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Evolution of a population of strategies with memory in the presence of a
distinct small group

Topicality. Today, the human population is constantly growing. The influence of societies and subcultures on each other and on
the population as a whole is also increasing. It is necessary to expand knowledge in the field of social behavior to improve the
understanding of interaction within the population.

Key goals. The purpose of the article is to study the influence of selected distinct groups on the evolution of the population. The
nature of changes in evolution is studied in the presence of groups of different complexity and size in the population. This work
also aims to establish the most evolutionarily advantageous composition and size of a small group and the stage at which a
population will be dominated by such a group, if it is possible.

Research methods. The evolution of a population with a full set of behavioral strategies, limited only by memory depth, in the
presence of a distinct group is considered. Each strategy carrier interacts with all others, themselves included, according to an
iterative model of the prisoner's dilemma. Rewards are determined by payment matrices. Each subsequent generation
successively loses the most disadvantageous behavioral strategies of the previous generation. Carriers who are members of a
distinct group behave more aggressively towards "strangers" and more cooperative with "their own". Different variants of the
initial composition of the group are considered, namely the case when the average complexity of a small group is greater than
the average complexity of the population as a whole, less, or comparable to it. Variants with different initial size of the small
group have been considered — 5, 10, 15, 20% of the population size.

The results. The paper shows how the presence of small groups of different complexity and size affects population dynamics.
An increase in the aggressiveness of the population has been revealed if there is a small group of any composition in it. The size
and composition of a small group that makes it possible to dominate the society and the stage of evolution when it takes place
have been established.

Conclusion. Based on the results of the article, the main consequences of the influence of distinct small groups on the evolution
of the population have been determined.

Key words: evolution, population, society, strategy, distinct group, complexity, aggressiveness, cooperation.

How to quote: Bezruk Y., Yanovsky V., “Evolution of a population of strategies with memory in the
presence of a distinct small group” Bulletin of V.N. Karazin Kharkiv National University, series
Mathematical modelling. Information technology. Automated control systems, vol. 57, pp. 6-21, 2023.
https://doi.org/10.26565/2304-6201-2023-57-01

Sk muryBaTu: Bezruk Y., Yanovsky V. Evolution of a population of strategies with memory in the
presence of a distinct small group. Bicuux Xapxiecvkoeo nayionamrvhoeo yuieepcumemy iMeHi
B. H. Kapasina, cepis Mamemamuune mooenrosanus. Ingopmayitini mexnonoeii. Aemomamuszosani
cucmemu ynpasninns. 2023, sun. 57. C. 6-21.
https://doi.org/10.26565/2304-6201-2023-57-01

1. Introduction

Today, research on behavior in society, development and evolution of the groups forming it are
becoming more relevant [1]. The population of people is growing and the influence of societies on each
other is also increasing due to the rapid development of information technologies. People from different
continents and countries, different religions and beliefs, with different cultures and traditions now coexist
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in a single information space, and therefore constantly influence each other. The study of such interaction
is a key to understanding the future of humanity not only as a society, but also as a biological species.

Modern game theory [2] is one of the areas used to study the interaction of populations. A clear
example of game models used for this purpose are the models based on the so-called "prisoner’s dilemma"
[3]. These models represent a paradigm which has helped to discover such mechanisms of cooperative
behavior as voluntary participation, punishment, heterogeneous activity and social diversity.

The model of the prisoner's dilemma game is that two players can "cooperate” with each other (help
each other) or "betray" the opponent (behave aggressively). At the same time, the reward matrix is chosen
in such a way that the best payoff for both players can be obtained only when they both choose
cooperation, but the highest payoff for one player can be obtained if one of them chooses betrayal and
the other chooses cooperation. Thus, the locally optimal solution for both players is aggressive behavior,
which is due to the real-life simulation: cooperative behavior usually requires additional resources, unlike
selfish behavior.

In [4-7] the evolution of populations with a full set of behavioral strategies (limited only by the depth
of memory) within the framework of a generalized prisoner's dilemma has been considered. Increases in
average difficulty and average memory depth over time, as well as decreases in average aggressiveness,
have been analyzed. Complexity has been recognized as an evolutionarily advantageous characteristic.

In this work, we have analyzed how the course of evolution changes when a distinct group, whose
members actively support each other and behave more aggressive towards others, appears in the
population. The main points of interest are: to what extent the appearance of such a group will increase
the level of aggressive behavior in society, and whether being in such a group is evolutionarily beneficial
for the strategy carriers. Additionally, it is interesting to see how a change in the composition of a small
group will affect the development of society, what composition and size of the group are sufficient for its
complete dominance in society, as well as how soon such dominance will occur.

2. Description of strategies with memory

A behavior strategy is a rule which determines a move depending on the known move of the opponent.
Strategies that imply only the reaction to the opponent’s current move are called the strategies without
memory, and strategies that allows decisions based on knowledge of the opponent’s several previous
moves are the strategies with memory. The memory depth is the number of the opponent’s moves, over
the one available at a current stage, which is taken into account when choosing a move. Therefore, the
strategies without memory have a memory depth of 0, the strategies that remember an additional 1 move
to the existing one have a depth of 1, and so on.

Strategies without memory choose a move based on the opponent's previous move, i.e., the one made
during the previous iteration. There are two move options - cooperation (marked as 1) and betrayal
(marked as 0). To denote a strategy without memory, it is necessary to specify the carrier’s responses to
the opponent's moves 0 or 1. Those strategy responses can be set as follows 0: 0, 1: 0, that is, "if the
opponent move was 0, then we choose the move 0, and if 1, then move 0 anyway." We have decided to
denote such strategies as sequences of digits {0,1} (i.e., as numbers in binary representation). Then the
bit number is the opponent's move, and the value in it is the response to such a move. For example, the
strategy "if the other player moved with 0, choose move 1, and if 1, then choose move 0" can be written
in the form: 01. It should be noted that in the [4-7], the strategy record is inverted, and the reaction to
move is placed on the left. But we have chosen to use the notation described above for greater similarity
with the binary notation and for simplifying bitwise operations in the program.

Therefore, all strategies with zero memory depth can be written as a binary two-digit number — 00,
01, 10, 11. It should be mentioned, that the choice of the first move is a unique situation, at this point
there is no information about previous opponent’s moves and a special procedure for such a case is
required. That is why we should add one auxiliary bit to determine a first agent’s move, increasing the
number of strategies from 4 to 8: [0]00, [1]00, [0]01, [1]01, [0]10, [1]10, [0]11, [1]11.

Strategies with memory depth of 1 make a move taking into account the opponent's current and
previous move. So, the opponent's moves will be denoted with two bits: 00, 01, 10, 11. Therefore, a
reaction to the opponent's moves (i.e., description or the "name" of the strategy) must be 4 characters
long. If we convert those combinations of the opponent's moves from the binary system to the decimal
system: 00-0,01-1,10-2, 11— 3, we will get the bit numbers in which the answers to the corresponding
combinations of moves should be stored. For example, denoting a strategy reaction to an opponent's



ISSN 2304 -6201 Bulletin of V.N. Karazin Kharkiv National University
8 series «Mathematical modeling. Information technology. Automated control systems» issue 57, 2023

moves as 00: 1, 01: 0, 10: 1, 11: O, in binary notation would be 0101 (the least significant 00th bit
rightmost). So, if we need 2 bits to describe a strategy with a memory depth of 0, and 4 bits for a memory
depth of 1, then we need 2*** bits to describe a strategy with an arbitrary memory depth k. 2N strategies

can be formed, where N is the number of bits. So, for an arbitrary memory depth k, there are 22 unique

strategies. Therefore, for memory depth of 1, we have 22" =24=16 unique strategies.

The question now is how the strategy with memory depth 1 is supposed to react if only current enemy’s
move is known. That is why it is necessary to add additional reaction bits — a response to the opponent’s
first move. These strategies should be denoted [01]1001, where the Oth bit in the brackets is a response
to the first move of 0, and 1st, to the move of 1. Afterwards, there will have been sufficient data to create
a 4-digit description of the strategy. Furthermore, the strategies with memory depth of 1 require an
additional bit for the first move like memoryless ones. Therefore, the notation of the strategy with a
memory depth of 1 is: [0][10]0110.

Similarly, the description of strategies with memory depth of 2 is a bitwise arrangement of the
strategy’s responses to the opponent’s current move and the 2 previous ones, that is, the {0,1} sequence
with the length of 3 characters (010, 101, ...). Using the method introduced above — denoting several
moves as a number, converting it to decimal (101 -5, 011 - 3, ...), and writing the response to this sequence
of moves in the bit by the received decimal number, we have concluded that 8 bits to denote such a
strategy are required. Moreover, the strategies with memory depth of 2 also need extra bits to record
situations with insufficient data, when only the current move or the current and one previous move are
known. Therefore, the notation of the strategy with memory depth of 2 is: [0][10][0110]11001011. A set
of strategies with the same name but different "sub-strategies” forms a family of strategies.

3. Interaction of strategies

Since we have chosen a prisoner’s dilemma game model to describe carriers’ interaction, the locally
optimal solution for both players is aggressive behavior. This is due to the simulation of real life:
cooperative behavior usually requires additional resources, unlike selfish behavior. The matrix of rewards
represents the "reaction of the world" to the strategy behavior, because, eventually, we use them to
determine which behavior helps strategies to survive and which does not. As in [4-7], Axelrod’s matrix
[8] (Table 1) is used to describe the rewards:

Table 1 Axelrod’s reward matrix

A\B 0 1
0 1 5
1 0 3

After each move, the carrier’s strategy is perceived as strategy A, and its move corresponds to the
matrix rows, and the opponent’s strategy as strategy B, and its response corresponds to the matrix
columns. The reward that the strategy receives is located at the intersection. The strategies that are not
used by a small group are rewarded according to this matrix.

We can influence group behavior by changing the values of the reward matrix for group members,
stimulating them to take certain actions. In this case, we are interested in a classic "sect" behavior: group
members should actively cooperate with each other, help each other, but treat "strangers" aggressively.
That is why we set two more reward matrices: members of the small group will be rewarded by using the
first one, when they interact with "strangers", and by the second one, when they interact with "their own".

M, matrix shown in Table 2 is a modification of the M; matrixX, where aggressive actions are rewarded
by more points, and cooperative actions by less points. It is used for "aggressive towards strangers”
interactions of the small group.

Table 2 — Reward matrix for “aggressive towards strangers” interactions

A\B 0 1
0 2 6
1 0 2

For "helpful toward one's own" interactions matrix, the Mz matrix shown in Table 3 has been chosen,
where the rewards for the aggressive behavior are reduced and for the cooperation are increased.
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Table 2 — Reward matrix for “helpful toward one’s own” interactions

A\B 0 1
0 0 3
1 2 5

We have used the prisoner’s dilemma model iteratively — each strategy carrier interacts with all others
(including themself) a given number of times, receiving rewards according to the established reward
matrices. After all players in a given generation have played with everyone, we average the scores across
all strategy families, then remove the family with the lowest average score from population and start a
new generation with the remained strategies.

4. Collective variables
The number of strategies with memory depth of O is relatively small, so it is easy to keep track of each
individual strategy in a generation. But the situation changes drastically as the memory depth increases,

because the number of strategies in this case grows exponentially: 22+ strategies for the memory depth
of k. Therefore, to track the dynamics of the population as a whole, it will be appropriate to introduce
some collective variables that will reflect the state of the entire population.

The average complexity of the population is the arithmetic average of the complexities of all strategies
in a generation. We introduce the concept of strategy complexity as described in [4-7], so the result can
be compared with the usual process of evolution. This approach is based on the principle of comparative
complexity of polynomial functions, which states that polynomials of a higher degree are more complex
than polynomials of a lower degree.

The sequences of symbols {0,1} x = x;x, ... x,,can be perceived as a function that for each integer
value i returns the value x; €{0,1}. Then, to calculate the complexity of the function, the difference
operator A:M—M is used:

y = Ax, 4.1)
where elements of sequence y = y;y, ...y, can be defined as

Vi = Xiy1 — X, (4.2)
where i=1, 2,...,n is an element number in a sequence.

If we use the cyclicity of the binary sequence, or assume that x,,,.; = x4, thenitis possible to calculate
the elements of the sequence y for any strategy, i.e., find the strategy into which the chosen one is switched
by using the specified differential operator. We assume that the strategies into which the initial strategies
are switched by using the operator are simpler. Thus, a graph of strategies is formed, with the simplest
and most aggressive strategy — 00 (or 0000 or 00000000 for strategies with memory), which by using the
operator are switched into itself, at the bottom. Assuming that its complexity is 0, and the complexity for
the each subsequent level of such a graph increases by one, then for the strategies without memory we
have the following graph:

Fig. 4.1 — Complexity graph for memory depth of 0
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Using such the approach, it can be determined that the strategy 11 has a complexity of 1, and the
strategies 10 and 01 have a complexity of 2. In the same way, we can build a complexity graph for the
strategy with any memory depth, for example, for depth 1 we have the graph shown in Fig. 2.

Fig. 4.2 — Complexity graph for memory depth of 1

The level of the graph corresponds to the strategy complexity. By constructing such a graph for
strategies of memory depth 2, we obtain the complete complexity distribution for all carriers in the
population.

The next collective variable considered is the average memory depth. Even though the strategy
complexity directly depends on its memory depth, this variable is still interesting to consider, because it
shows how strongly more primitive strategies behave in population of more advanced individuals and
how they affect it.

A very important value is the average aggressiveness of the population, i.e., the relative part of
aggressive moves that the strategy performs in each generation. Since we have stimulated the aggressive
behavior of group members, aggressiveness is expected to exceed the level of the standard evolution.

It is also interesting to consider such a value as the average "earnings" — the average number of points
that the strategy receives in one move. Using it, we can determine the reward "profitability" for certain
modifications of the population.

Moreover, the size of the group relative to the population should also be considered — a percentage of
population size in each generation. What is also interesting is the data on the size and composition of the
group at the moment it is able to completely "dominate" the population displacing all other strategies, and
how quickly that can happen.

5. Modelling

Since the influence of a small group on the evolution of a population can depend on the composition
of a small group directly, several options for dividing strategies into large and small groups should be
considered. A convenient measure for comparing groups of strategies is the average complexity. From
[4], we know that the average complexity of a population with a memory depth of 2 without modifications
at the beginning of the simulation is approximately equal to 7. Therefore, it would be interesting to
consider how the nature of evolution can change if strategies of different complexity are adopted by a
small group. Let us consider three cases, when the average complexity of the group is greater, smaller, or
comparable with the complexity of the population.

Another factor that can strongly influence the nature of evolution is the size of a small group relative
to the population. For each of the three variants of group complexity, we have conducted separate studies
where the size of group is 5, 10, 15 and 20% of population size.

Strategies that have the same complexity may differ in other collective variables, such as
aggressiveness, and therefore may affect the population differently.
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For the next step, several groups with a random selection of its participants but with the same average
difficulty have been considered. Averaging the results of modeling the influence of such groups on the
population allows obtaining more universal dependencies. Such dependencies should not be sensitive to
the composition of groups. A series of ten experiments have been conducted with identical inputs of
complexity and group size. The results have been averaged to obtain the final values of the collective
variables.

5.1. The small group with greater complexity than the population

First, we have considered the case when the average complexity of a small group is greater than that
of the population. That is, we have had a separate intellectual group of more "highly developed" strategies.
Since the maximum possible complexity of the strategy at memory depth 2 is 8, we have created a group
only from representatives of this complexity, and considered the evolution where the group size is 5, 10,
15 and 20% of the population.

At the size of 5%, a group does not make serious changes in the nature of the average complexity
dynamics (Fig. 5.1). It can be seen that starting from the 217th generation, the average complexity of a
small group drops, this is due to the fact that in some experiments the members of the group disappear in
these generations (so its complexity is equal to zero), which lowers complexity, when averaged over 10
experiments. A size of 10% extends the survival period of the group, but still not enough to survive to the
end of modelling. But the size of 15% is enough for a group to dominate in the later stages of evolution.
At the same time, we can observe an increase in the average complexity of society. The increase in
complexity is insignificant, which can be explained by the small difference between the complexity of
the group (8) and the population (~7).

small group size 5 %. Cm=8 small group size 10 %, Cm=8
8 8
7 7 ————
6
6
c cS
5 4
4 3
2.
3 :
50 100 150 200 250 50 100 150 200 250
Generations Generations
small group size 15 %, Cm=8 small group size 20 %, Cm=8
8 8
7 ey 7 = a.:qﬂw
61 61
5 5
Ca C 1
3 3
2 21
1 1
0 T - v 0 v T T .
50 100 150 200 250 50 100 150 200 250
Generations Generations

Fig. 5.1 Average complexity dynamics. Red color indicates data for the population with a small group, blue -
data for the population without a small group, green - characteristics of the small group itself. The complexity of
the small group is equal to 8. There is a noticeable increase in the average complexity of the population even in

comparison with the change in the average complexity of the population without the presence of a group. Each
picture corresponds to a certain initial size of the small group, which is indicated above it.

The average memory depth of the population slightly decreases at the later stages of evolution (Fig.
5.2) with a big group percentage (15-20%). This is because in the later stages, most of the surviving
strategies of memory depth 2 are members of the group, and simpler strategies of smaller memory depths
remain in the population.
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Fig. 5.2 Changes of the average memory depth in the population with a small group (red), without a small group
(blue) and in the small group itself (green).

The average aggressiveness of both the population and the small group increases compared to the
standard version of the population (see Fig. 5.3). As expected, the small group itself has “very high
aggressiveness regardless of its size. Nevertheless, its size strongly affects the aggressiveness of the
population - it increases slightly at 5%, becomes increasingly larger at 10 and 15%, and at a size of 20%
aggressiveness almost reaches the level of the small group itself.

small group size 5 %, Cm=8 small group size 10 %, Cm=8
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Fig. 5.3 Evolution of the average aggressiveness of the population with a small group (red), without a group
(blue) and of the group itself (green).
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As shown in [5], the value of the average number of points per move and the aggressiveness of the
population are related by the equation:

(A(t) = Awn)’

-~ (5.1)

P(t) =P —

where =2 in the absence of a small group, and A is determined from the requirement of
coincidence at the initial point.

However, it turns out that the number of small groups affects the value of & . It decreases in proportion
to the initial number in the group. That dependence is in good agreement with the behavior of the average
number of points obtained during modeling (see Fig. 5.4). That is, as the average aggressiveness
increases, the average earnings per turn decreases, so it becomes lower and lower as the group size
increases. As expected, the average earnings of the small group are higher throughout most of the
evolution, but on the later stages it declines as the group strategy displaces other strategies. Thus, the
number of a small group affects the relationship between aggressiveness and the average number of points
per move, significantly reducing them with an increase in the number of a small group.

small group size 5 %, Cm=8 small group size 10 %, Cm=8

R

P P
1 1
0 0
50 100 150 200 250 50 100 150 200 250
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small group size 15 %, Cm=8 small group size 20 %, Cm=8
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0 y T T T T 0 v v
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Fig. 5.4 The change in average carriers’s points per turn in the population with a small group (red), without a
small group (blue), in the small group itself (green). Equation (5.1) is shown in black. « = 1.6 for a small group of
5%, o = 1.2 for 10%, for 15% - a = 0.8, and for 20% = « = 0.4. The good consistency of this dependence with the

simulation data (red) is noticeable.

The graphs of the relative group size (group size divided by size of the whole population) best
demonstrate population changes with evolution (see Fig. 5.5) — we can see that a size of 5% for a small
group does not provide much of survival advantage. A size of 10% of the population gives a slightly
better result, but the group is still a minority even on the late stages. Only size of 15-20% allows a small
group to dominate the society.
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Generations

Fig. 5.5. The relative size of groups R changes during evolution for different initial sizes. Brown — initial 20%, red
—15%, green — 10% and blue — 5%. In all cases, the size of small groups is increasing.

5.2. The small group with the same complexity as the population

Let us now consider the modeling of the evolution with a different composition of the small group.
This time the average complexity of the "sect” will be compared to the complexity of the population as a
whole (~7). The group will randomly include strategies with complexity 6 and 8, but the main part of
strategies will have complexity of 7. Again, in order to level the influence of the choice of strategies, the
results have been averaged over ten experiments.

An interesting result is that the presence of a selected group, which has a similar "gene pool" to the
population, has almost no impact (see Fig. 6.6) on the development of society, the average complexity
and average memory depth remain on the same levels, as in the standard version of evolution.

small group size 20 %, Cm=7 small group size 20 %, Cm=7
8
24
- —~—]
6 1.5
5.
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3.
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2.
1 : . : - , 0 : - : - .

50 100 150 200 250 50 100 150 200 250
Generations Generations

Fig. 5.6. The changes in average complexity (left) and average memory depth (right) of populations during
evolution process. They are given for the largest number of the small group (20%) where the differences are most
noticeable. Population with a small group marked with red, without a small group with blue, with the small group

itself with green.

In such a population, the aggressiveness is the most variable value, which is shown in Fig. 5.7. When
small group size is equal to 20%, the aggressiveness of the population as a whole is almost equal to the
aggressiveness of a small group.
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Fig. 5.7. The dynamics of the average aggressiveness of populations and groups over "“time". Significant changes
in aggressiveness are noticeable in comparison with the aggressiveness of the population without the small group.
The difference is especially noticeable at the final stages of evolution, where the aggressiveness of a population
with a small group approaches the aggressiveness of a small group itself.

The average number of points per move is roughly the same as in the case of the "more complex"
small group. But it can be noticed that the group has a higher survival rate — group members more often
survive to the end of the simulation, and in fewer experiments the group disappear completely at the later
stages.
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Fig. 5.8. The dynamics of the average number of points per move of populations and groups over "time". The
results are better than for the previous group composition (see Fig. 5.4).
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The relative size of a small group during the modeling is less (see Fig. 5.9.) than for the “intellectual”
group, but then in the later stages of evolution there is a steeper “striking” — so, the group becomes a
majority of the finalists by 10% of the population size.

Cm=7

1

0.81

0.67

R
0.41

50 100 150 200 250
Generations
Fig. 5.9. The dependence of changes in the relative size of groups over the "time" for different initial sizes. Brown
is initial 20%, red is 15%, green is 10% and blue is 5%.

5.3. The small group with lower complexity than the population

To study the impact of a more primitive group on society, we have added speakers with complexity 4,
5 and 6 to the "sect". The average complexity of the small group at the beginning of the simulation is
approximately 5.45.

Observing the change in the average complexity, we can see that even a size of 5% of the population
negatively affects the complexity of the whole population on later stages (compared to the standard
evolution), but this size is not enough for dominating the group in all conducted experiments (Fig. 5.10).
But starting with a size of 15%, the group of strategies with lower complexity succeeds in dominating the
majority, which greatly reduces the average complexity of the population as a whole.
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Fig. 5.10. A significant influence of a small group on the nature of the change in population complexity is
noticeable. Instead of an increase in complexity, as in a population without a small group, a decrease in the
complexity of the population is observed.
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The same negative effects are observed with the average memory depth of the population (see Fig.
5.11). At the final stages of evolution, the nature of dynamics fundamentally changes. The difference
become especially noticeable with an increase in the initial number of a small group (starting from 15%).
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Fig. 5.11. The changes in the average memory of the population with a small group (red), without a small group
(blue) and of the small group itself (green) are shown. For 15% and 20%, the average memory of the population
approaches the average memory of a small group.

Aggressiveness of the behavior increases significantly. The average number of aggressive moves in
the population reaches the highest values compared to previous experiments. At the size of 20% of the
population, the average aggressiveness of society is almost equal to the average aggressiveness of a small
group.
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Fig. 5.12 Differences in the behavior of the average aggressiveness of the population with a small group (red),

without a small group (blue) and the small group itself (green). Different pictures correspond to different sizes of
the small group.
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The typical changes in obtaining points per move during the evolution remain. Although the average
earnings per move is lower than for the standard evolution, it still brings better results compared to
previous experiments.
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Fig. 5.13 A significant decrease in rewards is noticeable especially for a small group with an insignificant initial
number of the group of 5%, 10%. With larger quantities, the rewards of group members are larger than in the
population.

We can also observe that this version of the group composition has the highest survival rate among
the conducted experiments. This is also confirmed by the charts of the dynamics of small group’s relative
size — small group has the majority on the later stages of evolution already on 10% of the size. With a
size of 20%, the number of the group is record-breaking — a group size reaches the half of the population
in the 237 generation.

Cm=5.5

I—————
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Generations
Fig. 5.14. A typical increase in the relative group size in the evolution process. Brown is initial 20%, red is 15%,
green is 10% and blue is 5%.

The following chart (Fig. 5.15) shows the relative size of the population for 10 generations before the
end of the simulation depending on the initial size of the group, for three variants of the composition of
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such a group. We can see that such a function has a much larger angle of growth for a primitive "sect",
although its initial values are smaller than in more developed versions of society.

Fig. 5.15. The relative size of the populatioh for 10 generations before the end of the simulation depending on the
initial size of the group. Blue color stands for the group with higher complexity, green for the same complexity,
and red for the group with lower complexity as in population

6. Conclusions

Comparing the evolution of the population with the distinct group with the evolution of the population
without any distinct groups, we can identify typical features of the influence of group presence on the
evolution of the population.

As a result, we see that the presence of selected groups of strategies in the population has a significant
impact on the nature of evolution. The strategies of the small group interact with each other and the
strategies of the population according to different reward matrices. It should be emphasized that more
cooperative interaction between group members and more aggressive towards other members of the
population, as discussed in the paper, is typical for isolated groups even in real societies. "Intellectual
sects” with an increased level of complexity of participants have a positive effect on the "intellectual”
development of society, and groups with strategies of lower complexity impacts the population
negatively. In all variants of the experiments, the aggressiveness of the population increases significantly
with a small group of any composition. If a small group of strategies has a complexity comparable to the
complexity of society, aggressiveness is the only indicator that shows any changes. That is, the presence
of isolated groups always leads to an increase in the aggressiveness of the population. That results in
decreasing points per move of the population strategies and thus the average rewards when the strategies
interact. It has been determined that the relationship (5.1) between aggressiveness and points per move is
preserved, but the number of a small group leads to a decrease of a dependence indicator in proportion
to its number. It should be emphasized that a particularly significant decrease in points is observed for
group members. An exception is the case of groups of low complexity with a relatively large initial
number (15%, 20%) where the same level of rewards is achieved.

The relative group size increases in the process of evolution. An exception has been observed in the
case of the group with complexity 7 with an initial concentration of 5%. An increase in the relative size
of the group in the population is typical. A group of low complexity relative to the complexity of the
population at an initial number of 20% even dominates the population (i.e., fully displaces all strategies
that are not in the group).

An interesting fact is that it is most evolutionarily beneficial for carriers to be a part of “primitive”
sect — such a group dominates the majority in society the fastest, “knocking off” the other strategies that
do not have an additional “stimulus”.

The issue of higher complexity of a small group (more than 8) remains open for the further research
due to the operational complexity of calculations (strategy complexities of more than 8 require
calculations at a memory depth of 3). It can be supposed that if the difference between the average
complexity of the population and the complexity of the “intellectual” sect will be greater, being in such a
group will be more rewarding than in the “primitive” one.

The impact of the reward matrix on the influence of the group on the evolution of the population also
remains unexplored. Among the other interesting options, we can mention the study of cooperative
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behavior towards “one’s own” without stimulating aggressive actions towards “strangers”. That should
not lead to such a rapid increase of aggressiveness as has been observed in this study. The reverse option
is also of interest to research.
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EBousonis nomyasimii crparerii 3 mnamM’TTIO 3 0CO0JIMBOI0 MAJIOK IPYIIOI0

AKTyaJbHicTb. Ha cboromHImHIM AeHh NOMYJISLIs JIF0AEH MOCTIIHO 3pocTae. BB CycHiibCTB Ta CyOKyIBTYp OAHE HA OTHOTO
Ta Ha TIOMYJBALIIO B HIJIOMY TeX 301IbI1yeThCs. HEe0OXiqHO pO3IIMPHUTH 3HAHHS B 00JIACTi MOBEIIHKA B COLIIYMi JJISl TOKPAICHHS
PO3YMiHHS MPOIIECiB B3a€EMOIii BCEPEAMHI MOMYJIALI.

Meta. MeTo10 poOOTH € TOCTIPKSHHSI BIUTMBY BUJIUIEHUX OCOOJIMBUX IPYI Ha €BOJIIOLIIO MOMYJIALil. JlochimKyeThest XapakTep
3MiH B €BOJIIOLII 32 YMOBHU 3HaXODKCHHS B MOMYJSILii rpym pi3HOT CKIaAHOCTI 1 KijbKocTi. JlOCHi/DKEHHSI TaKo)XX Mae Ha MeTi
BCTQHOBHMTH HalOLIBIII €BOIOLIITHO BUTIAHMH CKJIaj i po3Mip MaJioi rpymnH i eTarl, Ha SIKOMY MOIYJIList Oy/ie 3aX0IUIeHa TaKoI0
TPYIIOI0, SIKIIO 11e MOXJIIUBO.

