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TEXHOJIOI'USA MYJIbTU-MIMO B 'APAHTOCIIOCOBHBIX
BECITPOBOJHBIX CUCTEMAX CBsA3U

B cmamve paccmompenvl npeumyuecmea uChonb3068aHUsA MEXHUKU MHO20NO0Nb3068AMENbCKOU CemU ¢ MexHono2uel MHO-
2HCECMBEHHO20 6X00A MHOJICECMEEHH020 6bi1x00a (Mynbmu-MIMO) é cospemennbix 6ecnpoBOOHbIX cuCmemMax 2apanmocnocooHol
ceasu. Ilpeonooicenv ananumuueckue mooenu mynomu-MIMO ons cucmem cesasu paziuunoi kougueypayuu. Obocrosanvl pas-
JUYHBIE NOOX00bL K peanu3ayuu nPOCMpPaHCMBEHHO-6DEMEHHO20 KOOUPOBAHUS CUSHANIO8 Ol NOBbIUEH U NPONYCKHOU CHOCOOHO-
Cmu U noMexo3auuueHHOCmu Kananoe ceasu. Tlpeonoscen sapuanm gopmanusayuu Gusuieckoeo yposHs Mooenu MHO20NO0Nb-
306amenvckoti cemu MIMO, komoputil no3gonsiem oyenums ee npeoeibHble 803MONCHOCHIU NO MOYHOCU 0eMOOYIAYUY CUSHA-

J106 8 3asUcCumMocmu om Koaudvecmea 0()H06p€M€HHO pa6oma}ou4ux aboHenmcKux MepMuHanos.

Kniouesvie cnoea: mnoscecmeennulii 6x00 — MHOICECHBEEHHBLIL 8bIX00, NPOCHIPAHCHIBEHHO-BDEMEHHOE KOOUPOBAHUeE
CUZHAN08, OONOIHUMENIbHOE CHIPOOUPOBAHIE OMCUEN08 AHAN020-UUPPOBO20 NPeodpa3zosamens, Memoo HeoOPMO2OHANbHOT
uacmommnoit ouckpemnou mooynauyuu (N-OFDM), muozononv3zoeamenvckas cemo.

BBenenune

BecnipoBoHbIe cHCTEMBI CBSI3U HAXOIAT CETOHS
Bce OoJiplliee TPUMEHEHHE B Pa3IMYHBIX OTPACIX Jesi-
TENbHOCTU 4YeJloBeKa. YCIIeXH COBPEMEHHOM paauo-
ANEKTPOHHUKH, CTPEMUTENBHOE Pa3BUTHE MUKpPOIpOLEC-
COPHOW TEXHUKH M HOBBIE JITOPUTMBI IIU(POBOIT 0Opa-
OOTKM CHUTHAJIOB, BMECTE C HCIIOJIH30BAHHEM IIEPCIIEK-
TUBHBIX TEJIEKOMMYHUKAIIMOHHBIX TEXHOJOTUH OTKPHI-
BalOT HOBBIE BO3MOXKHOCTH IO CO3JaHUIO OecrpoBO[-
HBIX CHUCTEM CBSI3H C BBIITOJHEHHEM JKECTKHX TpeOoBa-
HUH 110 BBICOKOI MPOIMYCKHOW CIIOCOOHOCTH U TIOMEXO0-
3alMIeHHOCTH. He yIuBUTENbHO, YTO B TAKUX YCIOBH-
SIX HaxoJUT CBO€ MpuMeHeHue TexHonorus MIMO
(Multiple Input Multiple Output — MHOXECTBCHHBIH
BXOJI — MHO)KECTBEHHBIH BBIXO[]), KOTOpas MO3BOJSET
MaKCHMAaJIbHO MCITOJIb30BaTh BBIICICHHBIN IS paOOTHI
YaCTOTHBI pecypc M IepenaBaTh WH(OpMALUIO MO
IIPOCTPaHCTBEHHO pa3HeceHHBIM KaHanmam [1]. Cospe-
MEHHBIE JJOCTHKEHUsI IPOLIECCOPHOIM TEXHUKU M Pa3BH-
THE DJIEMEHTHOW 0a3bl, B TOM YHUCJIE OTECYECTBEHHBIX
mpousBoguTene [2], nenarT BO3MOXKHBIM HCIIOJIB30-
BaHue TexHonoruu MIMO kak B MaJOMOIIHBIX TeEpe-
HOCHBIX YCTPOMCTBAxX, TaK U B CTaHIMAX Paano, paguo-
peneitHo#, kocMuueckor U TporochepHoit cBs3u. Oco-
00 CTOWT BBIACNUTH HAIpaBJIEHHE DPa3BUTHS Oecnpo-
BOJIHBIX JIOKAJILHBIX BBIUUCIHTEIHHBIX CETEH Ha OCHOBE
craggapra 802.11 n, rne MIMO sBnsiercs HeoTheMile-
Mol 0a3oif oOecreueHHs] BBICOKOW MPOIYCKHOW CIIO-
coOHOCTH U1 pabOTHl COBPEMEHHBIX MYJIbTUMETHUHHBIX
MIPUIIOKEHUH.

