YacroTHble npeodpasoBanus puiabTpos HU

Cunte3 BUX punabTpoB MOXKET OBITH OCYIIECTBIICH HE TOJIBKO MyTEM HUCIOIb30BAHUS
METO/I0B MHBAPUAHTHOCTU MUMITYJIbCHON XapaKTePUCTUKH, OUIMHENHOTO IpeoOpa30BaHus N
3aMeHbl AuddepernnanoB. Bo3aMoxxHbIM criocoOoM MokeT ObITh IpeoOpa3oBaHue HU(POBHIX
bunsTpoB HY (1111 cHTE32 KOTOPBIX MOXKET OBITH UCIIOJIB30BAH JIFO00M U3
BBILIIETIEPEUUCIIEHHBIX METOI0B) B puiIbTp Hyx)HOro tumna (punstp HY ¢ apyroit nonocoi
nporryckanus, puiabTp BY, mosocHONPOIyCKAOMMA WK TTOJIOCHO3arPaKIAIOIIHA ), T.€. 110
cxeme: Ananorosslii ®HY — Hudposoit ®HY — Ludposoit punbtp HykHOTO THIA. DTO

JIOCTUTAETCS MyTEM 3aMEHBI IEPEMEHHOM z'B BBIpakeHUH 1 Koddurmenta nepenayuun (KIT)
udposoro ®HY Ha dyHKIHIO G(Z - ), riae Z - HOBasi IepeMEHHasI, Yepe3 KOTOpyIo Oyier

3amrceiBaThest KIT co3gaBaemoro ¢punbTpa. OyHKIHS G() JOJIKHA YJIOBJIETBOPSITH CIEIYIOLUIUM
YCIIOBHSIM:
1. onHa momkHa OBITH APOOHO-PAITMOHAIBHON, TOCKOJIBKY TOJIBKO B 3TOM cirydae KIT
CHHTE3MpyeMoro ¢puibTpa OyaeT Takxke ApoOHO-pallnOHATIBHON (YHKIIUEH;

_'V (3
2. ‘G(e l ] =1, T.K. TOJILKO B 9TOM CJly4ae MPOUCXOTUT OTOOPAKEHHE €TMHUIHOM

OKPYKHOCTH (JIMHUU YaCTOT) MJIOCKOCTH CTapOi MEPEMEHHON Z B €AMHUYHYIO
OKPYXXHOCTb (JIMHHIO YaCTOT) IJIOCKOCTH HOBOM NEpeMEHHOM Z .

3. BHYTpeHHOCTh €IMHUYHOTO Kpyra MIOCKOCTH CTApOM MEPEMEHHON I BO BHYTPEHHOCTH
CIMHUYIHOTO KPYra MIIOCKOCTH HOBOMW TMEpEeMEHHOM Z , T.K. TOJBKO B 3TOM CiTydae
CHUHTE3UPYEMbIH (HIIBTpP yHACIEIYeT CBOMCTBA YCTOMUNBOCTH M PEaTi3yeMOCTH
npeoOpazyemoro mupposoro GHY.

Haubomnee npocroii BuI QyHKIHH G(Z - ) MMeeT B CiTydae

K -1
_ o —7Z
G(z l)=Hk—_l, a,|<1, (1)
k=1 akZ _1
e &, , k=1,...,K - neiicrBurensHsie uncna. HecnoxHO mokasars, 94to K -blif COMHOKHUTEIb
1
_ o —7
G (z)=2 @)
o -1

B (1) obmamaer BceMu nmepeyrcICHHBIMA CBOMCTBaMH, a, CJIEAOBATENbHO, U Bes PpyHKIus (1)
3TUM YCJIOBUSM OyZeT YIOBIETBOPATS.

B tabnuue 1 mpuseneH Bua GyHKIIMU G(Z - ) 1 GOpMYIIBI ISl pacueTa ee napameTpoB
(xoauruentsl & u Y ) s npeodbpasoBanus udposoro @HY ¢ wacToToi cpe3a 4acTOTHOM

XapakTepUCTUKH (2. B LU(poBOil GpuiabTp TpeOyeMoro Tuma ¢ 4acToTo cpe3a 4acTOTHOM
xapakrepuctuku V, (PHY niau OBY) uinm yactoramMu mOIOCH MPOIYCKaHUs (3arpaxkaeHus) V,

u V, (nmonocuonponyckaromuii IO i nonocnosarpaxnaronmii I113® GuiisTpsr).

Tabmauma 1
Tun npeoOpazoBanus G(Z_l ) o
®HY — OHY L, a-z" 5 - sinlo.5(2, —v,)]
¢ OCZ - - ] Sln[O’j(Qc + Vc )]




®HY — ®BY L a+z” b cos[0,5(2, +v.)|
ST Tz ~ cosl0.5(2, -v,)]
®HY — [I1d g2 20k . k-1 e cos[0,5(v, +v, )]
o k+1 k+1 cos[0,5(v, =v,)]’
k—1 20k
Kolgea 20K oy k = ctglo,5(v, —v, )]te(0,52,)
k+1 k+1
®HY — 130 220k . 1k o cos[0.5(v, +v, )]
. wr1” Tked cos|0,5(v, —v,)|’
Imkge 20k 501 | k=105, —v,e(0.52,)
k+1 k+1

Ilpumep 1. IlIpeobpazoeanue ®HY — @HUY. JlonycTuM, 4TO 4acTOTa cpe3a
ucxoguoro ®HY pasHa L2, u Tpebyercs, ucnonbsys npeodpazoBanue (cMm. Tabm. 1)

