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OT3LIB 

Ha asTopecpepaT ,n;HccepTa:U:HOHHOH pa6oThI MyTxauua AMMap CaJiex 

AJIH Ha TeMy: «Pa.3pa60TKa H HCCJie,n;oBaHHe KOMIIJieKca MO,IJ;eJieii H 

MeTO,IJ;OB HHTerpa:U:HH rpaHHqHhIX BhlqHcJieHHH B cen1x CB.H3H II.HTOfO H 

lIIeCTOfO IIOKOJieHHH», rrpe.n;cTaBJieHHOH Ha COHCKaHHe yqeHoii CTerreHH 

.n;oKTopa TeXHHqecKHX HayK rro crre:u;HaJihHOCTH 2.2.15 - CHcTeMhI, ceTH 

H ycTpOHCTBa TeJieKOMMYHHKa:u;Hii. 

JJ:HccepTa:U:HOHHa.H pa6oTa MyTxaHHa AMMap Canex AnH rrocB.H:W:eHa 

perneHHIO rrpo6JieM ceTeii CB.H3H II.HTOfO H IIOCJie,n;yIO:W:HX IIOKOJieHHH. JJ:n.H 

IIOCJie,IJ;OBaTeJihHOfO pelIIeHH.H IIOCTaBJieHHhIX B pa6oTe 3a,n;aq aBTOpOM rrpose.n;eH 

aHaJIH3 cy:w:ecTByIO:rn:ero IIOJIO)J(eHH.H B o6JiaCTH HCCJie,IJ;OBaHH.H ceTeii CB5.13H II.HTOfO 

H IIOCJie,n;yIO:W:HX IIOKOJieHHii, poJIH H MeCTa rpaHHqHblX HIHJIH ryMaHHhIX 

BbJqHCJieHHH, a TaK)l(e ceTeii 6ecrrHJIOTHbIX JieTaTeJibHbIX arrrrapaTOB (EIIJIA), 

rrporpaMMHOKOHcpHrypHpyeMhIX ceTeH: SDN (Software Defined Networks), ceTeii 

B3aHMo.n;eiicTBH.H ycTPoiicTBo-ycTpoH:cTBo D2D (Device-to-Device), ceTeii 

aBTOMo6HJihHoro TPaHcrropTa V ANET (Vehicular Ad Hoc Networks), 

6ecrrHJIOTHhIX aBTOM06HJieii, I11nepHeTa Be:w:eii B pa.3BHTHH ceTeii H CHCTeM CB5.13H. 

Ha ocHoBaHHH rronyqeHHhIX .n;aHHbIX pa.3pa6oTaHbI MeTO,IJ;bI H peKoMeH.n;a:u;HH, 

KOTOpbie MO)J(HO OTHeCTH K OCHOBHhIM 3HaqHMbIM pe3yJibTaTaM pa60Tbl, a HMeHHO: 

1. MeTo.n; IIOCTPOeHH.H MYJihTHKOHTponnepHoii ceTH, ocHoBaHHhiii Ha 

HHTerpaJibHOM pelIIeHHH 3a,n;aq no pa.3Mem:eHHIO KOHTpOJIJiepoB B 

MYJibTHKOHTponnepHbIX ceT.HX, 6a.3HPYIO:W:HHC.H Ha MeTa3BpHCTHqecKOM anropHTMe 



BCJie,nCTBMe CJIO)l(HOCTM pernaeMhIX 3a,nat:J, M anropMTMe 6anaHCMpOBKM Harpy3KM, 

1103BOJUU011I.MH 06ec11eLJMTh HaMJiyt:Jrnee MCllOJih30BaHMe pecypcoB KOHTPOJinepoB B 

TaKMX cenIX. 

