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Karouesnte caosa: yugposoe myasvmumeduiinoe seujanue, OBY-
duana3ow, peanvbHoe 6pems, ayouo8uU3yanrbHas UHMOPMAUUOHHAA
cucmema, KaHanbHoe Koouposarue, MoOYAsAUUs, OUANA30H.

Bo3smoxxHo i pazpadoraTts B Poccuu cucteMy M HAMOHAJIBHBIN
CTaHAapT HM(POBOro MyJbTHMEUAHOro Bemanusa? Bozmoxno! A
4TO AaJiblIe?

ITepBoe B MUPOBOI1 TTPaKTHKE TIPEUIOKEHUE TIO peaTn3alnu
undpoBoro MmysibTuMeaunitHoro Beanus B OBY-nuanasone, riue
MpeycMaTpuBaiach BO3MOXKHOCTb TPAHCISILIMY MH(GOPMAIIMOH-
Horo TB, comepxkalero nMHaMU4YeCKME 1IBETHBIE M300paXkeHUs
co cTepeo(OHNYECKMM 3BYKOBBIM COMPOBOXACHUEM, ObLIO M3-
JoxxeHo B mateHTe P® Ne 2219676 ¢ mpuoputetom ot 08.11.2000
[1]. Co3manue nepBoii Momeau cuctembl B 2003—2005 rr. mpo-
dunancupoBasio I'Y «Poccuiickuii (poHA TEeXHOTOTMYECKOTO
pasButusi» MunnpomHayku Poccun. Pe3ynbraTel uccienoBaHuit
OITyOJIMKOBAHEI B [2].

JanbHeiiee nmpoaBxKeHue cucteMsl csizaHo ¢ HUP «Pa3s-
paboTKa CUCTeMbl KOOMPOBAHUS ayaIuOBU3YyaJIbHOW MHOOpMa-
LIMU U ee Tepeauu B y3KOIMOJIOCHOM KaHaje Uit MOOWJIBHOTO
MOTpeOUTENSI», BBIMOJHEHHONW MO KOHTPakTy ¢ PenepaibHbIM
areHTCTBOM IO Hayke W nHHOBauusM B 2008—2009 rr. B mpo-
1ecce pabOThl HaJl CUCTEMOM, TOJyUYUBIIEH Ha3BaHUE «AyauO-
BU3yaibHas WMHGOPMAIIMOHHAS CHUCTEMa pEaJbHOTO BpPEeMEHU
— PABUC», 6put0 mpencrasieHo 8 BKIamoB Poccuu B cexTop
pamuocBsizu MCBD (ITU-R) [3—10] u 8 — B KoMmuTer mo 371eKT-
poHHbIM cpenctBaMm cBsizu (ECC) EBponelickoit KoHpepeHnn
agMuUHUCTpauuit mout u anekrpocssasu (CEPT) [11-18].

MoxHo ckasatb, uTo padpadboraHHasi B Poccuu cucrema npu-
3HaAHAa Ha MEXIyHapoJIHOM YpOBHe: Ha 0a3e BkianoB Poccuu
matepuaisl o PABUC Bxkmouenst B otyetsl ITU-R BT.2049-4
«Belianue npunoxeHuit MyJIbTUMEINA U TAHHBIX 1JIST MOOWJIb-
Horo npuema» [19] u BS.[PLAN_PAR] «[TapameTps! mnaHupo-
BaHUSI IS CUCTEM HA3eMHOTO 1M(GPOBOrO 3BYKOBOTO BEILAHUS
B nmosiocax OBY» [20], B otuetsl ECC 117 «YnpasieHue nepexo-
oM K 1 poBOMY 3BYKOBOMY BEIIIAHUIO B YACTOTHBIX MOJIOCAX
Hmke 80 MI'» [21] 1 141 «Bo3moxkHocTu Oymayieii nudppoBu3a-
iy noJtockl 11» [22]. Pa3paborana HoBast pekomeHaanus ITU-R
BS.[MULT-FM] «Tpe6oBanus 1jsl pacIIMpeHHBIX MYJbTUME-
NUHBIX CEPBUCOB LIM(PPOBOTO HA3eMHOTO BELIaHUS B Tojocax |
u I OBY-nmnanazona» [23].

B cootBerctBun ¢ Permennem T'KPY Ne 09-04-03 ot
19.08.2009 [24] B mepuon ¢ asrycta 2009 r. mo ampenab 2010 r.
DOI'YIT «'PYL» 6Gbly mpoBeaeHbI HATYPHBIE UCITBITAHMS MOJIE-
m PABUC B Mockse u Coun (KpacHomapckuii Kpaii). Pe3ymib-
TaThl UcnblTaHUl onobpensl Pemrennem TKPY Ne 10-08-05 ot
23.08.2010, u TKPY npunsna pemenue o BoiaeneHun OTYTT
«I'PYL» momnoc paguoyactor 66—74 u 87,5—108 MI't st paspa-
OOTKM pamro3JIEKTPOHHBIX cpencTB cucteMbl PABWC u opranu-
3alUM IpoBeaeHusT cooTBeTcTBYIomux OKP [25].

IIpoexT co3maHus OTEYECTBEHHOW CHUCTEMbl MOOUJIBHOTO
MynbtuMenuitHoro Bemanusi PABUC, omoOpennsbiii 1 mapta
2011 r. Pa6oueit rpyrmoit Ne 6 «KocMoc 1 TeleKOMMYHUKALIAN»

Komuccuu no mMofepHU3aluu U TEXHOJIOTUYECKOMY Pa3BUTUIO
Poccum npu Ipesunerre PO, pekoMeHI0BaH ISl BKJIIOUEHUS B
nporpammy OUII « CKoIKOBO».

B deBpane 2011 r. @enepaabHOe areHTCTBO MO TEXHUIECKO-
My peryjimpoBaHui0 U Metpojornu Munnpomropra Poccun yr-
BepAWIO HOBbIN HarmoHanbHbIN ctanmapt [OCT P 54309-2011
«AynnoBusyanbHasi ”HOOPMALMOHHAS CUCTEMa PeaTbHOTO Bpe-
menu (PABUC). IIpouecchl ¢popMupoBaHUsT KaIpoBOi CTPYK-
TYpbl, KAaHAJIBHOTO KOIMPOBAHUSI W MOMAYJSLIUU JUISI CUCTEMbI
HM(PPOBOro HA3eMHOTO Y3KOIOJOCHOTo paguoselnanust B OBY-
nuranas3oHe. TexHuueckue ycaoBusi» [26] (mpukas Ne 22-ct ot
24.02.11 c BBenenueM B aeiictBue 1 ceHTss0pst 2011 r.). CtaHmapT
YCTAHABJIMBA€T OCHOBHbIE TPUHIIUIIBI TMOCTPOCHUS CUCTEMbI
IJIsT IM(POBOTO HA3eMHOTO y3KoImoJjiocHoro Beianus PABUC
U OTpenessieT rpoiiecchl GOPMUPOBAHUS KAJPOBOU CTPYKTYPHI,
METOJIOB KAaHAJIbHOTO KOAMPOBAHUS, MYJIbTUILIEKCUPOBAHUS U
MOJIYJISILITU CUCTEMBI.

Ocooennoctu u npeumyniectsa PABUC. PABUC — 310 cuc-
TeMa 1M(POBOro Ha3eMHOTO 3BYKOBOTO U MYJIbTUMEIUIHOTO
panuvoBellaHusl, peaHa3HayeHHas 1 padbotsl B YKB-nuamna-
30He yacToT. B Hacrosiiee Bpemsi o aHasiorosoe UYM-Beria-
HUE OTBEIEHO JBE MOJOCHl B 3TOM IuanasoHe: 65,8—74 MT' u
87,5—108 MTI'11 (mpu atom moxarmnoioca 92—100 MI'tr 3ansiTa 5-M
TB-kanamom). B mepBoii mojoce MCMONb3yeTCss TPUHSTas B
CCCP cucrema ¢ noysiproit monyistiueii (OIRT FM), Bo BTo-
poii — MexnyHapoaHass YM-cucteMa ¢ MuaoT-TOHOM. Btopas
10J10Ca MHTEHCHUBHO MCIOIb3YEeTCs ISl CTepeoOHMYECKOro pa-
nroBenaHus (B MOCKBe B 9TOM IHamna3oHe paboTaioT okoio 50
paaMoCTaHIIMiT), a TIepBasi 3a/1eiiCTBOBaHA HE3HAYUTEIHHO.

Crpyktypa PABUC, ee nocToMHCTBA U pe3yabTaThl UCIIbITA-
HUI1 TOBOJIBHO TTOAPOOHO M3JIOKEHHI B [27, 28].

