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OnucaHve fIMHEeNHbIX ANCKPETHbIX CUCTEM BO
BpeMeHHOMu obnactu



JAMCKpPEeTHBIM Ha3bIBACTCA CUTHAJI, JUCKPETHBIA BO BPEMEHU UM HEOPEPBIBHBIM IO

COCTOSIHHIO. o
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Puc. 1.1. IIpuMepsl aHaOroBOrO U INCKPETHOTO CHTHANOB

OH onucheiBaeTcs pemieTyaTtoil yHkiuen (mocnenoareabHocThio) X(nT), rne n =0, 1, 2,
[TocnenoBarensHOCTh X(nT) onpenenena ToJIbkO B MOMEHTHI BpeMeHU n'T 1 MOXKeT

PUHAMATH JIFOOBIC 3HAYCHHS U3 HCKOTOPOTO UHTEpBala X, <X <X,.

1

KomitnexkcHbIM I[PICKpGTHBIﬁ CUI'HAJI OITHUCBIBACTCA ABYM: BCILICCTBCHHBIMU

nocnenoBarensHocTaMu X (nT) =x (nT) +jx, (nT) .



LlndposBbiMm Ha3bIBAOT CUTHAN, AUCKPETHbLIM NO BPEMEHU U KBAHTO-
BaHHbIN MO COCTOAHMUIO.

Takon curHan onmncbiBaeTcA KBAHTOBAHHOM peleTyaTon GyHKUnen
(KBaHTOBaAHHOM NocNeA0BaTENbHOCTLIO X (NT) , OTCYETHI KOTOPOW B
KaXXAbll MOMEHT BpemeHn nT NPUHUMAIOT KBAHTOBAHHbIe 3HaYeHUA
N3 HEKOTOPOrO MHTEPBANA X; SX <X ,.

NHTepBan T Ha3bIiBalOT NeEpUOAOM ANCKPETU3ALUN, @ 0OpaTHYIO
1 o
BENNYUHY T == yacmomou OucKpemus3ayuu.

A

Mpn aHanmn3e ANCKPETHbIX CUTHAN0B yA0OHO N0Nb30BaTHCA

HOPMUPOBaAHHbIM BpEMEHEM 1
[ =—,
T
OTKyna npu t =nl
-t nT
f=—m=m—=



Homep n OTCHETAa ANCKPETHOIO CUTHAalla ABJIIAETCA
HOPMNPOBaAHHBIM BPEMEHEM:
HOMEP n O3HAYaET, YTO OTCHYET B3AT B MOMEHT nT.

[Nepexon K HOpMUPOBAHHOMY BPEMEHU NO3BOMNAET

paccMmaTpuBaTthb
OVUCKPETHBLIN CUrHas Kak oyHKLUMIO LlernoYncrieHHoOU nepemMeHHOoU

n.

OBbo3Ha4yeHusa anckpeTHoro curHana x(n) v x(nT)
CYMUTAKOT TOXKOECTBEHHbLIMMU
x(nT) = x(n).



TunoBble OUCKPETHbIE

Lughpoeoii edunuynwsiii umnyasc, ONMUCHIBAEMbIN MOCIIEI0BATEIILHO-
CTBIO

La=0:
uo(n>={0 .y (1.3)

M3 4Yero clieyeT, 4YTO ITOT CUTrHa/l paBeH eauHuue npu n=0 u HymO
PU BCEX OCTAJIbHBIX 3HAaYeHusx 1 (puc.l.2, a).

uy(n) uy(n—ny) ny =2
1 i ——
i i n i n i " n n
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Puc. 1.2. llu¢poBoii eIMHUYHBIH UMITYJIEC
3aoeporcannvlil yughposou eOUHUYHbIL UMNYILC ™ (n —ny ) - {1, n=n,,
(puc. 1.2, 0). 0, n#n



ﬂucr{pemnaﬂ IKCROHeHnd, OIIHCBIBACMas IMOCICa0BATC/IBHOCTBIO

a’. a=l
)= 2 ? 1.6
(n) g el (1.6)
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Puc. 1.3. JluckperHas KCIOHEHTA
Bua TUCKpeTHOH JKCIIOHEHTHI ONpeAesieTCs BeJIMYMHOM U 3HAKOM
InapaMeTpa a ., a UMCHHO!
mpu |a|<1 m a>0 nuckpeTHas SKCIOHEHTa OyIeT yowisaioueil,
3HakonocmosxHot (puc. 1.3, a);
npu || <1 u a <0 — y6eiearowei, 3nakonepemenHoii (puc. 1.3, 6);
npu |a| > 1 — Bospacratoweii;
npu |u’ =1 u a>0 — undpoBbIM EAMHUYHBIM CKAYKOM;

npH |a‘=1 u a<( — 3HAKONEepEeMEHHOH MOCJIe/I0BATEILHOCTHIO
€AUHUIL.



