HazemHoe uudpoBoe TeneBusnoHHoe BewaHune (DVB-T) - yauBuUTenbHbIE
BO3MOXHOCTU CUCTEMbl C YaCTOTHbLIM YMNNIOTHEHUEM OPTOrOHasbHbIX HeCyLUX W
koaunpoBaHuem (COFDM)

XKepapa ®apua, AMpeKTOp NO Hayke
UTUC, PpaHuua

KPATKAA MHPOPMALINA

M3 natn cuctem HazeMHoro LMdpoBoro BelllaHus, CTaHOapTUM30BaHHbIX 3a nocnegHue natb net (1.e. DAB-T
— CMCTeMa Ha3eMHOro umdgpoBoro paamoselanms, DVB-T - cuctema HazeMHoOro umMdpoBoro TeneBeLlaHns,
ISDB-T - cuctema HaseMHOro LM@POBOro BellaHus MexayHapoaHoro craHaapta, ATSC-8VSB - Hoas
cucTemMa Ha3eMHOro TenesellaHus ¢ 8-MO3ULUOHHOW MOAYNSAUMEN M 4acTMYHO nofaBneHHon 6Gokoson
nonocomn, a Takke rpagywas cucrema DRM — cuctema ¢ moaynsaumen JUHaMU4ecKkoro auanasoHa, YeTbipe
OocHOBaHbl Ha BapuaHte COFDM, B KOTOpPOM WCMONb3yeTcs CUCTEMA C YacCTOTHbIM YMNIIOTHEHWEM
OPTOrOHarsbHbIX HECYLLUX C KOOUPOBAHNEM.

EBponenckun crtaHgapt DVB-T Bkniwovaetr B ceba 6Gonbllioe KONMMYECTBO pPEXMMOB nepefayunm wu
npepoctaBnsetr cnocob npucnocobute curHan COFDM ana ucnonb3oBaHWs BO MHOMMX cuUcTeMax
HasemHoro BellaHuns. OgHa M3 TakmMx CUCTEM — CUCTEMa C MepapxMyeckon Moaynsaumen — nossonset
opraHu3oBaTb OAWH PagMOYacTOTHbIM KaHar, COCTOSLMA M3  OBYX BMPTyalbHbIX KaHanoB, Kaxabll w3
KOTOPbIX HECET CBOW COOCTBEHHbIN 3aLUULLIEHHbIN TpaHCNopTHbIN notok (MPEG-TS). Kpome Toro, kak u Bo
Bcex COFDM cuctemax, HECKOMbKO nepedaTyMKoB CeTW BellaHus MoryT pabotaTb Ha OOHOM U TOM Xe
pagno4acToTHOM KaHarne, T.e. 00pa3oBbiBaTb OOHOYACTOTHYH ceTb BewaHusa (SFN) aona onpegeneHHom
30HbI BELLAHWS.

Llenbio HacTosilen npeseHTaumMm sBnseTca obpaTuTb BHMMaHWe Ha TO, KakuMm obpasom 9T [aBe
ocobeHHoCTH uudposBoro HasemHoro Tenesewwanns (DVB-T) npefocTaBnsatoT OrpOMHbIE BO3MOXHOCTU 3TON
cMcTeMe No BHeAPEHMIO yenyr undpoBOro TeneseLlaHns B CYLLLECTBYIOLLEM YaCTOTHOM CNeKTpe, KOTopbIv B
HacTosLLee BPEMS YXKe «NepenofiHeH» TPaauLMOHHBLIM aHarnoroBbiM BELLL@HUEM.

Hapsaay ¢ nosicHeHuamu cywHoctn cuctemsl DVB-T COFDM, npuBogaTcs HECKONbKO NPUMEPOB AeTarnbHOro
aHanusa paboTbl OOHOYACTOTHOW CeTW BellaHus U nepapxu4eckorn MOoAaynsaumn, a Takke KOMMEHTapum no
NoBOAY TEXHUYECKUX KOMNPOMUCCOB, Npeasiaraemblx NpeanpusaTUaM BeLLlaHus.

[Moyemy cCTONMbLKO MHOrO CTpaH OCTaHOBUNM cBOW BbIBOp Ha cuctemax COFDM? AsTop HamepeH
aKkueHTMpoBaTb 3amedvartenbHble ocobeHHocTu cucteMbl COFDM, koTopble M NOCAYXWUMNNM OCHOBOW Takoro
BbliBOpa.

BBEOEHUE

MHorue ctpaHbl, kak Hanpumep, AscTpanuda, CuHranyp u MiHansa, octaHOBUNK CBOM BbIGOP Ha TexHonornm
COFDM npwu BHegpeHuun cuctembl LMPOBOro pagmo- 1 TeneBeLlaHus.

B KoHTekcTe uudpoBoro TenesuaeHnsa, EBponencknin ctaHgapT Ha UndpoBoe Ha3eMHOe TeneBU3NOHHOEe
BewaHne (DVB-T) [1] onpemenun cucTemy, MPUrogHyK OMs LUIMPOKOro Kpyra npunoXeHmn B obnactm
BELLaHus.

Takasi yHMBepcanbHOCTb OOBSICHSAETCS BO3MOXHOCTLIO BblOOpa napameTpoB MOAyMsiuMK, YTO MO3BONSAET
ucnone3osaTb 40 120 pexumos mogynauumn n 4o 1200 nx nepapxmyecknx TMnos.

Mockonbky cuctema COFDM 6bina paspaboTaHa Cc uenbio npeoforieHus npobnem pacnpocTpaHeHus
Ha3eMHbIX pajuokaHanoB, OHa, B TOM u4ucne, yctpaHseT 9ddeKT 9X0, BbI3BAHHOrO WNN YCrOBUAMMU
pacrnpoCcTpaHeHUs paguoBONH WNKM  paboTon HECKONbKMX nepegaTymkoB, paboTalowmx Ha ofHOM
paguMo4acToTHOM KaHane. B HacTtosiwen cTaTbe paccMaTpuBalOTCA BO3MOXHOCTM, KOTOpble cnocobHa
npegoctBnATb cuctema COFDM, ocHoBHble noHATUSA cuctembl COFDM, a Takke paenaertcsa akueHT Ha
oTnuunTenbHble 0CO6eHHOCTM paboTkl ogHOYacTOTHOW ceTu BewaHua (SFN) n nepapxmyeckon mogynsaumm.



MEPAPXUYECKAA MOAOYNALUA CUCTEMbI COFDM: NMPUHLNIMbI PABOTbI

B Hauane 60-x rogoB B nabopatopun komnaHum bann (CLUA) Obina oTKpbITa TEXHOMOIMMS LWyMonogobHOro
cnekTpa, noHavany Ucrnonb30BaBLLASICSt B BOEHHOW obnacTtu.

B Hauane 80-x rogoB BO dhpaHuy3ckon uccnepoatenbckon nadopatopum CCETT - Centre Commun
d’Etudes en Télédiffusion et Télécommunication (Iﬂ - 6bIN0 NpoBeAeHO U3y4eHue CnocoboB MPUMEHEHUS
3TON TexHonormm B obnactu BewaHusa. bBbino onpegeneHa cuctemMa, [OCTAaTOMHO YCToMYMBas U
appekTnBHAA npu nepefade MHopmauuu B LUGPOBOM BUAE: YACTOTHOE YMMOTHEHUE OPTOroHanbHbIX
Hecywmnx ¢ koguposaHuem (COFDM). PaboTbl, npoBefeHHble B 3TOoW nabopaTopun, MNOCNYXWUAU B
HacTosdllee BpemMs OCHOBOW [BYX OCHOBHbIX CTaHAApTOB ANs BelaHusa: cuctema LmngpoBoro
paguosewaHna DAB [2] u cuctema HaseMHOro L poBoro TenesnsnoHHoro sewanua DVB-T [1].

COFDM: YTO 3TO O3HAYAET?

OcHoBHass uges cuctembl COFDM 3akrniovaeTcs B YCTpaHeHWM YXYALWEHWs KayecTBa curHana npu
Ha3eMHOM pacrnpoCTpPaHeHNW pagamvoBONH. YacToTHas xapakTepucTWka KaHana HeoAMHaKkoBa At ero
Pa3fMYHbIX COCTaBMISOWMX: NPU CYMMUPOBAHUM MPUHMMAEMbIX HECYLLMX YacTOT (OCHOBHAs Hecyllas u ee
9XO-CUrHarsbl) pe3ynbTUPYIOLWUA CUrHAM MOXET OblTb PaBHbIM HYMIO UMW MPEBbIWATb YPOBEHb OCHOBHOWA
HecyLLen.

