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AHHoTanus. Beicokue CKopocTH nepenauu T1aHHbIX TPEOYIOTCS B COBPEMEHHBIX ITH(]-
POBBIX cucTeMax paauornepenadn. Ho ypenmdenne ckopocTy nepenadyy JaHHBIX PUBOIUT K
VXYAILICHUIO KadecTBa mepenadn U Boicokomy BER (wactore 6utoBbix ommbok). Texuomo-
rusi OFDM, kortopast Obiia BHenpeHa B 1960-X IT., Bce 3TH (QYHKIUMHU peanu3yer. B aToit
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paboTe uccienyercs: BIMSHIE KaHAJIOB C 3aMHUPaHUEM Ha Iepefady MH(OpMaIuu B CHCTe-
Max OFDM. B GecnipoBOfHBIX cHCTEMax Iepenavd AUCKPETHBIX COOOIICHHI, MapaMeTphl
KaHaJla 04eHb CHJIBHO BIHAIOT HA KaUeCTBO Mepeadl, TaK KaK IMPOUCXOIUT BIUIHNE HA TIO-
JIE3HBIN CUTHAI TIOMEX, IIYMOB M 3aMUpaHuid. 3aMHUpaHKe OYeHb YacToe SIBICHHE B OECTIPO-
BOJHBIX CHCTEMaX CBS3H, BIHSIOIIEE HA CABHT (a3bl cUTHANA. B ycinoBusX ropoackoit cpe-
JIbl IMEET MECTO OBITH M MHOT'OJIYYEBOE PACIPOCTPAaHEHNE CUTHAJIOB, TAK KaK CUTHAIIBI pac-
MPOCTPAHSIOTCSI IO JIBYM WIIH OoJiee IyTsIM, TPEXKIe YeM JOCTHYb MpHeMHuKa. B 3aBucumo-
CTH OT CPEbl pacpOCTPaHEHHs CUTHANA U YCIOBUI CBSI3M MOXXHO BBIJIETUTH MEIKOMACHI-
TaOHBIe 3aMupaHusl. [Ipr 3TOM MPOUCXOMUT 3HAYUTENbHBIC U3MECHEHUS aMIUTHTYIBI U (Da3bl
curHana. MenkoMaciiTaOHbIe 3aMUPaHUsT IPOUCXOMISAT B MEHBIIIEM MaciiTade, CpaBHUMOM
C IJTUHOMW BOJIHBI TIEpelaBaeéMoOro CUTHAIIA, M YacTO MEHAIOTCS 110 BCEMY TPaKTy CUTHAJNA, U
MOTYT U3MEHATHCS OJWH HJIM HECKOJIBKO pa3 B TeUEHHE BPEMEHH Iepenadyd CUMBOJA, YTO
MIPUBOIUT K TaK HA3bIBAEMBIM ITOCKUM (IIAAKHUM) U YAaCTOTHO-CENEKTUBHBIM 3aMUPAHHIM.
[Nomydennble pe3ynbTaThl TOKa3bIBAIOT BIUSIHUE 3aMUpPaHus Ha IIU(POBYIO CUCTEMY Tepena-
gt (OFDM). Tpu uctonbs3zyeMbix npouiis 3aepskeK JUCKPETHBIX COOOIICHHI PeCTaBIIs-
I0T Cpelly paclpoCTpPaHEHUs! C HU3KOHM, CpelHEeH U BBICOKOM 3alepXKKOH COOTBETCTBEHHO.
C nmomompio MporpaMMHOro odecredeHus SystemVue MocTpoeHa MOJIENb OecIpOBOTHOI
nugposoii cucremsl cBsizu (OFDM).

KuroueBble cioBa: curnai, MOAYIALNS, aHAIN3 JAHHBIX, TPYIIIUPOBKA CUTHAJIOB, IO~

Mexu, 1udposas cucrtema nepenaun (OFDM), SystemVue.

