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1. ZIMCermele CUZHAJIbL U UX OCHOBHBIE CBOUCMEA.

[lonaBnstoniee GOJBIIMHCTBO CUTHAJIOB, 00padaThIBAEMbIX COBPEMEHHBIMU
TEXHUYECKUMU CUCTEMaMH, TaK MJIM MHA4YEe UMEET LU(PPOBOE MPEACTABICHHE, KO-
TOPO€ MOKHO PaCCMaTpUBaTh C ABYX TOYEK 3peHUs. Bo-nepBbIX, 3HAUEHUE CUTHA-
Ja B JIaHHBIA KOHKPETHBI MOMEHT BPEMEHHM, SABIISISACH IO CYTH HENPEPBIBHBIM,
MOXXET OBIThb BOCIPHUHATO JIt0OOM 00pabaThiBarolIel CUCTEMOW Kak OJIHO M3 KO-
HEYHOTO Habopa 3HaueHui. Hanbosee yacTo BCTpeyarommumcs ciaydyaeM moj100Ho-
ro ¢ poBOro MpeaACcTaBlICHUs SABIAETCS MpeoOpa3oBaHUe HENPEPHIBHOTO CUTHAJA
kakuM-mu0o ALl Takoe uudpoBoe npeacTaBieHue HEMPEPHIBHOTO MO CYTH 3HA-
YEeHHs] CUTHAJIa IPUHATO HA3bIBaTh OucKpemuzayuei no ypoeuio. Bo-BTOpbIX, WH-
dbopmaius 0 curHaie, 3aBHCAIICM, HAlIpUMEpP, OT BpeMeHU (Iaxke B TOM cirydae,
€CIIM 3HAYCHHS ITOTO CUTHAJA JMCKPETH3UPOBAHBI IO YPOBHIO) HE MOXET OBITH
npejocTaBieHa 00padaThiBaroeld CUCTEME B BUJIC 3HAUYCHUUN CHUTHANa B KaXKJbIN
MOMEHT HENpPEephIBHO M3MEHAoIIerocss BpeMenu. O0pabarbiBaroiias cucTeMa MO-
KET ONEepUpPOBATh JIMIIb KOHEYHBIM HAO0OpPOM 3HAUYEHMI CHTHaja U Takoe Mpej-
CTaBJICHHE HEMPEPhIBHO M3MEHSIIOIIETOCs CUTHaja MPHUHITO Ha3bIBaTh OUCKpemu-
3ayueu no epemenuy. B OONBIIMHCTBE TPAKTUYECKUX TPUMEHEHUN YPOBHH JAUCKpe-
TU3allMM 3HAYEHUN CUTHaNa BBIOMPAIOTCS PAaBHO OTCTOSIIMMH JAPYT OT JApyra u
pPAcCTOSIHME MEXKJIYy HUMH HA3bIBACTCS UHMEPEANOM OUCKPEMU3AYUU NO YPOGHIO.
AHaJOTMYHO MOMEHTHI JIMCKPETU3aLMU CUTHANA 10 BPEMEHU BBIOMPAIOTCS OObIYU-
HO PaBHO OTCTOSIIIUMHU JIPyT OT APyra M PacCTOSTHUE MEXKAY HUMH Ha3bIBACTCS
unmepeanom ouckpemuzayuu no epemenu. Kak npaBuiio, 3aMeHa HENPEPHIBHBIX
3HAYEHUN CUTHAJIA JUCKPETHBIMU YPOBHSMH MOXET ObITh aHAJUTHYECKH y4YTEHa
noOaByieHneM B 00pabaThiBA€Mblii CUTHAJI PABHOMEPHO PACIPEECICHHOIO0 B HEKO-
TOPOM MHTEpBaJIEC IIymMa U HE MPUBOJUT K KAaKUM-ITHOO HEOKUJIAHHBIM CIIEJICTBU-
M. 3aMEHa K€ HEMPEPBHIBHO MU3MEHSIOLIEr0Cs CUTHAJIA IUCKPETHBIM HAaOOpOM 3Ha-
YEeHU, HalpOTUB, MPUBOJUT K Py UHTEPECHBIX 3(PPEKTOB, KOTOpPhIE, COOCTBEH-
HO, U COCTaBJSIOT MpPEIMET U3y4YeHHUs Teopuu LUu(poBOl 0OpabOTKM CHUTHAIOB
(digital signal processing).

Wrak, nanee mbl OyaeM paccMaTpHBaThb CUCTEMBbI, 00palaThIBalOUIUE JHC-
KpPETHBIM Ha0Op AMCKPETHBIX 3HAUEHUI curHana. Ecaum oOpatutbest K ynoMsiHyTO-
My ALII, uHTEepBan OUCKPETH3ALMU MO YPOBHIO OMPEACIACTCS Pa3psATHOCTHIO
AIITl 1 ymeHbpmaeTcs ¢ yBEJIMUEHUEM Pa3psIAHOCTH, MHTEPBAJ K€ JUCKPETU3ALNN
[0 BpEMEHU ompenenserca yactotod auckpernsaunu ALI m ymensmaercs c ee
pocToM. B nmpuBeaeHHOM NpUMEpEe U3MEHEHUE CUTHAJIA MPOUCXOINUT C U3MEHEHHU-
€M BPEMEHM U JTUCKPETHBIA HAOOp 3HAUYEHHI CUTHAJIa COOTBETCTBYET Pa3HbIM MO-
MEHTaM BPEMEHH. BOJIBIIMHCTBO AUCKPETHBIX CUTHAJIOB MMEET UMEHHO TaKyO
npupony. Ciaeayer yuuTsIBaTh, OJHAKO, YTO MPAKTUYECKUN UHTEPEC MOTYT UMETH
TaK)K€ CUTHAJIbl, 3aBUCSIINE HE OT BPEMEHH, & OT KaKOU-TnOOo Ipyroil HempepbiB-
HOW BEJIWYHUHBI, HAIIPUMEP, OT IPOCTPAHCTBEHHOW KOOpAUHATHIL. byneMm, tem He
MEHE€E, B OCHOBHOM PacCMaTpuBaTh CUTHAJIBI, 3aBUCSIIME UMEHHO OT BPEMEHH U
0003HayaTh UHTEPBAJ AUCKPETU3ALUU IO BpeMeHH cuMBojioM D. DddexTsl, cBs-
3aHHbBIE C JUCKPETU3ALMEN M0 YPOBHIO, OOBIYHO YUUTHIBATh HE OyJeM, Mpearoia-



rasi, YTO MHTEPBAJ JUCKPETU3AIMHU [0 YPOBHIO JOCTATOYHO MaJl, YTOObI CUUTAThH
3T 3PP EKTh TPEHEOPEKUMO MATIBIMHU.

Wtak, ompenenuM TUCKPETHBIM CHTHA Kak He OoJyiee YeM CUeTHbIN (Ha
MIPaKTUKE, pa3yMeeTcsl, KOHEUHBIH, HO JUIsl yA00CTBa aHAIUTHUYECKOIO0 paccMoTpe-
HUSI UIMEET CMBICT yYeCTh BapUAHT OCCKOHEUHOrO YUCJia OTCYETOB) HAOOp BeEIH-
YKH, 33JJaHHBIX B MOMEHTHI BpeMeHH ND W NMpUHUMAIOIIUX HENpephIBHBIN (HA
NpaKTUKe, pasyMeeTcs, JUCKPETHBIN) psii 3HaYCHUMW. J[J1s1 3HAUEHUS] TUCKPETHOTO
CHT'HaJa B N-HBIi MOMEHT BPEMEHHU BBeieM o0O3HadYeHue X, (9T 3HaueHus Oynaem

Jajee Ha3bIBATh omcyemamy CUTHAA), a caM CHrHaj 0003HauMM Kak X. HazoBem
TaK)X€ KOHEeYHbIM CUTHAJIOM JUCKPETHBIM CUTHAJ, UMEIOIINI KOHEYHOE YUCIIO OT-
JUYHBIX OT HYJS 3HAYCHUN U 02pPAHUYEHHbIM CUTHAJIOM JUCKPETHBIM CHUTHA,

CYMMa a6COJIIOTHBIX 3HAYEHUU OTCUETOB KOTOpOFO KOHC€YHa, UJIu, UHBIMHU CJIOBa-
¥

MH, TOT CUTHAJI X, JJIsl KOTOPOTrO CXOJAIIUMCS ABISECTCS Pl é_ |Xn|. [Tpumepom
=-¥

JUCKPETHOTO CUTHAJIA MOXET CIYUTh CUTHAN X, 3HAUYEHUS OTCUETOB KOTOPOIO

OTIPEACTISIOTCS BEIpaKeHHEeM X, = ASi n(wnD). Takoii curHajl UMeeT CMBICII Ha3bl-

BaTh FApMOHUYECKUM CHUTHAJIOM C aMIUIMTYyJ0oi A u dactoToil W. HacTtora W MHO-
r71a Ha3bIBAETCS UKINYECKOW YaCTOTOM U UMEET (PUBHMUECKUM CMBICT «KOJIHYECT-
BO paavaH B EAUHUILY BPEMEHU» B OTJIUYHUE OT OOBIKHOBEHHON YacTOTHI
f=w (Zp), AMEIOLIEH CMBICI «KOJIUYECTBO MEPUOJOB B €AUHUILY BPEMEHU.

[Ipu paccMOTpeHHH HENPEPBIBHBIX CUTHAJIOB (TeOpI/IH Lene U CUrHajloB,
CM., Harpumep, [C.I/I.BaCKaKOB. PannoTexHudueckue 1enu U curHaiasl. — M.. Bricias 1mikoa,
1983, ¢.51.]), ocHOBoOMOArarlIiee 3HaUeHUEe UMEET MOHATHE CIIEKTpa CUTHaja, OIl-

peneHHeMoro BBIpa)KeHI/IeM:
¥

X (w) = oy(t)e ™dt.
¥
[ToHaTHE crieKTpa AMCKPETHOTO CUTHAJA JIETKO BBECTH, €CIIM MTOCTABUTH EMY
B COOTBETCTBHE HEMPEPBIBHBI CHUTHAJN, MPEICTABISIONMNA co0oii Habop d-
GYHKIMHA, COCPeTOTOYCHHBIX B MOMEHTHI BpeMeHH t =nND, u uMmerommx aMIuinTy-
asl XD

¥
[e]
X senp. (t)=D q x,d(t- nD). (1.1)
n=-¥
CHGKTpOM III/ICerTHOFO CUTHaAJIa MO>XXHO Tenepb Ha3BaThb CHGKTp COOTBECTCT-
BYIOI_HGFO eMy HerepBIBHOFO CUTrHala.
¥

¥ ¥
X(W) = Kooy ()€ ™t =D ¢) & X0t - ND)e" Mt =
- ¥ -¥ n=-¥

¥ ¥ ¥
] < - ] -
=DQ x, clt- nD)e ™dt =D g x,e ™.
=-¥ - ¥ =-¥
Muoxutens D B Beipakenun (1.1) ObII1 BBEICH €IMHCTBEHHO C TOW ILIEJBIO,

4TOOBI ONPENEICHHBIE UHTErPAJIbl OT HENPEPHIBHOIO CUTHAJIA XHenp_(t) HE 3aBHUCE-



JIM OT MHTCPBAJIa AUCKPCTU3AINHN 10 BPpEMCHU. HpI/I HCU3MCHHOM HMHTCPBAJIC AUC-
KpPETHU3al1 9TOT MHOXHUTCJIIb MOKHO OITYCTUTD. BYIIGM, TaK1M O6p&30M, Ha3bIBaATh
CNeKmpom aMCermHOZO CcucHala X BCIINYUHY.

¥

3 .

— - jwnD
X(w)= a x,e "™ (1.2)
n=-¥
Eciu oTcueTsl curHaia ABJIAIOTCS YUHMCTO JIEUCTBUTEILHBIMU (a B OOJIBIINH-
CTBC CJIIy4yacB 3TO JEVCTBUTEILHO TaK), CHEKTP SBIIACTCA CI/IMMeIpI/ItIHOI‘/'I (1)YHKI_II/I-
en.

*

X(-w)= & "0 = & xfe ) = & e P =T xe 0L =X
n n n n - !
n=-¥ n=-¥ n=-¥ n=-¥ (%)
r7ie CHMBOJIOM * 0003HaueHa ornepalys KOMIJIEKCHOTO COMPSKEHUSI.
BBenenHblit TakuM 00pa3oM CHEKTP AUCKPETHOrO CHTHajla 00J1alaeT TaKuM
HEOXKHJIAaHHBIM CBOMCTBOM, KaK MEPUOAUIHOCTD. JICHCTBUTEIHHO, BEIYUCIUM 3HA-
YeHHe CIeKTpa Ha yactote W+ 2p/D:

¥ ¥ ¥
X » X » » X »
X(W+ 2p/D): a x.e j(w+2p/D)nD _ a x.e jwnDg- j2pn a xe jwnD _ X(W).
n=-¥ n=-¥ n=-¥

Kak u3BeCTHO, CIIEKTPBI HEMPEPHIBHBIX CHTHAJIOB HE 00JIA/Ial0T TIEPHOINY-
HOCTHIO. BBISBICHHAS TEPHOJUYHOCTH CIIEKTpa MPHUCYIIa UMEHHO JIHUCKPETHBIM
cUTHajaM U 00ycIlIOBIIeHa, BOOOIE TOBOps, TeM (aKTOM, YTO CaMo MOHSITHE Yac-
TOTa ONpeJIeNieHa I JUCKPETHOTO CHTHAJIa HEOTHO3HAYHO. Tak, HalpuMmep, rap-
MOHHYECKUI cuTHAN ¢ dactotoit W+ 2p/D coBmagaer ¢ rapMOHHYECKUM CHUTHA-

JIOM C YaCTOTOM W.

Asin((w+2p/D)nD) = Asin(wnD + 2pnD/D) = Asin(wnD + 2pn) = Asin(wnD).
Ecnu HenpephIBHBIN CUTHAT MMEET BEPXHIOK TPAHHYHYIO 4acTOTy W, TO

CCTb COCPCAOTOYCH B ITOJOCE YaCTOT [‘ WB +WB]’ TO IIpHU €TO0 JUCKPCTHU3AlUU C

MHTEpBAJIOM AUCKpeTu3auuu D mepuoanyeckue MmMoOBTOpPHI €ro CHeKkTpa He OyayT
HaKJIabIBAThCSl APyl Ha JIpyra NpH BbimodHeHUH ycnoBus DE p/w, =1/ (2 f B).

CdhopmynrpoBaHHOE YCIOBHE HasbIBaeTcs yciosuem Komenvhuxosa (XoTs 3a py-
0eXOM ero yaiie CBA3bIBAIOT ¢ MMEeHeM HalikBucTa) M 00OBIYHO OMpeeNsieT 4acTo-
Ty IUCKPETU3AIMU HENPEPHIBHBIX CUTHAJIOB.

BbIuncanm crekTp 4acTo BCTPEYAIOIIEr0Cs NPAMOY20abHO20 CUTHANIA

11 npu - NEn£EN

X, =1
10 npu |n|>N
N [ N N N
X(W): a oy jwnD _ a e anD+a e jwnD _ 1= a ejwnD+a e jwnD _ 1=
n=-N n=- N n=0 n=0 n=0
1- ejw(N+1)D 1- e jw(N+1)D
C1- ¢ 1-g M 1=

1- ejW(N +1)D - e jwD + ejWND +1- € jw(N +1)D _ ejWD +e jwND

] b e)fe e )

6



_ 2- 2cos(w(N +1)D)- 2cos(wD)+ 2cos(wND)
- 2- 2cos(wD)

- W2N+2)D . wD . w(2N+1)D
_ - cos(W(N +1)D)+ cos(wND) 23|n 5 sin= :sm#

1- cos(wD) ZSinZV\;D sinV\;D

HTak, criekTp npsMOYTrOJIbHOTO CHTHAJIa HMEET BUJI:
X () = sin(w(N +1/2)D)
sin(wD/2)
10.5 dopma moxayns crektpa (1.3)
npu N =10 mnoxa3zana Ha puc.l.
3HayeHUEe CIEKTpa Ha 4YacToTe
W=0 JIEerKO MOJIy4YUTh, BHIYUCIISIS
COOTBETCTBYIOIIMNA Tpenen (PyHK-
un (3). HerpyaHo 3amMeTHTh, 4TO
BBIYMCJICHHBIN CIeKTp oOJagaer

NWM {\/\/\WN KaK CHMMETpPHEH, Tak U TMepHo-
JIMIHOCTBIO.

27 —T 0 T 2n  ®A Bripaxenue (2) moxxHo oOpa-
Puc.1. ®opma moayins crekrpa (3) mpu N =10. THTb, TO €CTb BHIPA3HTH OTCYETHI

(1.3)

x,, uepes crekrp X (w). Jlns storo nomuokmM 06e uacti paBenctsa (2) Ha €™
u pouHTerpupyem 1o mepuoxy |- p/D...p/D]:
p/D . p/D ¥ . . ¥ pD 2p
OXw)e""Paw= ¢ a x,e "M Pdw= g x, (‘y‘w(”¢’ "Dy = 5 e
_p/D _p/Dn:-¥ n=-¥ _p/D
[Ipu BBIBOJIC TOCIICAHErO BBIPAKEHHSI HCIOJIB30BAH TOT OOIIEU3BECTHBIH
p/D
~_. jw(n¢ n)D 2p
(akr, uro uHTerpan (g dw paBen o ecar N=N(, U HYJTIO B IPOTUBHOM
-p/D

ciydae. OKOHYATETbHO OTCYETHI JAMCKPETHOTO CUTHAja BBIPAXKAIOTCS Yepe3 €ro
CHEKTp CIETYIOUIUM 00pa3oM:
D PP .
Xy = QX (w)e"Pdw. (1.4)
p. p/D
[TpuOIU3UTENBHO CTOJIb XKE BAYKHOE 3HAYCHUE, KaK CHeKTp (Wim npeodpaso-
BaHue ®yphbe) st HEMPEPHIBHBIX CUTHAJIOB, JUISl TUCKPETHBIX CUTHAIOB HMEET TaK
HaszbIBaeMoe Z-npeobpazosarue. OHO ONPEACISIETCS CAETYIONUM 00pa3oM:

¥
Z[x]=X(2)= a xz", (15)
n=-¥

TO €CTh JUCKPETHOMY CUTHAIIY X CTABUTCSI B COOTBETCTBUE KOMIUICKCHAS (DYHKITUS
X (z) KOMILUIEKCHOTO aprymeHTa Z, NpeAcTaBisionias coOOW CTEMEeHHOW psij
[I.E.lllunos. Matematuueckuii ananus (GyHKIME OJHOTO HepeMeHHOro). — M.: Hayka, 1969,
c.238], K03pUIMECHTAMH KOTOPOrO SBISAIOTCS OTCYSTHI CUTHajga X. Z-

7



npeoOpa3oBaHuEe CUTHAIA X MOXKET OBITh OIPEICIICHO HE Ha BCEH KOMIUICKCHOU Z-
IUIOCKOCTH, Ta 00JIaCTh ITUIOCKOCTH, IJIE OHO OmpeneiaeHo, To ecth psaa (1.5) cxo-
JTUTCS, HA3bIBAETCS 001acmblo cXxooumocmu. PaccMOTpuM HECKOIBKO TTPHUMEPOB.

npu N =0;

. il
Ilpumep 1. Envununsiii curnan €: €, = |
10 npu nt 0.

Zle]=E(2)= gehz'n =2°=1.
n=-¥

Z-Hp606pa3OBaHI/I€ CANHUYHOTO CHUTHAJIa TOXIACCTBCHHO PAaBHO CAWHMUIIC, 00J1acTh CXO-
JUMOCTH — BCA Z-TIJIOCKOCTb.

Ilpumep 2. DxcnioneHIMaTLHO yOBIBAOIMI (MM HAPACTAIOIIMIT) CUTHAI:
i0 npu N<Q;

|

ia" npu n3 0.

Ero z-mpeoOpa3zoBaHne BEIYUCIUM KaK CyMMY F€OMETPHUYECKON IPOTPECCHU:
¥

¥ ¥
_ _ X8 -n_82 _.n_n_28 R L
Z[x]—X(z)—nixnz —goa z —eo(az ) ——1_ sy

HpI/IBGZ[GHHI)IG BBIYUCJICHHA CHIPABCJIMBBI TOJIBKO B TOM CJIy4ac, €CJIM 3HAMCHATCIIb IIPO-

XX, =

rpeccun az ' 10 abCONIOTHOMY 3HAYEHHUIO He TIPEBOCXO/IUT €IHHHUIIb, B IPOTUBHOM CITydae sl
(1.5) pacxomurcs, To ecth QyHKIUS X (Z) OIIpesieNIeHa TOJBKO IS Z, YAOBJIETBOPSIOLIUX YCIIO-

BHIO |2 >|a]. Takum 00pasoM, oGIaCTIO CXOAMMOCTH Z-IIPE0OPA3OBAHKs CHIHANA X SBISCTCS

9acTh KOMIUIEKCHOW Z-TDIOCKOCTH, SIBJISIFOIASICS. BHEIITHEH MO OTHOIIEHHUIO K OKPYKHOCTH C LIEH-
TpoM B Touke Z =0 u paauycom |aj :

Ilpumep 3. Tapmounyeckuii curnan
10 npu N<Q;
" _% Asin(WﬂD) npu n3 0.
JI1s BBIUMCIIEHHs Z-IPE0OPA30BAHMS MPEICTABMM CHHYC B BUJIE CyMMBI SKCIIOHEHT:
sin(wnD) = ("™ - & ®)/2j :

X X

¥ ¥ ¥ L.
Z[X] = X(z): é xnz‘“ :Aéaa glwD-n _ é e jwnDZ-ngz
n=-¥ 2] €n=0 n=0 [//]
_ﬁ@é ij-lﬂ_é’é -ij-lﬂgzﬁ'éE 1 i 1 9:
=gy ) -l ) e e ey
_A e sin(wD)
2j (1- ejWDz‘l)(l- e jWDz‘l) 1- 22" coswD) + 2*’

O06nacTh CXOIMMOCTH BBIYHCICHHOTO Z-TIPe0Opa3oBaHUs — |Z| >1.



IIpumep 4. Paccmotpum aGCTPaKTHBIM TAPMOHUYECKHI CUTHA
x: x, ="
KOTOPBI Ha3BaH aOCTPaKTHBIM, BO-TIEPBBIX, IOTOMY, YTO, B OTJIMYHE OT HPEABLIYIIHUX IIpUMe-
pOB, OH HE HauMHaeTcsd B MOMEHT BpeMeHu O, a mutcst «Bcerga», or N=-¥ 10 N=¥, U, Bo-
BTOPBIX, IPUHUMAET KOMIIJIEKCHBIE 3HAUCHHUS, YTO HA MPAKTUKE PEAIN30BAHO OBITH HE MOXKET.
Takue curHasbl, TeM HE MEHEe, UrPaloT OOJIBIIYI0 POJIb B MAaTEMAaTUUYECKOM aHAIM3€ AUCKPET-

HBIX CUCTEM, TIOCKOJIbKY BCE PEaIbHbIC CUTHAIBI MOXHO TPEJCTABUTh B BHJIC TMHCHHONH KOMOU-
HAIlMU PACCMAaTPHUBAEMbIX CUTHAJIOB. Tak, Hanmpumep,

sin(w,nD) = (g™ - & Mm)/2j
cos(w,nD) = (ejw"”D +g o )/2 , U T.JI.
Urak, HaiizieM Z-ipeoOpasoBanue abCTPAKTHOIO TapMOHMYECKOTO CHIHAJIA!

¥
. i o . a
ejWOHDZ n +a ejWOHDZ n _ 1:
¥ n=0

¥ 0
i - [o]

Z[x]= § e™™z" =
n=-¥ n=-

¥ ¥ ¥ ¥
o i o i R o i n o] i _1\n
- a e jWOHDZn +a ejWOHDZ n _ 1: a (e jWODZ) +a (ejWODZ 1) _ 1:
n=0 n=0 n=0 n=0
1 1
= . + -
1- € ™Pz  1- "zt
AHaJII/ISI/Ip}ISI MOCJICAHEC BBIPAKCHUEC, HCTPYIHO Y6€Z[I/ITI)C$I, 49TO OHO PAaBHO HYJIIO ITpaK-
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3a uckmodenreM Toukn Z = €| rie oHo oGpamaercst B 6eCKOHEUHOCTh. JTOT (hakT JaeT oc-
HOBaHUE 00BSIBUTH HCKOMOE Z-TipeoOpa3oBanue d-QpyHKIMEH:

Z[x: X, :ejWO“D] =d(z- e™®). (1.6)

Boo011e ToBopsI, 3TO HE COBCEM MPABUIIBHO, MOCKOJIBKY MONY4CHHYIO O-QYHKIIHIO MOX-

HO 0e3 KaKuX-JIM0O TOCIIEACTBUIl YMHOKUTh Ha JIIOOYI0 KOHCTAaHTYy. [ToMck TOYHOTO 3HAYECHUS

9TO¥ KOHCTAHTHI MPEACTABIISET COOOH IOCTATOYHO CIOKHYIO MAaTEMaTHIECKYIO 33/1a4y, [I03TOMY
B JlaJIbHEHIIIeM OyaeM HCIoJib30BaTh BhipaxkeHue (1.6) mub0 B mpeacTaBIeHHOM BHje, JHO0 ¢

-1=

-1=0,

HEOTIPEe/IC/ICHHOW KOHCTAHTOM! Z[X: X, = ejW"”D] = Cd(z- ejW"D).
PaccMoTpuM OCHOBHBIE CBOMCTBA Z-IPEOOPa30OBAHMS.
1) Kak 3T0 ciieayeT HEMOCPEACTBEHHO U3 OMPEJCICHUS U yKe ObUIO HC-
MOJIb30BaHO B MpUMepe 3, Z-nmpeodpa3oBaHue JIUHEHHO, TO €CTh
Z[ax + by] :Z[ax] +Z[by] :aZ[x] + bZ[y] :
2) Z-npeoOpa3oBaHue 3a/iep>KaHHOro curHaia. [lycTh curHan y mpeacTasiis-
€T coOOH 3aJepKaHHBIN HAa OJJUH OTCYET CUTHAJ X, TO €cTb Y, = X, ;. Torma

¥ ¥ ¥
9 - Q -1_-(n-1) _-1 8 -n -1 — 1
zZly]=Y(@)= & vz "= & %2 2" =2 d x,2" =X ()= 7'2Z[x], @.7)
n=-¥ n=-¥ n=-¥
TO €CTh Z-Hp606pa30BaHI/Ie 3aJICPKAHHOI'0O Ha OAVH OTCUCT CUTHAJIA ITOJIYy4dacCTCAa U3

Z-ipeoOpa30OBaHKs UCXOHOTO CHIHAA TyTeM YMHOXKEHHs ero Ha Z . Jlerko mo-



Ka3aTh, 4yTO 3a7epxkka Ha N OTCUETOB MPUBOIUT K YMHOKEHUIO Z-TIpeoOpa3oBaHus
Ha Z V.
3) Z-npeobOpa3oBaHKe CBEPTKU CUTHAIOB. PaccMOTpHM CBEPTKY TUCKPETHBIX

CUTHAJIOB.

