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COMPARATIVE STUDY OF THREE APPROACHES
FOR ESTIMATING THE WEIBULL DISTRIBUTION
PARAMETERS

D. Asatryan

Russian-Armenian University
Institute for Informatics and Automation Problems of NAS RA

ABSTRACT

The Weibull distribution is frequently used to statistical model for
survival, reliability, wind speed, digital image features and other data.
There exist about dozen popular methods for estimating the Weibull
distribution parameters. Some of them are based on the method of
moment estimation (MME) and its modifications. However, in spite of
algorithmic simplicity of related procedures, there arises necessity of
creating more fast-acting methods to avoid numerous calculations of
Gamma function and sequential approximation process. In this paper,
through data analysis and simulation studies, the following three
methods of estimation are discussed and compared: a direct method of
estimation by solving the nonlinear equation of MME, the method of
estimating by the empirical formula representing the power function of
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variation coefficient, and the method of polinomial approximation of
the dependence of form parameter estimate on variation coefficient in
various intervals of its value.

Keywords: Weibull distribution, parameters estimating, method of

moments, polinomil approximation, approximation error.

Introduction

There are many applications for the Weibull distribution in statistics.

The probabilistic Weibull model was first introduced by Dr.Walodi
Weibull [1] to represent the distribution of the breaking strength of materials
and later to describe the behavior of systems or events that have some
degree of wvariability. The statistical models based on the Weibull
distribution have widespread applications in many science and technician
fields. For example, the most popular distribution for failure data analysis
of reliability in technical systems, in extremal problems, etc. is the Weibull
distribution. Other application areas include estimation of wind power
potential [3—4], pine diameter distribution [4] and various feature analysis
in signal processing problems. As shows the literature analysis, the most
popular problem in the considered context is the estimation of parameters
of Weibull distribution and comparing of the precision of different
estimation methods (see, for example, [5-7]).

Application of the Weibull distribution in image processing problems
is of special interest. In spite of the fact that the digital image in the strict
sense is not an object that can be interpreted in terms of the sampling theory,
many problems of information processing are more effectively solved using
the statistical analysis technique [8]. Thus, a number of problems based on
the use of the gradient field of an image can be reduced to analyzing data
using the Weibull distribution. For example, we can refer to [9-10], where
they first use the Sobel operator to estimate the components of the gradient
field and the corresponding magnitude of the gradient, and then we estimate
the Weibull distribution parameters from them. In [11], a number of
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applications of gradient analysis to applied problems are given, indicating
the importance of applying effective algorithms for manipulating the
Weibull distribution.

It should be noted that there is an essential feature of the problems of
this type. If in ordinary applications of statistical analysis using the Weibull
distribution we have to deal with small volumes of samples of not very large
number, then in image processing problems we deal with inordinately large
sample volumes and extremely large quantities. For example, we will point
out the tasks of processing video materials obtained with the help of modern
digital apparatus of high quality. Therefore, along with the desire to apply
the most accurate methods of estimating parameters, the need to apply fast
enough processing algorithms also comes to the fore. This problem is
exacerbated in the case of creating applications for mobile systems and
smartphones.

There exist about dozen popular methods for estimation of the
Weibull distribution parameters. There are also detailed tables of values of
the Weibull distribution [12], the use of which, however, is inconvenient for
automatic calculations. We can refer to many papers with comparative
analysis of different methods of parameters estimation. For example, in [4]
three, in [6] seven methods are analyzed and compared. As it was pointed
in the literature, the most convenient methods are based on the moment
method (MM) and its modifications because of simplicity and
interpretability of appropriate formulas and procedures.

In this paper we compare three methods of estimating the form
parameter of the Weibull distribution: a direct estimation method by solving
the nonlinear equation of the moment method, an estimation method based
on the empirical formula, which is a power function of the variation
coefficient, and a method for approximating the dependence of the form
parameter estimate on variation coefficient in various intervals its changes.
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Estimation of parameters by the method of moments
The density of the two-parameter Weibull distribution is given by

Foham) = %@ exp{— [%H 20, 1)

where n > 0 —napametp Gopmsbl, A >0 napamerp macurada.

As is known, the mathematical expectation and variance of the

distribution (1) are equal
w=Ar(1+1/n), o>=A[r@+2/n)-T20+1/0)f, @)
therefore the square of the variation coefficient of the distribution takes the
form
> _ T(+2/m)
u? T2(0+1/7n)
where I'() — Gamma function. For estimating the parameter n by moment

1, (3)

method first, the sample mean [i and variance 6 are determined over the
set of matrix M elements, then solved the nonlinear equation as follows

A )
M =% 41, (4)
r’(1+1/8) a
by using the method of division of a segment in half. The scale parameter

A is estimated by formula

A

y W (5)
r@+1/1)

The accuracy of the solution of equations (4-5) depends on the error
in numerical estimation of the Gamma function, which can reach 3.10”7 with
eight polynomial approximation members [13] and depends, of course, on
the number of iterations with successive approximation of the solution of
equation (4). However, the convergence of the process is guaranteed by the

monotonicity of dependence of left-hand side of (4) on the parameter [i.
Theorem. Let’s denote

q;(n):M. (6)

r’+1/n)
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Then (6) decreases monotonically from n , i.e. 42 (M) _  forall n>0.
dn
Proof. After the logarithm of (6), we can obtain

dln(ID(n)=_idlnF(1+2/n)+idln1"(l+l/n). 7)

2

dn n dn n’ dn

Let’s introduce the function v (z) = dInT'(2) apnd use the well-
dz

known property of this function \u(z + 1) =Vy(z)+1/z, where the function
v (z) 1s decreases monotonically [13]. Then note that the difference
v+1/m)-y@+2/n)=yd/m)+n-y(2/n)-n/2
increases monotonically, which, accordingly, leads to a monotonic
decreasing of (6).
In Figure 1 a fragment of the plot of function @ (n) is given.

@(n)

‘l-..__-‘__-___

1.00 2.00 3.00 4.00 5.00 g.o0 Tl

Figure 1. A fragment of the plot of the function ® ().

The proven property of monotonicity has one important «side effect»
that allows us to accelerate the work of computer programs intended for
ordering large arrays of images (or other objects) by the size of the Weibull
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distribution parameter without direct evaluation of the latter. For this it is
sufficient to compare only the values of the coefficient of variation given in
(3). A similar problem was considered in [9], in connection with the
necessity of ordering an array of images by the magnitude of the blur.

Note that the results of numerical calculations for the above
procedures, we use as «reference» for comparison with other methods of

estimating the parameters of the Weibull distribution.

Estimation by the empirical formula using the coefficient of
variation

In [14], the following simple empirical formula is given for estimating
the parameter of the Weibull distribution form in the form of a power
function of the variation coefficient

Calculations show that the accuracy provided by formula (8) is not
very high on the average; therefore it can be used for relatively rough
calculations. In this case, the accuracy of approximation by formula (8) is

different for different intervals of variation of the form parameter n . For

example, the relative accuracy of the formula is particularly low for values

of n < 0.1, and decreases, approaching 1% at n = 0.1 . Further, by simple

simulation of formula (8) and comparison with direct calculation results, it
can be shown that the mean square error (MSE) in the interval has the values
given in Table 1.

Table 1.

Mean square error of approximation of formula (8).

Range of definitionof n | 0.1-0.5 | 0.5-1.0 1.0-2.0 2.0-5.0
MSE of formula (8) 0.129 0.042 0.026 0.027
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Thus, to estimate the form parameter of Weibull distribution within
the limits of the accuracy indicated in Table 1, we can use formula (8).

The above arguments indicate the need to develop other simple
approximating formulas for estimating the parameter n which, however,

have an approximation accuracy that is significantly greater than the

accuracy of the empirical formula considered.

Polynomial approximation

To solve this problem, an investigation was carried out by
approximating the dependence (6) by orthogonal polynomials, using the well-
known technique described, for example, in [15]. A preliminary study
showed that the approximation of the curve @ (n). over the entire domain of

definition is not appropriate, since high accuracy can only be achieved if the
degree of orthogonal polynomials is undesirably high. Therefore, the domain
of definition of formula (6) was divided into a small number of subdomains
that cover the most frequently encountered values when solving practical
problems. The limits of the domain of definition are selected from 1.05 to 70,

which correspond to the limits for the parameter n; from 0.25 to 5.0.

Omitting the details, we note that as a result of the investigation we
came to an estimate of the degree of approximating polynomials of no more
than six with a number of subregions of order ten. In particular, even at the
third power of the polynomial, the approximation error comes in
comparison with the errors of direct calculations described above.

Let’s denote y = @ (n) and the corresponding polynomial in

N=a,+a,y+a,y’ +a,y’.

As an example, we indicate that for the range of changes from 1.12 to
1.2, the MSE of approximation is about 0.000284. Further, in order to obtain
a compromise solution that provides an acceptable error at the lowest
possible degree of the polynomial, in this paper the results of the
calculations are given only for the second power of the polynomial. The

results of the calculations are given in Table 2.
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From the data of Table 2 it is evident that the MSE of approximation
is many times lower than for the empirical formula considered above, which
makes it expedient to use the obtained polynomials in those cases in which
a relatively higher approximation accuracy is required.

Table 2.
Approximating polynomials for various subdomains of y .
) Polynomial coefficients
Subdomain of MSE
a, 10 X a, 100 X a,

1.05 <y <1.08 |571.6503 | -10266.23 | 46388.84 | 0.003060
1.08 < y<1.10 |264.1810 | -4548.133 | 19803.23 | 0.000276
1.10 < y <1.12 | 169.4751 | -2824.354 | 11959.35 | 0.000137
1.12 < y <1.20 | 80.04923 | -1237.130 | 4916.145 | 0.002553
1.20 < y <1.30 |31.94635 | -430.0139 | 1529.990 | 0.000940
1.30 < y < 1.50 | 14.12441 | -155.9025 | 475.6071 | 0.00157
1.50 < y < 2.00 5.660985 | -43.05258 | 98.93291 | 0.00272
2.00 < y < 3.50 2.235032 | -8.542361 | 11.59745 | 0.00388
3.50 < y < 6.00 1.154010 | -1.921401 | 1.393318 | 0.00099

0.659901 | -0.333486 | 0.087728 | 0.00362
6.00 < y < 20.0

0.402863 | -0.042730 | 0.003072 | 0.00151
20.0< y<70.0

The use of approximating polynomials given in Table 2 is especially
effective when processing large arrays of similar objects with values of the
Weibull distribution parameter concentrated in a small number of
subdomains of the coefficient of variation. As an example, we point to the
well-known Brodatz texture database [16], for which the boundaries of the
95% confidence interval of the values are 1.39 and 1.50.
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Conclusions

In this paper, we make a comparative analysis of the accuracy of three
approximate methods for estimating the parameters of the Weibull
distribution - a direct estimation method by solving the nonlinear equation
of the moment method, the estimation method by the empirical formula
representing the power function of the coefficient of variation and the
method of approximation of the dependence of the form parameter estimate
on the coefficient of variation in different intervals of its change. It is shown
that the mean square error of approximation of the latter method by a
polynomial of the second degree does not exceed 0.004. The research
method allows, if necessary, to obtain more accurate approximation results,
for which it is recommended to use polynomials of the third degree.
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CPABHUTEJIBHOE NCCJIEJOBAHHUE TPEX ITOAXOA0B
K OIIEHUBAHUIO TAPAMETPOB PACIIPEJIEJIEHUS BEUBY.JLIIA

. Acampan
AHHOTALIMUA

Pacnipenenenne Beiibyma yacTo uConb3yercss IpyU MOJIEITUPOBAHUN BBI-
JKUBAHUSI, HAJIC)KHOCTH, CKOPOCTH BETpa, CBOWCTB HU(MPOBBIX H300paKCHUN U
Ipyrux gaHHbix. CyIecTBYIOT MHOKECTBO PaCIpOCTPAHEHHBIX METOJOB OLICHU-
BaHMA [TapaMeTPOB pacnpenaeneHus BeliOyma. Hekoropsle U3 HUX OCHOBaHBI Ha
olleHMBaHue MeTo oM MOMeHTOB (OMM) u ero moauduxarmsmu. OHaKO, HEC-
MOTpS Ha aJITOPUTMHYECKYIO TPOCTOTY MPUMEHSIEMBIX TIPOIIeTyp, BOZHUKIIA HEOO-
XOJUMOCTh CO3JIaHUs OoJiee OBICTPOACHCTBYIOIINX METOJIOB, IMTO3BOJISIOIINX H3-
0exaTh 0OBEMHBIX BBHIYHCICHHH, CB3aHHBIX C OLIEHKOH ["'amMmMa ¢yHIMu U ¢ mpo-
LAy POH MMOCIIe0BaTENbHBIX MPUOIMKEeHNH. B HacTosIIel cTaThe HAa OCHOBE aHa-
JIN3a NTaHHBIX U MOAEIMPOBAHMS N3YYAIOTCS U CPAaBHUBAIOTCSA CIIEIYIOIINE TPU Me-
TO/JA OIICHWBAHUS: MPSAMON METOJ OIECHHWBAHUA IyTEM PEIICHUS HEIMHEHHBIX
ypaBHeHHT OMM, MeTOa OIICHWBAHKS TP TOMOIIH SMITHPUICCKOH (OPMYIIHI,
TIPEACTABIIIONICH COo00# cTermeHHyI0 (YHKITUIO OT KO3(PGHUIINEHTA BapUallid 1
METO/l TIOJTHHOMHAIILHOW alpKCUMaIlUU 3aBUCUMOCTH OIICHKH mapamerpa (op-
MBI OT KO3((hUITMEHTa BapHallii B pa3lIUYHBIX HHTEPBAIAX €T0 3HAYCHHIA.

KuaroueBrblie ciioBa: pacnpezencHue BeiiOyiuia, olleHUBaHUE TapaMeTpoB,
METOJT MOMEHTOB, TOJTMHOMHUAJIbHAS AlIIIPOKCUMAIIHS, OITHOKA allPOKCUMAITUH.

