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HALUMWOHANBbHBN CTAHOAPT POCCUHUMCKOMN GELEPALMUMN

CVNCTEMA LN®POBOIo PAAVOBELWAHNA DRM
B ANATIASOHAX YACTOT HMXE 30 MI'y,

TexHnyeckne OCHOBbI

System for digital broadcasting DRM in the broadcasting bands below 30 MHz.
Technical bases

Jata BBegeHuns — 2012—07—01

1 O6nacTtb NpUMEHEHUSA

HacToswuii cTaHgapT pacnpocTpaHaeTcs Ha cCucTeMy LUpoBOro 3BykoBoro paguoseliaHns DRM B
Avana3oHe yacTtoT Hmxe 30 MIy. CtaHfapT ABNsSETCA OCHOBOMoONarawuwmM B cepuy ctaHaapTos no uudpo-
BOMY 3BYKOBOMY pajuoBewanuto [1. 2] n yctaHaBnmBaeT:

- OCHOBHble TEXHNYECKNEe XapaKTepuCcTUKu CUcTeMbl LMGPOBOro 3ByKOBOro pagnoseltaHna DRM:

- CTPYKTYpy cuctembl DRM;

- OCHOBHble napameTpbl OFDM curHana gnsa pasnnyHbliX Mogenei ycTohumBoCTM, OTpaxaroLwmx ycno-
BMA pacnpocTpaHeHns paguoBOJIH B AnanasoHax yacTtoT Huxe 30 My,

2 TepMuWHbI, onpegeneHuns, 0603HaYeHUsT U COKpalLeHus

2.1 TepMuHbl N onpeaeneHns

B HacToslem cTaHfapTe NpUMeEHeHbI caeaylolime TePMUHbI C COOTBETCTBYIOLW UMY onpeAeneHnsamm:
2.1.1 fAveiika (cell). YacTb cuHycompganbHoro konebaHua AnntenbHocTbio Ta. nepegaBaemas c 3ajaH-
HOI aMNAUTYAON 1 ha30ii U C COOTBETCTBYIOLWEN NO3ULUN HECYLLEN.

MpumeuvaHune — Kaxablii cumson OFDM sBnsieTcst cymMoli K Takux YacTuuek CUHYyCOoUAasbHOro konebaHus,
paBHOMEPHO CMELLEHHbIX MO YacToTe.

2.1.2 3HepreTnyeckoe paccpegoTtoveHne (ckpembnuposaHue) (energy dispersal): O6paboTka,
BK/lOYaloWan AeTepPMUHUPOBAHHOE CENIEKTUBHOE [oNosiHeHMe 6GMTOB B /IOTMYECKOM (hpelime ¢ uenbio n3-
6exaTb CMCTeMaTM4Yeckoro NOBTOPEHNA KOMOMHAaLWA, NPUBOAALLEro K HexenaTeNbHOW perynsipHocTu nepe-
f[aBaeMoro curHana.

2.1.3 kaHan 6bicTporo goctyna (Fast Access Channel) (FAC): KaHan MynbTUNAEKCHOTO NOTOKAa AaH-
HbIX, KOTOPbIA COAEPXMUT UHhopMaL Mo, HEOBXOANMYIO AN NOWUcKa CNyx6 n Hayana AeKoAUpPOBaHUS MY/b-
TMnnekca.

2.1.4 k6ut/c (kbit/s): Knnobut B cekyHay (1000 6MTOB B CEKYHAY).

2.1.5 nornyeckunii gpeiim (logical frame): [aHHble, cogepxalinecs B O4HOM NOTOKE A/IMTENbHOCTbLIO
400 mc.

2.1.6 kaHan ocHoBHOro cepsuca (Main Service Channel) (MSC): KaHan MynbTUNAEKCHOro moToka
JaHHbIX, KOTOPbI/A 3aHMMaeT 60MblWY0 YacTb peliMa nepefayn u HeceT AaHHble BCeX LU POBbLIX ayAmo-
cnyx6 BmecTe C JaHHbIMY BCMOMOraTe/ibHbIX W fONO/THUTENbHbIX CYX6.

2.1.7 mynbTunnekcHoli ppeitm (multiplex frame): ®pelim, o6pasoBaHHbIl nornyeckumu penmamu
BCEX MOTOKOB.

MpumevaHne — MynbTUNNEKCHbIN (peiim SBNSETCS CyWECTBEHHOW OCHOBOW A/ KOAMPOBaHWA W
nepemMexeHus.

M3paHne ouymansHoe
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2.1.8 cumBon OFDM (OFDM symbol): MNMepepaBaemsblii curHan, COOTBETCTBYHOLLMI NPOMEXYTKY Bpe-
MEeHU. Korga amnanutyga Moaynsauum n coctosHue asbl COXPaHATCA NOCTOSAHHLIMU ANS KaX0N U3 pasHe-
CEHHbIX HeCyLlInx curHana.

2.1.9 3apesepBupoBaHo gns 6yaywnx godasneHunii (reserved for future addition) (rfa): BuTbl ¢ Ta-
KUM 0603HayYeHneM ycTaHaBMBaOTCA B HOMb.

MpuMmevyaHne — MNPUEMHNKN He AEKOAMPYIOT 3TN BUTHI.

2.1.10 3ape3epBupoBaHo gna 6yayuiero ncnonbsosaHus (reserved for future use) (rfu): Butbl c Ta-
KUM 0603HayYeHneM ycTaHaB/IMBAKTCS B HOJb.

MpumeuyaHne — lpremMHMKaM HeO6X0AVMMO NPOBEPUTL 3T GUTBLI C LE/IbI0 ONpeaeneHnst AeicTBUTENbHOMo
COCTOSIHUS APYTUX MOJE B TOM Xe CaMOM MPOCMOTPE.

2.1.11 kaHan onwucaHua ycnyr (Service Description Channel) (SDC). KaHan MynbTUNAEKCHOro NoToka
[aHHbIX, KOTOPbIV faeT nHopmaLuo 4158 LEKOANPOBAHNSA CMYX6, BKHOYEHHbIX B MY/IbTUNEKC.

MpumeyaHue — SDC Takke COAEPXWUT LOMNOMHUTENBbHYIO WHCDOPMALMIO, KOTOpasi MO3BOASET NPUEMHUKY
onpesennTb a/lbTEPHATUBHbLIE UCTOUHUKU TEX KE CaMbIX AAHHbIX.

2.1.12 opgHouacToTHaa ceTb (Single Frequency Network) (SFN): CeTb nepegatyvkoB, COBMECTHO
NCNONb3YIOWNX OAHY U Ty Xe 4acToTy AN AOCTUXEHUSA 60/bLUei 30HbI NOKPbLITUSA.

2.1.13 dpelim nepepauun (transmission frame): HekoTopoe KonmMyecTBO nocfiefoBaTe/lbHbIX CUMBO-
nos OFDM, npuyem nepsblii cumBo OFDM cofepXuT siUeiikn BpeMeHHOW CUHXPOHU3aL K.

2.1.14 cynepdpoiim nepegaum (transmission super frame): Pag nocnefoBaTtesibHbiXx hpeiiMoB ne-
pepaun. npuyem nepsble cumBosbl OFDM cogepxat 610k SDC.

2.2 O603HaueHus

B HacTosllweM cTaHAapTe NPUMEHeHbI ciegytolme 0603Ha4YeHUs:
fR — onopHas yacToTa U3ny4yaemoro curHana;

K — YUCNO aKTMBHbIX Hecylnx B cumeone OFDM;

Kmax — uHAekc BepxHei akTuBHOI Hecyweih B OFDM curHane;
Kmin — nHaekc HUXHeW akTuBHON Hecylwen B OFDM curHane;

T — 3/IeMeHTapHbIi nepnog BpeMeHn, pasHblii 83'/3 mkc (1/12 ky);

T, — AnuTenbHOCTb (hpeiima nepegauu;

r — ONUTENbHOCTb 3alUTHOrO UHTEpBana:

T — AnuTenbHOCTb cumBonia OFDM;

Tsl  — pgnutenbHoOCTb cynepdpoiima nepegayun, o6pa3oBaHHOro0 psifoM )peiMoB nepegayu;

™M — gnuTenbHOCTb NOMe3Hol (OpTOroHanbHON) YacTn cumona OFDM, 3a ucknvyeHnemM 3aLuTHo-

ro NHTepBana.

2.3 CokpalieHus

B HacTosiWem cTaHfapTe NPYMEHEHbI CleAyoL e CoKpaleHus;

AAC (Advanced Audio Coding) — ycoBepLleHCTBOBaHHOE ayANOKOANPOBaHNUE;

AF (Audio Frequency) — 3ByKOBasl 4acToTa;

AFS (Alternative Frequency Switching) — nepekntoyeHue anbTepHaTUBHbIX YacToT;

AM (Amplitude Modulation) — amnauTygHasa Moaynsauns;

BER (Bit Error Rato) — yactota 6UTOBbIX OLINGOK:

CELP (Code Excited Linear Prediction) — kogupoBaHue ¢ NUHelHbIM BO36yXAaeMbiM npefjcka-
3aHuneM;

CRC (Cyclic Redundancy Check) — uUMKIN4YecKkuii KOHTPOsb C M36bITOYHOCTLIO;

DAB (Digital Audio Broadcasting) — uncpoBoe 3BykOBOe pajnoBeLlaHne:

DRM (Digital Radio Mondiale) — BcemupHoe uyudpoBoe paguo;

DSB (Double Side Band) — aBoiiHas 60koBas nosoca:

EEP (Equal Error Protection) — paBHas 3awuTta oT oWwunb0K;

ER (Error Robust) — ycTO/4YnBOCTb K OWINGKAM;

FAC (Fast Access Channel) — kaHan 6bICTPOro goctyna;

FEC (Forward Error Correction) — npsimoe ucnpassieHne owWnboK nyTeM BBeAeHNSA N36bITOYHOCTH;

HF (High Frequency) — BbicOkasi yacToTa;
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FM (Frequency Modulation) — yacToTHas MoaynAuus;

HVXC (Harmonic Vector Excitation Coding) — rapmoHu4eckoe KoaupoBaHue ¢ BEKTOPHbIM BO36YX-
AeHvewm;

ISO (International Organization for Standardization) — MexayHapogHaa opraHusauma no craH-
JapTusauum;

LF (Low Frequency) — Hu3Kasa 4acToTa;

LPC (Linear Predictive Coding) — kognpoBaHue C IMHeNHbIM NpejckasaHnemM;

MF (Medium Frequency) — cpefHsisi 4yacToTa;

MPEG (Moving Picture Experts Group) — rpynna 3kcnepToB NO cXaTuto LMppoBoro BUAE0;

MPS (MPEG Surround) — cTaHgapT cXaTusi MHOTOKaHa/lbHOro ayAmo A1 06 beMHOr0o 3ByvaHus;

MSC (Main Service Channel) — kaHan 0CHOBHOTO cepBuca;

OFDM (Orthogonal Frequency Division Multiplexing) — opToroHanbHoe 4YacTOTHOe pasfjefneHue Ka-
Has0B C MY/NbTUMNIEKCUPOBAHUNEM;

Pan (Panorama) — naHopama, 0630p;

PS (Parametric Stereo) — napameTpuyeckoe CTepeo;

OAM (Quadrature Amplitude Modulation) — kBagpaTypHaa amnanTygHas mMoaynauus,
RF (Radio Frequency) — paguoyactoTa;

rfa (reserved for future addition) — 3ape3epBupoBaHo Ana 6yaywmnx go6aBneHunii;
rfu (reserved for future use) — 3ape3epBUpoOBaHO A5 OYAYLLETO UCNOMb30BAHUS;
SA (Stereo Ambience) — cTepeooKpyxXeHue.

SAC (Spatial Audio Coding) — npocTpaHCTBEHHOE ayAMOKOAUPOBaHMWE;

SBR (Spectral Band Replication) — konupoBaHue cnekTpasbHOW NONOCHI;

SDC (Service Description Channel) — kaHan onucaHusa ycnyr;

SFN (Single Frequency Network) — ogHo4yacToTHas ceTb;

SM (Standard Mapping) — cTaHfapTHoe oTo6paxeHue;

SPP (Standard Protected Part) — yacTb CO cTaHAapTHON 3aLUTOM;

SSB (Single Side Band) — ogHa 6okoBas nosioca 4acToT;

UEP (Unequal Error Protection) — HepaBHas 3aliMTa OT OWNOOK;

VXC (Vector Excitation Coding) — koguMpoBaH/e C BEKTOPHbIM BO36yXAeHneM.

