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BeepeHue

udposas puapTparus — ONWH U3 HAU-
60JIee MOILIHBIX HHCTPYMEHTATbHBIX CPELCTB
nudposoit 06paborku curHanos. Tak Kak
1udpoBbie GUIBTPEL ABIAIOTCS YCTPOICTBA-
MM JaCTOTHOM CeJIeKIIUY BXOXHOTO CUTHANA, UX
06BITHO pa3pabaTHIBAIOT Ha OCHOBE TPe6OBa-
HUI K IX YaCTOTHBIM XapaKTePUCTHKAM.

B 0611eM BUie KOMIIEKCHBII YaCTOTHBLHI
koo unuent nepenadn nudposoro GuIbTPa
CTAHJAPTHO MOXKHO 3aIIHCATh KaK:

H(e/*) = |H(e/®)lei*

TaxuM 06pa3oM, OCHOBHBIMHU XapaKTePUCTH-
kamu (IIBTPA B YACTOTHO OOJIACTH SBIISIIOTCS:
¢ AMIUIMTYIHO-9aCTOTHAS XapPaKTePHCTHKA KaK

Mopyib Koadduruenra nepenadn | H(e/®)l.

o 0a30-IaCTOTHAS XapaKTEPUCTUKA KaK apry-
MeHT K09¢dunnenTa nepegain (p( ).

* Bpems IpyIIIOBO# 3af€PKKH: Ty, = —00/00>.

e QazoBas 3afiepxKa Kak np;{Maﬂ 3amepiK-
Ka GUIBTPOM TapMOHUIECKOTO CUTHAA:
7, =—0(0)/o.

YcnoBust GyHKIMOHUPOBAHUS U POBBIX
(GuUIBTPOB B PasIUIHBIX YCTPOUCTBAX U~
poBoit o6paborku curaanos (LIOC) omperne-
JAI0T HeOOXOAUMOCTb 00eCIedeHusI BCelt CO-
BOKYNHOCTH (YHKIUOHATBHBIX TPeOOBAHMI
B yactoTHOI o6macru [1]. [Toatomy akTyanbHa
3afada pa3pabOTKU METONOB CHHTe3a udpo-
BBIX (QHIBTPOB C yIETOM COBOKYIIHOCTH Tpely-
eMbIX XapaKTepUCTUK. TaKoi CHHTe3 IPHUHSITO
Ha3bIBaTh MHOTO(YHKIHOHATBHBIM B OT/IHIHE
OT MHOTOKPUTEPHATBbHOIO CHHTE3a U CHHTe3a
TOJIBKO I10 OIHOM YaCTOTHOM XapaKTEPUCTUKE.

npoeKTupoBaHHe pybpHxa

LlenouncneHHble

LuudpoBble PUNLTPbI —
3dopeKkTUBHOE peLleHne
nna 8-6UtoBbIX LMPOBbIX Nnatdopm

B ctaTtbe paccmaTpuMBalOTCs BOMPOCHI LiEJIOYUCNAEHHOro MOAEeTUPOBaHUA
M cuHTe3a Kak pekypcuBHbix (IIR), Tak u HepekypcuBHbix (FIR) undposbix
¢UNBTPOB C yUeTOM BO3MOXKHOCTEH UX annapaTHOW peanusaLyy Ha Masiopas-
pPAAHBIX LUGPOBbIX NNaTopMax C LeNOYUCNeHHOHW apuPMeTUKOH BblUUCe-
HUH. MpuBOAUTCA NOCTAaHOBKA U pelleHHe 3aja4yu MHOTO(PYHKLMOHANBHOIO
CHHTe3a LU poBbIX (PUIbTPOB METOAAMH LIE/IOYUCIIEHHOrO He/IMHEWHOro Ma-
TeMaTHYeCKOro nNporpaMmMupoBaHus. PaccMoTpeH npuMep pelieHUs 3aauu
MHOro(hyHKLIMOHa/IbHOFO CHHTE3a PEKYPCHUBHOIO LieIoYUc/ieHHoro 8-6utoeoro
¢unbTpa ANA KOppPEKLUU aMMIUTYAHbIX CKAXKEHUI aHANOroBOro TpaKTta ru-
APOAKYCTUYECKOW NPUEMHOMN CTAHLUHU. AHAIM3UPYIOTCS €ro XapaKTePUCTUKH.

MuoroyHKIIMOHATBHBIA CHHTe3 HU(PPOBBIX
(UIBTPOB ¢ yIeToM TPeOOBAHUII UX IIPAKTHIE-
CKOJ1 peain3yeMOCTH Ha COBPEMEHHBIX Idpo-
BBIX IIATGOPMax MOXKHO IIPOBECTH B HACTO-
siIiiee BpeMsI TOJIBKO METOAMH HeJINHeHHOTO
MAaTeMaTUIeCKOro IPorpaMMupoBanust [2—4].
Maremarudeckoe nporpammuposanue (MIT) —
9TO MHBApHAHTHAS U 9 PeKTUBHAS METOIO-
norus perreHus GopMaan30BaHHBIX 3a7ad,
B YaCTHOCTH 3afad mpoekruposanus. Oburas
upest MIT cocrouT B IpHBsI3Ke pelIeHus 000k
3a7a4u K YeTKOMY UHBAPUAHTHOMY MaTeMaTHU-
4eCKOMY IIPU3HAKY — 9KCTPeMyMYy QyHKIUY
kavectBa (menu) F(X), roe X — BekTop uc-
KOMBIX [TapaMeTpOB ycTporicTsa. s moboi
MIPOEKTHOII 3a[jadll TaKyI0 (QYHKIHIO B 00IIeM
BHUJIe BCErAa MOXHO c(HOPMUPOBATH HCXOMS
13 3a[JaHHBIX Tpe6OBaHUI. (B KOMIBIOTEPHBIX
IIaKeTaX 3TO OOBIYHO [esaeT PYHKINOHATBHBIH
penakrop [5].) Ilpu Hamuduu takoit pyHKIUH
pelIleH e 3a1a91 CBOAUTCS K IPOLIENyPe MUHU-
musanun F(X), To ecTb OTBICKAHUIO KOOPIMHAT
r106aIBHOTO 9KCTPeMyMa (ONTUMAIbHBIX I1a-
pamerpoB ycrpoiictBa X°), 4T0 0OBIYHO fienaer-
Cs TIOUCKOBBIMU MeTonaMu [4—6].

JIpyruM He MeHee BaXXHBIM TpeOOBaHHEM
K II1(ppOBOMY (PUIIBTPY SIB/ISETCS BBITOIHEHUE
1 poBoit PUIBTPALIMU B PEAIbHOM BPEMEHH.
DTO 03HAYaET, UTO BCe OLEPAIUU AITOPUTMA
¢bunbTpanuu JOJDKHBI BHIIOIHITECS 32 Bpe-
M1, He TIIPeBBIIIAIOIIIee IIePUOT AUCKPETH3AL NN
BxofHOro curHana. C Touky 3penus addexTus-
HOL paboTsI 1{ipPOBOro GUIBTpa B peasbHOM
BpeMeHH 1 00ecledeHnsI MUHUMYMa 3aTpat
(10 BpeMeHU U pecypcaM IaMsITH) UL paciera
OTKJIMKA PHUIBTPA 0COODIIL HHTEPEC IPECTaB-
JISIET IeTIOUHCIeHHAsI JUCKPETU3AI NS IPOCTPAH-

cTBa mapameTpoB (koaddunuentos) puabTpa.
B atom ciryqae 3agaza MIT tpancdopmupyercs
B 33[ja1y I[eJI0YUCICHHOTO HeJIMHENHOTO IMpo-
rpammupoBanust (LTHIT), i GuabTpsl, cpoex-
TUPOBAHHbIE B TAHHOM IIPUOIIDKEHUH, TIPUHSTO
HasbiBathb nudposbivu ITHIT-hunbTpamu.
Lenesas ¢pyukuus F(IX) B 3amagax [THIT 3a-
IMCAHA OTHOCUTEIBHO BEKTOPA UCKOMBIX I[eJI0-
IUCIeHHBIX mapaMeTpoB ¢unbtpa IX u Hau-
6oJtee 9acto popMupyeTcs B Bujie ANIUTUBHOM
cBepTKH (1) gacTHBIX eneBbix Gynkuuii f;(IX),
KOTOPBI€ OIPeNeNIsOT BhIMOTHEHHEe (PYHKITH-
OHAJIBHBIX TPeOOBAHUI 110 TON WM HHOM Ya-
CTOTHOI1 XapaKTepucTHKe huibTpa [6]:

F(IX) =) B xf(IX). (1)

Koaddunuenr B; sagaer sHauumMocTsb (Bec)
XapaKTepPUCTUKH (i-T0 YacTOTHOro okHa). Camu
JactHble Henesble ¢pyukuun f;(IX) dopmupyer
(YHKIIMOHAIBHBIN PEaKTOP [IaKeTa CUHTE3a
[0 KPUTEPHI0 MUHIMYMa CpefHeKBaIpaTHI-
HOTO OTKJIOHEHUS! (HEHOPMUPOBAaHHAs (2) WK
HOopMupoBaHHas (3) ¢popma) 160 B popme
MUHUMAKCHOTO KpuTtepus (4):

£0X) = —f[nam—xf}z, @

”u

S(IX) =

1 & IX Y
= |~ LUX)Y, ) )
D n=

f,-(IX)=mgx{m(IX)—nT|2}, @)

rae Y,(IX) — TexyIuee 3Ha4UeHMe XapAKTEPUCTH-
Ki PUIBTpPA Ha 1-1 AUCKPETHO JaCTOTe AUaIa-
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30Ha ompefenenus; Y,” — Tpebyemoe 3HaueHUe
9aCTOTHOI XapaKTePUCTHKIL

Takum obpasom, rudposoit LTHIT-punstp
obecreynBaeT MaKCHMaIbHOE Ka4eCTBO Hu-
poBoit GubTpanKu (C yIeTOM BCeil COBOKYII-
HOCTH TPebOyeMbIX XapaKTepPUCTUK) [IPH TapaH-
THPOBAHHOM I[eJI09nCIeHHOM pemennu IXY,
TO €CTh IPU UCIIONb30BAaHUH TOJIBKO LI€JI0-
IUCICHHON apU(MeTHKY UL BBIUCICHHS OT-
K1uKa puIbTpa Ha BXOTHOE BO3NEUCTBHE. DTO
06CTOSITEICTBO ONpefiessieT MUHUMH3AITIO
BpeMeHHU pacdeTa OTKIMKA QUIbTPA, TaK KaK
6asoBast apumeTnKa 1060ro HuGpPOBOro Bbl-
IUCIUTENS] — IIeJI0YHUCIIeHHAsI, T03BOJISIONAs
OCYIIECTBIATh BHIYUCIEHUS 32 MUHIMAIbHOE
BpeMsI IPX MUHUMAJIBHBIX PECypcaX OIepaTyB-
HOU maMATh. U TOIBKO OTCYTCTBHUE LIeI0IHC-
nenHbIxX anropuTMoB [JOC BeIHYXJaeT nepe-
XOIUTH K BENIeCTBEHHOU MJIU KOMIIJIEKCHOU
apudmeTnke u(POBLIX BHITUCIEHHIH, TPeOy-
IOLTUX 3HAYUTEIBHBIX PECYPCOB KaK 10 MaMsi-
TH, TaK U [I0 TAKTOBOI YaCTOTe BHIYHCIUTEIS
C CYILIeCTBEHHBIM YCIO)KHEHHEM €r0 CTPYKTYPbI
(3a cuer BBenerust FPU — apudmerndeckux co-
IIPOIECCOPOB U T.II.) ¥ 3HAYUTETbHBIM yBeJIU-
JYeHHeM 3HeprororpedneHus [7].

B coBpemenHBIX 11¢pOBbIX IIaT(OopMax Lt
IIPeICTaBIICHHs [eJIbIX THCe] Haubobliee pac-
IIPOCTpAHeH e MOy U JOOIHUTEIbHbIN KO,
ITpu 9TOM BaXHBIM (PAKTOPOM, OIIPENeIsIio-
UM OBICTPONEICTBIE, SBILIETCS PAa3PSIIHOCTD
IAHHBIX, C KOTOPBIMHU ONEPUPYET [eIOIHCIIeH-
ublit ¢ posoit puabTp. Kax crpaseniuBo mo-
Ka3aHo B [8, 9], CHIDKeHHe PaspsITHOCTH TaHHbIX
Haxe Ha 1 6UT MOXKeT COKOHOMUTS 710 50% ome-
PATUBHOM MAMSITH IIPHU CYIIECTBEHHOM yMEHb-
LIIeHUU BPeMEHH pacdeTa OTKInKa puibrpa,
II03TOMY [JIS1 BEICOKOCKOPOCTHBIX CIIIIHAIIH-
suposanHbIX cucTeM LJOC paspsapHOCTh NaH-
HBIX SIBJISIETCSL Onpenestonum daxropom. Tax,
B HaCTosIIIee BpeMs B 00II[eil HOMEHKIAType
KOMMepUecKuX HudpoBex mIaThopM cyliie-
CTBEHHYIO JOJIIO 3aHUMAIOT 8-paspsifHble nud-
POBBIe ITAaTHOPMBI C [IEIOIUCICHHON apudMe-
TUKOU BHIYUCIIEHUI.

Wpeonorust ITHII-cunTe3a mo3Bosstet ad-
¢exTuBHO IpOeKTHPOBATH HUPPOBBIE DUIB-
TPBI C YCTAaHOBJICHHOM Pa3psiTHOCTHIO Ipel-
CTaBJIeHNsI TAHHBIX (LeT0YUCIIEHHBIX K03 du-
[[HEeHTOB) IPU MAaKCUMaIbHOM BBIIOIHEHUU
Tpe6OBAHUIL K TaCTOTHBIM XapPaKTePUCTUKAM
¢unbrpa. Takoe [eT0UUCTICHHOE IPOEKTHOE
pellleHHe TaeT NPUHIUIUATBHYIO BO3MOXK-
HocTb peanusanuu [THII-GuabTpoB He TOIBKO
Ha CIeI[HaTN3UPOBAHHBIX CUTHAIbHBIX IIPOL[eC-
copax (DSP), HO 1 Ha IIPOCTHIX U JEILIEBbIX MHU-
KpomporeccopHeix koHTpotepax (MK), B ko-
TOPBIX HET BO3MOXKHOCTHU BBIYUCICHUI B Gop-
MaTe ¢ IaBaloiieir Toukoi. [lenounciaenuoe
IIPOEKTHOE pellleHue SIBISeTCs, 6e3yCI0BHO,
[IPeAIOYTUTENBHBIM [IPU AMIIAPATHON peau-
saruu LTHIT-dunsrpa Ha IVINC, a Takoke Ha 3a-
KasHbIX Wi nonysakasHeix CBHC. Bonpocam
MOJIeTUPOBAHUS U MHOTO(YHKI[HOHATLHOTO
CHHTe3a [[eJIOIUCIeHHBIX HU(PPOBBIX PUIBTPOB
1 TIOCBSIIIIEHA 9T CTAThsL.

pybpuka | pOeKTupoBaHue

PekypcHBHbie
LeNo4yucieHHble (PUNbTPbI

PexypcuBHBL (GUIBTP SBISETCS JUCKPETHON
JINHEWHOM CUCTEMOM, I KOTOPOH COOTHOIIIE-
HMEe MeXIy BXOIHOM X, X BEIXOOHOM Y, IOC/Ie-
JOBaTEIbHOCTSMU OIIPENENAETCs yPaBHEHUEM
B KOHEYHbIX Pa3HOCTAX:

N
yn=_ aoynk

Z—x )

=0 %

a mepegaToYHas GYHKIUSI — €ro z-mpeobpa-
3oBaHueM. [IpUHININATBHON 0COOEHHOCTHIO
LTHIT-¢puibTpoB, KaK yyxe ObLIO OTMEYEHO BBILLIE,
SIBJISIETCS! TIPUHAIUIEKHOCTD €ro K03 HIIeHTOB
by 1 a; 3HAKOIIEPEeMEHHOMY PSAY LeIbIX THCEI,
KOTOPBIIT MOXKET ObITh KaK HAaTyPaIbHBIM, TaK
1 GUHOMHAJIBHBIM (JUISI HOPMUPYIOIIETro K03¢-
¢dunuenra a,). MuTepBan cyMMupoBaHus 1o k
IIOJIYIMJT Ha3BaHUe «OKHO (GmIbTpa». BxonHoe
OKHO (bIIbTpa cocTaBisieT N+1 OTCIeTOB, BBIXO-
Hoe — N OTCUeTOB, IIpu 9T0OM 3HadeHue N oIpe-
TIeJIsIeT IOPSIIOK PEKYPCUBHOTO (pUIbTpa.

