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Pedbepar. VccrnegoBaH AOBYMEPHbLIN PEKYPCUMBHbBIN LMAPOBON unbTp BTOPOro nopsgka c
HENUHEMHOCTLID CymMMaTtopa Tuna HacblleHne u BuHapHbIM KBaHTOBaHWeM. B xope pabotbl
oGHapyxeHo 6onee cTa pasnNUYHbLIX CUrHaNoB, BO3MOXHbIX Ha BbIxode cucTembl. [lonyyeHsbl
aHanMTU4YecKne BbIpaXeHus Ans  obnacTer CywecTBOBaHUSA pPas3fUYHbIX TUMOB  OBVDKEHUN.
MocTpoeHsbl BrUdypKaLMOHHbBIE MOPTPETHI CUCTEMBI NPY Pa3NMYHbIX BUAAX HavarbHbIX YCIIOBUNA.

BeeneHue

[lBymepHble peKypcuBHble LUpoBble UNbTPbl NepBoro u BToporo nopsgkoB [1]  ymoOHo
ucnonb3oBatb Ans 00paboOTKM CTaTMYECKMX W OUHAMUYECKMX M300paKeHun B pearnbHOM Maclitabe
BPEMEHM, MOCKOMbKY BbIMUCIUTENbHbIE 3aTpaTbl MNpU WX peanusauun HesHauuTenbHbl. OAHUM 13
Ba)XHEWLUMX 3MIEMEHTOB Takmx QUINbLTPOB SBMNSETCH CyMMaTop, KOTOPbI B pearbHbiX LUdPOBbIX
YCTPOWUCTBAX WMEET HENMVHENHYI XapaKTepuUCTUKy. Y4yeT STOM HenuHeMHOCTM no3songet ©Gonee
3(PHEKTNBHO MCNOMb30BaTh BO3MOXHOCTU LMPOBLIX OUNLTPOB M M3GExXaTb HEKOTOPbIX HeXenaTenbHbIX
acbpekToB. MpMMEPOM ITOMY MOXKET CRYXWUTb WCMONb30BaHWE [ABYMEPHOIO PEKYPCUBHOIMO UUpoBOro
dunbTpa B KadecTBe aBTOHOMHOINO reHepaTtopa [ABYMEPHbIX LUPPOBbIX curHanoB [2]. B GonblivHcTBE
paboT, MOCBALEHHbIX WUCCNEeOOBaHWIO HEMNWHENHbIX CBOWCTB TakMx CUCTEM, OObIMHO paccMaTpuBaeTcs
cnydan  ¢unbTpoB nepBoro nopsigka [3-4]. OpgHako 4vem Oonblie nopsigok cunbTpa, Tem 6onblie
BO3MOXHOCTEN ONA ero UCMornb30BaHUs, HO BMeCTe C nopsigkoM dunbTpa BO3pacTaeT U CMOXHOCTb €ro
uccriegoBanns. B paboTtax nocBsileHHbIX unbTpaMm BTOPOro nopsigka, paccMmaTtpuBaeTcsi cryyau, Korga
OTNIMYHLIM OT Hyns aBnaeTcs Nuwb otcyeT X(-2, -2). lNpyn BO3pacTaHUM uYmUcra OTIIMYHBIX OT Hy”ns
HayarbHbIX YCIOBUI M3MeHsieTcsl BUA GudypkaLMOHHOIO nopTpeTa, Npyv 3TOM Ha BbIXOAE CUCTEMbI MOTyT
HabngaTbCa cUrHanbl, HEBO3MOXHbIE NS Crydasi OAHOTO OT/IMYHOIO OT HYNS HAYanbHOMO YCIOBUS.

NMocTaHoBKa 3apauu
PaccmoTpMm OBYMEpHbIN PEKYPCUBHbIA LMGPOBOM (UNbTP BTOPOro nopsaka C HeNMHENHOCTbIO
cymmaTopa Tuna HachblleHne U OWHapHbIM KBAHTOBAHWEM, OMUCHLIBAEMbIN HEMUHENHbIM Pa3HOCTHLIM
ypaBHeHveM Buaa:

X(m,n)=F{a*IX(m-1,n)+X(m-2,n-1)]+b*[X(m,n-1)+X(m-1,n-2)]+c*[X(m-1,n-1)+X(m-2,n-2)]},

roe a, b n ¢ — He3aBUCUMbIE KOIDPULIMEHTBI PUNBLTPA, a PYHKUMA F{X} yunTbiBaeT HEMNNHENHbIE CBONCTBA
dunbTpa, €€ Bug 3aBMCUT OT BbIDOpa XapakTepPUCTUKM CyMMaTOpa 1 KONIMYECTBaA YPOBHEN KBAHTOBAHUSI.

