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METOOUKA NPUMEHEHUA BUITMHEUHOIO Z-NPEOBPA30BAHUA
HA OCHOBE KITACCUYECKUX AHAJIIOIOBbIX ®UJIbTPOB

Losbiderko E.O., cmydeHm 2p.960801

Benopycckuli 2ocydapcmeeHHbil yHU8epcumem uHopMamuku U paduoanneKmpOoHUKU
2. MuHck, Pecnybniuka benapycb

LHanelko T.M. — cmapuwuli npenodasamernes kagh. MKT

AHHOoTauus. Bo MHOMMX NpakTU4Yecknx cutyauumsax aHanorosas nepegaroyHast dyHKumsA H(s), no koTopoi Bbluncnsetcs H(z),
MOXET ObITb HEU3BECTHOW, U €€ HY>XHO OMNPEAENUTL MO CreLndUKaLmMsM Xenaembix PUbLTPoB. B cTaHaapTHLIX 3agayax YacToTHO-
nsbmpartenbHon LndpoBon unstpaunmn H(S) MOXHO Nony4uTb Ha OCHOBE Kraccuveckux cunbTpoB. B gaHHow paboTte onvcaHbl
BaXkHble OCOOEHHOCTU KMacCUYeCKMX aHanoroBbix unbTpoB. PaccmatprBaloTcst TONbKO OUIbTPbI-NMPOTOTUMbI HUXKHKUX YacToT,
NOCKOIbKY, (pUNbTpbl PYrMx YacToT OObIYHO BbIBOASITCS U3 HOPMUPOBAHHbBIX (PUINbTPOB HUXKHUX YacToT

KntouyeBble crnoBa. PunbTp HDKHUX H4aCcTOT, PUINBbTP BEPXHUX YAcTOT, MOSIOCOBOW (hUNLTP, PEXEKTOPHBIV nnbTp, BunuHenHoe z-
npeobpasoBaHue.

1. ®UNbTP HUKHUX YacToT
MpeobpasoBaHne nepegaToyHOW (PyHKUMWM B NepedaTouHYlo (DYHKUMIO (PUnbTpa HMDKHUX 4acToT
NPONCXOAMNT MO CreAyoLEeMy 3aKOoHY:

-5 1)

Ecnu B 9TOM Bbipa)KeHWM 3aMEHNTb S Ha iW U 3anMcaTb YacToTbl UMbTpa-nNpoToTMNa Kak wP, a 4acToThbl
paspabaTbiBaeMoro unbTpa HWKHUX 4acTOT KaK Wy (UTO Obl KAk TO ux pasgensatb), dopmyna(l)
nepexoauT B CrieayloLLyo opmy:

iwP = inq,T.e. w, _ wHY (2)
W'y p w'p

YpaBHeHue (2) onpepensieT cBA3b Mexay YactoTaMy unbTpa-npoToTmna 1 punbTpa HUXKHUX YacToT,
KOTOpbIN TpebyeTca paspaboTatb. 3HAA KPUTUYHbIE YACTOTbl JEHOPMMPOBAHHOIO (UMNbTPa HUXKHUX
4YacToT, MOXHO Ucnonb3oBaTb OpMyny (2) U HaWTU KPUTUYHBIE YacTOThbl PUMbTpa-NpoTOoTUNA, a
crnegoBaTenbHO, onpeaennTb ero cneundukaymn.

(DI/IJ'II:Tp-I'IpOTOTI/II'I nMmeet Tpu KpUTUYHble 4acCTOTbl: 0, rpaHn4yHaa 4acTtoTa NOoJsioCbl NpPonycKaHuA,
rpaHn4yHaa 4acTtoTa NnoJioCbl NoAaBleHUA:

1) ecnn ww=0, WP=0 (13 hopmynel (2));
2) ecnm Ww= W’ (T.€. FPaHNYHOM YacToTe NOMOoCkl NPONycKkaHus), w? = L2 = 1 = ?;

3) ecnm ww= W's, wP = == = P,
(A)’p

2. ®UnNbTP BEpPXHUX YacToT

Mcnonb3yss npeobpasoBaHune “Hy-counbTp B BY-cbomnbTp”, o — @'» 1 0003HAUYMB Yepe3 Wsy YacTOThl
S =

AEHOPMUPOBAHHOIO (pUibTpa BEPXHUX 4acToT, a vepe3d wP — vactoTel PHY-npoToTMNa, NoMAy4Yum
cnenytoLyro cBsidb Mexay Yactotamm ®HY-npotoTmna u Hy)xHoro ounbTpa BEPXHUX YacToT:

Drp (3)

wWBY

wP = —

Wcnone3ys cdopmyny (3), KpuTudHble yactoTbl ®HY-npoToTMna MOXHO BbIpa3uTb Yepes 4YacToTbl
WUCKOMOrO (punbTpa BEPXHUX HYacTOT:
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1) ecnn wes=0, WP= = (ncnonb3yem dopmyny (3));

2) ecnn wes= Wp (T.€. FPaHNYHOI YaCTOTE NONOChI MPOMYCKaHNs), wP= 1;
3) ecnm wes= W's, w? = _w_:e;

