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He oTcTaBamTe OT )XXM3HU s
byabTe B Kypce

"HoBoctn MC2" Ha HoBYIO Nnarpopmy.

OTtkpomnTe onsa ce6a nopran My

Bawu poctyn K COOTBETCTBYIOLWEMY
C y4E€TOM BalLMX MHTEPECOB.

ByabTe B Kypce nocnegHmux Hosocren MCO.

au,uom-lbm oronneteHb MCD,
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NMopnucaTbea

XKypHan

"HoBoctn MC3"
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[NpucoenuHsanTecs k oHnariHoBbIM cooblyecteam MC3 Ha Baluem n0brMom KaHase

vihjooncl-0]|o*|sk



https://www.itu.int/en/myitu/News/ITU-News-Magazine
https://www.itu.int/en/myitu/News/ITU-News-Magazine
https://www.itu.int/en/myitu/News
https://www.itu.int/en/myitu/News
https://www.itu.int/en/myitu/News
https://www.itu.int/en/myitu/News
https://news.itu.int/itu-news-moved-discover-myitu-latest-ict-trends/
https://www.itu.int/en/myitu/Welcome
https://www.itu.int/myitu/standalone/ITU-News-weekly
https://www.itu.int/myitu/standalone/ITU-News-weekly
https://www.itu.int/en/Pages/default.aspx
https://www.instagram.com/ituofficial/
https://www.youtube.com/channel/UCQdZWRxu7uCjkCay0OCnvWw
https://twitter.com/itu
https://www.facebook.com/ITU/
https://www.linkedin.com/company/international-telecommunication-union/
https://open.spotify.com/episode/4EyvghOpRxLzK3xIjySt0P?si=hAPzdjonTLCVM2Kq-MSZQw
https://www.flickr.com/photos/itupictures
https://soundcloud.com/ituproduction/tracks
https://podcasts.apple.com/ch/podcast/international-telecommunication-union-itu/id1491001474
https://www.spreaker.com/show/itu-snapshot
https://www.itu.int/en/Pages/covid-19.aspx
https://vm.tiktok.com/JdxhuC4/

PenakiimoHHasa CTaThs

MU n mawimHHoe obyueHue pna
5G - koHkypc MC3 2020 ropa

XoynuHb Yxao, leHepanbHbin cekpetaps MCO

B B despane atoro roga MC3 obbs-
BWJ O NepBOM koHkypce MC3 "I/
ML ona 5G" - rnobanbHOM cocTa3aHuy,
KOTOPOE 3aBEPLUNTCS LLepPEMOHMEN
BPYYeHWs Harpag, NpOBOANMON

15-17 pekabpsa 2020 roga B oHNanHoO-
Bom dopmare.

Opranusys gaHHbIn KoHkypc, MC3 oka-
3blBaeT NOALEPXKKY pacTyLemy coob-
LLIeCTBY, 3aHNMaIOLLEMYCSl BOMPOCamu
WNHTErpaLumm NCKyCCTBEHHOTO UHTE-
nexta (M) n mawmHHoro obyueHuns
(ML) B ceTw, a Takxxe ykpennseT coob-
LecTBo, Begyliee paboty B obnactu
ctaHpapToB MC3 gns MA/ML.

Konkypc MC3 crnocobeteyet passutuio
KyJIbTypbl COTPYAHUYECTBa, HEOBXO-
OVMOWN AN [OCTUXEHUS ycriexa B
pabote no npobnemaTrke HOBbIX U
OymyLumx ceTel, Takmx kak 5G, a Takxe
bopmMupyeT HOBblE BO3MOXHOCTW AJ1sl
oTpacnv 1 akafeMnyeckmx opraHu-
3aLUMit okasaTb BIUSIHWE Ha pa3BUTUE
ctangaptos MC3.

MC3 kak cneunannsmpoBaHHoe
yupexgerve OOH 8 o6nactu UKT
MrpaeT BaxKHewLWyto posib B obecneye-
HMW LLMPOKOTO Pa3BepTbiBaHNS Taknx
ceTel 1 UX COOTBETCTBUA BblCOYall-
LIMM cTaHfapTam kavecTsa. HegaBHo
6bl10 0OBsBNEHO OB yTBEPXAE-

Hun 193 TocypapctBamn-Unenamu

Pekomergaumnn Cexktopa pagmoc-
Bsiz3v MC3D (MC3-R) "MoapobHbie
cneuyndukaumnm pagnonHTepbdei-
cos IMT-2020".

Cneumndukaunn IMT-2020 ona

NATOrO MOKONEHNS TEXHOOTI
noasuxHon ceasu (5G) cranyT
OCHOBOW LNPOBOIN SIKOHOMMUKHN
3aBTPaLLUHEro fHA, NpUBeayT oTpacsb
1 0BLLECTBO B aBTOMATU3MPOBaHHbIN
W MHTENNEeKTyasbHbI MUP 1 obeLatoT
YNYYLLNTb XN3Hb tofen B becnpevie-
OEHTHbIX MacLuTabax.

B atom nspgaHum xypHana "HosocTtu
MC3" Bbl y3HaeTe Bce 0 KoHkypce MCD
"MN/ML ona 5G", a Takxe HangeTe
HacblLLleHHble NAEesMUN CTaTbL 3a aBTOP-
CTBOM NpeACcTaBuTENEN OTPaCIN 1
akageMmnyeckmnx Opl'aHI/I3aLI,I/IDI.

Ha meponpustum, nocesLleH-

HOM dUrHany KOHKypca, BICTYNsT

r-H BunceHT MNyp, npodeccop
MpwuHcToHckoro yHneepcuteTa, CLUA,
r-xa Yum-Jlnuo An ot Kntanckoro
Hay4YHO-UCCNEefOoBaTENbCKOIO MHCTU-
TyTa NOABUXHOM CBSA3M U -H Boruex
Cawmek, npepctasutens NHcTuTyTa
obuiectsa PpayHrodpepa nMm. leHprixa
lepua, lepmanns. M
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OpeaHu3sys
OaHHbBIU KOHKYPC,
MC3 okasbiBaem
NO00epXKKY
pacmyuwemy
coobuiecmay,
3aHUMaWeMycs
gonpocamu
UHmMezpayuu
UCKYCCMBEeHHO020
uHmennekma (Vi)
U MAWUHHO20
obyueHus (ML)
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NN u mawmHHoe obyuenue ans 5G - koHkypc MCD 2020 ropa

XoynuHb Yxao, leHepanbHbii cekpeTaps MC3

MC3 BbiparkaeT 61aroaapHOCTb CMOHCOPaM KOHKYPCa
"UWN/mawmHHoe obyyeHue ana 5G" 2020 roga

Konkypc MC3 "MV/ML nna sG"
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®dopmMupoBaHue coobuiecTBa u gosepus Ha nnowaake MCD

XKypran "Hosoctt MC3" nobecenosan ¢ Anpektopom Bopo
cTaHpapTusauum anektpocsssn MC3 Yxe Cy6 Jln, 4tobsl y3HaTb Gonblue
0 koHTekcTe KoHkypca MC3 "MckycCTBEHHbIN MHTENNEKT U MaLLMHHOE
obyuerwne ans 5G" n ero cBszu co cTpaternyeckumm nproputetamm MC3

OGbpalueHne opraHnsaTopos
Tomac bacrkono, koHcynbTaHT No Bonpocam VIN/ML

Cnegure 3a koHkypcom MC3 "UN/ML gna 5G"

CdopmynnpoeaHHbie
3agaum

Bosnblow puHan koHkypca - BTopHuk, 15 gexkabpsa 2020 roga

BonbLow puHan KoHkypca - cpeaa, 16 nekabpsa 2020 ropga

Bosnbion puHan koHkypca - YeTeepr, 17 aekabps 2020 roga

Mpwu3bl n gunnomsl ans nobeguTenen

PykoBopacTBo no 3apavyam UN/ML ana CTx cnepytolmx nokoneHum

Buwry Pam O.B., HezaBUCKMBIV Hay HbIA KOHCYIbTaHT

O630p CTaHAAPTOB, OTHOCALUMXCH K aBTOHOMHbIM CETAM

Csouzs COH, HayuHbIn coTpyaHuk, Cu LIAO, cTapLumin HayUHbIN COTPYAHVK,
Jlvnnn O3H, TexHnueckun pykosogutens, Jln O, rnaBHbIN Hay4HbIN
coTpynHuK, n LzioHbnanbs ®IH, pykosoauTtens nccnegosatensckmx pabor,
Hay4Ho-uccnefoBaTensckoe nogpasgenermne komnanun China Mobile

30 BebuHapbl B pamkax koHkypca MC3 "UA/matumtHoe obyueHune ans 5G"
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BbipaxeHHble B HacTosLwen nybnvkauum
MHEHUS ABASIOTC MHEHUSIMU aBTOPOB,
1n MC3 3a HUX OTBETCTBEHHOCTU He
HeceT. Vicnonb3yemble B HacTosILLEN
ny6avkaumm obo3HaveHns n Nnpeacras-
JleHVe MaTepuana, BKJo4yas KapTl,

He OTpaxaloT Kakoro Bbl TO HU BbiIo
MHeHns MC3 B OTHOLLIEHMIM NPaBOBOrO
cTaTyca tobow CTPaHbl, TeppuTopmn,
ropoga wav panoHa Mo B OTHOLLEHWM
OeNMMMUTaLUKU UX TPaHUL,. YNoMUHaHne
KOHKPETHbIX KOMMaHUW Unn onpege-
JIEHHbIX MPOAYKTOB HE O3HaYaeT, 4To
MC3 nx nonoep>xvBaeT UM pekoMeH-
[yeT, oThaBas UM NpeanoyTeHve nepeq
APYTMMU KOMMaHUAMMW WAV NPoAyKTamu
aHasIorMyHoro xapakTepa, KoTopble He
yNoMuHaloTCs.

Bce potorpadumn MC3,
eCn He ykasaHo apyroe
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OueHKa BO3MOXXHOCTEN U
HakonneHue MU B Byayumx cetax

ListoHb J1510, ovpekTop nabopatopmm NCKYCCTBEHHOMO MHTENNEKTA,
TaHdan JTio, AMaH Jn u LizacuHb Bait, unxerepsl nabopatopuu
MNCKYCCTBEHHOTO MHTEJIIEKTa Hay4YHO-MCC/Ie40BaTEIbCKOroO
noppaspenenuns komnanum China Unicom

YckopeHue npouecca IorM4eckoro BbIBoAa npu rnyGokom
06y4yeHUn C NOMOLLBIO MHCTPYMEHTAPUS C OTKPbITBIM MCXOAHBIM
kopom Adlik

Jns KOaHsb, nHxeHep no paspabotke MO ¢ oTKPbITbIM
NCXOAHBIM KOLOM U CTaHAapTn3aunn, komnanus ZTE

MNpumenenne MA/ML: oTkpbiBatoLmMecs BOSMOXHOCTU U Npobnemsl
[J151 NOCTaBLLMKOB YC/yr CBA3U

Canux JprioT, cTapwuit Hay4Hbin coTpyaHuk no HVOKP
B obnacTtun ceten 5G, komnanus Turkcell

ABTOHOMHbIE ceTu: afjanTtauua K Hem3BecTHOMYy

Mon XapBsu, pyKOBOAUTESb HAYHYHO-MCCIeA0BaTENbCKUX PaboT,
Cryams nHHoBaumi komnarum Rakuten Mobile, n Mpakansax
Bapxxpabxas, pykoBogutens otaena Nnogaep>kku U NpOABUXKEHNS
nceneposannin, Ctyams nHHosaumin komnanum Rakuten Mobile

TectuposaHue QoE B ceTsix NoABUXHOM CBA3M

ApHg Cubuna, MeHexep No MapKeTUHIY TEXHONOrWI oThena
TeCTUpOBaHWs ceTe NoABUXHOW cBsA3n komnaHun Rohde & Schwarz

Barnsip onepartopa cetu Ha ponb U B ByayLumnx cetax
paavopocTtyna

Yux-JnHb W, rnasHbin nccnenosatens no 6ecnpoBOgHbIM TEXHONOTUAM, U
Ln CyHb, CTaplumin HayuHbIN COTPYRHMK MO OECNPOBOAHBIM TEXHOOMUAM,
Hay4YHO-MccnefoBaTenbckoe nogpasaenerve komnaHum China Mobile

MN n oTkpbITble MHTepdelchbl: Kito4YeBble MHCTPYMEHTbI
peanusauum KamnycHbix ceTen

MoHTep Bponturam, ynpasnsiowmin gupektop komnaxum Airpuls;
Penato J1.T. KaBanbkaHTe, Hay4HbIi COTPYAHUK KOMMNAHUN
Fraunhofer HHI; Maptun Kacnapuk, Hay4HbIn COTPYAHMK KOMMaHUM
Fraunhofer HHI; Anekcanap Kennep, aupektop no nccnenoBaHuam
komnanum NVIDIA; n Cnasomup CraHuak, pykoBoguTesb oTAena
paanoceasn u cetein komnanum Fraunhofer HHI, fepmanns
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W pen akaileMn4yecKmx OpraHmsaumni

62 UNW/malwumHHOe oByyeHune Ansa cBepxHapeXXHon
CBSI3U C MaJIol 3afieP>KKOM
AsTopbi: AHapen Kyyepsisbili, 3aBefytoLmin kabenpon cetel cesazn > s
n nepenauun paHHbix, CMN6IYT, segywmin HayuHbi cotpyaruk HANP, g
Mpepcepatens K11 MC3O-T; Ammap MyTxaHHa, 3amecTutesb 3aBeaytoLero
kadenpow no HayuHon paboTe, kapenpa ceTeln CBA3W 1 Nepeaayn AaHHbIX,
CN6IYT, pykosoguTenb nabopatopun SDN; Aptem Bonkos, uccneposartens,
acnvpaHT, kadenpa cetei cBasm u nepedaun ganHsix, CMEIYT, Poccna

66 MWnterpauus UN/ML pnsa co3paHns aBTOHOMHbIX ceTel -
GynyLiee HanpaBneHve pa3BuTUA 060PYAOBaHMS 3NEKTPOCBA3M
nocneayoLwMxX NOKOSIeHUN

Akuxnpo Hakao, npodeccop TokMitckoro yHusepcumreTa
70 PeanuctuuHoe mopgenupoBaHue B cpege Raymobtime ans

NpoeKTUPOBaHUsi GpU3NYECKOro YPOBHA cucTeM BecnpoBogHoOM
CcBA3M Ha ocHoBe N

Anbpebapo Knaytay, npodeccop PepepanbHoro yHusepcuTeta
Mapa, bpasunusa, n Hypwusa lfoHcanec MNpenuuny, goueHT YHueepcuteTta
wrata CeBepHas Kaponura, CoegunHerHbie LLTtaTbl

74 TMoBblweHne HAAEXXHOCTM MALUMHHOIO OByYeHMs 1
AOBepUst K HeMy C MOMOLLbIO UMUTAaTOPOB CETU U CTaHAAPTM3aLUN

@PpaHyeck Bunbrenbmu, HayyHbin coTpyaHUk KatanoHckoro
ueHTpa TexHonorun anektpocsssu (CTTC), VicnaHus

78 Hay4Ho-uccnepoBaTtenbckue NPoeKTbl MO PasBUTHIO
obpa3oBaHus 1 pacno3HaBaHuio peun B Hurepum

[xerimc Aragxxo, BOLEHT 1 PYKOBOAUTESb NCCNEA0BaTENbCKON
rpynnsl WINEST otaeneHus BbIMMCAUTENbHOW TEXHMKIN, Ay naxu
Canu Wyanby v bneccen lyaa, ctynentsl, PenepansHbiii
TeXHoJIornyecknin yHusepcuteT MuHHbl, Hurepus

82 [Mouemy Ans nony4yeHMs HOBbIX AAHHBIX
HaM HY>XHbl HOBble MapTHEpPCTBa

Wrracno Poppurec Jlappag, Hay4HbI cCOTPYAHUK nabopatopum
BecnpoBofHbIx ceTel cBA3n YHusepcuteta Onbbopra, JaHus

86 OpkecTpoBka $pyHKLMIN MALLMHHOIO 0By4YeHUs
ANsi ceTen CBsA3U ByAyLLMX NOKOJIEHUI

LLlarydTa XeHHa, npenogasatesb nHbopmaTukm
TexHonornyeckoro nHctuTyTa JletTrepkeHnu, Mpnanaus

88 BosmoxHocTu ans cnoHcopos B 2021 rogy




MCD3 Bbipa)xaeT 6narogapHocCTb
CMOHCOpPaM KOHKypCa
"UN/maumHHOe obyueHue

ona 5G" 2020 rona

3onoTtom cnoHcop
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Koukypc MC3 "UN/ML nnsa 5G"

dopmupoBaHue coobLiecTea u
posepus Ha nnowaake MCD

XKypHan "Hosoctn MC3" nobeceposan c lupexktopom

Bropo craHpapTusauum anektpocssasm MC3 Yxe Cyb

J1n, 4ToBbI y3HaTb BosbLLE O KOHTeKCTe KoHKkypca MC

"UckyccTBEHHbIN MHTENNEKT 1 MalnMHHOe obyyeHue ans 5G"

1 ero cBsi3M CO cTpaTermyecknumm npuoputetamu MC3.

B aTOM BbINYycKe NpeAcTaB/ieH onbiT,
MoJly4yeHHbIN B paMKkax KOHKypca
MCDJ. Kak 6b1 Bbl onpegenunu uenm
3TOro KOHKypca?

M Konkypc MC3 npepoctasun
y4yacTHWKaM nioLlafKky Ans npw-
MeHeHUs MHCTpyMeHTapus MC3D
AN MaLLMHHOTO 0byyeHuns npu
peLleHnn NpaKTUYeCcKnX 3aaauy.
Konkypc MC3 nossonun y4acTHuKam
HanaguTb CBSA3U C HOBbIMU NMapTHe-
pamu B pamkax coobuiectea MCD,

a Takxke nosly4nTb JOCTYN K HOBbIM
WNHCTPYMEHTaM 1 MHGOPMaLMOHHBIM
pecypcam A5 LOCTUXEHUS Lienew,
chopMyNMPOBaHHBIX B MOCTaBIEHHbIX
3afavax Npu COAencTBUN NpeacTa-
BUTESIeN OTPac/v 1 akageMUyecKkmnx
opranunsaumm ns bpasunum, Kntas,
WNuown, Npnanann, dnonunu, Poccun,
Nenanun, Typumm n CoeanHeHHbIX
LLItaToB AMepuku. KoHkypc npepo-
CTaBWJ1 y4aCTHNKAM BO3MOXHOCTb
NPOAEMOHCTPUPOBATL CBOM CMOCOB-
HOCTW, ONPOBOBaTL CBOW KOHLENLmUm
Ha peanbHbIX 4aHHbIX Y peasbHbIX
npobnemax, a Takxe nobopoTtbes 3a
MUPOBOE NPU3HaHMe.

Kakum obpazom koHkypc MC3
COOTHOCUTCS CO CTPaTErnyeckumm
npuopureramu Coroza?

M DopmuposaHue coobuiecTsa

1 yKpeneHne foBepus aBs-

tOTCH OCHOBOW [eATelbHOCTH

MC23. B coctas MC3 BxogaTt 193
locynapctea-Ynena n 6onee 900
KOMMaHWN, yHUBEPCUTETOB, MEX-
LyHapPOAHbIX U PErVOHANbHbIX
opranunzauunn. Crangaptel MCD
paspabaTbiBaloTca B pamkax coob-
LLLeCTBa, YTO CO3[aEeT B3aVMONMOHU-
MaHue, no3sonsiollee coobLiecTsy
BMeCTe I'IpO,ELBI/II'aTbCﬂ Brlepe,u,.
CranpgapTbl MC3 - 370 3Ha4UMbIN
pe3ynbTaT MexayHapoLHOro CoTpya-
HuuectBa. OHK NpefcTaBnatoT coboit
pobpoBosbHble obszatenscrea B
OTHOLUEHMMN OBLLMX MOAXOLOB K Pa3-
BUTUIO M NPUMEHEHWIO TEXHONIOTNI, a
TakXXe NoAfaepPsKKe Ae0BbIX CBA3EN.
UenHocTs pabotel MC3 B obnacTm
CTaH,D,apTI/BaLl'VIVI, TaK >Xe KakK 1N LUeH-
HocTb KoHkypca MC3, 3akstouaeTcs B
coobLuecTBe, KOTOPOE OHa CO34aeT.
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KoHkypc MC3
npeoocmasu
YUACMHUKAM
njiowaokKy 0Jif
NPUMEHEHUA
UHCMpyMeHmMapus
MC3ona
MAWUHHO20
06yUYeHUS.

Uxe Cy6 JIn

IupekTop Bropo
CTaHIapTU3aLuumu
3neKkTpocBsa3u MC3
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Konkypc MC3 "UV/ML nnsa 5sG"

Kakum obpasom craHgaptbi
MCD3 cooTHOCSITCS C KOHKYPCOM
MC3 u kak MoxeT pa3BuBaTbCS
AaHHas cBs3b?

M Hosble ctaHpapTel MC3 ana N/
ML npepocTaBasioT MHCTPYMEHTapUn
A5 obecrneyeHmsi BO3MOXHOCTH
nHterpaumun MA/ML B 5G 1 byayLine
CeTn No Mepe Pas3BUTUS ITUX CETEN.
B apxutekType MC3 Y.3172, koTopas
pa3paboTaHa Ha OCHOBe Uccneno-
BaHWs CLieHapu1eB NCMOJIb30BaHMS,
onybnukosaHHoro B [lobasneHum
55k Cepun Y MC3, npefcrasneHsi
TUMOBbIE MHCTPYMEHTapun s baso-
BOW ceTu: KoHBenep ML ans ontumu-
3alMK U UCMOMb30BaHWS MOAENEN;
TecToBas cpefa ML ans npoBHbIx
mMofenew [0 pa3BepTbIBaHUS; N OpKe-
cTpatop ¢yHkumn ML (MLFO) ans
ynpaenenus nHterpauven MA/ML. Ha
apxutektype MC3 Y.3172 noctpo-
eHbl ctaHgapTsl MC3 Y.3173 (oueHka
ypoBHs nHtennekta), MC3 Y.3174
(oBbpaboTka gaHHbIx) M MCD Y.3176
(MHTerpauus PeIHOYHOrO NPOCTPaH-
cTBa). Y4acTHuKM KoHkypca MC3I
LOJIKHbI BbLIN MPOAEMOHCTPUPOBATL
1 NpoBepuTb 3TK cTaHdapTel MC3 n
CO3AaTb HOBblE BO3MOXHOCTU 4SSt
oTpacnv 1 akafemMnyecknx opraHmsa-
UMM, C TEM YTODbI OHW MOTIW BINSTb
Ha 1X pasBuTHe.

éé

TexHonoeuu 5G
0J1luyemsopArMm 3HAUUMbIU
npozpecc 8 opeaHu3ayuu
cemetl, y0oBnemseopAumuX
nompebHocmu
Ypes3sbluatiHO
pa3HOO6pa3sHbLX
npunoxeHull 8 pa3nuyuHbLX
0mpacjiesblX CeKmMopax.
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lMouemy MN/ML v noanepxka
cTaHgapToB BaxkHb! Ans1 5G n
6yaywmx cetein?

M KomnaHuu, 3aHnMatoLLmecs
cetamu, BHegpsitoT MN/ML B pamkax
CBOEeN MHHOBALMOHHOW AeATeNbHO-
CTW ANs ONTUMU3auMmn paboTsl ceTei
Y NOBbILLEHNS 3HEProadpPeKTUBHOCTY
n peHTabenbHocTu. TexHonorun 5G
ONNLLETBOPSIIOT 3HAYNMBIV MpOrpecc
B OpraHv3sauunu ceTen, yooBieTBopsi-
IOLLIMX MNOTPEBHOCTH Ype3BbIYaNHO
Pa3HOOBpPasHbIX MPUNOXKEHUI B pas-
JINYHBIX OTpacneBbIx cekTopax. Cetn
CTaHOBATCS BCe Bonee CIoXHbIMU 1
KOMMIeKcHbIMU. BaxkHelLyto ponb

B YNPaBIEHUMN 3TON CIOXKHOCTbIO
6ynet urpats A/ML. CtaHpapTbl
MC3 Y.317x npenocTtaBasioT yHU-
BepcasibHble MHCTPYMEHTapuun ons
noanepXkun nuterpauun MA/ML B
COOTBETCTBUM C Pa3BUTMEM CETU.
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CraHgapTHble "Habopbl MHCTPYMEH-
TOB", CO3MaHHble AN aganTtaumm

K U3MeHsowmMes TpeboBaHUaM
nosib3oBaTesien 1 PasHOObPasHbIM
cueHapvsM NPUMEHeHNs, copep-
xaTcs Takxe B cTaHAapTax MC3 B
Takux obnacTax, Kak MynsTUMEnuna,
be3onacHOCTb, BAOKYENH 1 KBaHTO-
Bble MHPOPMaLMOHHbIE TEXHONOMMN.

Orpacnb UKT pazeuBaetcs
CTpemMuTesIbHbIMU TeMMNamMMm.
Kak nsmeHeHusi nocnegHux ner
nosaunsnan Ha paboty MC3 B
obnactu ctaHgapTuaumn?

M B nocrnepHue YeTbipe roga
HablofaeTcs 3HaYMTENbHbIN NPUPOCT
KonmuecTsa HoBbix YneHos Cektopa
ctanpaptusaumm MC3 (MC3-T),
COCTaBMBLUNIA B NPOLLIOM ropy bonee
naTuaecaT. Mbl 3aHMMaeMcst HOBbIMU
MHTEPECHBIMU TEMaMW, HO POJIb MJ10-
wankn MC3 octaeTcs HeM3MeHHoN
yxe 6onee 150 net: Mbl popmupyem
COODBLLECTBO U yKpennseM aosepue,
uTo6bI 0BecneunTs passutue VKT B
rnobansHom Macwrabe. Mnatdopma
ctangaptusaumm MC3, Ha npo-
TAXEHUWN MHOTMX NneT VlrpaBLlJaﬂ
LeHTPanbHyIo POSib B AOCTUXEHNM
B3anmornoHumMaHus B cektope VKT, B
HacTosLLee Bpems NoMoraeT cekTopy
VKT cTponTb B3aMMonoH1MaHue co
CBOVIMW MHOTOYUCNEHHBIMU HOBbIMM
napTHepamu. Mbl BUAUM, kak bnaro-
[apsi COBMECTHBIM YCUIINSIM HOBbIX
napTHEPOB COBEPLLUEHCTBYETCS
pabota MC3 B obnactv ctaHgapTu-
3auum B Takux chepax, kak "ymHble"
ropofa, aHepreTuka, 3gpaBooxXpaHe-
HWe, UHaHCbl, aBToMoBunecTpoeHue,
a Takke N/ML.
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Kakow noaxopn ncnonbsyer MC3 ans
YAOBIETBOPEHUSI MOTPEBHOCTH B
noanepxke 6onee pasHoobpasHbIX
npunoxennii UKT?

M HecmoTps Ha To, 4To ponb MCD
B dopMUpoBaHMK coobliectsa u
yKperieHumn fosepus octaercs
HEeN3MEHHOM, Mbl BCTYMWN B HOBYIO
3py CTaHAAPTU3aLMM 1 HyXKAaemcs
B HOBbIX NOAXOAaX A5 AasbHEeNLweN
LEeATENbHOCTUN MO 3TUM Hanpas-
neHunsm. B teueHne MHorux net

Mbl paboTanu Hag HanaxuneaHnem
KOHTaKTOB MeXAy AMPEKTUBHbLIMM
opraHamu B chepe VKT n gupek-
TUBHbIMW OpPraHamMmn Apyrmx CeKTo-
pos. LLinpokuit gnanor nomor Ham
cosfatb yCnosus 4s paspaboTku
BaXXHENLLNX HOBbIX CTaHLAPTOB B
Taknx obnacTsix, kak umdposoe 3npa-
BOOXpaHeHwue, undposble GUHaHCHI,
WHTeNeKTyasbHble TPaHCMOPTHbIE
cuctembl, a Takxe MA/ML. 3pech

Mbl BUAMM LLEHHOCTb OTKPbITbIX
nnatdopMm, Takmx Kak ornepaTmeHbie
rpynnel MC3 nnu [mobanbHbi cam-
mut "VIVI Bo Bnaro". 3T oTkpbITbie
nnatGopmsl NoMoratoT GopMUpPOoBaTL
COOBLLECTBO U YKPEnsATb foBepHe.
OHu noMoratoT yTOUHUT BKag,
KOTOPbIN OXMAAETCS OT Pa3NUHbBIX
3aMHTEPECOBaHHbIX CTOPOH, B TOM
uncne Bksiag B paboty MC3 B obna-
CTW CTaHAAPTM3aLMUN.

Ine Hanbosee 3ameTHO
snusiHue UN/ML B pabote MC3
B obnactu cTaHaapTU3aLnMm

U B 4eM 3aKJ1o4aroTcs
BO3MOXKHOCTM y4acTus?

M VIN/ML vrpaeT BaxkHeNLLyto posib
B pabote MC3 B obnactu ctaHgapTy-
3auuun B Takmx cdepax, kak opke-
CTpOBKa ceTel 1 ynpasfieHue nmu,
KOAMPOBaHWE MynbTUMEAMa, OLEeHKa
KadecTBa obcnyxmeanus, undposoe
3[paBOOXpaHeHWe, 3KoIormyeckas

3 deKTUBHOCTL 1 aBTOHOMHOE
BoxgaeHue. Tak, 8 MC3 wmnpoko
obcyxaanack KOHUEMNLMS MNOHOCTbIO
aBTOHOMHOW ceTn, obnagatoLen
WHTENIEKTOM 5-r0 YPOBHSI, OMMCaH-
HbiM B MC3 Y.3173. MNpurnawaem Bac
npucoeanHnTscs k Ham. MC3 cTaHo-
BUTCs BCe Donee NpefcTaBUTESbHBIM.

B aTom rogy Obin1 CHUXXEH pa3mep
USIEHCKNX B3HOCOB A1 HOBbIX KOM-
naHunn n MCr1. Paamepsbl B3HOCOB
aKafeMuyeckrx opraHmnsaumnii Gbiim
cHuxeHbl B 2011 rogy. Komnanum
moboro maclwTaba 13 passueato-
LLMXCS CTPaH C HU3KMM YPOBHEM
[OXOM0B TakXe MMetoT NPaBo Ha
cHuxeHMe uneHckmx saHocos. Ml
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Konuenuusa nonHocmbto
aBMOHOMHOU cemu Ha
OCHOBe UHIMeJjljieKma 5-20
YPOBHSA, onucaHHo20 8 MC3
Y.3173, 8b138a1a OypHble
o6cyxoeHusa 8 MCA.
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MC3

Konkypc MCO
"UN/ML pna 5G"

IIpumeHeHUe MAWUHHO20
o6yueHus 0514 cemeli CBA3U

aiSgchallenge@itu.int

OO6palieHne opraHu3aTopoB

Tomac bacukono, koHcynbTaHT no sBonpocam VIN/ML

B Korkypec MC3 "MIN/ML ans 5G" cobpan BMecTe eAMHOMbILLAEHHUKOB —

CTYAEHTOB 1 NpodeccrMoHasnioB co BCero Mmupa Afis U3yyeHus npakTmieckoro

npvMeHeHns uckyccteeHHoro nHtennekta (M) n mawmHHoro obyyenns (ML) “

B HOBbIX ¥ DyfyLLMX ceTsix. DTO Obl1 NepPBbIt KOHKYPC, OpraHnsoBaHHbin MCD, KoHkypc MC3 "UV/ML

HO npmvamaﬂ BO BHMMaHNe MHOXECTBO LieHHbIX M3BJIeYEHHbIX YPOKOB, OH, ons 5G" cobpan smecme

no BCew BUANMOCTH, ABAAETCS NepPBbIM U3 MHOTUX. OUHOMbIULIEHHUKOB —
cmyodeHmMoB U

B koHkypce npuHsnm ydactve 6onee 1300 yenosek n3 62 cTpaH, KoTopble npogeccuoHanos

chopmmposanu 911 komaHA, U Mbl C HeTepneHnem xaem GrHana KOHKypca, CO BCe20 Mupd.

koTopsbin nponget 15-17 nekabps B oHNanHoBoM GopmaTe, rae BbigatoLwm-

ecst KoMaHAbl ByayT COPeBHOBATLCS 3a Harpadbl C NPU30BbIM GOHAOM Ha "

obwyto cymmy 20 000 wsenapckmx GppaHKoB v pag Apyrux npusos, obecne-
ymBaloLMX rnobanbHoe NpusHaHue.

Tomac Bacukono

MposepeHune koHkypca MC3 coenann BO3MOXHbIM NapTHEPCKME CBA3M, 1

OHM e Dbl OCHOBHOW TEMON MEPONPUATHS.


https://aiforgood.itu.int/ai-ml-in-5g-challenge/
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74

B KoHKypce npuHAanu
yuacmue 6onee 1300
yeJjloBeK U3 62 CmpaH,
Komopble chopmuposanu

911 KOMAHO.
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ToMmac Bacukoio

KoHkypc MC3 nossonun yyacTHUKkam
YCTaHOBWTb CBSA3W C HOBbLIMW NMapTHe-
pamu B OTPaCciIN 1 akafeMmnyeckmx
opraHusauusix, a Takxke nony4nTb
[OCTYN K HOBbIM MHCTPYMEHTaM u
nHbOPMaLMOHHBIM pecypcam ans
peLleHus peasbHbIx Npobnem ¢
nomotypsto /ML, nponemoHcTpu-
poBaTb CBOM TasflaHT U NMOMY4nTb
HOBbIN onbIT. [Baguats Tpm chopmy-
NMpPOBaHHbIe 3aaadv BbITn NpeacTas-
JIeHbl OTPAC/IbIO U akafeMUYecKmMm
opraHusaumnsmu bpasunum, Kutas,
Wraun, Npnavguu, Anoxum, Poccun,
WNcnanum, Typummn n CoegnHeHHbIX
LitaToB, 1 371 "pernoHanbHble
aBTOPSbI 334a4" NPeaNIoOXMAN
pecypcbl 1 3KCNePTHblE peKkoMeHa-
LUnn 4 NoanepsKKU y4acTHUKOB B
peLleHN NOCTaBEHHbIX 3aay.

Mbi xoTenu 6bl nobnarogapuTb
Cco0bLLEeCTBO, KOTOPOE CAENaNo
BO3MOXHbIM NPOBEAEHNE KOHKYPCa,
HaLLUMX Y4aCTHUKOB, PErMOHas bHbIX
aBTOPOB 3a4ay, HaLLNX NapTHEPOB Mo
npogsuxkeHuto LF Al & Data, NGMN
n SGlnnovate; Hawero 3010Toro
cnoHcopa - PerynatopHbin oprax
anekTpocsszn (TRA) ObbeaAnHEHHbIX
Apabckunx IMMpaTos, a Takxke DpoH-
30BbIX CMOHCOPOB - koMnaHuu Cisco
nZTE.

ConocraBrneHue pelueHUn co
craHgaptamu MC2

HoBble ctaHpapTtel MC3 8 obnactu
NN/ML npepnocTaBnsioT MHCTPYMEH-
Tapuu, NPy 0ObEANHEHNN KOTOPbIX
obpa3syeTcs CKBO3HOM KoHBeWep ans
nuterpaumu NA/ML B cetn. 3apava
MC3 cocTtosna B Tom, 4ToBbI Npo-
LEeMOHCTPUPOBaTb U NPOBEPUTb 3TU
ctaHpapTbl MC3. Pelwas 3agavy cono-
CTaBMIEHUS PELLEHNIA CO CTaHAapPTamMm
MC3, koHkypc MC3 cnocobcrayeTt
yKpenneHuio coobLuecTtsa, cCnocob-
HOro NOAAEPXNBATL MOCTENEHHOE
pa3BuTne aTnx ctaHpaapTos MC3.

B apxutektype MC3 Y.3172, koTopas
pa3paboTaHa Ha OCHOBE 1cceno-
BaHWs CLieHapueB NCMOJIb30BaHMS,
onybnunkosaHHoro B [lonosHeHn
55k Cepun Y MC3, npefcrasneHbi
TUMOBbIE MHCTPYMEHTapuUn AJis
BazoBon ceTu: koHeeep ML ana
ONTUMUN3aLMU U UCMOJIb30BAHNSA
Mopeneln; TectoBas cpefa ML ans
NpoBHbIX Mofernen 40 pa3BepTsI-
BaHUs; 1 opkecTpaTop dyHKLUMI ML
(MLFO) pns ynpaBneHus nHterpa-
uven MW/ML. Ha apxutektype MC3
Y.3172 noctpoeHsl ctaHgapTel MC3S
Y.3173 (oueHKa ypOBHSA MHTENNEKTa),
MC3Y.3174 (06paboTtka faHHbIX) v
MC3 VY.3176 (MHTerpaums pbiIHOYHOTO
NPOCTPaHCTBa).

ITU News MAGAZINE No. 05, 2020 n

B chpopmynmposaHHbix 3agaqax
3Toro nepeoro koHkypca MC3
npeanarannce PasfivyHble BO3MOX-
HOCTW NpuMeHeHus meTogos MC3
Y.317x, a B ogHomn bopmynunposke
NPOAEMOHCTPUPOBaHbLI BO3MOXHO-
ctv MLFO nocpepnctsom aTanoH-
HbIX peannsaumin.

B OynyLmnx koHkypcax MC3 mbi
nnaHWpyeM NpPencTaBuTb 3TanoHHYO
peanun3aumio CKBO3HOMO KOHBeNepa
ML, onuncanHoro 8 MC3 Y.3172. Takne
3TaNoHHbIe PeannsaLmn MoryT BKITHO-
4aTb HOYTOYKM /15 HAMMCaHWsS KOAA
n nHTerpaunn ML; HCTpyMeHTbl Ans
0b6paboTkM faHHbIX U yrpaBneHns
NMU; @ Tak>Ke MHCTPYMEHTbI ANt
BbIbOpa, 0byyeHus, onTUMM3aLmn 1
nposepku mogenent ML.

Kpome Toro, Mbl nnaHnpyem obe-
CrneyYmnTb JOCTYN K CTaHOAPTHbLIM
NHCcTpyMeHTapusm MC3 gns Takux
WMHWLMATUB, KaK "NpasgHUKN Noa-
KJloYeHUS" 1 XakaToOHbI, a TakxXe
co34aThb yCIOBUS A5 COTPYAHW-
YyecTBa B MPOEKTax C OTKPbITbIM
NCXOLHBIM KOAOM U paboTsl B 0ba-
CTV CTaHAapTU3aLUK.

MN3Bne4yeHHbIN onbIT 4NA Bcex

OpHOM 13 OCHOBHbIX NPobiem, Ha
KOTOpble Heobxoaumo obpatuTs
BHVMMaHWe npu obbeanHeHNN ycnunmin
rnobanbHOro coobLecTsa no BHe-
LPEHMI0 MHHOBaLMI ¢ nomolbso VN/
ML, siBnsieTcst LOCTYMHOCTb AaHHbIX.

Bcem yyacTHukam Bbinv SOCTYMHbI
naTHaaUaTh chopMynmpoBaH-

HbIX 3aa4. BocemMb 13 HUX Bbinun
OrpaHuyYeHbl yHacTMem Ha ycno-
BUSIX, YCTAHOBJIEHHbIX aBTOPaMMU.
YeTblpHaaLaTh HaxoasTcs "Ha 3Tane
pa3paboTkun" n He UmetoT Heobxoau-
MbIX MHCTPYMEHTOB WUJIN PeCypCcoB
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JaHHbIX AJ15 3TOrO NepPBOro KOHKypca
MC3. Mbl Hageemcsi, 4TO HOBbIe
napTHepbl OObEeAUHAT YCUWs A5
peLleHns 3TKX YeTblpHaALaTV 3aaau
B pamkax byayLumx koHkypcos MCI.

PykoBogsLume ykasaHus No obmeHy
JaHHbIMK B pamkax koHkypca MC3
YUUTBIBAIOT LUMPOKMI KPYT ToHeK
3peHUs OTPaCn U aKafeMUIeckmnx
opraH13aLuWin B OTHOLLEHWN [OCTyna
K peasibHbIM CEeTEBbIM [aHHbIM,
CUHTETNYECKWUM AaHHBIM U OTKPbITHIM
HaHHbIM. B pyKoBOAALLMX yKa3aHMsIX
onucbIBatoTCs Mepbl No obecrevye-
HUIO OOMeEHa AaHHbIMU C yHeTOM
pasnyHbIxX knaccudurkalymuii Habopos
[aHHbIX, 3TAMNoB NpenBapuUTesIbHON
0bpaboTku (BkNtOYAs aHOHUMU-
3aumio) n besonacHoro pasmelte-
HUSt AaHHBbIX.

MelI Takxe yBUAENW, YTO NyyLlLne
pe3ysbTaTthl Obiv [OCTUTHYTHI B
pesysibTaTe TECHOrO COTPYAHMYECTBa.
KoHkypc nokasasn, 4To BO3MOXHOCTM
yCreLHoro pelueHns chopmMyamnpo-
BaHHbIX 3a[a4 BblLLE B TOM Cily4ae,
Korpa 3ToT NpoLecc He TOJbKO
noakpensieH HeOBXOAUMbIMU UHCTPY-
MeHTaMmn 1 MHGOPMALMOHHBIMN
pecypcamu, HO 1 xapaKTepu3yeTcs
TECHBIM COTPYAHUYECTBOM MEXIY
Yy4YaCTHUKaMW 1 PErMOHanbHbIMU
aBTOpamMMu.

Hawen npuoputetHon 3agayen boiio
yKpeneHne coobuiectsa B obna-
ctn N/ML.

B pamkax pabotsl no npegocTaesie-
HUIO Y4aCTHMKAM PaBHbIX BO3MOX-
HocTet MC3 1 Halum napTHepb!

paspaboTanv MHOUBMAYasIbHbIE
paboune npoueccsl, NPefoCTaBnsio-
LMe yHaCTHUKAM YHWUKaSbHbIA OMbIT
y4acTus B KOHKypce.

MC2 npuenek y4acTHUKOB K paboTe
B paMKax TEXHUYECKMX KPYribIX
CTONOB ¥ BEOMHApPOB, NPefoCTaBvB
3KCMEepTHbIE peKoMeHAaLun no
peLleHunio chopmMyIMpPOBaHHbLIX 3a4ad
1 yKa3aB Ha LLeHHOCTb JOCTYMHbIX
HoBbIx cTaHaapToB MC3. BmecTe

C HaLWWMKW PEervoHasnbHbIMU aBTO-
pamu Mbl OBLLANNCh Ha MECTHbIX
A3blKax, CBA3bIBA/IN YHAaCTHUKOB C
HacTaBHUKaMM 1 BeIN MHTEPaKTUB-
Hble AMCKYCCUM Ha HaLLeM KaHane B
mecceHgxepe Slack.

loToBbI K KOHKYpPCY B
2021 ropy?

B HacTosLee Bpems BefeTcs
nofrotoska k KoHKypcy MC3 2.0,
PYKOBOZLCTBO KOTOPOW OCYLLLECTBISA-
eTCcsl OCHOBHOW FPYMMown, COCTosILLeN
13 YIEHOB ANPEKLMIN KOHKYPCa,
cyfei, napTHepoB No MHPOPMaLMOoH-
HO-MponaraHANCTCKOM AeATeNbHOCTH
1 CMIOHCOPOB.

Mbl Byaem 1 B fanbHemwem cnocob-
CcTBOBaTb GOPMUPOBAHUNIO HOBbIX
naptHepcTs B8 obnactu WA/ML n
chopmynmpyem pykoBogsLme yKa-
3aHMSA N0 OBMEHY UHCTPYMEHTaMU U
pecypcamu faHHbIX, HeoBXoAVMbIMU
4719 peanu3aumm Takmx napTHepCTB.
Mbl NpUBETCTBYEM HOBbLIX MapTHe-
POB 1 HOBble CHOPMYIMPOBaHHbIE
3afauv, a Takxke HOBblE UHCTPYMEHTbI
1 pecypcbl fAaHHbiX. Mbl cozpaem
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B Hacmoswee spems
gedemcs no020moBKa
K KoHKypcy MC3 2.0,
pyKosoOcmso Komopotl
ocywecmsnaemcs
OCHOBHOU epynnot,
cocmosuwieli U3 uneHos
dupeKkuyuu KOHKypca,
cyOell, napmHepos

no UHPOPMAUUOHHO-
nponaeaHoucmckou
deAmeJjibHOCMU

U CNOHCOpOB.
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Tomac bacukono

HOBblE BO3MOXHOCTU AJ1S OTPac/u
1 akageMUYEeCKMX OpraHu3aLmin ans
COBMECTHOrO pelueHus npobem,

a Tak>Ke HOBbIE BO3MOXHOCTU NS
OKa3aHUA BAWSIHUA Ha HanpaBaeHne
pa3paboTkn U NPUMeHeHUs CTaH-
paptoB MC3. CesixuTech € Hamu,
4TOBbI NPUHATBL yYacTne B PELIEHNUM
npobaem, OLeHUTb HEKOTOpPbIE 13
MHTEpeCHbIX paboT, pacnpocTpaHnTb
MHPOPMaLMIO O KOHKYpPCE, CTaTb
CMOHCOPOM Harpagb! Wav HacTaBHU-
KOM L1151 HECKOJbKMX CTYAEHTOB.

Brarogapum Bac 3a NoaAepXKy U C
HeTepneHueM aeM BCTpeuu C Bamu
Ha koHkypce 2.0.



Cnepure 3a KOHKypcom
MC3 "MIU/ML pna 5G"

26 napTHepoB

(onepaTtopbl 3neKkTpocBaAsy,

npoussoauTenu obopyanoBaHus
M Hay4Hoe coobLLEeCTBO)
npepnoXxunm 23 3apgaun

Cm. BeO-canT
KOHKypca

Cabiwe 1300 yyacTHUKOB U3 6onee
yem 60 cTpaH u3 6 permoHoB

45% - oTpacneBble OpraHM3auvm u
55% - akapemuyeckve opraHmsaumm He nponyctute
obbsaBneHue
nobegutenen B

Bonbwom ¢puHane

26 BeOuHapoB

4 TeXHUYECKUX HamnpaBJIeHUsI: CeTH,
copenctByiowme ¢pakTopbl, BepTUKanu,

KOHKYypca
oOLecTBeHHas Nosb3a 15-17 pekabps,
MpusoBou poHp 20 000 2020 ropa B
LBelLLapCcKuX ppaHKoB OHJIAMHOBOM

5 kareropui puniomos

peXXvume 3pech.

