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BOOpy:)IC(?HHbe Cun Yxpaunwvi, Kuee

* Boennwiii uLcmumym meﬂercomynukauuu u uHgopmamuzayuu Hauuonajzbnoeo MEXHU4ECKO20
ynusepcumema Yxpaunvr “Kueeckuil nonumexnuveckuti uncmumym”, szmaaa

NMOMEXO3ALLUMLLEHHAS AEMOAYNALUMA CUTHATNOB N-OFDM
B MPUEMHOM CErMEHTE LUMDPOBOU AHTEHHOM PELLIETKM

B cmamve npednazaemces eapuanm nomexozaupuugennoii demodynayuu cusianoe N-OFDM, ceszannbiii ¢ ux
dejuamannou obpabomkoii. Paccmompenvr smanet peanuzayuu npeonazaemozo sapuanma 08yX3mantoi 0emody-
nayuu cuznano8 N-OFDM, npusedenor coomsemcmsyowue ananumuyeckue gvipaxcerun. Ilpusedenv npeumyye-
CMBa NpeonodiCenHo2o eapuanma ogyxsmannoti o6pabomxu cuznanoe N-OFDM no cpasnenuio ¢ eapuanmom ooHo-
amanHou 06pabomxu, NPOAHAIUIUPOBAHO €20 3HAYEHUE 8 HAVYHOU U npaxmuuecxou obracmsax, npugedeHvl HanpPag-

NCHUA OANbHEUUIUX uccnec)oeanuu

Knioueente cnosa: cuenan N-OFDM, demodynayus, nomexozawguyennocme, dgyxsmannas obpabomxa.

BeepeHue

MMocranoska npo6iemsl. Kak M3BECTHO, Tpaju-
IMOHHBIM METOJOM IIOAABJIEHHS AKTUBHBIX HOMEX B
CTAHUHAX OECIPOBONHON CBS3M, MCIOJB3YIOMIMX IHb-
poBrie aHTeHHbIe peireTkH (I{AP), asnserca dpopmupo-
BaHUC B BHUPTYaNbHOM [UarpamMme HanpapjieHHOCTH
(JIH) nposanoﬁ, OPHEHTHPOBAHHBIX Ha MCTOYHHKH IIO-
MEXOBBIX CHrHAf0B. C 3TOH HENbIO MOXET MCIONB30-
BaTLCA HeJUHEHHas BecoBas o6paboTka NHGO BHIYHTA~
Hye MEMAIOMUX OTKITHKOB U3 COBOKYITHOCTH MPUHATHIX
' CHFTHAJIOB ¢ IIOMOIUBIO BECOBBLIX KO3(HUMEHTOB, pac-
CYMTAHHBIX 110 OLECHKAM YIJIOBBIX KOOPIWUHAT UCTOYHM-
KOB TIOMEX. YKa3aHHbIC BapHaHTh! IPOCTPAHCTBEHHOMN
PEXEKIHH TPHUBOIAAT X HEOOXOIMMOCTH BOCCTAHOBIC-
HAA JJH BTOPHYHBIX KAHANOB WM NPOBEIEHMS, C yde-
TOM HCKaxkeHmsa JIH, xoppekuuu OLEHOK aMIUIUTYA,
HallpyMep, No pe3yabTaraM OLEHHBaHUA MapaMeTpoOB
MUIOT-CHTHANOB. |

Ananus IOC/AeAHNX HCCIIEXOBAHHMH M nyﬁmma—
NHiA. B xadecTBe OAHOrO M3 NEPCNEKTUBHBLIX METOMOB
MOIY/SANUM CHCHANOB B KaHaJaX CBS3H, KaK H3BECTHO,
MOXeT paccMatpuBathcsi N-OFDM.

