Liucdposas 06paboTka

CUTHANOB



Crp. 2

Digital Signal
Processing

A Practical Approach

Second edition

Emmanuel C. Ifeachor
University of Plymouth

Barrie W. Jervis
Sheffield Hallam University

Prentice
Hall

An imprint of Pearson Education

Harlow, England -London -New York «Reading, M t ts «San Fr i «Toronto -Don Mills, Ontario «Sydney
Tokyo -Singapore <Hong Cong -Seoul Taipei «Cape Town -Madrid -Mexico City - Amsterdam «Munich «Paris «Milan




Llndposas o6paboTKa

CUTHAJIOB

[TpakTnyeckmnim noaxon,
BTtopoe nspaHune

SMmaHyun Angpuyep
MAMMyYTCKUA yHUBEPCUTET

bappwu Ixepsuc

YHuBepcutet LWedpdpunga Xannama

BUJibAMC

A

Mockasa - Cankr-IlerepOypr - Kues
2008

Crp. 3



Crp. 4

BBK 32.973.26-018.2.75
A36
VJIK 681.3.07

W3 natenbckuii 1oM “Buibsmc”
3aB. penaxuueit C.H. Tpuey6

[lepeBon c anrmmiickoro H.10. /Jopouienxo, A.B. Hazapenko
[on penaxumeit A.B. Hazapenko

Hayunslii koHcynbTanT B.FO. Yex

ITo o6mM BompocaM obparmaiitecs B M3aarensckuii 1oM “Buibsamc” o agpecy:
info@williamspublishing.com, http://www.williamspublishing.com

Aiipuuep, Ommanyui C., Ixepsuc, bappu V.

A36 ILludposas o0pabOTKa CUTHAIOB: MPAaKTUYECKUI Moaxon, 2-e m3nanue. : Ilep. ¢ aHrn —
M.: Uznatensckuii qoM “Bumnbsmc”, 2008. — 992 c. : wi. — [lapan. tur. aHri.

ISBN 978-5-8459-0710-3 (pyc.)

JlaHHas KHUra TNpefHa3Ha4YeHa B MEPBYIO OYepelb Ul MPAKTUKOB — HH)KCHEPOB-3IEKTPOHILHUKOB, MPO-
TpaMMHUCTOB, J'[IOJIeﬁ, 3aHUMAROIIUXCA TEXHUKOMN CBA3HU, BBIYUCIUTCIBHBIMU U 3JICKTPOHHBIMU yCTpOﬁCTBaMH.
XOTs TEOpPETUUECKHE OCHOBBI M M3JIOKEHBI B HEOOXOAMMOM 00OBbeMe (He 3Hasi OCHOBHBIX MPUHIMIIOB, pabo-
TaTh C UU(POBHIMU CHCTEMaMH HEBO3MOJXKHO), OCHOBHOI aKIIEHT BCE )K€ JIeJlaeTCs Ha MPAaKTHYECKOW paspa-
0OTKE COBPEMECHHBIX IIM(PPOBBIX YCTPONCTB, KOTOPBIC MOXKHO OyZET MCHONB30BaTh B BOCHHOW cdepe U Ouo-
MEIHLUHE, TEIEKOMMYHHKAIMAX M MPOUTPHIBATEIIX KOMIAKT-IHCKOB, 00paboTke M300paxkeHHH U 1udpo-
BOM TeneBHAeHUH. J[is Goliee MOJHOro yCBOSHHUS M3J1araeéMoro Marepuaia B KHUre MoJApoOHO pa3bHuparoTcs
HPUMEPBI, TPUBOMUTCS CIPaBOYHas HHGOPMALKS U NPEJIaraloTes 3a0a4u [JIsi CAMOCTOSTEIBHOTO PEIICHHUS.

JlaHHYI0 KHUT'Y MOXKHO HCIOJIb30BaTh KaK Y4eOHUK PH ITOJrOTOBKE MPHUKJIAAHBIX CIICIUAINCTOB.

BBK 32.973.26-018.2.75

Bce Ha3BaHMs IPOrpaMMHBIX IPOIYKTOB SIBJIFOTCS 3apErUCTPHPOBAHHBIMH TOPIOBBIMH MapKaMy COOTBETCTBYIOIINX (GUPM.

Hukakast 4acTh HACTOSIIIETO W3/IAHUS HU B KAKUX IIEJAX HE MOXKET ObITh BOCIIPOM3BEICHA B KaKOi ObI TO HU ObLIO (op-
Me U KaKUMH ObI TO HU OBLIO CpeICTBaMH, Oy/Ib TO JICKTPOHHBIC WII MEXaHWYECKUE, BKIF0Yasi (OTOKOMMPOBAHKE U 3aIMCh
HAa MarHUTHBIA HOCHUTEIb, €CJIM Ha 3TO HET IMMCbMEHHOTO pa3pelneHus u3aareiabcra Pearson Education Limited.

Authorized translation from the English language edition published by Addison Wesley, Copyright © 1993, 2002
All rights reserved. No part of this book may be reproduced or transmitted in any form or by any means, electronic or mechani-
cal, including photocopying, recording or by any information storage retrieval system, without permission from the Publisher.

Russian language edition published by Williams Publishing House according to the Agreement with R&I Enterprises
International, Copyright © 2008

ISBN 978-5-8459-0710-3(pyc.) © Uznarensckuit joM “Brubsimc”, 2008
ISBN 0-201-59619-9 (anri.) © Pearson Education Limited, 1993, 2002



Ctp. 5

OrnaeneHune

A A A A

10.
11.
12.
13.

14.

Mpeaucnosune

. BBepenne

AHanoroBbIn HTepdelnc BBoaa-BbiBoga anga cuctem LIOC
pearibHOro BpeMeHu

[unckpeTHble npeobpasoBaHus

MpumeHeHune z-npeobpasoBaHnsa B 06paboTke curHanos
Koppensauus n ceepTtka

Cxema paspaboTku umdpoBbiX QUILTPOB

PaspaboTka punbTpoB C KOHEYHOW MMMNYSbCHOWN
xapaktepuctumkon (KNX-cdoumnetpos)

PaspaboTka punbTpoB ¢ 6€CKOHEYHOM UMMNYLCHON
xapaktepuctumkon (BNX-gunnetpos)

LndpoBasa obpaboTka curHanoB npu HECKOMNbKMUX CKOPOCTAX
ApanTtuBHble LndpoBblie OUNLTPLI

OueHka 1 aHanua cnektpa

YHuBepcarnbHble 1 creumanuanpoBaHHble npoueccopsl LIOC

AHanua addekToB KOHEeYHOM paspsigHocTu B cuctemax LIOC
C OMKCUPOBAHHOWN 3anATON

MpunoxeHus 1 pazobpaHHble NpYMepbI

MpeomeTHbIN yKa3aTternb

17

27

63
135
207
281

355

381

499
629
699
737
783

867
935
987



Ctp. 6

CopepxaHue

1.1

1.4.
1.5.
1.6.

1.7.

1.8.

1.0.

2.1

23

24.

Mpeauncnosne

. BBepeHune

. LIndbposas o6paboTtka curHanos u ee npeumyLlecTea
1.2.
1.3.

O6bnactu npuMmeHeHus

Kntouesble onepaunn LLOC

1.3.1. CBepTka

1.3.2. Koppensuus

1.3.3. Uudbposas cunsrpauus

1.3.4. QuckpeTHble npeobpasoBaHns

1.3.5. Moagynsiumsa

Mpoueccopbl gns umdposon o6paboTkn curHana

O630p peanbHbIX obnacten npumeHeHunsa LIOC

Mpumenenne LIOC npu 3anucu n BocnponssBeaeHn 3Byka

1.6.1. Uncposoe MuKwMpoBaHue

1.6.2. CvHTE3 1 pacno3HaBaHune peym

1.6.3. Lnpposas ayguocuctema BoCnpousBedeHUs1 KOMNaKT-A1UCKOB
Mpumenenne LLOC B TenekomMmmyHukaumm

1.7.1. Uncposbie cotoBble MOBUNBbHbIE TENEgOHbI

1.7.2. MNMpucTaBka ansa npuemMa ungpoBoro TeneBM3MOHHOIO curHana
1.7.3. AnantuBHoe TenedoHHoe axonoaaeneHne

MpumeHenne LIOC B 6GuomeanunHe

1.8.1. N3yuenune IKI nnopga

1.8.2. AHecTesus ¢ perynupoBaHueM no 3aMKHyTOMY LMKy Ha ocHose LIOC
Pestome

AHanoroBbI MHTepdelc BBoAa-BbiBoda angd cuctem LIOC
peanbHOro BpeMeHu

. XapaktepHble cuctembl LIOC peanbHoro BpeMeHu
2.2.