3 TexHMYecKne OCHOBbI CUcTeMbl uucposoro pagnosewaHma DRM
B AMana3oHax 4yacTtoT Hmxke 30 MIy

3.1 KpaTkoe onucaHue CUCTEMBbI

Cuctema DRM (Digital Radio Mondiale) npegHa3HayeHa Ans opraHusauum LugpoBOro 3ByKOBOro pa-
AvosellaHna Ha nboi yactoTe Huxe 30 MINY, To ecTb B Npegenax cneaylLwmnx Nnoa0cC YacToT, BblAeNeHHbIX
Ana gnuHHososiHosoro (ot 148.5 kl'y, go 283.5 kl'u), cpegHesonHosoro (o1 526.5 k'y Ao 1606.5 k'y) n KopoT-
KoBOJ1HOBOrO (0T 2,3 Ml Ao 27 MI'L) 3ByKOBOro pajnoBeLaHns.

[ns yyeTa pasnIMyHbIX OrpaHNYeHnii Ha XapakTepucTUKN KaHanoB U YCNOBUA pacnpoCcTpaHeHns B 3TUX
KaHanax Mcnosib3ylTCs pas/iMyHble pexumbl nepegayn. Pexum nepegayun onpegensercsa napamerpaMmu ne-
pegauv ABYX TUMOB;

- nmapameTpamu, CBSA3aHHbIMW C NOSI0COI NPOMNYCKaHUS CUTHanNa;

- napameTpamMmu, CBA3aHHbIMK C 3P (PEKTUBHOCTbIO Nepefayn faHHbIX.

MepBblii TN NapameTpoB onpefenseT 0o6LLY0 LWMPUHY NOMOCHI NPOMNycKaHWs ANA OAHOW nepegauyu.
MapameTpsbl, cBA3aHHblEe C 3O EKTUBHOCTLIO Nepefayn faHHbIX, AONYCKAT KOMNPOMUCC MEXAY eMKOCTbIo
(nonesHoli 6UTOBOI CKOPOCTbIO Nepefayn AaHHbIX) U YCTONUYMBOCTBLIO K LUYMam, MHOro/ly4eBbIM pacnpocTtpa-
HeHneM 1 fonaepoBCcKUM 3D HEKTOM.

3.2 CTpyKTypa cucTemsbl

3.2.1 Peanusauusa cuctembl DRM Ha nepegatoliein CTOpoHe hyHKLMOHANbHO A0/KHA COOTBETCTBOBATH
CTPYKTYpHOIi cxeme, NpMBEAEHHON Ha pucyHke 1.
3.2.2 O6WMin NOTOK MHChOPMALLMUN PA3INYHbBIX KNAacCOB COAEPXWUT;
NoTOK ayAnofaHHbIX;
- NOTOK AaHHbIX;
nHgopmaymio FAC-kaHana (Fast Access Channel);
nHcpopmaymna SDC-kaHana (Service Description Channel).
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PucyHok 1— CTpykTypHas cxema nepegatoLlein yactn cuctembl DRM

3.2.2.1 TIOTOK ayfAuofaHHbIX W MOTOK AaHHbIX cojepxaT MHpOopMauuio KaHana OCHOBHOIO cepsuca
MSC (Main Service Channel). B aTom kaHane gosxHa 6biTb NpefycMOTpeHa BO3MOXHOCTb UCMNO/b30BaHNSA
3ape3epBMPOBAHHbIX CUTHAJIOB A1 KOANPOBAHUSA CUTHA/IOB ONOBELEHNA PpaXAaHCKON 060POHbI 1 YpesBbl-
yaiiHblX cuTyauuii, NpuHATBLIX B Poccuiickoin degepauun.

CucTtema onoBeleHnsa HaceseHus fo/xHa obecneynsatb paboTy B CneAyloLWmnxX pexmnmax:

- aBTOMAaTW3MPOBAHHbIN pexum nepegayn MHMOpPMaL M UK CUTHAN0B ONOBELLEHNA N0 KOMaHAaM, no-
cTynawuimm oT aBTOMaTu3npoBaHHoi cuctemsl onoselieHns (ACLLO). — gaHHbIl pexnm paboTbl OCHOBHOIA;

- HeaBTOMAaTU3MWPOBAHHbLIA pexum nepegayn MHopmaunn UaM CUrHanoB OMNOBeLeHNs C NOAK/II0YEeHN-
em o6beKTa Ha BpeMs nepejauyu K kaHanam CBA3M;

- pexum nepegauyn pevyeBoi MHoOpMauUyM HaceneHuto U3 CTyauii paguoBellaHna ¢ nepepbIBOM Npo-
rpaMm BellaHus uau (No pelleHnto NOCTOAHHO AelCTBYOLMX opraHoB ynpasnenmsa PCUYC) ¢ pabouux mect
[leXXypHOro nepcoHana opraHusaumii cBA3mn, onepaTopos CBA3N, paAnoBeLlaTeibHbIX U TEIEBU3NOHHBIX Nepe-
[aoWwnx cTaHuuii;

- pexum nepefayu peyeBoii MHOPMAaLMN HAceNeHuo u3 CTyAuil pajuoBellaHns, pasMmelleHHbIX Ha
3anacHbIX NyHKTax ynpaBaeHus;

- B cucteme DRM pgns ueneii onoseweHnss MoxeT hOpMMPOBaTLCA AOMOAHUTESbHbI MyNbTUMNEKC,
COOTBETCTBYWOLWMI N0 napameTpam OCHOBHOMY MY/bTUM/EKCY (LONONHUTE NbHbIA MYNbTUNNEKC LOJIKEH CO-
fepxaTb BO BCeX ay/in0- N peyeBblX KaHasiax Coo6LEeHNA OMNOBELLEHUS).

3.2.2.2 FAC kaHan (kaHan 6bICTPOro goctyna) coAepXuT nHopmMmaymio 0 napameTpax pagmoyactoT-
HOro crnekTpa (lWMpuHa Noaockl, TUM MOAYNALUN, TUN KOAMPOBAaHWSA), XapakTep nepegasaeMoli nHopmauum
(ayavofaHHble), ykasaTe b A3blka.

3.2.2.3 SDC kaHan (kaHan onucaHus ycnyr) CoAepXuT nHgopmaLmnio, OTHOCALLYIOCSA K YC/TOBHOMY [0-
cTyny, nporpammy nepepad, uHopmayuto 06 aBTopckux npasax, a Takxe gaeT cBefeHns 06 anbTepHaTuB-
HbIX YacToTax, Ha KOTOPbIX NepejaeTcsa Ta Xe nporpamma.

3.2.3 Kopgep uCTouYHUKa U NpegBapuTesnbHble KOgepbl NPeo6pasyloT BXOAHbIE MOTOKM B COOTBETCTBYIO-
Wwmnin umucposoin popmart nepegayn. B cnyvyae McxofHOro ayamokoanpoBaHna PyHKUMOHAIbHbIE BO3MOXHO-
CTN Koflepa UCTOYHMKA BKMOYAOT MeToAbl 3 PEKTUBHOIO CXatusa aygmocurHana. Liuposbie NoTokM C Bbl-
Xofa kofepa MCTOYHMKA 1 NpeABapuTeNbHOIO Kodepa faHHbiX coAgepxart ABe 4acTu, TpebylLlne pasinyHbix
YypOBHeli 3aliunTbl OT OWMG0K B COOTBETCTBYIOLWEM Kodepe KaHana. Bce nepegasaemMble BUAbl MHGOpMaLum
[OJ/DKHBI UCMNOMbL30BaTh Te Xe [Ba YPOBHA 3alnTbl (HOpMasibHas 3almTa u BbiCOKas 3aluta).

3.2.4 MynbTUNIEKCOpP KOMOUHMPYET YPOBHU 3alnTbl AaHHbIX N ayJMOCUTHANOB B KaHane nepegavn.

3.2.5 Ckpembnep obecneumsaeT ncesBfoCAyYaiiHyl0 CTPYKTYpy KOAOBO NocfefoBaTesibHOCTU, 4TO
YMeHbLIaeT HexenartesibHy0 PeryisapHocTb B U3/lyd4aeMoM CurHarne.

3.2.6 KaHanbHblil kKogep fo6aBnsieT M36bITOYHY MHCDOPMaLUID Kak CpeacTBO AN KBasnbesowmnbouy-
HOI nepepfauun n onpegenseTt npeobpasoBaHne LU POBOK KOAMPOBAHHON MHopMaLuy B Avelikn QAM.

4
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3.2.7 MNepemexuTtenb fveek pacnpegenser nocnegosartenbHble QAM saueliku B nocnefoBaTesibHOCTb
sAYeek KBasncnayyaliHbiM 06pa3om, pasfeneHHblX o BpeMeHu 1 yacToTe, 4719 obecnevyeHuns ycToiunsoi nepe-
Jauyn B KaHanax, napaMeTpbl KOTOPbIX U3MEHATCA B 3aBUCMMOCTM OT BPEMEHMN 1 YacToThl.

3.2.8 leHepaTop nNunoT-curHana obecneynmsaeT CpefCTBO A9 NOMYYEHUA B MPUEMHUKe nHopmaumu o
COCTOAHMM KaHana, 4To No3BoNAEeT BbINOMHUTL KOTEPEHTHYIO AeMOAYNALMUI0 curHana.

3.2.9 OFDM npeobpa3oBaTtenb 06begnHAeT Bce npuxogsaume undposbie notokm (MSC. FAC n SDC) un
pasmellaeT UX Ha 4YaCTOTHO-BPEMEHHOI ceTke.

3.2.10 leHepaTop OFDM npeo6pa3yeT kaxgoe MHoxecTBo OFDM fyeek B COOTBETCTBYIOLL Y BPEMEH-
Hylo o6nacTb curHana. Cumson OFDM nosyvaloT u3 aToro npejcraBieHns BO BPEMEHU, nocnefoBaTeslbHO
BBO/AS UHTEpBas 3alinTbl B BUAE LUKINYECKOTO NOBTOPEHUA YacTu CUrHana.

3.2.11 MopaynaTtop npeobpasyeT ungposoe npegcrasneHne curHana OFDM B aHanorosblii curHan B
acbupe. 3T0 felicTBMe 3aBepliaeT Ludpo-aHanorosoe npeobpasosaHne, U Nocsie NOJ0COBOW unbTpaymm
obecneuynBaeTcs Tpebyemasa hopma crnekTpa WU3J/ly4yeHHOro curHana.

3.3 KoagvpoBaHue UCTOUYHMKA MHOpMaLMK

B COOTBETCTBUM C YCTAHOB/IEHHLIMWU MpaBuiaMun, orpaHMYnBalOWLUMKU NOJIOCY YACTOT 3(PUPHBLIX KaHa-
noB B AnanasoHe yactoT Hxe 30 MI'y. 1 napameTpamu NpUMeHAeMblX METO40B KOAUPOBaAHMA U MOLYNALUN
CKOpPOCTb nepegayn nHopmaumm B 6utax fo/mkHa Haxo4uMTbea B npefenax oT 8 (MOMOBUHHbIE KaHanbl) [0
20 k6uT/c (CTaHAapTHbIe KaHasnbl) U [0 72 K6UT/C (CABOEHHbIE KaHasbl).

