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Ha aBTOpe<f>epaT )l;HCcepTaIJ,HH rpe6eHIIJ,HKOBOH AJieKCaH)l;phI AH)l;peeBHhl Ha 

TeMy «Mo)l;eJIH H MeTO)l;hl nporH03HpOBaHHH ceTeBoro Tpa<f>HH.:a B 

reTeporeHHhIX ceTHX c yqeTOM ero CTaTHCTHqecKHX xapaI\'.TepHCTHI\'.», 

npe)l;CTaBJieHHOH Ha COHCKaHHe yqeHOH CTeneHH KaH)l;H)l;aTa TeXHHqecKHX HayK 

no cneu,HaJihHOCTH 2.2.15 - CHcTeMhI, ceTH H ycTpoii:cTBa TeJieKOMMYHHicau,Hii: 

P3.3m1THe TeJieKOMMYHHKaJJ;HOHHhIX TeXHOJIOrHH H CHmKeHHe CTOHMOCTH 

nepe,r:i;aqH H o6pa60TKH HmpopMaJJ;HH npHBO,Il;51T K TIOCT05IHHOMY yBeJIHqeHHIO ofr.heMa 

ceTeBoro Tpaqm1<a. 3To npe,r:i;o5IBJI51eT noBI>IIIIeHHI>Ie Tpe6oBaHH51 K ceT.si:M nepe,r:i;aqH 

,r:i;aHHhIX, anropHTMaM ynpaBJieHH5I TpaqrnKOM H MeTo,r:i;aM 6opo6DI c neperpy3KaMH. 

I1pH HaJIHqHH M06HJihHhIX CHCTeM B ceTH qHCJIO CB513eH MmI<eT ,Il;HHaMHqecKH 

H3MeH5IT.hC5I, qTo npHBO,Il;HT K H3MeHeHIDIM MapIIIpyTOB nepe,r:i;aqH ttmpopMaJJ;HH. 3TO 

Tpe6yeT Mo,r:i;enttpoBaHIDI pacnpe,r:i;eneHH51 Tpac)mKa ,r:i;n.si: no,r:i;,r:i;ep)KKH npou;e,r:i;yp 

ynpaBJieHH51. 

B IIIHpOKOM CMhICJie MO)KHO paccMaTpHBaTb COBpeMeHHhie ceTH CB5I3H KaK 

reTeporeHH.hie, TO eCT.h o6ecneqHBaIOiu;He nepe,r:i;aqy ,r:i;aHHhIX Me)K,Il;Y p3.3JIHqHhIMH 

THTiaMH a6oHeHTCKHX ycTpOHCTB c HCTIOJI.h30BaHHeM no,r:i;ceTeH, pa6oTaIOiu;HX B 

p3.3JIHqH.hIX CTaH,r:i;apTax. .D:n.si: nonyqeHH51 KoppeKTHhIX ou;eHOK Harpy3KH H 

nponycKHOH cnoco6HOCTH Heo6xo,r:i;HMO npOBO,Il;HTh MO)J;eJIHpOBaHHe TaKHX ceTeH c 

TpaqrnKoM, 6JIH3KHM K pean.hHOMY. ITptt 3TOM MmKHO OTMeTHT.h TaKHe cyiu;ecTBYIOiu;He 

npo6neM.hl Mo,r:i;enttpoBaHH51 reTeporeHHoro Tpac)mKa: 

HeBepHI>Ie peIIIeHIDI o MapIIIpyTH3au;mL B ceTH c reTeporeHHhIM TpaqrnKoM 

CTaH,r:i;apTH3HpOBaHHhie u;eJieBoie <i>YHKJJ;HH MoryT npHHHMaT.h HeBepHoie peIIIeHH5I 0 

MapIIIpyTH3aJJ;HH, BI>I6ttpa51 y)Ke neperpy)KeHHhIH po,r:i;ttTeJII>CKHH y3en, H BhI3.hIBaT.h 

6oJII>IIIe noBTopH.hIX nepe,r:i;aq no ceTH. 