Jluckpemmuwiii 2apmonuyeckuil cueHan (IMCKpETHAas KOCHHYCOMZA
WIM CHHYCOMJA), HAlpUMep, AMCKPETHas KOCHHYCOWJA, ONMCHIBAEMas
[10CJI€10BATEIEHOCTBIO

x(n) = Acos(2nfnT) = Acos(onT), (1.7)

rae T'— nepuoa AUCKPETU3ALIUH,
A — ammuuryaa,
® = 27 — Kpyrosas 4acTora.
JluckpeTHasi KOCUHYCOMAA MOJTY4aeTCsl U3 aHAJIOrOBOM
x(t) = Acos(2nft) = Acos(wt)
B PE3YJIbTATE 3aMEHbI HENIPEPBIBHOIO BPEMEHU AUCKPETHBIM (puc. 1.4)
t—>nT.
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N
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Puc. 1.4. JluckperHast KOCUHyCOH /1A



I1pon3BOIBHBIN JUCKPETHBIN CUIHAI MOKHO ONUCATH B BU/IE CYMMBI
a0
x(n) =Y x(m)ug(n—m), (1.5)
=0

YTO OKa3bIBAETCS yIOOHBIM IIPHU BBIBOJE PSAAA COOTHOLLIEHMI
[Toacrasnsis B (1.5) nmo0oe 3Ha4eHue A, MOJy4aeM TOKJIECTBO, Ha-
npumep, i X(n) npu 1 =2 uMeeM
x(2) = x(0)up (2) + x(Durg (1) + x(2)ug (0) + x(3)ug (=) +...,
OTKYyJla, C Y4Y€TOM omnpejeeHus LUUQPPOBOro €IUHUYHOTO HMITYJIbCa
u,(n) (1.3), nmeem
x(2)=x(2).
,Huc;fj)emnbzﬁ KOMRIIEKCHBbIII 2APMOHUYECKUU CUSHA, OTTUCBIBAEMBIN
KOMIUIEKCHOM MOC/Ie10BATENBHOCTHIO
x(n) = Ae/°T"
WJIY, IIPU pas3jioKeHUU no popmyne Diliepa, 1ByMs BELLIECTBEHHbLIMHU I10-

CJIeIOBATEJIBHOCTSIMA — KOCHMHYCOMIOU (BelIeCTBEHHAsi 4acTh) U CHHY-

cona0M (MHHUMAs 4acTh)
x(n)= Acos(oTn)+ jAsin(®wTn) .



OcHoBHasg nonoca 4yactot. HopmupoBaHue

CornacHo teopeme KorenbHuKOBa MakCUMalibHasi 4aCTOTa aHAJIOr0-
BOIO CUTrHajla f, He JOJDKHA MPEBBILIATH MOJIOBUHBI YAaCTOThI JUCKPETH-

3aUUM  f, ITOr0 CUrHajia, CJIEA0BAaTE/bHO, B YAaCTOTHOW 00JIaCTH BCE
JUCKPETHBIE CUTHAJIBI LIE1eCO00pa3HO paccMarpuBaTh TOJILKO B 00/1aCTH

0; ?’“ , KOTOpasi Ha3bIBa€TCs OCHOBHOU NOJNOCOU 4acmom WA OCHOB-

HbIM OUANA30HOM YACMOm.
ITO NMO3BOJISIET BBECTH MOHATUE HOPMUPOBAHHOI YACMOMbI

f fﬂ f 2

UJIN
e s 1.8
® I ® (1.8)

B pe3yJibTaTe 4ero OCHOBHAs I0J10ca 4acToT craHeT pasHoil f €[0;0,5]

i o € [0; t]. O6bIYHO OTHAeTCs NMpeaAnoYTeHue abCoNIOTHON YacToTe f
1 HOPMHPOBAHHOI 4acTOTE



