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POLYNOMIALS OF SUPERRESOLUTION METHODS

Abstract. Subject of study is the performance of methods of the spectral analysis in the presence of outliers. The
purpose of this paper is to increase the efficiency of spectral analysis (i.e. to reduce the root mean square error (RMSE) of
direction-of-arrival (DOA) estimation based on root similarity approach initially proposed by A. Gershman. The used
methods are: spectral analysis methods, pattern recognition methods, digital statistical modeling methods. The following
results were obtained. The root classification approach is used in the case of joint application of two types of data
covariance matrix (standard covariance matrix (CM) and estimate of CM with Toeplitz structure). This approach
removes the outliers (outlying roots) from preliminary DOA estimates (roots corresponding to the preliminary
DOAs). The modification of initial root classification approach is proposed. It consists of avoiding averaging of
DOA estimates obtained by estimator for the different CM at high signal-to-noise ratios (SNRs). This step for
considered case allows to improve the performance of DOA estimation using the root classification approach.
Simulation results are presented confirming the performance of proposed approach. Conclusions. The performance
improvement of the subspace-based methods of spectral analysis can be attained by removing the outliers from the initial
DOA estimates. The simultaneous application of classical second-order CM and estimate of structured CM gives two sets
of DOA estimates (roots of polynomials). Root classification approach processes these sets and improves the performance
of DOA estimation. The modification proposed in the paper gives the additional advantage at high SNR. The considered
approach is also can be used together with other polynomial rooting methods of DOA estimation.

Keywords: Direction-of-arrival estimation; Karhunen-Loéve transformation; spectral decomposition of correlation

matrix; spectral analysis methods; pattern recognition.

Introduction

Problem formulation in general form. The theory
of superresolution has the fundamental results and many
practical applications in the radiotechnical and information
systems [1-3]. The methods and principles of the
superresolution are widely used in the problems of
direction-of-arrival (frequency) estimation, time of arrival
estimation, delay estimation, multipath parameter
estimation, signal separation and localization, signal
(pattern) recognition in radar and communication, image
processing, passive millimeter-wave imaging, frequency
multiplexing, channel estimation, precoding in
communication, collision resolution in packet radio
networks, directional medium-access-control (MAC)
protocol for mobile ad hoc networks (MANET), physical-
layer secrecy in wireless systems with MIMO (multiple
input-multiple output) [4]. This list can be extended by
many applications arising in many areas. Furthermore, the
resolution problem can be considered as consisting from
the detection-resolution problem, measurement-detection-
resolution. In the information systems the problem of
resolution can be considered as information extraction
from the set of nonorthogonal signals.

The traditional results are refined and extended
based on results obtained in nonlinear dynamics,
functional analysis, graph spectral theory, random
matrix theory, properties of communication signals,
sparse representation of signals and so on [4].

Modern methods of superresolution (so called
subspace-based or eigenstructure methods) are related
with Karhunen-Loéve transforms and elements of the
functional analysis, principal component analysis.
Karhunen—Loéve transformation is also widely used for

dimension reduction
recognition [1-6].

The performance degradation of the subspace-
based methods can be explained by appearance of
outliers in the parameter estimates in the practically
important situations with small sample, signal-to-noise
ratios and so on [1, 2, 4-10].

Performance of the parameter estimation by
subspace-based methods can be improved by
application of the group of the subspace-based methods
with different characteristics (so called joint estimation
strategy), subspace-based method with second-order and
higher-order CM, resampling approaches (bootstrap,
pseudo noise resampling, surrogate data technology),
singular spectrum analysis (SSA) [4, 6-10]. The
different levels of implementation of the concept of the
outlier removing are known [6-10]. The process of
elimination can be realized on the level of estimators
(i.e. elimination of the estimators that gave parameter
estimates with outliers) and on the level of roots of
polynomial rooting methods [7].

The aim of the paper is improving the
performance of DOA estimation by removing the
outliers from the estimation process based on the
elimination of the outlying roots from the underlying
DOA estimators and using features characterizing the
signal roots.

The analysis of the previous investigations and
publications. The problem of the outlier reduction in
DOA estimation was mentioned in the several works [1,
7-10]. In the general case the source angular sectors
were used. This approach was used in the case of
estimator bank formed using pseudorandom weighting
of eigenvectors, pseudonoise resampling [7-10]. It can
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be used in the case of traditional methods related with
spatial spectrum (MUSIC, Min-Norm) and with parallel
search methods (Root-MUSIC, ESPRIT). As an
alternative way the substitution of the preliminary DOA
estimates into the likelihood (ML) function is possible
[1].

