CBA3b U TENEKOMMYHUKALUM
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Ounana3oH 60 IMu, kak v BooOLLEe MWIIMMETPOBIN Aua-
na3oH, Npuenekan Kk cebe BHMMaHue pa3paboTYMKOB He
opHo pecatunetme. Ho noacTynuTbes K HemMy Npon3Bo-
LOUTENsIM MacCOBbIX CUCTEM ObINIO CNOXHO — OTCYTCTBO-
BaJsia COOTBETCTBYIOLLAs AeLieBas U MUHWaTIOpHasi ane-
MeHTHasi 6a3a. B Hayane TpeTbero ThicsueneTus npoone-
Ma cTana pewuartbesi. Cutyauus cpasy usmMeHwsiachb Kap-
LOVHANbLHO — U3 CYry00 "BOEHHBIX" U "a3POKOCMUYECKMUX,
4—5-MM grana3oHbl yBepEeHHO 0CBaMBaIOT NPOU3BOAM-
Tenu NoTpedUTeNbCKON 3NeKTPoHUKU. U, pasymeertcs, ux
Konneru, padotaiowime B 00nacTh cneumanbHbIX CUCTEM.
Mo HaweMy MHeHUI0, cOObITUS B AuanasoHe 60 M, pas-
HO KaK u B E-auana3one, MoryT ctaTtb HOBOI MHHOBaLW-
OHHOW BOJNHOM, CONOCTaBMMOIA C NOSIB/IEHWEM CTaHAap-
TOB coToBo# cBsi3n U cuctem Wi-Fi. Moyemy? MonpoOyem
pasobpartbcs B 3TOM B cepumn nyonuKaLmid.

..OMMEeMUM XapaKmepHyio 075 COBPeMeHHO020 Ima-

na pazeumus paouomexHuKu meHoeHyuw0 K nepexooy

Ha 6ce 0osee KOpOMKUe B0/IHYL, M.e. HA 6Ce 00siee Bbl-
COKUe yacmomeol.

A.A.Xapkesuu.

Teopemuuecxue ocnosvt paouocesasu. M.: TUTTII, 1957.

JOCTOMHCTBA AMANA3O0HA 60 Iy

IuanasoH 60 ITi, (aaMHA BONHBI — 5 MM) AOCTATOYHO AONMO
NnpuBNeKan BHUMaHWe pa3paboTuMKOB TENEKOMMYHUKALIMOHHBIX
cuctem (cM. Bpesky). Tomy ecTb psig, npuunH. Bo-nepsbix, B no-
noce npumepHo 57—64 ITi, 04eHb CUNbHO 3aTyxaHue Paamo-
BOJH Ha aTMocdepHoM kucnopoae — ao 16 ab/km (puc.1). Ewe
CubHEe 3aTyxaHue npu poxae (puc.2). Kasanocb 6bl, Haam-
LI0 SPKMiA HepocTaTok, ananasoH 60 I, — TMNYHOE OKHO Hen-
po3payHocTW. OgHAKO 3TOT HEAOCTATOK CTAHOBUTCS OCTOMHC-
TBOM, €C/IM 3ayMaThCa O TakMx NapameTpax, kak CKPbITHOCTb,
BO3MOXHOCTb MOBTOPHOTO WCMOMb30BAHUSI 4acTOT, B3aUMHO-
ro BAWSHUS NPUEMONEPEaAoLMX YCTPOMCTB M T.N. Padymeert-
9, A9 nepefayn Ha JanbHUe pPacCTosHMS, B €AMHMLBI KUMO-
MeTpoB, auana3oH 60 i, Janeko He onTuManeH (ons aToii 3a-
Jayn fyyLue NoaxoauT COCEAHUIA MUNIMMETPOBLIV E-ranasoH,

ONEKTPOHWUKA: Hayka, TexHonorus, busnec 3/2010

B.Buwnesckuit, o.1.H
C.Ppornos
. LLloxHoBMY

CM. HUXe). Ho ecnu roBopuTb 0 PaccTOSIHUSX B COTHU M AECAT-
KM METPOB (NOKaNbHbIE U NEPCOHaNbHbIE CETU, COOTBETCTBEH-
HO), KapTWHA PAIVKANIBHO MEHSIETCS.

B camom niene, B COOTBETCTBMM C 3aKoHOM Ppim3a, B CBOOOIHOM
MPOCTPAHCTBE MOLLHOCTb NPUHSTOrO curkana P,=P,GGA?/ (4nRY,
rae P, — mowwHocTb nepeparymka, G, n G, — ycunexve nepeatoLuen
1 NPUEMHOI aHTEHH, A, — JJIMHA BOMHbI M3/y4eHns u R — paccTo-
SHE MEX[Y NPUEMHUKOM W nepeaatumkom. COOTBETCTBEHHO, A
AJWHbI BOMHBI 5 MM 1 fanbHocTi 100 M oTHowwenme P, /P, 6e3 yue-
Ta YCUNEHUS aHTEHH, cocTaBuT npumepHo -108 ab. Mpu atom nor-
noLLeHre Ha atMochepHoM kucnopoae (npumepHo 1,5 ab Ha 100 m)
HE OKaXET PELLAIOLLIEro BANSHUS.

Takum 06pa3oM, Ha OTHOCUTENBHO Manblx AucTaHumsx B 60-TTi
JvmanasoHe npy npsiMoin BUOMMOCTM OCHOBHOM akTop — "ecTecT-
BEHHOE" ocnabneHue curHana. KoHeyHo, OHO BEKO, M 3TO — He-
Joctatok. Ho ero MoryT ¢ ixeoi KOMMEHCMPOBATb Apyrue A0CTO-
uHcTBa. Mpex[ie BCEro, 3-3a CUINBHOIO OCNAbNEHNs), CBSI3aHHOMO C
MOMMOLLIEHEM HA aTMOCHEPHOM KUCIIOPOAE, YCTpaHseTcs npobe-
Ma MHTEpdEPEHUMM MEXOY PasfiMiHbIMW UCTOYHMKAMK CUrHana,
NPMHAAIEXaLMMA PasHbIM CETSM. 3TO MO3BONSET aBTOMATUYEC-
KU pelunTb mpobnemMy MOBTOPHOIO MCMOb30BAHNSA YacToT — MCHe-

Yacrora, My,
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po 7 IMu. 310 penaet 60-Ti, Avana3oH ecim He Be3ansTepHaTVB-
HbIM, TO YPE3BbINAAHO MPMBIEKATENbHBIM [N BLICOKOCKOPOCTHOM
CBEPXLLMPOKOMONOCHON Mepesayn (HamoMHUM, M0 OMpeneneHuio
FCC CLLA, cepxiumpokas nonoca — Bce, 4To npesbitaeT 500 MIT,
[2]). 310 no3BongeT NepenaeaTb BbICOKOCKOPOCTHbIE MOTOKM MHOP-
MaLwK, BKIKOYas TPAHCNSLMIO BUAEOMOTOKOB C HECKOMbKMX BULE-
okamep, nepeaayy BULEOCUrHaia BbICOKOrO paspelueHus (1abn.2),

Ta6nuua 2. OpueHTHPOBOYHDIE MOTPEOHOCTH B NONOCE NPONYCKAHUS AN
HEOKAToro BMAEOCHIHANG BbICOKOIH YETKOCTH pasnuunbix dopmaros, [6ur/c

®dopmar 8-6ut RGB 10-6ut RGB 12-6ut RGB
480p 0,5 0,625 0,75
720p 14 1,75 2,1
1080i 1,5 19 2,25
1080p 3,0 3,75 45

Puc.2. YpoBeHb 3aTyXaHUa CHIHANG NPH OCAAKAX

3a€eT 3a/]a4a YaCTOTHOrO pacnpeaeneHus. VIMeHHo noatomy auana-
30H 60 ITi, BO MHOTMX BEAYLLMX CTPaHaX Mupa NpuaHaH Ge3nuueH-
31OHHbIM (Tabn.1, puc.3). OmHOBPEMEHHO OOCTUraloTCs Takue no-
kasaTenu, Kak CKPbITHOCTb CBA3M (HEOOHAPYXVBAEMOCTL), LIBNIOCT-
HOCTb (CTOMKOCTb K NPULIENbHBLIM MOMEXaM) U CTOMKOCTb K HECAHK-
LIVOHMPOBAHHOMY MOMKJIOYEHNIO (HEBO3MOXHOCTb (anbCupuLMpo-
BaTb MOOW/IbHYIO CTAHLMIO UMM TOYKY [0CTYMa).