B uucie 10CTOMHCTB CUCTEMBI:

® cyuiectBeHHoe (Oojiee yem B 10 pa3) moBbllIeHUE B¢h-
(EKTUBHOCTU  UCIOJB30BAaHUSI  PAIMOBEIIATEbHBIX  IMOJIOC
OBY-auana3oHa yactort (65,8—74 u 87,5—108 MI') 6iaronaps
BO3MOXKHOCTH Tepelauyll B OJHOM CTaHAapTHOM paauoKaHae
UM -Bewmanus 6oiee 10 3ByKoBbIX cTepeonporpamm CD-kadect-
Ba WJIM HECKOJIBKUX MPOrpaMM MHOTOKAaHaJIbHOTO 3BYKa;

® BO3MOXHOCTb TPAHC/ISILIUKA BUAEOTIPOTPaAMM [IJIs1 MOOMITb-
HOTO NoTpeduTessi U peanusanuu TB-BelaHus B MaJloHACeIeH-
HbIX TIYHKTAX; PE3KOe yIeIleBIeHUEe CUCTEMbI BeLLIAHUS;

® BO3MOXHOCTb CO3IaHUSI OMHOYACTOTHBIX CETECH BELIAHUS
IJISE MOOMJIBHOTO TIPUEMA BIIOJIb IIIOCCEHHBIX U KeJIE3HOJOPOXK-
HBIX TIyTeil cooOleHus (HarmpuMep, Ha MarucTpasisix MockBa—
Cankr-IletepOypr 1 MockBa—Bi1annBocTOK);

® peanuszaiusi dGUPHBIX CUCTEM JIOKATHLHOTO OTIOBEIIEHUS
HaceJieH!s] M OpTaHM3allMii B YCJIOBUSIX UPE3BbIYANHBIX CUTYya-
LIMIA,

® phenpeHne PABUC B CHI u psme pa3BHBaIOIIMXCS
CTpaH, aKTMBHOE MHTerpupoBaHue Poccuu B 00I1LEMHPOBYIO
cucreMy HUGPOBBIX TEIEKOMMYHUKAIMT Ha 6a3e pOCCUIICKOTO
craHgapTa (YTBepKAeHME MEXXIYHAPOIHOIO CTaHAapTa);
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® opraHu3alMs OTEYEeCTBEHHOTO TMPOU3BONCTBA arrapary-
pbl 1 ceteii Bemanust PABUC, coznanue HOBBIX paboynx MECT;

® CylIeCTBEHHOE (B JECSITKU Pa3) CHUKEHUE IHEPTONoTpeo-
JIEHUsI paauoTiepealoIIuX CPeCTB.

[Tpu ucrtonpzoBanum cuctembl PABUC KoHKypeHTHBIE Ipe-
MMYIIIECTBA MOJyYaloT BCe KATerOpUU MOTpeOUTENei:

® ciywamenu — BbICOKOKAYECTBEHHOE 3BYKOBOE BElllaHME
(cTepeoOHNYECKOe 1 MHOTOKAaHAIbHOE), HOBbIC MYJIBTUMEINI -
HblE CEPBUCH (BUIEO, TEKCT, MTOTIOJHUTEIbHBIC NTaHHbBIE, DJIEK-
TPOHHYIO TIpOrpamMMy Iepenad u T.1.), TIPOCTYI0 HACTPOMKY Ha
CTaHLIMIO 110 HA3BaHUIO, XXaHPY U 1p.;

®  npoussodumeny — MacCOBYIO 3aMEHY CTapbIX aHAJOTOBBIX
MPUEMHUKOB, MOJIEPHU3AIMIO TIEPeaIoNIuX CPENCTB MPU CO-
XpaHeHUU UHGPACTPYKTYPhI, a TaKXKe OOIIMI pOCT MOTeHIMala
PBIHKA Tepenaloinx U MPUEeMHBIX CPE/ICTB;

® gewamenu — CHUXEHUE MOTPEOISIEMO MOIITHOCTH, TIPU-
XOJSUIeiicsl Ha OOHY MporpaMMy, paclllMpeHMe 30Hbl OXBaTa,
yBEJIMUYEHME KOJIMYECTBAa U KaYyecTBa MPorpaMM U CTeKTpa Mpe-
JlaraeMbIX MTOTPEOUTENSIM CEPBUCOB, BO3MOXHOCTD a/IalTallui K
MOTPEOHOCTIM KaK OOJIBbIINX, TaK U MaJIbIX BelllaTesel;

®  peeyasimopHbie opeanbl, — TIOBbIIEHUE 3(h(MEKTUBHOCTU
MCMOJIb30BaHMSI CIIEKTPA, BO3MOXHOCTb COXPAHEHMST YACTOTHBIX
pacripesie;IeHU i, TTPOCTHIX TTPOLIEAYP JIULIEH3UPOBAHUS, KOOPIM -
HaIIMIO B paMKaxX MeXIyHapOIHO MPU3HAHHOI CUCTEMBI.

Cucrema PABUC noctpoena no cxeme COFDM-monyns-
LIMU, COYETAIONIEH BBICOKYIO CHEKTPaIbHYIO 3(hDEKTUBHOCTD C
XOpOIlel TTOMEeX03allIMIIEHHOCThIO KaK OT rayCCOBCKOTIO IyMa,
TaK U OT IPYTUX MIOMEX, TAKMX KAaK MHOTOJIy4eBOE paclpocTpaHe-
Hue curHaia u 3¢ dexr Jlormmrepa.

OmHMM W3 KIIOYEBBIX YCIoBUiA Tpu padpabotrke PABUC
OBIJIO COXpaHEHNE YaCTOTHBIX pacrpeaesieHUil — rmosioca paauo-
KaHaJa B CCTeMe J0JIXKHA YKJIaAbIBaThCS B TIOJIOCY paanoKaHaia
aHanoroporo UYM-gemanus. [losTomy MakcumanbHas HIMpUHA
nojiockl pagurokaHana PABUC cocraBnser 250 xI'm. Tlpeny-
CMOTpeHBI U OoJiee y3KonojocHble BapuaHTel — 200 u 100 kI
OTnuuTenbHass 0COOEHHOCTb CUCTEMbBI — MHTEPBA MEXIY He-
CYLIMMHU HE 3aBUCUT OT LIMPUHBI MOJOCHI pafloKaHaia, Mpu u3-
MEHEHUU TI0JIOCHI MEHSIETCSI KOJTMYEeCTBO HECYIIIMX.

B cucteMe mpeaycMOTpeHO HECKOJIBKO BO3MOKHBIX 3Haue-
HUIl MapaMeTpOB KaHAJIbHOTO KOAUPOBAHUS M MOIYJISIIUU, YTO
TO3BOJISIET OPraHW30BbIBATh BEllaHWE B PA3JIMYHBIX YCIOBUSIX
OKpYy>Kalolieil cpenbl U MOMEXOBOI OOCTAaHOBKM, oOecrieurBast
BEIATEITI0 BO3MOXHOCTb BbIOOpA MEXTY HaJIEXKHOCTBIO U CKOPO-
CTBIO Mepelayu JaHHbBIX B CUCTEME, a TAKXKe OpraHMU3allMy Bella-
HUS B OIHOYACTOTHBIX CETSIX.

Hapsiny ¢ nornueckum kanaioMm ocHoBHoro cepsuca (KOC)
MOXHO Cc(hOpMUPOBATh Ba JOMOJHUTEIbHBIX — KaHaJl HU3KO-
CKOPOCTHBIX JaHHBIX C TMOBBIIIEHHONW HaNEXHOCTHIO Iepeaayu
(HCK, npomyckHasi crmocoOHOCTb oKojio 12 KOuT/c) U KaHail
BbICOKOHazIexXHOU nepenayun naHHbix (HKJI, mporyckHas crio-
COOHOCTB 0KOJIO 5 KOouT/C). JlIormyeckue KaHajIbl MOTYT MCIIOJIb-
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Ta6mmua 1
o CKopocTh CKOpOCTb ITOTOKA TAHHBIX, KOUT/C
COBECSAYE EOAS kanan 100 kI kanan 200 k' kanan 250 k'

1/2 80 160 200

QPSK 2/3 100 210 270
3/4 120 240 300

1/2 150 320 400

16-QAM 2/3 210 420 530
3/4 230 470 600

1/2 230 470 600

64-QAM 2/3 310 630 800
3/4 350 710 900

30BaThCsI, HAIIPUMED, B CUCTEMAaX OITOBEILEHUsI O YPE3BbIUAHbIX
CHUTYyaIIUsIX ¥ T.II.

