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HanpasneHuwe WWPOKONONOCHBIX CUCTEM CBAZM MUNNUMETPOBIO AMana3oHa M3 HeKOW Y3KOW, HULWeBOoNn
330a4YM NPeBpaLlaeTCcA CeroqHA B OQHO U3 reHepankbHbiX HaNPasNeHnt PasBuTHA TENEKOMMYHUKALMOHHON
MHAYCTPUK. B 3TOI CBA3M BECbMa MHTEPECEeH W aKTyaneH B3rnAj Ha AaHHyo npobnemy pykoBoauTenen
LlenTpa pazpaboTok v NPOEKTUPOBAHWUA KoMNaHuM Samsung Electronics. Hanomuum, Samsung - oAuWH
M3 BEAYWMX B MUPEe NPON3BOANTENEN TENEKOMMYHUKALWOHHOro 060pyaoBaHUA U BTOPON NO BENWMYKUHE
NPOW3BOANTENL NONYNPOBOAHWKOBLIX Npubopoe. No3ToMy MHEHWE 3BTOPOB CTaTbW — 3TO HE NPOCTO
YacTHOE MHEHME IKCNepToB., a TpeHa byaywero pasBnTUA TeNeKOMMYHUKAUMA. CTaTbA, KOTOPYIO Mbl
npegnaraem BHUMaHWo, Bbina snepeble onybnukosaxa B MioHe 2011 roga 8 xypHane IEEE Communucation
Magazine, Vol.49, N#6, p.101-107. Ha Haw B3rnAg, ee 3HaYeHne BENMKO HACTONbKO, 4TO Mbl NyGnuKyem
npenenbHo 6NVM3KKIA K TEKCTY Nepesoa.

CerogHs NpakTHYeCKH Bce MoOHNbHBIE CHCTEMBI broadband, MMB) B xauecTse KaHAKAATA A4 Cle-

ceazn paboTawT B AManazoHe ot 300 MIu go 3
[Tu. B faHHOH CTaThe MBI MOKAXEM, MOYeMy pas-
pafoTyHkH DecrnpoBoAHBIX CPelicTB CBA3H JOJIK-
Hbl 0OpaTHTE BHHMaHHe Ha auanasoH 3-300 ITu.
Mst obcyaum ocofeHHOCTH MPOXMKASHHMA paHO-
BOMH M TeXHOMOruyeckue npobremsl annapary-
Pbl, CBA3dHHBIE C 3THM [AHAI430HOM, 4 TaKXE
YHHKa/bHble MpeHMyLlecTBa 3TOro AHamnasoHa
nna MobMnbpHOM CBA3HM. MBI TAKXe NpeicTaBUm
MOOHIBHYI0 WHPOKOMOJOCHYD CHCTEMY MHIH-
MeTpoporo auanaszoHa (millimeter-wave mobile

AYHUEero nokoneHHs MOOHIBHEIX CHCTEM CBA3H.
B cTaThe NMpoOeMOHCTPHPOBAHA BOIMOKHOCTH A0~
CTHYb NpH nomoutH MMB rurabHTHBIX CKOpOCTEH
Ha pacCTOSHHH A0 OAHOI0 KHIOMETPA BropoacKHX
ycnoBHAX. OnNHcaHBl HECKONBKO KIKHYEBBIX KOH-
LenIHA, TAKHX KaK ceTh Da30BuX cTaHUHA MMB,
cnyxe6HBIA KaHaM CBA3H Mexay Ha30BBIMH CTaH-
nuaMu, rebpuansie MMB-4C cucremsl. Takxke
byner mokasaHa TexHHEAa GOpMHpPOBAHHA AHa-
rpaMMbl HAMPaBAeHHOCTH AHTEHHE H CTPYKTYpa
dperma pannorHTepderca MMB.

INEPBAA MH/IA &/2011




BCTYNNEHWE

MobunsHaa CBA3B CTana OOHOM M3 Haubonee
yCOemHbX HHHOBALIHOHHBIX TEXHOIOIHH CoBpe-
MeHHOCTH., CoyeTaHHe TeXHOMOTHYHOCTH H A0~
CTYMHOM LEeHbLl caenand MoOHNBHYIO CBA3b He-
OTBEEM/IEMOH YacThi0 XH3HH MATH MHIMHAPIOOR
mopen. CeroaHa mobuneHbi Tpapuk becnipene-
AeHTHO pacTer Gnarogapa BO3pPOCILEH MONynsAp-
HOCTH HHTeANeKTYanbHBIX TeledOoHOB H APYTHX
MODHNBHBIX YCTPOHCTE MepefadH JAaHHBIX, Ta-
KHX K4k HL‘T'EII},’HH H 3MeKTpoHHBIE KHHMIH. Co-
[MacHO NpOrHo3aM, CpeaHerofoBOH TeMIn pocTa
MobHneHOro TpadHKa cocTaBHT 108% B CTOKHBIX
npoueHrax (CAGR) [1], a B uenom 3a crnenywouiHe
10 netT oH BbIPACTET THICAHYEKPATHO. YBelH4YeHHe
MHPHHB NPONYCKAHHA paAHOHHTEpderHca H Bhl-
feneHHe HOBHIX YaCTOTHBIX MHANA30HOE HIpaeT
MEPROCTENEHHYI POk MPH TAKOM IKCMIOHEHLIH-
a/ILHOM pocCTe,

CoBpeMEHHBIE CHCTEMBl YeTBEPTOro Mnoxone-
HUA (4C), sknwovan LTE u mobuabubia WiMAX,
Ya&e HCMONB3YIOT TaKHe MNepelOoBbie TEXHONOIHH,
KaK MYIBTHIUIEKCHPOBAHHE [MOCPEACTBOM OpTO-
roHaneHelX 4acrot (OFDM), nepenady JaHHBIX C
MOMOIBK MHOMECTBA MPHEMHEIX W Npelaom M
aHTeHH (MIMO), MexaHu3Mm Beifopa npHopHTeTa
nepegayd B 3aBHCHMOCTH OT KadecTBa KaHalnla
(multi-user diversity), aganTHBHad NOACTPOHKA
kaHana (adaptive link), npumeHeHne TypGo-KomoB
H rHOpHAHBIA MeTod aBTOMATHYeCKOro 3anpoca
nosTopa (HARQ). Bce 3TH MeTOIbl HCIONbIYIOTCA
A8 TOro, 4TODBl JOCTHY S CIIEKTPANBHOIO YILIOT-
HEHHA, ONH3KOro K TEOpPeTHYECKOMY TMpeieny B
pasmepHocTH 6ut/c/TL (2], Tak KaK BOIMOKHOCTH
AanbHeHwero CTNIEKTPANBHOTO YIIIOTHEHHA NMpPpaK-
THYECKH HCYepraHsel, 114 yBeTHYeHH A reorpadu-
HECKOH eMKOCTH MCMONB3YITCA ApyrHe cnocobml,
HATIpHMEDP HCMONb30BAHHE MHOMECTBA MEHBIIHX
COT, TAKHX Kak $eMTOCOThl, HAH reTeporeHHbIX
cered. OpHaKO, 3a CHeT TOro, 4TO eMEKOCTh JTHHeH-
HO 3aBHCHT OT HHCAA COT, Mallkle COTEl CAMH [0
cebe He cnoCODHBI NMpeOCTABHTE HeoDXOAHMYK
EMKOCTh 418 MOOHIBHOIO TpadHKa JaHHBIX,

