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STEGANALYSIS OF ADAPTIVE EMBEDDING METHODS BY
MESSAGE RE-EMBEDDING INTO STEGO IMAGES

Dmytro Progonov, Vladymir Lucenko

Abstract: Counteraction to sensitive information leakage via hidden
(steganographic) channels is topical task today. Special interest is taken to the
case of hidden message (stego image) revealing under limited a priori
information about used embedding methods. The paper is devoted to the
performance analysis of image calibration methods, namely by message re-
embedding. The case of adaptive message hiding into cover image according to
HUGO, S-UNIWARD, MG and MiPOD embedding methods is considered. It is
revealed that message re-embedding allows significantly (up to 30%) reduce
detection errors for stego images formed according to HUGO and S-UNIWARD
methods. For improving stegdetector’s performance for MG and MiPOD
methods, it is proposed to use linearly transformed features. These features
allow reduce classification error even for cover image low payload (less than
10%) in comparison with features for non-calibrated images. Important
peculiarity of proposed features is low sensitivity to the number of cover-stego
pairs into stegdetector’s training set. This makes it possible to apply these
features in real cases when steganalytics have limited access to embedding
method.

Keywords: information security, digital images steganalysis, adaptive
embedding methods, cover calibration, security level.

ACM Classification Keywords: Security and privacy — Systems security —
Information flow controls
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Introduction

The leakage of sensitive information of private corporations and governmental
agencies is topical problem today. In most cases, unauthorized transmission of
such information is done via hidden (steganographic) channels by message
hiding within innocuous files. Reliable detection of embedded messages (stego
files) requires comprehensive analysis of digital media, such as digital images —
revealing of negligible anomaly changes of cover files caused by message
hiding. Special interest is taken to the case of stego image detection under
limited a priori information about used embedding method (zero-day problem).

The majority of modern stegdetectors is based on analysis the differences
between current (analyzed) images and used statistical model [Fridrich, 2009;
Konahovych et al, 2018]. Comprehensive analysis of these differences allows
reveals features of statistical models that are sensitive to negligible changes of
cover image caused by stego formation. Small changes of revealed features
require taking of special classification methods for providing high detection
accuracy. This task becomes non-trivial if there is no information of used
embedding method (blind steganalysis).

One of possible solution for digital image blind steganalysis is cover image
calibration methods. These methods are aimed to increase stego-to-cover ratio
either by suppression of cover image context (for example, high-pass filtering),
or increasing contribution of distortions caused by message hiding. There is
proposed wide range of calibration methods that based on JPEG re-
compression, image filtering to name but a few. These methods allows
considerably improve detection accuracy for well-known embedding methods
while preserving relatively low accuracy for state-of-the-art adaptive methods.
Therefore, it is topical task to develop calibration methods that provides high
stego-to-cover ratio even for advanced embedding methods.

Related works

During last decade it was proposed wide range of digital image steganalysis
methods. These methods can be divided into two parts — signature-based and
model-based methods [Fridrich, 2009]. The former ones are based on usage of
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known signature of message embedding — distinctive alterations of cover due to
stego image formation. Nevertheless, practical usage of these methods is
limited due to impossibility of obtaining the signature for unknown embedding
methods (zero-day problem).

The model-based methods are aimed on analysis the differences between
current image and model of cover image. The image model can be based on
statistical, spectral and structural features of cover images [Konahovych et al,
2018]. One of the most widespread models is SPAM [Pevny et al, 2010], DCTR
[Holub et al, 2014a] to name but a few.

Design of cover image model is non-trivial task that needs high level of
expertise in domain of signal processing and statistical modeling. The state-of-
the-art models of cover images, such as SRM [Fridrich et al, 2012], incorporate
34,671 features that allows achieving high detection accuracy for wide range of
embedding methods. On the other hand, usage of such enormous number of
features requires imposes high requirements on volume of used dataset for
stegdetector to be tuned. It can be overcome by taking power of artificial neural
networks, such as convolutional neural network (CNN). These networks allow
learning of distinctive features directly from stego images, for instance, SR-Net
[Boroumand et al, 2018]. At the same time, tuning of such networks is compute-
intensive procedure that may be inappropriate for real cases.

Performance and computation complexity of model-based and CNN-based
steganalysis methods are highly depends on pre-processing (calibration) of
analyzed image. The calibration is used for increasing stego-to-cover ratio by
amplification of negligible alterations of cover image caused by message hiding.
Thorough choosing of calibration method allows significantly improving of
stegdetector performance even in case of usage the relatively simple cover
image model [Kodovsky et al, 2009].

The state-of-the-art Cartesian calibration method was proposed by Fridrich and
based on usage of features of initial and pre-processed (filtered) images
[Kodovsky et al, 2009]. It is proposed to pre-process image by applying of high-
pass filters for suppression of cover image context. Nevertheless, choosing of
optimal calibration transformation of analyzed image for maximization of
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detection accuracy is open question today. One of the possible solutions of this
problem is message re-embedding into analyzed image. It allows amplifying of
cover image distortions caused by message hiding.

Task and challenges

The paper is devoted to analysis of statistical stegdetectors performance in
case of stego images calibration via message re-embedding. The case of
adaptive message hiding into cover image according to state-of-the-art methods
HUGO, S-UNIWARD and MiPOD is considered.

Notations

High-dimensional arrays, matrices, and vectors will be typeset in boldface and
their individual elements with the corresponding lower-case letters in italics.

The symbols
U=(uy;)e3"™, X=(x;)e3"™ and Y=(y;)e3"", 3={0,1...255}, 1)

will always represent pixel values of 8-bit grayscale initial (unprocessed), cover
and stego images with size NxM pixels. The image’s feature vector is denoted
as F, while the embedding binary message is represented as M.

The Iverson bracket [a] eqguals to one if the Boolean expression a is true, and

zero otherwise. The notation ”” corresponds to Euclidean norm for scalar
values, and Frobenius norm for matrices.

Digital images steganalysis via image calibration

Improving performance of stegdetectors can be achieved by increasing of
stego-to-cover ratio, namely by calibration of analyzed images [Fridrich, 2009].
It was proposed wide range of digital image calibration methods, such as by
message re-embedding [Miche et al, 2010], JPEG image re-compression
[Kodovsky et al, 2009], image filtering [Kodovsky et al, 2009] to name but a few.
Fridrich proposed next classification of calibration methods [Kodovsky et al,
2009]:



International Journal “Information Theories and Applications”, Vol. 27, Number 4, © 2020 307

1. Parallel reference — calibration can be seen as a (near) constant feature
space shift. Therefore, applying calibration causes a complete failure of
steganalysis because the classes of cover and stego images become
indistinguishable.

2. Eraser — is achieved by applying transformation that is robust with
regards to embedding changes, for instance it erases embedding
changes.

3. Cover image estimate — calibration transformation maps each stego
image to an image whose features approximates the cover image
feature. This idea stood behind the original idea of calibration — to come
up with a good cover image estimate;

4. Stego image estimate — is complementary case to cover image
estimation. Here, the calibration provides an estimate of the stego
feature instead of the cover ones. A practical form of this approach may
be realized by repetitive embedding (re-embedding), when the feature
values changes significantly when applied to the cover image while it has
a much smaller effect on initial stego image.

5. Divergent reference — the action of the reference mapping can be
interpreted as a shift of cover's and stego’s images features to a different
direction.

For improving the stegdetector’'s performance for wide range of embedding
methods, Fridrich proposed the Cartesian calibrated features obtained by dot

product between features of initial image F(I) and its estimated reference

F.a (I) [Kodovsky et al, 2009]. Proposed features allows significantly reduce

classification errors for both spatial [Fridrich et al, 2012] and JPEG [Pevny et al,
2007] domains based steganalysis. On the other hand, usage of Cartesian
calibrated features leads to doubling of feature space dimensionality that
requires corresponding augmentation of dataset. It may be impractical in real
cases when steganalytics have limited opportunity to generate stego images.

The alternative approach is linear transformation of features for initial and
reference images [Kodovsky et al, 2009]. Fridrich hypothesized that this
approach may be ineffective while it may remove potentially useful information
that might help us distinguish between cover and stego features. Nevertheless,
performance of steganalysis in case of usage the linear transformed features
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has not been investigated yet. In this work we analyzed the stegdetector’'s
performance by applying of diff-features, obtained by taking difference between
features for initial and calibrated images.

Adaptive embedding methods

The majority of state-of-the-art embedding methods are based on minimizing

the empirical distortion estimation function D(X,Y) during forming a stego

image Y from a cover image (CI) X [Filler et al, 2011]:

D(X,Y)=>"p (X, Y)— min,|M]| = const, 2)

where p, (-)— function for estimation the alteration of cover image’s statistical

characteristics by embedding of i stegobit; |M| — size of embedded message

M, bits. Minimization of function (2) allows adapting the embedding process to
a cover image, thus corresponding steganographic methods called adaptive.

In most cases, the choice of function D(X,Y) is done under the assumption of

independency of distortions caused by embedding of individual stegobits
(distortions additivity) that simplifies the choice of function (2). Nevertheless,
this approach does not taking into account interactions between distortions that
may lead to non-linear changes of Cl parameters.

In this paper we considered the case of usage the state-of-the-art adaptive
embedding methods, namely HUGO [Filler et al, 2010], S-UNIWARD [Holub et
al, 2014b], MG [Sedighi et al, 2015] and MiPOD [Sedighi et al, 2016]. These
methods are aimed on message in spatial domain of Cl with size NxM pixels —
by manipulation with brightness of individual pixels. Let us consider these
methods in details.

The HUGO embedding method is based on solution of next optimization
problem [Filler et al, 2010]:

min, E.[D]=3" . 7(y)-D(y).H(z)=[M], (3)
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where ye Y — stego images y from the set of possible stego images Y ; ~—

probability distribution function of the choice of a certain y from set Y; E_ [D] -
averaging operator for D(X,Y) over distribution r ;

H(z)= —zerz(y) -log(7(y)) — entropy function.

The optimal type of distribution 1 for solving problem (3) is the Gibbs
distribution [Filler et al, 2010]:

7, (y)=exp(-2D(¥))/Z(2), )
2(2)=%,.,xp(-D(y)),

where Z(ﬁ) — normalizing constant. The value of the scalar parameter 1 >0 is

determined by solving of equation (4) [Filler et al, 2010]. If function D(:) is

additive, the equation (4) can be rewritten as [Filler et al, 2010]:

() =TT () = L2B A2 )

2P (=20 (%))

where | — the range of pixels brightness for cover image.

In seminal paper [Filler et al, 2011], it is proposed to use a limited function,

namely local potential V. (y)),for cover image distortion estimation. The values

of V. (-) depend on adjacent pixels brightness correlation in a given pixel's

neighborhood (clique) ceC. The correlation maybe estimated with usage of

adjacency matrix C,, (X):

Cei (X) :ZiZjl:xivi = k]. [Xi,m = I]. ’ (%)

where x;, — cover image’s pixel brightness value with coordinates (i, j).

In the case of Cl row-wise processing during message hiding, the matrix (5) can
be estimated in the next way [Filler et al, 2011]:
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Al (X) :mZi,j[(Drj ' D?Hl)(x) :(k’l)l '

X

ij+1 N

(D? D>

ij! i, j+

)(X)=(k,1) <Dy} (X)=k &Dy;

i, j+1

(X)=1,D7 (X) =X

If pixels’ brightness is changed by (+1) during stegobit embedding, the

normalized adjacency matrix A}’ (X) is converted to A, (Y) [Filler et al, 2010]:

[AG(Y)=AL (X)| =2, HE (Y),

U e (G R G ICHMESR DI

for all horizontal cliques of a given pixel C” ={c:c={(i, j).(i, j+1).(i,j+2)}} .
Similarly, the adjacency matrices for other types of cliques C (A, (Y), Al (Y)
and Ay, (Y)) can be calculated.

Thus, message hiding according to HUGO method is carried out by solving of
next optimization problem [Filler et al, 2010]:

D(Y)= ZCECZK,' Wi Hgkyl) (Y),

where c=C~uc-ucTuC* — set of three-elements cliques for four-pixels
adjacency directions; w,, >0 — weighting factors. The HUGO method is widely

used in researches as typical adaptive embedding methods.

The S-UNIWARD embedding method is based on spectral transformation of CI.
The transformation is used for estimation the cover image distortions caused by
embedding of individual stegobits. Similarly to HUGO method, S-UNIWARD
method takes additive empirical distortion estimation function [Holub et al,
2014b]:
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W, (X, k)= W,, (Y.k)
o +|W,, (XK)|

D(X.Y)=2.,..

, (6)

where W, (X,k), W,, (Y,k) — coefficients of two-dimensional discrete wavelet

transform (2D-DWT) of the cover X and stego Y images with coordinates (u,v)

in the k™ sub-band; & >0- stabilizing constant.

Variation of 2D-DWT basis functions in (6) allows analyzing specific distortions
of Cl caused by message hiding. Also, usage of empirical distortion estimation
function (6) makes it possible to message hiding in spatial (alteration of CI
pixels brightness) and transformation (by changing of a Cl decomposition
coefficients) domains in the uniform way.

The alternative approach to design an empirical distortion estimation function
(2) is based on minimization both cover image distortions and statistical
detectability of formed stego images [Ker et al, 2013]. As an example of such
embedding method, the MG [Sedighi et al, 2015] and MiPOD [Sedighi et al,
2016] embedding methods can be taken. Feature of these methods is usage of
locally-estimated multivariate Gaussian cover image model. It allows achieving
the stego image’s empirical security that is comparable with advanced
steganographic methods.

Formation of stego images according to MiPOD method is carried out in several
steps [Sedighi et al, 2016]. Firstly, it is suppressed the cover image context

X=(X,..-, Xy.n ) » UsiNg denoising filter F :
r=X-F(X),

where X is represented in column-wise order. Then, it is measured pixels

residual variance o using Maximum Likelihood Estimation:

n=Ga +§, (7)
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where r,— represents the value of the residuals r inside the pxp block

|th

surrounding the I residual put into a column vector; G, —the matrix defines

the parametric model of remaining expectation; a_, —the vector of linear

model’s parameters; gple—the signal whose variance is need to be estimated.

At the second step, the pixels residual variance o} is estimated according to

formula:
ot =[Per [ /(0 -a). ®)

where PZ =1, —G(GTG)_lGT — the orthogonal projection of residual r, (7) to the

p’—q dimensional subspace spanned by the left null space of G; I, - the

unity matrix.

Thirdly, it is determined the probability of I embedding change B.le{l2... L}
that minimize the deflection coefficient s between cover and stego image

distributions:
¢* =23 "" fioy, 9)
under payload constrain

R=2H(A)

where H(z)=-2zlogz—(1-2z)log(1-2z)— ternary entropy function; R— cover
image payload in nats.

Minimization of (9) can be achieved by using the method of Lagrange
multipliers. The change rate g and the Lagrange multiplier 4 can be

determined by numerically solving of next (I +1) equations:

Bo* =$In[l_ﬁﬁ},l e[LM-N]J,



International Journal “Information Theories and Applications”, Vol. 27, Number 4, © 2020 313

R=2 H(B).

Then, the change rate p, is converted to the cost p, :

p =Y A -2). (10)

Finally, the desired payload R is embedded using syndrome-trellis codes
(STCs) with pixel costs determined according to (10).

The MG embedding method [Sedighi et al, 2015] is similar to MiPOD algorithm,
but it uses the simplified variance estimator:

ot =|r, =% /(¢ -a). (11)
t,=G(G'G) G'r,.

Applying the locally-estimated multivariate Gaussian cover model in MiPOD
algorithm gives opportunity to derive a closed-form expression for the
performance of the stegdetector and capture the non-stationary character of
natural images [Sedighi et al, 2016].

Experiments

Performance analysis of image calibration methods was done on standard
BOSS dataset. The stegdetector was based on standard SPAM statistical
model [Pevny et al, 2010] and ensemble classifier [Kodovsky et al, 2012]. The
SPAM model allows estimating correlation of adjacent pixels brightness with
usage of 2" and 3™ order Markov chains.

We consider the case of analyzed image -calibration via message re-
embedding. It is performed by applying same embedding method and similar
payload as it is for stego images. Therefore, the stegdetector was tuned with
usage of next types of image features:

1. Non-calibrated features — corresponds to features of initial (non-
processed) image U:
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2. Features after message re-embedding — corresponds to features of
calibrated image, obtained after message re-embedding:

F

re—embed

-F

w (U),

3. Cartesian calibrated features — corresponds to merged features of
initial and calibrated images:

Fec :I:F(U);Fcal (U)]'

4. Calibrated features after linear transformation — corresponds to the
differences between features for calibrated and initial images:

For =F. (U)—F(U).

Analysis of stegdetector’s detection accuracy was done according to cross-

validation procedure. The total error P. is used as the performance index

[Kodovsky et al, 2012]:
1
P. = min E(PFA +P, (PFA)),

where P., and B,, are probability of false alarm and missed detection,

respectively. During testing it was considered two cases:

1. Stegdetectors is tuned with pairs of processed cover and stego images —
corresponds to standard practice during image steganalysis;

2. There are no pair of cover and stego images in training subset during
stegdetector tuning — corresponds to the real cases when steganalytic
has no pairs of cover and corresponding stego images.

The case of adaptive message embedding according to HUGO, S-UNIWARD,
MG and MiPOD methods was considered. The CI payload was changed within
range 3%, 5%, 10%, 20%, 30%, 40% and 50%.

The dependencies of total error P on Cl payload for HUGO embedding method

are represented at Fig.1. The case of usage the non-calibrated features F,
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(solid lines), features after message re-embedding F. ..., (dashed lines),
calibrated features after linear transformation F,. (dotted lines) and Cartesian

calibrated features F.. (dash-dot lines) is considered.
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Figure 1. Dependency of total error P. on cover image payload for HUGO

embedding method by full (left) or none (right) alignment of cover-image pairs
during stegdetector testing.

Usage of F, ..., features provides relatively small improvement on total error

in case of low payload (less than 10%) — the differences achieves up to 2.5%

(Fig. 1). For the bigger payloads we obtained up to 7%, especially for high
payload (near 50%).

It is revealed significant increasing of total error (approximately 5%-7.5%) in
case of none alignment of cover-image pairs during stegdetector testing (Fig.
1). It confirms that usage of cover-stego images pairs during stegdetector
testing gives opportunity to achieve the lowest values of total error.

Applying of Cartesian calibrated features F.. leads to considerably reducing of
total errors P. — from 15% for low payload to 30% for high payload (Fig. 1).

Usage of F,. features allows achieving comparable low values of P. only on

case of low payload (Fig. 1). On the other hand, it is revealed that F,. features

315
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weakly depends on cover-image pairs alignment during stegdetector testing —

changing of total errors P. values are near 1-1.5% in this case. Therefore,
Fo- features allows outperform the Cartesian calibrated features F.. up to 5-

7.5% for the low payload and case on none alignment (Fig. 1).

The dependencies of total error P. on cover image payload for S-UNIWARD

embedding method are represented at Fig.2.
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Figure 2. Dependency of total error P. on cover image payload for S-UNIWARD

embedding method by full (left) or none (right) alignment of cover-image pairs
during stegdetector testing.

Similarly to HUGO embedding method (Fig. 1), a message re-embedding
according to S-UNIWARD method allows reducing of total error P. up to 3%

even in case of low cover image payload (less than 10%). The total error’s
reducing may achieve up to 10% by increasing of cover image payload.

Usage of F,. features does not allow lower values of P. in comparison with
Cartesian calibrated features F_. (Fig. 2) for S-UNIWARD embedding method —
the difference between P. for both cases achieves up to 5% for full alignment

and 3% for none alignment cover-stego images pairs.
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Dependencies of total error P. on cover image payload for MG embedding

method are represented at Fig.3.
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Figure 3. Dependency of total error P. on cover image payload for MG

embedding method by full (left) or none (right) alignment of cover-image pairs
during stegdetector testing.

It should be noted that usage of F, ..., features leads to considerably reducing

of stegdetector performance for MG method (Fig. 3) — the values of total error
P. increase from 1.5% for low cover image payload to 8% for high payload
cases in comparison with case of usage the features of initial (un-processed)
images. Therefore, we conclude that message re-embedding can masking of

initial stego data for MG method and improve robustness of obtained stego
image to steganalysis.

Applying of linearly transformed features F,. allows reducing P. values but only

in the case of absence the cover-stego images pairs in stegdetector’s training
set (Fig.3). The biggest reducing is achieved in the case of low cover image
payload (up to 7% reducing of total error values) that is the most difficult for
image steganalysis. By increasing cover image payload, usage of F,. and F..

features leads to similar values of P;.
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Dependencies of total error P. on cover image payload for MiPOD embedding

method are represented at Fig.4.
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Figure 4. Dependency of total error P, on cover image payload for MiPOD

embedding method by full (left) or none (right) alignment of cover-image pairs
during stegdetector testing.

Calibration of stego images formed according to MiPOD method allows improve
stegdetector performance only for F.. features (Fig. 4, full alignment case). For

the none alignment case, we obtained that F . features allows significantly (up
to 7%) reducing values of P. values. Similarly to MG method (Fig. 3), the values
of total error remains almost the same for F,. and F.. features by increase of

cover payload (Fig. 4, none alignment case).

Discussion

During solving the problem of improving the steganography and cryptography
methods, the next question arises —what is the limit of encryption tool’s
performance as information protection method. The limit can be achieved by
enhancement of known cryptographic protocols, development of interception-
proof bit-quantum communication systems, extension the length of encryption
keys, improvement of cryptanalysis methods to name but a few. In general,
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these approaches are aimed on increasing the cryptographic security level
(CSL) for mathematical and technical tools that are used in information security
systems. Therefore, it is needed to determine the threshold for CSL when
negligible increasing of cryptographic security level requires usage of enormous
amount of computational resources. As an example, it can be mentioned the
case of achievements the long-term (strategic) cryptographic security level for
sensitive information — any additional increasing of CSL requires involvement of
tremendous amount of computational resources that may be impractical for real
systems. The task of determination the threshold value of CSL can be solved by
analysis of performance of known data processing methods.

In most cases, the modeling of physical phenomena and processes requires
usage of continuous mathematics. Perturbations (singularities) of processes are
represented frequently as superposition of several continuous short-time
processes that take places on small scales. These processes are represented
as continuous functions over discrete numbers (samples) with fixed bit depth.
As a result, researches may face with "mysterious” artefacts (phenomena),
such as specific elementary particles (for example, quarks, mesons, neutrinos,
muons, leptons), dark matter, wormholes within spacetime to name a few.

