
OT3blB O<l>HI(HAJlbHOrO OIIIIOHEHTA 

IloKaMeCTOBa ,ll,MJ.np1u1 AneKceennqa Ha .z:i;nccepTaQmo XaH Pa611a Ha TeMy 

«Pa3pa6oTKa aJJropHTMOB .LJ:JJH IlOBhIIlleHHH Jcl>cl>eKTHBHOCTH 

HeopTorottaJJhttoro MHo~ecTBettttoro ;i:ocTyna (NOMA) .LJ:JJH 6ecnpoBO.LJ:HhIX 

ceTen» 

IIO CIIeQMaJibHOCTH 2.2.15-CttcTeMbI, ceTH H ycTpOHCTBa TeneKOMMyttHKaQHH 

Ha COHCKaHMe yqeHOH CTerreHH KaH.n;tt.n;aTa TeXHlfqecKHX Hayi< 

AKTyaJJhHOCTh TeMhI ;i:uccepTau.uu 

y nyqrneHMe x apaKTepttCTHK CHCTeM 6ecrrpOBO.D:HOH CB}l3lf BO MHOrOM 

o6ecrreqlfBaeTC}l rrpttMeHeHMeM 3cpcpeKTHBHbIX TeXHOJIOrHH Ha cptt3MqecKOM 

ypOBHe. 0.n;HOH H3 TaKHX rrepcrreKTHBHbIX TeXHOJIOrHH }IBAAeTC}l rpynrra MeTO.D:OB 

HeopToroHanbHoro MHO)l(eCTBeHHoro .z:i;ocTyrra (NOMA). NOMA rro.z:i;pa3yMeBaeT 

rrepe.z:i;aqy CHrHanOB HeCKOJibKHM a6oHeHTaM O.D:HOBpeMeHHO H B O.D:HOM qacTOTHOM 

KaHane, qTo .D:AA HeKOTOpbIX CQeHaptteB IIOBbIIIIaeT KOJilfqecTBO .D:OCTYIIHbIX 

KaHanOB, crreKTpanbHYIO 3cpcpeKTHBHOCTb, CHH)l(aeT ceTeBylO 3a.z:i;ep)l(Ky H ynyqrnaeT 

.z:i;pyrtte xapaKTepttCTHKH CB}l3H. Ceifqac NOMA }IBAAeTC}l o.n;HHM M3 KaH.n;n.n;aToB 

.D:AA opraHM3aQHH MHO)l(eCTBeHHOro .z:i;ocTyna B CHCTeMax CB}l311 cne.z:i;yroru,ero, 

rnecToro rroKoJieHH}l . IlocKOJibKY B .z:i;ttccepTaQMH paccMaTPMBaeTC}l ynyqrneH11e 

xapaKTepttCTMK NOMA M ero conMeCTHoe rrpH:MeHem1e c .z:i;pyr11MM TexHonorH:}IMH, 

TeMaTMKa pa60Tbl HeCOMHeHHO aKTYaJibHa . . 

06IIJ.aH xapaKTepHCTHKa pa60Thl 

Pa6oTa H3JIO)l(eHa Ha 177 CTpaHH:Qax, BKJIIOqaeT B ce6}l BBe.n;ettH:e, qeTbipe 

rnaBbI, 3aKJIJOqeHMe, CIIHCKH COKparu,eHHH, JIHTepaTypbI, pttcyHKOB, Ta6JIH:Q 11 ceMb 

rrpHJIO)l(eHHH. 

Bo nne.n;eHMH 06ocHOBbrnaeTC}l aKTyanhHOCTh 11ccne.z:i;onatt11}l 11 cTerreHh ero 

rrpopa6oTaHHOCTH, cpopMyJittpyeTC}l QeJib 11 3a.z:i;aqlf pa60Tbl, rrp11B0.D:}ITC5I 

pe3yJibTaTbl, CBH.D:eTeJibCTBYIOIIJ,He 0 HayqHOH HOBH3He H rrpaKTHqecKOH 

3Haq11MOCTH pa60TbI, H3JiaralOTC}l OCHOBHbie IIOJio)l{eHH}l, BbIHOCl1Mbie Ha 3aIIJ,H:Ty, 

CBe.n;eHM}l 06 arrpo6aQ1111 pe3yJihTaTOB. 