¥
. o
XAy : a Xn¢yn-n¢’

ne=-¥
KOTOpas ABJIAETCS TUCTPUOYTUBHON ONEpaIleil, To eCTh He U3MEHSETCs pU nepe-
CTaHOBKe OHepaHIlOB'

a Xn¢yn n¢ a Xn n@ynﬂ: a Xn n@yndr a Xn n@yndr a Xn n¢yn¢ y A X.

ne=-¥ ne=-¥ n- n@¢=-¥ ne=-¥ ne=-¥
Boruncinum z-npeodbpa3oBaHue CBEPTKHU:

) s o s 3 3 3
Z[X A y] = a a Xn¢yn-n¢Z-n = a a Xnd:yn-nmz-n = a Xn¢ a yn-nttz-n =
n=-¥ n¢-¥ né-¥ n=-¥% ne=-¥ n=-¥
) ) (1.8)
a %2 "Y(2)=Y(2) & %z " =Y (2)X(z)=z[x]z[y]
ne=-¥ ne=-¥

Takum 00pa3zoM, Z-npeoOpa3oBaHUE CBEPTKU JABYX CUTHAJIOB MPEICTABIISACT
co0oli MpousBeieHNe Z-Mpeodpa30BaHU CUTHAJIOB, BXOISIIIINX B CBEPTKY.

4) CBs13b Z-ipeoOpa30BaHuUs CO CIIEKTPOM CHTHAJIA.
Crnektp auckperHoro curHaia (1.2) Jerko MokeT ObITh MOJYYEH U3 €ro Z-
npeoOpa3oBaHuUs:

XW)= & xe "= 1z =X, (1.9)

n=-¥ n=-¥ 7=gIWD
TO €CThb CIICKTP CUTHaJIa MPCACTABIACT c000#l 3HAYEHUSA €ro Z-Hp606pa30BaHI/I$I,

jwD
B3ATHIE B TOUKax Z=¢€'"", KOTOpBIE JIEXKAT HA OKPYKHOCTH €IMHUYHOIO pajnyca,

npuueM napamerp WD sBisieTcs MONSPHBIM YIIIOM TOYKH Ha OKpYy>KHOCTH. Cre-
JIAHHBIA BBIBOJ B OYEPEIHON pa3 CBUIETEIbCTBYET, YTO CHEKTP JTUCKPETHOIO CHUT-
Hasa 00s13aH OBITH EPHOIUIHBIM ¢ iepuogom 2p/D.

Ha sToM 3Tame paccyxJeHuil MoJIe3HO BHOBb OOpAaTUTHCA K MpUMEpYy 2 U
paccMOTpETh €ro ¢ HOBOW TOYKM 3peHus. llpu |aj <1 enuHHUYHAs OKPY>KHOCThH Jie-

KUT B 00JJACTH CXOAMMOCTH Z-IpeoOpa3oBaHusl U MOITOMY PyHKIus X (Z) omnpe-
JIeJIeHa B KaXKJ10H €€ TOUKe, TO €CTh ONPEAEINIEH U CIIEKTP UCXOJHOro curxana. Ec-
U Ke |aj >1, To enMHUYHAs OKPYXHOCTb JICKUT BHE OO0JIACTH CXOJIUMOCTH U

CIICKTp CHUIHaJIa HC ONPCACIICH, YTO JICTKO IMOHATL, ITOCKOJILKY B 3TOM ClIydac CaM
IIHCKpGTHBIfI CUT'HaJI HC SABJISACTCA OrpaHUYCHHBIM.
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Koumponvuule onpocul u 3adauu.

1. KakoBa MakcHMalibHasi IOTPEITHOCTD MPHU AUCKPETU3AIMN HEIPEPHIBHOT'O
CUTHaja, MpUHUMAaloIIero 3HaueHus B auamnazone (- 1), (+1) B, 12-paspsaHbim

ALTI?
2. HenpepblBHOI WM JUCKPETHOM (QyHKUMEW YacTOThI SIBISIETCS CHEKTP

auckpetHoro curHana (1.2)7?

3. Bbiuncnure MakCHMajabHO BO3MOXKHBIH HHTEPBAN JUCKPETHU3AIMH TPHU
JUCKPETU3alUU CUTHaja ¢ mosiocon yactot (20 Iy . 20 xkl'y).

4. BeruucnuTe CIEeKTp AUCKPETHOTO CHTHANA:
11 npu OENEN;

X. =
%O npu Nn<0, n>N.

n

5. Uccnenyiite, Kak pa3inyaroTCsl AUCKPETHBIE CIIEKTPBI OJJHOTO M TOTO K€
CUTHaJa, OTCYETHI KOTOPOIO B3STHI C pPa3HBIMU MHTEPBAJIAMU TUCKPETU3ALUU:

¥
& »
Xy(w)= g x(nD)e’ "™,
=-¥
N (1.2)
& ] -
X,(w)= g x(n" 2D)e " 2,
=-¥
6. Boruncnure z-npeobpa3oBaHue CUrHasia ¢ 4 OTIIMYHBIMHU OT HYJSl OTCUe-
Tamu: X, =1, X, =1, X, =05 X;=0,25. KakoBa 00nactb CXOAMMOCTH 3TOrO Z-
npeoOpa3oBaHus ?
7. Boruncnure z-npeoOpa3oBaHHUe CUTHANA!
10 npu N<0;
n—| 3
i Acos(wnD) npu n3 0.
CpaBHUTE NOJIyYEHHBIH pe3ynbTaT ¢ MPUMEpPOM 3.

X X

8. Bblunciure Zz-mpeoOpazoBaHME CHUTHala X,,, CUUTas H3BECTHBIM Z-
peoOpa3oBaHuE CUTHANA X .

9. Beruncnure z-npeoOpa3oBaHue CUTHANA!
il npu uemnwvix n,
X1 X, =]
1- 1 npu neuemmnwix N.
10. O6nanaer 11 CBOMCTBOM CUMMETPUHU CIEKTP JTUCKPETHOIO CUTHAJA, OT-
CYETHI KOTOPOTO MPUHUMAIOT KOMIUIEKCHBIE 3HAYCHHSI ?
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2. Hugppoevie hpunvmpor.

Hauynem Temepp paccMOTpeHHE CHCTEM, BBIMNOJHSIOMUX O0OpabOTKYy AHC-
KPETHBIX CUTHAJIOB. [10 aHAJIOTMU C HEMPEPBIBHBIMU CHCTEMAaMH HMX JIOTUYHO Ha-
3pIBaTh QriIbTpaMu. B HacTosIiee Bpems TAKKE CUCTEMbI IPUHATO HA3BIBATH YUp-
posvimu purempamu (digital filters). O6padoTka curHaia B caMoMm 0OIIEM CiIydae
MOJET OBITh BBIPAKCHA KaK HEKOTOPBIN aNTOPUTM, WIH 3aKOH, MO3BOJISIONIHNA 0
3aJJaHHOMY BXOJIHOMY CHTHAJTy X TOJYYHTh BBIXOJHOW CHTHAI Y. DTOT aJIrOPUTM
yI00OHO BBIPA3UTh COOTHOIICHUEM

y = Ex],

rje uepes € 0Gosnauen ornepaTrop, OTOOpaX AN TPOCTPAHCTBO JTUCKPETHBIX
CUTHAJIOB camMo Ha ce0sl ¥ MPUCYIIUN JaHHOMY KOHKPETHOMY LU(pPOBOMY (DUIIBT-
py.

bynem paccmatpuBath nanee sauHelinble GUIBTPHI, TO €CTh (DUIBTPHI, peaK-
1Sl KOTOPBIX (BBIXOJHOM CUTHAI) Ha CyMMY JIBYX BXOJHBIX MOXET OBITh Mpej-
CTaBJIeHa KaK CyMMa €ro peaklMil Ha OT/eNbHbIE COCTABIIAIONINE BXOJJHOIO CUTHA-

ja: If[aXl+bX2]:If{axl]+|§{bxz]=alf{xl]+blf{xz].

Kpome Toro, BelIETUM B OTAENIBbHYIO IPYIIY (UIBTPBI, peakuus KOTOPbIX
Ha CABUHYTHIM MO BPEMEHU CUTHAJI MIPEACTABISIET COOON CABUHYTYIO IO BPEMEHU
Ha TaKylo e BEJIMYMHY PEaKUui0 PUIbTpa HA HECABUHYTHIA CUTHAII:

Eciu X, =X U Iﬁ[x]:y,

mo  EX]=y 1y, .

Takue GunbTpbl Oy/eM Ha3bIBaTh UHEAPUAHMHBLIMU. |11 TUCKPETHBIX CHUT-
HAJIOB, OTCYETHl KOTOPBIX OTHOCATCS K pa3HbIM MOMEHTaM BPEMEHH, TpeOOBaHUE
MHBAPUAHTHOCTH SIBJISIETCS €CTECTBEHHBIM U HE TPEOYIOIIMM CIELHAIBHOIO IO-
CTYJUPOBaHUS. DTO CBSI3aHO C TEM (PAKTOM, YTO BpEMs, KaK MpPaBUIIO, HE UMEET
BBIJIEJIEHHON TOYKM oTcueTa. CylnieCcTBYIOT, OJTHAKO, TAKUE JUCKPETHBIE CUCTEMBI,
B KOTOPBIX TpeOOBaHME MHBAPUAHTHOCTHU JAJIEKO HE TaK €CTECTBEHHO. Takue cuc-
TE€MBI BCTPEYAOTCS, HAIPUMED, B CIIy4ae, €CJIM OTCYETHI JUCKPETHOIO CUTHANA OT-
HOCSITCSA HE K Pa3jIMYHbIM MOMEHTAM BPEMEHH, a K Pa3JINYHBIM TOYKaM MPOCTPaH-
CTBaA.

Janee ™Mbl Oynem paccMaTpuBaTh JMHEHHbIE WHBAPUAHTHBIE (DUIBTPHI.
NmenHo miist Takux (QUIBTPOB YIAAETCS MONYUYUTh Psii TOCTATOYHO MHTEPECHBIX
BBIBOJIOB, OKAa3bIBAIOIIMXCS BECbMA IMOJIE3HBIMHU NPU AHAJIN3E U CUHTE3E JUCKPET-
HBIX CUCTEM.

PaccMmoTpuM Bo3eiCTBYE HAa TMHEHHBIA MHBAPUAHTHBIN QUIBTP €IUHUYHO-
ro curHasia €. O603HauuM BBIXOAHOM cHUTrHaN (pUIbTpa MPU TAKOM BO3ACHCTBUU
kak h u OyneM Ha3bIBATh €TI0 UMNYIbCHOU XAPAKMEPUCMUKOIL.

e|=h.

JUist NMHEWHBIX HWHBAapUAHTHBIX (UIBTPOB HMMIYJbCHAs XapaKTepUCTUKA
MOJIHOCTBIO XapakTepu3yeT (puinbTp. UTOOBI MOKa3aTh 3TO, MPEICTABUM MPOU3-
BOJIbHBIN BXOJIHOW CUTHAJ KaK €ro CBepTKY ¢ CAMUM COOOM:
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i} $ S
X=XAe: Xn = aen¢xn-n¢: aen-n¢xn¢'

ne=- ¥ ne=-¥
B mocnenHemM BBIpaKEHUH BEIHYHHBI X, SBIAIOTCS MPOCTO yuciamu (He
CUTHAJIAMH), TOJTOMY BO3JICHCTBUE JIMHCHHOTO WHBAPUAHTHOTO IH(POBOTO
(GuIbTpa Ha BXOJHOW CUTHAJI MOXET OBITh 3aIMCAHO CIEAYIOIUM 00pa3oM:

¥
If{X]:y : yn = a hn-n¢Xn¢1

né=- ¥
TO €CTh BBIXOJIHOM CHTHaj JIMHEWHOI'0 MHBAPUAHTHOTO (UIIBTPA MOXKET OBITH BbI-
pakeH KaK CBEpTKA BXOJHOI0 CUTHAJIa U UMITYJIbCHON XapaKTePUCTUKH:
y =lfx]=xAh. (2.1)

Peanbubie mudpoBbie GrIbTPHI, 00padaThIBAIOIINE BPEMEHHbIE TUCKPETHBIC
CUTHAJIbI, JOJKHBI OTBEYATh MPHUHIMIY NPUYUHHOCTH, 3alPEIAIONIEMY BbIXOIHO-
My CUTHaJy HIPUHMMATh OTJIMYHBIE OT HYJS 3HAYEHUs 10 MPUXO0/a NEPBOTr0 HEHY-
JIEBOTO OTCYETa BXOAHOro curtaia. Takue ¢punabTpbl OyieM Ha3bIBaTh KAy3a1bHbl-
Mu QUIBTpAMHU, UX UMIYJbCHAs XapaKTEPUCTUKA JOJIKHA MOJAUYMHATHCS TpeOoBa-
HUIO!

h,=0 npu n<O0. (2.2)

OtmeTuM, 4TO TpeOOBaHHME Kay3aJbHOCTH, CTOJb E€CTECTBEHHOE ISl Bpe-
MEHHbIX (DUIIBTPOB, COBEPIIEHHO HE UMEET MECTO, HapUMep, IPU PACCMOTPEHUNU
JUCKPETHBIX CUTHAJIOB, OMUCHIBAIOLIMX MPOCTPAHCTBEHHBIE PpACIpPEACIICHUs Ka-
KOW-TM00 BEJIMYHUHBI.

Bocnonb3zyemcss  Tenmepb  OOHUM M3  PacCMOTPEHHBIX  CBOWCTB  Z-
npeoOpa3oBaHus U BBITOJIHAM Z-TIpeoOpa3oBaHue o0enx yacTei paBeHcTBa (2.1):

Zly]=Y (2)=z[x Ah]=Z[x]z[h] = X (2)H(=2).

Takum 00pa3om, z-mpeoOpa3oBaHUE BBIXOJHOIO CUTHaIA (DUIBTPA MOXET
OBITh MOJYYEHO U3 Z-MPeoOpa30BaHUs BXOAHOTO CUTHAJIA IyTEM JOMHOXEHHS €ro
Ha (PYHKIHIO H(z), KOTOpasi HOCUT Ha3BaHUE NepeoamouHdss XapaKmepucmuxda
uupposoro ¢uibtpa. [lo onpeaenenuto, nepefaTouyHas XapakTepUCTHUKA paBHA Z-
npeoOpa3oBaHUI0 UMITYJIBCHON XapakTepucTuku. [loguepkaem, 4yTo nepeaaTouHon
XapaKTepUCTUKON 00J1aJal0T TOJIBKO JINHEWHbIE UHBAPUAHTHBIE (PUIIBTPHI.

[Ipy paccMOTpeHUM HENPEPBIBHBIX CUTHAJIOB U HENPEPBIBHBIX (UIBTPOB
BAXKHYIO POJIb UTPAET YaCMOMHAs XApaKmepucmuKa, onpeaensieMas Kak OTHOIIe-
HUE AMIUIUTY/ BXOJHOTIO M BBIXOJIHOI'O CUTHAJIOB (pUIIbTpa MpU BO3JAEHCTBUU Ha
HEro rapMOHUYECKUM CHUTHAJIOM ONpENeNeHHON 4acToThl. Onpeaenum nogoOHbIM
e 00pa3oM YaCTOTHYIO XapaKTepUCTHKY LudpoBoro ¢punbtpa. [logagum Ha Bxoq
JMHEHHOr0 WHBAPUAHTHOTO (UIBTPA AOCTPAKTHBIM TapMOHUYECKUN CHUTHAI

Xy = Aeo"®  Brixommoit curman (bunbTpa JErKo BEIYUCIUTD!
X (2)= Ad(z- e™®);
Y, = AH (ejWOD) ejWOnD,
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U OH TaKXKe€ SBJISICTCS TaAPMOHUYECKUM CUTHAJIOM, IIPUYEM OTHOILICHUE aMIUIUTY]
BBIXOZHOI'O U BXOJHOT'O CUTHAJIA ONPEAEISETCs 3HAYCHUEM [E€peaaTOYHON Xapak-
TEPUCTUKU (PUIIbTPA B TOUKE €AUHUYHON OKPYKHOCTH, COOTBETCTBYIOILIEH YaCTOTE
BXOJHOI'0 curHaia. Mrak, yactoTHas XapaKTEpUCTUKA JUHENHOIO NMHBAPUAHTHOIO
uudpoBoro GpuIbTpa paBHa 3HAYEHUIO MEPEJATOUYHON XapaKTEPUCTUKU PUIbTPA B
COOTBETCTBYIOILEH TOYKE:!

H (w)=H (Z)|z:eiwD .
OrpezeneHHas: TakuM o0pa3oM YacTOTHAsI XapaKTePHCTHKA COBIALACT CO

CIIEKTPOM UMITYJIbCHOM XapaKTEPUCTUKH, KAK 3TO U UMEET MECTO B CIIydae Herpe-
PBIBHBIX CUCTEM

¥
HW)=H(z) _ w0 = A N2 " =

n=-¥ z=gIW0D  n=-

PaccmoTpuM B KkauecTBe mpumepa HU(POBOM (GUIBTP, OCYLIECTBISIOMINMA
yuciaeHHoe Ju((epeHIMpOBaHNE BXOAHOIO CUTHAIA U PabOTAIOMUN MO CIEAYIO-
HIEMY aJITOpPUTMY: Y, = (Xn - Xn_l)/D. Jlist BbIUMCIIEHUSI TIEPEIATOYHON XapakTe-

¥
o .
- jwonD
h.e :
¥

PUCTUKHU (PUIIbTpa BBIMOJIHUM Z-TIpe0o0pa30BaHKE MOCIEAHEr0 paBEeHCTRA!

Y(2)=X(@)- 2 x@)p=x @2,

OTKYJa:

-1
H(Z):Y(Z) :1- V4 .
X(z) D
3Has MepelaTOYHYI0 XapaKTEPUCTHUKY, HAMJEM YaCTOTHYIO XapaKTEPUCTHUKY:
1- ¢ P
HW)=H (@) gm0 == —

UCIIOJIB3YS. KOTOPYIO, MOKHO 110 popmyie (1.4) BEIYUCIUTH OTCUSTHI UMITYILCHOM
XapaKTEPUCTUKHU:

p/D P/D 4 - jwD
:2 d‘|(W)dW:£ Ole—dwzl,
2p_p/D 2p_p/D D D
p/D . PO _jwD _

:E d{(w)elWDszE (‘)e—ldwz-l;
p/D . P/D 2jwD _ LjwD
hZ:R d{(w)eleDszE (‘)udwzo,

2p-|O/D 2p'P/D D
h, =0; h, =0;

Takum 00pa3oM, TOJBKO JBa OTCUETa UMMYJIbCHOW XapaKTEPUCTHUKHU pac-
cMaTpUBaeMoro (GUIbTpa OTIIMYHBI OT HYJISl. DTOT ke Pe3yJIbTaT MOKHO ObLIO MO-
JY4YUTh, TPOAHATU3UPOBAB PEAKLINIO PUIBTPA HA €IUHUYHBIA CUTHAI:

(e - en-l).

hn =2n i/
D
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hoz(eo' e'l):l; hlz(el' eo):_l; hzz(%- el):O; h3:O; h4:O;
D D D D D

PaccMoTpuM Temeph Kay3albHbIA JIMHEWHBIA HHBApUAHTHBIA IUGPPOBOM
¢bunbTp. s Hero mepegaToyHas XapaKTEPUCTHKA 3alMLIETCS HECKOJIBbKO Oosee

MPOCTHIM 00pa3oM:

¥ ¥
H(z)=z[h]= g hz"=a hz". (23)

=-¥ n=0
[Tockonbky BeipaxkeHue (2.3) siBisieTcs CTEHCHHHIM psiioM [I.E.Iunos. Ma-
TeMaTHueckuii ananus (QyHKIMM oJHOTO TepeMenHoro). — M.: Hayka, 1969, ¢.239], cymiecT-
BYET HEKUil paauyc ero cxoaumocTu R, mpu atom psiz (2.3) cxoauTes BO BCeX TOY-

KaX Z-IJIOCKOCTH, I KOTOPBIX |Z‘ >R, u pacxoauTcs BO BCEX TOYKAX C |Z‘ <R.

MOHO, MO3TOMY, YTBEPXKAATh, UTO, €CJIA MEPEAATOYHAS XAPAKTEPUCTUKA HE OII-
penesneHa B KakoW-1u0o TOUKEe Z = P, OHa HE OMpeJielieHa TaKXKe BO BCEX TOUKAX

Z<[p.

Ilpumep 5. Tycts uudpoBoii GUILTP UMEET UMITYIIBCHYIO XaPAKTEPUCTHKY
npu N3 0
i 0 npu n<O0.

[TocnenHee BrIpakeHHUE HE OIMPENEICHO B TOUKe Z =a . M3 3Toro ciemyer, 4To mepesa-
TOYHAA XapaKTCPUCTHKA HC OMPCACIICHA TAKKEC BO BCCX TOYKAX |Z' < |a.| , KaK 9TO YK€ OTMCYaJIOCh
B mpumepe 2. [Ipu Bo3aelcTBUN Ha QMIBTP MPOU3BOJIBHBIM CUTHAJIOM X Z-TIpeoOpa3oBaHUE BbI-
XOJHOTO curHaima Y (Z) Tak)Ke He OyJIeT OmpeIesieHO B TOYKaX |Z| < |aj Ecmu |aj >1, T0Y (Z) HE
OyZeT ompeseNieHo U Ha eUHUYHON OKPYXHOCTH, CII€JI0BATEIHHO, BBIXOJHOM CUTHAI HE OyJeT
HUMCTH CIICKTpa U HC 6YZ[€T OTpaHNUYCHHBIM.

bynem nHaszbiBaTh ycmotiuusvivu uuPpoBbIMU GUIBTPAMHU Takue (DUIBTPHI,
BBIXOJHOW CHUTHAJ KOTOPBIX MPU O'PaHUYEHHOM BXOJHOM CHUTHAJIE€ TAK)KE SIBIISET-
csl orpaHu4YeHHbIM. [10CKOJIbKY MpH MEPEeMHOKEHUHU JIBYX Z-TIpeoOpa3oBaHUil 00-
JACTh CXOJUMOCTH MOXET TOJIbKO YMEHBIIAThCs, HETPYJAHO MOKa3aTh, YTO HEOO-
XOAUMBIM M JIOCTATOYHBIM YCIIOBUEM YCTOMYMBOCTHU sBisieTcsl TpeOoBanue R <1,
rae R — paanyc cxoquMoCTH nepeaTouHOl XapaKTePUCTUKUA HUPPOBOTO (HUIIBT-
pa.

PaccmoTpensslii B puMepe S UudpoBoil QUIBTP SIBISIETCS YCTOMYHMBBIM
npu |aj <1 u HEeYyCTONYMBBIM B MPOTUBHOM CIIyYae.

HanmoMHuM, 49TO TONyd4eHHBIE PE3yabTaThl KACAIOTCS TOJNBKO Kay3adbHBIX
1U(poBBIX QUIBTPOB U MPUMEHEHUE UX K HEKAay3aJbHbIM (UIbTpaM TpeOyeT oc-
MOTPHUTEIHHOCTH.

Kak nns mpeobpazoBanus dypbe cymiecTByer oOpaTHOE IpeoOpa3oBaHue,
TaK ero UMeeT U Z-peodpa3oBaHUe:!

X, =X (2) 2" 'dz, (2.4)
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r71€ KOHTYp MHTETPUPOBAHUSA JEXKHUT B 00JIACTH CXOJMMOCTH M OXBATHIBAET TOUYKY
2=0.

Ha npaktuke npumenenue (opmyinsl (2.4) mpuBOIUT K TPOMO3IKHAM BBI-
knagkaM. Kak npaBuiio, BBIYMCINTh 00paTHOE Z-MpeoOpa3oBaHre OOBIYHO YAAeTCs
0oJiee MPOCTHIMU CITOCOOAMMU.

Ilpumep 6. Beruucanum peaknuo nudpoBoro GUIbTpa ¢ Kay3albHOM MMITYICHOM Xa-
paktepucrukoii h, =a"sin(w,nD) ma rapmomnmdeckuii cursan X, =b", HaunHAOUIHMIACS B MO-
MeHT Bpemenu 0.

ITocKOJIBKY UMITYJIBCHYIO XapaKTEPUCTUKY MOKHO IIPEJICTaBUTh B BUJIE!

ejWo”D - e jwonD 1 o\ 1 ok
“ (ee™e) - 5 e ),

hy=a" ————— = e
2) 2] 2)
JIETKO HAWTH MepeaTOYHYI0 XapaKTepUCTHKY (puiabTpa:
1é 1 1 u
Hlz)=— : - . .
2 2j8l- ae"P’z' 1- ae™°z'H

3Hasl mepeaTOYHYI0 XapaKTePUCTUKY U Z-TIPeoOpa30BaHNUEe BXOTHOTO CUTHAIA!

