
OT3bIB OOIIUI4AJIbHOTO OIIOHEI{TA

Ha ArrccepralllloHHyro pa6ory Bnacrunofi Auacracuu CepreeBnbl

<<Mo4enu c gJracrr4rrubrM rpaQurorra u cvrrHaJraMl{ AJUI alaurv3a ra pac.rdra

floKa3 arelefi e S Q eKTI4BHocrLI Hape3KLT cereBblx p ecypcoB)),

rrpeAcraBneHHyrc K 3arrlr{re n IIIC 0200.006 Ha 6ase Poccuficxoro yHrlBepcl4rera

4pyx6u HapoAoB rrMeHur llarpuca Jlyvryvr6rr Ha collcKanue yreHofi crerreHu

KaHAnAara Su:ur<o-MareMarI4rIecKIiIX HayK rro cn equ€ulbHocr?I

I .2.3 <<T eoperurrecrat uHSopMarLIKa, xn6epirerllKa)

Arcrya.n rHocrb reMI'I Arlccepralluonnofi padoru

Passurze cerefi cBfl3?r HarrpaBneHo Ha rIoBbIIrIeHLIe uponycrnofr

cnoco6nocrlr, coKpanlenr{e 3aAepxKlr AocraBKI4 AaHHrIX I,l rIoBbIIueHI4e KoJILIqecrBa

o6cnyNunaeMbrx ycrpoficrn. 3ru sa4av.n perualorc.tr Ha oqepeAHblx Ilrarax

gBonroquu cerefi cBfl3kr npu nepexoAe K certM rltroro I{ ruecroro rloKoJleunfi (5G,

6G). 3rn urarlr cBtr3aHbr c pe[reHueM KoMrrJreKca 3aAaq Ha Bcex ypoBH.flx

[ocrpoeHns cereft cBflgv\ o6ecne.ruBaloql{x rIoBbIIIreHI4e ocHoBHbrx rloKa3arenefi

SynrcqnoHlrpoBaHr{r. K rarnu 3aAaqaM cneAyer orHecru KaK coBeplrleHcrBoBanve

a[laparHo-TexHr{qecr<ofi 6azrt, TaK 14 MeroAoB I{ aJIrop[TMoB, rIpI{MeH-f,eMbIX npl4

perueHulr 3aAaq rrpeAocraBJreHrreM ycJryr. B cer.rx 5G cyutecrBeHHo pac;'nupflrorc.a

Bo3MoxHocr?r B .qlacrtr o6ecne.{eHlr.f, KarlecrBa o6cnyxuBanus. rpaQzra, qro

rro3BoJrreT pe€urtr3oBaTb HoBbre ycnyfl4 c tIoBbIIueHHbIMLl TpeooBaHuflMI4 K

nponycKHofi cnoco6Hocrn Lr BpeMeHLr AocraBKlI AaHHbIx. Arla AocrI/DI(eHnfl. grux

Bo3MoxrHocrefi rpe6yerc.rr perueHrae 3aAaq pacnpeAelrenvrfl. pecypcoB. A4ernaruoe

paclpeAeJreHrre pecypcoB B ycJroBlrf,x pa3rLIrIHbIX rpe6onanufi K KaqecrBy

o6crryNzBanvrfl co cropoHbr ycnyr rro3Bonrer [oBbIcrITb e$SeruurHocrb vrx

r4cloJrb3 o BalnLrfi, ra o6 ecneqr4Tb rpe 6onaHLIl K KarlecrBy.

PeruenueM grr4x 3aAaq flBJr.rrerc.fl TexrroJrorl{f Hape3KLI cerLI (aurn. network

slicing), Korop€u .nBJrflercr 6asoeofi rexnonoruefi B 6ecnponoAnblx cerflx,

rro3BoJr-f,rou{efi noAAepxr{Bam sQ$enruBHoe ynpaBneHwe 3a cqer roruIqecKoro

pa3AeJreH?rr pecypcoB B o6rqefi frusuuecrofi cerenofi ran$pacrpyKrype. B

3aBucuMocrrr or ,tvrcra rroJrb3oBarerefi kr rurra ycnyrlr, rrocraBlrluK ycJryr Mox(er