Mpouecc npeobpaszoBaHUs aHaNoroBoro curHana B LmdpoBoi

. ,El,mcxpemaau,m — HU3KO4YaCTOTHbIE N NONOCOBbLIE CUrHArbI

2.3.1. uckpeTtnsaumsa HU3KO4aCTOTHbLIX CUrHANOB
2.3.2. nckpetnsaums norocoBbIX CUrHANoOB
OpHopoaHoe M HeoAHOPOAHOE KBAHTOBaHWE W KOAMPOBaHUE

17

27

27
29
31
31
33
34
36
38
38
39
39
39
41
44
48
48
53
53
55
56
58
61

63

64
65
66
67
82
90



Ctp. 7

CopepxaHue

2.5.

2.6.
217.
2.8.
29

2.10.

211.
212

2.4.1. OgHOpOQHOE KBAHTOBaHWE U KOAMPOBaHUE (NTIMHEHAS UMMNYIbCHO-
kogoBasi moagynaums, IKM)

2.4.2. HeogHopogHOE KBaHTOBaHME U kognpoBaHue (HenvHenHas NKM)

Bbibopka ¢ 3anacom no 4acTtoTe npu aHanoro-LuudpoBom npeobpasoBaHum

2.5.1. Beenenune

2.5.2. Bolbopka ¢ 3anacoM no yacTtoTe 1 ULTPbl 3aluUThbl OT HaNOXeHUs
CNeKTpoB

2.5.3. Bbibopka ¢ 3anacom no 4actoTe u paspeLuarLlas cnocodHoctb AL

2.5.4. TpumeHeHNe BbLIGOPKKU C 3anacom Mo YacTtoTe — ogHobuToBbIA ALIM

Mpouecc umgpoaHanorosoro NnpeobpaszoBaHUsi: BOCCTAHOBMNEHWE CuUrHana

LindpoaHanoroBbin npeobpasosaTtenb

®unbTpbI 3aWMTLI OT 3epKarbHbIX 4acToT

Bbibopka ¢ 3anacom no 4YactoTe npuv undpoaHanorosom npeobpasoBaHum

2.9.1. UndpoaHanorosoe npeobpasoBaHne C 3anacom rno 4actote B
npourpbiBaTene KOMMNakT-AUCKoB

OrpaHnyeHnsi 06paboTkn CUrHanoB B peanbHOM BPEMEHW C aHanoroBbIMu

BXOAHbIMU/BBIXOAHBIMU CUrHanamm

Mpumepsbl NpUMeHeHus

Pestome

3. [uckpeTHble npeobpasoBaHus

3.1.

3.2.
3.3.
34.
3.5.

3.6.
3.7.

3.8.

BeepneHue

3.1.1. Pag dypbe

3.1.2. lNpeobpasoBaHue dypbe

OMNa® n obpatHoe AMNP

Ceoncrtea Ao

BblumcnurensHas cnoxHocts AN

AnropuTm 6bicTporo npeobpasoBaHust Pypbe ¢ Aeuumaumen BO BpEMEHHOM
obnactu

3.5.1. “babouka”

3.5.2. BbinonHeHne anroputma

3.5.3. BoluncnutenbHble npenmyliectsa bre
Ob6patHoe 6bicTpoe npeobpasoBaHve Pypbe
Peanunzauna bro

3.7.1. BIN® ¢ yacToTHOM AeuMmaluen

3.7.2. CpaBHeHue anroputmoB B[ n Y[

3.7.3. Moandukaumm ansa yBenmyeHus CKopocTu
Opyrue anckpeTHble Npeobpa3oBaHus

3.8.1. uckpeTHoe kocuHyc-npeobpasoBaHne
3.8.2. MNpeobpaszoBaHue Yonwa

3.8.3. MNpeobpasoBaHne Agamapa

3.8.4. BenenetHoe npeobpasoBaHue

3.8.5. BenBneTHbIN MeToA kpaTHOMacLTabHoro aHanmsa

92
94
96
96

97
100
104
111
111
113
113

115

117
118
118

135

135
137
140
143
150
152

153
158
160
163
163
165
165
165
166
166
167
168
171
173
176



Crp. 8

CopepxaHue

3.8.6. MNpencTaBneHne curHana ¢ NOMOLLbI0 CUHIYNSPHOCTEN: METoq,
BENBNETHOro npeobpasoBaHns
3.9. MNMpumeHenne OKI: cxatne nsobpaxeHun
3.9.1. uckpeTHoe kocuHyc-npeobpasoBaHue
3.9.2. KBaHTOBaHue koadpduumeHToB asymepHoro AKI1
3.9.3. KognpoBaHue
3.10. NMpumepsl
MpunoxeHns
3.A. Mporpamma Ha C gns npsimoro Belumucnexus Mo
3.B. MNporpamma Ha C ans geonyHoro BIN® ¢ BpemeHHoN aeunmauuen
3.B. AN® v Br® B nporpammHom nakete MATLAB

4. TpuMeHeHne z-npeobpasoBaHns B 06paboTke curHanosB

4.1. CurHansl 1 cucTembl AUCKPETHOTO BPEMEHU
4.2. z-npeobpasoBaHne
4.3. ObpaTHoe z-npeobpasoBaHue
4.3.1. MeTopg cTeneHHbIX pSaoB
4.3.2. MeTop pasnoxeHus Ha anemMeHTapHble Apobu
4.3.3. MeTop BblYETOB
4.3.4. CpaBHeHME pasnnyHbiX METO0B obpaTHOro z-npeobpasoBaHunst
4.4. CeoictBa z-npeobpasoBaHns
4.5. HekoTopble o6nact npumMeHeHnst z-npeobpa3oBaHnst B 06paboTke curHanos
4.5.1. OnucaHne cucteM AMCKPETHOTO BPEMEHU C MOMOLLLbIO MOMCOB U Hymnewn
4.5.2. OueHKa 4YaCTOTHOW XapaKTePUCTUKM
4.5.3. leomeTpuyeckas oLeHKa
4.5.4. HenocpeacTBEHHbI KOMMbIOTEPHbIA Pac4eT YacTOTHOW XapaKTepPUCTUKN
4.5.5. BblumcneHue 4acTOTHOM XapaKTEPUCTUKM C NomoLLbio BId
4.5.6. EAMHNLBI N3MEPEHNs1 YacToTbl, KOTOPble UCMONb3YHTCH B CUCTEMAX
ONCKPETHOIO BPEMEHM
4.5.7. UccnegoBaHue yCTONMYMBOCTU
4.5.8. PasHOCTHbIE ypaBHEHMS
4.5.9. OueHka UMMNYNbCHOW XapakTepucTukn
4.5.10. MNpumeHeHne B NPOEKTUPOBaHNM LIMGPOBBLIX PUMLTPOB
4.5.11. CTpyKkTypbl peanu3auum ungpoBbiX prUnsTpoB
4.6. Pestome
MpunoxeHunsa
4.A. PeKypCuBHbIZ anropuTm BblYUCIIEHNsT 0BpaTHOro z-npeobpasoBaHus
4.B. Nporpamma Ha C ansi oueHkn obpaTHoro z-npeobpa3oBaHus
W NpeBpaLleHns NocnegoBaTenbHON CTPYKTYPbl B NapanienbHyio
4.B. MNMporpamma Ha a3blke C ons BbIMUCNIEHUS YaCTOTHOWM XapaKTepuCcTuKm
4.[. Onepaummn z-npeobpas3oBaHnsi C MOMOLLBIO NporpammHoro naketa MATLAB

178
183
184
185
185
186
195
195
201
204

207

208
209
214
215
217
223
229
229
232
232
235
235
239
240

240
243
244
245
247
248
252
261
261

263
269
270



Crtp. 9

CopepxaHue

5.
5.1

5.3.

5.4.
5.5.

5.6.

5.A.

6.1.
6.2.
6.3.
6.4.

6.5.
6.6.

Koppensauus n ceeptka

. BBegeHwue
5.2.