1
X(z)=———,
< 1- bz*
Haiizem Z-npeoOpazoBaHKe BBIXOIHOTO CUTHANA (QHIIBTPA:
1¢é 1 1 u 1
Ylz)=H(z)X(z)=— , - . " =

( ) ( ) ( ) 2J 81_ aeJWODZ-l 1- ae JWODZ-1H1_ bz-l
_1¢ 1 1 1 1 u

2j 8- ae"Pz'1- bz' 1- ae ™zt 1- bz'H
[Tonp3ysich CTaHMAPTHOW METOJNWKOMW, TMPEJCTaBHM IPOU3BEACHHE IPOOCiH B BHIE WX
CYMMBI:

ypeléae® 1 b 1
2j &P - b1- ae™Pz! ae™P- b1- bz’

ag’ "P 1 L b 1 U
ae P - b1- ag Pz ae ™P. bh1- bzly
Kaxoe ciaraeMoe B MOJy4EHHOM BHLIPOKEHUM IPEICTABISET cOOO0M Z-peobpasoBaHue

MOKa3aTeIbHON IMOCICIOBATEIBHOCTH K3 MpHUMepa 5, MO3TOMY BBIOJHUTH OOpaTHOE Z-
peoOpa3oBaHKe OYEHbB JIETKO:

7 i D - D ~
— i ? aeJWO anejWOHD _ b n_ ae Mo ne- jwonD b nljl_
Yo =57 & oD _ WD _ D u=
2] gae b ae b ae b ae b §
1 é aaejwo(nu)D e jwo (n+1)D o) & 1 1 OU
= Y e ™ WD _ " e 1D bi+ bn+lg WD _ 1y T D b‘:l:I:
la ae - ae -Dg ae - ae - bey

_asin(w,D)(a"* +b*)- a™hsin(w,(n +1)D)
a® - 2abcos(w,D) + b?
[TonyueHnHoe BwIpaxkeHue crpaseuiBo Tojbko npu N3 0. IIpu n <0, kak 310 ciaeayer
U3 IpuMepa 5, OTCYCTBI BBIXOAHOTO CUTHAJIa JOJIPKHBI UMETh HYJICBOC 3HAYCHUC.
Taxkum 06pa30M, IMyTEM HE€ OYCHb CJIOKHBIX BBIKJIIAJOK HaM YyAaJlOCh IMOJYYHUTH TOYHBINA
BH/J] BBIXOAHOI'O CUTHAJIa pacCMaTpuBacMoro (1)I/IJIBTpa. HHTGpGCHO OTMETHUTDB, YTO, HCCMOTPA HA
00MIIe KOMIUIEKCHO3ZHAYHBIX MPOMCKYTOYHBIX PE3YJIbTATOB, BBIXOZ[HOﬁ CHUI'HaJI OKa3bIBACTCA

YHUCTO JCHCTBUTEIBHBIM, KAaKUM OH, COOCTBEHHO, U JIOJDKEH OBITH NMPHU JACHCTBUTEIHLHOM BXOJ-
HOM CUTHAJIE U JE€HCTBUTEIBHON UMITYJIbCHON XapaKTEPUCTHKE.
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Koumponvuule onpocul u 3adauu.

1. Yemy paBHa UMIYJIbCHAs XapaKTepHUCTHKA LUPPoBOro (uiabTpa, 3aaep-
’KMBarolero BxoqHou curnan Ha N orcuetoB: Y, =X, \ 7 O0nagaer 11 oHa CBOM-

CTBaAMH MHBAPUAHTHOCTH U Kay3aJIBHOCTI/I?

2. Moxet nu uudpoBoit GunbTp 001a7aTh CUMMETPUYHON UMITYJILCHOM Xa-
pakrepuctukoii: h , =h, ?

3. Hailimure UMNOyJIbCHYIO  XapakTePUCTUKY LUPPOBOro  QuiabTpa
Yn :(Xn - 2Xn-l' Xn-2)/D2'

o 2 o
4. Haiinute peakuuto puibrpa Y, = (Xn + X,,. 1) Ha €IMHUYHBINA CUTHAIL. SIB-
JSI€TCS JIM 3Ta peaklys UMIYJIbCHON XapaKTepUCTUKOMN ?

5. Haiinure MIyJIbCHYIO XapakTepUuCTHKY L poBoro ¢puibtpa Yy, = X, /N,

6. Bo3moxkeH 1 1uppoBOod (QUIBTP C NEPEIATOYHON XapaKTEPUCTHUKOU
H(z)=1+Z+722?

/. Haiiiure MMIYyJbCHYIO XapaKTEPUCTUKY LHUPPOBOro GpuibTpa ¢ nepena-

y 3 z*
TouHo# Xxapaktepuctukoii H(z)= — -
1+2z
8. SBnsiercss nu ycTOMUMBBIM LHU(PPOBON QUIBTP C MEpEeIATOYHON XapaKTe-
2
. z
puctukoit H(z)= — "7
1+2z

9. JIBa mmdpoBbIx (GUIBTPA C Kay3aJbHBIMU MUMIYJIbCHBIMH XapaKTEPUCTH-
KaMu hr(ll) =a" u hr(lz) =b" coenuHAOTCS MOCIENOBATENLHO — BBIXO IEPBOTO MOJI-

KJIFOYaeTCs KO BXOJy BToporo. Halianure MIynbCHYIO XapaKTEpUCTUKY MOJTYUYHB-
merocst uupoBoro GuiIbTpa.

10. Bo3morken nu nupoBoit GuiibTp ¢ 00JacThI0 cXoauMocT Ry < \Zl <R,?
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3. Hudghposwvie hunvmput ¢ cocpedomouennvimu napamempamu.

PaccMOTpUM OTIEIBHBIE 3JIEMEHTHI, SIBISIOMIMECS <CTPOUTENbHBIM Ha0o-
POM> ISl MOCTPOEHHUSI IUPPOBBIX PUIBTPOB.

1. CymmaTop — ycTpoiicTBo ¢ aByms (mmm 6o-  x

Jee) BXOJaMHU U OJHHMM BbIXOJO0M. BBIXOMHOM cUTHA . (x“) 1 x@
) - n n
IPEICTABJIAET COOOM CyMMY JBYX BXOIHBIX: x5 &
y =x®+x@

Cymmarop sBHsieTCS JMHEWHBIM  YCTPOWCTBOM, IOCKOJIBKY eciiu

y O = x4 @ @) =y @y @)
y =alx® +x@)+b(x @ +x®)=ay® + by @),

Tax e 0e3 Kakux-1100 3aTPyIHEHUH MOXHO MOKa3aTh, YTO CyMMATOp SIB-

JIE€TCSL UHBAPUAHTHON CUCTEMOM.

2. YMHOXUTENb Ha K03 duureHT. Beixoanoi cur-
HaJ IpeJICTaBIseT cOO0M BXOAHOW, YMHOKEHHBI Ha He- X, | a 71 = ax,
KOTOPBIH, KaK MPABUJIO, 1EUCTBUTENbHBIN, KO3PPULIUEHT:
y =ax .
YMHOXUTENb TaKXe SABIACTCS JIUHEWHBIM HMHBAPUAHTHBIM YCTPOHCTBOM.
Ero nepenaroyHas xapakTEepUCTHUKA ONPEAEIICHA Ha BCEN Z-IUIOCKOCTU U paBHA KO-
s Punuenty a: H (Z) =a.

3. DnemeHT 3aJepKKu. BbIXOHHOW curHanm mpen-
. ~ L . — Z —
CTaBJISIET COOOM BXOAHOM, 3a/iepKaHHBIA HA OJUH OTCYET: X, Y= Xn_1

Yo = Xh-1-

Takolt sneMeHT, KOHEYHO, IUHEEH U MHBapuaHTeH. Kak yxe ObUIo mokasa-

HO, €ro NepeaaToyHasl XapaKTepucTHKa paBHA BhIpakeHHio: H (z) =z'u ompee-
JIeHa Be3le, 3a ucKirroueHnueM Toukn 2=0.

PaccmoTpeHHbIe 37IeMEHTHI SBISIFOTCS TUHEHHBIMU, HHBAPUAHTHBIMU M Kay-
3anbHbIMU. [lo3TOMY 3THUMU k€ KauecTBaMM Oyner oOnaaaTh ar00as ux KOMOMHa-
U, TO €CTh TaKO€ COEJMHEHHE, MPHU KOTOPOM BBIXOJABI OJHUX DJIEMEHTOB MOJ-
KITIOYAIOTCS KO BXO/aM JIPYTHX.

Bynem Ha3piBaTh YCTPOWCTBO, MPEICTaBIsAOIIee COOONH KOMOMHALMIO KO-
HEYHOTO YHCJIa SJIEMEHTOB PACCMOTPEHHBIX TPEX THUIIOB, YUDPOBLIM DuUibmMpom ¢
cocpedomouenHviMuy napamempamu. PaccMOTpuM BOIpoc 0 MepeaTOuHON Xapak-
TEPUCTUKE QPUIBTPA C COCPETOTOYCHHBIMU MapaMeTpaMu C OJJHUM BXOJIOM X U OJI-

HHUM BBIXOJOM VY. O0603HaUNM BBIXOAHBIC CHIHAJIbI 3JICMCHTOB 3aJICPKKH, BXOI-
omuX B COCTaB (pnnmpa, CHMBOJIaMHU q(k) Tak kak Ha BXO4 3THUX JJICMCHTOB 3a-
(k)

ACPKKHN MOXKCET IIOCTYIIAaTh TOJBKO JIMHEWHAas KOM6I/IHaHI/I$[ APYyrux CUrHajaioB g
1, BOBMOXHO, BXOAHOT'O CUrHajia X, MOKHO 3alliCaThb.

K
q¥ = A a ™ +bX,., k=1..,N. (3.1)

m=1
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BrixonHoi curHan GuibTpa, KOHEYHO, TaKKe OYyJIeT ONpeaensiThCs JTUHEH-
HOU KOMOWHAIIMEN ITHUX K€ CUTHAJIOB:

K
= & 8™ +byX, . (3.1a)

m=1
B N-HbIII MOMEHT BpEMEHHU COCTOSIHUE (PUIIbTPA MOJHOCTHIO ONpPEAEIISIEeTCS

Ha0OpOM MapameTpoB qr(ll),..., r(]K), TO €CTh BEKTOpOM B K-MEpHOM IPOCTpPaHCTRBE.
[To sTo¥t mpuunHe pa3zdupaemblii METOJT aHaIK3a HUPPOBBIX GUIBTPOB C COCPEO-
TOYEHHBIMU TapamMeTpaMH OOBIYHO HA3bIBACTCS MemoooM NpOCMPAHCMEd Co-
CMOAHUI.

BrimoaHum z-npeobpaszosanue Beipakenui (3.1) u (3.1a):

QW(z)= éK_ a8z QM (2)+b X (2), k=1..,N; (3.2)
Y (2)= 8 2.0 (2)+hX (2). (3.20)

[Tonyuennoe BbipaxkeHue (3.2) MOKHO paccMaTpUBaTh KaK CUCTEMY JIMHEH-

HBIX YPaBHEHUN OTHOCUTENBHO HEU3BECTHBIX Q(k)(z):

ozt 0 42 Qe 0+ s, <obrx
JIfazlz_lQl (az,zz_l' 1)Q( +a,37 QW - T8y KZ_IQ(K) =-b,7 X
| 83,2 Q! +a3,22']Q(2) +(a3,32 1)Q +a3,KZ-]Q(K) =-bz'X . (33

TaKlz]Ql +aKzz]Q2 +aKsz]Q +, +(aKKz 1)Q(K):-sz'1X
Onpenenurens cuctemsl (3.3) sBIseTCS MOJTUHOMOM CTeNeHH He MeHbIe K

aprymeHra z* B z'), a ee obuyee pelIeHne UMEET BUI!
R(z*
Q(")(z):k()x(z), k=1..K, (3.4)
R (Z_ 1)

rae B (Z' 1) — TaKoKe TIOJIMHOM apryMeHTa Z - crenenu He Menbine K. ITonydenHoe

pemienne (3.4) TO3BOJISIET BBINUCATH NAPYUATIbHBIE NEPeOamouHble XapaKmepu-
cmuxu QuiIbTpa:

k=1..K, (3.5)

U HaWTH Z-ipeoOpa3oBaHUE BBIXOJHOrO cHrHana (GuiabTpa (MCIONb3ys COOTHOIIE-
Hue (3.2a)):

(=& 20U x o= B XX
- P>Ez(zl)) gnéilao mFk (Z 1)"' boPo(Z 1)%2 X(2) Egi; ’
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rze creneHs nonuHoma R, (Z' 1), OTSITh-TaKH, HE MpeBoCcXOoauT K.

[TonyueHHBIN pe3yabTaT MO3BOJAET CHOPMYIUPOBATH BAXKHOE 3aKIIOUCHUE!
[lepenaroynas xapakTepucTuka HUGPOBOro GpuiibTpa ¢ COCPEIOTOUEHHBIMH Mapa-
METpaMH MPEJCTABISAET COOOI OTHOIIEHUE IBYX MOJIMHOMOB (BOOOIIE TOBOpA,
Pa3HBIX CTEIeHeil) aprymenTa z '

H(Z)=;(é)) :((Zzll)) , (3.6)

TO €CTh SBIACTCS APOOHO-PAMOHAIBHON (QyHKIMEH aprymenTa Z .
Kaxiplit U3 moJIMHOMOB, BXOASIIUX B BbipaxkeHue (3.6), umeer coOCTBEH-
HBI HA0OP KOpHEN U COOTBETCTBYIOIIMM eMy HAaOOp KO3 (HUIIMEHTOB:

S | B | 1 1
-zt )zt - 7))
H(z)=C L 2 N
-1 -1\(,-1 -1 -1 -1
(Z - B )(Z - P2 )(Z - pM)
_agtazt+a,zi+.+a, 2z MY va 2N
- -1 -2 -(m-1) -M
1+b,z " +b,z°+...+b_,Z +by z
MpUYEM CJIEAYEeT OTMETUTh, YTO, €CJIH KOA(DPUIIUEHTHI YMHOXKUTENEH, BXOSAIINX B
cocTaB (uiIbTpa C COCPEIOTOUCHHBIMU MapaMeTPaMu, SBISIIOTCS YUCTO JECUCTBU-
TETBHBIMHU, TO TAKXKE YHUCTO JIEUCTBUTEIBLHBIMU SIBISIOTCS KOIDUITMEHTHI 000UX
MOJIMHOMOB, U, CJI€J0BATEIbHO, UX KOPHU JMOO YUCTO JAEHCTBUTENBHBI, JTUOO 00-
Pa3yIOT KOMILIEKCHO COTPSKEHHBIC Maphbl.

JIerko 3aMeTuTh, 4TO NPHU PABEHCTBE apryMeHTa Z OJJHOMY M3 KOpHEH 4Mc-
JHTENS TepeJaTouyHol XapakTepucTuku (3.7) Z=2Zz, cama XapaKTepHCTHKA IPH-

(3.7)

HUMACT HYJICBOC 3HAUCHHC. IIo »Ton IMPUYINHC BCINYHHBI Zk IMPHUHATO HAa3bIBATH

HYAAMU TIEPENATOYHON XapaKTEPUCTUKH. AHAJIOTMYHO, IIPU PABEHCTBE apryMEHTa
Z OIHOMY W3 KOpHEH 3HaMEHATels XapaKTepUCTUKH Z= P, HYJICBOEC 3HAYCHHE

NPUHUMAET 3HAMEHATeb, & caMa IepeJaTovyHas XapaKTepucTuka oOpamiaercs B
OECKOHEYHOCTh. BenuuuHel P, MOITOMY Ha3bIBAKOTCS noalOCamu TEPEAATOUHON

xapaktepucTuku punbrpa. Koadduumentsl nepegarounoit xapakrepuctuku (3.7)
JIETKO BBIPA3UTh YEepe3 €€ HYJIHU U IMOJIOCHI, UCTIONb3Ysl CUMMETPUYECKUE MOJIUHO-
MbI [I.KopH, T.Kopn. CripaBounuk no marematuke. — M.: Hayka, 1968, c¢.38]. Tak, Hamnpu-
Mep, 1 K =5 31 k03 duimeHTsl BeIpaxaroTcs CIeayImUM 00pa3oMm:

2=-24'422%;
8,222,/ +2'2,2,/% ' +2'2,2,% +3','3'% +3'2,2'7;
CPEER A Ar SR S Ny SR S Ay SR e Ay AR A Ay S

_ Zilzélzél_ Zilzélzl-ll_ Zilzélzél_ Zl-lzélzl-ll_ Zl-lzélzél;
;72,2 425+ 57, 55 7+

+ZélZél + Zl_lzél + 21-124-11 + Zilzél + zl'lzél;

— -1 -1 -1 -1 -1
a4—'zl'22'23'24'25.
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OOpatHas 3a7ja4a — BBIYMCICHHE KOPHEW MOJIMHOMA MO €ro K03 duireHTam
— HECPAaBHEHHO CJIOXHee U obmiero peumeHus He umeeT. Kak Oyner mokazaHo B
JanbHeHIeM, 3TOT (PaKT CHIIBHO YCIIOXHSET UCCIe0BaHNE HU(PPOBBIX PUIBTPOB
HA YCTOMYUBOCTb.

Ilpumep 7. Cxema uudgposoro ¢punbtpa, pabora KOTOPOTO ONPENENSETCS yPABHEHUEM
Y, = X, s - X, IpuBeeHa Ha puc.2a. Ero nepenaTo4ynas XapakTepHCTHKa UMEET B

Y(2) _ z°X(2)- X(2) _ s
= = = -1
T e
ee HYJIHM JIeTKO HAWTH u3 ypaBHeHus 2 > =1:
z =1
z, = ej2p/5; z, = e j2p/5;

— @l4p/5. — o i4p/5
z, =e"®; z, =",
Bce Hynmu nepegatoyHON XapakTEPUCTHKHU JIEKAT HA €AMHUYHOW OKPYKHOCTH, MX B3a-
MMHOE PacroJioKeHHe TIOKa3aHo Ha puc.20.
X, Im

—o Z—l L Z—l

J
zZ — z / XRG
| )

Puc.2. Cxema (a) u pacrosioxxeHue HyJIeH mepeaTouHol XapakTepucTHkH (0)
udposoro ¢pmisTpa Y, = X, ..
Kak yxe oTMeuanoch paHee, €CiM IepeaaTouHas XapaKTepPUCTHKA Kay3ailb-
HOTO HU(PPOBOro (pUIbTpa He ONpeIeNieHa B KAKOW-TM00 TOUKE Z-INIOCKOCTHU Z,, TO
OHa HC OIIPCACJICHA TAaKXKXC M BO BCCX TOYKaAX, YAOBJICTBOPAIOIIMUX YCIOBHIO
|Z‘ < |ZO| . W3 aToro cmemayer, 4To TepemaTodyHas XapaKTEPUCTHKA Kay3aJdbHOTO

¢unapTpa ¢ cocpenoToueHHBIME MapameTpamu (3.7) He ompejeneHa BHYTPH OK-
pyxHocTH |Z <R, rae R — MakcuManbHOe abCOMIOTHOE 3HAYCHNE TOMI0Ca Iepe/a-

tTouHoO¥ Xapakrepuctuku (3.7). [ToaToMy 1udpoBoii Kay3albHbIH GUIBTP C cocpe-
JOTOYCHHBIMU TapamMeTpaMu OYIeT SBISATbCS YCTOWYUBBIM TOIJA W TOJBKO
Ororpma, eciau BCE TONIOCHI €r0 MEPEAaTOYHOW XapaKTEPUCTUKU MO MOJIYJII HE
MPEBOCXOAT SAMHHMIIBI, WM, YTO TO e caMoe, JIe)KaT BHYTPH SAMHUYHOU OKPYIK-
HOCTH.
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BosbIioe 4nciio npuiioKeHni GUIIbTPpaliy CUTHAJIOB MCIIOJIB3YET TaK Ha3bl-
BaeMble (DUIIBTPHI C JTUHCHHON (pa30oBo-yacTOTHOM xapakrepuctukoi (JIOUX). Ta-
K€ QUIbTPBI 00J1a1al0T YACTOTHON XapaKTEPUCTUKOMN BUAA!

H (w) = Alw)e™”, (3.8)
rae JeHUCTBUTENbHAs (yHKUHUSA A(W) ABJISAETCS aMIUIMTYJIHO-4aCTOTHOM Xapakre-
PUCTUKOM, MOCTOSIHHAS & TaKXe JeUCTBUTENbHA. Mccaemyem BOnpoc 0 BO3MOKHO-
cti noctpoenus JIOYX-punbTpoB ¢ cOCPeIOTOUCHHBIMU MapaMeTpamMu. s 3to-
ro 3alMIilIeM YacTOTHYI XapaKTEepPUCTHKY (UIbTPAa C COCPEAOTOUYECHHBIMHU Iapa-
METPaAMU:
=20t ra ey vay e .

1+h,e "0 +b,e 20+ +b e (MM 1 g MWD

- jNwD/2 jNwD/2 j(N/2-1)wD j(N/2- 2)wD - j(N/2-1)wD - ijD/z)
e NP/ (aoe /2 1+ a0V +a,e +a,. e +a,e

-2jwD (N-12)

wD +aNe- JNwD _

o j j(M/2- j(M)/2- - j(M/2-2)wD - jMwD/2

e jMWD/Z(bOejMWD/Z +blej(M/2 l)WD +bzej(M/2 2)WD +b|\/|-1e j(l\/l/ )W +bMe iMwD/ )

)43 CpaBHCHHA ITIOCJIICOAHEIO BBIPAXKCHHA C (38) JICTKO ITIOJIYy4YacTCAd YCIOBHE
JIMHEWUHOCTH (l)aSOBO-‘IaCTOTHOfI XapaKTCPUCTHUKHU.

dp=ay; a;=ay.q; a,=ay.p; -,

bOZbM; blsz-l; b2:bM_2; aeey
TO €CTh HA0Opbl KOA(HPUIIMEHTOB MOJTUHOMOB KaK YUCIUTENS, TaK U 3HAMEHATes
nepeaaTouyHor XxapakrepucTuku (3.7) cumMeTpuyHbl. [10JMHOM K€ ¢ CHMMETpHY-

HBIMH K03 duLmeHTaMu 00J1aJaeT OJTHON XapaKTepHOl 0COOEHHOCTHIO!
P(zt)=a,+a,z +a,z%+..+a,z VD +a,z MV +q 7N =
— N N N-1 N-2 2 — - N
=z"(a,2" +a,2" +a,z" 2 +..+a,7 +a,z+a,)= 2 "P(2).
OTa 0COOEHHOCTh PACIPOCTPAHSIECTCS U HAa BCIO MEPEJATOYHYIO XapaKTepH-

cruky (3.7): H (z'l): Z “™H(z). CnenoBarenbHo, eciu mepeaTodHAs XapakTe-

-1
pUCTHKaA (bHHBTpa MMCCT HYJIb B TOUKE Z, OHA NOJDKHA MMCTH €0 U B TOUYKE 2

AHaJOTUYHO, €CIIU NepeiaToYHas XapaKTepucTUKa (GUiIbTpa UMEET MOJIOC B TOUKE

Z, OHA JIOJDKHA MMETh €ro U B TOUKe Z *, TO €CTh OHA 00sA3aTeNbHO OyIeT MMETh
MOJIIOC, JIEKAUIUN BHE €IMHUYHON OKPYKHOCTH, a MO3TOMY LU(PPOBON GUILTP C
paccMaTpUBaeMOil MepelaTOuHON XapaKTEPUCTUKON He Oyner ycrohuyuBbiM. Ta-
KUM 00pa3oM, yCTOMUYUBBINA HUPPOBON (HUIBTP ¢ COCPEIOTOUYEHHBIMU MapaMeTpa-
MU MOXET 001anarh JUHEHHON (a30BO-4aCTOTHOM XapaKTEpUCTUKOW B TOM U
TOJIBKO B TOM Cjly4ae, €CIIA €ro IepelaTovyHas XapaKTePUCTUKA HE CONEPIKUT IO-
JIXOCOB.

Ha ocHOBaHUM BBILIEU3IOKEHHOIO MOXKET CO3aThCs BIIEYATIIEHUE, YTO BCE
JTUHENHble UU(pPOBbIE (UIBTPHl UMEIOT MEPeAaTOYHYI0 XapaKTepUCTHUKY BHJIA
(3.7). CymiecTByIOT, 0JJHAKO, CHCTEMBI OOpAaOOTKU CUTHAJIOB, KOTOPBHIC HE MOTYT
OBITH CBEJIEHBI K PUIBTPAM C COCPEIOTOYEHHBIMH NapameTpamu. Tak, Harpumep,
B 3a/1a4axX Ha JUQPPAKIMIO JICKTPOMArHUTHOTO U3aydeHus [JIx. ['yavmen. Beeneunue B
dypwe-ontuky. — M.: Mup, 1970, c.88] CBSI3b MKy HCXOIHBIM H300pakeHuem f (X, y)
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u audparupoBanHbiM (Ha paccrosaue d) mM3o00pakeHHEM g(X, y) 3a/aeTcs JIBY-
MEPHOU UMITYJIbCHON XapaKTepPUCTUKON h(X, y):

) o aeny?)

a(x y)=f(xy)Ah(xy)=f(xy)Ae ,
rie K — BoIHOBOE YHCII0, X U Y — IPOCTPAaHCTBEHHBIE KOOPAMHATHL. B 0THOMEpHOM
cllydae TUCKPETH3aIus MPOCTPAHCTBEHHON KOOPIUHATHI X C HHTEPBAJIOM JTHCKpE-
THU3alluHn D HpI/IBeI[eT K COOTHOIIICHUIO.