It should be noted that usage of discrete mathematic for operations over
discrete numbers is not a new approach. This approach appeared recently with
development of the complex analysis and integral calculus. The classical
discrete mathematic provides concepts of infinitely large and infinitely small
actual numbers. Usage of these numbers makes it possible to determine
guantities such as the shortest time interval, the maximum size of the Universe,
the size of the smallest particle, the longest encryption key, the highest
accuracy of cryptanalysis and steganalysis, the smallest error in decrypting
closed messages, etc. Therefore, the used numeral system allows precisely
represent the structure of the analyzed process or environment.

Let us consider the fine-structure constant o as indicator of achievement both
spatial and thermodynamic collapses. In this case, this constant can be
represented as infinitely small actual number for discrete mathematic. Since the
electron is the single non-collapsing element within thermodynamic space ¢,
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a=1/137-10"

then the minimum measurable size is a quantity meters. The

value 1/137 can be calculated from the CODATA'’s fine-structure constant value

a =0.0072973525698-10" py finding the harmonic mean (excluding the power
factor):

a, =(a” - 0) [ = 0.00729927007299270..., (12)

where o =2.2211024289753— is coefficient that allows to represent « as a
harmonizing number for numerical series.

The sequence of numbers 0072992700 jn (12) has the unique property of
symmetry with respect to a pair of zeros and a pair of nines. Moreover, the
inverse to such infinite sequence is an integer number that is equal to 137. In

, =1/137

what follows, we will designate & as the mathematical fine structure

constant, while @ =137.036 (according to CODATA) will be denoted as physical

=1/137-10"

fine structure constant. In this case, the value % is known as the

actual infinitesimal. Therefore, there are no physical phenomena in the
observable Universe that can be numerically smaller than v .

Here we presented the concept of an actual infinite quantity in a classic way, i.e.
the quantity is an alternative to potential infinite numbers. According to the

fractal theory, the value “™ (represented in meters) is the limiting value of the
border between the nested Universes in the Sl system. From the point of view

of the mathematical description of physical phenomena, the number %™ is the
basis of the numeral system that harmonizes all numeral systems with any
basis. Then, the number series in the & —number system looks like:

ay .20y, ,3a,,.. Ko, keN.

From the above, we can conclude that any functions or mathematical constants,
which are represented in the decimal numeral system, have no physical

Ya =137-10"

meaning if their values are larger than or lesser than <«
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Otherwise, the @— number system cannot will not describe real physical
processes as well as physical and mathematical constants. It has direct effect
on achievable limits of security level for cryptography and steganography. For
example, it makes no practical sense to use length of encryption keys more

than 1/“, to take random number’s array with more than Ya elements, to
achieve stego detection error less than  etc.

Conclusion

In this paper, we argue that usage of special type of image calibration method
provides additional reducing of classification error. In fact, we recognize that
message re-embedding into analyzed stego images allows considerably
increasing stegdetector performance even in the most difficult cases — cover
images low payload (less than 10%). Our view is supported by obtained results:

1. Usage of features obtained from calibrated images allows considerably
improving stegdetector’s performance for HUGO and S-UNIWARD
embedding methods. It was revealed decreasing of total error up to 30%
within all range of image payload (from 3% to 50%).

2. Calibration of stego images formed according to advanced MG and
MiPOD embedding methods gives opportunity to reduce classification
error up to 8% even for low payload (less than 10%) of cover image.
These results were achieved by usage of standard SPAM model, so
classification error reducing may be more impressive for rich statistical
models, such as SRM and PSRM.

3. The results clearly show the benefit of linearly transformed features of
calibrated images. These features allow additionally reduce classification
error even for cover image low payload (less than 10%). It is noteworthy
that error reducing is achieved without doubling dimensionality of
features space as it is performed for state-of-the-art Cartesian calibrated
features. Also, performance of stegdetector tuned with linearly
transformed features remains almost the same even in case of absence
of cover-stego images pairs during training. It makes these features
useful for increasing the performance of stegdetectors in real cases.

4. It is proposed hypothesis of finiteness the steganalysis and

cryptoanalysis performance in real cases. The hypothesis is based on
limitations of used numeric systems that represent infinitesimal number
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in discrete form. It may introduce additional distortions during
stegdetector training.
It should be noted that mentioned results were obtained for the case of
message re-embedding according to the same steganographic method is
considered. In the future, we would like to investigate stegdetector's
performance for message re-embedding by varying of embedding algorithm and
image payload.
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OUATHOCTUKA MEOULIMHCKUX N3OBPAXEHWI OMNMYXOJEN
MOJIOYHOM XENE3bl C UCMOJIb3OBAHUEM MBPUOHbIX
CBEPTOYHbIX HEYETKUX HEUPOHHbIX CETEN

Fann6 Namupos, KOpun. . 3anyeHko

Pe3rome: PaccmompeHa npobriema Knaccugpukauyuu oryxonet MOS04YHOU
JKenesbl Mo MeOUUUHCKUM u3obpaxxeHusim. [na ee peweHusi paspabomaHa
eubpudHas Hedyemkass cemb CNN, 8 komopol ceepmoyHas HelpoHHass cemb
UCrosnb3yemcsi 8 Ka4ecmee 3Kcmpakmopa npu3HaKkos, a Heyemkasi HelipOHHasi
cemb NEFClass ucrnonb3yemcsi 8 Kadecmee Knaccugukamopa. PaszpabomaHsi
U eHeOpeHbl aneopummbl obydeHusi FNN. [NpoeedeHbl akcriepumeHmarbHble
uccriedosaHusi rnpedrnoxeHHol aubpudHol cemu Ha cmaHdapmHoM Habope
OaHHbIX BreakHis u nposedeHO cpasHeHue C U38eCMmHbIMU pe3yribmamamu.
PaccmompeHa npobriema yMeHbWweHUsI pa3mMepHoCcmu OaHHbIX U Uccrie0o8aHO
npumeHeHue memoda UKM.

Keywords: medical diagnostics, breast cancer classification, FNN, CNN, hybrid
network

ITHEA Keywords: |I. Computing metodologies 12. Artificial intelligence, 16.5.
Model development

BBegeHue. AHannM3 coCcToAHUA NpPobnemMbl

B HacToswee Bpems 3aboneBaHnst pakoMm NpeacTaBnsioT OrpOMHy0 npobnemy
ANs cucTtembl 3paBooxpaHeHns Bo BceM Mupe [Boyle, 2012]. Cpegu
pasriMyHbIX TUMOB paka pak MOJSIOYHOW Xeriesbl 3aHMMaeT BTOpoe MeCTO Mo
YacToTe Yy >XeHWWH. Kpome TOro, CMepTHOCTb OT HEro OYeHb BbICOKa B

CPaBHEHUW C APYrMMU PaKOBbIMK 3a60NeBaHUAMMN.

B HacTosiwee BpeMA B TMpPaKTuke MEONUMHCKON ANarHOCTUKMK LLINPOKO
MCNOJ1b3YyIKOTCA VIHCbOpMaLl,I/IOHHbIe TexHonormn. OCHOBHas Uenb MeOULMHCKNX
I/IHC*)OMaLI,I/IOHHbIX CUCTEM -pacLUnpeHne CCbepr NpakTU4eCKMX 3agay, KoTopble
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MOXHO pellaTb C NMOMOLLbID KOMMbIOTEPOB, MOBbILEHNE WHTENNEKTYyanbHOro
YPOBHSA NOAAEPXKKM MPUHMMAEMbIX peleHnin B cdepe  MeaMLUHCKON
ANArHOCTUKM Ha ocHoBe 06paboTkM M aHanu3a MeLUUMHCKUX MN306paxeHui
TKaHen opraHoB YenoBeka C MpuMMeHeHueM pasnuyHblix nctoyHukos (MPT, KT,

PEHTFEHOBCKNE CHUMKM U T.M.)

MpenmywiectBammn cuUCTeEM MeOUUMHCKOW OWUArHOCTUKU SBIISKOTCA CKOPOCTb U
cTabunbHOCTb paboTbl, KOTOpble AenakwT MX YAOOHbLIM CpeacTBOM 3KCnpecc-
aHanusa. HecMOTps Ha OHbIN BO3pacT MeULMHCKON MH(OpMaTUKK, KOTOPbIN
He npeBblwaeT 30 neT, NHPOPMALMOHHbIE TEXHOMOMMN BbLICTPO NPOHMKAKT B
pasnuyHble cdepbl MeauuMHbl M OXpaHbl 340pOBbs (CeMenHas mMeauuuHa,
cTpaxoBasi MeduUMHa co3fgaHne eguHoro MHAOPMauNoHHOIo NPOCTPaHCTBa B
MeanuuHe u T.4.). HecmoTps Ha o04eBUOHbLIM NPOrpecc, LOCTUTHYTLIN
cMcteMamum  MeguUMHCKOW  OWarHOCTUKW, OKOHYaTembHbIM  OMarHo3  paka
MOJMOYHOM Xenesbl, BKIYas Knaccudukauuio onyxonen BbIMOMHAETCS
nartanoro-aHaToMamMu KOTOpble WCNOMb3ylT BU3yalibHbIN aHanuM3 T[UCTo-

natanorn4yecknx O6p83L|,0B nog MMUKPOCKOIOM.

B mMeguumHckonm pguarHoctuke 6onbllylo YacTb npobnembl npeacTaBnseT
N3BnNeYeHne npu3HakoB Ans nocneaywowen obpaboTknm n3obpaxeHnn n ux
knaccudpukaumm. C pasButMeEM U WNPOKUM pacnpocTtpaHeHnem CIIMP B

mMeanumHe noBbILLaKTCA Tpe6OBaHVIFI K anropytMmam o6yqu|/|ﬂ TaKnx CUCTEM.

MocnegHue AOCTUXKEHNA B TEXHOMOMMAX 06paboTkm n3obpaxeHnin n MallMHHOM
0by4eHnn No3BONAOT co34aBaTb CUCTEMbI aBTOMATMYECKOro OOHapY>XeHUs U K
onyxonsiM, KOTopble Krnaccuumkaumm MoryT nomMoydb natanoro-aHatomy genatb
npaBuUIbHbIA ANarHO3 n yckoputb ero paboty. Knaccudukaums msobpakeHun
Ha pasnuMyHbIX NaTTepHax, KOTOpble COOTBETCTBYKOT PaKOBbIM U HEpPaKoBbIM
COCTOSAHNAM TKaHEWN YacTO ABMSIETCS NEePBOCTENEHHOWN Lernblo aBTOMaTUYeCKOn

ONarHOCTUKKN paka MOJI0YHOM Xenesbl.

Ha p[gaHHbIn MOMEHT uMMeeTCa HEeCKONMbKo Moaenem u MeToaoB  Ans
oBHapyXeHNss paka MOSIOYHOM Xernesbl, KOTopble WCMONb3yHT pasfnnyHble
anroputMbl obyyeHus. Mcnonb3yss metoabl u TexHonorum WW, Takme, kak
HENPOHHbLIE CEeTU M MeTOod OnopHbIX BekTopoB B pabotax [Lakhani, 2012],
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[Zhang, 2013] 6bina gOCTUIHYTa TOYMHOCTbL Krnaccudukauum onyxonemn ot 74 oo
94% Ha Habope faHHbIX U3 92 n3obpakeHUN.

BonbwurHcTBO nNocnegHux paboT oTHocsawmxca K obnactm knaccudmkaumm
paka MOMOYHON XXenesbl OPUEHTUPOBAHbI Ha undpoBblie n3obpaxexusa. (WSI)
[Zhang, 2013], [Zhang, 2014], [Doyle, 2008], [Singh]. OpgHako LwMpoKoe
NPUMEHEHNE CUCTEM aBTOMaTMYECKOW Knaccudukaumm paka MOJSIOYHOM
Xenesbl HaTaflkMBaeTcs Ha Takme npobnembl, Kak BblCOKasi CTOMMOCTb
peanusauun, HegocTaTodHass MPOM3BOAUTENBHOCTL AnA 6Gonbworo obbema
[AaHHbIX M NPOTMBOAEWNCTBMSA CO CTOPOHbI NaTanoro-aHaToMoB (4erioBeYEeCKui
dakTtop). [o HacToswero BpemMeHn OONbLUMHCTBO pPaboT, OCHOBaHHbLIX Ha
FMCTONOrMYECKOM aHanunse, BbINOSHANNCL Ha HEGONbLUMX AaTa-ceTax.

CyulecTBeHHbIM COBUIOM B 3TOM HanpaBlneHun SBnsieTcsl co3gaHue gartaceta,
coctosiero M3 7909 n3obpakeHUn MOJSIOYHOW Xenesbl, NOoSly4YeHHbIX OT 82
nauyueHToB [Spanhol, 2016]. Ha aTom gatacete aBTOpbl OLEHMBaNN pasnnyHbie
TEKCTYpPHble AECKPUNTOPblI M KnaccudukaTopbl U NPOBENN 3KCMEPUMEHTbI U

AocTurnm To4HocTn oT 82% a0 85%.

Ha npoTsKeHum MHOrMX fieT OCHOBHbIM CPEACTBOM MOfyYeHUs NPU3HAKOB
n3obpaxeHnn p[na nocrnenywen Knaccudukaumm SBNANUCH TEKCTYPHbIE
aeckpyntopbl. OgHako HeEQOCTATOK UX UCMONb30BaHUSA COCTOUT B OTCYTCTBUM
YHMBEPCanbHOCTW, B CNeacTBUE Yero, YTO ONS Kaxaoro Tuna msobpaxeHwi
Heobxoaumo paspabaTtbiBaTb CBOM AeckpunTtopbl. pyron noaxon 6asupyeTtcs
Ha cucTtemMax MalMHHOro oby4vyeHus npeseHTauusaMm. OTOT NOAXOA HE HOB, HO
CTan peanu3yeMm TOMbKO C nosiBNneHvem rpadudecknx npoueccopos GPU
(Graphic Processing Units), koTopble CnNocoOHbI 06ecneynTb CBEPXBbLICOKYH
NpOn3BOOUTENBHOCTL C OTHOCUTENBbHO HMU3KOM CTOMMOCTbLIO, ©Onarogaps

napannensHon apxutektype [Bengio, 2013].

AnbTepHaTMBOM K 3TMM MOAXo4aM SIBNSAETCA WCMNONb30BaHNE CBEPTOYHbIX
ceten (CNN) ana obpaboTkm MeaMUMHCKUX M300paxeHun n guarHocTuku. B
psge paboT Oblo Moka3aHO, YTO CBEPTOYHbIE CEeTU CMOCOOHbLI MPEeB30WTU
00bl4HbIE TEKCTYpHblEe aeckpunTopbl [LeCun, 2015], [Krizhevsky, 2012]. Kpome
TOro, TPaAWUMOHHBLIA NOAXO4 K BblAENEHW0 MNPU3HAKOB Ha OCHOBE

AeckpunTopoB TpebyeT OGonblMX YCUNUA M BbICOKOrO YPOBHS  3HAHMMN
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3KCMepToB M O0ObIYHO SABNSAETCS cneunduyHbiIM ONS KaXKOoW 3afaydn, 4To

npenaTcTByeT ero HerocpencrseHHoe npuMmeHeHne K gpyrum 3aziaqyam.

[MoaToMy B HacTosLlen cTaTbe npegnaraeTcs HoBasi rMbpuaHasa cBepTovHasi
HeyeTkasd ceTb CNN- FNN, B kotopon CNN wucnonb3yeTtcs ANs BblOereHus
NPU3HaKOB Ha MeOULMHCKMX, a HeyeTkass HempoHHaa ceTb FNN ucnosnbayetcs
Ana knaccudurkaumm obHapy>KeHHbIX Onyxonem Ha u3obpaxeHusax Ha [fBa
Knacca: 4obpoKa4yeCTBEHHbIE N 31TOKAYECTBEHHbIE.

OcHoBHaga uenb HacToswen paboTbl cocTonT B paspaboTke M nccrnegoBaHUn
rmbpuaHon cetn CNN-FNN u nccnepgoBaHum ee adeKTMBHOCTU B 3agade
pacrno3HaBaHUs  MEAULUMHCKUX  M300pakeHMA  MOMOYHOW  Xenesbl U
KnaccudukaumMm onyxonen, a Takke CcpaBHeHUMM ee 3PEPEeKTUBHOCTU C
N3BECTHbIMWN paboTamMn Ha CTaHAAPTHOM AaTaceTe MeANLUHCKUX N30bpakeHui
[Spanhol, 2016].

OnucaHue 6a3bl MeAULIMHCKUX AaHHbIX

[aTtaceT meamumnHckmx AaHHbiX BreaKHis [Spanhol, 2016] cogepXuT AaHHble
BGuoncun 0o6poKavYeCTBEHHbBIX U 31TOKAYECTBEHHbBIX ONYX0Sen TKaHEN MONOYHOM
xenesbl. W3obpaxeHuss ObIM  NofnydyeHbl B pesynbTaTte  KIIMHUYECKUX
nccnegoBaHnin ¢ sHBaps no gekabpb 2014. [ataceT MeOouMUMHCKUX AaHHbIX
BreaKHis coctout na 7909 knuHuyeckn npeactaBuTenbHbIX N3006paxeHnn nog,
MUKPOCKOMOM Oryxofieh MOSIOYHOW >Kenesbl OT 82 naunmeHTOB C pasfnyHbIM
Macwrtabom yesenuyeHus 40X, 100X, 200X, and 400X. Bce nauueHTbl,
KOTOpble B TeyeHMe 9TOro nepuoga wuccnegoBanucb B MeOULMHCKOM
nabopatopun, 6biNn NpurnaweHsl NPUHATL y4yacTue B uccrnegoBaHuu. Bce
AaHHble  ABNSANUCb  @HOHUMHbIMKM.  OOGpasubl  reHepupoBanuUCb  MyTeM
XUPYPrMYECKNX  CPe30B  OMyxonuM  MOSIOMHOW  >Xenesbl,  crneumasnbHO
packpalmBanucb 1 oTMeYanucb natanoro-aHaToMoOM.

OcHoBHasi Uenb -COXPaHWTb OpPUIMHANbHYK CTPYKTYpy Onyxonu u ee
MONEKYNSAPHbIA COCTaB, YTO MO3BONMUT Habniogatb ee nog ONTUYECKUM
MUKpockonom. [ns muccnegoBaHuin Bce obpasubl paspesanucb Ha cnawvabl
pasmMepom 3 MKM.
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OKoH4aTenbHbIN  AMarHO3 Kaxkaoro cnyydyaa pgenancda onbiTHbIM natanoro-
aHaToOMOM, KOTOprIZ 3aTemMm noaresepxgarncd OOMOJIHUTESbHbIM
nccnegosaHMeM, TakmMMm Kak MMyHHasa rmCToJ10rma.

B wuccnepoBaHuax ucnonb3oBanca Mukpockon cuctembl Olympus BX-50 ¢
yBenmyeHnem 3.3, CBA3aHHbIM C UMdpoBon kamepon Samsung SCC-131AN,
KOTOpas ucnosnb3oBanacb Ansi NoNyYeHns UMpoBbIX N306paKeHNn MOSTOYHOM
xenesbl. N3o6paxeHnsa nonyyanucb B 3 KaHanax (8-6utHble kaHanbl RGB) ¢
koadppuumeHTamm ysenudennsa 40X, 100X, 200X, and 400X.

Ha pwuc. 1-4 npeacrtaeneHbl 4 un300paXeHUss C  COOTBETCTBYHOLLMMMU
koadppuumeHTamm ysenuyeHus: (a) 40 x, (b) 100 %, (c) 200 x i (d) 400 x -
NOSTlYYEHHLIMU U3 OAHOrO cramga TKaHW MOSIOMHOM Xenesbl, coaepkaliero
3rokayecTtBeHHyt0 onyxonb (breast cancer). BblgeneHHbii NpsAMOYrofibHUK-
pernoH nHtepeca (ROI), koTopbln BblbMpaeTca natanoro-aHaToMom wn Oyger
OnucaH B creayoLlem pasgene.

B Hactoawmn momeHT pataceT BreakHis cogepxut 7909 wusobpaxeHuwn,

pa3buTbix Ha 4OBPOKAYECTBEHHLIE 1 31TOKAYECTBEHHbLIE OMYXOJN.

B T1abn.1 npeactaBneHo pacnpegeneHne msobpaxeHun pataceta BreakHis
[Spanhol, 2016].

Ta6bnuua 1. PacnpedeneHue u3obpaxeHull No Knaccam u KoaghguyueHmam

ycuneHusi
KoadpdmumeHT ycunenus MoGpokayecTBeHHble | 3nokayecTBeHHble | Bcero obpasuoB
40x 625 1370 1995
100x 644 1437 2081
200x 623 1390 2013
400x 588 1232 1820
Total 2480 5429 7909
Yucno nalueHToB: 24 58 82

329
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Puc. 2. Cnang 3noka4ectBeHHOW onyxonu ¢ koaddumumeHtom 100X
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Puc. 4. Cnang 3noka4yecTBeHHON onyxonn ¢ koaddpumumeHtom 400X
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Puc. 5. Cnang gobpokayectseHHOM onyxonu ¢ koadpduuyneHtom 100X

CBepTOYHbIe HEMPOHHbIE CeTU (KpaTKoe onucaHue)

CeepTo4Hble ceTn (CNN) — cOBpEMEHHbIN MeTO[, LWMPOKO UCNOSb3yeMbln ONS
obpaboTkn wu3obpaxeHun. OHM obnagaldT CNOCOOHOCTBIO  M3BNEKaTb
rnobanbHble Npu3Hakm n3obpaxkeHus B nepapxmyeckom suage. CNN Bkriovaet
cnegyowme cnowm [Krizhevsky, 2012].

e CgBepTo4HbIn cnon. OH paccmaTpuBaeTCa Kak OCHOBHOM pabouunn
KOMMOHEHT CBEPTOYHON CETU U UTPAET XKUIHEHHO BaXKHYK POSfib B 3TOW
ceTn. Aapo ceepTkn (pmnbTp), 0ObIMHO NpeacTaBAsLWNA MaTpULy nNxn,
nocrnegoBaTenbHO NPOXOAUT MO BCEM MUKCENSM MN300paxeHus u
BblAensieT MHPOopMaLMIO U3 HEero NyTemM onepauun CBepTKW.