BBenenue HOpMHPOBAHHOW 4YacTOThI YKa3zbiBaeT Ha To, 4To B LIOC
BaXKHBI He aOCONIOTHBIC 3HAYEHUsl YaCTOT CHUTHAla U AMCKpPEeTH3aluu, a
ux oTHoweHue. [lokaxem 3TO Ha mpocTeiillieM NpUMEPE ABYX IUCKPET-
HbIX KOCUHYCOM/I;

h,

Il]

xy(n)=cos(2nf,T; n) = cos(2n——

rne fi =2Tn, [, =16Tx;
/2

n2

X5 (n)=cos(2nf>1, n)=cos(2n——n),

rie f, =5kI'n, f, =40«

[loncraBuB yka3aHHbIE 3HAYEHHUs YacTOT, MOJYYUM OJIMHAKOBLIE JIHC-
KpeTHbI€ CUTHAJIBI B IIKAJIe HOPMHUPOBAHHOMN YaCTOThI O :

xy(n)= cos[Zn 2 n] = t::«;:-s[E n) "
16 4

» ( 5000 J (n J
X5 (n)=cos| 21 n|=cos| —n|.
40000 4




JMHEWHBIE JUCKPETHBIE CUCTEMBI

CucremMoii 00padOTKH CUTHAJIOB HA3bIBAIOT OOBEKT, BBHIMOJHSIONIUNA TpeOyeMoe

npeoOpazoBaHue (00padOTKY) BXOJIHOTO CUTHAJIa B BBIXOJHOM.

CucTeMoit MOXKET ObITh KakK (DPU3UYECKOE YCTPOMCTBO, TAK U MAaTEMaTUUECKOE

npeoOpa3oBaHuUE.

[To ymomyanuto OyneM nojipazymeBaTh CUCTEMBI C OJJHUM BXOJOM M OJTHUM BBIXOJOM.

Bxo1HOM CUTHAJI HA3bIBAIOT BO3AEMCTBUEM, BHIXOJHON — peaKIHeil.

CucremMy Ha3bIBAIOT JIMHEHHOM, €CI1 OHAa 00JIaaeT CBOMCTBAMU:

- aIJUTUBHOCTH: pEaKIKs HA CYMMY BO3JICMCTBUU PaBHA CYMME PEAKIIMU HA KaX10€
U3 BO3JICHUCTBUI (MPUHIIUI CYTIEPIIO3ULINN );

- OJHOPOJAHOCTH: YMHOXEHHIO BO3JICHCTBUS HA BECOBOM KOA(DPUIIMEHT
COOTBETCTBYET PEAKIIUS, YMHOKECHHAS Ha TOT kK€ KOA(D(PUIIUECHT.

CoOOTHOIIIEHNE BXOI/BBIXOI JIMHEHHON CUCTEMBI OITUCHIBAETCS JIMHEUHBIM
YPABHECHUEM.

CucreMy Ha3bIBAIOT CTAIIMOHAPHOM, €CJIM OHa 00JIagaeT CBOMCTBOM MHBAPUAHTHOCTH
BO BPEMEHHU, B COOTBETCTBUHU C KOTOPBIM 3aJCPKKa BO3JIECHCTBUSA HA HEKOTOPOE BpEMS
MIPUBOIUT K 3aJEPKKE PEAKIIUU HA TO XKE BpEMsI.

[TapaMeTpsl cTallMOHAPHOKW CUCTEMbBI HEU3MEHHBI BO BDEMEHHU.

ITo ymonmuanuio OyaeM nmoapasyMeBarh CTallMOHAPHBIE CUCTEMBI.



JInneHas cucreMa Has3bIBACTCS OUCKPEMHOU, €ClIA BO3/EHCTBUE U
peakius MpencTasisioT co00il auckpeTHble curHansl x(nl') m y(nT)

(puc. 1.5).

x(nT) w(nT)
nac —>
Bo3nencrem Peakuwus

Puc. 1.5. JIuneiinag nuckperHas cucrema

HauaisHeie yCIIOBUAS TUCKPETHOIN CUCTEMBI MOTYT OBITh HYJIEBBIMU WUITH
HeHyJIeBbIMU. [IpHU3HAKOM H)ieebix HAYAITBHBIX YCIIOBUI SBISIETCS OTCYTCT-
Bue peakuuu y(n1') =0 npu orcyrcreum Bozueiicteus x(nl')=0.

