
OT3blB 

Ha aBTopecpepaT .n.11ccepTau:ii11 MyTXattHhI AMMapa Carrex An11 «Pa3pa6oTKa 11 

11ccne.n.0BaH11e KOMITrreKca Mo.n.eneli 11 MeTO.D.OB MHTerpau1111 rpaHM:tJHhIX 

BhrcrncneHM:H B cenIX CBH3M: ITHTOro M rnecToro ITOKOJieHM:H», ITpe.n.cTaBrreHHOH Ha 

COM:CKaHM:e yqeHOH CTeITeHM: )I.OKTOpa TeXH11qecKMX HayK ITO CITeUM:aJihHOCTM: 2.2.15 
- C11cTeMhI, ceTM: 11 ycTpolicTBa TerreKOMMYHM:Kau11li. 

B HaCTOHI.IJ.ee BpeMH B MM:pe M B Pocc1111 B paMKax ITpouecCOB u11cppOBOH 

TpaHccpopMauirn Be.n.yTCH aKTHBHbie pa60Tbl ITO cpopMM:pOBaHM:lO MeponpM:HTHH, 

Il03BOJIHIOW:MX o6ecITeqM:Tb pearrhHOe pa3BHTM:e M BHe.n.peHM:e ceTeli CBH3H ITHToro 

noKorreHM:H - SG, a B ITocne.n.yrorn:eM 11 rnecToro - 6G. IlpH 3TOM peCJ:h He 11.n.eT o 

ITOJIHOH 3aMeHe cyrn:ecTBYIOW:HX TeXHOJIOrHH, a 0 )I.aJibHelirneM pa3BM:TM:M: M 

)I.OITOJIHeHM:H HOBhIMH TeXHOJIOrHHMM:. O:arn.n.aeTCH, qTo BHe.n.peHM:e HOBhIX ceTeli 50 
(6G) IT03BOJIM:T ITO)I.KJIIOqM:Tb K HMM cymecTBeHHO 6oJibIIIe ynpaBrrHeMbIX 

YCTPOHCTB. Ilp11 3TOM oqeHh BIDKHhIM ITapaMeTpoM 6y.n.eT HBJIHThCH Ha ITOPH.D.OK 

6onee BbICOKaH CKOpOCTb nepe.n.aq11 )I.aHHhIX H HM:3KOe 3HeprOITOTpe6rreHHe ITO 

cpaBHeHM:lO c IIIHpOKO pacnpOCTPaHeHHhIMH B HaCTOHI.I.J:ee BpeMH ceTHMH 

M06MJibHOH CB}l311 IIOKOJieHHH 3G H 40 CTaH.n.apTOB. 

Ba)lrnyro porrh B .n.ocTM:)l(eHMH rrro6arrI>Horo noKphITHH B ceTHX CBH3M rnecToro 

ITOKOJieHMH (6G) 6y.n.eT 11rpaTh HHTerpau1rn cnyTHHKOBhIX, B03.D.YIIIHhIX, Ha3eMHbIX 

M MOpCKHX ceTeli, l.JTO Il03BOJIHT o6ecneqHTb BbICOKYJO CTeITeHh .n.oczynHOCTH H 

Ha.n.e)l(HOCTM .n.IDKe B cnyqae CTHXMHHDIX 6e.n.cTBHH. I1orrh30BaTerrI>cme YCTPOHCTBa 

CMoryT 6ecnperrnTCTBeHHO rronyqaTb )I.OCTYII K Ha3eMHhIM H HHhIM 6a30BhIM 

CTaHUM:HM. .L(rrH o6ecrreqeHHH OilTHMaJihHOH rrpOI13BO)I.M:TeJibHOCTH M o6pa6oTKM: 

.n.aHHhIX Ha JIOKaJihHOM ypOBHe IIIM:pOKOe pacrrpOCTPaHeHM:e IIOJIYl.JaT M06M:JihHbie 

rpaHM:l.JHbie Bhll.JHCJieHHH M rpaHM:qHhie Bhil.JM:CJieHmI c MHO)l(eCTBeHHhIM .n.oczyrroM 

(multi-access edge computing, MEC), KOTOpn1e II03BOJIHT cMeCTHTh 

BhlqM:CJIHTeJihHhie pecypcbI OT QeHTpaJII130BaHHOrO paCilOJIO)l(eHM:H 6JIM:)l(e K 

IlOJib30BaTeJIIO, TeM CaMhIM o6ecrrel.JM:BaH rH6KOCTh c TOl.JKM 3peHHH pa3BepTbIBaHM:H 

11 3KcrrnyaTaUHM ceTeBhIX ycrryr, a TaK)l(e yrryqrneHHe Kal.JeCTBa 06crry)l(HBaHMH 

(HanpHMep, 3a Cl.JeT CHH)l(eHHH 3a)J.ep)l(KI1). 