Metoau gocaimkeHHsl. PO3rsiHYyTO €BOIIONII0 MOMYISLii 3 TMOBHMM HaOOpOM CTpaTeriil MOBEOiHKH, OOMEXEHHX TUIBKH
TIMOWHOIO TIaM’SITi, 32 HASBHOCTI B Hil BUIIEHOT 0co0nmuBoi rpynu. KoskeH Hocilt cTpaTerii B3aeMOJIi€ 3 KOKHAM, BKITIOYAIOUH
cebe 3rifHO 3 ITEpaTWBHOIO MOJCIUTIO AWIEMH YB’SI3HEHOro. BUHaroponm BH3HAYAIOTHCS 32 MATpUIAMHU Buiuar. Koxxe
HACTYITHE TOKOJIIHHS TOIMYJISMii MOCIiZOBHO BTpadae HAHOLIBII HEBHTIAHI CTpaTeTii MOBENIHKH MOMEPEAHHOTO MOKOJIHHS.
Hocii, mo € uigeHaMu 0coOaMBOI IPyITH MOBOANUTHCS OIIBLI arpeCHBHO 10 «UYXKHHIIIBY», 1 OibIIe KOOIEPYETHCS 31 «CBOTMMY.
Po3risiHyTO pi3HI BapiaHTH ITOYaTKOBOTO CKJIaay TPYIH, a caMe BUIANOK, KOJIU CepelHs CKIaIHICTh Mayoi rpynu Oinbina 3a
CEepEe/IHIO CKIIA/IHICTh TOIMYJISILIi B ITOMY, MEHIIIa, a00 NOPiBHSHA 3 Heto. PO3MIIsTHYTO BapiaHTH 3 Pi3HUM ITOYaTKOBUM PO3MipOM
Mmajiol rpynu — 5, 10, 15, 20% Big po3mipy momyssiii.

PesyasTaTi. B po0oTi mokaszaHo, sk HassBHICTh MaJUX IPYI Pi3HOI CKJIAJHOCTI Ta PO3Mipy BIUIMBAE HA JMHAMIKY MOIYJISIT.
Buseneno 30i1bIIeHHS arpecHBHOCTI TOMYIIALIT 32 YMOBH 3HaXO/DKEHHS B Hilf MaJol TpymH OyAb-sSKoro cKiany. BcraHoBiIeHO
KIJIBKICTB Ta CKJIaJl MaJIoi TPYITH, 32 SIKUX 1 BAAETHCS 3aXOMUTH OUTBIIICTD B coliyMi. BcTaHOBIIEHO eTam eBOIOLii, Ha SKOMY
1e BifOyBa€eThCA.

BucnoBku. 3a pe3ynpTataMu poOOTH BU3HAYECHO TOJOBHI HACTIIKU BIUTUBY OCOOIMBHX MAJIMX TPYI HA €BOMIOLIIO TOMYIIAIIII.

Knrwwuoei cnosa: esonioyia, nonynayis, cychiiecmseo, cmpamezis, 0cobnusa epyna, CKIaoHICmb, acpecugHicims, KOonepayis.
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CyuacHuil iHTEpHET 1 BeO-CepBiCH MEepernoBHEH] BEMUKOI0 KUTBKICTIO iH(OpMAIii, mo cTae CKIAIHIOIMM Ui KOPHCTYBadiB.
CucreMn pekOMEHJaliil MaloTh Ha METi BUPIIIMTH MpoOieMy MepeBaHTaXEHHSA 1H(OpMali€eo, 0JHOYACHO MEPCOHATI3YIOTh
JIOCBiZ KOPHCTYBaya, HAJAIOTh TOYHI IIEPCOHANI30BaHI PEKOMEHAIII] BiAMIOBIAHO 10 iXHIX ynomo6aHb. [ 0J0BHOIO MeTOrO miei
po6OTH € pearizalist CHCTEMH peKOMEHaii 11l CKIIafHOT IpeaMeTHOI cdepy Ta aaropuT™My ii BIpoBaPKEHHS IS IPEMETHOT
obJlacTi MOIIyKy 3aKiaiiB MOCIYr. Y CTaTrTi KOPOTKO ONHCAHI OCHOBHI HiIXOOM Ta aJTOPHTMH, SIKi BUKOPHCTOBYIOTHCS B
CHCTeMax peKOMEH/Iallil, a TAKOXK BUCBITIICHI 00JIaCTi 3aCTOCYBaHHSI, IIEpPEBAary Ta HEAOJIIKH KOXKHOTO 3 HUX. Y po0OTi HaBeIeHO
oImyC peaiizanii CHCTeMH PeKOMEHJAMLiN Ul CKIagHOI MpeaAMeTHOI cdepr Ta aaropuTMy il BIPOBAIPKEHHS VIS IPEAMETHOT
00 1acTi momyky 3akiafiB chepu mociayr. OCoOOIMBICTIO CHCTEMH, IO PO3POOIIETHCS, € BAXKIUBICTS JAHUX ITPO T'EOJIOKALIIIO IS
(dopmyBanHs pekoMmeHpaaniil. Po3pobieHo anroputMm TiOpUIHOI CHCTEMH peKOMEHAaliil, mo o0’eaHye B coli miaxoaud a0
PO3pPOOKH CHCTEM PEKOMEHAalliii Ha OCHOBI 3HaHb Ta (iIbTpalii Ha OCHOBI BMicTy. IlepeBaraMu OMHCaHOTO ANTOPUTMY €
BIZICYTHICTh HEOOXiZHOCTI 30epiraTé Ta BUKOPUCTOBYBATH Y PO3pAaXyHKaxX iH(POPMAIIIO IO MOMEPEIHI CEaHCH KOPUCTYBAYiB,
BUPIIIEHHS IPOOJIEMH XOJOIHOIO 3aIycKy, GOpMyBaHHS aKTyalbHUX PEeKOMEHIALIH I IIOTOYHOrO CEeaHCy KOpHCTyBaya Ta
BUPIIICHHS NPOOJIeMH BH3HAUCHHS MiCLE3HAXOPKEHHS I PEKOMEHIOBAHOTO 3aKiajy. 3alpoIlOHOBaHHH MiIXix Moke OyTH
BHUKOPUCTAHO JUTSl PO3pOOKH Ta BIPOBA/HKEHHS PEKOMEHAAIIIHHOTO AJITOPUTMY Y CKIIAQJHHUX TPEIMETHUX cdepax, e JaHi Ipo
TEeOJIOKAIIII0 BaXJIMBI U HaJlaHHs PeKOMEH/Iallii.

Knwwuosi crosa: cucmema pexomenoayiil, pekOMeHOAYIUHUL aneopumm, 2i6pudHa cucmema peKomeHoayit, gitempayis 3a
6MICIOM, PeKOMeHOAaYil HA OCHOBI 3HAHD.

SAx mutyBatu: benan A.O., Bacuibesa JI.B. Po3po6ka riopuiHoi pekoMeHnaIinHoi cucteMu. BicHux
Xapxiscvroeo Hayionanvroeo yuisepcumemy imeni B. H. Kapaszina, cepis Mamemamuune MoOeno8anHsi.
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1 Beryn

VY cy4yacHOMy CBITi 3 AMHAMIYHMM PO3BUTKOM JPYTOro MOKOJIIHHS MEPEXEBHX CEPBICIB IHTEpHETY
WEB 2.0 xokeH Mae JIOCTynm J0 HaJUIMIIKOBO BEIMKOI KuIbKOCTI iH(popmarii. KopucryBauam Bce
CKJIaHIIIE BIOPATHUCS 3 IMM MOTOKOM JaHUX Ta BUIUINTH JUTS ceOe BaxxiuBy iHpopmarito. Ha inTepHer-
iaTopMax elIeKTPOHHOI KOMepLii, e MPONOHYIOTECS MiJbHOHM TOBApiB, 3BUYAHOMY CII0)KHBA4€Bi
CKJIaJTHO OXOIMTH BCi MOXITUBOCTI, 1 116 MOXe TIPU3BECTH JIO NepeHacudyeHHs indopmartiero. CucremMu
pEeKOMEHJIAIliif MaroTh Ha METi BHPINIUTH 1[I0 MPOOJeMy TepeBaHTaXeHHs iH(opMalli€o, oJHOYaCHO
MEPCOHANI3YIOTh JOCBIJ] KOPUCTYBaya, HAJalOTh TOYHI MEPCOHANI30BaHI pPEKOMEHMAalii 100
MPEeIMETIB/IPOAYKTIB KOPUCTYBAYaM BiAMOBITHO JI0 IXHIX yrmogp00aHb. MeTO CHCTEMU PEeKOMEHIAIIii
€ mepenbaueHHs, 4u Oyne MPOAYKT KOPUCHHM JUIsi KOPHCTYBada Ha OCHOBI BiJJOMOi TIPO HBOTO
iHpopMarii.

3actocyBaHHst cuctem pekomerpaniii (CP) B ocraHHI pOKM TIOCTIHHO 3pOCTa€ 1 BOHHU
BUKOPHUCTOBYIOThECS y cepax po3apiOHOT TOPTIBIi Ta eNeKTpOHHOI KoMepilii, Takux sk eBay, Amazon
ta Netflix. [{i komnaHii OTpUMYIOTh BeIHYE3HY KUIBKICTh JIAHMX KOPUCTYBadiB 1 BUKOPUCTOBYIOTH CP

© benan A.O., Bacunbesa J1.B., 2023
This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0.

BY



https://doi.org/10.26565/2304-6201-2023-57-02
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0006-5473-0430
https://orcid.org/0000-0001-7926-3062
https://doi.org/10.26565/2304-6201-2023-57-02
https://doi.org/10.26565/2304-6201-2023-57-02

ISSN 2304 -6201 BicHuk XapkiBcbkoro HawjioHanbHOro yHisepcuteTy imeHi B. H. KapasiHa
cepist «MaTemaTiHe MoaentoBaHHS. IHhopmaLliiHi TexHonoril. ABTOMaTM30BaHi cUCTEMM ynpaBniHHs», BUNyck 57,2023 23

JUTS 33JI0BOJICHHS TTOTped KOPUCTYBAUiB 1 MoKpameHHs 6i3Hec-mporieciB. 3a oninkamu McKinsey, 35%
Bupyukr Amazon i 75% Netflix npunagae came Ha peKOMEHIOBaHi TOBapH, i e BiCOTOK, IIBUALIE 32
Bce, 3poctatume [1].

Ha crorogmimmnii aear chepa po3podkm CP mepexmBae 3HAYHWH PO3BHTOK. Taki CHCTEMH
BUKOPHUCTOBYIOTHCA MTOPSAJ] Ta Pa30M 3 TEHEPATUBHUM IITYYHUM 1HTEIIEKTOM, IO CTPIMKO PO3BUBAETHCA
came chorogHi. OnHI€ 3 KIFOYOBUX TEHJCHIIA € BUKOPUCTAHHS MAITMHHOTO HABYAHHS 1 TITHOOKOTO
HaBYaHHS, MO0 CTBOpIOBaTH OULTBII TOYHI Ta e(PEKTHBHI PEKOMEHMAIli s KopucTyBadiB [2].
Bukopucranas 3aco6iB 00poOKH TPHPOIHOI MOBH, a TaKOX 30ITBIICHHS BUMOT IO SKOCTI MaHUX i
ETHYHOCTI] alTOPUTMIB € TaKOK HAJA3BHYAHHO BaXKJIUBUMU acrieKTamu B po3po0ii CP.

[lepconamizamisi TakoXX CTajda BaKJIMBUM acmekToMm po3poOku CP, me mozeni aganmTyroTeCs 10
IHAUBiAyanbHUX TMOTped 1 CMakiB KOPWUCTYBa4diB Ha OCHOBI IXHBOTO MmHHYNOro B3aemoxii. CP
BUKOPHUCTOBYIOTh PI3HOMaHITHI JaHi KOPUCTYBAYiB JUIsl CTBOPEHHS OiIbII TOYHHX i MEPCOHATI30BaHUX
pexomMennaniii. Lli mani BKiIrouaroTh B cebe iCTOPi0 B3a€EMOJii KOPHCTyBadiB Ha TuiaTdopmi, Taki sK
Heperisiid, OIIHKH, TMOKYIKH, sKi JOMOMararTh pPO3yMIiTH iXxHi BrmomoOaHHs Ta iHTepecu [3].
Hemorpadiuni maHi, Taki AK BIK, CTaThb 1 MiCIle NPOXWBAaHHS, JONOMAaralOTh KaTeTOPU3YyBATH
KopHcTyBauiB. [laHi Mpo reoI0KaIiio BaXIIUBI A1 PEKOMEH/IaIlil, TIOB'I3aHUX 3 MiCIIEBUMU TOCITYTaMH
[4]. Po3poOHHKH TPOMOBKYIOTh EKCIIEPUMEHTYBATH 3 HOBMMH METOJaMH 1 TEXHIKAMH, a TaKOX
BpPaxOBYBATH 3pOCTAIOYHI IHTEPEC J0 MPO30POCTi Ta ETUYHUX MMUTaHb B POOOTI 3 TaHUMH.

2 Kareropii cucreM pexoMeHaanii
Cucremu pekoMeHaliif MOXKHA KiIacu(iKyBaTH 3a KUTbKOMa OCHOBHIMH KaTETOPisiMH, 3aJIE)KHO Bif
Croco0y IXHBOI pOOOTH Ta OCOOIMBOCTEH AITOPUTMIB, IO BUKOPUCTOBYIOTHCS [5].

2.1. Cucremu pexkomMenaamiii Ha ocuoBi Bmicty (Content-Based Recommendation Systems)

[linxomn, crpsimoBaHi Ha cTBOpeHHs CP Ha OCHOBI BMiCTy, MarOTh 3a MeTy MOOYyQyBaTh Mpodisip
KOPHCTYyBaua, 100 nmepeadayuT peUTHHTH 00'€KTIB, K KOPUCTYBayY IIi¢ HE OIliHMB. MeToau, 6a3oBaHi
Ha BMICTi, BUKOPUCTOBYIOTb JJIS [ILOTO TETH Ta KIIIOYOBi ciioBa. OLiHKa KOPUCHOCTI (pinbTparii Ha OCHOBI
BMICTY 3a3BHYail IPOBOIUTECS 32 IOTIOMOTOI0 €BPUCTHYHHIX METPHK, TAKUX SIK KOCUHYC MOMiOHICTb. Llei
MIiIX1] 10 PeKOMEH/IAIlii MoKe OyTH 3aCTOCOBAHHMM B CHTYAIIisIX, KOJIH XapaKTEPUCTUKU 00'EKTIB MOKHA
nerko BuzHauuTH. OfHAK, BiH Hee(DeKTUBHUHN Yy BUTIAIKaX, KOJIH BUMAaraeThcs CKJIQIHA 1 BpyYHY BBEJICHA
iH(opMaItis Ipo 00'eKTH, 0COOIMBO B pa3i BEMMKOI KITPKOCTI HOBHX MPOIYKTIB IIOIHS.

®dinpTparlisi Ha OCHOBI BMICTy HE MOTpeOy€e JaHWX IHIINX KOPUCTYBadiB, OCKLIBKH pEKOMEHJAI]
IHIUBIAyaIbHI JUIS KOXKHOTO KopucTyBaua. lle poOuTh 1eli MeToj MacuITabOBaHUM ISl BEJIMKOI
KUJIBKOCTI KOPUCTYBAYiB i HE 3aJIe)KHUM Bif iXHiX Aiil. CHcTeMH Ha OCHOBI BMICTYy BUMaraloTh BEJIMKUX
o0csTiB JaHUX Ta TTMOOKMX 3HAHP Y MPEIMETHIN 00JacTi A1l TOYHUX peKoMeHpalliil. Kpim Toro, BoHH
MaroTh 0OMEXKEHY 371aTHICTh 710 BUSBJICHHS HOBUX 00'€KTiB 200 iHHOBAI[IMHUX PEKOMEH/IAIlil, OCKUIbKH
BOHH OIHMPAIOTHCS HAa XapaKTEPUCTUKU IHIIMX OI[IHEHUX 00'€KTIB Ta mpodiii KopucTyBadis [7].

2.2. Cucremn pexomeHaaniii Ha ocHOBi kosaGoparuBHoi ¢iabTpanii (Collaborative Filtering
Recommendation Systems)

KomabopaTtuBHa ¢inbTpariisi 1me METOA OIIHKH MPOAYKTIB HAa OCHOBI PEWTHHTIB, SIKI HAIalOTh
KOpHCTyBadi y icropuyHuX naHux. lleli meron crtBoproe 06a3y AaHUX yNoJ00aHb KOPHUCTYBAdiB JI0
00'€KTiB, NIJISIXOM BUSBIICHHS CYCiJIHIX aKTUBHUX KOPHUCTYBa4iB 3a MOAIOHINMY TIepeBaraMu B MOKYITKaX.

Mertomu konabopaTuBHOI (GiNbTpallii HOJAUIAIOTECS Ha B OCHOBHI KaTeropii: (GilpTpallito Ha OCHOBI
CXO0XOCTI eneMeHTiB (TPOAYKTIB) Ta (ibTpallifo Ha OCHOBI CXOXKOCTI KOpHCTyBadiB [6]. Metonn,
OpIEHTOBaHI Ha KOPUCTYBaua, CKJIQJAIOTHCS 3 JBOX OCHOBHUX KPOKIB JJIsi MPOTHO3YBAHHS PEHTHHTIB
TOBAPIB TSI KOHKPETHOTO KOPUCTYBaya: IMOIIYK KOPUCTYBadiB, TOAI0HUX JI0 [ITbOBOTO KOPHCTYBava Ta
OTPUMaHHs OLIHOK BiJ KOPHUCTYBadiB, CXOXXHMX Ha aKTHBHOro KopucTyBaua. Lli ominku
BUKOPHUCTOBYIOTBCS JUIsI TeHEpallii peKOMeH IaIlii.

IcHye OaraTto aJropuTMiB KOJa0OpaTHBHOI (inbTpamii, sKi OOYHUCIIIOITH CXOXKICTh MIXK
KOpUCTYyBauaMH. 3a3BU4ail BHKOPHUCTOBYIOTBCS MipH TNOAIOHOCTi, Taki SIK cepeIHbOKBAApaTHYHA
pizHuus, kopessiuig Ilipcona, kocuHyc moziOHicTh, kopensiuis CrmipMeHa Ta CKOPUTOBaHa KOCHHYC
no1ioHicTh [6]. KonaboparusHa ¢inbrparist € monyssipauM Bubopom juist CP i He BUMarae rimOoKoro
PO3YMIHHS JIOMEHY, OCKIUJIbKH BOYJIOBYEThCSI Ta PO3PAXOBYETHCSI aBTOMATUYHO.
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CP Ha ocHOBI K0J1a00paTUBHOI (PiIbTpaLii MalOTh CBOT HEAOIIKH, BKITFOUAIOYH MPOOIEMHU XOJIOIHOIO
3allyCcKy 4epe3 HecTauyy JaHHX JUIsi HOBUX KOPUCTYBauiB i 00'€KTiB, PO3PiMKEHICTh AaHUX OLIHOK Y
BEJIMKHUX CUCTEMaX, CKJIaJHOCTI MacTaOyBaHHS MPH 3pOCTaHHI KiTBKOCTI KOPUCTYBaUiB Ta 00’ €KTIB.

2.3. Cucremn pexoMeHaaniii Ha ocHoBi aemorpadiunmx ganux (Demographic-Based
Recommendation Systems)

PesynpraT pizHUX KITBKICHUX TOCIIIKEHb JEMOHCTPYIOTh, III0 METOIM CHUTbHOT (piIbTparlii MOXKYyTb
OyTu moKpaIieHi 3a momomMororo Aemorpadiuaoi kopemnsiii. CP Ha ocHOBI nemorpadii 3qaTHI reHepyBaTH
pexoMeHnanii, kimacu(ikyroud KOPUCTYBadiB 3a ixHIMH JemorpadiuHuMu XapakrtepucTukamu. Lli
CHUCTEMH BUKOPHUCTOBYIOTH aTpUOyTH KOPHCTYBadiB, Taki sIK BiK, CTaTh, MOBa Ta 1HIII, JUIs HaJaHHS
pexkoMeHmarti [8].

OcHoBHOIO mepeBarolo nemorpadiunux ¢insrpiB CP € mBHAKICTH Ta NPOCTOTa OTPUMAHHS
pe3yibTaTiB Ha OCHOBI 0OMexeHoro oocsry crnoctepeskeHb. CP Ha ocHOBi gemorpadii cnipsiMoBaHi Ha
BUpIIIEHHS MMPOOJIeM MacIITabOBaHOCTI Ta XOJOAHOTO 3aIycKy. BoHH cTaioTh 0COOIMBO KOPHUCHUMH
TO/i, KOJIN 0OMeXXeHa KiTbKICTh iH(popMarii mpo mpoaykT. [Ipore 11i MeToan MaroTh CBOi HEAOMIKH, TaKi
AK TpoOieMu 3i 300poM Ta 30epeKeHHsAM KOoHQineHuiiHoi iHpopMalii KOpuCTyBayiB Ta HEIOCTATHS
THYYKICTh y BpaxyBaHHI 3MiHH ymomo0aHb KOPHCTYBadiB, M0 MOXE BIUIMHYTH Ha CTaOUTBHICTH Ta
e(heKTUBHICTh PEeKOMEHAIIHHOT CHCTEMH.

2.4. Cucremu pexoMenaaniii Ha ocHoBi kopucHux nporpam (Utility-Based Recommendation
Systems)

CP Ha 0cHOB1 KOPHCHHUX MPOTpaM MPOIMOHYIOTh PEKOMEH/IAIlil Ha MiZICTaBi pO3pOOKH KOPUCHOI MO
JUTSL KOSKHOTO eJIeMEHTa, CIIPSIMOBAHOI Ha 3a0BOJICHHS NOTpeO KopucTyBaua. L{i cuctemMu cTBOPIOIOTH
OaraToarpuOyTHI (YHKIII KOPHUCHOCTI JJIsi KOPUCTYBAYiB Ta PEKOMEHIYIOTh €IEMEHTH Ha OCHOBI SIBHO
o0umcneHoi KOpHCHOCTI KOXHOTO 3 HUX. CP Ha OCHOBiI yTHIIT BaXJHBI, OCKIIBKM BOHH MOXYTh
BPaxOBYBATH HE JIUIIE XapaKTEPUCTHKH MPOAYKTIB, ajie i iHII aTpuOyTH, Taki sSK JOCTYIHICTh TOBapiB
Ta HaJIMHICTh MOCTaYaIbHUKIB. BOHU 3/1aTHI reHepyBaTH 00YHCIICHHS KOPUCHOCTI B peaJIbHOMY 4aci, 110
JTO3BOJISIE OLIIHUTH CTaH TOBapy Juis KopucrtyBada. CHCTEMH Ha OCHOBI yTHWJIT HE 0a3yrOThCs Ha
JIOBTOCTPOKOBHUX y3arajJbHEHHSX MPO KOPHCTYBAYiB, a BpaXOBYIOTh aKTyallbHi OTPEOH KOPUCTYBaviB Ta
JIOCTYIHI BapiaHTH. HemonmikoM TakuX CHUCTEM € Te, II0 CUCTeMa MOXKEe CXOBaTH PEKOMEHAIli Bija
KOPHCTYBadiB, HABITh SKIIO BOHU BiJIOBialOTH BHOJOO0AHHSIM I[HOTO KOPWUCTYBada, SIKIIO OMHCOBI
XapaKTepPUCTUKH TOBAapiB 0OMexeHi [9].

2.5. Cucremu pexkomMenaamiii Ha ocuoBi 3nanb (Knowledge-Based Recommendation Systems)

CP Ha OCHOBI 3HaHP BUKOPHUCTOBYIOTH SIBHI 3HAHHS PO MPOIYKTH Ta KOPUCTYBAUiB JIJIsi CTBOPEHHS
KpPHUTEPiI0 Ha OCHOBI 3HaHb 3 METOI po3poOkM pexoMeHxaniii. Ha Biaminy Bix iHmux CP, BoHu He
3aj1e’arTh Biji BENIMKOI KiJIBKOCTI CTATUCTHYHHX JaHWUX MPO KOHKPETHI OI[iHEHI TOBApH UM KOHKPETHUX
KopucTyBadiB. CHCTEMH Ha OCHOBI 3HaHb MAIOTh JeKiIbKa niepeBar. Hampukiiaa, BOHH MOXKYTh YHUKHYTH
Mpo0JIeMH HAPOIIyBaHHS, 110 YACTO BUHUKAE B METOJAX MAIIIMHHOTO HAaBYaHHS ]ISl PEKOMEHIAIi.
3a3Buuaii 3pa3koBi CUCTEMH HE MOXKYTh HaBYATHCS, JJOKM KOPUCTYBa4 HE Hajae Oarato oriHok. CP Ha
OCHOBI 3HaHb YHHKAIOTh Ii€i MPOOIEeMH, OCKUIBKM 1X peKOMeHallii He 3aJeKaTh BiJl iCTOpii OIiHOK
KopucTyBada. KpiM Toro, BOHM He BUMAaraloTh 30MpaHHs KOHKPETHUX JIAHUX PO KOPUCTYBa4a, OCKUTHKH
PEKOMEHIAIIIT TAKOXK HE I MOPSAIKOBaHI 1HIMBIIyaJIbHUM CMakaM KOPHCTyBaua. 3 I[UX MPUYUH CUCTEMHU
Ha OCHOBI 3HaHb MiHHI K camocTiitHi CP i MOXXYTh IOTIOBHIOBATH 1HIII THITH.

OmHUM 3 OCHOBHHMX HEIOJIKIB CHCTEM Ha OCHOBI 3HAHb € IIOTEHI{IHA OOMEXEHICTH B IHUTAHHI
OTpUMaHHsI 3HaHb, SIKA BUHHMKAE€ BHACIIJIOK SIBHOTO BU3HAYCHHS DPEKOMEHJAIIMHUX 3HaHb. [Ipoiec
OTpUMaHHsI 3HaHb Nepeadadac CTBOPEHHS MPABUII i BUMOT, SIKi HEOOX1/IHI JIJIsl CACTEMH Ha OCHOBI 3HaHb,
1 11e 3IHCHIOETBCS IIIJISIXOM HaJaHHS 3HAHb HAa OCHOBI IPaBWJI, 00'€KTIB i OHTOJOTIH, MOOYyIOBaHUX Ha
¢peiimax. Teopii BeiircoHa Oyiu BHUKOpPHCTaHI JUIS KEpyBaHHs MPOIECOM IOJAJIBIIONO BHBUCHHS
oTpumManHs 3HaHb [10].

2.6. I'iopuani cuctemu pexomenganiii (Hybrid-Based Recommendation Systems)

I'opuani CP npeacTaBisioTh cOOO0KO MiXig 10 pO3POOKH CUCTEM, SIKUH MOEAHYE B COO1 Pi3HI MeTOAU
Ta MiJAXO0U 3 METOO MOKPAIUTH SKICTh Ta epeKTHBHICTh pekoMeHnaamii. i cucteMu noeaHyOTh B 001
nBa abo Oinbiie ocHoBHUX THNU CP, Taki sik komabopaTuBHa QinbTpaLis, QiIbTpalis Ha OCHOBI BMICTY,
CHUCTEMHM Ha OCHOBI KOPHUCHHUX IIporpam, 0a30BaHi Ha 3HAHHAX Ta iHIII. ['0Jl0BHA MeTa MOPUIHUX CUCTEM
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1Ic KOMIICHCAI[isl 0OMEXEeHb Ta HEJOJIKIB KOKHOTO OKPEMOI'0 METOMY, CTBOPIOIOYH CTIHKY Ta OlIbII
touyny CP [11].

OpHi€r0 3 KIIOYOBUX IMEpPEeBar riOpUIHUX CUCTEM € 3[aTHICTh 3HAXOJMTH MiJXiJ 10 Pi3HUX BHIIB
JAHUX Ta KOpHUCTyBauiB. Hampukman, SKIIo oAWH METOJA 3aCHOBaHW Ha CHUTBHIN (iiabTparii moOpe
TMIPAIIOE T KOPUCTYBAUiB 3 BEJIMKOO 1CTOPIEIO OIIHOK, a IHITHI METOJT Ha OCHOBI BMICTY BJIA€ETHCS IS
HOBHX KOPHCTYBauiB, TiOpUIHA CHCTEMa MOXKEe KOMOIHYBaTH IXHi CHJIbHI CTOPOHHM JJIsl HAJIaHHS Kpalux
peKOMeHaIliil He3aJIe)KHO BiJ KOpHCTyBaJa.

CtBOpeHHS TIOPUIHUX CHCTEM MOXKe OyTH CKJIaJHWUM 3aBIaHHSM, OCKUIBKH MOTpedye iHTerpartii
PI3HUX METOJIIB Ta BU3HAYCHHS ONTHMAaIHHOTO ClIOCO0y KOMOIHYBaHHS IX pe3y/bTariB. BaxMBo Takox
BUPILINTA THUTAaHHS BaroMOCTi Pi3HUX KOMIIOHEHTIB TiOPHIHOI CHCTEMH Ta PO3pOOUTH e(peKTHBHI
anropuTMH KOMOiHyBaHHS pekomeHmamiid. ['i6pumnai CP ctaroTe € HalOLIBII TOMYISAPHAMHA 3aBISKA
iXHIi 31aTHOCTI MOKpAIlyBaTH TOUHICTH Ta poboTy CP, 0cOOIMBO B yMOBax BEJIUKOT0 00CATY AaHUX Ta
PI3HOMaHITHOCTI KOPHCTYBayiB.