. a=-Z
Z -—_—

- , 3
aZ ' -1 ©)

cuntesuposats ®HY ¢ wactoroii cpeza V, . Ilycth z=¢"? u Z =" . Torna na ocHoBanuu (3)
rMeeM
e _ - e e -2a+a’e”
ae™” —1 1-2acosv+a’

[TpupaBHUBas B MOCIIEIHEM PABEHCTBE I€WCTBUTEIbHBIE U MHUMbIE YaCTH BBIPAXKECHUIH,
CTOSIIIMX I10 pa3HbI€ CTOPOHBI OCIIETHEr0 3HAKa PAaBEHCTBA, MOITYYUM

080 = (I+0{2)c0sv—220{’sin_o: (1-a?)sinv :
1-2acosv+a 1-20acosv+a
nim
3 (]—afz)sinv
e 2= (1+a?)cosv-2a
OTtcronga
3 (I—az)sinv
42 = arctg (1+a)cosv—2a’ )

[Ipu @ =0 u3 (4) cnenyer, 4To L2 =V , U HA IJIIOCKOCTH [.Q,V] 3TOM 3aBUCHUMOCTH
COOTBETCTBYET MpsiMasi, MPOXOSAIIAs Yepe3 Hayajao KOOpAUHAT Mol yriioM 45° k ocu abeuuce
(cM. puc. 1 a). HecnoxxHo mokaszaTs, 4to eciau ¢ > 0, To TpaduK 3aBUCUMOCTH (4) mpoiaer
BBIIIIE 3TOW NPAMOM, U Ha000poT, eciu & < 0, To HUXe (cM. puc. 1 a). [TockoabKy Bee rpaduku
MIPOXOJIAT Yepe3 Hauauo KOOPAWHAT, TO MpeoOpa3oBaHus Tuia GuibTpa npu 3ameHe (3) He
npoucxoauT. OgHAKO B 3aBUCUMOCTH OT TOT'0, KAKOW 3HAK y MapaMmeTpa ¢ , CHHTE3UPYEMBbIH
¢GuibTp OyAeT UMeTh TMOO0 MEHBIIYIO MOJIOCY MpomnyckaHus (V, < L2, npu o > 0), 1ubo

OonblIyI0 noJI0cy nponyckanus (v, > 2 npu & <0). IIpu o =0 u3MeHeHus noyiochl




MPOITYCKAHUS HE MPOUCXOUT, T.K. B ’TOM CIIy4ae Mbl UMEET TOXKJACCTBEHHOE OTOOpakeHHe
Q2 =v._.

[TpupaBuuBasg 2 =2 u v =v_ B (4) 1 peuas NOJIy4eHHOE YpaBHEHUE OTHOCUTEIBHO
napaMmerpa « , OJIy4uM BBIpaKEHHUE, CTOsIIIIee B KpaifHEM MPaBOM CTOJIOIE COOTBETCTBYIOMIEH
ctpoku Tabmurer 1.

a). Low Pass Filter b). High Pass Filter
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Ilpumep 2. Ilpeoopazoeanue ®HY — @BY. JlonycTuM, 4TO 4acToTa cpesa
ucxonHoro ®HY pasna L2, u Tpedyercs, ucnoinb3ys npeodpazoBanue (cM. Tadu. 1)

_ a+27Z"!
=TT )

cuntesuposats ®BY ¢ wactoroii cpesa V., . [yets z=¢'? u Z =" . Torna na ocHosanuu (5)

HUMEEM

e ate” eV +2a+ate”

eV +1 1+ 2acosv+a’

[TpupaBHUBas B MOCIIEIHEM PABEHCTBE ICUCTBUTEIbHbBIE U MHUMbIE YaCTH BBIPAXKCHUIH,
CTOSIIIMX I10 pa3HbI€ CTOPOHBI TOCIIETHETO 3HAKA PAaBEHCTBA, MOJTYYUM

(1-a?)sinv
1-2acosv+a’

(1+a)cosv +2a

,sin .2 =
1+ 2acosv +a’

cos2 =—



NI

_ (1-o?)sinv
g2 = (1+a)cosv+2a
Orcrona
o (1-a?)sinv
Q=7 -arctg (7+a?)cosv +2a ©)

IIpu @ =0 u3 (6) cnenyer, 4yTo 2 = 77 —V, ¥ HA TJIOCKOCTH [.Q,V] 3TON 3aBHCHUMOCTH
COOTBETCTBYET MpsiMasi, MPOXOAAIIAsl YEPE3 TOUKHU (7[,0) u (0,71') nox yriiom 45° k ocu abermce
(cM. puc. 1 6). HecnoxHo nmokasatb, 4to ecinu & > 0, To rpaduk 3aBUCUMOCTH (4) mpoiiier
HIDKE 3TOH MpsIMOH, 1 Ha060poT, ecnu & < 0, To BoIe (cM. puc. 1 6). [lockonbky Bce rpaduku
MPOXOJIAT Yepe3 TOUKHU (71',0) u (0,7[), TO TpH 3aMeHe (5) TPOUCXOAUT MPeoOpa3oBaHUS THIIA
¢mipTpa ®PHU—DBY. B 3aBUCUMOCTH OT TOr0, KaKOH 3HAK y MapaMeTpa ¢ , CHHTE3UPYEMbIi
GunbTp Oyner uMeTh 1160 OOJIBIIYIO ONIOCY NponycKanus (V, < 2. npu « >0), nubo
MEHBIIYIO [0JI0CY Ipomyckanus (V, > 2 npu o <0). llpu & =0 u3MeHEeHUs IUPUHBI TOJIOCHI
IPOIYCKaHUsI HE IPOUCXONT, T.K. B 3TOM CIIy4ae Mbl UMEET OTOOpaxeHue 2 =7x—Vv,.