Hanwuane o6parHoit cBs3u (pexypcun) B (5)
ompepessieT 6eCKOHETHBIN XapaKTep UMITYIIbC-
HOI XapaKTePUCTHKY PUIBTPa, IPHIEM €ro da-
CTOTHBII K09 DUIIMEHT Mepefadn:

]ﬁ[u—z,.e*fm)

H(e™) = 42!

H(l_Pi e_jm)

IIOJIHOCTBIO OIHCBIBACTCS PACIIPeNie/IeHIeM 10~
JIIOCOB U HyJe B z-I0ckocT. Ecnu cucrema
yCTOﬁqHBa, TO BCE IIOJIKOCHI Pi JOJIKHBI JIEKATh
BHYTpPY eIUHUIHOTO KPYTa, H 00J1aCTh CXOIUMO-
ctu 6y/eT ComepsKaTh eAUHIIHYIO OKPY>KHOCTD
[6, 10]. TakuM 06pa3oM, yCI0BHE YCTONIHBO-
cru pexkypcusaoro LIHIT-¢unbrpa Moxker 66ITh
3aIICaHO KaK CHCTeMa HepaBeHCTB (pyHKIno-
HaJIbHBIX OTPaHIYEHHIT) IO BCeM IIOJII0CaM p; KO-
addurpenTa epefadrt GUILTPA B Z-IUVIOCKOCTH:

1Z,1 < 1. (6)

JIuHeitHO-pasHOCTHOE ypaBHeHHE (5) cO-
OTBETCTBYET MPAMOil (pOpMe arapaTHoi pe-
anusanuu ¢unbrpa. OTHAKO st Ka4eCTBEH-
HO HOPMHUPOBKH COBOKYITHOCTH TPe6GyeMbIX
TaCTOTHBIX XapaKTePUCTUK ImpsiMas Gpopma
HalIMeHee BBITO/IHA, TaK KaK OJHUM HOPMU-
pyomuM k09 PHUIHEHTOM d; ITOTO CAETATD
06br4HO0 He ynaercst. st [THIT-¢unbTpoB (kak
PEKYPCUBHOTO, TAK U HEPEKYPCUBHOIO) HAK-
60JIee BHITO/[HA TIOC/IETOBATENIbHAS CTPYKTYPa
noctpoerus (puc. 1) B Bujie KaCKaHOTO BKJIIO-

YE€HUA 3BEHBEB BTOPOI'O IIOPpAIKa HpHMOI;I nin
o6pareHHO (HPOPMEL

[Mepemarounas GyHKIUS IS PEKYPCUBHO-
ro ITHII-¢unbTpa, cocTosIIero 13 KackagHo-
O COe[MHEHUs! M-3BEeHbEB BTOPOTO HOPsIAKA
(m = NJ/2), umeer cremyrormii Bup [6, 11]:

2
H(z) = Hb01+bllz "+byz 7

EpR)
1a01+allz +a21

rje KOMIIJIEKCHAs MepeMeHHas z = e/®,
a ® = 2xf/ Fy — nndposas gactoTa.

®opwma (7) oneparoproro koaddunrenra
Ilepeadyl I103BOJISET JIETKO HOPMHUPOBATh Tpe-
6yeMy10 COBOKYIIHOCTh YaCTOTHBIX XapaKTe-
puctuk pmIbTpa (Tak KaK HOPMUPYIOIIU KO-
abdULIUEHT g); eCTh yXKe B KXKIOM i-M 3BeHe)
U IaKe MTO3BOJISIET IIPOM3BOINTH UX (pparmeH-
tanuio. 3 coorHomenus (7) Jerko moaydaercs
PasHOCTHOE ypaBHeHMe ISl ONHOIO 3BeHA pe-
kypcusoro LTHIT-umbrpa:

274 )
a4

_ byx,+b,x,_+b,x, )
(8)
Cyns no (8), Ipu BHIYUCIEHUH OTKIUKA
¢buIbTpa JOIDKHA BBIIONHATHCS OLEPAIIHs Je-
JIeHUS Ha [[eJIOYUCIeHHBII K09 DUIHeHT dy,
KOTOpast MOKET ObITh pealn30BaHa Olleparuert
CIIBUTA IIPH YCJIOBUU IPUHAIIKHOCTH KaXKI0-
ro i-ro k03unrenTa GUHOMUAILHOMY I[€I0-
UCTICHHOMY PSIy:

€ {2‘1}, q= O,_W,

rae W, — mHa GUTOBOTO CI0BA L{EIOYHCIICH-
HbIX K09 durireHToB GUILTpa.

Ha puc. 2 mpuBefeHa THIXIHAS CTPYKTYpa
3BeHbeB pekypcusHoro LTHII-¢unbrpa, coor-
BeTCTBYyIoOIIas ypaBHenuo (8). Kak BunHo, nmpu
€ro almapaTHON peaTnu3aliuy UL BHIIUCTCHIS
OTK/IHKA UIBTPA ¥, KpOME TPATUIUOHHBIX
OIlepaIil CIOKEHUSI, YMHOKEHUS U 3a[[ePiK-
KJ Ha TaKT IPUCYTCTBYET OLepanus CABUIA
Ha B = log,a, 6UT, ¢ MOMOIIBIO KOTOPOI, KaK
yoKe CKa3aHo, pealu3yeTcst LIeJIOIUCIeHHOE [ie-
JleHVe Ha GUHOMUAIBHBIN K09 DUIIUEHT .

B o6uiem Buje 3afady IeJOIUCICHHOTO
HeJIMHEMHOr0 IPOrPaMMUPOBAHUS IPU Ma-
IIMHHOM CHHTe3€ PeKyPCUBHOTO GUIbTpPa
MOYKHO 3aITHCATh TaK:

n

=1,m, 9)

F(IX°) = min F(IX), mpu IX € I®", (10)
2" 1<a,<2"1,d=12,i=1,m
2" 1<h,<2"™-1,d=02,i=1m’

—
—
—_

~

3BeHo 1 3BeHo 2

3BeHo 3

3BeHO 4 [--1 3BeHO M

Puc. 1. KackagHas (nocnegosarenbHas) hopma nocTpoeHus dubTpa
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Xn

Puc. 2. CrpykTypa 38eHa pekypcusHoro LIHIM-dunbtpa

aye {2}, ¢ =00, i=lm,  (12)

|Zpl.|<1, i=1,m, (13)

K™ <K,(e’)< K™, i=1,m, (14)
Iie 1 — YHCIO 3BeHbeB BTOPOTO MOpPsiiKa; d —
nHpexc Koadduiuenta mepegaToaHom QyHK-
nuu 3eHa (10); K;™°, K™ — nomyctumsle
TpaHHIE H3MeHeHUs Koo duimenTa ycue-
HHS -TO 3BEHA.