O603HauuB Ha4aJlbHbIIT MOMEHT BpemeHu 1 = (0 , Hy/1eeble Haua1b-
Hble YC106UA MOXHO 3aMKUCaTh B CJEAYIOLIEM 001IeM BUJIE:

x[(n = i)T]|n—-i<O, i=1.2.. =0;
yi(n - k)T]|n-k<O, =1,2.. =0

[Ipu3HakoM Hewynegvix Ha4aJIbHBIX YCIIOBUM SIBJISIETCS HAJIUYUE HEHYJIE-
BbIX 3HAYEHUIl peakuuu (CBOOOJHBIX KOJeOaHUii) MpU OTCYTCTBUHU BO3-
JNEUCTBHUS.

(1.9)



JluckpeTHasi cucrema Ha3bIBACTCS (puU3UYECKU peanu3yemoil, ecliu
JUISL HEE€ BBIMIOJIHAIOTCS CJIEAYIOLINE YCI0BUs (yCIoBUsl (pU3UUECKON pea-
JIM3YEMOCTH): TIPU HYJIEBBIX HAYAJIBHBIX YCJOBHUSIX PEAKIUsl HE MOKET
BO3HUKHYTh paHbLIE BO3AEHCTBUS, 3HAYEHUS peakuu y(nl’) B Kaxblii

MOMEHT BPEMEHU # 3aBUCIT OT TeKywero x(n7') v npealecTBYIOLIUX
suauennii Bo3zeiictBus x[(n—m)T], m>0, HO He 3aBHUCAT OT €ro mo-
CJICAYIOLIUX 3HAYEHU x[(n + m)T] , mzl.

YcnoBusi (U3MYECKO peain3yeMOCTH OTOOpaKatOT MPUYUHHO-
CJICJICTBEHHYIO CBSA3b (IIPUHLIUI IPUYUHHOCTH ).

Jluneitnbie nuckpetHsie cuctemsl (JIJIC) nmomumo epemernroii 00-
JIaCTH OMMCHIBAKOTCS B Z-00J1aCTH U B yacmommuoii 00J1acTu. B kaxaoi u3
atux obnacreit ans JIJIC onpenensiercs:

- OCHOBHAasl XapaKTepUCTHUKA,

- COOTHOLIEHHE BXOJ/BBIXO/I.



OINMUCAHUME JIMHEWHBIX JUCKPETHBIX CUCTEM
BO BPEMEHHOMU OBJIACTH

Bo BpemenHoit o6nactu ocHoBHOM xapaktepuctukoil JIJIC siBnsiercs
UMITYJIbCHAsI XapaKTEePUCTHUKA.

Hmnynvcnou xapakmepucmuxoit (UX) h(nT) JIJC nazvieaemcs
ee peakyus Ha Yugposoii eounuyrslii umnyisc Uy (n1') npu Hyneswvix Ha-

yaneHwulx ycnosusax (puc. 1.6).

x(nT) =uy(nT) w(nT) = h(nT)
— > nac —>

Puc. 1.6. K onpenenenuio uMnyJibCHOM XapakTe€pHUCTHKH

CootHomenue Bxoj/Beixoj JIJIC oToOpakaeT B3aUMOCBSI3b MEXK/Y €€ BXOIHBIM
x(nT) u BeixogubiM y(nT) curnanamu, T. €. peakuuto JIJIC Ha npou3BoIbHOE
BO3/CUCTBUE.

Bo BpemMeHHOI 001aCTH COOTHOIIIEHUE BXOJI/BBIXOJl MOKET OIIUCHIBATHCA

- (hopMyI10# CBEpTKHY (Ha3BaHUE YPABHEHUS ), €CIIU JJIs1 ONPEACICHUS pEaKIINU
MCTIOJIB3YETCA UMIYJIbCHAS XapaKTEPUCTUKA;

- PA3HOCTHBIM YPAaBHEHUEM, €CJIU JIJISI ONIPEICIICHUS PEAKIIUN UCIIOIb3YIOTCS
napamerpsl JIJIC.