OnucaHue koppenaumm

5.2.1. B3anmHas Koppensaumsi n aBTokoppensums

5.2.2. lNprMeHeHne Koppenaumm

5.2.3. BeicTpas koppensums

OnucaHune ceepTku

5.3.1. CeoncTtea cBepTKM

5.3.2. Kpyrosas ceepTka

5.3.3. geHTudmkauusa cnctem

5.3.4. O6palleHne cBepTKM

5.3.5. Cnenoe obpalleHne cBepTku

5.3.6. bbicTpas nuHeHas cBepTka

5.3.7. BoluncnutenbHble npenmMyLecTBa ObICTPOV NMHENHOW CBEPTKM

5.3.8. CeepTka u Koppensiunsi nyTeM cermeHTauum

5.3.9. MeToa HanoXeHUs-CNOXeHUs

5.3.10. MeToa HanoxeHusa-3anmcu

5.3.11. BbluncnuTenbHble NpeMMyLLecTBa ObICTPO CBEPTKN Yepes
cermeHTauumto

5.3.12. CBA3b Mexay CBEepTKOW U KOoppensunen

Peanusauns koppenauumn n cBepTkn

Mpumepbl NpUMeHeHNs

5.5.1. Koppensuus

5.5.2. CeepTka

Pesiome

MpunoxeHve

Mporpamma Ha a3blke C anst pacyeta B3anMHON Koppensaumm

1 aBTOKOppensLmmn

Cxema pa3paboTku LumdpoBbIX PUALTPOB

BeeneHwne B undpoBble pUNbTpbI

Tunbl yndposbix punsTpos: KNX- n BUX-cunsTpsl
Bbi6op mexay KNX- n BUX-cdunstpamm

OTanbl pa3paboTkn duneTpa

6.4.1. Cneundukauus TpeboBaHui

6.4.2. PacueT koachpuLmneHToB

6.4.3. MNpegcTtaBneHvne unsTpa Noaxogsilen CTPYKTypon
6.4.4. AHann3 BNUAHWA KOHEYHON pas3psAHOCTU
6.4.5. Peanusauus cdunstpa

Mpumepsl

Pestome

281

281
282
288
296
306
311
319
320
320
322
323
325
326
327
329
334

337
338
339
339
339
344
348
354

354
355

355
357
359
362
362
364
366
367
371
372
377



Ctp. 10

10

7.1.

7.2.
7.3.
7.4.
7.5.

7.6.

7.7.

7.8.

7.9.

7.10.

7.11.

7.12.
7.13.
7.14.

PaspaboTka ounsTpoB ¢ KOHEYHOW UMMYNbCHON
xapakrepuctukon (KUX-cpunesrpos)

Bctynnenue

7.1.1. Pestome no kntoueBbIM ocobeHHocTsaM KNX-cunbsTpos
7.1.2. llnHenHas casoBas xapakTepucTuka n ee CrneacTeums
7.1.3. Tunbl KNX-counsTpoB ¢ NMHENHOW (ha3oBOW XapaKTepUCTUKON
Paspabotka KNX-cdunsrpos

Cneuudukauumn KMX-cunstpa

Metoabl pacyeTa koacpdpuumeHToB KNX-punstpos

MeTopq B3BeLLMBaHUA

7.5.1. HekoTopble pacnpocTpaHeHHble BeCoBble PyHKLUNU
7.5.2. MeTop B3BELUMBAHUSA: pe3toMe

7.5.3. lNntocbl 1 MUHYCbI MeToAa B3BeLUMBAHUS
OnTUMM3auUnoHHbIE METOAbI

7.6.1. OCHOBHbIE KOHLIenuun

CopepxaHue

381

382
382
382
385
388
389
390
390
394
397
404
405
406

7.6.2. MNapameTpbl, TpebyemMble Ansi MCNOMb30BaHWA oNTUMarbHOM nporpammel 409

7.6.3. COOTHOLIEHMSA AN OLUEHKM AnvHbl unnstpa N

7.6.4. Pestome no npoueaype BbluMcneHnsa KoadpduuneHTos dunstpa
C NMOMOLLBIO ONTUMArnbLHOro MeToaa

7.6.5. Mpumepbl

MeTog 4YacToTHOM BbIGOPKK

7.7.1. HepekypcuBHble UMbTPbl YaCTOTHOW BbIOOPKU

7.7.2. PekypcvBHble bunbTpbl YAacTOTHOWM BbIOOPKM

7.7.3. PunNbTpbl YaCTOTHOW BbIOOPKM C NPOCTLIMK KO3thdULIMEHTamMK

7.7.4. MeToa 4acTOTHOWN BbIOOPKK: pe3tome

CpaBHeHve MeToAa B3BELLMBAHMWS, ONTUMarnbLHOro MeToga u meToaa

YacTOTHOW BbIGOPKM

Paspa6oTtka KNX-cunbTpoB — crneyunanbHble BONpOoChl

7.9.1. MonynonocHble KNX-punsTtphbl

7.9.2. MNpeobpazoBaHMe YacToTbI

7.9.3. BeluncnutensHo addekTmBHblie KUX-cbnnbTpbl

C1pykTypbl peanusauui KNX-cdunstpos

7.10.1. TpaHcBepcanbHas CTpyKTypa

7.10.2. CTpyKTypa C NTMHENHON (ha30BOM XapaKTePUCTUKOMN

7.10.3. pyrue CTpyKTypbl

7.10.4. BbiGop CTpyKTYypbI

BrivsHue koHeuyHoW pa3psaHocTy Ha uudposble KUX-unstpol

7.11.1. Owmnbkun KBaHTOBaHUSA KO3hPULNEHTOB

7.11.2. OwmnBKM OKpyrneHns

7.11.3. OWwmnBKM NnepenonHeHns

MeTogbl peanusaunn KUX-dunestpos

Mpumep paspaboTkm

Pestome

409

410
411
418
418
428
429
436

437
439
439
441
443
444
445
446
447
449
450
451
457
458
459
460
464



Crp. 11

CopepxaHue

7.15.

7.A.
7.6.

8.1.
8.2.
8.3.
8.4.
8.5.

8.6.

8.7.

8.8.

8.9.

8.10.

8.11.
8.12.

Mpumepsbl npumeHerns KUX-cdunstpos
MpunoxeHuns

Mporpammel Ha C ans pa3spabotkn KUX-dunstpos
Paspabotka KNX-gunetpa ¢ nomowbio MATLAB
7.6.1. MeTop B3BelunBaHuA

7.5.2. OnTuMmmnsaumMoHHble MeToabl

7.5.3. MeToa YacToTHOWN BbIGOPKHK

PaspaboTka punbTpoB ¢ 6€CKOHEYHOW UMMNYLCHON
xapaktepuctunkon (BUX-cunsrpos)

BcTynneHne: pestome no OCHOBHbLIM xapaktepuctukam BUX-cunstpos
OT1anbl paspaboTtku umdposbix BUX-dpunsrpos

Cneundukauus NpomM3BoOANTENBHOCTH

Metoabl pacyeta koaddmumeHtoB BUX-punsrpos

PacueT koadhdpnumneHToB bunbTpa NyTEM pasMeLLeHns Hynewm n norncoB
8.5.1. OcHOBHbIe KOHUEeNuun 1 npuMmep paspaboTku

Pac4yeTt koadhduLmneHToB METOAOM MHBapUaHTHOro npeobpasoBaHus
MMMYNbCHOW XapakTepucTuKn