[ONsa JOCTMXEHUA ONTUMAaNbHOrO KayecTsa Npu 3afaHHOo cKoOpocTu nepepauyu nHdopmaumm B 6utax B
cucTeme A0/DKHbI UCNOMNb30BaTbCA credylole MeToAbl KOLUPOBaHNA UCTOYHMUKA UHopMaLun:

- MPEG-4 AAC (Advanced Audio Coding) — ycoBepLleHCTBOBaHHOE ayAMOKOAMpOBaHune, Bkavatwlee
YyCTOWUYMBOCTb K OWwMbKam gnsa obwero MoOHOMOHNYECKOro N cTepeoOHNYECKOro 3ByKOBOro paanoBeLlaHus;

- MPEG-4 CELP (Code Excited Linear Prediction) — kogupoBaHue ¢ NUHENHbLIM NpeAckasaHueM Ans
YCTOUYMBOIi K olWMbkaM nepegayn peyn B MOHO(pOHNYECKOM 3BYKOBOM pajuoBeLlaHumn B cayyasx, Korga Bos-
MOXHa TO/bKO HU3Kas CKOPOCTb nepegayn nHopmauum nam Korga cneunanbHo TpebyeTca BbicoKas YCTOW-
YMBOCTb K oWwn6Kam;

- MPEG-4 HVXC (Harmonic Vector Excitation Coding) — rapmoHuyeckoe KogupoBaHue C BEKTOPHbLIM
BO30OYXJEHNEM ANA OYeHb HW3KOM CKOPOCTW Nnepejauyn peun u ANS yCTOWYMBON K owmMbKam nepegadyn peyu
B MOHOYOHWYECKOM 3BYKOBOM pajnoBeLlaHnn, 0CO6EHHO XOPOLIO NPUMEHNMOM ANA peyeBblx 6a3 faHHbIX;

- SBR (Spectral Band Replication) — konupoBaHue crnekTpasbHbIX NOJ0C, MPUMEHAEMOoe B ayano- u
peyeBOM KOAMPOBaHMMU, 4TO NO3BONASET AOCTUYLb NOSHOM LUMPUHBI NOMOCHI MPOMYCKAHWA ayAuo- U peyeBblX
CUTHa/I0B NPU HM3KOW undpoBoii ckopocTn (Meton npumeHum ans AAC. CELP n HVXC);

- PS (Parametric Stereo) — napameTpuyeckoe CTepeo, ABMAIOLIEECA YCOBEPLEHCTBOBAHHbIM Cpef-
CTBOM ayAMOKOAMPOBaHUSA, KOTOPOe NO3BONSET 06ecneynTb CTePeoKoAMpoBaHMe NPY HU3KOM CKOPOCTU nepe-
fauu;

- MPS (MPEG Surround) — cTaHgapT CXaTusi MHOTOKaHa/IbHOro ayAno Ans 06beMHOro 3By4aHus, aB-
NALWUACA NHCTPYMEHTOM YNYyULlEeHUA KOAUPOBAHUA ayAno, KOTOPbI/i NO3BONAET yYnTbiBaTb MHOTOKaHaIbHOe
KOAMpPOBaHME Ha HU3KUX BUTOBbLIX CKOPOCTAX;

- thopmart TpaHCNOPTHOro 6MTOBOrO NOTOKA CXEM KOAMPOBAHUSA UCTOYHMKA MOAUGULMPOBAH C LeNblo
yA0BNeTBOpuTL TpeboBaHna cuctembl DRM (hopmupoBaHve ayguocynepdpeiiMmoB 1 BO3SMOXHOCTb UCNOMb-
30BaHUA HepaBHOI 3awWnTbl OT oWwWN60K — UEP).

3.4 Pexumbl nepegauun

3.4.1 MapameTpbl, CBA3aHHble C LWWMPUHOW NMONOCHLI MPOMYCKaHNUS curHana

LUnpuHa nosockl 3(pMpHOro KaHana B 3ByKOBOM pajuoOBellaHun B fuanasoHe 4yacToT Huxe 30 My B
cooTBeTCcTBMM € AokymeHTOM Np 140 MKKP. oktsa6pb 1974 1. [3], n BAPK BUPB-87 [4] cocTaBnseT:

- B gnanasoHax HY n CY — 9 klu;

- B AnanasoHe BY — 10 kl'y.

Cuctema DRM cnpoekTnupoBaHa A/19 UCNOMb30BaHUA:

- B Mpegenax ykazaHHbIX HOMWHA/IbHbIX 3HAYEHWUI WUPKUHBI NOJI0C AN YAOBAETBOPEHNA TPe6oBaHUAM
TeKyLLero nosIoXXeHns 4YacTOTHOTO MIaHUPOBaHNS;

- B nNpejgenax NOMOBUHbI WNPUHBI yKa3aHHbIX nonoc (4.5 nnn 5 kfy) gns obecneyeHns ungposoro 3sy-
KOBOTO pajuoBelaHsi COBMECTHO C aHasiorosbiM AM BellaHuewm;

- B npegenax yABOEHHOW WwWupuHbl nonoc (18 nnm 20 k'y) Ana obecneyeHns 60nblueli eMKOCTU Nepeja-
YN N TONbKO B T€X CAy4Yasx, Korga orpaHuyeHns 4acTOTHOMO NaaHupoBaHUA [OMYCKaT Takylo BO3MOXHOCTb.
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3.4.2 TMapameTpbl, CBA3aHHble C 3 PEKTUBHOCTLIO Nepegayn

[Onsa no6oro 3HavYeHWa LWWPUHBI NOMOCHI NMPOMYCKaHWS CUrHana LOMKHbI OblTb yCTaHOBMEHbI Napa-
mMeTpbl 3hheKTUBHOCTM Nepefayn, obecneymBallime BO3MOXHOCTb KOMMPOMMUCCA MeXAY MNOMe3HOW CKOo-
pocTbio nepefgayun uMHdopmayum B 6uTax M yCTONYMBOCTbLIO K LUYMY, MHOrO/ly4eBOMY pacnpoCTpaHeHuo u
adhpekTy Jonnepa.

MapameTpbl 3ahPeKTUBHOCTU Nofpa3fenanTca Ha 4Ba Tuna:

- napameTpbl CKOPOCTU KOAMPOBaHUS U CUTHAIbHO-KOLOBOW KOHCTPYKUUWU, UCNONb3yeMble A5 nepe-
[ayn faHHbIX.

- napameTpbl cumBonoB OFDM, onpegensatouwme cTpykTypy cumosiosB OFDM, koTopas ncnonb3yetcs B
3aBMCUMMOCTM OT YC/I0BWIA pacnpocTpaHeHUs B aUPHbIX KaHanax.

B 3aBUCMMOCTM OT TPeOGYEMOro YPOBHS 3aliUTbl OT OWNOOK, CBA3AHHOW C KaxAol cepBUCHOI MHpoOp-
maumei, Jo/mkeH obecneymBaTbCs psAg onuWii, NO3BONSAKLWMIA LOCTUYbL OLHOTO UAWN ABYX YPOBHEW 3alnTbl.

YpOBHU 3aliuUTbl AO/KHbI 06ecneynBaTbCcsd NM60 BbIGOPOM CKOPOCTU KOAMPOBAHMA Kofepa kaHana,
nn6o BbIGOPOM NopsfKka CUTHANbHO-KOA4O0BOM KOHCTpyKuMu (Hanpumep. 4QAM. 16QAM. 64QAM) unun nepap-
XU4yeckoit Mmoaynaumnen.

[na TUNUYHBIX YCNOBWIA pacnpocTpaHeHns pagMoBOosIH B Auana3oHax yacToT Humxke 30 Ml ycTaHoBne-
Hbl PEXUMbl NOMEX0YCTOWYMBOCTU, NPUBEAEHHbIE B Tabnuue 1.

Ta6nuuya 1— Vcnonb3oBaHne PexMMoB NOMEXOYCTORUNBOCTM

nomexosggl;l\fmsocm TWNUYHbIE YCIOBUW PacrpoCTpaHeHUst
A ["ayCcCOBCKWIA KaHa C HE3HAYNTENBHLIMI 3aMUPaHUAMU
B YacToTHble U BpeMeHHble n3bupaTesibHble KaHasbl C pa3bpocoM ANUTENbHbLIX 3a4epXeK
C AHaNOMMYHbI  PeXrMy MOMEXOYCTOWYMBOCTM B. HO C 60s€ee CUMbHLIM [0MNIEPOBCKUM
CABUTOM
D AHaNIOMMYHbIN PEXMMY NMOMEXOYCTOWUMBOCTU B, HO C 60MbLUIMMK 3agepxKkamu 1 LONIepoB-

CKMM caBuUrom

Mpwn 3afaHHO Nosioce NPOMycKkaHWa pasnyHble pexnMbl NOMeX0yCTORUYNBOCTM [OMKHbI 06ecneynBaTb
pasfimyHble JOCTYMHbIE CKOPOCTH NepeAayn AaHHbIX. MepegaBaemblii CUrHan CoOAepXnT nocnefoBaTelbHOCTb
cumBonoB OFDM, KaxAblii CAMBOJT COCTOUT U3 3aLMTHOTO UHTEpBaa, 3a KOTOpbIM creayeT Tak HasbiBaemas
nonesHas 4acTb cumBona. Kaxpablii cumBon sBnsieTcs cymmolt K oTpe3koB cuHycouAbl, paBHOMEPHO pasHe-
CeHHbIX No yacToTe. Kax/blii 0Tpe3ok cHycouAbl, HasbiBaeMblil «sueiikoii», nepefaeTcs ¢ 3agaHHON amnau-
TYAO0N 1 hasoii n cooTBETCTBYET NO3NLUM Hecywein. Kaxaas Hecywan o603HayaeTcs MHAEKCOM K. mpuHagnie-
Xawmm nutepsany [fomin. KTax) (K = 0 coOTBETCTBYET ONOPHOI Hecyleli YacToTe nepeaBaeMoro curHana).

BpemeHHble napameTpbl cuMBosioB OFDM BbipaxatoTca B BUAO MHOXUTesNel afemMeHTapHoro nepmoja
BpemeHu I, KOTOpbIi paBeH 83'/3 MKC.

[Nns pasHbIX peXnMOB NMOMeX0yCTOWUYMBOCTUN BpeMeHHble napameTpbl cumMBosoB OFDM fonxHbl 6bITb
paBHbl 3HAYEHUAM, yKasaHHbIM B Tabnuue 2.

Ta6nunya 2— lMNMapameTpbl cuvmBonos OFDM

PexvM NomMexoycToinumeocTy
Cnucok napameTpos

n B C (0]
. MKC 837a 837a 837a 837a
Tv. MC 24 217a 147a 97a
(288 x 7) (256 * 7) (176 * 7) (112 x 1)
T ouc 27a 57a 57a T7a
1/9 Ta 4/11 11/14
Ts = + Ta, MC 267a 267a 20 167a
TY mc 400 400 400 400
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4 PeXnmbl KOAMPOBAHUA UCTOYHUKOB. KognpoBaHue ayanocurHanos

BapuaHTbl KOAUPOBaHWA U JeKoAMPOBaHUA CUrHanoB B cucteme DRM nokasaHbl Ha pucyHke 2.

6)
PucyHok 2 — KoguposaHue (a) 1 flekoamposaHue (6) NCTOYHVKOB ayAnoCUrHasioB

4.1 KopgupoBaHue ayauno AAC

[Ans 0606LEeHHOro KOAUPOBaHUA ayAnoCUrHanoB ncnonblyetcs Habop npasun Advanced Aud»o Coding
(AAC) ctaHpgapTa MPEG-4 (ctaHgapT NCO/M3K 14496-3) [6] kak Hanbonee NnoaxoAaLwero s npuMeHeHuns
B cuctreme DRM.

