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Abstract—In the recent time, the problem of protecting privacy in
statistical data before they are published has become a pressing
one. Many reliable studies have been accomplished, and loads of
solutions have been proposed.

Though, all these researches take into consideration only the
problem of protecting individual privacy, i.e., privacy of a single
person, household, etc. In our previous articles, we addressed a
completely new type of anonymity problems. We introduced a
novel kind of anonymity to achieve in statistical data and called it
group anonymity.

In this paper, we aim at summarizing and generalizing our
previous results, propose a complete mathematical description of
how to provide group anonymity, and illustrate it with a couple
of real-life examples.
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. INTRODUCTION

Throughout mankind’s history, people always collected
large amounts of demographical data. Though, until the very
recent time, such huge data sets used to be inaccessible for
publicity. And what is more, even if some potential intruder got
an access to such paper-written data, it would be way too hard
for him to analyze them properly!

But, as information technologies develop more, a greater
number of specialists (to wide extent) gain access to large
statistical datasets to perform various kinds of analysis. For that
matter, different data mining systems help to determine data
features, patterns, and properties.

As a matter of fact, in today world, in many cases
population census datasets (usually referred to as microfiles)
contain this or that kind of sensitive information about
respondents. Disclosing such information can violate a person’s
privacy, so convenient precautions should be taken beforehand.

For many years now, mostly every paper in major of
providing data anonymity deals with a problem of protecting an
individual’s privacy within a statistical dataset. As opposed to
it, we have previously introduced a totally new kind of
anonymity in a microfile which we called group anonymity. In
this paper, we aim at gathering and systematizing all our works
published in the previous years. Also, we would like to
generalize our previous approaches and propose an integrated
survey of group anonymity problem.
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Il.  RELATED WORK

A. Individual Anonymity

We understand by individual data anonymity a property of
information about an individual to be unidentifiable within a
dataset.

There exist two basic ways to protect information about a
single person. The first one is actually protecting the data in its
formal sense, using data encryption, or simply restricting
access to them. Of course, this technique is of no interest to
statistics and affiliated fields.

The other approach lies in modifying initial microfile data
such way that it is still useful for the majority of statistical
researches, but is protected enough to conceal any sensitive
information about a particular respondent. Methods and
algorithms for achieving this are commonly known as privacy
preserving data publishing (PPDP) techniques. The Free
Haven Project [1] provides a very well prepared anonymity
bibliography concerning these topics.

In [2], the authors investigated all main methods used in
PPDP, and introduced a systematic view of them. In this
subsection, we will only slightly characterize the most popular
PPDP methods of providing individual data anonymity. These
methods are also widely known as statistical disclosure control
(SDC) techniques.

All SDC methods fall into two categories. They can be
either perturbative or non-perturbative. The first ones achieve
data anonymity by introducing some data distortion, whereas
the other ones anonymize the data without altering them.

Possibly the simplest perturbative proposition is to add
some noise to initial dataset [3]. This is called data
randomization. If this noise is independent of the values in a
microfile, and is relatively small, then it is possible to perform
statistical analysis which yields rather close results compared to
those ones obtained using initial dataset. Though, this solution
is not quite efficient. As it was shown in [4], if there are other
sources available aside from our microfile with intersecting
information, it will be very possible to violate privacy.

Another option is to reach data k-anonymity. The core of
this approach is to somehow ensure that all combinations of
microfile attribute values are associated with at least k
respondents. This result can be obtained using various methods
[5, 6].
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Yet another technique is to swap confidential microfile
attribute values between different individuals [7].

Non-perturbative SDC methods are mainly represented by
data recoding (data enlargement) and data suppression
(removing the data from the original microfile) [6].

In previous years, novel methods evolved, e.g., matrix
decomposition [8], or factorization [9]. But, all of them aim at
preserving individual privacy only.

B. Group Anonymity

Despite the fact that PPDP field is developing rather
rapidly, there exists another, completely different privacy issue
which hasn’t been studied well enough yet. Speaking more
precisely, it is another kind of anonymity to be achieved in a
microfile.

We called this kind of anonymity group anonymity. The
formal definition will be given further on in this paper, but in a
way this kind of anonymity aims at protecting such data
features and patterns which cannot be determined by analyzing
standalone respondents.

The problem of providing group anonymity was initially
addressed in [10]. Though, there has not been proposed any
feasible solution to it then.

In [11, 12], we presented a rather effective method for
solving some particular group anonymity tasks. We showed its
main features, and discussed several real-life practical
examples.

The most complete survey of group anonymity tasks and
their solutions as of time this paper is being written is [13].
There, we tried to gather up all existing works of ours in one
place, and also added new examples that reflect interesting
peculiarities of our method. Still, [13] lacks a systematized
view and reminds more of a collection of separate articles
rather than of an integrated study.

That is why in this paper we set a task of embedding all
known approaches to solving group anonymity problem into
complete and consistent group anonymity theory.

I1l.  FORMAL DEFINITIONS
To start with, let us propose some necessary definitions.

Definition 1. By microdata we will understand various data
about respondents (which might equally be persons,
households, enterprises, and so on).

Definition 2. Respectively, we will consider a microfile to
be microdata reduced to one file of attributive records
concerning each single respondent.

A microfile can be without any complications presented in
a matrix form. In such a matrix M, each row corresponds to a
particular respondent, and each column stands for a specific
attribute. The matrix itself is shown in Table I.
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TABLE I. MICROFILE DATA IN A MATRIX FORM
Attributes
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In such a matrix, we can define different classes of
attributes.

Definition 3. An identifier is a microfile attribute which
unambiguously determines a certain respondent in a microfile.

From a privacy protection point of view, identifiers are the
most security-intensive attributes. The only possible way to
prevent privacy violation is to completely eliminate them from
a microfile. That is why, we will further on presume that a
microfile is always de-personalized, i.e., it does not contain any
identifiers.

In terms of group anonymity problem, we need to define
such attributes whose distribution is of a big privacy concern
and has to be thoroughly considered.

Definition 4. We will call an element s €S,, k=11,

I, <p , where S, is a subset of a Cartesian product
u, xu, x..xu, (see Table I), a vital value combination. Each

element of s{” is called a vital value. Each u, , j=1t is
called a vital attribute.

In other words, vital attributes reflect characteristic
properties needed to define a subset of respondents to be
protected.

But, it is always convenient to present multidimensional
data in a one-dimensional form to simplify its modification. To
be able to accomplish that, we have to define yet another class
of attributes.

Definition 5. We will call an element s{”eS,,

k :1,_Ip, I, <p, where S, is a subset of microfile data
elements corresponding to the p" attribute, a parameter value.
The attribute itself is called a parameter attribute.

Parameter values are usually used to somehow arrange
microfile data in a particular order. In most cases, resultant data
representation contains some sensitive information which is
highly recommended to be protected. (We will delve into this
problem in the next section.)

Definition 6. A group G(V,P) is a set of attributes
consisting of several vital attributes V ={V,,V,, ..., V,} and a
parameter attribute P, P =V;, j=1..1.

Now, we can formally define a group anonymity task.
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Group Anonymity Definition. The task of providing data
group anonymity lies in modifying initial dataset for each
group G (V,,R), i=1..k such way that sensitive data
features become totally confided.

In the next section, we will propose a generic algorithm for
providing group anonymity in some most common practical
cases.

IV. GENERAL APPROACH TO PROVIDING GROUP
ANONYMITY

According to the Group Anonymity Definition, initial
dataset M should be perturbed separately for each group to
ensure protecting specific features for each of them.

Before performing any data modifications, it is always
necessary to preliminarily define what features of a particular
group need to be hidden. So, we need to somehow transform
initial matrix into another representation useful for such
identification. Besides, this representation should also provide
more explicit view of how to modify the microfile to achieve
needed group features.

All this leads to the following definitions.

Definition 7. We will understand by a goal representation
Q (M, G) of a dataset M with respect to a group G such a
dataset (which could be of any dimension) that represents
particular features of a group within initial microfile in a way
appropriate for providing group anonymity.

We will discuss different forms of goal representations a bit
later on in this section.

Having obtained goal representation of a microfile dataset,
it is almost always possible to modify it such way that security-
intensive peculiarities of a dataset become concealed. In this
case, it is said we obtain a modified goal representation
Q' (M, G) of initial dataset M.

After that, we need to somehow map our modified goal
representation to initial dataset resulting in a modified
microdata M". Of course, it is not necessary that such data
modifications lead to any feasible solution. But, as we will
discuss it in the next subsections, if to pick specific mappings
and data representations, it is possible to provide group
anonymity in any microfile.

So, a generic scheme of providing group anonymity is as
follows:

1) Construct a (depersonalized) microfile M representing
statistical data to be processed.
2) Define one or several groups G, (V,,R), i=1..k
representing categories of respondents to be protected.
3) Foreachifrom1tok:
a) Choosing data representation: Pick a goal
representation Q, (M, G;) foragroup G,(V,,P).
b) Performing data mapping: Define a mapping function
Y: M—> Q (M, G,) (called goal mapping function) and
obtain needed goal representation of a dataset.
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C)  Performing goal representation’s modification:

Define a functional Z: Q, (M, G, ) » Q' (M, G,) (also

called modifying functional) and obtain a modified goal
representation.

d) Obtaining the modified microfile. Define an inverse

goal mapping function Y™*: Q' (M, G,) > M and obtain a
modified microfile.
4) Prepare the modified microfile for publishing.

Now, let us discuss some of these algorithm steps a bit in
detail.

A. Different Ways to Construct a Goal Representation

In general, each particular case demands developing certain
data representation models to suit the stated requirements the
best way. Although, there are loads of real-life examples where
some common models might be applied with a reasonable
effect.

In our previous works, we drew a particular attention to one
special data goal representation, namely, a goal signal. The
goal signal is a one-dimensional numerical array
6=(6,,6,,..,0,) representing statistical features of a group. It
can consist of values obtained in different ways, but we will
defer this discussion for some paragraphs.

In the meantime, let us try to figure out what particular
features of a goal signal might turn out to be security-intensive.
To be able to do that, we need to consider its graphical
representation which we will call a goal chart. In [13], we
summarized the most important goal chart features and
proposed some approaches to modifying them. In order not to
repeat ourselves, we will only outline some of them:

1) Extremums. In most cases, it is the most sensitive
information; we need to transit such extremums from one
signal position to another (or, which is also completely
convenient, create some new extremums, so that initial ones
just “dissolve”).

2) Statistical features. Such features as signal mean value
and standard deviation might be of a big importance, unless a
corresponding parameter attribute is nominal (it will become
clear why in a short time).

3) Frequency spectrum. This feature might be rather
interesting if a goal signal contains some parts repeated
cyclically.

Coming from a particular aim to be achieved, one can
choose the most suitable modifying functional = to redistribute
the goal signal.

Let us understand how a goal signal can be constructed in
some widely spread real-life group anonymity problems.

In many cases, we can count up all the respondents in a
group with a certain pair of vital value combination and a
parameter value, and arrange them in any order proper for a
parameter attribute. For instance, if parameter values stand for
a person’s age, and vital value combinations reflect his or her
yearly income, then we will obtain a goal signal representing
quantities of people with a certain income distributed by their
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age. In some situations, this distribution could lead to unveiling
some restricted information, so, a group anonymity problem
would evidently arise.

Such a goal signal is called a quantity
signal q =(q,,0,,-...q,,) - It provides a quantitative statistical
distribution of group members from initial microfile.

Though, as it was shown in [12], sometimes absolute
quantities do not reflect real situations, because they do not
take into account all the information given in a microfile. A
much better solution for such cases is to build up a
concentration signal:

c=(cl,cz,...,cm)z[&,q—z,...,q—m) (1
P P2 Pm
In (1), p, , i=1..,m stand for the quantities of

respondents in a microfile from a group defined by a superset
for our vital value combinations. This can be explained on a
simple example. Information about people with AIDS
distributed by regions of a state can be valid only if it is
represented in a relative form. In this case, g, would stand for

a number of ill people in the i" region, whereas p, could
possibly stand for the whole number of people in the i'" region.

And yet another form of a goal signal comes to light when
processing comparative data. A representative example is as
follows: if we know concentration signals built separately for
young males of military age and young females of the same
age, then, maximums in their difference might point at some
restricted military bases.

In such cases, we deal with two concentration signals
c® =(c®,c,..,.c?”) (also called a main concentration
signal) and  ¢® =(?,c{?,...c?) (a  subordinate

concentration signal). Then, the goal signal takes a form of a
concentration difference signal o=

1 2 1 2 1 2
— (0~ ¢ @, c0 ).

In the next subsection, we will address the problem of
picking a suitable modifying functional, and also consider one
of its possible forms already successfully applied in our
previous papers.

B. Picking Appropriate Modifying Functional

Once again, there can be created way too many unlike
modifying functionals, each of them taking into consideration
these or those requirements set by a concrete group anonymity
problem definition. In this subsection, we will look a bit in
detail at two such functionals.

So, let us pay attention to the first goal chart feature stated
previously, which is in most cases the feature we would like to
protect. Let us discuss the problem of altering extremums in an
initial goal chart.

In general, we might perform this operation quite
arbitrarily. The particular scheme of such extremums
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redistribution would generally depend on the quantity signal
nature, sense of parameter values, and correct data interpreting.
But, as things usually happen in statistics, we might as well
want to guarantee that data utility wouldn’t reduce much. By
data utility preserving we will understand the situation when
the modified goal signal yields similar, or even the same,
results when performing particular types of statistical (but not
exclusively) analysis.

Obviously, altering the goal signal completely off-hand
without any additional precautions taken wouldn’t be very
convenient from the data utility preserving point of view.
Hopefully, there exist two quite dissimilar, thought powerful
techniques for preserving some goal chart features.

The first one was proposed in [14]. Its main idea is to
normalize the output signal using such transformation that both
mean value and standard deviation of a signal remain stable.
Surely, this is not ideal utility preserving. But, the signal
obtained this way at least yields the same results when
performing basic statistical analysis. So, the formula goes as
follows:

0 =0+ e-¢) 2. )
(e} (e}

m 1m

Zei g ==

1
m = m

In(2), e=

The second method of modifying the signal was initially
proposed in [11], and was later on developed in [12, 13]. Its
basic idea lies in applying wavelet transform to perturbing the
signal, with some slight restrictions necessary for preserving
data utility:

00 =Y, 0, 0+XXd, v, 0. O

j=k i
In (3), ¢, stands for shifted and sampled scaling

functions, and v ; represents shifted and sampled wavelet
functions. As we showed in our previous researches, we can
gain group anonymity by modifying approximation coefficients
a, ;. At the same time, if we don’t modify detail coefficients
d;;
necessary for different kinds of statistical analysis.

we can preserve signal’s frequency characteristics

More than that, we can always preserve the signal’s mean
value without any influence on its extremums:
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e*fin = e;od '(zei Ze:nod ij . “4)
i-1 =

In the next section, we will study several real-life practical
examples, and will try to provide group anonymity for
appropriate datasets. Until then, we won’t delve deeper into
wavelet transforms theory.

C. The Problem of Minimum Distortion when Applying
Inverse Goal Mapping Function

*

Having obtained modified goal signal 6, , we have no

other option but to modify our initial dataset M, so that its
contents correspond to 07, .

It is obvious that, since group anonymity has been provided
with respect to only a single respondent group, modifying the
dataset M almost inevitably will lead to introducing some level
of data distortion to it. In this subsection, we will try to
minimize such distortion by picking sufficient inverse goal
mapping functions.

At first, we need some more definitions.

Definition 8. We will call microfile M attributes influential
ones if their distribution plays a great role for researchers.

Obviously, vital attributes are influential by definition.

Keeping in mind this definition, let us think over a
particular procedure of mapping the modified goal signal 07,
to a modified microfile M”. The most adequate solution, in our
opinion, implies swapping parameter values between pairs of
somewhat close respondents. We might interpret this operation
as “transiting” respondents between two different groups
(which is in fact the case).

But, an evident problem arises. We need to know how to
define whether two respondents are “close” or not. This could
be done if to measure such closeness using influential metric
[13]:

p=1 r(lp)+r*(|p)
nr\om
2

+ZYk (X(r(‘]k)vr*(‘]k)))

(%)

In (5), 1,
(making atotal of n,, ). Respectively, J, stands for the K"
nominal influential attribute (making a total of n., ).
Functional r(-) stands for a record’s r specified attribute value.

stands for the p™ ordinal influential attribute

Operator y(v,,v,) is equal to y if values v; and v, represent
one category, and ., , if it is not so. Coefficients £, and yy

should be taken coming from importance of a certain attribute
(for those ones not to be changed at all they ought to be as big
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as possible, and for those ones that are not important they could
be zero).