ITpupaBuuBasg 2 =2 u v =v_ B (6) 1 pelas MOJIy4eHHOE YPAaBHEHUE OTHOCUTEIBLHO

napamerpa ¢ , IOJYYUM BhIpaXKEHUE, CTOSIIECE B KPaiiHEM MPABOM CTOJIOIE COOTBETCTBYIOIIIEH
ctpoku Tabmurer 1.

AHanmornuHbIM o0pa3zoM npoucxoasaT u npeoopazopanuss PHUY—-IID u PHUY—-ITI3D.
Paznuune 3akmrodaercs JUINb B TOM, YTO B 3THX CIIy4asx JOJDKHBI HCIIOIB30BaThes Ooliee

CIIOXHBIE (YHKITUU G(Z _1) u3 Tabmuisr 1.

ABTOMaTn4yeckoe npoexktuposanue bUX ¢puabTpos

B HACTOAIICC BPCMA B CBA3HU C IIMPOKUM IMTPUMCHCHUCM KOMITIBIOTCPOB HA MMPAKTUKE
4acTO MPUMEHSIETCS] aBTOMaTH4YeCKuid cuHTe3 bBUX GuinbTpoB, KOTOpHI HE mpeanoiaraet
MIPOMEKYTOUYHOTO CHHTE3a aHAJIOTOBOT0 (DUIIbTpa-poToTUIIA. [[pH aBTOMAaTUYECKOM CHHTE3€ 3a
HCXOJHYIO YaCTOTHYIO XapaKTEPUCTUKY CO3/1aBaeMOro GuibTpa IPUHUMAETCS

UJICAIM3UPOBAHHAs YaCTOTHAs XapaKTepUCTUKa H | (eig ), KOTOPYIO IIPUHATO HA3bIBAThH

ATaJOHHOU. B KadecTBe Takoil XapaKTepHUCTUKH MOXKHO, HAIIPUMED, BEIOPATh (PYHKITHIO PAaBHYIO
CAWMHUIIC B ITOJIOCC MPOIMYCKAHUSA U HYJIIO B IMOJIOCC 3arpaKJICHUA

) 1, 2 € nonoce nponyckanus
H ()= pony %

0, £2 & nonoce nponyckanus
YacroTHast XxapakTepuUCTUKa CUHTe3upyemoro puibtpa H (e’g ) UIIETCS B pe3yJibTaTe
MUHUMU3aIUU QYHKIIUU Ka4eCTBa, KOTOpasi 3aBUCUT OT Pa3HUIIbI ‘H (ei” 1 — ‘H , (e’n 1 . OyHKIHA

Ka4yecTBa 3aBUCUT OT KOA(PPUIUEHTOB CO31aBaeMOro GUIbTpa d,,...,dy,b,,...,b,, 1 MOKET
UMETH CIEAYIOIINMI BUL



Olay,....ay.b,,...,b, )= mgx{QH(e"Ql—‘Ha(eml)z W(.Q)} (8a)

nJn
Olay,....ay by, ....b, )= TQH(eiQX—‘HQ(eiQI)ZW(Q)cIQ, (86)

rae w(£2) - monoxurensuas Becosas pyukims. Becosas pynxuus w(£2) Heobxommma s Toro,
YTOOBI IPUIATH ONPEEICHHBIM Y4aCcTKaM OCH YacTOT pa3HbIi BEC B MPOLIECCE PELICHUS 3aaul
B COOTBETCTBHHM C UX 3HAYNMOCTBIO Il YaCTOTHON XapaKTEPUCTUKU CHHTE3UPYEMOT0 (DHIIBTpA.
Koa¢ddunuents! unsrpa a,,...,a,.b,,...,b,, COOTBETCTBYIOT MUHUMYMY (D)yHKLIUU KauecTBa,

KOTOPBII UIIETCS UCTIONIB3YSI METOJIbI YMCICHHOTO PEIICHHUS] ONTUMU3aLMOHHOM 33124 B
IpocTpaHcTBe pasmepHocTd N + M + 2.

OO6bryHO KO3hDHUIMEHT Mepeavur MPOSKTUPYEMOTO (GUIBTPa MPECTABISAIOT B BUIC
npousBeaeHuss K KO3 HUIMEHTOB nepeaadd TU(poBhIX (GUIBTPOB BTOPOTO MOPSIKA (Takue
GbuIBTPHI 60JIee YCTOWYUBHI K OITMOKaM MPEACTaBICHHS KOG (UIIMEHTOB, KOTOPBIE HEU30EKHO
BO3HHUKAIOT BCIIEICTBUE OTPAHUYCHHOCTH PA3PSAIHON CETKU IIU(PPOBBIX YCTPOUCTB,
peaTu3yIONUX CHHTE3UPYEMBIA (PUITHTP)

S I1+b077 + b7

H(Z) Ak:] I+ ClI(k)Z_I 4 a;k)z—z :