®opmy.ia cBepPTKH
[TonyunM ypaBHeHHE B3aUMOCBA3U MeX1y BXOAHBIM X(n7) u Bbl-
xonHsM y(nT) curnanamu 1 JIJIC, 3amauuoii cBoell MMITyJIBCHOM

xapakrepuctukoun h(n7T). Bocnons3zyemcs onpeneyeHueM UX u cBoii-
p p A

creamu JIJZIC. bynem nocnenoBarebHO 3aUChIBATH COOTBETCTBUS, YKa-
3BIBAEMBIE CTPEJIKOU, MEXKY BO3JACUCTBUEM U PEAKLIUEH:

- 110 onpeoeneHuto. BO3JEUCTBUIO B BUAE LUU(PPOBOr0 €IUHUYHOIO
MUMITYJIbCA COOTBETCTBYET peaklusi, Ha3blBaeMasi UMITYJIbCHOW Xapakre-
pPUCTUKON

uy(nT)— h(nT);

- Ha OCHOBAHUU CBOWCTBA UHBAPUAHMHOCMU 60 6pemMeHU ISl CTaluo-
HAPHBIX JIMHEUHBIX CUCTEM: BO3JEUCTBUIO, 3a/IEPKaHHOMY Ha Bpemsi mT ,
rae /m = const, COOTBETCTBYET peaKLysl, 3a/iep>KaHHasi Ha TO JK€ BpeMsl

ug(nT —mT)— h(nT —mT);



- HA OCHOBAHUU CBONMCTBA OOHOPOOHOCMU JTAHENHBIX CUCTEM: YMHO-
YKEHUIO BO3JCHUCTBUS HA BECOBON KOd(P(UuMEHT — KOHCTaHty x(m71) —

COOTBETCTBYET peaKkius, yMHOKEHHAs Ha TOT e KO3 uiueHt
ug(nT —mT)x(mT)— h(nT —mT)x(mT);
- HA OCHOBAHUM CBOWCTBA a00umMueHOCMU JIMHEWHBIX CUCTEM: peak-

Mt Ha CYMMY BO3JEHCTBHH paBHa CyMME peaklui Ha KaXkJ10€ U3 BO3-
JNEeNCTBUU

> ug(nT —mT)x(mT)— > h(nT —mT)x(mT),
m=0 m=0
- CJIeBa UMEEM BO3IEHCTBUE B BUIIE CVMMGBI (1.5)

x(nT)— iuo (nT — mT)x(mT),
m=()

a crpaBa — peakiluio

y(nT) = ih(rzT —mT)x(mT), (1.10)

m=()
rae h(nT —m1)— uMIyabCHAsE XapakTepUCTUKA, 3aep/KaHHas Ha m Iie-
PUOJOB JUCKPETU3ALIUH.



Jluneiinoe ypasHenue (1.10) HazwiBawOT ¢hopmynoii ceepmxu, CO-
rJIaCHO KOTOpoii peakuus y(n1) BBIYUCIAETCS KaK AUCKPETHAsd CBEpPTKa

Bo3jeicTBUA x(nT )M UMIYJILCHOM XapakTepucTuku h(nl).

Beinonaus 3ameny nepeMeHHBIX B (1.10), MOKHO MOJYYUTH Jpyroi
BApUAHT 3alucH (pOPMYJIbI CBEPTKH

wnT)= > h(mT)x(nT —mT). (1.11)
m=0
Jisi HOpMHUPOBAHHOIO BpeMeHH (PpopmyJia CBEPTKH B JIBYX BapHaH-
tax 3anucu (1.10) u (1.11) nppHUMaeT BUI COOTBETCTBEHHO

y(n)= ih(n —m)x(m), (1.12)
m=0

yv(n) = ih(m’)x(n —m). (1.13)
m=0)

Beibop Bapuanta (OpMyJibl CBEPTKH Ompejensiercs ya00CcTBOM
MPUMEHEHHA B KOHKPETHOM CITy4ae.