B ITepBOH rnaBe OITHCbIBaIOTC51 HeKOTOpbie BOITpOCbl pa60TbI COBpeMeHHbIX 

CHCTeM 6ecITpOBO,ll,HOH CB513H: MO,ll,YJI51U:H51, 6e30ITaCHOCTb, KOHQlH,LI,eHU:Ha.JlbHOCTb, 

BBO,ll,HTC51 ITOH51Ttte NOMA, cpopMy1rnpy10Tc5I TexHttqecKtte orpaHttqeHH51 Ha 

pea.Jitt3aU:HIO CHCTeM c HeOpTOrOHa.JlbHbIM ,ll,OCTyrrOM 

BTopa51 rnaBa ITOCB51II.J,eHa OITHCaHHIO cyiu:ecTBYIOII.J,ero ITOJIO)l(eHH51 ,LI,eJI ITO 

TeMaTttKe NOMA, ITpttBe,LI,eH JIHTepaTypttbIH o63op ITy6nttKau:tt.H, B KOTOpbIX 

paccMarpttsaeTC51 ITpttMeHetttte NOMA c ,LI,pyrttMH TexHonorH51MH. 

. B TpeTbe.H rnaBe OITttcaHa ITpe,LI,naraeMa51 MO,LI,ttcpttKaU:tt51 NOMA, Ha3Batttta51 

M-NOMA. M-NOMA octtoBatta Ha tt,LI,ee pa3,LI,eneHtt51 MYJibTHITJieKcttpyeMhIX 

a6otteHTOB Ha ,LI,Be rpyrrITbl. IlepBa51 rpyrrITa MO,LI,yJittpyeT CHHQla3HYJO qacTb 

cttrttana, a BTopa51 KBa,LI,paTyptta51. TaKHM o6pa3oM, Me)l(,LI,y rpyITITaMtt coxpaH51eTC51 

opToroHa.JihHOCTh, qTo ynyqIIIaeT p51,LI, xapaKTepttcTHK cttcTeMhI CB513H. TaK)l(e 

OITHCbIBaeTC51 p51,ll, ITpe,LI,JIO)l(eHHbIX perneHHH ,ll,JI51 CHCTeM CB513H c O,ll,HOBpeMeHHOH 

ITepe,LI,aqeif 3HeprHH H HHcpopMaU:HH, a TaK)l(e ,ll,JI51 CHCTeM c ITOJIHbIM ,LI,YITJieKCOM. 

BhIBO,ll,51TC51 atta.JIHTttqecKtte Bb1pa)l(eHH5I ,LI,AA pacqeTa pa3nttqHhIX ITOKa3aTene.H 

3cp<l>eKTHBHOCTH TaKHX CHCTeM. 

lleTBepTa51 rnaBa CO,LI,ep)l(HT pe3yJibTaTbl MO,LI,eJIHpOBamrn ITpe,LI,JIO)l(eHHbIX 

MeTO,ll,OB 11 anropMTMOB. IlpttBO,ll,HTC51 p51,ll, xapaKTepttCTHK: CKOpOCTb ITepe,LI,aq11, 

Bep051THOCTM OIIIM60K, 3a,LI,ep)l(Ka H ,LI,p. 

CTeneuh o6ocuonauuocTu uayquLix noJJo~euuii, BhIB0,!1.0B u peKoMeu,!1.au.uii 

HayqHhie ITOJIO)l(eHH51 H BhIBO,LI,ht, ITpe,LI,cTaBJieHttble B ,LI,11ccepTau:1111, 

o6ocHOBaHbl KoppeKTHblM HCITOJib30BamieM KJiaccttqecKMX ITO,ll,XO,ll,OB H OITHpaIOTC51 

Ha pe3yJihTaTbl y)l(e M3BeCTHbIX pa6oT. 