4E3LNPLP FUCIVUTL MULUUESCEP @LUZUSUUL BEL
UNSe8NkrULECP 2ZUUBUUSUYUL 2BSULNSNERE3NRL

2. Uuunnpyub
uuonNoenkru
dhpnih pupunidp hwdwh ogunuugnpdynid E npybtu survival, hniuw-

1hnipjut, pudnt wpwugnipjub, pYuytiugyus yquunlkpubph hwnlnipmniu-
ukph b wy] mjujubph Jhdwjugpujui dnnl): Unweownlyt) ki b juyunpkh
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Yhpwnynud &t dhjpnyh pupjudwt wupwdbnpbph quuwhwndwt dh owpp
Ubpnnubp: Ypuig dh dwup hbiws b owyupudbnptph  qiuhwndwi’
Undkbuwnubph dkpnnh (UUS) U ngpu dbwthnpunidubph Jpu: Uwluygl, stuywus
hudwywunwupjuwt  pupwuguupgbph  wignphpdwluwt  wwpgnipjuip,
whpwdbonnmipinit £ wnwowgh] wykih wpwqugnpsd dkpnnubp uinbnsdtin,
npyhtuqh juntuwthbt Fuddw $niuljghugh b hwonppujub dninkgmidubph
tnuwtwlh hpwgnpsdwtt hwdwp Juunwpyng sSwwnit hwyquplutnhg:
Unyu hopuénid wfyuyubph Epnsnipjut b dnphjuynpdwt vhongny
htwnwgnunygt] Bt qupwdbtnpbph quuwhwndwt htnbjw) tptp dkpnnubpp.
UUQ ny gduwyhtt hwjwuwpnidubph jnisdwb dhongny quuhwwndwt ninhy
dbpnnp, thnhnpwlwinipjut gnpswlighg wunhfwwjut  $nirulghuyh
wbupny tdwhphly pwtwdlh oqunipjudp quwhwundwt dbpnnp b Al
wupudbnph’ thnthnpwljwuntpjut gnpduljghg Juhiduénipiut
puqUubnuuuyhtt Unnupdwt dbpnnp qnpéwligh wpdbpubph wwppbkp
dhowjuyptiph hwdwn:

Zhduwpwntp' dhpnyh puohunid, wuwpwdbknpbph quuwhwnnid, dn-
dktwnubph dbpnn, puquutinuduwihtt dnnwpynud, dnnwpjdwt vjuwjubp:
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ON AN APPROACH FOR SUPPORTING QUERIES
BUILT IN NATURAL LANGUAGE

N. Hovsepyan

Information Technologies Educational and Research Center,
Yerevan State University

narek.-hnh@gmail.com
ABSTRACT

Generating queries for databases from natural language is a known
problem. With the increasing amount of data in the world it is important
to give people who do not have the knowledge of SQL or other query
languages access to these data. To solve the problem of generating SQL
queries from natural language, we consider two level neural networks.
The first level for generation of the main components (aggregation
function, column name, conditions) and the second onefor formulation
of the final query from the main components. In this paper, we used
bidirectional recurrent neural network with fully connected layers and
achieved higher accuracy than all known results.

Keywords: SQL, natural language, machine learning, neural
networks, deep learning

1. Introduction
Nowadays, almost every business data is stored in databases, which
requires knowledge of query language in order to access such data.
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Generation of SQL queries from natural language will significantly ease the
problem of accessing data. Considered work is aimed to suggest a solution
to the problem, hence making the data-processing workflow simpler.

One of the successful works using WikiSQL dataset [9] for training
and testing has been published in 2017 [8]. The result was 59.4% accuracy
on test set, exceeding the previous best result (35.9%) by over 20%. Another
work [1] has been published by Microsoft Research group in November
2017 with 66.8% accuracy using deep sequence to sequence model with
some attention mechanisms and extensions. Also, good result was achieved
in November 2017 [10] with 68% accuracy, which was the state of the art
method before our results. All previous works [2] use machine learning

models with some extensions and modifications.

2. Dataset

In this paper we have used the WikiSQL dataset which has been
manually collected from Wikipedia database tables. It contains more than
80 thousand examples of natural language questions and the corresponding
SQL queries distributed across 26 thousand tables. The dataset is splitted
into two groups, one for training 80% and the other for testing 20%.

The WikiSQL data collection queries are applied for a single table.
The structure of the query is the following:

select aggregation | name
fromtable
where predicates.

There are also other data collections (e.g. SENLIDB), but unlike
WikiSQL, they are small and have only one table.

3. Model description
In this paper, we have implemented relatively simpler models and
have achieved higher accuracy, compared to previous works.
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We use two level neural networks. The first level networks are used
to predict the aggregation, column name and conditions from the natural
language query. The second levelis based on the results of the first level and
constructs the final SQL query.

The division of the problem into two levels is justified, because each
of them can be processed and solved independently of the other. Therefore,
this division gave us the opportunity to train relatively simple models and
by combining the results achieve high accuracy.

Since the query structure in the WikiSQL dataset is fixed and applied
for a single table, machine learning models which should generate these
queries using the main components will quickly overfit. Therefore,
weconstructed a program for generating SQL queries, which will replace
second level network.

For future work, we plan to find more datasets that cover a wider
range of complex queries specifically with use of multiple tables, and train
generalized neural networks to solve the second level problem too.

3.1. Aggregation prediction

First subtask of first level is aggregation function prediction. We
assume aggregation function can be predicted from the natural language
question only. The model which we use for this subtask shown in Figure 1.

We use bidirectional RNN on top of the question tokens, after the final
state output of the RNN there is fully connected layer and output with six
neurons. We interpret this as six class classification problem, where classes
are {NONE, SUM,AVG,MAX,MIN,COUNT} (NONE if no aggregation
needed). Loss function is categorical cross-entropy (CCE), where q is
probability distribution, p is «true» distribution:

CCE(p,q) = — Z p;loggq;
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Aggregation/None

| 2

Fully connected layer

=
=z

\

Natural language question

( Bidirectional RNN

Figure 1. Model for aggregation prediction.

3.2. Column prediction

Unlike the previous subtask, prediction of column names depends not
only on the question but also on the table scheme. Fig 2 shows the structure
of this network.

We use two bidirectional RNNs, first takes as input question tokens
and second one the column names. We then join their output states and pass
them as input to yet another BRNN that predicts the column name.
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Column name

t

Bidirectional RNN

B
NN NN
Bidirectional RNN Bidirectional RNN
A A
Natural language question Table schema

Figure 2. Model for column prediction.

3.3. Conditions prediction

For the conditions prediction subtask, we use the same model as in
previous task. Unlike previous subtask which needs to predict only one
column name in the output, this one should predict one or more simple
conditions joined with logical operations. Example of dataset element:

table schema: {«Round», «Grand Prix», «Pole Position», «Fastest
Lap», «Winning Driver», «\Winning Constructor», «Report»}

question: «How many Grand Prix were the winning constructor
Benetton - Ford and the pole position was Michael Schumacher?»
For this natural language question, we need to have two simple conditions,
first «Winning Constructor» need to be equal to «Benetton — Ford» and
second «Pole Position» need to be equal to «Michael Schumacher» joined

with logical and operation.
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3.4. Query generation

Previous models are solving the first level subtasks of predicting main
components of the query. Now it remains to create the final SQL query
string using these results. As mentioned above, WikiSQL has fixed structure
of SQL queries which allows us to build a program for generating final

queries.
r \
‘ select aggr | name from _table_ where l
A = i A3 i —
= \ e i .
) e \ Conditions ‘
Aggregation/None Column name 1 A
|
L x e X i J L
— - Bidirectional RNN
‘ Fully connected layer ‘ { Bidirectional RNN X J
P —
— S— ‘ Bidirectional RNN ‘ iy
s Y A 1, d - R
| Bidirectional RNN ‘ ‘ Bidirectional RNN ‘ Bidirectional RNN ‘ \"——\—
Sk 2 ik P Bidirectional RNN
L . I
—— \ P = \\\\ —
el e e ——
- N ~ - — \

Natural language Table schema
question

Figure 3. Two level neural networks.

4. Experiments

We use tensorflow [5] python library for our experiments. Also, we
have used GloVe pre-trained word vectors [3] to get real vector for each
word of natural language question and used only this vector representation.
All bidirectional RNNs have 128 hidden units. We used the ADAM
optimizer for training our neural networks.

As shown in Table 1, we achieve 87.6% accuracy in aggregation
prediction subtask, 89.8% in column prediction. Condition prediction task
is more complex compared to previous ones, because in this problem part
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of the queries have multiple conditions. On test set for this subtask we reach

72.3% accuracy.
Table 1.

First level network’s results.

Subtask name Accuracy on test set
Aggregation prediction 87.6%
Column prediction 89.8%
Conditions prediction 68.7%

The whole two level neural networks solution reaches 68.7%
accuracy on test set, which exceeds all the known results before this work
and is a new state of the art result.

5. Conclusion

In this paper we described a new approach which allowed us to get
new state of the art result with use of simple machine learning models.
Division of the problem resulted in easier subproblems and our two-level
approach solves the problem better. Two level neural networks approach
makes easier to generate final query with use of already solved subtasks of
the first level. Next steps for this work is to use various complex and
suggested models from previous works for the subtasks and levels of this
model, keeping our approach which can lead to even better results. Also,
we can extend WikiSQL and add SQL queries which have more complex

structures to train and generalize the second part of the problem.
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Ob OJHOM IMOAXOAE K NOJAEPKKE 3AITIPOCOB,
IHOCTPOEHHBIX HA ECTECTBEHHOM SA3bIKE

H. Oscensan
AHHOTALIIUSI

I'enepanus 3ampocoB i 6a3bl JTaHHBIX C TIOMOIIBIO €CTECTBEHHBIX S3BIKOB
SIBIISIETCSL M3BECTHOM TNpOoOJIeMON. YUHThIBasgs pPOCT O0beMa JaHHBIX, BaKHO
MPEJOCTaBUTh BO3MOKHOCTD JOCTYIA K 3THM AaHHBIM TEM JIIOISM, KOTOpPBIE HE
umeroT 3HaHua SQL mmm apyrux s3eIKoB 3ampocoB. s permieHust mpobiem
redepamun  SQL  3ampocoB W3 €CTECTBEHHOTO $3bIKa, MBI paccMaTpUBacM
IBYXYpOBHEBbIE HEHWpOHHbIE ceTH. llepBbIli ypOBEHBH BBINOJHSAET TE€HEPALUIO
OCHOBHBIX KOMITOHEHTOB ((DyHKITHH arperaiiii, IMEeHa CTOJI0IIOB, YCIOBHS U T.1T.).
@DyHKIMEH BTOPOro ypOBHS SABJISIETCS COCTABJICHHME 3aKJIIOYHUTEIILHOIO 3aIpoca,
UCIIOJNIB3YSI CTEHEPUPOBAHHBIC OCHOBHBIE KOMIIOHEHTH. B NaHHO paboTe Mbl
UCTIOJIB30BAIN JIBYXCTOPOHHUE PEKYPPEHTHBIE HEHPOHHBIE CETH C MOJHOCTHIO
COCAMHEHHBIMHU CJIOSIMHU U TOCTUIIIX OoJiee BRICOKOW TOYHOCTH IO CPaBHEHHIO C
W3BECTHBIMHU PE3yJIbTaTaMH.
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ALUYUL LEYNY UU.NNPRSIUD 2ZUr8NRULECR
UQUusUUL UP UNSG8U UL UUURL

U. Znjubihjul
uuoenNonNrU

SYjuubnh puqukph hwdwp phwlwt Eqyhg hwpgnidubph ghubpw-
ghwt punjuljwtht hwynth juughp k SYjwjubph wdht gnigpipug swwn Ju-
punp £ wywhnyb) wynuhuph wndjujtbph hwuwib hnpniip wyt dwuppljug
hwdwp, nypkp skt mhpwybinmd SQL Jwd wy] hwpgnidubph (Eqniubkph:
Puwlwt 1Eqhg hwpgmdubp qhubpugubint juunhpp nwsknt hwdwp Jdkup
nhunupymd Lip Ukpnbwghtt guigkp punugus pyne dwlwpnulhg:
Unwoht dwmjupnulp twhwnbugws b hhdtmljut dwubph qhubpughwgh
huwdwp (wgpkquuuyhtt dniughwkp, ynittwlhh winil, wuydwuttp), hul
tpypnpn dwliwppulp hhdbwlui dwubpp ogunugnpsting  Jhpelulwi
hwpgnudp Jupnighnt hwdwp: Uju hnpjuénd dktp oquuugnpsty kup
Epyynnuwih nhlnipkun aEpntwght gwigtnp, 1phy juyulgdus skpnkpny
b hwubk] wykh pupdn dogpuinipjui, puwbt dhiyh wyu hwynih wpnniup-
ubkpnud:
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INCREASING THE SPEED OF DETECTING
OBJECTS IN THE VIDEO BY THE OPTIMIZATION
OF THE PROCESS

D. Simonyan

RA NASIIAP

davit.education@gmail.com
ABSTRACT

To solve the task of ensuring the safety of the area in the sphere of
surveillance, the quick detection of the objects is of utmost importance.
The methods applied at present ensure certain speed, but our goal is to
develop a more quick-operating method, at the same time, ensuring the
satisfactory quality of detection by which it will be possible to accurately
determine the type of the objects.

Keywords: image processing, object detection and recognition,
background subtraction, performance, optimization, image pyramid,
Open CV.

Introduction. Nowadays, object detection and recognition in the
video is widely used in many spheres. The existing methods of detection
and recognition can be divided into two main groups: methods based on
"frame difference" and methods of background subtraction in the image
which works by applying the calculation of the absolute shift difference
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between the frames, using the XOR bit comparison between the images. In
the background subtraction method, as a result of subtracting the
background from the current image, we will obtain the complete view of the
objects,existing on the image which is difficult to implement by the method
based on the frame difference. Thus, in the process of the object detection
and recognition, the background subtraction is preferable. But as a
consequence of using the latter, a number of problems arise, thus for
instance, the presence of false targets in the image, as well as a difference
of the light intensity between the background and current frames, depending
on the climatic changes. The solution of the problems have been obtained
by the method [1] (which is a modification of a background subtraction
method in the image), and by that proposed in [2].

A task has been set to obtain a more quick-operating version of the
method of the background subtraction in the image, at the same time
ensuring the accuracy of determining the type of the object. For increasing
the speed of the object detection (and, at the same time, maintaining the
quality), a modification of the background subtraction method has been
performed.

The following three stages of the task have been implemented:

1. Construction of the image pyramid. The sphere of image analysis
includes the theory of the image pyramid, which is very frequently used to
reduce the noise in the image [3]. In this stage, the image pyramid has been
constructed based on the following principle:

The base of the pyramid is the original frame taken from the video,
which is subjected to the o< —operation, after which,the image is reduced
several times by the coefficient s;(Fig.1). This allows to significantly
reduce the noise in the image and by means of frame subtraction, compare
the small images while comparing the whole images, which, in its turn, will

favour the speed of the algorithm.
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Figure 1. The image pyramid.

The base of the pyramid obtained as a result of matrix modification
of the current image of the video is the matrix f(x, y):

fou,y) =[x fEo ], 5= 29, (1

while the view f;(x,y) of the matrix obtained as a result of the image
reduction, i.e. the passage from one layer of the pyramid onto the other is
calculated by the following formula:

fiy) =5 fy)i=1g @

where f (x, y) is the matrix of the current image of the video; f,(x,y) - the
zero layer of the pyramid; «- the coefficient of actions applied on the image
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(grayscale, blur); g — the number of the pyramid layers; s; —the reduction
coefficient of the image dimensions.

As a result of constructing the pyramid, we will obtain the small
analogue of the original frame and name it f; (x, y).

2. Grid construction in the last layer of the pyramid. At video
surveillance, the small objects in the image are of no interest. The user has
an opportunity to define the possible minimal size of the object. The object

smaller than the size g X % defined in the background will be neglected by

the system. After defining the size, the grid is constructed according to the
minimal size of the mentioned object in the following way.

As there is conformity between the obtained f; (x,y) and the f,(x, y)
original images, we can distribute the pixels of the f; (x,y) image sparsely

on the original frame and obtain a grid (Fig. 2.). Thus, each point of the grid
is a pixel of the image f(x,y).
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Figure 2. Construction of the grid in the image.
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3. Detection of the objects (description of the XOR bit comparison
algorithm). Mentioned XOR bit comparison algorithm is the following:

Each point of the grid is consideredsuccessively. If the colour value
{R,G,B} of the grid point differs from the background, the 3x3-size matrix
is placed on the corresponding pixel of the grid point in the original frame.
From the colour difference, it is assumed that the given point is the object
pixel. Then, 8 neighbouring points are analysed in the original frame, which
are also compared with the background image. That is, the algorithm passes
through each point of the sparse grid until it comes across a colour
difference where the object is.

