.
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NON-STATIONARY TIME-SERIES DISTANCE CLUSTERING FOR A SIMILARITY
ANALYSIS
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Time-Series analysis is a widely popular tool in different fields, starting from classical
Computer Science and applications such as sound recognition, to Economics, Biology and many
else. Sometimes, the question about the similarity of these series arise. For example, to estimate
whether the spoken text is the same regardless of the intonation or to find similar components in
terms of particular goods inflation throughout the time.

This is the case when clustering is very useful, because these algorithms are called to
extract the similarity. But this exercise is not that straightforward and thus will be described
further in details. There will be used distance-based algorithms in different metrics,
dimensionality reduction tools as an alternative way to create a map. Then, the clustering
algorithms are used to divide series into combinations by similarity. Tools are from simple K-
means to sophisticated fuzzy logic-based and other logical clustering algorithms.

The routine begins with creating the map of series in the point representation. There are
two main approaches to do so: using dimensionality reduction techniques to capture maximum
information from series and using a distance matrix between these series and its mapped
representation. First, the dimensionality reduction. From the general name of algorithms, it is
clear that a set of n-dimensional point (where n is some observations and the distance by k-axis
is a value in moment k) might be converted to the set of t-dimensional, where t is less than n (it is
2 often). A good way to start with dimensionality reduction algorithms is with the paper by
Sharma, 2019. It’s a general overview of the most basic algorithms in the area. As main
benchmarks in this field, I use Principal Component Analysis (described by Shlens, 2005), t-
distributed Stochastic Neighbor Embedding (t-SNE by Maaten and Hinton, 2008) and Unifold
Manifold Approximation and Projection (UMAP by Mclnnes et al., 2018). They represent the
field well as they’re general, but still quite sophisticated to be effective in such an exercise.

The second approach, which sounds like a more useful and appropriate, is to calculate
dynamics between component series to create a distance matrix. These distances might be
calculated in different spaces, Euclidean and non-Euclidean (Caiado et al, 2006), that capture
some data-related features, based on the series nature, to find the most appropriate distances and
realistic distances. Then from this matrix, there is a single representation of the map with a given
metric, that corresponds to the distance. A proof, as long as an idea overview, can be found in the
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paper by Dokmanic et al., 2019. Similar idea to measure distances between ARIMA modelled
time-series to cluster them by dynamics were made by Kalpakis et al. in 2002.

A modified way to find distances, which is closely related to non-Euclidean approaches, is
to use a Dynamic Time Warping algorithm (DTW, Berndt and Clifford, 1994). The general idea
is that component series might have similar dynamics, but more stretched or compressed, for
example throughout the year due to seasonal patterns and effects. Also, they might react to
similar shocks and events with a different lag. This algorithm makes it able to work with these
series. lzakian et al. make an exercise with DTW approach to map series and cluster them
between each other.

When the map is ready for the final stage, a question about which clustering approach is
the best to use in the particular exercise arise. Xu and Tian made a good overview of clustering
techniques in 2015, to find the most appropriate one. In the paper two classic algorithms are in
use: K-Means (MacQueen, 1967) and Density-Based Spatial Clustering of Applications with
Noise (DBSCAN, Ester et al., 1996). They and their combination are chosen due to the different
nature, simplicity and fundamentality. As a more advanced algorithm, logical clustering, that is
well described by Vazquez-Chanlatte et al., 2017, is used.

This exercise will result in a model that cluster components by similar dynamics. It can be
used as superior to the simple correlation analysis because it can also capture the very nature of
the data using different non-euclidean distances. Also, using the DTW algorithm will count the
shifts and distortions in the data.

A great use-case is an update for a CARMA model, used by the National Bank of Ukraine
and described in the forthcoming paper by Krukovets and Verchenko, 2019, which is based on
the paper for the Swiss National Bank by Huwiler and Kaufmann, 2013. It is a model that
predicts inflation components via ARMA approach and aggregates them into the total inflation
forecast. Usage of the tool will allow clustering these components into a few groups by their
dynamics, which will reduce model complexity and improve generalization. Also, it'll open a
huge field for the analysis of these series relationship nature and other macroeconomic series
influence that might work great in terms of particular series explanation (for example, exchange
rate change explains laptop and smartphone inflation well). All these possibilities support
forecasting performance.

References:

Sharma P., 2019. “The Ultimate Guide to 12 Dimensionality Reduction Techniques (with
Python codes).” Available at: https://www.analyticsvidhya.com/blog/2018/08/dimensionality-
reduction-techniques-python/

Shlens J., 2005. “A tutorial on Principal Component Analysis.” Available at:
https://www.cs.cmu.edu/~elaw/papers/pca.pdf

Maaten L., Hinton G., 2008. “Visualizing Data using t-SNE.” Available at:
http://jmlr.org/papers/volume9/vandermaaten08a/vandermaaten08a.pdf

118



Mclnnes L., Healy J., Melville J., 2018. “UMAP: Uniform Manifold Approximation and
Projection for Dimension Reduction.” Available at: https://arxiv.org/pdf/1802.03426.pdf

Caiado J., Crato N., Pena D., 2006. “A periodogram-based metric for time series
classification.” Available at:
http://www.academia.edu/download/43600797/cluster CSDA2006.pdf

Dokmanic 1., Parhizkar R., Ranieri J., Vetterli M., 2015. “Euclidean Distance Matrices.
Essential Theory, Algorithms and Applications.” Available at:
https://arxiv.org/pdf/1502.07541.pdf

Kalpakis K., Gada D., Puttagunta V., 2001. “Distance measures for effective clustering of
ARIMA time-series.” Available at:
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.58.5139&rep=rep 1 &type=pdf

Berndt D., Clifford J., 1994. “Using Dynamic Time Warping to Find Patterns in Time
Series.” Available at: https://www.aaai.org/Papers/Workshops/1994/WS-94-03/WS94-03-

031.pdf

Izakian H., Pedrycz W., Jamal 1., 2015. “Fuzzy clustering of time series data using
dynamic time warping distance.” Available at: http://www.ece.ualberta.ca/~izakian/J1.pdf

Xu D., Tian Y., 2015. “A Comprehensive Survey of Clustering Algorithms.” Available at:
https://link.springer.com/article/10.1007/s40745-015-0040-1

MacQueen J., 1967. “Some methods for classification and analysis of multivariate
observations.” Available at: https://projecteuclid.org/euclid.bsmsp/1200512992

Ester M., Kriegel H., Sander J., Xu X., 1996. “A Density-Based Algorithm for Discovering
Clusters in Large Spatial Databases with Noise.” Available at:
http://www2.cs.uh.edu/~ceick/7363/Papers/dbscan.pdf

Vazquez-Chanlatte M., Deshmukh J., Jin X., Seshia S., 2017. “Logical Clustering and
Learning for Time-Series Data.” Available at: https://mjvc.me/papers/cav2017.pdf

Krukovets D., Verchenko O., 2019. “Short-run forecasting of core inflation in Ukraine: a
Combined ARMA approach.” Available at: Currently not available

Huwiler M. and Kaufmann D., 2013. “Combining disaggregate forecasts for inflation: The
SNB’s ARIMA model.” Economic Studies from Swiss National Bank No 2013-07. Available at:
https://www.snb.ch/n/mmr/reference/economic_studies 2013 _07/source/economic_studies 2013

_07.n.pdf

119



Grygoriy Zholtkevych,
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine,
Arseniy Gromovoy,

V.N. Karazin Kharkiv National University, Kharkiv, Ukraine,

HOW TO COMPARE THE EXPRESSIVENESS OF CAUSALITY RELATIONSHIPS
SPECIFICATION LANGUAGES BASED ON THE CONCEPT OF LOGICAL
CLOCKS?
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Abstract. In these theses, we consider the specification problem for causality
relationships. This problem is quite important for modern software engineering
due to expansion application sphere of distributed computing and distributed
technical systems. But this problem is a challenge for logic and mathematics. An
in this context, understanding the limit expressiveness for the corresponding
specification languages is one of the principal tasks.

Keywords: causality relationship, specification language, logical clock.
1. Motivation

A complex modern technical system is as a rule cyber-physical i.e. it is a complex of
interacted both physical and cybernetic components. The correct behaviour specification of
such a kind of systems includes constraints for distinguishing correct and incorrect system
operating schedules (sequences of system events). This distinguishing is determined by the
system of causality relationships specific to the system being considered. Thus, to provide
development processes for systems of this kind we need a tool for the specification and
analysing causality relationships.

Due to paper [1] of Leslie Lamport, the concept of logical clocks is the de-facto
standard for specifying causality relationships in distributed systems. This concept considers
sources of homogeneous time-ordered system events as logical clocks and system events as
ticks of the corresponding clocks. Such abstraction allows focusing our attention on the
consideration of causality relationships only.

The aim of this issue is to understand the decidability properties for the class of
languages fit for specifying causality constraints based on logical clocks concept.

