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Be,n:y:w:eH: opraHtt3aQHH - <I>e,n:epanI>Horo rocy,n:apcTBeHHoro y-qpe)l(,n:eHmI 

"<I>e,n:epanbHbIH ttccne,n:oBaTenbCKHH QeHTp "I1mpopMaTttKa tt ynpaBneHtte" PoccttHCKOH 

aKa,n:eMttH HayK" (<I>I11.:( HY PAH) - Ha ,n:ttccepTaQHOHHYIO pa6oTy 

rpe6eH:W:HKOBOH AneKCaH,n:pbI AH,n:peeBHbI Ha TeMy «Mo,n:entt H MeTO,ll;bl nporH03HpOBa­

HHSI ceTeBoro TpacpttKa B reTeporeHHbIX ceTSIX c. y"LJ:eTOM ero CTaTHCTH"LJ:eCKHX xapaKTeptt­

CTHK», npe.I1;CTaBneHHYIO K 3a:W:ttTe B ,n:ttccepTaQHOHHOM COBeTe ,I( 55.2.004.01 Ha 6a3e 

<I>rEOY BO «CaHKT-I1eTep6yprcKttH rocy,n:apcTBeHHbIH yHttBepcttTeT 

TeneKOMMYHHKaQHH HM. npocp.M.A.BoH"l!-BpyeBtt"LJ:a» (CI16rYT) Ha 

COHCKaHtte y"LJ:eHOH CTeneHH KaH,n:tt,n:aTa TeXHH"LJ:eCKHX HayK no cneQHaJibHOCTH 

2.2.15. CttcTeMbI, ceTtt.H ycTpoilcTBa TeneKOMMYHHKaQHH 

AKryaJihHOCTh TeMhl ,lJ;nccepTau;uouuoii: pa6oThl 

B COBpeMeHHbIX HHcpOKOMMYHHKaQHOHHbIX ceTSIX Ha6n10,n:aeTCSI TeH,n:eHQHSI 

yBentt"LJ:eHttH o6oeMoB ceTeBoro rpacpttKa H 3Ha"LJ:ttTenbHbie tt3MeHeHttH B ero CTPYKType 

no cpaBHeHHIO c npe,n:IIIeCTBYIO:W:HMH KOHQenQHHMH B paMKax pa3BHTHSI ceTeH CBSI3H. 

AHantt3 H nporHo3ttpoBaHtte ceTeBoro TpacpttKa B reTeporeHHOH ceTtt MO)l(eT 



cnoco6cTBOBaTb nOBbIIIIeHIHO KalfeCTBa 06cJiy)KJ1BaH1rn H, HeCOMHeHHO, 51BJI51eTC51 

Ba)KHbIM KOMnOHeHTOM B Bonpocax He TOJibKO npoeKTttpoBaHH51 ceTeli CB513H, HO Ii B 

o6rraCTH ynpaBJieHH51 ceTeBbIM TpacpttKOM. 

EorrhIIIHHCTBO ttccrre,[(oBaHttli no nporHo3ttpoBaHttIO ceTeBoro TpacpttKa 

OCHOBaHbI Ha Tpa,[(HU:HOHHbIX CTaTHCTttqecKHX nO,[(XO,[(aX Ii Ha arrropttTMax c 

npttMeHeHtteM ttcKyccTBeHHbIX HelipoHHbIX ceTeli. Ifa cTaTttCTttqecKttx MO,[(erreli 

oco6oe BHHMaHHe 3aCJIY)KHBaIOT MO,[(eJIH aBTOperpeCCHH Ii npOHHTerpttpoBaHHoro 

CKOJib351W:ero cpe,[(Hero ARIMA (autoregressive integrated moving average), MO,[(errtt 

ycrroBHoli reTepocKe,[(a.cTttqHocTtt ARCH-Mo,[(errtt (autoregressive conditional 

heteroskedasticity) tt ttx o6o6ru:eHtt51 GARCH-Mo,[(errtt (generalized autoregressive 

conditional heteroskedasticity). CottcKaTeJib B cBoeli pa6oTe BHOCHT BeCOMbill BKJia,[( B 

pa3BHTHe o6rraCTH nporH03ttpoBaHH51 ceTeBoro TpacpttKa rryTeM HCCJie,[(OBaHH51 Ii 

pa3pa60TKII MO,[(erreli Ii MeTO,[(OB rrporH03IIpoBaHII51 TpacpIIKa reTeporeHHOll ceTII 

n51Toro II IIOCJie,[(yIOIUHX IIOKOJieHIIll, qTo II03BOJI51eT rrorryqttTb pe3yJibTaTbI, 

o6ecrreqttBaIOru:tte yMeHbllleHIIe OIIIII6KII nporH03a ,[(JI51 TpacpIIKa MaJIOMOW:HbIX CIICTeM 

II nOBbIIIIaIOru:IIe 3cpcpeKTIIBHOCTb nporH03IIpoBaHIIH ,[(Jl51 TpacpIIKa TpexMepHOll ceTII 

BbICOKOll IIJIOTHOCTII. I1cX0,[(51 113 CKa3aHHOfO, TeMa rrpe,[(CTaBJieHHOH Ha OT3bIB 

,[(IICCepTaU:HOHHOll pa60TbI "Mo,[(eJIII II MeTO,[(bI rrporH03IIpoBaHII51 ceTeBoro TpacpttKa B 

reTeporeHHbIX ceT51X c yqeTOM ero CTaTIICTIIqecKHX xapaKTepHCTIIK" 51BJI51eTC51, 

HeCOMHeHHO,aKTYaJibHOll. 