JlaHHBIE B JIOTMYECKMX KaHajaX MepemaloTcs IOPLUSIMU,
KOTOphle Ha3bIBaloTCs Kampamu maHHBIX (K]I). Pasmep KII B
nornyeckoM KOC 3aBHCUT OT MOJIOCH pagyoKaHajla, CKOPOCTH
KaHAJIbHOTO KOIVMPOBAHUS M HATWIUsS (VI OTCYTCTBHST) JOTION -
HUTEIbHBIX KaHAIOB. JIOIMyCTUMBIE CKOPOCTU KaHAJIbHOI'O KO-
poBanus — 1/2, 2/3, 3/4; noryctumble Tunbl Momyissiiun KOC —
QPSK, 16-QAM, 64-QAM. CKOpOCTH ITOTOKOB JaHHBIX B OJJHOM
pamroKaHaje IS BceX KOMOMHAIIMIT MOMYJISIIMOHHOIO CO3BE3-
ST U CKOPOCTU IIOMEXOYCTOMYMBOIO KOIUPOBAHUS ITPUBEICHBI
BTa6u. 1 (8 KOC mpu orcyretBum HCK n HK/T).

Pasmep kanpa nanHbix B HCK — 656 6uT, CKOPOCTh KaHalb-
Horo kKomupoBaHus — 1/2, tun monmynsaiun — QPSK. JlanHbie
KaHaJja rnepegarTcs Ha 32 nHGopMalMOHHBIX Hecyliux. Pazmep
K B HK/ — 533 6uT, CKOPOCTh KaHAJBHOTIO KOIUPOBAHUS —
1/2, Tun monynsitimu — BPSK. JlaHHbIe KaHaia miepenaroTcsl Ha
26 nHdopMaMoHHbIX Hecyiux. [1pu orcyrerBuu KananoB HCK
u/vam HKJI ux Hecymue ucnombsytorest aist KOC.

WutepBan mexny Hecymmmu coctasiser 4000/9 T'i u, kak
yKe ObUIO CKa3aHO, He 3aBUCUT OT IIMPUHBI ITOJOCHI pagroKa-
Hazna. JlauTeabHOCTh mose3Hoi yactTu cuMmBoia OFDM — 2,25
MC, JUINTEJILHOCTh 3alluTHOro mHrepsaia — 1/8. Kanp OFDM
cocrouT u3 41 cumBoOIa.

CrpykTypHas cxeMa nepenatoieit yactu PABUC nipuBeneHa
Ha puc. 1. CoctaBHbIe YacTu 0;10Ka 00pabOTKM, KAaHAJIBHOTO KO-
IMPOBAHUS U IIepeMeXKeHUsI BXOIHBIX JAHHBIX B KaXKIOM U3 TPEX
KaHaJIOB CHCTEMBI IIPEICTABICHBI Ha pHC. 2.

Koauposanue ucroynuka. Ha Bxonnl kaHanoB KOC, HCK u
HK]JI momaroTcst ABOMYHBIE TaHHBIE, MEPEHOCSINNE PAa3TUIHYIO
nHdopManuio (B IepPBYIO OYepelb BUACO U 3BYK), KOTOPAsT JOJIK-
Ha TIpeaBapuUTeIbHO KOTMPOBATBHCS IJIS YCTpaHEHHUs KaK CTa-
TUCTUYECKOM M30BITOYHOCTH, TaK U U30BLITOYHOCTH BOCIIPUSITHS
(BU3yanbHOM, 3ByKOBOI1). B Hacrosiiee Bpems: HamboJjee mepc-
MEKTUBHBIMU IJIs1 UCcTToJb30BaHuUs B cucteme PABUC sBastioTest
3BykoBoii komep HE-AAC [29] (Bkimouas komupoBanue SBR, PS,

KOC O6paboTKa, KaHaJIbHOE
YacroTHOE Beon Koppexkuust
KOZIMPOBaHME, TepeMeXeHNe E s cyxe6HBx | OBII®
2= TepeMexxeHue nuk-pakropa
=) HECYIUX
< @
0O
HCK 0O06paboTka, KaHaJIbHOE 2o
—_ ) > E =
KOINPOBAaHMUE, IIEPEMEXKEHNE =
>
§ 2 Benenue B 1] r EXII;HSIHC
& 3aIePXKKH VIS AN ]
] N T-2| 3alUTHOTO All  [E-o===%
HK]I 0O06paboTKa, KaHaJIbHOE = D Il = I >
— ? I O nepenaun HMHTEepBaIa
KOIMPOBAHUE, EPEMEXEHNE gl L e ———

Puc. 1
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dopmuposa -
HUE KaJpoB [~
JIAHHBIX

KananbHoe
KOIMPOBaHME

Pannomu3sa -
LIUS SHEPTUU

— ]

Burosoe
nepeMekeHue

BpeMeHHOe
nepeMexeHne

IMepemexe -
HUE sTYeeK

Orobpaxenue [ |
Ha CO3Be3ne

||

Puc. 2

MPEG Surround [30]) u Buneokonep H.264/AVC [31]. Konep
HE-AAC mno3BosisieT rnepenaBarh B TTOTOKe OT 32 KOUT/C BbICO-
KOKa4eCTBEHHBI CTEPEO3BYK, a B IIOTOKE OT 84 KOUT/C — MHOTO-
KaHaJIbHBIHA 3ByK (hopmara 5.1. Konep H.264/AVC obecnieunBaer
BUIEO BbIcOKOTO KadectBa ¢opmarta CIF 25 xampos/c mpu 1o-
Toke MeHee 500 KOuT/c. 3aKoIMpOBaHHbBIE JaHHbIE NICTOYHIKOB
MYJIBTUTUIEKCUPYIOT C MCITOJIb30BaHUEM pPa3TUIHBIX (DOpMaToB,
BKJIIOYAsI IIAKEThl ITOCTOSIHHOM (B TOM YMCJIe TPAaHCIOPTHBIN
nmorok MPEG-2 [32]) u nmepemeHHoi1 mnuHbl. TakuMm obpa3oM,
cuctema PABUC moxet ciykuth 3(peKTUBHOM TPaHCIIOPTHOM
Cpemoii ISt TOOBIX TUTIOB TaHHBIX.

CucreMa KaHaibHOTro KomupoBaHus u OFDM-monymsunu
— 3T0 (YHKUMOHAIBHBIN OJIOK, BBIMOJHSIOMIMI aganTalliio
TAHHBIX OT BBIXOJa KOAepa NUCTOYHNKA CUTHAJIA K XapaKTepUCTH -
kaM KaHana. [Toroku maHHBIX Beex Jornueckux KaHaiaoB (KOC,
HCK, HKJI) nmpoxoasT cieaytorniue ctaiuu 00padboTKu:

®  dopmuponanue KJI;

® paHIOMU3ALNIO pacupenenaeHus sHepruu KJI;

® pHemrHee konupoBaHue K/ (6:ounbiii Kon boze—Yoymy-
pu—XokBuHrema, bUX);

® pHyTpeHHee komupoBaHue KJI (61ounsiii kom LDPC —
KOJI C MaJIO INTOTHOCTBIO IIPOBEPOK Ha YETHOCTD);

® OuTOBOE TIepeMeXeHHME ITOMEXO3allUIIEeHHBIX KaapoB
nmaHHbIx (ITK/);

® oTOOpaXxeHWe OWMTOB Ha SYEHKHW MOMYISLIMOHHOTO CO-
3BE3IUS;

® [lepeMexXeHHe SYeeK B paMKaxX OIHOTO MM HECKOJBKMX
KA,

® BpeMeHHOEe MepeMeXeHue B paMKaxX OTHOTO UJIU HECKOJIb-
kux [TKI;

® oTOOpaXeHWe MaHHBIX BCEX JIOTMUECKMX KaHaJIOB Ha
ayeriku OFDM;

® YaCTOTHOE MepeMeKeHNE U BBOJL CITY>KeOHBIX HECYIIIUX;

® KOppeKLMIO MHUK-(daKTopa (OIMIMOHAIBHO);

® oOpartHoe GbicTpoe TipeobpasoBaHue Dypbe (OBITD);

® BBeleHME 3alIUTHOTO MHTepBaja U GOpMUPOBAHUE IIOJI-
Horo curHajsa OFDM.

Bok amanTanuy BXOTHOTO MOTOKA UTPaeT pojib MHTepdeiica
U obecrieunBaeT MOAKIIOUEHNE K KOAepy KaHajia J000ro BXOI-
HOTO ITOTOKA CO CKOPOCTBIO He BBIIIIE 3aJaHHOM, a TakKe hopMu-
pyet anemeHTapHble K/ mis nanpHeiiein o0padoTKu KoIepoM
KaHala.

brox panmomMuzanuu OCyIIECTBISIET pacCerMBaHUE DHEPIUU
IIBOMYHOTO LIM(POBOro ITOTOKA, IIpeBpallas UIMHHBIE ITOCTIe-
OBaTeIbHOCT WAYIIWUX TIOAPSA HyJeW WIM eIWHUIl B TICEeB-
IOCIYYailHyI0 IBOMYHYIO IIOCIIEAOBATEIbHOCTh, OOECIIeUnBast
SHEPTeTUYECKU BBIMTPLIII TIPU JaJbHelIeM (hOpMUPOBAHUMN
panurocurHaia (BbIMIPhILI O NUK-(haKTopy CUTHAIA).

brox momexo3amnTHOTO KOMUPOBAHUS COCTOUT M3 ABYX MO-
MexoycToiunuBbIX KomepoB — BUX u LDPC. BreixomHast mivHa
ITK/I mocne kaHanpHOro kKogupoBaHus 1 KOC 3aBucuUT ot 1o-
JIOCHI paJiioKaHaja, a Takke oT Hammaus i oTcyTetBust HCK n
HK. Jyaa K mis HCK — 1312 6ur, mug HK — 1066 6ur.