He meHee BaXHOE IOCTOMHCTBO — LUMPMHA AOCTYMHOW MOMOCH,

Ta6nuua 1. YacrotHoe perynuposanne B 60-ITy guanasone B pasnuyHbix

CTPAHAX MUpa. ﬂ(IHHbIe npuBeAeHbl 6e3 yuera ocoGeuuocTeﬁ oTAeNnbHbIX
noaguanasonoe [1]

fino- CeeepHas lOxHas Ko- EBpoco- ABcTpa-
HUs Amepuka  pes (draft) 103 s
Avanaso 59-66 | 57-64 57-64 50-66 | 504-629
yacTor, [Ty,
MourocTb nepe- _
e, 10 10 27 10
OKBMBANEHT-
40 cpep- 40 cpen-
;?Lﬁ(;ﬁo::ﬁ 57 Has, 43 nu- 57 Heis, 43 51,8
Terrie (EIRP), 1BM KoBast nMKoBast
56 57 58 59 60 61 62 63 64 65 66 67
AnoHus 59-66 1Ty,
[ [ 1T 1
CLUA v Kanaga 57-64TTy,
I I N I
IOxHas Kopes 5764 [Ty (draft)
[ [ 1T 1
Espocoros 59-66 [Ty (draff)
AscTtpanus 59,4-62,9 My,
Puc.3. CBo6oaubie yuactku cnekrpa B guanasone 60 My
B PA3NHYHBIX PETHOHAX MHPA

71

OpraHM13aLMI0 TPAHCMOPTHbIX MOTOKOB B COTOBBIX CETAX M T.N. Kpo-
Me TOro, LUMPOKasi Noaoca OMYCKAeT MPUMEHEHWE CaMbIX PasHO-
00pasHbIx CXemM CKPeMOIMPOBAHIS, MOMEXOYCTOMBOTO KOAMPOBA-
HMS, BLIOOP OMTUMAUTBHBIX 4711 MEPeaaYM JaHHbIX METOI0B MOMYNs-
LM 1 MHOXECTBEHHOIO AOCTYNa, YTO 0DECTEYMBAET BOSMOXHOCTb
nepenadn AaHHbIX ¢ TPebYEMO CKOPOCTBIO MPU 04eHb HU3KOM CO-
OTHOLLIEHWW CUrHAST/LLIYM.

[pyroin BaxHemwmiA GakTop — [IMHBI BOH B MUNIMMETPO-
BOM AManasoHe (MM-vanasoHe) CYLIECTBEHHO CHUXAIOT rabapu-
Thl @HTEHHbIX CUCTEM. [Nl AOCTVXEHUS Y3KOI auarpamMmbl Hanpas-
NIEHHOCTU (T.. NSt GOMBLLIErD YCUNEHNS QHTEHHBI) TPEOYIOTCS MEHb-
LUMe pas3MePbl CaMUX aHTEHH. [leACTBUTENBHO, YCWIIEHWE aHTEHHBI
MOXHO OLIeHUTb Kak G=4rS/A2, rae S — aneprypa aHTeHHbI (T.e.
ee apdekTmeHas nnowanp). Torga dpopmyna Ppumsa npeobpasy-
etcs k Bagy P.=PSS,/(AR), Te. ¢ yueToM (haKTopa aHTEHHbI M0-
Tepu MOLLHOCTY B kaHaie P, /P, oka3biBaioTcst 06paTHO nponopLvo-
HasTbHBIMY KBaZpaTy YacTotbl. Mpu addexTmaHoM nnotwamm B 10 cm?
YCUIIEHIE aHTEHHbI cocTasuT 35 B, npu S=1 cM? — 17 ab (ecim He
MCMONb3YHOTCA aHTEHHbI C Ga3MpPOBAHHBIMM PELLETKAMU WK ApyTU-
Mu cnocobamm hopmmupoBaHns yakoii [IH).

CnenoBatensHo, s cBa3u B avanasoHe 60 ITi, MoXHO co3na-
BaTb MUHMATIOPHbIE AHTEHHbIE CUCTEMbI, BIUIOTb 10 MHTETPUPOBAH-
HbIX B 4MN a3nPOBAHHBIX @HTEHHbIX PELLETOK MM HAMpaBEHHbIX
QHTEHH JIPYroii KOHCTPYKLMK. 3TO OTKPLIBAET ONECTsLLME Nepenek-
TUBbI B MJIAHE NPOM3BOLACTBA MOHOMMUTHBIX MM KBA3UMOHOMUTHBIX
VHTErpMPOBaHHbIX NPUEMOMNEPENAIOLMX YCTPOICTB, MO3BONSIOLLMX
NPUMEHSITb WX NO NPUHLIMNY "BKIKO4MN — PaboTaeT . Bcst TOHKOCTb
CNOXHOCTb KOHCTPYMPOBAHMS U HACTPOMKM PaMOCUCTEM MM-aua-
na3oHa CKpbITa OT TOrO, KTO MPUMEHSIET Taknue MOAY/N Kak yXe roTo-
Bble KOMMOHEHTLI. [1prYeM Takue MHTErPUPOBAHHbIE @HTEHHO-TPaH-
CMBEPHBIE MOAYNM MO3BONAIOT CO3MABATb CUCTEMbI C MHOMO/Ty4EBbI-
MV NEPecTpavBaEMbIMIA avarpaMMami HanpaeieHHOCTW (Smart-aH-
TeHHbl). IMpn 3TOM BO3MOXHbI ABA MOAX0AA — AHTEHHas cucTema ¢
NepekIoYEHNEM Jyyeil (MaCCUB HANpPaB/EHHbIX aHTEHH) M aHTEHHas
CUCTEMA C CMHTE30M AmarpaMMbl HanpaBEHHOCTW (aAanTUBHbIE).
BTopoit metop, 6onee addpekTBEH, NOCKOMbKY NO3BONSET HOPMM-
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1. MpUMeHeHNe 04eHb BbICOKMX YacTOT NMO3BOSIET MONYYUTH OC-
TPOHANPaB/IEHHOE M3MYYeHWe, YTO UMeEeT OOMblloe 3HAYeHMe
He TOMbKO A1 Pajmookaluu, HO 1 19 paanocesian, B YacT-
HOCTU NPX NMOCTPOEHWM PAAUOPENENHBIX JIMHMIA.
2. B nmanasoHe KOpOTKMX BOSH AENAIOTCA HEOLLYTUMBIMM aT-
MOCd)eprIe 1 MHOrMe B1abl NPOMbILIEHHBIX MOMEX.
3. Yem BbllLE YacTOTa, TEM MEHbLLE AAeT cebs 3HaTb "TECHO-
Ta B 3QuMpe", T.e. TeM DONbLLEE YNUCIO CTaHLIMI MOXET paboTaTh
6€3 B3aMMHbIX MOMEX.
4. bonbluniA "NPocTop” NO3BONSIET NPUMEHNUTH MOMEXOYCTOAYM-
Bbl€ LUMPOKOMOSOCHBIE CUCTEMbI MOLYNSILIAN.
5. Yem 6osblLiie CKOPOCTb NEpeaay, Tem 6onblie JoMKHA ObiTh
4acToTa, HAa KOTOPOM OHA BEAETCS...

AnexcaHap AnexcaHaposuy Xapkesuny, 1962 roa [9].

poBarb "Hynu" B AvArpamMme HanpaBNEHHOCTH, UCKKOYAoLLME He-
HYXHYIO MHTEPhEPEHLMIO OT "NapasuTHbIX" NnepeaaryukoB, OfHa-
Ko 60nee CNOoXeH B annapaTHoii peanu3aumi. ADAMTUBHBIE AHTEHHBI
MOryT ObITb KaK C aHanoroBbIM (pasoBpalaTenit — CUCTEMbI Bpe-
MEHHOIN 33JEePXKM), TaK U C LdPOBLIM YNpasneHreM. B kaxaom u3
9TUX HANPAB/EHWIA Y)Xe NOMy4YeHbl MPAKTUYECKVE PE3YNbTaThI.