C poctom Tpaduka MOBHIbHBIX JAHHBIX, AHA-
na3oH HHXe 3 [To okasanca CHABHO Neperpy-
MeHHBIM. C ApyroM CTOPOHBI, OrPOMHBIE 00/1aCTH
crexTpa B AHanasode 3-300 ITu ocTawTca B 3Ha
YHTeNbHOH Mepe HeHCNoNb30BaHHBIMH. CHexTp
3-30 I'Tu 0br1yHO oTHOCAT K CBY-gHanasony, Torga
Kak 30-300 ITu cuuraerca YBU-nuanasonom. Tak
KakK pagHoBonHsl B CBY- # YBY-aHanaszoHax HMe-
KT CXOXHe XapaKTepHCTHKH pacnpocTpaHeHHH,
MBI CYHTaeM Bech criekTp 3-300 [T aAnana3loHoMm
MH/ITHMETPOBEIX BOMH C AMHHOHA 0T 1 g0 100 MM,
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CHCTeMBbl CBA3H B JHamna3soHe MH/TTHMETPOBBLX
BOMTH, KOTOpBHE MOI'YT HNOMAAEPAHBATE MY/JABTHIH-
rabUTHEIE CKOPOCTH NepefddiH N4HHBIX Hd PACCTO”
AHHE HECEWIBEKHX IEH.I'IDMETPEIE. Ve CYHLecTBYHOT
B B4ApH4dHTE TOYMK4 "TOMEA. OnHakKo AEKTPOHHLIE
KOMTIOHEHTHBl 3THX CHCTEM E‘}"L’HJ‘IHTE.I'IH MOLIHOCTH,

MA/TOIYMAILHE YCHAHTENH, CMEeCHTe/lIH, aHTeH-
Hbl] CErofilHA HMEKT 3HAYMTe/lbHbIe Taﬁ-][!HTH H
noTpebngeMyl0 MOWHOCT, YTO He MO3BOMAET HC
[O/1b30BATE HX B MODHNBHOH CcBA3H. JOCTYNHOCTE
HeNMHUeH3HpyeMoro adanasodHa 60 [T Bei3biBaeT
MHTEpec A1 HCIoNb30BAHKMA B rurabuTHomi becnpo-
BOJIHOM CBS3H HA KOPOTKHE PAcCTOAHHA. 3a nocnen:
Hee BpeM# Obl/1H MPHHATE HECKOMBKO NPOMBILLIEH-
HBIX CTAHZAAPTOB, TAKHUX Kak WirelessHD, ECMA-387,
IEEE 802.15.3¢c » IEEE 802.11ad. [ins HeKOTOpPBIX M3
HHX yXe JOCTYNHLI TPaHCHBeps Ha bale HHTe-
rpanbHbIX cxem. OCHOBHbIE YCHIHA BbUITH cocpeno-
TOYeHbl Ha pa3paboTke Donee aHeproap@eKTHBHBIX
HMC nna wactothel 60 [T [3]. MHOrHe peteHHa MoryT
ObITh MpHMeHHMBI TPH paspaborke HC ana apyrux
obnacred MHINTHMETPOBOrO HAMA30HA.

B 3TOH CTaTbe Mbl H3YYHM BO3MOMHOCTH CIEK:
Tpa 3-300 ITu # onumem MobUABHBIE IIHPOKO-
MoMocCHbBIE CHCTEMbBl MHUTHMETPOBOIO [IHAIIA30HA,
HCIONb3YIOILHE 3TY Mofocy And MoOHIbBHOH CBA3IH,
3arem oBCYyIHMM apXHMTEKTYPY CeTH, BhITEKAKOILYIO
U3 ocobeHHoOCTEH pagHoHHTepderica ana MMB.

CNEKTP MUNNUMETPOBbLIX BONH

Oceavpaem cnexkTp 3-300 My

[IpakTHYecKH nwbas KoMMepyYeckas paaHOCBA3b,
BrIOYas AM/FM-paguo, TeneBHOeHHe BHICOKOH
YeTKOCTH, COTOBYI H CIOYTHHKOBYIW cBA3b, GPS M
Wi-Fi - 3T0 pagHOCBA3b B Y3KOH M0/0Ce pagHo4a-
CcTOT B AHanazoHe 300 MI'u - 3 I'Tu. 3ToT AHaNAa3oH
BeChMa MonyadapeH 418 KOMMepHecKoro HCIonb3o-
BAHMA H3-3a NOAXOOALIHX YCIOBHH pacnpocTpd-
HEHHA PaJHOBOMH, TOorga Kak Oonsllas 4acTs
cnexkTpa ceelie 3 [T ocTaBneHa 6e3 BHHMaHHA,
Hanpumep, HelHUeH3HpPyeMblH AHanazoH [A18
CBepxXIHporkononocHon ceasu (UWB) 3,1-10,6 ITu
npeanoiaranock HCNONbL30BaTE ANA BBRICOKOCKO-
POCTHOM CBA3H B [NepPCoOHaNbHBIX ceTAX. [lHana3oH
57-64 ITu, rae Beicoka abcopbumsa paauoH3nyde-
HHA Ha MOJIEKY/IAPHOM KHCIOpo#e, TaK¥ke rpem-
Mo/aranoch HCIOMB30BATE A1 MYNBTHIHIABUTHOR
nepenayd AaHHBIX Ha HeDonblIHEe AMCTAHLUHH H
B DecnpopofHEIX MOKANBHEIX ceTax. H, HakoHelw,
TexHonorda LMDS (nokansHas MHoOrotrove4dHas
pacnpefenerHHas cayxba CBA3IM), HMCMOMAb3YVIOWAN
4YacToTsl OT 28 go 30 ITw, 6eina 3ayMaHa KakK M-
POKOMONOCHAA TeXHOoNOrHa GecrnpoBofHOrO Bela-
HHA (TOYKA-MHOTOTO4KA) Ha NocneqHer MHe.
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BuyTpH monocsl 3-300 [Ty 4acToTel BILVIOTH A0
252 [Ty MOXHO HCTIONBIOBATH A8 WIHPOKONONOCHOH
mobHnbHOH CBA3H (pHc.1a). MHTHMETPOEBIE BONHBI
[OrMOMAKTCA KHC/IOPOAOM H BOASHBIMH MapamH
B armocdepe. Ha yactotax 57-64 T 3aTyxaHHe co-
CTaBnAeT npumMepHo 15 Ab/KM, Tak Kak monekyns O,
MOrMOIWAKT 3MeKTPOMATHHTHYK 3HEepPru BOMH3IH
60 [Tu,. IMornomawman cnocobHOCTs BOAAHOTO Mapa
(H,O) 3aBHCHT OT ero KO/IHYeCTBA H MOXKeT JOCTHIaTh
NecATKOB neuuben B AuManazoe 164-200 ITu (4], Mu
MCKMIOMHIN 3TH AHANA30HB H3 MOBHIBHOM WK pPO-
KOTIOJIOCHOH CBA3M, TAK KaK BOIMOKHOCTH MepefadH
B HHX OrpaHH4YeHEsl, [IpuHHUMan pazyMHoOe Jonyue-
HHe, 4TO ocTaBlHXCcA 40% CnexTpa JOMKHO BIOAHE
XBATHTE 18 MMB, B HalueM PacrnopsxeHHH OKa3bl-
BAETCA HOBHIH An8 MODHABHOH CBA3H crniekTp B 100
[Tw - Bonee wem 8 200 pas bonbille, YeM HCMOABLIYETCA
CeHYac I8 3THX LeneH B pHanasode 0o 3 [T,

