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AHHoTanus. PaccMorpen croco6 ymydiiieHus KauecTBa nepeaayn nHHOPMAaIlid B CH-
CTEéMax CBA3H C OPTOrOHAJIbHBIM YaCTOTHBIM MYJIBTUIIJICKCUPOBAHHUEM. HOKa3aHO, 4TO IIpHu
YBCIINYCHUHN KOJIMYCCTBA IMPUCMHLBIX U MEPCAAIONINX aHTCHH HOMeXOyCTOfI‘IHBOCTb 3Ha4YHu-
TEIBHO YBEIMYMBAETCS.

KuoueBble c10Ba: OpTOroHAIBHOE YACTOTHOE MYIbTHILIEKCHpoBanue, MIMO, morno-

TexHOJOrusl YaCTOTHOTO pas3felieHus] Ha
OpTOTOHAJBHBIE Hecyllue sBisiercs: d(HeKTHB-
HBIM, COBPEMEHHBIM CIIOCOOOM TIepeaavd JaH-
HBIX KaK B IPOBOJIHBIX KaHaJlaX CBS3H, TaK U B
paZMovacTOTHBIX KaHaJax.

OcymecTisis epenady uHGopMalu Ha
MHOI'MX HECYLLIMX,, LIMPOKOIIONIOCHBIA BXOJHOM CHT'-
HaJl pa30MBaeTCsl Ha HECKOJILKO Y3KOIOMOCHBIX
CHTHAJIOB B Tepearoleii CTOpoHe H puHUMa-
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ca 4actot, 3((HEeKTUBHOCTD IEpelavn, CUCTEMbI CBSI3H.

ercsi B mpreMHoi. CyllecTByIoIas OpToroHalb-
HOCTh MY MOJKaHAIAMH MOJABIISIET MEKKa-
HAJIBHYIO ¥ MEKCUMBOJIBHYIO HHTEp(EpeHIHIO,
TEeM CaMbIM, TIPOUCXOAUT JIOCTOBEpHAS TIepea-
Ya JJaHHBIX.

AKTHBHOE BHEJJPEHHE TEXHOJIOTUU OPTOr0-
HaJlbHOTO YaCTOTHOTO MYJIBTHILICKCHPOBAHHUS
(Orthogonal Frequency Division Multiplexing,
OFDM) B HacTOSIIHMIT MOMEHT HAaYMHAIOT IIH-
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POKO MPUMEHSTh B OCCIPOBOIHBIX CHCTEMax
nepeaayn, TEICBUACHNUHU, PaAUOCBI3HU, PaIUOBE-
maHuu. PPEeKTUBHOCTH TPUMEHEHHUS BBIJICIICH-
HOM MTOJIOCHI YaCTOT Ha MOCTOSTHHOM BBICOKOM CKO-
pPOCTH Tiepefadyn MO3BOJISIET OOPOThCS C TTOMe-
XaMH, BOSHHKAIOIIMMU MIPH Tiepenade moIe3HoH
nH(pOpMaIIMH 110 paarokaHay [1].

Texuonorus OFDM nipumensieTcs BoO MHO-
I'UX 00JIACTSAX TEXHUKH U CBsi3u. Hampumep:

— B CIIyTHHUKOBBIX CHCTEMaX CBSI3H;

— B paJMOpENICHHBIX CHCTEMAaX CBSI3H;

— cucteme PABUC (oreuecTBeHHas pas-
paborka), DVB (T,T2, H, SH, T2lite), DAB,
DAB+, DRM, DRM+,T-DMB, ISDB-T,
MediaFLO, Eureca-147;

— B CTaHaapTax KaOeJbHOTo IU(PPOBOro
TeneBu3noHHOTO Bemanus DVB-C2 u nepenaun
nanaeix ADSL u VDSL;

— B crangaptax PLC;

— B crangaprax [IJ] IEEE 802.11a/g/n/ac,
IEEE 802.16d/e, IEEE 802.16m, LTE u LTE-A;
— B cetH HOBOro mokojieHus 5G NR;

— HCIIONB30BAHUE B CBEPXIIIMPOKOIOIOCHBIX
CeTsX Iepeadd JaHHBIX Ha OCHOBE CTaHIapTa
IEEE 802.15.3a (Ultra-Wideband Technology,
UWB) u nocnenyromnmx pa3padoToK.