A?IHaMUTIeCKI4 I43MeHtTb KOIUqeCTBO BbIAeJIeHHbIX TIaCTOTHbIX KaHaIIOB IdIrId

npo[ycKrryn cuoco6Hocrs, qro6rr o6ecne.Iurr Har,rrryrlluee KaqecrBo

IlpegnaraeMbre B ArrcceprarlLroHHofi pa6ore Bnacxunofi A.C. rrpkrHrlnrrbr

orIeHKr{ sSQercrraBHocrrr Hape3K}r pecypcoB rro3Bo.rr.f,ror ocyrqecrBlrrb nu6op
qacrorbr 

\epepacrpeAeneHlrfi pecypca c roqKu 3penvrfl, o6ecne.Iennfl, rapaHrufi

OOCJTVX{I4BAHI{{ .

\
COHIAIIIEHIAI4 o0 KaqecrBe oocJlyxuBaHug., MaKcrrMaJrbHofo HcrroJrb3oBalIkrg,



pecypcoB I4 BepOsTHocTLI kI}jIdI\I4.aJIII3aIII{I{ Ilepepac[IpeAeJleHllt pecypca no cI4rH€Lny

KOHTpOJrJrepa.

C yverou r43JroxenHoro Bbrrue, cqlrraro, rrro reMa Ancceprarlr4oHuofi pa6oru
BlacrcuHofi AHacracuu Cepreennrr <<Mo4ern c gracrr{qHbrM rpa$zrolr vr

cI{fHaJIaMvr Anfl aH.aJru3a Ia pac'rdra rloKa3aTelefi oSQeKTLIBHocTT4 Hap*Kr4 ceTeBbrx
pecypcoB) rBJr.seTc.rr KpaLrHe amyalrnofi v rroJrHocrbro coorBercrByer
cleq[aJrbHo crr4 1 .2.3 <<TeoperraqecKaf, uno opuarrara, r<z6epHerrrKD).

XapanreprrcruKa coAeplr(aHrrfl AlrccepraurroHnofi pa6orsr

,{uccepraul4oHHtul pa6oraBnacrraHofi A.C. cocror{r Lr3 Tpex nraB, Kaxra.rr r43

Koropblx rIocBtIrIeHa onpeAeJreHHhrM acrreKTaM AuHaMuqecrcofi Hape3KLr pecypcoB
n 6ecupoeoAHbrx cerflx 5G/6G.

B e e d e uu e d uc c ep m aqu o uu o il pa6 omr coAepnerr o6o cHonaHue aKTyaJrbHocrlr
TeMbI I{ccJIeAoBaHLrs., SopvrylupoBKy IIeJTH v 3a1alt, a raK)Ke rparrcufi o6aop
MeroAoB ra [oAXoAoB, r4crroJrb3yeMbrx r pa6ore

Irepean zna6q BKJrroqaer B ce6s. o6:op nureparypbr, B rcoropofi
paccMarprlBarorcf, ocHoBHhIe nplrHrtrrrrrbr Hape3Kr4 pecypcoB B 6ecuponoAHbrx
certx, [poBoALITaflananvr3 cylqecrByrorqux npo6JreM r.r orpanuqeHufi. KpoMe roro,
rlocrpoeHa 6a:osa-f, MoAenb nepepacnpe.4eJreHnrr pecypca Me)K.{y nByMs
cerMeHTaMLr ceru B TepMLIHax cr{creMbl MaccoBoro o6ctry)Kr4BaHlltr.