DKcrpemanbHast 3aiada cuHTesa (10) 3amuca-
Ha OTHOCHUTEJIBHO I[JIOINCICHHOTO IPOCTPAH-
crBa I°" mapameTpoB (koaddurruenToB uis-
Tpa), pasMepHOCThio 6m. Orpanndenust (11) 3a-
[AXOT I'PaHUIIBI U3MEHEHUS ITUX LEJIOIUCIIEHHBIX
k03¢ uIIenToB, a cooTHomeHue (12) onpere-
JIeT IPUHAIJIEKHOCTh K09 DUIHEHTOB dy; 6u-
HOMUAIbHOMY pafy (9). PyHKIHOHAIbHBIE Orpa-
Hurderws (10) KOHTPOJIMPYIOT B IPOLIecce CHHTe3a
YCJIOBHE YCTOMIUBOCTY PEKYPCUBHOTO (DUIBTpPA
10 BCeM mosmocaM KoaduuueHTa nepenadu,
a orpanmdenyst (14) maciurabupyior koahuun-
€HTBI II€PENIAIN 3BEHLEB B SaﬂaHHLIfI UHTEPBAJL.

MHoro¢dyHKIMOHATbHOE 3aTaHUe IIeIeBOM
¢dbyHKuMU onpenenseTcss cooTHomenueM (1),
XOTs 31€Cb MOJXHO ITPUMEHUTD U APYTrU€ U3-
BECTHBIE CIIOCOOBI CKAISIPU3AINU BEKTOPHBIX
3amad [2, 4]. IlouckoBoe UTEpaTUBHOE pellieHre
akcrpeManbHoit 3anaun [THIT (5) B 3amanHOM
IIPOCTPAHCTBE IIAPAMETPOB OCYIIIECTBIISET IIPO-
IPaMMHBII AJITOPUTMUYECKHIT KOMIUTEKC [4, 5],
o6pamasch K MOLeIbHOMY GJIOKY IPOTPaMMBI
L7 pacueTa TeKyIuX QpyHKIUOHATbHBIX Xa-
paxrepuctuk ¢punsTpa. Bexrop IX®, MunnMusu-
PYIOLIHIA CKasIpHYIO 1esteByio Gpyrkuuio F(IX)
Ha MHOJXECTBE NOITYyCTUMBIX I€JIOYUCIEHHBIX
pemennii (11) u (12), sBisiercst appexTHBHBIM
pelleHreM 3a[jadl TAPAMETPUIECKOTO CHHTE3a
pexypcusroro ITHIT-bunsrpa.

HepekypcuBHbie
LeNovyucieHHble (PUNbTPbI

B Hepexypcusubix ITHIT-bunbTpax B BBITHC-
JIEHUY TEKYIIUX 3HA9€HNIT BHIXOTHOM MOCIIEIOBa-
TeJIbHOCTH ), Y9aCTBYIOT TOJILKO 3HAYE€HMSI BXO]I-
HOI ITOCIIeIOBATEIBHOCTH X,,, TO €CTh B HIX ypaBHe-
uu (15) oTCyTCTBYeT 06paTHas CBsI3b (ypaBHEHHeE
IIpsAMOY JIMHeHO! cBepTKH). [ToaToMy Hepe-
KypCUBHbIe (PUILTPHI BCEIN[d YCTOMIMBbI U HMe-
I0T KOHEYHYIO UMITYJIbCHYIO XapaKTEPUCTUKY
(KMX-¢mwrbtpsr). Koaddunuents: by u g, Tawoke
IIpUHAJJIEKAT PANY LEJIbIX IUCEI, THTEPBA U3-
MEeHEHHS! KOTOPBIX OIIPeIeIIsIeTCs Pa3psIHOCTBIO
MHKPOIIPOLeccopa:

(15)

ITepenaTounyio GyHKIIHIO KACKaJHOTO COCMIH-
HEHUSI 11-3Be€HbEB BTOPOTO MOPSIIKa HEPEKYPCHB-
Horo ITHIT-¢uibTpa MOKHO 3aIIUCaTh Tak:

m -1 -2
HE) :Hb0,+bh.z +b,,z .

i=1 Ay,

(16)

Cootnomenue (16) Takxe JIETKO II03BOJIIET
HOPMHPOBAThH TPeOyeMy10 COBOKYITHOCTD Ya-
CTOTHBIX XapaKTEPUCTHK PUIBTPA U TUCKPETH-
3UPOBATh 3HAYEHUS KOIPPHUI[HEHTOB 1eTOUUC-
JIeHHO. Y paBHeHUe 1JIsL OIHOTO 3BEeHa HEPeKyp-
cussoro ITHII-¢uabTpa umeer Bux:

_ by, +b, %, 1 +b,x, ,
n b

ay

(17)

rae K09 UIMEHT a4, BO BCEX 11-3BEHBSIX TAKKe
IPUHANIKUT ONHOMUATEHOMY LIeI0THCIeH-
HoMY pany (9).

Ha puc. 3 mpuBefeHa THINIHAS CTPYKTYpa
3BeHbeB HepekypcusHoro ITHIT-uabtpa.

ITocTaHOBKA 3aa4H [[ETOIUCIEHHOTO HeIH-
HEIHOTO IIPOrpaMMUPOBAHUS IS MAIIHHHOTO
CHHTe3a HePeKyPCUBHOTO (PUIBTPA BBILJISLUT
crepyrornum obpasom [6]:

F'(IX°) = minF(IX), mpu IX € I*", (18)

—2"1<b,<2"1, d=02, i=1,m,(19)

ay € {2‘1}, q= O,_Wk, i=1m, (20

K™< Ki(e’/”’) <SK™ i=1,m, (21)
rae m — uucno KMX-3eHpeB BTOPOro nopsis-
Ka; d — uHeKC Koo uIirenTa nepenaToIHon
¢dyHkiyu 3BeHa (16).

DKcrpeManbHas 3aada cuaTesa (18) 3anmcana
OTHOCHTEIBHO [[eJIOYUCIIEHHOTO IIPOCTPAHCTBA

Xn

Yn
B = log,ag

Puc. 3. CrpykTypa 38eHa HepekypcueHoro LIHM-dunbtpa
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ko3 dunuenros ¢punprpa [*", pasmeproctsio 4m. Orpanndenns (19)
3a[AI0T IPAHUIIBI U3MEHEHIS ITUX L[eTOIUCTCHHBIX KO3 UINEHTOB,
a cooTHoenue (20) ompefesseT IPUHALIEKHOCTh K03 PUINEHTOB dy;
OuHOMUATbHOMY psify. PyHKIMOHAIbHEIE OrpaHideHus (21) onpenessior
Tpe6OBaHNUs MACIITAOUPOBAHYS YCIIeHNs B KackanHoM KUX-dumbrpe.
MuorodyHKIHOHATBHOE 3aJaHUe IIeIeBOl (GYHKIIUY 3[eCh TAKkKe OIpe-
mensiercs cooTHomteHueM (1). Bexrop IX’, MUHEMU3HPYIOLIHIA II€/IEBYIO
ynximio F(IX) Ha MEHOKeCTBe IonyCcTUMBIX perteruit (19) u (20), sBister-
51 9¢beKTUBHBIM pellieHIeM 3aIady TapaMeTPIUIeCKOro CHHTe3a HepeKyp-
cusHoro [THIT-¢unbrpa.

Takxum 06pa3oM, CHHTe3 KaK PeKyPCUBHOIO, TAK I HEPEKYPCHUBHOTO
I[eI0YUCIIEHHOTO (DUIBTPA OCYIECTBISIETCSI COTTIACHO OHOM U TOM XKe
Metogooruu. IIpu aToM I pacieTa OTKINKA PHUIbTPA UCIOTIb3YeT-
€51 MEHIMAJIbHOE KOJIMIeCTBO 06a30BBIX OIEPAIINii, U BCe ITH OIePaLIUK
Ie0uucaeHHble. Pacder oTkiuKa puibTpa Ha peabHOM CUTHAJIE UAET
04€eHb OBICTPO, IPAMO 10 ompeneteruto (Monenu) duibrpa (8) u (17),
Ha OCHOBE BBIYHCICHHBIX 3apaHee IeJ0UNCICHHBIX K09 UINEHTOB.
Bosee mogpo6HO BOPOCk! OBICTPOENCTBHUS IIEJIOIUCIIEHHBIX IIH(POBBIX
(punbTpOB OyIyT pacCMOTpPEHBI B OT/IEIBHOIM Ty OIUKAIIAHL.

