JINlabopaTopHble padoTbl Ne2, 3

«MopenupoBaHue raycCoBCKMUX Clly4alHbIX NPOL,EecCoB C
3afaHHbIMU KOPPENALMOHHbIMU CBOMCTBAMU»

1. MeToa anckpeTHoro npeo6pasoBaHua dypbe

ITocraHoBKa 3a/1auu: TpeOyeTcsi CO3/1aTh OTPE30K Pean3alui KOMITJIEKCHOTO
rayCCOBCKOTO CIy4ailHOTO rporuecca &(f) INUTeNbHOCTH Ty, €CIIM U3BECTHA €T0
koppemsiunonHas pyHkius (KD) Kg(7).

B cooTtBercTBUM ¢ Teopemoii Bunepa — XvHUMHA CrieKTpaibHAas IJIOTHOCTh
momHocty (CIIM) caydaiiHOro cTallMOHapHOro mpouecca Sg w) paBHa

H(s) bys" +b, s+ +b, (1)
S)=
aNsN +a,\,71sN71 +---t+a,

[Tpenmonoxum, uto mporiecc &(7)

() MOCTYIAET Ha BXOJI Y3KOTIOJIOCHOTO (DUIIBTpA C
NpsAMOYTOJIbHON YaCTOTHOU XapaKTCPUCTUKOU,
OTJIMYHOM OT HYJIS B MOJIOCE YAaCTOT
[0"-Aw/2,0" +A0/2], Te.

H(io)

w-0|<Ao/2

w-o0'>Ao/2

Aw 1
il H(io)= {0’

rae ', Ao - cpefHsis 4acToTa U IIMPHUHA TOJIOCHI
nponyckanus GuiabTpa. Toraa cpeqHsisi MOIIHOCTh CHUTHAJIA Ha BBIXOJIE (PUIIbTpa
Oyzner paBHa

1 © . 5 1 o'+Aw /2 (2)
P =5 _[Sg(a)jH(za)j do = ‘[Sg(a))da)
—0 o' -Aw/2

Eciu dyHKis Sy @) Mao MEHSETCs B Tosoce 4acToT [0’ — Aw/2, 0’ + Aw/2], To
Oy/IET BBIMOJHATHCS IPUMEPHOE PABEHCTBO

Aw 3)

P zSg(CO’)E

n

npuyeMm (3) cobmogaercst TeM ToYHee, 4eM MeHble nojioca Aw. [locnennee
ypaBHEHHe onpenenseT puzndeckuit cmbica GyHkuun Se( w): CIIM onuceiBaet
pacripeielieHie cpelHe MOIIHOCTH CIy4aifHOTO mpotecca &(f) o 4acTotam
rapMOHHUYECKHX KoJieOaHMi, BXOSIUX B ero coctaB. Takas untepnperanus CIIM u
paBeHcTBa (3) AaeT BO3MOKHOCTD MPEJIOKUTH CIIETYIONIUN METO I TeHepaluu
mporecca &(f). PazoObem 4acToTHYIO 001aCTh Ha COMPUKACAIOIINECS MKy CO00i
MI0JIOCHI OJIMHAKOBOM MpHHBI Aw. CpeHss yacToTa m-0i MOJO0Chl paBHA



Se(0 ) A
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0 mAow (m+1)Aw

@, =(m+0,5)Aw. Ilycts BenuunHa A® B35iTa HACTOJILKO MaJIOH, 4TO (3) BBITIOJIHSIETCS
C BBICOKOH TOYHOCTHIO. Tora cyMMy rapMOHHK ClTydaitHOTo mporecca &(7),
MOTIAJIAIOIIUX B /-0 TIOJIOCY, BCIEICTBHE MAJIOCTH A®, MOXHO 3aMEHHUTH Ha OJIHO
rapMOHHUYECKOE KOJIeOaHUe YacTOThI (), KOTOPOE UMEET CiIydaitHyto aMrmuTyay U,
u azy ¢,. [Ipu a3TOM A7151 BCero mpoiiecca OyeT cripaBeIuBO CIIEAYIOIIee
IpeJCTaBICHNE

E(t)= iUm explilw, t+o¢, |} = ixmeiwmt 4)

m=—x

rie x, =U, e - KOMIUIEKCHAs aMILUIATY A 7-i TapMOHHUKH.