[NEPBAH MHUJIA

LMDS »w guanazoxe 70/80/90 My

LMDS BBin cTaHAAPTH3HPOBAH KOMHTETOM M0
cranaapru3auuy IEEE 802 LAN/MAN ycHnuaMH
paboues rpynnst IEEE 802.16.1 (PagunonsTepdenc
ANA PUKCHPOBAHHBIX MODHIBHBIX WHPOKONO-
MOCHBIX CHCTeM mocTyna ans 10-66 Tu). LMDS
HCTO/Mb3YeT COTOBYH HHPPACTPYKTYPY, C MHOXe-
cTBoM 6a30BbIX CTAHUHH, NOAAEPKHBAOUHX CO-
eAHHEeHHe "TOYKa-MHOrMoTo4Ka AA8 HebDonblIHMX
MoNb30BaATENBCKHX TPaHCHBepoe, PelepanbHas
roMHccHA cBA3K (FCC) onpepenuna ABa THNA MH-
LeH3IHH 1148 KoMmMepueckuy LMDS-npunoxeHHH,
JinueH3ns A NoApa3yMeBaeT BHJAe/NEHHE B CO-
BOKYNHOCTH momocel 1,15 TTu B gManasoHax
27,5-28.35; 29,1-29,25 W 31,0/5-31,2245 [T, Jlnuen-
3ud B pernaMeHTHPYeT HCIONb30OBAHME CIIEKTpa
mHpHHOH 150 MI'n 8 oHanasoHax 31,0-31,075 H
31,225-31,3 I'Tx (prc.16).
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16 okTabpa 2003 rogma FCC obwaBHAa, 4TO
YacToTHBIe AHanaszoHsl 71-76 ITu, 81-86 ITu
92-95 [Ty (B COBOKYMHOCTH - E-AMMA30H) CTaAHO-
BATCA AOCTYMHBIMM A4 CBEPXCKOPOCTHOHM CBA-
3, BEAW4Yas DecrnpoBOfHBIE NOKaNbHbIE CETH
THNA TOYKA-TO4YKA, MODHNBHBIE OMOPHBIE CETH,
H IHPOKONONoCHbIH HHTepHeT-A0CcTYN. Beero B
E-nnanaso”e gocTynHa nonaoca 12,9 I'Ty (puc.1s),
3a MCENWYeHHeM y3koro ydacTtka B 100 MIu B
aHanaszoHe 94,0-94,1Tu.

Hcnonb3osaHHe yY3KOHANPaBAEHHBIX aHTEHH
8 E-inanasoHe nospoiseT MNpoeKTHPOBATE CHCTe-
Mbl, paboTawomue BOAH3H ApYyr apyra De3 B3aMM-
HbIX noMmex. Takum obpazom, FCC H perynaTopsl
B APYrHX CTPaHaX NMPHMEHAT CXeMbl “obneryex-
HOro JHUEH3IMPOBAHHA [A/A YIpaBleHHA 3THM
AHAMA30HOM. ITH JNHLUEH3IHH, Y4YHTBEAWILIHE
AOMHYI0 MOMex03alllHIeHHOCTh YCTPOHCTE APYT
OT Apyra, MoryT OeITe Mony4YeHEl B TEYeHHE He-
CKONBKMX MHHYT 1o HHTepHeTy 3a HeCcKoNbKo

gecaTkoB gonnapoe B rog (B CHUIA - npum. pen.).
OTMETHM, HTO Pery1aTopam, Moxet 6biTh, [IpH-
AEeTCA CMEHHMTB 3TY CXeMy AN noaaep Ky Mobuns-
HOCTH H Bonee BRICOKHX MOIIHOCTEH nepefays ang
obecneveHHA MODHNBHOH MIHPOKOMOMOCHOH CBA3M

POPYM

17-a cneunaAM3MpPOBAHHAR BBICTABKO

BE3OMACHOCTDL

6-A CNEeUMaAMIMPOBAHHAA BLICTABKA

Th— i T

15-2 cneunaAM3IMpPOBAHHARA BLICTABKO
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BESOMNACHOCTU U CBA3U

OXPAHA U BE3OMACHOCTb TPYAA

HBYyprckwit Tpak, 8
570-5 t lﬁ 510—51 11-KpyraocyTouHO

B aHanazodax LMDS, 70/80/90 [Tr1, ¢, BOIMOXHO,
B JPYrHx MH/UIMMETPOBBIX JHAIA30HAX.

PACNPOCTPAHEHWE MUNNWMMETPOEBBIX BONH
PacnpocTpaHeHune B cBoG0AHOM NPOCTPaHCTER

[loTepH nepefavyHd MHANHMETPOBBIX BOJMH PacCyH-
THIBAKOTCH B OCHOBHOM JUIA CBODOIHOrO NMpocTpaH-
crea. Cpeau HHMeHepoB no HecripoBOAHOH CBA3M
CYLIeCcTBYET 3abn VAHILEHHE, YTO MNOTEPH pacripocTpas
HeHHA B CBODOIHOM pacnpocTpaHeHHH 3aBHCAT OT
4acTOThi, T.e. bonee BBICOKOYACTOTHBIH CHIHaM 3a-
TYXaeT CH/AbHee, 4eM HHIKOYacTOTHBIH,. [IpHYHHA
atoro 3abnyxaeHus - B 6a30BOM JONYIEHHH, YacTo
[IPHBOAMMOM B KHHXKaX [0 pajHOTEXHHKe, 4TO
[OTEPH B TPaKTe Iepefaqyd pacCHHTbIBAOTCA JUIA
OnpefeleHHON YacToThl MeXAy ABYMA H3IOTpom-
HbBIMH aHTeHHaMH (MONYBOMHOBEIMH JHIOMAMH),
YbdA 3QPeKTHBHAA N/I0MAL ATIEPTYPhl BO3PACTART C
JUTHHOH BOJIHB! (YyMEHBIIAACH C HECYIIEH YacTOTOH),
AHTeHHa ¢ Gonblied aneprypod umeer HONbIIHA
KO3pPUIHEHT YCHAEHHA, YeM aHTeHHa C MeHbIIeH,
TaK Kak oHa nornowaer Honbile IHEPrHH paaHOH3-
ny4deHHns. OgHako B Gonee KOPOTKOBONHOBBIX JHa-
Ma30HaX Ha eHHHLIE MJI0WATH MOXKHO PA3IMECTHTL
Donbile aHTeHH. A NpH pasHoA 3ddeKTHRHON No-
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Tabnuua 1. Koadduynenr ocnabnennn
' ANA pasnWJHbIX maTtepuanos [6-8]

JaTyxaHMe
| MaTepuan TonuguHa,
M =<3 My 40 My &l My

(5, 8] (7] [6]
TAncokapToH 2.5 54 - 6,0
OdmcHan
neperopoaKa 18 0,5 - 2.6
Yucroe crexno 0.3/0.4 64 2,5 3,6
Creknoobon 03 77 - 10,2
acn 1.6 = 0,6 i
depeso 0.7 24 35 -
Cyxan WTyrkaTypxa 1.5 - 2,9 -
HisecTrombiA 10 & 160 B
pacTeop
EMprvYHan cTeHa 10 - 178 -
BeToH 10 177 175 -