With the help of this metric, it is not too hard to outline the
generic strategy of performing inverse data mapping. One
needs to search for every pair of respondents vyielding
minimum influential metric value, and swap corresponding
parameter values. This procedure should be carried out until the

modified goal signal 07, is completely mapped to M.

This strategy seems to be NP-hard, so, the problem of
developing more computationally effective inverse goal
mapping functions remains open.

V. SOME PRACTICAL EXAMPLES OF PROVIDING GROUP
ANONYMITY

In this subsection, we will discuss two practical examples
built upon real data to show the proposed group anonymity
providing technique in action.

According to the scheme introduced in Section IV, the first
thing to accomplish is to compile a microfile representing the
data we would like to work with. For both of our examples, we
decided to take 5-Percent Public Use Microdata Sample Files
provided by the U.S. Census Bureau [15] concerning the 2000
U.S. census of population and housing microfile data. But,
since this dataset is huge, we decided to limit ourselves with
analyzing the data on the state of California only.

The next step (once again, we will carry it out the same way
for both examples) is to define group(s) to be protected. In this
paper, we will follow [11], i.e. we will set a task of protecting
military personnel distribution by the places they work at. Such
a task has a very important practical meaning. The thing is that
extremums in goal signals (both quantity and concentration
ones) with a very high probability mark out the sites of military
cantonments. In some cases, these cantonments aren’t likely to
become widely known (especially to some potential
adversaries).

So, to complete the second step of our algorithm, we take
“Military service” attribute as a vital one. This is a categorical
attribute, with integer values ranging from 0 to 4. For our task
definition, we decided to take one vital value, namely, “1”
which stands for “Active duty”.

But, we also need to pick an appropriate parameter
attribute. Since we aim at redistributing military servicemen by
different territories, we took “Place of Work Super-PUMA” as
a parameter attribute. The values of this categorical attribute
represent codes for Californian statistical areas. In order to
simplify our problem a bit, we narrowed the set of this
attribute’s values down to the following ones: 06010, 06020,
06030, 06040, 06060, 06070, 06080, 06090, 06130, 06170,
06200, 06220, 06230, 06409, 06600, and 06700. All these area
codes correspond to border, island, and coastal statistical areas.

From this point, we need to make a decision about the goal
representation of our microdata. To show peculiarities of
different kinds of such representations, we will discuss at least
two of them in this section. The first one would be the quantity
signal, and the other one would be its concentration analogue.
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A. Quantity Group Anonymity Problem

So, having all necessary attributes defined, it is not too hard
to count up all the military men in each statistical area, and
gather them up in a numerical array sorted in an ascending
order by parameter values. In our case, this quantity signal
looks as follows:

q=(19, 12, 153, 71, 13, 79, 7, 33, 16, 270, 812, 135, 241,
14, 60, 4337).

The graphical representation of this signal is presented in
Fig. la.

As we can clearly see, there is a very huge extremum at the
last signal position. So, we need to somehow eliminate it, but
simultaneously preserve important signal features. In this
example, we will use wavelet transforms to transit extremums
to another region, so, according to the previous section, we will
be able to preserve high-frequency signal spectrum.

As it was shown in [11], we need to change signal
approximation coefficients in order to modify its distribution.
To obtain approximation coefficients of any signal, we need to
decompose it using appropriate wavelet filters (both high- and
low-frequency ones). We won’t explain in details here how to
perform all the wavelet transform steps (refer to [12] for
details), though, we will consider only those steps which are
necessary for completing our task.

So, to decompose the quantity signal q by two levels using
Daubechies second-order low-pass wavelet decomposition

filter | = {1_‘/3? 3-43 3+3 1+3B
a2 a2 a2 a2

perform the following operations:
(2272.128, 136.352,

], we need to

a, = (q*,1)*,]1 158.422,

569.098).
By *,, we denote the operation of convolution of two

vectors followed by dyadic downsampling of the output. Also,
we present the numerical values with three decimal numbers
only due to the limited space of this paper.

By analogue, we can use the flipped version of | (which
would be a high-pass wavelet decomposition filter) denoted by

_ (1+\/§ 34483 3-8 1-3

a2 a2 a2 a2

coefficients at level 2:

d2 = (q*izl)*izh
~315.680).

According to the wavelet theory, every numerical array can
be presented as the sum of its low-frequency component (at the
last decomposition level) and a set of several high-frequency
ones at each decomposition level (called approximation and
details respectively). In general, the signal approximation and
details can be obtained the following way (we will also
substitute the values from our example):

] to obtain detail

= (-508.185, 15.587, 546.921,
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A = (az*TZ I)*Tzl = (1369.821, 687.286, 244.677,

41.992, —224.980, 11.373, 112.860, 79.481, 82.240, 175.643,
244.757, 289.584, 340.918, 693.698, 965.706, 1156.942);

D,+D, = dy#,h+(d,*,h)* | = (-1350.821,
675.286, —91.677, 29.008, 237.980, 67.627, —105.860,
46.481, —66.240, 94.357, 567.243, —154.584, —99.918,

—679.698, —905.706, 3180.058).

To provide group anonymity (or, redistribute signal
extremums, which is the same), we need to replace A, with

another approximation, such that the resultant signal (obtained
when being summed up with our details D, +D,) becomes

different. Moreover, the only values we can try to alter are
approximation coefficients.

So, in general, we need to solve a corresponding
optimization problem. Knowing the dependence between A,

and a, (which is pretty easy to obtain in our model example),
we can set appropriate constraints, and obtain a solution a,
which completely meets our requirements.

For instance, we can set the following constraints:

0.637-4,(1)—0.137-4,(4) <1369.821;

0.296-4, (1) +0.233-4,(2) — 0.029- 4, (4) < 687.286;
0.079-8, (L) +0.404-&,(2) + 0.017 - &,(4) < 244.677;
~0.137-4, (1) +0.637-4,(2) > —224.980;

~0.029-, (1) +0.296 -8, (2) +0.233-&,(3) > 11.373;
0.017-a, (1) +0.079-&,(2) + 0.404- &, (3) > 112.860;
~0.012-d,(2) +0.512-&,(3) > 79.481,;

~0.137-8,(2) +0.637 -4, (3) > 82.240;
~0.029-d,(2) +0.296-&,(3) +0.233-&,(4) > 175.643;
0.233-,(1) - 0.029-a,(3) +0.296 - &, (4) > 693.698;
0.404-3, (1) +0.017 - &,(3) +0.079- &, (4) < 965.706;
0.512-8,(1)-0.012- &, (4) < 1156.942.

The solution might be as follows: a, = (0, 379.097,
31805.084, 5464.854).

Now, let us obtain our new approximation AZ and a new
guantity signal q:

A, = (8%,l)*,l = (-750.103, -70.090, 244.677,

194196, 241583, 345372, 434.049, 507.612, 585.225,
1550.452, 2293.431, 2787.164, 3345.271, 1587.242, 449.819,
~66.997);

g = A+D +D, = (-2100.924, —745.376, 153.000,
223204, 479.563, 413.000, 328.189, 461.131, 518.985,
1653.809, 2860.674, 2632.580, 3245.352, 907.543, —455.887,
3113.061).

Two main problems almost always arise at this stage. As
we can see, there are some negative elements in the modified
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goal signal. This is completely awkward. A very simple though
quite adequate way to overcome this backfire is to add a
reasonably big number (2150 in our case) to all signal
elements. Obviously, the mean value of the signal will change.
After all, these two issues can be solved using the following

formula: g, = (q+2150) (i a )/(i(qi + 2150)).

If to round g, (since quantities have to be integers), we
obtain the modified goal signal as follows:

5, = (6, 183, 300, 310, 343, 334, 323, 341, 348, 496, 654,
624, 704, 399, 221, 686).

The graphical representation is available in Fig. 1b.

As we can see, the group anonymity problem at this point
has been completely solved: all initial extremums persisted,
and some new ones emerged.

_The last step of our algorithm (i.e., obtaining new microfile
M) cannot be shown in this paper due to evident space
limitations.

B. Concentration Group Anonymity Problem

Now, let us take the same dataset we processed before. But,
this time we will pick another goal mapping function. We will
try to build up a concentration signal.

According to (1), what we need to do first is to define what
p; to choose. In our opinion, the whole quantity of males 18 to
70 years of age would suffice.

By completing necessary arithmetic operations, we finally
obtain the concentration signal:

¢ = (0.004, 0.002, 0.033, 0.009, 0.002, 0.012, 0.002, 0.007,
0.001, 0.035, 0.058, 0.017, 0.030, 0.003, 0.004, 0.128).

The graphical representation can be found in Fig. 2a.

Let us perform all the operations we’ve accomplished
earlier, without any additional explanations (we will reuse
notations from the previous subsection):

a, = (c*,,1)*,,1 =(0.073,0.023, 0.018, 0.059);
d, = (c*,,1)*,, h =(0.003,-0.001, 0.036, ~0.018);

A, = (a,%,1)%,1 = (0.038, 0.025, 0.016, 0.011, 0.004,
0.009, 0.010, 0.009, 0.008, 0.019, 0.026, 0.030, 0.035, 0.034,
0.034, 0.037);

D,+D, = d,*,h+(d,*,h)%,l = (-0.034, —0.023,
0.017, —0.002, —0.002, 0.003, —0.009, —0.002, ~0.007, 0.016,
0.032,-0.013, -0.005, —0.031, ~0.030, 0.091).

The constraints for this example might look the following
way:
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Figure 1. Initial (a) and modified (b) quantity signals.

0.637-a,(1)—0.137-§,(4) <0.038;
0.296-a,(1) +0.233-a,(2) - 0.029-a,(4) < 0.025;
0.079-a,(1)+0.404-a,(2)+0.017-a,(4) <0.016;
-0.012-4,(1)+0.512-3,(2) <0.011;
-0.137-5,(1) +0.637-4,(2) > 0.005;
-0.029-4,(1)+0.296- &, (2) + 0.233- &, (3) > 0.009;
0.017-a,(1)+0.079-a,(2) +0.404- &, (3) > 0.010;
-0.012-3,(2)+0.512-4,(3) > 0.009;
-0.137-a,(2)+0.637-a,(3) = 0.009;
-0.029-4,(2)+0.296-a,(3) +0.233-4,(4) 2 0.019;
0.233-3,(1)-0.029-a,(3) +0.296 - &, (4) < 0.034;
0.404-a,(1)+0.017-4,(3)+0.079-4,(4) <0.034;
0.512-a,(1)-0.012-4,(4) < 0.037.

One possible solution to this system is as follows: a, =
=(0, 0.002, 0.147, 0.025).

We can obtain new approximation and concentration signal:

A, = (&, *,,1)%,, 1 = (~0.003,-0.000, 0.001, 0.001, 0.001,

0.035, 0.059, 0.075, 0.093, 0.049, 0.022, 0.011, —0.004, 0.003,
0.005, 0.000);

¢ = A+D+D, = (-0.037, -0.023, 0.018, -0.001,
-0.002, 0.038, 0.051, 0.073, 0.086, 0.066, 0.054, —0.002,
-0.009, -0.028, ~0.026, 0.092).

Once again, we need to make our signal non-negative, and
fix its mean value. But, it is obvious that the corresponding

quantity signal g, will also have a different mean value.
Therefore, fixing the mean value can be done in “the quantity
domain” (which we won’t present here).

Nevertheless, it is possible to make the signal non-negative
after all:

http://sites.google.com/sitef/ijcsis/
ISSN 1947-5500
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Figure 2. Initial (a) and modified (b) concentration signals.

¢, = C+0.5 =(0.463, 0.477, 0.518, 0.499, 0.498, 0.538,
0.551, 0.573, 0.586, 0.566, 0.554, 0.498, 0.491, 0.472, 0.474,

0.592).

The graphical representation can be found in Fig. 2b. Once
again, the group anonymity has been achieved.

The last step to complete is to construct the modified M”,
which we will omit in this paper.

VI. SUMMARY

In this paper, it is the first time that group anonymity
problem has been thoroughly analyzed and formalized. We
presented a generic mathematical model for group anonymity
in microfiles, outlined the scheme for providing it in practice,
and showed several real-life examples.

As we think, there still remain some unresolved issues,
some of them are as follows:

1) Choosing data representation: There are still many more
ways to pick convenient goal representation of initial data not
covered in this paper. They might depend on some problem
task definition peculiarities.

2) Performing goal representation’s modification: It is
obvious that the method discussed in Section V is not an
exclusive one. There could be as well proposed other
sufficient techniques to perform data modifications. For
instance, choosing different wavelet bases could lead to
yielding different outputs.

Vol. 8, No. 7, October 2010

3) Obtaining the modified microfile: There has to be

developed computationally effective heuristics to perform
inverse goal mapping.
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HEIIATHI OAHOBUMIPHI BEVBJIET-IIEPE-
TBOPEHHA

Beryn

3acTocyBaHHSI amapaTy KJIaCUYHOIro Trapmo-
HIYHOTO aHami3y IJjIg PO3BMHEHHS (YHKIIIM Yacy
YK TIPOCTOPY, SIKi BM3HAYEHI HA OOMEXEHOMY iH-
TepBaJi 3 JIOKAIBHUMU OCOOJUBOCTSIMU, € MaJlo-
e(eKTUBHUM, OCKiJIbKM 0a3ucHa QYHKIIisS psaiB
®yp’e (cuHycoina) icHye Ha BCill 4MCIOBi mps-
Mill i 3a CBO€EIO TMPUPOJOIO € INIAAKOIO Ta Iepio-
IUYHOIO.

Hns pocnigkeHHs HeCTalliOHApHUX CUTHAJIIB Y
80-90-x pp. XX cT. OyJI0 3aIIpONOHOBAHO MPUHIIU-
MOBO iHIIMK KJac (CONITOHOMOMIOHUX) (YHKIIINA —
eetignemu [1, 2].

Ha mnpakTtumi HaivacTille 3acTOCOBYIOTHCS
OIHO- Ta JBOBUMIpHiI AWCKPETHi BeWBJIeT-mepe-
tBopeHHs (BII) 3 koediuieHTOM MaciiTabOyBaHHS,
1110 TOPiBHIOE 2, 00 BOHM MalOTh HaiOuIbII edek-
TUBHY TporpamHy peaiizaiiio. Taxi BIT takox Ha-
3uBatoTh miagHuMu (dyadic). IIpore icHye HM3Ka
npobseMHUX Tany3eit (reodizuka, CTaTUCTUKA, €KO-
HoMiKa, oOpoOKa 300paXeHb, BKJIIOYAIOUU DPEHT-
reHorpadiuHi 3HIMKHW), 1€ YaCTO OUIbII MPUUHSIT-
HUMMU B CWIY Pi3HUX MipKyBaHb € Koe(illiEHTU
MaciuTabyBaHHS, SIKi HE HOPiBHIOIOTH 2, 110 AAIOTh
HenmianHi BII.

st moOymoBu HemiamHuX auckpetHux BII
BimoMo Kijsbka miaxomiB. Ilepiuumii i3 HUX 3arnpo-
noHoBaHo IlapkoMm i ByaowopHoMm B [3], ane BiH
CIIMPAEThCS Ha MoOynoBy 0asuciB [probHepa, sKa
“Ma€e TOCUTb BUCOKY CKJIAAHICTh i (DAKTUYHO HE €
MPUAHATHOIO TSI TIPAKTUYHOTO BUKOPUCTAHHS, 3a
BUHATKOM piAKicCHUX BuUmankiB” [4, c. 126]. Ilin-
Xim, 110 po3BUBAEThCd boccapom, 1ae MOXIIUBICTb
OyayBaTu BeWBIeTM 3 KoedilieHToM MaciuTady-
BaHHS, KW BU3HAYEHUI OyIb-sIKUM OOAATHUM
palioHaJIbHUM 4YuciaoM, ajie BianoBinHe BIT o06-
MeXeHE OpPTOroHaJbHUM BUNaakoMm [5]. ITigxig
Bpareni Ta Moprencena [6], mio Ga3yeTbcsl Ha
npencraBieHHsax ainredopu KyHuma [7], 3HaWIIOB,
30KpeMa, MPaKTUYHE 3aCTOCYBaHHS I TOOYIOBU
HeJiagHUX BEUBJIETIB, SIKi MaliOTh aHAJITUYHE BU-
3HAYeHHSI, HaNpUKJIad, I HediadfHUX BeUBJIETIiB
Xaapa, KorenbHukoBa—IllenHoHa i Meiiepa |8, 9].
JaHuit migxim gae 3MOry ITOBHICTIO BiTHOBUTH He-
JiagHe mUcKpeTHe OGioproroHanbHe BII 3a HU3BKO-

YaCTOTHUM (DiJIbTPOM JAEKOMMO3UIIii. ¥ TOM Xe yac
MUTaHHS, YU € MOXJIMBICTb 30epeXXeHHsI B Helial-
HoOMy (30KpeMa, TpiamHoMy) auckpeTHoMmy BII He
TiJIbKM BKa3aHOTo ¢ijabTpa, ajie i OMHOIro Yu KiJib-
KOX iHWMX (inbTpiB icHyrodoro aianHoro BII, €
BiIKpUTHM.