- Jkn2D2

g,=f.Ah =f(xy)Ae2d
YTO JAaeT OCHOBAHUE 3aIIUCATh NIEPEIATOYHYIO XapaKTEPUCTUKY CUCTEMBIL:
¥ jk 2D2
o n
H(z)= ge® z

-Nn

[lonyyenHasi mepenaTtoyHas XapakTepUCTHKAa HUKaKUM O0Opa3oM HE MOXKET
ObITh 3anucana B Buje (3.7). bonee Toro, cama nMIyibCHasE XapaKTEePUCTHKA ITH(]-
poBOro (puiIbTpa B pacCMaTpUBAEMOM IIPUMEpPE HEOTPAaHUUYEHA B 00€ CTOPOHBI, TO
€CTh QUIBTP K TOMY )K€ HE SBIISIETCS Kay3aJbHbIM.

IIpuBeneHHBIN IpUMEpP B OUEPEIHOU pa3 AEMOHCTPUPYET, UYTO ITOJTYYEHHbIE
pe3ynbrathl (3.1-3.7) u chopMyTUpOBaHHBIN KPUTEPUI YCTOHYMBOCTH HU(POBBIX
(GUIBTPOB MPUMEHUM TOJBKO K Kay3aJbHbIM (UIBTPAM C COCPEJOTOYECHHBIMHU Ma-
pameTpamu.
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Konumponvnule éonpocul u 3a0auu.

1. Tloctpoiite unudpoBoil PUIBTP, BHUUCIAIOMINNA BTOPYIO MPOU3BOIHYIO
BXOJIHOI'O CHTHAaja: y(t) = X«(t). ITpu 5TOM BOCIOJIE3YHTECH PA3HOCTHOM aIllpoK-
CUMauuen IPOU3BOIHOM.

2. Tloctpoiite uMPpoBOi PUIBTP, BHIYUCIAIONINN HHTETPUPOBAHUE BXOIHO-
t

ro CUrHaja: y(t) = c‘y((t)dt. Bocnons3yiitech npu 317oM (opMysiaMu YUCIEHHOIO
t-T
WHTETPUPOBAHUSA.
3. Hailigute 4acTOTHYIO XapaKTEpUCTUKY 3JIEMEHTa 3aACpPKKU Y, = X ;.
Obnanaet nu oH nuHelHON PYUYX?

4. MOXHO ¥ MOCTPOUTHh LU(PPOBON GUIBTP C MEPEAATOYHOM XapakKTepH-
CTUKOM, MMeroIel n1Ba nmomoca: P, =05u p,=05j?

5. CKOJIBKO HYJEH M CKOJBKO IIOJIOCOB HUMEET MepeAaTodyHasl XapaKTepu-
-1

1-z
ctuka uudposoro ¢puiasTpa H (Z) = 1. 52 ?
6. IlocTpoiite uudpoBoi GUIBTP C COCPETOTOUECHHBIMU MapameTpamu, 00-
o . . 1
Jaaoui epeaTOYHoN XapakTepucTukoin H (Z) = L2
-2

7. Obnagaet nu JMHEHHON (Pa30BO-4aCTOTHON XapakTEPUCTUKON HUPpOBOH
¢bunbTp pumepa /?

8. Haiinure mnapuuanbHble NEPEIATOUYHBIE XapAKTEPUCTHUKUA LUPPOBOTo
¢bunbTpa npumepa .

9. MoryTt Jiu He coBnaaaTh HAOOPHI MOJIIOCOB MEPEAATOYHON XapaKTePUCTHU-
K1 UU(POBOTO GUIBTPA C COCPEAOTOUEHHBIMH MapaMeTpamMu U €ro napruaibHbIX
NepeIaTOYHbIX XapaKTePUCTUK ?

10. MoxHO a1 mOCTpOUTh LU(PPOBOIN (HUIABTP C COCPEIOTOUECHHBIMU Mapa-
MeTpamH ¢ niepenatouHoii xapaktepuctukoit H(z)=1nz?
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4. Cmpykmypsl nocmpoenus yugposwvix ¢puiompos.

PaccmoTrpum nndpoBoit puibTp ¢ cocpeIOTOYEHHBIMU MTapaMeTpaMHu, nepe-
JaTouHas xapakTtepuctuka koroporo (3.7) He cogepkut monrocoB. [lepenaTounas
XapaKTepUCTHKA B 3TOM cn(rqae OyneT uMeTh BUA:

.

H(Z)= Azt )zt 3Y)..(z1- 7)=
— -1 -2 - -N
M3 4YCro CjacaycCT CBA3b MCKIAY Z-Hpeo6pa30BaHI/I$IMI/I BXOJHOT'O U BBIXOJHOT'O CHUT-
HAJIOB.

(N-1)

Y(2)= (a0 +az'+a,z%+..+a,,z "V +a,z N)X(z).

[Tocne obpatHOro Z-mpeoOpa3zoBaHMs MOIYyUYUM ypaBHEHHE paboOThI 1U(pO-
BOro (huibpTpa:

Yo =X, tagX, 1 T X, o Tt ay Xy N T X N -

CrpykrypHas cxeMa (QWIbTpa, PEATU3YIOLIEr0 IOJYyYEHHOE YypaBHEHUE,
npuBeaeHa Ha puc.3. OUIbTPhI ¢ paccCMaTPUBAEMOI CTPYKTYPOU HOCST Ha3BaHUE
mparceepcanvhvie TAQYPOBLIE PUIBTPHI.

Xn _ _ _ _ _ _
A A AR = S A A A

Xn Xn-1 Xn-2 Xn-3 Xn-n+3 | Xn-n+2 [ Xn-n+1 [ Xn-n
a, a, a, a, Ay, Ay, Ay Ay

Puc.3. CtpykrypHas cxema TpaHCBEpCaIbHOTO IH(PPOBOTO PHIBTPA.

NmnynbcHas XapakTEepUCTHKAa TPaHCBEPCAIBHOTO LHUQPPOBOro ¢GuibTpa
npejcTaBiseT co00i K03(pPUIMEHTHI TepeJaTOYHON XapaKTEPUCTUKH A,

y=xAh; h =a; n=0,..,N.

IIOCKONBKY KONMYECTBO AJIEMEHTOB 3aJEPKKH B PEATBHOM TPaHCBEPCAJb-
HOM (UIBTPE KOHEUHO, KOHEUHBIM SIBJISIETCS M KOJIMYECTBO HEHYJIEBBIX OTCUETOB
UMITYJIbCHOW XapaKTepUCTUKH (UIBTPa, TO €CTh HUMIYJIbCHAS XapaKTepUCTHUKa
TpaHCBEpCAIbHOIO IMpoBOro ¢GuiabTpa sABIAETCI KOHEYHOU. DUIbTpHI, 00J1a-
JAOIINE TAaKUM CBOMCTBOM, IPHUHSATO BBIIEIATH B OTACNBHBIN KJIACC U HA3bIBATh
KUX-gpunempamu.

Wrak, TpaHcBepcalbHble (QUIBTPHI 00J1aJal0T KOHEYHOW HMITYJIbCHOW Xa-
paKkTepucTUKOM, To ecth oTHocsATCA k KUX-hunprpam. OOpaTtHOE yTBEpKIEHUE
HeBepHO, U KUX-hunbTpsl MOXHO CTPOUTH, HE HCHOJB3Yyd TPAaHCBEPCAIbHbIE
CTPYKTYpBHI.

PaccmoTpum teneps, kak anbrepHatuBy KMX-gunbtpa, nudposoit puistp,
NepeNaTOYHAs XapaKTEPUCTHUKA KOTOPOTO CONEPKUT TOJIBKO MOJIOCHI:

25



H(z)= A -

-1 -1 -1 -1 -1 -1
(Z - P )(Z - P )(Z - pM)
_ 1
- -1 -2 - -N
1+b,Z " +b,z “+...+by_,Z +byz
CBs3b Z—npeo6pasoBaHI/I;1 BXOJHOI'O M BBIXOJHBIX CHUTI'HAJIOB B 3TOM CJiy4dac
MMpUMCT BU/I.

X(z)
Y(2)= 1 2 N-1) N
1+b,Z " +b,z “+...+by_,Z +byz
OTKYJla Mocje 00paTHOro Z-nmpeoOpa3oBaHUs BHITEKAET ypaBHEHHE PabOThl (QUIIBT-
pa:

(N-1)

Yn=Xn- (b1Yn-1 +0,Yn. o+ DN Yn (n-1) PN Y N) ;
10 KOTOPOMY JIETKO IOCTPOMThL €0 CTPYKTYPHYIO CXEMY, KOTOpas IpPHBEIEHA Ha
puc.4.

Xn

Y

_bM—l _bM—Z _bM—s _b3 _bz _b1
Yh-um ‘|;%1—M+1 B@—Mﬂ n-M+3 ‘J;yn—3 Jj%—z J.j%ﬂ
|| Z—1 Z—1 Z—1 I Z—l Z—1 Z—1

Puc.4. CtpykrypHas cxema peKypCUBHOTO IIH(PPOBOTO PHIBTPa
0e3 HyJel nepeaToYHoN XapaKTePUCTHKH.

PaccmoTpensblid 1IMGpoBOi GUIBTP OTHOCUTCSA K TaK Ha3bIBAEMBIM peKyp-
cugHvim punbTpam. CBOMM Ha3BaHUEM OHH 00s13aHBI HATMYUEM «OOPATHOM CBSA3U»
— BBIXOJTHOW CHT'HAJl CHOBA TOJaeTCs Ha BXOJ cucTeMbl. Kak mpaBuio (HO He Bce-
r71a), peKypCHUBHbBIC IU(PPOBbIC (PUIBTPHI 00JaAal0T OCCKOHECYHON HMIYJIbCHOU
XapaKTEPUCTUKOU, TO €CTh ABIst0TCS FUX-hunempamu. [pocteitmuii npumep pe-

KypcUBHOTO 1H(poBOro GUIBTPa ¢ UMIYJIBCHOW xapaktepuctukoi h =a" pac-

CMOTpPEH B MpUMeEpe O, TJle MOKa3bIBACTCs, YTO MEPENaTOYHasl XapaKTEepHCTHKA
(buIbTpa UMEET OAMH MOJIOC:
H(Z)=— .
1- az

Peanuzauust un@poBbIx QUIBTPOB MOKET ObITH CaMOW pa3HOM, IpHUYEM CO-
BEPIICHHO Pa3jM4Hble HA NEPBBIM B3MISA QUIBTPHI MOTYT 00J1a1aTh UIACHTHUYHbI-
MU MepeJaTOUYHbIMU XapakTepucTukamu. Ha puc.5 mpuBeneHbl TpU pa3inyHbIX
nU(ppoBBIX PUIIbTPa C OAHON U TOM kK€ MepeaaTouyHou xapakrepuctukoid. HecMot-
psl HAa OJMHAKOBOCTH MOJHOM MepeaTOYHON XapaKTePUCTUKH, €CIU 3TU (QUIIBTPbI
npeactaButh B Buje (3.1), TO OHU OKaXyTCsl pa3IMYHBIMHU, U PA3IUYHBIMHA TaKKe
OyayT UX NaplUUaJIbHbIE EPEIaTOYHbIE XapAKTEPUCTUKHU.
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Puc.5a. ®unbtp c nepena-
TOYHOU XapaKTEPUCTUKOMH,
coep KalleH ABa MoJroca.

%Z%a
=
1216
=

Puc.56. [locnenoBarenpHOE
(kackasHOE) COCTMHEHUE
IBYX (pUIBTPOB MEPBOTO

HOpPSIZIKA.

ﬁzéaw

I

I

Puc.5B. [TapamensHoe
COeMHEHUE (PUIBTPOB
MIEPBOTO TMOPSIKA.

Ha puc.5a npuBeaeHa CTpyKTypHas cxeMa QuibTpa,
NepeaToyHasl XapaKTepUCTUKa KOTOPOTO COAEPKHUT
JBa IEHCTBUTEINIBHBIX MOJIFOca a u b

72 [@t+bt) zrath? “abz?- (a+b)z 41
Pabota dunbtpa onpeaensieTcss ypaBHEHHEM:

Y, =abx, +(a+b)y,., - aby,_,.
PaccmoTpeHHYI0 TIepeaTOYHYyI0 XapaKTePUCTHUKY

MOKHO HpeI[CTaBI/ITB B BUJIC HpOI/ISBGI[eHI/IH IIBYX IIpO-
oei:

H(Z)_ -11 T -11 1T a-1, b-l’
z°-a~ 2z -b" 1-az” 1-bz
MO3TOMY €€ MOKHO peaju30BaTh IyTEM IOCJIE0Ba-
TEIBHOTO COEAMHEHHUs NBYX (UIBTPOB, MEpenaTouHas
XapaKTEePUCTUKA KaKJOTO U3 KOTOPBIX CONEPIKHUT TOJb-
KO OJIMH TOJIOC ((DMIIBTPBI IEPBOTO MOPSIKA).
Ot QUIBTPHI OYIyT OMHUCHIBATHCS yPaBHEHUSMU:
v =ale, + i) v =al,+yi),
a UX COeIMHEeHHE MPUBEJIEHO Ha pUC.50.
[IpousBenenue nByx apoOei MOXKHO 3amucaTh B BU-
JIe UX CYMMBI:
HE)= o o
z -a~ z°-b
_ab & a b
a-b&l-az’ 1-bz!
MO3TOMY caM (WIBTP MOXKHO PEaTn30BaTh MyTEM CyM-
MUPOBaHUSl BBIXOJHBIX CHUTHAJIOB (UIBTPOB C Tepesa-
TOYHBIMH XapaKTEPUCTHKAMHU:
@)=, 20 @=L
1- az 1- bz
C YMHOXEHHUEM TOJIyYEHHOTO CUTHAJIAa HAa KO3()PUIIUEHT
ab/(a- b). Lludposoii GuibTp OmHECAHHOMN CTPYKTYpHI
M300paKeH Ha PUC.OB.

a

Kak nemonctpupyet puc.5, undpoBoil puiabTp ¢ 3agaHHONW NEpPeIaTOYHOM
XapaKTEPUCTUKON MOXHO PeaIn30BaTh Pa3IMUHBIMU cioco0aMu. DTO JaeT paspa-
OOTYMKY JIMIITHIOK «CTENEHb CBOOOBI», MO3BOJISAS IOMUMO 33JJaHHOM nepeaaToy-
HOM XapaKTepUCTUKU JTOOUTHCS BBINOJHEHMS KAKUX-TMOO APYrUX TpeOOBaHUM TH-
1a MUHUMM3ALUU IIYMOB JUCKPETU3ALMU [0 YPOBHIO, MUHUMHU3ALUM YUCIIA 3Jie-
MEHTOB CXeMbl (PUIIbTpA U T.1I.
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[Tockonbky 1M poBbie PUIBTPHI puc.3 U puc.4 o0aagal0T NepeaaTOUYHBIMU
XapaKTePUCTUKAMHU, SIBISIIOLIMECS COOTBETCTBEHHO YHCIUTENEM U 3HAMEHATEJIEM
BeIpakeHus (3.7), uX Mociuen0BaTeIbHOE COCTMHEHHE SBISICTCS (PHIIBTPOM C TIepe-
narouHou xapakrepuctukoit (3.7). Takoit punbTp m300paxen Ha puc.6. [lepBas
€ro 4acTh HE UMEET MOJIFOCOB NEPEIATOYHOM XapaKTEPUCTUKH, €€ BbIXOJ MOAKIIO-
qaeTcsl KO BXOJy BTOPOM 4acTH, epeIaTouHasi XapakTepUCTUKa KOTOpoi 00Jiagaer
TOJILKO TIOJIIOCaMU M He uMmeeT Hynel. Ilepenaroynass XxapakTepUCTHKa BCEro
¢bunbpTpa BOCIPOM3BOAMUT BhIpakeHne(3.7), TO ecTh 00JaaeT KaK HYJISIMH, TaK U
MOJIFOCaMHU.

o T z" T z" T """"" z" T 7 T 7t

a, a, a, a; Ay Ay Ay-1 Ay

_bM -b 1 -b > -bM_3 —b3 _b2 _b1
L z" *L z" «L z™! «L _______ i 7! i 7l i -

Puc.6. IlepBas npsimast popma mocTpoeHus HUPPOBHIX GUIBTPOB.

CtpykTypHas cxema, NpUBEICHHAs] Ha PUC.0, Ha3bIBaeTCAd MEPBON MPIMOM
¢dbopmoii noctpoeHus: nudPpoBoro GuIbTpa. ANbTEPHATUBOW NEPBOM MpsMOIl Gop-
MBI SIBJISI€TCS BTOpas npsiMasi Gpopma, KOTopas Moay4yaeTcsl U3 CTPYKTYPHOU CXEeMbl
pHC.6 MmepecTaHOBKOM YacTeil — nepBas 4acTb (PUIbTPAa UMEET MEepPeAaTOUHYI0 Xa-
paKTepUCTUKY O0e3 HyJeH, a BTopasi — 0€3 MOJI0COB.

Xn

2

_bM “UOy-1| | O | U3 _bs _bz _b1

Z)’n

Puc.7. Bropas npsimas ¢popma (kanoHndeckasi popma) noctpoeHus udpoBeix GUIBTPOB.
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[lonyyaromiasics mpu 3TOM CTPYKTypHasi cxema (uibTpa NHpuUBeAeHa Ha
puc./. ['maBHBIM €e JOCTOMHCTBOM, KaK 3TO BUIHO W3 PUCYHKA, ABIAECTCS YMEHb-
IIEHHOE MO CPAaBHEHMIO C MEpBOW MpAMOU (QOpMOIl KOJUYECTBO DJIEMEHTOB 3a-
nepxxku. JlelicTBuTenbHO, nepBas npsMas ¢opma ucnoiabdyer N +M snemeHnToB
3aJIepKKH, a BTOpast — min(N M )

Koumponvuule 6onpocul u 3adauu.

1. Jlns xakod mepenaToyHOW XapaKTEpUCTUKHU IepBasi U BTOpPasl MpsSMbIe
dbopmbl nocTpoeHus HUGpPoBOTro PHIIbTpa COBNAAAIOT?

2. Becerna nu BTOpas npsiMasi (popMa UCIOJIb3yeT MEHBIUIEE KOJUYECTBO 3JIe-
MEHTOB 3aJICP>KKH, HEXKENU nepBasi ?

3. MoHO 11 TOCTPOUTH HUDPOBOM HUIBTP CO CTPYKTYPOU, HE SBISIOLLIECH-
Csl HU OJTHOM mpsiMoit popMoii?

4. Tpoanamusupyiite cxemsl puc.5(a-B). EcTh 1u cpenu HUX npsimbie Gop-
MBI ?

5. Bo3MOXkHBI U MepeaTOUYHbIE XapaKTEPUCTUKU, KOTOPbIE HEBO3MOXKHO
peanu3oBaTh HUGPOBBIMU PUIBTPAMU € MIPAMBIMU (OPMAMH MOCTPOCHUS ?

6. [loctpoiiTe nepByro u npsiMyro Gopmy HudppoBoro GpuiabTpa, NepeaaTou-
Hasl XapaKTepUCTHKA KOTOPOro nMeer oauH Hoib Z =0,64 u nBa nomoca p, =0,8
u p, =-0,8. OgHO3HaYHO 11 IOCTPOEHHUE TAKOTO (PUIbTpa?

7. Tloctpoiite uudpoBoit GUIABTP C MEPelaTOYHON XapaKTEPUCTUKOM
3z*
H(z)=_ "
3z°-82"+4
8. SBnsgercda nu yCTOWYUBBIM (PUIBTP C MEPEIATOYHON XapaKTEPUCTUKOU
-2 -1
Z°-2572"+1
H(z)=

. SIBnsieTcst in yCTOMYUBBIM OCTPOCHHBIA (PUIIbTP?

? KoHeuHa i ero UMIyJibCHasi XapaKTepUCTHKA?

z'-05
9. Ucnonb3ys npsambie GOpMBbI, MOCTPOUTE (HUIBTP C MEPeAATOYHON Xapak-
-2
. zZ°+1
tepuctukoii H(z)= -
z"+1
5 5 z*+1
10. SBnsercs nu GUABTP C MepeaaTOUHON xapakTepucThuko H (Z) =5
z7?%+1

PEKYPCUBHBIM (PUIBTPOM ?
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5. Ilpoexmupoeanue yugposvix punbmpos memooom 636euiusanus.

Haubonee npuBiekaTeabHbIMU C TOYKU 3PEHUS MPOCKTUPOBAHMS SIBISIOTCS
TpaHCBepCcaJlbHbIE PUIBTPBI, 00JaJaI0Me KOHEUHON UMIYJIbCHON XapaKTepUCTH-
koi. Kak yxe Obu10 0T™MEueHO, KO PUIIMEHTHI TPaHCBEPCATBHOTO (UIBTPA COB-
MaJal0T ¢ OTCUYETAMHU €TI0 UMITYJIbCHON XapAKTEPUCTUKHU. ECiM MCXONHBIMMU JaH-
HBIMU JUIsl TPOCKTUPOBAHUS SBISIETCSI MMEHHO HMITYJIbCHAs XapaKTEpUCTHKA
dbunpTpa, TO NPOECKTUPOBAHUE HE TpeOyeT BoOOIe HUKAKUX ycrinii. OObIYHO, Of1-
HAKO, UCXOJHBIMH JIaHHBIMU SIBJISIETCA TpeOyeMasl aMIUIMTYAHO-4YaCTOTHAs Xapak-
tepuctuka Guibtpa (AUX) H (W) B sTOM cityyae oTC4eTHl UMITYJILCHOM XapaKTe-

PHUCTHUKH JTOJDKHBI BBIPAXKATHCS qepes AUYX dpopmynoii (1.4):

D PP . p/D . 0
n =2 g werPdw= L& d—|( Jedw+ A (w)e P =
2p b/D 2p - p/D 0 ﬂ
(5.1)
. p/D . o) DP/D
_D¢ d_|( )e*™Cdw+ JH (- w)e " Paw=— A (w)cos(wnD)dw
2p8 0 B P o

Ilpumep 8. 3amanum AUX punbtpa:
105+ f/(ZKFL;) npu |f| £1xly;

H(f)=]

;0 npu|f|>1zd“o;,

rJe BMECTO MMKIMYECKOM YacTOThl W HCIOJb3yeTcss OOBIKHOBEHHasw 4actora f =w/ (2p).
BHemHuii BUI Tako# XapaKTEpUCTHKH TOKa3aH Ha puc.8a. VIHTepBan AUCKpETH3AMU JTOJIKEH
yznoBietBopsith ycinosuio KorensrukoBa DE p/w, =1 (2 f B) =0.5mc. Boeibepem D =0.1uc.

OTcueTsl MMITYJIBCHOW XapaKTEPUCTHKH MOTYT ObITh BbI4ucieHbl 1o ¢opmyne (5.1), Bux um-
MyJIbCHON XapaKTEepPUCTUKH MPUBEAEH Ha puc.80.

H(f)
1.0
0.1
05 0.05
. ot Al ‘ “] “I Ir, My, st
RO 1 ” I“l [”l e
“Luly 0 Iy f 40 20 F 0 40
a) 6)

Puc.8. AMIIMTYJHO-4aCTOTHAS M UMITYJIbCHASI XapaKTEPUCTHKH
ugpoBoro ¢puIbTpa U3 mpumepa 8.

[locrie BBIYMCIEHUS HMITYJIBCHOM XapaKTEpUCTUKH (UIBTPA HEU30EKHO
BO3HHMKAET psAJl BONPOCOB. BO-MEepBbIX, NOIyYEHHAs: UMITYJIbCHAS XapaKTEpPUCTUKA
HEOTpaHWYECHHA U €€, Ka3aJloCh Obl, HEBO3MOXHO MCIOJb30BaTh ISl TOCTPOCHUS
TpaHCcBepcabHOTO (UIbTpa. Bo-BTOpHIX, OHa BOOOIIE HE YAOBIETBOPSET TPEOO-
BaHUIO Kay3aJIbHOCTH U €€ Helb3s HCHOJIb30BaATh JJI1 OCTPOCHUS KAKUX Obl TO HU
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ObLIO0 BpeMeHHsIX (puibTpoB. O6e 3TH MpoOJeMbl MOMOTAeT pa3peliuTh MPOCTON
npuem. UMnynbcHas xapakrepuctuka puc.80, Kak U jaro0as apyras, BbIUMCICHHAS
o ¢opmyite (5.1), nomwkHa yobiBaTh ipu N® +¥ . [103TOMy MOXXHO OOBSBUTH €€
OTCUEThI, 0OJBITUE HEKOTOPOTo HOMEpa, paBHbMU HYII0: N, =0 npu |n| >N . Io-

CJIe 3TOr0 CIBUHEM YK€ KOHEUHYIO UMITYJIbCHYIO XapaKTepHCTUKY BrpaBo Ha N.
10T CABUT NPUBCACT K TOMHOKCHHUIO YacCTOTHOM XapaKTCPUCTUKH Ha MHOXUTCIIb
e ™0 1o ecTh cuBur He IIPUBEAET K U3MEHEHUIO aMIUIUTYAHO-4aCTOTHOM Xapak-
tepucTrku. KoHeuHo, oTOpackiBaHUE «XBOCTUKOB» UMITYJILCHOW XapaKTEPUCTUKU
JOJI’KHO MOBJIHUATH HA YACTOTHYIO XapaKTEPUCTUKY MPOEKTUPYEMOTO (PUIIbTpA.
Ilpumep 9. Borancnum AUYX umndpoBoro GuibTpa ¢ MMITYJILCHONW XapaKTEPHCTHKOI,
MOJTYYAIOIUICS U3 UMITYJIbCHOM XapaKTEPUCTHKH prc.80 0TOpackIBaHUEM OTCUYETOB C |n| >30 u
CIIBUTOM TIOJIy4eHHOW XapakTepucTuku BpaBo Ha 30 orcueroB (puc.9a). [omyuaromasics mnpu
3TOM HUMITYJIbCHAs XapaKTePUCTHUKA coAepkuT 61 oTcuer. YacToTHas XapakTepucTHKa 06e3 ydera

dazosoro muokuTeNs € "™° MOXKeT 6BITH BhUMCIEHA TI0 popmyie (1.2):

P .
Hw)= g he ™™,

n=-30
U TipuBezieHa Ha puc.90.
1.0 ,
0.1
0.05 0.5
HTUI‘ IH] I ]HI ‘ﬂhl N
e 11 [ - \
0 10 20" 30 40 50 60 70 80 1 xly Skly
a) 0)

Puc.9. ImnynbcHas 1 4acTOTHAs XapaKTEPUCTHKH nHppoBoro GpuibTpa npumepa 8,
HOJIy4eHHbIE [0CTIe IPUMEHEHHUS IPSIMOYTOJIBHOTO OKHA IIMPUHOI 61.