MynbTHILUIEKCUPOBaHIE C OPTOrOHATBHBIM
4aCTOTHBIM paszaeneHueM kaHanoB (OFDM) Obin
ornpeneiieH kak 3(pQEeKTUBHBIA METOJ AJIs J10C-
THKEHHSI BRICOKOCKOPOCTHOM Tepeayy JaHHbIX
M0 YaCTOTHO-U30MpATEIbHBIM KaHaJIaM C 3aMH-
panueM (puc. 1). OH noceuIaeT HECKOIBKO MOTO-
KOB JTJaHHBIX Yepe3 HECKOJIBKO MOANANIa30HOB 00-
LIEro CIeKTpa, MpUYeM KaxAbIH MOAIMana3oH
SIBJIAETCS JOCTATOYHO Y3KUM, YTOOBI 3aMUpaHHe
KaHaja ObIJIO paBHOMEPHBIM 110 yacToTe. OpTo-
TOHAJIFHOCTh MEX]Ty MOJHECYIINMHU COXpaHseT-
cs, B TO BpeMs Kak IOIMaIa3oHbl YacTOT MO-
TYyT nepekpoiBatbes [3].

[Ipu nepenaue OFDM Ha HecKONbKHUX He-
CYIIMX UCTIONB3YIOTCS IS TapaieNibHOM mepe-
JTa4y CHMBOJIOB IaHHBIX IIyTEM PaBHOTO pacIipe-

JECHUS JOCTYITHON TOJIOCHI MPOMYCKAHUS.
B kaxioM monkaHaie mogHecymas MOAYIHPY-
eTcs CO CKOPOCTBIO Tepeiaud CHMBOJIOB HIFKE
CKOpPOCTH TIepe/iauy IAHHBIX KaHaa.

Korma curnanel wiv MOTHECYIITHE OPTOTrO-
HaJbHBI JIPYT APYTY, MUK (MAKCUMYM ) OTHOTO CHUT-
HaJla PUXOJUTCS HA HOMb JPYTUX. DTa BaKHAs
0COOEHHOCTH OPTOTOHAJIBHOI'O CUTHAJIA TTO3BOJIS-
€T MPUEMHUKY pa3felisTh MOTHECYIIHE.

B cucremax nepemaun OFDM crtpykrypa
(dbopMupoBaTENs ¥ MPUEMHNKA CUTHAJIOB OCYIIIe-
CTBIISIETCSl C TIOMOIIBIO BBIUUCIICHHS OBICTPOTO
npeodpasoBanus Oypbe U 00PaTHOrO OBICTPOrO
npeoOpasopanus Dypre. OCHOBHAS IIElb ITUX
BBIUMCIICHHUH 3aKITI0YAETCs B peain3alii OpTo-
TOHAJIBHOCTH MOTHECYIINX MTPH UCTIONIb30BAHUH

HacToOTHBIC KaHallbl

Yacrora, f

Puc. 1. YacrorHsle ciekTpsl curdaios OFDM
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UQPOBBIX BUJIOB MAHUITYISIIAH. TakuM o0pazom,
B CHCTEMaX, MOCTPOEHHBIX HAa OCHOBE TEXHOJIO-
ru OFDM curnaisl MOIyNUpyIOTCSl B YaCTOT-
HOI 00JIacTH, a 3aTeM TPaHCPOPMHUPYIOTCS BO
BPEMEHH VIO 00JIaCTh, TJI€ OHH (POPMHUPYIOT I'PYII-
MoBOM curHai. [ns peanr3alny MyJIbTUILIEKCH-
POBaHHUsSI C OPTOTOHANBHBIM YaCTOTHBIM pa3Jie-
JICHWEM MOT'YT OBbITh TaKHE BH]IbI MAHUITYIISIINH,
kak PSK, QPSK, QAM. [IpuanmaemsIii curHai
Ha MPUEMHOW CTOPOHE UMEET CIOKHYIO0 (popMy
BO BPEMEHHOH 00JIACTH.