Tpw MCIIONIB30BAHUM B CTaHUMM OecnpoBOAHOI
CBA3M TEXHOJOTUHM UU(POBOro aIuarpaMMooOpa3oBaHus
(LLXO) ONTEMAIbHAA nemonyauua N-OFDM curnanos
BO3MOXKHA I10 OTCYeTaM aHajloro-uudgposoro npeobpa-
soBareiis (ALII) B pamkax onHosTanHo# o6paboTkn. B
' OCHOBE €€ JIEKMT IOACTAHOBKA 3HauyeHUi XapaKTepH-
CTHK HanpasiieHHOCTH (XH) BTOpPHYHBIX NPOCTPAHCT-
BCHHBIX KaHanoB mpHeMHOH LIAP B MaTpuunyro 3anuch
OTK/TMKOB 4ACTOTHBIX '(I)HJILTPOB CHHTE3UPOBAHHBLIX B
pe3yJbTate ollepalHy 6BICTp0I‘0 npeobpazosanna Oy-
pbe (BI1D).

AnbTepHaTHBHEIH BapHaHT 0o6paboTky COCTOHT B
nepexoje K AByx3TanHo# memomynauuu N-OFDM cur-

Hanos [1, 2]. CyTs ee CBOAHUTCA K TOMY, YTO Ha NIEPBOM
3Tane ONpeleNsIoTCs aMIUIUTYAbLl CHIHAJNOB IO BHIXO-
JaM BTOPHYHBLIX NpHEMHbIX KaHanoB IIAP B kaxaoM
BPEMEHHOM OTCYeTe. [IpH 3TOM MOTYT MCHOJIB30BATHCS
ONEHKH YIUIOBBIX KOOpAWHAT HanpaBneHHﬁ npuemMa
CHTHAJIOB OT NepelaTYNKOB CPEACTB CBA3H, MOMYYECH-
HbIE Ha 3Tane BXOXACHHUS B CBA3b, NTMOO pacCUHTAHHBIE
10 NaHHBIM CPEACTB CIYTHHUKOBOM HAaBMTaIMM reorpa-
¢prueckue KoopauHaTel 06BEKTOB.

PopMy/IMpoOBaHHE LEeJH CcTaTbH. Llensio cratsu
ABJUIETCH PaCCMOTPEHUE aNbTEPHATUBHOIO BapHaHTa IIO-
MEXO03AMMINEHHOH aeMOoAyisiuMH CHTHaIoOB N-OFDM,
CBA3AHHOTO C MX ABYX3TanHOHN 06paboTKOI.

M3noxuweHme
OCHOBHOroO MarepMana MccnefoBaHMs -

CyTs mepBOoro strana ASMOIYJALMM CBOJUTCH K

OLCHHBAHHK aMILINTYl CHTH&JIOB IO BBIXONaM CHHTC-

3MPOBaHHKIX B pe3ynsrare LIJO BTOPHYHEIX MPOCTpaH-
CTBCHHBIX KaHAJIOB B KaXKJIOM BPEMEHHOM OTCYETE.
MIMEHHO NaHHBIH 3TaM ABIAACTCS OCHOBHHIM B PEIICHHH
3alayd OTCTPOUKM OT AKTUBHBIX ToMeX. Cnenmcbuxa
PEIICHUA CBA3HBIX 3af[a4 B OTIHMYHME OT palHOJIOKaLH-
OHHBIX H3MEPCHMH MO3BOJIAET MCIMONL30BaTh MPH 3TOM
W3BECTHBIE YTIOBBIE KOOPIMHATEI HAaNPaBIeHHH NpyeMa
MHQOPMALIMOHHBIX CHUIHAJIOB, H3MEpPEHHBIE Ha I3Tarne
BXOKACHHS B CBf3b, JTUOO PAaCCUYUTAHHEIC IO AAHHLIM
CITYTHHKOBOH HaBUTraUMOHHON CHCTEMBI, IOCTYITHBIINM
no ciyxeGHBIM KaHaiaM OT KoppecnioRneHToB. [Ipn
3TOM [MpPEINOoJaracrcsi, YTO0 B PEXHME BXOXKIACHHA B
CBA3b MNPENyCMOTPEHA BO3MOXHOCTh MOHHTODHHIA
3NEKTPOMarHuTHo# ofcranoBkH B 3dupe, 9to obecne-
uMBaeT OOHapyXEeHWE NMOMEXOBBIX CHTHAJIOB H ONpeJEe-
JIEHUE YIJIOBLIX KOOPAMHAT HX HCTOUHMKOB.
IIpoMexyTOUHOE OLECHHUBAHHUE AMIUIMTYJ CHTHa-
JIOB Ha BBIXOZE mpoueayps! LH¢poBOro nuarpaMmMoos-
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Pa30BaHUS I03BOJAET B KaXIOM BPEMEHHOM OTCUETe
- OTCENapupOBaTh CHIHANLI IIOMEX ITyTeM chonmonaﬁng
B JanpHeHiled oOpaboTke JHIIL TOM YacTH BeKTOpa
AMIUIATYN, KOTOpas COOTBETCTBYET MHGPOPMAUHOHHO
I10JIE3HBIM CHI'HAJIaM. -