[IpeumymiectBo TexHonoruu MIMO 3axirogaercs
B BO3MOXKHOCTH YCTOWYMBOI'O (DYHKIIMOHUPOBAHHS Ka-
HAJIOB CBSA3M B YCJIOBHMSAX MHOTOJYYEBOI'O paclpocTpa-
HEHHUsS pPAJUOBOIH. OTO TO3BOJSIET HCIIOIB30BATh
MIMO kak B HEOONBIIMX O(PHUCHBIX CETAX 3MaHUN U
TOPOJICKHMX 3aCTPOEK, TaK M B TPOIOCHEPHBIX CHCTEMAX
CBSI3U C UX XapaKTEPHBIMU OCOOCHHOCTSIMU.

B crathe paccMaTpuBArOTCS MPUHIUIBI ITOCTPOE-
HUSL M PEXKUMBI paboTHl crcTteMbl MylnbTH-MIMO, xom-
MaKTHBIE MaTPUYHbIE BBIPAKEHUSI OTKIMKOB YKa3aHHOM
CHCTEMBI, HeOOXOIUMBIC 1 (hopMaIu3alu paboThI e¢
MOJICIH, a TAK)Ke HaIpaBJICHUS JabHEHIINX HAay4HBIX
HCCIIeI0BaHUH.

OcHoBHAA YacTh

Cucrema ¢ Tpems u Oosiee abOHEHTaMH, B KOTOPOM
OpraHU3yerTcsl CBS3b C HCIOJNB30BAHUEM TEXHOJIOTHH
MIMO, nazpiBaercs mMyabtu-MIMO cucremoit (Multi
User MIMO) [3]. B pexxume moodepeiHoro u3aydeHus
a0OHEHTaMU CHTHAJIOB IIPH UX 00pabOTKe B MPUEMHBIX
cerMeHTax MynbTU-MIMO kaHanIoB CBA3M MOXKHO HC-
MOJIB30BaTh OOBIYHBIE METOMBI JEKOIUPOBAHUS, II0-
CKOJIbKY MHOT'OITOJIb30BATENbCKAsl CUCTEMa (haKTUIECKH
BBIPOKJAETCS B Ha0Op OJHOIONB30BATENbCKUX. [IpH
OJTHOBPEMEHHOM BHIXOZIe B 3(pUp HECKOJIbKHX aOOHEH-
TOB CIIEIyeT MPUMEHSTh M3BECTHBIE CXEMBI KOJIMPOBa-
HUSI, HO 00JIee BBICOKOH CTENIEHN HepapXUH JIMOO HOBBIE
aIrOpUTMbI 00pabOTKH, OCHOBAaHHBIE Ha TMPOBEPKE T'H-
MOTE3 O KOJIWYECTBE OJHOBPEMEHHO M3IIY4aroUIUX MHO-
TOaHTEHHBIX MepeIaTINKOB.