ITocTanoBka 3axaui

O06’exTOM JochimkeHHs € guckpeTHe BII, 1o
3aCTOCOBYETHCS ISl MaTeMaTUYHOI OOpOOKU pi3-
HOMAaHITHUX CUTHaJiB TPUPOIHOTO ITOXOIKEHHS.
Merta cTaTTi — BUSBJICHHS BMIIAIKiB, KOJU MOX-
JmMBa 1oOymoBa HemiagHoro auckperHoro BII, 1o
Ma€ CIJIbHUM (3 TOYHICTIO 10 Koedilli€eHTiB 3Be-
IeHHs) ¢GiibTp 3 BimmoBimHMM miagHuM BII, ske
BU3HAUEHE HE aHAJiITUYHO, a 3a AONOMOrol biop-
TOTOHAJIbHUX YMCJIOBUX HM3bKOUYACTOTHUX Ta BU-
COKOYACTOTHUX (DiIBTPIB IEKOMIO3MIIii i BiZHOB-
JIEHHsI, Ta JAEMOHCTpalis IpakKTUYHUX AacIeKTiB
po3paxyHKy Takoro HemiagHoro BII. HeoOximHicTb
y TMPOBENEeHHI BKa3aHUX pPO3pPaxyHKiB BUHUKAE,
HampuKJIan, KOJM IIOTpiOHO BAajdo MimiOpaHMii
BeliBleT TIpu KoedilieHTi MacluTaOyBaHHS, IO
JIOpiBHIOE 2, IEepeHeCTW Ha iHIIi KpaTHOCTI Mac-
1ITaOyBaHHSI.

Bci mooynosu BIT oOMexXyioTbesl OQHOBUMIP-
HUM BHUIIAJIKOM.

3arajibHi BJACTHBOCTI BeiiBJIeT-IEPETBOPEHD

BeiinetHuit 6asuc npocropy L,( )ROymyeThb-

cg 3 (piHiTHUX (YHKIUIN, SIKi TOBUHHI MpPSIMyBaTU
JIO HyJIs1 Ha HECKiHYeHHOCTi. YnM 1wBuaie i ¢pyH-
KLl MpsIMYyIOTb 10 HYJIsI, TUM 3pY4YHillle iX BUKO-
PUCTOBYBAaTH SIK 0a3uC MEPETBOPEHb IijJ yac aHa-
JIi3y peajbHUX CHUTHAJIIB.

Haii6inbl nomMpeHruM METOAOM Teopil Bel-
BJIETIB € KPAaTHOMACIUTAOHUI (MyJbTUPO3AiIIBHUIA)
aHaji3, AKuii 0a3yeTbcs Ha 300paXkeHHi AaHUX 3
pi3HUM CTyneHeM aeTaiizawii. Ile mae MOXJIMBICTb
BMBYATU IJI0OAJbHI OCOOJIMBOCTI AJaHUX MpPU BEIU-
KOMacIITaOHOMY 300pakeHHi i BUAUIATH JIOKaJIbHi
ocoOJMBOCTI Ha MeHIMX Macmrabax [10, 11].
KpatHicTh KpaTHOMacIITaOHOrO aHali3y € Koedi-
LieHTOM MaciuTabyBaHHs BimmoBimHoro BII. Ilpu
LIbOMY MaciuTabyroua QyHKLiS ¢(x), gKa iHKOJIU B
POCIMCBKiil Ta BITYM3HSIHIN JIiTepaTypi HA3MBAETh-
Csl CKeMMiHT-(PYHKIIi€EI0, BUBHAYAETHCS 3a TOITOMO-
rOl0 TAaKOTO PiBHSHHSI:

¢(x) =N > ho(Nx - n),
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Je n — wim uucina; N — kKoedilieHT maciutady-
BaHHSI; h, — HMU3bKOYACTOTHUI (inbTp, mpuuomy

2

Z|hﬂ| < oo,
n

HoeneHo [2, c. 333—335], 110 AKIo oaHi i Ti
caMi AdificHi OpTOHOpPMOBaHi GiAbTPU, SIKi MalTh
KOMITIAaKTHUN HOCIl, BUKOPHUCTOBYIOTLCS i IJIST pO3-
KJIaneHHs, 1 11 BiIHOBJIEHHSI CUTHaIiB, TO TOYHE
BiTHOBJICHHSI CUMETPUYHUMHM BEUBIIETAMU HEMOX-
JiBe (3a BUHITKOM (byHKLiK Xaapa). Y Toit xke uac
Ha TIpaKkTUlli 4acTO TpaIUIsIFOThCS CUTYyallii, KOJu
CUMETPUYHICTh € TIPUHIMITOBOIO. Hampukiian, cu-
METPUYHI OXMOKM KBaHTYBaHHSI 300pakeHHST BHa-
climok cneuudikd 30pOBOI  CUCTEMHU JIIOAMHU
MEHII TOMiTHi, Hi>K aCUMETPUYHi, MPUPOJHI reodi-
3WYHI CUTHAJIM, K MPABUIIO, CUMETPUYHI TOIIO.

Otxe, 1151 3a0e3NeYeHHs] CUMETPUYHOCTI 3a-
MiCTb OPTOHOPMOBAHMX MOTPiOHO BUKOPUCTOBYBA-
TU OiopTOroHajibHi (ibTPU, TOOTO MBI OPTOro-
HaJIbHi OJlHA OAHIM Mapu {MaciuTadbyroua (yHKIILis,
BEHUBJET}, OOHY Mapy — g JeKOMITO3ulii (po3-
KJIaJeHHsI) CUTHaJy, a iHWy — [Jis WOoro BiTHOB-
JIeHHST (PEKOHCTPYKIIii).

Maciurabyrouiit GpyHKIii BiAMoBigalOTh HU3b-
KoyacToTHi (inbTpu ((ibTpU alpokcuMallii), a
BEelBIeTY — BUCOKOYACTOTHI ¢inbTpu (dinbTpu
JeTajizalii).

Koxen ¢inbTp Bu3Ha4Ya€eThcsd HAOOpPOM KOe€-
(ilieHTiB, TOOTO CBOIMM 3HAUYEHHSIMU B TOUYKaX
CKiHYEHHOTrO HOCis.

BioproronaibHi cruiaiiH-BeiBIeTH

bioproroHanbHi CIUTaliH-BEHBIETH, 3alPOIIO-
HoBaHi B mpawi [12], IIMPOKO 3aCTOCOBYIOThCS ITif

Yac CTMCHEHHS 300paxkeHb, 00 BOHM MaloTh JOOpPY
YHMCEeJIbHY CTIMKICTh Ta JAlOTh HEBEJIUKI BEMBIIET-
KoedillieHTU Ha TJIagKux 300paxeHHsx [1, c. 293—
294]. BuxopucTaeMo 1i CIUIaliH-BEUBIETU IS
iTrocTpanii MeTomy MmoOyHOBM HeOiamHUX OJHOBU-
MipHUX OiOpTOroHaJbHUX BEWBIETIB, 1110 3aCTOCO-
BYETbCS B JaHiii crarti. Y Tabu. 1 3BeaeHo Koedi-
LiEHTU (UIBTPIB OIOPTOrOHAIBHUX CIUIAliH-BEB-
JIeTiB, siKi OyJi0 B3ATO Oe3rnocepeafHbO 3 (QYHKILii
rbiowavf('rbio4.4') cucreMn KOMIT'IOTEPHOI MaTe-
matuku MATLAB (MeHII TOYHi 3Hauye€HHS LUX
koedinieHTiB HaBeneHo B [1, c. 295] i [2, c. 368]).

Ha puc. 1 HaBeneHo rpacdiku MaciuTadyroumnx
¢yHKUiA i BeliBneT-(yHKIIINH, BiTHOBJICHUX 3a BKa-
3aHuMU (ineTpamu 3a 10 iTepaliii KacKagHOTO aJi-
roputmy Jo6ewi [2, ¢. 270—-279].

Bubip koedimienra MacmradyBaHHS

HaiiBuiy mBUAKICTh BeHBAET-pO3KIAAAHHS
3a0e3Meuye KpaTHOMACIUTaOHUI aHali3 i3 Koedi-
LIIEHTOM MaciuTaOyBaHHS (MacCIUTaOHMM MHOXHU-
KOM) N, 1110 J0piBHIOE 2. BUKOpUCTaHHS CTEIEHiB
JIBIAKM € 3pyYHUM i 3 ONJISIAY Ha JesiKi iHIi Mip-
KyBaHHS [2, c.410—420]. IIpote Bimomo [13], 1o
3aMiCTb IBIAKM MOXHa OpaTu Oydb-sIKe iHIIE pa-
LIIOHaJIbHE YUCJIO, Oifblle OAVMHUIIL. Y psiai BUMNA-
KiB 1I€ JJa€ 3MOTY Kpallle BpaXOByBaTH OCOOJIMBOCTI
CUTHAaJIiB, 10 aHaJi3yloTbCs. AJle BiIKpUTUM 3a-
JIMIIAETHCSI MMUTAHHS ONTUMAJIbHOTO BUOOpPY KOe-
dilieHTa MaciTaOyBaHHS BEUBJIETIB.

CkaxiMo, Mig yac aHamizy JaHUX €KOHOMiu-
HOro MOXO/KEHHSI Ha OJAHOMY PiBHi pO3KJIagaHHS
KoedilieHT MoxXe JTOPiBHIOBATU 5 (OCKiIbKU B THX-
Hi MI’ATh poOOYMX AHIB), HA HACTYMHOMY PiBHi —

Tabauya 1. KoediuienTn dinbTpiB 6GiopTOroHalIbHUX CIUIaiiH-BeiiBaeTiB (i3 cucreMu MATLAB)

KoediuieHtn ¢inbrpiB

Touka | Husbko4acTOTHMIA . N . o
. . HusbkouacroTHuit | HusbkouacrotHuit | BucokouacrotHuit | BucokouactoTHmit
HOCISL | biabTp AEKOMITO3U- . . . .
dinbTpa | wii, posminenuit GbiabTp AEKOMIIO- binbTp peKoHCT- dinbTp nexommno- (inbTp peKoHCT-
’ Ha2 3ULIT PYKILii 3ULiL PYKIIii
-5 0 0 0 -0,037828455507264 0
—4 0 0 0,037828455507264 [ —0,023849465019557 0
-3 —-0,045635881556954 | —0,064538882628697 | —0,023849465019557 0,110624404418437 0
-2 -0,028771763113971 | -0,040689417609164 | —0,110624404418437 0,377402855612831 -0,064538882628697

0,295635881556704

0,418092273221617

0,377402855612831

-0,852698679008894

0,040689417609164

0,557543526228443

0,788485616405583

0,852698679008894

0,377402855612831

0,418092273221617

0,295635881556704

0,418092273221617

0,377402855612831

0,110624404418437

—0,788485616405583

-0,028771763113971

-0,040689417609164

-0,110624404418437

-0,023849465019557

0,418092273221617

-0,045635881556954

-0,064538882628697

-0,023849465019557

-0,037828455507264

0,040689417609164

0

0

0,037828455507264

0

-0,064538882628697
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Puc. 1. diagni crutaitH-¢yHKUii, BigHOBIeH] 3a 10 itepauiii: @ — MaciTabyioya ¢GpyHKIIiSI JeKOMIIO3ULIil; 6 — BEMBIET JEKOMITO3M-
ii; 6 — MaciuTadyroua yHKILiSI pEKOHCTPYKLii; ¢ — BEHBIET PEKOHCTPYKLii

21/5 (ockilbKM B CepelHbOMY i3 BpaxyBaHHSIM
CBST B Micsilli 21 pobounii IeHb), Ha TOAANBIIOMY
piBHi — 3 (KBapTaj yTBOPIOIOTH TPU MICSIIIi) TOIIO
[11]. st aHamizy i oOpoOKU 300paXkeHb y CUCTe-
Max TexHiuHoro 30py [14] Ta KoMmm’1oTepHili ToMo-
rpadii [15] 3HaxXomsITh 3aCTOCYBaHHSI METOOU adali-
TUBHOTO TiAOOpy KoedillieHTa MacluTadyBaHHS
3QJIEXXHO BiJl YaCTOTHUX OCODIMBOCTEN 300pakeH-
HS$l, 10 TIpenapyeThes.

ITpu anamizi reodizMyHUX JaHUX BHOIp KOeE-
(itieHTa MaciuTabyBaHHS TIOBMHEH CIUPATUCS
HacaMIiepesl Ha Teo/loriuHi ¢akTopH, 110 BIUIABA-
I0OTh Ha HOOCJIIXKyBaHE BUIIPOMiHIOBaHH:S. Tak,
akageMik M.A. CaloBCbKUi1, BUBUYAIOYM peEaKIIilO
TipCbKMUX TIOpiJ Ha BMOYXOBi BIUIMBU, OYB Tiep-
1IMM, XTO 3BEpHYB yBary Ha (byHAaMeHTasbHi BJa-
CTUBOCTI reoi3MYHOIO CepeloBHIla, IO IPOsB-
JISIOTBCS B MOro iepapxiuHiil MoOyaoBi Ta BiAMOBIA-
Hiil TOBEOiHIII B MOJI MEXaHIYHUX TeogVMHAMIYHUX
HanpyxeHb. ['pyna, 10 TpaltoBaja Mif oro KepiB-
HULTBOM, BMSIBWIA AUCKPETHUI PO3MOIiI TBEPIO-
TiJIbHOCTEN (Bi MOPOLIMHOK IO TJIAHET) 3 Xapak-
TepHUM KOedilliEHTOM TMPOIOPLIHHOCTI, 110 IO-
piBHIOE 3,4 [16, 17].

Ha 6a3i uux nocnimkens B.1. YiomoBum 0Oy-
JIO po3p00siIeHO (PEHOMEHOJIOTIUHY I'PaTOBY MOJEJb

cericmoreHe3y [18], ska BimoOpaxkaja caMoOIIOiO-
HICTh Y MPOCTOPOBO-YACOBOMY Ta €HEPreTUYHOMY
PO3BUTKY T€OAMHAMIYHUX CTPYKTYP i CEMCMiUHMX
npoiieciB. 30Kpema, OyJI0 MmokKasaHo, 110 iepapxiu-
Ha MHOXWHa reo0JIOKIiB Ta OCEpeaKiB 3eMJIETPYCiB
Ma€ OfHY i Ty camy 4M AyXe OJU3bKY (hpakTaabHy
po3MipHicTb. BkazaHy rpaToBy Moaejb y I1OJaJIb-
oMy OyJ0 BUKOPUCTAHO JJIsI KOHCTPYIOBAHHS JIi-
HeaMeHTHO-A0MEHHO-(OKaJIbHOI MOJEJi 30H YTBO-
PEHHSI OCepelKiB 3eMJIETPYCiB, Ha OCHOBi SIKOi B
1991—1997 pp. 6y/10 CTBOPEHO KOMILIEKT iMOBIp-
HiCHMX HOPMATMBHMX KapT 3arajibHOro CencMmiu-
HOIO paliOHyBaHHS, IO BBiMIIOB 10 MiXHapom-
Hux OymiBenbHux HopM CHJI [19].

TakuM umHOM, BUOIp KoedillieHTa MaciiTa-
OyBaHHSI iCTOTHO 3aJIeXXUTh Bif MpoOJieMHOiI 0bJia-
CTi Ta 3a;adi, 110 po3B’sI3yeThCA. Buxonmsium 3 To-
ro, 110 HaibiNbII GIM3bKUM 0 (PpaKkTaibHOI PO3-
MIipHOCTi T€OJIOTIYHUX CTPYKTYp, SIKa JOPiBHIOE
3,4, € koe(iuieHT MaciuTabyBaHHS N, piBHUI 3, Ta
BPaxoOBYIOUM, IO TpiadHi BEHBIETU HAUOUIBII IIPO-
CTi 3a MOOYIOBOIO Cepel LJIOUMCIOBUX HEdialHUX,
KOHKPETHI TMipaxyHKM B TOJajblIOMy OynemMo
MPOBOAUTH JIMIIE ISl TPialHUX BEUBIETIB, B TOM
K€ 4Yac He OOMEXYIOUMCh LIMM BUMAIKOM y 3a-
TaJIbHUX MipKyBaHHSIX.
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IToOynoBa HenmiaxHOTO BeiiBJIeT-NIEPETBOPEHHS
3a CHiJIbHUM 3 Jia/IHAM BelBJeT-NepeTBOPEH-
HSIM HHU3bKOYACTOTHHUM (DiIbTPOM JE€KOMIO3UIIii

[IIo6 3adikcyBaTu cucTeMy IMO3HA4YeHb, IO
Oyne Hajgajli BAKOPUCTOBYBAaTHUCS, 3aIllMIIEMO 3a il
JIOTIOMOTOI0 YMOBY TOYHOIO BiIHOBJIEHHS BHUXIil-
HOTO ITUCKpeTHOro curHaiy. Ilpu 1ipoMy BeuBJeT-
TMEPETBOPEHHS 3MIMCHIOBATUMEMO CHUMETPUYHUMMU
OiopToroHalbHUMU (PinbTpaMu 3 KoedilieHTOM
MaciTabyBaHHS V.