2. Problem Formalisation

For more rigorous reasoning, let us introduce some finite set C, the elements of which
are considered as labels of logical clocks, then any nonempty subset of C is considered as a
notification and interpreted as the set of clocks ticked at the time-point. The set of notification
is below denoted by /TC. Now we can rigorously define schedule as a mapping from the set N
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of natural numbers into /C and denote the set of schedules (the schedule space) by 7C?.

In the context, some subset P of the schedule space can be considered as a schedule
property and the relation “a schedule o satisfies the property P” (symbolically, o |= P) means
o € P in this case.

The main question is whether all properties fit for specifying some checkable constraint.
The answer, of course, is no.

Indeed, if for each notification n and natural N, we consider the sequence of function1

(o) = Nl -3 [o1k] = n]

+1 =

then the property “for any n, the limit 'V (o) exists when N tends to «” is not checkable

because for checking it, we are needed in the complete (and, therefore, infinite) information
about schedule o

It is needed to remark that the engineering applications require a specification technique
for recognising violations of the constraints specified as design requirements. In this sense,
the mentioned property is not good because of any initial behaviour does not influent on the
limit behaviour constrained by this property.

The suitable class of properties that can be used for specifying the needed behavioural
constraints was informally described by L. Lamport [2] and formalised by B. Alpern and F.B.
Schneider [3].

The properties of this class are called safety properties and defined as follows:

a property P is called a safety property if for any o¢P there is a natural N that for any
schedule o’ such that o [0:N]=c" [0:N] the statement ¢’¢ P is also true.

In other words, for a safety property and a schedule that does not satisfy this property
the fact of property violation can be established during finite observing the system being
studied.

B. Alpern and F.B. Schneider found interesting interrelation between safety properties
and closed subsets of the schedule space equipped with Tikhonov topology. Taking into
account that the family of sets2

{a- I'C” | ¢ is a finite sequenceof notifications},

one can understand that there is the correspondence between safety properties and prefix-free
sets of finite sequences of notifications. Each finite sequence of notifications that corresponds
to a safety property can be considered as evidence of the property violation.

1 Here and below we use the Python-like notation for finite and infinite sequences including the function len.

(o
2 Here, &~ Irc refers to the set of schedules that have $\alpha$ as the common initial subsequence.
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This consideration demonstrates that we can use only specifications that represented by
some prefix-free recursive sets of finite sequences of notifications for computer analysing
specifications of causality relationships.

3. Self-delimiting Turing Machines as Detectors for Violations of Causality
Constraints

Let us remind [4] that a self-delimiting Turing machine is a Turing machine with one
input tape and one or more working ones. At before operating, the input tape contents the
special symbol “# at the zero-position and the analysed sequence of notifications in others.

The current action of the machine determined by the contents of the observed cells of
the input and working tapes and the current state. When the current state became an accepted
state the machine is halted.

The schedule prefix that has been read before halting part of the input tape is considered
as recognised evidence of a violation for the constraint being defined by the machine.

It is evident that a self-delimiting Turing machine recognises some prefix-free and
recursive set of finite notification sequences. The inverse statement is also true (see, for
example, [4, Theorem 50]). It is also known, that there is a universal self-delimiting Turing
machine (see [4, Sec. 4.4]). Such a language can be considered as the most expressive
language for specifying causality relationships.

The universality of the most expressive language leads immediately to Rice Theorem
for our problem. Thus, a good solution to the problem is developing of a hierarchy of
decidable languages for specification of causality relationships.

4. Conclusion

The mentioned above reasoning demonstrates the complexity for solving the problem of
developing causality constraints specification languages satisfying the universality property.
More useful, at least from the applied point of view, to develop some technique for
constructing a hierarchy of specification languages with predictable properties. The similar
technique namely the technique of typed A-calculi and the corresponding languages is widely
used in theoretical programming.

Thus, we can pose the problem of developing a theoretical framework for constructing
different decidable languages for specifying causality constraints oriented on neediness arisen
in the specific domain.

1. Lamport L. Time, Clocks, and the Ordering of Events in a Distributed System / L.
Lamport // CACM 21 (7). — 1978. — P. 558-565.

2. Lamport L. Proving the Correctness of Multiprocess Programs // [IEEE Transactions
on Software Engineering (22). — 1977. — P. 125-143.

3. Alpern B. Recognizing safety and liveness. / B. Alpern, F.B. Schneider //
Distributed Computing (2). — 1987. —P. 117-126.

4. Shen A. Kolmogorov Complexity and Algorithmic Randomness / A. Shen, V.A.
Uspensky, N. Vereshchagin. — AMS, Providence, Rhode Island. — 2017.
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CTBOPEHHSI MATEMATHUYHOI MOJEJII CACTEMH NIATPUMKHA
HABYAJIBHOI'O ITPOLECY

Hpins C.C., Jlememxo €.1.

Abstract: Educational process systems are a complex organizational part of specialized
institutions. Mathematical models of such systems allow explaining qualitatively the
educational system, to promote economic efficiency and potential. Due to the complex structure
of such training systems, mathematical models — both developed and future — can be
effectively used to explain the behavior of educational systems and to help them create, decide
on better system design and operation. These theses, above all, describe the prerequisites for
building an effective mathematical model of the educational process of secondary and high
school in Ukraine. The main purpose of this work is to create a system that can evaluate the
important criteria of the student in the process of learning at school and recommend the
direction of the future profession.

KirouoBi cjioBa: MmareMaTH4HA MOJIENTb, HABYAJIBHIIA MPOIIEC, MOTUBAILIS, SKICTh HABYAHHS.

CucremMu HaBYaJIBLHOTO MPOIECY — 11€ CKJIaJHA OpraHizalliifHa CUCTeMa OCBITHIX 3aKJIaJiB.
MaremaTnuH1 MOJEJ1 TAKUX CUCTEM J03BOJISIIOTH SIKICHO TOSICHUTH OCBITHIO CUCTEMY, CIIPUSATH
H1IBULIICHHIO €KOHOMIYHOT e()eKTUBHOCTI Ta MoTeHuiany. Yepe3 CKiIagHy CTPYKTYpy MOJiOHUX

HaBYAJIbHHUX CHCTEM, MaTeMaTH4yHi MOJEJi — AK 1 BKe po3poOiieHi, Tak 1 MaiOyTHI, — MOKHA

e(eKTUBHO BUKOPUCTOBYBATH, a0 MOSICHUTH IMOBEIIHKY OCBITHIX CHCTEM Ta JIOIOMOITH B iX
CTBOpEHHI, PINIEHHS MIOJAO0 Kpamoro Iu3aifHy CHCTEMH Ta eKcIUlyaTamii. Y JaHuX Te3ax
MPEJICTABICHO MEPeayMOBH A0 MOOynoBU €(PEeKTHBHOI MaTeMaTUYHOI CHUCTEMH OCBITHHOTO
MPOIECy CepeaHbOT Ta cTapiioi mKoJau B Ykpaini. OCHOBHA MeTa poOOTH TOJISATAE Y CTBOPEHHI
CHCTEMH, SIKa 3MOXE OLIIHIOBATH CTYIIHb CXWJIBHOCTI JI0 MIPUPOJTHIYUX a00 TYMaHITapHUX HAYK
Ta PEKOMEH IyBaTH HaIPSIMOK MaiflOyTHROTO (haxy.

bararo aBtopiB y cdepi ocBitm (Hanpukian, [1], [2]) mocaimxyBamu MoAeNi I
BU3HAYCHHS B3a€MO3B’A3KIB MDK YMHHUKAMH, 1110 BIUIMBAIOTh HAa SKICTh HABYAJIBLHOTO IMPOIECY
30BHI Ta 3cepenunn. OIHUM 3 €TamiB € MPOBEJICHHS aHKETyBaHHS, MPO SKE KOPOTKO Oyre
OmnMcaHo HUXk4e. BaxnuBum € te, abu oTpuMaHa MoJIelb B pe3yabTaTi Majia 3MOTY PO3B'sI3yBaTH
peanbHy poosieMy, TOOTO 3HANIIIA CBOE MIPUKJIIAHE 3aCTOCYBaHHS.
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O4eBUIHUM € T€, IO TP MO3UTUBHIN BIAMOBIAI HA Il MUTAHHS, MOXXEMO TIEPEXOJUTH JIO
eTany MIAKITIOYEHHS MaTeMaTHYHUX Mojeiei. 3 iHmoro Ooky, mpu Xo4ya O YaCTKOBUX
HETaTUBHUX BIAMOBIASIX HEOOX1THO MEPETJISTHYTH Ta JOOIPAIIOBATH HAsIBHY CTPYKTYPY.