ButoBbIl mepeMeXHTeNlb IIpeAHa3HAYeH IS OCJIabJIeHUs
BJIMSIHUST MMAKETHBIX OMTOBBIX OIMMOOK M paboTaeT B mpemesiax
onHoro ITK/I.

brox monmynsaiuu orobpaxkaeT MOCIen0BaTEIbHOCTb TPYIIIT
outoB (1 — BPSK, 2 — QPSK, 4 — 16-QAM, 6 — 64-QAM) Ha

TOYKM BEIOPAHHOTO CUTHAJIBLHOTO CO3Be3nusl, GOpMUPYS STUSHKI
TaHHBIX.

[lepemexuTenn sTaeeK MPEACTaBISIET COO0I YaCTOTHBIN Mepe-
MEXHTeJIb, 00eCIIeUNBAIOIINIA TOMOJIHUTEIBHYIO YCTOMYMBOCTD
CHUTHAaJIa K YaCTOTHBIM 3aMUPAHUSIM B KaHaJe.

BpeMeHHOI mepeMeXuTeNlb IpeaHa3HadeH IS TIyOOKOro
nepeMexxeHus: oqHoro miayu Heckojabkux [1KJ mias 3ammuTer ot
BpeMEHHbIX 3aMUpaHUil KaHajla U IPUCYTCTBYeT ToIbKo B KOC.

MynbTUTUIEKCOP TTOTOKOB (DOPMMPYET M3 MOCTYMHAIOIINX Ha
€ro BXOJ MOIYJIMPOBAHHBIX STY€EeK TaHHBIX Pa3INYHBIX KaHAJIOB
OFDM-cumBoibl. [Ipy 3TOM Kaxablii KaHall OTOOpaXkaloT Ha
onpeneneHHoe yncio Hecyumx: HCK — na 32, HKJ] — Ha 26.
Yucao Hecymux KOC 3aBUCUT OT MCITOJIB3YEeMOI TTOJIOCHI pa-
MMOYACTOTHOTO KaHaja W HaJIMYMS WJIA OTCYTCTBUSI JTOIIOJTHU-
TeJbHBIX KaHaoB. [locine oToOpaXeHUsl JTaHHBIX BCEX KaHAJIOB
Ha Hecymre OFDM ocyiecTBisieTcsl YaCTOTHOE IIepeMeXKeHUe,
B pe3yjbTaTe KOTOPOTO HU3KOCKOPOCTHBIE HAIEeXHBIE MOTOKU
MepenaloTcss Ha pa3IMIHbIX HEeCYIIUX B Pa3IMIHBIX CHMMBOJAX
OFDM, 1oBsbI11ast TeM CAMBbIM YCTOMYMBOCTH CUCTEMBI TIepeIadyn
MIAHHBIX K YaCTOTHO-CEeJIeKTUBHBIM 3aMupaHusM. Kanp OFDM
cocrouT u3 41 cumBona OFDM. Pasmep [1KJ/I B sornyeckom
KaHaJle TaHHBIX paBeH Ipou3BeneHuIo yncia Hecymux OFDM,
COOTBETCTBYIOIIMX JIOTUIECKOMY KaHAITy TaHHBIX, HA YMCJIO CUM-
BoJI0B B Kagpe OFDM.

Jlanee B MyJbTUITIEKCUPOBaHHbBIN 1TOTOK OFDM-cumMBoJiOB
BBOISTCS ITMJIOTHBIE HECYIIMe W Hecyllue ITapaMeTpoB Iepeaa-
yu curHana (I1T11C), obecnieunBaroire Ha CTOpOHE MpreMa BO3-
MOXHOCTA CHHXPOHM3ALIMU, KOPPEKLNU KaHAJbHBIX MCKaxe-
HUI U Iepeaavu TOMOTHUTEIbHOM MH(GOPMAIINK, B TOM YKCIIE O
rmapaMeTpax MOIYJISIIUY ¥ KaHAJIbHOTO KOIMPOBAHUS, HATMYMS
pa3IMYHBIX KAHAJIOB TaHHBIX U TIP.

Koppexkius nuk-dakropa cUTHalIa He SIBJISETCs 00sI3aTeNb-
HOI1, HO peKoMeHayeTcsl. OMUH U3 BO3MOXKHBIX aJITOPUTMOB KOP-
peKuuy muK-gakropa (METOI aKTUBHOTO PACIIMPEHUS CO3BE3-
IIMsT) TIPUBEJICH B MPUJIOKEHUU K cTaHAapTy [26].

Ha Beixome OBII® dopMupyOoT BpeMEeHHOI IMCKPETH3H-
POBaHHBIN CHUTHAJ, TTOCTYIAIOIIUI TTOCIe BBEACHUS 3allIMTHOTO
uHTepBaia Ha Bxoj Oyioka LIAIL. Ilpu ucnojb3oBaHUM pa3He-
CEHHOM TTepeaayy 10 BBOMA 3allIMTHOTO MHTepBaia BBOAUTCS 3a-
IepKKa CUTHAJIA.

®opmuposanue KJI u panmoMuszaius pacnpeneieHns SHepruu.
Pasmep KJI, cocTosiiero n3 3arojoBKa, IOJIE3HOM HArpy3Ku U
3aITOJTHEHMSI, 3aBUCUT OT MapaMeTpOB KaHAJTbHOTO KOIUPOBAHUS
M paBeH pasMmepy HeKoaupoBaHHOTO 6;10ka BYX-koma K, ,.

B xaudecTBe mojie3HOI HArpy3Kd MOTYT OBITh MCIIOJb30BaHbI
tpancnioptHbie nakeThl (TII) MPEG-2, makeTHble OaHHBIE, a
MMEHHO MaKeThl (PMKCUPOBAHHOM WJIM TIEpEeMEHHON TJIMHBI, T1a-
KeThI IIPOTOKOJIA YHUBEpCcaabHOM MHKancyrssunu motoka (GSE)
[33], HecTpyKTypupoBaHHbIi MOTOK JaHHbIX (HCIT/I).

3arooBok K]I BKiIrogaeT B ce0sI CIIEAYIOLINE ITOJIS:

® OuToBBIE (hIary, yKa3bIBaroOIIMe TUIT OTOKA TaHHBIX, Ha-
JINYKMe BPEeMEHHOI METKM IIePBOTO IOJIb30BATEILCKOIO ITaKeTa
NIAHHBIX B 3aTOJIOBKE M/WJIM Mepel KaKIbIM IT0JIb30BaTeIbCKUM
IMaKeTOM, HaJINYKe ITaKeTOB ITepeMEHHOM IJIMHBI U ITIOPSITIKOBOTO
Homepa K/I;

® pasMep MOJIb30BaTeILCKIX MAKETOB TaHHBIX (U1 [TAKETOB
MOCTOSTHHOM myinHBI, KpoMe TIT);

® pasMep IOJIsSI JaHHBIX (ToJIe3HoM Harpy3ku) K/I;
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® CIBUT Hayajia CHHXPOHU3AIMU — TIEPBOTO MOJIHOTO TOJIb-
30BaTesIbcKoro nakera (orcyrctByet B pexkume HCII/);

® BpeMeHHasi METKa MePBOTO MOJHOTO MOJb30BaTEeIbCKOTO
naketa (Ipu yCTaHOBKE COOTBETCTBYIOLIETO hara B moJie OuTo-
BBIX (DJ1aroB);

® nopsiakoBbiit HoMep K/l (rpu ycTaHOBKE COOTBETCTBYIO-
mero ¢ara B IoJjie OUTOBBIX (DJIATOB);

® goHTpoJbHast cyMmma CRC-8 moJteii 3arosioBka.

[Monesnas Harpyska, nmpeacTaBsiolas co00ii Moab30BaTe N b-
cKue JaHHbIe, cleayeT mocije 3arojoBka. Ee pasmep 3amucaH B
T10J1e JUIMHBI TAHHBIX 3aT0JIOBKA U HE MOKET MIPEBbILIAThH pa3Mepa
K1 MmuHyc pa3Mmep 3arojioBka. 3arnojiHeHue (ITpOU3BOIUTCS HY-
JISIMU) CJIeTyeT MocIIe TI0JIE3HOM HAarpy3KH, eCciiv ee pa3Mmep TUTIoC
pa3Mep 3arojioBka MeHbliie pazmepa KJI.

