L//®POBAA OBPABOTKA
CATRANIOB

AqoaHaCbeBa. l«fl NAAN K- 2-¢ 3NaHWE
BA. A

Pbi6onosne
I |-PbI)KKOB A. Tl



OrnasneHue

B BEABHM B et maeenes

MnaBa 1.
1.1.

1.2.

13.

14.
15.
1.6.
1.7.
1.8.
1.9.

1.10.
1.11.

1.12.

1.13.

1.14.
1.15.

1.16.

1.17.

AVcKpeTHble U LN POBbIe CUTHAaNDI
MpepgMeT 1 npobnematnka UMUgpPoBo 06paboTKMN CUrHa-
U2 [o] - JRR ettt et e e e —— e e e e e e ar e ee e s aaraeeeaeaan
PyHKUMOHa/IbHaA cxema cmuctembl LIOC. JocTonHCTBaA U
HefoCTaTKU LIOC ...
Knaccmmkauma curHasios m UX Matematmyeckoe ornwuca-
1= SRR UPRON
KBaHTOoBaHMeE Uncenn B LLOC ...,
AHa/IN3 LWYMOB KBAHTOBAHUSA CUTHA/IOB...ccceiviieeeeeiiieeen.
MpeactasneHve n KoguposaHue vncen B LOC
TUNOBbIE ANCKPETHBIE CUTHAIBcueeeeeeeeiiiiieeee e
OcCHOBHble onepauun LngposBoii 06paboTKX CUTHASIOB...
CnekTpbl HenepuognyecKnx OUCKPETHbIX CUTHAI0B U UX
(o= Lo i = - WSS ;
COOTHOLLEHME CMEKTPOB HernepmoanyecKnx aHasoroBbIx n
OVICKPETHDBIX CUTHASIOB  ..eeiiieiiiiiiieaaeeaitieeaeeesieiieeaeeeeneieeaeen
CnekTpbl NepUoaNYECKNX AUCKPETHBLIX CUTHASOB...........
XapaKTepucTuka CcrnekTpasibHOro npeacTaBneHna pas-
JINYHBIX KJ/1acCOB CUFHa/I0B Ha OCHOBe MpeobpasoBaHuii

BbicTpoe Npeobpas’oBaHME PYPbEe......coocveeeeeeeiiiieeeeeaeiiee
1.13.1. BbIcTpoe NpeobpaszoBaHme Dypbe C NPOPEXUBAHNEM MO
BPEMEHWL. ...t ettt ettt nte e nre et e snne e e s e e s an e e
1.13.2. BbIcTpoe npeobpaszoBaHve Dypbe ¢ NPOpeXXMBAHNEM M0
HACTOTE  eteeeetitertree et e e et e s e e e s e e e st e essn e e sne e e e s e e e nnneeennnnee s
JANCKpeTHOe KOCMHYCHOE NPeobpasoBaHUe........c.cccuueeeen...

AvckpeTHoe npeobpa3oBaHue Slannaca. Z-npeobpasosa-
HWE AVNCKPETHBIX CUTHA/I0B U €r0 CBOMCTBA..cevvveeeeennenn

CBA3b Mexay npeobpasoBaHusiMu Jlannaca, dypbe n z-
npeobpasoBaHNEM OUCKPETHBIX CUTHAMO0B.......ccveeerrerenene
BeBeT-NMPE0OPA30BAHME. .. ..cvveeeiiiiee e ceeeeeniee e

1.17.1. OcobeHHOCTU MPUMEHEHVS U UCMIO/b30BaHNST BEVBIIET-

1.17.2. HenpepbIBHbIV BEVBET-aHATN3
1.17.3. JUCKPETHDBIA BEMBIIET-AHAINS. ....eeeneeeeeieeesiieeaenneeeeanes

10
13
14
18
24
26

29

33
35

44
45

46

52
57

60



OrnaeneHue

[CnaBa 2.
2.1.
2.2.
2.3.
2.4.
2.5.
2.6.
2.7.
2.8.

2.9.

2.10.

2.11.
2.12.

[naBa 3.

3.1

3.2.

3.3.

3.4.

[CnaBa 4.
4.1.

4.2.

4.3.

