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0TJbIB Be.llymeii opraHHJau.uu 

tta .n:11ccepTau1n-0 ToKap51 M11xamia Ceprees11qa Ha TeMy «,[(mpcpepeHUMaJihHhIM 

MeTo.n: rrepe.n:aqH CHrHaJIOB ;J:JUI CMCTeM CB513M c rrpocTpaHCTBeHHO-BpeMeHHhIM 

KO;J:HpOBaHMeM», npe.n:cTaBJieHHOM Ha COMCKaHHe yqeHOM CTerreHH KaH.n:H.n:aTa 

TexH11qecK11x HayK rro crreu;MaJihHOCTH 2.2.15 - C11cTeMhI, ceTH H ycTpoiicTBa 

TeJieKOMMYHHKaUMM 

1. AKTyaJibHOCTb TeMbI uccJie)loBaHHH 

ITporpecc B o6nacTH TexttonorHi1 6ecrrposo.n:Horo .n:ocTyrra, rroBhIIIIeHHe Tpe-

6osaHHH K KaqecTBY npe.n:ocTaBJI51eMhIX ycnyr CHCTeM rrepe,naq11 HHcpopMaJJ;HH CTH­

MynHpOBaJIH HCCJie.n:osaHH51 H pa3pa60TKH B o6JiaCTH BbICOKOCKOpOCTHhIX CHCTeM 

rrepe.n:aq11 HHcpopMaJJ;MH B ycnoBM51X rroMex H MHorony-qesoro pacrrpocTpaHeHH51 pa­

.n:11osonH. OrpaH11qem-1e qacTOTHoro pecypca Tpe6yeT 6onee rronttoro 11crroJih30Ba­

HHe .n:pyrHX B03MO)l(HOCTeM, oco6eHHO B03MO)l(HOCTeH rrpocTpaHCTBeHHOro pecypca. 

CsoeBpeMeHHOCTh 11ccne.n:oBaHHH B 3TOM ttarrpaBJieHHH rro.n:TBep)l(.n:aeTC51 .n:ocTH)l(e­

HH51MH B o6nacTH aHTeHHOM TexHHKH H u;1npp0Boro pa.n:Ho. B pe3yJihTaTe yc11n11il HC­

cne.n:osaTeneil 11 HH)l(eHepoB B03HHKJia H rronyq11na IIIHpoKoe pacrrpocTpattett11e B 

csepxcospeMeHHhIX cTaH.n:apTax CB513H (L TE, WIMAX, 5G) Texttonor1151 MIMO, oc­

HOBaHHa51 Ha BHe.n:peHHH MHOroaHTeHHhIX CHCTeM. OcHOBHhIM .D:OCTOHHCTBOM .n:aH­

HOH TexHonorHH 51BJI51eTC51 BhICOKa51 3cpcpeKTHBHOCTh B CJIO)l(HhIX ycnoBH51X pa6oThI, 



o6ycnosneHHhIX MHoronyiieBhIM pacrrpocTpattemfeM pa.zurnsonH. Texttononu1. 

MIMO .ll.l1HaM11trno pa3si;rnaeTCH, o6xsaTI>IBaH see HOBhIX 06nacT11 TeneKOMMyH11Ka­

UMii. Cpe.LI.M MaJIOM3y"lleHHhIX sorrpocos cne.LI.yeT OTMeTMTh pa6oTy MIMO c11cTeM B 

ycJIOBlfHX 6hICTpO H3MeIDllOIUHXCH KaHaJihHhIX K03cpcpm . .i;HeHTOB, qTo xapaKTepHO .LI.JUI 

c11cTeM CBH3H c Mo6mrhHhIMH o6beKTaMH. ITp11Mettett11e .LI.HcpcpepeHUlfaJihHoro MeTo­

.LI.a rrpocTpaHCTBeHHOro KO.LI.HpoBaHHH H )J.eKO.LI.HpoBaHHH I103BOJIHeT Kap.LI.HHaJihHO 

penrn.Th 3TY sa:>1rny10 ttay-qtto-Textt11qecKy10 rrpo6neMy. TaKHM o6pa3oM, TeMa 11 co­

.LI.ep)l(att11e .n:11ccepTau:11ottttoro 11ccne.n:osamrn M.C. ToKapH, rrocBHIUeHHoro 11ccne­

.n:osattmo H pa3pa60TKe .n:11cpcpepeHUHaJihHOro MeTO)J.a rrepe.n:aq11 CHfHaJIOB )J.JIH CHC­

TeM CBH3H c rrpocrpaHCTBeHHO-BpeMeHHhIM KO.LJ.HpOBaHHeM, HBJIHlOTCH aKTYaJihHbl­

Mlf, rrony"lleHHbie B )J.HCCepTaU,HH Hay-qHI>Ie ITOJIO)l(eHHH H pe3yJibTaTbI OTBetJalOT co­

BpeMeHHbIM rpe6oBaHHHM. 