Pasmep 3aromnoBka K/I cocraBister 4—12 6aiiT U 3aBUCUT OT
TUNA JAHHBIX MTOJIE3HOU HATrpy3KU, MepeMeHHOU uin hbuKcupo-
BaHHOU UIMHBI MMAKETOB, HAJIMUUS BPEMEHHOI METKHM TTaKeTOB U
Homepa KJI.

Kanpel 1aHHBIX paHIOMUBUPYIOTCS (CKPEeMOIUPYIOTCS) ITy-
TeM BbinoHeHus1 onepauuu XOR ¢ nceBmociaydyaitHoit n1BOUY-
Hoil mocnenoBarenbHocThIO (ITCJIT). 3arpy3ka WMHUIIMAINA3U-
pymoiieit mocnenoBarenbHocty [TCAIT mpoBomuTcs B Hauae
o0paboTku Kaxmaoro KJI.

Iloncucrema KanansHoOro Koaupoanus. [loncrucrema KaHaab-
HOTO KOIMPOBAHUS BBITIOJHSIET BHelIHee kKomupoBaHue BYX,
BHyTpeHHee KonupoBaHue LDPC u mobutoBoe mepemexeHue.
BxomHoit motok cocrout u3 K/, a BeixomHoit — u3 [TK/I.

Kaxnpiii KI, conepxammit K, 6ut, obpabarsiBacTcs mom-
CHCTEMOI KaHaJIbHOTO (TTOMEX03aIlUTHOTO) KOAMPOBAHMS IS
dopmuposanus [1K], conepxkariero ]v[dpc our. N, —K, A mpoBe-
POYHBIX OUTOB CUCTEMATAYECKOTO BHELTHETO Kona bYX noimkHbI
OBbITH TIpHcoeauHeHbl B KoHIle KJI, yBeauuuBasi Takum obpa3om
pasmep KII mo N, =K, e 6ut. N, d,,c_K/ gpe TIPOBEPOYHBIX ouTOB
BHyTpeHHero koaepa LDPC noykHbI OBITH MPUCOEIUHEHBI TTOC-
Jie MpOBEpPOYHbIX 6MTOB BYX.

s renepaunu ITKJ kon BYX (N, ,, K, ,), KoppeKTupyo-
LM ¢ OIIMOOK, MOKEH ObITh MpUMeHeH K Kaxnomy K/I. s
MOJTy4YeHUsI MOPOXKIAIOIIEero MoJMHOMA g(X) KoJaa KOoppeKiuu f
omMnbok Koaepa bUX cienyeT nepeMHOXUTh TEPBbIC  TPUMU-
TUBHBIX IMOJIMHOMOB, TIPUBEIEHHBIX B CTAaHAAPTEe U COOTBETCTBY-
tomnx N, . IlapaMeTpbl KaHaJIbHOTO KOAMPOBAHUSA U Pa3sMepbI
K1 niist Bcex KaHaJI0B TMepeaayn JaHHbBIX IPUBEAEHBI B Ta0JI. 2.

Komep LDPC ob6pabaTbIBaeT BEIXOA BHEITHETO KOXMPOBAHMUS
Kak 0JI0K MH(pOpMalUU pa3MepoM KW OUT U cucTeMaTUYeCKu
KOJIMPYET €ro B KOIOBOE CJI0BO pasmepoM N, Our.

Matpuua H, ucrionb3yemast ajs1 pacuyeTa IMpOBEPOYHbBIX OU-
ToB Kona LDPC, umeer pasmepHocts [ K, e M, dpc] U COIEPXKUT OT-
HOCUTEJIbHO MAJIOE YUCJIO HEHYJIEBBIX 2JIEMEHTOB hnwm=1 , Hepery-
JISPHO paclpe/ieJIeHHbIX TI0 CTPOKaM U cToidiiaMm. B cranmapre
MPUBENIEH aJrOpUTM TeHepaiuyu Matpulibl H 11 Bcex Bo3MoX-
HBIX 3HaYCHUH N, o

Brixon xomepa LDPC moapepraercsi moOMTOBOMY Iepeme-
JKEHMIO, T.€. IEPEeMEeXEHUIO CO CIBUTOM Havasia ctoyi6oios. [Ipu
9TOM OUWTHI AaHHBIX, nocTynaloimue ot koaepa LDPC, mocrne-
NIOBATEebHO 3aIMCHIBAIOTCSI B TIEPEMEXUTENb 10 CTOJOLAM U
MoCJeI0BaTeIbHO CUMTHIBAIOT MO CTPOKaM (CTapliuili OUT 3aro-
noBka I1KJI cunTeiBaeTcs nmepBbiM) (puc. 3). 3amuch CTapTOBOU
TIO3ULIMU KaXIO0To CTOJIONA CABUTAeTCA Ha BEJIUYUHY f, 3a1aH-
HYIO B CTaHAapTe TabanyHo. YUCIo CTPOK MOOUTOBOTO Mepeme-
xutensa N =41, yuciuo cronouos N, =N, e divN.

Oto0OpaxkeHue OMTOB Ha s4eiiku, GopMUpOBaAHHE MOLYJISIIH-
OoHHBIX co3Be3auii. OnuH win Heckoibko [TKJI momkHbl OBITH
rpeoOpa3oBaHbl B KOAUPOBAHHBIN M MOIYJTMPOBAHHBII OJIOK TTO-
Mexo3anmieHHbIX naHHbX (BIT). 151 9TOro moTtoK BXOMHBIX

21
Tabauna 2
KonupoBaHHbIii Kop- KonmpoBaHHbI
D omok BUX N, .. pekuus ¢ 6ok LDPC N,
Has poBaH- G2 b
. HexoanpoBaH- omnbok N, =K, (4uciio Hecymmx
CKOpPOCTb HBIN 0J10K o <!
Hblit 6110k LDPC BUX- B KaHaJle
Kona BYX K,
K i Koma JTAHHBIX)
Kanan ocHoBHoro cepsuca (KOC), pagnokanain 100 kI'ig
1/2 3904 4024 120
/ 0 ——— 8036
2/3 5232 5362 KOC
130
3/4 5896 6026 (196 Hecympng)
1/2 4 121
/ 3368 3488 0 6970
2/3 4520 4650 KOC (170 necy-
130 +
3/4 5096 5226 morx) + HIA
10
1/2 3248 3368 120
/ ——— 6724
2/3 4352 4482 3 KOC (164 Hecy-
130 +
3/4 4912 5042 R
1/2 2712 2832 5658
120 KOC (138 Hecy-
2/3 3656 3776 1) + HCK +
3/4 4112 4242 130 HK
Kanan ocHoBHoro cepsuca (KOC), pagrokanain 200 kI'y
1/2 8056 8196
/ ? 16 400
2/3 10792 10932 140 KOC (400 necy-
3/4 12160 12300 o)
1/2 7536 7666 130 15334
2/3 10088 10228 KOC (374 necy-
140 +
3/4 11360 11500 wwe) + HKL
10
1/2 7416 7546 130 15088
2/3 9920 10060 . KOC (368 Hecy-
140 n
3/4 11176 11316 ) + HCK
1/2 6880 7010 130 14022
KOC (342 Hecy-
2/3 9208 9348 140 1ve) + HCK +
3/4 10376 10516 HK]I
Kawnan ocHosHoro cepsuca (KOC), pagrokanain 250 kI'y
1/2 10192 10332
/ ? 20 664
2/3 13640 13780 140 KOC
3/4 15360 15500 (504 mecyuue)
1/2 9664 9804 19598
2/3 12928 13068 140 KOC (478 necy-
+
3/4 14560 14700 ) + HKJL
10
1/2 9536 9676 19352
2/3 12760 12900 140 KOC (472 Hecy-
+
3/4 14376 14516 tme) + HCK
1/2 9008 9148 18 286
23 12048 12188 ity CEERmEmy
mux) +
3/4 13576 13716 +HCK + HKJT
HuskockopoctHoit kaHan (HCK)
1312
1/2 592 652 6 60 (32 Hecymue)
Hanexubiit kanan nanHeix (HK/)
1/2 472 532 6 60 109

(26 HecyLIMX)

OUTOB pasesseTcs Ha KOIOBhIE CIIOBA Y€K, a 3aTEM 3TH CIIOBA
0TOOpaXaroTCd Ha MOIYJISIIMOHHOE co3Be3nue. DPPeKTUBHOE
4UCIO OUTOB HAa SYEHKY MOMYTISLIHY 7, 1151 64-QAM — 6, 11

16-QAM — 4, mia QPSK — 2 u g BPSK — 1. biok rmomexo-
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3aLUMILEHHBIX JaHHBIX COCTOMT u3 n,,,, ITKII, cienosarenbHo,
YHCJIO TYEEK BBHIXOAHBIX JTaHHBIX B HEM PaBHO N, dpe’

PasneneHue nmociie0BaTeIbHOCTH OUTOB Ha MOJLYJIMPYIOIIUE
3HAUEHUS SYeeK MPOUCXOAUT CIEAYIOUIMM 00pa3oM: OUTOBBIN
MOTOK, TIOCTYTAOIINI OT OUTOBOTO TIEPEMEKUTEIS, Pa3IessieTCsl
(memynprumekcupyerca) Ha N, =p  TOIIOTOKOB.