OCHOBbI LUPPOBOA PUMBTPALNN ..c.eeevieeeireeeeenen
JIVICKPETHBIE CUCTEMDBI eciniieiiianiieiiieeiee st e e eneenee e
MprHUMN LNHPOBOA PUMBTPALMM .. eeeeeeneieee
MaTemaTuyeckne Mogenu n xapakTepucTukn LngpoBbIxX
PUNBTPOB .ottt
Knaccnukauma ungposbix GunnbTpoB
CTPYKTYPHbIE CXEMbI PUMBTPOB .. .eeevieiiiaiieniiee e aeeenieens
MpocTenwve ungposbie PUILTPbLI N X XapaKTEPUCTUKN
PacueT xapaKTepucTUK PEKYPCUBHOIO LUMHPOBOro hunsib-
Tpa BO BPEMEHHOW, YaCTOTHOM N Z-061aCTAX .c..cverueennnen.
MpoekTupoBaHne LNHPOBbIX PUILTPOB C KOHEYHOW NM-
MY/TIbCHOM XaPaKTEPUCTUKOM ..oovieeeeiiiieeaiieeeiiieeseeeesiiee e
DneMeHTbl MPOEKTMPOBaHNA LN pPoBbIX hUILTPOB C bec-
KOHEYHOW VMMYJ/TIbCHOM XapaKTEePUCTUKOM. ..ccevveeeeeeeeneee.
CneunansbHble LNPPOBBIE DUMTBTPBI..cocveeeieeeeriee e
2.10.1. Lindoposble npeobpazoBaTenn MMNbLOEPTa........ccuveeeen...
2.10.2. Lindoposble andbepeHLmaTopbl U UHTErpaTopsbl ........
2.10.3. Lindpposble cornacoBaHHble KUX-nnbTpbl ...............
Co6CTBEHHbIE LWYMbl LUGPOBbLIX YCTPOMCTB ..ovveeeeeennee
AfanTUBHbIE LNPPOBLIE PUABTPB ceeeereeeraiiiiaaeeaieiiieaaennas

LincbpoBas mMHOrockopoctHaa ob6paboTka cur-

L = U1 [0 = OSSR
MeToabl npeobpasoBaHUsa 4YacToThl. Knaccudukauyums

CMCTEM MHOFOCKOPOCTHOW UMppoBO 06paboTKN CUTHa-
1] PP PPRRP
OfHOKpaTHble CUCTEMbl UHTEPMONALUM N feunmManmn ..
3.2.1. OpHoKpaTtHas cUCTeMa UHTEPMOSALMM ....eevvvveeeeeeeeeanen.
3.2.2. OpHoKpaTtHas cucTemMa UMMALIMN .......coeeeeeeneininieies

MonndasHble CTPYKTYPbI CUCTEM MHTEPNONALUN N AeLn-
MBIV ottt

LincpoaHanorosoe npeobpazoBaHme CUrHas0B C UCMOJIb-
30BaHMEM NPoLEAYPbl MHTEPMONALMM ...ccevveerreeerireeeieneenns
LlndpoBoii cneKTpasibHbIA aHaSTN3 ....cceevveeeeeeeenee
3afayn n 0cobeHHOCTM LUGPOBOro CNEKTPasIbHOro aHa-
117 <= T PP PP PSPPI
Knaccnukauma MeTofoB LUPPOBOro CnekTpasibHoro
L T2 U 2= PP PPPR

HenapameTpuyecknii LnhpoBoi cnekTpasbHbIA aHan3

4.3.1. LmMchpoBoii crneKTpasibHbIA aHaM3 MeTogamun Lydposoii
UNIBTPALIMM . ...t

4.3.2. LindpoBoe crnekTpasibHOe OLEeHVBaHME Ha OCHOBe AWC-
KPETHOIO MPEOOPA30BAHUA D YPbE...coovveeeiiee e

367

111

116

120
125
126
131
134
137
143

149

149
150
150
155
159

1711
177

177

181
182

183



368

4.4,

[MnaBa 5.
5.1.
5.2.
5.3.

5.4.

5.5.

5.6.

5.7.
naBa 6.
6.1.
6.2.
6.3.

OrnasrieHne

4.3.3. OKOHHDBIE PYHKLIMM ..o eeiieeiiiiiieee ettt ceeeeans 187
4.3.4. Lindpposoe crieKTpasibHoe OLEHVBaHE METOA0M YcpeaHe-
HUA MOAMMDULIMPOBAHHDBIX MEPUOLAOTPAMM.......ceerireerireeerirnenss 194
MapameTpuyecknii LMGPOBOK CcreKTpasbHbIA aHann3 .. 196
4.4.1. TpyHUMN NapamMeTPUHECKOro CreKTPaulbHOro OLeHMBa-
HUA 197

