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NMPEANCIIOBHE

Jlnsa ycmemHOro ocymieCTBJeHHS JI000ro 3HAaYMTeAHHOI0 HAYHHA-
HHEA, DON00HOT0 HANMCAHWIO JAHHOA KHHATU, HEOOXOAUMH HNOMOIb
H noffep:kka. ABTOpPH xoTexdm OH BHpa3uTh HPHU3HATEIHHOCTH CO-
TpyAERKaM ¢upmu Bell 3a momomp Ha BCex aTamax HOATOTOBKH 3TOH
kprrd. Mu xoreau O oco6emHO mo6iaromapurs I'eHpum Payma u3
gepTe;KHOro 0I0po, a TakKe r-Ry Puuapic m r-xky OanBapu B3 Mamm-
BOIHCHOTO 0I0po 3a X HeoneHmMYI0 Iomompb. I'-;ka Besepam Macaii-
THEC TaKKe OKAa3KBaja HaM IIOMOINb, IepeledaTHBas pasjWmdHbe Ba-
praHTH 270 KHErE. ['-:ka Hatm lllmmam momorana cocraBaaTs mpo-
rpaMMBl, KOTOphe ORJIM HCHOJBL30BaHH B 9TOH KHHre. ABTODH XOTe-
am OH TaxsKe moGaarofapmuts Oubamorpadwmueckmit ornen ¢mupmu Bell
8a cofeiicTBHe B IOJTOTOBKE pPYKOIHUCH.

IloaTm onHOBpeMeHHO ¢ nyOaMKanued 9TOA KHHUTH BHIAJET B CBET
nononsalomasa ee kmmra OnmemreitMa ®w [lladepa. llammasa xmmra
npeflHa3HaYeHA B OCHOBHOM [JIA WH/KEeHEPOB-IPOEKTHPOBIIAKOB W MO-
OT CAYXKHUTh yIeOHHM I0COOHEeM Ha KypCax IOBHINEHHA KBaAM(AKA-
oEw, rorja kak kHmra OnmeHreiima m [lagepa paccumrana Ha acmou-
P2HTOB 3J€KTPOTeXHHIECKUX CHENAAABHOCTEH M IOCBAIIEHA B OCHOB-
HOM I'Iy0OKOMY pacCMOTpeHHWIo (yHIAMEHTAJABHKIX TeOPEeTUIeCKUX BO-
opocoB. B Hameit ;Ke KHuUTe IiIaBHOE BHEMAaHUE yIeJeHO [AeTaabHOMY
M8JI0KeHHI0 MOCJeJHNX [OCTU;KeHHU B o6aactu nmudppoBoit 06paboTku,
BRNI0OYasA METONH pacdeTa NUPPOBHX (PUIABTPOB U CHENHATIU3UPOBAH-
HHX YCTPOACTB, a TaKKe IpaKTMIeCKOMY NIpHMeHeHHI0 uudpoBoit
06paGoTkm. AcnmpaBETam GEo GH HamGojee Nenecoo6pa3sHO HCHOMIL-
80BaTh 9TW KHAI'W B Cle[yIOOed IOCJIel0BaTEJIBHOCTH: CHA4alla B Te-
4YeHHe oJHOTO ceMecTpa mpopaborats KHury Onnenreitma u Illadepa,
8 BaTeM HepedTH K M3y4YeHHMIO HOBEHINIUX MeTO[0B, MCHIOJAB3YA Hally
KHUTy. 37ech CieyeT OTMETHTb, 9TO MH B [OJTY Iepeji yKasaHHKIMH
aBTopaMm 3a 0JaroTBODHOE TeXHWYECKOE COTPYAHMUECTBO. B wgacT-
HOCTH, OfIMH H3 aBTOPOB 3To#t KHuru JI. Pabunep B Tewenme cemm ser
TeCHO cotpynumian ¢ Pomom ladepom, m 370 cofpysxecTBO IpHHECIO
e6My ray0oxoe YIOBJIETBODEHWE W B npodeCCAOHAJIBFHOM OTHOMEHHNH
ORIO BeckMa ITOOTBOPHHM. Bce MM Hauamm paboTaTe B 9TO# 06na-




6 Hpraucaosue

CTM HAyKM Ha paHHeH CTafuWm ee DPa3BUTHA n «BRIDOCJH» BMecCTe ¢
Heit. WHTepecHO oTMeTuTB, UTO, XO0TA OGE 9TH KHHIU HAaIOUCAHK Hesa-
BACHMO NPYT OT Ipyra, 9acTbh MaTepHala B HUX ABIFOTCS obme, gro
Heu30eHHO 1A KHur, KOTOpLle B HEKOTODPOH Mepe HpPETeHAVIOT Ha
UOMHOTY u3nomeHndA. B aroii cBAsu vB Brpakaen riy0OKyIo npusHa-
TelIpHOCTE OnmenreiiMy m [lTagpepy 3a To Gombmmoe BIIMSHKE, KOTOpOe
OHH OKasalW HAa MeTONUKY H3JI0;KeHAA TeOPeTHIeCKOr0 MaTepuaa
UEPBEIX IiaB KHHTH; NO-BUANMOMY, 9TO BAMSHHE OCOGEHHO 3aMeTHO
B IJI. 2 NP A3.10/KeHUH TEOPHHU AUCKPEYHBIX JIUHEHHBIX CHCTEM W B He-
TOPBIX pasfielax IJ. 9 OPH OLUCAHUU 5pPeKTOB KOHewHOI paspsaa-
HOCTH apuMermaeckoro yerpoiicrsa. Oimako (A MB yBepeHH, 4TO
Hallld  KOJIIETH COTJIACATCH C JTHM) Hamei OPU3HATETBHOCTHIO 3a
9Ty IOMOINb MH MOeM JHIIb B He3HAYUTENbHOH CTeIloHM orbmnaro-
lAPATHL UX 33 Telll0e H NMPONOKHTENBHOE TOXHHTECKOS COTpynMHHMIE-
CTBO W, 9TO0 eme 6oyee BasKHO, 33 ux Apy:xKO0y ¢ Hamua., MBI x0Tequ GbI
TAKIKE BEIDASATH NPABHATENBHOCTE JBYM BHJAIOMUMCA CHeNHATUCTAM
B obmactn nudpoBoit 06paboTKu CHTHaANIOB Hapassy Painepy us
JIMEKONBHOBCKOM naboparopur u [I:xeiimcy Raitsepy, corpyammry
¢upmur Bell, ¢ xoropsmm mas DOCYACTIHBUIOCH GAM3KO MO3HAKO-
MUTbCA. Hame Texmmueckoe COTpYNHAYECTBO C ITHMH CHEIUANKUCTAMM
OBLIIO OuYeHD IJIOOTBOPHEIM. MBI O1arogapHE Yapassy Paiinepy 3a
€ro y4acTue B HOATOTOBKEe K NeYaTH pasz. 6.19, mocsamennoro CBepT-
K6 M KOpPeNALUM, BHIIOMHAEMBIM C HOMOIIHIO Te0PETHKO-9UCIOBHIX
npeo6pasoBaHuii.

SHauUTeTLHAS TacTh Marepuara ria. 5, Kacaomerocs 3¢dexToB
NBaHTOBAHMA B NAPPOBHX (PuiIbTpax, OCHOBHBAETCH Ha BAa;KHBIX pa-
6orax Jlenanma [Ixexcoma (Rockland Systems Corporation) m Kaud-
$a Baiinmreitna (JIuBEKOTBHOBCKAS mabopatopuss Maccauycerckoro
TEXHOJIOTUIECKOr0 MHCTATYTa). B TaCTHOCTH, [[KeKcoH mpegocraBum
HEKOTOPEIe rpaduEIecKue MaHEHe, OPABeTeHHLE B 9TOH rnaBe u 1, 9.
Qororpadun, mcmonbzoBaHmbe B pasa. 7.21, 6uau mpenocTaBieHE
opod. Tomacom Croxxasmom us YHuBepcutera mrara IOra, a Tawmxke
npo¢. Jleonom Xapmonom u Amnamon CrpeapnoBrM m3 YHuBepcurera
Case Western Reserve.