0nTHMH3aJJ;H51 pacnpe,r:i;eJieHH5I pecypcoB ceTH. ITOHCK HOBoro KpHTepH5I 

onTHMH3aJJ;HH pacnpe,r:i;eneHH51 pecypcoB B ceT.si:x CB513H ,r:i;rr51 o6ecneqeHH51 
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crrpaBe,II,mrnoro pacrrpe,II,enemu1 pecypcoB B reTeporeHHI>IX ceT51X c yqeToM 

Tpe6yeMoro COOTHOilleHirn Me)K,II,Y ceTeBbIMH B03MO)l{HOCT5IMH H rrporrycKHOM 

crroco6HocTI>IO. 

Pacrrpe,II,eJieHHe Harpy3KH Ha ceTI>. Co3,II,aHHe 3cpcpeKTHBHI>IX anropHTMOB 

yrrpaBJieHH51 HHcpOpMa:l.l,HOHHbIMH IlOTOKaMH c IJ,eJiblO CHmKeHH51 Harpy3KH Ha 

COTOBYIO ceTb MeTO,II,OM rrepeHarrpaBJieHirn TpacpHKa B ceTH ,II,pyrHX TeXHOJIOrHM 

pa,II,HO,Il,OCTyrra. 

,D:JI51 pa3pa6oTKH MO,II,eJieM rrporH03HpOBaHH51 reTeporeHHOro TpacpHKa ,II,JIH 

IIOBbillieHH51 TOtIHOCTH rrporH03HpOBaHirn HCilOJib3YIOTC51 H aHaJIHTHtieCKHe MeTO,II,bI, H 

MeTO,Il,bI Ha OCHOBe HCKYCCTBeHHbIX HeHpOHHbIX ceTeM (HBC). IlpH 3TOM aBTOpOM ,II,JI51 

pellieHH51 3a,II,atI rrporH03HpoBaHH51 ceTeBoro TpacpHKa B reTeporeHHI>IX ceT51X Ha 

KOpOTKOM rrpoMe)l{yTKe BbI6paHa HHTerpHpoBaHHa51 MO,II,eJib aBToperpecCHH 

CKOJII>351IIJ:ero cpe,II,Hero (ARIMA, Autoregressive Integrated Moving Average). 0Ha 

coxpaH51eT CBOIO 3HatIHMOCTb H rrpO,II,OmirneT OCTaBaTbC51 O,II,HHM H3 HaH6onee lliHpOico 

HCIIOJin3yeMbIX HHCTpyMeHTOB ,II,JI51 aHaJIH3a BpeMeHHbIX p51,II,OB H rrpe,II,CKa3aHH51 HX 

3HatieHHM. Mo,II,eJII> ARIMA ocHoBaHa Ha tieTKHX cTaTHCTHtiecKHX rrpHHIJ,Hrrax, tITO 

,II,eJiaeT ee JierKo HHTeprrpeTHpyeMOM. 0Ha HCl10Jib3YeT CTaIJ,HOHapHbie ,II,aHHbie, tITO 

II03BOJI51eT 3cpcpeKTHBHO BhrnBJI51Th 3aKOHOMepHOCTH H TpeH,II,hI. Mo,II,eJII> ARIMA 

MO)l{eT pa6oTaTI> c MeHI>lliHMH BnI6opKaMH ,II,aHHI>IX B cpaBHeHHH c HBC, KOTopoie 

Tpe6y10T 6oJiblliHX ofrneMOB ,II,aHHbIX ,II,JI51 o6ytieHH51. 

