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BeepeHue

Hepexypcusublit 1udpoBoit GUILTp SIB-
JI4eTcs, KaK U3BECTHO, IUCKPETHOM CUCTEMO,
IJI KOTOPOM COOTHOILIEHHE MEXIY BXOIHOM X,
U BBIXOJHOM ¥, BDEMEHHBIMU I1OCJIEN0BATEND-
HOCTAMM OIIPENIENSAETC YPaBHEHNEM JIMHENHOM
IOMCKPETHOM CBEPTKU:

N
Y= Zbkxn—k’ (1)
=0

rie b, — mocrosiHHbIe K03 PUIHEHTDI, KOTO-
pble SIBJISIOTCS OTCUETAME HMITYIbCHOM XapaK-
tepuctuku bmibTpa. MHTEpBaI CyMMupoBa-
HUSI 10 k IIOTyYMII Ha3BaHUe OKHA puibTpa.
BxopgHoe okHO ¢uabTpa cocraBisier (N+1)
OTCYeTOB, IPU 9TOM 3HadeHue N OIpenesseT
nopsinok KUX-dunsrpa. Takoit buistp sB-
JIsIeTCSL OMHOCTOPOHHUM Kay3aJlbHBIM U MO-
JKeT OBITh Pean30BaH (PUIHIECKU B PEAIbHOM
Macrurabe BpeMenu. Ero nmepenatodnas pyHk-
IS IMeeT BULL:

N
H(Z) = z th*/f,
k=0

a JaCTOTHAsI XapaKTePUCTUKA MIPEJCTABIISIET CO-
6011 TPUTOHOMETPUIECKHUI IIOTHHOM:

N
H(e™) =Y he'™ =|H(e™)[e". ()
k=0

C ¢asouacrorHoit xapakrepucruxoi (PUX)
¢unbrpa (o) cBszanb! Ppasosas T, U IPyIIIO-
Bas (I'B3) T, 34[1€PXKKH, ONPeNeIsieMbIe COOT-
HOIICHUSIMMU:

T, =—0(0)/0 u ‘rg:—a(p(m)/aco.

p

npoeKTupoBaHHe pybpHxa

MouckoBblie TeXHOJZIOrUU
NPOEKTUPOBAHHUA LI€/IOYUCII@HHbIX
uudposbix punbTpos. Hactb 3

B TpeTbeit cTaTbe U3 LUHUKJIA, NOCBSALWEHHOIro ONMUCAHHWIO TEXHOJIOTUU CUHTE3a
Le/IoYUC/IeHHbIX LUdpPOBbIX PUIbTPOB, PACCMATPUBAIOTCA OCHOBHbIE 3Tanbl
cuHTe3a kackagHbix KUX-cbunbTpoB NoMCKOBbIMKU METOAAMHU LI€NIOYUC/IEHHOTO
HeJIMHeWHoro nporpammupoBaHus. lpuBoaUTCA onUcaHKe MoAeNH LieNoUYHC-
nenHoro KUX-cpunbTpa, nporpaMmbl pacuera ero oTk/iMKa, obuias noctaHoBKa
3ajjauM CMHTe3a B Lie/IOYUCNIEHHOM NpocTpaHcTBe napamertpos. [pusepeH
npyMep pelleHUs 3aaa4u MHOro()yHKLIMOHA/IBHOrO CUHTE3a LieJIOYUC/IEHHOTo
8-6utoBoro KUX-chunbrpa ana KoppeKuMu aMmIUTYAHbIX UCKAXKEHUH aHaNo-
roBoOro Tpakta ruApoaKycTMuyeckon npuemMHou ctaHuuu. Mposoautcs aHanus

€ro XapakKTepucCTHUK.

Kak 13BecTHO, OCHOBHOI HEOCTATOK IIU(PPOBBIX
KN X-puabTpoB cOCTOUT B UX OTHOCUTEIBHO
HU3KOI CeIEKTUBHOM CIIOCOOHOCTH, KOT/a ISt
pean3aluy JaCTOTHOM XapaKTePHCTUKU CIOMK-
HOU (POPMBI € PeSKUMH Cpe3aMu TPeGyeTcst UM-
IIy/IbCHASI XaPAKTEPUCTHKA C OOJBIIINM THUCIOM
OTCYETOB, UTO OIpefessieT U OOTIbIION 06beM
11(pPOBBIX BEIYUCIECHUI [JIsSL pacieTa OTKINKA
¢dunbTpa. [IOCTONHCTBOM 3Ke SIBISETCS TO, ITO
KN X-¢unbTpsl, peanusyeMble HepeKypPCHBHO,
TO €CTh C HOMOIIIBIO IPSIMOIA cBepTKH (1), Bcerna
YCTOIMYHBBI U He HIMEIOT MAJIbIX IIPEMeIbHbBIX 1~
KIOB. A eC/IM IMITyJ/IbCHAsI XaPAKTEPUCTHKA YIOB-
JIETBOPSIET YCTIOBUIO CUMMETPUH, TO (PIIBTP MO-
KeT TeOPeTHIeCKU UMeTh 1 uHeliHyto OUX, 9ro
B@KHO B CIIy9asiX, KOIZ[a IPUXOIUTCS YIUTHIBATD
IUCIePCHOHHbIE HCKKEHUS], CBA3aHHEIe C (paso-
BOI HEJIMHEHHOCTHIO (Harpumep, pu 06pabor-
Ke pedH U repejiade TaHHBIX).

Kax u BUX-¢bunbtpsl, KUX-uibTps nMe-
10T MHOXECTBO (POPM (CTPYKTYP) IOCTPOCHHS
(mpsimast, KackafHast, CTPyKTypa Ha OCHOBe ObI-
CTpOI1 CBEPTKH, YACTOTHOI BEIOOPKH U JIp.) U CO-
OTBETCTBYIOIIUX METOIOMOTHI IIPOEKTUPOBAHIIS
[1-8]. Ha ceromss Kj1acCH9eCKMMU METOIAMMU
pacgera KUX-QmibTpoB CYMTAIOTCS METOMBI
B3BEIIINBAHUSI C IIOMOIIBIO OKHA, METOMBL Ia-
CTOTHOI1 BEIOOPKH, METOMbI PACUeTa OLITHMANIb-
HbIX (1m0 YebsiireBy) ¢unpTpos. VHTepecHble
BO3MOJKHOCTH IIPEIOCTABIISIIOT METOMbI CHHTE3a
1udposbix KX-uisTpoB ¢ KOHEIHOM ATNHOM
cnoBa k09 PUIHEHTOB U HEKOTOPBIE [PyTUe
nonxonst [9-12]. B KayKIoM KOHKPETHOM Cirydae
BBIOOD CTPYKTYPbI IOCTPOEHIUS U METOLA Pac-
gera KUX-buibTpa onpenensercss 60IbUIIM
9ucIoM (aKTOPOB, MOITOMY IPOEKTUPOBIIUK
IOJDKEH CaM PelIIaTh, KAKOI METOJ JIydIIle BCEero
HCIIOIb30BaTh, YTOOBI YIOBIETBOPUTD 3aaH-
HBIM TPeOOBaHHSIM.