HosH.3Ha uayqtthIX noJiomettHii, BhIBOLJ.OB H peKoMett,lJ,au,Hii 

,lJ,11ccepTaU:IIOHHa5I pa6oTa COCTOHT !13 BBe,[(eHII51, 4 rrraB, 3aKJIIOqeHH51, CIIHCKa 

JIHTepaTypbI II3 71 HaHMeHOBaHII51 II 0,[(HOro rrpIIJIO)KeHII51. 

HayqHa51 HOBII3Ha ,[(HCcepTaU:IIOHHOH pa6oTbI COCTOHT B pa3pa6oTaHHbIX 

MO,[(eJI51X II MeTO,[(aX nporH03IIpoBaHH51 TpacpIIKa, a HMeHHO: 

MO,[(eJIII ARIMA(l ,5 ,4) ,[(JI51 TpacpIIKa I1HTeptteTa Beru:eli Ha 

KpaTKOCpoqHoM rrepHO,[(e, qTo o6ecneqIIJIO yMeHbIIIeHIIe cpe,[(Heli a6COJIIOTHOH 

OIIII16KII nporH03a 6orree qeM B 4 pa3a no cpaBHeHIIIO -.C HCIIOJlb30BaHIIeM IICXO,[(HOll 

MO,[(eJIII ARIMA( 1, 1,2); 



Mo,neJI11 ARIMA-GARCH ,l(JI51 TpatjmKa peaJibHoro BpeMeH11 c 

rrp11MeHeH11eM rrpeo6pa3oBaHI151 13oKca-KoKca, qTo rro3BOJII1JIO yMeHbIIII1Tb q11cJio 

rrapaMeTpoB rrp11 rro,n6ope Mo,neJI11 11 y31yqrn11Tb rrporH03HpoBaHHe Ha 8,5% rrp11 

rrporHo3e Ha o,nHH mar Brrepe,n 11 Ha 7 ,6% rrp11 rrporHo3e Ha ,nBa rnara Brrepe,n. 

Mo,neJIH MHor oMepHoro cJiyqaifHoro rrpou:ecca ,l(JI51 Tpacp11Ka TpexMepHoif 

ceTH BbICOKOH ITJIOTHOCTH c rrpHMeHeHHeM HCKYCCTBeHHOH HeHpOHHOH ceTH, qTo 

I103BOJ1HJ10 I10BbICHTb 3cpcpeKTHBHOCTh rrporH03HpoBaHH51 ,no 35 %. 

ABTOp KOHU:eHTpHpyeT BHHMaHHe Ha HCCJie,l(OBaHHH MO,l(eJieH H MeTO,l(OB 

rrporH03HpOBaHH51 ceTeBoro TpacpHKa KaK )J:J151 KpaTKOcpoqHbIX, TaK H ,noJirocpoqHhIX 

rrporH030B. 13Jiaro,nap51 aHaJIH3Y cTpyKTYPhI Mo,neJieif aBToperpecc1111 H 

rrpo11HTerp11poBaHHoro CKOJih351I.Uero cpe,nHero, pa3pa6oTaH MeTo,n rrporH03HpoBaHH51 

TpacpHKa B reTeporeHHhIX ceT51X I151Toro H IlOCJie,nyIOIUHX IlOKOJieHHH Ha OCHOBe MO,neJIH 

ARIMA ,nJI51 KpaTKocpoqHoro rrporHo3a. ABTopoM ,n11ccepTau:1111 rrpHBe,neHhI 

pe3yJibTaTbI 11ccJie,noBaHH5I ceTeBoro Tpacp11Ka Ha caMorro,no611e H TeCTbI Ha 

CTaU:HOHapHOCTh TpeHHpOBQqHhIX yqacTKOB HCXO,l(Horo BpeMeHHoro p51,na, qTQ 

rro3BOJIHJIO pa3pa6oTaTh aJiropHTM ,nrr51 rro,n6opa rrapaMeTp11qecKoif Mo,nerr11 ARIMA Ha 

ocHoBe MeTo,nHKH 130Kca-L()KeHKHHca 11 HHcpopMaU:HOHHoro Kp11Tep1151 AKaHKe. 