Hanuune nonsolt nrpopManyu 06 yrioBeIx Koop-
AuHarax m3nydarened N-OFDM curmanop u nomex
[103BOJISIET TIPEJICTABMTh BEKTOP BBLIXOMHBIX HAIpsKe-
Huit U npoueryps! LIZIO npu Hcnions30BaHUM OOHUHOY-
HOM MNONApU3ALNH H3TYy9eHHA B BHIE MAaTPUHYHOTO BhI-
paxeHus

Wy
U=Q - W+n=[Qg | Qp] |-

Wt W

raie Q= [Qs | QP] — Onounas Marpuua 3Havyenuit J{H

BTOPHYHBIX IPOCTPAHCTBEHHBIX KaHAJIOB B Hampabje-
HUAX Ha HCTOYHHKH N-OFDM (6nox Qg) u Mmeinato-

X (6nok QI} ) CUTHAJIOB;

W' =[Wg | Wp] — Groussiii Bextop ammmutyn
‘N-OFDM curnanos Wy u iomex Wp ;

“T"” — cumMBON ONEepalMHi TPAHCHOHHPOBAHHUA;

N — BEKTOP HANpSDKCHUH IIYMOB.

AHanu3 NMPHBEACHHOTO MAaTPHYHOTO COOTHOLICHMS

HO3BOJIET CAENATHL BEIBOJ O BO3MOXKHOCTH pa3felicHHA
Ha  STame ° OLEHHBaHMA  BEKTOpa  aMIUIHTY]

wi = [WS | Wp] cursaiios N-OFDM u curaanos

noMex. C 3ToH uensl0 NpH QOPMHUPOBAHMH ONTUMAJIb-
| . -1
HOM OLIEHKH BeKTOpa aMIUTUTYyH W =(QTQ) QTU

BbIMHCIISIIOTCS JIMIb CErMEHTHI BEKTOpa W, COOTBET-
CTBYIOUMIHE HH(POPMAUNOHHLIM KaHajlaM CBS3H, TO €CTh
610k Wg . [Ipu 3TOM CerMeHT BEKTOpa OLEHOK aMILIH-

- Ty IIOMEXOBBIX CHIHaNoB (0s10k Wp ) He popmupyeTcs

BoOOI11IE.

AHAIOTHYHO MOXKHO OCYIIECTBHTh pa3fcieHue
TIOJE3HBIX CHTHAJIOB ABOIHOH MONApU3ALMH H NMOMEX B
KaKIOM M3 MOSPH3ALUOHHBIX KaHAJIOB ITYTEM HCIONb~
30BaHUA B nocnenyolei obpaborke aumb cyOBeKkTOpa
00O0MIEHHBIX aMILTHTYR, COOTBETCTBYIOIUX MHPOpPMa-
UMOHHBIM CHTHajaM JABOMHON nosspusauuu [3]. Vka-
3aHHBIH MacCHB CYGBEKTOPOB OLEHOK 06O0BIIEHHDIX
'aMIUTHTYJ CHUFHANOB ABOMHOM NOJSIpU3alMK  AOJDKEH
GopMHpOBATECA B KOXKIOM BpEMEHHOM otcueTe. Jns ux
OLICHUBAHUA MpEANAraeTcs BOCIOJb30BAaTLCA BCE TEM
K€ TpaAMIIMOHHBIM METOJIOM HAaUMEHBLINX KBaJApaToB.