JIluneiinass IUCKpeTHasl CUCTEMa, COOTHOLLEHUE BXOJ/BBIXOJ KOTO-
poii onuckIBaeTcs B BUAE (POpPMYyJibl CBEPTKH, OTBEUAET YCIOBUSM pu3u-
yeckoll peanuzyemocmu: IPU HYJIEBBIX HaYaJIbHBIX ycaoBusx (1.9)

X(I’I - m)ln—m<0 =0

peakiys HE MOYKET BO3HUKHYTHb paHblle BO3JCHCTBUS, 3HAYEHUS] pEaK-
UM B KaXJblii MOMEHT BPEMEHHM M 3aBUCAT TOJILKO OT TEKYLIEro W
MPeAECTBYIOLIMX 3HAYEHUI BO3/IEHUCTBUS, HO HE 3aBUCST OT €ro nocle-
OYIOLIUX 3HAYCHUH.

JIuneiinbie ypaBuenusi (1.12)—(1.13) pewatorcst memooom npsamoii
NOOCMAHOBKU TIPU HYNEBbIX HAYAIbHBIX YCI08UAX, TIOITOMY ¢hopmyna
ceepmKu HEMOCPEICTBEHHO OINUCHIBAET a120pumm BBIYUCIICHUS pEaKIUK
0 U3BECTHOMY BO3EHCTBUIO U UMNTYJIbCHOM Xapaktepuctuke JIJ[C.



IIpumep 1.1. Boruucnurs peakuuto JIJIC no ¢popmylie cBepTKu.
WMiysibcHasi XapakTepUCTUKA W BO3AEHCTBUE 3aJaHbl rpaduyecku
(puc. 1.7-1.8). TpeGyetcs onpeaenuTs BOCEMb OTCYETOB PEAKLINHU.

h(n) x(n)
2| 2
| I I l 1 n
2 3 4 5 0 1 2 3 4 5

Puc. 1.7. UmnynbcHas XapakTepucTHKA Puc. 1.8. Bo3aeiicTue



Pemenne npuseaeHo B tabn. 1.1, a rpadguk BBIYUCIIEHHON peak-

uuu — Ha puc. 1.9.

Tadonuuma 1.1
Beruucnenue peakuuu no GopmyJsie CBEPTKH

Peaknus y(n)

1(0) = A(0)x(0) + A(1)x(=1) + h(2Q)x(=2) + ... = h(O)x(0) =12 =2

(W I Raml

(1) = h(O0)x(1) + A(Dx(0) + A2)x(=1) + . = h(O)x(1) + A(Dx(0) = 1-1 +22=35

12) = h(0)x(2) + hA(1)x(1) + A(2)x(0) + h(3)x(=1) + ... =
= h(0)x(2) + A(1)x(1) + A2)x(0) =1-0+2-1+22=6

W(3) = h(0)x(3) + h(1)x(2) + h(2)x(1) + A(3)x(0) + A(4)x(=1) + ... = h(0)x(3) +
+h(1)x(2) + h2)x(1) + h(3)x(0) = 1-0+2-:0+2-1 +1-2=4

W4) = hOx(4) + A(1x(3) + h(2x(2) + hG)(1) + h(4)(0) + ASK(-1) + ... =
= h(0)x(4) + h(1x(3) + h(2)x(2) + h(3)(1) + h(A)x(0)=1-0+2-0+2-0+ 1-1 + 02 = |

N5) = h(0)(5) + h(1)x(4) + M(2)x(3) + h(3)x(2) + A(4)x(1) + h(5)x(0) +
+ h(6)X(-0) + ... =hO0)X(5) + A(1)x(4) + h(2)x(3) + h(3)x(2) + h(4)x(1) + h(5)x(0) =
=1-0+20+20+10+0-1+0-1=0

6

(6)=0

7

(7)=0




MmnynbcHag
XapaKTepuCTuK
a

Bx. Bo3gencraune

3epkanbHoe
oTpaxeHune
BX. BO3OENCTBUS

CkonbXeHue
Bx.
BO34EenNCcTBUA

24
h(n) = h(m) A
| |
0 > 3 4
x(n)
0
x(0 = m)
1 o
x(1—m)
0
xX(2—m)
0 2
x(3—m) ‘
0 2 3
x(4 —m) |
01 2 3 4
x(5—m)
0 2 3 4

1

n

1

n

n

n

n

n

a

e

y(n)

L

(S

Peakuus




ECIH JJIHTENBHOCTL BO3JCHCTBHA M/HIIH HMITYJILCHOH XapakTepPUCTHKH Oecko-
HEeYH, TO JNTATEIBHOCTE Peakiii Takxke OecKoHeyHa;