8.6.1. OCHOBHbIE KOHLeNnuun n npumep pa3paboTku

8.6.2. MeTog MHBapmaHTHOro Npeobpa3oBaHUst UMNYNbCHOW XapaKTEPUCTUKN:

pestome

8.6.3. MeTog MHBapmaHTHOro Npeobpa3oBaHUst UMNYINbCHOW XapaKTEPUCTUKN:

3ameyvaHuns

PacuyeTt k0ahdULMEHTOB C NOMOLLbIO COMMacoBaHHOMO z-npeobpa3oBaHust

8.7.1. OCHOBHble KOHLenuun n npuMmepbl pa3paboTku

8.7.2. MeTopa cornacoBaHHoro z-npeobpasoBaHus: pestome

8.7.3. MeToa cornacoBaHHoro z-npeobpasoBaHunsi: 3aMeYvaHnst

PacueT k03dhdULMEHTOB C NOMOLLBLI BUNMHERHOrO Z-NpeobpasoBaHUs

8.8.1. OcHOBHbIe KOHUEeNuun 1 npuMepbl pa3paboTkm

8.8.2. MeToa 6unuHeriHoro z-npeobpasoBaHusi: pestome

8.8.3. Metoa 6unuHeriHoro z-npeobpasoBaHus: 3aMe4aHus

Mcnonb3oBaHue ans paspaboTkm BUX-dunstpoB GUNUHeERHoro

Z-npeobpasoBaHmns 1 KINacCUYeCKUX aHanoroBbIx UnsTpoB

8.9.1. XapakTepHble 0CODEHHOCTU KIacCUYeCKNX aHanoroBbix unsLTpoB

8.9.2. Metoponorusa 6unuHeriHoro z-npeobpasoBaHus C UCMONb30BaHNEM
Knaccmnyecknx aHanoroBblX UnsLTPOB

8.9.3. MNpumepbl pa3paboTkn punbTPOB HUKHMX YACTOT, BEPXHUX YaCTOT,
MOSTOCOBbIX U PEXEKTOPHbIX

Pacuet koadhduumneHtoB BUX-cbmnsTpa nytem oTtobpaxkeHnsi Nontocos

W Hynen s-nrnockocTn

8.10.1. OCHOBHbIE KOHLIeNnuuun

8.10.2. Mpumepsl

Wcnonb3oBaHne nporpamm pa3pabotku BUX-dpunbsrpos

Bbibop meToga pacyeta koadhduumneHToB BUX-cbmnnstpos

8.12.1. OdbpekT HarikBucta

1

464
481
481
485
485
489
495

499

500
501
502
504
504
504

508
508

511

511
513
513
516
516
517
517
519
523

527
527

530

535

544
544
549
553
554
554



Ctp. 12

12

8.13.

8.14.

8.15.

8.16.
8.17.
8.18.

8.19.

8.A.

8.b.

9.2.

9.3.

9.4.

CopgepxaHue
CTpyKTypbl peanusauunn umdposbix BUX-cdunstpos 562
8.13.1. MNMpakTnyeckme ctaHgapTHble 6nokn BUX-punsTpos 562
8.13.2. KackagHas v napannenbHas peanusaumm BUX-cunstpos 6onbLumnx
nopsiaKoB 565
BrnvsiHne koHeyHoW pa3psagHocTy Ha BUX-cunetpbl 569
8.14.1. OOk KBaHTOBaHUSA KO3chdULNEHTOB 570
Peanusauuna BUX-cdunerpos 573
8.15.1. TpeboBaHUS K BbIYMCNEHNAM 573
Moapo6HbI Npumep paspaboTkn umdposoro BUX-cdbunbtpa 574
Pestome 579
Mpumepsbl ncnonbdosaHns BUNX-cunsTpoB B UMpoBbIX ayamocucTeMax
N n3mepuTenbHbIX Npnbopax 580
8.18.1. Undposble ayanocmuctemsl 580
8.18.2. Umdpoeoe ynpasneHune 580
8.18.3. Lncbposble 4acTOTHbIE OCUUMNSATOPDI 582
Mpumepbl npumeHeHns BUX-cdunsTpoB B cBA3M 582
8.19.1. NeHepauunsa 1 NpuemM curHamnos B LIMAPOBBLIX KHOMOYHbIX TenedoHax 583
8.19.2. Undposasa TenedoHns: 4eTEeKTUPOBaHNE ABYXTOHANBHOMO
MHOro4acTOTHOIO CUrHarna c ucrnornb3oBaHvem anroputma opuensi 585
8.19.3. BoccTtaHoBNEHNEe TaKTOBOW YacToTbl B cdhepe nepefaym gaHHbIX 590
MpunoxeHns 605
Mporpammbl Ha C gns paspabotkmn BUX-cunstpos 605
8.A.1. Peanusauun Ha C nHBaprMaHTHOro npeobpas3oBaHnsi UMMYMbLCHOW
XapaKTepUCTUKN 606
PaspaboTtka BUX-dunbtpos ¢ nomoubio MATLAB 610
8.B.1. BbluucneHune ksagpartHbIX KOPHEN U3 KOMMMEKCHbIX BENMUYMH
C NCMNONb30BaHMEM AEACTBUTENBHON apudMETUKN 627
LUndpoeasa o6paboTka curHanoB Npu HECKOSNbKMX CKOPOCTAX 629
. BBegenwve 629
9.1.1. HekoTopble 06nacTvt NPOMBILLMIEHHOIO NPUMEHEHNS 06paboTKN AaHHbIX
MPU HECKOMbKMX CKOPOCTAX 630
KoHuenumm o6paboTku Npy HECKOMbKUX CKOPOCTSAX 632
9.2.1. YMeHbLUEHME YaCcTOTbl ANCKPETU3ALMU: AELMMaLMS C LIEMbIM LLIarom 632
9.2.2. YBenuyeHne 4actoTbl ANCKPETMIALNN: UHTEPMNONAUNS C LenbiM warom 633
9.2.3. MNpeobpa3oBaHne 4acToTbl AUCKPETM3ALMKN C HELLENbIM LIArom 635
9.2.4. MHorokackagHoe npeobpasoBaH/e YacToTbl AUCKPEeTU3aumm 639
Pa3paboTka npakTu4ecknx KOHBEPTEPOB YaCTOTbl AUCKPETM3ALMK 640
9.3.1. Cneumndukaumsa dounstpa 640
9.3.2. TpeboBaHus K punsTpam OTAENbHbIX Kackagos 642
9.3.3. Onpepenexne Yncna Kackagos U WaroB geuyumauun 643
9.3.4. Mpumepsbl paspaboTku 644
[MporpammHaga peanvsauusa geunumaTtopoB 652
9.4.1. NMporpamma MHOrokackagHou geummauum 653



Ctp. 13

CopepxaHue

9.5.

9.6.

9.7.

9.8.

9.A.

9.B.

9.4.2. TecTOBbIN NPpUMEpP UCNOMb30BaHWUSA NPOrpaMMbl geuMauum
MporpammHasg peanusauusa NHTEPNONATOPOB
9.5.1. MNporpamma MHOrokackagHoOW UHTEPNONALMn
9.5.2. TecToBbIN NpUMep
MpeobpasoBaHMe YacToTbl AUCKPETU3ALMUM C UCMONIb30BaHNEM MHOrogasHoro
dunstpa
9.6.1. MHorochasHasi peanusauunsa MHTEPNonsaTopoB
Mpumepbl NpUMeHeHns
9.7.1. BblcokoKkayecTBeHHOe aHarnoro-uMgposoe npeobpasoBaHme
B uncpposom ayamo
9.7.2. pdhekTuBHOE aHanoro-undposoe npeobpasoBaHue
B BbICOKOK@4eCTBEHHbIX CUCTEMax BOCMPOM3BEAEHUS KOMMaKT-OUCKOB
9.7.3. CH0p BbICOKOKAYECTBEHHbIX JaHHbIX
9.7.4. Y3kononocHasi unudpposas dunstpaums ¢ 06paboTkor Npyu HECKOMbKUX
CKOPOCTSAX
9.7.5. Y3KOMOMNOCHbIV CNeKTparbHbI aHanm3 ¢ BbICOKMM pa3peLleHnem
Pestome
MpunoxeHns
Mporpammbl Ha C anst pa3paboTkn 1 peanusauun cucteM obpaboTku npu
HECKONbKMX CKOPOCTAX
Lindposas obpaboTtka curHanos ¢ nomowsio MATLAB

10. ApganTuBHble LMdPOBbIE PUILTPLI

10.1.
10.2.

10.3.
10.4.

10.5.

10.6.

Korga v rge ctouT ncnonb3oBaTh aganTUBHbIE UMLTPDI

KoHuenuuu agantmMBHOM unsTpaumm

10.2.1. AganTuBHble UMLTPLI Kak CPeACcTBO NOAABIEHMS WyMa

10.2.2. Opyrue koHdurypaumm agantmBHoro unstpa

10.2.3. OCHOBHble KOMMOHEHTbI aaanTMBHOIO uUNLTPa

10.2.4. AganTuBHbIE anropuTMbl

OcHoBbl Teopumn ¢hunsTpoB BuHepa

CTaHaapTHbIi aganTUBHbLIA anropuTM HaUMEHbLUNX KBagpaToB

10.4.1. Peannsaums ctaHgapTHOrO anropMtMa HaMMeHbLUNX KBaapaToB

10.4.2. MNMpakTnyeckne orpaHNYeHnss CTaHAapTHOro anropMTMa HauMeHbLUNX
KBagpaToB

10.4.3. Opyrue anroputmbl Ha OCHOBE CXEMbl HAMMEHbLLMX KBaapaToB

PeKypCcuBHbI anroputM HauMeHbLUNX KBaapaToB

10.5.1. PekypCuBHbIN anropuTM HauMeHbLUNX KBagpaToB

10.5.2. OrpaHnyeHns pekypcUBHOIO anropMtMa HaMMeHbLUUX KBaapaToB

10.5.3. AnropuTmbl dhakTopmsalmu

Cdpepa npunoxeHus 1 — agantMeHas unbTpaLms OKynapHbIX apTedakTos

Ha O3l yenoseka

10.6.1. ®dusmonornyeckasa sagaya

10.6.2. Anroputm o6paboTkn apTedakToB

10.6.3. Peanunsauna B peanbHOM BpeMeHuU

13

655
655
659
661

663
663
668

669

669
671

676
683
683
693

693
693

699

699
701
701
702
702
702
705
708
709

712
715
717
718
719
719

720
720
721
723



Crp. 14

14

10.7.
10.8.