Mnan-rpaduk

[no-
6anbHbIN
NpusbIB K

y4acTuio B

KOHKypce

OkoH-
YaHue
rnobanb-
HOFO

payHaa

I I

®eBpanb - utoHb 2020 ropa  Uionb 2020 ropa Hosnbpb 2020 ropa 15-17 pekabps 2020 ropa
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ChopmynupoBaHHbie
3apaum

ML5G-PHY-BbIGOp slyya - MalMHHOE 0By4YeHre MPUMEHNTENBHO K

®DepepanbHbivt yHBepcuteT MNapa (UFPA),
dusmnyeckomy yposHto cuctem MIMO munnvmeTpoBoro AranasoHa

Bpasunus
MoBbiweHne nponyCKHrlocl‘AM%-lLaEO}o6MH(a)L(l:JTl/Il/IHieC)Tl'e()MOVg)ll_quﬁMC;aHp'apTa IEEE 802.11 ¢ Yhusepeutet Momney Gabpa (UPF), Mcnanus
" - " LleHTp no n3yyeHuto HeMpPOHHbIX ceTen B bapcenoHe
KoHkypc "lpadoBble HepoHHble ceTn 2020 (BNN-UPC), Vicnarms
Cxatune mopenei rnybokoro obyyeHus ZTE

5G + WU ("ymHbIN" TpaHcnopT) Yrusepcutet um. [xxasaxapnana Hepy (JNU), nans

YnyudiieHuve onbita v yeuneHune apdekta npucyTCTBUS CUCTEM BULEO- Dview
KOHbEPEHL-CBA3M 1 COBMECTHOW PaboTbl

5G + ML/ (grHamunyecknin [OCTYN K CREKTPY) NHamnckmn TexHonoruyeckmuin uHetutyt 8 Oenn (IITD)

MIN/ML c coxpaHeHnem koHduaeHumanbHocTH B ceTax 5G gna npunoxeHumn
P Ll . P LleHTp passuTua Tenematunkm (C-DOT)
3[4paBOOXPaHEHMS

KonnektusHbIM onbIT ¢ ncnonbsosaHuem 5G + VA (3D gononHeHHas u

Hike, MHomna
BUPTyasibHasi peanbHOCTb)
. . TexHonornyecknt HCTUTYT JleTtepkerHu (LYIT),
HemoHcTtpaums BoamoxxHocTen MLFO nocpefcTBoM aTanoHHbIX peanvsaunii WpnaHaps
ML5G-PHY-oueHka kaHanos - MalLHHOe 0by4YeHne MPUMEHNTENBHO K
YHusepcuteT wrata CeBepHas KaponuvHa,
dusmnyeckomy yposHto crctem MIMO MunnmmeTpoBoro fuanasoHa B
CoepguHeHHble LLTtaTbi
YHusepcutete wrata CeepHas KaponvHa
NEC, Komutet RISING, KomuTeT no texHonornam
OueHKa COCTOSHWS CETU MyTeM aHasim3a HeobpaboTaHHbIX BUAEOAAHHbIX

anekTpoceasu (TTC)

AHanwu3z ownbok npw nepegaye nHbopmaumm o mapLupyTe B 6asosbix [P-ceTsax

KDDI, Komutet RISING, KomuTeT no TexHonornsm
C NMOMOLLbIO TeCcToBOM cpefpl Ha ocHoe NFV

anekTpoceszu (TT1C)

VicnonbzoBaHune MeTeopoiIormn4eckmnx OaHHbIX 04 NPOrH03npoBaHNA OTKa3oB

B NIMHUsX pagunocssan (RLF) Turkcell
PacnosHaBaHve 1 LOSrOCPOYHOE NMPOrHO3NPOBaHWe Tpadrka Ha OCHOBE Cankr-TMeTenBybrekmil FOCYAanCTBEHHbIN VHIBEDCUTET
anroputmoB W n metapgaHHbix gns ceten 5G/IMT 2020 1 nocnepytoLmx E'eil'IIZKOMM HMZQ‘ IE)”;I (CI_IGFYTgl %
NOKONEHUN b/ U
5G + N + AR

China Unicom (YxausaHckoe oToeneHune)

Jlokanusaums HencrnpaBHOCTEN CETEBbIX YCTPONCTB 0bpaTHOW CBA3W Ha ' .
China Unicom (lyaHayHckoe otoeneHuve)
nnatpopme MEC

[MocTpoeHune rpada 3HaHUN O KOHPUTYPALIMM CETEBbLIX YCTPOMCTB ObpaTHOM . .
P pad durypau yerp P China Unicom (lyaHayHckoe otoeneHve)
CBf31 Ha ocHoBe apxutekTypbl MEC

CurHanusaumsa v npenoTepalleHne YpesBbluanHbIX CUTyauuin B obnactm . .
4 peaoTepaly P yau China Unicom (MNekunHckoe otaeneHune)
0OBLLLECTBEHHOMO 34PAaBOOXPAHEHNS HAa OCHOBE AAHHbIX IEKTPOCBA3MN

MporHosuposaHme sHeprocbepexeHns aueek 6a3oBbIX CTaHLMIN B ceTr . . .
P P P P = H China Unicom (LLIaHxanckoe otaeneHune)
NoABMXHOWN CBA3M

OBHapy>eHve aHomanuin nigekca KPl 6azoson cetn China Unicom (LLIaHxanckoe otaeneHune)

OnTMm3aLnsa TONoIOrUn ceTn China Mobile

MporHo3MpoBaHue CUrHana TPEBOru Npu Beixofe U3 ctpos (OoS) 6azosom y .
cTaHumu cetn 4G/5G China Mobile



https://portal.ufpa.br/
https://www.upf.edu/web/universitat
https://bnn.upc.edu/
https://www.zte.com.cn/global/
https://beopt.nrel.gov/downloadDView
https://home.iitd.ac.in/
https://www.cdot.in/cdotweb/web/home.php
https://www.hike.in/
https://www.lyit.ie/
https://www.ncsu.edu/
https://www.nec.com/
https://www.ttc.or.jp/e
https://www.kddi.com/english/
https://www.ttc.or.jp/e
https://www.turkcell.com.tr/
https://www.sut.ru/eng/university
http://www.chinaunicom.com/
https://www.chinamobileltd.com/en/global/home.php

Bonbwion puHan KOHKypca -
BTOpHUK, 15 nexkabpa 2020 ropa

HazBaHue 3apaum

CocTaB KOMaHAbI

MpuHapneXxHocTb

12:15 5G + NN + AR Lzasanr Jlio_Lzanun Lzsan CITC 1 China Unicom
AHanus owmnbok nNpu nepefaye nHGopmaumm
12:30 o MapLupyTe B 6a30Bbix [P-ceTsx ¢ nomoLpto ®an Ca_Aepman TepcyHb_LIzscun Sly_Mun Oy Tokuncknn yHnsepcuteT
TecToBOW cpefbl Ha ocHoe NFV
AHanus ownbok npu nepegade nHbopmMaLmum "
. HCTUTYT HayKN 1 TEXHUKM
12:45 o MapLupyTe B 6a30Bbix IP-ceTsix ¢ nomoLLpto TakaHopwu Xapa_KeHTapo ®yasuta H
» apa, AnoHus
TecToBOM cpefpl Ha ocHoe NFV
. o TR el Niefps BN e U (el B Péma Kongo_Takacu Ybykata _KeHTapo Mauyypa_ S
13:00 0 MapLupyTe B 6a30BbIx IP-ceTax ¢ nomoLybio Xvpodymn Ozekun Tokumcknmn yHnsepcuteT
TecTtoBOW cpefbl Ha ocHose NFV pody
. Jlokanusaumns HencnpaBHOCTEN CETEBLIX YCTPOWCTB Guochuang Software Co.
13:15 Ha nnatdbopme MEC Yxan Un_JTnHb CroaunHb Ltd
13:30 O EN ] SHSTET ST XaHb Li3aHdy_BaH Yxmro_YxaH Wean_Y OewsH_ China Mobile,
JIn CukyH nposuHUns LaHbayH
13:45 OnTuMaalial TR Ao catl laH Yxoy Ban_Pao LiaHbnHb_®aH LizauxyH_ China Moblle,
Cu Jlnnb_lyo JlnHb nposuHUMs [ynyxoy
14:00 MepepsbiB MepepbiB MepepsiB
14:15 ﬂgorHosMpOBaHm? 2HEProcspexXehiEeak Ban LizaH_LLInn Yxy_Cionn Cion Asialnfo Technologies Ltd
a30BbIX CTAHLUI B CETU MOABVXXHOW CBS3U
. MNporHosnpoBaHue curHana TPeBorv Npwm Boixoae . L . .
14:30 u3 cTpon (O0S) BazoBoii cTanLMy cetn 4/5G Yrxoy Hao_Y>xaH TaHbton_LIzsH MengkyH HaHbkarnckumn yHnBepcutet
14:45 HemorcTpauus BoamoxHoctein MLFO ABxuwek faHaekap BepnnHcknin TexHnyecknmn
NMOCPEeACTBOM 3TaSIOHHbIX Peanun3aLuni yHUBepcuTeT
. MGG emsiBiof Mie = e L A0 0 - el Maxgu Bonypcas Mawxagy_Lize-AH TyH_ JloHpoHCKMI MMNepcKui
15:00 NPUMEHNUTESNBHO K GU3NYECKOMY YPOBHIO CUCTEM o 5
Mukonai SiHkosckumin_LLInmon KoByc KONNemx
MIMO munnnmeTpoBoro gnanasoHa
15:15 MIES G R GESbop Tyal JRti ol yieHie Bartyn Canexukoysi_[e6awipwu Poii_ Cesepo-BoctouHbii
: NMPUMEHUTESNBHO K GU3NYECKOMY YPOBHIO CUCTEM h Pove M 3 Bar. el 5
MIMO mMunnimeriBEoro aialEsonra unnem Peyc MyHc_3udsH BaH_TyH LizsHb yHuBepcuteT, bpasunusa
ML5G-PHY-BbiGop flyya - MaLlLMHHOE 0Dy4eHue
15:30 MPVMEHUTESNBHO K GU3UYECKOMY YPOBHIO CUCTEM 3ekynH MatTeo Eurecom, bpasunus
MIMO munnnmeTpoBoro ananasoHa
lMoBbiLLEHWNE NMPOMYCKHOW CMOCOBHOCTH ceTen Viemeaearier Mevne
15:45 WLAN ctangapta [EEE 802.11 c nomoLubio PamoH Bannec p Yy
®abpa, Vicnanus
MaLLUVMHHOIO OByYeH s
lMoBbiLEHNEe MPOMYCKHOW CNOcobHOCTH ceTen -
16:00 WLAN cranmapra IEEE 802.11 ¢ nomotwsio [MNaona Coto_[ssug lrosz_Murens Kameno_ AHTBEpMeHCKM
HaTanbsa laBrpus yHuBepcuTeT, benbrus
MaLUMHHOTO 0ByyeHws
lMoBbiLEHWe NPOMNYCKHOW CNOCcCoBbHOCTH ceTen Moxammag Abua_Anman M. AnowaH_®Peican
16:15 WLAN craHgapTa IEEE 802.11 ¢ nomoLypsto Anomap_Moxammag Anbbandu_AbaynpaxmaH Saudi Telecom

MalMHHOro O6yHeHI/IF|

AnbryHansx_Xanepg M. Caxapu

MpumeyaHue. - BoileynomsiHyTbie KOMaHAbl OTOBPaHbI AJ1s BLICTYMJIEHUS C Npe3eHTaumen
B bonbwom ¢purHane koHkypca (Ha 3aknounTenbHON KOHbepeHLum).

(Kaxxpor komaHpe paeTtcs Ha npe3eHTauuio 8 MUHYT, noce Yyero cnenyet 7 MUHYTHbIN
CeaHC OTBETOB Ha BOMPOChI CO CTOPOHbI XKIOPU U ayAUTOpPUN.)

O3HakoMbTeCb CO CMUCKOM
Nyywnx KomMmaHa,.

N 2

= 3apeructpupynrecb 3aeck.

He nponycTtute 3akniounTesnbHyio
koHdepeHuuio!
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BonbLwion puHan KOHKypca -
cpena, 16 pekabpsa 2020 ropa

HasBaHue 3apaum

CocTaB KOMaHAbI

anIHap,ﬂe)KHOCTb

OLLeHKa COCTOAHMA CeTU NyTeM aHaNn3a

YHusepcuteT npedekTypb!

12400 HeobpaboTaHHbIX BUAEOAAHHbIX < Xauirggro. 10 Cgy RancilKeglo Ocaka, AnoHus
o KnoTtckum konneax nocne-
. LleHKa COCTOSIHUS CeTU NyTeM aHanmn3a 7
12:15 s s vy Numen CyHb_Bapp Motuazyku LAUMIOMHOro 0bpasoBaHus
@ AeOn no nHdopmatuke, AnoHus
12:30 OueHKa COCTOAHUS CETU MyTeM aHanm3a Qyiokn Xura_leH Yungomapw_Pioma Knnazé_ 12%23;?/?;‘:? TTengnH%r;_
: HeobpaboTaHHbIX BUAEOAAHHbIX Hao Yaxapa = IT
CKWI Koniex, AnoHus
NHcTUTYT BbIYMCAUTENIbBHOM
12:45 Cxatune mogernew rybokoro obyyeHus tOBan BaH_LLIsH CyHb TexHukun Kutarnckon
aKage-Mum Hayk
13:00 Cxatune Mmogenei rnybokoro obyyeHus el Kyrmap S SRR MoEh B e T Ericsson Research India
pusunkpam_TI. JI. CetypamaH T. B.
. " “u Atunp K. Ancand_Hopa M. AnbmyxaHHa_ A
13:15 5G + W ("ymHbIN" TpaHcnopT) ARy npaxmaien poran lie X8 Aksa il Saudi Telecom Company
13:30 NWN/ML ¢ coxpaHeHneM KoHbUAEHLMANbHOCTY B Moxammag Maneksage_ Mexmet Ompe Ozdatypa_ JloHAOHCKMI MIepcKnii
’ cetax 5G gns NPUNOXEHUIN 30PaBOOXPaHEHNS Kynan Katapbs_Mwutan Hutuw Konneax
. KonnektueHbI onbIT ncnonssosanusa 5G + U (3D Easyrewardz Software
13:45 Hutnw Kymap CuHrx ;
[OMNOJIHEHHas + BUPTYyasibHas PeasibHOCTb) Services
14:00 Mepepsbi MNepepsbi MepepbiB
14:15 KoHkypc "lpadoBble HelpoHHbie ceTnt 2020" e BOUHJHMOT-KPMCTO(I) hidiman_DpRaricya InterDigital; Inria/Irisa
Huunep_®paHcya TaliaHu
14:30 KoHkypc "Tpacbosbie HeiipoHHsie cetu 2020" Huk BVIHCgHT Xanrke_Credar BeHu_MoxaHHec WHctutyt Opanyrodepa,
ereHep_XeHpwuke BuccuHr [epmaHus
14:45 Kotikypc "Tpadosbie HeipotHbie cen 2020" MapTun Xann_Kpuctnan Mavep_Liss Jlan dy_ YHuBepcuTeT NpukiagHbix
MaTtunac Xepnux Hayk 3anbubypra
Mcnonb3oBaHve METEOPOSIOrMYeCcKX AaHHbIX A5
15:00 MPOrHO3MPOBaHNS OTKa30B B JIMHUSIX PaANOCBS3N Ovpapx Kotarnpu_Anan CaBabe_TakaHopa Vsau NEC Corporation
(RLF)
. VISTSMESCEE AR (ETEOPET: ARELRS. - SR AU XyaH Camyanb [Mepec_AmuH Jdewam_Yunnmep TexHONOrM4yecknn NHCTUTYT
15:15 NPOrHO3MPOBaHMA OTKa30B B JIMHUSAX PaANOCBA3M K o6 C INTEC
(RLF) MHboHec_WMobanu dnac aHTOo-LloMuHro ( )
PacnosHaBaHuve n gonrocpoyHoe Ydumckunin rocyaapcreeH-
15:30 MPOrHO3MpoBaHue Tpadurka Ha OCHOBE aIrTOPUTMOB Alnnas XamunaynvH_BukTop Anagypos_ HbI aBUaLMOHHO-
’ NN n meTapaHHbix gns ceten 5SG/IMT 2020 un HeHnuc lapaes_Aptem AHapueBcKuin TEXHUYECKMI YHBEpCUTET
nocneayoLLmx NoKoeHUn (YTATY), Poccua
ML5G-PHY-oueHka kaHanos - MalmHHoe obydeHne
15:45 cmETpeMMMl?/ITKﬂgﬂh:;ﬁnKmﬁmeimpzi%K%Mgméazig:)a 5 Donopec_lapcus_[xoar Manacvoc_Mopr Buamep IMDEA Networks
YuusepcuTteTe wrtaTa CeBepHas KaponuHa
ML5G-PHY-oueHka kaHanoB - MalwmHHoe obyyeHmne Tlnnus J
i WNHYEMUHICKNI
16:00 NPUMEHUTESNBHO K GU3NYECKOMY YPOBHIO Omunb bbéprcoH_MoHTyc MM3ensccoH_MycTada YHUBEPCH-TET 1 JlyHACKMI
: cnctem MIMO mMunnvmeTpoBoro ananasoHa B Ixerk Mletnc_Oznem Tyrde demup L
y C % yHuBepcu-TeT, LLBeuus
HuBepcuteTe Wwrata CeBepHasa KaponvHa
ML5G-PHY-oueHka kaHanoB - MaLMHHOe obyyeHune Eurecom, ®paHuus,
NPUMEHUTESBHO K GU3NYECKOMY YPOBHIO HanZpaghy pT/_ KRGSy Kypuicypgiioriun TomgEy NHpnit-ckuin nHetutyT
16:15 P yyp Mapwoc KyHtypuc_Pakew MyHngnamypu_Caun o y

cnctem MIMO mMunnvmeTpoBOro AnanasoHa B
YrusepcuTtete wtata CeBepHas KaponuHa

CybpamaHbam Toota_Camupa bxapagsagxa X

Hayku, IHaus,
Communications, Kanaga

O3

MpumeydaHue. - BoilweynomsHyTbie KOMaHabl OTOBPaHbI ANs BLICTYMIEHMUS C Npe3eHTaumen
B bonblwom ¢puHane koHkypca (Ha 3akntounTenbHon KoHdepeHuUn).

(Kaxxpor komaHpe faeTcs Ha npe3eHTauuio 8 MUHYT, Nocie Yero cnegyeT 7 MUHYTHbIN
ceaHC OTBETOB Ha BOMPOCHI CO CTOPOHbI XXIOPU 1 ayAUTOpPUM.)

O3HakoMbTECH CO CMMUCKOM
J'Iy‘-ILIJVIX KOMaHA.

= 3apeructpupynrech 3ieckh.

He nponycTtute 3akniountesnbHyto
KoHdepeHuumio!
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BonbLwion puHan KOHKypca -

yeTBepr, 17 pekabpsa 2020 ropa

Bpemsa
(CET)

11:30-12:00

Mporpamma

I'Iop,Kmoqume K CeaHCy, NpoBepKa coegnHeHna

12:00-12:30

LlepemoHusa oTkpbITUA

MpuBeTcTBEeHHbIE CNOBa

XoynuHb Yxao, [eHepanbHbin cekpetapb MCO
Uxe Cy6 J1n, OupekTtop Bilopo craHaapTusaumum anektpocessn MC3
MpepcTaBuUTeNb PEryISTOPHOrO OpraHa no anekTpoceasn ObbvegnHeHHbIX Apabcknx IMUpPaTos

O630p koHKkypca 2020 roga

Tomac bacukono, MC3

12:30-12:55

Doknap. MocnepgHue poctuxkeHus B obnactu pepepaTtmeHoro obyyeHns NpUMEHUTENbHO K CBA3U

Bowuex Camek, pykoBoAMTE b rPynbl MaLLMHHOMO 0ByYeHus,
NHcTtutyT um. @payHrodepa

12:55-13:40

CneumanbHas ceccus. Bupenue 6yayuiero — nnax gencreuin no MU/ML B cetsax 5G

Touka 3peHUs perynaTopHOro opraHa
MpeacraBuTeNb PEryISTOPHOIO OpraHa no aNeKTPOCsa3n,
ObbenmnHeHHble Apabckune Imuparsbl

Touka 3peHus oTpacau
MNpepctaButens komnaHum Cisco

Touka 3peHund oTpaciun

Ban MaH, oupekTop no nnaHuvposaHuio ctaHgaptos un 1O
C OTKPbITbIM UcxoAHbIM kopoM, ZTE Corporation

13:40-14:05

Hoknap. HesaBeplueHHbI nyTb ceTeBoro U

Yux-JIvHb U, rasHbin nccnenosatesb no 6eCrpoBOAHbIM TEXHOIOTUAM, HayYHO-MCCIe[0BaATENbCKOe
noppasgeneHune komnarmm China Mobile

14:05-14:30

Doknap. ObyueHune Ha nepudpepun 6ecnpoBogHO ceTH

X. BurceHT lMyp, npodeccop anekTpoTexHNKn MpUHCTOHCKOro YHMBEPCUTET],
CoegnHenHsble LLTaThl

14:30-15:15

Mpe3eHTauuun nobegurtenen

15:15-15:30

LlepeMoHunsa HarpaxkaeHus:
Bpy4YeHre npmn3os 1 OmMnjiomMmoB

15:30-15:35

MpwW3bIB K NPEACTaBNEHWIO CTaTeN ANs creumanbHoro Beinycka JKypHana MCS no Byaywmm v
passuBatoLmmMcs texHonoruam (ITU J-FET): "Pewenns UWA/ML B cetax 5G n Bygyumx cetax”

15:35-15:45

MepcnekTnebl npoBeaeHuns koHkypca 2.0 B 2021 ropy
BuwiHy Pam, HesaBucumbIn nccneposatesb

15:45-16:00

LlepemMoHus 3akpbiTus

3akJitounTesibHoe CJI0BO:

OpraHunszatopsl koHkypca MC3 "IW/ML gna 5G"
Uxe Cy6 Jln, AupekTtop Biopo craHpaptusaumm anektpocsssn MC3

He nponycTtute 3akniounTtenbHylo
KoH¢pepeHumio!

3aperucTpupymnrech 3aechb.
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Mpusbl u gunnomsol gna
nobeautenen

KomaHppl, peluatowime pasnuyHble 3asaBrieHHbIe 3apa4m, oyayT
cocTA3aTbcs 3a 3BaHMe nobepuTtens KoHkypca MC3 "UW/ML pna 5G",
u B BonbLuom PpuHane KoHKypca, koTopbiit coctoutcs 15-17 pekabps

2020 ropa, OyayT Bpy4eHbl Harpaabl 3a Jiyylune peLlueHus.

HAunnom nobegurens:
npucy>kpgaeTcsi KomaHgamM-nobeguTensam B c/ieQyOLLNX KaTeropusx:

I Ewe Tpu npusepa nonyyat no 1000 weenuapckmx ¢ppaHKoB. I

Aunnombl naypeara npemun xxropu: npucy>kpatrorcs nobeaurenam
no KaXkaoun 3apaye No pekoMeHAaLmm opraHusaTopos (Mckntovas
y4aCTHUKOB, MOJTY4YUBLUUX AUMNIOMbI NobeauTtens). Kaxppbin
I nobeputens nonyyaet no 300 weenuapckmx GppaHKoOB. I

l lMoyeTHas rpamoTa I

MoowputensHbiit npus/npus coobuecraa. Mpucyxpaertcs
KOMaHpaaMm, NposiBUBLLMM aKTUBHOCTb B paMKaX NnporpamMmmbl
HacTaBHUYeCTBa M YCMELLHO NPeACcTaBUBLLUUM peLleHue.

,anﬂOM y4yacTtHuKa: BblgaeTcd KOMaHpaaMm, NpuHSABLLUUM
y4yacTtmne B KOHKypce u npuciasllinMm peLlieHue.



Konkypc MC3 "UN/ML nnsa 5G"

Shutterstock

PykoBopcTBo no 3apayam UN/ML pna
CTx cnepyrowmx NnoKosieHUN

BuwiHy Pam O.B., He3aBUCUMbIV HayUHbIN KOHCYbTaHT

B Hosas sepcua arenta CTx* Kom-
naHum FutureXG aHanusupyet coob-
LEeHVS Ha 3KpaHe.

Cneundukauus (x + 1)G 3agepxmsa-
etca. BHegpenune xG eue npepcrout
obocHoBaTtb. CoTpyaHUKN oTAena
nccnefoBaHui 1 paspaboTok Teps-
toTcsa B nabupuHTe abbpesmatyp,
CTapbix 1 HOBbIX. Kaxzble HeCKobKO
Hefesb HOBble AMarpamMmmbl apXu-
TekTypbl. HoBble cLeHapun ncnosb-
30BaHMs, KOTOPblE HEODXOAMMO
NoAAepPKMBaTh Ha KaXXAOM PbIHKE.
Mpumenerne /malwmHHoro
obyueHuns (ML) B ceTsix 1 nx nHTe-
rpauuvs B CeTU NPOXOASAT HernaaKo.

*lloboe cxoncTBo ¢ peasnbHbiMy CTO HOCUT YUCTO MMMOTETUYECKUI XapaKkTep.

Penosutopuin MO ¢ oTkpbITbIM
NCXOLHbIM KOAOM, Ha kKoTopbin CTx
cAenan cTaBKy, pacrnonsaertcs no
MHOXeCTBY HanpasfeHuin. A moga Ha
aBTOHOMHbIE CETU MPUBENa K TOMY,
4TO KaXAas YacTb ceTh paboTtaeT
cornacHo cobcTBeHHOMY MpeacTas-
neHnto 06 aBTOHOMUN.

CnpasuTtcsa nm CTx ¢ 3TMM BbI30BOM?

B HoBbIx cTaHAapTax MC3 onucaHsbl
KOHLLEMLMK, MO3BONISIOLLIME NHTErPU-
posatb /ML B cet 5G 1 nocne-
OYOLLMX MOKOMEHWI MO Mepe nx
pasBuTUS.
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A M00a Ha aBMOHOMHble
cemu npugend K momy,
umo Kaxxoas uacme
cemu pabomaem
Co2/1aCcHO CO6CMBEHHOMY

npedcmasieHuro
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06 asMmMoHoOMUU.

Orka3 oT oTBETCTBEHHOCTU. B 310V CcTaThe COLAEPXKNTCA HEKOTOpPas BbIMbILLJIEHHaA I/IH(i)0,0I\/IaL(Mﬂ,
KOTOPYHK MOXXHO CHUTATb 3adBJIEHUAMMN MPOrHOCTNYECKOro Xapakrepa.
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B apxutektype MC3 Y.3172, nony-
YEeHHOW Ha OCHOBE UCC/IefoBaHNS
cLeHapveB NCMosb30BaHMs, Ony-
B6nuvkoBaHHbIX B [lobaeneHn 55

k Pexomernpaunsm MC3 cepun Y,
npepcrasneHbl 6azoBble Habopbl
WNHCTPYMEHTOB, B TOM YNC/IE KOH-
Benep ML, onbiTHas nporpaMmmHas
cpepa ("necounnua”) ML n opke-
cTpatop dyHkumn ML (MLFO),
B3aMMOLENCTBYIOLLME C OCHOBHOM

ceTblo. Ha ocHOBE apXuUTEKTYpbI
MC3VY.3172 nocTpoeHbl cTaHAaPThI
(Pekomenpaumn) MCO Y.3173
(oLeHKa ypOBHS MHTENNeKTyasb-
HocTn), MC3 Y.3174 (obpaboTka
AaHHbix) n MC3 Y.3176 (nHTterpa-
LS PbIHKOB).

BmecTe B3sTbIe 3T cTaHdapTel MC3
NpefoCTaBASIOT MOLLHbIE CTaH-
LapTHble HaboPbI MHCTPYMEHTOB,
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No3BoOJIAOLLME OnepaTopam oTcsie-
XNBaTb U3MEHEHMS B OCHOBHOW CeTU
M afanTnpoBaTbCs K HUM. Vicnonbays
KOHLLenumn, onncaHHble B CTaHgap-
Tax MC3 cepun Y.317x, naxe ecnu
apXMTEKTypa OCHOBHOW CeTU MeHsi-
€TCA OT MOKOMEHMSA K MOKOJIEHMIO,
MOXHO onucaTb MHTerpauuto VIW/ML
C ucnosb3oBaHnem obLuen TepMUHo-
norun, npepgnoxeHHon MC3.

ApxuTekTypa BblCOKOro ypoBHs ans nHterpaumm MW/ML B cetn (MC3 Y.3172)

lNopcvctema
ynpaBnexmus

Opyrve
yHKLM
YMPaBIEHNS W
OPKECTPOBKM

ML = maLumHHoe 0ByyeHre

MLFO = opkectpatop thyHKLMI MaALLUHHOTO 0By4eHus

SRC = Source of data
C = kornekTop

PP = 6ok npesapuTensHON NOArOTOBKM

M = mMopenb

P = nonutuka

D = pacnpepenvtens

SINK = yenesoit o6bekT ML
NF = ceTeBas chyHKLMS

MoacvcTema "necoyH

nupl" ML

scf o e fu]e]ol
2

Mogenvpyemble 6a30Bbi

e ceTn ML

Moacuctema koHseepa MO

YposeHb-N

8

YpoBeHb-2

9

YpoBeHb-1

3o

BasoBble cetn ML

BasoBasi ceTb 1

BasoBasi ceTb 2


https://www.itu.int/itu-t/recommendations/rec.aspx?rec=13894
https://www.itu.int/rec/T-REC-Y.Sup55-201910-I
https://www.itu.int/rec/T-REC-Y.Sup55-201910-I
https://www.itu.int/itu-t/recommendations/rec.aspx?rec=14133
https://www.itu.int/itu-t/recommendations/rec.aspx?rec=14134
https://www.itu.int/itu-t/recommendations/rec.aspx?rec=14402
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Ha skpaHe MoHUMoOpa
MLFO sbicseuusaromcs
HoBble npedynpedumesbHble
coobueHus. Ymo

smo? YseoomneHue 06
o6HoBJIeHuU cemu!
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B okHe coobLieHnin nosenaoTes noga-
POBHOCTN HOBOTO CLEeHapws UCMOb-
3oBaHus. CTx nponyckaeT ero yepes
aHanusatop uenen. IHTepecHo, Ho
Kak aTo peanmsosaTtb? CTx HaxoguT
BebuHap MC3 no Hananke MLFO
4019 ynpasnsemon niterpauunn A/
MO. Heckonbko BbizoBoB APl -ny
CTx rotoB npefBapuUTEsibHbIN KOH-
Beviep ML.

B oxunpaHum paspeluerms Ha gocTyn
K AaHHbIM peanbHon cetn CTx 3any-
cKaeT MOAEeNMpPOoBaHMe B OMbITHON
nporpammHon cpege ("necouHnue”)
ML. MNoka yTBep>KaatoLLnin oprax
3aHMMaeTCcs CBOUM AeSIOM, Npu-
BOASTCS B AencTBUeE LundpoBble
"6r3Heubl”, reHepupyoTCa AaHHbIe
Ha OCHOBE NpefblAyLLMX LabIoHOB,
a mogenu obyvatotcs B "necoynmue”
ML. CTx oTnpaBnseT pesysbTaThl
3KCMepuMeHTaslbHbIX MOLENen 13
"necounuubl" ML. 710 naet xena-
embin abdekT. B okHe coobLueHuni
oTobpaxaeTcs paspeLleHve.

[aHHble peanbHOM CeTU NOBbI-
AT TOYHOCTb MOAESeNn.

CTx BBOAUT coobuieHne [ML
usecase-1xx::status::ready] B okHO
COOBLLEHUN.

MLFQO, onucanHbin B Pekomerngaumm
MC3Y.3172, npeacrasnset cobom
JIOrMYeCKUit y3en, KOTopPbIN ynpas-
nseT paboton yznos B koHBelepe ML
1 OCYLLECTBIIIET MX OPKECTPOBKY. B
Pekomengaumm MC3 Y.3173 (oueHka
YPOBHS MHTENINEKTYaIbHOCTW) ONMCaH
CLleHapu1i KIKOYEBOWN apXUTEKTYPbI
[OJ151 OLLEHKWN YPOBHS MHTENEKTY-
anbHOCTU ceTn ¢ nomolbio MLFO.

B Pekomenpgaunn MC3 Y.3174
(oBbpaboTka faHHbIX) NpeacTaBneHs!
Avarpammbl NOCIeA0BaTENbHOCTY,
COOTBETCTBYIOLLME peannsaumm
pPasfINYHbIX KOMMOHEHTOB HaboPOB
nHctpymentos MC3 Y.317x 1 ocHo-
BaHHble Ha BBOAMMOWN ONepaTtopoM
uenu ML.

B coyetanum ¢ MLFO "necoununua"
ML npepocTaBnsieT onepatopam
ynpasnsemyto cpegy As obyyeHuns,
TECTUPOBaHMNA 1 NPOBEPKN MoAe-
nen ML nepep, ux passepTbiBaHNEM

B gencTeylolen cetn. MexaHnsm
0bpaboTkM AaHHbIX, ONpeaeneHHbIN
8 Pexomernpgaunm MC3 Y.3174, noseo-
naet 006aBNATb HOBbIE UCTOYHMKM
OaHHbIX N Apyrue cueHapuu.

Ha skpaHe monutopa MLFO
BbICBEUMBAIOTCA HOBbIE Mpeayrnpe-
anTensbHble coobuieHuns. Yo 31o?
Ysegomnenuve ob obHosneHun cetu!
Kak 06b14HO MOCTaBLYMK NPOU3BOAUT
BHemiaHoBoe 0bHoBIEHME yHKLMN

ITU News MAGAZINE No. 05, 2020

BUPTYaNn3npoBaHHOM ceTu. Hy>KHo
SV MepenpoeKkTMpPOBaTh BECb KOH-
Beviep ML?

VsnoxeHHas B Pekomengaumnax MCD
cepun Y.317x KoHLENUMsi KOHBEWepa
ML v "necourunupsl” ML, ynpasnsemsbix
MLFO, paet onepaTtopam BO3MOX-
HOCTb M30/IMPOBaTb OCHOBHYIO CeTb
oT npouecca uHterpaumun NA/ML.

B aTanoHHom Touke 7 apxuTekTypa
MC3 Y.3172 nosBonsieT oTcnexw-
BaTb M3MEHEHWs1 B OCHOBHOW ceTh

n ¢ nomotubto MLFO npumMeHsTs B
KoHBenepe ML meToabl onTUMM3aLmMn
1 pasnuuHble KoHdUrypaumu. B apxu-
TEKTYPHbIV CLLeHapPWii, ONMUCaHHbIN B
Pekomenpaumn MC3 Y.3173 (oueHka
YPOBHS MHTENNEKTYalbHOCTM), TakxKe
BxoanT peanusyembiin MLFO koH-
TPOJIb YPOBHS MHTENINEKTYaIbHOCTH
Kaxgoro y3na koHeernepa ML.

Llenbto ctaHgapTa MC3 Y.ML-
IMT2020-MODEL-SERYV siBnsietcs
obecrneyeHne apxUTEKTYPHON
OCHOBbI, NoaaepxmBatoLLent apdek-
TUBHYIO onTuMusauuio mogenen ML
[N Pa3HOPOAHbBIX annapaTHbIX cpef,
rnbkoe passepTbiBaHue Mogenen ML
B [pa3/IM4YHbIX CLLeHapwmsiX MCMOoJb30Ba-
HUs 1 3 deKTUBHbIE HTEPdENCHI B
koHBelepe ML npu passepTbiBaHUK
obcnyxunBatoLLen mogenu.
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CTx aHanuanpyeT HoBoe coodLeHne
[ML-usecase-1xx::Evaluate::partner.
edu::model.url], noseusLueecs B okHe
coobueHnin. Hosatopckuin anro-
PUTM, pa3paboTaHHbIl B yHUBEP-
cuTeTe-napTHepe, Co3nasn roToByko
Mogesb, NOAXOAALLYIO A5 AaHHOTO
cueHapus. Ho 3Ty mogens fosxeH
OLLeHUTb YTBEPXKAAIOLLMIA OpraH.

B Hapexnae, 4To BHELHWUI PbIHOK

ML cooTBeTcTBYeT TPEbOBaHUAM
Pekomenpaunmn MC3 Y.3176, CTx
GepeT Mofesb C 3TOro PbiHKa.

WHTerpauus peiHkos ML nomoxeT
onepaTopam ceTel co3fasaTb
HOBaTOpCKMe pelueHuns B obnactu
MaLUMHHOrO OByYeHus.

MetapaHHble mogenu ML, Tpebosa-
HMS K pbIHKY ML 1 3TanoHHble Toukum
apXUTEKTYPbI, ONpeesieHHble B
Pexkomenpgaumn MC3 Y.3176 (uHTe-
rpauus poiHKoB), obecneunBaioT
BO3MOXHOCTb 3¢ deKkTUBHOro obmeHa
mopensmu ML n nx passepTbiBaHUS
C MUCMONIb30BaHMEM CTaHAAPTHbIX
NHTePdEeNCcoB. DTOT METOA, HE TObKO
NMOMOXET B PeLLUeHUN CeTEBbIX
npobiem ¢ NOMOLLbIO METOL0B
MaLUMHHOrO OByYeHus, Ho 1 ByaeT
cnocobCTBOBaThL PaCNpPOCTPaHeHNIO
Y MoHeTu3auum metonos ML.

Pekomenpgauna MC3 Y.3176 noga-
LepXnBaeT alMUHUCTPUpPOBaHNE
pbiHkoB ML pasHoro Tuna, BHyTpeH-
HUX N BHELWHWNX, a TakK>Xe O6'be,ﬂ,|/|-
HeHve (bepepaumio) pbiHkos ML.
NHTtepdeincsl AP, onpepenerHble

8 PexomeHgaumm MC3 Y.3176,
NO3BONSIOT PbIHKAM HaxoANTb 1
BbIOMPaTh MOAENN MALLUHHOTO
oByueHuns Ha Opyrux pbiHkax 1 bpaTb
nx ¢ 0bbegnHeHHbIX pbiHkoB. OHuM
TakXe No3BOJIAOT MPOU3BOAUTH
obMeH 0BHOBAEHHbBIMU MOAENAMM
ML mexay pbIHKamMK 1 OCYLLLECTBASTb
B3aVMOLENCTBME MEXIY PbIHKaMU 1
"necoynmuamn’ ML.

ITU News MAGAZINE No. 05, 2020

[oToBo! HoBbin kKoHBenep ML ona
HOBOTO CLIeHapWsi NCMOJIb30BaHMS
nomelyeH B "necoynnuy"” ML, npote-
cTupoBaH 1 nposepeH. CTx BBOgUT
coobueHve [status::ready] B okHO
coobueHui. YTBepxxaatoLwmii opraH
otBevaer [status::approved]. CTx
nnaHupyeT obHOBIEHWE CeTu.

Tem Bpemerem 6e3 sBegoma CTx B
OKHe COODLLIeHWI NosBAseTCs nakeT
obHosnerHns MO CTx. Mpuwwno
BpeMs MOLepHU3aLmMK, 1 ynpasre-
Hune nepepaeTcs HoBomy areHTy CTx.

ApxutekTypa nHTerpaummn poiHkos ML B ceTb
(MC2TY.3176)

MoacvcTema
yNpaBnexms

Opyrvie
COYHKLMM
yrpaBnexus n
OPKECTPOBKY

s Baop Liernv MO 8 MLFO

BHeLuHui pbiHok MO
@ (HeobsarensHo)

BHyTpeHHuit pbiHok MO

®

Moacucrema "necourmub" ML 8 @

1

lMoacuctema koHeerepa MO

1@

Basosble cetn ML

<:> lMoBTOPHO MCMoNb3yeMble 3TanoHHbIe Touku (MC3 T Y.3172)
ML = MaLLmHHoe 0By4eHne
MLFO = opkecTpatop thyHKLMA MALIMHHOTO 06y4eHus

4=) Hosble 3TarnoHHbIE TOYKM
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ITomMumo adanmauuu u hosbllueHUA
Kauecmasa ynpasyeHus U KOHMmMpOoA

cemu, ABMOHOMHAA cemb obadaem

CNOCO6HOCMbIO K CAMOPA3BUMUI0

€ NOMOUWbIO OHJIALIHOB020
5KChepuMeHMUpPOBAHUS, YUMo
nosgoJisiem Jjiyuilie KoM6UHUpoBamb
KOHMPpOJLIepbl U cO30a80Mb
uepapxuu KOHMpOJIIepos.
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Bumrny Pawm O. B.
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O koHkypce MC3 "UUN/ML pna 5G"

npepocTaeaset
y4yacTHuKam nnatdopmy A NPUMeHeHUs MeTOA0B
MC3 Y.317x npu peLueHnn 3asaBI€HHbIX MPaKTUYeCKMX
3apay. B pamkax koHkypca npepnaraeTcs LUIMPOKUIA
BbIGOP TeM, Takux Kak BbIOOp Jiy4a, aHasIn3 npomnyckHowm
cnocobHoctn WLAN, aHanus cocTtosiHusi ceTu, Hapeska
CeTn U NPorHo3mpoBaHue Tpaduka, NPOrHO3 OTKa3oB

B JIMHUSIX PaANOCBS3M, ONTUMM3aLMa Moaesnen
rnybokoro obyyeHus u aTasoHHble peanusauuu MLFO.
B HekoTopbIx cnyyasx Ans novcka peLleHnin aTux 3agad
npefoCTaBfSIOTCA Pa3inyiHble TUMbl AAHHbIX, BKlOYas
AaHHble peasibHbIX ceTen.

KoHuenums nosHOCTbIO aBTOHOMHOM
ceTun, obecneynBaemomn HTenIek-
TyaslbHOCTbIO 5-ro YpPOBHS, OnuncaH-
Hou B Pekomenpauumn MC3 Y.3173,
Bbl3Basia LWMpoKoe obcyxaeHmne B
OnepatusHoit rpynne MC3-T no
MaLLUVHHOMY OByuyeHuto Ans byayuinx
cetel, Biovas 5G, n 310 0b6Cyx-
AeHue NpoJoKaeTcs B rpynne
akcnepToB MC3 no ctaHgapTnsaunm
"ByoyLumx ceTen n obnadHbIX BblYMC-
nenunn" 13-n Niccnepoeatensckon
komucecun MCI-T.

ABTOHOMHbIE CeTU JOMKHbI 0bnagaTth
CBOMCTBaMU "camMoOCTOATEIbHOCTN" -
CNOCOBHOCTBIO KOHTPOIMPOBATh,
3KCMIyaTUPOBaTh, BOCCTaHaBANBATD,
PeMOHTMPOBaTb, 3aLlMLLaTh, ONTU-
MU3MPOBaTh U peKoHUTyprpoBaTh

camux cebs. Momrmo agantaumnm un
NOBbILLIEHWNA Ka4yeCTBa yrnpasieHns n
KOHTPOJI5l, aBBTOHOMHas CeTb Cro-
cobHa K CaMOpPa3BUTUIO C MOMOLLbIO
OH1aMHOBOrO 3KCNepYMeHTUPOBa-
HWS, 4TO MO3BOSISIET el Jlydlle KOMOu-
HUPOBaTb KOHTPOJIEPbI 1 CO3aBaThb
nepapxmn KOHTPOJIEPOB.

CTx.v2 npockaHunpoBas cpeay.

KoHBsewnepsl, "necouHmnupbl” 1 pbiHKM
ML Ha mecTe, n coobuerns MLFO
nMomeyeHbl 3e/1eHbIM LIBETOM, HO
npobnemsl octatotcst. PasHbie
bopmaTbl AaHHbIX, BAUSAIOLME Ha
3afepP>XKKy Mexay KoHBenepamu
ML B cetn. MHoxecTBO HabopoBs
MHCTPYMEHTOB C OTKPbITbIM UCXOA-
HbIM KOLLOM, KOTOPble HEOBXOANMO

nHTerpuposats. Jpyrve npobnemsi,
cBsizaHHble C OTObpaxeHnem cnpoca
Ha UHTENNEeKTYalbHOCTb 5 1o ypOoBHS.
[eszarperauns ceteBbix KOMMNOHEH-
TOB, ObICTPbIE TEMIMbI pa3paboTku

1 BBOAA B 3KCrlyaTaLuio 1 Bce
Bonee coseplueHHble mogenu NI/
MO, o3HauatoLLme LOMNONHUTENbHYIO
paboty no nHterpauun VIM/ML.

CTx.v2 ULLET KOHTEKCT A1 PELLUEHNN.

BosmoxxHo HacTano Bpems gns
HoBoro koHkypca MC3 no npume-
Henuto VIN/ML B ceTax 5G? CTx.

V2 perncTpupyeTcs B XKeHeBCKOM
"necoyHnue" MC3 v 3anyckaeT npo-
uenypy [Al-ML-Challenge::v2::init],
HO 3TO y>e gpyrasi UcTopus

(ona CTx.v3). W


https://www.itu.int/en/ITU-T/focusgroups/ml5g/Pages/default.aspx
https://www.itu.int/en/ITU-T/focusgroups/ml5g/Pages/default.aspx
https://www.itu.int/en/ITU-T/focusgroups/ml5g/Pages/default.aspx
https://www.itu.int/en/ITU-T/about/groups/Pages/sg13.aspx
https://www.itu.int/en/ITU-T/about/groups/Pages/sg13.aspx
https://aiforgood.itu.int/ai-ml-in-5g-challenge/
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OG30p cTaHAAPTOB, OTHOCALLUXCA K aBBTOHOMHbIM CETAM

Csaouss COH, HayuHbi coTpynHuk, Cn LAO, cTapLumnii Hay4HbI COTPYAHMIK,
Jlnunun O3H, texHnyecknin pykosoantens, JIn KO, rnaBHbIN Hay4YHbIN COTPYOHMK,
v LUstonbnanb ®IH, pykoBoaunTenb nccieoBaTtenscknx pabor,
Hay4YHO-1ccnegoBaTenbckoe nogpasaeneHve komnanum China Mobile

[ PaseuTue ceTel NOABMXXHOW CBA3M B 3MOXY MHTENIEKTa XapaKTepusyeTcs
MOSIBIEHNEM MHOXECTBA HOBbIX CLLEHAPUEB MNPUMEHEHWS, GYHKLMIA, yCayr 1
3KCMNyaTaLMoHHbIX TpeboBaHui. OXMUAaeTcs, 4TO Takme TEXHOMOMMK, Kak UCKYC- ‘ ‘
cTBeHHbIN nHTennekt (M), nossonaT cosnaBaTe aBTOHOMHbIE CETU, CAMOCTO-
ATeNbHO peLlatoLmne 3afadm NNaHNMpPOBaHNs, pasBepTbiBaHWs, IKCMIyaTaLmn,
ONTUMM3aLUK, BHEAPEHUS YCAYT 1 obecrneyeHns KadecTsa obCnyXmMBaHUs.

Pazsumue cemeli
NOOBUXXHOU CBA3U B
3N0Xy UHMeJjijiekma

Xapakmepusyemcs
BonblunHCcTBO OpraHunsaumii no paspabotke ctaHgapTos (OPC), Hanpumep nosiseHUeM MHOXeCmBaa
CexkTop cTtaHpapTusaunm anektpocessn MC3 (MCO-T), 3GPP, ETSI n CCSA, HOBbIX CUeHapues
aKTMBHO paboTaloT Haj CO3AaHNEM CTaHAAPTOB [/151 aBTOHOMHbIX CETEN. npuMeHeHUA.

Otpacnesble opraHuzaumu, Takme kak GSMA, TM Forum v Mo6ansHas nHu- ”
umatmea TD-LTE (GTl), 3aHnmatoTCs NpoABMXeHEM aBTOHOMHbIX ceTel. o
yTBepxaeHnio GSMA, BO3MOXHOCTb aBTOMaTH4eckoi paboTsl ceTn Hapsdy

C yCOBEPLUEHCTBOBAHHOW MOABMXKHOMN LUMPOKOMNONOCHOW cBsidbto (eMBB),
VNHTEHCUBHbLIM MEXMaLLMHHbIM 06MeHoM (MMTC) 1 cBepxHaZEeXHON CBA3bLIO C
kopoTkoit 3agepxxkon (URLLC) cTaHeT HeoTbeMIeMbIM YeTBEPTLIM U3MEPEHNEM
3pbl 5G v 0fHVMM K3 BaxHENLWNX GaKTOPOB NPOABMXEHUS MHHOBALWIA U Pa3Bu-
s yenyr 5G.



https://ituint-my.sharepoint.com/personal/angela_smith_itu_int/Documents/ITU_News/Contents/Contents2020/05_5G_ML/STANDARDS ROUNDUP/China Mobile Research Institute
https://www.itu.int/en/ITU-T/Pages/default.aspx
https://www.3gpp.org/
https://www.etsi.org/
http://www.ccsa.org.cn/english/
https://www.gsma.com/
https://www.tmforum.org/
http://www.gtigroup.org/index.html

Konkypc MC3 "UV/ML nnsa 5sG"

Cpegamn OPC BegyTcs guckyccmm ob
YPOBHSAX aBTOHOMHbIX GYHKLUMIA ceTein
(cMm. pamouHbIv nogxop B Tabnuue 1).

M3yyeHne ypoBHen aBTOHOMHbIX
cetelr (ANL) nossonset npepnocta-
BUTb OnepaTopam, NocTaBLLMKam 1
APYTMM y4acTHUKAM OTpacsuv aek-
TPOCBA3N PEKOMEHAALIMN 1 YKa3aHWs
B OTHOLLEHMM aBTOHOMHbIX CETeN, a
Takxe paboT No cTaHfapTU3aLmm 1
LOPOXHbBIX KAPT NaHUpPOBaHMs.