ITpe,nrrmKeHHa51 MO.IJ,eJih A RIMA( 1,5 ,4) 06ecrreq11BaeT yMeHhIIIeHHe orn116K11 ToqHOCTH 

rrporH03HpOBaHH51 ,no 19%, qTo Ha 60% MeHbIIIe qeM c HCI10J1b30BaHHeM HCXO,l(HOH 

MO.IJ,err11 ARIMA(l, 1,2) 

Ha ocHoBe 11ccrre.IJ,0BaHH5I cTpyKTYPhI r116p11.IJ,HOH Mo.IJ,eJIH ARIMA-GARCH 6hm 

pa3pa6aTaH _MeTO,n rrporH03HpOBaHH51 TpacpHKa peaJibHOro BpeMeHH B reTeporeHHhlX 

ceT51X I151Toro H IlOCJie.IJ,y IOIUHX ITOKOJieHHH c rrpeo6pa30BaHHeM OOKCa-KoKca ,l(JI51 

KpaTKocpoqHoro rrporHo3a. ABTopoM .IJ,11ccepTau:1111 OTMeqaeTC51 Ba)KHOCTh ou:eHKH 

ocTaTKOB Mo,nerr11 ARIMA c rroMOI.UhIO Q-cTaTHCTHKH JlhIOHra-13oKca, TecTa Ha 

reTepocKe.IJ,aCTHqHQCTb H Ha aHaJIH3 HOpMaJihHOCTH, qTo B COBOKYITHOCTH c 

pa3pa6oTaHHbIM MeTO,l(OM I103BOJI51eT rrorryqHTh KaqecTBeHHhIH rrporH03 o6beMOB 

Tpacp11Ka peaJihHOro BpeMeHH Ha HeCKOJihKO rnaroB Brrepe.IJ,. TaKHM o6pa3oM, MO.IJ,eJih 

rrporHo311poBaHH5I ARIMA(l ,2,2)-GARCH(2,0) 06ecm~q1rna yMeHbIIIeH11e orn116K11 

TOqHQCTH rrporH03HpOBaHH51 Ha 8,5% rrp11 rrporH03e Ha 0,l(HH mar Brrepe,n H Ha 7 ,6% 

rrp11 rrporHo3e Ha .IJ,Ba rnar a Brrepe.IJ,. 



B CBOIO Ol.J:epe,z::i:b MO,[(eJib rpacpttKa rpexMepHOH ceTl1 CB513l1 BbICOKOH IIJIOTHOCTl1 

l1 pa3pa6oTaHHbIH MeTO,[( rrporH03l1pOBaHI·rn c IICIIOJib30BaHHeM IICKYCCTBeHHOH 

Hei1poHHOH cen1. TIIrra LSTM (Long short-term memory) rro3BOJI5IIOT rroBbICIITh 

3cpcpeKTIIBHOCTh rrporH03IIpoBamrn ,z::i:o 3 5 %. ABropoM ou;eHIIBarroch II3MeHeHIIe 

ourn:6KII rrporH03l1pOBaHII51 rrpII rrporH03ttpoBaHl1II rpacpIIKa TpexMepHOH ceTII CB513II 

BbICOKOH TIJIOTHOCTII, KaK MHOroMepHoro crryl.J:aHHOro rrpou:ecca 110 cpaBHeHIIIO c 

nporH03HpOBaHIIeM 3TOr o )Ke TpacpttKa KaK MHO)KeCTBa He3aBIICI1MbIX cnyIIaHHbIX 

npou:eccoB. TaKHM o6pa30M, Tpacp11K TpexMepHOH ceTII CB513II BhICOKOH rrrroTHOCTH s 

1a,z::i:al.J:ax nporH03IIpoBaH¥151 crre,z::i:yer paccMaTpIIBaTh KaK MHoroMepHbIH crrylfaHHhIH 

npou:ecc, pa3MepHOCTh KOToporo pasHa KOJIHl.J:eCTBY y3rros ceTH. 

06ocuoBaHHOCTb " ,LJ.OCTOBepuocTb uayqHblX IIOJIOJKeuuii " BblBO,LJ.OB 

~OCTOBepHOCTh rrorryl.J:eHHhIX pe3yJihTaTOB, BhlBO,[(OB II peKOMeH,z::i:au;IIH: 

,[(HCCeprau;IIOHHOH pa60Thl TIO,[(TBep)K,[(aeTC51 KoppeKTHbIM rrpIIMeHeHifeM 

MaTeMaTIIl.J:ecKoro arrrrapaTa, o6cy:>I<,z::i:emrnM pe1ynhTaToB ,z::i:IIccepTaU:IIOHHOH pa6oTbI Ha 

Me)K,[(yHapo,z::i:HhIX KOHcpepeHU:II5IX l1 CeMHHapax, rry6JIIIKau;1rnH: OCHOBHblX pe3yJibTaTOB 

,z::i:11ccepTau:1111 s se,z::i:ymIIx peu;eH311pyeMbIX )KypHarrax. 

OcHOBHhie BhIBO,[(hI ,z::i:IIccepTau:mi ony6mmosaHhI s 5 pa6oTax, s TOM qIIcne s 3 

pa6oTax s )KypHanax II3 nepeLIH51 BAK MIIHIICTepcTBa o6pa3osaHII51 II HayKII 

Pocc11H:cKoi1: C!>e,z::i:epau;II11; 2 pa6oTax s ,z::i:pyr11x HaYl.J:HhIX II3,[(aHI15IX. 