WAAH anepTypsl ¥ KOPOTKOBO/THOBLIX aHTeHH (Bonee
BBICOKOYACTOTHRIX) HeT Kakux-ubo BPOAACHHBIX
HeOCTATKOB [0 CPABHEHHIO ¢ UVIHHHOBOJIHOBEIMH
dHTeHHaAMH |(MeHee BbICOKOYACTOTHBIMH) C TOMKH
IpeHHs noTeph Mepefavyu B ceobogHOM NpocTpaH-
cTBe [5]. Bonee Toro, bonslioe YHCIO AHTEHH MMO3BO-
AAeT nepegaryvKkam H npueMHHKaM GopMHpPOBaTh
AHarpaMMy HampaBAeHHOCTH ¢ bonbHM Ko3ddu-
LHEHTOM yCHAeHHA, Hanpumep, NpH 0IHHAKOBOH
MI0IAAH HAMpaRNeHHas aHTeHHa B HanasoHe 80
ITu Gymer MMeTh KOIDPHLUMEHT YCHIEH M MPUMEp-
HO Ha 30 nb Honbiue (bonee y3kHMA 1y4), 4em aHTEHHA
B AHana3soHe 2,4 ['Tu.

NMPOXOXAEHWE PAAWOBONH U APYIME NOTEPK
Ana vacror 3-300 [Ty norepH B arMochepHBIX
razax ¥ ocnabnenHe Ha ocagikax oObI9HO He Mpe-
BBIIIAKT HECKONBKHX Aelinbenn Ha Kunomerp (4],
HCK/MHO4YAaA AHAN4A30HB NOMNOMEHHA KHOIOpOda
H BOAAHBIX napoB. [loTepu H3-3a OTpPa*keHHA H
AHOPAKUHH CH/IBHO 3aBHCAT OT MaTepHaIOB H
MOBePXHOCTH. H X0TA oTpakeHHA H AHPpaKLHA
CHHXAWT pajiHyC pacnpocTpaHeHHA MHIIHMe-
TPOBLIX BOJMIH, HO OHH 0Dner4aiT CBA3L MEXIY
HCTOYHHKAMHM BHE MNpAMOH BHAMMOCTH (NLOS,
non-line-of-sight).

B To Bpem# Kak Gonee HH3KO4YacTOTHHIE CHUI-
HaNnbl MOrYT JIErKO NMPOHHKATh CKBO3b CTEHBI
3JaHHH, MH/IJIHMETPOBHE BOJMHBL HE TMpPOXO-
AT 4Yepe3 OONBIIMHCTBO TBEpPALIX MaTepHaloB
(Tabn.l). BeICOKHH YypOBeHb 3aTYXaHH A 114 ol pe-
AeNeHHbBIX CTPOHTENBHBIX MaTepHaNoB (TAKHX
KaKk KHpnH4 H OeToH) momoraer He OYCTHTH
BHYTPb 3[JaHHH MH/ITHMETPOBbIE BOJHBI, H3-
ydaemsle yTHYHBIMH Ga30BBIMH CTAHLIHAMM H
APYrHMH BHEIIHHMH HCTOYMHHEAMH, XOTA He-
KOTOpPLIE CHIHA/IE MOTYT MOMNACTh BHYTPb CKBO3b
OKHA H JepeBAHHBIE ABepH. B 3TOM Cny4yae BHY-
TPH NMOMelleHHH MOTYT HCMONbL30BATLCA APYrHe
fecnpoBojiHble TEXHOMOrHH, TAKHE KaK MHJ/UIH-
MeTpoBble demTocoTel HAH Wi-Fi. OTMeTHM, 4TO
y#e pazpaboTaHo HOBOE MOKOMEHHE TeXHONOrHH
Wi-Fi, ucrone3ytomee 60-ITu nHanazoH - CTaH-
naprt IEEE 802.11ad [9].

3HAYHTeNbHBI MOTEPH H3-3a MOIMOIEHHA MHIT-
JTHMETPOBEIX BONH B IHCTEe, B pabore [6] npusepe-
Ha IMMHPHYecKas Gopmyna pacqera nornomeHus
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B AHcTBE . Hanprmep, 4To Ha yacToe 80 [Tu 1 npH
rny6uHe nHcTBEHHOTO cod 10 M NoTepH MOryT 10
cTerark 23,5 o6, 9to Ha 15 ab Beilne, 4em NOTEPH Ha
yactote 3 [T (puc.2a)l.

PagHoBOAHE MHANHMETPOBOrO MAHanaioHa
CH/IBHO 3aTYXawT B A0k, PaMep Kanens cono-
CTABHM C ATHHOH BONHBI (MHAMTHMETP) H 3TO BEleT
K pacceaHH0 pagHoBonH. Ocnabnernue (B AB/km)
MOMHO PACCYMTATL B 3aBHCHMOCTH OT HHTEHCHB-
HocTH moxaa (mm/fq) [10] (puc.26). Hanpumep,
MerkMH 00k C HHTEHCHBHOCTHIO 2,5 MM/4 maeT
saryxande B 1 aBb/KM, TOrga Kak npo/iHBHOH NH-
BEHb THMA MYCCOHA C HHTEHCHBHOCTBIO OCA/IKOB
B 150 MM/4 TpPpHBOOHT K OMAacHBIM BelTHYHHAM
B lecATKH aeuuben.

K cyacTeio, Haubonee MHTEHCHBHBIE [JOXIH
O0BIYHO BHIMAJAKT B HEMHOIHX CTpaHax, He-
NPONOMMHTENEHE H MOKPHBAKT HeboAblYH
naomansk. OaHaKo MpH NpoekTHpoEaHHH MMB He-
obxoAHMO MpoAyMaTh MEXaHH3M MOMNSPHKKH He-

L=0,2fo!-Ros

ToTa, MY, R — rayouHa NEpeKpuBaerocs ChOf MECTER, M

rge L = noTepH pacnpoCTpaHeHMA, A6, | — yac-

MopMyna npuMeHEma ana B < 400 u (npu. pag )
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OaHo W3 BEAYLWWX OTEYECTEEHHLIX NPEANPHATAR NO palpaBoTee W NPOMIBOACTRY NONHOIND KOMNEECA TENEKOMMYHHUKALWOHHOTD
obfopygoBaHun QNA TPAMCNOPTHLIX CETEW W CETEH QOCTYNA € GAMHON COTEBOW CHCTEMOW YyNpaBneHWA cobcTROMHOW palpa-

Boteu, oBecneyvpanied MHGoOpMALHOHHY K BEIONACHOCTE.

OT/NOHOH CBA3H B MHTITHMETPOBOM AHAIIdI0OHE Hd
l:.-'l}"-!-El.l-i CEUTBHOTO QU JIH .