Insa peweHusa aton npobnembl cuctema COFDM cHadvana 6bina ncnonb3oBaHa gnis nepegayvv gaHHbIX B
pacLUMpEeHHOM CMEKTpPe C ncnonb3oBaHnemM Gonbloro Habopa 6nNM3KO PacnonoXeHHbIX YacTOTHLIX MOJSIOC.
3aTtemM nonesHbI curHan nepeg ero nepegaden 6oin kognpoaH, 4TOObl 06ecneyYnTb BO3MOXHOCTb €ero
BOCCTAHOBIEHUS NpU Npueme.

Tenepb CTaHOBUTCHA MOHSATHbIM MPUMEHEHUE CINOB «C KOAMPOBAHHUEM» W «4aCTOTHOE YNNOTHEHME» B
ncnonb30BaHHOM 3aeck cokpalleHnn « COFDM»

COFDM: NMPUHUUMN OPTAHU3ALUNN KAHANA
Pacwennexnue kaHana

XapaKkTepucTuKn KaHana nepegayu, K cCoXaneHuto, He OCTalTCs MNOCTOAHHbIMU BO BPEMEHU, HO B TeYeHue
KOPOTKOIro npoMeXxXyTtka BpeMeHU OJOTU XapakKTepUuCtukm Ona Ha3eMHOro KaHalla MOXHO CYUTaTb
MNOCTOAHHbLIMW.

Mcnonb3yss aTy ocobeHHocTb, B cucteme COFDM umeeTcs BO3MOXHOCTb MNPUMEHUTb pacLUensieHne
Ha3eMHOro KaHana nepegadv Bo BpeMeHu 1 rno yactote (cMm. Puc. 1). B pesynbTarte, pagmMo4acToTHbIN KaHan
opraHusyeTcsl B Bue Habopa y3Knx YaCcTOTHbIX MOSOC 1 B BUAE KOPOTKMX BO BPEMEHN CMEXHbLIX «BPEMEHHbIX
CEerMeHTOBY.

Beopa nogHecywmx

Kaxgasi 4acTOTHO-BpeMeHHas s4Yeilka MMeeT CBOl COBCTBeHHy nogHecywyo (cMm. Puc. 2). Habop
nogHecyLux B onpeaeneHHoOM BpeMeHHOM cermeHTe HasbiBaetcs cumsonom OFDM. [Ons yctpaHeHus
B3aMMHbIX MOMEX MeXay MOAHECYLLUMMU, paccTosiHMe (NMPOMEXYTOK) MeXay HuMK BblOMpaeTcs paBHbIM
obpaTHON BENNYUHE ONIMTENBHOCTM CUMBONA: B 3TOM Clly4yae nogHecylme SBMsitoTCsl OPTOroHarbHbIMMU,

Beop 3awWwmTHOro n HTepBana

lMockonbKy 3Xx0-curHanbl NPeAcTaBnsalT cobon  3agep)XaHHble BO BPEMEHU KOMUM OCHOBHOIO CurHana,
Hayano gaHHoro cumeona OFDM nopgBepraetcst «3arpsa3HeHno» 3adepKaHHbIM OKOHYaHWEM NpeablayLLero
(B3anmMHble nomMexun Mexay cumBonamu). [ns ycTpaHeHust atoro adpdpekta Mexay OBYMSI COCeAHMMU
cumonamn OFDM BBoauTcs 3awmnTHbIN UHTepBan (cM. Puc. 3).

Bo BpeMA nHTepBana npuemMHblie yCTpOI7ICTBa UrHOPUPYIOT nomynarou.l,mﬁ CuUrHarn, 4to npnBoanNT K CHUXEHUIO
I'IpOI'IyCKHOI7I cnocoBHOCTK KaHana nepeaadn.

CVHXpOHM3aLMA KaHanoB

UToObl OCyLWeCTBUTL Hagnexawym obpas3oM AemMogynsauuto curHana, npueMHble YCTPOMCTBa LOJSIKHbI
npons3BecTn ero BblIGOpKY BO Bpemsa nonesHoro nepuoga cumeoria OFDM (HO He BO BpeMsi 3aLMTHOrO
nHTepBana). Ho Torga Heob6xoaMmo BBECTU BPEMEHHOE OKHO MO OTHOLLEHMIO K MOMEHTY, Koraa nepepaetcs
B achmp kaxabin cumeon OFDM.

B cucteme DVB-T uncnonb3yloTcs «MNUNOTHbIE» MNOAHECYLIMe, paBHOMEPHO pacrnpefersieHHble B KaHane
nepegayv B BUAE MapkepoB CUHXpOHM3aLmm (cMm. Puc. 4).

1 CCETT aBnsieTcst Hay4HO-MCCnegoBaTenbCKUM LeHTpoM rpynnbl PpaHc Tenekom.
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BblileynomMsiHyTble  0COBEHHOCTU (paclienrnieHvMe KaHamna, KoOupoBaHWe [OaHHbIX, BBOA 3allUWUTHOro
MHTepBana u MapkepoB CUHXPOHWU3aLNM) COCTaBNSAT OCHOBHbIE NapaMeTpbl Moaynsauum COFDM.

K coxaneHuto, Bce 3T 0COBEHHOCTM NpeanonaratoT NoTepto NnonesHon nHpopMaLmMmn KaHana Unm CHKeHne
peanbHOW MPOMYCKHOM CMocoBGHOCTM kaHana. I HaoGopoT, OHW MO3BONSAT CHU3UTb CTENEHb YXyALIEeHUs
napameTpoB CWUrHana Wus-3a YCNOBWUIA MNPOXOXAEHUS pPadMOBONH 33 CYeT KOMMpoMMUcca  Mexay
YCTOMYMBOCTbIO KaHana 1 NponyckHOM CrocobHOCTLIO KaHana.

Puc. 4: Mapkepbl CMHXpPOHU3aLUKn

C uenbio nNpegocTaBneHns nNpegnpuaTuaM BeLlaHus MakcuMMarbHOM cBoOOAbl NMpwu agantauuu cpecTs
nepefjayn no HaseMHbIM KaHanaMm B COOTBETCTBUM C KOHKPETHbIMW YycrnoBusiMu, ctaHgapTt DVB-T
onpegenun JOMyCTMMbIM OMana3oH 3TMX MapameTpoB: UX KOMOMHaUMs npeacTaBnsieT cobOon pexumbl
cuctembl DVB-T.



COFDM: KAKMM OBPA30M NMPOUCXOAUT NEPEQAYA OAHHbIX?

[na pganebHenwero ynydweHus napameTpoB curHana cucteMbl COFDM HeobxogmMmo cMsardnTb NoboYHbIe
apheKTbl, BO3HMKAIOLWME NPUM  WUCMONb30OBAHMKU 3aALLMTHOrO KoaupoBaHusi. B obwem cnyyae, 3To
KOAMpOBaHUE He CNOCOBHO CKOpPEKTUPOBaTb ANMMHHYIO0 MOCNef0BaTENbHOCTb (MaKeT) OWMBOYHbIX GUTOB.

Mpn 3aMMpaHMaX Ha COCEAHMX YaCTOTHbLIX MONiocax, CMeXHble OWTbl [aHHbIX pacnpegensawTcs no
yaaneHHsIM nogHecywiuMm B npefdenax kaxgoro cumsona OFDM. Takaa ocobeHHOCTb M3BECTHa Kak
4YaCTOTHOE NEPEMEXEHME M MPOUNIIIOCTPUPOBaAHO Ha Puc. 5.
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Puc. 5: PacnpegeneHune aaHHbIx no cumBonam OFDM

CHayvana npousBoauTc KoAMPOBaHWE AaHHbIX B LUGPOBOM hopMe C MOMOLLbI0 3alUTHLIX KoOoB. 3aTeM
BBOAUTCS 3alLMTHBIN MHTepBan (MyTeM BBoAa U3ObITOYHLIX GUTOB AaHHbIX) MEXAY NakeTamy 3alUMLLEHHbIX
AaHHbIX. B 3akniouveHMe C NOMOLLbIO anropuTMa YacTOTHOMO MNEepPeMeXeHus, CUHXPOHU3MPOBAHHOIMO C
KagpoM repedayn, OCYLLEeCTBNSETCA pacnpedeneHve naketa [faHHblX no 65M3Ko  pacronoXeHHbIM
NOAHECYLLUM.

