
OT3hIB 
Hay•rnoro pyKoBO.l1JITem1 Ha ,ZJJicceprau;110HHYID pa6ory 

EpMorraeBa f p11ropm1 ArreKcaH.n:poB11qa «Pa3pa6oTKa 11 11ccne.n:oBaH11e MeTO,lIOB 

nOBbIIIIeHH5I 3Hepro3cpcpeKTHBHOCTll ll noMexoycmii:qHBOCTll CHCTeM M06HJibHOii: 

IIIHpOKOnOJIOCHOH CB5I3ll n5ITOfO noKOJieHH5I)) Ha COHCKaHHe yqeHOH CTeneHH 

KaH,lIH,liaTa TeXHifqecKHX HayK no HaycIHOH cne1(HaJibHOCTll 2.2.15 - CHCTeMbl, 

ceTH ll ycTpoii:crna TeJieKOMMYHHKa1(HH 

,[(11ccepTa1(llOHHa5I pa6oTa r.A. EpMorraeBa no,liroTOBJieHa Ha Kacpe.n:pe CTaTHCTifqe­

CKOH pa.n;11ocp113HKH 11 M06HJibHbIX c11cTeM CB5!3H (CP MCC) pa.n:11ocpm11qecKoro cpaKynnTeTa 

HHfY 11 nocB5II1(eHa pa3pa6oTKe 11 11ccne.n:oBaHHIO MeTO,lIOB noBbIIIIeHH5I 3Hepro3cpcpeKTHB­

HOCTH ll noMexoycToii:qHBOCTll CllCTeM M06HJibHOH IIIHpOKOnOJIOCHOH CB5I3ll n5ITOro nOKOJie­

Hirn. 

B TeqeHHe nocrre,lIHHX .lIBYX ,lieC5ITHJieTHH 6nrn BHe,lipeH 1(eJibIH p5I,lI noKOJieHHH Cll­

CTeM COTOBOH M06HJibHOH CB5I3ll, Haq11Ha5I c 2G ll 3aKaHqllBa5I qeTBepTbIM noKOJieHHeM 4G 

LTE-A. ITo cpaBHeHHIO c 4G, c11cTeMI>I CB5I3H n5ITOro noKoneHH5I SG CTaH,liapra New Radio 

(NR) ,lIOJI)l(Hbl 06ecneq11BaTb ropa3,lIO 6onee BbICOKyIO CKOpOCTb ll CBepxMarryIO 3a,liep)l(KY 

nepe.n:aq11 ,liaHHbIX 3a cqeT HCnOJib30BaHH5I 60JibIIIero q11cna BbICOKoqacTOTHblX ,lIHana30HOB 

ll nepe,lIOBbIX ceTeBblX TeXHOJIOfllH. ITepBOHaqarrbHOe BHe,lipeHHe HHcppacTpyK'I)'pbI COTOBOH 

CB5!3H SG NR cocpe.n:omqeHo Ha yrryqIIIeHHOii: M06HJibHOii: IIIHpoKonorrocHoii: CB5!3H ,lIJI5I 

o6ecneqeHH5I nOBbIIIIeHHOH nponycKHOH cnoco6HOCTH nepe.n:aq11 ,liaHHblX ll Ha,lie)l(HOCTll co­

e,lIHHeHH5I B ,lIHana30He pa.n:11oqacTOT ,lIO 6 rru:. B CllCTeMax CB5I3ll SG B nepBOH BOJIHe pa3-

BepTbIBaHH5I, T.e. B HeaBTOHOMHbIX c11cTeMax SG, norrI>30BaTeJibCKHe ycTpoii:cTBa c no,lI,liep)l(­

Koii: ceTeii: n5ITOro noKorreHH5I pa6oTaIOT B nonoce qacTOT SG ,lIJI5I noBbIIIIeHH5I nponycKHoii: 

cnoco6HOCTH nepe.n:aq11 ,liaHHbIX, HO no-npe)l(HeMy HCnOJib3YIOT 4G ,lIJI5I 3a,liaq, He CB5!3aHHbIX 

c nepe.n:aqeii: ,liaHHbIX, HanpHMep, TaKHX KaK CB5!3b c BbIIIIKaMH COTOBOH CB5!3ll ll cepBepaMH. 