KoHKpeTHbIMW 0co6eHHOCTAMM peann3aunn notoka AAC B pamkax cuctembl DRM aBnstTcs:

- AAC MoxeT ncnonb3oBaTtbCA Ha N060K CKOpOCTW, ycTaHOBNeHHas 6utoBas ckopocTb AAC paBHa
20 6uT/c gnsa pexumos yctoinumsoctn A. B. C, D (cm. Tabnuuy 1);

- AoNycTUMble 4acToTbl AUCKpeTusauum coctasnatoT 12 n 24 k'y gna pexvmos A, B. C u D;

- ANvHa npeo6pa3oBaHunsa cocTasnseT 960 oTCHETOB, Tak YTO OAUH ayaunodpeiim cooTBeTCTBYeT No Bpe-
MeHun 80 unun 40 mc (Npu yacToTax guckpeTtusauum 12 n 24 k', COOTBETCTBEHHO), YTO TpebyeTcs ANA YBA3KU
anvH dpeiimoB CELP n AAC Tak. 4Ttobbl ayanocynepdpeiim anmtenbHocTbio 400 MC (pPexXuMbl YCTONUYNBO-
cTn A. B. C n D) cocToan 13 Lenoro yncna ayamodpeimos:

- 5 nm 10 aygrnodpeiimoB 06beANHAIOTCA B OAUNH cynepdpeiiM AgnuTenbHocTbio 400 mc. Ayaunodpeii-
Mbl B ayauocynepdpeiimax 3akogmpoBaHbl BMeCTe Takum 06pasoM, 4TO KaxAblih ayguocynepdpelim nme-
eT NOCTOSIHHYI0 [JINHY, T. e. 06MeH butamu Mexjy ayanodpeimamn BO3MOXEH TOJIbKO B npejenax OfHOro
ayguocynepdgpeiima. OguH ayanocynepdpeiim Bcerga pasmelyaeTca B 04HOM siormyeckom dpelime, noato-
My He TpebyeTcsi HUKaKoW AOMOMHNTENbHOW CUHXPOHM3ALMN A8 ayANoKoAUPOoBaHus. BHyTpu ayanocynepd-
peiima ycTaHaBnusalwTCs rpaHuubl hpeima n yctaHosok UEP;
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- npumeHeHne UEP B 6utoBom noToke AAC obecneuynBaeT 6onee ycToliumBy paboTy npu BbICOKOM
yactoTe 6UTOBbIX OWMGOK. HepaBHas 3awmta oT OWMOOK obecneynBaeT MOBbILWEHHYO 3alnUTy OT OWMNOBOK
Hanbosiee YyBCTBUTENbLHON K OWMGKaM YacTh UHDOPMAaLUN U HOpMalbHY0 3awWnuTy ANA ocTaBLeica yacTu
UHopmauuu.

4.2 MPEG-4 CELP kogupoBaHue

MPEG-4 CELP (kogupoBaHue ¢ JfMHeliHbIM npeackasaHueM, ctaHpapT WCO/M3K 14496-3. Bep-
cus 2) — peyeBOe KoAMpPOBaHME NPUMEHSETCA 419 NONyYeHUs npuemMsieMoro KayecTsa nepegayn peyv npu
6UTOBbIX CKOPOCTAX CYL,ECTBEHHO HUXE CTaHAapTHbIX (Hanpumep, paboTa Ha «MNOOBUHHOI» CKOPOCTM Npu
8 k6uT/C). Nicnonb3oBaHWe 3TOro peyeBoro kogepa no3BonseT:

- BMeCTO OfHOI aygmonporpamMmbl Ha ckopocTu oT 20 o 24 k6uT/c nepegasaTb ABa UM TPU peyeBbIX
CuUrHana co ckopocTbio oT 8 4o 10 kK6uT/Cc kaxablli, o6ecneynBasn napannenbHble peyeBble nepegayu;

- nepepgasaTb peyeBble NporpaMMbl B ONOJIHEHNE K ayAuonporpamme;

- obecneunBaTb 60/1ee BbICOKYIO 3aluUTy OT OWMOGOK B pe4yeBOM KaHase npu CKOPOCTU KOAUPOBaHUS
8 kbuT/c.

OCHOBHbIMUK XapakTepuctukamm MPEG-4 CELP kogupoBaHusa AABNAKOTCS;

- YacToTbl guckpeTtusauuu 8 nnm 16 kru:

- 6uToBble ckopocTu oT 4 fo 20 K6uT/c;

- YCTOW4YMBOCTb K OlWINGKaM;

- obbeanHeHune uesnoro uncna peiimos CELP B oguH aygnocynepdpeiim.

4.3 MPEG-4 HVXC kogupoBaHue

MPEG-4 HVXC (rapmoHM4Yeckoe KogmpoBaHue ¢ BEKTOPHbIM BO30YXAEeHNEeM) — peyeBoe KofupoBaHue
ncnonb3yeTtcs B pexumax yctoinumsoctn A. B. C n D ana nonyvyeHuns yaoBneTBOpUTENbHOrO KayecTsa nepe-
Aayu peyn npu o4YeHb HM3KMX BUTOBbIX CKOPOCTAX, Hanpumep A0 2 k6ut/c. Paboune 6utosblie ckopoctn HVXC
OTKPbLIBAOT HOBbIEe BO3MOXHOCTM cuctembl DRM. Takune kak:

- peueBble NporpaMmmbl B lONOJIHEHNE K ayAunonporpamme;

- MHOTroA3bl4yHOE BellaHue;

- XpaHeHVe MHOXecTBa MporpamMm B NamsaTW, TaknxX Kak HOBOCTU, 6a3a AaHHbIX NMPUEMHMKA Ha KapTe
pacwupeHusa (Hanpumep, Ha a3w-namaTn o6bemom 4 MB MoxeT xpaHuTbca A0 4,5 4 pagunonporpamm);

- n3MeHeHue macwTtaba BpemMeHU AN 6bICTPOro BOCMPOU3BEAEHUSA WM NPOCMOTPA XPaHALMUXCH
nporpamm;

- nepejayv ¢ BbICOKOW 3aluUTOW OT OWNBOK C MCNONb30BaHMEM Uan 6e3 ncnonbL3oBaHMA MeToAoB Me-
papxmyeckoi Moaynaunm.

OcHOoBHbIMK XapakTtepucTukamu HVXC kogupoBaHus SABAAOTCA:

- YyacTtoTa guckpetmsaumm 8 klu;

- 6uToBbIE CKOPOCTW 2 1 4 K6GUT/C AN KOANPOBAHMA C PUKCUPOBAHHOW CKOPOCTbIO:

- BpPeMEeHH6I MacwTab u cTeneHb CXaTusa NPOU3BOJIbHbIX OTK/TOHEHWI;

- nogfepXuBaeTcsa CUHTAKCMC 3awuTbl OT OWMOOK, BO3MOXHO MCNOMb30BaHWe MexaHusma CRC gns
ynydweHus yctoinumBoctn 6utosoro notoka HVXC B kaHanax, nofBepXeHHbIX oWwnbkam:

- thopmmpoBaHMe NOCTOSIHHOrO Lenoro yucna peimos HVXC (20) gna aygmocynepdpeiima.

4.4 SBR kogunpoBaHune

SBR (KkonupoBaHue CNeKTpasibHO NO00Chbl) UCNOb3yeT MeToj KOMMpPOBaHUSA CnekTpasibHOW nonochbl
ana obecnevyeHns NpremMaemMoro Cy6bekTMBHOIO KayecTBa ayfMo- U PeYeBbiX CUTHANO0B NPU HU3KUX GUTOBbIX
CKOpPOCTAX.

3afaveii SBR sBnseTca BOCNpoOM3BejeHNe BbICOKOYACTOTHON YacTu NOMOChl YacTOT ayno- U peyeBblX
CWUTHaNOB, KOTOpas He MOXeT OblTb BOCMPUHSATA KOAEPOM. UTOo6bl AOCTWYbL 3TOr0 Haubosiee NOAXOASLLUM
cnoco6om, B 6MTOBOM MOTOKe [OJ/DKHA MepejaBaTbCsA HekoTopas fONOSHUTeNbHasa uHdopmauusa, KoTopas
ncnonb3yeT 0110 6UTOBOI CKOPOCTU, AOCTYNHON koaepy. dTa AOMNONHUTENbHAA WHOpMaLMa n3BnekaeTcs
13 NOJIHOTO ayAuocurHana A0 ero KoAupoBaHus M obecneynBaeT BOCNPOM3BEAEHNE BbICOKOYACTOTHbLIX CO-
CTaBALLWMX NOC/Ae eKoAMpoBaHUs ayanopeun.

4.5 PS koguposaHue

LA NoBblWeHNs KauecTBa CTepeocurHana npu HU3KMX GUTOBbLIX CKOPOCTAX NPUMEHsAeTCs Kogep napa-
mMeTpuyeckoro cTepeo (PS). CpefcTBa napamMeTpUyYeckoro CTepeo MoryT UCMO/b30BaThLCA B KOHUIypaLusax

8
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AAC + SBR (npodunb AAC BbICOKOW adpchekTBHOCTM MPEG). O6uwas mngesa PS kogupoBaHuMs COCTOUT B
nepejaye flaHHblX, ONUCLIBAIOLLINX CTEPEOKAPTUHY, NapasfesibHO C MOHOCMTHa/IOM B KayecTBe AOMNOHUTE b-
HOI nHpopmaunn. 3Ta AONOAHUTENbHASA CTEpeOnHdOpMaL A O4YeHb KOMMNaKTHasA U TpebyeT Nnlib He3Hauu-
TenbHOI A0 UMD POBOro NOToKa, o6ecneynBas MakcumasbHOe Ka4eCTBO MOHOCHTHAMa B paMKkax AOCTYMHOA
obLweii 6UTOBOI CKOPOCTH.

4.6 MacknpoBka oW MBOK

[na kaxporo ayguokogepa, a Takke Ana cpeacts SBR u PS npumeHseTcs MacknpoBka oWM60K, KOTO-
pas npoussogutTca DRM gekogepom.

4.7 KogupoBaHue MPEG Surround (MPS)

Kogep MPS ncnonb3yeTtcs 414 COBMECTHOrO MOHO/CTEPEO MHOTrOKaHasibHOro koguposanua. MPEG Sur-
round ctaHgapTusoBaH kak MPEG-D. yactb 1 (cMm. MCO/M3K 23003-1) (5). 3ToT cTaHAapT onucbiBaeT:

- KoAupoBaHMe MHOroKaHaslbHbIX CUTHa/0B Ha 6a3e Npeobpa3oBaHHbIX BHU3 CUTHAIOB OPUTMHA/ILHOTO
MHOTOKaHa /IbHOro CUMrHana 1 CBA3aHHbIX NPOCTPAHCTBEHHbIX NapameTpoB. Micnonb3yeTca camMmas HU3kas CKo-
poCTb AN11 KOAUPOBAHUSA MHOTOKaHa bHbIX CUTHA/0B, Takas Xe, Kak 4/ npeobpa3oBaHHOIo BHU3 MOHO- WK
cTepeocurHana, BK/lOYEHHOr0O B MOTOK AaHHbIX. CriefoBaTte/lbHO, MOHO- WX CTEPEOCUTHAT MOXET OblTb 0-
NOSIHEH K MHOTOKaHa/lbHOMY B BUE OYeHb MasiblX 4ONOMHUTENbHbIX AAHHbIX:

- 6buHaypanbHoe paekoguposaHue notoka MPEG Surround, pgatouwiee BO3MOXHOCTb MpOC/ylWIMBaTb
yepes HayLWHUKN CTepeo3ByyaHue;

- YNYYLWEHHbI MaTpUYHbIA pexum, KOTOpbll gonyckaeT MHOrokaHaslbHoe npeob6bpas3oBaHue BBepX
cTepeocurHasnoB 6e3 1I06bIX NPOCTPAHCTBEHHbIX NapamMeTpoB.

MpremMHUKK, He NoaaepxuBalroL e MHOrokaHaibHoe eKoAupoBaHne, MOryT leKko4upoBaTb HemoAnMu-
LlMpOBaHHbIi MOHO- U1 OCHOBHOM CTepeocurHan.

5 OnpepeneHne mynbTunaekca

5.1 CocTtaB mMy/nbTUnNaeKca

Cynepdpeiim DRM nepegaun (MynbTunaekc) cOCTOMT U3 TPeX KaHasoB: KaHan OCHOBHOrO cepBuca
(MSC). kaHan 6bicTporo gocTtyna (FAC) n kaHan onucanus ycnyr (SDC). MSC cogepXuT gaHHble 0 ciyxbax.
FAC npepoctaBnsieT MH(OpMaLuio O WNPUHE KaHana 1 gpyrue nofobHble napameTpbl, a TakkKe COAEePXUT
MHhopmMaLumio o BbiGope ycnyr Ans 6GelcTporo novcka nporpamm. SDC HeceT nHdopmaumio o cnocobax ae-
KogupoBaHusi MSC, noucka anbTepHaTUBHbIX NCTOYHUKOB TEX Xe AaHHbIX U aTpubyTOB YCAYr BHYTPU MY/ib-
Tunnekca. OH TakXe MOXeT BK/o4YaTb CCbI/IKM HA OA4HOBPEMEHHO NepefaBaeMble aHa/I0roBble C/yX6bl.