The approach with angular sector requires the
information which is known a priori or these sectors
must be estimated. In the first and second case (case
with ML function) the performance is dependent on
quality of CM estimate. Therefore, it is of interest to
consider the using the root classification scheme [7] that
can be applied to polynomial rooting methods (Root-
MUSIC, Root-Min-Norm and so on).

The scheme was used in the context of joint
application of two types of CM. The traditional second
order and fourth order (cumulant) CMs with Root-
MUSIC were considered in [7]. However, the
possibility of application of the root classification
approach for the case of combined application of the
traditional matrix and estimate of Toeplitz matrix was
not mentioned.

Approach from [7] consists of test of root
similarity and proximity to the unit circle. The part of
the approach was considered in [9] and named as
distance detection strategy.

The motivation for using distance functions as a
classification tool follows from the pattern recognition
theory [5]. In turn, the most obvious way of
determination of the similarity measure between pattern
vectors is in estimation of their proximity.

It should be noted that problem of final root
selection arises also for the case of DOA estimation in
the case with interpolated arrays [10].

Joint application of the traditional CM and
Toeplitz CM was considered in [4]. Source angular
sectors were used in that work. However, the problem
was the difference in the performance of proposed
approach from one of the estimator with Toeplitz CM at
low and medium SNRs. Therefore, it is of interest to
find the ways of minimizing the mentioned drawback.
This can be performed by using results of [7].

Signal model and proposed approach

Assume the uniform linear array of M elements
receiving V' <M narrowband signals from far-field
sources located at unknown DOAs ©,,---,0,. The

number of sources is estimated by one of the known
methods such as AIC, MDL [1]. The output of ULA can
be modeled as

y(@) =Ax(®)+n() . (1)

The problem is estimation of DOAs of the sources
u=[0,--,0,1 (1). Here
A =[a(0,),...,a(0,,)] is the array direction matrix, x(t) is

based on observations

the vector of source waveforms, n(¢) is the vector of white

Gaussian noise, (-) T denotes the transpose. Using the
made assumptions the CM of array output can be written

R, =E[yny"()]=AR A" +5°T ,  (2)

where R, = E[s(t)s” ()] is the VxV signal CM, T is
2 E[]

denotes the statistical expectation. Furthermore, (-)"

the identity matrix, o~ is the noise variance,

stands for the Hermitian transpose operator.
In practice instead of exact CM the sample CM is
used [1]

5 N
R=(1/N)Y " vy (o). (3)
Here N is the number of snapshots.
Computation of the modern spectral analysis (SA)

methods is related with spectral decomposition of R

~ A~ aH o ~ ~H

R=E;NA;E; +E,;N\,E; , ()
Here M xV matrix E and Mx(M—G) matrix IE,,

are formed from the eigenvectors of R corresponding
to signal-subspace eigenvalues from VxV matrix A s
and noise-subspace eigenvalues from A n , respectively,

V is the estimate of the number of sources.
The Root-MUSIC method is based on ULA
structure [1, 7, 8]. Root-MUSIC DOA estimates is

obtained based on the V roots of polynomial

P, (2)=al z"HPLa(z), 5)

where a(z)=[Lz,....z2" 7', z=exp(jo), ®=2nd x

xsin(0) /A , d is the distance between the elements, A
~ ~H
is the wave length. Moreover, nt = (I —-EsEs ) is the

projector on the noise subspace.

The V roots of polynomial named as signal roots
are selected base on their closeness to the unit circle.
The order of polynomial is 2M—2 and roots are in
conjugate reciprocal pairs. Only half of these roots (i.e.
M —1) is used usually for DOA estimation.

For the high SNR the roots corresponding to the
signals lie exactly on the unit circle. However, for the
medium and low SNRs these roots appear in conjugate
reciprocal pairs. The roots lying inside the unit circle
and closest to it are taken for the estimation process.