In Fig. 3, each square is one pixel in the original frame, while the
object is expressed by white squares. Passing through the grid points, the
algorithm reaches the object pixel. Thus for instance, let us consider the
centre of the square marked in red in Fig. 3. After that we pass onto checking
the neighbouring pixels of the corresponding point in the original frame. In
particular, seeing that points A, B, C, G and H are not points of the object,
we mark them in black in the output image, while D, E, F — in white. Then
we place the matrix on D and check the neighbouring pixels that have not
yet been checked. Then we move in the direction of D1, then D2 and so on
up to Dn (Fig. 3a). In this way, we complete all the pixels of the object,
obtaining its full view (in the output image). In Fig. 3b, the case of the
interrupted sequence is introduced when the algorithm for detecting the
object pixels, moving in the direction of D, does not complete the process
with a single iteration and, in that case, the second iteration starts and
continues to move in the direction of E, ending the process in the point En.

After expandingwithin the original frame and detecting all the pixels

of the object, we will return to the grid and continue the object search.
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Figure 3. The iteration method developed for the object detection:
a) the cross-road case; b) the case of the interrupted road.

The speed of the method is directly proportional to the general pixel
checkings C,.

czzz—g(’:—’:’+nmzf=1h),i=1,_z, h=18 3)
where z is the number of the objects present in the background; h — the
number of A-H checkings for each pixel in the developed method; NxM —
the image dimensions; n x m — the sample dimensions, and C2 — the
complexity of the algorithm, representing the general number of pixel
comparisons between the standard and modified images.

Widely in use object motion detectionalgorithm (frame difference
openCV) [4] complexity is C; = NM + z-nm, where zZ— the object count
in the background, N x M — the image dimensions and n x m — the sample
dimensions. From the formula, it can be seen that Cz is considerably smaller
than the Ci complexity of the algorithm for the detection of the object
movement in video. Therefore, the iteration method developed for detecting
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the object is speedy in comparison with the previous methods, which is also
proved by experiments.

The results of the experiments. Numerous experiments have been
made for the developed method (for about 5000 frames of 7 different video
materials). As a comparison method, the method of frame difference Open
CV for the object movement detection in the video widely used in the given
sphere has been selected.

Tables 1 and 2 introduce the speed of the proposed algorithm
expressed in seconds. The averaged value of the experiments with 5000
frames is given.

Table 1.

The experiment results: the speed of detecting and recognizing one
object (in case of a video with 480x360 pixel points)

- Algorithm Recognition
Algorithn complexity Avarage Time
FI’aMn’IgGCjI(i;f:/:‘F(Z'::}CC C,=NM + z-nym 0.069 sec
1 (NmM ¥
Suggested algorithm =3 F”’"Z ') 0.043 sec
i=1z, h=18

By the developed high-speed method, it also becomes possible to
detect the unknown and hidden objects, as it, like method [1], is based on
the method of background subtraction of images.

By using the algorithm described in [2], the above-mentioned quick
method can also be applied in the images, containing false objects.

"Page 451 https://books.google.am/books?id=LPm3DQAAQBAJ&printsec=frontcover
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Table 2.
The experiment results: the speed of the object detection
in case of varying pixel points
3840 x 2160
Algorithm 640 x 480 | 1280 x 720 | 1920 x 1080 |3840 x 2160 | In case of
5 objects
Frame difference 0.14 sec 0.17 sec 0.155 sec 0.27 sec 1.38 sec

MOG/GMG

Suggested algorithm 0.08 sec 0.11 sec 0.096 sec 0.17 sec 0.86 sec

Conclusion

1. A speedy version of the object detection in the video has been
developed due to the modification of the background subtraction method. It
detects the objects hidden in the background (which are not visible with
naked eye) with satisfactory accuracy. At that, the object may be both
stationary and in motion.

2. The developed method detects the objects in the image, taking into
account the possible change of light and climate in the course of the video
surveillance. The types of the detected objects in the image are not limited
by this method.

3. Experiments have been carried out which have confirmed the quick
operation of the algorithm as compared with the other existing algorithms.

4. Together with the increase in the detection speed, the accuracy of
determining the object type has been maintained.

5. The object detection and recognition by the developed method is
also applicable for the images, containing false targets.
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MOBBIINEHUE CKOPOCTHU OBHAPYKEHUA OFBEKTOB
B BUIEOIIOTOKE ITYTEM OIITUMMN3AIINU ITPOLECCA

H.A. Cumonsan

AHHOTAIUA

B cdepe BumeonabmroneHus IS peann3aiuy npodjieM coxXpaHeHus 0€30-
MACHOCTH TEPPUTOPUU OCOOCHHO BRXXHO OBICTpOe 0OHapyxeHue o0bekToB. [Ipu-
MEHSIEMbIC HBIHE METOJIbI 00SCIICUNBAIOT ONPEACICHHOE OBICTPOICHCTBUE, OTHA-
KO Hallle 1eNbIo ABJIsIeTCs pa3paboTka OoJiee ObICTPOACHCTBYIOIIETO METO 1A IS
obecreyrBaHus YJOBICTBOPUTEIBHOIO KauecTBa OOHAPYIKEHHUS, YTO MO3BOJHT
0oJtee KOPPEKTHO OTPEICITUTD THUITEI OOHEKTOB.

KuaroueBsble cjioBa: 00paboTka m300pakeHus, OOHApYKEHUE W pacIo3Ha-
BaHUE 00BEKTOB, METO (POHOBOM (PHIILTPALINHU, ONITUMHU3AIIUS, TUpaMuia n300pa-
skenunit, Open CV.

SEUUCUrNRU OA3EBUSLEE ZUSSULULEGLUUL NOCLEUSE
UuruankeE3UL AUMACUSNRUT ONSPUTLUSUTL UDPRNSNY,

rU. Uhunlyulb

uvoenonNru

Stuwhuljuw nnpund nwpwsdph wunuwignipjut Wuhywdwh
huunhpp hpwgnpstint hwdwp wewytl) yupbnp k opjtjunnukph wpwg hwjn-
twpbpnudp:  Ukpjuynidu Yhpwnnipntt quuus dbpngubpp wywhnygnid B
npnowljh wpwqugopdnipmnil, vwluytt dkp tyuunwlt £ dowll] wnwyty
wpwquqgnpd Ukpnn, dhwdudwiwl wywhndbing hwynbwpbpdw pudu-
pup npuly, npny htwpwynp Yihth £ogpunnpk npnok) opyljnutkph nkuwlyp:

Zhdtwpwntp” wunlkpubph dpwlnudp, opjiljintikph huypnbwpkpnid b
Swbwsnid, dntughtt quindwt Ubkpnn, wpuqugnpénipinil, oyyunhdwjugnid,
wunljtpubph pnipg:
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O PAZPEHIMMOCTHA OJHOT'O KJIACCA
HEJIMHEWHBIX ICEBJIOIU®PEPEHIIUAJIBHBIX
YPABHEHHUM HA BCEM IIPSIMOM

X.A. Xauampan,' 3.A. Anopeacan’

"Huemumym mamemamuxu HAH Apmenuu

?Epesanckuil 20cyoapcmeennblil yHugepcumen
AHHOTANUA

ﬂaHHaH Hay4dHas CTaTbsA IMOCBANICHA BOIIPpOCAM pa3spC€uIMMOCTU B
npoctpanctee Cobonesa W.2(RY) oxnoro kmacca ncespomuddepen-
HHUANIbHBIX YpaBHeHUM. [Ipu ornpeeneHHbIX YCIOBUSAX Ha HEIMHEMHYIO
YacTh JI0OKAa3aHo, YTO paccMaTpruBaeMoe ypaBHEHHE UMEET HEeUEeTHOE pe-
menue @ € W2(R™) ¢ onpeneneHHbIM HOBEICHHEM Ha GECKOHEUHOCTH
U yI0BIeTBOpstomuM yciaosuo ¢ (0) = 0.

KiueBbie cjl0Ba: HETPUBHAIBLHOE HEUCTHOE DPEIICHHE, MPOCT-

panctBo CoboseBa, MOHOTOHHOCTB, HTEPALINHN, ACHMITTOTHKA PEIICHHS.

1. BBeaenue
ITycts Q(u) — ompeneneHnas Ha R HeyeTHast 1 HeNpepbIBHAS (YHK-
I¥sI, Y/IOBJIETBOPSIIOIIAS CIICAYIOLIMM YCIOBUSIM:
(a;)Q(n) = n, npuuem yuciao 1 > 0 ABISIETCS MEPBBIM MOJOKHUTEITLHBIM
KopHeM ypaBueHus Q (u) = u,
(a,) cymectBytot uncna @ > 1 u & € (0,7n) Takue, 4T0
Q) = au, u€(0,%),
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(a3) dysxmus Q(u) Bo3pacraet Ha orpeske [0, 1].
PaccMOTpUM CIIEAYIONIYIO TPAHUYHYIO 3a/1a4y:
d*p(x)

 dx?

+2p(x0) = Q((U)(x)), x€ER, (1)

#(0) =0, p(+) = lim p(x) = £7(2)
OTHOCHUTEIILHO HCKOMOH BelIecTBeHHON QpyHkmu ¢ (x), rae U, - mpomon-
KEHHE Ha
W2(R) ={f(x): fP € L,(R), j=012, x € R}

ad?
orepaTopa, MopoxaeHHOTO auddepeHnanbHoi hopMoiiedx?,

3amava (1) — (2) sKBHBaJEHTHA CIICAYIOIICH TPAHUYHON 3a1a9H IS

UHTETpo-AuddhepeHInaIbHOr0 YPaBHEHUS BUA!

d2
4(_ d(i(zx) +ute(x) = Q( j K,(x —t)o(t) dt), X€ER, 3)

[ee)

— 00

L(p(O) =0, p(£e) = lim p(x) = J_r%, 0 € WZ(R), 4)
x—+o
rae
xZ

u=1 K,(x) = e 4a, x ER. (5

4ar
3aj1aua BO3HMKAET B P — aJUuecKoi Teopun cTpyHsl (cMm. [1] — [3]).

CoOTBeTCTBYIOIIEE MHTETPATIbHOE ypaBHEHHE 0€3 MPOU3BOAHON BTOPOTO
HopsiIKa TpH onpe/ieieHHsix Q u3yueno B padorax [1] u [3].

CootBeTcTBYyIOIIasl TpaHMYHAs 3ajada Ha IOJIyocH mpu Oojee
CHJIbHBIX OTPaHMYEHHSAX HA HEIMHEHHOCTh HCCIeoBaHa B paborax [4] —
[7].

Hcxons nmMeHHo u3 pusndeckux cooOpakeHui, Oy1eM UCKaTh HEYeT-
HBIC peIIeHus i rpaHnanoi 3amayan (3) — (4) (em. [1] — [3]).

[Ipsimoii mpoBepKoit MOKHO yOeauTbes, 9To ecinu GpyHkuus f(x) aB-

JISI€TCA PELICHUEM CIIEYIOLEN TPaHUYHOM 3a]a41 Ha I10IYOCH:
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d*f (x)

dx?

+ U0 = Q < f (Ka(x = ) = Ko (x + t>)f(t)dt>,x ERY,(6)
0

f(0)=0, f(+e) =7, f € WERY), ™)

TO HeyeTHOE npononkenne Gpyukuuu f(x)na R™ = (—oo,0):

_ f(x), ecoiu x=0,
() = {—f(—x), ecm x <0

Oyzer pemreHreM rpanndHoi 3amaun (3) — (4) u, ciaeaoBaTenBbHO, IEPBO-

HavainbHOM 3amaun (1) — (2).

2. Ceenenue 3agaun (6) — (7) K HHTErpajbHOMY YPaBHEHHIO.
AnNpuopHbIe OLEHKH
Herpyauo nposeputs, uto B W2 (R*) 3amaua (6) — (7) skBuBa-
JIEHTHA CJIE/IyOIIEel 3a/1a9e:
df (x)
dx

+uf(x) =
= f e HE=X)Q f(Ka(t—T) — K, (t +)f(x)dr |dt, x € RY,(8)
x 0
¢ rpanuHBIME ycroBusiMu (7). O6o3HaunM depe3

d
F(x) = % +uf(x), x€R", 9

Torna ¢ yuerom (7) u (9) npuxoauM K CIEAYIOIMIEMY HETUHEHHOMY

HMHTErPAIBHOMY YPaBHEHUIO:

o)

F(x) = f e =) f (Ko(t — 1) — Ko (£ + 7))
0

X
T
f e M-I (2)dzdT |dt, x € R* (10)
0

OTHOCUTENIbHOPYHKINH F, yI0BIETBOPSIOLICH YCIOBUSAM:
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F(+00) = Zn F € Wi(R"). 1)
PaccMOTpUM CIIeyIONIyo (pyHKIHUIO:

W(x) = j e_”zj K,(x +y—2)e ®dydz, x€R. (12)
0 0

W3 Buna snapa K, (x) HEmocpeaCTBEHHO BBHITEKAIOT CICAYIONINE HIDKEIPH-

Be/leHHBIC CBOMCTBA hyHKIMu W (X):

W(-x) = W(x), x € RY, (13)

W(x) >0, x€R, fW(x)dx =1, (14)

W e Cw(IRz)_r:OM(R), (15)

flxImW(x)dx < +oo, fxzm“W(x)dx =0, m=012,.., (16)

raeC” (R) — npoctpancTBo OeckoHeyHO AupbepeHIUpyeMbIX (YHKIHMIA
HaR,a M(R) — npocTpaHCTBO OrpaHHYeHHBIX QyHKIHI Ha R.

PaccMoTpuM crienyroiee XapakTepucTuIecKoe ypaBHEHHE:
oo

1
f e PtW (t)dt = 2o’ P € [0, +) (17)
0
otHOcHUTENbHO p. M3 Teopemsr Bombmano-Komm ¢ yuerom (13),(14) u

ycnoBust @ > 1 cienyer, uro ypasuenue (17) uMeer eIUHCTBEHHOE IIO-
JIOKUTENLHOE PEIIECHHE Py

HOKaSaTeHBCTBO CJIeI[yIOH.IefI JICMMbI OCYHICCTBJIACTCA aHAJIOTUYHO
JI0Ka3aTeNIbCTBYJIEMMBI 3 13 paboTs [8].

Jlemma. Hmeem mecmo credyrowas oyenka cHU3y:
r 1
J (W —t)—W(x+1t) (1 —ePob)dt > 5(1 — e Po¥) x € RT,  (18)
0

20e py > 0 — eouncmeennoe pewenue xapaKkmepucmudeckozo ypaeHe-
nus (17).
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3. MocaenoBare/ibHbIe MPUOIMKEHHS J1JISI HHTEIPAJIbHOI0 ypaB-
nenus (10)

Paccmorpum mist ypaBaenust (10) cienyromue mocieqoBaTeabHbIe

MPUOJIMKCHHUS:
Fn+1(x) = f e_u(t_X)Q j (Ka(t - 1) — Ka(t + T))
X 0

fe‘“(T_Z)Fn(z)dsz dt, x € RT, (19)
0

Fy(x) = Z, n=0,12.., x €R*.
U3 onpenenenus Fy, ¢ yuerom monoronuoctu Q ua [0,7n] u(5) npu

n = 0 umeem:

o

0<F(x)< f e~HE=0)( j(Ka(t — 1) — K, (t + T))%dr dt <
0

X

(o] (o] [ee] A
< ] e~Ht=X) !% j K,(t —)dt |dt < f e‘“(t‘x)Q(#—Z) dt =
X 0 X

= o) f e-H(t-D) g — Z — Fy(x).