Kaxnoe KomoBoe CJI0BO siueeK, MOCTynarlee OT JeMYJIbTH-
JIeKcopa, IO0JKHO ObITh OTOOPaXXEHO Ha TOYKY CO3BE3IUs Of-
noro u3 tuno (BPSK, QPSK, 16-QAM wiu 64-QAM) st
TIOJTy4YeHNUsI TOYKM CO3BE3/INSI Z, 10 HOPMATM3ALIIH. ITpu s3TOM HC-
noJibdyercst oroopaxeHue I'pes. KoadpuumeHT Hopmaau3auu
paseH 1 11 BPSK, 1 /\/5 — st QPSK, 1/ V10 — s 16-QAM
ul /\/E — 1151 64-QAM.

Ilepemexenne siueek, BpeMeHHOe mepemexxenue. [lceBmociy-
YallHBIN TEePEeMEXUTENb STUeeK JOJKEH PAaBHOMEPHO pacripefie-
natb stueiiku B BI1J1, obecrnieunBasi B mprueMHUKE AEKOPPEISILINIO
KaHaJbHBIX MCKaXXEHWI, U CIBUTaTh MOCIENOBATEIbHOCTh Te-
pemexenus B BI1Jl Ha mpoTskeHUM ogHOTro 610Ka BpeMEHHOro
TePEeMEXEHMUSI.

Bxon mnepemexurens sueek (858,15 &, n,, 1) MOIKEH
MpeacTaBisaTh codoii stueiiku naHHbix BITJI ¢ nHaekcom r, cop-
MHUPOBAaHHBIM C TOMOIIIBIO CO3Be3aus (F — YBEJIMYMBAIOIIUICS
nnaekc BITJI BHyTpu 6;10Ka BpemeHHOT0 niepemexenus (BBIT)).
DTOT MHAEKC cOpachIiBaeTCsI B Hy/Ib B Havyaje Kaxnoro bBII. Ber-
XOJI TIEPEMEXUTEJIS STYeeK JTOJIKEH TPEACTaBIATh COOO BEKTOD
(d,g,d, s d, ), OTIDENENCHHBIN BbIPAXCHNEM d1 =84
i kaxnoro ¢ =0,L,..., N, —1, tne N , — 4MCIO BBHIXOAHbBIX
a4eek nanHbIx Ha BIT (paBHoe N, dpc); L (q) — dynxkums nepecra-
HOBKM, puMeHsieMast K r-my BITI B pamkax BBII u onpenensie-
masg Kak L (q)=(gK) mod N, ; 3Hayenus K 3anaHbl B CTaHIapTe
TabnmuHo. BBIT cocTout u3 ogHoro uiu Heckonbkux BITIA. Ero
otobOpaxaloT Ha Ienoe yuciao kKaapoB OFDM. InutensHOCTH
BBII N,, Boipaxennas B kanpax OFDM, nepenaercs B INI1C u
cocrapiser oT 1 1o 6.

BpemeHHOI nepeMeXuTeNb MpeacTaBisier co0oil CTPOUHO-
CTOJIOLIOBBIN OJOKOBBII TMEPEeMEXUTENb, aHAJTOTMYHbBIA OUTO-
BOMY TEPEMEXUTEN0, HO Oe3 cABUra Havyaia ctojoioB. Yucio
cronbuoB N, =41 B mepemMexuTesle PaBHO YUCIY CHMBOJIOB B
kagpe OFDM. [laHHble siYeeK 3alMChIBalOT B CTOJIOLBI, a CYU-
TBIBAIOT MOCTPOYHO. YHCIO CTPOK BPEMEHHOTO TepeMeuTeNs
N, =(N_,N,)divN,.

Oomasa cxema OFDM-monyasimun. [Tociie 6710K0OB mepeme-
XKeHus mrdpoBble NoToku Jiornyeckux kaHaios (KOC, HCK u
HK/I) noctynaioT Ha 610K 0TOOpaXXeHUsI JaHHBIX HA HECYIIue
OFDM (ta6u. 3). [Ipu OFDM-Monynsiuyy 1iudpoBble TOTOKU
JIOTUYECKUX KaHAJIOB NAHHBIX Pa3dMBAIOTCS Ha OJIOKM JJTMHOMN
L=41 cuMBOJ KOMIUIEKCHON MOIYJISILINU Z,, TIPMYEM KaXIblil
TakOW CUMBOJI UMEET JUIMHY 1, OuT. Jlajee B COOTBETCTBUM
¢ kozom I'pest ocyluecTssieTcst 0T00paxeHue z, Ha MHpopma-

Ta6mmua 3
TTonoca O061ee yucio Yuciio Hecylux
panmMoKaHaia HECYIIUX
£, kT OFDM K, TIJIOTHBIX [rnc KoOC HCK HK]J
3 total
196 - -
" 170 26
100 215 (8 paccesiHHBIX,
7 NOBTOPSIIO- 164 32 _
TINXCST)
138 32 26
400 - -
3 374 26
200 439 (22 paccestHHBIE, 4
13 noBTopsito- 368 32 _
TIMXCST) B —
342 32 26
504 - -
» 478 26
250 553 (28 paccestHHBIX,
17 nosTopstio- 472 32 -

LIMXCST) B ——
446 32 26

muoHHbele Hecymme OFDM-cuMmBoma coriacHO BBIOpaHHOMY
BapuaHTy momyasuun Hecymux (BPSK, QPSK, 16-QAM unu
64-QAM). Ocy1iecTBIIIEMOE TIOCJIE 3TOTO YaCTOTHOE TIepeMeKe-
HUE JIeJlaeT pacrpeesieHue JOTUYECKUX KaHAJIOB IO HeCyluM
TICEBIOCTYYATHBIM, TIOBBIIIAS YCTOWYMBOCTH CUCTEMBI TIepeaaun
JIAHHBIX K CEJIEKTUBHBIM 3aMHPaHUSIM.

ITomumo nrdopmarmoHHbIX Hecymux B coctaB OFDM-cum-
BOJIa BBOJSITCS MIOTHBIE Hecylue u Hecyinue [TT1C. TTunotHbie
Hecyllre TIepeaatoTcsi Ha MOBbIIIIEHHOM YPOBHE MOIITHOCTH, a UX
(asbl 3a7a10TCSI B COOTBETCTBUM C OTIOPHOM TICEBIOCTyYalHOM
JIBOMYHON TOC/Ie0BaTEIbHOCTEIO paBHBIMM (° 11160 180°.

IMwioTHbBIE Hecylre, Ha JOJ0 KOTOPBIX MTPUXOIUTCSI OKOJIO
9 % ot 0011IeTO YKcla HeCyluX, PU3BaHbl 00eCTIeYNTh Ha TIPH-
HUMaIOUIE CTOPOHE BO3ZMOXHOCTU CUHXPOHM3ALMKU CUTHAJIA U
OLIEHKM XapaKTepUCTUK KaHaJja repenavu.

Hecymue TT1C BBOASTCS 1U1sT HEMTOCPENCTBEHHOU Mepenayu
nHbOpMaIMY O KITIOUEBBIX TTapaMeTpax IMepeaaBaeMoro CurHaia
(HamMuue JJOTUYECKUX KaHaJIOB JaHHBIX, ckopocTh LDPC-kona,
in QAM-co3Be3nus, IIMHA 3alIUTHOTO MHTepBaja U Ap.). B
kaxnaoM cumBosie OFDM nepenatorcst yetsipe Hecymue TTTIC.

OFDM-cumBon 1ocie BBEIGHUSI B €r0 COCTaB MUJIOTHBIX U
T C-necymux nonsepraercss OBIT® — u3 yacToTHOI 06J1acTH
BO BPEMEHHYIO. 3aTeM B HavyaJlo CUMBOJIA BBOIUTCS 3alllUTHBIN
MHTEPBAI UIMTENBHOCTBIO T, Kyla KOMUPYIOTCS IIOCIENHUE
N, T / T, oTcueToB mnose3Hoii YacT cuMBoJa (LUKINYECKUit
npedukc), rae N, oy — AVTAHA MOJIE3HON YacTu cUMBOJa (B OT-
cuerax); T, — WIMTEILHOCTD TI0JIE3HOTO CUMBOJIA (B CEKyHIaX).
B cucrteme npeaycMOTpeH 3alllUTHBII WHTEPBAJT IJTUTSIbHOCTHIO
1., =T,/8.