Bce 310 N03BONSIET FOBOPMTH O CKOPOM MOSIBAIEHNW HOBOIO KJ1aCc-
Ca 3N1eMEHTHOI 6a3bl ANEKTPOHMKY, COOTBETCTBEHHO — O MPUHLMMN-
Q/TbHO HOBBIX NOTPEOUTENBCKNX YCTPOCTBAX W CUCTEMAX.

HakoHeL, OTMETUM, YTO ANIEKTPOMArHUTHOE M3NyyYeHne B ava-
nasoHe 60 [T, oTHOCUTENbHO GE3BPEOHO, MOCKONbKY HE MPOHMKa-
€T MybXe BHELUHMX KOXHbIX MOKPOBOB (MOMMOLIAETCS BOLOIA). Tem
He MeHee, cywecTsyiolme Hopmbl FCC (Rule 1.1310) orpaHmumBa-
10T MOBEPXHOCTHYIO MNOTHOCTb MOLLHOCTW M3NY4EHUsT HA YPOBHE
1 MBT/cM? Npu cpeaHeil akerosuumm cabitie 30 MuHyT 1 5 MBT/cM?
— NPV CPEAHEN 3KCMO3NLMN CBILLE 6 MUHYT.

CTAHJAPTU3ALINS

HecmoTpst Ha O4eBMAHbIE AOCTOMHCTBA, PA3BUTMIO TEXHOMOMMI
CBA3N B MM-[ManasoHe NpengaTcTBoBas0 OTCYTCTBUE COOTBETC-
TBYIOLLEN 9nemMeHTHON 6a3bl. Ho cerogHs atv npobnemsi B npu-
HUMNe pelleHbl, fgaxe Ha ypoHe KMOIT npoaemMoHCTPUPOBaHbI
00pa3Lpl oaHoKpUcTanbHbix 60- n 77-Ti, (ouanas3oH ons aeTo-
MOOWbHBIX PaaapoB) TPAHCKUBEPOB CO BCTPOEHHBIMI AHTEHHBIMM
MacCcuBamm, CEpPUIHO MPOU3BOANATCS OTAESbHBIE 3NEMEHTHI TPAH-
CVBEPOB MM-[uManasoHa — Manowymsiume yeunurenu (MLUY) ang
NPUEMHUKOB, yeunuTenu MolHocTy (YM) nepeparyunkos, cMecu-
TENU, MOAYNSTOPbI U T.N. YPOBEHb PA3BUTUSI TEXHONOTWIA LMPPO-
BbIX MIC BNonHe O0CTATONEH At CO3AaHMS HeOOXOAMMBIX BbICO-
kockopoCTHbIX LIAT/ALLM, BbICOKONPOM3BOAMTESNbHBIX CrieLmani-
3MPOBAHHBIX TENEKOMMYHMKALMOHHBIX npoueccopos (baseband-
npoueccopbl), OFDM-npoueccopoB 1 T.n. Pa3sutue noayuuam
TEXHOMNOTMM LUIMPOKOMNONOCHBLIX CBY-aHTEHH, BK/OYas NiaHapHble
QHTEHHBI, YMAN-AHTEHHDI (M @HTEHHbIE PELLETKM), aHTEHHbI Ha OC-
HOBE MeTamarepmasios 1 T.n. Ho 3T0 CeroaHs.
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PeanbHble e paboTbl N0 0CBOEHMIO avanasoHa 60 ITi, crapTo-
Banm B koHue 1990-x romos. B CLLIA ®epepanbHas kommucens Ces-
3 (FCC) 1 Beaywume NpoMbILLEHHbIE KOMMaHKKM B Havane 1996 rona
co3panm uccneposarensekyio rpynny Millimeter Wave Working Group
(MMWWG) onst BbIpabOoTKM eauHbIX NPaBUn MCNOMb30BaHs avana-
30Ha 57—64 [Tu. B Hee Bowwm npeacrasuteny komnaHuin Hewlett-
Packard (nmpep rpynnel), Apple, Hughes, Metricom, Motorola,
Rockwell n Sun Microsystems. Yxe B aekabpe 1996 roga rpynna
MMWWG ony6nukoBana CBOVA OTYET, B KOTOPOM OblN OTPaXKeHbI Ta-
kue TpebOBaHMs, Kak OrpaHU4YeHUe M KOBOA MOLLIHOCTU M3MYy4YeHUS,
JMMUTBI MOLLIHOCTU, TPEDOBaHWSI HA MAEHTMUKALMIO NepeaaTun-
koB. Takxe Oblna nokasaHa HeOOXOMMOCTb HaMYMA "KaHana Koop-
JVHaLWKM Nepesaryykos” 1 MOCTYIMPOBaH NMPUHLMN “CryluaTh npe-
X[ 4eM nepeaaBatb’ NPy COBMECTHOI paboTe B €AvHOM IManaso-
He. Bce atn pexomeHpaumm Obinm ono6perbl FCC B 1998 roay, ava-
nasoH 59—64 ITii, 6bin 00bLsBNEH GE3NMLIEH3MOHHBIM U CBOOOAHBIM
An9 pa3paboTki HOBbIX MPOYKTOB ¥ YCyT. Heckonbko no3aHee ava-
na3oH Obin paciumpeH a0 57—64 T, npasuna pabotbl B HeM cdop-
MynpoBaHbl B AokymeHTe FCC Rules Part 15.255.

Kak To/IbkO TEXHONOrMYECKkMe NepPCrnekTUBLl N TEXHONOMMYEC-
Kre BO3MOXHOCTM OCBOeHWa amana3oHa 60 Tu, cranm oyesuma-
HbIMK, @ mpon3owwno 310 npumepHo B 2005—2006 ropax, Hauan-
€S MpoUecC CTaHmapTM3aumn 1 GOpPMMPOBAHNS MEXAyHAPOA-
HbIX MPOMBILLIEHHBIX aNbSHCOB. M3Ha4anbHO peyb La 0 Nepco-
HasbHbIX CETSIX, MPUYEM Npex[ie BCero — 0 6ecrnpoBOHOM aHa-
nore uHTepdeiica HDMI. B mapte 2005 roga 6eina chopmmpo-
BaHa Lienesas rpynna 3¢ (TG3c) kommteta IEEE 802.15, pabora-
I0LLEro B 00M1aCTy CTaHAAPTMU3ALMM NEPCOHANBHBIX CETEN (3TOMY
MpeALecTBOBaNa ABYXNETHAS paboTa no U3y4YeHnio npobnembl).
Yepes ron, 06pa3oBancs TECHO COTPYAHUYAIOLLMIA C 3TOI rpynnoit
npoMbILLAeHHBIN anbsHe WirelessHD. B Hero Bowv Takve Beay-
Lme npomssoauTeny ObITOBOI ANEKTPOHMKK, kak LG Electronics,
Matsushita Electric (Panasonic), NEC, Samsung, Sony n Toshiba,
a Takxe amepukaHckas komnaHus SiBeam — fabless-npousgo-
OVTENb 3NEMEHTHON 6a3bl. [103AHEE K HUM MPUCOEAMHUACS PSA
ApYrux KomnaHuia, B Tom uncne Intel, Broadcom u Philips. Cne-
undukaums WirelessHD nosisunack B sHBape 2008 roaa, yTeepx-
JieHa KaK MPOMBbILLNEHHBIA CTaHaApT — B ceHTabpe 2009 ropa.
Ona ocHoBbiBanach Ha paborax rpynnsl TG3c IEEE. Cama cne-
undukauus, pononHenme IEEE 802.15.3¢c Millimeter-wave-based
Alternative Physical Layer Extension [3] k cTaHaapTy nepcoHasib-
Hbix ceteit IEEE 802.15.3 [4, 5], Obina opobpeHa B ceHTa0pe w
onybnukosaHa 12 okts6ps 2009 roaa.