5.2 KaHan ocHoBHOro cepsuca. CTpykTypa kaHana

MSC (kaHan 0CHOBHOTO cepBuca) COAEPXUT OT OAHOr0 A0 YeTbipex NOTOKoB. KaxAblii NOTOk pa3genserT-
cA Ha nornyeckue gpeiimbl 4nnHol 400 Mc KaxAablii. AyANMONOTOKM cofepxar cxaTbllii ayAnocurHan n onyu-
OHafIbHO MOTYT HECTU TeKCTOBble CO06LEeHNA. MOTOKMN faHHbIX MOryT 6bITb COCTaB/IEHbl U3 NAKETOB JaHHbIX,
cogepxalinx nHpopmalmio A0 YeTbipex YacTUUYHbIX NOTOKOB. Ayanocnyx6a coCTOUT U3 04HOro ayjMonoToka
1. ONUMOHAaNbHO, U3 O4HOTO NOTOKA faHHbIX UM OAHOrO YaCTUYHOro NOTOKa AaHHbIX. Cnyx6a faHHbIX COCTO-
UT N3 OJHOTO NOTOKA AAHHbIX MU OAHOIO YACTUYHOTO MOTOKA [JaHHbIX.

Kaxpablii nornyeckuii cpeiim 06bIYHO COCTOMT U3 [BYX YacTeil, kaxAas CO CBOMM YPOBHEM 3alWTbl.
[nuvHa kaxgoi n3 yacTeil ycTaHaBAMBaeTCs He3aBMCUMO. HepaBHOMepHas 3aljmTa OT owunb0oK A4S noToka
ob6ecneumBaeTCs yCTAHOBKOW pa3HOro ypoBHSA 3aliuUThbl ANS 3TUX ABYX YacTell.

5.3 KaHan 6bicTporo goctyna

5.3.1 CTpyKkTypa kaHana

Kaxpabli chpelim nepegaum cogepxut 6nok FAC. bnok FAC cofepXuT napamMeTpbl, KOTOpble OonNucbiBa-
10T KaHas, U napameTpbl, KOTOpble ONUCbIBAOT OA4HY UNu ABe cnyx6bl, BMecte ¢ CRC (Cyclic Redundancy
Check — umMknMyeckunii KOHTPOb C N36bITOYHOCTbIO).

Ona pexvnmoB ycToiiunsocTn A. B, C n D gonxeH nepefgaBaTbCa 0AMH HA6Op napaMeTpoB CAYXObl.

Ecnn mynbTunnekc Hecet 60see 0AHON CNyx6bl, N8 ONucaHua BCex Cyx6 TpebyeTcs HECKONbKO 6/10-
koB FAC.
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5.3.2 MapameTpbl KaHana

KaHan umeeTt cnegytouime napaMmeTpbl:

- hbnar 6asoBblii/pacliMpeHHblii — 1 6UT.
- ngeHTudukauna — 2 6uta;

- nar RM — 1 6uT,

- 3aHUMaeMblil cnekTp — 3 6uTa;

- chbnar rny6uHbl nepemexeHuna — 1 6uT;
- pexum MSC — 2 6uTta;

- pexum SDC — 1 6uT;

- 4ynucno cnyx6 — 4 6uTa;

- WHAEeKC pekoHdurypauum — 3 6uTa;

- dnar nepekntoyeHna — 1 6urT;

- rfu— 1 6uT.

5.3.3 MapameTpbl CAyX0Obl

Cnyx6bl UMET cnegylouime napameTpsl;
- naeHTudukKaTop cnyxbsl — 24 6uta:
KpaTkuin ngeHtTudunkatop — 2 6uTa;
nHaukaTtop ayano CA — 1 6ur;

A3blk — 4 6uTa;

dnar aygnogaHHbix — 1 6uT;
onucaHue cnyxo6bl — 5 6uToe;
nHaukatop CA faHHbIXx — 1 6uT;

- rfa — 6 6uToB.

MapameTp «A3bIK» [O/MKEH COfepXaTb KOAbl A3bIKOB Lie/IeBOl ayAnTopum, Kak nokasaHo B Tabnuue 3.

Ta6nunya 33— Kogbl A3bIKOB

[ecaTnYHbIN HoMep AA3bIK JecatnuHbiii Homep S3bIK
0 A3bIK He yKa3aH 8 XuHgn
1 Apabckuin 9 AnoHcknii
2 BeHrasin 10 AABaHCKMiA
3 Kutavickuit (MaHgapuH) i} Kopeiickuii
4 FonnaHackuii 12 MopTyranbckuii
5 AHTANIACKNIA 13 Pycckuii
6 ®paHLy3ckuit 14 WcnaHckuii
7 Hemeuxuii 15 Lpyroii a3bIk

MapameTp «onucaHne Cnyx6bi» AO/MKEH coAepxaTb KOAbl TUNOB NepegaBaeMblX NporpaMm CoriacHo
Tabnuue 4.

Tab6nuuya 4 — Kogbl TMNOB Nporpamm

JlecsTnyHoe uncno Tvin nporpamvb! [JlecsATnyHoe uncno Tvn nporpammb!
0 HeT Tna nporpamMmmbl 6 Jpamva
1 HosocTtu 7 KynbTypa
2 Tekywue cobbiTus 8 Hayka
3 WHbopmavums 9 Pa3Hoe
4 Crnopt 10 Mon-my3bika
5 O6pasoBaHune n Pok-my3bika

10
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OkoHYaHWe Tabnuupl 4

[JecAtnyHoe uncno Tuvn nporpammbl [JecatnyHoe umcno Tun nporpammb!
12 Jlerkas mysbika 22 MyTewecTtsuna
13 Nerkan knaccuyeckas 23 OTabIxX
14 CepbesHas Knaccuyeckasn 24 [xa3
15 [Apyras my3bika 25 KaHTpu
16 MorogallleTeoponorus 26 HaumoHasibHasa My3bika
17 PUHaAHCLUOU3HEC 27 PeTpo-my3blka
18 [letckve nporpaMmbl 28 HapopgHas my3bika
19 CouvasibHble BONpPOChI 29 JokymeHTasibHOe
20 Penurus 30 He ncnonb3yetcs
21 Mo3BoHU 31 He ncnonb3yetca — nponycTutb MHAMKATOP

5.3.4 LMKnnyecknii KOHTPOIb C N36LITOYHOCTbLIO

8-6MTOBbLIN LUKNNYECKUA KOHTPOSb C U36bITOYHOCTBIO (CRC) AO/MKEH BbIYMCAATLCA C UCMOMb30BaA-
HMeM napameTpoB KaHana W cnyx6bl. [pn 3TOM [A0O/KEH WCNONb30BaTbCA MNOSIMHOMMUANbLHbLIA reHepaTop
G8(X) = x8 + x4 + x3 + x2 + 1

5.3.5 MNoBTopeHne FAC

MapameTpbl kaHana FAC fonxHbl nepepaBaTbcs B Kaxaom 6noke FAC. MapameTpbl cnyx6bl FAC ans
OAHOM nnun aByx cNyx6 A0MKHLI NOCbiNaTbCsA B KaxaoM 6noke FAC. Ecnun Heobxoaumo 6onee ogHoro 610ka
FAC pgnsa coobueHuna o6o scex cnyxb6ax B MynbTUNIEKCE, TO 419 BPEMEHW CKAHUPOBaHUSA NPUEMHUKa CylLle-
CTBEHHYI0 po/ib urpaeT WabnoH noBTopeHns. Ecnu Bce cnyx6bl 04HOro Tuna (Hanpumep, BCce ayano Uan Bce
JaHHble), napameTpbl BCexX CNYX6 AOMKHbI NepefaBaTbCa nocnefobaTtenbHo. Ecnn npucytcteByeT KoMbuHa-
Lma cnyx6 ayamo u faHHblX, AO/DKHbI NepegasaTbes wWaboHbl, NnokasaHHble B Tabnuue 5. Ecnv npucyTcteyeT
TONbKO 0AHa cnyxba n ecnm 6nok FAC coobuiaeT o AByx Habopax napameTpoB cnyx6, To o6a Habopa AOXK-
Hbl UMeTb MAEHTUYHOE HaNoNHEHUE.

Ta6nuya 5— La6noHbI NOBTOPEHUS NapaMeTpoB CyX6 A5 KOMBUHALMM CNYX6 ayano 1 LaHHbIX

Wa6noH noBTOPEHUS

Yucno ayauocnyxo Yucno cnyx6 gaHHbIX
Bnou FAC cofiepxuT ofjuH Ha6op napameTpoB C/yXO6bl
1 1 A1A1A1A1D1
1 2 A1A1A1A1D1A1A1A1 A1D2
1 3 A1A1A1A1D1A1A1A1 A1D2A1A1A1 A1D3
2 1 A1A2A1A2D1
2 2 A1A2A1A2D1 A1A2A1A2D2
3 1 A1A2A3A1A2A3D1

34ecb A o3HauaeT ayauocnyx6y, a D o3Hauyaet cnyx6y faHHbIX.

5.4 KaHan onucaHusa ycnyr

5.4.1 CrpykTtypa

SDC 610k B SDC gaHHbIX COLEpPXMTCA B O4HOM nepegasaeMoM cynspdpeiime.

SDC paccmaTpuBaeTcs Kak OfMHOYHbIV kaHan gaHHbix. O6uas BennynHa oTnpaBnsaeMblX aHHbIX MO-
XeT obycnosnnBaTb oTnpaBky 60nbwe ogHoro SDC 6noka. Moatomy AFS nHgekc no3BonseT NpUeMHUKY no-
nyyaTb MHGOpMaUuio 0 nepegade cnegytolleit yactu Tekywero SDC 6710ka 1 Takum 06pa3om faeT BO3MOX-
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HOCTb MPOBECTW NPOBEPKY W NepeknoyeHne ANA anbTepHaTuBHON YacToThl (AFS). MpaBuabHOCTbL PyHKLUK
o6ecneyeHa B FAC nHaukauueii, BepeH unu HetT AFS uHaekc, MHAMLMPYIOLWMIA NnpuemHuky, korga AFS dyHk-
Lna mMoxeT AeiicTBOBaTb.

SDC 610K cocTaB/ieH cnegylowmm obpasom:

- AFS nHpekc — ykasbiBaeT KOIMY4ECTBO CBEPXKaAPOB nepegayn, oTAeNAWmnx gadHslii SDC 610K oT
cneayoLlero ¢ TemM Xe cofepxaHuem, B pesynbtaTe Yero ocyL,ecTBNAETCA NOUCK anbTePHATUBHbLIX UCTOUYHU-
KOB OfMHAKOBbIX NPOrpamm;

- nofe faHHblX — CAYXUT ANa nepegayu gaHHbix SDC;

- CRC — KofoBO€ C/I0BO CNYXWUT 4N1A NPOBEPKM Hanmuusa ownbok B 61o0ke SDC;

- 3arnofiHeHue.

5.4.2 O6beKTbl AaHHbIX

B kaHane SDC nepepatotca 15 TMNOB faHHbIX.

- 0 — onucaHue MynbTUNEKCA;

- 1— mapkupoBKa nporpamm,

- 2 — napameTpbl YCNOBHOrO focTyna;

- 3 — uHdopmauumsa o yactotax pagunocurHanos DRM. AM. YKB. UM. DAB;

- 4 — CNMCOK 4acToT pajMocurHanos Ans 6bICTPOro Nouncka;

- 5 — uHdopmMauma o NpUMeHeHNN, COAEPXMUT ONMcaHne BCeX NepefaBaeMbliX NporpamMmm;

- 6 — noagepxka o6bABMEHUA N NepekToYeHnii;

- 7 — onpepeneHue reorpamMyecknx paoHoB, ANA KOTOPbIX HAGOp anbTepHATMBHbLIX YacToT obec-

- 8 — Tekyuwee Bpema u gata;

- 9 — onucaHue napaMmeTpoB ayAMoKaHan0B, He06xoaumoe 418 UX 4eKOAUPOBaHNS;

- 10 — napameTpsbl kaHanos FAC;

- 11 — paHHble yCTaHOB/IEHUSA CBA3MW, MO3BOJIAKOLINE HAXOAUTb a/ibTEPHATUBHbIE NCTOYHUKN OAMHAKO-
BbIX Mporpamm:

- 12 — A3bIK BeWaHns 1 cTpaHa;

- 13 — curHanusaumsa anbTepHaTUBHOI YacToThl, AeTasbHOe onpejAeneHne paioHa;

- 14 — napameTpbl FEC (Forward Error Correction) — npsimoe mucnpas/sieHue OLn6OoK.