Jlisi paccMOTpeHHsT MOJENN OIHCAHUSl MYJBbTH-
MIMO cucTeMBl CBA3U HEOOXOIMMO BBECTH OrpaHHYe-
HUS U 00O3HAYEHHs. YTOYHHM, YTO PAaCCMaTPUBAETCS
Takag cucteMa MIMO, B KOTOpOH OCYIIECTBISETCS
00paboTKa CHT'HAJIOB HECKOJBKUX PAa3HECEHHBIX B IPO-
ctpaictBe MIMO cucreM. OCHOBHBIM YCIIOBHEM IIpH
9TOM SIBIISIETCSl CTALMOHAPHOCTH CPEbl PaclpoCTpaHe-
HUS PaJMOBOJIH Ha MHTEpBAJIC BPEMEHH C MOMEHTA W3-
MEpeHUs] IepellaTOYHBIX  XapaKTEpPUCTUK  KaHAJIOB
MIMO po 3aBeplieHus epeaay o HUM uHQopmanu-
OHHBIX OJIOKOB. 3amMIIeM MaTpUYHBIE BBIPAYKEHUS OT-
KJIMKa TPUEMHOM 1mdpoBoii antenHol peietku (IJAP)
npocreiimelt MIMO-ctaniuu ¢ ABYMS aHTEHHBIMU
anemeHtamMu 1pu obpadorke OFDM wmmu N-OFDM
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CUTHAJIOB C KBaJpaTypHOM aMIUIUTYJHON MOIyJsLuei
(QAM), W3JIy4eHHBIX OMHOBPEMCHHO THapoil abOHEHT-
CKUX T€pPMUHAJIOB.

CyIecTBeHHO, YTO a0OHEHTCKHE YCTPOMCTBA TaK-
K€ UMEIOT B cBoeM cocTaBe nepenatontue [IAP u3 aByx
aHTEHHBIX AJIEMEHTOB. BBeneM cienyromue o0o3Haue-
HHUS: U;j — HAIIPSDKEHUSI TI0 BBIXOMY i-TO MPHEMHOTO Ka-
Haja B j-i MOMEHT BpeMeHH; hyy,, j — epenaTouHas xa-
pakrepuctuka kaHasa MIMO wmexnay p-i aHteHHO# k-
ro abOHEHTa ¥ M-U MPUEMHOH aHTEHHOW B j-ii MOMEHT
BPEMEHH; Ay, — CUTHAJI, KOTOPHIH M3]IydaeTcs p-H aH-
TeHHOH k-ro aboHEeHTa; n;j — HaNpsDKEHHE [ITyMa Ha BbI-
X0/l i-r0 MPHEMHOro KaHayla B j-ii MOMEHT BpEeMEHH
(Bce nnnexcuele nepemennsle (k, p, m, i, j) Moryr npu-
HUMaTh 3HaueHus 1 wu 2). Torna cucrema ypaBHEHUH,
OITUCHIBAIOMIAs OTKIIMK MMPUEMHON IIM(PPOBON aHTEHHOM
pemieTku, OyAeT UMeTh BHUI;

up; =hyy A Hhppg A +Hhy Ay +
+hyy1Ag; +1y5;
upiv =hyp At hioaAn hyy Ay +
+hop1i1Agy 05405 0
Uy =hypiA +hyo A +hyp A +

+hypy Ay +0y5;

Up i =hp2i A hin A thapinAg +

+hypniy1Ag +107 4.
CTpOKI/I 3T0ﬁ CHUCTEMBbI COOTBeTCTBy}OT HaHpH)Ke-
HUAM 110 BbIXOJaM ):[ByX HpI/IeMHLIX KaHaJIOB HHq)pOBOﬁ
aHTeHHOﬁ peIHeTKI/I B Hape I1I0CJICA0BATCIIBHBIX OTCYEC-
TOB BpeMeHI/I, qToO O6eCHe'-H/IBaeT BO3MOXHOCTH peIHe-
HUA CUCTCMBI ypaBHEHHﬁ, B KOTOpOﬁ NCKOMBIM SIBJISICT-
CA BeKTOp KOMIIJICKCHBIX aMHJ-H/ITyI[ A C lIeTLIpLMH HEC-

M3BECTHBIMM: A;;, Ay, Ayl U Ay, . 3anuiueMm cuc-

Temy (1) B MAaTpUYHOM BHJIE:

up; hyp by ! hori hogy
Upist || i i §h211,1+1 hpo 14
up; hyp;  hygpj i hyii hoyj
|
Uit | [ hrizis hiooien | horoisr hooojis )
A11 nLi
5 Ap Ny
Ay ny;
Ay | |Ngin
NI KOMIIAKTHO
U=H-A+N. 3)

B BrIpaxenun (2) crpoku Matpuibsl H coorBerct-
BYIOT BPEMEHHBIM OTCYeTaM, a OJIOKH — HOMepy abo-
HEHTa.