B CBH3H c M3JIO)l(eHHhIM, TeMa .n.HccepTaUHH MyTXaHHhI AMMapa Carrex Arr11, 

IIOCBHI.I.J:eHHOH pa3pa60TKe M HCCJie)I.OBaHHIO KOMIIJieKca MO)I.eneli H MeTO)I.OB 

HHTerpaUHH rpaHHlJHhIX Bhil.JHCJieHHH B ceTHX CBH3H IIHToro H rnecToro IlOKOJieHHH, 



npeACTaBJUieT KaK TeopeTHqeCKHH, TaK H npaKTHqecKHH HHTepec H 6e3yCJIOBHO 

HBmieTCH aKTYallbHOH. 

K HaM6orree 3HaqMMbIM HayqHbIM pe3yJibTaTaM, norryqeHHbIM aBTopoM, 

MO)l(HO OTHeCTH crre.rcyroll(Me: 

• Pa3pa6oTaH MeTOA nocTpoeHHH MYJibTHKOHTPOJIJiepHOH nporpaMMHO

KoHqmrypHpyeMoH ceTM (software defined network, SDN), 6a3Mpyroll(HHCH 

Ha MeTa.3BpHCTHqecKOM (BcJieACTBHe CJIO)l(HOCTH peIIIaeMbIX 3a,n.aq) 

arrropHTMe H arrropHTMe 6anaHCHpOBKH Harpy3KH, qTo Il03BOJUieT IlOBhlCHTb 

3cpcpeKTHBHOCTb HCilOJib30BaHHH pecypcoB KOHTporrrrepoB. 

• Pa3pa6oTaHbl MOAeJib H MeTOA HHTerpau:HH rpaHMqttbIX BblqHcJieHHH B 

CTPYKTYPY ceTH «B03Ayx-3eMJIH» AJUI ceTeH MHTepHeTa Bell(eli BbICOKOH H 

CBepXBblCOKOH IlJIOTHOCTH, B KOTOpOM npo:u:eAypa Bbirpy3KH TPacpMKa 

HBJUieTCH TpexypoBHeBoli, npHqeM Ha oKoHeqHhIX YCTPOHCTBax 

HCilOJib3yeTCH nporpaMMHbIH npocpHrrHpOBII(HK, onpeAeJIHIOII(HH CJIO)l(HOCTb 

BblqHCJIHeMOH 3a,n.aqH, a no pe3yJibTaTaM ero pa60Tbl MexaHH3M npHHHTHH 

peIIIeHHH onpeAeJIHeT Heo6xoAMMOCTb Bbirpy3KH TPacpHKa. 

• IIpeAJIO)l(eH MeTOA nocTPoeHMH ceTM c MHTerpa:u:Meli TeXHorrorMH M E C, SDN 

u npHMOH CBH3H Me)l(ey ycTpolicTBaMH (device - to-device, D2D) AJIH 

IIOAAep)l(KH 6ecrrMJIOTHoro aBTOTpaHcrropTa (vehicular ad hoc network, 

VANE T). 

• IIpeAJIO)l(eH MeTOA pa3Mell(emrn KOHTPOnrrepoB B MYJibTHKOHTporrrrepHbIX 

ceTHX SDN, KOTOpbrn rrpeAycMaTpHBaeT pa3Mell(eHMe KOHTPOJirrepoB Ha 

M06HJibHbIX y3rrax ceTeli V ANET (HarrpMMep, asTo6ycax) AJIH o6ecrreqeHHH 

CBH3H B IlJIOTHbIX H CBepxrrrrOTHbIX ceTHX CBH3H 6G. 

B aBTOpecpepeTe npMBeAeHbl KOppeKTHbie IIOCTaHOBKH 3a,n.aq HCCJieAOBaHHH,, 

KOTOpbie COHCKaTeJib ycrreIIIHO pernaeT c HCIIOJib30BaHMeM MaTeManrqecKHX 

MeTOAOB TeOpHH MaCCOBOfO o6crry)l(J1:BaHHH, TeOpHH OIITHMH3a:U:HH, TeOpHH 

BepOHTHOCTeH, a TaK)l(e MeTa.3BpHCTHqecKHX arrropHTMOB H HMHTaI.J:HOHHOfO 

MOAeJIHpOBamrn. Heo6XOAHMO TaK)l(e OTMeTHTb, qTo OCHOBHbie pe3yJibTaTbl 

rrpeACTaBJieHbl B aBTOpecpepaTe AOCTaToqHo o6ocHOBaHHO c HCIIOJib30BaHHeM 

60JibIIIOro q11crra IlOHHTHHHbIX HJIJIIOCTPa:U:HH B BHAe cxeM, Ta6JIH:U: H rpacpHKOB 

(Bcero 34 pHc.) . 