BhIHOCMMhie Ha 3aiu:1ny ITOJIO)l(emrn ,LI,OCTaToqtto ITOJIHO oTpa)l(eHhI B 9 

OITy6JIMKOBaHHbIX ITO TeMe ,ll,MCcepTaU:MM HayqHblX pa6oTax, B TOM qlfcJie ,LI,Be 

pa6oTbI B )l(ypttanax tt3 ITepeqH5J BAK, 7 pa6oT B M3,LI,aHH51X, HH,LI,eKcttpyeMhIX B 

WoS, Scopus (B TOM q11cne o,LI,Ha pa6oTa B )l(ypHa.Jie, BXO,LI,51II.J,eM B Q 1, o,LI,Ha pa6oTa 

B Q2, ,LI,Be pa60Tbl B Q3). 



Hayi:1uaH uoBu3ua 

3aKmoqaeTC.SI B pa3pa6oTKe Mo,n:mlrn:I.J;i1posaHHoro aJirop11TMa NOMA Ha 

OCHOBe pa3,n:eneHl1.SI MYJibTl1IIJieKc11pyeMbIX a6oHeHTOB Ha ,n:Be rpyrrrrbI, Ka)l(,n:a.SI 113 

KOTOpbIX nepe,n:aeT c11rHaJibI TOJibKO Ha o,n:HOH 113 KBa,n:paTyp. bbIJil1 paCCMOrpeHbI 

pa3n11qHb1e KOHqmrypaQ1111 TaKoro MYJibT11rrneKc11posaH11.SI, Bhrne,n:eHhI 

aHaJil1TJ1qecK11e Bbipa)l(eHlrn ,n:JI.SI OCHOBHbIX xapaKTepMCTMK CMCTeMbI CB.Sl311. KpoMe 

Toro, 6bIJI rrpe,n:JIO)l(eH rro,n:xo,n: K opraHM3aQMM IIOJIHo,n:ynneKCHOH Cl1CTeMbI CB.Sl311 c 

NOMA 

HayquaH u npaKTuqecKaH u.euuocTh pa6oThl 

06ycnosneHa pa3pa6oTKOH aJiropttTMOB ,n:JI.SI c11cTeM CB.SI311 c NOMA, 

cnoco6HbIX ynyqIIIl1Tb IIOMexoycTottq11BOCTb, yBeJI11q11Tb CKOpOCTb rrepe,n:aq11, 

CHM311Tb BbJq11cn11TeJibHYIO CJIO)l(HOCTb o6pa60TKl1 CMrHaJIOB. Ilpe,n:JIO)l(eHHbie 

perneHM.SI Moryr npHMeH.SITbC.SI Ha rrpaKTl1Ke B Cl1CTeMax CB.Sl311 cne,n:yrol1(11X 

IIOKOJieHl1H. 

3aMeqauuH no pa6oTe 

1. OcHOBHbIM He,n:ocTaTKOM .SIBJI.SieTc.SI 6onhIIIoe q11cno CMHTaKc11qecK11x onm6oK 11 

HeBbICOKOe KaqecTBO ocpopMJieHl1.SI. 3TOT cpaKT cepbe3HO 3arpy,n:H.SieT BOCIIpH.SITMe 

pa6oTbI. MHor11e TepMMHbI nepeBe,n:eHbI Ha pyccKMH (KOTOpbIH, oqeBM,n:Ho, 

.SIBJI.SieTC.SI He po,n:HbIM 513bIKOM COMCKaTeJibHMIJ;bI) c OIIIM6KaMM. IlpHBe,n:eM TOJibKO 

OT,n:eJibHbie rrp11MepbI: 

CTp. 19 BMeCTO «KO,n: rpe.SI» ynoTpe6JI.SieTC5t «cepoe npeo6pa306aJ-lUe» 

cTp. 20 « .. . U3-3a maKux HeoocmamKoe OFDM, KaK nomepR MOU/Hocmu e 

pe3Yllbmame CGMOnOMex, JlO:JICHOe U3JlylJeHue u UCKG:J/CeHue UHmepMOOY!lRlJUU .. . ). 