ITonyIIeHHhie asTopoM pe3yJihTaThI ,z::i:IIcc~pTaU:IIOHHOH pa6oThI ,z::i:oKna,z::i:l>rnarrIICh II 

o6cy)K,[(aJIIICb Ha 10-oH: Me)K,[(yHapo,z::i:HOH Harrno-TeXHIIqecKOH II Hayl.J:HO­

MeTO,[(Hl.J:eCKOH KOHcpepeHU:IIII «AKTYaJibHhie npo6neMbl IIHcpOTeJieKOMMYHIIKaU:IIH B 

HayKe II 06pa3osaHIIII» (CaHKT-ITeTep6ypr, 24-25 cpesparr51 2021), 11-oH: 

Me)K,[(yHapo,z::i:HOH Hayl.J:HO-TeXHI1qecKOH l1 HaYl.J:HO-MeTO,[(IIl.J:eCKOH KOHcpepeHU:IIII 

«AKTyaJibHbie npo6JieMbl I1HcpOTeJieKOMMyH11Kau;11H: B HayKe l1 o6pa30BaHIII1» (CaHKT­

ITer ep6ypr, 15- 16 cpespan51 2022), 27-oH: Me)K,z::i:yHapo,z::i:Holi KOHcpepeHU:HII 

«International conference on Distributed Computer and Communication Networks: 

Control, Computation, Communications DCCN» (MocK1,:m, 23-27 ceHT516p51 2024). 

Bee OCHOBHhie BblBO,[(bl ,[(IICCepTaU:IIOHHOH pa60Tbl IIOJiyl.J:eHbl aBTOpOM 

caMOCT05ITeJibHO. I1ccne,n;osaHI15I npose,n;eHhI no,n; Hayl.J:HhIM pyKoso,n;cTBOM asTopa rrpII 



ero Herrocpe.n:cTBeHHOM yL£acnm. KomIL£eCTBO rry6mmau:11ii s peu:eH311pyeMbIX 

HayL£HbIX lf3,[(aHlf51X, BbIIIOJJHeHHbIX J1lfL[H0, B KOTOpbIX H3JJaraIOTC51 pe3yJ1bTaTbl 

HayqHbIX pa6oT - 2, L[TO COOTBeTCTByeT Tpe6oBaHlf51M II. 13 «IlOJIOJI<eHlf51 0 

rrpttcyJI<,a:eH1111 yqeHbIX cTerreHett» (yTs. IlocTaHosneH11eM Ilpas11TeJJbCTBa Pct> OT 

24.09.2013 N2 842). 

3ual.fHMOCTh UJUI uayKH 11 npaKTHKH pe3yJihTaToB, noJiyl.feHHhIX aBTopoM 

uuccepTau,1111 

HecMoTp51 Ha ycrrex11 11 rrpe11Myw:ecTsa, KOTOpbie rrpe.n:naraIOT 11cKyccTBeHHbie 

HelipoHHbie ceTH s o6nacTH o6pa6oTKH .n:aHHbIX, Mo,a:eJib ARIMA ocTaeTc51 Ba:>KHbIM 

MHCTpyMeHTOM s aHaJIM3e speMeHHbIX p51,[(0B. Ee MHTeprrpeT11pyeMocTb, crroco6HocTb 

pa6oTaTb c orpaHUCieHHbIMlf ,[(aHHbIMH, a TaKJI<e 3cpcpeKTHBHOe MO,[(eJIHposaHHe 

speMeHHbIX 3aBHCHMOCTett .n:enaIOT ARIMA He3aMeHHMOtt s p51.n:e rrpHJIOJI<eHHtt. BaJI<HO 

rroH11MaTb, T.fTO Bb16op MeJI<.n:y ARIMA H l1HC 3aBHCHT OT KOHKpeTHOtt 3a,a:aT.fH, 

xapaKTepHCTHK ,[(aHHbIX H u:eneli HCCJie,[(OBaHH51. 

IlpttMeHeHHe rtt6ptt.Ll:HbIX Mo.n:eneli rrporH03HposaHH51 ARIMA-GARCH 

rro.n:Tsep)K,[(aeT Hanw-me so speMeHHbIX p51.n:ax ceTesoro TpacpHKa peaJibHOro speMeHH 

3cpcpeKTOB aBTOperpeccHOHHOH ycJIOBHOH reTepocKe,[(aCTHqHOCTH H pacnrnp51eT 

cyw:ecTBYIOW:He 3HaHH51 B o6JiaCTH rrporH03HpOBaHH51 ceTesoro Tpacp11Ka B 

reTeporeHHOH ceTl1 I151TOf'O 11 rrocne.n:yIOW:HX IIOKOJieHHH Ha KpaTKocpoqHoM rrep110.n:e. 

Ilony11eHHbie pe3yJibTaTbI rrporH03HppsaHl151 ( o6ecrreqetttte yMeHbIIIeHl151 

cpe.n:Hett ?6COJIIOTHOH OIIIH6K11 rrporH03a H IIOBbIIIIeHHe 3cpcpeKTHBHOCTl1 

rrporH03HposaHH51) ,[(JI51 pa3n11qttoro Tpacp11Ka reTeporeHHbIX ceTett II51Toro 11 

rrocne.n:yIOw:ero IIOKOJieHl1H paCIII11p51IOT cyw:ecTBYIOW:11e 3HaHH51 B o6JiaCTl1 

rrporH03HposaHH51 ceTesoro Tpacp11Ka. Ilportto311posaHHe ceTesoro TpacpttKa KaK 

MHOfOMepHoro rrpou:ecca c IIOMOW:bIO l1HC ,[(eMOHCTp11pyeT xopoIIIyIO TOqHOCTb 

.n:onrocpo11ttoro rrportto3a, s OTJI11q11e OT rrapaMeTp111.JecK11x Mo.n:eneH: Tttrra ARIMA, 

KOTOpbie rrpHMeH51IOTC51 ,[(JI51 KpaTKOcpoqHoro rrporH03HpOBaHH51 0,[(HOMepHbIX 

rrpou:eccos. 3cpcpeKTl1BHOCTb rrporH0311pOBaHl151 rrpe,n:JirnKeHHbIM MeTO,[(OM 3aB11Cl1T OT 

pa3MepHOCTl1 cnyqalittoro rrpou:ecca, B03pacTa51 c ysenttqeHHeM pa3MepttocT11. 



