Nlekuyns Ne 13

YCTOMYUBOCTb ANCKPETHbIX CUCTEM

JIuHEeMHAasA JUCKpETHAS CUCTEMA C MOCTOSSHHBIMHU ITapaMeTpaMHu
(cTaroHApHBIN (DUIBTP) HA3BIBACTCS YCMOUYUBOUL, €CIIN TIPU
I0OBIX HAYaJIbHBIX YCIOBHUSX U JIFOOOM OTpaHUYSHHOM BXOTHOM
CUTHaJIC BBIXQ{HOI CHTHAI TAKXKQY@FTACTCS
OTPAHUYEHHBIM, TO €CTh U3 YCIOBUSI ‘x(n)| < P <oo g BCex n

CIEayET ‘y(n)‘ <P <o

*Heo0XoauMbIM 1 10CTAaTOYHBIM YCIOBUEM YCTOMUYUBOCTH
OJIHOMEPHOI'0 CTAllMOHAPHOTO JIMHEHHOIO (DUJIBTPA SIBJISICTCS
cieayroliee TpeOOBaHUE K €ro UMITYJIbCHON XapaKTEPUCTHUKE:

o0

D |r(m)| < (13.1)

n=—o0



YCTOMYUBOCTb ANCKPETHbIX CUCTEM

* Heobxodumocme. 1Ipenmonoxum cHaYama, 4To yCaoBue

(13.1) He BBIIIOTHAETCS, TO €CTh Z ‘h(n)‘ =0
PaccMoTpuM orpaHnueHHYIO nociefoBaTenbHOCTb,

3dJdHHY0 3HAYCHUAMMU . +1 npu h(_n) > (-
x(n) — { 2 b

—1, npu h(—n) <O0.
Tak KaK BBIXOJIHBIE OTCUETHI CUTHAJIA PABHBI CBEPTKE
BXOJIHBIX OTCUETOB U 3HAYCHUN UMIYJIbCHOU

XapaKTEPUCTUKU JUCKPETHOM CUCTEMBI, TO €CTh

y(m) =" x(k)h(n—k)

TO IIPU 5 —() OTKIIUK CUCTEMBI PABEH: k=—o0

y(0) = i x(K)Yh(=k) = i |h(~k)| = oo.

k=—0 f=—0



YCTOMYUBOCTb ANCKPETHbIX CUCTEM

o Hocmamounocmo. Ilpennonoxum, uto ycinosue (13.1)
BBIIIOJIHAETCS, @ HA BXOJI HOCTYIIa€T OrpaHUYCHHAs
[I0CJICIOBATEILHOCTh OTCUETOB CUTHAIA ‘x(n)’ <M <w .

N3 ¢popMysibl CBEPTKH BXOAHOI'O CUTHAIA U UMITYJIbCHOM
XapaKTEPUCTUKU TTOJTyUYAEM:

00| =| X 30— )| < 3 [ (hn =k < M [n =)

Ecmu i\h(n_k)y@o , TO Mi|h(n—k)\<oo
k=—o0

k=—o0

U CUCTEMA — YCTONYMBA.



YCTONYNBOCTb AUCKPETHbLIX CUCTEM

* YCTOMYHMBOCTb HEPEKYPCUBHBIX JUCKPETHBIX cucTeM. Kak
paHee OTMEYAJIOCh, B HEPEKYPCUBHBIX JUCKPETHBIX CUCTEMAX
JIJISL BEIYHCIIEHHSI OUEPETHOTO OTCUETA BBIXOAHOTO curHana ) (1)
MCTIOJB3YHOTCS TOJIBKO OTCUYETHI BXOJHOTO CUTHAJIA

x(n-7j), j=0,1,2,...,m .IlosTOMy alroput™ paboThI TAKOH
CHUCTEMBI IMEET BUL:

Y1) = Db, x(n— ).

CucreMHas (nepeaaTodyHas) PyHKIMS TAKOH CUCTEMBI SIBJISICTCS
palnMoHaIbHON (PYHKIIMEN, TO €CTh MOJIMHOMOM CTEIICHU

KOMILUIEKCHOTO apryMeHTa »': m
_ —J
H(z) = E b,z
j=0



YCTONYNBOCTbL AUCKPETHbLIX CUCTEM

* HepekypcuBHBIC CTallMOHAPHBIC TMHEHHBIC (PUIIBTPHI
00J1a/1at0T 3aMevaTesIbHOM 0COOCHHOCTBIO: UX
MMITYJIbCHBIE XapaKTepUCTUKU /1(71) MMEIOT KOHEUHOE
YHCJIO HEHYJIEBBIX OTCYETOB, IIPUYEM 3T OTCUETHI PABHBI
ko3 unueHram b ;  QIroputMa (QUIBTPALHY.

JleMCTBUTEIBHO H(z)= Z h(n)z™" = Z bz j
n=0 j=0

OTcroza clieIyeT, 4To b, n=0,1,..,m
h(n) =
0, n>m

Takum 006pa3oM, UMITYJIbCHAS XapaKTEPHUCTHKA
HEPEKYPCHUBHOI'O CTAIIMOHAPHOT'O JTMHEHMHOTO (PUIBTPA
MMEET KOHEUHOE YHCJI0 OTIIMYHBIX OT HYJISI OTCUETOB, U B
cooTBeTCTBUM C (13.1) Takoh GUIBTp 6cecda ycmouuus.