JIpyruM BasKHBIM JOCTOMHCTBOM IIeIOUUCIEHHBIX (DUIBTPOB SIBIISET-
€51 OTCYTCTBHE IPOLENYPHI KBAHTOBAHUS JAHHBIX (KaK Koaduruentos
unbTpa, Tak U pe3yIbTATOB IIPOMEXYTOUHBIX BHIYUCICHHIA) B XOfIe pac-
JeTa OTKINKA QUIbTPA B PeabHOM BPeMeHN, a CJIeOBATEIbHO, 1 OTCYT-
CTBHUE BCEX HETATUBHBIX ITOC/IECTBUI KBAHTOBAHISI JAHHBIX, CBOMCTBEH-
HbIX I[1(POBBIM (HIIBTPAM C BEIIECTBEHHOMN api(PMETHKO BHIIUCTCHHUI
B (hopmare ¢ purcupoBanHOI TOUKON [8, 10, 12], mosTyYeHHBIX, HAITPHMEP,
OUIMHENHBIM IPeoOpa3oBaHyeM aHAIOTOBOIO IIPOTOTHIIA WM METOOM
4aCTOTHOM BBIOOPKH. TaKUMU IOCTIeACTBUSIME KBAaHTOBAHUS SBILIIOTCS,
IIPeXJIe BCETO, IIyMbI KBAHTOBAHISI, BBI3BIBAIOIIIIE HCKA)KEHUE YaCTOTHBIX
xapakTepucTuk GuibTpa [13], HeO6XOAUMOCTH MACIITAOUPOBAHMS KOID-
¢urenToB GUIBTPA, a TAKKE BO3MOXKHOCTD [OSIBICHUS MAJIBIX IIPefIeb-
HbIX IIUKJIOB IIPY KBAHTOBAHUY Pe3y/IbTATOB BHYTPEHHHX BBIUHCICHHUIL.

To ecTp KBaHTOBaHHe, KaK HeOOXONUMAs IIPOLENypa OKPYTJICHHUS Be-
IIeCTBEHHBIX KO3 GUIINEHTOB II0C/IE UX HAXOXKIEHNS B pe3ysbTare Ou-
JIMHENHOTO MpeoOpa3oBaHys, B [eJ0IUCIeHHOM [udpoBoM ¢uibTpe 3a-
MEHEHO LIeJIOYUCIeHHON JUCKPeTH3AI el MHOTOMEPHOTO IIPOCTPAHCTBA
xoaunuentos mepen cuHTe30M GUIBTPA C HOTYICHUEM IIETOINCIICH-
HOTO perieHust (ONTHMATIbHOTO BEKTOPA [eJIOYUCICHHBIX K03 duiu-
entoB IX") ¢ HyseBOil OIIMOKOI ero peannsanuu Ha MU pPOBOI IUIAT-
¢dbopme M KpucTasIe ¢ 3agaHHo AnuHON W) cnoBa k0addurireHToB.
(ITpu aTOM 3HadeHHe W) MOXeT ObITh 3a[jaHO HAIIEPe[, Iepef CHHTE30M
I[eJIOIUCTIEHHOTO (PUIIbTPA. )

Yro e KacaeTcsi pe3yIbTaTOB MPOMEXYTOYHBIX BBIUUCICHUI,
to B ITHIT-duibTpe Bce OHU TaKKe ABISIOTCS EJIOYUCIEHHBIMY, U TIPU
3a[JaHHOI Pa3psAHOCTH KBAHTOBAHUS BXOZHOIO CUTHAJA (B aHAJIOrO-
1udpoBoM IpeobpasoBaTelie, HAIPUMEP) JIETKO BBIAEIUTH BHYTPEH-
HUI aKKYMYJIITOPHBII PETUCTP C HEOOXONUMOI Pa3psiHOCTbI0 Wy IuLst
XpaHeHUs Pe3yIbTaTa LeJOYUCICHHOTO YMHOKEHNUS ¢ HAKOIIJIEHUEM,
OCyIIeCTBIISIEMOTO 110 anroputmy (8) wiu (17), u u3bexars KoneGaHuit
IIePeTIOHeH s, TO €CTh BO3HUKHOBEHISI OOJIBIINX IIPEeNeIbHBIX IINKIIOB,
BBI3BAHHBIX [IePETIOIHEHNEM Pa3PSIIHOM CeTKU PErUCTPa-aKKyMyIsITopa.

Taxum 06pa3oM, Bce HeraTUBHbIE IPOOIEMbI KBAHTOBAHISL, IIPUCYIIIVe
1 ppoBbIM (PUIIBTPAM C BellleCTBEHHOM apUPMETHKOM BEIYUCIEHHUI, OT-
CYTCTBYIOT B I€JIOUNCICHHBIX U(PPOBBIX GUIBTPAX BBUAY OTCYTCTBUS
CaMoil POIefyPhl KBAHTOBAHUS NAHHBIX IIPH Peaan3aliuyl aATOPUTMa
I[eJIOYUCICHHON prutbTpanun.

Yo KacaeTcst He06XOAUMOr0O MaCIITAOUPOBAHHSI CUTHAIA B KACKATHbIX
11udpoBbIX GUIBTPAX, TO B GHUILTPAX C BEIIECTBEHHON aprdMeTHKOM
BBIYHCIIEHHI 9TO OOBITHO JeIaeTcsl 0 MeTofuKe JIKeKcoHa IyTeM BBe-
IEeHUs B CTPYKTYPY 3BeHa CIENUATbHOTO MACIITAOUPYIOIIEr0 yMHOXKI-
Tesst ¢ K03(pPUIHEHTOM YMHOKEHHS A, PABHOTO CTENEHN THUC/IA ABA, IPH
KOTOpOM He BO3HUKaeT addext mepernonnenust. To ecTb 3fech omepanuu
MAcCIITaOUPYIOIIEr0 YMHOKEHUS B 3BEHBSIX CBOLATCS K IIPOCTBIM CIABHUTAM
(8, 10, 14]. Ho To4HO TaKasi ke IIPOLIeAypa PErUCTPOBOTO CABUTA SIBIISETCSI
LOC/IeHEH B pacdeTe OTKIMKA [[eJIOUUCICHHOTO 3BeHa, TO €CTh BIIOJIHE
MOXKeT OBIT UCIIOIB30BAHA U IS MACIITAONPOBAHUS €T0 yCIICHNS.

pybpuka | pOeKTupoBaHue

OnHaKo pacdeT TaKOr0 MaCIITaOUPOBAHUS LEIOIUCIEHHOTO 3BeHa r0-
Pasmio Jierde OCYyIIeCTBIATH He IPUMeHeHHeM, HalpuMep, Lp-HopMbl win
u3MeHeHneM K0a(ppUIMeHTOB YnCITUTENS TepefaTOIHON PYHKINH 3BeHa
[8, 14], a mpsiMbIM BBeZieHIEeM TpeOOBaHMs 0OeCIIedeH s MaIOro pasbpoca
K03(ppuIIIeHTOB IIepeiadn OTAENbHBIX 3BEHbEB (B Ipeliesie — PaBeHCTBA
xoaunnentos mepegain) HermocpencrseHHo B xone ITHIT-cunTesa ka-
ckagHoro nudposoro ¢pusTpa. PopManpHO TpebOBaHME MACIITAOHPO-
BAHUSI YCUIEHUsI 3aIIUCHIBACTCS B BHJIE IBYCTOPOHHUX (DYHKIIMOHATBHBIX
orpanmdenuii (11) u (21) axcrpemanbabIx 3amad [{HIT-cuHTe3a.

