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Pedbepat: NccnegosaH LmcpoBor NOAMHOMUANbHBLIM (PUNLTP NEPBOro nopsigka B aBTOHOMHOM
pexume. NocTpoeH BrudypKaLMOHHbLIN NOPTPET cucTeMbl 6e3 NMHenHoro 3seHa. HangeHsl ocobble
TOYKM U rPpaHULLbl UX YCTOMYMBOCTU B CUCTEME MPU HANMYUU NMHENHOTO 3BEHA.

BeeneHue

3agava nccnegoBaHnst NONMHOMManbHbIX OunbTpoB Gbina noctaeneHa eweé B 1960-x rogax. 3to
ObINO BbI3BAHO HEOOXOAMMOCTBLIO PELLEHMS BOMPOCOB (OUMbTPaLMKN CIOXHBIX CUrHamnoB, Hanpumep Takux,
roe Wym W curHan HaxogaTtcsa B onpefenéHHon 3asucumoctv [1,2]. BbISCHMNOCH, 4YTO NUHENHas
dunbTpaumnsa B nogobHbix cnyyasx HeaddeKkTMBHa, 1 TpebyloTca HOBble METOAbl AfiS pelleHns nogobHbIX
3apau. [NosgHee cTano M3BECTHO, YTO, UMAPOBLIE NONIMHOMUANbHbIE PUNBTPbLI APHEKTUBHBI B HENMUHENHBIX
aKyCTUYECKUX 3XO-KOMMEeHcaTopax Mpu MCMOMb30BaHUM WX C LUenbi MNoAaBneHUs 3axa B PasfuyHbIX
akycTuyeckux u Buaeocuctemax. [BymepHble MNOMMHOMMUArbHbIE (OUMLTPbI, TakkKe, MPUMEHSATCA AN
yryyleHMs YETKOCTM M300paKeHWn, Hanpumep TaKuX, Kak pPeHTTeHOBCKME CHUMKW. PekypcuBHble
nonMHoMmanbHble UNBLTPLI UCNONL3YITCA ANns 60pbbbl C HENUHEWHLIMU UCKAaXEHUSIMA B Pa3fuYHbIX
KaHanax cBs3w.

B paboTe uccnenoBaH NpoCTENLLMIA MONIMHOMMUASBHBLIN OUNBTP B aBTOHOMHOM PEXMME CO CXEMOW
0©€e3 NIMHENHOro 3BeHa U Npu Hanu4mMmM NIMHENHOro 3BeHa. 3aTPOHYT BOMNPOC YCTONYMBOCTU AAHHOW CUCTEMBI.

1. UndpoBoi nonMHoMManbHbIn GUNbTP 6€3 NIMHEMHOro 3BeHa
B obLiem cnydyae npocTennii NONIMHOMUAIbHbLIN PEKYPCUBHBIA LUAPOBON (PUNbTP MOXHO OnucaTtb
ypaBHeHVeM
y(n) = A+ by*(n-1) + cy(n-1), (1.1)
roe A — noCTosHHOE BXOAHOe BO3aencTeune, b u ¢ — napameTtpbl ounbTpa.

HauHém unccrnepoBaHus npu cnegyoweM Boibope napameTtpos: A=0, c=0. PaccmoTpym npocTenumnn
LMdPOBOIA NONIMHOMMUANBHBLIN OUIBLTP, KOTOPbIA MaTeMaTUYECKN MOXHO NPeacTaBuTb B BUAE

y(n) = by’(n-1) (1.2)
CoenaB 3ameHy (y(n+1) = byz(n), y(n+1) = y4(n)), nepenuwem ypasHeHune (1.2) B 6onee ygobHom Ans
AanbHenLWwmnxX nccneaoBaHnn Buge

ya(n) = by*(n) (1.3)