W3 Teopun BepOATHOCTEN N3BECTHO, UTO CyMMa IPOU3BOJIBHOTO YKCiIa
rayCCOBCKHUX CIIyYalHBIX MTPOLIECCOB TAKKE SIBISETCS ITAyCCOBCKOM CIIydailHOM
BenuurHOU. Clie1oBaTeNbHO, MMOCKOJIBKY MpoIiecc &(f) - TayCCOBCKHIA, T.€. B IIO00H
MOMEHT BpeMeHH ¢’ ciydaiiHasi BenudyuHa &(¢°) pacnpezeneHa mo HopMalbHOMY
3aKOHY, TAPMOHUYECKUE COCTABJISIIOIINE B MIPABOM 4acTH (4) TaKXKe JTOJIKHBI OBITh
rayCCOBCKUMU CITy4alfHBIMU TIpoTieccaMi. JIJist 3TOro JOCTATOYHO YTOOBI CITy9aiiHbIE
BeTUYHHBI U, U (0, TIPU PA3IINIHBIX UHJEKCAX 7 OBLTN HE3aBUCUMBI U UMEITH
COOTBETCTBEHHO IJIOTHOCTH pacnpezenenus Penes (U,,) 1 paBHOMEPHYIO B
WHTEpBaJIC [—7T,7T] TIOTHOCTH (). DTO TpeOOBaHKE SKBUBAJIIEHTHO TOMY, YTO
aAMIUTUTYABI X;, TOJDKHBI OBLITH KOMIUIEKCHBIMU TaYCCOBCKUMU CITy9aiiHBIMH
BEITUYMHAMH, JUCTIEPCUU KOTOPBIX D, TOIKHBI OBITH PABHBI CPEAHEH MOIITHOCTH
nporecca &(f), MpuxoasIencs: Ha m—o TOJIOCY

2 Aw &)
D :<x >: S, (@, )=—
m | m| 4 m 27[
TJie TPEYroJbHbIE CKOOKH 03HAYaI0T YCPEJHEHUE TI0 aHCaMOJTIO.
Ecnu nponecc &(¢) umeeT orpaHUYEHHBIH 110 YacTOTe CHEKTP, T.e. S @)=0 npu
| 0> max , TIE 2max - MAKCUMAIIbHAS 9aCTOTA CIIEKTPa, TO OECKOHEUHBIH psif (4)
MOYHO 3aMEHUTH KOHEUYHON CYMMOH

(= e

m=—M/2



rie M=2 Qua/A® - KOTUYECTBO TAPMOHHK, HEOOX0AUMOE ISl MOJCTUPOBAHUS
cirydaifHoOTO Tiporiecca. Toraa TUCKpeTHBIE OTCYeThI mpotiecca &[n]=&(nAtr) Bo
BPEMEHH, B3STHIE B COOTBETCTBUU C TEOpeMOil KOTeIbHMKOBA ¢ IEPUOIOM
aucKpeTH3auuu Ar<m/ {max MOTYT OBITH TIOJTYYEHBI KaK

M/2-1 iz—ﬂnm (7
)= S x e :
m=—M/2

rae AwAt=27/N. Takum 00pazoM, OTCUETHI CIYIaHOTO MPOIIecca MPECTABIISIOT
coboii muckpeTHoe npeodpazoBanue Oypoe (AIID) mocnenoBareabHO {Xy}.
CoOTBETCTBYIOIINM BBIOOPOM A® 1 Af MOKHO clienath N paBHBIM IIEJIOW CTEIIEHU
yucna 2 (N=212M), rae [ — uenoe 9ucio. ITo AaeT BO3MOXKHOCTb UCIIOJIH30BATh
anroput™ ObicTporo npeobpazoBanusi dypwe (BIID) st Beraucnenus (7).

OKOHYaTEIBHO ATOPUTM TE€HEPALMH CIYYalHOTO MPOIecca METOIOM
IMCKPETHOTO TpeoOpazoBaHust Pypbe MOKET ObITh IPECTaBICH
MIOCJIEJOBATEIBLHOCTBHIO CIAEAYIOIINX I1aroB:

1-ii mar. Ha ocHoBanmu 3ananHoit K@ (wm CIIM) mporiecca BBIOUpArOTCS
Aw, At u M tak, ato0b1 N (=271/Aw At>M) ObLIIO TIETION CTENEHBIO Yrcia 2.

2-i1 mar. ['enepupyercss MaccuB U3 M HE3aBUCUMBIX KOMITJIEKCHBIX
CIIydaliHbIX YHCEII Z,, C HYyJEBBIM MaTEMATUYECKUM OXKUJAHUEM U €IMHUYHOU
JUCIIEPCHEM.

3-if mar. BeaucnsroTcsi KOMIJIEKCHBIE aMIUTUTY/IbI xmz\/(Dm)zm, rae D,
OTIPEEINAIOTCA B COOTBETCTBUH C (5).

4-if nar. BeIMUCSIOTCS TUCKPETHBIE OTCUETHI CITyYaifHOTO Tiporiecca &[n] Ha
ocHoBaHuu (7) 1 ucrosib3oBanueM anroputma bI1®.