Hanpumep, B niepBoii crpoke Matpuisl H B 1eBom
OJIOKE CTOSIT MepeAaTOvYHbIe XapaKTePUCTHKH NIEPBOM U
BTOpPO#1 aHTEHH NIepBOro abOHEHTa JJIsl IEPBOrO IIPHEM-
HOTO KaHasla IU(POBOW aHTEHHOH PEIIETKH B MEPBOM
BPEMEHHOM OTCYETE.

AHaNOrM4HBIM 00pa3oM MOTYT OBITh TONYYEHBI
aHaymuTHaeckue Mozenu MynsTu-MIMO cucremsr 6onee
CIIO)KHOM CTPYKTYpBI.

[IpuBeneHHass Marpu4Has 3amlucCh SBJSIETCS JO-
BOJILHO OOILEH, W Ul OMHCAHUS PA3JIUYHBIX aJTOPHT-
MOB KOJIMPOBaHHs B HeH HEOOXOIUMO KOHKPETH3HUPO-
BaTh JIEMEHTHI MaTpuibl H.

Hanpumep, ans xoaupoBaHUs 1O MeToay 'Mmaru-
YeCcKOro KBajapaTa' ¢ IMOOYepeiHbIM H3Iy4eHHUEM OJU-
HAKOBBIX CHTHAJOB Pa3HBIMH MEPEAalONIUMH dJIeMEH-
tamMu 10 cxeme 2 x 2 [1] matpuna H Oynmer mmersb

CTPYKTYpPY:

| -
hppi hypg 0 hoggi gy
|
hyppi b | horgie hoogin
H= ! 4
h122,i h112,i ! h222,i h212,i
|
_h112,i+1 hiooih1 | har2jis h222,1+1_

B sToM cnyuae cxema pacmpeneneHus nepeaa-
BaeMbIX CHUTHAJIOB CBENach, (PAaKTUYECKH, K MOOYe-
peIHOMY H3JIYYEHHIO 4epe3 JBE aHTEHHBI KaXKIOTro
nepeaaTymKa.

B cnydae opueHTauy Ha KOTUpoBaHUE AJTaMOYTH
BO3MOXKHO TO/IBEPTHYTh MOAM(UKAIIMN BEKTOp aMILIH-
TYJl CUTHAJIOB, IIOJIOKHB B HEM:

Ay =Afr;
Ay =-Al,.
Taxum 06pa3oM, BEKTOp A Oy/leT UMETh dJIeMEHTHI
Ap
A
A=| (%)
Ap
*
A

a matpuma H ocraHmercss B Buje, NPEACTABICHHOM B
cucreme (2).

OnHako B psfe CIydaes, HApuUMep, TPH aHAIH3E
MpeAEbHBIX BO3MOKHOCTEH MPOCTPAHCTBEHHOIO YII-
JIOTHEHUs] KaHAJOB CBSI3H, I1eNIeCOO0pa3HO BEKTOpP aM-
IUTUTY/ OCTABJIATh HEU3MEHHBIM, a aJalTalliud MMOaBEp-
rathb syeMeHThl Matpuisl H. TIpu aToM 111 yKa3aHHOTO
BapHaHTa KOJAMPOBAHUA 1O cXeMe AJaMOYTH CIeqyeT
3aITicaTh:

_ | _
hio; hypio 1 hoog hoyy;
* EY ! EY *
J+ Jd+1 RES J+
0 hipicr —hiogia | horia —hooris ©)
= | .
|
h122,i h112,i ! h222,i h212,i
EY * ! * *
_h112,i+1 —hi2 i | hy1054 —h222,1+1_
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Ecnu npuemHasi aHTeHHA UMeeT 4 KaHalla, TO B Ta-
KOM BapUaHTe PACCMOTPEHHOH CHCTEMBI MYJIBTH—
MIMO BO3MOXHO OCYIIECTBISITH OIEHUBAHUE YEThI-
PEXKOMITOHCHTHOT'O BEKTOpPa KOMIUIEKCHBIX aAMILTHTY/T
CUTHAJIOB 32 OJIMH OTCUET BPeMEHH. B pe3ynbTate MOXK-
HO MpeHeOpeYh BPEMEHHBIM U3MEPEHHEM CHUCTEMBI (2),
TIEpEIUCaB ee BHUIE:
hooy | | A | [y

h211

u hyjp hyy

hyj3 hops | [Agp | |13

|
|
uz |_{hia by phap hoyp | | A | i ™
. .
hys |
|
|

ug | |hyyg higg thog hopg | [Ag| | ng4

Crnenyer OTMETHTB, YTO JUIA OMHOOTCUCTHBIX H3-
MEpCHUM Ha MPUEMHOM CETMEHTE KOJIMYECTBO aHTCH-
HBIX 3JICMEHTOB JOJDKHO OBITh PaBHO KOJHUYECTBY OJI-
HOBPEMEHHO M3JIy4aloIUX B A(QHp MEpeAArONINX KaHa-
J0B. JIJis TIOBBINICHUS KAaHAJIBHOH EMKOCTH MYJBTHU-
MIMO cucteMbl Ienecoo0pa3sHO HUCIONb30BaTh ILIO-
ckue npueMHble I{AP B coueraHuu ¢ BpeMeHHBIM, Yac-
TOTHBIM U TIOJISIPU3AIMOHHBIM Pa3/ICJICHUEM CHI'HAJIOB.

JlomytiieHreM sSIBIISETCS TakyKe MPUMEHEHUE ITOMe-
XOYCTOWYHMBBIX KOJOB, KOTOPOE OOCCICUHBACT CHIDKE-
HHUE TPeOOBAHUI K TOUHOCTH JIEMOIYJISIIIN CUTHAJIOB,

Heo06xomumMo OTMETUTh, YTO OCHOBHBIM JTOCTOWH-
CTBOM MPEACTABICHHOTO MOJIX0/a K MPOCTPAHCTBEHHO-
BpeMeHHOW 00paboTke curHaioB B MyiasTH-MIMO cuc-
TeMe sABysgeTcs 00o0meHne GopMmyn oOpabOTKU CHUTHA-
JIOB Ha BBIXOJAX MPHUEMHBIX KaHAJIOB, YTO 0OECIICUHBa-
€T MHBAPUAHTHOCTh HUCIIOJIB3YEMOr0 METO/Ia TIEMOTYJIs-
IIUH K BBIOPAaHHOMY QJITOPUTMY KOJUPOBAHHUS.

[IpemtokeHHBIN BapHaHT (opMamu3ayu Ghu3nude-
CKOTO YpPOBHS MOJEIH MHOTOIOJB30BATEILCKOW CETH
MIMO no3BoJSIET OIIEHUTH €€ MpeJIebHbIE BO3MOMXKHO-
CTH IT0 TOYHOCTH JIEMOAYJISAIUU CUTHAJIOB B 3aBHCHUMO-
CTH OT KOJHMYECTBAa OJHOBPEMEHHO paboTarommx ado-
HEHTCKUX TCPMUHAJIOB.

C 9T0if LIEeTBIO CIIeyeT BOCIONB30BAThCS HUKHEH
rpanutieit Kpamepa-Pao st pacuera moTeHIMATbHBIX
TOYHOCTCH OIICHMBAHUSA AMIUIATYJ CHUTHAJIOB, 3aIlACaB
nHpOPMaNMOHHYI0 MaTpuily Puiiepa B BHIE KBajipa-