10.A.

10.6.
11.

11.1.
11.2.
11.3.

11.4.
11.5.

11.6.
11.7.

11.8.
11.9.

11.A

CopepxaHue

Cdpepa npunoxeHusa 2 — aganTMBHoe TenedoHHOe axonoaaBneHme

Opyrve npunoxeHunsa

10.8.1. 'pomkoroBopsLme TenedoHbl

10.8.2. KomneHcaunsi MHOrony4eBoro pacnpocTtpaHeHns

10.8.3. AganT1MBHOE nogasneHne npegHamMmepeHHON Nomexu

10.8.4. O6paboTka curHanoB ¢ pagapos

10.8.5. OTaeneHne curHanoB peyn oT hOHOBOIO WyMa

10.8.6. HabntogeHve 3a nnogom — nogaenenne IKIM matepu npu pogax

MpunoxeHna

Mporpamma Ha C ansa agantTuBHOM chunbTpaumnmn

10.A.1. AganTBHOe BbleneHne y3KOMnornOoCHbIX CUrHaNoB, CNpsiTaHHbIX
B LUyme

Mporpammbl MATLAB gns agantneBHOW chunstpaumm

OueHka 1 aHanua crnekrtpa

Bsenenne

MprHUMNbI OLEHKM CnekTpa

TpagnunoHHbIe MeToabl

11.3.1. MNogBoAaHbIE KAaMHU

11.3.2. BagewusaHue

11.3.3. MeTopg n cBowncTBa nNepuogorpamMmm

11.3.4. MeToabl MOANULNPOBAHHbLIX NepMogorpaMm

11.3.5. Metoq BnakmeHa—Tblokn

11.3.6. MeTog 6bICTpON KOppensuumn

11.3.7. CpaBHeHMe METOAO0B OLIEHKN CMEKTparnbHOM MIIOTHOCTM MOLLHOCTU

CoBpeMeHHble napaMeTpuyeckne MeTobl OLEHKN

ABTOpErpeccrMoHHas oLEeHKa crnekTpa

11.5.1. ABTOpErpeccMoHHasi Moaernbs U aBTOPerpecCUOoHHbIN OUNLTP

11.5.2. CnekTpanbHasi MNOTHOCTb MOLLHOCTUN aBTOPErpeCCMOHHOIO psaa

11.5.3. Pacuet napameTtpoB moaenu — ypaBHeHus KOna—Yokepa

11.5.4. PeweHune ypaBHeHun KOna—Yokepa

11.5.5. MNMopsgok mogenu

CpaBHeHVE METOAOB OLEHKM

Mpumepbl NpUMeHeHUs

11.7.1. Vicnonb3oBaHWe cnekTpanbHOro aHannsa ¢ nomotybto Ao
Ons pasnuyeHvs donesHen moara

11.7.2. CnekTpanbHbii aHanua 33 ¢ Mcnonb3oBaHNEM aBTOPErPECCUOHHOTO

MOAEenNMpoBaHus
Pestome
Pa3o6paHHbIn npumep
MpunoxeHne
Mporpammbl MATLAB gns oueHku n aHanusa cnektpa

723
725
725
725
727
727
727
728
731
731

732
736

737

737
740
742
743
746
756
759
760
761
761
762
763
763
764
765
767
769
770
770

770

773
774
774
781
781



CopepxaHue 15

12. YHuBepcanbHble 1 cneunanmanpoBaHHblie npoueccopsl LIOC 783
12.1. BectynneHue 784
12.2. KomnbloTepHble apxmMTekTypbl 06paboTku curHasnos 784
12.2.1. MapBapackas apxuTektypa 786
12.2.2. KoHBelepHas obpaboTka 788
12.2.3. AnnapaTHbI YMHOXUTENb-HaKonuTerb 792
12.2.4. CneuymnanbHble kKoMaHabl 795
12.2.5. Cpegctea aybnmpoBaHus 798
12.2.6. BcTpoeHHas namsATb/kaL 799
12.2.7. PacwupeHnHbin napannennam — SIMD, VLIW u ctatuyeckas
cynepckansipHas obpaboTtka 799
12.3. YHuBepcaneHble npoueccopbl LIOC 804
12.3.1. Mpoueccopbl LLOC ¢ dmkcrnpoBaHHOM 3ansTomn 805
12.3.2. Mpoueccopbl LLOC ¢ nnaBatowwen 3anstomn 815
12.4. Bbibop umdpoBoro npoweccopa curHanos 818
12.5. Peannsauusa anropmtmoB LIOC Ha yHuBepcanbHbIx npoueccopax LJOC 820
12.5.1. Undposas KNX-cunsrpaums 820
12.5.2. Undposas BUX-bunsrpaumns 829
12.5.3. Pacuert blN® 836
12.5.4. O6paboTka Npu HECKOMNBbKNX CKOPOCTSX 842
12.5.5. ApantuBHas dunsrpaums 845
12.6. CneunanumaupoBaHHasa annapatypa LIOC 847
12.6.1. AnnapaTHble uMdpoBble hunbTpbl 848
12.6.2. AnnapatHble npoueccopbl BN 849
12.7. Pesiome 852
MpunoxeHune 859

12.A. TMporpammbl Ha A3bike accembnepa TMS320 ans o6paboTku curHanos
B pearlbHOM BpeMeHM 1 nporpaMmma Ha sisblke C ans asonyHoro bro

C NOCTOSAHHOW reoMeTpuen 859
13. AHanua appeKkToB KOHEYHON pa3psaHocTu B cuctemax LIOC
C (bMKCMpOBaHHOM 3anaTomn 867
13.1. BctynneHuve 867
13.2. Apudpmertumka LIOC 868
13.2.1. ApndmeTuka ¢ PUKCMpPOBaHHOW 3ansTon 870
13.2.2. ApucbmeTnka ¢ nnaearoLLen 3anaTon 874
13.3. Wym kBaHTOBaHuA AL u kayecTBO curHana 877
13.4. DdheKkTbl KOHEUHOW pa3psAAHOCTY B L poBbix BUAX-dunsrpax 880
13.4.1. BnusHue cTpykTypbl hmnsTpa Ha adhpeKTbl KOHEYHOM Pa3psi4HOCTU 881
13.4.2. Owmnbkm kBaHTOBaHWA KO3DPULMEHTOB 884
13.4.3. TpeboBaHus K AnMHaM KO3(MMULNEHTOB C TOYKN 3pEHNST YCTONYMBOCTHU
N Kernaemomn YaCcTOTHOW XapaKTepUCTUKN 886
13.4.4. OwmnbKM nepenonHeHnst Npu CNoXeHnn 890
13.4.5. MpuHUMnbl MacwTabupoBaHms 892

Ctp. 15



Ctp. 16

16

13.5.

13.6.

13.A
13.6.

14.
14.1.

14.2.

14.3.
14.4.
14.5.

14.A.