B onuryBaHHI Hapa3i Mae B3ATH ydacTb BCi oxoul yuHi 31 mkin M. O0yxoBa KuiBcbkoi
obmacti, 8-11 kmacy HaB4aHHS. PecrioHAEHTH MaTHMyTh 3allOBHUTH, Ky TEMaTHYHO MOKHA
pPO30HMTH Ha HACTYITHI CEKIil: HABYaJIbHUI MPOLIEC, NPOBEACHHS BUILHOTO Yacy, EMOIIMHUH CTaH,
O0aTpku. 3Bakaroud Ha KJIac HaBYaHHS, A0 BUOIPKHU JOJaBAaTUMYTHCS JMOAATKOBI JaHi PO
norepeiHi pe3yinbTaTd HaBuaHHs. TakoK, /175 HAOBHEHHS TECTOBOI BUOIPKH, J101aBAaTUMYThCS
JaHl TIpo BCTynmHUKIB 10 BH3 31 mikii-yyacHub ekcniepuMeHTy. TakuM 4MHOM, MOKHa Oyne
chOopMyIIOBaTH TECTOBI Ta KOHTPOJIBHI IPYIHU 3 ONUTYBAHUX.

3ampornoHoBaHa cucTeMa Mae BUTIsA puc. 1. B mporeci qociipkeHHs Ta BiAIOBIIHO 10
OTPUMAHUX JAHUX CHUCTEMa MOXe 3MiHIOBaTHCh. Hapasi miaHyeThCsl IPOTECTYBaTH CUCTEMY Ha
NPOCTIH JIHIAHIN MaTeMaTUYHIA MOJIeINI, 1110 Ma€ BUTIISII:

V, = f(xcep; yn_l;A) (D

X cep— CEPEIHA OLIHKA 32 BCI MPEIMETH, 110 BUBYAIIMCH BIIPOJIOBXK POKY:;
Y,_1— CEPElIHs OIIHKA 3a HATIPAMKOM 3a MOTEPEHIA Nepioj;
A — 30BHINIHIN, TO3AMTKUTEHUN (aKTOP.

HarpdankHWiA pik

MporHozoeana
CRpEOHA piuHa
OLHKR
Y

PeansHa cepedHA
oUiHES

A

Y

Mogent 2 Bufip

3A0K04EHHA > OTHHMEHO K » nofankswon
CEPEAHEOI0 OLiHKD HaNpAMEY HABIaHHA
CniMnNiagM, YacTe B

CepenHa oUWiHka akanemivHK

Movatok '
HABaNLHO poky B2 HAMPAMKS MU > CMOPTHBHMY, 360

(MEMP OAHKUMA, MHUCTELBIMK

TYMAHITARHA, TEXHIYHKEA) SKTHEHOLTAX

A 4

Puc. 1. Burmsin cucremn

Jana cucrema Moke OyTH BHKOPUCTAaHA B Oy/Ab-sIKOMY HaBYaJbHOMY 3aKjiajai YKpaiHH.
BoHa nomomMoske BHKIIaauaM HEYNEPeHKEHO OIIHUTH CXUIIBHICTh YYHIB JIO TIEBHOTO MPEIMETY.
MaremaTyHa MOJETbh MOSICHIOE JIOTIKY BHOOpPY a0ITYpi€HTIB TOrO UM IHIIOTO HANPAMKY.
Ockinbku BUOIp KOKHOTO HE € Harepea HEeBIIOMUM (aKTOM, MOMIIMBO 3MOJICTIOBATH JIOTTIHHIA
3B’SI30K MK PIBHEM OCBITH, MOTHBAIII€IO Ta OCTATOYHUM BHOOPOM Y4HS.

1. Carl N. Brooks. Training System Evaluation Using Mathematical Models / C.N.
Brooks // Educational Technology — June, 1969. — P. 55-61.

2. Mohamed Z.G. Two Models of Describing Students’ Achievement in Mathematics: A
Comparative Study / Al-Agili M. Z. G., Mamat, M. B., Abdullah, L., Maad, H. A. // Australian
Journal of Basic and Applied Sciences. —2013. — P. 184-198.
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ITPO IMNOBHOTY KIACHYHUX JIOT'TYHUX YUCJIEHD

3y6enko B.B.

Kuiro4oBi cJioBa: JIOTiyHe YMC/ICHHS, CEKBEeHIiliiHe YMCIeHHS], CEeKBeHIliliHe 1epeBo.

A calculus is complete, if each its true formula is a theorem. The general method of construction
of complete classical calculus is considered. The method is illustrated by classical proposional calculus.

KnacuuyHe 4nciaeHHs - TOBHE, SIKIIO BCl YCIOAM ICTUHHI Horo ¢opMyiu € Teopemamu. J[omoBias
NPUCBSIYCHA NOOYNOBI IMOBHUX YHCIIEHb. SIK TpaBWio, Taka MOOyIOBa IPOBOIUTHCS METOJIOM
«3HM3y—BBepx». CHovaTky TMEBHUM YHMHOM BHOMPAIOTHCS aKCiOMHM 1 mpaBwia BuBeAeHHS. [loTim
dopManbHO JOBOIUTHCS NEBHA CYKYMHICTh BAXJIMBUX JOTIOMDKHUX TEOPEMH 1 Ha 3aKIIOYHOMY
eTarli, CIMparoYiCh Ha HUX, B)KE OOIPYHTOBYETHCSI cama IIOBHOTA YHCIIEHHs. ['0oBe MUTaHHS - SIK
NPaBUIHHO BHOPATH aKCiOMHU, MTpaBHJia BUBEICHHS Ta BiHANTH HEOOXiTHI TOTIOMIXKHI TEOPEMHU.

JyanpHUM TIiAXOAOM 10 CKa3aHOTO €  METOJ «3BepXy-BHU3». BiH 3BOOUTBHCS 110
MONEPEAHBOI0 CEMAaHTUYHOIO aHali3y CTPYKTYpH QOpMyJl 1 TMOIIYKY «TPUBIAJIBHUX» IXHIX
HiACTPYKTYp TaKuX, IO IX JTOCTATHBO Ui OTPUMaHHA (GOPMYIIH y SKOCTI JIOriYyHOro Hacmiaky. Toni
y HaMMmpoCTIIOMY BHUMAJIKY Ili «TPUBIANBHI» CTPYKTYpPH MOXYTh OyTH B3STI y SKOCTI akcioM, a
npaBuja BHUBOJY MAarOTh MPOCTO 3adiKCyBaTH BIAMOBIAHI CXeMaM JIOTIYHHUX HACHiAKIB. B iHmmX
BUIAJKAaX YHCJICHHS Ma€ 3a0e3MeYuTH BUBEIACHHS [HMX  HAUMPOCTIMHUX CTPYKTYp 1 (dopmanmbHe
JIOBEJICHHSI BKa3aHMWX JIOT1YHUX HacHiAKiB. Lle Mae rapanTyBaTtu MOBHOTY uMcleHHA. {5 3/milicCHEeHHS
CEMaHTUYHOTO aHali3y (OpMyJ MPOMOHYETHCA B3STH CEKBEHINMHE wucieHHs. Jlims  UmrocTtparii
METOAYy BHOpaHO  KJIACHYHY Ta CEKBEHLIWHY npono3uuidHi joriku [1]. Tyt pesynbraTu
CEMaHTUYHOTO aHajizy (GOpMyN 3alal0ThCS CEKBEHIIIWHUMU JI€pEeBaMH, «TPUBIAIbHI CTPYKTYPH»
BiJIMIOBIIAFOTH JIMCTKAM JICPEB, a JIOT1UHI HACTIIKU — BIIHOIICHHSIM MiXX OaThbKaMH Ta CHHAMHU BEPIIUH
JIEPEB.

Januil migxig Moxke OyTH KOPUCHHM y KypcaX 3 MaTeMaTH4HOi JIOTIKM AJis JeMOHCTpalii
TICHOTO 3B'AI3KY MI’)K CEMAHTHKOIO 1 CHHTaKCHCOM JIOT1YHHUX CHCTEM.

1. Hikituenko M.C. Marematnuna Jnorika Ta Teopis anroputmiB. / H.C.HikiTueHko,
C.C.1xinpHsk. — Kuis: BIIL «KuiBcekuii yHiBepcuTeT», 2008. — 528 c.
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PO MPOLEAYPHY IUIAT®OPMY TEOPII AITOPUTMIB

3ybenko B.B.

The class of tabular algorithms as a general basis for classical algorithmic
systems are proposed. Algebraic properties of these algorithms are considered.

Kuarouosi ciioBa: npoueaypa, alroputM, TaOJIMYHUIN alNrOpUTM.

B [1] 3pobmena cmpoba yTOYHUTH 3arajibHe TMOHATTS (YHKIIi SK mporeaypu. B
JIOTIOBiZII BUIIUISETHCS TiAKIIAC, TaK 3BAaHUX, TAOJIMYHUX AITOPUTMIB Ta OOYMCIIOBAHHUX
GyHKIIH SIK 3aralbHa OCHOBA Uil KJIACHYHUX QITOPUTMIYHMX CHCTEM. Po3rismarorhes
anreOpaidHi BIACTUBOCTI IaHUX allTOPUTMIB Ta (DyHKIIIH.