Bo emopoil znaee paspa6oraH aJrropr4TM, rro3Bonxuqufi olpegeJr{Tb HoBoe
pacrpeAeJleHrle pecypca Mexq4y AByMf, BLrpTy€rJrbHbrMLr oueparopaMlr npa
rlocryrlneHlru coo6ulenzx KoHTpoJInepa uo SzxcuponaHHofi crparerr,rlr
MaKcI4MaJIbHoFo 3auflTufl LlMeroulllxc.r pecypcoB. Ilporepr<a neo6xo4zMocr6
lepepacrpeAeneHn l pecypcoB qepe3 r4HrepBurJrbr BpeMeH[ yBeluquBaer
lpolycKlrylo cnoco6nocrr vr Iro3BoJlter us6exam [eperpy3Kr,r cr{creMbr.
Pesylrrarbl qucJreHHoro anaJrvr3a AeMoHcrptipyrot nu6op qacrorbr uocryrrJreHn{
coo6rqeHzfi orHoclrreJrbHo 3aHrrocrH pecypca, coorBercrBr,r.rr

pecypca cofJrarrreHkrrc o KaqecTBe

ilepepacnpeAeneHr{rr pecypca no coo6qeHnro.

B mpemaeil enaee paspa6oraHa MoAenb Hape3KLr pecypcoB Me)KAy AByMtr
Br.rpryaJrbHbrMLr oneparopaMlr IIo coo6rqeHzro KoHTpoJrJrepa, HO yxe C

yrIpaBJIteMbIM nu6opou uponycrnofi cuoco6nocru cerMeHTa. Pa:pa6orauHrrfi
€LJIropI4TM rlo3BoJlter orIpeAeJILITb Hosrrfi o6reu pecypca B 3aBracr{Mocrr4 or
coorHolueuuft MelKAy o6teuou 3aHtroro pecypca r4 rrucroM oxnAaroqlrx HaqEUra

o0cnyxzeaHvrfl. 3arlpocoB rloJrb3oBarerefi, r<oropufi .f,srsercs onrr{MzulbHbrM c
ToqKu 3peHK Tpex rpeAnoxeHubrx rroKa3arelefi e$SeKrzBHocru. [trs nu6opa

oocJryx(prBaHug. u

pacilpeAeJreHlnr

Bepo_rrTHocTr4
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qacToTbr rrocTylJreHr4.s coo6qeHl{fi KoHTponJIepa B cLIcTeMe c [poI{3BoJIbHbIM

IIIICJIOM C E|MEHTOB IIP OBEAEHO IMIITAII}IOHHO C MOAEJIIIP OBAHUE.

3 aKnroq euue lLraceprarlrroHHofi pa6otbl coAepxLIT ocHoBHbIe pe3ynbrarbl I4

BbIBOAbI, [OJIyreHHbIe B xo.{e I{ccJIeAoB aHvTg'.

,(ocronepnocrb rI HoBI{3Ha pe3yJrbraroB Arlccepralluu

,fta o6ec[erreHrrr AocroBepnocr]I pe3yJlbraroB ALIccepraIII{I{ anropou 6srl

npoBeAeH a]Harru3 Jrr4TeparypHbrx IrcrorIHLIKoB, B ToM tILIcJIe cneqzQnnaqnfr,

cBr3aHHbrx c rexHoJroruefi,Hape3Kr.t pecypcoB n 6ecnponoAHblx certx 5G ra 6G.

,[ocmoeepHocmb noryqeHHwx p%y]tbmamoe rloATBepxAaercs corJlacueM

pe3yJrbTaToB, froJrr{eHHbrx MeToAaM?I AHaJII4TvrqeCKOrO Vr I4MI4TaIILIOHHO|O

MOAeJrkTpOBAHkIfl., r{CrIOJrb3OBaHI{eM aAeKBaTHbIX MaTeMaTUqeCKIIX MeTO,{OB n

3apeKoMeHAoBaBI[wx ce6 s. CpeAcTB llMI{TaIInoHHofo MoAenupoBau!1fl'.

Tar<xe AocroBepHocrb vt HoBr{3Ha pe3ynbraroB rlo,4TBepxAaerc.s vrx

anpo6aqu efi ua Bcep occufi cr<ux I4 MeXAyHap oAHbIX nonQ epenqta{x.

H ayuu an H o 6us H a LIccJIeAoB all'vrfl. co croLIT B cJle.qyrorleM.