MocKonbKy KIOYOM K CHUXEHMIO
3aTpat ans ntoboro otaebHOro
nocTaBLLUMKa WK onepaTopa ceTu
ABMIAETCSH MPOMbILLIEHHAs KOH-
BepreHuus, NpocTomn cnocob ans
noctasLumkoB ycnyr cassu (CSP)
HavaTb ¥ NpoJoMKaTh ObLee ABN-
XeHWe B HanpaBIeHUN aBTOHOMHbIX
ceTel COCTOUT B CO34aHMUMN OTKPbI-
TOW NAaTGOPMBbI A4J151 COBMECTHOM
paboTbl (cM. prcyHok 1) B Lensax
cornacosaHHoM pa3paboTku Kak
3Ta/IOHHOW peanu3alnmn He 3aBu-
csiLeln OT KOHKPETHbIX Crly4Yaes
bYHKUMOHAbHOW apXUTEKTYpPbI, TaK
M CTaHAAPTU30BAHHbIX BHELLHUX UK
BHYTPEHHUX MHTEpPdENCoB.
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Hanpumep, ofHWM 13 obwwmx GyHk-
LIMOHaIbHbIX MOLYeN 4715 PeLUeHus
3a[,a4 pPeryIMpoBKM Mo BPEMeHU Ha
ypoBsHe 1, obazatensHoi obpatHom
CBA3M Ha yposHe 2 1 gobasneHus
mMogynen npeobpasoBaHuns Lenen

B NpaBufia Ha ypoBHaAX 3 1 4 MoxeT
CY>XWTb MEXaHU3M ONpeaeneHms
NOAUTUKM Ha OCHOBE NPaBuII.

OcHoBHble BMOb! OEATENBHOCTU B
obnact aBToHoMHbIx ceTent B OPC n
OTpac/ieBbIX OpraHn3aumsx npeg-
CTaBfIeHbl Ha PUCYHKe 2 1 KPaTKo
OonurcaHbl HUXe.

Tabnuvua 1. PamoyHbI noaxop K knaccudukaumm ypoBHen MHTeNnekTa

aBTOHOMHbIX ceTen (nctouynmnk MCI-T Y.3173)

YPOBeHb UHTeJJ1IeKTa ceTn

ABTOMaTU3NPOBaHHasA
3KCrnyaTauus cetu

MpepBapuTenbHbIn
NHTEeNNEeKT

CpeHunn nHTennekT

YcoBepLUeHCTBOBaHHbIN
NHTENNEKT

[ o |
[ s |

OcyuectBne-
HUe gencTBUn

PyuyHoe ynpaBneHue ceTbto Yenosek Yenosek enoBekK Yenosek YenoBek
Yenosek Yenosek Yenosek

Cucrema Cucrema
[MosHbBIN NHTENNeKT Cucrema crtema Cucrema Cucrema Cucrema

MPUMEYAHME 1. - [1ns ka>x[oro ypoBHS MHTEJIIEKTa CETU NMPOLLECC NPUHATUSA PeLLeHNs [OKEH Noaaep>XMBaTh
BMeLLaTeJIbCTBO YEJIOBEKA, TO €CTb PELUEHUS U UHCTPYKLIUM MO MX BbIMOSIHEHMIO, BHOCUMbIE YEJIOBEKOM,
MMEIOT HanBbICLLUIA MPUOPUTET.
MPUMEYAHWE 2. - 31y Tabnnuy MOXHO UCMO/b30BaTh TOJILKO AJ1i ONPEAesiEHUs YPOBHS MHTESIIeKTa CETU Mo
KaXkAoMy napameTpy (HO He OBLLero ypoBHs MHTESIEKTa CEeTK).

MapameTpbl

C6op
AaHHbIX

Yenosek
1 cuctema

Yenosek
1 cucrtema

Yenosek

Cucrema
1 cucrtema

Cucrema Cucrema

AHanus

Yenosek
1 cuctema

Yenosek
1 cuctema

Cucrema Cucrema

Mpunatne
peLwieHun

Mnanuposa-
Hue cnpoca

Yenosek Yenosek
Yenosek

Yenosek
n cuctema

Yenosek
1 cuctemMa
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PucyHok 1. OTkpbiTOE COTPYAHMYECTBO B OTPaC/N,

HanpaBJ1IEHHOE Ha CO34aHNE aBTOHOMHbIX ceTen

OTKpbITble CTaHAAPTbI

Llenb

Lens OPS Ynpasnenue RT

[aHHble RT

AHarnu3 3HaHus
Momotwup RT
:
- OdpnaitH-ynpaBnenue
CGop AaHHbIx RTH Ynpagnenue RT O6yuerve 3HaHus

OcpraitH-gaHHble

®yHKUMOHANbHBIE KOMMOHEHTI, C;Sg;‘)"(" Mpasuno
He 3aBUCALME OT KOHKPETHBIX =
cnyyaes

OdpnaitH-nomoLpb

C60op AaHHbIX YnpaBnexue
RT RT

[aHHble/ynpaBneHne/noMoLLb,

RT = g pexume peansHozo 6peMeHu 3aBYCSLLME OT KOHKPETHOTO CIlyyast

SLA = coenaweHue 06 yposHe obcyxugaHus
_ Ynpasnsiemble 06beKTbI
OPS = onepayuu

PucyHok 2. OcHoBHble Buapl gestenbHocty OPC 1 oTpacneBbix opraHn3aLmim

MC3-T Y.3172
MC3-T Y.3173
MC3-T Y.3174
MC3-T Y.3176
MC3-T Y.ML-IMT2020-RAFR

MDA, NWDA

MeTog oLieHK1 BO3MOXHOCTEW UHTeNNeKTa

Texuuyeckuit gokymeHt AN 1.0

TexHuueckui gokymeHT AN 2.0
®opym TM 1G 1193 - KoHuenums v gopoxHas kapta Bepcum 1.0

KaTanusartop co3gaHus aBTOHOMHbIX ceTei
Bu3sHec-Tpe6oBaHusA n apxuTekTypa Bepcum 1.1

MexpayHapoaHbIM KOHKYpC no npuMeHeHuto UA

CueHapum ucnonb3oBanusa UN B cetsix B Kutae
1 1 1

2018, | 2097, 2020, 2021, |
Aprextypa

OtpacneBbie

opraHu3aumu
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Tabnvua 2. JestensHocts MC3-T no cTaHgapTusaumnm

RAesrensrocrs 8 MC3 aBTOHOMHbIX ceTen Ha baze NN/MO n N

13-a ViccnegosaTenbckas koMmuccus y
CnpaBoYHbIN

HoMep HaumeHoBaHue

MC3-T 3aH1MaeTCs ByayLIMMK CETAMM 1
ceTeBbIMU acneKkTamu NMOABUXKHOMN CBS3N.

[nsi n3ydeHns nHTepdeincos, apxmTek- MaluvHHoe obyyeHwue B DyayLLIVX ceTsX, BKIloUas ceTu

K
o cepumn Y.3170 IMT-2020: cueHapuy ncnonb3oBaHUs
Typ ceTel, NPOTOKOJIOB, airTOPUTMOB
1 dopmaToB AaHHbIX Bbina cospaHa MCOT OcHoBa apXUTEKTYPbl MaLLIMHHOFO 0DyYeHns B ByayLLmMx ceTsx
OnepaTturBHas rpynna no MallimHHOMY Bktoyasn cetn IMT-2020
obyqerio ans Bynyupmx cetedt, sknioyas MCOT Pamku ons oueHkn ypoBHS nHTeNeKTa ByayLimnx ceten,
5G (OI-ML5G), pabotasLuas ¢ sHBaps - BKITIoYas ceTy IMIE2020
2018 roga no wionb 2020 ropa. N3
[eCATI TexHUUYECKNX crieLduKaLmii MCOT CrpykTypa 06paboTku AaHHbIX 415 0becrneyeHnst MaLLMHHOTO
obyyeHus B ByayLimx ceTtax, Bkatodas cetv IMT-2020
Ol ML5G ueTbipe yxe npeobpaszosaHbi
B Pexomenpauuu (ctangaptbl) MC3, MCOT WHTerpauus pbiHka MalMHHOro obyueHws 8 ByayLmne cety,

ofHa - B [lobasneHue, a ocTanbHbIe MATh Bkntoyan cetn IMT-2020

HaxoAATcsa B npoLecce npeobpasosaHus
B cTaHpaptel MC3. B ctaguu nogrotosku
npoekTa HaxoaaTcs PekomeHaauum

Mo aBTOHOMHbIM CeTAM Ha ocHose VI,
HanpuMmep MC3-TY.ML-IMT2020-RAFR
(c™m. Tabnuuy 2).

TpeboBaHWs, apXUTEKTYpPa 1 KOHCTPYKLMUS A7S OCYLLEeCTBAEHNS
byHKUMM MaLLMHHOMO OBYyYeHMs

TpeboBaHWs K aKCMePUMEHTaNbHOW Cpefe MaLMHHOMO
obyyeHus onsa bymyuwimx cetew, Bkatoyas cetn IMT-2020, n ee
apxuTeKTypa

CKBO3HOE yrnpaBneHve oTpe3kaMm CETU N UX OPKECTPOBKA Ha

spec
OCHOBE MaLUNHHOTO 0byyeHus

sbec Hapeska cetu ¢ BepTUKanbHOM NOALEPKKON Ha OCHOBE
P KOTHUTUBHOW CTPYKTYpPbl

OeatenbHoctb B 3GPP

3GPP Hauan usyueHie aBTOHOMHbIX ceTen ApXuTeKkTypa aBToMaTW3aLmMW afanTalumm pecypcos CeTh 1 Ux

BOCCTa@HOBJIEHUS MOC/e 0TKa3oB Ha ocHose U ons Bymyiimx
ceten, Bktoyas cetn IMT-2020

B anoxy ceTte#t 4G. OCHOBHbIMY TeMamu Jlecciqillsa]

VICCJ'Ie,EI,OBaHVIVI B OCHOBHOM ABNANINCb
camoopraxusytolimecs cetn (SON) n
MUHUMM3ALNS TECTUPOBAHNS B ABUXKEHNM

('\26'32") ?nag':ay::;ermiffmiF;::enﬂe;ﬂw_ Tabnuua 3. JesatenbHOCTb MO CTaHZapTM3aunm B
P ® P pabouen rpynne 3GPP RAN

XXEHUS aBTOHOMHbIX CETEeMN.

B Pabouas rpynna 3GPP RAN - cbop AL EEL LT

darHbix RAN (TR 37.816), SON/MDT
(TS 38.314, TS 38.300, TS 37.320,
TS 38.306, TS 38.331 u . 4.) (cm.
Tabnauuy 3).

WNccneposaHune no cObopy v MCNONb30BaHMIO AaHHbIX,
opueHTupoBaHHbIx Ha RAN, gns LTE n NR

Hosble pagnocetn (NR); napameTpsbl ypoBHS 2
NR; obLiee onuncanue; 2-n stan

MuHuMUzaums TectnpoBaHus B aeuxeHun (MDT);
obuee onucaHue; 2- atan

NR; BO3MOXHOCTW pagrMogocTyna afisi abOHEHTCKOro
obopygosaxus (UE)

NR; ynpaeneHune pagnopecypcamu (RRC);
cneumndrkaLms NPoToKona



https://www.itu.int/en/ITU-T/focusgroups/ml5g/Pages/default.aspx
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3526
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3671
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3191
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=2602
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3193
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3197
https://www.itu.int/rec/T-REC-Y.Sup55-201910-I
https://www.itu.int/rec/T-REC-Y.3172-201906-I/en
https://www.itu.int/rec/T-REC-Y.3173-202002-I
https://www.itu.int/rec/T-REC-Y.3174-202002-I
https://www.itu.int/rec/T-REC-Y.3176-202009-P
https://extranet.itu.int/sites/itu-t/focusgroups/ML5G/_layouts/15/WopiFrame.aspx?sourcedoc=%7bFF1D3964-1562-41FF-B710-D0674281764F%7d&file=ML5G-O-038.docx&action=default
https://extranet.itu.int/sites/itu-t/focusgroups/ML5G/_layouts/15/WopiFrame.aspx?sourcedoc=%7bDE867B22-A47D-4261-9A74-9F89DE6EF69C%7d&file=ML5G-O-035.docx&action=default
https://extranet.itu.int/sites/itu-t/focusgroups/ML5G/_layouts/15/WopiFrame.aspx?sourcedoc=%7b9572D359-9A94-4AF4-BD93-FD25CB175841%7d&file=ML5G-O-037.docx&action=default
https://extranet.itu.int/sites/itu-t/focusgroups/ML5G/_layouts/15/WopiFrame.aspx?sourcedoc=%7bA3B49DCC-CEFA-4ED6-9B4F-65099CE10D26%7d&file=ML5G-O-039.docx&action=default
https://www.itu.int/itu-t/workprog/wp_item.aspx?isn=16343

Konkypc MC3 "UN/ML nnsa 5G" ITU News MAGAZINE No. 05, 2020

Tabnuua 4. [lestenbHOCTb MO CTaHOaPTU3aLUN B

pabouen rpynne 3GPP SA2

B Pabouas rpynna 3GPP SA2 - TS/TR
aHanuTuyeckas obpaboTka ceTeBbIx
nanHbix (NWDA) (TR 23.791, TR N3yyeHne nHctpymeHToB aBTOMaTusaunm ceten 5G
23.288, TR 23.700-91) (cm. Tabnumuy 4).

HanmeHoBaHue

YcoBepLUeHCTBOBaHWE apXnTeKTypbl cucTeMbl SG A5 noaaepxKu
YCJyr MO aHanMTUYeckon 0bpaboTke CeTeBbIX AaHHbIX

B Pabouvas rpynna 3GPP SA5 -
aHanuTMueckas obpaboTka faHHbIX
ynpasnenusa (MDA) (TR 28.809),
YypPOBHU aBTOHOMHbIX ceTert (TR
28.810, TS 28.100), ynpasneHue Ha
ocHose uenen (TR 28.812, TS 28.312),
obecneyerue SLS c obpaTHOM CBA3bIO
(TR 28.805, TR 28.535, TR 28.536 1 T.
4.), SON (TR 28.861, TS 28.313) n MDT
(TS 28.313, cepumn TS 32.42X) (c™m.

M3yueHne nHCTpymeHTOB aBTOMaTM3aLUmmn ceten 5G; 2-1 aTan

Tabnuua 5. [leatenbHOCTb Mo CTaHZapTM3aumnm B
paboyen rpynne 3GPP

TS/TR HaumeHoBaHue

Ta6m/|uy 5). 3GPP VccnepoBaHve No coBepLUEHCTBOBAHMIO aHaIMTUYECKON
06paboTku gaHHbIX ynpasneHus (MDA)
WN3yueHmne koHuenumm, TpeboBaHN 1 PELLEHNI, OTHOCSALLIMXCS K
HestenbHocts B ETCU Sl YPOBHSIM aBTOHOMHO ceTu

3GPP YnpaBneHne n opkecTpoBKa; yPOBHM aBTOHOMHOWN CETU

ETCW akTBHO n3yyaeT aBTOHOMHbIE CETH
1 cospan HeCKObKO rpyn, paboTato-
LMX Haj, CNefyroLMMM OTHOCSLLMMUCS K
HUM TeMamu:

YHpaBneHme SN1EKTPOCBA3bIO; NU3y4eHne cueHapues ycnyr

3GPP 5 A
ynpaBneHvs Ha OCHOBE LieNen A MOBUIbHBIX ceTen

3GPP Ycnyrv ynpaeneHvs Ha OCHOBE Leniein Ajisi MOBUIbHBIX ceTel

B ENI (akcnepumeHTanbHbIn
ceTeBOW UHTENNEKT);

YnpaBrieHne 31eKTPOoCBA3bIO; U3yYeHMe yrnpaBieH4eCckmx
aCneKToB YC/yr 3/1IEKTPOCBA3MN

3GPP

3GPP YnpaBrieHne n opKecTpoBKa; ynpasfieHYeckue ycayru no
B NFV (BupTtyanuzauus obecneyeHuto ycnyr cBsizu; TpeboBaHms
ceTeBbIX GyHKUNI);
3GPP YnpaBneHune 1 opkecTpoBKa; ynpaBiieH4Yeckme ycnyru no

obecneyeHuto ycryr cBsizu; 2-1 atan v 3-11 atan
B OSM (MO c oTKPLITBIM NCXOLHBIM
kogom MANO (ynpaeneHuve 3GPP WcecneposaHue camoopranmaytowmxcs cetert (SON) ans ceten 5G

v opkecTposka)); 3GPP Camoopranusytoimecs cetv (SON) ons cetent 5G

B MEC (nepudepuitHble BbIYUCNEHNS B Cepusa 3GPP TS 32.42X

pexmnme MHOXeCTBEHHOIo ,EI,OCTyI'Ia),'
yl'lpaBJ'IeHl/Ie SN1EKTPOCBA3bLIO; OTC/IEXNBaHNE aboHeHToB 1

obopynoBaHUs; CNocobbl OTCAEXMBaHWS 1 TPEOOBaHUS K HEMY

B F5G (dpukcmpoBaHHas ceTb
NATOro NokoneHus). YnpaBrieHve 3N1eKTPOCBA3bIO; OTC/IEXMBaHNE aBOHEHTOB 1
0b60opyAoBaHUS; KOHTPOJIb 3@ OTCIEXMBAHWEM 1 yrpaBneHne
KOHUrypaumen

YrpaBneHvie 31eKTPOCBA3bIO; OTC/IEXMBaHWE abOHEHTOB
1 0bopyRoBaHNS; onpeesneHne 4aHHbIX OTCIEXMBAHNUSA 1
yrnpassieHne nmu

YnpaBneHune an1eKTPOoCBs3bio; ynpaBeHne nokasarenamm
npoussoauTensHoctv (PM); namepeHve nokasatenemn
NPOWN3BOAMTENBHOCTU; CETb PACLLUMPEHHOIO YHUBEPCaSIbHOO
HasemHoro paguogoctyna (E-UTRAN)

3GPP TS 32.426: YnpaBneHue anekTpoCBs3bto; ynpaBieHme
nokasatensmu npoussoguTensHoct (PM); nsmepexue
rokasartesnen NPouU3BOAUTENBHOCTH; yiy4lueHHas 6asoBas ceTb
nakeTHou nepepayn aaHHbix (EPC)



https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3252
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3252
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3657
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3694
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3683
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3756
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3553
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3554
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3555
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3693
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3701
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3556
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3695
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=2008
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=2009
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=2010
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=2011
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=2012
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OPC 0onxHbl npoodo/mKumab
coomsemcmayuyto
pabomy no
cmaHoapmu3ayuu u
uepamsb 8ed0yUIy0 poJjib

8 nodOdep)KKe pa3sumus

0BMOHOMHbBIX cemeli.

144

B TCINT AFl (Pabouas rpynna no
VHTeNNEeKTyasbHOMY aHann3y
AN aBTOHOMHOTO yrpasneHus
N KOHTPOJIS CAMOYMPaBseMbIX
bUKCUPOBaHHBIX 1 MOBUIIBbHBIX
MNHTErpUPOBaHHbIX CETei
TexHW4eckoro kKommreTa
(TC) no 6asosol ceTn n
nposepke byHKLUMOHANIBHON
cosmectumocTu (INT)).

B 7SM (aBTOMatuyeckoe
ynpaefieHve CeTbio 1 ycryramm).

TC INT AFI nsyyaet obuyto apxm-
TekTypy aBToHOMHOM ceTt (GANA),

a ZSM obcyxpaeT BONpoCh! aBTo-
MaTusauum ¢ obpaTHON CBA3bIO B
cucteme ZSM, onTMMU3NPOBAHHOWN
AN MaLLWHHOMO 0byYeHns Ha OCHOBe
JaHHbix 1 anroputmos NN. B Hosbpe

2019 ropa ETCW onyBnvkosan otyer
"Experiential Networked Intelligence
(ENI): ENI Definition of Categories for
Al Application to Networks" (ETSI GR
ENI 007), B koTopom onpegpenstoTcs
pa3fiMyHble KaTEropun ypoBHSA Npu-
MEHEeHWs MeTOLO0B UCKYCCTBEHHOTO
VHTENNEeKTa Af1s yNpaBneHus ceTbio,
HaYMHas C orpaHUYeHHbIX 6a3oBbIX
acneKkToB 1 3aKaH4YMBas MOSIHOL,EH-
HbIM UCMnosib3oBaHemM metonos N
LNS YNPaBeHUs CeTbio.

lpynna ENI paspabatsisaeT apxu-
TekTypy obLero HazHauyeHus Ans
PacLUMPEHHOrO NHTENIeKTa CeTy, a
nocre Toro kak rpyrnna NFV npucty-
nuna K paboTe No MOLENMPOBAHMIO
npaBua aBTOMaTU3aLMmM ynpasne-
Hus NFV n VNF CI/CD, obcyxpaeT
BOMPOCHI MNaHWPOBaHWUS ynpasneHns
npasunamm NFV.

HearenbHoctb B CCSA

Accoumauns B 0bracTv cTaHaapTos
ceasu Kutaa (CCSA), ogHa 13 cambix
BAnsaTENbHbIX kKuTancknux OPC B obna-
CTW CBA3W, MPUCTYNWAa K pa3paboTke
CTaHOapTOB aBTOHOMHbIX CETEN B
2010 rogy, v 3T1 paboTbl B OCHOBHOM
BeyTCs B TeXHNYECKMX KOMUTETAX
TC1, TC5nTC7, kacascb B TOM 4ncse
CLeHapueB NCMOoJIb30BaHNS, apPXUTEK-
Typbl, 06paboTkun AaHHbIX, ypOBHEN
aBTOHOMHOM ceTu, TpeboBaHui K
YyNpaBfieHuto U T. 4.
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[eaTtenbHocTb oTpacnesbix
opraHusauum

OTpacneBble opraHu3aLmn, Takme Kak
GSMA, TM Forum n GTI, nposogsaT
nccnefosaHus B 061acTt aBTOHOM-
HbIX CETeW 1 Pa3BMBAIOT COTPYAHM-
dectBo mexay OPC, onepatopamu,
nocTaBLMKaMW 1 APYrMMK 3anHTepe-
COBaHHbIMU CTOPOHAMU B OTPAC/N.

B GSMA opHo 13 TeM nporpammbl
"Bymylime ceTn" sBnseTca uckyc-
CTBEHHbIV UHTEJIEKT 1 aBTOMa-
Tnsauns. B uione 2019 roga 6bin
nposefeH nepsbii MexayHapoaHbIn
koHkypc GSMA no NI, nocesweH-
HbIN TPEM KOHKPETHbIM 0bnacTaMm:
BO3MOXHOCTW YCTaHOBNEHWNS coeau-
HEHWI B CeNIbCKON MECTHOCTU, 3Hep-
roabbekTMBHOCTM NOABUXKHOW CBA3M
1 yCOBEpPLUEHCTBOBaHHbIM YCyram B
rOpOACKMX paioHax.

Ha cBoem cemunape "W pns ceten”
B paMKax BcemupHoro koHrpecca

no noasu>xHon ceasu B LLlaHxae B
nioHe 2019 rona GSMA obpatunach
KO BCEM OpraHu3aLmsmM oTpacan

C NPU3bIBOM COCPEAOTOUNTLCS Ha
pa3paboTke KoUYEeBbIX MPUIOXEHWN
VN B MOBUSIbHBIX CETAX 1 COBMECTHO
co3faBaTb MHTENNeKTyallbHble
aBTOHOMHble ceTu apbl 5G. B okTabpe
2019 ropa GSMA onybnvkosana
"CueHapun ncnonbsosaHuns MW gns
ceten B Kurae".
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OnyBaMKOBaHO TPY TEXHWUYECKMX
pokymeHTa: Autonomous Networks
Whitepaper 1.0, 1G1193 Vision and
Roadmap v1.0 1 1G1218 Business
requirements and architecture v1.0.
B 2020 roany Bepetcs pabota no
NOAroTOBKE TEXHWNYECKOro [OKY-
meHnTa Autonomous Networks 2.0,
BusHec-TpeboBaHWN N aPXUTEKTYPbI
Bepcun 1.1, TexXHNYeCKoM apxmnTek-
Typbl, AEMOHCTPALMOHHOW BEpCUmn
npoektos Catalyst, npymepos onbiTa
npakKTU4eCcKoro NpuMeHeHus/cLeHa-
pVeB UCMONb30BaHUA U T. 4.

Opranuzauus Global TD-LTE
Initiative paboTaeT Hag NpoeKkToM,
NOCBSLLEHHbIM MHTEIeKTyaslbHbIM
ceTaMm. [loAroToBNEHHbIN B paMKax
nporpammbl eMBB 5G, oH byget
cofep>KaTb CLieHapnn NCNoJb30oBa-
HUA 1 TpebOoBaHWA K UHTENIeKTyaslb-
HbIM CETSIM B OTHOLLIEHU YPOBHEN,
APXUTEKTYPbI, CETEBbIX 3/IEMEHTOB U
yrnpaB/ieHWs CeTbio.

OeatenbHocTb coobuiecTBa
pa3pabotunkos MO ¢
OTKPbITbIM UCXOAHBIM KOAOM

KoHcynbTaTvBHas rpynna KOHeuYHbIX
nonb3osatenen (End User Advisory
Group - EUAG) opraHuzaumn Linux
Foundation Networking (LFN) nna-
HUpyeT nposectu onpoc CSP gna
BbISICHEHUSA CUTYaLN C BHEAPEHWEM,
TpeboBaHu n cTpateruii B obna-
CTV aBTOHOMHbIX CeTel B Hafexae
COCTaBWTb OBLLYIO KaPTUHY U BHECTM
BKJ1af, B paboTy COOTBETCTBYIOLLMX
TEXHUYECKUX Fpynm.

HauunHas ¢ cambix paHHVX Bepcuin
cBoei n1atGopMbl, OpraHusaLms
Open Network Automation Platform
(ONAP) pazpabartbiBaet 1 cosep-
LLIEHCTBYET CLieHapun UCMoJb30Ba-
HWS aBTOMAaTU3NPOBAaHHbIX Pagmno-,
6a30BbIX 1 TPAHCMOPTHbIX CETew

Ha OCHOBe CBOEWN ynpaBsemMon
NpasuiIamu apxXUTeKTypbl C 0bpaTHOW
cBsi3bio. B npouecce paspabotkum
Haxo4MTCs NPOEKT aBToMaTU3aLmm
E2E-Hapesku Ha ocHoBe Lenen n
HamepeHuit. ObuLmansHbIit akcnepu-
meHT ETCU nokasbiBaeT, 4To KoHLen-
ums ONAP MoxeT cocTaBuUTb OCHOBY
[NSt NOCTPOEHWS 3TaJIOHHOTO CTeKa
aBTOHOMHbIX CeTeN.
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Ba)kHocTb cTaHAa pToB
aBTOHOMHbIX ceTeu

Mo mepe pa3BuTUS TexHONOrMK

1 ceTelt aBTOHOMHbIE ceTn DyayT
CTaHOBUTLCH BCe Bosiee BaxHbIM
nHcTpymeHToM. NpeaycmaTpursaeTcs
Mo3TanHbI NyTb peanmsaumm
aBTOHOMHbIX CETEN, KOrfa rnaBHbIM
cnocobom obecneyeHuns B3aun-
mMofencTeus Ha bonee No3aHUX
aTanax sBAseTCs NOCTPOeHWe obLel
apXUTEKTYpPbI A1 BCEX YPOBHEN,
CTaHOapPTM3aUna MeXypoOBHEBBIX
nHTepdeicos 1 obecneuerune
cornacosanus yeunuin OPC Ha paH-
HUX 3Tanax.

OPC pomKHbI NPOAOMKNTL COOT-
BeTCTBYyOLLYO paboTy no ctaHaap-
TU3aUMU M UFPaTh BEAYLLYIO POJib B
obecneyeHnn pa3paboTkn aBTOHOM-
Hbix ceTein.
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BeOGunHapbl B pamkax KOHKypca MC3
"UN/mawmHHOe obyueHue gna 5G"

19/06/2020

Konkypc "I'pachoBbie HepoOHHbIE
ceTn 2020"

Xoce Cyapec-Bapena
HayyHeii coTpyaHmk LieHTpa no usyyeruto
HeMpOHHbIX ceTein B BapcenoHe,
KaranoHckuit nonuntexHnyeckuit
yHusepcuTteT (BNN-UPC), Mcnanus

CMm. BebuHap Cm. BebunHap CMm. BeGuHap

10/07/2020
Konkypc MCQ "UUIML gns 5G":
noBbILIEHUe NPONYCKHOW CNOCOGHOCTM
cetent WLAN craHpapra IEEE 802.11 ¢
MOMOLLbI0 MaLMHHOTO 06Yy4eHUs
®paHyeck Bunbrensmu
HayuHblit coTpyaHuk YHueepcuteta Nomney
®abpa, Ucnaus

CM. BebuHap

CmMm. BebuHap CM. BebuHap

27/07/2020

MeToab! MW pna gucTaHUMOHHOM
MEeAULIMHCKON ANarHOCTUKU C
COXpaHeHWeM KOH(MAeHLMaNbLHOCTH +
COBMECTHOE MCMONb30BaHWe CreKTpa 1
ceTeBbIX PecypcoB B ceTsx 5G

Bpemxew Jlann
lMpodbeccop VHauicKkoro TeXHOMOM4ECKoro
UHCTUTYTA, Jenu

CM. BeBuHap CmMm. BeBbuHap

31/07/2020

Konkypc LYIT/MC3-T no UM:
[[eMOHCTPaLysA OCYLEeCTBIEHUS
¢hyHKUMM MawwKHHOTO 06yy4eHus (MLFO) ¢
NOMOLLBIO 3TANOHHbIX peanu3aumi

Larycdhta XeHHa
Mpenoaasatens TeXHONOrMYECKOro
nHeTuTyTa Jlettepkennn (LYIT), Mpnanans

CM. BebuHap

CM. BebuHap CmMm. BebuHap CM. BebuHap


https://itu.zoom.us/rec/play/tMAtJuGhqG43GoeXtQSDV_B9W464ev6s0yEfrvoOnR20U3QHMFL0NOMRMbC0nXOO3P7xFWsjRcldKj6C?_x_zm_rhtaid=300&_x_zm_rtaid=sWk9DzbFRra4jg1UajStOQ.1592826782873.0123774d850b0fa0e1ebeff2a46261dc&autoplay=true&continueMode=true&startTime=1592568017000
https://itu.zoom.us/rec/play/68YldLuur203G92c5ASDC_VwW43vLa2s13RL_aIFyRyxAXMBNFryZORHarcHdqpq3BqsKlZjVzuE5DMy?continueMode=true&_x_zm_rtaid=0f-OxeNZRQWJjZOVAlK-0g.1593419224914.7546a4d237cc2b4b5eb1639778dc4d86&_x_zm_rhtaid=482
https://itu.zoom.us/rec/share/udVOApb0xFxLSYHDr37uRZIoBpz4X6a8gCJN_PUFnxp7x-Of9LI2YAX4ocS6En-f
https://itu.zoom.us/rec/play/u5AudO-qqzk3HtGQ4wSDUPZ8W9W9K6ys0CQW-fJYxUuxAnkCYVuvZrVGY-fkqqtdcjT1cucHNMGNq5Hm?autoplay=true&startTime=1594382177000
https://itu.zoom.us/rec/play/uZN5crj9rmg3S4KT5QSDCvUqW9Xpe_isg3Ac_fFczUfgB3UBOlKjM7MRMeYqrhjJ0XRfb0rXEU0BPSHo?autoplay=true&startTime=1594986982000
https://itu.zoom.us/rec/share/vZd6bLf7_2JIQrPIyR3SRvQ6QK_vT6a80CNP8qIOz0byUeuljZl-v_s1KUT8eEHM
https://itu.zoom.us/rec/play/ucd_d--opmg3E92XtgSDC_V8W9W4J_2s1XBLrvtezEeyVSEBMFehN7tDZOslZqvCgt9-b6mVKCXdGfDn?autoplay=true&startTime=1595591791000
https://itu.zoom.us/rec/play/uMEqcbyq_z83HtSTtASDAqN4W9XrKPis0yRM-qcEyh6zBnACM1GgYrIQZeEs6B6Lf6x68KurIuXl0-HJ?autoplay=true&startTime=1595850966000
https://itu.zoom.us/rec/play/vp17Ib39-zw3T9yRtwSDC6RxW9S8K62s0yAb-6EJxEbkAnJRYFD0N7ISa7QgCvN_4eBjVf2SZvnwAAYk?autoplay=true&startTime=1596020112000
https://itu.zoom.us/rec/play/7sF5cuj--m43GdfDtASDCqQsW9S8fams1SRK_6dezxmxUnBSNVClYrRHYuGJ030bD-FP1tRvPvHj7nau?autoplay=true&startTime=1596196554000
https://itu.zoom.us/rec/play/u5J-I-iq_Wk3GIDBtASDB_J4W9Tsf_qsgSZM_aIOmBzjBnUKY1rzMrRANOaHz8sIN23rNg1uCy3Le_pR?autoplay=true&startTime=1596779767000
https://itu.zoom.us/rec/play/tMIodrz5qm83S9yW5gSDAaV9W46_Kq2s0CAdq6IEzhqzW3FXNwL0Y-cTYbCdYFyiuixvorB35xze1e2F?autoplay=true&startTime=1596801951000

I CM. BebuHap I I CMm. BeBuHap I

26/08/2020 31/08/2020

KOHKypc MC3 "UU/ML ana 5G": aHanu3 Pacno3sHaBaHue n AONrocpoyHoe

NPOrHO3MpOBaHMe Tpachuka Ha OCHOBE
BONPOCOB KOHKYPEHLM B 0bnacTy gnropwr’r)aos M sle?anauublx ans

CMm. BebuHap

ONTUMM3aLMK TOMOMOTMU MOBUILHBIX ceTent 5G/IMT-2020 v nocnegytoLMX
ceteit B Kutae NOKONeHUH
BaH CuH Aptem Bonkos
HayuHblit coTpyHMK KuTalickoro HayyHo- Hayubiit coTpyAHMK
MCCIea0BaTeNbCKOro MHCTUTYTA MOBUXKHOM Awmmap MyTxaHHa
CBA3M [HoueHt CaHkT-lNeTepbyprekoro
TOCYAPCTBEHHOTO YHUBEPCUTETA CBSA3M,
Poccus

CM. BeBuHap CM. BebuHap

I CMm. BebuHap I
I CMm. BebuHap I

04/12/2020

MacwtabupoBaHu1e noruyeckoro
BbIBOJA CBEPTOYHbIX HEMPOHHLIX CETeN
(CNN) ons pocTkeHNs MakcUManbHOW

NPONYCKHOW CNOCOGHOCTM

Mukaana Bnotr
3acnyxeHHbIi nHxeHep, komnanms Xilinx

Cm. BebuHap 16/11/20

Wcnonb3oBaHue rny6okoro 0byyeHus
B Liensx AeKoMno3nuum Tpadmka ycnyr
NOABWKHON CBA3VN AN NOAAEPKKN
Hape3ku ceTu
Anekcuc lyke
HayyHbi coTpyaHuk, komnanms Net Al
CMm. BeBuHap
Cwm. BebUuHap

CMm. BeBuHap

I CmMm. BebuHap I

CM. BebuHap CM. BebuHap


https://itu.zoom.us/webinar/register/rec/WN_-cMSSG1TRcOjE8Jzf3Jzqg?meetingId=vsBSd47Cx01IH6_O0lPiZq0qPobYX6a81CRL-PMJn0lEnYg5fjnyXV42rRi9DthI&playId=tcIlJb2s-j43GtPAuASDB_IoW461JqKs2nUb_fsPmEiwUiRSNVSmN-AWY-e4MEoE-9Sq7KoNEVJP7mR8&action=play&_x_zm_rtaid=UbQ1GTqnQ8W5wkflOtbu6w.1597390919494.57cf487c9a68c170041c84e05f4bf917&_x_zm_rhtaid=135
https://itu.zoom.us/rec/play/vJB7Iu77rmo3EtCV5gSDBacqW427Kq6s0nUc__sKmU6xByEKZwbzMLFEMLDz1-lvh5WPudYNMpwi09Uw?autoplay=true&startTime=1597837464000
https://itu.zoom.us/rec/play/ucUvI-yp-j83G4ac4QSDB_UoW43pf_qs2iMeqfQEyxmzVXYDYAWkb-MQNuKw_5pp0zPlasrg1jo6KbRe?autoplay=true&startTime=1598007378000
https://itu.zoom.us/webinar/register/rec/WN_8eie3Um-Qd6PIosaLbehMg?meetingId=z5J0FK3T7D9LTqvQxnDQZP8lDKDqT6a82yMd_KAKmkyPgZGtFGYelRBMuBsj8bLG&playId=vZF5c7-gqDI3H9OXsASDU_N4W9S9eKmsgykW_fMJy0rhUnYEOlfyNbFBNLCmZ0Gnm5wwj2Z5lLnkpB03&action=play
https://itu.zoom.us/rec/play/tZUuce2grGk3GN2c4gSDAqB7W425Lqqs0iZP_vUFmUzkAHUCZwelN7AbNLH4AAu5MI3U7hS5sB8XLYBN?autoplay=true&startTime=1598874962000
https://itu.zoom.us/rec/play/tMEvIb-pqjk3GYDHtQSDU_N7W467e6Ks03cW__dbn0_kUnEKZFuvNOZEZuvpFrGEXqQ6uN5Kc_VPdnLf?autoplay=true&startTime=1598957767000
https://itu.zoom.us/rec/play/luhgvfs3zBzsGwQX8aLiKz98znmHjZxHlkfkoOkwOEv_x7ZfHdqu8ijFICGHRZSlMrbuZOKE70LnfwwQ.P5Uc8Rdd5Z3wJfb8?autoplay=true&startTime=1599216992000
https://itu.zoom.us/rec/play/IJeXJWaBFRMikPHLX1wNslCx_CfhkXinNVlgFJCsCUVHL1aM9m1jz7caS_g_lYaaByeVJnqqMhLH0l9u.12_aSJmZSbadfyRX?autoplay=true&startTime=1601294199000
https://itu.zoom.us/rec/play/uAf_vTOjIFPIM2_FxOEU-OOW2TmHAdjgTLvJrdT8S_bf_JZS1Z4grDW02rCjPFERSOCVQP7Ltj_h-bbW.z-M8AVrQwsgAvUGW?autoplay=true&startTime=1605531263000
https://itu.zoom.us/rec/play/CN8beFjYsTYXUXFRjXzytQVJlN8kyS9RAaQgqo3Z3PCAOslmK7Ry3UYdASmQ3PFQdWAN3OlmGuH8v-d4.RxcOp88zGUSwIzQ7?autoplay=true&startTime=1605704132000
https://itu.zoom.us/rec/play/Red50hxEra0YC7bTFkZy9SP6n7SUVdvQV-XNJ3ENr-2OHbZ2grU7sV0REzE_kWNco0l-JdxoJI5phHyC.2Sk5_nYoSAmv1zX-?autoplay=true&startTime=1606481639000
https://itu.zoom.us/rec/play/fExBf-mNO19P7Vd9Mx7EI7L6Cpf8cZxHEu2lb77hYt-EvlZpRvT3zgDyxGrDjTxKB9nDnzy13Lh9CPoP.2jFy9WF3aFjIo-iS?autoplay=true&startTime=1606913728000
https://itu.zoom.us/rec/play/ORfeiVUL9dj6t8fU4lONvOJiC1QXUQaqpx3nJA-eeSb1J6lmLdxr8qQx06uzjNx_8l6W0bZ-Fy1hbfOh.UcjFooQsYdk6EuzG?autoplay=true&startTime=1607086540000
https://itu.zoom.us/rec/play/SBj91bSWSd_ICTR_omso-5OzNgyLFWEtRwo4Rll0chfWWqpq1TOhQ4ZfhkCyduzUy9DKm5V_gEtKTBwM.6PWnBoBlOnbFFRMF?autoplay=true&startTime=1607428468000
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Shutterstock

OueHKa BO3MOXXHOCTEN U
HakonneHue UM B Oyaywimx cetax

ITU News MAGAZINE No. 05, 2020

ListoHb Jls0, arpekTop nabopatopmm NCKYCCTBEHHOTO MHTeNNeKTa, TaHaw Jlio,
AmaH JIn 1 LzsacuHb Ban, nHxxeHepbl nabopaTopuri CKYCCTBEHHOTO MHTENIEKTa
Hay4YHO-1CCnefoBaTeNbCKOro noagpasaenernns komnanum China Unicom

B Buictpoe passutne ceten 5G
NPVBENO K NOSBIEHWIO MHOXECTBa
HOBbIX NpoBnem - ceTn cTaHoBATCA
crioxHee, ycnyru pasHoobpasHee,
a KOJIM4EeCTBO COeAVHEHNI pacTeT
HebbIBabIMU TEMNAMU.

Mcnonb3oBaHmne TpagnLMOHHbIX Cno-
coboB akcnnyaTaumm 1 obcnyxmsa-
HWS 3aTPYLHAET BbINOSHEHNE HOBbIX
TpeboBaHWU K PasBUTHIO ceTel.
LieHTpoM BHUMaHWs uHAyCTPUK
MHPOPMALMOHHO-KOMMYHUKALMOH-
HbIX TEXHONIOMUI U NpeobnagatoLei
TeHaeHumeln B obnactu paspaboTku
ByLyLmMx ceTel CTan CeTeBON UHTEN-
JIEeKT Kak Ba)KHbIDI MeTon peLLIe-

HUsi Npobiem.

Komnanunsa China Unicom cuutaert, yto
ByayLLas MHTENNeKTyann3aumns cetu
MO3BONUT NPEASIOKUTL BesonacHble
1 HaAeXHble ycnyru n obecneunt
BbICTPOE 1 KayecTBEHHOE 0BCyXHU-
BaHue notpebutenen. Yto kacaeTcs
3KCI'IJ'IyaTaLI|VIV| n O6CJ'Iy)KI/IBaHVI9I
(O&M) Takunx ceten, To oHU obnagatoT
BO3MOXHOCTAMU CaMOKOHdUrypa-
UMM, CAMOKOHTPOJI, CAMOBOCCTAHOB-
NIEHUA 1 CaMOONTUMM3aLINN.

Wcnonbays nepefosbie TEXHOMOMN
aBTOMaTM3aLMmn N MHTENNEKTyaslb-
Hble TEXHOIOTUM B MOSIHOM obbeme,
Mbl MOXEM PEKOHCTPYMpPOBaThb
CYLLEECTBYIOLLYIO CETEBYIO apXu-
TekTypy v pexunm O&M, cozpatb
MHHOBAaLMOHHbIE yCnyru 1 obe-
CneYnTb MakcMmasbHoe yaobcTBo
LNs nofib3oBaTesiei.

éé

Ilenmpom BHUMAHUA
uHoycmpuu
UHGOPMAUUOHHO-
KOMMYHUKAUUOHHbIX
mexHosioeul u
npeobnadarowieti
meHOeHyuel 8 obnacmu
paspabomxu 6y0yuiux
cemeti cman cemesoll
UHMeJlJleKm KAaK BaKHbIU
Memoo peuieHUA npobem.
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113r0Hb JIs10, TaHOD 311 JTio,
AmMaH JIn u 1I3cuHb Ban


https://www.chinaunicom.com.hk/en/business/research.php
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HcnvimamenbHblll cmeHo
No380/IUM KONUYECmMBeHHO
ouyeHUBamMb yposeHb
UHmMesnJiekma cemeti

U noMoxxem 6bicmpo
ocywlecmsumsp BHeOpeHUe
cemeso20 UHmMesiekmd.

144

L13t0Hb JIs10, TaHO31 JT0,
AmaH JIn u l3sscuHb Ban

WcnbiTaTenbHbin cTeHa ons
OLLeHKU BO3MOXXHOCTEN
CeTeBOro UHTesINeKTa

Kntouom k obecneueruio adppek-
TUBHOCTW CETEBOTO MHTESINEKTa
SIB/ISIETCS OLeHKa BO3MOXHOCTE
MHTENNEeKTa CeTM 1 pacnpocTpa-
HeHue aTol HbopMaLmm. YTobb!
[06BUTbCS BbICTPLIX TEMMOB MHHOBA-
LMi B ByayLLLEeM, Ham HY>XKHO co3pdaTb
nnatGopMy C OTKPbITbIMU AaHHbBIMK
L5 HaKoneHus noteHymana. [ns
BbICTPOro pearnpoBaHns Npu name-
HeHUK TpeboBaHNN Mbl MOXEM rMbko

VHTErpupoBaTh CyLLECTBYyIOLLNE
YCAyrn v pecypcbl, NoBbilwas obLyo
3bPeKTUBHOCTb 1 3KCMyaTaLUMOHHbIE
BO3MOXHOCTU CEeTU.

China Unicom pabortaeT Hag co3na-
HWEeM UCMbITaTeNbHOro CTeHaa ons
OLLEHKM BO3MOXHOCTEN MHTENNEKTa
ceTtn. OcHOBaHHbIN Ha PekomeHpaumm
Y.3173 CekTopa cTaHAapTu3aumm
anekTpocesasn MC3O (MC3-T) "Pamku
LJ19 OLLEHKMN YPOBHS MHTENNIeKTa
BymyLwmx ceten, skoyas cetn IMT-
2020", sToT cTeHn obecneymnT npo-
deccrmoHanbHble MeToabl U yCryrm
OLLeHKMN, BKJTHOYas BbIYMCUTESNbHbIE
pecypcbl, MOAEb MaLLMHHOMO 0byYe-
Hunsa (ML), a Takke gaHHble N BO3MOX-
HOCTW CETEBOro MHTEsIeKTa.

VcnblTaTenbHbIN CTEHA MO3BO-

JINT KONIMYECTBEHHO OLeHMBaTL
YPOBEHb UHTENIeKTa CeTen U
MOMOXeT BbICTPO OCyLLECTBUTD
BHELPEHME CETEBOrO MHTEIIEKTa.
VicnbiTaTenbHbIn CTEHA BbIMNOHAET
cnepyowme GyHKLMN.

B Ouenka BbiuMcAnTENLHON MO
HocTu. OLeHnBaeTCst MponyckHas
CNoCcoBHOCTL, 3afepxKa, IHepPro-
notpebneHune 1 T. n. MUKPOCXEM
yckopeHHoN 0bpaboTkm AaHHbIX

W pasHoro Tuna, Takmx Kak MUKpPO-
cxeMbl 0ByueHMs Unm 0BCyXMBaHNS,
MPON3BOANMbIX Pa3HbIMWU KOMMaHK-
amu. VicnbiTatenbHbIN CTeHS, BblgaeT
OBBEKTUBHbIN 1 TOYHbBIN OTYET.
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[ | OueHka mogenu ML. MNposoguTcs
ONS peLleHns 3a8a4m OLeHKM
pabounx xapaktepucTuk mogenu ML,
0CcoBeHHO Mofene, UCNosb3yeMblx
B CETAX 2NEKTPOCBA3M, BKIIHOYAs
Takue nokasatesnu, Kak TOYHOCTb,
6e30MnacHOCTb, HAAEXHOCTb U T. M.
Tak>xe oLeHNBaAETCs BO3MOXHOCTb
NPUMEHEHNS PA3NINYHBIX APXUTEKTYP
1 anrOPUTMOB B Pa3HbIX CLLEeHapUsX.
MoppepxmBaeTcs TecTUpoBaHne
3KCryaTaunmoHHom abdekTnBHO-

CTU U TMBKOCTUN PasIMyYHbIX CUCTEM
rnybokoro obyueHus (Takux Kak
tensorflow, paddle paddle), a Takxe
NpPefoCTaBNAOTCA Pe3ynbTaThl CPaB-
HWUTenbHoro aHanmsa. CpasHuBaeTcs
3¢ bEKTUBHOCTb U TOYHOCTb Pasfmy-
HbIx anroputmos VI B ogHOM 1 Tom
e CLeHapuy NpUMeHeHus.