Hpeﬂnonaraﬂ, 4TO IJId HCKOTOPOI'O HATYPAJIbHOTO n
E,(x) =20 u E,(x) <F,_;(x), xeR" (20)

Y HCTIOJB3Ysl MOHOTOHHOCTE (yHKItK QHa [0, 7], u3 (19), monyuum:

o8] (°9)

Frn00 < [ e | [ (Ku(e =)

X 0

— K, (t+1)) j e DR (2)dzdt |dt == E,(x),
0
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+
Fpii(x) >0, x €R".
Teneps JA0KaXeM, 4TO JUIS JIFOOOrO HATYPAIbHOIO 1 UMEET MECTO

CIIEIyIOIIas OLIEHKA CHU3Y:
E,(x) = %(1 — e PoX) x € R, 21D

B ciayuae n = 0 HepaBeHCTBO (21) HEMOCPEACTBEHHO CIEIYET U3 BKIIOYE-
uusi ¢ € (0,7) u onpenencHus HysieBoro npudmkenus. [Ipeamnosaras, 4To
(21) umeer mecto mpu HekoTopomMn € N u HCIOIB3ysh MOHOTOHHOCTB

¢Gyukumu Q, a Takke HepaBeHCTBO (a,), 3 (19,) Oymem umeTh:

Fra() = [ €90 [ (Kot =) = Ko(t + 1)
X 0
% Of e H=2)(1—e~Po?)dzdr | dt. (22)

Tak kak

0< gbf (Ko(t—7) — Ko (t + 1)) ! e HT=2 (1 — ePo?)dzdr <
£ [ ‘
<- (Ka(t —17)— K, (t + T)) e #=2qzdr <

= %!(Ka(t—f)—l(a(t+f))dr S%! Ka(t—r)drs%,lzg,

to u3 (22), (18), (a,) ¢ yuerom teopemsl Dyounn (cM. [9]) nmeem:

Fpp(x) 2

co o T
a
> 751 e H(E=0) J (Kot —©) — Ko (t + 1)) f e (1 — e7Poh)dzdrdt =
x 0 0

= %ff (W(x —z)—W(kx+ z))(l — e Po%)dz >
0
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aé 1
> _f_(l — e—Pox) = i(]_ — e—Pox)_
na n
Wrak, onenku (21) gokas3aHel.

13 menpepoiBoctd (ynkiuu Qu (19) cnenyer, uro F, € C(RY),
n=2012,...

BanuceiBas urepanuu(19) caeayrommm 06pasom:

o x+p x+p—y
Froas () = f e f K.() f e MUE, (x +p — y — w)dudy —
0 —o00 0
[o'e] T

—f K,(x+p +T)fe_“(T_Z)Fn(Z)dZdT dp,
0 0

Fo(x) = Z, n=012.., x€R"

U UCIIOJIB3YsI MOHOTOHHOCTS sizipa K, (x) v GyHkimu Q, HHAYKIHKEH 110 N,
MOXKHO J0Ka3aTh, YTO
E,(x) T mo x va R*, n=0,1,2,.... (23)
CrietoBatenbHO, MOCIEN0BATENBHOCTD {F, (X))} HENPEPBIBHBIX
(GyHKIIMH MMeeT MOTOYEeUHBIH Mpeies, KOorjaa n — 0o:
lim F,(x) = F(x),
n—-oo

KOTOpBIii siBisieTcst petieHreM yparaenus (10) B cuty teopemst b. JIeBu
(cm. [9]), mpuuem
%(1 —eP¥) < F(x) < Z, x € R, (24)
F(x) T mo x Ha R*. (25)
13 uenpepoiBHOCTH siapa K u dynkuuuQc yderom (10) crmemyer
HENPEPHIBHOCTh npenensHoi Gyukiuu F(x). Tak kak F € C(RY), To
OIISITh, UCTOJIb3YS HEMPEPBIBHOCTD sipa K, n GyHKIMH Q, 3aKII0YaeM, YTO
o] T
Q f (Ko(t—1) — Ko(t+ 1)) f e FT=DF(z)dzdr
0 0
€ C(RY) n M(R™). (26)
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CrengoBaTeiabHO,

fe—u(t—x)Q (f(}(a(t —17)

x 0
— K, (t+ T)) f e“(TZ)F(Z)dsz> dt € WL(R™). (27)
0

Takum ob6pasom, ¢ yderom (27)u (10) szakimrouaem, uro F €
WL (R™). U3 cBoiict GyHkuuu F(x) ciemyer, 4To CyLmIecTBYeT
lim F(x) =6

X—00
pu4emM
n
0<d<—.
U

[IpyHUMas BO BHUMaHHUE HENPEPLIBHOCTH QYHKIMU Q M U3BECTHOE
CBOMCTBO mpeena B GeckoHeuHocTH onepanuu cBeptku (cm. [10]), u3
(10) 6ymem umers:

[ee]

§ = lim Je_“(t_x)Q f(Ka(t_T)

X—+00
X 0

—K,(t+ T)) j e M2 F(z)dzdt |dt } =

= 1 lim Q f(Ka(t — 1) — K, (t + T)) f e *-2F (2)dzdt

‘Ll t—>+oo

= tl_l)m f(K (t—1)—K, (t+T))fe wr-2)F (2)dzdt

[oe} T

1
—— . —u(t-z) —
=-Q f K,(u)du hm f e F(z)dz | | =

-+
—00 0

zlq(a-l lim F(z)) =1Q(u6) = Q(ud) = usé.
u U zo+o U
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Tak kak O0<pud<n wu wuucimo 7 >0 sBIAETCI MEPBHIM
MOJIOKUTEIBHBIM KOpHEeM ypaBHeHust Q(u) = u, To ud =n = 6 = n/u.

C yuerom HavyanpHOro yciaosus f(0) = 0 u3 (9) momyyaem, 94To
X X

f(x) = f e HE-OFE()dt = j e ™M F(x —1)dr, x € R*.(28)

0 0
B cuny (25) u onpenenenus f(x)umeem, 4To

f(x) T mo x ma RT.

Bocmonp3oBaBIimcs 1BoWHOMN orieHkoi (24), u3 (28) cieayer, uto
X
%f e Fx=D(1 — e7Pob)dt < f(x) < 12(1 —e™#),  x e RY.
U
0

VYuuThIBast CBOWCTBO Mpe/iesia onepamuu cBepTku B (28), OyaeM UMeTh:

1
lim f(x) =— lim F(x)=12=—.
px—+oo u

X—+00

4. OnHO 10MOJIHUTEIbHOE CBOMCTBO NOCTPOCHHOT0 PellieHusl
B nacrosimem maparpade mpu Oojiee CHIBHOM OTpaHMYCHHUHM Ha
¢bysakmmo Q moxkaxeM, yto npun = 1

%i ¢ € L(RY). (29)

OTHOCHUTENBLHO (I)YHKI_[I/II/I Q MMPECAJIOKUM, UYTO BBIIIOJHAKOTCA YCIOBUA

(ay), (a3), mpun = 1 u cymecTByeT HATYpabHOE YUCIIO M = 2 TaKOE, YTO

1
Q(u) =um, ue€[0,1] (30)
(aT0 ycnoBue Gojiee cuibHOe, YeM ycioBue (a,)). JleHcTBUTEIbHO, IS

nroboro a > 1 B kauectBe ¢ BHIOMpast
m

£ = (é)m <1=n, 31)

OPUXONM K ycioBHiO (ay).

CrnepBa J1I0KaxeM, 4TO

1 +
L-Fe L, (R"). (32)
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C 51O 1IeNIbI0 CHAYaJIa MHAYKIUEH MO0 7 JOKAXEM, YTO
1
; —E,eL,(RY), n=0,12,..., (33)

rae F,onpenensercs kak B (19). B ciyuae n = 0 Bximrouenue (33) cpasy
cienyet u3 (19) npu n = 1. llpeanonoxum, uro (33) UMeeT MeCTO MpU
Hekotopomn € N. Torma B cuiy MmoHotoHHocTH Fy, a Taxke (30), (5) u

teopembl Oyounn u3 (19) Oyaem UMeTsh:

[ee) [ee)

1
os——aﬂw>=feﬂwﬂ>1—o f@aﬁ—ﬂ—de+ﬂ)
H b 0
T ® <
fe—u(‘r—z)Fn(Z)dsz dt < f e Ht=x) )1 _ f(Ka(t -7) —
0 * 0

1
m

T
—K,(t + T)) f e H-2F (2)dzdr > dt =
0

J
= f e ~H(t—x) 1- fooo(Ka(t -1) - Ka(t + T)) f(;[ e_“(T_Z)Fn(Z)dZdT dt <
1 2 m—1 =

x 14t +q™ @)+ +q,™ ()
v (> _— T —u(r-z)
< f -ty L= Jo (Ka(t =) — Ka(t 4 1) [y e DF, (2)dzdr
X

. dt <
1+q;(®
e 1- fooo K,(t—1) fore_“(T_Z)Fn(z)dsz + lzft‘” K,(y)dy
< f o—H(t=x) i “ dt <
x 1+ g7 ()
o 1 1 ;0
o Jo Tat—2) (E—Fn(z)> dz+ﬁf0 T,(t + z)dz
x 1+q7(2)

o)

1 —u(t—x)
+ l? e K,(y)dydet,
x t
rae
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[oe]

T,(u) = f K,(u — z)e *dz,
0

(o] T

1@ = [ (Kt =)= Kol +0) [ e, (azdr =
0 0 (34)

= f(Ta(t —2) =T, (t +2)F(2)dz, n=012,.., teR"
0

CHoBa ucnosb3ys Teopemy OyOuHU U3 MMOTYYEHHOTO BBIIIIE HEPABEHCTRBA,

OyZieM UMETh:

[ee] o

1 1 1
0% 2= o < 5 [ KMy + = [ LMy +10G0), (35)
X X
rac
. 1
e (-ro)e
J.(x) = f o —H(E—x) 1 dt, n =012, ..
x 1+ g (t)
x € R*,

Tak kak

0<J,(x) < J W(x — 2) <% — Fn(z)> dz, x € RY,
0

10 B crity (12) ¥ MHIYKIIMOHHOTO TIpeanonoxkenus J, € L, (RY).

ITockomnbky
g.(t) =0, teRY, n=012,..,
f&@wjn@wwemwx

X X

TO U3 HepaBeHcTBa (35) ciemyer, 4To

1 +
PR € L, (R™).
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[Mpuaumast Bo Buumanue (34), (20) u (21), cBepXy OLIEHHM HHTE-

rpaisl [, (x):

Ja(x) <
I 1+ (%)% (J (Tt —2) = To(t + 2))(1 - e_poz)dz)% )
) f“’ P 16 (= Fan (@) dz o
i 1+ (%)m (7 (Ta(t = 2) = To(t + 2)) (1 - e‘poz)dz)%
j fe‘“(t‘x) 1 J5 Tat = 2) (G = Faa () dz o
" 1+ (&) (= ey ([ = )~ Ty(e 2)dz)"
c e [ Ta(t—2) (;11 - Fn+1(z)> dz .
) f L+ (E)% (1= e P ([ Ty — [T (5)dy)™

n=012,.., x€R".
[TpounTerpupoBaB 006e 4yacTH MOJYYEHHBIX HEPABEHCTB 1O x0T 0 0+ ¢

yuerom (12), (14) u (34), nosnyyaem ciieayrOLIyo EMOYKY HEPABEHCTB:

0
< | J,(x)dx
/

IA

i ] J W =2 (G- Fun (@) dz o
0 1

1+ (g)m (1— e-pox)m(fooo T,(y)dy — fz‘z T, (y)dy)m
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1 Jy W (x—2) (1 - Fn+1(Z)) dz

=f . dx +
014 (%) (1—e pox)m(f T.(dy — [, T, (J’)d)’)m

+f°° fooo W(x —z) (I_l - n+1(Z)) dz dx <

14 (g)m (1- e—poX)%(me T,()dy — [, T.(y)dy)™

< OJOJ W(x — 2) <%— Fn+1(z)> dzdx +
1 (( 1
-q;;ffww—@&—nﬂ@owm,

10
IS

£ = G)% (1- e‘pO)% f To(y)dy —f To(y)dy

0 2

[ee)

1
0 m

fem -y "
ero — m
= <W> fTa(Y)dy >0,
0
nockonbky T, (y) > 0,y € R. Uaterpupyst 06e gactu (35) no x or 0 g0

+00, ¢ MCNOJIb30BAHUEM BBIIIE MOJYYEHHOW HHTErPAIBHON OLIEHKH IS

J.()u ¢ yuerom (12), (14), momyyaeM CIIEAYIONUIYIO IEMOYKY Hepa-

BCHCTB.
F /1
! -~ Fon(@) ) dx

1 o0 ©o 1 o0 ©o [o¢]
Ef f K,(y)dydx +.17f f T,(y)dydx +f]n(x)dx <
0 x 0 x 0

0

INA
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Mifoo K (y)dy+—fyT (y)dy
0

r 1
+ bf b[ W(x — z) (,1_1 - Fn+1(z)> dzdx +

1 oo ©o 1
+ 1+ gj J W(x — z) <; - n+1(Z)> dzdx, n=0,1.2,...
10

HN3MeHneHuem IMopsAAKa MHTCTPUPOBAHUA B IIOCIICAHUX JABYX HHTErpajlax

IIPaBOM YacTH, OJYUYEHHBIX BBILIE HEPABEHCTB, OyeM HUMETh:

0 1 1 © 1 0
0 sf <;—Fn+1(x)> dxs/?f yKa(y)dy+nyTa(y)dy+
0 0 0

+0f(%— n+1(z))ofW(x—Z)dxdz+

1+£J— == Fn41(2) fW(X—Z)dxdz<

(00

<— j YKy + 3 j Yy + [ (i s () dz- fl W(Ddr +
0

1 (1
F (;_ 11 (2) dz<—ny (y)dy+—fyT )dy +

0
+max{

Tak xak

(00

1
. j <; — Fn+1(z)> dz, n=0,12,...

0

W (t) d‘r

S%r—x

e>0, 0< fW(r)dr<1,

TO
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§ = max JW(T)dT, T € (0,1).

I/ITaK, M3 IMOJTYYCHHOI'O HCPABCHCTBA IMPUXOJHUM K CHGHYIOHleﬁ OIICHKCEC:

OS[(%— n+1(x)>dx§

0
00

1 1f
<=0 = [ KOy + = [ sy |
0 0
n=2012,... (36)
CnenoBartenbHo, coriaacHo Teopeme b. JIeBu, momyunm, 4To

1
Z_FelL,(R"Y,
u

Ipu4eM

f——F(X) dx < (1—-6)71 iny (y)dy+ifyT ndy ). (37)
0 - ,u30 ’ Mzo ’

Teneps nokaxxem, 4To
1
T fEL (R*).