Ha puc.9 xopo1o BHIHO, YTO MOJIyIMBIIAsiCsA YaCTOTHAs XapaKTepUCTUKA (PUIIbTpa Iei-
CTBHTENIBHO SIBJISICTCS MEPHONYECKOM ¢ TeprogoM (o oObIKHOBeHHO# uactote f =w/ (2p))
F =1/D=10«ly.

Otnuurie GOpMbI aMIUTUTYAHO-YACTOTHOM XapaKTEPUCTUKUA CO3aHHOTO Ta-
KM 00pazoM IudpoBoro GuibTpa CBSI3aHO B MEPBYIO OYEPEIb C MEPEXOOM OT
OECKOHEYHOM MMIYJIbCHOW XapaKTEpUCTHKU K €€ KOHEeYHOW BhIOOpke. M3 sToro
CleAyeT, YTO YBEJIMYECHHUE JIUTEIHbHOCTH 3TOM KOHEYHOW BBIOOPKH JOJDKHO IO-
3BOJIUTH MPUOIU3UTHCS K 3aaHHON AUX.

IIpumep 10. Cunrezupyem 10T %€ GUIBLTP, KOTOPHIH OBLT PACCMOTPEH B TIpUMepe 9, HO
O0TOPOCUM OTCUETHI UMITYJIbCHON XapaKTEpPUCTUKU C HOMEPaMHU |n| >50. HoBas ummynbscHas xa-
paktepuctuka coaepkut 101 orcuer u nmpusenena Ha puc.10a. YactoTHas XapakTepuCTUKa CHH-

TE3UPOBAHHOTO (PHUIBTPA, PaCCUMTAaHHAs MO TOM ke popmyne (1.2), mokaszana Ha puc.100. Hanu-
110 Topa3fio OoJblee IPUOIIDKEHNE K 3aJaHHONW aMIUTUTYAHO-4aCTOTHON XapaKTEepPUCTHKE.
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Puc.10. I/IMHyJII)CHaSI Y 9aCTOTHAs XapaKTePUCTUKHU IudpoBoro GuimbTpa mpumMepa 8,
MOJTy4YEHHBIC MTOCIIe TPUMEHEHHUS TTPSIMOYTOJIBHOTO OKHa tmpuHoi 101.

OO61eil oTnuuTeabHON yepToi tudpoBbIX GuiIbTPoB U3 npumepos 9 u 10
ABJIAETCS HAJMYME OCUMJUISILIMI 4YaCTOTHOM XapaKTEpPUCTHKH, aMIUIMTyAa KOTO-
pBIX, KaK 3T0 BUAHO U3 puc.9 u puc.10, He yMeHbIlIaeTcs MpU YBEJIUYEHUU YHCIIa
OTCYETOB MMIMYJBCHON XapaKTepUCTUKU. HeTpynHO BBIACHUTH NMPUUYUHY MOSBIIE-
HUS 3TUX ocIMUIAnuid. [Ipu ocTaBieHnn KOHEYHOW BBIOOPKH OTCYETOB MMITYJIbC-
HOM XapaKTepUCTUKU (PAKTUYECKH MPOUCXOJUT YMHOKEHHUE OECKOHEYHOU HUM-
IyJbCHOW XapaKTEpUCTUKHU, CHEKTP KOTOPOH, €CTECTBEHHO, COBIAAAET C 3a/laH-

HBIM CIIEKTPOM, Ha MPSIMOYTOJIBHBIN CUTHAJ (YaCTO UCHOIB3YIOT TEPMUH OKHO):
11 npu |n[£N;
W, =
10 npu |n| > N.

[Ipr yMHOXXEHUHU K€ CUTHAIIOB UX CHEKTPHI, KAK U3BECTHO, MOJBEPrarOTCs
CBEPTKE. I[eﬁCTBI/ITeJILHo

X (W) W(w) = T8 x,e "0 gaw oo 2
1}

n=- N né=- N ﬂ

el Y4
— c\)g a Xne jwﬂhDg a W (Le j(w- Wft)n(ID d\N¢_ c\) a X W& jW(hD j(w- wgn® dwt=
_¥ en=-N n¢ N @ ¥ nné&-N
N ¥ N ¥
— é_ X W, C\? jw®(n- nct)e- wn® = é_ X W g jwn®© C\? jw®(n- ng dwe=
n,n¢- N - ¥ n,né- N -¥
N .
= E é. XpWr€ e
D n,n¢- N

Cniextp npsiMmoyrosibHOro curnana (puc.l) o0iamaeT XapakTepHbIMU OCIIHII-
JSIHUSIMA, KOTOPBIE M TPOSIBISIFOTCS TPU TPUMEHEHUHU MPSMOYTOJBLHOTO OKHA
(puc.9, puc.10).

BbISICHUB IPUYHMHY MOSBICHUS OCHMJUISIINI, MOXKHO MPEUIOKUTh PEUET UX
ycTpaHeHus. [t 3TOoro J0CTaTOYHO MCIOIB30BaTh HE MPSIMOYTOJIEHOE OKHO, a Ka-
KOe-TH00 JIPYyroe OKHO, B CHEKTPE KOTOPOTO OTCYTCTBYIOT (MJIM MOYTH OTCYTCT-
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BYIOT) HEXeJaTeIbHbIe OCHMILISAIMHA. Ha mpakTHKe 4acTo MCMOIB3YyeTCsl TaK Ha3bI-
BAEMOE€ OKHO XoMMuHza:
1 P O :
_ja+(l-a cosE—pT npu [N £ N;
n— I
10 npu |n| > N.

MUHUMYM OCLHMWIUIALMA B CIIEKTPE OKHAa XOMMUHIA JOCTUIAETCs MPU 3HA-
yenuu mapametpa a =0.54. Yacto, ogHaKo, A MPOCTOTH BHIYUCICHUHN BHIOMpA-
foT a =0.5, Takoe OKHO HOCUT Ha3BaHue okHo Xanua. Ha puc.1l npuBeneHo OKHO
Xommunra ipu & =0.54, N =50 u ¢parment ero cnekrpa npu D=0.1uc. Tam

e JUIS cpaBHEHUs (TOHKas JIMHUS) MOKa3aH (parMeHT CIEKTpa MPSMOYTOJIBHOTO
okHa mupuHoit 101 oTcueT u ¢ TOM e YaCTOTOM NUCKPETU3AIUU.

anIL”MHHHHH Er HHW‘M“”"” Co.z Ty 05Ty

Puc.11. Oxno Xommunra npu a = 0.54, N =50 u ¢parment ero criekrpa pu D = 0.1uc .

HetpynHo ymocToBepUThCS, YTO YCTPAHEHHUE OCLHWIUIALMHA YAaCTOTHOW Xa-
PAKTEPUCTUKU TOCTUTACTCS 3a CUET YBEJIMYEHHMs IIUPUHBI €€ TJIABHOT'O JICTIECTKA.

Ilpumep 11. Tpumenum okHO X3MMHHTA JUIs TPOEKTHPOBaHHUS HU(POBOrO (UIBTPaA
npumepa 8. Betoepem nipu 3tom a =0.54 u N =50. VmmynbcHast 1 9acTOTHAs XapaKTEPUCTUKH
MOJTyYHMBILIETOCS TPU 3TOM (QHIIBTpA MPUBEJCHBI HA puc.12.
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T i \‘ II Il “1“1 L
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Puc.12. UmnynbCcHAst ¥ 4aCTOTHAS XapaKTEPUCTUKH MUPPOBOTO GHIIbTpa mpumepa 8,
MOJIy4eHHBIC Mocie TpuMeHeHns: okHa Xaommunra (a = 0.54) mupuHoit 101.

CpaBuenue puc.12 u puc.10 noaTeep:kaaeT BbIBOJ, YTO YCTPAHEHHE OCIUII-
JSUMNA YaCTOTHOM XapaKTEPUCTUKU MPOUCXOJHUT 3a CUET €€ «Pa3MbITHSI», TO €CTh
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YBEIUYEHUS IMPUHBI €€ MEJIKMX JICTaICH, TAKMX KaK PE3KHe Mepernabl, BHIOPOCH
U T.]I.

Hapsiay ¢ npssMOYTroIbHBIM OKHOM M OKHOM X3MMHHTa HCIIOJIB3YETCS TaKKe
okHO bapTtiera (TpeyroabHOE OKHO):

| n
::,l-% npu | £N;
{0 npu |n|>N,

w

n

u okHo Kaiizepa:

.}Io(b 1- (n/N)z)

;0 npu \n\>N,

npu ‘n‘EN;

rae |, — gynkuus beccena nynesoro nopsinka. Oxno Kaiizepa obecrnieunBaeTr Mu-
HUMAJIbHYIO SHEPTUI0 OOKOBBIX JEMECTKOB CIEKTpa OKHA. YeM OoJible nmapamerp
b, Tem mupe raaBHBIN JETECTOK U MEHBIIIE JI0JISI SHEPTUU B OOKOBBIX JICTIECTKAX.

PaccMOTpeHHBIH METOJT TPOEKTUPOBAaHUS LHUPPOBBIX (PUIBTPOB ¢ KOHEUHOM
MMITYJIbCHOM XapaKTEPUCTUKOW, UMEIOIINX 33aIaHHYI0 YaCTOTHYIO XapaKTE€pUCTH-
Ky HOCUT Ha3BaHUE Memoo0 636euiu8anlss IO TOU MPUYUHE, YTO OTCYETHl UMITYJIbC-
HOW XapaKTEPUCTUKH, BbIYUCIeHHBIE TI0 opmyrie (5.1), yMHOXKAOTCS Ha BECOBBIC
KO3 (PULMEHTHI, OonpenenseMble TeM WIA MHbIM OKHOM, B MPOCTEHIIEM cCilyyae
npsiIMOYToJibHbIM. HanmoMHuM ocHOBHBIE 3Tanbl npoektupoBanus KNUX-guibtpon
METOJOM B3BELINBAHUSA

1. ITo 3amaHHOM YaCTOTHOW XapakTepucTuke, ucnonb3ys (5.1), paccuurarsb
OTCYETHI UMITYJIbCHOW XapaKTEPUCTUKH.

2. BeiOpath THI UCTIONIB3yeMOro OKHa (PSIMOYTroibHOE, XaHHA, XOMMHUHTA,
baptiera wiu Kaiizepa) u ero mmupuHy.

3. JIoOMHOXUThH MOJYYEHHYI0O UMIYJIbCHYIO XapaKTEPUCTHUKY Ha BHIOPAHHOE
OKHO.

4. CiBUHYTh KOHEYHBIH HA0Op OTCUETOB MMIYJbCHON XapaKTEpPUCTHKU Ha
MOJIOBUHY IIMPUHBI OKHA, TaK, YTOOBI MEPBbIA OTIMYHBIA OT HYJSI OTCYET MME
Homep O.

5. IlonyueHHbI KOHEUHBI HAOOP OTCUETOB UMIYJbCHOM XapaKTEPUCTUKU
UCTIOJIB30BaTh JIJISl IIOCTPOCHUS TPAaHCBEpCAIbHOTO U poBoro puibtpa (puc.3).

[TockoybKy MCXOJHAsi YaCTOTHAsI XapaKTEPHCTUKA SIBISICTCS, KaK MPaBUIIO,
YHUCTO JICHCTBHTEIBHOM, BBIYMCICHHBIC OTCYEThI HMITYJIbCHOW XapaKTePHCTUKU
cumeTpuuHbl: N, =h_ . Ota cumMmmeTpus coxpaHsieTcs, KOHEYHO, H IOCIIe YMHOXKe-

HUSL HA CUMMETPUYHOE OKHO, U IOCJE CIIBUra UMITYJIbCHOM XapakTepucTuku. Ilo-
ATOMY PACCUMTAHHBIA OMUCAHHBIM METOJOM HU(POBOH (GUIbTp (KOHEYHO, TpU
JCHCTBUTEILHOW UCXOJHOM YAaCTOTHOM XapaKTepUCTHKE) OyaeT HeM30eKHO 00Jia-
JaTh JINHEWHOHN ()a30BO-4aCTOTHON XapaKTEPUCTUKOM.



Koumponvuule onpocul u 3adauu.

1. O6nanator 11 QUALTPHI, TOCTPOCHHBIE METOJOM B3BEIIMBAHUSI, JTUHEMH-
HOM (pa30BO-4AaCTOTHOM XapaKTEPUCTUKOM ?

2. MOXHO 71 UCIOJI30BaTh METOJI B3BELIUBAHMS AJI MOCTPOCHUS LUPPO-
BbIX (PUIIBTPOB C 3aJJaHHOI (pa30BO-4ACTOTHOM XapaKTEPUCTUKOMN ?

3. UmnynbcHble xapakTepucTuku npumepoB 9-11 oGnamaroT cuMMmeTpHei.
SBnsiercs 11 3TO CBOMCTBO HEM30EKHBIM MPHU UCIIOIB30BAHUM METOJA B3BEILIHMBa-
HUA?

4. Moxet 11 oKOHHas pyHKLUsA W, He o0Janare cUMMeTpuen W, =W. 7

5. MOXHO M HMCHOJIb30BaTh METOJ B3BEUIMBAHUSA [JIsi MPOEKTUPOBAHUS
(GUIBTPOB C HEYETHOM UMITYIBCHOM XapakTepucTukon H (- W) =-H (W)?

6. IlocTpoiite MeTOo0M B3BELIMBAaHUS LUU(PPOBOM (HUIBTP C YACTOTHOU Xa-
PAKTEPUCTUKOM
[ npu | f|<1xly;
H(f)=j i
70 npu‘f‘>ll<Fu.

Hcnonb3yiiTe npu 3ToM yactoTy AuckpetusanuunlO x/y u npsMoyroiabHoe
okHO mupuHoit 101 oTcuer.

7. IloBTopure 1.6 ¢ yactoroit quckperusanuu 20 k/y. CpaBHUTE YACTOTHbIE
XapaKTePUCTUKH MOTYyUYUBIIUXCS (PUIBTPOB.

8. IloBTopuTte 1.6 ¢ mmpunoit okHa 201 orcuer. CpaBHUTE YAaCTOTHBIE Xa-
PaKTEPUCTUKHU MOITYUUBIIUXCS QUIBTPOB.

9. IlocTpoiiTe METOOM B3BELIMBaHUS LHU(PPOBOM (HUIABTP C YACTOTHOU Xa-
PAKTEPUCTUKOM
i0 npu | f|<1xly;
H(f)=j i
i1 npu‘f‘>ll<Fu.

10. IloBTopute 1.9 ¢ APyrumMu 3HAYEHUSIMU YaCTOThI JUCKPETU3ALUU U LIU-
puHbI OKHA. CpaBHUTE YaCTOTHBIE XapaKTEPUCTUKU MOTYUUBIINXCA (PUIBTPOB.
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6. Ilpoekmuposanue yughposvlix urbmpoe memooom 4acmommuoil 6vl-
OopKu.

[TonbiTaeMcst co3aaTh LU(PpPoBO GUIBTP, YACTOTHAS XapaKTEPUCTUKA KOTO-
pOro B KOHEYHOM YHUCJI€ TOYEK COBMAJAET C 3aJlaHHOW XapakTepucTtukon H (W)
[TycTts konnuecTBO 3THX Touek paBHO N. Torna cnpaseqinBa cuctema:
H(w/J)=H,, k=0,.,K-1 (6.1)
HasBaTth 5Ty cucteMy CHCTEMON YpaBHEHMH, KOHEYHO, YMECTHO TOJIBKO B
TOM CJIy4ae, eclii oHa cojiepkuT K Hen3BeCcTHBIX B JieBoi yactu. [lepenarounas (a
CJIEIOBATEIbHO, U YACTOTHAS) XapaKTePUCTHKA JIFOOOTo 1uppoBoro GpuiabTpa ¢ co-
CPEAOTOYCHHBIMU TIapaMeTpaMu uMeeT BUJ (3.7) U TOJTHOCTHIO OMPEACIIseTCS 3a-
JaHUEM KOHEYHOro Ha0opa HyJIeH U MOJIOCOB:
ap,+a,e "zt +a,e "+ +a, e NP 4 q, g NP
H(w)==0""1" 2 N-1Z N
1+ble jwD +b26 2jwD +-"+bN-1e j(M-1)wD +bMe iMwD
Ecnu npunste B Beipaxkenuu (6.2) N+M +1=K, to cucrema (6.1) neiicr-
BUTEJIBHO MPEBPAIlACTCI B CUCTEMY YpPaBHEHHMH OTHOCUTENbHO K HEU3BECTHBIX
ko3 puirieHToB 1UdpoBOro (GuUIbTpa U MPOEKTUPOBAHUE HUPPOBOro (GuibTpa
CBEJIETCSl K PELICHUI0 3TOM CHCTEeMbl. /[ MpOEKTUPOBILKKA, KOHEYHO, OCTAETCS
npobiema BbIOOpa — CKOJIBKO HYJIEH M CKOJIBKO MOJIOCOB JAOJDKHA COJAEPKATh I1e-
peaaToyHas XapakTepucTuKa cosaBaemoro ¢uibtpa. bosee Toro, naxe eciu or-
PEACNIUTHCA C KOJIMYECTBOM HYJEH U MOJIIOCOB, BCE PAaBHO OCTAHETCS OMACHOCTD,
YTO pacCYUTaHHBIM UIBTP OyJAET MMETh MOJIOCHI MEPEAATOYHOM XapaKTepUCTU-
KH, JIe)Kallle BHE €JUHUYHON OKPY>KHOCTH, U, CIEJ0BATENIbHO, HE OYJeT yCTOWYH-
BbIM. DTUX OCJOKHEHUU MOXHO M30€KaTh, €CJIU COBCEM OTKAa3aThCs OT MOJIOCOB
NEepPeaTOYHON XapakTEPUCTHUKU. B 3TOM ciyyae uacTOTHas XapaKTepUCTHKa
¢unsrpa onpexnensercs K koapdunueHtamMu a,, KOTOpbIE K TOMY K€ SIBISIOTCS

(N-1)

(6.2)

OTCUETaMHU HMMITYJbCHOM XapakTepucTuku ¢uibTpa h, =a,, ¥ KOTOpble MOXHO
HaWTH, peiias CUCTEMY YPaBHEHUN !

K-1
— - 2 - jw, nD _
H =H(w)=a he ™™ k=0,..K-1 (6.3)
n=0
Pemenue cuctemsr (6.3) maer HemocpeacTBEHHO K03 (HIIMEHTHI TpaHCBEp-
CaJIBHOTO (PUIIBTPA, IPU ITOM Ha BBIOPAHHBIE YACTOThHl W, HE HAKJIa/IbIBACTCS HU-

Kakux orpaHmyeHuil. ONHCaHHBIA METOJ MPOEKTUPOBAHUS LHUPPOBBIX (PUIBTPOB
MO3BOJISIET MPOEKTUPOBAThH (PUIBTPHI C KOHEYHOM UMITYJILCHOM XapaKTepUCTUKON U
Ha3bIBACTCSI METOIOM YACHOMHOU GbIOOPKU.

B mpaktuueckoM cMbiciie yI0OHO BBIOpAaTh 4acTOThl W, PaBHOMEPHO OT-

CTOSIIIUMHU JIpYT OT Apyra Ha uaTepBane 0...2p:

w, =Pk k=0,.K-1

KD
[Tpu TakoMm BeIOOpE cuctema (6.3) npumeT Oosiee yIOOHbIH BUJ:
Kl jZPkn
H =ahe ¥ , k=0,...,K-1

n=0
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JInst pa3penieHus: MOMy4YeHHOW CHCTEMBbI OTHOCHTENBHO N, JOMHOXHM 00€

j@knd:
ceyacti Ha € K u mpocymmupyem mo K:
K1 iPine K51 (Pneksl L 2P Ko KoL |0kn(F 2Py,

aHe® =3eXx ghe K =3ahaekK e « =
(6.4)

K npu n=n¢
0 :

i “Fkn
:Ea He K . (6.5)

Wrak, Ham ynanoch nogo0paTh KOHEUHbIH HAOOP OTCUETOB UMITYJIBCHOM Xa-
paktepucTuku 1udpoBoro GuiabTpa ¢ 3aAaHHbIMU K 3HaueHHSIMU YacCTOTHOU Xa-
PaKTEpUCTUKU. 3HAsI OTCUETHl UMIYJIbCHON XapaKTEPUCTUKHU, MOKXHO BBIYUCIUTH
NEepPeIaTOYHYI0 XapaKTePUCTUKY PUIbTpa:

-1 K-14 K-1 p K-1 K-1 2P
] o 1 j=—kn 1 jokn
H(z)=q hz"= © H.e K z”:Eé_Hké_eK n =
n=0 n=0"" k=0 k=0  n=0
K
. aejika .0
161 K tee® _19n 151t '§e ’ p (6.6)
=EaHka§e z :EaHk 2, =
k=0 n=0 7 k=0 1- eJK 71
1- 7%t H,
a .2p
K k=0 J
1-e X 2

[Tomy4deHHbIN pe3yabTaT BBI3BIBAET HEKOTOPOE HENOYMEHUE — MbI IIPOCKTH-
poBaiu (GUIBTP C MEPENATOYHON XapaKTEPUCTHKOM, COepKalleil TOJbKO HYJIH,
OJTHAKO IMOJIYYMBILASACS B pe3ysibTaTe mepeaaTodynas xapakrepuctuka (6.6) B siB-
HOM BHJIE COAEPKUT MOIIOCHI. ECiy, 0JTHAKO, BHUMATEIBHO MMPUCMOTPETHCS K IIe-

penatouHoii xapakTepuctuke (6.6), ToO MOKHO 3aMETHTh, 4TO BhIpaxeHue 1- 2 ¢
MPEACTaBIIAET COOOW MONMMHOM ¢ K KOpHAMM:

PR < 2Pdee | 2j°Pdee 35120 & | (k-2220
(z-l)é -ng ng -eK—éz-e “
4] 4]

TO €CTh KaXKIbI MOJIOC MEepeAaToOuHoi Xxapakrepuctuku (6.6) kommeHcupyeTcs
HYJIEM U PE3YJIbTUPYIOIIAs XapaKTEPUCTUKA MO-TIPEKHEMY HE COAEPIKUT MOJFOCOB.
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[Mpaktuyeckoe npumeHeHune Gopmysl (6.6) conpsikeHo ¢ TPYIHOCTHIO pea-
Iu3aluy GUIBTPOB NEPBOTO MOPSAKA C KOMIUIEKCHBIMU MOJIOCAMMU:
H
H(z)=——k —.
k-1
l-ex'z
DTy TPYAHOCTbH JIETKO MPEOJOJETh, BCIIOMHUB, YTO YaCTOTHAsl XapaKTepH-
cTUKa QUIbTpa ¢ JEHCTBUTEIbHON UMIYJIbCHON XapaKTEPUCTUKON CUMMETPUYHA!

H, =Hy_,, 1 mo3ToMy cymMMa IByX 4JICHOB BbIpaxkeHus (6.6) OyneT naBaTh 4ncTo
JNEUCTBUTEIILHBIN PE3yJIbTAT:

H H H Hy,

K + K-k - K + K

1- ej%kz-l 1- ei%(K-k)Z-l 1- ej%kz_l 1. e-jz?kz_l
_ Hk(l' e szka'l)+ H;(l- el ¥zt
1- 22" cos(2pk/K )+ 22
_H +H, - (er' R T
1- 22" cos(2pk/K )+ 2 2

_ 2Re(H, )- 2z"*[Re(H, )cos(2pk/K )+ Im(H, )sin(2pk/K )]
1- 27 ' cos(2pk/K )+ 22

Pesynbrar (6.7), KOTOpHIA JIETKO pealu30BaTh B BUJAC MEPBOH MU BTOPOW
npsiMoit popmbl, o3BoIIsIeT (COBMECTHO ¢ (6.6)) OBICTPO U MPOCTO CTPOUTH CTPYK-
TypHbIE CXeMbl HUPPOBBIX (DUIBTPOB MO 3aJaHHOM YACTOTHOM BbIOOpKe. Takas
CTPYKTYpHasi cxeMa B 0011eM BHJie ipuBeaeHa Ha puc.13. OgHako paccMarpuBae-
Masi METOJIMKa, 00JIaas HEKOTOPHIMU MPEUMYIIECTBAMHU B PAaCUYETHOM YacTH, SB-
JSIETCS. MEHEe YKOHOMHUYHOH (110 KOJIMYECTBY CyMMATOPOB U DJIEMEHTOB 3aJepiK-
KH), YeM HEMOCPEACTBEHHOE MOCTPOCHUE TPAHCBEpPCAIbHOTO GUiIbTpa ¢ KO3 hu-
[IUCHTaMHU, OIpeeNIIeMbIMH 13 cUCTeMbl ypaBHeHwid (6.3). Kpome storo, ciaemyer
UMEThb B BUJY, YTO B BbIpakeHHU (6.7) MOIIOCHI MEPEIaTOUYHON XapaKTePUCTUKU
KOMIIEHCUPYIOTCSl HYJIIMH «TOJIbKO Ha Oymare», TO €cTh Mpu abCOIOTHO TOYHBIX
BbIUMCIEHUAX. B peansHbiXx mu@poBbix Quubtpax kodpduuuentsr A, B, u C
(puc.13) OyayT 3amaHbl ¢ HEKOTOPHIMH HEW30CKHBIMU TOTPEHIHOCTAMHU, M ITO
NpUBEJIET K TOMY, YTO TOJIOCHI MEPEAATOYHON XapaKTePUCTHKU HE OYIyT TOYHO
MPUXOAUTHCS HAa €€ HyJu, U 0ojiee TOro, MOTyT OKa3aTbCs 3a €AMHUYHOM OKpPYXK-
HOCTbIO, YTO MOKeT (haTajbHO CKa3aThCsl HA YCTOWUYMBOCTU HPOECKTHUPYEMOTO
¢bunbTpa.