3 IlpakTryHa peaJi3ailisi CHCTEMH peKoMeHaalliii

I'ooBHOO MeTORO T1i€1 POOOTH € peatizallisi CHCTeMH PEKOMEH AL [T CKJIaTHOI PEAMETHOI chepr
Ta anropuTMy Il BIIPOBA/HKEHHS IS MPEIMETHOI 00JAcTi MOMIYKY 3akiajiB mociyr. OcoOIuBiCTIO
CHCTEMH, IO PO3POOIIOETHCS, € MOXKIMBICTS OTPUMAHHS JaHUX MPO MiCIE3HAXOKEHHS KOPHCTyBada
Ta JOCTYITHICTh I'e0JIAHUX 3aKJIaiB MOCIYT, AKi 30epiratoThes B 0a3i aHux cuctemu. JlJis AOCHIKCHHS
OyJo 3ampONOHOBAHO BUKOHATH aHAIli3 MOKJIMBUX LUISXIB BIIPOBA/KEHHS PEKOMEHJAIIN y CUCTEMY,
BUJIUINTH OCHOBHI acIleKTH Ta ifiel Ha OCHOBI sIKuX Oyne po3pobneHa CP.

BaxnuBuM acnekToM po3poOKHM aJTOpPUTMY PEKOMEHJAliil € BU3HAYCHHS €Tamy B3aeMOJii 3
CHUCTEMOI0, KOJIM KOPHUCTYBauy OyAyTh HaJaBaTHCh pekoMeHaalii. [1ocmiIoBHICTD i, sIKi KOPUCTYBaY
MO’K€ BUKOHATH B CHCTeMi 300pakeH0 Ha fiarpami mismmbHOCTI (puc. 1). s manoi mpenMeTHOi obmacTi
BIIPOBA/DKCHHSI PEKOMEHMAIIf MOYKE BHKOHYBAaTHCh Ha €Talll II0YaTKOBOTO TIEPEriIsiIy IOCTYITHHX
3aKJaiB, Ml 9ac BUOOPY MapaMeTpiB Ui MOUIYKY Ta MpW Heperisii AeTaneil mpo oOpaHuil 3aKiai.
[Mpugomy, miaxoau 10 po3poOKU alropuTMy pEKOMEHAAIIH MOXKYTh CHIILHO PI3HUTHCS Y 3aJI€KHOCTI Bij
eTary B3aeMO/Iii KOPHUCTyBaya 3 CHCTEMOIO, Ha SIKOMY OyIyTh HaJaBaTHCh PEKOMEHIAIIIT.

MNepernsg

peranei npo
obpanuit

Nepernag saKnaa
BCiX
AOCTYNHUX >
3aKnanis ——
Mepernsag
BuGip nocnyru oo 3aknagis 3a J
ANA NOLYKY BKa3aHUMM
> napamerpamm

Bubip
AOAATKOBUX

napamerpis
noLwyKy

Puc.1 [liaepama axmusnocmi

Ha erami BXomy B cHCTeMy Ta MOXIIMBOCTI Teperiisiay BCiX JOCTYITHHMX 3aKiajiB Ha KapTi
KOPUCTYBauy MOXXYTbh IIPOIIOHYBATHCS 3aKIIa/IM 32 Oro MiCIIe3HAXOKEHHSM, SIKi HAJ]AF0Th IMIOCIYTH, 10
Oynu oILiHEeH1 KOpUCTYBaueM y MOMEpenHiX cecisix. Y BUMAJIKY, KOJM KOPUCTYBay BIEpIIE B3aEMOJIIE 3
CHCTEMOI0, HOMY MOXKYTb ITPONOHYBaTHCS HAROUIBIL MOIMYJISIPHI 3aKJIain Ta IOCIIYTH, SIKi BOHU Ha/lal0Th,
3a 0T0 MiCIIe3HAXOIKECHHSIM.
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Ilicis BuOOpY KOpHUCTYBadeM IOCIYTH Ta JOJATKOBUX TTapaMeTpH IS MOIIYKY HaWO1IBIT JOIIIBHO
PEKOMEH/TyBaTH 3aKJIaJH Ta MOCIYTH, 10 HalKpallle BiMOBiJAIOTh 3aJaHUM MapaMeTpam, y TOMY YHCITi
TOJIi, KOJIU B 0a3i JaHUX CUCTEMH BiZICYTHI 3aKJIaJIU Ta MOCIYTH, SIKi IIOBHICTIO BiIMOBIAAI0Th BKa3aHUMH
napameTpam.

IIpn HamaHHI pEeKOMEHJAIlM Ha eTami Meperyiaay KOpHUCTyBadeM JeTaled Mpo 3aKiaj, 10 Haaae
HIyKaHy HUM TIOCIIYTY, MalOTh BPaxOBYBATUCS NapaMETPH 3aKiady Ta MOCIyTd. Y IbOMY BHMAAKY IJIs
(opMyBaHHS peKOMEH/IaIlii, Ha BiIMIHY BiJ] TIOTIEPEIHIX BUMAAKIB, OLTbIIE 3HAYCHHS MAIOTh JaHi PO
MICIIe3HAXODKEHHS TIEPETJIIHYTOTO 3aKiary, HiJK PO MICIIE3HAXOKCHHS KOPHCTYBava.

Juis nocnigkeHHsT MPOMOHYEThCS PO3TIISIHYTH PO3poOKy anroputmy pobotu CP, BIpoBamkeHy Ha
eTarli MoIIyKy 3aKJIaiB MOCIYT 3a BKa3aHUMH ITapaMeTpaMHy Ta IEeperisiay eTajlel mpo oOpaHi 3aKiIan.
Po3po0Onennii anropuTM peKOMEHAIii Mae BUPILTYBaTH MPOOIEMH XOJIOIHOTO 3aIyCKy Ta BiICYyTHOCTI
B 0a3i JaHWX cHCTeMHU 00’ €KTiB, IO MOBHICTIO BiJANOBIIal0Th BKa3aHUM IapaMeTpaM MOLIYKY, a TAKOX
npobJeMy BU3HAUYCHHS MiCLE3HAXOPKEHHS U1l peKOMEHAALIil.

3 mpoaHaTi30BaHUX OCHOBHHX ITIIXOIB 10 PO3POOKH PEKOMEHAAMIMHNX CHCTEM MOXHA BU3HAYNTH,
o Baajo modyzaosani riopuaai CP cipaBisiroTs 3 3aa4ero HagaHHS peKoMeHaalii Halikpame. OTxke,
JUTSL BUPIIICHHSI POOJIeMH BiICYyTHOCTI B 0a3i JaHMX CHCTEMHU 00’€KTIB, 110 TIOBHICTIO BiAMOBIIAOThH
BKa3aHUM TapaMeTpaM IOIIYyKYy, 3aCTOCOBYEThCS Miaxin A0 po3podku CP Ha OCHOBI BMICTy, SKHiA
BpaxOBYe€ Ta aHANI3YE XapaKTePUCTUKH 3aKIaly Ta TOCITYTH, SIKi KOPHCTYBad Irykae abo neperisinae. Ha
MepuIoMy eTari poOOTH aIroOpUTMy KOPUCTYBady MPOMOHYIOTHCS 00’ €KTH, SIKi € HAHOUIBII CXOKUMH JI0
TaK 3BaHOI «iJjeallbHOI TOYKW». lneanbHOI0 TOUKOIO Oyjae BBaXKaTHCS 00 €KT i3 XapaKTepUCTUKAMH
c(hopMOBaHNMH Ha OCHOBI ITapaMETPiB MOIIYKY Ta MiCIIe3HAXOKEHHs KOPHCTyBada ado kK 00’ €KT, KU
KOpPHCTYyBau Teperisjae B JaHUM MOMEHT. JIJis BHU3HAYEHHS «CXOXKOCTI» MK 00’ €KTamu
BUKOPHUCTOBYIOTHCS TIOKa3HUKH MOIOHOCTI 115l TOPiBHAHHS aTpUOYTiB X 00’ €KTiB. Bu3HawatoThCs AB
OCHOBHI pedi JUIsi KOKHOTO aTpuOyTa: Horo Bara y BiAHOIICHHI N0 iHmUX atpuOyTiB i hopmymna abo
METO/I, 32 IOTIOMOT OO SIKOTO OIIHIOETHCS CXOXKICTh MK IBOMa 3HAYCHHSIMH I[LOTO aTPUOYTY.

st BUpIIIEHHS MPOOJIEMH XOJIOAHOTO 3aIlyCKy 3aCTOCOBYEThCS Miaxin po3poOku CP Ha OCHOBI
3HaHb, KUK TONATac B (OPMYBaHHI CHHCKY BIIOA0OaHb KOPHCTYBada B PaMKax MOTOYHOTO CEaHCY
3acTOCyBaHHS mapaMmeTpiB ¢inpTparii. Tak 3BaHa igesl «miaory» 3aCTOCOBYETHCS Ha IPYroMy eTarri
POOOTH ANTOPUTMY Ta TOJIATA€E B TOMY, IO ITiCJIsl BA3HAYCHHS MapaMeTPiB MOLIYKY Ta eperisay IeBHOT
KUTBKOCTI TMPOMO3HLIH pekoMeHnamii OyayTh Oa3yBaTHCs Ha TpyHi 3 JESKOl KUIBKOCTI OCTaHHIX
MePErsTHYTHX 3aKIIaJIiB Ta MOCIYT, SIKi BOHU HA/IAI0Th.

Kpim Toro, ansi peKOMEHIAI[IIHOTO alrOpuTMY BBOIATHCS OOMEXKEHHSI, SIKi 3MEHINYIOTH MPOCTIpP
00’€KTiB, 110 MOXYTh OyTH PEKOMEH/I0BaH1 KOpUcTyBauy. OCKiIEKH OCHOBHOIO METOIO CUCTEMH € MOIITYK
KOPUCTYBaueM 3aKJIafiB, SKi HAJAIOTh MOCIYTH, IO HOro IIKAaBJISITh, TO HE JOIUILHO PEKOMEHAYBATH
oMy 3akiand, SKi He HaJarTh mociyr Iiei chepu. BimmoBimHmil miaxim crocyeTbes i MicTa, fe
KOPHUCTYBaY IIIyKae 3aKiIajiy, 10 HAIAI0Th BIIMOBITHY MOCIYTY.

MatemMaTh4yHi OCHOBH JaHOT'O aJrOPUTMY BKIIIOUAIOTh y ceOe HacTyrHe. J[s KijdbKICHOI OI[iHKU
CXO0XKOCTI JISAKOTO 00’€KTa 3 €TAJJOHHUM BUKOPHUCTOBYETHCS METOJ 3BAXKEHOI CyMu KpuTepiiB. Koxen
00’ €KT TIpe/ICTaBICHO BEKTOPOM KpUTEPIiB:

K ={k,k,k..k} 1)

ne k; - KUTbKiCHa OLiHKa CXOXKOCTI | -01 XapaKTepHCTUKN 00’ €KTa 3 | -0i XapaKTEPHCTUKOIO STAIOHHOTO

€JIEMEHTA.
BigHOCHa Ba)KJIMBICTh KOXKHOI 3 XapaKTEPUCTHK BHUPaK€HA BEKTOPOM BaroBHX KOe]iIli€HTIB, cyMa
SIKUX PiBHA OJMHUIIL:

W ={W11W2'W3"'W|’1} (2)

Je W; - BIJHOCHA BOKIIMBICTh | -01 XapaKTePHUCTHKU 00 €KTa.
PesynpTyrode 3HaUeHHs CX0XKOCTi 00’ €KTY PO3PaxOBY€ETHCS 32 (POPMYIIOIO:

Score=> W -k;
2w -k ©)
J1J1s1 OLIHKY HA OCHOBI TPYIIN €IEMEHTIB, OIIHKH (3) HOBOTO €JIeMEHTa, [0 PO3PAXOBYIOTHCS BIJITHOCHO
KOXKHOTO €JIEMEHTa Yy MeXKax TpYyIU MEeperNiTHYyTUX, IMiJCYMOBYIOTBCS MK COOOIO JUISl OTPUMaHHS
KiHLIEBOT'O pe3yJbTaTy:
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N
*
Score =) Score;
i=1 (4)
ne N — KUTBKICTh MepeTJIsTHY THX eJIEMEHTIB.

JIist  OIIIHKM CXOXKOCTI XapaKTEpPUCTUK 00 €KTa 3 XapaKTCPUCTHKAMH CTAJIOHHOTO 00 €KTa,
MIPEJICTABICHUMH y BUTIISII IHTEPBAJIBHIX OI[IHOK, BUKOPUCTOBYIOThCS (DYHKINT 3aTyxaHHs (2060 QyHKIIii
po3noginy). Lli ¢yHKIii OIiHIOIOTh TEBHY BEIMYHHY, 3MCHIIYKOUM CBOE 3HAYCHHS 3aJISKHO BiJ
301IbIIEHHS BiJICTaHI MiXK 3HAYCHHSM IIi€1 BETMYUHY Ta IIEBHUM 3aJ[aHUM JpKepesioM (TieHTpoM Mac). Ls
OIliHKa TOJIIOHA IO 3alUTy IIOM0 BKIIOYCHHS NESKOTO 3HAYCHHs B 3a/laHUI Jiara3oH, 3 MOAABIIAM
MpU3HAYEHHIM KUTbKICHOT OIIIHKY IIhbOMY 3HaY€HHIO B 3aJIeKHOCTI BiJ] OJIM3BKOCTI 10 IIEHTpPA Aiama3oHy.

IcHyrOTH TpU OCHOBHI PpopMu PyHKIIH 3aTyxaHHs (PO3MOIINY), SIKi BAKOPHCTOBYIOTHCS:

— Tayccian (3a ¢yskmiero ["ayca);
—  CKCIOHCHITIAIbHUH PO3MOILT;

—  JHIAHANA PO3MOIII.

Y po3po0i1i pekoMeHAaiHHOT CHCTEMH BUKOPHUCTOBYEThCS TayCiBChKA 3aJIEXKHICTh, OCKIJIBKH JiHIITHA
3aIeXKHICTD € 3aHAJTO MPOCTOIO Ta MPUBOJUTH 10 OJHAKOBOTO 3MEHIIIEHHSI OIIHOK, TIPU BiJTaJIeHH] Bif
LUEHTPaJILHOTO 3HAYCHHS, 8 CKCIIOHCHIIANIbHA 3aJIeKHICTh Ma€ JIyKe pi3kuil rpadik 3MEHIICHHS 3HAUYCHb
O1JIs1 LIGHTPY Ta MEHII Pi3KHUH 32 HOTO MeXXaMU. Y TaHOMY BHUIAAKY MOTPiOHA 3BOPOTHA 3aJIEKHICTD, SIKY
Hajgae posmonin ["ayca.

3aTyxaHHs JJIs XapaKTEePUCTUKU 00’ €KTa BU3HAYAETHCS HACTYITHUM YHHOM:

(| value; —origin | —offset)2

Kj =exp| - 5
scale
2 In(deca
(decay) @)
ne K; — KIJIbKiCHAa OI[HKAa CXOXKOCTI 1-TOi XapaKTepUCTHKH 00’€KTa 3 1-TOI0 XapaKTePHCTHKOIO

€TAJIOHHOTO 00’ €KTa, MpuiMae 3HaueHHs B Hiana3oHi [0;1];

value; — 3HaYeHHS 1-TO XapaKTEPUCTUKH 00’ €KTa;
origin — 3HaYeHHS i-TOi XapaKTEPUCTUKHU E€TATIOHHOTO 00’ €KTa;
offset — BizcTanb, Ha sAKiil 3HAUCHHS XapaKTEPUCTUKHU Oy/ie BBAXKATUCS PIBHUM €TaIOHHIM;

scale — Bigcrtanb Bix eHTPY (+ 3MIIIIEHHS) SIKA BU3HAYAE JTiaNa30H MPUHAHATHOT (IOMyCTHMOT) CXOXKOCTI;

decay — 3HaYCHHSI CXOKOCTI B sIK€ OLIIHIOETHCSI 3HAYCHHS XapaKTePUCTUKH Ha BijcTaHi scale Bix origin .

JJis XapaKTepHUCTHK, sIKi MPEJCTaBlIeHI HA HOMIHAJIBHUX IIKAJaX, MM MOXXEMO BU3HAUUTH JIHIIE
nmoniOHiCTh abo0 pi3HMIIO MK o0'ekTamu. TakuMm YWHOM, pPO3paXxyHOK TOMIOHOCTI HJsl TakKuX
XapaKTEePUCTHUK Oy/e BUIIISIATH HACTYITHUM YHHOM:

— Kj=1, #Kmo 3HaueHHsA BIANOBIIHUX XapPAKTEPHUCTUK OJHAKOBI, IO BKa3ye Ha IIOBHE
CITIBIIAIiHHS 3HAYEHb,

—  Kj =0, SKIo 3HaYeHHs BIANOBIIHUX XapaKTEPUCTHK PIi3HI, 10 BKa3y€ HAa INOBHY BiJICYTHICTb
CHIBIAIHHS, 1 1€ OI[IHFOETHCS HYJIHLOBUM 0aJIOM.

SIK110 3HaYEHHS K IEBHOT XapaKTEPUCTUKHU BiICYTHE, TO OLIIHKA CXOKOCTI Ii€] XapaKTEePUCTHUKU MiXk
00’€eKTOM 1 eTaloHHUM 00’ ekToM Oyne K; =0.

Brok-cxemy ommcaHoro anroputMy 300paxeHO Ha pUCYHKY 2. BimoOpaxeHHs pe3yibTaTiB poOOTH
CP BinOyBaeThCst micist 3aCTOCYBaHHsI KOpHCTyBaueM (inbTpaii, o nepeadayae BUOIp MOCIYTH VIS
MOIIYKY Ta 1HIIUX MapameTpiB, a TaKOX IMPH Meperisiii JAeTalbHoi iHpopMallii po 3akiaau, sKi €
PE3yIBTATOM IOIIYKY.
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PO3paxyHoK CXOXOCTI
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XapakTepucTUKOI 32 KOXHOI
* . XapaKTepUCTUKOK
Po3paxyHoK 6nMU3bKOCTI Y
06'EKTIB 10 KOXHOIM0 Po3paxyHok 6nu3bKocTi
eTanoHHOro 3 06'exTa A0 ETANIOHHOIO 3
ypaxyeaHHsAM Baru ypaxyBaHHAM Baru
KOXHOI XapakTeprucTUKK KOXHOI XapakTeprucTUKK
Y
Po3paxyHOK 3aranbHol
6nu3bkocTi ob'ekTa go
eTaNOHHUX

(

Y

Bubip k o6'exTis ans
pekomeHaauiin

'

Puc.2 Bnok-cxema pobomu aneopummy pekomeHOayiiHol cucmemu

CriouatKy aJropuTM IepeBipsie KiJIbKICTb 3aKIaiB, SIKi IEPETJITHYB KOPUCTYBaY IiCiIs 3aCTOCYBaHHS
MOIIYKY. Y pe3yJibTaTi MepeBipKH BUKOHYETHCS OJIMH 13 CLIEHAPIIB BIAMOBIIHO 0 BapiaHTIB:

—  KUIBKICTh MEPErITHYTHX 3aKJIaiB € PIBHOIO HYJIIO;

—  KUIBKICTh MEPErJITHYTHX 3aKJIaiB € MEHIIIOK 33 BCTAHOBJICHE IIOPOrOBE 3HAYCHHS,

—  KUIBKICTh MEPErJISTHYTHX 3aKJIaiB € OUIBIIO 32 BCTAHOBJICHE TOPOTrOBE 3HAUCHHS.

SIKI0 BHKOHYETHCS TIepIlia YMOBa, TO €TAIOHHUM BBAKAETHCS 00’ €KT, XapaKTEPUCTHKAMH SKOTO €
napameTpH GiIbTpaIlil, a JJOKAIlisl BA3HAYAETHCS MiCIIE3HAXOKESHHSIM KOPUCTYBava. SIKIO BUKOHYEThCS
JIpyra yMOBa, TO €TaJOHHUM BBa)KA€ThCS OCTaHHIM INEPErVISHYTHH KOpucTyBadeM 00’exT. J[ins 000x
BUMAaAKIB 3a gonomoror Gopmyn (3) i (5) 00YMCIIOIOTBCS OIIHKK OJIM3BKOCTI IHIIMX 00’€KTIB 10
BUOPAHOTO LIEHTPY, 1 BUOHpaeThest k Hall01Ib1I BiAMOBI THUX.
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V BHIAIKY, KO KUTBKICTh MIEPETISTHYTHX 3aKJIaiB € OLTBIIIO0 32 BCTAHOBJICHE IIOPOTOBE 3HAYCHHS,
OCTaHHI N MEPETJITHYTHUX OTOJIOIIEHb BBAKAIOTHCA «ieaIbHOI0» TOuKoI0. [ToTiMm 3a nomomororo hopmy
(3) 1 (5) 00UHCITIOOTHCS OIIHKK OJM3BKOCTI 1HIINUX 00’ €KTIB JI0 KO)KHOTO BUOPAHUX €TaJIOHHUX 00’ €KTIB.
Ilicns doro 3a momomororo (opmymu (4) OOUYMCITIOETBCS OCTATOYHA OIliHKAa OJIM3BKOCTI BiTHOCHO
BHOPAHOTO LIEHTPY, 1 BUOMpaeThcst kK HAWOLIBIT BIATIOBI THHX.

VY exkcnepuMeEHTalIbHIH YacTHHI JaHOi POOOTH NPOBOAWTHCA MOLIYK TAaKHX MapaMeTpiB s
pO3paxyHKiB, sKi Halkpamle mnepeadadaroTh BIIOJAOOAHHS KOPHUCTYBadiB. Pe3ynmbTath pexoMeHarii
MTOPIBHIOIOTHCS €BPUCTUYHO ISl BH3HAYCHHS IOKA3HWKIB, SKi HaWKpalle BiAMOBINAIOTH HOTpedam
kopuctyBauiB. [1in0ip nux mapaMeTpiB BiIOyBaeThCS depe3 aHaji3 MpaBWil, AKi AIIOTH Y TpeAMETHIH
o0macTi, a TakoX 4epe3 BpaxyBaHHS YSBICHb CEPEIHBHOTO KOpUCTyBaya. BakinBo BpaxoByBaTH, SKi
KpUTepii BXXIIMBI AJIS TAKOTO KOPHUCTYBada IIiJ1 9ac MOMIYKY peKOMEHAAIIH.

Pozpobnena CP mis npeaMeTHOT 00acTi CHCTEMH MONUIYKY 3aKialiB cepH MOCIyr BUKOPHUCTOBYE
HACTYIHI XapaKTEePUCTHKH (KpUTepii) Ta iX BaXKIUBICTB:

—  cdepa mocyr;

—  aaMIiHICTpPaTHBHUI palioH;

— mnocuyra—0.3;

—  tum 3aknagy — 0.05;

—  BapricTh HagaHHs mocayru — 0.2;

—  BiacraHs 10 etajgoHHOTO 3aKmany — 0.3;

—  petituar 3aknagy — 0.15.

Jnst po3paxyHKy OJIM3BKOCTI XapaKTepUCTHK 3a (popmyoro 1.5 3HaUeHHS mapaMeTpiB MPeICTaBICHO
B Ta0ymmi (1).

Tabnuysa 1. 3nauenns napamempis po3paxynKy oyinKu Oau3bKocmi

Haszsa kpuTepito, Ha3zga mapametpa
OJIMHHMITI BUMipPIOBAHHS offset scale decay
BapricTs, rpH 5% 15% 0.5
Bincranb, kM 0.5 3 0.5
Peiitunr 0 1 0.5

TecTyBaHHS pO3pOOIEHOr0 AITOPUTMY PEKOMEHMAIiM MOKa3ajo, IO BiH 34aT€H CTBOPIOBATH
peNieBaHTHI peKOMEHAIlil, 110 BiJNOBIJal0Th 3allUTaM KOPUCTYBadiB. ANTOPUTM €(QEKTHBHO BU3HAUYAE
Oa’kaHe MICLIE3HAXO/UKEHHSI 3aKJaJy Ta BpaxoBYE ICTOPiI0 NepeKnaiiB. YCIHILIHE TECTYBaHHS
MiIKPECITIOE TOTOBHICTH aITOPUTMY JI0 BHKOPHUCTAHHS B peallbHUX YMOBAX.

4 BucHOBKH

Y po06oTi mpoaHanti30BaHO peai3aliio CUCTEeMH PEKOMEHAALIN Ui CKIaJHOI MpeaIMeTHOI cepH Ta
anroput™M il BIPOBA/DKEHHS, PO3IIISIHYTO Pi3HI Kareropii cucreM peKoMeHHAIliii Ta OCOOIMBOCTI
AITOPUTMIB iX TIOOYJOBHM, 00JacTi 3aCTOCYBaHHA, NepeBark Ta Hepodiku. s ckimamHoi mpeaMeTHOl
00JacTi CHCTeMH TOITYKY 3aKJIa/liB CepH IMOCIYT peari30BaHO Ta BIPOBAIKEHO CUCTEMY PEKOMEH/IAIIii
riOpHIHOTO TUTTY.

Po3pobnenuit anroput™ 06’enHye B coli MiaAXoau 10 po3poOKH CHUCTEM PEKOMEHallili Ha OCHOBI
3HaHb Ta GiIBTpallii Ha OcHOBI BMicTy. [lepeBaramu onrcaHOT0 anrOpUTMY € BiJICYTHICTh HEOOXiTHOCTI
30epiraTd Ta BUKOPUCTOBYBATH Y PO3paxyHKax iH(GOpPMAIIO MPO TMONEPEAHI CEaHCH KOPUCTYBaUiB,
BUPILIICHHS TPOOJIEMH XOJIOAHOTO 3aIyCKy Ta BiICYyTHOCTI B 0a3i JaHUX CHCTEMH 00’ €KTIB, 1110 TIOBHICTIO
BiJIMIOBIAal0Th BKa3aHUM IapaMeTpaM NOUIyKy, pOpMYyBaHHS aKTyaJIbHUX PEKOMEHIalil ik HOTOYHOTO
CeaHcy KOpHCTyBaya Ta BUpIIIEHHS NpoOiIeMy BU3HAUYEHHs MIiCIIE3HAXO/KEHHS I PEKOMEHI0BaHOTO
3aKIajy.

3amponoHOBaHUM MmiAXix Moke OyTH BHKOPHCTaHO JUISI PO3POOKM Ta  BIPOBAIKEHHS
PEKOMEHIALIIHOTO aNrOpUTMY Y CKIAJHUX MPEeIMETHUX cdepax, Ie JaHi PO reoJIOKalii0 BaXKIUBI IS
HaJaHHS PEKOMEH/IAIIIMN.
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Modern Internet and web services are flooded with a vast amount of information, which is becoming more challenging for users.
Recommendation systems aim to address this information overload issue while personalizing the user experience by providing
precise, personalized recommendations based on their preferences. The main goal of this work is implementing a
recommendation system for a complex subject area and the algorithm of its integration into the sector of searching for the service
providers. The article briefly outlines the main approaches and algorithms used in recommendation systems, highlighting their
areas of application, advantages, and disadvantages, as well as description of the implementation of a recommendation system
for a complex subject area and the algorithm for its integration into the sector of searching for the service providers. One
distinctive feature of the system under development is the importance of geolocation data for the generation of recommendations.
An algorithm for a hybrid recommendation system that combines knowledge-based and content-based filtering approaches has
been developed. The advantages of the described algorithm include the absence of the need to store and use information about
previous user sessions in the calculations, as well as addressing cold-start issues, generating real-time recommendations for the
current user session, and solving the problem of determining the location for recommended establishments. The proposed
approach can be used for developing and implementing recommendation algorithms in complex subject areas where geolocation
data is crucial for providing recommendations.

Keywords: recommendation system, recommendation algorithm, hybrid-based recommendation system, content-based filtering,
knowledge-based recommenders
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AHai3, kIacudikalis Ta TECTYBAHHS IHCTPYMEHTAIbHUX 3aC00iB
JJIS1 yIPaBJiHHA KOH(QirypamisiMmu nporpaMHux MiKpocepBiciB

AKTYyaJbHicTb. PO3po0Kka mporpaMHHX 3aCTOCYHKIB 3 MiKpocepBicHOI0 apxitekTypoto (MCA) nmotpelye BupileHHS PpodIeM
iX mpoeKTyBaHHs, IHTETpallii, MacITabyBaHHs, afanTamnii, HaAiHHOCTI, BITMOBOCTIMKOCTI Ta, B ILIIOMY, MiABUIICHHS OKa3HUKIB
SIKOCT1 TaKUX CHUCTEM, 1 TOMYy NMUTaHHS e€(pEeKTUBHOTO ympaBiiHHSA KoH(pirypamismu MCA € akTyaabHOT HAyKOBO-TEXHIYHOIO
3a1auero.

Meta. MeTol0 [BOTO JOCTIDKCHHS € aHali3 (YHKIIOHAJBHUX OCOOJNMBOCTEH ICHYIOUHMX IHCTPYMEHTAIbHUX 3aCO0IB IS
koHOirypyBanus MCA, a Takox iX Kiacudikaris Ta TECTyBaHHSI, IO YMOXJIMBIIOE IX BJOCKOHAJEHHS HIIIXOM PO3POOKH
MOJEIBHO-TEXHOJIOTIYHUX PillIeHb IS 3a0e3NeYeHHs aJallTHBHOTO YIPABIIiHHS B TAKUX 3aCTOCYHKAX.