U3 onpenenenwmii f uy, (cM. (28)) umeem, uto
X

1
0<——f(x) je plx= t)dt+u—e o —
— f e_#(x_t)F(t)dt = Pe_ux + f e_#(x_t) (; — F(t)) dt
0

0
VuaureBas (37), u3 (38) OyneM uMeTh:

1 1 ; 1
- _ —ulx—-t) | — _ —
Osbf<)L f(x))dx— 3+bf0je“ (# P(t)>dtdx—
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[o0] [o9]

1

r 1 11
=—3+f ——F(t) e HG- f)dxdt——+—f(——F(t)>dts
u ) u Ho o

1 17 17
SF+(1_6)_1 Eija(y)dy+nyTa(y)dy :
0 0

CnenoBatenbHO,
1 +
1 fE Li(RY).

Tak kak QyHKIUS @ SBISETCS HEYETHBIM NPOJOIDKEHHEM HA R~ QyHKIMU
f, mpuxoaum k BrodeHusM (29). Ha 0CHOBE BBIIICH3I0KEHHBIX (DaKTOB,
HPUXONM K CIIETYIOIINM PE3yIbTaTaM:

Teopema 1. ITycmo ¢pynxyus Q obnadaem ceoiicmseamu (a,) — (as),
ad > 0 —3a0annoe uucno. Toeoa epanuunas zadaua (1) — (2) umeem
HeMPUBUAIbHOE HeUemHoe peuleHue, npuiem

p(x) =0, xeR* u p(x) <0, x eR".

Teopema 2. Ilycmo (pynryus Q yooenemeopsiem ycaosusm (a,), (as)
u (30). Toeoa ons pewenus @ epanuunoi s3aoayu (1) — (2) npu n =1
UMEIOm MeCmo CedyIoujue 6KIOUeHUs.:

1 _
JTeE L, (RT).
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ON SOLVABILITY OF ONE CLASS OF NONLINEAR
PSEUDODIFFERENTIAL EQUATIONS ON THE WHOLE LINE

Kh. Khachatryan, E. Andreasyan
ABSTRACT

The work is devoted to the problem of solvability in the Sobolevi¥,2 (R*) space
of a class of pseudodifferential equations. Under certain conditions on the nonlinear
part it is proved, that the considering equation has an odd solution ¢ € W,2(R*), with
a definite behavior at infinity and satisfies condition ¢ (0) = 0.

Keywords: nontrivial odd solution, Sobolev space, monotone, iterations,
asymptoticsof the solution.

UULNNL UNULSLE 41U N2 GOUSHL MUBYNYIIELELSPUL
204 U0U0UurNpuLverk Uty YUUP LOROGLPNPE8UL UUUDRL

U huswnmui, E U Qugplkwugyub
uvoenNenkrU

Uphiwinwtipp thpyws £ Unpnjth W2(RY) tnwpwsnipjniinid yyulign-
nhbtpkughw) hwwuwpnidubph dbyguuh nustjhnipjutp: N gduyhtt dwuh
Jpw npnowlh wuwydwubbkph ghypnid wwwgnigqud L, np ghwuwplyng
hwuwuwpmdiniih ¢ € W2(R*) Yhin msmd win]kpentd npnowlh Juppm]
lp(0) = 0 yuydwiht pujwpupny:

Zhduwpwretp' ny wphdhwjjiun nsnud, Unpnjlh wmwpwbdnipintl,
Untinununipntl, Unnwpynud, nusdwtwuhdynnnhlju:



Becmnux PAY N 2, 2018, 52-63

OPU3UKA

V]IK 669.017

TEMIIEPATYPbBI KIOPU
MAT'HUTOYIHHOPAJOYEHHBIX
COEJJUHEHUHA B CUCTEME GdsSi>-«Gez-xSnay

H.II. Apymionan
Epesanckuii I'ocyoapcmeennuiii ynugepcumem

norayrharutyunyan@ysu.am
AHHOTANUA

W3 TemmepaTypHbBIX U MOJEBBIX 3aBUCUMOCTEH HAMAarHMYCHHOCTH
crutaBoB GdsSip«Ger-xSnox ¢ 2x = 0,04; 0,05; 0,06; 0,08 6butH omIpeere-

Hbl Temnepatypbl Kropu T¢ U MakCUMalbHbIE U3MEHEHHMsS] MAarHUTHOMN

max
YaCTU SHTPOIINHU AS M CIIJTaBOB. YCTaHOBHeHO, 4TO IIPpH JICTUPOBAHUU

max
CIUIaBOB OJIOBOM 3HaueHHs Temnepatypsl Kiopu Tc u AS ) CTVIaBoB

max
Bo3pacraroT. HabmogaeTcs 3HaunTenbHOE yBeIHUeHHE AS ) TPH yBe-

mnuennu T¢ noutn Ha A 7¢c=18K< o cpaBHenuto ¢ yncteiM GdsSixGes.

HonyquHHe JAaHHBIC CBUACTCIBCTBYIOT O TOM, YTO BBIHNICYKA3aHHBIC
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COCTMHEHHUS, 00J1a71as1 BBICOKMM MarHATOKaJIOpHIeCKUM 3 (HEKTOM, MO-
T'YT OBITh HCIIOJB30BaHbl B MATHUTHBIX peprkepaTopax B Ka4eCcTBE pa-
0ouero BelecTna.

KaroueBbie cioBa: TMOJEBbIE 3aBHCUMOCTH, HAMarHWYCHHOCTb

CIUIaBOB, TeMmeparypa Kropu.

1. BBenenune

B marnutoynopsaoueHHbIX Matepuanax (peppo- u antudeppomar-
HETHKax) MPU U3MEHEHUU BHEIIHETO MarHUTHOTO TOJIs B pabovem Juana-
30HE TEMIIepaTyp BO3HUKAET MarHuTokanopuueckuii 3¢pdexkr (MKD),
00yCIIOBJICHHBII MaKCUMAJIbHBIM H3MEHEHHEM MAarHUTHOW YacTH DHTPO-
nun AS™>¥ pabodero Tena. bruarogaps oOHapy:XEHHIO 3HAYMTENIbHBIX BEJIHU-
YHMH Kamopudeckux 3¢(pdexroB B obmactu Ppa3oBbIX MEPEX0 0B THUIIA TOPS-
TOK-0ecropsI0K, METOIbI OXJIaXxAeHus Ha ocHoBe MKD B HacTos1ee Bpe-
Msl pacCCMaTPUBAIOTCS B KQ4e€CTBE KOHKYPEHTOCIIOCOOHBIX IO OTHOIICHHUIO
K TPAJAUIIMOHHBIM METO/IaM OXJIaXICHHUS B IIMPOKOM MHTEpBAJIe TeMIlepa-
Typ. M3BecTHO, 4TO MakcUMyM BenuduHbl ASy (heppoMarHeTukoB 10CTH-
raeTcsi B OKPECTHOCTH TeMIlepaTypsl (a3zoBoro mepexona (eppomarse-
TU3M-niapamaruetusm. CrnepoarenbHo, Touka Kiopu Tc¢ marepuanos, u3
KOTOPBIX M3rOTOBJIEHO pabodee TEeJI0 MArHUTHOIO XOJOJWJIbHUKA, pabo-
TAIOLET0, HApUMEP, B 00J1aCTH KOMHATHBIX TEMIIEPATYp, 10JIKHA JIeKaTb
BOM3M Tc= 293K. Takumu cBOMCTBaMH 00JIa/1af0OT CILJIABBI TSHKEIIBIX Pel-
KO3EMEJIbHBIX METAJJIOB Ha OCHOBE rafojunus [1-3].

B pabote [4] nokazaHo, 4TO 3((HEeKTUBHBIM MAarHUTOKAIOPUYECKUM
MaTepUajoM, IO CpPaBHEHHUIO C TaJOJMHUEM, SBISETCS COEAUHEHUE
GdsSi:Ge: ¢ rurantckum MKD npu Te= 262K. OnHako BbllIeyKazaHHOE
COEJIMHEHUE B KauecTBE XJajareHTa B objgactu temneparyp 7> 262K ne-
J0CTaTOYHO 3(PPEKTUBHO, TaK KaK MAKCUMYM TEMIIEPATypHON 3aBUCH-
MOCTUAS " I0JKEH HAXOAUThCA B MHTEPBAjJ€ TEMIEPATyp BBILIE TOYKH

Kropu nansoro obpasua.
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B paborax [5, 6] aBTopamu ObuIM M3MEpPEHBl HAMArHWUYEHHOCTH U
MarHMTHYIO0 BOCHPUUMYHMBOCTh MAarHUTOYIIOPSJIOUYEHHBIX COECIUHEHHUH B
cucremeGdsSixGes x¢ yacTHYHBIM 3aMEIIEHNEM aTOMOB KPDEMHHMS M TepMa-
HMS M30BaJIEHTHBIMM aTOMaMU 0j10Ba (Sn). Bb110 MoKa3ano, 4To 4acTH4HOE
3aMEIlEeHUE KPEMHUS U T€PMaHUs OJIOBOM IPUBOJIUT K BO3PACTAHUIO TEM-
nepatypsl Kropy 1 yBEIMYEHHIO MATHUTHOM YaCTH SHTPOITUHAS ™,

B nacrosmieii pabore npecTaBiaeHbl pe3yJibTaThl UCCIET0BaHUM Mar-
HUTOYNOPSAIOUEHHBIX coequHeHunit cucteMbl GdsSipy xGey xSnyxc HOBBIM
crexuoMerpuueckum cocrapom (2x= 0, 04; 0,05; 0,06; 0,08). Jlna onpene-
JIEHHs CKAuKa SHTPONUH ASy GbUT HCIIOIB30BAH METOJI pacyeTa HaMarHu-
YEeHHOCTH JaHHOTO 00pasiia Ha OCHOBE U3BECTHBIX MOJIEBBIX U TEMIIEpaTyp-
HBIX 3aBHCUMOCTeH. M30TepMuueckoe N3MEHEHUE SHTPOIUU B HCCIeLye-

MOM HHTEPBAJIC MATHUTHOTO TIOJIsI BEIYUCIISUIOCH TI0 (hOpMYJIe:

8y = g (55) H i .

NOJIyYEHHOM M3 ypaBHeHHI Makcgeina [7].

asM) (aM)

— ) === )H(2

i) = G
Tak Kak HAMarHUYEHHOCTh U3MEPSETCS TIPU TUCKPETHBIX 3HAYCHUSIX
MarHuTHOTO TOJIs, TO, coryiacHo 8], Beipaskenue (1) MOKeT OBITh almpoK-
CUMHUPOBAHO (POPMYIION:
1
ASy = X 7—— (M — M;)AH;,(3)
1+1 4

rae My Mi+— HaMarHU4EHHOCTH, U3MEPEHHBIE B NOJIAX [ IIpU TeMIiepa-

typax Tiulj+;, COOTBETCTBEHHO.

2. MeToauka’KcnepuMeHTa U 00Cy:K/IeHne pe3yJIbTaToB.

[Tomukpucramumueckue oopasipl coeauaennii Gd5Si2—xGe2—xSn2xc
2x=0; 0,03; 0,04; 0,06; 0,08 ObLTH CHHTE3WPOBAHBI B TEIHEBOI aTMOchepe
UHIyKIIMOHHBIM METOJIOM M HJIEHTU(UIIMPOBAHBI PEHTTEHOrpapHUecKH Ha
mudpakromerpe JIPOH-2 mo meroauke, onucanHou B [5]. Hamarnuuen-

HOCTb 00pasloB u3Mepsuiach MerojaoM Donepa [9] myTem perucrpanuu
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3.1.C. pazbajlaHCca, BO3HUKAIOLIEH B CUCTEME U3 JBYX U3MEPHUTEIbHbIX Ka-
TYIIEK, BKIFOYCHHBIX HABCTPEUy APYT JIPYTy MpH BUOPHPOBaHUU 0Opasia
B MarHuTHOM nojie. BuOparopoM ciry>kui akyCTUUECKUM AUHAMUK, MOJK-
JIFOUYEHHBIN K T€éHepaTOpy HU3KOYACTOTHBIX Kosiebanuil. Mi3mepenus Hamar-
HUYEHHOCTH 00pa3LOB MPOBOAMIIMCH B IOCTOSHHOM MarHUTHOM I0JI€, KO-
Topoe MeHsutoch B nipeaenax 0—1, 0 T. Temnepartypa oOpa31ioB MeHsI1aCch B
unrepaie 250-300K.

Ha puc.] npuBeaeHsl H30TepMbl HAMarHUYEHHOCTENH OJTHOTO U3 00-
pasnoB coeauaeHus GdsSizxGezxSn2x(2x= 0,04), u3mepeHHbIe B UHTEpPBAa-
ne 3HayeHuit maruutHoro nojst 0-1,0 T.Kak BugHO, HA U30TepMax Hamar-
HUYEHHOCTH 00paslia HabIoAaeTcsl Pe3KHil craj B 001acTH TeMIIepaTyphl
dazoBoro nepexona (~280K), CBUAETENBCTBYIOMINI O THIIMYHOM (Geppo-
MarHuTHOM HOBEJEHMU HccleayeMoro obpasua. UMcieHHblE 3HAYCHMS
IIPOM3BOJHON HaMarHMYEHHOCTH I10 TEMIIEpAType IPU MOCTOSHHOM Mar-
HUTHOM I10JI€ OIIPeIEeISUINCh U3 aHAIOTMYHBIX KpuBbIX M(T) uccienyembix

00pasIos.

14

255
260
272
280
285

et ¢t

0 0.2 0.4 0.6 0.8 1.0 B, T

Puc. 1. M30TepMbl HAMarHU4YEHHOCTEH
Gd5Si0,98Ge1.98Sn0,04(2x= 0,04) U3MeHEHNsS MATHUTHO# YaCTH YHTPOITHH

B MarHuTHBIX mojsax 0-1,0T.
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PacdeT TemnepaTypHOl 3aBUCUMOCTH U3MEHEHUSI MAarHUTHOM Y4acTH

SHTpONUH B MarHUTHBIX nosisix 0—1,0T 1i1s pa3nuuHbix 00pa3iioB nokaszad,

YTO JJI KayKIOr0 U3 HUX CYLIECTBYET OIIPENEICHHBIA MaKCUMyM AS

max
M b

[0 KOTOPHIM OBbUIM ONpE/eeHbl COOTBETCTBYIOIIME Temmeparypbl Kiopu

(puc.2).

ASy (Ix/xrK)

] GdsSiz.xGez. —-9x=0
20 1 S ~2x = 0.03
s -89x = 0.04
-+92x = 0.06
7] —2x =0.08
10
5 -
0 -
| ] [ [ I | [ |
250 260 270 280 290

T, K

Puc. 2. TemneparypHble 3aBUCUMOCTU COCTUHEHHS
B MarHUTHBIX noax 0-1,0Tcoeanaenmnii
GdsSir-«Ger «Snak(2x= 0; 0,03; 0,04; 0,06; 0,08).

max
B tabnuue 1. npusenensl nanueie no TC u AS M HcCTenyembix
COCJIMHEHUH.