CuHTes 8-6utoBoro koppektupyiowero LLHM-cpunbrpa
TpaKTa rHApOaKyCTUYECKUX U3MEePEHU I

B yCII0BUSIX CII0XKHOM IIOMEXOBOI THIPOAKYCTUIECKOI 0OCTAHOBKY T'H-
IpOaKyCTUIeCKHe IIPUeMHbIe YCTPOUCTBA JODKHBI 00JIafaTh BEICOKIMHE
n3bupateabHbIME CBOlcTBaMU. [1pu cuHTe3e JaHHBIX YCTPOUCTB ¢ nud-
POBOIT 06pabOTKOI CUTHAJIOB 3a7a4a N30HUPATEILHOCTH aHAJIOTOBOTO
IIPHEMHOTO TPAaKTa MOXKET OBITh peliieHa [upoBeIM GuiIbTpoM (puc. 4).

Kpome xopommx #361paTebHbIX CBOYUCTB B YaCTOTHOM 00JIACTH, TAKOI
11 poBoIt GUILTP JOIDKEH UMETh JIMHEHHYIO (ha30-IaCTOTHYIO XapaKTepH-
cruky (PUX) 11t MUHUMH3AIMK HCKOKEHHIA TIPH TIPYeMe Ty MOMOTOOHBIX
CHTHAJIOB, @ TAKXKe OCYIIIECTBIIATh KOPPEKIIMIO HeIMHEHHOCTH AMIUIUTYHO-

CornacytoLmni
ycunutens

KoppekTupytowmit
undpposomn UNLTp

FmppoakycTuyeckas
aHTeHHa

Puc. 4. CtpykTypa npueMHOro ruapoakyCTMYECKOro TpaKTa

L

Puc. 5. BHewHui BUA rMapoaKkyCcTHYECKON aHTEHHbI

1,6
1.4 —
L —T1 T
|
1,2 "
N L |
1 |
N N |
0,8 T
|
0 +r———rr— e e e e
1 4 7 10 1316 19 22 25 28 31 34 37 40 43 46 49

YacTora, kl'y

Puc. 6. A4X aHanoroBoro rufpoakyCcTMYecKoro TpakTa
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9aCTOTHOM Xapaxrepuctuxu (AUX) mpenriecTsy-
IOIIIETO AHATIOTOBOTO TPAKTA (THIPOAKYCTHIECKOMH
QHTEHHBI U COITIACYIOLIIETO YCTPOLICTBA — PHC. 5).
Jlento B TOM, 4TO IIpU XOpoIe (pa3oBoil JIHHeN-
HOCTH aHAJIOTOBBIA TPAKT IIPUEMHOM THAPOAKY -
CTUYeCKOU CTaHIIUYU UMEET CUJIbHYIO HEPABHO-
MEPHOCTb MOZYJIs1 Koaddunuenta nepenaun K,
(pwc. 6), ITO IPUBONHT K CEPbE3HbIM HCKKEHISIM
[IPHHUIMAEMOr0 THAPOAKYCTHIECKOro CUTHAIA
B 33[JaHHOM I10JI0CE YaCTOT.

Koppexkius aMINIUTYJHBIX UCKaKEHUN aHa-
JIOTOBOTO TPaKTa {u(POBBIM IIBTPOM 3HAIU-
TEJIBHO 00JIerdaeT U yuelleByseT pacieT U u3-
TOTOBJIEHUE TUAPOAKYCTUIECKUX ITPUEMHBIX
U3MEPUTEIbHBIX aHTEHH, TaK KaK IIpU pacyueTe
AHTCHHBI MOXHO CHU3HUTD KECTKHUE Tpe6OBaHI/IH
K nuHeHOCTH ee AYX B 3aaHHOM 94aCTOTHOM
[HUAnasoHe, a IIPU U3TOTOBJIEHUH CaMOIT THAPO-
aKyCTUYEeCKOM aHTEHHBI JOCTaTOYHO no6uThCH,
C 3aIaHHOH TOYHOCTBIO, IIOBTOPSIEMOCTH Hapa-
MeTpOB 06pasIoB.

PaccMoTpuM mpuMep pelieHus 3TOH 3aia-
9H [IeJIOYUCICHHOTO CUHTe3a PeKypPCUBHOTO
xoppekTupyiomero ®HY, ocymiecTsisioiero
umbTparumio (ceneKIuio) rugpoaKyCcTuIecKo-
IO CUTHaJa B nojoce nponyckanus 0—43 k'
U yCTPAHAIOLIETO aMIIUTYAHbIE NCKAKEHUA
aHAJIOTOBOTO TpakTa (rpaduk Ha puc. 6) B 3TOM
II0JIOCE TaK, 9TOObI 00Iuit Koo duriueHt me-
penavu CKOPPeKTHPOBAHHOrO TpakTa Ky, B mo-
noce nponyckanus 0—43 x['m umen ycunernue
2 ¢ HepaBHOMEPHOCTBIO He 6oitee 5%, a B 1I0-
noce 3arpaxnenus (5060 k') obecrmeynBar
NOflaBJIeHNE CUTHAJIA HAa ypoBHe He Xyxe 0,1.
(Tpadux Tpedyemoit AUX CKOPpPEKTHPOBAHHO-
O TpaKTa MpHUBeJeH Ha puc. 7.)

Kz 2 5%

0,1 Ky
50 60

Puc. 7. Tpebyemas AUX ckoppeKTMpoBaHHOTO
TMAPOAKYCTHYECKOrO TpaKTa

Tax xax k09 bHUITMEHTHI epeadn aHaI0T0-
BOTO TpakTa K, KOppeKTUPYIOIIEro I poBoro
uibrpa K, cBs3aHDI C TpeOyembiM K0au-
I[IEHTOM IIePeladn CKOPPEeKTHPOBAHHOIO TU-
IPOAKyCTHYeCKOro TpakTa K, cooTHOIIeHnEeM
KKy = Kz 10 wacroTHbLil K09 unment
TiepeaId KOPPeKTHPYIOLIero nudpoBoro Gpuib-
Tpa MOJKeT OBITh IIOJTyUeH [efeHueM rpadukos
9aCTOTHBIX 3aBUCcHMOCTeit K, (puc. 7) Ha Kar
(puc. 6), 94TO B UTOTe IIPUBONUT K BeCbMa CIIOXK-
Hott popme AUX xoppekrupyromiero nudpo-
Boro ¢unbTpa (puc. 8). Ha aToM e pucyHke
[IPHUBefeHbI TPeOOBAHIS I K HEPaBHOMEPHOCTH
IPYIIOBOro BpeMeHu 3amasnbianus (I'B3) xop-
pexTHpylomiero GpuIbTpa Ha ypoBHe He Ooiee

npoeKTupoBaHHe pybpHxa

KKle.) = KTZ/ Ka'r

2,5

0,5

A B3
const +5%

[0 e e e e

1 3 5 7 9 111315 17 19 21 23 2527 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59
Yacrora, kl'y

Yacrora, k'Y

v

43

Puc. 8. Tpebyemas AUX n B3 koppekTHpylowero duabTpa

5% oT cpefHero ero 3HaYeHus B II0JIOCE IIPOILY-
CKaHUs GUIBTPA, ITO 06eCIIeINBaET BBICOKYIO
nuHeiHOCTh @YX KOppekTHpyoiero Gpuibrpa
B II0JIOCE IIPOITY CKaHUsL. DTH TpebyeMble TacToT-
HbIe XapaKTePUCTUKY (IIBTPa rpadUIecKy BBO-
ST B COOTBETCTBYIOIIIee OKHO (DYHKIHOHAIBHO-
TO pefakTopa MaKeTa CUHTe3a, Iie OHU onudpo-
BBIBAIOTCA ¢ HEOOXOIUMOI TOYHOCTHIO.