Metonu nocaimkeHHsi. J[7s1 TOCATHEHHS METH JOCIIDKCHHS BU3HAueHI 0a30Bi MOHSITTSA Ta CYTHICTh MPOLECIB YIPaBIiHHSI
koH(pirypamismu MCA, npoBeZieHO aHaIIi3 (YHKIIOHATBHUX MOKIMBOCTEH JESKUX Cy4acHHUX 1HCTPYMEHTAIBHUX 3aCO01B IS
koH(pirypyBanHs MCA Tta moOymoBaHa ix wimacudikamis. s momampmoro posriisify MOTHBOBAaHO OOpaHO (GpeHMBOpPK
Microconfig.io, mporpaMHO peai3oBaHO KOHKPETHUH MpUKIaj BiamosinHoro MCA 3acTOCyHKY, MPOBEISHO HOTO TECTYBaHHS
Ta MPOaHaJi30BaHO OTPUMaHI Pe3yJIbTaTH.

PesyabTatn. 3po0ieHO OOIPYHTOBaHHMI BHCHOBOK MPO MOXKJIMBICTH Ta JOIUIBHICTh IiJBUINCHHS C(HEKTUBHOCTI
iHCTpyMeHTanbHOTro 3aco0y MicroConfig.io muisxom Horo BHKOPHCTaHHS y CKIIaJi HEPCIEKTHBHOI iHOPMAIiHHOT TEXHOIOTTT
aIaNTHUBHOTO YIPaBIiHHS mporiecoM KoHpirypyBanus MCA, ans skoi po3pobiena UML giarpama po3MilieHHsS: KOMITOHEHTIB.
BucnoBkn. IIpoananizoBaHi (yHKIIOHaIBHI 0COOIMBOCTI Cy4acHHX IHCTPYMEHTANBHHX 3aco0iB aist kKoHGirypyBanHs MCA,
noOymoBaHa X MOXIMBa KiacH(ikallis Ta MPOBEICHO MPOTPaMHE TECTYBAaHHS OJHI€I 3 TUIOBHUX TaKUX CHCTEM, a caMe,
¢dpetimBopky MicroConfig.io. 3amponoHoBaHO MepcreKTUBHA iH(QOpMaNiiiHa TEXHOJIOTIS aJalTUBHOTO YIPABIiHHS MPOIECOM
koH(pirypyBarHs MCA y BUTIISIII KOMIIOHEHTHOI iarpaMu Ta copMylIbOBaH]1 HAIIPSIMKH ITOAANBIINX JOCHTiIPKEHb.

Knwwuosi cnosa: npocpammui Mikpocepsicu, YNpasninua KoH@ieypayiamu, Kiacu@ixayis, mecmyeaunHs, adanmayis, sKicms,
Mempuka, ingpopmayitina mexnonozis, UML, oiazpama komnonenmie, mooenn, 3acio
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1 Beryn. MeTa Ta akTyaJbHICTh 10CTiIKeHHS

CydacHi Tpolecu, IO TOB’s3aHi 3 XHUTTEBUM IIUKJIOM MPOrPaMHUX 3aCTOCYHKIB 30KpemMa 3
MikpocepBicHOIO apxitektyporo (MCA), craBimsaTh Tmepen po3poOHMKAMHM THTAaHHS OIOAO 1X
MPOEKTYBAHHS, 1HTErpailii, MaciITaOyBaHHs, aganTaiii, HaJiMHOCTI, BIIMOBOCTIMKOCTI Ta, B LIJIOMY,
MiIBUIIICHHS TTOKa3HUKIB SKOCTI TaKMX CUCTeM. 3pocTaHHs (PYHKIIOHAIBLHOCTI, BEJIMKI 00 €MU NaHUX,
BHUMOTH JI0 TIPOJYKTHBHOCTI, 1HTErpallist 3 IHITMMU CUCTEMaMH, BUCOKHI TEMIT PO3BUTKY TEXHOJIOTIH Ta
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Oarato iHIIMX ()aKTOPIB 3HAYHO YCKIIAIHIOIOTH IPOLECH PO3POOKH, BIPOBAKECHHS Ta ITATPUMKH
nporpamuoro 3abesneuenss (I113) [1, 2].

Jns BupimeHHs 6araTteox 3 HUX IpoOieM mpu po3poOii BUKOPUCTOBYIOTECS METOAN Ta TEXHOJOTI]
yrpasiiHHS KOH}irypatisMu mporpamuoro npoaykTy (Configuration Management). Ha manuii gac icHye
JIEKiJTbKa THITIB {HCTPYMEHTAIBHUX 3ac00iB Iy ympaBiiHHS KoHbirypamismu 113, me, Hampuxmazg
cucremu [3, 4]: xoutpomio Bepciii (Version Control System); aBTOMAaTH30BaHOTO PO3TOPTAHHS
(Deployment Automation); ympasmiaas 3amexsHocTsmMu (Dependency Management); koudiryparii
(Configuration Management); ynpasiniaas 3minamu (Change Management) Ta inmr. Boxu gomomaraioTh
e(eKTHBHO KEpyBaTH pI3HUMH acleKTaMHd MPOrPaMHUX MPOAYKTIB, BKJIIOYAIOYM BEPCIOHYBAHHS,
po3ropTraHHs, MaciiTaOyBaHHS, 3aJeKHOCTI, KOH(Qirypamiro Ta KoHTpons 3MiH. Lli Metoamkm Ta
IHCTpYMEHTH [IOCHTH [aBHO BUKOPHUCTOBYIOThCSA i mimBuimieHHs sikocti I i3 MoHOmITHOMIO
apxitektypor. s po3moaiieHux cuctem, a came s [13 3 MIKpOCEPBICHOIO apXiTEKTypolo, e
3aCTOCYHKH pO3rOPTAalOThCS, SK Ha0lp HE3aJe)KHUX KOMIIOHEHTIB, e(eKTHBHE YIpaBIiHHS
KOHQITYpaIisiMi CTa€ KIFOYOBHM acleKTOM 3a0e3ledeHHs CTabiTbHOCTI, MacIITabOBaHOCTI Ta
HaaiHOCTI cucteM [5].

[Turanus edexkTuBHOCTI BUKOpUcTanHs iHcTpyMeHTiB st YKIIII ans po3nozinenux cuctem Ha 0asi
MCA e 1o KiHIIs He BUBUYEHI. TOMY OCHOBHOIO 3a1a4€I0 IIFOTO JOCTIKEHHS € aHali3 (yHKITIOHATBHAX
0COOJIMBOCTEN ICHYIOUMX IHCTPYMEHTAJIHHIX 3aC00iB A KOH(ITYpyBaHHS MPOTPAMHUX MiKPOCEPBICIB,
a TakoX 1X kiacu@ikailisi Ta TECTYBaHHS, 3 METOIO MOJAJIBIIONO BAOCKOHAJICHHS NUIIXOM PO3POOKH
MOJICJIbHO-TEXHOJIOTIYHUX PillicHb JIs1 3a0€3MeUeHHsI MOYKIJIMBOCTEH alalTHBHOTO YIIPABIIHHSA B TAKUX
3aCTOCYHKAX.

2 OcHOBHi TNOHATTH, (YHKUIOHAJBLHICTHL Ta KJacudikamisa IHCTPyMEHTAJbHUX 3ac00iB
ynpaBiiHHA KoH}irypauisaMu MikpocepsiciB

2.1 Yopasainug koHdirypauisiMu nporpaMHoro 3ade3ne4eHHst

VYnpasninns kongirypanismu [13 BKirouae Taki OCHOBHI aCleKTH:

-  yOpaBUiHHS BepcisiMHU, sKe 3a0e3redye BiJICTEKEHHA 1 KOHTPOIb 3a PI3HUMHU BepCisiMu
KOMIIOHEHTIB MPOTPaMHOr0 NPOAYKTY, BKIIOYH 30€peXeHHS BUXIJHOTO KOOy, 0i0mioTek,
KOH(QITYypamiifHuX (haiiiiB i JOKyMeHTAIlil I KOXHOI Bepcil;

- YOpaBIiHHA 3MiHaMH, sIKE BU3HAYa€ MPOLEC 3asBKU, OLIHKU, BIPOBAUKEHHS Ta BiACTE)KEHHS
3MiH, IIO BHOCSITBCS JI0O MPOTPaMHOTO MPOAYKTY, BKIIOYHM YIPaBIiHHSA MpoOJieMaMHu, 3asBKaMH Ha
BUIIPABJICHHS IOMUJIOK, HOBOBBEACHHIMH 1 1HIIUMH 3MiHAMH;

- KoH(QirypariifHe yNpaBIiHHS, SK€ BCTAHOBIIOE 1 WIATPUMYE TPABWIBHY KOH(Irypariro
MPOTPaMHOI0 MPOAYKTY Ta HOTO0 KOMITOHEHTIB, BKJIIOYH YIPaBIiHHS 3aJIS)KHOCTSIMH, KOH(ITypaiitHuMH
(haiimaMu, HaaMITYBaHHSAMU CePEOBHUIIA 1 IHIIMMU KOH(ITypaliiHUMHI eeMeHTamMu [2];

- 3a0e3Me4YeHHs SKOCTi, 10 AKOro BKJIIOYEHI NPOLECH TECTyBaHHS, NMEPEBIPKU Ta IMEPEBIPKU
MIPOrPaMHOI0 3a0e3MeUCHHs JIJIs 3a0€3IeUeHHS BIAMOBIAHOCTI BUMOT'aM, CTaHIapTaM 1 O4iKyBaHHSIM;

-  BIJCTeXEHHS 3aJIeKHOCTEH, M0 3a0e3medye BiJCTEXKEHHS 3alleKHOCTeH MiXK pPI3HUMHU
KOMITOHEHTaMH POTrPaMHOT0 MPOAYKTY;

-  YOpaBJIiHHSA PO3TOPTAHHSM, IO BHU3HAYAE MPOIEC MiATOTOBKH 1 PO3TOPTaHHS IMPOTPAMHOTO
3a0e3neueHHs B Pi3HUX CEPEJOBHUIIAX, BKIIOYAOYM TECTOBE 1 BUPOOHHWYE CEpeloBHIIA Ta 3a0e3redye
KOHTPOJIOBAHE 1 HA/IIHE PO3rOPTAHHS 3MiH Ta BEPCid MPOrpaMHOro MPOIYKTY.

- ayAwWT 1 3BITHICTB, Jie 3a0€3MEeUYIOThCS 3JaTHICTh BiJICTEKYBaTH BCi 3MiHH, BHOCUTH ayauT i
TeHepyBaTH 3BiTH PO KOHPIryparrito, Bepcii Ta 3MiHH B TPOTPaMHOMY IPOJTYKTi;

-  IHTerpamiio 3 iHIIUMHU IPOIECaMH, 110 crpuse eheKTUBHOMY (DYHKI[IOHYBAHHIO 1 YCIIIIHOMY
BUKOHAHHIO TPOEKTY.

2.2 Koudirypauiiini ¢aiinm ta ¢popmatu

VYipapiiHHg KOHQIrypaiisMi MPOTrPaMHOro 3a0e3leueHHsT BKIIIOYaE B ce0e BUKOPUCTAHHS
KOH}irypauidHux QaiiaiB ta GopmMaTiB i 30epeKeHHs HalallITyBaHb Ta MapaMeTpiB mporpamu. Y
POOOTI PO3MIIAHYTI IEsIKI 3 TONMYJISIPHUX KOHQITypaliitHux ¢aiinis, a came:

- YAML (YAML Ain't Markup Language) —texcroBuii popmar, skuii Mae POCTUH [Tl YUTAHHS
CHUHTAKCHC, 1[0 JI03BOJIsE 30epiraTv JaHi y BUIJIS/I CIIMCKIB, CJIOBHHUKIB Ta MPUMITHUBHUX TUITIB TaHUX [6];
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- JSON (JavaScript Object Notation) — merkuii TekcTOBHIA (hopMaT OOMiHY JaHUMM, SIKHI IITHPOKO
BUKOPHUCTOBYETHCS Uil KOHQirypauiiHux ¢ainiB i 0a3yeTbca Ha cuHTakcuci JavaScript Ta 1o3BoJsIe
30epiraTu 1aHi y BUMIIAAL ap "kiod-3HadeHus" [7];

- XML (Extensible Markup Language) — € po3muproBanuM MOBHHM (hOPMATOM PO3MITKH, SIKHit
BUKOPHUCTOBYE BJIACHY CHHTAaKCHYHY CTPYKTYPY 3 BiJKPUBAIOYMMHU Ta 3aKPHBAIOUYUMH TETaMH IS
npencTaBieHus qanux [8];

- INI (Initialization) ¢aiinum — € TPOCTIMH TEKCTOBUMH (paiiyilaMH, IO BUKOPUCTOBYIOTHCS IS
30epiranHs KOHQIrypauiiHUX JaHUX y BUIIAI CEKLil Ta mapaMeTpiB, A€ KOXKHA CEKIisl MICTUTh Ha0ip
KJIIOYiB-3HaYEHb;

- Properties Qaitn — ¢opmar BIACTHBOCTEH, YacTO BUKOPHUCTOBYBaHWH y Java-TipoekTax, €
HPOCTHM TEKCTOBHM (OpPMATOM, B SIKOMY JiaHi 30epiraroTbes y BUMIISI ap "KiI0Y=3Ha4yeHHs";

- TOML (Tom's Obvious, Minimal Language) — € mpoctum hopmaTom KoHDITypamiiHux haiis,
axkuil Haragye INI-¢aiinu, ane mae OGiNbII PO3MIMPEHUN CHHTAKCUC Ta MIATPUMKY OiNBII CKIaICHUX
CTPYKTYD JIaHHX;

- HCL (HashiCorp Configuration Language) — BHKOPHCTOBYETHCS B IHCTpyMEHTax
iHppacTpyKTypH Koy, Takux sk Terraform, ans ommcy koHpirypanii pecypeiB. HCL mae npoctuii Ta
JEKIapaTUBHUN CHHTAKCHC, SIKHH JIETKO 3PO3YMITH 1 MATPUMYE PO3LIMPEHHS;

- ENV (Environment Variables) — ENV-3miHHi 3a3BHuaii BUKOPHCTOBYIOThCS IS Iepenadi
KOH(]IrypamiiHuX MapaMeTpiB depe3 30BHILIHE CEPEAOBUINE, HANPHKIAMA, ONEpaliiHy cUcTeMy abo
koHTekHep. lle THydYkwid MigXil, OCKUIBKM JIO3BOJISIE JIETKO 3MIHIOBATH MapamMeTpu 0Oe3 3MiHH
KOH(QITYypamiifHoro (aiiy;

- kxoH(iryparis 6a3u IaHUX OCKUIBKHU JAEsKi Mporpamu 30epiraroTh KOHQIrypamiiiHi napameTpu
Oe3nmocepenHBO B 0a3i MaHUX, /1€ MOXHA 30epiraTu Ta KepyBaTH MapaMeTpaMH 3a JOTIOMOTOIO 3aIHTiB
SQL a6o ORM (o0'exTHO-pesIiitHe BimoOpakeHHS ).

2.3 Knacupikanisa iHcTpyMeHTAIbHUX 32C00iB /151 YIPABJIiHHA KOH(pIrypauiasMu nporpaMHux
3aCTOCYHKIB

Ha pucynaky 2.1 nHaBemeHo cxemy kiacuikarii iHCTpYMEHTAIBHUX 3ac00iB sIKi MOXHA
BUKOPUCTOBYBATH JJIsl YIPaBIiHHS KOHDIrypalisiMi MiKpOCEpBICiB.

[HCTpYyMEHTH KOHTpOIIO Bepcii, Taki sk Git, Subversion Ta Mercurial, J0O3BONSIOTh BiACTEXYyBaTH
3MiHH B TIpOrpaMHOMY 3a0e3le4YeHHi Ta WOTO KOMITOHEHTaX, 30epiraT iCTOpilo 3MiH, BiJICTEXYBaTH
Bepcii KOy Ta CIUIBHO MpAIfoBaTH Haja mpoektoM y koMami [9-11]. Lli iHCTpyMeHTH JonoMararmTh
e(eKTHBHO KepyBaTH pO3poOKoI0 Ta 3abe3ledyBaTd 3pydyHY CIIJIbHY POOOTY HajJ MPOTPaMHUMHU
MiKpocepBicamH.

IncrpymenTn, Taki sik Ansible, Puppet, Chef, Terraform ta Kubernetes, HagaroTh 3aco0u st
aBTOMATH3allii TPOIIECiB PO3TOPTAHHS Ta YIPABIiHHS 1HPPACTPYKTYPOIO MPOTPaMHHUX MiKpOCEpBiciB
[12, 13]. Bouu 103BOJISIOTH NIBUAKO Ta HAAIMHO PO3TOPTATH CEPBICH, KEPYBATH iX HAJIAIMITYBAHHIMH Ta
3a0e3nevyBaTi MacIiTabOBaHICTh Ta BiZHOBIIOBAHICTb.

[HCTPYMEHTH KOHTDOJIIO BEDCIi Git. Subversion. Mercurial |

[HCTpYMEHTH U1l MOHITOPHHTY Ta

. Prometheus, Grafana, Naaios |
aHal3y JaHuX

Kondirypauiiini ¢aiinu ta popmatu

L

YAML, JSON, XML |

THCTpYMEHTH 171 aBTOMATH3ALIIT
MPOIIECiB PO3TOPTAHHS Ta
BIIIKOYVBAHHS

Ansible, Puppet, Chef, Terraform,
Kubernetes

A 4

KOH}irypauisamu Mikpocepsicis

[HCTpYMEHTH IJIsl yIpaBIiHHSA
cekpeTamMu Ta KOH(DiaeHiHHOTO
iHbopMarieio

HashiCorp Vault, AWS Secrets
Manaaer. Gooale Cloud KMS

A 4

IHcTpyMeHTaNBHI 32ac00M 151 yIPaBIiHHSA

Puc. 2.1 Knacughixayis incmpymenmanoHux 3aco6ig ynpaeninus kongieypayismu IT1



ISSN 2304 -6201 BicHuk XapkiBCbKkoro HawjioHanbHoro yHisepcuteTy imeHi B. H. KapasiHa
cepist «MaTemaTiHe MoaentoBaHHS. IHhopmaLjiiHi TexHonoril. ABTOMaTM30BaHi CUCTEMM yNpaBniHHs», BUNyck 57,2023 35

Inctpymentu Prometheus, Grafana ta Nagios 103BOJISIFOTh 3/11HCHIOBATH MOHITOPUHT Ta aHai3 CTaHy
nporpaMHux MikpocepsiciB [14, 15]. Bouu 3abe3medyioTh 30ip, Bi3yasisallifo Ta aHali3 METPHK,
JKYpHAIIB Ta iHIIUX JaHWX, IO J03BOJISIE ONEPATUBHO BUSBIATH MPOOJIEMHU Ta ONTHUMI3yBaTH pOOOTY
CUCTEMU.

Iactpymentn HashiCorp Vault, AWS Secrets Manager, Google Cloud KMS nomomaraiors
3a0e3nevyyBaTH OE3MEeKy Ta YIpaBIiHHA CEKpeTaMH, TaKUMU sK mapoii, wiroui APl Ta inma
KoHOineH iHa iH(OpMAIlisl, sKa BUKOPHCTOBYETHCS B MPOTrpaMHUX MikpocepBicax [16, 17]. Bouu
JTO3BOJISTIOTH 30epiraTh, KepyBaTH Ta 3a0e3nedyBaTh 0e3MeKy JOCTYITY 0 X CEKPETiB.

Kondirypauiiini Qaiiam BUKOPHCTOBYIOTbCS Uil 30€pEeKEHHs HajallTyBaHb Ta IapaMeTpiB
nporpaMHoro 3adesnedeHHs abo Horo kommnoneHTiB. Popmath, Taki sk YAML, JSON a6o XML, gacto
BUKOPHUCTOBYIOTHCA IS IPEICTABIEHHS WX aHUX y KOHDITypamiifanx Qaiinax.

3 TecTyBaHHSI Ta aHAJI3 pPe3yJbTaTiB MPOBeIeHUX NPOrPAMHHMX eKCIIePHMEHTIB

3.1 MoTuBoBaHuii BUOip Ta onuc GyHKUIOHATbHUX MOKJIUBOCTEH iHCTPYMEHTAIBHOTO 32C00y
Microconfig.io

Jns BuOGOpy IHCTpYMEHTY [UIsl YHOpaBIiHHS KOH(IryparisiMi MporpaMHUX MIKpPOCEPBICIB 3
ypaxyBaHHSM TIOTpeO 1 BHMOT JOCHIPKYBaHOI CHCTeMH OynM BH3HAYEHI HACTYMHI KpUTEpii:
(GyHKIIOHANBHI MOXIUBOCTI, IHTerpamiss 3 IHIIMMHA 1HCTPYMEHTaMH, HPOCTOTa BHUKOPHCTAHHS,
PO3IIMPIOBAHICTh, THYYKICTh, HAIMHICTh Ta Oe3IeKa.

Cepen icHyHOUMX IHCTpYMEHTAIBHUX 3acO0IB IS YIpPaBIiHHSA KOHQITyparisMd MpOTpaMHHX
MikpocepBiciB OyB BuOpanuii HoBuil (peiimBopk Microconfig.io, sikuii 103BOJIsIE€ BUPIIIyBaTH PYTHHHI
3aBJaHHs 3 HamamTyBaHHS nporpaM. OCHOBHE 3aBJaHHS, SIKE BUPILIYE - 1€ 3BECTH OO MIiHIMyMY
IyOFOI0Yi MMapaMeTpy HaNalTyBaHHS Ta CIPOCTHUTH AOCTaBKY KOHQIryparii 0 MiKpOCEpBICiB, THM
CaMUM 3MEHIITUTH HMOBIpHICTh JoJaBaHHs moMHIIOK. Lleit 3acid BukopucToBye miaxin "kKoHpirypartis-
ak-kon" st ynpasminas MCA, To06To 103BoJIsIE€ OMUCYBaTH KOHQIrypaiii y BUTIISAI IPOTrpaMHOTo KOAY,
1o 3a0e3neuye OUTBITY THYYKICTh Ta aBToMaTu3aliro. Ha pucynky 3.1 moka3ana crapToBa CTOpiHKA MPH
3amycky ¢peimBopky Microconfig.io.

L} Microconfig

Microservice configuration
made easy

How Microconfig can help

Puc. 3.1 Cmapmoea cmopinka ¢petimeopry MicroConfig.io

Jlo ocHoBHUX (pyHKIIiH Ta MOIIHBOCTEH mporpamu Microconfig.io BigHocsThCS:

- IeHTpaii3oBaHe 30epekeHHs KOH]Iryparii, o J103BoJsie 30epiraT Bci KOHQITypalliiHi gaimm
B OJTHOMY MICIIi 3 METOIO TOJIETIICHHS YIIPABIiHHS HUMH Ta 3a0e31edye iX OJHOPIIHICTb,

- BEpCIOHYBaHHS Ta KOHTPOJIb JOCTYIY, IO JO3BOJISIE CTEKUTH 32 IXHIMU 3MiHAMH Y TIPOTpaMi Ta
JIa€ MOXKIIMBICTD BIJTHOBIIFOBATH IOTIEPE/IHI BEpCii;

- iHTepdeiic KopHCTyBaua HaJa€ IHTYITHBHO 3pO3yMUIMH iHTepdeic i ynpaBiIiHHA
KOHQIrypamisMy, 110 JIO3BOJISIE JIETKO TEperisfaTH, pejaryBaTd Ta BHKOHYBaTH —IOIIYK
KOH(]IrypamiiH1X mapaMeTpis,

- iHTerpamis 3 aBTOMAaTH30BAHMMH IPOLECAMH, KOJIM € MOXKIIHUBICTB JIETKO IHTErpyBaTHCA 3
ABTOMATH30BaHMMH IPOIECAMHU PO3TOPTAHHS, HEMEPEepBHOI TMOCTABKH Ta IHIIUMH 1HCTPYMEHTaAMH
PO3pOOKH, IO T03BOJISIE ABTOMATU3YBATH MPOLIECH HANAIITYBAaHH Ta 3a0e31euye IXHIO CTa0lIbHICTb.

OnHoro 3 romoBHuX mepeBar Microconfig.i0 y mOpiBHSHHI 3 aHAJOTIYHUMH 3aCTOCYHKaMHU €
MOJJIMBICTD IHTETpallii 3 pi3HUMHU THCTPYMEHTaMH Ta TEXHOJIOTISIMHA PO3POOKH, HAITPHUKIIA] TAKHUMHU SIK:

- IHCTpyMEHTaMH Jyis aBToMatu3oBaHoro posropranns (Ansible, Chef abo Puppet);
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- iHcTpyMeHTaMHu HenepepBHoi noctasku (Jenkins, GitLab CI/CD a6o Travis Cl);

- iHcTpyMeHTamHu ympasiiHHs koHTeliHepamu ( Docker abo Kubernetes);

- IHCTpyMEHTaMH CUCTEeMHOTo MoHiTOpHHTY ( Prometheus abo Nagios).

Lle 103BOJISIE 3pYYHO HANAIITOBYBATH KOXKEH MPOrPaMHHUI MIKPOCEPBIiC HE3aJISKHO, 3a0€3Meuydn
THYYKICTh Ta MacIITabOBaHICTh BCi€l MPOrpaMHOi CUCTEMH.

3.2 Po3po0ka TecTOBOro MiKpOCEepBiCHOT0 3aCTOCYHKY

s nmocnmimkeHHST OCOOMMBOCTEH TpoLECiB KOHGIrypyBaHHS MPOTPaMHUX 3aCTOCYHKIB 3a
nonomororo Microconfig.io O0yB pospoOienuii TecroBuit 3actocyHok 3 MCA, mpu IbOMy HE
PO3TIsIIaCs MUTaHHS HOro 0e3nocepeJHhOr0 BUKOPUCTAHHS SIK IIPOTPAaMHOTO MPOIYKTY, @ OCHOBHOIO
3aJauelo0 CTBOPEHHS OYyJO BHKOPHUCTAaHHS MOTO Yy SKOCTI CTEHJAA Uil TECTyBaHHA HAasBHUX 3aco0iB
KOH(IrypyBaHHS.

3acTOCYHOK CKJIafaBcs 3 3 OKpEMHUX MIKPOCEpPBICIB:

- User-service BimnoBizaB 3a KEpyBaHHS KOPHCTYBa4aMHu;

- Product-service BiamoBinaB 3a KepyBaHHS TOBapaMu;

- Order-service BiIMoOBi1aB 3a KEPYBaHHS 3aMOBJICHHSIMH.

Ha pucynky 3.2 HaBeJieHa KOMIIOHEHTHA CTPYKTYpa TECTOBOI'O 3aCTOCYHKY, 3 sikoi BUIHO 1o Order-
sevice B3aemoie 3 User-service ta Product-service, a jokaibHi 1aHi BiJi KOXXHOTO CEPBiCy 30€piratoThCst
B JIOKQJIbHY 0a3y JaHHX.

User-service Local Database for
Users

Order-service

Product-service Local Database for

products

Puc. 3.2 Komnonenmna cmpyxmypa mecmosozo MCA 3acmocyHky
Ha pucynky 3.3 HaBeneHa Aiarpama KiaciB 3aCTOCYHKY.

G OrderServiceApplication
@ = OrderSenviceApplication

@ restTemplate{) RestTemplate
& % main(String[D void

(- ProductServiceApplication

©® ° OrderController — . ==
® ' OrderControllerRestTemplate) | @ UserSenviceApplication

@ UserServiceApplication()

£ = main(String[D

l

@ = ProductServiceApplication() @ %= getOrder(String)

& = main(String[D void

String |

void

© = productController
@ = ProductController 0
@ addProduct(Product) void
@'- getProductByld (String) ResponseEntity <Product>

products [*

© = product
@ = Product(
String
String
'© ™ tostring0 g
@ = equalsObject)
@ %= hashCode 0 int
@ ® cankqual(©Object) boolean

String

boolean

String
String

© = yserController
@ = UserControllerQ
@ %= addUser(User) void
@ % getUserByld(String) ResponseEntity<User>

userList (*

@ = User0
@ & name

d String

String

X ;c;uals(object)
@ = toString0 String
‘= hashCode int
canEqual(Object) boolean

boolean

s name

Puc. 3.3 UML oiacpama knacie mecmosozo 3acmocyuxy 3 MCA
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OO0paHa apxiTekTypa 3abe3nedyBajga MOAYJIbHICTh Ta PO3AIICHHS 000B'I3KIB MIXK MIKpOCEpBICaMH,
oo J03BOJSUIO e(eKTHBHO MacmTabyBatu cucTtemy. KoskeH MikpocepBic Mir (yHKIiOHYBaTH
HE3aJIeKHO, 110 TOJIETIIYBalo0 PO3TOPTaHHS Ta MIATPUMKY cucTeMH. KpiM Toro, MikpocepBicu Majiu
3MOT'Y B3a€MOIISITH MK COOOFO ISl OTpUMaHHS iHQopMarii a00 BUKOHAHHS MTEBHUX OTIepalliil.

bepyui 1o yBaru te, 110 TOJITOH pO3pOOIISBCA BUKIIOUHO IS TECTYBAaHHS, OyJI0 MPUIHSTE PilIeHHS
HE BUKOPUCTOBYBATH OKpeMi 0a3u jpaHux, Taki sk SQL a6o NoSQL. ByB o0panuii BapiaHTIB JIOKAJILHOTO
30epexeHHs (aiiIiB Ha KOMITTOTEPi.