3HaguTeNRHASA WaCTD MaTepuata ri. 8, HOCBAMEHHOM CHeNuANn-
SUPOBaHHRIM yCTDPOMCTBaAM IJd 1udpoBoit 06paborru CUTHAJO0B, OBLIA
3aMMCTBOBaHA U3 OMyGAMKOBAHHEX PaGoOT H TOITOTOBIEHA C IOMOIIBIO
Koaner w3 JIMHKOIBLHOBCKOM naGopatopnm MaccadyceTckoro Ttexto-
JIOTU4eCKOT0 MHCTUTYTa. MHOIme cBelenums B3ATH uB CHPaBOYHUKOB
M PYKOBOACTB N0 IPUMEHEHMIO HHTEIrPambHHIX CXeM, OOYGIMKOBaH-
HEX ¢dupmoit Motorola. ITons Maxxbio, T;xo Tuprm, Anan Marxag-
nuH, Ilurep Bramkenmun, Axpbepr XamTyH n Hapass Paiinep ms
JIMHKOALHOBCKOI naboparopum MTH nomoramu s HOATOTOBKE 3TOi
rnaBu. Kpome toro, Goanmoe samsnme ma U3JT0KeHUe MaTepmaja Ho
YMHOUTeNAM OKazana pabora Crumrmamoca Ilesapeca mo marpmameim
ymaokATeNAM. Ocobylo 6naromapHocTs M AOJGKHEL BEIpasuth [lu-
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repy BIaEKEHIIHIY 32 paspemienue HCIONb30BAThH B :aToriI ;;1;\;3; H(ier;
. eETENAM U apU(METHICCKUM YCTPOACTBAM C ! i
panﬁz:gﬁnoa TaK/Ke 3a TOJe3HEIe 3aMeYaHusA ¥ HoJpoOHBIH pasbop mep
3a ’ .
BT Bapz[aiilapafc(;fmrﬁ;i?ﬁmenbﬂocn, cOTpyAHUKAM JIMHKOJBHOB-
CKOQB;(;%opaTopnn MaccauyceTcKoro Te)mo.norxa([;;ecE})c01*1\(‘)I \KBH(;I‘M%g’;;
Xo¢mrerepy, ITutepy baamkemmuny, C. E. My o1y
Snnapnysa moJie3HEIe COBeTH, KPUTHYECKUEe 3aMedaHud U HOIOJHe
]311&;311;13’ NoCBAMIeHHOA NpuMeHeHUIo Nu@poBoOi 06pa6c(])71'1;11~;11:I Bnpﬁffﬁg:
noxammeE. B uactHoctH, XodmTerep T06esHO cora p
i I Hl.
Tpelﬁa?{?)%zzn ;ilp]if;aigfmrﬁigonmym Opu3HATEABHOCTD qagg;}:z
i , BHUMATEJBHOE W TIIATEJIbHOE pelaKTUPO
5::; eggxggng;?bgl He TOJBKO HCOPABUJI HEKOTOpDHIE Ma;inﬁ;r;;;:
CKHe M Joryueckue omuOKA, HO BHEC TaKXKe PAJ NeHHEIX I;I())i}:[) Oemui
KOTOpHie cmoco6crBoBaiu 6ojiee IOMHOMY ocBeruema[Il(:I feb p
HHX BOIPOCOB. MH oueHb 06A3aHH eMy 3a 3Ty IO m;ﬂ. Damara
Heo6xonEmM0 BHPa3HTh 0JarofnapHOCTh I[;ReﬁnMc): ﬁoro amara-
Hy 32 ero PyKOBOACTBO B TeueHHe pAja Jer pa %Ton (;l-r oy
(JI. Pa6unepa) B ¢upme Bell. E}ro OOHEMAaHUEe IIPO JIgM n%a ot
CBABAHHEIX C IO/IrOTOBKOM 9TOi KHHTH, C/le1ano paboTy
00eHHO TPHUATHOM.
KOBI?:;:;;aoe?ccamaﬂ mgﬁo}caa 6iarogapHOCT M npnsnau*enznz::;;
JOJGKHBI OHITH BHIpasKeHH HAIOHM CEMbAM 32 X TepIeHHe, BHIJ Iéom,-
W MOHEMaHMe, KOTOPHEe OT HAX HOTpPeGOBaJHCH B 3HAYHTEIHHO Goms-
meil Mepe, 9eM o0HgHO. Ilockoabky sTa KHuUra ORLIA nongom eita
B OCHOBHOM B Hepabouee Bpems, T. €. B Te TacHl, KOTODHE O HquMBH
CBAMICHH CeMbe, TO Te ABAa C HOJOBHHOM Tofia, KOTOpEHIE Hahl}lhyll ((:)(3I -
OOTepANH, ABIAITCA HEMaJKIM BKJIAIoOM B 3Ty palory.
O1aroflapHH HAIMUM KEeHAM U NeTAM 3a HX IOMOILL

Jloypene P. Pabunep u Beprnapd I'oyad
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BBEAEHUE

1.1. Kparkuii HCTOpUYECKHil 0uepK M HEKOTOPBIE KOMMEHTapHH

Eme ¢ ceperuns 40-x rofos, ecin HE panplile, CHEIMANACTH IO
pafEoaIeKTPOHIKe HaTall 3aJyMEBaTbhCA HaJ BO3MOMKHOCTBIO npu-
MeHEHHS CIeNualu3MpOBaHHRIX nuE¢pOoBHIX YCTPOHCTB JUIA pemeHnd
pasnooﬁpaaﬂmx 3ajad, CBA3aHHBIX C 06paGoTKOH CHI'HANOB. Taxk,
mampumep, JleMmelhb (1948) BcmomMuHAET Geceny me:xay borne, [len-
HOHOM W HECKONBKWME [PYTMMM HaydHEIMI COTpYAHMKAMH (upMbL
Bell Telephone 0 BO3MOKHOCTH HMCHOIL30BAMHA mu@pOBHX dIeMeH-
TOB JUIfA CO3[aHUA (QUIBTPOB. [euero u roBOpHUTH, YTO B TO BpeMi
pEBoOIN He Owurd OJaroNpUATHBHIMU. C ToOYKH 3peHHUsA CTOMMOCTH,
pasMepoB U HAIEKHOCTH IpefmoYTeHNE CIEN0BaL0 OTIATh aHaJIoTO-
Boii QUABTpALME H AaHAJOTOBEIM MeTOJaM CHEeKTPAAbLHOTO AHAJNH3A.
Croxxam (1955) coobmaet, 9T0 B 50-x romax JIuEBMAB, TOTAAa IPO-
geccop MaccaayceTcKoro TeXHOJOTHIeCKOro HMHCTHTYTA, obcyxaan
Bompockl nudpoBoii GuIbTpANUH Ha ceMuHapax CO CBOWMHI acmdpaH-
ramm. K aToMy BpemeHM Teopus yIpaBJIeHHH, gacTU4HO OCHOBAHHAA
Ha paGore I'ypeBuda (1949), yxe yTBEpAHAACH KaK CaMOCTOATeIbHOE
HayuHOe HAIpaBjeHue; OLLINA ray6oKO H3YIeHBl IPUAIIMIE! ANCKPETH™
sammm Kose6aHWE ¥ BO3HWKAIOMUE Ipu dTOM CIEKTPAJBHLIE 3P PEKTH,
a MaTeMaTHUeCKdWid ammapaT TeOpUH z-npeoGpasoBanus, CYIMECTBO-
BaBmmil eme co BpeMeH Jlamnaca, HagaJ HaXOAUTH npuMeHeHHe B pa-
MODIEeKTPOHUKEe M CMEHKHRIX [AuCIHIIHHAX. OnHaxo MOCTHTHYTHIH
 YpoBeHb pa3BUTHA TeXHHKH IIO3BOJAN IOJYIHTH npaKTHiecKue pe-
3yasTaTH TOABKO B 3ajadaXx yIpaBJeHUA MeqJIeHHHIME IIPOIEeCCaMHu
B 06paGoTKH HU3KOJACTOTHBIX cefCMAUCCKUX CHTHAnOB. XOTH ceii-
CMoJory IpM pemeHud MHOTHX mHTepeCHEX 3afad J0BOJIBHO MIAPOKO
RCIONB30BAMM IHOHATHS, OTHOCAIMECA K nuppoBoi PuaAbTpanuu,
Gostee mmu MeHee cTporasg TeoOpHU:A nugpoBoi 06paloTKA CHTHAJNOB HA-
Yama c03[aBaThCA JAMBb C CePelMHEl 60-x romos. K aToMy BpeMeHH
6Han omeHeHH HOTEHNHAIbHHE BOBMOKHOCTH AHTErpajbHBIX MHKPO-
€XeM, 9TO HO3BOJHIO IPEACTaBUTDH monHylo cucremMy 06paboTRKHM cur-
Ha)oB, juiA KOTOPOH Hamaydmas TeXHUYeCKad peanusanus Opma OH
EMenno nrQpOBOM.