2. MeTtoa dbopmupyrowiero counbTpa

['eneparusi HOpMaJIBLHOTO CIYYaiiHOTO MPOLIECCa METOOM (POPMHPYIOLIETO
(GMIBTpa OCHOBBIBAETCS HA ABYX MOJIOKEHHUSX TEOPHH CIYYalHBIX MMPOILIECCOB:
1. Pe3ynbraToM mpOM3BOJIBHOTO JIMHEHHOTO MPe0Opa3oBaHMsI rayCCOBCKOTO
CIIy4alHOTO MPOLECCa SABISAETCS TAKKE CIIyHallHbIN rayCCOBCKHUM MPOLECC;
2. CnekrtpalibHbIE TNIOTHOCTH MOUTHOCTH CIIy4alHBIX UIIPOLIECCOB HA BXOJIE U
BBIXO/JI€ JINHEHHOTO (PUIBTpPA C YACTOTHOM XapakTepUCTUKON H(iw) CBsA3aHBI
COOTHOILIEHUEM

S (@)= |H (i), () 8)

Ecnu mpemnosioxkuTh, 4To Ha BXO[ PUIBTPA MOCTYIAET MPOIece TUIa 0eIoro
mryma (Sew( @)=No/2, |0|< ), To CIIM mporiecca Ha BEIXoje OyIeT paBHa

N, 2 9
$,(0)="22 () )

CnenoBarenbHO, Ui (GOPMUPOBAHHS T'ayCCOBCKOTO CITY4aifHOTO TpoIiecca C
3aganHOU CIIM S¢( @) HeoOxoauMO Ha BXOJ (HIBTPA C YACTOTHON XapaKTEPUCTHKOH,
MO/1yJIb KOTOPOIl paBeH



|H(ia)]:1/S§ia)i (10)

1o/1aTh OEJbI MIyM ¢ €AMHUYHOH CIIEKTPaIbHOH II0THOCTBIO No/2=1. [Tpu sTOM
CHTHAJI Ha BBIX0/1€ GMIIbTpa Oy/IeT MIMETh HOPMAIILHOE pacrpeieiieHne B CuiTy 1. 1,
T.K. GUIBTpAIUs — onepaus JuHeHas. OuibTp, aMIUTUTYAHO-4aCTOTHAS
xapaktepuctuka (AUX) kotoporo ynosiersopser (10), HazpBaeTcs: GOPMHUPYIOLIIM.

PaBenctBo (10) 1aeT BO3MOKHOCTh BEIYUCIUTD Julllb AUX U He onpeensieT
ero ¢azo-dactoTHyro xapaktepuctuky (PUX). [ToaTomy 3TOT Bompoc ocTaercs
OTKPBITBIM U TpeOyeT JOTOTHUTEIHHOTO UCCIIEOBAHUSI.

Homyctum, uyto PUX punbrpa ¢(w)=0, |0|< . Torna H(iw)= |H(iw)| n
MMIYJIbCHAS XapaKTepPUCTUKA (PHIIbTPA paBHA

o 11
h(t) = i j |H(io)|e™ do (I

Tax xak A(t) = h(-t), 1.e. h(£)#0 npu t<0, GubTp ABISAETCS PU3UICCKH
HepeanuzyeMbIM (B pusmuecku peanuzyemom puibtpe A(t) =0 mpu 1<0).

JlaHHBII IpUMEp CBUACTENBCTBYET O TOM, 4TO BbIOOp DUX hopMupyromiero
¢bmIbTpa JOIDKEH OBITH C/IETaH TaKUM 00pa3oM, 4ToObl GUIbTp ObLT PU3HUECKU
peanmzyem. CuHTE3 TakoTro GUIBTpa B 00mIeM ciydae cinoxkeH. Onnako, ecau CIIM
mporecca — IpoOHO-palMoHaNIbHAS (DYHKITUS BUIA

(M-1)

+oet b, (12)
+ota,

b,0* +b, 0°
Sé (a) - 2N 2(N-1)
ayo +ay 0

rne b,,m=0,M na,,n=0,N - neiicrButensusie yncna (N>M), To mpouerypa

cuHTe3a GOPMUPYIOMIETO QUIBTPA TPOCTA U COCTOUT B CIIEAYIOIIEM.
W3 Teopun anredbpanyeckux ypaBHEHUH U3BECTHO, YTO HEOTPUIATEIHHBIHI
MIOJINHOM cTerneHu 2K uMeeT uib K rnap KOMIIJIEKCHO CONPsKEHHBIX KopHel. I1ycTs

