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Asymmetric Baxter- King filter

Ginters BussRiga Technical University

Abstract. This paper proposes an extension of the Baxter-King
symmetric band pass filter to an asymmetric caset turns out the
optimal correction scheme of the ideal filter weigts is the same
as in the symmetric version — cut the ideal filterat the
appropriate length and add a constant to all filter weights to
ensure zero weight on zero frequency. Since the symatric
Baxter-King filter is unable to extract the band of frequencies at
the ends of the series, the extension to an asymmetfilter is
useful whenever the real time estimation is neededThe
developed filter can be used in any field of sciemecwhere it is
necessary to extract a band of frequencies from agsal.

Keywords: asymmetric filter, band pass filter, real time
estimation, Christiano-Fitzgerald filter.

. INTRODUCTION

Scientists in various fields might encounter a ssitg to
extract a particular band of frequencies from aegisignal.
The ideal filter that would perfectly do the job a$ infinite
length in both directions, thus putting limitatitmits practical
use. There are various proposals of optimally aypprating
the ideal filter to a finite-length filter. One dudilter was
proposed by Baxter and King (1999) in economiesditure to
extract business cycle frequencies, but generaugnao
extract any band of frequencies of interest. Itimires the
squared distance between the frequency responsédiurof
the ideal filter and the approximating filter sutijeto
constraints that the filter is to be symmetric gnat zero
weight on zero frequency (corresponds to a wavnfoiite
length).

Although Baxter and King (1999) proposes fixed-léng
symmetric filter, some programs, e.g. Grocer foita®¢ offer
a varying-length variant of the Baxter-King filtesince the
underlying theories of both varying- and fixed-léndilters
are the same. Baxter and King (1999) impose synynoétihe
filter to, according to authors, ensure there isphase shift.
However, as this paper shows, symmetry of a filkees not
ensure the absence of phase shifts, since finiigthefilters

recent observations. Thus, there is necessity il lufilter
that would be able to extract the desired sigrsd at the ends
of the series. There are many filters out theret the
asymmetric. For example, one is Christiano-Fitzigefdter.
Many such filters, including the latter, rely on esfic
assumption about the stochastic process of themimgp
signal. Baxter-King filter does not assume, attlexplicitly, a
specific process for an incoming signal.

This paper deals with the construction of a filter be
applicable in real time and which would be in liwégh the
original Baxter-King minimization problem. Thus,ettpaper
proposes an extension of the Baxter-King symmetaad
pass filter to an asymmetric Baxter-King filter tgtaining the
original Baxter and King (1999) minimization probiebut
relaxing the constraint on the symmetry. It turng ¢he
optimal correction scheme of the ideal filter waglor the
asymmetric Baxter-King filter matches the one fdret
symmetric Baxter-King filter, which is cutting thdeal filter
at the appropriate length and adding a constardlltdilter
weights to ensure zero weight on zero frequency.

A question arises: when the asymmetric Baxter-Kihgr
is superior to the symmetric Baxter-King filter.n8¢ the
symmetric Baxter-King filter is unable to extractsgnal at
the ends of series, and since the asymmetric B&xtgy filter
contains the symmetric filter as a special caskedtter can
easily be obtained by putting constraints to thegtle and
symmetry of the filter — the extension to an asymmimdilter
is useful whenever the real time estimation is epdednd
should be considered whenever the original BaxiegHilter
is considered, since it can be no worse than timenmstric
Baxter-King filter. The developed filter can be ds@ any
field of science where it is necessary to extradtaad of
frequencies from a signal in real time.

Another question is: when the asymmetric BaxtereKin
filter is superior to its closest competitor, theefalilt
specification of Christiano-Fitzgerald filter (s€éristiano and
Fitzgerald, 2003). The default Christiano-Fitzgdridilter is

put nonzero weight on unwanted frequencies that mé&ptimized for a series that follows a random watlogess.

introduce phase shifts. Given the latter, one majlgue that
the longer the approximating filter the bettercsiiits length is
closer to the length of the ideal filter. Thus, oméght be
willing to prefer varying-length symmetric filteo tthe fixed-
length symmetric filter.

