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Articles and statements

Investigation of the Regularities in the Formation of Solutions n-Queens Problem
Eric Grigoryan 2"
aIndependent researcher, France

This publication is devoted to all Google employees...
You help to find necessary information to go ahead...

Abstract

The n-Queens problem is considered. A description of the regularities in a sequential list of
all solutions, both complete and short, is given. Determined that:

1. The fraction of total solutions in the general list of all solutions decreases, with increasing
value of n.

2. Complete solutions are distributed in a sequential list of all solutions in such a way that the
most likely solutions are complete solutions located in the list close to each other.

3. There is a symmetry in the order of the location of the complete solutions in the general list
of all solutions. If the solution is complete in the i-th position from the beginning of the list, then
the symmetric solution from the end of the list, located in the position n-i + 1, is also complete (rule
of symmetry of solutions).

4. Any pair of solutions, both short and full, arranged symmetrically in the list of all
solutions, are complementary — the Queen position indices sum of the corresponding rows is a
constant and is equal to n + 1 (the rule of complementarity of solutions). This suggests that only the
first half of the list of all complete solutions is "unique", any complete solution from the second half
of the list can be obtained on the basis of the complementarity rule. The consequence of this rule is
the fact that for any value of n, the number of complete solutions will always be an even number.

For an arbitrary matrix of a solution of size n x n, it is established that:

5. The probability of completion to a full solution an arbitrary composition of k queens,
gradually decreases with increasing value of k to a certain minimum, and then increases, with a
further increase in the value of k.

6. There is some minimum value of the size of the composition ko, such that any composition
whose size is less than or equal to ko can always be completed to a complete solution. As the value
of n increases, the value of ko also increases.

7. The activity of row cells in solution matrix is symmetric with respect to the horizontal axis
passing through the middle of this matrix. This means that the cells activity in the i-th row always
coincides with the cells activity in the row n- i + 1. By activity is meant the frequency with which
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the cell index occurs in the corresponding row of the list of complete solutions. Similarly, the
activity of the cells of the columns of the solution matrix is symmetrical about the vertical axis
dividing the matrix into two equal parts

8. For any n, in the sequential search for all solutions, the first complete solution appears
only after some sequence of short solutions. The size of the initial sequence of short solutions
increases with increasing n. The length of the list of short solutions until the first complete solution
for even values of n appears is much larger than for the nearest odd values.

9. The row in the solution matrix, on which difficulties begin to move forward, and the first
short solution is formed, divides the matrix according to the rule of the golden section. For small
values of n, such a conclusion is approximate, but with an increase in the value of n, the accuracy of
such an output asymptotically increases to the level of the standard rule.

Keywords: n-Queens problem, constraint satisfaction problems, non-deterministic
problem, state space, search for regularities.

1. Introduction

I was always sure that if the data is not random, then there must be a certain regularity in
them, if even this regularity we can’t find. It was this conviction that was the reason for the search
for regularities in the n-Queens problem solutions.

The formulation of the problem is quite simple: it is necessary to distribute n queens on a
chessboard of size n x n so that there is not more than one queen in each row, each column, and on
the left and right diagonals passing through the cell where the queen is located. This task is easy to
understand or explain to anyone, but it is difficult to solve it. The fact is that there is no rule (or set
of rules) based on which we can arrange the queens in each row so get a solution. The solution can
be obtained only on the basis of a search of various variants of the arrangement of queens in certain
rows. However, the complexity of this method of solution is that the number of all variants of the
arrangement of queens grows exponentially with increasing n. In addition, the execution of any
step forward, for placing the queen in the free position of some row, changes the list of free
positions in the remaining rows, and when we go back one step, in order to form a search branch,
we must clear the traces of previously performed actions.

The problem of the distribution of n queens on a chessboard of size n x n has a long history.
Originally it was formulated in 1848 by M. Bezzel (Bezzel, 1848), as an intellectual task for a
conventional chessboard. Over time, the statement of the problem was extended by F. Nauck
(Nauck, 1850), and the size of the chessboard could take on an arbitrary value.

There are a large number of publications related to various aspects of solving the n-Queens
problem. Some of these publications are publicly available, and the other part requires payment to
view the publication. I did not watch paid publications and can’t refer to them. Among open
publications there are many interesting and informative works that relate to several areas of
research: the search for all complete solutions for a given chessboard size n, the development of a
fast algorithm for finding one solution for different values of n, the computational complexity of
algorithmic calculations, and also various modifications of the initial statement of the problem.
To familiarize with these areas, I would recommend the remarkable work of Bell & Stevens (Bell,
Stevens, 2009) and also I.P. Gent, C. Jefferson, P. Nightingale (Gent et al., 2017), which provides a
fairly detailed overview of the various areas of the study. Some directions are considered in more
detail in the works of H.A. Priestley, M.P. Ward (Priestley, Ward, 1994), R. Sosic and J. Gu (Sosic,
Gu, 1994), J. Mandziuk (Mandziuk, 2002), A.S. Farhan, W.h. Z. Tareq, F. H. Awad (Farhan et al.,
2015). Especially noteworthy is an online publication (Kosters, 2017), supported by W. Costers,
which was prepared by a group from Universiteit Leiden and contains a link to 339 publications
(as of 2018) related to the problem of n-queens.

Although the problem of n-Queens has remained active for more than 150 years, and during
this time research has been conducted, and a huge number of publications have appeared, I haven’t
been able to find a publications that would have to do with the search for regularities in the results
of solving this problem.

Definitions

Here and below, the size of the chessboard will be denoted by the symbol n. The solution will
be called complete if all n queens are consistently arranged on a chessboard. All other solutions,
when the number of correctly arranged queens is less than n, will be called short. By the length of
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the solution we mean the number (k) of correctly arranged queens. The number of all solutions
(short and complete), for a given value of n, will be denoted by the symbol m. As an analog of the
"chessboard" of size n x n.

2. Results

Beginning

In order to conduct the research, an algorithm for finding all solutions for an arbitrary value
of n was developed. We did not use recursion or a nested loop system. For large values of n, such an
approach would be rather problematic. The algorithm was built on the basis of a set of interacting
events, in each of which, a certain system of actions, interconnected, takes place. This makes it
possible to simply implement the mechanism of changing the state space when selecting the next
node in the Forward Tracking branch, or clearing the traces of previously performed actions, when
returning back to one or more steps (Back Tracking). In the algorithm there are no special
requirements to the amount of memory or the speed of the processor, so the calculations can be
made on any home computer (laptop). Based on this algorithm, all successive solutions (both short
and complete) were found for different values of the solution matrix (n = 7, ..., 16). Since the size of
the list of complete solutions is a named sequence (sequence A000170 [10]) and is indicated in
many publications, it seems to me interesting to bring the size of the list of all solutions, for the
values n: 7 (194), 8 (736), 9 (2936), 10 (12774), 11 (61076), 12 (314730), 13 (1716652),
14 (10030692), 15 (62518772), 16 (415515376).

Further, using the solutions found, we give formulations of some problems, methods for their
solution, and a description of the results obtained. Also, we present the results of the
computational experiments carried out to evaluate the probability of completion to full solution an
arbitrary composition of k queens.

1. About the state space in which solutions are being sought.

The search of various variants of the arrangement of queens in certain rows leads to the
formation of a state space. If there were no prohibitions on the location of queens in any cell, then
the size of the state space would be equal to n". If we only consider a rule that forbids the placement
of more than one queen in each column, then we get a subset of the state space whose size will be
equal to n! This subset of the state space corresponds to the problem of the distribution of n rooks.
If, at the same time, we also take into account the rule that prohibits the arrangement of more than
one queen on the left and right diagonals passing through the cell where the queen is located, we
get a search space whose size is less than n!. We call such a subset of the state space a productive
search space, starting from the fact that only in this subspace are all possible solutions.
Any completed branches in the productive search space are solutions with a certain number of
correctly arranged queens. Basically - these are short solutions, and only a small part of the rest are
complete solutions.

Figure 1 shows the graphs of the dependence of the natural logarithm of three indicators:
a) the factorial values (n!) of the size of the solution matrix; b) the number of all solutions (both
short and complete); c¢) the number of complete solutions, depending on the size of the solution
matrix (n). As expected, all curves have exponential growth, and, evidently, the logarithm of the
factorial grows much faster than the corresponding values of all solutions and complete solutions.
Also, the growth rates of the number of all solutions and the number of complete solutions vary,
although this is not so noticeable on the graph, due to the small size of the sample of values of n.
For example, for n = 13, the difference between the logarithms of these indicators is 3.148, and for
n = 16 this difference increases by 0.190 and is 3.338. Obviously, with a further increase in the
value of n, this discrepancy will be more significant.
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2. How does the share of complete solutions change in the general list of all solutions?
Figure 2 shows the plot of the fraction of complete solutions in the general list of all solutions

from the value of n. It is seen that as the size of the solution matrix increases, the share of all
complete solutions in the general list decreases. For initial values n = 7, ..., 14, this value decreases
rapidly from the value 0.2062 to 0.0364, and then a gradual, asymptotic decrease of this value
continues. Here there is a formal contradiction between the two statements: on the one hand, the
number of complete solutions exponentially increases with increasing value of n, on the other
hand, the probability of obtaining a complete solution in a sequential list of all solutions is
constantly decreasing. This seeming paradox is explained very simply, the size of the productive
space and the associated size of the list of all solutions grows faster with increasing n than the
number of complete solutions. It's like trying to find a needle in a haystack — the amount of hay
"with increasing n" grows faster than the number of needles that are lost there.

3. What is the frequency of solutions of different lengths in the list of all solutions?

Table 1. Relative frequency (%) of solutions of different length (k) for a matrix of size nxn

(n=17,..,16).

n\k | 4 5 6 7 8 9 10 11 12 13 14 15 16
7 10.31 | 31.23 | 27.84 | 20.62

8 2.45 20.38 | 34.78 | 20.89 | 12.50

9 0.34 | 5.79 21.73 | 35.83 | 24.32 | 11.99

10 0.05 | 1.35 8.41 25.62 | 32.94 | 25.96 | 5.67

11 0.15 2.12 11.80 26.71 34.47 | 20.36 | 4.39

12 0.01 0.29 3.28 13.56 20.88 | 31.29 | 17.18 4.51

13 e 0.03 0.68 4.72 16.57 28.76 | 28.84 | 16.11 4.29

14 e 0.90 1.14 6.47 17.49 | 28.01 | 27.45 | 15.70 3.64

15 0.01 0.18 1.80 7.53 18.46 27.07 | 26.63 | 14.64 | 3.68

16 e 0.02 0.35 2.23 8.23 18.89 | 27.56 | 25.39 | 13.77 | 3.56

e — denotes values that are less than 0.01
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As mentioned earlier, all completed branches in the productive search space are solutions
with a different number of correctly arranged queens. It is of interest to us how often solutions of
different lengths are found in the general list of all solutions. Table 1 shows the corresponding
values of the relative frequencies for solutions having different lengths that were obtained from the
list of all solutions for n = 7, ..., 16. The corresponding visual representation of these data is given in
Figure 3. The analysis of the table allows us to draw the following conclusions:

a) for each solution matrix of size n, there is some length of the solution that has the
maximum frequency (these values are shown in bold).

b) as the value of n increases, the number of solutions with different lengths increases.
Accordingly, the relative frequency of all solutions decreases.

c¢) for each solution matrix of size n, there is a certain minimum size of the solution length,
below which short solutions do not occur. With increasing value of n, the value of this threshold
increases. For example, for n = 8, the threshold value is 4, respectively, for n = 16, the threshold
value is 7.

4. How complete solutions are located in a sequential list of all solutions?

In the formulation of the n-Queens problem there are no reasons that would give grounds for
making any assumption about the order of following complete solutions in the general list of all
solutions. We were interested in whether the complete solutions are distributed uniformly in the
general list, randomly, or it has some peculiarities. To find this out, we analyzed the distances
between the nearest complete solutions in a sequential list of all solutions. As can be seen from
Fig. 4, where for n = 12, a histogram of the distribution of the corresponding frequencies is
presented, with the greatest frequency there are complete solutions that directly follow one
another. These are cases of the formation of the search branch, when the relationships of free
positions in the last rows allow one to form two or more consecutive full solutions. Further, the
maximum frequency has those complete solutions, between which are located: one short solution,
two short solution, etc.
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In order to find the regularities in the location of the complete solutions in the general list of
all solutions, we analyzed the lists of all solutions for n = 7, ..., 16. To graphically demonstrate the
results, in Figure 5, for the value n = 8, the length of each solution in the list of all 736 solutions is
indicated. Here, only 92 solutions are complete, and they are highlighted in red, the remaining
644 solutions are short, and are highlighted in blue. It can be seen that the complete solutions are
not evenly distributed in the list of all solutions. There are zones where full solutions are found
more often, but there are places where complete solutions are rare or do not occur at all. However,
another thing is important here. If we look closely at the blue-red barcode, we can notice one very
important feature, all the red lines are symmetrical with respect to some conditional vertical line
passing through the middle of the list of solutions. In fact, as the check shows, if at the i-th step
from the beginning of the general list there is a complete solution, then, respectively, the complete
solution will necessarily be found at step m - i + 1, where m is the size of the list of all solutions.
For example, for n = 8, if the first complete solution in the sequential search of all solutions
appears at the step 43, then, respectively, the last complete solution in the list will be found in step
736 - 43 + 1 = 694. If the 17th solution for a 10x10 matrix appears in the list at step 368, the
symmetric complete solution will appear in the list of all solutions in step 12774 - 368 + 1 = 12407.
This rule is valid for a matrix of a solution of any size.
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Fig. 5. The length of each solution in a sequential list of all solutions, for a matrix of size 8x8
(red — full solutions, blue — short solutions). The total number of all solutions is 736

Therefore, we can formulate a rule. For any value of n, if the solution is complete in the
sequential list of all solutions in the i-th position from the beginning of the list, then the symmetric
solution from the end of the list in the position m - i + 1 will also be complete (rule of symmetry of
solutions). The consequence of this rule is the fact that for any value of n, the number of complete
solutions will always be an even number. (All the lists of complete solutions found so far are even
numbers).

If we compare the queen position indices of any two symmetric solutions, then we can find a
critically important feature: symmetric pairs of solutions are complementary. The sum of the
corresponding values of the indices of the queens of symmetric solutions is n + 1. For example, the
17th solution for n = 10 in the list of all solutions is in the 368th step from the beginning of the list
and the indexes of the queen positions at this step are (1, 5, 7, 10, 4, 2, 9, 3, 6, 8).
The corresponding symmetric solution is at step 12407 and has queen positions indexes (10, 6, 4, 1,
7,9, 2, 8, 5, 3). If we add the corresponding values of the indices of each pair, we obtain (11, 11, ...,
11). This rule is valid for any value of n, moreover, both for complete symmetric solutions and for
short symmetric solutions. This allows us to formulate the second rule. For a matrix of solutions of
any size n, any pairs of solutions (both short and complete) arranged symmetrically in a sequential
list of all solutions are complementary - the sum of the indices of the positions of the corresponding
rows is a constant and is equal to n + 1 (the complementarity rule for solutions). If we denote by Q
(I) and Q1 ( I) the arrays of indices of complementary solutions, then the rule

Q(i)+Qi1(i)=n+1, i=(1,n)

This rule means that if a complete solution is obtained at the i-th step, then the symmetric
complete solution at step m - i + 1 becomes known. Therefore, when searching for all complete
solutions, it is sufficient to find only the first half of all complete solutions. The second half of the
list of complete solutions can be determined from the solutions already obtained, on the basis of
the complementarity rule. The criterion that half of the list of complete solutions is reached is the
fulfillment of the complementarity rule between the previous complete solution Q (i - 1) and the
subsequent Q (i ). that is, it is necessary that the sum of each pair of corresponding values of the
indices of two consecutive solutions be equal to n + 1. Since any complete solution from the list of
all complete solutions is unique, only those consecutive full solutions will be complementary, which
are on both sides of the border separating the list in half.

These two rules will allow in the future, in the search for all complete solutions for any next
value of n, to reduce the amount of calculations and, correspondingly, the counting time in half.

10
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5. Visualization the sequence of steps to find the first complete solution

How is the process of performing forward steps (Forward Tracking) and backward (Back
Tracking) when forming the solution search branch. In order to answer this question, we, for a
matrix of 10x10, determined a sequence of 194 transitions between the rows until the first complete
solution appeared. The corresponding graph is shown in Figure 5. Blue lines mean forward
movement, and red lines - return back. During these 194 steps, 35 short solutions were created,
there were transitions between different lines without creating any solutions and, in the end, a
complete solution was obtained. The figure shows that most of the transitions (84.5 %) occur
between the lines (5, 6, 7, 8). This is, in a way, a "bottleneck" on the way to the "goal". As follows
from the figure, there are only 7 cases of transition to the 4th row and one case of transition to the
third row. There are also 13 cases of transition to the 9th row. Three attempts to go to the 10th row
were unsuccessful, since there was no free position in these search branches on the 10th row.
This example clearly demonstrates all the branches of the formation of short solutions, until the
first complete solution is obtained.
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S 120 — == :
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Fig. 6. Visualisation of BackTracking (red) and ForwardTracking (blue) for first 194 steps of
search of solution (n=10)

Any algorithm for solving such a problem will be effective if it contains a mechanism that will
exclude all (or part) branches leading to short solutions.

6. After what number of short solutions does the first complete solution appear?

Considering that complete solutions appear unequally at different sections of the list of all
solutions, it is important to find out through what number of short solutions the first complete
solution appears. To this end, for the values n = 7, ..., 35, all short solutions were sequentially
calculated before the first complete solution appeared. As can be seen from Figure 6, where the
graph of the dependence on n, the natural logarithm of the step number is presented, when the first
complete solution appears, for even values of n the first complete solution appears much later than
for the nearest odd values of n. For example, for an odd value of n = 21, the first complete solution
appears at step 3138, and for the next, even value of n = 22, the first complete solution appears at

11
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628169 step. Accordingly, for the next, odd value of n = 23, the first complete solution appears at
step 9155. The number of iteration steps for even n = 22, respectively, is 200.2 and 68.6 times
greater than for the nearest odd values. Especially evident in the counting time, this is manifested
for n = 34. Here, the first complete solution appears on the step 826 337 184, and for the nearest
odd numbers (33, 35), respectively at step 50 704 900 and 84 888 759. It should also be said about
the violation of the monotonicity of the growth of the number of short solutions until the
appearance of the first complete solution, with increasing n. For even values of n, this occurs for n
= 19, for odd ones, for n = 24 and n = 26.

25 I I T T T

15 " 1

Natural logarithm of the number of short solutions

O 1 1 1 1 1
5 10 15 20 25 30 35

The values of n (blue - even numbers, red - odd)
Fig 7. Number of short solutions until first complete solution appears for different n

7. Is the frequency of occurrence of cells of each line in the list of all complete solutions
dentical?

The n x n size solution matrix, which is an analog of the chessboard, is like the scene where
all events occur. Any complete solution formed on this scene consists of cell indices of different
rows, since each such cell is a node in the solution search branch into the depth. The question that
will interest us — is the activity of cells in each row the same, when forming a list of all complete
solutions? Obviously, the higher the value of the frequency, the higher the activity of this cell will
be in the formation of the list of complete solutions. To establish this, we define for each row on the
basis of a list of all complete solutions, the relative frequency of occurrence of different indices.
First, we perform an analysis for a solution matrix of size n = 8. Let's consider sequentially each
row of the storage array of complete solutions and determine the frequency of different index
values. In Table 2, the corresponding values of the absolute frequencies of the activity of the
different cells in each of the eight rows are presented, and in Figure 6 shows a group of 4 graphs,
where each graph characterizes the change in relative frequencies within a single row. One of the
fundamentally important conclusions that can be drawn from an analysis of all the data obtained is
as follows:

- for a matrix of a solution of arbitrary size n x n, the activity of the cells of the i-th row
coincides with the activity of the cell n - i + 1, i.e. the activity of the cells of the first row always
coincides with the activity of the cells of the last row, respectively, the activity of the cells of the

12
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second row coincides with the activity of the cells of the penultimate row, and so on. In Table 2,
for clarity, the frequencies of the first and eighth row and column cells are highlighted in bold.