2. HosHJHa uccJie,LJ.oBattuH u noJiy'leHHhIX pe3yJihTaTos, BhIBO.LJ.OB H 

peKOMCH,ll.3UHH, c<l>OPMYJIHpOB3HHbIX B ,ll.HCcepTaUHH 

Hay"tJttaH HOBH3Ha .n:11ccepTau110Httoii pa6oTbI 3aKn10qaeTCH B cne.LI.y10meM. 

ITpe.LI.naraeMhIH MeTo.n: .n:11cpcpepettu.Hanbttoro rrpocTpaHCTBettHo-speMeHttoro 

6JIOKOBOro KOJJ:HpOBaHHH, HCI10Jlb3YlOIUHM Ta6n11u.y JJ:HcpcpepeHUHaJihHhIX K03cpcp11-

u11eHTOB, I103BOJIHeT ysen11qJ1Th 3HepreTHqecKyIO 3cpcpeKTHBHOCTh H CHH3HTh Bblq11c­

Jll1TeJibHYlO CJIO)l(HOCTh. 

AnropHTM rrpocrpaHCTBeHHOro )J.eKO)J.HpOBaHHH )J.JlH CHCTeM CBH3H c ITOCJie)J.O­

BaTeJibHOM H rrapannenhHOH rrepe.n:aqeif HHcpOpMaU,HH OTJIHtiaeTCH OT H3BeCTHhIX 

MaTp11qttbIM rrpHHUHIIOM .n:eKo.n:11posatt11H 11 pa3611eHHH Bopottoro, qTo II03BOJIHeT 

yMeHbWHTb BhJq11cn11TeJibHYIO CJIO)l(HOCTh He 3aBHClfMO OT o6beMa KaHaJihHOfO an­

cpaBHTa. 

AnropHTM cnerroM: Ka.n:poso:H: CHHXpOHH3aU,HH OTJIHqaeTCH OT H3BeCTHhIX anro­

pHTMOB )J.JIH CHCTeM npocTpaHCTBeHHO-BpeMeHHOro 6JIOKOBOfO KOJJ:HpOBaHHH TeM, 

tJTO HCI10Jlh3YeTCH H36bITOtJHOCTh .n:11cpcpepeHUHaJihHOfO MeTo.n:a rrpocrpaHCTBeHHO­

BpeMeHHOfO KOJJ:HpOBaHHH JJ:JIH orrpe.n:eneHHH IIOJIO)l(eHHH Ka.LI.pa. 

3. 06ocHOBaHHOCTb H ,ll.OCTOBepHOCTb ttay'IHbl.X DOJIOiKCHHH H BblBO,ll.OB 

06ocHOBaHHOCTh 11 JJ:OCTOBepHOCTh TeopeTHtJeCKHX IIOJIO)l(eHHH, BbIBOJJ:OB H 

3aKJIIOtJeHHH He BhI3hIBaeT COMHeHHH H IIO)J.TBep)l(.n:aeTCH TeM, tJTO Bee OHH corrpoBO-



)l(JJ:alOTC.H KoppeKTHbIM MaTeManfqeC.Kl1M o6oCHOBaHI·IeM, a TaIOKe pe3yJibTaTaMI1 MO­

Li: em1po BaH11.H. 