Hexaii (I',<) — noBiNbHA JiHIHHO BIOPSAIKOBAHA CYKYIHICTh, Ky OyJIeMO TPAaKTyBAaTH K

yacoBuil mpoctip. [TozHaunmo t° Ta 1~ OGe3mocepeIHbO HACTYIHHI 1 MOMEPEIHI MOMEHTH
yacy JUIi MOMEHTY t. BBakaeTbcs, 110 B 4acOBOMY NPOCTOPI HEMae HaWMEHIIOrO Ta
HalOTpIIOro eneMeHTiB. [HpopMmaliiiHy CKIaJoBYy MPOILECIB OOYMCICHb MOJNAIOTH CHIAHU.
Hexait S — nosinbHa MHOXwMHA craniB. Ilapa IT=(I',S) HasuBaeTbCs 0OGUUCTIOBATLHUM

npocmopom. 3apikcyeMo neBHy CyKynHicTe A={f,:S — S |i =0} eremenmapnux onepayiti

Ha CTaHax 1 BU3HAYMMO (DYHKYIIO KepyéarHs TporecaMu sk &:[ xS — 2A . Ocranns
MOB’SI3y€ 3 KOXKHUM MOMEHTOM Yacy OOYHCIICHHsI OJTHE a00 KiThbKa MOYKIIUBUX €IIEMEHTApHUX
NEPEeTBOPEHb TOTOYHOIO CTaHY.

Tpiiika Pz(H,A,S} HA3MBAETLCS 00UYUCTIOBATLHOIO Npoyedypolo Haja TpocTopoM 11 .

KosxHa oOurcoBaipHa MPoIieaypa MOPoKY€E TIEBHY CYKYITHICTh 004YucieHs y npocropi I1.
Hexaii tel’ Ta s€S — noBimbHI MOMEHT uacy 1 craH. Obuucienna p:I'.—>S 3a

NpoIEeaypol0 P 3 MOYaTKoOM y MOMEHT 4acy T 1 MOYaTKOBUM CTaHOM S, BU3HAYAETHCS

PEKYPEHTHO: pt=Sy 1 s BCix ¢>1 pg=f.(ps), ne f. €d(g,ps ). s 3aBepuienns
Mpolecy OOYUCIICHb Ta BU3HAYCHHS IXHIX PE3YJIbTATIB BWAUISIOTH CYKYITHICTH BUXITHUX
cTaHiB a00 3aCTOCOBYIOTH MeBHI uacoBi paktopu. Koxkna mpoueaypa onucye (0OUYUCITIOE)
neBHy (QyHKOi0. SIKmo mporemypa OMUCYEThCS KOHCTPYKTMBHO, TO BOHA HAa3MBAETHCS
a0CTPaKTHUM aJTOPUTMOM.

Cepen ycix alropuTMIB BHAUIMMO MIKJIAC TAOJMYHUX aJTOPUTMIB SIK 3arajibHOT
OCHOBM [UISl YyCiX KIACHYHUX aITOPUTMIYHMX cucTeM. Hexait wacoBmit mpoctip I -
JIUCKPETHUHN 1 30iraeTbcs 3 HaTypalnbHUM psjoM N, P — JqoBina mporeaypa y IpocTopi
H=<N,S>. (Tabmu4ni  anrOpuUTMH  MOXYTh OyTH  BH3HA4YeHI y  Oyab-sIKOMY

(baxTOpU30BaHOMY YaCOBOMY ITPOCTOPI. )
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@akropusyeMo (QYHKIIIO TEpexoay o 3a YacOBUM AapryMEHTOM 1 CTaHaMHu.
3adikcyeMo JesKy 4YacoBY KOHCTaHTy k >1 1 NeBHE BiIHOLICHHS EKBIBAJIEHTHOCTI 7 Ha
cranax. OyHKIIIA epexony O MepioguyHa 3a MOAYJIeM BIAHOMICHHS 7 13 mepiogoMm k (k-
NEepioIMYHA), SKIIO Ui OyAb-IKUX CKBIBaJCHTHUX CTaHIB p Ta § 1 JOBUIBHOTO MOMEHTY
vacy teZ BukoHyethes S(t,p)=0(t+k,s). SIKmO eKkBiBaNeHTHICTh 7 Mae CKiHUCHHHiT
IHIEKC 1 pO3B’s3HI KJIACH, TO MPOIEeaypa 3 NepioINYHOI0 (DYHKIIEIO MEPEeX0y Ha3UBAETHCS
MAOIUYHUM ANCOPUMMOM.

Tpaguiiiai ajdrOpUTMIYHI CHUCTEMH € TaONWYHUMH aITOPUTMaMH, a TOYHIIIe
1 - mepioqMUHIMH TAaOJUYHUMH aJITOPUTMAMM, TOMY IO IXHS (QYHKIiS KepyBaHHS HeE
3JICKUTh BiJl 4aCOBOT KOMIIOHEHTH (CKIHUEHHI aBTOMATH, JITOPUTMH MapkoBa TOIIIO).
Hampuknan, mammba Telopinra € tabnuyHuM 1 -— NepioJUYHUM aNrOpuTMOM: JBa ii CTaHU
eKBIBAJICHTHI, SKIIO IXHI BHYTPINIHI CTaHM Ta CTaHW POOOYMX KOMIPOK Ha CTpIYIi
30iraroThCsl.

Posrmsimatoreess TeOpeMH MpO aHaNi3  Ta CHHTE3, a TaKOX IHINI BJIACTHBOCTI
TaOJIMYHUX aITOPUTMIB.

JlitrepaTypa.

1. 3ybenko B.B. IlporpamyBanns: Hapuaneuuii mnocionuk / B. B. 3yoenko, JI. JI.
Owmenpuyk.— K.: BIIL «KuiBcekwii yHiBepcuteT», 2011, - 625 c.
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AJITEBPA IMTOBEJITHOK TA ii 3BACTOCYBAHHS

JletnueBchkuii O.0.

KurouoBi ciioBa: anreOpa moBe[iHOK, NMPEIUKATHUI MEPETBOPIOBAY, 0a30Bi MPOTOKONHM, Bepudikaliis,
MOJICIIbHE TECTYBaHHS, CHMBOJIBHE MO/JICITFOBAHHSI.

VY 1997 poui [eBin I'inbept i Onexcanap JlernueBchkuit (CTapIunii) BBEIU MOHTTS aeeOpu
nogedinok [1], mo mnpononyBanach Ais ¢opmaiizanii (yHKIIIOHYBaHHS areHTIB Y JIESIKOMY
aTpuOyTHOMY cepenoBuili. Bona Oyma peanizoBaHa SK YacTWHA MAPAJAUTMH IHCEPYIUHO20
Mmooentosanns [2], sika TOCIiKye ¢ynryito 3anypenns (insertion function) aisi B3a€MOJIIIOUUX
areHTIB Ta CEPEIOBMUIIL.

Anrebpa TOBEIIHOK - 11e JBOCOPTHA ayireOpa, sika BU3HAYA€ BITHOIICHHS Ta OIepartii Mix
MOBEIHKOKO Ta JissMu. AnreOpa mae JBi omnepartii, Tpu TepMiHaIbHI KOHCTAHTH Ta BiTHOIICHHS
HaOmmxkeHHs. OnepauiaMu € npedikciHr a.u (ae a - 1id, a u - MOBeiHKa) Ta HeJeTepMiHOBaHUIT
BUOIp MOBEAIHKU # + Vv (acomiaTWBHI, KOMYTaTHBHI Ta 1JEMIIOTEHTHI Olepalii Ha MHOXHUHI
noBeiHOK). KiHIeB1 KOHCTAHTH - 11€ YCITIIHE 3aKiIHYEeHHS MMOBEAIHKU A, TynuK () Ta HEeBU3HAUYEHA
noBeninka L. BigHomieHHs anpokcimarii = 11e 4aCTKOBUH MOPSIOK Ha MHOXHUHI MOBEAIHOK 3
MiHIMaJbHUM eleMeHTOM L. AnreOpa MOBEAIHOK TaK0X 30arauyeTbcs IBOMa OMEPAIlisIMU:
napanenbHuMH (||) Ta MOCIiOBHUMH () KOMIIO3HIIISIMH TOBEIHOK.