BorrpoCbI HCCJie,II,oBaHH51 MO,II,eJieH H MeTO,II,OB rrporH03HpOBaHH51 ceTeBoro 

TpacpHKa B reTeporeHHbIX ceT51X Ha MeHee pecypco3aTpaTHbIX CTaTHCTHtieCKHX 

MeTo,II,ax rrpe,II,cTaBJI51IOTC51 BeCI>Ma aKmyaJtbHbl.MU u eocmpe6oeaHHbl.MU. HarrpHMep, 

,II,JI51 apxHTeKTypnI rpaHHtIHI>IX BI>ItIHcJieHHH B rro,II,BH)KHI>IX ceT51X CB513H (MEC - Mobile 

Edge Computing), xapaKTepH3YIOIIJ:ei1:c51 HaJIHtIHeM MaJIOMOIIJ:HhIX ycTpoiicTB Ha 

rpaHHIJ,e ceTH, BOIIpoc rrporH03HpOBaHH51 c rrpHMeHeHHeM aHaJIHTHtieCKHX MO,II,eJieM 

MO)l{eT 6nITb KpHTHtieCKH Ba)KHbIM ITO cpaBHeHHIO c rrpHMeHeHHeM MeTO,II,OB Ha OCHOBe 

HCKYCCTBeHHbIX HeHpOHHbIX ceTeM. 

0,II,HaKo, cpe,II,H MeTO,II,OB rrporH03HpoBaHH51 COBpeMeHHoro CeTeBoro TpacpHKa 

HaH60Jiblliee KOJIHtieCTBO HCCJie,II,OBaHHM rrpHXO,II,HTC51 Ha anropHTMbI c rrpHMeHeHHeM 

HcKyccTBeHHhIX HeiipoHHhIX ceTeii. Oco6eHHO aKmyaJtbHO rrpHMeHeHHe MeTO,Il,OB 

rrporHo3HpoBaHH51 Ha ocHoBe HBC ,II,JI51 BI>ICOKOMOIIJ:HI>IX cHcTeM H ,II,onrocpoqHI>IX 

rrporHo3oB. ABTopoM ,II,JI51 pellieHH51 3a,II,atIH rroBI>IllieHH51 TOtIHOCTH rrporH03HpoBaHH51 

B TpexMepHoli ceTH CB513H BI>ICOKOH rrJIOTHOCTH BnI6paHa MO,II,eJII> LSTM (Long short-
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term memory) 6naro,n:ap51 H3BeCTHOH oco6eHHOCTH TaKHX peKyppeHTHbIX HeHpOHHbIX 

ceTeH: ynaBJIHBaTL xapaKTepHLie oco6eHHOcTH cnyqall:HLIX rrpou;eccoB. 

Cy,n:51 no aBTopecpepaTy, ,n:nccepTaU:H51 co,n:ep)KHT cne,n:y10iu:ne pe3y.rmmambz, 

06naoa10urue Hay1moi'l Hoeu3Hoit: 

1. Pa3pa6oTaH MeTo,n:a rrporH03HpoBaHH51 TpacpnKa B reTeporeHHLIX ceT5IX 

II51Toro H rrocne,n:yIOIIJ;HX IIOKOJieHHH Ha OCHOBe Mo,n:eJIH aBToperpecCHH H 

rrpoHHTerpnpoBaHHoro CKOJIL351In;ero cpe,n:Hero ,n:JI51 KpaTKocpoqHoro rrporHo3a c 

rrapaMeTpaMH ARlMA(l,5,4), KOTopa51 o6ecrreqnBaeT yMeHbIIIeHHe OIIIH6KH 

TOLJHOCTH rrporH03HpOBaHH51 ,n:o 19%, qTo Ha 60% MeHbIIIe qeM c HCIIOJib30BaHHeM 

HCXOJ1:HOH MO,n:eJIH ARJMA( 1, 1,2). 