3 TO 5IBJI5IeTc5I np11q11Hoii onpe.n:erreHHhIX He,11ocTaTKOB c11cTeM CB5I3H SG nepBoii: BOJIHbI pa3-

BepTbIBaHH5I, TaKHX KaK: BbICOKOe 3HepronoTpe6neHHe ll3-3a yBeJI11qeHH5I BbJ.qllCJIHTeJibHOH 

Harpy3Kll ,lIJI5I o6ecneqeHH5I nOBhlIIIeHHOH nporrycKHOH cnoco6HOCTH nepe.n:aq11 ,liaHHbIX ll 

Ha,lle)l(HOCTH coe,1111HeHH5I; Hll3KHH ypoBeHb MOrn;HOCTll npHH5ITOro CllrHarra 6a30BOH CTaH1(ll­

eii: OT noJib30BaTerrncKoro o6opy.n:oBaHH5I np11 pa6oTe B cernx CB5!3H SG no npHqifHe yBen11-

qemrn pa6oqeii: qacTon1 nepe.n:aBaeMor,o c11rHarra; Herr11Heii:Hb1e 11cKa)l(eHll5I c11rHarra, B03HH­

KaIOrn;11e Ha nepe.n:aTq11Ke noJib30BaTeJibCKOro o6opy.n:oBaHH5I. 

TaKHM o6pa30M, nocTaBJieHHM B ,lIHCCepTa1(llll r.A. EpMOJiaeBa 3a,liaqa pa3pa6oTKll ll 

HCCJie,lIOBaHH5I MeTO,lIOB CHH)l(eHirn 3HepronoTpe6rreHH5I ll Bep05ITHOCTll naKeTHbIX OIIIH60K B 

CllCTeMaX 6ecnpoBO,lIHOH M06HJibHOH CB5!3ll n5ITOro noKOJieHH5I 5IBJI5IeTC5I BeCbMa aKTYaJibHOH 

,lIJI5I ,liaJibHeii:IIIero ycneIIIHOro pa3BepTbIBaHH5I CHCTeM CB5I3ll n5ITOro nOKOJieHH5I. AKTy aJib­

HOCTb BbI6paHHOH TeMbl ,lIHCCepTa1(Hll no.n:rnep)l(,liaeTC5I TaK)l(e 6oJiblllllM qifCJIOM n y 6n 11Ka-

1(HH B HaycIHO-TeXHifqecKHX ll3,liaHH5IX, nOCB5Irn;eHHbIX 3TOMY Bonpocy' pa3pa60TKOH HOBbIX 

penH30B CTaH,liapTOB coToBoii CB5!3H (5G NR) 11 aKTHBHoii: pa6omii, npoBO,lIHMoii B .n:aHHOM 

HanpaBJieHim B Be.n:yrn:11x KOMnaHH5IX-npoH3BO,lIHTeJI5IX KOMMYHHKa1(HOHHOro 06opy,110BaHH5I 

(Huawei, Samsung, Intel, LG, Ericson, Nokia 11.n:p.). 

EpMorraeB r.A. 3aKoHqHJI MarHCTpaTypy pa,lIHOcpll3HqecKoro cpaKyJinTeTa HHr Y HM. 

H.H. J1o6aqeBcKoro no HanpaBrreHHIO no.n:roTOBKH 02.04.02 <«l>yH.n:aMeHTarrbHM HHcpopMa­

THKa H HHcpOpMa1(HOHHbie TeXHOJIOrHH» B 2018 ro.n:y. B nepHO,lI c 2018 no 2022 r. o6yqarrc5I 

B acnttpaHType. 0,lIHOBpeMeHHO c yqe6oii: B acnttpaHType OH pa6oTarr no COBMeCTHTeJibCTBY 

Ha Kacpe.n:pe CP MCC B .n:omI<HOCTH Mna.n:IIIero HayqHoro coTpy,lIHHKa. TeMa .n:11cceprau;tt11 

r .A. EpMonaeBa ccpopMHpOBarracb B XO,lie ero pa60Tbl Ha Kacpe.n:pe, yqacTH5I B BblIIOJIHeHHH 

HayqHo-ttccne.n:oBaTeJibCKHX H X03,lIOroBopHbIX pa6oT, npoBO,lIHMbIX B HHTepecax IT KOMna­

HHii, a TaK)l(e B xo.n:e ero pa6on1 B 11ccrre,lIOBaTeJibCKHX u;eHTpax IT KOMnaHHii. 