* P * P
a,,a,n=LNmupf, ,B,,m=1M KOpHU NOJUHOMOB, CTOSIIUX B UUCIHUTEIE U

3HaMmeHaredne (9) coorBercTBeHHO. Toraa (12) MoxXHO nepenucaTh

(13)
),

[Tpuuem B cuity TOrO0, uT0 Se( )>0, ay 1 by — MONOKUTENbHBIE YUCIIA, U 0003HAUCHHUS
o * P * P
KopHeit o, ,o,,n=1,N u B, ,B,,m=1,M MOXHO clienaTh TAKUMH, YTO O, U 3,

6YZ[YT HUMCETH ITOJIOKHUTCIIbHBIC MHHUMBIC 4YaCTH

Im{an}z 0, Im{ﬁm}ZO (14)

Cnenaem B (13) 3aMeHy epeMeHHON @ = —i s B HEPBOil IPOOH U © = is BO
BTOPO# (3TO BO3MOXKHO, T.K. (0 — JIEUCTBUTEIbHAs IepeMeHHast). Toraa



? (15)

Gls G(s* |G(s e
b, & (16)
A= [P [T 1)

G(s)=TT(s+ ). (1"

fo= iBm, gn= icy,. Benencteue ycnoust (14) monmuHoMEI F(s) 1 G(s) UMEIOT KOPHU B
JIeBOW MOJYTUIOCKOCTH KOMITJIEKCHOH repeMeHHoH s. [loaTomy, ecim B3sTh B Ka4ecTBe
YaCTOTHOM XapaKTepUCTUKH (POPMHUPYIOIIETro (HUIIbTpa

H(s):% as)
Gls

MBI TIOJTYYHM YCTOMUMBBINA peanu3yembiid punbTp, AUX kotoporo B cuiry (15) u (18)
COOTBETCTBYET yciioBuio (10).

Taxum 06pa3oM arOPUTM MOJETUPOBAHHS TAYCCOBCKOTO CIIY4aifHOTO
nporiecca ¢ 3aJaHHBIMU KOPPEISIIMOHHBIMU (CTIEKTPaIbHBIMU) CBOMICTBAMHU COCTOUT B
MIPOMYCKAaHUH peaTu3aliy OeJIoTo IIymMa ¢ AMHUYHOHN CIIEKTPaTbHON MIIOTHOCTHIO
qyepe3 JIMHEHHBIN PUIBTP, YaCTOTHASI XapaKTEPHCTHUKA KOTOPOTO COOTBETCTBYET (18).
JInst yCHenHoro peneHns 3a1a4i MOACTHMPOBAHNUS METOAOM (GOPMHPYIOIIETO (PpUiIbTpa
HeoOxo Mo, yTo0b1 CIIM cimydaifHOTO TIpoliecca OMUChIBANIACH APOOHO-pAITUOHATHHON
¢dbyHKIHEH oT mepeMenHo# @ Buaa (12). B xoxe cunte3a popmupyromiero GpuibTpa
HaXOJSAT KOPHH MOJIMHOMOB, CTOSIIUX B UUCIUTENE U 3HaMeHaTene (12), u mpuBoIsT
BoIpakeHus A CIIM k Buny (13). 3aTem onpenenstoT KOpHU MOJMHOMOB -

o, ,n=1LNwup, ,m=1M, KOTOpble UMEIOT MOJIOKUTEIbHbIE MHUMBIE YaCTH (CM.

0o
ycnoBue (14)), u cocraBisitor noauHoMsl F(s) u G(s) B coorBercTBuu ¢ (16) u (17).
YacroTHas XapakTepucTHKa GOpMHpYIOIIEero GpUiabTpa moysydaercs Ha ocHoBaHuH (18).
Heo0xo1mMo 3aMeTUTb, YTO JUTSI TOJYYEHUST OTPe3Ka CIy4aiiHOTO Tpolecca ¢
3aJJaHHBIMH CBOMCTBaMH Ha BBIX0JIe (popMupytomiero GpuibTpa He0OX0AUMO, YTOOBI
MePEeXOHbIE MPOIECCHl B PHIBTPa 3aKOHYMINCH. [103TOMY K COXpaHEHUIO BRIOOPKU
CIIy4aifHOTO TIpoIIecca HY»KHO MEPEUTH TOJIBKO MOCIE TOT0, KaK MOJIENb IpopadoTana
HEKOTOPOE BPEMSI Ha «XO0JIOCTOM X01y». OOBIYHO 3TO BpeMsI OI[CHUBAETCS KaK
(2..3)/Af.¢, THE Af5p - 3bPEKTUBHAS IIMPHUHA TT0JIOCH IPOITYCKAaHHS (POPMHUPYIOIIETO
¢bmbTpa (CM. HIKE).