3OOEKT QONNEPA U NEPEOTPAMEHWA

3dderrt Jlonnepa B GecripoBoIHOM KaHaNle 3aBHCHT
OT YaCTOTHl HECYIIeH H CKOPOCTH ABHXeHHus. [lpen:-
MOAOKHM, 4TO ¥ HAC 8CTh CHABHO pacceHdBalolllas
Cpena ¥ HeHampasleHHad aHTeHHa. Torga MakcH-
ManbHBIA [OMIEPOBCKHMHA CIABHI I/ HeCylleH ua-
cToThl 3-60 IT1 H CKOPOCTH ABHMXEHHA [IPHeMHHEA
3-350 Km/4 oKaxkeTcda B Auanasose or 10 'u no 20
k1. BenHYHHA JONMEPOBCKOTO CABHTA B IPHHATOH
BO/THE PA3THYHA A/ PasHbIX YITIOB MpHema (Tak Ha-
3biBaeMBblH 3dexT monneposckoro pasbpoca). B cay-
yae MMB yakoHanpaeneHHbLIH Y4 OT NepesarTyHKa
K MPHEMHHMKY CYIMECTBEHHO YMEHBIIAET YI/IOBOH
pa3fpoc BXOMHOH BOMIHBI, YTO B CBOK) O4Epenb yMeHb"
aer gonneposckui pasbpoc. K ToMy ke, BXOAHaA
BONMHA CKOHLUEHTPHPOBAHA B OIIpeaeneHHOM Hanpas-
NMeHHH, 4TO [AeT HeHYNMeBOH CABHI JOT/1EPORCKOro
CMeKTpa, HO B BONBITHHCTBE CIY4YaeBE KOMIOEHCHPY-
eTCH Lenso ABTOMaTHYeCKOH MOACTPOHKH 4acToThl
(AIMY) B mpHeMHHKe. HTak, B CHIbHO pacceHBaolLeH
Cpele BapHallMM CHrHana BO BpeMeHHOH obmacTH

| LMDPOBBLIE CUCTEMbI TENEKOMMYHUKALIUNA
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Puc.3. MMB-ceTe: a - apxutekTypa, 6 - rubpuaHas cets MMB-4G

B KaHane MMB cymecTrseHHO HH¥e, 4eM B Crydae
BCEHANPpaBIeHHOH aHTeHHBI,

[na y3IKOHANpaBAeHHOTO yYa NMepeoTpakeH HblH
CHrHAM B MHANTHMETPOBOM IHANA30HE HeBeNHUK, Hc-
CAEQ0BAHHA I[IOKA34/IH, YTO CpeaHeKBaApPaTH4YHOE
OTK/IOHEHHE 3aJIePKKH B MHTHMETPOBOM KaHane
B YCIOBHAX ropoja gocturaet 1-10 He, a nonoca Ko-
FepeHTHOCTH KaHana - okono 10-100 MI'y (11]. OnHa-
KO OTMETHM, HMTO B HCUIENOBAHHAX NPHMEHANTHCH
AHTEHHE! C DONBIOMM KOMPOHULIMEHTOM YCHIRHHA
Mo CPABHEHHIO ¢ 0OBIMHO HCNoNb3yeMbIMH B MMB,
[NToaToMy BOIMOMXHO, YTO B JEHCTBHTENBHOCTH NIYTh
CHIHA/ld OKAKETCA ANHHHee, 4eM B HColeoBaTenk:
CKOH CHCTeMe, a NoMNoca KOrepeHTHOCTH — YXe,

APXUTEKTYPA MMB
AsToHomHan cete MMB
MMB cocToMT M3 MHOMecTBA Ga30BHIX CTAHUMA
\BC), NOKPhIBAKIHX HEKOTOPYIO reorpadpH4eckyo
obnacTe. J1nA rapaHTHH XOpOWIEro Nnokpuitua Ha-
30Bble CTAaHUHH MMB HeobxogHMmoO ycTaHaBIH-
BaTh ¢ Bonbiled NIOTHOCTEIO, YeM MAaKpPOCOTORBIE,
B ofuieM, pekoMeHIYeTCH [IPHUMEPHO TO Xe camoe
paccroaHHe Mmexay bC, 4To U B MHKPO- H ITHKOCO~
Tax B yCIOBHAX ropoaa (puc.3).

lNepegaysa w/unn npuem B MMB ocHoBaHEl Ha
V3IKOHanpasneHHoM ayde, bnarogaps 4emy oTcyT-
CTBYET B3aHMOB/IHAHHE MeXay coceHHMH bC H
YBETHYHBAETCA AaNbHOCTh AeHCTBHA KaHa/Na CBA3H
MME. 310 no3sonAeT pacnonokuTs BaloBkle cTaH-
UHH CO3HAYHTENBHBM B3aHMHBIM HATOMEH HEM FIX
30H MNOKPBITHA, B OTAHYHE OT COTOBBIX CHCTEM, 3TO

HACTHHHOE HaMOXeHHe COT APYT Ha Apyra Mno3iBo/ia-
eT cpopMHpoBath Gonee NA0THYIO pelleTKy basoBbix
craHudA ana MMB., Hanpumep, ana paccrosHHs
mexay bC 500 M 1 AnHHBI KaHana cBa3M 1 km, MMB-
YCTPOHCTBO MOXET YCTAHOBHTD coeflHHeH e ¢ 14 BC
B pelleTKe (pHc.3a). 3T0 NOBLIIACT KA4YeCTBO KaHala
CBA3H Ha KpPaw COTh HM3-3a CHHXEHHSA B3aHMOB-
AHAHHA KAHAJ0B H YMEHBIULAET HEPABHOMEPHOCTE
Kadectea obcnyxuBanud (EGOS) B 3aBHCHMOCTH OT
MnonmKeH s MoBMIBHOrO YCTPOHCTEA,

B CBA3M C BBICOKOH MAOTHOCTEIO BA30BBIX CTAH-
HA MMB cTOMMOCTE HX MOAKMIOYEHHA K TPOBO-
JTHOH ﬂﬂﬂpl—lﬂﬁ CeTH BecbMa 3HaYHTeNnbHa, OgHO
H3 pellileHHH N0 CHHMXeHHI 3TOH CTOHMOCTH (H
YCKOPeHHIO pa3BepThIBAHHA) — 3TO MO3BMIHTD He-
kotopeim BC MMB cea3mBaTeca mo cny:xebHBIM
KaHamam ¢ apyremu bBC, 3a c4eT fopMHpPOBAHHMS
Y3IKOH AHArpaMmbl HanpasneHHOCTH ¢ GONBIIMM
KO3 PHIIHEHTOM YCHNEHHA CnyxeDHLIH RaHan
CBA3H MeXAy CTAHUHAMMH H KaHan CBA3H ¢ MO~
OHABHEIM YCTPOHCTBOM MOrYT JEHCTBOBAThH Ha
OMHOH HacTOTe, He MeLas Apyr Apyry. 210 CHNbHO
MOBEIIAET FHOKOCTE pasMelneHMs 6a30BbIX CTAH-
A MMB # nossonger goctHub Gonbiuen naot-
HOCTH HX pacro/ioXeHHs, 4eM B PeMTOoCoTax H
rUOpHAHBIX CETAX B AHana3soxe go 3 [Tu.