OueHuBast KJIaCCUYECKUE MOIXOABI K IIPOEK-
trpoBanmio KUX-puibTpoB, MOXKHO OTMETHTD
CJIenyIoIye UX 0COOeHHOCTH:
¢ BosmoxunocTsb K1accuaeckoro cuntesa KMX-

¢ubTPOB 1O TpebyeMoil COBOKYITHOCTH Ya-

CTOTHBIX XapaKTEePUCTHUK KpailHe OrpaHude-

Ha. KitaccuueckuMu MOX0iaMu B IPUHIIU-

Ie MOKeT ObITh ObecredeHa HyKHast popma

aMILIUTYJHO-9aCTOTHOM XapaKTepUCTUKI

(AYX) ¢punbrpa, HO MPOU3BOIBHYIO HOPMY

®YX mn 'B3 mpu aTOM peann3oBaTh Hellb-

3s1. [Tpu cummerpun koapdunuenros KNX-

(uIBTP MOXKET UMETD TOJBKO TEOPETHIECKU

nuHeliHy0 @YX 11eHOl 3HAYUTENBHON 110~

TEePU aMIUTUTYIHOU CeJIeKTHBHOCTH.

o Kiaccmueckoe IpOeKTHOE PellleHIe MOXKET
6BbITH IIOJYIEHO TOJHKO B BEI[ECTBEHHOM
MHOTOMEPHOM IIPOCTPAHCTBE COCTOAHMI E",
CYHTas BCe epeMeHHbIe COCTOSHUS Bellle-
CTBEHHBIMU BeJTMYMHAMH, TOYHOCTD IIpeJ-
CTaBJIEHUS KOTOPBIX MOXeT OBITh CKOJb
yrogHo 6ombioi. OgHaKo Ipu peanausa-
nuu ¢uabTpa Ha nudposoil miardopme
C KOHEYHOU Pa3psAHOCTBIO BEIIeCTBEHHOE
IIpefiCTaBJICHUE IaHHBIX BBIHY K/IaeT KBaH-
TOBATh UX 3HAYEHHUs, TO €CTh IEPEBOIUTH
omucanne KX-¢uabrpa us HeIpepbIBHOTO
IIPOCTPAHCTBA COCTOSIHUH E" B IUCKpeTHOe
BellleCTBEHHOE (KBAHTOBAaHHOE) IIPOCTPAH-
cTBO Q", UCMOJb3YSl AITOPUTM KBAaHTOBAHUS
naHHbIX. KBaHTOBaHUE NaHHBIX IPUBOIMT,
KaK U3BECTHO, K IIOSIBJIEHUIO [TUHAMUYECKUX
IIIyMOB KBAaHTOBAHUS M UCKA)KEHHIO JaCTOT-
HBIX XapaKTePUCTUK PHUIBTPA.

¢ BerecTBeHHOE IPOEKTHOE PEIIEHHE MOXKET
6BITH PeaqM30BaHO TOIBKO Ha CIIeI[HaIH3U-
POBAHHBIX CHTHAJIbHBIX IIPOL[ECCOPAX, TOTIA
Kak HauboJjee MepPCIeKTHBHAS Ha CeTOMNHS
IIpOrpaMMUpYyeMasi JIOTUKA, a TAKKe MUKPO-
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IIPOILeCCOPHbIE KOHTPOJLIEPHI TPEOYIOT IPUH-
[IUINAILHO [eIOIHCICHHBIX PEIeHNI, IeJI0-
IUCIIEHHON apu(pMETUKY BBITUCICHUTIA.

o Haubosee 9acTo st mpeacTaBIeHUs TUCEN
B 1n(pOBOM BBIYUCIHUTENE, PeaTU3yIOeM
anroputm nudpoBoit GUIBTPALUH, HCIIOb-
3yoT popmar ¢ PUKCUPOBAHHOU TOYKOI.
B aTom popmare MoryT, Kak H3BeCTHO, OBITH
IIpefCTaBIeHbl KaK I[e/Ible, TAK 1 BEIIeCTBeH-
Hble (IpoOHbBIe) YHCIIa, 0 MOLYIII0 0OBIIHO
He IIPeBOCXOMsIIIe eNUHUIBL [Tpu aTOM ISt
IIPeICTABICHNUS LEJIBIX THCeN HanbosIee 1acTo
HCIIOJIb3YETCA TOIOIHUTEIbHBIA KOJI.

o Hukakue HOmOJHUTENbHBIE BHEIIIHUE YC-
n0Bus, GYHKIHOHATbHBIE OTPAHUIEHUS
(HampuMep, YCJIOBUS MacIITAONPOBAHUS
curana B kackagueix KUX-¢unprpax) npu
KJTaCCHYeCKOM CHHTe3e HeIOCPeNCTBEHHO
He MOTYT ObITh YUTEHBL
B HacTosee Bpems peanusanus HuppOBBIX

K1X-bunsTpos Ha mrardopmax ¢ Her0duc-

JIEHHOM apu(METUKON BBIYUCIEHHUI COCTOUT

B IIePEBOIE, €CIIM 9TO BO3MOKHO, BEIIIECTBEHHOTO

IIPOEKTHOTO PEIIeHNsI B L[eJIOIUCICHHOE C HC-

II0JIb30BAHUEM B Ka4eCTBE IIOCICNHEr0 IeT0IHC-

JICHHOTO KBaHTa (KO/Ia), HOJIyYeHHOTO CTaHIapT-

HOM TIIPOIey POy KBAHTOBaHUA U KOIUPOBAHUSA

[1, 13] BemecTBeHHBIX HaHHBIX (K03 duIKeH-

TOB UIBTPA, Pe3yIbTATOB IPOMEKYTOTHBIX

BBIYUCJICHUH ) 1718 3aJaHHOM [UIMHBI UX GUTOBOTO

mpencraiaeryst. OHAKO BO3MOXKHOCTH IIPSIMOTO

MHOTO(YHKIIMOHAIBHOTO CHHTe3a II(PPOBBIX

KV X-¢buabTpoB HEOCPENCTBEHHO B I{EIOYHC-

JICHHOM IIPOCTPAHCTBE COCTOSIHUI MOXKET ObITh

IPefiOCTaBIeHa METONOIOT U IeTIOIUCIEHHO-

TO HeJMHeHHOTro mporpammuposanus (ITHIT),

ofl1iee ONKCaHNe KOTOPOIT IPUBEEHO B IIPeMbl-

my1ert cratbe [14] TaHHOTO LUK TYGIMKAIITIL.

Upeonorus LTHIT nossosster a¢bexTrBHO Ipo-

eKTHpOBaTh LenouncaeHubie KUX-dunbrpst

C 3aJaHHOM Pas3psHOCTHIO MPeNCTABICHNUS

JaHHBIX IPU MAKCHMAJIbHOM BBIIOJIHEHUH Tpe-

60BaHMUIT K COBOKYIIHOCTH IaCTOTHBIX XapaKTe-

puctux punabTpa IpU MPOU3BOILHON Gopme
ux 3amaHus. Takoe eI0IUCIeHHOe IPOEKTHOE
pellleHHe TaeT NPUHIUIUAIBHYIO BO3MOX-

HOCTb peanusanuy GuibTpa He TOIBKO Ha CIIe-

[[MAIM3UPOBAHHBIX CUTHAIBHBIX IPOIIECCOPAX

(DSP), HO 1 Ha MPOCTHIX U [IEIIEBBIX MUKPO-

IIPOIIECCOPHBIX KOHTPOJIIEPaX, B KOTOPBIX HET

BO3MOKHOCTH BeIleCTBEHHBIX BHIUUCICHUI.

Ile0qKCIeHHOE IPOEKTHOE PelleHNUe SIBIIseT-

cs1 6e3yCIIOBHO HEOOXOAUMBIM IIPH AIIIapaTHOMN

peanusanuu Ha ITJIMC, a Taxke Ha Kpucramiax
3aKa3HbIX WK nosy3akasHerx CbUC.

B manmbHetiniem 6yaet paccMoTpera addek-
THUBHAs U Hanboiiee pazpaboTaHHAs METOMIO-
JIOTUsI PeLIeH s 3ala1d IIOUCKOBOTO [apamMe-
TPUYECKOTO CHHTe3a neaouucieHHbrx KUX-
(buIbTPOB, peanu3yeMbIX Ha OCHOBE CBEPTKIL.
OnHaKo [/ MOCTAHOBKYU U PEIIeHHs TaKOM 3a-
[ady Hy)KHO HUMeTb [eJIOUHCICHHYIO MaTeMaTH-
IeCKYI0 MOJIeJIb, KOTOPAst TO3BOJIUT Ha CTPOTOM
KOJIMIECTBEHHOM YPOBHE PaCcCIUTHIBATH COOT-
BeTCTBYIOIKe GYHKIIUOHAIbHbIE XapaKTepH-
CTUKHU IpOeKTHpyeMoro ¢puibTpa. Paccmorpum

pybpuka

BOIIPOCHI MOJ[e/IMPOBAHHUS LIJIOYHCIEHHOTO
KVX-dunbrpa 6011ee mogpo6Ho.