MHOXUVHY LiIMX YMCEI TIO3HAYNUMO .7

Hexaii MaeMo CKiHYEHHWII OUCKPETHWIA Ha-
Oip BimikiB (BMMipioBaHb) BUXiZHOIO CUTHay, B
SIKUX BiH HaOyBa€ 3HAYEHDb Xj, X[, X3, ..., Xj—1-.

ITpunyctumo, 110 3MiMICHEHO BeWBJET-aHali3
(3 koediuieHToM MmaciutabyBaHHs N) BHMXiZHOTO
CUTHAJy 3a JONOMOTrol MNeBHUX (y 3arajJbHOMY

BUMAAKY HEOPTOTOHAIbHUX) (PiNbTPiB {h,’;}, TOOTO
. o
1] 1
dl,k = Z] hank—n’ (1)
n=i;

ne [, r] — Hociii ¢inbTpa {h";}, i=0,2,.., N—1,
Tooto n=1, [+ 1, [+2,...r,—1, r; ne .Z

1
Innekc “1” B nosHavyeHHsX KOeDillieHTiB d) ,

y ¢opmyii (1) Bkadye Ha Te, 1110 BOHU OYyJIU OTpU-
MaHi Ha TeplIoMYy piBHi (Kpolli) BEWBIET-aHai3y.
B 3zaraapHOMy BuUNagKy mpoueaypa BEWBIET-
aHaJli3y € iTepaTMBHOMIO (KacKamHoo). SKilo 3Ha-

YCHHA X BI/IXiZ[HOFO CHUTHaAJNTy po3rjiiagatn sK do

0,k
TO (opMydy 3HaAXOMKEHHS KoedilliEHTiB Ha

(m~+1)-My piBHiI MOXHa 3anmucaTd TaKUM YUMHOM:

dopmyi (1).
I'pacdivno mpouenypy 3HaxomKeHHSI 3a (op-

Mysowo (2) koedillieHTiB d,’;H] s{a’,"n+1 ) BEWBIET-

aHaslizy MOXHa 300pa3UTU CXEMOIO, 110 HaBeleHa
Ha puc. 2.
DopMabHO BUXITHUM CHUTHAT Xy, Xi, Xy, ...,
X7-1, B¢ L — KiNbKiCTb MOro BilIiKiB, MOXHa 3a-
L-1
nmucatu sIK crerneHeBUil psin X(2) = anz”, ne
n=0
g=e
AHajioriyHo, ¢iipTpam {h,’l} MOXHa CITiBCTa-

BUTU TiepedaTHi (PYHKIii (pO3KJIaIeHHS 3a CTere-
HSIMU Z):

H()=Y hz"i=0, 1,2 .., N1
n=l,

Ha erami mekommnosuiii (aHamizy) crodaTKy
ONWH HM3bKoYacTOTHWH (inetp H, i (N—1) BU-

COKOYaCTOTHUX GUIBTPiB M, ..., Hy_| 30IACHIOIOTH
¢inbTpallilo BUXiZHOro curHany X, a MmotiMm — po3-
pimxeHHs (meuuMmauniro) N pa3 OTpUMAaHOIoO pe-
3yJbTaTy, TOOTO 3aJUILIAETHCS JIMILE KOXHUI N-i
BiJTiK, MOYMHAIOUU 3 MEPLIOTO. Y BCbOMY iHILIOMY
aJiIrTOpUTM po3paxyHKy HeniagHoro BIT 3 koediui-
€HTOM MaciuTaOyBaHHSI N He BiIpI3HSIETHCS Bif
nipaMigaabHOro aJropuT™My ISl [ialHOTO Tiepe-
TBOpeHHs [1, 2].

Omnepatiii, 110 3AIMCHIOIOTHCS Ha €Talli BiZHO-
BJIECHHS1 (CHMHTE3y), € OOEpHEHUMHU [0 oOlepaluii
erafy aHajidy, a caMme: crnoyatky N pa3 3acToco-
BYETbCS iHTEPMOJIALLSL, TOOTO ITiCJsI KOXHOTO Bill-
JiKy nogaetbcst (N — 1) HyJliB, MOTiM BUKOHYETHCS
BiTHOBJIEHHS BUXiTHOTO CUTHaly X 3a IONMOMOTIOI0

r.
d,’nH’ = Z[ h}’qd,?b Nken? ?2) nepeiaTHIX dbynkuiit G;(z) QiTbTPiB BITHOBIEHHS
n=IL. 1 L —
g {g,), i=0,1,2, .., N— 1.
ne m=0, 1, 2, ... (3HayeHHa log, L, OKpyrieHe BinHoBneHwuit CUTHAaJ IO3HAYaTUMEMO
. . . Lo - L-1
0 HaiGMAKYOro OUTBLIOTO LUIOro YMCia); iHIN  y () = 3%
IHIEKCU HAOyBalOTh TAKMX CAMMX 3HAYEHb, IO i y o
0 0
{xpt=d; - d - d N dd N
N\ N\
1 N -1 1 N -1 1 N -1
di, ..., d| d,, d, dps - dp
1-ii piBeHb 2-ii piBeHb m-1 piBEeHb

Puc. 2. Cxema KackagHOI MpoLeaypy BelBiaeT-aHaizy 3 N ¢iibrpamu
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BimHoBneHHS BMXiZHOTO CHUTHally Oyae TOd-
HUM, KO X(2)= X ().
PosrnstHemo maTpuiiio pinbTpiB pO3KIIaAeHHS:

H(z) =
Hyz)  Hypz) Hy(p"'2)
1| H@  HeY e |-
Hy,@) Hy 02 Hy 0" )

Ak Bimomo [9, c. 133—134, teopema 2], AKII0O
MAaTpUIlT HEBUPOMKEHA, TO MOXJIIWBE TOYHE Bill-
HOBJICHHSI CUTHaJIy QIIbTpaMu, CIIPSDKEHUMH [0
dineTpiB Gi(z), i=0, 1, 2, ..., N-1, maTpuus

SAKUX
G(z) =
Gy2)  Gylp2) Gy(p"'2)
_ 1| G@ Gk G,(p"'2) @
JN
Gy,(@) Gy (p2) Gy 0" 2)

€ TPaHCIIOHOBaHOIO 10 obepHeHoi Marpuui H(z)

(inpTpiB HEKOMITO3UILLII.
Y Marpuugx (3) i (4) o CripolleHHS 3aIucy
BUKOpHCTaHe MosHaueHHs1 p = /2N,
IMeperBopennsam Dyp’e Mo LUMKIIYHIA TPYyITi
/N 7, sixa nopiuioe {l,p,p>,...,p" "}, marpuus

H(z) 3Bomuthcs [6, c. 39] mo Takoro BUIIISILY:

H(z) =
1 1 1
N-1
pz Pz
=AiY) , (5
ZN—l pN—lZN—l p(N—1)2ZN—1

J¢ eJeMEHTU YHiTapHoi Martpuui A(w) Bu3Haya-
10TbCsI (DOPMYJIOHO

1
A; W) = N )y

N=w

N-1
Y H@ ©
k=0

TakuM YMHOM, TIOYATKOBAa 3ajmadya Mimbopy
GinbTpiB HemiagZHOro BeWBIET-pPO3KIIAJCHHS 3BE-
JieHa 10 TTo0yI0BM YHITapHOI MaTpulli A(w).

Y HacTymHMX BHKJIAAKaX BBaXaTHMeEMO, IO
N=3.

Hist Toro 1mo0 3abe3rmeunT MaKCUMAaJIbHUIA
30ir MOXKJIMBOCTEN MiaHOTO i HEeAiaqHOTO BEWBIIET-
pO3KJaZeHb 3 PO3Mi3HABaHHSI OJHAKOBMX aHOMa-
Jik 'y BUXiZHOMY CHUTHaJli, HM3bKOYaCTOTHUM
¢inbTp nexommosuiii HemianHoro BII BizbMemo
TakuM, 1110 JOPiBHIOE HU3bKOUYACTOTHOMY (iIbTpy
nekommo3auliii gianHoro BIT 3 TouHicTio 10 Koedi-
LieHTiB 3BeAeHHsA. Lle o3Hauvae, 10 KoedillieHTU
HU3bKOYACTOTHOTO (PiIbTpa AEKOMITO3UIIIl Hediam-
Horo BIT oTpiMaemo, TOMHOXMBIIM Ha ~/3 Bil-
MOBiAHI KoeMilliEHTU HM3bKOYACTOTHOro @ilbTpa
nekomrmoaullii miagHoro BII, posapineHi Ha V2.
Hociit uboro ¢inpTpa (0iopTOrOHAJIBHUX CIUIAKH-
BEHBJIETIB) AialHOTO PO3KJIAJAEHHS JOPiBHIOE CEMU
TOYKaM, TOMY BKa3aHa piBHiCTh Oyie 3abe3reueHa
Ha HocieBi Bim —3 mo 3, To6To

3
Hyz)= > h'7". (7)
n=-3
Tomi mim 4ac migpaxyHKy 3Ha4eHb A j(w),
j=0,1,2, y dopmyni (6) cyma Gymse Gpartucs IO
3HaueHHsIX w =z >, 1, z°. EjemeHTapHi po3pa-
XYHKU JaI0Th, 10 MEpUIUi pAmoK A, ,(w) mar-

pui A(w) TOpiBHIOE

(n

0wt )+ hdw, kw1 w + A)) . (8)

HificHoO, HampuKiIad, MAaEMO

2
A ow) :% > X Hy(2) =

22=w k=0

_1 32 (H,(2) + Hy(p2) + H(p*2)) =

W

1 3 3 3
=w -

n=-3 n= n=-3
1 L 3m 6my 7,0 _3m L 0 _3m
:5 Z (1+p tP )h3mz :Z h3mz =
m=—1 m=—1
=hz 7+ b + W = 0w+ )+ ) w.

3 oaHoro 60Ky, piBHicTb (8) MOXHa PO3IJIsi-
IaTH SIK PO3KJIAJECHHS TMEpIIOTO psaKa MaTpHIli
A(w) o cToBMUAX {e,,e,,e,} 1i€l MaTpuLl B MMpoC-

TOpi 3§CT06T0
A Q,O,Q(W) = (hP3W_l + h(()) + h30W) e +

+(hw !+ h)ye, + (O w™! + h))e,.
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3 iHworo 00Ky, BBIiBLIM TMO3HAYEHHSI KOBEK-
TOpiB

a_, =0 n°, 00, ay = (i, h0,hD),

a, = (h,0,0), (€))
piBHICTb (8) MOXHa mepenucaTv TaKUM YMHOM:

Ago W) =a_ w ' +a +a,w, (10)

TOOTO (DAKTUYHO PO3KJIABIUM MEPIIUNA PSITOK MaT-
puii A(w) 1o KOBEKTOpax {a_,,0.,,0,} B MPOCTOPi

3
C

3nainemo marpuuio T mepexomy Bim Oasucy

{e,,e,,e;} mo Gasucy {a_,,a,a,}. i uporo mo-

TpiOHO PO3B’sI3aTU TaKe PiBHSHHSI:
€

(a_,ap0)=Tle, |
€3

Bpaxosyiouu (9), 3HaXomuMo

0 0 0

hoy hy K

0 0 0

T=|h K K
0

o0 0

AHAaJIOTiYHO, JIETKO pO3paxyBaTM MAaTpUILIIO
3BOPOTHOIO Tepexoiy Bin Gasucy {o_,,0,,a,} 10

Gasucy {e,e,,e,}:

-1 1
= X
By (hCyhy — W)

0 I N
x| Wh)  —h® kK k) - hh) .
=hh W RO = By
BpaxoByroun, 110 Ieplivii pSOOK MaTpMIIi
A(w) mae BurIga, BU3HaueHUit ¢opmynow (10),

BCIO MaTpuiio A(w) MoxXHa (pakTopu3yBaTU TaKMM
YUHOM:

Aw)=B-T' . Dw)-T =

@ +a,+a w0 0
=b, b, by T 0 1 0T, (11
by, by, b 0 0 w

e Opyruid i TpeTi psaaku maTtpulli B 3amoBHIO-
IOTBCSI TAKUMHU OiACHMMM YMCJIaMU, 1II00 BOHA Oy-
JIa HEBUPOXKEHOIO; Pa30oM i3 miaroHaJIbHICTIO MaT-
puui D(w) i opToroHajbHiCTIO (3a TOOYIOBOIO)
matpub T™' i T ue Gyze rapaHTyBatd YHiTap-
HicTb MaTpulli A(w).

Hns ¢popmynu (11) matpuuro D(w) Oyio Bid-
HOBJIEHO 3a JOMOMOTOI0 MOOYAOBY 1i MPOEKLiil Ha
KOBEKTOpM Oasucy {o_,a, 0, }.

IMoxkaxeMo, SK 116 MOXHA 3pOOWTH, IIOTIe-
PeIHbO BBIiBILIM TaKi MO3HAYEHHSI:

OOVHWYHUIA OTIepaTop:

1 00
1=(0 1 0}
001

NPOEKILii Ha KOBEKTOP a_:

1 00
P,=/0 00
000
i Ha KOBEKTOD &
000
P={0 0 0
0 01

Tomi, BpaxoByIOUM TaKi BJIACTMBOCTI OIlepa-
TOpPIiB IIPOEKIIii, IK

a P =a
(lel =a,, oc_lPl =0, aOPl =0,

BMKOHAEMO HEOOXiIHI pO3paxyHKH, 0a3yrouuch Ha
[6, c. 44—45, Teopema 4.1]:

B_,(w)= Ao,o—z(w) (1-P ,+wP )=
=@_w ' +a,+aw)(1-P_ +wP )=

=a_, +a,+ oW,
B](W) = B,I(W) I- P1 + W_1P1) =
=(a_ +a,+ow)(1-P + w’lPl) =0 +0,+a,

3BIIKU
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Ago W) =B_ W A-P_ +w P )=

=B,wW)1-P,+wP)(1-P_ +w 'P )=

00
1 0=

1 0 0w
=(@_ +a,+a)|0 1 0ff 0

00 w)l 0O 01

w0 0
=(@_ +a,+a)l 0 1 0],
0 0 w
TOOTO
w!' 0 0
Dw)=| 0 1 0]
0 0 w

I'pomiznki, ajsie TpuBiaJlbHi PO3PaXyHKHU i3
BpaxyBaHHSM TOTO, IO
- e SR 0, 70 50 0 10 0
(a_ +o,+o,)=y+hy +hy,hoy+h',h” + 1),

Jal0Th MOXJIUBICTb hopmyiny (11) 3anucatu siK

1

AW) =555 0
h—zhz B h—lhl

R+ hd+h) 1 +h) h° + k)

X by, by, by |x
by, by, bys
11 0 0
{1y AW =R R mw R0 | (12)

vs, —h 0w+ B0 - w4 k)

ne vy, = (h%h —h° hw; vy, = hohw™ = h° b +
+ (W) = hyws vy == hOhMw T+ B ) +
+ (h°5h) = hO, ) w.

I3 popmyn (5) i (12) 3HaxomouMoO mepedaTHi

(byHK1LIiT BUCOKOYACTOTHUX (DiJIBTPIB JEKOMITO3U-
Lii, 10 3aJIMIIUINCS:

1

9 P p— —
o5k — 1%}

x((by,hy — by by (W2 + h 7 + B0 27 ) +

+(by3h% = by, h° ) () + 1z + b)) +
+(b21(h?2h§ - h?lhlo) + h(?(bzzh?l - bzshi)z) +

+104(by sk — byyh))Z) (13)

1

H,(2)=——v—57%
2 0 20 0,0
h—zhz _h—lhl

x ((by,hy

- b33h10) (h%z‘3 + hf)zz‘z + h?lz‘l) +
+ (bysh°) = by, h° ) (g + Kz + h)2%) +

+ (b31(h?2h20 - hi)lhlo) + hg(b:;zh?] - b33h92) +

+ by = byyy)))2).