[Tomy4eHHBIH B X0/1e TAKOTO CHHTE3a (PUIBTP SBIIETCS aHAIOTOBBIM. Kpome
TOTO, ONBIi ITyM, KOTOPBIN TOaeTCs Ha BXO T (JOPMUPYIOIIETO PIIBTPA, TAKKE
SBIISICTCS «aHAJIOTOBBIMY» CUTHAJIOM. [103TOMY HEOOXOTMMO CO31aTh MaTeMaTHYECKHE
Mozenu popmupyromiero GuwibTpa u 6enoro nryma. Co3qaHuI0 MaTeMaTHIECKOM
Moenu GOopMUPYIOIIETo GUIBTPA, T.€. MUPPOBOTO PHILTPA, TOCBSIICH CICTYFOIIHN
pazzaen. [ToaTromy paccMOTpUM BOIIPOC O TEHEpAITUH OesIoro Iryma npu nudpoBom
MOJICTTUPOBAHUH.

CrydaiiHbIii TIpo1iecc, KOTOPBI B HAYYHOU JTUTEpaType Ha3bIBAETCS OeIbIM
IIIyMOM, UMEET CIIEKTPAIbHYIO TUIOTHOCTh MOITHOCTH N(/2 TIOCTOSTHHYIO BO BCEH
4acTOTHOH 001acTu. ClieoBaTeNbHO, €T0 CPETHSS MOIIHOCTD (JIMCTIEPCHS)
6eckoneuHa. [loaTomy Gernblii rym He ABISETCS (PU3UUYECKH PeaTbHBIM MPOLIECCOM, a
npeJcTaBisieT coboi ynoOHy0 MaTeMaTnieckyro adctpakiuio. [Ipu coznanuu ero



U(pPOBOI MOJIENTN HEOOXOJMMO COXPAHHUTD JBA €0 OCHOBHBIX CBOMCTBA: MMOCTOSHCTBO
CIIM B yacTOTHO# 00JACTH M CTATUCTUYECKYIO HE3aBHCUMOCTb BPEMEHHBIX OTCUYETOB,
B35THIX B IIPOU3BOJIbHBIE MOMEHTHI BpeMeHH. BTopoe cBoiCcTBO peanu3yercs npu
MO/ISTTMPOBAHUH BEChMA MPOCTO: 3a PEATH3AIMIO JUCKPETHOTO Oeoro myma oepercs
Ha0Op HE3aBUCHMBIX CIIYJaHBIX YHCEI, TOTYJAIONIMXCS Ha BBIXO/IE TeHEepaTopa
CIIydalfHbIX BEJIMYMH C HOPMAJIbHBIM 3aKOHOM paclpe/iesieHus C HyJIEBbIM
MATEMaTHYECKHM OKHIAHHEM H HeKOTOPOH iciepcueii o°. O4eBU/IHO, YTO BETHUMHA
ATOH AucHepcui (T.€. CPeIHsIsE MOUTHOCTH MPOIECcca) T0JDKHA OBITh KAKUM-TO 00pa3oM
CBSI3aHA CO CIIEKTPAIbHON TNIOTHOCTHIO MOLTHOCTH «aHAJIOTOBOT0Y Oenoro myma No/2,
TMCKPETHYIO MOJIENIb KOTOPOTO MBI co37aeM. J[iist Toro 4ToObI CBSI3aTh ATH BETMYMHBI
BOCHoNb3yeMcs TpeboBanueM noctosiucTBa CIIM B yacToTHO# o6macTy.

N3BecTHO, U4TO MpH AUCKPETU3ALUN HENPEPBIBHOTO CUTHAA C IEPUOAOM B3SITHS
0TCYETOB Af, CIeKTpaibHas QYHKIHS JUCKPETH3UPOBAHHOTO CUTHAJIA CTAHOBHUTHCS
nepuoandeckoit ¢ nepuosiom 1/ At. ITosromy, ecmu CIIM Hamero TucKpeTHOro 6eIoro
nryma Oyzer nmoctostHaa U paBHa No/2 Ha unTepBane [-0,5/At, 0,5/Af], To
ABTOMATHUYECKH OHA OyJET IMMOCTOSIHHA U BO BCEH yacToTHOU obnactu. C mpyroi
CTOPOHBI, TUCHIEPCHUs CITY4aliHOTO IIpoliecca C paBHOMEPHOW B yKa3aHHOM MHTEpBAJIe
CIIM paBHa (cMm. (2))

oW, (19)

Gzzi O,SfAt NO o
2 2

—0,5/ At

Ortcrona npu No/2=1 mosryqaem, 4TO AUCTIEPCHUS HE3aBUCUMBIX CITyUaitHBIX
YHCEJI, COCTABJISIONINX PEATH3AIUI0 JUCKPETHOTO OeJIOTo IIyMa JI0JIKHA ObITh paBHA