OnHospemenHo B EBpone B aexabpe 2008 roga Obin NpuHAT
cTaHpapT EBponeiickoii accoLmaumm no CTaHaapTm3aLmm Hpopma-
LIMOHHBIX 1 KOMMYHUKAUMOHHBIX cuctem (ECMA) — ECMA-387 High
Rate 60 GHz PHY, MAC and HDMI PAL. 15 Hosibpst 2009 roaa oH Obin
onybnukoeaH kak ctaHaapT ISO/IEC 13156 [6]. CtaHpapt 3ToT Takxe
OPVEHTUPOBAH HA NEPCOHANbHBIE CETU. B ero co3maHum y4acTeoBa-
m Takue ¢upMbl, kak Panasonic, Phillips, IBM, Ericsson, Newlans u
GEDC (Georgia Electronic Design Center).




Ta6bnuuya 3. Cranpaprel cucrem nepeaayn gauusbix B 60-ITy guanasone

Cranpapt

MakcumanbHas CKOpOCTb

(opranu3zaums) Craryc nepeaauun faHHbix, F6ut/c REMBCI
ECMA-387 Bepcus 1 npisiTa B ziekabpe 2008 1 6,35/4,032 [MepcoHanbHas cetb BblEOKOCKOpOCTHOVI nepenayu .[l,aHHbI)f KaK [l NOTOKOB
(IS)/IEC 13156) [DaHHbIX PA3/IMYHON NPUPOABI, BKIKOYAs MyNLTUMELNIAHBIE NOTOKM
Bepcus 1.0 3aBeplueHa B fiexkabpe TG — CeTb A5 Nepefiady HeCXaTbiX NOTOKOB ayaMo/BUaE0
P 2008 r., npencrasneHa Bepcus 1.1 = =pkaeeL 1) 1 IPYr1X MySILTUMEIVIAHBIX MOTOKOB
Cneumdukaums BbICOKOCKOPOCTHOI NEPCOHANBHOI CETU Mepeaym aHHbIX.
IEEE 802.15.3c 3aBeplueH B okTs6pe 2009 T. >5 Dokyc — Ha MPUIOXEHMSX TUNa “Touka-Touka". COBMECTUMOCTb
co cneumndukaumein WirelessHD
JIBC B avianasoxe 60 ITiL.
e v st 2 a BbiCTpbIii 06MEH Ha CECCHOHHOM YPOBHE Mexly ayanasoHamu 60 u 2,4 /5 ITiy
Wireless Gigabit Alliance mobanbHas 6ecnpoBoHas SKOCUCTEMA [ B3aUMOEICTBUS
(WiGig) Sapepuier 8 pexaGpe 2009 - > BbICOKOMPOM3BOANTENbHBIX YCTPONCTB. CoBmecTuma ¢ 802.11ad

B 2009 rony opraH13oBanach Lienesas rpynna, pabotarolLas Hap,
craHpaptoM |EEE 802.11ad, noCBALLEHHBIM Y>e IoKaslbHbIM 6eCrpo-
BOAHbIM CeTam B avanasoHe 60 [T, OgHoBpemenHo, 7 Mas 2009
roma, Cnoxuncs npoMbiLneHHbIn anbsHe Wireless Gigabit Alliance,
Ky[a W3Ha4asIbHO BOLLUM Takue komraHuu, kak Atheros, Broadcom,
Dell, Intel, LG Electronics, Marvell, Microsoft, NEC, Nokia, Panasonic,
Samsung Electronics 1 p. Mo3aHee K HUM NPUCOeaMHUNCS psia, Apy-
rmx komnaHuii: NXP, Realtek, STMicroelectronics, Tensorcom, Cisco,
Texas Instruments n ap. Paspabotka cneundukaumm Wireless Gigabit
Alliance 6bina 3aBepiueHa B aexabpe 2009 ropa, B mae 2010 oHa
Obina onyonMKoBaHa W JOCTYMHA 191 YIEHOB afbsIHCA.

HakoHeL,, oTMeTMM TaK Ha3blBaeMblii E-guanason — 71-76,
81-86 1 92—95 ITu. B otnnume ot 60-TL, anana3oHa, OH nexut
B "OKHe npo3payHocTU” (CM. puc.1), 4To Oenaer ero npuemne-
MbIM 151 BLICOKOCKOPOCTHOM Nepeaayn AaHHbIX Ha paccTosaHUS B
€IVHNLbI KMNOMETPOB. ToCKONbKY rabapuTbl aHTEHHBIX CUCTEM B
3TOM AMana3oHe MOryT ObITb CYLLLECTBEHHO CHUXEHBI, IOCTUraeT-
€S BbICOKAsi HANPaBNEHHOCTb Nepeaayn. McTopus MaccoBoro oc-
BoeHus E-pnanasoHa Havanack B 2003—2005 ropax, korma Qe-
nepanbHas komuceus cessu CLUA onpenennna npasuna ncnosb-
30BaHUS 3TUX AMANa30HOB [/ BbICOKOCKOPOCTHON (UKCUPOBAH-
HOA nepefayn AaHHblx [7]. C TeX Mop OH aKTUBHO Pa3BMBAETCS.
Benylupe npon3soanTen TenekoMMyHUKaLMOHHOTO 060pynoBa-
Hus — Nokia Siemens Networks, Proxim, E-Band Communications
Corporation (EBCC), Siklu n psig Apyrux akTMBHO BKJIOYUAMCh B
MPOM3BOACTBO CMCTEM CBS3W B STOM AMana3oHe. B 0CHOBHOM
peyb MAET O CBA3M "TOYKA-TOUKA", M OCHOBHBIMM MOTPEOUTENSIMN
BbICTYNAOT ONEpaTophbl LIMPOKOMONOCHON OECnpOBOAHOI CBA3M
(cotoBoit, WIMAX) ans opraHu3auuy onopHoi cetu. Takoe 060-
PYOOBAHME YXe MPOM3BOAMUTCS CEPUIHO, ero HOMEHKaTypa W
YNCNO NPON3BOAMTENEN HEM3MEHHO PACTYT.

MomMUMO MacCoBbIX KOMMEPHECKMX NPOEKTOB (Tabn.3), LLMpoKoe
pasBu1TME NOMYYUNM PaboThl MO CrieLMabHBIM CETAM (CUCTEMbI Tak-
TUYECKON CBSI3M YPOBHs B3BOAa, NpoekThl Tuna ZODIAC, MAGNET u
T.1.), 3aBepLLatcs paboTbl No KorHuTVBHEIM MANET-ceTam (BeposiT-
HO, C BO3MOXHOCTBIO0 MHAMUYECKON PETPAHCSILAN) 1 T.N.

OueHb KpaTko PacCMOTPUM OCHOBHbIE OCOOEHHOCTW yXe Oryo-
JMKOBAHHBIX W [IOCTYMHbIX CrieLmduKaLmiA.

L

CTAHIAPT IEEE 802.15.3¢

IEEE 802.15.3¢ — 3710 A0MONHEHME K CTAHAAPTY NEPCOHAbHBIX BbICO-
KOCKOPOCTHbIX ceTeli 802.15.3. MocneaHuii yxe on1caH BO MHOXEC-
TBE pabor, B YaCTHOCTH, B [5, 8]. [03TOMY OTMETUM JLLIb OCHOBHbIE
HOBOBBEIEHUS! 11 OTAIN4MS IOMOSHEHMS 3C, ONMCHIBAIOLLLETO paboTy B
Jvanasone 60 [T,

IEEE 802.15.3¢-2009 cneumduumpyet nepenady AaHHbIX Ha CKO-
pocTax 1o 5 Mout/c. B cTaHmapt nobaeneHa BO3MOXHOCTb paboThl B
pexume GopMmUpoBaHUa auarpammbl HanpasnenHocTy ([H) nepe-
nparumnka (beamforming). Ha MAC-ypoBHE nosiBiniach Onuys arpera-
LM Pa3NMYHBIX BXOASLLMX AaHHBIX B €AMHbIE MAKETbI 1S MOBbILLE-