MogenupoBaHue
uenouncneHHoro KUX-cpunbrpa

Lle1049nCIeHHBII HEPEKYPCUBHBIH GUIBTP
B IpsiMoit GopMe MOCTPOEHHUS OIPeNeIsIeTCs
crepyrorum obpasom [15, 16]:

_y b
= KXok (3)

k=0 &y

[puHIUNHATLHON 0COOEHHOCTHIO SIBIISET-
Cs1 IPUHAIOKHOCTH ero Kodduunnentos by
U d; 3HAKOIIEPEMEHHOMY DAY LeJIbIX YUCel,
KOTOPBIIT MOXKET ObITh KaK HAaTyPaIbHBIM, TaK
1 OUHOMHUAJIBHBIM ([IJIS1 HOPMHUPYIOIIETO KO-
abduruenta 4,). MuTepBan usmeHeHust K0adh-
(ULMEHTOB IPU ITOM OIPeNeNsIeTCs Pa3psi-
HOCTDBIO ITPEACTABJIEHUS NAHHBIX B UCIIOIb3Y -
emoit nudposoit mrarpopme. Ha mpakTuke,
xak u giust BUX-dunbrpos, Haubomee dacto
IIPUMeHseTCsT KackanHas ([ocIeoBaTe bHas)
crpykrypa nocrpoerust KUX-dunprpa. Takum
o6pasom, cTpykrypa enoduciersoro KNX-
¢dbunbTpa 3aaeTCs YUCIOM €ro 3BeHbeB B Ka-
CKaJiHOH peanu3aanuy, a ekTop IX ompenenser
BapbpHpyeMble mapamerpsl (k0dpbunreHTs!)
3BeHbeB (PUIBTPA B MHOTOMEPHOM I[eJIOIHC-
JIEHHOM IIPOCTPAHCTBE COCTOSIHUIA [,

IMepenarounas GyHKIHUS IS LHEIOUHCIICH-
noro KMX-duibrpa, cocrosimero u3 kackas-
HOTO COeUHEeHHUsI H1-3BEHbEeB BTOPOTO MOPSIIKa
(m = NJ/2), uMeer cirenyrOInit BUL:

H(z)=

ﬁ b0i+b1iz_]+b2iz_2’ @)

i=1 Ay,

rlle KOMIJEKCHAs MepeMeHHas z = e/°,
a o = 2nf/F, — nudposas gacTora.

U3 cootHomeHns (4) I€TKO MOTydaeTcs pas-
HOCTHO€ ypaBHEHHe JUIsl OHOTO 3BeHa (huIbTpa:

Y= (box, + by, + byx, p)lag.  (5)

Kak BugHO 13 (5), IpH BBIYUCIEHHN OTKIIH-
ka (punbTpa JOJDKHA BBITOTHATECS OTIePAIius
IeJIeHIsI Ha LIeJIOYUCIIeHHBII K09 dUIMeHT ay,
KOTOpast MOKET ObITh PeaTn30BaHa Oleparueit
CIIBUTA IIPH YCJIOBUU IPUHAIIEKHOCTH KaXKI0-
T0 i-T0 HOpMHPpYIOLIIero koadduiuenta 61UHO-
MUATBHOMY IIeTIOIHCICHHOMY PSILY:

a, €1{2%, q=0,W,, i=1,m, (6)

rie W), — nimHa GUTOBOTO CJIOBA IIpeNCTaBIIe-
HUS [1eI0YHUCIIEHHBIX K09 prinenToB GuibTpa,
out.

Ha puc. 1 mpuBefeHa THINIHAS CTPYKTYpa
HepPeKyPCUBHOTO LIeJIOUUCICHHOTO 3BeHa, COOT-
BeTCTByIoIIast ypaBHeHuo (5). Kak BunHo, npu
BBIYUCIEHNH OTKINKA PUIBTPA Y, KPOMe Tpa-
IUIUOHHBIX OLEPAIINI CIOKEHUS, YMHOKEHUS
7 3afIep)KKU Ha TAKT IPUCYTCTBYET ONePaIius
cpBura Ha B = log,a,, 6ur, ¢ IIOMOIIBIO KOTOPOIA,

npoeKTMpoBaHHe 15

Puc. 1. Crpykrypa uenouncnentoro 3seHa KMX-chunbrpa

KaK y)Ke CKa3aHO, Pean3yeTcsl HeJOIUCIeHHOe
IeseHre Ha ONHOMUAIBHBII KO3 DUIHEHT d;.

Taxum 06pasom, pu pacdere otkarka KIX-
¢bunbTpa UCIOIB3yeTCsI MUHUMATbHOE KO-
1ecTBO 6a30BBIX OLEPAINil, IPUIEM BCe ITU
OIlepaIiH [[eJIOUUCICHHBIE, UTO OLpPe/enseT
BBICOKOE ObICTpOfeiicTBHE U pabote GuibTpa
B PeaJIbHOM BPEMEHN.

Ba’KHBIM [OCTOMHCTBOM II€JIOYHCIEHHBIX
GuIbTPOB ABIASETCS, KaK y)Ke YIOMSHYTO
B [13], oTcyTCTBHE IIPOLIENYPEI KBAHTOBAHMUS
HaHHBIX (Kak k09 duiuentos puIbTpa, TAK
U Pe3yJIbTaTOB IPOMEKYTOUHBIX BHIUHUCICHUI)
B XOfie pacueTa OTKINKA (PUIbTPa B pealbHOM
BpeMeHN, a COOTBETCTBEHHO, I OTCYTCTBHE Hera-
THBHBIX IIOCJIEACTBUI KBAHTOBAHUS JAHHbIX,
[epevnCIeHHbIX Bblile. To eCcTh KBAHTOBaHUE
3aMEHEHO I[eJOUUCIeHHON TUCKPeTU3aII el
MHOTOMEPHOTO IIPOCTPAHCTBA K0aduineHToB
epex CHHTe30M (GUIBTPa C IIOIYIeHHeM IIeJI0-
IHCIEHHOTO PelleHusl (BeKTOpa IIeI0IHCIeH-
HbIX Koadduruentos IX°) ¢ HyneBoit omu6Koi
ero peanusanuyu Ha nudpoBoii wiarhopme win
KpHUCTaJlJIe C 3a/laHHoM JytnHoi W) cioBa 1esto-
qucieHHbIX Koo duiienTos (6ur).