2 1 (20)
o =
2w At

CriennoBaTebHO, pean3alys JUCKPETHOTO 0eJIoro myma pasMepoM B N
OTCUCTOB JOJDKHA OBITEH BBIIIOJIHEHA B COOTBETCTBUU CO CJICOAYIHOIINM PaBCHCTBOM

1 — (21)

C[n]:mz[n], n=1,N

rje z[n] — cayyaiiHble He3aBHCHMBbIE YHCIIa ¢ HOPMAJIbHBIM CTaHIapPTHBIM
pacnpezeneHueM (HOpMalbHOE CTaHJApTHOE paclpeziesieHue — pacnpezaeneHue ['aycca
C HYJIEBBIM MAaTeMaTHUYE€CKUM OKHJIAaHUEM U eTMHUYHOM nucnepcueit). Yucna z[n]
MO>KHO TIOJIYYHMTh UCII0Jb3Yysl BCTPOCHHBIE Mpolieypsl reHepauuu. B cpene MATLAB
TaKkou TPOIeAypoi sBIsieTcst GyHKuus randn(...).

3. UuchpoBoe mogenupoBaHue NIMHENHbIX PUNbLTPOB

[Tpu uppoBOM MOIEIMPOBAHUH JTHHEHHOTO aHAJIOTOBOTO (HIIBTPA €T0
BXOJTHOM X(#) ¥ BEIXOJTHOM )(#) CUTHAJIBI TPECTABISIFOTCS B BUJIE PEIIETUATHIX (DYHKINH
x[n] u y[n], KOTOpBIE OTAUYHBI OT HYJIS JJIs1 JUCKPETHBIX MOMEHTOB BPEMEHH nAf,
n=0,1,2,..., rne At - nepuoj AuckpeTu3anuu. TouHoe paBEeHCTBO BXOHBIX X[ ]|=x(nAt)
1 BBIXOJ/IHBIX CUTHAJIOB y[n]= y(nAf) anamoroBoro GpuibTpa u ero mudpoBoi MOJIENN HEe
ocTkUMO. Ha mpakTrke BO3MOYKHO JIMII MPUOIMKEHHOE PABEHCTBO V[ n|<y(nAf).



3anmaveii cuHTe3a NU(POBON MOJIEIH SIBJIIETCS HAX0XKJICHUE TAKOTO aJlTOPUTMA
BBIYHCIICHUS Y[71] 110 X[7], TPH KOTOPOM 3TO MPUOIIMKEHHOE PABEHCTBO BBIITOTHSIICTCS
KaK MOXXHO TOYHEee. PacCMOTpHM HEKOTOPBIE METOJIbI COCTaBICHUS IU(DPOBOM MOIEITH
JTUHEHHBIX aHAJIOTOBBIX (PHIIBTPOB.

3.1. MeToa MHBapMaHTHOCTU UMNYJSIbCHOW XapaKTePUCTUKUN

[Tpu cuHTE3€ MOJIENIN ATUM METOI0M 00ECTIEUNBAETCS PABEHCTBO UMITYJIbCHBIX
XapaKTePUCTUK aHAIOTOBOTO (GMIIBTpa U UPPOBOTO PHIIBTPA

h[n] = h(nAt), n=0,1,... (22)

[lepenarounas ¢pyHKIuMsA PPOBOTO GHIBTPA IPU STOM pPaBHA Z -
peoOpa30BaHUIO OT UMITYJIECHON XapaKTePUCTUKU

2 (23)

JlommycTM, 9TO aHAIOTOBEIN (PHIIBTP UMEET NepeIaTOUHYIO (DYHKITUIO BHJIA

H (S_Sl)(s_Sz)"'(s_SM) (24)

’ (S_Sl)(s_sz)"'(s_szv)

H(s):

rne S,,m=1M ns,,n=1,N— HylHu 1 IOIIOCHI IEPEIATOYHON XapaKTEPHUCTUKH.
NMiynscHast XapaKTepUCTHKA aHATIOTOBOTO (PHITETPA OJHO3HAYHO OTIPEJICIIIETCS KaK
npeobpaszosanue Jlannaca H(s) u B ciaydae, KOra MoJiockl s, , n =1, N mpocTele, paBHa

S (25)

; Re{sn }< 0,n=1,N . Torya Ha OCHOBAHHH (22) nmnynbcHast

s=s, 2

rae A, = H(s)(s - SJ

XapakTepuCTHUKa U(ppoBOro (puiasTpa paBHa

J (26)

[Moxacransis (26) B (23), momyuanM kodhGUIIMEHT nepeaadu uppoBoro GuibTpa



A
) udporoe 3BeHO
—p 1-ro n;)p;{m(a

X[I’l] udporoe 3BeHO
——o P 1-ro nopsinka
2

udposoe 3BeHO
1-ro nopsaka exp{s,At}

Iudposoe 3BeHO
L 1-ro nopsinka
N

YUHTBIBAS, YTO YMHOXKEHHE Z-IPeobpa3soBanus u(pOBOro CHrHama Ha z |
SKBUBAJICHTHO 33JIePKKE CUTHAJIA Ha TIEPHOJ] TUCKPETU3AINH Af, TTOIyIHUM CXEMY
peanu3zanuu GuiabTpa B Buae N mapasienbHO BKIFOUEHHBIX HU(POBBIX 3BEHBEB
nepBoro nopsizika (cM. puc. A u b).