[MaBHBIM YCIIOBHEM, 0GECTIEYMBAIOLIAM BO3MOX-
HOCTh NPUMEHEHHA NPENJIaraeéMoro MeToJa JIOMEX03a-
WHTEH, SBJSETCS OFpaHHYEHMe HAa OOllee KOJIMUeCTRO
OJHOBPEMEHHO ACHCTBYIOMIHX UCTOYHUKOB CHTHANOB U
- IoMex. Jleno B ToM, 4TO paszeneHue MEIAIoWHX H Nno-
JIE3HBIX CHTHAJIOB OCHOBLIBACTCHA HA PELICHUN CHCTEMBI
ypaBHEHHIi, IO3TOMY OGlIEe KOIMYECTBO HEH3BECTHBIX
‘aMIVTUTY[ CHTHAJIOB M NIOMEX B HER HE JOJDKHO 1IpEBkI-

_ISSN 16817710

IIATh OOIIEro KOJMYeCTBa ypaBHEHMH - CUCTEMEL . Vuu-
ThiBasd KOMIUIEKCHBIH XapaKTep HaNpsKEeHHWH CHTHAIOB
no Buixoxy mnpoueaypel LIJIO m xoMmimexcHoe npen-
CTaBJIEHHE MX aMIUTHTYH, YCIOBHE PaseNeHUs CHrHa-
OB 10 BBIXOAY R-kanansHo# IIAP, npuxomsmux or M
CTaHIM# GecnpoBOAHONHOBOH CBA3M M P MCTOYHHMKOB
OMEX ¢ U3BECTHBIMH YITIOBHIMM KOOPAMHATAMM, MOXET
OBITE CHOPMYNHUPOBAHO B BH/E:

M+P <R.

JIpyruM orpaHudeHMeM fBiserca TpeGoBaHHE He-
npeBbilieHNA paspsanHod cetkd ALl pesyasTupylo-
IIMM HanpsHKEHHEM CMECH CUTHANIOB M TIOMEX O BBIXO-
Iy aHAJIOTOBOTO NPUEMHOro TPaKTa. J{ia ero BeInoJiHe-
HUA B CIIy4ae BO3HAEHCTBHA NOMEX MOXET NMPHAMERATHCA
LH(POBOE yNpaBICHUE aTTEHIOATOPAMH, Pa3MEINEHHEI-
MH IpEIBAPUTENLHO B KAXKIOM IPHEMHOM KaHaJe, 4TO
MO3BOJNIMT YNEPKUBATh YPOBCHb CHIHAJIBHOM CMECH B
npenenax ameprypst AL KpoMme TOro, BO3MOXHO
HCTIIONb30BAHUE PEXKHMa TNMOHWKECHHOH MOITHOCTH W3-
Ny4YeHHs TIOJIE3HBIX CHTHAJIOB Tiepeaalomeit craHuueit ¢
MOIMYTHHIM CHIDKEHUEM TOPSIKA MX MONYJALUHMH H CO-
OTBETCTBYIOLIMM YMEHBIICHHEM CKOPOCTH hieperadd
AaHBBIX. [IpH H3TOXKEHHMH IOCHEAYIOHIMX BHIKIANOK
NPEANOIaraeTcs, YTO BCe YKa3aHHBIE OPaHMYEHHS CO-
GO ICHBL. ) .