- Ilepsuit KpynHHI BKJIaJ B TEOPUIO nudposoit 06paboTKM CUTHA-
0B, KacalOMUEACA aHajlu3a B CHHTE3A nupoBEX GUABTPOB, ORI Clie-
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nan Haiisepom (pupma Bell); on mokasam, kax Mosno PacCCIATHIBATD
IA(GPOBEe QUALTPH C HYKHBIME XapaKTepUCTUKAMH, HCOOAb3yA 6u-
nuHeiinoe npeoGpasosanme. IIpuvepHo Torma e (1965 r.) moaBuaace
cratbsi Hyam m Toiokn o GbicTpom MeTome BHUmCIeHmS TUCKPETHOT O
mpeobpaszoBanna Dypre, gaBmas MomaEHNT ToTIOK Pa3BHTHIO DTOTO
HOBOI'O TeXHUYECKOT0 Hampasiaenus. Ilosxe MeTox ObLT pasBuT m cra
[MUPOKO U3BECTEH Kak Ohicrpoe mpeoGpasoBamme Dypse (BIID) 6ra-
rotapsa MHOTO4YACNeHHHM unyb6.aukamuam B [EEE Transactions of
the Group on Audio and Electroacoustics n Apyrux ;KypHamxax. Llen-
HOCTD 9TOTO METO/a 3aKJIKIaeTCs B COKpPAIleHHA BpeMeHH BHIHCIIHU S
AucKpeTHOro peobpasosannsa DOypre (Ha oguu-18a OOPAAKA Qs 60Ib-
IMUHCTBA IpPaKTAIeCKUX 3ajadg).

OnyGaukoBanme crathm Kyam u Thioknm VCKODHJIO pa3BHTHE
CTPOTOA M [IOCTATOYHO HOJHOH TeOpHH nudpoBoi puabrpanum. Bamk-
Helimee 3HageHme MeTofma BIIMD cocrommo B ToM, wro OH HATJSTHO
IPOAEMOHCTPHPOBAT, HACKONBKO HEPPOBEHE METONH HpH CHEKTPAsb-
HOM aHaJim3e MOTYT OKa3aThCAd DKOHOMHYHee aHAJOTOBHX. Ilocie coas-
famma Meroga BIID muTeHCHBHOCTL MccaenoBanmit B o6macT nudpo-
BOil MIbTPAIUM PE3KO BO3POCTa, W B HACTOSAIEe BpeMsa OudpoBHe
METOABL ITAPOKO HCHOOAb3YIOTCA NJIA CHEKTPATbHOTO AHANH3a CAMBIX
Pa3HOOOpa3HHIX CHTHAJOB, Ha9@mHafg ¢ HH3KO9aCTOTHHIX KoJeOaHHid
B CeHCMOJIOTHH M 3BYKOBHIX KOeGaHUil B IEAPOIOTHE W IpHA aHAJIA3e
peull H KOHYasl BHICOCHTHAJAMH B pPagHONOKAIIHH.

Boamoxuo, Hamboree WATEPECHEM acIeKTOM pa3BETHA HudpoBoi
06paloTKI ABIAETCS HOCTOAHHO H3MEHAIIIEecs COOTHOMEHHe MERIY
POJIAMHA, KOTOpHE UrpaloT NuPPOBHE PUILTPH ¢ WMIYIBCHHIMHE Xa-
PAKTEPHCTHKAMH KOHEYHOH u OeCKOHeYHOH /IWHH (Ha3LIBaeMbIe
RUX-punprpamn 1 BUX-buasrpamn cooTBeTcTBenHo). IlepBona-
qaapHbE aHanu3 KU X-puasrpos, nposenenmsiii HaitzepoM ¢ mcmomasn-
30BAHHEM BPeMEHHHBIX BECOBHIX QYHKIHA (OKOH), MOKa3aa, 9TO C TOY-
Kn 3peHud ofbema Bhrunciaenuii BUX-puabTpe smaumTenpHo addex-
TaBHee KU X-punbrpos. Onrako CToxxam B croei pabore o BrYnCIIE-
Hun cBepTkm MeTonoM BIID (mmum, togHee, o mudposoi buabTpanun
¢ ucnonbsoBanmeM HMX-puapTpoB) mokasam, 410 ¢ TouKm 3pemHus
o0beMa BEIYHCIEHMII peanmaallus KUX-dnapTpoB BHICOKOTO mopsaKa
MOKeT OHTh 9pe3BHYaliHO >(PPeKTHBHOHE, TaK uTO OpH CpaBHEHHH
KUX-buaprpoB u BUX-puapTpos yme Hexbss CYATATH, 9TO IIO-
CcTeiHNe UMEeHIT SBHOE NPEeHUMYIecTBO. JTOT BHIBOJ CIIOCOOCTBOBAI
YCHIEHHOMY HOMCKY d(pQeKTHBHLIX MeTomoB pacuera HKUX-punn-
TPOB.

PasBurne aTmx mccmenoBanmit IpHBENO K TOMY, 9TO BO MHOTHX
y9e0OHHX 3aBeleHMAX B aCUHPaHTCKHE, a TAKXKe B CTYIeHYECKHe mpo-
IrpaMMBl  9JIEKTPOTeXHNYECKHX CHEIHAJBbHOCTeH ORLIH BKIIOYEHDI
KVpCHl MH(PpoBOii 06paGoTKA CHrHAJIOB.

ITepBoit HONBITKON MCIEPTILIBAIOIIETO H3TO0KEHHI Teopuu nudpoBoi
obpaGorku cnruamoB Owuma kumra [oyaza m Poaitaepa (1969). Ity
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PRIy

[KHATY TPHMEHAIH B KavecTBe yIe0HOro LOCOOHMA IIA aCIHPAHTOB,
[ KaK DYKOBOICTBO JUIA MHKEHEePOB, paboTaoluX B IIPOMEILLIEHHO-
cra. ECTeCTBeHHO, YTO KHATA HE MOIIa IOJHOCTBIO YIOBJIETBOPHUTE
# Tex u Apyrux. He Hy:KHO HOKasHBaTh, 4TO X0powIee y4e0HOE IOCO-
pue MOKeT OHITL COCTaBJIeHO TOJILKO HAa OCHOBe KypCa, QHTaBIIEroCH
@ TeUeHAe N0 KpaidHEd Mepe HECKOJIBKHX JeT, W HOAXONANlero Ha-
popa 3agad. B To jKe BpeMA HH:KeHePH-Pa3paloTINKHE XOTeTH Ol
acoonarath Gosee OOMMPHKIMNE CBeleHHSAMH IO OPOEKTHPOBAHEI)
naAbTPOB H 00jee COBePINEHHKRIMH METOJAMH CHHTE3a, UeM Te, KOTO-
He CYIeCTBOBAJM K MOMEHTY HANHCAHUA KHHATH.