IlepenatHi yHKLIi GLABTPIB PEeKOHCTPYKIIil
G(z), i=0,1,2, orpumMaeMo, po3paxyBaBllH 3a (op-
MyJi010 (4) MaTpUIO, TPAHCIIOHOBaHY IO OOepHe-
Hoi matpuui H(z) GinbTpiB 1eKOMMNO3uUlLil, Ta B3sIB-
LM BCi ii eIeMEHTH KOMILJIEKCHO CIPSKeHUMMU:

Gy(2) = ((byyh35 - b23b32)((h?2h(§) - h?:shlo)zs +

(14)

+(h5h) = h® h)z* + (h0 ) — % h)e?) +
+ (by byl = byyhyby + by by = by by hy
= by by by by ) (~h°y27 4 H\2) +
+ (by by = byyh3byy + by, k0 by — by by’ ~
— by h° by, + by h b)) (12T + )z 7?)) /K, (15)
G\(z) = ((b32h20 + b32h?1 - b33h£)2 - b33h10) x
x ((h°h) = h° 52 + (h%5h) — h° h)z* +
+ (W0 = B2 )) + (b b\ '+ by By —
= byyh" sy + by, 1%y = by ok + by~
— by h% h) + by h ) (-h° 2 + b0 2) +
+ (= by 10 b + by 1R — by, k) + b h° ) +
+ by, h% 1+ by h Sy by h, g — byh,h) <
x(-h'z"" +h)z7?) / K, (16)
Gy(2) = ((byyhy = by, +bysh®, + by )
x ((h°h) — 52 + (W) — h° h)z* +
+ (R = R 1))2%) + (b, 10 1+ by )
= by, h"shy + by, By by + by 1
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0 2,0 07,0 0,2 0
= by h% k) + by hORY) (h0,2% — h° 2) +
+ (=by h° b + by W0,k — by, h° k) +
040 040 040
+ byyh” hy + byyh” by + byshT k-
0 20 0 2,0 0_-1 0_-2
— by h% k) = by, ) (W' - h)27?)) / K, (17)
ne K o0umncioeThes 3a (opMyITIO0
— 0 40 0 70
K =3(h%h) — h° h0)x
x (K (h%5 + h) + hY) + K,(h%, + h)) + K, (h° | + B))),

K, = by3by) = bysbyy, Ky = by by — by3by,
K = byybyy = byyby

Otpumani ¢opmynun (13)—(17) maoTh MOX-
JIUBICTb OOYMCIUTHM BUCOKOYACTOTHI (DinbTpu ne-
KOMITO3U1Iil i BCi (iAbTpU PEKOHCTPYKLIl IJIs1 He-
JiaIHOTO BEWBJIET-PO3KIANECHHSI 3 KoedilliEHTOM
MaciTabyBaHHS 3 32 TAaKUX YMOB:

1) HegiagHUIT HU3bKOYACTOTHUI QINBTp He-
KOMITIO3U1Iil OepeThCsl TaKUM, 1110 JOPIBHIOE BiAIo-
BimHOMY miamHOMY 3 HOCi€M Bim —3 10 3 3 TOuHic-
TIO OO0 KOe(Qilli€EHTIB 3BeACHHS, TOOTO MOT0 mepe-

JnaTtHa QyHKIisg o0unCIoeThes 3a hopmynorw (7);
2) Ipyruii i TpeTiii pSIOK MaTpUILL

R+ +h) 1 +h’ B+ k)

B = b2l bzz b23
b31 b32 b33

3aMOBHIOIOTHCSI TAKUMHU JIMCHUMM 4ucCIaMu, 1100
JlaHa MaTpuls Oyjia HEBUPOIKEHOIO.

s HacTymHUX OOYMCIIeHb APYIMid i TpeTiid
psinok Matpuiii B 6yso B3sgro (0 1 0) i (0 0 1), Bin-
MOBIAHO.

TakuMm 4yMHOM, BUXOOSYM i3 BKa3zaHMUX (op-
MyJ1, OyJIO pO3paxoBaHO BCi PUILTPU, HEOOXIMHI IS
OIHOBUMIPHOIO HEMiaJHOTO BEWBJIET-PO3KIaAEHHS
3 koe(iuieHToM MaciTabyBaHHS 3 Ha 0a3i crulaiiH-
BeliBieTiB. KoedimieHTn BignoBimHMX (QiabTpiB Oe-
KOMIIO3UIIii 3BefieHi B Tab1. 2, a (PinbTpiB BiZHOB-
JIeHHsI — B Tab1. 3.

OueBUIHO, 110 B Ta0a. 1 1 2 CTOBIYMKHU, SKi
MICTSITh 3BeleHi KoedilliEHTM HU3bKOYACTOTHOTO
dinbTpa 1eKOMIT03Ullil, 30iraroThCsl.

Ha pwuc.3 300paxeHo rpadiku 3HaimeHUX
¢inprpiB HemiamHoro BII. I'padikm BigmoBimHMX

Tabauya 2. KoediuieHTn GiIbTpiB 1eKOMIO3ULIil GiOPTOrOHAIBHUX CILIAMH-BEMBIIETIB 3 KOedilliEeHTOM MacIuTabyBaHHS 3

Touka Koediuientn ¢inbTpiB nekoMnosuuii
Hocig | HusbkowactotHuit dinstp, HuspkouacToTHuMit BucokouacrotHuii ¢inerp| BucokowactotHuit

Gbinbrpa poszinenuit Ha~/3 GbinbTp (mepruuii) Gbinbrp (apyruii)
-3 -0,045635881556954 -0,079043665504840 -0,026269528852333 -0,269924901354673
=2 -0,028771763113971 —-0,049834155536734 -0,01656198227072 -0,170177830588116
-1 0,295635881556704 0,512056367396626 0,170177830588116 1,748612789839597
0 0,557543526228443 0,965693714858774 3,297731438151997 0,320940568013582
1 0,295635881556704 0,512056367396626 1,748612789839597 0,170177830588116
2 -0,028771763113971 -0,049834155536734 -0,170177830588116 -0,01656198227072
3 -0,045635881556954 -0,079043665504840 -3,271461909299664 -0,051015666658909

Tabauys 3. KoedinieHTn dibTpiB peKOHCTPYKIIii Oi0PTOrOHaIbHUX CIIAH-BEHBIIETIB 3 KoedilliEeHTOM MaciuTabyBaHHS 3

KoedinienTu ¢GinbTpiB peKOHCTPYKIIil
Touka Hocist pinbTpa H Lo BucokouacTtoTHU GiabTp BucokouacTtoTHUit GinbTp
M3bKOYACTOTHUI (DinbTp . .
(mepruiii) (apyruii)
-2 —0,018779841093000 -0,000508995019128 0,061737609267150
-1 -0,192966793693924 -0,005230030241522 0,634366843234382
0 0 0 0
1 2,357517438703052 —0,046265883046327 -0,685862756522232
2 0,229437417833905 —-0,00450267071865 —-0,066749275004929
3 1,238226963033587 —-0,330438346921981 -0,330438346921981
4 —-2,338737597610051 0,624125147255082 0,624125147255082
5 -0,036470624139981 0,009732700960172 0,009732700960172
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1,5
0,8 2
0,6
1
0,4 0
0,5
0,2
2 0
0
-2 0 2 -2 0 2 -2 0 2
a 0 8
2 096 0’5
0,4
0 0,2 0
0
-0,2 -0,5
-2
-2 0 2 4 -2 0 2 4 -2 0 2 4
2 d e

Puc. 3. ®inbTpy HemiagHUX GIOPTOrOHANBHUX CILIAMH-BEWBIIETIB: @ — HU3bKOYACTOTHUN (DiMBTP AEKOMITO3MIIII; 6, 6 — MepLIni i
NIPYTU BUCOKOUYACTOTHI (QiIbTpM ME€KOMITO3UIIil, BiIIOBiAHO; ¢ — HU3bKOYACTOTHUM (DiIbTP PEKOHCTPYKIIii; d, e — mepIuuii
i IpYruii BUCOKOYACTOTHI DiIbTPU PEKOHCTPYKILii, BiAMOBiIHO

HedianHUX MacluTabylouux Ta BelBiIeT-(QpyHKUiIM  HemiagHoMmy auckpeTHoMy BII HaBiTh ABOX (inbT-
HE HaBOMATHCS, OCKUJIBKM KacKagHMi Tpoliec iX piB icHytouoro miagHoro BIT.
nobynoBu 3a Metomukow [dobGemri [2, c.270—279] Hnst iboro B TabI1. 4 3BeeHO HOCIT BCiX (DibT-
BUSIBUBCSI PO30IKHUM. piB miamHoro ta TpiagHoro BII i3 3ramanoro Buiie
npukiany. BiagnosinHo mo Taba. 1 Bci KoediuieHTH
HemoxmmBicTs 30epekenHss B HemiagHoMy JIBHX Ta TpaBUX MeX (UIBTPIB miaqHUX OiopToro-
JMCKPETHOMY BeiiBJIeT-IePEeTBOPEHHi ABOX 4M  HAJIbHUX CIUIaiiH-BEMBIETIB HA HOCISAX, BKa3aHUX Y
Oiabme QiabTpiB icHyrouoro miagHoro BeiiBjaer- TaOin. 4, € HeHynIbOBUMU. ToMy OYE€BMIOHO, 11O OX-
nepeTBOPEeHHS HOYACHO 3 HM3bKOYACTOTHUM (DiJIbTPOM I1E€KOMIIO-
3ullii B TpianHoMy BII moxe OyTtu 30epexkeHuit
36epiraTi B HegiagHOMY AMCKpeTHOMy BIT 3 JIMIIE BMCOKOYACTOTHHIA (DUIBTP PEKOHCTPYKIIii 3a
icHytoyoro miagHoro BIT nuute ¢binsTp un ¢insTpu  YMOBH, IO MOTO KOCMILIEHT MPU S5-I CTETEHi 1m0~
PeKOHCTPYKLIl Ha TPaKTULi HeMae ceHcy, 60 B JIIHOMa BIIIOBIXHOI TepeaaTHOI BYHKIII TOPIBHIOE
LIbOMY BMIAIKY IIiI 4ac BiIHOBJIEHHs 3 BIONOBiA- HyMO, Hanpukian G(z).
HUM  KoedillieHToM MaciuTaOyBaHHS  OyaemMo
OTPUMYBATU Bi3yaJIbHO CXOXWMM CUTHAJIU, pi3Hi Tabauus 4. Hocii ¢inpTpiB OiOPTOrOHaJIBHUX CIUIAH-
3a CBO€ CcTpykTyporw. Cepen (iabTpiB IEKOMIIO- BeHBIeTiB
3UlIil 30epiraTu moTpiOHO Hacammepea HU3bKodac-
TOTHUI (DUIBTP, OCKIJIBKM CaMe BiH BiNOBiAa€e 3a
3arajibHy IMOBEIiHKY CUTHay i BUIIJISE€ MOro 3ria- Tun BI
JUKeHY (ampokcuMaTuBHY) ckiaaoBy. HaBemeHoro
BUILIE KOHKPETHOTO TMPUKIIALY BiAHOBJIEHHS Tpial-
Horo BII Ha ocHOBi JgiagHUX OGiOPTOTOHAIBHUX
CIUIaiH-BEMBJIETIB AOCTAaTHHO, 1100 TOBECTU He-
MOXJIMBICTh Y 3arajJilbHOMY BUIIaKy 30€peXeHHS B Tpianwe | [-3,3] [-3.3] [-2,5]

Hocii ¢inbTpiB
JEKOMITO3MIT PEKOHCTPYKILil
HU3bKO- | BUCOKO- | HU3bKO- | BUCOKO-
YacToT- | YacToT- | YacToT- | 4YacToT-
HOTO HUX HOTO HUX
HianHe [-3,3] [-5,3] [-4.,4] [-2,4]
[-2,5]
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Aute BigmosigHo 1o dopmya (16), (17), sxiuo
HOCiii HU3bKOYACTOTHOTO (hibTpa A€KOMITO3UILii
JIEXXUTb B iHTepBaji Big —3 10 3, TO KoedilieHT
MNpU HYJIbOBIiM CTereHi nepeJaTHUX (YHKILIA BuU-
COKOYACTOTHUX (DiIbTPiB PEKOHCTPYKIIil TpialHUX
BEHBJIETIB 3aBXAU JOPiBHIOE HyI0. ToMy 30epe-
>KEHHSI 3HaYEHHs 11bOro KoedilieHTa 1isl TiagHOro
BeliByieTa B cuily BimoMoro [1, c. 284] 3B’s13Ky MixX
dinsTpaMu octaHHBOTO AacTh, 110 4, =0. Tomi y
dopmymax (16) i (17) 3aHyaUTHCS TOmaHOK 3 1/7,
1[0, B CBOIO Yepry, aHAJOriYHO MpU3BeIe A0 PiB-
HocTi h_, = 0. Ilpote omHOYacHO KoedilieHTH /_,
i h_, He MOXyTb NODPIBHIOBATA HYJIO, 00 TOHi Y
(opmynax (13)—(17) orpumMaemMo AiNIeHHS HA HYJb
yepe3 HasABHICTb Y 3HAMECHHUKY MHOXHHKA, SIKHUI
JOPIBHIOE h_y hy — h_y h;.

OTpuMaHe TIPOTUPIYYST JAOBOAUTH HEMOXIIHU-
BiCTb 30epekeHHsI B HemiamHoOMy OMCKpeTHomy BII
xoya 0 11e ogHoro ¢inkTpa icHyrouoro giagHoro BIT,
KpiM HM3bKOYACTOTHOTO (PilbTpa IeKOMIO3MLIii (po3-
KJIa[ICHHST).

O.P. YepToB

HEOWALOHBIE OOHOMEPHBIE BEVBIET-MPEOB-
PA30OBAHNA

[JlokazaHa HEBO3MOXHOCTb COXpaHeHus B 0O6LLeEM
cnydae B HeguagHOM OOHOMEPHOM  [UCKPETHOM
BenBneT-npeobpasoBaHuM elle OfHOro uIbTpa
COOTBETCTBYIOLLErNO AUafHOro BenBreT-npeobpaso-
BaHWsl, KPOME HU3KOYACTOTHOrO OUNbTPa AEKOMMO-
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HYepmoe O. P.

IHOOPMALIMHI TEXHONOrI NOKAMI3ALLII | NOWYKY
MOMMUIOK Y NEPBUHHUX TA 3BEAEHUX
AEMOIrPA®IYHUX OAHUX

B cmammi onucaHi iHgbopmaUuiliHi mexHonoeii nokanisauil i nowyky noMUIIOK, WO MiCmsmbcs 8
rnepeuHHUX ma 38edeHuUx OemoepagidHux OaHux. BuknadeHHsi 6a3yembcsi Ha ycriwHomMy 00cidi
8rposad)xeHHsI 3a3HaqyeHUX mexHorioeill 8 YKpaiHi ma 3aKkopOoHOM.

Knroyoei cnoea: iHghopmauitina mexHoroeisi; demozpachiyHi daHi; neperuc.

B cmambe onucaHbl UHGOPMayUOHHbIE MEXHOI0_UU fI0Kanu3ayuu u rnoucka owubok, Komopble
ecmpeyaromcsi 8 rnep8uYHbIX U C800HbIX demozpacbuyeckux OaHHbIX. M3noxeHue 6a3upyemcsi Ha
ycrewHOoM orbime 8HEOPEHUS yKa3aHHbIX mexHonoaul 8 YkpauHe u 3a pybexom.

Knrodeenble cnoea: uHghopmayuoHHas mexHosiozausi; demozpaghudeckue OaHHbIe; Nepenuchs.

The article describes information technologies of localization and search for errors that occur in
primary and summary demographic data. The presentation is based on the successful experience of
implementing these technologies in Ukraine and abroad.

Key words: information technology, demographic data, census.

Beryn

CyuacHi cuctemu 00poOku nemorpadiynoi inpopmarii
XapaKTepU3yIOThCSI TyXKe BEINKUMH OOCsSraMy AaHuX, IO
00pOOITIOIOThCS, Ta 3HAYHOIO KITBKICTIO PI3HOPITHUX TPaBHII
KOHTPOJIIO MEPBUHHUX Ta 3BeleHuX Janux [1, c. 76-113; 2].
ToMy IIBHAKICTH OTPUMAHHS PE3YJIBTATIB MEPENACY HACEICHHS
YHM IHIIOTO BIAMOBIZHOTO CTATHCTHYHOTO CIOCTEPSKCHHS
0araTto B 4OMY 3aJIEXKHTh BiJl 3CTOCOBYEMUX iH()OPMAIIHHIX
TEXHOJIOTIH JIOKaJIi3alii Ta TOMIYKY HOMIJIOK B CTaTHCTUYHHX
JaHHX.