* LWarn (Stride) n gononHenne (Padding). MaTtpuua dunbtpa (84po)
ABMXKEeTCs no u3obpaxeHuto ¢ warom Stride), onpegendemMbiM €ro
pas3mMepomM, No YMOSIYaHUK ero pasMmep npuHMMaeTcs paBHbiM 1. Ecnn
pasamep un3obpaxeHus 5x5 ckaHupyeTcs punbTpom pasmepom 3x3 u
warom 1, TO Mbl NOMAYyYUMM MOCHE CBEPTKM BbIXOOHYH MaTpuuy 3x3.
OpHako ecnv Mbl UCnonb3yeMm LWar 2, To BbIXogHoe n3obpaxeHue byaet
pasmepom 2x2.
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Taknum obGpa3om pasmep BbIXOQHOrO U3o0paxeHus onpenensieTca pasmepamu
dunbTpa(agpa) v wara. Ytobbl 060NTU 3TO ABNEHWE, MOXHO LOMOSHUTb
ncxogHoe nsobpaxeHne ctonbuamm n ctpokamu, cogepxawwmmm 0 (Padding). B
TakoM criyyae pasMmep BbIXOAHOro nsobpaxeHnsa nocre cBepTkm byaeT paBHbIM
ncxogHomy. Takoe fobaBreHwe CTPOK M CTONOUOB, cogepxawmx Tonbko O,
HasblBaeTcsa zero padding [Krizhevsky, 2012].

* HenuHenHoe npeoGpasoBaHue (Nonlinear Performance). Kaxabin
cnon HenpoHHon ceTU(NN) faeT nNuHerHbIN Bbixod U gobaBneHve OByx
TaKuX CMoeB TakkKe OCyLIeCTBNSeT NuHenHoe npeobpasoBaHue. [oatomy
yBENMYEHNE YMCa CNOEB HEMPOHHOW CETU HE U3MEHSIET XapakTepa CeTu.
[Ana npeoponeHuss 3TOro HegocTaTka MCMOMb3YeTCsl  HeNIMHenHoe
npeobpasoBaHue B BUAE crieayrowmx yHKLUNIA:

* Rectified Linear Unit (ReLU), Leaky ReLU, TanH, Sigmoid, n T.4.

* Onepauusa nynudra (Pooling Operation). CBepTo4Has HEMPOHHAsA CETb
npoussoauT 6onbLon o6bem nHpopmauuu. NMNoaTomy 4ToObLlI YMEHBLUNTL
pasMepHOCTb MPOCTPaHCTBa MNPU3HAKOB, WCMNONb3yeTcs onepauus
NynuHr. MI3BECTHbI HECKOSbKO CTaHAApTHbIX Onepauui NynuHra Takue,
kak MaxPooling, AveragePooling.

B Hawen pabote wucnonbsyetcsa onepauus MaxPooling, kotopas Bblbupaet
MaKCMMarnbHOe 3Ha4YeHne U3 HEeKOTOPOW NoAMAaTPULbI MOCNEe CBEPTKMU.

* Onepauua Drop-Out.

B pesynbtate obyyeHuss ceTu BO3MOXHO siBNeHue nepeobyyeHus Ha
TecToBOM BbIOOPKe, M3BECTHOe Kak over-fitting. 3TO sBrneHne MOXHO
YCTPaH1Tb, UCMoNb3ys npoueaypy AponayTt (Drop-Out), KoTopas COCToOuUT B
BbIKITFOYEHNN HEKOTOPbIX HEMPOHOB M3 CETU NPU 0ByYeHUN.

* Pewatowumn cnon Decision Layer. Ana knaccudukaumm naobpaxeHuin
Ha KOHLEe CBEPTOYHOM CETM UCMONb3YeTCsA peLlatolimii crion, obblYHO B
BMAE MHOrocrnomHoro nepuentpoHa (usually MLP). C aton uenbto
ncnonb3yetcsa crnon Softmax layer nnu cnon metoga onopHbIX BEKTOPOB
(SVM layer). oToT cnowu peanusyet HOPMasnun3oBaHHY
9KCMOHEeHUMarnbHyt (YHKUMIO 1 NoacunTbiBaeT yHKumo notepb (loss
function) ans gaHHbIX KNnaccudukaumm.
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CNN mopenb ana knaccudgumkaumm n3obdpaxeHumn

Ha puc. 6 npuBegeHa apxutektypa cBepTodHon cetn VGG-16, koTopas
ncnonb3yeTcsa B Hawen paboTe B KayecTBe p[eTekTopa WH(OPMaTUBHbIX
npu3aHakoB un3obpaxeHnsi. OHa oby4anacb pasnMyHbIMW  anropuTMamu:
CTOXaCTU4ECKMM T[pPaAMEHTHbIM MEeTOAOM, MeToaoM AuddepeHumnanbHOm
apontoumn (SCD) [Zaychenko, 2009], [Zgurovsky, 2016] n anroputmom basin
hopping [Olson, 2012].

B kauyectBe knaccudumkatopa nOMyvYeHHbIX MPU3HAKOB B AaHHOW paboTe
NpeanoXeHo ucnonb3oBaTb HeyeTKkyto HenpoHHyto ceTb FNN NEFClass B
OTNMYMEe OT U3BECTHbIX paboT, B KOTOPbIX MPUMEHANCA MHOMOCNONHbIV
NnepuenTpoH 1 CoM MaLUMHbI OMOPHbIX BEKTOPOB (SVM).

FNN NEFClass 6biria nepsoHavansHo npegnoxeHa [. Haykom n B. Kpyse (W.
Kruse) B [Nauck, 1997]. OHa 6bina moguduumpoBaHa n passuTta B pabortax
[Zaychenko, 2004], [Zaychenko, 2009] (Tak Ha3biBaemasd FNN NEFClass M).
[Ona Hee 6binn paspaboTaHbl anropuTMbl OByYEeHUNA: rpagUeHTHOro crycka,
COMPSKEHHbIX TPaguMeHTOB U reHeTudeckun anroputMm [Zaychenko, 2009] wm
MCNONb30BaHbl ANS pacrno3HaBaHUS ONTUYECKMX N306paKeHUn, NONyYeHHbIX C
MCNONb30BaHMEM MYITbTUCNEKTParibHON CUCTEMBI.

HHC NEFCLASS M 6bina paHee ycnewHO MpUMEHeHa Ans aHanusa u
pacno3HaBaHMA MeOULUMHCKUX M300paXkeHW LWEenkn MaTku W ONarHOCTUKK
onyxonen [Zaychenko, 2015]. OcHoBHoe npeumyuwiectBo HHC NEFClass — 310
BO3MOXHOCTb paboTbl C HEMOMHbIMA U HEYETKMMU BXOOHbIMW LaHHbIMU U
OCYLLECTBNATb HEYETKYI KacCuukaumio BXOOHbIX U300paXeHun, ncnonb3ys
YHKUMN NPUHAONEXHOCTU; BbICOKAsi CKOPOCTb M TOYHOCTb Kraccudukaumm.
[Zaychenko, 2009], [Zgurovsky, 2016] B cpaBHEHMM C TpPaAULMNOHHBLIMU
MeTodamu Knaccudoumkaumu.
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I x1x4096 1x1x1000

[‘_‘T] convolution+ReLU

f max pooling

fully connected+ReL.U

| softmax

Puc.6. CeeptoyHas HerpoHHada ceTb VGG-16

3KCﬂepMMeHTaﬂbele nccnenoBaHnAa U aHanu3 NONy4YeHHbIX pe3ynbTaToB

Kak yxe ykasbiBanocb, B [AaHHOM WccnegoBaHMM Obiio  UCNOSib30BaHO
npenBaputenbHoe obyyeHne cBeptoyHou cetn CNN VGG 16. CywecTsyeT
ABa OCHOBHbIX cueHapust 0bydeHuns HC.

N3Bne4yeHue NPpU3HaKoOB. B atom criydae rnoJiHoCBA3HbIE CITOM OTKIHO4YaKTCA,
a OCTaBLladACd 4aCTb CETU UCMOJIb3YEeTCA KaK 3KCTPAKTOP NPuU3HaAKoB B HOBbIX

AaHHbIX (aTaceTtax).

ToHKkas HacTpouka. B Takom criyyae HOBbIN pataceT MCnosnb3yetca Ans

TOHKOW HACTPOWKM npeaBaputenbHo obyveHHon HC.

B HacTtosawem uccnegosaHnn cetb CNN VGG- 16 6bina ucnonb3oBaHa aons
N3BNEYEHUS MPU3HAKOB B MEOMUMHCKUX M300paKeHUsIX OMyxorien MOJIOMHOM
Xenesbl. [locne 3ToOro HamgeHHble npu3HakMm nogaeanuce Ha Bxog HHC
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NEFClass. [Onsa oby4yeHuns wucnonb3oBanucb 3 anroputma: basin hopping,
cToxacTnyeckun rpagneHtHoin cnyck (CIFC) n andpdepeHumansHasa aBonouns

(differential evolution) [Zgurovsky, 2016].
Bbinn npoBedeHbl cepun IKCMEPUMEHTOB M CpaBHEHWE C pe3ynbTaTamu
npegLecTByowmnx paboT.

B cnepgyrowux Tabnumuax 2, 3 npuBoadAtca pesynbTaTtbhl Knaccudukaumm c
pasnuyHbIMM napameTpamu. Bce obpasubl 6binn pasbutbl Ha obyyatoulyo 1

TecToByo noasbl6opkn B cooTHoweHUU 80% / 20%.

B nepBoM 3kcnepMMeHTe  BapbMpPOBanoOCb  YUCMO  FIMHIBUCTUYECKMX
NMepPEeMEHHbIX W 4YMCMO MpaBUIl  CUEMbl  OnpedeneHus  onTUMarbHbIX

napameTpoB (Tabn.2).

Tabnuua 2. PesynbTaThl knaccudgpukaumm FNN NEFClass

Yucrno HeyveTKkux
MHOXECTB

(NMMHrBUCTUYECKIMX

nepemMeHHbIx)/ 40X 100X 200X 400X

YNCIO npaBuns

A 73% 74% 74.2% 73.5%
4,2 75.3% 74.8% 75.7% 75.4%
6,2 78.2% 79% 78.4% 78%
8,2 76% 75.4% 76.5% 75.8%
2,4 75% 74% 73.8% 73%
4,4 78.3% 76.3% 75.7% 75.4%
6,4 82% 83% 82.4% 83.2%

8,4 82.2% 81.5% 81.5% 83.8%
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Yucno HeyveTKux
MHOXECTB
(MMHrBUCTMYECKUNX

nepemMeHHbIx)/ 40X 100X 200X 400X

YNCIIO rnpaBunsl

2,6 75.4% 73.8% 74.4% 73.2%
4,6 90% 91% 90.5% 90%
6,6 89% 89.7% 90.2% 89.5%
8,6 90.3% 90.5% 92% 91.2%
4,8 89.3% 89.8% 89.7% 89.3%
6,8 89.2% 88% 89.4% 88.4%
8,8 88% 87.2% 87.2% 87%

M3 aHanusa aton Tabnuubl cregyeT, YTO Ha4YMHasa C 6 HEYETKUX MHOXECTB Ha
nepemMeHHyto 1M 6 npaBwun BbIBOA4A, TOYHOCTb MNEpecTaeT MoBbiWAaTbCs, a
CNOXHOCTb 0byyeHus pacteT. Kak crnegyeT m3 aton Tabnuubl, onTUMarnbHble

3Ha4YeHUs1 NapaMeTpoB — 4 HEYETKUX MHOXecCTBa (Ha NepemMeHHyto) 1 6 npasun.

[na cpaBHeHUs apPEKTMBHOCTN NPEeanoXXeHHON rMbpuaHOM CBEPTOYHON CeTH
npegcraBnm pesynbTaTthl NpeglecTByowen paboTbl, NOTyYEeHHbIE C MOMOLLbHO
APpYrux KnaccugukaTopoB: JIMHEMHOW W MONIMHOMWAITIbHOW MalUMH OMOPHbIX
BekTopoB (SVM) n metoga Random forest [Singh, ] ( cm. Tabn.3)
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Tabnuua 3. CpaBHEHME TOYHOCTU PasfIMYHbIX KrlaccudmKkaTopoB

knaccucpukatop/
40X 100X 200X 400X
KO3 ULMEHT yCuneHns
NuuenHas SVM 89% 89% 88% 88%
NonmHommanbHas SVM 88% 90% 89% 85%
Random forest 89.18% 88% 87.74% 80%
NEFClass 90% 91% 90.5% 90%

Kak nerko moxHo Buaetb m3 1abn.3, HHC NEFClass nokasbiBaeT ny4wiuve

pe3ynbTaThbl, YEM alibTEPHATUBHbIE KJ'IaCCI/I(bI/IKaTOpr.

B gaHHomn paboTe 6binn NpUMEHEHbI U UCCneaoBaHbl TPY anroputmMa obyyeHus
FNN NEFClass: baisin hopping Olson, 2012], ctoxacTU4ecku rpagneHTHbIN
cnyck (CIC) u pguddepeHumanbHaa asonouus [Zaychenko, 2009]. Kak
nokasanu SKCnepuMeHTbl, anroputmbl baisin hopping u CI'C (stochastic
gradient descent) palT NpMMEPHO OAMHAKOBO XOpoLwiMe pes3ynbTaTbl, a

anroput™ andgepeHumansHOM 3BOSTOLMKN OKa3arcsa 3Ha4YNTENBHO XYXe.

Cnepyet 3amMeTUTb, YTO B JaHHOMW Npobneme 4mcrio NpU3HaKOB, N3BFIEKAEMbIX
cetbto CNN VGG-16, okasanocb o4veHb 6onbwinm — 4096 (npobnema Big Data).
MoaTomy Gbina nocTaBneHa 3agada COKpalleHUs Yncna npuaHakos. [Ansa aTux
uenen Obln NpUMeHeH MeTon rnaBHbiX kKomnoHeHT (MK) [Jindal, 2013]. B
Tabnuue 4 npegcraBneHbl pesynbTaTbl TAKOro COKpPaLLLEHNS NPU3HAKOB.
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Tabnuua 4. 3aBUCMMOCTb BESNIMYUHBI OOLLEN BapMaLnmn OT Ynchna rnaBHbIX

KOMMOHEHT 1 npumepHoe Bpems obyveHus
HopMupoBaHHas MpnmepHoe Bpemsi 0By4eHNs
Yncno rnaBHbIX
obLas Bapuauums (yac)
KOMMOHEHT
(amcnepcus)

100 0.840587442159 ~2 yac

200 0.897366730496 ~3 yac

250 0.91232435399%4 ~4 yac

500 0.954868534936 ~9 vyac

M3 Tabn.4 cneayet, 4To Hanbornee NpuemMnemMbIM SBNSIETCS COKpaLLeHne vmcna
rmaBHbIX KOMMOHEHT Ao 250.

Bcnenctene numuta BpeMEHW MOCreayLwme SKCNePUMEHTbI NMPOBOAUIIUCH C
koadppuumeHTom ycuneHmna (magnificence factor) 100X (2081 obpasuos).

B Tabnmue 5. npuBoaMTCA TOYHOCTb kKnaccuduvkaumm nns  pasfvyHbIX
BapbupyeMbix napametpoB HHC NEFClass.

Tabnuua 5. TouHoCTb Knaccudukaumm gna 250 npusHakoB

H1CNO HEYETKUX MHOXECTB / Yncno npasun

100X
4/4 80.64%
4/6 87.24%

4/8 88.18%
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B Ttabnuue 6 npmBOoAUTCS 3aBUCMMOCTb TOYHOCTWU Knaccudumkaumm oOT 4vmcna
npu3HakoB. Jlerko MOXHO BMAETb, YTO TOYHOCTb MPWU COKPALLEHUM 4ucna
npuaHakoB 8o 250 (npumepHo 16 pa3) TOYHOCTb YMEHbLUMMACh Ha HECKOSbKO
NPOLIEHTOB, HO NPW 3TOM CYLLECTBEHHO COKPaTMUIOCh BpeMsi 00y4eHus.

Tabnuua 6. To4HOCTb Krnaccugukauum ¢ pasHbiM YUCITOM MPU3HAKOB

Yucno HevyeTKkux
MHOXXECTB, YMCIO NpaBuI
100 250 4096
/4ncno npusHakoB
4.4 75.23% 80.64% 86.3%
4.6 83.34% 87.24% 91%
4.8 84.21% 88.18% 89.8%

M3 gaHHOM Tabnuubl MOXHO BMAETb, YTO TOYHOCTb C YMEHbLUEHMEM 4Yucna
npusHakoB nagaet Bcero Ha 3-5%, ecnu cpaBHmBaTb 100 n 250 npu3Hakos.
[ns cpaBHeHusi Obina NpoBedeHa Krnaccudukaumsa ¢ nosHbiM Habopom 4096
NPU3HaKOB N ObIf0 YCTAHOBMNEHO, YTO C YMEHbLUEHNEM YuMcCna nNpuM3HakoB B 16
pa3 TOYHOCTb yrnana Bcero, B cpegHeM Ha 3-5%.

310 cBupeTenbcTByeT 00 3(EKTUBHOCTU MPUMEHEHUST MEeTOAa rMaBHbIX
KOMMOHEHT AONs COKpalleHWUsl Yucra MpU3HakoB B 3adadax Kraccudukaumm

MeOULNHCKUX N300pakeHNI.

BbiBoabl

1 PaccmoTtpeHa npobrnema aHanmM3a  MeOUUMHCKMX  M306pakeHunin
MOJSIOYHOM Xenes3bl U Knaccuumkaumm obHapyKeHHbIX ONyxonen Ha asa
knacca: [obpokayeCTBEHHbIE M 31TOKA4YECTBEHHbIE.

2 [Ona pacnosHaBaHus onyxonen 6Gbina paspabotaHa rmbpuaHas
cBepTovHas HeveTkas ceTb CNN- FNN, B kotopon CNN VGG 16 6bina
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ncnonb3oBaHa AN BblAerieHUs Npu3HakoB Ha unsobpaxeHusx, a HHC
NEFClass— gns knaccudukaumm obHapy>KEeHHbIX OMyXOfiel Ha OCHOBE
3TUX NPU3HAKOB.

3 [Ons obyveHma HHCNEFClass 6binn npegnoxeHbl M peanvu3oBaHbl
anroputMbl 0byyeHus baisin hopping, CTOXacTUYECKUA FpagUeHTHbIN
cnyck (CI'C) u andpdpepeHumansHas 3BositoLNA.

4 [lpoBedeHbl  aKCNepuMeHTarnbHble  UCCNeaoBaHUs  NPeasioKeHHOW
mbpugHon CNN-FNN ceTv B 3agaye Knaccudukauum peanbHbIX
n3obpaxeHnn Ha cneumnanbHoM aaTaceTte BreakHis.

5 CpaBHeHue TOYHOCTU Knaccuukauum npeanoxeHHon rmépmngHon CNN-
FNN ceTn C u3BeCTHbIMM pesynbTaTaMu ONd CBEPTOYHOM CeTu C
anroputMamn  knaccudpmkaumm SVM  mn Random forest nokasano
LenecoobpasHOCTb UCNOMb30BaHUs rMbpngHon ceTu.

6 PaccmoTpeHa u npoaHanusvMpoBaHa npobnema CHUXeHUs pasaMepHOCTU
NPU3HaKoB B 3agadvax Kraccuukaumm MeguuMHCKMX N300paxeHnin c
Mcnonb3oBaHMEM MeToda [NaBHbIX KOMMOHEHT W OueHeHa ero
3(PPEKTUBHOCTD.
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Medical Images of Breast Tumor Diagnostics with Applic Ation of Hybrid
Fuzzy Convolutional Networks

Galib Hamidov, Yuriy Zaychenko

Abstract: The problem of classification of breast tumors on medical images is
considered. For its solution hybrid fuzzy CNN network is developed in which
convolutional neural network is used as feature extractor while fuzzy neural
network NEFClass is used as classifier. Training algorithms of FNN were
developed and implemented. The experimental investigations of the suggested
hybrid network on the standard data set BreakHis were carried out and
comparison with known results was performed. The problem of data
dimensionality reduction is considered and application of PCM method is
investigated.

Keywords: medical diagnostics, breast cancer classification, FNN, CNN, hybrid
network

ITHEA Keywords: |I. Computing metodologies 12. Artificial intelligence, 16.5.
Model development
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WCCNEQOBAHUE HEYETKMX HEMPOHHbIX CETEU C
PA3NTIMYHBIMU AITTOPUTMAMMU BbIBOOA B 3AO0AYAX
NMPOMrHO3UPOBAHUA HA PbIHKAX LLEHHbBIX BYMAI

Toduk Kasumos, KOpun 3anveHko

AHHOMayus. B cmambe paccmampugaemcsi rpobrema rnpo2Ho3uposaHusi Ha
pUHaHCO8bIX pbIHKax € UCMNo/Ib308aHUEM HeYemKux HelpoHHbIx cemel (FNN).
Ans amoeo npednazatomcs HeUPOHHbIE cemu C pasfiuYHbIMU anzopummamu
MamdaHu, Llykamomo u CyeeHo. PaccmompeHbl cmpykmypa amux cemel u
aneopummbl 8bigoda. [IposedeHbl 3KcriepuMeHmarbHble uccriedosaHusi
moy4yHocmu npozHo308 FNN, npedcmaesneHo u rpoaHanu3upo8aHo CpasHeHUe
ux agbghekmusHocmu rpu fnpo2Ho3Upo8aHUU UeH akyuli U UHOEKCO8 PbIHKO8 Ha
oHOo8bIX bupxax. bbinu paspabomaHbl U uUccriedoeaHbl an2opummeal
obyyerHusi FNN. YyscmeumernbHoCmb mMOYHOCMU rpo2Ho3a 8 3asucumocmu
om arneopumma 8bigoda, Kosnudyecmea 6xo0008, ripaesus U Kosrudecmea
umepauyuu bbina uccriedosaHa u cpasHeHa 0nsi pasnudHbix FNN.

Key words: financial markets, forecasting, fuzzy neural networks

ITHEA Keywords: |I. Computing metodologies 12. Artificial intelligence, 16.5.
Model development

BBepeHue

B nocnegHue rogbl HeYeTKME HEWPOHHble CeTM MOMyYunvM  LUMPOKMe
NMPUMEHEHNA B pPasfMYHbIX 3agadax BbIMUCIUTENBHOIO WHTennekra. Wx
NUCMonb30BaHME ONpedensieTcd ux cnegylwmnuMm  BaXHbIMKM  CBOMCTBaAMM
[3anueHko, 2008], [3ryposckun, 2013]:

1. Bo3MOXHOCTb paboTbl B HEYETKOM N HEMOMNHOW MHgopMaunn, a Takke

KadeCTBEHHOW MHpopmaumu;
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2. Wcnonb3oBaHne 3KCMepTHOW MHMopMauMM B BUOE HEYETKUX MpaBun
BbIBOAA;

3. OHM ABNAIOTCS YHMBEPCAnbHbLIMU annpkcMMaTopamMu, T.e. CMOCOGHbI
annpkcMMmMpoBaTb C  MPOM3BOSMIbHOM  TOYHOCTBIO  HenpepbiBHblE

orpaHuYeHHble PYHKLUUN OT N NEPEMEHHbIX.
BmecTe ¢ Tem oHM 06nagatoT psAoOM HeOCTaTKOB, @ UMEHHO:

e 0aza He4YyeTKMX nNpaBU/l  MOXET  oKasaTbCA  HEMOSHOM UMK
NPOTUBOPEYNBOW;

e (OYHKUMM NpUHAONEXHOCTM W WX MapameTpbl, KOTOpble 3aJaloTcs
3KCNepToM MOryT oKasaTbcsl HeaaeKBaTHbIMU pearnbHbIM

mMmogenimpyemMbiM npoueccam.