HzinomuB 3Ty KpaTKyI0 IpeAslcTOpHI0, chopMyampyem HaszHade-
fgae naHHoi MoHorpadum. IIpeskme Bcero oHa ajpecoBama HmpoOeKTH-
pOBIIUKAM amlapaTyphl W MPOrPaMMHCTaM, T. e, CHeNuajJucTaM, pas-
p)a6a'rHBanan cucreMbl 06paboTkn Jubo B BHje CHENUATH3HPOBAH-
HEX YCTPOUCTB, nm00 Ha ocHoBe yHmBepcaabHHx [[BM. Ham mpen-
¢TaBIAETCA, 9TO A Goablmedl MOJHOTH H3JI0KEHHA Marepuaga mHo-
MHEMO Teopud HudpoBoil 06paboTKE HeOGXOIUMO PacCMOTPeTh BONPO-
¢H ee NpHMEHeHHA K aHAJAM3y CHI'HAJAOB B pajJdo- W TEAPOJIOKAIIHH,
B MCCIEIOBAHUAX PN M MY3HIKH, B CEICMOJOTHHA U MeIHIAHe, a TaK-
%@ M3JIOKUTH OCHOBHE NU(POBON TeXHHWKH, OLpelead0lNed pasBHTHE
paccMaTpuBaeMoil o0sacTH W BEYUCIHTENLHOH TeXHHKH B IIEJOM.
Kpome Toro, 3a mocieaHee BpeMa GHuI0 padpaboTaHO GOMbIIOE KOTH-
7€CTBO HOBLIX METOJJOB IPOEKTAPOBAHHEA UPPOBLX QUIBTPOB H TEOPHA
cHHTe3a (UIBTPOB (XOTA M HAXOJAMAMCH, 0 HameMmMy MHEHHIO, HA
paHHedl CTalli|m CBOEro pasBUTHA) Hagala IPHOGPeTaTh 3PHMEIE Ogep-
TAHAA. AHAJOTHYHO cBoiicTBa aaroputmoB BIID uccaenoBaHH Bech-
Ma I0Ipo6GHO, TOrJa KaK BOIPOCH CHHTE3a M NPOEKTHPOBAHHA Im(p-
pOBHIX CIIEKTPOAHAJH3aTOPOB B JJOCTATOYHOA Mepe ellle He cucTeMarn-
3APOBaHE; NpOBelleHHe ITOH CHCTEMATH3AIlHM W ABAAETCA ONHOH W3
gamux 3ajad. [IpocmoTpeB oriiaBiaeHne, YATaTE b TOMYIAT GOsEE HOL-
pO0HOE mpencTaBieHHme O TOM, KaK MH HaMepeBaeMcsA NOCTHIb yKa-
8AHHOHN IEJIH.

Cnenaem mocmenmee ofimee 3aMedaHHe: B HEKOTOPOM CMEICIE TEO-
pHEI0 nEPpPoBoit 06paboTKE CHIHALOB MOMKHO PacCMATPHBATH KaK Ha-
60p MaIIHHHBIX aJrOPUTMOB, T. €. IPOCTO KAK OMMH H3 Pas/el0B BHI-
yACHuTeTPHOA MaTeMaTuRH. OnHako Teopua mnudposoir o6paboTkm
CATHaJIOB HMeeT, KaK HaM IPeJCTaBIAETCA, MHOTO OOINEro ¢ KJacCH-
9OCKOI Teopmell memeill m TeopHeil mpeoGpa3oBaHuil (B TOM Bmie, Kak
BX IpEeMo/laloT B BY3aXx), M TaKylo GopMY ee H3IO0KEHHA Telecoobpas-
BO coxpanuts. TakaM 06pa3zoM, yjiejauB OCHOBHOe BHHMAHEE IPAKTH-
9¢CKUM BOIIPOCAM CHHTE3a M NPOEKTHPOBAHHA NUPPOBHIX YCTpOMCTB,
MBL IOCTapaeMcA ClleJ1aTh 5TO He B ylllep0 TeOpeTHIeCKAM OCHOBAM Il p-
pPOeBoil o6paGorKu.
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1.2. O630p ocHOBHBIX Hanmpasienuii wHQPpPoBoii
00paboTku curnasnos

3a mociaefHee IecATHIeTHe 6BicTpo pasBHBalomuecs nudpoBLie
MeTOIN 06paloTKH CHTHANOB GHLIR BHEPEHH BO MHOINe pa3jedhl Ha-
YKA U TeXHUKH H CTAIM JIA HEX OPDOYHOH TEOPEeTUYECKOH 6a30ii.
®nr. 1.1 gaer HeKoTopoe IpejcraBleHEe O BO3HAKHOBEHHH 1 pa3BH-
TAW METOAOB NHPPOBOH 06paboTKN CHTHANOB, Hockonsky Teopus nag-
poBoii 06paloTKA B OCHOBHOM OIUPAaeTCA HAa TEOPHIO AUCKPETHHIX JIH-
HEeHHHIX CHCTEM C HOCTOAHHAEIME TlapaMeTpaMn, mOCHelHsAA HpelcTaB-
JeHa KaK 00neqWHAIMEe HA9aNo s Beex HalpaBIeHOI.

OcHOBHEIMA HampaBaeHEHAME ACIOXB30BAHAA METOI0B MH(PPOBO
06paboTkm sABIATCA nupposas ¢unbTpAnEA H COeKTpaJbHHIH aHa-
nm3. R nudpossiM dmasrpam ormocares KUX-puabrpsr @ BUX-
¢uabTpe. CHeKTpanbHEH amATES MOMKHO OpOBOAUTH IYTeM BHYHC-
JACHHA CHEKTPOB C HOMOIBIO JMCKPETHOTO npeoGpasoBanus Dypre
(AI1®D) uam nyrem BoEmCIeHES COEKTPOB C NpHMeHeHNeM CTATHCTHYE-
CKHX METO[0B, HApHAMEp NpPH aHANA3e CAYIANHHX CHCHATIOB (B 4a-
CTHOCTH, UIyMa KBAHTOBaHH:H, BOSHAKAIOMETO B OHPPOBHX cucTeMax).
B mpensinymem pasnene ysxe 6suro OTMEYeHO, 9TO Ha OpPaKTHKe IpH
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Qur. 1.1. OcHoBunte pasiemmt undposoit oGpaboTkn curgEaNos.
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CHeKTPAJIBHOM aHajIu3e, KaK OpPaBHUJIO, HCOOJIB3YIOTCS GHICTPOe Ipe-
o6pasoparre Dypre (BIID) m ocHOBaHHAA HAa HeM METONMKA BHYHCJIE-
gus OHCTpOlr cBepTkm. [IByMepHas o0paGoTKa CHTHAJIOB SBIAETCA
CpaBHHTEILHO HOBO 06NACTBIO, HMOSTOMY HANpABIeHHe ee Pa3BHTHA
momeueHO Ha ¢mr. 1.1 3maxom Bompoca.

JApyramu acmeKTaMi NE$poBoi 06paboTKE CHTHANOB, TaKkKe Mmpef-
craBIeHHEIME Ha ¢ur. 1.1, ApnATCA BasKHbE HPOGIEMH IIOCTPOSHAS
B DpEMeHOHHA HUQPOBHX cucTeM. [louTn Bece Teopermueckme momosxe-
HHA, Kacaollnecd IPOeKTHPOBAHHA MHPPOBHX PHIBTPOB H CIEKTPO-
aHAJNHESATOPOB, OKAKYTCA OeCOOJe3HHIMH, eCIH He GyqeT SCHOrO Io-
HAMaHAA 0Opo0ieM, BOZHHKAIONMEX BCIEACTBHE OrPaHUYEHHOH TOU-
HOCTH BHYHCJICHHHA IPH IIPAKTHYECKOM IOCTPOCHHH 3THX CHCTEM Ha
ocaose IIBM uim B Bume coemmanmsmpoBaHEEIX ycrpoicTs. Ciefo-
BATEABHO, MPOGIEeMBI HOCTPOGHHA CHCTEM B IEPBYIO odepelb CBSI3aHEI
¢ MAaTeMATAYECKHMHA BOIPOCAMH KBAHTOBAHUA B JUCKPETHHIX CHCTEMAX,
opudeM B 3aBHCHMOCTH OT TOr0, KaK CTPOHUTCH CHCTEMAa — HA OCHOBE

I{BM uim B Bujle cIenuaan3mpoBaHHOTO YCTpOiiCTBa, — BaKHO IpeJi-
CTaBAATH Cefe IPeMMYINeCTBA W HEJOCTATKH KaKIOrO H3 OTHX Ba-
pHUAHTOB.