2. Mo.nmpMU:MposaHHhIH anropMTM xaoTMLJecKoro po.si CaJihll .nm1 

MCllOJib30BaHM5I B MepapXMLieCKMX KJiaCTepHblX ceT.sIX clus-CSSA, 1103BOJI5IIOI1I.MH 

yMeHhllIMTb .ll:OJIIO OTKa30B B o6cny)l(MBaHMM co CTOpOHhl KOHTPOJinepa M yseJIMLJMTb 

o6rn;ee MCllOJib30BaHMe CMCTeMbl BO BCeM ,nMalla30He M3MeHeHM5I 3a,nep)l(KM OT 1 MC 

.no 10 MC 110 cpasHeHMIO KaK c llIMpOKO M3BeCTHblMM MeTa3BpMCTMqecKMMM 

anropMTMaMM po5I LJaCTMU: PSO (Particle Swarm Optimization) M ceporo sonKa 

GWO (Grey Wolf Optimization), TaK M c 11pe,nb1,nyme:H: sepctte:H: xaoTMLJecKoro 

anropMTMa po5I CaJibll CSSA (Chaotic Salp Swarm Algorithm). 

3. Mo.nenh M MeTo,n MHTerpau;MM rpaHMLJHbIX BbILJMcneHMH B CTPYKTYPY ceTM 

«B03,nyx-3eMn5I» ,nn5I ceTeH I1HTepHeTa Beme:H: BhICOKOH M csepxBhICOKOH 

11noTHOCTM, B KOTopoM 11pou:e.nypa Bh1rpy3KM TPac}mKa 5IBAAeTc.si TPexypoBHeso:H:, 

11ptttieM Ha oKoHeLJHhIX YCTPOHCTBax MCllOJib3yeTc.si 11porpaMMHbIH 

11poqmnMpOB11I.MK, 011pe.nen.sII011I.MH CJIO)l(HOCTb BblLJMCJI5IeMOH 3a,nat:JM, a 110 

pe3ynhTaTaM ero pa6oThI MexaHM3M 11pMH5ITM5I perneHM.si 011pe.nen5IeT 

Heo6xo,nMMOCTh Bhirpy3KM TpaqmKa. KpoMe Toro, Ha BTopoM yposHe 11pou:e.nypb1 

Bbirpy3KM TpaqmKa cepBep EITJIA, Ha KOTOpbIH Bhirpy)l(aeTc5I TPacpMK, MO)l(eT 

11pMH5ITh perneHMe B ycnOBM5IX He.n:ocTaTOLJHOro o6'beMa pecypcoB BbirPY3MTh 

TpaqmK Ha cepBep .npyroro EITJIA. ITpM 3TOM pe3yJihTaTbI Mo.n:enMpoBaHM5I 

.n:oKa3aJIM, LJTO 06ec11eLJMBaIOTC5I yMeHbllieHMe 3a,nep)l(KM .no 6onee, LJeM B 2 pa3a 110 

cpaBHeHMIO c ceTblO 6e3 MCllOJih30BaHM5I TeXHOJIOrMH rpaHMLJHhIX BhILJMCJieHMH M Ha 

30-40 % 110 cpaBHeHMIO c ceTblO c MCllOJib30BaHMeM TOJibKO Ha3eMHbIX rpaHMLJHhIX 

BbILJMCJieHMH. KpoMe Toro, MCllOJib30BaHMe OllTMMM3a1(MM Ha OCHOBe 

MeTa3BpMCTMLJeCKoro xaoTMLJeCKOro po5I CaJibll .naeT ,nOllOJIHMTeJibHbIH BbmrpblllI 

OKOJIO 10 % 110 cpaBHeHMIO c MCllOJib30BaHMeM HeOllTMMM3MpoBaHHOro anropMTMa. 



4. Mo.nenh H MeTo.n; HHTerpau::a:a rpaHHl!HhIX BhitIHcneHHH B CTPYKTYPY ceTH 

«B03.n;yx-3eMmrn ,n;Jrn ceTeH: I1HTepHeTa BemeH: BhICOKOH :a csepxBhICOKOH 

llllOTHOCTH 06ec11etIHBaIOm:aH: yMeHbllleHHe 3HeprOllOTPe6neHmI .no 2 pa3 H 6onee 

110 cpaBHeHHIO c ceTblO 6e3 HCllOllb30BaHH51 TeXHonorHH rpaHHl!HbIX Bbll!HCneHHH. 