[na ycTpaHeHus ykasaHHbIX HeOCTaTKOB MX Heobxoaumo obyyaTb. [ns aTtoro
ncnonb3yeTcs Lenbli apceHan anropMtMoB 0Oy4YyeHuUst MHOTMe Ku3 KOTOpPbIX
Obinn paspaboTaHbl ONA OObIYHBIX HEWPOHHbLIX ceTen [3ryposckun, 2013],
[Bodyanskiy, 2009], [3anyeHko, 2017].

B HacTtosiulee Bpemss paspaboTaHbl pasnMyHble  CUCTEMbl  HEYETKOro
noruyeckoro BbiBoga u HHC, oTnunyatowimecs anropuTmamm He4YeTKoro BelBoaa
n obnagawowme pasHbiMM NPOTrHO3MPYOLWMMU  BO3MOXHOCTAMK.  Llenbto
HacTosillen paboTbl SABMNSIETCA WUCCneaoBaHWe W CPaBHUTENbHbIA aHanus
9(PPEKTUBHOCTM pPas3NUYHbIX anropuTMOB HEYeTKOro BbIB oda B 3agadax

NPOrHO3NPOBaHUS Ha PbIHKaX LieHHbIX Bymar.

OCHOBHbI€e 3Tanbl HEYETKOro JIOrM4YecKoro BbiBoga

Mcnonb3yembii B pasHbIX 3KCMEPTHbIX M YNpaBnsalLWMX CUCTEMAX MEXaHU3M
HEeYeTKNX BbIBOAOB B CBOEN OCHOBE WuMeeT 0asy 3HaHun, dopmMupyemyro
cneuyvanuctamm npegMeTHonW obnactTu B BMAE COBOKYMHOCTU  HEYeTKMX

npeauvkaTHbIX Npasun Buaa [3andeHko, 2008]

I1, :€CNN X eCTb A, TO y €CTb B, ;

I, :€ClM X €CTb A,,TO y €CTb B, ;
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I, :€crn X eCTb A ,TO y eCTb B, ,
roe x, x e X — BXOOHas nepeMeHHas (MM ANna U3BeCTHbIX 3HAYEHUN OaHHbIX);
y,yeY — MepemMeHHas BbiBoAa (MM AN 3HadYeHWUst OaHHbIX, KoTopoe OyaeT
BbluMcneHo); Ai n Bi — yHKUUN NpUHALNEXHOCTN, 3aaHHble COOTBETCTBEHHO

Ha MHOXecTBax X MU Y.

MpuBenem Gonee getanbHoe MOSICHEHWE. 3HAHUS 3KCMepTa A — B OTpaxaroT
HeYyeTkoe MNPWYMHHOE OTHOLLUEHWE NPEANOCHLINKA (aHTeuedeHT) U crneacTBust
(KOHCEKBEHT), MO3TOMY €ro MOXHO Ha3BaTb HEYETKMM OTHOLLUEHUEM U

0603HaunTb Yepes R:

R:A—>B,

rae « — » HasblBalOT HEYETKON UMMNUKaLNEN.

OTHOWeEHNE R MOXXHO paccmaTpuBaTb Kak HeYeTKoe MOAMHOXECTBO MPSIMOro
npou3BeaeHns X xY MOMHOrO MHOXEeCTBa MNPEAnoCbIIOK X W BbIBOAOB Y .
Takum obpasom, npouecc nonyyeHus (HEYETKOro) pesynbTaTa BbiBOAA B’ C
MCNONMb30BaHMEM [OaHHOro HabngeHus A’ U 3HAHUA A —>B  MOXHO
NpeacTaBuTb B BMOE KOMMO3ULMOHHOIMO npaBuna — HeyeTkun «modus

ponensy:
B'=A'eR=A"e(A—>B),
rae «e» — onepauus CBEpTKM.

Kak onepauuto KoMno3nuum, Tak n onepaumio MMnavkaumm B anrebpe HeyveTknx
MHOXECTB MOXHO peanu3oBbiBaTb No-pasHoMy (Npu aTom ByaeT pasnuyaTbea u
noslyyaemblin pesynbtaTt), HO B fbOOM crydae obWurM NOrMYeckun BbIBOS,
OCYyLLECTBNSAETCA 3a cneaylowme YyeToblpe atana [3anyeHko, 2008],

BeeneHune HeuveTkocTy (hasandukauma —fuzzification).

(DyHKLI,I/II/I npuHagnexXHocTn, onpeaeniedHble Ha BXOAHbIX MNEepeMEHHbIX,
NPUMEHATCA K UX (baKTI/I‘-IeCKVIM 3Ha4YeHnaAM aOna onpegeneHna cTteneHun

NCTUHHOCTW KaXKAoW NpeanocbInkn Kaxaoro npasuna.
2. llornyeckumn BbiBog. OH COCTOUT M3 ABYX NOA3TAMNoOB.

2.1. Ha nepBomMm M3 HUX onpegendaeTca creneHb MCTUHHOCTU BCEWN COBOKYMNMHOCTHU

npeanocbInok npasuna. [na atoro NCNOJIb3yeTCAd onepaund nepeceyveHuA.
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2.2. Ha BTOpOoM nopaatane onpenendeTca BbIXO4 KaX4oro npasuna nUcnosb3yd
HEeYeTKUA IOrnM4yeckur BbIBOA W OMNpedenisieTcs CTeneHb €ro BbINOSHEHUS
(MCTUHHOCTM). [na 3TOro Ucnonb3yeTcsl onepaums HEYeTKoro nepecevyeHust
yCIioBUI 1 CreacTBus npasuna.

B kayectBe npaBun NoOrmYyeckoro BbiIBOAa OObLIYHO WCMONBL3YHTCA TOMBKO
onepauun min (MUHUMYM) nnn prod (YMHO>XEHWE). B nornyeckom BbiBOAE
MUHUMYMA dyHKUMS NpUHAANEXHOCTU BbiBOAA «OTCEKaeTCA» Mo BbICOTE,
COOTBETCTBYHOLLEN BbIMUCNIEHHOW CTENEeHU UCTUHHOCTWU NPEeanoChISKK npasuna
(HeuyeTkaa nornka «W»). B normyeckom BbiBoge YMHOXEHUA dyHKumMs
NpUHaLNEeXHOCTU BbiBOAA MacwiTabupyetca npu MNOMOLWM  BblHUCIIEHHON

crteneHn MCTUHHOCTU NpeanocCbly1KX npasuma.

3. Komnosuuma. Bce He4yeTKMe NOOMHOXECTBA, Ha3HaAYeHHble K Kaxkaomn
nepeMeHHoOM BbiBOAA (BO BCex MpaBunax), o0bednHATCS BMeCTe, YTOObl
cchopmMmpoBaTb OAHO HEYETKOE NMOOMHOXECTBO AS151 BCEX NEPEMEHHbIX BbIBOAA.
Mpn nogobHom o6beanHeHMn OObIMHO UCMONBL3YITCHA onepauun  max
(MAKCUMYM) wunn sum (CYMMA). Tlpn «komnosvuun MAKCUMYMA
KOMOVHMPOBaHHbIA BbIBOL, HEYEeTKOro MOAMHOXECTBa KOHCTPYMpYyeTCHa Kak
NOTOYEYHbIA MAKCMMyM MO BCEM HEYETKMM MOOAMHOXECTBaM (He4yeTkasi normka
«UMN»). Tlpn komnosnuum CYMMbl KOMOMHMPOBAHHbLIA BbIBOL4 HEYETKOro
nogMHoxectBa QOPMUPYETCA KakK MNOTOYeYHass CymMma MO BCEM HEYETKUM
NoAMHOXeCcTBaM, Ha3HA4YeHHbIM NePEMEHHON BbIBOA4A NMpaBuiaMmn NIOrm4eckoro

BbIBOAA.

4. NpuBeaeHue K YeTKOCTU (nedassungpukauyms—defuzzification).
Mcnonb3yeTcda, ecnum HyXHO npeobpa3oBaTb HeYeTkMn Habop BbIBOOOB B
yeTKoe Yncno. CyllecTByeT 3Ha4YNTESNIbHOE KONMYECTBO METOA0B NpUBEeAEHNS K

YEeTKOCTM, HEKOTOPbIE N3 KOTOPbIX PACCMOTPEHbI HUXE.

I'Ipumep. nyCTb HEKOTOpaAa cuctema onucbiBaeTca crneayrmMmmn He4YeTKMMun

npaBuiamMmn:

I1, - €Cnn X eCTb A, TO z €CTb D,
I, .ecnn y ectb B, T0 z eCTb E |
I, :ecnmw eCtb C, TO z eCTb F
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roe x,y U w — MMeHa BXOOHbIX MEePEMEHHbIX; z — UMS NEePEMEHHON BbIBOAA,
a AB,C,D,E,F — 3ajaHHble QYHKUMN MpPUHAONEXHOCTN (TpeyrosibHOWu
dopmbl).

Mpouedypa nony4YyeHUs NOrMYECKOro BbIBO4A NOKa3aHa Ha  puc. 1.

MpegnonaraeTcs, 4TO 3adaHbl KOHKPETHble (YEeTKME) 3HayYeHUs BXOOHbIX

MEePEeMEHHbIX: X,,Y,, Z, -

Ha nepsomMm 3Tane Ha OCHOBaHMMW [OaHHbIX 3Ha4YeHMn n mncxogs u3 (*)yHKLI,VIIZ

NPUHAASIEXXHOCTU A, B,C HaxXOAAT CTENEHU UCTUHHOCTU a(X,),o(Y,) W a(w,) ANs

NPeanochifioK Kaaoro M3 Tpex npuBedeHHbIX npasBun. Ha BTopom 3aTane
NPOMCXOOUT «OTCeYeHVe» OYHKLMIA MPUHAANEXHOCTW BbIBOAOB Npasun (D, E,F)
Ha YPOBHSX a(X,),a(y,) W a(w,). Ha TpeTbem aTane paccmaTpmbaoTcst (OyHKLN
NPUHAANIEXXHOCTH, YCeYeHHble Ha npedblaylwem 3Ttane, WU NpoBOAUTCA WX
obbeavHeHMe C WCMOMNb30BaHWMEM oOnepauuyM max, B pesynbTaTe Yero
nonyyaetcss KOMOWHMPOBAHHOE HeYeTKkoe MNOAMHOXECTBO, OMUCbIBaeMoe
bYHKLMEN NPUHAANEXHOCTU 1 (z) U COOTBETCTBYIOLLIEE NTOTMYECKOMY BbIBOAY AN
BbIXOAHOW NepemMeHHol z. HakoHel, Ha 4eTBepTOM 3Tane npu HeobXOAMMOCTM
HaxoOsT YeTKoe 3HaYeHue BbIXOAHONM NMepeMeHHON, Hanpumep, ¢ NPUMEeHEHNEM
LEHTPOMOHOIO  MeToga —  YeTKoe  3Ha4YeHUe  BbIXOOHOM  MepeMeHHoW

onpefensieTcs Kak LEeHTP TSHKECTU AN KPUBOW i (w) :

IZMZ(z)dz

° @dz

An ropuTMmbl HE4YeTKOro BbiBoaa

PaCCMOTpVIM Hanbonee npuMmeHsaemble anroputMbl HEYETKOro BbiBOAA, ANA
NPOCTOTbl CHUTAA, YTO 0asa 3HaHun COOEePXUT ABa HEYETKNX NpaBuinna Bnaa

I, :€ClM X eCcTb A N y €CTb B,, TO z €CTb C,;
I, . €CAM X eCTb A, Uy eCTb B,,TO z €CTb C,,
A€ X Uy — WMMEeHa BXOAHbIX NMEPEMEHHbIX; z — WMsi NMEPEMEHHON BbIBOAA;

A.B,.C,, A, B,,C, — HEKOTOPblE 3aAaHHble PYHKLMM NPUHAOIIEKHOCTY.



350 International Journal “Information Theories and Applications”, Vol. 27, Number 4, © 2020

AﬂrOpVITM HeyeTKoro Bbieoga MamagaHu

[ aHHbIN anropnT™M COOTBETCTBYET PAaCCMOTPEHHOMY MpUMepy Ha puc. 1.

[MTpasuno I:
1y 1
‘ A

[NpaBuno 2:
1y p
] I~ 01(_];0') E/—\

[TpaBuno 3:
M L
] -

Us (W) I3

Komnozuuus
U MPUBCICHHE K YETKOCTH:

Pwuc.1. Anroputm HeveTkoro BeiBoga Mamaaxu
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Mpn 3TOM OH MaremaTMyeckm MOXeT ObiTb onmMcaH crneaylowmm obpasom
[3anyeHko, 2008], [3ryposckun, 2013].

1. BBegeHne HeyeTkocTU. HaxoOAT cTeneHuM MCTMHHOCTWU ANnst NPeAnocbinok
Ka)kaoro npasuna:

A1 (Xo), A2 (Xo0), B1 (¥0), B2 (yo).

2. Jlorndecknii BbiBOA. HaxoasitT ypoBHM «OTCEYEHMsI» AN Npeanocbiniok
Kaxxgoro n3 npaeun (¢ ucnono3osaHnem onepaumm MUHVMYM):

oy = A(X) AB(Yo)s
o, = A (%) A By(Yo),

roe vepes « A» obo3HaveHa oriepauusi norm4eckoro MmHMMyma (min). 3atem

HaxoasaT «yceveHHble» PYHKLMN NPUHAANEXHOCTU BbIXO4OB NpaBu:

Ci = (o, AC(2)); C; =(a, AC,(2)).

3. Komnoauuus. MNpoBogutca obbeanHeHne HanaeHHbIX yceYeHHbIX (OYHKLUIA C
ncnonb3oaHmem onepaunn MAKCUMYM (max, o603HayeHHasn ganee Kak «v
»), YTO MNPUBOOUT K MOSIYYEHUIO MUTOrOBOrO0 HEYeTKOro nogMHOXecTBa AJis
nepemMeHHOM Bbixoda C PYHKUNEN NPUHAASIEXHOCTH:

15(2) =C(2) =C/(2) vC3(2) = (04 AC,(2)) v (0, AC,(2)) - 1)
4. MNpuBepeHne Kk 4eTkocTu. lMpoBoauTcs ANS HaXOXAEHWs z, , Hanpuwvep,
LLEHTPOUAHBIM METOLOM.
Iz-yz(w)dw
¢l
[ 14 (wyatw
Q
2.2 Anroputm HeyeTKoro BbiBoaa LlykamoTo
NcxogHble nocbinkv —  kak Yy npegplaywiero  anropMtma, HO  3[ecb

npegnonaraeTcs, YT0 (PYHKUMU C,(z),C,(z) ABNAIOTCA MOHOTOHHbLIMU (puUC. 2)

[BanyeHko, 2008], [3ryposckui, 2013]:

1. BBegeHue HeveTkocTU (kak B anroputme MamaaHnm).
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2. HeyeTkun BbiBoA. CHavana HaxoOAT YPOBHU «OTCEYEHUA» o, U a, (KaK B

anropntmMme MaMﬂ,aHl/I), a 3arteM pewarT ypaBHEHUA!

o, =Cy(z)) W a, =Cy(z,) .
I_Ipl/l 3TOM onpeaendrT 4YeTknme 3Ha4eHuA (Z1 n Zz) Ana KaXxgoro mcxogHoro

npasuna.

3. OnpegensioT 4yeTkoe 3HayeHne nepeMeHHOW BbiBOAa (Kak B3BeLUeHHOoe
cpegHee z U z,):

7 _ 44 0,7,
) = ——=2=.

o, +0,

B obwem crnyyae AMCKPETHbIA BapuaHT LEHTPOMOHOro MeToda peanuayeTcs
Tak:

[TpaBujyio 1:
U M n
l B AI i BI " CI
0,7 \
0,3 0,3
|
X Yoo og=8 z
. =
[IpasBuno 2:
u it H
l Az B B‘) B C2
0,6 0.8 :
‘ (.6
Xy X Mo y 7, = 4 Z

Puc. 2. Anroputm LlykamoTo
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2.3 Anroputm He4yeTKoro BbiBoga CyreHo

CyreHo n Takarn ucnonb3oBanu Habop npaswun B cregyowen dopme (Kak un
paHee, NpMBeaeM NpuMep ABYX NpaBun):

I, :€CNN X eCTb A MY eCTb B, TO z =ax+hy;
I,: €CIN X eCTb A, U Y €CTb B,, TO z, —a,x +h,y .
OnucaHue anroputma (puc. 3.):

1. BBegeHne He4eTKOCTH (kak B anroputme MampgaHnm).

7] i H
A, A —
T T e o S s
1 > i -
H y = ax thy, w
E
Rule 2 E
Hy Hy AL
1 AE B
fo A
...... i 1% .
5
E i
. L o * -
g X Ya Y 27 = Akt by W

Puc. 3.

2. Heuetkmn BbiBoA. HaxoOaT o, =A()*B(Y,) » o =A)*B,(Y,) MU

I/IH,D,I/IBI/IJJ,yaJ'IbeIe BbIXOObl NpaBui:
Z, =X, +by,,

Z'2 =&,X, +bzy0'
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3. OnpegensioT 4YeTkoe 3HaA4YeHMe MEepPeEMEHHON BbiBOAA LEHTPOMAHBIM
METOOM:

_ Z + 0,2,

o =———— . 4)

o, + a,
2.4. Anroputm HeuveTKoro BbiBoaa JlapceHa

B anroputme JlapceHa (Larsen) HeyeTkas UMNAMKaUMs MoZenupyeTcsi C
MCMNONb30BaHNEM onepaTopa YMHOXEHMUSI.

Onucanue anroputma (puc.4):
1. BBegeHue HeyeTKoCTM (Kak B anroputme Mamaann).

2. HeuveTtkun BbIBOA. CHa‘—laﬂa, KaK B ariroputme CyreHo, HaxogAT 3Ha4YeHU4A:
oy = A (X)) AB(Yo) =A%) B(Y,)

o = A (%) A B, (Yo) = A (%) * B, (o)

a 3atem onpenendtoT 4YaCTtHble BbIXOOHblIE HEYETKME NMOAMHOXECTBA:
o,(C,(2)) , a,(C,(2)).

3. Komnoauumsa. MNMpoBoauTca KOMNO3MUMS BbIXOAOB MpaBurl, Kak B anroputme
MamaaHu ¢ uncnonb3oBaHuem onepaumm MAKCUMYM (max, obosHavyeHHasi
Aanee kKak « v »), 4YTO MNPUBOAUT K MOMYYEHUO WTOMOBOrO HEYETKOro
NogMHOXeCTBa 4S5 NepeMeHHON BbIxoda C yHKUMEN NPUHALNEXHOCTH:

1, (2) =C(2) =C/(2) vC4(2) = (0, AC,(2)) v (at; AC,(2)) - (5)

4. MNpuBepeHve k 4eTkocTu. lMpoBoauTCcs AN HaAXOXAEHWS z, , Hanpuvep,

0 !

LEeHTPOMAHbIM MeTOA0M, Kak B anroputme Mamgaxu, popmyna (2).
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[TpaBuio 1:
u i
1 A, - B,
0,7 //\\
X Yoo
[TpaBuio 2: &
u i it
1 A, B, B o
s
Xy X Yo ¥
[S230 N
Puc. 4.

pagneHTHbLIN MeToA OOYy4YeHUS HeYEeTKUX HEUPOHHbIX ceTeun

Paccmotpum HHC ¢ anroputmom BbiBoga LlykamoTto. CTpykTypa 3TOM CeTu
npuBegeHa Ha puc.5.

}
C
I
I I | |
v, vV, Vs v,
| | I |
R, R, R, R,
[ 1 | |
| — | I
My M) 1 | M M4
M3 Mg M1 M2z
| | | | | |
X, X,

Puc. 5. Ctpyktypa HHC c BbiBogom LlykamoTto
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Moaynu x, U x, 34eCb NPEACTaBMSAOT BXOAHbIE NEPEMEHHbIE, Y OHW MOChINaT
CBOM 3HAYeHMs1 B CBOM 1 -MOAYIMW, KOTOpble coaepxaT cooTBeTcTBytowme Orl.

-MOAYyNM cBsi3aHbl C R-MoAynsiMu, KOTOpble MpeacTaBnsioT cobow HeyeTkue

npasuiia «ecrin, To».

Kaxgbin u-Moayrnb nepefaeTr BCEM CBSA3aHHbIM C HUM R-mMoaynam 3HaveHust
O p,(x) ee BXOOHOW BeNMUYMHbI x . R-mMoaynb MCMOMb3yeT onepauuio
nepeceyeHns 1 HaxoanT minfu,(x)} U NepeaaeT 3TO 3HayeHue Aanblue B v-
MOAynNb, KOTOpbIn cogepXxut @I, onucbiBaloWwyo BbIXOOHbIE 3HAYEHUS. v-MO-
AyIb, NCMOMb3YA MOHOTOHHbIE (DYHKLMW NPUHAANEXHOCTU, BEIYUCTIAET . N v7(r,)

n nepepaetr ux B C-moaynb, KOTOPBIA BbIYUCNSET WTOrOBYH BbIXOAHYHO
nepemMeHHyto — ynpasnstowiee Bo3genctene C MCNonb3ysa anropuTMm LEHTpa
macc (COA),

e N— 4ucrno npaBun BbIBOAA; r — CTEMNeHb, C KOTOPOW MpaBuio R
BbiNosnHsieTcs. Kak HeTpyaHO 3amMeTuTb, CMCTEMa Ha puc. 4 HanomMuHaeT
nocnegosaTenbHyl0 MHorocrnoviHyto HC, roe x-, R- n C-moaynu BbINOSMHSIOT
YHKUUN HENPOHOB, a p- M v-MOAYNM UrpaloT pofb adanTupyeMbiXx BecoB

CcBA3en ceTu.