DOA estimates can be obtained from the
corresponding signal roots z,,v=1,...V
0, = arcsin((ﬁ) arg(z,)) . (6)

The Toeplitz CM approximation [1, 4] is used to

obtain the estimate of Toeplitz CM Rry. The
polynomial of the Root-MUSIC for such CM is

P,y (2)=al (z")A-U, 03 a(z), (7)

where fJS is the matrix formed from the signal

subspace eigenvectors of the ﬁTA .

The idea of [7] is to eliminate the outlying roots
from the DOA estimation process based on root
similarity and proximity to the unit circle. Root
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similarity can be tested using the following criterion,
checking whether two arbitrary roots of the estimators
(5) and (7) correspond to the same DOA:

0 -8 < Ay - ®)

Here 69) = sort{é(?v(i))} is the estimate of the vth
DOA, 1<v<V, A, is the similarity parameter, | |
denotes the absolute value. The index i corresponds to
DOA estimation method. Symbol sort{ | is the sorting
Furthermore,
Ev(i),v =1,...,V are the signal roots which are the

operator in the ascending order.

closest to unit circle in the complex plane.

Such approach is in some sense close to the known
approach named as k-nearest neighbors (or nearest
neighbor). The neighbors are used also in the attractor
trajectory surrogates [6].

The example of signal roots is indicated in Fig. 1.
The scenario with two equipower sources with ¢, =8°,

0,=12°, ULA of M =9, N=100 and signal-to-noise
ratio SNR=6 dB was used for this case. SNR was defined
as 10 log(css2 /c?), where cg is the power of sources.

The M —1 roots in the unit circle (only the half of
the 2M -2 roots) are indicated. Signal roots are also
marked by arrows.

1

0.5

-0.5

-1 +
-1 -0.5 0 0.5 1

Fig. 1. Complex roots of Root-MUSIC
polynomial inside of unit circle

In the mentioned approach the signal roots are
sorted based on their proximity to the unit circle [7]

031-\z,<f>\31-\zg>\g...gl-\zg’\. 9)

9 )| the distance

However, instead of the distance 1—|z

‘zf)‘ —1‘ can be used giving the same result.

In order to explain the principle of similarity and
obtain the second group of the roots the pseudonoise
resampling was performed as in [8]. Two clusters
corresponding to the sources are marked by dashed and
dotted circles are shown in the Fig. 2.

It should be noted that traditional measures of
similarity in pattern recognition and initial data
processing in statistics are Euclidean distance between
two patterns, Mahalanobis distance, Kolmogorov
distance, Tanimoto coefficient distance measure,
correlation distance, chi-square and so on [5].

0.5

-0.5

-1

I .
-1 -0.5 0 0.5 1

Fig. 2. Complex roots of traditional Root-MUSIC
polynomial and one with pseudo-noise resampling

The approach from [7] (named in the paper as
combined) adapted for the considered case of
application of the traditional CM and estimate of
Toeplitz CM can be described by the following
sequence of steps:

Step 1. Define the initial value of the A, .

Step 2. Test V? possible pairs of signal roots
{zg),zﬁf)}, g f=L...,V using (8). If more than V
root pairs satisfy the proximity measure (8) then reduce
A, - Process of reduction is performed successively
until / <V root pairs satisfy it.

Step 3. If V' signal root pairs {3](]),3](2)}

{319),352)} satisfy the root similarity condition (8) the
signal DOAS can be estimated as

0y = (O +82y/2,v=1,....7, (10)

where 0% =0(Z?).

Step 4. If only 0</<V signal root pairs
{3](]),3](2)},..., {3,(]),3,(2)} satisfy the condition (8) the /
signal DOAs are estimated as

év=(ég)+é$/2))/2avzla""l‘ an

The residuary ¥V -/ DOAs are obtained based on
remaining J —/ signal roots of the estimator which has

the smallest distance l—‘z,(,i) .

Step 5 End.
It should be noted that for the case when the
distance between sources and A, are small we can

have the situations when DOA estimates of estimators
corresponding to different sources can satisfy the
condition (8). However, the averaging of the DOA
estimates of estimators should be performed for the
same sources.

The simulation results of comparison of the
traditional Root-MUSIC (with standard CM), Root-
MUSIC with estimate of Toeplitz CM (Toeplitz CM
approximation (TA)), combined approach based on root
classification are presented in Fig.3. The name
combined is selected due to two methods (polynomials)
are calculated simultaneously.