3.3. OcHOBHI eTanu TeCTyBaHHS Ta aHAJI3 OTPMMAHUX pe3yJabTaTiB

Hns TtectyBanHs OyB CTBOpEHHMH €IWHHHA MPOEKT 3 KOHQIrypamisiMu SKHHA BKJIIOYAB CHUIBHI
KoH(irypartii [1s oryBaHHs Ta MoHiTOpuHTY B Microconfig.io. OcHoBHI eTamu poOOTH 3 IUIATiHOM IIe:

- mepexia O KOMIIOHEHTA;

- BHpILICHHS 3alIOBHIOBAYa;

- TOTNepeaHii mepersiy KoHDiryparii;

- xoH(irypauis 30ipku (depe3 «3amyck KoHpiryparii»).

Jlns reHepyBaHHs KOHQIrypaliii AJst user cepsicy B neBHOMy oToueHHi B Microconfig.io HeoOxinHO
BUKOHATH KOMaH]y, siKa 300pa)keHa Ha PUCYHKY 3.4.

[ =] = - = -
. @ microconfig-microservices — zsh — 116x25
(base) sofiiahalamai@PSofiias-MacBook-Pro microconfig-microservices % microconfig -r . -e dev -s user-service

Filtered 1 component(s) in [dev] env.

Copied 'user-service' template ../log/logback.xml -> logback.xml
Generated user-service/application.yaml

Generated user-service/deploy.yaml

Generated [dev] configs in 299ms
(base) sofiiahalamai@Sofiias-MacBook-Pro microconfig-microservices % [

Puc. 3.4 Cmeopenns xonghicypayii ons user cepgicy

CrBopenns kKoHpirypauiit s product Ta order cepBiciB OKa3aHO Ha PUCYHKY 3.5.

Generated [dev] configs in 299ms

(base) sofiiahalamai@Sofiias-MacBook-Pro microconfig-microservices % microconfig -r . —-e dev -s product-service
Filtered 1 component(s) in [dev] env.

Copied 'product-service' template ../log/logback.xml -> logback.xml

| Generated product-service/application.yaml

Generated product-service/deploy.yaml

ted [dev] configs in 294ms

sofiiahalamai@Sofiias-MacBook-Pro microconfig-microservices % microconfig -r . -e dev -s order-service
.. Filtered 1 component(s) in [dev] env.

3t Copied 'order-service' template ../log/logback.xml -> logback.xml

€ Generated order-service/application.yaml

ar Generated order-service/deploy.yaml

|- |

Generated [dev] configs in 282ms

(base) sofiiahalamai@Sofiias-MacBook-Pro microconfig-microservices % [
Puc. 3.5 Cmeopenns xonghicypayiii ons product ma order cepsicie
Pesynbrar cTBOpeHHs marku 30ipky 3 KOHQIrypalisMu It cepeioBuIIa po3pooku (dev) st ceppiciB

user, product i orders 3a monomororo 3actocyHky Microconfig.io mokasanwuii Ha pucyHky 3.6. Koxen
CEpBIC Mae CBOIO BJIACHY IIJIAIKY 3 KOH(Iryparisamu, siki BiAMOBIAAI0OTh CEPEIOBUIILY PO3POOKH.

~ B8 microconfig-microservices Today, 12:27 -- Folder
~ B3 build Today, 12:27 -- Folder
~ [l order-service Today, 12:27 - Folder
% deploy.yaml Today, 12:27 163 bytes YAML Document
“ application.yaml Today, 12:27 233 bytes YAML Document
% logback.xml Today, 12:27 262 bytes XML Document
v~ B product-service Today, 12:27 Folder
% deploy.yaml Today, 12:27 157 bytes YAML Document
% application.yaml Today, 12:27 239 bytes YAML Document
% logback.xml Today, 12:27 264 bytes XML Document
~ Bl user-service Today, 12:26 -~ Folder
» deploy.yaml Today, 12:26 151 bytes YAML Document
# application.yaml Today, 12:26 230 bytes YAML Document

% Jogback.xml Today, 12:26 261 bytes XML Document

Puc. 3.6 Pezynomam agmomamuuno2o cmeopents Kongizypayiinux gainie 3a donomozoro Microconfig.io
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TakuM YMHOM, B pe3ynbraTi TecTyBaHHs 3acoby Microconfig.io Oyma mokasaHa TPHHIMIIOBA
MOJKJIUBICTh CTBOPEHHSI KOH(IrypauiiiHux QaiiiiB, sSKi BKIIOYAIOTh HATAIITYBAHHS SIK AJS KOXHOTO
MiKpOCEpBICY MPOEKTY, TaK 1 A BCiX cepBiciB omHoYacHO. Lle 103BoJIsi€ 3HAUHO CIIPOCTUTH MPOLEC
KOH(ITYpYBaHHS TPOEKTY, MiABUINWTH IIBHIAKICTH BIPOBAPKEHHS 3MiH B KOH(iryparii, 3abe3nedye
HAAIMHICTH Y POOOTI POEKTY.

4 IlepcneKTHBHA TEXHOJIOTiSi BHUKOPHCTAHHS iHCTPYMEHTaJabHOro 3aco0y Microconfig.io 3
MOSKJIMBOCTSIMU AIANITUBHOTO YNPAaBJIiHHA Ta MOHITOPMHIY NMOKA3HMKIB SIKOCTI KOH(irypamii
MiKpocepBiciB

Ha migcraBi mpoBeneHoro aHanizy (QyHKIIOHaJbHUX BIACTUBOCTEH ICHYIOUMX IHCTPYMEHTaIbHUX
3ac00iB 11 KOH(DITypyBaHHS MPOTPAMHNX MIKPOCEPBICiB, MOYKHA CTBEPKYBATH, 110 Ha TETIEPIIIHIN Jac
nepeBakHa ix OinplricTe Numie 3a0e3nedye aBTOMATH3AlI0 OCHOBHHX PYTHHHHX OIEpaliid y LuX
mporecax, i He MiATPUMYE Taki OUTBII CKIIAJAHI MOXJIMBOCTI 1X HaJallTyBaHHS, 30KpeMa, aJlalTallito
mapaMeTpiB HOBHX KOH(QIrypamiifi 3 ypaxyBaHHSM CTaHy OIEPAliifHOTO CepefOBUINa BUKOHAHHS
BiJIOBiTHKX 3acTOCYHKIB 3 MCA.

Te, mo BUpimeHH MOAIOHUX MPOoOIeM po3poOKH Oinbll eeKTUBHUX 3ac00iB KOH(IrypyBaHHS Ta
MOIAJTBIIOT KOOpAUHAIIT 3acTOCYHKIB 3 MCA € akTyallbHOIO HAYKOBO-TEXHITHOIO 331a4€l0, MiATBEPIKYE
MOsIBa HOBITHIX MyOTiKaIIii 3 X MUTaHb, 30KpeMa, B poboTax [18, 19]. J{is 115010 B HUX pO3pOOISIIOTHCS
MiAXO/M 13 3aCTOCYBaHHIM ANTOPUTMIYHUX MOJIeIeH JMHAMIYHOTO YIPaBIiHHA POOOTOI0 MiKpOCEPBiCiB
Ha OCHOBI HaKOIMYCHHS Ta 00poOKa iHpopMarlii mpo ix B3aemo3B’s3kH (inter-service dependencies) Ta
TAHITFO)KKM BUKIHKIB (service call chains), mo mo3Boinse, y KiHIIEBOMY paxyHKY, 3MEHIIUTH 0OCST
HeoOXimHoT mam’sTi Ans  (YHKUIOHYBaHHS KIIACTEPIB MIKpOCEpBICIB Ta, B ULIOMY, MiIHATH
NPOAYKTHBHICTH po0oTH ycboro MCA 3acrocyHky. BpaxoByroum Taki TeHAEHIII y mpoOiemaTHil
BUpIIICHHS 337ad MiABHUINEHHS SKOCTI (YHKIIOHYBaHHS MIKpPOCEPBICiB, Yy IIiii poOOTi MPOIMOHYETHCS
PO3TISHYTH MOJIMBICTh MiABHINEHHS e€(QEKTUBHOCTI TaKWX IHCTPYMEHTAJIbHHX 3aCO0IB 5K
Microconfig.io UUISIXOM iX BHUKOPUCTaHHS Y CKJIAJAi MEPCHEKTHBHOI iH(OpPMAaLiHHOI TEeXHONOTIi
aIalITUBHOTO YIpaBIIiHHS mporecoM KoHdirypyBanHs MCA. Ll TexHOnoris npeacTaBieHa y BUTIISAL
CIIPOMIEHOT KOMITOHEHTHO] fiarpamu B HoTamii UML Ha pucysky 4.1.

Kubernates Monitoring & Analysis
‘ Monitoring E
Docker E Docker E Docker Prometeus
Service A Service B Service C = Kibana
! : ! A
' | ' :
! : Decision making E
H : (Case-based reasoning)
i

V Vi V v
Microconfig.io E‘

Puc 4.1 Komnonenmua oiacpama aoanmuero2o ynpasiints npoyecom kougieypyeanns MCA

Ha wiit miarpami omepaniiina miargpopma Kubernetes Bizirpae KIO4YOBY poiib y PO3TOpTaHHI Ta
OPKECTpOBIII MHOXHMHHU KOHTelHepiB Docker, y sKuX po3MilIyIOThCcs OKpeMi Mikpocepsicu, Koxen
MIKpOCepBiC, po3MilieHuit y cBoemy BiacHoMy Docker koHTeiiHepi, MOoke OyTH HajallTOBaHHWN 3
BUKOPHUCTaHHIM iHCTpyMeHTY Microconfig.io, sIkuii cripollye npouec KoHQirypamii yepe3 MOXIUBICTD
reHepaitii KoHdirypamiiaux Gpaiis 1yis pi3HOMAHITHAX TEXHOJIOTIH Ta mardhopM, BKIFOYHO i3 Spring,
Ansible, Tomo (muB. Po3min 3). MoHiTOpuHT Ta aHaii3 mnapaMeTpiB (QYHKIIOHYBAaHHS CHCTEMH
3IICHIOETBCS 3aBISKM 1HTErpalii Takux iHcTpyMeHTiB sk Prometheus [20] ta Kibana [21]. Prometheus
€ THCTPYMEHTOM MOHITOPHHTY 3 BIIKPUTHM KOJIOM, SIKHH 30Upae 3HAYEeHHS MEBHUX METPHUK 3 HASIBHUX
koH]irypamii MCA Ha 3ajaHuX iHTepBajaX, BHBOJUTH Pe3yJbTaTH Ta MOXKE T'€HEpyBaTH CHCTEMHI
MOBIJOMJICHHS, SIKIIO IIOCh KJe He 3a IiaHoM. Lli MeTpHKM BKIIIOYAIOTh MOKa3HUKH BiJ OKpPEeMHUX
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Mmikpocepsici (Docker) ta Bix indpactpykrypu ix dyHkmioHaasHoro cepemosmmia (Kubernetes), sxi
BiZJOOpakaloTh CTaH CUCTEMH B peajbHOMY uaci. B cBoto uepry, kommonenT Kibana, 1o € 4acTHHOO
¢dpeiimBopky Elastic Stack, mo3Bossie kopuctyBauam BizyanizyBaTu jaaHi 3 ElasticSearch, siki mortim
KoMmoHeHT Prometheus moxke 30mpaTti i cTBOproBath rpadiké Ta Bi3yalbHI CXEMH, IO TOJIETIIYE
PO3YMIHHSI BETMKOI KUTBKOCTI iH(OpMaIlii Ta MPUCKOPIOE TPOIEC MPUHHATTS PIlIeHh MO0 TPOIECY
apantuBHOTO KoHQirypyBanHs MCA 3actocynky. Kommonent 'Decision making' y uiii indopmauiiinii
TEXHOJIOTI1, IKUi Ma€e OyTH pO3pOOJICHNM J10JaTKOBO, MOKe BUKoprcToByBaTH MeToiu CBR (Case-based
Reasoning) s aHamizy OTpUMaHUX JaHUX 1, BIAMOBIAHO JO TEBHHUX IPaBHJI Ta alrOPUTMIB, MOXKE
3aIpONIOHYBATH KOPUTYBaHHS MMOTOYHUX KOH(QIrypariii okpemux MikpocepsiciB [22], mo 3abe3neuye
MiABUIICHHS MPOAYKTUBHOCTI Ta HAAIMHOCTI cepeloBuIla X GYHKIIOHYBaHHSI.

5 BUCHOBKHM Ta HANIPSIMKH NOJAJILIINX JOCTiIKeHb

Y npoMy JOCTIKEHH] pO3IIIsIHYTa aKTyalbHa HAyKOBO-TEXHIYHI 3a/1a4a MiABUIICHHS €()eKTHBHOCTI
BUKOPHCTAaHHS ICHYIOUMX I1HCTPYMEHTANIbHHX 3aco0iB s KOH(IrypyBaHHS 3aCTOCYHKIB 3
MikpocepBicHOIO apxitektypoio (MCA) mmisixoM po3poOKH MOAETHHO-TEXHOJOTIYHUX PIIeHb I
3a0e3MeYeHHs] MOKIINBOCTEH aJalTUBHOTO YIIPaBIiHHS B TAKUX 3aCTOCYHKaX. BusHaueHi 6a30Bi MOHATTS
Ta CYTHICTh TIPOIECIB yIpaBIiHHS KOH(ITypalisMd MPOTPAMHHUX MiKPOCEPBICIB, MPOBEIECHO aHAII3
(G yHKITIOHATHPHUX MOXKITUBOCTEH 1HCTpYMEHTAIbHUX 3aco0iB jis koH(pirypyBanHs MCA i1 moOynoBana
ix kmacugikamis. [l momanbimoro nociimkeHHs oOpaHo cucteMy Microconfig.io, sika mpeacTaBiisie
c00010 cyuacHHUH iIHCTpYMEHTaNBHUH (DpEeHMBOPK AJIsl aBTOMATH3aIi1 yCiX OCHOBHUX PYTHHHUX OTIEpallis
B miporiecax koH(pirypyBanas MCA. Ha ocHOBI IpoBeIeHOT aHANITHYHOI Ta EKCIIEPIMEHTAIBHOT poOoTH
3p00JIeHO OOIPYHTOBAaHWH BHUCHOBOK NP0 MOJMJIMBICTH Ta JONUIBHICTH MiJABHIIEHHS €(EKTUBHOCTI
iHCTpyMeHTanpHOro 3aco0y Microconfig.i0 nuIsixoM HOro BHKOPUCTAHHS Y CKJIaai MEpCHeKTHBHOL
iHQopMaIifHOI TEXHOJOTil aJanTUBHOTO YIpPaBIiHHA TporiecoM KoHbirypyBanHs MCA, mns skoi
po3pobnena Binmosigaa UML mgiarpama KOMIIOHEHTIB.

VY 4KOCTI MOJANBIIUX JOCHIKEHh Yy Mid MPOOJIEMATHINl MOXIJIMBO 3allpPOIOHYBAaTH PO3POOKY
iH(pOpMaLlIHHOT TEXHONOTiT 3 BUKOPUCTAHHSM IHTEJICKTYAJIbHUX METOMIB NPHUUHATTS pillleHb IS
KOOpAMHAIII B3aeMOJIIi OKpEeMUX MIKPOCEPBICIB TakoK Ha eTami iX BUKOHAaHHS 32 YMOB OOMEKEHHX
OTepaliiHUX PecypCiB, TAKUX SIK OMEpaTHBHA IaM’ATh, L0 Yy KiHIEBOMY PaXyHKY MOXE 3a0e3MeUnTH
migBUIIEeHHS MpoaykTUBHOCTI MCA 3aCTOCYHKIB.
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Analysis, classification and testing of configuration management tools
for software microservices

Actuality. The development of software applications with microservice architecture (MSA) requires to solve problems of their
design, integration, scaling, adaptation, reliability, fault tolerance and, in general, an improving the quality indicators of such
systems, and therefore the issue of effective management of MSA configurations is an urgent scientific and technical task.
Goal. The purpose of this study is to analyze the functional features of the existing tools for configuring MSA, as well as their
classification and testing, which enables their improvement by developing of model-technological solutions to ensure adaptive
management in such applications.

Research methods. In order to achieve the goal of the research, the basic concepts and the essence of the management processes
of MSA configurations were determined, the functional capabilities of some modern tools for MSA configurating were analyzed
and their classification is elaborated. For the further research, the Microconfog.io framework was chosen, for which the specific
example of the MSA application was developed, its testing has been carried out, and the obtained results were analyzed.
Results. A well-founded conclusion was made about the possibility and expediency of increasing the effectiveness of the
MicroConfig.io tool by using it as a part of the perspective information technology for adaptive management of the MSA
configuration process, for which a corresponding UML component deployment diagram has been developed.

Conclusions. The functional features of modern tools for MSA configuring were analyzed, their possible classification was built,
and the software testing of one of the typical such systems, namely, the Microconfig.io framework, was provided. A promising
information technology of adaptive management of the MSA configuration process is proposed in the form of a component
deployment diagram, and the directions for further research are formulated.

Keywords: software microservices, configuration management, classification, testing, adaptation, quality, metric, information
technology, UML, component diagram, model, tool.
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Routing a vehicle through city traffic by the time-optimal dynamic path

The key goal of this study is to synchronize traffic flows, optimize the use of the transport arteries throughout the city, prevent
congestion, and follow each vehicle to its destination to minimize time spent on the trip. As a result, the total time spent by cars
on the road will be significantly reduced, and environmental conditions will improve accordingly.

The object of the study is a city's transportation network, represented as a weighted oriented nonplanar multigraph (WONM).
The key advantage of using the graph theory to build optimal routes is based on the following considerations: 1) the graph theory
has developed many algorithms for finding optimal routes (Dijkstra algorithm, Floyd-Warshall algorithm, A-star algorithm, etc.);
2) the graph theory is used as the theoretical and practical basis of logistical systems, including urban traffic. To build a route in
such a multigraph an A-star algorithm has been used, which establishes an optimal time (t-optimal) route between two selected
vertices of graph.

The study offers a realistic prospect for solving the problem of congestions through the use of a special software algorithm
oriented towards establishing optimal routes and using graphs to represent the city's transportation network.

The fundamental issue is the representation of the city's transport network in the form of an electronic map and the display of
GPS-identifiers of vehicles involved in traffic on this map. The "city traffic — electronic map" representation makes it possible
to obtain data as to the level of congestion in the transport network. The use of an electronic city map allows the GPS coordinates
of each vehicle to be projected onto it. Thus, the city's transport network is under the full control of the transportation management
center (TMC), which has a real opportunity to interact with each vehicle and constantly adjust its route, choosing the t-optimal
one. The route adjustment is carried out via General Packet Radio Service (GPRS) channel in the form of voice commands as in
conventional GPS navigation. However, the specifics are as follows: 1) the navigation is carried out online; 2) t-optimal routes
are plotted, taking into account the traffic situation at any given time.

Thus, a large-scale transportation urban traffic network and an associated computer program has been developed. This is an
applied project, and its results can be used to effectively regulate traffic in megacities in order to minimize the travel time of
each vehicle along a selected route.

Keywords: weighted oriented nonplanar multigraph, GPS-navigation, A-star algorithm, t-optimal route, intelligent traffic.
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1. Introduction

In the graph theory many algorithms have been developed to build optimal routes, including t-optimal
ones [1] and this is the key advantage of the multigraph model over other traffic simulation models.
Another key advantage of the multigraph model is the possibility to simulate the city's transportation
network, depicting all lanes, intersections, traffic junctions, and pedestrian crossings. These features
allow implementing the procedure of programmatic regulation of urban traffic, which is a particularly
important result of the study. In other words, a basic framework for automating urban traffic processes
has been created. The model of the urban transport network in the form of a WONM allows using graph
theory algorithms to find optimal routes for vehicles participating in traffic. It is most appropriate to use
the A-star algorithm, since it ensures the optimal routes between two selected positions of the graph (city
transport network) and has a number of advantages over other similar algorithms.
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The fundamental issue is the creation of bijective mapping principles of the "city traffic - WONM"
type. In other words, the location of vehicles on urban transport arteries should be reproduced as
objectively as possible on the urban electronic map used by the city TMC. In addition, constant interaction
between each vehicle, which is identified on the electronic map by a pair (0;, D;) is required. Each such
pair is a specific vehicle identifier which can be tracked on the city's electronic map. Since each car | is
under the control of TMC, tracking it along the selected route is equivalent to tracking the identifier

(G, Dj) on the electronic city map. In turn, vehicle tracking involves online interaction with the vehicle

driver via a GPRS channel. Therefore, each driver can receive accurate and timely instructions on the
best way to travel. Importantly, such instructions correlate with the dynamics of urban traffic and are the
result of implementing the A-star algorithm, which creates the optimal route in the graph and constantly
updates the route in accordance with the traffic situation at a particular time. In other words, the route of
each car is synchronized with the dynamical changes in the traffic situation.

Practically, regulating the traffic of tracked vehicles is carried out by automating traffic control at each
intersection and road sections between neighboring intersections. This allows TMC to control all traffic
flows in the metropolis in real time, as well as to track each vehicle along the route where the initial point
is established by using a GPS navigator and the destination point is set.

The process of controlling and regulating urban road traffic is based on the fact that TMC transmits
voice commands to each driver via GPRS channel highlighting the route to the destination point as in
conventional GPS navigation. The distinct feature of the program is the analysis of the dynamic traffic
situation throughout the city by using interactive road sensors located on the electronic map of the city in
the vicinity of intersections.

The practical application of the described process of regulating the urban traffic will lead to the
disappearance or significant reduction of traffic jams. The main results of this study are: 1) optimization
of vehicle routes, which minimizes the travel time between origin and destination points; 2)
synchronization of traffic flows; 3) the uniform redistribution of traffic flows within the city, which will
lead to optimal use of transport arteries throughout the city; 4) absence or significant reduction in the
duration and frequency of congestions.

2. Analytical review of the related works

The previous investigation [2] addresses the problem of traffic control in a metropolis by using the
Dijkstra algorithm. The authors consider the Intelligent Transportation System (ITS) application in order
to analyze the causes of congestion on urban transport arteries. ITS makes it possible to provide
innovative services and enable users to be better informed and make safer, more coordinated, and ‘'smarter*
usage of transportation networks.

A map-matching algorithm [3] allows for the correct comparison of the GPS-trajectory of the vehicle
with the corresponding road segment. In particular, the comparison of GPS data with the electronic map
of the city is carried out by using Automatic Vehicle Location (AVL) systems that use vehicle tracking
system to track the movement of a vehicle. In turn, the information collected by AVL can be compared
with electronic maps via the Internet or with help of special software. A map-matching algorithm is a
significant part of any navigation system because it aligns data from the GPS with a digital road network.
The map-matching algorithms are divided into simple, weight-based, and advanced ones. The advanced
algorithms use different mathematical models such as probability theory, fuzzy logic, multihypothesis
road tracking, a hidden Markov model, a hybrid Bayersian network and a neural network. The cited
research proposes the weight-based algorithm to find a best segment of road network. In [3,5], the
problem of map-matching of GPS markers (points) of vehicles with electronic maps is considered in
detail. For this purpose, the so-called device-based sensors are used, which constantly record and transmit
space-time information about the location and movement of the vehicle [6]. The latest applications of
urban vehicle maobility visualization systems are based on the usage of Geographic Information Systems
(GIS). This system allows linking data to an electronic map, in particular displaying the geolocation
position of the vehicle on such a map. The study [7] shows that finding the shortest route by using an A-
star algorithm facilitates the procedure of comparing a vehicle position on electronic map with road
segments. That means that Dijkstra or Floyd algorithms are less effective in this case.

City traffic flows need recording in real time, since knowing the level of congestion on city streets is
the starting point of solving a traffic flow regulation problem. The next step is for the TMC to select the
best routes in the urban transportation network. This is key problem in terms of urban traffic strategy.
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Thus, in [8], a new control system using the heuristic approach is used to solve this problem. The authors
propose a new integrated control algorithm that combines actions of dynamic traffic routing with on-
ramp metering to optimize the traffic flow. The algorithm can manage the system in the case of a capacity
constraint in the highway network. The investigation focuses on the development of integrated traffic
management strategies in road networks. The highway network is modeled by using the Lighthill-
Whitham-Richards traffic flow model, which introduces the terms of flow density and average speed. An
integrated control algorithm based on the methodology of feedback control and variable structure control
has been developed to solve the proposed problem. Three options for selecting alternative routes to avoid
congestion have been tested. The results show that the proposed algorithms can offer to the user a balance
between the selected alternative routes.

A number of studies have been aimed at implementing the principles of urban traffic forecasting.
Studying networks of different nature, such as neural networks, allows making forecasts. In particular,
short-term traffic forecasting [9] is one of the most important elements of all active traffic control. The
development of a forecasting model based on neural networks allows for short-term forecasting based on
the selection of the best combination of forecast parameters. In this work, a self-correcting neural network
based on genetic sorting has been used. The NSGA-II algorithm is used as a multi-objective optimizer
for short-term forecasting.

The Kalman filter [10] for traffic forecasting on urban highways based on data obtained from
connected vehicles is used. That allows for real-time forecasting, since the data of the connected vehicle
is analyzed immediately before the forecast period. To analyze traffic data, the Vissim simulator, which
registers vehicles at different speeds is used. The performance of the algorithm for different traffic
situations is evaluated by using statistical methods.

The short-term forecasting of traffic scenarios [11] uses a set of specific tools and models. In
particular, such forecasting models as the non-parametric k-Nearest Neighbor (KNN) regression model,
the Gaussian probability maximization model, and the double seasonal exponential HolteWinters
smoothing model are important components. Real highway traffic data is used to test the theoretical
conceptions. The research allows predicting weekly and monthly fluctuations in average daily traffic with
varying degrees of precision while being ease of use. The article uses the information entropy method
and the less common Shapley method.

Forecasting of traffic processes can be carried out both for the day and for a longer-term range [12].
For this purpose, a traffic management system based on predictive information through the use of static
and mobile objects is used. These objects (agents) use a methodology for collecting and transmitting data
on traffic flow parameters (speed and density), spatial and temporal information on urban traffic modes
in order to monitor and predict expected traffic density patterns. All that permits the vehicle driver to
choose the best routes and thus ensure uninterrupted traffic flow and reduce the frequency of traffic jams.
Traffic situation monitoring and forecasting is performed through the integration of NS2, Simulation of
Urban Mobility (SUMO), OpenStreatMap (OSM) and the MOVE tool.

Urban traffic is a function of the capacity of a particular urban intersection or a place where traffic
flows intersect. The fundamental question is how to organize an effective process of regulating the
passage of vehicles through this intersection. Therefore, the main task is to create a mode of optimizing
the capacity of each urban intersection [13]. For this purpose, an algorithm to control traffic signals at
isolated intersections is used. In this approach, a central controller is used to collect the real-time location
of communicating vehicles at certain intervals. The controlling of traffic lights is focused on the correct
choice of the phase of the traffic signal, which maximizes the average vehicle speed while limiting the
maximum delay that any individual vehicle can experience. The proposed algorithm is also effective when
the level of interaction between connected vehicles is imperfect, when such objects account for more than
40% of the traffic flow. The results show that the proposed strategy can help to significantly reduce long
delays. Intersection coordination is carried out through the implementation of a computer program for
regulating vehicle flows [14]. The presented computer program allows optimizing the passage of cars
through each individual intersection.

The invention of real-world applied algorithms has played an important role in creating an intelligent
intersection control [15]. In particular, an intelligent traffic light can be implemented on the basis of an
intelligent terminal. The intelligent terminal has a bidirectional communication with the TMC, which is
used to manage urban roads and provide information services for cars, as well as provide electronic maps
and route maps for the intelligent terminal. The intelligent traffic light system automatically detects the
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number of vehicles on the roads to adapt the travel time for each road. The system and method provided
by the invention can help drivers optimize route maps and improve the efficiency of vehicle traffic.

The adaptive traffic light control system [16] operates in real time. The authors propose to consider
each intersection in the urban transport network as an independent, autonomous object that can change
the length of the green phase of the traffic light depending on the characteristics of local traffic. This will
significantly improve the capacity of each individual intersection.

Robot cars are promising objects that are receiving special attention from researchers. Such cars
operate in an autonomous mode — without drivers [17]. The advantages of this innovative approach and
the real prospects for its use are becoming apparent today. This problem has recently received
considerable attention from researchers around the world, and the number of publications has been
growing sharply in recent years.

3. Presentation of the problem and the results of the work
It is convenient to regulate urban traffic on an electronic map of the city by means of a bi-active display
of the type "urban traffic — electronic map". In this case, urban traffic can be managed by TMC.
However, the implementation of the transformation "urban traffic — electronic map" is a significant
problem [6]. To solve this problem, the following tasks have been set (Fig. 1):
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Fig.1. Weighted oriented non-planar multigraph model of the city's transport network fragment. The highlighted
gray square is shown in detail on Fig. 2 below. The origin and destination points of a particular vehicle are located
at nodes 1 and 75, respectively.

- to create a real-time model of the urban transport network in the form of an oriented weighted nonplanar
multigraph with dynamically loaded arcs;

- to activate the electronic map of the city in TMC and use this map to track each vehicle;

- to create optimal time routes for all vehicles that have ordered such routes;

- to implement in real time the software algorithm for constant route updates for each guided vehicle.
This will allow synchronizing city traffic with the traffic management procedure on the TMC and making
adjustments to the route for each accompanied vehicle.
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The schema of the principle of traffic organization is shown as the diagram on Fig. 1. Urban traffic
management is relied upon by the TMC, which consists of three interconnected subdivisions: the city
road electronic map, which receives geo-positioning data from each vehicle in the city road network.
After processing, the data is transferred to the information and computing center. The routes calculated
here send as instructions via a GPRS channel to each vehicle by traffic control center that manages each
vehicle.