CyllleCTBEHHbIE HEIOCTATKU B MIEpEaTIH-
ke Texnonoruu OFDM:

— OTHOCHUTEIIBHO MEIJICHHOC 3aTyXaHHue
OOKOBBIX JICTIECTKOB CIIEKTPa, KOTOPOE MPUBOTUT
K MHTEp(]EepeHIIH COCeHETo KaHaa;

— 3AIIUTHBIA HHTEPBAN (BBOAUTCS IS pa3-
JienieHust CoOOIIeHHH 110 HOMepY KaHalla), KOTo-
PBIii MPUBOIUT K TOSABJICHUIO MEPEXOHOIO IPO-
mecca.
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Cy1iecTBeHHbIE HEIOCTATKU B IPUEMHHKE
texnonoruun OFDM:

— Ha NPUEMHOM CTOpOHE BO3HMKAET pac-
CHHXPOHHM3AIIUS 110 YaCTOTE MO BO3ACHCTBHUEM
aJTMTUBHBIX U MYJABTUIITUKATUBHBIX MIOMEX KaK
pe3ynbTaT MOSABICHNE MEKCHUMBOJIBHON U MEX-
KaHAIIbHOW HHTEpPEPEHIIN;

— HE BBINOIHSETCS OCHOBHOM MPUHIIUTI TE€X-
HOJIOTUW OPTOTOHAJILHOCTHU KaK CIIEACTBUE Ipe-
pBIBaHUE pUEMa COOOIICHHH.

B cucremax nepenaun nadopmanuu, 0cHO-
BaHHBIX Ha OecripoBoHOM TexHooruu MIMO u
OFDM, pacnpocTtpaHeHre (pU3HUECKOTO CUTHA-
Jla B IPOCTPAHCTBE MPUBOJUT K TUCIIEPCHH, UTO
HEraTHBHBIM 00pa30M BIIMSIET HA TIPUEMHYIO CTO-
POHY M BelIeT K YBEIHYEHHUIO BEPOATHOCTHU
OIIMOKH OIEHKH MPUHUMAEMOT0 COO0IIeHus [2].

B pabote Obuta MccienoBaHa MPOrpaMMHas
mozenb MIMO OFDM (MonmynsiTopoB U 1eMOmy-
nATOpOB). B pesynbraTe MpoBeaeHHOro aHain3a
ObLJ1a TIOITy4YeHa 3aBUCUMOCTD TOSIBJICHUS YaCTOTHI
OIIMOKH OT BEPOSTHOCTH TIOSIBIICHUSI OIIMOKH. DTO
MoKasajo, 4yto ucnoias3oBanue OFDM u MIMO
TIPETbSBIISET MTOBBIIIEHHBIE TPEOOBAHHS K OIEHH-
BaHMIO KaHasa. Ha pucynke 1 mpencrapieHa 3aBu-
CHMOCTb YaCTOThI OIIMOOK OT BEPOATHOCTH HYIIS.

B pesynbrare sxcnieprMeHTa U B X0/l TPO-
JIeNIAHHOW PAa0OTBI MO TIOTYYCHHBIM JIAHHBIM MOXK-
HO c/enaTh 3aKII04YeHUe, YTO €Cd MPOBOJUTH
OLIEHKY KaHaJia CBsi3H npu ucnonszosanun OFDM
1 MIMO, MOXXHO 10CTHYb TPEOYEeMOro KauecTBa
nepenayy CooOIEeHNH B COBPEMEHHBIX PajihoKa-
Hallax ¢ 3aMHpaHueM (puc. 2).

[IpoBoanN 3KCHEPUMEHT 1O U3MEHEHHIO
KOJIMYECTBa MPUEMHO-TIEPEatoNX aHTEHH U
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Puc. 1. 3aBUCMMOCTB YacTOTHI OITMOOK OT BEPOSITHOCTH HYJIS
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COOTHOIICHHS CUTHAJI/IIYM, TTONYYHIIA 3aBUCH-
MOCTb TOSIBJICHHUS OIIMOKK (pHC. 3) OT KoIuye-
CTBa MPHEMOIIEPEAAIOIINX aHTEeHH.

B urore, onpenenus 3aBUCUMOCTH BEpOSAT-
HocTH nosienenust ook (BER) ot cootHome-
Hus curHan/uryMm (SNR), MOXHO clienaTh BEIBOJ
0 TOM, YTO MIPH YBETUYEHUHU KOINYECTBA IPUEM-
HBIX U [TEPEAAIOLINX AaHTEHH ITOMEX0Y CTONYNBOCTh
3HAYUTEIHHO YBEIHMYHNBAETCS.
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Abstract. The active introduction of Orthogonal Frequency Division Multiplexing
(OFDM) technology is now beginning to be widely used in wireless transmission systems,
television, radio communication, and radio broadcasting. The efficiency of using a dedicated
frequency band at a constant high transmission rate allows you to combat interference arising
from the transmission of a useful information on the radio channel. A method of improving
quality of information transmission in communication systems with orthogonal frequency
multiplexing is described. It is shown that with an increase in the number of receiving and
transmitting antennas, the noise immunity increases significantly. An experiment was carried
out to change the number of receiving-transmitting antennas and the signal-to-noise ratio, and
the dependence of the appearance of an error on the number of transmitting antennas was
obtained. The work investigated the software model of MIMO OFDM (modulators and
demodulators). As a result of the analysis, the dependence of the appearance of the error
frequency on the probability of the error was obtained. This showed that the use of OFDM
and MIMO places increased demands on channel estimatio.

Key words: orthogonal frequency multiplexing, MIMO, frequency band, transmission
efficiency, communication systems.
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