Uurarexio cieayer o6paTuTh BHEHMAHHe Ha TO, 9TO IPH/IOMKEHHA
nappoBoit o6paGorTkm, mepeuncaennnie ma ¢ur. 1.1, apxgoTCs yKe
CIOKABIIMMHACS HAYIHO-TeXHAYeCKHMHA HAIPABIGHHAMHA, KOTOPHe IIO
Tpauiuy ONMPATCA HA aHAJOIOBYIO TeXHHKY 06paGoTKH CHTHAJOB.
Bonpocu o mexecooGpasHocTH pasBuTEA H OpAMeHeHHd HHPPOBHIX
MeTo/0B 0GpaloTKH CHTHANOB (IpH CTONL DasBUTOH H IPOXOJKAI0-
Meil COBePIIEHCTBOBATHCA AHAJOTOBOMR TeXHAKE) BO3HHKAJIH HEOIHO-
KpaTHO. MK cumTaeM, 4TO OTBET HY;KHO HCKATH B CAMOM CYIMHOCTH
HAyIHHX I TeXHUIECKAX MeTono0B. Ecam gopmysuposka rexnmuecknx
8a/1a4y 3a4acTyi0 OhlBaeT CTOND jKe PACILILIBIATON, KAK W B ryMaHH-
TAPHBIX HayKaX (HaOpEMep, B AHTPOMNOJOTMH, ICHXOJOTHH H T. a.),
TO UX pewenue Bce B GONbIIeHd CTeNeHH CTAHOBHTCHA 3aBHCHMBIM OT
TOYHOCTH MHOJNy9IeHWA M BOCIPOM3BOAHMOCTH De3YIBTaTOB 0GpaGor-
KA. B kagectBe mpmmepoB moskmo OpHBECTA MHOTOKpDATHHIE YTOYHe-
HAA 3HAYeHMHA CKOPOCTH CBeTa, HOCTOSHHON IlmaHka m Npyrax yHH-
BOpCANbHEIX (PH3UYECKAX MOCTOAHHKIX. Boxbmue yemmms HalpaBJeHH
Ha CO3[aHHE BTANOHOB YACTOTH N Bpemenn. Iloaromy, xorsa amasoro-
BHE CHCTeMH BO MHOTHX CIYy9asfiX MOTYT OKAa3aThCA 00Xee MemeBbi-
MM, 2apanmMuposannas TOYHOCTD W MAealbHAs BOCIIPOM3BOJAMOCTH
Pe3yIbTaTOB MenaloT NUGPOBEE CHCTEMH CTOIb HOPHBJIEKATeIbHBIMA
Alst mHKeHepoB. JTo Gyjmer B CBoo ogepedb CTHMYJIHPOBaThL COBEp-
WeHCTBOBaHME TeXHOJOTHH IIpOM3BOJCTBA UAPPOBLIX BJIEMEHTOB, 4TO
B KOHEYHOM HTOTe NpHBeleT K yHemeBIeHHIO NUGPOBHIX CHCTEM.
Taxum oGpasom, mormmo 0’KHNaTh, YTO OO CBOEMY 3HAYEHHIO HUPPO-
BHe c10co0H 0GpaGOTKH CHIHAJOB B KOHETHOM CueTe MPeB30UAYT
4HanOroBEIE METOTEI B CHIY TeX iKe OPHYWH, 110 KOTOpHIM OudpoBasd
BEMECAMTeNbHEAS TeXHHKA IIPeB3OMLIA 8HaJOTOBYIO.,
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1.3. Hocrpoenne knurm

@ur. 1.1 apagerca XOpOIMeHd HIIIOCTpallieil MOCTPOCHHA NAHHOK
kaara. B ra. 2 cogepmarcs TeOpeTAYOCKHE OCHOBH JHUCKDETHHX
JHHEEHHEX cucTeM. B Heit Mu HaMepeBaJuCh, He BJAaBAaACh CIAHIIKOM
AaJeKo B TeOPHIO, aTh NOCTATOYHO IIOJHELA 0030p rIaBHHX pasfe-
JI0B TeOpUN nuppoBoit o6Gpaborkm CHTHAJIOB, Ha KOTOPHX 0yleT ocHo-
BaHO BCe JanbHeullee H3N0KeHHe. B 3Toi TaaBe COAEP/KATCA TaKKe
BBeieane B JIIID m pmaerca momaTtme OBICTpOI CBepTEHH.

Fnasu 3 u 4 mocesimens BOTIpOCaM NPOeKTHPOBAHHA LHPPOBHX
¢uaLTpOB: B . 3 paccmaTpmBaioTes KUX-punsrps, a B ro. 4 —
BUX-panbrph. Iockoabky mmdporoit GHALTD ABAAETCA OTHUM U3
OCHOBHHIX 5JIEMEHTOB GONBMMHCTBA LHPPOBLHIX CHCTEM, B DTHX Iia-
Bax cllenaHa DOOBITKA ¢ MAKCEMANBHOR MOXHOTOR H3I0EATE CYHHOCTD
PAa3THIHEX METOJ0B pacdera pmaAbTPOB. B ri. 3 neTamxpmo paccMoTpe-
HBl 1 COOOCTAaBJIeHH IO BCEM BO3MOKHEIM oapaMeTpaM MeTONH B3Be-
ITHBAHNA, 9aCTOTHOH BHOODKA H MeTON MAHEMHEBAMHA MaKCHMYMa
omubKH amnpoxcmmanmm. MaeectHO, wro GHABTPH ¢ MAHEMaKCHOM
OMUOKOH OOTHMAIBLHB COTIACHO Kputepuio Yebnmena, mpmuem me-
TONB WX pacdera (BKIIOYas OpPOrpaMMbl Ha DOPTPAHe) seonnokpart-
HO myOGNMKOBAJXHCh, HOBTOMY GOMBIIASM TacCTh ri. 3 mocBsmeHa 00-
CYXJIeHAI0 (QUIBTPOB WMEHHO 3TOr0 THIA.

B ra. 4 pacemorpemm mBa momxoma k OpoeKTHpoBaHHI BUX-
¢naprpos. Ilepsrri (Kraccmuecknmit) IOAX0OX OCHOBAH HA HCIONL30BA-
Huy MONXORAmMEro mpeo6pasoBaHHUs /[aA Iepexofa OT AHAJIOTOBOTO
¢pmabTpa K umpposoMy c TIOMOIMBIO ABHMIX BHpaskeHHmd. K memy or-
HOCATCA MeTOJ OTOoOpakeHms RupdepeHNNANTOB, MeTO WHBAPHAHT-
HOTO mnpeo6pa3oBaHMA MMOYIBLCHOM XapaKTepHUCTUKH, OHIMHeHHOe
IpeobpasoBanme H MOTOJ HOAGOPaA HYeil 7 MONIOCOB, Bropoit mogxon —
9T0 LPAMOE MPOEKTHPOBAHHE € MCIONL30BAHHEM COBPEMEHHHIX METO-
AlOB OUTEMH3AOAU JIJIA DOAYYeHAA (HUIBTPOB, ONTHMAJLHKX IO He-
KOTOpoMy ollpeflesleHHOMY Kputepmio. K HeMy oTHocATCH MeTomsr mu-
HUMH3alUA CpeJHEKBAJApaTHIECKOH OmMUOKE B MOUyJs OmmOKH, Me-
TO/IBI PABHOBENUKAX NyJbCallUif, a TaKKe CIOCOOH ONTHMH3AIHE BO
BpeMeHHOR 06llacTu ¢ Ieapio AOOPOKCHMAllUM 3alaHHOW HMIYJILCHOMN
XapakTepucTuku. HeBoaMOKHO BHODATH TONBKO oaMH m3 MeTOJ0B
npoexrupoBanuA b X-punbTpoB m yrBepsknaTs, 9To on IOIPAMEHHM BO
6céx NPaKTHIEeCKH BCTPedaloIMHUXCA cayduasax. BBuAY atoro ocofeHHO
BaKHO, 4TO0H 9mTaTens TIy(GoKo MOHAN CYNIHOCTD PAa3aU9HBIX METOo-
nor mpoekTupoBannsa BUX-pnanTpoB m 3man Bee ux OpenMyInecTBa
n HepocraTkn. Kpome roro, B ra. 4 OPOBeIeHO COMOCTaBJIeHHAE OXHOIO
Kiracca HUX-PuianTpoB ¢ SKBMBaNeHTHEIME uM bUX-¢punsrpama.
Takoe comocraBmenme faeT YATATENI0 BO3MOMKHOCTL ray0:e mpoaHa-
JA3NPOBATL PA3NHTHEIe OO CIOKHOCTH BapMAHTH NOCTPOSHHA (HIb-
TPOB, OTHOCAIMXCA K MABYM CONOCTAaBIASEMBIM ITHPOKAM Kjaccam

¢uabTpOB.
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B ra. 9—7 ¢ TeopeTmuecKHX HO3MIEA OOCYKIAIOTCH KBAHTOBA-
HAe B TEPOBHX QUIBTPAX, BOOPOCH CIEKTPANBHOTo aHaau3a a BIID,
a TaKKe TEOPUs IBYMEDHLIX CHCTeM, BKIIOYAf METONH IPOeKTHpPOBA-
EHA JABYMEDHHX (HILTPOB. ITH TPH [IABH COAEPHKAT IIaBHEIM obpa-
80M TEOPETHYECKYI0 (asy [NA H3NO0KEHHA BOOPOCOB HOCTPOCHHS CIIe-
IHATU3HPOBAHHBIX NUDPOBEIX YCTPOHCTB M NPAKTHIECKOTO IpHMEHE-
HAA OAPPOBOIl 06paGoTKm, COCTABAAIIUX OCTAMBHYIO YacTh KHHTH.