[IpuBeaeHHbIe cOOOpaKeHUsI 3aCTABIAIOT OTJATh MPEANOYTEHUE BapUAHTY
METOJIa YaCTOTHON BBIOOPKH, OCHOBBIBAIOIIEMYCSl HA PEIICHUU CHCTEMBI ypaBHeE-
Huit (6.3) 1 mocieayoIel peaau3aliy TpaHCBePCATbHOTO QUIIBTpA.

[Ipu “cnoOaB30BaHUM METOAA YACTOTHOW BHIOOPKH 3HAUYEHMsI YACTOTHOM Xa-
PaKTEpUCTUKUA CUHTE3UPOBAHHOIO (DUIBTPA, KOHEUHO, UJI€aJIbHO COBMAAIOT C 3a-
JTaHHBIMU 3HadYeHUsAMU. OJTHAKO B MPOMEKYTKAX MEXIY BRIOPAHHBIMU YaCTOTAMU
YacTOTHAsl XapaKTEPUCTHKA MOXKET BECTH CE€O0sl JOCTATOYHO CJIOKHBIM, U, KaK MO-
Ka3bIBaeT MpPAaKTHKA, BeCbMa M BEChMa HEOKUJAHHBIM OO0pa3oM, UYTO CHIDKAET
MPaKTHYECKYIO IEHHOCTh METO/Ia YaCTOTHON BHIOOPKH.
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Puc.13. Cunte3 KUX-puabTpoB METOJOM 4acTOTHOM BBIOOPKU
(mapametp K B JaHHOM CiTydae MMEET HEUCTHOE 3HAUCHUE).

CdopmynrpyeM BKpaTLe OCHOBHBIE JTalbl NPOEKTUPOBAHMS LU(PPOBOrO
(GuIbTpa METOAOM YaCTOTHON BBIOOPKHU.
1. Cnenaem BBIOOPKY 4YacToT W, (k =0,...,K - 1) U COOTBETCTBYIOILKE €U

3HAYEHUS YaCTOTHOU XapakTepuctuku H, =H (Wk )

2. U3 cuctembl ypaBHeHui (6.3) HalijeM OTCUETHI UMITYJILCHON XapaKTepH-
ctuku hy, .

3. Iloctpoum TpaHcBepcanbHbId HUGPOBON GUIBTP ¢ pacCUUTAHHBIMHU KO-
sdunmentamu h, .
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Koumponvuule onpocul u 3adauu.

1. KoHeunyto unu OECKOHEUHYIO XapaKTEPUCTHUKY HMMEIOT (UIIBTpPHI, pac-
CUMTAHHbBIE METOJIOM YaCTOTHOM BBIOOPKHU ?

2. MoxeT 11 B pe3ysbpTaTe NPUMEHEHUsT METOJ1a YaCTOTHOW BBIOOPKH IMOTY-
YUTHCS PEKYPCUBHBINA HU(DPOBOI GUALTP?

3. MoxHo a1 cxeMy puc.13 npeactaBuTh B BHJIE€ NIEPBOM WM BTOPOM Mpsi-
MOl popMBI?

4. KakuMHi IpeuMyIIECTBAMU 10 CPAaBHEHUIO C METOJOM B3BEIIMBaHUS 00-
JaJaeT METOJ YaCTOTHOU BBIOOPKH ?

5. Kak obecneunth ycTOMYMBOCTH LU(POBOTrO (UIABTpa NpU MPUMEHEHUU
METO0/1a YACTOTHOM BBHIOOPKU?

6. Ilpeanoxute yacToTHyIO BBIOOPKY M3 10 Touek myid peanu3anuu TpaHc-

BepCalbHOTO MU(GPOBOTO (DHIHTPA C YACTOTHON XapaKTEPUCTUKOM:
il wD < p/10;

)< L 7P WO<P)
10 npu wD>p/10.

7. Ilpuroana v Juist pelieHus 3a1a4u 6 4acTOTHasi BBIOOpKA, IPUBEICHHAS B
Tabnuie?

W 0 | p/25D | p/20D | p/15D | p/10D | p/5D | p/2D | p/D | 3p/2D | 4p/5D

Hw) | 1 1 1 1 1 0 0 0 0 0

8. MOHO 1M, UCHIOJIB3YSl METOJT YACTOTHOM BBIOOPKH, MPOEKTUPOBATH LU(-
poBbIe (PUIBTPHI C TUHEHHOM (Pa30BO-UACTOTHON XapaKTEPUCTUKOM ?

9. K ueMy 10KHO IPUBOJUThH YBEIUYEHHE TOYEK YACTOTHOM BHIOOPKHU ?

10. Kak cOOTHOCATCS WCXOJIHAs YacTOTHAs XapaKTePUCTHKA W YaCTOTHAs
XapaKTepucTuka muppoBoro (GriIbTpa, MOCTPOSHHOTO METOJOM YaCTOTHOUW BBI-
O00pku?
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7. Memoowt omoopasicenusn ougghepenyuanos.

bonbiioe KOJIMYECTBO METOJOB NPOEKTUPOBAHUS HUPPOBBIX (UIBTPOB
OIUPAETCS] HA M3BECTHBIC U3 TEOPUU IICTel U CUTHAIOB (MU TEOPETUYECKHUE OC-
HOBBI PaUOTEXHHUKH, [C.MU.Backakos. PanuoTexnuueckue 1enyu U curHaisl. — M.: Beiciuas
mkona, 2000, 462¢c.]) METO/IbI MPOSKTUPOBAHUS AHAJIOTOBBIX (HEMPEPHIBHBIX) (QHIILT-
poB. HanmomHum 06e3 BBIBOJa HEKOTOPbIE OCHOBHBIE MOJIOKEHUS TEOPUH HEmpe-
PBIBHBIX @iemieil (Ui cpaBHEHUs OyJleM HAIlOMHHATH COOTBETCTBYIOIIME CBOMCTBA

IUPPOBBIX CUCTEM):

JI71si HEenmpephIBHBIX CUTHAJIOB CYILIECTBYET
TuHEeHOe mpeoOpa3oBanue Jlarmmaca, craBs-
1iee CUTHaJly B COOTBETCTBHE HEKOTOPYIO Be-
IIECTBCHHYIO (YHKIIMIO, OIpPEIEICHHYI0 Ha
KOMILJIEKCHOM TIJIOCKOCTH:

Ox(t)e %dt.

-¥

X(s)=

JUi TUCKPETHBIX CUTHAJIOB CYIIECTBYET Z-
npeoOpa3oBaHue, CTaBsIEe CUTHATY B COOT-
BETCTBHE HEKOTOPYIO BEIIECTBEHHYIO (yHK-
L[1I0, OIPENIEICHHYI0 Ha KOMIUIEKCHOM ILIOC-
KOCTH:

¥
X(z)= & x,z".

n=-¥

Ecnn HempepbIBHBIA CHrHA X(t) HMeEeT
npeobpaszoBanue Jlamnnaca X(S), TO €ro Ipo-
mpommass  dx(t)/dt wmmeer mpeoGpasoanue
Jlamnaca SX(S)

Ecnu DUCKpPETHBIM CUTHaln X, HMeEET Z-
npeoOpa3zoBaHue X(Z), TO €ro 3aJep’KaHHbIN

curHain X, Z-ipeoOpa3oBaHue

zZ'X(2).

UMECT

CriekTp HenpepbIBHOTO CUTHaja

¥
X(w) = ox(t)e ™t
¥
npencTaBisier co0oi 3HaueHUs ero mpeodpa-
3oBanusi Jlaruiaca, B3AThie Ha MHUMOH OCH
S = jw.

CrieKkTp AMCKPETHOTO CUTHajla
¥
& .
— - jwnD
X(W)— a x.e
n=-¥
NpejCTaBisieT CcoOOW  3HAYeHWs ero  Zz-
npeoOpa3oBaHusl, B3ATbIE HA E€IWHUYHOW OK-
pyxkHoctu z=e'".

JIuHeliHbIe HMHBApUAHTHBIE AHAJIOTOBBIE
LENH MOJHOCTBIO XapaKTEPU3YIOTCSI UMIYJIbC-
HOWM XapaKTEPUCTUKOU h(t), MpUYEM BXOJHOU
(X) u BbIXOAHO# (Y) CHUTHANBI IIETIH CBSI3aHBI
COOTHOILICHUEM

y(t) = x{t)* h(t).

JInHeliHblE MHBAapUAHTHBIE JIUCKPETHBIE
LENH TIOJIHOCTBIO XapaKTEpU3YIOTCS UMITYJIbC-
HOM XapakTepHCTHKOHW h , mpudyem BXOmHOM
(X) u BbIXOAHO# (Y) CHUTHANBI IIETTH CBSI3aHBI
COOTHOIICHUEM:

yﬂ:Xﬂ*hﬂ'

[IpeoOpazoBanme Jlammaca WMITYJIBCHOMN
XapaKTEPUCTUKU aHAJOTOBOW IIEMH Ha3bIBAET-
Csi IIepeJaTOYHOM XapaKTEPUCTHUKOM LeNH
H(S), npeoOpa3oBanus Jlammaca BXOJHOTO U
BBIXOJJHOI'O CUTHAJIOB CBSI3aHbI APYI C JPYroM
[IePEAATOYHON XapaKTEPUCTUKOMN:

Y (s)= X(s)H(s).

Z-nipeoOpazoBaHie HMMITYJIbCHON Xapakre-
PUCTHUKH JUCKPETHOW IIETIM Ha3bIBAeTCs Iepe-
JATOYHOM XapaKTEPUCTUKOW LEnu H(Z), z
npeoOpa3oBaHusl BXOJHOTO M BBIXOJHOTO CHT-
HAJIOB CBSI3aHBI JIPYT C JPYroM TepenaTOuyHON
XApaKTEPUCTUKOM:

Y(z):X(z)H(z).

Tak JKC, KaK B CJIydac C JUCKPCTHBIMU CUCTEMAMM, B HCIIPCPLIBHBIX CHCTC-

Max MPHUHSITO BBIAEIATH LEMU C COCPEAOTOYCHHBIMU MTapaMeTpaMu, KOTOPbIE CTPO-
ATCS U3 3JIEMEHTApHBIX IeNeil, BXOAHOW U BBIXOJHON CUTHAJbl KOTOPBIX CBSI3aHbI
JTUHENHBIMU TUudPepeHInaTbHBIMU COOTHOMEHUIMU. [ToaaBistoniee OONbIIUHCT-
BO aHAJIOTOBBIX IIENEH, BCTpEUAIOUIUXCSl Ha MPAKTUKE, SBISIIOTCS LENSMU C COCpe-
JOTOYEHHBIMHU ITapameTpaMu. IIpuBenem oCHOBHBIE CBOMCTBA LIENIEH C COCPENOTO-
YEeHHBIMU MTapaMeTpamu.
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IlepenarouHas xapakTEepUCTHKA JIMHEHHON
aHaJIOrOBOM LIENIH C COCPEIOTOYECHHBIMU I1apa-
METpaMU HMEET BHJl OTHOIICHUS IMOJUHOMOB
OT apryMeHTa S

[TepenarouHas xapaKTE€pUCTUKA JIMHEHHOU
JUCKPETHOM ILIEMU C COCPEAOTOYEHHBIMH I1a-
paMeTpamMu UMEET BUJI OTHOILIECHUS TTOJITMHOMOB

OT apryMeHTa z '
_ Rz

H(z)— Pz(z‘l)

AHanoroBasi LElb C COCPEIOTOUYEHHBIMU
rapaMeTpamu SIBJISIETCA YCTOMYMBOW TOorja W
TOJIBKO TOT/IA, €CIIA €€ IepelaToyHas XapaKkTe-
pUCTHKA HE UMEET IOJIIOCOB B IIPAaBOM YacTH S-
miockoctu: Re(s)> 0.

JuckpeTHas Uenb ¢ COCPEAOTOUYCHHBIMU
rapaMeTpamu SIBJISIETCA YCTOMYMBOW Torja W
TOJIBKO TOT/Ia, €CIIA €€ NepelaToyHas XapaKkTe-
pUCTHKA HE HMMeEEeT IIOJIIOCOB 3a Mpelenamu

€AMHUYHOUN OKPYKHOCTH Z-TUIOCKOCTH: |Z| >1.

Teopust aHanoroBeIx 1eneil 00gagaeT 6OJbIIUM KOJUYECTBOM PELIENTOB I10-
cTpoeHus: PUIBTPOB C 3aJaHHBIME cBoiicTBamu (puibTpsl beccens, bartepsopra,
YeObimea, GUIbTPbl HU3KUX M BBICOKUX YacTOT, MOJIOCOBbIE U 3arpaguTebHbIe
¢bwibTpsl, [V.Turne, K.1llenk. IMomynposoHukoBas cxeMoTexHuka: CpaBoOYHOE MOCOOHE. —
M.: Mup, 1982, ¢.185]). Bcemu 3TuMu perientaMyd MOXHO OBLIO OBl BOCITOJIB30BaTh-
csl, ecid Obl yJIajaoch HaWTH MOAXOJsIee MpeoOpa3oBaHUE U3 S-TUIOCKOCTH B Z-
IJIOCKOCTB. MIcX0s U3 yKa3aHHBIX CBOMCTB aHAJIOIOBBIX U JUCKPETHBIX LENEH, 3TO
npeoOpa3oBaHue JTOJKHO 00J1a1aTh CIEAYIONIUMU CBOMCTBAMH.

1) MHuMast OCh S-TUTIOCKOCTH JIOJKHA OTOOPAXKAThCS B CIAUHHYHYIO OKPYXK-
HOCTb Z-TIJIOCKOCTH.

2) JleBast monymIockocTh S-miockocT Re(S)< 0 momkHa oToGpakaThCs BO

BHYTPEHHIOIO YaCTh €IMHUYHOTO KPyTa Z-TJIOCKOCTH |Z‘ <1l

3) IlpeoOpa3oBanue TOKHO OBITH JAPOOHO-PAIMOHATBLHBIM, MOCKOJIBKY
MMEHHO Takoe npeo0pa3zoBaHue OyAeT 0TOOpakaTh OTHOIIEHHUE OJTUHOMOB OT ap-

TYMEHTa S B OTHOIIEHHE TIOJIMHOMOB OT apr'yMEHTa Z -, 4TO MO3BOJIHUT PEaTH30BbI-
BaTh HU(PPOBBIE PUIBTPHI C COCPEAOTOUCHHBIMU MTapaMeTpamHu.
B xayecTBe HCKOMOTo peoOpa3z0BaHus MOKHO MPEAJIOKUTH 3aMEHY TIPOU3-
BOJTHOU 110 BPEMEHU KOHEYHOMN Pa3HOCTHIO!
% ® Xn+1 = Xn
dt D
Ecnu cnenate npeoOpaszoBanue Jlamiaca neBoi 4acTH 3TOTO BBIPAXKEHUS U
Z-npeoOpa3zoBaHUE MPABOM YACTH, TO MOXKHO MOTYYUTH:
z-1
sX(s)® 5 X (2),

OTKYJa U CJIEYET SIBHBII BU TpeOyemMoro npeoopa3oBaHHUs:

z-1
s® —, 7.1
5 (7.1)
OTKyJ1a clieyeT oOpaTHOe MpeoOpa3oBaHue:
z- sD+1. (7.1a)

OnucaHHBIA METOJ HOCUT Ha3BAHUE METOJ npsamou pazHocmu. V3 cOOTHO-
nrenus (7.1a) cienyer, 4To JieBas MOJMYIUIOCKOCTh S-TUIOCKOCTH TEPEXOJIUT B Jie-
BYIO IOJIYTUIOCKOCTb Re(z) <1 Z-na0CcKOCTH, @ MHUMAs OCh S-TNIOCKOCTH — B TIpsi-

42




MYIO Re(z) =1 Z-nI0CKOCTH, TO €CTh HE BHITIOJHIIOTCS cpasy JiBa U3 chopMyIHpo-

BaHHBIX TPEOOBAHM.

7,

Re(z)

AN
[E—

>

Puc.14. TIpeoOpazoBanue S® 2z
B METO/JIE IPSIMOU Pa3HOCTH.

[lontocel mepegaToyHON XapakTepu-
CTUKHU aHAJIOrOBOro (hUIbTpa, JeKallue B
JIEBOM TMOJYIUIOCKOCTH, MOTYT OTOOpa-
3UTHCSI B TOJIFOCHI MEpPeAaTOYHON Xapak-
TEPUCTUKU LU(POBOro ¢GuiabTpa, JIexa-
€ BHE EIWHUYHON OKPYKHOCTH, Kak
9T0 M300paxeno Ha puc.14 (cumBosbl ),
TO €CTh MPU UCMOJIB30BAHUM METO/1a Nps-
MOM Pa3HOCTU YCTOMYMBBIA AHAJIOTOBBIN
(GUIBTp MOXKET 0TOOPA3UTHCS B HEYCTOM-
YUBBIA HUPPOBOH.

Kak BumHO u3 puc.14, ycnosus 1) u
2) BBINONHAKOTCS BOMWM3M TOYkHM 2Z=1
KOMIUJIEKCHOM Z-TJIOCKOCTH, TO €CTh INpHU
YCTPEMJICHUH K HYJII0 HHTEpBaia IUCKpe-

TU3alWH 110 BPECMCHH MCTO/ HpHMOﬁ Pa3HOCTHU AOJIKCH AaBaTb YAOBJICTBOPHUTCIIb-

HBIE PE3YJILTATHI.

OT HEKOTOPBIX HEJOCTATKOB METOIa MPSMOU Pa3HOCTU CBOOOJIEH METO/I 00-
pamuol pazsHocmu, B KOTOPOM MPOU3BOJHAS IO BPEMEHHU alPOKCUMUPYETCS pas-

HOCTHBIM BBIPAXKCHHUCM

% ® Xn = Xn-1
dt D
YTO MPUBOJMT K SIBHOMY BHJIY IIPSMOTO ¥ 0OpPaTHOTO MPeoOpa30OBaHMIA:
1- 71
S® ———, (7.2
Z~ : (7.2&)
1- sD

Im(z) Kak BugHO 13 puc.15, oOpa3zom MHU-
MOH OCH S-IJIOCKOCTH Ha Z-IJIOCKOCTH
- SIBIIICTCSI OKPYKHOCTH C IICHTPOM B TOUKE
J z=1/2 wu pamuycom 1/2. B camom jere,
JeUCTBUTENIbHAS YaCTh TOYKH 00pa3a paB-

Re(z) "™

" ael+ | 0
-1 1 Re= RG(?LQ:R L\NDZ::
&1+ jwD g 1+ (WD)’ &
B 1
. 1+ (WD)’
J MHHMasl 9aCTh, COOTBETCTBEHHO, paBHa!
Puc.15. IIpeoOpazoBanue S® 2z Im = wbh
B METOJIe 0OPATHOM Pa3HOCTH. 1+ (WD)2 ’
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M OHH YIOBJICTBOPSIOT COOTHOILICHUIO.

8%-392+ 2 = L - LI (wD)* =
& 25 L+@DPf 1+(wDf 4 {1+ (wDp

1+(wDf  1+wD)  1_1

(1+ (wD)?f (1+ wD) )2 4 4

Touka S =0 mpu 3TOM 0TOGpaXkaercs B Touky z=1=€!°, npu ycrpemnennn
S® ¥ ToukKa Z CTpeMHUTCS K HYJO cBepxy Z® [0, mpu S® - ¥ oOHa CTpEeMHUTCS K
Hymo cHu3zy 2zZ® - jO. [lpu TakoM OTOOpaKeHHM JieBasi MOJIYIUIOCKOCTh S-
IJIOCKOCTU 0TOOpa)kaeTcsi BO BHYTPEHHIOIO YacTh MaJIOM OKPY>KHOCTH puc.16, To
€CTh BCE IMOJIIOCHl YCTOMYMBOIO aHAJIOroBOro (YUIbTpa OTOOPaKarOTCS 3aBEIOMO
BO BHYTPEHHIOIO YaCTh €IMHUYHON OKPY>KHOCTH Z-TUIOCKOCTHU. Takum oOpazom,
IpU HMCHOJB30BAHUM METO/a OOpaTHOM pPa3HOCTH YCTOMYMBOCTH aHAJOrOBOTO
(bunbTpa rapaHTUPYET YCTOMUMBOCTH LU(ppoBoro. Tem He MeHee, Kak U B METO/E
psIMOM pa3HOCTH, 00pa3 MHUMOM OCH S-IJIOCKOCTH COBMAJAET C €AMHUYHON OK-
PY’KHOCTBIO TOJIBKO B OKPECTHOCTH TOYKM Z =1, TO ecTh AJi1 COBNAJEHUS YaCTOT-
HBIX XapaKTEPUCTHK aHAJOrOBOTO U LHU(PPOBOro GpuiibTpoB HEOOXOAMMO, KaK U B
METO/I€ MPSMOM Pa3HOCTH, YMEHBIIATh HHTEPBAJ JUCKPETU3ALMH M0 BpeMeHu D.

Ipumep 12. PaccMoTpuM aHATIOTOBYIO LENH, M300paKEHHYIO Ha puc. 16.
[lepenarounas XapakTepHCTUKA U300paKEHHOTO (HIIBTPA

COJICPKMT JBa HYJI M BA IIOJIKOCA.

SL
H(s)=——
1+s¢ +s°LC (S+ L+ 4R2LC)( 4 LA 4R2LC)

2RLC 2RLC
BriGepem aiist onpeieieHHOCTH TTapaMeTphbl pacCMaTpH-
BaeMOU IIEIH.

1
Puc.16. HenpepoiBHas 1ens =107y, RC=0.025c.
BTOPOTO TIOPSAIKA. 2pyLC
[Tpu TakoM BBIOOpE apaMeTPOB MepeAaTOYHAS XapaKTEPUCTHKH LS TIPUHUMAET BHI
_ s0.0101c s4017y
H (S) - 2 2 2 ) (7.3
1+500101c+ 5 001¢/(4p?)  (s+(20+59.6])1y)(s+ (20- 59.6]))
Z ~159.6 H(f)
1.0
/ Im(s)
Re(s)
/ 0 0.5
/ o 507y 100 Iy
/ -59.6 Y | — 7
a) 6)

Puc.17. PacriosioxeHue HyJei U MMOJIIOCOB MepeIaTOYHOM xapakTepucTuku GuibTpa puc.l16 (a)
M €r0 aMIUIUTYHO-49aCTOTHAs XapakTepucTuka (0)
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Teneps nepenaTouHas XxapakTepucTUKa UMEET OJMH Hylb Z = 0 M 1Ba KOMIIJIEKCHBIX M0-
JIOCA, JIEXKAIKE B €€ JIEBOU MOJIYIUIOCKOCTH. PacronoxeHue moyrocoB Ha S-IUIOCKOCTH M aMILIH-
TYIHO-4aCTOTHAs XapaKTEPUCTHKA pacCMaTpUBaeMoro (puibTpa npuBeeHs! Ha puc.17.
[TpuMeHnM K nepeaaToyHoi xapakrepuctuke (7.3) MeTo 1 psMOil pa3HOCTH:

H(z) = ((z- 1/D)o.0101cC _
1+((z- 1)/D)0.0101c + ((z- 1)/D)? 0.01¢?/(4p?)
(z- 1)(0.0101¢/D)
1+(z- 1)(0.0101¢/D) + (z- 1)?0.01c?/(2pD)

-1 2

L (7.4)

Z- f—
~ z%(D/0.0101c) +(z1- z?)+(1- 22" +22)0.025¢/D

_ (Z-l ) Z-z)
z2(D/0.0101c- 1+0.025¢/D)+ z *(1- 0.05¢/D)+0.025¢/D’

[MudpoBoii GUIBTP ¢ MOTYICHHON TIEpEIaTOYHON XapaKTEPUCTHKOM JIETKO peaTn30BaTh,
UCTOJB3Ysl IpsMbIe (POPMBI, WITH KaKHUM-JTHOO0 IpyruM crocod6oM. Ilpu 3Tom BBIOOp MHTEpBaia
muckpern3anud D HenmocpenCcTBeHHO BIMSET HA PACIOJIOKEHHWE HYJIEH M TOJIOCOB MepeaaToy-
HOW XapaKTEePUCTUKU CHHTE3UPOBAHHOTO (pmibTpa (Tak, 4TO OH MOXKET OKa3aThCs Ja)xe Heyc-
TOWYMBBIM), a TAKKe Ha POPMY €ro 4aCTOTHOW Xapakrepuctuku. Ha puc.18 nzo0paxeHo pacro-
JIOKEHHE HyJEH W TOJIIOCOB M aMIUIMTYAHO-YaCTOTHAs XapaKTEPUCTHUKA CHUHTE3HMPOBAHHOTO
GWIBbTpa MpH Pa3TUYHBIX 3HAYEHUSIX UHTEPBAJIA TUCKPETHU3AIIH.

[m(z) ;)12 H(f) A=0.01c
/ 4 [
¢/ | M2os6
3
C e
~ 0609401® o A=0.003 ¢
0.8 /1 Re(z) >
-0.18 | A—0 / \ j \
.003 ¢ -0.6 \g // \/ ‘
,/ | Jf
' 12 107y 507y 100 'y
a) 6)

Puc.18. PacnionosxeHue HyJei 1 MOJIIOCOB NepenaTouHon xapakrepuctk (7.4) (a) m AUX
COOTBETCTBYIOLIETO IH(ppoBoro GuiibTpa (0) nMpu pazIMyHbIX 3HaYCHUAX D.