Monb3ydacb MeTOAOM OOHOMEPHbIX TOYEYHbIX OTObpaxeHun [3], uccnegyem [OaHHYO CUCTEMY Ha
YCTOMUYMBOCTb. Hangém Toukm nepecedeHns buccekrpucol y1(n)=y(n) n dyHkumm nocnegoBanus f(y) = byz(n).
KBagpaTHoe ypaBHeHue byz(n) —y(n) = 0 nmeeT aga KopHsa: y1)=0 " y)=1/b. Mo Teopeme KeHurca ocobas
TouYKa Y(1)=0 ycTon4mBa, B TO BPeMs Kak Touka Y=1/b aBnsetca HeycTOM4MBONW. YCTONUMBOCTL TOYKM Y (1y=0
3aBUCUT OT Bblbopa HavanbHbIX ycrnoBun. OBnacTb YCTOMYMBOCTU LAHHOW TOYKM MOXHO 3afaTb CMCTEMOM
HepaBeHCcTB (1.4). PyKkoBOACTBYACb MOSTyYEHHLIMM pe3ynbTaTaMy MOXHO MOCTPOUTb OUdypKaLMOHHbIN
nopTpeT QaHHOM cucTembl (puc.1a), rae yCTOMYMBbIE COCTOSHUSA pPaBHOBECUS OTMEYEHbl KPYKKaMu,
HEeYCTONYMBLIE — KPECTMKAMMU.

* vy (v (v
Pabota BbInONIHEHA ITpH UHAHCOBOM Noaepkke Poccuiickoro ¢honna GpyHIaMeHTAIBHBIX HCCIIEIOBAHUN 1
MumnucrepcrBa obpazoBanusi Poccun

©anekTpoHHasa Bepcua nogrotoerieHa 3A0 ABTIKC CaHkr-lMeTepbypr, http://www.autex.spb.ru
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b) Mogenb LngpoBoro NOAMHOMUANBEHOMO
a) budypkaumoHHbI nopTpeT cuctemol 6e3 dunbTpa NepBoro nopsaka
NNHENHOro 3BeHa

Pwnc. 1

0y () [<1/b, m1ab>0

14
HY(O)(b)|>1/b, s b<0 (1.4)

Mogenb uccnegyemoro umdpoBoro dunbTpa noctpoeHa B nakete Matlab 6.0 (Simulink 4) n
nokasaHa Ha puc.1b. BxogHoe Bosgencteme A=0, nuHeriHoe 3BeHO oTcyTcTBYeT (c=0). NI3meHsisi napameTp b
1 HavarbHblE YCIOBUS, MOXHO C MOMOLLBIO ocuunorpada aHanmManpoBaTb NoBegeHe JaHHOW CUCTEMBI.

2. LlncppoBon noniMHOMUanbHbIN (pUNLTP NPU HANUYUKU JINHEMHOTO 3BEHa
PaccmoTpum pa3HoOCTHOE ypaBHeHMe

y1(n) = by*(n) + cy(n). (2.1)

Hangém HenoaBw>XHbIE TOYKM JAHHOW CUCTEMBbI.

Mpn ¢ = 1 dyHKUMSA nocnegoBaHusa U GuccekTpuca MMEKT OfHY OOLLYH TOYKY — TOYKY KacaHusi, B
CUCTEME CYLLECTBYET €QUHCTBEHHOE COCTOSIHME PaBHOBECUS B Hyrle, KOTOpOe B 3aBMCMMOCTWU OT Bblbopa
HayarnbHbIX YCIIOBUIA MOXET ObITb Kak yCTOMYMBBIM, Tak U HeycTonmumBbiM. OBnacTb YCTOMYMBOCTU MOXHO
0TO6pPa3nTbL CUCTEMON HEPABEHCTB 2.2,

O O
S| =

< (0)<0 drsh>0
(2.2)

1
Lo < p(0)<—— onab <0.
a »(0) b L

Mpn ¢ 2 1 B cucteme MoxHO HabmogaTb ABe HenoaBwkHble Toukn. Ocobas Touka yiy(n) = O
yctonymea no teopeme Kenurca npu [c| < 1 (-1 < ¢ < 1) n HayanbHbIX ycroBusax 2.3.

0 1 1-¢

—— < p(0)<—— onab>0,
@ b »(0) b 15
€ < (0) < onab<0
5y 7 b '

Touka y2)(n) = (1-c)/b ycTonumsa npu |2-c| < 1 (1 < ¢ < 3) 1 Ha4anbHbIX YCNOoBUAX 2.4.
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<y(0)<0 onab>0,

oo
>0

(2.4)
§)<y(0) < —% onab <0.