M O6pa6otka panHbIx. JaHHsie o
ceTn cobupaloTes v NPeABapUTEsbHO
obpabatbisatotcs 4ns GopmMupo-
BaHWs Habopa AaHHbIX, KOTOPbIN
MOXHO MCMOSb30BaTh A5 00y4YeHus
mogeneit ML. Habop paHHbIX BKITIO-
yaeT Takme Mnoss, Kak AaHHble CeTu

¥ faHHble nzobpaxeruns. JaHHbie
CeTU - 3TO B OCHOBHOM TEKCTOBbIE
[laHHble, OXBaTbIBalOLME NATb acnek-
TOB: BecnpoBoAHYIo CBA3b, Ha30ByIO
ceTb, ceTb Nepefayu, HeCyLLyo ceTb 1
ceTb goctyna. [laHHble nzobpaxeHus
B OCHOBHOM OCHOBaHbl Ha 0BHapyxe-
HUW LeNN, CEeMaHTUYECKOW CerMmeHTa-
LMK 1 aHHOTaLMN.
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CubeAl
vy

Nndopmauus o
nnatdpopme CubeAl x

CubeAl - 310 nnatpopma A c
OTKPbITbIM UCXOAHbLIM KOLOM,
NOJIHOCTbIO CaMOCTOATESIbHO
pa3paboTtaHHasi Hay4Ho-
nccnenoBaTesibCKUm
nogpasgenerdvem komnanum China
Unicom. B HacTosiLLee Bpems B
Hee BXogAT nognsiatdopmsbl v
dYHKUNOHaNbHbIe MOAYN OHJTaNH-
obyuyenus W, aBTomaTnyeckoro
BbINyCKa U BHEAPEHMUS Moaeseln,

BU3yanusaumm BosmoxxHocten UN.

Ee ocHoBHas 3afauya - yCTpaHuUTb
Bapbepbl Mexay pa3paboTkoit
mogenu U n peanbHbimmn
NPON3BOACTBEHHBIMU
NPUMEHEHUSIMU, YCKOPUTb NpoLecc
MHHOBauun u BHeapeHus U, a
TaK>Xe CrnocobcTBOBaTH BbICTPLIM
uTepaLmsiM 1 3BOJIIOLMM Ha
MPOTSXXEHNUN BCETO KM3HEHHOTO
umkna npunoxxenun N ot
NPOEKTUPOBaHUS 1 pa3paboTkn fo
BHEAPEHUS U KCMJTyaTaLmm.

B Ouenka BosmoxHocTel ceTe-
BOro MHTennekTa. BosmoxHoctn
CeTeBOro NHTeJsINeKTa OLeHNBa-
IOTCS Ha MUCMbITaTeIbHOM CTEeHAe Mo
pasHbIM NapamMeTpam: niaHMpoBa-
HWe cnpoca, cbop AaHHbIX, aHaNN3,
NPUHATME PELUEHNI U BbINONHEHNE
aencteuin. Kaxpoe npunoxeHue
OLeHMBAETCS B COOTBETCTBUN CO
ctaHgapTom MC3-TY.3173 ¢ npwu-
cBoeHuneMm yposHen LO ~ L5.

Mpouecc TecTMpoBaHWs COCTOUT

13 Nty aTano.: 1) onpepenexune
obbekTa oueHKM; 2) pasgeneHune no
napameTpam oueHku; 3) aHanus obb-
eKTa oueHku; 4) oueHka no Kaxagomy
napametpy; 5) nonyyeHue pesynstu-
pytoLei oueHku. B To xe Bpems npw-
BOASTCS pe3y/ibTaTbl TECTMPOBaHUS
KaX4oro npuaoxeHus Ha ctabunb-
HOCTb, MPOCTOTY MCMOJIb30BaHMS, TOY-
HOCTb 1 NMPOMYCKHYO CMOCOBHOCTb.

WHTerpauus pbiHka
MaluMHHOro obyyeHus B
Oynywme cetn

Ewe ogHo BaxkHOe nccnenosaHve
MOCBALLEHO MHTErpaLmn pbiHKa
MaLUMHHOro 0byyeHus B ByayLuve
ceTu, Bkiovasa cetn IMT-2020
(LWnpoko nsBecTHble Kak cetn 5G),
KOTOpbIE OTHOCSTCS K HAKOMIEHUIO
BO3MOXHOCTEN CeTEBOro MalLVH-
Horo obyyenus. CeroaHs Mmoaenm
ML moryT pasmelLaTbcs Ha pasHbIxX
TOProBbIX NJoLlajfKax, Takmx Kak
Acumos Al koHcopuuyma Linux
Foundation, CubeAl komnanuun China
Unicom, AWS Marketplace n Network
Al Engine komnaHun Huawei.

NHorpa nocnefHne fOCTUXEHWS B
obnacTv ynpexaatoLero aHanmsa
WM aNITOPUTMOB He 3aBUCST OT pas-
BUTWS apXMTEKTYpbl 6a30BbIX ceTei
ML. Pa3paboTunki MHHOBALMOHHbIX
MexaHu3MoB 1 anroputmos ML moryT
Mcrnonb3oBaTh AJ19 pasmeLleHnst
CBOWIX peLueHni obnadHble Topro-
Bble nuowanku ML. Onepatopsl
ceTeln 31eKTPOCBA3N UHTErPUPYIOT
CBOIO COBCTBEHHYIO U/ CTOPOHHIOK
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Toprosyto nnowaaky ML 8 Bygyuyio
ceTb, a 3aTeM PacnpPoCTPaHsoT
NW-npunosxeHune B ceTu anek-
TPOCBSA3M 1 NOBbLILLAKOT YPOBEHb

ee VHTesNeKkTa.

Mpw paspaboTke NpUoXeHNA

ML onepaTopam ceTeit TpebytoTcs
dYHKLUMOHAIBHO COBMECTUMbIE MeXa-
HW3MbI 415 BbIIB/IEHNS TOPrOBOMN
nnowanku ML, koTopol MOXHO Boc-
Nosib30BaTbCs B KaYECTBE NCTOYHMKA
mopenen ML. OtcyTcTBre CTaHAAPT-
HbIX MEXaHN3MOB 0bMeHa MogensMm
ML 1 cBA3aHHBIMW C HUMU MeTagaH-
HbIMW MeX[y TOProBbIMM nJoLuag-
kamun ML n cpefiamn passepTbiBaHUS
ML onepaTopoB ceTelt orpaHuynsaeT
dyHKUMOHaIbHOE B3aUMOAENCTBIE.

Pekomenpauma MCI-TY.3176
"VIHTerpaumns pbiHKa MaLLVHHOIO
obyyeHuns B ByayLve ceTu, BKtoYas
cetn IMT-2020", B pefakTMpoBaHum
KOTOPOW MPUHUMaNK y4actme KOM-
nanumn China Unicom, China Mobile
n ZTE, obecneuviBaeT apxutekTypy u
OPVEHTUPbI 4151 HTErpaLmm PbIHKOB
MaLLMHHOro 0byyeHus B Byayne
cetu. Kpome Toro, B Helt npepncras-
JIeH NpoLecc B3aMMoAencTBma ans
noucka, BbIbopa 1 NpoABUKeHus,
n3yyeHus, obyyeHuns n passepTbiBa-
Hua mogenenr. M
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https://www.acumos.org/
https://github.com/cube-ai/cubeai
https://aws.amazon.com/marketplace/solutions/machine-learning
https://telcloud.huawei.com/#/
https://telcloud.huawei.com/#/
https://telcloud.huawei.com/#/
https://www.itu.int/ITU-T/recommendations/rec.aspx?rec=14402&lang=en
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YckopeHue npouecca JIorm4eckoro Bbisoga npm
rny6okom oby4yeHum c NOMOLLbIO UHCTPYMEHTapus
C OTKPbITbIM ucxogHbiM kogom Adlik

JNuna KOaHb, nHxeHep no paspaboTke MO ¢ OTKPLITHIM MCXOL4HBIM KOOOM
W cTaHgapTusaumm, komnanHma ZTE

B MawwuHHoe obyuenue, B yacTHoCTH rybokoe obydeHne (ML/DL), nprob- “
peno BosbLLyio MOMYNFPHOCTb BO MHOMMX 0BM1aCTsX, BK/IIOYas MaLLMHHbIN

[Ipu obyueHuu modenu
nepeBoa, MallMHHOE 3peHre 1 0b6paboTKy eCTECTBEHHOTO A3blIKa.

Moz2ym pabomamb XOpOouwo,
HO B8 NPOU3B00CMBEHHOU
cpede 0byueHHble Modenu
CMankKusaromca ¢

C nomousto cuctem ML/DL, Takux kak Tensorflow, Pytorch n Caffe, moxHo
co3pasaTb 1 0byyatb mogenv ML/DL gis nssneueHmns sHaHU U3 SaHHbLIX U
B KOHEYHOM cueTe 3bHEKTUBHO NCMONL30BaTh UX CMOCOBHOCTb BbIMOHATL
SIOTMYeCcKme BbiBOLbI B MPOU3BOACTBEHHON cpese.

HOBbIMU NPOb6IeMaAMU.
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Mpu 0BydeHnn Moaeny MoryT paboTaTh XOPOLLO, HO B MPOW3BOACTBEHHOM _—
cpefie obyyeHHble MOLEIM CTaNKMBaOTCs C HOBbIMU Npobnemamu. Jins FOanp



https://www.zte.com.cn/global/
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B npounssoacTBeHHOM cpene mogenu
MOTyYT ObITb pa3BepPHyTbl Ha PasHbIX
annapatHbix nnatdopmax (Hanpumep,
Ha Ba3ze LeHTpasibHbIX MPOLEeCCOpPOoB
(LLM), rpadmueckux npoueccopos
(GPU), nporpammupyembix flornye-
cKkux nHTerpanbHbix cxem (MJINC))

C pa3HbiMn TPebOBaHNAMN K TaKUM
XapaKTepucTKam, Kak CTOMMOCTb
BblUMCIIEHUI, 0BbeM NoTpebrsemoit
namsaTV 1 3a4epXKKa IOrMYecKoro
BbIBOAA B Pa3/IMYHbIX CLLeHapUsX.

Mpo6nembl, Bo3HMKaOWME
npu paseepTbiBaHUN
mopenen ML/DL

B pesynbrate npu passepTbiBaHmm
mopenet ML/DL B nponssoacTBeH-
HOW cpefie, AaXe ecriv OHW XOPOLLO
CXOAMMCh Ha 3Tanax obydyeHus,
BO3HMKAIOT HEKOTOPbIE Apyrue
npobnemsl, KoOTopble Heobxo-
AUMO peLmnTb.

B [lonb3oBaTesnsaM HaAo HabpaTbes
OMbITa, YTODbI HAYYUTHCS
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KayecTBe KOHTENHEPOB

WAV AN UHTerpaumn
MOAesel B MPUSIOXKEHUs Ha
BCTPOEHHOM 0BOopyLOBaHMM.

Mopgenun Heobxognumo
ONTUMM3MPOBATL AN
YOOBNETBOPEHMNS Pa3INUHbIX
TpeboBaHui K paboynm
XapaKTepucTKam B

pasHbIX CLEEHAPUSIX.

MpoekT c oTKPbITEIM

onpenensT, kakas cucTema ncxoaHsim kogom Adlik
NIOrMYeCcKoro BbIBOAA Nydlle
BCEro NOAXOAMT A5 TOrO UK

nHoro obopynosaHus.

Ha pelueHue ykasaHHbIx npobiemsl
HanpaB./ieH NPOEKT C OTKPbITbIM
ncxofHsiM kogom Adlik, nHnuumpo-
BaHHbIN ZTE, kOTOpbIN B HacTosiLLee
BpPeMms MHKYBUpoBaH oTaeneHvem
Al Foundation koHcopumyma Linux
Foundation (LF Al).

B [lonb3oBaTensm notpebytoTcs
CcoBCTBEHHbIE PELLEeHWs ANs
pa3BepTbiBaHWA MOAENEN
ML/DL, Hanpumep, B

ApxutekTypa Adlik

OnTmMK3aTop 1 KOMMUMSTOP MOAENEN: NOBLILLAET SPPEKTUBHOCTb BbIMUCTIEHNH,
COKpaLLaeT aHepronoTpebneHe 1 3aaepxKy

KomnunsaTop moaenei

> B

~
[MpeobpasoBaHue

CrmsHme
rpachos YPOBHel

OnmummaaTop rpachoB
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O6yueHve mogenm

KenopT Mozenei

MexaHuam 0bpabotku @
0bpasos + Mogenb
Mexanwnam nornyeckoro BbiBoga Adlik
EEEE

Docker

&

Mopens B Buze
chaitnos

Mukpoycnyrm

Kubernetes Kubernetes Docker
([0 ] (o ]
[on] [o ]
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Knactep Knactep Y3en xpaHeHus

GPU XpaHeHus
Pa3BepTbiBaHue Ha ycTpoicTae

PasBepTbiBaHue B 0brake PasBepTbiBaHue Ha nepudiepum

Cucrema Adlik: nopaepxvBaeT pa3sepTbiBaHUE B CPEAE TPEX TUMOB
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Adlik - 3To cnctema cksosHom onTu-
Mu3auum Mogenen rnybokoro oby-
YeHWs B LIeNsSX YCKOPEeHUs npoLecca
JIOrMYecKoro BbIBOAA Npu rybokom
obyueHnn B obnauHomn, nepmde-
pUHOM 1 BCTpoeHHo! cpepax. OHa
COCTOUT U3 ONTUMM3ATOPa MoLeNen,
KOMNUASITOpa MoAenen 1 MexaHuama
JIOTNYECKOTO BbIBOAA.

OnTtmMusaTop ocyliectsiseT
oNTUMM3aLMIO Mofenen rnybokoro
0ByyeHns, 0ByYeHHbIX Ha pasnuny-
HbIX MaTGoOPMax, AS1f MOBbILLEHNS
NPOU3BOAUTENIBHOCTU JIOTMYECKOTO
BblBOAA. 3aTeM KOMMUAATOP MoAe-
nen KoMnunmpyert ux B popmar,
NoALEPXKUBAEMbIN MEXAHU3MOM
flormyeckoro Bbisoaa. MexaHuam
JIOrMYEeCcKOro BbIBOAA 3arpyxaeT
CKOMMUIMPOBaHHbIE MOLENN AN
BbIMOJIHEHUS JIOTUYECKOrO BbIBOAA B
obnayHow, nepndbepuninHon 1 BCTpo-
EHHbIX cpenax.

Kntouesyto ponb B Adlik nrpaet
ONTUMM3aTOP Mofesen, 0CObeHHO
korga mogenun ML/DL Heobxogumo
pa3BepTbiBaTh B CPefe CO CTPOrMMM
orpaHuyYeHUsaMM No CTOMMOCTU
BbIYUCNIEHWNI, OOBbEMY NOTPebnsemoi
namMsTh UK 3aAeP>KKe JIOrMYecKoro
BbIBOZaA - Takow cpefe, Kak cLeHapum
nepudepuitHbix BolyncieHnn 5G.

Adlik - 310 NpoekT ¢ OTKPbITHIM
MNCXOAHBIM KOAOM, Lieslb KOTOPOTO -
BHECTV B ONTUMU3ATOP MOAEEN
Adlik kak MoxHOo BosbLue adderTnB-
HbIX PELUEHWNN.

PeweHue 3apaun
onTUMMU3aLmn JIOrM4ecKoro
BbiBoga DNN - konkypc MC2
"MN/ML pna 5G"

BoT nouemy mbl npennoxunu yvact-
HMKaMm koHkypca MC3 "IN/ML gns
5G" 3aHsTbCS pelleHneM 3asBeH-
HOM Hamu 3agaym "OnTnummnsaums
noruyeckoro sbisoga DNN" - 3agauun
noctpoerus obLiero anroputma
ONTUMMU3aLIMN MOLENN, KOTOPBIN
nomor 6bl OBUTLCA yckopeHus
paboTbl Mogenu.

Ons ontuMmnzaunm mogenen ML/
DL B uensix noBbILEHUS KayecTBa
1x PaboTbl HEOBXOANMO U3YUNTh
MHOXECTBO TEXHOSIOMMI B TAKNX
obnacTax, Kak onTUMM3aLms,
OpPVEHTUPOBaHHas Ha MOLESb,
ONTUMM3ALNA CUCTEMHbIX CBA3EN W
annapaTHas onTMMM3aums.

B HacTosLee BpeMs onTumun-
3atop mogeneit Adlik nogaep-
XMBaeT MeTofbl ONTUMMN3ALMM,
OPVEHTUPOBAHHOW Ha MoAeb,

B TOM ymcrie obpesKky v KBaHTO-
BaHWe Mofenu, a B nocsegHee
BpeMms Hallla rpynna 3aHumaeTcs
peLleHneM 3ajaduv AUCTUINSLUN
3HaHu. OpueHTnpoBaHHas Ha
MOZesb ONTUMU3ALMA 3TOTO TUMa B
OCHOBHOM 3aKJ/1It04aeTCcs B CXKaTum
mopenen ML/DL; gpyrve mHoro-
obelatolme MeToab! BKIOYaOT
pa3pexXeHHOCTb SAPa Y HU3KOPaHro-
BYIO 4,EKOMTMO3MLMIO.
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Jlna onmumusayuu
Mooeneti ML/DL 8 uenax
NnosblleHUS Kauecmsd
ux pabomsl He06X00UMO
U3y4umb MHOXECMBO
mexHoJsio2ull.

JIns FOaHb

MeTogbl ONTUMM3aLMKN CUCTEMHbIX
cBsi3e, Takne Kak cermeHTaLus ry-
BOKOWN HENPOHHOW CEeTU, NO3BONAOT
YCKOPUTb TOMMYECKMN BbIBO, MOAENN
3a cYeT ONTMMU3ALNYM CBA3EN MeXay
Pa3NNYHBIMU BbIYUCINTENbHBIMM
y3namm unu ypoBHsmu. A annapat-
Hasi ONTUMU3aLMS C NPUMEHEHNEM
TakWX MHCTPYMeHTOB, kak TensorRT,
no3BonsieT ONTMMN3NPOBaTbL Onepa-
LMW NTOrMY€ECKOro BbIBOJA Ha OCHOBE
XapaKTepucTuK 3a34eNCTBOBaH-

HOro obopypoBaHus.

Ckopo Bbiiget BTopas Bepcus Adlik.
Mbl mpurnawaem Bac onpobosats ee
1 BHECTM CBOW BKJI1ag, B [OpaboTky
37O Bepcuu Ha cante Github, ll

37


https://aiforgood.itu.int/ai-ml-in-5g-challenge/
https://aiforgood.itu.int/ai-ml-in-5g-challenge/
https://github.com/Adlik/Adlik
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NpumeHenmne NA/ML: oTkpbiBalowmecss BO3MOXKHOCTH
M npoGnembl ANF NOCTaBLUKOB YCNYyr CBA3U

Canunx 3prioT, cTapLUmin Hay4YHbI coTpyaHuk no HNOKP
B obnactm ceten 5G, komnanua Turkcell

B VckyccteenHbin nHtennekt (M)
npeobpasosan MHOTME OTPACU.
TpYAHO MATW B HOTY C MPOTPECCcoM
B chepe paszsutua NN, Byoyun
CBUOETENIEM HOBbIX TEXHUYECKUX
pa3paboTok B 06nacTn MalLMHHOrO
3penus, rae N obyuyaet komnbio-
Tepbl UHTePpeTaLmnm 1 BOCNPUATUIO
BW3yasibHOro Mupa; obpaboTtku
ectectBeHHoro a3bika (NLP), npea-
ycMaTpuBatoLLen B3aMMoencTamne
MeX Iy HayKON O AaHHbIX 1 YenoBe-
YECKMM 3bIKOM; MPOrHO3MPOBaHWS
BPEMEHHbIX PAA0B A5 NpeAcKasa-
HWA Bygyliero v T. 4.

BuepaluHss HayuHas daHTacTmKa
ObICTPO CTAHOBUTCS CErOAHSIL-
Hel peasibHOCTbIO.

OpHaKo yuuTbIBasi OrPOMHbIN 0B6bEM
[OCTYMHbIX J@HHbIX 1 TPYOAHOCTU C
ynpasneHvem nHGPacTpyKTypon
BBW/AY €€ BO3PacTaloLLei CIIOXHOCTY,
MO>XHO yTBEP>KAaTh, 4TO B cdepe
cetent ceasu NN-npunoxeruns elle He
peann3oBanu CBOW NoTeHuman.

BHeppeHune TexHonoruin 5G nocre-
neHHo HabupaeT 0BopoTHI BO BCEM
MUPE, U MHOTWE OpraHu3aunm no
CTaHAapTM3aLMUK y>Ke NPUCTYNUAn
K pabote Hag ctaHpapTom 6G;
[oCTaTo4HO HasaTb OnepaTueHyto
rpynny no TexHonorusm gns Cetu-
2030 (O NET-2030) CekTopa cTaH-
AapTtusauunm anektpocessn MCD
(MC3-T) n Uenesyto rpynny NGMN
no cetam 6G.


https://www.turkcell.com.tr/
https://www.itu.int/en/ITU-T/focusgroups/net2030/Pages/default.aspx
https://www.ngmn.org/
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TpyOHOo npedcmasumy,
KaK Mbl CmaHeM
passepmblsamsb U
SKCNJlyamuposamsb
6ydyuiue cemu 6e3
nomowu M.
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Canunx Sprior

TpyaHO NPefcTaBuTb, Kak Mbl CTaHEM
pa3BepTbIBaTb U 3KCMIYyaTMPOBaTh
Oynyuwine cetn 6e3 nomowm NN,

MocTaBwmky ycnyr -
nccnepoBaHus
M 3KCNEPUMEHTbI

MocTtaBwmkn ycnyr ceasm (CSP) vacto
peanunsytoT CLieHapum NCnosb3o-
BaHus VI, He cBsizaHHbIe C ceTblo.

K pacnpocTpaHeHHbIM NpuMmepam
OTHOCSITCS MPOrHO3NPOBaHNe OTTOKa
KJINEHTOB, CErMEHTaLUA KIIMEHTCKOMN
6a3bl, TabnuLbl NONb30BaATENbCKOM
aKTMBHOCTU B ODLMHE, AONONHM-
TeNbHble/MepeKpPecTHble MPOAaXM U
NPOrHO3NPOBaHNE MOLLIEHHNYECTBA.
MHorne onepaTopsl Ha4ann BHe-
apsite metoabl W B ceTeBble TexHO-
JIOTUN UM 3KCMEPUMEHTUPOBATDL C
HWMMW, XOTS 3TO HemnpocTas 3afava
BBMY OrPaHUYeHHbIX PECYPCOB B
aTon obnacTu. Kpome Toro, Heob-
X04MMO pa3paboTaTb 0ObEKTUBHbIE

1 nogoTtyeTHble Mogenn. KomnaxHus
Turkcell, kak u MHOrVe onepaTtopbl
CBSI3U, CTPEMUTCH OTBETCTBEHHO U
3TWMUYHO ncnonb3osatb W 1 nyGanyHo
0BbsABMMIA O CBOEN NPUBEPXKEHHOCTU
3TON NoAnTUKe, NPUHAB [TPUHLMMBI
VICKyCCTBeHHOFO NHTEeNNeKTa.

Bce Dosnee nonynspHon cTaHOBUTCS
apXUTeKTypa, OCHOBaHHas Ha ycryrax,
a gns CSP knoyeBon TexHonorvemn
NpeAoCTaBeHNs YCIyr C Pa3HbIMU
TpeboBaHNAMM K KayecTsy 0BCayKu-
BaHua (QoS) B ux nHdppacTpykType
5G sBnsieTcs ckBO3Hasi Hape3Ka ceTu.
B pamkax npoekta RELIANCE, B kOTO-
pom yyacteyert Turkcell, ouerusatorcs
[OCTOMHCTBA U HEAOCTaTKU Hape3Ku
B HECKOJIbKMX CLIEHaPUSIX MCMOJb30-
BaHWs - OT BUAEO-KOHdepeHL-CBA3N
00 "yMHbIX" noe3nos v 3gaHui, a
TakXe nccreayeTcs BO3MOXHOCTb
NPOrHO3npoBaHus DyayLMX NoKasa-
Tenev ahpGeKTMBHOCTM, 4TO MOMOXET
paspaboTaTb ONTUManbHyto cTpaTe-
rMio pacnpegesieHns pecypcos.

[ns kpuTnyeckn BaxHbIX ycnyr
CTaHOBUTCS BCe Bosee nosesHsIM
nporHo3unposaHune QoS BmecTo
nepuoAnyYecknx oTHETOB U CTAaTUCTU-
yeckux pacnpepeneruin. Hanpumep,
LN CaMOoynpPaB/IEMOro aBToMobums
OAHON NWLLbL NepcrnekTnBbl obecre-
YeHunsa HagexHoctn B 99,9999...%
Y€ HeJOCTaTO4YHO, OH AOJIKEH

BbITb 3apaHee NpeaynpexaeH o
npobneme [OPOXHOTO MOKPLITUS,
4TOBbI MPUHSATE MEPbI MPEeAOCTOPOX-
Hoctu. B nokymerTte 3GPP TR 22.886
onpepeneHsl CLieHapun COBMECTHOTO
NCnonb3oBaHus nHbopmaLmmn ans
aBTOMAaTM3NPOBAHHOIO 1 aBTOMa-
TNYECKOro ynpaBieHUs TPpaHCNopT-
HbIMW CPEACTBAMMN 1 aBTOKOSOHHAMU.
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YTobbl 0becneunTs LOCTYNMHOCTb

n kavectso ycnyr gns CSP, Bce
Bonbluyto BaXHOCTb NpuobpeTtaeT
ynpas/ieHVe CeTbio, OPUEHTUPO-
BaHHOE Ha Ka4yecTBO OBCyXKMBaHUS
nonb3osaTtenien. B pamkax npoekra
5G PERFECTA mbl paspabatbiBaem
MOZESN, OCHOBAHHbIE Ha KITHOYEBbIX
nokazatensx adpdbektnsHocTn (KPI)
paAMoCeTH, KOTOPbIE MPOrHO3MPYIOT
OLLeHKY MOJb30BaTENMM Ka4yecTsa
ycnyr (QoE) notokosoro TB.

Takve Mopen No3BOSIOT U3MEPSTL
OLLeHKY MoJib30BaTENIAMU KayecTBa
YCIyr B pexume, BIM3KoM K pexumy
peasibHOro BpeMeHu, a pe3ysbTaThl C
MOMOLLbIO TPaHCEpPHOro obyueHns
MOXHO PacrnpOCTPaHnTb Ha Moge-
JNMpPOBaHWe APYrnx BHYTPEHHUX 1
BHELLHWX YCIyT.

MNpo6nemsl
co3paHua UN-npunoxxernn

Mpobnembl co3paHms
NW-npunoxeHunin B ceTn onepatopa
NPV HAaIMYUN HECKOSbKNX MOCTaBLLM-
KOB U C MPUMEHEHNEM HECKOMbKMX
TEXHOOTMI U3/I0XKEHbI BO BKJ1A4E
OnepatunsHom rpynnsl MC3-T no
MaLLUMHHOMY 0byyeHuIo ans byayLimx
ceten, skmodas cetn 5G (O-ML5G).

MpunoxeHve B pexmnmMe peasbHoro
BPEMEHMW TPYAHO peann3oBsaTs B
apXMTEKType C LeHTPan30BaHHOM
6a30i1 faHHbIX, Tak Kak 3TO YpeBaTo
3afiepxKamu 1 TpebyeT BosnbLumx
BO3MOXHOCTEW no obpaboTtke
LaHHbIX.


https://medya.turkcell.com.tr/en/bulletins/turkcell-announces-artificial-intelligence-principles/
https://medya.turkcell.com.tr/en/bulletins/turkcell-announces-artificial-intelligence-principles/
https://www.celticnext.eu/project-5g-perfecta/
https://extranet.itu.int/sites/itu-t/focusgroups/ML5G/input/ML5G-I-113.docx
https://www.itu.int/en/ITU-T/focusgroups/ml5g/Pages/default.aspx
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Nudpopmaumusa o6 OnepaTtusHom rpynne MC3 ML5G

OnepaTuBHas rpynna no MalMHHOMY oBy4eHuto s ByayLumnx ceTen,
Bktoyasa cetn 5G, Cektopa ctaHgapTtusaummn MC3 ( ) Bbina
obpasoBaHa B cocTaBe B
2017 ropy. Ota OnepaTtvBHas rpynna paspaboTana AecsiTb TEXHUYECKNX
cneumndmrkaumin No MawmHHoMy obydenuio (ML) ans Byaywmx ceten,
BKJItO4as cneundukaummn nHTepdbencos, apxXMTeKTypbl CETEN, MPOTOKOJIbI,
anropuTtmbl U popmaTbl gaHHbiX. OI-ML5G paboTana c aHBapsi 2018 roga
no nionb 2020 roga.
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3HayeHWe NPoeKTUPOBaHUS
apxuTeKkTypbl ¢ yyetom U

IOns CSP, ocywectersiowmx npeob-
pa3oBaHMe CBOUX CETEN B MHTENIeK-
TyasibHyto ceTb, BosbLioe 3HaueHne

lMoapobHee cm. 3gech.

Mpw peanusaumn cneumansHoOro
Mopysst 0bpaboTku cobbITUi B
pexunmMe peasibHoro BpemMeHu npu-
LLIOCb NCMOJIb30BaTh HECTAHOAPTHbIE
NporpaMMHble 3aKk/1afK1 B CETEBOM
obopyaoBaHMM, YTODbI NONYUUTb
LOCTYM K CTAaTUCTHKE B peXMME
peanibHOro BPEMEHW W 4SSt ANCTaH-
LIMOHHOTO ynpasneHus yanamu. Mpwu
MCMOSIb30BAHUN HECTAHAAPTHbIX
nHTepdencos TpebyeTcs Henocpes-
CTBEHHasi MOMOLLLb NMOCTaBLLMKa MO
YNPaBieHno NPonpreTapHbIMM
nHTepdencamu, n MHoraa Takune gei-
CTBUSI MOTYT MPUBECTU K YSI3BUMOCTH
cucTeMbl bezonacHocTu.

MockosbKy y pasHbIX NOCTaBLLM-

KOB 3TV UHTEepPdEnchl pasHble,
NW-npunoxeHuns Heobxoammo
HacTpaunBaTb, a MHOTrAa U Nepenpoek-
TUPOBaTb ANIA KaXXA0ro NocTaBLmKa.
Mpobnema c KPl He orpaHnymsaeTcs
TPYAHOCTbIO AOCTYNa B pexmnme
peasnibHOro BpeMeHw; pa3paboTky

MMeeT NPOEKTUPOBaHNE apXmnTek-
Typbl c yyetom VW, koTopast B xone
3TOro npouecca nogaepxvisaet
bYHKLMOHabHYIO COBMECTUMOCTb,
MexaHn3Mbl 06pPaboTKM AaHHbIX U
WHCTPYMEHTbI OLIeHKM 3PEsIoCTH CeTU.
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CywiecmseHHbIU BKJIAO
sHecna OnepamusHas
epynna MC3-T no
MAWUHHOMY 06yUeHUto

ons 6yoywux cemet,
144

OnepatueHas rpynna MC3-T no
MaLLMHHOMY 0ByYeHumio s ByayLimx
ceTew, BkStovas cetn 5G, BHecna
3HaYUTESbHBIV BKIaM B peLleHne
3TON 3afauv, paspabaTbiBas cneyu-
duKaummn B TeueHmne BCero neproaa
sKJtouas cemu 5G. CBOEW AeATes/IbHOCTH.

B vx uncno BxopaTt: "OcHoBa apxu-
TEKTYPbl MALWMHHOTO OByYeHNs B
Bymywmx ceTsax, Bkoyas IMT 2020"
(MC3-TY.3172), "CrpykTypa obpa-
B0TKM faHHbIX ANna obecneyeHums
BO3MOXHOCTU MaLLMHHOrO 0ByuYeHws
B ByayLumx ceTsx, Brodas IMT-
2020" (MC2-TY.3174)n " OcHosa
OLEHKMN YPOBHEW UHTENNeKTyab-
HOCTM DyfyLLMX ceTel, BKIoYas
IMT-2020: cueHapwuun ncnonbsosaHus"
(MC3-TY.3173).

Canux SprioT

ceTeBbIx W-npunoxeHunn satpyn-
HsieT 1 To, uTo KPI onpepensatoTes
KOHKPETHbIM MOCTaBLUMKOM U Aaxe
MOryT OTCyTCTBOBaTh. Hanpumep, ons
0bopynoBaHMa O[HOro NOCTaBLLMKA
onepexeHue no spemenn (TA) npea-
CTaB/ISETCS HEMNOCPEACTBEHHO Kak
KPI, B To Bpems kak ans obopynosa-
HWS APYroro NocTaBLUMKa NoyyeHne
3HaveHus TA TpebyeTt npoeeaeHns
aHanun3sa XypHasioB TPacCUPOBKW.


https://www.itu.int/rec/T-REC-Y.3172/en
https://www.itu.int/rec/T-REC-Y.3174
https://www.itu.int/rec/T-REC-Y.3173
https://www.itu.int/en/ITU-T/Pages/default.aspx
https://www.itu.int/en/ITU-T/studygroups/2017-2020/13/Pages/default.aspx
https://www.itu.int/en/ITU-T/focusgroups/ml5g/Pages/default.aspx
https://www.itu.int/en/ITU-T/focusgroups/ml5g/Pages/default.aspx
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YnpolueHHble Moaenu ans
KPUTUYECKMU BaXKHbIX OTpacsen

Mex gy nccnenosaHnaMm B obna-
ctvt M v akcnepumenTtamm ¢ NN

B JeNCTBYyIOLLLEN CeTn onepaTtopa
COXpaHSIOTCA HeKoTopble Npobesbl.
B pabote C. Zhang, P. Patras v H.
Hamed "Deep learning in mobile and
wireless networking: A survey" (IEEE
Communications Surveys & Tutorials,
vol. 21, no. 3, pp. 2224-2287,2019)
[aH NPeBOCXOAHbIN 0630p MeTofoB
rnybokoro obyyeHns ons MobUIbHBIX
1 BecnpoBoOAHbIX ceTel.

[na KprUTMYeckn BaxkHbIX M CTPOro
perynMpyembix oTpacnem, Takmx Kak
3/71EKTPOCBA3b U 34PABOOXPAHEHME,
NepBOCTENEHHOE 3HaYeHME UMEIOT
LoBepUe 1 MpoBepKa peLLeHni,
NMPUHUMaeMbIX aBTOHOMHO. [1ns
TaKMX CUCTEM LOCTUXKEHUS BbICOKOM
TOYHOCTM MPOrHO30B HEAOCTATO4HO,
pe3ysibTaTbl AOSXKHbI ObiTb MOSTyHeHb
Ha OCHOBE MPaBWJILHOMO NPeaCTaB-
neHns npobnemsl, a He oWNBOUYHbIX
BXOLHbIX AAHHbIX.

Mo3ToMy B 3TVX OTpacnax npea-
nouYTUTESIbHEE UCMONbL30BaTh HE
crioxHble, a bosee NpocTslie Mogeny,
TaKue Kak JIMHenHas perpeccus uim
LepeBbs peLleHuit, MOCKoSbKY OHU
noggatotcs nHtepnpetauunm. OpgHako
HefaBHVe NCCNefoBaHus nokasanu,
YTO U CNIOXKHbIE MOAESIN MOXHO
paspaboTats Tak, yTobbl obecrneunts
NX OBBACHUMOCTb.

I'Ipep,OCTa BJ1eHue
Hauny4yuwiero nporHos3a

Ewle oamH HegocTaToK BONbLUIMHCTBA
anroputmos VW - npepgoctaBnerve
HauyyLLero NporHo3a Ha ocHoBse
paHee HabNOAABLUNXCS AAHHbIX.
Korna oHw cTankmsatoTcsi ¢ HOBbIM
cLeHapveM Unn Korga U3MeHsHoTCS
cTaTUCTUYECKMEe AaHHble, Texa-

LMe B VX OCHOBE, 3TW aifOPUTMbI
MPOAOIKAIOT BblAaBaTb HavyyLLee
NPeAnonoxXeHne, BMECTO TOTO YTODbI
coobLwnTL 06 OTCYTCTBMM yBEPEH-
HOCTU B CBOEM peLueHunn. B ceTsx
3/1eKTPOCBA3N A1 HAAEXHOW U OTKa-
30yCTONUYMBOM PaboTbl BaxHO Npw-
MeHaTb MexaHu3mbl W ¢ yyacTrem

JesloBeka B KOHType 0bpaTHOM CBA3M.

AKTUBHbIE UCCiefoBaHWs, obelua-
foLLME MONOXUTESbHbIE Pe3ybTaThl
AN ceTen, BenyTcs B obnacTy
TpaHcdepHoro obyuyeHus, koTopoe
npegncTasnset coboit obyyeHne ¢
MEHbLLUNM KOJINYECTBOM npmmepOB
3a cYeT UCTMOMb30BaHNA 3HAHWNN,
MOJIyYEHHBIX U3 paHee peLleHHOoN
noxoxew npobnembl. Arent N
CMOXeET aflanTypPoBaThCs K 3Me-
HEHUAM B CBOEW Cpefe, a MoLeb
XOPOLLO U3BECTHOWN YCIYrN MOXHO
ByneT pacnpoCcTpaHUTb Ha aHanormy-
HYIO YCNyry, BHYTPEHHUE MeXaHn3Mbl
KOTOPOWN HEU3BECTHbI.
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PepepaTusHoe obyyeHue -
obneryeHne Harpysku no
06paboTke boONbLUNX AaHHbIX

HakoHeL, elie ogHO HanpaeneHue
OypyLwmx nccnegosanuii - dege-
paTnBHOe obydyeHue, KoTopoe
nossonseT oby4yaTb MogAesb cpasy
MO HECKOJbKMM HabopaMm AaHHbIX,
uTo obneryaet Harpysky no cbopy u
0bpaboTke orpoMHbIX 06bEMOB faH-
HbIX, MOCTYMAIOLLMX B LEEHTPaNbHOE
XPaHUINLLE AAaHHbIX OT BCEX Y3/10B.
MomunMo NoBbILLIEHHOW Harpy3Kn Ha
cUCTEMY, 4NN LEHTPANN30BaHHbIX
MOAXO[0B TakXKe XapakTepHbl Anu-
TesbHble 3a4ePXKN, U UX NCTONb30Ba-
Hue TpebyeT 0cobo OCTOPOXKHOCTH
BO n3bexaHue nobbix Npobnem,
CBA3AHHbIX C KOHOMAEHLMANBHOCTLIO.
QepepatmeHoe 0bydeHne Takxe
MO3BONIAET HECKOJIbKUM Y4acTHMKaM
paspaboTaTb HaUyYLLYO MOLENb
bes3 yuwepba ans koHdMaeHUMansHo-
CTU AaHHbIX.

B 3aknoyeHne oTMeTUM, 4TO TPYAHO
npepcraBuTb cebe ceTesble one-
pauwumn 6e3 nomowm U B ceTax

5G v nocnepytoLmx NOKONEHUA.
Brepnperune N B ceTn cTaBuT nepes
MOCTaBLLMKaMW yCNyr CBA3N pPsig,
npobem, HO 1 OTKPLIBAET LWNPOKME
Hosble BoamoxHocTu. [l
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ABTOHOMHbDIE CeTU: apanTaumsa K Hen3BeCTHOMYy

Mon XapBu, pykoBoamnTenb Hay4Ho-UccnenoBaTenbckmx pabot, CTyamns nHHoBaumnn
komnaHum Rakuten Mobile, n MpakaBan Bapyxpabxas, pykoBoamntenb oTaena noanepxkm
n NpoABuMXeHus nccnepgosaHnin, Ctyamns nHHosaumm komnaHum Rakuten Mobile

[ B cospemeHHon MmeToaunke obyue-
HWS MPOU3OLLEN Nepexod oT
TPaAVLMOHHOIO 3ay4MBaHUsA K KPU-
TUYEeCKOMY MbilneHnio. JsuxeHve
YMOB B 3TOM HanpasneHum Gopmu-
pyeT ftofein, CnocobHbIX CaMOCTOs -
TEeNIbHO peLuaTh 3a4a4n B CUTyaLusXx,
C KOTOPbLIMU OHU paHee HUKOrAa He
CTaNKMBaANCh, YTO OYEHb BaXKHO ANA
pabounx MecT 3aBTPaLLHEro AHS.
MonobHo atnm paboumm mecTam,
CeTU 3NeKTPOCBA3W NPEACTaBNAT
coBOoW CNOXHYIO, MOCTOSAHHO U3MEHSI-
IOLLYIOCS Cpefy, COCTOSILLYIO U3 HOBbIX
TEXHOJIOTUIA, YCIYT U CIOXHBIX CXEM
Tpadwika. BosHumkaet Bonpoc: ecnu
Mbl Y4UM Kagpbl BbiTb aBTOHOMHbLIMU,
BO3MOXHO, NPULLA Nopa Hay4nTb
aBTOHOMHOCTU camu ceTn?

Yrto Takoe BupTyanusauus?

Mpexpae yem yrnybutbes B BONPOC
06 aBTOHOMHOCTU, BaXXHO O3Ha-
KOMUTbCA C MEXaHU3MOM ee
peanusaumm - BUpTyanmsaumnen.
BupTtyanusauwms - ato npouecc, ¢
MOMOLLLbIO KOTOPOTO ceTeBoe 0bopy-
fLoBaHuWe abcTparnpyeTcs nocpes-
CTBOM NPOrpaMmMHoro obecneyeHms
TakvM 0B6pasoMm, YTo nNpukiagHoe
MO cTaHOBUTCA M30NMPOBAHHBIM

oT 06opyROBaHUS, HA KOTOPOM OHO
pabotaeT. ITa HoBas abcTpakLyms
no3BoJIfeT onepaTopam ceTen
3NEKTPOCBA3N YHUPULMPOBaTb

1 yNpOCTUTL CBOU MHPACTPyK-
Typbl, obecneurBas MexaH1U3M A
ynpasneHus ceTblo. 3afaya cocTout

B KOHTPOJIE Haf, 5TUM MEXaHN3MOM,
KOTOPbIA MNO-MPEXHEMY B OCHOBHOM
peannayertcs JII0LbMU UIIN YETKO
onpeaesneHHbIMY aBTOMaTU3NPO-
BaHHbIMUM npoueccamu. OgHako
OypyLve ceTu CTaBaT nepeq nccre-
[oBaTeNAMU Lesbii psg npobnem,
MHOTMEe 13 KOTOPbIX NpexAe HUKoraa
He BcTpeyanuck. CnefosaTesibHO,
L4018 TOro 4Tobbl byayuine cetn dyHk-
LIMOHUPOBANN AOMKHBIM OBpaszoM,
Mbl BOJKHbBI HAYYNTbCH aBTOHOM-
HOMY MbILLIIEHMIO, NOLOBHO TOMyY
KaK npernopfaBaTesnin y4aT CerofHs
CTYAEHTOB MbIC/INTE KPUTUYECKH W
6e3 npomeieHus pelaTb HOBbIE
3agjaun.


https://corp.mobile.rakuten.co.jp/english/
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Lns moz2o umobbi 6y

cemu ¢pyHKUUOHUPOBAIU
O0O0JIXXKHbIM 06PA30M, Mbl
O00JKHbL HAyuumbCA
ABMOHOMHOMY MbIULJIEHUO.
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[Ton XapBu,
[IpakariBaH Bamxpabxas

ABTOMaTU3aUMA -
He aBTOHOMHOCTb

Mpexne Bcero aBTomatnsauns He
€CTb aBTOHOMHOCTb.

B  AsTOMaTU3auUMA - 3TO
byHKUMOHUPOBaHMe B
pamkax YeTKo onpefesieHHbIX
napameTpoB UK 3afaHHbIX
orpaHu4eHni.

B ABTOHOMHOCTb - 3TO
camocTosTesibHoe 0bAyMbiBaHNe
1 NPVIHATUE MOAENN NOBEAeHS,
BbIXOAALLEN 33 PaMKM 4ETKO
onpepeneHHbIX NapaMeTpoB Mu
3af,aHHbIX OrpaHNYeHNN.

ABTOMaTM3aLMA - MOLLHbIN UHCTPY-
meHT. OHa HaleneHa Ha pelueHne
KOHKPETHOW 3ada4un unu Habopa
3ajay, Taknx Kak MpUMeHeHne mMeTo-
n0B rnybokoro obyueHus os nouncka
aHOMasui, BbisiBIEHWE onpeneneH-
Horo Beb-Tpadwka WM NPUIOXKEHNIA

NN paxe obHapyXeHWe BTOPXKEHWI.
HecomHeHHO, pasnunyHblie TexHono-
MMM MaLIMHHOTO 0ByyeHus nokasasnm
cebs apPeKTUBHbIM CPEACTBOM
aBTOMAaTMYECKOro peLleHns MHOMMX
33434y B CETU, HAaNpUMep Tex, 4To
onpepeneHsl OnepaTuBHONM rpynnow
CexTopa cTaHAapTM3aLMm 3N1eKTPO-
cBasn MC3 (MC3-T) no malwmHHOMY
obyueHuio gns Oyoywmx ceten,
Bktoyasa cetn 5G (OI-ML5G), em.
Pekomerpaumm MCI-T cepun Y.3170
"MawwuHHoe obydeHune B ByayLumx
ceTsx, Bkmodasa IMT-2020: cueHa-
PUN NCMONb30BaHNS".

XoTa aBTOMaTusaums naet 60b-
LIne NpenMyLLecTBa, OHa Takxe
npepacrasnset cobon npobnemy,
CBSi3aHHYIO C MpUcyLLen el npeno-
npepeneHHocTbio. Korga npouncxo-
OWT HenpenBuUAEHHOE N3MEHEHME,
Hanpumep B cdepe NoCTaHOBKM
3a4a4 unu B chepe TEXHONOTUI NN
NOSIBAAETCS HOBbIN KNacc Npuioxe-
HWI, HEOBXOAMMO BMELIATEeIbCTBO
NHXXEHePOB, KOTOPbIE AOSIXKHbI
BHECTU U3MEHEHMS.

C ppyron CTopOHbl, aBBTOHOMHOCTb
He TpebyeT BMeluaTebCTBa Yeso-
BeKa unv TpebyeT ero B MUHU-
MaJslbHOWN CTeMeHwu, NOCKObKY

OHa 3agyMaHa - Mo NPoeKTy - Kak
caMoperyJiMpyloLLascs cucTema,
crnocobHas BbINTH 3a Npefesibl 4eTKo
onpeaenieHHbIX NapaMeTpoB Un
3afaHHbIX OrPaHUYeHNN.
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ABTOHOMHOe ncciegoBaHue
HOBbIX TEXHOIOT UM

MpepcrasbTe cebe, YTO BbI fAanu
pebeHky Mapkep 1 ywnv. Bnonxe
BEPOSATHO, YTO K BalLleMy BO3Bpa-
LLEeHNIo OH DyfeT MCnosib30BaH Ha
KaXk[oM BUOVMOWN NOBEPXHOCTY -
Bymare, nuiue, CTEHe 1 gaxe Ha
cobake. [naas Ha cebs, Mbl, Bynyun
JIIOABMU, UHCTUHKTUBHO 3KCnepu-
MEHTMPYEM C OKPY>KaoLLMM MUPOM,
nosnyyasi OTBETHYIO peakLmio, KOTO-
pasi HanpasfseT - HO He AUKTYyeT -
nocnegyrouime encTBus, Takme
Kak moxsasa uam nopuuarue. Tak
Mbl YYMMCS MONb30BATLCA HOBLIMU
MHCTPYMEHTaMU 1 y3HaeM, Kak OHU
BIMSIOT Ha OKPY>KatoLLMIA HAaC MUp.

To e cnpaBefSIMBO 1 B OTHOLLEHWUM
BymyLLMX TEXHONOTNN. ABTOHOMHbIE
CeTW [OMXKHbI HAY4YUTbCA 3aeNCTBO-
BaTb HOBbIE TEXHOJIOMUM, HE UMES
SBHOTO yKa3aHWs Ha WX Lenu, n/vnnm
NPUMEHSTb CyLLECTBYIOLLME TEXHO-
NOTUW ANt PELUEHNS HOBbIX KJ1acCoB
3apa4. Tak Mbl y4MMCs NOSIb30BaTLCS
HOBbLIMW MHCTPYMEHTaMM U y3HaeM,
Kak OHW BNINSIOT Ha OKPY>KatoLL M
Hac Mup.