2. Pa3pa6oTaH MeTo,n:a rrporH03HpoBaHH51 TpacpnKa peanLHoro BpeMeHH B 

reTeporeHHbIX ceT5IX Il51Toro H rrocne,n:yIOID;HX IIOKOJieHHH Ha OCHOBe rn6pn,n:HOH 

Mo,n:enn aBToperpeccnn H rrpoHHTerpnpoBaHHoro CKOJIL351In;ero cpe,n:Hero H 

o6o6in:eHHOH ycnoBHOH reTepocKe,n:acTHLIHOCTLIO c rrpeo6pa3oBaHHeM EoKca-KoKca 

,n:JI51 KpaTKOCpOLIHOro rrporH03a c napaMeTpaMH Mo,n:eJIH ARlMA(l ,2,2)-GARCH(2,0) 

KOTOpbIH o6ecrreLJHBaeT yMeHbIIIeHHe OIIIH6KH TOqHOCTH rrporH03HpOBaHH51 Ha 8,5% 

npn rrporHo3e Ha o,n:HH IIIar Brrepe,n: H Ha 7 ,6% npn rrporHo3e Ha ,n:Ba IIIara Brrepe,n:; 

3. Pa3pa6oTaHa Mo,n:enL TpacpnKa TpexMepHoH: ceTH CB513H BLICOKOH rrnoTHOCTH 

KaK MHoroMepHoro cnyqall:Horo rrpou;ecca H MeTo,n: rrporHo3npoBaHH51 c 

HCIIOJib30BaHHeM HCKYCCTBeHHOH HeHpOHHOH ceTH, KOTOpa51 II03BOJI5IIOT IIOBbICHTb 

3cpcpeKTHBHOCTb rrporH03HpOBaHH51 ,n:o 35 %. 

MmKHo oTMeTHTL, qTo rronyLieHHLie meopemul/ecKue pe3ynbmambz 

rrporH03HpoBaHH51 c noMOIIJ;bIO rn6pn,n:Hblx napaMeTpnqecKHX Mo,n:eneH: ( o6ecrreLJeHHe 

yMeHbIIIeHH51 cpe,n:HeH a6coJIIOTHOH OIIIH6KH nporH03a H IIOBbIIIIeHHe 3cpcpeKTHBHOCTH 

rrporH03HpoBaHH51) ,n:n51 pa3JIHqHoro TpacpnKa reTeporeHHLIX ceTeH: IT51Toro H 

nocne,n:y10iu:ero IIOKOJieHHH pacIIIHp51IOT cyiu:ecTBYIOIIJ;He 3HaHH51 B o6nacTH 

nporH03HpoBaHH51 ceTeBoro TpacpnKa. IlporH03HpoBaHHe ceTeBoro TpacpnKa KaK 

MHoroMepHoro rrpou:ecca c IIOMOID;bIO I1HC no,n:TBep,n:Hmf BbICOKYIO TOqHOCTb 

,n:onrocpoLIHoro rrporHo3a, B oTnnqne OT napaMeTpnqecKHX Mo,n:erreH: Tnrra ARlMA, 

KOTOpbie rrpnMeH5IIOTC51 .Il:J151 KpaTKOCpOLIHOro rrporH03HpoBaHH51 o,n:HoMepHbIX 

npou;eccoB. bbIJIO IIOKa3aHO, qTo 3cpcpeKTHBHOCTb nporH03HpoBaHirn rrpe,n:JIO)l(eHHbIM 

MeTo,n:oM 3aBHCHT OT pa3MepHOCTH cnyqall:Horo rrpou;ecca, Bo3pacTa51 c yBennqeHHeM 

pa3MepHOCTH. 
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K npGKmulteCKUJ\!t HayltHblM pe3y.nbmGmaJVt crre,IJ,yeT OTHeCTH B03MmKHOCTb HX 

HCIIOJII:.30BaHH5l ,IJ,JI5l OIITHMH3a:lJ,HH cpyHKIJ,HOHHpOBaHH5l CHCTeMI:.I yrrpaBJieHH5l 

TpacpHKOM, a KpOMe TOI'O pe3ynr:.TaTI:.I MoryT 6I:.ITI:. rrpHMeHeHI:.I B ceT5IX rrepe,D,a11H 