Ha puc.2a nokasaHa ocuwnnorpamMma crydasi, kKorga HadanbHble YCroBusS BblOpaHbl BHE MHTEpBarna
yctonumBocTu. [pu BblIGOpe NapamMeTpoB, OTBEYANOLWMX HepaBeHCTBaAM 2.2 CUCTEMa YCTOMYMBA M Ha
BbIXOJ€e CUCTEMbI C TEYEHMEM BPEMEHM YCTaHaABMNMBAETCS HyNeBoe 3HaYeHme.
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a) Ocumnnorpammanpuc=1,b =1, y(0) = -
1.2 b) Anarpamma Kenurca-Jlamepes
(cnyyait noTepu CUCTEMOW YCTONYMBOCTH) (NpegenbHbIn Lmkn T=2)
Puc. 2

HecmoTps Ha, kasanocb Obl, «NOCMyLUHOE» MOBEAEHWE CUCTEMbI, KPOME OrpaHU4EHHO-YCTONYMBBIX
COCTOSIHUI paBHOBECKsi BO3MOXHbI, Takke, nepuoguyveckme ABwxeHus. Ha puc.2b nokasaHa guarpamma
KeHnurca-Jlamepes HeycTonuMBoro npefensHoro uukna T = 2, KOTOpblIA peanu3yeTcs npu cnegytoLliem
BbIBOpe NapamMeTpoB M HaYaneHoro ycnosus: ¢=6.2, b=-1.2, y(0)=1.

3akno4veHne

PaccmoTpeH npocTenwmin NoNMHOMManbHbIN LMGPOBON hunbTp B aBTOHOMHOM pexume. HangeHsol
ocobble TOYKM B CUCTEME, YCMOBUS WX YCTOMYMBOCTU. M3 MOMydYeHHbIX pe3ynbTaTOB BMAHO, YTO OaHHasd
cucTema sBfsieTcs YCTOMYMBOW B OrpaHMYeHHOM UHTepBane napameTpoB M HavasbHbIX yCroBui. B cBasn ¢
3TMM HeobXxoaMMO JarnbHenwee uccnegoBaHWe CUCTEMbl MPU MOCTOSHHOM BHELUHEM BO3[EeNCTBUM ONS
BbISICHEHUSA cneunmrKkn AaHHbIX PUNBTPOB N HAXOXAeHUs 06nacT X NPUMEHeEHs.
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The problem of research of digital polynomial filters causes interest of scientists since 1960 years. It
was caused by necessity of the decision of questions of filtration complex signals, for example such signals
where noise and signal are in the certain dependence. It was found, that the linear filtration in similar cases
is inefficient, and the new methods for the decision of these tasks are required. Digital polynomial filters are
effective in nonlinear acoustic echo - equalizers at use them with the purpose of suppression of an echo in
various acoustic and videosystems. Two-dimensional polynomial filters, also, are applied to improvement of
sharpness of the images, for example such, as x-ray snapshots. Recursive polynomial filters are used for
struggle with nonlinear distortions in various channels of communication.

In the purpose work elementary polynomial filter is investigated in an autonomous mode with the
circuit without a linear part and at presence of a linear part. The question of stability of the given system is
considered.

Generally elementary polynomial recursive digital filter can be described by follows equation

y(n)=A+by*(n-1)+cy(n-1), (1)
where A - constant entrance influence, b and ¢ - parameters of the filter.

Using a method of one-dimensional dot mapping, find the fixed points in system.

At A=0, c=0 in system there are two fixed points. According to Kenigs theorem we have found, that
the fixed point y(1)=0 is steady, while the point y»=1/b is unstable. The stability of a point y)=0 depends on a
choice of the entry conditions. The received results allow us to construct the bifurcation diagram.

At A=0, c#£0 we have two cases. At ¢ = 1 in system there is a unique fixed point in zero point, which
depending on a choice of the entry conditions can be as steady, as not steady.

At c#1 in system it is possible to observe two condition of equilibrium. The fixed point y)(n)=0 is
steady according to Kenigs theorem at |c| <1 (-1 < ¢ < 1). The point y»)(n) = (1-c)/b is steady at |2-c | <1 (1
<c<3).

Except of stable and unstable fixed points in system, also, periodic movements are possible. For
example, atc =6.2, b =-1.2, y(0) = 1 in system there is a unstable limiting cycle of the period 2.

The analysis of the received results shows, that this system is steady in the limited interval of
parameters and entry conditions. The research of system at constant external influence will allow us to
understand specificity of the given filters and to define areas of their application.

" Work is supported by Russian Foundation of Fundamental Research and Ministry of Education of Russian Federation
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