B GecripoBOIHBIX cucTeMax Mepenadu Juc-
KpETHBIX COOOIICHUH, TapaMeTphl KaHala O4eHb
CIJIBHO BIIMAIOT Ha Ka4eCTBO Tepeaayun, Tak Kak
MPOUCXOIT BITMSIHUE HA TIOJIC3HBIN CUTHAI TIOMEX,
IIYMOB U 3aMHpaHui. 3aMUpaHue OYeHb YacToe
SIBIICHHE B OECITPOBOJIHBIX CHCTEMAX CBSI3H, BIIH-
srolee Ha cABUT a3kl cUTrHana. B ycnoBusx
TOPOJICKON Cpelbl HMEET MeCTO OBITh U MHOTO-
Jy4eBOE paclpocTpaHEHHE CHUTHAJIOB, TaK Kak
CHTHAJIBI PACIPOCTPAHSIOTCS IO JBYM HIIK 0O-
JIee IyTSM, MIPEXAe YeM JOCTHYb MPUEMHHUKA [2].

B 3aBucuMoOCTH OT cpenbl pacrpocTpaHe-
HUS CUTHAJIA M YCIIOBUH CBSI3M MOYKHO BBIJICIIUTH
MenkomaciTadHbie 3amupanus. [Ipu 3Tom mpo-
HCXOUT 3HAYUTEINBHBIC N3MEHEHUS aMILTUTY/IbI
u (as3wl curaana. MenkomacmrabHbIe 3aMHpa-
HUS TIPOMCXOJAT B MEHBIIEM MaciuTtade, cpas-
HHUMOM C JJINHOW BOJIHBI IT€peaBaeMOro CUTHa-
J1a, ¥ YaCTO MEHSIOTCS M0 BCeMY TPAKTy CHTHa-
J1a, ¥ MOTYT U3MEHSATHCS OIMH MJIH HECKOIIBKO pa3
B TEUCHHE BPEMEHU TIepeiadur CUMBOJIIA, YTO MTPH-
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BOJIUT K TaK Ha3bIBAEMBIM TIOCKUM(TIIAIKUM) U
YaCTOTHO-CEJICKTUBHBIM 3aMHUPAHUSIM.

C noMomIpio MPOrpaMMHOTO CPECTBA MO-
nenvpoBaHust SystemVue, 3aMUpaHue MOJIENH-
pyercs Oimarogapsi HalnWuMi0 OMOIMOTEK MoOJIe-
JIeH KaHaJI0B, KOTOPBIE MPEICTABIISIOT COOOM ITPo-
(UM 3a7epIKKH.

B cBoeit pabore Mbl UCTTONB30BaIH KO3(D-
¢dunenT outoBbix ommobok (BER) aist otienku u
aHanu3a paboThl MOJienH OECTIPOBOHOM CHCTe-
™Mbl cBsizn OFDM [1].

Mogenb 0ecipoBOJHOI CHCTEMBI CBSI3U
OFDM 0bli1a mocTpoeHa ¢ HCIoIb30BaHUEM pas-
JINYHBIX KOMIIOHEHTOB OMOIHMOTEK MPOrpaMMHO-
ro obecnieuenust SystemVue (puc. 2).

[IpuBeneHHass MozElb MYJIBTUILICKCHPYET
pa3MYHbIC TUIIBI CATHAJIOB B YACTOTHOW 00Jac-
TH B COOTBETCTBYIOLIHE MTOogHecyue. J{ist oreH-
ki ko2 (duIMenTa OUTOBBIX OMMOOK B MOJIETh
nobasunu 610k BER [1].

Pesynbraramu MosenupoBaHusl CTaH AaH-
HbIC TaOJIUI, U300paKEHHBIX HA PUCYHKE 3, TS
KaHalloB 0e3 3aMHUpaHus M KaHAJIOB C 3aMHupa-
HUSIMHU JUTSI Pa3IMYHbIX MPOQHIei 3alepiKeK —
MEIIEXOAHbIN MPO(HUIb, ABTOMOOMIIBHBIA U T0O-
POICKOH (pacIupeHHbBIN MeMIeX0AHbIH, pacIIIy-
PpEHHBII aBTOMOOHJIBHBIH, PACITUPEHHBIN THITHY-
HBII TOPOJCKOH).