OcHoBHas rpynna

Pacnpepenenne paHHbix no cumBoriam OFDM  o3HayaeT wuHOMBMAYalbHYI MOAYMSLMIO  KaXdow
noaHecyLlen B COOTBETCTBUN C OOHOWM N3 TPEX OCHOBHbIX KOMMMEKCHbIX rpynn DVB-T. 3Tu rpynnbl nokasaHbl
Ha Puc. 6.

B 3aBucumocTy OT BbIGpaHHOW rpynmbl, Kaxxaas NogHecyLas NepeHoCUT 0OHOBPEMEHHO 2 Buta (Moaynsaums
4QAM), 4 6uta (Mogynsaums 16QAM) unm 6 6ut (Mogynaumus 64QAM). Kaxgon rpynne CBOMCTBEHHA CBOSA
NMOMEXO03aLLMLLEHHOCTL C Y4ETOM MUHUMArbHO AOMYCTMMOrO OTHOLUEHUS CUrHan/lym Ans NpuemMsieMoro
kayectBa gemoaynsauuun. 'pybo rosops, moaynauma 4QAM ponyckaeT oT 4 fo 5 pa3s 6onblunin ypoBeHb
wyma, 4em moaynsuma 64QAM.
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*Puc. 6: OcHoBHas rpynna DVB-T
COFDM: PABOTA OAHOYACTOTHOM CETHU

CyliectByeT MHOro OOCTOMHCTB COBpeMeEHHoN uudposorn moaynsumm COFDM, HO OCHOBHbIM sIBRisieTcst
ycnewHas ©opbba C axo-curHanamu, KOTOpble MOMyT BO3HUKAaTb M3-3a OTPaXeHUMM OT OKpYXaloLmX
npeamMeToB Unu Npu pabote HECKOMbKNX NepeaaTyMKoB Ha OQHOM U TOM Xe paauovyacTOTHOM KaHane.

B cuctreme BewaHns COFDM Kk ecTeCTBEHHbIM 3XO-CUrHanam, BbI3BAHHBIMU OTPAKEHUSIMUA  UNK
pedpakumen, 0oOaBNATCA aKTMBHbIE 3XO-CUrHarmbl, rEHepuUpyeMble nepefaTtynkamum Ha COBMELLEHHOM
KaHane, unu petpaHcnatopamu. CobctBeHHO roBopsi, cuctema COFDM cnocobHa umcnonb3oBaTh C
BbIFO4OM HEKOTOPbLIE BUAbI 9XO-CUrHaNoB (T.€. Te, KOTOpblE YCUNMBAIOT NPUEMHbIV CUIrHamM) U UrHOPUPOBaTb
3X0-CUrHarbl, KOTOPbIE CKa3bIBAKOTCA OTPULIATENBHO Ha NOIE3HOM CUrHarne.

CootBetctBEHHO, Moaynsumsa COFDM npepoctaBnsieT BewaTesNbHbIM OpraHu3auusiM HOBbIA  CMocob
3KCMyaTUPOBaTbh CBOWM Ha3eMHble CETU: YBENNYMBATL KONMMYECTBO UCTOYHUKOB CUIHAMOB C COBMELLEHHBIMU
KaHanamu Ons pacluMpeHust 30Hbl OXBaTa BeLLaHUEM.

Mpy 3TOM MosIBNSiIETCS BO3MOXHOCTE Goree 3h(EKTUBHOINO MCMONb30OBaHWUS HECKOSIbKUX MaroOMOLLHbIX
nepeaaTynMkoB UM PETPAHCIATOPOB BMECTO OAHOMO MOLLHOMO Mnepegartyvka, npu KOTOPOM HEBO3MOXHO
nsbexartb OTAErNbHbIX 30H HeYBEPEHHOIo NpuemMa B 06LLei 30He 0BCnyXMBaHUS.



KAK PABOTAET OQHOYACTOTHAA CETb?

OpHouacToTHas ceTb obpasyeTcsi, KOrga HeCKoNbKO nepenaTymMkoB paboTaloT B peanbHOM 06CTaHOBKE Kak
nepefaTyMKN COBMELLEHHbBIX KaHanoB, T.€. OHU U3Ny4atoT B 3cup B 06O MOMEHT BPEMEHU UOEHTUYHBIN
CUrHan B KaXayto TOYKY 30HbI OXBaTa BELLaHVEM.

«3onoToe nNpaBuno» 04HOYACTOTHOM CETU, Taknm obpa3om, BKITOHAET crnegyoulee:
Kaxabln nepegaTtynk 0AHOYaACTOTHOWM CETU AOIMKEH N3ny4aTh:

> Ha oagHou 1 Ton xe 4acTtoTe,

> B 0OuH 1 TOT X€ MOMEHT BPEMEHMN,

> OpguHakoBble 6UTbI OaHHbIX.

3TN TMONOXEHUsA «30MOTOr0 MpaBuna» MPeACTaBnsAloT COGON Takke W  OCHOBHblE OrpaHU4YeHus
OHOYaCTOTHOW CEeTU, OKasblBalLMe HenocpeacTBEHHOEe BMUAHWE Ha OpraHMsauuio ceTu nepegayn:
HeobOX0MMO OCYLLECTBNSATL CUHXPOHMU3ALMIO KaXOoro nepeaaTymka OHOYACTOTHOW CEeTUM U BO BPEMEHU U
no yacrorTe.

OrPAHMYEHUA MO YACTOTE

Kak u B cnyyae ceTel ¢ OObIYHbIM 4YacTOTHbIM NaHoM, paboyasi 4YacToTa Kaxgoro nepedartyuka
0QHOYACTOTHOW CETU OOKHa NOAAepPXMBATbCA C BbICOKON TOYHOCTBIO M TOYHO KOHTpomnupoBaTbes. Ho B
cny4ae ogHo4yactoTHom cetn cuctembl COFDM cTabmnbHOCTb U TOYHOCTb paboyen YacToThl AOSMKHbI ObITh
TakumMu, 4Tobbl Kaxaast nany4yaemasi NogHecyLas 3aHnumana cBoe abContoTHOE MOSIOXKEHNE HE3ABUCUMO OT
NCMNonb3yemMol YacToTbl paguokaHana.

Ha npaktuke Ons cuHxpoHusaumm paboTbl OAHOYACTOTHbIX CEeTel WCMNOMb3yeTCs BCEeMUpHas onopHasd
yacTtoTa npmemHukos GPS — cm. Puc. 7.
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RO — frequency Puc. 7: CUHXpOHU3aLMsA NO YacToTe
BPEMEHHbBIE OTPAHUYEHUA O.EIHO‘-IACTOTHOVI CETU

Bbl60p BerMM4YnHbl 3allMTHOIo UHTEepBana Aand OAHOYaCTOTHON CEeTU OKa3sbliBaeT pewawuiee BInAHME Ha
TOMOSIOrN0 3TON CeTn. NOCKOJIbKY AONMUTENbHOCTb 3TOr0 MHTEepBana onpegendetr onyCctTuMyko OnA
OaHHON ceTu BENTMYNHY 3alePXKN 3XO-CUrHamna, ToO OHa MU onpenendetr MakCumMalribHOe pacCTodaHUE Mexay
nepegartynkamu, pa6OTaI'OLL|,MMM Ha COBMELLEHHbIX KaHanax.

BpemeHHOe orpaHudeHne npeacTaBngaeT elle oaHy npobnemy Ans BellaTenewn: Bce nepeaaTymkun OOIDKHbI
n3nyyatb B Kaxgbli MOMEHT BpeMeHn ogumHakoBbin OFDM cumBon, a ansa aToro HeobxoavMma BpeMeHHas
CYHXPOHM3auus.

Takas CMHXPOHM3aLUs OrpaHUYMBaET 3XO-CUrHambl (ECTECTBEHHbIE UMW FEHEpPUPYEMbIE NepeaaTyMkaMm Ha
COBMELLEHHBIX KaHarnax) BENMMYMHON 3aLMTHOro nHTepeana (cm. Puc. 8).
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Puc. 8: BpeMeHHasaA CUHXPOHM3aUusa



BpemeHHOe OKHO, B TEYEHME KOTOPOro NPUEMHMKN BYAyT OCYLLECTBNATb BbIOOPKY NMPUHMMAaEMOro curHana,
MO3BOSIUT UCKINIOYMTL 3aLLUTHBLIA MHTEPBAS, B TEYEHNE KOTOPOro NMPMEMHbIA CUrHan COCTOUT N3 KOMGUHaL MK
OBYX nocriegoBaTesnbHbIX cumBonios COFDM.