1. Anropovr pa:pa6oraHa HoBafl MoAenb AuHaMntlecrofi Hape3KII

paAr4opecypcoB B BrrAe crurcTeMbl MaccoBoro o6cnyxllBaHklfl. c 3JIacTuqHbIM

rpa$nxorr,r, pa6orarolqax ro
A.IIEKBATHOCTb IIO OTHOIIIEHUIO

}I3BCCTHbIMH MO,ITCJI fllv,{Vl.

vrlJkrrlvaTvrB,e KoHTpoJInepa, qTo rIoBbIIIraeT ee

K peaJrbHblM cLIcTeMaM, rIO cpaBHeHuro c ApyrI'IMul

2. Paspa6oraHnas. aBropoM MoAenb yupannxeuofi cl4creMbl MaccoBoro

o6cnyxllBaHnfl, o[r{cbrBaer nu6op KoJIrIqecrBa pecypcoB AIrfl AllHaMnqecrofr

Hape3Kr[, B oTJrlrrrlre oT Lr3BecTHbrx tr'ro,{enefi c suxcnposaHHofi cTpaTefl{efi. uttu c

IrcnoJrb3oBaHl{eM MeroAoB MarIrLIHHoro o6yrenux.

3. flpu pelreHrru 3a4aqvr nu6opa qacrorbr rr o6beMa nepepac[peAeileH]It

pecypca aBTop )nIIITbIBaeT 3aH-[TOCTb pecypca, cooTBeTcTBI,Ie

KOHTpOnnepa.

Crenenr o6ocuonaHHocrrl HavqHbrx no.noxennfi" BbIBo.tIoB

p e Ko M e H aatlui,t, c S o p wty"tt rl p o B a H H I'I x B A rI c c e p ra II rI lr

Haymue rIoJIo)KeHlIt, coAepxalqvecfl. B AllccepTal1:zrn, AocToBepHbI kI

rorlrqno apryMeHTlrpoBaHbr. Pesylrrarbl rIrIcJIeHHbrx SKcrIeprIMeHToB 6rrrut

[oATBepxAeHbI aHaJrrr3oM AaHHbrx, ux colocTaBJIeHLTeM c pe3yJIbTaTaMI{

aHanlrrur{KK[x MoAenefi u pesynbraraMl4, [olyqeHHbIMLI e 6TLISKLIX rlo reMarLIK.e

I,ICCJIE,IIOBAIlVTflX.

pecypca corJIaIrIeHLIIo

repepacupeAeJleHut pecypca

o KaqecrBe

TIO I{HI4ULIATITBE

o0cnyx{}rBaHr4[)

paclpeAeJreHI{.rI

BeposrHocTb



Bueo4rr, rronfreHHble B Alrcceprarlr4r{, f,BJr.rrrorc;r o6ocuonaHHbrMr4 u

AOCTaTOT{HO nOJTHO OTpaXanT [OryqeHHbre pe3yirbTaTbr.

llonyreHHble B pa6ore BbIBoAbI rr peKoMeHAarpru MoryT 6rrm rrcrroJrb3oBaHbr

B HafrHbIX uccneAoBaHl,I{x, a raKxe B 3aAaqax orrraMrl3a:q:nu npkr pa":pa6orr<e

IIpOTOKOIOB, r4CrrOJrb3yrOqUX Hape3Ky peCypCOB.

I{euHocrb AJrfl HayKr{ H rrpaKTrrnr{ pe3yJrbraroB pa6oru
I{euuocmb noryqeHHbtx pesyJtbmamor dna uayrcu cocroraT B ToM, qro aBTopoM

paclrl4peHa MoAeJlbHo-MeroArlrrecKar 6asa Arrfl cerefi 5G vr [ocneAyrcrrlux
IIoKoJIeHI4fi, sa cqer paspa6orKu HoBbrx rraogerefi u MeroAon, o6ecueqr4Barcrqux

[oBbIIrIeHHe sQQexruBHocrlt rrcrroJrb3oBaHr{{ pecypcoB cerr{ u KaqecrBa

OOCJIVXfl{BAHKIfl,.