B3aeMonisi areHTtiB Moke OyTH PEKypPCHBHO TpEACTaBICHA SK MHOXXHWHA BHpPa3iB Hax
noBeMiHKaMu Ta Jismu. [lii BU3HAUAIOTBCA Yepe3 JEIKy MHOXUHY aTpuOyTiB areHTiB Ta
CEPEeIOBUINA, B IKOMY BC1 areHTH B3a€MO/IIFOTH OJIUH 3 OJTHUM. ATEHT 3MIHIO€ CBiil CTaH 3a ICSIKUX
YMOB, YTBOPEHHUX 3Ha4eHHSIMHU aTpuOyTiB. [lii KOXKHOTO areHTa BU3HAYAIOThCS Maporo: a = <P,S>,
ne P e mepenyMoBOIO 1ii, IpeAcTaBieHol sk Gopmysia B esKiid 0a30Bii JOT14HIA MOBI, S — 11€
NOCTYMOBa. B SKOCTI OCHOBHOI JIOTiYHOT MOBHM MH PO3IISAaEMO (OPMYINH JIOTIKH TEPIIOTO
HOPSIKY HaJl MOJTIHOMIaIbHOO apu(METHKOIO Ta JesIKi Creliani3oBaHi Teopii, sk nepenidayBaHui
tun. B ninomy, cemanTuka i 03Hayae, 110 areHT MOX€E 3MIHUTH CBiil CTaH, SKILIO MepeyMOBa €
ICTHHOIO, 1 CTaH 3MIHUTHCS BIAMOBIIHO 70 MOCTYMOBH, 1110 TAKOX € (POPMYIIOIO JOTIKH MEepIIOro
nopsaky. IloyatkoBuii cran areHTiB Moxe OyTH IpeAcTaBiIeHui (OpMyYJIIO0, TOYUHAIOYH 3 SKOI,
MH MOXEMO 3aCTOCYBaTH JIi0, BIIMOBIIHY BHpa3y anreOpu noBeaiHkH. [lis 3acToCOBHA, SKIIO i1
HoTepeHsl yMOBa BUKOHYBaHa Ta Bi/AINOBiae MOTOYHOMY cTany. [lounHatoun 3 opMynu cTany
areHTa Sy 1 BiJl MOBEAIHKH By, MU BUOUpPAEMO JiI0 1 MepexoIuMo 10 HAcTymHOI nmoBeaiHku. Ha
MEePIIOMY KpOIll MU TIEPEBIPSIEMO BUKOHYBaHICTh KOH TOHKIIIT Sy /| Pys, sikio By = al.B1, a Pas €
nepeayMoBoro il al.
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Hactynumii crtan cepenoBumia Oyae OTPUMAaHUN 3a JIOIIOMOIOI0  IPEIUKATHOTO
neperBoproBaya [3], To6To PpyHKIIi Hal MTOTOYHUM CTAHOM areHTa, MepeIyMOBOIO Ta TOCTYMOBOIO
PT (Si, Pai, Qui) = Si+1). 3acTocoByr0uH (QYHKITIIO PEUKATHOTO TIEPETBOPIOBAYA JI0 PI3HUX CTaHIB
areHTa, MA MOKEMO OTPUMATH MOCIIAOBHICTh GopMmyl Sy, Sy, ..., AKI BUPaKalOTh 3MIHU CTaHy
areHTIiB BiJl MOYAaTKOBOrO CTaHy. Take po3ropTaHHs MOBEIIHKHA BH3HAYAETHCS SIK CUMBOIbHE
MOOeno8anHs..

[TounHaroun i3 1999 poky MeToau Ta BIIACTHBOCTI aureOpW TMOBEIIHOK AaKTHBHO
3aCTOCOBYBAJINCh Ta BIPOBA/HKYBAJIUCh B PI3HUX OOJIACTSAX IHIYCTpii, aKTUBHI JOCHIKEHHS
TPUBAIOTH 1 3apas3.

[Tpu BupimenHi nmpobiemM Bepudikarii, MOJENi MPEeICTaBILINCh 32 JOITOMOTOI0 auredpu
MOBE/IIHOK Ha Pi3HUX piBHAX. Tak, y paMKax MpoekTy kommaHii Motorola, BUMOTH 10 TPOTrpaMHUX
Ta anapaTHUX CUCTEM IIPECTABIUINCH SIK PIBHSIHHSA aJIreOpH MOBEIIHOK, & METOIU CUMBOJIBHOIO
MOJICJIFOBaHHS JIOCJIDKYBaldu Taki crenudikaiii Ha BIICYTHICTh TYNHUKIB, HEIETEPMIHIZMY,
BIACTHBOCTEH Oe3meku. B 1HMMX MpoeKTax, y pamKax Mpolecy po3poOKH MPOrpaMHOTO
3a0e3MeueHHs, 3aCTOCOBYBABCS MOJICNBHUN CHOCIO TeCTyBaHHA, Ji€é B SIKOCTI Mojenel
BUKOPUCTOBYBAJINCS crienudikarii anreOpu MoBeIiHOK, a PI3HOBUIAM PO3TOPTAHHS MOBEIIHOK y
BUTJISIL IPSIMOTO Ta 0OEPHEHOT0 CUMBOJIBHOTO MOJICTIOBAHHS 3aCTOCOBYBAIHCH SIK T€HEPATOPH
TECTOBUX HaOopiB. Meronu anreOpaiyHOro 3iCTaBICHHS BHKOPHCTOBYIOTBCS B 3a/adax
kibepOe3neku, ae OiHApHUI KO/ Ta IIa0JIOHU BPAa3IMBOCTEH IMPEICTaBICH] SIK BUpa3Hu anreOpu
MIOBE/IIHOK, a 31CTaBJICHHS BiI0OYBAETHCA MIISTXOM BHUPIIICHHS PIBHSHb.

[ meroau, mo peanizoBaHi B paMKax ajareOpu MOBEMIHOK — BH3HAYEHHS TPacoBOi Ta
O1CIMyJISALIIHOT €KBIBAJEHTHOCTI, MPOOJIEMH MOHOTOHHOCTI CEPEIOBHUILA, TeHEepallis 1HBapiaHTIB,
OynH 3aCTOCOBaHUMH ISl IEBHUX KJIACiB MOJIENEH, BIMOBIIHO 10 allTOPUTMIYHOT CKJIaTHOCTI.

1. A. Letichevsky, D. Gilbert. Interaction of agents and environments, in: Recent Trends
in Algebraic Development Technique, LNCS 1827 (D. Bert and C. Choppy, eds.), Springer-
Verlag, —1999.

2. A. Letichevsky, O. Letychevskyi, V. Peschanenko. Insertion Modeling and Its
Applications. Computer Science Journal of Moldova, Vol. 24, Issue 3. —2016. — pp. 357-370.

3. JletmueBckuii A.An., JlermueBckmii A.A., I'ogmeBckmii A.b., Ilecuamenko B.C.,
[Toruenxo C.B. CgoiictBa mnpenukatHoro Ttpancdopmepa cucreMbl VRS KubepHernka wu
cucremubiit ananus. — 2010. — Ne 4, — C. 3-16.
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PO BEYJIOBYBAHHSI B 3BOPOTHUI METO/I TEXHIKA POBOTH 3
PIBHICTHO

JIsaneusknii O.B.

KuniouoBi cioBa: 3BOpOTHHII MeTON, KITaCHYHA JIOTIKA ITIEPIIOrO MOPSIAKY 3 PIBHICTIO, CEKBEHIIIHHE
YHCJICHHS, BUBIJIHICTh, PE30JIIOLIIHA TEXHIKa, CIIPOCTYBaHHS.

[TponoHyeThCs 1 TOCTIMKYEThCS MINXin 10 BOYIOBYBaHHS B 3BOPOTHHU MeTox [1]
TEXHIKH TOBOJDKEHHS 3 piBHicTIO. [linxim cnupaerbcst Ha pe3ynbTaTH poOoTH [2], B sKiH
3alpOTIOHOBAaHA CEKBCHIIITHE TPAKTyBaHHS 3BOPOTHOTO METOXMYy JUIS KJIACHYHOT JIOTIKH
nepmoro mopsiaky ©Oe3 piBHocti. Came BOY/JOBYBaHHS 3JIIMCHIOETBCS JIOJIABAaHHSM B
CEKBEHIII{HE TPaKTyBaHHS TIEBHOTO MpaBuIia MOBO/HKCHHS 3 PiBHICTIO. OTpUMaHWi pe3ysibTat
PO KOPEKTHICTH 1 MOBHOTY 3allPONIOHOBAHOTO PO3IMIMPEHHS 3BOPOTHOTO METOJY Ha BHIIAI0K
JOTIKK 3 PIBHICTIO, SIK€ MICTUTh Moam¢ikamii mpaBun A i1 b 3 [1], a Takoxx mnpaBuiIo
MOBOJDKEHHS 3 PIBHICTIO, MA€ HACTYITHUN BHUTJIS.

TBEJDKEHHS. Buxinna cekBeHilisi BUBOJUTHCS B cekBeHIiitHOMY uncieHHi LKe [3]
TOJI 1 TUIBKHM TOJI, KOJIU B 3aIPOTIOHOBAHOMY PO3LIMPEHHI 3BOPOTHOTO METOAY Ha BUIAIIOK
KJIACUYHOT JIOTIKH 3 PIBHICTIO BUBOJMTHCS CEKBEHIliS, B AHTEIEJCHTI SKOi 3yCTpIYaeThCs
mycra ¢popmyina.