Table 2. Absolute frequency of cell activity in each of the eight rows of the solution

matrix 8x8, obtained on the basis of an analysis of the list of all complete solutions

row\col 1 3 4 5 6 7 8
1 4 8 16 18 18 16 8 4
2 8 16 14 8 8 14 16 8
3 16 14 4 12 12 4 14 16
4 18 8 12 8 8 12 8 18
5 18 8 12 8 8 12 8 18
6 16 14 4 12 12 4 14 16
7 8 16 14 8 8 14 16 8
8 4 8 16 18 18 16 8 4

- in the case when n is odd, only the median row of the solution matrix does not have a
symmetric pair, for all other cells the above rule is valid.

We call this, "the property of horizontal symmetry of the activity of cells of different rows of
the solution matrix". For this reason, we gave only 4 graphs for a matrix of a solution of size n = 8,
since the cell activity graphs for rows (1, 8), (2, 7), (3, 6) and (4, 5) are completely identical.

It should also be noted that all graphs are symmetric with respect to the vertical axis dividing
the matrix into two equal parts (in the case of an even value of n), or passing through a median
column (in the case of an odd value of n). We call this, "the property of vertical symmetry of the
activity of cells of different rows of the solution matrix". From Table 2, it is seen that the 1st column
completely coincides with the last column and they are completely identical to the values of the
first row. Similarly, the second column completely coincides with the seventh column, and their
values completely coincide with the second row, etc. This means that the frequencies in the
solution matrix are symmetric with respect to the left and right main diagonals.

I think that the presence of limiting rules in the formulation of the problem, and the
associated property of nondeterminism, "create" some kind of harmonious relationship between
nodes in different lines. Those branches of search that fit into these rules - lead to the formation of
a complete solution. The remaining branches of the search, at some point violate these rules, and in
the end, "complete their way" in the form of short solutions. Here it should be noted that the cells
of the solution matrix have only a local relationship within the projection impact group. There are
no prescribed rules for concerted action between them. Collective activity of cells is only a
consequence of the result of the impact of restrictive rules. Therefore, an interesting question
remains open, how the restrictive rules, as factors of nondeterminism, influence the cells of the
solution matrix, which ultimately leads to the formation of a "harmonious" matrix of cell activity —
symmetric with respect to the horizontal and vertical axes, as well as relative to the left and right
principal diagonals. Is this a characteristic property of only this task, or does it occur for other
nondeterministic tasks?
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Fig. 8. The activity of the cells of each row when forming a list of complete solutions, n=8

8. From which row number is the Forward Tracking — Back Tracking algorithm included?

If we follow the sequence of the algorithm's actions, when a row is selected in the solution
matrix for the location of the queen, we can see that starting with some row, which we will call
"StopRow", there is a "slowdown" of the process of moving forward. In the search branch, this row
is the first, where there are problems with the presence of a free position for the location of the
queen. It is from this line that the Forward Tracking algorithm is used to move forward or Back
Tracking — to clear traces of previously performed actions, and to return back. This is the row on
which the first short solution appears.

The index of "StopRow", with which difficulties begin to move forward, depends on the size
of the solution matrix. If we consider the ratio of this index, which we denote by StopInd to the size
of the solution matrix n, then, as can be seen from the Figure 9-1, where the calculation results for
the initial values n = 7, ..., 99 are presented, this ratio varies more or less and tends to decrease.
As the value of n = (100, ..., 300) increases, this ratio ranges from 0.619 to 0.642 (Figure 9-2), and
with a further increase in n, we get the following results (successively: n (StopInd, StopInd /
n): 1000 (619, 0.6190), 2000 (1239, 0.6195), 3000 (1856, 0.6187), 4000 (2473, 0.6182), 5000
(3091, 0.6182). It is surprising, but it can be argued that the stop line divides the matrix according
to the rule of the golden section: namely, the StopInd / n relation differs from (n-StopInd) /
StopInd by a small value, which tends to zero with increasing n. For example, for n = 5000, the
difference between the ratios 3091/5000 and 1909/3091 is 0.006, which means less than 0.1% of
the average of these two ratios.
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The graph presented in two figures Figure 9-1, 2 has not a random form of variability, which
resembles a record on the "music camp". One can see repeated jumps upward and a stepwise fall
down with some irregular periodicity. Obviously, there is some reason for this behavior of the
curve, and perhaps this will be of interest for the study. For this reason, for a more detailed
visualization, the graph was presented in two figures.

9. What is the probability of completion an arbitrary composition of k queens to a complete
solution?

To answer this question, we need to determine all possible admissible combinations of k
queens (k = 2, ..., n-1) for each of the considered values of the size n of the solution matrix. Here,
by permissible compositions, we mean such combinations that do not contradict the conditions of
the task. After this, we can compare the resulting list of compositions with a list of complete
solutions and determine the number of those compositions that are at least once found in any of
the complete solutions. Obviously, in the process of generating these compositions, we must keep
the queen's position to the row index in order to make a correct comparison. Such a format of data
representation will allow us, for example, to confirm that for n = 10, the composition of two queens
(0,0,7,0,0,0,0,3,0,0) can be supplemented to a complete solution, since the active positions in this
composition, coincide with the corresponding positions in the solution (3, 5, 7, 10, 4, 2, 9, 3, 6, 8),
which is the first in the list of complete solutions for n = 10.

We made a selection of all possible combinations of k queens based on a pseudo-random
number generator, taking into account the limiting rules: "in each line, each column, and on the
left and right diagonals passing through the cell where the queen is located, there should not be
more than one queen". At the same time, we observed two conditions: a) the generation was carried
out for a sufficiently large number of samples in order to cover all possible combinations with a
high probability; b) before the analysis, classification of the obtained data was carried out, and
those samples that coincided with the already selected compositions were excluded from the
sample. It should be noted that this is a fairly time-consuming computational task, since the
sample sizes are very large. Further analysis was carried out only on the basis of unique
compositions. This way of generating combinations of k queens, quite accurately characterizes the
variety of compositions in a real situation.

x10°

7 T T T T T T T T

Number of compositions

3 4 5 6 7 8 9 10
The composition size
Blue- all compositions, Yellow- implemented compositions

Fig. 10. The number of initial and implemented compositions of different size for the solution
matrix 11x11
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It should be noted that the calculations that we carried out for the same value of k yielded
very similar results. This is due to the observance of the generation condition for a sufficiently large
sample of random compositions. For example, for n = 11, the following samples of unique
compositions were obtained (the value of k is given, and the sample size of unique compositions is
indicated in parentheses): 3 (53190), 4 (151786), 5 (309764), 6 (449629), 7 (558196), 8 (637556),
9 (586628), 10 (191414). In order to obtain such samples, we each time generated one million
compositions, some of which, then, as a result of classification, were filtered out. Calculations were
carried out by us for ten values of the solution matrix, n =7, ..., 16.

Table 3. The probability of completion to obtain the complete solution of an arbitrary composition
of k queens located on a n x n-size solution matrix (n = 8, 9, 10)

k\ n 8 9 10
2 0.8168 0.9817 1.0000
3 0.3907 0.6569 0.7326
4 0.1763 0.2042 0.2944
5 0.1136 0.1463 0.1170
6 0.1145 0.1061 0.0615
7 0.2306 0.1185 0.0471
8 0.2290 0.0589
9 0.1284

Some of these results are presented in Table 3, (n = 8, 9, 10). In Figure 10, as an example, for
a 11x11 size solution matrix, a set of bar charts is presented that correspond to the sample size of
the generated compositions and the sample size of those compositions that have been confirmed, at
least in one solution, from the list of complete solutions. Accordingly, and in Figure 11, for n = 8,
10, we presented graphs of the change in the probability of completion to obtain a complete
solution. The most important conclusions that can be drawn from the analysis of the results
obtained are as follows:

a) the probability of completing to obtain the complete solution of an arbitrary composition
of k queens is not a constant value. The value of this probability gradually decreases to a certain
minimum value, and then increases with increasing value of k. This is true for a matrix of a solution
of any size. For example (Table 3, Figure 11), for n = 10, a minimal probability is 0.0471.
This corresponds to compositions consisting of 7 queens. If we increase the size of the composition
to 9, then the probability of completion increases to 0.1284, which is 2.73 times greater than at the
minimum point.
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Fig. 11. Probability of completion to full solution depending on the number of queens in the
composition. Blue- solution matrix 8x8, red - 10x10

b) for each value of the solution matrix n, there is a certain minimum value of the
composition size ko, such that any composition whose size is less than or equal to ko can be
completed to a complete solution. For values of n = 7, 8, 9, the value of ko = 1. This means that not
every composition of the two queens, from the list of acceptable compositions, can be completed to
a full solution. For example, for n = 8, the probability of completing to obtain the complete solution
of an arbitrary composition of two queens is equal to 0.8168. As the value of n increases, the
corresponding value of ko increases. For example, for n = 16, the value ko = 5. This means that for
a n=16 solution matrix, any composition formed in an allowable search space, whose size is less
than or equal to 5, can be completed to a full solution.

In Figure 12, depending on the value of n (7, ..., 16), two graphs are presented: the first is the
size of the composition k, at which the probability of completing to the full solution is minimal, on
the second — the size of the composition, which can always be completed to obtain full solution.
It is seen that the values of both these indicators increase with increasing n.
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3. Conclusion

An analysis was carried out of the sequence of all solutions (both short and complete) for
different values of the solution matrix (n = 7, ..., 16). As a result, it was established that for an
arbitrary solution matrix of size n x n, the following statements hold:

1. Although the number of complete solutions increases exponentially with increasing value
of n, however, their share in the general list of all solutions decreases.

2. Complete solutions are distributed in a sequential list of all solutions in such a way that
they are found in the list with the greatest frequency, located close to each other.

3. There is a symmetry in the order of the location of the complete solutions in the general list
of all solutions, with respect to the axis passing through the middle of the general list. For any value
of n, if the solution is complete in the sequential list of all solutions in the i-th position from the
beginning of the list, then the symmetric solution from the end of the list in the position m -1 + 1
will also be complete (rule of symmetry of solutions). Here m is the size of the general list of all
solutions.

The consequence of this rule is the fact that for any value of n, the number of complete
solutions will always be an even number. (All the lists of complete solutions found so far are even
numbers).

4. Any pairs of solutions (both short and full) arranged symmetrically in a successive list of all
solutions, with respect to the axis passing through the middle of the list, are complementary — the
sum of the indices of the positions of the corresponding rows is a constant value and is equal to n +
1 (the complementarity rule for the solutions ).

This rule means that if a complete solution is obtained at the i-th step, then the symmetric
complete solution at step m - i + 1 becomes known. Therefore, when searching for all complete
solutions, it is sufficient to find only the first half of all complete solutions. The second half of the
list of complete solutions can be determined from the solutions already obtained, on the basis of
the complementarity rule.
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The criterion that half of the list of complete solutions is reached is the fulfillment of the
complementarity rule between the previous complete solution and the subsequent one, that is, it is
necessary that the sum of each pair of corresponding values of the indices of two successive
solutions be equal to n + 1.

5. In a sequential list of all solutions, the first complete solutions appear after a certain
number of short solutions. For even values of n, the first complete solution appears much later
than for the nearest odd values of n. For example, for n = 34, the first complete solution appears at
826 888 759th step, and for the nearest odd numbers (33, 35), respectively at 50 704 9ooth and
84 888 759th steps.

6. The activity of the cells of the solution matrix is symmetrical about the axis passing
through the middle of this matrix. This means that the activity of the cells of the i-th row always
coincides with the activity of the cell n - i + 1, i.e. the activity of the first line always coincides with
the activity of the cells of the last row, respectively, the activity of the second line - coincides with
the activity of the penultimate line, etc. By activity is meant the frequency with which the cell
appears in the corresponding row of the list of complete solutions.

7. The row in the solution matrix, where difficulties begin to move forward, and the first short
solution is formed, divides the matrix according to the rule of the golden section. For small values
of n, such a conclusion is approximate, but with an increase in the value of n, the accuracy of such
an output asymptotically increases to the level of the standard rule.

8. The probability of completion to a full solution an arbitrary composition of k queens,
gradually decreases with increasing value of k to a certain minimum, and then increases, with a
further increase in the value of k.

9. There is some minimum value of the size of the composition ko, such that any composition
whose size is less than or equal to ko can be completed to a complete solution.

Another rule that I would like to add to the list is the following:-in any problem connected
with the formation of the branch of the search for solutions in the state space, in the presence of
constraints, there must exist some rules for harmonious relations between all nodes of the branch
of the search for solutions. The presence of bounding rules in the formulation of the problem, and
the related property of nondeterminism "form" some kind of harmonious relation between the
nodes of the search branch. This means that the relationship between the nodes of the branch of
search for a solution is not accidental. Only those branches of the search, which fit into the
harmonious rules of relations inherent in the given problem, lead to the formation of the correct
solution. The remaining branches of the search, which at some point "violate" these rules, are
ultimately excluded from consideration, as they lead to incorrect solutions. I think that such a fact
can also occur in some other nondeterministic problems of forming a search branch in the state
space under constraints.

I have considered only some questions that can be formulated on the basis of the results of
solving the n-Queens Problem. I hope that the obtained results will make the mechanisms of the
formation of nondeterministic processes and changes in the state space more transparent for
understanding. Perhaps this will serve as a fulcrum for formulating new tasks and moving ahead.
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Abstract

In the paper we present an algorithmic approach for gas storage valuation. The gas price term
structure is described by Andersen’s commodity model in Carmona-Ludkovski framework. We first
derive Hamilton-Jacobi-Bellman equation for this case, and then switch to algorithmic approach
to find the optimal solution under Bellman condition.

Keywords: Hamilton-Jacobi-Bellman equation, Gas storage valuation, Commodity futures.

1. Introduction

The present paper continues the investigations begun in Kechejian, Ohanyan, 2015,
Kechejian, Ohanyan, Bardakhchyan, 2016a and Kechejian, Ohanyan, Bardakhchyan, 2016b,
dealing with pricing of derivative products based on futures price term structure described
according Andersen's model (Andersen, 2008).

Gas storage valuation methods are generally modelled as maximal expected value of
optimally controlled value process (Kechejian, Ohanyan, 2012).

2. Results

As in Carmona, Ludkovski, 2006 we approach the optimal gas storage management as
a switching process, described by three states or equivalently by three value of control; u(t) €
{—1;0,1}, where 1 is the state when we withdraw some gas from the storage, -1 when we inject gas
into the storage, and o when nothing is done, hence capacity changes are described by the sign of
control u.

Here we stay the formulations of Carmona and Ludkovski, with some subtle modifications.
We denote the capacity of storage by C(u(t),t), the gas spot price by G(t), direct costs by
K(u(t),t,C(u, 1)), and we also allow for fuel and commodity charges when injecting or withdrawing
gas. We have the following description of instantaneous income process (u(t), t, C(u, t), S(t)).

Y(-1,t,C,8) = -G(Ob_1(t) —K(-1,C(¥)); and dc(t) = a_,(t)dt
¥(0,¢,C,S) = —K(0,C(1)); and dC(t) = ap(t)dt

¥(1,¢,C,S) =SE)b_41(t) —K(1,C©®)); and dc(t) = a,(t)dt

" Corresponding author
E-mail addresses: hkechejian@hotmail.com (H. Kechejian), victoohanyan@ysu.am (V.K. Ohanyan),
vardanbardakchyan@gmail.com (V. G. Bardakhchyan)
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Hence the general formulation of the control problem is:

J'Te_r(v_t)lp(u(v)’ v, C(u’ 17),5(17)) dv | G(t) =49, C( , t) = C]
t

Compare this with original formulation in Carmona, Ludkovski, 2006. Here r is discount
rate, and U is a set of all adapted processes.

Hamilton-Jacobi-Bellman (HJB) equation for Anderson spot prices models

We assume that the commodity future process is described by Andersen’s model (Andersen,
2008). The general model is described by stochastic differential equation (SDE) constituting
a Markov process.

V(t, s, c,u) =supE;
uev

dF (£, T)
T o1 (t, T)AW,(t) + 0, (t, T)dW, (1),
where
0,(t, T) = ePDh e *T=0 4 eaDp - g,(t,T) = ePDh, e *T-1)

and W, (t) and W, (t) are independent Wiener processes (Karatzas, Shreve, 1998; Miltersen,
2003; Pham, 2010).

Note that a and b differ from a, and b,, in their definition.

To derive the spot price process, we use lemma 2 in (Andersen, 2008), and get the following.

OF (0, ¢ 1 1
dG(t) = ©8 44 (Z (h% + h3)e2alt)+2d(®) 4 Ehgoezfl(ﬂ) dt

ot
h? + h? + h3
| y2za@®)+2d@®) (1 ’ 1 1 2 _2a(t)+2d(t)
<e (a'(®) +d' (D) T —

h3 (1—e 2k) 4+

+ eZa(t)+d(t)(2a/(t) + d,(t)) hlz};;oo (1 _ e—kt) + eZa(t)+d(t) h]_;loo e—kt dt

+ J.(a'(t) +d'(t) — k)dt + hlea(t)+d(t)dW1(t) n hzea(t)+d(t)dWZ(t)
_ GeZa(tHd(t)(Za’(t) +d'(t)) hihe (1—e) + %eza(t)+d(t)h1hwe_kt> dt

k
+ I,a' (t)dt + e*Oh o dW, (t),
where d(t) = a(t) + b(t), J; and I, have the following form:

t t
Jp = ed®O+d®O) -kt <f hye**dw, (u) +f hzekudWZ(u)>; I = e Oh W, (t),
0 0

or in differential form
dJ; = J:(a'(t) + b'(t) — k)dt + hydW;(t) + h,dW,(t)
dl, = I,a' (t)dt + e*DhdW, (t)
Next we bypass the Monte Carlo method of Carmona, Ludkovski, 2006 and use numerical
methods for deterministic PDE rather than SDE.
We Like to use HJB equation in our case (see Kechejian, Ohanyan, 2015), however to do it we
should have an SDE for spot prices in the form,

dG(t) = u(t, G)dt + o(t, G())dW (¢).
Where o(t,S(t)) is in matrix form.
However we note that in order to bring our SDE to the desirable form, we are to be able to
express J, = f(t,G(t)), and I, = h(t, G(D)).
Using Ito formula for function f(t, x) we have

9 9
dJy = y(t) - dt + (hye®O+4® 4 p ea®) %dWl(t) + h,ea®+d(®) % AW, (t)

Equating the coefficients of above SDE with the ones in the original SDE of J,, we get the
following system

(hlea(t)+d(t) + hmea(t))% =h,

of
h a(t)+d(t) 2L _ h
2€ E 2
This system has no solution, or in other words there is no function for which J, = f (t, S (t)).
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The same can be stated for I, = h(t S (t)) i.e. there is no such h(t, x).

And at last there are no function d(t, x), and [(¢, x), for which J; = d(¢,I(t)), or I; = L(t,](t))

So we come to an impasse while using two-dimensional HJB equation (for G and C).
We should rather use four-dimensional HJB equations for V(t, g,c,j, i, u).