[Tpu Be1GOpe D =0.02C nepenaTouHas xapakTepucTHKa HU(PPOBOTO (HUIBTPa CONCPKHUT
TMIOJIFOCHI BHE €IMHUYHOMN OKPYXHOCTH, TIOATOMY TOBOPUTH O YACTOTHON XapaKTEPHCTUKE B STOM
ciyqae He uMmeeT cmbicia. Beibop D =0.01Cc obecnieunBaeT mosokeHHE MOJIIOCOB BHYTPH OK-
PYKHOCTH, OZJHAKO OHH JIeXKaT OYeHb OJM3KO K He, mosromy ¢opma AUX nudposoro ¢punsrpa
TG OTAANeHHO HanmoMuHaeT AUX ucxomnoro HenpepslBHOTO (uibTpa. [Ipu Takom 3HaUECHUH
D neproxa yacToTHOH XapakTepucTuku nudpoBoro ¢pmibTpa nomkeH pasHsaTbes 100 [y, uyto Ha-
risaHo gemoHctpupyet puc.176. Ilpu D = 0.003¢ dopma AUX yxe gocTatodyno Oim3Ka K Tpe-
Oyemoii. JlanbHeiiliee yMeHbIIEHHE WHTEpBaja JUCKPETH3AIMHM MPHUBOAUT K ToMy, 4ro AUX
udpoBoro GuiabTpa Bce 0oJblIe M OoJbine cTpeMHuTcs K AUX HempepbIBHOTO MPOTOTHUIIA U B
TIpeJiesie COBIAaeT ¢ Hell, YTo MoKa3aHo TOHKOU JTuHueH Ha puc.180.

Kak siBCTBEHHO clieyeT U3 mpuUMepa, BIOOP TOCTATOYHO MaJEHBKOIO 3Ha-
YEHUsI MHTEpPBAJIa TUCKPETU3AIMU 00ECIIEYNBAECT YCTOMUYNBOCTh CUHTE3UPOBAHHO-

ro uudposoro GpuIbTPA.
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Ilpumep 13. Nlpumenum k HenpepsIBHOMY GUILTPY prc.16 MeTo 1 0GpaTHO PasHOCTH.
Jlnst aToro caenaeM B Beipakenuu (7.3) 3ameny (7.2):

H(2)= (i- z)/p) 0.0101c _
1+ (- z*)/D)o.ororc+ (- z*)/Df 0.01c?/(4p?)
(L- z*)o.0101c _
D+(1- z) 0.0101¢c+(1- 22 + 72) 0.0002533¢*/D
_ (- z4)1c
© 720.025¢2/D- z*{lc+0.05¢2/D) +100D+1c+0.025¢%/D

Pacrnionoxenue Hynei W IMOJIIOCOB TMOJYYMBIIETOCS MPH 3TOM IH(poBoro ¢uibTpa, a
takxke ero AUX mpu pa3nMyHbIX 3HAaYSHUSX WHTEpBaJla JUCKPETU3ALUU IPUBEACHBI Ha puc.19.

@) A=0.003¢  HU),

0
. N A=0 A=0.003¢
2(\\ ﬁ/ﬁ:o.mc

(7.5)

35
33 o
16 RC(Z) // 0.5 A=0.02¢ R

NG \

/ 035 <\ ~

. . /
. 07y 507y 100 7'y
a) 6)

Puc.19. PacnionosxeHne Hylei U MOJIIOCOB NepeiaTouHon Xapakrepuctuk (7.5) (a) m AUX
COOTBETCTBYIOLIETO IH(ppoBoro GpuiibTpa (0) nMpu pazIMyHbIX 3HaYCHUAX D.

=

[@))

~
LOOO

Kak u B mpumepe 12, ymeHblIeHHe HHTEpBajia AUCKPETU3AIMN TPUBOIUT K BCe OOJIbIIIe-
My npubmpkennio AUX mudposoro ¢unsrpa k. AUX HempepbsiBHOTO mpoTtotuna. Kak u Ha
puc.186, Ha puc.196 ToHkoi yMHUEH nM300pakeHa AUX HempepbIBHOTO (GHIBTPA, K KOTOPOH
crpemutbess AUX 1udpoBoro GpuiabTpa Npu yMEHbIIEHHHM WHTEpBaia JUCKpeTH3amuu. YacTtoT-
Hasl XapaKTEepPUCTHKA IU(PPOBOTO (UIBTPA, ECTECTBEHHO, 001aJaeT MEPUOANTHOCTBIO C MEPHO-
nom 1/D. CunresupoBanHblii mH(POBOH GUIBTP, KaK YK€ OTMEYAIOCh, OCTAETCS YCTOWYHBBIM

npu JF000M BBIOOpE MHTEpBaja JUCKPETH3AIMH, TOCKOJIBKY €T0 TOJIOCH 3aBEI0MO JIeKaT BHYT-
pH eIMHUYHOTO Kpyra. HekoTopoe HetoyMeHrne MOKET BBI3BATh HAIMYKE AOMOTHUTEIHHOTO TI0-
moca B Touke Z = 0. D1oT (hakTt, BOpoUeM, JIETKO OOBACHUTH TEM, YTO MCXOJIHAS ITePEIATOTHAS
xapakrepuctuka (7.3) crpemurcs k O mpu S ® ¥ , U3 4ero clieayeT, 4yTo IepeaTovHas Xxapakre-
pPHUCTHKA OJTy4eHHOTO nudpoBoro puibtpa Oyaer ctpemuthest K Ompu z® O.

Mertonbl npsiMOii 1 0OpaTHOM Pa3HOCTHIO NAIOT YAOBJIETBOPUTENIbHBINA pe-
3yJlbTAT TOJIBKO MPHU BBIOOPE AOCTATOYHO MAJOro 3HAYEHHUS MHTEpBaia JUCKPETHU-
3aluu. OJTO CBSI3aHO B TMEPBYIO OYepeab C TeM, 4To o0pa3 MHUMOW OCU S
IJIOCKOCTH HE COBNAAAET ¢ €AMHUYHON OKPYKHOCTBIO Z-IJIOCKOCTH. IloaToMy ak-
TyaJIbHBIM OCTA€TCs MOUCK npeodpazoBaHuss S® z, oTBeyarolero Bcem chopmy-
JMPOBAHHBIM YCIOBUSIM. XOTH, AaXKe€ €CJIM 3TO NMpeoOpa3oBaHUe OyIeT OTBEYaTh
BCEM YCIIOBHSIM, YaCTOTHAsl XapaKTepUCTUKA LUPPOBOro GpuibTpa HE MOKET COB-
[aJlaTh C YaCTOTHOM XapaKTEpPUCTUKOW aHAJIOrOBOrO MPOTOTHINA, MOCKOIBKY IEp-
Basl SIBJISIETCS IEPUOIUYHOM, a BTOpasi — HET.

46



3HAKOMCTBO C MEeTOAaMHU BBIUMCINTEILHON MaTeMaTHUKU HATaJIKUBAeT Ha
MBICJIb UCTIOJIb30BAaTh CUMMETPUYHYIO alllIPOKCUMAIMIO TPOU3BOTHOM
dX ® Xn+1 - Xn- 1

dt 2D
Takas annpokcumanus NPpUBOAUT K IPEOOPA30BAHUIO:
-1
Z- Z
S® ——.
2D
Im(2) OpHako MCHOJB30BAHME CHMMETpPUY-

HOU almnpoKCUMalUU NPOU3BOJIHON IIPUBO-
IUT K TOMY, 4TO JI€Basl IOJYIUIOCKOCTb S-
IUIOCKOCTH TIpeoOpa3yeTcss B MHOIOCBSI3-
HYI0 00JIaCTh Z-IJIOCKOCTH, KaK 3TO MOKa-
3aHo Ha puc.20. [Ipu 3TOM Kaxxnast Touka S-

Re(2) IJIOCKOCTH NEPEXOAUT B JIBE TOYKH Z-
1 IJIOCKOCTH, TaK 4TO IpeoOpa3oBaHue Jaxe
HE COXpAaHSAET KOJMYECTBA HYJIEHW U IOJIO-
COB  INEpPENaTOYHOM  XapaKTEPUCTHUKH.
MHuMasi oCh S-TIJIOCKOCTH OTOOpa)kaercs

/ ] cpa3y Ha E€IMHUYHYIO OKPYKHOCTh M Ha

MHHUMYIO OChb Z-IJIOCKOCTH, @ TOYKA S=¥ —

Puc.20. [IpeobpazoBanue S® 2z mpu OJTHOBPEMEHHO B JIBE€ TOYKU — Z=¥ WU
HCIIOJIb30BAHUY CUMMETPUYHOMN 2=0.

PasHOCTHOM anlPOKCHMATLIH. Takum 00pa3oM, NPUMEHEHHE CUMMET-

PUYHOM Pa3HOCTHOM anMpPOKCUMAIIMU HE TPUHOCUT 0XKHIAEMBIX pe3yJIbTaTOB. DTO
e MOXKHO CKazaTh U 00 anmpoKcUMaIusIx 00Jiee BHICOKUX MOPSIKOB.

Tem He MeHee, U3BECTHO U HMIMPOKO UCIONIb3yeTcs npeodpazoBanue S® z,
YAOBJIETBOPSIIONIEE BCEM HEOOXOAMMBIM TpeOOBaHMUSIM. ITO TaK Ha3bIBaeMOE Ou-
JIUHeliHoe npeoopazosaHue:

21-7°
Di1+z*
Bripaxenue (7.6) nonyckaet oOpaiieHue:
249
D

2_1
5- S

(7.6)

Z-

U3 BHUJa KOTOPOTO JIETKO CIENaTh BBIBOJ, YTO TOYKM MHHMOH OCH S= JW Owmiu-
HelHOe 1peoOpasoBaHUe MEPeBOAUT B TOUKH SAMHAYHON OKpyxkHoctH |Z=1, a
TOYKH JIEBOM MOIYIIOCKOCTH Re(s)< O — B 00J1aCTh, OTPAaHUYECHHYIO €IUHUYHOM
OKPY’KHOCTBIO |Z‘ <1l

Wrak, Touka S= W S-TIJIOCKOCTH AOJDKHA NPEoOpa3OBBIBATECS B TOUKY
z=¢€ zmnockocru:
21-el _2el2.g 02 _22jsnl 2
jW® ——— = —— ——=— 2 -=
Di+e ! De'?+el/? D2cos) D

jtg(j /2). (7.7)
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[TonyuenHoe mnpeoOpa3oBaHHE IMO3BOJIAET Cl€laTh BBIBOJ, YTO BEIMYMHA
tgj , TIe ] —apryMeHT TOYKU CIUHUYHON OKPYKHOCTH Z-IFIOCKOCTH, COOTBETCTBY-
eT napamerpy WD, rie W — yactoTa 4YaCTOTHOW XapaKTEPUCTUKH HENPEPHIBHOTO
¢unbTpa. B yactHOoCTH, OeckOHEUHO Oosblast yactota W® +¥ B 4acTOTHOM Xa-
PaKTEpPUCTUKE HEMPEPHIBHOTO (HIBTPA COOTBETCTBYeT wactore * P/D B 4yacToT-
HOM XapaKTEepUCTUKE MOIYYEHHOr0 U(PPOBOro PUIbTpa.

Ilpumep 14. Tlpumenum OGunuHelHOE NPeOOPA3OBAHME K HENPEPHLIBHOMY (HILTPY
puc.16 ¢ nepenatoyHoOI xapaKTepHCTHKoﬁ (7.3). dns aroro nmoactaBuM B (7.3) Beipaxkenue (7.6):

21- 25 ho1c
H(z): D1+z" -

14257 g n01c+ 21 7 200002533c
D1+2z? ED1+275

_ D+z%)a- z4)o.0202¢ _ 78
D+ zf +Df+z4)- z+)o.0202¢+(1- z*f0.0010132¢? |

_ D{- z?) _
D(+22+22) 495y +D(1- °) +(1- 22 +22) 0.0502¢
_ D{- 2?)

72(?49.51y - D+0.0502¢) +z (0 997y - 0.1004c) + F495Iy + D +0.0502¢

Ha puc.21 npuBeneHo pacnoyiokeHHe HyJel U MOIICcOB NU(POBOTO GHIBTPA, MOTyIEH-
HOTO TIOCJ€ TPUMEHEHHUs OWIMHEHHOTO MpeoOpa3oBaHUs K MEPEJaTOYHON XapaKTepPUCTHUKE
(7.3), a Taroke ero AUX 1ipu pa3IMuHBIX 3HAYCHUSIX WHTEPBAIa TUCKPETU3AIIHH.

Im(z) H(f) A=0.003¢
1.0

=0.02¢ 0.6 / A=0.01c

e 0.46 /
S hs9 017 Re(D) g // A=0.02¢ Aﬁo/

I
0.34 0.9%_0_17 >< \

-0.46
-0.66

!

10 Iy | 50 Iy
a) 6)

Puc.21. PacnionosxeHue Hylei U MOJIIOCOB NepenaTouHon xapakrepuctuk (7.8) (a) m AUX
COOTBETCTBYIOLIETO IH(ppoBoro ¢puiibTpa (0) nMpu pa3IuyHbIX 3HaYCHUAX D.

Kak u crnenoBano 0Xuaarh, 1 4TO MPEKPACHO AEMOHCTPHUPYET puc.210, MeTo OMInHeH-
HOTO MPeoOpa30oBaHMs MPUBOJUT K TOpa3/io Jydiield anmmpoKCUMAIlUU UCXOTHOW YacTOTHOW Xa-
PaKTEPUCTUKH, TTOCKOJIbKY OH 0TOOpakaeT MHUMYIO OCh S-TTOCKOCTH HEMOCPEICTBEHHO B €/TH-
HUYHYIO OKPYKHOCTh Z-TockocTu. Kak u B mpumepe 13, mepeparovyHast XapakTepUCTHKA TTOITY-
4eHHOTO [U(pPoBOro (GUIBTpa COMEPKHUT JOMOJTHUTEIBHBIA HYIh Z = - 1, MOCKOJBKY UMEHHO
3Ta TOYKa COOTBETCTBYET TOUKE S-TUIOCKOCTH S® ¥ . Touka z = -1, o/1HaKoO, JISKUT HEMOCPE/I-
CTBEHHO Ha EAMHUYHOUN OKPYKHOCTH, IIOATOMY YaCTOTHAsI XapaKTepUCTUKA U(PPOBOTO GHiIbTpa
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obparaercst B HOJb Ha wactotre W=p/D, umun f =w/(2p)=12/(2D), uto oruernmuBo BHmHO Ha
puc.216.

Utak, meToasl oToOpakenust AuddepeHunanoB Mo3BoJsi0T N0 NepeaaToy-
HOM XapaKTepUCTHUKE HEMPEPHIBHOTO PUIbTPA MOCTPOUTH HUPpoBor GpuibTp. Ilpu
ATOM a0COJIFOTHO TOYHOI'O COBMAJEHUS YaCTOTHBIX XapaKTEPUCTUK HEMPEPHIBHOTO
1 uudpoBoro GuIbTPOB JOOUTHCS HEBO3MOXHO, HAWIYYILHE PE3yJbTaThl JOCTHU-
raroTcsl Mpy UCIOJIb30BaHUU OUIIMHEHHOro npeodpazoBanus. [lpu ycrpemnenuu k
HYJII0O MHTEepBaJia JUCKPETU3ALMH YACTOTHAS XapaKTepUCTUKa IUPpoBOro Gpuiibrpa
CTPEMHUTCS K YACTOTHOM XapaKTEpUCTUKE HEMPEPHIBHOTO (PUIIBTpA.

Chopmynupyem nocie0BaTeIbHOCTh IEUCTBUN MPU UCIIOIb30BAHUM METO-
0B oTOOpaxeHus nuddepeHInanos.

1) VcXoaHBIMU JTaHHBIMH SIBIISICTCS TIEPEIAaTOYHAsI XapaKTEPUCTHKA HEIpe-
PBIBHOT'O MPOTOTHUIIA TPOCKTUPYEMOTO (PUIIBTpA.

2) B nepenaTo4HoO# XapaKTEpPUCTUKE HEMPEPHIBHOTO (PHIBTPA MPOU3BOIUT-

21-7*
ca 3ameHa S® Dir o1 (mubo, Mo KakUM-TMOO NPUYMHAM, OJHA U3 3aMCH
+2Z
z-1 1-z* z- 71
S® —~,S® ——— ,um S® ——).
D D 2D

3) Tlo mojy4YeHHOW MepenaTOYHON XapaKTePUCTHKE CTPOUTCS HUPPOBOI
buabTp.
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Koumponvuule onpocul u 3adauu.

1. Moser nu B pe3yibTaTe UCIONb30BaHUS METO/1a OOPATHOM Pa3HOCTH IO-
JYYUThCA HEYCTOMUMBBIA HU(DPOBON GUABTP?

2. loxaxkute, 4yTo AJig J0O0r0 aHAJIOrOBOTO MPOTOTHUIA MOXXHO MOJ00paTh
TaKOW MHTEpBaJ AUCKpeTH3auuu D, 4yTo mpuMeHeHue MeToja MpsSMOM pa3HOCTU
MPUBEAET K YCTOMYMBOMY LIUPPOBOMY DUIBTPY.

3. Moxer nu npuMEHEHHE OJHOT0 U3 METOJOB OTOOpakeHus nuddepeH-
1[MAJI0B NMPUBECTU K TPAHCBEPCATLHOMY LHU(PPOBOMY GUIBTPY?

4. Tlouemy MeToabl 0TOOpakeHUsT AUDPEepPeHIINaTOB HE UCTIOIB3YIOT CJIOXK-
HBIX HEIMHEHHbIX Mpeobpasosanmii Buaa S® f(z)?

5. O0bscHUTE U3MEHEHHE MEepUoaa YaCTOTHOM XapaKTEepUCTUKHU IPH U3Me-
HEHUU UHTepBana nuckperuzanuu D Ha puc.19, puc.21.

6. [louemy npu KUCMONB30BAaHUU METOJA OOPATHOM Pa3HOCTH U MeTojaa Ou-
JUHEHHOTO MpeoOpa3oBaHUs MepeIaTovyHasi XapakTepucTrka nudposoro GuiabTpa
COJICPKUT Ha OJIMH HOJIb OOJIbIIIE, YeM MepeaaTovHas XapaKTepUCTHKa aHaJIOrOBO-
ro npoToruna?

7. Becerna nu uudpoBoit GpUIbTp, NOJIYYSHHBIH B pe3yJbTaTe OJHOIO U3 Me-
TOOB 0TOOpakeHus AuddepeHunanoB, OyAeT UMETh YUCTO ACHCTBUTENBHBIE KO-
s puruenTsr ?

8. Kakyro 4acTOTHYI0 XapaKTepUCTUKY OyAeT UMeTh HU(poBOil GUIBTP, MO-
JYYEHHBI B pe3yjbTaTe MPUMEHEHUs MeTojla OUJIMHEHHOro nmpeoOpa3oBaHUs K
aHaJIOTOBOMY (DMJIBTPY C IEPUOIMYECKON YACTOTHON XapaKTEPUCTUKON?

9. MoXHO 71 UCIOJIB30BaTh METOMbI OTOOpa)keHust nTuddepeHiraioB s
MOCTPOCHHUS ITU(POBOTO aHAIOra JUIMHHOW JIMHUU ?

10. YacroTHas xapakrtepucTtuka nudponoro ¢uibrpa u3 npumepa 14 obpa-
maercs B 0 B Touke W= p/D. SIBasieTcst u 3T0 HEOTHEMIIEMON OCOOEHHOCTBIO HC-

MOJIb30BaHUS MeTO/1a OUIMHEIHOTO Mpeodpa3zoBaHus ?
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8. Memoo uneapuanmmnozo npeoodpazo6anus UMNYIAbCHOU XaApaKmepu-
CMUKU.

Kak yxe orMeuanoch B 1.7, Ie€peIaToOYHasl XapaKTepUCTUKA HENPEPBIBHBIX
(GUIBTPOB C COCPEAOTOUCHHBIMU MapaMeTpaMH MpPeACTaBIAET COOON OTHOIICHHE
MOJINHOMOB, KOTOPOE MOKHO MPEJICTABUTH B BUJIE!

Kol Sy
O (S_ Zk) a &S K; 1 1
(S' pm) O (S' pm) k=0 (S' pm) (81)

m=0 m=0 m=0

K K-1M-1 k

_ bm _ o) S
a a, s a =a a ab,
k=0 “ m=02" Pm  k=om=0 S- Pm

[Mockonbky Kaxaoe ciaraemoe BeipaxkeHus (8.1) sBisiercss mpeoOpa3oBaHu-
em Jlamaca SKCIIOHEHTHI ¢ NOKa3aTeNneM P, HAUMHAIOMUNCA B MOMEHT BPEMEHU

t=0:

t=¥

k ¥ ¥ (pm' S)t k
d—ke'”m ® sgpPrie “dt = s aplPmSidt = S =
d 0 0 pm - S t=0 S_ pm

UMITYJIbCHASI XapaKTEPUCTUKA MPOU3BOIBHOTO HEMPEPHIBHOTO (PUIIBTPA C COCPEO-
TOYEHHBIMU MapaMeTpaMu MPEJCTaBIsSET cO00M CyMMY KOHEYHOI'O YMCIa JKCIO-
HEHT:

K;IM-1 dkepmt K;IM-1 ) :
e )= A A &b —5—=a A abu(p) e =
k=0m=0 dt k=0m=0 8.2
M-1 tKo-l ) M-1 : ( ) )
=ab.e™aa(p.) = a Ae™, (t= 0).
m=0 k=0 m=0

Memoo umneapuanmuozo npeoopazoeanusi UMNYIbCHOU XAPAKMepUucmuKu
3aKJIF0YAETCS B CO3JIaHUU LIUPPOBOro PUIbTPA, TUCKPETHAS UMITYJIbCHAS XapaKTe-
pPUCTHKA KOTOPOTO COBIAJAeT ¢ UMIYJIbCHOW XapaKTEPUCTHKOW HEMPEPHIBHOTO
nporotumna B Toukax t =nD:

M-1
h, =Dh,,, (ND)=Dg Ae™™, (n=0).

m- 0
Takylo UMIYJIbCHYIO XapaKTEpUCTUKY OyaeT uUMeTb HUuppoBOl GuUiIbTp ¢
[IepEeIaTOYHON XapaKTEPUCTUKOM:

3 s __n'et p_& . 8 D
H(z)=Da h,z"=Dg z"q A.e™™ =Dq A,q z "e™™ =

n=0 n=0 m-0 m-0 n=0

(8.3)
|V|°-l §°é . \n |V|°-l D

=D3 A8 [0z = 4 — o
m-0 n=0 m-ol- e

Wrak, aist nmoctpoeHus: uudppoBoro GuiibTpa mo 3aJaHHOMY HENPEPHIBHOMY
MPOTOTUIY HEOOXOAMMO BBIYUCIUTH UMIYJBCHYIO XapaKTEPUCTUKY HENPEPHIBHO-
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ro ¢uibTpa, npeacTaBuTh ee¢ B BUae (8.2) 1 moCTpOUTh MO HmapaMeTpaM IMoJydeH-
HOTO MPEJCTaBICHUS IEPEAATOUHYIO XapaKTEPUCTUKY HUPPOBOro GUIbTpA.
Ilpumep 15. Boruncium UMITYIECHYIO XapaKTEPUCTUKY h(t) HETPEPBIBHOTO (HUITBTPA,

n300pakeHHoro Ha puc.16. J[ist 3Toro myreM pemeHus: COOTBETCTBYIOMIEH cucTeMbl quddepeH-
[IUAJIbHBIX YpaBHEHUH HaliZieM peakuuio (uiIbTpa Ha eAMHUYHBIN Iepernaj, TO eCTh MePeX0THYI0
XapaKTEePUCTHKY:

26 t/2RC @ ch 1 9
[4 4R°C 1 g ZRC B
1 ripoiuGepeHIpyeM ee 10 BPEMEHH:
o V/2RC EE‘ @ I4ch 10 @ 4ch 109
ht)= dgg - “RC 9 2RC [aric : RC
4R’C -
8 i 1 8 20

e ®  Ptee-10 1 @ tere-10
RC 92 pg’W; pg ’Wjﬂ'

1 1 %t ’4RC 19+ 1 1 > t ,4RZC 199_

- ] = expe- | =
4RLc_12] g 2RC s /4Rc 12] g 2RC b

g Y/2RC £ /4ch (02) CHB 60
SRR S T TN S S -~
2RC 9 g 2RC g NS 1@ g 2RC é i /M 113@
O X | aR?C ch 00
2RC g j RZC 15 g g 2RC 2RC BB
a2 (5 X /4ch 00
+ 1 G+ 1 pg G. 1 - 15 .
2RC g j RZC ¢ g 2RC 2RC =~
29

Kaxk u oxunanock, MMITyJIbCHas XapakTepucTrka Gpuibrpa umeet Bua (8.2). Kak u mpex-
7€, BbIOepeM KOHKpPETHBIE TapaMeTphl pacCMaTpUBaeMoOro (GuiIbTpa;

1
=10Iy; RC=0.025¢,
2pfic " ‘
IIPU ATOM HMITYJIbCHAS XapaKTepUCTHKa (GpuibTpa mpruodpeTeT 0oiee KOHKPETHBIN BUI
h(t) = 2077 (1+ j0.336)exp(t(- 207y + j59.6 I'y)) +
+207y (1- j0.336)exp(t(- 2077y - j59.6 I'y))=
=A eXp( plt) +A eXp( pzt)-

Ha ocHoBe 1osry4eHHOM UMITYJIbCHOM XapaKTEPUCTUKHU ITOCTPOUM IEPENATOYHYIO XapaK-
TEPUCTUKY ITUPPOBOTO PUIBTpa:

)= DA, DA _DA+DA-Z'(Ae?+Ae™)D
1- Pzl 1. ghP71 1- Z-]_(epZD eplD)+Z-Ze(p1+p2)D
_ 407y D- z'e *™°(40 1y cos(59.6 Iy D) +13.44 I'y sin(59.6 Iy D))
1- 7'2e" """ cog59.6 I'y D) + 7 % /P

Kak u npu ucnosib30BaHUN METOI0B O0ToOpaskeHus: quddepeHInanoB, IepeaTouHas Xa-
paKTEpHUCTHUKA TPOCKTUPYEMOTO (UIBTPa 3aBUCUT OT BBIOOpa MHTepBasia nuckperu3anuu D. Ha

(8.4)
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puc.22 n3o0paxeHo, kak U B npumepax 12-14, pacmnosoxeHne HyJdell U TOJIOCOB IUPPOBBIX
GWIBTPOB, TOTYUYEHHBIX MPUMEHEHHEM K HENPEPHIBHOMY MPOTOTHUITY METOJa WHBAPHAHTHOTO
npeoOpa3oBaHUs UMITYJILCHOW XapaKTePUCTHKH. 3HAUCHHs HHTEpBaJa JUCKPETU3AIUN BBIOPaHBI
TEMHU K€, KaK M B IPEABLAYIINX TPUMEpaX.