Yo yke KacaeTcsi pe3yIbTaTOB, HeOOXOTUMBIX
IS pacdeTa OTK/IMKA IPOMEKYTOUHBIX BBITHC-
JIeHUIA, BCe OHU TaKKe SIBJISIOTCS IIeI0IHCTIeH-
HBIMU, ¥ TIPY 3a/JaHHO OUTOBOI PaspsIHOCTA
KBAaHTOBAaHMUS BXOZHOrO curHama W, (B aHauo-
ro-uudpoBoM mpeobpasoBareiie, HAPUMEP)
JIETKO BBIAEIUTh BHYTPEHHUI aKKyMYJSTOP-
HBII PETUCTP C Pa3psiAHOCTBIO (6UT):

W,

k= Wit W +2 (7)
IJTs1 XpaHEHUSI Pe3yJIbTara [[eI0YHCIEHHOTO YM-
HOYKEHUSI C HAKOIUIEHUEM, OCYIIeCTBIISIEMOTO
o anropurmy (5). Kosebanwuit epernonHenus,
TO €CTb BOSHUKHOBCHMUSI 6OJIbIHI/IX Hpe]le.)'[beIX
OUKJIOB, BBI3BAHHBIX HepeHOJIHeHI/IeM pa3pﬂﬂ‘
HOI CETKH PErncTpa-akKKyMyJIATOPa, IPH TAKOM
pacdere ero paspsiIHOCTH HUKOT/a He BO3HU-
KaeT, 0COOEHHO eCIIU y4ecTh, YTO HAKOIUIEHHEe
pesyJbTaTa [el0YUCIEHHOT0 YMHOKeHHUS B (5)
OCYILI[eCTBIISETCS aqreOpamdecku, ¢ yIeToM
3HAKa CJIATAeMBbIX, YTO CYIIeCTBEHHO IIOHMKA-
eT paspsAHOCTD pe3ynbrata. Takum o6pasom,
HeraTuBHbIC HpO6HeMbI KBAaHTOBaHUA, HpI/ICY‘
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ipe nuQpoBbIM GUIBTPAM C BEIECTBEHHOM
apudMeTHKOI BBIMUCIEHHI, OTCYTCTBYIOT B Iie-
nounciaenusix KMX-buipTpax BBULY OTCYT-
CTBHSI CAMO IIPOL[eAyPbI KBAHTOBAHIS JAHHBIX
B QJIFOPUTMeE LIeOIUCIEHHON (DUIBTPAIIUH.

Tax sxe kak u B BUX-dunbrpax, Maciurabu-
POBaHUe CUTHAJIA B LIEIOIHUCIIEHHBIX KaCKaIHbIX
KUVX-bunpTpax MoKeT 6bITH BBIIOTHEHO IPsi-
MBIM BBeJleHHeM TpeGOBaHUS MAJIOT0 pasbpoca
K03 PHIIEHTOB Iepeadrt OT/IeIbHbIX 3BeHbEB
(buIbTpa HEMOCPENCTBEHHO B XOJIe €T0 CHHTe-
3a. DTO MO3BONIKUT KacKafgHoMy puibTpy pabo-
TAaTh B IIMPOKOM JUHAMHIECKOM [UAMA30He
BXOMHBIX CUTHaI0B. PopMaIbHO TpeboBaHUe
MAacIITaOUPOBAHUS yCUIEHHS 3aIIUChIBACTCS
IBYCTOPOHHUMU (DYHKI[HOHATBHBIMU OTPAHU-
genusmu (11) saxcrpemanbHolt 3agaqu [THII-
cunTesa nenouncierHoro KUX-gmbrpa.

Kaxk BupHO u3 (5), mpu pacdere OTKIMKA Iie-
nounciaennoro KMX-dunbrpa ucmonsayercs
MHHUMAIbHOE KOIMIeCTBO 6a30BbIX I[eTOTUC-
JeHHbIX omepanuii. Pacaer oriauka punprpa
Ha peaJbHOM CUTHAJIE UIeT OYeHb OBICTPO, IIps-
Mo 110 ompenenenuo (Mopenu) puabrpa (5),
HCIONB3YS AJISI 9TOTO BHIUUCICHHbIE 3apaHee
Ie0YrcIeHHble K0adduiuenTsr. ITo xoxy ac-
ceM6iepa MpUBeIEeHHON HIKe IPOTPAMMBI
pacdeTa OTKINKA KaCKaJHOTO L[eJIOYHCICHHOTO
KVX-¢unpTpa MokeT ObITh IPOU3BENEHA OLICH-
Ka ero OBICTPONEHCTBHS IyTeM OLpeaeIeHIs
KkonudectBa TakToB 1IITY, Heo6XOMMMBIX I
pacdera ero 06IIIero OTKINKA IPU peaTn3alun
¢buIbTpa Ha LETOIUCICHHOM [UPPOBOI ILIAT-
¢dopme unu kpucraie. [Ipumep Takoit oreHKH
ObICTpO/EIiCTBYS TpHBeeH B pabote [13].

// mporpaMma pacuera OTKJIMKA KOPPEKTUPYIOLLIEro
8-6uroBoro KMX-duasrpa
#define FIR8_NBIQ 28 // auciio 38eHbEB

/I koacpunnenTs 3BeHbeB B mopsinke BOi,B2i,B1i,log 2(A0i)

const short FIR8_COEFF[4*FIR8_NBIQ+1]={
13,16,28,6,
—25,-42,61,6,
15,25,18,6,
19,-88,—42,6,
2,-82,-8,6,
18,-78,-11,6,
—21,-40,35,6,
-25,0,-50,6,
-1,30,31,6,
9,35,-20,6,
—25,-61,35,6,
—8,-78,-9,6,
—18,-28,-8,6,
—25,-66,30,6,
6,-112,-1,6,
—13,-74,0,6,
7,45,-14,6,
1,-107,0,6,
-8,-71,0,6,
-7,101,5,6,
20,-90,-24,6,
—24,-95,0,6,
19,-73,5,6,
10,-94,-25,6,
16,-99,-18,6,
19,-99,-11,6,
29,-88,-19,6,
9,-98,-15,6

b

int DBuffer[2*FIR8_NBIQ+1]; // muanu sagepxxu

int FIR_Filtr(int Data) {
int32 temp;
short *COEFF=(short*)FIR8_COEFF; // yka3aress Ha k0a¢hpuiiieHTsI
short *D = (short*)DBuffer; // ykasarens Ha ITHHUIIO 3aiepKKHI
short Xc, pvalue;
int i;

npoeKTupoBaHHe pybpHxa

pvalue = (short)Data;
for(i=0;i<FIR8_NBIQsi++)
{
Xc = pvalue;
temp=(long) (*COEFF++)*Xc+(long) (*COEFF++)*(*D++)+
(long) (*COEFF++)*(*D—);
*D++ =*D;
pvalue = (short)(temp>>*COEFF++);
D+ = Xc;
}

return (int) pvalue;

Kax yske 6bUI0 YIIOMSIHYTO, BayKHBIM (aKTO-
pom, onpenenstonum 6picrponericreue KMX-
(UIbTpa, ABIISETCS PAa3PATHOCTD IIENIOIHCIEHHBIX
JaHHBIX, C KOTOprMI/I OH OneppreT. CHI/I)KCHI/IC
Pa3PSTHOCTH JAHHBIX Iake Ha 1 6UT MOKeT 06e-
CIICYUTH CYH_IeCTBeHHyIO OKOHOMMHIO OHepaTI/IB‘
HOY IIAMATH IIPY YMEHbILIEHUY BPEMEHH PacdeTa
oTk/mKa prbTpa. [T03TOMY WISt BEICOKOCKOPOCT-
HBIX IIEJIOYUCICHHBIX (bHHprOB Ha KpI/ICTaJUIe
paspH,HHOCTb Hpe,ELCTaBJ'IeHI/IH JAHHBIX BO MHOI'OM
CTAHOBHTCS OTIPEMIEIISIOIIIM (PaKTOPOM.

MocraHoBka 3apauu
Lie/IOYMCIEHHOrO CHHTe3a
KHUX-dunbrpa

[TocTaHOBKA 3a/{auy LEIOYUCIIEHHOTO HelH-
HEMHOTO IPOrPpaMMUPOBAHUA JIJI MAILIKHHOIO
CHHTEe3a HEPEKyPCUBHOTO (PHIIBTPA BBHINJISIUT
CIefy oM 06pasom:

F°(I1X°) = min F(IX), (8)

IXEIA'"

I7ie 1 — YHCIO 3BeHbeB BTOPOTO MOPsiiKa; d —
uHjeKC K03 buirenTa mepenaToIHoi GyHK-
1u 3BeHa (4); IX — BeKTOp I1eI09HCITeHHBIX Ta-
pameTpoB (K03 HUIIEHTOB) IPOEKTHPYEMOTO
KUX-¢dunsrpa; W, — mnuna 6UTOBOrO 0B
LeJIOYKCIIeHHbIX Koo uienTos, 6ur; K,
K" — pormycTuMble rpaHUIIbI U3MEHEHHS KO-
addunnenTa ycureHns i-ro 38eHa GribTpa.