Restating the four SDE-s in a matrix form we have the following

dG; u(t, S, L)) h,e®®+d®) 4 ealt) hyea(D+a(®)
dl | _ I.a'(t) dt + e?®p 0 (dW1 (t))
dje Je(a'(®) +b'(t) — k) hy h, dW,(t)/"
dCe ay (t) 0 0
where
OF (0, 1)

+ (1 (h% + h%)eZa(t)+2d(t) -I-lhz eZa(t))
2 2%

2 2 2 2
hi + hj (1 _ e—2kt) + hi + hj e2a(t)+2d(t) o2kt
2

t,S,1,]) =
[J.(,S, !]) at

_ <eZa(t)+2d(t)(a’(t) +d'(1))

hih hih
2a(t)+d(t) ’ / 1'% _ -kt 2a(t)+d(t) “17°© _kt
+e (Za (t)+d(t))—2k (1 e )+e > e )
+]t1(a'(t) +d'(©) — k) - .
_ (EeZa(t)+d(t)(2al(t) + d,(t)) 1k oo (1 _ e—kt) + Ee2a(t)+d(t)hlhooe—kt) + Ita’(t)

For simplicity we write u(t, S, I,]) in the following form:
,Ll(t, S, [r]) = p(t, hl! hz, hoo! k! a(t), d(t)' a'(t), d,(t)) + ]t(a,(t) + d,(t) - k) + Ita,(t)
=p+J(@@®+d' @) —k)+1a @)
Also we have used dC(t) = a,, (t)dt We get the following form for HJB equation

ov av
sup [u(t)g(t)b - K (c(t)) + — + —(p(t) +j@)@'@®)+d () —k)+i(t)a (t)) + —l(t)a ()

ueu
+ a__j(t)(a’(t) +d'(t)— k) + a—Vau(t)

2
4o <a vV ((h ea(t)+d(t) +h ea(t)) + hZ 2a(t)+2d(t)) + %_VeZa(t)hz d 112/ (h% + h%)

2

(’)(’)hhe

+

aO+d® (2 + hZ) + he,e®®) + 2 %hlhwe“(”>

— rV] =0,

where we have used
Y t,c,5) = u(®)g(Oby — Ky(c(®)

Here we note, that the main differential equation also contains term a,, (t).

As the profit is linear to injection/withdrawal rates it is always optimal to inject/withdraw at
maximum allowable rate.

Algorithmic approach

Here we attempt to explicitly solve the stated problem in several steps (layers).
To accomplish the latter, we propose the following algorithm. First divide the whole decision space
into subclasses with no switching, 1 switching , 2 switching etc. strategies.

T
V=E ( j e "y (Gs, c‘s(u))ds>
0
u€{-1,0,1},
lpuS(Gs: Cs(u)) = uGsbu(Cs) - K, (Cs)
No switching strategy The only possible case with no change is of form (0,0)

T T T
V=E <j e "y, (Gs, C_'S(u))ds> =E (—j e‘rSKO(C_S)ds> = —f e "SKy(Cs)ds
0 ° 0 0
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One switch strategy The only feasible strategy is (-1,1). Here -1 means we are buying gas
(injection), 1 means withdrawal.

For each such strategy the maximal V is obtained when we change our u at the most
profitable time.

Let’s denote it by t*. V then becomes

V=E <ft e "5 (=Gsbin(Cs) — K_1(Cs))ds + f
0

t*

T
675 (Gubone (C) — m(c‘;))ds)

To obtain t*, we should solve the following equation
av
ot le=¢» =0

which becomes
E (e (=Gebin(Co) = K-1(Ce))) = E (€7 (Gerboue (Co) — Ky (Ce))) = 0

K; (Et*) - K—l(c_‘t*) = (bout(Et*) - bin(ft*))E(Gt*)
From the above we get B B
_ Ki(Cpr) = K_41(Cy)

E(Gy) = _ L
‘ bout(Et*) - bin(Ct*) 3-1)
We also have a boundary conditions, for C,:
EO = ET = 01

since

C, = jtu(s)au(Es) ds.

0
We can rewrite the condition in the following manner

T t* T
T = fo u(s)ay (e ds = fo in(C5)ds = | apue(C5) ds = 0

*

Then the boundary conditions can be written as

t* T
a;n (C5) ds =f Aoyt (Cs) ds
-fO in\ts . out( s) 3_2)

If there is such t*, then we have found the optimal switching time.

The existence of a solution is shown in Carmona, Ludkovski, 2006, for k switching options
where > 1. So in general for 1 switching the existence of such solution may not be assured.

However, if we impose some additional conditions on the function K(C(t)), C(t), bu and au,
we can guarantee its existence.

Moreover, if the system (3.1) and (3.2) are incompatible, then this will imply that our
maximum is on the boundary, which contradicts (3.2). So this implicitly imply that (0,0) is better
than (-1,1).

The uniqueness is also obvious as a, (C) > 0, whenever C > 0, regardless of u. So in (3.2) the
left part is increasing, and the right part is decreasing in ¢*.

E(G,+) is constant, as G, is martingale (see Andersen, 2008), hence if % i
decreasing in t*, (3.1) will also have unique solution.

What remains to show is the coincidence of unique solutions of (3.1) and (3.2).

The latter can’t be shown without an explicit form of K, and relation of b,,(*) and a,, ().

In the case of two switching all possible variants are (0,-1,1) ; (-1,0,1) and (-1,1,0).

Let’s look for example to the first one - (0,-1,1).

t1+ts

&
V=E < f e 5 (—Ko(Cy))ds + f e ™" (=Gsbin(Cs) — K_1(Cy))ds
0

*

T
+ f e_rS(Gsbout(C_‘s) - Kl (Cs))ds>
t

1+t
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From which we have

av
Eh:t; = “le=e; =0
that is
—E (e—”i[(o(c_‘t;)) +E (e—r(t{+t§) (—Gt1+t§bin(5ti+t§) - K—l(ét;"'t;)))
-E (e'”I (—Gt;bin(ét{) - K—l(fti)))
—E (e_r(tiﬁg) (Gti+t;b0ut(5ti+t§) - Kl(c_‘ti“;))) =0
and
E (e—r(ti+t§) (_Gti+t§bin(€ti+t§) - K_1(C_ti+t2))) —E (e—r(t{+t§) (GtIHEbout((‘:ﬂ”;) — K (5f1+f3)))

=0
We can conclude that

—E (e 5Ky (Crr)) — (e—”i (=Ge;bin(Ce;) - K_l(C_t;))> =0
So, the final form will be

E (Ko(Ce;)) = E (Gezbin(Cey) + K_a(Cep)) = 0
3.3)

E (—Gt;+t§bin(6t;+t;) - K—1(5t1+t;)) - (Gt§+t§bout(ft;+t§) - K; (5t§+t;)) =0

And the second equation will become
tt _ ti+t; T _
f aog(Cs)ds + f ai;n(Cs)ds — f aout(Cs)ds =0
0 ¢ :

ti+t;

Comparing the second equation of (3.3) and (3.1) one can see that they constitute the same

time (or times) for second switching.
General Case: Finally let’s consider the general case.

For n switches we have the following formula for V

V= E<ZJ‘Z%{+1O“(uGb (C,) - K (T,) ds> Zf

(Gsbu, (Cs) = Ky (Cs) ) ds

Zk oti
n Z;:—l()tl B _
_ Z j (i (C5)E(Gy) — Koy (Cs) ) ds
= 2ot |
Zk Otl _ 1t Z;ctloti —
_ GOZulf b i(Cs)ds—Zf' Ky, (Cs)ds,
Zk 0 t i=0 Z;(:Oti

=0
where we used the martingale property of G, (Ross, Pekoz Erol, 2007)
Here ¥7_1t; =T, to = 0 and u; = u(t;), which is in general non-differentiable function at

exactly n points.
However, if we have specified the vector (ug, u4, ..., u,), than we can easily differentiate V, to
maximize with respect to (¢4, t,, ..., t,) under the conditions of positivity (¢t; > 0).

For last switching time the following necessary condition for optimality should be

GO ( unbu (EZLL:O tk) + un_lbun_l (EZ‘;(]-:O tk)) + (Kun (EZ}Z':O tk) - Kun—1 (CZ‘Z':o tk)) = 0
Let’s look back for the optimality of t,,_;, for which we get the following necessary condition

Go ( unbun (Ezgzo tk) t un—lbun_l (Czk otk ) un—lbun_1 (Czk ot ) + un—zbun_z (Czk ot ))
+ (Kun (EZ;::() tk) - Kun—l (CZ;;O tk) + Kun 1 (Czk h tk) Kun_z (Czn—o t )) =0

From which subtracting the previous one we get
Go <_un_1bun—1 (CZQQS tk) tun—2by, , (CZk ot )> * (K”"—l (CZk ot ) Ko (622;3 tk)) =0
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Finally all necessary conditions can be described by the following system, m =1, ...,n

Go (_umbum (Em{n:o tk) + um—lbum_1 (Ezrknzo tk)) + (Kum (EZZL:O tk) — Ky, , (Ez;cn:o tk)) =0; 3.4)

If this system is incompatible, then one can infer that no n switching solution exists.
Also another condition should be satisfied is that C, = C; = 0, or

LG Z;':-:lo L -
Zf ' aui(CS)ds =0
i=0 "Zi=o i

In conclusion the algorithm should contain the following steps. First one should construct all
feasible n-vectors for values of u. For each n-step the decision vector,

e must start either with o, or with -1,

e must end either with o or with 1,

¢ no consecutive elements of the vector can be the same

¢ 1 cannot occur before the first occurrence of -1.

¢ Cannot have -1 after than last occurrence of 1.

After constructing all possible combinations satisfying above conditions, we can proceed to
solving (3.4) for each of these cases. For the n step switching case we need also perform the
procedure for case k < n, as there is no guarantee that the n —th step solution will result in more
value than any k-th step, for k < n.

For implementation of this algorithm, we must have either functional form for functions
K, (*),a, (") and b, (), or some estimated dependence upon u.

3. Conclusion

We propose a simple algorithmic approach to evaluate the optimal strategy and value of gas
storage. Though we haven’t yet analyzed properties of convergences of proposed algorithm, the
convergence itself is obvious as a consequence of Bellman principle (Shevre, 2008). At last without
some explicit form of functions used, one can’t proceed to numerical analysis. So at least some
explicit relation is necessary for K, a and b.
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Evolutionary Operator for Calculating the Frequency of Occurrences of Alleles
of STR Loci of the Following Generations, Taking into Account Mutations

Sardarkhodja K. Kurganov 2~
aRepublican Centre of Forensic Expertise, Republic of Uzbekistan

Abstract

In this paper, the limiting behavior of trajectories w(x®) = {x° Vx° V?x?, ...} of the evolution
operator for STR loci (D8S1179, D21S11, D7S820, CSF1PO, D3S1358, THo1, D13S317, D16S5309,
D2S1338, D19S433, vWA, TPOX, D5S818, D18S51 and FGA) alleles without calculating the
occurrence of mutations for the population.

Keywords: quadratic stochastic operator, simplex, STR locus, mutation rate.

1. BBegenue

BypHoe 1 oHOBpeMeHHOe pazBuTue MeTo10B J{HK-ananusa 111 ueHTuUKAIUN YeJI0oBeKa
B pPa3JIMYHBIX CTpPaHaX IIPUBEJIO K co3aaHuio 6a3 maHHbix STR-npoduieii. TpeboBaHue
COBMECTHMOCTH PAcTyIuxX 0a3 JaHHBIX IPHUBEJIO pelleHUs 3a7ady, BO3HUKAKININX B 00JsacTu
MaTeMaTU4eCKON TeHeTUKH, B KOTOPBIX MOKHO HCIIOJIb30BaTh KBAaJ[paTUUYHbIE CTOXACTHUYECKUE
orneparopsl. [IOHATHE KBa/IPATUYHBIX CTOXACTUYECKUX OIEPATOPOB ObLIO cHOpMYySIMPOBAHO
C.H. Bepumrretinom (Bernstein, 1924). Teopus KBaJpaTUUYHBIX CTOXaCTUYECKUX OIIEPATOPOB
pa3BUBAIaCh Ha MPOTHKEHWH 0ojiee YeM QO JieT, W 10 JAHHOMY HaIMpPaBJIEHHUIO OBLIO
omybsmkoBaHo MHOTO pabot (Ganikhodzhaev, 1992; Lyubich, 1992; Kypranos, 2013). B nociienaue
ro/ibl BO3pOC MHTEPEC K JIAHHOU TEeOPUHU, B CBA3U C MX YACTHIM HMCHOJIB30BAHUEM K 3a7auaM IO
MareMaTUkKe, Owosorn W GU3UKU. B  maHHONW paboTe HaAMHU TIpeaiaraercs IOIBITKA
MOJIEJTUPOBAHUSA KAapTUHBI BapuabeIbHOCTH, HMEIINEed MHOTO aJUIeIbHBIX BapHAHTOB, Ha
npumMepe reHoB STR snokycos.

2. Pe3ybTaThl HCCAETOBAHUI

s obecrieueHrs HAUBBICIIETO YPOBHS JIOCTOBEPHOCTH PE3YJIbTATOB CyAeOHO-TeHeTUYeCKUX
SKCIEPTU3 TpebyeTcs YCTaHOBJIEHHE YACTOThl BCTPEYAEMOCTH KaXKJOTO ajuiesis B UCCIenyeMou
nomynsAanuu. [y sToro paHee Obutu TpoBeAeHbl ucciaemoBanuss JITHK 1060 HepoACTBEHHBIX
UHAUBUIYYMOB IIPEJCTaBUTENIE KOPEHHOU y30€KCKON MOmyJIAIUU U3 13 PEruoHOB C
ucnosib3oBanueM mnaHenu u3 15 STR jokycoB (D8S1179, D21S11, D7S820, CSF1PO, D3S1358,
THo1, D13S317, D16S539, D2S1338, D19S433, VWA, TPOX, D5S818, D18S51 u FGA) BXozsIux B
ammutudukanuoHubii Habop “AmpFISTR Identifiler kit” ¢ mocieayromuM reHOTHIMpPOBaeM Ha
npubope ABI PRISM 3100 DNA Sequencer (Applied Biosystems, CIITA) (Ta6sunpsr 1, 2) (AxMmenoBa
U Jp., 2008).

* Corresponding author
E-mail addresses: sardorbioinformatik@mail.ru (S.K. Kurganov)

29



http://www.ejournal11.com/

Modeling of Artificial Intelligence, 2018, 5(1)

Ta6auna 1. AenbHble dacToThl 1 D8S1179, D7S820, CSF1PO, THo1, D13S317, D16S539,
D19S433, TPOX u D5S818 j10xycoB

Asmnenun | D8S1179 | D7S820 | CSF1PO | THo1 | D13S317 | D16S539 | D19S433 | TPOX | D5S818
6 0,041 0,213
7 0,02 0,001 0,212 0,002 | 0,017
8 0,011 0,193 0,001 0,13 0,156 0,02 0,543 | 0,004
9 0,009 0,095 0,036 0,262 0,099 0,202 0,002 0,105 | 0,052
9,3 0,166
10 0,121 0,228 0,229 0,014 0,096 0,126 0,001 0,059 0,095
10,2 0,001
11 0,06 0,232 0,313 0,003 0,286 0,224 0,003 0,254 0,346
12 0,101 0,187 0,337 0,271 0,253 0,051 0,034 | 0,307
12,2 0,003
13 0,265 0,004 0,072 0,064 0,148 0,241 0,003 0,166
13,2 0,036
14 0,22 0,008 0,027 0,025 0,284 0,013
14,2 0,061
15 0,162 0,003 0,001 0,002 0,135
15,2 0,099
16 0,042 0,044
16,2 0,027
17 0,007 0,007
17,2 0,001
18 0,002 0,004
MP 0,054 0,065 0,121 0,076 0,07 0,065 0,057 0,196 0,11
PD 0,946 0,935 0,879 0,924 0,93 0,935 0,943 0,804 0,89
PIC 0,8 0,78 0,68 0,76 0,77 0,78 0,8 0,58 0,71
PE 0,652 0,565 0,461 0,617 0,534 0,565 0,624 0,282 0,58
PI 2,88 2,28 1,79 2,62 2,12 2,28 2,68 1,23 2,25
Ho 0,826 0,777 0,728 0,809 0,764 0,78 0,813 0,592 | 0,869
He 0,824 0,808 0,729 0,797 0,796 0,81 0,823 0,625 0,746
X2 0,03 2,75 0,18 0,53 3,4 0,3 0,3 2.4 2,1
Taosmmma 2. AysutenbHbie yactoThl 111 D2S1338, vVWA, D18S51 u FGA okycos
Asnenu D2S1338 vWA D18S51 FGA

11 0,015

12 0,001 0,126

13 0,007 0,158

14 0,094 0,255

15 0,001 0,077 0,145

16 0,013 0,237 0,123

16,2 0,011

17 0,11 0,258 0,083
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18 0,126 0,221 0,055 0,001
19 0,17 0,001 0,043 0,045
19,2 0,003
20 0,141 0,011 0,026 0,082
20,2 0,001
21 0,032 0,003 0,017 0,129
21,2 0,003
22 0,051 0,015 0,18
222 0,007
23 0,141 0,016 0,191
23,2 0,002
24 0,1 0,013 0,186
24,2 0,002
25 0,092 0,022 0,112
25,2 0,002
26 0,018 0,035
27 0,004 0,01
28 0,001 0,009
MP 0,028 0,063 0,032 0,039
PD 0,972 0,937 0,968 961

PIC 0,87 0,78 0,86 0,84
PE 0,719 0,548 0,734 0,719
PI 3,63 2,19% 3,83 3,63

Ho 0,862 0,772 0.869 0.862
He 0,881 0,797 0.87 0.857
X2 1,7 3,73 0.0005 0.12

I[Ipumeuanne: MP — BepOsSITHOCTDH COBIIJieHHN reHoTHIIa; PD —auckpumuaupyromas cuia; PIC —
coAepkanne uWHGOPMATHUBHBIX mnoauMopdusmoB; PE — wmckmouaromas cwia, Pl — wuHAEKC

ponutenbcTBa; HOo —okupaemasi reTepo3uroTHocTb; He — HaOs0/1aeMasi TeTepO3UTOTHOCTD;
X2 — pa3HHIla MeXIy HabJII0aeMOH U 03KUIaeMOM TeTepO3UTOTHOCTHIO.

B manHOII paboTe HaMU MIpejiaraeTcs MOMbITKA MOJIETMPOBAHUS KaPTHHBI BapHUa0OeIbHOCTH
KOpPeHHON momyaAnuy Y30eKucTaHa uYepe3 HECKOJBKO IIOKOJIEHUM BIepes; € BBICOKOU
JIOCTOBEPHOCThI0. HE0OX0AMMO OTMETHUTD, UTO HAayYHbBIE UCCIIEIOBAHUSA 10 3TOMY BOIIPOCY B MHUPE
B HACTOsIllee BpeMsl MPAKTHYECKH He MPOBOAATCA. JIJIs pellleHHs MOCTaBJIEHHOHM 3aadu ObLId
HCIIOJIb30BaHbl Mojiesib Manbryca (Malthus, 1798) u croxacTuueckas MOJIENb ITOCTPOEHHBIN
aBTOPOM, KOTOpPbIE€ MOKHO HCIIOJIb30BaTh JJIsI MPOTHO3MPOBAHUS COCTOSIHHSA BapuabebHOCTH
TIOITYJIAITUY 32 HECKOJIBKO ITIOKOJIEHUH BIIEPE.

[IpuBenem HeOOXOAMMBIE CBEIEHUS U3 TEOPHUH KBAJ[PATUIHBIX CTOXaCTUYECKUX OTIEPATOPOB
(Ganikhodzhaev, 1992).

B cumruiekce St = {x = (x5 x5 o Xp): 2y X = 1,x; = 0}

PacCMOTPUM 3BOJIFOIIMOHHBIA OIIEPaTOP MOIYJISAIINH

V) = x = Xl j=1 Pijxix;, k=1,n,()
rae, Pij,k >0, Pij,k = Pji,ki Z;cl=1 Pij,k =1, x = (xl;xz; ...;Xn) € Sn_1 . (2)

YcsoBusA H0JI0kKeHHbIe Ha K03 UIMEHTS! P;j , 0becedrnBaroT coxpaHeHHe cuMILiekca ™1,
T.e. V(S 1) c s™ L,

CocrosiHue ajutesiell MOHO 3ajaBaTh Kak Habop x = (x2;x2;..;x3) BeposTHOCTEH
pasHoBuAHOCTEH. Kosdduuuentsr Pjj; 95TO BEPOATHOCTb MOABJIEHUA K-TOH a/JIeJIM IIPH
CKPEITUBAHUHU i-TOU U j-TOU aJlIeJiel.