CCJIH  JUTHTC/IBHOCTH BO3JACHCTBHA  X(17/) W HMIOYIBCHOH XapakTCPHCTHKH
h(nT) xonweunwvr W pagHBl NT W MT COOTBETCTBEHHO. TO JUTHTENIBHOCTE pPeak-
MK ¥(nl') Takike KoHeuHa W paeHa L1, rae

L=N+M-1.
Ilpn »n = L nDocneaoBaTE€MBHOCTH (MMMYJIBCHAS XapaKTEPHCTHKA W 3€PKAlTBHO

OTODPAKEHHOE CKONB3A1Iee BO3aeHcTErEe) "pacxonarea” v y(nl) =0,

Eciiv Bo3jicHCTBHE H MMNYJILCHAA XapaKTEPUCTHKA KOHEUHBI, (pOpMYJib
MpHOOpETAIOT BHIL:

I-1
y(n)= > hn—m)x(m):

m =
l—1 - _
m=0

B npumepe UMeeM UTHHY BO3AeHcTBHA N =2 H JUTHHY HMITYJIBCHOH Xa-
pakTepucTHKH A =4, nosTomy 1nvHA L peakivu pagHa

L—4+2-1-5.



Pa3HocTHOE YpaBHeHHe
Bzaumocesa3s Mmexay BosaeiictsueMm x(nl') u peakuuein y(nT) —

COOTHOIIEHHE BXOJ/BBIXOJ] — MOYKET OMHCLIBATLCH PAHOCHHBIM YpPaeHe-
Huem (PY)
N-I M-1
y(n) = Zb,-x[(n—i)T]— Zaky[(n—k)T], (1.14)
i=0 k=1

rne b;, a; — ko3¢pduumreHTs ypaBHeHUs (BEUICCTBEHHBIE KOHCTAHTHI);
x(nT), y(nT) — Bo3neicTBHE M peakuus (BEUIECTBEHHBIE HJIM KOM-

[JIEKCHBIE CUTHAIIBL),
i, k — 3HaUeHUs 3a/1epiKeK BO3JIEHCTBUS U PEAKLIMH COOTBETCTBEHHO,
N, M — KOHCTaHTHI;
x[(n—i)T] y[(n—k)T| — Bo3neitctBue u peakuus, 3anepsannbie Ha
i U k 1epruoI0B IMCKPETU3AlIUU COOTBETCTBEHHO.
Koa(ppuumentsl b, M a, Ha3BLIBAKOTCA BHYMPEHHUMU NAPAMEMPAMU

(napamempamu) JIAC.



JIJ1ss HOpMUPOBAHHOIO BPEMEHU pa3zHOCTHOE ypaBHeHue (1.14) npu-

HUMACT BHU /]
N-1 M-1

Y\ = Zb,-x(n—i)— Zaky(n—k). (115)
k=1

i=()

JIunelinasi 1UCKpETHAsi CUCTEMA, COOTHOLIEHHE BXOJI/BBIXOJ KOTO-
poii OnUCHIBAaETCSl B BUAE pa3HOCTHOro ypasHeHus (1.15), oreeuaer yc-
JIOBUSIM @husuueckoii peanuzyemocmu: TIpU HYJIEBbIX HAYaJIbHBIX YCIIOBH-
ax (1.9) peakuusi He MOKET BOZHUKHYTh paHbllle BO3AEHCTBUS, 3HAUYCHUS
peakLHuH B KaX/Jbli MOMEHT BPEMEHU # 3aBUCST TOJIbKO OT TEKYLLEro W
MpeALIeCTBYOMIMX 3HAYEHUH BO3JAEUCTBHS, HO HE 3aBUCST OT €ro nocle-
OYIOLINX 3HAYEHUH |

Paznocmnoe ypaenenue (1.15) pewaercss memooom npsamoil noo-
CMAaHOBKU TIPU HYNeevlx HadanvHeix yenosuwsix (1.9), cnenosarenbHO, OHO
HENOCPEJACTBEHHO OITUCHIBAET aIcOpumM BBIYUCIIEHUS PEAKLUU [0 U3-
BECTHOMY Bo3/eicTBuUIO U napamerpam JIJIC.