Mycte ®I1 i-ro ¢ - moayns, KOTOpbIN CBs3aH C npaBuiiom R, onucbiBaeTcs
Takum obpasom

i (%) = exp {_%*(X';—?'k)}

(6)

rae a, , o, - NapameTpbl I, KOTOpbIe ONpeaensTCsa B NpoLecce obyyeHus.

Vv, - COOTBETCTBYIOLLWI BEC BbIXOAHOW CBA3N (R C)c crneaytowen Ol

2
l* (Yi - ak)
2 o; ’

[MycTb nepeceveHne ycnosumn npasun onpegensieTca B popme npomsBeeHuns:

1 (Y;) :eXp{_
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ak:ﬁ:uik(xi):exp{_i%'(xi;_—?ik)} : (7)

i-1 ik
[onycTnm, 4YTro Mbl UCMONb3yeM LIEHTPOUAHbLIM MeToq (has3udukauuun. Torga
obLwmin BbIXoa ceTn oTnpeaenseTcs Tak:

szak
_x
Zak
X

[donycTtnm, 4To B BbiIXxOA4ax NpaBun ncnosnbdyetca MoHoToHHas ®I1 C(z). Toraa

Zy

Z OMpefienseTcs kak peLueHne CrefyloLUero ypasHeHms

C(z) =, (8)

roe

Ck(Zk)=em{—%*%}, 9)

Pewas ypaBHeHue:

Haxoaum gBa KOpHS:

MepBbI KOPEHD:

1*
z1k :ak—‘/ZInE O'k.l

OH HaxoauTCcA Ha 4YacTu KpuBow rae rpaduk z,(a,) MOHOTOHHO BO3pacTaeT, a

BTOpPOW - £y, rae rpacpyk MOHOTOHHO cnagaerT.

MycTb KpuTEepun obyyeHns nmeet Bua E(z) = %(z0 —7*)> > min,

re Z* - XXefaeMbl BUXO[,; Zo — BbIXO[ CETH,

Torga Mbl HAXOAMM crieayroLLme NPOn3BOAHbIE KPUTEPUSI MO NapaMeTpaMm:
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oE Ok 0z, 0z, _+(Z —z*) a,
- 0

da, 0z, 0z, 08, 3
ay
k=1
Ha MOHOTOHHO BO3pacTalLen YacTn KpUBOW:
OoE _ Ok, 0z, 0z, =—(ZO—Z*) Kak . 2In£, (11)
oo, 0z, 0z, 0o, Za a
& k
Ha MOHOTOHHO cnagaroLlen 4acTu:
oE 1
=2y - %) g [2In = (12)
0o, o, a

k=1

[ns BXOAHbIX U - MOAYNen Haxoaum
)
Lip 0= 2., IR _
E—%aﬁaak —+(ZO-Z*)H,HeXp{_ (Xi a'ik) }'(Xi a'ik)

da, 0z, 0oy 0oty

OE OE 0z, O,
oo, 0z, Oc, OOy,

DD, ‘“’)

z-) 7

Torga rpagmeHTHbIn anroputm obydeHns HHC LlykamoTo nmeeT crieayrowmm
BUA;

[1nsi cBs3en BbIXOQHOro Cros

8, (n+1) =a,(0) - 7, <= = &, (n) - 7, (2, — 2%) =

oa, Zk a, (14)
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, OE
Ui(n+1)=0k(n)—7/n£=
k
(15)
S 1
=027, - 2) 5 2 -
K~k k
ANS BXOAHbIX 4 - MOAYNen
oE .
aik(n-l_l):aik(n)_}/nzEzaik(n)_%n(zo'Z ):
ik
@z, Y a =) 1, - (16)
. k(k zk: ‘ zk:k kj_(xi'aik)
2 2
[zakj Oi
X
) ak[zk'zak_zzk'akj (x -a,)
o (N+1) =0y () -7, (z,-25 ) ‘ ; e (17)

roe 7/n,7/n1,7/n2,7/n3 - pasmep Lara crnycka.

3KcnepumeHTaanble unccrieagoBaHudA N aHanu3 pe3ynbTaToB

C uenbio NnpoBegeHns uccrnegoBaHnin 6oein paspaboTaH NPorpaMMHbIN NPOAYKT
Ha 43blke nporpammupoBaHMmus Python B cpepe JetBrains PyCharm. OH
no3BonsieT MoAenMpoBaTb paboTy HeyeTkux HenpoceTern Mamaanu, LlykamoTto

n a CyreHo, ocyLLecTBnATbL nx 0bydeHne n BbibupaTtb napameTpbl I,

B kayecTtBe MCXOOHbIX [aHHbIX Ans  NpPOrHo3mpoBaHWs Obin  BbiBpaH
npombIwneHHbIin nHaekc Joy OxoHca (Dow Jones Industrial Average (DJl)).
[aHHble 6binun B3sThl N3 Be6-pecypcey https:// www.investing.com/indices/us-30.
Bcero 6binn BoibpaHbl 80 3Ha4YeHu nHgekca B nepuog c. 2019-01-11 no 2019-
05-07.

lMporHo3 ocyuwlecTenanca no nepemeHHon Price. Ha atane noaroTtoBKTU
AaHHbIX 3HayYeHus wuHaekca (Price)Hopmupytotca B uHTepBane ot 0 go 1.
KpuTepmnsammn oueHkn KadyecTtBa nporHosa BblopaHbl MSE (Mean Squared Error)
n MAE (Mean Absolute Error).

AHanus u CpaBHEeHUe NnoJjiy4eHHbIX pe3yibTaToB
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CpaBHeHVe pasfnnyHbiX anropuTMOB npoxoauno npu BapbUpPOBaHUU
cnepywoLMx napaMeTpoB:

— COOTHOLWeHMe oby4atoLlern BbIGOPKM K NPOBEPOYHON ;
— 4ucno Bxogos 6, yncno utepauymin: 100.

PesynbTaTtbl nNporHo3a Ans pasHbiX METOAOB MNpeAcTaBfieHbl Ha puc.6 N B
Tabn.l. A B Tabn.2 npuBeadeHbl 3HadyeHuss wmeTpuk MSE Ta MAE
COOTBETCTBYHOLMX anropnuTmMoB

Inference methods

see00 {4 — AL
mamdani
— R Ukamoto
204004 sugeno
26200 -
26000 -
25800 -
25600 -

Puc. 6. CpaBHeHue anroputmoB Mampanu, LlykamoTo Ta CyreHo



International Journal “Information Theories and Applications”, Vol. 27, Number 4, © 2020 361

Ta6bn. 1. PeanbHble ma NMPoO2HO3UpoOB8aHHbIe pe3ysibmambli uHOeKca

PeanbHble

25554.66|25702.89|25709.94|25848.87| 25914.1|25887.38|25745.67|25962.51
3HaYyeHus
Mampaaxu 25663.93|25578.39|25676.91(25690.09|25835.78| 25888.9|25861.08(25701.35

LlykamoTo 25530.06|25557.51|25657.21|25699.97|25789.46|25884.25|25883.06|25776.07

CyreHo 25663.13|25594.98|25691.98| 25682.7|25847.02|25882.16|25868.09|25704.95

Tabn. 2. 3HayeHuss MSE ma MAE e 3asucumMocmu om aji2opumma ebleoda

Mamaanu LlykamoTo CyreHo
MSE 0.000944 0.000999 0.001003
MAE 0.023519 0.025614 0.024212

CpaBHum paboTy MampaHu npu COOTHOLIEHUM OOy4vaniolen K NPOBEPOYHOM
Bblbopke 80%/20% wn pa3nnyHOM vncre utepauuin. Yucno BXogoB paBHoO 6.

B T1abn.3 nokasaHbl pe3ynbTaTbl MNPOrHO3WpoBaHuss, a B Tabn.4
COOTBETCTBYHOLLMNE 3Ha4YeHUs kputepues MSE n MAE.
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Ta6n. 3. CpaeHeHue peasibHbIX U MPO2HO3HbIX 3Ha4YeHul

PeanbHble
25554.6 | 25702.8 | 25709.9 | 25848.8 | 25914.1 | 25887.3 | 25745.6 | 25962.5
3Ha4YeHHA
10
. 25463.4 | 25504.3 | 25531.8 | 25646.8 | 25676.3 | 25807.5 | 25797.4 | 25718.1
nTtepauumn
50
. 25662.6 | 25565.4 | 25684.3 | 25685.7 | 25837.4 | 25886.1 | 25859.1 | 25702.0
nrtepauumn
100
. 25663.9 | 25578.3 | 25676.6 | 25690.0 | 25835.7 | 25888.9 | 25861.0 | 25701.3
uTepaummn
Ta6bn. 4. 3HavyeHHs1 MSE u MAE npu coomHoweHuu 80/20
10 ntepauyun 50 ntepauyun 100 ntepaummn
MSE 0.001653 0.000947 0.000953
MAE 0.035366 0.023586 0.023841
Cnegylowmm  3KCNEpuUMEHT WMen  aHanorMyHble BXOAHble AdaHHble, a

COOTHOLWEHNS oByyvatoLlen

K npoBepoyHon BbiGopke 50/50. B Tabn.5

npuBeAeHbl pes3ynbTaTbl NPOrHO3MpoBaHUs, a B Tabn.6 3HavyeHns MSE 1 MAE.
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Tabn. 5. Pe3ynsmambi Nnpo2HO3UpO8aHusi

PeanbHble

3Ha4YeHnA

24100.51

23592.98

23675.64

23323.66

22859.6

22445.37

21792.2

22878.45

10
uTepaummn

25456.96

24456.96

24066.91

23686.48

23391.21

23227.27

22795.13

22185.08

50
uTepaummn

24692.04

24160.58

23578.21

23768.85

23577.18

23017.44

22575.91

22028.06

100
uTepauum

24687.94

24139.37

23584.02

23790.99

23548.44

23011.34

22578.6

22012.83

Tabn. 6. 3HayeHussi MAE ma MSE npu coom HoweHuu 50/50

10 ntepauyun

50 ntepauyun

100 ntepaummn

MSE

0.003073

0.002744

0.002720

MAE

0.039513

0.035193

0.035167

B cnepytollem 3KkcnepumeHTe COOTHOLIEHME obyvarowleul K MpoOBEpOYHOrN

Bbl6opke 6b110: 30/70. Bce ocTanbHble napaMeTpbl OCTaBanmCb NPEXHUMN.

B 1abn.7 nokasaHbl pe3ynbTaTbl nporHo3nposanns HHC Mampanu, a B Tabn.8

cooTBeTcTBytoLme 3HavyeHns MSE ta MAE.

363
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Tabn. 7. Peaynbomamu npo2Ho3yeaHHs

Peankhble 25379.45|25444.34|25317.41|25191.43|24583.42|24984.55|24688.31|24442.92
3Ha4eHus

10 utepaunn  |25577.77|25520.29|25399.68|25466.77|25358.33|25012.06|24939.12| 24909.9
50 ntepaumn  |25712.71(25303.38|25437.78|25400.67|25252.11|24592.77(25139.71|24846.86
100 ntepaumn |25710.87|25356.81|25352.43|25408.75| 25294.8 |24616.37|25091.68|24875.04

Tabn. 8. 3HayeHusi MSE u MAE npu coomHoweHuu ebi6bopok 30/70

10 ntepauyum

50 ntepauun

100 ntepaummn

MSE

0.004609

0.003246

0.003428

MAE

0.052707

0.040476

0.040608

B nocnegHelt cepun 3KCNEPMMEHTOB NPOBEOEHO BapHbMPOBaAHMM 4ucra

BXOO0B npn pa3jindHbliX COOTHOLEHNAX o6yl-|a+ou4e|7| n I'IpOBepO‘-IHOIZ BbI60pOK..

B T1abnuue 9 npuBegeHsbl

3aBUCUMMOCTb NokasaHa Ha Puc.7 n Puc.8.

3HayeHus kputepuee MSE T1a MAE, a wux
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Ta6n. 9. 3HaveHuss MSE ma MAE npu pa3Hbix COOMHOWEeHUsIX 8bI60POK U

pa3HOM 4Hucirie exodoe

% 80/20 50/50 30/70

Bxoau 2 5 7 2 5 7 2 5 7

MSE |0.000967 | 0.000943 | 0.000934 | 0.002499 | 0.003059 | 0.002958 | 0.003139 | 0.003779 | 0.003561

MAE |0.023229|0.023613 | 0.023613 | 0.033441 | 0.038011 | 0.037819 | 0.039286 | 0.043735 | 0.042632

3.5

2.5 //./ +—2 Bxopa
2 // ——5 Bxopgos

1.5
/ 7 Bxopos
1 A |

0.5

80/20 50/50 30/70

Puc.7. 3HayeHns MSE npu pasHbix Bxogax n cooTHoweHusix Bbl6opok (x1000)

5.00
4.50

4.00 __—

3.50 /‘7

3.00 ' / —e—2 Bxoga
2.50 /

T —#—5 Bxogos
2.00
150 7 Bxopos
1.00
0.50
0.00
20/80 50/50 30/70

Puc.8. 3HaueHns MAE npu pasHOM 4ucne BXo4OB M COOTHOLLEHUAX BbIOOPOK
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AHannanpysa 3T pesynbTaTbl HA PUCYHKax MOXHO caenaTb BbiBOA, YTO Npu
yMEHbLUEHUN Aonn oby4varwlwlen BblIOOPKM  3HAYEHUs KputepueB pactyT (
TOYHOCTb Najaer).

Kpome ToOro, Havnydywume pesynbTaTbl NoKasanM HEWpoceT C HaMMeEHbLUUM
YMCNIOM BXOAOB. ATOT PaKT MOXHO OOBACHUTbL TEM, YTO MNpU YyBENUYEHUMU
yncrna BXOAOB CHOXHOCTb CeTu Bo3pacTtaeT u gns ee obyveHus Tpebyetca
Bornbllee Yncno utepaumn.

AHanuanpya pesynbtaTtbl MNPOrHO3MPOBAHUSA PasfUYHbIX HEWPOHHbLIX CeTewn
MOXHO caenatb BbIBOA, YTO Hambonee BbICOKYHO TOYHOCTb MPOrHO3MpoOBaHUS
nmeetr HHC c¢ BbiBOgOM MampgaHun, panee c nNpPUMMEPHO OOMHAKOBLIMU
pesynbtattamu cnegytoT HHC LlykamoTto n CyreHo.

BbiBOAbI

B pabote paccmoTpeHbl HHC ¢ BbiBogamu Mampganu, Llykamoto n CyreHo B
3ajaye NPOrHO3NpPOBaHUS. Ha pbiHKE LieHHbIX Bymar. PaccMoTpeHbl anropuTmbl
nx obyyeHus.

lMpoBeneHbl aKcnepuMeHTarnbHble UCCReAOoBaHUA HeYeTKUX HeupoceTen B
3agadve nporHo3mpoBaHus uHaekca [oy- [koHca Ha pblHKE LEHHbIX Gymar
NYSE. B npouecce akcnepMmeHTOB BapbUpOBasioCb COOTHOLWEHME Oby4vatoLlen
K NpOBEepoOYHON BbIOOPKE, YMCNO BXOAOB. B KayecTtBe KpuUTEPUEB TOYHOCTU
nporHo3oB ucnons3oBanuce MAPE wn MAE. WccnepoBaHnsa nokasanu

JOCTaTO4YHO BbICOKYHO TOYHOCTb NMPOrHO30B AOJ14 BCEX TUMNOB ceTen.

Mpn aTOM Hanbonee BbICOKYHO TOYHOCTL NPOrHo3a nokasana HHC ¢ BeiBogom
Mamaanmu.

B uenom no pe3ynbtatamMm nccnegoBaHUM MOXHO 3aKMiYUTb, YTO HedeTkue
HeVIpOHHbIe CeTn ABNAKTCA XOPOLWNM NHCTPYMEHTOM NMPOrHO3NpoBaHUA KypCoB
akuum mn 6I/Ip)KeBbIX MHOEKCOB Ha pPbIHKaX LEHHbIX 6ymar.
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Fuzzy Neural Networks Investigations in
Forecasting Problems at Stock Exchanges

Tofig Kazimov, Yuriy Zaychenko

Abstract. The problem of forecasting at financial markets with application of
fuzzy neural networks (FNN) is considered in this paper. For this aim neural
networks with different algorithms Mamdani, Tsukamoto and Sugeno are
suggested. The structure of these networks and inference algorithms are
considered. The experimental investigations of forecasting accuracy of FNN
were carried out and comparison of their efficiency in predicting of share prices
and markets indices at stock exchanges is presented and analyzed. The
training algorithms for FNN were developed and explored. The sensitivity of
forecasting accuracy in dependence on inference algorithm, number of inputs,
rules and iterations number was investigated and compared for different FNN.

Key words: financial markets, forecasting, fuzzy neural networks

ITHEA Keywords: I. Computing metodologies 12. Artificial intelligence, 16.5.
Model development
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YHUBEPCAIJIbHbIE PELUAKOLLUE NMPABUNA: MOOAOEPXKA U
NMPUHATUE PELLEHUW B 3A0AYAX PACNO3HABAHUSA,
AUWATHOCTUKWU, BbIBOPA, KITACCUDPUKALIUU

Kpucunos A.[l., Kpucunos B.A., YymaueHko B.B.

NMOCTAHOBKA 3AOAYN U UCXOOHbIE NONOXEHUA

o€ H1 NPOCBULLET FPO3HbLIN Mey,
['4€ KOHb ropsvnin HA NPOMYMTCS, ...

(A. MywKnH)

MpuHATHE N 06OCHOBAHME pPELLEHN ABNAETCA HEOTHEMIIEMOW YacCTbio LIENOro
psga 3agad, OTHOCMMBLIX K 06nacTm UCKYCCTBEHHOrO MHTennekra. B 3apgavax
Knaccudukauum n pacnosHaBaHus 06pasoB, B 3ajadax BblOOpa U OLEHKM
oKasblBaeTcs HeobXoaNUMbIM MPMHMMATL pelleHnst, 060CHOBbIBaTb BbIGOP U T.
A. (cm., Hanp., [1, 2] v gp.) B nogaensawowem uucne cryvyaeB peluaroLmne
npaBuna CTPOSATCA B NPeanosiokKEeHMM O He3aBUCUMOCTM  MPU3HAKOB,
COCTaBMSAOWMX ONUCaHME Pacrno3HaBaeMblX UMK aHanuanpyembix OOBLEKTOB.
XKenaHue y4yecTb 3aBUCMMOCTUN MeXAy aremMeHTaMun onvcaHusa Tpebyet BecbMa
BonbLlKxX 3aTpaT BPEMEHN U NAMATU U B UTOre NPUBOAUT, Kak NpaBusio, K yyeTy
NUWb nNapHbIX 3aBucuMocTen. Mano Toro, AOCTAaTOYHO pefkuMu SIBASIOTCS
crnydau, korga paspaboTuvku unu nonb3oBaTtenu obnagatT nHdopmaumen o
pearbHbIX BENMYMHAX YCIOBHbIX BEPOSATHOCTEN NOSBIIEHUSI MPU3HAKOB (ApYyr OT

[pyra) B pa3nuyHbIX NpoLeccax, B pacro3HaBaeMblx Knaccax etc.

B 1O Xe BpemMA OOBOJSIbHO TPyAHO NpenctaBuUTb 3adadvy, B KOTOpOIZ onmcaHune
pacno3HaBaeMbIX 00bekToB cknagbiBanocb 6bl n3 Npn3HakoB, HE3aBUCUMbIX B
COBOKYIMHOCTMW. B MeanumMHCKON nnm TeXxHN4YecKon gmMarHOCTUKe, npn mawimHHOM

YTeHUn TEeKCTa wnnm B MNpPUPOOO-OXpaHHbIX 3agadvax - BCoAY NPU3HAKK,
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COCTaBnsoLWmne onucaHne aHanuanpyemMblix 06bEeKTOB, CBA3aHbI APYr C APYrom
AOBOMbHO 60MbLUMMK  YCITIOBHBIMW BEPOSITHOCTAMMU NOSIBNIEHNSA-HENOSABMNEHMS
(cm. Hanp., [3, 4] n gp.). MNMpumeHeHne B 3TUX Crydasdx peLuarowmx npasun,
paboTaloLlmx C NpM3Hakamm Kak ¢ He3aBUCUMbIMU, MPUBOAMUT K ownbKam, Tem

6onblWMM, eCTECTBEHHO, YeM BorbLUe NPU3HAKM 3aBUCAT APYr OT Apyra.

Takum 06pa30M, cyweCtByeT 3adada: NOoCTPOUTb Takme pellaruine npasumna,

KOTO-pble B BO3MOXXHO 6Gonbluen Mepe yyYuTbiBanu Obl CBSA3M M 3aBUCUMOCTU

Mexay npusHakamum - 6e3 npuBlrie4eHnd TakKMX rpomMo3gkmx MeTonoB, Kak

NOMHbINA Nepebop N cxodHble C HUM.

MocTpoeHne Tpebyemon peltaroien yHKUMM (Mnn Habopa dyHKUUN) yoobHo
NpPoBECTN Ha NpuMepe 3adadn pacnosHaBaHusi/knaccudgukauum [5].

PaccMoTpuM MHOXECTBO noasiexallmx pacrno3HaBaHU0 CUTyauuii, COCTosILLEE
n3 S NOAMHOXECTB UIM KNaccCoB:

M={M}j=1,.S (1)

B Hawem cnyyae noHaTMe "knacc" obbeguHseT HEKOTOPYH COBOKYMHOCTb
obbekToB (cuMTyauun), Onsi KOTOPbIX OMNpedeneHo noHATue 65mM3ocTn unu
cxoacTea.

Kaxgbll Knacc onucbiBaeTCsi COBOKYMHOCTbIO MapamMeTpoB WU MPU3HAKOB
obwmm ymncrnom n. 3TO O3Ha4aeT, 4yTo B OOLLEM crydyae OnuMcaHue LaHHOro
Knacca (M JaHHOW cMTyaummn) BKoYaeT B cebs N KOMMNOHEHT:

Q={Q}i=1,.,n (2)

Kaxabln npusHak Q; B TOM UM MHOM OBbEKTE XapaKkTepusyeTcs onpeaeneHHoM
CTEMEHbIO BbIPAXEHHOCTU Vi, AN NpocToThl Byaem cuutaTb MNpPU3HAKK

ABOWNYHbLIMW, HA OOLLHOCTb HaLLMX I'IOCTpOGHI/II7I 9TO HEe NOoBJINAET.