TUYHON MaTtpu4yHOi opmbl [ = H -H , TIe * — CUMBOJ
KOMIUIEKCHO ~COIPSDKEHHOT'O TPAHCIIOHUPOBAaHUS, a
Onounble MaTpulbl H cooTBeTcTBYIOT BhIpakeHHIO (3).
OO6pamenne nHpOpMaMOHHOW MaTpuipl Pumiepa no-
3BOJISIET TOJIYYUTh JUCIIEPCUHM OLEHOK aMIUIATYJ CHI-
HAJIOB, JIOMHOXXHB JIMarOHaJIbHBIE JJIEMEHTHI 00paTHOM
MaTpHIbl Ha JUCHEPCHIO IIyMa MO BBIXOAY aHaJloro-
mudpoporo npeodpaszosatensa (ALIT) mudo mporenyps
JIOTTOJTHUTEIBHOTO  cTpoOHupoBanus orcderoB  AIIIL
[Mocnmennsist MO3BOJIMUT COTIIACOBATH PabOTY BBICOKOCKO-
poctaoro AIIIT Ha Beixonme mpuemHoro kanana I[{AP c
uUQpOBBIMU YCTpOCTBAaMH B CXeMe JAajibHeimen 00-
pabotku curHana [4]. PaccuntaHHbBIC yKa3aHHBIM CIIO-
co0OM OIIEHKH [HCIIEpCH Janee CIeoyeT CPaBHHUTH C

BEJIMYNHON MEXCUMBOJILHOI'O HHTEPBAJIa KOAUPOBAHUS,
3ajaBasich TpeOyeMoi BEpOSTHOCTHIO 6e30MHMO0YHOI
JEMOYJISIITHH.

3akjaoueHue

Takum 00pa3oM, B CTaThe MPEAIOKCHA KOMITAKT-
Hasi MaTpUYHAs 3alUCh OTKJIMKA OMHCAHHOW CHUCTEMBI
mynsTH-MIMO. TlpencraBnenHslii criocod gopmanunsa-
LUK MOJIEIIH MTO3BOJISIET CBECTH (hOpMaJbHBIA BUIl 00pa-
OOTKH CHUTHAJIOB K METOJaM, KOTOPBIC YK€ HCIIONb3Y-
IOTCS B CITydae OIICHKHM CHUTHAJIBHBIX MapaMeTpoB B OJI-
HoIoJb30BaTenbekoit cucreme MIMO.

[IpuBencHHBIC MaTepUalbl TOBOPAT O IEPCICK-
TUBHOCTH HCIONB30BaHUSl TeXHUKU MyIbTH-MIMO B
OeCIpOBOHBIX CUCTEMAax CBS3HU, B TOM YHCIIE PaHope-
JICHHBIX U TPOMOCHEPHBIX CETAX CIICIUAIBHOTO Ha3Ha-
yeHus. YTo kacaeTcs cetu TporochepHOil CBSI3H CIEH-
aJBHOTO HAa3HAYEHHs, TO OHA JIOJDKHA CTPOMTHCS C HC-
mojib30BanueM MyabTH-MIMO cucteM U o0ecrieyrBaTh
BO3MOYKHOCTH IIPOrPaMMHON peKOH(UTYpauu 000py-
JIOBAHUS, PATUOMOCTYIIAa M OJHOBPEMEHHOH pabOTHI B
paauopeneitHoOM pexuMe.

JlanpHele uccieoBaHusl IAHUPYETCsl Harpa-
BHUTh Ha MHTETPALIUIO0 METOJOB KBaIpaTypHO 00paboT-
KH CUTHAJIOB B NPUEMHHUKE, JIOMOTHUTEILHOIO CTPOOU-
POBaHHS OTCUETOB AHAJIOTO-ITU(PPOBOro IMpeodpa3oBa-
Tens, (GpOpMUPOBAHME BTOPUYHBIX IMPOCTPAHCTBEHHBIX
KaHaJIOB MPUEMHON HU(POBOH aHTEHHOH pPEUIeTKH |
nepenaud N-OFDM (OFDM) curHasioB ¢ npeanoxeH-
HOM Mozenblo cucteMsbl. [lmaHupyercs Takke caenaTh
OLIEHKY 3aBUCUMOCTHU TPOMYCKHON CIOCOOHOCTH MYJIb-
T-MIMO cucTeMbl ¢ UCMOIB30BAHUEM MPEATIAraeMbIX
METO/IOB.