4. 3tta'!HMOCTb )].JUI uayKH H npaKTHKH pe3yJibT3TOB, noJiy'!eHHblX aBTOpOM 

tJ.HCcepTaUHH 

Ha~Ha.H ueHHOCTb pe3yJibTaToB .n:11ccepTau1111 cocTOHT B pa3BHTHH Teop1111 

OTHOCHTeJibHOro rrpOCTpaHCTBeHHO-BpeMeHHoro KOJJ:HpoBaHH.H B KaHarrax c 6bICTpO 

J13MeIDilOW:I1Ml1C.H rrapaMeTpaMH, ero rrp11MeHeHH.H JJ:JUI Ka.n:poBOH Cl1HXpOHH3aUHI1, 

l1CIIOJib30BaHHI1 MaTp11qHoro rro.n:xo.n:a JJ:JI.H KOJJ:HpOBaHH.H l1 .n:eKOJJ:HpOBam-rn CHrHaJIOB 

c uerrblO COKpaw:eHIDI Bb1q11crr11TeJibHOH CJIO)l(HOCTH arrropHTMOB. 

I1paKT11qecKa.H 3Haq11MOCTb pe3yJibTaTOB .n11ccepTau110HHOH pa60Tbl IIOJJ:TBep­

)l(JJ:aeTC.H aKTaMH BHe.n:peHl1.H rrp11 BbIIIOJIHeHI111 OIIbITHO-KOHCTPYKTOpCKOH pa60TbI 

«C11cTeMhI pa.n11ocB.H311», rrpoBOJJ:HMOH rocy.napcTBeHHbIM ytt11TapHbIM rrpe.nrrpm1.T11-

eM CB.H311 «UeHTp peryrr11poBaH11.H cB.H3H» B 2021 ro.ny r. T11pacrrorrh, a TaK)f(e 11c­

IIOJib30BaHbI B yqe6HOM rrpouecce Ha Kacpe.n:pe KBaHTOBOH pa.n11ocp11311Kli l1 Cl1CTeM 

CB.H3H cp11311KO-MaTeMaT11qecKoro cpaKyJibTeTa I1p11,nHeCTpOBCKoro rocy.napcTBeHHOro 

ytt11sepc11TeTa HM. T.r. llleBqettKo rrp11 rro.n:roTOBKe 06~al0w:11xc.H rro HarrpaBrreHHlO 

11.04.02 <d1HcpOKOMMYHHKau110HHbie TeXHOJIOrHH l1 CHCTeMbl CB.H311» IIO .n11cu11rrrr11-

HaM «I10CTpOeHHe COBpeMeHHblX ceTeH M06HJibHOH CB.H3l1», «CHcTeMbl l1 ceTH M0-

611JibHOH CB.H3l1». 

5. PeKOMett)l.auuu no ucnoJibJOBattuH peJyJibTaTOB u BblBOtJ.OB t1.uccepTauuu 

ITpe.n:Jio)l(eHHbie MeTOJJ:bI 11 arrropHTMbI MOryT 6bITb rrp11MeHeHbI rrp11 co3,natt1111 

rrepcrreKTHBHblX CTaH,napTOB CHCTeM pa,nHOCB.H3l1, JJ:JI.H rrepe,naq11 I1HcpOpMau1111 IIO 

KaHarraM rrepe,naq11 CJiy)l(e6HOH HHcpOpMaum1 c Hl13Kl1M OTHOIIIeHHeM CHrHarr!IIIYM l1 

B ycnOBH.HX 6bICTpO MeH.HlOW:HXC.H rrapaMeTpOB KaHarra CB.H3l1 BBH,ny BbICOKOH CKOpo­

CTH rrepeMew:eHH.H Mo611rrbHbIX cTaHUHH. Pa3pa6oTaHHbIH MeTo,n .n11cpcpepeHu11arrhHO­

ro KOJJ:11poBaHH.H .HBJI.HeTC.H MaCIIITa611pyeMbIM JJ:AA pa3JIHqHOro coqeTaHH.H KOJI11qecT­

Ba rrepe.n:alOW:HX aHTeHH 11 He Tpe6yeT BbICOKoro Bb1q11cJI11TeJibHOro pecypca rrp11 .n:e­

Ko.n:11poBaH1111, qTo TaK)f(e yMeHblllaeT 3HeprorroTpe6rreHH:e rrp1rnMH11Ka, Maccora6a­

pI1TbI 11 CTOHMOCTb rrp11eMHOH qaCTH CHCTeMbl. Pa3pa6oTaHHbIH arrropHTM MaTpWi­

HOrO .n:eKo,n11poBaHH.H MO)f(eT 6bITb rrp11MeHeH rrp11 C03,naHHH CHCTeM c rrocrre,noBa­

TeJibHOH 11 rraparrJieJibHOH rrepe,naqeif HHcpOpMaUHH 



OcHOBHbie pe3yJibTaTbI H BbIBO,[.(bI, noJiyqeHHbie B .r:t:HccepTaIJ.HOHHOM pa6oTe, 

MoryT 6bITb peKOMeH,[.(OBaHbI K HCTIOJib30BaHmo 
0

B npou.ecce o6yqeHml cneu.1-t:aJibHO­

CT.SIM, KOTOpbie CB.H3aHbI c BbICOK03cpcpeKTHBHbIMH CHCTeMaMH nepe.r:i:atIH HHcpOpMa­

U.1111. 