AHanu3 pe3yiabTaToB JaeT HaM CJeNaTh
BBIBO/J] O TOM, YTO 3aMHUPAHUsI BIUSIOT Ha CUCTE-
My nepenaun OFDM. Tpu ucnons3zyemMbIx mpo-
b 3allepKeK AT pa3UYHbIE Pe3yIbTaThl

Puc. 2. Cuctema OFDM
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Name:iBl_BER
} ed® 3 Status:iRealVector ¢)
Siab RVt
Sos e ndex JR_Swp  B1_BER
1 10 | 03524
ndex Petamelers SR Swp B BER 2 12 0.501
{ 10 3 14 0303
) R 4 16 04161
3 m 0 5 18 04719
| # 0 6 20 03749
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Name:|B1_BER

7777777777777777777777 Name:iBl_BER

Status: Real Vector (9 Status: rReal Vector (9)
1 :

el RSP e NdexR_Swp  BIBER
2 12 05391 1 10 | 04495
Bl 14| 04828 2 12 0.49
4 16 04168 3 14 06126
5 18 05447 4 16 03418
6 20 02729 5 18 0.4668
o B2
: T 2 04
MBSO 04U 8 24 05546
9 25 04582

(c) (d)

Puc. 3. 3nauenust BER s kanana 6e3 3amupanus (a), kanana EPA (), kanana EVA (c), kanana ETU (d)

BER mnst mogeneit kananoB. Kak BugHO U3 pe-
3yabTaToOB, Bce 3HaueHus BER paBHBI Hym0 JU1s1
kaHana 0e3 3amupanus. [Ipu u3meHeHnu npodu-
151 3aepkku Ha ropoxackoit (ETU) mamu Obutn
nony4eHbl camble Bbicokue 3HadeHusi BER. Ile-
mexonubli mpoduns (EPA) 3amepikek TeMOHCT-
pupoBain camble Hu3kue 3HaueHus BER. O1o cBi-
3aHO C TeM, YTO pacIIMPEeHHOE THITUYHOE TOpPOJIC-
KO€ 3aTyXaHHe — 3TO THI 3aTyXaHHs, BOSHHUKAIO-
IIMH B TOPOJICKUX LEHTPaX, IJIe MHOTO O0BEKTOB
(3maHuit, MOCTOB, TPAHCTIOPTHBIX CPENCTB), Mpe-
MIATCTBYIOUIUX POXOXKICHUIO CUTHAJIA.

MoxHO crenaTh BBIBOJ O TOM, YTO B pe-
synbrate moaenupoBanuss OFDM cucrems! ¢
KaHaJlaM{ WMEIOIINE 3aMHpPaHus, OCTaeTcs pa-
6orocriocobHoi. [Tomy4yenHbIe pacyeTsl k03 hu-
IUEHTA OIMOOK He npeBbIaeT 3Hadenus 0,5 ui
W HaXOIUTCSI B 3TOM JIMAIIa30He, YTO TOBOPUT 00
YCTONYMBOCTU CUCTEMBI B 1IEJIOM.
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Abstract. High data transfer rates are required in modern digital radio transmission
systems. But an increase in the data transfer rate leads to a deterioration in the transmission
quality and a high BER (bit error rate). OFDM technology, which was introduced in the
1960s, implements all these functions. In this paper, the influence of fading channels on the
transmission of information in OFDM systems is investigated. In wireless systems for
transmitting discrete messages, the channel parameters greatly affect the transmission quality,
as interference, noise and fading affect the useful signal. Fading is a very common phenomenon
in wireless communication systems, affecting the phase shift of the signal. In an urban
environment, multipath propagation of signals also takes place, since signals propagate along
two or more paths before reaching the receiver. Depending on the signal propagation medium
and communication conditions, small-scale fading can be distinguished. At the same time,
there are significant changes in the amplitude and phase of the signal. Small-scale fading
occurs on a smaller scale, comparable to the wavelength of the transmitted signal, and often
changes throughout the signal path, and may change one or more times during the transmission
time of the symbol, which leads to so-called flat (smooth) and frequency-selective fading.
The results obtained show the effect of fading on the digital transmission system (OFDM).
The three discrete message delay profiles used represent a low-, medium-, and high-latency
propagation environment, respectively. A model of a wireless digital communication system
(OFDM) has been built using the SystemVue software.

Key words: signal, modulation, data analysis, signal constellation, interference, digital
transmission system (OFDM), SystemVue.
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