PaccMmoTpeHHBIN METOI HE MOYKET ObITh UCTIOJIB30BaH, Koraa KoddduimeHt
nepeaayn aHanorororo ¢puibTpa H(s) He mmeeT monmocoB (N=0) HiH Koraa 4nuciio
MOJIIOCOB MEHbIIIE yKucia nynen (N<M).

3.2. MeToa GunuHenHoro npeodpasoBaHus

Meto ucnonb3yercs, Koraa nepeaaTounast GyHKIUS aHAJIOTOBOTO (PHIIbTpa
3aJjaHa B BUJIC

H(s)= bys" +b, s+ +b, (27)

N N-1
ays” +ay s +--+a,

" 3aKJII0O49acTCsa B 3aMCHEC

2 1-z7" (28)
§=——
At 14z

Mertoa OMITMHEHHOTO MPeoOpa30BaHUs TAPAHTUPYET XOPOIIIee COBIAACHUE YaCTOTHBIX
XapaKTePUCTHUK aHAIIOTOBOTO U U(POBOTO PUIBTPOB B JHANa30HE YACTOT |a)| <m/4At.

IIpn |a)| > 71/4At 4aCTOTHBIC XapaKTEPUCTUKH (UIBTPOB, KaK MPABHJIO, 3HAYMTEIHHO

pa3In4aroTCs.

3.3. Metoa 3ameHbl andhepeHymnanos

Merton ucnosb3yercs, Korjaa rnepeaaTodnas GyHKIMS aHaJIOTOBOTO (pUIbTpa 33/1aHa B
BUJIE (27) 1 3aKit04aeTcs B 3aMEHe



1-z! (29)

Mertox 3amensl quddepeHnnanoB IpUMEHIM B CUTYaLUAX, KOTIa METO]T
MHBApUAHTHOCTU UMITYJIbCHOM XapaKTEPUCTUKH HE UCIIONB3YeTCs. B TO ke Bpems,
METO]T MOXKET JIaTh 3HAUUTENbHYIO Pa3HUILYy B YACTOTHBIX XapaKTEPUCTHKAX (QHIBTPOB,
ecny Hynu ko3 duiinenta nepeaayn anainorororo puisrpa H(s) uMeror
JISWCTBUTEIBHYIO YaCTh, PEBBIMIAIONIYIO M0 BenmuuHe 1/2At . Kpome Toro, Meton He
BCET/[a TApaHTHPYET OJIM3KOE COBIA/ICHHE XapaKTEePUCTUK aHAIOTOBOTO U IM(POBOTO
¢mibTpa, Koraa H(s) He umeet Hynei (M=0).

4. 3apgaHuna K nabopatopHou paboTte «MogenupoBaHue
rayCCOBCKMUX CIlyMarHbIX NPOLECCOB C 3afaHHbIMU
KOppensaunoHHbIMN CBOUCTBaAMMNY

Ne CIIM npouecca [Tapametpsr *)
1. S(a)): k k, Qy
(0> +0%)
2. k k, Qy
Slw)=-—"
@) (a)2 +Q7 )2
3. k k, Qy
S(w)=
@ (a)2 +Qi,)3
4. k k, Qy
S —
@ (a)2 +Qi,)
5. S()=k (w2 +Q;) k, Qu, Q5= Qu/\(2)
(co2 +Qi,)Z
6. S(0)=k (wz +Q;) k, Qu, Q5= Qu/V(3)
(EOZ +Q, );
7. (2 k Qu, Q= Qu/\(4)
Slo)=k (w2 +Q§,)4
8. (a)2 +Qz)2 k, Qu, Q=W2/3)Qu
Slw)=k 5
@) (co2 +Qi,)3
9. S(a) i ((602 +Qé)) k, QH, QB: _QH/\/(Z)
o’ +Q,
10. S(o)=k (0 +02 k, Qu, Qp=W(3/4)Qu
(co2 +Q7 )
11. a)z k, QH
Slw)=k
@) (a)2 +Q7, )2
12. a)z k, QH
Slw)=k
@) (co2 +Qi,)3