Pe3yJihTaTbI AHccepTa:U:HH IIIHpOKo rrpeACTaBrreHbI B :u:erroM pMe Ha~bIX 

rry6rrMKa:U:HH (Bcero 137 orry6JIHKOBaHHbIX pa6oT), BKJIIQqaH 24 CTaTbH B H3AaHJUIX 

M3 nepeqHH BAK MHHHCTepcTBa HayKH H Bb1crnero o6pa30BaHHH P<I> H 87 cTaTeli 



B H3.lJ:aH1rnx, HH.lJ:eKcHpyeMbIX B 6a3ax .naHHbIX Scopus H Web of Science (WoS). 

HapMy c 3THM crre.nyeT OTMeTHTh TaIOKe anpo6au:mo pe3yJihTaToB .n:HccepTau:m-i: Ha 

p51.ne npe.ncTaBHTeJibHbIX Me)l(.lJ:yHapo.n:HbIX H BcepoccHHCKHX KOHcpepeHU:H51X. 

Cy.z::i:51 no aBTope<iJepaTy, a TaIOKe CIIHCKY HayqHbIX IIy6rrHKaU:HH coHcKaTerrb 

51BJI51eTC51 li3BeCTHbIM CIIeU:HaJIHCTOM B IIpo6rreMaTHKe M06HJibHbIX ceTeH Ha OCHOBe 
HOBbIX TeXHOJIOfliH. 

BMecTe c TeM, KaK crre.nyeT H3 paccMoTpeHH51 aBTopecpepaTa, .n:HccepTau:H51 He 

nmneHa He.nocTaTKOB. TaK, IIpe.ncTaBJI51eTc51 Heo6xo.n:HMhIM OTMeTHTb crre.nyiorn:He 
li3 HHX: 

1. KaK H3BeCTHO, B HaCT051II(ee BpeM51 B PoccHH cpyHKU:HOHHpyroT M06HJihHbie ceTH 

HeCKOJibKHX IIOKOJieHHH (2G, 3G, 3,5G, 4G). 0.n:HaKO B .lJ:liCCepTaU:Hli He 

paccMO'fPeHbI IIpo6rreMHbie BOIIpocbI IIepexo.n:Horo IIepHo.na K ceT51M 5 H 6 
IIOKOJieHHH c yqeTOM cyrn:eCTByrorn:Hx CeTeH. 

2. I13BeCTHO, qTo pa3BHTHeM CeTeH CB513li IIOKOJieHH51 5G B MHpe aKTHBHO 

3aHHMa.EOTC5.l u:enhIH PM KOMIIaHHH (KHTaiicKa51 Huawei, Samsung (IO:>Irna51 Kope51), 

Qualcomm (CIIIA), Ericsson (l11Beu:m1), Verizon (ClllA), AT&T (ClllA), Nokia 

( <l>HHJI51H.lJ:H51) If .npyrHe ). IlpH 3TOM KPYIIHeHIIIHe HrpOKH MHpOBoro pbIHKa 
M06HJihHOH CBH3H, IIpe)l(.ne scero, Qualcomm H Huawei, IIpe.nrrararoT CBOH 

KOHU:eIIU:lili 6y.nyrn:HX ceTeH. 0.n:HaKO B .lJ:liCCepTaU:Hli aHaJIH3 MHpOBOro OIIbITa B 
3TOH o6rracTH He IIpHBe.neH. 

3. IIpe.ncTaBrr51eTc51, qTo .n:HccepTaU:H51 Morna TOJihKO BbrnrpaTh, ecrrH 6b1 

IlOJIO)l(eHH51, BbIHOCHMbie Ha 3anuny ( oco6eHHO II.II. 3 If 5), 6bIJili c<POPMYJIHpOBaHbl 
6orree KpaTKO If KOHKpeTHO. 

4. B aBTopecpepaTe ( c. 8) YKa3aHo, qTo pe3yrrbTaTbI .n:HccepTaU:HH BHe.npeHhI B IIAO 
«fHIIpOCB513b» If <l>fYII «1-IMHI»>, aKTbl 0 BHe.npeHHli IIpe.ncTaBJieHbl B 
npHJIO)l(eHHH K .n:HccepTaU:HH. BMecTe c TeM, IIpe.ncTaBJI51eT HHTepec B paMKax 
KaKHx 3TaIIOB pa6oT (HHP, OKP) KaKHe KOHKpeTHbie pe3yJibTaTbI peanH30BaHbI. 

,lJ,OIIOJIHHTeJibHO crre.nyeT OTMeTHTb If HeCKOJibKO 3aMeqaHHH pe.naKUHOHHOro 
xapaKTepa. 

