
OT3hIB 

Ha aBTopecpepaT .r:i:11:ccepTau;i111: qHCTOBOii: HaTaJihH AneKcaH.r:i:poBHhI Ha TeMy: 

«HccJie,a;osauue BJIHHHHH ua coKpa~euue u.ml>posoro pa3pbrna u pa3pa6oTKa 

MeTO,ll;OB <f>opMHpOBaHUH u.u<f>pOBblX KJiaCTepoB ceTeii 

CBH3H c YJibTpa MaJihIMH 3a.r:i:ep~KaMH», 

rrpe.[(CTaBJieHHYJO Ha COHCKaHHe y~rnHOH CTerreHH KaH,[(H.[(aTa TeXHHqecKHX HayK 

rro crreu11:anhHOCTH 2.2.15 - C11:cTeMI>I, ceTH 11: ycTpoii:cTBa TeneKOMMYHHKau11:ii: 

I1HTeHCHBHOe pa.3BHTHe H pacrrpocTpaHeHHe pa.3JIHqHbIX I1KT-TeXHOJIOrHii: 

rrpHBO.[(HT He TOJibKO K rrepeCMOTpy cymecTBYIOII(HX IIO.[(XO.[(OB K opraHH3aUHH 

ceTeii: CB513H, Tpa.r:i:HUHOHHbIX ceTeBblX apXHTeKTYP H TOIIOJIOrHii:, H T . .[(., HO H K 

KopeHHblM H3MeHeHH51M B .r:i:pyr11:x o6nacni:x, HarrpHMep, K H3MeHeHH51M B 

perHOHaJibHOH H MHpOBOH 3KOHOMHKe. 

TaK pa.3BHTHe H pacrrpocTPaHeHHe K0Huerru1111: I1HTepHeTa Bemeif 11: TaKoro 

BH.[(a KOMMYHHKau11:ii: KaK D2D (Device-to-Device) KOMMYHHKau11:11: rrpHBeJIH B 

KOHeqHoM cqeTe K B03HHKHOBeHHIO CBepxmIOTHhIX ceTeii:, B KOTOpbIX q11:cno 

IIOJib30BaTeJieii: I1HTepHeT Bell(eii: Ha 1 KB. KM MO:>KeT COCTaBJI51Tb .[(O 1 MJIH. 

ITpH 3TOM B ceT51X CB513H II51TOro H IIOCJie.[(yIOII(HX IIOKOJieHHH rrpe.r:i:rronaraeTC51 

rrpe.r:i:ocTaBJieHHe HOBblX THIIOB ycnyr: TaKTHJibHOro HHTepHeTa, ycnyr yrrpaBJieHH51 

6ecIIHJIOTHblMH aBTOM06HJI51MH, ycnyr .[(OIIOJIHeHHOH peaJibHOCTH H T . .[(., .[(JI51 qero 

Tpe6yeTC51 o6ecrreqHTb KpyroByIO 3a~ep:>KKY BeJIHqHHOH B 1 MC .[(JI51 o6ecrreqeHH51 

ypoBH51 KaqecTBa o6cny:>KHBaHH51 H KaqecTBa BOCIIpH51TH51 a6oHeHTOB. 

3TO Tpe6oBaHHe rrpHBeJIO K rrpHHUHIIHaJibHbIM H3MeHeHH51M B apXHTeKType 

ceTH, IIOCKOJII>KY HCX0.[(51 H3 cpyH.[(aMeHTaJibHhIX orpaHnqeHHH IIO CKOpOCTH 

pacrrpocTPaHeHH51 CBeTa I1 oco6eHHOCTeii: ero pacrrpOCTPaHeHH51 B BOJIOKOHHO­

OIITHqecKHX Ka6eJI51X rro peKoMeH.r:i:auntt MC3-T, OKa.3aHHe ycnyr TaK'rHJII>Horo 

l1HTepHeTa c Tpe6yeMhIMH rrapaMeTpaMH KaqecTBa o6cny:>KHBaHH51 H KaqecTBa 

BOCIIpH51TH51 OKa.3aJIOCh B03MO:>KHblM TOJibKO B Kpyre pa.n:nycoM B 50 KM. 

,[(11:ccepTaUHOHHa5I pa6oTa IIOCB51II(eHa HCCJie.[(OBaHHIO BJIH51HH51 BHe.r:i:peHH51 

ceTeii: CB513H c ynnTpa MaJihIMH 3a.r:i:ep:>KKaMH Ha coKpameHne umppoBoro pa.3porna 

Me:>K.LJ:Y pernoHaMH Poccnii:cKoii: <I>e.r:i:epauirn H pa.3pa6oTKe MeTO.LJ:OB 

cpopMttpoBaHH51 u11:cppoBblX KJiacTepoB rrpn BHe.r:i:peHHH rro.r:i:o6HbIX ceTeii:. B 3Toii: 

CB513H TeMa H pe3yJioTaTbl .[(HCCepTaUHOHHOro IICCJie,[(OBaHH51 rrpe.r:i:cTaBJI51IOTC51 

BeCbMa aKTYaJibHblMH. 