Kak 3anporpammupo-
BaTb TBOPYECTBO

Kak BbINOMHSAETCA 3KCNEPUMEHT
mMeTonoM npob v ownbok? Mpu

Ha 4K BOBLLIOTO KOMYECTBa BO3-
MOXHbIX KOMBUHALMN TEXHONOMNIA 1
KOHdUrypauuin ans atoro Tpebyetcs
3¢dbeKTUBHBIN MexaHU3M nowmcka
NOTEHLMaNbHO NOE3HbIX BAPUAHTOB.
OnaTb xe, Mbl BIISAbIBAEMCS B CaMMX
cebs B MOMCKe BOOXHOBEHMS.
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SBosoLMS NMPOUCXOANT MyTeM
MONYNPOU3BOSIBHOrO PEKOMBUHU-
POBaHWSA 1 U3MEHEHNs HeBOoNbLIMX
KOHCTPYKTUBHbBIX BIOKOB (reHOMOB)

1 nooupeHns "dyepes BbIXMBaHWE
Hanbosee NPUCNOCOBEHHbIX 13 HUX'
WY Yepes NoBbILLEHWE LLAHCOB Ha
cnapviBaHue gns nonyyeHus bonee
cunbHoro notomcTsa. beino goka-
3aHO, YTO MOAXOMbl, OCHOBaHHbIE Ha
3BOOLMW, ABAAIOTCSH 3bPEKTUBHBIMM
MexaH13MaMm nomncka B G6osbLmx
NPOCTPaHCTBaX N HaXOXOeHs
(onTuManbHbIX) peLueHmnin npobiem.

HekoTopbiMun npumepamn peanu-
3aUMn JaHHOW KOHLeNuMm MoryT
CNY>XWUTb NPOEKTUPOBAHNE aHTEHHbI B
HACA (Hornby, G., Globus, A., Linden,
D. and Lohn, J., 2006. Automated
antenna design with evolutionary
algorithms. In Space 2006 (p. 7242)) u
aBTOHOMHOE "NOBTOPHOE OTKpPbITHE"
TEXHOJIOTNI MALLMHHOTO ODy4YeHMs

B Google (Real, E., Liang, C., So,
D.R.and Le, QV. 2020. AutoML-

Zero: Evolving Machine Learning
Algorithms From Scratch. arXiv
preprint arXiv: 2003.03384).

He cTaHyT UckioueHeM 1 aBTOHOM-
Hble ceTu, NPOCTO MecTo Bronoru-
4ECKMX FreHOMOB 3aMMyT MOy bHble
nporpaMMHble 610KK, KOTopble
CerofHa COCTaBAAT OCHOBY NOBbIX
NOAXOMAO0B K NPOrPaMMMPOBaHMUIO.
Takvm 06pasom, 3BOIIOLMA ABAAETCS
noaaLLmnMca cucTeMaTaaLumm
MEXaHU3MOM CTUMYJIMPOBAHNSA TBOP-
yecTBa, HEOBXOAMMOTO A peLleHUs
Hen3BeCTHbIX 3a4a4 B 6y,E||yLLl,l/IX ceTdax.

3HaHue - cuna

HecmoTps Ha mHoroobeluatoume
pe3ynbTaTsl, NOMYNPON3BOSbHbIN
MONCK BO3MOXHbIX TEXHONOMMYECKMX
KOMBUHALMI - 3TO HE €AMHCTBEH-
HbI NyTb. JTloamn B xoae nctopun
HaKanIMBaoT 3HAHWUS Y NPUMEHSIIOT
NX B NpoLecce NPUHATUA peLle-
HUN. ABTOHOMHbIE CETW OOJSIXKHbI
N3BieKaTb MNOMb3y N3 3TUX KOIEK-
TMBHbIX 3HaHWI, a Takxke AobbIBaThL
CcBOW COBCTBEHHbIE.

[nsi 3TOro Mbl NPUMEHSEM OHTOJIO-
VIO U TaKCOHOMMIO, 4TODbBI OTpaxaTsb
OTHOLLIEHWSI MEXAY COOTBETCTBY!HO-
WMy obbekTamu, obHapyxmsae-
MbIMU B ceTu. Takoe npefcTasneHve
4eNoBEeYECKMX 3HAHWI B COYETaHWM C
nHdopmMaumen, cobpaHHon n3 ceTu,
N TEKYLLMMM 3HAHUSIMW, HaKOMIEH-
HbIMW 3MMUPUYECKMM NMyTEM METO-
LOM MPob 1 OLWnBOK, OTKPbIBAIOT
nopagatoLLmincs cuctemaTmsaumnm
cnocob JOCTUXEHWNA aBTOHOMHOCTU.
370 cHUXaeT BEPOSTHOCTL BbIBOPa
OnpeAeneHHbIX 3BOIOLMOHHbBIX KOM-
BUHaLMi1, yMeHbLIAeT MPOCTPAHCTBO
nomcka 1 yckopsieT BeCb npoLecc.
OTnpaBHOW TOYKON AJ1s 3TOrO NPo-
Lecca MOryT CNyXKWTb CyLLLeCTBytoLLME
npoekTbl, Takune Kak KapTa npuno-
KEHWI 4151 KOMMaHWI 31eKTPOCBA3N
(TAM) ®opyma TM.
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Yro panbie?

3710, Ge3ycnoBHO, HeMpPoCTas 3afaja.
Kak peleHunsa 6e3 nocnenytoLmx
[enCcTBUIN He NPUBOAAT K pe3yJib-
TaTy, TOYHO Tak Xe AN aBTOHOMHOM
afanTaumm K HEM3BECTHbIM YCIOBUSM
TpebyeTcs peLnTs MHOXECTBO pas-
HOOBpa3HbIX 3a4ad, BKItOYas cosfa-
HUE MeJsIKMX KOHCTPYKTUBHbBIX BIOKOB,
MOCTPOEHWE Pa3/INYHbIX BapnaHToOB
OHTOJOMMN U TaKCOHOMUW, Paspa-
BoTKy fi3bika crneunduKaumnin ans
OMUCaHWs 3TUX 3IEMEHTOB 1 Co3Aa-
HWe cpefbl A1 UMUTaLMOHHOIO

1 "KaHapeeyHoro" TeCTUpPoBaHus.
DTOT CNUCOK MOXHO MPOA0XKaTb U
NpPOoAOIKaTb.

3apavy co3faHns aBTOHOMHOW ceTu
MOXHO PeLUMTb INLLb COrflacoBaH-
HbIMW COBMECTHbBIMUW YCUUAMMU.

3T0 HEODXOANMO He TOSbKO ANS
LOCTUXKEHNS BbILLEN3NOXEHHbIX
Lenien, Ho v AN rapaHTUmM TOro, 4TO
aBTOHOMHOCTb ByfeT peanusosaHa
Kak PYHKLMOHaNbHO COBMECTMMas
nnatdopma 4ns B3aMMOAENCTBUSA
onepaTopoB ceTel, NPUHOCSLLAS
NpaKTUYeckyto nosb3ay Bcem. JaHHbin
MOAXOA y>Xe NPUMeHsieTcs B opra-
HM3aLMsAX NO CTaHAapTU3aLMmn Ans
HOBOTO MOKOJSIEHUSI COBPEMEHHbIX
BbIYUCIUTENbHBIX NaTdopPM, Nosss-
foLLMXCs B anoxy ceTer 5G.

B s3tom cmbicne MC3 u ero unenbi
MOTYT CbirpaTh BeAyLLy POosib B 06b-
eAVHEeHNN HeobxogMMoro cooblLue-
CTBa Y MPEOA0NIEHUN Pa3pbIBa.


https://www.tmforum.org/
https://www.itu.int/en/Pages/default.aspx
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Taxum 06pasomM,
aBMOHOMHble cemu
npedocmagnsom
BO3MOXXHOCMb
0cB80600UMb UHXEHEPOB —
cheyuaiucmos no

571eKmpocsA3U om
pyMmuHbl, 4mobbl OHU
MoO2/1u coCpedomouumaca
HO UHHOBAUUSAX.

ABTOHOMHOCTb: cBOGOAA
OT PYTUHBI

MopoBHO ToMy, Kak HaLLux feTew
roTOBSAT K HEN3BECTHOMY XapaKTepy
paboTbl B OyayLLeM, Mbl FOTOBUM
CBOW CETU K TOMY, 4TODbI OHU MON
CaMOCTOSATENbHO aAanTNPOBaTLCS K
Hen3BeCTHbIM 3aja4aMm, BO3HNKalo-
LM B ceTsix OyayLIMX MOKONIEHNA.
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[Ton XapBy,
[IpakariBaH Bamxpabxasn
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MbI 3aMeHsieM NOAXOA, PyHHOM
pa3paboTkn aBTOMaTHKMN NMOAXOAAMY,
OBUXUMbIMW 3BOSIIOLMEN, NpOoBepSs-
eMbIMW NPaKTUKOW 1 CO3[aBaeMbIMM
camMrMK MaLMHamu. Takum obpasom,
aBTOHOMHblE CeTW NPeAOoCTaBAAOT
BO3MOXHOCTb OCBOBOANUTL UHXE-
HEepPOB - CMeLnanmncToB Nno CBA3n ot
PYTUHbI, YTODbI OHM MOTIM COCPEAO-
ToUUTbCS Ha MHHoBaLWsx. Ml

ObLan apxnTekTypa 3BOIOLMOHHOM aganTaumm aBTOHOMHOWM

MexaHn3m aBTOHOMHOCTM
LleHTp 3HaHMi

3HaHus

lnockocTb ynpaeneH1sa aBTOHOMHOCTBH0

Kontponnep

Koxtponnep

Koxtponnep

VNF][ CnyxGbl
Buptyanusaums
1] MiHdbpacr, a

B nometLieHum HansHas nepudepms

VRAN - BupTyanu3oBaHHas ceTb paanogoctyna

MexaHu3m agantaumm

MexaHuam
9BOSTHOLMM

Kontponnep

Koxtponnep

Koxtponnep

Kontponnep Kontponnep

VNF][ CryxGbl
Buptyanusaums
1] MiHdbpacr, a

TpaHcriopTHag
CeTb neprcepuitHoi
TN CBSA3N

TpaHcropTHag
CETb TPAH3UTHOM
TVHWV CBS3M

BrivoxHss nepudrepns

VNF — ®yHKUUS BUPTYanbHoM ceTh

MexaHuam
. AKCTIEPUMEHTVPOBAHMS!

Kowtponnep

LieHTp 3HaHui

KoHTponnepb! XpaHeHus pasHbix
TUNOB AAHHBIX 1 3HAHIA

Koxtponnep

MexaHu3m apjanrauuu

CosgaHve 1 npoeepka
HOBbIX KOHTPOITIEPOB

VNF][_ Criyx®! [nockocTb ynpaBneHms
Buptyanusaums aBTOHOMHOCTbO
WHdpacTpykTypa

Il ViTeprer Skcnnyarawys u

aAMUHUCTPUPOBaHKE CETU

YacTHoe obnako - o

O6LwenocTynHoe

obnako

Wctounnk: ©2020 Mobile Rakuten Innovation Studio.
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TectupoBaHue QoE B ceTiX NOABMXHOM CBA3MU

ApHp Cnbuna, MeHe>xep No MapKeTUHIY TEXHOOMMN OTAeNa
TECTUPOBaHNSA ceTel NoABUXKHOM CBA3M KomnaHum Rohde & Schwarz

[ Onepatopam ceTeit NOABUXHOW CBA3M, YTOBbI rapPaHTUPOBATh KaYeCTBEH-
Hoe obcny>knBaHWe, HeOBXOAMMO NMPOBOANTL TECTUPOBAaHNE CTaBUNBHOCTM 1
KayecTBa paboTbl cBOMX ceTeil. M13-3a orpoMHbIX 06bEMOB 3a1eMCTBOBaHHbIX
[aHHbIX 3TO BPSA SN BO3MOXHO C MOMOLLIO PYy4HbIX METOA0B. Ha nomoLLb npu-
XOAMUT UcKyccTBeHHbIN nHTennexT (1N).

TectupoBaHue ceten B anoxy 5G

C nosiBneHnem cucteM NoaBMXKHOW CBA3M NATOro NOKOSIEHUS CneLmnanncTbl No
TECTUPOBaHWNIO CeTeln CTONIKHY/INCb C HOBOW cuTyauueln. MHorne acnekTbl ceTen
5G - pasHble NOIOChI HaCTOT, Pasnymne NPoOrpamMm pasBepTbiBaHNS MEXAY
onepaTopamu, LUIMPOKNIA CNEKTP NPUMEHEHUI, TaKNX Kak MHTEPHET BeLLlel
(loT), obbluHas NoABUXHAsA CBA3b, MAPLLPYTU3aLmMa TpaduKa 1 T. 4. - TPUBOANAT K
LUMPOKOMY pa3HOOBpasuio ceTel U faHHbIX TECTUPOBAHNS.

éé

Onepamopam cemeti
nooBuUXHOU CBA3Y,
UmMo6bl 2apAHMUPOBAMb
KauecmseHHOe
06CyXUBaHuUe,
Heo6X00UMO NpoBOOUMb
mecmuposaHue
cmabunbHocmu u
Kauecmsa pabombl
csBoux cemetl.
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https://www.rohde-schwarz.com/au/home_48230.html
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AHanun3 3Tux gaHHbIX B 0BbIYHOM
arpernpoBaHHoin Gopme BbICTpo
I'IpI/IBO,EU/IT K NCKa>XeHHbIM pe3yr|bTa—
Tam 1 HEBEPHbIM UHTEPMPETaLUsM.
YcnewHoe peluerune atol npobnemsi
obecneynBaeT NCKYCCTBEHHbIN
nHTennekT. B To Bpems kak meTogpb!,
OCHOBaHHbIE Ha afropuTMax, oTpa-
KatoT KOHKPETHbIE TEOPUU, METOAbI
W, Takne Kak pacnosHaBaHue
0bpaszoB, NO3BONAIOT HEMPEAB3ATO
oueHnBaTb Habopbl AaHHbIX 1 0BHa-
PY>X1BaTb B3aMMOCBSA3M, CKPbITblE
OT aHaJINTUKOB.

HeobxopMmocTb MalLMHHOIO
oby4eHus ans 6onbLnx
OaHHbIX

TepmuH "mMawwmHHoe obyyeHne"
ABNIAETCH HEMHOrO Hosiee KOHKpeT-
HbIM TEPMUHOM, YeM "MCKYCCTBEH-
HbIn nHTennekt". Llenb MawmHHoro
0byyerunsa (ML) coctouT B TOM, 4TOBLI
aBTOMAaTMYeCKM BbIBOAUTL OBLIMe
npasuna 3 bonslworo obvema
JaHHbIX. B Hawmx npumepax npume-
HeHusa ML K faHHbIM TecTUpOBaHUs

B [ABVXXEHWN TUMUYHBIA KOHBENep
rnybokoro obyyeHus oxsaTbiBaeT ABa
aTana - aTansl 0byyeHus n noruye-
CKOToO BbIBOAA.

Ha aTane oby4eHus Mbl ocyLecT-
BnsieM cbop 0ByvaoLLMX AaHHbIX
MHOMOYMCIIEHHbIX TECTOB, BbIMOSI-
HEHHbIX B Pa3HbIX KOHGUIypaLmsx 1
cpepax. DTV AaHHbIE MPOXOAAT NPO-
Lecc obyyeHuns ¢ 6osbLIMM 06bEMOM
BbIYMCIEHUI, OBLIYHO C MCMOSb3O-
BaHMEM rpaduyeckmx NpoLeccopos
(GPU) bnaropaps nx cnocobHoctu
napasnfiesnbHo BbIMOMHATb MHOXECTBO
NPOoCTbIX onepaumni. Pesynstatom
aTana oby4YeHus CTaHOBUTCH MOLETb,
cofep>alLas 3HaHus, cobpaHHble

C UCMOMb30BaHNEM BCeX y4ebHbIX

LaHHbIX, KOTOPbIE HEOBXOANMbI A1
BbIMOSIHEH WS HALLIEN KOHKPETHOM
LesieBon GyHKLMN.

Ha sTane noruueckoro BbiBOAa Mbl
npocTo bepem obyyeHHylo Moaens
Y NPUMEHSEM €€ K HOBbIM [aHHbIM,
4TOBbI CreHeprpoBaTh MPOrHO3
UK BOBUTLCA MOHMMaHUSA 3aKOHO-
MEpPHOCTEMN, CKPbITbIX B CTPYKTYpe
LaHHbIX. DTOT 3Tan TpebyeT MeHb-
LIMX BbIYUCITUTENbHBIX MOLLHOCTEN,
yem aTan obyyeHus, 4To AenaeT ero
LOCTYMHbIM L7151 CEPBEPOB C 0ObIY-
HbIM LIEHTPAsIbHbIM MPOLLECCOPOM
(LM unn paxe gna nepubepmin-
HbIX BbIYMCNTESbHBIX YCTPONCTB
6e3 HeobxoAMMOCTM NepenaBathb
KOHUAEHUMaNbHYO MHGOPMaLMIO
Ha cepBsep.

[Tocne aTana MHTEHCUMBHOTO o6yl-|e—

HUA MOLeJb MO3BONAET NPakKTN4HeCcKn
MIHOBEHHO MpaBWJ/IbHO UHTEPNPETU-

pPOBaTb HOBblE JaHHblE N3MEPEHWI.

Bbibop meTopnos
MallMHHOro oby4eHus

Mbl ncnosblyem MeToabl MallMHHOIo

0ByyYeHNs LNs TaknxX MPUIOXKEHWNR,
KaK yrpoLLeH/e onTUMm3aumm ceTem
MOABUXHOM CBSA3U U COBEPLUEH-
CTBOBAHMWE OLEHKMN KaueCTBEHHbIX
PasMunin MEXAY NOCTaBLLMKaMM
ycnyr. PelweHnem atvx Bonpocos
3aHMMaeTcs ocHoBaHHas B 2018
ropy nabopatopus Data Intelligence
Lab, koTopas Takxe okasbiBaeT
NOALEPXKKY OTAENaM UCCNeL0BaHMMN
1 paspabotok komnaHun Rohde &
Schwarz, obecneunsasn nx metogamm
aHaNn3a Ha OCHOBE AaHHbIX. DTK
NoAXOAbl 0COBEHHO NEePCneKTUBHbI
B OTHOLLEHWU TECTUPOBaHMWS ceTel
MOABUXHOM CBSA3W, KOrAa reHepu-
pyIOTCS Ype3BbIYaiHo bonblume
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Smart - nnatdpopma
HOBOrO MOKOJIEHNA ANA
TeCTUpPOBaHMA ceTen
NOABU)KHOM CBA3MN

MocmoTpute aToT
BMO,E0POJINK, YTODObI MONYYUTL
npegpcTaBfieHne O HOBOW
napagurmMe TeCTMpOoBaHUS
ceTen NoABUXXHOW CBA3MN,

KOTOpas NO3BONSET yNPOCTUTb
OLIeHKY KayecTBa ceTu 1
ynydweHue ee paboumx

XapaKTepPUCTUK Ha OCHOBE
OLEHKM MOJIb30BaTENAMMU
kavectBa ycnyr (QoE).

0b6beMbl faHHbIX, AenatoLme PyYHOM
aHanus n GopMyMpoBaHmne Npasms
NPakTUYECKN HEOCYLLLECTBUMbIMU.
MawwmnHHoe obyyeHune nossonser
MCNOJb30BaTh MHPOPMALMIO, CKPbI-
Tyto B BonblUNX Habopax fAaHHbIX,
Hanpumep, A5 NONyYeHUs HOBbIX
OLeHOUYHBIX NokasaTenen. [pumepom
TaKMX NoKasaTesien MOXeT CIY>XUTb
oueHKa cTabuUnbHOCTM coeanHe-
Hu (CSS).


https://scdn.rohde-schwarz.com/ur/pws/videos_5/solution_1/mobile_network_testing_1/RS_Smart-Brain-V2p1-h264-720p25-6mbps.mp4
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KomnaHus Rohde & Schwarz u cranpaptbel MC3

Komnanusi Rohde & Schwarz - unex cektopa MC3, npuHumarowmi
aKTUBHOE yyacTue B pabote 12 i1 iccneposartenbckon Komuccum
CekTtopa craHgaptusauum MC3 ( ) ( : Mokaszartenu paborsbl,
Ka4yecTBO 0bCny>KMBaHNSA M OLLeHKa NoJsib30BaTesIeEM KayecTBa ycyr) no
BHegpeHuio NN n mawmHHoro oby4yeHus.

MW n mawmHHoe obyyeHune B HacTosLee BPeMs LUMPOKO MCMOJb3yoTCs
npu paspaboTke Mogenen Ans OLeHKN KayecTBa pedu, 3ByKa 1
BuaeonsobpaxkeHum, Hanpumep B ctaHgaptax MCD no oueHke kayecTsa
ayAnoBu3yasibHOM NOTOKOBOM Nepepaym, B YactHocTu PekomeHpaumi
MC3 (nocTeneHHas 3arpy3ka 1 aganTUBHas NOTOKOBas Nepepaya
ayaunoBu3yasbHbIX gaHHbIx) n MC3 (noTokoBble ycnyru nepegayu
BUAEO C paspelleHnem go 4K).

B HoBbIx cTaHgapTax MC3 no oueHke kayecTBa paccmaTpuBatoTcst
VHTeNNEeKTyanbHbIA aHaan3 u guarHoctuka ceten (MC3 ), a Takxe
co3faHve 1 TeCTMPOBaHNe Mogenen Ha base MaluMHHOTo 0byyeHus ans
OLLeHKM KayecTBa cpenpbl nepegaum (MC3 ).

OcHoBbIBasACb Ha onbiTe pa3paboTku aTux ctaHgaptos MC3, 12-a
WccnepoBaTenbckasi KOMUCCUSA JaET B FOTOBALLEMCS K BbIMYCKY
TexHnuyeckom otyeTte n [lobasneHnn MCD gononHuTenbHble
pykoBoasime ykasaHus no npumeHexuto MW n mawmnHoro obyyerus B
npoueccax ctaHgaptusauum MC3.

Komnanusi Rohde & Schwarz oxupaet 3HauMTenbHOro yBennyeHus
KOJIMYECTBa UCCIIe[OBaHWI U PEKOMEHAALIMI C UCMOJIb3OBaHUEM
METOL0B NCKYCCTBEHHOMO UHTEJISIeKTa U MaLLMHHOTO OBYyYeHUsi U aKTUBHO
noapepXunBaeT 3Ty gesdtenbHocTb B MC3.

OueHka ctabunbHocTn COeVHEHWN B 3pesbIX CETSX

coeauHEeHNN: HOBbIN
nokasaTesnb A1 OLEeHKKN
HageXXHOCTN CBA3MU

BHesanHo npepBaHHbIi TenedoH-
HbI 3BOHOK - BECbMa HEMPUATHbLIN
onbIT. [loaTomMy onepaTtopsl ceTel
NMOABUXHOW CBA3M MHOIO NeT 3aHK-
MaloTCst TECTUPOBaHWEM KayecTBa
nepefayn rosioca U CTabunbHOCTH
coepuHeHuin. Hanbonee nonynspHomn
cTaTUCTVKON iBnseTcs kKoabbuumneHTt
npepBsaHHbIx coeamnHeHnin (CDR). Ho
NMOCKOJIbKY KOJIMYECTBO MPEPBaHHbIX

4pe3BbIYaNHO Masno, HeOBXOANMO
BbIMOJTHUTL OFPOMHOE KOJIMYECTBO
BbI3OBOB, AJ151 TOrO 4TODbI MOMY4UTb
CTaTUCTUYECKM 3HAYMMbIN Pe3yrib-
TaT. Kak cnepcreue, kamnaHum no
TECTMPOBAHWIO B ABUXEHUU NPOLOSI-
KNTENbHbI W 3aTPaTHbI.

Mbl ncnosib3yem MeTof, 3aMeHbl
[BOWYHOIO COCTOAHNS COEQUHEHNS
("ycnelwHo 3aBeplueHo” nnu "npep-
BaHO") TOYHbIM aHa/IOrOBbIM 3Ha-
yeHneM. [1na storo c nomoupsto N
co3faeTcs cTaTucTnyeckas MoLesb,
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BHe3anHo npepsaHHbIU
meJjiepOHHbIU

3B80HOK — BECbMQ
HeNnpuAmHbLU onblm.
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KOTOpaa CBA3bIBaET yC/10BUA Nepe-
Aayun C COCToaHMEeM coeiMHeHNA.

3HaveHune CSS, nonyyeHHoe Ha
OCHOBE 3TOV MOAenu, No3BosseT
N3MEepPUTb HAAEXHOCTb MOABUX-
HOrO COeIHEHWA B TeYeHne Bcen
NPOAOIKNTENBHOCTM BbI30Ba U
knaccmbunumMpoBaTb ero no KkavecTsy.
[narHoctuka Tak>xke oxBaTbiBaeT
HecTabusbHbIE COeOANHEHMS, KOTO-
pble Bblfn yCreLwwHo 3aBepLueHbl,

HO, KaK NOKa3blBatlOT AaHHbIE, 6bIJ'II/I
6113KM K NpepbiBaHuio. B Tpaguum-
oHHown ctatuctuke CDR 311 HecTa-
BubHbIE COEANHEHUS OLLEHMBAIOTCS
MONOXUTENIBHO Kak yCrneLlHble, 4TO
MCKaXaeT OLeHKY KayecTBa CEeTU.

3HaueHune CSS ocHoBaHO Ha MHdOP-
Maumu, cobpaHHOW 13 pesynLTaTos
MUJIJIMOHOB TECTOBbIX BbI3OBOB U
BKJIIOYEHHOW B MOAETb B NpoLecce
obyyermns. Ouerka ybegnTensHa

C nepBoro xe Bbi3osa. Kauectso
ceTeBbIX COeANHEHWI PerncTpupy-
eTcs TOYHEee N C MeHbLUMMU YCUu-
amun. Mogenb oueHnBaeT faHHble Ha
OCHOBE M3y4YeHHbIX NPaBua 1 faeT
3HadeHne ot 0 oo 1. Yem oHo BbILwe,
TEM HUXE BEPOSATHOCTb pasbeamnHe-
HWA B HabloJaeMOM VHTepBane.


https://www.itu.int/en/ITU-T/Pages/default.aspx
https://www.itu.int/en/ITU-T/studygroups/2017-2020/12/Pages/default.aspx
https://www.itu.int/rec/T-REC-P.1203
https://www.itu.int/rec/T-REC-P.1204
https://www.itu.int/rec/T-REC-E.475
https://www.itu.int/rec/T-REC-P.565
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Mamepenne CSS BxoanT B cocTas
aHasMTU4eCcKom nnathopmbl
SmartAnalytics komnaHun Rohde &
Schwarz (cm. cHumok akpata 1).

O6Hapy>xeHue
BPeMeHHEIX aHoManum

Ewe ogHa ynpasnsemas U byrk-
LW$i B 3TOM MakeTe nporpaMmMHoro
obecneuyeHus - 3To obHapyxeHne
aHOMasInit C MOMOLLbIO MALLUMHHOTO
0ByyeHnsa Bes yuntens: HeMpPoHHas
ceTb 0byyaeTcs aHanM3npoBaThb
MHGOPMALMIO, CKPbITYIO B HEMOMe-
YEHHbIX JaHHbIX.

OBHapyxeHWe aHoManui -
MHCTPYMEHT, BbICOKO LLeHUMbIN

cneunanuctamu no obpabotke
faHHbix. OHO HaNpaBeHo Ha MOUCK
BbIBOPOK AaHHbIX, HE COOTBETCTBYO-
LLIMX perynsapHOMy pacnpeneneHunio
Habopa AaHHbIX, K KOTOPOMY OHM
npuHagiexar. Beissnernune aHo-
MasibHbIX BBIBOPOK, KOTOPOE TakxKe
Ha3blBaeTCs BbIbpocamu B pacnpe-
LeneHumn, AaeT LeHHyIo HpopMa-
LMo, KOTOpas 4acTo yKasblBaeT Ha
nedekTbl unu owmnbkm B npouecce
cbopa paHHbIX (HanprmMep, Heunc-
NpaBHOE UK HENPaBWUIBHO HACTPO-
eHHoe obopypoBsaHue).

OBHapysxeHne aHoManmin Npu nepe-
fade AaHHbIX Ha OCHOBE BPEMEHHBIX
PALOB NEPEMEHHON ANMHbI TOMO-
raet oneparopam ceTei NoABUX-
HOW CBS3U BbISIBIATb OTKJIOHEHWS 1
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HeMenneHHO onpeaensTs npobiem-
Hble 0BNacTu, CKPbITbIE 38 CPEAHUMM
3HAYEHWAMU KIIOYEBbIX MOKa3aTesien
apdekTmsHocTM (KPI).

Busyanusauus atoit yHKLUMN B
nporpamme SmartAnalytics komna-
Humn Rohde & Schwarz nossonser
ObICTPO YBUAETb, Ha KaKWX 3Tanax
TECTUPOBAHWNS MPONCXOANT OTKIIO-
HeHue oT mogenn. Pesynstatom
oBHapyXeHUs BPeMEHHEBIX aHOManuin
cTaHoBUTCH Bonee adpdexTnaHas
MeTofMKa TECTUPOBAHNS B ABUXKEHUN
1 ONTUMM3ALNN.

OBHapyseHue aHoOManui, B 4acT-
HOCTU OBHapYy>XeHWe BPeMeHHbIX
aHOMasInii, NPUMEHUMO K Pa3HbIM
cuenapuam Tectuposarus. [l
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CHu1MOK aKkpaHa 2. Buayanunsaumns obHapy>eHns BpeMeHHbIX
aHomasnun B nporpamme SmartAnalytics komnaHum Rohde &
Schwarz (BocTynHO TONBbKO Ha aHITUIACKOM Si3biKe)

CHumok akpaHa 1. Busyanusaums oueHkm cTabunbHOCTM
coeguHeHu B nporpammMme SmartAnalytics komnaHum Rohde
& Schwarz (BocTynHO TObKO Ha aHTIMCKOM Si3bIKe)
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B3rnap onepartopa cetn Ha ponb U B
Oyaywmx ceTax paguopoctyna

Yux-Jluub WU, rnaBHbIn nccnegosatens no becnpoBogHbiM TexHonorunsm, u Lim CyHs,
CTapLUMI HaY4YHbIN COTPYLHMK MO BeCcnpoBOLHbLIM TEXHOMOTUAM,
Hay4HO-uccnegoBaTenbckoe nogpasgenerune komnaxum China Mobile

B Cetn 5G BHeppAIOTCA BO BCEM MVPE, AEMOHCTPUPYSA HEBEPOSATHBIE TEMMbI
paseuTua. Hanpumep, B Kutae k KoHUy 3TOro roga, kak oxuaaetcs, byner pas- “
BepHyTo Bonee 600 Tbic. Bazoebix cTaHumin 5G.

Heobxooumo
OpHako 5G - 370 Ype3BbIHaNHO CI0XKHas CUCTEMA, KOTOPYIO HEBO3MOXHO pea- nepeocMbicIumMb
JIN30BaTh, I'IpOCTO I'IOCTpOl/IB COTHW ThbICAY 6a3OBbIX CTaHLI,l/Il;I. L{T06bl ,D,O6I/ITbC‘;I mpaOUHUOHHy}O
KOMMEpPUECKOro ycrnexa, HeobXxoarmMo pelwmnTs MHoro npobnem. Hanpumep, napaduaMy 371eKmpocsssu
BbICOKME YPOBHW 3HEPronoTPEBNIEHNs 1 BbICOKas CTOMMOCTb 1 FTMOKOCTb U UChoJ1b308dImMb
ceTen 5G 3aTpygHAOT ONTUMU3ALMIO MX SKCTUTyaTaumm 1 obcnyxmeaHus. Ewe HOBble meXHo1I02Ull.

ofHa npobniema - kak BbICTPO 1 3GEKTUBHO YLOBNETBOPUTL PasHOObpasHble ”
NOTPeBHOCTU NPUIOXKEHNI BEPTHKASbHbLIX OTPaCeNn.

Yux-JIuus V1, Iu CyHb



https://www.chinamobileltd.com/en/global/home.php
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YT100bbI pewmnTs 3T npobnemsl, Heob-
XOAMMO NEePEeoCMbICIUTL TPAAULN-
OHHYIO MapaanrMy 3N1eKTPOCBS3N 1
MCMOJb30BaTh HOBbIE TEXHOIOTUN,
Takme kak 0bs1ako, aHanns GosbLMX
LaHHbIX U MalLnMHHOe obyyeHwe. Kak
npepnonaraetcs, ans cetert 5G un
nocneayoLmx NoKoNeHnn notpeby-
etca rnybokas uHTerpaums nHdop-
MaLMOHHBIX TEXHOIOMMI, TEXHOOMMI
nepefayn faHHbIX U TEXHONOMMI
CBA3N.

Oxupaetcs, 4To B BecnpoBogHsle
ceTn BCex BUAOB U BCEX YPOBHEN - OT
SloKanbHOro v nepudbepuitHoro fo
obrnaka - byayT BHeApEHbI BO3MOXX-
HOCTUN MHTESNEKTYaslbHOrO aHanm3a.
AHann3 faHHbIX, MaLMHHOE obyue-
Hue (ML) 1 CKyCCTBEHHbIN NHTeN-
next (MN) cuntatoTes kntovesbiMun
bakTopamu fanbHenwero passuTHs
NHTeNNeKTyanbHOCTV BecrnpoBOAHbIX
ceTell v pesosiloLmMn B 3ToM obnacTu.

CeTeBble BO3MOXXHOCTHU
npu ncnosib3oBaHnn
aHaJNIn3a AaHHbIX N
MaLlUUHHOrIo o6yquvm

AHanuns AaHHbIX 1 MalLNHHOE O6y-
yeHue obecneuvar Bce ceTu cnepyto-
LLIMMU BO3MOXHOCTAMMU.

B Hape>XxHoe NporHo3upoBaHue.
CobpaHHble B ceTn obwmpHbie
MHOrOMEpPHbIE faHHble
MO3BOJISHOT NPOrHO3MPOBaTb
ceteBoW TpaduK, aHOManmu,
xapakTep/Tvun obcnyxneaHus,
TpaekTopuio ABUXeHUSs/
MeCTOMNONOXeHne
nosnb3oBaTesnel, OLEeHKy
Nonb30BaTENAMU KauecTsa yCyr,
paanocurHaTypy, NoMexm u T. 4.
Takue NPOrHoO3bl HECOMHEHHO

pacLMpPSAT BO3MOXHOCTU
aKTMBHOTO yMNpaB/ieHWs CETbIO

1 ee KOHTPONSA 1 NpUBEayT K
3HaYUTENbHOMY MOBBILLEHWNIO
abdbeKkTMBHOCTN NCNONb30BaHUS
ceTeBbIX PeCcypCoB U
3HeproadpdeKkTMBHOCTY, a

Takxe obecrneyaTr BO3MOXHOCTb
WHANBWAYaNbHOrO
perynmpoBaHus KayecTsa
obcnyXnBaHWs nosb3oBaTesnen.

E  YnyyweHHas onTUMUsaums
ceTu 1 NoBbiLLIEHNE KayecTBa
NPUHUMaEMbIX PeLLIeHUN.
MeTopapl aHanmnsa faHHbIX 1
MaLLMHHOIO OBy4YeHWs MOMOryT
abdeKTMBHO peluaTb cepbesHble
npobnemsl B cetax 5G, onupascs
Ha faHHble, cobpaHHble 13
peansHon ceTn. OBbIYHO 1X
TPYAHO CMOAENMPOoBaTh UK ANs
UX peLueHns TPebytoTca CIOoXHbIe
BbIUNCIIEHNS BBULY YPE3BbIHANHO
BosbLUNX PasMePHOCTEN UK
NP-TpyaHbix 3apad (3agav,
KOTOpble HEBO3MOXHO PeLUUTb Ha
HeAeTePMVHUPOBAHHOW MaLLHe
TblopuHra 3a nosivHoOMManbHoe
BPEeMsi, HO MOXHO NPOBEPUTH).

CpenaB akLeHT Ha ceTn paanopo-
ctyna (RAN), cueHapum ncnonbsosa-
HWUS MOXHO YCIOBHO pa3gennTb Ha
yeTbipe TvNa: 1) MHTeNnekTyansHoe
yrnpasJieHWe CeTbio N OPKECTPOBKA;
2) nHTennekTyanbHble MOBUSbHbIE
nepubepuiitbie BoluncneHus; 3)
WHTENeKTyalbHOe ynpasneHune
pagvopecypcamu; n 4) HTennexTy-
anbHble TEXHONOTMN paanonepesayu.

ﬂ,OI’IOJ’IHVITeJ'IbHO MO>XHO BKJTKOYUNTb
onTUMM3aLMio 06aacTV pagmMoyacTor,
TO eCTb LndpoBOE NpeabickaxeHne ¢
nomoubio .
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PaccMmoTpeHue yeTbipex
CLeHap1eB UCNONb30BaHUSA C
TOYKM 3peHUs onepaTopa

Hwxe nogpobHo onucaHbl yeTbipe
TUMUYHbIX CLLEEHaPUSA UCMNOJIb30BaHNA
C TOYKM 3peHMNs onepaTopa, OCHO-
BaHHbIE Ha OMbITe KOMMEPYECKOro
BHELPEHMA N UCTbITaHWI.

1 JHeprocbepexxeHue

YTobbI CNPaBUTLCA C 3HEPreTUYe-
CKMMU NpobnemMamiu, BbI3BaHHbIMU
pacLMPEHNEM CETU NMOLBUKHON
ceasun, komnaHus China Mobile
paspaboTana cucrtemy sHeprocte-
PEXEHNN C NPUMEHEHNEM Pa3HbIX
TexHosorumn paguogoctyna (MCES)
A1 NOBbILLIEHWS dHepProapdekTms-
HocTu noasuxHbix ceten. MCES
B3aVMMOLENCTBYET C CEeTbIO Pafnomo-
CTyna B pexvmMe peanbHOro BpemeHu
1 MOXeT NopaepxmeaTb obopynosa-
Hve RAN 2G/3G/4G pasHbix npous-
Bogutenen. B yactHocTn, cuctema
MCES nmeeT Tpn OCHOBHbIE TEXHUWYeE-
CKMe XapaKTePUCTUKM:

B sHeprocbepexeHue Ha
ypoBHe ceTu;

B dyHKUMS OBHapyxeHUs
aHeprocbeperatoLmx sueek Ha
OCHOBE BOMbLUNX AaHHbIX;

B BO3MOXHOCTb BbIK/IlOYEHUS/
BKJIIOYEHUSA FYEeK C BbICOKMM
pa3peLleHnem no BpeMeHmu.

Cuctema MCES pa3zBepHyTa B 18
MPOBUHLMAX CTPaHbI 1 OXBaTbIBAET
970 ToIC. siyeek. B 2019 rogy obuwias
3KOHOMMUS 3Heprum npesbicuna 40
MIH. kKBTy. Cetvac MCES popabatbi-
BaeTcs B Lensax fobaeneHuns cuctemsl
5G, 4tobbl 0becneunsats ckoopau-
HWpPOBaHHOE aHeprocbepexeHvie B
cetax 4G n 5G.
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Tononorus cnctembl aHeprocbepexxeHns C NPUMEHEHNEM Pa3HbIX
TexHonorun paguogoctyna (MCES)

XDR - pacLumperHas 3anu1cb [aHHbIX

ng-eNB - eNodeB Hosoro nokonenus

gNB - gNodeB

BTS - 6a3oBas npuemonepepaioLyas CTaHLus
OMC - LieHTp 3KcnnyaTaLym v ynpaeneHus
0SS - cucrema akcnnyaTaLmoHHON NOANEPKKMN

GSM-BSC - 'mobanbHas cuctema
NOABWXHON CBS3W — yrpaBnexne 6a3oBbIMK CTaHLNAMN

§=

[Mnatdopma 6onbLunx
AaHHbIX XDR

2 ABTOMaTU4YECKUN
aHanns aHomanum

ObHapyxeHue aHomanuii (AD) n nx
aHann3 Bcerna CoCTaBfsasv BaX-
HYIO YacTb CUCTEMBI 3KCTyaTaumm

n ynpasnexusa (OAM). BHegperune
anroputma AD Ha ocHOBe AnHa-
MUYECKOrO MaLLUUHHOMO OBy4YeHus
NMO3BOMISET COKPATUTL KOIMYECTBO
WHCTPYKUMIA 1 nonyyaTts bonee Tou-
HYt0 MHGOPMaLMIO O NEPBOMNPUYMHE,
BbI3BaBLLUeN aHOManuo. Mexay tem
afiropuUT™M aHanm3a NepBonNpPUYmNH
(RCA) Ha ocHoBe MW yacTnyHO 3ame-
HSIeT CNeLnannCcToB, y4acTBYOLLMX B
npoLecce aHannsa aHOMasnin.

Cuctema 3Hepr006epe>Keva c
MPMMEHEHNEM pasHblx

TEXHOJOrUi 4G
paauomocTyna

gN\B

Tepmuran

!

] T T
2G
OMC/OSS

OMC/OSS OMC/OSS

Pabouunit npouecc aBToMaTnyeckoro
aHannsa aHoManum

Pesynbtatr AD

KPIKQl/ —s ObHapyxerue
[aHHble MR aHoManuit >

npl/l‘WIHa aHomanun

AHanus
NePBONPUYMHBI

BbiBog

? otyeta AD

~. 1

TlaHHble BTOMaTI/I‘-IeCKa OueHka

MapK1poBKa pesyanaTos
OBHOBIEHME B OHMANHOBOM pEXUME

ounetos

KPI - knto4eBoit nokasatenb aphekTUBHOCTI
KQI - kntoyeBoit nokasatenb kayecTsa

MR - oT4eT 06 n3mepeHmsix

AD - 0bHapyxeH1e aHomanui




AHanuTuueckue MaTepualibl Hpe)IHpI/IHTI/Iﬁ OTpaciin

3 OnTMunsaumus oueHKun
nonb3oBaTesiemM
KayecTBa ycnyr

TexHonorua 5G BefeT k nepexopy
oT BM3Hec-MoAe M, OCHOBaHHOM Ha
"obbemax", K BUsHec-Moaenn, OCHo-
BaHHOW Ha "cTonmocTn". Kntoyesyto
posb B koMMepumanusaummn 5G
Urpaert oueHKa noJsib3oBaresiem
kavectsa ycnyr (QoE), nostomy uenm
ONTUMM3aLMUM CETU CMELLLAKTCA C
KJIt04eBOro nokasaresns adpdekTms-
HocTn (KPI) Ha nokasatens QoE,
KOTOPbIN CBA3aH C KNOYEBbLIM NOKa3a-
Tenem kavectsa (KQI).

MHTennekTyanbHbI pagMoKoHTPOSI-
nep npepcrasaseT coboi ynpasnse-
MytO faHHbIMU NnaTdhopmy, KoTopas
obecneynBaeT BOIMOXHOCTU NHAU-
BMIyasIbHOW HaCTPOWKM XapakTe-
puctuk RAN 1 nx npencrasneHve,
0COBEHHO AJ1f BepTUKasbHbIX OTpac-
nen n OTT. OxupaeTcs, 4To nep-
BbIMW MO NOMYNSPHOCTA yCyramu B
anoxy 5G cTaHyT NoToKkoBOE BUAEO
Bbicokom yeTkocTn (HD), obnayHblie
CUCTEMBbI BUPTYaslbHOW peasibHOCTU
(VR) n obnayHsle nrpsi.

B 2019 rogy komnaxusi China Mobile
nposesna ucnbiTaHus B cetn 5G B
LLlanxae, koTopble NOATBEPANIN
Hanuuve cnegyowmx byHkumnin: 1)
nporHosnposanHne QoE Ha ocHose
WN/ML n obecnevermne obnayHomn
cucTteMsbl VR; 2) oueHKy LWMPUHBI
MoMOChl pagmoyacToT ans soibopa
afanTUBHOIO KOANPOBaHUs obray-
HoM cuctemsbl VR.

4 PerynuposaHue
Tpaduka Ha
OCHOBE PaAMOCUTrHaTYpPbI

Perynuposarue Tpaduka, Takxe
Ha3blBaeMoe BblpaBHUBaHWEM
Harpy3Kku B CeTW NOABUXKHON CBA3W,
npeacrasnseT cobom WUpoko
MCMOMb3yeMoe CeTeBoe peLleHme
LNs pacnpepeneruns Tpadrka mexay
fYenKaMmn ceTh UK ero nepenayun B
Lensx nosbieHns 3ddeKTMBHOCTM
paboTsl cetn. [laHHoe pelueHve
LOJIKHO NOBbILAaTh 3GHEKTUBHOCTD
perynuposaHus Tpadwka nyTem cos-
LaHUs PagMOCUIHATYpPbl, MO KOTOPOM
AUEVKN AeNATC Ha 30Hbl KOHTPOSA B
3aBUCKMMOCTU OT YPOBHS PafMoCHr-
Hana 0BCAY>XMBAIOLLMX U COCEAHMX
fyeek, YTO NO3BOJIAET ONPELENUTb
MEeCTOMOMOXEHWE 30HbI KOHTPOSS,

B KOTOPOW HaxofuTcs obopyaosa-
Hue nonb3osatens (UE), n nonyunts
nrdopmaumio o nokpbitnm UE. Sto
MOMOraeT 3Ha4YUTENbHO COKPATUTbL
KOSIMYECTBO MEXHaCTOTHbIX 13Me-
pennn UE n yckoputb perynmposa-
Hue Tpaduka.

Komnarus China Mobile n ee nap-
THepbI Tak>Ke MPOBEIN UCMbITaHWS
cucTeMbl perynvpoBaHns Tpadbuka Ha
OCHOBE PafMoCUrHaTypbl B KOMMEp-
yeckow ceTun. PesynbTaThbl UCnbITaHW,
C y4eToM ONTUMM3aLLMMN PeryampoBsa-
HUst TpaduKa Ha OCHOBE PagnoCUrHa-
Typbl, TOKa3anu, 4TO MO CPaBHEHMIO

C TPaAVLMOHHBIM BblPaBHUBAHWEM
HarpysKku NPOLOXUTENIbHOCTL Nepu-
OJlOB BbICOKOW Harpyskun cokpatla-
etcsi Ha 13%.
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BupTyanbHas 30Ha KOHTPOMA Ha
OCHOBE pPafUoCUrHaTypbl

é O6cny>|<maa+ou4aﬂ A4enKa.~

BHyTpuyacToTHas
coceHsis
Avelika 1

BHyTpuyacToTHas
coceaHsst
syeitka 2

KayecTBO NOKPBITVS MEXYACTOTHBIX COCEHNX SHEEX,
Hanpumep RSRP, RSRQ, RSSI, CQl, MCS,
UAeHTUMKaTOp nyya

RSRP — MOLLHOCTb NPUHUMAEMOr0 3TanOHHOO cUrHana
RSRQ - ka4yecTBO NprHUMAEMOro 3TarloHHOro CUrHana
CQlI - nokasatenb kayecTsa kaHana

MCS - cxema MozynsLum 1 KOBMPOBaHWS

Kpome Toro, Bpems pekoHdpurypaLmm
N3MEpPEeHUI CO CTOPOHbI BazoBo
CTaHLMWN 1 BpeMs BblAauun oT4eTa o
pesynbTaTax U3MepeHUs CO CTOPOHI
UE ymMeHbLUNIOCh COOTBETCTBEHHO Ha
54% v 83%. Kpome Toro, bnaropaps
BbIPaBHWBAHWIO Harpy3ku Ha OCHOBe
pPaAvoCUrHaTYPbl CPEAHNAS 3afepKKa
NHTepHeT-npoTokona (IP) Tectnpye-
MbIX siyeek yMeHbLumnack Ha 20%.
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PaszButue cta HAapTOoB

B opraHusauumsx no ctaHgapTvsaumm,
BikJitouas CekTop cTaHAapTV3aLmm
anekTtpocsszn MCD (MC3-T), 3GPP,
O-RAN 1 ETCW, akTBHO NpoBoasiTcs
pas/vuHble UCCefoBaHNs B obnacTu
CTaH4aPTU3aLMN UHTENNEKTYaS b
HOro aHasM3a ceTe OT NJI0CKOCTH
yrnpaBieHnst O MJOCKOCTU KOHTPOS,
BKJIOYasH CLEeHapWM UCMOb30BaHWS
1 TpeboBaHs, GyHKLMOHAbHYO
CTPYKTYpPY, MpoLeaypbl 1 apxuTek-
Typy UN.