IIpu manMukcum (caydaiiHOe CKpeIMBaHUE), POJAUTEIbCKas Iapa ajiesiell oOpasyeTrcs B
COCTOSTHHMH X C BEPOATHOCTBIO X;X;. CIIe10BaTeIIbHO,

Xk = Xl p=1Pijxxixj, k=1mn,

OyzeT OJTHOM BEPOSITHOCTHIO.
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Ecii B HEKOTOPOM TOKOJIEHUM AJIEJIH HAXOASATCS B COCTOSIHMHM X, TO B CJIEAYIOIIEM
IIOKOJIEHNH OHA HAXOAUTCA B COCTOAHHUHN x' = Vx.
Eciu okoJieHnu ajuiesyiell HaXoUThCsA o Mojieu MasbTyca xj, = @ Xy, rae KoaddunrueHT

ay IpeIaraemM HaXOJUThb B CIJIETYIOIIEM BUJIE
Ay = [1 - Z?:l(xi - xk)xi]' k= 1; - n, (3)
TOT/Ia SBOJIIOIMOHHBII orrepaTop (1-2) 3alUChIBAETCs B BU/IE:
xp = xq[1— (3 = x1)x; — (x5 — x1)x3 — (g — X1)x4 — = — (X — X1)Xp]
xy = x3[1 = (1 — x2)%1 — (3 = x2)x3 — (04 — 2224 — ++ = (xn — X2) %]
. x5 = x3[1 — (g — x3)xq — (xp — x3)%5 — (X4 — x3)x4 — -+ — (X, — X3) %]
Xp = xp[1 = (g — x0)%1 — (X2 — X)X — (X3 — Xp)X3 — = — (o1 — Xp)Xp—1q].

OtMeTuM, YTO BapuabeJIbHOCTh MOMYJIAINMH, HE 3aBUCUT OT II0JIA WHAWUBHAyyMa, T. €.
My>KCKUE ¥ JKEHCKHe O0co0M B JaHHOM MOJeNN paBHONpPaBHBL. [losToMy Hamia MOAEb
YKJIQZIBIBAETCS B MO/IEJIh OECIIOJIBIX TeHETUYECKHUX OTIEPATOPOB.

A Taxke mMeroTcs (aKThI, CBUIETEHCTBYIONIUE O IIOJIABJIEHHMH TEMIIOB BO3HUKHOBEHWS
mytarui (1) B STR sokycax (Schlotterer, 2000). Cy1ecTByeT HECKOIBKO CIIOCOO0B yyeTa MyTallHH,
B KOTODBIX HCIIOJIb3YeTCsl 3HAYeHHe CcpefAHel YacToThl MyTanui B Jokyce (W). [lyia pacuera
BEPOSAITHOCTU C yYE€TOM MYTHUPOBAHHOTO JIOKYCa BO3MOKHO IIPUMEHEHHE MeTO/Ia MPeJIOKEHHOTO
yueHsiM Yapab3om BpenHepom (Brenner), mo KOTOpOMY BEPOSTHOCTh MYTHPOBAaHUSA aJUles QA

1 —(s—
JIAHHOTO JIOKyca B aJileJib [ JaHHOTO JIOKyca paBHa: P(a > fB) = Zh*10 -1 rpe p-cpemuas
YacToTa MyTallli B JAHHOM JIOKYCE; S — KOJIMYECTBO IOBTOPOB, HA KOTOPHIE OTJINYAIOTCS aJUIETH O

u f.
Vcxonsa U3 BBINIEH3JIONKEHHOTO, JiA TNOJABJIeHUs TEMIIOB BO3HMKHOBEHHA MyTanmuil ()
5BOJIIOIOHHBII OMEPATOP 3aMICHIBACTCA B CIICAYIONEM BUJIE:
1
Xp = Shx 106"V, x,

B sT0i1 paboTe n3yueHo mpeiesIbHOE MOBE/IEHNE TPAEKTOPHI:
w(x%) = {x°%Vx%V2x° .} mna kaxmoii sokyca ajuteneil Ge3 pacdera BO3HUKHOBEHMS
MyTaIllH TaK, KaK HEe IMEeeTCs JaHHBIX JJIA Y30eKkckou nomysisiud (Tabaumbt 3-17).

Tao6smuna 3. Mlamenenne yactotsl ajviesieir D8S1179 jokyca

Asnen | Fo F1 F2 F3 F4 F5 F6
8 0,011 | 0,009192 | 0,00755 0,006066 | 0,004734 | 0,00355 | 0,002512
9 0,009 | 0,007503 | 0,006149 | 0,004932 | 0,003844 | 0,002879 | 0,002035
10 0,121 | 0,114426 | 0,106018 | 0,095617 | 0,083191 | 0,068912 | 0,05327
11 0,06 | 0,05308 | 0,045924 | 0,038659 | 0,031432 | 0,024411 | 0,017783
12 0,101 | 0,093493 | 0,084666 | 0,074552 | 0,063292 | 0,05117 0,038647
13 0,265 | 0,288763 | 0,317886 | 0,354051 | 0,399535 | 0,457353 | 0,531191
14 0,22 0,229827 | 0,239462 | 0,247925 | 0,253465 | 0,25312 0,24229
15 0,162 | 0,159841 | 0,155354 | 0,147779 | 0,136281 | 0,120126 | 0,09901
16 0,042 | 0,0364 0,030885 | 0,025535 | 0,020427 | 0,015639 | 0,011256
17 0,007 | 0,005822 | 0,004762 | 0,003812 | 0,002967 | 0,00222 | 0,001568
18 0,002 | 0,001653 | 0,001345 | 0,001073 | 0,000832 | 0,000621 | 0,000437
Taosmmna 4. lizamenenue yactoTsl ajuiened TPOX jiokyca
Annen | Fo F1 F2 F3 F4 F5
7 0,002 0,001254 0,000679 0,000281 6,91E-05 5,91E-06
8 0,543 0,634202 0,74464 0,862426 0,955689 0,994992
9 0,105 0,076646 0,047258 0,021776 0,005825 0,000532
10 0,059 0,040354 0,023417 0,010232 0,002619 0,000231
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11 0,254 0,223256 0,170387 0,099493 0,034346 0,004114
12 0,034 | 0,022405 0,012599 0,005369 0,001348 0,000117
13 0,003 0,001884 0,001021 0,000423 0,000104 8,91E-06
Taosmmma 5. VIsmeHenue yactoThl ayuiesieir D7S820 jrokyca
Asnnen | Fo F1 F2 F3 F4 F5 F6
6 0,041 | 0,034926 | 0,029304 | 0,024205 | 0,019671 | 0,015717 | 0,012329
7 0,02 0,016617 | 0,013638 | 0,011051 | 0,008836 | 0,006964 | 0,005402
8 0,193 | 0,193743 | 0,193325 | 0,191395 | 0,187548 | 0,181333 | 0,172275
9 0,095 | 0,086056 | 0,076603 | 0,066897 | 0,057224 | 0,04787 0,03909
10 0,228 | 0,236858 | 0,246558 | 0,257222 | 0,268985 | 0,281977 | 0,296271
11 0,232 | 0,241942 | 0,25308 0,265676 | 0,280072 | 0,206704 | 0,316114
12 0,187 | 0,186598 | 0,184862 | 0,181452 | 0,176001 | 0,168136 | 0,157519
13 0,004 | 0,003259 | 0,002631 | 0,002103 | 0,001663 | 0,001299 | 0,001
Ta6smna 6. V3MeHnenne yacToTsl ayuteneit D21S11 jokyca
Annen | Fo F1 F2 F3 F4 F5
27 0,011 0,009126 0,007318 0,005573 0,003906 0,002373
28 0,103 0,094929 0,084262 0,070654 0,054122 0,035604
28,2 0,002 0,001641 0,001304 0,000985 0,000686 0,000415
29 0,202 0,20617 0,205938 0,197736 0,176598 0,137804
29,2 0,002 | 0,001641 0,001304 0,000985 0,000686 0,000415
30 0,321 0,365826 0,42382 0,499283 0,506466 0,715876
30,2 0,023 0,019358 0,01572 0,012103 0,008563 0,005243
31 0,065 | 0,057437 0,048829 0,039213 0,028805 0,01822
31,2 0,1 0,091864 0,08126 0,0678903 0,051819 0,03397
32 0,014 0,011657 0,009376 0,00716 0,00503 0,003062
32,2 0,093 0,084783 0,074396 0,061647 0,046667 0,030352
33 0,001 0,00082 0,00065 0,000491 0,000342 0,000206
33,2 0,056 0,04898 0,041226 0,032793 0,023879 0,014986
34 0,001 0,00082 0,00065 0,000491 0,000342 0,000206
34,2 0,006 | 0,004948 0,003947 0,002992 0,00209 0,001266
Taosmmma 7. MiameHeHre yacToThl asuiesed D7S820 sokyca
Asnnen | Fo F1 F2 F3 F4 F5 F6
6 0,041 | 0,034926 | 0,029304 | 0,024205 | 0,019671 | 0,015717 | 0,012329
7 0,02 | 0,016617 | 0,013638 | 0,011051 | 0,008836 | 0,006964 | 0,005402
8 0,193 | 0,193743 | 0,193325 | 0,191395 | 0,187548 | 0,181333 | 0,172275
9 0,095 | 0,086056 | 0,076603 | 0,066897 | 0,057224 | 0,04787 0,03909
10 0,228 | 0,236858 | 0,246558 | 0,257222 | 0,268985 | 0,281977 | 0,296271
11 0,232 | 0,241942 | 0,25308 0,265676 | 0,280072 | 0,206704 | 0,316114
12 0,187 | 0,186598 | 0,184862 | 0,181452 | 0,176001 | 0,168136 | 0,157519
13 0,004 | 0,003259 | 0,002631 | 0,002103 | 0,001663 | 0,001299 | 0,001
Taosmma 8. smenenue yacrothl aytesieit CSF1PO Jrokyca
Asnnen | Fo F1 F2 F3 F4 F5 F6
7 0,001 | 0,00073 | 0,000521 | 0,000361 | 0,000242 | 0,000156 | 9,58E-05
8 0,001 | 0,00073 | 0,000521 | 0,000361 | 0,000242 | 0,000156 | 9,58E-05
9 0,036 | 0,027557 | 0,020381 | 0,014534 | 0,009959 | 0,006519 | 0,004038
10 0,229 | 0,219489 | 0,204465 | 0,18344 0,156676 | 0,125551 | 0,092722
11 0,313 | 0,326292 | 0,338806 | 0,349483 | 0,356523 | 0,356947 | 0,346208
12 0,337 | 0,359399 | 0,385082 | 0,415037 | 0,450605 | 0,493534 | 0,546097
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13 0,072 | 0,057706 | 0,04442 | 0,032743 | 0,023032 | 0,015378 | 0,009663

14 0,008 | 0,0059 0,004236 | 0,002952 | 0,001989 | 0,001286 | 0,00079

15 0,003 | 0,002197 | 0,00157 0,00109 | 0,000732 | 0,000472 | 0,00029
Taoauna 9. lzmenenue yactotsl ayuieneid D3S1358 sokyca

Asnen | Fo F1 F2 F3 F4 F5 F6

11 0,001 | 0,000756 | 0,00056 | 0,000405 | 0,000284 | 0,000192 | 0,000124

12 0,001 | 0,000756 | 0,00056 | 0,000405 | 0,000284 | 0,000192 | 0,000124

13 0,003 | 0,002275 | 0,001689 | 0,001223 | 0,000859 | 0,000582 | 0,000376

14 0,05 0,040266 | 0,031423 | 0,023687 | 0,017178 | 0,011914 | 0,007834

15 0,313 | 0,334385 | 0,359299 | 0,388651 | 0,423686 | 0,4661 0,51815

16 0,289 | 0,30181 0,314464 | 0,326055 | 0,335038 | 0,338876 | 0,333606

17 0,221 | 0,215768 | 0,20625 0,191532 | 0,171044 | 0,144953 | 0,114589

18 0,108 | 0,093239 | 0,077702 | 0,062169 | 0,047476 | 0,034368 | 0,023368

19 0,013 | 0,009988 | 0,007492 | 0,005468 | 0,003866 | 0,00263 | 0,001705

20 0,001 | 0,000756 | 0,00056 | 0,000405 | 0,000284 | 0,000192 | 0,000124
Ta6smna 10. l3menenue yactoTs! auteneit THo1 gokyca

An

aen | Fo F1 F2 F3 F4 F5 F6

6 0,213 0,214998 | 0,216293 | 0,21638 0,214476 | 0,209384 | 0,199352

7 0,212 0,213777 | 0,214803 | 0,21457 0,212293 | 0,206789 | 0,196345

8 0,13 0,12043 0,109766 | 0,098117 | 0,08565 0,072583 | 0,059176

9 0,262 0,277296 | 0,206241 | 0,320044 | 0,350404 | 0,389715 | 0,44132

9.3 | 0,166 0,159755 | 0,151892 | 0,142171 | 0,13037 0,11631 0,099911

10 0,014 0,011345 | 0,009103 | 0,007221 | 0,005647 | 0,004334 | 0,003237

11 0,003 0,002398 | 0,001903 | 0,001496 | 0,001161 | 0,000886 | 0,000659
Tao6smmna 11. VIzmeHeHue yactoTsl ayuiesieit D13S317 jiokyca

Asnnen | Fo F1 F2 F3 F4 F5 F6

8 0,156 | 0,148603 | 0,137936 | 0,123546 | 0,105451 | 0,084499 | 0,062555

9 0,099 | 0,088663 | 0,076084 | 0,064261 | 0,051039 | 0,038121 | 0,026453

10 0,096 | 0,085688 | 0,074146 | 0,061681 | 0,048831 | 0,036364 | 0,02517

1 0,286 | 0,309619 | 0,337248 | 0,369283 | 0,405943 | 0,447267 | 0,493369

12 0,271 | 0,289315 | 0,309259 | 0,329979 | 0,349767 | 0,365724 | 0,373599

13 0,064 | 0,055077 | 0,045973 | 0,036949 | 0,028338 | 0,020522 | 0,01388

14 0,027 | 0,022237 | 0,017831 | 0,013829 | 0,010286 | 0,007264 | 0,004816

15 0,001 | 0,000798 | 0,000622 | 0,000472 | 0,000345 | 0,00024 | 0,000157
Tao6smmna 12. MzmeHenune yacToTsl ajuiesneir D16S539 jokyca

Asnen | Fo F1 F2 F3 F4 F5 F6

8 0,02 0,016524 | 0,013476 | 0,010833 | 0,008563 | 0,006633 | 0,005004

9 0,202 | 0,203657 | 0,2042 0,203094 | 0,199597 | 0,192727 | 0,181277

10 0,126 | 0,117457 | 0,107646 | 0,096669 | 0,084717 | 0,072069 | 0,059091

11 0,224 | 0,230765 | 0,237637 | 0,244295 | 0,250153 | 0,254191 | 0,254712

12 0,253 | 0,267978 | 0,28593 | 0,30775 0,334658 | 0,368339 | 0,41114

13 0,148 | 0,141222 | 0,132782 | 0,122579 | 0,110599 | 0,096949 | 0,081904

14 0,025 | 0,02078 | 0,017035 | 0,013755 | 0,010913 | 0,008479 | 0,006413

15 0,002 | 0,001616 | 0,001294 | 0,001025 | 0,0008 0,000613 | 0,000459
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Tao6auna 13. Iamenenne yactots! ayuteneidr D2S1338 srokyca

Asnen | Fo F1 F2 F3 F4 F5 F6
15 0,001 | 0,000882 | 0,000774 | 0,000677 | 0,000589 | 0,00051 0,000437
16 0,013 | 0,011619 | 0,01033 0,009132 | 0,008022 | 0,006997 | 0,006051
17 0,11 0,108984 | 0,107507 | 0,105486 | 0,102831 | 0,099434 | 0,09518
18 0,126 | 0,126852 | 0,127399 | 0,127539 | 0,127141 0,126033 | 0,123993
19 0,17 0,17863 0,188649 | 0,200412 | 0,21439 0,231227 | 0,251808
20 0,141 | 0,144068 | 0,14717 0,150242 | 0,153184 | 0,155838 | 0,15796
21 0,032 | 0,029208 | 0,026482 | 0,023839 | 0,021292 | 0,018853 | 0,016527
22 0,051 | 0,04752 0,043955 | 0,040336 | 0,036692 | 0,033054 | 0,020445
23 0,141 | 0,144068 | 0,14717 0,150242 | 0,153184 | 0,155838 | 0,15796
24 0,1 0,098076 | 0,095677 | 0,092747 | 0,089231 | 0,08507 0,080209
25 0,092 | 0,089494 | 0,086537 | 0,083096 | 0,079143 | 0,074655 | 0,069611
26 0,018 | 0,016178 | 0,014457 | 0,01284 0,011327 | 0,009917 | 0,008605
27 0,004 | 0,003539 | 0,003118 | 0,002734 | 0,002384 | 0,002066 | 0,001776
28 0,001 | 0,000882 | 0,000774 | 0,000677 | 0,000589 | 0,00051 0,000437
Taoauna 14. llameHeHune yacToThl ajutesied D19S433 jtokyca
Asnen | Fo F1 F2 F3 F4 F5 F6
9 0,002 | 0,00165 0,001327 | 0,001032 | 0,000767 | 0,000536 | 0,000343
10 0,001 | 0,000824 | 0,000662 | 0,000514 | 0,000382 | 0,000267 | 0,000171
10.2 0,001 | 0,000824 | 0,000662 | 0,000514 | 0,000382 | 0,000267 | 0,000171
11 0,003 | 0,002478 | 0,001994 | 0,001552 | 0,001154 | 0,000807 | 0,000518
12 0,051 | 0,044567 | 0,037752 | 0,030728 | 0,023749 | 0,017141 | 0,011276
12.2 0,003 | 0,002478 | 0,001994 | 0,001552 | 0,001154 | 0,000807 | 0,000518
13 0,241 | 0,256391 | 0,271492 | 0,284443 | 0,292007 | 0,289092 | 0,268791
13.2 0,036 | 0,030919 | 0,025769 | 0,020666 | 0,015764 | 0,011252 | 0,007336
14 0,284 | 0,314349 | 0,351083 | 0,395774 | 0,45036 0,51718 0,598824
14.2 0,061 | 0,053916 | 0,046175 | 0,037973 | 0,029624 | 0,021555 | 0,014275
15 0,135 | 0,120312 | 0,120495 | 0,108049 | 0,001863 | 0,07256 0,051753
15.2 0,099 | 0,091265 | 0,081569 | 0,069969 | 0,056823 | 0,042892 | 0,02932
16 0,044 | 0,038142 | 0,032064 | 0,025917 | 0,019906 | 0,014291 | 0,00936
16.2 0,027 | 0,022946 | 0,018941 | 0,015061 | 0,011404 | 0,00809 | 0,005249
17 0,007 | 0,005809 | 0,004696 | 0,003667 | 0,002735 | 0,001916 | 0,001231
17.2 0,001 | 0,000824 | 0,000662 | 0,000514 | 0,000382 | 0,000267 | 0,000171
18 0,004 | 0,003307 | 0,002665 | 0,002076 | 0,001545 | 0,001081 | 0,000694
Taosmmmna 15. lizaMeHeHne 4acToThl ajuieieid VWA Jiokyca
Asnen | Fo F1 F2 F3 F4 F5 F6
12 0,001 | 0,000806 | 0,000641 | 0,0005 0,000383 | 0,000286 | 0,000208
13 0,007 | 0,005685 | 0,004545 | 0,003568 | 0,002742 | 0,002057 | 0,001501
14 0,094 | 0,084525 | 0,074239 | 0,063447 | 0,052558 | 0,042044 | 0,03236
15 0,077 | 0,067929 | 0,058536 | 0,049107 | 0,039975 | 0,031476 | 0,023893
16 0,237 | 0,247001 | 0,257075 | 0,266707 | 0,275147 | 0,281351 | 0,283872
17 0,258 | 0,274306 | 0,292983 | 0,31448 0,339456 | 0,368939 | 0,404561
18 0,221 | 0,22679 0,231456 | 0,234198 | 0,233996 | 0,229643 | 0,219827
19 0,091 | 0,081554 | 0,071387 | 0,060806 | 0,050211 | 0,040048 | 0,030744
20 0,011 | 0,008978 | 0,007207 | 0,005676 | 0,004374 | 0,003289 | 0,002404
21 0,003 | 0,002425 | 0,00193 0,00151 0,001158 | 0,000866 | 0,000631
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Asnen | Fo F1 F2 F3 F4 F5 F6