Another limitation to the original Baxter-King fdt is its
symmetry. The symmetry of a filter implies that theds of
the signal cannot be estimated without extendiegetids with
forecasts and backcasts. Since the latter may ret
appropriate or desirable in many applications,ithglication
of a symmetric filter is that it cannot be appliedreal time.
However, in many instances, the end of the sign#hé most
important part of the whole series since it corgaime most

Thus, the asymmetric Baxter-King filter might bepstior to
the default Christiano-Fitzgerald filter when tledom walk
process poorly approximates the process of a signtl the
latter being stationary. Further work would be ubdb be
carried out to find proper conditions when the as\gtric
Baxter-King filter is superior to the default spfeztion of
Christiano-Fitzgerald filter.

The structure of the paper is as follows. Sectlatekcribes
the estimation of the asymmetric Baxter-King filt&ection
Il presents an illustrative example with a sampleries,
extracted signals with fixed- and varying-lengthmsyetric
Baxter-King filter, asymmetric Baxter-King filterand its
closest competitor, the default specification ofri€trano-
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Fitzgerald filter. Finally, Section IV presents [8bi code for _(" -
the asymmetric Baxter-King filter. Q= '[7”5(0))5( @)do
s.t.
Il. THE FILTER A LA
. . y p0)=> b =0. (7)
Consider the following orthogonal decomposition tbé hep
stochastic proces : i To solve (7), form the Lagrangian
X =Y+ X. 1) L= Q—ﬂﬁ(O) ®)
The processy,, has power only in frequencies belonging towith first order conditions (FOCs):
the interval {(a, a,) u(-a,-a)} c(-x ) , where oL _9Q . _
O0<a <a,<x . The processX , has power only in the ob,  db,
complement of this interval if{-z,7) . By the spectral 5'— —ﬂ(O) 0. (9)

representation theorem,

=b(L)x, (2) Bedi :
. ) ) egln by noting that
where the ideal band pass filtds(L), has the following 65(0)) 05(-w)
structure: —[5( 0)d(—w)] = S(~w) + 5(w) —=—=. (10)
h h bn abn
b(L) = ZQJ- L' =X _p, (3) Ssince the frequency response function of the apprating
where " filter is B(w) = Z bn g it follows that
g =SN0)=sinb&) - _ g5 00(®) _ _grion (11)
zh 5bn
b, =M, a, =%’ a, =% ’ (4) (11) implies 5Q
T u 1 ioh I(uh 12
and p,, p, €[1,) define the upper and lower bounds of the abn I [e70(~0) +o(w)e”]da 12)

wave length of interest. Wit 's specified as in (4), the By the property jﬂ[f(w)+ f ()] deo= ZI” (w)dav
frequency response function of the ideal filtefrajluencyw o -

is (since [* f(0)do = [t (@)do+ [ t(@)do=[[f(w)+
pw)=1, forwe (a,a,)u (a,,—a,) " _ . T
=0, otherwise (5) f(-w)]dw is real, thenjlﬂf (w)dw = J,,,f (~w)dw, and the
Baxter and King (1999) have proposed to obtainrarsgtric, property follows), (12) becomes
fixed length approximation to the ideal filter, (8hd (4), b Pt .
. oh, *”

Q= jﬁﬁ5(w)5(—w)dw Further, by the property

s.t. ) J‘j ei(une—i(umda) — J‘j efiw(m—n)da) — 0 for n<m

B(O)zzﬁkzo =2z forn=m, (14)

k=K obtain

b =b,, (6)
where §(w) =,B(a))—,é(a)) is the discrepancy between the .[ S(w)e”'dw = I {Zb“e - Jdeb € Im}elwhdw
frequency response functions of the exacE and xppete = 21] bn_bn]' (15)
filters at frequencyw , and the constrainG(0) =0 is to
ensure ;ero weight on the _trend frquency, in Mmm the Given (9), (13) and (15), the FOCs are
assumptiona, > 0. The solution to (6) is a truncation of the _4xlh, —E%]—/l: 0. (16)

ideal filter symmetrically at lengthK, and an addition of a  there | ) A h il ) )
constant(—ZK b))/ (2K +1) to all filter weights to ensure If there |§ no constra_lnt qu(Q), the optlma apprgxmate (in
k=-K Baxter-King sense) filter is simply derived by toation of the

B =0. ideal filter's weights. If there is a constraint §(0), then 4

A natural extension of the Baxter and King (1998¢fis  must be chosen so that the constraint is satisfied. this
to allow the approximate filter to be asymmetric.drder to  purpose, rewrite (16) as
optimally approximate an ideal symmetric lineatefilin a f)n =h, +6,
Baxter-King sense, the problem is to minimize
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where@d = A/ (4r). In order to havqé’(O) = Z;LPE% =0,

the required adjustment is

f
-2
= _h=p
p+f+1’
which yields the same optimal weight adjustmenesah as in

the symmetric Baxter-King filter case.

(17)

Fig. 1 shows a sample series and two signals d&tfamy
symmetric fixed- and varying-length Baxter-Kingtdils for
wave length between 6 and 32 periods, and minimuwh2K

AN ILLUSTRATIVE EXAMPLE

187 2 signal
-0.2- —— symmetric, fixed length BK filter

ol symmetric, varying length BK filter

-+= asymmetric Baxter-King filter
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Fig. 2. Asymmetric versus symmetric Baxter-Kinfjefis. The asymmetric
filter equals the varying-length symmetric filter the middle of the series
where both of them use the whole sample informatMoving from the

center of the sample, the varying-length symméilier approaches to the

Even though Baxter and King (1999) do not discuss t fixed-length symmetric filter, while the asymmetfitter always uses the

varying-length version of the filter, the code farch filter is
implemented in some programs, e.g. in Grocer,
econometrics toolbox for Scilab.

=017

-0.15+

-0.24

— a signal

G symmetric, fixed length BK filter

---- symmettic, varying length BK filter

99651 199793 199901 200003 200201 200393 200501 200643 20081 200953

Fig. 1. A sample series and the extracted bandasies of length 6 to 32
periods with symmetric fixed- and varying-lengthxBa-King filters, with
K=12. The difference between the extracted sigfial® fixed- and varying-
length filters is apparent. The ends of the sigaal not be estimated with the
symmetric Baxter-King filter.

whole sample information, and becomes one-sidedeaends of the sample.
The asymmetric filter is able to estimate the dekaignal in real time.

an

Fig. 2 shows the extracted signal from asymmetaxt8r-
King filter in comparison to the symmetric casethe middle
of the sample, the asymmetric filter is identiaathe varying-
length symmetric filter, where they both use ak ttample
information and are symmetric. Using as many datatp as
possible is crucial for the extracted signal’ slqyatherefore,
it is apparent that varying-length symmetric filiesuperior to
the fixed-length filter.

Moving away from the midpoint of the sample, theyuag-
length symmetric filter approaches the fixed-lenggimmetric
filter, since the usable number of data pointsoigstrained by
the shortest distance to the end of the seriesreabethe
asymmetric filter uses all the data in the samplarg point,
and becomes one-sided at the ends of the seriesn&hts of
the asymmetric Baxter-King filter is apparent ddlivers the
extracted signal for all data points in the sangrid, thus, can
be used in real time estimation.

Two questions arise: i) when the asymmetric BaKieg
filter is superior to the symmetric one, and ii) emhthe

It can be seen that the two filters give remarkabl@symmetric  Baxter-King filter is superior to itsosest

differences in the extracted signal. Given that ltreger the
filter, the better an approximation, the varyingdéh filter
should be considered as superior to the fixed-terfiter.
Also, even though both filters are symmetric, Fig.also
shows that their extracted turning point dates dbcoincide,
which is contrary to Baxter and King (1999) assertihat a
symmetric filter does not introduce phase shiftsg. F1
illustrates that the symmetry of a filter is notffeient to
guarantee the filter does not produce phase shiftse finite-
length filters give output signals that are contzateéd by
unwanted frequencies that may introduce phasesslhiftthis
regard, an argument might be that the length dfea fs more
crucial for the quality of the extracted signal rnihahe
symmetry.

It can also be seen that the symmetric Baxter-HKitey can
not estimate the signal at the ends of the setfiess, putting
limitations to its practical application in reami&. Thus, there
is a need for a filter that would be able to extracignal at
any point in the sample.

competitor, Christiano-Fitzgerald filter.

The answer to the first question is simple. Sinbe t
asymmetric Baxter-King filter includes the symmetBiaxter-
King filter as a special case — the latter can bwioed by
imposing restrictions to the length and symmetrthefformer

a5
o1

-015

G a signal

—— asymmetric Baxter-King filter
025+

-= asymmetric Christiano-Fitzgerald filter
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Fig. 3. A sample series, the extracted band ofjukecies from the
asymmetric Baxter-King filter and the default (randwalk) specification of
the Christiano-Fitzgerald filter. Both extractedgrsls are similar with
apparently close to identical turning point datatio
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— the asymmetric Baxter-King filter should be colesed
whenever the symmetric Baxter-King filter is coresied.

Fig. 3 plots a sample series, the extracted sifpralvave
length between 6 and 32 periods by using asymmB#ider-
King filter as well as the default (random walk)esfication
of the asymmetric Christiano-Fitzgerald filter.clin be seen
that, for the particular sample series, both fitextract a
similar output signal with apparently close to itieal turning
point dates.

The default Christiano-Fitzgerald filter is optira@ for a

E = [(b-a)/%pi,(sin(j*b)-sin(j*a)) ./ (7*%pi)];

1
AA = zeros(T,T);

fori=1:T
AA(i,i:T) = B(L.T-i+1)";
end

AA(L,1) = AA(T,T);

Il Use symmetry to construct bottom ‘half' of AA
%v2 = triu(AA,1);

%v2 = %v2(,$:-1:1);

AA = AA+%V2($:-1:1,));

series that follows a random walk process. Thus tHA=AAkron(sum(AA,2)./T,ones(1,T));

asymmetric Baxter-King filter might be superiorttee default
Christiano-Fitzgerald filter when the random walkogess
poorly approximates the process of a signal, with fatter
being stationary. Further work must be carried twutfind
proper conditions when the asymmetric Baxter-Kiilg(f is
superior to the default specification of Christidfitzgerald
filter.

IV. PROGRAM CODE

This section presents the Scilab code for the astnn
Baxter-King filter.

Scilab is free and open source alternative to Ndadlad is
available at http://www.scilab.org/.

function [fy, AA]=bkfilterasy(y,pl,pu)
Il

Il All rights reserved

/I Adapted by Ginters Buss from

I Eric Dubois (http://dubois.ensae.net/grocer.html )
I who adapted and extended from Terry Fitzgerald

Il
/I PURPOSE: computes asymmetric Baxter-King filter
il
I INPUT:

II* y = areal (nx1) input vector

I1'* pl = minimum period of oscillation of desired
/I component

II'* pu = maximum period of oscillation of desired
/I component

Il (2<=pl<pu<infinity).

il

Il OUPTUT:

II'* fy = vector (nx1) containing filtered data
II'* AA = filtering matrix

il

il -

b = 2*%pilpl;
a = 2*%pi/pu;
[T,nvars] = size(y);
if T<5 then
warning('# of observations < 5");
end
if pu<=pl then
error(‘pu must be larger than pl";
end
if pl<2 then
warning('pl less than 2 , reset to 2');
pl=2,
end
/I compute "ideal" Bs
j= 1.2,
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Il compute filtered time series using selected
Il filter matrix AA

fy = ARy,

endfunction

V. CONCLUSIONS

Scientists in various fields might encounter a ssitg to
extract a particular band of frequencies from aegisignal.
The ideal filter that would perfectly do the job a$ infinite
length in both directions, thus putting limitatitmits practical
use. There are various proposals of optimally apprating
the ideal filter to a finite-length filter. One dudilter was
proposed by Baxter and King (1999) in economiesditure to
extract business cycle frequencies, but generaugnao
extract any band of frequencies of interest. Itimires the
squared distance between the frequency responsédiurof
the ideal filter and the approximating filter sutijeto
constraints that the filter is to be symmetric gna zero
weight on zero frequency (corresponds to a wavnfoiite
length).

The limitation to the original Baxter-King filtersi its
symmetry. The symmetry of a filter implies that theds of
the signal cannot be estimated without extendiegetids with
forecasts and backcasts. Since the latter
appropriate or desirable in many applications,ithglication
of a symmetric filter is that it cannot be appliedreal time.
However, in many instances, the end of the sign#hé most
important part of the whole series since it corgaime most
recent observations. Thus, there is necessity tid lufilter
that would be able to extract the desired sigrsd at the ends
of the series. There are many filters out theret thige
asymmetric. For example, one is Christiano-Fitzigefdter.
Many such filters, including the latter, rely on esfic
assumption about the stochastic process of themimgp
signal. Baxter-King filter does not assume, attlexglicitly, a
specific process for an incoming signal.

This paper deals with the construction of a filter be
applicable in real time and which would be in lwih the
original Baxter-King minimization problem. Thus,etlpaper
proposes an extension of the Baxter-King symmedbaad
pass filter to an asymmetric Baxter-King filter tetaining the
original Baxter and King (1999) minimization probiebut
relaxing the constraint on the symmetry. It turng ¢he
optimal correction scheme of the ideal filter waggtfor the
asymmetric Baxter-King filter matches the one fdret
symmetric Baxter-King filter, which is cutting théeal filter
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at the appropriate length and adding a constaralltdilter The paper includes Scilab code for the asymmetaixtd3-
weights to ensure zero weight on zero frequency. King filter for not for profit use.
A question arises: when the asymmetric Baxter-Kitlgr
is superior to the symmetric Baxter-King filter.n8& the ACKNOWLEDGEMENTS
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Ginters Buss. Asimetrisks Beksteres-Kinga filtrs

Zinatnieki dazdas nozags var saskarties ar nepiecie3amiegit konkigtu frekvertu joslu dotam sigilam. Idails filtrs, kas perfekti izfiltétu nepiecieSaas
frekvences, ir bezg@i gars uz afim pug€m, tadejadi tas nav pielietojams praksLiterafira ir pieejami da#di risinajumi, lai tuviratu gaiga garuma filtru
idealam filtram. Vienu &du risirgjumu piediva Bekstere un Kings (1999) ekonomikas literat lai ieditu biznesa cikla nartgjumu, tau Sis filtrs ir pietiekami
visparigs, lai ieditu jebkidu interesjoso frekvertu joslu. Sis filtrs minimiz kvaditisko atilumu starp idala un tuvirata filtru frekvences atbildes funkain ar
ierobezojumiem, ka filtrs ir simetrisks un ka te Inulles svaru uz nulles frekvenci (kas atbilstdmiga garuma vilnim).

Ir programmas, kas pi@da mairiga garuma variantu simetriskam Beksteres-Kinga (H#am; lai gan 8du gadjumu Bekstere un Kings (1999) neapskata, t
pamaid ir ta pati minimizZSanas prolbma, kas #kotngjam fikssta-garuma simetriskam BK filtram. Bekstere un Kin@999) uzspiez filtra simetriju, lai
nepidautu fizu nohdes. T&u Sis darbs ilust ka filtra simetrija nav pietiekampa3ba, lai nepitautu fizu nohdes, jo gaba garuma filtri liek nenulles svaru uz
newlamam frekveném, kas var ra fazu nohdes.. \&l viens orginala BK filtra ierobeZojums ir tas, ka filtra simetr§jakl netiek iedits sigrala nowertgjums
rindas galos, ja netiek izmantotagkatnes un patines prognozes.alka prognozes vatu bat nepiengrotas vai neslamas daudzos pielietojumos, simetrisks
filtrs nevar kit pielietojams r&la laika, lai gan daudzreiz tieSi sigla pedgjie noverojumi ir pasi litiskakie, jo tie satur paSu jaako informaciju. Lidz ar to, ir
nepiecie$ams izt filtru, kas S@tu nowertet sigralu rela laika.Sis @tijums izstada BK tipa filtru, ko var lietot rala laika. Tas piedva visparinat simetrisko
BK joslas filtru uz & asimetrisku variantu, paturot ginalo Beksteres un Kinga (1999) minira§anas probmu, no &s izskdzot simetrijas ierobeZojumu.
Rezulati rada, ka optirala korekcijas sBma asimetrijas gaima ir tada pati, l& simetriskajam filtram — nogriezt idi filtra galus attietgajos garumos un
pievienot konstanti visiem filtra svariem, lai no8iratu nulles svaru nulles frekvencei.

I'unrepe Bym. Acummerpuynblii Bakerep-Kunr ¢guiastp

VyeHble B pa3iMYHBIX 00JACTSIX MOTYT BOSHHKHYTh B HEOOXOIMMOCTH W3BJICYb KOHKDPETHBIH [MAla30H 4acTOT OT JAHHOTO CHTHaja. MjeanbHblil (GuibTp,
KOTODBII HACANbHO clelan paboTy, sBiseTcs OCCKOHEYHOH IIMHBEI B OOOHMX HAIPABICHUSX, IOJOXKHB TEM CaMbIM OIPAHHYCHUS HAa €ro HPAKTHIECKOe
UCTIONb30BaHue. ECTh pasnuuHble NPEAToXKEHHs IS ONTHMAIbHOTO MPHOMIDKEHUS HICAIHOrO GHIBTPa ¢ QHIBTPOM C KOHEUHOH MIHHBL ORUH M3 TakuX
¢unbTpoB ObuT mpemoken ot bakerep u Kunr (1999) B okoHOMHYECKOH JiMTepaType [isi M3BJICUCHHS YAcTOT OW3HEC-LHKIIA, HO QOCTATOYHO OOIM [UIs
U3BJICUCHHS KakKoH-1mbo momockl dactoT. bakcrep-Kunr (BK) ¢uibTp MuUHMMH3MpYET KBagpaT pacCTOSHHS MEXIy (YHKIHH YacTOTHOIH XapaKTEPHCTHKU
ueanbHoro GUIbTpa U GUIbTpa NPUONIDKEHHS IPU HAIMYUY OTPAaHUYCHUH, YTO (HIBTP JOJDKEH OBITh CHMMETPUYHBIM U IIOJIOXKHTH HYJIEBOH BeC Ha 4acTOTe
Hyxs.bakcrep 1 Kusr nonoxunu cummerpuro GpuitbTpa Juist o0ecreyeHnst OTCYTCTBHY cura (a3. OnHaKo, Kak MOKa3bIBACT 3Ta CTaThs, CUMMETPHUS (pUIBTPA HE
obecrieunBaeT OTCYTCTBHIO (pa30BBIX CABHIOB, TaK KakK (PMIBTPbI C KOHEYHOW JUIMHBI 3arps3HECHHBIC HEXKEIATEIbHBIMH YaCTOTAMH, KOTOPbIE MOI'YT BBECTH
(a30BBIX CABUTOB. YUHTHIBAS MOCICAHEE, MOXKHO YTBEp)KAATh, YTO JIMHHEE alIpoKCHManus GpuibTpa, TeM Iydile, Tak Kak JIHHA OMrmke K JIMHY HAEaTbHOTO
¢unbrpa.Eme ogHo orpanuuenue y opurunainpbHoro bK ¢uibtpa sisercs cummerpus. OT cuMMeTpun GHIBTpa CIEIyeT, YTO KOHI(BI CHIHAJIa HE MOXKET ObITh
OLICHEHBI Oe3 pacIIMpeHHUst KOHIA ¢ MPOrHo3aMH. Tak Kak MocieJiHEe He MOJKET OBITh XKEJATCIbHBIM BO MHOTHMX NPHJIOKEHHUSAX, CICACTBUEM CHMMETPUYHOTO
¢uapTpa ABISLETCS, YTO OH HE MOXKET OBITH MPUMEHEH B PEXHME peanbHoro Bpems. OJHAKO, BO MHOTUX CIIydasX KOHEI[ CHTHaNa SBIIETCS Haubosiee BayKHOH
YaCThIO CEPHU TaK KaK OH COACPIKHT IOCIeTHUE 3aMedanus. TakuM o0pa3oM HaJ0 HOCTPOUTH (PUIIBTP, KOTOPHIA OyIeT B COCTOSHHHU M3BJICY CHTHANT Ha KOHIIAX
psina.OTa cTaThs IOCBAICHA CTPOUTEILCTBY (DMIIBTPA IS UCIOIB30BAHMS B PEKHMME pealbHOro Bpemsa. B 3To cratee mpemnaraercs pacimupenne bK
CHMMETPHYHOro (HHIbTpa ¢ acuMMeTpHdIHbIM bK hunbTpoM, coxpanus opuruHanbHyro bakcrep u Kunr 3agady MuUHHMH3anUM HO pacciIadmsas OrpaHUYCHUE Ha
cummerpuio. OnTHManbHas cXeMa KOPPEKIUH BECOB HCAIBHOTO (QHIBTPa COOTBETCTBYET TOMY XK€ I CHMMETPUYHOTO (DHUIBTPA, KOTOPHIH PeXeT UACATbHOTO
(uIbTpa Ha COOTBETCTBYIONLIEH JUIMHBI M I0OABIISIET KOHCTAHTY I BCe Beca (QHIbTpa A 0OeceueH s HyJIeBOro Beca Ha 4acTOTe HYIIS.
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