3araoM, OHATTS «iH(pOpMaIliiHa TEXHOJIOTisD BU3HAYAETHCS
B HH3Ll 3aKOHOAABYMX Ta HOPMATUBHUX JIOKYMEHTIB.
Haii6inpin TOYHE Ta JIAKOHIYHE BHM3HAYEHHS MICTHTBCS B
OCTY 2226-93 [3]: «indopmamiitna TexHOJOTIA —
TEXHOJIOTTYHHMH Mpollec, NPEeIMETOM IepepoOsieHHs W
pe3ynbraToM sIKOro € iHdopMauis». biem posmoro 1e
MOHATTS BH3HaueHO B [4]: «iH(popMaliifiHa TeXHOJOTisI —

iJIeCTIpSIMOBaHa OpraHi3oBaHa CYKYIHICTh iH(pOpMamiiHUX
MPOIECIB 3 BUKOPUCTAHHSAM 3aC00iB OOYHCIIOBAIBHOT
TEXHIKH, [0 3a0e3MeYyrTh BUCOKY IIBHIKICTH OOPOOKHU
JaHuX, IMBHIKUA TOMYK iHpopManmii, po3ocepeKeHHs
JIaHUX, JOCTYII JI0 JpKepen iH(popMallii He3aJexHO Bil Micus
X po3TalIyBaHHSI.

[lo amamorii 3 TEXHOJOTIIMHA MaTepiaJlbHOrO BHUPOOHHIITBA
KOXHY iH(pOpMaLiiHy TEXHOJOTiII0 MOXKHA PO3TIBIIATH SIK
MpoIiec, M0 BUKOPHUCTOBYE CYKYIHICTH 3acO0iB i METOIB
300py, 0OpoOyieHHS Ta mepenavi AaHUX OIS OTPUMaHHS
iHopMaIiifHOTO MPOAYKTy — iH(OpMaIii HOBOi SKOCTI Mpo
cTaH 00’ekTy, mpolecy uu sBuma (auB. puc.l) [5, c. 87]. Sk
3a3HaveHo B [6, c. 6], mix iHGOpPMaIIfHUMH TEXHOJIOTISIMU
«MOYHMHAIOTh PO3yMITH Oynb-ki 3acobu TpaHchopmarrii
JaHUX B KOPUCHUI JJsi JOCATHEHHS METH CHCTeMHU
YIpaBJIiHHS 1HOOPMALIHHUI IPOYKT.

Hani

TEXHOJIOT1S

[ndopmaniiina

[Hdopmamniinnit
IPOJYKT

Puc. 1. IndopmaniiiHa TEXHOJIOTIS SIK POLIEC IEPETBOPEHHS JaHUX B iHQOpMaLiiHUl TPOIyKT

Jlns edexTHBHOI opraHizaiii BCix mporeciB iH(opMa-
LiifHOT TEXHOJIOTi] BMMAraeTbCsi «BH3HAUCHHS HEOOXiJIHUX
poOit (iX BIANOBITHOTO CTPYKTYpyBaHHS, YB’SI3yBaHHS 3a
BXOJ/IOM, BUXOJIOM, TE€pPMiHaMHu peallizallii, BUKOHABISIMU)»
[6, c. 90]. IndopmaniiiHy TEXHOIOTIFO MPUIHATO MPECTABIATH Y
BUTJISI  I€papXidyHOI CTPYKTYpHM 3a pI3HUMH pIBHIMH
[5,c.91]: Bim Oimbin 3arambHUX [0 OIMBII JETANBHHX,
HATIPUKIIA[, 32 PIBHAMH €TaIliB, OTepalliii Ta mii.

3 TOUYKHM 30pY 3araJIbHOr0 MEHEIDKMEHTY BHIUISIOTH TPU
MOCIIIOBHI eTamu mpouecy KoHTpoiwo [7, c. 440 — 449; §,
c. 83-85]:

1) BCTaHOBJICHHS CTaHAAPTIB;

2) 3iCTaBlieHHS JOCATHYTHX pE3yJbTaTiB 3 BCTaHOB-
JICHUMH CTaH/apTaMu;

3) nOpUMHATTS HEOOXIAHUX KOPUTYIOUUX Mip.
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Bunyck 179. Tom 191

BpaxoByroun crerudiky o0pobku aemorpadidHux mep-
BUHHUX Ta 3BEJCHUX JaHHUX,

3a3HayeHi

KOHKPETU3YBaTH TaK, SIK 11 II0Ka3aHo B Tadu. 1.

€ralrii  MOXKHa

IaHuX,
aBTOMAaTHU3yBaTH.

Eranwm, BuzineHi KypcuBoM B TaOi. 1, € KIIFOYOBAMH IS
OPUIIBUIIICHHS BHUSBJICHHS Ta BHUIIPABICHHS IOMHJIOK B
OCKUIBKHM Il

erand HE MOXHAa IOBHICTIO

Tabnuys 1

ETanu Ta 0co01MBOCTI KOHTPOJI10 AeMOrpagiuHuX JaHUX

3arajabHi eTanu
npoiuecy KOHTPOJIIO

Etanu konrpoJo
JemorpagiyHuX AaHUX

Oco0amBoCTi eTaniB KOHTPOJIIO JeMOrpadiyHuX JaHuX

TNEePBUHHHUX

3BEACHUX

BCTAaHOBJICHHSA

. BH3HAYCHHS [IPABHJI KOHTPOJIIO
CTaH/apTiB

BH3HAYCHHS BHYTPIIIHHOOIQHKOBHX
Ta MDKOJIIAHKOBHX KOHTPOJIIB

BU3HAYCHHS BHYTPIIIHHOTAOIMYIHNX,
MiXKPO3PI3HUX Ta MIKTaOINIHUX
KOHTPOJIIB

BCTaHOBJICHHS HassBHOCTI

3iCTaBJIEHHS JOCATHYTUX . . .
ITOMMJIOK YHM 1X BIACYTHOCTI

B OCHOBHOMY, apH(METHIHHIT Ta
JIOTiYHUIT KOHTPOJIb

SK MPABIJIO, apU(METHIHUHA KOHTPOII

Ppe3yJbTaTiB 3
BCTAaHOBJICHUMHA
CTaH/apTaMu

JNI0KANI3aYisi NOMUNOK, AKUJO
B8OHU BUABNEHI

TIPUPOTHO OOMEKYETHCSI OHUM UK
JIeKiTbKkoMa (Ha piBHI
JIOMOT'OCIIOZIAPCTBA) OJIaHKaMU

SIK TIPABHJIO, AY)KE CKIIAJHO
JIOKaJTi3yBaTH TIOMUJIKY JIO PIBHS
Bi/IITOBITHOTO MEPEMHUCHOr0 TOKYMEHTY

MPUHHATTS HEOOXiTHUX
KOPHI'YIOUHX 33aXO0JIiB

NOWLYK NPUYUH BUAGTEHUX
NOMUNIOK MA iX YCYHeHHs

IIPOTOKOJI KOHTPOIIIO € OCHOBHHM
JDKepesIoM iHdopMamii Ipo MOMHIKY

MOMUJIKY 3a00pPOHEHO BUIIPABILATH Ha
3BEJICHUX (arperoBaHux) JaHUX

Kiacuuna TtexHoumorisi opraHizauii NOIIYKY ITOMHJIOK B
CTaTUCTHYHUX JaHuX omwmcana B [9, c.91] B m. 3.4.3
«OpraHizaiisi aBTOMaTH30BAaHOTO pO3B’S3aHHS 33j7a4 3
BUKOpHCTaHHSIM APM exoHOMIcTa-CTaTUCTHUKA:

«... BHUKOHYETHCS NepeBipKa IPaBWIBHOCTI BBEIEHOI
iH(opMarii 3 BUKOPHCTAHHAM apU(PMETHIHOTO 1 JIOTIYHOTO
KOHTpOJIIO 32 (opMynamu, SKi 3aJaf0ThCS CKOHOMICTaMH.
BHacmiiok KOHTPOJIO YTBOPIOETHCS (ailll MPOTOKOIY, KU
MicTuTh iH(OpMALi0 PO BUABICH MOMIIKK. Moro MoxHa
MEeperisTHyTH Ha eKkpaHi abo posapykysatu. [licis amamizy
MTOMHJIOK 3BITH MOXKYTh OYTH BiJIKOPUTOBaHI. ».

Jana Texuouorist 1o nouarky XXI cronitrs ¢aktudHO
Oylla €IMHO MOXXJIMBOIO, ajie 3aCTOCYBAaHHS Ul BBEICHHS
CTaTHCTUYHHMX  JAHMX  LIBHJKOJIIOYUX  IPOMHCIOBUX
CKaHEpiB JI03BOJIIE OpraHi3yBaTH IIpollec JIoKaiizamii Ta
TIONIYKY TTOMWJIOK B IIEPBHHHHMX IAaHUX MPHUHIMIOBO OiibII
3pY4YHUM Ta e(EKTHBHHUM JUI1 KOPUCTYBaviB CIIOCOOOM, SIKMIA
OIMHCAaHO B HACTYITHOMY PO3JIii.

Jlokamizariss TPUYMHMA TIOMHJIKH B 3BEICHHUX JAHHX,
HATIPUKJIa, KOJH 3arajbHa KUIBKICTh PECIIOHIEHTIB IEBHOI
TPyH B pI3HHX BHXITHUX TaONHIAX HE CIIBIOAJaE, €
HETPHUBIATBHOIO CIIPABOIO, KA BUMAarae MEBHUX HABHYOK Ta
JIOCBiAy B MOOYIOBI BIIIOBITHUX HEPETJIAMEHTHUX 3aITUTIB
no 6a3m mammx. ToMy oprasizamis OOMiHY IOCBIIOM Mix
KOpUCTYBauyaMH, 10 3aiMarOThCsl TOIIYKOM TIOMHJIOK B
3BEJCHUX JaHMX, MOXE 3HAYyHO INPHCKOPHTH BECh IPOIEC
00pOOKH HAsSBHUX JAaHUX.

ITocTanoBka 3agaui

OO0’eKTOM JIOCHIJDKEHHST € TIpollecH JIoKamizamii Ta
MOIIYKY TOMMJIOK B JAeMOrpadidyHuX ITaHUX — HNEpBUHHUX
(mepenucHUX ONaHKaX YW IHIOIMX CTATUCTUYHHUX aHKETax) Ta
3BEJICHHUX (BUXITHHUX TaONHIIX), IO TOPODKYIOTH IpoOIeMy
HEOOXITHOCTI PO3MHPEHHS (PYHKIIOHATEHUX MOXKIHMBOCTCH
iH(pOpMaIHNX CHCTEM, SIKi peani3yloTh 3a3HaueHi IPOIIECH.
[Ipenmerom mocmikeHHS € iH(pOpMamiiHI TEXHOJOTI, SKi
3a0e3mevyyloTh ~ opraHizamilo  BigmoBigHOI  00OpoOkwH
nemorpagiunoi iHdopmanii. Mera craTTi mHONATaE B
y3aranpHeHI Ta (opMaiizamii omucy 3a3Ha4eHuX iHQopma-
LiHHUX TEXHOJOTiH, BIPOBAKEHNX UM BIPOBAKYEMUX 32
Oe3mocepelHROI ydacTi aBTOpa B PI3HOMAHITHUX CHCTEMax
00pOOKM TaHNX CTATHCTHKH HACEJICHHS.

Indopmaniiina TexHosorissi Jokadizauii i momyky
NMOMUJIOK B TEPBHHHUX [JaHWX. Po3risHeMo, 5K B

aBTomMaTu3oBaHux  cucremax  «llepenmnc-2001» Ta
«ITepenuc-MomnmoBa 2004», ski 3abe3nedyBanu 00poOKy
JAaHUX BIATOBIOHO mMepmoro BceykpaiHCEKOTO Tepenucy
HaceneHust 2001 p. Ta mepenucy HaceneHHs PecryOuika
MonnoBa B 2004 p., 3mificHIOBaNMCS JIOKaJi3allis i MOIIyK
MOMWJIOK TIiJi Yac BXIZHOTO KOHTPOJIO, TOOTO mijJ dYac
KOHTPOJIIO TIEPBUHHUX JAHMX MNEPENUCHUX JOKYMEHTIB [1,
c. 95-102].

Ha puc. 2 npencrapieHa 3arajipHa cxeMa TeXHOJIOTTYHOTO
mporecy JIoKai3alii Ta MOMIYKY HOMWJIOK B IEPBHHHHX
JIAHUX TIOPTQEs 3 NepenUCHUMH OJIaHKaMH.

Skmo B mimcucTeMi MPOBEINCHHS BXiIHOTO KOHTPOJIIO B
IPOIIECi KOHTPOJIIO 3aBaHTAKEHOTO Oe3 MOMMIIOK MopTderns B
Xx04a 0 OJTHOMY 3 MEPENUCHUX JOKYMEHTIB BUSIBJICHO X04a O
OJIHY TIOMHUJIKY, TO BiJIIOBiIHE MOJI€ B IIbOMY JTOKYMEHTI, el
JOKYMEHT, a TaKOX yCi JOKYMEHTH, A0 SKUX Leil JOKYMEHT
HaJIe)KUTh, IIOMIYalOThCS  BIANOBIIHUMH  KOJIHOPOBHMH
NO3HAYKaMH SIK MTOMMIIKOBI. O3HallOMUBILIHUCEH 3 TPOTOKOJIOM
pe3yaBTaTiB  BXITHOTO KOHTPOJIO, KOPHCTYBad peaarye
TTIOMUJIKOBI TIEPETIUCHI JOKYMEHTH, siKi 30epiraroTbest B 0asi
MIepPENICHUX, PO3PAaXYHKOBUX Ta arperoBaHuX AaHuX. Ilix
Yyac pegaryBaHHS IIEPENMUCHOTO JIOKyMEHTa KOPHCTYBad
MoXxe OaunTH (3a JOIOMOrOI0 MOAYJS IHTEPAKTUBHOTO 1
KOHTEKCTHOIO IOCTYyIy a0 TpadidHoro o0pasy MpOCKaHO-
BaHOTO JOKYMEHTY) 300paxkeHHs rpadidqHOoro odpasy 1bOTo
JOKyMEHTa JUIs TIOpiBHSHHS 3MICTy Tepuiopkepena 3
EJIEKTPOHHOIO KOITI€I0, a TaKoX 3a JOMOMOTOI MOJYJiB
IHTEpaKTUBHOTO i KOHTEKCTHOTO AOCTYIY [0 JOBITHUKIB Ta
KJ1acu(ikaTopiB 1 10 MPOTOKOIY MOMHIIOK Ma€ KOHTEKCTHHUH
JIOCTYTI IO BiMOBITHOT iH(opMaIIii.

QaranbHi TOMHIKKA (4EpBOHUI  KONIp MiACBIYEHHS
MIOMWJIKOBHX TIEPENHCHUX JOKYMEHTIB Ta TOKa3HHUKIB Ha
OnaHkax BximHMX ¢opm B iHTepdeiici KopHcTyBaua)
HEoOXiTHO O0O0OB’SI3KOBO BHUIpPaBUTH. i 11bOro MOTPiOGHO
NpOaHaTi3yBaTH MOMHJIKOBHH IMOKAa3HHK 1 IOTOYHY CUTYALit0
(TOOTO MpoaHaTi3yBaTH 3AJICKHICTh MIXK IMOKA3HHUKAMH), [TPH
HEOOX1THOCTI, 3BIPUBILY BBE/ICHI NEPENUCHI JOKYMEHTH 3 1X
rpadpivEEMH OOpazamMu 3 apxiBy Tpadiuaux obOpasis. B
JeIKUX BUMaAKax (aralbHa MMOMMIKA MOXKE BKa3zyBaTH Ha
CHUTYalilo, sIKa iCHy€e B peaJlbHOMY JKHTTi. B TakoMy BHUIagKy
HEOOXiTHO 3HATH TOMHJIKY.
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KepyBaHHA

KOPHUCTYBa4 (CTATHUCTHUK)

LinboBa 06po6ka

- BCTAHOBJICHHS S —
HasiBHOCTI/ YK IpHy Ingopma-
noprderns . . IIOMMJIOK Ta iX i iHmi
. BiJICYTHOCTI TOMHJIOK HIMHMR
31 CKaHO-~ o ycyHeHHs (3a DOIVKT:
Ta JIOKai3aLis HpOLYKT.
BaHUMU 4\ nonomororo N\ IIPOKOHT-
BUSIBIICHUX TIOMHJIOK .
nepemnuc- nincucremn  —/| posso-
(3a momomororo .
HUMU . IHTCPAKTUBHOTO BaHUM
MiACUCTEMH HPOTOKOI
HOTYMER MPOBEIEHHS BXiTHOT €3yJIbTaTiB peAlaryBariA noprdens
TaMu poBene JHOTO pesy noptdeis)
KOHTPOITIO) BX1JJHOTO
KOHTPOJTIO
3abe3neyeHHs,
BKI0Yaoum
iHopMaLliiiHi YIPABJIiHHS JaHUMH 1 TIPEICTaBICHHIMH
pecypcu (CYBJ, daiinosa cuctema)

3aBaHTaXXEH1 JaHi

MPOKOHTPOJILOBaHI

npaBuia

BXIJTHOTO

KOHTPOIIIO
(i3 6asm
MeTa-

(i3 6a3u HepenucHi Ta
TIEPENUCHIX, po3paxyHKoBi faHi (10
PO3PaXyYHKOBHX 0a3u MmepernvcHuX,
Ta arperoBaHmx PO3paxyHKOBUX Ta
TaHUX) arperoBaHuXx JaHHX)
| !
KnacudikaTtopu
Ta J10BigHUKH (i3
basu aHux rpadiuni o6pasu
HOpMATHBHO= HEPENMCHUX JOKYMEHTIB (i3
JIOBI/IKOBOI apxiBy rpadiuanx o0pasis)
iH(popMalii)

JIaHKX)

Puc. 2. Cxema TEXHOJOTIYHOTO MPOIIeCy JOKaTi3allii Ta MOIIyKy HOMUJIOK B TIEPBUHHUX JaHHUX MTOPTQEITIo

Hedatanmsna mommika (OMakuTHUE KOJMIp MiACBIYCHHS
MOMHJIKOBHX IEPENMICHUX NOKYMEHTIB Ta IOKa3HUKIB Ha
OnmaHkax BXiZHUX (QopM B iHTepdelci KOpHCTyBada) BKa3ye
Ha TaKy CHUTYalilo, 0 B 3arajlbHOMY BUIaAKy MOXE 1 He
OyTH OMMJIKOIO, 1 MiCJIsl 3BipEHHSI BBEACHHX JIOKYMEHTIB 3 1X
rpadgiuHIMU 00pa3amMy Ta aHali3y MOKa3HHKIB HE MOTpedye
kopuryBaHHsa. Ilicisg BHIpaBIeHHS INOMHJIOK KOPHCTYBad

3HOBY
JIOKYMCHTIB.