,IJ,aHHI:.IX TeXHOJIOI'HH II5ITOI'O H IIOCJie,IJ,yIOlll,HX IIOI<OJieHHH, IIO,IJ,,D,ep)l(HBaIOlll,HX 

rpaHHlJHI:.Ie BI:.I11HCJieHH5l (edge computing), ,IJ,JI5l KOTOpI:.IX aKTYaJII:.HO OIITHMH3aIJ,H5l 

HJIH MHHHMH3aIJ,H5l HCIIOJII:.3yeMI:.IX BI:.IlJHCJIHTeJII:.HI:.IX pecypcoB. B 3THX crry11a5IX 

OIITHMaJII:.HI:.IM crroco6oM rrporH03HpOBaHH5l H36I:.IT011HOH Harpy3KH MoryT BI:.ICTyrraTI:. 

HMeHHO aHaJIHTHlJeCKHe MO,IJ,eJIH. 

KaK OTMelJeHO B aBTOpecpepaTe, MaTepHarrI:.I ,IJ,HCcepTaIJ,HH B IIOJIHOM ofrr:.eMe 

ompG:JK:eHbl e ny6.nuKGlfU5lX u Gnpo6upoeGHbl KGK HG poccuttcKux, mGK u HG 

Me:J1coyHGpooHblX KOHrpepeHtJU5lX. Bcero no TeMe ,IJ,HccepTaIJ,HH orry6nHKOBaHo 5 

pa6oT, H3 HHX 3 CTaTI:.H B peIJ,eH3HpyeMI:.IX Hay11HI:.IX )KypHanax, BXO,IJ,5Illl,HX B rrepe11eHI:. 

H3,IJ,aHHH, peKoMeH,IJ,yeMI:.IX BAK MHHHcTepcTBa BI:.ICIIIero o6pa3oBaHH5l H HayKH 

PoCCHHCKOH <!>e,D,epaIJ,HH, 2 CTaTI:.H B ,D,pyrnx H3,IJ,aHH5IX H MaTepnarrax KOHCpepeHIJ,HH. 

Do aBTopecpepaTy K pa6oTe u.rv1e10mc5l c.neoy10u1ue 3a.rvteltGHtl5l: 

B OIIHCaHHH pe3yJII:.TaTOB BTOpOH rnaBI:.I Ha CTp. 8 rrpHBO,IJ,HTC5l 

nmpopMaIJ,H5I o rrpoBe,IJ,eHHOM aHaJIH3e TpacpnKa 11HTepHeTa Belll,ett. 

ITpe,D,cTaBJrneIIII:.c5l IJ,errecoo6pa3HI:.IM ,IJ,aTI:. 6orrr:.IIIe HHcpopMaIJ,HH o cIJ,eHapHH c 

11HTepHeToM Belll,ett H o rrpoIJ,ecce rrony11eHH5l TpacpnKa ,IJ,JI5I nccrre,IJ,oBaHH5l, ero 

ofrr:.eMe H KOJIHlJeCTBe IIOBTOpOB rrpoBe,IJ,eHHOI'O HCCJie,IJ,OBaHH5l, lJTO ,IJ,arro 6r:.1 

6orree IIOJIHOe rrpe,D,CTaBJieHHe 0 rrpoBe,IJ,eHHOH aBTOpOM pa6oTe. IlpH 3TOM eCTI:. 

IIOHHMaHHe, lJTO 6oJII:.IIIOH ofrr:.eM ,IJ,aHHI:.IX He MO)l<eT 6I:.ITI:. rrpHBe,IJ,eH B 

aBTopecpepaTe. 