3GPP yxe npepcTtaBun aHanus faH-
HbIX 11 cBsizaHHble ¢ VIW/ML byHkumm
6a30BOW CETU 1 NAOCKOCTM yrpas-
neHuns ¢ 6a3oBON CeTbio Ha OCHOBE
YCIYr U apXMTEKTYPOW ynpaBieHus.
B 10 e Bpems B oTHOLLEHNM ceTn
paAno[oCTyna, yunThiBas ee pac-
npeneneHHyto apxMTekTypy 1 bonee
CTporve BpeMeHHbIe XapaKkTepu-
CTVIKW U XapaKTePUCTUKM HaAeXHO-
CTW, 3Ta OpraHn3aLms cTanknsaeTcs
c Boree cepbesHbIMU Npobremamm
npw BHegpeHun scTpoeHHoro .

B otpacnu Begetcs aktnBHas pabota
Haj, OTKPbITON N MHTENNEKTyabHOM
ceTblo PafiMofOCTyMNa B LeNsx rapaH-
TUpOBaHHOro obecneyeHns KOMMep-
veckoro ycnexa 5G.

Mpepcroswasn pabora

HecmoTps Ha BOCTUrHYTBIN 3HaUU-
TesbHbI Nporpecc, cneundukanmmn
5G npakTuyecku He cofepxart yka-
3aHWI 419 ONepaTopoOB MOABUNKHBIX
ceTel 0 TOM, Kak obecrneynTs, YToBbI
nx cet 5G peanbHO noaaep>XmnBanu
NN/ML. NMpepcTout Gonbluas paboTa
no okasaHuio bosbluero cogen-
cTBUA ceTaM ¢ nogaepxkon N/

ML, a Takxxe no BktoHeHunto dyHaa-
MeHTasbHbIX KoHuenuun A v ML B
KayecTBe OCHOBHOW CTPYKTYpbl CETH,
B TOM 4ynucne:

B HacTpanBaeMoW CUCTeMbI
cbopa faHHbIX C BbICOKOW
cTeneHbio AeTanunsauum;

B npefcTaBfeHne BO3MOXHOCTEN
RAN pns HacTpanBaemon
ONTUMU3aLMU CETU U YCIYT;

B nporpammupyemoctt RAN,
apxutektypbl RAN Ha ocHoBe
ycnyr ans nogaepxkun MA/ML;

B paspgeneHus aHanmsa/NA/

ML B oTHOLLEHWWN CBA3M 1
OaHHbIX gna obecneyeHms
3¢ bEKTUBHbBIX MHHOBALNIA;

B OTKPbITbIX HABOPOB AAHHbIX
no BecnpoBoOLHbIM CETAM
O YCKOPEHUs TEMMOB
pa3paboTKM anNropUTMOB U HOBbIX
npvmerenuin W s pagunocetsx. M
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B ompacnu sedemcs
akmusHasa paboma

HaO omKpblmou u
UHMenneKmyanbHou
cembto paduooocmyna 8
UesAax 2apaHmMupo8aHHO20
obecneveHus
KOMMepuecKozo ycnexa 5G.
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https://www.itu.int/en/ITU-T/Pages/default.aspx
https://www.3gpp.org/
https://www.o-ran.org/
https://www.etsi.org/
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MU n oTkpbiTbie uHTepdenchbl: KoyeBble
MHCTPYMEHTbI peasin3aumm KaMnycHbIX ceTen

MoHTep Bponturam, ynpaenswowmi gnpektop komnarvum Airpuls; PeHaTo

J1.T. KaBanbkaHTe, Hay4HbIl COTPYAHWK KomnaHun Fraunhofer HHI; MapTun
Kacnapwk, HayuHbI coTpyaHuK komnaHum Fraunhofer HHI; Anekcanpp Kennep,
avpekTop no nccnegosaHunsam komnanum NVIDIA; n CnaBomup CraHyvak,
PYKOBOAMTESNb OTAENA PAAUOCBA3N U ceTel koMmnaHum Fraunhofer HHI, Tepmanusa

[ CospemenHas cBasb ABNAETCA OCHOBOW yCNeLHON LMppoBM3aLmu.

Bnaropaps ctangapTy 5G B BepTuKasibHbIX OTPAC/IAX MOABASOTCS COBEPLUEHHO “

HOBbIE MPUIOXKEHWS, U CYLLLECTBYET BbICOKWIA CMPOC Ha HOBbIE PafNOTEXHOSIO-

rW, NOMOralLLMe peLlaT OTpac/eBble 3aaqm B KaMMyCHbIX CeTsx (ceTsax Ha CospeMeHHas cBA3b
TEPPUTOPUM NPELNPUSTAS), MHAYE MMEHYEMbIX YAaCTHbIMU CETAMMU. as8J19emcs 0CHOBOU

ycnewHoU yugposusayuu.
[na ynosnetsopeHus atoro cnpoca dpefepanbHoe NpaBuTenscTeo fepmaHmm,
HanpuMep, 3a10XNI0 OCHOBY AJIA Pa3BUTUS KaMMyCHbIX CETE, paspeLumBs nx "
akcnnyaTtaumio B guanasore 3,7-3,8 ML, KOTOPLIN 0COBEHHO MOAXOAUT ANs
NOKPbLITUS BOMBLUNX TEPPUTOPUI M NOAAEPXKKM CLEeHapUEB, B KOTOPbIX TPeby-
eTCs BbICOKas MOBUIBHOCTb.

T'roHTep Bponturam, Penaro

JI.T. KaBanbkaHTe, MapTuH
Kacnapuk, Anexkcannp Kennep
u CnaBoMup CTaHYaK



http://www.airpuls.de/
https://www.hhi.fraunhofer.de/en.html
https://www.hhi.fraunhofer.de/en.html
https://www.nvidia.com/en-us/contact/europe/
https://www.hhi.fraunhofer.de/en.html
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OxwnpaeTcs, 4To 3Ta NoJIOCa YacToT
ByAeT fonosHeHa NoMoCoN MUSIIN-
MEeTPOBbIX BOJIH, KOTOPas AaeT Liesbli
pPAA NPenMyLLEecTB B OTHOLLEHUN
LIMPVHBI NONOChI Nepefayn, 3aLnTbl
OT NPOCNYLINBaHWUS N MOMEXOY-
CTONYMBOCTU, HE FOBOPS O MHO-

rom Opyrom.

MoaobHO OBbIYHBIM CETAM MOABUX-
HOW CBSI3W, KAMMYCHbIE CETU COCTONT
13 6azoBoW ceTun, copepkaLlen
LeHTpasibHble 3/IeMeHTbI yrpasne-
HWS CETbIO, U CETU PafMOLOCTyna
(RAN), ynpaenstowieit becnpo-
BOLHbIMU COEAMHEHNAMN MEXAY
Ba30BbIMU CTAHLUAMNU U MOBUb-
HbIMU TEPMUHANAMK.

MporpammMHoe obecneveHne ans
Ba3oBoW ceTn NpeanaraeTcs MHO-
rmmu nocrasimkamu. lNocrasuwmkos
xe TexHonorum RAN oyeHb Marso.
BepTuKkanbHO NHTErPUPOBaHHbIE
peLleHnst MpakTUYeCcKu He oMnycKaoT
bYHKLMOHaNbHOW COBMECTUMOCTMY.
N3-3a Bhicokoro Bapbepa As BbIXOAA
Ha PbIHOK OTPACNEBbIE TEXHOSIOTUN,
OPWEHTUPOBAHHbIE Ha HULLIEBbIE
pbIHKK, He pa3suBatoTcs. OTcyTcTBUNE
KOHKYPEHLIMM NPensaTcTByeT MHHOBA-
umam B TexHonornm RAN.

Copencreue MHHOBaLMAM B
o6nactu KaMnycHbIx ceTein

[ns copenctens nHHoBaLMaM B
061acTV KaMnycHbIx ceTen bolna
npegnoxeHa HoBasi bUsHec-Mo-
nenb. OHa BkJIlOYaeT cMcTeMHoe
NPOEKTUPOBaHME, ONTUMMU3ALIO 1
MHTErpaLmio oTKPbITbIX U Be30nacHbIx

BecnpoBOAHbIX TEXHONOTUIA. DTN
TEXHOJIOMMN OCHOBAHbI Ha pas-
YKPYMHEHWM, BUpTyannsaumu,
oTkpbiTocT 1 . Mpn aTom HoBOM
noaxone RAN paspgeneHa Ha mogynn,
BbINOSIHAOWME ceTeBble GYHKLMM

B NPOrpamMMHoOM obecrneyeHnm.
OTkpbiTble MHTEPDENCHI MEXIY
TakMMW BUPTYaIN3npOBaHHbIMU
moaynamu RAN nmetoT peluato-
uiee 3HaveHue anis obecnedyeHus
dYHKUMOHaNbHOW COBMECTUMOCTH
MeXAay NOCTaBLLMKaMMU.

XoTs 3T HTepdencs cTaHAapTh-
31POBaHbI, CTaHAaPThl He KacatloTcs
peanunsaunm ceTesbix GyHKLMN, 4TO
No3BoNISET NocTaswmKam AnddepeH-
LMpPOBaTb MPOAYKLMIO B CBOUX UHTE-
pecax 1 B MHTepecax 3akas4nKoB.
Takol BbICOKNI yPOBEHb NpOrpam-
muzaummn ¢oyHkumin RAN B coyetanun
C UCMoJIb30BaHNEM KOMMEPUYECKOro
cepuiHo Bbinyckaemoro (COTS) npo-
rPaMMHOro v anmapaTHoro obecne-
YeHWs CNocobCTBYeT IKOHOMUM 3a
cyeT MaciTaba v CHUXEHWIO 3aTpar.

BbileynomsiHyTas aBonoLmns B
HanpaBJIeHUM OT 3aKPbITbIX CUCTEM
K OTKPbITBIM 1 NpOrpaMMupye-
MbIM CMCTEMaM UMeeT [Ba BaX-
HbIX MOC/IeACTBUS.

OHa cokpaluaeT MHBeCTUL MK, Heob-
XOAMMBIE AS1F pa3paboTkn HOBbIX
TEXHOMOTUI ANA CeTen pagmnmono-
cTyna, no3sosnsasa paspabaTbizaTb
oTpacfieBble peLleHus s Kammyc-
HbIX CeTel CunaMm Masbix U Cpes-
HUX NPeanpuUATUN.
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Kpome Toro, NoHWXKeHHbIN BXOAHOM
Bapbep paclumpsieT pbIHOK, CO34aBas
ycnosua ona BHeOpeHUa B KaMnyc-
Hble CeTW HULLIEBbIX TEXHONIOTNM C
Apyrux peiHkoB. Hanpumep, ons
BecnpoBOAHbIX CUCTEM MOTYT BbITh
npucnocobneHsl cyliecTsytoLme
anropuUTMbl MHTENNEKTYalIbHOMO
aHanmsa faHHbIX, Takne Kak aHaamns
noTtokos faHHbix B RAN gns obHapy-
XKeHWs aTak Ha pagnonHTepbencsl.

Basupysice Ha rMBKUX MynbTUBEH-
AOPHbBIX PeLUeHNAX, KaMMNyCHble CeTn
CMOryT yAOBIETBOPSATL NOTPEBHOCTH
CNOXHbIX OTPAC/IEBbIX CUCTEM.

PasButune ceten nocne 5G c
npvmeHeHnem U

Mo mepe panbHenLwero passnTus
ceten nocne 5G yenocTHbIM Noa-
XOA, K yNPaBJIeHNIO 3TOW C/IOXHOM
cuctemoimt Tpebyert, utobsl M
CTaJl HEOTbEMIIEMOW HYaCTblo ee
obLLei KOHCTPYKLMUK.

Mpu BKtOYEHNN B CETb HOBBIX
annapaTtHbIX 1 NPOrpamMMHbIX
KOMMOHEHTOB 3TOT NPOLLECC MOXHO
TecTupoBaTb B cpefe "umpposoro
ABOVHMKA", rae MopgenmpoBaHmne
yckopsieTcs ¢ nomotybto V.

Hogbie nnctpymentsl A Heobxo-
AUMbI Y AN NOALEPXKKN CeTEBbIX
dyHKUMI, TaKMX KaK MaaHUpoBaHue,
yrnpasneHue sy4oM, KoopanHaums
nomex, lokanusawus, obHapyxe-
HMe CMMBOJIOB 1 OLIeHKa KaHana,

1 3TO NULLb HECKOJIbKO OCHOB-

HbIX MPYMEPOB.
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AHanuTU4YecKye MaTepyabl IPeqnpuATUI OTPacin

3TN MHCTPYMEHTBI MOTYT Kapau-
HaJIbHO OT/INYATLCS OT CyLLEeCTBY-
IOLLMX, MPUMEHSIEMbIX B TaKNX
obnacTsx, Kak pacrnosHaBaH1e peyn u
KOMMbIOTEPHOE 3peHune.

OpHako ycnex oTKpbITbIX M MpOrpam-
MUPYEMbIX CUCTeM DyfeT B OCHOBHOM
3aBMUCETb OT HUXHUX YPOBHEN CTeka
CBSA3M C YPE3BbIYANHO AUHAMUYHON U
HeonpeneneHHOW cpenom.

Mpob6nembsl,
Tpebylowme pelieHus

B pesynbrate nonyyeHune Habopos
[aHHbIX 415 aNrOPUTMOB MalLnH-
HOro oby4eHWs Ha OCHOBE AaHHbIX
CTaHOBUTCS TPYAHOW 3a4aqei: K Tomy
BpemeHu, korga byaet cobpaHo
[OCTaTOYHOE KOIMYECTBO AaHHbIX,
CpeAa MOXeT M3MEHUTLCS HACTOSBbKO,
4TO AaHHble s 0By4YeHUs ycTapetoT.

B HacTosiLee BpeMs LUIMPOKO NpuMe-
HSIIOTCSt METOAbl YNCTOrO MOAENNPO-
BaHWs, HO Y OHW MOTYT ObiTb CBA3aHbI
C cepbesHbIMU Npobaemamu.
Mockosbky coBpeMeHHble Mogenu
PafMOCBSA3M YacTo He yUNTbIBaOT
abdeKTbl cKaLLMBaHWS J1yya 1 3aBUCIT
OT fasibHENLIMX NPUBANXKEHNI,
Takux KaK BOSHbI B AaslbHEN 30He, Mo
Mepe MoBbILLEeHUs Paboyeit 4acToThl,
CKOPOCTU NMepefaydn AaHHbIX 1 Yncna
aHTEHH 3TV MOLEIN MOTYT CTaHO-
BUTBLCS CIMLLKOM rpyObIMU.

371 NpobAeMbl MOXHO pelwmnTb C
NOMOLLbIO TMBPUAHBIX METOLOB,
OCHOBAHHbIX Ha MOAENAX U AAHHbIX,
KOrfa faHHbIe UCMOMb3YIOTC AN1s
YMEHbLUEHNSA HEONPEAENEHHOCTH
mopenei, a rpybsie MoLenu nomo-
raloT yMEHbLINTL 06beM Heobxo-
LUMbIX 0By4atoLmMX AaHHbIX A1
MHCTPyMeHTOB 0BydeHus. BaxHo
OTMETUTb, 4TO HEKOTOPbIE 13 3TUX
onepauunii 4OSKHbI BbIMOHATLCS B
npenenax BpeMeHHbBIX UHTEPBAIOB
- OT MUKPOCEKYHL, [0 MUUTUCEKYHA,
yTo Aenaet Bce Bonee BaxkKHOM
3agayvy paspaboTtku macwTabupy-
eMblIX aJ'IrOpVITMOB, ,D,OI'IyCKaIOLLI,VIX
LUMpOKOE pacnapasienmnsaHne Ha
KOMMEPYECKOM CEPUMHO BbIMycKae-
mom (COTS) obopynosaHuu.

Heobxoanmocts U

YToBbl COOTBETCTBOBATL CTPOMMIM
TpeboBaHuaM, NpeAbABAsSEeMbIM

K MOBUIIbHBIM MPUIOXKEHUAM B
KaMMyCHbIX CETSIX, OTPAaC/n Heob-
XOLUMO MPWIOXKUTL 3HAYUTESIbHbIE
yeunusa ons paspaboTku n BHegpe-
HWS HOBbIX METOL,0B UCKYCCTBEH-
HOrO UHTENNEeKTa.

370 NO3BOMWT CTPaHaM YKPEnuTb
cBOW UMbPOBOI CyBEepeHUTET, a
KOMMaHWSAM - NPEAJIOKUTL PeLleHns
AN HULWEBbIX PbIHKOB, KOTOPbIE B
Hux Hyxpaatotca. [l
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Ymobbl
coomsemcmsosamab
cmpoauM mpeboBaHUAM,
npeobAaBIAeMbIM K
MOO6UJIbHBIM NPUJIOXKEHUAM
8 KAMNYCHbIX cemsX,
ompacau Heo6xoo0uMo
npuJioXumab
3HauUMesibHble yCUuUs
0712 paspabomku u
BHeOpeHUS HOBbIX
Memooo8 UCKYCCmBeHHO20
UHmMeJsieKkmad.
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[tonTep Bporituram, PeHato
JL.T. KaBanpkaHTe, MapTuH
Kacnapuk, Anekcannap Kennep
u CnaBoMup CTaHYaK




LinTtaTtbl n3 BbICTynJIEHU aBTOPOB

chopmynmMpoBaHHbIX 3agau
KoHkypca MC3 "UU/ML pna 5G"

Ilepsble npumepbl
npakmu4eckozo
npumeHeHus 8 2030 200y ?

Koukypc MC3 "W/
ML ona 5G" npedocmasnsem
npeKpacHyo BO3MOXXHOCMb 06'e0UHUMb
ycunua no cmaHoapmu3ayuu ¢ pa6omoti
Hay4HO20 coobuwecmsd, N0380J1Us CrmyoeHmaM u
YyueHbIM pewiamsb Ba)kHble npobieMbl 8 0671acmu CBA3U.
B uacmHocmu smom KOHKypc 0aJjl o4ueHb UHMepecHble
pe3ynbmambsl, KOmopble MO2ym npusecmu K pesosroyuu
8 NOHUMAHUU mexHosoz2uii ceasu. [IpumeHeHue Modeneii
271y60K020 06yHeHUA K peuleHUo 3a0a4u OUHAMUYeCcKo20
CBA3bIBAHUA KAHAJI08 CMAJI0 3HAUUMEJIbHbIM NPOPbIBOM B
smoii o6nacmu.

Anpnpent KyuepsBbii,
npodeccop, 3aBenynmnit kabenpoii ceTen
CBsI3Y U Nepefauu faHHbIX, CII6[YT, rmaBHBIN
HayuHBI coTpynHUK HIVP, Poccuiickas
depepauns, unpencenatens K11 MCS-T

BaxkHyto ponb 8 cemsax 2030 200a 6ydem uzpamsp UHmMe2payua
UHmMeJsJieKmyasnbHbIX nepugepuiiHblX BblUUCIIEHUL U
mexHoJsio2uu 6J10KYeliH, Umo no3sonum obecneuums

NJIOMHOCMb NOKPbIMUSA cemu Oake 8 MAJIOHACeIeHHbIX

paiioHax, 00HOBpeMeHHO 2apAHMUPYA BbICOKYIO
6e3onacHocmb u yoosjiemsopumesnbHOe Kauecmso
ob6cnyXusaHus.

dpaHueck Bunbrensmy,

aCIMpaHT HAYYHO-MCCIIeJOBATEIbCKON IPYIIITEI
no paguocetsaM, UPFE, Vicnanusa

AmMap MyTxaHHa3,

3aMeCTUTENb PyKOBOAUTEN A HAyYHOI YacTy KabespEl ceTeit
CBSI3U U [Iepe/iauy NaHHbIX I PyKOBOIUTENb 1a6opaTopun
nporpaMMupyeMsix ceteit CII6I'Y T, Poccuitckas Penepanns

Mpb1 6nazo0apHbl
KoHKypcy MCD "UN/ML ons 5G"
3a npedocmasiieHHY0 HAM BO3MOXXHOCMb
ycmaHosumb €8A3b C UCC/1e008ameAMU
VW no scemy mupy 0nsa pewieHuUs KOHKypCcHOU
3a0au komnaHuu Turkcell. [IpedcmasneHHas HaMu
Ha KOHKypc pa6oma no memMe "Omka3sbl KAHAJIO8
paduocsa3u" umMeem pewiaroujee 3HaveHue 0J18 cemu
onepamopa. ModenuposaHue omKa308 KAHAJI08 CBA3U HA
OCHOBe NP0o2H0308 N0200bl Npedcmassisem coboii CI0XKHYH0 3a0auy
88Uy HeHa0e)XxHOCMuU NPo2HO308 U peOKOoCmMU cjlyudes omkasd
paduokaHanos. [Iod20mosKa K KOHKYpCy U obueHue C yuacmHukamu
Y>Ke noMoa2/1u HaM jiyHuie cpopMynuposamb npodnemy,
ycmpaHumsb Hecoomsemcmaus 8 OdHHbIX U padcCMompemb
asbmepHamusHble N00X00bl. Mbl 0>kudaem nonyuums npedsioXKeHuA
BbICOKOKAYeCmBeHHbIX pelleHull 3motli cnoXHoli 3a0a4u u ¢
HemepneHueM >K0eM BO3MOXXHOCMU npuMeHUMb u3sjiedeHHble
YPOKuU 0714 peanu3ayuu MexaHu3mMos npopuiakmuku
omKa308 paduOKaHAJI08 B UeslAX NosbleHUA Kauecmsd
o6cy)KusaHusA a6oHeHmMos.

Camas saxkHaA
3a0a4a VU 8 cemsax 5G — 3mo onepamusHoe
pacno3HasaHue mpaguka 6e3 3adepixek 011 BHeOpeHU s
HOBbIX yCJly2 No ynpasjieHu0 mpaduKom, maKux KaK
maKmuibHbll UHMepHem, MeOUYUHCKUe cemu U a8MOHOMHble
mpaHchopmHble cpedcmsa.

ApTteM Bonkos,

HayYHBI COTPYIHMK, aCMpPaHT KadeApsl ceTeit CBA3YU U
nepenaun gaHHex, CI161Y T, Poccutickas Penepanms

Canux 9prior,
CTapuIMii HAy4YHbI cOTpyAHMK 1o HVIOKP
B obnactu cereit 5G, KOMITaHUSA

Turkcell, Typuusa
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OpezaHu3ayua KoHKypca "M1/ML
ona 5G" npedcmassnsem coboli Upe3sbluaiiHO
nonesHblii onbim. Op2aHu3samopsl uz MC3
3HaQuUMmMeJsibHO ynpocmuJjiu no020mosKy U nposedeHue

KOHKypCa U npodesanu 02poOMHYH0 pabomy no npusseveHuro
yuacmHukos. Konuuecmso yuacmHukos no Hauleii npo6ieme
HAMHO020 NpPes30WJI0 MO, Ha YMO Mbl MO2/1U paccyumslsamb. Kak
YJjleHbl HAy4uHO20 CO06Wecmsaa Mbl paccMampusdeM 3Mmom KOHKYPC KaK
cnoco6 pacnpocmpaHeHUs pe3y/ibmamos Hawux uccyiedosaHuii. Takozo
poOa KOHKYPCbl O4eHb UHMepecHbI 0711 HAC, NOCKOJIbKY N03801A10m
o6bwambCcA O MHO2UMU npedcmasumesnAMu KaK aKadeMu4eckux
Kpy208, maK u npombluisieHHocmu. Bosee mozo, npedno)xeHHble
peweHuA npou3ssesiu HA Hac 60J1bUIOe BneuamsieHue — HeKkomopble
u3 HUX npedcmasnawm coboii selioarouwjuecs oocmukeHus. Mol ¢
HemepneHueM >X0eM cjiedyrouie20 KOHKypcd 8 2021 200Yy.

Xoce Cyapec-Baperna,

HayuHBI COTPYIHMUK-TIOCTAOKTOPAHT,
BNN-UPC, Ucniauus

"UWN/ML ona

Konkypc MCD
5G" nomozaem omotiimu om "pexxuma
MarnblX 0aHHBIX" U NpasuJIbHO OUeHUMb
anzopummsl MM/ML, makue Kax 2y1y60Koe
obyueHue, C ucnosib308aHuUeM 60J1bUX HAG0POB OAHHbBIX U

BOCHp0u3BoauMle SKCnepuMeHmos.

Anpeb6apy Knayray,

npodeccop 37MeKTPOTEXHMKM Y BBIYMCIINTENIBHO
TexHuky, UEFPA, Bpasunusa

Jina Hac 6onbuian Hvecms yHaCmsosdms 8 3MOM 30X8aMmblBAOWEeM
Meponpusmuu — KoHKypce MC3 "MW/ML ons 5G" - u npedcmasumb
Ha HeM ps0 3a0ay. BHeOpeHue VIVI/ML 8 ompacnu 351ekmpocssa3u
BCe ellje HOX0OUMCA HA 04eHb paHHeli cmaduu, U yHUKajibHble
coobuwecmsa MC3, cocmoawue u3 npedcmasumereii pasHblX
cmpaH, opeaHu3ayuli u cioes obwecmsd, 6e3yciosHo,
npusHecym csou uHHosauuu. [lasaiime npodosmxamb

HOBAMOPCMB0 U compyOHU4Yecmso 8 3noxy cemeii 5G u nocie.

Tomoxupo OTaHmy,
MCMOJIHUTEIBHEIN AMpPeKTop KoMnaHuy KDDI Research, Anonus

Yuacmsosamb 8 KoHKypce MC3 "UW/ML ona
5G" - 6onbwan yecms 0714 HAC. 9MO nNpeKpacHasn
BO3MOXXHOCMb YCKOpUMb meMnbl BHeOpeHU A
anzopummos MM/ML s cemax 3nekmpocssasu. Mbi
npeonoxunu 3ada4y "Onmumusayus 102u4ecKo20
sb1800a Modenu DNN" 8 pazdene Enabler Track. Sma
mema o4eHb BAXKHA 011 BHeOpeHUA 8 cemb ModeJiel
MAWUHHO20 06y1eHUs, ocobeHHO Ko20a cywiecmsyrom
cmpozue mpe608aHUA K CKOPOCMU J102U4eCK020
8b18000. Ha 0aHHbIl MOMeHM Mbl NOJIy4Usiu HECKOJIbKO
3aMedamesbHbIX NpedcmassieHuli, Komopble, KaK Mbl
nosnazaem, onpedejieHHO nomo2ym Hauwlell pa6ome HAO
npoexkmom I10 c omkpblmbIM UCXOOHbIM KoOoM Adlik.

JIns KOaHb,

MHXeHep 10 pa3paboTke 1O ¢ OTKPBITEIM MCXOLHBIM
KOZOM U CTaHZapTu3auuy, komnauua 2 1L, Kutan

KoHkypc npedocmasnsem nnowaoky ona
deMoHCMpAyUU nomeHUUaA1a NpUMeHeHUA MAWUHHO20
06y1eHUA B UeJ1AX COBepUIeHCMBOBAHUSA Cemeso20
uHmesniekma. OH npusjieKkaem y4eHblX U UHXKeHepos,

Komopble 3aHUMarnmca Hay4uHo-uccjiedosamebCKumu
U OnbIMHO-KOHCMpPYKMopCcKuMu pabomamu 8 o6nacmu
UHmMesJIeKmyasbHbIX Cemeli, U 06e0uHAem onepamopos cemeti,
nocmaswukos 060py00s8aHUs, yueHblX, CyOeHmos U Opyaue
coobuwiecmsa 0711 nocmpoeHus 6onee 2u6koii, 3¢ppekmusHoli,
3KoJ102u4ecKu yucmol u omkasoycmouiuusoti cemu. MHmezpayus YN s
cemesble Ciy>K6bl N0380J1iem cemu pa3susambcsa 0714 No00ep)KKu 6onee
KayecmseHHbIX COUUAIbHbIX, KOMMepueCcKUX U mexHU4ecKux yciye.
IIpombluineHHb1l anbAHC B cdepe UCKyCcCMBeHHO20 UHMeslJiekma
Bcez20a 6ydem noddepkusamb MCD 8 op2aHu3ayuu KOHKypcos
014 conuxeHuA mexHosoauli M/ c cemesbiMu yciyaamu u
uH@pacmpyKkmypoti.

Lsu Yen,

[TpOMBILIIEHHBIN aNIbAHC B Chepe UCKYCCTBEHHOTO
uHTennexkTa (AITA), Kuran
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BknoueHue 8 KOHKypc MC3 3adauu no oyeHke
MIMO-kaHana 8 MunIUMemMposoM ouana3oHe
cmaJjio omauYHbIM CNOCO60M Ha4UaMb MO HOBYIO
npozpammy uccyiedosaHuill 8 YHusepcumeme wmamad
CesepHaa KaponuHa. 3mo npuseyio MeHA K NOHUMAHUIO
mo2o, Ymo upe38bludiiHO BAXXHO 06'beOuUHUMb coobuwiecmsa
paspabomuukos VIV u 6ecnposodHoli c8A3U, C meM 4mobbl
OHU 2080puJiu Ha 00HOM A3blKe. fI pada no3HaKoMumb
YyuacmHUKo8 ¢ 00HOli U3 MouXx JIlo6UMbLX 3a0au 8 06iacmu
MIMO-cBA3u 8 MUIUMemMpoB8oM Ouanda3oHe.

Hypws T'oxcanec [Ipenuny,
nouent NCSU, CoenmHeHHbIe [IITaTh

MuHucmepcmso sBHympeHHux oen
u csA3u AAnoHuu npusHaem, 4Ymo Hay4Ho-
uccnedosamesibCKue U ONbIMHO-KOHCMPYKMOpPCKue
pabombl B 0671aCmMU ABMOHOMHbBIX cemeli C
ucnonb3osaHuemM MV/ML upe3sbluaiiHO Ba>KHbl 0714
dasbHeliwe20 pa3sumus cemeti 5G u Hauaia sBHeOpeHUA
mexHonoeauii B5G (nocne 5G). icnonb3ysa UM/ML u
COpesHYACH B pellleHUU pa3/1U4HbIX NpobyieM 8 obacmu
cemeli 5G, UH>KeHepbl BHecym 60/1bWOll BK100 8 pa3sumue
uHPOPMAYUOHHO-KOMMYHUKAUUOHHBIX mexXHono2ul,
HanpuMep 8 coseplieHcmMBosaHue mexHosnozauii MV/ML u
passumue YejiogeyecKko20 nomeHyuand. Me>xx0yHapoOHblii
KoHKypc MC3 "UV/ML onsa 5G" — upe3sbluaiiHo 3Ha4uUMoe
cobbimue.

MIC, InoHunsa

Mpb1 nonazaem, Umo 0OHUM U3 nepcneKMuUBHbIX HanpasyieHuli HAy4YHO-UCC1e008aMeNIbCKUX U ONbIMHO-
KOHCMpYKmMopCcKuXx pabéom 8 0671acmu cucmem 3jleKmpocsa3u nociedyowux nokoneHuli (nocne 5G/6G) 6yoem
obecneueHue "aBMOHOMHO20 UHMeJlJleKma" 8 cemsaX, KAk 6b1710 cka3aHo Ha CmpameauyeckoM coseme "ITocne
5G" MuHucmepcmsa sHympeHHUX Oes u csA3u AnoHuu. Ml cuumaemM, umo KoHkypc MC3-T "MIW/ML ona 5G"
8 MoOYHOCMU coomsemcmsyem 3moli cmpameauu U onepamusHo npusjekaem K yuacmuto 8 KOHKypcax
MO00bIX yHeHbIX BCe20 MUpd. 3mo nokasamesb mo2o, Umo desmenbHocmb MC3-T no3sonsem 3¢ dpekmusHo
onpedenams cmpameauyieckoe HanpasieHue HYOKP 0na co30aHus csepXuHmeJsljieKmyasibHbIX cemeli.
B AAnoHuu op2aHu3ayuto pe2uoHaibHO20 KOHKypca "VIVM/ML ons 5G" so3anasuna Mexompacnesasn
accoyuayua Hay4HbIX ucciedosaHull 8 o6acmu csepXuHmesekmyanbHbix cemeli (RISING) npu
nosnHoti noddepikke co cmopoHbl MIC, 5GMF, TTC u ompacnesbix nhapmHepos — komnaHuii KDDI u NEC.
A1 oueHb ueHto nposooumyro MC3I-T no scemy mupy pabomy no noowpeHur npumeHeHua /ML 8
3J1eKmpocsA3U U HA0eloCh Ha ycheulHble pe3y/ibmamal 3moii desmesibHOCmMu.

Axnxupo Haxkao,
npodeccop Tokurckoro yuuepcutera (UTokyo), AnoHns


https://www.u-tokyo.ac.jp/en/
https://www.soumu.go.jp/english/
https://www.ncsu.edu/

LiuTatbl U3 BbICTYNJIEHUN YYaCTHUKOB
KoHKypca MC3 "/ML pna 5G"

Yuacmue 8 5mom KoHKypce 0ajio HaAM NpeKpacHy1o
BO3MOXXHOCMb NpoBepumb U y2j1y6umb HaWu 3HAHUSA B
o6nacmu MawuHHO20 06yueHuA B KOHMeKcme CamMblX
coBpeMeHHbIX meXHoJs02uli, makux kak cemu 5G. B xo0e
3Mo20 KOHKypcd HaM y0aJioch pellumb HeKomopble 3a0auu
U NO3HAKOMUMBCSA C HOBbIMU JIDObMU CO BCE20 Mupd.

Moe yuacmue 8 koHKypce MC3
"UW/ML ona 5G" no3gonuyio MHe
npuobpecmu npakmuyieckuii onbim
no coomsemcmsaylowjum memam 011 co30aHuA
u npoekmuposaHusa 6yoyuux 6ecnposooHbIX
mexHosnozuli. BuacmHocmu, 66110 UHMeEpPecHO NpuMeHUMb
pasnuuHble Memoobl MAWUHHO20 06y4YeHUA K 37leMeHmam
6yOyuwiux MexaHu3mos docmynd K cneKkmpy, Komopble n0380/1am
0dob6umbcs ewle 6oJiee BbICOKUX pabovUX XapaKmepucmukx,
YeM Mbl UMeeM Ce200HA.

Xanup Anb-Baramy,

VH)XeHEDP M0 37IeKTPOCBSA3Y, KOMITaHU A
Ericsson, CaynoBckas ApaBus

[Taona CoTto-ApeHac,
IOKTOP HayK, AHTRBEDIIEHCKIUI YHUBEDCUTET, Benbrus

Smom KoHKypc
Nno3g0y1uJ1 HOM
nepeocmblcaumb
KJlaccudeckue nooxoobl
K oueHKe KaHaJ108 C
MOYKU 3peHuA MawuUHHO20
o6yueHus. 4 oueHb pada
BO3MOXXHOCMU 03HAKOMUMbCA
C pe3yibmamamu Opyaux
YUdCMHUKOB.

A c padocmbio Mozy
ymsep>xoams, 4mo Moe yuacmue
8 KOHKypce MC3 "MN/ML ona 5G"
€majio OMJIUYHbIM ONbLMOM NOJIyHeHUA
3HaHUil. 9mo 6bl1a Xopouds B03MOXXHOCMb
nopabomamsp Haod HAy4HblMU npobieMamu 8
ob6siacmu 6ecnposoOHOIl CB8A3U U NONbIMAMbCA
Hailimu ux peweHue C UCNob30BAHUEM
nooxooos UV/ML.

Ionopec Fapcus,

acnupadT, IMDEA,
Vicnanus

B komnaHuu UC3M

Mbl 06yyunu NN-peweHue

Nnpo2HO3uposamb NPONYCKHyH0
cnoco6Hocmb cemeli WLAN 802.11.

OpzaHu3amopsl (UPF) npedocmasusnu
KaK Ha60pbl OQHHbIX, MAK U N0OO0epPIKKY 8
X00e ucnslmaHuii. 9mo 6b1y1 Upe3sbIuAliHO
noJsesHblil onbim.

Merxa ['ypypamx KynkapHy,

CTYLEHT YHUBepCcuTeTa
PES, nponsa

A 3aHUMarochb
MeouyuHcKumu
mexHoJ102uAMU, U MOA 2pynnd
pabomaem Had npumeHeHuem UV 8 MO6ubHOM
yam-6ome 0na cemeii 5G, npedocmasnaouwieM UHPopMayuo
0 COVID-19. Moa pa6oma oxsambisaem Agppuky u Espony, u a
cmpeMJ1I0Ch pacnpocmpaHumb ee Ha Opyaue pe2uoHbl, Umo6bl B1UAMb HA
27106a1bHble pbIHKU U HA 06Wecmso, Mojiodexkb U cmapukos. MC3 npodenan
daHmacmuueckytro pabomy, Umo6bl coO6pamb BMecme CmMoJjib AKMUBHbIX
YyuacmHUKoOB8 U npusjievb UX K UHHOBAUUAM 011 peuleHUA 3a0ay 2020 200d.

Xopxe MaptuH Ilepec,

ACTMMPAaHT, KOMITAHUS
UC3M, Vcnauus

Maxnet llInumennuc,
UNDP, 3¢uonusa/CoennuenHsle lltaTs



https://www.uc3m.es/Home
https://www.uantwerpen.be/en/
https://www.ericsson.com/en/about-us/company-facts/ericsson-worldwide/saudi-arabia
https://www.pes.edu/
https://www.pes.edu/
https://materials.imdea.org/
https://www.undp.org/content/undp/en/home.html
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MN/mawimHHoe obyueHue ans cBepXHaae)XHOU
CBSI3U C MaJION 3aE€PIKKOM

AsTopbi: AHppen KyuepsBbin, 3aBefyolinin kadbenpon ceTen CBA3M U nepenadn JaHHbIX,
CleryT, sepgywmnn HayuHbin coTpygHuk HIVP, Mpegcepatens VK11 MCO-T; AMmap
MyTxaHHa, 3amecTuTenb 3aBefytoLLero kabeapon no Hay4How paboTe, kadeppa ceTen
cBA3M 1 nepepayn aaxHbix, CMOryYT, pykosoguTens nabopatopum SDN; Aptem Bonkos,
nccneposaTesib, acnnpaHT, kadenpa ceTen cBa3n 1 nepegayn gaHHoix, CM6IMNYT, Poccua

B Cetun 5G npepgHasHadeHbl ong
WHTErpaummn BCex [OCTUXKEHMI ceTei
NMOABVXHOW 1 GUKCMPOBAHHOW CBSA3N
B Lies1sX obecneyeHuns CBepXBbICo-
KNX CKOpOCTel nepenayv AaHHbIX,
4TO MO3BOSIAET NPEAOCTaBAATL PAL,
HOBBIX YCJYI C HOBbIMUW CTPYKTypamu
061aYHbIX BbIYMCIEHWI, TaKUMU KaK
TyMaHHble BbluUCIeHNs 1 nepude-
pUiHbIE BbIYUCIEHUS.

KoHuenumsa mexayHapogHou nog-
BUXHOW anekTpocsasu (IMT), npuse-
neHHas B Pekomenpaunm M.2083-0
MC3-R, onucbiBaeT Tpu cueHapus
ncrnonb3zosaHus 5G:

1) ycoBepLueHCcTBOBaHHas NOABUX-
Has LMpoKonoocHas ceasb (eMBB);
2) NHTEHCUBHbIN MEXMaLLUHHbIN
obmen (MMTC); n 3) ceepxHagexHas
cBa3b ¢ manon 3agepxkon (URLLC).

VIHTEHCMBHbBIN MEXMaLLUWNHHbIN
obwmeH, noHdATne "nHTepHeTa

Bewen" (Pekomenpauna MCO-T
Y.2060/Y.4000), oTHoCKTCS K TPUII-
JINOHaM Bellen, CoeanHEHHbIX U
0b6n1afatoLLMNX YHUKANBHBIMUA UOEHTM-
bukatopamm, v TpebyeT KOpeHHOro
nepecMoTpa TPaANLMOHHbIX MPes-
CTaBfIeHN O KOJSinyecTse U obbeme
6a3 fAaHHbIX YCTPOWCTB B CETU.


https://www.sut.ru/eng/university
https://niir.ru/
https://www.itu.int/en/ITU-T/Pages/default.aspx
https://www.itu.int/rec/R-REC-M.2083-0-201509-I/en
https://www.itu.int/itu-t/recommendations/rec.aspx?rec=11559
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CueHapun ncnonbzoBaHuns 5G ns Pekomerngaumm MC3-R "KoHuenuusa IMT

yCOBepLIJeHCTBOBaHHaFI NoABWXHaA LLUNPOKOMNONI0CHadA CBA3b

[vrabaiit B cekyHay

"YMHbIN

['onocoBas cBsi3b

"YMHbIi1" FOPOAL Eﬁep

HTEHCUBHBIN

MEXMaLLMHHbIA 0OMEH

VIHTepHeT Beluer Kak ABUXKyLLas
Cua PasBUTUS CETEeBbIX TEXHOIOMMIA
BbIABWHY Ha NepeHUI NaaH Lesbin
NacT HOBbIX YCITyT, OXBaTbIBAOLLMX
Bce chepbl Xn3HM 1 oblecTsa.

TeM He MeHee, cBepXHafexXHas CBA3b
C Manow 3afepxKon npeacraBnset
Havnbosee cepbesHble NPobaembl

LJ151 HAYYHO-TEXHMYECKOro coobLue-
cTBa. [IpUTOM 4YTO OHa MOXeET AaTh
KU3Hb NMPUIOXKEHWAM "TaKTUIBHOTO
MHTepHeTa" B Taknx obnacTax, Kak
TesleMeuUMHa, aBTOHOMHbIE TPaHC-
MOPTHbIE CPEACTBA U MPOMbILLIEHHAS
pPOBOTOTEXHMKA, OHA TaKXe NPUBOAUT
K GOPMYNNPOBaHMNIO HOBBIX XECTKNX
TpeboBaHwWi K kayecTsy obcnyxvBa-
Hua (QoS).

IMT-cucTembl ByayLiero

(= TpexmepHoe BIWAEO, 3KkpaHbl CBEPXBBICOKOM YeTkocTi (UHD)

" HoMP"yMHOE" 3aHue gj & PaGota 1 paseneyeHust B 06nayHbIx cepaircax

[lononHeHHas peanbHoCTb

L fi2)— ABTOMATU3ALWS NPOU3BOACTBA

@9 Kpmmqecm BaXHbl€ NMPUNOXEHUS,
- Hanpumep 3NneKTPOHHOE 34paBOOXpaHEHe

- BecnunoTHbIn aBTOMOOMNbL

CaepxHafiexHas CBsA3b
C Marov 3aepxKoi

CokpalyeHue
3apepxxek B ceTax 5G u
nocnepyoLwmMX NOKosIeHUN

Mbl MOXeM 3HauNTENbHO COKPATUTb
3apepxku B ceTsax 5G 1 nocneay-
fOLLMX MOKONIEHWNI, ONUPAscCh Ha
WMHHOBALMWN B OpraHmnsaLnmn cetel ¢
nporpaMmMmnpyembiMmn napameTpamm
(SDN), BupTyanusaumm ceTeBbix
dyHkumm (NFV) n nepudepuin-

HbIX BblYUCIIEHUSX.

PaboTas Hag faneko naylien Lenbio -
cokpalyeHneM 3afepxek 4o Besu-
4nHbl MeHee 1 MUInceKyHabI, 4TOBbI
obecneynTb BO3MOXHOCTb MCMOJb-
30BaHWUS TaKTUIbHbIX MPUTOXEHWUI,
Hay4HO-TEXHWYeCcKoe coobLLEecTBO
paccmaTpvBaeT TyMaHHbIe Bblunce-
HUs 1 nepudepritHble BolYUCIEHNS
KaK KJTHoY K apXUTEKTYPHbIM MOAXO-
4am B Byayuimx ceTax.

[aHHbI npouecc npenctasnseT
cobom fBUXEHNE B CTOPOHY 60b-
LIEero KoSimYecTsa 1 pasHoobpasus
CeTEeBbIX U BbIYUCINTESbHbBIX TEXHO-
J'IOFVIPI, 4yToO I'Ipl/IBO,ELVIT K MOABJIEHUNIO
Bonee cnoxHsix ceten 1 bonee
CIIOXHOMY YMPaBIeHUIO CETAMMU.

[ns atoro TpebyeTtca nepecMoTpeTsb
yCTaHOBJIEHHbIE MPUHLMMbI yrpaBe-
HUS CETbIO.

Mpw aTOM NprmMeHseTcs nckyc-
cTBeHHbIN nHTennekT (M) - Hosble
BO3MOXHOCTM, CNOCOBHbIE Moaaep-
XMBaTb BbICOKYIO CTEeMeHb Nporpam-
MUPYEMOCTU 1 aBTOMaTU3MpPOBaHHOE
obecneyeHne bnarogaps UCNob30-
BaHWIO CUCTEM OPKECTPOBKN, COBME-
ctumbix ¢ SDN.
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B 2020 200y npunoxeHuem
MAaKmMubHoO20
UHmMepHema Moamu
cmambp OUCMAHUUOHHO
ynpasnsemble pobombl,
nomoezaaroujue hauueHmam
8 60JIbHUYAX, NJIOXO
No020MOoBJIeHHbIX K
BCNbILWUKAM haHOeMuu
COVID-19.

144

Anppen KyuepsBsii,
AmMMap MyTxaHHa,
AptemM BonkoB

W siBnsieTca knaccom matemaTu-
4eCKuMX aJIropUTMOB U MoAesen
MaLLMHHOTrO OBYyYeHws, a Takxe
anropuTMoB 06paboTkun BobLLIKX
JaHHbIX. HoBeWlwne npoueccopHblie
TEXHOJIOTUM MO3BONSHOT AOCTATOYHO
3¢bPeKTUBHO peannsoBbiBaTb anro-
putmbl VAL

PactyT obbemsl 1 pasHoobpasue
Tpaduka. NHTepHeT Bellel n ceepx-
HafexHasl CBA3b C Masiol 3a4ePXKKON
NPenbsBASIOT MHOXECTBO HOBbIX
TpebosaHwui, a 3To noTpebyeT
ropasgo 6osnbLuen shpekTUBHOCTM

B MPUHATAN PELIEHUIA, CBA3AHHbIX C
KauecTBOM obcnyxmBaHus (QoS).

CyLuecTyloLLME UHCTPYMEHTbI

QoS He cNoCcoBHbI BLIMOSHATL CBOU
3afja4n Ha HEOBXOLMMOM YpPOBHe.
Mpu 3TOM BONBLUMHCTBO PeLleHni
y>Ke TpebytoT Hanmuns Takmx nNpo-
rHO30B HarpysKku A5t onpeneneHHbIX

TakTUNbHbINA UHTEPHET
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Kntouesble XapaKTepuctmkmn I'IpI/IJ'IO)KeHI/Il;l TaKTUJIbHOIo

MHTEepHeTa:

» [eueHTpanusoBaHHas ceTeBas apxXMTeKTypa s
npenocTaBfieHUsl yCayr TaKTUJIbHOFO MHTEpPHEeTa Ha nepudepun
cetu. (MoxeT nn feueHTpannsaums CeTu CHU3NUTb LppoBoe

HepaBeHCTBO?).

TakTunbHOE B3aMMO[ENCTBUE B PEXMME PeasibHOro BPEMEHM,
COOTBETCTBYIOLLEE YESIOBEYECKUM OLLYyLLIEHNSM, TPebyeT
3afepXkm MeHee 1 MunnucekyHabl.

L',eJ'Ib CHMXXeHUd 3afaep>XkKn 00 BeJINYNHblI MeHee 1
MUNNnNCcekyHabl CTaBUT HOBbIE XXeCTKune Tpe6OBaHVIF| K

CUNCTEMHO-CEeTEBbIM peLleHndaM.

B 2020 rogy npunoxeHUeM TakTUIbHOFO NHTEPHETA MOI/IM CTaTb
AVCTaHUMOHHO ynpasBisieMble PpoboTbl, MOMOratmLMe naumeHTam
B BONbHMLAX, NIOXO NOArOTOBJIEHHbIX K BCAbILLIKaM NaHAeMnmn

COVID-19.

YCAyr, KOTOPbIE Y4UTbIBAAN Obl
reorpaduyeckune, a Takxe guHammnye-
ckue GakTopsbl, HaNpUMep nepeasu-
eHne aboOHEHTOB, B TOM YWCIIE U Ha
BbICOKMX CKOPOCTAX.