B .urrcceprnu:rroHHOM pa6oTe r.A. EpMorraeBa 6bIJIH peIIIeHbI Ba)l(Hbie TeopeTH"lleCKHe 

rr rrpttKJia.UHbie 3a.[(a"llrr. 

B rrepBOM rrraBe rrpe.n:cTaBJieH rro.n:po6HbIM aHaJIH3 MeTO.[(OB, HCITOJib3YIOll.J:HXC51 B CH­

CTeMax CB513H 4G If 5G .[(JI51 I10BbIIIIeHH51 3Hepro3cpcpeKTHBHOCTH If IlOMexoycTOM"llHBOCTH 

IlOJib30BaTeJibCKOro o6opy.n:oBaHH51, ycTaHOBJieHbI rrpo6rreMHbie MeCTa CHCTeM CB513Ii I151TOro 

rroKorreHH51 Ha"llarrbHOro perrH3a NR Release 15 H orrpe.uerreHbI B03MO)l(Hbre HarrpaBrreHrra 

pa3pa60TKH HOBbIX MeTO.[(OB Ii ycoBepIIIeHCTBOBaHH51 HCITOJib3yeMbIX MeTO.[(OB Ii arrropHTMOB 

.[(JI51 I10BbIIIIeHH51 3Hepro3cpcpeKTHBHOCTH If IlOMexoycTOM"llHBOCTH CHCTeM CB513H. 

Bo BTOpo.H rrraBe .UHcceprnu:rrH paccMoTpeHa 3a.n:aqa ITOBbIIIIeHH51 3cpcpeKTHBHOCTH 

3Heproc6epe)l(eHH51 ITOJib30BaTeJibCKOro o6opy.n:oBaHH51 B CHCTeMax 6ecrrpOBO.[(HOM M06HJib­

HOM CB513H. B xo.n:e pa6oTbI 6brnH pearrH3oBaHbI cu:eHapHrr Mo.n:errHpoBaHH51 crrcTeM 6ecrrpo­

BO.UHOM M06HJibHOM CB513Ii If MO.[(eJIH TpacpHKa .n:aHHbIX, rrpHH51Tbie KOHcopu:rryMOM 3GPP, a 

TaK)l(e rrpoBe.n:eH rro.upo6HbIM aHarrH3 pa60TbI cxeMbI rrpepbIBHCTOro rrprreMa, HCITOJib3yeMOM 

.n:rra 3Heproc6epe)l(eHH51 rroJib30BaTeJibCKoro o6opy.n:oBaHH51 B rrepBOM perrH3e NR Release 15 

CHCTeM COTOBOM M06HJibHOM CB513Ii I151Toro IlOKOJieHH51 5G. B pa6oTe rrpe.urro)l(eHbI HOBbie 

MeTO.[(bI I10BbIIIIeHH51 3Hepro3cpcpeKTHBHOCTH IIOJib30BaTeJibCKOro o6opy.n:oBaHH51, OCHOBaH­

Hbie Ha a.uarrrnu:rrrr cxeMbI rrpepbIBHCTOro rrprreMa K IIOCTYIIaIOllleMy TpacpHKY .[(JI51 KOHKpeT­

HOro ITOJib30BaTeJibCKOro o6opy.n:oBaHH51 3a C"lleT HCIIOJib30BaHH51 crreu:HarrH3HpOBaHHbIX crrr­

HaJIOB rrpo6y)l(.[(eHH51 3TOro IlOJib30BaTeJibCKOro o6opy.n:oBaHH51 If rrepeBo.n:a 3TOro IIOJib30Ba­