I1ccne;:i:oBaHHe rpacpHKa TpexMepHOH ceTH CB513H BbICOKOH nJIOTHOCTH H 

pa3pa60TKa ero MO)J:eJIH 51BJI51IOTC51 KpHTfflieCKH Ba:>KHbIMH HanpaBJieHH51MH H3-3a pocTa 

noTpe6JieHH51 ;:i:aHHbIX H no51BJieHH51 HOBbIX TeXHOJIOrHH, TaKHX KaK 5G (fifth generation 

- «n51Toe noKoJieHHe») 11 IoT (internet of things). 3cpcpeKTHBHoe ynpaBJieHHe 

TpacpI1KOM CTaHOBHTC51 He06XO)J:HMbIM )J:JI51 o6ecneqeHH51 BhICOKoro KaI.J:eCTBa CB513H H 

MHHHMI13a:l(Hl1 3a;:i:ep)KeK, 1ITO Tpe6yeT pa3pa60TKH MO;:i:eneil )J:JI51 CJIO)KHbIX ceTeBhIX 

CTPYKTYP· KpoMe Toro, nporH03HpoBaHHe Tpacp11Ka no3BOJI51eT onTHMH3HpoBaTh 

pacnpe;:i:eJieHHe pecypcoB H npe;:i:OTBparn;aTb neperpy3KH, 1ITO nOBbIIIIaeT ycTOH1IHBOCTb 

ceTH. B ycnoBH51X yBeJIM.1IeHH51 I.J:HCJia YMHhIX ycTpoilcTB B ropo;:i:ax 11ccne;:i:oBaHI15I B 

3TOH 0611aCTH cnoco6cTByIOT C03)J:aHI1IO 6onee 3cpcpeKTHBHbIX Cl1CTeM ynpaBJieHH51 

ropo;:i:cKOH HHcppaCTPYKTypoil, 1ITO HMeeT orpOMHOe 3HaI.J:eHHe )J:JI5I 6y;:i:ymero 

11HcpopMau110HHhIX TexttonorMil. BKna;:i: B pa3BHTHe ;:i:aHHoro HanpaBJieHH51 

ocyrn;ecTBJieH B paMKax nporH03I1pOBaHH51 TpacpHKa TpexMepHOH ceTH CB513l1 BbICOKOH 

nJIOTHOCTI1. 

ITonyI.J:eHHbie B ;:i:11ccepTaU,HOHHOH pa6oTe pe3yJII>TaThI BHe;:i:peHhI B 000 "HTU: 

CeBeHTecT" B peIIIeHHH cepHI1 "ITpocp11T", B AO «HITII «3prou,eHTp» B xo;:i:e 

BbIIIOJIHeHH51 onbITHO-KOHCTPYKTOpCKOH pa60Tbl, HanpaBJieHHOM Ha paCIIIHpeHHe 

cpyHKU,HOHaJihHOCTH KOMnJieKCHoro HMI1TaU,HOHHO-MO)J:eJIHPYIOmero CTeH;:i:a CHCTeMhl 

cneQHaJihHoro Ha3HaI.J:eHH51 B HHTepecax peIIIeHH51 3a;:i:a1I o6ocHoBaHH51 

CHCTeMOTeXHHI.J:eCKHX perueHHH no nocTpoeHHIO cpyHKU,HOHaJihHbIX nO)J:Cl1CTeM l1 BCeH 

CHCTeMhl cneU,HaJibHOro Ha3HaI.J:eHH51 B u,em~M (IIII1cpp - «0pcpeil-3pro-2014» ), B 

<Dr.BOY BO «CaHKT-ITeTep6yprcKoM rocy;:i:apcTBeHHOM ymrnepc11TeTe 

TeJieKOMMYHHKau,Hil HM. npocp. M.A. EoH1I-EpyeB11I.J:a» (CIT6rYT) npH I.J:TeHHH JieKu,Hil 

H npoBe;:i:eHI1l1 npaKTI11IeCKHX 3aH51THH no KypcaM «MaTeMaTHI.J:eCKOe H nporpaMMHOe 

o6ecneI.J:eHHe KH6epcpl13l1I.J:ecKHX CHCTeM», a TaK)Ke rrpH BhIIIOJIHeHHH CornarueHI151 o 

npe;:i:ocTaBJieHHH H3 cpe;:i:epanbHoro 6IOJ:i:)KeTa rpaHTa B cpopMe cy6cH:;:i:11il, BhI)J:eJI51eMoro 