O603HauYMM Kaxkayto aHanMaMpyemylo cutyauuto cumeonom fy, roe k - Tekywmmn
HOMep OaHHOM paccMmaTpyBaemon cuTyauum unu obbvekTa. [laHHasa cuTyaumus B
TepMMUHaxX Hallero onucaHus (2) BelpaxeHa cnegyrowmmM obpasom:

f« = {v1,..., Vi,..., Vn}. 3)
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ans NPUHATOIO ynpoLwleHnd obbekT fy npegcrtasrieH B TMPOCTpaHCTBE

npn3HakoB ABONYHbIM N-MEPHbIM BEKTOPOM.

3agada cocTouT B TOM, 4YTOBbI NOCTPOUTL pacnosHatowyo cuctemy W (B Buae
aBTOHOMHOrMO YCTPONCTBA WM NporpamMMbl), MOTYLLYIO NpUHMMaTh pelueHust 06
OTHECEHMM OYEepenHON aHanuanpyemow cuTyaumm K  onpenerieHHOMy
nogMHoxectsy M, n3 soipaxenus (1).

OTO 03HA4aeT, YTO HYXXHO HaWTW, cchopMMpoBaTb Takoe peLuaroLiee npasuIo,
Takoe KonmyecTBeHHoe o06OoCHOBaHMe, KoTopoe Obl Haunyywum obpasom
NO3BONAMO OTHECTU KaXAYK M3 paccMaTpuBaeMblX CUTyaUUn K TOMY WAn
nHomy knaccy. CnoBa «Hauny4ywmm o6pa3omM OTHECTU» O3HayalT, B
YaCTHOCTM, 4YTO OMTMMAalnbHOCTb peLLaLWKUX MpaBun SBNAETCA MNOHATUEM
OTHOCUTENBHBIM, U HY)XXHO Mpu3HaTb  ONpPeAEerieHHyK  3aBUMCUMOCTb
BblOMpaeMbIx (KOHCTPYMPYEMbIX) peLlatoLLmx npaBun OT Lenoro psaga BHELHNX
ycnosui. Cpeam Takmx ycrnosuin MoryT ObiTb TpeboBaHME MUHMMANbHOIO pucka
NN MakcumarnbHOW GrM30CTK K aTanoHy U T. 4. Hanbonee pacnpocTpaHeHHbIM
ABnsieTca TpeboBaHME COXPaHEHUA MUHUMAanNbHOMW oOwnbkM, TO ecTb
MaKCMMasnibHOM AOCTOBEPHOCTU [aBaeMblX CMCTEMOW OTBeTOB. B Hactoswien

paboTe yaensieTcsi BHUMaHNe UMEHHO TakuM peLuaroLLMM NpaBunam.

COCTABJEHUE ONMUCAHUA OB BEKTA U NPUHATUE PELLEHUIA

CnepBa npousBoanTcsa obydeHne cuctembl W pasnuueHunto npepgnonaraembix
KnaccoB, Hamnpumep, MyTeM rokasa peanbHblX W3BECTHbIX OObBLEKTOB WK

CUTyauMi 1 3aNOMUHAHWS UX XapaKTepUCTUK, T. €. (POPMUPOBaHNS STANOHOB.

B pesynbTate, onucaHve BHELUHErO Mupa B AOCTAaTOMHO MPOCTOM Ccryyae
MOXeT OblTb NMpeacTaBfeHo B HalleWn pacrosHarollent cucteme Habopom mnm

oQHOW 13 MaTpuL, Buaa
C, =[Py, (a)

rae CTPOKuM NpOHYMepoBaHbl NO j (Knacckl), a CTonbubl — No i (MpusHakn).

3pecb pji npeactaensieT coboit uMCno, Moryllee oTpaxaTb pasnuyHble

BENMNYUHBI: MHPOPMALMOHHBIN, YaCTOTHbIN, OMArHOCTUYECKUA (SKCMEPTHbIN)
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Unn Opyrov Bec i-TOro Npu3Haka Ans j-TOro Kracca, ero HeYeTKyl OLEHKY U T.
a. Kaxgas ctpoka aTot MaTpuubl NpeactaBnsieT cobon 3TarloHHoe onucaHue
knacca M;, KOTOPOE M HY)XHO XPaHUTb B NaMSATV YCTPOMCTBA U C KOTOPbIM OyaeT

CpaBHMBATbCA HEN3BECTHbIN paCHOSHaBaeMbIﬂ 00BbEKT.

3Ttan npuHATUA pelleHnss 06 OTHECEeHWM HEW3BECTHOW CUTyauum K TOMY WM

MHOMY Kraccy, COCTOUT B CIeAYHLLEM.

BxogHon BekTOp fi, (CcOocTOAWMA M3 eouvHUL, W Hynew, (BblpaxeHue (3)),
OLUEeHMBaAETCA MO CTEeNeHM CXOACTBA C KaXaoouh w3 CTpok matpuubl Cp,

BblpaxkeHue (4).

JTa oueHka (06o3HauuMm ee Xy — OLEHKa K-TOro BXOOHOro ObbekTa Ha j-ToM
3TanoHe) NPou3BoOANTCA MO TOMY UM MHOMY KPUTEPUIO U UMEET CMbICI MepPbI
6nm3ocT K AaHHOMY 3JTanoHy, CTEeNeHW CXOACTBA C HUM, BEPOSATHOCTU
NOPOXOEHNA OaHHOro BeKTopa AaHHbIM Knaccom v T. 4., - B 3aBUCUMOCTM OT
BbIOpAHHOrO xapakTepa onucaHust u apyrux obctositenbcTB. HaszoBem 370
YACNO  WHTErpanbHOM  XapakTEePUCTUKOM  [aHHOrO  BXOAHOro  obbekTa
OTHOCUTENbBbHO AaHHOrO 3TanoHa. B ynomuHaBLiemMcs paHee NpocTpaHCTBE
NPM3HaKoB 3Ta OLEHKA €CTb pPacCTosiHMEe MeXAdy KOHLIOM OAaHHOro BXOAHOro
BEKTOpa M TOYKoM (MnNu oGnacTbio), COOTBETCTBYHIOLLEN OMNUCAHWUIO OAHHOrO

knacca (cMm., Hanpumep, [5, 6, 7] v ap.).

Mocne BblYMCREHUS ij ana Bcex j OKa3blBaeTCA BO3MOXHbIM pearin3oBaTtb

cneaywuiee pellaruiee npasuio:

kaMj/Rf:e)Eterjn (5)

TO eCTb «AaHHbIAi OOBEKT NPUHAANEXUT MNOOAMHOXeCTBY M, ecnu oueHka
NPUHMMaET 3KCTpeManbHoe 3HayeHue (Ry) Ha aTanoHe ¢ HoOMepoM j». Ecnn mbl
OLEeHMBaeM B YyKas3aHHOM MPOCTPAHCTBE pacCTOsiHME 00 «uaeanbHOro»
npeacTaBUTeENst 4AHHOMO Kracca, 3KCTPEMYM AOMKEeH UMETb CMbICITT MUHUMYMa;
€CINn ULLEM BEepPOSiTHOCTb MOPOXAEHUs! OAHHOTO BEKTopa AaHHbIM KNaccom —

CMbICIT MAKCMMyMa U T. O.

Takum ob6pasom, pewatowee npasuno (5) TpebyeT HenocpeacTBEHHOrO
UYMCNEHHOrO OMpeaenieHnst CTeNeHM CXoACcTBa OaHHOIO HEU3BECTHOINO obbekTa
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nnn cutyaumnm C KaxabiM M3 3TAJIOHOB, 3alnaceHHbIX B MaMATU CUCTEMbI, U
YKa3blBa€T B Ka4eCTBe OTBe€Ta TOT U3 KIaccoB, C KOTOPbIM 3TO KOJIN4ECTBEHHO

M3MepeHHOEe CXOOCTBO OKa3blBAETCA HandonNbLLINM.

PA3HOBUOHOCTU PELLAIOLLNX NPABUIT U YYET 3ABUCUMOCTEN
MEXAY NPU3HAKAMU

MpuHaTue peweHna no npaswuny (5) gns cnydas, korga napameTpbl
paccMaTpuBaeMbIX cuTyauun nmerT BEPOSATHOCTHYIO npupoay,
uenecoobpasHo NponsBoauTb crnegyowmm obpasom [3, 5]:

f, €M, /R, =maxP(M, /f, )=max] [ p$", (6)
J J i

roe: P (M;/ f) — BEpOATHOCTb MpUHAONEeXHOCTU AaHHoro Bekropa fy K kmaccy
Mj;

pi" - paBHsieTca p; , ecnn v,=1u paBHsieTcs 1-pj, ecnu v,=03aech

noapasymeBaeTcs, YTO CUMBON Pj U3 BblpaxeHus (4) obosHavaeT BEpOATHOCTb
NOSIBNIEHNST LAHHOIO Mpu3Haka B NpeacTaBUTENIbHOM COBOKYNMHOCTU OGBLEKTOB

JaHHOro Kriacca.

OTmeTvM, 4TO B pewawwem npasune (6) BenuuuHa P (M; [/ fy),

noacynTbiBaemMmaa Kak npouvssegeHne AOnd AOaHHOro f« Bcex pj,“" npu

drkcmpoBaHHOM |, COBCTBEHHO, M npeAcTaBnseT cobon oueHky Xy U3
BolpaxxeHns (5). B Hawem cnyyae aTa BenMuMHa eCTb  CKanspHoe
npounsseneHne Bektopa fx (TO eCTb KOHKPETHOW BXOOQHOMW peanusauun) Ha j-Tyto
cTpoky matpuubl C,. OTMETMM Takke, YTO MpU BEPOATHOCTHOM MOCTaHOBKE
3agaun HeT Bornee BECOMbIX KpUTEPUEB ANSA NPUHATUS NPaBUMIBHOIO peLLEeHUs,
Yyem peluaroLee npasuno (6).

UTak, B BbipaxxeHun (6) BenuunHa Ry ykasbiBaeT Kracc, KOTOpbIA MO NOPOAnUTb
AaHHbIN BekTop fy ¢ Hambonblien BEpPOATHOCTbI, - €CNU MNpPU3HaKn Obinu

He3aBNCUMBbI.

[Onsa yyeTa 3aBMCUMMOCTEN MeXxOy npu3Hakamn BBeOeEM BTOPYK CTaautlo
obyyeHna [5, 6]. bymem cHoBa npegobaBnATb cucteme W MHOXECTBO
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N3BECTHbIX OOBEKTOB kracca M;u Ans Kaxaoro o6bekTa BelMUCHATh Xij, TO €CTb
ero OLeHKy Ha cBoeM 3TanoHe. [danee 6ymem dukcmpoBatb 4actoTy (Unu
BEPOSATHOCTb) MOSABNEHNS PA3NNYHbIX BENMYUH Xy

Pesynbtatom BTOpon ctagum obyveHuss ans gadHoro M; 6yget kpusas
pacnpeneneHnsa BeposaTHocTen (KPB) P(Xi;/M;) pasnuyHbIX oueHOK X BCex
npeabasBneHHblx fy € M; Ha aTanoHe cBoero knacca (3gecb € — CUMMBOI
npvHaanexHocTtn).. MocTynuB Tak Xe ¢ ApYrMMuK Kraccamu, nonyymm Habop

KPB ans Bcex nognexalimMx aHanu3y KnaccoB peLleHnn.

Tenepb AnNs NPUHATUS pelleHust MOXeT ObiTb NpeanoxeHo cnegywouwee

npaBuno:

fkeMj/RzszaxP(ij/Mj). )

30ecb pewenne npuHnMmaeTcAa He N0 MakCUMyMy OUEHKKU OaHHOro fx Ha gaHHOM
aTarioHe, a no MaKCUMyMy BEPOATHOCTHU AaHHOM OLEHKHN and

COOTBETCTBYHLLErO Kracca peLueHun [5].

AHanunanpya npouenypy OOyyYeHWs, MOXHO cKasaTb, YTO MEXaHWU3M
dopmumpoBaHus KPB BbISiBNSIET 1 3aKpennseT KONIMYECTBEHHbIE CBA3N MeXay
npu3Hakamu, UMeroLLMe MEeCTO BHYTPU OAHHOrO Kracca cuTyauui: ecrnn Kakune-
TO rpynnbl NPU3HAKOB SIBASOTCSA CBA3aHHLIMK, Gonee YacTbiMu (MM HaobopoT),
TO 9TO OTpasuTca Ha ¢opme cooTBeTcTByOWen KPB 1, 4to, cobcTtBEeHHO, M
BaXXHO, - ByageT y4dTeHo pelwarowmm npasunom (7). Pa3paboTyumk MOXeT He
3HaTb CYLLUECTBYIOLIMX YCMOBHbIX BEPOSATHOCTEW Mexay npusHakamu, -
BBOAMMAaa cTagus obyyeHus (M — COOTBETCTBYKOLLEE MPaBUIIO MPUHATUA

peLLeHns1) CHUMaIoT 3Ty Npobnemy.

Mo xapakTepy HEMOHOTOHHOCTU 3TUX KPMBbLIX MOXHO CyOuUTb O BeNuyuHe
3aBMCUMOCTEN Mexay npusHakamu (U, KcTaTu, wucnonb3oBatb KPB kak

WHCTPYMEHT Anga paboTbl C HUMK — OTOOpa, PpaHXMPOBaHUSA U T. 4.).

OpgHako atoro mano. Mbl MOXeM NPOAOSPKUTL BTOPYK CTagulo oBy4YeHus:
6ynoem B3BelwwBaTb 0ObEKTHI Knacca M; Ha aTanoHax/cTpokax OpYrux Krnaccos
(0603HauMMm ansa 3TOro cnyyas Tekylwme HoMepa pYrux Knaccos vepes i r =1,
.., S) n copmumpyem cootsetcTBytowme KPB. Tenepb onmncaHue Kaxporo
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KIitacCa MNOCTPOEeHO Kak Obl no npuHUuuny AOOMNoOJIHUTENbHOCTU, - B MaMATU
pemarou.leﬁ CUCTEMbI UMEIKTCSA Crenku cobbiTun, nponyweHHble He TOJ1bKO
yepe3 «CBoun» BXOAbl (B Hawem cny4yae — 3TO B3BeWMBaHME Ha CBOUX
3TaJ'IOHaX), HO N 4epes BXOAbl/3TanoHbl APYrnx Krnaccos, Kak Obl vyepes gpyrue

peLenTopHble kaHanbl. Mpy 3TOM cUTyaums SBNSIETCA CUMMETPUYHOW.

Tenepb 3TaJIOHOM KJlacca ABNAeTCA COBOKYMNMHOCTb
B; = {P(Xur / M)} (8)

KpmBbIX (QYHKUMIN) pacnpeneneHnss BEPOATHOCTEN OLEHOK Xy, BEKTOPOB 3TOrO

knacca (T. K. ] oUKCMpOBaHO) Ha Kaxxaown cTpoke maTtpuubl C,,.

MHoromepHbI BapuaHT peLuarollen yHKLMM Tenepb NpUHUMaeT BUA:
f eM; /R=max [T[P(X,, /M )] (9)

CornacHo a3TOMy pelialowemMy npaBuny npoueaypa  pacno3HaBaHWUS
HeunaBecTHoro Bektopa fy={v1,..., Vi,..., V4, } COCTOUT B CneayoLLEM:

a) HaxoAaTCA MHTerpanbHble OLEHKN Xij ANna AaHHOro BekTopa fi ansa scex j;
6) Ansa kaxgoro j onpeaensemM no kpmsbiM B; (8) BenuunHbl P(Xy,) ons scexr,
B) ANSA KaX4oro j onpefensatTcs NpousBeaeHnsa HangeHHbIX B M. (6) BENMYKH;

F) MaKkCcnmMalribHOe 3Ha4YeHue npousBedeHuna YykKasblBae€T HOMep Kracca, K

KOTOPOMY crefyeT OTHECTU HEU3BECTHbIV BEKTOP.

B cuny psiga o6CcToaTensCTB MMEET MECTO TOT akT, YTO pasHble BekTopbl fi
nonyyawT OOHY U Ty Xe oOueHKy Xi. [lpoucxoaut 9TO Bcneactsue
npeacTaBneHns BEPOATHOCTHOIO AnanasoHa KOHEeYHbIM YMCIOM rpagauun, ua-
3a Hannuma p; = 0,5 u 1. n. Becneacteue aTtoro gaxe npu JOCTATOMHO
npegcraButTenbHON oby4vatowlen BblIGOpPKE cUCTEMa HE CMOXEeT B npouecce
9K3amMeHa Yy3HaBaTb KaXOblA BEKTOP «B NULO», a TONMbKO MO BEPOATHOCTU
OLUEHKNW ans  rpynnbl  BeKTOpoB. BoO3MoOXHble npu 3TOoM oOwnbkn B
pacnosHaBaHMM MNpyv NpPUMEHeHUU npasuna (7) SBRSOTCA, TakuMm 06pasom,

nraTon 3a oTKas OT MOSIHOro nepe6opa.
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OpHako, ecnn 3TW pasHble BEKTOpbl, OOWHAKOBO OLEHMBAEeMble Ha OLHOW
cTpoke maTtpuubl C,, B3BewMBaTb Ha PpasHbiX CTPOKaX, KakK ITo
npegycMmatpmBaeTcs BblpaxeHuem (9), To oHn GyayT nonyyaTb pasnuyHble
OUEHKM Xy [MoaToMy pelwawuiee npaBuno, YYUTbiBaKOLWEE BEPOATHOCTU
oueHok Xy (9), obecneuMBaeT MeHbLLlee KONMMYECTBO OWMBOK npwu
pacno3HaBaHuK, Yem npasuno (7). ATo NnpomcxoauT NOTOMY, YTO MHOFOMEPHbIE
pacnpegenexus (8), nonydaemble BO BTOpPON ctagmm obyyeHus, 6onee nosHo
peanu3yoT MHopMaLMIo O Knaccax, cogepxallytocs B matpuue Cp , 4em 3710
npoucxogut B npasune (7), - 6onee nonHO wucnonb3yeTcs MHdOpPMaLms,
KOTOpas umeeTcs B obyyatoLLen nocnenoBaTenbHOCTH.

PaccmoTpum Tenepb BESIUYUHY
Y =[X =Xy,
KOTOpas xapakTepu3yeT OTKIOHeHMe Beca, NOACYMTAHHOro A1 HEU3BECTHOro
BekTopa fx , OT Hambonee BEPOSTHOrO B 3TOM Krnacce 3HaueHust X%;:
P(X})=maxP, (X;/ M;); kej.
Torga, pacnpocTpaHmB 3Ty OLIEHKY Ha MHOTOMEPHbLIN Crly4an:
Yo ={| X%/ M) = X /M|l =1,

MOXHO NpeanoXuTb Takyto Mogudukaumo npasmna (9):
foeM, /R =min[T[(vs/M)-(Y, /M, ) ] (10)

YnpouieHHbIM BapuaHTom npasuna R° (10) aBnseTcs BblpaXxeHue:

R, =minY,, (11)

KoTopoe npu onpegeneHHoMm xapaktepe KPB (Hanpumep, Hanuune opHOro
9KCTpEMyMa) MOXET SABUTbCHA BMOSIHE Npuemnemon 3ameHon npasuna (10),

JaBad rnpm 3ToM 3Ha4YnTENbHYO SKOHOMUIO MAMATN, BpEMEHN U T. A.

B panbHeMwem npu  KOHCTPYMPOBAHWMM  peLualollero YcTpoucTea  Unu

nporpamMHoro obecneyeHns 3agay NPUHATUS PeLleHnii HeOOXOAMMO OLEHUTb,
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onpaBfaHbl NV ANs  OOCTMXKEHWS BbiMrpbilla B YMEHbLUEHUN OWNnBOK
HeobxoQMMble YCMOXHEHUS1 (3anOMWMHaHME KpuBbIX, YyBenuyeHne obbema
BbluMCeHnn 1 T. 4.). MNpn ncnonb3oBaHMM AaHHbIX NO BbIOGOPY Yncna rpagauuin
BEPOSITHOCTM MOXHO MOMNyYnTb [OCTAaTOYMHO MPOCTY cuctemy, Tem Oonee,
ecnu peanusyetca npasuno (11). B ganbHenwem oyeHb GOMbLION UHTEpec
npeacTaBnseT cpaBHeHWe npegnaraeMbix MOANMMKaALMIA peLlaroLLmx npasun B

pasninyHbIX 3aga4vax Ha OonbLUNX MaccMBax NCXOOHbIX AAHHbIX.

3AMEYAHUSA O NPAKTUYECKON PEANTU3ALINA U NPUMEPDI
NMPUMEHEHUA

Mpn peanusaumm nOGOro M3  PaACCMOTPEHHbIX  peLllallnX  NpaBuUI
npeacraBnseTcss UenecoobpasHbiM  MNPUMEHUTb HEKOTOpble TeXHUYeckue
pabouve npuvembl, MNOBbILIAKOWMNE  KA4YeCTBO  pelualwen  CUCTEMbI,
obneryawLyme obLieHne ¢ nonb3oBaTenem n T. 4.

MepBbIi U3 TakMx MNPUMEMOB CBA3aH C >XeNnaHMem NpeaocTaBUTb CUCTEME
BO3MOXHOCTb OTKa3blBaTbCsl OT PELUEHUSI B COMHUTENbHbLIX CUTyaUMsiX, ecrnu,

HanpumMmep, Npu YTEHUN TEKCTa YCTPONCTBO BMECTO OYKBbI BUAMT KIISIKCY.

B aTOomM cnyd4ae MOXHO pekoMeHAOBaTb YCTaHOBIIEHME MOPOroB CHU3Y Ha
BENUUMHY X, TpeboBaHMe OLWYyTUMOro paccTosaHua [0  Bnvkanero
KOHKypeHTa un T. 4. BBegeHune Ta-koro nopora gaeTt BO3MOXHOCTb CUCTEME eLle
W oueHMBaTb CBOM OTBETbl: MNPV KaKUX-TO 3Ha-vyeHuax Xy [AasaTb
onpeaenieHHbIN OTBET, NPU APYrMx — CONPOBOXA4AaTb €r0 CUrHaroM COMHe-HUS,
npy TpeTbUX — OTKa3biBaTbCA OT oTBeTa. Cam Takon OTKa3 O3Ha4aeT BBeLeHue
«HyneBoO-ro» knacca, To ectb j = 0, 1, ...., s. [10g0GHLIN NpMeEM B pasfiMYHbIX

BapuaHTax peanuayeTcs cenyac B pasHblX pacrno3HaroLmMx nporpammax.