6. 06maH ou.em~a .z:.uccepTau.uouuou pa60Tb1 

,[(11ccepTaU.H.SI He CB060,[.(Ha OT He,[.(OCTaTKOB. 

1. CBoi1:cTBa MaTpHIJ.bI KaHarrbHbIX K03cpcpHU.HeHTOB MoryT cymecTBeHHo BJIH­

.HTb Ha Bb16op arrropHTMa npocTpaHCTBeHHoro KO.r:t:HposaHH.H. ITo3TOMY ,[.(JI.SI onpe.r:i:e­

JieHH.H o6JiaCTH 3cpcpeKTHBHOfO npHMeHeHH.SI npe,[.(JIO)l(eHHOfO arrropHTMa npocTpaH­

CTBeHHOfO KO,ll.HpOBaHH.SI u.eJiecoo6pa3HO 6bIJIO 6bI npoBeCTH aHaJIH3 3cpcpeKTHBHOCUi 

.r:i:n.sr 6oJiee urnpoKoro KJiacca KamUioB, a He TOJibKO ,[.(JI.SI peJieeBcKoro He3aBHCHMoro 

KaHarra, KaK 3TO BbinOJIHeHO B ,[.(HCCepTau.1111. 

2. B aBTopecpepaTe H B .r:i:11ccepTau.11H HeBepHo ccpopMyJI11posaHa HOBl13Ha no­

nytieHHbIX pe3yJibTaToB: B .r:i:ei1:cTBHTeJibHOCTH YKa3aHa He HOBH3Ha, a noJIO)l(HTeJib­

HbIM 3cpcpeKT. ,[(m1 on.Hcamur HOBH3Hbl Heo6xo,[.(HMO YKa3aTb cymecTBeHHbie OTJIHtIIDI 

npe.r:i:naraeMbIX MeTO,[.(OB 11 arrrop11TMOB OT H3BeCTHbIX KOHKypeHTOCnoco6HbIX MeTO­

,[.(OM 11 arrropHTMOB. B TOM tIHcne yKa3aTb OTJIHtIHTeJibHbie np113HaK11 no cpaBHeHmo 

c H3BecTHbIMH ([25] , « Space-Time block codes from orthogonal designs» V. 

Tarokh, H. Jafarkhani, A. Calderbank, «A Differential Detection Scheme for Trans-

mit Diversity» Vahid Tarokh, Hamid Jafarkhani, H .r:i:p.). 

3. B .r:i:11ccepTau.11H paccMaTpHBaIOTC.H TOJibKO c11rttarrb1 c cpa3osoi1: MO.L:i:YJI.HU.Hei1 

(QPSK, PSK-8), tITO orpaHHtIHBaeT o6nacTb np11MeHeHH.S1 noJiytieHHbIX pe3yJibTaTOB 

B CHCTeMax c 6oJiee 3cpcpeKTHBHbIMH BH,[.(aMH MO.L:i:YmIUHH (QAM, OFDM H .r:i:p.). 

0TMetieHHbie He,[.(OCTaTKH He BJIH.SIIOT Ha 06my10 TIOJIO)l(HTeJibHYIO 01(eHKY 

,[.(11CCepTaIJ.HOHHOM pa60Tbl H He CTaB.HT ITO,[.( COMHeHHe OCHOBHbie BbIBO,[.(bl ,[.(Hccep­

TaU.11H. 