MAPA®OH

(495) 988 -2726; (495) 939-1324
WWW.MARATHON.RU

MpoekTupoBaHMe NPOMbILLIIEHHbIX CUCTEM
c npumeHeHneem CAN/CANopen

CAN-bus-PC104

\

' CAN-bus-PCle

CAN-bus-MicroPC

CAN-bus-USB CANopen I/O

Pa3paboTka 1 cepuiiHoe Npov3BOACTBO
komMmnoHeHToB u O ansa cetenn CAN/CANopen/J1939 ‘

E-mail:"Plat@marathon”ru
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Cynepkagp m-1 Cynepkagp m | Cynepxagp m+1 |

Ynpasasiowuit MuTepsan KanansHbie nurepsans (CTA)

30ronosok  |KOHKYPEHTHOro

CTA1|CTA2|CTA3[CTA 4| +««|CTAN-1|CTAN

(6ukon) pgoctyna

Puc.4. Crpykrypa cynepkanpos MAC-ypoBhs cranpapra 802.15.3

Cynepkagp m—1 Cynepkagp m Cynepkagp m+1 ‘

BukoH “HanpasneHHoro”
pexuma

MHTepBan KoHky-
PEHTHOrO AOCTYNA

KananbHsle
MHETPBAsbI

ANa HanpasneHuna

#1
Bukon kaapos
Ans HanpasneHns

BukoH kaagpos
#m
Cy6untepsan
HAYANLHOTO
3anpoca
PerynsipHbii
cybuHTEpBAn
Perynsprbiit
uHTEPBAN
MCTA 1
MCTA 2

CTA 1
CTAn-1
CTAn

Hanpaenenune #1
Hanpaenenue #1
Hanpaenenne #1
Hanpaenenue #1

avHatopom cetn (PNC — piconet coordinator). ObmeH peannayetcs
MOCNEN0BATENBHOCTBIO CyNEPKaapoB (prc.4), KaXmaplii U3 KOTOPbIX
BK/IKOYAET YNPaBNSIOLLMIA 3arooBOK (BMKOH), MHTEPBAbI KOHKYPEH-
THOrO AOCTYMA M HA3HAYeHHbIE YCTPOCTBAM BPEMEHHbIE UHTEPBA-
nbl Ang npuemMa/nepeaaqn. Mpy 3Tom B "MatepuHCKOM™ CTaHaapTe
MOLPAa3yMEBANIOCh, YTO UCTONL3YETCH BCEHANPABIIEHHas nepenaya.
B cranpapre 802.15.3¢C MOryT MPUMEHSITLCS HANPaB/IEHHbIE AHTEH-
HblE CUCTEMBI, T.e. IOMYCTUM MEXaHW3M NPOCTPAHCTBEHHOTO pasae-
NEHVst cpefbl nepenayn. 3TOT PeXMM B CTaHOAPTE MMEHYETCS Kak
"KBa3uBCeHanpaseHHbIiA” (quasi-omni mode). Mpy 3TOM HECKOMBKO
U3MEHSIETCS CTPYKTYpa CynepKkazpoB (prc.5) — A5 OTAENbHbIX Ha-
MPaBneHNin hOPMUPYIOTCS OTAENbHbIE BUKOHBI 1 MHTEPBASTbI KOHKY-
PEHTHOrO A0CTYNA.

YyTb nompobHee 0CTaHOBMMCS Ha OCODEHHOCTSIX (U3NHECKOro
ypoBHs cTaHaapta 802.15.3¢. Tpu pexurma 3Toro YpoBH] NPeaHa3Ha-
YeHbl [ Pas3NMYHbIX CLEHAPUEB PaboTbl MMKOCETU. [Ing BCEX 3THX
PEXMMOB AOCTYNHbIV AnanasoH 57—66 [Ti, pa3busaeTcs Ha YeTbipe
KaHaa ¢ YCnoBHOM LwmpuHoi 2160 MIL kaxabiid. LieHTpanbHble He-
cywme kaHanos — 58,32; 60,48; 62,64 v 64,80 'L (puc.6).

Puc.5. Crpykrypa cynepkaapoB B KBA3MBCEHANPABAEHHOM PEXHME CTAH-
napra 802.15.3¢

HUst 3PHEKTUBHOCTY CUCTEMBI CBSA3W. [TPeayCMOTPEHO 1 NOATBEPX-
JEHIE MPOXOXAEHNS OTAENbHBIX CyONakeToB B pamkax 00LLEro nake-
Ta [1/19 CHXKEHMS U3EePXeEK Mpu MOBTOPHOIA Nepenavge.

Ha ¢u3nyeckom ypoBHe OMMCaHo TPK pexmma padoTbi;

e pexuM nepeaadn Ha oaHon Hecywed (SC), onTMM3MPOBAHHBIN
AN MAHUMW3ALMM SHEPronoTPeOIeHNs U CIOXHOCTU CUCTEM;

e DEXMM BbICOKOCKOPOCTHOrO uHTepdeiica (HSI — high-speed
interface), NpeaHasHa4YeHHOro 1S [BYHAMpaB/IEHHON CBS3N C
MVHUMAUTEHBIMA 331EPXKAMU;

e ayamo/suaeo-pexuM (AV) Ang TPaHCAsSLUMM MOTOKOB HECXKATbIX
JaHHbIX BUAEO- 1 ayayo- BbICOKOrO PaspeLLeHusI.

Kpowme TOro, npemycMoTpeHa eauHas Ans BCEX 9TMX PEXMMOB
CMCTEMA CUrHaM3aLwK, NO3BONSIOLLAs YCTPOWCTBAM B pamKax eau-
HOWA ceT paboTarb B PasfniHbIX PEXUMAX.

Mbl He Gynem onuChIBaTb CTPYKTYPY CETW, apecys YnTatens K
ucToyHukam [4, 5, 8]. HanomHum Tomnbko, yto cetb 802.15.3 (nmko-
CETb, CETb C [ANbHOCTLIO CBSI3N He Gonee 10 M) obecneunBaet pa-

2,2 -1,6 -1,1 =0,94 0 +0,94 +1,1 +1,6 +2,2 (f-f) Ty

Q Q
A A
00
0 1 10 11 01
- ] ® > - @ O @ >
-1 0 1
v
OOK DAMI
a) 6)

Puc.7. Curnansbubie cozeesgua npu moaynauuu OOK (a) u DAMI (6

Pexxum c ogHoi Hecylueli (SC), kak v cnemyeT 13 Ha3BaHus,
MoApPasyMEBAET MOLYNALMIO OHON HeCyLlen Ha KaHan. [lpu atom
BO3MOXHO TPU KJlacCa CUrHasIbHO-KOAOBbIX KOHCTPYKUMIA. Knacc 1
MpeaHasHayeH A9 MaIOMOLLHBIX JELIEBbIX MOOWbHBIX YCTPONCTB
CO CKOPOCTBIO Nepeaadn AaHHbIX a0 1,5 Mour/c. Knacc 2 npeaycmar-
pvBaeT ckopocTtu 10 3 Mout/c, knacc 3 — mo Gonee yem 5 [ouT/c.

B pexume SC noaaepXmBaloTcst pasivuHble CxeMbl KBapaTyp-
Hoii momynaumm: BPSK, QPSK, 8-PSK 1 16-QAM (tabn.4), npuyem
CUrHasbHble CO3BE3AMS B HMX MOBEPHYTHI MPOTUB YAaCOBOW CTpen-
k1 Ha 7/2. Mcnonb3ytoTes Ba anroputMa 3aluMTHOTO KOAMPOBaHMS
(FEC) — 6nokosble koabl Pupa-ConomoHa (RS) 1 HU3KONNOTHOCTHbIE
OnoKoBbIE KOkl C MPOBEPKOIA Ha YeTHOCTL (LDPC). Kombl RS(255,239)
1 RS(33,17)" — obsisatenbHble. Kpome Toro, CTaHaapT npefycMarpy-
BaET [1BE AONOHUTENbHbIE CxeMbl Moaynsumn — OOK (BknoueHne —
Bbik/toueHrne) u DAMI (dual alternate mark inversion) (puc.7). OOK
MpeacTaBnseT co00i camylo MPOCTYIO CXeMY MOAYNSLMM (Haume
curHana Hecyweii — 1, otcytcteue — 0). Tem He MeHee, 3Ta cxema
MO3BOISIET CTPOUTD JELLIEBbIE MANONOTPEONsIOLLIME YCTPOIACTBA, He-

Puc.6. CnexrpanbHag macka KaHana npu nepepayve B cranpapre 802.15.3c¢

* B ckobkax ykasbiBAETCS ANMHA KOAOBOTO CNOBA (KOAMPOBAHHOTO 610~
KQ) M UCXOAHOTO CNOBA NEPe KOAUPOBAHUEM.