Nanee, B psage cnyyaeB (Npu AMArHOCTMKe, MPU COLMANbHO-3KOHOMUYECKOM
aHanuse v Op.) NnoresHo, KPOMe OCHOBHOMO OTBETa, yKasbiBaTb Onwvkaliiee
KOHKypupylollee pelle-Hue. Peanusaums 3Toro npvema  CyLIeCTBEHHO
pacluMpsieT BO3MOXHOCTW CUCTEMbI, OCOGEHHO, €Cnu K TOMY e BblgaBaTb
KONMMYECTBEHHbIE OLIEHKM NpeanaraeMbiX peLleHWit.

OTaenbHO JommkeH ObiTb pacCMOTPEH BOMpoc O ToM, kakoe ymcno N rpagaumii
BEPO-ATHOCTU MOSIBNEHMS MpU3HaKka AOIMKHA pasnuyatb cucTtema. [MpakTvka
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nokasbiBaeT, YTO AJ1 MHOMMX NMPAKTUYECKUX MPUMEHEHUIA BNOSIHE 4OCTATOYHO
TPex-NATM rpajauuin C HepaBHO-MEPHbIM pa3bueHnem Bcero AuanasoHa
BEPOATHOCTEN (CpeaHIo rpagauunto BolbupaTb bonblue, KpanHMe — NOMEHbLLUE;

CaMu 3Th BEJMMYNHbI Nerko MoryT ObITb paccynTaHbl U T. Ll,.).

B kayectBe OAOHOro M3 BapuMaHTOB 3TOro NoOcrnedHero NpeanoXeHus MOXeT
ObiITb pac-cMoTpeHa ana pewakwowmx npasun (7) wn (9) crtyneHvartas
annpokcmaums nonydeHHoix KPB, Hanpumep, M-o06pasHon doopmon.

OnncaHHble B HacTosiwen paboTe pelualowme npaBuna U UX pasfuyHble
MoaMdUKa-UMK ObINM NMPUMEHEHbI NMpU pelleHnn psiga 3agady U3 pasfnyHbIX

npeamMeTHbIX obnacTen.

B 3apgavax megumumHckon gudpdepeHumnanbHONn ANArHOCTUKM C NPUMEHEHNEM
pe-watowmx npasun (6) n (7) ocywecTtenanca gnarHos Tybepkynesa nerkux [8],
aKTMBHOIO M HeaKTMBHOro peBmaTuama [9], opyrnx Hosonorndeckux cgopm. B
NnepBOM Crnyyae LOCTOBEP-HOCTb pacrno3HaBaHus cocTtasuna (gns S=3, n=31,
pewatowlee npasuno (6)) okono 90% npu 6,3% oTka3oB OT pacrno3HaBaHus. Bo
BTOpOM (ans S=5, n=26, BecoBble KO3(PPULNEHTBI ANsT CUMNTOMOB NO [PKOHCY
— 2:1, ak3ameHauumoHHas Bblbopka — 170 uctopunn 6onesHn) ObINO NONyyYyeHo
ana  mMoaMuuMpOBaHHOrO BapuaHTa pewatouwero npasuna (7) 93,3%
npaBunbHbIX oTBETOB Npn 8,3% OTKa30B OT NMOCTAHOBKU AMarHo3a; BpavyebHbin

AnarHo3 Ha ToMm xe mate-puane gan 82,4% v 11% cooTBETCTBEHHO.

3HaunTenbHOE KONMMYECTBO OMbITOB ObIIO CBA3AHO C pacno3HaBaHWEM
MaLUMHOMMUC-HbIX N PYKOMUCHbIX BYKB 1 undp. [ns 3TMx 3HAKOB COCTaBMSANOCh
onvcaHue B TepMUHAX reoMeTpUYeCcKNX NpU3HaKoB (Hanpumep, BepTUKasbHble,
rOPU3OHTAmNbHbLIE M HAKMNOHHbLIE NIMHWUK), a 3aTeEM NPOBOAMIIOCHL OOy4eHue u
Knaccudgpukaums ¢ nomMmolbio pasnuudHblx Pr1. Onuwem kpaTko pesynbTathbl
OOHOro0 M3 9TUX JKCNEepPUMEHTOB. Ha pasnuuHbiX pPYKOMUCHBbIX Uudpax,
BMUCaHHbIX B rabapuUTHY0 pamMKy OEeCATbIO pasfiIMyHbIMUK NIOAbMU, HE 3HABLUMMM
O uenn aKkcnepuMmeHTta, 6e3 ocobbix OrpaHWYeHUn Ha HanucaHue, Obinu
onpo6osaHbl PI1 (6), (7) 1 (9) B pasnuyHbix Mogudukaumsax. YMcno 3Hakos,
B3ATbIX ANg akcnepumeHTa, - 1000; yncno npusHakos n = 36; v =2; S = 10. NMpwn
dopmupoBaHnn KPB wmncnonb3oBanca AWUCKPETHbIM BapuaHT npencTraBneHus;
NPOM3BOOWNOCH  BblAefleHMe  MNPU3HAKOB, COCTaBMEHWE  3TarloHOB U
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nocrnegytwoulee pacnosHaBaHve. PesynbTtaTtbl pacnos3HaBaHus AnNa  Tpex
Ha3BaHHbIX PI1 cooTBeTCcTBEHHO cocTaBunu 84,5%, 85,9% un 93,1% [3, 5].

Kpome TOro, orgenbHO BWOOM3MEHEHHOEe pelatowee npasuno (5) 6bino
onpo6oBaHO Mpu pacrno3HaBaHUN CNaboCTUNM30BAHHbBIX PYKOMUCHBLIX UMdp C
NPYMEHEHNeM NOeonorMm U annapata pasMmblTbiX MHOXECTB. JTa MAEeOoNorns
Obina npuMeHeHa Ha [ABYX YPOBHSAX MNPUHATUS peLleHui: Ons BblaeneHus
NPU3HaKoB 1 ANS y3HaBaHWsS 3HakoB. Pe3ynbtaTt pacnos3HaBaHusa coctasun 84 %
npaBunbHbix oTeBeToB [10]. MNMommmo Toro, 4to AnNA cnabocTUNUM3oBaHHbIX
PYKOMUCHBIX LMdP I3TOT pesynbTaT xopow WM cam no cebe, - OH ele
UNACTPUPYET BO3MOXHOCTU MPUMEHEHUS CTPOrMX MeTodOB B MIOX0
dopmanmsoBaHHbIX 061acTax.

Hapsgy ¢ onvcaHHbIMU BbInn NpoBeAeHbl SKCNePUMEHTBI MO pacrno3HaBaHWUIo C
no-mowbto Pl (6) n (7) 3BykoBbix komaHg (gaHHele UMM AH CCCP) u no
paspaboTke peko-MeHAauMn ONnd  KanuTaHOB — CYXOrpy3HbIX CydoB MO
HOpMaTUBaM CKOPOCTU WX [OBWXKEHUA B pence (OaHHble YepHomMopckoro
Mopckoro [MapoxoacTtBa). W 3mecb kadecTtBO OTBETOB co-ctaBnsano 90 -
95% [5].

Cpean ppyrux obnacterm npuMeEHEHUs, KpoOMe MnepeyunucrieHHblX, cnegyet
Ha3BaTb pac-no3HaBaHMe HEMTEHOCHbIX WU BOAOHOCHBLIX CIOEB MO AaHHbIM
reodpuaundeckon paspegku (145 rpynn 3amepoB B nnactax byrynbMWHCKOro
MECTOPOXAEHUS; MPUMEHANNCL ABEe MoaMduKa-uMm pellatowiero npasuna (7)),
a TakkKe HeKoTopble 3aJadn 3KOSOrMYeckoro U CcoumanbHO-3KOHOMUYECKOrO
aHanusa, B KOTOpPbIX peluarwme npasuna, cxogHole ¢ (6) mn (7), ncnonb3o-
Banucb B Lensx keanumetpum [3, 6, 7, 11]. OnpegeneHHasa rpynna BONpocoB
MeTOAOSIOrMN, B  4YaCTHOCTW, - MO MNOCTPOEHUIO pellarwmx npasun,
paccmoTpeHa B paboTax [11 - 15].

Bo Bcex nepeyncneHHbIx criydasx, XoTb U B pa3HOW CTeneHu, BBeaeHe BTOPOW
cTa-aum oOy4YyeHuss U, COOTBETCTBEHHO, MPUMEHEHUE peLLalLIMX npaBun,
YUYUTbIBAKOLMX 3aBU-CUMOCTU MEXAY Npu3Hakamu, - CyLEeCTBEHHO YMEHbLLANo

4YMCno oWNBOK 1 NOBbLILLANO Kade-CTBO NpUHNMaeMbIX pemeHvu7|.

I'IonyquHble pe3ynbTaTbl MOKa3biBAKOT, 4YTO nMNpenroXeHHble alrropuTtmbl

KONMYeCT-BEHHOTO O0OOCHOBaHMS peLlueHuid ycrewHo MoryT paboTtatb B
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pas3findHbIX CINOXHbIX CUTyaun-ax ¢ HaVIﬂ,yT npyumeHeHme B 3adadax

ynpasneHna n AnarHoCTtnukn, B 3KOHOMUKeE, I'IpMpO,D,O-OXpﬁHHOVI OeATerNnbHOCTU N

T. A.
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FPA®O-AHANTUTUYECKMU METO[ OLIEHKU COCTOAHUSA
OUATHOCTUPYEMOI'O OBBbEKTA

Uropb ApedmeB, Tea MyHaxnwBunm

Abstract: Aemopbl npednazarom MemoO OuagHOCMUKU MEXHUYECKO20
obbekma, Koz0a Habop OaHHbIX Ofif OUEHKU €20 COCMOSIHUS rpesbiliaem
u3eecmHbIli  3Kcriepmam MHOXECMBEHHbIU [Mopo2 €20 XapakmepucmuK. O
cocmosiHuu  uccriedyemo2o0  obbekma  Oaxe  npu  meopemu4yeckou
beckoHeYHoCcmMu UCXOOHbIX napamempos. Memod ocHoeaH Ha epagho-
aHanumu4yeckux rnpedcmasneHusix u J102UKO-8€POSIMHOCMHOLU

mModernuposaHue.

Keywords: OuasHocmuka, KOHmMporsb, o0bbekm, epag, napamemp,

rnokasamersib, hakmop.

BBepeHue

HayyHo-TexHu4Yecknn nporpecc B KoHue 20 Beka NpuBEN K BHEOPEHWUIO B
NPaKTUKy CyOOCTOEHUSS W CyQOpPEeMOHTa HOBbIX MeETOOOB OpraHuMsauuu
NPOM3BOACTBa C Y4ETOM Mporpecca B HAHOTEXHOMOrnsax. ATOT npouecc cran
3aMeTeH N B (hOpMUPOBaHUN CyOOCTPOUTENBHbLIX KOMMMEKTOB: 9HEPreTUYeCKnX
YCTAHOBOK, KOMMMEKTYOWNX MaTtepuanoB W U3Oenvi, CUCTeM Hasurauum,
aetanen KoprnycoB W OTAENKN MNOMELLEHUA, CyOOoBbIX CPedCcTB MNOrpysku wu
pasrpysku. YKasaHHbI nporpecc  Tpebyet NoOBbILLEHNS YPOBHS
9KCNnslyaTauuoHHO-TEXHUYECKMX  MNoKas3aTenen KayectBa BCEX  CyOOBbIX
anemMeHToB. B cBA3M C 3TUM, pacY€THbIN CPOK CryXbbl Cy4OB U UX 3N1EMEHTOB
Tak Xe yBenuuyuBaetcsa. CornacHo YCnoBusIM 3kcnnyaTtauuu, 6e3onacHocTu
nnaBaHWA W CPOKOB rapaHTUW, YCTaHaBNMBAKOTCH CPOKN TEXHUYECKOro
OCMOTpa. £CHO, 4YTO 3NEMEHTbl CyAOB W CYAOBOW TEXHMKM M3HALUMBAKOTCHA

HepaBHOMepHO. C Apyroi CTOPOHbI, TEXHUYECKMI NPOrpecc NOCTOSAHHO TpebyeT
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3aMeHbl obopyaoBaHWA M peHoBauum NHOOOM KOHCTPYKUMM Jaxe Mexay
YyCTaHOBMEHHbIMW NepMogamMmmn TEXHUYECKMX OCMOTpOB. N3Hoca obopyaoBaHus
4YacTo He coBMNagaloT C YCTAHOBMNEHHbIMU CPOKaMU OCMOTPOB. B aTux ycnosusix
HabnogaeTcss NOCTOAHHBIA POCT YMCNa KOHTPONMPYEMbIX MapamMeTpoB O
COCTOSIHMA 06bekTa (cyaHa) n ero anemeHToB. CneacTBMEM TaKOro NONOXEHUS
CTano pes3Koe YBEenMYeHWe Yucna KOHTPONMpyeMblX MNokasaTenen kKadecTtBa
noboro anemeHTa CygoBOM TEeXHWKW. 34ecb AuarHoctuka obbekta
cTankmpaeTcs C ,MPOKNATUEM pa3MepHOCTU”: nboe coyeTaHue WCXOAHbIX
nokasatenen Bbi3blBaeT naBMHOOOpasHOe (MHOrOCBSI3HOE) covYeTaHue
Manos3Ha4dHbIXx nokasaTenen c 6as3oBbiMM (OCHOBHbIMW). Toraa BbIBOO O
3HAYMMOCTM KOHKPETHOro MokasaTens OKa3blBaeTCs BO3MOXHbIM TONbKO Ha
9KCrNepTHOM ypOBHe [6].

30ecb BaXHO 3aMeTUTb. YTO 3KCnepTble 3akNiyeHUss 06 OCHOBHbIX U
Mano3HauYMMbIX MoKasaTensix HOCHAT YCIOBHbIA xapaktep. Ha npumep, npu
NOBbIWEHHbIX (MOHWXKEHHbIX) BHELIHUX TemnepaTypax, KpUTEepun BA3KOCTU
Macna gsuratensa BHYTPEHHEro CropaHusi BaXeH, a B YCNOBUSX OObIYHON
TemnepaTtyp UM MOXHO npeHebpeyb. [ipyron npumep: konedbaHnsa HanpsikeHns
B CE€TU OCBELLEHMS Marno3HayHbl, a B CUCTEMax HaBUraLUWOHHHOW aBTOMATUKU
BeCbMa BaxHbl U TpebyeT cneuumanbHOM annapaTtypbl cTabunusaumm. AHanua
CYLLECTBYIOLMNX METOLOB KOHTPONS OBLEKTOB MO KOHEYHOMY MHOXECTBY
nokasartesien nokasan nx HU3Ky agPeKTUBHOCTL [4].

BbisiBneHMe  HOBbIX  MokasaTenem U XapakTepuctuk  onpegensiet
Heo6Xxo4MMOCTb B AOMOSTHUTENbHOM MHCTPYMEHTapUWM MOBLILIEHWUSI KadecTBa
KOMMMEKCHOrO U3MEpPEeHUss UMX MapaMeTpoB. TpaauMuMoOHHble CpeacTBa
anropMTMMYEcKoro MoAaenupoBaHust MoAoOHbIX NPOLECCOB (UMKIMYeckue u
BIIOXKEHHbIE LMKIbl) CTankMBalTCs C pa3MepHOCTb GECKOHEYHOCTU U PeLUUTb
yKasaHHOW 3agadn He moryT. K aToMy goGaBum, Y4TO MPaKTUYECKN BCE OLEHKU
napameTpoB HOCAT BEPOSTHOCTHbIN (CTaTucTuyeckuin) xapakrep. OHu TpebyroT
NOCTOSIHHOW KOppeKLMmn

Tak BO3HMKaeT npobnema: paspaboTaTb METOAONOMMNK OLEHKUM COCTOSIHUS
AvarHoctTupyemoro obbekta ans Habopa ero KOHe4YHbIX hakTOpOB B YCIOBUSIX



International Journal “Information Theories and Applications”, Vol. 27, Number 4, © 2020 385

BbISIBIIEHHOIO MHOXECTBa €ro OCHOBHbIX (0a30BbiX) U TEKYLLMX (Mano3Ha4YHbIX)

rnokasaTternen.

NMOCTAHOBKA 3AAYU

AHanns nboro n3genua HadynmHaeTCca C BbIBMEHMS MHOXECTBa NapamMeTpos,
MO KOTOpPbIM HEOBXOOMMO OLEHUTb ero cocTtosiHue. [laTb Takyr OLeHKYy Ha
GeCckoOHEeYHOM MHOXECTBE NapamMeTpOoB 4151 BCEX 3NIEMEHTOB CyaHa HepearibHO.
OTOT MNpouecc 3aBUCUT OT CTEMEHU MU3YYEHHOCTU MapameTpoB, TEXHUYECKUX,
TeopeTU4ecKnx n CTaTUCTUYECKNX BblYNCIIEHWHN, n3mepeHni n
MHCTPYMEHTarbHbIX CPEeACTB onpeaeneHnusi peanbHOM OLIEHKN KaXdoro U3 HUX.
CteneHb  HEOOCTOBEPHOCTM  WU3MEPEHUA M BbIYUCIIEHMW  NapameTpa
onpegeneHo pgonyckamun (konebaHmsimn) KoTopble WccredoBaTenb MOXeT
MPUHATL 32 BO3MOXHYIO ownbKy (AXir). OBbIMHO BbIBUpaloT rpynny Hanbonee
3Ha4YMMbIX NapamMeTpoB C UX gonyckamu: 5-7% OT namepsieMon BenNMUUHbI. VX
NMPUHUMAKOT 3@ KPUTEPUM OLIEHKM COCTOsIHMSE oObekTa (nokasaTenb).
OcTanbHble e TPaKTYHTCS, Kak orpaHuyeHnsa oopmmpyemMon mogenu obbekTa.
Tako nogxog npuBOOUT K TOMY, 4YTO HapyweHue nwboro orpaHnyeHus
paccMatpmBaeTCcs  Kak  (akt  HepaboTtocnocobHocTu  obbekta  (Bpak,
HEeHaOEXHOCTb, HU3Koe kKayectBO M T.n.). o npaBunam Teopum Cucurtem,
Tako OOBLEKT (3NeMeHT, usgenue) cumtaetcsa HeadpdekTnsHbiM [7, 8]. UckaTb
Ha 3TOM MyTW MHOXecTBO [MapeTo He MMeeT CMmbIcna, T.K. OHO CaMO SBMSeTCS

MOAMHOXECTBOM 3(PEKTUBHbLIX peLLeHnn no X; (Puc.1).

CnepoBaenbHO, HaMTK ONTUMYM KavecTBa 0ObekTa MOXHO TOSbKO MO rpynnam

KpuTepuarnbHbIX XxapakTepucTtuk [1].

OcTanbHble XxapakTepucTukm oObekTa OonpenensitoT nokasaTenu , KOTopble
dukenpyroT  pakTt  HepaboTOCNOCOOHOCTW, HEHAAEXHOCTU, OTKIOHEHUSN
KOHTPONMMPYEMOWN BEMMYUHBI OT 3a4aHHON. OTO Bbi3blBaeT OTOPaKoOBKY AaHHOIO
nsgenus. 3gecb Heobxoanma LEKOMMO3ULMSA CTPYKTYpbl oObekTa (cyaHa) u
anemMeHTapusauusa M3genui No KOHTPONUpyeMbiM napameTpam Ha KaXaom u3
YpPOBHeW (thakTop).
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Xij = {Sijg} parametr
Vi ={Xi} / indikator
E={Y} faktor

Puc. 1. Cxema gakTOpHOro aHanmsa coCTOsiHUSA ob6bekTa

Ha HavanbHOM ypoBHE [OuarHoCTUKM paccmatpusatoTcs daktopbl  (E),
onpegenswowune obwee coctoaHne obbekta (cyaHa). Besog B mogensb
KOHKPETHbIX dhakTopoB mnu nx codetanus {Y;} 3agaét Mopckon Peructp. NMpu
3TOM, BCe BblOpaHHble (haKTOpbl CYNTAKOTCA paBHO-BaXkHbIMU. Takoe pelueHune
BbIFOQHO OTIMYaET fOrMKo-pednekCnBHbIN MeTo4 OT APYrMX MeToOoB, B TOM
ynucne n nOrmMKo-BeposTHOCTHbIX. OH MO3BOMSiET OnNepaTMBHO WUCKMYaTb
(BKMOYaTb) AOMNOMNHUTEMbHbLIE aKTOpbl NPUM  NPOrHO3MPOBaHMK, un3beras
BEPOSATHOCTHbIE oueHkn. Criegylowmin atan AOEeKOMMNO3uMUMM OTHOCUTCH K
dyHKUMOHanNbHbIM  komnniekcam  (X):  cunoBasa  ycTaHoBka, nanybHoe
obopyaoBaHMe, HaBUraLMOHHbIE CUCTEMbI, OBWKUTENbHbIE CUCTEMbI U T.M.
HakoHel, AnarHOCTUPYTCA napamMeTpbl KOHKPETHbIX YCTPOWCTB, 3f1EMEHTOB,
6nokoB (S). Ha kaxgom w3 ypoBHeWM p[Jonyctuma npouegypa 3aMeHbl,
peHoBauuu, perynauuMuM, ecnu  u3genve  He  COOTBECTBYET  3adaHHbIM
TEXHUYECKUM  YCMOBUSAM. YKasdaHHble TexXHW4Yeckue Yycnosus (pasmepsb,
XapaKkTepuCTUKN, YPOBEHb M3HOCA) MPUHMMAKTCHA 3a 3TanoH nubo ogHoro
nsgenusi, N(nbo KOMMMeKca UM KOHCTPYKUMK B Lienom. 34eCb BaXKHO OTMETUTb.
4YTO TexHonorus BblbOpa XapakTepuCcTUK 3remMeHToB KU oB6ocHOBaHWE UX
3HaveHun ona bas [aHHbIX Ha KaxgoMm ypoBHe aHanorudHa. B cBdasu ¢ atum
OCTaHOBMMCSH Ha UCXOL4HOM YPOBHE OLIEHKM COCTOSIHUS UccregyemMoro obbekra
— opraHu3aumusa KOHTPONSA napaMeTpoB OTAENbHbIX M3Oenun K getanew,

COoCTaBJIAOLWNX KOMMJTEKCblI U KOHCTPYKUMUK CyOHa.
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AppeKkTnBHLbIM CNOCOBOM pelleHUs Takux 34a4 OUAarHOCTUKM MOXHO CYMTaTb
CeMaHTMYeCKylo ceTb, Koraa And napbl BepluH i U j cooTBecTByeT Ayra
BenuuuHbl K(i,j) € [0,1]. OTa BennumMHa onpeaenseT cTeneHb NpUHaONEeXHOCTH
AAHHOW Mnapbl HEYETKOMY OTHOLLEHU. B peanbHOCTW, yKa3aHHbIM npouecc
XapakTepudyeT HEMNoOSIHOTY 3HaHUN CyObekTa, KOTOPbIA OCO3HAET MPUYMHHO-
CNeACTBEHHYIO CBA3b i — j, HO HE MOXET OObACHUTb MPOMEXYTOYHbIE 3BEHbSA
paccyXgeHun. MHTYMTUBHO NOHATHO, YTO MeXAy i U | CyLeCcTBYeT MHOXECTBO
noaobHbIX Nap, HO ANs WX uaeHTuduKauum uccnegosatenb He obnagaet
COOTBECTBYKOLUMMN 3HAHUAMWU N aaHHbIMU [2]. K TOMY Xe, cemaHTnyeckasi ceTb
YMPOLEHHO HOCUT FIMHEMHO-NNOCKUI (ABYMEpPHbI) xapaktep. B Takmx cnyyasax

dhopManbHasi Mogenb NpUHUMaeT BUA

F=<S,6 Mr>
ra€e S — BbISIBIEHHOE MHOXECTBO CBOWCTB 0OObekTa C KOHKPETHbIMU
3HavyeHusMn, a Mr - HeyéTkoe OTHOLIEHWe ,MpuynHa — crneacTteme” Ha

MHOXecTBe S. CeMaHTVKa 3akniovaeTcst B TOM, 4TO ecnu z;i = (Qi, Vi), Zj = (Q;, V),
(@i, ) € S, 1 # j, KOrga Vv, V; — 3Ha4eHNss CBOWCTB (Q;, (j TO ANA KaXX4oW napbl
(zi, zj) cootsetcTByeT umucno kK (z, z) € [0,1], onpepensiollee cTeneHb

NPUHAANEXHOCTM Napbl HEYETEOMY OTHOLLEHMUIO.