CopepxaHue

13.4.6. MacwTabupoBaHue npun KackagHoW peanu3auun

13.4.7. MacwTabupoBaHue B napansenbHon peanusauum

13.4.8. [leTekTMpoBaHue 1 NpeaoTBpaLLEHME NEPENONHEHMS HA BbIXOAE

13.4.9. OwmnbkM okpyrneHus npousseaeHus B Lngposbix BUAX-dunsTpax

13.4.10. BnnsHne owmnbok KBAHTOBaHMSA HA NPOM3BOAUTENBHOCTL unbTpa

13.4.11. Wym okpyrneHns B KackagHbIX 1 napannenbHbIX peanusaumsax

13.4.12. BniusiHne wyma oKkpyrneHus nponssegeHns B COBPEMEHHbIX
cuctemax LIOC

13.4.13. CXxeMbl CHWXEHNS LLyMa OKpYrneHus

13.4.14. OnpegeneHne NpakTUYECKNX 3HaYeHnn koaddurumneHToB obpaTHoM
CBS13U MO oLinbke

13.4.15. I'paHWNYHBIN UMK BCReacTeme ownbOK OKPYrmeHns Npon3BeaeHni

13.4.16. Opyrne HenuHerHble ABNEHNS

O hekTbl KOHEYHON pa3psigHOCTU B anroputmax bro

13.5.1. Owmnbkn okpyrnexus B BMNod

13.5.2. Ownbkn nepenonHeHmsa n macwtTabnposaHve B bINd

13.5.3. KBaHToBaHne koaddpuumneHToB B BINd

Pestome

MpunoxeHns

Mporpamma aHanmsa acpdeKkToB KOHEYHOW paspsgHocTy ana BUAX-cdunstpos

YpaBHeHUst MaclUTabHbIX MHOXWUTENEN Lo

MpunoxeHns n pasobpaHHble NpUMepsl

Mnatbl Ana gemoHcTpauum obpaboTku CMrHanoB B peanbHOM BpeMeHU
14.1.1. OcHoBbI

14.1.2. Uenesas nnata TMS320C10

14.1.3. JemoHcTpaumoHHbIi mogyne ana LIOC peanbHoro Bpemexu
14.1.4. JlemoHcTpaumnoHHble nnatel TMS320C54 n DSP56300
Mpunoxenus LIOC

14.2.1. [JeTtekTnpoBaHue cepauebueHms nnoga Bo BpeMs poaoB
14.2.2. AganTuBHoOe ycTpaHeHne okynsipHbix aptedaktoB ¢ IKIM yenoBeka
14.2.3. BblpaBHMBaHWe LMMDPOBLIX ayanocurHanos

MopenbHble 3agaun

Bonpocel no LUOC anst KOMNbOTEPHbBIX TECTOB

Pesiome

MpunoxeHne

MoanduumposaHHbeIn anroputm UD-dakTopusaumm

MpeaMeTHbIN yKasaTternb

895
896
898
898
900
904

909
910

916
921
922
923
923
926
927
928
933
933
933

935

935
935
936
937
938
939
939
948
964
967
975
983
986
986

987



Ctp. 17

[1lpegucnosune

Llenb KHurun

Ha nporspkeHnu nociaeqHux sty Jet nudposas odpadboTka curHana (digital signal pro-
cessing — DSP, I1IOC) oka3biBaeT NEepBOCTEIIEHHOE U TMOCTOSHHO BO3PACTAIOIICE BIIMSHHUEC
Ha Takue KIIIOYEBBIE TEXHOJIOTUYECKUE OTPACIIHU, KaK TEJIEKOMMYHHUKALUH, IU(POBOE Teme-
BUJICHUE U CpejAcTBa MHpOpMaluy, Onomenuuaa 1 nudposas 3Byko3anucsk. Ceronus LHOC
SIBJISIETCS SIIPOM MHOKECTBA BUIOB HOBEHIIMX IU(POBBIX pa3pabOTOK U pa3IMYHBIX MPHIIO-
KEeHUH B MHPOPMAIIMOHHOM o0IIecTBe (Harnpumep, udpoBas MOOUIbHAS CBSA3b, IIU(POBLIC
BUJICOKaMephl, TEJIEBUACHIE H CUCTEMBI 3BYKO3aIUCH). B coBpeMEHHOM MUpPE OT HHKEHEPOB-
SJIEKTPOHIIKOB, IPOrPAMMHUCTOB M CBA3UCTOB JaXke ele OoJblie, Y4eM BO BpeMEHa IepBOro
u3aHus, oxunaercs u tpedyercs ymenue padorats ¢ LIOC. Teneps LIOC — 310 0CHOBHOM
IpeaMeT MOYTH BO BCEX KypcaX, NOCBALICHHBIX TEXHHUKE CBSI3H, BBIYMCIMTEIBHOM M 3JIEK-
TPOHHOM TEXHUKE.

Bropoe u3nanue KHUTH cTano 0ojiee COBPEMEHHBIM Oiarofapsi TOMY, 9YTO B HETO BOIILIA
JIOTIOJTHUTEIbHBIE TEMBI, 3HAYEHUE KOTOPBIX IOCTOSHHO PAcTeT, M 3aJa4d, OCHOBAaHHBIC Ha
nporpammuoM nakere MATLAB, a Taxke Onmarofapsi HAJIMYHMIO CIIPABOYHUKA-TTPHIIOKEHUS
U web-CTpaHUIlbl. DTH JIOTIOJHEHHS TOSBUWIIMCH KaK PEaKIHs Ha Pa3BUTHE MPOTPAMMHOTO
o0ecrieueHus1, paCIIMpeHne A0CTyna K HHHOPMAIIMOHHBIM TEXHOJIOTHSAM, JOCTH)KEHUS B 00-
JacTu oOpabOTKK CHUTHAJA U CIpOoC yuTareneil. B BeicmMX y4eOHBIX 3aBEICHUSAX BCE Yalle
MOJIB3YIOTCSl MaTepHallaMH M3 ceTd Internet ¥ TaKUMH MPOTPAMMHBIMU CpEICTBAaMU 0Opa-
6otku curHaioB, kak MATLAB. B 4acTHOCTH, MBI 3aMETHJIA MTOCTEIICHHO BO3PACTAIOIIMIA
WHTEpEC y HalllMX YUTaTeNell K MaTepualiaM, OCHOBAaHHBIM Ha IporpaMMHOM makere MAT-
LAB. JlaHHBI S3BIK BBICOKOTO YPOBHSI IO3BOJISIET OCYIIECTBIIATH CIOKHYIO 00pa0OTKy CHT-
HaJla 1 HEMEIJICHHO BBIBOAMTH PE3YJIbTAT HA SKPAH C IIOMOIIBIO OTHOCUTEIHLHO HEOOIBIIOTO
yrcaa KoMaHa. MO)KHO MOJTydaTh YAOBOJILCTBHE OT 0OpaOOTKM CUTHANa W PeleHHs 3ajad,
HE OTBJIEKAsICh HAa HANMCAaHUE MOJIPOOHBIX IporpaMM. Mbl HajeeMcs, 4TO MPUMEpPHI U3 Ma-
keta MATLAB u ynpakHeHHs, KOTOpbIE Bbl HaiJeTe B ATOM KHHUIE, MOMOTYT y4alllUMcs
nproOpecTy MPAKTUIECKHE HABBIKH M PACIIUPAT BO3MOXKHOCTH IPETIOJaBaTEIICH.

Llenbro BTOPOTo M3JaHUs, KaK U IIEPBOTO, OBLIO MPOJIOKHUTH MOCTHK OT TEOPUH K PAKTHKE.
[TosToMy m1aBHBIE OCOOEHHOCTH KHUTH, — OCBELICHHE COBPEMEHHBIX TEM U IpEeAoCcTaBlie-
HUE MPAKTUYECKUX IMPUMEPOB U NPUIIOKEHUH — coxpaHMiHch. Kak ¥ B IepBOM H3laHUH,
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MPaKTHYECKHE MPUMEPBI U MPOTrPaMMbI YEPEAYIOTCS C TCOPUEH, YTOOBI MOTHBHUPOBATH H3-
JaraeMblil MaTepual U MOJJIeP)KUBATh 3aMHTEPECOBAHHOCTD CTYJICHTOB Ha BBICOKOM YPOBHE
JUTS TIOBBIIEHUST 3G PEeKTHBHOCTH 00y4eHus1. MHOTHE TIIaBbl OBUIH 3HAUUTENHHO TIepepadboTa-
HBI M CTajaH 0oJiee COBPEMEHHBIMH U MOHATHBIMHU. YBEIHYEHO YUCIIO 3a/a4, IpeiaraeMbpIx
B KOHIIE Ka)KIOW IIIaBBI LIS MIPOBEPKH, 3aKPEIUICHUS U JOIOIHEHUS] YCBOCHHOTO MaTepuaia.
[Tpu nmepepaboTke KHUIM MBI MCXOAMJIM U3 COOCTBEHHOIO OIBITA U IOXKEJIAHWH YuTaTeneH
MIEpBOTO M3JaHUSL.