)J:JI51 rocy;:i:apCTBeHHOM no;:i:;:i:ep)KKH HayI.J:HbIX HCCJie)J:OBaHHH, npOBO)J:l1MbIX no;:i: 

pyKoBOJ:i:CTBOM Be;:i:yrn;Hx yI.J:eHhIX B poccH:i1:cKHX o6pa3oBaTeJihHhIX opraHH3aU,H51X 

BbICIIIero o6pa30BaHH51, HayI.J:HbIX y1Ipe)K)J:eHI151X H rocy;:i:apCTBeHHbIX HayI.J:HblX u,eHTpax 

PoccHi1CKOH <l>e;:i:epau,MH OT «06» HIOJI51 2022 r. N2 075-15-2022-113 7 no 

rrpHopHTeTHOMY HanpaBJieHHIO HayI.J:HO-TeXHOJIOrHI.J:ecKoro pa3BHTHH PoccH:i1cKoi1: 



IlepeXO,ll, K rrepe)l,OBbIM u:mppOBbIM, 11HTeJIJieKTyaJibHbIM 

rrp0113BO)l,CTBeHHbIM TeXHOJiormIM, po6oTl1311pOBaHHhIM Cl1CTeMaM, HOBbIM 

MaTep11anaM 11 crroco6aM KOHCTpy11poBaH115I, C03)l,aH11e Cl1CTeM o6pa60TKl1 6oJihIIIl1X 

o6neMOB )l,aHHbIX, MaIIIl1HHOro o6yqeHl151 11 11CKYCCTBeHHOI'O 11HTeJIJieKTa. 

PeKOMeu,LJ,au,uu no ucnoJib30BaHHH pe3yJihTaTOB u BhIBO,LJ,OB ,LJ,HccepTau,uu 

IlonyqeHHbie B )l,l1CCepTau:110HHOH pa6oTe pe3yJibTaTbI MoryT 6bITb 

11CIIOJib30BaHbI )l,JI51 OIITl1Ml13au;1111 cpyHKU:110H11pOBaHl151 Cl1CTeMbI yrrpaBJieHl151 

Tpacp11KoM. TaK )Ke no.n:yqeHHbie pe3yJibTaTbI MoryT 6hITb rrp11MeHeHbI B paMKax 

TeXHOJIOrl1H II51TOro 11 IIOCJie)l,yI-Olll.11X IIOKOJieHl1H, )l,JI51 KOTOpbIX aKTYaJibHO He 

3aTpa~mBaTb 60JibIII11e Bb1q11cn11TeJibHbie pecypcbI. TaK11M o6pa3oM, onT11ManbHbIM 

crroco6oM rrporH03HpOBaHH51 H36bITOqHOH Harpy3Kl1 MoryT BbICTyrraTb 11MeHHO 

aHaJI11T11qecKHe MO)l,eJil1. CooTBeTCTBeHHO, )l,JI51 BhICOKOMOill.HhIX Cl1CTeM OITTl1MaJibHO 

IIO)l,OH.ll.YT peIIIeHl15I Ha OCHOBe HCKYCCTBeHHbIX HeHpOHHbIX ceTeH 11 rrpe)l,JIO)KeHHbIH B 

pa6oTe MeTO)l, rrporH0311pOBaHl151. 

OcHOBHhie pe3ynhTaTbI )l,HCcepTau;110HHOH pa6oThI peKoMeH.ll.YIDTC51 K 

11CITOJih30BaHHI-o rrp11 rrpoBe)l,eHl111 HayqH0-11CCJie)l,OBaTeJihCKl1X pa6oT B o6rraCTH 

COBpeMeHHhIX TeJieKOMMyH11Kau:110HHhIX ceTeH 11 Cl1CTeM 11 rrp11 rrpoeKT11pOBaHl111 11 

rrnaH11poBaH1111 coBpeMeHHbIX ceTeH: CB513H TIAO 'TI1IIPOCB513h", orrepaTopcK11M11 

KOMrraHl151Ml1 ITAO "PocTerreKoM", TIAO "MeracpoH", IlAO "BbIMrrerrKoM", ITAO 

"MTC"' a TaK)l(e np11 ITO)l,rOTOBKe crreu:11an11CT<;rn no COBpeMeHHhIM ceT51M 11 Cl1CTeMaM 

CB51311 B yH11Sepc11TeTax P<I>. 

He,LJ,ocTaTKH pa6oThI 

1. CTp.11. B paMKax 06cy)l(.ll.eH115I rrp11MeH11MocT11 rrporH03HbIX MO)l,erreH: 

6brna OTMeqeHa 0)1,Ha 113 KOHu;enu:11H: ceTeH II51TOro 11 nocrre)l,yI-olll.11X ITOKOJieHl1H, )l,JI51 

KOTOpOH Kp11T11qecK11 Ba)l(HO 3a KOpOTKl1H rrpoMe)l(yTOK BpeMeHl1 crrporH0311pOBaTh 

B03MO)l(Hhie rreperpy3Kl1 Ha ceTH. TipH 3TOM rrpH yrroMHHaHl111 BbICOKOMOill.HbIX CHCTeM, 

)l,JI51 KOTOpbIX 6orree aKTyaJibHbIMH MoryT BbICTyrraTb _MO)l,eJIH 11 MeTO)l,bI Ha OCHOBe 

11cKyccTBeHHbIX HeilpoHHbIX ceTeH:, KOHKpeTHbie rrp11MepbI oTcyTcTBYI-OT. TaKHM 

o6pa30M, Tpe6yI-OTC51 II05ICHeHl151 0 KOHKpeTHbIX TeXHOJIOrl15IX B paMKax 



BbICOKOMOill.HhIX Cl1CTeM ,l1,JI51 rrp11MeHeH115I 11CKYCCTBeHHhIX HeHpOHHbIX ceTei1: B 

nporH03HpOBaHl111 Tpacp11Ka. 