DKCcTpeMabHAs 3a1a4a CHHTe3a (8) 3amucana
OTHOCHTE/IbHO IIeI0YUCIEHHOTO IIPOCTPAHCTBA
koo durirentos punsrpa I*", pa3MepHOCTBHIO
4m. OrpaHndenus (9) 3aqal0T IPAHUIIBI H3Me-
HEHWS 3TUX [eJIOYMCIEHHBIX K03 uIineHToB,
a cootHortirenue (10) ompeyenser MpuHaIeK-
HOCTh K03 bUINEHTOB d); OHHOMUATBHOMY
psiay. @yHKIHOHAIbHBIe orpaHudeHus (11)
OIIpeNessIOT TPeGOBaHMS MACIITAOUPOBAHUS
ycunenus B kackagaoM KUX-dumstpe.

MuorodyHKIHOHANTbHOE 3aaHUe 1IeJIeBOl
¢dyukuun F(IX) B 3anagax [JHII-cunre3a Hau-
6ostee yacto HOpMHUPYeETCs METOIOM KOMOUHU-
poBaHHOTO KpuTepust [14] B Bufe B3BeLIIEHHOM
CYMMBI 9aCTHBIX IIeJI€BbIX QYHKIUI fj(IX),
KOTOpbIe OIPeesISIIOT BHIIONHeHNe (PyHKINO-
HaJIbHBIX TPeOOBAHMII 110 TOU MM MHOM 4ac-
TOTHOI XapaKTepucTuke GUIbTpa:

(12)

F(IX) :Zﬁj £,(X).

Koappuuuent f; sanaer snatumocts (sec)
XapaKTepPUCTUKY (j-TO JacTOTHOro okHa). Camu
qacrble nenesble pynkuuu f;(IX) popmupyer
(YHKIIMOHAIBHBIN PEIaKTOP [IaKeTa CUHTE3a
0 KPUTEPUIO MUHUMYMa CPeIHEKBAIPATIIHO-
ro OTKJIOHeHUs (HeHOpMupoBaHHas (13) uin
HOpMupoBaHHas (14) dopma) 1ubo B popme
MUHHMAKCHOTO Kputepus (15):

£(IX) = %ZPL[YH(IX)—YHZ, (13)

(14)

£,(X) = li Yn(%)T_YnT ,

n=1

£(0X) = max{|Y,(IX)-Y,'P},  (15)
rae Y, (IX) — Tekyluee 3HaUeHHe XapaKTepH-
cruku punabTpa Ha n-1 AUCKPETHON YacTOTe
AuamasoHa ompefeneHus, a Y," — tpebyemoe
3HaYeHMe YaCTOTHOM XapaKTePUCTHUKH.

ITorckoBOe UTEPATUBHOE PEIlIeHHe IKCTPe-
MmaibHol 3agaun LITHIT-cunTesa (8) B 3amannOM
IPOCTPAHCTBE [[eJOUUCIEHHBIX TapaMeTPOB
KNX-dunbrpa oCyInecTBiseT IporpaMMHbIIL
AITOPUTMHUYECKHIT KOMIUTEKC [14], o6patasich
K MOJIe/IBHOMY GJIOKY IIPOTpaMMBbI ISl pacdie-
Ta TeKyIIuX yHKINOHATBHBIX XapPaKTePUCTUK
¢dubTpa. Bexrop IX°, MUHHMHI3HPYIOLINIT CKa-
JISIPHYIO 1ieIeBYI0 (DYHKIIMIO HA MHOYKECTBE 10~
MYCTUMBIX [IeJIOYHCIIeHHBIX periernit (9) u (10),
SBJISETCS TTapeTo-3(P(HEKTUBHBIM PelIleHreM 3a-
[avy IapaMeTPUIecKOro CUHTe3a [eI0UHCIeH-
Horo KUX-¢unsrpa. Bee momsITku ¢ mocTyn-
HOIf HaM ITyOHHOI [IOKCKa HAalTH 3apyOe)KHbIe
HJIN POCCUIICKEIE QHAJIOTU K YCIIeXy He IPUBEJIL:
B TpakToBKe (8)—(11) 3amady mpoeKTHpOBaHUS
kackapubix KUX-uibTpoB He pelrraeT HUKTO,
IPAKTHIECKOTO IPUMEHEHNs JaHHOTO [OAX0a
B IIPOEKTUPOBAHUY He OOHAPYIKEHO.

B xadecTBe mpuMepa IIOUCKOBOTO PEIIeHIUs
CJIOKHOM 3aa4l MHOTOQYHKI[HOHATBHOTO
cuntesa KX-¢duibrpa paccMOTpuM pelieHne
3a1a4H [[eJIOIHUCIICHHOTO CHHTe3a KOPPEKTUPY-
torero rugposoro ®HY, ocyurecTsisioe-
ro puIbTPAIMIO THAPOAKYCTUIECKOTO CUTHAIA
U YCTPAHSIONIEr0 aMIUIUTYIHbIE MCKaXKEHUS
AHAJIOTOBOTO TPaKTa. XOTs UCXOHOE OIUCAHUE
IAHHOI 3a/Ia9l MO>KHO Haiitu B pabore [15], rme
OHa pelIaTach OTHOCUTEIBHO LeTOUNCICHHOTO
BUX-¢unbTpa, mist yoo6cTBa IUTATEIS IIPUBE-
JieM ee [OJIHYIO IIOCTAHOBKY U B JAHHOU CTaThbe.

CuHres 8-6utoBoro
koppekTupylowero KUX-cpunbrpa
TpaKTa rHApOaKyCTUYECKUX
U3MepeHHUH

B ycloBHSX CIIOXKHOI ITOMEXOBOI 06CTAHOB-
KM TUAPOAKyCTUYeCKHEe IpUeMHBIe yCTPOHi-
CTBa OJDKHBI 06J1a71aTh BEICOKMMHE H30upa-
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I'mopoakyctuyeckaa | | Cornacyiowmin | |  KoppekTupyownii
aHTeHHa yeunurens undposoit punsTp

Puc. 2. CTpyKTypa NpHEMHOrO rMAPOAKYCTUYECKOrO TpaKTa

Puc. 3. BHewwHHi BUA ruapoaKyCTUUECKOM aHTEHHbI

1,6
14 —
L—
// |
= |
2 1A //\\ / :
0,8 I
. I

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
YacTora, kl'y

e xyxe 0,1 (rpaduk Tpebyemoit AUX croppek-
THPOBAHHOTO TPAKTa IPUBeeH Ha puC. 5).
ITockonbky k03¢ PUIIMEHTEI TTepefadn aHa-

Puc. 4. A4X aHanoroBoro ruapoakycTHYECKOro TpaKTa

TeJTbHBIMU cBolicTBaMu. I1pu cuHTe3e maHHBIX
yCTpoiicTB ¢ udpoBoit 06pabOTKOI CUTHATIOB
3anava H36UPATeILHOCTH aHAIOTOBOTO [IPHEM-
HOTO TPAaKTa MOXKET OBITh pelieHa U(pPOBHIM
unsTpom (puc. 2).

Kpome xopomutnx u3bupaTeabHbIX CBOUCTB
B 4aCTOTHOM 00JacTu, Takoi nudpoBoi
unbrp momxen umers nuHeinHy0 OUX ms
MUHUMM3AIUH UCKKEHUI TPU IIpHeMe IITyMo-
IO{0OHBIX CUTHAJIOB, @ TAKKe OCYIIeCTBILITD
KoppekIuio HepaBHOMepHOCTH AYX mpenie-
CTBYIOILI[ETO aHAJIOTOBOTO TPAaKTa (THAPOAKY-
CTUYECKOH aHTEHHBI M COTIACYIOIIETO YCTPOii-
CTBa — pHC. 3), TaK KaK IPHU X0polrreil (Hha3oBoit
JIMHEAHOCTU aHAJOTOBBIA TPAKT NPUEMHON
TUAPOAKYCTHYECKOH CTAaHIIMU UMEET CUIbHYIO
HepaBHOMEPHOCTb MOAYIS K03 dunuenHTa
nepenaqu Kar (puc. 4), 9T0 IPUBOIUT K cepbes-
HBIM UCKa)KeHUAM IPUHUMAEMOTO THAPOAKY-
CTHYECKOTO CUTHAJIA B 3a[JaHHO II0JIOCE JacTOT.