CTp. 54 11 ,n:aJiee no TeKCTY BMeCTO «MHl1MbIH KOMIIOHeHT» ynoTpe6JI.SieTC.SI 

«eoo6paJ1CaeMblU KOMnOHeHm». B HeKOTOpbIX MecTax B TOM )Ke CMbICJie 

ynoTpe6JI.SieTC.SI «eupmyanbHblU KOMnoHeHm». 

0TMeTl1M, qTo CMbICJI 60JibIIIMHCTBa yrBep~eHl1H MO)l(HO IIOH.SITb, on11pa.S1Cb Ha 

o6II(eM3BeCTHbie cpaKTbI 11 MaTeMaT11qecK11e Bbipa)l(eHl1.SI, np11Be,n:eHHbie B pa6oTe. 

BMecTe c TeM, orr11caH11e cpopMyn TO)l(e He n11IIIeHo tte.n.ocTaTKOB. HeK0Topb1e 

rrp11Mepb1: 



B (3 .22) 11 .n:anee He IIOHCHeHo qTo TaKoe Kn 11 KaKaH pa3MepHOCTh 3TOH ne1mq11HbI. 

B (3 .22) 11 .n;anee He rroHcHeHo qTo TaKoe Y. 

B (3 .25) rrporryrn:eHhI cKo6KH. 

B (3 .28), BepOHTHO, He COBrra.n;aIOT pa3MepHOCTI1 ( CJieBa MOIUHOCTb, crrpaBa 

rrpOI13Be.n;eHHe KOpH51 OT MOIUHOCTH H HeKHX K03cpqrnu:HeHTOB, BKJIJ0qa51 BeJIJ:lqJ1Hbl 

Y Kn, He IIOHCHeHHhie Bhime ). 

He pacmttcppoBaHhI a66peB11aTypb1 (PLS, CR, MLGA, RFEH, H .n:p.). 

B c~HcKe coKparn:eJ.mH: (cTP. 152) rrporryrn:eHa (He oTo6pa)KaeTcH) 6onhmaH qacTb 

o603HaqeHHH (TaK Ha3bIBaeMbIX aKpOHHMOB). 

2. B pa.3.n;ene 3 .2.1.1 paccMaTpHBaeTc.sI cu:eHapttH: nocxo.n;.sirn:ero (uplink) KaHana, n 

KOTOpOM )l;Ba IIOJib30BaTeJI51 rrepe.n;aIOT CHrHanbI O)l;HOBpeMeHHO, rrpHTOM rrepBblM 

cpopMHpyeT CHMBOJI Ha peanbHOH (I), a BTOpoH: Ha MHHMOH (Q) KBa.n;paType. 

y TBep)K)l;aeTC51' cpopM11pyeMhie a6oHeHTCKHe 51BJI5IIOTC51 

opTorOHallbHbIMH, o.n;HaKO 3TO He TaK, IIOCKOJlhKY cpa3hl a6oHeHTCKHX CHrHanOB 

cnyqaifHhI. TaKHM o6pa3oM, BhIBO.ll: 3Toro rro.n;pa.3.n;ena o TOM, qTo n 

paccMaTpHBaeMOM cu;eHap1111 MO)KHO .He BhIIIOJIH.sITh anropHTM SIC cqHTaIO He 

o6ocHOBaHHbIM. 