OTenbHBIM HalpaBleHHEeM MOCIeAYIOIHUX UcCcie-
JIOBAaHHUH CJIEIYeT BBIJICIUTH pa3padoTKy Moaenu o0be-
JMUHCHHOW CETH OTJCIBHBIX MOOWIBHBIX CTaHIIMHA B
OeCrpOBOTHOMN CHUCTEME CBsI3U. B Takoi 00beTUHEHHOM
cucreme MynsTH-MIMO 11pH nepenave uapoOpManuu ot
JIBYX TIOJBMDKHBIX CTAHIIUM K 0a30BOI CTAHITUM TOJIB30-
Batenu "koomepupytorca'. To ecTh momp3oBarens 1
4acTh BPEMEHH TPATHUT Ha Iepefady COOCTBEHHOMN HH-
¢dopmarmu, a 4yacTh — Ha Nepeaadyy HHPOpPMaIUH, KOTO-
pYIO OH MOJy4aeT OT MoJib3oBaTeis 2. AHaTOTHYHYIO
CTpaTeruio MCIONb3YeT U MoJib30BaTelNb 2. Takum obpa-
30M, CO3/Ja€TCS CETh CTaHIM, YBEIMYMUBAETCS IPOITY-
CKHAsl CITOCOOHOCTH CHCTEMBI M YMEHBIIIAETCS BEPOST-
HOCTh CPBIBa CBSI3U B HEH, YTO OCOOCHHO KPUTHUYHO MPH
MIOCTPOEHHUHU CUCTEM CBSI3H CIICIMAIBHOTO Ha3HAUYEHHSI.
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TEXHOJIOT' IS MYJBbTI-MIMO B TAPAHTOCIIOCOBHUX BE3JAPOTOBUX CUCTEMAX 3B'SI3KY
B.I. Carocap, M.O. Macecos

Y emammi posensnymi nepesacu suxopucmanms mexuixu 0a2amoKoOpucnysantbHUYbKOI Mepedici 3 MexHON02IEI0 MHONCUHHO2O
6X00y MHOCUHHO20 8ux00y (Mynbmu-MIMO) 6 cyuachux 6e30pomosux cucmemax 2apanmo30ammozo 36's13ky. 3anpononosani ana-
simuuni modeni mynomu-MIMO onsa cucmem 383Ky pisnoi koughicypayii. Obtpynmosani pizni nioxoou 00 peanizayii npocmoposo-
4aco6020 KOOYBANHS CUSHANIB 018 NIOBUWYEHHS NPONYCKHOT CHPOMONCHOCHE MaA 380003AXUWEHOCI KAHANIE 36 S3KY. 3anpononosa-
Ho eapianm opmanizayii’ gizuunoeo pisns mooeni bacamoxopucnmysanvhuybkoi mepeici MIMO, axuii 0ozeonsc oyinumu it epanu-
YHI MOJICIUBOCTE NO MOYHOCME 0eMOOYIAYIL CUSHATIIG 3A1eICHO BIO KiIbKOCH 0OHOUACHO NPAYIOIOUUX AOOHEHMCHKUX MEPMIHANIS.

Knwouoei cnosa: MHOMCUHHUIL 6XI0 — MHONCUHHUTL 8UXIO, RPOCHOPOBO-4ACO8E KOOYBAHHA CUSHANIE, 000AmMKoge CMPO-
0y8anHA GiONIKI6 AHANO20-UUPPOEO20 NEpemeopIoeaua, Menoo HeoOPpMOZOHANbHOI YacmoOmHuoi OUCKpemHoi modynauii, oa-
2aMmo KOPUCMy6anbHUYbKA Mepeica.

TECHNOLOGY OF MUL'TI-MIMO IN GARANTOSPOSOBNYKH WIRELESS COMMUNICATION NETWORKS
V.I. Slyusar, N.A. Masesov

In the article advantages of the use of technique of multiuser network are considered with technology of plural entrance of
plural output (multi-MIMO) in modern wireless dependability communication networks. The analytical models of multi-MIMO
are offered for communication of different configuration networks. Different approaches of realisation of existential space—time
coding of signals for increase of throughput and noise immunity of communication channels are proved. The variant of formal-
ization of physical level of model of multiuser network of MIMO is offered, which allows to estimate its maximum possibilities on
exactness of demodulation of signals depending on the amount of simultaneously workings terminals of subscribers.

Keywords: a plural entrance is a plural output, spatio-temporal encoding of signals, additional gating of counting out of
analog-digital transformer, method of nonorthogonal frequency discrete modulation, multiuser network.
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