2x CocraB Tc, K AS mn/"lx’ H)K/KF K

0 Gd5Si2Ge?2 262 8.1
0,03 | GdsSi1.985Ge].9858n0.03 |  276[6] 14.8[6]
0,04 Gd5Si1.98Ge1.985Sn0.04 280 14
0,06 GdsSi1.97Ge1.97Sn0.06 275 16.3
0,08 Gd5Si1.96Ge1.96Sn0.8 273 10.5
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Kak BuHO 13 TabNIUIIbl, YACTUYHOE 3aMEelIeHIEe KPEMHHUS U TepMaHus
0JIOBOM NIPUBOJMT KBO3pacTaHuIoI¢ o cpaBHeHuro ¢ uncthiM Gd5Si2Ge2
na ATc = 18K (2x=0,04), uto Ha 4eThIpe rpagyca MpeBbIIIACT Pe3yJIbTarT,

noJTy4eHHBIH B padoTe [6]. Kak Ob110 ckazaHo B pabote [6], 3HAYUTEIbHBIIH-
max
poct AS M VI JISTHPOBAHHBIX CIUIABOB, MO CPABHEHHIO C YHCTHIMH

Gd5Si12Ge2 MOxKHO OOBSICHUTH YMEHBIIICHHEM JIJTHHBI CBOOOTHOTO TIpo0e-

ra DJSJICKTPOHOB, CBA3aHHBIM C YBCIIMYCHUCM 3(1)(1)6KTI/IBHOI‘O CCUCHMUA

+ . .
paccesiHUs IEKTPOHOB HA MOHAX Sn* , IMEIOUINX OONbIINN MOHHBIN pa-

4 4 G Bro oberosTenseTBo MPUBOJIUT K YCUIICHUIO S—f

auyc, yem Si
00OMEHHOTO B3aMMOAECUCTBUS MEX/1y MAarHUTOAKTUBHBIMUA MOHAMH T'aJI0JTH-

HUs, TT0100HO H310)KeHHOMY B [10].

3. 3akiroueHnue

W3BecTHO, 4TO MarHuTo-kajopuyeckuit 3p(HeKT B MarHuTOymnops,1o-
YEHHBIX COEJIMHEHUSX BO3HUKAET MPU U3MEHEHUHN BHEIIHETO MATHUTHOIO
noJisi B pabodeM auana3oHe TeMIIEpaTyp U OH 00yCIOBEH MaKCHMaIIbHBIM
M3MECHEHMEM MarHUTHOM 9acTH SHTpornuu AS™/ oOpasua. IlockonbKy MakK-
cuMyM BenuuuHbl AS”V (eppOMAarHeTUKOB JOCTHIAaeTCAd B OKPECTHOCTH
TeMIeparypsl Ga3zoBoro nepexoaa (heppomMarHeTu3M-apoMarHeTusM, TO
teMneparypa KropuT ¢ MOXKET UrpaTh BaXXHEHMILLYIO pOJib B IIOMCAKAX MaTe-
pHAJIOB, U3 KOTOPBIX U3TOTOBIEHO paboyuee TeIO MarHUTHBIX XOJIOAUIbHU-
koB. [l onpenenenus remneparypsl KiopuT'c B paboTte ObLIM M3MEpEHBI
HamMaram4yeHHocTH cimiaBoB GdsSi, (Ge, Snyc 2x=0,04; 0,05; 0,06; 0,08, u
13 UX TEMIEPATYPHBIX U MOJIEBBIX 3aBUCUMOCTEN ONPEIeTICHbI TEMIIepaTy-
pbl KropuT¢ 1 mMakcuMmanbHble WU3MEHEHHMS MarHWTHOM 4YacTU SHTPONUU
AS™ Y CTaHOBJIEHO, YTO NPU JIETMPOBAHUM CILIABOB OJIOBOM 3HAYECHHMS

temnepatypsl Kropu u AS™/* ciaBoB Bospactaror. HaGmonaercs 3Haum-

TebHOE yBeanueHue Temmeparypbl Kiopu mourn Ha AT=18K, no cpashe-

HHUIO ¢ YUCTBIM GdsSi>Ge,,
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[Tony4yeHHbIC TaHHBIE CBUETEIBCTBYIOT O TOM, YTO BEIIIICyKa3aHHbIC
COCIMHEHUs, 00JIafasi BBICOKMM MarHUTO-KaJIOPHUECKUM 3PHEKTOM, MO-
T'yT OBITh MCIIOJIB30BAHBI B MAarHUTHBIX pedprkepaTopax, paboTalonmx B
o0jacTu KOMHATHBIX TemrepaTyp BOmm3u Tc= 293K B kauecTBe pabouero

BCIICCTBA.
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MAGNETICALLY ORDERED COMPOUNDS IN THE
GDsSI> xGE2 xSN2xSYSTEM AT CURIE’S TEMPERATURES

N. Harutyunyan

ABSTRACT

Maximal changes of the magnetic part of entropy A" I\Zx of alloys versus

temperature and field dependences of GdsSi>—«Ge,-.Sny, alloys with 2x=0,03-0,08
are determined. It is established as a result of Sn doping leads to increasing the

values T¢ (in the case of, 2x=0,04) and ASmI\Zx in alloys. The obtained data allow

to conclude that the above mentioned magnetically ordered compounds can be
occupied in magnetocaloric effect and can be used as a working substance of
magnetic refrigerators.

Keywords: noJieBbie 3aBUCUMOCTH, HAMAarHUYEHHOCTh CILIABOB, TEMIIEpa-

typa Kropu.

GdsSiz«Ge2.Sny, ZUULVYWULGD UUSLPUTYUMRUI NI UD
UPUSNERE3NPULLEGLP GNP P QGMUUUSPEKULLET

U 0 Zwpnipinibpub
uuvoenNoenNruU

2x=0,03-0,08 wpdbtputpny GdsSi>.Ger,Snyy  hwdwdniwspubpp
dwqhuwjuinipjut ohpdwunhdwbught b guownuyhtt Jujujwsnipiniui-
ukphg npnoywé Gt hwdwdnyjwspubph 7e Yniphh obpdwunhdwuubkpp b
Euppnwhwyh dwquhuwlwb pwduh AS ml\fllx—h wnwykjugnyt wpdbpubpp:
Zuyntwpbpjws k, np whwgny (kghpdwt htnbtwipny wdnd L husybu
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hwiwdnyJusputph Gmiphh ghpuwunhgwbibtpp (A7= 184, 2x=0,04 nbkw-
pnud), wyiybu K AS mﬂf; x -h wpdtputipp: Unwugws wpyynibipttpp yuynid
Eu wyudwuht, np Jbpp woqws dwqhuwjupquynpus vhwgnipniuaubpp
Jupnn b mhpuybnk] pupép dwquhuwjuwinphwljut tplinygpny b jupng
Eu Yhpwnyt) hppl pwting ynipkp duqihuujut vunbwpuwbtbpnid:
Zhdtwpwnbp® nosnessie 3aBUCHMOCTH, HAMATHUYEHHOCTh CILIABOB, TeMIIepa-

Typa Kropu.
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MN3BJEYEHUME U PACUYET K/IFOYEBBIX
XAPAKTEPUCTHUK CUT'HAJIA A
KJIACCU®UKAIIMUA AHAJIOT OBBIX MOIYJISAIIUA
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Hnemumym paouoghusuxu u snekmponuxu (HAH PA)
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AHHOTAIMUA

ABTOMAaTHYECKOE pacIO3HABAHUE MOMYJISIUIN SBISETCS OJHUM W3
BOXHEHUIUX 33724 CUCTeM CBsi3U. [ pacrio3HaBaHHS THIIA MOAYJISIIIHH,
0e3 mpeBapUTEIbHBIX JaHHBIX O CUTHAJE, HEOOXOUMO B ITaIle Mpe/iBa-
pUTENBHON 00pabOTKU CUTHAJA W3BJICUYb KIIOYCBBIC XapaKTepuCTUKU. B
JIAHHOW HAYYHOM CTaThe OMMCAHBI KIIFOYEBBIC XapaKTEPUCTUKH CUTHAJIOB,
KOTOpbIC MPUMEHSIFOTCS ISl aBTOMATHUECKOTO PACIIO3HABAHUS aHAIIOTO-
BBIX MOJYJISIUI, UIIPEICTABIICH UX PacydeT B cpele Tpaguyeckoro mpo-
rpammupoBanus Lab VIEW.

KiueBble cioBa: aBTOMaTHYECKOE PacIO3HABAHUE MOYIISIIHMA,

KIIIOYEBBIC XapPaKTCPUCTUKH CUTHAJIA, aHAJIOTOBBIC MOAYJIAIINHA.

BBenenune
CucreMbl aBTOMATHYECKOTO paclo3HaBaHus MoAyssiuii (APM)

COCTOAT M3 TpeX OJIOKOB: MpeBapUTENbHON 00paOOTKU CUTHANA, KJIACCH-
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(duxaTopa u nemoxayisaropa. B 6ioke npenoOpabOTKu MPUHATHIA «HEH3-
BECTHBII» CUTHAJ Pa3/IesseTCs] Ha CETMEHThI PaBHOM JITMHBI, U3 KOTOPBIX U
W3BJIEKAIOTCS KJIIOYEBBIE XapakTepucTuku. KiltoueBble XapaKTEepUCTHUKH
CUTHaJIa — 3TO T€ JaHHbIE, KOTOPHIE ONUCHIBAIOT KOHKPETHBIE OCOOEHHOCTH
naHHoro curHana. [Ipu npaBuiIbHO BRIOPAHHON Ipymie KIOYEBBIX Xapak-
TEPUCTUK MOKHO C OOJIBIIION TOYHOCTHIO ONPEACTUTh TUIT MOIYJISIIIUU CHUT-
Hasa, MOCKOJIbKY 3HAYCHHS 3TUX XapPaKTEPUCTUK ISl KQXKIOTO TUIIa MOJY-
JMPOBAHHOTO CUTHAJA OynyT YHUKaIbHBIMU. CyIIECTBYIOT THUIIBI MOTYJIS-
LU, 75 KOTOPBIX 3HAYEHUS! KAKOW-TO XapaKTEPUCTUKU OyIyT OIM3KUMHU
WJIN OJJMHAKOBBIMHU, HO HE CYIIECTBYIOT TaKHE THITbI MOTYJISIHM, I KOTO-
PBIX 3HaYEHMS BCEX XapaKTEPUCTUK OJMHAKOBBI. JlJis pacyera KIIIOUEBBIX
XapaKTePUCTHK MCIIOIB30BAIMCH TAKHE ApaMETPhI KaK: MTHOBEHHAsI aMII-
nutyna u asa, u CIeKTp MOITHOCTH CHTHasa. B cimywae, Koria TaHHBIE O
CHUTHAJIE HEW3BECTHBI, BO3HHMKAIOT MPOOJEMBI, CBS3aHHBIE C PacCUueTOM
MTHOBEHHOH 4aCTOTHI, aMILTUTYABI U (pa3bl, KOTOPHIE MOPOOHO ONMCAHBI B
“Appendix A” pabotsl A33oy3a u Hanau [1]. Tak xak B naHHO#l pabGote
paccMOTPEHBI MOJICITUPOBAHHBIE CUTHAIIBI, TO, COOTBETCTBEHHO, CUUTACTCS,
YTO YaCTOTA HECYIIEH U3BECTHA.

B nannoii pabote paccmotpenst DSB (double side band), SSB (single
side band) u FM (frequency modulation) Tunbsl aHaJIOTOBBIX MOIYJISALUN U
KJTIOYEBBIC XapaKTepUCTUKU [ 1], mpeHa3HauYeHHBIE [T KX PACTIO3HABAHMS.
[IpencraBneHo noapobHOE ONMUCaHKe U3BIICUCHUS U pacueTa TUX XapaKTe-
pPHUCTHK B cpelie rpapuueckoro mporpammupoBanust Lab VIEW u pe3syib-
TaThl TECTOB aBTOMATUYECKOI'O PACIIO3HABAHUS C IIOMOIIBIO MCKYCCTBEH-
HOM HEHMPOHHOU CETH.

Lenbro paboTHI SBISETCS OMMCAHUE IPAKTUYECKON peaan3aliy 1 pe-
HICHUS 321241 aBTOMATUYECKOTO PacIio3HaBaHHsI aHAJIOTOBBIX MOTYJISALIUH,
JUIs 9ero B cpenie rpaduueckoro nporpammupoBanus Lab VIEW, Ha ocHo-
BE MCCIICIOBAHHOM JIUTEPATYPHI, ObUT pa3paboTaH aIrOPUTM IS H3BJICUE-
HUS KIIFOYEBBIX XapaKTEPUCTHK MOJICTHMPOBAHHBIX aHAIOTOBBIX MOJIYJINPO-

BAaHHBIX CHUT'HAJIOB. HOJ’IyquHBIC JaHHBbIC ObLIH ImogaHbl HA BXOAbI paHCC
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pa3paboTaHHON 0a30BOM MOJIENIM UCKYCCTBEHHOM HEUPOHHOM ceTH [2], KO-
TOpasi UCTOJIb30BaIACh B KaUecTBe KilacCu(pUKaTOpa AJisi aBTOMAaTUYECKOTO
pacrno3HaBaHMUs.

1. DSB moayasiums. [Ipu DSB ammuTyaHoi MOy siuuu MOy M-
pOBaHHBIM cUTHAJS (t)OMKCHIBACTCS CIIEAYIOIMMHUM3BECTHBIM COOTHOIIIC-
Huewm [3]:

s(t) = A(t) (1 + mx(t))cos(wy t) (D),
rne A(t), — aMIUIMTYyJla HECYIeH, m — MHIEKC MonayJisiuuu, x(t) — 3To
HH(OPMALMOHHBIA CUTHAJ, a W, — Hecymas yactoTta. Korma moaynupyro-

mas ¢yakius x(t)nepuoguyHa W BbIpakaetcst psaom Dypwe, Torma

uMeeM:
oo

x() = ) cueostkant = ;) )
k=1

rnek=1,2, ..., N, Cxu ¢}, COOTBETCTBEHHO aMILIUTYy/1a U HaYajbHas (haza

k — ro konebaHnus, a w,— vacora curnana.l3 (1) u (2) cnenyer:

s(t) = A(t) |1+ mZ ¢, cos(kw,t — @i )| cos(wy t) =
k=1

m
= A(t).{cos(wy t) + Ez ¢, cos[(wy + kw)t — @] +
k=1

+ ZER cecos[(wo — kandt + ¢pl) 3).

Takum obpazom, criektp DSB MomynnpoBaHHOTO CHUTHAjIa COCTOUT

U3 KosieOaHusl HECYIIeH YacTOThl wg, KOJIEOAHUH C CyMMapHBIMHU YacTOTa-
mu(w, + kw,) 1 pasHOCTHBIMH yacToTaMu (W, — kw,). B "acTtoTHOM
NPECTaBICHUN — ATO JIBE OOKOBBIE TOJIOCHI, C JICBOH M MPaBOil CTOPOHBI
Hecylel, kotopele HazbiBatoTcss LSB (lower side band) HikHsAs 60koBas
nostoca 1 USB (upper side band) Bepxusist 6okoBas monoca. Ha puc.1 oto6-
pakeH criekTp DSB Moy IMpoBaHHOTO CHUTHAJA, T/I€ HIKHSS OOKOBas 1O-
Joca CUMMETpPUYHA BepXHEW OOKOBOM IOJIOCE OTHOCHTENBHO HECYIIeH

YaCTOTHI.
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Puc. 1. Cnexktp DSB MoymupoBaHHOTO CUTHANA.