I{enHocrb rIonyreHHbIX pe3ynbraroB Anr rrpaKTLrKrr cocror4T B Bo3MoxrHocrr4

ux rIpI{MeHeHI4t npu npoeKTLrpoBaHI{I4 vr orrTLIMI43arIrar4 cerefi cBfr3tq B
TeneKoMMyHI4KarIlIoHHbIX KoMnaHr{f,x, AJrr uponafi4epon r,rHTepHer-ycnyr.

llolyuenHrre pe3ynbrarbl Al{cceprarluu Moryr 6rrrr ucrroJrb3oBaHbr Ans
pa:pa6orKLI HoBbIX €tiIropHTMoB yrrpaBrrenus, rpaSnxou B cerrx cBflsL\ anaJru3a

[p o r,r3 B oAr4T e JrbHo c rH vr rra4exH o crl4 c ere ft .

[o4rnep]I(AeH rle ony6.rrn noBaH rIfl ocHoBubrx pe3yJrbraroB Arrcceprarl u u
B HaYqHofi neqarn

MareivraruqecKLr e MOAeJrr4, OCHOBHbTe nOJTOX(eHI4' U pe3ynbTaTbr

Al{ccepral{uonnofi pa6oru ony6nuroBaHbr u anpo1wpoBaHbr Ha MexAyHapoAHoM r4

Bcepoccl4fict<ovr ypoBHe. Bcero aBropoM ouy6nzxoBaHo 10 HayuHux pa6or, B ToM

qI4cJIe 5 crarefi B LI3AaHI4xx Scopus/WoS, 1 crarrs Bl4s4a:nvrr4, peKoMeHAoBaHHoM

nepeqHeM BAK P@,2 cBrrAereJlbcrBa o rocyAapcrseuHofi perr4crpaUrr npolpaMM

.uff 3BM.

CoornercrBrle coAep)KaHnfl anrope$epara ocHoBHbrM rroJrolr(eHrrrM

ArrccepTarlI{rr

AnropeSepar Aucceprarlr{r{ AocrarorrHo noApo6eH, upune4enurrfi B HeM

MarepI{€LJI JIorI4qeH Lr AocraroqHo rroJrHo orpaxaer coAepxaHze pa6oru.
llpranegeHHble B anrope$epare BbIBoAbr orpoKaror Bce ocHoBHbre pe3ynbrarbr

/paooTbl, KoTopble BKJIIOqaIO B Ceo{ pe3yJrbTaTbr rrHCIeHHbrx sKcrrepHMeHToB 14

auuru3a AaHHIIX, Kacaloquxcr eSSeKrr4BHocrr{ Hape3KH pecypcon. OSopMJreHr4e

anrope$epaM coorBercrByer rpe6onaHuxrr,r.
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3aueqaHrrfl no ArrcceprarluoHnofi pa6ore
B npoqecce r43rre:elnfl. Ar4ccepraqrEoHnofi pa6oru Bo3Hr4K pf,A BolpocoB,

rpeoyroqr{x yToqH elJvrfl,.

1. B paccMarpl{BaeIr,toft uo,4e Irpr Ha crpaHr4r{e 19 aerop Aenaer AonyrleHr4e o
[yaccoHoBcKoM BXoA.auIeM uoroKe. Taxoe Aolyu{eHr4e BloJrHe Bo3MoxHo, Ho

aBTopy cJIeAoB€IJIo o[]Icarb ycJroBr{r, B Koropbrx BxoAr^lluit noroK AocrarorrHo
ToqHo Mo)KHo orlrlcarb rarcofr MoAeJIbIo. Eeg groro AaHHoe Ao[yqeHLTe BbrrJurA?rr

roJrocJroBHbrM u neo6ocnoBaHnbrM.

2.8 rnaBax 2 v 3 aBTop paccMarpuBaer MoAeJrb Hape3Kr4 cervr) rAe
KOHTpOJrJrep [epuoAr,rqecKr4 ornpaBr.rrer coo6qennr Anf, npoBepKr,r

neo6xoAprMocrrr [epepaclpeAeJreHr.rr pecypca. IIpu groM, B cracreMe He

rrI{TbIBaeTc.g BpeMrI 3aAepxKr{ Ha npr{HflTvre peureHkrr o [epepaclpeAeneHr{Ll
pecypca n nu6op HoBoro o6reua.