Bmecte ¢ Tem, OTKasaBWMCb OT CTPOroro MaTemMaTU4eCcKOro peLleHusi npu
MHOronapameTpmyeckon OLeHKe COCToAHMS obbekTa, JIOrM4YHO BBECTM B
MOZenb HEKOTOPYIO CUCTEMY YCITOBHbIX KOOOB. TOraa Kaxabl U3BECTHbIN UIn
noTeHuManbHO  AOMYCTUMbIM  MapaMeTp  CYMTAeTCs  PaBHOLEHHbIM B
npeacTaBneHnn nokasartenen coctosHua obbekta [5]. KayecTBo cocTosiHWS
obbekta GygeT onpeneneHo nNo KOHEYHOMY MHOXECTBY €ro rnokasaTenen B
cooTBecTBUMN C OBOCHOBaHHbLIM 3TanoHoMm. [laHHOe koaupoBaHWe cnegyet
3anoXuTb B MOAENb BbIABMNEHHbLIX PYMM napamMeTpoB Xj Kak HEeKOTOopYylo
COBOKYMNHOCTb MokasaTernen Y;. CrnegoBaTeribHO, 3TanoOHHbIM MOXHO CHMTaTb
Takoe cocTtosHue obbekTa (n3penusd), korga Bce ero akTopbl E BbisSBNEHbI n
O[HO3HAa4YHO COOTBECTBYIOT CUCTEME 3afaHHbIX nokasatenen y;. B ocHoBy
NPYBEAEHHONO  BbIBOAA  MOJSIOXKEHbl  PacCy)XAeHWsl,  OCHOBaHHble  Ha
moamnduumposaHHon cxeme N.Viniera (Puc.2).
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[encTButencHo, ecnu 3a OOBEKT AMarHOCTUKM NPUHMMAETCs HeKkoTopas
cuctema (OS), ToO He TpyaHO onpenennTb 3TanoH eé coctosiHus E B kaxabiv

MOMEHT BpEMEHN UJTN Ha Oﬂpeﬂ,eﬂéHHOM MHTEpPBare ero aKkcniyartaunu.

B peanbHbIx npoueccax ynpaBneHus 1 3a Takon 3TanoH MOXHO NPUHATE Habop
3apaHee 3agaHHbIX unn pacumtaHHblx ¢gaktopoB E ={Y;} (i = 1,I). OHn umetot
UKCUpoBaHHble 3HadeHust: | — 4yucno 06OCHOBAHHbBIX (HAKTOPOB OLIEHKM
COCTOSIHMA OBObekTa MPOrHO3MpPOBaHWSA HET CMbicNa [aBaTb BEPOSATHOCTHYH
OUEeHKYy 3TuM 3HadeHuam [3]. Jlloboe OTKNOHeHMe OT aTanoHHoro (+Ayi, -Ay;)
eCTb OwWunbKa, CHMXaLWasa KayeCTBEHHYIOD XapaKTepUCTUKY 3IremMeHTa no
OTHOLWLEHMIO K aTanoHy. OHa OoSmKHA yYnUTbIBaTbCS Kak pacyéTHas BenuyuHa,
nosly4eHasi Ha OCHoBaHUM oueHoK X, S. OHa NpuHMMaeT abconTHOoE 3Ha4YeHne
y = |y — Ayl|. Ona aTtoro cnegyet onpeaenuTb rpynny nokasaTtenemn
yi (vi = {Xi}, ] =1, J), dopmupylolMX AaHHbIN OOBEKTHLIN hakTop U AaTb en
OLLEHKY MO KakgoMy M3 rnokasaTtenen yi.

BD l W
AY = {AY;) X
O_’ > >
E= (Y} 0S
1——
IS

OS — 06bekT ynpasneHus

E — atanoH (Mmogenb) ob6bekTa ynpasneHus

BD — GnoK npMHATUSA peLleHns 0 COCTOSAHUN obbekTa
IS — HdOpMaLUMOHHO - U3MepuTeribHasa cuctema

W — BHelUHVe BO34eNCTBUSA cpeabl Ha OObeKT

Puc. 2. MoandurunposaHHasa cxema N. Viniera
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MposiBneHune nobon coBokynHoctn AY, nonyy4eHHON MO AaHHbIM IS TpakTyeTcs
Kak HapylweHune ycnosus E n TpebyeT cooTBeTcTBytOLWEN peakunn BD B oueHke
coctosHua OS. CnepoBaTenbHO, HEOOXOAMMO B OUEHKY Kaxgoro us
nokasarenen Xj BBECTM KOHEYHOE MHOXECTBO rpyrnn napameTpoB Sj;, korga
Xij ={Sii} npn f =1, F, rae F — 4uncno ncxogHblx napameTpoB OLIEHKN COCTOAHMSA
obbekta (basa [daHHbiX). Ha 3TOM ypOBHE KOHKPETHbIN MNapameTp
paccMaTpmMBaeTCs Kak BENMYMHA naMepeHus (BblumcreHmst). OHa oueHnBaeTcs
MO pearbHbIM BbIXOAHBIM MOKa3aTenaM QYHKUMOHMPOBaHMUS OObekTa Ha
AaHHbIN MOMEHT MMM 3a YCTaHOBIIEHHbIN MPOMEXYTOK BpeMeHu (MHTepBana
KOHTpOns, nepnoga NporHo3MpoBaHUA, BpEMEHMU XnU3HM obbekTa u 1.n). 3aech
HY)XHO YyKasaTb, 4YTO MoOKasaTenM O COCTOsiHMM oObbekTa AOMKHbl ObiTh
0DOOCHOBaHbl M3MEpPEeHUsIMM NapaMeTpoB, MOKa3aHUAMW  OaTYMKOB UMK
AOKYMEHTUPOBAHHOW MHPOPMALMEN C YNCTIOBLIMU 3HAYEHNSIMWA.

Mpumem 3a Mepy kadecTBa obObekTa pesynbTaT CpaBHEHMS npoueayp
nocnenoBaTenibHON OLEHKN (OUKCUPOBAHHbIX rPynn napaMeTpoB, nokasaTenen
M aKTOpoOB [AHHOTO C WX 3TaNoHHaAMW, YCTAHOBMEHHLIMU 3aKa34MKOM
(nonb3oBaTenem).

rPA®O-AHANIUTUYECKUA METOA AUATHOCTUKU OB BEKTA

C nosuumm Teopum cucTem, 3a 3TanoH COCTOAHUS OMarHOCTMpyemMoro obbekTa
MOXHO MPUHATb KOMNNEKC bakTopoB, CBOOOAHLIX OT OWMNOOK (OTKMOHEHUN) NX
nokasaTtenen u napametpoB. OHM NPOLWM KOHTPOSbHbIE Mpoueaypbl, T.€.
2AY;=0. VYtBepxgeHune cnpasegnmeo npu W=0 (Pwuc.2). 3pecb cpasy
BO3HMKaeT CMbicrioBas npobnema. OnemeHThl, cocTaBnswowme
aHanuampyemylo cuctemy (Npou3BOACTBO, MNpouecc, ynpaeneHve u T.4.),
NpakTUYEeCKN Bcerga UMET pasHyto (bu3nyeckyro npupody, namepuTerbHble
XapaKTEPUCTMKN, MeTOObl OnpeaeneHnss N KOHTponda. OTO YETKO MpOosiBrsieTcs
Aaxe B 3fieMeHTapHbIX CUCTeMax MacCOBOro MpPOU3BOACTBA MUKPOCXEM,
MeTu3a, kpenexa u T7.4. CnegoBatenbHO, CXeMa OLEeHKM hakTOpoB NnokasaTtersb
— napameTp Mo NPUHLMNY OOMNYCKOB, BEPOATHOCTHbLIX YCNOBUNA, CTaTUCTUYECKNX
pacyéToB  HOCUT NpubnuMauTenbHbIN  Xapaktep. [lpy  3TOM, MeTOAbl
MHOrO(pakTOPHOIro aHanmMs3a CrULWKOM TFPaMoO34KM M CrOXHbl Afs NPOCTbIX

00BHEKTOB, BbINYCKAKOLWMUX ManoUeHHY npoaykuuio. Ho yxe Ha cnegytowem
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lare OUEHKM COCTOsIHMS oOObekTa 3ajava  YCrOXHSeTCHA: Kaxabll K3
napameTpoB MOXET COXPaHsiTb CBOE MNOCTOSIHHOE 3Ha4YeHWe, HO TONbKO B
npegenax YacTHou 3agayu. lNepexon k Apyromy BapuaHTy Bbinycka NpoayKumm
WM Npu  U3MEHeHMM 3agaym  (nepeHanagka ob6opyaoBaHUS, CMeHa
WHCTPYMEHTapusl), napameTp, Kak napaBwuio, MeHsieT CBOEé 3HadeHue. Ha
npumep, YUCTOTa MNOBEPXHOCTM Npu 06paboTke Bamna Ans KOHTPOSIbHO -
N3MEpUTENbHON annapaTypbl SIBSIETCA OCHOBHbIM MapameTpoM, a npu

NPON3BOACTBE PEAYKTOPOB HOCUT BTOPOCTEMNEHHbIN XapaKkTep.

lMoHATHO, 4TO owunbka u3MepeHuss npucyTcTByeT B o06oux BapuaHTax
npvBedEHHOro npuMmepa U He MOXeT ObiTb Hyneson (A # 0). [NosTomy oHa
BCerga yuyuTbiBaeTCsd, Kak oTpuuartenbHas ownbka B OUEHKe Kak AaHHOro
nokasartens, Tak u napameTpa (daktopa). He TpygoHO caenatb BbIBOA, YTO
OLeHKa cocTofHMa nwboro obbekTa WunNu TEXHONOrM4Yeckoro rnpouecca
npeacraBansetT cobon TepHapHyl CUCTEMY MocnefoBaTerNbHbIX onepauun,
KOTOPYIO CXeMaTU4HO MOXHO MpeacTaBuTb B BUAE JIMHEWHOro anroputMa
(Pwnc. 1).

OpHako, yTBepxaaTb, YTO COBOKYMNHOCTb Noka3saTtenen Y ecTb aTanoH E B Takon
3HTepenpuTaumn He crpaBegnuneo. Kaxabln Y XapakrepusyeT KOHKPETHYHO
rpynny Y; (i=1, ). 3Tv rpynnbl pasHOMEpPHbI NO LLKane N3MepeHnin omsnyeckumx,
9KOHOMMYECKMX, MHMOPMALMOHHBIX W Ap. dakTtopoB. [na Hamnbonee
a(hpeKkTnBHOrO pesynbtaTta MNpUHATUS peweHus B BD o cocTosiHum obbekta
Heo6Xxo4MMO N3MEHUTb CUCTEMY KOAUPOBAHUSA UCXOAHBIX AAHHbBIX MO hakTopam
N NPUMBECTU UX K edNHON NOorMKe napamMeTpuyeckoro npeacrtasneHus. B Takon
WHTepnpuTaumMm W paccMoTpuM ABYX-LUAroByl npoueaypy peanusaumm

YKa3aHHOro npearioXXeHuna:

1. Jlormka cMcteMHOro aHanuaa AnKTyeT ycrnoBme MHOrooakTopHOCTN OOBHLEKTOB
n ABneHun. Toraa uccnepoBartenb HAaXOAUTCA B BeCbMa TPYAHOM MOSMOXEHUMN.
YyecTb BCe BO3MOXHble aKTOpbl OueHkM obbekTa HepeanbHO WU3-3a
HEBO3MOXHOCTN cdopmMupoBaTb MHOrogpaktopHyro basy [aHHbIX u3-3a
orpaHu4yeHHoOro obbEéma 3HaHuK, Napka KOHTPOSNbHO-U3MEPUTENBHON TEXHUKM,
OTCYTCTBUS MeTodoB U cpeAcTB BbluucneHun (SeX, XeY, YeE). K Tomy xe

dhakTopbl MOryT ObITb pas3nuMyHOli NpUpoabl U NPOTUBOPEYMBLI: GE30MaCHOCTD,
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9KOHOMMUSA, 3komrorna u T.n. Heobxoammo BBECTU OTHOCUTENbBHYHO Mepy Anis
KaXkOoro M3 MHOXeCTBa M3BECTHbIX ANs AaHHOro o6bekTa 3HaveHusa S, X, Y no
ycrnosHou wkane namepexns (0 <E <1).

[MpeanonoXum, 4To N3BECTHO (BbIYMCINEHO, YCTAHOBIEHO) 3TANIOHHOE 3HaYeHne
Kaxgoro napameTpa Sjs B nocneaoBatenbHOCTU Siji, Si2, Sia, Sii,-.. Sie (F=1,F).
Ecnu 3HaveHus napameTpoB S pacnonaratb JNIMHENHO MO BPEMEHHOW Ocu
abuucc, a BenuYUHbI Nokasatenen X — Ha OCU OpAMHAT, TO OHWU COMbIOTCH B
HEeynopsiAOYEHHYI0 NPAMYIO NMHUIO. VIX cpaBHUMOCTbL Ha ypoBHe hakTopoB E
OoKaxeTca cnyyvamHoWn. [1nocko-napHoe pacnofioXeHue napameTpoB X OaeT
aflekBaTHYI0 OLEHKY TOMbKO Ans AaHHOW Mapbl rnokasatenem u He pelwaet
3a/la4yy OLEHKN COCTOsIHMSA ODObekTa Yepes XxapakTepucTUKU rpynn no dpakrtopy
E B uenowm [9].

Byoem cumtath, 4TO B OuUEHKe KavecTBa OObeKkTa Kaxabli BbISIBNEHHbIN
napamMeTp paBHOBAXXEH MO OTHOLLUEHWIO K APYrMM MpU OLEHKe nokasartens j.
Torga MOXHO nepenTM OT abCOmMHOM LWKanbl WX NpeacTaBreHuss K
OTHOCUTENbHOW (€4MHNYHOW) hOpME:

Sijf — 1.0
S iif —p  Z

PewwB TpagununoHHOE YypaBHEHUE nepexona K OTHOCUTENbHOM LUKane,

NOSTY4MM 3HAYEHME KaXK4Oro napamMmeTpa Ha €OUHUYHON LIKane n3aMepeHus:

zjr = S"jir * 1,0 / sj
2. MNpeacTtaBum nony4veHHble pesynbTaTbl B TabnuyHon dopme. MNpumem eé 3a
Basy [JaHHbIX A4NA OUEHKM COCTOSIHUSA 0BbeKTa NO NapamMeTpUYecKoMy aHanmsy

(Tabnumua 1). HaHHble Tabnuubl 1 nogpasymeBaldT KOHEYHOCTb 4ucna
napameTpos Sijf B kaxxaow rpynne nokasatenen Xj.
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Table 1. baza [JaHHbIX oUeHKU cocmosiHusi o6 bekma rno napamMmempam

Ne NapameTp (sij1) Kon AGcontoTHoe OTHOoCcuTenbHoe
napameTtpa 3Ha4yeHue 3Ha4yeHue
1 2 3 4 5
1 | Onpegenexuve ij1 Sij1 Zijx

napameTpa s;

2 | OnpegeneHune ij2 Sij2 Zijp

napameTpa s,

3 | Onpegenexune ij3 Si3 Zijz
napameTpa Sz

f | Onpenoenexne ijf Sijf Zjt
napameTpa St

Cnepyetr 3ameTub, 4TO B npeanaraemMon mogenu nwboe OTKNOHeHne
napametpa X; (x AXj) ykasbiBaeT Ha CHWXeHVWe KayecTBa rnokasaTens u
dakTopa cocTosHuA obbekTa B uerniom [7]. Toroa mogenb COCTOSIHUA OObekTa
MOXeT ObiTb npeactaBrieHa HaboOpoOM 3HA4YeHuMr Trpynn  napameTpoB U
nokasaTenen, COCTaBSAOWMX CUCTEMY OLEHKM TMPUHATMS  pPELUeHus Mo
KOHEYHOMY MHOXecTBy dpakTopoB [3]. Ha npumep, ecnn KOHKpPETHbIN
nokasaTternb oueHnBaeTcs no 8 napameTpam, TO pacnpegenvm ux paBHOMEpPHO
no okpyxHocTn (45°). [nuHa Kaxgoro BekTopa COOTBECTBYET BenuuMHe
napameTpa nNoO OTHOCUTENbHOW (eAWHWYHOW) wWKane wuamepenns (Puc.3).

CnepoBaTenbHO:

r=10;,D=20;L=2m,P=1m



International Journal “Information Theories and Applications”, Vol. 27, Number 4, © 2020 393

MoxxHo yTBepxaaThb:

1. Yem Bonblue nsyveH anemeHT (n3genuve, obbekT), Tem Bonblle BEKTOPOB B

€ANHUYHOWN OKPY>KHOCTH.

2. InnHa kaxgoro BEKTOpa onpeaerndetca TeKywnmMm 3Ha4eHneM napamMmeTpa.

Puc. 3. lNpumep rpado-aHanMTUYECKON MOLENN OLLEHKM COCTOSIHMUS OObeKkTa

3. Yem bGornblue BekTop, TeM Gnuxe obbLEKT Mo napameTpy Sit K 3TanoHHON

oueHke (Sjr = 1).

Paccyxpnass nogobHbim 06pasom, yCTaHOBUM, 4YTO MPWU Xj —> © KayecTBO
COCTOSIHUSI 3fieMeHTa oObekTa TeopeTUYecKM MOXET ObiTb YCTaHOBMEHO C
BeposATHOCTblO P = 1,0 Kak NO COBOKYNHOCTWM MapameTpoB, Tak W O
NpoOn3BOAHLIM OT Hero nokasatensm y; u aktopy E. 310 peweHune Tak xe
apbekTMBHO AN MOAENUNPOBAHUSA COCTOAHUS OOBbEeKkTa npu BHE3anHOM
oTKase (NoSIHOM UMM YaCTUYHOM) OOHOrO U3 ero anenmMeHToB. [lJoctaTo4yHo Nnbo
UCKIMIOYUTL BEKTOP — MnokasaTernb |} AaHHOro anemMeHTa, nmbo yMeHbLWNTb 3TOT

BEKTOP Ha COOTBECTBYIOLLYIO BeNn4uHy (Puc. 3).

[ns  OueHKM COCTOAHUS obbekta B UENOM, [OOCTAaTOMHO COOTHECTU
TeopeTndecKkyro aOnmHy eanHun4HoOro Kpyra LO C [OJIMHOM JIOMaHOW JUHUN,

COeAVHSAIOLWEN BEPLLMHbI BEKTOPOB pearnbHON oLeHKkn napameTpoB (Lj):
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L°=1D=3,14+2=6,28
Lf = Z|ijf (f = 1, F)

Paccyxgas nogobHbim obpasom, nonyynm rupomat (Puc.4).

................................. evaluation of the quality of the object by E

.................. factors Yi

............. groups of indicators yi

. .......... . ....... indicators Xij

b U
.......... group of parameters xjj
<

O...0...0....0....0...0..0...... O QO ..... parameters Sjjf

Puc.4. N'mpomat coctosiHust o6bekTa ynpasrneHus

OcHoBbIBasCb Ha noruke rmpomarta, no €AVHNYHON LKane AOnarHocTmnpyeTcd

0OBEKT Kak B LerioM, Tak U Ha KaXXaoM U3 ero ypoBHEN:

L% = 6,28 — aBCONIOTHBIN 3TaNoH kayecTsa nccnegyemoro obbekra.

L°— Lj = ALj — napameTpuyeckas Mepa COCTOSIHUA nccnegyemoro obbekra.
L° — L; = AL; — nokasaTenbHasi Mepa COCTOSIHUS Uccreayemoro o6bekTa.

L° — Lg = ALg — dbakTOpHast Mepa COCTOSIHUS UCCIefyeMoro o6bekTa

3AKNIOYEHUE

Takum o6pasom, Ona  Kaxgoro OOBLEeKTHOro dakrtopa, yduTbiBas €ro
OpUrMHanNbLHOCTb (cneundurky), MOXHO rpado-maTpU4HbIM cnocobom aaTtb

BrnoJiHe O6OCHOBaHHy}O OLEHKY O6'beKTy nnn mn3gennio nNo COBOKYMHOCTU €ro
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BbISIBNIEHHbIX N BbIYUCIIEHHbIX NapamMeTpoB (nokasatenen). MNpn aTom, noctynas
aHanormyHeiM o6pas3oMm, Korgaa yaaétca oOOoCHOBaTb Mepbl U XapakTep
pasnU4YHbIX PaKTOPOB COCTOAHUS OBbEKTa, BNOSIHE AOMYCTUMO NPOBECTU U €ro
MHOroaKkTOpPHbIA aHanus.
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