2. SSB Mmoayasiuusi. OTO OJHONOJIOCHAS MOTYJISIIUS, KOTOpasi UMEEeT
Bubl LSB u USB. Kak BugHO U3 puc.l, y Hecyliei curaana ectb HUKHSS
1 BEepXHssl OOKOBBIE TOJIOCKHI, KOTOPBIE COJIepKaT OAMHAKOBYIO HH(popMa-
LU0 |, CJIEJ0BATENIbHO, IS TIepeaadun HeOX0uMol nHGOpPMAIIH JT0CTa-
TOYHO OJTHOW OOKOBOH TOJIOCKH. JIJIsl TOAaBIICHUST OHON M3 TIOJIOC Tpuode-
ratoT k nomomu I'niasbept npeodpazosanus. [Ipu SSB monynaunu curaan
OIHCHIBACTCS CIEAYIOIUM 00pa3om [4]:

s(t) = x(t)cos(wot) * xp, (t)sin(wyt) 4),
rae x(t) — nHpOpPMAMOHHBIN CHTHAN, a X, (t) — OPTOrOHAIBHOE JIOMOJI-
nenue x(t), paccuntannoe yepes npeobpasosanue ['mianOepra. IIpencra-
BUM, uT0 X(t) mpencrasisier u3 cebs cymmy N-IrO KOJHYECTBA FapMOHUK,

TOrga Aajsd 3TOro Curiajia UMCEEM.:
N

KO = Y epcostont + 90 ®
k=1

Toe Xy, fx A @) COOTBETCTBEHHO, aMIUINTYyJa, 4yacTora M (asa k—oi

TapMOHUKH.

OpTOroHanbHOE JOTIOJHEHNUE ATOTO CUTHAJA OYIeT BHITJIAIETh KaK:
N

X, (t) = Z ¢ Sin(wit + @y) (6).

k=1
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Wrak, moacraBus ypaBuenus (5) u (6) B (4) ms SSB monpymsiiuu, mosy-

uyuM S(t) CUTHAI B CIIEIYIOLIEM IIPEICTaBICHUN:
N

s(t) = ch cos((wo + w )t + (pk) (7).
k=1
Ha puc. 2 uzo0paxens! cnextpsl LSB (a) u USB (0) MoaynupoBan-
HBIX CUTHAJIOB.

50-
|
U 2l
50 |
g |
I -100-|
U] |
=
2 150+
c
= -200-
=
250
-300 - !
-350-, I 1 1 1 1 1
-600k 400k -200k 0 200k 400k 600k |
Frequency(Hz)
a) LSB
50—
|
U i
-50- |
g |
B 100~
5 |
=
2 -150-
E
= -200-
=2
250~
-300- !
-350- 1 1 1 1 1 1
-600k -400k -200k 0 200k 400k 600k |
Frequency(Hz)
6) USB

Puc. 2. Crextpsr LSB (a) u USB (0) Moy IMpOBaHHBIX CHUTHAJIOB.

3. FM moayasinus. B cioydyae Moaymsilii CUTHAJIOB C TTOCTOSIHHOM
aMIUIMTY/IOH, T.€. B Cllydyae YaCTOTHOW U (a30BOi MOAYJISALMH, KoJleOaHHe

MOJKHO TPEACTABHUTH B cieaytomieit popme [3]:
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s(t) = A(t).cos (6(D)) (8),

rae 0(t) — mruoBeHHas (asza U IpH U3MEHSFOIIEHCS YaCTOTE ONPEAEIACTCS

Kak:
o(t) = f[a)o + Awx(t)]dt = wyt + Aa)fx(t)dt (9).

CiienoBaTenbHO, YaCTOTHO-MOIYJIMPOBAHHBINA CUTHAJI MOKHO MPEJICTaBUTh
KaK:

s(t) = A(t), cos (wo t+ B sin(!)t)) (10).

3n1ech, S — 3TO UHAEKC YACTOTHOW MOMIYJISIIUH, KOTOPBIA ITOKa3bl-

BaeT HACKOJIbKO HECYIasl 4YacTOTa CIBUHYTA MO OTHOLIEHHUIO K LIEHTpalb-

HOM YaCTOTHI M ONMMCHIBAETCS KaK:
Aw
B=— (1),
IJie BeJrMurnHa Aw — 3TO JCBUAIHS YaCTOTBI, paBHAsI PA3HOCTH MI'HOBEHHOM
9acTOThl MOJYJMPOBAHHOTO CHTHAJIA U IIEHTPAIBHON HECyIlIeH 4acTOTHI,
af) —Jacrora HH(pOpPMAIMOHHOTO curHayia. Ha puc. 3 npeacraBiieH CriekTp

YaCTOTHO-MOAYJIMPOBAHHOT'O CUTHAJIA.

0

50|
-100-
-150 -

-200-

Magnitude(dB)

-250-

-300 -

-350-, 1 i 1 I 1 1
-600k -400k -200k 0 200k 400k 600k
Frequency({Hz)

Puc. 3. Criektp FM MomynmupoBaHOTO CHTHATA.

4. Yimax—CHEKTPAJbHAsA IJIOTHOCTh MOIIHOCTH. Bce Brlmenepe-
YHCIICHHbIE MOYJISIMH ObUIM MOJICTUPOBAHbI B rpauuecKoil cpee npor-

pammupoBanus Lab VIEW, ¢ momoiiipio BUpTyanbHbIX HHCTPYMEHTOB “NI
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Modulation Toolkit” [5]. MruoBeHHbIE aMIUIUTYAa U (a3a BCEX CUTHAJIOB
ObUTM TOJTyYeHBI C MOMOMIBIO BUpPTyalbHOro MHCTpMeHTa “Complex to

Polar” [6], koTOpBIit 1300paxeH Ha puc. 4.

r = e [i*theta] {heta

Puc. 4. Buptyanbusiii uncTpy™menT “Complex to Polar”.

OTOT HHCTPYMCHT CYHUTACT MIHOBCHHYIO aMIUIUTYyAdy U (1)33}’, COOT-

BCTCTBCHHO, I10 (bopMynaM

A() = 1Z(®O)] = |a@®) +jb)| = va(t)? + b(t)? (12)

theta = arg(Z(t)) = arctan2(b(t),a(t)) (13).

B (1) u (2) Z(t) — ananutuyeckoe mpeacrasienue s(t) curaana, a

a(t) u jb(t), COOTBETCTBEHHO, peaibHas U MHUMas 4acTu curHaia. [1o-
CKOJIbKY 4aCTOTa HECYIIEH CYMTACTCsl U3BECTHOM, TO JUIs YIPOILEHHS pac-
YeT KIIFOUEBBIX XapaKTEPUCTHK ObUT IIPOU3BEIEH IO JaHHBIM HU3KOYaCTOT-

HOT'O CUTHAIIA. Yy, qy ONPEAETISETCS MO cleaytomen hopMmye:

max FFT |A(i) e |?

Ymax = N, (14).

3neck A(i)e, — JTO ICHTPHpPOBaHHAs M HOPMHUPOBAaHHAs AaMILIUTY/a

CUIrHalia, KOTOpas OIIMCbIBACTCS KaK:

A(t)i - Am
A(l)en = 2 (15),
m
rae A(t); — 5T0 i —i1 5JIEMEHT MaCCUBa MTHOBEHHBIX aMILTUTYI, a A, — yc-
pe,Z[HeHHoe 3HAYCHHUEC MI'HOBCHHBIX aMHHI/ITyI[ nu Bblpa)KaeTCSI C.He,[[yIOH_H/IM

ypaBHEHHEM:

Ny
1
An = 3 D A (16),
$i=1
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rae Ny — KOJIM4ecTBO TOUEK B3STOro cerMenTa curtana. Kak BugHo u3 gop-
Myaibl (14), nist pacdera Yoy, HAX0JUM MaKCUMalbHOE 3HAUEHUE CIEKTpa
MOIITHOCTH U JAETUM Ha 00I1ee KOJMYECTBO TOYEK.

Htak, moiydaem, YTO Yoy qy — 9TO MAKCUMaJIbHAS CIIEKTPaJIbHAS IIOT-
HOCTb MOIIIHOCTH. JTO KJIIOUEBasl XapaKTePUCTUKA IPUMEHSIETCS U1l aBTO-
MaTudeckoro pacrnoszHasanun FM ananorosoit moxynsuuu u DSB, SSB
Kak npyryto rpynmy. [lockonbky ammiutyaa FM MoaynmupoBaHHBIX CUTHA-
JIOB — TMOCTOSIHHASI BEJIMYMHA, TO CJIEAYET, YTO TaKUe CUTHAJIbl HE UMEIOT
aMIUIUTYAHYI0 UHQOpPMAIMI0 U MX IEHTPUPOBAaHHAs M HOPMHUPOBAHHAas
aMIUIUTYyAa paBHa Hym0. ClieJOBaTeIbHO, 3HAYCHUE Vipqy UISI YACTOTHO-
MOJYJIMPOBaHHBIX CUTHAJIOB BCErAa CTpEMUTCA K HyIo, a aiiga DSB, SSB
MOYJISAIUA UMEeT 3HaueHue Oodbine Hyss. Ha puc. 5 nzobpakeHa 4acthb

KOJIa, BBITIOJIHSIOIIAS PACUET Yy gy~ a-

» Yrnax

R[feck H-m
DN i s S Y

Puc. 5. Pacuer y,,,,, —a B Lab VIEW.

5. 04, — cTanaapTHas AeBHALUSA 20COIOTHOIO 3HAYEHHSI IEHTPH-

POBAHHOI HEJIMHEHHON KOMIIOHEHThI MTHOBEHHOM (a3bl. JTa Kiroue-

Basi XapaKTEPUCTUKA OIIPEIENISETCS 10 Cenyromei popmye:

2

1
ow= |z| D oWk |-(g D lewwml| an,

A(D)n>Ar A(Dn>A¢

rae @ (i), — UeHTpUpPOBaHHAs HEJTMHEWHas: KOMIIOHEHTa MTHOBEHHOH (a-

3b1, C' — KOJIMYECTBO TOUYEK [Tt KOTOpBIX A(i), > A, rne A(i),— HopMHUpo-
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BaHHasi MTHOBEHHAS aMIUTUTYa,a A; — 9TO IOPOrOBOE 3HAYCHUE aAMILIHTY-
IIbl, HIDKE KOTOPOM pacueT He Ienecoo0pa3eH u3-3a YpOBHs HiymoB. B
ypaaennu (17) A(i),, BeIpaXkaeTcsl CISAYIONUM YPaBHCHUEM:
L A);
m

JlaHHas KJII04eBas XapaKTepPUCTHKA NMPUMEHSETCs Ul pacro3HaBa-

(18),

HUSI aHAJIOTOBBIX MOTYJISALIUI, UMEIOIINX a0COIIOTHYIO (pa30BYyI0 HH(POpMa-

MO U T€X, KOTOpbIe He MMEIOT. PaccMOTpuM MrHOBeHHBIE 3HaYEeHUS (Da3bl

st DSB monymsiumu. IlpencraBum curHan s(t) B aHATUTUYECKOM BHIE

KaK:

z(t) = x(t)el?m/ct (19).

U3 ypasuenus (19) cnenyer, uto MmraoBeHHas (aza npu DSB moxy-
JSIIAA TIPUMET J[Ba 3HAYCHHS:

b(t) = {anct, x(t) >0

2rnfet+ m x(t) <0

ITockonbKy TJIaBHBIM BHEJIPUTENEM JHMHEWHOW KOMIIOHEHTHI (ha3bl

(20).

SBIISICTCA HECYyIlasi, TO TMOCJIe yAAJCHUS JIMHEHMHOM KOMIIOHEHTHl 2Tf_t

nosrydaeM, uto ¢asza nmomaydaet 3HaueHus 0 u 7. st nenTpupoBaHus Ga3sl
o Y
HEOXOAUMO OT 00erX 3HAUCHU OTHSTh —» ¥3 4ero CIIe/lyeT, YTo MocJie y/ia-

JICHUS THHEHHON KOMIIOHEHTHI B LHCHTPHUPOBAHUAIIONYYACM, UTO 3HAUCHUC

o s
a0CcoMOTHOH (ha3bl - 3TO OCTOSIHHAS BEJIMYMHA U PaBHA | 2 |. OT0 03Hauaer,

YTO, B OTJIMYME OT OCTAJNbHBIX TUIMOB, DSB MoOIynupOBHHBIN CUTHAN HE
nMeeT abcomoTHON (azoBor mHPopManuu. Crie0BaTeILHO 3TOT BBIBOJ
MO3BOJIET MPUMEHUTh JAHHYIO KJIIOUEBYIO XapaKTEPUTHKY ISl pas3iinye-
Hus DSB Moaymsiiuu v Apyryux BUI0B MOTYJISALIAM.

Wtak, nockonbKy pacueT OblI IPOBEIEH MO JaHHBIM HU3KOYaCTOTHO-
rO CHTHaJIa, CYUTAETCS, YTO HEJIWHEWHas KOMIIOHEHTa ¢aza u ecTh (haza
HU3KOYaCTOTHOTO curuaia. Ha puc. 6 n3obpaxena 4acTb Koja, BHIIOIHSIO-

1ast PACYET Ogp.
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Downconverted

N [Aor]
wave:’orm array ,54 = Ib Sigma Ap
L)l 3 > f > .
=
= ]
R [ 7

Puc.6. Pacuer 0,4 B LabVIEW.

6. P — cnekTpajibHasi cHMMeTpUYHOCTb. KittoueBast xapakTepucTu-
Ka curHana P onucbiBaeT CHMMETPUYHOCTD CIIEKTPA B CMBICIIE JIEBOH U Ipa-
BOIl OOKOBBIX Mojyioc Hecymied. OHa mpuMensieTcst s oTimueHusst SSB
(LSB, USB) moaynsiuu u DSB, FM mMoaynsiiuii, MOCKOJIBKY, KaK ykKe OT-
Meuanock, npu SSB Moaynsuuu jgeBast uiu nmpasast 00KoBas 1ojioca pUibT-
pyercs, 4TO HapyllaeT CUMMETPUYHOCTD CIIeKTpa. B TO ke Bpems criekTp
DSB u FM MoynMpoBaHHBIX CUTHAJIOB cUMMETpU4eH. CHMMETPUYHOCTh

CIICKTpa ONpeACIACTCA CIACAYIOIMNM YPAaBHCHUEM:

P, + P,

B ypaBuenuu (21)P;uP,, COOTBETCTBEHHO, CIIEKTpaJIbHasl MOIIIHOCTh HUX-

Hell u BerHeﬁ OOKOBBIX ITOJIOC U OoNpeacCIA0TCA COOTBETCTBCHHO KaK:

fCTL
P= ) IXOP 22),
fcnl=1
Pu= ) IXeli+ fon+ DI? 23).

i=1
3neck X, — Dypbe npeodpa3oBaHue CUTHANA, A f., + 1 — 3TO HOMEp TOYKH
COOTBETCTYIOIICH HECYIICH. f,, ONpeneNnseTcs KakK:
_ JeNs
fcn - -
fs

Wrak, nuis pacuera PP, Gepercs f, KOTMYECTBO TOUEK U 3HAUYCHHE MOIII-

1 (24).