Takum 00pa3oM, HEM3BECTHBIMHY MPU CHHTE3E SBIISIOTCS MapaMeTpsl A, a j‘ , a§ ,bI" ,bé‘ ,
k=1,...,K , xomu4aecTBo KOTOPHIX paBHO 4K + I . [Iponiecc MuaMMU3auu GyHKIIMNA KaueCcTBa
BBITIOJTHSIETCS peKyppeHTHO. [Ipu aToM Ha kaxaoM mare koddduinuent nepegaun H (z)
KOHTPOJUPYIOT HA PEaaIn3yeMOCTh U YCTOMYUBOCTb. J{JI 3TOr0 MO HAAEHHBIM Ha OYEPETHOM
nrare K03 puireHTam A,af ,a§ ,bjk ,bé‘ , k=1,...,K BBIUHCIAIOT OIIOCEI H (z) U MIPOBEPAIOT,
HaxOJATCsI JIM OHU B €IMHUYHOM Kpyre. Ecim kakoii mubo moiroc 7., He 1momnaaaeT B €AMHUYHBIN
KPYT, TO 3TOT TOJIFOC 3aMEHSIOT €T0 3¢pKAIbHBIM OTHOCUTEIIEHO €AMHUYHON OKPY>KHOCTH



OTPaXXEHUEM I, = ]/ 7. , KaK 3TO TI0Ka3aHO Ha puC. 2.
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Re Z

v

\\ '(poo

Pucynox 2

ITpu Takoii 3aMeHe He MPOUCXOUT U3MEHEHUS (POPMBI AMITUTYAHO-4YaCTOTHOM
xapakrepucTuku. [1oaToMy rmociue 3aMeHbl He HyKHO NPEPhIBATh MPOLECC HAXOKICHUS
MUHHMYMa (DYHKIIMHM Ka4yecTBa M OH MOXKET ObITh MPOAOIDKEH. JloKaxeM 3To.

PaccmoTpum ko3 dunmeHt nepeaauut k -ro Hu@poBoro GuILTpa BTOPOro MOpsIKa

_1+bPr 46027 (z-z)e-z,)
I+a®z7+aVz7?  (z-z.)z—2.)

H,(z) (10)

IMOJIFOC Z_, KOTOPOIr'o Ha HCKOTOPOM IIare mponecca OrTUMU3aluy BhIIICT 3a IPCACIIbI

€IMHUYHOTO KpyTa, T.€. |zw| > [. Cnenaem B (10) 3ameny z,, — 7, = ]/ z. . B utore monyunm

H,(z)= (e=2 )= ) _ = (z-z,)c-2)

1 1) 2 (- ) -z) (11)
- | z2—-—
z. z.,

YacroTHas xapakTepuctuka Gpribtpa ¢ kodhdunuentom nepenaun (11) momydaercs, Kak
M3BECTHO, TIPH TOJICTAHOBKE 7 = e'”

o 2 i i _x
A 0

H, (e’g 1 = | Zw| ‘H . (e’g 1 , T.€. aMIUTUTYJHO-4aCTOTHBIE XapaKTEPUCTUKU

CnenoBareinHO,

¢GunbTpoB ¢ kodpPuenTamu nepegaun H, (z)u H ‘ (z) oTIMYAIOTCS TONBKO HOCTOSHHBIM
MHOXHTEJIEM U COBIAA0T 1O (hopMme. ITO U TpeOOBAIOCH JOKA3aTh.



Ecnu nmonydeHHbIH B pe3yabTaTe ONTUMHU3AIMH (UIBTP HE YIOBIETBOPSET
TpeOOBaHUSAM, IPEABSIBIIEMbIM K CHHTE3UPYEMOMY (UIIBTPY, IPOLIECC ONTUMHU3ALIUN
MOBTOPSIOT, YBENMYUB K - 4Kcio (MIBTPOB BTOPOTO MOPsIIKA B IpeAcTaBiIeHun Koddduimenra
nepegavn npoekrupyemoro ¢puiabTpa (9).

METOAbI CUHTE3A KUX ®UJIBTPOB
JaemenTapHublie cBoiictBa KUX-puabTpos

Ceoiicmeo 1. KUX-bunbTp — MUHEHHAS AUCKPETHAS CUCTEMA, UMITYJIbCHAS
XapaKTEpUCTHKA KOTOPOH UMEET KOHEUHYIO JUIMTEIbHOCTh (KOHEYHOE YNCIIO OTIMYHBIX OT HYJIS
orcyeToB) N, T.€.

#0,ipu0<n<N -1

h[n] .
=0,npun<0Un>N

(13)
Yucino N — 1 HaswiBaercs nopsakoM punbrpa. Koaddunmuent nepegaun Takoro GpuiabTpa paBeH
N-1
H(z)=> hln]:™ = nlo]+ 1)z +---+ h[N = 1]z~ (14)
n=0

C npyroit ctoponsl koddduimeHnT nepenayuu udpoBoro GuasTpa B 00IIEM CIIydae MOKET OBITh
3alliCaH B BUJC

bbby

-1 -M
a,+a, 7z +-+a, ,z

H(z) (15)

+1 "

CpaBuuBas (14) u (15), MOKHO clienaTh ABa BIBOA: BO-TIEPBBIX, KOI(PDHUIIUEHTHI,
croswue B yncaurene (15), paBHbI 0OTCYeTaM UMITYJIbCHOM XapaKTEPUCTHUKHU, T.€.

b, = h[n], n=0,...,N — I; BO-BTOpBIX, Bce K03 purmeHTsl, crosmiue B 3HameHarene (15), 3a
UCKIIIOYEHUEM a, = I, paBHbl HymO (a,, =0, m =1,...,M —I'). IlocnenHuii BEIBOX
CBUJETENBCTBYET O TOM, uT0 KUX-QuibTpsl He UMEIOT MOMIOCOB, U, CIIE0OBATEIbHO, A1 HUX
BOIIPOCHI YCTOMYMBOCTH M pean3zyeMocTu He akTyaiabHbl: KU X-punbTpel Bceraa ycToH4nBhI U
peanuzyemMbl. «DU3HIECKU» 3TO 00BACHSIETCS OTCYyTCTBUEM B i poBoM KUX-dunsrpe
BHYTpEHHEH 00paTHOI CBSA3H.