KpoMe Toro, HCllOllb30BaHHe OllTHMH3aU:HH Ha OCHOBe MeTa3BpHCTH1IeCKoro 

xaOTHtieCKoro p051 Canbll .naeT .D;OllOllHHTeJihHbIH Bhrnrpbllll B 5-10% 110 cpaBHeHHIO 

c HCllOJib30BaHHeM He OllTHMH3HpoBaHHOro anropHTMa. 

5. Mo.nenh :a MeTo.n; HHTerpau::a:a rpaHHtIHhIX BhitIHcrreHHH B CTPYKTYPY ceTH 

«B03,n;yx-3eMn51» .n;rr51 ceTeH: I1HTeptteTa BemeH: BhICOKOH H csepxBhICOKOH 

llJIOTHOCTH 06ec11etIHBaIOmHH yMeHhllleHHe .D;OJIH 3a6JIOKHpOBaHHbIX 3a.D;al! 110 

Bhlrpy3Ke TpaqmKa B .nec51TKH pa3 110 cpaBHeHHIO c ceTblO 6e3 HCllOllb30BaHH51 

TeXHOJIOrHH rpaHHl!HbIX Bbll!HCneHHH, B pa3bl 110 cpaBHeHHIO c ceTblO c 

11c11orrh30BaHHeM TOnhKO Ha3eMHhIX rpaHHl!HhIX BhitIHcneHHH. KpoMe Toro, 

011pe.n;eneHhl 3aBHCHM OCTH 3HatieHHH 3a.n;ep)KKH, 3HeprOllOTPe6rreHH51 Ji .l(OJIH 

3a6JIOKHpOBaHHbIX 3a.D;al! 110 BhirPY3Ke TpaqmKa OT llllOTHOCTH ceTH. 

6. MeTo.n; 11ocTpoeHH5I ceTH c HHTerpau:HeH: TeXHorrorHH MEC, SDN H D2D 

.l(Jl51 110.n;.n;ep)KKH 11pHJIO)KeHHH 6eCllHJIOTHbIX aBTOM06HneH: H anropHTM 

KrracTep113au:1111 Ha o c HoBe B3aHMo.n;eH:cTBHH D2D .n;rr51 TPaHc11opTHhIX cpe.n;cTB B 

HellOKpbITbIX 30Hax H .[(AA Bhlrpy3KH TpacplIKa ceTH B perHOHaX c HHTeHCHBHbIM 

.D;BH)KeHHeM, .na10m11H: 74 "% 11p:apocTa 11pOH3BO.D;HTeJibHOCTH CHCTeMbl B TepMHHax 

Bep051THOCTH 6rroKHpOBKH 3a.D;all. 

7. MeTo.n; 11porH03HpoBaHH51 Ha ocHoBe CNN LTP-CNN, KOTOpbIH 

11pe.n;cKa3hrnaeT TPaqmK ceTH IoT 110 HHcpopMaU:HH o cocT051HH51 ceTH 3a 

11pe.n;bI.D;ym:aH: HHTepBan BpeMeHH, peanH3YIOmHHC51 Ha TyMaHHbIX y3rrax, KOTOpbie 

11pe.n;cTaBJ15IIOT co6oH: OCHOBHYIO tiaCTb ceTeH IoT/5G 1103BOn51eT 11pe,n;CKa3b1BaTb 

TPacp:aK ceTH IoT c TOl!HOCThIO oKorro 90 %. 



8. MeTo.n: pa3MeIIJ,eHH.H SDN-KOHTJ'OmrnpoB B MYJihTHKOHTJ'OJrnepHhIX ceT.HX, 

KOTOphIH rrpe.z:i:ycMaTJ'HBaeT pa3MeIIJ,eHHe KOHTJ'OJIJiepoB Ha M06HJihHhIX Y3Jiax 

ceTeii V ANET, HarrpHMep, aBTo6ycax, ,I(JI.H o6ecrreqeHH.H CB.H3H B rrnoTHhIX H 

CBepxITJIOTHhIX ceT.HX 6G H B3aHMO,n:eiicTBH.H c ryMaHHO:ii cpe,n:o:ii YCTJ'OHCTB ceTH, 

II03BOJI.HeT yMeHhIIIHTh 3a.z:i:ep)KKY Ha 60% ITO cpasHeHHIO c TPa.n:m..i;HoHHhIMH 

Mo,n:eJI.HMH rpaHHqHhIX BhlqHcJieHHH, a TaK)Ke CHH3HTh ITOTpe6JI.HeMyIO 3HeprHIO Ha 

72 % ITO cpaBHeHHIO c MeTo,n:oM Fog-MEC . 