Apyras npobnema MH/THMETPOBOIO AHATIA30HA
- 3TO OTCYTCTBME Ha JaHHBIH MOMeHT Bbicok03ddeK-
THBHBIX MeKTPoHHBIX CBY-yCTPOHCTBE, TAaKHX Kak
YCHAHTENH MOUIHOCTH H aHTeHHBIe PelleTKH, [po-
H3BOAHMMBIE 10 COBPEMEHHBIM TEXHOMOrHam. OnHo
H3 pemeHHH - H30exaTe NpUMEHEHHA AHTEHHEBIX
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pewetok Ha BC MMB, HCnons3ya aHTeHHBIE C PHEK-
CHPOBAHHEIM /IY4OM HIHM CEKTOpPOM, HalpHMep,
PYNOpHBIE aHTEHHEL, PynopHas aHTeHHA [103BO/ART
AOCTHYL TAKHX Xe KOIPHLUMEHTOB YCHIEHHA H
WHPHHE 1y4a, KaK M CeKTOPHAA aHTeHHA B Cylle-
CTBYIOLIHX COTOBBIX CETHX CBA3M 3a TNpPHEMIIEMYH0
cToMMocTs [12]. [TpHeMHHK MODHABHOIO YCTPOHCTBA
MOKA BCE eLle HYXIAeTCd B HCIOoNb30BAHHH aHTeH-
HOH pemeTkH And GopMHPOBAHUA AHATPAMMBI Ha-
npaeneHHOCTH K Da3oBoH cTaHLMH. [lo mepe Toro,
Kak MOBH/IBHOE YCTPOHCTBO IBHXKETCHA BOKPYT CBOEH
OCH, aHTeHHas pelleTKa GOpMHpYeT OHarpamMmy
HaIpasBneHHOCTH TakHM obpasoM, 4TobL! OHa BCer-
Aa 6eina HanpasneHa Ha BC,

TMEPUAHBIE MMB + 4G CUCTEMBI

Ha Hawa/nbHOM 3Tane paspepreiBaHug ceth MMB
naoTHocTe BC GyneT HeBenuKa, no3ToMy Heusbex-
Hbl TAKYHBI B 30He MOKPHITHA ceTH. OIHAKO OXH-
ZaeTcd, YTO K MOMEHTY Ha4ana IHPOKOro passep-
TeiBAHHA MMB yxe cospaHHble cMcTeMsbl 4G ByayT
pDecrieuHBaTh Xopoluee MOKPBITHE H HAJeXHOCTD.
Tubpuanas cucrema MMB-4C cMokeT yny4iiHTh
OOKPBITHE H I'APAHTHPOBATE [1JIABHOCTE H beclos-
HOCTB CBA3H o8 MoDHABHLIX NMonb3oBaTeneH. B ry-
bpunHblx MMB-4C ceTax cHcTeMHas HHpopma-
uuA, cnyxebHble KaHanbl CBA3M M obpaTHaA cBA3bL
nepenawTcd no 4G-KkaHanam, a B MH/UTHMETPOBOM
AHana3oHe - BLICOKOCKOPOCTHLIE MOTOKH JAaHHBIX
\pHc.30). Ilo cpaBHEHHIO ¢ MHIUIMMETPOBBIM [Ha-
O430HOM, PAAHOBOMTHEL B I1HANA30HE 10 3ITu nyywe
NPOHHKAKT CKBO3b NPENATCTBHA H MO3BONAKT pa-
BOTATh BHE 30HBl NPAMOH BHAHMOCTH H/IH MIPH 3a-
TYXaHHAN CHIHANA HHOA Nprposl (pasHoofpazHble
Cpenbl pacrpocTpaHeHHs, AOXAb, H T.1.). TakHM
obpa3zom, B rHOPHIHOH CeTH BbITOMHO HCIIOIB30BATh
HaCTOTHBIC KaHAa/bl COTOBOH CBA3M A4 NepefgayuH
cnyxebHoH MHPOPMALHH, 4 MHJIHMETPOBLIE Ka-
HaJIbl = 171 BHICOKOCKOPOCTHOH Nepeaavyr AaHHbIX.

NPOEKTUPOBAHUE PAAWOMHTEP®QENCA MMB
DopMUpOBaHWE QUArpaMMbl HANPABNEHHOCTH
PopMHpoBaHHE AHATPAMMBbl HANIPaABAeHHOCTH -
370 TeXHH KA o6paboTKH CHIHAMOB, MCMONb3YeMasn
14 HarpaeleHHOH nepefgadyu unu npuema. [Ipo-
uecc GOpMHpPOBAHHMA AHArpaMMbl HamnpaB/eH-
HOCTH nofjpdiymMeBdeT DﬁPEﬁDTK}' CHIHAMA TAKHM
obpazom, 4TobBl NpHAaTe Ko3dPHULHEHTY yCHe-
HHA 4dHTeHHbI MNPOCTPAHCTBEHHYH H4IlIpdBAEH"
HOCTh. Jlyu dopmHpyeTca 3a CYeT ynpasBleHHSA
$a30H H OTHOCHTE/IEHOH AMIUIHTYI0H CHIHATIOB B
KaKI0H nepenaowied antexHe, 4Tobsl BONTHOBbIE
$poHTHI, HHTEpDepupya ApPYr C Apyrom, Gopmu-
pPoBaiH 3aJlaHHYIO JHATPAaMMY HanpasleHHOCTH,

NEPBEAH MHJIH
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Puc.4. CtpykTypa kagpa MMB (CP=1/4)

POpMHPOBAHHE Ny4a - KAKO4YeBas TeXHOMOrHMA
ana MMB. Mansle pazmeps! (MONMyBO/THOBOH QM-
No/ib) H MPOCTPAHCTBEHHOR pPasHeCceHHe (TaKXe Mo-
MYBOMTHOBOH AMIIONE) B AHTEHHAX MHATHMETPOBOIO
AHANA30HA MO3BOIAKT PasMecTHTh B Hebonbom
obbeme MHOro AHTEHH (JeCATKH aHTeHH Ha Kybuye-
CKHH CAHTHMETP 1A YacToThl Hecymen 80 [T, uro
BAXKHO /14 QOPMHPOBAHHA JHATPaMMBl HAIpas-
NEHHOCTH ¢ BonbiIHM KOFPOHLIHEHTOM YCHICHHA,
Bonee Toro, npu GoNbIIOM HMHC/IE AHTEHH C BRICOKHM
KOApPHUHEHTOM YCHIEHHA CHIHANA (COOTBETCTBEH-
HO, Y3KOHATIPaB/leHHOro) MOMKHO JIerKo peasd30BaTh
TaKHe TeXHOMOrHH, KaK MHOMECTBeHHbIA JOCTYI C
NpOCTPaHCTBEHHBIM pazaeneHHem (SDMA).

CopMHpoBaTh AHArpaMmy Hanpas/leHHOCTH
MOMHO nyTem LMOPOBOH MM aHanorosoi obpa-
BoTkM maHHmX (npeapapuTensHas obpaborka, Ha
YPOBHE [MPOMEXYTOYHBIX HaCTOT), a TAK¥Ke Heno-
CpefCcTBeHHO B palHO4ACTOTHOM MOy e (Ha Yy poBHe
Hecyuen 4acrotel). [IpH undposom ¢opMmHpoBa-
HHH AHArpamMmbl HafpaeneHHOCTH H MHOXKECTBE
BY-TpakToR MOXHO MNepefaBaTk MHOI0 MOTOKOB
[NAHHBIX OTHOBPEMEHHO, TEM CaMBIM PealH3ya Tex
HonoruH SDMA uan MIMO. OqHako CTOMMOCTE pe-
IeHHA, KOTAA HA OfiHY AHTEHHY NPHUXOAHTCA OAHH
BY-TpakT, HEMOMEpPHO BhICOKA, OCODEHHO C y4HeTOM
Gonbwmoro yMcaa (MECATKH) AHTEHH B YCTPOMCTBAaX
MMB. B cnyvae aHanorosor obpafoTkd MaM npH
GOpMHPOBAHHH [HArpaMMbl HaNpaBIeHHOCTH
HernocpencreeHHo B PU-moayne Hanpap/lieHHOCTH
HCOONb3yeTcs OAMH HMIH HeCcKonbko BY-TpakToR.
[lpaBoa, B 3TOM C/y4ae YHCIO ONHOBPEMEHHO re-
pelaBdeMbIX MMOTOKOB JaHHBIX ONpaHHYeHO YHC-
nom BU-TpakToB. Ho npH TaxoMm noaxomue Tpebyercs