,[(11ccepTa1(H.SI HaITHCaHa .SICHbIM .Sl3blKOM, Ka)l(,[.(aR rJiaBa co.r:i:ep)l(11T KOHKpeTHbie 

BbIBO,[.(bl, tITO o6JiertiaeT ITOHHMaHHe MaTep.Harra. ITocTaBJieHHbie B pa6oTe u.eJIH co­

OTBeTCTBYIOT rroJiytieHHbIM pe3yJibTaTaM. Bee OCHOBHbie pe3yJibTaTbl ,[.(HCCepTau.1111 

ony6n11KoBaHbI. Pe3yJibTaTbI pa6oTbI H pa3pa60TaHHb1e MeTO,[.(HKl1 arrpo6HposaHbI Ha 

pocc11i1:cKl1X H Me)l(.r:i:yHapO,[.(HblX KOHcpepeH1(HRX. ABTOpecpepaT rrpaBHJibHO OTo6pa-



)l(aeT co.ll,ep)l(am1e )l,MccepTau.1111. 

LJ:11ccepTau.1u1 B u.enoM rrpe.ll,cTasm1eT co6oi1: 3aKOHLJ:eHHhii1 Ha)'LJ:HhIM TPY.ll., B 

KOTOpOM CO.ll,ep)l(aTC.H pellleHM.H 3a)l,aLJ:M, MMe10w:ei1: cyw:eCTBeHHyIO HaYLJ:HYlO H npaK-

TI1LJ:eCKYlO 3HaLJ:HMOCTb. 

7. 3aKJI101-1euue 

TaKMM o6pa3oM, )l,HccepTaU.M.H ToKap.H M.C. .HBAAeTc.H ttayLJ:HO-

KBanmpHKau.woHHoi:f pa60TOM, B KOTopoi:f CO.ll,ep)l(MTC.H pellleHMe aKTYaIThHOM 3a)l,aLJ:M 

IlOBhillleHH.H 3cpcpeKTMBHOCTM CHCTeM rrepe.ll,aLJ:M MHcpOpMaU.MH nyTeM pa3pa60TKH Me­

TO)l,a H anropMTMOB .ll,HcpcpepeHI.J.MaITbHOro npocrpaHCTBeHHO-BpeMeHHOro KO.ll,MpOBa­

HH51. B ycnoBM.HX 6bICTpo M3MeH.HlOW:MXC.H rrapaMerpoB CHrmurn, MMelOW:HX cyw:ecT­

BeHHOe 3HaLJ:eHae )],AA CHCTeM a ycTpOHCTB TeneKOMMYHHKau.ai:f. 

Pa6oTa COOTBeTCTByeT KpMTepH.HM, npe.ll,'b.HBIT.HeMhIM B OTHOllleHMH KaH)l,H)l,aT­

CKHxl )l,OKTOpCKHX )l,accepTau.wi:f, KOTOphie ycTaHosneHhI rrn. 9-14 ITono)l(eHM.H o 

npHCY)l(.ll.eHaa y"LJ:eHhIX cTerreHei:f (yTB. ITocTattoaneHaeM ITpaaaTenhcTBa P<l> OT 

24.09.2013 N!~ 842), a ee aaTop ToKapb Maxawn CepreeaaLJ: 3acny)l(MBaeT npacy)l(­

.ll.eHa.H yLJ:eHOM CTerreHa KaH)l,H)l,aTa TeXHMLJ:eCKHX HayK no crreu.aanbHOCTH 2.2.15 -

C11cTeMhI, ceTa 11 ycTpoi:fcTBa TeneKOMMYHMKau.wi:f. 

0T3hIB Ha )l,MccepTau.1110 M .C. ToKap.H paccMorpeH a o)l.o6peH Ha 3ace)l,atta11 

Kacpe.ll.phI pa.ll,aoTexH11LJ:ecKax ycTpoi:fcTB <I>rEOY BO «P.H3aHCKMi1 rocy.ll.apcTBeHHhIH 

pa.ll,HOTexttaLJ:ecKai:f yttwaepcwTeT MMeHa B .<l>. YTKMHa» 24 arrpen.H 2023 ro)l,a, npo­

TOKon N!~8 . 

3aBe)l,ylOW:MH Kacpe.ll,pOH pa.ll,HOTeXHMLJ:eCKH:X ycTpOttCTB, 

)l,OKTOp TeXHMLJ:eCKMX ttayK, rrpocpeccop 

ITaplllMH IOpai:f HwKonaeBMLJ: 

ITot.iTOBbIM a.ll,pec: 395005, r. P.H3aHb, yn. rarap:H:Ha, 59/ 1, 

Tenecpott: 8-4912-72-03-48 

e-mail : rtu@rsreu.ru 
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