13. 2 k Q
S)=k—2 !
(a)2 +Qi,)
14. 4 k, £
Slw)=k—2 o
2 2
(a) +QH)
15. 4 k Q
S)=k—2 !
(a)2 +Qi,)
16. 6 k Q
S()=k—2 !
2 2
(a) +QH)
17. k k Q
S©)= orva) )
H
18. 2,2 k, Qu, Q5= Qu/\(2)
S(o)=k 2 B
H
(a)4+Q‘;,)
20. S(o)= k-2 k. Qu Q5= Qu/\2)
(co4 +Q‘;,)Z
21. (0 +Q3f k, Qu, Q= Qu/N(2)
S(e :k(4—4
@ +QH)
22. S(0)—k ((wz L0 ;3 k Qu, Q= Qu/N(2)
o' +Q;
23 S( ) k a)z : k, QH
24. 2 Q
S()=k—2 g
4 4
(a) +QH)
25. 4 k Q
S)=k—2 !
(co4 +Q! )Z
H

*) Ilpumeuanne. He 3amannbie mapaMeTpsl &, (2 BBIOMPAIOTCS TAKUM 00pa3oM, YTOOBI
CpeIHssl MOITHOCTD CJIy4aHOTO Ipoliecca Oblila eAMHIYHON

= (29)

1
P=— =1
o ‘[S(a))da) ,

—00
a apdexTrBHAS MIMpPUHA crieKTpa Oblia paBHa 1 [

(29)

1 K 1
Aoy =55 IS(w)dw =5 =14,

—00 max

1€ Smax - MakcumanbHoe 3HaueHne CIIM. Jlnig Berancienus uurerpaia B (28) u (29)
11eJ1ecO00pa3HO BOCIIONIB30BAThCS Cieaytomei GopMyoi



rac

A4, 4 A4, 4, B, B, B, 0
vy B B B 0 v B B B 0
" |10 B, B, 0 " |0 B B, 0
0 0 0 B 0 0 0 B

B vactnoctu ana n=1,2,3,4 onpenenurenu M, u N, paBHbI
M,=A4,N,=B,;

Mz = AIBO _AoBszz = Blef
M, =B, (AIBO - AoBz)_ 4,B,B,;N, = B, (BoBs - BB, )"

M, = AoB4(BzBs _BIB4)+BOB4(AZBI _AlBs)_AsBo(BoBs - BB, ):'

N, = B,(B,B? + B?B, )~ B,B,B,B,

(30)

(€1)

(32)

(33)

B cooTBeTcTBHM C HOMEPOM BapuaHTa HEOOXOAUMO CT€HEPHPOBATH BBIOOPKY
CIIy4alHOTO MpoLEcca € 3aJaHHOM CIIEKTPAJIbHOM MIIIOTHOCTHIO MOIITHOCTH ABYMS U3

PACCMOTPCHHBIX TCOPECTUICCKUX METOOB.

B xauectBe npumepa ucnonssyiite daitne LAB2.M u LAB3.M,

pa3meleHHbIN B mamnke JlabopaTtopHble paboThl no mogenvposaHuo PTC na
Paboyem Ctone. PekomenayeTcsi co3aTh KOIUIO ATOTO (aiiiia Mo CBOUM UMEHEM
B katajore \MATLAB\WORK mist Mmoaudukaimm nmporpaMmbl B COOTBETCTBUU €

3aJaHHUCM.

Ot4er no mabopatopHO# paboTe JOKEH BKIIIOYATh:

1. Pe3ynbTaThl TEOPETHUECKOTO UCCIIEAOBAHUS 3aJAHHON IJIOTHOCTH
MOIITHOCTH CIY4aifHOTO MPOIECca C pacueToM MapaMeTpoB k, 2y U

BBIOOPOM TE€pHO0Ia IUCKPETU3auuu At; KodQPHUIUEHTHI epeiayn

aHAJIOTOBOTO M IIU(PPOBOTO GOPMUPYIOMIHUX PHIETPOB C 000CHOBAHHEM

MeToJa pacueTa u GopMmyaamu Uit KOdpPHUIHEHTOB IU(HPOBOTO
¢mibTpa. Pekomenayercs B3sTh pazmep BIOOpKkH K=512.
2. JlucTuHT porpamMMbl B TpadMKu, KOTOPBIE JT0JDKHBI COIEPKATh

KPHBBIC SaHaHHOfI IINIOTHOCTHU MOIIHOCTHU U €€ OLICHKU, HOJIy‘ICHHOfI 110

pe3ysibpTaTaM MOJETUPOBAaHHS BEIOOPKU CIIy4aifHOTO TpoIiecca.

3. BriBo 161 IO paborTe.