Ceoiicmeo 2. PaccmoTpum vactoTHyi0 Xapaktepuctuky KUX-dunbrpa, koTopas B
cooTBeTcTBUM C (14) paBHa

H(e’ﬁ ) = gh[n]e_i"g . (16)

B nmocneanem BbIpaskeHUHU 4acToTa {2 MOKET MPUHUMATH JII0ObIE 3HAUEHUS U3 UHTEpBalia
[0,27[]. JlomycTuMm, 9TO 4acTOTHAsI XapaKTePUCTUKA BBIUMCIISIETCS HA MHOKECTBE PAaBHOMEPHO

2
pacnpesielieHHbIX B 3TOM UHTepBasie Touek 2, =mAR (0Sm<M —1),tne A2 = ﬁ% - mar

o yacrore, M (M >N ) - KOJIMYECTBO WIECHOB B MHOecCTBE. Torma



- 27
H[m]zH(ei”m)zij‘jh[n]eﬂM ,m=0,....M —1. 17)

Bripaxkenue (17) B MaTeMaTHKE Ha3bIBAETCS IPSIMBIM TUCKPETHBIM IpeoOpazoBanreM Oypre
(ITAIT®D). HecnoxxHo mokaszath, uto no [IJAIID H [m] MO’KHO OIPEAETIUTH UMITYJIbCHYIO

xapakrepuctuky KUX-unptpa, ncrnons3yst odpaTHoe quckperHoe npeodpazoBanue Oypbe
(OIID)

h[n]zﬁMZ‘jH[m]eM n=0,.N—1. (18)

C npyroii croponsl, ko durment nepenaun KUX-punsrpa (14) onpenensercs
MMIYJbCHOW XapaKTEPUCTUKON h[n], n=0,...N — 1. Takum o6pa3om, nojcrasiss (18) B (14)
MOJTYIUM

ZIZN

B e (19)

=0
m ] Z e

T.e. Koo uuuent nepenaun KNUX-unbTpa momHocTeio onpeaensiercs: 3HaueHUsIMA YaCTOTHOM
XapaKTEPUCTUKH, BBIYMCICHHON B M (M >N ) PaBHOMEPHO PaCIPEACIEHHBIX B UHTEPBAJIE

[0,27[] TOYEK.
Cesoiicmeo 3. Ilycts KMX-punbtp umeet TUHEHHYIO (ha30BYI0 XapaKTEPUCTHKY

pR)=p,-52, (20)

rae f3,, B, - nocrossHHbIe KOAQOUIMEHTHL. Y CTAHOBUM, IIPU KaKuX ycloBusx (20) BO3MOXKHO .

N3BecTHO, uTO hazoBasi XxapaKTepucTUKa MUPPOBOTO PHIHTPA C YHUCTO
JeMCTBUTENIbHONW UMITYJIbCHOM XapaKTEePUCTHKON SBJISAETCS HEYETHOU (DyHKITHEH, T.€.
B(- 2)=-p(2). Cnenoparensho, Ha ocuopanuu (20), nmeem S, + 3,2 = —(B, — 5,2) wm

B, =—/3,, 9T0 BO3MOKHO b npu 3, =0.

C nmpyroit CTOPOHBI, yUUTHIBAsI CBSI3b MEKy YaCTOTHOM XapaKTepUCTUKON (DUIIbTpa U
€ro UMITYJIbCHOM XapaKTepUCTUKOU, ITOJIYYUM CIIEIYIOLIYIO LIEIIOYKY PABEHCTB

H(ei.Q ) _ ‘H(ei.Q Xe;/)’(.o) _ ‘H(ei.Q lei(,b’o—,b’,g) _ ‘H(ei.Q le—iﬁ,g _ Nz_lh[n]e—m.o
n=0
CnenoBareinHO,
N-I
‘H(eiﬂl _ zh[n]e—i(n-ﬁ,)g
n=0

[TockonbKy B JIEBOM YacTH MOCEAHETO PABEHCTBA CTOUT YHUCTO PeaibHOE YUCIIO, MTOTYIHUM

! Hamomunwm, uto BMX-(buabTps! He MOTYT HMETh JTHHEHHYIO (ha30-4aCTOTHYIO XapaKTEPHCTHKY.