7 0,017 | 0,012976 | 0,009528 | 0,006671 | 0,004403 | 0,002703 | 0,001513
8 0,004 | 0,003001 | 0,002174 | 0,001506 | 0,000986 | 0,000602 | 0,000336
9 0,052 | 0,04151 0,031664 | 0,02287 | 0,015468 | 0,009664 | 0,005476
10 0,095 | 0,079921 | 0,064034 | 0,048322 | 0,033911 | 0,021814 | 0,012626
11 0,346 | 0,377927 | 0,415426 | 0,459471 | 0,511358 | 0,57308 0,647624
12 0,307 | 0,323356 | 0,337793 | 0,347384 | 0,347676 | 0,332733 | 0,296042
13 0,166 | 0,151438 | 0,132164 | 0,10874 0,082881 | 0,057373 | 0,035248
14 0,013 | 0,009871 | 0,007217 | 0,005036 | 0,003316 | 0,002032 | 0,001136

Tao6una 17. M3ameHeHue yacToThl ajutesied D18S51 stokyca

Asnen | Fo F1 F2 F3 F4 F5 F6

8 0,001 | 0,000895 | 0,000797 | 0,000706 | 0,000621 | 0,000542 | 0,00047
9 0,001 | 0,000895 | 0,000797 | 0,000706 | 0,000621 | 0,000542 | 0,00047
10 0,009 | 0,008128 | 0,007296 | 0,006506 | 0,005761 | 0,005061 | 0,004408
11 0,015 | 0,013637 | 0,012316 | 0,011045 | 0,009829 | 0,008675 | 0,007588
12 0,115 | 0,116052 | 0,116697 | 0,116829 | 0,116327 | 0,115059 | 0,112877
13 0,128 | 0,130835 | 0,133496 | 0,13589 0,137897 | 0,139367 | 0,140112
14 0,155 | 0,162618 | 0,171094 | 0,180595 | 0,191335 | 0,2036 0,217766
15 0,145 | 0,150677 | 0,156731 | 0,163183 | 0,170046 | 0,177326 | 0,185006
16 0,13 0,13314 0,136154 | 0,138957 | 0,141436 | 0,143444 | 0,144796
16.2 0,011 | 0,009957 | 0,008956 | 0,008001 | 0,007096 | 0,006243 | 0,005446
17 0,083 | 0,081103 | 0,07872 0,075819 | 0,072384 | 0,068414 | 0,063926
18 0,055 | 0,052203 | 0,04916 0,045896 | 0,042443 | 0,038844 | 0,035147
19 0,043 | 0,040297 | 0,037469 | 0,034542 | 0,031552 | 0,028533 | 0,025523
20 0,026 | 0,023924 | 0,021853 | 0,019805 | 0,017798 | 0,01585 0,013977
21 0,017 | 0,01549 0,014018 | 0,012594 | 0,011228 | 0,009925 | 0,008693
22 0,015 | 0,013637 | 0,012316 | 0,011045 | 0,009829 | 0,008675 | 0,007588
23 0,016 | 0,014562 | 0,013165 | 0,011817 | 0,010526 | 0,009297 | 0,008138
24 0,013 | 0,011793 | 0,010629 | 0,009514 | 0,008452 | 0,007448 | 0,006505
25 0,022 | 0,020155 | 0,018334 | 0,016552 | 0,014821 | 0,013155 | 0,011565

Kak BugHO M3 Tabswuil B Jiokyce D8S1179 BBIABIISAEMOCTh aJlJIEJIM 13 C TEUEHUEM BPEMEHU
TIOBBIIIAETCS, T.€. €T0 JO0JIA B MOIYJIAIUN BO3pacTaeT U, KaK BUITHO U3 Tabsull, a B JJokyce TPOX c
TedyeHUEeM BpPEMEeHHU TaKXKe IIOBBIIIAETCS ajulejib 8 4acTOTa MX PacIpOCTPaHEHUs U OCTAIbHbIE
7 nokycoB (THo1, D3S1358, CSF1PO, D3S1358, D2S1338, D5S818 wu D19S433) Takxke
TMOTYMHSIOTCS TEM Ke TIPUHITUIIAM.

B sokyce D7S820 pacnpocTpaHeHHOCTh JBYX ayljieied 10, 11 TMOBbBIIIEHA HaJl OCTAJIbHBIMU U
B TIPOIlECCE 3BOJIIOIMUA OHHM IIOYTH PaBHO pacrpesnesieHbl. OcranbHble 5 JoKycoB (D13S317,
D16S539, D25S1338, VWA, 1 D18S51) Takske MOUUHSAIOTCSA TEM K€ ITPUHITUIIAM.

3. 3aKJIIoueHue

Uepe3 HECKOJBKO TIOKOJIEHHH dBoonuu JioKycoB STR B reHodoHAe y30eKCKOU
HAIMOHAJIBHOCTH IIPOUCXOMAAT CJIeAyIollie U3MeHeHusA: B Jiokyce D8S1179 amneny 13
(cootBeTcTBeHHO, D21S11, 30; D7S820 10 1 11; CSF1PO, 12; D3S1358, 15; THo1, 9; D13S317, 11 u
12; D16S539, 12; D2S1338, 19; D19S433, 14; VWA, 16 u 17; TPOX , 8; D5S818, 11; D18S51, 14 u 15;
FGA, 21 u 24) ¢ TeueHHMeM BpeMeHH NHpeobJiafiaeT, a YacTOTa BBISBJIEHHS OCTAJBHBIX aslieieid
YMEHBIIIaeTCH.
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9BOJIIOIIUOHHBIN OIlepaTop /I pacueTa BbIABJIEHHA YaCTOT BCTPEUaeMOCTH ajieien
STR JIOKyCOB C/I€eAyIONINX MOKOJEHUH C yI€TOM MyTaIfui

Cappapxoxa Kapumosuy Kyprasos 2"
a PecrryOJTMKAHCKUH EHTP cyAebHOoM skcnepTussbl (PIICD), Pectiybiuka Y36ekucran

AnHOTanmua. B 310l paboTe HM3yd4eHO NpeAeabHOE MOBeZeHHe Tpaekropui w(x®) =
{x%Vx%V2x0, ..} sBomonuonsoro omeparopa miusa STR sokxycos (D8S1179, D21S11, D7S820,
CSF1PO, D3S1358, THo1, D13S317, D16S539, D2S1338, D19S433, VWA, TPOX, D5S818, D18S51 u
FGA) anneseii 6e3 pacuera BOSHUKHOBEHHS MyTAIUU JJIsI TIOIYJISIITHH.

KiaroueBble cjIOoBa: KBAJIPaTUYHBIA CTOXACTHYECKHUH OIEpPaToOp, CUMILIEKC, CKOPOCTHb
myTaruu, STR jokyc.
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Construction of Intelligent Systems of Physical Protection of Information

Simon Zh. Simavoryan 2 “, Arsen R. Simonyan 2, Elena I. Ulitina 2, Irina L. Makarova 2,
Elina A. Pilosyan 2, Rafael A. Simonyan 2

a Sochi State University, Russian Federation

Abstract

One of the most important tasks of intelligent information security systems (IISS) automated
data processing systems (ADPS) is the task of building intelligent systems of physical protection of
information (ISPP). At present, the task of building ISPP is urgent, requiring systematic and
regular decisions on an ongoing basis. At present, there are a lot of mathematical models and
practical approaches to solving the problem of the effective functioning of physical protection
systems. One interesting approach to this problem are: 1) an integrated approach to develop a
mathematical model of the operation of physical protection systems (Ignat'ev, 2012; Godyreva i dr.,
2007); 2) multiagent system (MAS) and technology (MAS-technology) (Shreider, Borovskii, 2017;
Smirnov i dr., 2018; Gorodetskii i dr., 2017; Tarasov, 2010; Zubareva i dr., 2016). However,
analysis of the regulatory basis of physical security, conducted by (Filippov, 2017) shows that the
methodology for categorizing, analyzing threats and vulnerabilities differ vagueness of the
conceptual apparatus and the lack of a unified terminological approach. In addition, the stresses
that the analysis of threats often do not consider the connection between vulnerability and
offending patterns. Not compiled a database of current security threats and vulnerabilities.
However, it should be noted that the system of physical protection of critical infrastructure is
largely dependent on the quality of the selection means of physical protection, and in (Yannikov i
dr., 2017) proposed, developed with the help of MS SQL Server Express database "means the
physical protection of critical infrastructure." Practice shows that the design methodology ISFZ
built by different developers on different methodological foundations, which is dictated by different
departments ADPS. Accordingly, in this paper formulated the task of building intelligent systems of
physical protection of information on the basis of system-conceptual approach (Simavoryan i dr.,
2013; Gerasimenko, Malyuk, 1997) worked out some aspects of its system solutions.

Keywords: physical protection of information, intellectual protection system information,
system approach, system of physical protection.

1. BBegenue

Cpenu yrpos, HalpaBJIEHHBIX Ha Jiectabrausaruio pabotsl ACO/I, MOKHO BBIJIETUTH YTPO3BI
CBSI3aHHBIE C BO3MOXKHOCTBIO NPOHHUKHOBEHUS 3JIOYMBINLIEHHHUKOB Ha 00bekThl ACOJ/l Kak ¢
[EeJIbI0 HECAHKIMOHUPOBAHHOTO [IOCTYIIa K BO3MOXXHBIM KaHajaM HECAHKIIMOHUPOBAHHOTO
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rafs5@list.ru (R.A. Simonyan)
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noyuyenus uHpopmanuu (BKHIIN), T.e. k 3amuiaeMoi nHGOPMAINH, TaK U C [EJIbI0 TUBEPCUU
Ha obbektax ACO/]. CucreMbl, KOTOpblE€ MPOTHUBOAENUCTBYIOT 3TOMY, HA3bIBAIOTCSA CHCTEMaMU
¢dusnueckoit 3amuthl. CHcTeMbl (QU3UYECKOU B3alUTHl IMPEACTABJISAIOT COOOH KOMILIEKC
OPTraHU3AIMOHHBIX MEPOIPUATHUA U COBOKYITHOCTH CPEJCTB, MPEISATCTBYIONUX MTPOHUKHOBEHUIO
3JIOYMBIIIIJIEHHUKOB Ha OOBEKT 3aIHUTHI, K €r0 CTPYKTYPHBIM KOMIIOHEHTaM, U K ITUPKYJIUPYIOIIEH,
oOpabaThIBaeMoi 1 XpaHUMOU UHMOPMAIUH.

B coorBerctBuu ¢ paboramu (Illpetizep, BopoBckuii, 2017; Simavoryan et al., 2015a)
cucteMy (GU3NUYECKOU 3alUTHI MOXKHO IIPEJICTAaBUTh B BHJIE MHOTOYPOBHEBON M MHOTOOJIOUHOU
cucreMbl. Takoll mMOAXOJ IO3BOJISIET CHUCTEMY (PU3WUUECKON 3aluThl IIPEJICTABUTh B BHJE
MHOTOAreHTHOU CHCTEMBI T7le, BCE areHThl B3aUMOJEHCTBYIOT MEXAY COOOU MO OIpeneeHHBIM
MpaBWIaM, OINHMCAaHHBIM B BHUJE MODKHOCTHBIX wHeTpyknuii (Illperimep, BopoBckuii, 2017).
JI1s1 TaKUX CUCTEM HEOOXOAMUMO BBITIOJTHEHHE CIIEAYIONTUX YCIOBUM:

- BCe 2JIEMEHTHI CHCTEMBI M CBSI3U MEXAy HUMH JIOJKHBI OBITH OIIpeZieIeHbl 0 3Tara
MIPOEKTUPOBAHUS;

- BCE BJIEMEHTHI CUCTEMBI U CBA3U MEXKAY HUMU HE U3MEHSIOTCS BO BpEMs BBITIOJTHEHUS;

OpnHako, cjieiyeT pa3jauyarh:

a) CHCTeMbI, B KOTOPBIX He JIOIyCKAeTCs BO3MOKHOCTb KOH(JIMKTOB MEK/y 3JIeMeHTaMH
CHCTEMBI;

0) cucTeMBbI C BO3MOKHOCTBHI0O KOH(PJIUKTOB MEXKIY 3JI€EMEHTAMU CUCTEMBI — 3TO CHCTEMBI, B
KOTOPBIX BO3MOKEH HHCAW, T.e. HAJIMYHUE BO3MOKHOTO 3JIOYMBINIJIEHHHKA B CIY:KO€ 3alUThI
uHpopMaruu (CroBop 3JI0YMBINIEHHHUKA W COTPYAHUKA CIYKOBI 3aIuThl MHGOPMAINU WU
BHEJIpEeHHE 3JIOYMBIIIJIEHHUKA B CTY>K0y 3aIUThl HHGOPMAIIIHT).

B nmaHHOW cTaTbe TIPUBOJUTCS  COCTABJIGHHBIH II€peueHb 3a7lad  IOCTPOEHUs
WHTEJUIEKTyIbHBIX ~ CUCTEM (U3WUYeCcKOW 3amuThl wuHOpManmuu Ha 06ase CHCTEMHO-
KOHIIENITYJIPHOTO IIO/IX0/]a, U MPUBOJUTCS PeIlleHHe 3a/lauu BhIOOpA 3a/1au 3allUuThl 00BbEKTa OT
3JIOYMBIIIJIEHHBIX JIEHCTBUH (BTOp:KeHUH) 6e3 BO3MOKHOCTH KOH(JIMKTOB MEXKAY 3JIE€MEHTaMU
CHCTEMBI.

2. O0cy:xxaeHue

®dusnyecKkre CpeACTBa 3al[UThl — 3TO Pa3HOOOpa3HbIE YCTPOMCTBA, IpHcIocobieHus,
KOHCTPYKIIMY, amnmnaparthbl, U3Jejud, NpeJHa3HAauYeHHble [ CO3/IaHUsA IPEeNnATCTBUM Ha IIyTU
JIBIDKEHUS 3JI0yMbINUIeHHUKOB (MrHaTtheB, 2012). K ¢Qusuueckum cpeacTBaM OTHOCATCS
MeXaHUUYeCKHe, JJIEKTPOMEXaHUYECKHUe, DJIEKTPOHHBIE, JJIEKTPOHHO-ONTUYECKHE, PaJuo-
palMOTEXHUYECKHE U JpPyTHe YCTPONCTBA, IpeAHA3HAUEHHBIE I IPEAOTBPAIEHUS TaKUX
HECAHKIIMOHUPOBAHHBIX JEHCTBUHA Kak: 1) JocTynm (BXOZ, BBIXOZ) B B30HBI M TIOMEIIEHUS;
2) XHIlleHue, TOJ[MeHa-3aMeHa, IPOHOC, ¢oTorpadupoBaHNe, KOMUPOBAHUE CPEACTB U
MaTepuajoB, U APYIHX KOMIIOHEHT oxpaHseMoro obbekra; 3) moctyn k BKHIIU c mensio
KOIIMPOBAHUSA U XUIlleHUs CeKPETHOU uH(opMaIum.

duznueckre cpeicTBA IPUMEHSIOTCA 1 PellleHUs CJIelyI0IIuX 3a/1a4:

1) oxpana trepputopun ACO/] u Hab0ieHYE 32 Hell;

2) oxpaHa 3/JaHUH, BHYTPEHHUX IOMeIeHUI U KOHTPOJIb 32 HUMU;

3) oxpaHa pecypcoB ACO/I (o6opynoBanus, nHGOpPMaLUH U T.I1.);

4) OCyIIecTBJIeHUe KOHTPOJIUPYEMOTO JOCTYIIA B 37[aHUSA U IIOMEIeHUS;

5) ocylllecTBJIeHNEe CAaHKIIMOHUPOBAHHOTO JlocTtyria kK BKHITU.

B cooTBercTBUM ¢ QYHKIUAMHE 3alIUTHl HHPOpPMAIUK PacCMOTpPeHHbIMH B (Simavoryan et
al., 2015b; ITomos, ITomoBa, 2018) Bce (pu3MUecKre CpeACTBA 3aIUTHI 00BEKTOB MOKHO Pa3/IeTUTh
Ha CJIeIYIONIe KAaTETOPUH:

- CpEe/ICTBA MPeAYIPEKAEHUS IOCTYIIA 3JI0YMBIIIVIEHHUKA B 30HY 3aIIUTHI HTHOOPMAIUH;

- cpeactBa ooHapy:keHuss BKHIIU B 30He 3amuThl MHGOPMAIUH;

- cpeIcTBa OOHAPYKEeHUs 3JI0YMBIILIEHHBIX JIEACTBUN B 30HAX 3AIIUTHI;

- Cpe/ICTBA CUTHAIM3ALINY O 3JI0YMBIIIJIEHHBIX JeHCTBUAX;

- CpeJicTBa JIOKATU3AIUH TTOCJIE/ICTBUH 3JI0YMBIILIEHHBIX JeHCTBUH;

- CpeJicTBa JIMKBUAINHY TTOCIEACTBUI 3/I0YMBIIJIEHHBIX IEHCTBHUH.