B lJeTBepToH rrraBe OTCYTCTByeT 5IBHoe BI:.I,IJ,erreHHe pa3pa60TaHHOH 

MO,IJ,eJIH, 11TO TaK)Ke rrpe,D,CTaBJI5IJIOCI:. 6r:.1 IJ,errecoo6pa3HI:.IM ,IJ,JI5l O,IJ,H03Ha11HOI'O 

COOTHeCeHH5l MaTeMaTHlJeCKHX BI:.Ipa)l<eHHH K rrpe,D,CTaBJI5leMOH MO,IJ,eJIH, B 

qacTHOCTH, H ,IJ,JI5l 6orree qenmro rrpe,D,cTaBrreHH5l pa6oTI:.I, rrpo,D,erraHHOH 

aBTOpOM, B IJ,eJIOM. 

PHCYHKH 1 H 3 Ha CTp. 7 H 11, COOTBeTCTBeHHO, rrpe,D,CTaBJI5IIOlll,He 

anropHTMI:.I (6rroK-CXeMI:.I), HMeIOT HeKOTOpoe pa3MI:.ITHe B OTJIHlJHH OT pHC. 12, 

lJTO 3aTpy,D,H5leT BOCIIpH5ITH5l rrpe,D,CTaBJieHHI:.IX Ha HHX pe3yJII:.TaTOB. 

0,IJ,HaKo, OTMe11eHHI:.Ie He,IJ,OCTaTKH He 5IBJI5IIOTC5l rrpHHIJ,HIIHaJII:.HI:.IMH H He 

CHH)l(aIOT IJ,eHHOCTH rrony11eHHI:.IX aBTOpOM pe3yrrr:.TaTOB. ,[(nccepTaIJ,H5l «Mo,IJ,eJIH H 

MeTO,IJ,I:.I rrporH03HpOBaHH5l CeTeBoro TpacpHKa B reTeporeHHI:.IX ceT5IX c y11eTOM ero 
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CTanICTHqecKHX xapaKTepHCTHK» 5IBJUieTC51 3aKoHqeHHOH HayqHo­

KBanmp11KaIJ;HOHHOH pa60TOH, B KOTopo:H. np11cyTCTByeT HayqHa51 HOBH3Ha H 

npaKT11qecKa5I u;eHHOCTb. Cq11Ta10, qTo pa6oTa cooTBeTCTByeT BCeM Tpe6oBaHH5IM 

BAK, npe.D;b5IBJrneMbIM K .n;11ccepTau;110HHbIM pa6oTaM Ha co11cKaH11e yqeHoif cTeneHH 

KaH)J;H)J;aTa TeXHHqecKHX HayK, a ee aBTOp, rpe6eHI.IJ;HKOBa ArreKCaH,n;pa AH,n;peeBHa, 

3acJiy)KHBaeT npHCBOeHH5I yqeHOH CTeneHH KaH,n;H,n;aTa TeXHJ1qeCKHX HayK no 

cneu;11anhHOCTH 2.2.15 - C11cTeMbI, ceTH 11 ycTpoifcTBa TerreKOMMYHHKau;11:H.. 

3aMeCTHTeJib HaqanbHHKa OT,n;erra <DrEY HI1MP, 

TerrecpoH: (495) 647-17-77, .n;o6. 1055 
e-mail: et@niir.ru 

CBe,n;eHH51 06 opraHH3au;1111: 

~ E.B. ToHKllX 

<De.n;epanbHoe rocy.n;apcTBeHHoe 6IO.D;)KeTHoe yqpe)K,n;eH11e 
«Op,n;eHa Tpy,n;oBoro KpacHoro 3HaMeHH PoccMifcKMH 

HayqHo-Mccrre,n;oBaTeJibCKMH MHCTMTYT pa,n;MO 
HMeHM MJ1. KpMBOllleeBa» (<DrEY HI1MP), 
noqToBbIH a.n;pec: Ka3aKoBa yrr., .n;. 16, MocKBa, 105064, 
e-mail: info@niir.ru, caifT: http://www.niir.ru 

II0.n;n11cb E.B. ToHKHx 3aBep5IIO, 

):\11peKmp cnyJK6b1 nepcoHana <l>lYil HHHP ~ B .A. TIOTJOHOBa 
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