NZ:;h[n]sin[(n—,b’j )2]=0. (21)

VYpaBuenue (21) cripaBeyIMBO MPHU JTFOOOM 3HAYEHUHU YaCTOTHI {2, YTO BO3MOXKHO JIUIIb MPU
OJIHOBPEMEHHOM BBITIOTHEHHH JIBYX YCIIOBUii: BO-TiepBbIX, f3, =0,5 (N -1 ); BO-BTOPBIX,

h[n] = h[N -n-— ]]. CrnenoBatenbHO, st Toro yTo0b1 KU X-GunbsTp nmen nuHEHYI0 (a3oByIo
xapakTepucTuky (20) He00X0IMMO, YTOOBI €T0 UMITYJILCHASI XapaKTEPUCTHKA OblLia
CHUMMETpUYHa OTHOCHTENBHO CcBoeit cepeaunsl S, = 0,5 (N -1 ) , T.€. BBITJIAJIENIA TAK, KaK
noka3aHo Ha puc. 3. [Ipu aTom ¢a3oBas 4aCTOTHAS XapaKTEPUCTUKA (GUIBTPA paBHA

B(R)=-05(N-1)22. (22)
[Ipu 5TOM (ha3oBas u rpynmnoBas 3a7epKKu (pUIbTpa MOCTOSHHBI, COBMAIAIOT U PaBHbI

t,=7,=05N-1) (23)

Ha ocnoBanuu (23) npu yetHoM nopsiike GpuibTpa (a3oBast U rpynmoBas 3aAep:KKH
(GWIbTpa paBHBI LEIOMY KOJIMYECTBY NEPUOJIOB TUCKPETU3aLUK (pUC. 3a), a TPH HEYETHOM —
EJIOMY ILTIOC TTOJIOBUHA MEepHoia AUCKpeTH3auuu (puc. 30).
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Pucynox 3

Cesoiicmeo 4. Ilycts KU X-punbtp umeer (ha3oByr0 XapaKTEpPUCTHKY
Bl2)=p,sign(@2)- B,2. (24)

rae sign(2) - Gynxuus 3HaKa (GyHKUHSA TpUHUMAET 3Ha4eHus +1, O Wi -1 B 3aBUCHMOCTH OT
TOT'O MOJIOKUTENIbHA, PAaBHA HYJTIO WM OTpUIaTeNlbHa yacToTa L2 ), 5,, 3, - HOCTOSIHHBIC

K03 uunenTsl. OCyIeCTBIIAS aHAJTOIMYHBIE HCIIOJIb30BaHHBIM BbIIIIE IIPE0OPa30BaHMs, MOKHO
nokasartb, 4To KNMX-puisTp MoxkeT UMeTh (pa30ByI0 XapakTepUCTHKY (24) TOJIBKO B TOM CIIydae,
KOTJIa BBITIOJHAETCS CIEAYIONIEe ypaBHEHUE aHamoruyHoe (21),

NZ;h[n]sin[(n—ﬁ] )2+ 3, sign(2)]=0 25)



VpaBHeHHe (25) MOXKET OBbITh BBITIOTHEHO, €CIIU: BO-TIEPBbIX, [, = 0,57 ; BO-BTOPBIX,
B, =0,5(N - 1); B-tpetbux, hln|=—h[N —n-1].

CrenosarenbHo, 11 Toro 4to0bl KNMX-puibtp umen ¢pa3zoByro XxapakTepucTuky (24)
HE00X0AUMO, 4TOOBI €ro UMITYJIbCHAsI XapaKTePUCTHKA OblJ1a aHTUCUMMETPUYHA OTHOCUTENBHO
cBoeii cepeaunsl S, =0,5 (N —1), 1.e. BEINIAAENA TAK, KaK TIOKa3aHO Ha puc. 4. [Tpu 3ToM
¢a3oBas yacTOoTHAs XapaKTepHCTUKA (PUIIBTPA paBHA

B(2)=0,57sign(2)-0,5(N-1)82. (26)
[Tpu 5TOM rpynmoBas 3aaepxkka (puiabTpa MOCTOSTHHA U paBHA

t, =0,5(N-1). 27)

p
Ha ocnoBanuu (27) npu 4eTHOM Nopsiike (pUiabTpa rpynmoBasi 3aAep>Kku GuibTpa

paBHa LETOMY KOJUYECTBY MEPUOIOB TUCKPETU3ALUU (puUC. 4a), a MPU HEYETHOM — IIEJIOMY
TUTEOC TTIOJIOBHHA TIEPHOa TUCKPETH3AIuH (puc. 40).
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Pucynox 4

MeToa BecOBBIX OKOH

Cunresz KUX-punsTpoB METOIOM BECOBBIX OKOH MPOU3BOAUTCS CICTYIOIIUM 00pa3oMm.
[ycrs H (Z) - k03¢ dunmenT nepegaun bUX dbunbrpa ¢ UMIyIbCHON XapaKTEPUCTHKOMN

h, [n], n=0,1,.... [Tonoxum nmmynscHyio xapakrepuctuky KX ¢punbrpa paBHoOi

h[n]=wlnlh,[n],n=0.1...., (28)

raec
- 1,0Sn<N-1I 2
W= 0,n=2N 29)

JluckpeTHas QyHKIUS w[n] Ha3bIBACTCS NPAMOY20abHbIM OkHOM. Ha ocHOBaHUMN
CBOWCTB IMCKPETHOTO NpeodpazoBanus Oypbe aMIUINTYHO-4aCTOTHAs Xxapakrepuctika KINX-
buIbTpa paBHa CBEPTKE aMIUTUTYTHO-4acTOTHOU XapakTtepucTtuku (AUX) BUX-dunprpa m AUX
OKHa



(o)=L T e Wl av 30

-

Hecnoxno noka3ars, uto AUX npsIMOYyrojibHOro OKHa paBHa

N-1 sin@
W(e?)=S 16" =¢ "2 Q% 31)
Sll’l?