ONEKTPOHWUKA: Hayka, TexHonorus, busnec 3/2010
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Ta6nuua 4. Mapamerpor pexuma SC

CkopocTb Nnepenayu
AaHHbIX, MouT/C Koad-
¢uument  Tun kopupo-
06e3 nu- npu AinHe LV pacilum- BaHus FEC
JIOTHOTO NUNOTHOTO penns
cnoea cnosa 64
25,8 (CMS) - 64
412 361 /2 BPSK/ 4
RS(255,239
825 722 (GIMSKa 2 ( )
1 1650 (MPR) 1440 1
n/2 BPSK/
1320 1160 (GIMSK 1 LDPC(672,504)
440 385 /2 BPSK/ 2
LDPC(672,336
880 70 (GIMSK 1 ( )
1760 1540 n/2 QPSK 1 LDPC(672,336)
2640 2310 n/2 QPSK 1 LDPC(672,504)
2 3080 2700 n/2 QPSK 1 LDPC(672,588)
3290 2870 n/2 QPSK 1 LDPC(1440,1344)
3300 2890 n/2 QPSK 1 RS(255,239)
3960 3470 /2 8-PSK 1 LDPC(672,504)
3
5280 4620 7/2 16-QAM 1 LDPC(672,504)

Ta6nuua 5. Napamerpsi pexxuma SC Ang ONUHOHANBHBIX CXEM
mopynsuuu 00K u DAMI

Moppepxka CkopocTb nepe- Koapdpuum-
dyHKUMM PeXxum  paym faHHbIX, Moaynsuus €HT paclum-
PNC M6ut/c penus

/2 BPSK/
25,8 (CMS) (GMSK 64
00K 818 2
00K
Ja 1640 1
2 BPSK/
25,8 (CMS m/ 64
DAMI ( ) (G)MSK
3270 DAMI 1
818 2
00K 00K
Her 1640 1
DAMI 3270 DAMI 1

3amMeHuMble ans psaa npunoxednit. Momynaums DAMI no oTHoLwe-
HUIO K paaMOCHrHaUty — 3T0 BapUaHT MOAYNSiLIM Of1HO GOKOBOA Mo-
nocbl (SSB). OauH cmBon 3Toi MoaynaLm, kak 1 B cyyae ¢ OOK,
HECET 0AMH MHGOPMALIMOHHBI OUT. TeM He MeHee, CKOPOCTM nepe-
Ja4v npy 3TOM MOryT npesbitath 1,5 u 3 Fout/c ana OOK 1 DAMI,
COOTBETCTBEHHO (Tabn.5).

CvrHanbHo-kooBble CxeMbl pexuma SC ¢ HavMMeHbLLed Cko-
POCTBIO MCTIONL3YIOTCS U B pexume OOLLEA CUCTEMbI CUTHaNM3a-
wm (CMS — Common mode signaling) (cm. Tabn.4 u 5). Pexum CMS
NpeaHa3HayeH A1s TPaHCHALMM KapOB YNPaBNEHNS U CUHXPOHM3a-
LIV,  TaKxXe KOMaHAHbIX K[IPOB W TPEHMPOBOYHBIX (MOACTPOEYHbIX)
MnocrneaoBaTeNsHOCTeN B pexuMe ¢ GopmmuposaHiem [H.

B pexume SC naHHble nepenaiotcsi B Biae KampoB ¢uanyec-
Koro ypoBHsi. Kaap cocTouT 13 npeambysibl, 3aroNoBka 1 nonst aaH-

b

Hbix. Mpeambyna npencTasnser n3 cebs Habop W3BECTHLIX MOCE-
[0BATeNbHOCTEN UM MpeAHa3HayeHa IS CUCTEM aBTOMATUYECKON
PErYNMPOBKM YCWIEHMS, BbiOOpa HanpasneHus [IH, OLeHKM vacTo-
THOTO M BPEMEHHOMO CBUra, CUHXPOHM3ALMM KAfPOB, OLIEHKN Ka-
YecTBa kaHana 1 T.N. B 3aronoske npuBOAMTCS OCHOBHAs MHGOP-
Mauus o cnocobe 06paboTKM AaHHBIX — VHULMMPYIOLLAS MOCNEeao-
BATENbHOCTb 419 CKPEMONMPOBAHNS, NPM3HAK arperaunm, npusHa-
KM KOOMPOBAHWS, HOMEP CUTHANIbHO-KOLOBOM KOHCTPYKLMK, AJiHA
Kazpa, TN npeambyibl B CrieayloLeM kaape, Haimume noacTpoey-
HOIA NOCNIenoBaTeNbHOCTM A1 dopMupoBakmus [IH, aivHa nunoTHo-
ro CoBa U Ap.

Mone paHHbIX B kagpe GOPMUPYETCS NOCPEACTBOM [0CTATO4HO
CTaHOAPTHbIX mpouedyp (puc.8). BaxHasd 0COOEHHOCTb — KaKAblid
On10K KOAMPOBAHHBIX JaHHbIX pasbmBaeTca Ha 64 cybbnoka. B kax-
Oblii cy600K MOXeT ObITb 106ABNEHO Tak HA3bIBAEMOE MUIOTHOE
CTNOBO — MOCNEN0BATENLHOCTb [0nes /mHOM 64 unm 8 6uT, pasnny-
Has 191 YETHBIX 1 HEYETHbIX GJI0KOB. [TMOTHBIE CNIOBA UCMOMB3YHOT-
Cs1 U151 KOMMEHCALWM BPEMEHHOTO W YacTOTHOMO casura. OHn aHa-
JIOMUYHBI LMKITMYECKUM NpedurKcam.

B kaap mMoxet ObiTb A00aBNEHA 1 CrieuMaibHas MUI0THAs Moc-
NeA0BATENbHOCTb, NPEAHA3HAYEHHas S NEPUOSMYECKON OLIEHKM
kaJyecTea kaHasa.

Pexum BbicokockopocTHoro uutepdeiica HSI nc-
nonb3yeT METOL MOAYNsUUM NOCPESCTBOM OPTOrOHAMbHbIX

DITEFKO. PA3PAEOTKA W NPOM3BOACTBO
u JNEKTPOSIMTUYECKUX KOHAEHCATOPOB O
Cucrtema MeHepXXMeHTa kayecTBa cooTBercTByeT ISO 9001

KOHOEHCATOPBI

K5 0IISAKS 0L 74KS 022 78K 505373 K502747K5027.6%
K50:77) K5028/1MK 50283} K502857
K50:87%

K52 MK 5221IMAKS5220/B3K52:20/6 MAK 52 90K52 2111 K5 221173
K5221187K5221191K52:2 01K 523211]

OKCMAHO-NONYNPOBOAHNKOBbIETAaHTaNOBbIE

K53Z1ANK 53274 K53:66%K 5326 51 (unn) K536 8](unn)JK53:72{(umn))

427968, YamypTtckasa Pecnybnuka, r. Capanyn, yn. KanuHuHa, o. 3.
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Puc.8. MocnepoearenbHoctb npoueayp GopmupoBanns nons AaxHbIX B kaape B pexume SC crangapra 802.15.3¢

Ta6bnuua 6. CkopocTb nepefayy AAHHLIX
ans pdSnH'IHbIX CUTHANbHO-KOA0BbIX KOHCTp!KuHﬁ B pe)xume HS|

mnagwux 8 6UT U HepaBHOMEPHOrO. [PUMEHSIOTCS HU3KOM-
NOTHOCTHbIE KOAbI C MPOBEPKOI Ha 4eTHOCTb LDPC(672,336),
LDPC(672,504), LDPC(672,420) n LDPC(672,588), obecneun-
BatoLWme ckopoctu koamposawusa 1/2, 3/4, 5/8 n 7/8, coor-
BETCTBEHHO.