B xyaccuueckoM NOHMMAHUHM CTPYKTYypa WHTEJ/UIEKTyIbHON CHUCTEMBI BKJIIOUAET TPU
OCHOBHBIX OJIOKa - 0a3y 3HAHUM, MEXaHU3M BBIBOJIA PEIIEHUI U WHTEJUIEKTYaIbHBINA HUHTEpdEC
(ABepkwuH U Ap., 1992).
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Cucremnuoe pemrenue noctpoenus MCO3 pocturaercsi pelmieHUEM IOCJIEA0BATEIHBHOCTH
CJIeAYIONINX 3a/1a4:

1. AHasu3 pyoOeskel u 30H 3amuThl nHGopmanuu B ACO/L;

2. AHayIN3 TpeOOBAHUH U YCJIOBUH T10 3aIuTe pyberkel U 30H 3aIlHThI;

3. AHa;TM3 BO3MOJKHBIX IIyTEH U CXEM ITPEOIOJIEHHs 3JIOYMBIILIEHHUKOM py0Oekel 3aluThl
uHdopMaum;

4. AHaTM3 HECAHKIIMOHUPOBAHHBIX ITePe/IBUKEHNI B 30HAX 3aIUTHI;

5. AHaIN3 OXpaHHBIX QYHKIIUN 3alUTHl MHGOPMAIIH;

6. Ananus "Hammuyua BKHIIM B 30Hax 3amutbhl uHGOpPMAIUM M BO3MOXKHBIX BapUAHTOB
JIOCTyTIa K HUM 3JIOYMBIIIJIEHHUKOB (CBA3b YA3BUMOCTH U MOJIeJIel HapyIIuTesek);

7. AHaJIM3 OXpaHHBIX 33/1a4 3aIIUTHI HH(MOPMAIUN;

8. AHau3 cpescTB GU3NUECKON 3alUTHI.

9. AHayIN3 OXpaHHBIX U OXPAHHO-TIOKAPHBIX CUCTEM;

10. AHaJIU3 CUCTEMBI OXPAHHOTO TeJIEBUJIEHUS;

11. AHaJIN3 CUCTEMBI OXPAaHHOTO OCBEIIEHMUS;

12. OOOCHOBaHHE CTPYKTYPbl U TEXHOJOTUUYECKUX cXeM (PYHKIIMOHHUPOBAHHSA OXPaHHOU
CJTY?KOBI 3alIUTHI HHGOPMAITUH;

13. PacyéT TeXHUKO-KOHOMHYECKHUX IIOKa3aTesjed CcUCTeEMbl (HU3UYECKOU 3alUThI
uHdopMaum;

14. Pemenune OpraHM3anOHHO-IIPABOBBIX BOIIPOCOB CHUCTEMBI (PU3WUECKOH 3BaIIHUTHI
uHopMaIum.

OO6mrass MojiesTh 3aIUThl MHQOPMAIIUKA COCTOUT U3 CJIEAYIONMINX 30H 3aIUThHI: QU3UIECKOH -
BHEIIHASA, TEPPUTOpPUH, IoMeleHud, pecypcoB ACOJl u mporpamMMHOH - 0aza JTaHHBIX
(Fepacumenko, Masiok, 1997; Simavoryan et al., 2016a). Tako#l MOJX0/] MO3BOJIAET MPOCYUTATH
yS3BUMOCTh MH(MOpMaAlMK B KaKJOM 30HE 3aniuThl wHGopManuu, mno kaxaomy BKHIIW, mo
Ka’KZIOMy THIIOBOMY CTPYKTYPHOMY KOMITOHEHTY U THITY 3JI0YMbINILIEHHUKOB (CMaBOpsiH, 2009a).
30HBI 3aIUTHI paszeseHbl MeKay COOOH MmepUMeTPOM 3aluThl. [lepuMeTp - BHENIHAS IpPaHUIA
3alUIAEMO TEPPUTOPUU 30H B3alllUTHI. 3alUTa IepuMeTpa — KOMIUIEKCHAs 3ajaya
(Fopomenxuii u np., 2017; Maromenos, 2018; IllanaeB, 2010; IllanaeB, 2009; IleTpoB, 2008;
PertoB u g1p., 2015; IletpoB, 2010; CumaBopsH, 2010). dddeKTuBHas 3alUTa IEepUMeTpa
OCYIIIeCTBJISIETCSA C IIOMOIIIBIO PelleHUs CIeAYIOUX 3a/1a4:

- KOHTPOJIb IIEpUMeTPa Ha BCEM MPOTKEHUH ITEPUMETPA, T.€. BCEX YUACTKAaX, IJIe pa3pelIeH
IIPOXOJ, U T7le He Pa3pelleH IpoXos;

- KOHTPOJIb U PETUCTPAIHSA PA3PENIEHHBIX ITPOXO/IOB;

- oOHapyKeHHNe HapYIIEeHH Ha YIaCTKAX, I7ie HeT Pa3pelI€HHOTO IIPOX0/a;

- CUTHAJIM3aIMsA HAPYIIEHUH;

- JIOKaIu3anus 00HapY>KeHHBIX HAapYIIIEHUI;

- JINKBUJALIMSA TTOCIIEJICTBUH.

[TockosbKy 3amuTa UHQOPMAIIUU UMEET CHUCTEMHBI U MHOTOYPOBHEBBI XapakTep, TO U
3amuTa Ha GU3NYECKOM YPOBHE JIOJIKHA OBITh CUCTEMHOW M MHOTOYpPOBHeBOH. COBpeMeHHbIe
Cy»kObI 3a1uThl nHpopMaIruy, a Takxke corpyaHuku ACO/I Bcex MOJBKHOCTEN 00s13aHBI OBITH HE
IIPOCTO TEXHUYECKU OOpa30BaHHBIMU B oOOJlacTU 3amUThl HHGpOpPMAUUM, HO U IPEKpacHO
pa3buparbcs B IEPBYIO ouepeb B pusnueckod 3amurte nHGOPMaLNU, KOTOpasa ABJISAETCA caMOu
JIOCTYITHOUM U 00s3aTeJIbHOM /IS BceX. B mepByio ouepe/ib, B IIPABOBBIX BOIIPOCAX HEOOXOAMMOCTH
PUMEHEHUs OXPAHHBIX, OXPAHHO-TIOJKAPHBIX, TEJEBU3UOHHBIX W JAPYTHX CPEACTB 3alllUThI
nHpopMmaruu. TosbKo OGyiarofaps PeryJIIpHOMY IOBBIIIEHUI0 OOYUYEHHUIO C IIEJIbI0 ITOBBIIIEHUS
KBUTU(UKAIUA COTPYAHUKOB CIIy»kObI 3amuthl (CuMaBoOpsH, 2010; Simavoryan, 2011) MOKHO
Oyzmer mOOUTHCA WX aIeKBAaTHOU JOJDKHOCTHOW KOMIIETEHIIMH, KOTOpas OyzeT HeoOXoauma Ipu
aTTeCTallid WIN TpU TpuéMe Ha paboty Ha Bcex mnpeanpusatusx ACOJl B COOTBETCTBHU C
JTOJDKHOCTHBIM YPOBHEM COTPYHHKA.

Ananu3 pa3pabOTaHHBIX MoOJlejled MOTEeHIINAJIbHOTO 3JI0YMBIILIEHHUKA I10Ka3bIBAeT, YTO
O0JIBITUHCTBO 3a7a4 MozeupoBaHuss NCO3U HOCUT OpMHAPHBIN U MTOJyOPIMHAPHBIA XapaKTep,
T.e. CTPYKTYPUPOBAHHBINA U CJIa0OCTPYKTYPUPOBAHHBIN C OJTHUM WJIN HECKOJIbBKUMU KPUTEPUAMU
ontumuzaiuu (bopoBckuii, TapacoB, 2011a; bopoBckuii, Tapacos, 2011b; Boposckuii, Tapacos,
2011c¢; bopoBckuii, 2016; Illpetizep, bopoBckuii, 2017; CMUPHOB | Jp., 2018; 'opogenkuii u ap.,
2017; Tapacos, 2010; MaromesioB, 2018; Illanaes, 2010; Illanaes, 200; IleTpos, 2008; PbrITOB U
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Ip., 2015; IletpoB, 2010; MaromesoB, 2018; IllanaeB, 2010; IllanaeB, 2009). Ha pa3paboTky
METO/IOB M CPEACTB MX pelleHUus CYIIeCTBEHHOe BJIUSAHHWE OKa3blBAIOT CJIEAYIOIIre
HeonpeziesiéHHocTH  (CuMaBOpsiH, 2009b): HEW3BECTHOCTb, HENOJIHOTA, HEI0CTaTOYHOCTD,
HeaZIeKBaTHOCTh U HEAOCTOBEPHOCTh. Hampumep, HEU3BECTHOCTh IUIAHOB IMPOTHUBHUKA,
HeaZIeKBaTHOCTh MMEIOINXCA MOJeseld 3alluThl OT TPOHUKHOBEHUS 3JI0YMBIIIEHHUKA B 30HBI
3alUTHI, HEJAOCTATOYHOCTh TpebOBaHWMU MO 3amure WHGOpManuu U T.7. HemocToBEpHOCTH
JleuTes Ha (QU3WYECKYI0 M JIMHTBUCTUUYECKYI0 HEONpPeNeJEHHOCTH. VCTOUYHUKOM (Pu3ndecKou
HEOIIPEZIeJIEHHOCTH fABJIAETCA BHENIHAA Ccpefja, a WMEHHO 3JIOYMBIIUIEHHUK, HaJIudne
HETOUYHOCTEH IIPU OIpPeIeIEHNH BEJTUUHNH C ITOMOIIBIO BEIYUCIEHUH (M3MepeHuil) GU3NnIeCKUMU
npubopaMu, U HaJIMYHUE CIIyYAWHBIX COOBITUH, CBA3AHHBIX CO 3JI0YMBIIUIEHHBIMU JAEHCTBUSIMU.
M CTOYHUKOM JIMHTBUCTUYECKOU HEONPEAETEHHOCTU SBJISETCA A3BIK, HCIOJIb3yeMbIil JIMI[AMH,
MPUHUMAIONUMU pPeIIeHdus] Ul CHCTEMbBI YIIPABJIEHUS] JIeSITETbHOCTHIO CIIYKOBI 3alllUThI
uHpopmaruu. JIMHrBUCTHYECKass HEONPEeJEeIEHHOCTh TOPOXKAAeTcsA C OJHOHM CTOPOHBI,
MHOTO3HAYHOCThIO 3HAUEHUU CJIOB (IIOHATHH W OTHOIIIEHUI) f3bIKa, T.€. IOJIMCEMUEH, a C IPYyTroi
CTOPOHBI HEOJTHO3HAYHOCTD cMbIciIa (pa3. Eciiu oroOpaskaeMble OJTHUM U TEM K€ CJIOBOM OOBEKTHI
CUCTEMBI 3aIUThl Pa3JIMUHbI, TO UMEET MECTO CUTYaIlsl OMOHUMUHU, €CJIN CXOAHBI, TO CUTYaIlUs
HEUYETKOCTH (pacCIUIBIBYATOCTH, PA3MBITOCTH, HesiICHOCTH). HeolHO3HAYHOCTh CMBIC/Ia (hpa3 MOKET
OBITH CHHTAKCUYECKOU MJIM CEMaHTHUUECKOM.

3amavya aHaIM3a BO3MOXKHBIX IyTEH M CXE€M IIPEOJIOJIEHHSA 3JI0YMBIIUIEHHUKOM pybOexkei
3amuThl UHGOpPMANWMU W IPOHUKHOBEHHS B 30HBI 3aIUTHl CBsA3aHA C 33/jauedl aHaIn3a
TeXHOJIOTUYecKux cxeM ¢yHKiuonuposauua wuHbopmanuu B ACO/[, kotopag B craTbe
(Simavoryan et al., 2017) peIeHa ¢ MOMOIIBIO MPUMEHEHUS METO/Ia HEUYETKOTO JUHAMHYECKOTO
nmporpaMMupoBaHusa. U Kak CcJeAcTBHe, C 33a/a4aMH HHTEJUIEKTYJIbHOTO IIPOTUBOOOPCTBA
3JIOYMBINIIJIEHHUKOB W CIY»KOBbI 3aIUThl HHQpOpMAaInM, KOTOpble B crarthe (Simavoryan et al.,
2016a) pellleHa ¢ IIOMOIILI0 METOI0B UTepalLuii, a B cTathe (Simavoryan et al., 2016b) pemena ¢
IIOMOIIIHI0 METO/IOB aBTOMaTHYeCKOH Kiaccudukaruu. B padore (Tymypos u zip., 2016) 3a OCHOBY
B3ATO MOHATHE MOJEJIN HapylIuTesid, olipeaesaeHHoe B craHgaptre banka Pocenu CTO BP UBBC-
1.0—2014 (Craggmapt OaHka Poccuu...), COIJIACHO KOTOPOMY MOJI€JIb 3JI0YMBINLJIEHHUKA
omnpesesiseTcs Kak ONHCaHUe U Kiaaccudukanusa HapymuTesaeld nHGOPMAIMOHHONU 6e3011acHOCTH
(B), BKJIOUAKOIIAsA TaKWe COCTABJISIONIME KaK: a) OIbIT, 0) 3HAHWSA, B) JOCTYIHBIE PECypCHI,
HeoOXOMMbIe JIJIS1 peau3allii HECAHKITMOHUPOBAHHOTO JIEHCTBUS, T) MOTHUBAIIUS U ) CIIOCOOBI
peanuzanuu  yrpo3 KB co cropoHsl ykaszaHHbIX ~Hapymurtesned. Kiaccudukanus
3JIOYMBIIILJIEHHUKOB IIPOU3BOJAUTCS CIIEIYIOIITUM 00pa30oM:

- BHYTPEHHHH — JIMIA, WMEIIWe IIPaBO IIOCTOSIHHOTO WJIX Pa30BOTO JIOCTyNa K
MH(GOPMAITMOHHOU CUCTEME, €€ OTJEIbHBIM KOMIIOHEHTAM;

- BHEITHUUA — JIMIa, He HWMeWIUe IpaBa JocTylla K WH(GODPMAIMOHHOU CHCTEME, €€
OT/IeJIbHBIM KOMIIOHEHTAM W peau3yIolre YIpo3bl Oe3omacHOCTH WHQOpMAIUU M3-3a TPaHUIL
MHQOPMAIIMOHHOUN CUCTEMBI;

- KOMOMHUPOBAHHBIN — BHEITHHUE U BHYTpEHHUE HapymuTesu 1B, eficTByIoIie COBMECTHO
1 (M) COIJIACOBAHHO.

B pabore (Credaposn, ’KykoB, 2012) B COOTBETCTBHU C pe3yJIbTaTaMU aHAINU3a JAHHBIX O
KpUTEpUAX KIacCcU(PUKAIUN HapyIIUTeIeH, IPU MOCTPOEHUU MOJIeJIM HapYIIUTeJIs MPeIIoKeHO
HCIIOJIb30BaTh CJIEyIOlIe KiaccupUKalMOHHbIe MPU3HAKU: MECTO BO3JENCTBUA HapyIIUTEJIeH,
MOTHUBBI JIeICTBUS HAPYIIUTEJIs, KAHAIBI aTaK, CPE/ICTBA aTaK, BO3MOKHOCTb CTOBOPA Pa3IMYHBIX
KaTeropuil HapymuTesed, HajJIu4yue JOCTylma K IITaTHBIM CpPeJCTBaM, YPOBEHb 3HAHUM
HapymuTenaeir 00 o0beKTax aTak, YPOBeHb KBUIM(UKAIIMN HapyIIUTesied, YyPOBHU BO3/I€UCTBUA
HapyIIuTeae! U CTaIuU )KU3HEHHOTO IUKJIa aBTOMAaTU3UPOBAHHOM cucTteMbl. [IpuBesieHa TUnoBas
MOJIe/Tb HAPYIINTEA, YUUTHIBAIONAsA TPEOOBAHUS TOCYAAPCTBEHHBIX CTAHAAPTOB, HOPMATUBHO-
MeTtonmueckux HokyMeHTOB PCTIAK Poccuu u ®Ch Poccuu, 4TO MO3BOJISET IPUMEHATDH TAHHYIO
MOJIEJTb TIPU 3alllUTe TOCY/IAPCTBEHHBIX WH(GOPMAIIMOHHBIX PECYPCOB, IS 3aIIUThl KOTOPBIX
TpeOOBaHHA TOCYIAPCTBEHHBIX CTAaH/IAPTOB, HOPMAaTHBHO-METOAMYECKUX Jo0KyMeHTOB PCTIK
Poccuu u ®CB Poccuu siByisitorest 06s13aTeIbHBIMHE /)15 HCIOJTHEHUs. KpoMe Toro, mpe/jioskeHHas
ki1accupuKalusag HapyUIUTeJIeld IO3BOJISET OJIHO3HAYHO KJjacCUpUIIMPOBATh HapyIIUTeNeH B
COOTBETCTBUH C YPOBHSAMU HX BO37IEHCTBHSA, UEro He OBbLJIO MPE/ICTABJIEHO paHee B CyIEeCTBYIOIIUX
MOZEIAX.
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B paMkax CHCTEMHO-KOHIIENTYaJbHOTO IIO/IXOZa CHCTEMOOOPA3YIOIIUM KOMIIOHEHTOM
KOHIIEIIINY, IpeJHa3HAaYEeHHBIM i1 OOeclieueHHsi TapaHTUPOBAHHOW 3alllUThI, SBJIAETCS
MHOKecTBO pyHKIui. [Ipuuem noa GpyHKITHEH 3a1ITUThHI IOHUMAETCs COBOKYITHOCTh OJJHOPOJAHBIX B
(pYHKIIMOHAJIPHOM  OTHOIIIEHWU MEPOIPUATUH, PperyasapHO ocyilecTBiasgeMblx B ACO/]
Pa3JIMYHBIMU CPEJICTBAMHA M METOJaMH C IIeJIbI0 CO3/IaHUs, MOJAJep:KaHus W obeclieueHus
YCJIOBUHM, OOBEKTHBHO HEOOXOAUMBIX I HaAEXKHOUW 3amurbhl uHopmamuu (I'epacumeHKo,
Mastok, 1997). CyTh CHCTEMHOTO IoAXoAa K (GopMHUPOBaHUI0 (YHKIUNA 3alUTHI WHOOpMAIUU
3akiouaercsa B caeayiomeM (Simavoryan et al., 2015a; AuHuUKOB U 1p., 2017; [Tomos, ITomoga,
2018): 1) unca0 GopMUPYEMBIX (PYHKITUHA JOJIKHO OBITh, HEOOJIBIITUM U KOHIIENITyaJIbHO ITOJTHBIM;
2) xaxkzas GYHKIUA JIOJPKHA OIKUCHIBATh CBOM JIOJIKHOCTHBIE OCOOEHHOCTH CJTY:KOBI 3all[UThI
uHGOPMAIUN U OTJIUYATHCA OT APYTruX (PYHKIUH; 3) COBOKYITHOCTb BCeX (YHKIIMH YIIpaBJIEHUS
JIesATETbHOCTHIO OXPAHHOH CJIY?KOBI 3aIIUTHI HH(POPMaAMK He J0JDKHA MMPOTUBOPEUYUTh €UHCTBY
Bcex (PYHKIMH 3amuThl UHGOPMAIUH; 4) IO CBOEH CYITHOCTH B IIPOIlECCE WX BBIMOJIHEHUS BCE
yHKIIUY T0/KHBI OBITH OJTHO3HAYHO TPAKTyEeMBIMHU.

OxpaHHas JIeSATeIbHOCTh CJIYKOBI 3al[UTHl MHMOPMAIIUH SIBJISETCS YacThI0 OIEPAaTHBHO-
JicreTyepckoro ynpasieHusa aeAareabHocTbio ACO/l. IIpuMeHUTENBHO K JIeTEIbHOCTH CITY:KOBI
3aIUThl UHQOpMaIU OXpaHHbIE (PYHKITUU MOKHO cHOPMYIUPOBATh B KOHTEKCTE OCYIIECTBIEHUA
oY nesarenvHoctu ACO/] cienmyromum obpa3om (Simavoryan et al., 2015b):

dbyakmus N21 — ¢yHKIUs GOPMUPOBAHUA UCXOAHBIX JAHHBIX (COOP JAaHHBIX O COCTOSHUH
MIepUMETPOB 0Ee30TacHOCTH W cOOpP MAHHBIX O COCTOSSHUM IIE€PEJIBMKEHUH W IPOUCXOJISIIHIX
Mporieccax B 30HaX 3aIUTH HHGOPMAIIHUH);

dyuxusa NO2 — byHKIU aHAIN3a U KOHTPOJIS IIepeceueHn pyOeKel 3aIuThI;

dyukmus N3 — GyHKIIUA aHAIU3a U KOHTPOJIA IIePE/IBHKEHUH B 30HAX 3aIIUTHI;

dyukmus N4 — GyHKIIHUA BRIPAOOTKH yIIPaBJIEeHYECKUX PEIIeHU;

dyukmua NO5 — pyHKIUS peaiu3anuis IPUHATHIX PEIIeHU;

dyukmusa N°6 — GyHKIUA CUTHATU3AIUHN O HECAHKITMOHUPOBAHHBIX JIEUCTBUAX;

dyukmusa NO7 — GyHKIHA JIOKATIN3AINA HECAHKIIMOHUPOBAaHHBIX JIEHCTBUH;

dyukmusa N8 — byHKIMA INKBUAAINY TTOC/IEACTBUN HECAHKITMOHUPOBAHHBIX JIEHCTBUM;

dyukmus N29 — GhyHKIIUA KOHTPOJIA PEe3yIbTaTOB Pean3aliy MPUHATHIX PElleHUH.