TeJibCKOro o6opy.n:oBaHH51 B pe)l(HM CHa. 3cpcpeKTHBHOCTb rrpe.n:JIO)l(eHHbIX arrropHTMOB 3Hep­

roc6epe)l(eHH51 IIOJib30BaTeJibCKOro o6opy.n:oBaHH51 B CHCTeMax CB513Ii 5G .n:eTarrbHO H3y"lleHa 

rryTeM HMHTaU:HOHHOro Mo.n:errrrpoBaHH51 ceTeli 6ecrrpoBO.UHOM CB513H crnH.n:aprn NR Release 

15 Ha CHCTeMHOM ypoBHe. 

TpeTb51 rrraBa rrocB51llleHa 3a.n:aqe CHH)l(eHrra rropora rroMexoycTOM"llHBOCTH CHCTeM 

6ecrrpoBO.UHOM Mo6rrrrbHOM CB513H. ITpe.n:crnBrreHbI MeTO.UbI .n:rra yMeHbIIIeHH51 BepoaTHOCTH 

6rroKOBOM OIIIH6KH IlOJib30BaTeJibCKOro o6opy.n:oBaHH51 Ha rpaHrru:e 5I"lleMKH CHCTeM COTOBOM 

CB5I3H 5G, T.e . .[(JI5I cu:eHapH5I rrrroxoro COCT051HH5I KaHarra. B TOM "llHCJie 6bIJI rrpe.[(CTaBJieH HO­

BbIM THII MYJibTHCJIOTOBOM rrepe.n:aqrr .uaHHbIX ITO BOCX0.[(5IllleMy KaHarry CB5I3Ii CHCTeM 5G, 

HMeIOlllHM p5I.U OTJIH"llHM If YJIY"llIIIeHHM OTHOCHTeJibHO cxeMbI IIOBTOpeHH5I rrepe.n:a"llH. TaK)l(e 

6bIJIIi paccMOTpeHbl HOBbie MeTO.[(bI rrepecTpOHKH qacTOTbl BHYTPH CJIOTa If Me)l(.uy CJIOTaMH B 

5G, Ii MeTO.U COBMeCTHOM ou:eHKH KaHarra c Me)l(CJIOTOBbIM o6'be.[(HHeHHeM orropHbIX crrrHa­

JIOB .n:eMO.UYJI5IU:HH. 3cpcpeKTHBHOCTb B CHH)l(eHHH rropora IIOMexoycTOM"llHBOCTH rryTeM HC­

ITOJib30BaHH5I rrpe.n:JIO)l(eHHbIX arrropHTMOB B CHCTeMaX CB5I3Ii 5G 6brna H3y"lleHa rryTeM KOM­

IlbIOTepHoro HMHTaU:HOHHOro Mo.n:errHpoBaHH5I 6ecrrpOBO.[(HbIX ceTeM CB5I3H Ha cpH3H"lleCKOM 

ypoBHe. 
B qernepTOM rrraBe rrpe.n:JIO)l(eH Ii rrccrre.n:oBaH HOBblM MeTO.[( KOMITeHcau:rrH HeJIHHeM-

HbIX HCKa)l(eHHM, B03HHKaIOlllHX Ha CTOpoHe rrepe.n:aT"llHKa, rryTeM .UOIIOJIHHTeJibHOM o6pa-

6oTKH crrrHarrOB Ha CTOpoHe rrpHeMHHKa .[(JI5I CHCTeM 6ecrrpoBO.[(HOM CB5I3H. MeTO.U OCHOBaH 

Ha rrp5IMOM CTaTHCTH"lleCKOM aHarrH3e rrpHH5ITbIX CHMBOJIOB .n:aHHbIX .[(JI5I ou:eHKH HCKa)l(eHH5I If 

HCITOJib30BaHH5I 3THX ou:eHOK B rrpou:ecce .n:eMO.UYJI5IU:HH If .n:eKO.UHpOBaHH5I. Pe3yJibTaTbl MO­

.uerrHpOBaHH5I I10Ka3aJIH, "llTO pa3pa60TaHHbIM caM006yqaJOll1HMC5I arrropHTM 6opb6bl c HeJIH­