4) ecnm Wes= -W'p, WP=1; @'s

5) 6CIM Wey= -W's, WP = L2,

w's

CnepoBatenbHO, Npy pa3paboTke unbTpa BEPXHUX YacTOT TpeMs KpUTUYHbIMKM YacToTamm OHY-
npototuna aenaTcsA 0,1 U o’,.

w's

3. NMonocoBon hunbTp
lMpeobpasoBaHve “UnbTp HWXKHMX YacTOT B MOSIOCOBOM punbTp” 3anucbiBaeTcs Ccrnegylwum
obpaszowm:
5 = ol (4)
Ws

CornacHo aToMy NpaBuily 4acToTbl MOJIOCOBOrO PUMbTPa W U YacToThl PHY-NpoToTMNa WP cBA3aHbI
creayoLMM COOTHOLLEHMEM:

e 2+wd,T.€. WP = w2y —w? (5)
iWwny Wy

MonocoBon PunbTp MMEET YeTbIpe rPaHNYHbIE Y LIEHTPanbHY YacTOThbI:
Wp1, Wp2= BEPXHSISA U HUKHAS rPAHUYHbIE YaCcTOThbl MOMOCHI NPOMYCKaHWUS.
W's1, W's2= BEPXHSAS N HWKHSASA PAHNYHbIE YACTOTbI MOMOCHI MOMMOLEHNS.

Wo=LieHTparnbHas YacToTa (pZ = %1%2)'

Ucnonb3ys cooTHoweHne (5), rpaHunyHble 4actoTbl ®HY-mpoTOoTMNAa MOXHO BbIpa3uTb 4epes
rPaHN4YHbIE YaCTOTbI NONOCOBOro unbTPa:

, 2_, 2
1) ecnm wm= W's1, WP = @ = L1=%;
s1 !
Wwgqy
p 2 2 ! !
-y p Wp1~%o Wp1~Pp1 Yp2 .
2) ecrm wm = Wp1, @’ = 4 = ———— = -1,
Waw,, (@p1=wp2)@py
, wls-w3 wih-wh, W)
3) ecnm Wm= Wz, @P = “R2=0 = “p2-Tp1p2  1;
Wawy, ’Z(wpz‘wm)wpz
4) ecnm Wm= W's2, WP = @b = L2=20;
S Wawl,
5 — ) P _ W -wd.
) €CnM Wnn = Wo, w? = ;
Ww?

. s ! 0
6) ecnm w3 =min(wPs1, WPs2).

CnepoBaTenbHo. BaxHbiMM KpuTudeckummn vactotamu dHY-npototuna sensawoTca:0,1, min(w®Ps,
|wPsz).

4. PexeKTOpHbIY hunbTp
lMpeobpasoBaHune “OUNbTP HWKHUX YacTOT B PEXEKTOPHbIN (UNbTP” 3anvcbiBaeTCA CriegyrolmmM
obpasom:

W (6)

T s2442
s2+wd

YacToTa pexekumnm wnp M YactoTa dunbTpa-npoToTuna wP cBsidaHbl COOTHOLLEHWEM:
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iw? = _Waoy, T.€. wP = Waogy @)
(iWnn)2+w(z) w%n—(ﬂg

M3 cooTHoweHnsa (7) MOXHO onpefenuTb rpaHuyHble 4dactoTbl PHY-npoTtoTMNa No W3BECTHbIM
YacTOTaM HY)XHOIO PeXeKTOpHOro hunbTpa:

, Wl
1) ecnm Wmp = W's1, wP = wf(l) = /zw 2
Wy~ ~Wsq
. W, (Wp2—wp1)Wp1
2) eCIN Wnp = Wp1, o’ = ——— = —F——— =1,
wq _mpl wpl mpZ_wpl
3 _ » Wwpy (wp2=wp)@ps :
) €CIM Wrp = Wp2, " = —— > =~ = L
W5—wp Wp1Wpy_Wpo
, Wawi,
4) ecnm Wnp = Ws2, wP = wf(z) = ,zm x
5 Wy —Wsy
s w.
5) eCIN Wnp = Wo, wP = — 0 =
wZ_wZ
0 0

CnepoBaTerbHO, CyLLIECTBEHHLIMU KPUTUHECKUMM YacToTamMm UnbTpa HUKHUX YacToT sisnatoTes: 0,1,
WP (rae wPs = min (wPWg, wPA)).

U3 cneumndmkaumm PHY-npoToTMNa MOXHO onpeaennTb NOPALOK 1 nepegaToyHyo YHKLMI0 hunnbTpa.
[MopsaoK pexeKTopHOro unbTpa paBeH yaBOEHHOMY NopsaKy dunbTpa npotoTuna, 1.€.2N.
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BILINEAR Z-TRANSFORM APPLICATION TECHNIQUE BASED ON
CLASSICAL ANALOG FILTERS
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Annotation. In many practical situations, the analog transfer function H(s) from which H(z) is computed may be unknown and must
be determined from the specifications of the desired filters. In standard problems of frequency-selective digital filtering, H(s) can be
obtained based on classical filters. This paper describes the important features of classical analog filters. Only prototype low-pass
filters are considered, since other filters are usually derived from normalized low-pass filters.

Keywords. Low pass filter, high pass filter, bandpass filter, reduction filter, bilinear z-transform.
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