OcyiiecTByieHre OXpaHHBIX GYHKIUU cayx0b1 3amutel B ACO/] mocturaercs pelieHueM
OXpaHHBIX 33J1au 3amUTHl. [0 aHAJIOTHHU C Ompe/AesieHHEeM 3a/iad 3alluThl UHQOpMAIUK OynemM
IIOHUMAaTh, UTO II0JT OXPAaHHOU 3a/jauell 3allUThl MIOHUMAKOTCS OPTraHU3aIlMOHHBIE BO3MOKHOCTU
CpEJICTB, METOIOB U MeponpuaTuil, peanusdyemblx B ACOJ] ¢ 1espio MOJTHOTO WJIM YaCTUUYHOTO
BBITIOJTHEHUS] OJHON WJIM HECKOJIBKUX OXPaHHBIX (DYHKITUH 3allUThl B OJTHOM WJIM HECKOJIBKHX
30Hax 3amuThl (I'epacumenko, Majok, 1997).

3agaun, pelraeMble CHCTEMOUN OXpaHbI IEPUMETPa, OTHOCATCA B OCHOBHOM K 3ajauyam
obnapy:xenus (Ilerpos, 2010; IllaHaeB, 2010):

- oOHapy»KeH1e HapYIIIeHUs Ha YYacTKax, I7le HET pa3penIeHHOT0 IIPOX0/1a;

- KOHTPOJIb U OOHApYyKEHHE HapYyIIEHUs B TeX MeCTaX, re opUIuaIbHO

YCTaHOBJIEHO MEpPeceYeHre IIEPUMETPA.

Cucrema oxpaHBI MEPHUMETPA paccMaTPUBAETCS KaK KOMIUIEKCHAS IIOJICHCTEMa €IUHOU
cucTeMbl GU3UUECKOH 3alIUTHI, B COCTaB KOTOPOH

BXOJAT COTPYAHUKU OXpaHbl, dusmdyeckue Oapbepbl (OTpak/ieHHe), CUTHAIU3AIMOHHbIE
pybexxu, cucTeMa KOHTDOJIS M YIIPABJIEHUS HOCTYNOM (/111 KOHTPOJISI CAHKITMOHUPOBAHHBIX MECT
IIPOX0/Ia/TIpoe3/ia) W CHUCTeMa OXPAaHHOTO TeJIEBUJAEHUS - JUUIS JIOMOJIHUTEIHBHOTO KOHTPOJIA
IIPOXO/THBIX U JIJIST HAOJTIOAEHUSA YIAJIEHHBIX U TPYAHO 0003PEBAEMBIX YUACTKOB IIEPUMETPA.

CdhopmysimpyeM OCHOBHOU IepeueHb 3a1au ISl OXPAaHHOU CITyKObI:

3agaua: 1. HempepbIBHBIN KOHTDPOJIb W aHAJIM3 CUTyallWl, CBSA3aHHBIX C HapPYIIEHUSIMH
MIPOXOXK/IEHNUST TEPUMETPOB 3aIllUTHl U CAHKIIMOHUPOBAHHBIX IEPEABUIKEHUN BO BCEX 30HAX
3amutsl nHGopmanuu B ACO/I;

3amaua 2. HempepwiBHBIM cOop, 00paboTka u ¢GOpMUpPOBAHUE UHTEJUIEKTYyaIbHBIX 0a3
JIAHHBIX TI0 CHUTYaIlusM, CBSA3aHHBIM C HAPYIIEHUSAMH IIPOXOXKAEHUS IEPUMETPOB 3allUThl U
CAaHKITMOHUPOBAHHBIX IEPEABIIKEHUN BO BeexX 30HAX 3amuThl nHpopmarun B ACO/I;

3agaua 3. KoHTpOJIb 1 aHAIN3 a/IeKBATHOCTHU BBITTOJTHEHUS TIOCTABJIEHHBIX 33/1a4 3aIIUTHI B
COOTBETCTBUH C (PYHKITUAMH 3aIUTHI;
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3anaua 4. KoHTposb M aHaIu3 HAAEKHOCTH (PYHKIMOHUPDOBAHUA OXPaHHBIX CPEJCTB
3aIUTHI B COOTBETCTBUHU C OXPAaHHBIMHU 3a/la4aMU 3aIUTHI;

3asava 5. IHTes/IeKTyaIbHBIN aHAJIN3 U IPOTHO3UPOBAaHUe PA3BUTHUA CUTYaIlUH, CBA3AHHBIX
C HapyILIeHUAMH IIPOXOXKJeHUA IIepUMeTPOB 3allUThl U CAHKIIMOHUPOBAHHBIX NlepeJBUKEHUN BO
Bcex 30Hax 3amurel nuHopmaruu B ACO/I;

3amava 6. [IpuHATHE pelIeHUU MO ONEePATHBHOMY U IMPAKTUYECKOMY KOHTPOJIIO JOCTYIIa
3JIOYMBIIIIJIEHHUKOB B 30HBI 3aIIUThl OOBEKTa, ¢ BO3MOJKHOCTBIO, B CJIydae HEOOXOJMMOCTH,
BMeIIaTeIbCTBA B PabOTY MO/ICHCTEMBI JOCTYIIA 37I0YMBIIIIJIEHHUKOB B 30HY 3aIIIUTHI;

3anaua 7. [IpuHATHE pelIeHUH 10 ONEPATUBHOMY M MPAKTHYECKOMY KOHTPOJIIO HATIMYUSA
BKHII B 30He 3amuthl HHPOpPMAIWH, C BO3MOXHOCTBIO, B CJIy4ae HeEOOXOJHMMOCTH,
BMeIIIaTeIbCTBa B pabOTYy mmozicucTeMbl KOHTPOJIs Hasmaust BKHIIHM B 30HaxX 3aliUTHI;

3anauva 8. [IpuHATHE pellleHUI IO ONEPATUBHOMY U IPAKTUYECKOMY KOHTPOJIIO HAJIWYUA
nadopmanuu B ka"aisax HIIV, ¢ BO3MOXKHOCTBIO, B CIydae HeOOXOAMMOCTH, BMEIIATEIbCTBA B
paboTy moAcucTEMbI KOHTPOJIA Hanu4us nuadopmanuu B kaHanax HITU;

3amaua 9. IIpuHATHe pelleHUN 10 OIEPaTUBHOM U MPAKTUYECKOW JIOKAJIU3aIuU
HECAaHKIIMOHUPOBAHHOTO IPOXOKJAEHUSA I[epUMeTpOB 3alUTbl M HECAaHKIIMOHUPOBAaHHBIX
nepeZBIXKEHUN BO BceX 30HaxX 3amuThl uHopmanuu B ACOJl ¢ BO3MOKHOCTBIO, B CJIydae
He0oOXO0MMOCTH, BMEIIATEIhCTBA B pabOTy IOJICUCTEMBI KOHTPOJIS;

3agaua 10. IlpuHATHMEe pemieHUN MO ONEepaTUBHOM M MPAKTUYECKOW JIMKBUJIAIIUU
TOCJIEZICTBUN  3JIOYMBINIJIEHHBIX JIEHCTBUH, C BO3MOXKHOCTBIO, B CJIy4ae HeOOXOJUMOCTH,
BMEIIATeIbCTBA B PAOOTY MOJICHCTEMBI JIUKBHU/IAIINY TTOCJIE/ICTBUH 3JI0YMBIILJIEHHBIX IEHCTBUN;

3amaua 11. BHeceHMe M KOPPEKTHPOBKA pa3pabOTAaHHBIX NIPEAJIOKEHHUU 10 BHECEHUIO
n3MeHeHUH B 11aHbl 10 O/1Y ciry>k0b1 OXpaHbI;

3amava 12. OTpaboTKa yYEeTHO-OTYETHBIX JOKYMEHTOB, OTHOCAIIMXCSA K OINEPAaTUBHO-

ZIACIIETYEPCKOU JIeATeThHOCTH cIIy»K0bI oxpansl ACO/I.

Cdopmynupyem 3as1auy BeIbopa 3aaa4 (AeicTBuil) ¢ 3a1aHHON 3 deKTuBHOCTHIO. [IpuBeaém
ee:
Haiitu

x {1, ecsiu §—asl 3a/jaua UCI0JIb3yeTCs IPH 3aKPBITUH [ —T'0 BTOPXKEHH],
& =10, B MPOTHUBHOM CJlyyae,

TaKHe, 9YT0 max ;{3g;* Xg;} = Iy,

JJIA BCEX 4, IIPU KOTOPBIX
m n
C = Z Ce(sign Z Xgp) = min
E:l k=1

JTO 3a7aya HEJIWHEHMHOTO MPOrpaMMHUpPOBaHUA. /1A pelleHHWs TaKUX 3a/7a4 OJHUM U3
3(pdeKTUBHBIX MeTOJIOB sABJsgeTcs MeToy Xyka-/IxxuBca (Metoger Xyka-/[>kuBca). B 3aBucumoctu
OT 0COOEHHOCTEHN U YCJIOBUU 33J1a4 3TOT METOJT MOKeT OBITh JIETKO MOAMU(PUINPOBAH U yCIIEIIHO
IIPUMEHEH.

d¢ddexTUBHOCT TEpPEKPHITUA (pearupoBaHUsA) -TO BTOPKEHUA (3JIOYMBIILIEHHOTO
JIEWCTBUSA) pEllleHHeM &-OU 3a/lauM 3aBUCHUT OT TOJIHOTHI (CTEIeHU) pelleHus] caMOi 3a7jauyd U
CBOEBpEMeHHOCTU (OlepaTUBHOCTH) pearupoBaHus. CTOUMOCTh pelleHus 3a7jadyd 3aBUCUT OT
CTEeNeHU pellleHus 3a7jJadyd U OT CTOMMOCTHU HCIOJIb3yeMBIX CPE/CTB 3aIUThI. /(1 OOIBIIMHCTBA
3aj71a4, 0COOEHHO TeX, KOTOPbIe HOCAT He(pOPMaJIbHBIN XapaKTep HEBO3MOXKHO TOYHO OIPEETUTh
9pPeKTUBHOCTh WX pelleHuss Jg; . 3ajava OmpesieNieHus Jg; YIPOLIAETCs, €CJIM alpUuOpPHO,
Ha OCHOBE CHCT€MAaTU3alli MHEHUM 35KCIepTOB, (OPMUPYIOTCA MPUOIMKEHHBIE CJIOBECHBIE
onucaHusa 3(PEPEKTUBHOCTH, KOTOpPbIE MOXKHO (POpMaIn30BaTh, HCIOJIB3YS JIMHTBUCTHYECKUE
repeMeHHBbIE.

CrpykTypa o0Ieli MoAesu BbIOOpa 33/1ad peardpoBaHUs HA IMOTEHIUAIBHO BO3MOXKHbBIE
3JI0yMBIIILJIEHHBIE JIeWCTBUSA IPUBOJIUTCA Ha PricyHKe 1.

PaccmorpuMm conep:kaHue mepBoro Osoka. Iy KakIOM B30HBI 3aIIUTBl HEOOXOAUMO
chopMHUpOBaTh IepedyeHb NMOTEHIINAIBHO BO3MOKHBIX 3JIOYMBIIIEHHBIX JIEMCTBUU C yKa3aHHEM
MecTa 3JIOYMBIIUIEHHOTO JelcTBUA. Takod IlepedyeHb MOXKHO CQOPMHPOBATh C IOMOIIBIO

rae 4 =1,...,n; &=1,...,m.
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IICUXO3BPUCTUYECKOH MPOTrpaMMbl, C IPHUBJIEYEHUEM CIEIUATUCTOB CJIYyKOBI OE€30IMacHOCTH U
CIIEITHAJINCTOB, KOTOPHIX MOXKHO OyZIeT Ha3BaTh «YCJOBHBIMH 3JIOYMBIILIEHHHKAMU» W3 YHCIA
MMPOEKTHUPOBIIIUKOB  CHUCTeMBbl (QHU3WYECKOH 3amuThl. IIcUXo3BpHCTHUYECKas IIpOTrpaMma
dopMupoBaHUA NMOTEHIIUAIHPHO BO3MOXKHBIX JIEHCTBUU 3JIOYMBIIIEHHUKA B JJAHHOH CTaThe He
npuBoAUTCA. VICXOAHBIMH JAHHBIMH IS TAKOW TICHXO3BPUCTUYECKOW ITPOTPAMMBI SIBJISIIOTCS
JIAaHHBIE M3 BCEBO3MOJKHBIX KaTaJIOTOB 3JIOYMBIIIUIEHHBIX AEHCTBUH, UMEIOITUXCA Y Pa3paboTYNKOB
U CJTy>KOBbI 3aIIUTHI.

PaccmoTpuMm cozepskanue BToporo 6s10ka. B aTom 6s10ke popmupyercss marpuna A = (ag),
&=1,...,n; 4 =1,....m. Martpurna A oTpaskaeT B3aMOCBS3b M€Ky 3JIOYMBIILJIEHHbIM JIEHCTBHEM H
IIepeYHEeM 33J1a4, peIIaeMbIX OXPAaHHOU CIIy»KO00W 3amuThl HWHGOPMAIMUA II0 IPECceYEeHUIO
3JIOYMBIIIJIEHHOTO JieficTBHUA. MaTtpura 4 MOKET 4acTO He OTPaKaTh PEeayIbHOU CUTyaIlMu TIO0
3aKPBITHIO 3JIOYMBIIJIEHHOTO JEHUCTBHA. JTO MOXKET OBITh B CHJIy CJIEAYIOINX IMPUYUH: 1) He
BCerjia COTPY/THUK CJIy>KObI 3aIlUThl MOXKET 3HATh O 3HAHWHM CJIa0BIX MECT B 3alllUTe, CJIeAyeT
YUHUTBIBATh, YTO 3JIOYMBIILIEHHUK ITOCTOSHHO HINET cjabble MecTa B 3alllUTe; 2) B IIepEeYHe
(katasiore) 3a1a4, MOTYT OBITh YKa3aHbI HE BCe 3a/1a4H, ITpeceKalollee 3JI0yMbIIIJIEHHOE JIEHCTBUE.
dopMHupoBaHUE MATPULBI A OCYIIECTBJISIETCA I KayKAOW 30HBI 3aIUThl WH(OpPMAIUH, T.€.
proOpeTaeT «30HAJIBHBIN» XapakTep. Jlasiee Bce paccykaeHus Oy yT BECTUCH JJIsl OHOMN 30HBI.

biok 1. 3aganue nepedHst 3710yMBIIUIEHHBIX 1€HCTBUI

3oHa 30Ha 3oHa

Buemasgsa 3oHa o
TEPPUTOPUHN MOMEILEHUN pecypcoB

y

brnok 2. ®opmupoBaHuE UCXOIHON MAaTPUIIbI CBA3EH «3710YMBIIIICHHbIE
JEUCTBUA — 3a1a4a c/l:((lgi)

y

brok 3. 3aganne matpun 9= (D), C=(Cy), IA=(Dy)

l

baox 4. (DOpMI/IPOBaHI/IC MHOXKECTB M} , YAOBJICTBOPSAIOIIHNX YCIIOBUIO

maxE{BH * agi} >3,

v
B0k 5. BEIOOp MOAMHOXECTB M}, 11 KOTOPBIX ZE Cg,;(SlgnZ/a a’%)—>

¢

bnox 6. Beinaua pe3ynbTaToB pacuéToB

min

Puc. 1. Ctpyktypa 00111e# Mojiesii peleHus 3a[a4y BbIOOpa 3aay, IMOJIEKAIUX PEIIeHHIO.
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PaccmoTpuMm cojieprkaHue TpeThero 6s10ka. PopMupoBaHHE MaTPHIL

9= (9xy), C=(Cy), 3A=(3,), &=1,...,n; 4 =1,....m

MO’KeT OBITh TaK)Ke OCYIIECTBJIEHO C IIOMOIIBI0 TICUXO3BPHUCTUYECKHX IPOTPaMM,
AQHAJIOTUYHBIX MPEIBIAYIIIUM. DJIEMEHTaMHU 3TUX MAaTPHIL Oy/IyT JUHTBUCTHUECKUE ITepEMEHHBIE.

B uerBépTomM OJiOKe mpousBOAUTCS (GOPMHUPOBAHUE BCEBO3MOXKHBIX MHOXKecTB M, 3amau
CJTy>KOBI 3aIlUTBI, KOTOPbIEe 00ecneunBarOT TpeOyeMyr 3(QGEeKTUBHOCTh IEPEKPBITHA 4 -TO
3JIOYMBIIILJIEHHOTO BTOPKeHUs. MHOKecTBO M,! olIpe/iesiiM CIIelyoImumM o6pa3om:

M»“—{ @,ecnu £ = 0;

T lmé[1],mi[2), ..., mi[R] ,ecmh =1,

r7ie £ — Hoc/efjoBaTeIbHasA HHAeKcanus, max £ =Cpy!, m¢ [#] — £-blit £ -51eMeHTHBIH KOpTex
3a/1a4 3alUThI, 00ECIIEYNBAIOLIUN 3aKPBITUE 4 —TO BTOPKEHHA ¢ 3aJaHHON 3P HEKTUBHOCTBIO I,
T.€.

maxg{g; * ag;} =i,

e m; [£] = {agg;, Aggi, -, Ag, o4,

Es, EB’ v E(p € [0,m], Qg = 1vO0.

Iycts M; = U, M¥- MHOXecTBO 3¢ (eKTHBHBIX MOAMHOKECTB 3aKPhITHSA

4 -r0 BTOp:keHus1. Heo6xoaumocTh OpMUPOBAHUS MHOKECTBA IIPOJIMKTOBAHA TEM, UTO OTHA
U Ta ’Ke 3aJiladya 3aKPBITHUS BTOPKEHUSI MOKET OBITh HCIIOJIb30BaHA IMPHU 3aKPBITUH HECKOJIBKHUX
BTOP’KEHHH, YTO OYEHb BA)KHO YUYHUTHIBATh IIPU OIIPE/IEJIEHUH CYMMAapHBIX 3aTpaT Ha 3aKPBITHE
HECKOJIPKMX 3JIOYMBIIIJIEHHBIX JlelcTBuii. Kpome TOro, ciemyer y4decTb, UTO 3a7jlaudl HUMEIOT
PA3JIMYHYI0 CTOMMOCTb ¥ MOJKET OBITh TaK, YTO CTOMMOCTh PEIIeHUs I 3a71a4 (r>2) MeHblle, 4eM
CTOMMOCTbD pellleHus s 3a71a4, s<r. OnuIeM IpaBuia NOCTPOEHUsI MHOKeCTBA M, .

[IpaBuI0 0OpPa30BAHUS TOAMHOKECTB.

deMeHTaMH TOAMHOXKecTBAa M sABisAwTCA £ -3JIeMEHTHbIE KOPTEXKH, 3JIeMeHTaMHU
KOPTEXKeU ABJIAITCSA 3aa4, cyMMapHas 3 (PeKTUBHOCTh KOTOPBIX HE MEHbIIIE TPeOyeMOoi.

IIpaBuio PEKYPCUBHOTO YCTPAHEHUS N30bITOUHOCTH.

Ecnu mf [#]= {ag s s 0g,,} - €CTB £ -BIil KOPTEX MOJIMHOXKeCTBA M, To HUKaKue ero (¥ -1)

3JieMeHTOB (B JIFOOOM coueTaHWU) He 00ecIeunBaIOT 3aKPBITUS 4 -TO BTOPIKEHUS C 3aJIaHHOU
3¢ dEeKTUBHOCTHIO.

BBenenHble mpaBwia obeclieuMBAlOT  ONTHMAaJIbHOE IIOCTPOEHHE MHOXKecTBa M.
OnTuMaabHOCTh NOHUMAEeTCs B CMBbICJIE IMOJHOTBI M; U orcyrerBus u3bbITouHOCTH. IlepBoe
MIPaBUJIO JAET BO3MOXKHOCTh BKJIIOUUTh B MOAMHOKecTBa M Bce f{-aneMeHTHBIE KOpTeEXH,
obecreynBaroIye 3aKphITUE 4-TO BTOPXKEHHUS ¢ 3aaHHOH 3P PeKTUBHOCTHIO J,. BTopoe mpasuio
TOBOPHUT, YTO HE CYIIECTBYET TAKOTO U, ITO

£ £
m.{’+1= L . n]#: .
1 m;it ~/ afé‘/b 5 F,Z[e i {02011, ...,Clzg—uf },

pr1f oE¥1 {’+1}
m; {Clgul,u...,clgue s

m;t€e M,f, mtie M£+1.