BBenenbl Takue HOBBIE TEMbI: BBIOOpKa C 3amacoMm 1o 4acrore (oversampling) u mo-
nocoBast quckperu3anus (bandpass sampling) mist mpeoOpa3oBaHusl aHAJIOTOBOTO CHUTHAJA
B IU(POBOH, MO3BOIISIONIME BOCIONBb30BaThes npeumMyinectBamu L[OC; BeiiBneTHbIE Mpe-
oOpazoBanus (wavelet transforms), KOTOpble MPUMEHSIOTCS NPU ONMCAHWU WU Pa3pelleHUH
CUTHAJIOB B YAaCTOTHOM M BpeMeHHoH o0yacTsx; ciernoe odpamenue ceepTku curHana (blind
signal deconvolution) Ui UAEHTUPHUKALMN BXOIHOIO CUTHAJA MO BBIXOJY HEH3BECTHOW CH-
CTEMBI; MapaMeTpUYECKas OlICHKA CIIEKTPa JIs MOBBIIICHUS pa3pellieHNs] KOPOTKHX CHTHAJIOB
U YMEHBILICHUS KOJIMYEeCTBa OIIMOOK; apXUTEKTypa HOBBIX mpoueccopoB LIOC u mpaktuye-
CKHE COBETHI M0 CHIXKCHHIO IIyMa, BO3HUKAIOUICTO B PE3yJbTaTe OKPYIICHUS, B CHCTEMax
HOC ¢ dpukcupoBaHHOH 3aMsITON; KOMIBIOTEPHBIC BOMPOCHI ¢ PA3IMYHBIMU BAPHAHTAMH OT-
BETOB /U YIyYIIEHUS KOHTPOJIA. MHOIHe IIpUMepsl U yIIPaKHEHUs, IPUBEJCHHbIE B KHUTE,
OCHOBaHHI Ha porpamMmMHoM akete MATLAB.

DTa KHUra BO3HUKIIA Ha OCHOBE HAIIIETO MHOTOJIETHETO OMbITA MPETOIaBaHus MPAKTHYE-
CKHUX CIICIIHAIN3UPOBAHHBIX KypCOB MO HU(PPOBOW 00pabOTKe CHrHANA cTyaeHTam [lmumyT-
ckoro yHmBepcuteTa M yHuBepcuteTa lleddunma Xamnama (Sheffield Hallam University)
U CIIEHUAJHMCTaM 110 MPUMEHEHHIO 3TUX 3HaHWH Ha mpousBoxcTBe. OKa3anoch, YTO MHOTHE
U3 CYHIECTBYIOIINX YYEOHHKOB JIMOO CIIMIIKOM BJIEMEHTApHBI, JIMOO CIHMIIKOM TEOPETUYHBI
JUISl IPEMEHEHUsI B TMPHUKIATHON obnacTi. BonbIIMHCTBO unTaTeneil u3 cOOCTBEHHOTO OIIbI-
Ta 3HAIOT, HACKOJIBKO IITyOOKa MPOMAcTh MEXAY M3yYEHHEM TEOPETHYECKHX OCHOB JIIOOOTO
IpeAMeTa ¥ peajbHbIM X BOIUIOMICHHEM. [109TOMY BO3HHKIIO pEIICHHE HAIUCATh KHUTY,
KOTOPYIO, KaK MbI HaJleeMcsl, TIOMMYT M OLEHAT CTYACHTHI, U KOTOpas MOMOXET UM CIIpa-
BUTBCA C MPAKTHYECKUMH 33/IaHHSAMHU U TUIIOMHBIMH MIPOEKTaMH 10 LU(POBOH 00paboTKe
curnana. Taxke Mbl HaZieeMCs, YTO MHOTO TI0JIE3HOH HH(POPMALIUHU OYEPITHYT U3 3TOH KHUTH
U CTYZAEHTHI 00Jiee BBICOKOTO YPOBHS, M MPAKTUKYIOIINE HHKEHEPHI, U yUCHbIE.

[Ipy HanWcaHWKM KHUTH MCTOYHHKOM BIOXHOBEHHS CIIy)KHJa TaKkKe Hamla COOCTBEHHAs
UccienoBaTeNbcKas padoTa o NpUKIagHoi 1udpoBoii 00paboTKe, KOTOpas Bejlach Ha IPO-
TSDKEHUU TIOCJIEAHUX 25 JIeT, onpenessis MPakTHUECKHe BOIPOCH! A1 00CYKICHHUS.

Ckopee Bcero, B 0003puMoM OyayiieM UHTEpec K 1udpoBoii 00paboTke curHana Oyner
pacTH, a ee pa3BUTHE, KaK C IPOMBIIUICHHOM, TaK U ¢ aKaJleMUYeCKOH TOYKH 3peHus, Oy-
ner npopoipkarkes. CylnecTBOBaHHE OIPOMHOIO KOJIMYECTBA MPOLIECCOPOB A LUPPOBOH
00pabOTKH CUTHAJIOB CBHICTEILCTBYET O OONbIIoM KoMMepueckoM 3HaueHud LIOC. Bonbie
BCEro IpUBIIEKAET TO, YTO LU(poBas 00pabOTKa CUIHAIOB, IO3BOJIAIONIA JOCTHYb BBICOKOM
TOYHOCTH W WJIICAbHON BOCIPOU3BOIUMOCTH, 10 CBOCH BHYTpPEHHEH T'MOKOCTH CpaBHHUMA
C aHaJIOroBOM 00paboTKOl curHamoB. Ha mpoW3BOACTBE MHOTHM HWHXEHEpaMm BCE ellle He
XBaTaeT HEOOXOANMBIX 3HAHHUH M OMbITa PabOThI, YTOOBI UCIOIL30BaTh OE3MEPHBIE BO3MOXK-
HOCTH OYECHb MOIIHBIX MPOIECCOPOB HUPPOBOI 0OPAOOTKU CUTHAIIOB, TOCTYIHBIX Ha CEro-
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JHSIITHUHN 1eHb. DTa KHATA JIaCT NMPAKTUYECKUE YKa3aHHsI U TOMOXKET WH)KEHepaM Hay4IHUThCS
C TIOMOILBIO TAKHUX CPEICTB MPOEKTUPOBATh U pa3padaThIBaTh Mpaktuueckue cucremsl LIOC.

C teopernueckoii Touku 3peHust LIOC 00bI9HO CUMTAIOT OHUM M3 MaTeMaTHYECKUX MPe.-
METOB IEKTPOTEXHUYECKOTO Kypca, HO, HCXO/sl U3 HALIETO OINbITA MPEMNOIaBaHUs, Mbl CBEJIU
MaTeMaTHYEeCKHE BBIKJIAJKH J0 TOTO MUHHUMYMa, KOTOPBIH IMOCUMTATIN BayKHBIM, IOJE3HBIM
W WHTEPECHBIM; KPOME 3TOTO, MBI BBIICIHIIM BOIIPOCHI, BHI3BIBAIOIINE ONpEACICHHBIE MPO-
6nembl. Kak mokaspIBaeT OIBIT, CTYAEHTBI y4aTCs JIy4llle, €CJIM 3HAIOT O IPAaKTHYECKOH BOC-
TpeOOBaHHOCTH IpeaMeTa. M XOTs TeopeTHYecKue CBeIeHUs, 0e3 COMHEHUs, Ba)KHbBI, MBI
CYMTAEM, YTO BBITYCKHHUKH JIOJDKHBI TAKXKE BIaJIETh MPAKTUIECKUMHU 3HAHUSIMU U YMEHHSIMHU.
Ora KHUTa ObljIa HaNMCcaHa MMEHHO UCXOAS U3 TaKMX COOOparKeHHH.

Hamra xnura He sBisieTcs ucueprsiBatonieid padoroit mo I{OC, HO B Hell paccmarpuBaeTcst
OOJIBIIIMHCTBO aCIEKTOB TpeIMETa, BCTPEUAIOIINXCS B Kypcax 2JIEKTPOTEXHHUKH, SJIEKTPOHH-
KU ¥ TEXHUKH cBa3U. Kpome Toro, 3meck onucan pag Metonuk 1IOC, 0coOeHHO BaXKHBIX [UIs
MIPOM3BOJICTBA, KOTOPHIE 32 MOCIICHNE HECKOJIBKO JIET HavYalli MOSBISATHCA B Kypcax oOyue-
Husl. K TakuM MeToquKaM OTHOCSITCS alaliTUBHAsT (PMIIBTpaIys 1 00paboTKa MPU HECKOJIIBKAX
CKOpPOCTSIX.