2. CTp.26. ,2J.JI51 rrportto311p0Bm-I115I Tpacp11Ka rroM11Mo MO,L1,enei1: ARIMA MoryT 

11crroJih30BaThC51 ,L1,pyr11e MO,L1,eJI11 BpeMeHHhIX p51,L1,0B, TaK11e KaK MO,Ll,eJih SARIMA 

(season autoregressive integrated moving average). XoT51 aBTopoM OTMeqeHa 

oco6eHHOCTh TaK11x ce30HHhIX MO,Ll,eneii, B pa6oTe 6hrno 6hI rroJie3HO YKa3aTh no KaKoi1: 

rrpw-111He ,l1,JI51 rrporHo311poBaH115I KOHKpeTHoro Tpacp11Ka He BI>I6paHa MO,Ll,eJI:b SARIMA 

(cTp.26). 

3. B qeTBepToij rnaBe aBTOp rrp11Bo,L1,11T p51,l1, apryMeHTOB 11 BI>IBO,Ll,OB rro 

BOrrpocaM BhI6opa rrpO,L1,0JI)!(l1TeJibHOCTl1 11HTepBana rrporH0311pOBaHH51 11 e,l],HHHqHoro 

11HTepBaJia. ,2],ei1CTBl1TeJibHO, rrpO,l1,0JI)!(l1TeJibHOCTb 11HTepBana rrporH0311pOBaHl151 11 

e,l],HHHqHbIX HHTepBaJIOB cymecTBeHHO BJil151eT Ha pe3yJihTaTbI rrporH0311pOBaHl151. 

Bb16op Ben11q11HI>I e,L1,11H11qHoro 11HTepBaJia 3aB11c11T OT TaK11x cpaKTopoB, KaK rrapaMeTpbI 

KaHaJia CB51311, CBOHCTBa Tpacp11Ka 11 xapaKTep11CTl1KI1 Cl1CTeMhI yrrpaBJieHl151. 0,Ll,HaKO, B 

pa6oTe IlOCJie rrpoBe,l],eHl151 11CCJie,l],OBaHl151 Tpacp11Ka Ha caMOI10,l1,06HOCT:b He XBaTaeT 

yToqHeHl151 ITO BbI6opy KOHKpeTHOro rrep110,L1,a arperau;1111 ,l],aHH:bIX ,l1,JI51 pa3JrnqHbIX 

THIIOB Tpacp11Ka (cTp.47, CTp.61). 

4. CTp.52, CTp.71. ,2J.n51 ou;eHKl1 ToqHocT11 rrporHo3a 11crron:r,3yeTC5I 

11cKmoq11TeJihHO cpe,l1,H5151 a6coJIIOTHa51 rrpou;eHTHa51 oum6Ka MAPE (a66p. OT aHrJI. 

mean absolute percentage error). 0,Ll,HaKo, Hap51,L1,Y c MAPE MoryT 11crroJI:b30BaThC51 11 

,r:i:pyr11e ou;eHKl1, TaK11e KaK cpe,r:i:HeKBa,r:i:paT11qm~,51 oum6Ka MSE ( a66p. OT aHrJI. Mean 

Square Erro,r), cpe,l1,H5151 a6coJIIOTHa51 Olll116Ka MAE ( a66p. OT aHrJI. Mean Absolute 

Error) 11 ,Ll,p. TaK11M o6pa3oM, ,l1,JI51 rronyqeH115I 6onee KaqecTBeHHI>IX pe3yJihTaTOB 

Heo6XO,l1,I1MO cpaBHl1Tb HeCKOJI:bKO IIOKa3aTeJieii ,l],JI51 ou;eHKl1 rrporH03a. 

5. B pa6oTe rrp11cyTcTByeT p51,r:i: orreqaTOK 11 CTl1Jil1CT11qecK11x HeToqHocTei1: 

(cTp.11), OTCYTCTBYIOT 3HaK11 rrperr11HaHH5I (cTp.58, CTP.85). CTp.52, CTp.71. Ha 

p11cyHKe 13 aBTOp rrpl1BO,l1,11T o6o3HaqeHI1e aBTOKoppen51u;110HHoi1: cpyHKQI111 B B11,r:i:e ACF 

(autocorrelation function), a B caMoM TeKcTe AK<I>. TaK )Ke o6o3HaqeH11e 

a66peBI1aTyp:r,1 ACF rrp11Be,r:i:eHo I1 paclll11cppoBaHo TOJII>KO B cne,L1,y10meii rnaBe. TaKoe 

)Ke 3aMeqaH11e OTHOCI1TC51 11 K cpyHKQ1111 qacTHqHOH aBTOKoppeJI5IQ1111 LJAK<I> (partial 

autocorrelation function, P ACF) Ha p11cyHKe 14. 