OcHOBHhle pe3ynI>TaThI .r:i:11:ccepTau11:11:, 06na.r:i:a10m11:e HayqHoii: HOBH3Hoii:: 

1. YcTaHOBJieHa cTaTHCT11:qecKa5I B3aHMOCB513h Me:>K.r:i:y BanoBhIM 

PerHOHaJihHhIM ITpo.r:i:yKToM Ha .n:yrny HaceneHH51 11: q11:cnoM 3aH51ThIX B 

o6JiaCTH HHcpopMaTH3aUHH H CB513H Ha 100 TbIC51q 3aH51TblX BO BCex 

o6JiaCT51X .[(e51TeJibHOCTH, K03cpci>11:u11:eHT KOppeJI51UHH rrpH 3TOM paBeH k = 

0,667. 



2. Ha ocHoBaHHH .n:aHHhIX o cpe.n:HHX paccT051HH51X Me)l(.n:y cerrncKHMH 

HacerreIU-IbIMH rryHKTaMH H pattOHHbIMH ~eHTpaMH, a TaIOKe pattOHHbIMH H 

06rracn1r.,1M11 ueHTpa:t\111 Pocc11iicKoii <l>e;:::epau1111, rrpoBe.n:eHa THIIH3al(H51 

<l>e.n:eparrnHbIX OKpyroB no crroco6aM nocTpoeHH51 ceTeii CB51311 c yrrnTpa 

MaJibIMH 3a.z:i:ep)l(KaMH M B03MO)l(HOCT51M no OKa3aHmO ycrryr 3TMX ceTeii. 

3. Ha OCHOBe acCOI(MaTMBHOro MeTo.n:a c MCIIOJib30BaHMeM 3BOJIIOI(MOHHOro 

arrropMTMa rrorryqeH nporHo3 .n:orrM norrnJOBaTerreii ycrryr ceTeii CB513M c 

ynnTpaMarrDIMM 3a.z:i:ep)l(KaMM Ha ropM30HTC rrrraH11poBaHH5I .n:o 2030 ro.n:a, 

KOTOpbIH IIOKa3bIBaeT, qTo .IJ:OJI51 IIOJib30BaTerreii TaKMX ycrryr K 2030 ro.n:y 

rrpeBbICMT 60%. 
4. Pa3pa6oTaH MeTo.n: cpopMMpoBaHM51 UMcppoBnIX KrracTepoB ceTeii CB513M 

II51Toro M rrocrre.n:y10IT(HX ITOKOJieHMH Ha OCHOBe KaqecTBa npe.n:ocTaBJieHH51 

ycrryr, OTJI11qaIOIT(MHC5I OT M3BeCTHbIX TeM, qTo npM cpopMMpOBaHMM 

l(McppoBOro KJiaCTepa yqTeHbl IIJIOTHOCTb IIOJib30BaTerreii, a TaK)l(e 

O.IJ:HOBpeMeHHoe npe.n:ocTaBrreHMe ycrryr TaKTMJihHoro I1HTepHeTa M ycnyr 

.IJ:OIIOJIHeHHOH pearrbHOCTM. 

5. ITpe.n:rro)l(eH MO.IJ:HcpMUMpoBaHHbitt arrropMTl\I FOREL .z:i:rr51 perneHH51 3a.z:i:aqM 

pa3MeIT(eHM5I u,o,z:::i: np11 HepaBHOMepHoM pacrrpe.n:erreHMH norrn30BaTerreii no 

TeppHTOpMM, OTJIMqaIOIT(MHC51 OT 113BeCTHbIX TeM, qTo o6rraCTb .n:onyCTMMbIX 

IIOJIO)l(eHMH l(eHTpa 1(11cppoBoro KJiaCTepa orpaHMqeHa KOHeqHbIM 

MHO)l(eCTBOM. 3To II03BOJI5IeT .n:o6MTbC51 Toro, qTo6nI ToqKH rrpe.n:ocTaBJieHH51 

pa3JIMqHbIX ycnyr COBrra.n:arr11, qTo .n:aeT B03MO)l(HOCTb COKpaIT(eHH51 

rrpOT51)1(eHHOCTM JIMHllH CB5I3M B l(McppoBOM KJiaCTepe. 