The creation of a model of the city's transport network by using the WONM makes the operational
management of traffic flows possible. The fundamental point is that in such a graph, each arc is matched
with a weight - a dynamic value correlated with the actual traffic load of each city road lane. In the terms
of graph theory, this graph is a bijective (as objective as possible) representation of the distribution of
vehicles on the city's transport arteries. WONM is the basic representation of an electronic traffic map of
the city. GPS identifiers of vehicles involved in urban traffic are projected onto such a map [3].

The optimal routes in the graphs are constructed by using special algorithms, among which the Dijkstra
and Floyd-Warschall algorithms are the most well-known [18]. The first one finds the optimal route
between the selected graph vertex and all other vertices, and the second one finds the optimal route
between all vertices of the graph. However, for this study, we need to build optimal routes between two
selected vertices of the graph, since each driver wants to get from a certain position A to position B. In
this regard, it is advisable to use the A*-algorithm to build optimal routes between two specific vertices
of the graph.

The implementation of a software algorithm that builds optimal routes has a number of features,
including high traffic dynamics and different levels of traffic congestion in individual lanes on the same
road section and in individual streets. It is known that city central highways are usually congested during
peak hours, while secondary transport arteries operate in normal or even underloaded traffic mode [6].
Therefore, one of the fundamental tasks of the proposed algorithm is to organize a predominantly uniform
distribution of vehicles along the city's road arteries.

One of the issues is interacting with each vehicle in order to transfer data on the calculated optimal
route. The registration of vehicles participating in traffic is carried out through the use of special sensors
located on the electronic map of the city in the vicinity of intersections. These sensors interact (read
information) with an electronic vehicle marker O;,D; when it crosses the electronic sensor. The data
from the sensors act as input values to the information and computing center that implements the A-star
algorithm (Fig. 1). The center plans the optimal route for each vehicle, taking into account the traffic

situation in real time. For this purpose, each route is constantly corrected. Let us consider the specific
details of the algorithm by using the example of the model shown in Fig. 2.

i N

TRAFFIC MANAGEMENT CENTRE

Fig. 2. Scheme of an interaction between electronic map sensors and TMC
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This simple graph is an actual representation of a section of the city's transportation network. This
means that the lanes between intersections are reproduced — there can be 2, 3 or more such lanes, which
corresponds to the situation with the real urban transport network. In addition, each arc of the graph is
assigned a time-varying weight that corresponds to real city traffic. The graph (Fig. 1) also contains two
types of traffic interchanges — the first is vertex 17, where circular traffic is organized, and the second is
organized between intersections 2 and 8, which are connected by a road that runs over intersection 5. The
graph (Fig. 2) models not just the road between intersections, but also reproduces individual lanes, which
is a fundamentally important point, since the congestion of vehicles in different lanes, as a rule, varies
significantly. Therefore, it is necessary to record the congestion of each lane separately. The fundamental
issue is to build the time-optimal route for each vehicle. For this purpose, the following definition should
be introduced:

Definition 1. The intersection traffic resistance as a function of the traffic observation time t in
the direction of the intersection for cars located along lane h is defined as the time interval for which a
car is delayed at the intersection j:

RIM=s/® 1)@, )

where Thj (t)= rjred (h) + 7" (h) - the length of the traffic light switching cycle at the intersection |

(the length of the yellow signal is included in tJrEd (h)); Srf (t) — a delay factor — a dimensionless
coefficient is set as follows
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where the value & <<1 corresponds to the ratio (vehicle travel time through the intersection)/(the length
of the traffic light cycle ThJ ). Thus, in the case of the first term, the vehicle crosses the intersection j
without any delay. The value Tr{ / Thj + 0 in the second term is obtained when the vehicle approaches the

intersection jwhen the red light is on, delays for a while Tr{ érﬁe‘j

, and passes the intersection
immediately after the green phase turns on. The value tﬁed /Thj +Crf in the third term consists of the
fraction Thj plus the number of traffic light switching cycles (Chj 21 ) during which the car is delayed
at the intersection. The value t?"°" /T) +CJ is a part of the value of the fourth term, consisting of the

fraction Thj plus the integer number of traffic signal cycles (Crf ).
The delay time (intersection resistance) of a car at an intersection is given as

j
5'Th
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RI(t) = 3)

green j j j

The weight W h (Iij 1) of each arc of the graph (Fig. 2) is the sum of
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Where ljj is a lane directed from the intersection i to the intersection j; | is a designation for the lanes
named starting from the centerline as a,b,c,d,... (for example, the entry cg 5 symbolizes the third lane

from the dividing line of the road, which is directed from intersection 6 to intersection 5 — Fig. 2). In the
program algorithm [19], which presents the complete procedure for calculating the optimal route the
antipode of expression (4) is the value of doubleWli _ j=R()-10+Li_ j. We assume that the average

vehicle speed (in m/s) on urban transport arteries is 10. The principal task of the study is to find the
minimum value of the function

H .
> RI®)-V;j+Ly) > min. )
h=1

Where, H is the set of lanes along the route that a vehicle passes while moving from the start to the end
position. Expression (5) consists of a variable component (the first term) and a constant component (the
second term). The variable component is a function of time, since traffic in the city is highly dynamic.

The fundamental issue is to build a route synchronized with real, highly dynamic urban traffic. The
procedure of such synchronization is implemented through the process of constantly recalculating the
optimal route for each vehicle by a program. Specifically, the route is recalculated to take into account
the state of city traffic at a particular moment every time the vehicle crosses the next intersection. In other
words, we are talking about the route that corresponds to the traffic situation at a given time. The features
of the process of implementing a dynamic software process that allows for route adjustment will be
described below.

Expression (5) represents the objective function of the problem: the total weight of all consecutive

lanes along the route should be minimal. The minimization of this function is performed by the A*-
algorithm. The code for the graph (Fig. 1) is presented in [19].

Definition 2. The weight of the route (5) is the sum of the real and virtual components of the path:

H H
(> L ) isthe real component of the path that the car physically travels along the route; () Rr{ (t) 'Vij
h=1 h=1

) is the virtual component of the path — this is the path that the vehicle would have traveled during the
delay at the intersection Rr{ (t), moving at an average speed V; ji

Expression (5) is equivalent to the following

. H .
P =3 (R )+ Ly / V) > min, (6)
h=1

where 7P is the travel time of the vehicle from its starting position to the destination. In expression (6)

Rr{- (t) there is a delay time of the vehicle (which was in the traffic lane h) at the intersection j, during

which the vehicle is in the standby mode. To travel such a route (6) takes a minimum time.

According to (6), there is reason to talk about optimizing the car's travel along the selected route in
terms of time. Accordingly, the total time spent by all vehicles participating in the traffic will also be
optimal (minimal).

An important value that characterizes urban traffic is the coefficient of dynamics, which characterizes
the capacity of each individual intersection

DY ®=ml )/ (N} (). (7

Where Nr{ (t) represents the number of vehicles in the lane h in the direction of the intersection |

and the value mr{ (t) is the number of vehicles that passed through the intersection j from the lane h
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during the green phase trg]:]reen of the traffic light. Thus, the traffic dynamics on a lane h along a road

section i — j is determined by the ratio between the number of vehicles leaving this road section during

the time equal to the green phase trg]:]reen of the traffic light to the number of vehicles on the road section
i — j ata given time.

The throughput Dr{ (t) is related to the intersection resistance Rr{- (t) as follows

D (t)=k /S (1), (®)
where the coefficient k has a time dimension.

The objective function is written in the form
Drf (t)—max . )

The analysis of the relation (8) shows that the dynamics of traffic directly depends on the capacity of
the city's intersections. A number of works have been devoted to the issue of improving the throughput
of urban intersections [20, 21]. In our study, the process of creating the intelligent intersection is based
on the following principle.

Definition 3: Intersection intelligence is a traffic signal control process in which the length of the

green light phase té:]reen in a direction | — | is proportional to the number of vehicles in that direction.

Creating the intelligent intersection allows maximizing both its capacity (9). In order to illustrate the
operation of such object, it is advisable to conduct a model experiment by using the AnyLogic North
America LLC 8.8.0 program. The purpose of the modeling procedure is to show how creating the
intelligent intersection affects the value of Dr{ (1) .

To control traffic, it is necessary to control the values included in (6). The process of fixing the
described values is organized as follows: a sensor I, (input sensor), located on an electronic map in the
vicinity of the intersection i in the direction of the intersection j (Fig. 2), registers the geoposition of
vehicles in accordance with their code identifier. The spectrum of such identifiers is given by the relation

S={(0,Dy),(0,,Dy),...(Ox,Dy),...(On, Dy )} (10)

Where N is the number of vehicles participating in urban traffic. Each car gets its own unigue token
consisting of an origin-destination pair (Oy, Dy ). This pair is a specific recorder of each tracked vehicle,

which allows it to be identified when it crosses the input or output sensors of the electronic map. The set
of output sensors (Fig. 2) located in the vicinity of the intersection j on the lanes directed in the direction

of i—> j registers vehicles that have left the road section i — j. The input sensors, on the opposite,
register vehicles that have entered the road section i — j . The ratio Dg (t) of these values according to
(7) indicates the dynamics of traffic on a particular road section in a particular direction i — j . Itis clear

that the closer Dr{ (t) is to unity, the higher the traffic dynamics on the road section in the direction of

i — j . The task is to find a sequence of lanes in the urban transportation network whose total weight is

minimal (in terms of vehicle travel time) compared to all possible options — a t-optimal route.
Relation (7) characterizes the dynamics of vehicle movement on the road section i — j . If

1< N/ @®)/ml@) <2, (9)

we can talk about high dynamics on this section of the road.
On the contrary, if
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NI (@©)/mie) > 1, (10)

it indicates low dynamics of vehicle movement in the corresponding lane h, which causes a large weight
of this lane. Thus, it is necessary to determine the throughput for each individual lane separately. That is
taken into account in developed software by implementing the A*-algorithm.

The functional relationship between the relations (10) and (11) and the intersection resistance Rg (t)
is represented as
R (t) ~1/Dj(t) . (11)

Improving the throughput of each individual intersection is a separate problem, which has been
addressed in a number of studies [4,7,22,23]. If we improve the capacity of each individual intersection,

then the terms er (t) in the objective function (6) will be minimized. Thus, the procedure for minimizing

the abjective function (6) consists of two stages: 1) minimization of the total weight of the route, which
is associated with the choice of the route in the graph/urban transport network; 2) minimization of the
travel time through each individual intersection.

In order to simulate the weights of graph arcs, the program [19] uses a random variable generator that
generates a variable part of the weight of a graph arc by using the method of publicstaticdouble R() . In

fact, this method returns a spectrum of real numbers in the range 0+500. This range corresponds to the
real traffic situation caused by the delay of a vehicle at an intersection in the range of 0+10 times of traffic
light switching cycles, where an average duration of one cycle is 50 seconds. The weight of the graph
arc Wh (ljj ) is represented as the sum of (4), the value of which correlates with the congestion of urban

transport arteries. In the program, the weights of the graph arcs are given as
follows doubleWa, 1 =R()-10+L; ;.

For example, for the lane a, ;we get doubleWa, 1 =R()-10+L;, 1. Thus, eacharc of the graph (Fig. 1)

receives a time-varying weight, the value of which is constantly changing, which corresponds to the
realities of urban transport arteries. Fig. 3 shows a mix of neighboring intersections. When the
geopositioning tags of the vehicles cross the input sensors of the electronic map, the signal is sent to the

ICC and the re-routing procedure [19] for vehicles with markers (Oj, D, i €N) is initiated.

The re-routing procedure is necessary to respond to changes in urban traffic, in other words, to
synchronize the traffic dynamics with the routing procedure. For example, in the case of the specific
vehicle (Fig. 3), the TMC program calculates a new route as soon as the specified vehicle crosses the
intersection i (the geopositioning mark of the vehicle on the electronic map crosses the input sensor

in). This process initiates the transmission of the control signal via GPRS channel and at the very

beginning of the road section (that is important!) the driver of the vehicle will receive the program-
calculated instructions for the further route selection. Thus, the driver has the time and opportunity to
shift to the desired lane in order to proceed to the next intersection, where the re-routing procedure will
be repeated. And so on until the vehicle reaches its destination.

Study [1] shows that finding the shortest route by using the A-star algorithm facilitates the procedure
of comparing the geoposition of cars on an electronic map with road segments. This means that the
Dijkstra or Floyd algorithms are less effective in this case.

A compact representation of the congestion of urban transport networks can be made by using matrix
analysis, as shown in [22]. The elements of such a matrix are values that represent the ratio of the average
speed of traffic on a road segment j to the speed of free movement on that segment.

The real-time interaction between each vehicle and the TMC is crucial for the continuous
programmatic route correction. The program [19] creates specific individual routes for each vehicle: each
vehicle is tracked by an individual program, as the A-star algorithm creates an optimal route between two
specified graph vertices. In other words, this algorithm is tied to the geometric coordinates of the origin-
destination pair.

If you run the program [19], the results will usually be different each time you run it. One of the
possible variants of the program is presented below:
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Fig.3. The trajectory of the car's route is shown. The data from the electronic map sensors are sent to the TMC
(Fig. 2). The numbers 1, 2 and 3 on the input sensors mark the positions where the vehicle routes are recalculated
in order to be synchronized with the new traffic realities.

Listing 1
Course-1: [a2_3-Broad Street, a3_2-Broad Street, a2 5-Heroes Street, a5 4-Short Street, a4 7-Long
Street, b7_9-Trump Street, a9 13-Welly Street, al3 _14-Cherry Street]
Course-2: [a3_2-Broad Street, a2_5-Heroes Street, a5 4-Short Street, a4 _7-Long Street, b7 9-Trump
Street, a9 13-Welly Street, al3_14-Cherry Street]
Course-3: [a2_5-Heroes Street, a5_4-Short Street, a4 7-Long Street, b7 9-Trump Street, a9 13-Welly
Street, al3_14-Cherry Street]
Course-4: [a5_4-Short Street, a4_7-Long Street, b7 9-Trump Street, a9 13-Welly Street, al3_14-Cherry
Street]
Course-5: [a4_7-Long Street, b7_9-Trump Street, a9 13-Welly Street, al3_14-Cherry Street]
Course-6: [b7_9-Trump Street, a9_13-Welly Street, al3 14-Cherry Street]
Course-7: [a9_13-Welly Street, al3_14-Cherry Street]
Course-8: [al3_14-Cherry Street]

In general, the specific appearance of Listing 1 depends on the outcome of the public static double R()

function that simulates the weights of the lanes.

The real route looks like this: a2_3-Broad Street — a3 2-Broad Street — a2 5-Heroes Street — a5 4-
Short Street — a4 7-Long Street — b7 9-Trump Street — a9 13-Welly Street — al3_14-Cherry Street.

Between consecutive Courses there is a delay phase, which simulates the time required for a car to
travel between two adjacent input sensors located along the vehicle route. In [19], the delay phase is
programmatically implemented by using the Thread.sleep((long) (t2-t1)) method. For a visual
interpretation, let us refer to Fig. 3, where the car crosses two neighboring input sensors — 1,2 and 3 on
its route. The time between the moments of crossing these sensors is the delay phase. Until the vehicle
reaches the new lane, the program "waits". As soon as the vehicle crosses the input sensor of this new
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lane, the program immediately plots an updated route, which, in turn, is calculated anew according to a
changing traffic situation.

The tracked driver is given verbal instructions (as in conventional GPS navigation) to move to the
next lane along the route (these lanes are highlighted in Listing 1). Thus, the route previously calculated
is connected to the new one (that is very important!), since the new route calculation uses the second
position in the route previously calculated. Thus, dynamic software approximation of urban traffic is
used. That allows the program to account for the dynamics of city traffic. Therefore, the routes for all
vehicles in the metropolis will be plotted, which is time-optimal. As a result, even if traffic jams do not
disappear, their probability will be significantly reduced.

Let us now describe some of the features of the program presented in [19], which consists of three
classes — Astar, Node, and Edge. The first class is very large, because it contains the constructors of all
nodes of the graph of a type

static Node li _ j=newNode("li _ j — Liberty avenue",1250) . (12)

Number 1250 represent the heuristic distance measured in a straight line from the intermediate node
of the graph to the final node of the route. Each node of the graph is extended, i.e., it covers the adjacent
lane; for example, a node al_ 2 includes node 1 itself and lane 1_2, which comes from this node. All that

is needed in order to register cars, which, of course, are located in lanes, not at intersections. And when
a real route is plotted, the starting position of the car, as well as its finish position, are set on the start
position of the graph (Fig. 1).

In the public static void initGraph() method of the Astar class, constructors of the type
ni_j.adjacencies = new Edge[] are specified, which form the interaction between the edges of the graph.
When forming incident edges by using such constructors, traffic rules are necessarily taken into account.
For example, you cannot turn from the lane a6 _5 (Fig. 1) to the lane a5_2 as it is prohibited by traffic
rules. Therefore, those constructors include only such elements of the route that are not prohibited by
traffic rules.

The public static void AstarSearch (Node source, Node goal) method of the Astar class implements
the main mission — the implementation of the A-star algorithm. This algorithm uses the heuristic function

f(n)=g(n)+h(n) , where n is the current node, g(n) is the distance from the starting position of the

vehicle to the current node, calculated along the arcs of the graph, and h(n) is the distance from the

current node of the graph to the end position, calculated along a straight line. Heuristic distances are set
in the program [18] by constructors of the type (12). The peculiarity of this algorithm is that it deliberately
cuts off unpromising routes by introducing a heuristic distance. Additionally, that algorithm has a minor,
namely linear, algorithmic complexity.

In the field of the Node class, class variables are declared, and the public Node (String val, double
hVal) method returns the value of the value variable.

The Edge class returns the values of the target and cost variables, which are used when plotting a route
in the public static void AstarSearch (Node source, Node goal) method of the A-star class.

Thus, the study creates a realistic prospect for solving the problem of congestion through the use of a
special software algorithm focused on laying optimal routes and graphs, which, in turn, model the city's
transportation network. The use of an electronic map of the city allows the GPS coordinates of each
vehicle to be projected onto it. Thus, the city's transport network is under the full control of the TMC,
which has a real opportunity to interact with each vehicle and constantly adjust its route, choosing the t-
optimal one.

4. Conclusions

1. A multigraph model that reproduces the transport network of a city simulates the real-life lanes. Each
arc of the graph receives a dynamic weight that synchronously changes in accordance with changes in
traffic.

2. The use of sensors located near each intersection allows for the registration of traffic flows on the
electronic map, therefore, the entire transportation network of the city is under the control of the TMC.
That makes it possible to track all traffic changes and calculate dynamic optimal routes for each vehicle.
As a result, urban traffic enters an equilibrium state — the Nash equilibrium state making it possible to
eliminate traffic jams.
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3. The working program module [19] that paves the time-optimal routes in the graph, and hence in the
real transportation network has been developed. It uses the heuristic A-star algorithm, a powerful
computational method of graph theory. That makes it possible to synchronize traffic flows and bring them
to a qualitatively new level.

4. The study operates only with electronic services, which allows implementing the proposed method of
creating optimal urban routes without significant economic costs.

5. Since all cars participating in traffic at a certain point in time will move under the control of the TMS
along t-optimal routes, there will be a complete synchronization of traffic flows, which will lead to a
qualitatively new state of urban traffic. That, in turn, will lead to the disappearance of traffic jams on city
highways. Moreover, each driver will arrive at their destination in the shortest possible time.
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MapmpyTu3aiisi TPAHCIOPTHOTO 3ac00y 3 ONTHUMAJBHHUM 32 YaCOM
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KirouoBa Mera LbOro IOCIHIDKEHHS - CHHXPOHI3YyBaTH TPAHCIIOPTHI IMOTOKH, ONTHUMI3yBaTW BHKOPHCTaHHS
TPAHCIIOPTHUX apTepiil 10 BChOMY MICTY, 3al0O0IITH 3aTOpaM 1 CYIPOBOPKYBATH KOXKEH TPAHCIIOPTHUH 3aci0 10
MICIISl IPU3HAYEHHS Tak, 100 4Yac, BUTpauyeHHWH Ha T0i3/Ky, OyB MiHIManbHUM. B pe3ynbTaTi 3aranbHuil yac,
MIPOBEICHUI aBTOMOOIISIMU B JIOPO31, 3HAYHO CKOPOTHUTHCS, & EKOJIOT1YHI MOKA3HUKH BiJITIOB1THO MTOKPAIISATHCS.
OO0'ekTOM IOCHI/DKEHHSI € TPAaHCIOPTHA Mepe)a MicTa, MPeCTaBlIeHa y BUIJLIAI 3BaXKCHOIO OpPIEHTOBAHOIO HEIIOCKOI'O
mynsTHrpada (30HM). KittouoBa nepeBara BUkopuctanHs Teopii rpadis uist moOyI0BH ONTHMAIBHUX MapLIPYTiB 6a3yeThest
Ha HACTymHUX oOcraBuHax: 1). Teopis rpadi po3pobmia Garato anropuTMiB NOOYIOBH ONTHMAIBHUX MapUIPYTiB (aIrOpUT™M
Hetikerpu, anroputM ®roiina-Yopiania, aroputM A-3ipku Ta iH.); 2). Teopist rpadiB € TEOPETHYHOO 1 IPAKTUYHOK OCHOBOIO
JIOTiCTHKH, B TOMY YHCIIi MiCbKOTO TpaHcropty. st mo0ynoBr MapuIpyTy B TAKOMY MYJIbTUTPadi BUKOPUCTOBYETHCS AT OPUTM
A-3ipKka, SIKHii IPOKJIA/Ia€ ONTUMATBHHUI 32 4acoM (t-ONTUMAaJIbHUIT) MapIIPyT MiXk ABOMa OOpaHUMHM BepIIMHAMU rpada.
JlocimiDKeHHsST CTBOPIOE peajibHy IMEPCIEeKTHBY BHUPILICHHsS MPOOJIEMH 3aTOpiB 3a PaXxyHOK BHKOPHCTAHHS CHELiaIbHOrO
MPOrPaMHOr0 aIrOPUTMY, OPIEHTOBAHOIO HA MPOKJIAJAHHS ONTHMAJIbHUX MApIIPYTiB Ta BUKOPHCTAaHHS rpadis, sKi, B CBOIO
4epry, MOJICIIOIOTh TPAHCIIOPTHY MEPEXKy MicTa.
[IpUHIUITOBUM TIUTAHHSIM € IPEICTaBICHHS TPAHCIIOPTHOI MEPEeXki MiCTa y BUTJISII €JICKTPOHHOI KapTH Ta BiI0Opa)KeHHs Ha Hii
GPS-inentudikaTopiB TpaHCIOPTHHUX 3ac00iB, 110 OEpyTh y4acTh y JOPOXKHBOMY pyci. BimoOpaskeHHs "TpaHCIOPTHHI pyX
MiCTa — eJISKTPOHHA KapTa'" Ia€ MOXIIMBICTh OTPUMATH [aHI PO PiBEHb 3aBAHTAKEHOCTI TPAHCIIOPTHOI Mepexi. BUkoprcTaHHs
€JIEKTPOHHOI KapTh MicTa J103BOJIsI€ CripoekTyBaTh Ha Hei GPS-koopanHATH KOXXHOTO TPAHCIOPTHOrO 3ac00y. Takum 4rHOM,
TPaHCIIOPTHA MEPEeKa MicTa 3HAXOAUTHCSI i/l MIOBHUM KOHTPOJIEM LEHTPY yipasiints TpancroptoM (LIYT), sikuit mae peanbHy
MOXJIMBICTh B3a€EMOMIATH 3 KOXKHAM TPAHCIOPTHUM 3acO00M 1 TOCTIHHO KOpPHUTYBaTH HOrO MapIIpyT, OOMparouu t-
ontuManbsHuil. KopuryBanss mapiipyty 3aidicHioeTbes yepes kanan General Packet Radio Service (GPRS) y Burusizi ronocoBux
KOMaH[, 5K y 3BuyaitHii GPS-nasirauii. Oqnak crermdika mosirae B HACTYMHOMY: 1). HaBirarlis 3IifiCHIOETBCSI B PeXUMI
OHJIaH; 2). MPOKIAIA0THCS t-ONTUMATBHI MAPIIPYTH 3 YPaXyBaHHIM JOPOXKHBOI CHTYAIlii B KOXKEH MOMEHT Jacy.
Takum YUHOM, PO3POOJCHO BETHKOMACIITAOHY TPAHCIOPTHY MICBKY JOPOXKHIO MEPEXy y MOEAHAHHI 3 KOMITIOTEPHOIO
nporpamoro. Po6ota Mae mpukIagHuil Xapakrep, a i1 pe3yabTaTH MOXKYTh OYTH BUKOPHUCTaHI [UIs e(peKTUBHOTO PEryTIOBAHHS
JOPOXKHBOTO PYXY B MeTrarojicax 3 METOI MiHiMi3allii MPoi3/1y KOXKHOTO TPAHCIOPTHOTO 3ac00y 3a 0OpaHUM MapIIPyTOM.

Kniouosi cnosa: 3sadcenuii opienmoganuii nennockui mynemuepad, GPS-nasicayia, ancopumm A-star, t-onmumansruii
Mapuwipym, iHmenekmyanoHutl mpagix.
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ABTOMATH30BaHA CUCTEMA NMPOKJICIOBAHHA JleTajlell IanepoBUX MAKeETIB

AkTyajbHicTb. [lonapyHkoBa Ta cyBeHipHa IPOIYKLis MOJA€ThCA 3a3BUYAl y MaNepoBUX MakeTax. JlocikeHHs 1 po3polka
NPaKTUYHHUX PIlIeHb I0J0 aBTOMATH3ALI] IIPOIECY IPOKICIOBAHHS JeTallel IaKeTiB € aKTyalbHOI0 HayKOBOO NMPOOIEeMOro Ta
IH)KeHEPHOIO 3a/1adero. Y CTaTTi pO3TiIIaeThesl MMTaHHS HOBITHROTO MIPOTPAaMHO-TEXHIYHE PINIeHHS 3 aBTOMAaTH3allil HAHeCEHHS
KJICIO Ha [arepoBi BUPOOHU pi3HHUX pO3MIpIB, 34e01IBIIOr0 HEe3HAYHUMH TTapTisIMU.

MeTo10 po6OTH € BHCBITICHHS IH)XKCHEPHHX pillleHb, IO JAalOTh 3MOTY 3 MiHIMaJIbHHMH BHTpaTaMH Uil OMOIKETy
HiIPHEMCTBA, PO3POOUTH aBTOMATH30BaHY JIiHIIO IPOKJICIOBAHHS JieTallel IalepoBHX ITaKeTiB.

Metonu nocaimkenns. JlocmimkeHo 00’ €KT aBTOMaTH3alli1, 30KpeMa IPOBEeICHO aHaJIi3 JiHIHKK PO3MipiB ManepoBoi MpoLyKIii
Ta HPOAYKTHBHOCTI BHIOTOBJICHHS MAllepOBHX IAKETiB B ILeXaX Py4YHOro 30MpaHHS. PO3INISIHYTO NMTaHHSA NOOYIO0BU
ABTOMATH30BaHUX KOHBEEPHMX JIHIH 1JIsI BUKOHAHHS TEXHOJOTIYHMX OIEpalliii NPOKJICIOBAHHS MalepoBUX ACTaled 1 ix
MOJANBIIOT0 30MPaHHS B MaKeT.

PesyabTatn. [IpoBeneHO MOCTIIKEHHS OCTaHHIX HAYKOBHX ITyOJIKaIlif, IO MiATBEPAMIN aKTyalbHICTh IPOEKTYBAHHS
HHU3bKOOIO/UKETHUX aBTOMAaTH30BaHUX CHCTEM Ul BITYM3HSHUX BHPOOHMKIB NamepoBMx makeTiB. HaeemeHo ommc
TEOMETPUYHUX ITAapaMeTpiB MAKETy Ta TPAEKTOPIi MPOKJIeloBaHH. Po3po0IeHO CTPYKTYpHY CXeMy aBTOMAaTH30BaHOI CHCTEMH
NPOKJICIOBAHHS JleTalledl IaKeTa Ta AJTOPUTMIYHE 3a0e3ledeHHs Kepyrodoi mporpamu KoHTpoiepa. Hamenmenwid crnmcok
OCHOBHHUX MPOTPaMHO-TEXHIYHUX 3ac00iB cucTeMu. Bu3zHaueHi 001acTi 10oMycTUMHX 3HAYCHb TapaMeTpiB makera. HaBenenuit
00paxyHOK 3aJIe)KHOCTI IIBUAKOCTI PyXy KapeTKH MOIyJs JHIHHOrO mepeMimieHHs Bin dacy. [IpencraBieHO pesynbTaT
(hi3MYHOTO BIPOBAKEHHS CHCTEMH B LIEXOBOMY IPUMILICHHI MiANPHEMCTBA-3aMOBHHKA.