Takum oGpa3om, K 3alUMTHOMY WHTepBarny criegyeT OTHOCMTLCA B OOLEM criydae Kak K «BpemMeHOMY
pesepBy»: ero HeobxoaMMo McMnonb3oBaTh Npu paboTe B acupe, a He ONA KOMMEHcauuu norpeLlHocTen
CUHXPOHU3ALMW NEPEaaTYMKOB OOHOYACTOTHON CETH.

Ha npaktuke onepaTtop ceTu ucnonb3yeT oAuMH uMnynec B cekyHay (1 PPS), reHepupyembli npueMHUKOM
GPS. 3T0T OMOpHbIN MMNYNbC BBOAMT BPEMEHHYHO METKY B 4YAaCTOTHOM YMNOTHEHMM, B CaMOM Havane
paboTbl NEPBUYHON CETU C TeM, YTOObI B KaxXAoM nepenaTymke npoueccop cuctembl COFDM ocywecTtsun
3a/lepXXKy NPeacTosILLLEro YaCTOTHOrO YNNoTHEHMS A0 NpMXo4a ONOPHOro UMNynbca

OOHOYACTOTHAA CETb: MPAKTUYMECKOE UCNOJIb3OBAHUE

MpuHumMn COFDM B 0gHOYACTOTHBIX CETAX NPUMEHSSICA BO MHOTMX CTpaHax nyTeM MCMONb30BaHUS CUCTEM
undposoro paguosewannsa (DAB) nnn HaszemHoro LM@pPoBOro TeneBusnoHHoro BelwadHus (DVB-T). B
HacTosiLLiee BpeMs 3T CUCTEMbI MCNONb3ytoTca B AHrmuu, Lseunn, Ncnanmm n ®paHumm ansg ontummnsaumm
30HbI OXBaTa BelwaHnem W Ana paboTbl CeTM BelwaHWs B BMAE pPaguoyacToTHbIX sAdyeek. Pabota
opHo4acTtoTHoM ceTu B pexxume COFDM npepncraBnset oTHIOOb HE NabopaTOPHbIA UHTEPEC: STOT PEXUM -
UCNbITaHHbIN N 3 PEKTUBHBIN CNOCOO6 SKCMyaTaunn CETU BeLLaHnsi B pearnbHbIX YCITOBUSIX.

COFDM: UEPAPXUYECKAA MOAOYNALUUA

Opyron wHTepecHOM o0OCOBGEHHOCTbIO, npumeHsiemon B cTaHgapte DVB-T, gBnseTca BO3MOXHOCTb
NpUMeHeHWs NPUHLIMNa nepapxmyeckon Mmoaynsumm. BepHemMcs kK MOMEHTY, Korda AaHHble pacnpenensioTcs
no nogHecywinm COFDM.

Wepapxunyeckas mogynsauus

Wepapxnyeckas mogynsaums npegcraBnseTr cobon anbTepHaTMBHYKO MHTepnpeTauuto (M MCnonb3oBaHue)
06blyHBIX TUMoOB Mogynsauum 16QAM n 64QAM (cose3sgus). Kak nokasaHo Ha Puc. 9, nepapxuyeckoe
co3pe3gue 16QAM nonydaetca cmeweHuem gpyx 4QAM. [lo aHanoruu, nepapxuyeckoe cosBesgne
64QAM nony4yaetca cmeweHnem asyx 16QAM.
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Puc. 9: BektopHOe npeacraBneHme nepapxm4eckoro

cose3aus DVB-T
(HP = Bbiclunin npuoputeT; LP = Hu3wun npmuoputeT)

I/IepapxmquKaﬂ Mo4ynAauna MOXeT pacCMaTpmuBaTbCA KakK CpenCcTBO pa3feneHnda pagno4acTtoTHOro KaHana
Ha OBa BUPTYyallbHbIX, NMpuyem Kaablh M3 HuUX obnagaeTr cBoen COBCTBEHHOM CKOPOCTbIO Nnepenayu,
FIOMexoyCTOI7I‘-II/IBOCTI:I'O, N, COOTBETCTBEHHO, HECKOJIbKO pa3findHbiMMN 30HaMKMN OXBaTa.

XapaKTepMCTMKI/I 3TUX [ABYX BUPTYyallbHbIX KaHanoB onpenendrTCcA COOTBETCTBEHHO pa3fiMYHbIMU
KOMBUHaLmnsMu BEKTOPHbIX TOYEK Ha 3Be3gHom aunarpamMmme un pasfimyHbiIMMU CKOPOCTAMU KOONPOBAHUA.

Ha npakTuke 3TO O3Ha4aeT, YTO MEPBbLIA MOTOK AaHHbIX (POPMUPYETCA C UCMONIb30BaAHWEM CO3BE3OUS
4QAM. Kaxpgast napa GUTOB 3TOro MOTOKA [OAHHbIX OMpefensieT KBagpaHT, 3aHMMaeMbli  NogHecyllen
OaHHOro cospe3ausi. BTopon ke NMOTOK OaHHbIX MCMOMb3yeTcst Ans npeobpas3oBaHust BHYTPUM OaHHOro
KBagpaHTa, T.e. BeLEeCTBEHHON U MHUMOW KOMMOHEHT NogHecyLen.

Ecnn BTOpOM MOTOK AaHHbIX OpMMpPyeTcs napamu OGUTOB, MEpapXMYeckoe CO3BE3AME UMEHYETCsl Kak
“4QAM nosepx 4QAM’. Pesynbtupytoulee cossesgne 0Oypetr Tuna 16QAM. Ecnu BmecTo 9TOro



ncnonb3ylTcs veTeipe buTta, To co3sesgne umeHyetcs kak “16QAM nosepx 4QAM”, a pesynbTupyioLlee
co3Be3gue byaet Tuna 64QAM.

B nepBoM NoToKe AaHHbIX Bceraa ncnonbdyetcst moaynaums 4QAM, a nockonbKy 3TOM MOZYNAUMM NpucyLla
€CTEeCTBEHHAas! BbICOKas MOMEXOYCTONYMBOCTb, TO TaKOW MOTOK Ha3BaH NOTOKOM BbicLLero npuoputeta (HP).
BTopon noTok, mMogynupylowmMiA NepBbI, MeHee MOMEXOyCcTonumBbIn (3TO cnydan 4QAM unu  16QAM),
Ha3BaH NOTOKOM Hu3Lwero npuoputeTa (LP).

B pexumax wuepapxuyeckor nepenaduM nNpeaocTaBnsaeTcs BO3MOXHOCTb WCMONb30OBaHUA ellle OHOWM
ocobeHHOCTN — anba-akTopa, KOTopblii obecrneyvnmBaeT CAOBUM AN KaXOOW 4eTBepTW CO3Be3avs B
npegenax AaHHOro KeagpaxTa.

B wutore, Takon casur genaet moagynsuuio HP-4QAM 6onee noMexoyCTOMYMBOW, HO, MO CPaBHEHUIO C
Moaynsumen HU3LWero npuoputeTta, bonee ys3sumon.

XAPAKTEPUCTUKN MEPAPXUYECKOU MOoaynaUumn
Wepapxnyeckon mogynsumm cuctemol DVB-T npucylum aBe OCHOBHbIE OCOBEHHOCTMU:

» [lpepocTtaBnsaeTcs BO3MOXHOCTb BellaHWs Ha OOHOM pagMo4yacTOTHOM KaHane ABYMSA He3aBUCUMbIMU
TpaHCMNOPTHLIMW NOTOKaMU AaHHbIX popmata MPEG,

e Kaxgomy TpaHCMOPTHOMY MOTOKY MPUCYLLA CBOSi MOMEX03aLUMLLEHHOCTE U CBOSI 30Ha OXBarTa.

OyeBNOHO, 4YTO pasnuyve B MNOMEXOYCTOMYMBOCTM MeXOy MOTOKaMM BbICLLETO W HU3LLEro npuopuTeta
3aBUCUT U OT NpUMeHsieMblx Tunos moaynsaumm (4QAM unu 16QAM) 1 oT CKOPOCTU KOANPOBAHUS.