IIpamep 1.2. Petuuth pa3HOCTHOE YpaBHEHUE
y(n) = x(n)—0,5p(n—1)
METOJIOM MNPSIMO¥ MOJACTAHOBKHU MPHU 33JJaHHOM BO3JEHCTBUU U HYJIEBBIX
Ha4aJIbHbIX VCIIOBUSIX

%in) = 1"
TpeOyercst onpeaenuTs 5 0TCUETOB PEAKLIUH,
Pemenne npuseneHo B tadm. 1.2,

Tadonupa 1.2
Beluncnenue peakiiii METOIO0M MPAMOH NOJACTAHOBKH

n Bo3aeiicTBHe Peaknus

0 | x(0)=1 W0)=x(0)=0,5(-1)=1-0,50=1

1 | x(1)=0,1 W1)=x(1)=059(0)=0,1-051=01-=-05=-04

2 | x(2)=0,01 W2)=x(2)=05¥(1)=0.01-0,5(=0.4)=0,01 + 0.2=021

3 | x(3)=0,001 wW3)=x(3)-0,5%2)=0,001 -0,5-0,21 =0,001 -0,105 =
==(),104

4 | x(4)=0.,0001 wW4)=x(4)-0,51(3)=0,0001 -0,5(-0.,104) =
=0,0001+ 0,052 =0,0521




PeKkypcuBHbIe U HEpPeKYPCUBHbIE IMHEeWHbIe AUCKPETHbIE CUCTEMBI

N-1 M-I
y(n)= 2 bx(n—i)— Y apy(n—k). (1.15)
=0 k=1

Jluneiinas TUCKpeTHAs CUCTeMa HA3bIBAETCS PeKYPCUBHOI, eCIH XO-

TA Obl OJJMH W3 KOI(PPHUIMEHTOB @i pa3HOCTHOrO ypaBHeHus (1.15) He
paBeH HYIIO:

ay, # 0 xotrs Obl 1151 OAHOrO U3 3HAYEHUI A.

[Topsaokom pexypcuBHoii JIJIC nazsiBatroT nopsiaok PY (1.15), 1. e.
max{(M —1), (N —1)}.

Cornacho (1.15) peakuus y(n) pexypcusroii JIJIC B kakAblii MOMEHT
BPEMEHU A OIIpeIelseTcs:

- TEKYLUMM OTCUYETOM BO3AEHCTBUS X(),

- mpeasicropueit Bo3aeiicteusa x(n—i),i=1,2, ..., N-1;

- mpensicTopueit peakuun y(n—k), k=1,2,.. . M -1,

[Ipumepsl pazHocTHBIX ypaBHeHUil pekypcusHoil JIJIC:

- nepgozo NOpsaKa

v(n)=byx(n)+ b (n-1)—a;y(n-1),; (1.16)
- 8Mopo2o NopAIKa
y(n)=byx(n)+bx(n—-1)+b,x(n-2)—ay(n-1)—a,(n-2) .(1.17)



JIuneiinass MUCKpeTHAsl CUCTEMa HA3bIBAETCS HEPEeKVPCUBHOL, €CIH
BCE KOI(DPULUHMEHTHI @; pa3HOCTHOro ypasHeHus (1.15) paBHbl HYIIIO:

a, =0, k=12, M-1.

M-1

y(n) = Zb x(n—1i) - Zaky(n k). (1.15)

=0

s nepexypcuBHoit JIJIC pasHoctHeie ypaBHeHus (1.14)—(1.15)

IMNPHHUMAKT BHJI COOTBETCTBEHHO
N-1

y(n) = be[(n—z):r] (1.18)

y(n) = 'zb,.x(n—i). (1.19)
=i

llopaook nepexypcunoii JIJIC pasen (N —1).
Cornacto PY (1.19) peakuus y(n) mepexypcuenoii JIJIC B kas/siii

MOMEHT BPEMEHHU 1 ONpele/IseTCs:
- TEKYIIUM OTCUETOM BO3/eicTBUA Xx(n) |

- npensicTopueii Bo3aciicteusa x(n—i),i=12, .., N —1.

[Tpumep PV nepexypcusnoii JIJIC sToporo nopsaka:
y(n) = byx(n)+ byx(n—-1)+byx(n-2). (1.20)