OnepaTtopam HeobxoauMbl
TakXe NOJSIHOLEHHbIe CUCTEMHbIE

NPOrHO3bl PasBUTUS UHPPACTPYK-
TYpbl, y4UTbIBaIOLLNE CKOPOCTb
BHEAPEHUS HOBbIX TEXHOJIOMUM, 4TO
NO3BOMNT NPEAOCTaBNATL HOBbIE
YCIyrn Yepes UHTEPHET, a TakXe
CBA3aHHble C 3TVM U3MEHEHNA B
obpasze Xn3HW Noaen.



Ve akaileM1ueCKMX OpraHmn3anmn

HoBble nopgxopabl

c ucnonbsoBaHmem U k
umpaeHTUdUKaumum Tpaduka c
NOMOLLIbIO OpraHu3aLmm ceTen
C NnporpaMMmpyembiMu
napameTpamu

NN MmoxeT BbINOMHATL ABE 3a4a4u,
MMeloLLMe BaxHelLLee 3HaYeHne ang
oueHkn QoS: ogHO3HaYHas NaeH-
Tmdrkaums Tpadurka n nocneyto-
Liee NPOrHO3MpoBaHue.

3apava W no ngeHtnemrkaumm
Tpadwka BkOYaET HEOBXOAUMOCTb
pacnosHaBaHus BobLIOrO Konye-
cTBa TMNOB Tpadwka be3 BBeaeHUs
LOMNONHUTENbHBIX 3afepXek (C yye-
TOM CBEPXHAAEXHbIX YCIYT CBSA3M C
Masion 3afepKKon), a Takxke Heobxo-
AVMMOCTb paclUMpPEeHUs 1 afanTaumm
anroputma NN k paznuunbim reorpa-
bUYecKnM ToUKaM PacnosioXeHNs
ceTv v yChyr.

BosmoxxHocTM opraHusaLmm ceTen
5G c nporpamMmmupyembiMu napa-
meTpamu (SDN) obecneumnsator
NPVYMEHNMOCTb HOBbIX MOAXOA0B K
naeHTudukaunm Tpaduka.

Mogenb MalMHHOro obyueHus, pas-
pabotaHHas CaHkT-lNeTepbyprckum
yHusepcutetom (CMBIMYT) B pamkax
koHkypca MC3 "UN/ML gns 5G",
aHanM3npyeT MeTafaHHble CeTeBbIX
notokos SDN ansa ngeHtudukaumm n
NpPOrHo3npoBaHus Tpaduka.

HanHbii meTon naeHTubmUKaLmn

1 MPOrHO3MpPOoBaHus Tpapuka He
BHOCWUT 3afep>XeK B NepefaBaeMbil
TpaduK Ha ypOBHE MIOCKOCTM AaH-
HbIX, 0becreYnBaeT NepeHOCUMOCTb
aHaNUTUYEeCKNX MOAYeN Ha pas-
nnyHble koHTponepsl SDN, a Takke
MOXEeT BKIKOYaTb OMOJIHUTESIbHbIE
TUMbI pacno3HaBaemoro Tpadwika.

Anroputmel I B coveTaHnm ¢
HOBbIMU TEXHONOTMAMU MNOCTPOe-
HUA ceTel 1 0bnayHbIX BbIYUCIIEHN
MOryT OKa3aTb 3Ha4MMYIO NOAAEPXKY
[BVXEHWNIO B CTOPOHY CBEPXHaAeX-
HOW CBA3M C Masion 3a4eP>KKOMN.

Ho ocHoBHOW NPopPbIB B AOCTUXKEHUN
MOMHOLEHHbIX TaKTUJIbHbBIX MPUIOXKEe-
HWW, OCHOBaHHbIX Ha CBEPXHaAEXHOM
CBSI31 C Maslol 3a,epP>KKON, OXmaa-
€TCs C HOBbIM NMOKOJIEHNEM TEXHOSO-
rit GU3NYECKOrO YPOBHS - @ UMEHHO,
kBaHTOBbIX koMMyHuKauwi. [l
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OcHogHOoll npopbis B
docmulxkeHUU NOJIHOUEHHbIX
MmaxkmuabHbIX
npuoxeHull, 0CHOBAHHbIX
Ha cBepXHadeXxHoU cBA3U

c manol 3a0epxKol,
oXxuodaemcs ¢ HoOBbIM
noKoneHueM mexHosoauti

du3suUecKo20 ypoBHA.
14 4

Anppett KyuepsBeii,
AMMap MyTxaHHa,
ApTtem Bonkos



https://aiforgood.itu.int/ai-ml-in-5g-challenge/
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UHTterpauua MU/ML pna co3paHusa aBTOHOMHbIX CEeTEM -
Oyayliee HanpaBsieHUe pa3BUTUA o6opyaoBaHuUSA
3NIeKTPOCBA3M NOCNEeAYyIoLWUX NOKONIEHUN

Axunxupo Hakao, npodeccop Tokunrickoro yHneepcuTeTa

B B nocnepree Bpems kommepueckue yeryrn 5G Bbiniv passepHyTbl U UCMOSb-
3ytoTcs BO Bcem Mupe. [pu 3ToM yxke peanuayoTcs cTpatermm HayuyHo-uccne- “
LOBATENIbCKMX U OMbITHO-KOHCTPYKTOpPCcKux pabot (HUOKP), HaueneHHble Ha

TEXHONIOTNK CreflyloLero nokosieHus, To ectb 6G. [IpednoxeHus no HoBou

cmpdameauu passumuA

B AnoHwum akcnnyaTtauus yenyr 5G Havanack BecHon 2020 roaa, a ele o atoro, cemel nocje 5G/6G

B aHBape 2020 roga, MunnctepcTto BHyTpeHHMX gen v csasn (MIC) yupeanno npeayc}vzampusa}om HOBble
LOVCKYCCUOHHbIN opraH Ans onpepeneHns HanpasneHnii HOKP B oTHowweHnn KJItouesble noKasameinu
yenyr 6G. sppexmusHocmu.

B uioHe 2020 roga Crpaternyeckunn coset MIC "lMocne 5G" npepcTasun ctpate- ”
rnveckoe npegnoxerne no HUOKP B oTHowweHnn 6G.

Axuxupo Hakao



https://www.u-tokyo.ac.jp/focus/en/people/people001767.html
https://www.soumu.go.jp/
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[MpepnoxeHns No HOBOW cTpaTe-
rvn passuTusa ceten nocne 5G/6G
npeaycMaTpuBaloT HOBbIE KJIOYEBble
nokasartenu adpdektrsHoctu (KPI),
Npv3BaHHbIe Ha NOPALKM YIy4YLLINTb
LeseBble napaMeTpsl CyLLecTByto-
LMX BeCnpoBOAHBIX TEXHOMOMIA

5G, Takue Kak LuMpokas nonoca
nponyckaHus, KOpoTKas 3adep>ka

1 BOSbLLOE KONMYECTBO COEAMHE-
HWI, a Takke foBaBUTb K HUM HOBbIE
3/1eMEHTbI, TaKMe Kak CBEPXHU3KOe
sHepronoTpebneHmne, 6ezonacHoCTb,
aBTOHOMHOCTb 1 BO3MOXHOCTb
pa3BepTbiBaHUS.

OcobeHHO MHTepecHbl ABa Nocnes-
HUX 13 3TUX HOBbIX 3/IEMEHTOB, TaK
Kak 3a4a4a COCTOUT B TOM, YTOObI
co3aaTb aBTOMaTuyecku pabora-
foLMe CeTU 1 paclumpuTb chepy
3/1EKTPOCBA3N TaK, YTODbI BKIIIOYNTb
CUCTEMBI, KOTOPbIE MPEXAE CYnTa-
JINCb TPYAHOPEANN3YyeMbIMU, - CTaH-
UMK Ha BbicoTHoW nnatdopme (HAPS),
NoOABOOHbIE CTAHLMN U T. M.

B nocrnepHee Bpems aBTOHOMHbIE
CeTU C MPUMEHEHNEM TEXHOOT U
MaLlrHHOro obyueHus (ML) n uckyc-
cTBeHHoro untennexta (MN) yxe
akTuBHo obcyxgatotes. [Mog aBTo-
HOMHOCTbIO MOHMMaEeTCs paspaboTka
1 peanunsaums MHGPacTPyKTypbI
cBsi3n, cnocobHom pabortaTb aBTo-
MaTtunyecku, bes BMeLlaTensCTea
yesioBeka. JTo ceTb, paboTatoLas 8
aBTOMaTUYeCKOM pexnmMe, KoTopas
npegycmaTpvBaeT Co3faHne onTu-
MasibHOW CeTeBOW MHGPACTPYKTYpPbI,
BbIXOASALLEN 38 PaMKUN NMPOBOAHbIX U
BecnpoBofHbIX ceTen.

KomnaHus NTT HepaBHO opraHu-
30Bana MexayHapoaHsin Gopym,
MOCBALLEHHbIN MHHOBALIMOHHbLIM
BOJIOKOHHO-ONTNYECKNM N 6eCI'IpOBO-
oHbiM cetam (IOWN). XoTa koHuen-
umMs BKlOYaeT B cebs MHOXECTBO
WHTEsINeKTyasbHbIX COCTaBASIOLLMX,
Taknx Kak OPUEHTUPOBAHHbIE Ha
JaHHble CETU C HU3KUM 3HepronoTpe-
BreHneM 1 KOPOTKOW 3a4ePXKKON,
LLeSIMKOM OCHOBaHHble Ha GOTOHMKE,
OCHOBHasi LieJlb COCTOUT B CO3AaHNN
NHbPaCTPYKTYpPbl, aBTOMaTUYECKM
yrnpaBnseMom NoCcpeacTBOM "yMHbIX"
aJIrOPUTMOB, BbIXOSALLMX 38 PaMKU/
4esIoBe4eCKOro MHTeSIeKTa 1 onbiTa.

MepepoBbie nccnepoBaHus B
obnacTtu ceasu B inoHun

B HayuHOW cpepe ANoHUN LeHTpanb-
HY!O POJib B MPOBEAEHUN NEePEfOBbIX
nccneposaHuin B chepe cBs3u Urpaet
NHcTuTyT nHxeHepos B obractu
371IEKTPOHMKMN 1 MHHOPMALMOH-
HO-KOMMYHMKaLMOHHbIX TEXHOMO-

rum (IEICE).

MbI cozHaem HeobXoAMMOCTb
nccnefoBaHui B obnactu aBTo-
HOMHbIX ceTel Ana aBToMaTn3aLmm
onepauuit 1 aBTOMaTU4YeCKoro
oBHapyxeHWs 1 NPOrHo3MpoBa-

HWS OTKa30B B MHOPACTPYKTypax
MHGOPMaLMOHHO-KOMMYHUKaLW-
OHHbIX TEXHOMOrMI. DTO Nobyanno
Hac OpraHM30BaTb MEXOTPAC/IEBYIO
nccnefoBaTesibCkyto rpynmny no ceep-
XUHTeNnekTyanbHoim cetam - RISING,
npeacenatenemM KOTOPOW s ABSIOCh.
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Mpb1 cosHaem
HeobxoouMocmb
uccyiedosaHull 8 obiacmu
OBMOHOMHbLX cemell.
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Axuxupo Hakao

Ha nepsom cumnosmyme RISING
Obina opraHn3oBaHa NpeseHTaums
111 nnakaToB 1 NPOBEAEHbI Ipym-
noBble AVCKYCCUU AN MHGOPMUPO-
BaHWs MHOTUX MOJIOAbIX Y4YEHbIX 1
cTypeHToB. MeponpusTie Bbi3Baso
GONbLLION MHTEPEC CPeM YHEHbIX,
crneLmnanmnsnpyoLLIMxcs BO Bcex obna-
CTSIX TEXHOSIOMMIM UHPPACTPYKTYPSbI
NPOBOAHON 1 BECNPOBOAHON CBA3M.

MC3 n M n mawumHHoe
obyueHue ans ceten 5G

MHormne 3aMHTepecoBaHHble CTOPOHbI
B ANOHWMK, B TOM Ymciie TOKUNCKNIM
YHMBEPCUTET, a Takxe oTpacre-

Bble MapTHePbl MPUHSAN yHacTue B
pabote OnepatusHoit rpynnsl MC3
no MalmHHOMY obyuyeHunto ans byay-
wmx ceten, srkodaa 5G (OI-ML5G).


https://www.ntt.co.jp/index_e.html
https://www.itu.int/en/ITU-T/focusgroups/ml5g/Pages/default.aspx
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OcHoBHble ocobeHHOCTW ceTeln nocne 5G

CHHXpOHM3aLMS (HN3MYECKOTO U KMBEPMPOCTPaHCTBa

Mocne 5G

Tru-BOMHbI 30HAMpoBaHMe

CBepPXMHOrOYNCIIEHHbIE COEANHEHMS
(ynbTpa-mMTC*)

CBepx6bicTpogencTBue U GonbLuas
nponyckHas cnoco6HocTb (ynbTpa-eMBB*)

CBepxKopoTkas 3agepxka
(ynbTpa-URLLC®)

= 3apepxka: = B03MOXHOCTb OAHOBPEMEHHOTO
= YryJieHHas cuHxpoHusaums ¢ CPS NpucoeanHeHns:

= BLiCOKUA YPOBEHb CUHXPOHM3ALIN C
[IOMONHUTENBHON CEThIO

= [locTyn K ceTu:

= [locTyn k 6a30Boi ceTu:

CeTb, Lien1kom OCHOBaHHas Ha YOTOHMKe KeanToBas kpunTorpadms
/ Al [anbHeiilwee coBepLIEHCTBOBaHNE \
¢yHkuun 5G

T

® [JOCTOSIHHO rapaHTUPOBaHHAs
MEHBLLE, YEM CErOaHs 5G

knbepbe3onacHoCTb
* B3 NPUMEHEHUSI MEP NO COKDAUUEHUIO
9HepeonompebiteHus, cas3arHo20 ¢ T, o = MrHOBEHHOE BOCCTAHOBIEHWE MOCHe
6ydem s 36 pas Gortsie, uew ceao0ks (obuee [loGaBneHune HOBbIX (PyHKLWI agapnu/oTKasa
3HepeonompedieHue - 6 1,5 pasa borbwe, Yem cedyac). Cnocoo6CTBYET NONY4YEHUIO

yCTOﬁ‘-WIBbIX HOBbIX NpenmMyLiecTB

CBepxHU3Koe 3HepronoTpedneHune CBepx6e30nacHOCTb M OTKa30yCTOWYNBOCTb

= [loTpebnsiemas MOLLHOCTb:

HAPS

/

VHKMt03MBHBIN MHTEPGENC

[MonynpoBOAHK C HW3KMM YPOBHEM
noTpebnenms anekTpoaHeprum
\

ABTOHOMHOCTb Macwrabupyemoctb

= BecnepeboiiHoe coeanHeHue co cryTHukamu  HAPS (B Tom
4mcne KOCMUYECKMI U OKEAHCKIMI)

m [peo6pasoBaHie pasnnyHbIX MHTEPEICOB, TaKkiX Kak
TepMUHarbl v OkHa, B 6a30BbIe CTaHLWM

= B0O3MOXHOCTb MOBCEMECTHOIO YCTAHOBNEHNS COEANHEHMIA
6rnarofiaps KOOpAMHALM MEXZY YCTPOCTBaMU

m AgTOMaTMyECKas koopanHauus paboTbl yCTpoiicTs be3
PYYHOTO BMeLLaTENbCTRBA

= [TocTpoeH1e ONTUMM3VMPOBAHHOI CETM C BbICOKO! CTEMNEHbH
VHTErpaLyy NpoBOAHbIX 1 6ECNPOBOAHbIX COBAUHEHMI

MonHas BUpTyanuaaLus

, Yka3bIBalOT Ha 06NacTu 1ccnesoBaHui, B KOTOPbIX ANOHMS aKTUBHO y4aCTBYET I UMEET MPEeUMyLLEECTBa.
eMBB — ycoBepLUEeHCTBOBaHHAS MOABWXHAS LLMPOKOMONOCHAs CBA3b

URLLC - cBepxHaziexHas CBsi3b C KOPOTKOW 3a1ePXKKOIA
mMTC — MaccoBasi CBSi3b MaLLMHHOTO TVNa
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MHozue
3aUHMepecoBaHHble
CMOpOHLL 8 AnoHuu, 8
mowm yucne Toxkutickutl
YHUBepcumem, d
makx>ke ompaciiesble
napmHepbl NPUHAU
yuacmue 8 pabome
OnepamugHol epynnal
MC3 no mawuHHOMY
obyueHuro 0nAa 6yoyuiux
cemel, skitouas 5G.

Axuxupo Hakao

MUWHMCTEPCTBO BHYTPEHHUX Aen U
ceasu, KDDI, NEC, Hitachi, n NICT -
BCE 3TN AMNOHCKMEe opraHu3auunm
BeyT Hay4Ho-UccneoBaTesnbekme
1 OMbITHO-KOHCTPYKTOPCKME paboTbl
B 061aCTN MHTErpaLmMmn MHHOBALW-
OHHbIx ceTewt ¢ VIV v yxxe coenanu
Hemaso sknagos B ML5G.

C nions 2020 roga nposoaunTcs
koHkypc MC3 "MW/ML pns 5G" -
cocTA3aHue Nno peLueHuio npobnem,
CBsi3aHHbIX C NpuMeHeHnem /ML B
ceTsix 5G.

KoHkypc nposogusics B Kutae,
Bpasunun, Typunn, Vipnangun,
NHanun, CoepmnHenHbix LLTaTtax n gpy-
rux ctpaHax. B Halem pernoHe ero
opraHusyeT Koannuus napTHepoB.,
Takux kak TTC n NEC/KDDI, Bxogs-
LLMX B BbILLEYNOMSIHYTOE coobLLe-
ctBo RISING.

Ha pernoHanbHom koHkypce MCD B
SAnoHunn KDDI v NEC npepacTasunm
cBOW HabOPbI NCCIEfOBATENBCKMX
3agay. [ns pabotsl Hag pelueHnem
3afay u3 kaxgoro Habopa saperu-
cTpupoBanock okosio 20 KomaHg, no
yeTbipe yesnoBeka.

ITU News MAGAZINE No. 05, 2020 H

Mpynna RISING npennoxwuna ette
oAMH Habop 3af4ay, OTHOCALLMIACS K
BecnpoBofHON CBA3N.

Mbl 3aBEPLUWIIN KOHKYPC B CEpeanHe
okTabps 2020 roga v Boibepem Tpex
nobegmTenen no Kaxgomy Habopy
3afay. Hagetoch, 4TO Mbl Hanpasnm
nccnegoBatenien NpeacTasasTs CBOU
pesynbTaThl Ha BCEMUPHOM KOHpe-
peHLUMK, koTopas ByneT NpoXo4uTs B
MC3 B pexuvMe peanbHOro BpeMeHU
c 15 no 17 pekabps 2020 roga.

YuuTbiBas Lenbln psg Hay4YHo-MC-
CnepoBaTeNbCKUX U OMbITHO-KOH-
CTPYKTOPCKUX PaboT 1 akTMBHOE
ydacTune B koHkypce MC3 MHormx
3aNHTEePECOBaHHbIX CTOPOH, Mbl
cuntaem mnHterpauuio NA/ML B ceTu
nepcnekTUBHbLIM HanpaBfieHeM ¢
TOUKW 3pEeHUNst onpepeneHns TeXHo-
JIOTUI 31EKTPOCBA3M NOCEAYIOLNX
MOKONEHWN, TaKMX KaK TEXHOJIOTUM
nocne 5G/6G.

MbI TBEPAO HAMepEeHbl BHECTW CBOW
BKJ1a[, B UCClej0BaHWs 1 paspa-
6OTKM, a TaKxKe CTaHAaPTU3aLMIO B
obnactu nHterpauun MIN/ML B TexHo-
JIOTNW SNEKTPOCBS3M Ha NPOTSKEHNM
Bnnxaiiwero gecatunetva. Ml


https://www.kddi.com/english/
https://www.nec.com/
https://www.hitachi.com/
https://www.nict.go.jp/en/
https://www.ttc.or.jp/e
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PeanuctuuHoe mopgenupoBaHue B cpeage Raymobtime
AN NPOEeKTUPOoBaHUSA PU3NYECKOro YPOBHS
cuctem 6ecnpoBoaHOM CBAA3U Ha ocHoBe UU

Anbpebapo Knayray, npodeccop PepepansHoro yHusepcutera [lapa, Bpasunus,

n Hypusa loncanec MNMpenuny, poueHT YHusepcuteTa wrata
CesepHasn Kaponuna, CoeanHeHHble LLtaTs

[ B vHHoBaumsax B HanpaeneHnn ceten 5G 1 nocnegyowmx NOKOAEHN Npo-
CNIeXMNBAETCA ABHAsA TEHAEHUMS K OBYYEHMIO Ha HAaKOMIEHHOM OMbITE.

Mopenunpyemas ceTeBas cpefia NnoMoraeT HaM UCCNeNoBaTb PAL OTKPbITbIX
BOMPOCOB, UMetoLLMx GyHAaMeHTalbHOe 3HadveHne ans Bknaga MW B texHono-
rMm GecnpoBOAHON CBA3M.

OcHOBOW 15 NPOEKTUPOBaHUS COBPEMEHHbIX DECNPOBOAHbLIX CUCTEM CYXXMN
CNOXHble MaTemaTuyeckne moaenu. [naBHoOM ABUXYLLEN CUIION 3TON KOHCTPYK-
LMK Obi YenoBevecknii MHTeNNeKT. Ho cucTembl ABUXKYTCS B HanpasieHuu
BecnpoBofHbIx ceTel Ha ocHose VW, kitoueByto posib B KOTOPLIX UMPatoT anro-
PUTMbI MALLIMHHOTO OByYeHMs.

[na paspabotku pelueHnin Ha ocHose N Heobxoammbl Bonblumne 1 pasHo-
0bpa3zHble Habopbl AaHHbIX, MO3BOMALLME AOCTUYbL XOpOoLLeik 060bLato-
e cnocoBbHOCTH, 0COBEHHO KOrAa paccMaTpUBaOTCS NOAXOAb! Fy6oKoro
0ByyeHus.

éé

B uHHOBauuax 8
HanpasneHuu cemeli 5G u
nocnedyruwux NoKoneHul
npocnexusaemcs A8HAA
meHOeHUUA K 06y4YeHU
Ha HaOKONJIeHHOM onblme.
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Anppebapo Knayray u
Hypwusa l'oncanec-Ilpensuny



https://portal.ufpa.br/
https://www.ncsu.edu/
https://www.ncsu.edu/
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Ha6opbi aaHHbIX Raymobtime u kKoHkypc
MC3 "MUW/ML pansa 5G"

HabBopb! faHHbIX 1 pasyMHble KOHTPOJIbHbIE MOKa3aTesIn MMeIoT BaXKHOe
3HayeHue B KaYeCTBE OPUEHTUPOB A/l Hay4YHO-UCCIIe[0BaTEIbCKON
pabotbl. B pamkax Raymobtime BHumMaHue pokycupyeTcs Ha pusnyeckom
ypoeHe (PHY), ogHako Tenepb bnarogapsi cBoeBpemMeHHOMY

AOCTYMHbI HABOPbI AAHHbIX AN MHOTUX APYrMX
NPUMEHEeHUN.

Ha cerogHawHun aeHb umeetcs 10 Habopos AaHHbIX Raymobtime,
B obLen cnoxHoctn no 290K kaHanam ceasu.

MNMoaMHOXKEeCTBO 3TUX HaBOPOB AaHHbIX MOMOraeT y4acTHMKAM KOHKypca
MC3 "MW/ML gns 5G" pewuTs cnepyoLime ase 3agayu.

3apava ML5G-PHY [Bbi6op nyua] npegnonaraet Hanmyme cucTeMbl
MUIMMETPOBOTrO AnanasoHa (mmWave) B ceTu, cBs3biBatoLLEN
TPaHCMOPTHOE CPEACTBO C NHGPACTPYKTYPOU C UCMOSIb30OBaHMEM
aHanorosow apxutektypbl MIMO. Mogens ML, koTopyto npeactout
pa3paboTaTtb, MPYHUMAET BXOAHbIE NMapaMeTpsbl, Tak1e Kak rnapameTpsi,
noKasaHHbIe Ha PUCYHKE 2, 1 BbIBOAWUT MHAEKChI HauyyLLeln napbl IyYen.

3apaya ML5G-PHY [oueHka kaHana] cocTounT B peLUeHNN OLHOM

13 CaMbIX CJIOXKHbIX MPoBnemM Ha ¢pusndeckom yposHe 5G - cbop
nHbOpPMaLMK O KaHanax 4 yCTaHOBIEHWS JIMHUI MAJIJIMMETPOBOTO
AuanasoHa c yuetoM rubpugHon apxutektypsl MIMO. Cioga

BXOOMT OLEHKa YaCTOTHO-M3bMpaTeibHOro KaHasa no HebosbLomy
KOJIMYECTBY MPUHATLIX ODYyYatoLLMX MUIOT-CUFHAMOB.

[Be 3T 3agaun oTHOCATCA K KJto4eBbIM Npobiiemam 5G, LieHHble
peLleHns A5 KOTOPbIX MOXET NPeAoCTaBUTb MalLMHHOE Oby4yeHue;
APYrMIMU NpUMepamMu cily>kaT BbIDop Nonb3oBaTesns, aganTaumns KaHana u
COBMECTHOE MO3ULMOHMPOBaHNE/YCTaHOBJIEHNE COeAMHEHUS.

HekoTopble npunoxeHnus rny6o-
Koro oby4eHuns B cetax 5G, Takme

Kak oBHapy>eHve aHoManuin Ha
ocHoBe nokasatenen aGpbekTMBHOCTH
paboTbl MapLPYTU3aTOPOB 1 APYIX
KOMMOHEHTOB CEeTW, NoMaratTcs Ha
OaHHbIEe, UMEIoLLMECs B M30bunun.

Vcnonb3oBaHne xe MalnHHOIo O6y-
HYeHna angd NnpoeKkTnpoBaHNA d>|/|3|/|'-|e—
CKOT'O YPOBHSA 3aBNCUT OT OOCTYMNMHbIX
AaHHbIX O KaHasax.

CozpaHue becnposogHom nHdpa-
CTPYKTYpPbl 1 NPOTOTUMOB A5
npoBeAeHWs OBLMPHbIX KaMna-
HWI MO M3MEPEHUNIO KaHasloB B
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LesIAX HaKOMIeHNSA 3TUX AaHHbIX
HEBO3MOXHO BBUNAY OrPaHNYEHHbIX
bUHAHCOBbIX PECYPCOB U BPEMEHW.
He roBops yxe o TOM, YTO HeKkoTopbIe
MPOEKTHblE peLleHnst HeoBXOANMO
NPUHATb eLle A0 CO3AaHNa CUCTEMbI.

B aToM KoHTekcTe BaxHoOe 3Haue-
HWe NpuobpeTaeT peanncTmyHoe
MoZLenmpoBaHue.

OHO He 3aMeHsIeT NPOTOTUMbI 1 13Me-
PEHWS MOHOCTBIO, HO NO3BONSAET
BbICTPO OCYLLECTBAATL MHHOBALMN,
obecneunas cpeny Ans apdekTms-
HOM OL€HKN HOBbIX aJTTOPUTMOB.

Kak Habopbl paHHbIX
Raymobtime nomoratot
y4yacTHuKam KoHkypca MC3
"N u mawmHHoe obyuyeHue
ana 5G"

MeTtoaunka Raymobtime npuasaHa
obecneunts peanucTniyHoe Mopenu-
pOBaHWe KaHaa0B CBSA3M C UCMOJb-
30BaHNEM TPaCcCMPOBKM Slyyel
(ray-tracing), npuHVMMas BO BHUMaHWe
nopsuxHocTs (mobility) npremone-
penaTyYnKoB 1 paccensaTtenein pagu-
OBOJIH 1 UX N3MEHEHWE BO BPEMEHW
(evolution over time).

MpuHAB pasymMHble 3HaYeHWs
MHTEPBAasIOB OUCKPETU3aLNN MEXIY
OTAENbHbIMY CLeHaMM (CHUMKaMu
TEKYLLLero COCTOSHNSA), C MOMOLLbIO
TPaCCMPOBKU Nydelt MOXHO Mofe-
NIMPOBaTh KaHasbl CBA3W C COorna-
coBaHMeEM MO BPEMEHMU, 4acToTe n
pPacCTosAHMIO. DTV KaHaslbl MTOMOratoT,
Hanpumep, OLEHUTb MeTOAbI OTCe-
KMBAHWA KaHa/iloB Ha OCHOBE MalUWH-
Horo obyyenus (ML) onsa anroputmos
CO MHOTUMM MOJb30BaTENAMM U
MHOrOKaHaslbHbIMU BXO4aMW/BbIXO-
namu (MIMO).
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https://aiforgood.itu.int/ai-ml-in-5g-challenge/
https://aiforgood.itu.int/ai-ml-in-5g-challenge/
https://www.lasse.ufpa.br/raymobtime/
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Ho Habopbl gaHHbIx Raymobtime He
OrpaHVYMBAIOTCS KaHanaMu CBA3U.

Bcnepctaue Bce Gonee wmpokoro
MCMOMb30BaHNSA B CMCTEMaX CBSA3N
MHPOPMALIMK B HUX MPUMEHSIETCS
LOMOSHWUTENbHOE NPOrpamMmmMHoe obe-
crieyeHune st COCTaB/IeHUS MyJbTU-
MofasbHbIX HABOPOB AAHHbIX.

Ha pucyHke 1 nokasaHo, kak B
pamkax Raymobtime mogenuposa-
HWe TPaCCUPOBKM JlyYel BrepBbie
COBMELLIEHO C MPOorpamMmmHbImM obe-
cneyeHnem TPeXMepPHOM KOMIMbIo-
TepHoit rpadukm. Pesynbtatom
cTaHoBUTCS MHGOPMaLUs O KaHase
cBA3Y, "cnapeHHas" ¢ cooTBETCTBY-
loLLLet BU3yasibHOM nHpopMaLmen,
nosy4eHHOW C BUeokaMepbl U/nnm
13 obnaka Touvek faTymKa fa3epHoro
OBHapyXXeHNs 1 N3MepeHns falb-
HocTu (LIDAR). Ons mogennpoBaHus

kamep un gatymkos LIDAR ncnonbay-
totcst nakeTbl [1O ¢ OTKPbITEIM UCXOA-
HbiM kogoM Blender 1 BlenSor. [Ina
TPaCCUPOBKM NyHelt NCMOob3YyoTCs
kKoMMepueckue petuerus Wireless
InSite komnaHumn Remcom n Winprop
komnaHun Altair.

Raymobtime Takxxe nossonset pas-
pabaTbiBaTb afIrOPUTMbI Ha OCHOBE
[aHHbIX 4151 KOHKPETHbIX paio-
HOB ropopa.

Yro6bl monyumnts 8 Raymobtime
peanncTuyHble faHHble AN CLeHa-
pUeB BHe NMOMELLEHNN, CO3Aat0TCS
3D mogenu 3paHun, ynuu v gpyrux
HeMnoABUXHbIX OOBLEKTOB B 3TOM pail-
OHe C UCMONb30BaHNEM NHCTPYMEH-
ToB Cadmapper n OpenStreetMap.
OBuxyLimecs obbekTbl, Takue Kak
aBToMO6UK, newexoabl n BIMJA,
Taikoke mogenupytotes B 3D, a nx
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NONOXKEHUEM B Pas3/INYHbIX CLEHax
YyNPaBAseT UMUTAaTOP MOABMXKHbIX
ropoackmx obvektos (SUMO) ¢
OTKprTbIM NCXOOHbIM KOOOM.

SUMO nossonseT BBOAUTbL pea-
JINCTUYHYIO CTAaTUCTUKY TpaduKa

1 obneryaer n3yyeHne Ce3oHHbIX
acnekToB, Takux Kak kosnebaHue
yncna nosb3osatesien v Tpaduka
LaHHbIX B ONpefesieHHbIX paioHax B
TeyeHve OHs.

YnpaBneHne B3anMoLeNCTBMEM
mMexgy Bcemu naketamu 1O
ocylecTerseTca Ha s3bike Python -
LIMPOKO PacnpOCTPaHEHHOM s13blke
nporpammuposaHus MW, kotopbin
Tak>Xe No3BoigeT BBOLAUTL 3Tanbl
MN3BJIEYEHUS CBONCTB U MOAENU-
posaHus VI, kak nokasaHo Ha
pucyHke 1.

PucyHok 1. Bnok-cxema, nunntoctpupytoLas npuMeHseMoe nporpaMmmHoe
obecneyeHure 1 ncnosib3oBaHne HabopoB AaHHbIX Raymobtime anga paspaboTku
peLleHnn Ha OCHOBE MALLMHHOMO 0byyYeHMs B 0b61acTu CBA3M

PeannctnyHble

BpemeHm t
CLieHapum Ha ocHoBe

CueHa B MOMEHT

[laHHble

Wireless. -
InSite

(kaHan MIMO,

1
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1
MapameTpbl cBA3M |
1
1
1
1
1

SUMO — ummuraTop noasikHbIX ropoaCckUX 06LEKTOB
MIMO — MHoroKaHarbHbI BXOL, / MHOTOKaHambHbIN BbIXOA,
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PucyHok 2. [Mpumep 3D-cueHapus
C YMEHbLUEHHbIM KOJIMYECTBOM
rpaHen ons cokpalleHus
BPEMEHW TPaCCUPOBKN JTyHeu.
TpaHcnopTHble cpencTBa Ha
nccnepyemMou yanmue BblaeneHsl
SPKMMW LBETaMM

NccneposaHus B Lenax
COBepLUEHCTBOBaHUS
MeToaukun Raymobtime

MHorokpaTHoe ncnosnb3oBaHme Tpac-
CMPOBKM Jly4el 1 Apyrux MeTofos
MOAENMPOBaHUS MOXEeT NPUBECTU K
NoTPeBIEHNIO 3HAUNTESIbHBIX BbIUMC-
JINTESIbHbIX PECYPCOB U3-3a LUMPO-
Koro pasbpoca MaclTabos BpeMeHM.

KaHan 6ecnposofHoit cBA3M MOXET
N3MEHUTLCS 3a AECATKN MUInCe-
KyHZ, BaXe ecnn Takne obbekTbl, kak
aBTOMOBUAN, NOYTU HE ABMXKYTCS.

Bpemsi Tpaccuposkm nyyen sasmucut
oT cnoxHocTth 3D-cueHsl, koTopas

cBsizaHa ¢ 0BLMM KONIMYECTBOM
rpaHen (ModenmpyoLnx Bu3yannsa-
uunto obbekToBs).

Konuuectso rpaHer B 3D cueHe
MOXHO YMEHbLUUTb, YTOBbI yCKOPUTb
TpaccMpoBKy flyyel n obecneunts
Bonee nnaBHoe MOAENNPOBaHUE,
KaK, Hampumep, Ha pUCyHKe 2, rae
YMCIO rPaHel YMeHbLIEHO ANs
Bosee NIaBHOrO MOLAENMPOBaHNA
30aHWIA Ha CMYTHUKOBLIX M30Bpaxe-
HWAX rOPOAa.

MpoponxatoTcs ccnefoBaHNs No
ONTUMM3aLUKN KOMNPOMMCCa MEXAY
CKOPOCTBIO TPACCUPOBKM JIydel n
TouHoCTbio 3D-cueH ans cesasu ¢
ncnonb3zoBaHuem V.

Ewle ogHol 3apavein no coBepLUeH-
cTBoBaHuio Raymobtime asnsetca
Ha3HayYeHWe KaXX4oW rpaHu unm
obbekTy, coctasnaowmm 3D-cueny,
onpefeneHHoOro matepuana.

Kaxabih maTepuan obnagaet
Onpe,ﬂeﬂeHHblMVl 3J'|eKTpOMarHI/IT—
HbIMW CBOMCTBaMMW, OKa3blBatoLLMMU
BO3LEWCTBUE HAa TPACCUPOBKY
Nlyyew W, CefoBaTesnbHO, Ha KaHan
cBsizu. [lepBoHayanbHO MeToavKa

Raymobtime obecneunsana npoctoe

MogenmpoBaHne C ByMA MaTepua-
JlaMW, KaK NMoKa3aHO Ha pPUCYyHKe 3.

B Bepcuu 2 Raymobtime byget
noAOepP>XK1MBaTbCS aBTOMaTUYECKoe
NPUCBOEHWE MaTepranam 31eKTpo-
MarHuTHbIx cBomncTs. K Tomy e oHa
ByneT ocHOBaHa Ha yCOBEPLUEHCTBO-
BaHHbIX MexaHunamax 3D rpaduky,
ncnosb3yemMbix Ajs Co3faHus
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HabopoB faHHbIX Mo Bonbliemy
KOJIMYECTBY MECT, 4TO MO3BOJSIUT NPO-
BOAWTb NCCNIE[0BaHUS B KOHTEKCTE
TpaHcdepHoro obyueHwus.

Takas VHTErpaLms cUCTEM CBA3N 1
BMPTyanbHO peansHocTy Byaet
MCMOJIb30BATLCS U B UCCeL0BaHUAX
rMBpUaHBIX MOAENEel KaHasnos, B
KOTOPbIX TPACCUMPOBKa Jlyueit code-
TaeTcs Co CTaTUCTUYECKUMU MOoge-
namu kaHanos. M

PucyHok 3. [lobaBneHuve peannsma
B onuvcaHune 3D-cueHapures ans
MogenMpoBaHms becnpoBogHOM

CBA3N

CraTuyeckas TpaccupoBka Jiyyen ¢
NPSIMOYrosibHbIMY hopMamu

Raymobtime, Bepcus 2.0

[

|
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MNMoBbilWleHne HaAEeXXHOCTU MALLMHHOIO 00yYeHus U aoBepus
K HEMY C NOMOLLbIO UMUTATOPOB CETU U CTaHAAPTU3aLNUN

®PpaHyeck Bunbrenbmm, HayuHbin coTpynHuK KaTanoHckoro
LueHTpa TexHonornm anektpoceasu (CTTC), Micnanusa

B VimuTatopsl ceTr MOTyT ChirpaTth K/IIOUYEBYIO POSIb B MOBbILLEHUN HAAEeXHO-
CTW MaLnHHOro obyuyerus (ML) n nosepus k Hemy. Ho gns aToro nHHosauum B
HanpasneHun ceten 5G 1 6G ¢ NnoaaepPxKKOM MaWMHHOIO 0ByYeHNs LOSKHbI

npegycMatpumBaTb MHTErpaLmo COBMECTUMbIX CUCTEM TECTUPOBaHNUS. MMumamOpbl cemu Moeym

Cblepdmb KJjllouesyro poJlb B
nosbluleHUU HadexHocmu

MAWUHHO20 O6yq€HUH
Husi. Ml umuTaTopsl ceTn ByayT cnocobeTBoBaTh Mx cozgaHuio. Ho gns ycneww- U dosepus K HeMmy.

HOro BHeApPeHUa UMUTaTopOoB Tpe6yeTc9| onpefennTtb N CTaHOapPTU3NPOBaTb "

B 6rmxaniwuem Byayliem MoryT BbiTb CO34aHbI MO-HACTOALLEMY aBTOHOMHbIE,
Be3onacHble N HafeXHble CUCTEMbI CBA3U C NMOAAEPXKKON MaLLMHHOIO 0byye-

B3aMMO/ENCTBYIOL|ME KOMMOHEHTI.
B HacTosiLee Bpema Bnarogapa copTeepusaLmm U BUPTyanmM3aLmmn ceTeBbIx ®panyeck Bunbrensmu

d)yHKLI,VIl;I CTaHOBUTCA BO3MOXHOM MHTEerpaund MMmMTaTopoB B aBTOHOMHbIE CETU
C I'IO,EI,B,ep)KKOI;I MalWNHHOIo OGy‘-IeHVIFI.



http://www.cttc.es/

Vmeu akageMu4ecKmx opraHusalmii

YTo KacaeTcs UMUTaTOPOB CeTH, TO
MMeeTCsl MHOXECTBO nponpueTap-
HbIX UHCTPYMEHTOB U MHCTPYMEH-
TOB C OTKPbITbIM MCXOAHBIM KOLOM
(Hanpumep, ns-3, OMNET++, OPNET)
LNS ONWUCaHWNS Pa3/INYHbBIX TUMOB
cueHapueBs, TEXHOOTUI U CETEBbIX
dyHKLUMI.

Ho coepnHeHme Bcex 3TnX MHCTPY-
MEHTOB npepcTaBnisieT coboit Ypes-
BbI4AHO CJIOXKHYIO 3aJaqy - 3afady,
KOTOPYIO MOXHO PELUNTb NINLLb MyTeM
onpepeneHns u peannsaumumn crat-
LapTU30BaHHbIX MHTepdEencoB.

Mpu pelueHnn 3agay onNTUMMU3aLUK
B DyAyLLMX CETAX C NOAAEPXKKOWM
MaLUMHHOrO OByYeHNs GyHKLMO-
HaslbHas COBMECTMMOCTb MO3BOAUT
BecnpensTcTBEHHO B3aNMOAENCTBO-
BaTb OObEKTaM B Pas/IMyHbIX JOMe-
HaXx, TaKUM Kak ceTeBble hyHKLNY,
PEeno3nTopPrn MaLLIMHHOTO OByYeHNs
1 NOCTaBLLUMKM LaHHbIX.

MexxaomeHHast yHKUMOHanbHas
COBMECTMMOCTb CTaHeT OOHUM U3
OCHOBHbIX HaKTOPOB, CORENCTBY!IO-
LMX CO34aHNI0 ByayLLMX NONHOCTbIO
aBTOHOMHbIX ceTel, 1 B banxanLuee
BpeMs HeOBXoAMMO CO3aTb yCNoBUS
019 TaKOW COBMECTUMOCTM.

Mouyemy umeHHO
ML5G?

Bce 6onee wupokoe
npmmeHeHme MaLtUnHHOIo
0bBy4eHNs B ceTsax
3JIEKTPOCBSA3Y BbI3BAHO
GonblUMMM obbemamm
HENCMOb3yeMbIX AaHHbIX

1 BHYTPEHHEeN CJIOXHOCTbIO
HOBBIX CLieHapueB
VNCNONb30BaHUSA, TaKNX

KaK CBsi3b TPaHCMOPTHbIX
CPEACTB € PasnvyHbIMU
obbektamm (V2X),
VHTEHCUBHbIN MEXMAaLLUNHHbIN
obmen (MMTC), a Takke
paclunpeHHas peanbHOCTb
1 BbICOKOKaYecTBEHHas
BUOEOCBA3L.

371 cueHapum B
3HauuTeNbHON Mepe
pasfiMuyaroTcs no
TpeboBaHvaM K MOBUNLHOCTY,
KOJIMYECTBY 3aA€NCTBOBaHHbIX
YCTPOWCTB, a TakXe K nonoce
fponyckaHus n-3agepxKe.

B crioxHbIx cetax 5G MoxxHo
[OBUTBCS CYLLLECTBEHHOTO
noBbileHns 3G OEKTUBHOCTM
Gnaropaps cnocobHocTu
mMexaHusmos ML k 0by4yeHuio
CNOXHbIM LLIaBaoHam 1
ajanTauuun K pasianyHbIM
KOHTEKCTam 1 obnacram
NpVMeHeHus.

Hanpumep, HeMpoHHble
ceTu BbicTpo nprobpeTatoT
MonynsiPHOCTb B 061acTy
06paboTkM curHasnos
Bnarogaps vx crocobHocTn
XapaKTepu3oBaThb

HeunsBecTHble moaenun
KaHaJ10B.
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MpeoponeHune 6apbepos

Ha NyTU K NOBbILUEHUIO
HapgeXxHocTu ML n poBepus k
HeMy C MOMOLLbIO UMUTATOPOB

MexaH13Mbl MaLLIMHHOTO OByYeHws
MOTYT NPOU3BOANTL HEJIMHENHbIE
BbIXO[HblE [AaHHble, HanpuMep
BbINOSHAS QYHKLMM MPOrHO3UPO-
BaHWs, YTO NMPUBOLUT K BOMPOCaM O
HafeXHOCTUN pe3ynbTaToB PaboTsl
3TVIX YEPHbIX ALLMKOB.

Moxanyw, Hanbonee N3BECTHbIMU
cpenn Taknx 4epHbIX ALLLMKOB ABJIA-
t0TCS MOAEN riybokoro obyyeHus
AJI9 peLueHmns 3afa4 ¢ MHoromMep-
HbIMU MPOCTPAHCTBaMU, FAE TOYHOCTb
MOAEN OBbIYHO 3aBUCUT OT €€ CIIOX-
HOCTU. YeMm BbiLle CnoXHOCTb Habopa
LaHHbIX, TeM Bosblue HENPOHOB 1
CKPbITbIX ypOBHEN TpebyeTcs Mopenm
rnyBokoro oby4eHus, 4To 3aTpygHseT
BO3MOXHOCTb MHTEPMPETaLMm U
0bbACHEHWS pe3ybTaTos.

Kpome Toro, B 3aBucmMocCTH oT
XapaKTePUCTUK KOHKPETHOrO cLie-
Hapus UCMOb30BaHMs obyJatoLme
LaHHblE MOTYT BbITb CKyLHbIMK,
3aLUYMJIEHHBIMW 1 AaXe HEMoOCTOo-
SHHbBIMW, 4TO CTABUT MOL, COMHEHUE
HafEeXHOCTb Mofesiell MallMHHOO
obyueHuns 1 nx yctonumeocTs. [ng
OUYeHb CJTIOXHbIX MOLeNel Takxe
MOryT noTpeboBaTbCs 3HaUUTEbHbIE
BbIYNCIIUTESIbHBIE PECYPCbI, KOTOPbIE
He Bceraa JOCTYrMHbI.
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PaccmoTtpum ceTb cBsizn V2X, rae
peluatoLLiee 3Ha4YeHe nmeet
6e30MacHOCTb, a NOAKIIOYEHHbIE
TPaHCMopTHbIE CPeAcTBa U MOBUb-
Hble YCTPOWCTBA CO34at0T CIOXKHYIO
paamMoYacToTHyto cpedy. MalwmHHoe
oby4eHWe MoMoraeT CnpaBuTbes

C 3TOWN C/IOXKHOCTbIO, HO HEXBaTKa
[aHHbIX N BbIYMCINTENBHbBIX PECYPCOB
MOXET NMPUBECTU K HEHaAexXaLLemMy
NoBeLeHVIO MOLENV U YXYOLWNTb
K/toYeBble nokasarenu abdekTnesHo-
CTW, OT KOTOPbIX 3aBUCUT BHeApeHne
MaLUMHHOrO OBy4YeHNs B ceTu.

WceneposaHus B obnactu "o6bAcHU-
moro NN" (explainable Al) ssnstotca
nepcnekTUBHbLIMU B NyiaHe ykpenne-
HWS LOBepus K pesynbTatam paboTsi
HEMPOHHbIX CeTEeN N APYINX CIIOXKHbBIX
meTopos VW, Ho B Bnnkaiwen nep-
CNEeKTVBE MOLLHbIE MHCTPYMEHTbI AN1A
NOBbILLEHWS [OBEPUS K MALLMHHOMY
0By4eHMIo CNOCObHbI NMPeaoCTaBuTbL
nMuTaTopsbl ceTu. VX Takxke MOXHO
MHTErpupoBaTh B CUCTEMbI CBS3M C
NMOAAEPXKKON MaLLMHHOIO 0ByYeHuns.

NmunTaTopbl ceTnt - 3TO SKOHOMMU-
Yyeckm 3¢pPEKTUBHDIN UHCTPYMEHT
LJ151 BOCTIPOU3BEAEHNS NOBeAeHUs
CUCTEM CBSI3U - OT NMPOTOKOJIOB CBA3M
L0 GUBNYECKINX SBIIEHUI, CBA3AHHbIX
C pacnpoCTpaHeHNeM CUrHamnos.