[IpuBecHHBIE BHIPAKEHHUS COOTBETCTBYIOT CITY-
qaro nmuHelinoit LAP. Ina nmnockoit aHTeHHoM pemer-
KA TpH (PaKTOpU3yeMBIX JHarpaMMax HalpaBIeHHO-
CTH €€ JJICMEHTOB B KauecTBe MaTpHUL Q mpu MOHO-
NOJAPU3ALMOHHOM JIpUEME CJEAYET MCHOJIh30BaTh
NOACTAHOBKY OJIOYHOTO TPaHCIIOHHPOBAHHOTO MNpO-
H3BeaeHusa matpuu XH:

W
U_=([Qs | Qple[Vs | V) W;S: +tn,  (2)

rae ® - CUMBOJI 6J1I04YHOTO TPaHCIIOHHPOBAHHOTO TOPIE-
BOT'O NPOU3BENCHUA MaTpHIL.

" Tpu HCHIONB30BaHMN CHTHAJIOB KBOMHON MOIApH-
3alMM B Ciaydae Iwiockoif IJAP umeer Mecro Oonee
CNOXKHAA 3alMCh BEKTOPA HanpsHKeHHH:

Uy
U, |
H.__?f'_?_ 1@y ._Q_'ilr__,__,’_‘l‘f‘.".?_gi’l:_q .
_QVHSQHS i Qv quHpQHp i Qv, l
S Ve Vi ! Vi 1wV ] o
_dVHSVHS i Vvs idVHpVHP i Vvp |
W
Vi, | [y
X “W";P— +_H;“.
Wee
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Ha BropoM sTane nemoxymsauuu no BeiGopke one-
HOK BekTopa aMmmHTyn N-OFDM curnanos Wg ¢op-

MHDPYIOT OTKJIHKH YaCTOTHBIX (UILTPOB € IIOMOIIBIO
BIID:

WFFT =FA + NgpT - (4)
rae F ~ MaTpuua npousseneHuii 3Hauenmii AUX BIId-
¢uneTpoB 1 AUX I{®PK Ha wacToTax noaHeCcynIuXx;

A - BexTop ammmrryn N-OFDM nogpecyumx;
Nppt — IIYMOBOH BEKTOP.

BrinosHenue npouenypsl BIID no3sonser cHHTe-
3MPOBATh YaCTOTHBIE (WILTPBI, HEOOXOINMBIE JUIA
cnexkTpansHOM cenexuuu nmopHecyuux N-OFDM cur-
HAJIOB, @ TaKXE OKOHYATEJILHOH KBaapaTypHO-
aMIUTHTY THOH aeMmonyiasuMu. IIpu 3ToM cymectBeHHO,
9T0 YKa3aHHas AByXdTallHas ctparerus o6paboTku He
TpedyeT GpopMHUPOBaAHHMA YACTOTHBIX (PUIBLTPOB UIA BCEX
npueMHBIX KaHanoB L[AP. D10 xapAMHANILHO YNPOMAET
TpeboBaHHs K OBICTPOACHCTRHIO CHEIBBIYHCIHTENEH,
CHH)XaeT TpeOOBaHHA K 00beMaM OllepaTUBHON MaMsTH
H NPOITYCKHO# CrrocoOHOCTY TUHMN repeAayd JAHHbIX.

HckomMast oleHKa BEKTOpa aMILTATY ] UIMEET BU!

A= (FTF)_l FT Wepr . (5)

BoiBOAibl M NePCNEeKTHBLI
RanbHeMUIMX MCCNnefOBaHMM

Taxum obpasoM, Gnaromaps nNpuHATON ABYXITall-
HOH cTparern ob6paboTkm ¢ MPOMEKYTOYHBIM OLICHHU-
BAHHEM aMIUIMTYJA CHTrHaJIOB, GOpMHUPOBAHHE YaCTOT-
HeIX QWILTPOB WA BCEX MPUEMHBIX KAHAJIOB LINPPOBOA
aHTeHHOH pemeTkH He Tpedyerca. DTO CYHIECTBEHHO
coxpamaer 00beM - HEOOXOAMMBIX BBIYHCIHTEILHEIX
onepalmMi Ha dTane AeMOOYJISLUM CUTHAJIOB, ITO3BOJISET
COKPaTHTL BPEMSA OLICHMBAaHUA aMIUIMTYZl CHTHAJIOB IO
BHIXOZAM YaCTOTHBIX WILTPOB, a TakKe CHIDKAET Tpe-