HOCTH Hecyllel u3 pacueToB uckioyaetcs. Kak BunHo u3 ypaBHenus (21)
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npu orcytcTBuU myma migs DSBu FM monynsaumit P = 0, a ayist SSB mo-
aymsiuan | P | =1 (mast LSBP = 1, a gis USBP = —1). Puc. 7 orob6paxaet

ko B Lab VIEW, koTopslii cuutaer 3HaueHue P.

Downconverted @T

waveform array ¥ Pl

B
D>

Puc. 7. Pacuer P B Lab VIEW.

3akjaro4yenue

JIns pemieHnss OQHOM U3 BaXKHEUIINX 3a7a4 CUCTEM CBSI3U — aBTOMa-
TUYECKOTO PACMO3HABAHUS MOAYJISIHNN, HEOOXOAUMO OMPECIIUTh U U3B-
JIe4b U3 IPUHITOTO CUTHAJa KIKOYEBbIE XapaKTEPUCTUKH, KOTOPbIE OMKCHI-
BalOT UHAMBHIyalIbHbIEC TapaMeTphl CUTHANA. B 1aHHON paboTe B KauecTBe
KITFOUEBBIX XapaKTEPUCTUK ObUIN B3AThl XapaKTEPUCTUKH, pa3pabOTaHHbIE
A3s3oy3om u Hanpau [1]. JlaHHBIE XapaKTEpUCTUKHA TPUMEHUIIUCH JJI aBTO-
MAaTHYECKOr0 paclO3HaBaHUs aHAJIOTOBBIX MOAYJISALUN.

Lenbro maHHOM pabOTHI SBISETCS MOJAPOOHOE OMMCAHNUE W3BIICUCHUS
U pacuera KJIFOUEBbIX XapaKTEePUCTUK B rpaueckoil cpeie mporpaMMHupo-
Banus Lab VIEW. Ilocne pa3paboTku aaropuTma ajsi U3BJICUEHUS U pac-
YEeTOB KIIFOUEBBIX XapaKTEPUCTHK OBLIM MPOBEACHBI TECTUPOBKU MPOT-
PaMMHOI0 KOJia IPY pa3HbIX MapaMeTpax CUrHajia, TaKhX, Kak: 4acToTa He-
CyIlleH, KOJIMYECTBO B3ATHIX TOUEK, MHACKC MOAYJISLIUN, YACTOTHAS I€BUA-
1us 1 otHomeHue curHan-mryM (SNR-Signal-to-noise). Pesynbrars TecToB
JI0Ka3aJI1 TOYHOCTb pa3pabOTaHHOrO IPOrPaMHOro KOJia, HOCKOJIBbKY MOJTY-
YEHHbIC 3HAYEHUS KIIIOUYEBBIX XapaKTEPUCTHUK JIEkKAIH B TUaNla3HOE 3HAYe-
HUM COOTBETCTBYIOLIUX JAHHON MOAYJIALIUU.

Jlanee paccunTaHHbIC 3HAUEHUS KITIOYEBBIX XapaKTEPUCTHK OBLIIH TO-

JIaHbI HA BXOJbl UICKYCCTBEHHON HEHPOHHOU CEeTH [2], MPUMEHEHHOH B Ka-
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yecTBe Kiaccu(ukaTropa AJis pacrio3HaBaHus BuAa Moayssituid. J{is npo-
BEPKH TOYHOCTH KJIaCCU(DUKALIUY JIJIS KaXKIOTO THTIA MOIYJISIIIMU OBbLIH pea-
mu3oBanbl 100 cumynsinuii. Pe3ynbTaThl TECTOB pacro3HaBaHMs BUAA MO-
LyJIALMY C ITIOMOILBI UCKYCCTBEHOM HEMPOHHOU CETH IIPU PA3HBIX 3Haye-

Husx SNR, oroGpaxens! B Tabnuiie 1.

Tabmuma 1.
Pe3yabTaThl pacnosHaBaHUs BUAOB MOIYJISILUA

SNR DSB LSB USB FM

Inf. 100% 100% 100% 100%
20dB 100% 100% 100% 100%
15dB 100% 100% 99% 100%
10dB 96% 100% 92% 100%
5dB 82% 100% 82% 100%
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SIGNAL’S KEY FEATURES EXTRACTION AND CALCULATION FOR
ANALOG MODULATION CLASSIFICATION

A.Tantushyan

ABSTRACT

Automatic modulation recognition is one of the most important tasks for
telecommunication systems. For modulation type recognition, without any prior
information about signal, it is necessary to extract key features during the phase of
signal preprocessing. The key features for analog modulation recognition are
described in this paper. Their calculations in the LabVIEW graphical programming
environment are presented.

Keywords: automatic modulation recognition, key features of signal,
analog modulations.

U2NMULTULP 2hULUUUL ALNREUALENP UNULRALUSNRUL
Nk 20c9U0ruC ULULNSGUSPL UNTNRL3USPULE P
TUUtYUreuUUL zZuuur

U.U. Pulipnignul
uvoenNenrU

Unyniyugnidubph wdunndwnugus Lwhwsnidp  hknwhnppulygnt-
prut hwdwlwpgbph wdkbwlwpbnpugnyu juunhputphg dkyu E: Ungni-
(ugnidubph wjnndwnwugyus Swbwsdub hwdwp' wnwig nplk uljqpiwlut
hubnpliughwih wqnubpwih dwupl, hwpluwynp £ wqpuiowih twpow-
Uowljdwt thninid wnwtidtwgul) hhdtwut punipugpbpp: Uju woiwnwi-
ph dbe tjwpugpué bt wbwnquyht Unpnijugnidubph wjnnduwwnugyus
Swhwsdwt nhypnid Yhpuneynn hhdtwlut pumpwugpbpp: Vipjujugyws k
npuig hwpyunplp LabVIEW qpudhljujut spugpuynpdui dhowuypnu:

Zlufi.lmpumhp‘ Unnnijugnidubph wjnndwnwugyus gutwsnid, wqnu-
towth hhdbwub pumipwugnptp, wbtwnquyht dnnnijugnidubp:
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ABSTRACT

In this work, the issues concerning the prevalence, ecology and
biology of Ural field mice are discussed. Not only their types of activities
are clarified, but also the dynamics of the number and the reasons for the
change in number. Special attention is paid to the changes of the blood
index of these beasts depending on the season and vertical zoning.
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Introduction: As everywhere in the Artsakh Republic also the order
Rodentia takes the 1st place with its variety of types, the area of prevalence,
flexibility of ecology and number.

Ural field mice are also the components of nourishment for predators
which are hunted. They are also the bearers and transmitters of some
pathogens which can cause diseases of people and animals, and the main
pests for crops in agriculture. This way the clarification of the issues
concerning the ecology, biology and blood indexes of Ural field
mice Apodemus uralensis Pallas, 1811 is of great importance.

Material and methods: The main material for this work are our
surveys and accumulated material from 1999 to 2017. The material was
collected from the plains, as well as foothills and medium mountainous
regions of Artsakh. To study the ecological peculiarities we used the
classical methods accepted in biology [3, 5, 6, 7, 10].To study the blood
indexes we used the methods accepted in physiology [8]. The hunting was
carried out by bow-shaped and live traps, as baits pieces of bread dunked in
oil, sausages and other things were used. The height of the dwellings of
these beasts was measured with Magellan GPS-315.

The summary of results: In our conditions, Ural field mice are
common everywhere, and in some places even prevalent. Their dwellings
are now situated in various places — in different forests, bushes, cultivated
lands near forests and people’s houses. Nevertheless, they are very few in
subalpine zones and are found only in the forests near subalpine zone,
bushes, meadows near it, river valleys. Their dwellings are created in hiding
places of any type, sometimes they dig their nests. For reproduction
purposes, they carefully “furnish” their nests, which can be two-ply or
spherical.

Though these beasts have a wide area of prevalence and are densely
populated, a sharp fluctuation is recorded in their number in different years.
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The reasons for changes in the number of Ural field mice are various.
Among them are the weather conditions especially in foothill and medium
mountainous zones. According to our observations in the aforementioned
zones, a sharp decline in the number of these beasts is recorded in snowless
winter or in one with a thin layer of snow. The main factor which has a
negative impact on the number of Ural field mice in plain zones is the
anthropogenic factor, as they are more densely populated in the agricultural
landscape, especially in grain crops.

The biggest amount recorded in plain zones was in 2000 — 27 species
in 100 trap/day, in 2013 — 24 species (image 1). The biggest amount in
mountainous zones was recorded in 2007 — 25 species in 100 trap/day, in
2015 -22 (image 2).
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Image 1. Changes in the number of Ural field mice in the plains zone by years.

These beasts are active during twilight or night. They do not hibernate
in winter, are active in different seasons. We have found the approximate
time for the activity of these beasts from their frequency of getting into the
traps during the day. In spring their activity in plain zones during twilight
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lasts from 20:00 to 23:00. At midnight their activity is slowed down and
rare species are trapped, a big amount of which being males, barren females
and young ones. The second rise of activity lasts mainly from 03:00 to
08:00. In the daytime activity also slows down. Their activity in the forest,
foothills and mountainous areas is recorded immediately after the sunset
and before the sunrise. They do not have a clearly emphasised activity in
spring and summer. Their activity slows down in the morning and at night
and instead, they become more active during the day. In rainy weather, they
also move slowly but keep their mobility in the hiding places [2, 9].
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Image 2. Changes in the number of Ural field mice in the mountainous zone by years.

In our conditions, especially in plain zones, they breed from 4 to 5
times, in middel and high mountainous zones from 2 to 3 times. The
pregnancy lasts 28-29 days and they have 6-8 cubs. They become mature
in 85-95 days [1,4,5]. During the observations, we have found one not
emphasised case of moulting in spring, moulting in autumn is not excluded
as well.
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The evaluation of the blood system can be described as the reaction
of the organism to the changing conditions of the environment.

The indexes of Ural field mice blood were studied in plain as well as
in mountainous zones during different seasons.

The indexes of Ural field mice (£ and @) blood in plain zones (500

m a.s.l.) are presented in the table 1.

Table 1
The studied blood indexes of Ural field mice in the plain zones
Studied feature Sex | Winter | Spring | Summer Autumn
) 3 168 160 150 155
Hemoglobin g/l
Q 159 156 141 143
. 3 9,5 8,7 7.9 6,8
Erythrocytes (million)
Q 9,1 8,5 7,3 6,2
3 52 5,8 5,5 52
leucocytes (thousand)
Q 5,1 5,7 6,1 5,4
. 3 41,7 47,8 46,3 43,6
Segmented neutrophil %
Q 443 49,3 45,7 40,6
. . 3 1 1,02 1 1
Eosinophil %
Q 1,1 1 1 1
3 4,21 4,87 4,45 3,87
Monocyte %
Q 3,95 4,65 491 4,12
3 47,75 46,32 48.47 51,42
Lymphocyte %
Q 47,24 41,82 47,87 50,42

As it can be seen from Table 1, the concentration of hemoglobin on
the lowest level in males and females is recorded in the summer, relatively
high in spring and fall, and the highest in winter. The red blood cell count
of both males and females is also high in winter. The amount of eosinophil
is unchanged in any season. The amount of leukocytes of females is the

highest in summer.
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In the foothills and middle mountainous zones high indexes of
hemoglobin and red blood cells are also recorded for both males and
females in spring and winter. We consider this the result of their being more
active and the energy consumption. In summer the low amount of the
forementiond indexes is due to the high temeperature as a result of which

they are less active during the day.
Table 2

The studied blood indexes of Ural field mice in the mountainous zones

Studied feature Sex | Winter | Spring | Summer Autumn
. 3 175 166 157 160
Hemoglobin g/l
Q 173 160 152 155
Erythrocytes (million) 3 11,2 10.3 9.8 8,8
rocytes (million
TYHreey o 10,7 | 10,1 9.6 8.6
3 5,5 6,3 5,7 54
leucocytes (thousand)
Q 5,9 6,5 5,8 5,2
) 3 44,5 51,8 49,3 48,6
Segmented neutrophil %
Q 48,3 53,3 47,7 46,9
o 3 1,6 2,1 2 1
Eosinophil %
Q 2 1,8 1,5 1,3
3 5,23 5,83 4,87 4,52
Monocyte %
Q 4,75 5,75 5,43 4,78
3 53,12 61,22 58.47 52,42
Lymphocyte %
Q 50,24 57,72 52,87 49,62

In contrast to the Ural field mice of the plain zones, in the Ural field
mice of the mountainous zones have a higher level of eosinophil. The
number of lymphocytes and monocytes is relatively high.

The diet of Ural field mice is pretty various. It depends on the season.
In spring their diet mainly includes green sprouts, grains under the leaves,
fruit, barks of branches, insects, and their caterpillars and worms.
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Ural field mice are among the major pests of agriculture and forestry.
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3KOJIOTUS U IOKA3ATEJHA KPOBHU JECHBIX MBIIIEA
APODEMUS URALENSIS PALLAS, 1811 , PACIIPOCTPAHEHHBIX
B ®AYHE APIIAXA, B 3ABUCUMOCTH OT BEPTUKAJIbHOM
30HAJIBHOCTH AHHOTALIUA

B.T. Aiipanemsan

B nanHol Hay4HO# cTaThe 0000IIAFOTCSI BOIPOCHI, KACAFOIIUECS PACTIPOCT-
PaHEHHOCTH, KOJIOTHH, OWOJIOTUH JIECHBIX MBbIIICH. BBISCHSIIOTCS TUIBI aKTHB-
HOCTH, a TaK)Ke MPUYMHBI U3MEHEHUS UX JTUHAMHKH YucieHHOCTH. Ocoboe BHU-
MaHHUe BBIIETSETCS W3MEHEHHWIO IMOKa3aTeleil KPOBH B 3aBUCHMOCTH OT BEpTH-
KaJIlbHOW 30HAJIFHOCTH ¥ BPEMEHH TOJIa.

KuroueBble cioBa: Apliax, JECHON Mbllllb, 3KOJIOTHS, KPOBb.

Ur8uk $UMNLUSMU SUMUOYUD ULSUNUSHL UYLEP
APODEMUS URALENSIS PALLAS, 1811 EUNLNGPUL &Y UL30L
8M8ULPCULE T WU UD MNNUZUSUS &NSPUUULNLE31ILPS

4.S. Zuypunybuywmi
uvononnhu

Usjuwnnwipnid pttwplynid L whnwnwjhtt djubkph nnupwususdnt-
piul, Eyninghuyh, JEuuwpwinipjut thpws hwpdbp: Mupqupwiynud
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npuig wljnhynipjut nhybkpp, husyku twb pyupwulh nhtwdhljub b thn-
thnjunipjutt yundwnubtpp: Unwbduwhwwnnty nipwnpnipnit £ qupdynid

wju ququuhlubkph wpwt gnigwuhoubph ubkgnuuyht b ninnuhwjwug gn-
nhwljutnpjudp thnthnpunipjniabpht:
Zluﬁlulpumhp‘ Upguu, wutnwnuwjhtt Untly, Eyninghw, wpynii:



