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Pedpepar. ViccnegoBaHbl npouecchl B (hynbTpax HMKHUX U BEPXHUX YACTOT C MPOM3BOSIbHBIM
KOMNMMYEeCTBOM YPOBHEW KBAHTOBAHUS C YycedeHMeM MO MOAyMNi0 pe3ynbTaToOB COXEHUs.
PaccmoTtpeHbl cBoboaHble konebaHusa u konebaHusa npy NOCTOAHHOM BHELUHEM BO34ENCTBUM.
lMoBeneHne cuctembl xapakTepmsyeTcs GudypkaunMoHHOM U BEPOSITHOCTHOW AuarpammMaMMu.
Mony4deHbl BbipaXeHWs Ansi pac4yeToB Hanboriee BEPOATHBIX PEXUMOB.

LindbpoBbie pekypcuBHble (OUNbTPbI NEPBOrO MOpPsiAka WMCMONb3YKTCA B COBPEMEHHbIX CUCTEMaX
nepegaun MHdopmaumm Ons nocreneTekTopHon obpaboTkm curHanoB. Ha nx 6ase cosgatotca ounbTpbl
HWKHUX (PHY) 1 BepxHux (PBY) uvactoT [1]. PunbTpbl NEpPBOro nopsigka MOryT MCMNonb3oBaTbCA U ANS
KackagHoOM dopMbl peanusaumy GUNLTPOB BbICOKOro nopsiaka. Cneuudpmyeckumn  ana  UmMgpoBbIX
UNLTPOB ABMSKOTCH OLWIMOKN, 0OYCNOBMEHHbIE KOHEYHBIM YMCITOM OBOUYHbLIX pas3psaoB B NpeacTaBrneHnm
yucen.

Llenb gaHHoM paboTbl — McCnegoBaHUE NPOLLECCOB B LMAPOBLIX PEKYPCUBHLIX (DUNbTPax NepBoro
nopsigka, MCNonb3ylwux npeacTaBnieHMe uyncen ¢ (PMKCUPOBAHHOW  3ansiTol, C MPOM3BOSbHbLIM
KONMMYECTBOM YPOBHEWN KBaHTOBaHWs L pesynbTaToB CIOXEHVWS B aBTOHOMHOM pexume U npu
MOCTOSIHHOM BHelwHem Boaaeiicteun A\, Monaraetcs, uto napameTp unsTtpa a 3agaetca 6e3 ownbku,
KBaHTOBaHMe OCYLLECTBISIETCS C YCEYEHWEM MO MOZYMI0 (MMeoLeM MeCcTO Npu NpeacTaBrieHnn Ynicen B
npssMOM M oOOpaTHOM Kogax C YCeYeHUeM), MEepeMeHHble MpeacTaBnaAlTca B dopMe uncen C
BblpaBHMBaHWEM crpaBa (T.e. B BuAe Uenbix 4ucen), a cymmatop 6e3 yyeta ahdeKkToB KBAHTOBAHWS

MMEET XapaKTepPUCTUKY C HaCbILLEHNEM.
KonebaHus B paccMmaTpmnBaemMbIX chanpax onncblBaroTCA Pa3HOCTHbIM ypaBHEHNEM

x(n+1) = f[ax(n) + Al
roe dyHkums T - xapaktepuctuka cymmatopa. Mpu MCNOMNb30BaHUKM LIENOYUCTIEHHON apuMeTUKM

war KBaHTOBaHUA paBeH eauHuue, A- Lenoe 4ucrno, a XapakTepuctuka C ycedeHunem no moayno u
HacblLLEeHneM BblpaXXaeTcsa (byHKLI,I/IeI7I

_ 91 npulp| <N
fo)=0 .
signg npu |¢| >N,
roe [*] — uenas vacTb uucna, N :(L—l)/2. ObnacTn xapakTepucTuKKU, COOTBETCTBYHOLLNE
3HayYeHnam [¢] 0603Hauum: 0, £ |, £ Il,...,+ N. imeem B Buay, YTO BCNEeACTBME KBAHTOBAHUSA B CUCTEME

nepBoro nopsiaka BO3MoXHbl L coctosHui.

Beegem Y(N) = x(n+1). Npouecchl paccmatpueaem Ha nnockocTn coctosiHui (X, Y) . Kak u B [2],
pa3obbeM 3Ty MITOCKOCTb Ha 06nacTu, koTopble 0603HauUMM, Kak U 0BracTM XapakTepUCTUKM CymMaTopa.
Mpannua obnacten [@],[¢] +Signgd Boipaxkaetcs sasucumoctbio X = ([@]+sSigng + A)/a. Cama
rpaHuua npuHaanexut obnactn [@] + Signg . Mpouecchl Mccrneayem METOAOM TOHYEUHbIX OTOBPaXeHWNil
[3]. Mpu atom dyHKuMsi nocrnegosaHus uveeT eua Y = f(ax+ A). 3agada mccrenoBaHust OBWKEHWIA
CBOANTCA K HAXOXOEHWIO MocnefoBaTeNlbHOCTM TodedHbix oTobpaxeHun F otpeska X[[—N;N] B ce6s.

CocTosHus paBHOBECUA paCCManI/IBaeMOIZ CUCTEMbl XapaKTepusyrTCA MNpoCTbiMM U ABYKPATHbIMU

HenoaBMXHbIMU TOYKaMU OTO6pa)KeHMF| F.
B ob6wem Clny4yae B 3aBMCMMOCTU OT Ha4allbHOIoO COCTOAHUA B CUCTEME BO3MOXHbI pas3finyHble

aBwkeHns. Mockonbky Bce L BO3MOXHBIX HauamnbHbIX COCTOSIHWIA PaBHOBEPOSTHLI, BBEAEM MOHATUE
BeposatHocTm P pgemxennss B B Bugpe P(B) =m/L, rge M - konuyecTBo HavanbHbIX COCTOSIHUNA,

COOTBETCTBYWOLUX I3TUM [OBUKEHUAM. Cuntas konmn4ecTso ypOBHeﬁ kBaHToBaHMa L NMPON3BOJIbHbIM,

" PaboTa BbINorHeHa npu donHaHcoBown nogaepxke Pocurckoro ¢oHaa oyHaamMmeHTanbHbIX MccrnegoBaHnin
n MnHuctepcTBa obpasoBaHus Poccuiickon Pepepauuu
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paccMmoTpum cBoBoaHble konebaHus n konebaHus npu NOCTOSIHHOM BHelwHeM Bo3saeiicTemn A. MapameTp
dunbTpa BoiOMpaeTca B 0611acTu yCTOMUMBOCTY 0e3 ydeTa 9hhEKTOB KBAHTOBAHWS, T.€. |aj <]1.

B orvcytcTBMe BHeluHero Bosgencteus A npu |aj<1 rpaduk  PyHKUMKM nocrnenoBaHus

nepecekaetcsi ¢ BuccekTpucoi Y = X ToNbko B Hadane koopauHat. CnefosatenbHo, npu Nnobbix L

€OVMHCTBEHHbIM U YCTOMYMBBIM  COCTOSIHUEM paBHOBECUsl SBMSIETCS Hadvano koopauHat. 370
CBMOETENbCTBYET 00 OTCYTCTBMM TakK HasblBaeMOW MepTBOW 30Hbl bunbTpa MpW  MCMOSb30BaHUK
KBaHTOBAHWS C yCEYEHUEM MO MOZYIO.

Mpu HamMMuMM MOCTOSIHHOrO BHEWHero Bo3gencTeuss A rpaduk  YHKUMM NOCneaoBaHus
nepecekaeT ocb opanHaTt B Touke Y = A, npu atom @ = A. Paccmotpum cnyydan A > 0.

Mycte a>0 (uenb sBnsetca ®HY). B kauecTe npumepa paccmoTpum crnydan A= 2. Mpu atom
rpanuua obnacrten [@],[@] +1 BbipaxaeTcs 3aBuCMMOCTbIO

_0¢1-D/a  npu []D[ON -1
H61-2)/a  npu [$]O[-N;-1].

Ounarpamma Namepes ona L =11, a=3/5 ¢ 0603HaueHHbIMM Ha Heil 0BMacTaMu yHKLMK
nocrnegoBaHus nokasaHa Ha puc.1. 3aeck rpaduk dyHKLMM nocrnenoBaHUs nepecekaeTcs ¢ buccekTpucom

npu XD{3;4;§. CnegosaTtenbHo, npu crapte u3 todek [X][-5;3] B cucreme ycranasnusaertcs
kone6aHue ¢ nepuogom T =1 n amnnutygoin X = 3. Huxe ato o6osHadaetca T =1(3). Mpu crapre n3
Touek X=4 n X=5 umeem msmwkerus T =1(4)wn T =15) coorsercTBeHHO. MM03TOMY BEPOSATHOCTb
konebanus T =1(3)paBHa 9/11. Huxe ato o6osHavaetcs  P(3) =9/11. BeposiTHocTn Apyrux
BO3MOXHbIX ABwkerun pasubl P(4) = P(5) =1/11. Paccmotpenue aswxennin npu all(0;l) nossonser
NOCTPOUTb BUYPKALMOHHYO (pUC. 2) 1 BEPOATHOCTHYHO (pnc.3) guarpammbl pmnbTpa. Ha puc.2 unicna
okorno otpeska | =losHavaioT amnnutyasl konebaHwit. PaccmoTpenue konebanuii ans a>0 u psina
sHaveHun L m A nosBonuno yctaHoBuTb criedylole 3aKOHOMEPHOCTW aAns Haubonee BepOATHbIX
3HaueHun BenmumHbl X . B obuiem cnyvae npoussonbHoro 1< A< N Ha Bbixoge dunstpa umeem
X=X, (tre. umeem T =1X)), rae A< X <N, ecnn Ha guarpamme Jamepesi Toukn X =1 n X

npuHaanexar obnactn X . 31O 03HaYaeT BbINOMHEHNE ycnoBsua
(X=saX-)+A<X+D)n(XsaX+A<X +]),
oTKyda crepnyet
(X=-A/(X-D<a<(X+1-A)/X.
|-|pl/l TEX Xe YCNoBMAX MMeeM Ha Bbixoge X = N , €Cnn Ha anarpamme J'Iamepeﬂ TO4YKa
N —1npuHagnexut obnactu N . 3ToMy COOTBETCTBYET yCrioBUe

az(N-A)J/(N-1).

Mpu all(0;1), AO{L N} Ha Bbixoge umeem cootsetcteenHo T L{1(1);1(N)} . Monbaysick atumm
3aKOHOMEPHOCTSIMU, MOXHO Ans nobbix L u A Haitn 3asucumocts X (@) . 3Ty 3aBUCMMOCTb MOXHO
cpaBHUTb C naeanbsHom npu L = o | kotopas ycraHosneHa B [4].

AY

1|




4-a MexxayHapoaHasa KoHdepeHuns DSPA-2002

TA
X=2 2:3 343445 5
5
1
0 13 12 3/52/3 3/4 1 a
Puc. 2
1Pk 1(2) 1(5)
| 14
10/11
1(3)
1(2
8/11 )
6/11
4111
1(3)
1(4)
2/11 15
1(4) -
0 13 1/2 3/52/3 3/4 1 a
Puc. 3

Paccmotperune konebanmii np a<0 (uenb siBnsetca ®BY) ana psga sHadenun L on A
MO3BOMMUIO YCTAHOBUTL CredyloLime 3aKOHOMEPHOCTU Ans Haubornee BEepOsATHLIX 3HAYEHW BenuuuHbl X .
B o6uwem cryyae npoussonbHoro 1< A< N Ha Bbixoge dunbtpa umeem X = X ,(1.e. umeem T =1(X)),

roe 1< X < A, ecnv Ha anarpamme Jlamepes Touka X npuHaanexut obnactm X , oTkyga crnegyet
(X-A)/(X)sa<(X+1-A)/X. (1)

N3 obnactm napameTtpa a, onpegendemon (1), wucknoyaetca obnacTtb, YyOOBNeTBOpPstoLLaN
ycrnoeumio, Koraa Ha auvarpamme Jlamepes touka X —1 npunagnexut obnactm X +1, a touka X —1-
obnactn X +1. 3710 03Ha4aeT BbLINOMNHEHME YCIOBUS

(X+lsa(X-D)+A<X+2)n(X-1l<a(X+1])+A<X),

OTKy#a criegyet

(X+1-A)/(X-D=<a<(X-A/(X+]). )

O6nacti napametpa a, onpegensieMon u3 (2), cooTBETCTBYIOT KonebaHua ¢ nepuogom 1 =2.
[MpOMEXyTOUYHBIM MO CpaBHEHMO C (1) 3HAYEHMsSM A TakkKe COOTBETCTBYIOT KonebaHus ¢ nepuoaom

T=2. Npn all(-L0), A=1 B cucreme cywecrtsyer konebanme T =2(1/0). 31 3akoHOMepHOCTU
no3BoONsAOT ycTaHoBUTb 3aBucumocTb X (@) ana npoussonbHbix L 1 A. 3Ty 3aBUCMMOCTL MOXHO
CpaBHWUTL C maeanbHoi npu L =00, koTopasi paccuMTbIBAETCS C MOMOLLLIO METOAMKM, pa3paboTaHHO B

[4].

MN3-3a CMMMETPUYHOCTU XapakTepucTuku cymmaropa konebanua npm A<0 c nepuogom T =1
OTMMYAOTCA TOMLKO 3HaKaMy amnnuTyd, a konebaHus ¢ nepuogoM | = 2 - TOMNbKO 3HaKaMyi MrHOBEHHbIX
3HaueHun ans cosnagatowwmx co crniydaem A >0 3HauveHwit napametpa a. TeopeTuyeckue pesyrbTaTbl
NnoAaTBePKAEHb!I KOMMbIOTEPHBIM MOAENVMPOBAHNEM.