[na aHanu3a BbIXOOAHOrO curHana pasmepom L*L oTcuyeToB, HyHO nepebpaTb 2 B ctenenn (L+1)*4
HayanbHbIX YCNOBUN, TOrAa Kak ang dunsTpa nepBoro nopsigka ux 2 B creneHu (2L+1), a ona ogHoMepHom
CUCTEMbl MEepBOro nopsaka HadvanbHbIM ycrioBuem BooOLLle ABNAETCS OAMH OTCYHET. Takoe KONMM4ecTBo
HayarnbHbIX YCMOBUN 3HAYUTENbHO OCMOXHSET uccrnepoBaHue. [o3TOMy OCHOBHOE BHMMaHWe yaensietcs
NccneaoBaHUo CUrHanoB Ha BbIXoe Npu OTCYTCTBUM BXOOHOrO BO3OENCTBUSA M HAYarnbHbIX YCOBUSAX TaKuUX,
YTO OTMIMYHBIM OT HyINS SABMAIOTCA TOMBbKO HECKOJTbKO OTCYETOB, a BCE OCTarbHble paBHbl Hymnto. Ho, yxe
nccnegys CUCTEMY MpU Takux HavasnbHbIX YCIOBUSX, OKa3biBAETCSH, YTO HEKOTOPbIe pes3yrbTaTbl OCTalTCA
CcrpaBeanMBbLIMM U Ha CIyval NPOM3BOSIbHbIX HAaYarbHbIX YCITOBUNA.

MeToa nccnegoBaHumn

B HacToslLee BpeMs He CyLLecTByeT eanHon pa3paboTaHHONM MEeTOAUKM UCCREeAOoBaHNUsS] HENTMHENHbIX
SBNEeHUA B [ABYMEpPHbIX LMPPOBbLIX cuctemax. PaHee, 3agaun, cBsi3aHHble C M3ydeHMEM YCMNOBUK
3apoXaeHusa npefenbHbIX LUUKNOB pasHbiX MNEepuUO4OB B pe3ynbTaTte HEeNMHENHOW XapakTepUCTUKU
cymMmaTopa pellanucb B paMkax AeTepMUHMPOBAHHOIO Noaxona, MeToAoB CUMBOMUYECKOW AUHAMWUKUA UNn
cTratuctudeckumm metogamu. OaHMM M3 HEOOCTaTKOB [JaHHOro0 MeToaa, SBNSeTCd HEBO3MOXHOCTb
nony4ynMTb C NOMOLLBIO ero obLMX pe3ynbTaToB, T.€. MPUXOAUTCHA CTPOUTb BMAYPKALMOHHBI NOPTPET ANnd
Kaxgoro crnyyas HavanbHblX Yycrnosui. [lpuyem npouecc nocTpoeHns 6udypkalmMoHHOro nopTpeTta
TpeboBan JOBOMBHO MHOIO BpeMeHU u ycunuii. B paboTte ans onpegeneHus B NpoCTpaHCTBE NapameTpoB
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obracten CylWwecTBOBaHUS pasnuYHbIX CUTHaNoOB MWCMOMb30BariCA HOBbIN  anbTEpPHATUBHbLI  MeTo4
nccrnegoBaHnsa ABYMEPHbIX LMGPOBLIX PEKYPCUBHBIX UNLTPOB NepBoro 1 BToporo nopsgkos [1]. PaHee, ¢
ero nomoupto 6binM AokaszaHbl HEOGXOAMMOCTb M AOCTATOYHOCTb OBMnacTel CylwecTBOBaHMS NMpeaenbHbIX
uuknos Tmna (0,1), (1,0), (1,1), OTCYTCTBUSA M €OUHNYHOIO CUrHamna Ha BbIXOAEe ABYMEPHOrO PEKYPCMBHOMO
LMdpoBOro unbTpa NepBoro nopsagka Ans HayasnbHbIX YCNOBUA Npou3BosibHOro Buaa [4]. Metoa ocHoBaH
Ha nonyyeHunm Hambonee oOOLWIMX 3aKOHOMEPHOCTEW MNPW MOMOLLM aHanu3a HENMHEWHOro Pas3HOCTHOro
YPaBHEHUS C y4eTOM Buaa PyHKLMU HENUHEWHOCTU. OTO NO3BONSET onpeaenvTb NPUHAANEXHOCTb Noboro
OBYMEPHOro curHana Ha peanusyemocTb unbTPOM 3afaHHOro nopsigka. Hantu obnactb B npocTpaHcTBe
napameTpoB, COOTBETCTBYIOLLYIO 3aJaHHOMY curHany, a Tawke nogobpaTb HeobxoauMMmble Ans 3TOro
HayarnbHble YCroBuS.