Koppeknus aMIUIUTY JHBIX HCKa)KeHUI aHa-
JIOTOBOTO TPAKTa KOPPEKTUPYIOLUIUM Iudpo-
BBIM (UIBTPOM 3HAUUTEIBHO O6JIErdaeT 1 yae-
IIeBJIsAeT PacyeT ¥ U3TOTOBJIEHNE THIPOAKYCTH-
YeCKUX MPUEMHBIX U3MEPHUTENbHBIX AHTEHH,
TIOCKOJIBKY ITPY pacueTe aHT€HHBI MOKHO CHU-
3UTb JKECTKUE TPeOOBAHUS K PABHOMEPHOCTH ee
AYX B 3aJaHHOM YaCTOTHOM [INAMa30HE, a IpU

Krz 2 +5%

0,1
0 43 52 60

Ky

Puc. 5. Tpebyemas AUX ckoppeKTHpOBaHHOTO
TMAPOAKYCTHYECKOrO TpaKTa

sorosoro Tpakra Kat, koppexTtupytomero KMX-

¢dunbTpa Kxud cBszans! ¢ TpebyeMbIM K09~

¢dureHTOM Iepenady CKOPPEKTHPOBAHHOTO

H3TOTOBJICHUHU CaMOM CUAPOAKYCTUIECKOM aH-  THAPOAKyCTHIecKoro Tpakra K, cooTHoIIe-
TEHHBI JOCTATOYHO ZOOUTHCA C 3ajaHHOi Tou-  HueM KarxKkud = Ky, T0 yacrorHBIl K03d-
HOCTBIO IIOBTOPSIEMOCTH ITAPAMETPOB 00pa3iioB.  (HUIUEHT Iepefadu KOPPeKTUpyIoLiero nud-
PaccMoTpuM mpuMep pelIeHUs 3TOMH 3aga-  POBOro (pUIbTpa MOXKET OBITDH IOTyUeH fesie-
M CHHTe3a IIeJI0YUCICHHOTO HEPEeKyPCUBHOTO  HUeM IpaduKOB YaCTOTHBIX 3aBucuMoOcTeit Ky
xoppexrupyiomtero ®HY, ocymecrsisomero  (puc. 5) Ha Kar (puc. 4), 4to B uTOre OIpenesier
CeJIeKI[HIO THAPOAKYCTHIECKOrO CUTHAMIA B II0-  BeCbMa CJIOKHYIO hopmy AUX KOoppeKkTHpyIo-
noce mporyckanus 0-43 k' u ycrparsiomero  miero duiabrpa (puc. 6). Ha aToM ke pucyHke
AMIUTUTYIHbIE HCKKEHNS aHAJIOTOBOTO TPAKTa  IIPUBEEHBI TPEOOBAHMS U K HEPaBHOMEPHOCTH
(rpadhux Ha puc. 4) B 9TOH IOJIOCE TAK, YTOOBI  IPYIIIIOBOTO BPeMEHH 3aIa3abIBAHUS KOPPEK-
061uit K03 UIUEHT Mepefad CKOPPEKTH-  THPYOIIero GpuibTpa Ha YpoBHe He 6oee 5%
poBanHoro Tpaxra K;, B 1ooce MpOIyCKaHUs  OT CPEHETO ero 3HaYeHUs B IIOJIOCE IIPOITyCKa-
nMeJ yCuIeHre 2 ¢ HepaBHOMEPHOCTBIO He 60-  Hust puiibTpa. DTO 06ecIiedrBaeT BBICOKYIO JIH-
1ee 5%, a B mosoce Henpomnyckauus (52-60 kI')  HeitHocTs PUX KOppekTHpYyIOIero puabTpa
obecreunBal NoaBIeHNe CUTHAIA HA YPOBHE B IOJIOCE IPOIyCKaHus. TpeOyemble 4aCTOTHbIE

Kkud = KTZ/Kat

|
|
|
|
|
0,5 |
|
|

1 3 5 7 9 11131517 19 21 23 2527 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59
Yacrora, kl'y, |

B3
const +5%

YacTora, kl'y 43

Puc. 6. Tpebyemas AUX n B3 koppekTupytowero KUX-cunbtpa
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KTp — CKOppeKTUpOBaHHbI TpakT

Kkudp K
2,5 2,5
—— Tpebyemast

27 —— CWHTE3

1,5 7

1_

0,5

0 TTTTTTT T T T T T T I T T T T I T T I I T I T T T I I T T T T T T T T T T T T T T T T I T I T T T I TITITTT O

Yacrora, kl'y

1 6 11 16 21 26 31 36 41

46 51 56 1 6 1

16 21 26 31 36 41 46 51 56
YacTora, klMy

Puc. 7. Tpebyemas u cuHteanposaHHas AUX koppekTupytowero dunbtpa

XapaKTepUCTUKH GHUIbTPa IpadUdecKu BBOAU-
JIACH B COOTBETCTBYIOIIee OKHO (DYHKIINOHAb-
HOTO pefaKTopa [IaKeTa CHHTe3a U Onu(pPOBBI-
BAJIUCh C HEOOXONUMOI TOIHOCTHIO.

Taxum 06pa3oMm, HCXOIHbIE TaHHbIE K CHHTE3Y
xoppekrupytorero KNX-uisrpa BEIDIIAT Tak:
¢ mosioca mporyckanus 0-43 xI';

e mepexonHas monoca 43-52 k' ¢ fomyckom

B 2%;

e I10JI0Ca Herpomyckanus 52—-60 xI'm;
o Tpebyemast AYX duabTpa mprBeneHa Ha puc. 6;
e HepaBHoMepHOCTb I'B3 B monoce npomycka-

Hust He 6oitee £5%;

e PaspSAHOCTD (IIMHA CJI0BA [EIOINCICHHBIX
koo Punuentos) — 8 6ur;
o MacirrabupoBanue k03 puirenTos mepe-

na4yy 3BeHbeB B uHTEpBai {0,8-2};

e vacToTa fuckperusanuu 120 kI,

3ajiaya IeI0YNCIeHHOTO IIPOrPaMMHUPOBa-
HUS [7151 MHOTOQYHKIIHOHAIBHOTO CHHTE3a
8-6uroBoro xoppekrupyroriero KX-dumbrpa
B hopMe KaCKagHOTO COeNUHeHNUs 28 3BeHbeB
BTOPOTO HOpsAiKa (061uil mopsanoK Gpunbrpa
N =56 ompeziensiicst B mpoIiecce IMO3TATHOTO MO~
HCKOBOTO CUHTe3a (GIUIbTPa) 3aMHChIBAIACH TAK:

F°(IX") = min F(IX),

IXe /%

(16)

(18)

0,8 <|K(e’)| <2, i=128. (19)

Takum 06pa3oM, MUHUMH3ANUS 1I€IEBOTO
(YHKIOHAIA OCYIIIeCTB/LLIIACH Ha 84-MepHOM
I[eJIOYUCIeHHOM IIPOCTPAHCTBE BOCBMUOUTO-
BBIX [IAPAMETPOB B JOIIyCTUMOI obacTu (17)
Ipu GUKCUPOBAHHBIX HOPMUPYIOIIUX K03~
¢durnmenTax (18) u BeinonHeHUH ycaoBuii (19)
MacIITabUPOBAHNUS yCUICHNS 3BeHbeB (BHUIbTPa
B 3a[JaHHBIM MHTEPBAJL.