MoTok Bbicwero npuoputeta (HP) Bcerga moaynupoBaHHbIn kak 4QAM, 6yneTt obnagatb MakcumarbHOW
Mone3HoM CKOPOCTLI0 Nepeaayn, onpeaensiemMomn TONbKo CKOPOCTHH0 3aLLUMTHOIO KOAMPOBaHMS.

ConyTcTBylOLMIA NOTOK HU3LIEro MpuopuTeTa, KOTOPbIA MOAYNUPYET MOTOK BbICWIErO MNPUOPUTETA,
BOCTPUHMMAETCA MPUEMHUKOM Kak AOMOMHUTENbHBIA LWYM B KBaApaHTe MPUHMMAaeMoro noToka BbICLUEro
npuoputeta. Takum 06pa3om, KayecTBO MOTOKA BbICLIErO MpuoputeTa CTpajaeT C TOYKM 3peHus
O0MYCTUMOro OTHOLLEHUS CUrHan/lWym, No CpaBHEHMIO C 0ObIYHON Mogynsaunen 4QAM.

CyLLI,eCTByIOT ABa crnocoba KomMneHcauunm unmn cMardeHus SCb(beKTa yXyaweHna OTHOLUEeHUA CMFHaJ'l/LLIyM
NOTOKa BbiCLLUEro npunoputeTa:

e Ecnv HeoGXogMmo CoXpaHWTb MOSe3HYH CKOPOCTb Nepeaayn NoToka BbiCLLEro npuopuTeTa, HanpumMep,
nyTeMm yBenuyeHusi anbga-gaktopa, To CHKEHNE KadecTBa NOTOKA BbICLLEro NpuopuTeTa MOXET ObiTb
KBa3WyCTpaHeHHbIM,

. Ecnn ponyckaeTcss HEKOTOPOE CHWKEHME TMOMesHOM CKOPOCTW nepedayn MoToKa BbICLIEro
npuopuTeTa, TO CHWXEHWEe KayecTBa STOro NOTOoKa MOXET ObiTb CMSAMYEHO NMyTeM yBeINUYEHUs CTENEeHU ero
3aLLUMUTDI.

Bbl60p Mexay 3TuMun asym metogamm 6y/:|,eT 3aBUCETb OT Nnpuemnemoro ana Belwatena CHMXXeHnAa KavyectBa
NOTOKa HMU3LWIEro npnopuTeTa (an 9TOM AO0JDKEH NPUMEHATBLCA TOJNTbKO OAUH U3 MeTOﬂ,OB).

YUTo KacaeTcs NoTOKa HU3LIEro npuoputeTa, TO ero CKOpOCTb Nepefaynm HenocpeacTBEHHO onpeaensieTcs
ncrnonb3yemon kombuHaumein Tun MoaynsuMm |/ CKOpPOCTb KOAWpOBaHMS.  3Ta 3aBUMCUMOCTb CTPOro
nponopumMoHarbHa B criyyae pexumoB moaynsauun 4QAM n 16QAM.

Ho npu mogynauum notokom Hu3wero npuoputeta 4QAM unu 16QAM noToka BbICLWIEro npuoputeTa
4QAM, oTHOWweHMe curHan/wym, Heobxogumoe pAns AeMOoAynsauMuM MOTOKa HM3LWero npuopuTeTa,
npuobpeTaeT elle 6onee BaXHOE 3HAYEHNE, YEM B CIly4ae PeXMMOB Heuepapxudeckon nepegaun 4QAM un
16QAM. OTHoweHne curHan/wym, Heobxoammoe Afis MOTOKa HWM3LWero npuoputeTa, COOCTBEHHO roBOpS,
CPaBHMMO C OTHOLLIEHUEM, KOTOpOe TpebyeTcsa ANns BCero cTaH4apTHOrO CO3BE3aMS.

MEPAPXUYECKAA MoaynAaAuuA: NPMYNHbI UCNOJNIb3OBAHUA

Bo MHoOrux cTpaHax BBegeHWe UUPPOBOro TeneBUAEHUS OCYLLUECTBMASETCS MNyTeM COBMECTHOrO
ucnons3osaHna MB/OMB pguanasoHOB C CyLLECTBYWOLIMM aHanoroBblM TeneBUOEHWEM, 3a4acTyl C
NCMofb30BaHMEM 3arpeLLEeHHbIX KaHanos.

Kak npaBuno, 4acToTHOe NnaHMpoBaHUE CETU OCYLLECTBISIETCS C Y4ETOM ONTUMAIbHOW CKOPOCTU Nepeaayn
Ha DVB-T kaHarne, 1 Kpome Toro, pa3paboTumku ceTn BbIOUPalOT CXeMy MOAYMNSILMM BbICOKOW MIOTHOCTM,
MUHUMWU3MPYIOT CKOPOCTb KOAMPOBAHWUSI (3a CYET MOLUHOCTWU mnepeaTtymka) U MakCUManbHO COKpallaroT
3alMTHbIA MHTEpBan B COOTBETCTBUWU C reorpadmyeckuMmm ocoBEeHHOCTSMU pacnoNnoXeHUs nepeaartymka
(T.€. C y4€TOM ropoacCKUX MUIn CENbCKMUX YCITOBUR).



B utore, 4acto octaHaBnuBakTcs Ha Tune mopynsaumm 64QAM n ckopoCTU 3aLUUTHOrO KOAMPOBaHUA 2/3,
YTO MO3BONISIET peanu3oBaTb CKOPOCTb nepepdayn 24 MOuT/c Ha kaHane wwupuHon 8 MIu. JanbHenwwmin
BbIOOp onpenensieTcs orpaHNYeHMsIMU B TOMOSIOMMM CETU U 30HbI OXBaTa:

e« Bblbop 2K/8K onpegensetcs pabouum pexmmom MoaynsauMuM B CETU  (MHOro4acTOTHOW  Unu
0[HOYaCTOTHOW) U MaKCMMarbHLIM pa3MepoM SiYeeK nepegayu,

e Bbl6Op 3alMTHOTO WHTEpBana onpefensieTcs TUMOM 30HbI OxBaTa (fOPOACKasl WM  cerbckas),
MOCKOJbKY OT 3TOr0 3aBUCUT BENUYMHA 3a4epXKKM 9X0-CUrHana.

KpomMe TOro, ocoGeHHOCTb Mepapxuyeckort MoaynsiuMu Mo3BonsieT OCyLIecTBUTb ellle Gonee AeTanbHoe
nnaHupoBaHue.

Ha npaktvke npu ncnonb3oBaHWM nepapxmyeckux TUMNOB MOAYNAUMM NPUXOAMTCS BblIOUpaTb MeXAy ABYMS
KpanHOCTAMU, UNAOCTPUPOBaHHbLIMK Ha Puc. 10.

e

:

Puc. 10: Cxembl 30H oxBaTa
(REG — obblvHasa moaynsaums; LP — notok Hu3wero npuoputeTa; HP - noTOK BbiCLLEro npuoputeTa)

Bo BpemMA nepBoHa4dalibHbIX 3KCNEPUMEHTOB C DVB-T nepapxmyeckaa moayndauna paccmartpuBanacb Kak
cpeacTeo (bOpMMpOBaHMFl OBYX 30H OXBaTa AdaHHbIM nepenart4ymnkom. CooTBETCTBEHHO, 3Ta OCOBEHHOCTb He
cuMTanacb BaXHOMN.

Ho ecnu uenbto ABNsieTcs BBeAeHWe ABYX KaTeropuit yCryr B CriekTpe, yKe 3anofIHEHHOM TpaauLMOHHbLIMM
aHanoroBbIMW cCUCTEMaMU, TO Mepapxudeckas MoOyNsAUMS CYLIECTBEHHO MOMOXET B OOCTUMKEHUU ITOU
uenu.

Kopouye roBopsi, npegocTaBnsieMasl nepapxmyeckoin Mogynsiumeit rmokocTb MOXeT BbiTb ONTUMU3MpPOBaHa
pa3nMYHbIMK MYTSAMW, KOTOPbIE B 3HAYMTESIbHON CTEeMNeHW OnpeaensoTcs TOUYKOM 3peHus BewaTens unm ero
npo6nemamu. Huke NpuBOASATCA HECKONBKO NMPUMEPOB.