Two equipower sources with 9, =10°, 0,=14° were
taken, N =50 . The ULA of M =7 antenna elements and

82



ISSN 2522-9052

CyuacHi indopmaniiini cucremu. 2020. T. 4, Ne 3

—=©— 1-Root-MUSIC
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Fig. 3. RMSE’s of DOA
estimation vs. SNR

1000 simulation runs were used. Parameter A, =2.5°

was used. RMSE was calculated as in [1].

Here we can see that using Toeplitz CM caused the
saturation of RMSE of DOA estimation. Furthermore,
performance of combined approach consisting in
application of root comparison (similarity) approach is
comparable with one of the Root-MUSIC using estimate
of Toeplitz CM at medium SNR’s and it is better at high
SNR’s. However, possibility of using the advantages of
two estimates of CM is not used at full.

The proposed approach consists in changing the
Step 3. The idea of proposed modification is avoiding
the averaging of DOA estimates for the situations with
high SNR. In such cases the performance of DOA
estimation when using the standard CM is better than
one with Toeplitz CM. Therefore, at high SNR we also
define the distance of the roots of two polynomials to
the unit circle. The roots of polynomial with smaller
distance are used for DOA estimation.

Simulation results for the scenario which is the
same as for the Fig. 3 are presented in the Fig. 4.

It can be seen that the performance of proposed
approach improves as compared to initial approach after
SNR=15dB. Here we can see the second threshold
SNR=22 dB.

It is necessary to say that for such SNR the
distances of roots of two polynomials (defined by
equations 5 and 7) to the unit circle are approximately
the same. Furthermore, the performance of proposed
approach at medium and high SNRs is better as
compared to Root-MUSIC with approximation of
Toeplitz CM. However, such as the value of RMSE for
combined approach is not the same as one of Root-

—©— 1-Root-MUSIC
—%— 2- Root-MUSICwith TA

@ —— 3-combined approach
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Fig. 4. Comparison of RMSE’s of DOA estimation
vs. SNR for proposed variant of combined approach

MUSIC it is possible to say that at high SNRs the
additional features for defining of appropriate roots can
be used.
Conclusions and directions
of future investigation

In the paper the idea of outlier reduction based on
roots classification and proximity of the roots of
polynomial rooting methods is used for the case of joint
application of two types of CM (traditional and Toeplitz
CM). Furthermore, the modification of approach [7] is
proposed. It is based on the fact that in the considered
case at the high SNR instead of averaging of DOA
estimates corresponding to the similar roots (roots with
small distance between them) it is preferable to use the
roots based on the their closeness to the unit circle.

The proposed approach can be extended to the case
of Root-Min-Norm, Root-MUSIC (Root-Min-Norm)
with pseudorandom weighting of eigenvectors, Root-
MUSIC (Root-Min-Norm) with pseudonoise resampling
and so on. Furthermore, it can be used for the case of
interpolated array. The analysis of influence of different
methods of distance calculation on the performance of
the considered approach should be performed.

It is of interest to generalize the proposed approach
also for the communication signals (BPSK, QAM and
so on) using the properties of communication signals.

The ways of performance improvement of the
Root-MUSIC when using several types of CM in the
situations with low SNRs should be investigated.

The fast algorithms can be used for the
computation of the roots of polynomial. Tricks allowing
avoiding the spectral decomposition of CM or fast
subspace decomposition should be considered.
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OuiHIOBaHHA HANPAMKIB HAAXOI’KEHHs PaJiOXBWJIb,
OCHOBaHe Ha OJIM3BbKOCTI KOPEHiB IeKIJIbKOX MOJIiHOMIB METONIB HAIPO3AiTeHHS