ITpu TOUCKOBOM CHHTe3e KOPPeKTHPYIOLIe-
ro KX-¢unbrpa ¢ nuneiHoi ¢asoit win (aro
TO K€ CaMoe) C TOCTOSIHHBIM BpeMeHeM IPYIIIIO-
Boro sarasgsiBanus (I'B3) B mosoce mpormycka-
Hust punpTpa nenesast GyHkuus GopMUpOBa-

JIach B BUJIe CYMMBI IBYX YaCTHBIX I[eJI€BbIX
byuxunui fuyx(IX) u frp3(IX), obecnednsaio-
LIUX COOTBETCTBEHHO BBIMOJIHEHHE TPeGOBa-
HUI KaK K aMIUTATYHOM CeJeKuu QIIbTpa
(puc. 6), Tak ¥ K nocrostHCTBY ero I'B3:

F(IX) = B, fyqx (IX) + Bofrpz(IX),  (20)

Ifie JacTHas meneBas GyHKIus frps(IX) ompe-
nesgeTcsd MaKCUMaabHBIM OTKJIOHeHUeM ['B3-
¢dunbTpa 0T TPeOYEeMOro 3HaYEHHs T' B II0JI0CE
IPOITyCKaHUs PUIbTPa:

Jrs(IX) = At = max|t(IX)-t"l,
a nerteBast pyHKUUS fyyx (IX) 3amaBamacs cpenHe-

KBaJPaTUIHOM OIIHOKON BBIIOTHEHUsI Tpe6oBa-
mnit k AUX koppekrupyomero KMX-¢dunbrpa:

S IX) = %zp‘, [Y (IX)— Y,,T:IZ.

n=1

3uauumocts TpeboBanuit K AUX dunbrpa
u ero I'B3 6bL1a onunakosoi (B, = B, = 1).

O61ee BpeMs penieHUs JaHHOMN 3amavu
Ha CTaH/IapTHOM II€PCOHATbHOM KOMIIBIOTEPE
He npesbIano 30 MuH, IpuYeM 3HaYeHue Le-
7eBoro PyHKIMOHANA B HAYAIBHON TOUKE CO-
CTaBJIANO 773, a 3HAYEeHUE B TOYKE ONTUMYMa
661710 paBHO 0,0643 [IPU MOJHOM BBIIIOJTHEHHA
YCIOBHIL MacIITabUpoBaHus K0dPurmeHTon
niepesiadu 3BeHbeB GUIbTpa (TabinIa) B 3a/1aH-
HBII UHTEPBAJL.

B Tabiuiie IpuBeeHbI ONTUMAIbHbIE 3HAYE-
HUS [[eJIOYUCIEHHBIX 8-OUTOBBIX K03 duru-
€HTOB IePeIaTOIHOM QYHKIUN KOPPEKTUPY-
fomero KUX-¢uiabrpa, a Takke JOCTUTHY ThIe
3HaueHUs KOO PUITMEHTOB yCUIEHNS ero 3Be-
ubeB. Ha puc. 7-11, 13 npencrasiens: rpaduku
(bYHKIIHOHATBHEIX XapaKTePUCTUK PUIbTPa
B TOYKE ONTUMYMa [l 9aCTOTBI JUCKPETU3a-
muu 120 kI,

Kax BupnO, AUYX CHHTEe3UPOBAHHOTO
KI1X-¢bunbrpa ¢ BBICOKOH TOYHOCTHIO COOT-
BeTCTBYeT Tpebyemoit mist Koppekuuu AYX.
Ha puc. 8 mpusenena monnas AYX ckoppexru-
poBaHHOTO TpakTa KTp B cpaBHeHUHM ¢ mcxon-
HBIM HeCKOPPEKTUPOBAHHBIM, a Ha PHC. 9 npep-

Puc. 8. MonHas AYX ckoppeKTMPOBaHHOTO FMAPOAKYCTHYECKOTO TPaKTa

crapieHa omubka koppexiun AK = Krp—K,.
To ectp B mosoce npomyckanus TpakTa 0—43 k'
ommmobka koppexiuu AUX He npesbimraer 0,08
U HaXOIMTCS B II0JI€ HOITyCTUMOro 5%-T0 101y~
cka. Hepasaomeprocts I'B3 (puc. 10) B mosoce
cocrasyger 0,018 Mc mpu cpefiHeM ee 3Ha9eHUU
Tep = 0,45 MC — OHa TaKKe HAXOUTCA B TPeie-
JIaX YCTaHOBJIEHHOTO JIOMyCKa.

HocTturayTas paBHoMepHOCTh 'B3 ompe-
mensieT BBICOKYI0 nuHeHOCTh PUX (puc. 11).
dasoBble uckaxkeHUsI AQ(®) B MOJIOCE IPOILY-

Ta6nuua. KoachdmumerTbl nepeaatouHon yHKLnKM

cunbTpa
1 64 13 28 16 0,9
2 64 =25 61 —42 1,7
3 64 15 18 25 0,91
4 64 19 —42 —88 1,88
5 64 2 -8 —82 1,38
6 64 18 —11 -78 1,52
7 64 =21 35 =40 1,24
8 64 =25 =50 0 1,17
9 64 -1 31 30 0,94
10 64 9 =20 35 0,85
1 64 =25 35 —61 1,55
12 64 -8 -9 —-18 1,48
13 64 —-18 -8 -28 0,84
14 64 =25 30 —66 1,54
15 64 6 -1 -112 1,84
16 64 —13 0 —74 1,3
17 64 7 14 45 0,9
18 64 1 0 —107 1,69
19 64 -8 0 -1 1,23
20 64 =/ 5 101 1,69
21 64 20 —24 -90 1,79
22 64 —24 0 =13 1,86
23 64 19 5 =73 1,44
24 64 10 =25 —94 1,75
25 64 16 —18 -99 1,84
26 64 19 -1 -99 1,86
21 64 29 -19 —88 1,86
28 64 9 —15 —98 1,72
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Puc. 9. Ownbka koppekunu AUX B nonoce Puc. 10. 'B3 chunbTpa B nonoce
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Puc. 11. ®YX 8 nonoce nponyckaxus

Puc. 12. Paspe3 Li® no napamerpy by [4]

CKaHUSI KOPPEKTUPYIOLero (GUiIbTpa He IPeBbl-
LIAIOT IBYX IPajlyCoB.

Bricoxuit ypoBeHb JOCTUTHYTOTO B XOJie
CHHTe3a MaCIITAOMPOBAHUS yCUIEHUS ON-
TBEPIKIAIOT IIPUBEJEHHbIE B TaOIUIle MaKCH-

MajbHbIe 3HaYeHUs K03 UINEHTOB yCue-
HUS KaCKa/I0B (3BEHbEB) CHHTE3UPOBAHHOTO
Koppexrupyfoiero ¢pumwibtpa. Bee koabdunu-
€HTBI YCUJICHHS HAXOMSITCS B TPAHUIIAX 3a[aH-
HOTO MHTEPBAa.
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Puc. 13. Uccneposanme AYX KoppeKTHUpYIOLLEro (hubTpa B MOAY/IE aHa/IM3a NPOrPaMMbl

I'pacpux paspesa Ha puc. 12 o mapametpy b,
1eTBEPTOTO 3BeHA [I0KA3bIBAET, UTO I[eIeBbIe
¢dyHKIIMK B 3a1a9aX MHOTOQYHKIIMOHAIBHO-
ro cunre3a nudpossix KNUX-puabrpos ume-
I0T CJIIOKHBIN, MOJUMOLAIbHBIA XapaKkTep.
LleouncieHHass MUHUMH3AINS TAKUX QYHK-
U1 SIBJISIETCS BeCbMa He IIPOCTOH 3afadeil. Tem
He MeHee pa3pabOTaHHbI IPOrPAMMHO-JIr0-
PUTMHUYECKHI KOMILIEKC YCIIEIIIHO CIIPABHIICS
C OTOM 3aJjavyell, II0Ka3aB BbICOKYIO HAJEKHOCTh
1 9 PeKTUBHOCTS.