Pe3ynbTaTbl uccnegoBaHus
B cucteme ob6HapyxeHo Bonee cTa pasnuMyHbiX CUrHamoB, BO3MOXHbIX Ha Bbixode cucTtembl. [Ons
Ka)XOoro CurHana HangeHbl YCIoBuS, Hanaraemble Ha KO3UUMEHTbl [OBYMEPHOrO pPEKYPCUMBHOIO
undpoBoro unbTpa, HeobxoauMmble ANsl ero JOoCTWKeHusl. [locTpoeHbl OudypKaLMOHHbIE MOPTPETHI
CMCTEMbI NMPY PasnM4YHbIX TMNax HavanbHbIX ycnoBui. [poaHanmanpoBaHa AVHaMMKa BbIXOAHOIO CUrHana
Npu CMELLEeHUW eAMHWYHOro HadanbHoro ycrnosus no sektopam X(-2, m), X(-1, m), X(-2, n), X(-1, n) un
nepebope Bcex BO3MOXHbIX HadarbHbIX YCrOBU B kBagpaTe X(-2, -2), X(-2, -1), X(-1, -2) n X(-1, -1).
MpocTpaHCcTBO NapaMeTpoB [ABYMEPHOIO PEKYPCMBHOIO LMGPOBOro unbTpa BTOPOro nopsgka
TPEXMEPHO, OAHaKo BBUAY CHOXHOCTM BOCNPUATUS U OTOOpaKEeHWs TPEXMEPHbIX PUCYHKOB OHO
npeacTtaBneHo B BUAE MOCKOCTM NpU (PMKCUMpoBaHHOM KoadhduumeHTe c¢. MNpu nameHeHnn koauumneHta
C BUA 9TOW MIOCKOCTM OyaeT meHAaTbes. AHanm3 6udypkaunoHHbIX MOPTPETOB AN Pa3fUYHbIX HadamnbHbIX
YCNOBWIA BbISIBUN 3aKOHbI, MO KOTOPbIM MPOUCXOAUT 3TO u3MeHeHue. Kaxpas obnactb, orpaHuyeHHas
nMHMaMKM  GudpypKaumnMoHHOro nopTpeTa, MpencTaBnseT cobOOM MHOXECTBO 3HA4YeHUn KoadpduLMeHTOB
duneTtpa a, b u c=const, Npn 3agaHUKN KOTOPbIX Ha BbIXOAE CUCTEMbI ByaeT KOHKpeTHbIN curHan. Ha puc.1 m
puc.2 noka3aHbl MIOCKOCTM NPOCTPaHCTBa MapameTpoB ABYMEPHOrO PEKYPCMBHOMO LMAPOBOro unbtpa
BTOPOro nopsigka npv pasnuyHbiX HavarbHbIX YCIOBUSAX (M30OpaXKeHHbIX B NIEBOM HVKHEM Yy PUCYHKOB).
Kaxgon, BbIgENEHHOW pasnuyHbiM  LBEeTOM, obnacTu CconocTaBfeH CurHam Ha Bbixoge GunbTpa,
aocTturaembli npy Bblbope KoadhpmumMeHTOB dunbTpa M3 gaHHOW obractu. benbii LBET COOTBETCTBYET
€MHUYHOMY 3HAYeHuo curHana, a cepbiin - Hynesomy. O6HapyXeHbl obnactu 6udypkaLMoOHHOro NOPTPETa,
CUrHarnbl COOTBETCTBYIOLLME KOTOPbIM, MOMYy4YaloTCa NPOCTbIM CNOXEHNEM UMK NepeMHoXeHneM. Hanpumep,
curHan ns obnactu 3(6) nonyvaeTcsa cnoxeHnem curHanos u3 obnacrten 1(4) un 2(5) unu curHan us obnactu
9 nonyyaetca yMHOXeHuMeM curHanos u3 obnacten 7 n 8. Kpome TOro, nerko 3ameTutb CUMMETPUYHOCTb
Ou1dypKaLMOHHOrO nopTpeTa, OTHOCUMTENbHO MNPSIMOM a=b, 3TO MONy4MIioCb BCreACTBME CUMMETPUYHOIrO
3aflaHus HavanbHbIX YCroBu unbTpa. HecmMoTpsa Ha pasnuyuusa B HayanbHbIX YCMOBUSAX, MOXHO 3aMeTUThb,
4YTO HeKoTopble obnacTn GudypkaunoHHbIX NnopTpeToB (puc.1, puc.2) coBnagatoT. Hanpumep, B 3 yeTBEpPTU
NNOCKOCTN KO3(PPULMEHTOB &, b Npu NOMNOXKUTENBHOM KO3(ULMEHTE C U NOOOM BuAE HayarnbHbIX
ycnosui 6yaet HabnogaTeCs ABYMEPHBIN €4MHUYHBIA MMNYIbC. [1ogobHbIe 3aKOHOMEPHOCTU HabngatTCs
W ANst HEKOTOPbIX APYrMX CUTHAIOB.
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Puc.1. BudypkaunoHHbii nopTpeT dunbTpa Puc.2. budypkaumoHHbIi nopTpeT punbTpa ans
ANsi NepBOro criydas HavarbHbIX YCIOBUN BTOPOrO Cry4asi HayarnbHbIX YCITOBUN
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3aknroyeHue