. HecoMHeHHO, B KaqecTBe .ll:OCTOHHCTBa pa60ThI CTOHT OTMeTHTh ee 

ITpaKTHqecKyIO ueH.HOCTh, 3aKJIJOqaJOIIJ,yIOC5.I B B03MO)KHOCTH HCITOJih30BaHH5.I 

ITpe,n:JIO)KeHHhIX MeTO,I(OB B ceT.HX CB5.13H CJie,n:yIOIIJ,HX ITOKOJieHHH. 

B KaqecTBe 3aMeqaHHii ITO aBTopecpepaTy MO)KHO yKa3aTh cne,n:yIOIIJ,He: 

1. Ha pHCYHKax 2 (b) H 3 (b) OTCYTCTBYIOT ITO.lJ:ITHCH Ha OC5.IX a6CI.J;HCC H 

op,n:HHaT. 

2. 1!3 pHCYHKOB 5, 6 He.HCHO, B qeM H3Mep.HeTC5.I rroporosoe BpeM.H OTKJIHKa. 

3. ITpH OITHCaHHH MO,n:eJIH H MeTo,n:a HHTerpaI.J;HH rpaHHqHhIX BhlqHcJieHHH B 

CTJ'YKTYPY ceTH «B03,n:yx-3eMJI.H» ,n:JI.H ceTeii lIHTepHeTa Beme:ii BhICOKoii H 

CBepXBhICOKOH ITJIOTHOCTH B aBTopecpepaTe He IT05.ICH5.leTC51, KaK BhI6HpaJIOCh qHCJIO 

OKOHeqHhIX ycTpOHCTB ITPH cpaBHeHHH
0 

cpe,n:Hero 3HeproITOTPe6nemrn .ll:J15.I 

pa3JIHqlihIX THIIOB ITPHJIO)KeHHH. 

4. ITpH ocpopMneHHH 6noK-cxeMhI pHCYHKa 8 BhI6paH ,n:oBOJihHO MeJIKHii 

IIIpmpT, qTo HeCKOJihKO ycJIO)KH5IeT ITpoqTeHHe. 

ITpHBe,n:eHHhie BhIIIIe 3aMeqaHH.H He BJIH.HIOT Ha ITOJIO)KHTeJihHYIO oueHKY 

pa6oThI H ee ueHHOCTh. Co.z:i:ep)KaHHe asTopecpepaTa H ITepeqeHh oITy6JIHKOBaHHhIX 

-
pa6oT fOBOp51T 0 TOM, qTo .lJ:HCCepTaI.J;HOHHa51 pa6oTa 5.IBJI5.leTC51 3aBeprneHHhIM 

Hccne,n:oBaHHeM H cooTBeTCTByeT crreuHanhHOCTH 2.2.15. ITpe,n:cTasneHHhIH 



aBTope<PepaT cooTBeTCTByeT TPe6oBamuIM BAK, rrpe,r:i:o.~rnmreMbIM K ,r:i:oKTopcKHM 

,r:i:HccepTaUH5IM, a ee aBTOp MyTxaHHa AMMap CaJiex AJiu 3acny:>KHBaeT 

rrpHCy)l(,r:i:eHH5I yqeHOH CTerreHH ,r:i:OKTOpa TeXHHqecKHX HayK ITO crreUHaJibHOCTH 

2.2.15 - CHcTeMbI, ceTH H ycTPOHCTBa TeneKOMMYHHKaUHH. 

Ilpocpeccop Kacpe,r:i:pb1 HEM-2 «3KoHOMHKa H opraHH3aUH5I 

rrpoH3Bo,r:i:cTBa» MfTY HM. H.3. EayMaHa, 

,[(oKTOp 3KOHOMHqecKHX HayK, Ka H,r:i:aT TeXHHqecKHX HayK, rrpo<Peccop 

;VU'( THXBHHCKHH BanepHli OneroBHq 
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