6. Pa3pa6oTaH MeTO.IJ: BDI6opa pa3Mepa UMcppoBoro KrracTepa B ceT11 c yrrnTpa 

MaJiblMM 3a.z:i:ep)l(KaMM, OTJI11qaIOIT(HHC5I OT M3BeCTHbIX TeM, qTo B HeM 

yqMTbIBaeTC51 .IJ:JIMHa TpaCCbl npoKJia.IJ:KH Ka6err51 Ha OCHOBe Ol(eHKH 

cppaKTaJibHOH pa3MepHOCTM .n:opO)l(HOH ceTH Ha TeppMTOpMH KJiacTepa, qTo 

II03BOJT5IeT Ol(eHHTb CTeneHb OTJlliq1151 Tpacc rrpoKJia.IJ:KM Ka6eJI51 OT rrp51MbIX 

JIHHMH M orrpe.n:errMTb 3HaqeHHe .n:mmhI, Ha KOTOpoe Heo6XO.IJ:HMO 

YMeHhIIIHTb pa.n:Myc nrraHMpyeMoro 1(McppoE0ro KrracTepa. 

B aBTopecpepaTe rrpe.n:cTaBrreHnI rrorryqermr.,1e B rrraBax .n:11ccepTau1111 

OCHOBHbie pe3yJinTaTI>I: MeTO.IJ:bI, arrropHTMbI, 3aBHCHMOCTl1 H T . .IJ:. OHM HMeIOT 

3HaqMTeJibHyIO TeopeTMqecKyio M rrpaKTMqecKyio l(eHHOCTb M no3BOJI51IOT 

yTBep)l(.IJ:aTb, qTo aBTop ycnenrno penrnrr rrocTaBrreHHYIO B .IJ:MCcepTal(MOHHOM 

MCcrre.n:oBaHMH 3a.z:i:aqy: MCCJie.n:oBaTb BJil151HHe Ha COKpaIT(eHHe l(HcppoBoro 

pa3pnIBa M pa3pa6oTaTb MeTO.IJ:bl cpopMHpoBaHirn l(HcppOBbIX KrracTepoB ceTeii 

CB513M c yrrnTpa MaJiblMH 3a.z:i:ep)l(KaM11. 

Pe3yrrnTaTDI .n:11ccepTal(MM MoryT MMeTb 6orrnrnoe npaKTMqecKoe np11MeHeHMe, 

B TOM qflcrre B npoeKTHbIX opraHM3al(M51X H y orrepaTOpOB CB513H .IJ:JI51 

nrrai-rnpoBaHH51, pa3pa6oTKH 11 nne.n:peHM51 ycrryr_ ceTeH: CB513H c yrrnTpa MaJibIMM 

3a.z:i:ep)l(KaMM. 

ITo aBTopecpepaTy HMeIOTC51 crre.n:y10IT(Me 3aMelfaHM51: 



1. Ha cTpaHH:U:e 12, p11cyHoK 4, Ha rpaqmKe 3aBHCHMOCTH 3a.z:i:ep)l(KH OT 

pa,n:11yca :u:mppoBoro KJiacTepa HeKoTopoie ITO.D:ITHCH pacITOJIO)l(eHhI B 

BepTHKaJihHOH ITJIOCKOCTH, l.JTO CHH:>I<aeT y,n:o6CTBO BOCITpmITH~ rpacJ:>HKa. 

2. Ha cTpaHH:U:e 12, p11cyHoK 5, Ha p11cyHKe H3o6pa)l(eH ITpHMep CTPYKTYPhI 

:u:11cJ:>poBbIX KJiaCTepoB .n:n~ ,n:Byx ycnyr ceTeH uRLLC. IlpH 3TOM 

a66peBHaTypa uRLLC 6oJibIIIe ITO TeKCTY He BCTpeqaeTC~ H HHKaK He 

pacII111cJ:>poBb1BaeTc~. 

0TMel.JeHHhie He,n:ocTaTKH He BJI~IOT Ha 06rn;y10 ITOJIO)l(HTeJibHYIO o:u:eHKY 

pe3yJioTaToB ,n:11ccepTa:o:1111. Cy.n:~ ITO aBTopecpepaTy, ,n:11ccepTa:o:110HHM pa6oTa 

cooTBeTCTByeT Tpe6oBaHH~M, ITpe.n:n~BAAeMhIM BAK K KaH,n:H,n:aTCKHM 

.n:11ccepTa:U:H~M, a ee aBTOp qHCTOBa HaTaJih~ AneKCaH,n:pOBHa 3aCJIY)l(HBaeT 

ITpHCy)l(,n:eHH~ yqeHOH CTeITeHH KaH,n:H,n:aTa TeXHHl.JeCKHX HayK ITO CITe:U:HaJihHOCTH 

2.2.15 - CHCTeMbl, ceTH H ycTpOHCTBa TeJieKOMMYHHKa:U:HH. 

3aBe,n:y10rn;11ii KacJ:>e.n:poii l1HcJ:>opMa:U:HOHHOH 6e3oITaCHOCTH <l>rEOY BO 

«IloBOJI)l(CKHH rocy,n:apcTBeHHhIH yHHBepcHTeT TeJieKOMMYHHKa:U:HH H 

HHcpopMaTHKH» (ITrYTM) 
,n:.T.H., ITpocJ:>eccop 

29.10.2021 

B~qecnan f'pHropoeBHl.J KapTaIIIeBCKHH 
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