Taxkum 06pa3oM, UCXOIHBIE TaHHbIE K CHHTe-
3y KOPPEeKTHUPYIOLIero puibTpa BHIISIIAT TaK:
e [lonoca mponyckanus: 0—43 xI'.

o [lepexonnas nomnoca: 43-50 xI'.

e [lonoca mopasnenus: 50—60 kI,

e Tpebyemast AUX npuseneHa Ha puc. 8.

o Hepasuomeprocts I'B3 B monoce: He 6omee 5%.
e PaspspHocTs (uinHa coBa Koadduimen-

TOB): 8 6UT.

e MacmrrabupoBanue k03 PHUIUueHTOB Hepe-

Jla4u 3BeHbEB B HHTEPBAT {1-2}.

e Yacrora guckperusarun: 120 kI'm.

3azada 1eTOIUCIEHHOTO IPOrPAMMUPOBAHIS
IJIst MHOTO YHKIIHOHATEHOTO CHHTE3a PeKyp-
CHUBHOTO 8-6UTOBOTO KOPPEKTUPYIOIEro (puib-
Tpa B popMe KaCKaJHOrO COeIMHEHNS BOCbMHU
3BEHbEB BTOPOTO HOPsIKa ObLIA 3aMICaHa TaK:

F'(IX°) = minF(IX), mpu IX € I, (22)
~127<a,<127,d=12,i=18
~127<b, <127, d=12,i=18

a, € {2q}, q="08, (24)

]z | <1,i=148, (25)

1<K(e™)<2, i=18. (26)

Taxum o6pazom, MUHMMH3ALH 11eJIEBOTO
(YHKIIHOHAIA OCYIIIeCTBILUIACH Ha 40-MepHOM
IeIOYHCIEHHOM IIPOCTPAHCTBE 8-OUTOBBIX Ia-
paMeTpoB B IomycTUMOI obmactu (23) u (24)
IPH BBIMONHEHNH (YHKI[MOHATbHBIX OTPaHI-
JeHu ycrorrauBocTy prurbTpa (25) 1 MacuTa-
6upoBauuu (26) kK03bUINEHTOB yCUIEHNS
3BEHBEB B 3a[[AHHbII HHTEPBAIL

ITpy IOMCKOBOM CHHTe3e KOPPEKTUPYIOIIEro
¢dunbTpa ¢ nuneitHou dasoit [11, 15] unn, 4ro
TO K€ CaMOe, C IIOCTOSHHBIM BpeMeHeM IPYIIIO-
Boro 3amasapiBanus (I'B3) B mosoce mporycka-
Hust GUIbTPa, HeneBast GyHKuusI popmMuposa-
JIach B BUJIE A AUTHUBHOMN CBEPTKH ABYX IaCTHBIX
meseBbIx GyHKIHi fqy(IX) 1 frp3(IX), obectre-
IUBAIOIINX, COOTBETCTBEHHO, BBIIIOIHEHHE TPe-
60BaHUIT KaK K AMIUTUTYIHOM CesleKuuu (prrb-
Tpa (puc. 8), Tak U K MOCTOSHCTBY ero I'B3:

F(IX) = By fpux(IX) + Bofrps(IX), - (27)
rne JacTHas neseBas GyHKuus frps;(IX) ompe-
neyisieTcd MaKCUMaJabHBIM OTKJIOHeHHeM ['B3
¢dunbTpa 0T TPeOyeMOro 3HaUeHHs T' B II0IOCE
IpoIryckaHus GpribTpa:

frs(IX) = At = max|t(IX)-17l,
a menesast pyukuus fyqx(IX) 3amaBanacs cpen-

HeKBA[PATUIHOM OIINOKOI BEIIIOIHEHHS TPe-
6oBanuit K AUX KoppekTHpyiomero GuibTpa:

%Zp: [v,ax)-7,"T.

n=1

f AlIX(IX) =

3nauumocts TpeboBanmit K AUX dunbrpa
u ero I'B3 6bu1a 3amana onuxaxosoit (B, =, =1).
Bpems perenns atoii 3amaun Ha OBM He mpe-
BpIIIan0 30 MUH., IpUYeM 3HAYEHHUE 1[eJIEBOTO
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K 2,5
25— K
K:p — CKOppeKTUp. TpakT
— Tpebyemas 2 J o~
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15 1,5
1 1_/\/\/
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0,5 0,5 A
0 PO A L B R
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58
Yacrora, kMY Yacrora, klMy

Puc. 9. Tpebyemas 1 cuHTeanposarHas AUX KoppeKTHpyloLLero drabTpa

Puc. 10. Monnas AYX cKOppeKTUPOBAHHOTO MMAPOAKYCTUYECKOrO TpaKTa

YacTora, kl'y

YacrorTa, kly

0,1 5,74
0,08 1
0,06 1
£
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o
0,02 4 g"
3 o 8
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1 YacToTa, kl'y 43
Puc. 11. Ownbka koppekumn AUX B nofoce Puc. 12. ®YX B nonoce nponyckaHus
0,2 0,13
N ™
e — / \ TN \ I
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\[/ / \[ ]
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1 43 1 43

Puc. 13. B3 cunbtpa B nonoce

yuxiponana (27) B HaYaIbHOM TOUKE COCTAB-
15110 3930, a 3HAUEHHE B TOUKE OLTHMyMa ObLIO
paBHO 0,0367 11pu IOJTHOM BBITIOJTHEHUH YCJIOBUIA
YCTOMMHBOCTH KOPPEKTHPYIOIEro (hHIbTpa.

B rabnuie npuBeneHpl ONTHMAJIbHBIE 3HAYe-
HHS [EJIOYHCIIEHHBIX 8-OUTOBBIX K03 durimeH-
TOB IIepPeNATOYHOM QYHKIUH (IIBTPa, 2 TAKKE
IOCTUTHYThIe 3HAYeHUS KOO UIIMEHTOB YCH-
neHus ero 3BeHbeB. (Hopmupyromue xoad-
unnenTs! Bcex 3BeHbEB OBUIN OTUHAKOBBL: dy;
= 64.) Ha puc. 9-14 npexncrasiens! rpapuxu
(pyHKIHMOHATBHBIX XaPAKTEPUCTUK KOPPEKTH-
pyoiero ¢GpuIbTpa B TOYKE ONITUMYMA JIS 4a-
CTOTBI AucKperusanun 120 k.

Puc. 14. HepasHomeproctb B3 B nosoce

Kak BunHO, AYX cuHTe3upOBaHHOTO (HUIIb-
TpPa C BBICOKOH TOYHOCTBIO COOTBETCTBYET Tpe-
6yemoit st ero koppekuuu. Ha puc. 10 npu-
BefieHa noyHast AYX cKOppeKTHUPOBAHHOIO
TpakTta K, B CpaBHEHHH C MCXOJHBIM HECKOP-
PEXTUPOBAHHBIM, a Ha puC. 11 npexcrabiena
omn6xa koppexnuu AK = K, —Kr,. Kax sug-
HO, B II0JI0CE NpONycKaHua Tpakra 0-43 kI

3BeHo
cunbTpa

KoadhpuumeHtsi
nepeAaTouHo! hYHKLUHHM unbTpa

Ta6nuua. OnTuManbHble 3Ha4EHHs LEOYUCEHHBIX
8-61TOBbIX KO3(HPHLMEHTOB NEPEAATOUHOM PYHKLIMM
chunbTpa

Ycunenue
3seHa K .,

1,37

ommmubka koppexiuu AUX He mpessiraer 0,08,

TO €CTh HaXOLUTCA B 10Jie 5%-HOTO AOIyCKa.

Hepasuomepuocts I'B3 (puc. 13, 14) B momoce

cocrasiser 0,0058 Mc Ipu cpeiHeM ee 3HaYeHUU

Tp= 0,12 Mc, TO eCTb TaKKe HaXOIUTCA B IIpefe-
JIaX yCTaHOBJIEHHOTO IOITyCKa.