Cxema ¢popmupoBaHus OFDM-kapoB COBEpLUEHHO CTaHOapT-

Ha — HAKaKoro p336VIeHVIﬂ Ha CY66HOKI/I HE npeaycMOTPEHO, iIdHHbIE

nocJne 3alMTHOro KognMpoBaHua NnoasepratoTca nepemexeHuio, pas-

BMBAIOTCS HA IPYMMbl, COOTBETCTBYIOLLVME KBAAPATYPHBIM MOLYNALW-

OHHbIM CMMBOJ1aM, NMpu HeobXoaMMmoCTn — YMHOXaOTCA Ha pacLun-

pdoLLme nocnenoBaresibHoCTH, pacnpenenatoTca no nogHeCyLmmMm,

panee nytem obpatHoro ®ypbe-npeobpasosaHis GOpMUPYETCS

OFDM-cumeon. Tak xe, kak 1 B pexume SC, K kaapy MOXET ObiTb

no0aBneHa NUNOTHast NOCNeA0BATENbHOCTb.

TexHonorus OFDM ucronb3yetcsi, 4Tobbl 06eCneynTb YBEPEH-

HblA NpUeM CurHasia B YCNI0BUSX, KOraa MEXay nepeaarimkomM n npu-

Ckopoctb FEC
Clopors 8 Tunwommm ST o g

8 our 8 our
321 QPSK 48 1/2
1540 QPSK 1 1/2
2310 QPSK 1 3/4
2695 QPSK 1 7/8
3080 16-QAM 1 1/2
4620 16-QAM 1 3/4
5390 16-QAM 1 78
5775 64-QAM 1 58

1925 QPSK 1 1/2 3/4

2503 QPSK 1 3/4 78

3850 16-QAM 1 1/2 3/4

5005 16-QAM 1 3/4 78

€MHVKOM HET NPSIMOiA BAZMMOCTH, NPW NEpeoTpaxeHusX.

Hecywmx OFDM. Ucnonbsyetcs 512 HOMUHANbHLIX NOAHECY-
wux, u3 Hux 336 — MHPOPMALMOHHLIX 1 16 — NUAOTHBIX. Yac-
tota OFDM-cumBonos ~4,583 M, pnutensHocts OFDM-
cumBona — 218,18 Hc, U3 HUX ANUTENbHOCTb 3aALUWUTHOTO MH-
TepBana — 24,24 Hc.

lMogHecywme MOAYAMPYIOTCS NOCPEACTBOM  PasfiNyHbIX
CUTHANBHO-KOMIOBLIX KOHCTPYKUMIA (Tabn.6). Wcnonbayetcs
kBagparypHaa mopynsumus o QPSK mo 64-QAM, nga pexu-
Ma 3aWMTHOrO0 KOAMPOBaHUS — OAMHAKOBOrO AJS CTapLIMX M

Ta6nuua 7. BoicokopocTHas nepepaya aanHbix B pexxume AV

Pexum ayauo/Bupeo AV Takxe ucronbayer meton OFDM.
OH npedycmaTtpuBaeT [pa pexuma nepegadn — BbICOKOCKOPOCT-
Hoii (HRP) u Hu3kockopocTHoi (LRP) (rabn.7 n 8). Cxema OFDM-mo-
aynaummn nono6Ha pexumy HSI (521 HOMUHANBHBIX MOAHECYLLMX, U3
HUX 336 MHDOPMALIMOHHBIX), XOTb M 00NAAAET PAAOM HE3HAYUTENb-
HbIX OT/IMYMIA.

Pexum AV yuuTbIBAET MPUHLMNMATBHYIO aCUMMETPUIO CUCTEM
nepeaaym Biaeo/ayamonaHHbIX B paMkax komHarbl, oduca u T.n. Co-
OTBETCTBEHHO, YCTPOICTBA B pexiumMe AV NoLAepXMBaOT OJHY 13 Ye-
ThIPEX BO3MOXHbIX KOHUIYpaLWiA:

HRRX: BbicokockopocTHOM HRP-npuem, HU3KOCKOPOCTHbIE
LRP-npvem n LRP-nepenava;

HRTX: HRP-nepepaya, LRP-npuem n LRP-nepenaua;

HRTR: HRP-npvem, HRP-nepenaya, LRP-npuem u LRP-nepe-

Aada;

HRO: LRP-npuem 1 LRP-nepemava.

Kaxpomy HRP-kaHany (B COOTBETCTBUM C OOLMM pa3ieneHu-

em 60-Ty, avanasoHa Ha kaHambl) COOTBETCTBYIOT Tpu LRP-kaHa-

na. ByacTotHOM nnaHe LeHTpanbHbie Yactotbl LRP-kaHanos pac-

CKopoCTb KOAUPOBAHMSA (T
Tun mopynsauumn
4 crapwmx 6uta 4 mnapgwmx 6uta Hbix, MGuT/c
QPSK 1/3 952
QPSK 2/3 1904
16-QAM 2/3 3807
QPSK 47 4/5 1904
16-QAM 4/7 4/5 3807
QPSK 1/3 = 952
QPSK 2/3 - 1904

nonoxeHbl co capurom -158,625; 0 n 156,625 MIL, oTHOCUTENb-

Ta6nuua 8. HuskockopoctHas nepepaya aanubix B pexume AV.
Mognynauus — Tonbko BPSK

HO LEeHTpanbHOM yacToTl HRP-kaHana. HomuHanbHas LumpuHa
LRP-kaHana — 98 MIii. OmHOBPEMEHHO B MIKOCETU MOXET MCMOMb-
30BarbCa TOMbKO 0auH HRP-kaHan 1 oguH LRP-kaHan.

B Hu3kockopocTHoM pexume npy OFDM-mogynsiuum ucronbay-
ercs 128 HOMUHANBHBIX NOAHECYLLMX, U3 HUX TONbKO 30 MHGOPMA-

LIMOHHBIX.

MprmeyarensHo, uto B pexume LRP cTaHgapt oroBapusaet npu-

Ckopoctb FEC CkopocTb AaHHbIX, MOuT/C MoBTOpeHue
1/3 25 8x
1/2 3,8 8x
2/3 51 8x
2/3 10,2 4x

MEHEHIE HanpaB/EHHbIX aHTEHHbIX CUCTEM KaK [/isl BCEHarnpage-
HOM, TaK 1 N1 HanpaBJieHHON nepepaym. MpeaycMoTpeHo 40 BOCh-
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MW NEepeKslioYaeMbIX HanpasneHuid nepenayn. B pexume BceHa-
npaBneHHoi nepemayn kaxapii OFDM-cuMBon nepeaaetcs 8 wm
4 pa3a, NoCc/IefoBaTesbHO M0 KaXA0MY BOSMOXHOMY aHTEHHOMY Ha-
npasneHnto. [laxe ecnu MUCMoNb3yeTcsl OOUH aHTEHHbIA ANEMEHT,
JlaHHble CYMBOJTbI MOBTOPSItOTCA 8 1K 4 pasa.