B. 1. Bacwnummna

AnoTtanis. Ilpeqverom nociimkeHHs € epEKTUBHICTE METOAIB CHEKTPAIBHOTO aHANI3y IPU HASIBHOCTI aHOMAJIGHUX OL[IHOK
(BukuziB). MeToro NaHol CTaTTi € MiBUIIEHHS e()eKTHBHOCTI CHEKTPAIBHOIO aHaJIi3y (3MEHIICHHS CepeJHbOKBAPATHIHOI IIOXUOKH
(CKII) ouinroBaHHs HanpsAMKiB HauxowkeHHs (HH) pazrioxsuiib) Ha OCHOBI HifXoty OAIOHOCTI KOPEHiB MOIiHOMIB, 3aIIPOIIOHOBAaHOI'O
A.T'epiivaHoM. Metony, 10 BHUKOPHUCTOBYFOTBCS: METOIM CIEKTPAIBHOIO aHalli3y, METOOM pO3Ii3HAaBaHHS 00pa3iB, MeTomu
1(POBOro CTATUCTHYHOrO MozemoBaHHsA. bymu orpumaHi HactynHi pesysabrar. [linxin no wiacudikarii KOpeHiB INOJIHOMIB
BUKOPHUCTOBYETHCS Y BUIAJIKY CIIIGHOTO 3aCTOCYBAaHHS IBOX THIIB KoBapiariiaoi Matpuni (KM) nanux (cranmaprHoi Ta orinku KM 3
TEIUTIIEBOIO CTPYKTYporo). Lleit minxin ycyBae BUKMaM (KOpEHI IONIHOMY, IO BINIOBIZAIOTH BUKHZAM) 3 MOYAaTKOBMX oIiHOK HH
pamioXBWIb (KOPEHIB ITOJIHOMY, IO BiIIOBIAIOTH aHOMAJIBHHM OIL[iHKaM). 3alporoHOBaHAa MOIM(IKAIis ITOYaTKOBOrO ITiIXORY
Kinacugikanii KopeHiB noiHoMy. BoHa monsirae B ycyHeHHi ycepeaHeHHs oniHok HH, orprMaHnX MeTomoM OLiHIOBaHHS JUIS Pi3HHX
KM npu Bucokux BinHowmeHHsx curdan/mym (BCII). Ieit kpok 103Bose i pO3MIIAHYTOrO BHIAJKY ITiJBHIIMTH €()EKTUBHICTH
ouinroBanHs HH npu BuxopucranHi merony kinacudikauii xopeHis. IIpencraBiieHi pe3yibTaTi MOIENIIOBAHHS, 110 MiATBEPIKYIOTH
e(peKTUBHICTh 3alpOoIIOHOBaHOro miaxoy. BucHoBkn. [lokpamieHHs eeKTHBHOCTI METOMIB CIIEKTPAILHOTO aHaJli3y, OCHOBAaHHX Ha
BHKOPHCTaHHI IiJIIPOCTOPiB BiIacHUX BekTopiB KM naHuX Moke OyTH OCSATHYTO LUISXOM BUIAJICHHS BUKHIIB 3 TI0YaTKOBHUX OLIHOK
HH panioxsuib. OnHouacHe 3acrocyBanHs kiacuuHoi KM npyroro nopsiaxy Ta ouinkn KM 3 3aaHOI0 CTPYKTYPOO Jae aBa Habopu
ominHok HH panmioxBunb (kopeHiB mominoma). [ligxin mo kimacugikainii KOpeHiB 3IiHCHIOE OOpOOKYy LMX HaOOpiB 1 MiABHIIyE
edexruBHicTh owiHroBanHs HH. 3anpononoBana B crarti Moaudikawis fae qogarkoBy nepesary npu ucokomy BCILL. Posrisayruii
T JTX1]] TAKOXK MOYKE OyTH BUKOPHCTaHHI pa3oM 3 iHIIMMH MeToiaMu oninroBanHst HH, ocHoBaHMMY Ha MONTYKY KOPEHIB MOTiHOMY.

Knaro4doBi cjoBa: OIiHIOBaHHA HalpsAMKIB HaJXOIKEHHS palioxsBwib, Teopema KapyHeHa-JloeBa; crekrpaibHe
PO3KJIaJICHHS KOPEALIIHHOI MaTPHULIi; METOAU CIIEKTPAIBHOIO aHalli3y; po3Ili3HaBaHHsA 00pas3iB.