IMonydyeHHast mocaen0BaTeIbHOCTh BPEMEHHBIX OTYETOB OT-
paHMYMBAETCS TIO YPOBHIO, MACIITaOMpyeTCs M KBAHTYeTCsS B
cooTBeTcTBUM C paspsnHocTtbio LAIL. Tlepen OBII® moxer
MPOBOJUTRCSl OTepalusi, HarpaBieHHass Ha CHUXEHUE TUK-
dakropa curHana. [lpu MCHOJNIb30BaHUU pa3HECEHHON Iepe-
Ilayy Tiepen BBEACHUEM 3alllUTHOTO MHTepBajia OJI0OK BHECEHUS
3aepXKKU (HOPMUPYET HECKOJIBKO CUTHAJIOB C HEOOXOMUMBIMU
BPEMEHHBIMHU 3aJePKKaAMU.

Kanposas ctpykrypa OFDM. [TepenaBaeMblii cUTHA TOJIKEH
OBITH OPTraHM30BaH B BUIE IMOCIENOBATEILHOCTU KanapoB. Kamp
umeeT uTenbHocTh T, u coctont us L=41 OFDM-cumBosioB.
OFDM-cuMBOJI MMEET MIUTENLHOCTD T¢ M COCTOMT U3 3aLIUT-
HOTO MHTEPBA/a JJIMTENbHOCTBIO T, ¥ TOJIE3HOM YaCTH JIUTENb-
Hocreio T (T =T, +T,). OFDM-CcUMBOJIBI COMEPXKAT TIOJIEZHYIO
nH(popMaLMio (0 JTaHHBIX) U OMOPHYIO MHGOPMALUIO (TTUJIOTHBIE
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u II1C-uecymue). Cumpossl B Kanpe OFDM nponymepoBanbl  Tabauua 4
ot 0 no 40. KiroueBble mapamerpbl 6j10ka OFDM-Mmonyasiyuun Mapaverp HaTere
CUCTEMBI ITPUBEACHELI B TabI. 4. = T e P P
MaremaTuueckasi MOJe b CUTHAA S(f) OMUCHIBAeTCs BHIPa- onoca pavokanana Af, kTu
KEHUEM Yucno necynmx K, | 215 439 553
0o L1 Ky JInTeIbHOCTD MOJIE3HOM YacTn cumBona 7T, MKC 2250
27 [t
s(r)=Refe "3 Cori ¥, (D) 4000 ,, 4
m=0 1=0 k=K, Paccrosinune Mexy cocennumu Hecymumu /7, T 5 = 4445
e Paccrosinue Mexy KpailHUMI HECYIIMMU CIIEKTpa
oK (K _—1)T,, k['u (mpumMepHOE 3HAYECHME) 95.1 L —
(- To Ty~ LmTy) otal > K1 L (TIPUMED!
qjm',)k (f) =€ Y ([ + Lm)TS <t (1 + Lm+ DTS? JIMTEIbHOCTD 3aIIMTHOTO MHTepBana 7T, MKC 281,25
0, HHa4ve, JmrensHocts cumBona 7 =1,+T,, MKc 2531,25

in HIXKHMIA TIpefen uHaekca Hecyweit, K =0, K —
BEPXHMIA Tpenen muiaekca Hecymei, K =K —1; L — uanc-
o cumBoiioB OFDM B kanpe, L=41; k — WHOEKC Hecylleii;
k' — uMHmeKc Hecylleil OTHOCHUTENLHO LIEHTPAJIbHOIl 4acTOTHI,
kK'=k—(K,, +K,,)/2 | — nanekc cumsora OFDM B kanpe;
m — WHIEKC TEPENaBaeMoro Kaupa; f, — UEHTpalbHas 4acToTa
criektpa curtana; C, |, — KOMIUICKCHBIA KO3(h@ULIMEHT, MOy~
JIMPYIONINIA k-10 HeCylly1o /-ro cuMBosia B m-M Kaape OFDM.

C 11eJIbI0 HOPMUPOBAHUS BBIXOJHOTO YPOBHSI CUTHAJA B CHC-
TE€Me MPeayCMOTPEHbI KO OUIIMEHTH HOPMAIM3ALUU BeJIMUUH
C, . [IpuMeHeHre 9TiX KOI(PHULNECHTOB HOPMUPYET K CAMHMU-
116 CYMMapHYIO MOIITHOCTh MOAYJISIIMOHHOTO andaBuTa MHGOP-
MallMOHHBIX HECYIIIMX CUTHAJIA.

YacTroTHOE MepeMexXeHre, BBIIOTHIEMOe MOocie 0OToOpaxKe-
HUSI JAHHBIX JJOTUYECKUX KaHAJIOB HAa MH(MOPMAILMOHHbBIE HECy-
1ye, nejaeT pacrpenejeHre JOTHIeCKX KaHaJIOB 10 HECYIIIUM
TCEBIOCTYYatHBIM, YTO TO3BOJISIET TOBBICUTH YCTONYMBOCTD
HU3KOCKOPOCTHBIX KaHajmoB maHHbIXx HCK 1 HKJI x cenekTus-
HbBIM 3aMUPAHUSIM.

MonynupoBannbie sueiiku paHHeIx HCK um HKJI oTtoGpa-
JKAIOTCSl  TICEBIOCTYYallHBIM 00pa3oM Ha WH(OpMaIMOHHbIC
necymume OFDM ¢ wmnnexkcamu k' =+1...,+106 oTHOCUTEND-
HO LIEHTpaJIbHON Hecylleil panrokaHana. OtoOpaxkeHue 3aia-
HO B craHmapte TabsuuyHo. [locime oToOpaxkeHUs] TaHHBIX Ka-
HaoB HCK un HK]I momymupoBaHHbIe stueiiki maHHBIX KOC
0TOOpaxkaroTcsT Ha MH(pOPMAIMOHHBIE HECYIIME C WHAEKCAaMM
k=K, +1,..,K , —11ocienoBaresibHO, 32 UCKIIOYEHUEM UH-
(opMaImoOHHBIX HECYITUX, YKe 3aHaThix KaHaaMu HCK n HK/I.

ITunotHbie Hecymme. VX Ha3HaueHWe — repenava AOMOJ-
HUTEJbHOU (OomopHOI) MH(MOPMaIIMK, C TIOMOIIILI0 KOTOPO Ha
MPUEMHON CTOPOHE OCYIIECTBJISIETCSI CUHXPOHU3AIUSI CUTHAJIA
1 OIIEHMBAIOTCS XapaKTEePUCTUKU KaHaja nepenayu. [TunotHbie
Hecylllie TepeaaroTcsl Ha MOBBIILIEHHOM YpOBHE MOIIHOCTU. B
CHCTeMe UCITOJIb3YIOTCS IBa TUIIA MMJIOTHBIX HECYIIIX — ITOBTO-
psiroluecs u paccesiHHbie. [To10XeHre TOBTOPSIOLIMXCS TTUJIOT-
HBIX HECYIIIMX B CIIEKTpE CUTHAJIa He 3aBUCUT OT HOMEpa CUMBOJIA
B KaJpe, a MOJIOXKEHUE pacCesTHHbIX — 3aBUCUT. Da3bl MUTOTHBIX
HECYLIMX MOTYT mpuHuMaTh 3HayeHus 0° wiam 180° B cooTBeT-
CTBUM C OIIOPHOM TICEBAOCIYYaiHOW JIBOMYHON IIOC/IEN0BA-
TteabHOCThIO: 0 cooTBeTcTBYeT hase 0°, 1 — daze 180°. Muunum-
anuzaumsi [TCIIT ocyniecTBisieTcs B Havyajle KaxI0ro CMMBOJIa
OFDM. MouHocTh NUJIOTHBIX HECYILIUX cocTaBsieT 16/9, Torna
KaK CpPe/IHSIst MOLIIHOCTh MH(OPMALIMOHHBIX HECYIIIMX U HECYIITUX
[ITIC cornacHo K03 GuIMeHTy HOpMUpOBaHUS paBHa 1.

MHpaekchl pacCesiHHBIX MWJIOTHBIX HECYIIMX OTpeesieHbl B
craHmapTe TabauyHo. Eciu coBMeCTUTh LIeHTpalbHbIe HECYIIne
MPpY pa3INYHbIX MMOJ0CAX paauoKaHalla, TO MWIOTHbIE Hecyllre
0oJiee y3KOTo paaroKaHasla OKaXyTCsl TIOAMHOXKECTBOM TMUJIOT-
HBIX HEeCYIIMX OoJjiee IIMPOKOTo panrokaHana. [1pu mosoce pa-
nurokaHana 100 kI'p ucronb3yroTest 8 paccesTHHBIX TMJIOTHBIX He-
cymmx, 200 k' — 22 Hecymue, 250 kI — 28 Hecyux.