-2 2uhogo 2w on

PucyHnok 5

I'padux Mmomyns hyHkIIN W(ei”) MIPE/ICTABJICH HA pUC. 5. DTa PyHKIUSA UMeEeT
clemyrore 0COOCHHOCTH:
1. ‘W (e’ﬁ 1 - mepuoandeckas QyHKIHS ¢ IEpUOIOM 27 ;

2. TI'padux ‘W(e’”l MMeEEeT BH/JI IEPUOTUUECKH TTOBTOPSIOIINXCS JICTIECTKOB,

MaKCHMaJIbHOE 3HAUEHUE KOTOPBIX paBHO N , a IIMPHUHA 10 IEPBBIM HYJISAM -
47/N ;

3. Mexay rinaBHBIMU JIENIECTKAMU HaXoJATCsl OOKOBBIE, IIMPUHA KOTOPHIX paBHA
27/N ;

4. MaxkcumanbHbIi ypoBeHb N UMeeT NepBblii O0KOBOI JIETIECTOK,
OTHOCHUTEIIBHBIM YpOBEHBb KOTOPOTo paBeH -13 1b;

5. CysenuueHueM N OTHOILIEHUE IUIOIIAJEH B IJIaBHOM JIETIECTKE U IIEPBOM

OOKOBOM OCTAETCS IMOCTOSIHHBIM.
PaCCMOTpI/IM, K KaKUM TOCJICACTBUAM MPHUBOJAT HA3BAHHBIC CBOMCTBA Ha npuMepe

CHHTe3a (uIbTpa HIKHUX yactoT, AUX kotoporo H, (e’g ) MpeCTaBICHA Ha puC. 6a.

Pesynbrar cBepTKH QyHKIMK H (.e“2 ) u W(ei”) TnpeJicTaBIeH Ha puc. 60.



Pucynox 6

W3 pucynka BugHo, uto AUX KUX-(punberpa numeer myabCHpPYIOUUil XapakTep, Kak B
M0JI0CE MPOIYCKaHUs, TaK U B ToJioce 3arpaxkaeHus. [Ipuuem ammuntyna nynscaruii AUX
BO3pacTaeT 1o Mepe MPUOIMKEHHS K TPAHUIIE MOJIOCH TPOITycKaHus. J[pyroil 0cOOEHHOCTHIO
AUX KUX-punbTpa ABISICTCS MOSBICHUE TIEPEXOTHON 00JIaCTH MEXKY MTOJI0CAMH MPOMYCKAHUS
u 3arpaxjaenus, rae AUX MeHsieTcsi CpaBHUTENIBHO MEJIJIEHHO. AHAJIW3 MOKa3bIBAET, YTO IPHU
YBEJIMYEHHH KouuecTBa oTcueToB N B MMIynbcHOM xapakTepuctuke KMX-hunbsrpa (IupuHbL
IPSIMOYTOJIBHOTO OKHa) KpyTu3Ha AUX B nepexoaHoi nmosoce yBenuuupaercsi, O1HaKko npu
3TOM ypOBEHb myibcanii AUX B mosiocax mpomycKaHus U 3arpaxaeHusl IPaAKTUUYECKHA OCTAETCs
MOCTOSIHHBIM, XOTSI 4aCTOTa CaMUX ITyJIbCallui YBEIUUUBAETCS. JTO SIBJICHUE MOIYYHIIO
Ha3BaHUe 3ghghexma [ubOCa, HA3BAaHHOTO TAK TTO UMEHU MaTeMaTHKa, BIIEPBHIC UCCIICIOBABIIIETO
BOIIPOCHI CXOAUMOCTH PsiioB Dypbe.

Jlst ymenbinenust 3¢ dexra 'mb66ca uconp3yroT Ipyrue, OTIUYHBIE OT
MPSIMOYTOJIBHOTO, BECOBBIE OKHA, OOIITUM CBOWCTBOM KOTOPBIX SIBJISIETCS TUTABHOE YMEHBIIICHUE
3HAYEHUS BECOBOM (YHKIIMU K TPaHUIIAM:

1. Oxno bapnerra (TpeyrosibHO€ OKHO)

2n ’ OSnSN_]
Wl N o
— , <n<N-1
N-1 2

2. Oxuo Xana

w[n]=i ]—COS( 2m j ,0sn<N-1 (33)
2 N-1I



3. Oxuo XpmmMmuHra

w[n]:0,54—0,46cos(]\277m ),OSnSN—] (34)

4. Ox»o bipkmana

w[n] =0,42-0,5 cos( 2m j +0,08 cos( 4m
N-1 N

j,OSnSN—I (35)

5. Okno Kaiizepa

I, 0{\/1—(1— 2n j
N-1I (36)

,L0<n<N-1

wlnl=

rae I, (-) - pynxims Beccens MEUMOro apryMeHTa, @ - MOCTOSHHbIH Koddduiment, 4 <a < 9.

W3meHeHne ¢ MO3BOJISIET BIUATH HA YPOBEHb OOKOBBIX JICTIECTKOB.
3HaueHusl ypOBHsI IEPBOr0 OOKOBOTO JIETIECTKA U IIMPUHBI TJIABHOTO JIETIECTKA 110
MIOJIOBUHHOMY YPOBHIO CBEJICHBI B TaONUILY 2.