6/2011
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TEXHOJIOI'UH

Tabnuua 2. Brogxer MMB-nuHun

Bapwaut | Bapuwant | BapuanTt | Bapuast

1 2 3 4

MowHOCTE
nepenaTumka, Ahu i5.00 35,00 25,00 25,00
Younexuwe
nepeaauen 30,00 30,00 30,00 30,00
AHTEHHE, ABK
ﬁ:fm Hecyweh, | 800 | 7200 | 2800 | 7200
PaccToRHMe, KM 1,00 1,00 0.5 0,5
MoTepn NpW pac-
npoCTpaHeHw, gb 121,34 129,55 115,32 123,53
MNpoyse NoTepH 20,00 20,00 20,00 20,00
Youneume
NPUEMHOA 15,00 15,00 15,00 15,00
aHTEHMHbI, AbwK
MNpunaTtan
AR piE -61,34 -69,55 -65,32 -73.53
Wwnpiara nonocu, 1,00 1,00 1,00 1.00
'm [} L] L
MNnoTHOCTE
MOWHOCTH
TENNOBOTD WyMa, =174,00 -174,00 =174.00 =174,00
abmiTy
YpOBEHDL WyMa B
diancn i 1000 | 1000 | 1000 | 1000
TennopoR wym, ab =74,00 =74.00 =74,00 -74.00
OTHOWEHKE
CHPHARALYM, 16 12,66 445 B.68 0,47
MoTepu B
nNpHEMHMKE, 2B 5,00 5.00 500 5,00
CROpOCTh NEpEfaun

MeHBIlle PAJHOKOMIOHEHTOR, H OH oOblYHO BhIOH-
FIE.ETEH HM3-3a HH3KOH CTOM MOCTH.

PopMHPOBAHHE AHATPaAMMBEl HANPaBIEHHOCTH
nepegaTyuka - obeivHo Gonee cnoxHaa npobnema,
Tpebyomas Kak oOpaTHOM CBAIH OT MPHEMHHKA (ne-
pefada BecoBBIX AHTEHHEIX KO3pPHIIHEHTOB B 3aBH-
CHMOCTH OT l'.[]]HHHTD[‘ﬂ EHFHE.HE.:'. TdK H HEJ’IHEP&HKH
AHTeHHbl. Bonee TOro, B CBA3M ¢ HH3IKOH P dPeKTHB-
HOCTRID }f[ HIHTeneH MOMHOCTH MK HMET]]DBEII‘D
AHAMNa30Ha, MPOH3BOJAHMBIX 10 COBPEMEHHBIM Mpo-
MBILIIEHHBIM TEXHOMOIHAM, BaXHOH nOpobnemoH
CTAHOBMTCA 3Hepronorpebnerue, orpaHHYeHHoe pe-
cypcom Datapedt B MOOM/IBHBIX CTAHLHAX ¢ HOPMH-
pOBaHHEM JIyda NpH nepefa4e. [lns ymeHbUIeHHA
CTOMMOCTH H CIOKHOCTH MOBHABHBIX CTAHIIHHA Lene-
coobpa3sHo paccMaTpPHBATh [IPOMEXKYTOYHBIH BpeMeH-
HBIH TToaxos - rabpuansie MMB-4C cHcTeMel ¢ nepe-
JEI,EIT-IEﬁ TONRED HUCXOOANISTD BXOMALIErD TP-EI¢HKE[ I:EI'T
BC K MOOHIBHOH) MO MH/UTHMETPOBOMY KaHay. 3To
CHH#¥aeT TpeboBaHHA AnA MODHIBHBIX CTAHILIHHA B
HACTH NepeiaTHHKOB MH/UTHMETPOBOIO AHATAI0HA,

IHEPBAH MWJIH

CTPYKTYPA KALIPA

Ona cucrem 4G N8 MYIETHIVIEKCHPOBAHHA OBITH
EhlﬁpaHH TEXHONOIHH pPa3le/leHHA K4dHAI0B 110
CpPeAcTBOM OPTOrOHaNBHEIX HecywHx (OFDM)
MPOCTO HacToTHoe pasnenenue (FDM) ¢ ogHol He-
cymied. Tomy Obl LenblA pad MPHYMH: THOKOCTE B
NOAJEePAKEe MHOKECTBA AHANA30HOB, YIIPOIIEHHEIH
3kBanansep 1 MIMO-npHeMHHK, BOSMOXKHOCTD 3d-
GEKTHBHOH NMOAAEPKKH MHOXECTBEHHOrO J0CTyna
HT.01. BMMB B OCHOBHOM M0 TEM Xe NPHYHHAM MBI
Takxe Henonkdyem OFDM H ooHy Hecyiyo.

OoHa H3 BOIMOMHBIX CTPYKTYp Kaapa MMB
MoKalaHa Ha puc.4. Ba3oBLIA HHTEpBaN Nnepenays
(TTI) ana MMB - cnoT AnMTeNBHOCTBIO 62,5 MKC,
Ans obneryeHua npouenyp B rubpuaHsix MMB-
4G ceTAX ANUTENBHOCTH cyfKanpos, KaipoB H cy-
nepkaapos eelbpadsl B 1, 10 1 40 Mc, To ecTh TAKHE
#e, Kak ¥ B TexHonoruu LTE.

Brifop KOHKPETHBIX 3HAYEHHH J/1A [MapaMeTpoB
ODFM 1 FDM - f1en1o TOHKOE, 3aBHCHT OT MHOXECTBa
HHXeHepHbIX JonyueHuH., Hanpumep, 4acToTa
BaIDOpKH fMomxHa beiTh KpaTHOH 30,72 ML - mony-
NAPHOA YacToTe, MR KOTOPOH CYIECTBYET MHOro
FOTOBBIX HEOPOrHX pelleHHH. LIHKITHYeCKHHA npe-
dukc (CP) BriGpaH pasrbiM 520 He, vTo 06ecnevnBaeT
JOCTATOMHBIN BePXHMA nipefen ang HauaMHHHeA-
lIero MyTH MepeoTpakeHHOro CHIHaMNa, pa3pelaeT
HECKO/IBKO CLEHAPHER PACOIONEeHHUS YCTPOHCTE H
yBEeTHHHBAET NONYCTHMBIA pa3bpoc 3agepxex pac-
NpocTpaHeHHA. 3To ocobeHHO BayKHO B C/Iy4dE aH-
TeHHBIX PeleTOK Ma/IbiX pasMepoB (Hanpumep, 1A
ManorabapHTHBIX cMapTGOHOB) HAM MpH WKMPO-
KOM /1y4e (Hanpumep, TS yITpaBAsoIHX JaHHBIX).
llar OFDM-niogxecymux Beibpan 480 klu, 3to go-
CTATOMHO NAOTHO, 9T0Dbl OCTABATHCA B MONOCE KOre-
PEHTHOCTH B BONBILMHCTEE C1Y4YAeB MHOTO/TYYeBOro
pactipocTpaHeHHda B MMB, COOTBETCTBEHHO, AMTHHA
OFDM-cumsona (6e3 CP) coctapnser 2,08 MKc, T.e.
HaKMalHBEe PACXOAB Hd LUHETHYECKHUH npegHxc
coctasnqawT 20%, lllkana nogHecyIIHX ToXe AocTa-
TOYHO WHPOKA, 4ToOBl YHCAO ToYEK npamoro (Bul-
cTporo) H obpatHoro @ypee-npeobpasosanus (FFT/
IFFT) 6B1710 OTHOCHTE/BHO HeBeNHKO (2048 Tovek Ha
1 I'Tu cucremHoH nonockl). TakoH mar nogHecymHx
TAKXE MO3BUIAET CKPBITE HETOHHOCTH HENOpOrHx
MCTOMHHKOB TAKTOBOIrO CHrHanma. Hanpumep, npu
YacToTe HecyueH 28 [T ¥ HCTOYMHHKOM TaKTOBOIO
CHrHana ¢ To4HOCThi0 20 ppm aApedd TaKTOBOA 4a-
CTOTHI COCTABHT He Donee 560 kI, T.e. MeHee ABYX
PACCTOSHHN MEXIY NoAHeCYIIHMH, 3TO ynpolaer
pa3paboTKy CHCTEMEI CHHXPOHH3ALIMH H Tpebopa-
HHA K CHCTEME B LIEJIOM,