Takoxx 3ayBakuMo, 1Mo B [4] Oyno JaHO TpakTyBaHHS 3BOPOTHOTO METOJYy B
PE3OMIOIIMHMX TepMiHAaX [UIsl KJIACHYHO1 JIOTIKM TEepUIoro MOpsAKy Oe3 pIBHOCTI MpHU
MIpKYBaHHSX 32 BHKOHYBAHICTIO, 1 II€¢ TPAaKTyBaHHsS JOIYCKa€ CBO€ MapaMoOIyJIsIiiHe
PO3LIUPEHHS 31 30epeKeHHSIM KOPEKTHOCTI Ta MOBHOTH Ha BUIAJ0K IMOLIYKY CIIPOCTYBaHHS B
KJIACHYHOT JIOT1ITi ITePIIOTO TOPSJIKY 3 PIBHICTIO.
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OBIPYHTYBAHHS NPUMWHSTTSA PIIEHD:
APIT'YMEHTANIMHA CEMAHTHKA

Bonoaumup HaBpoupkuit

OOrpyHTYBaHHS IPUAHATTSA PillIeHb Tiepen0dadae OIIHKY HE TUTbKH TBEP/KEHb, aje i
MpaBWI, PHUHIMIIB, I[IHHOCTEH, MpUNuciB abo komauia. llpunucyBaHHsS 3HauY€Hb «iCTHHAY
abo «xuba» peueHHsIM, SIKi IX BUPaKalTh, € MPoOIeMaTHIHUM. /[0 TOTO K, YMOBH JiaJIOTOBOT
apryMeHTallii, B paMKax SKoi 3MiHCHIOETBCS OOTPYHTYBaHHS, MOXYTh HE OyTH JOCTaTHBO
MOBHO BH3HAYCHUMH 3a3jalieriib ab0 MOXYTh 3MIHIOBATHUCH MO XOJIy apryMEHTATUBHOTO
miaymory. lle cBiguuTh TPO OOMEKEHICTh 3aCTOCYBaHHS JICIyKTUBHOTO BHUBOIY JUIS
OOTpYHTYBaHHS IPUIHSTTS PIlICHb.

Jnist oOTpyHTYBaHHS IPUAHATTS PillIeHb, IO TPUIMAIOTHCS 32 HEUITKO1, HETTOBHOT 200
cyrepewinBoi iHpopMallii, po3poOIeHi pi3HI YMCIOBI 1 HEUUCIOBI Teopii. Y Oararhbox
YUCJIOBUX TEOPIAX 3aCTOCOBAHE YHCIICHHS HWMOBIpHOCTEeH. Jl0 HEYMCIIOBUX HaJeXaTh,
HANpUKIaL, Teopil MOPIBHAIBHOI WMOBIPHOCTI. A [esKi HEYHCIOBI Teopii B3araii He
CIHMPAIOThCA Ha MOHITTSA HMOBIPHOCTI.

3a JOriYHOTO MiAXOMy JO0 MPHHHATTS pillleHb 00'€KTOM aHami3y € apryMeHT, YW
BHUCHOBOK BHUpP&XKa€ pIlIEHHS IMOM0 TMependadyBaHoi mil. Y BHIAAKy apryMeHTamii y
HEBU3HAUYEHNX YMOBAX 3aCHOBKHM TaKOTO apTyMEHTY, HOTO BHCHOBOK 1 IEPEXil Bill 3aCHOBKIB
JI0 BUCHOBKY MOXYTh KBaTi(DiKyBaTHCs SIK MPaBJonoAiOHI abo HMOBIpHi. A 1ie 03Hayae, 110
NPUKIAIaHHST CXEMH BHBOJY 1O 3aCHOBKIB apryMEHTY HE Bele HEOOXiqHO JI0 iCTUHU HOTO
BHUCHOBKY. Y TakOMy BUNAJKy NMPUHHATTS BUCHOBKY IPYHTYETHCS HE Ha HOTO iCTUHHOCTI, a,
HAIpHKJIaJ, Ha CTIMKOCTI 10 aTaK iHIIUMH apryMEeHTaMHu.

[le#i mpHUHIUTI JIGKUTh B OCHOBI TIOOYIOBH (POPMAIBHUX apTYMEHTAIIMHUX CHUCTEM,
I0 TPOMOHYIOTh MEXaHI3M BHBOJY IS MIPKyBaHb 13 BUCHOBKaMH, IO MOTEHIIHHO
CKaCOBYIOTBbCA. ApryMEeHTaM, SIKi BUTPUMAIIM aTaKd KOHTPAPTYMEHTIB, HAIAETHCS TIepeBara.
ApryMeHTH, Kl ypaskaloTbCs IHIIUMH apryMEeHTaMH, aHyaroThes. Lle roBoputs mpo Te, 1o
NPUAHSATHICTS BUCHOBKY apryMEHTY 3yMOBJIGHA HE TUTbKU CHJIOK HOTO 3aCHOBKIB 1 CXeMHU
BUBOJY, @ W CWJIOI IHIIUX apryMeHTIiB, IO MIATPUMYIOTH ab0 aTaKylOTh BUCYHYTHH
apryMeHT.

B onniii 3 aprymMeHTaniiHUX CEMaHTHK BBOJASTHCS TMOHSTTS CHIIM 3aCHOBKIB 1 CXeM
BUBOJY, a TaKOX TOHSTTS OOTPYHTOBAaHOCTI BHCHOBKIB. Lli cmim 1 oOrpyHTOBaHICTH
BUCHOBKIB TPEICTaBISIOThCS CTyNeHsaMu. CeMaHTHKa, Ha AYMKY aBTOpa LOTO MiAXOIY,
MOBUHHA MAaTH BUTJISAJ] IPABWII, BIMOBIHO JI0 SIKMX OOYMCIIOIOTHCS CTYIEHI OOIpYHTYBaHHS
BrcHOBKIB [[Tomnok 2010].

Ils cemanTHKa MOKe cTatu 0a30l0 MOOYJOBHM CEMaHTHKH JUli OOIPYHTYBaHHS
NPUAHATTSA pillleHh B yMOBaX HEBHU3HA4eHOCTI. OCTaHHS TMOBHHHA MICTUTH, NpPUHANMHI,
BH3HAYCHHS MOHSATH NPUHHATHOCTI 3aCHOBKIB, YCITIITHOCTI TIEPEXOJy BiJ 3aCHOBKIB [0
BHUCHOBKY, MOHATTSI CTYIEHS OOIPYHTOBAaHOCTI BHUCHOBKIB, IMOHATb HEepeBaru i NpUHHATTA
BHCHOBKY:
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1. 3acunosxu npuiinsimui, SIKIO 1 TITBKK SIKIIO BOHU € XOPOIIMMH IiJICTaBaMU JIs
OPUNAHATTS BUCHOBKY. Takoi0 MiACTaBOIO € iXHA OOIPYHTOBAHICTh. 3aCHOBKH
BBAXXAIOTBCS XOPOIIMMH y TOMY CEHCi, IO MalTh JTOCUTh BUCOKHUH CTYITiHb
0OTPYHTOBAHOCTI.

2. Ilepexio 6i0 3acHO6Ki6 00 BUCHOBKY € YCHIWHUM, SIKINO 1 TUIBKK SIKIIO BiH
JeTepMIHOBAaHHUI JOCTATHBOIO CHJIOI0 CXEMH BHBOJY. 3BICHO, CYTTEBUM TYT €
MUTaHHS, Ha KA MiACTaBl CHIII CXeMHW BHBOJy MPUITMCAHE T€ YM iHIIE YHUCTIO 1 Ha
YOMY TPYHTYEThCS 1i XapaKTepuCTHKa SIK JOCTaTHBOI. J[J1si 3aCHOBKIB BiNOBINbL €
OULIBLI-MEHII SCHOIO. IM CTyNeHi HPUIHCYIOThCA HAa MiACTaBi CBiTdyeHb —
iHdopMallii i3 30BHIIIHBOTO CBITY: CTYMiHb 3aCHOBKY € (YHKIII€IO CBIIYEHHS.
MoxHa NpUIyCTUTH, IO, 3PELITOI0, CHJa CXEMU BHBOJY 3aJeKUTh BiJ arak
apryMeHTy KOHTpapryMeHTaMHu.

3. Cmyninb obrpynmosanocmi 6UcHoO6Ky apryMEHTY € 3Ha4YeHHAM (YHKIi CTYIeHIB
H0TO 3aCHOBKIB 1 CXeMH BUBOJTY.

4. Tlicnsa Toro, SIK BUCHOBKaMHU apryMEHTIB, 1[0 3MararoThCsl, MPUIKCAH] BIIOBIAHI
CTyIeHi OOIpYHTOBAHOCTI, nepeéaca HANAEThCSI BUCHOBKY 13 OUIBII BHUCOKUM
cTyneHeM. [lpuiinimms 6ucHoéKy apryMeHTY IPYHTYEThCS Ha IepeBasl i, B
KIHIIEBOMY paxyHKY, € (DYHKIII€}0 OOTpyHTOBAHOCTI BUCHOBKY. 3 I[bOTO BHUILIHBAE,
II0 BUCHOBOK TNPHUIMAEThCS Yy JEAKOMY CTymeHi. IlepeBara oTpumye 4YHCIOBE
BUPaXCHHS. BBEJICHHSIM CTYIEHIB 3HIKYEThCS HEBU3HAUCHICTD 11 BCTAHOBIICHHSI.