B ra. 5 ommcaHn 3¢(peKTH KBaHTOBAHHA B ME(PPOBHIX CHCTEMAX.
BBejleHH IOHATHA OMHOKH OKDYTNeHHs, MyMa aHAXOTO-HE(ppPOBOro
mpeobpa3oBaHMA M YyBCTBHTENBHOCTH XapaKTepHCTHK drabTpa K
8HAYCHWAM €ro KodppunuenToB. OCHOBHEIM pe3y.JIbTATOM TIABH SB-
AATCA HOJYyYeHHBe COOTHOINEHHA MEKAy AMHAMAYECKAM Hala3o-
HOM H ITYMOM OKDYIJIeHHA HPH HOCTPOSHHH PEKYPCUBHHX (QHABTPOB
¢ PEKCHPOBAaHHOM 3alATO# B OPAMO W KacKaaHOI dopme. Ha ocHo-
Be THX COOTHONIEHHMA pa3pabOTaHE METOH YHOPANOYEHHA PacHoJIo-
’KeHHA 3BeHbeB W MONADHON I'PYNIOHPOBKM HYJeH u IOJIOCOB A Kac-
KaJiHHX CXeM (UIBTPOB, IpUMEHsAeMEe g MAKCHMHA3AIIH OTHOMNIE-
HEs CATHaJ/IIyM Ha Bhxofe punbrpa. s KUX-punnrpos onmcaHs
METOR aHanu3a 5PPeKToB, CBA3AHHHIX C ONMHUOKOH OKPYIMEHHS, I Me-
TON MacmTaGHpOBaHHA INPOMEKYTOTHHIX pe3yIbTATOB, HACOONB3Ye-
MBIH JUIA IPeOTBPAIIeHAA IepeloaHeHAS B dunprpe. I nakonen, pac-
CMOTpPeH BOIPOC 0 KOPPeNHPOBAHHOM IIYMe OKPYTIeHUA (A Ipefiedb-
HoM mukxe) B BUX-puabrpax.

B rx. 6 B gocraTouno o6mem Buie paceMmoTper anropat™m BII®D —
H0KaJyil, CAMBIi BaKHBIA M3 aJTOPATMOB, NpUMeHAEeMBIX OpH nudpo-
BOif 06paGoTKe cHrHanOB. Be3 MCIONBL30BAHEA CIIOMHLIX BHIKJIaI0K
HOXyYeHE XOPOIIO X3BeCTHRE BapHaHTH axroparMa BIID mo ocwopa-
HEI0 2 ¢ IPOpe;KMBAHHEM IO BPeMEHH H 1O gacroTe. Nanoxena enn-
Has Teopus BIID, B koTopoit ogrOMepHOE npeofpa3oBaHHe CBONHUTCH
K AByMepHOMY C MeHBIIHMH pasMepamu. Takoii 0606menHEE TOAX0
II03BOsET TPOMe BCETO 00BACHATE CMECIT Pa3pAIHOH HHBEpPCUH, TIOBO-
PaTHBAIOMUX MHOKHTENEH, BEYMCICHAH ¢ 3aMelmeHneM o T. 5. Bemen
8a BII® B Becobma ofImeM Buje ommcaH MUCKPETHHH CIEeKTpaJbHEIH
aHaMH3. BBemewsl momaATHA CKOXB3AMmMeEro m «CKagyIero» COeKTPOB.
Hokazano, rak CHeKTpOaHaJlu3aTop, paboTalmuil ¢ MCIOIb30BAHUEM
BII®, momuo cmenars skBuBameHTHN CIEeKTPOaHaIH3aTOPY, COCTAB-
JAeHHOMY n3 Habopa IOJIOCOBHEIX ¢mapTpoB. B 3akmaogenne BBeJleHbL
KOMmvecTBeHHbIE XapaKTeDHCTHKHA [ CTIEKTPaJbHOTO AHAIM3A CIV-
Y8HHKIX mpoleccoB m PaCCMOTPEHO HECKOJBKO METON0B TaKOI0 CTATH-
CTHYECKOr0 CIIeKTPaJIbHOTO AHAIH3a. 3aBepmaercs raasa ofcyKIeHTEM
BCHONh30BallNA METONOB TEOPHM YHCEN IUIA BHYACTEHRHS CBEepTKN.

Tmapa 7 aBnsercs BBemenmem B T€OPUIO IBYMEDHEIX THCKpeT-
HEIX JIMHeHHHIX CHCTEM T COeDIKNT TakiKe OIHCA Hilo METO/IOB MPOCKTH-
POBaHua nByMepHHIX HHDPOBHIX ¢uapTpoB. Béabmas wacte TeOPHH
ABYMEDHEIX CHCTeM AHAJOTHIHA NPUBEeHHOI B TJ. 2 TEOpHH OjIHO-
MepHEX cucrem. OHaKo HEKOTOpRIe BajKHLIE TOJIOMKeHHWS, CHpaBe-
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JUBLIE [ ONHOMEDHBIX CHCTeM, JUIA ABYMEPHOTO CIydas HeIpPHIO[-
HH; B JAHHOM TJIaBe 9TH LHOJNO:KEHHA OTMeYeHHl. XOTH METOIH HPOEeK-
THPOBAHAA IBYMEPHHX (UIbTPOB paspaloTaHH eme BechMa ciabo,
B 5TOil TIaBe OMHCHIBAETCSA T0BOIHHO 3G KTABHELHR METOT oTo0pasKeHAA
onnomepHbix RIX-punsrpos B ABymepHste m yTepskmaercs, uto om
ABJACTCA HaHIYYIIUM H3 CYMECTBYIOMUX CI0CO60B IpOeKTHpOBAHMA
KBYMEPHHX (QHIBTPOB,

Caegyromas rpynma rias (8—11) mocBsamena mpuMeHeHHIO Clle-
NHANU3APOBAHHEIX MEQPOBLHX yCTPOHCTB IS pemeHms 3amag MEGpo-
Boi oGpalorkm curHazioB. ['1aBa 8 cayKur BBelneHmeM B OHPPOBYIO
TeXHOKY; B ri1. 9 paccMaTpuBaercs OpEMeHeHHe Nu(PPOBHX daeMeH-
TOB JJA LOCTPOSHMA NA(PPOBHX (HILTPOB H CIENUATH3HPOBAHHHIX
MuPOBHIX ycTpoiicTB; B 1. 10 ommcambl cmenmaxE3HpPOBAHHEE YCI-
poiicTBa s BunoxHeHus BII®; B ra. 11 paccmorpent mporpamMmumpye-
Mble BBHYHCIATENbHble MAIOIMHE, NpefHa3HadeHHHE IIA 00paGoTKm
CHTHAJIOB.

B ra. 7 npusenentr cBefienus, HeoOGXOMMMEIe LA MOCTPOGHHS CITe-
OHAIH3APOBAHHKHX YCTPOMCTB, DealH3yoIuX J060H aaroput™M o0-
paGoTka. BBemeHE NOHATHA BaNOMHHAIMEr0 X apHPMETHIECKOTro
YCTPOMCTB, a TaKiKe yCTpOHCTBA yHpaBieHHsd, KOTOpHE paccMaTpH-
BalOTCA KaK OCHOBHBI® COCTaBHBIe gacTH JI060H MHEPpPOBOH CHCTEMHL.
Onncans pasindHEe CXOMBl HOCTPOSHHS 3aIOMHHAIOMEr0 H apudMme-
THIECKOTOo ycTpoiicTs. llpoamanmsmpoBaHHl (¢ TOYKH 3peHHA GEICTPO-
AIeHCTBAA, CIOKHOCTH H CTOHMOCTH) Pa3aHIHBIE CXEMbI CYMMATODOB,
BHIYATATENEH W YMHOKHUTeIeH.