4.4.2. TMapameTpuyecKoe CreKTpasibHoe OLieHMBaHMe Ha OCHO-
Be MOAE/el CUTHa/I0B B BUAE PeaKLUM NINHEAHbIX LNGPOBbIX

(0012715 o o] - RPN 198
4.4.3. NapameTpuUyeckoe CcreKTpasibHOe OLEeHMBaHWE Ha OCHOBE
MOAE/IN aBTOPErPECCUOHHONO MPOLIECCA .- vvvveeeeeeraearsranininens 200
4.4.4. TlapameTpuUyeckoe CreKTpasibHOe OLEHMBaHVE Ha OCHOBE
MOZE/N MPOLLeCCa CKOMB3ALLETO CPEAHETO oovvveeeeeeeeeeeiaeinenis 206
4.4.5. INMapameTpuyecKoe CreKTpasibHOe OLeHVBaHMe Ha 0CHOBE
MOZEe/ I MpoLIecca, aBTOPErpeccum — CKOsb3ALLEro cpegHero .. 207
LlndhpoBasa ob6paboTka peyeBOro curHana.............. 209
Mpouecc peveoBbPABOBAHUS. .... «cc..eeeeeeeeiiieaaeeeeiiees ceeeeeanns 209
XapaKTEPUCTUKN PEYEBOIO CUMHAIA. . ..evveeeeriiiieeee e 212
MeTog nMHelHOoro npeackasaHns AMCKPETHOIO pPeyeBoro
(o3 1 1= 2 I= TSP P 217
OhheKTMBHOE KOAUNPOBaHME PEYEBOIO CUNHaIA ............ 222

5.4.1. 3apaun, napameTpbl N K1acCUthUKaumsa KOAEKOB peyun .. 222
5.4.2. MeToapbl KOAUPOBaHUSA (POPMbI BOSTHbI PEHEBOro cuUrHana 225

5.4.3. BOKOOEPHOE KOAUPOBAHME —  ..oevvvieeeeeres ceeeeeeaeeneeaannes 233
MbpuraHoe KoaupoOBaHWE PEYEBOro CUrHasla Ha OCHOBE
METOAA /IMHENHOIO MPEACKA3AHUS ....ooeeiveeeeieeiieeaaneieenns 236
5.5.1. OcHoBHble npoueaypbl TMOPUAHOI0 KOAUPOBaHNA pede-
BOTO CUNHBUTAL ..eveeeeiiiiieeee e et e e e e s e e e e e 236
55.2. KogmpoBaHue peyeBoro curHasia B CUCTEME CBA3U CTaH-
OAPTA G SM ..o 247
5.5.3. MeTog, aHa/In3a HYePE3 CUHTES.....ceeeeeeeeeeeieeieeiriiieeeees 251
5.5.4. KogmpoBaHue peyeBbIX CUrHas10B B CUCTEME CBA3W CTaH-
OAPTA TETRA e 253
55.5. CraHoaptbl G.728 U G.729 ....oooiiiiiiiiii et e, 244
KoauposaHue LLMPOKOMNOSIOCHOIo PeyeBoro curHasa....... 262

5.6.1. CTaHOapT G.722. ..ot et e
5.6.2. CraHpapT G.722.2

OueHKa KayecTsa rnepegady peyeBoro CUrHama................ 276
LlndpoBasd o6paboTKa N306PAKEHUN  ....ccceeeeeeeeennnee 282
MaTemMaTnyecKme MOLEMN N30OPDKEHNIA .......c.cceveeeennenn. 282
OnvcaHve nonyyatenst N300PaKEHNM .......covveeriveenneennnen . 286
CTaHAapTbl KOAMPOBAHNSA U300PEDKEHNM ....cocevveieenennnee. 286

6.3.1. CTaHZapTbl KOAMPOBaHWS HEMOABYKHBLIX N300padkeHnn 273



OrnasrieHne 369

6.3.2/ dopmatbl NpecTaBEHNSA HEMOABXXHOI0 1306padkeHns 306
6.3.3. TpuHUMMbLI 1 0CO6EHHOCTN KOAVMPOBaHUA CUrHas1a Mo-

OBVDKHOTO N300PAKEHUIS. .....eeeeeeneieeeeiieeeieeeeseiieeenieeeenneneenneeeens 314

6.3.4. CTaHgapTbl KOAUPOBaHWS cUrHana nofsmKHOro nobpa-
>KeHUS cepurii H.26X N MPEG........cccoi i 321
MnaBa 7. Lndposas Moaynauma N AeMoaynaunsa .............. 335
7.1. MNMonocoBas MOAYNAUNA N EMOLYNALUNSA.....cceeeeeereiainnnee 337

7.2. Y3KonosnocHasa (UMMy/sbCHas)) MoAyNnAauma M OemMony-
TIALMIFL oo s et e e e e e e e e e e e e e e 347
7.3. Moaynsuysi onst BOSIOKOHHO-OMTUYECKUX JIMHUIA cBA3n . 355
SAKITHOUEHME oottt = eeena e e e nneneeeens 359
OCHOBHbIE COKPALLEHUS ...t 360
YCNOBHbBIE OOO3HAUEHUS .cooiiiieiiiieeiieee et 362

I A L7 (=T e 1= N 1Y/ ¢ T= DT TSP PP OPPPTPPPPPPN 365