Im(z) il H(f), A=0.02c
A=0.01 A=0.02
2 N ‘ [ A=0.01c /

| S 1.0 A A9005c
0.25 068093 Re(2) / \\<

1 / \< 0.5 u
) Y S
107y SOFL;f

a) 6)

Puc.22. PacnionosxeHue Hylei U MOJIIOCOB NepenaTouHon xapakrepuctuku (8.4) (a) m AUX
COOTBETCTBYIOLIETO IH(ppoBoro ¢puiibTpa (0) nMpu paziuyHbIX 3HaYeHUAX D.

YacToTHas XapaKTepUCTHKA MOJYYEeHHOTO HU(POBOro (GMIbTpa, Kak M B MPEABIIYIINX
IpuMepax, CTPEMUTCS K YaCTOTHOM XapaKTEPUCTUKE HEIPEPBIBHOIO IPOTOTHUIIA NP YMEHBbIIIE-
HUM MHTEpBaJa TUCKpeTu3anuu. B otniune ot npumepos 12-14, nepenatoynas XxapakTepuCTUKA
upoBoro GuIbTpa HE UMEET HYJS B TOUKe Z =1, ee eqMHCTBEHHBIA HOJb BOOOIE HE JIEKUT
HAa €JMHUYHOU OKPYKHOCTH.

Kax BusnHO u3 cpaBHeHus puc.210 u puc.220, MeToa MHBAPUAHTHOI'O MPeod-
pa30BaHUs UMIYJIbCHOW XapaKTePHCTUKU MPOUTPHIBAET METONY OWIMHEHHOTO
npeoOpa3oBaHus B allPOKCUMAIIMU YaCTOTHOM XapaKTEPUCTUKHU U €ro MpHMEHe-
HHUE CTAHOBUTCSI ONPaBIAHHBIM TOJBKO B TOM CIlIydae, €CJIM NEPBOCTEIICHHOE 3Ha-
YEHUE TIPU MPOSKTUPOBAHUH U(YPOBOTO (QUIBTPA KMEET UMEHHO UMITYJIbCHAS Xa-
PaKTEepPUCTHKA, KOTOpPasi BOCIIPOU3BOIMTCS MPHU UCIOIB30BAHUU METOJIa WHBAPH-
AHTHOTO MPeoOpa3zoBaHusl C AOCOIIOTHON TOUHOCTHIO.

Wrak, nist moctpoeHus: nupoBoro GuiibTpa METOJAOM WHBAPUAHTHOTO Ipe-
00pa3oBaHMsI UMITYJILCHON XapaKTEPUCTUKH HEOOXOIUMO:

1) IlpencraBUTh UMIYJIBCHYIO XapaKTCPUCTHKY HETPEPBIBHOTO (UIBTPa-
npototuna B Bunae (8.2), To €CTh B BUJIC CYNEPIO3UIIMH KOHEUHOTO YHCIIa IKCIIO-
HEHT (BO3MOYKHO, KOMILJICKCHBIX).

2) Ha ocHOBe mapamMeTpoB, MOJYYCHHBIX B 1.1, IOCTPOHUTH MEPEIATOYHYIO
xapakTepuctuky (8.3) nudposoro GuibTpa.
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Koumponvuule onpocul u 3adauu.

1. PexypcHUBHBIMH WJIM HEPEKYPCUBHBIMHU (PUIIBTpaMU SIBISIOTCS (DUIBTPHI,
MOJIyYEHHbIE MyTEM MCIOJIb30BAHMS METO/1a UHBAPUAHTHOTO MPeoOpa30BaHUs UM-
MyJIbCHON XapaKTePUCTUKH ?

2. TlocTpoiiTe METOJIOM MHBAapHUAHTHOIO NpeoOpa3oBaHUs UMIYJIbCHON Xa-
PaKTEpUCTUKU JUCKPETHBIN aHanor unrerpupytomei RC-uenouku. CpaBHUTE €ro
YaCTOTHYIO M MUMIYJBCHYIO XapaKTEPUCTUKY C XapaKTepUCTUKAMHU (PUiIbTpa, Mo-
JYYEHHOI'O B PE3yJIbTaTe UCIIOJIb30BAHUS OWIIMHEHHOrO IPeoOpa3oBaHMUs.

3. Moxer nu GuiabTp, NOJYYEHHBIN B pe3ybTaTe MPUMEHEHUs METOJla WH-
BapUAHTHOTO MPeoOpa3oBaHUsI UMITYJILCHON XapaKTEPUCTUKH, SIBJISITHCS HEYCTOMU-
YUBBIM 7

4. ImnynbcHast XapakTepucTuka [udpoBoro GpuiibTpa, HOCTPOEHHOTO METO-
JIOM HWHBApUAHTHOTO MpeoOpa3oBaHusl, COBMAAAET ¢ UMIYJIbCHON XapaKTepUCTHU-
KO aHajioroBoro npotrotuna. Ciaeayer Ju U3 3TOro, YTO MX YaCTOTHBIE XapaKTe-
PUCTUKU COBIAJAIOT?

5. O6nanaer mu GUIABTP, MOCTPOECHHBIA METOJIOM MHBAPUAHTHOrO Mpeodpa-
30BaHUsl, CBOMCTBOM Kay3aJIbHOCTH ?

6. MOXXHO JM UCIOJIb30BaTh METOJ MHBAPUAHTHOTO MpeoOpa3zoBaHUs s
MOCTPOEHUS AUCKPETHOTO aHAJIOra AJTMHHOM JIMHUN?

7. IIpou3BONBbHYIO JIU UMIYJBCHYIO XapaKTEPUCTHUKY MOKHO MCIOJIb30BaTh
JUTSl IPUMEHEHUSI METO/1a MHBAPUAHTHOTO MpeoOpa3oBaHUsl UMITYJIbCHON XapakTe-
PUCTUKHU?

8. CoBnagaeT M KOJIMYECTBO HYJEH M MOJNIOCOB y (UIIBTPA, MOJYYEHHOIO
METO/IOM MHBAPUAHTHOTO IPE0OPA30BaHUS U €r0 AaHAJIOTOBOTO MPOTOTUMIA?

9. MOXHO 7 UCIOJIb30BaTh METOJ MHBAPUAHTHOTO MpeoOpa3zoBaHUs s
NOCTpOeHUs! (PUIIBTPA, aHAJOTOBbII MPOTOTUII KOTOPOrO HE UMEET HyJel mepena-
TOYHOMN XapaKTEPUCTUKH ?

10. Kospounmentsr A, B pasznoxeHud (8.2) sBIAIOTCS KOMIUIEKCHBIMU

yuciaMi. He MOeT 11 3T0 MpUBECTH K TOMY, YTO KO3(ppuuueHTsl punbtpa, mno-
JYYEHHOTO METOJIOM MHBAPUAHTHOIO MpeoOpa3oBaHMsl, Takke OyAyT KOMILIEKC-
HBIMU?



9. I1o06op nyneit u noarwcos nepedamouHol XapaKmepucmuKu.

Pa3BuTHE BBIYMCIMTENBHON TEXHUKH MO3BOJSET OTOMTH OT MCIIOJIb30BAHUS
aHAJTUTUYECKU pa3pabOTaHHBIX METOJO0B, ONMMCAHHBIX B M.5 —1.8. [leiicTBUTEIbHO,
3a/1aHUE HYJIEN U MOJIFOCOB MEPENATOYHON XapAKTEPUCTUKH MTOTHOCTBIO ONPEIEIsi-
et ee (3.7), u, ClieI0BATENIbHO, YACTOTHYIO XapaKTEPUCTHKY IHU(PPOBOrO PHIIbTpA.
[loaTOMy, Bapbupys 4MCIIO HYJIEH M TOJIOCOB (UIBTPa, a TaKKE UX B3aUMHOE
pacnoioKeHHEe, MOXKHO 100MBaThCa TpeOyeMOl 4acTOTHOW XapakTepucTUku. [lpu
ATOM CJIEYEeT YYUTHIBATh, YTO MPUOIMKEHHUE MOII0Ca MepeaTOuyHON XapaKTepu-
CTHKH K €IMHUYHOW OKPYXHOCTH (€CTECTBEHHO, C BHYTPEHHEH CTOPOHBI) BBI3bIBA-
eT pocT 3HaueHnss AUX Ha 4acToTe, COOTBETCTBYIOLIEH apryMEHTY IOJIFOCA. JTOT
MpoIIeCC MPOWLTIOCTPUPOBAH HA puc.23.
H(z)
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Puc.23. O6pa3oBanue BHIOpOCA YaCTOTHOM XapaKTEPUCTUKH U(PPOBOTO (GMIBTpA MU MPUOIIHU-
’KEHUH TOJIFOCA ero MepelaTOYHON XapaKTePUCTHKY P K €JMHUYHON OKPY>KHOCTH (CXeMaTHUYHO).

10 A Takum o0Opa3om, mnpuOIMKasT TMOJIOC
H()=— _11 ——_ TIepelaToYHON XapaKTepPUCTHKU (QUIbTpa K
(P P)  epunnunoit okpyxkHOCTH (WM OTAANSAS OT
P e 4% HEE), MOXKHO PEryianpoBaTh KaK BEIHYHMHY,
Tak M IWUPHUHY BbIOpOCAa aMILUIUTYIHO-
4acTOTHON Xxapakrepuctuku. Ha puc.24
npusBeaeHa AYX uudposoro dunbrpa, mne-
peaaToyHasi XxapaKTepHCTHKa KOTOPOTo CO-
JEPKUT JBa KOMIUIEKCHO COTPSKEHHBIX
T nontoca. Pa3nuunbie kpusble puc.24 coot-
BETCTBYIOT Pa3jIUYHbIM PACCTOSHUSM OT

Puc.24. AUX ¢unbTpa BTOPOTO MOPSIKA.
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MOJIFOCOB 10 €IMHUYHOU OKPYKHOCTH. IIpnOnrkeHue moJItoCOB K OKPYKHOCTHU
MPUBOJUT K YBETMUEHUIO JOOPOTHOCTH (QUIIBTPA.

CoBepiieHHO aHAJIOTHYHAs KapTHHA CKIIAbIBACTCA TMPH MPUOIMKEHUH K
eIMHUYHONW OKPYXXHOCTH HYJs TepenaTodHoil xapaktepuctuku. COOCTBEHHO B
HyJIe TIepe/laTOYHasi XapaKTepUCTHUKa oOpaliaeTcsi B HOJIb, IOATOMY B €r0 OKpPEeCT-
HOCTH OHA MPUHUMAET MaJible 3HAYCHHs, U MIO3TOMY MaJble 3HaUYeHUS OHa MPHHHU-
MaeT Ha MPOXOJAIIeH BOIM3U €IUHUIHONW OKPYKHOCTH, UYTO MPUBOJIUT K BO3HUK-
HOBEHUIO MPOBAJIa B YACTOTHOM XapaKTEepUCTUKE (PUIIbTpa.

H(D) = (-5 -2) Ha puc.25 npusenena AUX uudposoro
. . bunpTpa ¢ ABYMS HYJISIMHU TepeAaTOYHON
n=4e’S z=4e’3 XapakTEpUCTUKH. EcIM Hyaum Jexar Ha
enuHu4HOM okpyxkHOocTH (A=1), AUX 00-
=04 / pamiaercss B COOTBETCTBYIOUIEH TOYKE B
HoJIb. OTHajeHue Hylel OT OKPYXHOCTH
OPUBOAUT K TOMY, YTO B JTOH TOYKE Ha
2 AYX nHabmromaercs mpoBayl TeM OOJbIICH
[IyOuHBI, 4yeM OJmKe K EIMHUYHOM OK-
0 4=1.0 7 DPYXHOCTH HaxoauTcsa mnomoc. B ominune
OT cllyyas C MOJI0CaMU, HYyJIM MOXHO pac-
nojlarath Kak BHYTPHU, TaK U BHE €IUHUY-
HOU OoKpyxHOCTU. K coxanenuo, UCnoib-
3ysl TOJILKO HYJIH, TPYAHO JOOUTHCS BHICOKOAOOPOTHBIX (C Y3KOU MOJIOCON YacToT)
MPOBAJIOB YaCTOTHOM XapaKTEPUCTHUKH.

Takum o0OpazoM, U3MEHsISI PACMONOKEHUE HYJIEH U MOJIIOCOB, U, BO3MOXKHO,
UX KOJIMYECTBO, MOXKHO JIOOUTHCS TPeOYEeMOil YaCTOTHOM XapaKTEPUCTUKHU 1U(po-
Boro ¢unptpa. [Ipu 3TOM MOKHO MUHUMHU3HUPOBATH PA3HOCTh MEXKAY MOTydaeMOn
YaCTOTHOM XapaKTePUCTUKOU U TpeOyeMOon. AHATOTMYHO MOXHO CO37aBaTh IU(-
pPOBBIE (PUIIBTPHI 0 33JaHHON (Pa30BO-YACTOTHOM XapaKTEPUCTHUKE, WM MO 3a/1aH-
HOW MMITYJIbCHOM XapakTEpHUCTUKE, WIH MO WX COBOKYMHOCTH, B 3aBUCHMOCTH OT
pelaeMon 3aauu.

Puc.25. AUX mudpoBoro ¢puasTpa ¢ 1ByMs
HYJISIMH TI€PEIaTOYHON XapaKTePUCTHKH.

Bce paHee paccMOTpeHHbIE NPHUMEPHI UCHOJIB3YIOT LHU(GPOBBIE QUIBTPHI C
JNEeUCTBUTENIBHBIMU KOd(PuilneHTamu, oOJafaoliue JACHCTBUTETBHON KE HUM-
IIYJIbCHOW XapaKTEpUCTUKOU. MOXKET c031aThCsl BIIOJIHE OIPAaBIAHHOE BIIEYaTIIC-
HUE, YTO JEUCTBUTEILHOCTh MMITYJILCHOW XapaKTEPUCTHUKU U KOA(P(PUIIMEHTOB —
o0s3aTeNbHOE U HEOOX0auMoe TpeOoBaHHE (PU3NYECKON peanu3yeMocTH Ludpo-
BbIX (puIIbTPOB. DTO, OJHAKO, HE cOoBceM Tak. Cieayer BCIIOMHUTh, YTO JUCKPET-
HbI€ CUTHAJIbl U HUPPOBbIE (HUIBTPHI — JIUIIb OTPAKEHUE OOBEKTUBHON peaslbHO-
CTH H SIBJITIOTCS TOJBKO MOJENbBIO (IOCTATOYHO YeTKO pa3paboTaHHOM). Jltobas xe
YeTKO pa3paboTaHHas MOJEIb MOXET OBbITh TEXHUYECKH peann3oBaHa (HE UMeEeT
3HAYCHUS, MPOrPAMMHO HJIU alllapaTHo), OyJb TO XOTh HEJOCTIKUMBIC KapIuHa-
JIbl ¥ KBATEPHUOHBI.

Ilpumep 16. Tloctpoum tuppoBoit GUILTP C OJXHUM KOMIUIEKCHBIM MOJIOCOM, HE
MMEIOIINM COTIPSHKEHHOU maphl. Takoil GHIBTP HOJKEH UMETh MEePEIaTOYHYI0 XapaKTePUCTHKY

H(Z)Z]/ (Z'l - p'l) U OIHNCBIBATbCS YypaBHEHHEM Y, = Py, ,- PX,. CrpykrypHas cxema
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¢mibTpa GopmManbHO MOJDKHA UMETHh BUJ, M300pakeHHBIH Ha puc.26a. OnHako mapamerp P, a
TaKXe OTCYETHI BXOJIHOTO M BBIXOJHOTO CHTHAJIOB JIOJDKHBI UMETh KOMITJIEKCHBIE 3HaueHus. [1o-
3TOMY ypaBHEHHE PaOOThI (UIBTPa CIEAyeT MEPenucarb, UCHOIb3Yys TOJBKO JIEHCTBHUTENbHBIC
oTiepaluu:

Re(y,) = Re(p)Re(y,...)- Im(p)im(y,,,)- Re(p)Re(x,)+ Im(p)im(x, )
im(y,) = Re(p)Im(y,,,)+ Im(p)Re(y,.,) - Re(p)im(x, )- Im(p)Re(x, ).

[MonyueHHYIO CHCTEMY YpaBHEHHH JIETKO MPEJCTABUTh B BHJIE CXEMbI, N300paKeHHOM Ha
puc.2606.

Re(x,) Re(p)H Re(y)

2
Lm(p) —

Xn _ ] Re(p) z
14 —|‘ Im(x;,) Re(p)

z I — Im(p)
— [ Im( p) Im( ;)

— Re(p) z!

—-Im( p)

a) 6)
Puc.26. CtpykrypHas cxema u@poBoro GuiIbTpa ¢ OJHIUM KOMIUIEKCHBIM KOPHEM:
B ()OpMaJIBHOM KOMIUIEKCHOM BH/IE () ¥ IOBEACHHAS JIO ICHCTBUTEIBHBIX omeparuii (0).

[Monyuennslit B pe3ynbrare mudpoBoit Guibtp (prc.260), UCHONB3yS YHCTO JICHCTBH-
TEJbHBIE OTEPAIliH, B IOJHOM CMBICJIE CJIOBA SBJISIETCS KOMIUIEKCHBIM — €T0 BXOJHOM M BBIXO/I-
HOW CHTHaJIBl MPUHUMAIOT KOMILUIEKCHBIE 3HadeHus. Kak M cienoBao 0XKUAaTh, aMILTUTYIHO-
YaCTOTHAs XapaKTePHCTUKA MOCTPOSHHOTO (UIBTPa, PUBEIeHHAs Ha puc.27 (KUpHAs JIMHMS),
He 00J1aaeT CUMMETpUEl OTHOCUTENBHO HYJEBOM 4acTOTHI. J[JIst cpaBHEHHUSI HA TOM K€ PUCYHKE
TOHKOW JMHUEH n3o0pakeHa AUX 1mudpoBoro GuibTpa ¢ IByMsI KOMIIJIEKCHO COMPSHKECHHBIMH
MIOJIFOCAMHU TIEPEATOYHON XapaKTEPUCTUKH.

A=0.95
— 15 i
HO = G 4m0s MOz
p=Ae’S  p=dAe’T J\T/ p =Ae’s
/)
- _— m

Puc.27. AMIuTyAHO-4aCcTOTHAs XapaKTepUCTHKA HU(PPOBOTO GUIBTPa C OJTHUM KOMIUIEKCHBIM
MIOJIIOCOM IIEPENATOYHON XapaKTEPUCTHUKHU.
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C PKOHOMHUYECKOW TOUKHU 3PEHHUS] MCMOJIb30BaHHE IUDPOBBHIX (PUIHTPOB C
KOMIUICKCHBIMH MOJKOCAMU BPSAJ JIU MOXKET NPEACTABIIITE HHTEPEC — UX peann3a-
1ys TpedyeT HeompaBIaHHO OOJBIIOTO KOJUYECTBA YMHOKHUTEIEH U CYMMATOPOB.
Onnako 3tu GUABTPHI 00J1aJAI0T OJHON CYIIECTBEHHOW OCOOEHHOCTHIO — UX BHI-
XOJHOW CUTHAJI, MO CYTH, SBJISETCA AHAIUTUYECKUM CHUTHAJIOM [C.I/I.BaCKaKOB. Pa-
MUOTEXHUYECKHE IIENU U curHaisl. — M.. Bercmas mkoma, 1983, c.152.]. Hcnonw3ys ero, Ha-
IpUMEP, MOKHO OYCHb JIETKO KOHTPOJIHUPOBATh U3MCHEHHE BO BPEMEHHU aMIUIUTY-
Jbl BEIXOJHOI'O CUI'HAJIA.

A, =/[Re{y,)]* +[Im(y,)]? .

Hcnonp3oBanne KOMIUIEKCHBIX JTUCKPETHBIX CUTHAJIOB, a TAKXKE DJIEMEHTOB
X 00pabOTKH, MOXKET MO3BOJIUThH PEIINTh MHOTHUE 3aJa4l PAIUOTEXHUKH, HAMPU-
Mep, OCYILIECTBJIEHUE U JIETEKTUPOBAHUE CUTHAJIOB C OJHOMOJIOCHOW MOAYJsLIUEN

(SSB).
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Koumponvuule onpocul u 3adauu.

1. Kakyo 4acTOTHYIO XapaKTepUCTUKY OynerT umeTb HuppoBoil QuibTp C
MOJIFOCOM, JIEKAIIUM Ha €IMHUYHOU OKPY>KHOCTH ?

2. [Touemy Ha puc.24 paccmaTtpuBaeTcs QUIBTP UMEHHO BTOpOro (a He mep-
BOT'0) TOPSIJIKA, HECMOTPSI HA TO, YTO Ha pUC.23 MPUBEJCHA MEpeaTouHas Xapak-
TEepUCTHKA (PUIIBTPa MEPBOIO MOpsiaKa?

3. U3o0pa3ute cxematuuHo AYX mudpoBoro puibtpa, nepegaToyHas xa-
pPaKTepUCTHKA KOTOPOTO UMEET TPH MOJIF0CA U OJIUH HOJIIb!

p, =098e”%: p,=p, =098e **;

p; =08

z, =1

4. Nzobpaszute cxematuuno AUX mudpoBoro ¢uibTtpa, nmepegaTouHas xa-
paKkTepUCTUKA KOTOPOI'0 UMEET OJMH MOJII0C U OAUH HOJIb!

p=0,98e%3%: z=¢%,
5. M306pa3uTte MonoxkeHus: HyJiel MepelaTOuHON XapaKTepUCTUKU Iudpo-

Boro ¢unbstpa, AUX KoTOporo npuseeHa Ha puc.25.

6. 300pa3ure monokeHus: MOJICOB MEePeJaTOUYHON XapaKTepUCTUKU LUQ-
poBbIX GUIBTPOB, AUX KOTOPBIX TPUBEAEHBI HA pUc.27.

7. Yem ornnuarotess AUX uu@poBbix GUIBTPOB € ABYMSI KOMILIEKCHO CO-

MPSKEHHBIMU HYJISIMH NIEPEIATOYHON XapaKTEPUCTHUKMU:
0,3]

z,=0,7¢>; z,=0,7¢ %%,

2 =(107)e"; 2,=(107)e*?.

8. Obsajaer 1M KOMIUIEKCHO3HAYHBIA IU(POBONH (UIBTP CUMMETPUUYHOM
YacCTOTHOM XapakTrepuctukon H (- W) =H’ (W)?

9. Bo3MOXkHO 71 MOCTPOCHUE KOMIUIEKCHO3HAYHOTO IUppoBOro GpuibTpa,
oOnaaaroniero 6ECKOHEYHON UMITYJIbCHOW XapaKTepUCTUKON U TuHerHHo dUX?

10. O0®bacuure, nouemy AUX muppoBsix GuibTpoB puc.24 u puc.25 UMEIOT
TOPU30HTAIbHBIA HAKJIOH ( d\ H (W)\ / dw=0) B Toukax WD=0 u wD =0.
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Jumepamypa.

B Hacrosimiem yueOGHOM MOCOOMU OMUCHIBAKOTCS METOJbI MPOEKTHUPOBAHUS
uu(ppoBeIX QPUILTPOB. PaccMoTpeHHBIE BOMPOCH! SIBISIOTCA JIMILb COCTABHOW 4a-
CTBhIO 0OJIBLION COBOKYIMHOCTH MOJAXOJIOB M METOOB, U3BECTHBIX MO OOUIUM Ha-
3panneM L{upposas oOpadorka curnamnor (Digital signals processing). [{udbposoii
00paboTKe CUTHAJIOB B MOCIEIHEE BPEMS MOCBSLIAETCS BCE OOJIbIIE JIUTEPATYPHI,
KaKk yuyeOHOHN Tak M crnenuaibHOW. Huke mepedyuciieHbl HEKOTOpble HCTOYHHKH,
KOTOpBbIE, MO 001IEMY NPU3HAHUIO, MOYXHO CUUTATh KJIACCUYECKUMH.

1. Pabunep JI., I'oyna b. Teopus u npakrtuka uugpoBoil 00pabOTKH CUTHA-
noB. — M., Mup, 1978, 847 c.

2. 'onn B., Peitnep Y. Ludposas o6padotka curnanos. — M., CoB. panuo,
1973, 367 c.

3. Mapmn-mu. C.JI. LHudpoBoiil cnekTpanbHbld aHAJIU3 U €r0 MPUMEHEHUS. —
M., Mup, 1990, 584 c.

4. OnnenreiiMm A.B., lladgep P.B. Ludposas o6padboTka curnaios. — M.,
Css3s, 1980,

5. [Ipumenenue nuppopoii 00padoTku curHanos. / ITox pexa. A.Onnenreiima
— M., Mup, 1980, 552 c.

6. Anantusable GunbTpsl. / [lox pen. Koysna K.®.H. u I'panrta [1.M. — M.,
Mup,1978, 392 c.

7. Yunpoy b., Ctupu3 C. AgantuBHas oOpabotka curHaios. — M., Paaguo u
cBs3b, 1989, 440 c.

bonee mosHBIA COUCOK JUTEpATYphl MO LUPPOBOM 00pabOTKE CHUTHAIOB
MOYKHO HaWTH Ha caiite Www.dsp-book.narod.ru, rie BemyTcsi Takke HIMPOKHE
JUCKYCCHUH MO Pa3auyHbIM BONpocaM HUPPOBOK 00pabOTKE CUTHAJIOB.
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