B ra. 9 nmeraarHOo ommcaHo, Kakum o0pasoM cOelMaJA3HPOBAH-
Hble OA(POBEHE yCTPOHCTBA MOTYT GHITH HMCHIOAB30OBAHH [UIA CO3MAHHSA
YHHBEPCANBHHX (HIBTPOB, a TaKkKe CHENUATH3APOBAHHHX IuPPO-
BHIX YCTPOACTB (HaUpHAMep, TeHepaTOpPOB LM(PPOBHX CHTHAJOB).
PaccMoTpeHE CXeMB MOCTPOSHAS (QHALTPOB ¢ KOHEYHHIMEH H 0eCKO-
HEYHRIMA MMIYJIbCHEIMH XapaKTepHCTHKaMM, a 3aTeM ONHCAHO He-
CKOJIBKO CHCTeM, B KOTODHX HHQPOBOH (HIBTP HCHOIL3yeTCA KaK
cocTaBHasg 9acTb. H HAM oTHOCATCA mpuMeHAeMble B TeneOHIA IpHeM-
HIK KIaBHIIHO-TOHAJBHOIO BH30Ba M NudpoBoii mpeobpasoBaTens Bpe-
MEHHOT0 paslesieHHA KaHaJoB B gacToTHoe. PacecMoTpena mmes Myis-
THILIEKCHPDOBAHHA, T. €. MPUMEHEHHSA OAHOTO apUPMeTHIECKOTO yCT-
poicTBa B HECKOJABbKHAX HHQPPOBHIX CHCTeMaX B DeKUMe pa3feneHmn:A
BpeMeHH, HO3BOJAKIAaA CHH3HTH CTOMMOCTH OGODYMOBAHHA 3a CueT
MCI0IB30BAHUA JIOPOTOCTOAMER almapaTyphl. B oToi ke raase mpm-
BeJeHH IpAMEepH IOCTPOeHUA HEPPOBEIX YCTPOMCTB MJIA reHepamud
CHHYCOHIAJBbHHX M CIAYJYadHBIX CHTHAJOB.

B ra. 10 getansHO paccMOTpeHO, KaKuM 00pa3oM IpHMeHeHme Ciie-
IMaJA3APOBAHHOTO yCTPOMCTBA MO3BOJAET HA HECKOIBKO HOPAJKOB
YCKOpUTHL BHOOJAHeRHme axropmt™Ma BIIM mo cpaBHeHMIO ¢ HCHOAB30-
BanneM yHmBepcaxbHO# [IBM. B KagecrBe cmoco6oB moBumernmsa o6-
mero GBHICTPOJEHCTBAA CHCTEMHl PACCMOTPEHH MapajjieIbHOe BHITIOJN-

Beedenue 17

HOHHO APHPMOTHYECKAX ONEpandil, HOPeKPHTHe BO BPeMEHH obpame-
HEA K DaMATH A paGoTH apEPMeTHIeCKOT 0 YCTPOACTBa, MOTOYHASA obpa-
GoTKa W T. 1.

I'a. 11 nocBamena npmmenenuio OuPPOBOA TeXHHKH [JIA CO3Ja-
HEA OHCTPOAEACTBYIOMAX NPOTPAMMADYEMHX BHYHCTHTONbHEX Ma-
IeH, IpefHaSHAYeHANX COeNuaJbHO Nias 06paGoTKA cArHaxoB. B Hei
omECaH GHCTpOJeHCTByOmMUE OuPpPOROH mpomeccop (FDP), paspaGo-
TaHHHHE ¥ COOpaHHH B JImEKoabHOBCKOM nabopaTopum Maccauycer-
CKOro TeXHOJOIHYeCKOTO HHCTATYTa. [[eTaJbHO DPACCMOTDPEHH CTPYK-
Typa TAKOro GHICTPOAEHCTBYIOMETro IPOeccopa | MeTONH eTo mporpaM-
MHEPOBAHHWA, IO3BOJAKNIMHUE ONTHMAJIBHO HCIOJIb30BATH BO3MOKHOCTH
IOOOHHX BEMHCAATENbHEX MamuH. B aTy e rmasy BRaoueHo Kpart-
KOe ONUCAHAe YHHBOPCAJBHOIO BHYACIHTENBHOTO 0GOpyNOBaHHA,
OpefHA3HAYeHHOro AnA o6paGoTKH cuHIHAIOB,

Ta. 12 u 13 comepsxar mpmMepH TOro, Kak IOMOMKEHHA, PaCCMOT-
PeHHEC B KHHATE, HANIIM OpHMEHeHHe Hpu o0paboTKe pedeBHIX W pa-
AMONOKANUOHHBIX CHIHanoB. Mnem, mpencraBieHERNe B mOCAeIHHEX
ABYX I7IaBax, CIAyKaT JAMb HIAKNCTpANHed TANHYHOrO IPAMEHEHHS
TeOpHE MUPPOBOj 06paboTKE M HA B Koeil Mepe He JAaIOT IOITHOTO npen-
CTAaBJIEGHHs O BCeX BOBMOKHEIX (MIH XOTA GH JyYmHEX ) DOAXO0MaX K pe-
HOIeHAI0 yKa3aHHOTo Kpyra sagau. Ham mpexcrasasercs, uto onmcan-
HEIA B 9THX TIJaBaX WHKEHOPHEIA NOAXON K peIIeHAI0 3a1ad obpa-
6OTKH pajWONOKANUMOHHHX H pPeYeBHX CATHAIOB MOM.OT IOCTYHKATh
CTAMYJIOM [ paspaborok Gonee speKTHBHBIX H COBOPIIEHHHX ANT0-
PATMOB 06paGOTKH CHTHAJOB B NPYTEX 00MacCTAX HAyKA # TeXHHUKH.

A B nesoM MH HOCTAPATAACH H3I0KHATEH IMHEPOKAR KpYT HOBHX HAEH
B o0xacTm mupoBoit 06paboTKE CHTHAIOB, KoTopHe 6ynyr mpencras-
AATP HHTEPEC /UIA ACHHPAHTOB M HHKEHEDOB-IPOCKTHPOBIIHKOE.
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TEOPUA AHNUCHPETHBLIX
JIMHEWHbLIX CHUCTEM

2.1. Brenenne

Teopua mucKpeTHHX JNMHEHHHIX CHCTEM CBA3aHA C ONHCAHHOM
00pa6oTKOil BpeMeHHHIX M YaCTOTHHIX HocJeloBaTeiabHOCTed. B mam-
HOH riaBe m B 0oJbImeil yacTH BCel KHATH OyneM CYATATh, 9TO KBaH-
TOBaHHe 3JIEMEHTOB IOCJE0BaTeJbHOCTH IO YPOBHIO OTCYTCTBYeT.
JTO0 mpejmoso;KeHHe o0 GeCKOHEYHO MAaJjiOM Imare KBaHTOBAHHUA, OTHO-
cAlleecA KaK K OTCYeTaM CHTHAJOB, TaK H K HOE)d)d)HILHeuHTaM JTAHEeH-
HEIX CHCTeM, OyAeT HCIOJb30BaHO IIPH H3J0KEHHAA ofImei Teopum Iu-
CKpeTHHX (BO BpeMeHH, HO He IO ypOBHIO) cucteM. [locie aroro Oynyr
pacCMOTpeHH pa3amdHHe 3PPeKTH, BOZHHKAIOMUE B NUCKPETHHX CU-
CTeMax C OIpeHeleHHOH TOYHOCTHIO KBAHTOBAHHA IO yPOBHIO H3-3a

7 HBL CJIOBA.
KOHSTJIZ%EEEEHHO 00paboTKe CHrHaJIOB, paccMaTpHBaeMble B KHATe,
MOTL'YT OHITH BHOOJHEHE IyTEM MOJeJINPOBAHHA HA BRIMHCJAHTENBHOH
MamHuHe WA ¢ MOMOMbI0 CHENHUAJIU3HPOBAHHON HHPPOBOH ammapary-
psl. B mocnenymomux raaBax o6CyHTA0TCA CTPYKTypa BHYHACIATEINb-
HBIX MAIIWH, OIpeHA3HAYEHHLIX CIEeNUaIbHO AjiA 00pabOoTKE CHTHAJIOB,
a TaKe cmoco0H ammapaTypHOTO0 HDOCTpOoeHHA 3(pGeKTHBHHX IAPPO-

BBIX CHCTEM.