1

2 —78 35 -20 35 —45 1,54
3 -8 32 38 18 80 1,81
4 21 19 4 1" -1 1,83
5 —44 21 26 —60 6 1,27
6 =23 | 20 8 4 =il 1,83
7 17 13 —6 —20 | —100 1,85
8 1 0 24 —34 | -85 1,81
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HocturnyTas paHoMepHOCTh 'B3 ompe-
IessieT BBICOKY0 uHeHoCTh PUX (puc. 12).
dazoBble HCKaKeHUS AQ(®) B IOJIOCE MPOITY-
CKaHMs KOPPEKTUPYIOIIero (puibTpa He IpeBbl-
maror 1,5°.

BbICOKHIT YPOBEHD JOCTUTHYTOTO B XOJie
CHHTe3a MaCIITAOMPOBAHUS yCUIEHHUS OM-
TBEPIK/IAIOT IIPUBEIEHHbIE B TA0INIe MAKCH-
MajbHbIe 3HaYeHUs K09 (UIMEHTOB yCue-
HUS KaCKa/[0B (3BeHbEB) CHHTE3UPOBAHHOTO
KoppexTupytotiero ¢pumibtpa. Bee koadbdunu-
€HTBHI YCHJICHUS HAXOISITCS B TI0JIe 3aTaHHOTO
uHTepBana {1-2}.

Taxum 06pasom, Bce TpeGOBaHUs 10 GYHK-
[MOHAJIBHBIM [TOKA3ATENSIM 1 XapaKTEePUCTH -
KaM 8-6HTOBOro KOppeKTHpyouero Gpuibrpa
THAPOAKYCTHYECKOTO TPAKTa B MPOI[ECCE €0
IIHIT-cuHTe3a OBLIN BBIMTOJTHEHBI C BBICOKOM
TOYHOCTBIO. [TpaKTHdecKas peanusanus moj-
TBEPAMIA CHHTE3HPOBAHHbIE XaPAKTEPUCTUKH
KOppeKTUpYIoIIero GpuibTpa.

3aknioueHue

MeTonbl 11eT0UUCIeHHOTO HeJINHEHOTO
[IPOTPaMMHPOBAHYS B IPHIOKEHUH K 3a[adaM
[IPOEKTUPOBAHMUS [U(PPOBLIX (PUIBTPOB SBILSL-
IOTCS COBPEMEHHOMU U BECbMA MEPCIIEKTUBHOM
QIbTEPHATHBOM TPALUIIMOHHBIM KIaCCUIECKUM
MeTolaM IPOeKTUPOBaHUs HU(POBBIX HUIB-
TpoB [8-10, 12, 14]. ITpuHIUIHAIBHOE OTINYKE
IIHII-cuHTe3a 3aK/I109aeTcs B TOM, 9YTO B JaH-
HOM CJTydae ISl yIOBJIeTBOPEHIUSI TpehyeMOoro
¢$yukuroHupoBaHus GUIBTPA HA CTANUU €TO
IIPOEKTUPOBAHMUS He HCIIOIb3YIOTCS HUKAKUE
HCKYCCTBEHHBIE IIPHEMbI U IIOIXONBI KIaccude-
CKHX METOIOB (aHAJIIOTOBbIE IPOTOTUIIBL, METO-
[IBI AIIIPOKCUMAIINY, BAPUALUY [IaPAMETPOB,
B3BEIINBAHUE OKHOM, 9aCTOTHBIE BBIOOPKH
4 1p.), IPUBOAAIINE K CYIIIeCTBEHHBIM OTpa-
HUYEHUSIM B BBIIOIHEHUH (YHKIHOHAIBHBIX
TpeGOBAHUI U CUCTEMATHYECKUM OIIHOKAM,
a OCYIIIeCTBILSIETCS IPSIMOI ITIOUCK HeOOX0mH-
MBIX [[eJIOYHUCTEHHBIX K03 durnenToB Huiib-
Tpa IPSIMO TI0 €r0 MAaTEeMATHIECKOMY OIIpefie-
nennio (Mozenu). KpurepueM moucka sBiseTcs
COOTBETCTBHE COBOKYIIHOTO TEKyIIero hyHKI-
onuposanus [THIT-¢unbrpa ero tpebyemomy
(YHKINOHUPOBAHUIO.

npoeKTupoBaHHe pybpHxa

CoBpeMeHHbIe AITOPUTMUIECKIE KOMILICK-
CBI [EJIOUHCIIEHHOM MIHIMHU3AINY TI03BOJIIIOT
pelIaTh TaKylo 3aady BecbMa HaeXHO 1 3d-
(eKTUBHO P BBHIIONHEHUH BCEX BHEIIHUX
Tpe6GoBaHUIT U OrpaHUIeHH K paboTre 1udpo-
BOro puabTpa. OTO JaeT BO3ZMOKHOCTD CyIIie-
CTBEHHO IIOBBICUTH Ka4eCTBO IPOEKTUPYEMBIX
$unbTPOB, COKPATUTD BpeMs UX PaspaboTKu
U 3aMeTHBIM 00Pa30M CHU3UTb UX CTOMMOCTb.

Marepuassl, IpUBefeHHbIE B CTaThe, IOKa-
3BIBAIOT, YTO B CPABHEHUH C TPAAUIMOHHBIMU
HOAXOIAMU CHHTe3 [UPPOBBIX PUIBTPOB Me-
TOLOM I[eJI0YUCIeHHOTO HeINHENHOTO IPo-
TPaMMUPOBAHUS [I03BOJISET:

1. OcyecTBIATh CUHTE3 KaK PEKYPCUBHBIX
(IIR), Tak u HepexypcusHbIx (FIR) duabrpos
OTHOU 1 TOM >Ke Me0JIoTHel HeJIMHEMHOTO
I[eJIOYNCIIEHHOTO IPOrPaMMUPOBAHUS C HC-
10JIb30BaHUEM OJHOM U TOM JKe IPOTrPaMMbl
KOMITBIOTEPHOTO CHHTE3a.

2. Ocy11ecTBIATS CHHTE3 PUIBTPA 10 COBOKYII-
HOCTHU TPeOyeMBIX ero XapaKTepHCTHK, IPH-
IeM MO>KHO JIETKO YIIPAaBJISATh IPUOPUTETOM
(byHKIIMOHATBHBIX XapaKTePHCTHK B IIPOLIEC-
ce cuHTe3a QHUIBTPA.

3. PopMa XapaKTePUCTUK MOXKET ObITh IPOH3-
BOJIbHAS, YaCTOTHAs IIKaja — TpebyeMas
(nuHeitHas, morapudmudeckas u fp.).

4. BosMO)KHa IIMpOKast pparMeHTaINsI XapaK-
TepUCTUK (PUIBTPA, KOITA BAXKHBIE YIACTKU
BBIJE/SIIOTCS B OTAENbHOE (PYHKIHOHATHLHOR
OKHO 1JIs1 06eCIede s UX AeTaIbHO IPo-
paboTKH B XOfle CHHTE3a.

5. YCTOMYIUBOCTD PeIeHNUs ISl PeKYPCUBHBIX
I1eJIOYHCIIeHHBIX (PUIBTPOB MOXKET OBITH ra-
PaHTHPOBaHA IPUOPUTETHBIM BBIIOTHEHIEM
(byHKIIMOHATBHBIX yCIOBUI yCTONYUBOCTH
B IIpoI[ecce CHHTE3a PHUIbTPA.

6. llemouncienHass TUCKPETU3AMUS NIPO-
CTpaHCTBa HapaMeTpoB (k03 UIIeHTOB)
¢unbTpa 103BOJISIET HOMYIATh IPOCKTHbIE
PeLIeHNs B IeJIBIX YUCIIAX, YTO CHUMAET BCe
OrpaHMYeHNs 110 apH(MeTHKe BEITUCICHII
npu peanusanuu [THII-¢unstpos Ha m10-
6p1x 1udpoBsIx wIaThopMax (CUTHAIBHBIX
porieccopax, kourposutepax, INTUC) ¢ ycra-
HOBJICHHOH PaspsIHOCTHIO MIPEeNCTaBIeHUSL
JaHHBIX, @ TAKKe Ha KPUCTA/UIAX 3aKa3HBIX
nnu nonysakasabix CBHMC.
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