Ob6pobka ingpopmayil ¢ cknadnux mexnivHuUx cucmemax

GoBaHMA K pazMepaM ONEPATHBHON IMAaMATH W TPOIYCK-
HOH CrocOOHOCTH JHHMH nepeaadyn AAaHHBIX B OJioke
nemonyysuuu. CnegyeTr OTMETHTh, YTO - TIOMHMO
YMEHBIICHHS BbIYMCINTENLHBIX 3aTpaT Ha AEMOIYJif-

‘o curianoe N-OFDM, NpHHATEIX 00 KaHANY CBI3M

LIAP, nyxstannag cxema o6paboTki CHrHaiIOB NO3BO-
ngeT 3¢ (PEKTHBHO YCTPAHATH BJIHAHHE MPEAHAMEpPEH-
HBIX nomex. Takum o0pa3soM, OLICHHBAHME AMILTHTYI
CHTHAJIOB 0 BhIxoxy mpouexypel LZIO mo3pomser He
TOJILKO CHH3MTbL MNOPANOK MATPHYHBIX ONEpanuii Ha
JTane MX NEMOAY/IALKMH, HO U OTCTPOMTHCA OT AKTHB-
HbIX NOMEX. YUHMTBIBasA, YTO TOYHOCTh OLICHHBAaHHUSA aM-
IuTyA N-OFDM curnanoB yxyAmaercs ¢ yBEIHYCHH-
€M KOJNHWYECTBA ITIOMEX, B HaNbHEHOIEM IUIAHHPYETCH
HCCIIEI0BATh OrPAaHAYCHHUA, HAKIAAbIBAEMBIE TIOMEXaMHU
Ha Ka4eCTBO AEMOAYIALUUN AAHHEIX.
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3ABAO3AXMLLEHA AEMOAYNALLIA CUTHATIB N-OFDM B NMPMUMAJIBHOMY CEI MEHTI
LLMDPOBOI AHTEHHO! PELUITKM

B.1. Cmocap, C.B. Boxomxko

B cmammi 3anpononosano eapianm 3aeadosaxuwenoi demooyasnyii cuznanie N-OFDM, noe 'sazanuii 3 ix decemannoio ob-
pobkoro. Posananymi emanu pearizayil 3anpononoeanozo eéapianmy osoemantoi demoodyaayii cuznanie N-OFDM, npusedeni
gionogioni ananimuuni eupasu. Ilpueedeni nepeeazu 3anpononoearnozo eapianmy ogoemannoi 00pobxu cuznarie N-OFDM y
NODIBHARHI 3 8apianmom 00Roemanroi 06pobku, NPoaHarizeeano 1020 3HAYEHHA 8 HAYKOBI | NpakmuuHil obaacmax, npueeoeri
HANPAMKU NOOARbULUX OOCTIONCEHD. |

Kuouosi cnosa: cucnan N-OFDM, demodyrayin, 3aeadozaxuwyenicmo, 0Os8oemanta obpobxa.

DEMODULATION OF SIGNALS N-OFDM, PROTECTED FROM NOISE IN THE RECEIVING SEGMENT
OF THE DIGITAL ANTENNA ARRAY

V.I. Slyusar, S.V. Voloshko

In article is offered the variant to demodulation of signals N-OFDM, protected from noise, connected to their processing in
two stages. Stages of realization of an offered variant of demodulation of signals N-OFDM are considered, corresponding ana-
lytical expressions are resulted. Advantages of the offered variant of signal processing N-OFDM in two stages in comparison
with a processing variant in one stage are resulted, its value in scientific and practical areas is analyzed, directions of the further
probings are resulted.

Key words: Signal N-OFDM, demodulation, noise immunity, processing in two stages.
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