BELUAHME HA ®UKCNPOBAHHbIE U MEPEHOCHbIE MPUEMHUKU

OgHum 3 nepBbiX I'IpI/IMeHeHI/IVI MepapxmquKoﬁ mMoaynauun ABndeTcA HecyuwlecTtBeHHOe W3MeHeHue
napameTpos Moaynauun ans obecnevyeHnsa BO3MOXHOCTH npnemMa curHarnioB B NomMeLleHnAx Ha nepeHocHbIe
NPpUeMHUKN.

Ons CbMKCI/IpOBaHHbIX NPUEMHUKOB UCMOJb3yeTCA BbICOKUN KOS(b(bMLI,MeHT yCuUneHna HapyXHblX aHTEHH,
yCTaHaBnMBaeMblX Ha Kpbille, a Ka4eCTBO Nnpuema Ha nepeHOCHble NMpPpUMeMHUKU CTpadaeT OT 3aTyxXxaHud,

BHOCVMOTO CTEHaMM MOMELLIEHWNA.
-

Portable receivers Fixed receivers

REG

HP

Puc. 11: CpaBHeHMe BapMaHTOB nepepaym ansa (PMKCUPOBaHHbLIX U NEPEHOCHbIX NPUEMHUKOB
(REG — 06bl4Haa moagynsauus; LP — noTok Hu3wero npuoputeTta; HP - noTok Beicluero npuoputeTta, Portable
receivers — nepeHocHble npuemHukm, Fixed receivers — ukCMpoBaHHbIE NPUEMHUKN)

Kak BugHo 13 Puc. 11, B cpaBHEHUU C OObIYHOM MOAYNALMEN UCNONb30BaHUE MOTOKOB BbICLUETO U HU3LLErO
NPUOPUTETOB NO3BONSET CO34aTh ABE pasnuyHblie 30HbI OXBaTa, @ UMEHHO:

duKkcmMpoBaHHbIE U MEPEHOCHbIE NMPUEMHWMKM CMOryT MpuMHMMaTb Gonee nomexosalimieHHbir (HP) notok
OaHHbIX, COoOEepXalUMX «OCHOBHbIE» MpPOrpaMmbl. YTO e KacaeTcs MepeHOCHbIX MPUEMHMKOB, TO 30Ha
oxBaTa MOTOKa BbICLIEro npuoputeTa 6yget HeMHOro 6onbLiei, Yem B Criyvae NpUMEHeHUs OObIYHbIX TUMOB
MoZynaunn.

B cnyyae UKCMpPOBaHHbIX MPUMEMHUKOB, 30HA OXBaTa MOTOKa HM3WEro npuoputeTa yxydwaeTtcs
He3Ha4YUTENbHO.

B 4em e cocTOMT KOMNpPOMUCC Mpu nepexoge OT O0bblyHOro pexvma moaynsauum 64QAM 2/3
nepapxudeckon mogynsauum HP: 4QAM 1/2 n LP: 16QAM 2/37?
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CkopocTb O6blyHas: HP: 6,03 MbuTt/c
nepenayu 24,13 Mént/c
LP: 16,09 M6ut/c

CwurHan/wym | OBblvHas: HP: 8,9 nb
16,5 nb
Mayccos LP: 16,9 nb
KaHan
Ta6bnuua 1: CpaBHeHME Ka4eCTBEHHbIX NokasaTtenen npuema OUKCUPOBaHHBLIMU U NEPEHOCHBIMU

npuneMHnKammn

Ecnn roBoputb 0 cKOpoCTU UUPOBOro NOTOKA, TO OHa yMeHbluaeTcs ¢ 24,13 Méut/c ana obbl4HOro
pexuma moaynauuu oo 22,12 Méut/c npu nepapxmyeckon moaynsaunn. Takum obpasom, obLuas ckopocTb
LumdpoBoro notoka cokpatlaetcs Ha 2,01 Méut/c.

UTo e KacaeTcs OTHOLWEHUA curHan/wym, Ans rayccoBa KaHarna, TO YCTOMYMBOCTb MOTOKa BbICLUErO
npuoputeTa (HP) HamHoro Bbiwe (13-3a nepexoga ot 64QAM k 4QAM!), B TO BpeMs Kak yCTOMYMBOCTb
notoka Huawero npuoputeta (LP) ungeHTMyHa ycTOMYMBOCTM Mpu  OBbIYHOM pexume  MoZynsAumu
(nepapxnyeckas 16QAM MMeeT Takylo e YCTOMYMBOCTb, Kak 1 ncxogHas obbiyHas 64QAM).

B obuiem crnyyae, obLias CKOpoCTb NEpPefayn CHKAETCH B MEHbLUENR CTEMNeHW, YeM CTEMNeHb BbIMIpbilla B
YCTOWYMBOCTM ANl MOTOKa BbICLUETO MpuopuTeTa, B TO BPeEMsl Kak YCTOMYMBOCTb MOTOKa HM3LIEro
npuopwuTeTa (T.e. 30Ha OXBaTa BellaHWeM) OCTaeTCsl MOYTM HEU3MEHHOM.

B aTOM 3akntoyaeTcs MHTEPECHbLI MOMEHT B OTHOLLEHUW BbIMIPbILLA ANs1 MEHEE KA4YeCTBEHHbIX NEPEHOCHbIX
NPUEMHUKOB, YTO WU ObINIO NPOAEMOHCTPUPOBAHO B AHMUM NPU MOMEBbLIX WUCMbITAHUAX, MPOBEAEHHbLIX
Hay4HO-UccnegoBaTenbCknum otaenom kopnopawmm bubuCn [3].

YBENWYEHUE KAHANTbBHOW CKOPOCTW NMEPEQAYU B CETU

B aToW cBA3W, BelwlaTtenb OOMKEH COrMacuUTbCa C TeM, YTO NPWU MEepapXMYecKorn MOAYNSLUN N3MEHSETCS
obLLasn 30Ha oxBaTa Mo CPABHEHUIO C PEXMMOM 0BbI4HOW Moaynsaumm (cm. Puc. 12).

REG

Puc. 12: Uepapxunyeckas Mmoaynsuma npuBoauT K
yBEJIMYEHUI0 CKOPOCTU Nepegaym
(REG — obblvHasa moaynaums; LP — notok Hu3wero npuoputeTa; HP - noToK BbiCLLEro npuoputeTa)

CooTBeTCTBEHHO, BMECTO 00bI4HOM Moaynsauun 64QAM 2/3 ucnonbsyetcsa nepapxudeckas HP: 4QAM 3/4 n
LP: 16QAM 3/4.

CHWXKeHNEe NOMEXO03aLUMLLEHHOCTM MOTOKa BbICLLIEro MNpuopuTeTa OMNpaBAblBAE€TCSl  €CTECTBEHHOM
YCTOMYMBOCTBIO MpuM nepexoge ot 0bbl4HON 64QAM K pexMMy nepapxmyeckon Mogynsuumn.

KakoBo 6yaeT CHMXXEeHME OTHOLLIEHUS CUrHan/lWym B rayCCOBOM KaHane?

CkopocTb O6blyHas: HP: 9,05 MbuTt/c
nepegayu 24,13 MbéuT/c

LP: 18,10 MouT/c

CurHan/wym | ObblvHas: HP: 13,7 nb
16,5 nb

["ayccoBblIi LP: 18,6 ab

KaHan

Ta6bnuua 2: LleHa yBenuyeHns CKOpoCTU nepegayu

OTHoLweHWe curHan/wym NOoToKa BbICLLIEro npMopuTeTa HEMHOro nosbilwaeTcs (+2,8 ab), a noToka HusLwero
npuopuTteTa crnerka noHwxaetca (-2,1 AbB) no cpaBHeHWO CO CTaHAapTHbIMU 3HadeHuamu. C apyrow
CTOPOHbI, 30Ha OXBaTa CTAHOBUTCS HE3HAYUTESTbHO MEHbLUE ANA NOTOKa HU3LIEro npuoputeta u Gonblle
ONs NOTOKa BbICLLEro NpuopuTeTa no CpaBHEHUIO C OBbIYHBIM PEXUMOM MOAYNALMN.



Ho npu aTOM CKOpPOCTb Nepefaym NoBbiLAETCS Ha CyLecTBEHHY Bennyuuny 3,03 Méut/c ¢ 24,13 MouTt/c go
27,15 Méut/c.