3. Krto'{eeofi oco6eHHocrbro Hape3Kr4 cerr4 qBJlrercf, Lr3oJrflr;ivrfl cefMeHToB.
qro ynoMl4Haerc.Il B rJIaBe 1. O4naro, n pa6ore ue 6rrlo AocraroqHo .trcHo orrr4caHo,

KaKr4M OopaSOrvr oHa o6ecneqr4Baercfl B ?rccJreAyeMbrx MoAenrx.
4.tlpu orpeAeneHlrv uoKasarereft s$SerruBHocru Hape3Kr{ pecypcoB

aBTopoM LTclonb3yerct repMLIH <<ycuerunrrfi clrrHarr KoHTpoJrJrepa) Arrfl
oIIp eAeneHl,If, c]IrHaJIa, Koropufi npueen K rrepepaclp eAeneHr.rro p ecyp coB. O4Haro,
np?I ,rrrvrrJkral{zv Aocryrla K pecypcaM B 6ecuponoAHbrx cerrx clrrHaJrbHoe

coo6ulenue flBJr.f,erct ycneuHhlM, ecJrlr oHo noJrfreHo KoHeqHbrM ycrpoficrsol,r. B
oroM cJrfrae cJreAoB€lJro 6rr r4cnoJrb3oBarb Apyrofi reiruun.

Teu ne MeHee, yKa3aHHbIe 3aMeqaHvr-fl, He cHLrxtaror Hay{Ho-npaKTr{qecKyro

IIEHHOCTb IIICCCPTAIIKIUVI HE BJIII{K)T HA OCHOBHbIC NOJIOX(CHI4f,.

3arc.uro.reHue

,{ucceprallroHHoe IaccneAoBaHr4e Brbcr<unofi Anacracvkr Cepreenuhr Ha

TeMy <<Mo4elz c gJIacrrIrIHbIM rpaSurovr Lr cr4tHaJraMvr Arrfl, aHarrusa n pac.r€ra
rloK€t3areJlefi sQSerrI{BHocr}I Hape3KIa cereBbrx pecypcoB)> rBJr.f,erc.rr 3aKoHrreHHofr

Haf{Ho-KnalzQuxaqIEoHnofi pa6orofr, B Koropofi co4epxurcs. HoBoe pe[reHr4e

Ha}^rHoll 3a4a'ru anurvr3a nepepaclpeAeJreHrl.rr pecypcoB n 6ecnpoBoAHbrx cersx,
uuerorqefi BaxtHoe 3naqeHLre

yrrpaBneHrrs p ecyp caMlr.

npu [pOeKT?lpOBaHI4I4 LI OITLIMLI3aIII{II cr4CTeM

Pa6ora coorBercrByer rpe6onaunflM, ilpeAb.rrBnseMbrM K ArrcceprarlurM Ha

coLIcKaHLIe yrenofr crerleHl4 KaHArIAara Qusnro-MareMarl4qecKr4x HayK, corJlacHo
t.2.2 pa3,{eJla II lloloxeHI4t o npLTcyx1enuvr freHbrx creneHefi n Se4eparbHoM
focyAapcrBqHHoM aBTOHOMHOM OOp€BOBareJrbHoM rrpelKAeHr{r4 Bbrctuefo
o6paaonanux <Poccnficxufi yHl4BepcLrrer 4pyN6u HapoAoB r4MeHkr llarpuca



Jlyrrayrr,r6sn, yrBepxqeHHoro V.IeHHNa coBeroM Pyru{ rporoKon Ns 12 or
23.09.20t9r., a ed aBTop, Bnacrnna A:rracracus, Cepreenna, 3acJrylnr{Baer

rrpucyxAenufl. yreuofi creneHlr KaHAlrAara $ueuxo-rr,rareMarl4qecKllx HayK rlo

cneupraJrbHocrrr I.2.3 <<TeoperzrrecKtur rEnQoprraarzxa, rra6epHerLlKa>.

OQnqna.rrrnufi ornoneHT 20 or<rx6px2023 r.
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193232, r. Canxr-llerep6ypr, rpocr. EonrureeI4KoB, L.22, r<opu. 1
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