Taxum 06pasoM, Bce TpebOBaHUS 110 PYHK-
I[IMOHATBHBIM [I0KA3aTe/IsIM U XapaKTePHCTUKAM
8-6uroBoro koppekrupyiomiero KUX-dumbrpa
TU/[POAKYCTUIECKOTO TPAKTa B IPOIIECCe €ro
nouckoBoro ITHII-cuHTe3a 6bUIN BBIIIOIHEHB
C BBICOKOIT TOYHOCTHIO. ITpaKTrdeckas peanusa-
nus (puc. 13) moaTBepAUIa CHHTE3NPOBAHHbBIE
XapaKTePUCTUKH KOPPEKTUPYIOIETO (GHIbTpa.

3aknoueHue

IToucKOBbIe METOMBI LEIOYHCIICHHOTO HeJIH-
HEHOTO IPOTPAMMUPOBAHIUS B IPHIOKEHUN
K 3aladaM [IPOeKTUPOBAHUS [[eTOIUCIEHHBIX
1 poBHIX GUIBTPOB SBISIOTCS COBPEMEHHOI
U BeCbMa [IEPCIEKTUBHOM a/IbTePHATUBOM TPay-
IIMOHHBIM KJIACCHIECKIM METOfaM IIPOEKTHPO-
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BaHus nudpoBbIX GwIbTPOB. [IpHHIHUITATEHOE

otaumune [{THIT-cuHTe3a 3akI09aeTcst B TOM, 4TO

B JAaHHOM CJIydae IS YOBIETBOpeHUs Tpebye-

Moro GyHKIHOHIPOBAHNS (HUITPA HA CTATUK

€r0 IPOEKTHPOBAHMUS OCYII[ECTBIIETCS IPIMOL

IIOUCK LEIOYUCTCHHBIX K03 UIMEHTOB (DU~

Tpa IPSIMO II0 MaTeMaTHIeCKOMY €ro OIIpefe-

nenuio (Mozenu). Kpureprem momcka sBseTcst

COOTBETCTBHE COBOKYIIHOTO TeKyIIero GyHKIU-

oHMpOBaHus PunbTpa ero TpedyemMomy HyHK-

[oHNpoBaHK0. COBpeMeHHbIe aITOPUTMUYe-

CKHe KOMIITEKCBI IIeJI0UHNCIeHHON MUHUMU3a-

I[UY [I03BOJISIIOT PElLIaTh TAKYI0 3a7ady BecbMa

HaJIeKHO U 3¢ (deKTUBHO IPY BHIITOIHEHUHN BCeX

BHEIIIHUX TPeOOBAHMUIT U OTPAHIIEHUI K paboTe

I[eJIOYUCTIEHHOTO (PUIbTPa. DTO HaeT BO3MOXK-

HOCTb CYII[eCTBEHHO IIOBBICUTH Ka4eCTBO IPO-

eKTUPYeMBIX I[U(PPOBBIX GUIBTPOB, COKPATUTH

BpeMs UX pa3pabOTKU, 3aMeTHBIM 06pa3oM

CHM3UTH UX CTOUMOCTb. M3 MaTepuasos, npu-

BefICHHBIX B JAHHOM I[UKJIe CTaTell, BUAHO, YTO

B CPaBHEHUH C TPALULUOHHBIMUA TOAXONAMHU

cuHTe3 NUGPOBBIX GUILTPOB METOIOM L€JI0-

UCIeHHOTO HeJIMHEHOTO POrPaMMUPOBAHIS

II03BOJISIET:

1. OCyIecTBATh CHHTE3 KaK PeKyPCHBHBIX
(IIR), tak u HepexypcusHbIx (FIR) dpuabTpos
OfHO u To ke uaeoorueit ITHIT ¢ ucmonn-
30BaHUEM OJJHOTO U TOTO K& KOMIIBIOTEPHOTO
IPOTPaMMHOTO KOMILIEKCA.

2. OCyIIecTBIATh CHHTE3 IEI0YHCIEHHOTO
¢$uIbTpPa MO COBOKYIHOCTU TPeOyeMBIX
€ro XapaKTepPHUCTUK, IPUIEM MOXHO JIETKO
YIIPaBISATh IPUOPUTETOM (PYHKIHOHATBHBIX
XapaKTePUCTHK B IIpoliecce CHTe3a priIbTpa.

3. opMa XapaKTepPUCTUK MOXKeET OBITb IIPOH3-
BOJIbHAS, YaCTOTHAs IIKajTa — Tpebyemas
(nuneitHas, morapudMuIecKas 1 ip. ).

4. Bo3aMoykHa IIIPOKast (pparMeHTaIus XapaKTe-
pucTuk GUIbTPa, KOIa BaXKHbIE UX YIACTKU
BBIJICJISIOTCS B OTHENbHOE PYHKIINOHATBHOE
OKHO st 00€eCIie9e s UX JIeTaIbHOM Mpo-
paboTKH B XOfle CHHTE3a.

5. YCTOMYUBOCTD PeIlIeHNsI VIS LIeTOUNCIIeHHbIX
BUX-¢buabTpoB MOKeT ObITh FapaHTHPOBAHA
IPUOPUTETHHIM BBIMOTHEHUEM (DYHKI[HO-

npoeKTupoBaHHe pybpHxa

HaJIbHBIX YCJIOBU yCTOMYMBOCTH B IIPOLIECCE
cuHTe3a QUIbTPA.

6. ImobanpHast MoOfeIbHASI HAEOIOTHS IOMCKA
OIIpefiesisieT BBICOKYIO HafIeKHOCTh OThICKA-
Hus 9P PeKTUBHOTO pelIeHHs IKCTPeMab-
Hoi 3amadu [THIT npaxrudecku u3 no60i
HAYaJIbHOM TOUKU. XOPOLIEro Ha4aIbHOTO
npubmKenus (IPOTOTUIA) 31ech He Tpeby-
ercsa. Kak IIpaBUJIO, B CJIOXKHBIX IIPOEKTHBIX
3ajlavax ONTUMAJIbHOE PEllleH e OpefesieT-
Csl He U3 Ha4aJIbHOU TOYKH, 3a[IaHHOU IOJIb-
30BaTeNIeM, a U3 TOUKH, CTeHePUPOBAHHOMN
CaMUM ITOMCKOBBIM aJITOPUTMOM.

7.Heobxonumoe macuitabupoBaHue yCU-
JIEHU B KaCKAaIHBIX CTPYKTYpaX MOXKET
6bITH 06eCIIedeHO HEIOCPEeICTBEHHO B XO/Ie
LIHTII-cuHTe3a 1en0vncieHHOro nudpoBoro
¢unbTpa. 31ech HeT HEOOXOTUMOCTH UCIIOIb-
30BaHUA KOCBEHHBIX ITIPUEMOB MaCH.ITaéI/IPO‘
BaHUA YCUJIEHUA IPUMEHEHUEM, HAIIpUMED,
Lp-HOpMBEL

8. llemouncieHHass TUCKPETUIALUS IIPO-
CTpaHCTBa napaMetpoB (K03 duiueHToB)
¢bunbTpa 103BOJISIET HOMYIATh IPOEKTHbIE
peHIeHns B IEJIbIX YUCIaX, 9YTO CHUMAET BCE
OrpaHuYeHus 10 apu(MeTHKe BEITUCICHUI
npu peanusanuy ITHIT-GuibTpoB Ha 065X
1upoBeIx WIaT(GopMax (CUTHATbHBIX IIPO-
eccopax, Kourposuiepax, [1JIMC) ¢ 3anan-
HOI Pa3psOHOCTBIO IIPE/ICTABIEHNS JaHHbIX,
a TaKKe Ha KPUCTAJUIAX 3aKa3HBIX MU IOy~
3akasHeix CBHC.
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