3. B pa.3.n;ene 1.3.1 B KaqecTBe Mep o6ecrreqeHH51 6e3orracHOCTH ( ceKpeTHOCTH) 

yKa3hrnaeTCH rrp11MeHeH11e LDPC H «Polorn Ko.n;on. 0TMeTHM, qTo, cy.n;H no nceMy, 

rro.n: «Polor» HMeIOTC51 B BH.ll:Y rroAApHhie KO.ll:hI, KOTOphie, KaK 11 LDPC OTHOCHTCH K 

KaHanbHbIM H He 06ecrreqJ:1BaIOT 6e3onacHOCTb CB513I1 B CMbICJie 3aIUHTbI 

HHcpopMaQHH. 

4. I1p11Be.n;eHO Bbipa)KeHHe )l;JI51 Bep051THOCTI1 omH60K (3.45), JieMMa 2. 

,[(oKa3aTeJihCTBO JieMMhI 2 rrp11Be.n;eHo B IlpHJIO)KeHHH B. 0.n;HaKo, HToronoe 

Bhipa)KeHHe B I1p11JIO)KeHHH B 0Tn11qaeTCJ1 OT (3.45). 

5. B pa.3.n;ene 3 .3 .1.3 rrpe.n:naraeTC5:1 HCIIOJib30BaHHe HCKYCCTBeHHOro myMa )l;JI51 

o6ecrreqeHH5:1 6e3orracHOCTH CB5:13H I1 HeB03MO)KHOCTH rrpocnymKH 

3JIOYMhimneHHHKOM. TaKoif myM .n;oJI)KeH 6bITh 3JieMeHTOM 51.n;pa (Hynenoro 

rrpocTPaHCTBa) KaHanbHOH MaTpHU:hI a6oHeHTa. B -pa6oTe [Goel, S., & Negi, R., 

"Guaranteeing secrecy using artificial noise," IEEE transactions on wireless 



communications, vol. 7, no. 6, pp. 2180--2189, 2008.], r):(e npe):(rraraeTC51 M):(e51 

npMMeHeHM51 MCKyccTBeHHoro IIIYMa, paccMaTPMBaeTc51 MIMO KaHan, KaK M B 

6orrhIIIMHCTBe ):(pyrMx pa6oT no 3TOM TeMaTMKe. B ):(MccepTaU:MM )Ke 

paccMaTpMBaeTC51 SISO KaHan, M HeIIOH51TeH MexaHM3M noMcKa MCKyccTBeHHoro 

IIIyMa c }'11eTOM Toro, qTo KaHaJibHa51 MaTPMU:a CO):(ep)l(MT BCero O):(MH 3JieMeHT. 

6. Ha pMcyHKe 4.3 npMBe):(eHo cpaBHeHMe cKopocTeif nepe):(aqM ):(JI51 pa3JIMqHhIX 

MeTO):(OB NOMA. 3aBMCMMOCTM HaKrra):(bIBaIOTC51 ):(pyr Ha ):(pyra M crra6o 

pa3.J;mqMMhI (6 3aBMCMMOCTeif, HO Bcero 3 BM):(MMhIX JIMHMM). KpoMe Toro, ecrrM 

MMeeTC51 B BM):(Y . HOpMMpOBaHHa51 Ha norrocy CKOpOCTb ( cneKTpanbHa51 

3cpcpeKTMBHOCTb), TO B SISO-NOMA KaHarre npM OTHOIIIeHMM c11rHan-IIIyM 6 ):(.6 

3HaqeHMe 6orree 10 6MT/c/ru: ):(JI51 O):(HOro a6oHeHTa BbirJI5I):(MT HenpaB):(OTI0):(06HO. 

K CO)l(aJieHMIO, MeTO):(MKa IIOJI}'11eHM51 3aBMCMMOCTeif Ha pMCYHKe 4.3 He OTIMCaHa. 