6 KaHanbHOe KogmpoBaHue n moaynauunsa

6.1 Agantauua nepegaBaemMoro MysbTunaekca

Cuctema DRM cocTonT 13 Tpex pasnuuHbix kaHanoB. MSC (kaHan ocHoBHOro cepsuca). SDC (kaHan
onucaHus ycnyr) n FAC (kaHan 6bicTporo goctyna). V3-3a pasnimumns CBOWCTB 3TUX KaHaM0B B HUX UCMO/b3Y-
I0TCA pa3/IMyHble CXeMbl KOAUPOBaHUA 1 0ToBpaxeHusa. ObLwas cxema npouecca KogMpoOBaHMUA NpUBeAEHa Ha
pucyHke 3.

PUCYHOK 3 — DYHKLMOHA/IbHAsA 6/10K-CXeMa KOAMPOBAHUS 1 NEPEMEXEHNS

Bonee nogpo6HO MeTo KOAMPOBaHUSA NpuBoauTca B ctaHgapte TOCT P 54718-2011 (1).

6.2 KopguposaHue. MHOToypoBHeBOe KogupoBaHue

Mpu KaHanbHOM KOoAMpOBaHWUK coobLieHns, nepegaBaembie B kaHanax MSC, FAC n SDC. o6pab6aTtbiBa-
loTCs He3aBMCMMO. KogupoBaHuio nogsepratoTcs kaapsl (dpeiimbl) MSC, 6n1okm FAC n SDC

Mpouecc KogMpoBaHWS KaHana OCHOBAH Ha MHOTOYpPOBHEBOI cxeme KOAMPOBaHWA. MPUHLMN MHOro-
YPOBHEBOIO KOAMPOBAHUA — ONTUMU3MPOBAHHOE COYEeTaHue KOAMPOBAHUA WU MOLYNAUUN ANSA JOCTUXKEHUNA
NyYWmnx xapakTepucTuk nepefayn. PasnnyHoie ypoBHN 3alnTbl 4OCTUTAIOTCA MPU pasfIMyHbIX KOMMNOHEHTaX
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Kofa, KOTopble peasnnaynTcs NepopMpPOBaHHbIMY CBEPXTOUHLIMY KOAAaMMW, NOYYEHHbIMU OT TOTO Xe CaMoro
mMaTepuHcKoro koga. CKoOpocTb KOfja MOXET MEHATLCS B 3aBUCHMOCTM OT TPeGOBaHUI K YPOBHAM 3alynUTbl UH-
¢hopmayuu ot own6oK. 3aTEM NPON3BOAUTCS BPEMEHHOE NepemMexeHne 6UTOB. DTO NOBbIWAET YCTOWUYNBOCTb
CMUCTEMbI NPOTWB TPYNMNOBbLIX OLWNGOK.

6.3 CurHanbHble co3Be3ANA N OTOOGpaxXeHus

Mocne kaHaNbHOroO KOAMPOBAHWNA U NepeMexeHns 6GUTOB NPOMN3BOAUTCSA NpeobpasoBaHMe NHopMaLmnm
B Tak HasblBaemble «OAM-siuelikn».

CTpaTternsi otobpaxeHus gNa Kaxanon sverikn 3aBUCUT OT Has3HavyeHusa kaHana (FAC. SDC. MSC) u pe-
Xuma yctoiumBoctu. Bce aueiikn gaHHbix nmewT Bug 4-QAM. 16-QAM unmn 64-QAM.

3afaHHblil MO YyMOSIYaHUK MeToh AO/XKEeH obecrneymBaTb OTOGpPaXeHUe B COOTBETCTBUM C PUCYHKA-
Mn 4— 6. 3pecb Y '0603HavaeT 6UTLI, NpeacTaBNAoLLMEe CUMBOT KOMNIEKCHON MOAYNsuum T.

PucyHok 4 — SM 64-QAM 0TOGpaXKeHne ¢ COOTBETCTBYIOLLEN BUTOBOI KOMBUHaLMeN

13
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PucyHok 6 — SM 4-QAM oToGpaxeHne C COOTBETCTBYHLLEH GUTOBOW KoMBUHaL el

MpumeyaHne — BUT C NEBOIi CTOPOHbI ABMISIETCA NEPBLIM MO BPEMEHMU.

Ana 64-QAM koadhpuuneHT Hopmanusauum: a = 1/M2.

Ans 16-QAM koadppumumneHT Hopmanusauum: a = 1/ To.

Ons 4-QAM koadhuUMEeHT HopMmanusauun: a = V*f2.

[MOTOK laHHbIX HA BbIXOAE NepemMexuTens CoOCTOUT U3 HECKOJIbKUX BUTOBbLIX C/10B, KOTOPblE OTOOPaXeHbl
KakK CUrHasibHble TOYKW Ha Auarpamme curHana, CoOTBETCTBYOLWEro KOMMNAEKCHOMY uucny z. ina SM gua-
rpamma 64-QAM gomxHa MCNONb30BaTbCA B COOTBETCTBUM C PUCYHKOM 4. BUTbI f0/KHBI Npeo6pa3oBbiBATHCSA
B COOTBETCTBUM C:

(Yo Yr ¥3 ¥p¥6> = (Yo.oYuoY20Y0i Y\n Y21>

Anarpamma 16-QAM fo/mKHA NPUMEHATHCA B COOTBETCTBUU C PUCYHKOM 5. BUTbl f0/DKHbI Nnpeobpaso-

BblBATbCA B COOTBETCTBUM C:

(Yo Y\ ¥r ¥3) = (Yo.oYLoY.o.l Y\n)-
Anarpamma 4-QAM f0/1KHA NPUMEHATHLCA B COOTBETCTBUY C PUCYHKOM 6. BUTbl 4OMKHbI Npeobpa3oBbi-
BaTbCA B COOTBETCTBUM C:

(Mo VY;) = (ooYoi>
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6.4 NMpumeHeHne KaHa/IbHOTO KOAWPOBAaHUA

6.4.1 KogumpoBaHue MSC

B kaHane MSC moxeT ucnonb3oBatbca 64-QAM nnn 16-QAM npeobpasoBaHue B pexumax ycTonuum-
BocTM A. B. C n D. lna Bcex pexumMmoB yCTONuMBOCTKN Bonee cnoxHoe cmtanbHoe co3sesgmne obecneynsaeT
60nee BbICOKYIO cnekTpanbHyto aeKTMBHOCTb, TOrga Kak 6osee npoctoe curHanbHoe co3sesgune obecne-
ynBaeT 60/bLIY0 YCTONYMBOCTb K OLIMGKaM.

6.4.2 KoguposaHue SDC

B kaHane SDC moxeT ucnonb3oBatbcs 16-QAM unm 4-QAM npeobpa3oBaHue ¢ KOAOBOW ckopocTbio 0.5
AN pexumoB ycToinumoctu A. B. C. D. B kaXA0M pexnme yCTONYMBOCTU JOCTyneH Bbibop mexay 6onbLuei
NPONYyCKHOW cNoCOBHOCTbIO KaHana unu 6onee BbICOKOW YCTONYMBOCTbIO K OlWKMGKaM. B kaxgom cnyyae uc-
nonb3yeTcsa hUKCMpoOBaHHAA KOLOBasA CKOPOCTb.

CurHanbHoe co3se3june U KOAOBYI CKOPOCTb c/iefyeT Bblbupatb C yyeToMm napametpos MSC Takum
o6pasom, 4To6bl 06ecneynTb 60bLY0 ycTonunBocTb Ana SDC. yem gna MSC. Mpu ncnonb3oBaHMm nepap-
xuueckoih moaynsaumm SDC A0/MKHO KOAMPOBATLCA C MCNonb3oBaHnem 4-QAM.

6.4.3 KogupoBaHue FAC

B kaHane FAC gomxHO ucnonb3oBatbca 4-QAM npeobpasoBaHue ¢ KOLOBOM ckOpocTbio 0.6 NS pexu-
MoB ycToliunsoctn A. B. C. D. lofxxHa ncnonb3oBaTbCcs (PUKCMPOBaHHAA KOAOBas CKOPOCTb.

6.5 MepomexeHne aueek B kaHane MSC

MNMopemexeHne QAM s4Yeek AO/KHO NPUMEHATbLCA B KaHasie MSC nocne MHOToypoBHEBOro KoaupoBa-
Hua. [na pexumoB ycToiunsocT A. B. C. D BO3MOXEH BbIGOP HWU3KOW UK BbICOKOU FNy6MHbLI NepeMoXeHuns
(0603HavYeHHOe 34eCb Kak KOPOTKOe WU A/INHHOE NepeMeXeHmne) CoracHo NporHo3npyemMbiM yC/i0BUSAM pac-
npocTpaHeHns. OCHOBHble NapamMeTpbl NOpeMexnTeNns aganTupoBaHbl kK pasMepy MybTUM/IEKCHOTO peiima.

[nsa kaHanos pacnpocTpaHeHunsa 4yacToT Huxe 30 Ml ¢ yMepeHHbIMU 3aMupaHnsamm (TUNMYHoO Ansa pac-
NpoCcTpaHeHna curHana 3emMHol BOJHbI B JuanasoHax AJIMHHbIX U CPeAHUX BOJIH) KOPOTKOe nepemexeHune
obecneuymBaeT [0OCTATOYHOE BPEMEHHOE N YacTOTHOe MHOroobpasue Ass NpasuibLHOrO npouecca gewndpo-
BblBaHUSA B MPUEMHUKE.

[na kaHanoB pacnpocTpaHeHus 4acTtoT Huxe 30 MU, NoABEepPXeHHbIX 3HAYNTE IbHbIM BPEMEHHbIM 1
YaCTOTHO-CENEeKTUBHbLIM 3aMUpaHnaM, 4TO TUNMUYHO AN curHanosB B KB gnanasoHe, rnybuHa nepeMoxeHus
MOXeT 6bITb yBenmyeHa. Obwana 3agepxkKa npouecca nepeMexeHus/genepemMexeHns saHumaeT npubansu-
TenbHO 2 * 400 mc. T. e. 800 MC AN KOPOTKOTO NepemMexeHnsa B pexumax ycroiumsoctn A. B. C. D. B cnyuyae
ANVHHOTO NEPEMEXEHUS OHA COOTBETCTBYET NMPUMEPHO 2.4 C AN peXumoB ycTtoiiumsoctn A, B. C. D.

7 CTpyKTypa nepegauu

7.1 CTpyKkTypa (hpeiima nepejaum v pexumbl yCTONUYMBOCTH

MepepaBaemblii curHan opraHu3oBaH B cynepdpeimbl nepegaun. B pexunmax yctoiiumsoctn A. B. C. D
KaxAblii cynepdpeiim nepegayun coctomT ns Tpex dpeiiMos nepegaun. Kaxablii hpeiim nepegaun nmeeT npo-
ponmxutenbHocTb Tf u coctout n3 N, OFDM cumBonoB. Kaxablii OFDM crnmBon o6pa3oBaH COBOKYNHoCTb0 K
HecyLlmnx, nepefaBaemMblX C NPOAO/HKUTENIbHOCTbLIO TS. Pa3HOC MexAy CMeXHbIMU HecywWwuMu coctasnseT 1/M.

MpoAo/MKNTENBHOCTL CUMBO/A NpejcTaBnseT co60i CymMMy ByX YacTeii:

- nosiesHas 4acTb C NPOAO/IKUTENBHOCTLIO T,

- 3aWMWTHbIA UHTepBaa C MPOAO/IKNTENBHOCTbIO T7?.

3alNTHbI MHTepBas COCTOUT B LMK/INYECKOM MPOJO/HKEHUN NOMEe3HONR yacTu T n BBeAeH nepep Heil.

OFDM cumBonbl BO opelime nepefayn npoHymeposaHbl 0T 0 go NS - 1. Bce cumBoOnbl cogepxaTt AaH-
Hble 1 CpaBoYHY0 MHOPMALNIO.

Beuay Toro, uto curHan OFDM cOCTOUT M3 MHOTUX OTAE/IbHO MOAY/IMPOBAHHbBIX HECYLLNX, KaXAblA CUM-
BOJT MOXHO B CBOK O4Yepefb paccMaTpuBaTb Kak pasfesfieHHblli Ha fuyeiiku, Kaxpgas sdvelika coOTBeTCTByeT
MOAYNAUMUN OHON Hecyw el B NPOAO/HKEHUN OJHOTO CUMBO/A.