CNELMOUKALUS ANbIHCA WirelessHD
Creundumkaupms WirelessHD (Bepcus 1.0) Ha manyeckom ypoBHe
MPaKTUYECKM MONHOCTLIO COBNaaeT co craHaapTom 802.15.3¢c B pe-
xume AV. TouHee, oHa npocTo Bowwa B craHaapT 802.15.3c. Cnewuy-
dukaums WirelessHD opureHTVpoBaHa Ha co3iaHie 6ecrpoBOaHbIX
Buaeoceten (wireless video area network (WVAN). Ha MAC-ypos-
He aTa creundukaums 06naaaeT psaaoM 0COOEHHOCTEN, XOTb Npu-
HUMNUaNBHO 1 He otnmyaetcs ot 802.15.3c. OnHO M3 3HAYUMbIX OT-
NMYMIA — BCTPOEHHAs CUCTEMA 3aLLMTBI KOHTEHTA OT HECAHKLIYIOHM-
posaHHoro konmpoeaHus (DTCP). B mae 2009 roaa 66110 06bSIBNEHO
0 MosIBNEHUN HOBOM Bepcim cneumdmkaumn 1.1, OHa, B TOM Yuche,
JIoNxHa obecneynsath ckopocTu nepeaaum ao 10—28 Mout/c Ha pac-
crosHusx 10 10 M. BaxHO OTMETUTb, YTO MCMONb30BaHWE HANpaB-
NIEHHON Nepenaum, ¢ nepexsiodeHrem [H, B pexvmMe HU3KOCKOPOC-
THOVA TPAHC/ISILMKM — HEOTbEMJIEMAS! YACTb CrieLMpUKALMMA.
OneMeHTHyl0  6a3y, MOAJEPXMBAIOLYID  CrieLMbMKaLmIO
WirelessHD, npoussogut komnavus SiBeam (CLLA). 3ta komna-
Hus Obina ocHoBaHa B 2004 romy cneupanuctamu KanudopHuiic-

Koro yHuBepcuTeta B bepknu. SiBeam BbiCTynnia OfHUM U3 WHU-
LpaTopoB co3aaHms anbsiHca WirelessHD v no ¢yt OCHOBHBIM pas-
pabOoTuMKOM/NPOU3BOAMTENEM ANEMEHTHOI 6asbl. Yxe B 2008 rooy
KOMMaHM NpeAcTaBWia MEPBbIA YMMCET, PEAM3YIOLIMA creuy-
¢dukaumo WirelessHD 1.0. CeroaHs B noprdene koMnaHum — Tpu
KomriekTa uunceTos. [MepebiM Gbin komnnekT SBI120/SBI110 u
SB9121/SB9111 — napa UC ana pexwmos HRTX u HRTX (ang uc-
TOYHMKOB W MPUEMHMKOB BULEOCUTHANA), COOTBETCTBEHHO. B koMn-
next Bxomut UC tpaHcueepa (SBI110 nunm SBI111) n baseband-npo-
ueccop (SB9120 nim SBI121) (prc.9—11). MpumeyarensHo, uto B UC
TPaHCMBEPa BCTPOEHA 36-3N1EMEHTHAsH aHTEHHAs PeLLETKa, Mo3Bo-
NIAIOLLIAS PEANM30BbIBATL PUPMEHHYI0 TexHonoro Omnilink60 ans
JVHamm4eckoro dpopmmposanms [IH.

Cnenytoumin komnnekt MC — SB9220/SB9210 u SB9221/
SB9211 — He3HAUMTENBHO OT/IMYAETCH OT MPEMLIECTBEHHNKOB. Bo
BCTPOEHHOW aHTEHHOM peLueTke ucnonbayetcs 32 anemeHTa. B pe-
3ynbTate Mpu MOLLHOCTM nepenatumka Ao 10 abm akeuBaneHTHas
MOLLIHOCTb B aHTeHHe aocTturaet 40 abwm. MNprmMedatenbHo, YTo Huka-
kux BHeLLHUX CBY-anemeHToB min aHTeHH ang pabotsl 60-Ti umn-
cetoB SiBeam He Tpebyetcs. Pa3paboTumk CUCTEM He A0MKEH 3a-
HuMaTbcst CBY-mm3aitHoM, MCTONb3ys HOBYIO SNEMEHTHYHO 6a3y Kak
CTaHAAPTHBII MHTEPGEICHBIA MOAYTb.

Camoe npumeyatensHoe — kak baseband-npoueccop, Tak u
CBY-TpaHcuBep BbINONHEHbl MO kpemHueBoin KMOI-TexHonorun.

MEXAOYHAPOOHASA BbICTABKA U3MEPEHUI U TEXHONOIMMA
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CB93b U TENEKOMMYHUKALUHU

Komnanna SiBeam u3HayanbHO BblOpana Kypc Ha NMPUMEHEHe
37O/ CaMO MAacCOBOW M AELIEBON TEXHONOMWW, TaK Kak OPUEH-
TMPOBAaCb Ha MACCOBLIA PbIHOK NOTPEOUTENLCKON ANEKTPOHN-
Ku. MoCKONbKY YMNCeTbl NpeaHasHauYeHbl A5 NPUMEHEHUs B Nu-
KOCETSX, C MakCMMaslbHbIM OrpaHUYeHMeM MOLLHOCTM nepeaar-
yuka Ha yposHe 10 MBT, pa3paboTtunkam ynanocb 0bonTuch be3
ropasao bonee ooporux TEXHONOMMiA Ha ocHoe GaAs unm InP.

B mae 2010 ropa komnaHusi 0bbsiBrna o Buinycke MIC HoBo-
ro, ABYXpeXumHoro TpaHcueepa SB8110, noppepxuBarowlero
Tpebosanuns kak cneundukaumm WirelessHD 1.0, Tak 1 TOMbKO
yTO NnosiBUBLLENCS cneundukauum anbaHca Wireless Gigabit.

Yuncetbl SiBeam yxe ncnonb3ylotcs B psaae npoaykTos. Te-
neBu3opsl ¢ peann3osBaHHbIM uUHTepdeiicom WirelessHD Bbi-
nmyckaioT komnanun Panasonic (TC-P54Z1), LG (55LH95-UA) u
Sony (BRAVIA XBR10). KomnnexTbl 6eCrnpoBOAHbIX YAIUHUTE-
neit HDMI npepctasunm ¢upmel Abocom, Best Buy, Gefen un
Cables To Go.

OTMeTMM, 4TO pelleHus Ha OCHOBe creuudukaLmii
WirelessHD — 370 nuwb "nepeble nactouku” HoBoro 60-Ty
AManasoHa, HO YXe OHW NOKA3biBAIOT MPUHLMMMANBHYIO HO-
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Puc.10. Crpykrypa Tpancueepa SB9210

BM3HY HOBOrO HanpasneHns. OfHAKko OCHOBHbIE COOBITMS MNLLIb
Bnepeaun. W esponeiickuii ctaHpapt ECMA-387, n cneundu-
kauns WiGig B Gonbliei CTENEHN OPUEHTMPOBAHbI UMEHHO Ha
CeTV nepefaymn AaHHbIX, a He TOMbKO BuaeoceTu. Moka oHu, 3a
PEeaKUM UCKIIOYEHNEM, HE UMEIOT NPOMBILIIEHHOTO BOMOLLE-
HWS — HO FPOMKME UMEHa NPOU3BOAMTENEN ANEMEHTHOI 6asbl,
cTosilume 3a aTMMK creundurkaumsaMm, No3BONSIKOT OLHO3HAYHO
yTBEPXAATb: 3T0 AeN0 BecbMa 6nm3koro 6yayLiero. OyeHb MHO-
rve Beylume NpON3BOAMUTENN ANEMEHTHO 6a3bl M CUCTEM CBSI-
3u (Intel, IBM, Alcatel n ap.) yxe HanpaBnsioT CBOM TEXHONOMM-
YECKME U3bICKAHMS 1 BO3MOXHOCTH, NOMUCKOBLIE YCUIINS HA Mac-
COBOe, MPOMBbILLIEHHOe 0cBoeHne 60-ITi ananasoHa. W npo-
130iAIeT 3T, MO Hallel oueHke, He no3pHee 2011-2013 roaos.
N ecnn He npeanpuHSTb cneunanbHbix Mep, Poccusa B ovepes-
HOW pa3 oCTaHeTCs HabnioaaTh, Kak BEAyLLME CTPaHbl CHUMAIOT
MEeHKN C HOBOM MHHOBALMOHHOW BOJHbI.

A Bepb kora 3apybexHble KOMNaHUM 3aXBaTaT KOMMEPYEC-
KUiA PbIHOK, OHW BynyT 6e3pa3aenbHo JOMUHMPOBATL U B CHEpe
cneuwmanbHbix cuctem. Mocneacteus ana Poccumn o4eBnaHbI.

B cnepyiowein ny6nvkaumm mbl 6onee nogpobHO OCTaHo-
BuMCS Ha cTaHpapte ECMA-387 n anemeHTHOI 6a3e anig pabo-
Thl B Auanasoxe 60 [T,

lpogomxenme cnegyer

L
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