OuennBanue HANTPABJICHUI IPUX0a PAJHOBOJIH,
OCHOBAHHOE Ha 0/IM30CTH KOPHEll HeCKOIBLKHX MOJHHOMOB METO0B CBepXpa3peleHust

B. . Bacunuimun

Aunotanus. Ilpeamerom uccienoBaHus siusercss 3(PQPEKTUBHOCTH METONOB CHEKTPAJbHOIO aHAIN3a NPH HAIMYHU
aHOMAJIBHBIX OLIEHOK (BbIOpOcoB). Lle1bI0 naHHOI cTaThu €CThb MOBBILIEHUS 3 ()EKTUBHOCTH CNIEKTPAJIBHOIO aHaIH3a (YMEHbIICHHE
cpenuexBanpatrnaHoil ommoku (CKO) ornenrBanms HanpaBineHui npuxona paauoBond (HIT)) Ha ocHOBe moxxoma cXocTBa KOpHEH
OJIMHOMOB, IpeuioxkeHHoro A. I'epimvanom. Hcnosib3yeMbie MeTOIbI: METO/IbI CIIEKTPAIBHOTO aHAJIN3a, METO/IbI PACIIO3HABAHUS
00pa3oB, MeToabl LU(PPOBOrO CTATUCTUYECKOrO MOJEIUpOBaHUsA. bbulM momydeHsl criexyromue pedyiabtarbl. [lomxon mo
KJ1acCU(UKAIMK KOPHEH IOJIMHOMOB MCHOJB3YEeTCs B ClIydae NPUMEHEHHMS JBYX THUIIOB KOBapualmoHHON Marpuib! (KM) naHHBIX
(cranpaprHoii 1 oueHkr KM ¢ TeruuueBoil cTpykTypoit). 3TOT MOAXOZ yHalseT BhIOPOCH! (KOPHH MOJIMHOMA, KOTOPBIE OTBEYAIOT
BbIOpOCaM) M3 mpenBapurenbHblX ouneHok HIT paguoBonH (KOpHEH NHONMHOMA, COOTBETCTBYIOLIMX AHOMAIBHBIM OLIGHKAM).
IMpemnoxena MoaudUKaLU HAYaIbHOrO IOAX0/a Kiaccupukaiu KopHe. OHa 3aKI04aeTcs B yCTPAaHEHUH YCPEIHEHHS OLICHOK
HII, nomydeHHbIX MeTOIOM oOLEHMBaHMA i pasHbix KM npu Bbicokux otHomenwsx curHan/mym (OCII). Oror mar mis
PACCMOTPEHHOr'0 Cilydasl II03BOJIICT NOBBICUTH d(dexTuBHOCT, oneHuBanus HII mpu mcnonb3oBaHMM MeTOAAa KIIACCH(UKALMK
kopHell. IIpencraBieHHble pe3ysbTaThl MOIEIUPOBAHMS, KOTOPBIE IHMOATBEPXKIAOT 3(P(PEKTUBHOCTD IPEIVIOKEHHOIO IIOAXO0MA.
BeiBoabl. Yiydiienue 3¢(EKTHBHOCTH METOIOB CIEKTPAaJIbHOIO aHAIN3a, OCHOBAHHBIX Ha MCIIOIB30BAHHU IOIPOCTPAHCTB
coOcTBeHHbIX BekTopoB KM NTaHHBIX, MOXKET ObITh JOCTUTHYTO ITyTeM YJajaeHus BbIOpOCcOB U3 HaualbHbIX oleHoK HIT paauoBomnH.
OnHoBpeMeHHOEe NpuMeHeHue kiaccuueckod KM Broporo mopsika u ouenku KM ¢ 3amaHHON CTpyKTypoil naer 1Ba Habopa
oueHok HII paxnoBonH (xopHeil nommuoma). Iloxxox mo ximaccudukaly KOpHeEH ocylecTBisier o0paboTKy Tux HabOpoB M
noBblaer 3¢ dexruBHocTs onennsanus HII IlpemioxeHHas B craTbe MOAM(UKALNS JaeT JIONOIHUTEIBHOE MIPEUMYIIECTBO PU
BeicokoM OCIIL. PaccMoTpeHHBII 1OaXo]] TakKe MOXKET OBITh HUCIIONIB30BaH COBMECTHO C APYTHMMH MeToxamu oneHuBanus HII,
OCHOBAHHBIMH Ha ITOMCKE KOPHEHl MOJIMHOMA.

Kamo4ueBble cJaoBa: OICHUBAHUE HaHpaBJ’leHI/Iﬁ TNOCTYIUICHUS paJUOBOJIH; T€OpEMa KapyHeHa—J'IoeBa; CIICKTpaJIbHOC
Pas3iioKEeHUE KOppeJ'IfH.IPIOHHOﬁ MaTpulpbl; METOAbI CIIEKTPAJIBHOI'O aHaJIn3a, paclio3HaBaHUE 06pa303.
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