ITo Macke MWJIOTHBIX HECYIIUX (DOPMUPYETCS S TUIIOB CUM-
BOJIOB, KOTOPbIE TIOCJIEIOBATENIBHO TMOBTOPSIIOTCSI (OT HYJIEBOTO
0 YeTBepToro, HauuHas ¢ Havajga kanpa OFDM). Tak kak B
kagpe OFDM conepxurtcs 41 cMBOJI, TO Ha TpaHUIIE Kaapa co-
CEJICTBYIOT JIBa CUMBOJIa HYJIEBOTO TUTIA.

WMHpaekchl TOBTOPSIIOIIMXCS TTUJIOTHBIX HECYIIUX TOXE OIl-
pernesieHbl B cTaHAapTe TaOJWYHO U TaK Ke, KaK U paccesiHHbIe
MWJIOTHBIE HECYIIUE, TTOBTOPSIIONINECS MJIOTHBIE Hecylue 60-
Jiee y3KOro pajuoKaHasa sIBISIIOTCS TTOAMHOXKECTBOM MUIOTHBIX
Hecylux Oosiee MMPOKOro paanokaHana. [Ipu monoce paamo-
kaHana 100 k[ ucrnonb3ylorcs: 7 MOBTOPSIIOMIMXCST MUIOTHBIX
Hecymux, 200 k' — 13 Hecymmx, 250 xI'n — 17 Hecymux. Ilo-
BTOPSIIOIIMECS TTUJIOTHBIE HECYIIIME PACIIONIOXKEHbI CUMMETPHUY-
HO OTHOCUTEJNIbHO LIEHTPaIbHOI Hecyleit kaHana. Kpome toro,
MOBTOPSIIOIIMMUCST TWJIOTHBIMU HECYIIUMU SIBJISIIOTCSI LIEHT-
paiibHasl M KpaiiHue Hecyllre ISl BCeX TpeX TUIIOB MOJIOC paiio-
KaHaa (T.e. Hecyue ¢ uanekcamu 0, £107, £219, +276 otHo-
CUTEJIBbHO LIECHTPAJbHOI HECYILIE).

Hecymmue IIIIC. Hecymue INI1C npenHazHayeHbl 1751 Te-
penayu nmapaMeTpoB CUTHAJIa, CBSI3AHHBIX C PEXMMOM Iiepena-
yu. Uadopmanus TIT1C nepenaercst mapajieabHO Ha YeThIpeX
Hecymux. Kaxmas necymast I[1I1C B omHOM 1 TOM Xe CUMBOJIE
repenaeT OJUH U TOT XKe TuddepeHIInaTIbHO KOAUPOBAHHBIM UH-
(opManoHHBI OUT. MHIEKCHI 3TUX HECYIIUX OTHOCUTEIBHO
LIEHTpaJIbHOI Hecyllel pagruoKaHaja paBHbl 27 u £81 st Bcex
BapMaHTOB IIMPUHBI TIOJIOCHI pafilOKaHaia, T.e. BCE OHU pacro-
JIOXeHBI B mipenesax camoit y3koit (100 xI'1r) mosiochl KaHana.

Hecymue IITIC obecneumBaloT Ilepemady HOMepa BepCcUU
cucteMbl (3 6uTa); TMIIa MOAYIsILIMOHHOTO co3Be3ausi KOC (2
6uTa); ckopocTtr KaHanmbpHOTo KogupoBanust KOC (3 6ura); yuc-
Jla KaapoB BpeMeHHOTo TiepeMexxeHust KOC (3 6uta); unmekca
TeKyIero Kamapa BpeMeHHOro nepemexenuss KOC (3 6ura); 6u-
TOBBIX (DJIArOB HAJIMUMSI WM OTCYTCTBMSI JIOTUYECKUX KaHAJIOB
HCK n HK/I (2 6uTa); ImmpuHBI T0JIOCH paaroKaHaja (2 oura).

Wnunmanuzauust ¢asel [ITTC-Hecymmx ocylecTBasieTcst s
kaxmoro kagpa OFDM. g nanumnamm3anuu ¢aser [I1C-He-
CyIIMX MEPBOTO CUMBOJA Kaapa MCITOJb3yeTCs Ta e OIMopHas
TICIII, 9T0 M IJI5T MMTOTHBIX HECYIIINX.

brox nannbix TT1C cooTBeTcTBYeT onHOMY Kaapy OFDM u
conepXut 41 OUT, KOTOPBIE OTNpPENETeHBI CIEAYIOIINM 00pa3oM:
27 uHGbOPMALIMOHHBIX OUTOB (B TEKYIEW BEPCUU CUCTEMBbI MC-
MOJB3YI0TCs 18, OcTambHbIe 3ape3epBUPOBAHBI ISl NaTbHEHIITNX
pacupenuit); 14 n30bITOYHBIX OMTOB JJISI 3ALIUTHI OT OIINOOK
(cokpamennsiiit kox BYX (41, 27, t=2)).

Hecymue ITIC nepenaioTtcst ¢ ypoBHEM MOITHOCTU, PABHBIM
1, c CTIOIb30BaHUEM pa3HOCTHO-(ha30Boi Momystiuy (DBPSK)
Y ¢ MHULMaIM3auMeii B Havyane kaxaoro kaapa OFDM.

Ckopoctb mosie3Horo unHpopmanuoHHoro moroka. CKopocThb
MOJIE3HOTO OMTOBOTO MOTOKA PA3TUYHBIX JIOTUYECKUX KaHaJIOB
nannbix R, (KOC, HCK, HK/I) onpenensercs o gpopmy.ie
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' T, 0+T,/T,)
rae K., — uucno nHGOPMaLMOHHBIX HECYIMX JIOTMYECKOTO Ka-
Haza i; n,,, — 4ucio 6UTOB MH(MOPMALIMU, TIEPENABAEMbIX HA O/l
Holt Hecyweit; R, =K, , /N, e — CKOPOCTD MOMEXOYCTOMYMBOTO
KOIMPOBAaHUSI, paBHasl OTHOLIEHUIO yncia 6utoB B K/ K unciy
6uros B IIKII; R, — nona nosesnoit undopmaumu B KII, papHas
OTHOILICHUIO YKciia GUTOB MOJIb30BATEIbCKUX TAHHBIX K O0LLIEMY
pasmepy KII; T, — n1uTebHOCTD MOJIE3HOM YacTu cumBoa; T,
— JUTUTEJIBHOCTBD 3aIIMTHOTO MHTEpBaJIa.

3akmoyenne. [11s1 peanusaiuy pa3paboTaHHON U CTaHIAPTU-
3oBaHHOU cructeMbl PABUC Heob6xoauMo NMpUHSTHE OBICTPBIX U
3¢ deKTUBHBIX Mep 1o npoBeneHno OKP u coznanmio ¢pparmeH-
TOB CETH BEIlIaHUSsI, a 3aTeM U TTOJIHOMY BHEIPEHUIO CUCTEMBI.

Hauano Takum paboram nonoxeHo: Munmnpomropr Poccuu
Bbiienua Ha npoBeneHue OKP «Pazpabotka 6a30Boii TeXHOJO-
MU co3naHusl YHU(UIIMPOBAHHBIX MOJYJIEl MpuemMorepenan-
el TeJIEKOMMYHUKALMOHHON ammaparypbl [UIsl 00ecredeHusl
OTEYECTBEHHOI CUCTeMbl MOOUJILHOTO MYJBTUMEIMHHOIO Be-
manus PABUC» (imdp «PABUC») 166 maH py6. [34]. K co-
JKaJIeHUI0, 9TO KaK MUHUMYM B 10 pa3 MeHbllie TpeOdyeMoro s
nposeaeHuss OKP, opranusaiuu npousBoacTBa amnmaparypbl 1
CO3MaHUs JACUCTBYIOIIMX CHUCTEM MYJbTUMEAMHHOIO BEIIAHUS
PABUC.

B 10 xe BpeMs cienyeT OTMETUTh KOMMEPUECKYIo MpuBJeKa-
TEJIbHOCTb BHEAPEHMSI CUCTEMbI JIJIsI TPOMBIIIUIEHHOCTH U Bellla-
TeJIeii: TI0 cCaMbIM CKPOMHBIM TOJICYeTaM TIPU peaibHOM Hauae
pa3BepThIBAHUS CUCTEMbI 1IeHA MPOMBIIIJICHHOW MPOAYKIIMU U
yciyr, npenoctaBisieMblx cucremoit PABUC x xonmy 2017 r.,
coctaBut nopsiaka 30 Miapa pyo.
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