AHarrorMqHoe 3aMeqaHMe KacaeTC51 pMCYHKa 4.4 

7. Ha pMCYHKe 4. 7 np11Be):(eHbI pe3yrrhTaTbI ou:eHKM cKopocTeif nepe):(aqM ):(JI51 

qeTbipex a6oHeHTOB, MYJihTMnrreKcMpyeMhIX ):(BYM51 pa3rr11qHhIMM MeTo):(aMM 

NOMA. Pe3yrrhTaT, npM KOTOpbIM .cKopocTM npaKTMqecKM He MeH5IIOTC51 n 

paccMaTPMBaeMOM ):(MaTia30He OTHOIIIeHMM CMrHan-IIIyM (OT 0 ):(0 25 ):(.6) BbirJI5I):(MT 

CTpaHHbIM. 

06m.ee 33KJIIO'leHHe 

HecMOTP51 Ha YKaJaHHhie 3aMeqaHM51, cqMTaIO, qTo ):(MccepTaU:MOHHa5I pa6oTa 

XaH Pa611a «Pa3pa6oTKa arrropMTMOB ):(JI51 noBhIIIIeHM51 3tjlcpeKTMBHOCTM 

HeopToroHaJihHoro MHO)l(eCTBeHHoro ):(OCTyna (NOMA) ):(JI51 6ecnpoBO):(HhIX 

ceTeM» 51BJI5IeTC51 3aKoHqeHHOM Ha}'11HO-KBaJIMtjlMKaU:MOHHOM pa60TOM, 

TIOCB51III,eHHOM aKTYaJihHOM TeMe M o6rra):(aeT Ha}'11HOM HOBM3HOM M npaKTMqecKOM 

3HaqMMOCTbIO. 

Pe3yJibTaTbI pa6oTbI ):(OCTOBepHbI, o6ocHoBaHhI M npe):(cTaBrreHhI B 

ny6rrMKaU:M51X BbICOKOrO ypOBH51. Anpo6au:M51 pa60Tbl npoBe):(eHa B COOTBeTCTBMM c 

npMH51TbIMM HOpMaMM. ABTOpetjlepaT OTPa)l(aeT OCHOBHOe CO):(ep)l(aHMe 

):(MCCepTaU:MM. 



)J)-1ccepTal(HOHHa5I pa6oTa COOTBeTCTByeT KpHTeptt5IM II. 9 «IlOJ10)l(eHH5I 0 

rrop.H.IJ.Ke rrpttc~.n.eHH5I )'1IeHhIX cTerreHeii», yrBep)l(.IJ.eHHoro IIocTaHoBneHtteM 

IIpaBttTenhcTBa PoccttiicKoii Cl>e.n.epau:1111 OT 24.09.2013 N2842 11 3acny)l(HBaeT 

rrono)l(ttTenhHOM ou;eHKH. ABTOp pa6oThI XaH Pa611a 3acny)l(HBaeT rrp11cBoeHH5I 

)'1IeHOM CTerreHH KaH.D.H.IJ.aTa TeXHJiqecKHX HaYK no crreu;HanbHOCTH 2.2.15 -

CttcTeMhI, ceTtt H ycTpoiicTBa TeneKOMMYHHKau;11H:. 

Oqml!MaIThHbIH orrrrcmeHT: 

.D.OIIeHT Kacpe.n.pbl TeneKOMMYHHKaIIHH H OCHOB pa.n.110TeXHHKH 

cpe,n:epanhttoro rocy,n:apcTBeHHoro 6ro,n:)l(eTHoro o6pa3oBaTenhHoro yqpe)l(.n.eHH5I 

BbIClllero o6pa3oBaH «TOMCKHH rocy.n.apCTBeHHblH YHHBepCHTeT CHCTeM yrrpaBneHH5I 

H pa.D.H03J1eKrpOHHKH» 

(634050, r. TOMCK, rrp. JleHHHa, 40; 

(3822) 51-05-30; rector@tusur.ru; https://tusur.ru/), 

KaH)1>1)1aT TeXHWieCKHX ~--
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