ITpoekt po3poOKM 4YMCIIOBOI apryMEeHTAalIHOI CEMaHTUKU Uil OOIPYyHTYBaHHs
OPUIHATTS pillleHb B YMOBaX HEBU3HAUYEHOCTI MPUBAOIUBHIA THM, 110 CaMe€ BOHA NPUPOIHUM
YMHOM JIa€ BINNOBIAb HA NMHUTAHHA, «IK CXE€Ma apryMEHTAIlil, 10 MOTEHI[IHHO BPaXaETHCS,
MOX€ MIATPUMATH apryMeHT ... HaBITh SKILO IIATPHMMKA 3aJIMIIAETHCSI YaCTKOBOIO abo
nonepenHboo» [3, 149]: cTyminp oOrpyHTYBaHHSI BUCHOBKY, IO JIETEPMIHOBAHUI CXEMOIO
apryMeHrallii, 3aCTOCOBAaHOi y BIIIOBITHOMY apryMEHTi, € BHIIOIO 3a CTYyIIHb BHCHOBKY,
JIETCPMIHOBAHOKO CXEMOIO apryMEHTaIlii, 1o 3acTocoBaHa y KoHTpapryMmeHTi. lleli mpoekt
npuBaONMBUIl IIe W THUM, IIO BPAaXOBYE CYTTEBE 3ayBaXKCHHS ILIOA0 HEUHCIOBUX TEOPIiH:
«...0e3 Mip WMOBIPHOCTI MU HE 3[aTHI BCTAHOBUTU IPOLEAYPY Ul OHOBJICHHS CTYIEHIB
palioHaIbHOTO TepeKoHanHs» [1, 71].
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3AJTAYA PO3B’SI3HOCTI ®OPMYJI B TEOPII HOMIHATUBHUX JAHUX

Owmenpbuyk JIJIL., lumaneka O.B.

Abstract. Computer-aided verification of computer programs often uses SMT (satisfiability
modulo theories) solvers. The SMT-LIB Standard was created for forming a common
standard and library for solving SMT problems. In terms of the composition-nominative
approach, we can build a program verification system based on a unified conceptual basis.
The theory of nominative data is of interest for software modeling and verification, but
currently lacks support in the SMT-LIB format. We propose the declaration for the theory of
nominative data for the SMT-LIB Standard 2.6.

Kiro4oBi cjioBa: KOMITO3UITIHE TpOrpaMyBaHHs, Teopist HoMiHaTUBHUX maHux, SMT, SMT-LIB.

Kommo3zwuriiiiHe mporpamyBaHHs € PO3BUTKOM CTPYKTypoJsiorigHoro minxomy [. @pere,
SKui OyB TepeHeceHMi Ha mporpamyBaHHs A.A. JlsmyHoBum Ta po3BuHeHHH [O.I. SIHOBHM,
A.IL €pmoBum, JLO. KanyxninuM, B.M. I'mymkoBuM Ta iHmummMu. B koMmnosuiiitHoMmy
porpaMyBaHH1 JOCTIKYIOTBCS CHUCTEMH Ha PI3HHX pIBHAX aOcTpakiii — aOCTpaKTHOMY,
OyJIeBCbKOMY Ta HOMIHATUBHOMY (aTprOyTHOMY) piBHAX. CUCTEMHU OCTaHBOI'O PIBHS, 0A3yIOThCA
HAa KOMIIO3UIIMHO-HOMIHATUBHUX METOJaX, € IOCHUTh OaraTuMu Ui JIOCTaHbO aJeKBAaTHOTO
3a/laHHsl MOJIENel CTPYKTYp JaHUX Ta MporpaM. TakuM YHHOM, KOMITO3HUIIIITHO-HOMIHATUBHUN
MiAXIJ HAJa€ €AMHY METOAOJOTIYHY OCHOBY sl popMaizalii moHATTS crenuikaiii mporpam,
JOBEJICHHS iX BIIACTUBOCTEH, a TaKOXK I MPOBEACHHS iX MOJANBIIOI KOHKPETH3AIlil 10 MOB
nporpamyBaHHs OUTBII HU3BKOTO piBHSA [1].

Ha HOoMiHAaTHBHOMY piBHI JIaHi TPAaKTYIOThCS SIK HOMIHAaTHMBHI naHi. Kiac HOMiHaTHBHHX
nmaaux ND noOynoBaHUH iHIyKTHBHO HA OCHOBI MHOWH iMeH V Ta 3HadueHb W:

1) NDO =w,
2) ND™V =NDPU(V SND?),i€ w.
Toni ND = U;e,, NDO.
Ile iHIYKTHBHE BH3HAYCHHS KJIACY HOMIHATHBHUX JaHUX MOKE OyTH MOJaHO HACTYITHUM

m m
PEKYpPCUBHUM BuU3HaueHHAM: ND =W U (V - ND ), ne V ->ND — Kiac 4YacTKOBUX

Oararo3HavyHMX (HEIETePMIHOBAHMX) (DYHKITIH.
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Jns mpencraBieHHS HOMIHATUBHHMX JIAaHMX MOXHA BHUKOPUCTOBYBaTH (opMy d =
[v; » a;|i €1], ne I nesxuit HaOip 1HAEKCIB. CUCTEMa JaHUX HOMIHATUBHOTO PIBHS MOXe OyTH
3aaHa Kk koprex NDS = (V,W,D), ne DEND. KoxeH i3 piBHIB pO3IJIsSAy MHOXKHHU JaHUX D
IHAYKY€E BIAMOBIAHI HOMY (YHKIIIT Ta KOMIIO3HILIi, sIKi Oy/eMo mo3Havyatu iHaekcoM D. dyHkiii
MaroTh THI D ED, a KOMIIO3UIII TPaKTYIOThCS K n-apHi komnosutii. B [1, 2] moOGygoBano Ta
JIOCHIIPKEHO  TEOpil0  HOMIHATMBHUX  JAaHHUX. 30KpeMa, JOCHIDKEHO  HOMIHATUBHY
OOYHUCIIOBAHICTh Ta MPOAEMOHCTPOBaHO, IO Oyas-ska YPD wmoxxe Oyru mpencraBieHa
HOMIHATUBHO OOUYMCITIOBAaHUMHU (YHKIISIMH HAJ MHOXHMHOIO HATypaJbHUX 4YHCENl Y
HOMIHATUBHHUX JIaHUX [2].

s moOynoBu MeToaiB Bepuikallii mporpamM BaKIMBHM 3aBIAaHHSAM € BUPILICHHA 3aJadi
PO3B’A3HOCTI JUIA JIOTTYHUX (OpPMYN 3 ypaxXyBaHHAM TEOpii, MO0 JieXaTh B iX OCHOBI
(Satisfiability Modulo Theories (SMT)). Benuka kinbkicte SMT-BupinryBadiB BAKOPUCTOBYIOTh
yHipikoBaHy MoBy omucy 3agad SMT-LIB, mo mo3Bosisie 10CTaTHHO MPOCTO 3aMIHUTH OJWH
SMT-BupimryBau nHa iHmmid. SMT-LIB — ne mixnapoana iHimiatuBa, 3amodatkoBana B 2003
pOTIi, CIpSIMOBaHa Ha CIIPHUSIHHS HAYKOBO-IOCTITHUM po3poOKam Ta mociimpkeHHsM SMT-teopiit
[3]. HasBHIiCTD 3aranbHuUX cTaHAapTiB i 0ibmiorek miust SMT moiermmsio OIiHKY i MOPIiBHSHHS
SMT-cucrem, a Takox CTUMYIIO€ X mojanbiinidi po3Butok. ¥ SMT-LIB Teopis Bu3HauaeThCs
K KJIAC CTPYKTYP 3 OJIHAKOBOIO CHUTHATYPOIO. X-TeOpis - e Kiac X-cTpykTyp. Kokna 3 mux
CTpyKTyp € w™mojnemnto Tteopii. Tumosi Tteopii SMT-LIB cknagaiotbest 3 e€numHOI Moneni
(HampuKIaa, MUTMX YHCEN, MIMCHUX 4ucea) ab0 3 KJIacy BCIX CTPYKTYp, SIKI BIAMOBIIAIOTH
aKcioMam Teopii.

He3Baxaroun Ha Te, 10 TeEOpis HOMIHATUBHUX JIaHUX TIPEACTABISIE I1HTEpeC ISt
MOJICTFOBaHHS Ta Bepudikallii mporpamMHoro 3abe3nedeHns [ 1, 2] Hapasi BiACYyTHS ii MiATpUMKa Yy
dopmari SMT-LIB. Tomy B [2] 3anmpomnoHOBaHO Ta IOCHIIKEHO TEOPit0 HOMIHATUBHUX JaHHUX
s cranpapra SMT-LIB 2.6. Teopis HOMIHAaTUBHMX JaHUX MOXe OyTH MpeAcTaBlieHa SK
noenHaHHs 6a3oBux Teopiil. IIpoTe, B [2] 3amponoHOBaHO BU3HAYHMTHU 1[I0 TEOPIilO K 0a30BY,
OCKIIBKHM BOHA MICTUTH CIIeNU(IKY, SIKY HEMOMXJIMBO OTPUMATH MOJIYIHHUM TO€EIHAHHIM TEOpiii,
a OT)K€ BMKOPHCTaHHS cremianbHO moOyaoBaHoi SMT-teopii 103BOJUTH e€QEKTHBHIlIE
3MifICHIOBATH TEpPeBIpKy BUKOHYBaHOCTiI ¢opmyn. B [2] moOymoBano Ta mocnimkeHo SMT-
TEOpiI0 HOMIHATUBHUX JAHUX K T€Opii HOMIHATUBHUX Map Ta HOMIHATUBHUX MHOHH.
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®OPMAJIIBALIA PEYEHG ITPUPOJHOI MOBU MOBOIO JIOT'TKA
BUCJIOBJIEHDb

Pycina H.I'.

