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CeTn pacnpepeneHHbIX
BblYMCNEHUN

Yxe cenvac rnobanbHble cetn cessu (Wide Area Networks —
WAN) HanonHsiloT ABa Buaa Tpaduka, accoLunumpoBaHHOro

¢ pata-ueHtpamu (LIO[), pacnpegeneHHoro npumepHo

B paBHOW nponopuuu: Tpadmk Mexay nonb3oBaTensiMn U aarta-
LEeHTpamu, 0 YeM, HaBepHOE, MHOTUE 3HAaIOT, U CNYyXeOHbIN
Tpaduk Mexay AaTa-LeHTpamu, 0 Yem LUMPOKoW ny6nuke
M3BECTHO CyLLECTBEHHO MeHblue. BMmecTe aTu aBa Buaa
Tpaduka popmmpyioT Ao 95% obwero obvema Tpadmka

B rnobanbHbix ceTsx, U nuwwb 5% Tpaduka npuxoautcs

Ha HeaccoLUMUpOBaHHbIN C AaTa-LeHTpaMu Tpaduk Mexay

Anekcanpp FrEPACUMOB,
dupekmop Mo ananusy npoueccos uugposol
mpaHcgopmauuu, J'son & Partners Consulting

Tpadmk rubpuaHbix
cuctem

[o HepaBHero BpemeHu 6onb-
was 4yacTb Bcero cnyxe6Horo
Tpachuka mexay Aara-ueHtpa-
MU reHepupoBanacb Tpadu-

KOM runepckevn aarta-ueHTpoB
W nepegasanacb npeuvmylle-
CTBEHHO NO NOABOAHBLIM Ka-
6enbHbIM cuctemam LMdpoBbIX
cepBucC-NnpoBanaepoB.

aB6OHEHTCKUMKM YCTPOWCTBAMM.

HoBocTbio nocnegHvx nert cran
GbicTpbiii pocT Tpaduka rubpua-
HbIX 06MayHbIX CMCTEM, COCTOSLLMX
13 YacTHOro (KopnopaTuBHOro)

1 ny6nuyHoro obnakos (cm. Tabnuuy).
B Takux cucremax ectb BO3MOX-
HOCTb OCYLLECTBNATL «XONOAHOEe»

N «ropsiyee» pesepsuposaHue u 6a-
NaHcMpoBaTh Harpyaky He TONbKO
Mexay cepBepamu W CToMKamu cep-
BEpOB BHYTPU JIOKanbHbIX ceTen aa-
Ta-UeHTPOB, HO U MeXay nybnuyHbl-
MU 1 KOPNOpaTUBHBLIMW AaTa-UeHTpa-
MWU. 3TO no3eonsieT nofaepxuBaTh
BbICOKWW YPOBEHb YTUNU3aLMK BblYUC-
nUTenbHbLIX pecypcos, ob6pasyroLmx
rubpuaHble cUCTEMBbI aTa-LeHTPOoB,
W, KaKk cneacreue, o6MBaTLCA HU3-
KOW yaenbHOW CTOMMOCTU BblMWCne-
HWA, 4TO KPUTUYHO AnA obecnevyeHus
NpUEMNEMOI CTOUMOCTK LLIMPOKOW
HOMeHKNaTypbl UWdpOBbIX CEepBUCOB.

Tabnuua. O6LeM 1 CTPYKTypa rMoGansHOro aCCOUMUPOBAHHONO C AaTa-ueHTpamu Tpaduka, 36 B roa,

2016r.
Mexay nons3osarensmu 998
W parva-ueHTpamu
Mexay para-ueHrpamu 679
Mexay croiikammn
BHYTPM AaTa-UeHTpPoB 5143
(noxaneHsiit Tpadpmk)
O6wmit o6vem Tpaduka,
accoUMMPOBAHHOIO C 6819
Aata-ueHTpamu
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2021r. CAGR 2016-2021 rr.
3064 25,2%
2796 32,7%
14695 23,4%
20 555 24,7%