3aKJuoqeuue 

0TMet.JeHHbie He)l,OCTaTKH He BJil15IIOT Ha o6myIO 110JIO)l(l1TeJihHYIO OI.I,eHKY )l,HC-

cepTaI.I,HOHHOH pa60Tbl rpe6ettlI(l1KOBOH ArreKCaH)l.pbl AH)l.peeBHbl. ,ll,HccepTaI.I,H5I «Mo­

)l,eJIH l1 MeTO)l,bl 11porH03HpOBaHl15I ceTeBoro TpatjlHKa B reTeporeHHblX ceT5IX c yt.JeTOM 

ero CTaTI1CTI1t.JeCKJ1X xapaKTepI1CTI1K» 5IBJI5IeTC5I 3aKOHt.JeHHOH HayqHO-KBarrmp11KaI.I,l1-

0HHOH pa60TOH, B KOTOpOH peIIIeHa HayqHa5I 3a)l,at.Ja, 3aKJIIOt.JaIOII(a5IC5I B 110BbIIIIeHJ1l1 

TOt.JHOCTH 11porH03HpOBaHJ15I ceTeBoro Tpacp11Ka reTeporeHHOH ceTH 3a Ct.JeT aHaJIHTJ1-

qecKI1X MeTO)l,OB H MeTO)l,OB Ha OCHOBe HCKYCCTBeHHbIX HettpOHHbIX ceTeH, HMeIOII(a5I 

3Haqemie )l,JI5I OTpacJIH I.I,HtjlpoBoro pa3Bl1Tl15I l1 CB5I3l1, a TaK>Ke C11eI.I,HaJibHOCTH 2.2.15. 

- CHcTeMhI, ceT11 H ycTpo:H:cTBa TerreKOMMYHHKaI.I,HH. 

ITorryt.JeHHhie asTopoM pe3yJioTaThI OTJIHt.JaIOTC5I Hayt.Jttoii HOBH3HOH 11 

11paKTHqecKoi1 3HaqHMOCThIO. Pe3yrroTaTbI a11po611posaHhI Ha 3Hat.JHMhIX Hayt.JHhIX 

Kott<i_}epeHI.I,115IX. OcttoBHbie ttayqHhie pe3y110TaThI )l,HccepTau:1111 )l.OCTaToqHo rrorrHo 

orry6n11KoBaHbI B Be)l.ym11x pocc11i1cK11x 113)l,aH115Ix. Ha3Batt11e pa6oThI rronHOCThIO 

OTpa)KaeT ee CO)l.ep:>KaH11e, CO)l.ep)KaH11e )l,11CCepTaI.I,HH COOTBeTCTByeT 11YHKTaM 1, 8 11 18 

crreu:HarrbHOCTH 2.2.15. - C11cTeMhI, ceTH 11 ycTpOHCTBa TerreKOMMYHHKaI.I,HH. 

AsTope<i_)epaT a)l,eKBaTHO oTpa)l<aeT co)l.ep)Katt11e )l.11ccepTau:110HHoi1 pa6oTbI 11 ee 

OCHOBHbie pe3yJibTaTbI. 

Ha OCHOBaHl111 113JIO:>KeHHOro cq11TaeM, qTo )l,11CCepTaI.I,115I rpe6eH11(11KOBOH 

AneKcaH)l.pbI Att)l.peeBHbI «Mo)l.e1111 11 MeTO)l.bI rrporHo311poBaHI15I ceTeBoro Tpa<i_}11Ka B 

reTeporeHHbIX ceT5IX c yqeTOM ero CTaTI1CT11qecKl1X xapaKTepHCTHK» COOTBeTCTByeT 

KpI1Tep115IM, 11pe)l.05IBJI5IeMbIM B OTHOIIIeHl111 KaH)l,H)l,aTCKl1xl )l,OKTOpCKl1X )l,11CCepTaI.I,HH, 

KOTopi:,1e ycTaHOBJieHhI 1111. 9-14 IIorro)KeHirn o 11pHcy:>K)l.eHHH yt.JeHbIX cTe11ettei1 (YTB. 

IIocTaHOBJiett11eM IIpaBHTeJibCTBa P<D OT 24.09.2013 N2 842), a ee aBTOp 

rpe6eH11(11KOBa ArreKCaH)l,pa AH)l.peeBHa 3aCJIY)Kl1BaeT 11p11cy)K)l.eHl15I yt.JeHOH CTerreHl1 

KaH)l.11)].aTa TeXHHt.JecK11x HayK 110 c11eu:11arrbHOCTH 2.2.15. - CttcTeMbI, ceTH 11 

ycTpOHCTBa TeJieKOMMYHHKaI.I,HH. 

0T3bIB Be)l.ymei1 opraH113aw1.11 o6cy)K)l.eH 11 rrp11H5IT Ha 3ace)l,att1111 ceKu:1111 

Y LieHoro CoBeTa <De)l.eparrbHoro rocy )l.apcTBeHHoro yt.Ipe)l()l,eHH5I "<De)l.eparrhHhIH 
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