YcTOM4YMBOCTb AUCKPETHbLIX CUCTEM

* YCTOMYHUBOCTH PEKYPCHBHBIX JUCKPETHBIX CHCTEM.
JI71s1 peKypCHUBHBIX TUCKPETHBIX CUCTEM HMCIIOJIb30BATh
KpUTEPUMN yCTOMUUBOCTHU B popMme (13.1) 3arpynHUTENBHO,
MIOCKOJIbKY HEOOXOAMMO CYMMHUPOBATh OCCKOHEUHBIN Pl
MOAYJIe OTCYETOB UMITYJIbCHOM XapaKTE€PHUCTHUKHU.
Bripazum kputepuii (13.1) B npyrout popme, ynoOHOM 114
MCCIICIOBAHUS PEKYPCUBHBIX (DHIIBTPOB.

PaccmoTpum puzndeckn peannzyemMbii GUIbTp Ad—
MOPSIIKA C CUCTeMHOM dhyHKuer H(z) v A1 IpOCTOTHI
IPEATION0AKNM, YTO BCE IOJIIOCHI POCThie. OTMETUM, YTO
151 PU3NYECKU PEATU3YEMBIX (DHIIBTPOB CTEIICHD
MIOJIMHOMA B YHCJIUTEJIE HE MIPEBBIIAET CTEIIEHD ITOJIMHOMA
B 3HAMECHATEJE.



YCcTOMYNBOCTb ANCKPETHbIX CUCTEM

e MMmmynbCcHas XapakTEepUCTHKA TAKOTO (DMIIBTPA ONpeaeIsieTCs

COOTHOILICHUEM 1
h(n) = —— z Z”_ldz

e Jlnga n=0 wumeem:
N
}+ZR€:S{H(2) }
z=0 Z=p;

i=1 z

H(z)

Z

h(0) = Res{

a NpU 5 > () AMEEM CIIEAYIOLIEE BBIPAKECHUE:!

Z_Pi}

h(n) = i Res {H(Z)Zn_l



YCTOMYUBOCTb ANCKPETHbIX CUCTEM

— Jo;
e llpencraBisas moaroCcel B BUAEC. P, = K€ ', nonaras npu

sroMmuto 1 <r <l i=12,.. N, MOXHO 3anucaThb CIeIyIONIEe
COOTHOIICHUE:

00 o0 N
h(n)| = |h(0)|+ R {H g/ 1D } <
§| (n)| =|h(0)| Z;Z; es{H(z)r" e .,
< |h(0)| + i iRes {H(z)z;"—l _ } .
n=1 | i=1 !

M3 ananmns3a 3TOro COOTHOILICHUS CJIICAYCT.

> h(n) <|h(0)|+ NR,> "
n=0 n=1
e Tak KaK 1o ycCJjioBHUIO r<]>TOPANB [IpaBOX YacTH

COOTHOIIICHUA CXOIUTCI U >
> |r()| < oo
1=0



YCTON4YNBOCTb ANCKPETHbLIX CUCTEM

* Urak, eciin nosroca yHKIMU H (z) J€kKaT BHYTPH KpyTa
CAUMHUYHOIO pajuyca Z-IJIOCKOCTH, TO TAKOW (DUIBTP
ycTOM4uB. ECIIM XOTs OBl OMH MOJIOC PACIIOI0KEH Ha
€MHUYHOH OKPY)KHOCTH |z| =1 MM Bo BHENTHEH 9acTH Kpyra
CAMHUYHOIO pajauyca, To Takas H(z) mpencTaBiseT
HEYCTOMYHMBBINA (DPUIBTP. 3aMETUM, YTO IOJI0KECHHUE HYJICH
CUCTEMHOM (DYHKIIMH HE BIUSICT HA YCTOMYMBOCTD (PUIIBTPA.

* Hemocrarku MOJFOCHOTO KPUTEPHUSA YCTOMUYUBOCTH
00y CJIOBIEHBI HEOOXOIMMOCTBIO ONIPEICIICHUS KOPHEH
XapaKTepPUCTUIECKOIO YPaBHEHUS, SIBJISFOIIMXCS MMOJIFOCAMHU
CUCTEMHON (PYHKIIMH. AHATUTHYECKUX METOAOB PEIICHUS
anreOpandeCcKux ypaBHEHHUM, IMTOPSIJOK KOTOPHIX BBIIIE
4YETBEPTOTO, HE CyleCTBYET. [I03TOMY Hax0XK/I€HHE MOIIOCOB
BBICOKOT'O MOPSIIKA BO3MOKHO JIMIIb YUCICHHBIMH METOIaMH.



YCTONYNBOCTb AUCKPETHbLIX CUCTEM

o Ilpumep. lIposepumo Ha ycmouuu8ocms C1edyrouiuil
peKypcustvlil purbmp 2 nopsoxa.

x(n) u(n) y(n)
— (+ i
X(z) ¥ gy Y(z2)




YCTONYNBOCTb AUCKPETHbLIX CUCTEM

* Pewenue. 3amnuiiieM ABa ypaBHEHHUS OTHOCUTEIBHO JIBYX CYMMaTOpPOB B
Z-tipeo0Opa3oBaHHOMN (popme:

U(z)=X(2)+z'U(2) —%Z_zU(Z);

Y(2)=U(2)-z"'U(2)+z°U(2).
M3 HUX ompesesieM CUCTEMHYIO0 (DYHKIIMIO TaKoro (puiabTpa:

2 2
H(z) = z-—z+1 B z-—z+1

2 —z+1/2 (z-p)z-p,)

_KOPHHU XaPAKTEPUCTUUYECKOTO YPABHEHUS, SIBJISIOIIUAECS

R P, P>

MOJIFOCAMH CUCTEMHOM (yHKIMH. Tak Kak . p, = l+ jl 15|
1, 2 - >

Lpl L< 1L |p, l- < | » CJICAOBATENBHO, MOJIIOCA CHCTeMHOPFQ)yHI%mfI Jexar
HYTpHU KpyTa eAMHUYHOTO pajgnyca, U (GUIbTP SBISIETCS YCTOMYUBBIM.