Tabmuma 2
OxkHo AMIUIUTY1a IEPBOTO [[IupurHa T1aBHOTO JIEMIECTKA
OOKOBOIO JIETIECTKA, 1B
[psimoyronbHOE - 13 27/ N
bapnerra -25 47[/ N
Xana - 31 iy, / N
XoMMuHTa -41 iy, / N
brnskmana - 57 67/ N
Kaiizepa (@ =4) -30 dn/N
Kaiizepa (@ =0) -45 47/ N
Kaiizepa (¢ =9) - 67 67/ N

[Tpu ucnonp3oBanre BecOBbIX OKOH pu cuHTe3e KN X-bunpTpoB HEOOX01UMO
YUUTBIBaTh, YTO OJTHOBPEMEHHO C YMEHBIIIEHUEM ypoBHS myibcanuii AUX npoucxoaut
pacipeHue nepexoaHbIX MoJIO0C (YACTOTHBIX 00acTel MEXy MOJI0CaMH MPOMYCKaHUS U
3arpa>Kz[eHH;1). E,Z[I/IHCTBGHHI:IM CpCACTBOM IMPOTHUB I3TOI'0 ABJIACTCA YBCIMUCHUC MTOPAIKA
bunsTpa.

MeTo/1 4ACTOTHOH BHIOOPKH
B cootBercTBUM co Ceoitcmeom 2 xodpdurment nepenaun KNUX-punptpa

OIpeAesAeTCs 3HAYCHUSIMU YaCTOTHOM XapaKTEpUCTUKU B M TOYKaxX paBHOMEPHO
pacIpeneiIeHHbIX B UHTEPBAJIE YaCTOT [0,27[]




27N

L

S
H(Z):MZH[’”]L
m=0

m

2z

[TockonbKy 4acTOTHAs XapaKTepUCTUKA PUIIBTPaA MOTydaeTcs U3 Kodpuirenrta
nepenau GUILTPA MOJCTAHOBKOH z = ¢”, MOKHO BOCCTAHOBHUTH 3HAYEHHE YACTOTHOM
XapaKTEpUCTUKHU B IPOU3BOJIBHON TOUKE £2 1O ee 3HaueHusM H [m] =H (eig'" ) B TOYKaX

0 =2—ﬂm,m=0,...,M—I
M

m

27N
) ] M= ] —e N “u "
H(e’g):MZH[m] ¢ eiﬁm . 37)
n=0 I—e™eM

CyTbh MeTO/1a YaCTOTHOM BHIOOPKH 3aKJTFOYACTCS B TOM, YTO 110 BEIOpAHHOM 3apaHee
3TaJIOHHOW YaCTOTHOM XapaKTepUCTuKe H (e’n ) onpenensaorcsa ee M 3nadenuid. Ha
ocHOBaHUU (37) MOKHO YTBEPKIaTh, UTO YACTOTHAS XapaKTEPUCTUKA CUHTE3UPYEMOTO PUIbTpa
00s13aTeIbHO MPOUIET Yepe3 TOUKH C KOOpIAUHATAMU [.Qm JH (e’”m )l m=0,...,M — I, KoTopbie

Ha3bIBAIOTCS y3J1aMU UHTEpHOaAunn. OHAKO MEXAY y3JaMU MHTEPHOJIALMHI YaCTOTHAs
XapaKTepUCTHKa (PUIbTPa MOKET 3HAUUTEIBHO OTKIOHATHCS OT 3TAIOHHOI, T.€. B IOJI0Cax
MPOIYCKaHUS U 3arpakJIeHUsI MOTYT BO3ZHUKHYTh MYJIbCAIH, YPOBEHb KOTOPBHIX MOXKET OBIThH
HEJOMYCTUMO BBICOK (CM. puc. 7).

Ha puc. 7a npuBeneHa uaeanu3upoBaHHasi YaCTOTHAs XapaKTepUCTUKa QHIIbTpa
HIDKHUX 9acTOT, KOTOpas Obljla BeIOpaHa B KauecTBe 3TaTOHHOU. KpykkaMu moka3aHsbl
3HAYEHUS 3TAJOHHOM XapaKTepUCTUKU, KOTOPbIE ObUIH BHIOPAHBI B KAUECTBE Y3JIOB
uHTepnossiuud. Hu puc. 76 nokazana AUX cuHTe3upyemMoro puibTpa, IOCTPOCHHAs B
cootBeTcTBUU ¢ (37). U3 pucyHka ciienyer, 4To peajibHas YaCTOTHAs XapaKTEPUCTUKA
JENCTBUTENBHO MPOIILIA YEPE3 Y3JIbl MHTEPIIOISILIMY, OJHAKO YJIbCALIMH B I10JIOCE MPOMYCKAHUS
U 3arpax/JIeHUs UMEIOT HEJI0MyCTUMO OOJIBIION YPOBEHb.

Y poBeHb Myabcauii MOXKET OBITh CHUKEH, €CITH Y3JIbl MHTEPIIOJISALIUH, TPUXOSIIUECS
Ha TMepeXO0JHbIE MOJIOCH HE (PUKCUPYIOT )KECTKO, a MPEAYCMaTPUBAIOT BO MPOLIECCE CUHTE3a
BO3MO>KHOCTb UX U3MEHEHUS. 1I3MeHss1 ypOBEHb UaCTOTHOM XapaKTEPUCTUKH B ITHUX TOUKAX
MO>KHO JI0OUTHCS MTPUEMIIEMOTO YPOBHS MyJIbCALIUH.
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