OFDM dpeiim cocTouT us:

- MUNOTHBIX AYeek;

- flueek ynpaBneHus;

- flueek JlaHHbIX.

MnNoTHble AYelikn MOTyT 6bITb MCNONb30BaHbI A1 KaAPOBO, YACTOTHOW N BPEMEHHON CUHXPOHU3aL UK,
OLleHKM KaHana un ngeHTudunkaLmm pexumma yctoiynsocTu.
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MepepaBaemblii CUrHaN ONUCbIBAETCS CAEAYIOLUM BblpaXeHNeM:
| , * W' Kmai
*(0 =Refe2*'X | £
r-0 s-0 fc-Kmin

A -37, -NarTa\

roe (s +Asn)T, 5/ £ (s +/lar + )Tt ;

Ws — uyncno OFDM cumBONOB BO hpeliMe nepegayu:

K — o603HavyaeT HoMep Hecywel (= Kmin, .... KTax)\

S — o603HauvaeT Homep cumeona OFDM (= 0...Ns - 1);

r— ob6o3HavaeT Homep hpelima nepegayn (= O ... 6ECKOHEYHOCTb);

K — uncno nepegaBaembix Hecywnx (£ Kroax - KAN):

TS — NPOAOMKNTENBHOCTE CUMBONA;

TV— NpoAONKNTENBHOCTb NONE3HON YacTu CUMBONA;

TA— NpoAOIKUTESNIbHOCTL 3alMTHOTO UHTepBana,

fR — onopHas yacToTa paAno4acToTHOTO CUrHana,;

cr k— komnniekcHas BenuuuHa sivyelikn N5 Hecyuleli K B cumBone s ppeiima Homep T.

3HayeHua Ccr 5 K3aBUCAT OT TMNa a4einku.
AnAa Adyeek AaHHbIX 1 svyeek ynpasneHnsa (MSC. SDC. FAC) cr S K = I, rae z — Touka co3Be3gus ans

KaX oW saYeiiku.
7.2 TapameTpbl OFDM, cBA3aHHble C pacnpocTpaHeHnem

MapameTpbl OFDM A0/iXHbl 6biTb BblGpaHbl UCXOAS U3 YCNOBUI pacnpocTpaHeHus U Heob6xogumoit
onepaTopy 30HbI MOKPLITUA. PasfinuHble ycTaHoBkm OFDM napameTpoB onpeaensitoTca Ans pas/imuHbiX yco-
BUii pacnpocTpaHeHus. Vx 3HaueHuss npusegeHbl B Tabnuue 6.

Ta6nunya 6— Yucnosble 3HaueHuss napameTpos OFDM

PeXUM MpOAOMKUTE b~ Pa3Hoc Mpoao/mKNTEeNLHOCTL MpoponxuTens- Yucno
cTofuNBOCTH Hocts Tt mc HecyLmx 3aLMTHOTO MHTEpBaNa HOCTb CUMBONA Vv 7 CVMBOJIOB BO
Y Iy, ToMC TS» e Tamc thpeiive Ns
A 24 41%* 2.66 26.66 1/9 5
B 21.33 467N 5.33 26.66 1/4 15
C 14.66 68211 5.33 20 4/11 20
D 9.33 10717 7.33 16.66 11/14 24

7.3 MapameTpbl WWPUHBLI MONOCHLI HAaCTOT CUTHanNa

7.3.1 OnpepgeneHve napameTpa

MapameTpbl OFDM 3aBUCAT OT AOCTYNHOW MOMOCHI YacToT, Yncna Hecywmx K n nx MectononoxeHus
OTHOCUTENIbHO ONOPHOW YacToTbl (HazBaHHON DC no aHanorMm ¢ Hecylei, NCNOb3yeMOoli NMpu aHanoroBbIX
AM nepepauax).

3aHuMaeMblii cnekTp onpegenseT HOMUHANbHYIO WWPUHY NONOCHI YacToT kKaHana. [na pexwmoB YCTO-
ynsocTn A. B. C. D rpynna Hecywux FAC Bcerga npasee (Bblle M0 4YacTOTE) N0 OTHOLEHMNID K ONOPHOI YacTo-
Te /4, KOTopasa paBHa Lenomy yucny, kpatHomy 1 kry,.

B tabnuue 7 npuBegeHbl napaMmeTpbl 3aHMMaemoro cnektpa, nepegasaemble B FAC. onpepensio-
LiMe HOMUHANbHYIO WWMPUHY MOJIOChl YACTOT KaHasa, Ha pucyHkax 7 u 8 nokasaHo MosioXXeHne Hecywux ans
fR < 30 Mru.
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Ta6nuua 7— COOTHOLEHVNE MeXy 3aHMMAaeMbIM CNEKTPOM W M0J10COI NpOoMnyckaHus KaHana

3aHumaeMblii CriekTp

HavmeHosaHve
napametpa 0 1 2 3 4
Monoca nponyckaHns kaHana. Ky, (pexm-
Mbl ycToumBocTn A. B. C. D) 4.5 5 9 10 18
rna Hecywmxb« 4.3 KU,

I:‘ Dn M w iyy FTACuunAm

O MATEK HecywyxHa 4.3 Ky,

PucyHOK 7 — 3aHuMaemblii cnekTp ans 9 kl'y, kaHanos

349HTMMbli anatop | W

1™ L
1
1
FppTmMoamcHab ury 1
I:‘ K <V|n H upx FAC auelikn 3
D FpyTB Hecyw uxH« 5 Ky 5
i 1
Yurrmra fff

PucyHok 8 — 3aHnmaemblii cnektp ana 10 kML, kaHaoB

20

Hecyuine nigekcnpoBaHsbl kak K e [Krain. Ktax]. K - 0 ans onopHoi Hecyuweit DC 1 onpegeneHbl 3Have-

HUAMMW. 3aBUCALLMMK OT BbIGOpa 3aHNMaeMoi NosioCkl YacToT.
Hecywue c kK < 0 6ygyT cneBa ot DC, ac K > 0 — cnpasa oT DC.

B Tabnuue 8 npeacTaBieHO MUHMMANbHOE U MakCUManibHOEe KOMMYECTBO HECYLUX AN KaXA0ro pexu-

Ma yCTOVI‘WIBOCTVI N HOMWUHaNbHOI NOMOCHI YacToT.

Ta6nuya 8— KONMYecTBO HECYLLMX AJISi KAXKAOT0 PexumMa yCToiumMBoCTU

3aH1MaeMb I CrexTp

Pexviv
YCTORYMBOCTU Hecyuias 0 1 2 3 4
. 2 2 -102 -114 -98
A
Krax 102 114 102 114 314

-110
350
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OKoHyYaHve Tabmupl 8

PexuM 3aHnMaemblii cnekTp

o Hecywas
ycTONuMBOCTM 0 1 2 3 n s

B «nTin 1 1 -91 -103 -87 -99
Knmx 91 103 91 103 279 311
. — — — -69 — -67

*min

C

K Tax - - - 69 - 213
b “ min — — — -44 — -43
— — — 44 — 135

7.3.2 CoBMecTHas nepepgava

B pexumax yctoiiumsoctu A, B. C. D curHan DRM npegHasHayeH Ana UCNONb30BaHUSA B TEX Xe pagmno-
BelaTeNbHbIX AnanasoHax. 4yto n AM curHansl. CoBMecTHas nepegaya paguoctaHuyuii, ucnonb3ywwmux DRM
n AM. MOXeT 6biTb BbINOJIHEHA MYTEM pas3MelleHns pPsSAOM aHanoroBoro curHana AM (ogHononocHas wau
asyxnonocmas AM) n uncpposoro DRM curHana.

LUnpuHa 3aHMMaeMoro cnekTpa OTHOCUTCS K Xxapaktepuctukam curHana DRM. BewaTtenb MoxeT co06-
WNTb 06 OfHOBPEMEHHOI Nepegavye AM curHana npum NOMOLM anbTepPHATUBHOIO YacTOTHOMO cUrHana.

7.4 TIMNOTHbIE AYelikn

7.4.1 ®PYyHKUUU M NPOUCXOXIEHUE

HekoTopble auelikn BHyTpK dpelima nepegayn OFDM npomoAynupoBaHbl C U3BECTHbIMU (DUKCUPOBAH-
HbIMW 3HAYeHUsIMK hasbl M aMNANTYAbl. DTN AYEKN ABASIOTCA NUAOTHLIMU U CAYXAT A/ OLLEHKN U CUHXPO-
Hu3auuu kaHana. rosumuyuu, amnauTygbl U assl 3TUX s4eeK TuiaTesIbHO BblGpaHbl 418 onTumMusaumm napa-
MeTpoB, 0CO6EHHO Ha4yalbHOWN A4ANTENbHOCTUN CUHXPOHMU3ALMN N HALEXHOCTH.

7.4.2 OnopHasa yacTtoTa

3TN AYelikn UCNOMb3yTCA NPUEMHUKOM A1 06HAPYXEHUSI MPUHUMAEMOro CUrHana v OLeHK/ ero cme-
weHusa (casura) 4actoTbl. OHM TakKXe MOTyT 6bITb U3MEHEHbI 415 OLEHKN KaHasa 1 OTC/IeXUBaHUA pasinyHblX
npoLeccos.

7.4.3 OnopHoe BpemMsa

3TN a4elikn pacnonoxeHbl B nepsoM cumosie OFDM kaxgoro cpeiima nepegaun.

Auyelikn ONOPHOro BPEMEHMW WCMOMb3YyOTCS B OCHOBHOM A1 o6ecneyeHnsi 6bICTPOro paspeLlleHns He-
onpefesieHHOCTN C 3alWKUTOol BPEMEHHOro OTHOLIEHWA W 4acTOTbl, HE YYBCTBUTE/IbHOW K OLLleHKE BPEMEHMU
nocTynneHns ¢ NnepuoguyYHOCTbIO OJHOr0 CUMBONA, a Takxe [N onpejefieHnus nepeoro cumsona dpeiima
nepegayn. OHN MOTyT 6bITb U3MEHEHbI A1 OLEHKN CABUra 4acToThbl.

7.4.4 OnopHoe ycuneHune

Auyeiikn OMOPHOro ycuaeHNs NPUMEHAIOTCA B OCHOBHOM AN KOTEPEeHTHOU gemoaynsuun. 3Tu syei-
K pasbpocaHbl N0 06Lieil YaCTOTHO-BPEMEHHO LiKane U UCNoMb3yITCA NPUEMHUKOM A5 OLEHKM peakuuu
KaHana.

7.5 Huyeitkn ynpaBneHus

7.5.1 O6uwmre nonoxeHus

MmMeeTcs gBa Tuna siyeek ynpasneHus:

- Avelikn kaHana 6bicTporo goctyna (FAC), nHTerpupoBaHHble B KaxAblii dhpeiim nepepayn, Kotopble
MCNoNb3yTCA A1 6LICTPOro NoyYeHUss He06Xo4MMON NHdOPMAaLUN NMPUEMHUKOM C Lefblo AemMoaynunuposa-
HUA curHanos DRM:

- Ayelikn cnyxebHoro kaHana (SDC), noBTopsowWwmMecs B KaxAom cynepdpeiime nepegayun, kotopblie
cofepxar BCI AOMONHUTE bHYI0 MH(hopMaLM0 O TEKYLLEM COCTOSHUN CEPBUCHBIX CNYX6 B AaHHbI MOMEHT,
OHU MCNONb3YIOTCA Takxe A5 aflbTePHATUBHOIO NepekntoyYeHns yactotol (AFS).

Ha pucyHke 9 npuBefleHO YaCTOTHO-BPEMEHHOE PaCnosioXeHne 3TUX CUTHAMOB.
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npornycKaHws

katasia wlllw, ~ cumeonsl, copepxatme MSC n FAC sueliku;

O - CUMBObI, cofiepxatume MSC sueliku;

LUK - cumBonbl, copepxatume SDC sueiikm

PucyHok 9 — YacTtoTHo-BpemeHHoe pacnosnoxeHne FAC n SDC curHanos

7.5.2 Aueiikn FAC

Auelikn, ncnonbdyemblie ansa FAC. — 370 Auelikn, B KOTOPbIX HET MHpOPMaLUM H 06 OMOPHOIA YacToTe,
HN 06 ONOPHOM BPEMEHU U YCUNEHUU, OHWN He ABMAITCA A4Yelikamun AaHHbIX B CMMBONAax, KOTopble He coaep-
xaT SDC. Auelikn FAC nepeHOCSAT BbICOKO 3aluleHHble QAM CUMBO/bI, NO3BO/ISOWMNE NPUEMHUKY BbICTPO
06HapyXUTb Nosly4yaemsblii B faHHOE BpPeMS TN cUrHana.