Kpome Toro, cucremMa MMB Takxe noggepxH-
BaeT nepefauyy ¢ MOAYIALHEH OOHOH HecylleH.
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370 AT MEeHbIlee OTHOIEeHHe MM KOBOA M Cpe/lHeH
MomHOCTH, Yem B cny4dae OFDM. Tak kak coepe-
MeHHBbIE TBEPIOTEIbHbIE YCTPOHCTBA OrpaHHYeH bl
mo MomHoCcTH (MeHee 1 Br) ana yactoTel 60-100 [T,
TO NpefnoYTHTE/IbHO HCIIONB30BATH OIHY HECYLLY IO
A0S AOCTHXEeHHA MaKCHMA/TBHOH BRIXOAHOH MOLL-
HOCTH M yBeNMH4YeHHA pagHyca geHcreua MMBE,
MeHbllee OTHOLEeHHE NMUKOBOH H CpelHeHr Mol
HOCTH TAK3Ke M03BO/AET NPHEMHHKY HCIIONb30BATh
AL ¢ MeHBIIHM pa3pelleHHeM. Tak, A1 nepe-
Z39H C ABYX- H/TH HeTsIpex No3HLUHOHHOH da30BoH
MogynauHen onHol Hecymer (BPSK wau QPSK,
COOTBETCTBEHHO), BIOJHE AOCTATOMHO Z-4-pa3pal
soro ALTL, 4TO CHABHO COKpalllaeT 3HepronorTpe-
fnenHe B MMB-npHeMHHKe.

BONMET NUHUK

Knmo4esble napamMeTpel NpH pacydere bwakera nM-
HHH - 3TO MOIIHOCTh DA30BOH CTAHUHH, K03dDH-
UHEHT YCHIeHHA aHTeHH NpHeMHHKA H nepefar-
9HKa, a TAKXKe BelIH4HHA NoTeps, B Tabn.2 nokazaH
SaxeT And dyetelpex pasnHuHex MMB cucrem.
HoTepH B Kabene, NOTepH BO BPeMA pacripocTpaHe-
HHA CHIHaNa 4Yepes MA0THLIE Cpefsl, [TPH OTpaxe-
HHAX H AHPpaKIHH OTHECeHbI K MPOYHM [IOTEPAM
¥ oueHeHsl B 20 nb. YpoReHE MYMOB NMPpHEMHHKA
OpHHAT 3a 10 B, notepu B npHeMHHKe - 5 4B, Kak
BHMOHO M3 Tabn.2, NpH MOWHOCTH NepefaTiHKa B
35 ab, nonoce 1 [Tu, wactore Hecywen 28 [T ¢ pe-
ANHCTHYECKHX AONYLIeHHAX ANA KOo3QOHIUHEHTa
VCHISHHS MepeflaTYHKA H NMPHEeMHHKA (BapHaHT
1), MOXHO JOCTHYb CKOPOCTH [epefadyd JaHHBIX
Gonee 3 [OHUT/c HA paccTOAHHH 1 KM,

JAKNIOYEHUE

MuAHMeTpoBsA aHanaszod 3-300 [Ty obnapgaer
MOTEHIHAMIOM, OOCTATOMHBIM A/A notpedHOCTEH
MOGMIEHEIX PUACKEHHA B ONMKATIIHE HECKONb
KO OecATHAeTHH W aaxe Oonee, B craTee MH Tipo-
AHATH3MPOBA/IH CHTYALHK NPHMEHHMOCTH pas-
AHYHBIX YYaCTKOB MH/IMMETPOBOIO JAHana3oHa
ang MoBHNbHOM CBA3IK. Mbl 06CyIHIH XapaKkTepH-
CTHKH pPacnpocTpaHeHHs CHIHala B MHITHME-
TPOBOM AHAaNasoHe, BRAWYAA 3aTyXaHHe, [MOTepH,
pomniepockHe 3ddeKTh H nepeoTpaxeHue, baaro-
aapa Gonee y3ROHANPaBIeHHOMY CHIHANY NpH ne-
penade, B3aHMOBNHAHHE Ba30BLIX CTAaHUHHA B MMB
HAMHOTO MeHbIlle, 4eM B COTOBOH CBA3H, MO3ITOMY
30HBI AeHCTBHA BC MMB MOryT 3Ha4HTe/IBHO Nepe-
KpBiBATbCA. B pesynerare GasoBele cTaHuMu MMB
dopmupyT pemeTky BC C BBICOKHM KadecTBOM
MpUeMa He3aBHCHMO OT MOIOKEHHA MOOHIBHOIO
ycTporicTea. OnopHas cere Mexay BC (dopmupy-
eMas HMH Xe] MOXeT MCIOAb30BATBECA ANA CHH-

NEPBAH MH.14

HeHHA obueH CTOHMOCTH CHCTEMBI H YCKOpeHHSA
passepThiBaHug BC. Takxe BO3IMOMHBI THOPHIHEIE
cHcTeMbl MMB-4G, B KOTOPBIX MO yiKe CYLeCTBY0-
IHM HafexHbiM 4G-CeTAM MepejarTCA CHCTeM:
Hble JaHHble, ITHPOKOBELlATeNbHAA HHOpMAaLLHA,
cny#ebnas MHpopMalHg M cnyxeOHBIe KaHANbI
obpatHoi cBa3d MMB-cucTeM,

Ans paboTsl B rOpoACKHMX yC/NOBHAX, [0KA CO-
XpaHAeTcd HH3K0e nepekpuiTHe 30H bC MMB, Mbl
BelOpanH Takue napamerpsl OFDM ana MMB,
KaK wwar noaHecymux 480 k'l H UMKAHYECKHH
npedukc 520 He, Takxe paspaboran dopmar ka-
apa ang ofnervyeHUd paborsl B rHOPHIHBIX CETAX
MMB-4G, M3 ananu3a Gio/KeTa THHHUH ACHO, 4TO
B FOPOACKHMX YCJIOBHAX JOCTHXHMBI CKOPOCTH e~
penadvd gaHHbeX B2 [OHUT/C HA paccToAHHE B 1 KM,

ABTOpBl BRIpaKalT 6MarofapHOCTh KoAleram
H3 KOMIAaHHMH Samsung 3a LeHHble ofcyXRaeHH,
oBpaTHYIO CBA3b M KOHCTPYKTHBHBIE KOMMEHTApPHH,
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