[Tepeiiném k onumcaHuio nATOro 6si0Ka. B mpeapiaymem 610ke ObLTU MOCTPOEHBI MHOKECTBA
M4, 4 =1,...,n, KOTOPBIE MIPEJICTABUM B BH/I€ MATPHUIIbI:

M; M My
M; M M;
M3 M3 M5
My My, My
-1
My M; M
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Munnmuzamua  QyHKIuu Y Ce(sign), az,) OyfeT OCYIIECTBIATBCA IO CIIEYIOLIEMy
aJITOPUTMY:

Ilar 1. W3 Kaxaoll CTPOKH NPUBEAEHHOH MATPHUILI BHLIOMpAIOTCA m!, U3 KOTOPHIX
COCTaBJISIIOTCSA BCEBO3MOXKHbBIE BBIOOPKHU 3371a4 3AITUTHI

R[r]= vy, (pymi [£], Te r=1,2,...

[Iar 2. Beruncssercsa cyMMapHasi CTOUMOCTD STUX BBIOOPOK.

[ITar 3. 13 Bcex 3TUX BBIOOPOK BHIOMpaeTcs BBIOOPKA ¢ HAaMMeEHBIIEH CTOMMOCTBIO. Eciu
TaKUX HECKOJIbKO, TO BBIOMpAeTCs BBHIOOPKA ¢ MUHHUMAJIBHBIM KOJMYECTBOM 33Jlau, HO €ClIU U
TaKHUX HECKOJIBKO, TO TI0 OOCTOATETHCTBAM BBIOUPAETCs BRIOOPKA I10 JKEJTaHUIO CITY>KObI 3aIIIUTHL.

B 6710Ke 6 ocytiecTBIIsIeTCSA BbIZIavua MOIyIEeHHBIX PE3YIbTATOB.

Pemenue 3amaun BeIOOpA 33/1a4 JAET BO3MOXKHOCTb PYKOBOJICTBY IO 3all[UTe, MCXOAA U3
Tpebyemoil 3GEeKTUBHOCTH 3aKPHITUA 3/I0yMBIILIEHHOTO JENCTBUSA, CTOUMOCTH PEIIeHNs 3a7aY,
BapbUPOBATh BHIOOPKAMU 33/a4. T.e. B 3aBUCUMOCTH OT CMEHBI JIEXKYPCTBA Ha 00BEKTE, KAKION
CMeHe MOKeT OBITh IIOCTABJIEHO CBOE 3a/aHue 1o obecredeHHIo  0e30IaCHOCTH
dbyHKIHOHUPOBaHUA 00BEKTA, O KOTOPOH IMpeABIAyIas CMeHa U 3HATh He Oyzer. Hanpumep, aTo
JTaéT BO3MOKHOCTh TOBOPUTDh O MeXaHU3Max (KJI0Yax) 3al[UThl 00hEKTa HA YPOBHE I[€JI0H CMEHBI,
T.e. KaXK/I0€e 33JlaHue UMeeT CBOM MeXaHM3M HCIOJHEHUA. B TakuX yCJI0BUAX 3JI0YMBIIIEHHUKY
OyZeT OYeHb TPYAHO TPOKOHTPOJIMPOBATH PAOOTY CIIy>KOBI 3aIIUTHI.

3amMeTyM, 4YTO B HAIUX pacCykAeHusx (HeCMOTpsA Ha TO, UTO I OIpeIeIeHUs
9 deKTHBHOCT  peleHus  33/a4  HCIOJIb30BAINCh  JIMHTBUCTUYECKHE  IE€PEMEHHBIE)
mozpa3yMeBaeTcs, 4to (OpMHUpPOBAHUE JIMHTBUCTUYECKUX IIEPEMEHHBIX IIPOU3BOJIUTCA IIPU
YCJIOBUHM TOTO, YTO 33JIaUM 3AIUTHI PEIIAIOTCA MOJHOCTHIO. Ecou BBecTH Koaddumument u (u €
[0,1]) BBIIOJTHEHUA 33/1a4H, TO ITOJIYIUM PEUTHHYIO0 KAPTHHY OTPAKAIOIIYIO AEHCTBUTEIHBHOCTD, T.€.
I5;%%¢ = u*3;. Ilpu p = 0 uMeeM, UTO 337jaUa NPAKTUYECKH He ObLIa pelleHa; Ipu y = 1 umeewm,

4TO 3a7jaua peliieHa ITOJIHOCTBIO
u Jg;°°¢ = 3;;mpu p = 0,5 uMeeM, YTO 3a/la4a pelieHa HanmoNOBUHY U Jg; "¢ = 0,5 * J;, U T. 1.

OmviH ¥3 TOAXO0A0B K (dopManusanuy MOJ0OHBIX 3a7ad 3aKI04Yaercsa B CIEAYIOIEM.
Jomycrum, uto C — 3alaHHas BeJIMUMHA CTOUMOCTH, TaKas, YTO JIS PEIIeHUs 3ajaui JOCTaTOYHO
BBIIIOJTHEHIE HEPABEHCTBA

C’=Z§C 3 (Sing ZILXEIL) <b

BBesieMm HeueTKIEe MHOKECTBA IeJIel U OTPaHUYeHuH
0,ecan maxg{dg; * xg;} < I,

u G=(x§/i )={ ll(x E/i)' B IPOTUBHOM CJIy4ae.

0,ecin Y C g (sign Ypxes) > b
(p(x a‘)' B IPOTUBHOM CJIy4ae,

I7le 4 U (p — HEKOTOpble (PYHKIIMU OMUCHIBAIOIINE CTENIEHU BHIMOJHEHUS COOTBETCTBYIOIIUX
HEPABEHCTB C TOYKHU 3PEHUSA CIIYy:KOBI 3alUTHI. B pe3ysibraTe 4ero ucxoaHas 3a/1aua OKa3bIBaeTCs
chopmysmpoBaHHON B (opMe 3a7ladd BBIIIOJTHEHUS HEUETKO OIPEEIEHHOUN Ie/ii, K KOTOPOH
nmpuMeHUM 1oxoy besimana-3ane (OpstoBekuit, 1981). 3a/1auu 3aIUTHI IBJISIOTCA TOH OCHOBOI,
KOTOpasi, BO-TIEPBbIX, CO3AET MPEANOCHUIKH IIEPEX0/Ia OT 0OecIeueHus 3aIUThI K €€ YIIPaBJIeHUIO,
a BO-BTOPBIX, 00bEIMHAET BCE OCTAJIbHBIE 33/]aUH, PelllaeMble B IIPOIiecce 3aIIUThI B €IMHOE IeJI0€e
— CUCTEMY 3a/1a4 10 00eclieueHUI0 3alUThl OT BTOp:KeHHA. KauecTBO paboThI JIIOO0ON CJIOKHOU
CHUCTEMBI OILIEHUBAeTCs C IIOMOINbI0 ToKaszareneil sddexktuBHocTu. Iloxg mokazaTenem
5¢QEeKTUBHOCTY IIOHUMAeTCsA Takasd  XapaKTepUCTHUKA, KOTOpas  OlleHUBaeT  CTelleHb
MIPUCIIOCOOJIEHHST CUCTEMBI K BBINOJIHEHUIO TOCTaBiIeHHbIX Iener (IIaHOB, 2013). ficHO, uTO
OCHOBHOM IIeJIbI0 peIleHUus 33/l1ad OXPaHbl ABJIAETCA HAAEKHOE 3aKpbhITHE ITOTEeHIIUAIBHO
BO3MOXKHBIX BTOP:KEHUM Ha OXpaHsAeMblil 00beKT. MHOTHe 33/Jaui OXpaHbl HOCAT HepOpMaJIbHBIM
XapakTep, MPU PelIeHUH KOTOPBIX IJIaBHBIM JEHUCTBYIOIINM JIUIIOM SIBJISETCS YEJI0BEK, OJHAKO
I[eJI1 HEeKOTOPBIX 33/1ad He MOTYT OBITh CTPOro (OpMaIM30BaHbl M OIEHKU 3alUIEHHOCTU
00'beKTa BBIPAKEHBI JIMHIBUCTUUECKU. KpoMe TOro, MpoIiecchl 37I0yMBIIIUIEHHBIX AEHCTBUN HOCAT
BEPOATHOCTHBIN XapakTep. Takum 06pa3oM, SICHO, YTO BEPOATHOCTD BBICTYIAs KaK CrierudpuuecKoe

Hc=(x§¢)={
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CBOWCTBO 3JIOYMBIIUIECHHBIX JEHCTBUUA, He SABJISAETCA JOCTAaTOYHBIM JJIA €ro IIOJHOU
XapaKTEePUCTUKHU.

Takum oOpaszoM, sICHO, YTO IOA ToKaszareaeM 3¢G@EKTHBHOCTH pelleHusl 3a7adu Oyaem
IIOHUMATh CTEIleHb INEPEKPHITHSA 3JIOYMBINIJIEHHOTO JIEUCTBUA IPU PEIIeHUH JaHHOU 3a/advm.
ITockobKy Ha 3¢ GEKTUBHOCTD PEIIeHUs 3a/1a9H BIUSIOT Takhe (PaKTOPhl KaK CTENEeHb PelleHUs
3a7lauyM, BEPOSITHOCTh 0e30IINO0YHON paboThl UesioBeKa, TO 3(PPEKTHUBHOCTh pelIeHUs 3314
3aIUTHI UTHHOPMAITUU MOKET OBITh OLleHEHA CJIeTYyI0IIM 00pa3oM:

3§¢=(P%¢ - P%@) * Re; " Qg

rie g, — 9P EKTUBHOCTh PEIIEHUA &-OU 3a/ja4y IPU 3aKPBHITUU 4-TO 3JIOyMBIIILIEHHOTO
JEHCTBUS;

P%i — BEPOSITHOCTb BTOP?KEHMUSI IIPU 3aKPBITHU -TO 3JI0YMBIIIUIEHHOTO JIEHCTBUS PEIIeHHEM &-
ol 3a/1auu;

P§¢ - BEPOATHOCTb BTOP?KEHHUS IPH 3aKPBITHHU -TO 3JIOYMBIIIIJIEHHOTO JIEHCTBUs O6€3 pelleHus
&-oii 3agaun;

Ry, — crenens pemenus 3agaun (Rg; € [0,1]);

Qg; — HaEXKHOCTH 6e30MnO0YHON PabOThI YeIOBEKa MPU 3aKPBITUU -TO 3JI0YMBIIUIEHHOTO
JIEWCTBUSA PEIIeHNeM &-0H 3a1auH.

HanéxxHocTh 6e301n609YHON paboThl YesioBeKa onpeesiercsa Kak (AKUMOB U JIP., 2002):

Qg (=€~ 10,

rze e(t) — 9acToTa MOoABJIEHUA OIMMUOOK 10 BUHE YeJIOBEKa B MOMEHT BpeMeHH t. [I0CKOJIbKY
e(t) noAuMHsSIEeTCS IKCIIOHEHI[MAIbHOMY 3aKOHY, TO e(t) = A =const, OTKyza Q&-(t)=e-lf , Tme A —
WHTEHCUBHOCTh OIIMOOK OIpezieiseMasl SKCIEPTHBIM IIyTEM HAa OCHOBE HAKOIUJIEHHOTO OIIBITA.
Toraa dopmyiy a3 hEKTUBHOCTD PEIIEHMs 3a/1a4 MOXKHO IIPEJICTAaBUThH B BUJIE

9 =(Pg — PE) * Ry €77 .

Cormacao (AkMMOB u p., 2002) 1073 < 1 <1072 B 3aBHCUMOCTH OT KBaJIH(PHUKAIUU
CHEIUATNCTA U CJIOKHOCTH pelllaeMbIX 33/1a4. Eciiu B mporiecce pereHus 3a7jaud 3alUThl YeJI0BEK
NIPAKTUYECKU He IPUHUMAET ydacTus, T0 Qg ()= 1.

3. PeayasTaTsl

CdopmynpoBaH nepedyeHb 33/1a4 0 TOCTPOEHUI0 NHTEJUIEKTYJIbHBIX cucTeM (pru3uuecKoit
damutbl ACOJl Ha 06a3e CHCTEMHO-KOHIENTYaJIbHOTO moaxosa. CdopMysaHpoBaH IepedeHb
dbyakuuit 3amuTel s oxpaHHoW cayxk0b1 ACOJl. ChopmysinpoBaH mepedeHb 3374 I
oxpaHHOU ciyk0b1 ACO/l ¢ 1esIbl0 OCYIIeCTBJIEHU OIepPaTUBHO-IUCIETUEPCKON JIeATeTbHOCTH.
Pazpaborana 3azavya BpIOOpA 3a7]a4 3aIIUTHI, IPAKTUYECKOE ITPUMEHEHNE KOTOPOH 3HAUYUTEIHHO
MOBBICUT 3(GEKTHBHOCTD JIEATEIBHOCTH OXpaHHOH ciryx061 ACO/I.

4. 3akJaoueHue

Jl;is pellleHUsT TIOCTaBJIEHHBIX B CTaThbe 3a7au TpeOyeTcs: 1) COCTAaBUTh KaTajlol 3ajad,
BBITIOJTHSIEMbBIX CJIY?KOOHM OXpaHbI; 2) COCTaBUTH KATaJOT CPEACTB 3AIlUTHI IS PEIIeHUs 3a/1ad;
3) pa3paboTaTh MeXaHU3MbI WX Peajlu3allii; 4) MOCTOSHHO Ha PETyJIAPHOU OCHOBE IIPOBOIUTH
oOyueHHe IlepcoOHasla OXPAaHHBIX CIYKObI. JIJIA peleHus 3TUX 3a7ad TpebyeTcss OoJIbIIOe
KOJIMYECTBO MCXOJHBIX JIAHHBIX. OTU JaHHbIE, B CHJIy ocobeHHocTer i pasziaudabix ACO/I,
COCTABJISIIOTCS C TIOMOIIIBI0 3BPUCTUUECKUX METOZ[0B, CYIITHOCTb KOTOPHIX OyZieT ImyOJIMKOBaThCs B
CIEYIONINX ITyOIMKATIUAX.

5. baarogapaocTu
HccnenoBaHue BBHITIOTHEHO NpU (GUHAHCOBOM mopnep:kke POOU B pamMkax HAyIHOTO
npoekTta N2 16-01-00527.
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ITocTpoeHHE HHTE/UIEKTYAJIbHBIX cUcTeM (pU3NUECKOU 3a1UThI HH(pOopManumn

Cumon Kop:xeBuu CumaBopsaH 2, Apcen PadukoBuu CumonsaH 2, Enena lBanoBHa Yiautusa 2,
Wpuna JleonuzioBaa Makaposa 2, dinuHa AHaTtosibeBHA [IunocsaH 2,
Padasinp ApcenoBuu CUMOHSH P

a COYMHCKHH rocy/IapCcTBEHHBIN YHUBEpPCHUTET, Poccuiickas ®eneparus

AnHoTamuAa. OHON W3 BaXHEUIINX 337]a4 MPOEKTUPOBAHUSA HWHTEJUIEKTYyaJIbHBIX CUCTEM
samuThl nHGopmaruu (MC3W) B aBTOMaTU3UPOBAHHBIX cucTeMax oOpaboTku maHHBIX (ACO/)
ABJIAETCA 3a7jada IOCTPOEHUS UHTEeJUIEKTYaJIbHbIX CUCTeM (U3MYECKON 3aliuThl MH(pOpManuu
(UCD3). B Hacrosmee BpeMs 3amada nocrpoenus VCP3 spiseTcss aKTyayJbHOU, TpeOylolmei
CHCTEMHOTO U PEryJIIPHOTO pelleHUs Ha IIOCTOSHHOM OCHOBe. B HacrosIee BpeMs pa3paboTaHo
JIOCTATOYHO MHOTO MaTeMaTH4YeCKUX Mojiejieli U IPAaKTUYeCKUX IIOJXO/I0B pelleHUs 3a7jauu
3 dekTUBHOTO (HYHKIIMOHUPOBAHUS cHUCTeEM GuU3NJYecKod 3amuTbl. OAHUMH W3 HWHTEPECHBIX
MIOZIXO/IOB K PEIIeHUI0 3TOU 3a/a4é SIBJISAIOTCA:1) MHTETPUPOBAHHBIM IIOAXOJT IO pa3paboTke
MaTeMaTUYeCKON MoAenn (GYHKIMOHUPOBAHUS cHCTeM ¢usndeckor 3amuThl (BopoBckwuid,
Tapacos, 2011a, boposckuii, TapacoB, 2011b; Boposckuii, Tapacos, 2011b; BopoBckuii, 2016;
TogwpipeBa u 1ip., 2007); 2) MmHoroareHTHbIe cucteMbl (MAC) u TexHosoruu (MAC-TeXHOJIOTHHN)
(IIpeitnep, bopoBckuii, 2017; CMUpPHOB | 1p., 2018; T'oponenkuii u ap., 2017; Tapacos, 2010;
3ybapeBa u J1p., 2016).

OnmHako, aHamW3 HOPMATUBHO-MeTOAMYecKOoW 6a3pl  (usnueckoil  6e30IacHOCTH,
MpOBEeNEHHBIN B pabore (Pwinnmos, 2017) MOKA3bIBAET, UTO METOAUKH KaTETOPHPOBAHUS,
aHaIM3a yTPO3 U YA3BUMOCTEHN OTIMYAIOTCA HEUeTKOCThI0 MOHATUIHOIO anmnapara U OTCyTCTBHEM
€ITHOTO TEPMHUHOJIOTHYECKOro 1oaxo/1a. Kpome Toro, B paboTe mo{uépKUBAETCS, YTO IIPU AaHATIU3E
yTPO3 3a4acTyl0 He paccMaTpuBaeTcs CBA3b yA3BUMOCTEU W Mojiesnu Hapyuiuress. He cocrasien
OaHK JaHHBIX YyTPO3 0E30IaCHOCTU M AKTYaJIbHBIX yA3BUMOcTeH. OHAKO, CIIeyeT 3aMETUTbh, UTO
CUCTEMBI (PU3WYECKON 3aIUTHI IMOTEHIHAJIBHO OIMACHBIX OOBEKTOB BO MHOTOM 3aBHUCAT OT
KauyeCTBEHHOTO IToZ00pa cpeAcTB (HU3UYECKON 3aluThl, U B pabore (HHUKOB U Jp., 2017)
mpejiolKeHa, paspaboranHas ¢ momorisio MS SQL Server Express 6a3za manabix «CpezcTBa
(pu3HYecKoU 3aITUTHI TIOTEHITUATHFHO OMIACHBIX 0OBEKTOB».

IIpakTka TIOKa3bIBA€T, UTO MeTOJAOJIOTUA IpoekTupoBanuss HMCO3  pasHbIMU
pa3paboTUMKaMU CTPOUTCA HA PA3HBIX METOJIOJIOTHUYECKUX OCHOBAX, UTO JIUKTYETCA Pa3IMIHOUN
BefoMcTBeHHOU mpuHagyexxkHoctpio ACO/l. B cooTBeTcTBMM € OTUM B JIaHHOM CTaTbhe
chopMysMpoBaHa 3a7jlaya IOCTPOEHUs WHTEJUIEKTyaJIbHbIX CHUCTeM (PU3WUYEeCKON 3aluThl
nHdopmaruu Ha 0aze CHCTeMHO-KOHIenTyajabHoro mnozaxona (CumaBopsH U Jp., 2013;
l'epacumenko, Maok, 1997), popaboTaHbl HEKOTOPHIE ACIEKTHI €€ CHCTEMHOTO PelleHUs.

KaroueBsle cioBa: (u3nyeckre CpefCcTBAa 3aIMUTHl MHGOpMaIUM, WHTEJIEKTyaJIbHas
cucTeMa 3alTUThl HHPOPMAILNH, CHCTEMHBIHN MOJIX0/, cCUcTeMa PU3NUECKOU 3aIUTHI.
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