BucHoBKH. BripoBa/UKeHHS aBTOMAaTH30BaHOI CHCTEMH 3a0€3M1eYUTh 3MCHILICHHS aKTHBHHUX IPAL[IBHUKIB y BUDOOHHYOMY LIEXY,
SKi JIOTeTep BHKOHYIOTH PY4YHi orepauii NpoxyieroBaHHsA. B HaWOMIDKYMX IUIaHaX MAKCHMajbHO IIBHIKO IHTETPYBaTH B
ABTOMAaTH30BaHy CHUCTEMY MallMHY, 0 Oyze MmojgaBaTH Hadip MakeTiB HAa KOHBEEPHE IOJOTHO. [IaHyeThCS BIOCKOHAJICHHS
MEXaHIYHOT KOHCTPYKIIIT HaJl II0OJIOTHOM KOHBE€Epa, a came OyIyTh JO/IaBaTHCh MEXaHIYHI IPHCTOCYBAHHS 33115 3a0e3eUeHHS
Hpoliecy aBTOMaTHYHOTO BiIKPUBAHHS Ta 3aKPUBAHHS IAKETy MPOTITOM HOTO IepEeMIIlIeHHs 110 KOHBEEPY..

Knrouosi cnosa: asmomamuzosana cucmema, agmomamusayis, HAHeCEHHs Kiel0, NAneposi upoou, nakem.

Sk uuryBaTH: Snanenskuii B. A. ABTOMaTH30BaHa CHCTeMa MPOKIICIOBAHHA JeTajieil manepoBux
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[In Ukrainian]

Beryn

BupoOHUIITBO Oy/Ib-KOT LMBLIBHOI, MPOMHUCIOBOI Ta BiliCBKOBOI MPOAYKIII HE MOXJHBE 0e3
TEXHOJIOTIYHUX JIiHIA, aBTOMAaTH30BAHMWX CHCTEM KepYBaHHs, JIOKAJLHUX CHCTEM 300py JaHHX Ta
MPOrpaMHO-TEXHIYHUX 3acO0iB aBTOMaTH3allii. MapKeTHMHroBa Tally3b BHMAara€ BiJl BUPOOHHYHX
MOTYXKHOCTEW TOJApyHKOBOI, pEeKIaMHOi Ta cyBeHipHOT mnpoaykiii. [lomapyHkoBa Ta cyBeHipHa
NPOJYKIISl MOJAETHCS 3a3BUYail y MEBHIM Tapi, ce0TO KOpoOkax, Kedcax, makeTax. 3Ba)Karoud Ha
KPUTUYHY €KOJIOT1UHY MpobieMy Ha 3eMili MO0 HAIJIUILKY Y CMITTi INIACTUKOBOI TapH, MapKEeTOJIOTH
HaJaI0Th IepeBary naneposiil Tapi (makeram). B cdepi BupoOHHIITBA CYyBEHIpHOI anepoBOl NPOIYKIIii
KIIIOYOBMM KOMITOHEHTOM 30WpaHHS ManepoBHUX JeTaled B €IWHUA BUPIO € KieloBHU (KIICHOUMil)
Mmarepian (mani kieid). 3acTocyBaHHsS KJeiB y BHUPOOHHMITBI HamnepoBUX BHPOOIB 3HAYHO 3HUKYE
co0iBapTiCTh TOTOBOTO MPOAYKTY MOPIBHSAHO 3 IHIIMMH TEXHOJIOTiSIMH, 1 HE BUMAarae MiArOTOBKY
BUCOKOKBami(ikoBaHuxX (axiBIliB. 3 yaciB MOSBU TEXHOJIOTIi TPOKIICIOBAHHS IIEi MPOIIEC BUKOHYETHCS
JIOCI BPYUHY, JI€ SIKICTh TIOCJTyTH Ma€ HaWBHUIIUH MPIOPUTET aHXK KUIbKICTh MPOAYKITIT.
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IIpoTsiroM HaHECEHHS KJICIO Ha IUJIHOBI IIOBEPXHI AeTaJIeH IMarepoBUX BUPOOIB MiApyIHUMHU 3aco0aMu
(npokineroBaHHs Bpy4YHY) IyK€ CKIAJHO IOCSTTH PIBHOMIPHOCTI KJIGEHAaHECEHHS. ABTOMaTH3allis
KJICEHAaHECEHHS BUKJIIOYAE JIOJICHKUH (hakTop 3 L€l TEXHOJOTIYHOi omepauii, 10, B CBOIO Yepry,
3a0e3reuye IMiIBHUIEHHS SKOCTI TOTOBOI MPOAYKIii. ABTOMAaTH3aIlisl TEXHOJIOTIYHHAX MPOIECiB y cdepi
BHPOOHMIITBA TTAIIEPOBUX BUPOOIB JOCTATHRO IaBHO JOCIIIKEHA Ta ITHMPOKO MPEICTaBICHA TOTOBUMH
TEXHIYHUMH pilieHHAMHU. BUpoOHWUMI mpolec MoXe CKIaJaTHCh SIK 31 CTAaTUYHOTO aBTOMATHYHOTO
amapary, M0 BHKOHY€ THIIOBY TEXHOJIOTIUHY OMepaIlifo, TaK i 3 TEXHOJOTIYHOI KOHBEEPHOI JIiHii.
31e61IbIIoro, TEXHOOTIYHI JTiHI{ KOHCTPYKTHUBHO Ta (Di3MYHO MalOTh y CKJIa/i CHeIiali3oBaHl MallnHI-
aBTOMAaTH, CTaHKH, SIKi pO3pOOJIEHI CyTO Ha OAWH TUN TEXHOJOTIUHOI omeparii, 3aas BUPOOHUITBA
MEeBHOI JeTani manepoBoro BHpoOy. CTaHKHM IJsl HAHECEHHS KJICI0 Ha ManepoBUH BupiO (mamip uu
KapTOH) — LI€ arperaTH, 3a AOIOMOIOI0 SKMX CYTTEBO CIHPOILYETbCS MPOLEC HAHECEHHS KIICK IIPH
(opMyBaHHI TaKyBaIbHOI TaApH y MOPIBHSHHI i3 MPOKJICIOBAHHSAM BpY4HY. 3arajibHa TEXHOJIOT1sI B TAKUX
CTaHKax mependavae, M0 ManepoBi BUPOOH MPOMYCKAIOTHCS Yepe3 POJHMKOBI (BaIBLEBI) CHUCTEMH, €
OJIVH 13 BaJIiB mepeaae map (iHOAl miirpiToro) Kieo Ha TOBepXHIO BHpoOy. ToBIIMHY mapy Kiero Mo>kHa
perynmoBaTu MexaHivHO. HacTylmTHIM THITOM KJI€€EHAHOCHUX MPHUCTPOIB € (KIIe€HAINBHI) MamuHH [ 1], Ha
paMi SIKMX TOPU3OHTAJIFHO 3akpiljieHa Hacajgka (iiiika abo comiao) s  KIGEHaHECeHHS 3
eJIEKTPOHACOCOM sl 6e31mepepBHOT MoAadi piIkuX KIIeiB (KIeHOBUH MICTONET) IMiJT THCKOM.

IlocTanoBka mpodJjemu. KieeHanuBanbHy MaIIUHY 3 KICHOBUM IICTOJIETOM MOXHA IHTETPYBaTH Y
KOHBEEPHY TEXHOJIOTiYHY JIiHit0. HaiimpocTimni kieloBi micToieTH, o MOAalOTh PO3IrpiTHA Kilel Ha
MOBEPXHIO MANepoBOro BUPOOY, HE MEPEMIIIAIOTHCS Y MPOCTOPI, MO3asiK MAIOTh CTATHYHE TOJI0KEHHS.
A marepoBi BHpOOW IEPEMINyIOThCS KOHBEEPOM IIifl KJIEEHAJIMBHOIO MAIIMHOO, KIEH MOJAEThCA
Oe3mepepBHIM TIOTOKOM Ha TOBEPXHIO TarepoBoro BupoOy. LllupuwHa NOTOKY K€ Moxe OyTH
MeXaHi4HO (200 eJIEKTPUYHO KEPOBAHO) 3MiHEeHa. be3nepepBHICTh MOTOKY KIIEI0 rapaHTye piBHOMIPHICTb
momavyi HeoOXigHOI KUTBKOCTI Ha BCK TOBEPXHIO HE3AIEKHO Bix reoMeTpwmyHHX Ban [2]. 3amaya
aBTOMATH30BaHOI CHCTEMH TIOJIATAE Y PIBHOMIPHOMY HaHEeCEeHHI (IATPHUMKA TYCTHHHU Ta MacH) KIS0 Ha
MOBEPXHIO TMAafnepoBOro BHPOOY 3a UITKOI, 3a3jaleriib BH3HA4YeHOW, reomerpicr. I[Ipobrema
MPOKJICIOBaHHSI TIOBEPXOHb MOJISITAE Y TOMY, IO KOJIM IJTLOBI ManepoBi BUPOOU (TaKeTH) PyXaroThCs
KOHBEEPOM, TOMI TaKUI AUHAMIYHHN MMPOIIEC BUMAarae TOYHOTO MO3UINFOBaHHs KIEHOBUX ITICTONETIB Ta
3aJI0BIJIBHOT TPAEKTOPIi HAHECEHHS KJICIO Ha MOBEPXHIO BUPOOiB.

PuHOK mpoMucioBoro o0naaHaHHs MPEACTaBICHUH ITUPOKUM CIIEKTPOM TOTOBHX TEXHIYHUX PillIeHb,
30KpeMa CTaHKIB Ta KJICHOBHX MAIlMH, a TAaKOXX KOMIUIEKCHUMH POOOTH30BaHMMHU PIIICHHAMH 3
aBTOMAaTH3allii HAHECEHHS KJIEIB Ha HanepoBi BUPOOH. 3HauHa OUIBLIICTH LHUX CHCTEM Opi€HTOBaHA Ha
JOCSTHEHHSI MaKCHMaJbHOI BUPOOHWYOI MPOJYKTUBHOCTI 33 OJMHUIO Yacy (BeJWYE3Hi OJHOTHITHI
naprii). [lepexarounTrCh Ha MPOKIICIOBAHHS 1HIIOI T€OMETPIii (HE THITOBUX MAKETiB) TAKUMH CHCTEMaMHU
HE MOJIIMBO, JIOBENETHCS MNpHAOATH HOBE OOJagHaHHA abo0 3YNUHITH BHPOOHMUTBO JUIS
nepeHaNamTyBaHHA JIiHii. YHIBEpCAIbHUMH BJIACTHUBOCTSIMH, a0M IIBHJKO 3MIHIOBATH MapaMeTpH
BX1JIHUX BUPOOIB, HASIBHI CUCTEMH HE BOJIO/IiIOTh. Y KpaiHCHKHX BUPOOHUKIB OAI0HIX aBTOMATH30BAHUX
CHCTEM HAaHECEHHS KJICI0 HaXKallb Ha PUHKY B3arajli He CIOCTepiraerbcs. I3 ypaxyBaHHSIM CKJagHOI
EeKOHOMIUHOI cuTyamii B YKpaiHi, He 3aBeplieHy NaHJAeMi€ Ta BiliHy 3 poci€ro, po3poOKa Takux
aBTOMATHU30BAaHUX CUCTEM JIOBOJII KIIOMITIUBHUI MPOILIEC, SIK 13 HAYKOBOI, TaK 1 3 MPaKTUYHOI CTOPIH.

Hocnimkenns 1 po3po0ka NpakTHYHUX PillIeHb 00 aBTOMATH3aLlii MPOoLecy MPOKJICIOBAHHS AeTaleit
MAKeTiB € JOCTATHBO aKTYaJIbHOIO HAYKOBOIO MPOOJIEMOIO Ta IHKEHEPHOIO 3a1a4elo. Y CTaTTi HOJAA€ThCS
HOBITHE TIPOTrPaMHO-TEXHIYHE PIlICHHS 3 aBTOMaTH3allil HAHECEHHsI KJICI0 Ha MarepoBi BUPOOH Pi3HUX
po3MipiB. TuM camuM 3amouaTKOBY€ETHCS PO3POOKA TAKUX YHIBEPCAIBHUX BITUM3HSHUX CHUCTEM, 11O HE
MOCTYNAaTUMYTHCSl 3aKOPIOHHUM aHajoraM. 3allpollOHOBaHa yHiBepcajbHa aBTOMAaTH30BaHA CHCTEMa
HaHECEHHs KJIE0 371e0UIBIIOT0 OpicHOBaHA Ha HE3HAYHI MapTii 3aMOBHUKIB CyBEHIPHUX Ta PEKIAMHHUX
ManepoBUX MaKeTIB.

AHani3 ocTaHHIX JochigKeHb i myOsaikamiii. TexHonorii BUPOOHHIITBA TPOMYKINT JIETKOL
MIPOMUCIIOBOCTI Mepe10avaroTh BAKOPUCTAHHS 3’ €IHYBaJIbHUX KOMIIOHEHTIB Ha 0a31 KJICHOBUX CyMillieH,
HANpHUKIaJ, Taly3b BUPOOHHWIITBA B3YTTA, OJATY, irpamiok Tomo. Ha puHKY mpejcTaBieHi TOTOBI
poOOTH30BaHI KOMIUIEKCHM HAHECEHHS KJEIB Ha WIbOBI MOBEPXHi, HANPHKIAA, Y B3YTTEBOMY
BUpOOHMITBI. Y crarti [3] ommcaHo BIOCKOHaEHY pOOOTH30BaHY MAlIWHY, SKa HAaHOCHTh KJIed Ha
pobodi TOBEpXHi, 30KpeMa, po3po0iIeHO aBTOMAT JJisi IPUKIICIOBAHHS BEPXY T4 T'YMOBHUX BCTABOK Ha
nijomBy B3yTTs. CHCTEMa XapaKTepU3y€EThCs HASBHICTIO IPUCTPOIO TEXHIYHOTO 30PY, 3317151 BU3HAUCHHS
MOJIOKEHHSI MiOmOB W reomeTpii aeraneil B3yTTs. PoOOTHM30BaHMI MexaHI3M Kepye KIIEHOBUM
MICTOJIETOM 3 JIOIYCTHMOIO ITOXUOKOIO TO3WIIiFOBaHHS. TaKoXX BPaxOBYETHCS IEperaj BUCOTH, 100
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YTPUMYBATH KJICHOBHI MICTOJIET HA OJTHAKOBIN BiZICTaHI BiJI ITi IOIIBH I10 BCIHA TPAEKTOPIl MPOKIICIOBAHHS.
Taka cucrema Mae CTATUYHUE XapakTep, M03asik B3yTTEBI IeTalli HE pyXaroThCs, a IEPeMIIaeThCS JIHIIe
COIUIO KJIeHoBOro microiery. ¥ poOoti [4] aBTOpM Mpe3eHTYIOTh KOHCTPYKIIIO Ta aBTOMATH30BaHY
CHCTeMH BUPOOHHMIITBA MMANEPOBUX MAKETIB, MO0 3MEHIIINTH BapTICTh iX BUPOOHUIITBA Y TIOPIBHSIHHI 13
MOJTICTHJICHOBUMH TTakeTaMu. [IpoekT peanizoBanmii Ha 6231 BIaCHOTO MIKPOKOHTPOJIEPHOTO IIPHUCTPOIO,
a He CepilHOro MPOMUCIIOBOTO JIOTIYHOTO KOHTpOJEpa. lhaes aBTOpiB monsrae y TOMy, IO AeTani
[arepoBUX MAKETIB MOAAIOTHCSI KOHBEEPOM 10 MICL PO3TallyBaHHs KieloBoi yctaHOBKH. Ilicis doro,
KOHBEEP 13 JMETAJUTIO MaKeTa 3YNUHSETHCS, Jalli BiAOyBA€ThCA HAaHECEHHS KIIEIO Ha TOBEPXHIO JeTall
yepe3 corma KIeHOBHX micToneTiB. [licis MpoOKICIoBaHHS KOHBEEP 3HOBY BMHKA€ThCS B poOOTY i
NpOKJIeEHa JeTanb MakeTy pymae 10 30ipHoro eramy. Benwky yBary UpUAiICHO NHTAaHHIO
eJIEKTPOMEXaHIYHUX PO3PaxXyHKiB aBTOMATH30BAHOT CHCTEMH Ta PO3p00Ili KOHBEEPHOTO CTOITY BiJl €TaIy
npoektyBanHs B CAIIP no ¢ismuHOro BUTOTOBIIEHHS IeTaliel CTOMY i MOHTaXXHHUX poOIT. ABTOpH
pobotu [5] HaBOAATH OMHUC BIACHOT pO3POOKH aBTOMATU30BAHOT MAIIMHMU JUISi BATOTOBJICHHS ITallepPOBUX
nakeTiB. BiIMiHHICTS Bijf IOmIepe IR0 pOOOTH MOJIATAE y TOMY, IO I MaIlliHA TMPOKJICIOE MakeTH 0e3
KOHBEEpHOI JTiHIi. AJie MamMHa aBTOPIB 37aTHA PO3KIIAMATH TAKET, MPOKJICIOBATH HOTO JeTalli Ta
CKJIaJaTH Li AeTaii y QiHadbHUH nakeT. 3BUYaiiHi MarnepoBi MaKeTH MOTPeOyI0Th CIELialbHOTO JOPOTOTo
mamnepy, Io 3HA4YHO 30iNbIIye TOTIM HOro 3araibHy BapTicTh. lle ocHOBHa mpuYmHA, Yepe3 AKY
MIPOMUCIIOBICTIO BHUTOTOBIISIETHCS ITAIIEPOBUX TIAKETIB MEHINE aHDK IUIACTUKOBUX. TOMY MOYaTKOBi
IHBECTHIIIT B MAIlIMHY, 1110 BUTOTOBIISE TOPOTI MAMEePOBi MAKeTH ampiopi 3aBenuki. Y poodoTi [6] aBTopu
NPOTOHYIOTh OIO/KETHY PO3POOKY, SKYy MOXE JO3BOJIMTH COOi HaBiTh HEBEJHMKAa POAMHA IS
npiObHOCepiitHOro BHpOOHUIITBA MakeTiB. llamepoBuii makeT BUTOTOBISETHCS 31 3BUYMAWHUX Ta3eT, IO
3HAYHO 3MEHIIY€E BapTICTh FOTOBOrO Makera. B po3poOui [7] aBTopm minuk gami Ta 3amporOHYBaJIU
JIellIeBy TOPTaTHBHY aBTOMAaTH30BaHy MAalIMHY JAJs BUTOTOBJICHHS IMANepOBHX MAaKeTiB i3 JeneBoi
ManepoBoi BTOPUHHOI CHPOBWHU (aBTOPH MiAKPECTIOIOTH, M0 MOXHA 1 3 OyIb-KOi MakylaTypH).
Cucrema TakoXx MOXke OyTH BIPOBa/KEHA Y HEBETMKOMY BUPOOHHIITBI MATIEPOBUX MAKETIB.

Buxoxsun i3 pe3ynbTaTiB aHamizy MyOJikaliidi Mo)XHa 3pOOMTH BUCHOBOK, IO aBTOMAaTH3aIlis
BUPOOHUIITBAa MAmepoBOi MPOAYKIil IIUPOKO MpEACTaBIC€HA Y CBITI BiJl Majoro, CEpeJHbOro i 10
BEJIMKOTO Oi3Hecy. € BeMMKi HAyKOBO-IOCIIHI TPYITH Ta MIOOIMHOKI aMaTOpH, 10 MPOEKTYIOTh MOIi0HI
CUCTEMH BiJl CKJIaJJHUX POOOTHU30BAaHMX KOMIUIEKCIB O HEBEIMKHX aBTOMATIB. AJie 3HaYHa OUIBIIICTh
MiANPUEMCTB PO3rOpTAIOTh ABTOMATH30BaHi JiHii TaK O MOBHUTH «ITiJl KIIFOU», Y CKJIa/li TOTOBUX MaIlllH
JUT BUpOOHUIITBA JIeTallel aKeTiB, IX MPOKJICIOBAaHHA Ta NaKyBaHHs. Lle Hagae mignpueMcTBaM NEBHUX
rapaHTidl SIKOCTI, TIOAANBIIOTO OOCITYyTOBYBaHHS i CYNpPOBOJKEHHS Ta MiHIMi3allil pU3HKIB, y BHIIAJKY
BiZIMOBH B po0OTi 00sajHaHHA. Benukuii 6i3Hec, MeTa SKOTO BHITYCK 0araTOTHPaKHUX MaKeTiB, IUTKOM
y 3M03i npunbatu ¢GipMOBE JTOPOTOBapTiCHE OONAIHAHHA. A OT IS MaJIOTO Ta CEPeAHBOTO Oi3Hecy
npu0aHHs GipMOBUX aBTOMATH30BAHUX JIiHIN — HemiiiioMHa 3a/1a4a. ToMy, a1 KOHKypyBaTH Ha PHHKY
i3 KpynHUM Oi3HECOM, HEBEIMKUM MiAMPUEMCTBAM BapTO PO3POOIIATH BIIACHI TEXHIUHI PIICHHS 100
aBTOMAaTH3allii IPOLIECIB BUPOOHUIITBA MAIEPOBUX BUPOOIB.

00’eKTOM TOCTIT:KEHHSI € TEXHOJOTIYHUI MPOIeC HAHECEHHS KIS0 Ha JIeTalli ManepoBUX IMaKeTiB.
IpeameTom aocaiazKeHHs € aBTOMAaTH30BaHI KOHBEEPHI JIiHIT POKIICIOBAHHS Ta 30MpaHHs ManepoBUX
netaseil y minsouid naket. Birunsnsae nianpuemctso TOB «CyBenipHi BupoOu» (M. bopucriib) y nuii
HOro mupeKTopa, Ta HayKOBO-AOCHIMHWN MiIpo3ain kKadenpu iHPOpMAIlifHUX CUCTEM Ta TEXHOJOTIH
¢bakynbrery iHdopmatuku Ta obuumcmoBanbHoi TexHiku (KIII imeni Irops Cikopcebkoro), ykmaau
NapTHEPCHKY YroJly 110/I0 IHKEHEPHO-HAYKOBOI CIIBITPalli Ha TPOTPaMHO-TEXHIUHIH 06a3i miInpueEMCTBA.
CuioBi eJeKTpoOMEXaHiuHI YacTUHM CHCTEMHM Ta KOHBEEPHHMH CTi PO3POOJIEHO Ta 3MOHTOBAHO
(axiBISIMH 1HXXEHEPHOTO MiApO3auTy MmianpueMcTBa. Jletanp makera (3aroToBka) BUPOOISETHCS B
IHIIIOMY TIEXY, TOK HOTO BUTOTOBIICHHSI HE BXOJIUTh B TIOCTAHOBKY 3aJ1a4y. 3T1IHO BUX1IHOTO TEXHIYHOTO
3aBllaHHsA OyJ0 c(OPMOBAHO METy, 3a/adi Ta KJICHIAPHUH TUIaH pOoOIT IIOJ0 MPOTPaMHUX PillleHb B
CHCTEMi aBTOMaTH3allii Mpoluecy NPOKJICIOBAHHS JeTalIeH ManepoBUX MaKETIB.

MeTo10 DOCTaiAKEHHSI € BHCBITIICHHS IH)KCHEPHUX pIllleHb, MO JAIOTh 3MOTY 3 MiHIMaJbHUMHU
BUTpaTaMu Ui OIOJ/DKETY MANPHEMCTBA, PO3POOMTH IHHOBAIlifHY aBTOMATH30BaHy JIHIIO
NPOKJICIOBAHHs JeTalell ManepoBHX MAakKeTiB 13 ypaxyBaHHSAM HaWKpalluX CBITOBHX IPAaKTHK, Ta
noOyJIoBaHy Ha cydacHi mnporpamHo-amapatHiii 6a3i. IlocraHoBkow 3aga4yi € po3poOka Ta
BIIPOBKCHHSI Y BHUPOOHHIITBO aBTOMATH30BaHOI CHCTEMH KOHBEEPHOTO THITY, IO BHKOHYBaTHME
(bYHKIIIT HAHECEHHST KJICIO 32 TEOMETPHUYHOIO TPAEKTOPIEIO 3TiTHO PAKTUIHUX MapaMeTpPiB MAKETy.
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Omnuc 00’eKTYy aBTOMATH3ALIT

3BaXKarouM Ha Pe3yNIbTaTd TOMIYKY, OTJISAY Ta JOCITIIKEHHS NMPaKTHYHHUX pillleHb Y CBiTi, IIOJ0
aBTOMaTH3allii KJIGEHAaHECEHHS Ha JieTajl MarnepoBUX BHPOOIB, MOYKHA 3a3HAYMTH, IO TaKHH
TEXHOJIOTIYHUI TPOIEC € CKIAJOBUM €TarioM BHPOOHUIITBA CYBEHIPHOI MPOIYKINii, 30KpeMa MaKeTiB.
ITonepeaapO MATOTOBNIEHI (HE MPOKIICEH]) MAnepoBi AeTaii (TaKeTH) MM UISTaloTh IPOIlecy TaK 3BaHOTO
«PO3KPUTTS» (pO3KIaZaHHs), Nali HAHECEHHIO KIS0 1 Ha (iHaNbHIN cTanii «3aKpuTTs» (CKIagaHHs), a
3HAYUTH MPHUKIICIOBAHHA JeTallel B CyHiIpbHUMA makeT. Cepes BCixX eTamiB B MeXKax I[bOTO JAOCIHIKEHHS
OyIe po3rIIIHYyTO came TpoIeC HaHECeHHA Kiel. MexaHIYHI TPUCTOCYBaHHA Ta MPHUCTPOi, IO
3a0€3MeYyIOTh BIAKPUTTS Ta 3aKPUTTS MAKETy He JOCHiIKyBaIich. [lakeTn mepecyBaloThCsl KOHBEEPHOIO
JiHi€I0 PIBHOMIPHO Ta NpsAMOiHiHHO. [ 'eoMeTpuuHi mapameTpu naketa (puc. 1) HacTymHi:

*  JIOBXXKWHA MMaKeTa y 310paHoMy cTaHi Z, MM;

*  MpHHA BUCTYIY I (OpMyBaHHS JHA naketa K, Mm;

*  IMpUHA 3THHIB VIS 3BUYAWHUX MaKeTiB, N= K, MmM;

*  IIMpUHA MaKeTa y 3i0paHoMy craHi S = 2K, Mm;

*  mpsMa KpOMKa MPOKICIOBaHHS, M = Z-2N, MM;

e BHcoTa makera L, MM;

*  KyT &y 3BHYAlHUX MaKeTiB HOpPiBHIOE 45 TpamyciB.

5

:: : I

m il

-

Puc.1 I'eomempuuni napamempu nakema

[TakeTn MPUTHUCKAIOTHCS BAJIKAMH, TOXK IIBUJIKICTB iX IepeCyBaHHS IOPiBHIOE IMIBUAKOCTI KOHBEEPHOT
ninii. Yci makeTn MaroTh 0JJHAKOBY IMANIEpOBY CTPYKTYPY Ta po3mipi. [IpokieroBaHHIO TiIsIratoTh pi3Hi
naprii, o MaloTh pi3HI HmapaMeTpu manepoBuXx nakeTiB. [lakeTw mocTynaloTh Ha KOHBEEP OKPEMHUMHU
naptismu o 50-500 mt. B Mexax maprii BCi makeTy OJHAKOBI, Ta MAalOTh Halepea BioMi mapamMeTpH.
IIBuakicTh JHIT cTaja I 4ac MPOXOJKEHHS MapTil OJHOTHUIIHMX IaKeTiB. [[akeTH ONMUHAIOTHCSA Ha
KOHBEEPI Ha BijicTaHi He MeHII Hixk 100 MM oauH Bix ogHOTro. JlesiKi mapTii HakeTiB MAOTh MiACHIIOBAY
JTHA — CHeI[iallbHUH KapTOHHWUH TMPSAMOKYTHHK Y BIIIOBIIHOCTI IO pO3MIpiB TaKeTy, MO0 CIyTYE
MPOKJIAJKOI0 MIDK JTHOM IMaKeTy Ta Horo BmicTOM. TexHiuHI BUMOTU JIO aBTOMAaTH30BaHOI CHUCTEMHU
MPOKJICIOBAHHSI JIeTallel MaKeTiB y3ro/KyBaJIiCh i3 3aMOBHHKOM, 1110 (piHaHCye el npoekT. [lonepeanpo
po3po0iieHe TeXHIUHE 3aBIaHHA 10 CHCTEMHU BKJIIOYA€E TaKi FOJIOBHI BUMOTH:

*  HOpMaTHBHA IIBUAKICTH NPOKJCIOBaHHSA - 30 MakeTiB Ha XBUJIMHY;

»  mBuakicts kouseepa (V) - Bix 0 mm/c 10 1500 mm/c;

*  moxuOKa BiJ TPaeKTOpil KiIeEHAHECEHHS HE TIOBUHHA TIEPEBULIYBATH 5 MM;

»  Bucora nakera (L) Big 10mMm 10 900MM;

*  mupuHa naketa (S) Bix 10mMMm g0 2000 mm;

e JoBXWHa nakeTa (Z) Bu3HauaeThes naTyukoM (G) HassBHOCTI IMakeTy Ha KOHBEEP;

*  yac MpoXo/XeHHs makera yepe3 natauk G Big 0 1o 30 c.;

*  TIPOKIICIOBAHHS 13 ypaxyBaHHsM IiICHIIIOBaYa JHA.
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Ha BXix KoHBe€EpHOI JIiHIT TOIA€THCS CTAaHAAPTHUN TTakeT. B 3a/1eKHOCTI BT HASIBHOCTI ITiICHITIOBaYa
JIHa € JBa CIIOCOOM MPOKJICIOBaHHS. 3a HasIBHOCTI MiICHJIIOBAaya THA, 1ETajlb MAaKeTa MOTPiIOHO MPOKIIEITH
BiJIIIOBIHOIO TPAEKTOPI€IO (PHC. 2a, MITPUXITYHKTHPHA JiHiA): ABa IiarOHaJIbHUX BiAPi3KH (KPOMKH) Ta
OIVH BIJPi30K TapajelbHUH JOBXKHHI TaKeTy 3 JIBOI Ta MpaBoi cTopoHH. s MaHOTO CIoco0y
MIPOKJICHKY HEMA€E PI3HUI KU Kpai 3aruHATH TIEPIIIM.