HeMHbIMH HCKa)l(eHH51MH .n:eMOHCTpHpyeT O"lleHb xopOIIIHM ypoBeHb KOMIIeHCaU:HH B crryqae 

.[(HC6arraHca I/Q KOMIIOHeHT Ii Hy)l(.uaeTC5I B .[(aJibHeiIIIIeM yrryqIIIeHHH rrpOH3BO.[(HTeJibHOCTH 

.[(JI5I crryqM, Kor.ua Ha CTopoHe rrepe.n:aT"llHKa TaK)l(e rrpHCYTCTByeT HeJIHHeMHOCTb ycHJIHTeJI5I 

MOlllHOCTH. ITo cpaBHeHHIO c H3BeCTHbIMH cxeMaMH rrpe.n:BapHTeJibHoro HCKa)l(eHH5I rrepe.n:a­

BaeMoro CHrHarra .[(JI5I KOMITeHCaU:HH HeJIHHeMHbIX HCKa)l(eHHM rrepe.n:aT"llHKa, pa3pa6oTaHHbIM 

caM006yqa10mrr.Hc5I arrropHTM HaMHOro MeHee CJIO)l(eH If I103TOMY MO)l(eT 6bITb HCITOJib30BaH 

.[(JI5I rrpHMeHeHH5I B cernx llHTepHeTa Beme.H B CHCTeMaX CB5I3H 5G, a TaK)l(e B rrpou:ecce pa3-

pa6oTKH ycTpOHCTB crre.n:yIOlllHX ITOKOJieHHM CHCTeM 6ecrrpOBO.[(HOM CB5I3H 



ITorryqeHHOie B .lJ:HCceprn11;1ur pe3yJibTaTbI HMeIOT rrpHMYIO rrpaKTHqecKyIO HarrpaB­

rreHHOCTb, TaK KaK HCIIOJib3YIOTC51 B CHCTeMax M06HJibHOH COTOBOH CB513H II51TOro, a TaK)l(e 

MoryT 6bITb HCIIOJib30BaHbl B CHCTeMax CB513H rrocrre.r:i:y10m:Hx IIOKOJieHHii. 

ITpH BbIIIOJIHeHHH .lJ:HCcepTaUHOHHOH pa60Tbl r.A. EpMOJiaeB rrpo51BHJI 60JibIJIYIO ca­

MOCT051TeJibHOCTb H uerreycTpeMJieHHOCTb, TBopqeCKHH rro.r:i:xo.r:i: K pemeHHIO CJIO)l(HbIX 3a.r:i:aq. 

r.A. EpMOJiaeB 51BJI51eTC51 BbICOKOKBarrH<i>HUHpOBaHHbIM crreuHarrHCTOM B o6rraCTH CH­

CTeM, ceTeii H ycTpOHCTB TeJieKOMMYHHKaUHH, OH aKTHBHO 3aHHMaeTC51 HayqHoii pa60TOH 

coBMeCTHO c rrperro.r:i:aBaTeJIHMH Kacpe.r:i:pbI CP MCC H rrOJib3yeTC51 yBa)l(eHHeM B KorrrreKnrne 

Ka<Pe.r:i:pbI. 

OcHOBHbie pe3yJibTaTbI .r:i:HcceprnuHH orry6rrHKOBaHbI B 8 pa6ornx. 

CqHTaIO, qTo .lJ:HCCepTaUHOHHa51 pa6orn r.A. EpMOJiaeBa Y.ll:OBJieTBOp51eT BCeM Tpe6o­

BaHirnM, rrpe.r:i:nHBJIHeMbIM BAK P<l> K KaH.lJ:H:.lJ:aTCKHM .r:i:RccepTaUHHM, a caM aBTOp 3acrry)l(H­

BaeT rrpHCY:>K.ll:eHH51 yqeHOH CTerreHH KaH.lJ:H.lJ:aTa TeXHH:qecKHX HayK no crreuH:arrbHOCTH 

2.2.15 - CH:cTeMbI, ceTH H ycTpoiicTBa TerreKOMMYHH:KaUH:ii. 
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