Abstract. The problem of mathematical logic teaching to the students of educational
program "Applied Linguistics" is investigated. Formalizing sentences in the language of
utterance logic should improve students' understanding of the concepts of mathematical
logic.
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[Ipupoana MoBa Bupakae Hallli TyMKH, a TakoXK (ikcye 3B'130Kk MbK HUMHU. OHUM 13
3aBIaHb Kypcy «MaremaTuyHa JIOTiKa» UIS CTYAEHTIB OCBiTHBOI mporpamu «llpukimagna
JMIHTBICTUKA» € HAaBUYUTH iX e()EKTHBHO BUKOPUCTOBYBATH JIOT1YHI 3aKOHHW Ta oTepalii Ha
MPaKTHII MiJl Yac NPUUHATTS pillieHb, a TAKOXK, Y Mpoleci cninkyBanHd. [Iponec MipKkyBaHHS
Ta CHUHTE3Y NaHWX NPUBOAMTH O OOIPYHTOBAHOCTI BHCHOBKIB. Ha Hamy nymKy, came
MIpKyBaHHsI CTYJCHTIB B Oyab-iKiii mTpeaMeTHId o005acTi MPU3BOJWUTH 1O TIOBHIIIOTO
PO3YMIHHS IPEIMETY BUBUCHHS.

Jlo dhopManbHUX MOB BiTHOCHTBCS MOBA JIOTIKH BUCIIOBJICHb, SIKa € OJIHIEIO 3 TEM, IO
BHUBUAIOTHCA B Kypci «MaremaTtuuHa Jorika» aJisi CTyACHTIB cremianbHOCT «lIpuknagna
niarBictuka» KuiBchbkoro HamioHampbHOTO yHIBepcuTery imeHi Tapaca IlleBuenka [3].
[luTaHHsIM HaBYaHHS CTYJICHTIB MaTeMaTHYHIA JOTili mpucBsdeHi pobotu [1-2], ame
crienudika BUKIAJAHHA i€l JACHUILTIHA CTyACHTaM-(iIoJioraM HE JIOCTaTHHOK MIpPO0
BucBiTieHa. CryneHTH (UIONOTIYHUX CIEUialbHOCTEH 3BHKIM MATH CIpaBy 3 3BUYAHHUMU
pedenHssMu. Tomy, OJHI€IO 3 IiJIel MOBHW JIOTIKM BUCJIOBIICHb € aHalli3 3MICTy BHCJIOBIICHb
MIPUPOTHOT MOBH.

MoBa JIOTIKM BHCJIOBJIEHb — CIELIaJbHO CTBOpPEHA 3HAKOBA CHUCTEMa JUI TOYHOTO
aHaJi3y TMEBHUX MHCJICHHEBMX MPOICAYyp — BHUBIIHOCTI OJHUX BHCJIOBJICHb 3 IHIIMX, iX
JIOBEJICHOCTI UM CIIPOCTOBAHOCTI TOMIO [4].

Y 2017-2019 pokax Ha TPAKTHYHUX B3aHATTAX 3 Kypcy «MaremaTu4Ha JIOTiKay
ocBiTHROI mporpamu «llpukiagHa miHTBiCTHKa» HaMu Oyllo TpOBEIEHE MeAaroriyHe
JOCITI/DKEHHS, SKe MOKAa3aJo, MI0 CIPHUHATTS CTyAeHTaMH-(itonoraMu JorigHux (hopmy,
0e3 HaBe/ICHHS MTPUKIIAJIIB TPUPOIHEOI0 MOBOIO, CIPUUMAETHCS Tipie (IuB. puc. 1).
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Pucynoxk. 1. OuiHka SKOCTi COPURHATTA JOTTYHUX BUCIOBICHD CTyA€HTaMHU-(ito1oramMmu
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ToMy ansi Kpamjoro 3acBO€HHS MaTepiany cTyaeHTaM-(ilojoraM Ha MNPaKTHYHUX
3aHATTSX, TPOTIOHYETHCS TTOYMHATH TOSICHEHHS 3HAKOBHUX 3aC001B MOBH JIOTIKH BHCIIOBIICHb —
HIPUPOIHOIO MOBOIO.

[losicuennst crynmeHTtam, 1o (GopMaiizamiss pedeHb BigOYBaeTbCs 3a CTPOTO
BHU3HAYEHUMH NPaBUIIaMH, HA/IaCTh 3MOTY HaJalli BAKOPUCTOBYBATH JIOTIUHI 3aKOHU caMe Ha
MPAKTUL, HAPUKIAJ, U1 CTBOPEHHS MPOTrPaMHUX MPOIYKTIB /sl aHANII3y MPUPOAHOI MOBH.

s moOynoBH pedeHb MPUPOIHOT MOBH MOBOIO JIOTIKM BHCIIOBIIEHH CKOPHUCTAEMOCH
TaKUM aJTOPUTMOM:

- BHOKPEMJIIOEMO BCI TIPOCTi BHCJIOBJICHHS Ta MO3HAYAEMO IX TIPOTO3UIIIHHUMHU
3MIHHUMU;

- 3B’43y€EMO MPOCTi BUCIOBICHHS JOTTYHUMU CIIOJTyYHUKAMU;

- 3aIUCYEMO OTPUMaHy (HOpMyITy.

Bumesraganuii anropuT™M BUKOPUCTOBYEMO ISl BAKOHAHHS MTPAKTUYHOTO 3aBJIAHHS.

Haenemo npuknanu dopmarizarii pedeHsb Ui CTyIeHTIB (LI0NI0riuHuX (HaKyIbTeTIB.

[Mpuknax 1. 3anmumiTe MOBOIO JIOTIKM BHCIIOBJIEHb Take pedeHHs: «CBuiie BiTep i
HaKparae JIoll aje CBITUTh COHLIEY.

3a CTpYKTYyporO — 1€ pedeHHs ckiajaHe. BOoHO ckiagaeTbes 3 JEKUIBKOX HPOCTHUX
BUCJIOBJICHB: «CBUIIIE BiTEp» - MO3HAYMMO (a); «HAKparmae A0m» - mo3HadnMo (b); «CBITHTH
COHIIE» - MO3HAYNMO (C).

Takok B IbOMY PEUCHHI € MOBHI 3B’SI3KH (TpaMaTU4Hi CIIOIYUYHUKH): «i», «aley, siKi
MO3HAYMMO BIIMOBIAHO KOH FOHKITIEIO «A». B pe3ynbTari anamizy peueHHst ¢popMarizoBaHMiA
BH/ IaHOTO BUCIIOBJICHHS Oyzie: a A b A c.

[Mpuknan 2. ®opmanizyiiTe BUCIOBICHHS MOBOIO JIOTIKH BUCIOBIICHB: «SIKIIO CTyIeHT
BUKOHA€ BCi HAaBUAIbHI 3aBJaHHs 1 CTyJeHT MatuMe Oan He Hwkue 60 To BiH Ha icruTi
OTPUMAE TIO3UTHBHY OIIIHKY».

3a CTPYKTYypoI — Ii¢ pEYCHHs CKIajHe. BOHO CKIIamaeTbes 3 JEKUIBKOX MPOCTHX
BHUCJIOBJIEHB, & CaMe: «CTYAECHT BUKOHA€E BCl HABYAJIbHI 3aBAAHH» - IO3HAUUMO (a); «CTYIEHT
Matume 0ai He Hmkde 60» - mozHaunmo (b); «BiH Ha ICIIATI OTPUMAE TIO3UTUBHY OIIHKY» (C).
BusBnsieMo rpaMaTHyHI CIIOJYYHUKH: «SIKIIO, ... TO» - «—»; «@» - € CHHOHIMOM CIIOJTyYHHKA
«» - «/\». Ilicnst mpoBeeHOTO aHaITI3y 3alIUCYEMO PEUCHHS 3ac00aMu JIOTIKM BUCIIOBJICHD: (2
ADb) —c.

SIK BUCHOBOK, JOPEYHO 3a3HA4uTH, M0 ¢dopMalizaiis peueHb MOBOIO JIOTIKH
BUCJIOBJICHb TIOBUHHA TIOCHJIUTH PO3YMIHHS CTYACHTaMH-(LIONIOraMy MOHATh MAaTEeMaTHIHOT
JIOTIKH, 30KpeMa JIOTTYHUX 3aKOHIB Ta OTepariii.
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