B xHure 0cHOBHOE BHMMaHUe yeisiercs npakrudeckuM acriektam L{OC. He nociennroro
POJIb UTPAET TO, YTO BO BTOPOE M3/IaHHUE BKIIIOYEHBI IPUMEPHI U3 ITPOrpaMMHOT0 rmakera MAT-
LAB u ynpaxHeHHs 1O aHaJU3y, TPOESKTUPOBAHUIO, HCCIECAOBAHUIO M 00pabOTKe CHTHAJIOB
IIPU pallMOHAJIBHBIX 3aTpaTax BpeMeHH. Boinonnus ynpaxHenus us MATLAB, uurarens
npuoOperer Oonee rybokue nmozHanus B obmactu LIOC. [lockonbky mpuMepsl mporpamm
qurs LIOC wa s3p1ke C 13 IepBOTO M3IaHUS OKa3aJIMCh JOCTATOUYHO TOMYIIPHBIME, OHU TaKKe
MIPUBOJSITCS C HE3HAYUTEIbHBIMU U3MEHEHUSIMH.

Cerogas MATLAB mmpoko HCIOJIB3yeTCs B KaueCTBE OOIETIPHHATOT0 HHCTPYMEHTA B Ha-
YK€ U TeXHUKE U TpeOyeT MEHBIINX HABBIKOB IPOTPAMMHUPOBaHUSA, YeM 36K C. DTOT makeT
obnasaeT XopomrMH TpauuecKUMU U JEMOHCTPAIIMOHHBIMH BO3MOXKHOCTSIMU U 00ecTIeuu-
BaeT HETIOXYI0 cpeny s pazpadborku [IOC. MeI cuntaem, 94TO CTyIEHTaM HE IIOMEIIano Obl
03HAKOMUTKCS ¢ IporpaMMHbIM ntaketoM MATLAB, a ymeHue padoTarb ¢ HUIM — 3TO BeChbMa
noJje3Hbld HaBbIK. Bece m-daiine u3 MATLAB, kxoTopbie YIIOMUHAIOTCS B KHUTE, IOCTYITHBI
B AJIEKTPOHHOM BHJIe B ceTH Internet. Kpome Toro, m-¢aiinsr (kak u nporpammsl Ha si3bike C
U3 NEPBOTO M3JaHUs) €CTh M Ha KOMIIAaKT-IUCKE CIIPABOYHUKA-IIPUIIOKEHUS (CM. HIDKE).

OcHoBHble npenvyLliecrtBea 3TON KHUTU

m ObecrieunBaeTcs MOHUMaHUE TEOPETUIECKUX OCHOB, PEATN3ALUHU U IIPUMEHEHHS METO/IOB
[HOC ¢ mpakTH4ecKoi TOYKH 3PECHUSI.

m Kuura HanmcaHa SCHO ¥ IPOCTO, MaTEMaTH4ECKUE BBIKJIAIKU CBEICHBI 10 HEOOXOAUMOro
JUTSL BOCIIPUSITHSI MUHAMYMa.

m Meroast LIOC nponmmtocTpupoBaHbl NPaKTUY€CKH OPUEHTUPOBAHHBIMU PeajlbHBIMH TPH-
MEpaMHU C TOJIHBIM PELICHNEM, pa3padoTaHHBIMHK A5 Oosee Trybokoro monumanus LIOC.

m JlaroTcs IpakTHYecKUe COBETHI, YTOOB! YUTATEIM MO [IPOEKTUPOBATh U pa3padaThIBaTh
Hacrosmue cucremsl LHOC. IlpuBonsarcs 3aBepiieHHbIe TPUMEPHI pa3paboTKH U IIpaKTHIe-
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CKH€ JIeTalIl peallu3alliy, BKIIIoYas IPorpaMMbl Ha S3bIKe acceMOnepa Ais IpoLeccopoB
HocC.

m [IpuBeneHs! 3agaun U NpuUMepsl U3 nporpammuoro nakera MATLAB nis npuoOperenus
HPaKTUYECKOIO OIbITA.

m [Ipennaratorcs maorue anroputMsl 1 QyHkH L{OC Ha si3p1ke C, B TOM YHCIIE TPOrpaMMBbI
JUIA:

— pa3paboTKu (GUILTPOB C KOHEYHON UMITYyIbCcHOHM Xapakrepuctukoit (KUX-dumsrpos)
1 ¢ OecKOHEeYHOI UMITyIbCHO XapakTepuctukoi (BUX-hunsrpos);

— aHaym3a 3QdeKTa KOHEUHOH JUTMHBI CJI0Ba IS pa3padaThiBaeMbIX Mojb3oBaTenieM BIX-
(GUIBTPOB ¢ (PUKCHPOBAHHOM 3aIISITOM;

— TIepexofia OT KaCKaJHOM CTPYKTYpPbI pealn3alliu K NapajluleIbHON;
— pacuera KoppessLuumy;

— QJITOPUTMOB JTUCKPETHOTO M ObIcTporo npeodpazoBanuii Oypoe;
— o0OparHoro z-npeoOpa3oBaHus;

— OIIGHKU YaCTOTHOW XapaKTePUCTUKU;

— pa3paboTKH cucTeM 00pabOTKM MPH HECKOIBKUX CKOPOCTSX.

m Kowmmnbroreprasie m-daiinsl gt MATLAB gocTymHBI B 3NIEKTPOHHOM BUZE B ceTu Inter-
net (mporpammsl Ha si3pike C MOXKHO HAaWTH Ha KOMMakT-Aucke K kaure [Ifeachor, 2001];
moapoOHee cM. pazaen “Web-callT, KOMIAKT-TUCK U CIIPAaBOYHHUK-IPHIIOKEHHE  3TOTO Mpe-
JTUCITOBHS ).

m CremneHp yCBOEHHs Marepuaia MOMOTAlOT HPOBEPSATHh 3aJaud B KOHIIE Ka)KOW IVIaBbI,
a TakXe BOIPOCHI C BAPHAHTAMH OTBETOB.

m J{ns WUTIoCTpaniy BAYKHBIX TPUHIIMIIOB U YKPEIUICHUs] NPpUOoOPETEHHBIX 3HAHUI UCIIONb-
3yIOTCSI peaibHbIC TPUMEPHI.

[Mpegnonaraemblin Kpyr Yntarenemn

Ota KHUTA MpeHa3Ha4YeHa IS CTYJCHTOB, 3aHUMAIOIINXCS HAYKOH, TEXHUKOM U IporpaM-
MHPOBaHHEM, a TAKKE TSI HHKEHEPOB U YUCHBIX, KOTOPHIC XOTAT IPHOOPECTH MPAKTHUESCKIE
sHanust o 1JOC. B 4wacTHOCTH, CTyIeHTaM IIOCICIHET0 Kypca, M3y4alolluM JJICKTPOHHKY,
JNEKTPHUKY MM TEXHHKY CBSI3H, 9Ta KHUTA TIOMOXKET OBJIAJIETh OOIIMMH KypcamMu OOyUCHHUS U
HaIMCaTh KypCOBYIO paboTy, HOCKOJIBbKY BCe OOJIbINE M OOJNbIIE CTYIEHYECKUX paboT CBSI3aHO
¢ Temu win uabiMu acnekramu [JOC. Kuura MOXKeT MPUroauThCs U aCIUPAHTAM, 3aHHMAF0-
IIUMCSI YKa3aHHBIMU HayKaMH.

TeopeTndeckue BOIMPOCH! OyAyT OYeHb MPUBICKATENBHBI IS CTYACHTOB, U MBI BEPHM,
YTO Hallla KHUra Oy/eT [IEHHBIM HCTOYHUKOM MH(OPMAIIMHU KaK Ha MPOTSHKEHUH BCEro Kypca
00y4eHHs, TaK U IIOTOM, KOIla OHHM Ha4HYT paboTaTh Ha MPOM3BOACTBE.

JaHHy10 KHHT'Y MOTYT OpaTh 3a OCHOBY OOJIBLIME KOMMEPYECKHE OpraHH3allMd WU TO-
CYIapCTBEHHBIC YUPEXKICHHUS, KOTOPBIC MPOBOASAT CBOM COOCTBCHHBIC KpaTKHE BHYTPECHHHE
Kypcsl o0ydenus 1{OC. Mbl HageeMcsi, 9TO 9Ta KHUra IMOCIYKUT KaK XOPOLIMM Y4eOHHKOM,
TaK ¥ [CHHBIM CaAMOYYHTEJIEM JUIsl CTYACHTOB, ACHMPAHTOB M MPAKTUKYIOIINX WHXXCHEPOB.