B obwem cryyae, 3a CYET MCKaXKEHWUs! 30Hbl OXBaTa (CHWXeHWe Ha 5 OB mexay nmoTokaMu BbICLUEro U
HW3LWero npuoputeTa) 1 6osbluel YyBCTBUTENBHOCTM MOTOKa HUSLLENO NMPUOPUTETA K MHTEPEEPEHLMOHHBIM
nomexam COBMELLEHHOIO KaHara nonesHasl eMKOCTb kaHara yBenMymBaeTcsl Ha Heckonbko MouT/c!

BELAHUE HA MOBUIbHBLIE MPUEMHUKU

PasnuyHble nonesble u nabopaTopHble UCNbITAHWS, MPOBEAEHHbIE K HACTOSLLEMY BpPEMEHW B pamKkax
EBponenckoro HayyHo-uccrnepgosatensckoro npoekta MOTIVATE, nokasanu, 4Tto npuem B MOOBUIbHbIX
ycrnosusax curHana DVB-T peaneH npu ucnonb3oBaHum yctonumebix pexxumos DVB-T.

Pexvumbl 16QAM 1 4QAM 6yayt BocTpeboBaHbl, ecnn 6yayT MCNOMNb30BaHbl B COYETAHUW C CUITbHOW
KoaoBOM 3alnTon. [ockonbky MOBUNBbHBLIM BapuMaHT B obLUeM criydyae nnaHupyeTcs K UCNONb30BaHUO B
rOpOACKNX YCINOBUAX (HanpuMmep, OOLLECTBEHHbIA TPaHCMNOPT), TO KaHany OyayT nNpucyLim SXOo-CUrHarsbl C
HebonbLUON 3a4epPXKKOMN.

C y4eTOM BbllECKa3aHHOro, pexmnmbl DVB-T ¢ BbICOKMMU CKOPOCTSIMW KOAMPOBAHUS, KOPOTKMM 3aLLMTHBIM
WHTEpBarnoMm, a CrefoBaTeNlbHO, CMOCOOHBIMM MEepPeHOCUTb MOTOKU AaHHbIX CO cKopocTamm oT 8 go 12
M6uT/c (2 — 3 nporpaMmmbl), MOTYT HAWTU NPUMEHEHME ANS BELLAHWUS HA MOOUITbHBIE NPUEMHUKN.

Tem He MeHee, CyLLEeCTBYET elle ofgHa npobnema, KOTopy MPeACTOUT pelunTb: Kak BHEOAPUTb YCINyru Ans
MOOBMMbHbIX NOMb30BaTeNen OAHOBPEMEHHO C yCnyramum LmMdpoBoro TenesnaeHus, npegHasHavyeHHbIMNU Ans
(PUKCUPOBAHHBLIX U MNEPEHOCHbIX MNPUEMHWKOB B CMEKTpPe 4acToT, yXKe 3anofIHEHHOro aHanoroBbIM
TenesugeHnem?

Ecnn 6yaoyT OOCTymHbI ABa paguoyvacTOTHLIX KaHana, TO MEePBUYHbIN aHanu3 MOKaXeT, YTO OAWMH U3 HUX
cnegyeT nepegatb MOOMMbHBIM MONb30BaTeENsAM (MPUMEPHO 2 Nporpammbl), a APYron — TpaguLUOHHOMY
npuemy (B EBpone npumepHo 5 — 6 nporpamm). [anbHENWWIA aHann3 ¢ y4eToM pexunma nepapxmyeckomn
MOZYIALMN, BO3SMOXHO NMpUBEAET K APYrMM pesyrbTaTam.

Bbibepem pexum nepapxmyeckon Mogynaumm ¢ 3alwuTHeiM nHtepeanom 1/16 1 HP: 4QAM 1/2, LP: 16QAM
3/4. CkopocTb nepegadm oboux BUpTyanbHbIX kaHanoB 6yget coctaenate HP: 5,85 Méut/c u LP: 17,56
M6wrT/c.

Ona PK1~ 12 Mbut/c  ~ 2 nporpammsi
MOOUMNBHBIX

npneMHUKOB

Ona dukce. PK 2~ 24 Mbut/c  ~ 6 nporpamm
npneMHUKOB

Ona HP 1: 5,85 M6ut/c  ~ 1 nporpamma
MOOUMNBHBIX
NPUEMHWKOB

ns duke. LP 1: 17,56 M6ut/c  ~ 4 nporpammbi
npneMHUKOB

Ans HP 2: 5,85 M6ut /c  ~ 1 nporpammMa
MOOUNBHbIX
NPUEMHMKOB

Ans duke. LP 2: 17,56 MBut/c  ~ 4 nporpammbl
npnemMHNKoB

Ta6nuua 3: CpaBHeHme Ka4yeCTBEHHbIX NokasaTenemn npunemMa CbI/IKCI/IpOBaHHbIX N NepeHOCHbIX NPpUeMHUKoOB

Mpy Taknx HaCTPOWMKax KaxkAblA pagModacToTHLIM kKaHan OygeT obragaTb €MKOCTbH ANsi O4HOW XOPOLUO
3alUULLIEHHON NporpamMmbl (Hanpumep, Anst MOBGUNbHLIX NONb30BaTeNen B NOTOKE BbICLUEro npuoputeta) u
NPUMEPHO YeTbipex Nporpamm Ansa OUKCMPOBaHHbIX NOSb30BaTENEN B MOTOKE HM3LLEro NpuoputeTa.

an Hann4mm AByx pagnod4acTtOTHbIX KaHaloB U UCMOJ1b30BaHUN MepapqueCKon Moaynauun BewlaTteribHas
€MKOCTb 6yu,eT COCTaBNATb ABE nporpamMmmbl Ana MOBUIBbHBLIX 1 BOCEMb nporpaMmm ansa CbMKCI/IpOBaHHbIX
NnpUeMHNKOB.

Takum 06pa30M, CoBepLIEeHHO o4eBMaHbI crnieayuine BbiBOAbI:

* eCcnu pagmoyacTOTHble KaHamnbl npegHasHayeHbl ANs KOHKPETHOro MCMoSib30BaHUsl, TO BO3MOXHA
pabota makcumyMm 8 nporpamm (2 Ans MoGUIbHbBIX 1 6 AN OUKCMPOBAHHBLIX NMPUEMHUKOB),

-10 -



* €eCcnn BMECTO 3TOro NPUMEHSIETCH Mepapxmuyeckas Moaynsauums, koraa opMupyoTcst ABa BUPTYarnbHbIX
KaHana BHYTPW KaX[oro paamodacToTHOro kaHana, To nepefaBaTtbesl MOryT makcumym 10 nporpamm (2
X (1 nogBwxkHasi + 4MKCUPOBAHHbIX)).

Heobxogumo eule pa3 nog4vYepkHyTb, YTO WUepapxuyeckKad moaynauna npenocrtaBnAaAeT CyleCTBEeHHbIe
npenmyliecrtea B 4acTtu SCb(beKTI/IBHOCTM MCcnosmnb30oBaHNA pagno4acTtoTHOro cnekTpa.

MAPANNENbLHOE TENEBELWAHUE ®OPMATOB BbICOKOW U CTAHOAPTHOW TOYHOCTU

MHorue HeeBponenck1Me CTpaHbl, B TOM Yncrne ABCTpanusi, NNaHUpyoT BBECTU TENEBU3MOHHbIE NPOrpamMmmbl
BbICOKOM TOMHOCTM C Lienbio NoaaepKku BHeAPeHMsl LMADPOBOro TeneBuaeHns. JTU HaMepeHUst UMetoT noa
coboil OCHOBaHUS B TOM, YTO B HacCTOsILLEE BPEMS Ha PbIHKE YXXe npeanaraloTcs TeneBusopbl dopmaTa
BbLICOKOM TOYHOCTM MO MpPUEMSIEMON LieHe, a Ha pasBepTbiBaHWe YCnyr UMgpPOBOro TenesellaHus U
3aBoeBaH1e pbiHka noTpebyeTcs onpeaeneHHoe Bpems.

Tem He MeHee, B xode BHeApEeHWsl ycnyr UMdPOBOro TerneBellaHus He BCEe TENeBU3UNOHHbIE MPUEMHMKN
OyayT OocCHaleHbl PYHKUMSIMU hopmaTa BbICOKOM TOYHOCTU. YTOObLI YyCKOPUTL OCBOOOXAEHME aHaroroBbIX
KaHanos, OygeT HeobxoOuMO OCYLWeCTBNATbL nepedadvyy (OpMaToB BbICOKOW WM CTaHOAPTHOM TOYHOCTM
napannensHo.