MIMUTaTOpbI CETU MOXHO MHTErPUPO-
BaTb B CETW Ha OCHOBE MaLUMHHOIO
0by4eHUst 4715 BbINOJHEHWS Clieayio-
LUMX PYHKLMINA:

B NpoBepKMU BbIXOLHbIX AaHHbIX
Mogfesnei MawrHHOro obyueHuns
nepep uUx NprMeHeHneMm B
LecTByloLLLeln ceT;

¥ reHepupOBaHUSI CUHTETUYECKNX
LaHHbIX 418 0byyeHus
mopenen ML, koTopble MOXHO
MCMonb3oBaTb AJ151 BOCMOSHEHUS
HefdocTaTKa AaHHbIX Nan
AN paclumpeHmns Habopos
oByyaloLmx faHHbIX;

B oBy4eHus mogenei
MaLUMHHOTO 0ByYeHns B
onpepeneHHon obnacTm
UMUTaLUK, YTO 0COBEHHO
NOME3HO AN UCKIIYEHUA
3¢ PeKToB, CBA3AHHbBIX C
nccnefoBaHUAaMU METOAOM
OHMaNHOBOrO 0BydeHus;

B Bblayn IKCNEePTHbIX
3aKstoyeHum no pabore
MOAEesei MalMHHOTo obydeHuns
B OMpPeAeeHHbIX CUTyaLmnax
(Hanpumep, NPV HKLManM3aLnu,
y3KOHanpaBAeHHbIX
nccnenoBaHusx,
pa3pblBe CBsA3eN).

YT06bI NPOMANIOCTPUPOBATL BO3-
MOXHbI€ MPUMEHEHWS UMUTAaTOPOB
B OyLyLLMX CUCTEMaX CBSA3W, PaCCMO-
TPUM NpUMEpP peannsaLmmn npuemMo-
nepefarymka Ha OCHOBE HEMPOHHbIX
ceTten.

[ns nosbiLLEHNs TOYHOCTM Takoro
pofa peLleHnA UMUTaTOPbl CeTH
MOryT reHepupoBaTh CUHTETUYECKNE
JaHHble, XapakTepusytoLme nose-
LeHue YesoBeka, 1 Takum obpa-

30M MOMOJHATL HAOOPbI AaHHbIX,
ncrnosbayemble st obyueHns. 1o
MOTUBMpPYET pa3paboTKy HOBbIX
CTaHAapTU3MPOBaHHbIX HAbopPOB AaH-
HbIX M UIHCTPYMEHTOB, B TOM 4Yncne
MMUTATOPOB CETU; MOJyYEHHbIE
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CmaHoapmbl MC3
npedocmasnarom
UHCmMpymeHmaput
07151 BHEOpeHUA
Memooos8 MAUHHO20

obyueHus 8 cemu 5G.
144

dpanHueck Bunsrensmu

TaknM obpazom Habopbl CUHTETK-
YeCKMX JaHHbIX Cbirpany BaXxHYIO
POJIb B peLLEHUsX, NPeACTaBIeHHbIX
Ha koHkypce MC3 "VN/mawmHHoe
obyuerune gna 5G".

Mbkaa apxutekTypa C
noapep>XKou MallMHHOro
obyuenus MC3 un
npepanaraemas onbiTHas
nporpaMmmHas cpega ML

CraHpapTel MC3 npepoctasnsior
WHCTPYMEHTapWi AN BHEAPEHUS
METOAOB MaLLUHHOMO 0by4eHus B
ceTtn 5G.

OcobeHHo akTyanbHa PekomeHpaums
MC3 Y.3172, onpegensiowias apxu-
TEKTYPHYIO OCHOBY r’MBKOIN MHTErpa-
LMW MaLLIMHHOMO 0ByyYeHus B ceTu.

B kauyecTBe cpepfcTBa NOBbLILLEHMS
[OBepUs K NPUIOXKEHUAM MaLLUH-
HOro oby4eHWs B apxuUTeKType C
NOAAEPXKKOM MaLLMHHOIO 0byYeHus
MC3YVY.3172 npepycMoTpeHa 13o-
NIMPOBaHHas ONbITHas MporpaMmHas
cpepa ("necoynuua”) ML.

76
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https://www.itu.int/rec/T-REC-Y.3172/en
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Mpepnnaraemas onbiTHas NporpaMMHas cpega ('necoynnua’)
MaLUMHHOro obyyeHus

NECOYHMLIA

1
TecTtupoBaHue/obyyerue 1
1

OMEPALAN ML

ML - maLwmHHoe 06yyeHure

OnbITHas nporpammMHas cpepa ML
MO3BOMIAET TECTUPOBATh, OBy4aThb 1
OLEeHMBaTb MOAESIN MaLLMHHOMO Oby-
yeHwus B BesonacHom cpene nepeq, ux
npUMeHeHNeM B [eNCTBYIOLLMX CETAX.

Pennukaums

NMUTALINA
| v —
v_

X —

[poBepka

NMuTaTOpbI CETU ABNAOTCS BaXKHOM
4aCTblO OMbITHOW NPOrPaMMHOM
CpeAbl MaLLMHHOTO 0by4eHus,

3¢ bekTMBHO 1 TMBKO BOCTIPOM3BOAS
pasfivyHble MOAe N NoBefeHus ceTn
W cueHapuu.

KoHTponb

B npoposnxatoLumxcs nccnefosaHnsx
MC3 onpepenset Tpebosanus, apxu-
TeKTypy 1 nHTepdencs npegnarae-
MOW OMbITHOW NPOrpPaMMHOMN cpeapl
MalmHHoro obyderns. [l
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HayuHo-uccnepoBatenbckue npoeKTbl MO Pa3BUTUIO
obpa3zoBaHua U pacno3HaBaHuIO peyu B Hurepum

Doxenmc Arapko, LOLEHT 1 pykoBoauTenb nccneposatenbckon rpynnbl WINEST
OTAeneHus BbluncanTensHomn TexHuku, Abgynnaxu Canu LLlyanby v Bneccep lNyaa,
ctyneHTbl, DefepanbHbll TexHonornyeckni ynmsepcutetT MuHHbl, Hurepus

B B mapte 2019 roga B pamkax ydactua 8 OnepatusHoit rpynne MC3 no
MaLUMHHOMY OBydeHuto ans Byaywmx ceten, skoyas cetn 5G (OI-ML5G), nawa
nccnefoBartesibCkas rpynmna no TeXHOornsaM 6ecnpoBofHbIX CeTel 1 BCTPO-
eHHbix cuctem (WINEST) npuctynuna k nccneposanuio Ha temy "CueHapun
MCMOSb30BaHNS 1 peLleHns ans nepexoda k cetam IMT-2020/5G Ha pasBuBato-
LMXCS pbIHKaX".

U,eJ'Ib Hawen pa6OTbI COCTOUT B TOM, 4TObBI onpeneninTb, Kak MallnMHHoe O6y-
HYeHne MOXXeT NoOMOYb pa3BMBalOLLMMCA CTpaHaM caenatb TEXHONOrnYyecknn
CKa4oK, 4TODbI BOCMOb30BaTLCA npenmMyuwiectBaMm HOBbIX 1 6yD,yLLI,I/IX ceTe17|,
ONTUMN3NPYA NpPnN 3TOM |'|0Tpe6J'|eHv1e SHEePrnn, NOKpbITNE CETU N pacxobl
Ha 3/1€KTPOCBA3b.

CoBeplueHcTBOBaHue
obpasoBaHus B Appuke

B pamkax aToro nccnepnoBaHuns mbl
NpesnoXunmn npoekT "YyebHobin
knacc Ha ocHose ", npn3BaHHbIN
NOBbLICUTH Ka4ECTBO HaYaIbHOrO
obpasosaHue B Adppuke.

DTOT NPOEKT peanusytoT CTyAEeHTbI
nop, pykosogctsom [xenmca
Arap>o, pykoBoguTens nccne-
posatesnbckon rpynnbsl WINEST B
®DepepanbHOM TEXHOSIOTNYECKOM
yHuBepcutete MuHHBbI, Hurepus.


https://www.futminna.edu.ng/
https://www.itu.int/en/ITU-T/focusgroups/ml5g/Pages/default.aspx
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B pamkax smoeo
uccnedo8aHUA Mbl
npeodnoXxuiu npoekm
"Yue6Hblll KJ1acc

Ha ocHose V",
Npu3BaHHbIll NOBbICUMb
Kauecmso HauajibHO20
obpasosaHue B8 Appuke.

144

I>xeviMc Aramxo,
Abpynnaxu Canu lllyanby u
Brneccen T'yna,
depnepanbHbIN
TeXHOJIOTMYEeCKUM
YHUBEPCUTET MUHHEL,
Hurepusa

C nomolubto crcteM 0b6paboTkum
ecTtectBeHHoro s3bika (NLP) Ha
ocHose VW ¢pasbl, nponsHocrmbie
B K/lacce yHalnMUCs U yUUTenamu,
obpabaTbiBatoTcsa B nepudepuinHon
CeTn B Lengax n3sevyeHns Ko4eBblX
CNOB C COXpPaHeHWeM aHOHUMHO-
CTV roBopsiLLero.

3Tu KoYeBbIE CIOBa NEpeAatoTcs B
obyueHHyto crcTemy-knaccudukatop
Ha LleHTpasbHOM cepBepe, KoTopas
MOXeT NOopeKOMeHA0BaTb yBreKa-
TesbHbIN MEAVAKOHTEHT, Npeaiaras
YHaLLWIMCSi UHTYUTUBHO MOHSITHbIE
npVMepbl B NOALEPXKY OBbACHEHN
yumtens. SToT MEANAKOHTEHT OTO-
bpasxaeTtcs Ha LMdpoBOM gucnnee B
knacce. Cctema npvssaHa nomorats
YUUTENSIM HauasIbHOM LLKOSbI B X
paboTe, a He 3aMeHUTb KX.

BaxHelwnm ycnosmem ycreLiHom
paspaboTku yyebHoro knacca Ha
ocHose VI asnsetca Hanuume oen-
cTBytoLLeln BrubanoTekn pacnosHasa-
HUS peun.

Hantn ee okaszanock Henerko.

ABTOMaTUyeckoe
pacno3sHaBaHue peuun
ans Abpukun

Mol rckanu BecrinatHyio Gubnnoteky
pacno3HaBaHus peyu, ClocobHyo
paboTaTh NOKabHO 1 OTBEYAIOLLLYIO
TpeboBaHMO CoxpaHeHns KoHULEH-
LManbHOCTW Nosib3oBaTenen. Yuntsisas
MHOroobpasue S3bIKOB, Ha KOTOPbIX
rosopsT B Hurepun 1 8 Appuke B
uesniom, bubnuorteka fosKHa yMeTb
xopoLuo obpabatsiBaTth ppasbl Ha
aHrIMMCKOM 513bIKE, MPOU3HOCUMbIE C
CaMbIMU Pa3HOOBPAa3HbIMM aKLEeHTaMMK.

Mbl paccmoTpen MHOXeCTBO
nporpaMmHbix GUBANOTEK, HO HU
OfHa U3 HUX He YAOBNETBOPAIA BCEM
3TUM TpeboBaHUsaM.

B cBa3K ¢ 3TMM Halua uccnepoBaTeb-
ckas rpynna WINEST B pespane 2020
roaa 3amnycTuia HOBbIM MPOEKT Mo
paspaboTke cMCTeMbl pacno3HaBaHWs
peun, cnocobHON ya0BIETBOPUTL
YHUKasIbHble TPEBOBaHMS MPOeKTa
yuyebHoro knacca Ha ocHose V.

3TOT NPOEKT CTan pesysibTaToM
0BCyXAeHWI, CBA3aHHbIX C NPe3eH-
Tauvei Halero npoekTa y4ebHoro
knacca Ha ocHoBe VI Ha cepbmom
PervioHansHoM cemuHape-npak-
Tmkyme ans Appurkun Ha Temy
"CraHgapTtusaums bygywimx ceten:
NOBbILLIEHNE YPOBHSA COeANHEHMS
Adprikin', KOTOPbIN NPOXOAWN B
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Abynxe (Hurepus) 3-4 despans
2020 ropa. CemuHap Bbii opraHuso-
BaH rpynnow cneumanmctos MC3 no
BOMPOCAaM CTaHAapTU3aLum ByayLmx
ceTelt 1 0bNaYHbIX BbIYNCIEHWIA

13-n ViccnepgoBaTensckom KOMUCCUN
CekTopa cTaHAapTM3aLmm 3NeKTPOC-
BAsu MCO-T.

OT3bIBbI CMELMANNCTOB, NOJSIyHEHHbIE
Ha ceMuHape B AByapKe, NOCIYXNan
CTUMYJIOM K 3armycky B Hurepumn
MUIOTHOTO NpoeKTa no paspaboTke
CUCTEMbI aBTOMATMYECKOrO Pacnos-
HaBaHus peun (ASR) s Adpuku.

Mbl cobupaem pedesble gaHHbIe U
pa3pabatbiBaem mexaHnaM ASR ons
CO3AaHUs NPOTOTMNE, CNOCOBHOro
CTaTb OPUEHTUPOM Al pa3paboTku
CUCTEMBbI, FOTOBOW K Pa3BepPTbIBaHUIO
Ha pbIHKe.

[ns cbopa HeobxoanmbIx AaHHBIX Mbl
paspaboTanu mobunsHoe npuno-
xerune Wazobia, B pamkax koToporo
HuUrepunckmne "goHopsI rosoca”
3a4MTbIBAOT OTOBPaXKaeMblil TEKCT

1 - aHOHUMHO - 6e3BO3Me3AHO npe-
LOCTaBNAIOT 3Ty 3aMUCh.

HassaHne Wazobia - 310 koM6uHa-
LS U3 TPEX CJIOroB, COCTaBAOLLMX
cnoBo "nNpuan" Ha s3bikax Tpex
KPYMHENLIMX IMHFBUCTUYECKUX TPy
Hurepum - opyba (wa), xayca (zo)
nrbo (bia).

PeyeBble paHHbIe XxpaHsiTCs Ha cep-
Bepe - Mo yMOA4YaHWio Kak "Henpo-
BEpPEHHbIe" - B OXNAAHUN NPOBEPKU
3TUX AaHHbIX OBPOBOJbLAMM
MeTO[0M KpayACcOpCUHra Yepes
mMobunsHoe npunoxerve Wazobia.
OTa npoBepka faeT bynesble oLeHKn
TOYHOCTUN TPAHCKPUNUUW 3aMUCaHHOM
peun mexaHnamom ASR.

79


https://www.itu.int/en/ITU-T/Workshops-and-Seminars/standardization/20200203/Pages/default.aspx
https://www.itu.int/en/ITU-T/Workshops-and-Seminars/standardization/20200203/Pages/default.aspx
https://www.itu.int/en/ITU-T/Workshops-and-Seminars/standardization/20200203/Pages/default.aspx
https://www.itu.int/en/ITU-T/Workshops-and-Seminars/standardization/20200203/Pages/default.aspx
https://www.itu.int/en/ITU-T/Workshops-and-Seminars/standardization/20200203/Pages/default.aspx
https://www.itu.int/en/ITU-T/Workshops-and-Seminars/standardization/20200203/Pages/default.aspx
https://www.itu.int/en/ITU-T/Workshops-and-Seminars/standardization/20200203/Pages/default.aspx
https://www.itu.int/en/ITU-T/about/groups/Pages/sg13.aspx
https://www.itu.int/en/ITU-T/about/groups/Pages/sg13.aspx

Ve akaileM1ueCKMX OpraHmn3anmn

ApxuTeKTypa npoekTa aBTOMaTU4YeCcKoro
pacno3HaBaHusa peun ans Abpurku

LleHTpanbHbIi cepBep

PeyeBble JaHHbIE
[aHOHMMHbIE,
HenpoBepeHHbIE]

PeueBble fJaHHbIe
[HenpoBepeHHbIe]

=

ML - mMaLumHHoe 0by4eHve

Ha cerogHAWHNN feHb B pamkax
npoekTta cobpaH peyeBom Kopryc
0BLLer NPOAOMKUTENBHOCTHIO
cBbiLLe Tpex Yyacos bonee yem ot 170
LLOHOPOB ronoca.

OTan NpoeKkTUPOBaHU CUCTEMbI
ASR pans Appuiku BkItoUaeT npes-
BapuTeNbHyto 06paboTKy AaHHbIX,
obyueHune n pazpaboTky nporpamm-
Horo obecneverus. B npoekrte
ncnosb3yeTcs MHCTPyMeHTapuin ASR
Wav2letter++, a B kauecTse 3TanoH-
HOW peanu3aumm - Hay4Has cTaTbs
MO NCKYCCTBEHHOMY WHTEIEKTY

n3 Facebook.

Mbi npogomkaem paboTty no
CerMeHTauum 1 NpeaBapuTenbHOMN

PeueBble gaHHble

Tekct

Peuesble
paHHble
[MpoBepeHHble]

0bpaboTke cobpaHHbIX AaHHbIX
NS KOHTPOIMPYEMBIX 1 4aCTUYHO
KOHTPOSIMPYEMbIX CUCTEM MaLLVH-
HOro oby4eHus ¢ ydacTmem unm
4aCTWUYHBIM Y4aCTUEM YUUTENS, HO B
KayecTBe NCXOLHOTO 5i3blKa NPOEKT
ASR pnsa Appukn noka npuHnUMaeT
TOJSIbKO aHIMNCKNIA.

Mo mepe pa3suTHs npoekTa ASR Mbl
cTpeMumcs [obaBnaTh B KadecTse
NCXOAHbIX aPpPUKaHCKME S3bIKU 1
niaHUpyeM CTUMYIMPOBaTh 3TO
KJIlo4YeBOE HarpaB/ieHNne NHHOBALUN,
npeacTaBMB CBOM PeYeBOn KOPMyC
adpUKaHCKUX A3bIKOB Ha ByayLmx
kKoHKypcax MC3 no npumenetuio V1V
¥ MaLLIMHHOTo 0by4eHus B ceTsx 5G u
nocnenyoLmnx NokKoseHnn.
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UcKyccTBEHHBIN UHTENEKT 1
MaluMHHOEe obyveHue nomoryT
Adpuke cnpaBnaTbes ¢
naHgeMmamMm

Ha 6yaywux koHkypcax MC3 no npw-
meHeruio M/mawmHHoro obyyeruns
B ceTax 5G Mbl TakxXe NniaHnpyem
NPeACcTaBUTb HOBOE NMPUITIOXEHME C
MOALEPXKKON MALLMHHOMO 0ByyeHst
0151 OTC/IEXMBAHNS KOHTAKTOB Ha
6aze TexHonoruu Bluetooth®.

DTOT NPOEKT NPUIOXEHUS A9 OTCe-
KNBAHWS KOHTAKTOB NPV NaHaeMunm
(PTA) HanpaBneH Ha co3fdaHue mope-
J1el NPOrHO3MPOBaHUS NOABEPXKEH-
HOCTU PUCKY 3apaxeHus, 0byUYeHHbIX
Ha JaHHbIX OT aHOHMMHbIX MOJIb30Ba-
Tenen [cm. Tabnuuyl.

Cbop faHHbIX oS
MPUIOXKEHMUSA MO
OTCNEXMNBAHUIO
KOHTaKTOB Mpw

naHaeMmm

PaccTosiHue no npsmon
MeXay YyCTPONCTBaMM
moJib30BaTesNs

MoluHocTb curHana
Bluetooth

Mopgens ycTponcTtsa
moJsib3oBaTesNs

Bepcus onepaumoHHom
CUCTEMBI

B nomewiernn/
BHE NoMeLLeHuns
(cyns no okpy>kato-Luemy
OCBELLEeHUIO)

Pagnonomexu
(BecnpoBogHas
JloKasibHas CeTb)
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ApXI/ITeKTypa NPUITIOXKEHUA ONA OTCNEXMBAHNA KOHTAKTOB NMpu naHgeMmm

YcnoBus okpyxatoLLen cpeabl

BreluHve patunkm
(Hanpumep,
METEOPOSIOrNyeCkie)

YcnoBus okpyxalloLen cpeabl

Mpunoxexue
ANs OTCIEXNBaHMS
KOHTaKTOB Mpu
naHgemmm

Mpepnaraemsbin cLueHapui passep-
TbiBaHWA NpunoxeHns PTA npepyc-
MaTpuBaEeT BBOL, AAHHbIX, COBPaHHbIX
OT Nonb30BaTesien, HaXOASALLMNXCS B
30He BuanmocTu Bluetooth®, n He
TpebyeT yCTaHOBKM MPUIOXEHUSs
BCeMU nonssosatensmu. OgHako
korpa PTA yctaHoBRneHo Ha AByX
YCTPOWCTBaX, COeANHEHHbIX Yepe3
Bluetooth®, moxHo nonyuuts bonee
nofApobHYo KapTUHY OKpPYyKatoLLel
cpefbl, LO6aBUB AaHHbIe OT FMPOCKO-
MOB U aKCeNepPOMETPOB MOBUIIbHBIX
YCTPOWCTB.

Mpu paspaboTke Npegnaraemoro
npwnoxerus PTA 6yayT cobio-
[aTbCs CeayioLime pyKoBOAS-
LLe MPUHLMMBI.

LleHTparnbHbIn cepaep

PasBepTbiBaHue Mogenm

[laHHble 0 GNU3KIUX KOHTaKTaxX

1. OrtcnexunBaHne KOHTaKTOB
OyneT yHMBepCasbHbIM,

C HacTpanBaeMmbIMn
napameTpamMu 455 aganTauum K
ByAyLLIMM NaHaeMusaMm.

2. bymyTt ncnonb3osaTbes
cooTBeTCTBYIOLME GYHKLMM
CYLLLeCTBYIOLLMX CUCTEM,

HO NpUCNocobneHHbIe ANls
npumeHeHns B Abpuke.

3. B koHcTpykumio BonayT
MeXaHN3Mbl COXPaHeHUs
KOHPMOEHUMaNbHOCTH.

4. TMpunoxexve byneT onpenensTs
HafJsieXalllyto CTemneHb
NpeAoCTaBieHNs AaHHbIX CBEPX
MPeAnoOYTEHNIN B OTHOLLEHNN
KOHPUAEHUMANBHOCTH,
yKa3aHHbIX Mosib3oBaTesieM
B yCTpoMcTBe.

MapameTpbl Mogenv

OKCNEePTHBIN UCTOYHMK
(BO3)

HaHHble pns obyyeHus OyayT
OTHOCUTBCS K NMaHAEMUSIM COMIacHO
pekomeHgdaumnsm BcemmpHon opra-
HuW3auwmen sgpaBooxpaHeHus (BO3) n
LPYr1X OpraHoB 34paBOOXPaHEHUS.
MonyyeHHble MOAENN NPOTrHO3M-
pPOBaHMA NOABEPXKEHHOCTU PUCKY
(0ByyeHHble 1 yCTaHOBMIEHHbIE C
LleHTpaslbHOro cepaepa) Takxe byayT
OTHOCUTHCA K MaHAEMUAM.

B HacTosLee Bpems Mbl Begem cbop
HEobXoAMMBIX AaHHbIX U NAaHUPyeM
NpeacTaBuUTb 3TV faHHbIe Ha ByayLLmMX
koHkypcax MC3 no npumeneruio N
1 MaLIMHHOro obyyeHus B ceTax 5G u
nocneaytowwx nokonenuin. Ml
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noqemy ANd NoNNy4YeHUA HOBbIX AaHHbIX
HaM HY)XHbl HOBbI€ NapTHepPCTBa

Urnacuo Poppurec Jlappapa, HayuHbI COTpYAHUK TlabopaTopum
becnpoBogHbIx ceTen cBs3n YHusepcuteta Onsbopra, daHusa

B Ha konkypce MC3 "MW/mawmHHoe obyuermne (ML) ana 5G" pasznunyHbie
oTpacsieBble 1 akafeMnyeckme opraHusaunm npeactasunm casiwe 20
chopMynmMpoBaHHbIX 3a4a4. YHaCTHUKN CO BCErO MUpPa COPEBHYIOTCS B

éé

noncke anropnTMoOB Ha OCHOBe HePIpOHHbIX CeTeDI, npPMBOOALLNX K ONTUMaSIb- BOJ‘lbuloﬁ (;bllHaJ'l

HOMY peLLeHuio. KOHKYpCa 8 0ekabpe —
3axsamblearouiee cobbimue.

CdopmynupoBaHHble 3aaa4m CrpynnupoBaHbl MO pPasHbiM HaNpPaBAEHWUSM,

CB#A3aHHbIM C TaKUMWN TeMaMW, KaK CETb, 6e3OI'IaCHOCTb, OI'IepaTOpr nnn "

BepTUKabHble PbIHKW.

Wruacuo Ponpurec Jlappazn

B 6ynyLumx koHkypcax MC3 "MIW/ML gns 5G" chopmynmnpoBaHHbIx 3agay,
HEeCOMHEHHO, CTaHeT 3HauuTenbHo bonble. TexHonorumn NN n mawmHHoro
0by4eHWs BCe LIMPE MPUMEHSIOTCS B CETAX MPOMBbILLNEHHbIX NPEANPUATUN
1 yuebHbix 3aBegeHunit, n koHkypc MC3 "MW/ML gns 5G" bynet npuenekartb
Bce bosbLe 1 Bosblue CTYAEHTOB, UCCefoBaTeNen N NHXEHEPOB.
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Bonbluo dprHan koHkypca B feka-
Ope - 3axBaTbiBaloLLee CODbITUE,
KOTOPOE, HECOMHEHHO, MPOJIbET
HOBbI CBET Ha TO, KaKUM 0Bpasom
TexHonorun NN n mawmHHoro obyue-
HVS MOMOTYT HaM ONTUMM3NPOBaTbL
paboty B cetu.

HoBble napTHepcTBa Ans
paclunMpeHus poctyna
K A@HHbIM

[nasHoW npobnemoit, crosLen
nepes MHHOBaLMAMY B 0bnacTu
NCKYCCTBEHHOIO UHTESINeKTa u
MaLLUMHHOrO 0byYeHus, ocTaeTcs
LOCTYN K BbICOKOKa4YeCTBEH-
HbIM OAHHbIM.

Beuay TpynHocTel, cBA3aHHbIX C
LOCTYNOM K AaHHbIM U3 AeNCTBYIO-
LMX ceTel, B xofe kKoHkypca MC3
"NN/ML gns 5G" BaxHyto ponb
ChIrpanu cuHTeTUYeCcKe Habopel
OaHHbIX, CO3[4aHHblE C MOMOLLbIO
mMogenuposaHus. M xots HekoTopble
13 3agauy OblIM BeCbMa aKTyanbHbl

N XOPOLLO CHOPMYNMPOBaHbI, B HUX
OTCYTCTBOBaNM Kakue Bbl To HY BbLIO
WNCTOYHUKM OaHHbIX - y4aCTHMUKAM
NMPUXOANIIOCH UCKaTb 1 MPefoCTaB-
NATb CBOU cOBCTBEHHbIE HabopbI
[aHHbIX B paMkax paspabartbiBaeMbix
VMU peLLUeHNN.

BonblmnHcTeo chopmynmnposaH-

HbIX 3aa4 Obln OTKPbITHI ANS
MeX/AYHaPOAHbIX Y4aCTHUKOB, HO
HeKOTOpPble OrpaHNYeHbl pamKamm
HaLMOHanbHbIX KOHKypcoB. OfHako
HeobXoAMMO NMOHUMATb, YTO AaH-
Hble MPUHaAAeXaT yupexneHno,
KOTOpOE WX MPefoCTaBseT, 1,
cnefoBaTesibHO, Ha HUX pacnpocTpa-
HSAIOTCS BHYTPEeHHWe/HauMoHasbHble

SKCMOPTHbIE NPaBuIia U 3aKOHbI O
3aWmMTe aHHbIX.

3akoHogaTesbHble HOPMBbI,
LeNoBble OTHOLLEHUS 1 XapakTep
[aHHbIX - BCE 3TO B 3HAYNTESIBHOM
CTeneHn BAMSAEeT Ha LOCTYMHOCTb
[aHHbIX, @ LOCTYMHOCTb AAHHbBIX B
3HAYNTESIbHOW CTEMEHN BMSAET Ha
ycnex MexayHapOAHbIX KOHKYP-
coB, NofoBHbIX KoHKypcy MCD
"MWN/ML pna 5G".

3710 TaKkKe NoAvYepKMBaET Bax-
HocTb koHkypca MC3 "IW/ML gns
5G" pns obecneyeHns [OCTYNHO-
CTW AaHHbIX.

MC3 crapaeTcs npusfeyb HOBble
opraHu3aumm, rotosble NPEnNoXUTb
cBOU CHOPMYNMPOBaHHbIE 334a4n U
NOAENNTLCSH AaHHBIMU C MEXAyHa-
POLHbBIM COOBLLECTBOM.

[ns cozpanns TouHbIX GyHKLM-
OHanbHbIX anroputmos ML/
HEeOoBXOAMMbI BbICOKOKa4eCTBEHHbIE
NCXOAHbIe faHHble.

NpeanbHbIMU MCXOAHBIMU AaHHBIMM
ans anroputmos ML/UW Bbinun Gbl
oBLwmpHble HaboPbI fAaHHbLIX U3 Aen-
cTytoLnx ceten. OfHaKo B HacTo-
silllee BpeMsi Ype3Bbl4alNHO TPYAHO
MONy4nTb Takne Habopbl [aHHbIX OT
0onepaTopoB KOMMEPYECKNX CETEN.
[nsa cbopa, 0bpaboTkm 1 obecne-
YEHNS aHOHUMHOCTN KOHKPETHbBIX
[aHHbIX TpebytoTcs onpefeneHHble
yeunus. Onepatopam Heobxoammo
3aWwmLaTh KoHbuaeHLManbHoCTb
CBOWX KJIMEHTOB, N OHW HEOXOTHO
LenaTcs AaHHbIMK, CofepKalumm
KPWUTUYECKM BaxKHYIO ANs X BusHeca
nrdopmaumio o pabouem cocToaHUN
NN XapaKTePUCTUKAX UX CETEN.
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L5 co30aHUs MOYHbIX
PYHKUUOHAJIbHbIX
anzopummos ML/

YV Heo6x00UMbl
8bICOKOKOUecmBseHHble
UCX0OHble OaHHbLe.

Wrnacuo Poppurec Jlappaz

B 6nuvxaniiuve rofbl KIOYEBYyO Posib
B cbope maHHbIX 415 0bpaboTkm
anroputmamu ML/UWN BygyT no
NpeXHeMy UrpaTb UCCIefoBaTeb-
CKue ceTu - peasibHble JeNCTByloLLme
ceTu, ynpasJisieMble rocyfapCcTBeH-
HbIMW Hay4YHO-UCCefoBaTe b-
CKMMMW OpraHnsaumsamu.

[ns cbopa faHHbIX U3 nccnefosa-
TesNbCKUX ceTel Takxe Tpebytotes
onpeaeneHHble yeunus v, kak npa-
BUI0, Nocnefytoulas obpabotka n
obecrnedyeHne aHOHMMHOCTM cobpaH-
HbIX AAHHbIX, HO C MCCNeaoBaTeslb-
CKVMIMU CETSIMM BO3HMKAET MeHbLLE
CNOXHOCTEN, KOraa Aeso AOXOAuT
[0 obMeHa Habopamu faHHbIX €
LPYTUMM OpraHn3aumamu.

HayuHo-uccnepnosatenbckume opra-
HM3aLMKN BCErO MMPa y4acTBYIOT B
LBVXXEHWN 33 OTKPbITbIE AaHHbIe,
npuYem Hay4yHoe COODLLEeCTBO BbICTY-
naeT 3a OTKPbITbIA [OCTYM K AaHHbIM
3KCMEePUMEHTaSTbHbIX NCCNE[0BAHNN
1 CBA3aHHBLIM C HUMW pe3ysibTaTam
HayYHbIX NCCE[0BAHNI U CTaTbAM.
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OpHako NOCTPOUTb UCCNefoBaTENb-
CKYIO CeTb HEMPOCTO.

Ecnu nccnepgosatenbckune cetu,
paboTatoLme B HENULEH3UPYEMOM
cnekTpe, Takue kak cetn Wi-Fi,

nnv BecnpoBofHble CeTU NHTEp-
HeTa Bewewn (loT), Takme kak LoRa,
[OBOJIbHO PacNpPOCTPaHeHHOe ABJle-
HUe, TO B cucTemax cotosou ceasn 4G
nnn 5G 3710 peakocTb.

Takue ceT obxoaaTcsa ropasno
[OPOXE, Y Hay4YHO-UCCNe0BaTeb-
cKve opraHusauum ByayT 3aBUceTs OT
CMOHCOPCKOM NOAAEPXNKM U TECHOTO
COTPYAHUYECTBA C MOCTaBLUMKAMM 1
onepaTtopamu.

Kak yHusepcurtet Onbbopra
COTPYAHMYaET C OTpacyieBbIMU
npeanpuaTuamMmum gns
OCHaLLLeHUs1 CBOen
nabopatopuu "ymHoro"
npoussoacTtea AAU 5G

MpumepoM nccnefoBaTenbckon ceTn
¢ bonblwmm noteHumanom ML/,
CO3[aHHOW B rOCYAapCTBEHHOM Hayu-
HO-MCCNEefOoBaTENbCKOM MHCTUTYTE B
COTPYLAHMYECTBE C MOCTaBLLMKaMM U
onepaTopamm, MOXET CIy>KUTb OfHa
13 CaMbIX MepefoBbIx 6eCnpoBOAHbIX
cetelt nokoneHuns Minpyctpus 4.0 B
Eepone, paspabotaHHas yHusepcu-
Ttetom Onsbopra (AAU) B JaHum.

HepaeHo yupexpeHHas nabopartopus
"ymHoro" npoussoactea 5G AAU -
3T0 HebosbLIas NPOMBbILLIEHHAS
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nccnefosatesibekas nabopartopus,
nmMetoLLLast 4OCTYN K LUMPOKOMY Crek-
TPY AeNCTBYIOLWErO MPOMbILLIEHHOTO
NPOW3BOACTBEHHOro 0bopPyAOBaHUA
OT pa3HbIX NOCTABLUMKOB, BK/tOYast
MOZYNN NPON3BOACTBEHHbIX JINHWN,
POBOTbI-MaHUMNYASTOPbI U aBTOHOM-
Hble NOABUXHbIE POBOTHI.

WNceneposatensckas nabopatopus,
cotpyarunyatowas ¢ Nokia Bell Labs n
onepartopom anekTpocssau Telenor
Denmark, ocHaweHa cetamu 4G (gse
yacTHble cetn), 5G (ogHa aBTOHOM-
Has vacTHas ceTb) u Wi-Fi 6 (ose
cetn). 710 nossosnseT ydeHbim AAU n
MPOMBILLIEHHLIM NapTHEPaM BMeCTe
paboTaTb Haf MHTerpaumen n Tectu-
poBaHMeM nepeaoBbIX NPOMbILLIIEH-
HbIX CUCTEM MHTEpHeTa Beluen Ans
npeanpuaTii byayero.

Nabopatopus "ymHoro" npounssopctea 5G AAU

[MepudepnitHbie 0bnavHble cepeepbl

KOHTponnep ynpaBneHme MeHemxep
napka AMR

UWB cucrema
nosuupormposania () <

MPUMEYAHWE. — Take BO3MOXHbI
MHOXECTBEHHBIE MOAKITHOYEHNsI!

MES - cuctema ynpasneHus
NPOVI3BOACTBOM

GW - wnio3

AMR — aBTOHOMHBbIiA NTOABWXHbII pOBOT

)
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S
g - IEEE 802.11
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TouyHUK: YHuBepcutet Onbbopra, JaHus, 2020 rog.
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JNabopaTtopus Takxe ocHalleHa
vccnegoBaTenbckon ceTbio LoRa,
cnoHcupyemoi komnarumeit Cibicom
Denmark, 1 cBEpXLLIMPOKONONOCHO
CUCTEMOW NO3ULMOHNPOBAHWS.

Bce nccnepnosatensckue becnposo-
[Hble ceTv B nabopaTtopmu cBsA3aHbl
Mexay cobon Yepes LeHTpasbHbIN
BblAeIeHHbIN nHTepdeinc ynpasse-
HWS CETbIO, KOTOPBbIN NMO3BONSET OCY-
LLLeCTBJIATb HE TOJIbKO yrpaBieHne

1N HaCTPOWKY Pas/INyHbIX CETEN, HO

N KOHTPOJIb 1 TPaCCUPOBKY CETEBbIX
HaHHbIX Ha BblOENEeHHbIX Nepudepuit-
HbIX 0BIaYHbIX cepBepax.

BoamoxHocTb 3anucn ceteson
nHpopMaLmmn 6e3 orpaHuyeHmn
OAHOBPEMEHHO C M3MEPEHUIMU

C PasfINyHbIX NMOb30BATENBCKMX
ycTpoicTts oTkpbiBaeT nepes AAU n
y4acCTHUKaMU MeXAyHapOLAHOro Hayu-
Horo coobuectsa, paboTatowymu

Hag, npunoxeHnsmu N n mawwmnn-
HOro Oby4eHUs B CeTU, HOBblE BO3-
MOXHOCTW A8 UCCefOoBaHWNM.

[aBaiiTe BMecTe paclumpsaTb
Hawy paboty

WccneposaTenbckne ceTu, Co3faH-
Hble COBMECTHO Hay4HO-UCCeno-
BaTEIbCKMMU OPraHM3aumusaMm n
MPOMBILLIEHHBIMW MPEANPUATAAMU,
CnocobHbl co3aaBaTh OBLIMPHbIE

1 akTyanbHble Habopbl AaHHBIX O
paboTe pasfnyHbIX TEXHONOMUI B
cambix pasHbix 06nacTsx. Tn faHHble
MOTYT OKa3aTbCs YPE3BbIYaNHO
nonesHbIMK A1 paspaboTku v
ONTUMU3ALMUM NePefoBbIX PELIEHNI
B BeCNpOBOAHbIX CETAX, OPUEHTUPO-
BaHHbIX Ha pasnnyHble NoTpebHoCTH
B yC/lyrax CBA3u B peasibHbiX CLeHa-
PYAX MCMOB30BAHNS MPOMbILLIEH-
Horo uHTepHeTa sewwen. Ml

Nupyctpus 4.0

AsTtomaTn3aums

WHTepHeT
BeLyen (loT)

WHTerpaumsa Ha 2R
YPOBHe c1cTem

-

WNcToununk: techstartups.com, 2020.

CoeanHeHne

Bonblune aaHHble

ObnayHble
BbIYMCIIEHMS
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HepaBHO ocHoBaHHasA
nabopatopus "yMHoro"
npownssoactea AAU 5G

Ncrouruk: YHneepcutet Onbbopra,
Hanung, 2020 rog,.

ObopynosaHue nabopaTtopum
"ymHoro" npouseogctea AAU 5G

NcTouruk: YHneepcutet Onbbopra,
Hanuns, 2020 rog,.




Vmeu akageMn4ecKmx opraHusalmii
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ITU News MAGAZINE No. 05, 2020 H

OpkecTpoBKa PYHKLUA MALULMHHOIO OOyuYeHus

ANA ceTen CBA3M OyAyLUMX NOKOJIEHUMN

LLlary¢pTa XeHHa, npenopasatesib MHGOPMaTUKK

TexHonoruveckoro nHctutyTta Jlettepkernnu, pnanans

[ Onepatopsbl ceTell NATOro 1 NOCAEAYIOLMX NOKOSIEHUI 3aUHTEPe-
COBaHbl B TOM, 4TOObI 334€MCTBOBaTb NOTEHLMaN MaWMHHOMO 0byye-
Husa (ML) ons peleHns CoXHbIX 3a4ad € MCMoJib30BaHWeM DonbLINX
06beMOB AaHHbIX.

OpHako UM NPUXOAUTCS NpuaraTe HEMasble yCUIna AN UHTerpaumm
MaLUMHHOrO OBy4YeHNs B CBOM CETM, M 4acTo A CO3LaHNA KOHBelepa
ML, To ecTb BCel Lenoykun NpoLeccos ot cbopa AaHHbIX O BHe-
LpeHus Mofenu, oHn obpaLLatoTes K creumanncTam no obpabotke

1 aHanunsy faHHbix. KoHBenep ML, ecnu oH He opkecTpoBaH U He
yrnpaBsfseTcs AOMIXKHbIM 0Bpa3om, MoxeT cozfaTb npobnemsbl. K tomy
e OTCYTCTBME CTaHAAPTU3NPOBaHHbIX MEXaHU3MOB opKecTpoBky ML
MOXET NPUBECTU K OYEHb CIIOKHOMY U LOPOrOCTOALLEMY PELLEHUIO.

74

Onepamopbl cemeti nAmMoz20

U nocnedyrouux nokoneHul
30UHMepecoBaHbl B MOM, UMobbl
3a0elicmsosamb NOMeHYUA
MawuHHoz20 obyueHus (ML)

O71A peuieHUA CJI0XHbIX

3004y € UCho1b30BAHUEM
60/1bLIUX 06beM0O8 OaHHbLX.

144

[larydTa XeHHa


https://www.lyit.ie/

Vpen akaleMNuecKnx opraHmsauMﬁ[

K opyrum npobnemam B koHTekcTe
ceTel ByayLLMX NOKOSIEHWI OTHO-
catca obHosneHne mogenu ML,
oNnTUMM3aLMs MOLeNy, MOCTPOEHNE
uenoukn koHserepa ML, koHTponb
3bPeKTUBHOCTU PYHKLMOHMPOBaHUS
KoHBenepa ML, oueHka, pasgene-
HVe KoHBelepa, BHeJpeHNE KOH-
Benepa ML Ha ocHoBe nonnTuky, a
Takxe ynpaBneHue paboTtoii B ceTut
HeCKOJIbKNX 3K3EMMJISPOB KOHBENepa
ML 1 ee koopanHaums.

[na aTvx crioxHbix onepauuii Tpeby-
IOTCS MHCTPYMEHTbI, MOALEPXKMBaIO-
e paboTy ¢ GONbLIMMU JaHHBIMU,
KOTOPbIE CMOCOBHBLI COBUpaTh, Xpa-
HWUTb U NpefBapuUTesibHO 0bpabaTtbi-
BaTb faHHble 418 0byyeHus moaenein
ML. B HacTosee Bpems KpynHble
KoMmnaHuu, sktodasn Uber, Netflix,
Google, Facebook n Airbnb, npea-
MPUHMMAIOT YCUIINS MO PELLEHNIO
HEKOTOPbIX W3 BbILLEMNEPEUNCIIEHHDBIX
NpobJIeM C MOMOLLBIO CrieLnabHbIX
nnatdopm ans opkectposku ML.

OpfHaKo VX peLueHus Hanpas/ieHbl Ha
ynpaeneHue KoHserepom ML BHyTpu
CBOEW KOMMaHuu 1 He yA0BMeTBO-
psitoT TpeboBaHusaM cLueHapues
ncrnonb3oBaHus B Apyrux cetax 5G

1 nocnepyoLwmx nokoneHmn. ns
CO3AaHWs CODCTBEHHBIX PeLleHni

no opkectpoeke ML Tpebytotca
3HauYUTESIbHbIE MHBECTULNW, @ UX Npe-
MMYLLECTBa He NMPUHOCST peasibHON
oTaaun B Maclwitabe Bcel otpacsv.

PewweHue npobnem

C nomolLblo
opkecTpaTopa ¢yHKLUIA
MallMHHOro obyyeHus

OcHoBHasl Lesib opkecTpaTopa
bYHKLUMIA MaLLMHHOTO 0by4eHus
(MLFO) B cooTBeTCTBUM C NPOEKTOM
PekomeHpaunn Cektopa cTak-
dapTtusaumm anektpocssizn MCD
(MC3-T) "TpeboBaHus, apxutekTypa
1 KOHCTPYKLMS 4151 OCYLLLECTBIEHMS
byHKUMM MaLMHHOTO 0byyeHuns"
3aK/IIO4aETCH B NMPEOLONEHNM BbiLLIE-
YNOMSIHYTbIX MPOBIEM MHTErpaLmu,
OPKECTPOBKM 1 yNpaBAeHUs y3namu
KOHBelepa, a Takxe 3aB1UCMMOCTEN B
KoHBeMepe ML npu ogHoBpeMeHHOM
CHVIXXEHUW 3KCMJTyaTaLMOHHbIX pac-
xopoB. OpkecTpaTtop npegocTaBnset
YHUPULMPOBAHHYIO apXUTEKTYPY ANS
oberyeHns opKeCcTPOBKM CKBO3HbIX
pabounx npoueccos ML, To ecTb
npoueccos cbopa AaHHbIX, MpenBa-
puTenbHon 0bpaboTku, 0byyeHus,
JIOMMYECKOro BbIBOAA, ONTUMMU3aLUN
v BHeppeHus mogenu. OH cnocoben
OTCIeXMBaTh U OLLEHMBaTb 3K3eM-
nnsipbl koHBenepa ML B Lensax onTu-
MU3aLmMn Ux paboTsbl.

3apgava opkecTpaTopa - CKPbITh
C/IOXHble BHYTPEHHWE AeTanmn opra-
HM3auMn paboTbl Y3108 KOHBENEpa
ML, npepocTaBnas nonb3oBaTensim
1 paszpaboTumkam abcTpakTHyO
MOZeJ1b C MOMOLLbIO BbICOKOYPOBHE-
BbIX MHTEPGENCOB NPUKIALHOMO NPOo-
rpammupoBarms (API), kak nokasaHo
Ha pucyHke. ApxnTekTypa opke-
cTpaTtopa obecneuvsaet rMbrocTb,
BO3MOXHOCTb MOBTOPHOIO UCMOSIb-
30BaHUS 1 paclunpeHmne KoHeenepa
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OpkecTtpatop byHKLMNA
MaLUMHHOIro obyyeHus

OpkectpaTop (yHKLmiA MaLLmMHHOro 06yyerms (MLFO)

[nockocTb
ynpaBrneHus

ML — mMaLumHHoe 0byyermre
NF — ceTeBble (hyHKLM

ML pnst aganTaumm K NPOUCXOAsALLMM
ObICTPLIMW TEMMAaMU U3MEHEHWSAM B
y3nax KoHBerepa.

B 6yayLueM nnaHupyeTcs paccMo-
TpeTb pacnpeneneHHyo peanmnsaLmio
opKecTpaTopa, OT/IMYaIOLLLYOCS
MUHVIManbHBIMU HaKJ1aZHbIMU pac-
Xofamm 1 coxHocTbio. Kpome Toro,
ByneT MHTepecHO NPoTeCcTMPOBaTh
KoHuUenumnn, CBA3aHHbIE C OpKe-
CTpaTopOM dyHKLMA MalMHHOIO
0ByueHUs, B pasnuyHbIX CLEeHapmsax
Mcnonb3oBaHus B ceTax 5G n nocne-
ayomx nokonexnis. Ml

OcHoBatve ML
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Bo3amo)xHocTu gna
crioHcopoB B 2021 rony

KakoBbl npeumyuecrsa
CMOHCUPOBaHUA KOHKYpCa

MC3 " IW/mawumHHoe
obyueHue pna 5G" B
cnepyowem ropy?

PasmelueHune Toprosom mapkm B Te4eHue Bcero roga
B Ha Beb-canTe KOHKypca
H B pamkax ycnewiHon cepuu sebuHapos MCD "UW/ML pna 5G"
B Ha 3aKJIlO4YUTESIBHOM MEpPONPUATUM KOHKYpPCa

Bo3moykHOCTU peanusauum nporpamMmm

Bo3smoxxHocTun, cBasaHHble c BHUMaHnem CMHA

HactaBHuuyecTBO

WHupuBupyanbHble paboumne
CeMUHapPbI-NPaKTUKYMbI

Ecnu Bbl 3aMHTEpecoBaHbl B TOM, 4TOObI
cTaTb cNOHCOpoM KoHkypca MC3 "UW/
MaluuHHoe obyuyeHue ana 5G" B 2021 roay,
o6partuteck no agpecy: aisgchallenge@itu.int
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3HaKOMbBbTECb C HOBbIM
byabTe B Kypce

CraHbTe yYacTHUKOM

// OcHoBHble TeHaeHuuu B obnactu UKT Bo Bcem Mmupe /!
Wpeu Begyumx skcnepros B obnactu KT /!
// Nocneppme Hooctn o MeponpuaTUAX n nimumatnsax MC3 //

E>xeHepenbHUK
"HoBoctn MCI"

Ka>xkabiv BTOpHMK

[pucoeanHanTeck
K OHJ1aMHOBbIM COObLYecTBam
MC3 B npeanoyntaemor Bamu
coLmanbHOW ceTu
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