2.2. IlocnenoBaTeasHOCTH

JlmCKpeTHEI® CHTHAJL OOpefeNAlTCa UMb A JHCKPETHRX 3Ha-
YeHA HEe3aBHCHMOIl HepeMeHHOH — BpeMeEn. OGEHMHO BpeMAa KBaH-
TyeTCA paBHOMepHo, T. e. ¢! = nT, raie T — UHTepBAl MeXKAY OT-
cuetamMn. MaTeMaTAYeCKH JUCKPETHEE CHTHAJHI NPEICTABIAITCA B BH-
Jie HeIpePHIBHOH MocCxenoBaTenbHOCTH ydced. [aAa ommcamma mocie-
DoBaTeJLHOCTEH MOKeT OHITH HCHOOJNB30BAHO ONHO H3 CIedYIOMHUX

0003HageHAN

(h(0)}, Ny <n<N, (2.12)
{h (nT)}, Ny <n<< Ny, (2.16)

h(n), Ny <n<N,, (2.18)
h (nT), N, << n <N, (2.1r)
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O6osHauenns (2.1a) m (2.1B) moryr IPUMEHATLCA OPH HepaBHOMep-
HOM PACLOJNOKEeHNH OTCYeTOB, Torma Kak (2.16) m (2.1r) aBEO mpen-
pgoJaralT AX paBHOMEDHOEe pasMelcHIe.

IlocaegosaTenbEOCTE MOMKET OBITH DONyIeHa HECKONLKHME CIIO-
cob6amz. IIpome Bcero B3siTh Habop umceX ® pacmonoskmTh mx B BHJQ
nocaefioBatenbHoctn. Hanpamep, umena 0, 1, 2, oy (N — 1) obpa-
gylT «OMI000pasHy0» MNOCIeN0BATeNbHOCTL A () =n, 0 ng
&« N — 1. Ipyroit cnoco6 cocTout B UCIIOTB30BAHAN HEKOTOPOTO pe-
KyPPOHTHOTO COOTHONIEHHS. Hanpumep, pasenctso 4 (r) =h(n —
— 1)/2 ¢ HavanbHEIM ycnoBmem A (0) = 1 naer mocmenoBatembHOCTE
h(n)=(1/2)", 0<n<Coo. Tperuit cmocos — BagTs paBHOOTCTOA-
mue OTCUETH HENPePHIBHOIO KONEGAHHA U W3 WX BedHIHH o6paso-
BaTh IOCJTEN0BATEABHOCTD, T. €. WOXOXKUTE A (nT) = h (8 li=nr,
— 00 X n<Koo, re 7 — umHTepBan Auckperuszainuu. O6biuHO nus
HOIYSCHASA LOCHENOBATENBHOCTEH METONOM NHCKpeTH3ammm HeInpe-
PHBHHX KOJIe0aHmA HCIOMB3yIOT aHAJNOro-NuppoBLe mpeobpaszopa-
rend (AIU). [AIIII @ nudpo-anamorossie mpeobpasoBatenn (I[ATI)
pacCMaTPUBAtOTCA B 1. J.] Ileperie mBa MeTona NONY9eHHs MOCJIe]]0-
BaTeIbHOCTeH He CBA3AHE C BpeMeHEM, TOT/la Kak TPEeTHH CymecTBeH-
HO OT Hero sasmcuT. OTclona BHAHO, 9TO A ONMCAREA nocJieqoBa-
TeABHOCTEH MPUTOJHE B TOM MJIH HHOM CMHCIe Beo oGosnagenns (2.1).

Hacro momesHsM m HHQODMATHBHEIM ABAgeTCA IrpaugecKoe u3o0-
OpaskeHne moCIEROBATENBHOCTEH, Hna monyuenmsa rpadugecKoro m3o-
OpamenmA B KHATe GYLyT WCIONL30BAHE IBa coocoba (¢mr. 2.1).
[B kavecTBe THmmumoro npmymepa Ha ¢ur. 2.1 msobpamena mocJaegoBa-
TOIBHOCTD h (n) = n, 0 Cn << N — 1]. Ipr mcnoapszosanun oep-
Boro cpoocoba (¢umr. 2.1, a) ny- adaeMenT IO CIIel0BATEILHOCTH
m300pasKkaeTca oTpesKom COOTBETCTBYIOmMEA NJIKHE, DPOBeJeHHbIM OT
OcH acnmec M3 TOYKH n = no. Bo MHOrEX cnywasx mer cmbicaa mao-
Opasars Kaxyio BROODKY, NOCTATOYHO HPOBECTH TONBKO ormbaro-
myio HOCIeN0BaTeNbHOCTH, KAaK HOKA33aHO Ha dur. 2.1, 6.

Hume mpmsemenn (m rpadmueckn n300pakensl Ha ¢ur. 2.2) me-
KoTopste Baskmme TIOCIEeN0BATeNBHOCTH, 9aCTO HCIOIB3YeMEle upH nag-
POBoX ob6paGoTke curmamoB. Ha ¢ur. 2.2, ¢ norazan nudpoBoit enm-
HINHHE uMOynbe (Mam efuEnamsiy 0TCYeT) Uy (n), KoTophit ompepe-
nfAeTen crenyomuM ofpasom: '

1, n:O,

0, ns£0. (2.2)

Ug (1) = {

RUCKpeTHHIX cmcTemMax sToT HMIYILC ATPAeT TaKyIO e POIb, Kak
AIOTOBLIE enmETIHAIHE AMOYABC (Hin fenbra-QyHKIuA Hupaka)
B amanoroBrix cmcremax. Basmoe pasinune MeRAy HHUME co-

B TOM, 9To mepBHi# sBisercH Pr3uveckn PeaNn3yeMEHM CHrHA-
P TOI'Ta KaK BTOpOil paccmarpuwBaercs TOJLKO KaK 0606mennas
Kousa (man pacumpenenerune). Ha ¢ur. 2.2, 6 H300paKen eauupy-

2
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h{n)

N-1

—_ QO

n

0 N-1
6

®ur. 2.1. Crnocobu rpadiaecKoTo IPeCTABICHIIA IOCHe[OBATEIHHOCTEH.

HHH EMIYILC, 3alep’KAHHEA Ha 1, 0TCYETOB, KOTOPHA oHpefensercs
KakK
1, n=n,,

U (n—no)={ 0, n=£n,.

Ha ¢ur. 2.2, ¢ mpejcTaBieH eNUHAYHEIA CKAaIoK L.y (n), 3agaBae-
MHE ciefylomuM 00pa3oM:

(2.3)

11 n>01
u_i(n)={ 0, n<<O.

Hepr,IIHO OOoKa3aTh, 4TO GJIHHE‘IHHﬁ CKAaYOK CBA3aH ¢ eJHHHIHKIM
AMIOYJALCOM COOTHOMEHHEM

(2.4)

n

u(m)= 2 o (D) (2.5)

=00

Ha ¢ur. 2.2, z 8 usobpakeHH yOLBalOmas dKCIOHEHTA £ (r) & KO-
camycomfa h (n), ompefenseMble COOTBeTCTBEHHO Kak

a®, n>=0,
g(n)={ 0. n<0 (2:6)

o
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ug(n)

P,

a” (a=0,7)
SO LI

cos (won) (wp=27/16) ]

Qur. 2.2, HexoTopue Ba)KHH® 110C/Ie0BATENBLHOCTH, HCIIOAb3yeMble NpH mudpo-
BOo# 00paboTKe CHIHAJOB.

h (n) = cos (%) IJA BCEX M. (2.7)

B&T::::Tanzg{fcﬁ HOCJIe/l0BATENbHOCTLIO ABIAETCA KOMILTEKCHAA
BAToTEn e e e cos (on) + j sin (on). Ilockonsry aTa mocaepo-
eTcA KOMIIeKCHOH, [Hiasa ee m300pakeHHA Heo(Xo-

REMR pasfesnHbIe rpauKH BemecTBeHHOR @ MHEMOM# uacreir. Iloan-
MH yBUAM, YTO MHOTHE H3 BHIMEYNOMAHYTHX IOCIEZOBATEIb-

HoCTej}
nonmn HTpaloT Baj)KHYI POJb B TeOpHH Nu@poBoil oGpaGoTKu curHa-