TaK, B TeKcTe aBTopecpepaTa HeCKOJihKO pa3 BCTPeqaeTC51 pacIIIBcppoBKa 

SAGSIN KaK «Space-Air-Ground-Sea». HaBepHoe, 6bmo 6b1 .nocTaTOtIHO 

paCIIIH<iJpoBKY 3TOH a66peBHarypbI BBeCTli O.lJ:liH pa3, IIpH IIepBOM II05IBJieHHli B 
TeKCTe. 



KpoMe Toro, B TeKCTe aBTOpe<t>epaTa (Ha pHC. 2 H 3) He orrpe,lI,eJieHbl TOIIOJIOfHH, 
rrpoeyMepoBaHHbie OT 1 ,ll,O 15 H OTJIO)l(eHHbie Ha OCH a6CIJ.HCC, a Ha pHC. 6 He 

YKa.3aHO, B KaKHX e,lI,HHHIJ.aX H3Mep.sieTC51 «IIoporoBoe Bpewr OTKnHKa» H «06mee 
BpeM51 HCIIOJib30BaHH.sI». 

IIpHBe,lI,eHHble He,lI,ocTaTKH, TeM He Mettee, cymecTBeHHO He BJIHIDOT Ha B u.erroM 
IIOJIO)l(HTeJibH)'IO ou.eHKY ,lI,HCCepTaU.HH. 

BhIBO)J.. KaK crre,lJ,yeT H3 paccMoTpeHH.sI aBTope<l>epaTa, ,lI,HccepTaU.HH Ha 
TeMY «Pa.3pa60TKa H HCCJie,lI,OBaHHe KOMIIJieKca MO,ll,erre:H: H MeTO,lI,OB HHTerpaU.HH 
rpaHHqHblX BblqHCJieHHH B ceT5IX CB513H II.sITOro H rnecToro IIOKOJieHHH» 51BJI51eTC51 

3aKoHqeHHOH Hayqtto:H: KBaJIH<pHKaU.HOHHOH pa60TOH, B KOTOpo:H: perneHa B~Ha.sI 

HayqHa.sI rrpo6rreMa pa.3pa6oTKH KOMIIJieKca MO,ll,erre:H: H MeTO,lI,OB HHTerpaIJ.HH 

rpaHHqHbIX H TYMaHHblX BbPIHCJieHHH B ceT5IX CB513H II51TOro H rnecToro IIOKOJieHHH. 

OcttoBHhie pe3yJihTaThI ,lI,HccepTaU.HH o6na,lI,aIOT ttayqtto:H: HOBH3tto:H: H 

rrpe,lI,CTaBJI5IIOT rrpaKTHqecKyIO u.eHHOCTb ,ll,Jl51 MeporrpH.sITHH B HHTepecax pa3BHTH51 
rrepcrreKTHBHbIX ceTe:H: CB.sI3H. TaKHM o6pa30M, peu.eH3HpyeMa.sI .D.HccepTaU.HOHHa.sI 

pa6oTa cooTBeTCTByeT TPe6osaHH5IM BAK, rrpe,lI,o51BJI51eMbIM K .D.HCcepTa:[(HOHHbIM 

pa6oTaM Ha COHCKaHHe yqetto:H: CTerreHH ,lI,OKTOpa TeXHffqeCKHX HaYK, a ee aBTOp, 

MyTxatttta AMMap Carrex AnH, 3acrry)lrnBaeT rrpHcsoeHH.sI ylletto:M: cTerreHH .D.OKTopa 
TeXHHqecKHx ttayK no crreu.HarrbHOCTH 2.2.15 - CHcTeMhI, ceTH H YCTPOMCTBa 

TeJieKOMMYffHKaU.HM. 

rrraBHbIM HayqHbIM COTPY.D.HHK <l>e,lI,eparrbHOro HCCJie,lI,OBaTeJibCKOro u.eHTPa 
«11mpopMaTHKa H yrrpasneHHe» PoccH:H:cKo:H: aKa,lI,eMHH HayK, .D.OKTop TeXHHqecKHX 

HaYK, rrpo<t>eccop, l.IJiett-Koppecrrott,lI,eHT AKa,lI,eMHH KpHrrTorpaqmH P<l> 

4: ~~"""'"-'--------· -... 
OpraHH3aIJ.H51: <l>e,lI,eparrbHbrn Hccne.n.osaTeJihCKH:H: u.eHTP 
«11H<l>opMaTHKa H yrrpasrreHHe» PoccHlicKo:H: aKa.D.eMHH HaYK 
http://www.frccsc.ru 
A,ll,pec: 119333 r. MocKBa, yrr. BaBHJIOBa, .D..44, Koprr. 2 
Ten. +7(499) 135-62-60 
E-mail : frccsc@ frccsc.ru 
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