B pabGoTe Obina 3aTpoHyTa Tema HeNMHENHbIX 3PEKTOB B [ABYMEPHbLIX PEKYPCUBHbBIX LIMAPOBBIX
ounbTpax BTOPOro nopsigka ¢ GUHApHbIM KBaHTOBaHWEM. [laHHbLIM BOMPOC SBMNSETCS ewé HegoCcTaTovyHO
M3y4YeHHbIM, N MNpeacTaBnseT 60MbWON uHTepec Ansd uccregoBaHuns. OnucaH mexaHu3m (GOpPMUMPOBaHUS
BbIXOOHOrO CUrHama pasfuyHoro Tuna B 3aBMCMMOCTM OT BuAa HadanbHblX YycrnoBui. HekoTtopble
pe3ynbTaTthl paboTbl MOryT ObiTb 00OOLLlEHbI Ha Cnyvyal HadvarnbHbIX YCIOBUA U YPOBHS KBaHTOBaHUS
NPOV3BOMNbLHOIO BMAa. AHaNUTUYECKM HanOeHbl YpaBHEHWSI MNOCKOCTEW, pa3buBaloLLlmMx MPOCTPaAHCTBO
KO3(pp1LMEHTOB ABYMEPHOrO pPEKYpPCUBHOIO LiMdpoBoro dunbTpa. PesynbTaThl nccnegoBaHuii MoryT ObiTb
MCMonb3oBaHbl  ANs  [anbHeWwero  uccnegoBaHust UM pas3paboTkM  MHOFOMEPHbIX  LUDPOBbIX
TENEKOMMYHUKALMOHHBLIX cucteM, obpaboTkn 1 nepegayn ABYMEpPHbIX LIMGPOBLIX CUrHAMOB U N306paXKeHNIA.
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The two-dimensional digital second order recursive filter with non-linearity of the adder of a type
saturation and two-level quantization featured by a difference equation of a view is explored:

X(m,n)=F{a*IX(m-1,n)+X(m-2,n-1)]+b*[X(m,n-1)+X(m-1,n-2)]++c*X(m-1,n-1)+X(m-2,n-2)]},

where a, b and c¢ - independent coefficients of the filter, and function F(x) takes into account
nonlinear properties of the filter, and its view depends on a choice of the characteristic of the adder and
quantity of quantizing levels.

It is necessary to take into account that the complexity of one-dimensional nonlinear systems is not
compared to complexity two-dimensional. Even because any terminal conditions for a two-dimensional
system of the second order represents two infinite-dimensional in two directions vectors, whereas for an one-
dimensional first order system the initial conditions is one sample. So to touch the every possible initial
condition for a two-dimensional system becomes unreal at it's probing. For the analysis of an output signal
by a size L*L of counting, it is necessary to sort out 2 in a degree (L+1) *4 initial conditions, whereas for a
filter of the first order them 2 in a degree (2L+1), and for an one-dimensional first order system the initial
condition in general is one sample. Therefore main attention is given to research of signals on an output at
absence of entry effect and initial conditions such, that distinct from zero are only a few counting, and all
remaining are peer to zero. But already exploring a system at such terminal conditions it appears, that some
results remain valid and at other initial conditions.

In the system it is revealed of more hundred various signals, possible on an output of the system.
For each signal the conditions of coefficients of a two-dimensional recursive digital filter are imposed,
necessary for his reaching are retrieved. The bifurcation portraits of the system at various types of the initial
conditions are constructed. Is parsed of the speaker of an output signal at offset of the single initial condition
on vectors X(-2, m), X(-1, m), X(-2, n), X(-1, n) and exhaustive search of all possible initial conditions in
quadrate X(-2, -2), X(-2, -1), X(-1, -2) and X(-1, -1).

In operation the theme of nonlinear effects in two-dimensional recursive digital filters of the second
order with binary quantization was affected. The given problem is insufficiently investigated, and represents
major interest for research. The mechanism of creation of an output signal of a various type is circumscribed
depending on sort of the initial conditions. Some outcomes of operation can be generalized on a case of the
initial conditions and level of quantization of arbitrary sort. The equations of planes dividing space of
coefficients of a two-dimensional recursive digital filter are analytically retrieved.

The knowledge of nonlinear effects can help in design and use of digital filters and also in making on
the basis of digital systems of oscillators of different motions. The analytical expressions for areas of
existence of different types of motions, dissection of spaces of parameters into the relevant areas was
obtained. The results of the investigations can be used for the further investigation and development of
digital systems with quantization.
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