Wcrounmk: Cisco Global Cloud Index Whitepaper

OT/IT-npunoxkeHus

Ocobyio ponb cpean UUDPOBBIX
CepBUCOB UrpaloT Tak Ha3blBaemble
OT/IT-npunoxeHus, ocywecTs-
NALWME MOHUTOPUHT U ynpas-
neHue [OPOrocTOAWMUMU NPOU3-
BOACTBEHHbIMU akTuBamu. Beuay
Hanuuusa UMGpoBbIX ABOMHUKOB
B COCTaBe Takux NPUNOXeHu
M UCNONb30BaHWUA UMUTALMOHHOIO
MOAENUMPOBAHUA, BKITIOYEHHOIO
HEenoCpeACTBEHHO B 3aMKHYTbIV
KOHTYP ONTUMW3aLWOHHOIO ynpas-
NeHus, 3TU NPUNOXEHUA ABNAIOTCA
bGecnpeueneHTHO BbIYMCIUTENbHO
eMK1UMK, TpebylowmuMmn BbICOKUX
nokasaTtenen no AOCTYNHOCTH
BbIYMCNUTENbHOW U CeTeBown
WHMPaCTPYKTYp.

Mo ouenkam J'son&Partners
Consulting, undposas TpaHchopma-
UM peanbHOro CeKtopa 3KOHOMUKY,
OCHOBaHHas Ha UCMONb30BaHWK
Takux npunoxexuit, Tpebyer yse-
nuyeHns obvema obpabaTtbiBaemMbix
W XpaHUMbIX JaHHbIX NPUMEPHO
Ha aBa nopsaka, npuyem npu co-
GniopeHnmn xectkux TpebosaHuit
no AocTynHocTv u 6eaonacHocTu
BblYMCNEHUA. JTO, B CBOKO OYepeab,
obycnosnmeaet HeobxoauMOCTb
CHUXEHWUSA yaenbHOW CTOMMOCTU Bbl-
YUCNEHUI, YTO AOCTUraeTcs, B 4acT-
HOCTM, MOBBILLIEHWEM CPeaHero
YPOBHSA YTUNWU3ALUN BbIMUCIUTENb-
HbIX MOLLHOCTEN.

» www.connect-wit.ru

Ycrpoicreo

(aecxTon, HOYTEYK, NnawweT, cMapThoH,

NPOMBILLNEHHBLIA KOMNLIOTEP)

Ytunusayma CPU - menee 1%
CTOMMOCTb BbIMUCACHUIA
MaKCUuMmaNbHa

KopnopartusHbiit gaTa-uenTp

Ytuausaumua CPU - 6%
CTOMMOCTb BbIMUCACHUIA
cpeaHan

O6navHbii runep AaTa-uexTp
(Google, AWS, MS Azure, IBM u np.)

Ytunmsauyma CPU - 40-60%
CTOMMOCTb BbIMUCAEHUI
MHUHUMA/IbHA

80% paHHbIX XpaHUTCA U obpabaTbiBaeTcs 3aech!

Puc. 1. CpedHnana 3az2py3ka «Kpaeebix» U «KOPHEEbIX» EbIYUCIUMENbHbIX MOWHOCmel

BbluncneHus «Ha kpato»

[ns runepckein para-ueHTpoe
3Ta 3ajja4a yxe pelleHa — 3arpyaka
CPU naxogutcs Ha yposHe 50-60%
(puc. 1). CerogHa cTout 3agaya Ao-
BUTLCA BbICOKOTO YPOBHSI CpeaHei
3arpy3ku BblMUCIIUTENBHBIX MOLLHO-
CTeW, HaXOAALMXCA «Ha Kpalo», —
OTHOCUTENbHO HebonbLUMX Kopnopa-
TUBHbBIX AaTa-LEHTPOB U CepBepHbIX
KOMHaT, a B NepcnekTuse — one-
partopckux MEC-xocToB. Mpuyem
ceityac u B o6ospumom Gyayuiem
6onbluias YacTb AaHHbIX HaxoauT-
ca u bynet HaxoAWTbCA OTHIOAb
He B runepckewn garta-ueHTpax,

a «Ha Kpal» — B OTHOCUTENbHO
HeBonbwmx kopnopatusHelix LlO,
CepBepHbLIX KOMHATax U Ha nonb3o-
BaTenbCkmx yctponcTeax. Motomy
MMEHHO OT 3h(PEeKTUBHOCTU BbIHYUC-
neHun «Ha kpaio» Gyaet B onpege-
NALWeN cTeneHu 3asuceTb adek-
TUBHOCTb CUCTEMbl pacnpefeneHHbIX
BbIYUCIIEHUA B LIENIOM.

Ocobyto npobnemy, dopmupy-
IOLLYI0 KpUTUYeCKylo noTpebHocTb
B 6anaHcupoBKe Harpyski UMEHHO
ans rubpuaHbIX cUCTEeM C ManbiMu
fAata-LeHTpamu, NpefcTaBnsAlT pes-
Kue Nuku Tpaduka U COOTBETCTBEH-
HO BbIYMCNUTENbLHOW Harpysku, CBOR-
CTBeHHble BceM Be3 ucknioveHus
UMPOBLIM NPUNOXEHUAM (puc. 2).
EmkocTtb cetu u kpaesoro LIO
orpaHuyeHa, a Tpacduk uMeeT pes-
kue, 6onee yem 100-kpaTHbIe NUKM.

Kak B aToit cutyauum obecneuuts
Tpebyemylo JOCTYNHOCTL BbluUCHe-
HUA N OAHOBPEMEHHO MPUEMNEMYHO
UX CTOMMOCTb, YAEPXMUBAs BbICOKMA
YPOBEHb YTUNN3aUMUN BbIMMCIIUTENb-
HbIX U CeTeBbIX MoLHoCcTei? Pewe-
HUe 3TOW 3afja4n BO3MOXHO TOMbKO
B CUCTEME «KpaeBOW — KOPHEBOW
LOA» ¢ auHamuyeckon GanaHcu-
POBKOW Harpysku Mexay HUMM.

BanaHcupoBka mexay
«KPaeM» U «LEHTPOM»

Heobxoanmo yuuTbiBaTh Takke,
YTO BbIMMCNUTENbHASA Harpy3ka
MMeeT MynbTUNMKUKATOP K NONb3o-
BaTenbCKOMY TpadwKy, T. €. Ans
BbIYUCIIUTENBHON Harpy3ku nuku
KpaTHO Bonblue, Yem ans Tpaduka
Mmexay nonb3oBaTtensiMu v gata-
ueHTpamu. O6paboTka CTONb Pesknux
NUKOB Harpyaku TpebyeT He TOonbKo
nokanbHon 6anaHCcMpOBKK BbIYUCIK-
TenNbHOW Harpyskn Mexay KpaesbiMu
1 KOPHEBbIMW JaTa-LUeHTpamu ofHO-
ro pervoHa, Ho W 3afeiCTBOBaHNA
Ons 6anaHcMpoBKU MUKOB Harpy3ku
fAaTta-UeHTpoB ApYrux PervoHos —
370 TaKk HasbiBaemas long-distance
load balancing.

MNosisnexve 3agaun GanaHcu-
POBKW Harpysku Mexay «kpaem»

W «UEHTPOM», T. €. Mexay Gonbumm
KONUYECTBOM MarnbiX Aarta-LeHTpoB
1 OrpaHM4eHHbIM KONWYECTBOM M-
nep-AaTa-LUeHTpoB, co3aaeT HOBbIN
CErMeHT TenekoMMYyHUKaLIMOHHOIo

pblHKa — NPOrpaMMHo-ynpaBnsiembix
ceTen, cnocobHbIX B3aMMOaenNCTBO-
BaTb C NPOrpaMMHbIMU CUCTEMAMU
ynpaBneHus garta-LeHTpOB pas3Horo
pasmepa.

Takue cepBuCbl MOXHO pa3ge-
NUTL Ha ynpaensieMble ceTu QocCTy-
na U ynpaensieMble TPaHCNOPTHbIe
1 MarucTpasnbHble CeTH.

Ynpaensemble mMaructpanbHblie
1 TPaHCNOPTHbIE CEeTU HyXHbl ANS
opraHusauuu obmeHa AaHHbIMU
mexay aata-ueHTpamu ¢ Tpebye-
MbIMW NPUNOXEHUSIMU CETEBLIMI
XapaKTepuCcTUKaMu: No NPONYCKHOW
CnocoBHOCTK, 3afiepXKe, KUTTEPY,
NPOLIEHTY NOTEPU NaKeTOB, YPOBHIO
BGesonacHocTv 1 ap.

Ynpaensiemble ceTu AocTyna, Ha-
npumep 5G, HeobxoauMbl Ans pea-
nu3aumm TO Xe 3agJauyun, HO npume-
HUTENBHO K TpaduKy mexay nonb-
3oBaTtenbckumu U loT-ycTpoicTeamu
W AaTa-LeHTpamu.
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Puc. 2. Muku Hazpy3Ku 2pynnel NpuioxeHut

€0 cxoxXuMu mpebosaHUAMU K cemu Ha nepughe-
pulHbIX y3nax cemu docmyna

HMemovnuk: Resource Sharing Efficiency in Network Slicing
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“«KOCMOC» —
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BO3MOXHOCTU MO ONTUMMU3ALUOH-
HOMY YNpPaBneHuto B Takux cnosix
HaMHOro wwwpe, Yem ecnu bl Bce
[OMeHbl Oblnu He3aBUCUMbIMK (110-
KansHas onTMMM3auus), U Takue
BO3MOXHOCTW MOryT 6biTb peanuso-
BaHbl NOMHOCTBLIO NPOrPaMMHO.
Hanpumep, 3agepxka 8 5G RAN
ynpaensiema B BeCbMa LUMPOKOM

NMAOTHBINA e =) Beckbens astuerk o hypencaie 00 1\ B0 [nanasoHe — OT eAMHUL 10 COTEH
npoexr! : E' e munnucekyHa. Boibpas QoS-npo-
= =g unb obenyxmsanus 8 RAN ¢ ge-
(craitgei 41-42) ‘A.,tﬂ e e TEPMUHVUPOBAHHON 3aaepXKoit He 60-
é/ ) -4' nee 5 Mc, Mbl nony4yaem BO3MOX-
! = | HOCTb MEPEHEeCTU CepBEpHYI0 YacTb

-8

Puc. 3. banaHcupoeka Hazpy3Kku 6 Kpocc-GOMEeHHOM CemeeoM Crioe

MoayepkHeM, 4To oba Buaa
Tpacuka AOSIKHLI NepefaBaThes
no ynpaensieMbIM CeTsM, UHaye
TEpseTCA cama BO3MOXHOCTb CKBO3-
HOro ynpasfeHusi CeTeBoi U Bbl-
YucnUTensbHOM MHGPaCTPYKTYpPOR,
yTo Heobxoaumo aAns obecneyeHus
[OCTYNHOCTU CepBepHO YacTv npu-
FIOXEHUIA, pacnonoXeHHbIX B AaTa-
LeHTpax, NS KIIMeHTCKOW 4acTu npu-
JIOXEHWIA, PACNOSIOKEHHON Ha Nonb-
3oBaTenbeckux U loT-ycTpoicTeax.

CkBO3Hble ceTeBble CIOU

B COBOKYNHOCTU ynpasnsieMble
ceTu JocTtyna, TPaHCnopTHbIe

N MarucTpanbHble CeTu, kpaesble
1 KOpHEBbIE AaTa-UeHTpbl hopmu-
pyIOT nepeyeHb AOMEHOB, Heo6xo-
AVMBIX ANs CO34aHUA TaK Hasbl-
BaeMbIX CKBO3HbIX CETEBbIX CNoes
C AeTepMUHUpYEMbIMU (3apaBaeMbl-
MU 1 ynpasnsembimu) end-to-end
Xapakrepuctukamu (puc. 3).
OcobeHHOCTIMU CKBO3HOrO Cos,
onuparoLLerocs Ha NporpamMmmHo-
ynpaensieMble AOMEeHbl, SABNSATCA
Hanuune 6onbLIOro KonuyecTsa
KOHGUrypauui, no3sonsiowmnx
Bblaepxartb Tpebyemble npuno-
JKEHMEeM CKBO3Hble napameTpbl,
1 BO3MOXHOCTb AMHAMMUYECKU Me-
HATb KOHUrypaumio cnos. To ectb

NPUNOXEHUA O4YeHb Janeko — aaxe
Ha [pYro KOHTUHEHT, HE pUCKYsi
noTepsiTe €ro AOCTYNHOCTb. JTO MO-
XeT ObITb BOCTpeboBaHO, y4uTbiBas
peskue NUKMU Harpysku Ha BblMMUC-
nUTeneHbIe pecypchbl B HEBHOE
BpemMs. [epeHoc BbIMUCIUTENLHOW
Harpyskn B pervoHbl ¢ 7-9-4acoeoit
pasHuUei BO BPEeMEHW MO3BONUT

B Crnyvae AWHAMUYECKOro LieHo-
obpasoBaHus MCNonb3oBaTb AOCTa-
TOYHO AelleBble BblYMCIIUTENbHbIe
pecypchbl Heo3arpyXeHHbIX HOYLIO
pata-ueHTpos. Ckuaka 3nece MoxeT
pocrurats 90%.

Hannune MEC B coctase crnos
TaKKe paclupsieT KonuyecTBo BO3-
MOXHbIX KOH(Urypauuii. Hanpumep,
npu neperpyse pagvoceTu npuopu-
TETHbIM TPaMKOM MOXHO OTKasaTb-
CA OT NpuopeTusauvMn B paguoceTtu

YyactHuku npoekTa: O6nakoreka (laasS 8 Mockse), Cortel (1aaS 8 Hosocubupcke), TpaHcHedTb
Tenexkom (BoD mexay Mocksoit u Hosocubupckom), LUIMUKC (SDN gas BoD, Kpocc-A40MeHHbii
o~ opkectpatop), J'son&Partners Consulting (3kOHOMUYECKAA N0rMKA KPOCC-AOMEHHOM OPKeCcTpaLmuu)

5-50 MS ~ AMANA30H IMYNAUMK U3MEHEHHA 33AEPXKKHU B CETAX AOCTYna

55 Ms - 3aaepKa B ontudeckon DWDM cetu mexay Mocksoi u Hosocubupckom

BoD - ceTesan emkocTb no Tpebosanuio (Bandwidth on Demand, BoD)
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Puc. 4. Kpocc-domerHaa SDN-opkecmpayus mexdy dama-yeHmpamu U Ma2ucmpansHol cemelo Mexoy HUMU
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BoirogHee ¢ 6anaHcnMpoBKoit

HECMOTPA Ha BonbluKe 3aTpaTel Ha
CeTeByio eMKOCTb

Ecau wem Banancupoaxu, mo yxodam
3ampamel Ha cemu mexdy dama-
yenNmpamu...

Mam, gonn,

NCToummk:
J'son&Partners Consulting

C banarcuposkoli

ueHmpamu u Kpocc-0omeHHol opkecmpauued, Poccus, mnH donn., € 2030 .

Tpacuka YacTv nonb3oBaTtenew,
nepeMecTMB CepBEpHYH 4acTb
MCMOMb3yeMbIX UMW NPUIOXEHUA
B Gnuxaiwme Kk HUM MEC-xocTbl.

Takylo LeHO3aBMCUMYIO KPOCC-A0-
MEHHYI0 OpKecTpauunio Mbl Ha3sblBa-
em Slicenomics.

CnoXHOCTb 3TON Kpacueoi cxe-
Mbl COCTOUT B TOM, 4TOBbI Hay4YuTb
noHumate REST-3anpock! apyr
apyra runepBu3opbl kKak MUHUMYM
[BYX pasnuyHbIX AaTa-LeHTPOB,
HaxoasLMXCA NnoA ynpasneHnem
pa3nuyHbIx nposangepos, u SDN-
opKecTpaTop cetm Mexay Humu. Ju-
60 Heckonbko OpKecTpaTopoB, ecnu
TpauK NPOXOAUT NO CeTV ABYX
n 6onee onepaTopos.

Kpome TOro, nockonbky peyb umaer
0 B3aMMofeicTBuM Tpex 1 Gonee
He3aBMCUMbIX ApYr OT Apyra Xo-
35ACTBYIOLLMX CYOBEKTOB, TO Kpocc-
NOMEHHas OpKecTpauus Ao/MkHa
YUUTBIBATL TakMe NapameTpbl aKO-
HOMMYECKMX OTHOLLIEHUM, KaKk obbem
norpebnexus, QoS u ueHa, KoTopble
B A@HHOM Cny4yae onpeaensioTcs
AVHaMM4Yecku Ha OCHOBe aBToOMaTu-
YeCKU UCTIONHAEMbIX anropuTMOB.

MunoTtHbIM NnpoekT

[ns pelweHus aTow 3apayu sany-
LWEeH NUNOTHLIA NPOEKT C y4acTuem

J'son&Partners Consulting (akoHo-
MUYECKMWIA acnekT KpoCC-A0MEHHOMN
opkectpauuu), LINMUKC (pa3pabortka
SDN-opkecTpaTopa U TexHu4eckue
acnekTbl KpOCC-AOMEHHOW OpKe-
ctpauum), Obnakoteka u Cortel —
obnayHble nposaigepsl B Mockse
u Hosocubupcke.

Mpes 3akniouaercs B TOM, 4YTO-
6b1 nonpoboBaTtb OpraHM3oBaTb
long-distance load balancing mexay
pata-ueHtpamu B Mockse u Ho-
socubupcke (puc. 4), npeacrasuse,
4YTO 3ajepxka B CeTsx AocTyna mo-
XET ynpaBnsieMo MeHATLCA B Ava-
nasoHe 5-50 mc, T. e. amynupys
paboty paguocet 5G B kavecTse
ceTu goctyna.

PeaynbTaThl Takoro Tectuposa-
HUA OYeHb BaXHbl ANs NOHWUMa-
HUA NPaKTUYECKOW BO3MOXHOCTM
CO3aHUA BbIAENEHHbIX CKBO3-
HbIX CeTen C AeTepPMUHUPOBaH-
HbIMW AManasoHamu 3Have-

Hu QOS, 4TO HeobxoguMo
ANSi KPUTWUYHBIX MHAYCTPUANBHBIX
NPUNOXEHWNIA.

Kpome TOro, 6binu npousseaeHs!
pacyeTbl apdekta oT AuHamuye-
CKOM 6anaHCUpOoBKW Harpysku mexay
pacnpefeneHHbIMU Aarta-LeHTpamu
C MCNoNb30oBaHWeM ynpasnsemMbix
ceTen Mexay HUMK. PesynbTaTthbl
npeacTasneHbl Ha puc. 5.

... HO pacmym 3ampamst

wa laaS
(supmyanusosanmyo
BHMUCAUMENBHYIO
unppacmpykmypy)
NOCKOALKY nadaem
cpednull yposers
3a2py3Ku
BHMUCAUMENbHBIX
Mowmocmed

Be3 6anancuposku

Puc. 5. Pesynsmame! pacyema 3KOHOMUU PU UCMONb306aHUU Cemeeblx croee ¢ banaHcupoekol Hazpy3ku mexdy MEC u kopHessiMu dama-
Hemounuk: J'son & Partners Consulting

Kpocc-gomeHHas
opKecTpauus

3KOHOMUS OT UCNONb30BaHUA
KPOCC-AOMEHHOI opKecTpauuu
B CUCTEMe pacnpeaeneHHbIX
BbIYMCNEHUIA, UCNONb3YOLWER A0-
MEHbl NPOrpaMMHO ynpasnsieMoin
ceTu goctyna, TpaHCNOPTHON
W MarucTpanbHoOM ceTen, a Tak-
Xe BbIMUCNUTENbHbIE AOMEHbI
MEC u KopHeBbIX gara-LeHTpoB,
B 2030 r. MOXeT NpeBbICUTbL
1,8 Mnpa gonn. — OTHOCUTENb-
HO BapuaHTa 6e3 npumeHeHUs
KpOCC-AOMEHHON OpKecTpauuu,
T. €. Npu OTCYTCTBUM BanaHcu-
POBKU BbIYMCAWUTENBHON Harpysku
MeXay KpaeBbiMU U KOPHEBbI-
MU faTa-ueHTpamu, CKoopau-
HUPOBAHHOW C ynpasrneHvem
ceteBbiM QoS.

Poccuinckuii pbIHOK CKBO3-
HbIX CNOEB C KPOCC-AOMEHHOWM
opkecTpauuen B 2030 r. Moxer
COCTaBuTb cBbiwe 2,3 Mnpa
[0NM., U3 HUX Ha ynpaBnsiembli
CeTeBOW KOMMOHEHT npuaertcs
1,6 Mmnpa gonn., 4To caenaer
PbIHOK KPOCC-[JOMEHHbIX ceTe-
BbIX CNOEB OAHUM U3 Haubonee
KPYMHbIX CEerMeHTOB POCCHNA-
CKOTO TeNeKOMMYHUKALIMOHHOro
pblHKa. ®
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