Mepapxunyeckasi nepegada ¢ UCMNOMb30BaHMEM peXnma ¢ 3anTHbIM nHTepeanom 1/16 HP: 4QAM 3/4 v LP:
16QAM 3/4 nosBonsieT paboTtaTb Ha ckopocTax HP: 8,78 M6éut/c n LP: 17,56 M6uT/c npu napannensHon
nepegaye undpoBbIX NporpamMmm hopmMaToB BbICOKOW U CTaHAAPTHON TOYHOCTH.

Bonee Toro, ewe mMMeeTc BO3MOXHOCTb WUCMOMb30BaTb HEPABHOMEPHYIO MEpapXMYeckyld MOAYNALMIO
(cosesgue) (korga anbca-akTop paBeH 2, a He 1) ANA MNOBbILWEHUA MOMEXOYCTOMYMBOCTU MOTOKA
BbiCLLEr0 npuopuTeTa (OTHoweHue curHan/wym paeeH 10,8 gb Bmecto 13,7 gb), a 3atem CcOXpaHUTb
OTHOLLEHWE CUrHan/Wym noToka Hu3Lero npuoputeTa (2/3 Bmecto 3/4).

XoTenock Obl elle pa3 NoAYepKHYTb, YTO Mepapxmyeckas Moaynsuus, ucrnonb3yemMas npv napannenbHown
pabote ¢opMaToB BBLICOKOM U CTaHOAPTHOW TOYHOCTW, Mo3BonseT Gornee 3¢pEeKTMBHO MCMOMb30BaTb
paano4acTOTHbIE KaHarbl NPy TOM e CaMOM CrekTpe NpeaoCTaBnseMbIX YCyr.

JONONHUTENBHLIE KOMMEHTAPUU

M3 BbiwenpmBeneHHbIX AeTanbHbIX MPUMEPOB ACHO, YTO Mepapxmuyeckasa nepegada Ha3eMHOro LnMdpoBOro
TeneBuaeHus DVB-T nosBonseT peanu3oBatb paboTy [ABYX MOMAHOCTbIO HE3aBUCUMBIX U
camofekoaupyoLwmxca popmatoB ¢ YacToTHbIM ynnotHeHem MPEG-TS. lNMpu aTtom nogpasymeBaeTcs,
YTO KaXabl M3 3TUX (POPMATOB COAEPXKUT MOMHBLIA KOMMMEKT AaHHbIX MO BMAEO, 3BYKY U CnyxebGHon
WHpopmaLnm, HeoBXoANMbIX NpY NPeLOoCTaBNeHNN NoNbL30BaTENsAM YCnyr LMgpoBoro TeneBmMaeHus.

Mpy nnaHuMpoBaHuK napannensHon paboTkl, Hanpumep, nepeaay Ansg NepeHoCcHbIX / (PUKCMPOBAHHBLIX UMK
MOOMNBHBIX / (PUKCMPOBAHHBLIX MPUEMHUKOB WM OPMATOB BbLICOKOM / CTaHOAPTHOM  TOYHOCTH,
HeobxooMMO mMpegycmaTpmBaTe OybnupoBaHWe WCTOYHUMKOB WHGOPMAaUMK, T.e. BbIMNOMHATbL NpPaBuio
HE3aBWCMMOCTM YaCTOTHOIO YNIOTHEHNS.

Ho 310 oueBMgHOe AybnvMpoBaHME He [OOJDKHO paccMaTpuBaTbCs kak obs3aTtenbHoe u camo cobow
pasymetoLleecs CBOWCTBO: B 06OLieM cryyae, OTAeNbHbIE KOMMNOHEHTbI MO CBOEW CYTU pasnuyHbl Apyr OT
Opyra B 4acTu CBOEro coaepXaHus (Hanpumep, hopMaTbl BbICOKOW U CTAaHA4APTHOW TOYHOCTM) UMK KayecTBa
(Hanpumep, CTepeo- UM MHOrOKaHarbHbIN 3BYK).

Tonbko cnyxebHas nHpopMaLma MOXeT paccMaTpuBaTbCs Kak npucylias obonm BUpTyarbHbIM KaHanam
npu Mepapxmyeckon MoaynsLmm, HO, MOCKOMbKY CKOPOCTb nepeaadn B 060oux cnydasix JOBOMbHO CKPOMHa,
ux ayénvposaHue He ByaeT o3HayaTb HEOOXOOUMOCTM BBEAEHUS KaKMX-NMMBO CyLLeCTBEHHbIX creLmarnbHbIX
PYHKUUIA B NpUEeMHUKaXx.

BbIBOAbl

HacTosiwaa npeseHTauus nokasbiBaeT, 4To paboTa ogHoyacToTHou cetn COFDM npepcraensier cobow
CBOEro poja Bbl30B BelllaTerlbHbIM OpraHn3aLmsiM: BO3HUKAET HeobXoAMMOCTb KOHTPOSIMPOBaTbL YaCTOTHbIE
N BpeMeHHble NapaMeTpbl 0QHOYACTOTHON CETK.

Mepapxuyeckass mogynauus siBnsieTcs elle ogHMM LEeHHbIM CBOMCTBOM cTaHgapTa DVB-T, npu koTopom
noBbIWaeTcss 3PPEKTMBHOCTb MCMNONb30BaHNST YaCTOTHOIO CrekTpa B MpeAenax OAHOro KaHana C y4yeTom
KOHKPETHbIX TUMNOB MPUEMHUKOB B Pas3NUYHbIX CUTYaLINSX.

Takas cBoboga pans Bewatens npn BBEAEHUN LI,MC*)pOBOFO TenesnaeHmna C Yyd4eToM passimyHbIX
npegocrtaendemMblX ycnyr UM 30Hbl OXBaTa, 6e3 [OOMONHUTENBHbLIX YaCTOTHbIX pecypcoB, ABNAETCA
cyuweCTtB€HHbIM JOCTOMHCTBOM CUCTEMbI HA3€MHOIro Ll,M(prBOFO TeneBn3anoHHoro eewanna DVB-T.
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Komnanua UTUC (ITIS) Gbina nepBon, KOTOpas MOHsiNIa OrPOMHbIE MPEeUMyLLEeCcTBa O4HOYACTOTHOW CeTu
BELlaHMA M wuepapxumdeckon moaynsaumm. MMeHHO noatoMmy KomnaHumen Obinu paspaboTaHbl nepBble
KOHCTPYKUMN afanTepa OAHOYACTOTHOW CeTM HaseMHoro uudposoro TenesewaHns DVB-T, DVB-T
moaynsatop n DVB-T gemoayndatop, KOTopble NO3BONMAM BellaTeNsiM BOCMNOSb30BaTbCA NpenMmyLecTBamm
CTaHOapTU30BaHHbIX OYHKLUNIA, XapakTepHbIX A4S CUCTeMbl Ha3eMHoro uudposoro TenesmaeHus DVB-T.

Tenepb ymMecTeH BOMPOC: AEWCTBUTENBbHO NN SBMSOTCA NapamMeTpbl OAHOYACTOTHOM CETM Ha3eMHOro
LUMGPOBOro TeneBeLlaHns U MepapxXuy4ecko MOAYNAUMM  HACTOMbKO BreYaTNSIOWMMN JOCTOMHCTBAMU
CUCTEMBI C YAaCTOTHbIM YMNJIOTHEHWEM OPTOroHasbHbIX Hecywmx un kogupoBaHuem (COFDM)? Hapetoch,
Tenepb Bl ByaeTe cornacHbl C NONOXUTENbHBIM OTBETOM Ha 3TOT BOMpPOC.

OT ABTOPA

ABTOp BblpaXkaeT npusHaTenbHOCTb NapTHepam EBponerickux npoekto VALIDATE / MOTIVATE un cBoum
Konneram no paspaboTke Moayns unpoBOro TeneBMaeHNs, KOTopble BHECNM CBON BKNag B obCcyxaeHue u
aHanus ctaHgapTta DVB-T, sBuBLlieroca npegMeTomM HacToSALWEN Npe3eHTauuu.

Ocobyto npusHaTENbHOCTL aBTOp BbipaxaeT MHxeHepam CCETT, koTopble BHECNM OWYTUMbIA BKNag B
BblABWXEHUN npoaykumn komnanun N TUC Ha nepeaHuii kpam TexHonormm COFDM.
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