NPOBOJUTH  KOHTPONIbL  OOpaHUX  HEPEHHCHHX

B Tabn. 2 HaBeneHo (¢opmaiizoBaHe MPEICTABICHHS
iH(pOpMaiiHOT TeXHOJIOTIT JToKasi3amii 1 OIyKy MOMHJIOK B
MEePEMICHUX JOKYMEHTaX 10 MEPBUHHUM JaHUM Y BUTJISII

iepapXi4HOI CTPYKTYpH 32 PIBHSIMH €TaliB, onepaii Ta Jii.
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Tabauys 2

Etanmn, onepaunii Ta ocHOBHi aii iHpopMmaniiiHol TexHoJI0TiI JIoKadi3amii | MONIYKy NOMIJIOK B IepenucHUX
JOKYMEHTAX 110 NePBUHHAM JAHHM

Eranu
1. BcTaHOBIEHHS HasBHOCTI MOMWIOK uM ix [ 2. JIokami3aiisi IOMHUIIOK, SIKIIIO BOHU BHUSIBJICHI 3. Tlomyk NpUYMH BUSBICHHX HOMWIOK Ta IX
BiJICYTHOCTI YCYHEHHs
Onepanii i Onepanii Hii Onepanii i
OtpumManHs i3 6a3u
OthuManHs i3 6asi METalaHuX BiJMOBIIHOCTI Ileperusig neBHOTO
p MK TOMUJIKaMH 1 MEPENUCHOTr0 JOKYMEHTY,
METalaHUX 3araJbHOrOo . .
. TIOKa3HUKAMHU, sIKi MOXKYTh || Tlepersi 3HAYEHHS MTOKAa3HUKIB
MOPS/IKY 3aCTOCYBaHHS 3icTaBieHHS .. . .
. iX BUKJIMKATH MePEenuCHUX KOTPOTro BiJIMapKOBaHi
Busuauensst IpaBUII IEPEBIPKHU Ta BUSIBJICHUX - - - . . .
A . . ®dikcaris 17151 BUSBICHOT JTOKYMEHTIB BIZINIOBIJTHO 710 BUSIBICHUX
MOPSIKY PiBHA X KPUTUYHOCTI TTOMHJIOK 1 . .
. TTOMUJIKH BiZITOBiZTHOT'O noprdento ta TTOMHJIOK
3aCTOCYBAaHHS MOKa3HHUKIB .
. MEPENUCHOro IOKYMEHTY pe3yNbTaTiB
MIPaBUJI IEPEBIPKU - MEPENUCHUX .
Bubip notouHoro . . . . BXiZTHOTO IpornspanHs nepea
. JIOKYMEHTIB ®dikcarrist 17151 BUSBICHO]
MpaBuiia EPEBIpKH B . . KOHTPOJIIO Meperisiay NepernucHUX
S TTOMUJIKH BiZITOBIZTHOT'O .
3aJIeKHOCTI Bif JTOKYMEHTIB OpTdelio,
. . apKYyIIy NEPEnUCHOro .
Ppe3yNIBTATIB MONEepeTHIX TOKYMEHT BiZIMapKOBaHHX JI0
MepeBipoK YMCHTY BHUSIBJICHUX TIOMUJIOK
KoHTposb noBHOTH dikcartis 115 BUABIEHOL KoHnTekcTHHi [OCTYI 10
JTaHKX (110 OKPEMUX MTOMUJIKH BiZITOBiHOTO rpadigHoro oopasy
NIepenHCHUX (hopMax) rpacgiuHoro oopasy MEPENUCHOTO IOKYMEHTY
MEPENUCHOr0 JIOKYMEHTY K .
. OHTEKCTHHH JIOCT; 0
KonTpons dopmatis MapkyBaHHs B procTyn i
’ MIPOTOKOITY PE3y/IbTaTiB
JTAaHUX JiepeBi neperisLy .
BXiJTHOTO KOHTPOJIIO
MMO3HAYKaMH CHHBOTO
ApupmeTnuHuit Konbopy Konrtekctauii noctyn 10
KOHTPOJIb 3HAaYE€Hb NepenucHUX T0KYMCHTIB, HOPMaTHBHO-/IOBIIKOBOT
3acTocyBaHHS 3HAYCHHS i
yB ] JTAHUX MapkyBarHs ) iHdopmaii
MIPaBHII IEPEBIPKU Toriemi . . MMOKa3HUKIB KOTPUX i
BiZICYyTHOCTI .
OriuHuii KOHTPOIE JICYT! BHKIHKATH HedaTambii MiHa 3HaYCHHS
3HAYCHb Ta HAsIBHOCTI TTOMHJIOK Y1 FE— KOHKPETHOTO TIOKa3HHUKa
AHUX BUSIBIICHUX - Penarysanns MEPENUCHOTO JIOKYMEHT!
A MapkyBaHHS B JIepeBi eaarysa P AOKY Y
TIOMMJIIOK MEPENHCHOro -
neperisiay no3HaukamMu MapkyBaHHS B A€peBi
OKYMEHTY 3
. . . YEPBOHOTO KOJIBOPY AOKYMEHTY MePErIsiay KOBTUM KOJIbO-
KoHTpOJIb BiAMOBIAHOCTI . METOI0 YCYHEHHS
. MEPENUCHUX JIOKYMEHTIB, POM IEPENUCHOTO
JlaHKX KiacupikaTopam . TIOMHJIOK
. 3HAYEHHS MOKAa3HUKIB JIOKYMEHTY, B IKOMY OyJ10
Ta JIOBITHUKAM .
KOTPHX BUKJIUKAIH 3MiHEHO 3HAYCHHS
(aTtanpHi HOMIIKH MOKA3HUKA
. . MapxkyBanus MapkyBaHHS KOBTUM
dikcaris pe3yabTaTy PKYB PKYB ;
. ! CHHIM KOJIbOPOM 3HAUYCHb KOJILOPOM 3MiHEHOTO
NIepPeBIpKH — Mae MicLe .
. - MOKAa3HUKIB, 1110 3HAYEHHS MOKA3HUKA
BIiJINIOBiJJHA TIOMUJIKA .
- BUKJIMKAJIU HedaTabHi ABTOKOpHUT'YBaHHS 3HAUYCHb
TTOMMJIKH MOKa3HHKIB MEPETUCHOTO
MapkyBaHHSI YepBOHUM JIOKYMEHTa
KOJILOPOM 3Ha4YCHb
. . . 30epexeHHs
Dikcarrist MMOKAa3HHUKIB, 110 ) .
. . BiZlpeiaroBaHux (4u BCix
pe3yJbTaTiB BUKJIMKaNU (aTanbHi
. MOTOYHUX) 3HAYCHb
MEPEBIPKH 3 TTOMUJIKH /
MOKa3HHUKIB
ypaxyBaHHSAM . 3anuc B poTOKOJI
. Bu3zHaueHHs piBHS . - -
KPUTHUYHOCTI . KOHTPOITIO MTOBIOMJICHHS Bubip B mpoTokoni
KPUTHUYHOCTI TIOMUJIKH, .
TIOMHJIKH . PO BUSIBJICHY IOMUJIKY Ta BXiJTHOTO KOHTPOITFO
SIKIIIO BiH HE € ®DopmyBaHHS .
. MOKa3HUKH, 3HAYEHHS (haTanbHOI TOMUIIKH, SIKa
(hikcoBaHUM MIPOTOKOITY .
pesybTaTiB KOTPHX il BUKJIMKAJIO 3HATTS aTanbHOL 1o (aKkTy HassBHUX JaHUX
4 3anuc B IPOTOKOJ TTOMHJIKH HE € IOMUJIKOIO, Ta 3HATTS
BXiJTHOTO ..
KOHTPOJIIO 3arajbHOol KOHTPOJIIO ii
KOHTPOJIIO . .
iH(popMarii npo BUsABIEH] . .
. Dikcarnis iHpopmarii mpo
TTOMUJIKH 9H 1X
. . 3HATY (DaTalbHy IIOMUIIKY
BIJICYTHICTh

Indopmaniiina TexHoJoriss Jokamdizamii i nmomyky
TMOMMJIOK B 3BeJIeHUX JaHUX (BUXITHUX TAOJIHIISIX)

[Tomryk mpUYMHE TIOMMJIKH, BUSBICHOI Ha erami
NIPOBECHHS KOHTPOJIIB 3BE/ICHUX JaHMX, 30KpEMa, BUX1THUX
tabmunps (BT), Ha mpakTuii Moke OyTH BUKOHAHWH JIUIIIE 32
JOMIOMOTOI0  MIACHCTEMH  HIATPUMKH  HEpETJIaMEHTHHX
3aMMTIB, fKa JO3BOJISE 3a TIEBHUM pO3PI30OM OTPUMATH
BH3HAYECHUH po3noain nanux 3 bJI.

3 dacoMm, 3 HaKOIMYEHHSM JOCBiLy poOOTH psfn
KOpPHUCTYBaiB MPUIAYMYIOTh IE€BHI a0JIOHHI HEperiaMeHTHI
3allUTH, KOTPI JIO3BOJISIIOTH MIBUAKO 3HAXOAWUTH THIIOBI
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NPUYUHH, SKI OPUBOAATH [0 TMOSIBH TOMMJIOK Y BHXITHHX
TaONMUIBIX M Yac iX TMEepeBIpKd 3a  JIOINOMOTOI0
BHYTPIIIHBOTAOINYHUX, MIKPO3PI3HUX UM MDKTaOIMYHUX
KoHTpousiB. ToMy cHIBHO 3pocTae 3HAUCHHS MiJCHCTEMHU
MATPUMKH aJallTHBHOCTI, KOTpa Ak Ou O6epe Ha cebe poib 1Mo
mepenadi T0cBimy 3 moOyIOBH HEpErJaMeHTHHUX 3aIHTiB.
KirogoBoro  0coOIMBICTIO 3aCTOCYBaHHA —aJalTHBHUX
TEXHOJIOTIH € MOXITMBICTh TPOBEACHHS aHai3y HissIbHOCTI
BEJIMKOI KIIBKOCTI KOPHCTYBauiB OJHOYAcHO. Pe3ynbraTtu
ObOTO  aHaNI3y MOXYTh BUKOPHCTOBYBATHCS  IpPH
HaJaro/JPKeHHi  (YHKIIOHAIBHOCTI JUJII KOHKPETHOTO




Haykosi npaui. Komm’romepHi mexHonoaii

KOpUCTYBa4a. AJAnTallisi Ha OCHOBI KOJEKTUBHOI B3a€MOJIii
3HAYHO TNPUBAOJMBIIIA 3a ajanTallild Ha OCHOBI TIIBKU
0COOMCTOTO JIOCBiY, OCKIJIBKH B OYyIb-SIKHH MOMEHT dYacy
MOXKHa 3HAaWTH TOTOBE pIllleHHs, NpHUHHATE Ha 0a3i Bxe
HaKOMAYEeHOTo nocBiny [10, c. 99].

Posrisinemo, ik B aBTOMaTU30BaHUX CHCTEMax 3 00pOOKH
JeMorpagiuHuX JaHMX, PO3pPOOJEHMX MiJ KEpiBHUITBOM
aBTOpa, 3MIMCHIOBAIMCS JIOKANi3alis i TMONIYK HMOMHJIOK B
3BEICHUX JIAHUX.

Ha puc. 3 npezcraBieHa 3arajibHa cxeMa TeXHOJIOTIYHOTO
MpOILIECy JIOKAaMi3alil Ta MOMYKY HOMIJIOK B 3BEICHUX JAHUX.

BHSBIICHO X04a O OJHY MOMMIJIKY, TO BiAIOBiIHA iHPOpMAITisS
3aIUCYETHCS 10 IPOTOKOIY Pe3yJbTaTiB KOHTPOIIKO MaTPHIb
BUXIJHUX TaOJHLIb.

Aje Ha BIOMIHY BIiJ aHAJOTIYHOI CHTYyaIlil miax dYac
OOpOOKM  TEpPBHHHHMX JIAaHMX IIPOTOKOJ  pe3yJbTaTiB
KOHTPOJIIO 3BEJCHUX JAaHMX HE J03BOJISIE JIOKATi3yBaTh
MMOMIIIKY Oe310CepeJHhO B MEPENUCHUX JOKYMEHTax. Tomy
SIK JUIS JIOKaUTi3allil 3a3HaueHnX MOMMJIOK, TaK i sl HOIIYKY
OPUYMH  1X  BHHHUKHEHHA  IOTPIOHO  3aCTOCOBYBATH
MiJCUCTEMY i ITPUMKH HEPETIIAMEHTHHX 3aIUTIB.

Jana migcucreMa TOBHHHA pealli3oByBaTH HACTYIIHI

Sxkmo B migcucTeMi TPOBEACHHS KOHTPOIIO MATPHIb
BUXITHUX TaOJUIIs B MPOIIECi KOHTPOJIIO 3BEICHUX MaHHUX IO
SIKOMYCh 00’€KTY aJMiHICTPaTUBHO-TEPUTOPIATLHOMY YCTPOIO

¢byHKOii: QopMmyBaHHA Ta 30epiraHHS HOBOTO 3aIUTY,
pelaryBaHHs, KOINIIOBaHHS, BHJIyYeHHS 4YH BHKOHAHHS
ICHYIOYOTO 3aITUTYy.