[Mony4eHHble 3aKOHOMEPHOCTW HETPYAHO pacnpoCTPaHWTb W Ha Crydan, Korda MepemMeHHble
npencTaBnsalTCcsa B (popme 4yucen C BblpaBHMBaHWEM cneBa (T.e. B BMAae ApPOOHbIx 4mcen). Ona aToro

[0CTaTo4YHO BBECTU HOBYIO MEPEMEHHYI0 X = Xq, roe q =1/ N - war kBaHTOBaHMS.
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Abstract. The processes in filters low and high frequencies with arbitrary quantity of quantizing
levels with modulus truncation of addition results are investigated. The free oscillations and
oscillations under a constant input signal level are considered. The expressions for calculations of
the most probable modes are obtained.

The target of the given job is studied of processes in digital first order recursive filters of the
operating representation of numbers with fixed point, with arbitrary quantity of quantizing levels L results
of addition in an off-line mode and at a fixed external action A. It is necessary, that parameter of the filter
a is set without an error, the quantization is carried out with modulus truncation (having a place at
representation of numbers in direct and backward codes with truncation), variables are represented in the
shape of numbers with alignment on the right (i.e. as integers numbers), and the adder without the effects
of quantization has the characteristic with saturation.

The oscillations in this filters are featured by a difference equation:

x(n+1) = f[ax(n) + A].
where function f - is characteristic of the adder. Using integer arithmetics the quantizing interval

is equal to unity, A - integer number, and the characteristic with modulus truncation and saturation
express by function

_ 9] #]<N
f(¢)= 5\' :
signg  [¢[= N,
where [* ] - whole part of number, N = (L —1)/2. Areas of the characteristics relevant to values [@], we
will designate: 0, UJ I, U 1l,..,,00 N. We mean, that owing to quantization in a first order system are possible
L conditions.

Let's enter y(N) = X(N+1). Processes is viewed on a plane of conditions (X, Y). As well as in [1],

we will dissect this plane on area, which we will designate, as well as area of the characteristic of the
adder. Processes is explored by a method of point mappings [2]. Thus the function of a following has a

view y = f(ax+ A). The research problem of motions is reduced to a presence of a sequence of point
mappings F of cut X(J[—N; N] itself. The conditions of equilibrium of a viewed system are characterized
by simple and double nonmovable points of mapping F .

In absence of an external action A at |aj <1 the schedule of following function is intercrossed with

a bisector Yy =X only in an origin of coordinates. Hence, at any L unique and stable conditions of

“The work has been carried out with financial support of Russian Foundation of Fundamental Research
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equilibrium is the beginning of coordinates. It testifies to absence of so-called shadow of the filter at use of
guantization with modulus truncation.

At presence of a fixed external action A the schedule of following function intercrosses an axis of
ordinates in a point Y= A, thus ¢ = A. The viewing of oscillations for a> 0 and row of values L and A
has allowed to establish the following legitimacies for the most probable values of value X . Generally
arbitrary 1< A<N on an output of the filter we have x=X, (i.e. we have T =1(X)), where
A< X <N, if on the diagram Jlamepes of a point X —1 and X the areas X belong to. It means
execution of a requirement

(X=A)/(X-D<a<(X+1-A)/X.

Under the same requirements we have on an output X= N, if on the diagram the point N —1
belongs to to area N . Itis corresponds a requirement

a=(N-A)/N-1).

At all(0), AL{I; N} on an output we have accordingly T U{1(1);1(N)}. Using these
legitimacies, it is possible forany L and A to find dependence X (@) . This dependence can be compared
with ideal at L = oo, which sets in [3].

The viewing of oscillations at a<0 for a row of values L and A has allowed to establish the
following legitimacies for the most probable values of value X . Generally arbitrary 1< A< N on an output
of the filter we have X=X, (i.e. we have T =1(X)), where 1< X <A, if on the diagram the point X

belongs to to area X, when follows
(X-A/(X)sa<(X+1-A/X. (1)

From area of parameter a, determined (1), the area fitting to a requirement is eliminated when on

the diagram the point X —1 belongs to to area X +1, and point X —1 - area X +1. It means execution
of a requirement
(X+1-A/(X-D<a<(X-A/(X+]). 73}

The areas of parameter a, determined from (2), correspond to oscillations with a period T =2.
To intermediate in comparison with (1) values a also correspond oscillations with a period T =2. At
all(-10), A=1 in a system there is an oscillation T =2(1/0). These legitimacies allows to establish

dependence X(a) for arbitrary L and A. This dependence can be compared with ideal at L = oo, which
is calculated with the help of a procedure, designed in [3].

The obtained legitimacies are uneasy for distributing and to a case, when variable it are
represented in the shape of numbers with alignment at the left (i.e. as fractional numbers). For this purpose

it is enough to enter new variable X = X, where =1/ N - a quantizing interval.
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