3a BiACYTHOCTI MiACWIIOBaYa JHA, TPAEKTOPIsl MPOKICIOBaHHS BiAPI3HAETHCS, 30KpeMa, Ha MpaBiid
KPOMIIi MPOKJICIOIOTHCS TUTBKU JiaroHadbHI BiAPI3KH (HaHa KPOMKa IMOBWHHA HaJali MPHUKICIOBATHCH
TIEPIIIOI0), B CBOIO Yepry JiBUI BiAPI30K MPOKIICIOETHCS IO BCbOMY KOHTYPY (Ha puc. 2. criodaTky Oyme
3arMHATHUCh MPaBa YaCTHHA, a BXKE MOTIM JiiBa). KiIbKiCTh KII€H0, 110 MOJA€ThCs KICHOBUM MiCTOIETOM
Ha TIOBEPXHIO JIETaJli MaKeTa, CTaja, Ta 33Ja€ThCs BiJMOBIJIHUM TUCKOM IOAaui Kiero. Po3mip kparuii
KJICF0 Ma€ 3aJIOBOJIBHATH HAJIITHOMY CKIICIOBAHHIO ITOBEPXOHB IMICIIS 1X 3arMHAHHS Ta CKJICIOBAHHS 3a
JOTIOMOTOI0 TMIPUKIHIEBUX BAaJKiB Ha KOHBEEpPI. A TaKOX 3a0€3MEYUTH ONTUMAalbHE BUKOPUCTAHHS
KJIEHOBOI cymili 6e3 HOro BUTIKaHHS 32 MEXi MPOKJICEHUX JeTanel aKeTy.

a) 0)

Puc. 2 Tpaexmopis nanecenns kiero 3 niocuniosaiem oxa (a) ma ckiadanus oemanei naxemy (6)

CTpyKTypHa cXeMa aBTOMATH30BaHOI CHCTEMH

3riZIHO TEXHIYHOTO 3aBJJaHHS T BUMOT JI0 aBTOMAaTH30BaHO1 CHCTEMH PO3POOJICHO CTPYKTYPHY CXEMY
(puc. 3), sKa CKI1aJaeThCs 13 HACTYIMHUX KOMIIOHEHTIB:

*  [IIK — mpomMuCIIOBHI TPOTpaMOBaHHIA JIOT1YHUIN KOHTPOJIED;

+  [IBB — npuctpiii (Moaymb) BBOAY IaHUX;

*  [IB — npucTpiii BUBOAY aHHX;

+  JIKJI1, JKJI2 — naTumku KpaitHROTO JIiBOTO TIOJ0XeHHS JIM;

e JKII1, AKII2 — paTuuku KpailHbOro npaBoro mnoyioxeHHs JIM;

e JIIIK — gaTyuk JTiHIHHOT MIBUAKOCTI KOHBEEPY;

e JIIT — naTumk HassBHOCTI MaKeTy Ha KOHBEEPI,;

. JITI, JITI2 — momyni iHIKHOTO TIePEeMIIIeHHST,

« CUl1, CA2 — cepoapaiiBepu 11 KepyBaHHA cepBoMmotopamu JIIT1 ta JITI2.

LenTpanpanii mporpamoBanuii soriuauii kortpoiep (ILJIK) 3a gomomororo mpucTporo BBeIEHHS
(I1BB) otpumye maHi Big nepudepiiiHuX MpUCTPoiB (HATYNKHU) Ta MEpesae Yepe3 NPUCTPild BUBEIACHHS
(I1B) kepyroui cUTHAI 1O BAKOHABYMX €JIEMEHTIB (JIIHIMHI MOy Ta KIeHoBi mictoneTr). CTUCIHIA OIHC
nepudepiiHuX KOMIIOHEHTIB CHCTEeMHM HaBeaeHM y Tabmuui 1. OcoOmuBocTi Mozeneil kieioBux
MICTOJIETIB 1 MAITMHM, IO TOJa€ Oe3MOCepeHhO IO HUX PO3ITPIiTHIA KJIeH, He BILTMBAIOTH HAa PO3POOKY
Ta MporpaMyBaHHS KOHTPOJIEPY, TOMY He 3a3HaueHi y TabJuIll IporpaMHO-TEXHIYHUX 3ac00iB.

Monynb BuBoay Takox ¢dopmye LIIIM-curnanm kepyBaHHS JIO CEPBOJBHUTYHIB MOJYIIB JIiHIHHOTO
nepeMilleH s, sIKi mepecyBaloTh KieioBi mictonetu. Jani mixk moayisimu Ta [IJIK nepemarotecs 3a
MpoMHUCIOBUM mpoTokosiom MODBUS.
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Puc. 3. Cmpykmypna cxema asmomamu306anoi cucmemu npokieiosanis oemaiel nakema

Jliniitanii Mmoxyns nepemimeHHs Mae 1000 MM. po60d0To X0y KapeTKH, M0 JO3BOJISIE PO3MICTUTH Ha
KOHBE€Epl HAMOLIBII MOUIMPEHi 32 PO3MIPOM MakeTH. BiAMOBiAHO 1O BUMOT MPOBITHUX BUPOOHHKIB,
BHCOTa MakeTy He mepeBuiye 460 MM, a mupuHa 140 MM [8]. TakuM 4MHOM MakCUMallbHA JTIOBXUHA
JIeTalli cTaHAapTHOTO makera He mepeBumryBatuMe 460+140/2+20=550 MM, IO HITKOM 3aIOBOJIBHSIE
rabaputaM JiHIHHOTO MPUBOMY. 3a €JIEKTpOMEXaHIYHE KepyBaHHS JIHIHHUM MOAYJEM MepeMilleHHS
BIJIMOBiZIa€ KOMIUIEKT 13 CEpBOMOTOpa Ta cepBojpaiiBepa. MakcuManbHa HIBHAKICTH XOQY KapeTKH
niHitHOTO MOy ckiagae 1500 mm/c. Tounicts mo3umionyBanHs qopiBHIOE (.1 MM. OCHOBHI pexnuMu
KepYBaHHS: HAmpsAM pyXy Ta MMBUAKICTH pyxy 3a LIIM-curnamom. /s BHUMIpIOBaHHS CHTHAIIB
KpaiHBOTO MOJIOKEHHST KapeTOK JIIHIHHOTO MOAYJIsl OYyJI0 3aCTOCOBAaHO IHAYKTHBHI JaT4uku. HasBHICTD
MaKeTy Ha KoHBeepi (ikcye matuvk nudysiifHOro BigOWUTTS (HaTUMK CIpUAMAae Ta aHaNli3ye CBITIO,
BiIOWTE BiJ] IOBEPXHI MaTepiary, 0 MPOXOAUTh MTOB3 HHOTO).

Tabnuys 1. llpoepamno-mexniuni 3acobu cucmemu

No | Komnonenm Bepcia/Mooens
1 | IManenpnwnii [TJIK OBEH CIIK107
2 | Monyne AMCKPETHOTO BUBOY MV110-8K

3 | Monyne AMCKPETHOTO BBOAY MB110-16JH

4 | Moaynp niHIHHOTO MepeMillieHHsI TBD60-1000

5 | KoMIuIeKT i3 cepBOMOTOpIB Ta paiiBepiB 130ST-M15015
6 | [HIyKTHUBHI TaTYNKU KPaWHBOTO MTOJIOKEHHS LJ12A3-4-Z/BX
7 | JaTtuuk HasSBHOCTI MaKeTa HA KOHBEEPi OGT100

8 | IDE mporpamyBanns [1JIK CoDeSys V3.5

®izuyHe po3ranryBaHHs nepuepiiHUX MPHCTPOIB HA KOHBEEP] 300pakeHO HA CXEMAaTHYHOMY pHC.
4. linpoBHii TIAaKeT PyXae€TbCs BiJ Micsams (Hapasi pydHOI) Mmojadi y CTOpOHY KJIEHOBUX ITICTOJIETIB.
CucremMa OKpiM 3aJJaHUX KOPHCTYBayeM MapaMeTpiB, HOTpedye 00paxyHOK JOMOMIKHUX IMapaMeTpiB, IO
3aj1e’aTh BiJi KOHCTPYKTHBHOTO MTOJIOKECHHS Ha KOHBEEPI IepUEpiitHUX IPUCTPOIB:

. D1 — Biacranp mixx AIT Ta KII1 (Bix 5 mo 200 mm);

. D2 — sigcranp mix KI11 Ta KI12 (Big 200 mo 400 mm);

* J-—BiacTaHp MiXk 0OMEXKYBaJIbHOIO IUTAHKOIO MO/1aui MakeTy Ta KpaiHim nonoxxennsm KIT1/KI12
(Bix 5 mo 300 Mm).

O0aacTh 10MyCTHMUX 3HAYEHb MAapaMeTPiB ABTOMATH30BAHOI CHCTEMHU

lonoBHUM MpeMETOM MaTeMaTHYHOTO IHTEpeCY Y JaHii CHCTEMi BUCTYIAae 0OpaxyHOK TPaeKTOPil
HaHECEHHs KJe (MPOKICIOBaHHS) B 3aJE€KHOCTI BiJl T€OMETPUYHUX mapamerpiB makera. [lis
KOPUCTYBaua, 3TiJJHO 3 pHC. |, JOCTYIHI JUIsi BBEJACHHS HACTYIHI mapaMmeTpu makera: S, L, Z (mis
HOPIBHSHHS 13 TipaxoBaHuM HporpamHo), K, N, m. Kyt a 3anummmo 3a 3aMOBUYBaHHSIM, 110 JTIOPiBHIOE
45 rpanyciB. OueBHIHO, IO AJS 3a/1a4i NPOKJICIOBAaHHA BUCOTA MakeTa L He BIUIMBae Ha TPaeKTOpilo,
TOMY JUIs1 OOpaxyHKiB i HE BUKOPUCTOBY€EMO.

s moyaTKy BH3HA4YMMO OOJIACTh JIOIMYCTUMHX 3HAY€Hb, CEOTO OMMIIEMO HEMOMIIMBI MapaMeTpu
nakety. Jlanuii etan Ge3nocepeHBO JOMOMOXKE PU MPOrpaMyBaHHI KOHTPOJIEPa, OCKUIBKHU J103BOJIUTD
BiJICITiIKOBYBaTH HEKOPEKTHICTh BBEIEHHUX ONEPATOPOM AAHUX A0 MOYATKY 3alyCKy aBTOMAaTH30BaHOI
cucteMu B poboty. [Ipsima kpoMka nipokiieroBanas M >= (. Skio m < 0, ToJi THO MaKeTy CTaE 3aHA/ATO
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TPOMI3IKKMM Ta IpuiiMae HenpaBuiabHY opmy. Illupuna BucTymy s popMyBaHHs AHA makeTa K <= 2*S,
IHAKIIE CTa€ HEMOXKIIUBUM 3TOPTaHHS JICTAICH MaKeTy.

O0paxyHOK 3a/1€KHOCTI IIBUAKOCTI pyXy KapeTKH JiHiiiHOro Moay.js Bix yacy

Jano: Touky (Xo; Yo) Ha IPSAMOKYTHINA JAEKapTOBiil cucTeMi KOOpAWHAT Ta (YHKIIIO TPAEKTOPIl Y =
f(x), HenepepBHy Ha poMixXKy (0, Xo) Ta QYHKIIIIO 3aJI€)KHOCTI IEPEMIILICHHSI MaTePialbHOT TOYKH 10 OCi
0X: X = vxxt.

3amaya: 3HaiiTH MOXinHY QYHKIIT 3aJISKHOCTI ) Bif 9acy t (DYHKIIiFO MIBUAKOCTI V).

ANTOpUTM PO3paxyHKY IBUAKOCTI JIHIHHOTO NPUBOIY Bij 4acy HACTYIHUI:

KPOK 1. Jlano ¢ynkuito y = f(X), npore BoHa He 000B’SI3KOBO MPOXOAUTH TOYKY (Xo; Yo), TOMY
noTPiOHO TOMHOXKUTH 1i Ha KoedimieHT K. [Ipu TOMHOKEHHI HenepepBHOT QYHKIIIT HA YrCIiI0, QyHKIIisA
3aJIMIIAEThCS HenepepBHOO: Y =kxf(X).

KPOK 2. 3naiitu koediuienT K st GpyHKuii B Touni (Xo; Yo): K =Yo/f(Xo).

KPOK 3. [TiacraButu X(t) y dynkiiro y = f(x): y = f(t)= f(x(t)).

KPOK 4. 3uaiitu noxinny Qyskmii y: y' = f'(x).

Januii anroput™ 103BoJisie OTpUMaTH GyHKLUI0 mBHAKOCTI KapeTku JII1, B 3aiexHOCTI Bix oOpanoi
(GYHKIIIT TpaeKkTOpii Ta MBHUIKOCTI PyXy KOHBE€Epa.

[Mpuxuman 1. JlinifiHW 3aK0H IepeMIIIeHHs TpH KyTi a = 45 rpaaycis.

Hano: miniiina Gyskiis y = x, Touka (200; 200), x(t) = 300 xxt.

3naitnemo K: k=Yyo/f(xo) = 200/200 = 1. Il{o € o4ikyBaHUM, OCKLIbKH (DYHKIIiSI TPOXOAUTH AaHY TOUKY.
[MincraBnsemo ¢ynkiiro y = f(t) = f (X(t)) = 1x300xt = 300xt. Illykaemo moximuy v =Yy' (t) = (300t)' = 300
mm/c. o € oueBUAHO MPaBUIILHUM PIILICHHSM.

AaroputMiuHe 3a0e3medYeHHs] ABTOMATH30BAHOI CHCTEMH TIPOKIICIOBAHHS JeTajiell IIaKeTiB
CKJIQ/IA€ThCH 13 HACTYIHUX KPOKIB:

MNOYATOK. Inimianizaris mepexxeBoro 38’sa3ky [1JIK i3 [IBB Ta [1B.

KPOK 1. Ilepeenenns xapetok JII11 Ta JI[12 mo ¢hisudHOTO KpaiHBOTO JIiBOTO MOJI0KEHHS (TIO3UIIIS
«0»).

KPOK 2. BukoHaTu BBeieHHs (i3UYHHUX PO3MIpIB IMaKeTa Yepe3 MysbT orepaTopa.

KPOK 3. BukoHaTH MouYaTKOBE MO3HUIIIOBAaHHS KAapeTOK Ha IEBHY BiJCTaHb Y MM. JIO PoOOYHX
nososkerb Q1 (st KIT1) ta Q2 (st KI12) B 3anmesxHOCTI Bijg mapamerpis makety: Q1=(J+S5/2+20) mm,
Q2=(J+S+5/2+20) mm.

KPOK 4. 3anyctuTti nporpaMmy CKaHyBaHHSI HassBHOCTI TIaKeTa Ha KOHBEEDI.

KPOK 5. 3a nasisaoro nakery nepecyBatu KII1 ta KI12 3rinHo ninsoBoi TpaekTopii HAaHECEHHS KIIEt0
Ha JIeTaJIl [aKeTa.

KPOK 6. 3ynuautu po6oty i nepexin Ha KIHELb, a6o nosepuenns g0 KPOKS.

KIHEILb.

Ha nepmiomy kpomi oounsi kaperku JIIT1 JIII2 pyxaroThCsi 0JHOYACHO JIO0 CIPAIFOBAHHS JaTYHKa
KpaiHBOTO TIOJIOKEHHSI. YW MPUHAIIIN KapeTKH Yy MyHKT MpU3HaYeHHs. SIKIIO OOUIBI KapeTKH JOCSTIH
KpaltHROT'O TIOJIOXKEHHS, TOJI BIJIHOCHI MO3UIII 000X KapeToK MpuiMaroThCs 3a (hi3uuHuil Hylb. K0
NpUHIIIA OlHA - YEKAEMO Ha Apyry. SIKIo KapeTka He MPHUXOAMTH A0 mo3uii «0» mopme Hix 3a 10
CeKyHJ — pOopMyeThCS TOBIJOMIICHHS PO HECTIPABHICTh AaTYMKa a00 MOJYJIS IIHIMHOTO MepEeMIIleHHS.

Ha tperpoMy Kpolli BUKOHYETHCSI ITOYATKOBE IMO3MIIIOBAHHS KAPETOK, ajle 3a YMOBH HOIEPEAHBO
BIaNoi crnpoOu KaniOpyBaHHS KpaWHBOIO TIIOJIOKEHHS KapeTOK. SIKIIO IOJIOKEHHS KapeToK He
BiJIKJIIOpOBaHe, TOJI BHKOHATH KPOK | MO3UIIIOHYBaHHS, a BXKE IMOTIM IMOBEPHYTHCH JO IMOTOYHOTO
Kpoky. [lepes moyaTkoM pyxy KapeTok J10 poOOUHrX MOJIOKEHb BiOYBAEThCS MiAPaxyHOK BifcTaned Q1
ta Q2, HeoOXiTHUX JUIA MIepecyBaHHs KapeTok. [lani oOpaxoBaHi MUTLOBI MEPEMIlIEHHS TIEPEBOAATHCS Y
KUTBKICTB iMITyIbCiB Juist iepenadi o CJI1 Ta C/12. BMHKaeThCs MPOrpaMHO TeHEepaTop iMITYJIbCIB 1 B
KapeTKH He3aJIeXKHO Ta MPAKTHYHO MapajielbHO PYXaloThCs JI0 BIAMOBIIHUX poOOYHX NO3HUITH. SKIo, He
JIOCSTHYBIIU po0Oo4oi moswmmii, crpamtoas JIKJI1 (JAKJI2), e cBimuuTh Mpo HECTPaBHICTh JaTYHKA
KpaiHbOTO TOJIOKEHHSI a00 KOPUCTYBaueM BHECEHI HEKOPEKTHI F€OMETPHYHI MapaMmeTpH mnakera (sKi
BIUIMBAIOTh Ha O0paXyHOK pOOOYMX TO3UIIii).
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Puc. 4. @izuune posmawiysans nepugepiiinux npucmpois Ha KOHBe€EpI

[Ticns mAroTOBYMX €TAaIiB Mporpama MEepeBOJUTHCS Y PEKUM CKaHYBaHHs HASBHOCTI MaKeTiB Ha
KOHBeepi. SIKIO MakeT 3’SIBUBCS, TOAI OOYHMCIIIOETHCS HOTO JOBXKHHA (B 3aJICKHOCTI BiJ| IIBUIKOCTI
KOHBEEpPY Ta 4dacy BusBNieHHS makera Ha koHBeepi) i KII1 Ta KII2 miniifHO mepeMimryroThCs 3TigHO
3a7anoi TpaekTopii mpokieroBanHs. [licist npokieroBanus netanei nakery KII1 ta KI12 nosepratroThes
JI0 poOOYMX TMO3MINK 1 OYIKYIOTh Ha HAJXOJKCHHS YEProBOro makera. Buxomsyu i3 TEXHIYHOTO
3aBIaHHS, JIe JJOBKMUHA ITAaKeTy BU3HAYAETHCS HA TOYATKY POOOTH CHCTEMH, MOKEMO 3pOOUTH BHCHOBOK,
10 TIEPIIN MMaKeT, B MeXax ITi€l cepil MpOKIICIOBaHHS NapTii MakeTiB, Oy/ie BiZOpaKoBaHU.

Peanizariis anroputmivHoro 3ade3neueHHs BiaOyacs 3acob0aMu iHCTPYMEHTAIBHOTO IPOTPaMHOIO
3a0e3meueHdst sl TporpaMyBaHHA MpoMucioBux koHTpomiB CoDeSys V.3.5. Kouseepuuii crimn,
pO3po0IIeHOT aBTOMATH30BaHOI CHCTEMH, 300paskeHnii Ha puc. 5. Ha pucyHky npexacrasieHo ¢oto, jie
3a(hikcOBAaHO MOMEHT ITPOXOJTy JIeTalli makeTa (Tamip OL10T0 KOJIbopY) MiJl KapeTKaMi MOAYJIIB JIHIIHOTO
nepemimeHas. Ha mpomy oTo 3MOHTOBaHI JaTYMKH, CEPBOJIPABEPH 1 JTiHIHHI MOIYII, alle KIeHOBUX
HICTOJIETIB HE 3MOHTOBAHO Ta BiJICYTHS KJICCHAIMBAJIbHA MAIIIMHA.

Puc. 5. Konsecpnuii cmin agmomamu3zoeanoi cucmemu 8 yexy nionpuemcmaea

B cepenosumii CoDeSys 0yino po3podieHo rpadiunuii inTepdeiic aUIbOBOI MaHe i onepaTopa Ta
kepyrouy mporpamy koHTponepa CIIK107. 3acobamm CoDeSys BukoHaHO TOIEpenHe iMiTalliiiHe
MOJICITIOBAaHHsI pOOOTH aBTOMATH30BaHOI cHcTeMH. Byin mepeBipeHi KOMaHIM 34YUTYBaHHS JaHUX 3
JATYMKIB, Ta alTOPUTMU KepYBaHHs cepBOjpaiiBepamMu 1 KJICHOBHMH IMiCTONETAaMH. TakoX y BHIIISII
YacoOBHUX TPEH[IB OTPUMAHO cepilo rpadikiB CUMYJIALIT poOOTH CUCTEMH Y IIceBAOpeaibHOMY daci. Kpim
TOTO B MEXaX LBOTO JIOCTIDKEHHS BAAJIOCS BUKOHATH Cepito (Di3MYHMX EKCIIEPHMEHTIB 3 HAHECEHHS
rpa¢iTOBUMH ONIBISIMU (3aKpITUIEHUMH Ha KapeTKaX) PUCYHKIB TparleleijabHOi TeoMeTpii Ha TECTOBY
NarnepoBy JeTalb 3TiIHO 33aHUX apaMeTpiB LiIbOBOTO MAKETy Ta LIBHIKOCTI KOHBEEDY.
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BucHoBku

Y po6oTi Oyi10 JOCHTIHKEHO aKTyalIbHE MUTaHHS MOOY/J0BU aBTOMaTH30BaHMX MAIIMH Ta KOHBEEPHUX
TiHIH A7 BUKOHAHHS TEXHOJIOTTYHUX OMepaliil NpOKJICIOBaHHS MaepoBUX JeTajlel s iX MoJaIbIIOro
30MpaHHs B TOTOBHI MakeT. MeXaHi3MiB BUTOTOBJICHHS JAeTallel TaKeTiB Ta CKIIaJaHHs IeTajlei B IMaKeT
He JociimKyBanoch. lIpoBeneHO MOCHIMKEHHS OCTaHHIX HAYKOBUX ITyONiKarliii, M0 MiITBEpIUIH
aKTyalbHICTh MNPOEKTYBaHHS HU3bKOOIOJDKETHHX aBTOMATH30BaHMX CHCTEM Ui  BITYM3HSIHUX
BUPOOHHKIB TANepOBUX MaKEeTiB. 3TiHO OMHUTYBAIBHMKA BiJl 3aMOBHHKA, HABEJACHO CTHUCIHHA OIIHC
00’€KTy aBTOMAaTH3allii, 30KpeMa TEOMETPHUYHI MapaMeTpH MaKeTy Ta TPAEKTOPil MPOKICIOBAHHS.
Po3pobneHo cTpyKTypHYy cxeMy aBTOMAaTH30BaHOI CHUCTEMH TMPOKJICIOBaHHS JeTallell mMmakeTa Ta
anroputMiuHe 3a0e3leueHHs Kepyrodoi mporpamu KoHTposiepa. HaBeneHuit CHUCOK OCHOBHHX
MPOrpaMHO-TEXHIYHUX 3ac00iB cucTeMu. Bu3HadeHi 001acTi JOMyCTUMUX 3HAYEHB MTapaMeTpPiB MaKeTa.
HaBenenuii 00paxyHOK 3a1€KHOCTI IIBUAKOCTI pyXy KapeTKH MOAYJIS TIHIHHOTO IepeMillIeHHs Bif 4acy.
[Ipeacraieno pe3ynbraT Gi3sMUHOrO BIPOBAKEHHSI CUCTEMH B LIEXOBOMY MTPUMILICHHI i IIPUEMCTBA-
3aMOBHUKA. B pe3ynmbpTaTri eKCIepUMEeHTAIbHHX JJOCHI[DKeHb Ta IMKEHEpHHX poOIiT Brepme Ha
BITYM3HSAHY MIANPUEMCTBI B M. bopucmine po3pobieHo KOHBEEPHY JIiHII0 Ta BIIPOBAHKEHO MPOTPaMy
MPOMHCIIOBOTO KOHTpOJiepa, IO BUKOHYE 3alJady KEpyBaHHS JIHIMHAM MepeMillleHHSIM KJICHOBUX
MICTOJIETIB HA CTOJI KOHBEEPY MEPIEHINKYISIPHO PYXY MaKETiB.

[IpoTsirom TpuBaoi yacy Bij KOHIEMIIT 10 (Pi3udHOI peaizaiii MPOEKTY, SIK TEXHIYHE 3aBJaHHS, TaK
i aBTOMaTHU30BaHa CHUCTEMaA Ha6yBaJII/I HE3HAYHUX 3MiH. BHpOBaIDKCHHSI aBTOMATHU30BAHOI CHCTEMH
3a0e3MeYnTh 3MCHIICHHs AKTUBHUX MPAaIliBHUKIB Y BUPOOHUYOMY LIEXY, SIKi JOTeNep BUKOHYIOTh pPy4Hi
orepauii MpoKJIeoBaHHs. AJie BiliHa BHeCIa CBOI KOPEKTHBH Ta HE JO3BOJIMIIA 3aBEPIINTH TOBHOLIIHHE
BBEJICHHS B INTAaTHY €KCIUTyaTallito KOHBEEpHOT JIiHil Ha mianpuemMcTBi. TOX HaAyKOBO-IOCTiAHI POOOTH
CTaHOM HaTelep 3aMOPOXKEHI 3 MPUYMHU MPABOBOTO PEKHMY BOEHHOI'O CTaHy B YKpaiHi Ta 3yXBajoi
IMITEpPCHKOi TOBENIHKH KpaiHU-arpecopa. ABTOp Ta iHIIN YYaCHUKHA MPOEKTY HE 3aIHINAIOTh Hasii
MOBEPHYTUCH A0 MPOJOBKEHHS IOCTIIKEHb Ta BIOCKOHAIECHHS CHCTEMH. 30KpeMa, B HaHOMMK4uX
IIJTaHaX MaKCUMaJIbHO IBHAKO iHTCI‘pyBaTI/I B aBTOMATHU30BaHy CUCTEMY MAllWHY, 10 6yzle ImogaBaTu
Ha0ip MakeTiB Ha KOHBEEpPHE MONOTHO. [lnaHyeTbcs BIOCKOHAJICHHS MEXaHIYHOT KOHCTPYKIIi Hax
MOJIOTHOM KOHBeEpa, a caMme OyayTh ONaBaTUCh MEXaHIYHI MPUCTOCYBaHHA 3aUIs1 3a0e3ledeHHS
npolecy aBTOMATHYHOTO BiJIKPHBAHHS Ta 3aKpUBaHHs IAKETy NPOTATOM HOTO MepeMillleHHS T10
KOHBEEPY.
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Automated system for gluing parts of paper packages
Relevance. Gifts and souvenirs are usually packaged in paper. The research and development of practical solutions for
automating the process of gluing packages is a relevant scientific problem and engineering task. The issue of the latest software
and hardware solution for automating the application of glue to paper items of various sizes, mostly in small batches, is
considered in this article.
Goal. The purpose of the paper is to present engineering solutions that allow to develop an automated line for gluing parts of a
paper package with minimal costs for the company's budget.
Research methods. The object of automatization is studied, which includes the analysis of the range of paper product sizes and
the current level of productivity in manual assembly workshops. The construction of automated conveyor lines for performing
technological operations of gluing paper parts for their further assembly into a package is considered.
The results. A study of the latest scientific publications has been conducted, which confirmed the relevance of designing low-
budget automated systems for domestic manufacturers of paper packages. The geometric parameters of the package and the
gluing pattern are described. A structural diagram of an automated system for gluing parts of a package and algorithmic support
for the control program of the controller have been developed. A list of the main software and hardware components of the
system is given. The areas of permissible values of the package parameters are determined. The calculation of the dependence
of the carriage speed of the linear motion module on time is given. The result of the physical implementation of the system in
the customer's facility is presented.
Conclusions. The introduction of an automated system will reduce the number of employees who still perform manual gluing
operations. In the near future, we are planning to integrate a machine that will feed a set of packages onto the conveyor belt into
the automated system, as well as to improve the mechanical structure above the conveyor belt, namely, to add devices to ensure
the automatic opening and closing of the package as it moves along the conveyor.

Keywords: automated system, automation, glue application; paper products, package.
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