KepyBaHHs

KOPHCTYBay (CTATUCTHK) %

LinboBa 06pobka

JIoKaTi3aris .
BUSBIICHIX Iudopmariifamit
Tlani BCTAHOBJICHHS HOMILIOK T2 . np_ogqu:
1po 06'eKT gaﬂBHocn/. nomyK ix lH(I).OpMaH%SI po
afIMiHICT- BIJICYTHOCTI TIpOTOKOI npruuH (3a BIICYTHICTb
paTHBHO- moMIIOK (32 pE3yJIbTaTIB JOTIOMOTOI0 N mommmok um
Tepuro- AOTIOMOT 010 KOHTPOIIO nigcucremMu /| npuammy
pianbHOrO MIACHCTEMH vatpuus BT HiATPHMKH TIOMHIIKH
YCTPOIO TIPOBC/ICHHA HEPETIAMEHTHUX KOHTPOJIIO
KOHTPOIIIO 3amuTiB) Mmarpuip BT
matpuip BT) ]
3a0e3IeueHHs aJalTHBHOCTI
HEeperiIaMeHTHHUX 3amuTiB (32
JOIIOMOTOXO IMiACHCTEMHU
HiATPUMKH aJANTHBHOCTI)
3abe3neyeHHs,
BKNnKO4Yaro4iun ) )
iHchopMaLinHi YIpaBIiHHS JAHUMH 1 IPEICTABICHHIMH
pecypcu (CYB[, daiinoBa cucrema)

MPOKOHTPOJIbOBaHI NMEPBUHHI
JIaHi, arperoBaHi JaHi,
MAaTpUIli BUXITHAX TaOIHIh
(i3 6a3u nepenucHuX,
PO3paxyHKOBHX Ta
arperoBaHuX JIaHu)

f i

PEKBI3UTH KOPUCTYBaUiB

pe3yIbTaT BUKOHAHHS
HEPETJIaMEHTHOTO 3a1uTy (B
TEKCTOBOMY (hailti ui Ha

eKpaHi KopucTyBaya)

KJacugikaTopu .
. . Ta qaHi s npaBuiIa
Ta JTOBiaHUKH (i3
3a0e3MeueHHS KOHTPOIIIO
0a3u JaHux . .
aJIaNTHBHOCTI Tabmuup (i3
HOPMATHBHO- .
. N HeperiJaMeHTHHX 3aIUTiB 6a3n
JIOBiIKOBO] .
! (i3 6a3u maHux MeTa/IaHKX)
iH(popMmarii)

KOPHCTYBadviB)

Puc. 3. Cxema TEXHOJIOTIYHOTO TIPOIIeCy JIOKAJi3allil Ta IONTyKy MOMIJIOK B 3BEICHUX JaHUX
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Ilix gac ¢popmyBaHHS HOBOTO HEPEITAMEHTHOTO 3aluTy
BiZOyBa€TbCA aBTOMATHMYHE BU3HAYEHHS aBTOpa 3alUTy Ta
matu 1 vacy ¢opmyBaHHs 3anuty. OKpiM TOro, BpyduHY
BBOJIUTHCS ONMUC 3anuty (mudp 3anuty Ta aHOTAIisl Aid, IO
OynyTh BUKOHYBATHUCS).

KokeH HepernamMeHTHMH 3alMT IMOBHHEH MICTUTH, SK
MiHIMyM, OJHE moyie i3 xoda O oxuiei Tabmumi BJI, mo
30epiraloTb HacTymHi paHi: kiacupikaTopu 1 JIOKaJbHI

_lojx

0 =] AsTop 3armury: ADMIN. KoperyBaTu 3ammr.

3anur ' Mpuknan I

JOBITHUKHM, TIEPBUHHI JaHi, TOOTO MJaHI TEpernuCHUX
JIOKYMEHTIB, Ta PO3pPaxyHKOBI IIOKa3HUKH, arperoBaHi JaHi.
Ipuxinan chopmoanoro B cucremi «Ilepernuc-2001»
HEPErIaMeHTHOT'0 3aIHTY ISl OUIYKY PECIOH/ICHTIB, IO HE
BKa3aJIi CBOIO HaI[lOHAJILHICTP B TIepenucHiil Gpopmi (O1aHKy)
2C, HaBezieHO Ha puc. 4. akTUYHO MiJCUCTEMA MiITPHUMKH
HEperIaMeHTHHUX 3aluTiB 103Boisie HedaxiBleBl B 00iacTi
IIporpamMmyBaHHs Bi3yansHo noOyayBatn SQL-3amuT 1o B/1.

S22 = al 2| ¥ K 4] =

I‘:Popma 2C ;] Buavive | Hanpamok (| Mops| Hassa nona | Fpynysan
Et- (HauicHanHCTD 5eo6) _‘_I He coprosa Homep 6naHka y Meskax nopTeens
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Puc. 4. Tlpuknan HeperigameHTHOro 3anuTy B cuctemi «llepernnc-2001»

Pe3ynbrar BUKOHAHHS HEPETJIaMEHTHOTO 3aITUTY 3aITUCYETHCS
JI0 TEKCTOBOTO (haiiiTy 4M BUIAETHCA HAa €KPaH KOPHCTYBAya.

OCKiTbKH 3a00pPOHEHO KOPWUTYBaTH 3BEACHI NaHi, TO 3a
HAasBHOCTI IOMIJIOK B BUXiTHHUX TAOJHUIIX MOITYK MOKIHBHX
MPUYHMH IHUX MOMHIJIOK B IEPBHHHHX JIAaHUX 3@ JIOTIOMOTOIO
MiZICUCTEMH IIATPUMKH HEPErJIaMeHTHHX 3alMTIiB iTepa-
TUBHO 4YepryeTbcs 3 BHECEHHSIM BIANOBITHMX 3MiH [0
MEPBUHHUX  JIOKYMEHTIB 3a  JIOIIOMOTOIO  IMiICHCTEMH
IHTEPaKTUBHOTO pelaryBaHHs MOpTQeIiB, MOKKA BCI MOMHIKA
B BUXIJTHUX TaONUIAX HE OyIyTh BUIIPABIICHI.

B 3aranbHOMy BHIAIKy IPUYHHOIO CIpPAlbOBYBaHHS
BHYTPINIHFOTaOINYHOTO, MIXXTAOJIMYHOTO UM MDKPO3Pi3HOTO
KOHTPOJIIO, MOXKYTh OYTH HACTYITHI TOMIJIKH:

—  TIOMWJIKA, BUKJIMKaHA HasBHICTIO 3HATOI (aTambHOI
TIOMUJIKY;

—  IIOMWJIKa, IpOIyIIeHa mix yac Bepudikamii (Ha erarmi
CKaHyBaHHS MEPENHUCHUX JJOKYMEHTIB) Ta/4u IMiJ] 4ac BXiTHUX
KOHTPOJIIB Yepe3 MOXHUOKY B IIOCTAHOBIII 3a/1adi;

—  IOMMJIKA, BUKJIMKAaHA peaJbHUM ICHYBAaHHSAM ITEBHOT
KOMOiHaIlii 3Ha9eHb MTOKA3HUKIB MEPENICHAX JOKYMEHTIB, HE
rependavYeHol B MOCTAaHOBII 3a/1a4i;

—  TOMMIJKa B IporpamHiid peamizauii (iHpopmanidHOT
cucrtemu 06poOku nepernncHuX ganux, CKB/] Tomro).

XoYa MOTEHLIHO MOMMWIIOK B 3BEIEHUX JaHUX Habarato
MEHIIIe, HDK B TEPBHHHUX JIaHHUX, aJie iX JIOKai3allis Ta
NOIIYK MPUYMH BHHHKHEHHS — 3HAYHO  CKJIAHILI.
3acTocyBaHHS aJaNTUBHOI MIATPUMKH  CIIIBPOOITHUIITBA
kopuctyBadie [10] migx uyac moOymOBH HEpErIaMEHTHHUX
3aIUTIB 3a JIOTIOMOIOK0 TiJICHCTEMH MIITPUMKH aJIallTUBHOCTI
J03BOJISIE SIK TIOJICTIIMTH HOBa4YKaM IOYaTOK iX (haxoBoi
pOOOTH 3 TOLIYKY NPHYMH NOMUJIOK Y BHXiTHHX TaOIHILX,
TaK 1 TOKPAImINTH B3aEMOMII0 Ta OOMIH MOCBIIOM IHIIHX
¢daxiBmiB, 30KpeMa, 3a paxXyHOK HaJaHHSI ITO3UTHBHUX
BIJryKiB Ha NEBHI HEPETJIAMEHTHI 3aIUTH.

B Tabn. 3 HaBemeHo (¢opmaiizoBaHe MNPEICTABICHHS
iH(pOpManiHHOI TeXHOJIOTI] JToKasi3amii 1 HOIyKy MOMHIIOK B
3BEICHUX JAaHUX 13 3a0C3MECUCHHSM aanTHBHOI MiITPUMKH
CMIBPOOITHHUIITBA KOPHCTYBadiB Yy BHIJBIII  i€papXivyHOl
CTPYKTYpH 3a PIBHSMH €TaIliB, OTIEpalliif Ta Iii.
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Haykosi npaui. Komm’romepHi mexHonoaii

Tabnuys 3.

Etanmn, onepaunii Ta ocHOBHi 1ii iHdopManiiiHol TexHoJI0TiI JIoKadi3anii i MONIYKy NOMIJIOK B 3BeIeHUX JAaHMX i3
3a0e3ne4eHHSIM aJaNTHBHOI MiATPHMKH CHiBPOOITHUIITBA KOPHUCTYBAYiB

Ertann
1. BcTaHOBIIEHHS HasIBHOCTI (BiZACYTHOCTI) 2. Jlokaizaisi BUSIBICHHX IIOMIJIOK Ha PiBHI .
L . 3. 3abe3neueHHs aJalTUBHOCTI
MOMHJIOK, JIOKaJTi3allisi BUSIBJICHUX IIOMUIIOK Ha HEepeNnUCHUX JOKYMEHTIB, TOIIYK IPUYHH .
. HEperiIaMeHTHHX 3aIUTIiB
PiBHI 3BE/ICHHUX JJAHUX BUSBJICHUX [TOMHJIOK
Onepaunii i Omnepamnii i Onepaunii i
Otpumanns i3 6a3u Iepernsan nesuoro
METa/laHUX 3araJlbHOro HEPEITIaMEHTHOro
Ieperms o
MOPAJIKY 3aCTOCYBAHHS P A 3anuTy ABTOMaTHYHUI
MIPaBUJI IEPEBIPKU HEPCrIaMEHTHMX [Ipornsinanus nepesa TIepepo3NoALT
BusnauenHs 3aIHTIB Ta .
Heperany KOpHCTYBayiB
HOPSAK IIPOTOKOIY ;
PALKY y HEPCTIAMEHTHHX 3AMHTIB | [1nyspauenns rpymw | 1O rpynam
3aCTOCYBAaHHS pe3ynibTatiB ” =
i OHTEKCTHHUIA IOCTYI 10 || JUIs KOpUCTYBada
TpaBH Bubip norounoro npasuna xomrposo BT YH. PHUCTYB
. i i Bi IIPOTOKOILY pe3yJIbTaTiB
TepeBipkH HepeBlpKI/I'B 3aJ'Ie)KHOCtF1 BiJ p Y pesy.
Ppe3yNIbTATIB MONEPEHIX xonrpono BT
p - - Pyune npusnaueHss
NepeBIPOK KomnitoBaHHs icHyrouOro
rpynu (Hampukiaz,
HEepETJIaMEHTHOTO -
JUISL HOBAYKiB)
3aMuTy
BHyTpilHbOTaOMIUYHHI BusnauenHs ciyx00BHX
KOHTpOIIb PEKBI3HUTIB 3aIUTY (aBTOP ABTOMaTHYHHN
3acTocyBaHHS . .
3aIMTY, JaTa i 9ac ITiJpaxyHOK paHry
HpaBHII . - i
. Mixpo3pi3Huii KOHTPOIb dopmyBanHs/ (hopMyBaHHS YU 3MiHU 3anura
HepeBipKu
peBIp penaryBaHHsI 3aIUTY TOLIO) dopMyBaHHS JaHUX
MikTaOIMYHIH KOHTPOIIb HeperaaMeHTHOrO BusnaueHHs [uist 3anuTy || JUIs 3a0e31eYeHHs
3aMuTy nosts 3 Tabauui BJI, o aJlalTUBHOCTI
. . PyuHe BU3Ha4YCHHS
. . 30epirae knacudikatopu HeperiaaMeHTHHX
. . dikcaris pe3yabraTy . . . . KOPHCTYBa4yeM PaHry
Dikcanis . . 1 JIOKaJIBHI JOBITHHUKH, 3aIuTiB
. HepeBipKH — YU MA€ Miclie . MIOTOYHOTO
pe3yIbTaTiB . . JIaHi HePEenUCHUX
. BI/IMIOBi/JHA ITOMMITIKA . HEperJIaMEHTHOTO
HepeBipKH JIOKYMEHTIB Ta
. 3aMuUTy
PO3PaxXyHKOBI IIOKA3HUKU
YH arperoBaHi aHi
. ITigpaxyHok
. . . PenaryBanns atpubytiB paxy
Dikcamist KOMipkH, (a6o CEepeHBOro Yacy Ha
- nonst 3anuty («Bumumey,
psiaka au rpadu), pospisy i q TIOIITYK ITOMHUJIKU B
. «Hanpsimok e .
TabuuLi, B IKUX Oyna P onuiit BT i3 neBHOrO
coptyBauHs», «Ilopsaok
BHSIBJICHA TTOMHJIKA kinacy BT koHkpeTHUM
COpTYBaHHSI»)
KOpHCTyBadeM
Busnauenss GpyHKii
arperyBaHHs IpH
MapkyBaHHsI B iepeBi TPYIyBaHHi 110 TIOMI0
.. . BriopsiaxyBanHs
neperysany pospizis BT, ski 3anuta («['pymay, ]
. . o 3aIUTIB 32
PO KOHTpOII (3 «Haii6inbmre»,
. aBTOMAaTHYHO
HOMHJIKAMH 4H 0e3 HUX — «HaiimeHimey,
. . chopMOBaHUMHU
BIZIIIOBIHO) «CepenHe»,
S paHramu
«KinbkicTe»)
PenaryBanns cricky
YMOB, 1[0 HAKJIaJAIOThCS .
AanTUBHUK
Ha roJe B
JIOCTYM J10 [OPSIAKYBaHHS
3arric B MPOTOKOI KOHTPOJIEO 3amuTy (3 BU3HAYEHHAM yu PAAKYB
. . HeperiaMeHTHHX 3aIHTIB 32 paHTaMU
TIOBiJOMJICHHS IIPO BUSBJICHY atpubyTis «[Toe, P : P >
3aIllUuTIB HaJaHUMU
HOM"_I”VKY Ta po3TallyBaHHA B «YMOBay, «3HAYCHHSY, CODHCTVRAID IOV
po3pizi BT nomunkoBoro «3B’S30K» Ta YIKOK) PUCTYB pyn KOpHuCTyBaiaMH Ipylu
DopmysanHs 3HAUCHHS
IPOTOKOIY 36epiranHs uu
pesybTaTiB BUJTY4EHHS 3aIUTy
KoHTpoiro BT
3 BrnopsiaxyBanus
AITyCK HEpEerIaMeHT- .
3aruc B MPOTOKOJ KOHTPOJIIO — y P 3AIHTIB 32 OCOGHCTO
3aranpHoi iHpopMaii mpo HOTO 3alliTy Ha
HeperaMeHTHOro BU3HAUYCHUMH PaHTaMU
BUSIBIIEHI IOMUJIKY YU iX BUKOHAHHA
. . 3aIUTY Ta MePersig
Bi/ICYTHICTB Ilepernsn pe3ynbraty
pe3ynbTaTy
BHKOHAHHS 3aIUTY

109




Bunyck 179. Tom 191

BucnoBkn. Cucremn o0poOku memorpadiuHoi iHOP-
Manii, Hacammepex, — IEepeNUCHUX IaHHX, € BEIUKUMH
MacmTaOHUMH  iHQOpPMa-I[IHHUMH CHCTEMaMH, B SKHX
OTPUMAHHS OCTATOYHHMX pE3YJIbTaTiB IEpenucy MOXKe
TpuBaTH pokamu. EdekTwBHa peamizamis Jokami3aiii Ta
MONIYKY MOMHJIOK B TEPBUHHHUX 1 3BEICHUX JAAHHUX, TOOTO
HaWOUIBII TPYJOMICTKHX oOliepaliid mij 4ac oOpoOKH JaHuX
Mepernucy, MoXKe 3HaYHO MOKPALIUTH KIHIEBI pe3yJabTaTH Ta
MPUCKOPUTH TepMiHHU iX oTpuManHs. Hampukian, onucani B
CTaTTi BIANOBiAHI IH(pOPMaUiIdHI TEXHOJOTI J103BOJIMIN
JKBiTyBaTH OLIBII HDK TPHOXMICAYHE BIJICTABaHHA, IO

BHHUKJIO i3-32 OpraHi3alliiHUX TNPHYMH Wi dac 0OpoOKH
nmaanx Beeykpaincekoro nepemnucy Hacenenus 2001 p.

3amponoHOBaHWN B CTAaTTi (opMalli3oBaHHHA  OIHC
iH(opMAaIIfHIX TEXHOJOTIH JIOKAJi3allii Ta MOMIYKy ITOMIJIOK
JIO3BOJIMB 3 €UHUX MO3UIIIN MIIATH 0 1X peami3allii sk mpu
00poOI11i IEPBUHHKX, TaK 1 3BEAICHUX JeMOrpadiuHuX TaHUX.
BignoBinHi iHpopMauiiHi TexHOJOrl Hapasi 3acTOCOBY-
10Tbcsi B JlepkaBHil ciyxOi cTaTMcTUKU YKpaiHW i
00poOKM JaHMX NPOOHOrOo Mepenucy HaceleHHS YKpaiHu
2010 p. mpo 98,5 THcAY pecnoHIeHTIB JlepradiBChbKOro
paiioHy XapKiBCbKOi 00JacTi.
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