7.5.3 Auelikn SDC

Auelikamn, ncnonblyembimn gna SDC. aBnaTCs Bce Avelikn B cumBonax SDC, KOTOpble HE HECYT WH-
chopmaumm H1 06 OMOPHOI YacToTe, HA 06 ONOPHOM BPEMEHW N YCUNTEHUN, ANS KOTOPbIX AMNS K S Atax u K He
npuHagNexmnT K COBOKYNMHOCTU HENCNO/Ib30BaHHbIX HECYLLUX.

[Ons pexumoB yctoiiumoctn A n B SDC cumBonamm sisnsitotess 0 u 1 B kKaxaom cynepdpeiime nepepga-
yn. Ana pexumos yctoiunsoctn C n D SDC cumsonbl — 0.1 1 2 B kaXA0M cynepdpeiiMme nepegaun.

7.6  HAuyelikun gaHHbIX

7.6.1 Mo3nuynn aveek

K ayelikam faHHbIX OTHOCATCS BCE AYeiikn, He ABAALWMECS HA MUNOTHBIMU, HU fYelikaMu ynpaBaeHus,
AN KOTOpbIX KNT S K £ KTaK U K He NPUHaNEeXUT K COBOKYMHOCTU HEWCNOJb30BaHHbIX Hecylwux. C no-
MOLLbIO AYeeK faHHbIX NepefaeTcs OCHOBHas UHopMaLus, cogepxaujasacsa B curHane DRM.

7.6.2 Auelikn ycuneHns un asbl

BennuuHbl Cr s SABNSIOTCA HOPMUPOBAHHLIMW BE/IMYMHAMMW MOAYNSAUUN TOUYKM CO3BE3ANA Z COr/lacHo

andgaBuTy Mogynsauum, ncnonblyemomy ansa MSC (64-QAM unun 16-QAM anst pexumos ycTtoliumeoctu A. B.
C. D. cm. pucyHku 4. 5).
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Mpunoxexve A
(MHbopMaunoHHoe)

PagnoyacToTHble 3alMTHbIE OTHOLWEHUSA

3alyTHbIE OTHOLLEHUA TPebytoTea ANs:

- AM curHanos, nHTepdepupyoLLmMX C LMdpPoBbIMK curHaniamm DRM;

- DRM undhpoBbIX CUTHAUIOB, NHTEepdepupytoLmx ¢ AM curHanamm:

- DRM undhpoBbIX CUrHaI0B, HTEepdepupytowmx ¢ DRM uudpoBbiMy curHanamu.

MpvBeAeHHble B JaHHOM MPWUIOXKEHUN BENYMHBI 3alMTHBIX OTHOLLEHUI OMpeaenstoT Takke TpeboBaHWA K na-
pameTpam pagmoyacTOTHOroO TpakTa PagvonpueMHUKOB Kak ObITOBbIX, Tak M KOHTPO/bHbLIX (M3MepUTEsbHBIX) COrfacHo
ctaHgapty F'OCT P 54716-2011 (21-

KoM6rHaumm TMNOB CNeKTPasibHOro pasMeLLeHNs 1 PeXMMOB ycToiumBocT DRM curHanos NpyBoAsAT K pas3/iyHbIM
PY cnektpam nepegartuvka, KOTOpble BbI3bIBAIOT B3aUMOB/INAHUA 1 NO3TOMY TpebytoT onpefeneHHbix PY 3almTHbIX OT-
HOLUEHWIA. MpUMEHSIEMbI METOA, BbIYMCIEHWIA ONvcaH B AeTansx B PekomeHgaumum MCO-P BS.1615, B KOTOPOIA NokasaHo,
4TO pasnmuve B 3aLMTHbIX OTHOLLEHUAX A1 PasHbIX PEXMMOB ycToilunsocT DRM foBonbHO Masio. Moatomy PY 3awnt-
Hble OTHOLLEHUS, NpeAcTaB/eHHble B CreAytoLmx Tabnuuax, orpaHuyeHbl pexmmom ycToiunmsocTu B. Bonee nogpobHble
pe3y/bTaTbl BbIYMC/IEHUI MOXHO HailTn B PekomeHgaummn MC3-P BS.1615.

B tabnuue A.1 npeAcTaBneHbl pesy/nbTarbl BbluMcaeHus Ana AM curHanos, nHTepdepumpytolnx ¢ DRM curhanamm,
B Tabnmue A.2 — ans DRM curHanos, nHTepdepupytowmx ¢ AM curHanamn. 3T BEIMUUHbLI BbluMcAeHbl Ans AM curHa-
JI0B C BbICOKOIA Komnpeccueli. PY 3awuTHble oTHOwWweHMA ans DRM curHanos, uHTepdepmpyowpmx ¢ DRM curHanamu,
AaHbl B Tabnumue A.3. KoppekTupytolme BenuynHbl Ansa DRM nprema npu ncnosib3oBaHnm pasimyHbIX CXem Moaysummn n
YPOBHEW 3awWuThl NpeAcTaBneHbl B Tabnuue A.4.

3HaueHus B Tabnmuax A.1—A.4 npeactaBnsoT coboii OTHOCMTENbHbIE PY 3aluTHble OTHOLWEHNA (ArF reatj™). Ons
cnyyas ymctoit AM OTHOCUTE/IbHOE 3alLMTHOE OTHOLLEHWEe ecTb Pa3HOCTb B AeLybenax Mexgy 3alyTHbIM OTHOLLEHVEM,
KOra curHanbl HecyLLmMX XenaTeNbHOro U HeXenarenbHOro nepefaTymkoB UMEKT Pa3HOCTb YacToT A/ M. 1 3aWmUTHbIM
OTHOLLEHMEM, KOTAa HecyLme 3TUX nepefaTymkoB MMEKT 04UHaKoBYO YacToTy (PekomeHgaums MC3-P BS.560), T. e. co-
KaHanbHoe PY 3alutHoe oTHOLIeHe ARp KOTOpPOe COOTBETCTBYET ayAno4acToTHOMY (AF) 3alLMTHOMY OTHOLLEHWIO (ALp).
B cnyyae uucpoBoro curHana ux HoOMUHaIbHON YacToTOV BMECTO HecyLLel YacToTbl ABMISETC 3HauMMasn BennymHa ans
onpeaenieHns pa3HoCTH YacToT. 11 CnekTpasibHOro pasMeLLeHns TUNoB 2 1 3 HOMUHa/TbHasi YacToTa COOTBETCTBYET LieH-
TpanbHoii Yactote OFDM 6110ka, Ana Tmnos 0 1 1 cnekTpasibHasa yacToTa casuraeTcs Ha 2.2 n 2.4 k', COOTBETCTBEHHO
BbllLEe HOMWHA/IbHOW YacTOTbl.

BcnefcTBue oTnums cnekTpa curHana MHTepdepeHumn ot AF cnekTpa aHanoroBoii AM 3HaueHust Ans OTHOCK-
TeNbHbIX PY 3alMTHbIX OTHOLUEHUIA B C/ly4ae COKaHa/lbHON MHTepP(EPEHLMN He paBHbI Hy/IHO.

[ns ucnonb3oBaHusa Tabnmubl A.1 B 3afaHHOM cLeHapvmn nnaHnpoBaHust AM peneBaHTHoe AF 3auMTHOe OTHOLLe-
Hue fobaBnseTca K 3HaveHuto B Tabnuue, YTobbl Nonyunts Tpebyemoe PY 3alumMTHOE OTHOLWEHWe. PeneBaHTHble 3Have-
HMA MOryT BbITb ONpeAeneHbl C y4eToM:

- ans KB 3awutHoe oTHoweHne AF paBHo 17 aB. koTopoe ogo6peHo anst HFBC nnanuposaHua WARC HFBC-87
Ans curHanoB AM. nHTepdepupyrowmux ¢ AM curHanamu;

- ansa AB/CB 3awuTHoe oTHoweHne AF pasHo 30 ab, koTopoe 0406peH0 PervoHanbHO agMUHUCTPATUBHOW KOH-
hepeHumein no pagmnoselLaHnio B gnanasoHax AB/CB ans pernoHos 1u 3 (XKeHesa, 1975 r.) ana AM CUrHasioB, UHTEpP-
thepupytowmx ¢ AM curHanamu.

[na DRM kak nonesHoro curHana AF 3aliMTHOe OTHOLLEHWe, paccMaTpvMBaemMoe Kak napameTtp kadectsa 06c/y-
XUBaHWA. 3aMeHSeTCA Ha OTHOLLEeHWE curHan/vHTepdepeHumns. Tpebyemoe Ans AOCTMKEHWA onpeaenerHol BER. Mopor
BER, paBHblii FO"4, NPUHAT 418 pacyeToB. 3HAYEHNS 3aLLUTHOTO OTHOLLEHNA B Tabmuax A.2 u A.3 ocHoBaHbl Ha 64-QAM
MOAYIALMM 1 3awmMTHOM yposHe No 1. [1ns Apyrux KoMOMHaLMii KOppeKTMpyloLme 3HadeHns B Tabauue A.4 fobasnsatotca
K 3HAYEHVAM cUrHan/vHTepepeHumns, NpuBeeHHbIM B Tabnmue.
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Tabnuuya A.4— KoppekTrpoBaHHble 3HadeHns S/l B Tabnuuax A.2 n A.3, koTopble 6yayT UCNOb30BaTLCA 418 APYTUX
KOMGMHaLMA CXeM MOAYNALMN U YPOBHE 3almnTbl

KoppekTupoBaHHble 3HaueHus (46) gns DRM.

Cpepnsist kogosasi PeXnM YyCTONYMBOCTU/TAN CNEKTP, pasMeLLeHNs

Cxema mogynsiumum YpoBseHb 3awuTbl, NB
CKopoCTh 8/0 (4.5 kIw). 8)2 (9 KIu).
8/1 (5«l'y) B/3 (10 «kl'u)
0 0.5 -6.7 -6.6
16-QAM
1 0.62 -4.7 -4.6
0 0.5 -1,3 -1-2
1 0.6 0 0
64-QAM
2 0.71 1.7 1.8
3 0.78 3.3 34
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MKKP. okTsi6pb 1974 1.

BAPK BYPB-87

MCO/M3K 23003-1

NCO/M3K 14496-3

FOCT P 54717— 2011
Buénuorpadus

Cuctema umdpoBoro pagposellaHns DRM B gnanasoHax YactoT Huwke 30 MIy. Lindpo-
BOIi Kogep-moaynsTop. OCHOBHbIE NapameTpbl U TEXHUYECKMe TpeboBaHUs

Cuctema umcposoro pagvoBellaHns DRM B guanasoHax uvactoT Huxe 30 Mru,.
KoHTponbHbI pagvonpreMHuk. OCHOBHbIE NapameTpbl U TEXHWYEeCKkne Tpe6oBaHns
[JokymeHT N8 140

BcemupHas agMMHMCTpaTUBHAA paayokoHepeHLma No naaHMposaHnio BYU nonoc yactot
pacnpefeneHus B pagnoBeLaTesnbHon cnyxbe (XKeHeBa—87)

VHbopmaumoHHble TexHonorun. AyamotexHonorun MPEG. Yactb 1. O6beMHbIli chopmat
MPEG (ISO/IEC 23003-1:Information technology — MPEG audio technologies — Part 1:
MPEG Surround)

ViHbopmaunoHHble TexHonorun. KogyposaHue ayavoBu3yasibHbIX 06bekToB. YacTb 3.
Ayavo (ISO/IEC 14496-3: Information technology — Coding of audio-visual objects —
Part 3: Audio)
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YOK 621.397:006.354 OKC 33.170

Kniouesble cnoBa: cuctema DRM, uucdpoBoe 3ByKOBOe pajuoBellaHue, KoaupoBaHuwe ayfuoCUrHasios,
TeXHU4YecKne OCHOBbI
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